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Le monde invisible des microorganismes fascine les chercheurs 
depuis plus de deux siècles. Comment des organismes trop petits 
pour être vus à l’œil nu peuvent-il exister et fonctionner, et comment 
leurs actions peuvent-elles avoir des conséquences si importantes, 
voire dramatiques  ? Quelqu’un pourrait penser que deux siècles 
seraient suffisants pour tout connaître de ces microorganismes. 
Pourtant, plus que jamais, de nouvelles méthodes révolutionnaires 
permettent d’étudier ces êtres vivants si petits, pour tenter de mieux 
les comprendre, au-delà de ce qui était possible auparavant. Laissez-
moi vous donner deux exemples.

D’une part, cette dernière décennie a été marquée par le développe-
ment de méthodes de séquençage de l’ADN plus rapides. Celles-ci 
ont considérablement amélioré notre connaissance des espèces 
microbiennes individuelles, révélant ainsi les capacités uniques et 
la diversité des microorganismes habitant sur notre planète, dont 
la majorité n’a jamais été cultivée en laboratoire. Les propriétés de 
certains microbes sont d’importance globale, mais nous ne pouvons 
les étudier que dans leur environnement.

D’autre part, de nouvelles techniques moléculaires, en association 
avec des avancées technologiques en microscopie, permettent 
maintenant l’étude de microorganismes en tant qu’individus, révé-
lant l’organisation des protéines et de l’ADN à l’intérieur des cellules. 
Ainsi, les cellules microbiennes ne sont plus perçues comme de 
simples sacs d’enzymes, mais bien comme des entités hautement 
structurées et organisées. Certaines cellules au sein d’une même 
population clonale peuvent se comporter bien différemment des 
autres. Ces comportements individuels peuvent avoir des consé-
quences très importantes, de l’action de certains éléments géné-
tiques mobiles au caractère virulent de certaines cellules.

Nous avons la chance de former une équipe dynamique de scien-
tifiques complémentaires dans notre Département, où chacun 
cherche à découvrir les merveilles de la vie microscopique. Certains 
d’entre nous s’intéressent aux principes fondamentaux qui donnent 
aux cellules leur forme et leur fonction, tandis que d’autres 
recherchent comment mieux lutter contre le caractère pathogène de 
certains microorganismes. D’autres encore sont fascinés par le fabu-
leux potentiel des microorganismes pour les utiliser aubénéfice de 
l’Homme et pour la protection de la qualité de notre environnement.

MESSAGE DU DIRECTEUR

The invisible world of microorganisms has fascinated researchers for 
more than 200 years. How can organisms too small to be seen with 
the naked eye exist and function, and how can their actions have 
so important and sometimes dramatic consequences ? One would 
think that 200 years would be enough to know everything about 
microorganisms. Yet, more than ever we find ourselves in a revolu-
tion of new possibilities to study the smallest living beings and try to 
understand things we have not appreciated so far. Let me give two 
examples.

First, the development of DNA sequencing technologies over the 
past ten years has dramatically accelerated our knowledge of indi-
vidual microbial species. It has also offered us insights in the capaci-
ties and the diversity of microorganisms living on our planet, the 
majority of which have never been cultured in the laboratory. The 
activities of some of those microbes have global importance, but we 
can only study them in their own environment. 

As a second example, new molecular techniques coupled with 
advances in microscopy now enable the study of microorganisms 
as individuals, revealing the organization of the protein and DNA 
machineries inside cells. Microbial cells are not mixed enzyme bags, 
but instead highly structured and organized entities. At the same 
time, we find that individual cells in clonal populations can behave 
very differently. Such different behaviour can have very important 
consequences, from the action of certain mobile DNA elements to 
the virulence character of specific individual cells.

We are very fortunate to have a dynamic team of very different 
scientists in our Department, who each pursue their specific quest 
as to the wonders of microbial life. Some of us do research on the 
basic rules that shape cells and make them functional. Others are 
trying to understand how we can better defend ourselves against 
the disease-making capacity of certain microorganisms, or are fasci-
nated by the great potential to apply microorganisms for the benefit 
of mankind and for the restoration of our natural environment. 

A MESSAGE FROM THE DIRECTOR
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Justine Collier received her doctoral degree in Molecular 
Biology of the Cell from the University Paris-Sud (France), work-
ing with Philippe Bouloc on the roles of the SsrA-tagging sys-
tem in Escherichia coli (2000-2004). In 2004, she joined the 
Developmental Biology Department at Stanford University 
(California) as a postdoctoral fellow in the laboratory of Lucy 
Shapiro. Since then, she has been working on regulatory net-
works controlling the bacterial cell cycle, using the Caulobacter 
crescentus model system. She created her own group at UNIL as a 
tenure-track Assistant Professor in August 2008.

Cellular reproduction of all organisms requires coordination of cru-
cial events, including DNA replication and cell division. To investigate 
this topic, we use the dimorphic bacterium Caulobacter crescentus. 
This bacterium divides asymmetrically, yielding a sessile progeny in 
S phase and a motile progeny in G1 phase. The ease to synchronize 
the cell cycle of this bacterium, and its asymmetry, make it one of 
the best model systems to study the regulation of the bacterial cell 
cycle. Control mechanisms make use of dynamically localized and 
temporally regulated protein complexes to orchestrate the cell cycle. 
Our research is focused on three main projects directly connected 
with the regulation of the bacterial cell cycle.

The regulation of chromosome replication and its coordination with 
other events of the bacterial cell cycle: At the heart of the circuitry 
controlling the initiation of DNA replication is the conserved initiator 
protein DnaA, which is also a master transcriptional regulator. Genes 
directly regulated by DnaA in C. crescentus encode proteins involved 
in important events of the cell cycle such as cell division and DNA 
repair. To ensure that replication starts only once per cell cycle in 
C. crescentus, we showed that DnaA is tighly regulated by the repli-
some complex right after the onset of DNA replication. We are cur-
rently investigating how DnaA coordinates the expression of genes 
with DNA replication.

The roles of DNA methylation in the regulation of the bacterial cell 
cycle: Methylated adenines can serve as epigenetic signals for inter-
actions between regulatory DNA sequences and transcription factors 
in bacteria. In a-proteobacteria such as C. crescentus, adenine meth-
ylation is mediated by the cell cycle-regulated CcrM DNA methylase, 
so that the methylation state of the chromosome changes as a func-
tion of the cell cycle. Interestingly, CcrM is essential for the viability 
of C. crescentus grown in rich medium. We wish to characterize the 
direct regulon of CcrM and the other roles of DNA methylation in 
C. crescentus, to understand why DNA methylation is essential for 
cell cycle progression in many a-proteobacteria.

The influence of metabolic cues and stresses on cell cycle progres-
sion: C. crescentus has an extraordinary ability to survive in stress-
ful or nutrient limited environments. This feature is probably partly 
linked with its original developmental program including the exis-
tence of a G1 swarmer cell. We are characterizing several regulatory 
pathways that control the development of C. crescentus in response 
to nutrient availability or DNA damage stresses.

Justine Collier
Tenure-track Assistant Professor

Regulation of the bacterial cell cycle

Fernandez-Fernandez C, 
Gonzalez D, Collier J (2011) 
Regulation of the activity of the 
dual-function DnaA protein in 
Caulobacter crescentus. PLoS 
One 6: e26028

Collier J (2009) 
Epigenetic regulation of the  
bacterial cell cycle. Curr Opin 
Microbiol 12: 722-729

Collier J, Shapiro L (2009) 
Feedback control of DnaA- 
mediated replication initiation by 
replisome-associated HdaA  
protein in Caulobacter.  
J Bacteriol 191: 5706-5716

Collier J, McAdams HH, 
Shapiro L (2007) 
A DNA methylation ratchet 
governs progression through a 
bacterial cell cycle. Proc Natl 
Acad Sci USA 104: 17111-17116

Collier J, Murray SR, Shapiro 
L (2006) 
DnaA couples DNA replication 
and the expression of two cell 
cycle master regulators. EMBO J 
25: 346-356

PRESENTATION SELECTED PUBLICATIONS

Microscopy image of Caulobacter 
crescentus cells.
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Multidrug resistance is becoming a feature of major causative patho-
gens both in the hospital and in the community. For instance, up 
to 50% of Staphylococcus aureus, a pathogen responsible for a 
wide range of human diseases, are resistant to methicillin (MRSA) 
and are commonly co-resistant to all other available drugs, including 
vancomycin. Indeed, MRSA with intermediate-level and high-level 
resistance to vancomycin have emerged in several countries, indicat-
ing that this last-resort drug will sooner or later become obsolete as 
well. In the community, Streptococcus pneumoniae, the lead caus-
ative pathogen of pneumonia and meningitis in both children and 
adults, is often resistant to multiple drugs including commonly used 
β-lactams and macrolides. In parallel, gut-colonizing Enterococcus 
have become resistant to virtually every existing antibiotic, and may 
be responsible for having transferred the genes essential for vanco-
mycin resistance to more virulent S. aureus. Even mouth-colonizing 
streptococci, which are the leading cause of infectious endocarditis, 
are becoming resistant to β-lactams and numerous other drugs. 

The research activity of the Entenza group lies at the inter-
face between the bench and the bedside. We have become a  
leading group in the study of the activity of new antimicrobial 
agents against multidrug-resistant pathogens, using both in vitro 
and in vivo models of infection. Amongst the infection models we 
used in vivo, the rat model of endocarditis is particularly well suited 
to investigate the intrinsic power of new antibacterial drugs. First, 
the model is therapeutically relevant because it mimics infectious 
endocarditis in humans. Second, the model is particularly stringent 
for antibiotic efficacy, because successful treatment of endocarditis 
essentially relies on the sole ability of the antibacterial drug to kill the 
bacteria at the site of infection, i.e., the cardiac vegetations. Third, 
it allows evaluating the therapeutic effect both in a polymorpho-
nuclear-free infection system, i.e., inside the infected cardiac veg-
etation, and a polymorphonuclear-rich system, i.e., in the infected 
spleens. Finally, we use a programmable infusion pump system to 
deliver the antibiotics, which allows to exactly simulate in animals 
the pharmacokinetics produced by standard administration of the 
compounds in humans. All together, these advantages make the 
model of experimental endocarditis in rats a good predictor of the 
response to therapy in humans. Our aim is to find prophylactic and 
treatment strategies to combat infections due to antibiotic-resistant 
bacteria.

New treatment strategies for antibiotic-resistant bacteria

Entenza JM, Veloso TR, 
Vouillamoz J, Giddey M, 
Moreillon P (2011)
In vivo synergism of ceftobiprole 
in combination with vancomycin 
against experimental  
endocarditis due to vancomycin-
intermediate Staphylococcus 
aureus. Antimicrob Agents 
Chemother 55: 3977-3984

Veloso TR, Amiguet M, 
Rousson V, Giddey M, 
Vouillamoz J, Moreillon P, 
Entenza JM (2011)
Induction of experimental endo-
carditis by continuous low-grade 
bacteremia mimicking sponta-
neous bacteremia in humans. 
Infect Immun 79: 2006-2011

Entenza JM, Loeffler JM, 
Grandgirard D, Fischetti VA, 
Moreillon P (2005)
Therapeutic effects of  
bacteriophage Cpl-1 lysin against 
Streptococcus pneumoniae 
endocarditis in rats. Antimicrob 
Agents Chemother 49: 4789-
4792

Entenza JM, Drugeon H, 
Glauser MP, Moreillon P 
(1995)
Treatment of experimental en-
docarditis due to erythromycin- 
susceptible or -resistant  
methicillin-resistant Staphylo-
coccus aureus with RP 59500.  
Antimicrob Agents  
Chemother 39: 1419-1424

PRESENTATION SELECTED PUBLICATIONS

Antibiotic-resistant small colony 
variants of Staphylococcus 
aureus.

José M. Entenza
Group leader

José M. Entenza obtained his Diploma in Biology from the 
University of Santiago de Compostela (Spain) and his PhD from 
the University of Paris VII (France). He worked in the Department 
of Infectious Diseases at the CHUV in the laboratory of Michel 
Glauser and Philippe Moreillon, studying antibiotic treatment 
of resistant bacteria in experimental infections. In 2004 he 
joined the DMF where he pursues his research as a group leader 
(Maître d’Enseignement et de Recherche I).
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Christoph Keel carried out his thesis research at ETH Zürich, 
working with Geneviève Défago on biological control of soil-
borne plant diseases. He received his PhD and the ETH silver 
medal in 1989. He then was an OECD postdoctoral fellow with 
Jim Cook at Washington State University, Pullman, USA, investi-
gating the molecular diversity of rhizosphere pseudomonads. He 
returned to ETH Zürich to work as a group leader at the Institute 
of Plant Sciences/Phytopathology. In 1995, he joined the group 
of Dieter Haas at the University of Lausanne as a group leader 
(Maître d’Enseignement et de Recherche I). He developed an 
independent research group, studying interactions of pseudomo-
nads with plants, fungal pathogens and insects.

Fungal diseases and insect pests cause major damage to agricul-
tural crops. In particular those affecting below-ground plant parts 
are very difficult to ward off with conventional control methods. 
Environmental and public health concerns restrict the use of pesti-
cides in soil. Plant protection by treatment of soil or planting mate-
rial with beneficial soil bacteria is a promising, ecologically sound 
alternative.

We study biocontrol strains of Pseudomonas fluorescens that colo-
nize roots and suppress fungal diseases. These bacteria release a 
blend of exoproducts with antibiotic, metal-chelating, lytic, phyto-
hormonal, and signaling activities that contribute to their disease-
suppressive activity. We develop molecular tools, such as autofluo-
rescent protein-based reporters, that help us monitor biocontrol trait 
expression during Pseudomonas interactions with plants, pathogens 
and other rhizosphere organisms. In lab and field experiments, we 
investigate how crop plants influence biocontrol activity, popula-
tion behaviour and diversity of beneficial pseudomonads on roots, 
and to which extent plant genotype, plant health and nutrition 
status, and environmental factors are involved. Intriguingly, such 
experiments reveal that plants not only select for and accumulate 
specific Pseudomonas genotypes, but also specifically manipulate 
the expression of plant-beneficial genes, most probably via specific 
compounds released in the root exudates. Vice-versa, pseudomo-
nads influence the plant’s metabolism, e.g. by inducing host defense 
responses against pathogens.

Recently, we discovered that a small subgroup of root-colonizing 
pseudomonads exhibits not only antifungal, but also potent oral 
and systemic insecticidal activity, in particular towards different lepi-
dopteran pests. Insecticidal activity depends on the production of 
a large novel protein toxin that we termed the Fit toxin. We now 
explore the regulatory mechanisms and signals that control Fit toxin 
expression, its activity and transport during invasion of the insect 
host by P. fluorescens. This may help us to pinpoint the ecological 
function of the toxin and other Pseudomonas traits on plant roots 
and in insects.

The occurrence of both antifungal and anti-insect activities in root-
colonizing pseudomonads highlights the impressive arsenal of fea-
tures that these bacteria possess to defend and manipulate their 
rhizosphere habitat. These bacteria are efficient plant colonizers of 
below-ground parts, and are vector-independent, hence may open 
up new strategies for a joint biological control of plant diseases and 
pests using the same application.

Christoph Keel
Group Leader

Biological control of plant diseases and pests  
by beneficial soil bacteria

Rochat L, Péchy-Tarr M, 
Baehler E, Maurhofer M, Keel 
C (2010)
Combination of fluorescent 
reporters for simultaneous 
monitoring of root colonization 
and antifungal gene expression 
by a biocontrol pseudomonad 
on cereals with flow cytometry. 
Mol Plant-Microbe Interact 
23: 949-961

Jousset A, Rochat L, Scheu S, 
Bonkowski M, Keel C (2010) 
Predator-prey chemical warfare 
determines the expression of 
biocontrol genes by rhizosphere-
associated Pseudomonas fluores-
cens. Appl Environ Microbiol 
76: 5263-5268

Péchy-Tarr M, Bruck DJ, 
Maurhofer M, Fischer E, 
Vogne C, Henkels MD, 
Donahue KM, Grunder J, 
Loper JE, Keel C (2008) 
Molecular analysis of a novel 
gene cluster encoding an insect 
toxin in plant-associated strains 
of Pseudomonas fluorescens. 
Environ Microbiol 10:  
2368-2386

Haas D, Keel C (2003) 
Regulation of antibiotic  
production in root-colonizing 
Pseudomonas spp. and relevance 
for biological control of plant 
disease. Annu Rev Phytopathol 
41: 117-153

PRESENTATION SELECTED PUBLICATIONS

Suppression of Pythium root 
rot on maize by Pseudomonas 
fluorescens. Left, diseased plant. 
Right, protected plant. In the 
fluorescence microscopy image a 
mCherry-based reporter is used 
to highlight antifungal gene 
expression among P. fluorescens 
cells in microcolonies on a root 
hair.
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Adaptation of pseudomonads to their environment

Karine Lapouge obtained her PhD in 1999 from the Université 
Paris-Sud XI, Orsay (France) where she studied the light-harvest-
ing system in photosynthetic purple bacteria in the laboratory 
of Dr. B. Robert (CEA, Saclay, France). After 3 years of postdoc-
toral studies at the MRC National Institute for Medical Research, 
London (UK), on the assembly of the NADPH oxidase in the group 
of Dr. K. Rittinger, she moved to Switzerland. After one year in 
the laboratory of Prof. L. Borradari (HUG, Geneva), she joined the 
DMF to work on the quorum sensing network of Pseudomonas 
fluorescens with Prof. D. Haas. Since 2008, she is a beneficiary of 
the programme for academic promotion of the “Sandoz Family 
Foundation” and has started an independent research on the 
mechanisms governing the adaptation of Pseudomonas to its 
environment.

Karine Lapouge
Tenure-track Assistant Professor

Bacteria are indispensable components of our ecosystem and they 
have developed an extraordinary capacity to adapt to environmental 
changes by modulating their cellular functions. 

Our organism of interest is Pseudomonas aeruginosa PAO1, a ver-
satile ubiquitous bacterium. As an opportunistic plant, animal and 
insect pathogen, it has a phenomenal capacity to adapt to different 
environments. The PAO1 genome contains an unusually large num-
ber of genes for catabolism, nutrient transport and metabolic regu-
lation, and consequently, PAO1 can utilize a wide variety of organic 
molecules as carbon, nitrogen and energy sources. The major focus 
of my group is to decipher the various regulatory systems controlling 
PAO1 nutrient uptake and catabolism. To sense and respond to envi-
ronmental changes, such as nutrient availability, bacteria have devel-
oped sophisticated signalling systems called two-component regula-
tory systems. Two-component systems are usually composed of a 
sensor protein kinase and a response regulator. The sensor kinase is 
able to detect one or several environmental stimuli and transfer this 
information to a response regulator, which becomes phosphorylated 
and in turn directly or indirectly activates the expression of genes 
necessary for the appropriate physiological response. Indirect con-
trol is achieved via the use of regulatory non-coding small RNAs. 

Our main research interests concern the study of P. aeruginosa PAO1 
nutritional adaptation by investigating the NtrB/NtrC, CbrA/CbrB and 
DctB/DctD two-component systems regulatory cascades. NtrB/C is 
involved in nitrogen source utilization and CbrA/B in carbon source 
utilization. NtrB/C and CbrA/B both modulate numerous catabolic 
pathways of various natural substrates and function coordinately to 
maintain a carbon-nitrogen balance. In contrast, the DctB/D system 
is involved specifically in the uptake and transport of the preferred 
carbon sources of PAO1, C4-dicarboxylic acids. In particular, we aim 
at discovering and deciphering the regulatory roles played by novel 
non-coding small RNAs, notably regulated by these two-component 
systems, in Pseudomonas nutrient acquisition and utilization. 

Valentini M, Storelli N, 
Lapouge K (2011) 
Identification of C4-dicarboxylate 
transport systems in  
Pseudomonas aeruginosa PAO1. 
J Bacteriol 193: 4307-4316

Lapouge K, Schubert M, 
Allain FH, Haas D (2008) 
Gac/Rsm signal transduction  
pathway of g-proteobacteria: 
from RNA recognition to regu-
lation of social behaviour. Mol 
Microbiol 67: 241-253

Lapouge K, Sineva E, Lindell 
M,  Starke K, Baker CS, 
Babitzke P, Haas D (2007) 
Mechanism of hcnA mRNA  
recognition in the Gac/Rsm  
signal transduction pathway of 
Pseudomonas fluorescens. Mol 
Microbiol 66: 341-356

Schubert M, Lapouge K,  Duss 
O, Oberstrass FC, Jelesarov I, 
Haas D, Allain FH (2007) 
Molecular basis of messenger 
RNA recognition by the specific 
bacterial repressing clamp RsmA/
CsrA. Nat Struct Mol Biol 14: 
807-813 

PRESENTATION SELECTED PUBLICATIONS

Swarming Pseudomonas 
aeruginosa PAO1.
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Sophie Martin obtained her Diploma in 1999 from UNIL study-
ing chromatin organization in Susan Gasser’s lab at ISREC. She 
then joined Daniel St Johnston’s group at the Gurdon Institute 
to investigate cell polarization mechanisms using Drosophila as 
model system and received her PhD in 2003 from the University 
of Cambridge. She obtained postdoctoral training in Fred Chang’s 
lab at Columbia University in New York, studying cell polariza-
tion and the cytoskeleton in fission yeast. In 2007 she joined 
the Center for Integrative Genomics at UNIL as a SNF Professor. 
Since 2010, she is Associate Professor at the DMF. In 2012, she 
was awarded the WICB Junior Career Award from the American 
Society for Cell Biology.

Polarity is crucial for cell function both during development and in 
differentiated cells. Cell polarity underlies the asymmetric division of 
stem cells to generate cell diversity and the function of differentiated 
cells. In proliferating cells, cell polarization is tightly linked with cell 
cycle control. Indeed, loss of cell polarity has been associated not 
only with diseases affecting specific tissues or organs, but also with 
cancer, where it may contribute to uncontrolled proliferation. Thus 
cell polarization is a fundamental cell biological problem. 

Our research aims to address how a cell acquires and maintains its 
shape and how this process is linked with cell proliferation. We use 
the fission yeast Schizosaccharomyces pombe because it is a sim-
ple, yet relevant model system that affords powerful genetic, bio-
chemical and live-cell imaging tools. We focus on two major areas 
of research.

Cell polarization mechanisms: To shape themselves, cells either 
respond to internal cues or to external signals. Yeast cells exhibit both 
types of polarization: During vegetative proliferation, they grow in a 
polar manner by tip extension. Here, the microtubule cytoskeleton 
provides a spatial signal to polarize growth at the extremities of the 
cell by transporting polarity factors to cell poles. Upon sexual differen-
tiation, cells grow towards a mating partner. This occurs in response 
to pheromone signals. In both cases, we are interested in understand-
ing how the central eukaryotic polarity regulator – the small GTPase 
Cdc42 – is localized and activated at the appropriate sites.

Geometric control of the cell cycle: Cell polarization is intimately 
linked to cell cycle changes. We have recently discovered a novel 
geometry-sensing mechanism by which fission yeast cells couple 
cell length with cell cycle. Conceptually, the system is remarkably 
simple: it is composed of a signal – the protein kinase Pom1 – form-
ing concentration gradients from the ends of the cells, which inhib-
its a sensor – the protein kinase Cdr2, itself an activator of mitotic 
entry – placed at the cell equator. Since Pom1 concentration at the 
cell middle is higher in short cells than in long cells, this suggests a 
model where Pom1 inhibits Cdr2 until the cell has reached a suf-
ficient length. We are interested in deciphering the mechanistic 
details of this geometry-perception system.

Sophie Martin
Associate Professor

Morphogenesis and cell cycle in the fission yeast

Bendezú FO, Martin SG (2011) 
Actin cables and the exocyst 
form two independent morpho-
genesis pathways in the fission 
yeast. Mol Biol Cell 22: 44-53

Hachet O, Berthelot-Grosjean 
M, Kokkoris K, Vincenzetti 
V, Moosbrugger J, Martin SG 
(2011) 
A phosphorylation cycle shapes 
gradients of the DYRK-family 
kinase Pom1 at the plasma mem-
brane. Cell 145: 1116-1128

Lo Presti L, Martin SG (2011) 
Shaping fission yeast cells by 
rerouting actin-based transport 
on microtubules. Curr Biol 21: 
2064–2069

Martin SG, Berthelot-
Grosjean M (2009) 
Polar gradients of the DYRK-
family kinase Pom1 couple 
cell length with the cell cycle. 
Nature 459: 852-856

Martin SG. (2009) 
Microtubule-dependent cell  
morphogenesis in the fission 
yeast. Trends Cell Biol 19: 
447-454

PRESENTATION SELECTED PUBLICATIONS

Fission yeast cells during cell 
proliferation (left) and upon 
sexual differentiation (right). 
Poml protein is shown in green, 
Cdr2 protein in red.
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Microbial Pathogenesis

Philippe Moreillon completed his medical studies at UNIL 
in 1978 and specialized in the field of infectious diseases. He 
obtained a Doctorate of Medicine in Lausanne in 1987, and a 
PhD in microbiology at the Rockefeller University, New York, in 
1993. While running clinical and laboratory work on microbial 
pathogenesis and antibiotic resistance, he held the positions 
of Associate Professor of medicine at the University Hospital of 
Lausanne since 2000, full Professor at the DMF since 2002 and 
Director of the DMF from 2002-2011. He was Vice-Dean from 
2003-2006. From 2006 he is Vice-Rector for Research and 
International affairs at the Direction of UNIL.

Philippe Moreillon
Professor

We are interested in Gram-positive host-pathogen interactions 
from initial tissue colonization to invasion and disease. We use 
Staphylococcus aureus as a model because it is a frequent colonizer 
of healthy humans and animals (in up to 30% of individuals), and 
can produce a wide variety of diseases. There are several axes to our 
research.

Mechanisms of tissue colonization and invasion: S. aureus colonizes 
and invades tissues via interactions between bacterial wall-associated 
surface adhesins and matrix proteins of the host. We have identified 
Clumping factor A (ClfA) and Fibronectin-binding protein A (FnBPA) 
as critical S. aureus adhesins responsible for severe endovascular 
infections such as endocarditis. We have characterized the protein 
subdomains responsible for infection and measured their dynamic 
expression via proteomics. We currently study how these adhesins 
interact functionally with host molecules, and whether they could be 
blocked by anti-adherence or vaccine strategies.

Ecology and evolution: S. aureus is a mastermind in acquiring anti-
biotic resistance and virulence genes. Methicillin-resistant S. aureus 
(MRSA) have acquired the SCCmec cassette chromosome conferring 
resistance to all beta-lactam antimicrobials, and expanded clonally 
in the hospital milieu. In contrast, healthy individuals in the com-
munity are mostly colonized with methicillin-susceptible strains of a 
wide variety of genotypes. Eventually, animals (e.g. cattle) are usually 
colonized with yet other genotypes that are rarely found in humans, 
indicating that the S. aureus genus has evolved host specificity.

We use whole genome microarrays and sequencing to understand 
how S. aureus targets one rather than another host, and sometimes 
succeeds in jumping from humans to animals or reverse. Likewise, 
we study the transfer of methicillin resistance between various 
strains in nature, via the SCCmec cassette, because it is responsible 
for horizontal spread of antibiotic resistance.

Cell wall structure and biochemistry: The bacterial cell envelope 
confers the microbe its anatomical structure and enables it to inter-
act with the environment. It is also the first microbial components 
exposed to the host immune system. We study the peptidoglycan 
structural modifications induced by antibiotic resistance mechanisms 
and  use mass-spectrometry to study the wall structural-inflammatory 
relationship of various Gram-positive bacteria.

Links to the clinics: We keep regular contacts with clinicians to 
resolve difficult-to-treat bacterial infections, especially infective 
endocarditis.

Sakwinska O, Walvogel A, 
Giddey M, Moreillon M, 
Moreillon P (2011) 
Staphylococcus aureus host 
range and human-bovine host 
shift. Appl Environ Microbiol 
77: 5908-5915

Que YA, Moreillon P (2011) 
Infective endocarditis. Nat Rev 
Cardiol 8: 322-336

Que YA, Moreillon P (2010) 
Staphylococcus aureus (Including 
Staphylococcal Toxic Shock). In 
Mandell, Douglas and  
Bennett’s Principles and Practice 
of Infectious Diseases Vol II, 
7th edition, Eds. Mandell GL, 
Bennett JE, Dolin R, Elsevier, 
2543-2578

Que YA, Haefliger JA, 
Piroth L, François P, Widmer 
E, Entenza JM, Sinha B, 
Herrmann M, Francioli P, 
Vaudaux P, Moreillon P (2005) 
Fibrinogen and fibronectin 
binding cooperate for valve 
infection and invasion in  
Staphylococcus aureus  
experimental endocarditis. J Exp 
Med 201: 1627-1635

PRESENTATION SELECTED PUBLICATIONS

Upper panel, Gram-positive 
bacteria in the process of  
invading an endothelial cell 
lining the aorta. Lower panel, 
close-up on a clinical isolate of 
Staphylococcus aureus adhering 
to and invading such a cell.  
E = endothelial cell, L = heart 
lumen, EC = endothelial cell, 
SMC = smooth muscle cell. The 
endothelial cell is full of bacteria.
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Serge Pelet was trained as a physical chemist at the EPFL. He 
performed a post-doctoral work at the MIT to develop advanced 
imaging techniques based on fluorescence lifetime imaging to 
quantify Förster resonant energy transfer. He then joined the 
Biochemistry Institute at the ETHZ where he started his work 
on yeast MAPK signal transduction and established a number of 
microscopy assays to study in real time the flow of information 
in single cells. In 2012, he received the Swiss National Science 
Foundation Professorship grant to establish an independent 
research group at the DMF.

Cells live in changing environments. They have evolved complex sig-
nal transduction cascades to respond to these changes and mount 
an appropriate cellular response. Mitogen activated protein kinase 
(MAPK) are conserved signal transduction modules shared among all 
eukaryotes. The budding yeast Saccharomyces cerevisiae has been a 
long-standing model system to study the regulation of these path-
ways. Single cell quantitative measurements techniques are needed 
to fully understand the dynamics of activation of these pathways. As 
an example, the high osmolarity glycerol (HOG) cascade is a stress-
activated pathway that results in the activation of the MAPK Hog1 
and the expression of stress response proteins. Using microscopy 
assays, we could demonstrate that activation of Hog1, as quanti-
fied by its nuclear relocation, was uniform in the cell population. 
However, the expression of fluorescent protein under the control of 
a HOG-pathway specific promoter was present only in a fraction of 
the cells. This experiment demonstrated that the same MAPK activ-
ity could result in very different expression profiles in two isogenic 
cells subjected to the same stress.

Signal transduction cascades are imbedded in the complex signaling 
network of the cells. A real challenge is to understand how individual 
pathways are interconnected to perform their function at the correct 
time or place in a cell. Four MAPK pathways are active in haploid 
yeast cells. Interestingly, these pathways share a number of common 
components and it is not understood how specific inputs can result 
in a defined output. To uncover the hidden regulatory mechanisms 
at work that prevent crosstalk between these pathways, quantita-
tive measurements of the activity of these pathways are needed. 
One major aim of the group is to develop new microscopy assays to 
quantify the activity of all these pathways. Once established, these 
assays will be combined in a single yeast strain to correlate the activ-
ity of different cascades in individual cells. This approach will result 
in a better understanding of the dynamic regulation of MAPK signal-
ing cascades.

Serge Pelet
Assistant Professor

Signal transduction studied by quantitative  
single-cell measurements

Pelet S, Rudolf F, Nadal-
Ribelles M, de Nadal E, Posas 
F, Peter M (2011) 
Transient activation of the HOG 
MAPK pathway regulates bimo-
dal gene expression. Science  
332: 732–735

Pelet S, Peter M (2011) 
Fluorescent-based quantita-
tive measurements of signal 
transduction in single cells. In 
Design and Analysis of Bio-Mo-
lecular Circuits,  Eds. Koeppl H, 
Densmore D, di Bernardo M, 
Setti G, Springer, 369-393

Pelet S, Previte MJR, Kim D, 
Kim KK, Su TTJ, So PTC (2006) 
Frequency domain lifetime and 
spectral imaging microscopy. 
Microsc Res Tech 69: 861-874
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Fluorescently tagged Hog1 
(green) shuttles to the nucleus 
of the cell (red) upon osmotic 
stress. Quantitative analysis of 
these time-lapse movie allows to 
measure the dynamics of MAPK 
activity. 
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Secondary metabolites of fluorescent pseudomonads

Cornelia Reimmann received her PhD from ETH Zurich in 1987 
for her work on transposable elements in the group of Dieter 
Haas (Institute of Microbiology). From 1987 to 1993 she was 
a postdoctoral fellow at ETH Zurich (with Dieter Haas), Cornell 
University (with Hans VanEtten) and University of Zurich (with 
Robert Dudler). In 1993, she joined the Laboratoire de Biologie 
Microbienne directed by Dieter Haas at UNIL as a senior scien-
tist and developed an independent research on siderophore-
mediated iron uptake. Since 2002 she pursues her research in the 
DMF and was named group leader (Maître d’Enseignement et de 
Recherche I) and Privat Docent in 2006.

Cornelia Reimmann
Group Leader

My research focuses on the role, the biosynthesis and the regulation 
of secondary metabolites in fluorescent pseudomonads. I am partic-
ularly interested in the iron chelator pyochelin and in the toxin AMB. 

Pyochelin: Iron is an essential cofactor for almost all living organisms, 
including bacteria. However, the solubility of iron is very low under 
aerobic conditions at neutral pH, and in many environments bio-
available iron is not sufficient to sustain bacterial growth. Microbial 
pathogens encounter an iron-restricted environment also in the 
host where iron is bound to proteins (hemoglobin, myoglobin, cyto-
chromes) or to high-affinity iron carriers (transferrin, lactoferrin, fer-
ritin). To acquire iron under these conditions, bacteria have evolved 
a number of different strategies, of which the most common is sid-
erophore-mediated iron uptake. Siderophores are high-affinity iron 
chelators which are released to the extracellular environment where 
they complex iron and deliver it to the bacterial cell, via specific outer 
membrane receptors. Our lab is interested in the siderophore and 
virulence factor pyochelin  of Pseudomonas aeruginosa and in its 
optical antipode enantio-pyochelin which is made by certain root-
colonizing strains of Pseudomonas fluorescens. The goal of our work 
is to understand how the different stereochemistry is generated dur-
ing biosynthesis, how biosynthesis is regulated and why iron uptake 
with these two siderophores is stereospecific in both species. 

AMB: L-2-amino-4-methoxy-trans-3-butenoic acid (AMB) is 
one of many secondary metabolites and exoproducts made by 
Pseudomonas aeruginosa that allow this opportunistic pathogen 
to compete in the environment and to cause infections in humans, 
insects, nematodes, plants and amoebae. Like other g-substi-
tuted vinylglycines, AMB inhibits pyridoxal phosphate-dependent 
enzymes, which are primarily involved in the biosynthesis of amino 
acids and amino acid-derived metabolites. We recently identified a 
5-gene cluster for AMB biosynthesis and transport. Two of these 
genes encode non-ribosomal peptide synthetases, suggesting that 
AMB biosynthesis occurs by a thiotemplate mechanism. The goal 
of our research is to understand how, when and for what purpose 
AMB is made, and how P. aeruginosa escapes AMB toxicity.

Youard ZA, Wenner N, 
Reimmann C (2011) 
Iron acquisition with the natural 
siderophore enantiomers  
pyochelin and enantio-pyochelin 
in Pseudomonas species.  
Biometals 24: 513-522

Lee X, Fox A, Sufrin J,  
Henry H, Majcherczyk P,  
Haas D, Reimmann C (2010) 
Identification of the biosynthetic 
gene cluster for the Pseudomo-
nas aeruginosa antimetabolite 
L-2-amino-4-methoxy-trans-
3-butenoic acid. J Bacteriol 192: 
4251-4255

Youard ZA, Mislin GL, 
Majcherczyk PA, Schalk IJ, 
Reimmann C (2007) 
Pseudomonas fluorescens CHA0 
produces enantio-pyochelin, the 
optical antipode of the  
Pseudomonas aeruginosa  
siderophore pyochelin. J Biol 
Chem 282: 35546-35553

Michel L, González N, 
Jagdeep S, Nguyen-Ngoc T, 
Reimmann C (2005) 
PchR-box recognition by the 
AraC-type regulator PchR of 
Pseudomonas aeruginosa  
requires the siderophore  
pyochelin as an effector. Mol 
Microbiol 58: 495-509
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Chemical structures of pyochelin 
(top) and AMB (bottom).



The major themes of Prof. van der Meer’s research are (1) microbial 
evolution, (2) bacterial bioreporter development and (3) applied 
microbiology. Research on microbial evolution is focused on the 
understanding of genetic processes underlying adaptation of bac-
teria to degrading and resisting xenobiotic and toxic compounds in 
the environment. Major contributions of his group are the discover-
ies of horizontal gene transfer processes and of spontaneous gene 
cassette recombinations in the arisal of new metabolic pathways, 
such as those for chlorobenzenes, chlorophenoxyalkanoic acid her-
bicides and lindane. More recently his group discovered a group of 
self-transferable DNA elements in pseudomonads, named the ICEclc 
element, which distribute genes for aromatic compound metabo-
lism. ICE elements are now being recognized as essential for bacte-
rial genome evolution and are held responsible for a wide variety of 
adaptive features. Current research focuses on the fascinating behav-
iour of the ICEclc element, which differentiates a small percentage of 
host cells in a population into becoming efficient DNA donors. 

The second major research theme of the group concerns bacterial 
gene regulation and bioreporter development. The group con-
structed a large number of chemical-sensing bacteria (the biore-
porters) and developed a wide variety of protocols for their use in 
analysis of aqueous, soil and gas phase samples. Some of the biore-
porter assays are successfully employed asalternatives for analysis of 
drinking water quality. The current focus is on miniaturizing biore-
porter assays and on designing new receptor-type proteins that can 
recognize different types of chemicals.

The third aspect of research is focused on understanding the role of 
bacterial communities in engineering processes and in soil health. 
Past topics concerned denitrification, anaerobic ammonium oxida-
tion and phosphate removal from wastewater. Newer topics include 
bacterial stress resistance and activity in contaminated environ-
ments, interactions with arbuscular mycorrhizae, plasmid metage-
nomics in wastewater treatment plants, and community interactions 
in Alpine landscapes. 

Environmental and evolutionary microbiology

Czechowska K, van der 
Meer JR (2012) 
Reversible and irreversible 
pollutant-induced bacterial 
cellular stress effects measured 
by ethidium bromide uptake and 
efflux. Environ Sci Technol 46: 
1201-1208 

van der Meer JR, Belkin S 
(2010) 
Where microbiology meets 
microengineering: design and 
applications of reporter bacteria. 
Nat Rev Microbiol 8: 511-522

Minoia M, Gaillard M, 
Reinhard F, Stojanov M,  
Sentchilo V, van der Meer JR 
(2008) 
Random or not: bistable control 
of genomic island transfer in 
Pseudomonas. Proc Natl Acad 
Sci USA 105: 20792-20797

Buffi N, Merulla D, Beutier J, 
Barbaud F, Beggah S,  
van Lintel H, Renaud P,  
van der Meer JR (2011)
Development of a microfluidics 
biosensor for agarose-bead 
immobilized Escherichia coli 
bioreporter cells for arsenite 
detection in aqueous samples. 
Lab Chip 11: 2369-2377
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Pseudomonas cells becoming 
competent for transfer of the 
ICE element (in green) suffer 
from growth defects whereas 
non-competent cells (in red) 
develop into normal microcolo-
nies. Picture courtesy: Friedrich 
Reinhard.

E. coli bioreporter bacteria in 
a microfluidics cavity glowing 
green as a consequence of 
being exposed to arsenic at 50 
µg/L. Such micro-engineered 
structures are at the heart of 
new devices for environmental 
monitoring. Picture courtesy: 
Davide Merulla and Nina Buffi.
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Jan Roelof van der Meer is Full Professor and current Head 
of Department. He holds a PhD from the Agricultural University 
in Wageningen in the Netherlands. After a postdoctoral position 
during which he worked on lantibiotic production in cheese-
making bacteria, he started a junior research group at the Swiss 
Federal Institute for Aquatic Science and Technology (Eawag), 
in Dübendorf near Zürich. In 2003 he came to the University of 
Lausanne as tenure-track assistant professor. Apart from his own 
research group he has been directing two large-scale European 
projects on environmental issues, named FACEiT and BACSIN. 
For his development of arsenic bioreporter assays he was co-
awarded the 2010 Prize of the German Helmholtz Association.

Jan Roelof van der Meer 
Professor



Department of Fundamental 
Microbiology
The DMF is situated on the Dorigny campus in the 
“Biophore” building, only a couple of minutes walk from 
the shores of the lake Geneva (Lac Léman).



University of Lausanne
The University of Lausanne is a research institution composed 
of seven faculties where approximately 12’200 students and 
2’300 researchers work and study. The UNIL is focused on 
several academic disciplines, especially Medicine, Life Sciences, 
Geosciences, Environment, Business, Humanities, Social and 
Political sciences and Law & Criminal sciences. Emphasis is 
placed on an interdisciplinary approach, with close coopera-
tion between students, teaching staff and professors.

The main campus is located on the shores of Lake Geneva. This 
picturesque landscape, with views of the Alps and the lake, 
provides the ideal setting for study and research. The UNIL 
campus is managed according to the principles of sustainable 
development.

Situated at the heart of the French-speaking region of 
Switzerland, in the centre of Western Europe – close to France, 
Germany, Italy, and Austria. The University of Lausanne pur-
sues an active policy of collaboration at both local and inter-
national levels.
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