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PhD SUBJECT 

Development of a new methodology for cell surface molecular fingerprinting of pathogens using innovative 
mass spectrometry techniques and bioconjugated metal nanoparticles labelling. 

ABSTRACT: A novel methodology based on ToF-SIMS Tandem MS and gold nanoparticles. We propose 
in this project to develop a new method based on the precise molecular characterization of adhesins 
and more generally cell surface pathogens, using Time-of-Flight Secondary Ions Mass Spectrometry 
(ToF-SIMS Tandem MS). In addition, on the basis of the well-known metal assisted mechanism, we will 
use gold nanoparticles to tag the bacteria surface and enhance the detected signals. The objective will 
be to develop a molecular fingerprinting methodology to characterize and identify pathogens at the 
bacteria surface. This project will be conducted within a multidisciplinary way in line with the IPREM 
UPPA-E2S areas of research. 
Mots clés (Keywords): ToF-SIMS, gold nanoparticles, bacteria, intimins, Auger spectroscopy 

 

 

HOST LABORATORY PROFILE 

The Institute of Analytical Sciences and Physico-Chemistry for Environment and Materials 
(IPREM) is a Joint Research Unit CNRS / UPPA (UMR 5254). 
IPREM members are interested in the development of fundamental knowledge in physico-
chemistry, analytical chemistry and microbiology, in relation to applications concerning the 
structure of living beings, the management of the environment and the functional properties of 
different classes of materials. 
Their skills are based on analytical strategies, modeling, physico-chemical approaches, fine 
studies of structures and reactivity, development, characterization and implementation at 
different scales, with applications in many industrial sectors both at national and international 
levels. 
 
 
 
 

 
PhD GRANT 

ÉCOLE DOCTORALE SCIENCES EXACTES ET LEURS  
APPLICATIONS - ED 211 / NATURAL SCIENCES DOCTORAL SCHOOL 

Avenue de l’université BP 1155 64 013 PAU Cedex – France 

WORKING CONDITIONS 

Laboratoire :             IPREM UMR5254                          Site web :  https://iprem.univ-pau.fr/en/institute.html 

Directeur de thèse (PhD Director): Joachim Allouche 
Co-Directeur de thèse (PhD co-Director): Cécile Courrèges 
 

Lieu  (Place) : Pau 

Date début (start): 01/10/2020 Durée (duration): 3 ans (years) 

Employeur (employer): Université de Pau et des Pays de l’Adour (UPPA) 

Salaire mensuel brut (monthly salary before taxes): 1768 €  
(Si enseignement : salaire mensuel brut pour 32h d'enseignement par année universitaire : 110 €) 
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MISSION – PRINCIPAL ACTIVITIES 
 

I. Scientific Context 

Essential in the cycling of many elements, the microbes also play key roles in digestive, metabolic 
and immune functions, which are mainly beneficial but sometimes harmful (pathogenic 
bacteria). In this latter case, they constitute serious issues in public health and in many industrial 
sectors (food spoilage, ventilation systems, corrosion of pipes ...) as their selected genetic 
features and biochemical abilities make them dangerous for human health. In fact, it is estimated 
that approximately 1400 pathogens can cause human diseases and pathogenic bacteria alone are 
etiological agents of 350 million cases of foodborne diseases. Salmonella sp., Campylobacter sp., 
and pathogenic Escherichia coli (PEC) are among the most common foodborne pathogens that 
affect millions of people annually – sometimes with severe and fatal outcomes. Particularly, PEC 
are associated with unpasteurized milk, undercooked meat and fresh fruits and vegetables. In 
this context, the accurate identification and the complete characterization of pathogens, 
especially PEC ones involved in food diseases, is of primary importance. 
 
The frontier between pathogenic and non-pathogenic PEC strains is connected to the molecular 
variability of a little set of molecules mainly coming from the cell surface (adhesins). The precise 
molecular characterization of PEC pathogens surface adhesins is essential to determine the full 
pathogenic picture of strains. 
 
The PhD will be focused on the development of a new method based on the precise molecular 
characterization of intimins (a cell surface membrane protein) and more generally cell surface 
proteins, using Time-of-Flight Secondary Ions Mass Spectrometry (ToF-SIMS), equipped with one 
of the two copies in France of a secondary mass fragmentation analyzer (Tandem MS), an 
innovative system particularly adapted to the analysis of complex biological molecules. 
Moreover, on the basis of the well-known Metal-assisted mechanism, we will use gold 
nanoparticles to tag the bacteria surface and enhance the detected signals. The interactions of 
bacteria and gold nanoparticles will also be characterized by Auger spectroscopy and single 
particle ICP-MS (SP-ICPMS) technique.  
 

II. Objectives 

The main objectives of the PhD are : 
- Molecular characterization of commercial and laboratory constructed recombinant 

intimin variants by ToF-SIMS Tandem MS. 
- Synthesis of different types of functionalized and bioconjugated gold nanoparticles 
- Culture of wild-type and intimin-producing E. coli strains. 
- Molecular characterization of bacteria surface by ToF-SIMS Tandem MS.  
- Labelling of cell surface with functionalized gold nanoparticles and ToF-SIMS 

characterization. 
  
III.  Work plan 

 

Year 1  Construction of plasmids and purification of recombinant intimin variants. ToF-
SIMS reference data bank of recombinant Intimins. Gold nanoparticles synthesis 
and bioconjugation. ToF-SIMS reference of functionalized gold nanoparticles.  

Year 2  Construction of intimin-producing E. coli strains. Labelling of gold nanoparticles on 
cells surface. Molecular detection and characterization of cell surface intimins by 
ToF-SIMS Tandem MS, SP-ICPMS experiments and Auger spectroscopy analyses.  
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Year 3  Refinement of cells surface molecular fingerprinting and experimental conditions. 
Valorization of the work (publications, communication). PhD Manuscript writing. 
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REQUIRED COMPETENCES 

The candidate has the following skills and expertise: 
• An excellent academic background in Universities and/or Engineering schools, level master 
degree. 
• Good knowledge in physico-chemistry, analytical techniques and microbiology. Knowledge in 
gold and metal nanoparticles synthesis by soft chemistry, bacteria culture and mass 
spectrometry will be highly appreciated.  
• Autonomy, dynamism, creativity, good communication skills. Fluent English needed. A good 
proficiency in French will be appreciated.  
 

CRITERIA USED TO SELECT CANDIDATE 
Processus de sélection (Selection process steps):  
- Constitution d’un Jury de sélection. (Establishment of the selection comittee.) 
- Sélection des candidats sur dossier de candidature. (evaluation of the applicants cv’s) 
- Audition des candidats et classement. (Interview with the selected candidates and ranking.) 
 
Critères d’évaluation de la candidature (Criteria used in selection of the candidate): 

- La motivation, la maturité scientifique et la curiosité du candidat. (The candidate's motivation, 
scientific maturity and curiosity.) 

- Ses notes et son classement en M1 et en M2. (candidate's marks and rankings in M1 and M2.) 
- Maîtrise de l’anglais. (English proficiency) 

 

REQUIRED DOSSIER   
Envoyer par email un dossier de candidature comprenant (send an e-mail with your candidature 
containing):  

• CV (CV) 

• lettre de motivation (cover letter detailing candidate's motivations) 

• Copie du diplôme (copy of the diploma) 

• Master ou diplôme équivalent : relevé détaillé des notes obtenues dans chaque matière et classement 
(candidate's MSc or equivalent : marks and ranking) 

• lettres de recommandation (any letters of recommendation) 
• coordonnées de personnes  du milieu professionnel (minimum two) à contacter (contact details for 2 

referees) 
 

DATE LIMITE DE DEPOT DU DOSSIER (limiting date) : 20/07/2020 
 
CONTACTS             e-mail :  joachim.allouche@univ-pau.fr; cecile.courreges@univ-pau.fr 

NTACTS  

mailto:joachim.allouche@univ-pau.fr
mailto:cecile.courreges@univ-pau.fr
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