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SUR Programme: Class of 2018 
 

picture : Laurence Flückiger 

 
 
Back row (left to right) : Afra Nadyesda Salazar de Dios, Abigail Reinhart,  
Mihai Dumbrava, Shuler Xu, Arunachala Trivedi, Maria Volkova, Yuening Li 
 
Front row (left to right): Uyen Pham, Anna Abrahamsson, Laura Limonta Lopez, 
Akansha Mehta, Ananporn Supataragul, Ruth Barros De Paula 
 
 
Absent: Pedro Tan 
 
 
 
 
 
 

 
Laura Limonta Lopez and Shuler Xu wearing the 
SUR T-shirt on which is printed the logo designed 
by the SUR students 
 
 
 
 
 
 
          Picture : Laurence Flückiger 
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Summer Undergraduate Research Programme 
www.unil.ch/ecoledebiologie/sur 

 
The 9th annual Summer Undergraduate Research (SUR) Programme of the School 
of Biology of the Faculty of Biology and Medicine at the University of Lausanne 
(UNIL) was held from July 4 to August 29, 2018.  
 
This year’s SUR Programme hosted 15 outstanding undergraduate students 
(selected from nearly 240 applicants) from around the world in laboratories of the 
Faculty of Biology and Medicine across the campuses of UNIL. For all participants, 
this was a summer to remember, and for many, it was a life-changing experience.  
 
For the Faculty of Biology and Medicine, the SUR programme brings highly 
motivated students from very diverse backgrounds to Lausanne, offering the 
possibility to evaluate and encourage the best international students to return for 
future Masters or PhD degrees as well as internship. Since the programme started, 
thirteen students came back in Lausanne. Six SUR alumni (class of 2011, 2012, 
2015 and 2017 from Bosnia, China, France, Lebanon, Serbia and USA) are 
currently pursuing further studies at UNIL. The programme also catalyses 
interaction and cohesion between its basic and clinical sciences sections, enhances 
world-wide recognition of UNIL and establishes a cohort of scientists with a long-
lasting personal attachment to Lausanne. 
 
The UNIL SUR programme is closely coordinated with the sister programme at the 
Faculty of Life Sciences at the Ecole Polytechnique Fédérale de Lausanne (EFPL), 
both during the planning stages and throughout the summer, with many joint 
scientific and social activities. 

 

 
 

         Picture: Laurence Flückiger 
 

2018 EPFL (black and white) and UNIL (white and purple) summer programme students 
during the hike 
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Why a SUR Programme? 
 
Few university students have had significant experience with research into the 
unknown. Most university courses provide descriptions of fundamental processes 
that are “in the textbooks”. The opportunity to do original scientific research can be 
an experience that influences the rest of one's life. The UNIL SUR Programme was 
launched in 2010 to provide that experience and has so far welcomed 159 
participants. 
 
Programme description 
 
During 8 weeks in July and August, the SUR Programme hosts 15 students from 
around the world. Each student is integrated into a separate laboratory to ensure 
that they receive individual mentorship. The majority of a student's time is spent in 
the laboratory, supervised by a research scientist, normally a post-doctoral fellow 
or experienced graduate student. One afternoon a week, the students come 
together for shared academic activities, often with participants of the sister 
programme at the EPFL, including introductory student research presentations, 
lectures from faculty members on research topics and their career paths, and 
career guidance workshops in academia and beyond. At the end of the summer, 
students present the results of their research on a poster during a joint EPFL/UNIL 
Symposium and write a final report, which we present in this brochure. During the 
summer, students also participate in social activities, including a mountain hike 
and a barbecue, together with the EPFL programme, and many also take the 
opportunity to explore Switzerland. 
 
Target audience 
 
Student participants are generally at the end of their second or third year of an 
undergraduate university education. Participants are not only students in the life 
sciences; the SUR programme also aims to introduce medical students to the world 
of research. Local undergraduates from the University of Lausanne and the EPFL 
are also encouraged to apply, although they represent a minority of participants so 
as to maintain an international flavour of the programme. The SUR scholarships 
are awarded on a competitive basis taking into consideration diverse criteria, 
including the applicant's academic record, personal statement, and letters of 
recommendation. 
 

 

©pixabay GDJ 
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Scholarships  
 
A scholarship toward tuition costs is awarded to all selected 
participants. This scholarship includes 3200 Swiss francs to cover 
housing, local transportation and daily living expenses. Funds are also 
available to cover travel to/from Lausanne, as well as organised 
excursions and social events. 

©pixabay GDJ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
        picture: Alain Herzog 

 
About the University of Lausanne 
 
• An international atmosphere. One fifth of the student population and one 

third of the teaching staff come from abroad. 
• Up-to-date facilities and technology. State-of-the-art laboratories for 

researchers; spacious, well-equipped lecture halls for teaching staff and 
students. 

• Three faculties unique of their kind in Switzerland. Biology and Medicine; 
Geosciences and Environment; Law and Criminal Justice. New innovations 
encourage new synergies. 

• Close collaboration with the University Hospital Centre (CHUV) to remain at 
the forefront of advances in medical knowledge. 

• The University and Cantonal Library (BCU), with its two million documents, 
modern research tools and an ideal working environment overlooking Lake 
Geneva. 

• A philosophy and work ethic expressed in a University Charter. 
• An exceptionally green and spacious lakeside setting. An excellent public 

transport network that links the university campus to Lausanne, noted for its 
varied cultural and social activities. 

• A wide range of sporting and cultural activities including language and IT 
courses; football (soccer), capoeira, fitness or underwater diving at the Sports 
Centre; societies, cinema, exhibitions or theatre at the Grange de Dorigny. 
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Housing  

The programme provides housing for all participants for its 
eight-week duration, within a building of the FMEL association. 
This year students were housed in “La Maison de la 
Bourdonnette”, shown on the map of Lausanne on page 9. 
 

©pixabay GDJ 
 
 
 
La Maison de Bourdonnette 

 
 
“La Maison de la Bourdonnette” is near the bus or M1-M2 metro system, for easy 
access to the principal sites of the SUR programme. It is also a few minutes from 
the lake providing opportunities for BBQs and midnight swims! 
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Faculty of Biology and Medicine Host 
Laboratories 
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 UNIL Dorigny Campus 

v Center for Integrative Genomics 
Richard Benton 
 
David Gatfield 
 

v Department of Computational Biology 
Nicolas Salamin 
 

v Department of Ecology and Evolution  
Marc Robinson-Rechavi 
 

v Department of Fundamental Microbiology  
Sara Mitri  
 
 
EPFL Campus 

v Biotechnology Institute 
Nicolas Mermod 
 
 
Bugnon CHUV Campus 

v Department of Clinical Neurosciences 
Renaud  Du Pasquier 
 

v Department of Computational Biology 
Ana Claudia Marques 
 

v Department of Fundamental Neurosciences 
Claudia Bagni 
 
Dirk Fasshauer 
 

v Neuroimaging Research Laboratory 
Bogdan Draganski 
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Epalinges UNIL & CHUV Campus 

v Department of Biochemistry  
Fabio Martinon 
 

v Department of Pharmacology and Toxicology 
Stephan Kellenberger  
 
Vladimir Katanaev 
 

v Infectious Diseases Unit  
Thierry Roger 
 
 
 
 
 
 

SUR Programme sites 
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Session Date Day Time Activity Participants Location In charge

Week 3 July 20 Friday 4:00-6:00pm
Graduate School Workshop 

Pavan Ramdya (EPFL), 
Maria Cristina Gambetta (CIG) 

Joint EPFL/UNIL Activity
UNIL, Dorigny

Génopode building
Auditoire A

RB/LF

Week 4 July 27 Friday 4:00-6:00pm
Oral presentation skills
Michalis Panagiotakis, 

From The Catalyst
Joint EPFL/UNIL Activity

UNIL, Dorigny
Genopode building

Room 2020
RB/LF

Week 5 August 3 Friday 4:00-5:30pm
UNIL FACULTY SEMINAR

Prof. Jolanda van Leeuwen, 
CIG

UNIL-specific activity
UNIL, Dorigny

Genopode building
Room 2020

RB/LF

Week 6 August 10 Friday 4:00-5:30pm UNIL FACULTY SEMINAR
Prof. Claudia Bagni, DNF UNIL-specific activity

Bugnon-CHUV
DNF

Petit Auditoire
RB/LF

Week 7 August 14
Rain date 16

Tuesday
Thursday

6:30-
10:00pm BBQ Joint EPFL/UNIL Activity Av. du Léman 47 

St-Sulpice WH/LF

Week 7 August 17 Friday 4:00-6:00pm Poster workshop Joint EPFL/UNIL Activity EPFL
Building AI, room 1153 CP/AEG

Week 8 August 24 Friday 4:00-6:00pm Non-academic career workshop Joint EPFL/UNIL Activity EPFL
SV building, room 1717 CP/AEG

Week 9 August 29 Wednesday 3:00-4:00pm Debriefing Programme participants
UNIL, Dorigny

Génopode building
Room 4026

RB/JP/LF

Week 9 August 29 Wednesday 4:00-6:00pm Research symposium 
(posters up by 3:30pm) Joint EPFL/UNIL Activity

UNIL Dorigny
Génopode building

Main hall
LF/AEG

UNIL Summer Undergraduate Research (SUR) Programme 2018

Page 2
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UNIL Summer Undergraduate Research (SUR) Programme 2018
Programme of Events – July 4th to August 29th

Session Date Day Time Activity Participants Location In charge

Welcome 1 July 4 Wednesday 8:00am
Meet students at 
housing for trip to 

Dorigny
Programme participants

Lausanne, FMEL
Maison de la 
Bourdonnette

LF/MPC

Welcome 2 July 4 Wednesday 8:45-9:45am
Welcome

Student self-
introduction

Programme participants
UNIL, Dorigny

Amphipôle building 
Room 318

RB/LF

Welcome 3 July 4 Wednesday 10:00-10:30am UNIL presentation by 
Mr. Denis Dafflon, RI Programme participants

UNIL, Dorigny
Amphipôle building

Room 318 
LF

Welcome 4  July 4 Wednesday 10:45-11:45pm Safety briefing UNISEP Sécurité-Environnement-Prévention
By Mrs. Evin Danisman

UNIL, Dorigny
Amphipôle building

Room 318
UNISEP

Welcome 5 July 4 Wednesday 12:00-12:30pm Matching Programme participants/mentors/supervisors
UNIL, Dorigny

Amphipôle builing
Room 318

RB/LF

Excursion July 7
Rain date 8

Saturday
Sunday All day Hiking excursion Joint EPFL/UNIL Activity

Col de la Croix, 
Lac Chavonnes, 

Lac Bretaye
LF/AEG

Week 2 July 11 Wednesday 2:00-5:00pm Introduction of research 
topics Programme participants

UNIL, Dorigny
Génopode building

Auditoire A
JP

Page 1
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Faculty of Biology and Medicine Host Laboratories	
 

    

	

Name Home Institution Country Lab

ABRAHAMSSON Anna Aberdeen University UK S. Kellenberger

ARTYUKHOVA Margarita Sechenov University Russia D. Gatfield

BARROS DE PAULA Ruth Universidade Federal de Minas Gerais Brazil A.-C. Marques

DUMBRAVA Mihai The University of Western Ontario Canada V. Katanaev

LI Yuening Xi'an Jiaotong-Liverpool University China C. Bagni

LIMONTA Laura University of Medical Sciences of Havana Cuba T. Roger

MEHTA Akansha University of Delhi India D. Fasshauer

PHAM Uyen Grand Valley State University USA N. Mermod

REINHART Abigail University of Rochester USA F. Martinon

SALAZAR DE DIOS Afra Nadyesda National Autonomous University of Mexico Mexico S. Mitri

SUPATARAGUL Ananporn Kasetsart University Thailand N. Salamin

TAN Pedro Federal University of Rio de Janeiro Brazil R. Benton

TRIVEDI Arunachala University of Toronto, Victoria College Canada B. Draganski

VOLKOVA Maria Sechenov University Russia M. Robinson-Rechavi

XU Shuler University of Bristol UK R. Du Pasquier
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Anna Abrahamsson 
Aberdeen University 
UK 
 
Host Laboratory: 
Stephan Kellenberger 
Department of Pharmacology and 
Toxicology  
Bugnon - CHUV Campus 
 
 
 

Acid-sensing ion channels (ASICs) are 
transmembrane H+-gated and Na+-conducting ion 
channels in the peripheral and central nervous 
system that are activated by an acidification of the 
extracellular pH. When exposed to protons during 
extracellular acidification ASICs open and facilitate 
for an inward transient current of Na+ ions. ASICs 
are involved in many physiological and pathological 
conditions such as e.g. cerebral ischemia, fear 
behavior, pain sensation and learning.  
	
ASICs exist in three conformational states; the open, 
desensitized and closed state. The crystal structure 
for ASIC has so far only been determined for the 
chicken ASIC1 (cASIC1) and even though the 
chicken and the human ASIC (hASIC1a) are 90% 
homologous, there are known examples of some vast 
differences during certain conditions. For example, 
Psalmotoxin1, a toxin isolated from the venom of the 
Psalmopoeus cambridgei spider, is known to inhibit 
the hASIC1a but has been showed to potentiate the 
cASIC1. This shows that even with 90% homology, 
the remaining 10% may contain important 
physiological and perhaps also structural differences 
that we have yet to discover. Since most 
experiments and research are done on the human 
AISC1a, in this project we wanted to look closer into 
a few different physiological properties of the chicken 
ASIC1 and compare these with the human ASIC1a 
under the same conditions in the hope that through 
this we will gain deeper fundamental knowledge 
about the cAISC1 but also learn more about the 
hASIC1a. Properties tested included biophysical 
properties such as pH50 activation, pH50 steady-
state desensitization and kinetics but also the 
pharmacological modulators Diminazene, Amiloride 
and Ibuprofen, which are all known inhibitors of 
hASIC1a. We also tested the chloride ion as a 
physiological modulator since there is a known 
binding site for Cl- on the cASIC1. Besides the 
wildtype gene for the hASIC1a and cASIC1 we also 
compared these with a few mutants of the cASIC1. 

This was possible since the binding site for some 
modulators are known in the hASIC1a and we 
therefore inserted point mutations of the 
corresponding amino acids in the cASIC1 genome, in 
order to determine whether this changed the 
response to the investigated modulator.  
	
Methods used were site-directed mutagenesis of 
hASIC1a WT, cASIC1 WT and the cASIC1 mutants 
G213D, G213E and K423A. The mutated cRNA was 
injected into oocytes of Xenopus laevis frogs and 
incubated for 24-48h in order to express ASICs. The 
current through the oocytes was tested with a Two-
Electrode Voltage-Clamp system (TEVC) where the 
oocytes were perfused with solutions of different pH 
and the current was measured. When applicable the 
oocytes where also perfused with solutions of various 
concentrations of the investigated modulator to 
record the response.  
	
Initial results show that some properties of the 
cASIC1 are not significantly different to their 
equivalents in the hASIC1a. However, some 
properties showed a significant difference from the 
hASIC1a, e.g. the desensitization of the cASIC1 was 
much faster than that of the hASIC1a and the 
cASIC1 mutant G213E showed very interesting 
kinetics. Some pharmacological and physiological 
modulators did not affect the cASIC1 to the same 
extent as they did the hASIC1a. To conclude, many 
of the tested physiological properties of cASIC1 and 
hASIC1a are the same or similar but there are also 
a few significant differences that suggest 
physiological differences between the hASIC1a and 
the cASIC1 in the non-homologous 10% of the ASIC 
genome. 

Functional comparison between the chicken and human isoforms of the 
Acid-Sensing Ion Channel 1a (ASIC1a) 
 
Anna Abrahamsson, Sabrina Vullo, Stephan Kellenberger 
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1Department of Pharmacology and Toxicology, University of Lausanne, CH-1011 Lausanne 
2University of Aberdeen

Conclusion
▪ Biophysical properties – The desensitization of the cASIC1 is significantly faster than that of the hASIC1a. The mutant G213E shows a much slower desensitization 

than the wildtype
▪ Physiological modulators – The chloride ion does not affect the cASIC1 to the same extent as it does the hASIC1a
▪ Pharmacological modulators – The hASIC1a is more sensitive than cASIC1 to all the investigated inhibitors and the IC50 values for the cASIC1 are higher

Results-Pharmacological Modulators

Abstract 
Acid-sensing ion channels (ASICs) are transmembrane H+-gated and Na+-conducting ion channels activated by an acidification of the extracellular pH. They are expressed in the central and
peripheral nervous system where they act as pH sensors in many physiological and pathological processes such as pain sensation, fear behavior, ischemic stroke and learning processes. The crystal
structure of chicken ASIC1 (cASIC1) has been solved in the open, closed and desensitized states, however the exact mechanisms by which protons control ASIC activity still remains unknown. The
crystal structure of the human ASIC1a (hASIC1a) has not yet been solved, and even with a 90% homology between the chicken and the human ASIC1 structure, the remaining 10% may contain
physiological and perhaps also structural differences that we have yet to discover. Since most research is done on the hASIC1a we wanted to look closer into a few different physiological properties
of the cASIC1 and compare these with the hASIC1a under the same conditions. Therefore, the aim of this project is to functionally characterize the cASIC1 and compare its properties to the hASIC1a
in the hope that through this study we can learn more not only about the cASIC1 but also about the hASIC1a.

Acknowledgements
A huge thank you to everyone in the group for your help and knowledge and for being so welcoming to me. Especially 
thank you to Nicholas Ambrosio for teaching and advising me on most things when Sabrina was not there. 
My warmest thank you to the SUR Programme for giving me the opportunity to learn and experience so much this 
summer. And thank you to Laurence Flückiger and Richard Benton for your hard work and enthusiasm in running the 
programme.

Perspectives
In this small study we have investigated the link between the structural and physiological characteristics of the cASIC1 
and compared them to the hASIC1a. This study can be useful for understanding the molecular mechanisms of the 
cASIC1 and apply them to the hASIC1a. This also opens up to perhaps in the future using the cASIC1 in some 
experiments where it might be a more suitable experimental candidate than the hASIC1a given that all the structural 
information comes from the chicken ASIC1. It is also interesting to see the potentiation of the cASIC1 in response to 
Ibuprofen and whether that can be further investigated by someone. 

Introduction and Methods

Results-Biophysical Properties

DesensitizedOpened by toxinsClosed

Baconguis et al., Nature (2012)
Dawson et al., Nature communications (2012)

Jasti et al., Nature (2007)
Gonzales et al., Nature (2009)

Finger

Thumb

Transmembrane

Knuckle

β-ball

Yoder et al., Nature (2018)

pH 7.4 pH 7.4

2 μA

3 s

pH 6 Closed Open

Desensitized

Right: The mutations in the ASIC1 genes are 
created using site-directed mutagenesis. The 
purified RNA is diluted to a stock solution and 
kept at -75 °C.
Oocytes from female Xenopus Laevis frogs are 
isolated and injected with the cRNA for the 
desired ASIC gene. The oocytes are incubated for 
24h and thereafter the current is measured with 
a Two-Electrode Voltage-Clamp (TEVC) set-up. 
The oocytes are perfused with solutions of 
different pH and when applicable with different 
concentrations of the investigated modulator.

A) Inhibition curve of Amiloride on the cASIC1 WT and 
hASIC1a WT. Stimulating pH was 6. Amiloride is a known 
inhibitor of hASIC1a. The normalized current was plotted as 
a function of the drug concentration. Vhold= -60mV. n=6. 
B) Inhibition curve of Diminazene on the hASIC1a and 
cASIC1. Stimulating pH was 5.5. Diminazene is a slow pore 
blocker of hASIC1a. The normalized current was plotted as a 
function of the drug concentration. Vhold= -60mV. n=7. 
C) Inhibition curve of Ibuprofen on hASIC1a WT, cASIC1 WT 
and the mutant cASIC1 K423A. Stimulating pH was 6.4 The 
normalized current was plotted as a function of the drug 
concentration. Vhold= -60mV. n=11-12.. Because of the 
cASIC1 WT potentiation caused by low concentrations of 
Ibuprofen, for cASIC1 WT a combination of an activation 
curve and an inhibition curve was used to make the curve 
shown. 

DiminazeneAmiloride

Ibuprofen

Results-Physiological Modulators

http://ibmmsrvlakitu.unibe.ch/sigel/xenopus.gif
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Figure S3: Bonifacio et al.
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A) Representative traces for hASIC1a WT, cASIC1 WT, 
cASIC1 G213E, cASIC1 G213D in the presence of 
110mM Cl- solution (black traces) and in 110mM 
SCN- solution (red traces). Conditioning pH for 
hASIC1a WT was 7.4 and for cASIC1 WT, G213E and 
G213D it was 7.8. Stimulating pH was 6, for a time of 
10 sec. Except for G213E where the stimulating time 
was 20 sec. Vhold= -60mV. 
B) Plot of the time constant of current decay of 
hASIC1a WT, cASIC1 WT and the cASIC1 mutant 
G213D when stimulated with 110mM Cl- solution vs. 
110mM SCN- solution. Stimulating pH 6 and 
conditioning pH 7.4 (hASIC1a WT) or 7.8 (cASIC1 WT, 
G213E and G213D). Vhold= -60mV. n=11-19
C) Plot of cASIC1 WT and the cASIC1 mutant G213E 
when stimulated with 110mM Cl- solution vs. 
110mM SCN- solution. Stimulating pH 6 and 
conditioning pH 7.8. Vhold= -60mV. n=11-19
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pH dependence of activation for the cASIC1 WT and hASIC1a WT 
and the chicken mutants G213E and G213D.  Conditioning pH 
was 7.8, except for the hASIC1 WT, for which a conditioning pH 
of 7.4 was used. The normalized current amplitudes are plotted 
as a function of pH50 of stimulation. Vhold= -60mV. n=6-19

pH dependence of steady-state desensitization for the cASIC1 WT 
and hASIC1a WT and the chicken mutants G213E and G213D. 
Stimulating pH was 5. The normalized current amplitudes are 
plotted as a function of the conditioning pH. Vhold= -60mV. n= 3-7

3 mA
1 s

2 mA

1 s

A. hASIC1a WT                                       cASIC1 WT

pH 6 pH 6

A) Representative trace of the kinetics of hASIC1a WT and cASIC1 WT at stimulating pH 6. Conditioning pH was 7.4 for hASIC1a WT and 7.8 for cASIC1 WT.         
B) Rise and decay time for the hASIC1a WT and cASIC1 WT when stimulated with pH 6. Conditional pH was 7.4 for the hASIC1a WT and 7.8 for cASIC1 WT.                
V = -60mV. n=6

B.

Upper: Representation of all three states of 
the cASIC1. The functional cASIC1 protein 
is a trimer, here all three subunits are 
shown.
Lower left: Schematic representation of an 
ASIC trace as recorded with a Two-
Electrode Voltage-Clamp setup.
Lower right: ASICs exist in three 
conformational states; the open, closed 
and desensitized state. When an acidic pH 
is applied the channels open, while still 
applying the stimulating pH the channels 
become desensitized. While desensitized 
the channels do not conduct current. In 
order for the channels to open again they 
first need to close, therefore it is required 
to go back to the conditioning pH, at which 
the channels are closed.

Functional comparison between the chicken and human isoforms of the Acid-
Sensing Ion Channel 1a (ASIC1a)

Anna Abrahamsson1.2, Sabrina Vullo1 and Stephan Kellenberger1
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Upstream open reading frames (uORF) are major 
gene expression regulatory elements. Genome-wide 
bioinformatics analysis revealed that more than 45% 
of mammalian mRNAs contain at least one uORF, and 
ribosome profiling showed that many of them are 
frequently translated. In many eukaryotic mRNAs, 
one or more uORFs precede the initiation codon of 
the main coding region. Importantly, it has been 
shown that uORFs can impact gene expression of the 
downstream main ORF by triggering mRNA decay or 
by regulating translation. 
	
After the uORF has been translated, ribosomes can 
re-initiate translation on the same mRNA. Such re-
initiation, controls the translation of many 
mammalian cellular mRNAs. In vivo studies have 
identified the heterodimeric complex of MCT-1 
(malignant T cell-amplified sequence 1 oncogene) 
and DENR (density regulated protein) as essential 
re-initiation factors for certain uORF-containing 
mRNAs. The protein eIF2D is homologous to the 
MCT-1/DENR heterodimer, and it is therefore 
assumed that this protein plays a role in the re-
initiation of certain mRNAs as well. However, 
whether MCT-1/DENR and eIF2D have redundant 
functions on the same set of transcripts, or if they 
have distinct targets, is not known. 
	
In a recent study (Janich et al., Genome Research 
2015), my host lab reported that the knockdown of 
DENR leads to a shortening of the period length of 
circadian oscillators in cultured mouse NIH3T3 
fibroblasts. Given the structural and, possibly, 
functional similarities between MCT-1/DENR and 
eIF2D, we hypothesized that eIF2D may have a role 
in the circadian clock too. The main goal of my 
project was to analyze the role of eIF2D in circadian 
clock regulation using eIF2D knockdown strategy. 
	

We established the protocol for eIF2D knockdown 
with lentiviral shRNAs in murine NIH3T3 cells. Then 
we verified eIF2D knockdown using RT-qPCR and 
western blotting. Results obtained from RT-qPCR 
using 5 different shRNAs 
showed strong downregulation of Eif2d by shRNAs 1-
5. Western blot analysis showed lower protein levels 
for these shRNAs. Interestingly, however, 
differences between protein levels were not so 
strong as the differences between mRNA expression 
levels after shRNA-mediated knockdown. 
Conceivably, these results may reflect high stability 
of eIF2D protein. In order to evaluate whenever the 
expression of eIF2D and DENR is coordinated in vivo, 
we next performed RT-qPCR for DENR and eIF2D 
shRNA-treated cells. We observed strong reduction 
of DENR mRNA levels for eIF2D shRNAs 3 and 4. 
DENR has previously been described as a “density 
regulated protein”, suggesting that DENR expression 
levels affect cell density. We could validate this 
hypothesis from NIH3T3 cells grown at different 
densities, indicating that different cell numbers 
between shRNA-treated cells could have an influence 
on expression levels. 
	
Finally, we have begun an evaluation of whether 
eIF2D knockdown affects the circadian clock. To this 
end, we used NIH3T3 cells carrying a circadianly 
expressed luciferase reporter gene DBP luciferase. 
The experiment is currently ongoing, but real-time 
bioluminescence recordings from eIF2D shRNAs vs. 
WT NIH3T3 cells indicate that eIF2D knockdown 
leads to period shortening, especially for shRNAs 1, 
2 and 3. 
	
Taken together, our study provides a basis for future 
studies of eIF2d-mediated regulation of circadian 
clock function and of uORF re-initiation at large. 

Investigating the role of eIF2D in the circadian clock and in uORF re-
initiation 
 
Margarita Artyukhova, Nikolay Milev, Violeta Castelo Szekely,  
David Gatfield 

	

	
	

SUR 2018    14



	 	

  

10 30 60 90 100
0

500

1000

1500

2000

2500

3000

3500

4000

Percent cell density

R
e
la

ti
v
e
 D

E
N

R
 m

R
N

A
 l
e
v
e
l

Results. RT-qPCR results show efficient knockdown of eIF2D mRNA  with shRNAs 1-5. Western blot analysis reveal no significant 

changes of eIF2D protein level between different shRNAs. Moreover, differences between protein levels are not so strong as the 

differences between mRNA expression levels after shRNA-mediated knockdown. Conceivably, these results may reflect high stability of 

eIF2D protein. Moreover, real-time bioluminescence recordings from eIF2D shRNAs vs. WT NIH3T3 cells indicate that eIF2D 

knockdown leads to period shortening, especially for shRNAs 1, 2 and 3. RT-qPCR analysis also reveal that eIF2D knockdown with 

shRNAs 3 and 4 downregulates DENR mRNA expression However, this results can be obtained due to difference in cell numbers taken 

for RT-qPCR.  

Investigating the role of eIF2D in the 
circadian clock and in uORF re-initiation

Margarita Artyukhova, Nikolay Milev, Violeta Castelo Szekely, David Gatfield 
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Figure 1| Experiment overview. 
(a) Outline of the roles of MCT-1 / 

DENR complex and eIF2D in 

translation re-initiation. (b) 

Experimental schematic for the 

generation of eIF2D-deficient NIH3T3 

cells using shRNAs and validation of 

knockdown efficiency in transduced 

cells. 

 

Figure 2 | RNAi silence eIF2D in 
NIH 3T3 cells. qRT-PCR (a) was 

performed for eIF2D-defficient 

NIH3T3 cells after 9 days post-

transduction.  Results normalized on 

cyclo. Immunoblot analysis (c) with 

eIF2D, DENR and U2AF65 control 

primary antibodies and quantification 

(b) of protein levels in NIH 3T3 cells 

expressing shRNA-based RNAi (5 

shRNAs and SCR control))..

Figure 3 | eIF2D knockdown 
affects circadian clock. Before 
recording NIH3T3 cells were 
treated with dexamethasone for 25 
minutes, then it was removed and 
lumicycle medium was added. 
Bioluminescence signal was 
recorded from 5 shRNA and 3 
controls (eIF2D SCR, DENR sh2 
and WT NIH3T3 cell).
 

Figure 4 | Coordination of DENR 
expression in eIF2D-defficient 
NIH3T3 cells. (a) RT-qPCR analysis 

of DENR mRNA expression in eIF2D 

knockdown 3T3 cells. (b) RT-qPCR 

analysis of DENR mRNA expression 

in WT 3T3 cell of different densities. 

All results  are normalized on cyclo.
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 In vivo studies have identified the heterodimeric MCT-1/DENR 

complex as essential re-initiation factor for certain uORF-containing 

mRNAs. The protein eIF2D is homologous to the MCT-1/DENR 

heterodimer, and also plays a role in the re-initiation of certain 

mRNAs. However, whether MCT-1/DENR and eIF2D have redundant 

functions on the same set of transcripts, or if they have distinct targets, 

is not known.
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Upstream open reading frames (uORF) are major gene expression 

regulatory elements. Genome-wide bioinformatics analysis revealed 

that more than 45% of mammalian mRNAs contain at least one uORF, 

and ribosome profiling showed that many of them are frequently 

translated.  After the uORF has been translated, ribosomes can re-

initiate translation on the same mRNA. Such re-initiation, controls the 

translation of many mammalian cellular mRNAs.  
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In humans, noncoding DNA makes up ~98% of the 
genome. It was recently shown that around 58% of 
transcribed regions in humans encode long non-
coding RNAs (Lyer et. al, 2015). Despite that, these 
molecules remain very poorly understood. Research 
in our lab aims to understand the molecular 
mechanisms of long intergenic non-coding RNAs 
(lincRNAs) function and the contribution of this 
functions in health and disease. We have previously 
shown that a large fraction of lincRNAs in mouse 
embryonic stem cells (mESCs) regulates the 
expression of their targets in a miRNA-dependent 
manner (Tan et. al, 2015). Previous analyses in the 
lab have shown that the levels of mRNAs and 
lincRNAs are differently regulated by miRNAs. While, 
and as expected, the steady state abundance of 
mRNAs increases following induction of miRNA loss 
through the knockout of Dicer gene, the steady state 
abundance of lincRNAs remain in great part 
unchanged. Analysis of degradation rates revealed 
that lincRNA half-live is less impacted than mRNAs in 
response to miRNA loss. This data suggests that 
miRNA-lincRNA interactions are not governed by the 
same dynamics as miRNA-mRNA interactions. 
	
MiRNA dependent regulation of target abundance 
occurs frequently co-translationally. One difference 
between lincRNAs and mRNAs is that lincRNAs are 
not as stably associated with translating polysomes, 
so perhaps the lack of stable lincRNA-polysome 
interactions is the facet which permits the lincRNAs 
to interact differently with miRNAs than mRNAs. We 
are testing this hypothesis for 4 lincRNA candidates 
that are highly expressed, have binding sites for 
highly abundant mESC miRNAs, and show minimal 
changes in steady state abundance and degradation 
rate following miRNA loss. We will clone each of 
these candidates downstream a functional ORF (GFP) 
and a non-functional ORF (inverted GFP) and test in 
mESCs whether association with translating 
ribosomes impacts the ability of miRNAs to regulate 
candidate expression. For this we will co-transfect 
these constructs with miRNA mimics and investigate 
impact on steady state abundance and RNA half-life. 

During my internship I have obtained the constructs 
to test one of these candidates.  I have also tested 
that, as expected, constructs expressing the 
functional GFP ORF fluoresce while those expressing 
the non-functional GFP (inverted GFP) don’t.  The 
next step is to test differences in polysome 
association between the two constructs. In 
preparation for the work in cells we have designed 
qPCR primers to quantify the expression of both 
constructs, tested the efficiency of this qPCR primers 
and identified 2 pairs that have similarly high 
performance. The next steps are to test the 
efficiency of transfection, the expression level and 
the cytoplasmic export efficiency of the two different 
constructs. After completion of this controls we will 
co-transfect the constructs with miRNA mimics to 
assess the impact of these in construct expression 
and half-live. 
	
Also during the internship, I have worked on another 
project. Our lab has shown in the past that a large 
fraction of lincRNAs arises from the transcription of 
enhancers and that splicing of these transcripts 
modulates the enhancer function (Tan et. al, 2018). 
As the lab has been characterizing lincMOP, a multi-
exonic enhancer related lincRNA that can modulate 
pluripotency, we decided to delete splice donor 
acceptor sites within lincMoP and assess the impact 
of these changes in this lincRNA function. Until now, 
we could successfully clone gRNA targeting these 
two regions in lincMoP. We have validated the 
efficency of cutting using High Resolution Melting 
analysis and are currently in the process of of 
generating engineered mESCs. In the future, the 
survival and phenotype of these cells will be 
analyzed 

UNDERSTANDING lincRNAs: Assessing the impact of miRNA on lincRNA 
levels 
 
Ruth Barros De Paula, Adriano Biasini, Ana Claudia Marques 
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UNDERSTANDING lincRNAs:
Assessing the impact of miRNA on lincRNA levels

● We cloned GFP and invGFP into an expression vector;

● We cloned 1 of the 4 candidates downstream of GFP and invGFP;

● We verified that invGFP is non fluorescent and likely is a non-functional ORF;

● Designed and tested primers for qPCR analysis.

Introduction

Methods

Results

In humans, noncoding DNA makes up ~98% of the genome, and around 58% of transcribed 
regions in humans encode long non-coding RNAs. Despite that, these molecules remain 
poorly understood. Our lab investigates roles of long intergenic non-coding RNAs 
(lincRNAs), which are noncoding RNAs, longer than 200 nucleotides and are transcribed 
from regions that do not overlap protein coding genes.

A subset of lincRNAs have been shown to have miRNA-dependent regulatory roles in 
mESCs (1), but it remains unknown what are their underlying mechanisms. Work from our 
lab revealed that upon loss of miRNAs, through Dicer knockout, the levels of mRNAs 
increased, while levels of lincRNAs remained unchanged. It happens because miRNAs can 
impact the degradation rates of mRNAs but not that of lincRNAs (data not published).

Conclusion
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Hypothesis and goal: Their lack of a functional open reading frame (ORF) and stable 
polysome association, which is recognized by miRNAs associated to miRISC complex (2), is 
the reason for the different behaviour of lincRNAs upon Dicer knockout. To test this 
hypothesis, we assessed the effect of fusing a functional and non-functional ORFs to the 
miRNA-dependent degradation rates of lincRNAs.

How to do it: Construct plasmids with a functional ORF (GFP) and a non-functional ORF 
(inverted GFP - invGFP) attached to some lincRNA candidates.

Other activities - CRISPR knockout of lincMOP splice sites

Figure 1. miRNA levels after Dicer 
knockout induction.

Figure 2. Impact of miRNA loss on 
lincRNAs and mRNAs (inducible 
system).

 A    B   C    D   E       F Figure 3. Linearization
of pcDNA3.1 with GFP 
and invGFP 
(~6150bp), using 
restriction enzymes. A) 
1kb ladder; B) GFP
dig.; C) GFP no dig.; 
D) invGFP dig.; E)
invGFP no dig.; F) 
100bp ladder.

Figure 4. Amplification 
of lincRNA candidates 
1, 2 and 3 from cDNA. 
A) 1kb ladder; B)
cand. 1 (~2.800bp); C)
cand. 1 neg. ctrl; D)
cand. 2 (~3.600bp); E)
cand. 2 neg. ctrl; F)
cand. 3 (~1.500bp); G)
cand. 3 neg. ctrl.

 A    B   C    D   E    F G

Figure 5. Fluorescence analysis of GFP and invGFP in pcDNA 
3.1. A) pcDNA3.1 + GFP; B) pcDNA3.1 + invGFP; C) pBSU6 
(positive control); D) pcDNA3.1 empty (negative control).

Our lab has shown that a large 
fraction of lincRNAs arise from the 
transcription of enhancers 
(elincRNAs) and that splicing of 
some of them can modulate the 
enhancer function (3). As the lab 
has been characterizing lincMOP, 
an elincRNA that can modulate 
embryonic stem cells pluripotency, 
we decided to construct gRNAs 
(4) to delete the splice donor and
acceptor sites of lincMOP to see if
splicing gene are important for the
pluripotency modulation.

Figure 7. Normalized melting curves analysis of isolated gRNA cutting. In dark blue: gRNA2; In red: 
mock for gRNA2; In green: gRNA3;  In light blue: gRNA4; In purple: mock for gRNA3 and 4.

Figure 6. Standard curve analysis of primers to amplify GFP 
and invGFP constructs.

Efficiency

GFP mix1 92.55%

GFP mix2 87.51%

invGFP mix1 91.04%

invGFP mix2 98.35%

To allow comparison 
between expression 
from GFP and invGFP 
constructs in 
transfected cells, 
qPCR primers must 
have similar efficiency. 
We designed primers 
and determined the 
efficiencies for GFP 
and invGFP. 

Contact:
ruthbpaula@gmail.com

● Brief description of methods:
1) Anneal gRNA single stranded to generate gRNA double

stranded and phosphorylate;
2) In parallel, digest CRISPR vector (pX458) and

de-phosphorylate;
3) Ligate gRNA + vector;
4) Transform and select positive clones;
5) Transfect in E14 cells and obtain DNA;
6) Check for cutting using efficiency High Resolution

Melting analysis.

● High Resolution Melting (HRM) analysis:
After the PCR, the amplicons are heated to unwind double

stranded gDNA, the dye deattached and the fluorescence 
changed. A shift in melting curves indicates a difference in the 
sequences, and, in this case, deletion.

Part 1 Part 2

Amplifications 
and digestions of
GFP, invGFP and 
candidates

Restriction enzyme 
cloning reactions

Transfection of 
constructs and 
miRNA mimics
- E14 cells

Data analysis

RNA extractions
and PCR

Perspectives

1) Test relative co-transfection efficency of GFP and invGFP;

2) Test cytoplasmic export of GFP and invGFP;

3) Investigate the association of invGFP with translating ribosomes;

4) Cotransfect the constructs with miRNA mimics to assess the impact of these in
expression and half-live.
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Frizzleds (FZDs) are a family of G-protein coupled 
receptors (GPCRs) with 7 transmembrane domains 
that serve crucial roles in both developing and adult 
organisms, including the regulation of cell polarity, 
proliferation and differentiation. FZDs are activated 
by Wnts, lipid modified glycoproteins, which bind to 
the extracellular cysteine-rich domain of FZDs. The 
downstream canonical Wnt/FZD pathway is 
dysregulated in a number of diseases, including 
cancer.  
 
In particular, FZD7, one of the 10 known FZD 
receptors, is overexpressed in triple-negative breast 
cancer which does not display current drug targets 
and causes half of all breast cancer related deaths 
(Blagodatski et al., 2014). To combat this, multiple 
amino acids of the FZD7 receptor were mutated to 
characterize the site of Wnt binding and develop 
anti-cancer theraputics. It was observed that certain 
mutations, including the E310A/D311A double 
mutation, decrease the quantity of monomeric FZD7 
present at the cell membrane and display a 
molecular weight shift relative to the WT receptor on 
Western blot. This suggests that a post-translational 
modification, which is present in the WT and absent 
in these mutants, is important for receptor 
maturation and membrane localization. Thus, the 
goals of this study are to identify which amino acid 
is the site of the post-translational modification that 
directs FZD7 to the membrane and what type of 
modification is actually occurring. 
 
Based on mass spectrometry data which has 
narrowed down the location of the modification to the 
first extracellular loop of FZD7, site directed 
mutagenesis was used to introduce the E310A and 
D311A mutations to GFP-FZD7. Fluorescence 
microscopy indicates that the E310A mutation does 
not affect membrane localization of GFP-FZD7, while 
the D311A mutation significantly reduces the 
membrane quantity of the receptor.  

Likewise, GFP-FZD7 D311A is shifted relative to the 
WT and also present in reduced quantity on the 
membrane in Western blot. Together with previous 
results, this suggests that D311 is the potential site 
of the FZD7 post-translational modification 
necessary for membrane localization.  
 
In parallel, a recombinant bacmid containing GFP-
FZD7 or a selected mutant type and the Baculovirus 
viral genome has been cloned. Transfection of SF9 
cells, followed by virion production and infection of 
High5 cells produced the proteins in large quantities. 
Providing the expressed proteins show the same 
pattern when analysed by Western blot, they will be 
purified using GFP-nanobodies and analyzed by LC-
MS. 
 
With new insight into the mechanism of FZD7 
localization to the membrane, the next steps will 
involve determining the type of post-translational 
modification that is occuring. Understanding the 
maturation and transport of FZD7 and ultimately 
other FZDs will, in the future, allow for the 
development of anti-cancer drugs targeting the Wnt 
pathway. 

Analysis of Frizzled-7 Post-translational Modifications Understanding 
Frizzled GPCRs for Future Drug Development 
 
Mihai Dumbrava, Holly Shaw, Vladimir Katanaev 
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• Frizzleds (FZDs) are a family of GPCRs with 7 transmembrane 
domains involved in regulating fundamental aspects of 
differentiation and proliferation

• FZDs are activated by Wnts, lipid modified glycoproteins, 
which bind to the extracellular cysteine-rich domain of FZDs

• The downstream canonical Wnt/FZD pathway is dysregulated 
in a number of diseases, including cancer

• In particular, FZD7, one of the 10 known FZD receptors, is 
overexpressed in triple-negative breast cancer which lacks the 
expression of current drug targets (Blagodatski et al., 2014)

• The downregulation of FZD7 impairs tumor growth in vitro and
in vivo (Yang et al., Oncogene 2011)

• Understanding FZD7 will allow for the development of new 
Wnt-pathway inhibitors specifically targeting the FZD receptor

INTRODUCTION

Johan Merçay 2015

HISTORY OF THE PROJECT

FZD7 mutants were created to identify important 
residues for Wnt binding

A molecular weight shift was observed between the 
WT and certain FZD7 mutants which could be due 
to the absence of a post-translational modification

Western Blot showed a reduced quantity of these 
mutants at the membrane suggesting that the 
modification is important for the localization of the 
receptor to the membrane

Previous mass spectrometry data suggests that the 
first extracellular loop of FZD7 is the site of 
modification

Site-directed mutagenesis indicates that either 
E310 or D311 could be modified

OBJECTIVES
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Analysis of Frizzled-7 
Post-translational Modifications

Understanding Frizzled GPRCs for Future Drug Development

RESULTS

& METHODS

Which amino acid is the site of the post-
translational modification that directs FZD7 

to the membrane? 

What type of post-translational modification 
directs FZD7 to the membrane?
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• Fluorescence microscopy indicates that the E310A mutation does not affect 
membrane localization of FZD7, while the D311A mutation significantly 
reduces the membrane quantity of the receptor

• FZD7 D311A is shifted relative to the WT and also present in reduced 
quantity on the membrane in Western blot

• Together with previous results, this suggests that D311 is a potential site of 
the FZD7 post-translational modification necessary for membrane 
localization

• Testing all of the post-translational modifications that are known to be 
possible for aspartic acid on FZD7 (including N-linked glycosylation, 
phosphorylation and hydroxylation)

• Verifying that untagged FZD7 produces the same results as GFP-FZD7
• Focusing on the large scale production of FZD7 and its mutants to 

compare the proteins by LC-MS

Figure 1. Live cell staining of
HeLa cells expressing the
different GFP-FZD7 mutants.
GFP-FZD7 WT showed both
membrane and golgi localization,
while the double mutation
prevented the receptor from
reaching the membrane. Of the
single mutants, the E310A
mutation did not affect GFP-
FZD7 membrane localization,
while the D311A mutation
reduced the amount of receptor
at the membrane.

Ant
ibio

tic
R

GFP FZD7 WT

Figure 2. Western Blot of
Monomeric WT and FZD7
mutants. The total cell lysates
and membrane components
are indicated for both HEK293T
and HeLa cells. In both cases,
the double mutant and GFP-
FZD7 D311A have reduced
membrane components. The
E311A mutation does not impair
FZD7 membrane localization
and resembles the WT.

Cloning of Recombinant Bacmid
Selection of Recombinant Bacmid
Transfection of Sf9 cells and collection of Viral particles 
Baculoviral Infection of HighFive cells and protein production
GFP FZD7 protein purification
Mass Spectrometry Analysis 

Baculoviral Protein Purification Progress

FZD7 WT FZD7 MT

PNGase- + - +

I would like to thank Professor Vladimir Katanaev, Holly Shaw and all of the members of the Katanaev
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Professor Richard Benton and Laurence Fluckiger for making this research opportunity possible.
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Bugnon - CHUV Campus 

We study the roles that local protein homeostasis 
and actin remodeling play in regulating synaptic 
plasticity, brain circuits and behavior, with a focus 
on understanding how dysfunctions in these 
processes lead to neurodevelopmental disorders.

A feature of a large number of brain disorders, 
including developmental and neurodegenerative 
diseases, is malfunctioning synapses and synaptic 
connections and hence the term “synaptopathies” 
for these disorders. Our lab has long been 
interested in understanding how synaptic protein 
synthesis and the associated actin remodeling that 
reshape synapses are regulated, with particular 
emphasis on how this occurs in development. A 
number of neurodevelopmental disorders such as 
the Autism Spectrum Disorders and intellectual 
disability are synaptopathies and there is increasing 
evidence that these disorders show dysregulated 
protein synthesis

Unfortunately, we are not able to present this report due to confidentiality 
issues related to unpublished data 

Yuening Li, Alexandros Kanellopoulos, Vittoria Mariano, Tilmann Achsel, 
Claudia Bagni 
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The human body is constantly exposed to 
microorganisms present in the environment. Most of 
the pathogens that succeed in crossing the epithelial 
barrier are efficiently removed by the innate immune 
system to prevent infections. An essential step of 
innate defense is the interaction between Pattern 
Recognition Receptors (PRRs) such as Toll Like 
Receptors (TLRs) present on immune cells, and 
Pathogen Associated Molecular Patterns (PAMPs) 
such as Ꞵ-glucan, present in microorganisms. PAMPs 
are microbial components with essential 
physiological functions. TLRs comprise a family of 
type I transmembrane receptors, which are 
characterized by an extracellular leucine-rich repeat 
(LRR) domain and an intracellular Toll/IL-1 receptor 
(TIR) domain. Dectin-1 is a C-type lectin receptor 
that recognize β-glucan carbohydrates 
complements. Due to PAMPs-PRRs interaction innate 
immune cells release cytokines like IL-1ꞵ, TNF and 
IL-12. 
	
We aim to understand how ꞵ-glucan induces innate 
immune response in vivo. 
	
Mice receive at day -7 and -3 either PBS (n=4) or 
zymosan (n=4). At day 0 liver and spleen were 
collected and RNA was extracted, using RNeasy kit 
by QIAGEN, and precipitated afterwards. Copy-DNA 
was produced using QuantiTect Reverse 
Transcription kit by QIAGEN and qPCR was 
performed in all samples measuring cytokines and 
PRRs. The expression of each target gene was 
normalized to the housekeeping gene (Actin) as 
follows: Cttarget - Ctactin. 
	
Results showed increased liver and splenic 
expression of TNF and IL-12 in ꞵ-glucan stimulated 
samples compared to the control. In addition, an 
increase in dectin-1 expression after ꞵ-glucan 
stimulation was observed in liver but not spleen. 
TLR2 expression was reduced after stimulation in 
liver, but not in spleen. The expression of the other 
cytokines and immune receptors analyzed did not 
significantly vary before and after stimulation. 
	

Once PRRs are activated, TNF and IL-12 are 
released. Cytokines can travel throughout the body 
to activate physiological responses. TNF acts in acute 
inflammatory phase and IL-12 can stimulate both 
innate and adaptive immune effectors, that could be 
beneficial for long term immunity. An increase of 
dectin-1 expression after ꞵ-glucan stimulation is well 
documented in literature, as dectin-1 is the main 
receptor for ꞵ-glucan. Dectin-1 reduction in 
stimulated spleen samples may be due to lower 
expression on splenic dendritic cells. Additionally, 
TLR2 depletion on liver samples may be attributable 
to a negative regulatory feedback linked to the use 
of zymosan preparation as a ꞵ-glucan source. 
Indeed, zymosan preparation may contain small 
amounts of other immunostimulatory components 
residual from the extraction process. More studies 
will have to be conducted to prove this theory. 
	
We can conclude that the treatment with ꞵ-glucan 
may enhances the innate immune system activity by 
increasing inflammatory cytokines such as TNF and 
IL-12. ꞵ-glucan does not impact on IL-1β production. 
TLR2 reduction in the liver treated samples may be 
due to a negative feedback. 
	
To better understand how β-glucan protects against 
infection we will perform expression analysis on 
organs from infected mice using pure ꞵ-glucans, as 
zymosan is a cell wall preparation of yeast that 
contains components that might stimulate TLR2. 

The role of β-glucan in the innate immune system response 
 
Laura Limonta Lopez, Charlotte Théroude, Eleonora Ciarlo, Thierry Roger 
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Methods

-7

-3

0

2

Day -7
Mice (n = 4) 
received PBS or  
zymosan.

Day -3
Second treatment

Day 0
• Collection of liver

and spleen
• RNA extraction 
• RNA precipitation

Day 2
qPCR assessing 
expression of cytokines 
and PRRs. 
Target genes 
normalized to Actin 
expression (Cttarget –
Ctactin)

PRRs: Pattern recognition 
receptors
(Toll like receptors and dectin-1)

PAMPs: Pathogen Associated Molecular Patterns (β-glucan)
Produced by microbes, where they perform essential functions

Interaction between PAMPs and PRRs
induces innate inmune response

We aim to understand how β-glucan stimulates
innate immune response

ResultsIntroduction

Aim

The role of β-glucan in the innate immune system response
Laura Limonta Lopez 1,2, Charlotte Théroude 1, Eleonora Ciarlo 1 and Thierry Roger 1
1 Infectious Diseases Service, University Hospital of Lausanne and University of Lausanne

2 Medical Science University of Havana
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Conclusions and discussion
• β-glucan enhances the innate immune system activity by

increasing inflammatory cytokines such as TNF and IL-12,
but it does not impact on IL-1β production.

• The higher values of IL-12 observed in the β-glucan
treated samples, compared to the control, may indicate a
long term effect on the immune system.

• The reduction of the mRNA levels of TLR2 in the liver
after treatment may be due to a negative feedback.

• Expression analysis of inflammatory and regulatory
mediators before and after β-glucan stimulation should be
tested also in infection models.
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Background 
The release of neurotransmitters from synaptic 
vesicles enables neuronal communication. Special 
proteins, known as SNARE (Soluble N-
ethylmaleimide-sensitive-factor attachment protein 
receptor) proteins and SM (Sec1/Munc18-like) 
proteins interact to carry out the fusion of the 
synaptic vesicles to presynaptic membrane. SNARE 
(Soluble N-ethylmaleimide-sensitive-factor 
attachment protein receptor) complex formation is 
achieved by the interaction of SNARE proteins of the 
presynaptic membrane, syntaxin-1 and SNAP25, 
with the SNARE protein of the presynaptic vesicle, 
synaptobrevin. This event is the driving force for the 
fusion of the 2 membranes and the release of the 
neurotransmitters. Munc18, a protein of the SM 
family, is known to inhibit the formation of a SNARE 
complex in-vitro by interacting with syntaxin 
whereas in-vivo, absence of Munc18 is lethal. The 
exact function of Munc18 in synaptic vesicle fusion 
remains, therefore, unclear.  
The focus of this project was on Trichoplax 
adhaerens, the only representative of the placozoa 
phylum. It is a round, transparent, flat 2.5nm wide 
and 1nm long animal. TrAd lacks neuronal cells, 
however, possess homologs of neuronal specific 
isoforms of SNARE proteins. The role of these 
proteins in this animal is unknown. The interactions 
of these proteins were studied to find similarity of 
interactions, if any, of the neuronal proteins found in 
other animal phyla. 
	
Method  
In a heterologous expression system, E.coli BL21 
was transformed with pET28a vectors carrying the 
coding sequence of the proteins of interest (TrAd 
syntaxin1.1, SNAP25, syntaxin1.2, and Munc18). 
Selection of the transformed colonies was achieved 
by Kanamycin, as pET28a vectors carry the 
Kanamycin resistance gene. Induction of the 
expression was achieved by the use of IPTG. Munc18 
was expressed overnight in TB (Terrific Broth) 
instead of LB (Lysogeny broth) to improve the 
expression yield. Later, protein purification was 
carried out with ni-affinity and ion-exchange 
chromatography techniques.  

Samples from the eluted fractions were loaded on 
SDS polyacrylamide gels and electrophoresed. 
Results of the purification were evaluated after 
coomassie staining of the gels. Purification of 
syntaxin1.2 was achieved with the use of urea during 
protein elution in affinity chromatography, as the 
protein initially remained bound to the Ni-beads.  
Once all proteins were purified two types of 
interaction tests were performed. Firstly, equimolar 
amounts of proteins were mixed and incubated at RT 
to enable complex formation (7min for 
munc18/syntaxin mixture, 40min for SNARE 
complex). Mixtures were loaded on SDS PAGE and 
native (non-denaturating) gels and observed after 
staining with coomassie. Secondly, a tryptophan 
excitation investigation was performed. As in most 
animals munc18 and syntaxin form a complex in 
such a conformation that Trp of Munc18 comes 
closer to a Phe of syntaxin to give a rise in intensity 
of fluorescence as compared to intensity of 
fluorescence of munc18 alone (FRET phenomenon) 
investigation was done to see if a similar interaction 
between syntaxin and munc18 was present in 
Trichoplax aswell. 
	
Results and Inference 
It was observed that a complex is indeed formed 
among syntaxin1.1, SNAP25, synaptobrevin (SNARE 
Complex 1.1) and among syntaxin1.2, SNAP25, 
synaptobrevin (SNARE Complex 1.2) on native gels. 
Munc18 showed interaction with both syntaxins. No 
SDS resistant complexes were seen. Tryptophan 
fluorescence emission of munc18 was the same in 
presence and absence of either of the syntaxins 
indicating that both syntaxins failed to interact in a 
conformation that enabled munc18 Trp to come 
close to syntaxin Phe to show a FRET phenomenon. 
This indicates that TrAd munc18 and TrAd syntaxins 
do not interact in a similar fashion as seen in 
members of other animal phyla. 
The role of neuronal proteins in T. adhaerens can be 
further investigated by performing 
immunohistochemistry on the animal. For this, the 
proteins (SNAP 25, Syntaxin 1.2) were sent for 
antibody production. 

Study of SNARE proteins of Trichoplax adhaerens 
 
Akansha Mehta, Ioanna Stefani, Dirk Fasshauer 
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 Results : 1) Protein Purification

 Study of SNARE proteins of Trichoplax adhaerens
Akansha Mehta, Ioanna Stefani, Dirk Fasshauer

Sri Venkateswara College,    University of Delhi

Introduction
➢ Release of neurotransmitters from synaptic vesicles enable neuronal communication. 
➢ SNARE (Soluble N-ethylmaleimide-sensitive-factor attachment protein receptor) complex formation is achieved by the 

interaction of SNARE proteins of the presynaptic membrane, syntaxin-1 and SNAP25, with the SNARE protein of the 
presynaptic vesicle, synaptobrevin. This event is the driving force for the fusion of the 2 membranes and the release of the 
neurotransmitters. 

➢ In-vitro, Munc18 (a non-SNARE protein) interacts with syntaxin and inhibits SNARE complex formation whereas in-vivo  
the complete absence of Munc18 is lethal.
             2.5nm

1nm

Trichoplax adhaerens
➢ Transparent, flat, round, small sized animals 
➢ The only members of placozoa phylum. 
➢ Lack neuronal cells and nervous system in general. 
➢ Its genome codes for homologs of neuronal specific SNARE proteins.

Aim : To express and purify neuronal proteins of Trichoplax adhaerens and to study their interactions

Reinhard Jahn & Dirk Fasshauer, Molecular machines 
governing exocytosis of synaptic vesicles

Fig: 
Synaptic vesicle 
fusion in the nerve 
terminal
exocytosis of 
synaptic vesicles

Protein- Protein interaction investigation

Methods

Transformation of 
E. coli BL21 
Transformation using 
plasmid vector pET28 
already carrying the 
coding sequence for the 
TrAd synaptic proteins. 

Expression and 
Purification
- Induction of protein 
expression using IPTG.
- Purification with affinity 
chromatography and ion 
exchange chromatography.

Study of protein-protein interactions
1. Using SDS PAGE and Native (Non-denaturating) gels: Equimolar amounts of proteins were 

mixed and incubated at RT to enable complex formation (7min for Munc18/Syntaxin mixture, 
40min for SNARE complex). Mixtures were loaded on gels and observed after staining with 
Coomassie. 

2. Tryptophan fluorescence

Excitation at 295nm of 200nM 
Munc18 in phosphate buffer to 
measure emission at 300-450nm 

200nM Syntaxin1.1/ 200nM 
syntaxin1.2 added and excited 
at 295nm to measure emission 
at 300-450nm.

Compare peaks 
between munc18 and 
munc18+syntaxins 
mixture

Conclusion 
Proteins were successfully purified and an appreciable amount of proteins were obtained to use for protein interaction tests. Interaction tests indicated that on native gels 
complexes formed among syntaxin1.1, SNAP25, synaptobrevin and among syntaxin1.2, SNAP25, synaptobrevin when mixed in equimolar amounts. No SDS resistant 
complexes were seen. No rise in peak was observed in tryptophan fluorescence in both cases (syx1.1+M18 and Syx1.2+M18) indicating that TrAd munc18 and TrAd 
syntaxins do not interact  in a similar fashion as seen in members of other animal phyla.

Future direction
The role of neuronal proteins in T. adhaerens can be 
further investigated by performing immunohistochemistry 
on the animal. For this, the proteins (SNAP 25, Syntaxin 
1.2) were sent for antibody production. 

How To Improve?
➢ Expression of syntaxin 1.2 can be carried out by reducing the amount of IPTG and with overnight growth 

of the bacteria in TB to reduce the amount of inclusion bodies. Purification can be with the use of urea 
during elution of protein in affinity chromatography since the protein tends to remain bound to the 
Ni-beads. 

➢ Ion-exchange chromatography can be followed by size-exclusion chromatography to obtain further 
purified proteins.

 2) Interaction Tests

Reference
➢ Reinhard Jahn & Dirk Fasshauer, 11th oct 2012,  Molecular machines governing exocytosis of synaptic vesicles, Vol 490, Nature, 201-207 
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Duchenne Muscular Dystrophy (DMD) is a lethal X-
linked disorder characterized by progressive muscle 
degeneration and loss of function. Due to the lack of 
effective curative treatments, current palliative care, 
including the use of anti-inflammatory drugs and 
corticosteroids, can prolong the life expectancy of 
DMD patients to about 30 years. Caused by various 
types of mutations in the dystrophin gene, the 
disease primarily affects males and in some rare 
cases, females. Dystrophin plays an essential role in 
a protein complex that serves as a physical link 
between the cytoskeleton of muscle fiber and the 
surrounding extracellular matrix. Dystrophin 
supports muscle fiber strength and deficiency in this 
protein results in muscle fiber degeneration, 
inflammation,  necrosis, and progressive 
replacement of muscle with scar and fat tissue. 
 
Previous studies in the lab have investigated the 
autologous cell therapy approach using the PiggyBac 
transposon for full-length dystrophin expression in 
mesoangioblasts (MABs) of dystrophic mouse model. 
Mesoangioblasts are multipotent progenitor cells 
associated with blood vessels that can differentiate 
into mesenchymal tissues such as adipocytes, 
chondrocytes, osteocytes, and skeletal muscle cells. 
Differentiation lineage of MABs appears to be 
influenced by the activation of different signaling 
pathways. The advantages of MABs that make them 
ideal candidate for gene therapy are their ability to 
be harvested and cultured in vitro, and to maintain 
differentiation potential. They can also migrate 
across blood vessel walls, thus enabling systemic 
distribution and migration to regenerate damaged 
muscle tissues. MABs were transfected with 
transposable vectors carrying full-length dystrophin 
coding sequence and transplanted into dystrophic 
mice. The therapeutic potential of this approach was 
proven in previous research papers as restoration of 
dystrophin expression and and amelioration of DMD 
phenotype in dystrophic mice treated with MABs 
were observed. However, a problem with MABs is 
that a portion of MABs differentiates into other non-
myogenic lineage post-transplantation. 
 

To tackle the drawback of MABs presented in 
previous studies, the aim of this project is to 
determine effective cytokine treatments that 
activate pro-myogenic signaling pathways pre-
transplantation and enhance myogenic 
differentiation of MABs, hence, increase their 
regenerative efficiency. Furthermore, we want to 
assess if these treatments can also prevent 
differentiation of MABs into non-myogenic lineage 
such as adipogenic and osteogenic cells.  
 
MAB cells were treated with 5 treatments A – E, with 
A being the control treatment,  and cultured in 
myogenic, adipogenic, and osteogenic differentiation 
medium. Morphology of the cells was visualized 
using microscopy for myogenic differentiation, Oil 
Red O Staining for adipogenic differentiation, and 
Von Kossa Staining for osteogenic differentiation. 
MAB-derived cells were harvested and their RNAs 
were extracted. Complementary DNAs were then 
synthesized from the RNAs. qPCR were performed on 
32 genes for MAB-derived muscle cells and on 
AdipoQ adipogenic gene for adipogenic cells to 
quantify the relative mRNA expression in MABs 
treated with treatments B - E compared to the 
control treatment A. 
 
Microscopic observation shows that the 
characterized myogenic medium successfully 
induces differentiation of mesoangioblasts into 
myofibers. Our qPCR data suggest that treatments 
C, and D seem to enhance myogenic differentiation. 
Treatments C, D,  and E appear to effectively reduce 
adipogenic differentiation while all four treatments B 
- E significantly reduces osteogenic differentiation. 
The next step of this project is to perform qPCR on a 
few osteogenic genes for MAB-derived osteogenic 
cells to accurately quantify the relative mRNA 
expression in treated MABs compared to the control 
treatment. 

Modulation of Mesoangioblast Activity in Gene Therapy for Duchenne 
Muscular Dystrophy 
 
Uyen Pham, Lionel Mavoungou, Nicolas Mermod 
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Conclusion

Uyen Pham1, Lionel Mavoungou2, Nicolas Mermod2

1. Department of Biochemistry, Grand Valley State University, USA
2. Biotechnology Institute, Université de Lausanne, Switzerland

Aims of Study
▪   Identify effective cytokine treatments that can activate myogenic signaling 

pathways to enhance myogenic differentiation pre-transplantation.

▪   Assess if these treatments can also have an effect on non-myogenic 

differentiation such as adipogenic or osteogenic differentiation.

Modulation of Mesoangioblast Activity in Gene 
Therapy for Duchenne Muscular Dystrophy

Method
▪ MAB cells were treated with 5 treatments A – E and cultured in myogenic, 

adipogenic, and osteogenic differentiation medium.

▪ Morphology of cells was visualized using microscopy for myogenic 

differentiation, Oil Red O Staining for adipogenic differentiation, and Von 

Kossa Staining for osteogenic differentiation.

▪ Differentiated cells were harvested and their RNAs were extracted. 

Complementary DNAs were synthesized from the RNAs.

▪ qPCR were performed on 32 genes for MAB-derived muscle cells and 1 gene 

for adipogenic cells to quantify the level of gene expression in these cells.

Osteogenic DifferentiationE

Myogenic Differentiation

A

B

C

D

E

Figure 5 – qPCR data of relative mRNA expression of 32 myogenic genes in 
mesoangioblasts treated with 4 treatment B, C, D, and E compared to the control 
treatment A after 2 days

Figure 6 – qPCR data of relative mRNA expression of 32 myogenic genes in 
mesoangioblasts treated with 4 treatment B, C, D, and E compared to the control 
treatment A after 7 days

Figure 4 – Microscopy analysis 
of the control and treated 
mesoangioblast morphology in 
myogenic medium 

▪ Myogenic medium promotes mesoangioblast differentiation into myofibers.

▪ Some treatments such as C, D appear to be more efficient in promoting myogenic differentiation.

Adipogenic Differentiation

A B C

D

Figure 2 – Morphological analysis of the control and treated mesoangioblast in adipogenic 
medium using Oil Red O Staining

Introduction
Duchene Muscular Dystrophy – an X-linked inherited disorder of progressive muscle degeneration and loss of function 

caused by mutation in dystrophin gene. Dystrophin deficiency gradually impairs the regeneration of muscle.

Mesoangioblasts (MABs) in Gene Therapy  – Vessel-associated multipotent cells that can differentiate into adipocytes, 

chondrocytes, osteocytes, skeletal and smooth muscle cell

▪ Easily harvested from blood vessel in fat tissues of DMD patients, cultured in vitro, and maintain differentiation potential

▪   MABs transfected with functional dystrophin gene can bring dystrophin into the muscle skeletal muscle in animal models 

     of muscular dystrophy

▪   Can migrate from blood vessel to muscles after intravenous/arterial injection

▪   Problem: A portion of MABs differentiate into other non-myogenic lineage

 

Figure 1 – DMD statistics

Figure from What is DMD?. Little Hercules Foundation.

Figure 3 – qPCR 
data of relative 
mRNA expression 
of the AdipoQ 
adipogenic gene in 
mesoangioblasts 
treated with 4 
treatment B, C, D, 
and E compared to 
the control treatment 
A after 7 days. 

▪ Treatments C, D, and E seem to be more efficient in preventing 
adipogenic differentiation.

E

E

A B C

D

Figure 2 – Morphological 
analysis of the control and 
treated mesoangioblasts in 
osteogenic medium using 
Von Kossa Staining

▪ All four treatments B - E seem to prevent osteogenic differentiation.

▪ Overall, treatments C and D seem to enhance myogenic differentiation. The characterized myogenic medium successfully induces differentiation of mesoangioblasts into myofibers.

▪ Treatments C, D, and E more effectively reduce adipogenic differentiation while all four treatments B - E significantly reduces osteogenic differentiation.

E
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Current understanding of many auto-inflammatory 
disease mechanisms is limited due to barriers in 
modeling the human inflammation pathway in vitro. 
Modeling inflammation in a human cell line requires 
activating the inflammasome, a large, multi-subunit 
complex found in the monocytes of all vertebrates. 
To serve as a model system, a cell line must both 
express all inflammasome activation proteins and be 
durable enough to withstand the required 
biochemical and genetic testing. Monocytic cell lines 
previously tested for this, such as THP1, have failed 
to meet one or both of these criteria. Continuing the 
search for a competent model cell line is vital as such 
a cell line would allow research into the least-
understood aspects of these diseases and certain 
cancers, and assist in identifying novel therapeutic 
targets.  
 
One promising cell line yet to be tested for this is the 
human monocytic lymphoma cell line U937. Thus, 
this project first aimed to examine U937’s robustness 
as a model for inflammation. If successful, the 
second aim was then to use this cell line to 
investigate the role of one known inflammasome 
protein, ASC, and three possibly involved proteins, 
NEK7, TXNIP, and SUGT1.  
 
In testing the U937 cell line’s ability to express 
inflammasome-activation proteins, wild-type U937 
cells were primed, treated with inflammasome 
activators, and lysed. Proteins were collected from 
the cell extract and the supernatant for analysis by 
western blot. RNA was collected from the cell extract 
for analysis by qPCR. U937 cell durability was 
assessed via the use of a CRISPR lentivirus system 
to generate cells knockout for ASC, NEK7, TXNIP, 
and SUGT1.  

Resulting cell lines were examined for the presence 
of the target protein by western blot. Based on the 
results of this experiment, testing for protein 
expression in the same manner as in wild-type U937 
cells proceeded only with U937 Cr ASC KO and U937 
Cr NEK7 KO.  
 
The U937 cells tested in this study exhibited 
predicted expression of all tested inflammasome 
activation proteins, and each of the four knockout 
cell lines survived CRISPR genetic modification. 
When the U937 Cr ASC KO and U937 Cr NEK7 KO 
cell lines were primed and activated, U937 Cr ASC 
KO exhibited decreased inflammasome activity and 
U937 Cr NEK7 KO did not exhibit any relative 
reduction or upregulation of inflammasome 
activation proteins.  
 
The results of this study indicate that the U937 cell 
line - by expressing necessary proteins and surviving 
genetic modification – is a viable model for human 
inflammasome activation. While further 
characterization of inflammasome activation in the 
U937 cell line will further elucidate its advantages 
and limitations, these promising preliminary results 
suggest that the U937 cell line will be valuable in the 
study of auto-inflammatory diseases and cancers. 

Exploring inflammasome activation in the U937 cell line 
 
Abigail Reinhart, Katerina Theodoropoulou, Léa Zaffalon, Fabio Martinon 
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The modern era of antibiotics started with 
the discovery of penicillin by Alexander 
Fleming in 1928. Since then, antibiotics 
have transformed modern medicine. 
Antibiotics have not only saved countless 
lives, they have also played a pivotal role 
in achieving major advances in medicine 
and surgery, and helped to extend life 
expectancy by changing the outcome of 
bacterial infections. Unfortunately, the 
overuse and misuse of antibiotics have 
taken us to an era where resistant bacteria 
have been found for nearly all antibiotics 
that have been developed. 
 
Although several mathematical models in 
antibiotic resistance research have been 
built, thus far they have ignored the host-
associated microbes and their dynamics 
with pathogenic populations. Here we 
developed a mathematical model to 
elucidate the mechanisms underlying 
antibiotics effects on both pathogen and 
commensal populations of bacteria, as well 
as to describe the dynamics of these 
populations upon treatment.  

Specifically, we compared the effects 
exerted by time-dependent and 
concentration-dependent antibiotics.  
 
Our model indicates that these dynamics 
play a central role in the outcome of a 
treatment and therefore are a key aspect 
in the rational design of antibiotic 
treatments. Ultimately, our simulations 
were able to capture several aspects held 
by conventional wisdom used in the clinic, 
as well as to challenge some of its most 
common paradigms. 
 

Designing antibiotic treatments based on microbiota composition to 
reduce resistance 
 
Afra Salazar, Sara Mitri 
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Designing antibiotic treatments based on microbiota 
composition to reduce resistance 
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INTRODUCTION

The modern era of antibiotics started with the discovery of penicillin by Alexander Fleming in 
1928 (1). Since then, antibiotics have transformed modern medicine. Antibiotics have not only 
saved countless lives, they have also played a pivotal role in achieving major advances in 
medicine and surgery, and helped to extend life expectancy by changing the outcome of 
bacterial infections. 


Unfortunately, the overuse and misuse of antibiotics have taken us to an era where resistant 
bacteria have been found for nearly all antibiotics that have been developed (2). Mathematical 
modeling approaches have become increasingly abundant in antibiotic resistance research, 
helping us to redefine our understanding of the processes and mechanisms that underlie its 
development and spread (3). Nevertheless, most of these models ignore the presence of the 
host microbiota, failing to properly describe the dynamics of the microbial ecosystem upon 
infection and antibiotic therapy, and hence failing to design optimal antibiotic treatments that 
can be applied readily in the clinic.


Here, we developed a mathematical model to elucidate the mechanisms underlying 
antibiotics effects on both pathogen and commensal populations of bacteria, as well as to 
describe the dynamics of these populations upon treatment. Specifically, we compared the 
effects exerted by time-dependent and concentration-dependent antibiotics. Based on these 
results, our model provided new insights to the design of rational drug treatment protocols.  

METHODS

Antibiotic/Drug

Pathogen Commensal

RESULTS

1. Fleming, A. (1929). On the antibacterial action of cultures of a penicillium, with special reference to their use in 
the isolation of B. influenzae. British journal of experimental pathology.


2. Ventola, C. L. (2015). The antibiotic resistance crisis: part 1: causes and threats. Pharmacy and Therapeutics.


3. Austin, D. J., & Anderson, R. M. (1999). Studies of antibiotic resistance within the patient, hospitals and the 
community using simple mathematical models. Philosophical Transactions of the Royal Society of London B: 
Biological Sciences.

CONCLUSIONS

REFERENCES

Thus far mathematical models in antibiotic resistance have ignored the host-associated 
microbes and their dynamics with pathogenic populations. Our model indicates that these 
dynamics play a central role in the outcome of a treatment and therefore are a key aspect in 
the rational design of antibiotic treatments. Ultimately, our simulations were able to capture 
several aspects held by conventional wisdom used in the clinic, as well as to challenge some 
of its most common paradigms. 


In the future, we will extend our model in order to be able to translate its results from the 
individual-patient level to the population level, as well as to study more complex scenarios.

dβi

dt
= (ri ⋅ Er(D) ⋅ Ui(S) − Ek(D) − δ) ⋅ βi

dS
dt

= δ(S0 − S) −
N

∑
i= 1

Ui(S) ⋅ βi

γi

dD
dt

= αA − eD

dA
dt

= − αA

Ui(S) =
Vmaxi

⋅ S
Kmi + S

Eki
(D) =

Emaxi
⋅ DH

ECH
50i

+ DH

Eri
(D) = 1 −

Imaxi
⋅ DH

ICH
50i

+ DH

Case scenario Which type of antibiotic should I use? How should I use it?

Low drug elimination rate Time-dependent antibiotics
 In small doses and 
continuous infusion

Low maximum killing rate Time-dependent antibiotics Higher doses and 
continuous infusion

Rapidly-growing pathogens There is no difference between time- and 
concentration-dependent antibiotics

Highly resistant pathogens 
and susceptible commensals

Concentration-dependent antibiotics High doses, few pulses 

Successful Failed S1 Failed S2 Failed S3

Fig 1. The fate of bacterial populations upon treatment. (A) Given an infection (left), we defined four possible 
results of a treatment (right). Success is only achieved if the pathogen is completely eradicated and the 
commensal population is able to survive. For the failed outcomes, S1 is obtained when both populations are 
dead; S2 when only the pathogen population survives and S3 when both of them survive. (B) An example of a 
single experiment with Failed S3 as a treatment outcome.
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Time-dependent antibiotic outcomes

Concentration-dependent antibiotic outcomes

Outcome 
Successful 
Failed S1 
Failed S2 
Failed S3

0.2     0.3       0.4   0.5      0.6       0.7   0.8

Outcome 
Successful 
Failed S1 
Failed S2 
Failed S3

Fig 2. Comparing time-dependent versus concentration-dependent drugs. Top: outcomes of treatments 
using a concentration-dependent drug. Bottom: outcomes of treatments using a time-dependent drug. Along the 
x axis, different values of commensal growth are shown. The y axis, the number of pulses (i.e. the number of 
times a new dose of antibiotic is introduced to the system) is shown. Here, pathogen growth = 0.52. IC50 
(resistance) of pathogen = 0.35, IC50 of commensal = 0.45. All other parameters are equal for both populations.

Where βi is a vector cointaining both bacterial populations, ri is the replication rate of βi,  Er(D) is the function describing the
fractional inhibition of growth rate dependent of drug concentration, D .  Ui(S) is the resource uptake function. Ek(D) is the
function that describes the killing effects of D, δ is the dilution rate. H is the Hill-coefficient, S the substrate concentration
 and γi the cellular yield. α and e describe the absortion and elimination drug rates, respectively. Finally, Vmax and Kmi are the
maximum uptake rate and saturation constant of βi .

Table 1. Summary of the main patterns found by our model. 
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Melanin is the main pigment involved in bird 
coloration and its production is controlled by multiple 
melanogenic genes. Due to their major role in the 
regulation of pigmentation, but also in 
physiological/behavioral-related traits such as stress 
response, aggressiveness and metabolic 
homeostasis, these genes are perfect candidates to 
study adaptive genetic diversity. However, a detailed 
investigation of the contribution of these genes to 
the production of melanin has been lacking in an 
evolutionary context; specifically, these genes may 
evolve under natural selection in relation to 
melanism or other phenotypic changes. 
	
The main goal of this project is to test whether 
selection is involved in the evolution of several 
melanogenic genes in birds. Eight melanogenic 
genes were sampled in 50 bird species. Python 
scripts were written to extract the coding sequences 
of all candidate genes from the nucleotide database 
of NCBI. After being filtered, the sequences were 
aligned and cleaned using TranslatorX. Sites evolving 
under positive selection were identified across the 
bird evolutionary history (site models) and on 
specific branches of the bird tree (branch-site 
models) using CodeML implemented in PAML. 
Likelihood ratio tests (LRT) of positive selection were 
carried out comparing models M7 (neutral) with M8 
(selection) (site models) and comparing null and 
alternative models (branch-site models). Likelihood 
ratio test statistics were compared to the χ2 
distribution. Sites under positive selection were 
determined through the Bayes Empirical Bayes 
(BEB). The input species tree used to run CodeML 
was obtained from BirdTree.org. All these tests were 
performed independently for each melanogenic 
gene. 
	

We detected several sites with footprints of positive 
selection in several melanogenic genes with 
primordial effects on melanin pathway, including 
PCSK1, PCKS2, ASIP, TYRP1, and TYR. All positively 
selected sites in these genes are located in important 
regions of molecules and consequently may play a 
major role in the evolution of color evolution. As 
example, the positively selected sites found in the 
tyrosinase gene (TYR), exhibit an exceptional high 
diversity comparing to the surrounding sites, and are 
located in conserved regions with a major role in the 
molecule structure. Based on the branch-site 
models, only one positively selected site was 
detected (the branch of the Passeriformes), which is 
located in the central domain of tyrosinase with a 
role in the catalytic activity of the protein. To 
conclude, we provided first insights that selection 
drives the evolution of melanogenic genes. However, 
the effect of the selection at the phenotypic level is 
not clear yet and therefore further investigation is 
necessary in the future in order to link the genotype 
with phenotype. 
 

Evolution of the avian melanogenic genes 
 
Ananporn Supataragul, Arnaud Gaigher, Nicolas Salamin  
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Evolution of the avian melanogenic genes

Introduction

Gene Significant 
posi�ve selec�on Significant sites

POMC 8 -
PCSK1 9 119
PCSK2 9 343 
MC1R 8 -
ASIP 9 21, 77
AGRP 8 -
TYRP1 9 5, 13, 18, 19, 20, 202

TYR 9 110, 157

Results
Table 1: Summary of posi�ve selec�on in eight 
melanogenic genesSpeices tree obtained from BirdTree.org showing 50 bird species. Bird pictures from HBW 

Alive 4. Amino acids alignment of TYR gene showing the three sites involving under posi�ve 
selec�on (Table 2). Each color represents different amino acids. The star indicates 
branch-site test (see Table 2)

Conclusion
We detected several sites with footprints of posi�ve selec�on in several melanogenic genes (Table 1), par�cularly in the ty-
rosinase (Table 2), which regulates the early stages of the melanin pathway.  The posi�vely selected sites found in the TYR 
gene exhibit high diversity comparing to the surrounding sites (Fig. 1), and are located in regions with major role in the 
molecule structure (Fig. 2). To conclude, we provided first insights that selec�on drives the evolu�on of melanogenic 
genes. However, the effect of the selec�on at the phenotypic level is not clear yet and therefore further inves�ga�on is 
necessary in the future in order to link the genotype with phenotype.

Likelihood ra�o test (LRT) compute from the log likelihood value (lnL) of 
each model. P-value under Chi-square for LRT at df = 2 between M7-M8 
and df = 1 for branch-site model. Show only significant sites with probability 
> 95%. Site model: comparison between  M7 (beta) and M8 (beta& ω) 
models.  Branch-site model: Compare alterna�ve with null model tes�ng 
on Passeriformes groups (branch labeled with star in Fig 1).

110 157 298

Central domain of 
Tyrosinase

Calcium-binding 
EGF-like domain 

1 529 AA

1. National Center for Biotechnology Information (NCBI), (https://www.ncbi.nlm.nih.gov/)
2. Abascal F, Zardoya R, Telford MJ (2010) TranslatorX: multiple alignment of nucleotide sequences guided by amino acid translations. Nucleic Acids Res. 38:W7-13.
3.Yang, Z. 2007. PAML 4: a program package for phylogenetic analysis by maximum likelihood. Molecular Biology and Evolution 24: 1586-1591 
4. del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.) (2018). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona. (retrieved from http://www.hbw.com/ on [23/08/2018]).
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Melanin is the main pigment involved in bird colora�on. Its produc�on is controlled by mul�ple melanogenic genes, but the detailed role played by 
these genes in melanin produc�on is unknown from an evolu�onary perspec�ve.

Aim: The main goal of this project is to test whether selec�on is involved in the evolu�on of several melanogenic genes in birds.

Methods: Eight melanogenic genes (Table 1) were sampled in 50 bird species (Fig. 1). Python scripts were wri�en to extract the coding sequences 
of all candidate genes from the nucleo�de database of NCBI1. A�er being filtered, the sequences were aligned and cleaned using TranslatorX2. Sites 
under posi�ve selec�on were iden�fied across the bird evolu�onary history (site models) and on specific branches of the bird tree (branch-site 
models) using CodeML3. These analyses allow the iden�fica�on of codon sites that underwent adap�ve evolu�on. 

In the present poster, a par�cular focus is set on the tyrosinase gene (TYR) because it plays a crucial role in the early steps of melanin produc�on.

Table 2: Test of selec�on results from CodeML for TYR gene

Figure 1: Phylogene�c tree and amino acid alignment of TYR gene

Figure 2: Domain struture of the tyrosinase protein

Model lnL LRT 
sta�s�c P-value Posi�vely 

selected sites

Si
te

 M7 -14111.024
M8 -14092.067 37.914 0.000 110, 157

Br
an

ch
-s

ite
 Null -14153.285

Alterna�ve -14149.921 6.729 0.009 298

Tinamiformes Nothoprocta perdicaria

Struthioniformes Struthio camelus
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Apterygiformes
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Galliformes
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Caprimulgiformes Caprimulgus carolinensis
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Domain features of tyrosinase protein in chicken from NCBI1 database.
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Introduction 
The olfactory system of Drosophila melanogaster is a 
striking example of how a developmental program can 
determine neuron receptor specificity through precise 
transcriptional regulation. Each olfactory sensory 
neuron (OSN) expresses only one out of a large 
repertoire of olfactory receptors in a spatially and 
functionally stereotyped manner. A particularly 
interesting family of receptors is the Ir75a/b/c cluster, 
which despite having its genes very closely located in 
the genome, is expressed in exclusively different 
neuron subpopulations. In previous work from the lab, 
a transgenic RNAi screen was performed to identify 
transcription factors involved in Ir75 subfamily 
receptor expression. Interestingly, knockdown of 
Eip93F (E93), a transcription factor induced by the 
steroidal hormone Ecdysone, leads to complete 
absence of Ir75a and Ir75b expression, with a 
corresponding drastic increase in the number of Ir75c 
neurons. To understand whether ecdysone signaling is 
important to determine Ir75a/b/c expression, we 
extended the RNAi screen to many different ecdysone 
related molecules. 
	
Objective 
Investigate the role of ecdysone in IR75a/b/c receptor 
expression in the antenna of D. melanogaster. 
	
Methods 
Late (peb-Gal4, UAS-Dicer) and constitutive (w-
;Bl/CyO; ey-FLP, Act>>Gal4/Tm6B) driver lines were 
mated with transgenic RNAi lines obtained from 
Bloomington Drosophila Stock Center (TRiP Lines) and 
Vienna Drosophila Resource Center (KK and GD lines). 
Crosses were maintained at 25°C, and F1 was moved 
to 27°C to increase knockdown (KD) efficiency after 3-
6 days. Antenna were collected and whole-mount 
immunohistochemistry was performed against IR75a, 
b and c. Around 5 antennae were imaged for each 
cross and blind counting was performed. 
	
Results 
Interestingly, 62% of the crosses with Late driver line 
presented F1 larval or mid pupa lethality, which for the 
most part was not reverted by decreasing KD 

efficiency by lowering the temperature to 25°C or 
19°C. Because of the high rate of F1 lethality with 
these crosses, we decided to extend analyzes with the 
constitutive driver line, which is expressed from a very 
early stage specifically in the eye-antenna imaginal 
discs and maintained throughout development. 
Constitutive driver crosses had a smaller but 
unexpectedly high rate of lethality (39%) and 27% 
presented eye and/or antenna morphology 
phenotypes. 
Interestingly, late driver KD of most ecdysone related 
genes did not lead to expression defects for IR75a/b/c. 
Exceptions are CG34354, which presented less Ir75a 
neurons and loss of Ir75b and c expression; Hr3 with 
less IR75a and slightly more IR75c neurons; and pnt 
with slightly higher number of IR75b neurons. 
The majority of constitutive driver KDs also did not 
alter Ir75a/b/c number, but we observed some 
interesting phenotypes. svp KD led to neuron 
duplication with an increase in Ir75a/b/c neurons in a 
doublet pattern, however this effect is probably 
upstream and independent from ecdysone. Imp KD led 
to an increase of Ir75b and decrease in Ir75a/c 
neurons. Syp KD also increased Ir75b and decreased 
Ir75c expression, but this was only observed in the 
VDRC GD line. EcR and Br KDs presented lower Ir75b/c 
neuron number but had very high variability in neuron 
number. 
	
Conclusion 
No clear connection between Ecdysone signaling and 
Ir75a/b/c receptor expression regulation was observed 
in the antenna. Interestingly, this could mean E93 acts 
independently from ecdysone signaling in the 
regulation of antennal Ir75a/b/c expression. Very little 
is known about the role of these molecules in the 
antenna, so it’s possible there might be differences 
between the canonical ecdysone pathway described in 
other tissues. A confirmatory experiment and the use 
of other RNAi lines are still needed. Nonetheless, these 
results contribute to the understanding of IR75a/b/c 
expression regulation and shed light in the complex 
transcriptional control of antennal olfactory receptors 

Investigating the role of ecdysone in the transcriptional regulation of 
Ir75 subfamily in Drosophila olfactory system 
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Introduction and Background Late Driver ResultsMethods

Objective

Constitutive Driver Results

E93 knock down leads to a dramatic 
IR75c increase and loss of IR75a/b

neuron expression

Conclusions

• Each olfactory neuron expresses only one out

of a large repertoire of olfactory receptors

• How do neurons acquire their unique identity?

• IR75a/b/c cluster as a model to understand

precise expression of olfactory receptors

Adapted from Johnston 2002
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Schematic simplified model of 
Ecdysone Signalling pathway

Representative images from Late Driver control 
and E93 KD Antenna stained for IR75a/b/c. 

Genetic map of the IR75a/b/c gene cluster
Representative images of control antenna
stained for IR75a/b/c

• E93 could act independently from ecdysone in

Drosophila antenna.

• Few molecules identified to be important for the

regulation of Ir75 subfamily.
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Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder worldwide. The classic 
motor symptoms of PD include tremor, rigidity, 
bradykinesia, and postural instability. Non-motor 
symptoms include apathy, depression, anxiety, and 
dementia. Clinically, PD is assessed using the Unified 
Parkinson’s Disease Rating Scale (UPDRS), a scoring 
system that measures many of the symptoms 
discussed above to determine disease progression 
and severity. In this project, we sought to correlate 
some of the clinical observations taken using the 
UPDRS scoring system with underlying brain 
anatomy changes quantified using neuroimaging. 
With this approach, we hoped to gain a better 
understanding of the neural alterations underpinning 
disease progression. 
 
MRI and clinical data from 32 PD patients and 72 
healthy controls were previously collected by the lab. 
Using this data, I compared a variety of parameters 
to identify clinically relevant correlations. For 
example, it is known that PD patients generally 
present with either tremor-dominance or akinesia-
dominance, and it is thought that akinesia-dominant 
patients progress faster, with more severe PD. To 
test this hypothesis, I compared the UPDRS scores 
of the two subgroups. The results were generally 
insignificant except for the tremor score, which was, 
predictably, increased in the tremor-dominant 
population. In a similar vein, the literature has 
demonstrated considerable sex differences in PD, a 
feature consistent with our own findings. My analysis 
demonstrated that males derived increased benefit 
from dopaminergic treatment as a function of 
increasing symptom severity whereas females 
derived the same benefit from treatment irrespective 
of severity. 
 

In order to compare these findings with changes in 
brain tissue properties, MRI images from the PD 
patients and healthy controls were analyzed. The 
neuroimaging characteristics include iron, myelin, 
free water, and volume. These features were used to 
compare patient subgroups such as left- vs right-
dominant, tremor- vs akinesia-dominant and male 
vs female. Unfortunately, most of the analyses 
returned negative results and did not confirm the 
previously identified clinical results. This may be due 
to a small sample size resulting in reduced statistical 
power. Additionally, the conducted analysis sought 
to identify discrete locations of the brain where 
tissue properties were altered. Other approaches, 
such as looking for structural covariance between 
different regions of the brain may have resulted in 
more significant results as it looks for changes in 
overall networks, rather than isolated structures. 
 
Nonetheless, we were able to show that PD patients 
display an increase in iron in the substantia nigra as 
compared to healthy controls, confirming previously 
reported literature findings. Moving forward, the 
clinical results obtained can be further substantiated 
by repeating the neuroimaging analysis with a larger 
sample size, or by conducting covariance analyses.   

Exploring MRI as a biomarker to support clinical obersvation 
 
Arunachal Trivedi, Bogdan Draganski 
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Introduction

• Parkinson’s disease (PD) is the second most common neurodegenerative 
condition globally, impacting approximately 1% of individuals over the age of 
65

• Prominent symptoms

• A variety of clinical observations have improved our understanding of this 
complex disease

• In addition to these clinical observations, certain areas of the brain have been 
implicated in the pathological circuit

Motor
• Tremor
• Rigidity
• Postural 

instability
• Bradykinesia

Non-motor
• Dementia
• Depression
• Apathy
• Anxiety

• UPDRS

Sex Differences
• Males develop PD 

more often and earlier
• Females dopaminergic 

neurons are more 
protected

Laterality
• Parkinson’s generally 

predominates on 
one side of the body 
in each patient

Symptom Dominance
• Parkinson’s generally 

presents as either 
tremor- or akinesia-
dominant

Substantia Nigra
• Source of vital 

dopaminergic neurons 
regulating movement

Thalamus
• Relay point to convey 

and control signaling to 
cortical structures

Subthalamic nucleus
• Critical relay point, used 

in deep brain 
stimulation

Aims

Most PD patients are not assessed using MRI. Therefore, we sought to support 
clinical observations with neuroimaging data to show underlying tissue changes. 

The Unified Parkinson’s 
Disease Rating Scale allows 
clinicians to use a 
standardized scale to 
measure both motor and 
non-motor symptoms

Methods

• Pre-existing Data

• Clinical Analysis
• A Jupyter notebook running the Python programming language was used 

to analyze data and establish correlations
• Examples include:

• MRI Analysis
• MRI images were automatically segmented into tissue types (grey vs white, 

etc) and warped to match a standardized brain using statistical parametric 
mapping (SPM) in Matlab

• Various tissue properties (iron, myelin, free water, volume) were compared 
as a function of the desired comparison (sex, symptom dominance, etc.) 
using voxel based morphometry (VBM)

• In VBM, each voxel (3D pixel) of a brain image contains a value denoting a 
specific tissue property and, therefore, the same voxel can be compared 
across many images. 

• UPDRS scores (motor, non-motor)
• MOCA scores (cognition)
• Descriptive data (age, sex, etc.)
• MRI (19 of the patients received an MRI both on 

and off medication

32 PD Patients

• Descriptive data (age, sex, etc.)
• MRI

72 Healthy 
Controls

Symptom severity as a 
function of age and 
symptom dominance 
(tremor- vs akinesia-
dominant)

Benefit obtained 
through medication 
as a function of 
symptom severity 
and sex

Anxiety as a 
function of age 
and sex

Results

Gender Gender TremorBradykinesia
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Medication Benefit on Bradykinesia by Sex Medication Benefit on Tremor by Sex

• Tissue iron levels compared between controls and PD patients confirm 
prior findings that there is increased iron content in the substantia 
nigra in PD patients

Conclusion & Future Directions

• Clinical correlations revealed sex dependent medication effects
• Imaging data did not correlate with these findings but did confirm the 

increase in iron in the substantia nigra in PD patients
• Repeating the analysis with an increased sample size will provide much 

needed statistical power and may reveal more substantial results
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p-value=0.894 p-value=0.023p-value<0.001 p-value=0.718
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Abstract  
Amphioxus is a sister group to all other chordates, 
including vertebrates, and changed very little in 
anatomy since the origin of chordates. Thus it can be 
used as a model for the study of the ancestors of 
vertebrates. The species we will be focusing on in 
this project is Branchiostoma lanceolatum, the 
mediterranean amphioxus. Its phylum 
(cephalochordates) is a sister taxon to vertebrates & 
urochordates. According to the 2R hypothesis, two 
rounds of whole-genome duplications affected the 
vertebrate lineage. Their genome is thus more 
complex. Also, the extent of duplications in 
vertebrates is widely studied. So from our side, we 
want instead to study the duplications that affected 
the cephalochordates lineage after the divergence 
with vertebrates. 
	
Practical aims: 
1. Find & count the duplications in amphioxus 
genome 
2. Validate the duplicates  
a. on different assemblies (Illumina and PacBio) and 
species,  
b. See if they’re the same duplicated in the 
vertebrates after whole genome duplication or 
vertebrate specific small scale duplications 
3.   Check the function of the duplicated genes (using 
Gene Ontology terms), and differences in expression 
(RNAseq) of the 2 copies. 
	
Methods: 
Proteins sequence from annotation of the host lab's 
PacBio assembly were retrieved by translation of 
transcript sequences (Python Seq obj.translate()). 
All the proteins with stop codon within the sequence 
were discarded. We investigated the paralog genes 
using orthology software OMA v.2.2.0, run for 
comparison with other vertebrate species for which 
we have good annotation (Zebrafish - Danio rerio, 
Medaka - Oryzias latipes, Gar - Lepisosteus oculatus, 
Chicken - Gallus gallus, Human - Homo sapiens, 
Mouse - Mus musculus, Anole lizard - Anolis 
carolinensis, Coelacanth - Latimeria chalumnae, 
Tetraodon - Tetraodon nigroviridis, Opossum - 
Monodelphis domestica).  

To get clade-specific paralogs, we parsed the OMA 
output with PyHam, section "Vertical Comparison" 
(“tutorial_pyHam_get_started”). As a preliminary 
study, we only kept genes for which exactly 2 
duplicates were found. We used embryo RNA-seq 
data to compare expression of each of the 2 copies. 
Quantification was done with Kallisto and counts 
were processed at gene level (mean expression of 
correspondent transcript). Of each pair, the highest 
expressed duplicate was ranked 1st and the least 
expressed duplicate was ranked 2nd. Functional 
annotation was preliminarily inspected with Gene 
Ontology, taking advantage of the presence in HOG 
orthologs of species with high quality annotation 
(i.e., human). 
 
Results: 
From OMA analysis on predicted proteins, selecting 
comparison between amphioxus and the vertebrate 
lineage, we found 483 duplicated HOGs in PacBio 
assembly, of which 342 containing proteins 
duplicated exactly twice. Of those, 112 HOGs 
(~33%) contained duplicated proteins originating 
from different genes: they were taken as reference 
for calling gene duplicates. 
RNA-seq analysis of these duplicates revealed a 
differential expression of the 2 copies, the most 
highly expressed duplicate of each pair showed 
consistently higher expression along the three 
stages. We also observed higher average expression 
of even the lower expressed duplicated genes than 
of non-duplicated genes, suggesting functional 
importance of the duplicates.  
 
Conclusions: 
No difference in expression was found between 
stages, but this is probably due to high similarity 
between the stages sampled, all embryonic all body. 
Since duplicated genes are significantly more 
expressed than non-duplicated ones, they might 
have important functions. We also tested pipeline for 
finding paralogs in non-model species, which was 
never done before for Branchiostoma lanceolatum. 
To date, functional analysis of the copies (GO) and 
comparison with Illumina assembly is still in process. 

Study of amphioxus-specific gene-duplications 
 
Maria Volkova, Amina Echchiki, Marc Robinson-Rechavi 
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Why	amphioxus?	

Aims	

1.  Determine	duplicated	genes	in	the	amphioxus	genome	
2.  Compare	with	duplicated	genes	found	in	different	vertebrates	

genomes	
3.  Check	difference	in	expression	of	two	copies	
4.  Check	function	of	duplicates	

Method	

Branchiostoma	
lanceolatum	

Study	of	amphioxus-specific	gene-duplications	

Images	are	adapted	from:	Primates,	Chicken,	Lizard:	http://legacy.owensboro.kctcs.edu/gcaplan/bio/notes/animal-embryological-development.jpg;	Pig:	http://image.shutterstock.com/display_pic_with_logo/91190/91190,1311755487,2/stock-photo-history-of-development-of-animals-81723361.jpg;	Cow:	http://www.bovec.fr/uploads/actualite/g_454_LEWIS-DurhamLilaZ.jpg;	Platypus:	http://www.learnanimals.com/platypus/pictures/platypus-03-swimming.JPG;	Opossum:	http://upload.wikimedia.org/wikipedia/commons/thumb/3/31/Opossum_with_young.png;		
homology:	http://virtuallaboratory.colorado.edu/BioFunSupport/AllGraphics/TetrapodLimb.jpg	@bgeedb	

bgee.org	

Results	(1):	Number	of	duplicated	genes	

Conclusions	and	perspectives	

•  Since	duplicated	genes	are	more	expressed	than	non-
duplicated	ones,	they	are	probably	functionnally	important.	

•  Validated	pipeline	for	finding	paralogs	in	non-model	species.	
•  Comparison	with	Illumina	assembly	is	still	in	progress.		

Authors	 contribution:	 MV	 analyzed	 the	 data,	 AE	 and	MRR	 provided	 direct	 supervision	 and	
offered	conceptual	guidance.	Sequencing	was	performed	at	LGTF	(UNIL).	Computations	were	
performed	at	Vital-IT	 (SIB).	The	biological	material	was	provided	by	collaboration	with	CNRS	
(H.	Escriva,	FR).		
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Vesztrocy,	David	Dylus,	Tarcisio	M.	de	Farias,	et	al.	2018.	“The	OMA	Orthology	Database	in	
2018:	Retrieving	Evolutionary	Relationships	among	All	Domains	of	Life	through	Richer	Web	
and	Programmatic	Interfaces.”	Nucleic	Acids	Research	46	(D1):	D477–85.	
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Results	(3):	Differential	expression	between	stages	
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Urochordates	

Vertebrates	

Cephalochordates	

-  Vertebrate	lineage:	2	
whole-genome	
duplications	+	many	small	
scale	duplication.	

-  What	about	amphioxus	
(cephalochordates)?	

Genome 
Transcriptome 

OMA Standalone 
PyHam 

Kallisto 

Expression levels (TPMs) 

Gene Ontology 

Function 

Results	(2):	Function	of	duplicated	genes	

Genes:	53961	
Amphioxus	duplicates:	112	(0,2%)	Very	low	
Of	which	also	duplicated	in	human:	84	(75%	of	amphioxus	duplicates)			

5	most	common	functions:	
Cellular	component,	biological	process,	molecular	
function,	cell,	intracellular	

5	less	common	functions:	
Cell	motility,	chromosome	organization,	membrane	
organization,	protein-containing	complex	assembly,	
mitotic	nuclear	division	

GO	number	

№
 o

f t
im

es
 

•  No	difference	in	
expression	between	
stages	(not	shown).	

•  Assymetry	of	expression	
between	copies.	

•  Expression	of	both	
copies	is	higher	than	
expression	of	non-
duplicated	genes.	

The	most	common	GO	functions	are	most	general,	the	
less	common	are	more	specific.	

RNA-seq	
(3	embryonic	stages,	
2	replicates	each)	

PacBio assembly 

Whole Genome 
Duplication (2x) 

?
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Multiple sclerosis (MS) is an autoinflammatory 
disease of the central nervous system. The 
pathogenesis of multiple sclerosis involves 
demyelination and destruction of oligodendrocytes 
and axons by immune cells infiltrating the central 
nervous system (CNS) from the periphery. This leads 
to substantial defects in sensory and motor pathways 
as well as impairments in neurocognitive functions 
such as information processing speeds. MS has been 
associated with many genetic and environmental risk 
factors including viral infections. Direct damages in 
MS are believed to be partly caused by CD8+ T cells 
but the precise antigen responsible for triggering the 
detrimental inflammatory response is still not 
known. In fact, it is even unclear whether this 
antigen is that of a virus or belongs to the body 
(auto-antigen).  
	
Interestingly, clonal analysis of T-cell receptors 
found in the cerebrospinal fluid of multiple sclerosis 
patients has unveiled clonal expansion of CD8+ T-
cells, suggesting that CD8+ T cells may be targeting 
antigens in the central nervous system. The project 
aims to shed light on the identity of the antigen in 
question. 
	
The main limitations to studying the specificity of 
CD8+ T cells is the need for autologous target cells 
for full HLA compatibility, i.e. in the case of MS, CNS 
cells from a given patient. As it is impossible to 
obtain these cells from a living patient, our lab 
specialises in deriving these cells from induced-
pluripotent stem cells (iPSCs) derived from blood 
cells of MS patients. This method allows to generate 
unlimited quantities of autologous CNS cells from a 
given patient to investigate CD8+ T cells specificity. 
	

Our collaborators (Laplaud’s group) worked in 
parallel to generate mouse hybridoma cells that 
express human TCRs from CD8+ T cells whose clonal 
expansions have been identified in the cerebrospinal 
fluid (CSF) of multiple sclerosis patients. They 
generated 4 hybridoma clones from 2 MS patients 
and 1 hybridoma clone from a patient suffering from 
a non-inflammatory neurological disease (NIND) as 
a control. If the TCR cloned in the hybridoma 
recognizes its cognate antigen, then the hybridoma 
cell will secrete interleukin-2 (IL-2), which will be 
detected by Enzyme-linked immunosorbent assay 
(ELISA). In previous work, we already show that 
none of the hybridoma clones generated recognize 
antigens from astrocytes or neurons. 
	
Here, we aim at testing if these clones recognize viral 
antigens. First, we validated the system using a 
control hybridoma recognizing the ELAGIGILTV 
peptide from the Melan-A protein in an HLA-A2 
context. Second, we tested if the hybridoma clones 
from the patients recognize viral antigens by pulsing 
MHC-I expressing autologous cells with viral 
peptides that are candidate antigens in MS. The 
hybridomas were then co-cultured with the peptide-
presenting CNS cells. Our experiments have shown 
that there is no significant IL-2 secretion when any 
of the hybridoma clones were co-cultured with CNS 
cells presenting any of the peptides we tested. From 
this we can conclude that there is no specificity for 
the peptides we tested of the CD8+ T cells found in 
abundance in the CSF of MS patients. 

Interrogating T cell specificity against viral antigens in multiple 
sclerosis using an iPSC-derived CNS cell system 
 
Shuler Xu, Sylvain Perriot, Amandine Mathias, Mathieu Canales,  
David Laplaud, Renaud Du Pasquier 
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Aim

• Multiple sclerosis (MS) is an auto-inflammatory disease affecting over 2.5 million individuals 
worldwide.

• Mechanism: Auto-immune attack        Damage to oligodendrocytes        Loss of myelin in white 
matter tracts          axonal destruction and neuronal death          defects in motor, sensory and 
neuro-cognitive functions.

• Direct mechanisms of the CNS damages is still unknown
• Hypothesis:

• CD4+ T cell-mediated attack
• CD8+ T cell-mediated attack
• B cell-mediated attack

• Arguments in favour of a direct CD8 T cell attack:
-Clonal expansion and higher abundance in MS lesions
-Direct attack of CNS cells possible via MHC I molecules
-BUT unknown target (auto-antigen or viral antigen)

Interrogating T cell specificity against viral antigens in multiple 
sclerosis using an iPSC-derived CNS cell system

Shuler Xu1,2,3, Sylvain Perriot1, Amandine Mathias1, Mathieu Canales1, David Laplaud4, Renaud Du Pasquier 1,5

1 Laboratory of Neuro-immunology, Neuroscience research centre, Department of clinical neurosciences, CHUV, Lausanne, Switzerland
2 University of Bristol, United Kingdom  3 Imperial College London, United Kingdom

4 Centre de Recherche en Transplantation et Immunologie UMR1064, INSERM, Université de Nantes, Nantes, France
5 Service of neurology, Department of clinical neurosciences, CHUV, Lausanne, Switzerland

Background Methods

Results
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PBMC iPSC GPC

Blood 
from 
MS 
patient

Mouse T cell
hydridoma

Human TCR

Human CD8

Activation of GPC by 
IFN-γ

MHC-I

Pulse GPCs with 
peptides, which bind 
to the MHC-I

IL-2 detection 
using ELISA

CSF from 
same 
patient

TCR repertoire 
analysis and 
identify the Vβ
family of interest

TCR sequencing

Mouse 
Interleukin-2 
(IL-2)

Transfect the 
mouse hybridoma 
with human TCR 
and human CD8 
molecule

Autologous co-
culture of 
hybridoma with 
GPCs

If the peptide is the cognate 
antigen of the TCR, then the 
hybridoma will secrete mouse 
IL-2

Laplaud’s group

Origins of peptides tested:
• EBV (Epstein-Barr Virus)
• VZV (varicella zoster virus)
• Influenza
• CMV (Cytomegalovirus)
• JCV (John Cunningham virus)
• MOG (myelin oligodendrocyte 

glycoprotein)
• MOBP (Myelin oligodendrocyte 

basic protein).

Du Pasquier’s group

• Both positive control and negative control experiments worked as expected, 
thus validating the experimental model.

• No significant hybridoma IL-2 secretion in response to any of the peptides we 
tested. 

• There is no specificity between the most abundant CD8+ TCRs found in the 
CSF of the MS patient and the antigens we have tested.

Conclusions
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• The aim of this project is to shed light on this enigmatic antigen.
• We tested the specificity of highly expanded CD8+ T cells from the cerebrospinal fluid (CSF) of 

MS patients for a variety of candidate antigens.
• Previous work already highlighted the non-reactivity of these CD8+ T cells against astrocytes and 

neurons

Advantages of the method:
• Completely autologous system: full HLA compatibility
• Presentation of auto antigens from the CNS
• Unlimited number of cells otherwise impossible to obtain

Three hybridoma clones were derived from MS patient 1, one from MS 2 and one from a 
patient with Non-inflammatory neurological disease.

Negative 
ctrl

Clone 2

Clone 3

Clone 5

Clone 4

Clone 7

Clone 9

Figure 1. Hybridoma phenotyping
Hybridoma phenotyping was performed using
(Fluorescence-activated cell sorting) FACS.
All hybridoma clones display expression of mouse
CD3, human CD8 and their respective TCRs.

Clones 2, 3 and 4 are derived from MS 1
Clone 5 is derived from MS 2
Clone 7 is derived from a patient with NIND (Non-
inflammatory neurological disease).
Clone 9 is a control hybridoma recognizing the
ELAGIGILTV peptide from the MelanA protein, in
the context of HLA-A02:01

Figure 2. Validation of TCR activation in hybridoma cells
A) Anti-CD3 positive control:
Anti-CD3 antibody directly stimulates CD3 molecule and activate TCR
signalling. Here, the antibody successfully stimulate IL-2 secretion from
all hybridoma clones, demonstrating that the hybridoma clones are
functional.

B: MelanA positive control:
HC1, HC2 and MS2 all express HLA-I A02:01. Clone 9 recognizes these
cells pulsed with the ELAGIGILTV peptide (MelanA) but not unpulsed
cells (no antigen) or pulsed cells with a different HLA typing (MS1). This
results demonstrate that IL-2 secretion is TCR-dependant and validate
the system.
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Figure 3. Screening of viral peptides
For each hybridoma clone, MHC-I-expressing
GPCs from at least 2 donors were used, one of
which is autologous with the hybridoma.
GPCs were pulsed with viral peptides and
incubated with hybridoma clones. IL-2
concentration was measured in the
supernatant after overnight culture.
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In front of the reserved bike stand of 
Prof. Jaques Dubochet,  
Nobel Laureate in Chemistry 2017 
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The students at work!  
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