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Information 
 

Venue 

Fundação Dr. António Cupertino Miranda 

Address 

Av. da Boavista 4245, 4100-140, 
Porto, Portugal 

How to get there 

 

By Metro or Bus 

- Bus 202 at Av. Aliados and get off at R. 

Crasto. 

- Bus 501 at Pr. Filipa Lencastre and get off 

at Prof. Melo Adrião. 

- Bus 502 at Bolhão (Firmeza) and get off at 

Parque da Cidade. 

You can buy the tickets inside the bus. 

 

Social Event 

The organizing committee has arranged a 

transport for all who wish to participate in the 

social event. The bus will leave the venue at 16h30. 

Please meet us near the bus up to 10 min earlier 

(16h20). If you prefer, you can meet us directly at 

the winery. 

The social event begins at 18h00. Please make 

sure you arrive on time. 

 

 

Contact Information 

Rita S. Santos (Project Manager) 

Faculty of Engineering of the University of Porto 

PHONE: +351 969 757 873 
E-MAIL: ritasantos@fe.up.pt 

Nuno F. Azevedo (Project Leader) 

Faculty of Engineering of the University of Porto 

PHONE: +351 969 754 859 
E-MAIL: nazevedo@fe.up.pt 

 



 

Programme 
All indicated times are Lisbon time (WEST time). 

DAY 1 – 30th September 2021 

09h00 - 09h30 Registration 

09h30 - 09h45 Welcome Session 

Session I: Nanomaterials and biologics to control microbes 

09h45 - 10h15 Nucleic acid mimics (NAMs) delivery in microbial cells  

Nuno F. Azevedo (LEPABE, University of Porto, Portugal) 

10h15 - 10h45 Precision antisense antibiotics against multidrug resistant Gram-negative 
bacteria  

Peter E. Nielsen (University of Copenhagen, Denmark) 

10h45 - 11h00 DNA nanostructures as a tool for targeted antimicrobial delivery  

I. Mela (University of Cambridge, UK) 

11h00 - 11h25 Coffee-break 

11h30 - 12h00 Drug Delivery across Biological Barriers for Combatting and Preventing Infectious 
Diseases  

Claus-M Lehr (Helmholtz Institute for Pharmaceutical Research Saarland) 

12h00 - 12h15 Engineering liposomes to deliver nucleic acids in bacteria  

L. Moreira (University of Porto, Portugal) 

12h15 - 12h30 Pneumococcal membrane vesicles internalize rapidly and stimulate cytokine 
release from immune cells – a promising vaccine candidate  

M. Mehanny (Helmholtz Institute for Pharmaceutical Research Saarland, 
Germany) 

12h30 - 12h50 Flash Presentations  

Cationic lipid-based formulations for encapsulation and delivery of anti-EFG1 
2’OMethylRNA oligomer  

D. Araújo (University of Minho, Portugal)  

Self-assembling dendrimers as NAM delivery systems into bacteria  

M. Gomes (University of Porto, Portugal)  

Phages entrapped in alginate-gelatin films for a controlled release targeting P. 
aeruginosa  

A. M. Pinto (University of Minho, Portugal) 

12h50 - 14h25 Lunch 

14h30 - 15h00 Interaction of alpha-helical cationic antimicrobial peptides with live bacterial 
cells, persister cells and spores  

Sebastianus A. J. Zaat (Amsterdam UMC - AMC, University of Amsterdam, The 
Netherlands) 

  



 

15h00 - 15h15 Siderophore-antibiotic conjugates – diverting iron uptake to deliver drugs inside 
bacteria  

       

15h15 - 15h30 Vancomycin-decorated microbubbles for the treatment of Staphylococcus 
aureus biofilm  

J.J.P. Kouijzer (Erasmus MC University Medical Center Rotterdam, The 
Netherlands) 

15h30 - 15h55 Coffee-break 

16h00 - 16h30 Controlling Microbial Dynamics Using Substrate Conductive Biointerfaces and 
Nanomaterials 

 Tagbo Niepa (University of Pittsburgh, USA) 

16h30 - 17h00 Drawing inspiration from nature to develop antifouling surfaces  

Luciana Gomes (LEPABE, University of Porto, Portugal) 

17h00 - 17h25 Flash Presentations  

Self-assembling supramolecular dendrimers as potent antibacterial candidates 
against drug-resistant bacteria and biofilm  

D. Dhumal (CNRS, Aix Marseille Univ, France)  

Rifabutin liposomes as a nanoplatform strategy to improve antibiotic delivery 
towards Staphylococcus aureus infections  

M. Ferreira (University of Lisbon, Portugal)  

Bacterial dispersal and sonoporation in response to sonobactericide 
 

K.R. Lattwein (Erasmus MC University Medical Center Rotterdam, The 
Netherlands)  

 

DAY 2 – 01st October 2021 

 
Session II: Methodologies to study delivery and translocation in microbes 

09h00 - 09h30 Unexpected molecular interactions within the cell envelope of E. coli: insights from 
molecular dynamics simulations  
Syma Khalid (University of Southampton, UK) 

09h30 - 10h00 Dissecting the mechanisms underlying molecular accumulation in gram-negative 
bacteria  
Stefano Pagliara (University of Exeter, UK) 

10h00 - 10h15 Uptake of aminoglycoside antibiotics through Outer membrane porins in 
Escherichia coli  
E. Paul (Jacobs University Bremen, Germany) 

10h15 - 10h40 Coffee-break 

  

I. J. Schalk (University of Strasbourg - CNRS, France)



 

10h45 - 11h15 Studying the functions of transcription elongation factor NusG in live bacteria using 
single-molecule tracking  
Hafez El Sayyed (University of Oxford, UK) 

11h15 - 11h30 Combining high resolution microscopy and electrical methods for the investigation 
of bacteriophage interactions with supported lipid bilayers  
K. Bali (University of Cambridge, UK) 

11h30 - 11h45 Fluorescence Cross-Correlation Spectroscopy quantifies colocalization between 
liposomes and DNA and reveals the number of DNA molecules per lipid nanoparticle  
B. Silva (INL, Portugal) 

11h45 - 12h00 Flash Presentations 

 
Self-assembled DNA origami arrays on bacterial cell membranes 

 
A. Scheeder (University of Cambridge, UK) 

 
Analysing the Diffusion of NAMs in the Cytoplasm of E. coli by FRAP 

 
B. Magalhães (University of Porto, Portugal) 

12h00 - 13h30 Lunch 

Session III: Industry perspective 

13h30 - 14h00 From Lab to Market – a Strategy to maximize your impact on Society  

 Daniel Vasconcelos (INESC TEC, University of Porto, Portugal) 

14h00 - 14h30 Immunomodulatory therapies for infectious diseases 

 Pedro Madureira (Immunethep, Portugal) 

14h30 - 15h00 Round Table: Research valorization - strategies and challenges 

15h00 - 15h30 Coffee-break 

16h30 – 19h45 Social Event - Tour to the Porto Cálem winery with fado show and wine tasting 

 Those who will not take the bus should be at Porto Cálem winery at 18h00 

 

DAY 3 – 02nd October 2021 

09h00 - 09h30 Talk to a Senior Scientist:  

 Tagbo Niepa (University of Pittsburgh, USA) and Syma Khalid (University of 
Southampton, UK) 

09h30 - 10h00 Outer Membrane vesicles as vaccine antigen and delivery system 

 Mariagrazia Pizza (GlaxoSmithKline Vaccines, Italy) 

Session IV: Lessons from drug delivery in mammalian cells 

10h00 - 10h30 Delivery of Bio-Therapeutics - Struggling with biological barriers 

 Stefaan De Smedt (Ghent University, Belgium) 



 

10h30 - 11h00 Gene delivery to mammalian cells: trafficking, mechanisms and nanocarrier design 
 

Marcos Garcia-Fuentes (University of Santiago de Compostela, Spain) 

11h00 - 11h25 Coffee-break 

 
11h30 - 12h00 Modular and adaptive dendrimers for biomedical applications 

 
Ling Peng (CINaM, CNRS, France) 

12h - 12h15 The relevance of surface modified nanoparticles to target and overcome cell 
membranes  
J. A. Loureiro (University of Porto, Portugal) 

12h15 - 12h30 Closing Remarks 

 
Announcement best abstract presentation 

 
 



 

  

INVITED 
SPEAKERS 



 

Session I: Nanomaterials and biologics to control microbes 
 

Nuno F. Azevedo  
(LEPABE, University of Porto, Portugal) 
 
[Thursday, 30 Sep, 09:45 – 10:15] 
 
 

 

Nuno Filipe Azevedo is currently an Assistant Professor at the Faculty of Engineering 

of the University of Porto (FEUP) and a researcher at the Laboratory for Process 

Engineering, Environment, Biotechnology and Energy (LEPABE). During his research 

career he has authored or co-authored more than 100 papers in peer-reviewed 

international journals, submitted 7 patents and co-edited two book. He has been 

invited to more than 30 oral presentations in national and international conferences 

and is regularly part of the scientific advisory committee of several international 

conferences. Nuno Azevedo main research interests are to explore the potential of 

nucleic acid mimics for the rapid diagnosis and treatment of infectious agents, as well 

as multispecies biofilms. He is currently leading the EU-funded project DelNAM, a 

project aims to develop a novel therapeutic approach to solve bacterial resistance to 

antibiotics through the delivery of antibacterial nucleic acid mimics into bacterial 

biofilms and cells within the human body. 

  



 

Session I: Nanomaterials and biologics to control microbes 
 

Peter E. Nielsen  
(University of Copenhagen, Denmark) 
 
[Thursday, 30 Sep, 10:15 – 10H45] 
 
 

 

Dr Peter E. Nielsen is a full professor at University of Copenhagen since 1995. One of 

the inventors of peptide nucleic acid (PNA) (1991), and has further studied and 

developed this DNA mimic during the last 30 years in relation to chemistry, origin of 

life, molecular biology and drug discovery. Recently the major focus has turned to 

discovery of novel PNA based antisense antibiotics against multidrug resistant 

bacterial infections. Co-author of more than 400 scientific papers (H-index 77), 

reviews and books, co-inventor on more than 20 patents and patent applications, and 

was Editor-in-Chief on the journal, “Artificial DNA”. Member of EMBO and the Danish 

Academy of Technical Sciences (ATV), and has received several Danish and 

international scientific prizes including the NovoNordisk Foundation, the Lundbeck 

Foundation and the Institute Curie Jeanne Loubaresse prize. Cofounder of two Danish 

biotech companies. He has been directing a Grundforskningscenter, an EU framework 

project and has been PI in 10 other EU framework projects. He is presently Head of 

“Center of Peptide based Antibiotics” at Faculty of Health and Medical Sciences, 

University of Copenhagen.  



 

Session I: Nanomaterials and biologics to control microbes 
 

Prof. Dr. Claus-Michael Lehr  
(Helmholtz Institute for Pharmaceutical Research Saarland) 
 
[Thursday, 30 Sep, 11:30 – 12H00] 
 
 

 

Claus-Michael Lehr is Professor at Saarland University as well as cofounder and head 

of the department “Drug Delivery and Biological Barriers” at the Helmholtz Institute 

for Pharmaceutical Research Saarland (HIPS). Prof. Lehr has also been cofounder of 

Across Barriers GmbH and PharmBioTec GmbH. The research theme of Prof. Lehr's 

team is drug delivery across biological barriers, with major focus on the epithelia of 

the gastrointestinal tract, the skin and the lungs. This concept has been expanded to 

microbial barriers, such as the bacterial cellular envelope, biofilms and host cell 

membranes. A substantial part of the lab’s activities deals with innovative carriers 

systems capable of safely and efficiently delivering drugs and vaccines across the 

barriers. A second line of research is dedicated to complex cells and tissue models 

representing biological barriers also in state of disease. Prof. Lehr is (co)author of 

more than 400 papers with >20.000 citations (scopus h-index = 78) and has 

supervised > 70 PhD students. Recently, the British magazine “The Medicine Maker” 

rated him three times as one of the top 100 most influencing drug researchers in the 

world.  



 

Session I: Nanomaterials and biologics to control microbes 
 

Sebastianus A. J. Zaat  
(Amsterdam UMC - AMC, University of Amsterdam, The Netherlands) 
 
[Thursday, 30 Sep, 14:30 – 15H00] 
 
 

 

Dr. Sebastian A.J. Zaat is Principal Investigator of the research line “Biomaterial-

associated infection and novel antimicrobial strategies” at the Department of Medical 

Microbiology and Infection Prevention of the Amsterdam UMC - AMC, University of 

Amsterdam, The Netherlands. One of the subjects of study of his group is the 

development of novel “Synthetic Antimicrobial and Antibiofilm Peptides” (SAAPs), 

derived from human antimicrobial proteins. The subject of his lecture is the molecular 

analysis of the mode of action of such peptides against planktonic bacteria, their 

activity against biofilms, persister cells, and bacterial spores.  



 

Session I: Nanomaterials and biologics to control microbes 
 

Tagbo H. R. Niepa  
(University of Pittsburgh, USA) 
 
[Thursday, 30 Sep, 16:00 – 16H30] 
 
 

 

Dr. Niepa is an assistant professor of Chemical and Petroleum Engineering at the 

Swanson School of Engineering, University of Pittsburgh. He held a Postdoctoral 

Fellowship for Academic Diversity at the University of Pennsylvania to develop new 

methods to study microbial dynamics in artificial microniches and thin films. He 

started his academic journey in the Ivory Coast, receiving his Associate Degree in 

Food Science and work experience at the Pasteur Institute. He then received his BSc 

in Bioengineering and PhD in Chemical Engineering (2014) with honors from Syracuse 

University. His doctoral study of the Electrochemical Control of Bacterial Persister 

Cells focused on developing a technology against drug-resistant and persistent 

bacteria (US patented). Dr. Niepa also co-founded in 2011 Helios Innovative 

Technologies Inc. (now PurpleSun Inc.), a medical device company that develops 

automated sterilization systems to fight bacterial cross-contamination. Since 2017, 

he leads the microBiointerface Lab (at Pitt) in multidisciplinary approaches to solve 

problems associated with microorganisms relevant to the environment, healthcare, 

and food industry. 

  



 

Session I: Nanomaterials and biologics to control microbes 
 

Luciana Gomes  
(LEPABE, University of Porto, Portugal) 
 
[Thursday, 30 Sep, 16:30 – 17H00] 
 
 

 

Luciana Gomes is a Junior Researcher in the Biofilm Engineering Laboratory (BEL) of 

the Laboratory for Process Engineering, Environment, Biotechnology and Energy 

(LEPABE) and Invited Assistant Professor at the Faculty of Engineering of University 

of Porto (FEUP). She completed her Ph.D. in Chemical and Biological Engineering in 

2016, working on the production of recombinant proteins in biofilms at FEUP under 

the supervision of Professor Filipe Mergulhão. Her research interests are mainly 

focused on antibiofilm/antimicrobial surfaces for industrial and biomedical settings. 

She has published 35 peer-reviewed papers (16 as first author and 2 as corresponding 

author), 5 book chapters, and participated in numerous international conferences and 

courses with the financial support of different funding agencies (19 oral 

communications, 2 conference proceedings, and 18 posters). She was supervisor/co-

supervisor of 2 Ph.D. students (ongoing) and 3 Master students. Luciana Gomes works 

in the areas of Bioproducts, Medical Biotechnology (with an emphasis on 

Biomaterials), and Industrial Biotechnology (with an emphasis on the Food Industry). 

  



 

Session II: Methodologies to study delivery and translocation in microbes 
 

Syma Khalid  
(University of Southampton, UK) 
 
[Friday, 01 Oct, 09:00 – 09H30] 
 
 

 

Syma graduated with a first class degree in Chemistry from the University of Warwick 

in 2000. She remained at Warwick to read for a PhD under the supervision of Prof. P. 

Mark Rodger. After obtaining her PhD in 2003, she moved to the University of Oxford 

as a postdoc in Prof Mark Sansom’s lab, to study the structure-function relationship 

of bacterial outer membrane proteins. During her postdoctoral work, she became 

interested in understanding the structure-dynamics-function relationships within 

bacterial cell envelopes. In 2007, she was appointed as RCUK fellow in chemical 

biology at the University of Southampton. In 2010, she was appointed to a full 

lectureship at Southampton. In 2012 she was promoted to Senior lecturer and  2016 

she was promoted to Professor. In August 2021 she moved to the Department of 

Biochemistry, University of Oxford. 

  



 

Session II: Methodologies to study delivery and translocation in microbes 
 

Stefano Pagliara  
(University of Exeter, UK) 
 
[Friday, 01 Oct, 09:30 – 10H00] 
 
 

 

Dr Stefano Pagliara is currently a Senior Lecturer in the Living Systems Institute, 

University of Exeter, United Kingdom. He performed his PhD in Nanoscience at the 

University of Salento, Lecce, Italy, and he held a Postdoctoral research associate and 

fellow positions at the Cavendish Laboratory, University of Cambridge, United 

Kingdom. His research focuses on the heterogeneity in cellular responses to 

environmental cues with an emphasis on antibiotic accumulation in Gram-negative 

bacteria. Besides standard microbiology techniques and omics approaches, he 

develops bespoke microfluidic devices. Such devices allow accurately controlling the 

microenvironment surrounding the cells and perform a series of functional assays on 

the very same individual cell. 

  



 

Session II: Methodologies to study delivery and translocation in microbes 
 

Hafez El Sayyed 
(University of Oxford, UK) 
 
[Friday, 01 Oct, 10:45 – 11H15] 
 
 

 

Dr Hafez El Sayyed is currently a Postdoctoral research fellow in the Gene Machines 

lab at the Kavli institute, University of Oxford. His obtained his PhD in molecular 

microbiology from Paris-Saclay university studying the influence of supercoiling 

regulation on DNA replication in E. coli upon Topoisomerase IV inhibition by 

fluoroquinolones. His current work focuses on using single-molecule super-

resolution imaging techniques to dissect bacterial transcription regulation at 

different instances of the transcription lifetime, as well as the regulation of DNA repair 

onset in response to DNA damaging antibiotics. He is also involved in both the 

fundamental and applied aspect of tackling antimicrobial resistance. 

  



 

Session III: Industry perspective 
 

Daniel Marques Vasconcelos 
(INESC TEC, University of Porto, Portugal) 
 
[Friday, 01 Oct, 13H30 – 14H00] 
 
 

 

Daniel Vasconcelos is the Head of INESC TEC’s Technology Licensing Office (TLO), 

boosting the societal impact of the R&D results generated at the institution. Leading 

a team of three tech managers, Daniel paves the way for the development and 

commercialization of deep tech solutions, bridging the gap between the Lab and the 

Market. Daniel manages a patent portfolio of 30 active patent families in ICT and 

medical technology fields and is also a consultant for the INESC TEC spin-off inSignals 

Neurotech for IP and regulatory affairs. 

Additionally, he is a European IP Helpdesk Ambassador for Portugal, a pro-bono first-

line IP support service for SMEs and partners of European projects. Daniel is also a 

member of the renowned association of technology transfer professionals ASTP-

Proton and invited speaker for IP and Business Strategy, including software and open-

source licensing. 

Daniel is an invited professor at Faculdade de Engenharia da Universidade do Porto for 

medical technology development (Biodesign) and Management courses.  

He holds a PhD in Biomedical Sciences, an MSc in Bioengineering, and an MSc in 

Innovation Economics and Management, all from U.Porto. 

  



 

Session III: Industry perspective 
 

Pedro Madureira  
(Immunethep, Portugal) 
 
[Friday, 01 Oct, 14H00 – 14H30] 
 
 

 

Pedro Madureira has graduated in Biochemistry at the Faculty of Sciences of the 

University of Porto (FCUP) and obtained his PhD in Biomedical Sciences at the 

Instituto de Ciências Biomédicas Abel Salazar (ICBAS) of the same university. Pedro 

Madureira is co-founder and CSO of Immunethep, a biotech company focused on the 

development of antibacterial immunotherapies. Currently, the main research interest 

is to understand microbial virulence mechanisms that are responsible to avert host 

immune system and induce disease. This research led to the development of 

Immunethep’s immunotherapies, that target an immunosuppressive protein excreted 

by different multi-resistant bacteria. 

  



 

Session III: Industry perspective 
 

Mariagrazia Pizza  
(GlaxoSmithKline Vaccines, Italy) 
 
[Saturday, 02 Oct, 09:30 – 10H00] 
 
 

 

Mariagrazia Pizza received her degree in Chemistry and Pharmaceutical Technologies 

at the University of Naples, Italy. Following a period at the EMBO laboratories in 

Heidelberg, Germany, Mariagrazia moved to Siena, Italy where she has been ever 

since, leading many bacterial projects. She has contributed to the discovery of a 

pertussis vaccine based on a genetically detoxified toxin, able to protect children from 

disease and to the discovery of new vaccine antigens by genome mining (reverse 

vaccinology), which are the basis of a new MenB vaccine now licensed in more than 

40 countries worldwide. Mariagrazia is currently Senior Scientific Director for 

Bacterial Vaccines at GSK, and Preclinical Head at GVGH, the GSK Vaccine Institute for 

Global Health. She has received many scientific awards and is elected member of 

EMBO, of the European Academy of Microbiology and Academia Euopaea, Fellow of the 

American Academy of Microbiology and Vice President of IUMS (International Unit of 

Microbiology Societies). Mariagrazia is also Honorary Visiting Professor at the 

University of Leicester. She has over 200 publications and is co-inventor of many 

patents. 

  



 

Session IV: Lessons from drug delivery in mammalian cells 
 

Stefaan De Smedt  
(Ghent University, Belgium) 
 
[Saturday, 02 Oct, 10H00 – 10H30] 
 
 

 

Stefaan De Smedt  studied pharmacy. He joined the Janssen Research Foundation 

and became Professor at Ghent University in 1999. He served as dean of his Faculty 

(2010-2014) and is a member of the Board of Directors of Ghent University and the 

Ghent University Hospital. He has been a Guest Professor at various universities in 

Belgium and China.  Since 2004 he serves as the European  Editor of the JCR, currently 

as Deputy Editor-in-Chief. His research is at the interface between drug delivery, 

biophysics and material sciences. He is the (co-)author of > 350 manuscripts including 

contributions to Nature Materials, Nature Communications, Nature biotechnology, 

Nature Drug Discovery Reviews. He has been the (co-) promoter of > 50 doctoral 

theses; 8 of his fellows are professors at various faculties, 4 of them received most 

prestigious Grants from the ERC. He filed +20 patents and is a scientific founder of 

Memobead Technologies. He is a member of EURASC, the Belgian Royal Academy of 

Medicine and the Académie Nationale de Pharmacie of France. 

  



 

Session IV: Lessons from drug delivery in mammalian cells 
 

Marcos Garcia-Fuentes  
(University of Santiago de Compostela, Spain) 
 
[Saturday, 02 Oct, 10H30 – 11H00] 
 
 

 

Marcos Garcia-Fuentes is a B.S. in Pharmaceutical Sciences (1998) and Ph.D. in 

Pharmacy (2004) from the University of Santiago de Compostela (USC). His thesis 

aimed at designing new lipid/polymer nanoparticles for protein delivery and was 

performed under the supervision of Prof. Maria J. Alonso and Dolores Torres. In this 

period, Marcos was a visiting researcher at Purdue University, under the supervision 

of Prof. Nicholar Peppas. From 2005- 2007 he joined the group of Prof. Hans Peter 

Merkle and Dr. Lorenz Meinel at ETH Zurich, as a Marie Curie Postdoctoral researcher. 

In 2007, he joined USC with a tenure-track junior PI contract. In 2013, he was 

promoted to Reader and in 2020 to Associate Professor. Marcos is the team leader of 

the BiDD (Biomaterials & Drug Delivery) research group at the Center for Research in 

Molecular Medicine and Chronic Diseases (CiMUS), USC, since 2017. His group focuses 

on the design of new biotechnology-based nanomaterials for pharmaceutical 

applications. Marcos has 60 publications, with more than 4000 citations. He is co-

inventor of 7 patents, two of them transferred to industry. He is involved in 19 

research grants with over 7M€ in funding. 

  



 

Session IV: Lessons from drug delivery in mammalian cells 
 

Ling Peng  
(CINaM, CNRS, France) 
 
[Saturday, 02 Oct, 11H30 – 12H00] 
 
 

 

Dr. Ling Peng is currently a CNRS research director in the Interdisciplinary Center on 

Nanoscience in Marseille at Aix-Marseille University in France. She carried her PhD at 

Swiss Federal Institute of Technology in Zurich, Switzerland, and her postdoctoral 

research at University of Strasbourg in France. Dr. Ling Peng has been working 

actively at the interface of chemistry and biology, and in particular, developing 

functional dendrimers for biomedical applications, molecular probes for exploring 

biological events and nucleoside derivatives for drug discovery. She has established 

bio-inspired and self-assembling supramolecular dendrimers to deliver various 

nucleic acids, drugs and imaging agents for cancer treatment and imaging. One of the 

dendrimer nanosystems has been schedule for clinical studies. Her research team was 

labelled by La Ligue contre le Cancer in France. She was awarded with the Prize of Dr 

& Mme Henri Labbé of the French Academy of Sciences, and granted as Distinguished 

Member of the French Chemical Society in 2020. 

 



 

ABSTRACTS 



lst Drug Delivery in Microbial Cells Conference (DDMiC) 

 

 
Nucleic acid mimics (NAMs) delivery in microbial cells 

N. F. Azevedoa 
a Laboratory for Process Engineering, Environment, Biotechnology and Energy, Dep of Chemical 
Engineering, Faculty of Engineering of the University of Porto, Porto, Portugal. 
 

The efficient delivery of nucleic acids in microbial cells would bring major benefits in 
our fight against antimicrobial resistance for two main reasons: 1) nucleic acids can be 
designed to target individual species of bacteria and hence lead to selective depletion and 
2) the redesign of novel nucleic acid sequences in case a novel mutation appears is 
relatively straightforward. As nucleic acids do not cross the microbial cell envelope, 
strategies for their delivery need to be developed. In here, I will discuss both the different 
types of nucleic acid mimics (NAMs) and delivery strategies that can be employed in 
NAMs delivery in microbial cells. Examples of NAMs include peptide nucleic acids 
(PNA), locked nucleic acids (LNA) and 2'-O-Methyl RNA, whereas delivery vectors 
include liposomes, cell-penetrating peptides and vitamin B12. Important aspects to 
discuss include the type of interaction between the delivery vectors and the cell envelope, 
the stability of the association between the NAMs and the delivery vectors in the presence 
of biofluids, the specifity of the strategy towards pathogens and also the accumulation of 
NAMs inside the cell that each delivery vector is able to achieve.  
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funds through the FCT/MCTES (PIDDAC). 

 



lst Drug Delivery in Microbial Cells Conference (DDMiC) 

 

 
Precision antisense antibiotics against multidrug resistant Gram-

negative bacteria  

Peter E. Nielsen 
Center for Peptide-Based Antibiotics, Department of Cellular and Molecular Medicine, Faculty of Health 
and Medical Sciences, University of Copenhagen, Denmark  

 
Multidrug-resistant Gram-negative bacteria pose an increasing threat to human health, 
and development of novel antibiotics would be one answer to this challenge. Most efforts 
to date have focused on development of broad spectrum antibiotics and unfortunately 
with limited success. We would argue that precision, narrow spectrum antibiotics 
optimized against resistant strains are more likely to succeed, both by directly addressing 
the challenge as well as limiting the risk of new resistance development and spreading.  
Thus we are aiming at developing precision antisense antibiotics based on peptide nucleic 
acids (PNA) specifically targeting (essential) bacterial genes [1-2]. Using PNA 
oligomers targeting the acpP gene and conjugated to bacterial penetrating peptides (BPP) 
[3-6], antimicrobials showing (sub)micromolar antibacterial activity against Escherichia 
coli, Klebsiella pneumoniae, Acinetobacter baumannii and Pseudomonas aeruginosa 
(including multi resistant clinical isolates), as well as in vivo activity in a urinary tract 
infection mouse model, have been discovered. Based on these in vitro as well as in vivo 
results bacterial uptake mechanisms of bacteria penetrating peptides [7,8] as well as the 
prospects of developing novel precision antibiotics against infections by multi resistant 
Gram-negative bacteria will be discussed. 

 
1. Good L & Nielsen PE (1998) Nature Biotechnol. 1998, 16: 355 
2. Good L, Awasthi SK, Dryselius R, Larsson O & Nielsen PE Nature Biotechnol. 2001, 19, 
360 
3. Ghosal, A, Vitali, A,  Stach, JEM,  Nielsen, PE ACS Chem. Biol. 2013, 8, 360 
4. Ghosal, A, Nielsen, PE Nucleic Acid Ther. 2012, 22, 323-4. 
5. Hansen AM, Bonke G, Larsen CJ, Yavari N, Nielsen PE, Franzyk H. Bioconjugate Chem. 
2016; 27, 863 
6. Nejad AJ, Shahrokhi N, Nielsen PE. Biomedicines. 2021, 15: 429 
7. Goltermann L, Yavari N, Zhang M, Ghosal A and Nielsen PE Front. Microbiol. 2019, 10:1032 
8. Yavari N, Goltermann L, and Nielsen PE ACS Chem Biol. 2021; 16, 471 
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lst Drug Delivery in Microbial Cells Conference (DDMiC) 

 

 
DNA nanostructures as a tool for targeted antimicrobial delivery 

I. Melaa, P.P. Vallejo-Ramireza, S. Makarchuka, G. Christiea, R.M. Hendersonb, H. Sugiyamac,d, M. 
Endoc,d, C.F. Kaminskia 

a Department of Chemical Engineering and Biotechnology, University of Cambridge, Cambridge, UK 
b Department of Pharmacology, University of Cambridge, Cambridge, UK 
c Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan 
d Institute for Integrated Cell Material Sciences, Kyoto University, Kyoto, Japan 
 
Antibiotic resistance is a growing worldwide human health issue that is now threatening to 
render us vulnerable once again to infections that have been treatable for decades. Various 
approaches have been proposed in the effort to overcome this threat and effectively treat 
bacterial infections. We report the use of DNA origami nanostructures [1], functionalized with 
aptamers, as a vehicle for delivering the antimicrobials in a specific and efficient manner. We 
test the system against Gram positive (Bacillus subtilis) and Gram negative (Escherichia coli) 
targets. We use direct stochastic optical reconstruction microscopy (dSTORM) and atomic 
force microscopy (AFM) to characterize the DNA origami nanostructures and structured 
illumination microscopy (SIM) to assess the binding of the origami to the bacteria. We show 
that treatment with lysozyme-functionalized origami slows bacterial growth more effectively 
than treatment with free lysozyme. Our study introduces DNA origami as a tool in the fight 
against antibiotic resistance, and our results demonstrate the specificity and efficiency of the 
nanostructure as a drug delivery vehicle.  
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lst Drug Delivery in Microbial Cells Conference (DDMiC) 

 

 
Drug Delivery across Biological Barriers for Combatting and 

Preventing Infectious Diseases 
Claus-Michael Lehr  
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Not ignoring the current pandemic, the threat of antimicrobial resistance might be even 
worse and the problem is still increasing. Ironically enough, the number of new antibiotics 
and even the number of companies engaging in those is decreasing. Besides the need for 
new targets and actives there is also a need to deliver those across biological barriers. 
Besides the body’s outer epithelia, like e.g., gut, skin and lung, there are also the bacterial 
cell envelope itself, as well as non-cellular barriers, such as mucus and bacterial biofilms.  
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Because of their complex and asymmetric structure, the Gram-negative bacterial 
envelope represents a very tough barrier for novel anti-infectives with intra-bacterial 
targets. Rebuilding the structure of this barrier on a Transwell ®setup, we found some 
encouraging predictivity for actual in bacterio uptake and bioavailability (1,2), which we 
are currently further improving by using 3D-printed polymeric hydrogels (3), and by 
coating membranes using bacterial outer membrane vesicles (OMV’s) (4).
When applied to the skin, nanoparticles do not cross the stratum corneum, but may 
penetrate into hair follicles to deliver antigens noninvasively across the intact skin barrier. 
In mice, we could demonstrate a significant cellular and humoral immune response to the 
model antigen ovalbumin (5,6). But as the capacity of this pathway is limited, 
complementary technologies, like e.g., mRNA vaccines, are still (7,8) Nevertheless, this 
pathway holds interesting perspectives for the targeted delivery of nanocarriers for the 
treatment of hair follicle diseases, such as alopecia areata or allergic dermatitis (9,10).
To study the cellular interactions of drugs and nanoparticles after deposition in the deep 
lung, our group has pioneered human alveolar epithelial cell models, including primary 
cells and as cell lines. Complex human in-vitro models allow to mimic diseases like 
inflammation and bacterial infections (11,12). Novel self-assembling nanocarriers, 
capable to co-deliver Tobramycin and modern quorum sensing inhibitors, allow to 
significantly reduce the dose of the antibiotic for completely eradicating the bugs and thus 
also the risk of inducing antimicrobial resistance (13,14).

12. Metz JK. et al.,Alternatives to laboratory animals : ATLA. 2021 Jan 29;1264913

               4. Ropponen H-K, Richter R., Hirsch AKH, Lehr C.-M., Advanced Drug Delivery Reviews. 2021 Mar 8.
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Antimicrobial resistance is growing worldwide as a serious public health issue since many 
antibiotic therapies are no longer effective to treat drug-resistant infections [1]. Nucleic 
acid mimics (NAMs) have been explored to develop novel therapeutic drugs against 
infectious diseases [2]. However, delivery of therapeutic nucleic acids in bacteria is a 
challenging task which has been addressed using nanocarriers [3,4]. 

We produced cationic liposome-loaded (fluorescently labelled) NAMs (LipoNAMs) 
coated either with DSPE-methoxyPEG or cerC8-methoxyPEG using both pre- and post-
PEGylation methods. The post-PEGylated cerC8-methoxyPEG liposomes were the most 
efficient in increasing the NAMs internalization in Escherichia coli (E. coli) whereas 
naked NAMs showed negligible activity. In order to improve the affinity and specificity 
of LipoNAMs for E. coli, a polyclonal anti-E. coli antibody was conjugated to maleimide-
functionalized PEG-DSPE coated liposomes. The maleimide-functionalized LipoNAMs 
were, by themselves, capable to increase 6-fold the NAMs internalization efficiency in 
relation to the methoxyPEG coated vesicles. The conjugation of antibodies further 
increased the delivery of NAMs and the specificity for E. coli. This formulation also 
showed better biocompatibility than the maleimide-functionalized LipoNAMs.  

We demonstrated for the first time that the delivery efficiency, specificity, and 
biocompatibility of LipoNAMs can be improved by a combination of PEGylation with 
antibodies as targeting ligands. 
1. O’Neill J. Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations. 
Review on Antimicrobial Resistance. 2014:1-16. 
2. Xue XY, Mao XG, Zhou Y, Chen Z, Hu Y, Hou Z, et al. Advances in the delivery of antisense 
oligonucleotides for combating bacterial infectious diseases. Nanomedicine. 2018;14(3):745-58. 
doi: 10.1016/j.nano.2017.12.026. 
3. Mamusa M, Sitia L, Barbero F, Ruyra A, Calvo TD, Montis C, et al. Cationic liposomal vectors 
incorporating a bolaamphiphile for oligonucleotide antimicrobials. Biochim Biophys Acta. 
2017;1859(10):1767-77. doi: 10.1016/j.bbamem.2017.06.006. 
4. Santos RS, Dakwar GR, Zagato E, Brans T, Figueiredo C, Raemdonck K, et al. Intracellular 
delivery of oligonucleotides in Helicobacter pylori by fusogenic liposomes in the presence of 
gastric mucus. Biomaterials. 2017;138:1-12. doi: 10.1016/j.biomaterials.2017.05.029. 
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Bacterial infections including Streptococcus pneumoniae are a major threat for global health, 
which are complicated by increasing antimicrobial resistance, as well as the fact that 
commercially available pneumococcal vaccines do not cover all serotypes. Thus, the World 
Health Organization classified S. pneumoniae in the list of priority bacteria, which require the 
development of new treatment and/or protection options. Bacterial membrane vesicles are 
released from all microorganisms and harbor several components including virulence factors 
and antigens [1]. Therefore, we investigated the feasibility of pneumococcal membrane vesicles 
(MVs) to develop protective vaccines.  

Pneumococcal MVs showed heterogeneous morphology and particle size under cryogenic-
transmission electron microscopy. Several cell lines including epithelial pulmonary A549 cells, 
skin human HaCaT keratinocytes, and immune cells including macrophage-like THP-1 and 
murine dendritic cells DC2.4, showed excellent biocompatibility upon incubation with 
pneumococcal vesicles and no cytotoxic effects were detected [2]. In addition, primary human 
monocyte-derived macrophage viability was not compromised with pneumococcal vesicles. 
Fluorescently labelled vesicles showed a relatively rapid uptake into cell lines, especially 
dendritic cells, in 30 min and primary macrophages after 1 h. Assessment of 
immunostimulatory effects revealed that pneumococcal MVs enhanced release of interleukin-
6 and tumor necrosis factors from human primary macrophages into the supernatant. Reporter 
HEK cell lines confirmed activation of toll-like receptors upon incubation with pneumococcal 
MVs.  No endotoxin traces were detected in isolated vesicles, supporting their safety profile. 
Proteomic analysis exhibited that pneumococcal vesicles harbor several proteins with potent 
immunogenic effects.  

Our work sheds light on gram-positive pneumococcal MVs and shows their potential to 
stimulate host immunity. Thus, they could be innovative and effective vaccine candidates 
against pneumococcal infections. 
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Recently, our group developed the anti-EFG1 2’OMethylRNA oligomer able to control 
C. albicans filamentation [1], one of the most alarming virulence factors on Candida 
albicans. However, an effective protection and delivery of the anti-EFG1 2’OMe 
oligomer to their intracellular site of action remains a major issue. Recently, various non-
viral vectors have been engineered for improved gene and drug delivery. Some of the 
most promising strategies for delivery of oligomers encompass complexation of nucleic 
acids, which are anionic, with liposomes of fixed or ionizable cationic charge [2]. Thus, 
the main purpose of this work was to study the complexation of cationic liposomes with 
the anti-EFG1 2’OMe oligomer, along with its efficacy to control C. albicans 
filamentation in vitro and in vivo. 

In this way, the generic cationic lipid DOTAP, combined with three different neutral 
lipids (DOPC, DOPE and Monoolein) were used as vectors. FCCS measurements were 
performed to quantify the colocalization between cationic liposomes and ASOs and 
consequent complex formation. All the lipoplex formulations were tested in vitro by the 
quantification of filamentous forms on C. albicans cells by microscope observation. The 
in vivo Galleria mellonella model [3] was used to test the effect of the cationic liposome-
ASO complexes on larvae survival infected with a lethal dose of C. albicans. 

FCCS results revealed a high association between ASOs and cationic liposomes 
confirming the formation of lipoplexes. In vitro, all cationic liposome-ASO complexes 
were able to release the ASOs and consequently to inhibit the C. albicans filamentation. 
In vivo, from all formulations, the DOTAP/DOPC with 80% molar fraction of DOTAP 
and cationic-to-anionic charge ratio (ρchg) of three, proved to be the most effective, 
enhancing the G. mellonella survival by 40 % after 48 h and by 25 % after 72 h of 
infection, in comparison with the performance of the free oligomer. 

In this sense, our findings confirm that lipoplexes based on DOTAP as cationic lipid can 
be used as possible carriers of anti-EFG1 2’OMe ASO. Particularly, the DOTAP/DOPC 
80/20 ρchg=3 formulation revealed to be the best formulation to improve oligomers 
administration for C. albicans species. 
1. Araújo D, et al. Application of 2′-OMethylRNA′ Antisense oligomer to control Candida albicans EFG1 
virulence determinant. Mol. Ther. - Nucleic Acids 2019;18; 508–517 
2. Gaspar R, et al. Lipid-nucleic acid complexes: Physicochemical aspects and prospects for cancer 
treatment. Molecules 2020; 25; 1-39  
3. Mil-Homens D, et al. Fish oils against Burkholderia and Pseudomonas aeruginosa: In vitro efficacy 
and their therapeutic and prophylactic effects on infected Galleria mellonella larvae. J Appl Microbiol. 
2016;120(6):1509–19.  
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Antimicrobial resistance is an escalating public health issue, with estimates indicating it 
will cause around 10 million annual deaths by 2050 [1]. Nucleic acid mimics (NAMs) 
can become an alternative to traditional antibiotics, providing specific antibacterial 
therapy while protecting the beneficial microbiome. NAM sequences can be designed to 
target genes essential for the survival of a specific bacterium and, when in the cytosol, 
they can, through hybridization, inhibit the expression of the target mRNA, leading to 
bacterial death. However, the bacterial envelope is not permeable to nucleic acids [2]. 
While the potential of dendrimers for intracellular delivery of nucleic acids has been 
extensively reported, these studies have been essentially limited to mammalian cells [3]. 

Herein, we assess the potential of two self-assembling dendrimers [3] as delivery systems 
of NAMs into bacteria via turbidity reduction assay. For this study, all NAMs were 
designed to target the essential acpP gene in Escherichia coli (E. coli). 

Initially, NAMs composed of locked nucleic acid (LNA)/2’OMe RNA were complexed 
with each dendrimer, at different N/P ratios, to form dendriplexes. Although a 
considerable growth inhibitory effect was obtained, this was mainly an effect of the 
dendrimers and not the NAMs, as the dendrimers by themselves often presented a higher 
effect than the resulting dendriplexes. 

To benefit from the specificity provided by NAMs, while relying on dendrimers to 
permeabilize the bacterial envelope, a 2-step therapy strategy was considered. E. coli was 
first treated with the dendrimers (4 h incubation), followed by dendrimer removal and E. 
coli incubation with NAMs (up to 20 h). As NAMs, the previously used LNA/2’OMe 
sequence was tested, as well as an equivalent sequence composed of peptide nucleic acid 
(PNA). As a positive control, the conjugate of this PNA with the cell-penetrating peptide 
(KKF)3K was used, as it is already proven to permeate and inhibit E. coli growth [4]. This 
2-step strategy showed a substantial inhibitory effect for the treatments including a PNA-
based NAM. 

Future studies will focus on validating these results via time-kill assays, as well as re-
evaluating the dendriplex strategy, considering association with the PNA-based NAM. 
 
1. O’Neil J. Tackling drug-resistant infections globally: Final report and recommendations. Review on 
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2. Santos RS, Figueiredo C, Azevedo NF, Braeckmans K, De Smedt SC. Nanomaterials and molecular 

transporters to overcome the bacterial envelope barrier: Towards advanced delivery of antibiotics. 
Advanced Drug Delivery Reviews. 2018; 136–137:28–48. 

3. Dhumal D, Lan W, Ding L, Jiang Y, Lyu Z, Laurini E, et al. An ionizable supramolecular dendrimer 
nanosystem for effective siRNA delivery with a favorable safety profile. Nano Research. 2021;12(1). 

4. Pereira S, Yao R, Gomes M, Jørgensen PT, Wengel J, Azevedo NF, et al. Can Vitamin B12 Assist the 
Internalization of Antisense LNA Oligonucleotides into Bacteria? Antibiotics. 2021;10(379). 
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Chronic wounds remain difficult to treat in present-day society due to antibiotic-resistant 
bacteria and bacterial biofilms, which hampers therapy [1]. Pseudomonas aeruginosa is 
a Gram-negative opportunistic bacterium frequently found in wound infections [2]. Phage 
therapy has shown to be a promising means to fight bacterium involved in non-healing 
wounds demonstrating great bactericidal ability [3]. This research aimed to develop and 
characterize a biopolymer scaffold that will deliver phages specific to P. aeruginosa to 
treat chronic wounds.  

The biopolymers selected were gelatin and alginate, which were dissolved to make 
gelatin-alginate (GA) films. To improve the film flexibility, different concentrations of 
glycerol were tested. Phage suspension (vB_PaeP-SPCB or vB_PaeM-SMS21, 1010 PFU 
mL-1) was added and homogenized before casting and dried at 40 ºC for 24 h. Films were 
cross-linked with CaCl2 solution containing or not glycerol. After cross-linking, the GA 
films were dried at room temperature for 24 h and stored in desiccators until needed. 
Thickness, moisture content (MC), solubility, swelling, and mechanical properties 
(tensile strength and elongation-at-break) were used to characterize the films. 

The thickness of the films varied between 23.2 μm to 38.2 μm. The MC values were not 
significantly affected by increasing CaCl2 concentrations. Cross-linked films without 
glycerol added to the cross-linking solution resulted in lower MC values than those 
containing glycerol. This indicates that glycerol has a significant impact on water affinity. 
The solubility of the films was likewise affected by glycerol. Higher concentrations of 
CaCl2 solution produced lower swelling index values. The film production parameters, 
notably the drying and storage conditions, had no effect on the phages, and these were 
progressively released from the films. The GA films containing entrapped phages show 
promising results, and they will be evaluated in vivo against P. aeruginosa-infected 
wounds. 

 
[1] R.A. Mendoza, J.C. Hsieh, R.D. Galiano, The impact of biofilm formation on wound healing, 

IntechOpen. (2019). https://doi.org/https://doi.org/10.5772/intechopen.85020. 
[2] M. Ruffin, E. Brochiero, Repair process impairment by Pseudomonas aeruginosa in epithelial 

tissues: Major features and potential therapeutic avenues, Front. Cell. Infect. Microbiol. 9 (2019) 
182. https://doi.org/10.3389/fcimb.2019.00182. 

[3] L.L. Furfaro, M.S. Payne, B.J. Chang, Bacteriophage therapy: Clinical trials and regulatory 
hurdles, Front. Cell. Infect. Microbiol. 8 (2018). https://doi.org/10.3389/fcimb.2018.00376. 
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Cationic antimicrobial peptides (AMPs) are potent novel antimicrobial agents with low 
propensity to induce resistance. We have designed novel alpha-helical AMPs inspired by 
the sequences of the human antimicrobial proteins thrombocidin-1 (1) and LL-37 (2), and 
analysed intracellular localization and their mode of action against vegetative cells, 
persister cells and spores of Bacillus subtilis as a model system. 
The thrombocidin-derived peptides TC19 and TC84 were shown to perturb the 
membrane, causing essential membrane-associated proteins to delocalize preventing 
repair of the inflicted damage (3). Using Alexa Fluor 488 labelled TC84, fluorescence 
microscopy techniques and structured illumination microscopy we showed that the AMP 
causes distortion of the fluidity of the membrane and membrane invaginations at the site 
of peptide insertion. Eventually, leakage of the cytosol occurred (4). 
In our current studies we have focussed on the activity of the AMPs against B. subtilis 
persister cells. We have developed a protocol to isolate persister cells which have been 
generated through exposure to different antimicrobial compounds using Fluorescence 
Activated Cell Sorting. The persister cells were effectively killed by TC19 as well as by 
the LL-37-derived peptide SAAP-148. In these persister cells the peptides, like in 
vegetative cells caused membrane permeability and fluidity alterations (5). The peptides 
were not capable to eradicate B. subtilis dormant spores, but did kill the spores upon 
germination by perturbing their inner membrane (6).  
1. Riool M, de Breij A, Kwakman PHS, Schonkeren-Ravensbergen E, de Boer L, Cordfunke RA, 
Malanovic N, Drijfhout JW, Nibbering PH, Zaat SAJ. 2020. Thrombocidin-1-derived antimicrobial peptide 
TC19 combats superficial multi-drug resistant bacterial wound infections. Biochim Biophys Acta 
Biomembr 1862:183282. 
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Franken M, van der Heijde T, Boekema BK, Kwakman PHS, Kamp N, El Ghalbzouri A, Lohner K, Zaat 
SAJ, Drijfhout JW, Nibbering PH. 2018. The antimicrobial peptide SAAP-148 combats drug-resistant 
bacteria and biofilms. Sci Transl Med 10. 
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Vectorization of bactericide compounds by siderophores (iron chelators produced by 
bacteria) is a promising Trojan horse strategy able to considerably increase the efficacy 
of drugs by overcoming the impermeability of the bacterial wall, especially that of Gram-
negative bacteria [1–3]. In such a Trojan horse strategy, the idea is that each time a 
bacterium internalizes a ferric ion, a molecule of drug is transported as well. To develop 
such a strategy it is very important to have a good knowledge of bacterial iron acquisition 
pathways. 
Iron is a cofactor of many redox-dependent enzymes and thus essential for growth and 
virulence. Pseudomonas aeruginosa, a human opportunist pathogen, is able to express in 
order to get access to iron: (i) two iron (ferric)  acquisition pathways involving the 
siderophores pyoverdine and pyochelin (produced by the pathogen itself), iron acquisition 
pathways involving siderophores produced by other bacteria (exosiderophores), (iii) two 
hem uptake pathways and (iv) a ferrous iron uptake pathway. P. aeruginosa will express 
only the iron uptake pathways the most efficient depending on its environment. Using 
proteomic and molecular biology approaches, we have investigated how P. aeruginosa 
adapts the expression of its iron acquisition pathways depending on its environment and 
in the presence of different siderophores and siderophore-antibiotic conjugates. We have 
shown that the catechol type exosiderophores and siderophore-antibiotic conjugates were 
clearly more efficient in inducing the expression of their corresponding transporters than 
other siderophores because of their very high affinity for iron [4]. Moreover, the data 
show, that the key point in the development of a Trojan horse strategy using siderophores 
as vectors to transport antibiotics, is to use strong iron chelators like catechol compounds.  

 

1. Schalk, I. J. & Mislin, G. L. A. Bacterial Iron Uptake Pathways: Gates for the Import of Bactericide 
Compounds. J. Med. Chem. 2017;60(11):4573–4576. 

2. Schalk, I. J. Siderophore-antibiotic conjugates: exploiting iron uptake to deliver drugs into bacteria. Clin. 
Microbiol. Infect. 2018;24(2):801–802. 

3. Mislin, G. L. A. & Schalk, I. J. Siderophore-dependent iron uptake systems as gates for antibiotic Trojan 
horse strategies against Pseudomonas aeruginosa. Metallomics 2014;6(3):408–420. 

4. Perraud, Q., Cantero P., Munier M., Hoegy F., Zill N. et al. Phenotypic Adaptation of Pseudomonas 
aeruginosa in the Presence of Siderophore-Antibiotic Conjugates during Epithelial Cell Infection. 
Microorganisms 2020;8(11):1820. 
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Most bacterial infections are associated with biofilms, where bacteria encase themselves 
in a protective matrix hindering antibiotic effectiveness up to 1,000-fold compared to 
planktonic bacteria [1]. These infections are difficult to cure due to antibiotic resistance 
and often require high-risk, costly, invasive procedures. A novel theranostic agent to 
detect early biofilm formation with subsequent treatment possibilities would be a major 
breakthrough. 

In this study, we aimed to develop a vancomycin-decorated microbubble (vMB, 1 – 10 
µm in diameter) for ultrasound-mediated biofilm treatment under flow. The antibiotic 
vancomycin was chosen as the ligand for its 1) high affinity to S. aureus bacterial cell 
walls, 2) potential for clinical application, and 3) possibility to covalently couple this 
compound to the lipid shell of the microbubble without losing its functionality [2].  

The chemical coupling of vancomycin to the lipid shell of microbubbles was confirmed 
using mass spectrometry and high-axial resolution 4Pi confocal microscopy. The 
adherence of vMB to in vitro biofilms, under both static and increasing physiological flow 
conditions (1.5-12.0 dyn/cm2), was significantly higher in comparison with control 
microbubbles. Upon ultrasound insonification (2 MHz, 250 kPa, 10,000 cycles) of vMB, 
confocal microscopy recordings revealed 20.8 ± 6.3% biofilm reduction (n=4). 

These results demonstrate the potential of vMB as a theranostic agent. The ability of vMB 
to bind to biofilms combined with the mechanical effects induced upon ultrasound 
insonification have promising potential to both detect early biofilm formation and 
enhance treatment through biofilm removal.  

1. Mah, T.F. and G.A. O'Toole, Mechanisms of biofilm resistance to antimicrobial agents. Trends 
Microbiol, 2001. 9(1): p. 34-9. 

2. McGuinness, W.A., N. Malachowa, and F.R. DeLeo, Vancomycin Resistance in Staphylococcus 
aureus. Yale J Biol Med, 2017. 90(2): p. 269-281. 
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The attempts for eliminating infections using antibiotics become abortive because of the 
versatility of the microorganisms. Microbes secrete enzymes to inactivate the 
antimicrobials, modify their genetic and phenotypic make-up to persist throughout 
irregular and ineffective treatments, or develop biofilms to escape the immune system. 
Consequently, the rapid spread of multi-drug resistant pathogens continues to challenge 
the treatment of infections with conventional methods. Here, we present novel strategies 
to eradicate multidrug-resistant microbes with substrate conductive interfaces and 
nanomaterials. This talk will discuss an electrochemical approach to eradicate 
opportunistic pathogens (e.g., Pseudomonas aeruginosa PAO1, Candida albicans) 
associated with many infections. The electrochemical technology (ECT) alters the 
metabolic response of cells to sensitize the pathogens to subsequent antibiotic treatments. 
We also explore the ability of Ni@SiO2 nanoparticles to promote the controlled release 
of biocides and kill microbes upon sensing microenvironmental changes. While the 
nanoparticles alone exhibit excellent biocompatibility, the controlled release of 
delafloxacin from the metallodrugs complexes contribute to their antimicrobial activity. 
These strategies could potentially lead to disruptive technologies and devices for 
eradicating drug-resistant infections. 
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The early colonization of surfaces and subsequent biofilm formation have severe impacts 
in environmental, industrial, and biomedical fields. Regardless of where the biofilm 
forms, the dynamics of microbial adhesion may be affected by (i) the surface topography, 
chemistry, and physicochemistry, (ii) environmental conditions as the presence of other 
microorganisms and, and (iii) hydrodynamics. In previous work, we have shown that the 
surface material is one of the parameters with the strongest impact on biofilm onset [1]. 
Therefore, our interest is focused on the development of surfaces that either prevent or 
reduce bacterial adhesion due to an unfavorable topography or chemistry (antifouling 
surfaces) or contain compounds that are antibacterial and act against attached cells. 

Biomimetic self-cleaning and antifouling surfaces have shown to be an attractive 
approach for the prevention of bacterial attachment and subsequent biofilm formation 
since the modification of surface topography may enable the control of the contact area 
between the surface and the cell. This study developed a biomimetic wax surface using a 
moulding technique that emulated the topography of the self-cleaning Gladiolus hybridus 
(Gladioli) leaf [2]. A comparison of topographies was performed for unmodified wax 
surfaces (control), biomimetic wax surfaces, and Gladioli leaves using Optical 
Profilometry and Scanning Electron Microscopy. The results demonstrated that the 
biomimetic wax surface and Gladioli leaf had similar surface roughness parameters, but 
the water contact angle of the Gladioli leaf was significantly higher than the replicated 
biomimetic surface. The self-cleaning properties of the biomimetic and control surfaces 
were compared by evaluating their propensity to repel Escherichia coli and Listeria 
monocytogenes attachment, adhesion, and retention in mono- and co-culture conditions. 
When the bacterial assays were carried out in monoculture, the biomimetic surfaces 
retained fewer bacteria than the control surfaces. However, when using co-cultures, the 
cell numbers were only reduced on the biomimetic surfaces following retention assays. 
These preliminary results provide valuable information into the antifouling physical and 
chemical control mechanisms found in plants, which are particularly appealing for 
engineering purposes [3]. 

 
1. Moreira JMR, Gomes LC, Simões M, Melo LF, Mergulhão FJ. The impact of material properties, nutrient 

load and shear stress on biofouling in food industries. Food Bioprod Process. 2015;95:228-36. 
2. McClements J, Gomes LC, Spall J, Saubade F, Akhidime D, et al. Celebrating the centenary in polymer 

science: Drawing inspiration from nature to develop anti-fouling coatings. The development of 
biomimetic polymer surfaces and their effect on bacterial fouling. Pure Appl Chem. 2021. 

3. Saubade F, Pilkington LI, Liauw CM, Gomes LC, McClements J, et al. Principal Component Analysis 
to Determine the Surface Properties That Influence the Self-Cleaning Action of Hydrophobic Plant 
Leaves. Langmuir. 2021;37(27):8177-89. 
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There is urgent need of new antibacterial agents, preferably ones differing substantially 
from conventional antibiotics due to the alarming increase and prevailing nature of 
antibiotic resistance [1]. Amphiphilic antibacterial agents are particularly appealing to 
tackle this crisis because they mimic the antibacterial features of natural antimicrobial 
peptides and antibacterial detergents [2]. Additionally, self-assembled supramolecular 
nanostructures of these amphiphilic compounds contribute towards the antibacterial 
activity via cooperative and multivalent interaction. [3] In an effort to design new 
antibacterial agents, we steered our continuing efforts to develop amphiphilic dendrimers 
for use in biomedical applications [4] to explore their potential as antibacterial candidates. 
We report here novel antibacterial candidates based on self-assembling amphiphilic 
dendrimers composed of a long hydrophobic alkyl chain and a small hydrophilic 
poly(amidoamine) dendron with different terminal functionalities. Remarkably, the 
dendrimer with amine terminals exhibited strong antibacterial activity against both Gram-
positive and Gram-negative as well as drug-resistant bacteria and eradicated biofilms. In 
addition, the amphiphilic dendrimer is able to form nanomicelles and co-deliver 
antibacterial agents. Our study presents a novel concept for generating potent antibacterial 
candidates and offers a new perspective for combatting antibacterial resistance. 
 
1. Theuretzbacher U, Outterson K, Engel A, Karlén A. The global preclinical antibacterial pipeline. Nature 

Reviews Microbiology. 2020 May;18(5):275-85.  
2. Mookherjee N, Anderson MA, Haagsman HP, Davidson DJ. Antimicrobial host defence peptides: 

functions and clinical potential. Nature reviews Drug discovery. 2020 May;19(5):311-32. 
3. Levin A, Hakala TA, Schnaider L, Bernardes GJ, Gazit E, Knowles TP. Biomimetic peptide self-

assembly for functional materials. Nature Reviews Chemistry. 2020 Nov;4(11):615-34.  
4. Lyu Z, Ding L, Tintaru A, Peng L. Self-assembling supramolecular dendrimers for biomedical 

applications: Lessons learned from poly (amidoamine) dendrimers. Accounts of Chemical Research. 
2020 Dec 4;53(12):2936-49. 
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Staphylococcus aureus infections, mainly when associated with hospital-acquired 
infections, are a huge public health concern. Conventional treatment is hampered by the 
emergence of multi-drug resistant strains, along with the S. aureus ability to form biofilms 
and evade the immune system [1]. A potential alternative is the repurposing of antibiotics 
in combination with nanotechnological platforms [2]. In this work, the antibacterial 
activity of rifabutin (RFB) was evaluated in both free and liposomal forms, to assess the 
benefit of specifically targeting and releasing the incorporated antibiotic at the infected 
sites.  
The reference strain (ATCC®25923™) and eighty clinical isolates of S. aureus from 
invasive staphylococcal disease, were used for a susceptibility screening with RFB and 
compared with the reference antibiotic, vancomycin (VCM). RFB demonstrated high 
antibacterial activity against all strains studied, with a minimum inhibitory concentration 
(MIC) of 15 to 1000-fold lower than VCM. The antibiofilm activity of RFB against the 
reference strain was also assessed. The minimum biofilm inhibitory concentration 
(MBIC50) was 0.005 µg/mL. RFB was efficiently encapsulated in liposomes with a mean 
size of 100 nm, prepared with different lipid compositions and the obtained loading values 
ranged from 24-57 µg/µmol of lipid. RFB liposomes preserved its antibacterial activity 
against both planktonic and biofilm forms of the reference strain. In a biofilm transwell 
model the positively charged RFB liposomes demonstrated the highest interaction with 
reference strain biofilms, however, RFB incorporated in negatively charged liposomes 
displayed lower MBIC50 [2]. These results were confirmed by confocal scanning laser 
microscopy analysis. Overall, negatively charged RFB liposomes are a promising 
approach against S. aureus infections and in vivo studies are on course. 
1. Ferreira M, Aguiar S, Bettencourt A, Gaspar MM. Drug Deliv. Lipid-based nanosystems for targeting 

bone implant-associated infections: current approaches and future endeavors. Transl. Res. 
2021;11(1):72–85. 

2. Ferreira M, Pinto, SN, Aires-Da-Silva F, Bettencourt A, Aguiar SI, Gaspar M.M. Liposomes as a 
Nanoplatform to Improve the Delivery of Antibiotics into Staphylococcus aureus Biofilms. 
Pharmaceutics 2021;13(3):321. 
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Biofilm infections pose significant challenges to successful treatment. Often both the 
immune system and antibiotics are ineffective. A potential treatment strategy is 
sonobactericide, which proposes the use of ultrasound and microbubbles to increase the 
effectiveness of current antimicrobial therapeutics or directly impact bacteria [1]. This in 
vitro study investigated the dispersal and sonoporation (i.e. cell membrane 
permeabilization) of biofilm-associated S. aureus in response to sonobactericide, with 
and without an antibiotic (oxacillin), in real-time with high resolution imaging. S. aureus 
biofilms grown 24 h under constant agitation were exposed to ultrasound (2 MHz, 100-
400 kPa, 100-1000 cycles, every second for 30 s) with either an antibiotic (oxacillin; 1 
µg/mL), microbubbles alone, or both antibiotic and microbubbles.  

Time-lapse confocal microscopy recordings of 10 min revealed ultrasound-induced 
microbubble behavior to directly lead to bacterial dispersal and sonoporation. Both effects 
were enhanced by increasing ultrasound pressure or cycles. The highest ultrasound 
pressure (400 kPa; Fig.1) led to the most dispersal (up to 83.7%), while total sonoporation 
was 3.2%. Sonobactericide at 200 kPa, 100 cycles led to less dispersal (6.4%), while the 
number of sonoporated cells could be seen to increase by 26.4% compared to before US. 
When antibiotics were added to sonobactericide treatments, synergism and increased 
variablity were observed. Altogether, these insights demonstrate the potential of 
harnessing these microbubble-induced mechanical effects as a biofilm treatment strategy.  
 
 
 
 
 
 
 
 

 

 

1. Lattwein K, Shekhar H, Kouijzer JJP, van Wamel WJB, Holland CK, Kooiman K. Sonobactericide: an             
emerging treatment strategy for bacterial infections. Ultrasound Med Biol. 2020;46(2):193-215.   
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Figure 1. Confocal 
microscopy images of 
S. aureus biofilm (A) 
before and (B) after 
ultrasound (US; 2 MHz, 
400 kPa, 100 cycles, 
every 1 s for 30 s) at the 
end of the time-lapse 
recording. Living 
bacteria are green, dead  
bacteria are red, and 
microbubbles are pink. 
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Gram-negative bacteria are protected by a complex, tripartite cell envelope. This consists 
of two membranes separated by the aqueous periplasmic space. All three regions are 
crowded with proteins and the periplasm also contains the cell wall and a range of small 
molecules known collectively as osmolytes. The details of molecular interactions within 
each region, but also across all three regions that lead to the correct functioning of the cell 
envelope as a whole are largely still elusive.  
 
We are using atomistic level and more coarse-grained models with molecular dynamics 
simulations to model the molecular interactions within the two membranes and the 
periplasmic space of E. coli.  Our results show that molecular movement can vary greatly, 
for example even within different leaflets of the same membrane. The crowded 
environments give rise to a number of unexpected behaviours, some of which may have 
mechanistic impact on e.g. movement of antibiotics through the periplasm. I will discuss 
the models, results and also some challenges we face in system preparation and analysis 
as the complexity of the simulated systems increases and we generate ever larger datasets. 
 
1. Hsu PC, Samsudin F, Shearer J, Khalid S. It Is Complicated: Curvature, Diffusion, and Lipid Sorting 

within the Two Membranes of Escherichia coli.  J. Phys. Chem. Lett., 2017, 8(22): 5513-5518. 
2. Pedebos C, Smith IPS, Boags A, Khalid S. The Hitchhiker’s Guide to the Periplasm: Unexpected 

Molecular Interactions of Polymyxin B1 in E. coli. Structure, 2021, 29(5):444-456 
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Antibiotics play a fundamental role in modern medicine, but drug-resistant pathogens 
now exist for all known antibiotics. In combination with a major void in antibiotic 
discovery,[1] this has led to predictions that bacterial infections will cause 10 million 
premature deaths annually by 2050 [2]. From a drug development perspective, 
the identification of inhibitors of bacterial targets in vitro is relatively 
straightforward. However, very few of these molecules accumulate at intracellular 
concentrations capable of inhibiting growth in gram-negative bacteria [3,4] that are 
therefore intrinsically resistant to treatment with these drugs. This serious bottleneck for 
antibiotic development is due to the complex cell envelope structure of gram-
negatives,[4] which have an asymmetric outer membrane, a periplasm and an 
inner membrane protecting the cytoplasm where most drug targets are located.

In this talk I will show how using a combined experimental and theoretical approach, 
based on single-cell microfluidics microscopy, transcriptomics and Bayesian inference, 
we can unravel the mechanisms allowing individual bacteria to tune their molecular 
uptake capabilities and understand how we can manipulate the membranes of such 
bacteria to make antibiotics kill them [5-10]. I will then illustrate our novel single-
cell approach to investigate gene expression and response to antibiotics in antibiotic 
resistant Escherichia coli and how this led to the identification of candidate 
biomarkers for isolating these antibiotic surviving sub-populations before drug 
treatment that we can now use as predictors for the outcome of antibiotic treatment. 8].
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Despite a century of extensive research in the field of antibiotic discovery after Alexander 
Fleming laid the Foundation of ‘Golden era’ of antibiotics adding about extra 20 years to 
human life expectancy, antibiotic resistance is ‘the coming plague’ in a ‘world out of 
balance’. While only a handful of new antibiotics have been added to the clinical arsenal 
against microbial infections in past few decades, the woeful misuse of them is causing 
rapid development of multidrug resistance (MDR) and even extreme-drug resistance 
(XDR) pathogens in community threatning all aspects of modern medicine [1]. One major 
bottleneck is designing of antibiotics capable of successful penetration across Gram-
negative bacterial outer membrane (OM) while mainainting a dose below toxic level. 
Extensive investigations on translocation of different class of antibiotics including the 
major ones like β-lactams and fluoroquinolones show modifications in porin profiles, 
including reduction in the expression level or overexpression of functionally mutated 
porins, as an emerging mechanism in antibiotic resistant isolates. This in turn brings the 
study of antibiotic influx process into the limelight.  

Aminoglycosides (AG) are aminocyclitols which exert their therapeutic action by 
irreversible binding to ribosomal 16S rRNA or by binding to 30S subunit and in turn 
inhibiting protein synthesis. To reach their target, crossing the outer membrane is crucial. 
Polycationic aminoglycosides have been shown to follow the species specific self-
promoted uptake mechanism where the polycations displace divalent cations cross 
bridging neighboring LPS molecules by competitive binding resulting in destabilization 
and permealisation of outer membrane [2]. Our recent paper demonstrated contribution 
and relevance of major OM porins OmpF and OmpC in the molecular uptake of 
kanamycin in Escherichia coli [3]. In this follow up study we used electrophysiology 
assays and direct, realtime fluorescence assays with reconstituted porins to complement 
the previous data and show translocation of Kanamycin, Gentamicin and Amikacin 
through chito sugar specific minor porin EcChiP. We quantified the comparative uptake 
of above molecules through these multiple porins and supported the relevance using 
whole-cell studies with a defined set of Escherichia coli porin mutants. Our 
interdisciplinary study broadens the understanding of AG uptake mechanism providing a 
base for improvement of uptake while reestablishing involvement of multiple porins in 
the resistance to certain antibiotics. 

 
1. Prajapati JD, Kleinekathöfer U, Winterhalter M. How to Enter a Bacterium: Bacterial Porins and the 

Permeation of Antibiotics. Chem Rev. 2021 May 12;121(9):5158–92.  
2.  Hancock RE, Farmer SW, Li ZS, Poole K. Interaction of aminoglycosides with the outer membranes 

and purified lipopolysaccharide and OmpF porin of Escherichia coli. Antimicrob Agents Chemother. 
1991 Jul;35(7):1309–14.  

3.  Bafna JA, Sans-Serramitjana E, Acosta-Gutiérrez S, Bodrenko IV, Hörömpöli D, Berscheid A, et al. 
Kanamycin Uptake into Escherichia coli Is Facilitated by OmpF and OmpC Porin Channels Located 
in the Outer Membrane. ACS Infect Dis. 2020 Jul 10;6(7):1855–65.  
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NusG is a 21kDa protein involved in bacterial transcription elongation. Structurally, 
NusG consists of two domains connected by a flexible linker; NusG-NTD interacts with 
RNA polymerase (RNAP), whereas NusG-CTD has many interacting partners, such as 
NusE (which also act as ribosomal subunit S10) and Rho helicase, with these interactions 
being mutually exclusive. Functionally, NusG inhibits transcriptional pausing by 
interacting with RNAP and enhancing transcription elongation processivity; NusG acts 
essentially as a bridge to couple transcription with translation by binding RNAP by its 
NTD and the ribosomes at the (NusE/S10 interaction) by its CTD. NusG also has roles in 
termination by preventing premature transcription termination, and by stimulating the 
activity of the Rho termination factor. Given that the roles of NusG are mainly deduced 
from in vitro work, it is important to examine the interactions of NusG in living cells; this 
is important in the light of recent cryo-EM structures of the “expressome” (the complex 
of RNAP with ribosomes and elongation factors), which shows that the ability of NusG 
to bridge RNAP and the 70S ribosome depends on the mRNA length between them. To 
understand how the NusG pool is allocated between its various activities, we constructed 
a NusG-PAmCherry fusion, and perform super-resolution microscopy and single- 
molecule tracking in live E.coli cells. We find that NusG is found in three main pools in 
vivo; a bound, a slow diffusing, and a fast-diffusing population. Surprisingly, we find that 
the vast majority of NusG is either bound or slow diffusing, with very little free NusG 
found in cells. NusG undertakes its function only when complexed with elongating 
RNAP. Using NusB and NusE mutants, we show that a major fraction of the NusG pool 
plays an essential role in anti-termination to maintain a steady level of total RNA in the 
cell, especially rRNA. Our results also suggest the presence of an abundant NusG 
complex with the 30S ribosomal subunit, providing an additional general mode of entry 
of NusG to the nucleoid and to transcription elongation. Our results also provide an 
example of how to dissect the different roles of multi-functional proteins in bacteria.
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The highly specific and targeted nature of bacteriophage interactions with bacteria makes 
phage therapy a particularly exciting method for antimicrobial delivery. Although this 
approach is promising, poor characterisation of phage infection at the molecular level, in 
particular the lack of screening methods, needs to be addressed. Supported lipid bilayers 
(SLBs) are a useful tool in the investigation of cell membranes and their interactions at 
the single molecule level. Outer membrane vesicles (OMVs) can be combined with 
synthetic liposomes to form complete SLBs that contain the natural components of the 
bacterial outer membrane1. However, to date these hybrid SLBs have not been fully 
characterised at the molecular level. We employ correlative atomic force (AFM) with 
structured illumination microscopy (SIM) to gain detailed structural and functional 
information on those model systems2. The relevance of these hybrid SLBs to 
antimicrobial screening applications is then demonstrated by SIM-AFM visualisation of 
bacteriophage binding to E. coli outer membrane SLBs. Furthermore SLBs can be formed 
on bioelectronic devices interfaced with the biocompatible conducting polymer poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) for ligand receptor binding 
studies3. We use electrical impedance spectroscopy to provide a high sensitivity, 
quantitative readout of bacteriophage binding interactions with hybrid bacterial SLBs. 
Our work introduces the combination of both high resolution optical and electrical 
methods to measure bacteriophage interactions with bacterial membranes and provides a 
high throughput, sensitive screening platform for phage therapy applications. 
 
1. Hsia, C.-Y., Chen, L., Singh, R. R., DeLisa, M. P. & Daniel, S. A Molecularly Complete 

Planar Bacterial Outer Membrane Platform. Scientific Reports 6, (2016). 
2. Ben-Sasson, A. J. et al. Design of biologically active binary protein 2D materials. Nature 
589, 468–473 (2021). 

3. Liu, H.-Y. et al. Biomembrane-based organic electronic devices for ligand–receptor binding 
studies. Anal Bioanal Chem 412, 6265–6273 (2020). 
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Fluorescence Cross-Correlation Spectroscopy quantifies colocalization 

between liposomes and DNA and reveals the number of DNA 
molecules per lipid nanoparticle 

Ricardo Gaspara, Ana I. Gómez-Varelaa,b, Juan L. Parisa, Adelaide Mirandaa,  

Pieter A. A. De Beulea, Bruno F. B. Silvaa 
a INL – International Iberian Nanotechnology Laboratory, Braga, Portugal 
b University of Santiago de Compostela, Department of Applied Physics, Santiago de Compostela, Spain 
 
Antibiotic resistance is widely considered to be the next global pandemic. Lipid-nucleic 
acid nanotechnology, which played a crucial role in the development of mRNA-vaccines 
against the SARS-CoV-2 virus, constitutes also an excellent platform to fight bacteria [1].  

One critical aspect in the development of lipid-nucleic acid nanoparticles is quantifying 
the extent of association (i.e. co-localization) between lipids and DNA, which thus far has 
been difficult to obtain quantitatively. Here we propose an approach based on 
fluorescence cross-correlation spectroscopy (FCCS) [2] to overcome this limitation [3]. 
The method consists of following the dynamics of lipids and DNA fluorescently labeled 
with two distinct dyes (red and green, respectively). By following the correlations 
between the motions of lipids and DNA the method is able to distinguish the cases where 
the lipid and DNA move together in the same particles, from those where non-complexed 
lipid and DNA move freely and independently. Hence, the co-localization between lipids 
and DNA can be determined. Importantly, the number of DNA molecules per lipid 
nanoparticle, which is an important parameter difficult to determine experimentally, can 
also be extracted.  

FCCS therefore becomes a powerful methodology to understand the interactions between 
lipids and DNA/mRNA; understand their phase behavior and formulations; and to 
accelerate the development of nucleic acid nanoparticles for a wider range of therapeutic 
applications.  

[1] Santos RS, Dakwar GR, Zagato E, Brans T, Figueiredo C, Raemdonck K, Azevedo NF, De Smedt SC, 
Braeckmans K, Intracellular Delivery of Oligonucleotides in Helicobacter Pylori by Fusogenic 
Liposomes in the Presence of Gastric Mucus. Biomaterials. 2017;138:1 

[2] Haustein E, Schwille P, Fluorescence Correlation Spectroscopy: Novel Variations of an Established 
Technique, Annu. Rev. Biophys. Biomol. Struct. 2007;36:151. 

[3] Gómez‐Varela AI, Gaspar R, Miranda A, Assis JL, Valverde RRHF, Einicker-Lamas M, Silva BFB, 
De Beule PAA, Fluorescence Cross‐Correlation Spectroscopy as a Valuable Tool to Characterize 
Cationic Liposome‐DNA Nanoparticle Assembly. J. Biophotonics. 2021;14:e202000200. 
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Self-assembled DNA origami arrays on bacterial cell membranes     
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Antibiotic resistance is one of the biggest threats to global health with major socio-
economic implications. To fight infections caused by antibiotic-resistant bacteria, the 
development of effective antimicrobials is essential.  

    
    

      
   

    
  

  
   

  
  

      
      

       
  

  

Our work provides a foundation for future applications of self-assembled DNA origami 
arrays on living cell membranes as a tool for surface receptor clustering and potential 
modulation of downstream signalling. 
1. Mela, I., Vallejo‐Ramirez, P.P., Makarchuk, S., Christie, G., Bailey, D., Henderson, R.M., Sugiyama, 

H., Endo, M. and Kaminski, C.F., 2020. DNA nanostructures for targeted antimicrobial delivery. 
Angewandte Chemie, 132(31), pp.12798-12802. 
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Recently, Mela et al. demonstrated that antimicrobial-loaded DNA nanostructures 
functionalised with aptamers efficiently target bacteria and significantly enhance 
antimicrobial activity [1]. Building upon this, we designed DNA origami tiles that can 
self-assemble into micrometre-scale arrays on bacteria cell membranes to apply 
mechanical stress and prevent cell proliferation. Moreover, biotinylated DNA tiles have 
the potential to act as antimicrobial delivery vehicles. For targeted delivery, the triangular 
tiles are functionalized with aptamers and modified with ligation elements to rapidly 
facilitate assembly into larger arrays. For the assembly, conventional sticky-end 
hybridization and TCO-tetrazine click chemistry, a powerful tool in bioconjugation that 
allows for fast, selective and covalent conjugation, are tested.
We characterize the DNA origami nanostructures using transmission electron microscopy 
and atomic force microscopy (AFM) and we study array formation on model supported 
lipid bilayers and gram-negative (Escherichia coli) live cell targets. The binding of the 
DNA origami to the bacterial membrane is studied with correlative AFM-structured 
illumination microscopy (AFM-SIM).
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Analysing the Diffusion of NAMs in the Cytoplasm of E. coli by FRAP 
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Universitario As Lagoas, Ourense, Spain. 
C Friedrich Miescher Laboratory of the Max Planck Society, Max-Planck-Ring 9, 72076 Tübingen, 

Germany. 

The use of antisense nucleic acid mimics (NAMs) to inhibit essential bacterial genes 

provides a virtually endless source of active antibacterials, as the sequence can easily be 

redesigned to become an effective drug once again if the bacteria acquire resistance. 

However, NAMs potential is limited by their poor penetration into bacterial cells. NAMs 

can be modified to improve their penetrability, if the key factors determining their 

diffusion across bacterial envelopes is revealed – which has been hampered by the lack 

of techniques to measure diffusion in bacteria [1]. Our goal is to develop a method to 

study the real-time diffusion of NAMs in the bacterial envelope and cytoplasm, using 

Fluorescence recovery after photobleaching (FRAP). As such, in this study we started by 

assessing NAMs internalization and diffusion in the cytosol of Escherichia coli (E. coli) 

K12, using fluorescein-labelled NAMs targeting a universal rRNA sequence. 

Firstly, the internalization of NAMs, dissolved in hybridization solution (20% (v/v) 

formamide, 900 mM NaCl, 5 mM EDTA, 0.1% (v/v) Triton X-100, and 50 mM Tris-

HCl), into the cytoplasm of E. coli was observed using confocal microscopy. It was 

observed that ~32 % of E. coli cells were fluorescent, without necessarily loosing viability 

(as verified by the CTC viability test), pointing towards an ability of some cells to take-

up the NAMs, differently from what could be expected. FRAP was then performed over 

the fluorescent cells and PyFRAP [2] was used to calculate the diffusion coefficient (DC) 

of NAMs in the cytoplasm of E. coli. To establish the FRAP method, after photobleaching 

the region of interest (ROI) of the cell one should be able to observe fluorescence recovery 

until reaching a stable fluorescence in the whole cell. Recovery of fluorescence in the 

ROI could indeed be obtained, meaning that the NAMs are diffusing in the cytoplasm. 

However, the fluorescence intensity of the whole cell kept increasing over time, 

suggesting that NAMs are being internalized throughout the experiment, indicating that 

the internalization is a fast process. The DC obtained with PyFRAP varied from 1.10 x 

10-3 – 1.80 x 10-3 μm2/s in the cytoplasm of E. coli, which is within the same order of 

magnitude of the theoretical DC (8.82 x 10-3 μm2/s) calculated through the Stokes-

Einstein equation, although smaller. In order to further understand and characterize the 

process of NAMs diffusion, the method will be fine-tuned in the future by adding 

internalization and degradation factors into the PyFRAP model and by quantifying the 

viability of the cells that internalize NAMs.  

1. Santos, R.S., et al., Nanomaterials and molecular transporters to overcome the bacterial envelope 

barrier: Towards advanced delivery of antibiotics. Adv Drug Deliv Rev, 2018. 136: p. 28-48. 

2. Bläßle, A., et al., Quantitative diffusion measurements using the open-source software PyFRAP. Nat 

Commun, 2018. 9(1): p. 1-14. 
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Immunomodulatory therapies for infectious diseases 
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Immunethep is developing anti-bacterial immunotherapies based on the discovery of a 
new mechanism of immune-suppression shared by different life-threatening bacteria, 
including multi-drug resistant strains. Immediately after infection, different kinds of 
bacteria secret a protein, extracellular glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), which disables the host’s ability to mount an efficient immune response, 
leading to very fast bacterial dissemination and, in the most severe cases, to death of the 
host by septic shock.  
Immunethep’s proprietary vaccine (PNV) is composed of surface-exposed peptides of 
bacterial GAPDH that are completely absent from the human homologue. Because 
GAPDH is highly conserved amongst the different bacteria, PNV is constituted with 3 
different peptides that elicit protective antibodies against all the serotypes of 5 different 
bacterial pathogens: Staphylococcus spp. (including MRSA), Escherichia coli and 
Klebsiella pneumoniae (including ESBL producing strains), Group B streptococcus and 
Streptococcus pneumoniae. PNV has shown no adverse effects in toxicity studies (GLP 
compliance). Antibodies elicited with PNV do not react with human GAPDH and 
microbiome analysis revealed that PNV does not interfere with the normal microflora. 
The vaccine uses aluminum hydroxide as an adjuvant (Alhydrogel 2%) and showed to be 
immunogenic in different animal models. 
PNV efficacy in preclinical studies: When used in a mice model, PNV-elicited IgG’s 
induce a significant increased survival upon infection with the different AMR bacteria, 
as following: 
MRSA: 70% increased survival (PNV vs controls; P=0,0038) 
Penicillin-resistant S.pneumoniae: 62,5% Increased survival (PNV vs controls; 
P=0,0041) 
ESBL-K. pneumoniae: 76,38% increased survival (PNV vs controls; P=0.0015) 
ESBL-E. coli: 52,5% increased survival (PNV vs controls; P=0.0488). 
GBS: 66,67% increased survival (PNV vs controls; P=0.0476) 
In the absence of an effective treatment for any of the referred bacteria, Immunethep’s 
vaccine, addressing all the serotypes of five different bacteria, would assure the most 
effective way of preventing infection-related complications and would contribute to a 
significant reduction in the use of antibiotics and the treatment of antibiotic resistant 
bacteria. 
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Outer Membrane Vesicles are naturally released by Gram-negative bacteria during 
growth. They contain most of the outer membrane antigens and because of their 
composition, OMVs are being investigated as effective antigens and delivery systems. 
OMVs from Neisseria meningitidis serogroup B have been extensively explored and 
shown to be effective in protecting from disease. Gram-negative bacteria can be 
engineered to induce a hyper-blebbing phenotype, to modulate the reactogenicity and to 
express heterologous protein antigens and polysaccharides. OMVs induce a strong 
immune response in animal models and in humans and are well-tolerated. Their high 
immunogenicity could be ascribed to their particulate size, to their ability to present to 
the immune system multiple antigens in their native conformation and to their self- 
adjuvanticity.
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Delivery of Bio-Therapeutics – Struggling with biological barriers 
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a Laboratory of General Biochemistry and PhYsical Pharmacy, Department of Pharmaceutics, Ghent 
University, Ghent, Belgium. 
 
Following the pioneering work on liposomes by Bangham and Gregoriadis in England in 
the sixties, Professor Speiser at ETH in Zurich introduced the concept of nanoparticles as 
carriers for drug delivery almost 5 decades ago. His initial aim was sustained drug release 
from nanocapusles that would be able to circulate for a long time after injection in the blood. 
This early work on nanomedicines especially focussed on the packaging of small 
molecules, mostly anticancer drugs. In the last two decades nanopackaging of large 
(biotechnological) drugs became heavily investigated as well, as most biotech-compounds 
(like plasmid DNA, interfering RNA, mRNA) do not spontaneously diffuse across cellular 
membranes, while they have to reach intracellular targets. Following promising transfection 
of cells in vitro, in the 1990s biomedical and clinical scientists immediately went on to 
administer such nanosized complexes to animals, mostly observing very poor transfection 
of target cells.  Indeed, by that time most scientists were rather unaware of the 
physicochemical complexity of such (self-assembled) nanomedicines. Especially it was 
completely overlooked that biological fluids (like blood, mucus,.. ), in which 
nanomedicines become dispersed upon adminstration, might dramatically change their 
properties like structural alterations, aggregation and de-assembly: nanomedicines, ‘as 
made in test tubes’, were not those ‘as seen by the cells’, due to the bio-fluids they 
encounter. 
 
In this presentation I will guide you through some major observations we made in last 20 
years on the struggle of nanomedicines in extra- and intracellular fluids. While most of 
our work was focused on delivery of nanomedicines (loaded with nucleic acids) in 
mammalian cells (to treat most various types of diseases), I hope that the ‘lessons we 
learnt’ will be of use to fuel the – rather recently - started exploration of nanomedicines 
for infectious diseases.  
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Gene delivery to mammalian cells: trafficking, mechanisms and 

nanocarrier design 
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Matrices activated with genes are promising technologies to achieve localized delivery of 
sequences capable of modulating cell behavior, but also provide excellent tools to 
investigate tissular and cellular parameters affecting the gene delivery process. 
We have designed a set of interpenetrating polymer networks (IPNs) where stiffness can 
be adjusted without significantly modifying gel composition, architecture and adhesion 
ligand density. We investigated the capacity of these different IPN prototypes to achieve 
mesenchymal stem cell (MSC) transfection and gene-indued chondrogenesis. The highest 
transfection was observed in stiffest IPNs with high density of cell binding sites. This 
effect was attributed to faster cell proliferation and higher cellular uptake of the 
nanocarriers, and this latter effect is related to modified cytoskeleton structure. MSCs 
transfected within gene-activated IPNs showed higher expression of chondrogenic 
markers compared to the same cells first transfected on 2D and then encapsulated within 
blank IPNs, indicating the importance of a 3D environment during cell transfection. 
Matrices can also be activated with different kinds of polynucleotides, including plasmids 
and messenger RNA (mRNA). The latter polynucleotide provides faster and potent gene 
induction, while plasmids might achieve more prolonged responses [1]. For maximum 
potency, mRNA should be optimized regarding sequence and chemical composition (cap, 
untranslated sequences and polyA tail). Herein, we will investigate differences in potency 
found in standard vs. base-modified RNA, and mRNA with optimized polyA tail length. 
Finally, we address some lesson learned about design criteria for gene nanocarriers. These 
lessons will be gathered from a family of zwitterionic polyphosphazenes nanoparticles 
that provide improved transport across tissues and high transfection-toxicity ratios [2]. 
For having this nanocarrier performance it is key to integrate a pH-sensitive anionic 
polymer with endosomolytic properties and with the capacity to enhance the intracellular 
delivery of the polynucletide. New compositions of these nanoparticles with optimized 
cationic components will also be presented. 
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Modular and adaptive dendrimers for biomedical applications 
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The application of nanotechnology is widely expected to bring breakthrough in medicine 
for disease diagnosis and treatment. Dendrimers are ideal materials for elaborating 
nanomedicine by virtue of their well-defined structure, multivalent cooperativity and 
nanosize per se. We have pioneered modular and adaptive self-assembling dendrimer 
nanosystems for the delivery of imaging agents, drugs and nucleic acid therapeutics [1]. 
Benefiting both the multivalent feature of dendrimer and the EPR effect of the tumor 
microenvironment, these dendrimer nanosystems offer excellent tumor imaging, 
outperforming the clinical imaging references [2]. In addition, they bypass drug efflux, 
effectively overcoming drug resistance [3]. These nanosystems also deliver nucleic acid 
therapeutics for RNAi-based therapy in various disease models vitro and in vivo [4]. We 
will presente our recente results on these nanosystems for their strong and promising 
antibacterial activity against both Gram-positive and Gram-negative as well as drug-
resistant bacteria, and eradicated biofilms.  

 
1. Lyu et al., Acc. Chem. Res. 2020, 53, 2936.  
2. Garrigue et al., Proc. Natl. Acad. Sci. U.S.A. 2018, 115, 11454; Ding et al., Small 2020, 16, 2003290.  
3. Wei et al., Proc. Natl. Acad. Sci. U.S.A. 2015, 112, 2978; Liu et al., Exploration 2021, DOI: 

10.1002/EXP.20210003. 
4. Chen et al., Nat. Protoc. 2021, 16, 327–351 ; Garofalo et al., Nat. Commun. 2020, 11, 1773.  
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In the last decades, great efforts have been made to develop suitable drug delivery systems 

(DDS) for several drugs with clinical interest. DDS have the ability to protect the 
molecules from degradation and transport them by hiding their physicochemical 

properties, without modifying their therapeutic activity (1). Besides, drug encapsulation 
into nanoparticles (NPs) reduces the required doses to produce the therapeutic effects due 

to an increased concentration in their site of action.  
In the last years, we developed different types of biocompatible and biodegradable DDS, 

such as liposomes, poly(lactic-co-glycolic acid) (PLGA) NPs and solid lipid 
nanoparticles (SLN), to encapsulate different drugs, targeting different barriers (2-4).The 

long-term distribution and toxicity of those promising DDS was evaluated in mice, and 
they did not present any measurable bodyweight changes, neither clinical signs of disease 

nor toxicity in the brain, lungs, kidneys, heart, liver, spleen, bone marrow and thymus (5). 
This finding makes these DDS promising vehicles to transport drugs for the treatment of 

chronic diseases, such as neurological disorders, arthritis, chronic bacterial infection, etc. 
Importantly, the NPs surface of those NPs could be modified to direct the NPs to the 

required site of action. It has been proved that the conjugation of specific ligands, such as 
antibodies or shuttle peptides, is an efficacious strategy to reach the required tissue (6). 

In the future, a promising approach to transport drugs for the treatment of bacterial 
infections could be the use of NPs with the surface modified to target and cross the 

bacterial envelope. 
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