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Summer Undergraduate Research Programme
www.unil.ch/ecoledebiologie/sur
The third 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 9 to August 31, 2012.
This year’s SUR Programme hosted 19 outstanding undergraduate students 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, this was a life-changing experience.
For the Faculty of Biology and Medicine, the SUR programme brings highly
intelligent and 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. 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 longlasting 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: Felix Ihmof

2012 EPFL (grey/white) and UNIL (blue) Summer Programme students at the Welcome Day
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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.

Programme description
During 8 weeks in July and August, the SUR Programme hosts about 20 students
from around the world for an individual research experience. 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. 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. During the summer, students also participate in social
activities, including a hike in the Alps 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 a
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.
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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.

	
  

Picture : Alain Herzog

Why 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 eightweek duration, within a building of the FMEL association. This year
students were housed in “La Maison des Triaudes”, shown on the
map of Lausanne on page 10.

La Maison des Triaudes

View from Wegdan Abdel Moemin’s room

“La Maison des Triaudes” is near the 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
v Center for Integrative Genomics

UNIL Dorigny Campus

Richard Benton
Chemosensory circuit function and evolution
Paul Franken
Genetics and energetics of sleep homeostasis and circadian rhythms
Winship Herr
Molecular epigenetics
Liliane Michalik
Transcriptional control of tissue repair
Alexandre Reymond
Genome structure and expression
v Department of Biochemistry

UNIL Epalinges Campus

Gian-Paolo Dotto
Human epithelial stem cell signalling and carcinogenesis
Fabio Martinon
Endoplasmic reticulum stress
Pascal Schneider
Functional characterization of TNF family ligands
v Department of Fundamental Neurosciences

UNIL Bugnon Campus

Isabelle Décosterd
Molecular mechanisms of neuropathic pain
v Department of Ecology and Evolution

UNIL Dorigny Campus

Nicolas Salamin
Computational and molecular phylogenetics
Laurent Keller
Evolutionary genetics and ecology of social life
v Department of Fundamental Microbiology
Cornelia Reimmann
Metal uptake by pyochelin
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UNIL Dorigny Campus

v Department of Medical Genetics

UNIL Bugnon Campus

Roman Chrast
Molecular genetics of peripheral neuropathies
v Department of Clinical Neurosciences

CHUV Bugnon Campus

Renaud Du Pasquier
Divisions of Neurology and Immunology/Allergology
v Department of Physiology

UNIL Bugnon Campus

Luc Pellerin
Roles of monocarboxylate transporters in the CNS and beyond
v Department of Plant Molecular Biology
Uta Paszkowski
Molecular mechanisms underlying Arbuscular-Mycorrhiza symbiosis
v Institute of Biotechnology

EPFL Campus

Nicolas Mermod
Molecular biotechnology
v Institute of Microbiology

CHUV Bugnon Campus

Dominique Sanglard
Transcriptional regulation of drug resistance in pathogenic fungi
Amalio Telenti
HIV host genetics
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EPFL
Campus

Les
Triaudes

CHUV Bugnon
Campus

Lausanne train station

University of Lausanne SUR Programme Sites

UNIL Dorigny
Campus

UNIL Bugnon
Campus

UNIL Epalinges
Campus
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July 13

July 13

Week 1

Week 1

Friday

Friday

Monday

Sunday

July 9

Welcome 3

Monday

Rain date 15

July 9

Safety

Monday

Saturday

July 9

Welcome 2

Monday

Day

July 14

July 9

Welcome 1

Excursion

Date

Session

All day

5:30-7:00pm

Hiking

Welcome apéro

Introduction of research topics

Joint EPFL/UNIL Activity

Joint EPFL/UNIL Activity

Program participants

Program participants & advisors;
International Relations/SocioCultural Affairs

Welcome
Introduction to program, mentors, and
UNIL

11:30am12:30pm

2:00-5:00pm

M. Miguel Van Bemmelen

Program participants

Welcome
Student self-introductions
Café, croissants

Safety briefing

Program participants

Participants

Meet students at housing for trip to
Dorigny

Activity

10:15-11:15am

9:00-10:00am

8:30am

Time

Week 1: July 9th to July 15th, 2012

UNIL Summer Undergraduate Research (SUR) Programme 2012
Programme Events

BD/AEG

EPFL
Buidling SV

UNIL
RB/LF/MPC/
AEG/BD

WH/RB

Dorigny
Génopode
Auditoire A

Lac Taney

RB/WH/
LF/MPC

M. Van
Bemmelen

Dorigny
Château
Room 106
Dorigny
Château
Room 106

RB/WH/
LF/MPC

RB/LF

In charge

Dorigny
Château
Room 106

Triaudes

Location
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July 27

August 3

August 10

Week 3

Week 4

Week 5

August 24

August 29

August 30

August 30

Week 7

Week 7

Week 7

Week 8

Thursday

Thursday

Wed.

Friday

Friday

Thursday
Friday

Friday

Friday

Friday

Friday

Day

4:00-6:00pm

2:00-4:00pm

Late afternoon

4:00-5:30pm

4:00-5:30pm

6:30-10:00pm

4:00-5:30pm

4:00-5:30pm

4:00-5:30pm

3:00-5:00pm

Time

(posters up by 2pm)

Research symposium

Debriefing / UNIL graduate school

LSS Keynote speech and aperitif

Prof. Niko Geldner

Joint EPFL/UNIL Activity

Program participants

Joint EPFL/UNIL Activity

Program participants

Joint EPFL/UNIL Activity

Communicating results / Applying to
graduate school, general philosophy
Speaker

Joint EPFL/UNIL Activity

Program participants

Program participants

Program participants

Joint EPFL/UNIL Activity

Participants

BBQ

Prof. Andrea Superti-Furga

Speaker

Prof. Margot Thome

Speaker

Prof. Ioannis Xenarios

Speaker

Nele Gheldof, PhD (Nestlé), Marie Zbinden,
PhD (Biocartis), Muriel Stuber (Genohm),
Derek Barras, (VentureKick),Bart Deplancke
(EPFL)

Career Seminar

Activity

July 27th and 28th = Visit of Berne for the participants sponsored by “ThinkSwiss”

August 17

Week 6

Rain date 17

August 16

July 20

Week 2

Week 7

Date

Session

Weeks 2 - 8: July 16th to August 31st, 2012

Programme Events

UNIL Summer Undergraduate Research (SUR) Programme 2012

RB/WH

UNIL

BD, AEG

UNIL

UNIL

Dorigny
Génopode
Auditoire A
Dorigny
Biophore
Room 2107
EPFL
Building SV
Room TBD
Dorigny
Génopode
Room 4026
UNIL
Génopode
Hall

BD/AEG

WH/RB/LF

UNIL

CHUV
Building PMU
Room Paros
Dorigny
St Sulpice

UNIL

Epalinges
Building B
Room B301

UNIL

EPFL

EPFL
Buidling SV
Room 1717A
Dorigny
Génopode
Room 4026

In charge

Location

!le savoir vivant!

2012 SUR Programme Scholars
Name

Home Institution

Country

Host
Laboratory

ABDEL MOEMIN Wegdan

Kasr el Ainy Medical School

Egypt

Schneider

BARO!

Marko

University of Belgrade

Serbia

Keller

BENSLIMANE

Malak

University of Wisconsin at Madison

USA

Martinon

BODA

Akash

The University of Queensland

Australia

Michalik

CHAI

Tiancong

Tianjin University

China

Reimmann

HOFF

Chantal

Cornell University

USA

Salamin

HOGE

Sara

Carnegie Mellon University

USA

Chrast

HOH

Hong Huat

Jagiellonian University Medical College Poland

Dotto

KORZHOVA

Viktoria

St. Petersburg State University

Russia

Pellerin

LEUBA

Kohana

Brown University

USA

Sanglard

MITRA

Bhaskar

Velore Institute of Technology

India

Paszkowski

PURCELL

Charlotte

The George Washington University

USA

Décosterd

RICCIO

Cristian

University of Lausanne

Switzerland

Franken

RUUSTAL

Kerstin

Oxford University

UK

Du Pasquier

TO!I"

Jelena

University of Belgrade

Serbia

Herr

URBAN

Zuzanna

University of Gdansk

Poland

Mermod

VALVERDE

Jose

Instituto Tecnologico de Costa Rica

Costa Rica

Telenti

WANG

Yueying

Shaanxi Normal University

China

Benton

WHITLEY

Helen

University of Warwick

UK

Reymond
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Wegdan Rashad Abdel
Moemin

Kasr el Ainy Medical School,
Egypt
Host Laboratory:
Pascal Schneider
Department of Biochemistry
University of Lausanne

	
  
The production and characterization of BAFF 60-mer, a highly active form
of BAFF
Wegdan Rashad Abdel-Moemin, Laure Willen, Pascal Schneider
Introduction
B-cell activating factor of the TNF family (BAFF) is a
cytokine that plays an important role in the survival
of B cells. BAFF is a membrane bound protein that,
when cleaved, is released as a soluble trimeric
protein. These 3-mers have the ability to assemble
into a capsid-like structure formed of 20 3-mers
forming the BAFF 60-mer. BAFF 60-mer is a more
efficient ligand compared to other BAFF forms and it
binds to 3 receptors: BCMA, TACI and BAFFR.
However, the physiological role of BAFF 60-mer
versus 3-mer is unclear. None of the commercially
available BAFF is characterized with respect to 60mer formation so the aim of our experiment is to
produce a purified form of recombinant BAFF 60mer and to characterize its stability under several
conditions.
Methods
His-tagged huBAFF was expressed in bacteria and
purified by metal chelation chromatography and gel
permeation chromatography as described (Bossen
et al, 2011) (n.b.: some purified protein is already
available). Fractions corresponding to BAFF 60-mer
and BAFF 3-mer were collected and reanalyzed by
gel permeation chromatography after 3 days
incubation at -70°C, 4°C or at room temperature.
The fraction containing BAFF 60-mer was
lyophilized and then reconstituted to its original
concentration with water. The impact on the
proportion of BAFF 60-mer was assessed by gel
filtration analysis. Endotoxin removal was achieved
by phase separation in Triton X-114 prior to loading
in the metal affinity column (Bordier, 1981). The
activity of BAFF 60-mer before and after freezedrying, and before and after repeated freeze and
thaw cycles was quantified using an adequate
reporter cell line (as described in Bossen et al,
2008).
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Conclusion and Perspectives
BAFF 60-mer can be produced and purified. The
location of the His-tag inside the 60-mer is not a
major problem for affinity purification. The
presence of small amounts of BAFF 3-mer in BAFF
60-mer preparations suggest an equilibrium 60-mer
to 3-mer that is in favor of the 60-mer. BAFF 60mer retains its structure and activity up to 3 days
at room temperature. Freeze-drying appear to be
the best way to store BAFF 60-mer.
BAFF 60-mer produced in this study could be used
in several applications, such as research on B cell
function in mouse models of autoimmunity or
immunodeficiency in vivo, or in biochemical studies
and cell based assays in vitro (signaling, and B cell
survival). BAFF 60-mer could also be used to
produce blocking anti-mouse BAFF monoclonal
antibody.





Membranebound BAFF


B-cell activating factor of the TNF family (BAFF) is a cytokine that plays an important role in the
survival of B cells. BAFF is a membrane bound protein that, when cleaved, is released as a
soluble trimeric protein. These 3-mers have the ability to assemble into a capsid-like structure
formed of 20 3-mers forming the BAFF 60-mer. BAFF 60-mer is a more efficient ligand
compared to other BAFF forms and it binds to 3 receptors: BCMA, TACI and BAFFR.
However, the physiological role of BAFF 60-mer versus 3-mer is unclear. None of the
commercially available BAFF is characterized with respect to 60-mer formation so the aim of
our experiment is to produce a purified form of recombinant BAFF 60-mer and to characterize
its stability under several conditions. Such a purified, active BAFF 60-mer will be a valuable tool
for further research into immunology and for the scientific community.

Figure 1. The structure of BAFF 60mer. The 3-mer in the center is
shown in three different shades of red
(corresponding to three monomers).
Further 3-mers are shown in red,
purple, orange (2x) and blue (15x).
From pdb 1OTZ.

Proteolytic
cleavage
Oligomerizatio
n
Soluble
BAFF trimer

BAFF 60-mer

BAFFR TACI

BCMA

Signal transduction

Figure 2. The various forms of BAFF, a B cell
survival cytokine, and its receptors.




BAFF 60-mer is stable under a wide range of conditions
Size determination

Induce His-tagged BAFF

60-mer

A

-70 C
-70 C

60-mer

0.2

1700

-70 C
72h 4 C

3-mer

4o C, 3 days
Cell viability [OD 490 nm]

0

0

BAFF

17
10

1.2

12

28

C

D

BAFF H218A (3-mer)

95

900

on zinc-loaded
chelating HiTrap
columns

0

A 280
[mAU]

72
55
36
28

Purify BAFF by metal chelation
affinity chromatography

Room temperature,
3 days

3-mer

A 280
[mAU]

12

Triton X-114 phase
separation

BAFF

17
10

1.2

0

36

Remove endotoxins

C

-70o C

Superdex-200

A 280
[mAU]

french press

Activity test

3-mer

B
12

Elution 1
Elution 2
Elution 3
Elution 4
Elution 5
Elution 6
Elution 7

kDa
130
95
72
55

Wash
Pre-elution 2
Pre-elution 5
Wash

Lyse bacteria

A

B

BAFF WT (60-mer)

Std
Input
FT

with IPTG, in bacteria

12

5

10

15

1.2

-70 C
72h RT

0.2
1.2
-70 C
10x freeze-thaw

Freeze & thaw
x10

0
1

0.2

20

0

Fractions [1 ml]

0.2

Size fractionation





BAFF
3-mer

28

17
10

His-BAFF
(theoretical
Mr: 18.4 kDa)
Coomassie blue

WB
anti-His

WB
anti-BAFF

1

10

100

1000

0.1

0.01

20

BAFF [ng/ml]

BAFF 60-mer can be produced and purified. The location of the His-tag inside the 60-mer is not a major
problem for affinity purification. The presence of small amounts of BAFF 3-mer in BAFF 60-mer preparations
suggest an equilibrium 60-mer to 3-mer that is in favor of the 60-mer. BAFF 60-mer retains its structure and
activity up to 3 days at room temperature. Freeze-drying appear s to be the best way to store BAFF 60-mer.

BAFF 60-mer produced in this study could be used in several applications, such as research on B cell function
in mouse models of autoimmunity or immunodeficiency in vivo, or in biochemical studies and cell based assays
in vitro (signaling, and B cell survival). BAFF 60-mer could also be used to produce a blocking anti-mouse
BAFF monoclonal antibody, as shown in Figure 9.

BAFF
60-mer

103

100

0

Figure 6. Reporter cell line assay to monitor biological activity of BAFF 60mer. A. Principle of reporter cell lines selectively responding to active, multimeric
TNF family ligands. The extracellular portion of the receptor of interest is fused to
the transmembrane and intracellular domains of Fas, and expressed in Fassensitive cells. Selective activation of the Fas death pathway by multimeric
ligands induce apoptosis, which is easy to monitor and quantify by a metabolic
test (PMS/MTS). Death of cells indicates activity.
B. Example of a reporter cell line that is three orders of magnitude more sensitive
to multimeric forms of BAFF than to BAFF 3-mer (graph taken from Bossen et al,
2008).

A

B
BAFF-ko

“reconstituted”
BAFF-ko

BAFF 60-mer

C
Fc-mBAFF
in adjuvant

Immunized
“reconstituted”
BAFF-ko

B cells

D

E
Anti-mouse
Ig-HRP

Streptavidin
-HRP
Anti-Flag biot

F

Flag-mBAFF
Anti-mBAFF

Figure 5. BAFF 60-mer can bind to immobilized
zinc. BAFF 60-mer freshly eluted from a gel filtration
column (530 µl at 500 µg/ml), was loaded twice on a
metal affinity chromatography column. The FT and
eluate were collected, quantified and analyzed by
SDS-PAGE followed by Coomassie blue staining or
Western blot analysis using anti-His or anti-BAFF
(mAb Buffy-2) antibodies, as indicated.
90% of BAFF was recovered either in the FT (1/3) or
eluate (2/3) fractions.
We conclude that indicating that the equilibrium 60mer to 3-mer is fast enough to allow most of the 60mer to dissociate into 3-mer within the time frame of
the experiment, or that the tag is accessible. In any
case, no special action to dissociate BAFF 60-mer
into 3-mer prior to affinity purification seems to be
required.

0.2
15

Figure 4. BAFF is stable as a 60-mer. A. Purified BAFF 60-mer was split in 5 tubes stored and treated as indicated. B.
Superdex-200 gel filtration profiles of BAFF 60-mer after the different treatments, with the elution positions of BAFF 60mer and BAFF 3-mer highlighted. C. BAFF 60-mer in fractions 10 of the Superdex-200 elutions were quantified for BAFF
content. BAFF was added at the indicated concentrations to reporter cells expressing the BAFFR:Fas chimeric protein
and incubated for 16 h. Cell viability was then monitored with a metabolic (PMS/MTS) assay.

BAFF [ng/ml]

36

10

Fractions [1 ml]



0.4

102

Apoptosis

55

5

0.001

1



101

FADD

0.8

10-1

Multimeric
“TNF ligand”

10-2

“TNF receptor”
: Fas fusion
protein

Caspase8

250
130
95
72

0

B

A

10-3

100 ng Eluate

75 ng Input
100 ng FT

Eluate

Input

FT

Std

kDa

75 ng Input
100 ng FT
100 ng Eluate

In the crystal structure of BAFF 60-mer, the N-terminus
of the molecule is buried inside the virus–like particle
and apparently inaccessible from the outside. As the
His-tag is located at the N-terminus, it becomes a
question how the protein can be purified at all by metal
chelation affinity chromatography. One hypothesis is that
only BAFF existing as 3-mer in the bacterial extract can
be purified, and that BAFF assembly into a 60-mer is a
post-elution event. A second hypothesis is that the tag
remains accessible, even inside the 60-mer. We
challenged these hypotheses by running freshly isolated
BAFF 60-mer on the affinity column.

Cell viability [OD 492 nm]

Characterize BAFF 60-mer

-70 C
Freeze-dry

0.0001

Figure 3. Purification of BAFF 60-mer and BAFF 3-mer. A. Coomassie blue
staining of samples of WT BAFF taken at various purification steps. FT: Flow
through. Pre-elution: elution with TBS, 50 mM imidazole. Elution: elution from a 5
ml column with TBS, 50 mM EDTA (1 ml fractions, except elution 1: 4 ml). B.
Eluted fractions 1 to 7 were pooled, concentrated, loaded on a Superdex-200
column and eluted in PBS. The absorbance profile at 280 nm is shown. Fractions
9-10 were kept as 60-mer. C and D. Same as A and B, except that BAFF H218A
was purified (His218 is involved in 60-mer formation. When mutated, BAFF stays
as a 3-mer).

Superdex 200

3.6 µg

1.2

12

Freeze dried

BAFFR-Fc

FlagmBAFF
Blocking
anti-mBAFF
mAb
BAFFR-Fc

Flag-mBAFF
Figure 7. B cell rescue in BAFF-ko mice for the production of anti-BAFF antibodies. A. BAFF-deficient mice have little
mature B cells for lack of the survival factor BAFF. B. Administration of BAFF 60-mer rescues mature B cells. C. Upon
immunization with mouse BAFF, reconstituted mice should produce anti mouse-BAFF antibodies.
Anti-mouse BAFF antibodies can be blocking or not. Suitable screening strategies can differentiate between these options.
D. Detection of all anti-mouse BAFF antibodies by ELISA. E. ELISA-based test to monitor the binding of recombinant Flagtagged mouse BAFF to recombinant BAFFR (BAFFR-Fc). F. The addition of blocking anti-mouse BAFF antibodies to the
test described under point (E) will prevent the binding of mouse BAFF to BAFFR-Fc. Thus, only BAFF-blocking antibodies
will lead to a decrease in the signal intensity.

References and further reading
Review on BAFF:
Crystal structure of 60-mer:
60-mer better than 3-mer:
60-mer rescues B cells in vivo:
Triton X-114 phase separation:

Mackay and Schneider (2009) Nature Rev. Immunol. 9:491.
Liu et al (2002) Cell 108:383.
Bossen et al (2008) Blood 111:1004.
Bossen et al (2011) EJI 41:787.
Bordier (1981) JBC 256:1604.
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Marko Baroš

Faculty of Mechanical
Engineering, University of
Belgrade, Serbia
Host Laboratory:
Laurent Keller
Department of Ecology and Evolution
University of Lausanne
	
  
Color detection and data extraction from the images of ant colony fusion
experiment
Marko Baroš, Nathalie Stroeymeyt, Laurent Keller
Temnothorax nylanderi is an ant species from a
German population in Sommerhausen, near
Würzburg.
Previously, several studies have
documented frequent fusions between colonies due
to ecological constraints, especially limitations of
nest sites. Colonies of T. nylanderi inhabit cavities
in rotting branches, hollow acorns, etc. After
hibernation, a temporary overabundance of empty
nest sites facilitates the fragmentation of larger
colonies into smaller buds, which, because the
species is monogynous, are in part queenless. Nest
sites become scarce in summer due to rapid decay,
and both established colonies and young founding
queens face a severe shortage of suitable nest
sites. This leads to the fusion of established,
unrelated colonies, which after initial fighting
permanently merge and live together. Typically only
one queen survives after fusion. Similarly, young
mated queens may seek adoption in alien nests
instead of founding their own colonies solitarily, and
here again only a single queen survives. This
temporary intraspecific parasitism may be an
important first step in the evolution of obligatory
permanent parasitism, which is widespread in the
genus Temnothorax.
We aimed to investigate the spatial organization of
heterogeneous colonies after fusion. To that aim,
we developed an analytical technique to investigate
spatial
organization
by
performing
image
processing in MATLAB 2011b©. Using this
numerical computing environment it was possible to
detect every ant from colonies and filter outliers
(fallen flakes from ant’s gaster, dead ants, color
from ant’s gaster divided in two dots) from images,
which would be helpful for further data extraction.
Workers in different ant colonies had previously
been painted (1 dot of paint on their gaster) with
different colors (blue, pink, orange and green).
Later, differently painted colonies were forced to
fuse in the lab. There was an artificial nest in a box,
above which was a photo camera Canon PowerShot
G7. That camera was programmed to take pictures
every 15 minutes during two days before and two
weeks after the fusion event. My project consisted
in analyzing the pictures previously obtained in this
experiment.
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We wrote a Matlab script with a picker in order to
extract the mean value of HSV (Hue Saturation
Value) of the desired colors from the obtained
images. After picking the color, we wrote a script
for raw color detection by using the mean HSV
value of the required color. This produced binary
output images in which black dots presented the
coordinates of detected color. Later on, we filtered
noise from binary images by using a standard
‘closing’ image procedure (removing small holes),
but afterwards we used a standard ‘opening’
procedure to remove very small flakes from the
images.
The output images had false positives (fallen flakes,
dead ants, color from ant’s gaster divided in two
dots). To remove those false positives, we tried to
implement a script based on logical implication.
Every image (n) was compared with the next one
(n+1) and if there were black dots on the same
coordinates on both images then we erased those
pixels. We, also, modified this script to test the
performance of this “overlapping procedure” using
different gaps (i.e. comparing image n to image
n+1, n+2, n+3, n+4 and n+5).
The “overlapping” method using a gap of 3 pictures
was the most accurate method to exclude already
mentioned type of outliers.
Future work: almost the same technique as the
“overlapping”
method,
which
is
based
on
comparison of more than two images in the same
time, remains to be done. In addition, improvement
of script for color detection and filtering is also
necessary. In the end, all data about the spatial
distribution of fused ant colonies will be processed
and interpreted.

Color detection and data extraction from the images
of ant colony fusion experiment
0DUNR%DURãï1DWKDOLH6WURH\PH\W/DXUHQW.HOOHU
ï8QLYHUVLW\RI%HOJUDGH)DFXOW\RI0HFKDQLFDO(QJLQHHULQJ%HOJUDGH6HUELD
ð8QLYHUVLW\RI/DXVDQQH'HSDUWPHQWRI(FRORJ\DQG(YROXWLRQ/DXVDQQH6ZLW]HUODQG

&RQWDFWEDURV#\DKRRFRP

Introduction
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The Endoplasmic Reticulum Stress Response in Diffuse Large B Cell
Lymphoma
Malak Benslimane, Fabio Martinon
The ER Stress Response or Unfolded Protein
Response (UPR) is an adaptive cellular mechanism
that helps the endoplasmic reticulum cope with
protein overload or accumulation of misfolded and
unfolded proteins. Upon activation of the response,
different ER stress response signaling pathways,
amongst them IRE1, PERK, and ATF6, either lead to
restoration of cellular homeostasis or cause
apoptosis if the stress is too severe or chronic.
Due to the anomalous cellular conditions that
accompany cancer, such as hypoxia or pH changes,
the UPR has been speculated to play a major role in
the survival of cancerous cells. Additionally, an
analysis of different lymphomas showed that once a
B cell is activated, it can become malignant at any
stage of development, yielding different subtypes of
diffuse large B-cell lymphomas (DLBCL).
These subtypes, which include Germinal Center BCell like (GCB) lymphoma and Activated B-Cell Like
Lymphoma (ABC), have drastically different
prognoses with ABC being much more aggressive.
It was, therefore, hypothesized that the difference
might lie in the ER stress response due to its
importance in B cells and antibody production.
A Plasma B cell has been described to have a
practically indefinitely active ER stress response
because of the constant production of large
amounts of proteins. In the first part of the project
we used the protease inhibitor Nelfinavir to initiate
ER stress in multiple GCB and ABC lymphoma cells.
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Protein identification techniques were then used to
screen for the presence of the proteins essential to
the UPR pathways, and MTS/PMS viability assays
were used to identify a possible link between
cancerous cell survival and UPR. A deficiency in the
IRE1 pathway in GCB lymphoma cells was shown;
furthermore, viability assays revealed that the
lymphoma cells deficient in the IRE1 pathway are
more prone to apoptosis under conditions of ER
stress.
The second part of the project aimed at restoring
the IRE1 pathway in GCB cell lines through
transduction of a lentiviral vector and conducting
further tests to better understand the potential link
between this pathway and malignant cell survival in
DLBCL. This part of the project is still underway.
In conclusion, the obtained data suggests that a
correlation can be made between the presence of
the IRE1 pathway, the most ancestral of the UPR
branches, and cancerous cell survival. Thus,
targeting the ER stress signaling pathways using ER
stress-inducing drugs may prove helpful in cancer
treatment.

6XPPDU\
The ER Stress Response is a mechanism that helps the endoplasmic reticulum cope with protein overload.
Upon activation, different ER stress response signaling pathways, amongst them IRE1, PERK, and
ATF6, either lead to apoptosis or restoration of cellular homeostasis. Once a B cell is activated, it can become
malignant at any stage of development, yielding different subtypes of diffuse large B-cell lymphomas (DLBCL).
These subtypes, which include Germinal Center B-Cell like (GCB) lymphoma and Activated B-Cell Like
Lymphoma (ABC), have drastically different prognoses. The protease inhibitor, Nelfinavir, was used to initiate
ER stress in GCB and ABC lymphoma cells. A deficiency in the IRE1 pathway in GCB lymphoma cells was
shown, and viability assays were conducted to determine the effect of the suppression of this signaling
pathway on cancerous cell survival.
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cells. The IRE1 pathway in itself
seems to be deficient in GCB cells
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the cells with the ER Stress-inducing
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expression of spliced XBP1 in ABC
cell lines only. Viability assays
conducted upon treatment with the
same protease inhibitor also show
that ABC cells survive better under
conditions of ER stress.
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GCB lymphoma has a better prognosis than
ABC lymphoma. A possible reason for this
observation is the difference in the ER stress
response of the latter two DLBCL subtypes.
The data suggests that a correlation can be
made between the presence of the IRE1
pathway and cancerous cell survival.
Apoptosis under ER Stress occurs much
readily in the IRE1 deficient lymphoma cells.
Therefore, targeting the ER stress signaling
pathways specifically using ER stress-inducing
drugs may prove helpful in cancer treatment.
Malak Benslimane
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miR-21*: An important player in skin’s response to UV exposure
Akash Boda, D’Errico Ilenia, Gwendoline Degueurce, Nathalie Fares,
Liliane Michalik
Skin is the outermost organ of the body that
endures the Nature’s harsh elements. It is
composed of an outer squamous epithelium -the
epidermis made of keratinocytes, and an inner
vascular dermis and hypodermis. The epidermis
protects
against
dehydration,
chemical
and
mechanical stress, pathogenic attack and solar UV
radiation. UVB exposure leads to direct DNA
damage in the keratinocytes, as well as induces
production of reactive oxygen species (ROS) that
further damage DNA, proteins and lipids due to
their oxidative nature [1].
One of the major players involved in the regulation
and modulation of skin morphogenesis and
homeostasis is Peroxisome proliferator-activated
receptors or PPARs. PPARs are transcription factors
of the type nuclear hormone receptor family
activated by lipophilic compounds. Out of the three
isotypes of PPARs (PPARα, PPARβ and PPARγ),
PPARβ has a broad expression in various tissues
and
is
associated
with
lipid
metabolism,
keratinocyte differentiation and proliferation [1, 2],
mouse skin wound healing [1] and UV stress
response of keratinocytes [1]. In addition to the
many roles of PPARβ, a novel layer of regulation
mediated by microRNAs (miRNAs) has been
implicated in animal skin development and
homeostasis [1, 2, 3]. miRNAs are short (20-25 nt)
non-coding RNA that modulate gene expression
post-transcriptionally by either inhibiting mRNA
translation or reducing mRNA stability by sequencespecific binding to the 3' untranslated regions of
target mRNA. [2].
Chronic/Acute UV exposure of keratinocytes has
been observed to elicit a stress response that is
modulated by PPARβ [Degueurce et al. in
preparation]. Bioinformatics analyses suggested
that miR-21* is a node of the PPARβ-dependent
keratinocyte response to UV exposure, and that it
regulates target mRNA involved in skin lipid
metabolism (Lpcat3), oxido-reduction (Nox4),
angiogenesis (Wars) and MAP kinase pathway
(Dusp18).
The aims of my work were to address the following
questions:
•
•
•
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Is miR-21* a bona fide target of PPARβ?
Is Lpcat3 a bona fide target of miR-21*?
In which skin compartment is miR-21*
localized?
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We analysed the expression of miR-21* using qPCR
in human keratinocytes (HaCat cells) treated with a
PPARβ agonist. It was observed that agonist
treatment not only induced PPARβ activity but also
resulted in elevated levels of miR-21* in HaCat
cells. This confirms that miR-21* expression is
PPARβ dependent in the human keratinocyte cells.
Previous bioinformatics analysis predicted Lpcat3 as
a putative miR-21* target mRNA involved in the
skin response to UV exposure. On transfecting
HaCat cells with an antagomiR against miR-21* it
was observed that Lpcat3 mRNA levels were seen
to increase significantly, thereby confirming the
previous hypothesis that miR-21* targets Lpcat3.
However, on transfecting HaCat cells with a miR21* mimic, Lpcat3 expression was seen to remain
relatively stable, thereby indicating one of the
possible hypotheses of a feedback mechanism
regulating the process.
Our further studies report the co-localization of
PPARβ and its target miR21* in the epidermis of the
PPARβ WT mice skin irradiated with UV [Montagner
et al. in preparation]. Using fluorescent in-situ
hybridization (FISH) we observed that miR-21* is
expressed in UV irradiated epidermis in PPARβ KO
mice, although in lesser quantities than in WT
controls. However, FISH demonstrates qualitative
rather than quantitative results. Further work in the
direction of quantifying the miR-21* levels must be
done.
Here, we have shown that miR-21* localization in
the epidermis of the skin is PPARβ-dependent in
response to UV exposure. Our results confirm that
Lpcat3 is a bona fide target of miR-21* although
further studies are required in order to elucidate
the precise mechanism of regulation. In addition,
the on going experiments in the direction of
characterization of miR-21* can provide insights
into the functional role-played in keratinocyte
morphogenesis and UV response. This will further
our understanding of the molecular pathways
affected by miR-21* and open up new prospects for
microRNA-mediated therapies for complex diseases
like cancer.

miR-21*: An important player in skin’s response to UV exposure
miR-21 *: un acteur important dans la réponse de la peau à l'exposition aux UV
miR-21 *: Ein wichtiger Akteur in der Haut Antwort auf UV-Exposition
Akash Boda, D’Errico Ilenia, Gwendoline Degueurce, Nathalie Fares, and Liliane Michalik
Center for Integrative Genomics, University of Lausanne, Génopode, 1015 Lausanne, Switzerland.

Background and Aims
PPARs are transcription factors of the type nuclear hormone receptor family activated by lipophilic compounds. Out of the three isotypes of PPARs (PPAR!, PPAR! and PPAR" ),
PPAR! is associated with lipid metabolism, keratinocyte differentiation and proliferation[1], mouse skin wound healing[1] and UV stress response of keratinocytes[1]. Recent studies in
the lab have shown a correlation between the occurrence of UV-induced pre-malignant lesions in the skin and PPAR! up-regulated activity [Montagner et al. in preparation].
In addition to the proposed role of PPAR! in the response of keratinocyte to UV stress, a novel layer of regulation mediated by microRNAs (miRNAs) has been implicated in animal
skin development[1, 2, 3]. Using microarray analyses, a set of UV and PPAR!-regulated miRNAs have been identified in the lab, in acute UV-irradiated mouse skin. Among those,
miR-21* (miR-21*) seems of particular interest in the context of keratinocytes response to acute UV exposure [Degueurce et al. in preparation].
Bioinformatics analyses suggested that miR-21* is a node of the PPAR!-dependent keratinocyte response to UV exposure, and that it regulates target mRNA involved in skin lipid
metabolism (Lpcat3), redox reactions (Nox4), angiogenesis (Wars) and MAP kinase pathway (Dusp18).
Based on the bioinformatics analysis, the aims of my work were to address the following questions:
• Is miR-21* a bona fide target of PPAR!?
• In which skin compartment is miR-21* localized?
• Is Lpcat3 a bona fide target of miR-21*?

Results
Figure 1: miR-21* level is increased by PPAR! in the
human keratinocyte HaCat cells.

Figure 2: miR-21* localisation in skin epidermis is PPAR!-dependent in
presence of UV.
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In order to determine if miR-21* levels are PPAR! dependent, human
keratinocyte (HaCat) cells in culture were treated with the PPAR! agonist
GW501516 (1uM) for 48h. miR-21* levels (Figure 1B) and expression of Angptl4
(a well characterized PPAR! target gene, control for PPAR! activation) (Figure
1A) were quantified by real time PCR (respectively TaqMan, Life Tech and SybR,
Roche).

In order to study the localization of miR-21* in the skin epidermal, dermal and hypodermal
compartments, we performed miR-21* fluorescent in-situ hybridisation (FISH). Although
semi-quantitative, FISH also allowed us to monitor the variations of miR-21* levels in WT
mice without UV exposure (Figure 2A) and with UV irradiation (Figure 2B). In parallel miR-21
was also visualized in PPAR! KO mice with ( Figure 2D) and without UV exposure (Figure
2C).

Figure 3: Effect of miR-21* modulation on Lpcat3 expression in HaCat cells.
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In order to determine if Lpcat3 is a target of miR-21*, HaCat cells in culture were transfected with a miR-21* mimic (gain of function). Following a
mimic transfection, miR-21* levels and Lpcat3 expression were measured by qPCR (Figure 3A and 3B respectively). To test for the loss of function,
cells were transfected with an antagomiR (0.01µg/µL) against miR-21* for 48h and Lpcat3 expression level was quantified by real time PCR (Figure
3C).

Perspective and Conclusion
Previous bioinformatics analysis of microarray data performed in the lab suggested that miR-21* was an important player of the PPAR!-dependent response of the skin to acute UV
exposure. Here, we show that the localization of miR-21* in the epidermis of the skin is PPAR!-dependent in response to UV exposure. Our results further confirm the previous
hypothesis by bioinformatics analysis that Lpcat3 is a bona fide target of miR-21*, although further experiment is required to prove direct binding of miR-21* to the Lpcat3 3’UTR.
Ongoing work in the lab in the direction of molecular characterization of miR-21* can provide insights into the functional role played in keratinocyte morphogenesis and UV
response. This will further our understanding of the molecular pathways affected by miR-21* and open up new prospects for microRNA-mediated therapies for complex diseases
like cancer.
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Regulation of the AMB biosynthesis and transport genes in Pseudomonas
aeruginosa
Tiancong Chai, Sandrine Pinheiro, Alessandro Maspoli, Cornelia Reimmann
L-2-amino-4-methoxy-trans-3-butenoic acid (AMB)
is one of many secondary metabolites and
exoproducts made by the Gram-negative bacterium
Pseudomonas
aeruginosa
which
allow
this
opportunistic pathogen to compete in the
environment and to cause infections in humans,
insects, nematodes, plants and amoebae. Like other
g-substituted vinylglycines, AMB inhibits pyridoxal
phosphate-dependent enzymes which are primarily
involved in the biosynthesis of amino acids and
amino acid-derived metabolites. Previous work has
identified
a
five-gene
cluster
(ambABCDE)
specifying AMB biosynthesis and transport in P.
aeruginosa (Lee et al., 2010, J. Bacteriol. 192:
4251-4255). The expression of these genes, which
are organized in two transcriptional units, is
controlled by several global regulators. Here we
investigated the role of Anr and Crc, two regulators
which respond to the oxygen tension and the
availability of different carbon sources, respectively.
Sequence inspection of the ambA promoter region
revealed three potential binding sites for Anr. One
of these sites, Anr-box III, overlaps with the
transcription start of ambA and could thus be
responsible for the observed repression of ambA by
Anr (X. Lee, unpublished). To test this assumption,
Anr-box III was mutated by a PCR-based approach
and the impact of this mutation on ambA
expression was tested in wildtype and Anr mutant
strains with lacZ reporter fusions. We found that
ambA expression was indeed increased in the
absence of Anr-box III, thus confirming our
hypothesis. Surprisingly, ambA expression was
even higher in the wildtype than in the Anr mutant,
suggesting that Anr-boxes I and II may be involved
in an Anr-mediated activation of ambA.
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In search of other global regulators important for
amb gene expression we found that CrC acts as a
transcriptional activator of ambBCDE. This was
unexpected as Crc is an RNA binding protein which
is known to repress the translation of its target
genes. We thus suspected that transcriptional
activation of ambBCDE by Crc might be indirect and
could involve an unknown repressor X which itself
would be under Crc control. To identify repressor X,
we performed a transposon mutagenesis and
searched for mutants with an increased ambBCDE
expression using an ambB’-‘lacZ reporter plasmid.
Four candidates with increased expression were
identified and are currrently being investigated.
In conclusion, we demonstrated that Anr-box III is
crucial for repression of the AMB transport gene
ambA by the oxygen sensor Anr and we found that
the catabolite repression protein Crc activates the
AMB biosynthesis genes ambBCDE. Future work will
address the molecular details of these regulatory
circuits and their biological signification.

Regulation  of  the  AMB  biosynthesis  and  transport  genes
  in  Pseudomonas  aeruginosa
Chai  Tiancong,  Sandrine  Pinheiro,  Alessandro  Maspoli,  Cornelia  Reimmann
Department  of  Fundamental  Microbiology,  CH-1015  Lausanne,  Swizerland

Introduction
L-2-amino-4-methoxy-trans-3-butenoic  acid  (AMB)  is  one  of  many  secondary  metabolites  and  exoproducts  
made  by  the  Gram-negative  bacterium  Pseudomonas  aeruginosa  which  allow  this  opportunistic  pathogen  
to  compete  in  the  environment  and  to  cause  infections  in  humans,  insects,  nematodes,  plants  and  amoe-
EDH/LNHRWKHUǄVXEVWLWXWHGYLQ\OJO\FLQHV$0%LQKLELWVS\ULGR[DOSKRVSKDWHGHSHQGHQWHQ]\PHVZKLFK
are  primarily  involved  in  the  biosynthesis  of  amino  acids  and  amino  acid-derived  metabolites.  Previous  
work  has  identified  a  five-gene  cluster  (ambABCDE)  specifying  AMB  biosynthesis  and  transport  in  P.  aeru-
1
ginosa  (Fig.  1).  The  expression  of  these  genes,  which  are  organized  in  two  transcriptional  units,  is  con-
trolled  by  several  global  regulators.  Here  we  investigate  the  role  of  Anr  and  Crc  two  regulators,  which  are  
known  to  respond  to  the  oxygen  tension  and  the  availability  of  different  carbon  sources,  respectively.

ambA

ambB ambC ambD ambE

P

P

Transport  of  AMB

Biosynthesis  of  AMB

Fig.1  The  ambABCDE  gene  cluster
in  P.  aeruginosa.1

Results
Regulation  of  ambA  by  Anr

Regulation  of  ambBCDE  by  Crc

Anr  is  an  anerobic  regulator  and  oxygen  sensor.  Based  on  the  position  
weight  matrix  model  (Fig.  2),  three  potential  Anr  binding  sites  are  iden-
tified  in  the  ambA  promoter  region  (Fig.  3).  One  of  these  sites  (III)  
overlaps  with  the  transcription  start  of  ambA  and  could  be  responsible  
for  the  observed  repression  of  ambA  by  Anr  (Fig.  4).  The  goal  of  this  
work  was  to  test  this  assumption.  

In  search  of  other  global  regulators  important  for  amb  gene  expression  
we  found  that  CrC  acts  as  a  transcriptional  activator  of  ambBCDE  (Fig.  
6).  This  was  unexpected  as  Crc  is  an  RNA  binding  protein  which  is  
known  to  repress  the  translation  of  its  target  genes.  We  thus  suspected  
that  transcriptional  activation  of  ambBCDE  by  Crc  might  be  indirect  and  
could  involve  an  unknown  repressor  X  which  itself  would  be  under  Crc  
control  (Fig.  7).  
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By  a  PCR-based  approach  the  putative  Anr  binding  site  III  was  mutated  
(Fig.  3).  We  found  that  this  mutation  led  to  an  increase  of  ambA  expres-
sion  in  the  wildtype  strain  PAO1,  demonstrating  that  Anr-box  III  is  
indeed  involved  in  repression  by  Anr  (Fig.  5).  Surprisingly,  ambA  ex-
pression  was  even  higher  in  PAO1  than  in  PAO6261,  suggesting  that  the  
Anr-boxes  I  and  II  may  be  involved  in  Anr-mediated  activation  of  ambA.
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Fig.3  Location  of  potential  Anr-boxes  in  the  promoter  region  of  ambA  (A)  and
ambA  reporter  constructs  with  wildtype  and  mutated  Anr-box  III  (B).
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To  identify  repressor  X,  we  performed  a  transposon  mutagenesis  and  
searched  for  mutants  with  an  increased  ambBCDE  expression  using  an  
ambB’-‘lacZ  reporter  plasmid.  Four  candidates  with  increased  ambBCDE  
expression  were  identified  (Fig.  8)  and  are  currrently  being  investigated.  
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Fig.8  Tn5  insertion  mutants  with  increased  ambB’-’lacZ  expression  (in  blue)
compared  with  mutants  with  normal  ambB’-’lacZ  expression  (in  black).  
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ŀ:HGHPRQVWUDWHGWKDW$QUER[,,,LVUHVSRQVLEOHIRUWKHUHSUHVVLRQRI
ambA  by  the  oxygen  sensor  Anr.  The  importance  of  Anr-boxes  I  and  II  
for  Anr-dependent  activation  will  be  investigated  in  the  future  by  a  dele-
tion  analysis.  
ŀ:HLGHQWLILHG&UFDVDQDGGLWLRQDOUHJXODWRU\HOHPHQWZKLFKDFWLYDWHV
AMB  biosynthesis  genes  via  an  unknown  regulator  X.  Future  work  will  in-
vestigate  which  carbon  sources  favor  amb  gene  expression.  
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The effect of the species tree and the gene tree on co-evolving sequences
in the MT1-MMT-TIMP‐ 2 protein
Chantal Hoff, Linda Dib, Nicolas Salamin
Over 150 years ago Charles Darwin first introduced
the concept of co-evolution in his On the Origin of
the Species when he described interactions between
two species. His initial observation suggests that
when two organisms establish a relationship each
organism will evolve over time to maintain its
functional relationship with the other. In the past
few decades this concept has been applied to
proteins and concerns the co-mutation of amino
acids within a given sequence, a process commonly
known as intramolecular co-evolution.
Our research has two goals. The first is to assess
the impact of the type of tree used on co-evolution
analysis. Our second objective expands the concept
of intramolecular co-evolution by distinguishing
between two types of co-evolution, namely
inherited co-evolution and non-inherited coevolution and applies these new definitions to coevolution analysis. In inherited co-evolution, the comutation of amino acids in a given sequence is
passed down from the last common ancestor so
that all descendants share the same mutation. Noninherited co-evolution occurs when co-mutating
sequences are not inherited from a common
ancestor, so that the descendants do not all share
the same pattern of co-mutating residues. Our case
study uses MT1-MMP-TIMP-2, a protein that
interacts with progelatinase A (an enzyme
facilitating successful invasion of malignant tumor
cells into otherwise healthy cells [1]), to compare
the species tree and the gene tree of the protein
and to describe how each tree can yield different
results for inherited and non-inherited co-evolution.
Most importantly, the distinction between inherited
and non-inherited co-evolution depends on the tree
used.
The Kanamori dataset was used to find the Protein
Data Bank (PDB) code for the protein and this code
was used to search for a source sequence on the
National Center for Biotechnology Information
(NCBI) website. Orthologous sequences of the
protein for 51 species (including mammals, insects,
amphibians, and roundworms) were obtained using
the Orthologous Matrix (OMA) browser and these
sequences were aligned using MUSCLE with the
default parameters set to a 240 PAM VTML matrix.
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The alignment was viewed and modified by hand
using SeaView. Finally, the aligned sequences were
used to output the species tree in iTOL (using
taxonomic ID numbers) and the gene tree in PhyML
(with 50 bootstraps). The trees were assessed for
the presence of co-evolving sequences using the
Blocks in Sequences (BIS) model.
Among the many assessment methods used in this
research, the Blocks in Sequences (BIS) [2]
comparison model used the trees to detect coevolving positions and a new model used these coevolving positions to find differences in predictions
concerning
inherited
and
non-inherited
coevolution. In the 1137 amino acid alignment, 252
positions were identified as co-evolving and all of
these positions displayed inherited co-evolution.
Thus, while both trees for MT1-MMP-TIMP-2 for the
positions studied (alignment positions 827 and 841)
have
inherited
co-evolving
positions,
other
important observations have also been made. Most
notably, the species tree and the gene tree have
different topologies which lead to incompatibilities
in co-evolution analysis, as species trees cluster
closely related species even if their sequences are
not optimized for similarity and thus can clearly
illustrate non-inherited co-evolving positions within
a sequence. Hence, we argue that the species tree
is the better tree for detecting non-inherited coevolution.
The most important conclusion from this research is
that the type of tree has the potential to affect the
outcome of co-evolution analysis, and thus
researchers must pay special attention to the type
of tree used in their research. Future co-evolution
research should test these current methodologies
on a variety of protein and nucleotide sequences to
distinguish inherited and non-inherited co-evolving
positions on a greater scale. Once these positions
have been successfully differentiated, researchers
should also evaluate the significance of inherited
co-evolving
sequences
and
create
new
methodologies that detail the importance of
inherited and non-inherited co-evolving positions in
desired proteins.
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Peripheral Neuron Signaling and Schwann Cell Development
Sara Hoge, Chrysanthi Samara, Roman Chrast

In the peripheral nervous system, neurons, which
transmit essential signals throughout the body, are
in continuous interaction with Schwann cells, which
aid transmission by providing trophic and metabolic
support to neurons, as well as axon insulation
through enwrapping nerve fibers in myelin sheaths.
When this communication is impaired, a number of
disabling neuropathies can occur, including CharcotMarie-Tooth disease (CMT). In order to properly
combat such neuropathies, it is essential to
understand the nature and role of the chemical
signaling between neurons and Schwann cells. This
study examines the effects of nine known chemical
messengers-neurotransmitters of the peripheral
nervous system on Schwann cell development, in
particular proliferation and differentiation into the
myelinating phenotype. Evans demonstrated in
1991 that these nine neurotransmitters stimulate
receptors found on Schwann cells associated with
the giant squid nerve fiber, however not much
research has examined the presence or function of
these receptors in mammalian Schwann cells.
My project was to determine if there is a correlation
between stimulation by one of the nine tested
neurotransmitters and a change in Schwann cell
development,
particularly
in
the
realm
of
proliferation or myelination. The goal would be to
identify possible neurotransmitters that play a
notable role in one of these two responses, so that
they can be isolated and tested to a further extent.
Tests were conducted on primary cell cultures dorsal root ganglia were isolated from rat embryos
14.5 days after conception and could be cultured as
DRG explants alone, isolated Schwann cells, or
dissociated neurons and Schwann cells co-cultured
in
a
compartmentalized
microfluidic
silicon
chamber, allowing for the distinct separation of
neuron somata from developing neuritis and
dividing Schwann cells. Proliferation was analyzed
using both Schwann cell monocultures and DRG
explant cultures on poly lysine-coated plastic cover
slips.
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These were allowed 1-2 days growth before a 24
hour dose of specified neurotransmitter, followed
by an 18 hour application of BrdU, a chemical
analogue of thymine, which gets incorporated into
the DNA of reproducing Schwann cells. The
proliferating
cells
were
then
analyzed
via
immunohistochemistry, staining specifically for the
BrdU, indicating proliferating Schwann cells, and
DNA stained by DAPI, noting all Schwann cells
present. These tests indicated a statistically
significant impact of NPY encouraging proliferation
of Schwann cells, while ATP, Glutamate, and HCl
seemed to have a positive effect and yaminobutyric acid (GABA) seemed to have a
negative impact. Myelination assays were carried
out in both DRG explant cultures on poly lysinecoated plastic cover slips as well as Schwann
cell/neuron
co-cultures
in
compartmentalized
microfluidic silicon chambers. 7-10 days of growth
were given in this case, to allow for confluence
before inducing myelination with ascorbic acid.
Ascorbic acid and the specific neurotransmitter
were then applied to samples for two weeks before
immunohistochemistry and western blot analysis.
Immunohistochemistry was conducted by staining
for MBP, a common protein involved in myelinating
Schwann cells and normalizing against peripherin, a
protein found in nerve fiber axons. Western blots
compared MBP and MP0, another myelination
marker to tubulin, a protein expressed in all
Schwann cells. At this point, no neurotransmitter
was found to be statistically significant, however it
seems that GABA has a possible positive effect on
myelination, while ATP, NPY, and HCl seem to have
a negative effect

In the peripheral nervous system, neurons, which transmit essential signals throughout the body, are in continuous interaction with Schwann cells, which aid transmission by providing
trophic and metabolic support to neurons, as well as axon insulation through enwrapping nerve fibers in myelin sheaths. When this communication is impaired, a number of disabling
neuropathies can occur, including Charcot-Marie-Tooth disease (CMT). In order to properly combat such neuropathies, it is essential to understand the nature and role of the chemical
signaling between neurons and Schwann cells. This study examines the effects of nine known chemical messengers-neurotransmitters of the peripheral nervous system on Schwann
cell development, in particular proliferation and differentiation into the myelinating phenotype.

PROLIFERATION

BrdU Administration for 16h

Schwann cellls from
sciatic nerves of P3
(postnatal day 3) rats

Culture on cover
slips

Fixation and
Immunofluorescent Staining
(S100 and BrdU)

Growth for 1-2
days

Analysis:
%BrdU positive
Scs

Neurotransmitter administration for 24h

DRG-Schwann cell co-culture in
compartmentalized microfluidic
silicon chambers

DRG extraction of
E14.5 rat embrya,
and dissociation

Fixation and
Immunofluorescent
Staining (MBP and
Peripherin or NF145)

Growth for
7-10 days

MYELINATION

Neurotransmitter administration for 2
weeks paired with Ascorbic Acid
which induces myelination

PROLIFERATION

MYELINATION

Schwann Cell Monocultures

DRG-Schwann Cell Co-cultures in Microfluidic Chambers

Representative images of DRG-Schwann cell Co-cultures stained with rat antiMyelin Basic Protein (MBP; green), and rabbit anti-peripherin (red). MBP labels
myelin produced by myelinating Schwann cells, and peripherin is a
neurofilament used to label nerve fibers. A) Non-treated co-cultures, B) ATP
administration tends to reduce myelination, C) Treatment with GABA seems to
enhance myelination.
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co-cultures
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Neuropeptide Y (NPY)
administration increases the
proliferation of Schwann
cells in DRG explant cocultures (t-test=0.0333).
Administration of ATP,
Glutamate, and HCl also have
a slight, but not significant,
proliferative effect, while !aminobutyric acid (GABA)
tends to reduce proliferation.
Error bars denote the
standard error of the mean
(s.e.m.).

Control

Proliferation Assay in DRG Explant Cocultures
80

Myelin/Neurites (MBP/Peripherin)

Representative images of Schwann cell cultures stained with rabbit
anti-S100 (green) and mouse anti-BrdU (red). Right) Non-treated
control cultures. Left) Increased BrdU staining in NPY-treated
cultures.

C

Analysis:
Assessment of
myelin positive
fibers in relation
to total fibers

Although none of the
neurotransmitters tested had
any statistically significant
effect on myelination, there is
a tendency of GABA to
enhance myelination,
whereas ATP, NPY, and HCl
seem to have a negative
effect. Error bars denote the
standard error of the mean
(s.e.m.).

•! NPY significantly enhances the proliferation of Schwann cells. Other neurotransmitters tested tend to have either a proliferative effect (ATP, Glutamate,
HCl), or an inhibitory effect (GABA)
•! Administration of neurotransmitters did not have any significant effect on the differentiation of Schwann cells into the myelinating phenotype. So far,
observations indicate that myelination is enhanced by GABA and adversely impacted by ATP, NPY, and HCl.
•! Future studies will examine further potential responses of Schwann cells to specific neurotransmitters, such as changes in internal ion concentrations, in
gene expression, and protein modification.

I’d like to that Dr. Chrast for accepting me into his lab, Chrysanthi Samara for designing my project and overseeing my work, and all of the Chrast Lab for being so welcoming
Thank you http://jbwhisler.files.wordpress.com/2010/08/rat.jpg for your image of the laboratory rat
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Racial Differences in Susceptibility to Skin Cancer: Genetic Polymorphisms
in the ATF3 and AP-1 Network Genes
Hong Huat Hoh, Gian-Paolo Dotto
It is well known that the Caucasians and Africans
have different predisposition to skin cancer.
Caucasians have a higher susceptibility to all kinds
of skin cancer, melanomas, basal cell carcinomas
and squamous cell carcinomas. Studies have
implicated that deregulation of calcineurin-NFAT
signaling in keratiocytes plays a crucial role in
leading to tumor formation. Calcineurin-NFAT
negatively controls the transcription of ATF3 gene
and upregulation of ATF3, a member of the
ATF/cyclic AMP response element-binding family of
transcription factors causes the suppression of
senescence by downmodulating p53 expression and
subsequently, causes tumor formation. AP-1 is a
transcription
factor
complex
composed
of
heterodimers of Fos and Jun proteins or
homodimers of Jun proteins. Studies have shown
that p53 gene transcription is under negative
control of the AP-1 complex, specifically c-Fos and
c-Jun in both human keratinocytes and SCC cells.
One of the objectives of my project was to identify
if single nucleotide polymorphisms (SNPs) exist
within the regulatory elements or coding regions of
the ATF3, c-Fos and c-Jun genes in the Caucasian
versus the African populations. Bioinformatic
analysis based on various available genome
databases was done to define the loci of interest
and the SNPs as well as the transcription factors
that are bound to the regions where the SNPs are
located. A number of SNPs were identified and
analysis of the results showed that there is various
transcription factors that are affected by the
polymorphisms in the regulatory regions of the
genes being tested. For example, rs78898137 is
mapped in the promoter region of the ATF3 gene
and the transcription factors that are influenced by
the polymorphism in which its anchor side is exactly
at the SNP position is AT-rich interactive domain
5A. Among all the polymorphisms, only one (rs
4647014) is mapped in the coding region of the cJun gene, however, it does not show any amino
acid change, hence a silent mutation.
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The next objective of my project was to determine
if there is any differences in the expression of ATF3,
c-Fos and c-Jun genes between the Caucasian and
African populations. Normal human foreskins were
obtained as the source of material. Stem cells,
transient amplifying cells and primary keratinocytes
were isolated from the skin and their RNAs were
extracted using the TRIzol method. They were then
converted into c-DNA in order to be utilized to
perform real time-PCR. The result of the real timePCR showed that there is no significant differences
in the expression of the 3 genes being examined
between the two populations. However, there is a
variation in the gene expression between
individuals and between different cell types.
Generally, the African samples have a relatively
higher expression in c-Jun genes in all cell types in
comparison to the Caucasian samples. While a few
African samples show a higher expression of c-Fos
gene in the transient amplifying cells as compared
to the Caucasian samples. As for ATF3 genes, there
is a huge variation in its expression between
samples and cell types.
In a nutshell, single nucleotide polymorphisms exist
between the two populations and they may play a
role in causing the different susceptibility to skin
cancer between races. In addition to this, there is a
wide-range variation in the expression of the ATF3,
c-Fos and c-Jun genes in keratinocytes between
individuals. This study could be served as a
reference for further DNA analysis of the specific
SNPs in patients exhibiting differences in the gene
expression.
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DQGFDUFLQRJHQHVLV
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Localization of the neuronal monocarboxylate transporter MCT2 in lipid
rafts
Viktoria Korzhova, Audrey Hebert, Luc Pellerin
Study of neuroenergetics, or how the brain
maintains its own energy homeostasis, is one of the
major issues in the field of neurosciences.
Monocarboxylates, which include lactate and ketone
bodies, represent an important group of cerebral
energy substrates. To allow the transport of
monocarboxylates,
nervous
cells
use
monocarboxylate transporters (MCTs). Three main
isoforms, MCT1, MCT2 and MCT4 have been
identified in the central nervous system. MCT2
expression is restricted to neurons and recent
studies show that besides of its essential role in
energy metabolism, MCT2 is also related to synaptic
transmission as its cellular localization and fate is
closely connected with AMPA receptor GluR2
(Maekawa et al., 2009; Pierre et al., 2009). As
AMPA receptors have been shown to be associated
with lipid rafts in neurons (Hou et al., 2008), it is
likely that MCT2 trafficking might also involves an
association with lipid rafts. Lipid rafts are
cholesteroland
sphingolipid-enriched
submicroscopic (25-100 nm in diameter) domains
on the cell membrane that could not be extracted
by non-ionic detergent treatment. Two common
types of lipid rafts are known: planar lipid rafts,
which are essentially continuous with the plane of
the plasma membrane, and caveolae, which are
small membrane invaginations. Although both
possess a similar lipid composition, they can be
distinguished by protein compounds: planar lipid
rafts are strongly associated with flotillin and
caveolae – with caveolin.
The aim of my project was to find out if lipid rafts
are
involved
in
MCT2
plasma
membrane
localization.To test the colocalization of MCT2 and
lipid rafts, we prepared membranes from whole
brain homogenates that are resistant to Triton X100, by sucrose density gradient centrifugation.
Presence of lipid rafts in specific fractions was
revealed with slot blot using cholera toxin subunit B
(CTB), which binds to a receptor lipid (ganglioside
GM1) on the plasma membrane of lipid rafts.
Presence of flotilin-1 and MCT2 was also analyzed
by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS–PAGE) and western blot.
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The signal obtained with MCT2 antibodies partially
overlapped with CTB and entirely with flotillin-1. We
also tried to reveal the presence of caveolin-1 and
2, but did not observe any signal, although we were
able to detect caveolin-1 in samples prepared from
astrocyte cultures (according to literature, caveolin
is more abundant in non-neuronal cells).
We also tried to establish the method for lipid raft
isolation from cultured neurons using sucrose
density gradient centrifugation. Although we
succeeded in revealing lipid raft-enriched fractions,
the pattern of CTB labeling differs from that of
whole brain homogenate and we were not able to
reveal flotillin or caveolin. Furthermore, in one of
the experiments we detected MCT2 enrichment in
fractions prepared without Triton X-100. The
protocol for lipid raft extraction would need to be
adapted for primary neuronal cultures.
Another
possibility
to
demonstrate
MCT2
colocalization with lipid rafts is double labeling of
MCT2 and raft markers on cultured neurons and
brain. We discovered colocalization of MCT2 and
CTB on the surface of cultured neurons essentially
associated with the cell body. Hereby, more
experiments with immunocytochemistry should be
performed to explore MCT2 colocalization with other
lipid raft markers (flotilin and caveolin) and
conditions for section staining should be adjusted.
To conclude, we proved that MCT2 is present in
lipid rafts. It is enhanced in the subfraction of lipid
rafts containing flotillin-1, i.e. in planar lipid rafts.

Localization  of  monocarboxylate  
transporter  MCT2  in  lipid  rafts
Viktoria  Korzhova,  St.  Petersburg  State  University,    
Summer  Undergraduate  research  Programme  in  Lausanne  University  
viktoria.korzhova@gmail.com  
Supervisor:  Prof.  Luc  Pellerin,  Lausanne  University  

OXFSHOOHULQ#XQLOFK  

Mentor:  Audrey  Hebert,  Lausanne  University


INTRODUCTION
0RQRFDUER[\ODWHV ZKLFK LQFOXGH ODFWDWH DQG NHWRQH ERGLHV UHSUHVHQW DQ
LPSRUWDQW JURXS RI FHUHEUDO HQHUJ\ VXEVWUDWHV 7R DOORZ WKH WUDQVSRUW RI
PRQRFDUER[\ODWHV QHUYRXV FHOOV XVH monocarboxylate transporters 0&7V 
7KUHHPDLQLVRIRUPV0&70&7DQG0&7KDYHEHHQLGHQWLILHGLQWKHFHQWUDO
QHUYRXV V\VWHP 0&7 H[SUHVVLRQ LV UHVWULFWHG WR QHXURQV DQG UHFHQW VWXGLHV
VKRZWKDWEHVLGHVRILWVHVVHQWLDOUROHLQHQHUJ\PHWDEROLVP0&7LVDOVRUHODWHG
WR V\QDSWLF WUDQVPLVVLRQ DV LWV FHOOXODU ORFDOL]DWLRQ DQG IDWH LV FORVHO\ FRQQHFWHG
ZLWK $03$ UHFHSWRU *OX5 Maekawa et al., 2009; Pierre et al., 2009  $V $03$
UHFHSWRUVKDYHEHHQVKRZQWREHDVVRFLDWHGZLWKOLSLGUDIWVLQQHXURQV Hou et al.,
2008 LWLVOLNHO\WKDW0&7WUDIILFNLQJPLJKWDOVRLQYROYHVDQDVVRFLDWLRQZLWKOLSLG
UDIWV
Lipid rafts DUHFKROHVWHURODQGVSKLQJROLSLGHQULFKHGVXEPLFURVFRSLF QP
LQ GLDPHWHU  GRPDLQV RQ WKH FHOO PHPEUDQH WKDW FRXOG QRW EH H[WUDFWHG E\ QRQ
LRQLFGHWHUJHQWWUHDWPHQW7ZRFRPPRQW\SHVRIOLSLGUDIWVDUHNQRZQSODQDUOLSLG
UDIWV ZKLFK DUH HVVHQWLDOO\ FRQWLQXRXV ZLWK WKH SODQH RI WKH SODVPD PHPEUDQH
DQGFDYHRODHZKLFKDUHVPDOOPHPEUDQHLQYDJLQDWLRQV
  
  
  
MATERIALS  AND  METHODS
  
 Materials  for  immunodetection:  
 Cholera   toxin   subunit   B   (CTB)   ±   binds   to   GM1,   fused   with   Horseradish  
peroxidase  or  with  Alexa488  
 Primary  antibodies  against:  
¾ Flotillin-1  (marker  of  planar  lipid  rafts)  
¾ Caveolin-1  (marker  of  caveolae)  
¾ MCT2  
¾ MAP2  (neuron-specific  cytoskeletal  protein)  
 Secondary   anti-mouse   or   anti-rabbit   antibodies,   fused   with   Cy3  
fluorochrome    
 Sucrose  gradient  centrifugation  
Whole   brain   homogenate   (adult   mouse)   or   7   DIV   primary   neuronal   culture  
(from  17  days  embryos).  
  
  
  
  
  
  
  
  
  
  
  
 Slot  blot  with  gradient  fractions  
  
  
  
  
  
  
  
  
  
 Western  blot  with  gradient  fractions  
  
  
  
  
  
  
  
  
  
  
 Immunohistochemistry   with   40P   coronal   brain   sections   (from   adult  
mouse   brain)   and   immunocytochemistry   with   7   DIV   primary   neuronal  
culture  
  
  
  
  
  
  
  
  
  

The  aim  of  the  project  was  to  find  out  if  lipid  rafts  are  
involved  in  MCT2  plasma  membrane  localization.  

RESULTS
1. 0&7LVDEXQGDQWLQIUDFWLRQFRQWDLQLQJOLSLGUDIWVDQGHQULFKHGLQIORWLOOLQ
ILJ 

)LJ6ORWEORWPHPEUDQHK\EULGD]HGZLWK&7%WRUHYHDO
OLSLGUDIWV

)LJ:HVWHUPEORWPHPEUDQHDIWHUVORWEORWK\EULGD]HG
ZLWKDQWLIORWLOOLQDQWLERGLHV

)LJ:HVWHUPEORWPHPEUDQHDIWHUVORWEORWK\EULGD]HG
ZLWKDQWL0&7DQWLERGLHV

2. /LSLGUDIWVFRXOGEHUHYHDOHGZLWK&7%RQWKHVXUIDFHRIFXOWXUHGQHXURQV ILJ 
RURQEUDLQFRURQDOVHFWLRQV ILJ 

)LJ/LSLGUDIWVLQQHXURQDOFXOWXUH'$3,
±EOXH&7% OLSLGUDIWV ±JUHHQ

)LJ/LSLGUDIWVLQPRXVHKLSSRFDPSXV
'$3,±EOXH&7% OLSLGUDIWV ±JUHHQ
0$3 QHXURQVSHFLILFF\WRVNHOHWDO
SURWHLQ ±UHG

3. 0&7LVFRORFROD]HGZLWKOLSLGUDIWV UHYHDOHGZLWK&7% ERWKRQWKHVXUIDFHRI
FXOWXUHGQHXURQV ILJ DQGLQEUDLQFRURQDOVHFWLRQV ILJ 

)LJ&RORFDOL]DWLRQRIOLSLGUDIWVDQG
0&7LQQHXURQDOFXOWXUH'$3,±EOXH
&7% OLSLGUDIWV ±JUHHQ0&7±UHG
<HOORZ SRLQWHGZLWKDUURZV ±PHUJHRI
JUHHQDQGUHG

)LJ&RORFDOL]DWLRQRIOLSLGUDIWVDQG
0&7RQEUDLQVHFWLRQ'$3,±EOXH
&7% OLSLGUDIWV ±JUHHQ0&7±UHG
<HOORZ SRLQWHGZLWKDUURZV ±PHUJHRI
JUHHQDQGUHG

CONCLUSION  
MCT2  is  present  in  lipid  rafts.  It  is  enhanced  in  the  subfraction  of  lipid  
rafts,  containing  flotillin-1  ±  planar  lipid  rafts.  

PERSPECTIVES  
 Adjust  the  technique  for  lipid  raft  separation  to  neuronal  culture  
 Improve  ability  to  detect  caveolin  in  gradient  fractions  to  investigate  
presence  of  MCT2  in  caveolae  
 Explore  and  determine  the  degree  of  colocalization  of  MCT2  and  lipid  rafts  
with  CTB  and  other  markers  (flotillin  and  caveolin)  on  the  surface  of  
neurons  in  vivo  and  in  vitro  
 Analyze  enhancement  of  MCT2  in  lipid  rafts  under  conditions  known  to  
stimulate  MCT2  translocation  (Pierre  et  al.,  2009)  
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Candida glabrata drug resistance and interaction with the mammalian
host
Kohana Leuba, Françoise Ischer, Luis Vale Silva, Dominique Sanglard
Candida species is the most commonly associated
fungus with human disease. As a commensal and
opportunistic pathogen, it is commonly found in
mucosal and bloodstream infections.
Current
treatments include antifungal agents such as
azoles, polyenes, antimetabolites and glucan
synthesis inhibitors. Among Candida species C.
albicans is the most common cause of infection,
although non-albicans species have been rising over
the last years. This trend is thought to be
associated with the widespread use of azole drugs
for both treatment and prophylaxis in susceptible
patients.
Candida
glabrata,
which
displays
intrinsically reduced susceptibility and quickly
develops resistance to azole drugs, is now the
second most common species and accounts for
29% of bloodstream Candida species isolates.[1]
Resistance to azole drugs in C. glabrata is typically
associated with a CgPDR1-mediated overexpression
of the drug efflux pumps, at least CgCDR1,
CgCDR2, CgSNQ2. [2]
In the Sanglard laboratory, 58 gain of function
(GOF) mutations associated with a resistance to
antifungals have been described.
These GOF
mutations were shown to cause an overexpression
of at least one of the previously mentioned drug
efflux pumps. [3] Usually mutations in the genome
leading to drug resistance result in a fitness cost of
the microorganism. Surprisingly, these GOF
mutations on CgPDR1 have been found to lead to
increased
virulence
in
murine
models
of
disseminated infection.
Previous studies to address the mechanism for an
increase in virulence tested the effects of three GOF
mutations associated with antifungal resistance on
the interaction with mammalian host cells. It was
found that GOF mutations led to a decrease in
adherence to and phagocytosis by murine bone
marrow-derived macrophages (BMDMs).
My
project
focused
on
performing
similar
experiments using the same GOF mutations in a
different C. glabrata strain background, in order to
determine whether or not results from past
experiments were strain dependent. In order to
construct the required strains, CgPDR1 was
disrupted in the clinical isolate BG2 and both the

32

SUR 2012

wild type and GOF mutation-containing CgPDR1
alleles were then individually introduced. Correct
clones were identified using a diagnostic PCR. The
effect of each CgPDR1 allele on azole susceptibility
was measured in a dilution assay on solid media
containing fluconazole concentrations of 10, 50,
and 100 µg/mL. Additionally, the relative
expression of efflux pump genes CgCDR1, CgCDR2,
and CgSNQ2, as well as CgPDR1 itself, was
analyzed using quantitative real time PCR (qRTPCR). The strains were then labeled with green
fluorescent protein (GFP) or red fluorescent protein
(RFP), expressed from episomal plasmids, to
differentiate between two different strains in
competition experiments in co-culture with BMDMs.
This system was used to analyze the influence of
the CgPDR1 allele on phagocytosis by BMDMs.
The dilution experiments using the BG2 strain
background demonstrated the expected clear
association between the presence of GOF mutations
on CgPDR1 and resistance to fluconazole, as
previously found on the other strain background.
Resistance was found to be mainly mediated by
CgCDR1 overexpression, according to the qRT-PCR
results. Overall, this corresponded to a good
agreement with data previously obtained for the
same CgPDR1 alleles on the other strain
background. Unlike previously obtained results, the
presence of GOF mutations on CgPDR1 did not
affect phagocytosis in the BG2 strain background.
This suggests that the previously found CgPDR1mediated decrease in phagocytosis is strain
dependent.
Further studies on the exact mechanism behind this
regulation of the interaction with host-cells are now
needed. Macrophages are an important part of the
innate immune system in humans and often act as
the first response to foreign disease in the body.
Understanding the mechanism and effect of
CgPDR1 in the interaction of C. glabrata strains
with macrophages may provide insight into more
effective treatments.

Candida glabrata drug resistance and interaction with the mammalian host
K.D. Leuba, F. Ischer, L. A. Vale Silva, D. Sanglard
Institute of Microbiology, University of Lausanne & University Hospital Center, Lausanne, Switzerland

Introduction

qPCR check of mutant strains
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Genotype
pdr1∆::FRT
pdr1∆::PDR1-SAT1
pdr1∆::PDR1-L280F-SAT1
pdr1∆::PDR1-R376W-SAT1
pdr1∆::PDR1-T588A-SAT1
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qRT-PCR was used to quantify the expression of PDR1 target gene in the strain BG2
and the lack of correlation of target gene experession between BG2 and DSY56 suggests a strain dependence. qRT-PCR results suggest that resistance is mainly caused
by CgCDR1 in all three GOF mutations for both strain backgrounds.

T588A

CgPDR1 was disrupted in the clinical isolate BG2 and both the wild type and GOF
mutation-containing CgPDR1 alleles were then individually introduced. The recyclable SAT1 flipper method was used for all transformations and correct clones were
identified using a diagnostic PCR.
The following strains and the genotypic information for the BG2 and DSY562
strains used in this study are described below.
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Figure 3: qPCR results for the relative mRNA expression of CgCDR1, CgCDR2, and
CgSNQ2 in (a) BG2 strain background and (b) DSY562 strain background.

(a)

Figure 1: Schematic of CgPdr1 protein and the location of the three hyperactive
alleles focused on in this study: L280F, R376W, T588A.

2h

Figure 4: Images of co-culture competition assay between wildtype and hyperactive
strain of C. glabrata as (a) brightfield image and (b) fluoresent image depicting the
fluorescent labeled genes (scale bar 20 µm). An average of the results for each GOF
allele and the phagocytosis of yeast cells is depicted in figure (c) BG2 and (d) DSY562.
Strains were labeled with green flourescent protein (GFP) or red fluorescent protein
(RFP), expressed from episomal plasmids, for identification of two different strains in
competition experiments in co-culture with BMDMs. This system was used to analyze
the influence of the CgPDR1 allele on C. glabrata phagocytosis by BMDMs. Results
demonstrate no significant difference in phagocytosis in the BG2 background while
previous results in the DSY562 L280F background demonstrate statistically significant
differences (*P<0.05 using ANOVA statistical analysis).

Conclusions
t 4FSJBMEJMVUJPOFYQFSJNFOUTVTJOHUIF#(TUSBJOCBDLHSPVOEEFNPOTUSBUFBTTPDJBtion between GOF mutations on CgPDR1 and resistance to fluconazole.
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Construct a small collection of isogenic BG2 strains
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Candida species is the most commonly associated fungus with human disease. As
a commensal and opportunistic pathogen, it is commonly found in mucosal and
bloodstream infections. Current treatments include antifungal agents such as azoles,
polyenes, antimetabolites and glucan synthesis inhibitors. Among Candida species,
C. albicans is the most common cause of infection, although non-albicans species
have been rising over the last years. This trend is thought to be associated with the
widespread use of azole drugs for both treatment and prophylaxis in susceptible
patients. C. glabrata, which displays intrinsically reduced susceptibility and quickly
develops resistance to azole drugs, is now the second most common species and
accounts for 29% of bloodstream Candida species isolates.1 Resistance to azole drugs
in C. glabrata is typically associated with a CgPDR1-mediated overexpression of the
drug efflux pumps, at least CgCDR1, CgCDR2, and CgSNQ2.2
In the Sanglard laboratory, 58 gain of function (GOF) mutations associated with a
resistance to antifungals have been described. These GOF mutations were shown to
cause an overexpression of at least one of the previously mentioned drug efflux
pumps.3 Usually mutations in the genome leading to drug resistance result in a
fitness cost of the microorganism. Surprisingly, these GOF mutations on CgPDR1 have
been found to lead to increased virulence in murine models of disseminated infection. Previous studies to address the mechanism for an increase in virulence tested
the effects of three GOF mutations associated with antifungal resistance on the interaction with mammalian host cells. It was found that GOF mutations led to a decrease
in adherence to and phagocytosis by murine bone marrow-derived macrophages
(BMDMs). The focus of this project is to use similar experiments with the same GOF
mutations in a different C. glabrata strain background, in order to determine whether
or not results from past experiments are strain dependent.

10 µg/mL
fluconazole

50 µg/mL
fluconazole

100 µg/mL
fluconazole

DSY562 pdr1∆ WT
DSY562 pdr1∆ L280F
DSY562 pdr1∆
BG2 pdr1∆
BG2 pdr1∆ WT
BG2 pdr1∆ L280F
BG2 pdr1∆ R376W
BG2 pdr1∆ T588A

Figure 2: Testing of fluconazole susceptibility for the BG2 pdr1∆ mutant strain with

different CgPDR1 alleles and controls of DSY562 pdr1∆ mutant strain with different
CgPDR1 alleles using a serial dilution assay (10-1-10-6) on solid media containing fluco-

nazole concentrations of 10, 50, and 100 µg/mL.

Strains of C. glabrata with the GOF mutation were generally more resistant to fluconazole than the strain of C. glabrata containing the wildtype CgPDR1. Pdr1∆
mutants were fluconazole hypersusceptible.

t 'SPNUIFR351$3SFTVMUT SFTJTUBODFXBTGPVOEUPCFNBJOMZNFEJBUFECZ"51#JOding Casette transporter CgCDR1 overexpression.
t 5IFQSFTFODFPG(0'NVUBUJPOTPOCgPDR1 did not affect phagocytosis in the BG2
strain background as compared to the wildtype. This suggests that the previously
found CgPDR1-mediated decrease in phagocytosis is strain dependent. This was
opposite to the results from when the DSY562 background was used.
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Molecular and Phenotypic Characterization of AtNPC Knock Down Lines
Bhaskar Mitra, Marina Nadael, Uta Paszkowski

The main background starts with a rice mutant npc
which develops low colonization during AM
symbiosis. The gene responsible for the mutation is
npc, has been identified and cloned. NPC Protein is
a novel AM factor predicted to function as a
transporter involved in the production / release of a
critical signal molecule during symbiosis formation.
Orthologs of the NPC protein are found in other
plants species, including Arabidopsis which inturn
has two NPC paralogs. RNA extraction has been
performed and they were subjected to DNAse
treatment in order to confirm absence of DNA. To
check the quality of RNA an Agarose Gel
Electrophoresis was run. The RNA of all the plant
lines were then converted to converted to cDNA and
a RT-PCR was run to see the cDNA band on the gel
with 200 base pairs. We then have to run a qPCR to
quantity amount of gene silencing. At phenotypic
level we would characterize KnockDown AtNPC
lines, determine morphological characters of
mutant lines in comparison with Wildtype plant. We
are also looking at the Plant body stature and
flowering time.
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The reason why AtNPC mutant was chosen is
because genome organization is simple and can be
easily coded and modified. We introduced the
technique of Post Transcriptional Gene Silencing so
that mRNA can be regulated and there is no protein
formation and also since the DNA sequences are
identical and placed close to each other its difficult
to analysis on them hence RNAi silencing construct
has been prepared to target. The AtNPC RNAi
silencing construct has already been prepared to
target both the AtNPC genes.

!"#$%&#'()'*+),-$*"./01%)2-'('%.$(13'4"*)"5)6*"%7$+)8"9*):.;,2)<1*$=)
!"#$%#&'()*&#+,'(#&)-#'.#/#01,'2*#'3#$4%56$%)1'
178!(9,'2-):;&$)*;'/;'<#=$#--;,'85&)>-?'@#AB=$,'C6)*4;&0#-/'
+79;005&;'D-$E*=*;'5F'G;H"-505>?,'9;005&;'(#)-'@#AB=$,'G#A)0'.#/=,'D-/)#'

IJ$*&#H*''

The rice npc mutant has low colonization during AM symbiosis. The gene responsible for the mutation is npc, has been identified and cloned. NPC Protein is a novel AM factor predicted to function as a transporter
involved in the production/release of a critical signal molecule during symbiosis formation. Orthologs of the NPC protein are found in other plants species, including Arabidopsis which inturn has two NPC paralogs.
RNA extraction has been performed and they were subjected to DNAse treatment in order to confirm absence of DNA. To check the quality of RNA an Agarose Gel Electrophoresis. The RNA of all the plant lines were
then converted to cDNA and a RT-PCR was run to see the cDNA bands on the gel with 200 base pairs.'

'D-*&5/=HE5-'

Methods

Discussion

!The rice npc mutant that is unable to properly establish AM
symbiosis.

The AtNPC RNAi silencing construct has already been prepared to target
both the AtNPC genes.

NPC protein is a single gene copy number and

!The npc phenotype is characterized by very low colonization
of roots.

At Molecular level

!The npc phenotype suggests a lack of communication
between plant and fungus.
!Gene responsible for the mutation is NPC
!"#$

!"#$

9.)

Figure 1

!"#$

Figure 2

QRT-PCR
%Primers have already been designed.
%RNA Extraction protocol
%DNAse treatment
%Synthesis of cDNA
%Quantify NPC mRNA accumulation

# Major facilitator and transporter
# DUF895 Domain
# 11 Transmembrane Domains predicted
# No characterized orthologs
# A novel AM factor
Figure 8
# Is involved in constitutive release of a signal molecule but the nature of
the molecule is a mystery.
Figure 8. Structure of NPC Protein
Diversity of NPC Proteins

At Phenotypic level
%Characterization of phenotype of Knockdown AtNPC lines.
%Determination of morphological characters of mutant lines in
comparison with Wildtype plant.
%Plant body Stature, flowering.

Figure 1. Wildtype
Figure 2. npc mutants.

Results

Orthologs of NPC gene are found in non-mycorrhizal
plants ,including Arabidopsis. Arabidopsis has two AtNPC
paralogs (two copies of the NPC gene)that are
identical in DNA sequence.
Why AtNPC mutant ?

RNA Extraction results
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" Genome organization is simple and can be easily coded.
" Genome can be easily modified.
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Figure 9. A Phylogenetic Tree representing family of closely related NPC
protein

Figure 3
Figure 3. Genome organization in A. thaliana
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Future Perspectives

Why Post Transcriptional Gene Silencing technique ?
# mRNA can be regulated and there is no protein formation
# Since the DNA sequences are identical and placed close to
each other its difficult to do analysis on them hence RNAi
silencing construct has been prepared to target.

There is a lot of future potential in this project and much things can be
discovered about the signaling pathways. From the other samples we have to
synthesize cDNA and we also need to perform qRT-PCR to quantify the
silencing of gene.

Figure 4

Research Objectives

Figure 4. RNA Bands on 1% Agarose Gel.
$ To evaluate the silenced status of the AtNPC gene in Knock
down lines at molecular and phenotypic level.
DNAse Treatment and Test PCR Results

Approach
Acknowledgement

Arabidopsis Plant Lines

Figure 5

RNA Extraction and Running Agarose Electrophoresis Gel to check quality

DNAse treatment to confirm absence of DNA in RNA Samples

Figure 5. RNA bands treated with DNAse; subjected to Test PCR
cDNA Synthesis

Running Test PCR

Figure 6.
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Synthesis of cDNA from RNA Samples

Figure 6. cDNA Bands after RT PCR
Running RT PCR

Phenotypic Characterization
Quantitative Polymerase Chain Reaction
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Figure 7 Phenotypic traits of plants
Plant 28- Stunted growth
Plant 15 and 16- Secondary rosette formation
Plant 20- Number of leaves vary in each nodes

16

1.Paszkowski, U., Jakovleva, L. & Boller, T. Maize mutants affected at distinct
stages of the arbuscular mycorrhizal symbiosis. Plant J. 47, 165–173 (2006)
2.Saito, K. et al. NUCLEOPORIN85 is required for calcium spiking, fungal and
bacterial symbioses, and seed production in Lotus japonicus. Plant Cell 19, 610–
624 (2007).
3.Martin Parniske et al. www.nature.com/reviews/micro 763-775 | October 2008
Volume 6
4.Novero, M. et al. Dual requirement of the LjSym4 gene for mycorrhizal
development in epidermal and cortical cells of Lotus japonicus roots. New Phytol.
154, 741–749 (2002).

SUR 2012

35

Charlotte Purcell

The George Washington
University, USA
Host Laboratory:
Isabelle Décosterd
Department of Fundamental
Neurosciences
University of Lausanne
	
  
Expression of Caspase-1 and Interleukin-1ϐ following Spinal Nerve Injury
Charlotte Purcell, Marc Suter, Marie Pertin, Guylene Kirschmann,
Isabelle Decosterd
Neuropathic pain is a type of chronic pain that
affects the somatosensory system often causing
abnormal pain sensitivity. Overproduction of
interleukin-1ϐ has been implicated in the biological
mechanism of neuropathic pain in recent studies.
Painful stimuli or pathogens are recognized by
Pattern Recognition Receptors (PRRs), which then
identify Pathogen-Associated Molecular Patterns
(PAMPs) and Danger-Associated Molecular Patterns
(DAMPs).
Within
certain
cells
containing
inflammasome complexes, PRRs regulate the
expression
of
pro-inflammatory
cytokines.
Inflammasome complexes are assembled and
recruit pro-caspase-1 due to a range of different
activators including painful stimuli recognized by
PRRs. Pro-caspase-1 is activated into it's mature
form of caspase-1, which in turn facilitates the
activation of pro-interleukin 1ϐ into interleukin-1ϐ.
Interleukin-1ϐ is secreted from the cell and begins
to
activate
inflammatory
reactions.
Inflammasomes, caspase-1, and interleukin-1ϐ all
have important immune functions, however, in the
instance of neuropathic pain, dysfunction in the
mechanism may cause an over abundance of IL-1ϐ
production.
The purpose of this study is to determine whether
interleukin-1β and caspase-1 are more highly
expressed in instances of neuropathic pain in mice.
In this study, we use the Spared Nerve Injury (SNI)
model of neuropathic pain, in which the peroneal
and tibial branches of the sciatic nerve are ligated
together and cut while the sural branch is left
intact. We used ipsilateral dorsal horn sample
tissues of C57BL/6 mice to investigate the
expression of caspase-1 and interleukin-1β in SNI
versus Sham-SNI samples at 1 week after surgery.
In addition, we performed a time course of 0 week,
1 week, and 2 week SNI samples to understand the
expression of caspase-1 following SNI.
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Following RNA extraction and reverse transcription,
the samples were run using the qRT-PCR protocol
for the BioRad IQ5 and SYBR green reagent.
GAPDH was used as a reference gene in all qRTPCR experiments. Several different primers were
designed and tested for caspase-1 and interleukin1β. Testing each primer utilized a dilution series of
a pooled group of samples, and three different
concentrations of each primer. Sham and SNI
samples at 1 week were analyzed using primers for
caspase-1 and GAPDH and Interleukin-1β and
GAPDH. The time course was analyzed using
primers for caspase-1 and GAPDH. Analysis of the
SNI versus Sham samples showed that though
there was an increase in caspase-1 and interleukin1β following SNI, this increase was not significant.
The results of the time course showed that there
was an increase in caspase-1 from 0 weeks to 1
week, and a decrease from 0 weeks to 2 weeks,
though these changes were also not significant.
While analysis of a time course following
interleukin-1β was attempted, the results from this
experiment showed a double-peaked melt peak,
which was an indication of gDNA contamination at
some level of the experiment.
The results of this study did not demonstrate an
increase of caspase-1 and IL-1β in 1 or 2 weeks
following SNI. Preliminary results of behavior and
Western Blot analysis following this time course and
pain model are consistent with these results. Future
study will utilize several other models of pain and
inflammation and may also experiment with the
length of the time course.

Expression of Caspase-1 and Interleukin-1! following
Spared Nerve Injury
1 Pain

Charlotte Purcell1,2, Marc Suter1,2, Marie Pertin1,2, Guylene Kirschmann1,2, Isabelle Decosterd1,2
Center, Department of Anesthesiology, University Hospital Center and University of Lausanne, Switzerland,
2Department of Fundamental Neurosciences, University of Lausanne, Lausanne, Switzerland

Introduction

Troubleshooting Methods

Neuropathic pain is a type of chronic pain that
affects the somatosensory system causing
abnormal pain sensitivity. Overproduction of
interleukin-1! has been implicated in the biological
mechanism of neuropathic pain in recent studies.
Multi-protein complexes called inflammasomes
assemble and recruit pro-caspase-1 in response to
painful stimuli. Pro-caspase-1 is activated into its
mature form of caspase-1 by inflammasome
structures and caspase-1 facilitates the activation
of interleukin-1!. Interleukin-1! is then secreted
from the cell and begins to activate inflammatory
reactions. We used Spared Nerve Injury (SNI) as
the model for neuropathic pain.

Methods for troubleshooting were necessary in order to find a
consistent primer for IL-1!.
A melt peak with two peaks as seen in Figure 1 might be an
indication of gDNA contamination or unspecific hybridization.
In response, we performed primer testing with several different
controls:
Figure 1: Melt Peak for IL-1! during Time Course
1) Smaller sample pool and individual samples
2) RNA sample controls to ensure no gDNA contamination at
the RNA extraction phase
3) Gel Migration performed for IL-1! dilution series and for
IL-1 ! time course (Figure 2)
Figure 2: Gel Migration for IL-1! during Time Course

Results

Objective
The purpose of this study is to determine whether
interleukin-1! and caspase-1 are more highly
expressed in instances of neuropathic pain in
mice.
1) Compare expression of caspase-1 and
interleukin-1! in C57BL/6 mice with SNI versus
Sham-SNI.
2) Complete a time course of caspase-1 and
interleukin-1! in C57BL/6 following SNI.

No significant increase in
caspase-1 expression
following SNI

Figure 3: Melt Peak for GAPDH and Caspase-1 expression
in Sham v. SNI

Graph 1

No significant increase in
IL-1! expression
following SNI because of
high variability between
samples.
Figure 4: Melt Peak for GAPDH and IL-1! expression in
Sham v. SNI

Graph 2

No significant
modification in caspase-1
during time course

Methods & Materials
Surgery
•SNI: Two of three branches of the sciatic nerve
ligated together and cut with the third left intact

Figure 5: Melt Peak for GAPDH and Caspase-1 expression
during Time Course

Sample Collection
•Ipsilateral dorsal horn tissue frozen in RNA later
solution

Results for IL-1! time course were unstable. Figure 1 demonstrates the melt peak for these
samples. Further testing showed no evidence of gDNA contamination.

RNA Extraction and Reverse Transcription (RT)
• Using Qiagen Rneasy Plus Mini Kit and RNA nano
chip
•RT performed with 500 or 330 ng of RNA depending
on the tissue sample
Designing and Testing Primers
•GAPDH (reference gene) and caspase-1 primers
were in lab
•Five new primers for interleukin-1! designed using
PrimerBlast software.
•GAPDH, caspase-1, and interleukin-1! primers were
tested using a dilution series (500, 50, 5, 0.5 ng or
400, 200, 100, 50 ng) of a pool of sample cDNA in
primer solutions 100/200/300 nM.
Primer

Sequence

GAPDH

Fwd-TCCATGACAACTTTGGCATTG
Rev- CAGTCTTCTGGGTGGCAGTGA

Caspase-1

Fwd- CACAGCTCTGGAGATGGTGA
Rev- GGTCCCACATATTCCCTCCT

Interleukin-1!

Fwd- GCTTCAGGCAGGCAGTATC
Rev- AGGATGGGCTCTTCTTCAAAG

Graph 3

Conclusion
The results of this study did not demonstrate an increase of caspase-1 and IL-1! 1 or 2
weeks following SNI. Preliminary results of behavior with inflammasome KO mice and of
determination of protein level are consistent with these results. Future study will experiment
using other time points and utilize several other models of neuropathic and inflammatory
pain.
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qRT-PCR
•cDNA from samples examined using qRT-PCR
protocol for the BioRad IQ5 system using SYBR
green Reagent (BioRad)

.
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Does food availibility affect clock gene expression in sleep deprived mice?
Cristian Riccio, Francesco La Spada, Géraldine Mang, Paul Franken

Introduction
Sleep is regulated by two processes: a circadian
process and a homeostatic process. The circadian
process dictates the time of day at which sleep
preferably occurs. The homeostatic process aims at
maintaining sleep pressure, which builds up while
awake, within acceptable limits. The molecular
basis of the circadian process is very well
understood.
It
involves
BMAL1
that
can
heterodimerise with either CLOCK or NPAS2,
binding to E-box enhancers, and driving the
transcription of the other core clock components;
i.e. the Period (Per1,2) and Cryptochrome (Cry1,2)
genes, as well as many clock output genes such as
Dbp. PER and CRY, after translation in the
cytoplasm, return to the nucleus where they inhibit
their own transcription thus closing a molecular
feedback loop thought to underlie circadian
rhythms. In contrast, the molecular basis of the
homeostatic process is not well known. To study the
homeostatic process, sleep deprivation (SD), a
major technique to increase sleep pressure, has
been used to indentify transcripts that change their
expression as a function of time spent awake. It
has been observed, for example, that Homer1a
expression rises during SD and this increase is
proportional to the time spent awake. Although the
circadian and the homeostatic processes are
independent processes, some clock genes are upregulated (Per1, Per2, Cry1, and Cry2) and some
are down-regulated (Dbp) after SD. This is a hint
that clock genes might also be involved in the
homeostatic process.
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My experiment
During the previous SD experiments food
availability was not controlled for. Although, mice
do not normally eat at the time when the SD
occurs, i.e. during the day, food availability can
importantly affect clock gene expression. My
project therefore addresses the following question:
does food availability affect the changes in gene
expression induced by SD?
The protocol is as follows: 16 mice were divided
into four groups according to two variables : food
availability (food or no food available during the
SD) and SD the first 6h the light period (control =
non-SD; i.e., sleeping ad lib, and SD kept awake).
Mice were sacrificed, cerebral cortex and liver were
extracted, RNA was purified and then quantified by
an RT-qPCR. Expression of 5 transcripts were
determined: Per1, Per2, Homer1a, Dbp, and Cry1.
We could show, using a two-way ANOVA, that in
liver Homer1a and Per1 expression was significantly
affected by SD but not by food availability. In the
cortex Per1, Per2, Cry1, Dbp, and Homer1a
expression was significantly changed by SD and not
by food availability, thus corroborating our
assumption that food is not a main factor (if it is at
all) explaining the changes in gene expression The
changes in gene expression that we observe after
sleep deprivation are the result of the homeostatic
process and not of the increase in food intake.

Does  food  availibility  affect  clock  gene  expression  in  sleep  deprived  mice?  
  

Cristian  Riccio,  Francesco  La  Spada,  Géraldine  Mang,  Paul  Franken  
  Center  for  Integrative  Genomics,  University  of  Lausanne  

Introduction  

Results  

  
Sleep   is   regulated   by   two   processes   :   a   circadian  
process   and   a   homeostatic   process.   The   molecular  
basis  of  the  homeostatic  process,  which  reflects  sleep  
need,  is  not  well  understood.  Sleep  deprivation  (SD)  is  
a   technique   used   to   study   the   homeostatic   process.  
Surprisingly,  we  found  that  SD  affects  the  expression  of  
circadian   clock   genes.  1   Until   now,   SD   was   performed  
with   food   being   available   ad   libitum.   Therefore,   food  
could   be   a   confound   in   assessing   the   effect   of   SD   on  
gene  expression.  
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Figure  1  :  molecular  feedback  loop  driving  circadian  rhythms1  
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Protocol  and  methods  
  
 16   male   C57BL/6   mice   divided   in   4   groups  
(SD/non-‐SD  and  food/no  food)  
  
 6h  sleep  deprivation  (ZT0-‐ZT6;  ZT0  =  light  onset)  
  
 Cerebral  cortex  and  liver  extraction  
  
 Analyse   gene   expression   of   Homer1a,   Per1,   Per2,  
Cry1  and  Dbp  by  qPCR  (Taqman  method)  
  
 Three   reference   genes   not   affected   by   sleep  
deprivation   nor   by   food   availability   were   used:  
Gapdh,  Eef1a1  and  Rsp9  
  
 Taqman  results  were  analysed  by  two-‐way  ANOVA  

0.0
food

normalised RNA level

Investigate   the   effect   of   food   availability   on   clock  
genes  and  homeostatic  genes  during  an  SD  
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Conclusion  
Food  availability  does  not  significantly  affect  the  SD-‐
induced  changes  in  clock  gene  expression.  The  effect  
on  clock  gene  expression  by  SD  is  only  due  to  the  
extended  waking.  
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Figure  2  :  Protocol  
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Figure  3  :  Cortical  and  liver  gene  expression  
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Optimization of antigen presenting cell activation upon EBV infection in
healthy controls
Kerstin Ruustal, Amandine Mathias, Renaud Du Pasquier
Background
Epstein-Barr virus (EBV) is a DNA virus with a
double-stranded linear genome belonging to the
gammaherpesvirus family. EBV is associated with
infectious mononucleosis, various carcinomas and
lymphomas (e.g. Burkitt’s lymphoma) and is also
considered as one of the environmental factors
triggering the development of multiple sclerosis
(MS) in genetically susceptible people. MS is a
debilitating immune-mediated inflammatory disease
that affects the nervous system, leading to
demyelination of axons and progressively increasing
disability. The importance of the innate immune
system in MS pathophysiology is emerging. Thus,
studying host immune innate responses to EBV
infection will help shed light to the differential
interactions between the virus and the immune
system in patients and healthy individuals. Current
work in the lab ultimately aims to compare the
innate immune response to EBV in healthy controls
and MS patients. In this context, the first aim of
this project was to define the optimal conditions of
EBV infection (time course and concentration)
allowing the activation of antigen presenting cells
(APCs) such as monocytes, monocyte-derived
dendritic cells (moDCs) and B cells isolated from
healthy donors. As EBV particles used were
infectious, the second aim of this project was to
improve EBV handling safety through viral particle
inactivation.
Methods
We isolated peripheral blood mononuclear cells
(PBMCs) from the blood of healthy controls on Ficoll
gradients, after which monocytes and B cells were
separated by magnetic cell sorting on an AutoMacs
cell sorter using CD14 and CD19 MicroBeads,
respectively. To prepare moDCs, a proportion of the
CD14+ cells was cultured in presence of GM-CSF
and IL-4 for 6 days.
Aim 1: For the time course and concentration
experiments, cells were incubated with various
concentrations of EBV (lysate, infectious wild type
(WT) EBV containing supernatant dilutions 1:2, 1:4,
1:8, 1:20), medium (negative control) or LPS
(positive control). After 20 h and 48 h cell-free
supernatants were harvested for TNFα (monocytes,
moDC) and IL-6 (B cells) quantifications by
enzyme-linked immunosorbent assay (ELISA), and
cell surface expression of CD40, CD83, CD80,
CD86, HLA-DR was evaluated by fluorescence
activated cell sorting (FACS). FACS data was
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presented as a ratio of mean fluorescence intensity
(MFI) of stimulated vs control samples.
Aim 2: To look for potential safety improvements,
the responses elicited by wild type and inactivated
EBV were compared. EBV viral particles were
inactivated by heating (56ºC , 1 h) or by exposure
to UV radiation (1 h), after which cell stimulation
experiments were carried out, as previously
described, with EBV lysate, WT dilution 1:2, heat
inactivated EBV 1:2 dilution, UV inactivated 1:2
dilution, and medium and LPS as negative and
positive controls, respectively.
Results
Aim 1: FACS analyses in monocytes showed slight
activation with EBV lysate and a dose response
(declined with decreasing WT concentration) as
reflected by the modulation of CD40 and CD80
surface expression. In contrast, no modulation of
activity in moDCs and B cells could be seen with
EBV WT. After 48 h we observed a loss of activation
in the positive control, most likely due to cell death.
ELISA showed TNFα secretion with LPS and EBV
lysate in monocytes and moDCs, however, after 48
h the levels had decreased, likely due to less cells
and/or TNFα degradation. In B cells IL-6 secretion
was higher after 48 h. However, we could not
detect modulation in TNFα/IL-6 secretion in any of
the wild type dilutions. Since response could only
be detected by FACS, it could mean that the viral
particles were recognised but no inflammatory
response was triggered.
Aim 2: FACS analyses showed that monocyte
activation observed with EBV WT particles was
abrogated after EBV heat or UV inactivation modulation of CD40 and CD80 surface expression
was absent. Like in Aim 1, moDC and B cell activity
was not modulated by EBV WT and no response
could be detected with heat or UV inactivated EBV.
Furthermore, no cytokine secretion was detected
with either WT or inactivated EBV.
Conclusion: The data allows us to conclude that
both EBV lysate and EBV particles can elicit a slight
APC activation resulting in the secretion of proinflammatory cytokines only in presence of EBV
lysate. The most optimal conditions for carrying out
EBV stimulations are 20 h of incubation using a 1:2
dilution. Since no modulation of activity with
inactivated
EBV
can
be
observed,
further
experiments involving patients will be performed
using EBV lysate or EBV WT ½.
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Experimental  procedures  

Introduction  
  
Epstein-Barr   virus   (EBV)   is   a   DNA   virus   with   a   double-stranded   linear   genome  
belonging   to   the   gammaherpesvirus   family.   EBV   is   associated   with   infectious  
mononucleosis,  various  carcinomas  and  lymphomas  (e.g.  Burkitt’s  lymphoma)  [1]  and  is  
also   considered   as   one   of   the   environmental   factors   triggering   the   development   of  
multiple   sclerosis   (MS)   in   genetically   susceptible   people   [2].   MS   is   a   debilitating  
immune-mediated   inflammatory   disease   that   affects   the   nervous   system,   leading   to  
demyelination  of  axons  and  progressively  increasing  disability  [3].  Until  now  mainly  T  cell  
responses  of  MS  patients  to  EBV  infection  have  been  studied,  however,  the  importance  
of  the  innate  immune  system  in  MS  pathophysiology  is  emerging.  Thus,  studying  host  
immune   responses   to   EBV   infection   will   help   shed   light   to   the   differential   interactions  
between  the  virus  and  the  immune  system  in  patients  and  healthy  individuals.  
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¾  Medium  (control)  
¾  LPS  (positive  control)  
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¾  EBV  WT  ½  dilution  
¾  EBV  WT  ¼    dilution  
¾  EBV  WT  1/8  dilution  
¾  EBV  WT  1/20  dilution  

  
Current  work  in  the  lab  ultimately  aims  to  compare  the  innate  immune  response  
to   EBV   in   healthy  controls  and   MS   patients.  In   this   context,   the   first  aim  of   this   project  
was  to  define  the  optimal  conditions  of  EBV  infection  (time  course  and  concentration)  
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Figure  legend:  FACS  and  ELISA  analyses  of  cell  surface  antigen  and  cytokine  expression  profiles  in  monocytes,  moDCs,  B  cells  after  20  or  48  h  incubation  time  with  various  stimuli  as  indicated  above  the  graphs.  FACS  data  are  normalized  as  a  ratio  of  
mean  of  fluorescence  intensity  (MFI)  of  stimulated  vs  control  samples.  ELISA  was  performed  on  the  culture  supernatants  of  monocytes,  moDCs  (71)Į)  and  B  cells  (IL-6).  Data  were  obtained  from  n  independent  experiments  and  represented  as  mean  +  SD.  

¾  FACS  analyses  (CD40  and  CD80  upregulation)  in  monocytes  showed  a  slight  activation  with  EBV  lysate  
together  with  a  dose  response  to  EBV  WT  stimulation  (½  ,  ¼)  after  20  h.  In  contrast,  moDCs  and  B  cells  
do  not  show  any  response  to  EBV  WT.  The  observed  loss  of  activation  upon  LPS  stimulation  after  48  h  was  
most  likely  due  to  cell  death  indicating  that  20h  incubation  time  is  sufficient  to  induce  a  response.  
¾  EBV  lysate  but  not  EBV  WT  was  associated  with  cytokine  secretion  by  stimulated  APCs  meaning  that  the  
viral  particles  were  recognized  but  no  inflammatory  response  was  triggered.  

¾  Monocyte   activation   observed   with   EBV   WT   particles   was   abrogated   after   EBV   heat   or   UV  
inactivation  (absence  of  modulation  of  CD40  and  CD80  surface  expression)  
  
¾  Still  no  cytokine  secretion  was  detected  with  either  WT  or  inactivated  EBV.    

Conclusions  &  outlooks  
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¾ Based   on   FACS   and   ELISA   data,   both   EBV   lysate   and   EBV   particles   can   elicit   a  
slight  APC  activation  resulting  in  the  secretion  of  pro-inflammatory  cytokines  
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¾ Since   no   modulation   of   activity   with   inactivated   EBV   can   be   observed,   further  
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Effects of post-translational modifications on OGT activity
Jelena Tošić, Vaibhav Kapuria, Winship Herr

Post-translational modifications can alter the
properties of proteins by the addition of either a
chemical group or another protein to specific amino
acid residues. Addition of a phosphate group is
predominantly preformed on the serine, threonine
and tyrosine residues by protein kinases. Proteins
can also be modified by covalent attachment of
short proteins - ubiquitin, small ubiquitin-like
modifier
or
other
ubiquitin-like
proteins.
Monoubiquitination has been shown in receptor
endocytosis
and
DNA-damage
repair.
Polyubiquitination includes addition of chains of
linked ubiquitin through Lys48, or Lys63 residue of
ubiquitin. Proteins ubiquitinated through Lys48linked chains undergo protein degradation by the
proteasome
while
Lys63-linked
chains
are
important for signaling through TNF-α receptor and
the DNA damage repair.
O-linked-N-acetylglycosamine transferase (OGT) is
ubiquitously expressed enzyme that catalyzes the
addition of O-GlcNAc on serine or threonine
residues of target proteins. Donor substrate for
glycosylation is UDP-GlcNAc. Glycosylation is
important for regulation of protein function because
it is influencing protein interactions, enzymatic
activity, and subcellular localization. OGT contains
two domains, an N-terminal tetratricopeptide repeat
domain for substrate recognition and a C-terminal
catalytic domain. These domains are separated by a
bipartite nuclear localization sequence (NLS) which
is involved in directing nuclear localization. One of
the proteins which is glycosylated by OGT is HCF-1,
but what’s even more interesting, OGT is
responsible for HCF-1 proteolytic processing. HCF-1
is a transcriptional co-regulator which has
important role in regulation of cell cycle. The Nterminal subunit promotes progression through G1
phase, whereas the C-terminal subunit regulates
mitosis and cytokinesis. It is cleaved at a series of
six 26-amino acid repeats called HCF-1PRO repeats.
N- and C-terminal subunits remain noncovalently
associated. HCF-1 possesses amino-terminal Kelch
domain followed by a region rich in basic residues,
the proteolytic processing domain, acidic activation
domain and a set of fibronectin repeats.
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Aims of my project were to investigate if posttranslational modifications of OGT affect it’s
glycosylation activity, HCF-1 proteolysis and
localization of OGT in the cell. Using site directed
mutagenesis, I mutated amino acids on specific
positions in OGT that have been reported to be
ubiquitinated or phosphorylated. This was then
followed by transfections to overexpress mutant
OGT in HEK293 cells. The putative sites for
ubiquitination of OGT are K90 and K158, and T444
for phosphorylation. I wanted to investigate
whether the mutation on positions 90, 158 or 444
changes activity of OGT towards HCF and other
cellular proteins. Another goal of this study was to
investigate whether T444A inhibits import of OGT in
nucleus. In addition, I have made two more OGT
mutants affecting OGT NLS sequence and
performed small-scale fractionation to investigate
the changes in localization of OGT after mutations
in the NLS sequences.
This study showed that OGT indeed undergoes
ubiquitination and phosphorylation in HEK293 cells,
but K90R, K158R and T444A mutations do not
affect
the
levels
of
ubiquitinatinated
or
phosphorylated
OGT
respectively,
nor
it’s
glycosylation activity. In addition, co-transfections
of WT or mutant K90R/K158R/T444A OGT with Nterminus of HCF-1 (1-1010 aa) showed that the
levels of glycosylated HCF-1 are not significantly
different for the mutant OGTs as compared to the
WT. Cellular fractionation results showed that
T444A OGT is not present in the nuclear fraction,
which was expected based on the literature data,
but that both mutations of NLS sequence do not
inhibit the transport to the nucleus, since the
immunoblotting analysis clearly suggested the
presence of
K477/78A and ΔNLS OGT in both
nuclear fraction as well as insoluble chromatin
fraction.

Effects of post-translational
modifications on OGT activity
-HOHQD7RãLü9DLEKDY.DSXULD:LQVKLS+HUU
Centre of Integrative Genomics, University of Lausanne, Switzerland

Introduction

Aims

O-linked-N-acetylglycosamine transferase (OGT) is an enzyme that catalyzes
the addition of O-GlcNAc on serine or threonine residues of target proteins
(1). One of the proteins which is extensively glycosylated by OGT is Host Cell
Factor -1 (HCF-1), but ZKDW¶V even more interesting, OGT is also responsible
for HCF-1 proteolytic processing (2). HCF-1 is a transcriptional co-regulator
which plays an important role in regulation of the cell cycle. The N-terminal
subunit promotes progression through G1 phase, whereas the C-terminal
subunit regulates mitosis and cytokinesis (3). Mass spectrometry and
proteomics data suggested sites on OGT on which ubiquitination (K90 and
K158) and phosphorylation (T444) occurs (4,5). Here we will investigate the
effects of mutations of these sites on 2*7¶V glycosylation activity and HCF-1
proteolysis.

1. Investigate the effects of OGT WT/K90R/K158R/T444A
overexpression on cellular protein O-GlcNAcylation levels.

Results

ii

2. Investigate the effects of K90R/K158R mutations on OGT ubiquitination
levels and how do the changes of ubiqutination sites on OGT DIIHFWLW¶V
glycosylation activity towards HCF-1.
ii

3. Investigate what are the effects of T444A mutation on OGT phosphorylation
levels.

Methods
pCGT-OGT vector was used as a template for site directed mutagenesis to
create K90R/K158R/T444A mutants. OGT overexpression was performed
using Lipofectamine 2000 in HEK293 cells and further analysis were made by
immunoblotting and immunoprecipitations.

Figure 1. OGT undergoes ubiquitination in HEK293 cells. Untransfected or WT OGT
transfected HEK293 cells were left untreated or treated with proteasome inhibitor MG132 (10
ȝ0) for 6 hr. The levels of overall polyubiquitinated proteins (Left panel) and ubiquitinated OGT
(Right panel) was assessed by immunoblotting by anti-Ubiquitin (P4D1) antibody. Anti-K48
antibody was used to detect chains on ubiquitin formed through K48-linkage.

Figure 2. K90R and K158R mutations in OGT do not affect OGT ubiquitination or its
glycosylation activity. WT and mutant K90R/K158R OGTs were overexpressed in HEK293
cells and the levels of endogenous protein glycosylation were assessed by immunoblotting with
anti-O-GlcNAc (RL2) antibody. WT or mutant OGT overexpression led to similar enhancements
of cellular protein glycosylation (Left panel). Immunoprecipitation was done using anti-T7
antibody to pull down T7 tagged OGT. No significant change between the ubiquitination of WT
OGT and K90R/K158R mutants was observed (Right panel). * represents non-specific band.

Figure 3. T444A mutation in OGT does not affect OGT phosphorylation levels. WT and
mutant T444A OGTs were overexpressed in HEK293 cells and and the levels of endogenous
protein glycosylation was assessed by immunoblotting by anti-O-GlcNAc (RL2) antibody. No
significant change in the levels of overall protein glycosylation was found (Left panel).
Immunoprecipitation was done using T7 antibody to pull down T7 tagged OGT. No significant
change was observed between the phosphorylation levels of WT OGT and T444A mutant (Right
panel).

Figure 4. K90R, K158R (Left panel) and T444A (Right panel) mutations in OGT do not
inhibit HCF glycosylation. WT or mutant K90R/K158R OGTs were overexpressed in HEK293
cells together with HCF-1 (N-terminus, 1-1010 aa). Wheat germ agglutinin beads were used to
pull-down glycosylated proteins, and the HCF-1 glycosylation was assayed by immunoblotting
with anti-HA antibody.

Conclusions
Our study shows that K90R, K158R and T444A mutations in OGT do not
lead to significant changes in OGT glycosylation activity. Additionally, we did
not find any significant change in the levels of OGT ubiquitination and
phosphorylation from the created mutants as compared to wild-type OGT.
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The role of DNA recombination in cell cycle progression
Zuzanna Urban, Kaja Kostyrko, Nicolas Mermod

Introduction and aims
Genetic recombination is an important mechanism
that involves exchange of genetic material between
DNA strands. Homologous recombination (HR) plays
an essential role in mitosis, meiosis and doublestranded break (DSB) repair. DSB repair takes
place usually during late S and G2 phase of the cell
cycle. The HR pathway is mediated by factors called
recombinases among which the most well known is
Rad51 (homolog of bacterial RecA). Some of the
other proteins involved in HR are Brca1, Cyclin D1
and Rad51c [1, 2, 3, 4, 5, 6]. DSB repair process is
believed to trigger integration of exogenous genes
to the genome [7]. Further investigation of HR
proteins could enable more effective transgene
expression in eukaryotic cells. My project was based
on the observation that deficiency of some
recombination proteins leads to cell cycle arrest of
Chinese Hamster Ovary (CHO) cells. Therefore the
aim of my project was to analyze whether HR
proteins are able to control the progression of the
cell cycle.
Approach
CHO cells stably expressing Fluorescent
Ubiquitination-based Cell Cycle Indicator (FUCCI)
[8] were used in all experiments. These cells
change colour of their fluorescence according to the
cell cycle phase. They are red in G1 phase, yellow
in the beginning of S phase and green in late S, G2
and M phases. This property simplifies observation
and analysis of cell cycle and cell cycle arrest. Cells
were transfected with siRNAs: anti-CyclinD1, Brca1,
Rad51, Rad51c and Negative siRNA (scrambled).
Fluorescence of cells was observed under
fluorescent microscope. After 72 hours cells were
analysed by Fluorescence Activated Cell Sorting
(FACS). Data obtained from FACS was analyzed
with FlowJo software.
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Results and conclusions
Addition of anti-Rad51 siRNA resulted in G2 phase
cell arrest as visualized by increase in green
fluorescence. Rad51 is active mostly during G2
phase, repairing DSBs before the cell divides. If the
concentration of Rad51 is low cells with damaged
DNA are arrested in G2 due to G2/M checkpoint.
The effect of anti-Cyclin D1 siRNA was more
intensive red fluorescence which suggests cell cycle
arrest in G1 phase. Knock-down of Cyclin D1 results
in G1 arrest as the cells cannot proceed through
G1/S checkpoint. Addition of anti-Rad51c siRNA
also caused G1 phase arrest and increase in red
fluorescence intensity. If the DSB occurs, Rad51c
stops cells in G2 phase but in case of Rad51c knock
down cells progress through the cycle regardless of
damage. The increase in red fluorescence suggests
that the cells are arrested in G1 phase due to the
next checkpoint between G1 and S phase. AntiBrca1 siRNA did not seem to affect cell cycle
progression or fluorescence intensity. However, lack
of anti-Brca1 siRNA effect may be caused by
insufficient silencing of Brca1 gene. In summary,
this data suggests that inhibiting HR does not have
a common effect on the cell cycle, instead particular
HR proteins seem to control different stages of the
cycle, e.g. through cell cycle arrest. Genes of the
HR pathway are found to be deregulated in many
types of tumors therefore further investigation of
their impact on the cell cycle could help us to better
understand and control cancer development and
progression.
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INTRODUCTION

APPROACH

Genetic recombination is an important mechanism that involves exchange of genetic material
between DNA strands. Homologous recombination (HR) plays an essential role in mitosis,
meiosis and double-stranded break (DSB) repair. DSB repair takes place usually during late S
and G2 phase of cell cycle. The HR pathway is mediated by factors called recombinases among
which the most well known is Rad51 (homolog of bacterial RecA). Some of other proteins
involved in HR are Brca1, Cyclin D1 and Rad51c. DSB repair process is believed to trigger
integration of exogenous genes to the genome [1]. Further investigation of HR proteins could
enable more effective transgene expression in eukaryotic cells. My project was based on the
observation that deficiency of some recombination proteins leads to cell cycle arrest of Chinese
Hamster Ovary (CHO) cells.

CHO cells stably expressing Fluorescent Ubiquitination-based
Cell Cycle Indicator (FUCCI) [2] were used in all experiments.
These cells change colour of their fluorescence according to the
cell cycle phase. They are red in G1 phase, yellow in the
beginning of S phase and green in late S, G2 and M phases. This
property simplifies observation and analysis of cell cycle and cell
cycle arrest. Cells were transfected with siRNAs: antiCyclinD1, Brca1, Rad51, Rad51c and Negative siRNA
(scrambled). Fluorescence of cells was observed under
fluorescent microscope. After 72 hours cells were analysed by
Fluorescence Activated Cell Sorting (FACS). Data obtained from
FACS was analyzed with FlowJo software.

The aim of my project was to analyze whether HR proteins are able to control
the progression of cell cycle.

RESULTS

A

B

untransfected

Negative siRNA

Rad51 siRNA

Figure 1. A) Dot plot showing populations of green, red and green-red (visible as yellow) FUCCI CHO cells;
B) Graph displaying fluorescence changes in FUCCI cells during the cell cycle, modified from Sakaue-Sawano  et  al,  2008.
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Figure 2. Fluorescent microscope pictures if FUCCI CHO cells 72h after siRNA transfection.

Figure 3. Histograms depicting red (PE, left) and green (FITC, right) fluorescence of cells 72h after siRNA transfection.
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Figure 4. Graphs showing the fold increase in percentage of FUCCI CHO cells in different cell cycle phases after treatment with siRNAs.

CONCLUSIONS  
The  effect  of  different  siRNA  has  been  analysed  and  lead  to  conclusions:  
anti-Rad51  siRNA                    G2  phase  arrest  (increase  in  green  fluorescence).  Rad51  is  active  mostly  during  G2  phase,  repairing  DSBs  before  the  cell  divides.  
If  the  concentration  of  Rad51  is  low  cells  with  damaged  DNA  are  arrested  in  G2  due  to  G2/M  checkpoint.    
anti-Cyclin  D1  siRNA                      G1  phase  arrest  (intensive  red  fluorescence).  Knock-down  of  Cyclin  D1  results  in  G1  arrest  as  the  cells  cannot  proceed  through  
G1/S  checkpoint.  
anti-Rad51c  siRNA                    G1  phase  arrest  (increase  in  red  fluorescence  intensity).  If  the  DSB  occurs,  Rad51c  stops  cells  in  G2  phase  but  in  case  of  Rad51c  
knock   down   cells   progress   in   cycle   regardless   of   damage.   The   increase   in   red   fluorescence   suggests   that   the   cells   are   arrested   in   G1   phase   due   to   the   next  
checkpoint  between  G1  and  S  phase.  
anti-Brca1   siRNA   does   not   seem   to   affect   cell   cycle   progression   or   fluorescence   intensity.   However,   lack   of   anti-Brca1   siRNA   effect   may   be   caused   by  
insufficient  silencing  of  Brca1  gene.  
  
In   summary,   this   data   suggests   that   inhibiting   HR   does   not   have   a   common   effect   on   the   cell   cycle,   instead   particular   HR   proteins   seem   to   control   different  
stages  of  the  cycle,  e.g.  through  cell  cycle  arrest.  Genes  of  the  HR  pathway  are  found  to  be  deregulated  in  many  types  of  tumors  therefore  further  investigation  
of  their  impact  on  the  cell  cycle  could  help  us  to  better  understand  and  control  cancer  development  and  progression.    
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Evaluation of CD4+ T-cells surface proteins as biomarkers for HIV-1
infection
Jose Valverde, Amalio Telenti
The human immunodeficiency virus (HIV) target the
CD4+T immune system cells, this infection process
occurs through three steps: first the gp120 viral
protein binds to the receptor on the CD4+T cell,
allowing a second interaction with the coreceptor
CCR5 or CXCR4, which then allows for the virus to
fuse with the cell membrane and finally the viral
RNA is released into the cytoplasm.

Subsequently, CD4+ T cells were isolated and
grown from 2 healthy donor blood samples. As a
next step they were infected with a modified HIVGFP virus which would then allowed to distinguish
the infected from the non-infected cells. In order to
determine the expression of the selected proteins
FACS analysis was done using the corresponding
antibodies.

Upon infection cells undergo a series of changes
regarding their gene expression; part of their
metabolism is redirected toward the reverse
transcription, integration and synthesis of new viral
particles. Besides the genes that codify proteins
involved in the synthesis of new viruses, many
other genes change their expression patterns
compared to healthy cells, some are upregulated
while others on the contrary are down regulated.

The results indicate that there is no relevant
difference in the protein synthesis levels in HIVand HIV+ cells, therefore it is not possible to isolate
the cells according to their infection status based on
the antibodies used in this experiment.
Some of the limitations encountered by this project
are: (1) the fact that the ranking for the gene
expression levels of the three different data sets do
not correspond to absolute values since they
depend on how each experiment was done, and for
this reason are not at the same scale; (2) posttranscriptional and post-transcriptional control of
mRNA and protein levels and (3) resource and
antibody limitation which did not allow for more
proteins to be analyzed.
Even though this approach was not able to identify
biomarkers for HIV infection, it is very important
that more investigations in this area are done, so
that in a near future the understanding of the virushost interaction grows and hopefully will improve
the way infections of this lethal virus are prevented
and treated.

This change in expression could identify potential
biomarkers, which would allow to objectively
measure and evaluate the physiological response of
the body to the infection of HIV virus. If true this
finding could help analyze infected individuals in
order to monitor and better understand the
behavior of these genes throughout the disease
progression in this population, which at the same
time could improve the way patients are treated.
The first stage of the project was oriented towards
determining which proteins were suitable to be
analyzed by Fluorescent activated cell sorting
(FACS). For this purpose, the expression profiles of
genes that code for membrane proteins were
obtained from an in vitro 24 hour post infection
cellular response experiment, and compared to the
expression in CD4 T-cells from healthy donors and
infected treated patients as well. Genes were
ranked according to their relevance in each study
and 6 ideal candidates (IFNGR2, INSR, TNFSF4,
CD83, CD151 and ITGAE) were chosen to analyze
their protein synthesis levels.
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Results

Overview
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Background:
HIV targets CD4+ T cells and upon infection some
genes change their expression pattern compared to
healthy cells.
Hypothesis:
There are genes which are expressed in infected
CD4+ cells which act as biomarkers to distinguish the
infected cell in a mixture of non-infected activated
CD4+ T cells in vivo.
Objective:
To identify membrane proteins differently expressed
between infected and uninfected CD4 cells using
transcription profiling from multiple cell models and
characterize their ability to determine infection status
using FACS.
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Ranking
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Gene ranking:
Genes from the late HIV infection phase were
ranked according to high expression, while CD4+
T cell genes from healthy and infected individuals
were ranked according to low expression.
Rankings were summed and the top 25 genes
with the lowest values were selected.

III. 25 possible candidate genes selected
 Antibodies were selected according to their
availability, price and characteristics.
 6 Genes were selected
IV. CD4+ T-cells infection with HIV-GFP
 2 donors
 Negative selection of CD4+ cells using MACS
 Cell were grown and infected
V.

FACS
 Antibody staining was analyzed in HIV- and
HIV+ cells.
 Expression was normalized compared to the
antibody isotype.

D

F

Figure 3. Quadrant distribution of HIV- and HIV+
cells according to their green fluorescent protein
(FL1-H) and fluorochrome emission (FL4-H).
Tested proteins are (A) IFNGR2, (B) INSR, (C)
TNFSF4, (D) CD83, (E) CD151 and (F) ITGAE
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Figure 4. Normalized protein
expression
of
the
selected
candidates in HIV- and HIV+ cells,
determined using FACS analysis
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Gene expression data sets
 SupT1 cells in late HIV infection phase
 Healthy CD4+ T cells
 CD4+ T cells from infected individuals

Figure
2.
Predicted
protein
interactions of top 25 genes (STRING
Software 2012)
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Study Design
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Figure 1. Heat map corresponding to (A) ranking of all
annotated membrane protein genes in (1) late HIV infection
phase, (2) healthy CD4+ T cells , (3) CD4+ T cells from
infected individuals and (4) sum of ranks. (B) Top 25
candidates.
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Summary

Results:
No relevant difference was observed between infected and
uninfected cells, which would not allow to isolate HIV+ cells
based on the antibodies selected.
Limitations:
 The ranking for the proteins were based on transcriptional data
which does not necessarily represent protein synthesis levels.
 mRNA expression values of each of the three data sets are not
absolute values, since they depend on the experiment done and
for this reason they are not on the same scale.
 Very few antibodies were available for the top 25 genes
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Olfactory evolution in Drosophila: expression analysis of a recent receptor
locus duplication
Yueying Wang, Ana F. Silbering, Richard Benton
Olfaction is an important sensory system that
allows creatures to detect food sources, deleterious
materials and signals of courtship. Smell is carried
by chemical molecules. These molecules first bind
with olfactory receptors expressed in olfactory
sensory neurons (OSNs), and then the information
is carried to brain regions in charge of odor
information processing.
Ionotropic receptors (IRs) are chemosensory
receptors recently discovered in Drosophila. IRs are
structurally related to iGluRs and are expressed in
sensory neurons of the fly olfactory and gustatory
system. They do not belong to either of the two
evolutionarily related insect-specific chemosensory
receptor families, the odorant receptors (ORs) and
the gustatory receptors (GRs). Many IR genes are
conserved across insects demonstrating their
significant role in olfaction. IR75d is an intriguing
member of the IR family due to its expression
pattern in the fly antenna, as well as its odor
specificity. Interestingly, IR75d is duplicated in D.
mojavensis, although the sequences are still quite
conserved. We are interested in whether the
duplicated genes have the same or different
function in D.mojavensis. As a first step, we have
investigated the expression of these genes in the
antennae of the two related species of Drosophila.
First, we made RNA probes against a 400 bp
fragment of the cDNA of IR75d in D. melanogaster
and the full cDNA of IR75d1 and IR75d2 in D.
mojavensis and labelled them with DIG or FITC.
Then we tested these probes using fluorescence insitu hybridization (FISH). Since we wanted to
quantify the number of neurons expressing IR75d in
each species, we did whole mount FISH with IR75dDIG probe for D. melanogaster and IR75d1-DIG
probe for D. mojavensis.After that, we used double
labels in FISH to study the expression of IR75d1
and IR75d2 in D. mojavensis. The probes for
IR75d1 and IR75d2 are labeled with FITC and DIG
respectively, which makes it possible to obtain the
co-staining. Finally, we observed the results by
confocal microscopy and integrated the information
with the software ImageJ.
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We quantified the number of neurons that express
DmelIR75d and DmojIR75d1 in D. melanogaster
and D. mojavensis antennae respectively and found
no significant differences between the two species.
This result indicates that the expression is
conserved under the sequence conservation. From
the double-label FISH performed in antennae of
D.mojavensis we observed that all neurons labeled
with DmojIR75d1 were also labeled with IR75d2.
Because
of
the
high
homology
between
DmojIR75d1 and DmojIR75d2, it is hard to say if
these probes really have good specificity and can
be used to distinguish the expression of these two
genes. We made a new probe against the 3’UTR of
DmojIR75d2 which is expected to distinguish the
expression of IR75d1 and IR75d2: This will allow us
to confirm whether the two copies are co-expressed
or not. Further experiments will be required to
clarify this point.

OlfactoryevolutioninDrosophila:expressionanalysisofarecent
receptorlocusduplication
Yueying Wang,AnaF.Silbering andRichardBenton
Center forIntegrativeGenomics,UniversityofLausanne,Switzerland

Background:

Results:

Olfactionisanimportantsensorysystemthatallows
creaturestodetectsmelloffoodsources,deleterious
materialsandsignalsofcourtship.Smellistransferredby
chemicalmolecules.Ionotropic receptors(IRs)are
chemosensoryreceptorsrecentlydiscoveredinDrosophila
andstructurallyrelatedtoiGluRs.Theydonotbelongto
eitherofthetwoevolutionarilyrelatedinsectͲspecific
chemosensoryreceptorfamilies,theodorantreceptors
(ORs)andgustatoryreceptors(GRs).

IRs

ILocationofprobes
D.melanogaster IR75dcDNA
probe

D.mojavensis IR75d1/2cDNA
probe
100bp

II ExpressionanalysisofIR75dbetweenD.melanogaster
and D.mojavensis
IR75d1inD.mojavensis

IR75dinD.melanogaster

MostIRgenesareconservedinDrosophilasp,demonstrating
theirsignificantroleinolfaction.However,IR75disduplicatedin
D.mojavensis,althoughthesequencesarestillquiteconserved.
Dmel
Dmoj1
Dmoj2

1 MKVQVAHW- - - - L P L I F F - - L L V - - - - - SGT - PRVAGS - - W- - - - - - RSEYSRQDPDPK - TRWGNQL PDML VAYYRHHGVHS L ML VVCH T 69
1 MNS L I FPE - - - - L L V L L L - - - - L - - - - - TA T - TSMSGHVS L PADAA I PSGQQQQQQL PKGDQWGNQL PDML VAYYRHHGVH I L ML VVCHA 76
1 MSS L I FPE - - - - L L V L L L - - L L L L L WP L TA T - TSMSGHVS L PADAA I PSG - - - - - - QPKGDAWGNQL PDML VAYYRHHGVHS L ML VVCHA 77

Dmel
Dmoj1
Dmoj2

70 D I A - - - - - - - - - - - D FR L W- K L WQH FN L NN FYVQVS TESS L RD L QHVDA - - L D - - - EHKDA - PPPKS FHANNS THWE TS F L L PA L PYKMG 141
77 D I A - - - - - - - - - - - ASR L H - L L L QH FMAHD I YVQL WTEHC L ND L QHVSN - - E TQMDSDSQVPKPPR T F FPNND THWE L A F L L PGL HNK L G 152
78 D I A - - - - - - - - - - - ASR L H - L L L QH L MAHD I YVQL WTEHC L ND L QHVSN - - E TQMDSDSQVPKPPR T F FPNND THWE L A F L L PGL HNK L G 153

Dmel
Dmoj1
Dmoj2

142 I L L L E FSSECA L N L L RWSAASEHNY F T TNR FWL L L TEDPGD I D L L EDPE I F I PPDSE L RV L HYENV - GN FSCS L I D L YKVAAWKP L KR T L 230
153 I L L L QFNSSCA L N L L RWSAAWEHNY F T TNR FWL L L TQDMQD L E L L ADEE I F I PPDSE L RV L WHSPV - MP F TAS L L DVYKVAAWKPPK I R L 241
154 I L L L QFNSSCA L N L L RWSAAWEHNY F T TNR FWL L L TQDMQD L E L L ADEE I F I PPDSE L RV L WHSPV - MP F TAS L L DVYKVAAWKPPK I R L 242

Dmel
Dmoj1
Dmoj2

231 VGHN I RNSRHV I HA L QH FGSA I TYRQD L EG I V FNSA I V I A FPD L F TN I ED L S L RH I D T I SKVNHR L ML E L ANR L NMSYN TYQTVNYGWRQ 320
242 VGQQL HNSRH I THA L QH FGSA I TYRQN L EG I I FN TG I V I A FPD L F T TVDD L SMRH I D I FSKVNHR L ML E L ANR FNMSYN TYQTVNYGWRQ 331
243 VGQQL HNSRH I THA L QH FGSA I TYRQN L EG I V FN TA I V I A FPD L F T T I DD L SMRH I D T I SKVNHR L ML E L ANR FNVSYN TYQTVNYGWRQ 332

Dmel
Dmoj1
Dmoj2

321 PNGS FDGL MGR FQRYE L D L AQL A I FMR L DR I A L VD FVAE TYRVRAG I MFRQPP L SAVAN I FAMP FENDVWVS I L ML L I I T TVV L V L E L F F 410
332 PNGS FDGL MGR FQRYE L D FAQL A T FMR L DR I A I CD FVAE TYRVRAG I MFRQPP L SAVAN I FSMP FQ I DVWI S I I V L VV I TVVVML L EML F 421
333 PNGS FDGL MGR FQRYE L D FAQL A I FMR L DR I AQCD FVAE TYRVRAG I MFRQPP L SAVAN I FSMP FQ I DVWI S I I V L VV I TVVVML L EML F 422

Dmel
Dmoj1
Dmoj2

411 SPHNHDMSYMD T L N FVWGAMCQQGFYVEVRNRSAR I I V F T T FVAA L F L F TS FSAN I VA L L QSPSDA I QS L SD L GQSP L E I GVQD TQYNK I 500
422 SPH THKMSYMDS L N FVWGAMCQQGFYVDVRNRSGR I I V F T T FVAA L F L F TS FSAN I VA L L QSPSDA I QT L GD L GQSP L E I GVQD TQYNK I 511
423 SPH THKMSYMDS L N FVWGAMCQQGFYVDVRNRSGR I I V F T T FVAA L F L F TS FSAN I VA L L QSPSDA I QT L GD L GQSP L E I GVQD TQYNK I 512

Dmel
Dmoj1
Dmoj2

501 Y F TES TDPV TKN L YHKK I ASKGEN I YMRP L L GMEKMR TGL FAYQVE L QAGYQ I VSD T FSEPEKCGL ME L EP FQL PML A I P TRKN FPYKE L 590
512 Y F TES TDPV TKS L YHKK I A TKGDNAYMRPA L GMEKMR TGL FAYQVE L QAGYQVVSD T FSEPEKCGL ME L EP FQL PMMG I P TRKN FPYKE L 601
513 Y F TES TDPV TKS L YHKK I A TKGDNAYMRPA L GMEKMR TGL FAYQVE L QAGYQVVSD T FSEPEKCGL ME L EP FQL PMMG I P TRKN FPYKE L 602

Dmel
Dmoj1
Dmoj2

591 I RRQL RWQREVS L VNREERKWI PQKPKCEGGVGGFVS I G I TECRYA L G I FGCGAAVS FV L F L FE F I FRH FKQVYR I I KGYREVQR
602 FRRQL RWQREVS L VNREERKWI PQKPKCESGVGGFVS I GL TECRYA FR I FGYGTA L S FAV L L CE L I RKHSKN I YKY FKGSRR I QH
603 FRRQL RWQREVS L VNREERKWI PQKPKCESGVGGFVS I GL TECRYA FR I FGYGTA L S FAV F L CE L I RSHSQS I YK I FKGSRR I QH

Theaveragenumberofneurons
expressedIR75dineachantenna
D.melanogaster53
D. mojavensis
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675
686
687

InD.melanogaster,IR75disspecificallyactivatedbypyrrolidine.
Weareinterestedinwhethertheduplicatedgeneshavethesame
ordifferentfunctioninD.mojavensis?Asthefirststep,wehave
investigatedtheexpressionofthegenesintheantenna.

UseSPSStoanalyzethedata.
TheresultofTͲtestshowsthat
thereisnosignificant
differenceoftheaverage
numberofneuronsexpressing
IR75dbetweenD.mojavensis
andD.melanogaster.

IIIExpressionanalysisofIR75d1andIR75d2inD.
mojavensis
IR75d1IR75d2overlay

Conclusions:
IR75dgenesareexpressedinasimilarnumberof
neuronsinD.melonogaster andD.mojavensis,which
demonstratestheexpressionconservationfor
conservedsequences.
Thedoublelabelingexperimentsmightindicatethat
IR75d1andIR75d2arealwaysexpressedinthesame
neuron.

Methods:
SynthesisofRNAprobes

Perspectives:
Becauseofthe96%homologyofIR75d1andIR75d2
genes,itishardtosaytheseprobesreallyhavegood
specificityandcandistinguishbetweenthem.We
havemadenewprobeforthe3’UTRofIR75d2which
isexpectedtodistinguishtheexpressionofIR75d1
andIR75d2,throughthatwemightconfirmwhether
twocopiesarecoͲexpressedornot.

Acknowledgements:
ThankstoAna,Richardandthelabgroup,CIGmembers,
UNILͲSURprogramandallSUR/SRPstudents.

Thecryostatfortissuesectioning

Sectionofantennaor
wholemountantenna

FluorescenceInͲsituHybridization

Theconfocalmicroscope

Analysisoftheexpression
byconfocalmicroscopy
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The function of INO80e in 16p11.2 deletion syndrome
Helen Whitley, Alexandre Reymond

A source of genetic variation involving intellectual
disability (ID) is structural variation (SV). SV
includes deletion, duplication, inversion and
insertion and is widespread in the human and
mouse genomes. Their identification has elucidated
the concept of genomic disorders and has improved
the analysis of genetic association in common and
rare diseases, cancer development and genomic
evolution.
Recently several rare deletions have been
associated with syndromes involving intellectual
disability. For example, the 16p11.2 syndrome
(Jacquemont et al 2011 Nature; Walters et al 2010
Nature) was identified using genome-wide analysis
of aCGH (array Comparative Genome Hybridisation)
data, and is of particular interest because the
mouse model for this deletion has been newly
developed (Horev et al 2011 PNAS). This region, of
about 440 Kb on the F4 band of mouse
chromosome 7 contains twenty-eight genes and is
syntenic to human 16p11.2, with gene content,
orientation and number well conserved between
human and mouse. Interestingly, the 16p11.2
deletion mouse model exhibits brain morphology
and behavioural abnormalities, which is in line with
the cognitive problems that have been observed in
human patients with the classical 16p11.2 deletion.
Yet the specific gene(s) affecting brain function in
this locus remain(s) to be identified.
My project was to investigate the role of the
candidate gene INO80E (INO80 complex subunit E),
potentially to provide insights into a role of the
epigenome in cognitive disorders. Little is known
about the precise function of the gene. Based on
the Mouse Allen Brain Atlas (http://mouse.brainmap.org/), mouse Ino80e is expressed in the
hippocampus and cerebellum, and its role in DNA
double-strand
break
repair
and
chromatin
remodeling has recently been reported. In order to
approach this, a knockout mouse line for the gene
has been developed. Since no homozygous animals
were found in the offspring, embryos were isolated
for genotyping and chromatin immunoprecipitation
(ChIP). In parallel, a phenotypic analysis of the
heterozygous adults was carried out.
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The phenotypic analyses included weekly weight
measurements, as the human syndrome is
characterized by obesity. Heterozygous adult
female mice were weighed every week for 7 weeks,
starting at 4 weeks of age. The cohort included 5
wildtype and 4 heterozygous individuals housed in
pairs to minimize heat variation. Interestingly, the
heterozygous mice exhibited the same weight gain
pattern as human patients. The heterozygous
animals weighed less than wildtype for the first
three measurements, but subsequently overtook
the wildtype as they gained weight faster. This
pattern is characteristic of human patients. The
body composition data at 10 weeks showed that the
heterozygous animals had more body fat (p=0.05)
and less lean than the wildtype, confirming the
predisposition for obesity. In addition to this,
histological analyses were carried out at three
critical brain sections: the striatum, hippocampus
and cerebellum, but no gross neuroanatomical
differences were observed.
The window in which the homozygous embryos die
was found using echography, and the critical region
was established to be around E18-18.5. E18
embryos were genotyped, and homozygous and
wildtype were used for chromatin preparation. A
protocol developed for mouse livers was leveraged
for embryos. The embryos were separated into
head and body samples, in order to compare
chromatin profiles of different tissues. The optimum
conditions for embryo preparation were crosslinking
for 10 minutes at room temperature, and sonication
for 10 x 10” at 50% amplification. The antibody
chosen for the ChIP was H3K27me3, a marker for
closed chromatin. The chromatin was quantified
using qubit, and the yield was between 5-10 ng/ml,
sufficient for further analyses. The IP efficiency was
calculated with qPCR, with p16 as a negative
control and GAPDH as a positive control. The fold
enrichment varied from 6-10%, which is acceptable
for genomewide ChIP-seq.
This would allow a
comparison of closed chromatin profiles of
homozygous and wildtype across several tissues. To
verify the result, the ChIP would be repeated with a
marker for open chromatin.

T he function of I N O 80e
in 16p11.2 deletion syndrome
H elen W h it ley
S U R S t uden t U N I L

The phenotypic measurements included
weekly body mass and a final body
composition analysis.
Figure 3: Weight gain over 7 weeks (female heterozygous adults )
26

Age: 10 weeks

Optimum conditions:

22
20

Crosslink 10 min RT
Probe sonication for
[´
50% amplitude

Age: 4 weeks

18
average wt n = 5
16

average het n = 5

14

10
1

2

3

4

5

6

Figure 5: Sonicated chromatin

1: WT E18 body, 1.4ng/ml
2: WT E18 head, 1.53 ng/ml
3: HOM E18 body 4.49 ng/ml
4: HOM E18 head 4.24 ng/ml
5: + control (liver)
6: - control (white adipose)

12

7

Time (weeks)
Figure 1: Conserved 16p region in mouse and human

Pipeline for chromatin preparation (adapted from Hernandez lab)

24

Mass (g)

The 16p11.2 microdeletion syndrome in
humans is characterized by intellectual
disability and obesity1,2. The mouse model
for the deletion has conserved gene
content, orientation and number3 (figure1).
However, In order to elucidate which of the
genes affect brain function and metabolism,
single gene knockout models for each gene
in the region are being developed. One of
these is Ino80e, which is part of a subunit
involved in chromatin remodeling.

Optimisation of ChIP protocol
for frozen embryos

Phenotypic analysis of
heterozygous adults

Introduction

Figure 4: Body composition data (10 week old female heterozygotes)

Since animals homozygous for the gene are
not viable, the adult phenotype analysis was
restricted to heterozygotes. To investigate
the role in chromatin remodelling,
homozygous embryos were isolated.

Figure 6: H3K27me3 ChIP assessed by qPCR

20

0.9

16
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wt n = 5

10

het n = 5
8

Results
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The inheritance ratios show that the mode
of inheritance is classical mendelian (figure
2).

4

* P = 0.05

n  
0  
53  
29  
82  

%  
0  
65  
35  
100  

Embryos (E18-18.5)  

HOM  
HET  
WT  
total  

n  
2  
4  
1  
7  

%  Mendelian ratio  
29  
25  
57  
50  
14  
25  
100  
100  

Figure 2: Inheritance table (*EUCOMM European Conditional
Mouse Mutagenesis Program)

The window in which the embryos die was
found using echography and the critical
range was determined to be at E18-E18.5.

0.6

6.2

p16
Series1
Series2
GAPDH

0.3

2

6.7

0
Fat

8.8

Lean

0
WT-E18 body

Combined cohort (CIG and EUCOMM*)  

HOM  
HET  
WT  
total  

Recovery % input

grams

12

Mendelian
ratio  
0  
66  
33  
100  

10.8
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The increase in body mass mirrors that of
the human syndrome in that the animals are
born at weights lower than that of wild type
but they gain mass faster, and eventually
overtake (figure 3). At week 7 this is
significant at the 0.05 level. The body
composition analysis showed that mean
proportion of fat is significant at the 0.05
level (figure 4).

WT-E18head

KO-E18 body KO-E18 head

Optimisation of the chromatin preparation
protocol for embryos yielded 5-10ng/ml
of chromatin (figure 5). H3K27me3 is a
marker for closed chromatin. The fold
enrichment varies from 6 -10 (figure 6)
which is acceptable for genomewide
ChIP-seq.

Conclusions
The phenotypic observations of the heterozygous adult cohort verified the Ino80e knockout
strain as relevant for the investigation of the human 16p11.2 deletion syndrome. Observations
that mirrored the human phenotype included speed of weight gain, and increased body fat
(figures 3,4).
Optimisation of the chromatin preparation protocol yielded
enough chromatin for further
`
analyses. The next step would be to compare the closed chromatin profiles of wildtype and
homozygous embryos across several tissues.
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What the students say!

" So that I never ever forget this experience (yeah I still haven’t recovered) I made a video talking about my experience.
Hope you like it! (watch out, it’s over 25 min. long). » Wegdan Abdel Moemin "
http://www.youtube.com/watch?v=8-e-pxNcyo&list=UUrGurudHvDEqW8dKdp1S2Ew&index=2&feature=plcp
" The programme is really great, and useful. I have learned a lot, and had wonderful summer in Switzerland! Keep up the
good work! "
" I think this is an incredible program, I enjoyed it very much. Definitely a life changing experience! "
" I had a great experience with my mentors, PI, and lab. I really enjoyed the opportunity to learn not just about research but
also culture and I look forward to the possibilities the future brings from this experience. "
" The programme was truly awesome! I learnt a lot concerning work in the lab also the talks about PhD and other career
pathways were really useful. I also met so many amazing people from all over the world and realised that Switzerland is
probably the most beautiful country in the world. Thank you!!! "
" The programme has been organized perfectly and I enjoyed every moment I spent in the programme. I learnt leaps and
bounds throughout the 8 weeks, both inside as well as outside of the laboratory. The programme has strongly intrigued me
about pursuing scientific research in the future. "
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The students at work!
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EPFL/UNIL hiking excursion to Lac Taney
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EPFL/UNIL BBQ, chez Herr

56

SUR 2012

EPFL/UNIL Closing Research Symposium
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