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(Belgique) 
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moléculaire et cellulaire 
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Université de Liège 

(Belgique) 
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2ème année Master Biochimie, biologie 

moléculaire et cellulaire 
60/60 
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Université de Liège 

(Belgique) 
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Full name of the applicant Charles-Henri Props 
e-space reference 40038435 

SCIENTIFIC SECTION OF THE PROPOSAL 

MAIN LANGUAGE CHOSEN = ENGLISH 

 

This part includes the following elements: 
 

1. Description of the research project 
2. Comments on changes made in the research project in case 

of resubmission (optional) 
3. Activities report on the first year of doctorate (ONLY for 1st 

grant - 2nd year)* 
4. Potential interdisciplinary approach of the research project 

(optional) 
5. Description of the work environment 
6. Summary of the master’s thesis or equivalent 
7. Additionnal comments (optional) 
8. Ph.D. work calendar per month 

 
* “1st grant - 2nd year” applicants have already worked on a full-time 

basis for one year full time equivalent on the Ph.D. project 

submitted to the FRIA. 

 
The applicant must fill in the sections below and convert the file 
into an unprotected PDF before appending it to the online 
application form. 
 
The F.R.S.-FNRS insists on strict compliance with the instructions 
given for each part of the proposal (scientific section relevant to the 
instrument selected, number of pages allowed for the documents to 
be enclosed with the application form…) and stresses again the 
sovereign consideration of the juries in case the file would exceed the 
applicable page limit. 

1. DESCRIPTION OF THE RESEARCH PROJECT 

The written project must be made up of 4 parts (max. 4 pages) according to the structure below, accompanied by a 
reference bibliography (max. 1 page besides the 4 pages dedicated to the project) listed by order of appearance 
within the text. 
 
Graphs and tables may be added (max. 2 pages). 

[Enter text here. Format: Arial 12, single space]  
 
1.1 Goals of the research 

Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen responsible for severe 
infections. Its high propensity to develop antibiotic resistance, recognized by the World Health 
Organization as a priority threat, makes conventional antibiotic therapy increasingly ineffective. 
Therefore, there is an urgent need to develop alternative therapeutic strategies. One promising 
approach, anti-virulence therapy, targets bacterial virulence factors that mediate tissues damage, 
immune evasion, or biofilm formation, thereby reducing pathogenicity without directly killing the 
bacteria. This approach therefore minimizes selective pressure for resistance and preserves the 
beneficial microbiome. The aim of this project is to develop nano-antibodies, to specifically 
inhibit two major extracellular lipolytic enzymes of Pseudomonas aeruginosa, Lipase A 
(LipA) and Esterase A (EstA), which play key roles in the pathogenesis of P. aeruginosa, and to 
investigate their therapeutic efficiency in Galleria mellonella larvae model.  
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1.2 State of the art 

Pseudomonas aeruginosa is a Gram-negative, opportunistic pathogen and a leading cause of 
nosocomial infections including pneumonia and urinary tract infections in hospitalized patients 
with other underlying conditions 1. Moreover, chronic P. aeruginosa infections are common in the 
lungs of patients with cystic fibrosis or chronic obstructive pulmonary disease (COPD) and are 
associated with high morbidity and mortality in this population 2. P. aeruginosa is also associated 
with colonisation of burns and wounds, and the formation of abscesses 3. Globally, this bacterium 
was associated with more than 300,000 deaths in 2019 4. The World Health Organization (WHO) 
lists P. aeruginosa among priority pathogens due to its high capacity to develop antibiotic 
resistance 5. Since its antibiotic resistance is outpacing the development of new antibiotics, 
new therapeutic alternatives are urgently needed to combat it. P. aeruginosa produces a 
wide variety of virulence factors, which are all involved in the initiation and/or establishment of 
infectious processes including the formation of biofilms 6. These factors include not only proteins 
such as toxins, proteases, lipases, and phospholipases, but also non-protein compounds such as 
rhamnolipids 7–9. Neutralizing virulence factors, a strategy referred to as the anti-virulence 
approach, is gaining growing interest to combat infectious diseases 7,9–12. By neutralizing 
virulence factors, this approach aims to reduce bacterial virulence and infectivity without directly 
killing of the bacteria. There is, therefore, less selective pressure on the bacterial survival, making 
it less likely to induce drug resistance 11. In addition, it is pathogen-specific and does not, 
therefore, affect the beneficial microbiome 13. Some virulence factors primarily damage the host, 
while others protect the bacterium, such as those involved in biofilm formation or immune evasion. 
Targeting these protective factors can weaken bacterial defenses and enhance antibiotic 
susceptibility 14. Moreover, synergistic effects have been observed when multiple virulence 
factors are targeted simultaneously 14,15. As a result, anti-virulence drugs are being developed 
not only as stand-alone prophylactic or therapeutic agents targeting one or more virulence factors, 
but also for combinatorial use with conventional antibiotics. Anti-virulence molecules in clinics are 
targeting toxins from Bacillus anthracis and Clostridium botulinum 13. As far as P. aeruginosa is 
concerned, there are several small molecules and monoclonal antibodies targeting extracellular 
virulence factors (e.g., type III secretion system, molecules involved in biofilm formation or 
structure such as DNABII proteins) in clinical trials 12 and many are in preclinical stages targeting 
a wide range of virulence factors 11. The group of M. Dumoulin has recently developed a nano-
antibody (VHH) specifically and efficiently inhibiting elastase B (LasB) (Ki ~ 10 nM range), the 
major protease secreted by P. aeruginosa (Figure 1, Annexes). The aim of this project is to 
develop nano-antibodies to neutralize two major lipolytic extracellular enzymes of P. 
aeruginosa, Lipase A (LipA) and esterase A (EstA), with the goal of creating a multitargeted 
therapeutic strategy in combination with the anti-LasB VHH. Although these enzymes are 
recognized as major virulence factors, there is only a limited number of studies exploring the 
generation of specific inhibitory molecules against them, highlighting the novelty and potential 
impact of this approach.  

Lipase A (LipA, 30 kDa), is secreted via the type II secretion pathway and is involved in the 
transcriptional regulation of the pvdS gene, and thus in the production of the sigma factor PvdS, 
which controls and regulates the expression of several other determinant virulence factors in P. 
aeruginosa, including the siderophore pyoverdine, the protease PrpL, the exotoxin A and the 
toxins ExoS and ExoT 16,17. Consequently, LipA affects key processes required for the full 
virulence of P. aeruginosa 18 (Figure 2, Annexes). 

Esterase A (EstA, 66 kDa), is made of two structural domains: a C-terminal -barrel domain 
anchoring the protein to the outer membrane and an extracellular N-ter catalytic domain 19. EstA 
is required to produce rhamnolipids which play a multifactorial role in P. aeruginosa infection 
including uptake of hydrophobic substrates, biofilm formation, inhibition of phagocytosis, 
bacterium mobility (swimming, twitching, swarming) and host cell hemolysis 20. It is required for 
full virulence in a rat model of chronic pulmonary infection 21 (Figure 2, Annexes). 

VHHs also referred to as Nanobodies® or Nano-antibodies are single-domain antibody fragments 
derived from heavy-chain-only antibodies produced by camelids 22. Despite their small size, the 
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affinity of VHHs for their target is comparable to that of classical antibodies. Because of their small 
size, VHHs display a series of remarkable properties including high stability and solubility, easy 
production in Escherichia coli, easy modification by genetic engineering to adapt their properties 
to the needs of a given application, high tissue penetration, and an ability to target, via a long 
CDR3 (Complementary Determining Region 3), cryptic epitopes generally inaccessible to 
conventional antibodies such as enzymes active sites 23,24. Several enzymes inhibitory VHHs 
have been described in the literature (e.g., against hen lysozyme 25 and or the matrix 
metalloproteinase 2 26. Antibodies and antibody fragments, including VHHs, present the 
advantages of high affinity and target specificity and thereby fewer adverse events compared to 
small molecule drugs 27. Finally, it is important to underline that three VHHs have been approved 
for clinical use and more than twenty are in clinical trials 28. All these properties, make VHHs 
molecules of choice to inhibit LipA and EstA.  

  
1.3  Research project 
 

The aim of this project is to develop nano-antibodies to neutralize two major lipolytic 
extracellular enzymes of P. aeruginosa, Lipase A (LipA) and Esterase A (EstA) with the 
goal of creating a multitargeted therapeutic strategy in combination with the anti-LasB 
VHH already available. 
 

The work can be divided into 3 work packages:  
 

1.3.1. Selection of anti-LipA and anti-EstA VHHs (WP1). 
 

Production of LipA and EstA: LipA and the catalytic domain of EstA will be produced and 
subsequently purified following established protocols 19,29,30. The gene coding for each enzyme, 
optimized for E. coli codon usage, and cloned into pET20b will be ordered from Gencust. The 
enzymes will be produced in the periplasm of E. coli BL21 DE3 in the presence of a C-terminal 
Histidine tag. They will be purified from the periplasmic extract by an immobilized metal affinity 
chromatography (IMAC), followed by a size-exclusion chromatography. Quality controls will be 
performed to confirm their proper folding and integrity including mass spectrometry analysis, 
SEC-MALS, circular dichroism spectra and determination of specific activities following hydrolysis 
of specific substrates (i.e., p-nitrophenyl caproate (p-NPC) for EstA 20 and p-nitrophenyl palmitate 
(p-NPP) for LipA 31). 

Immunisation: One alpaca and one llama will be immunized with the two enzymes. The 
immunizations (6 injections at weekly intervals, 100 µg/injection with Gerbu adjuvant) will be 
outsourced at CER (Aye, Belgium).  

Creation of the immune libraries: After the last injection, about 80 mL of blood from the 
immunized animals will be collected and total RNAs will be isolated from this blood and used to 
create the two phage libraries containing the genes coding for the VHHs using established 
protocols 32.  

Selection of VHHs: VHHs specific for LipA and EstA will be selected by phage display using 
original protocols developed in our laboratory to select enzyme inhibitory VHHs against other 
enzymes. The two pannings will be carried out in parallel using the Kingfisher equipment available 
at the AlpaNano platform. Usually, 3 rounds of selection are enough to enrich the library with 
VHHs directed against the antigen of interest. For each panning campaign, about 400 clones, 
selected randomly (200 for the 2nd and 200 for the 3rd round of panning), will be screened by 
ELISA using the robotic platform for high-throughput microplate mutagenesis and purification of 
CIP (Robotein®, http://www.robotein.ulg.ac.be/equipment), to confirm their specificity for their 
respective antigens.  

Selection of inhibitory VHHs: The inhibitory activity of the positive clones will be screened using 
a high-throughput protocol using the Ellipse robot (ASM) for automated enzyme activity 
measurements available at CIP using the periplasmic extracts. The activity will be monitored by 
following the hydrolysis of specific substrates. In the very unlikely case that this procedure does 
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not allow the selection of inhibitory VHHs, all the clones selected during rounds 2 and 3 of panning 
will be submitted to Next Generation Sequencing (NGS) in order to identify the families of VHHs 
present in low amounts and therefore difficult to isolate using the standard screening procedure. 
If necessary, new panning campaigns with alternative set-ups will be carried out. 
 

1.3.2. In vitro characterization of the selected anti-LipA and anti-EstA VHHs (WP2) 

Production of the VHHs: All the inhibitory VHHs will be produced in E. coli in larger amounts 
and purified according to established protocols 24.  

In vitro characterization: The affinity of the VHHs for their respective antigen will be measured 
using the Octet technology available at the Robotein® platform. For each antigen, competition 
experiments will be carried out to determine if the VHHs of different families bind to the same or 
different epitopes on the surface of their respective antigen. The inhibition constants for the 
hydrolysis of p-NPC for EstA 20 and p-NPP for LipA 31 will be determined from enzymatic 
experiments carried out at different ratios of VHHs. The mechanism of inhibition will be 
determined by measuring the rate of hydrolysis of p-NPC for EstA and p-NPP for LipA at different 
concentrations of both the substrate and VHH.  
The thermodynamic stability of the VHHs will be determined by analyzing the equilibrium transition 
curves induced by different denaturing agents (heat and urea) and measured by intrinsic 
fluorescence and circular dichroism in the far UV. Stability towards forced oxidation and 
deamidation will be also monitored to investigate the developability of the VHHs 24. The stability 
of the VHHs in the supernatant of culture of P. aeruginosa and in wounds exudates from patients 
infected with P. aeruginosa will be investigated by Western Blot (WB).  

From the results of all these experiments, for each targeted enzyme, the inhibitory VHH 
exhibiting the optimal properties will be selected for the rest of the project. In order to better 
understand the mechanism of inhibition, the X-ray structure of the VHH-target complexes will be 
determined (Collaboration with F. Kerff, CIP, ULiege). If no crystal can be obtained, other 
approach such as HDX-MS or cryo-electron microscopy will be envisioned.  
 
1.3.3. Therapeutic efficacy studies (WP3)  

Studies on P. aeruginosa cultures:  

Inhibition of enzymatic activity of LipA and EstA. P. aeruginosa PAO1 will be cultured in conditions 
enhancing the production of virulence factors 33. The inhibitory LipA activity of the VHHs will be 
investigated using the supernatant of culture at different time points during growth using p-NPP 
as substrate. Cell extracts will be used to monitor the inhibition of EstA using p-NPC as substrate 
20. 

Inhibition of biofilm formation (anti-EstA VHH). The formation of biofilm will be monitored using 
the crystal violet assay in a microplate at different time points 34. The selected VHH will be added 
at different ratios at the start of the bacterial culture.  

Inhibition of the production of rhamnolipids (anti-EstA VHH). The concentration of rhamnolipids 
will be quantified via the orcinol assay as described in 20. It is a colorimetric test to determine the 
amount of hexose sugar and it will be carried out in the culture supernatant. A calibration curve 
will be prepared with rhamnose. 

Effects of the VHHs on the mobility of P. aeruginosa (anti-EstA VHH). The effects of the inhibitory 
VHHs on the different type of mobility will be carried out according to established protocols 35 
using agar-based assays in which the agar concentration varies depending on the mobility mode 
(swimming: ~0.3% agar, swarming: ~ 0.5 % agar + NH₄Cl and twitching: stab inoculation into 
~1.5% agar). 

Effects of the VHHs on the production of pyoverdine (anti-LipA VHH). Pyoverdine will be 
quantified using a fluorimetric assay, which measures its natural fluorescence (excitation at 
400 nm, emission at 460 nm) in culture supernatants36.  
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Effects of the VHHs on the transcription levels of the pvdS gene (anti-LipA VHH). The 
transcriptional level of the pvdS gene will be measured by qPCR as described in 18. 

All the above assays will be carried out using various concentrations of VHHs. The effect of anti-
LipA and anti-EstA VHHs will be investigated both alone and in combination. 

Inhibition of enzymatic activity in biological samples: The ability of the VHHs to inhibit their 
respective enzyme will be investigated in wounds exudates from patients affected with P. 
aeruginosa using the same enzymatic assay as described above. The wound exudate samples 
will be provided by the group of Dr Alexander Nyström from the University of Freiburg (Department 
of Dermatology, Germany).  

In vivo studies in Galleria mellonella: The efficacy of the anti-LipA and anti-EstA VHHs will be 
assessed in infection models of G. mellonella larvae. These experiments will be carried out in the 
laboratory of Dr Damien Thiry (University of Liège) 37. This model displays a significant correlation 
with mouse model and is therefore considered as a powerful tool to investigate pathogenicity in 
the context of mammalian infections 38. The model can be generated by injecting a bacterial 
suspension into the G. mellonella larvae. Groups of larvae will be infected with inocula of P. 
aeruginosa (25 × 101 CFU/mL to 2.5 × 103 CFU/mL). Different doses of VHHs will be delivered 
and larvae survival will be monitored over time. Moreover, after sacrificing the larvae, bacterial 
load and the amount of LipA and EstA will be quantified by enzymatic assays. The efficacy of the 
anti-LipA and anti-EstA will be investigated separately and in combination. The synergistic effect 
with anti-LasB VHH will also be investigated. The Spearman–Karber Method 39 will be used to 
estimate the Lethal Dose causing 50% mortality (LD50). cAb-BcII10, a VHH specific of the beta-
lactamase BcII10, will be used as a negative control in these experiments. 
 
1.4 Work plan (to be described for the whole duration of the project)  
A Gantt diagram with the different WP is shown in section 8 and the schematic representation of 
the workflow is given in Figure 3 (Annexes). 
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1.6 Annexes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Schematic representation of roles of the lipolytic enzymes LipA and EstA from 
Pseudomonas aeruginosa and their secretion/addressing pathways (T2SS for LipA; T5SS for 
EstA). 
 

Confidential 

Figure 1: Inhibition curve of LasB by 
the inhibitory VHH NbLasB. The 
activity was monitored using a small 
peptide substrate. 
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Figure 3: Schematic representation of the workflow. In the very unlikely case that this procedure 
does not allow the selection of inhibitory VHHs, all the clones selected during rounds 2 and 3 of 
panning will be submitted to Next Generation Sequencing (NGS) in order to identify the families 
of VHHs present in low amounts and therefore difficult to isolate using the standard screening 
procedure (Arrow 1). If necessary new panning campaigns with alternative set-ups will be carried 
out (e.g., modification of the method of immobilisation of the antigen, alternative elution methods) 
(Arrow 2).  
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2. COMMENTS ON CHANGES MADE IN THE RESEARCH PROJECT IN CASE OF 

RESUBMISSION (OPTIONAL) 

In case of former application submitted to the F.R.S.-FNRS via the same funding instrument, please specify the main 
changes made in your funding application following previous submission, identifying comments from experts that you 
may have taken into account (max. 1 page). 

[Enter text here. Format: Arial 12, single space] 
 
 

3. ACTIVITIES REPORT ON THE FIRST YEAR OF DOCTORATE 

ONLY FOR “1ST GRANT - 2ND YEAR” 

Please write a brief report (max. 2 pages) underlining the progress of your research during the first year of your 
doctorate. 

[Enter text here. Format: Arial 12, single space] 

4. POTENTIAL INTERDISCIPLINARY APPROACH OF THE RESEARCH PROJECT 

(OPTIONAL) 

If applicable, please identify the interdisciplinary approach of your research project (max. 1 page). 

This highly interdisciplinary project requires expertise in the generation of VHHs in alpacas/llamas (1) 
and their selection by phage display (2), in protein production by recombinant technology in E. coli 
(3), in physico-chemical and functional characterization of proteins (enzyme activity, affinity, epitope 
binning, and stability, etc) (4), in structural biology (5), in the culture of Pseudomonas aeruginosa 
(growth curve, formation of biofilm, mobility, etc.) (6) and in in vivo experiments in Galleria mellonella 
(7). The expertise (1) will be outsourced to the CER-group (Aye, Belgium). The expertise (2-4) and 
(6) will be provided by the group of the promoter, Dr M. Dumoulin. Expertise (5) will be provided by 
the group of Dr F. Kerff (X-ray crystallography), with whom the promoter has a longstanding 
collaboration and the group of A. Vanden Broeck (Cryo-EM). HDX-MS experiments will be done in 
the laboratory of Prof. Polverino de Laureto at the University of Padova (Italy) with whom the promoter 
has already collaborated to map the epitopes of several VHHs directed against neutrophil elastase. 
The expertise (7) is available in the group of Dr Damien Thiry (Bactériologie vétérinaire et maladies 
bactériennes animales, Faculty of Veterinary Medicine, ULige), with whom the group of the promoter 
is currently collaborating in the framework of the anti-LasB VHHs. 

In late 2019, the promoter has set up a phage display lab in CIP (AlpaNano, www.alpanano.uliege.be) 
to select VHHs (or other proteins) from immune or synthetic libraries. Since then, the group has 
created 8 immune libraries from which more than 150 VHHs have been selected against 20 different 
antigens. The NEPTUNS lab has developed several approaches to favour the selection of enzyme 
inhibitory VHHs. Using these approaches, it has selected VHHs fully inhibiting the human neutrophil 
elastase, elastase B from Pseudomonas aeruginosa (LasB), the beta-lactamase NDM1, the beta-
lactamase CMY2 and the protease Bone morphogenetic protein 1 (BMP1). The expertise strongly 
supports the feasibility of the project. The NEPTUNS group has all the expertise for the in vitro 
characterization of the VHHs. This includes the determination of their affinity, their specificity, their 
thermodynamic stability, and their biologic activity (i.e., inhibition of amyloid fibril formation, inhibition 
of enzymes, etc.) and their engineering to adapt their properties (affinity, stability, immunogenicity, 
versatility to be labelled, creation of bispecific or biparatopic constructs) to requirements of their 
applications. 
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The promoter is involved in two projects related to the anti-virulence therapeutic approach: (i) an 
interuniversity FRS-FNRS PDR (2021-2025) together with the group of Rita Vanbever (UCLouvain) 
aiming at generating VHHs inhibiting the Pseudomonas elastase LasB; and the MSCA REMOD-
HEALING (2025-2029) which aims at deciphering the role of proteases (endogenous and from 
bacterial origin) in extracellular matrix remodelling in cutaneous wounds to promote better 
healing.  
 

5. DESCRIPTION OF THE WORK ENVIRONMENT 

Please provide the information accounting for the adequacy of the environment (available intellectual and/or material 
means) to carry out the research as detailed in the submitted project. Please specify the assets of the research 
environment related to the project and the main publications of the laboratory/promoter (max. 1 page). 

[Enter text here. Format: Arial 12, single space] 
 
NEPTUNS is part of the Center for Protein Engineering (CIP) at the ULiege. Based on the expertise 
of ten principal investigators various research themes, all centred on proteins, are developed including 
antibiotic resistance, protein folding, protein misfolding and aggregation, protein engineering, 
Streptomyces genetics and development, bacterial cell walls and cell division. The research projects 
are therefore varied and interdisciplinary; they are enriching for each lab member. Exchanges of 
scientific expertise are stimulated through regular lab meetings and equipment is shared between the 
Principal Investigator teams.  
 
All the techniques, equipment and associated expertise needed to carry out the project are 
available in the Center for Protein Engineering or available through collaborations. 

From the Center for Protein Engineering (C.I.P., www.cip.ulg.ac.be), the group of M. Dumoulin has 
access to all the modern equipment needed for research in protein chemistry and molecular biology. 
The CIP has developed, a 'Production and Purification' platform (Protein Factory) and a robotic 
platform for high-throughput microplate mutagenesis and purification (Robotein®). The use of the 
equipment from these platforms (www.proteinfactory.ulg.ac.be/equipment and 
www.robotein.ulg.ac.be) will allow us to efficiently produce and purify the VHHs of interest in sufficient 
quantities and to characterize them.  
The equipment available in  these two platforms includes: various incubators/shakers, fermenters 
(from 1 to 15 L), a range of purification systems (three NGC Chromatography Systems from Bio-Rad, 
two ÄKTA Prime, one ÄKTA Purifier 100, one ÄKTA Explorer 100, three ÄKTA Explorer 10S 2D LC 
with an autosampler and a Frac 950 Collector (Deepwell, microtitre plates) for 2D chromatography 
from GE Healthcare), a liquid handling workstation, an EasyPick Microlab STARlet workstation, a 
Microlab STAR Microfluidics Capillary Electrophoresis for protein characterization, an Octet HTX 
platform for measuring biomolecule interactions, and 1 SEC-MALS (size exclusion chromatography-
multiangle light scattering).  
CIP equipment also includes: all equipment for classical molecular biology work, fluorescence 
spectrophotometers, UV/visible absorbance and circular dichroism, fluorescence and UV / visible 
absorbance spectrophotometers for microplates and an Ellipse robot (ASM) to carry out high-
throughput enzyme activity measurements.  
The group of the promoter has set-up a platform (AlpaNano) to generate and select VHHs from large 
combinatorial libraries. The equipment of this platform includes several hoods, a spectrophotometer, 
two incubators and a Kingfisher-Flex robot.  

6. SUMMARY OF THE MASTER’S THESIS OR EQUIVALENT 

Please provide a summary of your master’s thesis or any equivalent, even if you have not graduated yet (max. 
1 page). 

[Enter text here. Format: Arial 12, single space] 
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My master’s thesis is divided into two distinct projects with a common focus on the selection and 
characterization of Nanobodies® (VHHs). VHHs are binding domains of heavy-chains antibodies 
found in the blood of Camelidae. Discovered in 1989, VHHs possess many interesting properties 
that have led to their increased use in both fundamental research and in biotechnological and 
medical applications. The first project focuses on TFIP11. TFIP11 is a protein involved in 
numerous interactions, particularly via its G-Patch domain, with several important components of 
the spliceosome. These interactions are not always possible due to the presence or the absence 
of reversible post-translational modifications, which means that splicing may not occur. Currently, 
the necessary and sufficient post-translational modifications required to ensure TFIP11’s function 
within the spliceosome are unknown. This first project aims to select VHHs targeting the G-Patch, 
specifically focusing on two post-translational modifications. The goal is to conduct experiments 
such as in vivo visualization to determine the presence or the absence of post-translational 
modifications and better understand their role in the formation of the spliceosome. To achieve the 
selection of VHHs, a panning by phage display was carried out from an immune library of VHHs 
genes, followed by a screening via an ELISA have been performed. The selected VHHs were 
produced in E. coli and purified before being characterized. In this project, only one VHH was 
selected, but after characterization by ELISA and Biolayer interferometry (BLI), it unfortunately 
did not bind to the G-Patch. The second project concerns the LasB metalloprotease from 
Pseudomonas aeruginosa. P. aeruginosa is an opportunistic pathogenic bacterium in the top 3 of 
antibiotic-resistant strains responsible for more than 500,000 deaths in 2019. The LasB protease 
is a zinc metalloprotease and is one of the main virulence factors secreted by P. aeruginosa, 
causing damage to host tissues and affecting the immune response. No effective and selective 
inhibitors have yet been found. This second project aims to select VHHs targeting LasB, 
specifically inhibiting LasB effectively and selectively. To achieve this aim, the same strategy as 
that described above for TFIP11 was carried out. The selected VHHs were produced and purified 
and their ability to bind/inhibit LasB was investigated. In this project, only one VHH was selected, 
but after characterization tests (BLI), it unfortunately did not bind to LasB. 

7. ADDITIONAL COMMENTS (OPTIONAL) 

If you want to communicate elements that have not been mentioned elsewhere in the file, please provide this 
information below in max. 2 pages. 
 
Please note that in case the presented project provides for the involvement of patients and/or human or animal 
subjects, it is important that the project includes justifications on the planned sample size (number of subjects 
included in the study/studies) and how the size is relevant (based on statistical power calculations, for instance). It is 
also important to explain how the number of patients/subjects expected can be reached. In case the project provides 
for the involvement of patients and/or subjects, please provide those pieces of information under this section (if not 
already mentioned elsewhere in the project). Ultimately, this information (or the lack of information) may be taken 
into account by experts in the frame of the evaluation of your funding application 

1. Parts of the work involve the culture of P. aeruginosa which requires the use of an L2 biosafety 
cabinet. Such equipment is available both at CIP and in the laboratory of Dr Damien Thiry. The 
group of M. Dumoulin is currently working with several strains of P. aeruginosa in the context of 
an FRS-FNRS interuniversity project aiming at inhibiting the metalloprotease LasB with VHHs. 
Thus, all the expertise to work in an L2 biosafety cabinet is available as well as some of the 
downstream analyses (quantification of biofilm formation, enzyme inhibition from supernatant).  

2. Wounds exudate samples will be provided by the group of Dr Alexander Nyström from the 
University of Freiburg (Department of Dermatology, Germany).with whom M. Dumoulin is 
collaborating within the MSCA project ROMOD-HEALING, which aim at deciphering the role of 
proteases in Extracellular Matrix Remodelling in Cutaneous Wounds to Promote Better Healing. 
The biological samples are collected as residual material from medical interventions; 
consequently, no specific ethical authorization is necessary. 
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3. In vivo studies will involve Galleria mellonella larvae as infection model of P. aeruginosa. The 
use of G. mellonella as in vivo model for bacterial infection is an established procedure to perform 
initial in vivo screening of novel compounds prior to using mammalian models.  
The larvae survival assay will be performed in the laboratory of Prof. Damien Thiry (University of 
Liège) following established protocols (doi: 10.3390/v11050411). Larvae that exhibit lack of 
movement and do not respond to touch will be considered dead. The model will be generated by 
injecting a bacterial suspension into the G. mellonella larvae. Additionally, color change to dark 
brown or black, which indicates melanization, can serve as a supplementary indicator of death 
The Groups of 10 larvae will be infected with inocula of P. aeruginosa containing between 2.5 × 
101 CFU/mL to 2.5 × 103 CFU/m. The effects of VHHs will be tested by using different VHH 
concentrations and larvae survival will be monitored for 4 days.  
 
 
 

8. PH.D. WORK CALENDAR PER MONTH 

Please provide a calendar on a monthly basis for your Ph.D. works planned for the next 3 years (1st grant - 2nd year) 
or 4 years (1st grant - 1st year) (max. 2 pages). 

[Enter text here. Format: Arial 12, single space] 
 

Task Semesters 
 1 2 3 4 5 6 7 8 
Selection of anti-LipA and anti-EstA VHHs (WP1)         
Production and purification of the antigens          
Immunisation of one alpaca and one llama with LipA 
and EstA 

        

Creation of the two immune libraries         
Selection of inhibitory VHHs against the 2 enzymes         
Characterization of VHHs (WP2):         
Production of the inhibitory VHHs in large amounts         
In vitro characterization (affinity, epitope binning, 
stability) 

        

Mechanism of inhibition & structure of the complexes         
Therapeutic efficacy studies (WP3)         
Studies on P. aeruginosa cultures        
Inhibition of LipA and EstA activity in clinical samples         
In vivo experiments in Galleria mellonella         
Articles, presentation at conferences and thesis         
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Mémoire de Master : mention ou % obtenu /  Master’ s thesis: Honours/ c lassific a tion or % ob ta ined . 

Pour les étudiant·e·s devant encore terminer le cyc le, ind iquez « en cours » /  For students who have not 
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75 % 
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