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Anna Ngyuen shows off Anna-Mieke Bishop wearing the
Class of 2011 SUR Programme T-shirt

Cover legend: Each summer the participants of the UNIL SUR Programme
design a logo to represent their class. The cover shows the design of the
Class of 2011, illustrating their names as a DNA sequence.
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Summer Undergraduate Research (SUR)
Programme
From July 4 to August 26, 2011, the School of Biology of the Faculty of Biology and
Medicine at the University of Lausanne held the second edition of the Summer
Undergraduate Research (SUR) Programme.
The 2011 SUR Programme hosted each of 20 undergraduate students in a separate
experimental research laboratory of the Faculty of Biology and Medicine. Students
were placed in laboratories on its different campuses, which not only provided
students with a geographic diversity across the Lausanne region but also helped
federate the faculty. The programme attracted outstanding students from around
the world for a life experience of long-lasting remembrance.
Close association and coordination with the EPFL Summer Research Programme
before and during the summer programme provided to participants of both
programmes another view of studying in Lausanne. They also shared some
rewarding moments during joint activities, such as a day hike in the Swiss Alps.
The SUR Programme brought the Faculty of Biology and Medicine (i) highly
intelligent and motivated students from very diverse backgrounds, (ii) the
opportunity to evaluate and to encourage the best students to come for Master or
PhD studies, (iii) interaction and cohesion between its basic and clinical sciences
sections, and (iv) the beginnings of both enhanced world-wide recognition and a
cohort of scientists with a long-lasting personal attachment to Lausanne.

Combined 2011 EPFL and UNIL Summer Programme participants at the Welcome day
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Why a SUR Programme?
Few entering university students have had significant experience with research into
the unknown. Initial university courses provide descriptions of fundamental
processes that are well established, indeed «in the textbooks.» The first
opportunity to do research at the edge of the unknown can be a life changing
experience that is remembered for the rest of one's life. In 2010, the School of
Biology of the Faculty of Biology and Medicine at the University of Lausanne
proposed for the first time a summer undergraduate research programme – the
SUR Programme - for the uninitiated to obtain that first experience.

Programme description
During the two months of 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 such that each participant gets
individualized attention. In this programme, the majority of a student's time is
spent in the laboratory, mentored by a research scientist. Once a week, on Friday
afternoons, the student participants come together for shared academic activities
amongst themselves or with participants of the sister programme at the School of
Life Sciences of the EPFL. These activities include but are not limited to
introductory student research presentations, lectures from faculty members on
research topics and their career pathways, or advice such as what to look for in a
school for one's PhD studies. At the end of the summer, student participants
present the results of their research efforts by way of a shared EPFL-UNIL
symposium and a final report. During the course of the summer, students also
share activities such as discovering Switzerland amongst themselves. At the end of
the programme, students have had a research summer in Switzerland to
remember...

Target audience
Student participants are generally at the end of their second or third year of an
undergraduate university (e.g., Bachelor) education. Participants are not
only students in biology or the life sciences; the University of Lausanne programme
is specifically designed to introduce medical students to the world of research and
thus medical or medically oriented students are also encouraged to apply and
participate. Although they represent a minority of participants so as to maintain an
international flavour, local undergraduates from the University of Lausanne and
EPFL are encouraged to apply. The summer undergraduate research scholarships
are awarded on a competitive basis taking into consideration diverse criteria
including the applicant's academic record, personal statement, and letters of
recommendation. The working language is English.
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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, transportation and daily living expenses. Limited funds are
available to cover justified travel costs (receipts required) as well as
organized excursions and social events.

You will find more information at:
www.unil.ch/ecoledebiologie/sur

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 in 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 ensures housing for non-local participants for its
eight-week duration. Students are housed within a building of the
FMEL association. This year, students were housed in two different
buildings - «La Maison des Cèdres» and «La Maison des Ochettes» shown on the map of Lausanne on page 12.

La Maison des Cèdres

La Maison des Ochettes

Both «La Maison des Cèdres» and «La Maison des Ochettes» are near the new M1M2 metro system, for easy access to the principal sites of the SUR programme.
They are also nearby the lake providing opportunities for BBQs and midnight
swims!

SUR 2011
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Faculty of Biology and Medicine Host Laboratories
 Biochemistry

UNIL Epalinges Campus

Gian-Paolo Dotto
Human epithelial stem cell signaling and carcinogenesis
Pascal Schneider
Functional characterization of TNF family ligands
 Cell Biology and Morphology

UNIL Bugnon Campus

Isabelle Décosterd
Molecular mechanisms of neuropathic pain
Nicolas Toni
Synaptic integration of the neurons in the adult hippocampus
Andrea Volterra
Glia, an active synaptic partner:
from physiology to neurodegeneration
 Center for Integrative Genomics

UNIL Dorigny Campus

Richard Benton
Chemosensory circuit function and evolution
Christian Fankhauser
The effects of light on plant growth and development
David Gatfield
Circadian clocks
Winship Herr
Molecular epigenetics
Liliane Michalik
Transcriptional control of tissue repair
 Ecology and Evolution

UNIL Dorigny Campus

Nicolas Salamin
Computational and molecular phylogenetics
Michel Chapuisat
Evolution and social behaviour
 Fundamental Microbiology
Cornelia Reimmann
Metal uptake by pyochelin
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UNIL Dorigny Campus

 Medical Genetics
Roman Chrast
Molecular genetics of peripheral neuropathies

UNIL Bugnon Campus

 Plant Molecular Biology
UNIL Dorigny Campus
Christian Hardtke
The molecular basis of plant growth & development
Uta Paszkowski
Molecular mechanisms underlying Arbuscular-Mycorrhiza symbiosis
 Infectious Diseases

CHUV Bugnon Campus

Thierry Calandra & Thierry Roger
Modulation of immune responses
 Institute for Research in Ophthalmology

Sion

Daniel Schorderet
Ophthalmic medical genetics
 Pathology

CHUV Bugnon Campus

Ivan Stamenkovic
Cancer development and progression
Lucienne Juillerat
Targeted drug development, validation and delivery
 Physiology

UNIL Bugnon Campus

Luc Pellerin
Roles of monocarboxylate transporters in the CNS and beyond

SUR 2011
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EPFL
Campus
Maison des Cèdres

UNIL Bugnon
Campus

CHUV Bugnon
Campus

University of Lausanne 2011 SUR Programme Sites

UNIL Dorigny
Campus

Maison des Oschettes

UNIL Epalinges
Campus

2011 SUR Programme Scholars
Name

Home Institution

Country

Host
Laboratory

Alsalman

Ahmad

Cairo University

Egypt

Calandra

Bedru Saeed

Mezida

University of Manchester

Ethiopia

Décosterd

Bishop

Anna-Mieke

National University of Ireland

Ireland

Juillerat

Boulat

Johanne

University of California, Davis

USA

Chapuisat

de Almeida

Gabriel Vinícius

University of Campinas,
São Paulo

Brazil

Gatfield

Galera

Teresa

University of Granada

Spain

Michalik

Gonzalez
Blazquez

Luis Alejandro

University of Madrid

Spain

Reimmann

Kuznetsova

Kristina

National Aviation University

Ukraine

Hardtke

Lebon

Luc

University of Lausanne

Switzerland

Schneider

Martin

Addison

Eastern University

USA

Paszkowski/
Salamin

McInnes

Kirsty

University of Glasgow

Scotland

Fankhauser

Nguyen

Anna

Loyola University, Maryland

USA

Stamenkovic

Plavša

Jovana

University of Novi Sad

Serbia

Benton

Poskaite

Paulina

Lithuanian University of Health
Sciences

Lithuania

Volterra

Ramanathan

Abarna

University of Cambridge

UK

Dotto

Schmutz

Valentin

University of Lausanne

Switzerland

Toni

Shi

Connie

University of Michigan

USA

Herr

Sun

Chao

Nanjing University

China

Chrast

Tokar

Inna

Kharkiv National Medical
University

Ukraine

Pellerin

Yunusov

Farkhod

Tashkent Medical Academy

Uzbekistan

Schorderet
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Ahmad Alsalman
Cairo University
Directors:
Thierry Calandra, Thierry Roger
Infectious Disease Service
University Hospital Centre (CHUV)
___________________________________________________________
Influence of Bacteria Viability on Cytokine Production by Macrophages
Ahmad AlSalman, Marlies Knaup Reymond, Thierry Calandra,
Thierry Roger
Background. Macrophages exposed to pathogens
secrete inflammatory cytokines that serve to
amplify the innate immune response and increase
bactericidal activity of innate immune cells.
Cytokine production by innate immune cells is not
only governed by the type of invading organism,
but also by its viability. Indeed, Sander et al.
(Nature 2011; 474: 385–389) recently reported
that live, but not heat-killed, bacteria stripped-off
of virulence factors induced the secretion of IL-1β
and IFNβ by innate immune cells. In contrast, live
and heat-killed bacteria stimulated TNF and IL-6
release to similar extents.
Objective. The aim of the study was to compare
the ability of live and heat-killed clinically relevant
strains of Gram-positive and Gram-negative
bacteria to stimulate cytokine production by
macrophages.
Methods. Cells. Murine RAW 264.7 macrophages
and bone marrow derived macrophages (BMDMs)
where cultured in EMDM and IMDM media
respectively containing 10% fetal calf serum.
Bacteria.
Group
B
streptococci
(GBS),
Staphylococcus aureus AW7 (S. aureus) and
Escherichia coli J5 (E. coli) clinical strains were
cultured in brain heart infusion (BHI).
The optical density (OD620) was measured regularly
and an aliquot of the culture plated on blood agar
plates to estimate the number of bacteria at each
OD. Bacteria were collected by centrifugation and
washed once with PBS before use.
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Bacteria were heat-killed by incubation for 2 h at
56°C. Stimulation. Macrophages were cultured with
increasing multiplicity of infection (MOI 0.2, 2 and
20) of live and heat-killed bacteria. After 1 h,
gentamycin (100 μg/ml, for GBS and E. coli) and
daptomycin (20 μg/ml, for S. aureus) were added
to the cultures. Lipopolysaccharide (LPS) and
Pam3CSK4 lipopetide were used as controls of
stimulation. Cell culture supernatants were
collected after 3 h, centrifuged and stored at -20°C
until measurement of TNF and IL-1β by ELISA.
Results. RAW 264.7 macrophages and BMDMs
produced TNF upon stimulation with LPS and
Pam3CSK4. Bacteria dose-dependently stimulated
cytokine release by macrophages. At all MOI
tested, live GBS, S. aureus and E. coli stimulated
higher production of TNF than heat-killed bacteria.
Similarly, RAW 264.7 macrophages and BMDMs
secreted IL-1β in response to stimulation with GBS,
E. coli and S. aureus, but negligible levels in
response to heat killed bacteria.
Conclusions. Our results suggest that the innate
immune response is not only tuned according to
the viability of the invading bacteria (live bacteria
stimulate more than heat-killed bacteria), but
probably also according to the expression of de
novo synthesized products, likely virulent factors
which are no more expressed in heat-killed
bacteria. Experiments will be conducted to enlarge
the panel of clinical strains of bacteria tested, and
to quantify additional inflammatory mediators.

Influence of Bacteria Viability on Cytokine Production by Macrophages
Ahmad ALSALMAN, Marlies KNAUP REYMOND, Thierry CALANDRA and Thierry ROGER
Infectious Diseases Service, Department of Medicine, CHUV and University of Lausanne, Lausanne, Switzerland

Background

Methods

Macrophages exposed to pathogens secrete inflammatory
cytokines that serve to amplify the innate immune response and
increase bactericidal activity of innate immune cells. Cytokine
production by innate immune cells is not only governed by the type
of invading organism, but also by its viability. Indeed, Sander et al.
(Nature 2011; 474: 385–389) recently reported that live, but not
heat-killed, bacteria stripped-off of virulence factors induced the
secretion of IL-1β and IFNβ by innate immune cells. In contrast,
live and heat-killed bacteria stimulated TNF and IL-6 release to
similar extents.

Cells. Murine RAW 264.7 macrophages and bone marrow derived macrophages
(BMDMs) where cultured in EMDM and IMDM media respectively containing 10%
fetal calf serum.
Bacteria. Group B streptococci (GBS), Staphylococcus aureus AW7 (S. aureus)
and Escherichia coli J5 (E. coli) clinical strains were cultured in brain heart
infusion (BHI). The optical density (OD620) was measured regularly and an aliquot
of the culture plated on blood agar plates to estimate the number of bacteria at
each OD (see below). Bacteria were collected by centrifugation and washed once
with PBS before use. Bacteria were heat-killed by incubation for 2 h at 56rC.
Stimulation. Macrophages were cultured with increasing multiplicity of infection
(MOI 0.2, 2 and 20) of live and heat-killed bacteria. After 1 h, gentamycin (100
μg/ml, for GBS and E. coli) and daptomycin (20 μg/ml, for S. aureus) were added
to the cultures. Lipopolysaccharide (LPS) and Pam3CSK4 lipopetide were used as
controls of stimulation. Cell culture supernatants were collected after 3 h,
centrifuged and stored at -20rC until measurement of TNF and IL-1β by ELISA.

Objective

GBS

1.5

OD620

The aim of the study was to
compare the ability of live and
heat-killed
clinically
relevant
strains of Gram-positive and
Gram-negative bacteria
to
stimulate cytokine production by
macrophages.

E. Coli

S. aureus

1.5

1.5

1

1

1

0.5

0.5

0.5

0

0
8

8.2

8.4

8.6

0
8

8.5

9

7.5

8

8.5

Log (bacteria/ml)

Results
E. Coli

Controls

BMDM

TNF
pg/ml

500

20000

400

15000

S. aureus

GBS

12000

14000

10000

12000
10000

8000
300

8000

6000

10000
200

6000

4000
5000

100
0

4000

2000

2000

0

0

0

50000

20000

35000

12000

RAW 264.7

TNF
pg/ml

30000

40000

10000

15000

20000
10000

6000

15000

20000

4000

Heat killed

IL-1ß
pg/ml

φ
LPS
Pam₃CSK ₄

0

Live

10000

5000

10000

2000

BMDM

25000

30000

8000

5000

0

0

0

30

600

300

25

500

250

20

400

200

15

300

150

10

200

100

5

100

50

0

0

MOI 20

2

.2

0

20

2

.2

20

2

.2

Conclusions

• At all MOI tested, live GBS, S. aureus and E. coli stimulate higher production of TNF and IL-1ß than heat-killed
bacteria by RAW 264.7 macrophages and BMDMs.

• Our results suggest that the response of innate immune cells to bacterial infection is not only tuned according
to the viability of the invading microorganism, but probably also according to the expression of de novo
synthesized products, likely virulent factors which are no more expressed in heat-killed bacteria.

• Experiments will be conducted to enlarge the panel of clinical strains of bacteria tested, and to quantify
additional inflammatory mediators.
Acknowledgement :
I would like to thank the staff of the Infectious Diseases Service, CHUV and the administration of SUR programme for their continuous support and help throughout the project
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Mezida Bedru Saeed
University of Manchester
Director:
Isabelle Décosterd
Department of Cell Biology and
Morphology
University of Lausanne
___________________________________________________________
What happens to glial glutamate transporters in neuropathic pain?
Mezida Bedru Saeed, Roman-Daniel Gosselin, Isabelle Décosterd
Pain allows the body to detect and react to noxious
stimuli. When chronic, however, pain ceases to be
beneficial and is associated with symptoms such as
allodonia (painful response to innocuous stimulus) and
hyperalgesia (increased response to painful stimulus).
Such chronic (pathological) pain is estimated to affect
quality of life and productivity of 1 in 5 people in the
Western world. Neuropathic pain is an example of chronic
pain initiated or caused by a primary lesion or dysfunction
in the peripheral or central nervous system (CNS).
Conventional methods for acute pain management such as
steroids, non-steroidal anti-inflammatory drugs and
opioids are poorly effective in neuropathic pain
management. Thus, there is a need to identify potential
molecular targets.
Previous studies have shown a significant decrease in
spinal
glutamate
(Glu),
the
major
excitatory
neurotransmitter, uptake activity after pathological pain.
However, underlying molecular mechanisms remain
unclear. High affinity Glu transporters play a major role in
maintaining a homeostatic concentration of Glu at
synapses. Five isomers of Glu transporters, excitatory
amino acid transporters (EAAT1-5) are found in the CNS.
Glial Glu transporters EAAT1 and EAAT2 form the major
synaptic transporters because a) glial cells such as
astrocytes and microglia are much more abundant than
neurons and b) only glial cells have glutamine synthase
which converts Glu to glutamine (form transported into
neurons). Altered Glu transporter function in astrocytes
has been described in neuropathic pain.
My experiments aimed to identify changes in post
translational modification, namely dimerization and
glycosylation, of EAAT1 and EAAT2 in rats which
underwent Spared Nerve Injury (SNI) surgery (n=6) or
sham surgery (n=6). SNI is a robust (all animals are
responders) neuropathic pain model which involves a
lesion of two of the three terminal branches of the sciatic
nerve (tibial and common peroneal nerves) leaving the
remaining sural nerve intact. 50μg of spinal protein
(multimer trail) and 30 μg of protein (glycosylation trail)
were then run on 10% acrylamide gel and transferred onto
PVDF membrane. Incubation with anti EAAT1 and EAAT2
primary antibodies was done at 4° overnight or for two
hours at room temperature. Secondary antibody
incubation was done for 1 hour at room temperature.
Images were visualised using electrochemiluminescence.
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A discontinuous (linear) sucrose density gradient had
previously been prepared by other members of the lab.
This consisted of layering successive decreasing sucrose
densities solutions upon one another followed by
centrifugation of samples obtained from sham control
animals (n=2) which then resolved into 14 fractions.
Western blot (WB) analysis showed that EAAT1 and EAAT2
monomers were distributed in the majority of fractions
whereas their multimeric forms were restricted to plasma
membrane enriched fractions. This result is consistent with
the literature for EAAT1 where functional form of the
transporter is believed to be a homodimer. Functional form
for EAAT2 in the literature is conflicting. WB for EAAT1 and
EAAT2 in sham (n=6) and SNI (n=6) showed no
detectable change in the multimeric forms. However, in
the case of EAAT1 there was a significant (p<0.05,
student’s t-test) decrease in level of monomers in SNI.
This might be due to upstream processes-such as altered
translation/transcription,
increased
degradation
of
‘immature’ transporters in the secretory pathway. In due
course, these changes might result in alterations in
number and activity of transporters at the plasma
membrane.
Glycosylation of both EAAT1 and EAAT2 has been well
documented with studies detecting a shift in ~14-17kDa
and ~10-15kDa respectively. However, deglycosylation
with PNGase F enzyme resulted in loss of detectable signal
for both EAAT1 and EAAT2. This might be due to loss of an
epitope following enzymatic digestion since, attempts to
improve detection by increasing antiproteases and
increased thermal denaturation were unsatisfactory.
Conclusions from this experiment are limited by the
following factors. Primarily, due to time constraints,
experiments were repeated only once. Secondly, there is
interplay
between
glycosylation
and
dimerization.
Glycosylation
is
an
important
post
translational
modification and plays a role in molecular trafficking and
protein folding endocytosis. It may also be functionally
important as nonglycosylated EAAT1 does not form
homomultimers. Thirdly, these analyses are carried out at
a single time point (day 7 after surgery) and a single point
in spinal cord pain pathway. Therefore, whilst it provides a
good starting point for detecting alterations in transporters
and optimising protocols cannot be used to provide a
comprehensive analysis of molecular mechanisms involved
in transporter pathophysiology.



What happens to glial glutamate
transporters in neuropathic pain?
Mezida Bedru Saeed, Roman-Daniel Gosselin, Isabelle Décosterd
Department of Cell Biology and Morphology, University of Lausanne, Switzerland

Results
Conclusion

Introduction
Pathological pain, associated with
symptoms such as allodynia and
hyperalgesia, is estimated to affect
the quality of life and productivity of
1 in 5 people in the Western world.
Neuropathic pain is an example of
pathological pain due to a primary
lesion or dysfunction in the nervous
system.
Glutamate, the major excitatory
neurotransmitter, uptake activity is
decreased after neuropathic pain.
High affinity sodium coupled
glutamate transporters, excitatory
amino acid transporters (EAAT) 1
and 2, found on glial cells are major
synaptic
transporters.
These
transporters have their global or
subcellular expressions altered in
neuropathic pain (Sung et al, 2003 )

Figure 2: Western blot showing multimers (top) and
monomers (bottom) of EAAT1 in sham and SNI on the
ipsilateral side

¾ Change in EAAT1 but not in EAAT2
might indicate a difference in the
regulation of both transporters.
¾ Decreased level of monomers in
EAAT1 but not EAAT2 might
correspond to a stronger correlation
between pain and EAAT1.
Figure 3: Western blot showing multimers (top) and
monomers (bottom) of EAAT2 in sham and SNI on the
ipsilateral side

Limitations

This experiment aimed to identify
changes in post translational
modification, namely dimerization
and glycosylation, of EAAT1 and
EAAT2 in rats.
Figure 4: Example of coomassi stained membrane. This
was then used to quantify the amount of protein in a
band

Methods
Model
Rats underwent Spared Nerve Injury
(SNI) surgery (n=6) or sham surgery
(n=6).
Figure 1: SNI is a
robust model of
neuropathic pain . It
consists in a lesion of
two of the three
terminal branches of
the sciatic nerve
leaving the sural nerve
intact.

Western Blot
Spinal samples were collected at day
7 after sham or SNI surgery.
50μg of spinal protein were
analysed using standard western blot
protocol. Images were visualised
using electrochemiluminescence.

¾ As homo-multimeric form for EAAT1
is the functional form, changes in the
monomeric level at day 7 might
indicate
altered
translation/
transcription
or
increased
degradation of precursor proteins
upstream.

¾ Deglycosylating the transporters
resulted in loss of signal. Lack of
result from these trails limits
conclusions since glycosylation
affects protein trafficking and
formation
of
homo-multimers
(Ohtsubo and Marth, 2006).
¾ Results are limited to a single timepoint and thus, it would be
interesting to study at a later time
point, if the decrease in the amount
of monomers results in a subsequent
decrease in homo-multimeric forms.
¾ Further behavioural tests are needed
to form a link between EAAT1
monomer level decrease and SNI.

Literature Cited
Figure 5: Amount of EAAT1 and EAAT2 monomers and
multimers detected when normalised to sham. EAAT1
monomer level significantly decreased in SNI. (p<0.05)

Compared to sham, SNI animals had a
decreased number of EAAT1monomers
ipsilateral to the site of surgery. This was
not reflected in the homo-multimeric
form However, for EAAT2, there was no
change in the level of both monomeric
and homo-multimeric forms.

Ohtsubo, K., and Marth, J.D. (2006). Glycosylation in
cellular mechanisms of health and disease. Cell 126,
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Sung,B., Lim, G. , Mao, J. (2003). Altered Expression
and Uptake Activity of Spinal Glutamate
Transporters after Nerve Injury Contribute to the
Pathogenesis of Neuropathic Pain in Rats. Journal of
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Anna-Mieke Bishop
National University of Ireland
Director:
Lucienne Juillerat
Institute of Pathology
University Hospital Centre (CHUV)

___________________________________________________________
Methotrexate plus quercetin combination in human breast cancer cells
Anna-Mieke Bishop, Frédéric Schmitt, Anna Volger, Davide Staedler,
Lucienne Juillerat-Jeanneret
The aim of this project was to evaluate Quercetin (Q)
and Methotrexate (MTX) on the survival and activity
of Proline-specific proteases in human breast cancer
cells. Proline-specific proteases include aminodipeptidyl peptidase IV (DPP IV) and fibroblast
activation protease-α (FAP- α (which has similar
function to POP/ Prolyloligopeptidase). DPP IV is a
homodimeric integral membrane glycoprotein, whose
expression is inversely conrrelated with the
progression of cancer cells. It acts as a regulatory
protease and as a binding protein (mainly for
collagen). FAP- α is a dimeric integral membrane
peptidase, and a cell surface antigen of reactive
fibroblasts in cancer. It is involved in tumour
progression and endothelial cell migration. It is not
found in normal tissues and its expression is
correlated with the progression of cancer. Their
activity can be measured by their catalytic action on
two substrates, Z-GP-AMC and GP-AMC. These two
substrates are produced with a reporter, AMC,
attached at the C-terminal. When the AMC is cleaved
off by the enzyme, energy is released and can be
measured by a fluorometric reader.
Two cell lines were used in this study: MDA MB 231,
which is an aggressive, invasive form of breast cancer
cell, and MDA MB 436, which is less invasive.
Methods used included human cell culturing,
cytotoxicity tests, enzymatic activity tests and
fluorescence microscopy. Testing for cell viability
following treatment with either/both MTX and Q, was
carried out using the MTT assay – this measures the
activity of enzymes that reduce MTT to formazan,
giving a purple colour ; the darker the purple colour,
the more viable cells within that well. The plate was
then read on by a spectrophotometer, to measure
absorbance. Enzymatic activity was a major focus of
this project, and involved the addition of substrate
(Z-GP-AMC or GP-AMC) to cells, following treatment
with either/both MTX or/and Q, and then reading the
plate on a fluorescence reader ; the sample is excited
using a specific wavelength, the sample emits light
(fluoresces) and the light is collected and measured.
In order to obtain a microscopic image using the
fluorescence microscope, several steps had to be
carried out on treated cells ; mainly, the addition of
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two important dyes, Phalloidin (for viewing the
cytoskeleton) and DAPI (for viewing nucleic acids).
The main result from the cytotoxicity testing with
Quercetin alone, was that it does have an affect on
cell viability, principaly on the MDA MB 231 cell line –
the MDA MB 436 cells appear to be more resistant,
with little, or no change in overall cell viability
whereas for the MDA MB 231 line, there is a small
decrease in cell number. Fluorescence microscopy
shows some amount of cell death and destruction
with Quercetin alone, as well as some examples of
polynucleation. MTX results in significant cell number
reduction, as well as cellular destruction, as can be
seen by the fluorescence photos. In combination, cell
number is reduced, and it appears that Quercetin aids
somewhat in reduction of the number of viable cells,
in contrast to MTX alone. With enzymatic activity, as
can be seen by the graphs, both FAP and DPPIV
enzymes are inhibited, by both Methtrexate and
Quercetin, in a relatively dose-dependent manner.
These results are important as they show that
Quercetin does in fact have an effect on cancer cells,
specifically breast cells, in terms of reducing cell
number, and inhibiting enzymes that are important in
cancer cell progression. This implies that Quercetin,
alongside other chemotherapeutics, or even alone,
could reduce tumour progression and migration of
cancer cells. Although unclear as of yet, it seems as if
DPPIV is in fact anti-cancer, and inhibition of this
enzyme is detrimental (would lead to cancer
progression) ; as a result, the search for FAPselective therapeutics is the aim of many current
projects, as well as the charactarisation of the exact
enzymes, DPP IV or FAP, that are expressed by the
cells.
The next step in the experiments that I carried out,
should be a Western Blot, to determine and quantify
enzymes present in the cells, following drug
treatment. Suitable concentrations of the drugs would
need to be determined. It is unclear at this stage
whether Quercetin can enter the cells, and at which
concentration, so that is another area that would
need to be tested. Combination of Quercetin with
other chemotherapeutics could also result in other
interesting information.

Methotrexate plus quercetin combination in
human breast cancer cells
Anna-Mieke Bishop, Frédéric Schmitt, Anna Volger, Davide Staedler, Lucienne Juillerat-Jeanneret
University Institute of Pathology, CHUV-UNIL, Lausanne
Enzyme inhibition tests were carried out to show the activity of two types of prolyl-specific peptidases,

Introduction

important in cancer cell development. Two different substrates were used to measure their activity.

The aim of this project was to evaluate Quercetin (Q) and Methotrexate (MTX) on the

•Z-Gly-Pro-AMC: cleaved by FAP (Fibroblast Activation Protein) /POP enzymes : Involved in tumour

survival and activity of Proline-specific proteases in human breast cancer cells. Cytotoxicity

progression and cell migration.

tests of both drugs were carried out, seperately and combined, as well as tests on enzymatic

•Gly-Pro-AMC: cleaved by DPPIV/ Dipeptidyl peptidase IV (and FAP): Acts as a regulatory protease

activity. The cell lines used were:

and as a binding protein.

CH3

•AMC: a reporter molecule for measuring fluorescence:

•MDA-MB-231: human breast cancer cells, highly invasive

emission of light when cleaved off

•MCF-MB-436: human breast cancer cells, poorly invasive

O
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Figure1: Structure of Z-GP with AMC attached.

Quercetin

Methotrexate

Quercetin is a plant-derived flavonoid. It may enhance

Methotrexate is a first-line chemotherapeutic in

Methotrexate effects in cancer cells, and is associated with

clinical use for breast cancer.

protective effects in non-tumoral cells. It has been demonstrated
to affect cell migration of metastatic cells [1]
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Discussion
We show that :

1) Quercetin enhances Methotrexate cytotoxic effects specifically in tumor cells
2) Methotrexate and Quercetin show inhibition of Prolyl-specific enzyme activities
3) Quercetin cell-selectively induces polynucleation as single agent and in combination with Methotrexate
In summary, our results shown that combining Methotrexate with quercetin may be very interesting for chemotherapy for human breast cancer.
[1]: Drug Combinations with quercetin; doxorubicin plus quercetin in human breast cancer cells: Staedler D, Idrizi E, Halamoda B, Juillerat L; Cancer Chemother Pharmacol, 2011
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The ecology of social polymorphism in the ant Formica selysi
Johann Boulat, Jessica Purcell, Michel Chapuisat
The number of queens in ant societies can vary
between species, within populations, and within the
same population. The theory of kin selection
predicts that individuals living in groups will help
those who are most closely related to them (Keller
and Chapuisat 2010). In light of this, it is peculiar
that multiple queen colonies should arise because
not all members of the colony will be closely
related. Insight into what is associated with queen
number, both at the genetic and ecological levels,
can help us better understand variation in social
structure.
Formica selysi, a socially polymorphic ant species
that can have both monogyne and polygyne
colonies in the same population, provides the
opportunity to investigate this polymorphism within
a single habitat (Chapuisat et al. 2004). This
species is abundant in the Alps and colonizes sandy
and stony ground usually beside large rivers. These
ants construct subterranean nests in the soil and
feed on arthropod prey and honeydew from aphids.
Variation is queen number can be determined
solely by a genetic polymorphism that makes
individuals accept or reject additional queens, as in
the fire ant Solenopsis invicta, or may be
influenced by ecological variables as seen in
several social arthropod species (Shoemaker and
Ross 1996; Ross et al. 1999; Purcell 2011).
In this study we asked if environmental factors
correlate with queen number. We looked at four
main environmental variables for each colony: 1)
vegetation composition and aphid presence, 2) soil
properties, 3) distance from river/flood areas and
4) distance from nearest neighbor colonies. We
studied 20 monogyne and 20 polygyne F. selysi
colonies from a population located along the Rhone
River in central Valais, Switzerland.
The distance to the closest woody plant was
significantly longer for monogyne colonies than for
polygyne colonies (paired wilcoxon test, z=-2.03,
df=1, p=.04). Monogyne colonies were further
from their first, second, and third nearest
neighbors in comparison with polygyne colonies,
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but this difference was only significant in the case
of the second nearest neighbor (t-test, t=2.22,
df=18, p=.0392).These finding are consistent with
another study that found that monogyne colonies
exist in lower nest densities than polygyne colonies
(Rosset and Chapuisat 2007).
From July to August, the distance to the nearest
aphid source decreased significantly for all colonies
(wilcoxon test, W=.75, df=39, p=.0001). 20 of the
40 colonies changed aphid host plant species
between July and August. In July, the dominant
aphid host plants were Pinus sylvestris and
Astragalus onobrychis (15 and 14 out of 40
colonies respectively). In August the dominant
aphid host plant was Helianthemum nummularium
(17 of 40 colonies).
Being closer to a woody plant could allow a colony
to have easier access to prey and aphids as well as
gain support from roots for nest structure, or it
may indicate a difference in habitat age. Under the
habitat saturation hypothesis, polygyne colonies
are expected to out- compete monogyne colonies
in areas of high population density through faster
growth and larger group sizes. Our findings that
polygyne colonies may occur in older and more
densely populated habitats weakly supports this
hypothesis.
Part of the reason that it may be difficult to
disentangle ecological variables correlated with
queen number, is that the environment of the ants
is dynamic - for instance, aphids are a varying
resource for the ants.Overall, our data suggests
that the environment of the ants is complex and
that environmental variables associated with queen
number may be subtle. Most of the variables we
measured did not correlate with monogyny or
polygyny, thus social forms don't show obvious
ecological differentiation. Testing other populations
and species over a longer time period could help
clarify the relationships between these variables
and colony structure.



The ecology of social polymorphism in the
ant Formica selysi
Johanne Boulat, University of California, Davis
Mentor: Jessica Purcell
Group Chapuisat Department of Ecology and Evolution UNIL

Background & Question
In ants the number of queens can vary between species, w/in populations, and w/in
the same population (Chapuisat et al. 2004). Insight into what is associated with
queen number can help us better understand variation in social behavior.
Formica selysi —> monogyne and polygyne colonies within same population
(Chapuisat et al. 2004)
-colonizes sandy and stony ground usually beside large rivers
-Digs nests in the soil and feeds on arthropod prey and honeydew from aphids
(Keller and Zettel 2002)

An F. selysi colony with pupae.
The Rhone at our field site.

F. selysi worker tending
aphids on Astragalus
onobrychis.

Methods
Monitored 20 pairs of monogyne and polygyne colonies from a
population along the Rhone River in central Valais, Switzerland
Vegetation composition and aphid presence: measured colony
distance to four nearest woody plants, nearest access point,
and nearest aphid source, id’ed woody plants and nearest
aphid host species, and defined vegetation complexity
Soil properties: collected soil samples from each colony to analyze composition, used diaelectric aquameter to determine humidity
Determined colony distance from river/flood areas (using
Google Earth) and nearest neighbor colonies

Question: Are there environmental factors that correlate with F. selysi colony
queen number?

Results
(No differences were found in the variables not shown)

Fig. 1. The avg. dist. to the nearest woody plant
differed significantly between monogyne and polygyne colonies (paired wilcoxon test, Z=-2.03,
df=1, p=.04). The solid black bar is the median,
the box represent the middle 50% of the data,
and the whiskers represent the upper and lower
25% of the data respectively. The upper and
lower bars are the max. and min. respectively.
Circles denote outliers.

Fig. 3. Location of 20 polygyne (green) and 20 monogyne

(yellow) colonies along the Rhone. Red hash marks
indicate a flood zone. There was no significant difference
in the dist. of polygyne and monogyne colonies from the
river or nearest flood zone.

Fig. 4. The dist. to the nearest aphid source
decreased significantly for all colonies from
the month of July to the month of August
(wilcoxon test, W=.75, df=39, p=.0001)

Fig. 2. Monogyne colonies tended to be further
from their first, second, and third nearest
neighbors in comparison with polygyne colonies,
though this result was only significant in the case
of the second nearest neighbor (t-test, t=2.22,
df=18, p=.0392).

Aphid host species: In July the dominant
aphid host species were A. onobrychis (left
image) and Pinus sylvestris (14 and 15 out of
40 colonies respectively). In August
Helianthemum nummularium (right image)
was dominant (17 out of 40 colonies).

Conclusions
Habitat saturation hypothesis weakly supported by distance to nearest plant and distance to nearest neighbors
Env. variables may be subtle—> Most of variables we measured did not correlate with monogyny or polygyny, indicating that there are no largescale ecological
diffs.
Our data suggests that the environment of the ants is complex and dynamic, thus it may be difficult to disentangle which factors contribute to queen number
Testing other populations and species over longer periods of time could helps clarify the relationships between these variables and queen number

Acknowledgements: Thank you to Jessica Purcell, Timothée Brütsch, Michel Chapuisat, Dumas Galvez
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Autoregulatory feedback loops involving intron-encoded miRNAs and
their host genes:Mcm7 et al.
Gabriel Vinícius de Almeida, Naomi Borel, Mara De Matos, David Gatfield
MicroRNAs are short (ca. 22 nt), non-coding RNAs
that are implicated in the regulation of virtually
every physiological processes studied so far. A
given miRNA is thereby predicted to regulate
several hundred target mRNAs. The recognition of
a target mRNA by a miRNA occurs via imperfect
base-pairing of the miRNA with binding sites within
the 3’UTR of the targets.
In the genome, miRNAs are either encoded by their
own gene, or the miRNAs are located within the
intron of an mRNA-encoding host gene. In both
cases, transcription occurs by RNA Polymerase II,
giving rise to a primary miRNA (pri-miRNA), which
is subsequently processed by two different
endonucleases, known as Drosha and Dicer, to
yield the mature miRNA.
The host lab has developed a mouse model, in
which Dicer can be conditionally inactivated in the
liver (genotype: Dicerflox / Dicerflox ; alb::Creert2 / +). These animals do not produce miRNAs in
hepatocytes
anymore.
The
genome-wide
comparison of mRNA expression in KO vs. control
animals (microarrays) has revealed massive
changes in gene expression. Many of these gene
expression changes are probably due to increased
cellular proliferation in the KO livers (i.e. many cell
cycle genes are upregulated), and could be
mediated by changes in transcription rates rather
than directly by the loss of the regulatory miRNAs.
Interestingly, there is a striking upregulation of
genes that are miRNA host genes in the Dicer KO.
Moreover, in some instances the intron-encoded
miRNA is predicted to target the host mRNA itself,
which could point to an autoregulatory mechanism
to control the expression levels of the host gene.
Finally, some of the host genes are known to be
rhythmically expressed over the day (“circadian”),
opening up the interesting possibility that circadian
miRNA production is coupled to circadian host gene
expression.
In this project we have now systematically
analysed the miRNA host genes that are
upregulated in the livers of the Dicer knockout
mice according to the microarray analysis. We have
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then selected those genes whose intron-encoded
miRNAs are expressed to significant levels in
mouse liver according to deep-sequencing data in
the lab. This left us with ~5 genes, for which we
determined whether the circadian expression in KO
and control livers by quantitative real-time PCR
(qPCR). Using qPCR probes specific for intronic and
exonic
sequences,
we
determined
if
the
upregulation was truly post-transcriptional (as
expected for a miRNA-mediated regulation) or
already occurred on the transcriptional level
(indicative of a more indirect mechanism involving
increased transcription). Finally we used Chromatin
Immunoprecipitation
(ChIP)
with
antibodies
directed to RNA Polymerase II to analyse the
transcription rates at our genes of interest in KO
and control animals test by an independent
method.
In summary, we have found evidence for an
autoregulatory
control
mechanism
for
the
expression of the oncogene Mcm7 (minichromosome maintenance 7, a DNA replication
licensing factor known to interact with RB1). Three
miRNAs, miR-25, miR-93 and miR-106b, are
encoded within an intron of Mcm7 and therefore
predicted to be produced in parallel with Mcm7
mRNA. Of these, miR-93 and miR-106b are
predicted to target Mcm7 mRNA itself, leading to a
potential autoregulation to avoid high Mcm7
expression levels. In the Dicer knockout, these
miRNAs cannot be produced anymore, and this
autoregulation is dysfunctional. We have indeed
found that this leads to higher Mcm7 mRNA (but
not pre-mRNA / transcription) levels in the Dicer
KO. We thus speculate that Mcm7 could act as a
sort of “sensor gene”, that is important to switch to
a proliferative state (DNA replication is enabled by
Mcm7 upregulation) in the Dicer KO livers upon
miRNA loss.
For the other host genes that we have studied, we
have some evidence for autoregulation. However,
additional experiments will be required since their
regulation appears to be more complex than for
Mcm7.

Gabriel Vinícius de Almeida, Naomi Borel, Mara De Matos and David Gatfield
1Center

for Integrative Genomics, University of Lausanne, Switzerland.

Introduction
MicroRNAs (miRNAs) are ca. 22 nt, non-coding RNAs that control diverse biological functions in animals, plants and unicellular eukaryotes. They
function by promoting the degradation and/or translational inhibition of target mRNAs. A given miRNA is thereby predicted to regulate up to
several hundred target mRNAs. The interaction between a miRNA and a target mRNA occurs via imperfect base-pairing with binding sites within
the 3’UTR of the targets.
MiRNA biogenesis is initiated by Pol II-mediated transcription at miRNA-encoding genes. MiRNAs are thereby either encoded by their own gene,
or frequently from the intron of an mRNA-encoding host gene. This way, miRNA and host gene mRNA expression can be imagined to be directly
coupled. Moreover, target prediction programs suggest that in some cases the intron-expressed miRNAs could target their own host mRNAs,
potentially constituting autoregulatory loops in gene expression.
In this project, we will try to identify such autoregulatory feedback loops involving intragenically expressed miRNAs and their host genes.

Aims and Experimental Approaches
The host lab has previously developed a mouse model with inactivated miRNA biogenesis in hepatocytes (knockout of the enzyme Dicer). The
livers of these animals are devoid of miRNA and microarray analysis has shown that they display massive changes in gene expression. This
affects in particular genes involved in cellular proliferation, for example the upregulated oncogene Mcm7, are host genes for miRNAs (in this case
miR-25, miR-93 and miR-106b). Interestingly, miR-93 and miR-106b are also predicted to target the Mcm7 mRNA itself.
Using the miRNA data, we would like to identify other such miRNA-target relationships between host genes and miRNAs. To do so, we have
extracted from the microarray data all upregulated miRNA host genes. From this set of mRNAs, we have selected those, whose host miRNAs are
expressed at significant levels in mouse liver, according to miRNA deep sequencing data from the host lab. Using RNA preparations from Dicer
KO and control mice, we have then measured by quantitative real-time PCR (qPCR) the mRNA and pre-mRNA (a measure of transcription at the
locus) levels. Upregulation on the mRNA level, but not the pre-mRNA (which mirrors transcriptional activity at the locus) level is indicative of a true
miRNA-mediated regulation. Finally, we have tried to confirm or exclude transcriptional regulation using anti-Pol II chromatin immunoprecipitation
(ChIP) from Dicer KO and control livers.

Situation at the beginning of the project
The liver-specific Dicer KO
  

A

Who are these mRNAs upregulated in Dicer KOs that also encode miRNAs ?

Analysis of microarray data


 

A

B
 


Dicerflox / Dicerflox
Alb::Cre-ert2 / +

Fig. 2. A. The hepatocyte-specific Dicer-knockout mouse is devoid of
miRNAs in liver. Left: The knockout mouse carries two copies of the
Dicer allele flanked by loxP sites, as well as an albumin-driven,
tamoxifen-activatable Cre-recombinase. Right: Northern blot with RNA
samples of knockout and control livers, collect around-the-clock over
the circadian day. B. Microarray analysis shows that in the livers of the
Dicer KO animals, more than 1802 probe sets are upregulated >1.5fold. 42 of these correspond to genes that also encode miRNAs in the
same locus.

B

The miRNA host gene Mcm7 is post-transcriptionally upregulated in the Dicer
knockout (but some other host genes are rather regulated transcriptionally…)
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Fig. 4. A. Analysis of mRNA (left) and premRNA (right) levels for five genes from Fig. 3A.
For Mcm7, the upregulation appears to be
clearly post-transcriptional, since the pre-mRNA
is barely changed in the KO. Rtl1, Igf2, and
Gpc3 appear to be upregulated already on the
Gpc3
transcriptional level, since the pre-mRNAs are
similarly changed as the mRNA expression. For
Wdr82, both mechanisms may occur. B. In order
to asses
of miRNA
levels follow
the circadian
to asses if miRNA levels follow the circadian mRNA expression of their
host genes,
we retrieved
the corresponding
mRNA
expression
of their
host genes,
we
data from the deep sequencing experiment of miRNAs in mouse liver.
It would
appear
that there
is a tendency
of
similar expression, but objectively speaking, it is still difficult to evaluate…
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Fig. 3. A. Table showing
to which genes the 42
probe sets from Fig. 2
belong (column 1&2), the
factor of upregulation in
the KO according to
array (column 3), the
miRNAs
that
are
encoded within the same
locus (column 4) and a
relative measure of the
expression
of
these
miRNAs
(deep
sequencing
counts;
column 5). Only the
miRNAs encoded in the
loci of the top five genes,
Wdr82, Smc4, Nr6a1,
Mcm7, fsdr
and Rtl1, are expressed
at detectable levels. B. Genomic
context of miRNAs and mRNAs
for the genes Mcm7, Wdr82,
Nr6a1, and Rtl1. For Mcm7 and
Nr6a1 the miRNAs are predicted
to express the host genes
themselves. Note that in some
cases (Nr6a1, Rtl1), the miRNA
appears to be encoded on the
reverse strand, as compared to
the mRNA. In these cases, one
would assume that the miRNA
has
its
own
promoter
downstream of the mRNA gene.
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Fig. 5. Chromatin IP using anti-Pol II antibodies (blue) or no antibodies (red), and chromatin prepared from two
Dicer KO and two control animals sacrificed at ZT 4. Clearly, Mcm7 is found to similar levels in KO and control IPs.
Cyp2b9, a gene known to be transcriptionally upregulated in the Dicer KOs, is enriched in KO IPs, as expected.
Abca1 is a control gene that should be similarly expressed in animals of both genotypes.

Conclusion and Perspectives
We have identified several mRNA genes that are up-regulated in the livers of Dicer KO mice and that are predicted to express from the
same locus also one (or more) miRNAs. Using qPCR analysis, we have quantified the factor of upregulation on the mRNA and on the premRNA level, which allows us to draw conclusions as to whether the mRNA up-regulation is directly mediated by loss of the inhibitory
miRNA, or more indirectly via transcriptional mechanisms. We have then started first experiments to measure transcriptional activity at the
genes using an independent technique, PolII ChIP.
From our data, we have clearest results for the Mcm7 (mini-chromosome maintenance 7) oncogene, encoding a DNA replication licensing
factor known to interact with RB1. Three miRNAs are encoded within an intron of Mcm7. Of these, two miRNAs (miR-93 and miR-106b)
are predicted to directly target the Mcm7 mRNA. In the Dicer knockout, these miRNAs cannot be processed anymore, and this
autoregulation is dysfunctional, leading to higher Mcm7 mRNA (but not pre-mRNA) levels. The PolII ChIP data, although technically not yet
very robust, confirms that Mcm7 upregulation is not on the level of transcription.
In summary, we have found good indications that miRNAs and their host genes could indeed be involved in autoregulatory feedback loops.
For future experiments, Mcm7 is probably the most interesting candidate. As a next step it would be important to show that Mcm7
upregulation is really dependent on the lack of the two miRNAs miR-93 and miR-106b, and not by other miRNAs.

Fig. 6. Schematic model how autoregulation by miRNAs could occur for Mcm7. In the Dicer KO, the
miRNAs would not be processed anymore, leading to Mcm7 mRNA upregulation.
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Regulating blood vessel permeability: activation of myosin light chain 2
in endothelial cells
Teresa Galera, Liliane Michalik
Intruduction
One of the pathological signals of the cancer is
increased permeability of the endothelium. The
development
of
drugs
that
decrease
this
permeability are a chance for the treatment of
different cancer. VEGF (vascular endothelial growth
factor) is known to increase the permeability via
phosphorylation of MLC-2 (Myosin Light Chain 2)
on Ser-19 and Thr-18. The contraction of the actin
cytoskeleton is triggered by phosphorylated MLC-2.
Then, the increase in contractility provokes the
opening
of
endothelial
junctions
and,
in
consequence,
the
increase
in
permeability.
Previous work in the lab demonstrated that
Peroxisome
Proliferator-Activated
Receptor
β
(PPARβ) promotes permeability. The aim of this
study is to elucidate if PPARβ activation affects the
phosphorylation of MLC-2, and thereby the VEGFinduced acute permeability. If this hypothesis
becomes true, the modulation of PPARβ could be
an interesting alternative in the treatment of
cancer. The anti-VEGF therapy is being used in
some medicines like Bevacizumab, Ranibizumab,
Lapatinib, Sunitib or Sorafenib.
Material and methods
HUVECs (Human Umbilical Vein Endothelial Cells)
with a confluence of 100% have been used as an in
vitro model for the study of permeability. The
localization of cytoskeleton was studied in two
different treatments: Control (with PBS) and
VEGF.The cells were stained with DAPI (nuclei) and
phalloidin (actin) and observed in Confocal
Microscopy. In order to study the effect of PPARβ
activation on the phosphorylation of MLC-2, the
protocol for detection of the phospho- and total
MLC2 has been optimized (10 μg of total protein
and dilution of the primary antibody 1/500).
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Several Western Blots, in different conditions
(serum level, concentration and time of stimulation
with VEGF) were performed. One experiment has
been performed with the agonist GW 501516 and
antagonist GSK 0660 of PPARβ.
Results
The fluorescence studies of actin filament dynamic
in HUVECs showed that while in the PBS treated
cells the actin was cortical, in the VEGF treatment
the actin formed fibers that contracted the cells.
The Western Blots performed in different
conditions, showed that a concentration of 10
ng/ml of VEGF induced significant MLC-2
phosphorylation in HUVECs, compared to the
control (PBS), in different conditions of serum and
timing of stimulation. These results are consistent
with previous studies. However, this study did not
find a significant difference between the treatment
with the PPARb activator (GW 501516) or
antagonist (GSK 0660).
Conclusions
The protocol for the detection of MLC-2
phosphorylation and the cell culture conditions for
VEGF-induced MLC-2 phosphorylation have been
optimized. Fluorescence studies showed the
dynamics of the actin cytoskeleton when HUVECs
are exposed to VEGF. Although the experiment has
to be repeated, study with PPARβ agonist GW
501516 and antagonist GSK 0660 suggested that
the promotion of acute vascular permeability by
PPARb does not involve MLC-2 phophorylation.
Further experiments will be necessary for the
understanding of how PPARβ modulates vascular
permeability.
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One of the pathological signals of the cancer is increased permeability of the endothelium. The development of drugs that
decrease this permeability are a chance for the treatment of different cancer. VEGF (vascular endothelial growth factor) is known
to increase the permeability via phosphorylation of MLC-2 (Myosin Light Chain 2) on Ser-19 and Thr-18. The contraction of the
actin cytoskeleton is triggered by phosphorylated MLC-2. Then, the increase in contractility provokes the opening of endothelial
junctions and, in consecuence, the increase in permeability. Previous work in the lab suggests that Peroxisome ProliferatorActivated Receptor  (PPAR) promotes permeability. The aim of this study is to elucidate if the effect of PPAR affects the
phosphorylation of MLC-2, and thereby the VEGF pathway. If this hypothesis becomes true, the modulation of PPAR could be an
interesting alternative in the treatment of cancer. The anti-VEGF therapy is being used in some medicines like Bevacizumab,
Ranibizumab, Lapatinib, Sunitib or Sorafenib.

Figure 1. HUVECs (Human Umbilical Vein Endothelial Cells) with a confluence of
100 % are a model for studying the junctions between the endothelial cells. On
the left, the cells have been cultured 24 hours at 37ºC and are not confluent. On
the right, the cells have been cultured 3 days at 37ºC and are confluent.

Figure 4. Experiment A, top panel: HUVECs cultured in low serum conditions
(1%), treatment with VEGF for 10 minutes. Experiment B, lower panel: HUVECs
cultured in normal serum conditions (5%), VEGF during 30 minutes. Although the
conditions were different, in both experiments, the treatment with VEGF 10 ng/ml
induces significant higher level of phosphorylation than the control PBS.
Experiment A: p= 0,03; F=10,088. Experiment B: p=0,003; F=43,28. In the
treatments VEGF 25 ng/ml (experiment A), VEGF 30 ng/ml (experiment B) and
VEGF 50 ng/ml there aren´t conclusive results. It is interesting that the nontreated cells (T0) exhibit a high level of phosphorylation and are quite different to
the treatment control PBS.

Figure 2: Work Flow. HUVECs were cultured until they reach 100% confluency
(1). These cells were exposed to different agents: the agonist of PPAR  GW
501516 (1µM) in DMSO, the antagonist of PPAR  GSK 0660 (0,1µM) in DMSO,
both or the control DMSO for 24 hours (2). Afterwards, the cells were stimulated
with VEGF in BSA 0,1% PBS or PBS as a control (2). The proteins extracted from
these cells (3a) were used to perform a Western Blot (4) in which the quantity of
Myosin Light Chain-2~P was detected. In order to quantify, the amount of total
Myosin Light Chain and of GAPDH (housekeeping gene) was also detected. The
cells treated with DMSO or GW501516 were stained with DAPI and phalloidin
and observed with a confocal microscope (3b).

Figure 3. Optimization of the protocol to detect phosphorylated MLC-2 (MLC-2~P)
in Western Blot. Several dilutions of the antibody (1/1000; 1/500; 1/250) and
amounts of total proteíns (7, 10 and 15μg) were tested. The best detection was
with 10µg of total proteins and a dilution of 1/500 of the anti-MLC-2~P antibody.
Although in the first Western Blot there was no non-specific bands, and the
antibody was quite clean, in the last Western Blot non-specific bands appeared. It
will be interesting confirm that it is not our protein MLC-2.

Figure 5. Confocal microscope images. Zoom 630x, oil. The images were
cropped using Image J software tools Nuclear staining: DAPI, Actin cytoskeletal
staining: Phalloidin. On the left, cells treated with PBS. On the right, cells treated
with VEGF 30 ng / ml for 1 hour. It can be observed that treatment with VEGF
induces complete reorganisation of actin filaments: actin is cortical withouth
VEGF, and form fibers upon VEGF treatment.

Conclusions: The protocol for the detection of MLC-2~P,
which is novel in the lab, has been optimized (10 µg of proteins
and a dilution of 1/500 of the antibody). The cell culture
conditions for VEGF-induced MLC-2 phosphorylation has been
optimized, too. The treatment with VEGF 10 ng/ml exhibits an
increase in the phosphorylation of the MLC-2, and this is not
affected by serum conditions or timing of VEGF stimulation.
One experiment with the PPAR agonist GW 501516 and the
antagonist GSK 0660 has been performed, although without
any conclusive results. Fluorescence studies of actin filaments
showed how VEGF causes the reorganisation of the
cytoskeleton.
In short, VEGF induces MLC-2 phophorylation and actin
cytoskeleton reorganisation in HUVECs. It remains to be
determined if this is regulated by PPARβ.
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Characterisation of the pseudomonas aeruginosa pathogenicity island
PA14GI-6
Luis Alejandro Gonzalez Blazquez, Cornelia Reimmann
Genomic islands are part of bacterial genomes and
likely result from horizontal gene transfer. They
often encode functions important for pathogenesis,
symbiosis, antibiotic resistance or bacterial
adaptation. Several genomic islands have been
reported in the Gram-negative bacterium and
opportunistic
human
pathogen
Pseudomonas
aeruginosa. We focus here on pathogenicity island
6 present in strain PA14 (PA14GI-6) which carries
genes related to those for the biosynthesis of
pyochelin and enantio-pyochelin, two salicylatederived siderophores made by P. aeruginosa and
Pseudomonas
fluorescens,
respectively.
Siderophores are small molecules able to chelate
ferric iron, their production is essential for bacterial
growth under iron limitation. The aims of our
project were: (i) to investigate if PA14GI-6
specifies an (enantio-)pyochelin-related molecule,
and (ii) to evaluate how wide-spread this
pathogenicity island is among clinical and
environmental P. aeruginosa strains.
To
investigate
if
PA14GI-6
specifies
an
(enantio)pyochelin-related compound, we first
constructed a derivative of PA14 where the
genomic island was deleted. By HPLC analysis we
compared metabolite production by mutant and
wildtype and detected a major peak that was
absent in the mutant HPLC profile. To further
characterize this compound, we cloned one of the
biosynthesis genes of PA14-G16, PA14_54940, and
evaluated its putative PchBA (salicylate synthase)
and PchD (salicyl-AMP ligase) activities by
complementation experiments using pchBA and
pchD mutants of P. aeruginosa strain PAO1.
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By CAS-agar assay we observed that expression of
PA14_54940 restored pyochelin production in the
pchBA mutant but not in the pchD mutant. This
indicates that PA14_54940 encodes a salicylatesynthase
which
produces
salicylate
from
chorismate, but probably not a salicyl-AMP ligase.
Secondly, we studied the occurrence of PA14G1-6
among diverse clinical and environmental strains of
P. aeruginosa. In contrast to the pyochelin
biosynthesis gene pchE of P. aeruginosa, the pchElike gene of PA14GI-6 does not specify an
epimerase domain and thus, resembles pchE of P.
fluorescens. Based on the different sizes of these
genes, a screening procedure was elaborated
generating characteristic PCR-amplified fragments
for pchE of P. aeruginosa (1.4 kb) and for potential
PA14GI-6 carriers (0.5 kb). Among 124 clinical and
43 environmental isolates, 21 potential PA14GI-6
carriers were found. The presence of the entire
genomic island in these candidates was then
confirmed by Southern Blot analysis.
In conclusion, we have shown here that PA14GI-6
is rather wide-spread among P. aeruginosa isolates
and that it specifies a salicylate-derived metabolite.
An in-depth study of PA14G1-6 gene function
combined with structural analysis of this compound
could lead to a better understanding of the role this
genomic island may play in P. aeruginosa.
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Xylem secondary growth in Arabidopsis hypocotyls
Kristina Kuznetsova, Laura Ragni, Kaisa Nieminen, Christian S.Hardtke
Wood (secondary xylem) is one of the most
important sustainable energy sources for humans.
Xylem together with phloem forms the plant vascular
system. Phloem is responsible for the transport of
photosynthetic products from source organs to the
sink organs, whereas xylem transports soil water to
the leaves. In addition, xylem offers support to the
aerial part of the plant body. Recent progress has
illustrated that conserved molecular mechanists may
exist in herbaceous plants and trees during vascular
development and wood formation. Arabidopsis
hypocotyl has been shown to be a credible model to
study xylem secondary growth, as hypocotyls stop
elongating after a few days, after which the radial
growth starts. We can distinguish two phases of
secondary growth: in the 1st phase xylem and
phloem are produced at a similar rate and xylem is
constituted by vessels and parenchyma cells,
whereas in the 2nd phase (the so called xylem
expansion phase) xylem is produced faster than
phloem, and xylem comprises vessels, parenchyma
cells and fibers. The shift between the two phases is
triggered by flowering.
My project is connected to a detailed anatomical
study of Arabidopsis hypocotyl radial growth, which is
still missing. So, the goal of this work was to create a
detailed atlas of Arabidopsis hypocotyl development.
This study was performed on 3 different ecotypes:
Columbia (Col), Landsberg erecta (Ler) and
Landsberg (La) that have been shown to display
significant differences in xylem expansion. For this
purpose we took high-resolution images of hypocotyl
cross-sections during a time-course of plant growth.
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Hypocotyls were collected starting from 7 days after
sowing and ending when plants were 20 cm height
(36 days old). Everyday (at the same time)
hypocotyls from 10 different plants were collected,
embedded into plastic, cut with a microtome (3
microme sections) and stained with Toluidine blue.
Images of cross-sections were measured in ImageJ
and such parameters as xylem area, total hypocotyl
area, xylem area/total area ratio, cambial area were
calculated.
Preliminary results of Columbia ecotype analysis
showed that xylem growths gradually and starts to
expand after flowering. Furthermore, the ratio of
xylem to the total hypocotyl area is a good indicator
to quantify the xylem expantion in plants older than
20 days. As expected after flowering we saw a
significant increase of all measured parameters.
Further work, which would be done is measurement
of cell size and number in a xylem.
An anatomical atlas will help us to better understand
the spatio-temporal dynamics of the transition
between the two phases of wood development and to
characterize different ecotypes. Moreover, the data
could be used for building a mathematical model of
radial growth in the hypocotyls.
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W

ood (secondary xylem) is one of the most important
sustainable energy sources for humans. Xylem together with
phloem forms the plant vascular system. Phloem is responsible
for the transport of photosynthetic products from source organs to the
INTRODUCTION
sink organs, whereas xylem transports
soil water to the leaves. In
addition, xylem offers support to the aerial part of the plant body.
Recent progress has illustrated that conserved molecular
mechanists may exist in herbaceous plants and trees during vascular
development and wood formation. Arabidopsis hypocotyl has been
shown to be a credible model to study xylem secondary growth, as
hypocotyls stop elongating after a few days, after which the radial
growth starts. We can distinguish two phases of secondary growth: in
the 1st phase xylem and phloem are produced at a similar rate and
xylem is constituted by vessels and parenchyma cells, whereas in the
2nd phase (the so called xylem expansion phase) xylem is produced
faster than phloem, and xylem comprises vessels, parenchyma cells
and fibers. The shift between the two phases is triggered by flowering
(Sibout et al. 2008.)

Xylem/Total area ratio

xylem
xylem

cambium
Hypocotyl

Figure 1. Arabidposis thaliana: Plant and hypocotyl cross-section

M

y project is connected to a detailed anatomical study of Arabidopsis
hypocotyl radial growth, which was still missing. So, the goal of this work was to
create a detailed atlas of Arabidopsis hypocotyl development. This study was
performed on 3 different ecotypes: Columbia (Col), Landsberg erecta (Ler) and
Landsberg (La) that have been shown to display significant differences in xylem
expansion (Ragni et al. 2011). For this purpose we took high-resolution images of
hypocotyl cross-section during a time-course of plant growth. Hypocotyls of these 3
ecotypes were collected starting from 7 days after sowing and ending when plants
were 20 cm height (36 days old). Everyday (at the same time) hypocotyls from 10
different plants were collected, embedded into plastic, cut with a microtome (3
microm sections) and stained with Toluidine blue . Images of cross-sections were
measured and such parameters as xylem area, total hypocotyl area, xylem area/total
area ratio, cambial area were calculated.

X yle m a re a

0,600

1,600
1,400

0,500

1,200

area [mm2]

0,400
0,300
0,200

1,000
0,800

Figure 2. Cross sections of 3 different ecotypes (Col, La, Ler). Xylem area is stained in a blue colour.
Ler - is an ecotype, that shows enhanced xylem growth.Red circle represents xylem area
Graphs show that the xylem area and total area are higher in Ler in comparison with Col and La.
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Figure 3. An example of pictures from the atlas of Columbia. Flowering time: 20 day.
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Figure 4. Xylem area growths gradually and starts to expand after flowering.
At the beginning the ratio of xylem to the total hypocotyl area is not informative, because xylem area is too small. After 20 days it becomes a good indicator to quantify the xylem
expantion. As expected after flowering we saw a significant increase of all measured parameters.

A

n anatomical atlas will help us to better understand the spatio-temporal dynamics of the
transition between the two phases of xylogenesis and to characterize different ecotypes.
Moreover, the data (cell size, xylem area, etc) could be used for building the mathematical
model of radial growth in t h e h y p o c o t y l s .
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condition for xylem expansion in Arabidopsis hypocotyl and
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Schwechheimer C, Hardtke CS: Mobile gibberellin directly
stimulates Arabidopsis hypocotyl xylem expansion. Plant Cell
2011, 23:1322-36.
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Novel heteromers in the TNF family
Luc Lebon, Dolon Das, Pascal Schneider
Introduction
The tumour necrosis factor (TNF) superfamily
comprises ofcytokines, which are signalling
molecules able to modify the behaviour of target
cells. The nineteen ligands that form this family,
and the twenty-nine cognate receptors of the TNF
receptor family, are involved in the function of the
immune system and in other biological processes
such as morphogenesis and bone metabolism.
These proteins are produced as membrane-bound
molecules that can be cleaved and secreted as
soluble
factors.
TNF
ligands
usually
form
homotrimers,
although
lymphotoxin
(LT)
β
associates as a heteromer with LTα. LTα1β2 is
important in the lymph node development. More
recently, BAFF-APRIL heterotrimers have been
identified.
The aim of this research project is to confirm the
existence of new heteromers, found by a
previously performed ELISA-based screen, by coimmunoprecipitation. Moreover, we also attempt to
develop tools to check the receptor specificity of
these heteromers.
Methods
To assess whether two ligands form heteromers,
they were first fused with a Flag tag or a Fc tag
and co-transfected in 293T cells. The tags allow us
to precipitate the proteins of interest and to detect
them with specific antibodies. Supernatants of cotransfected
cells,
containing
the
secreted
molecules,
were
analyzed
by
coimmunoprecipitation. For each pair of putative
interaction partners, anti-Flag or anti-Fc beads
were mixed with the supernatant to precipitate one
of the partner and the proteins attached to it. The
beads were then washed and the captured proteins
were eluted.
The immunoprecipitated molecules were analyzed
by SDS-PAGE followed by western blotting with
anti-Flag and anti-Fc antibodies to check the
expression of the ligands of interest and the
presence of their co-immunoprecipitated partners.
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Inasmuch as the co-transfection of monomers does
not allow to be acquainted with the stoichiometry
of the multimers, we have transfected some singlechain homotrimers and heterotrimers of LT α and β
in 293T cells. The expression levels of the proteins
were checked by western blotting, and the binding
specificity of these proteins on their receptors was
then tested by an enzyme-linked immunosorbent
assay (ELISA).
Results and conclusions
The data that we obtained confirms the existence
of some novel heteromers in the TNF family that
were previously identified by a screen. The results
show that EDA1 and EDA2, and EDA2 and APRIL
can form heteromers. The results also strongly
suggest that EDA1 can bind to APRIL and that
LIGHT can bind to FasL, TL1A, LTα, and to LTβ.
Regarding the single-chain trimers, our study
shows that they are both expressed and secreted
and that the stoichiometry of ligands in the
heteromer has an impact on the binding specificity.
Perspectives
The next aim would be to identify novel receptor
specificity of these heteromers. Some of the
candidates are the orphan receptors in the TNF
superfamily. Binding to these receptors can be
checked by expressing them in mammalian cells by
transient
transfection
and
performing
a
fluorescence-activated cell sorting (FACS) staining
with these heteromers.
The long-term objective would be to detect and
characterise
endogenous
heteromers
in
physiological or pathological conditions.

Novel heteromers in the TNF family
Luc Lebon, Dolon Das and Pascal Schneider
Department of Biochemistry, Faculty of Biology and Medicine, University of Lausanne
Chemin des Boveresses 155, CH-1066 Epalinges, Switzerland

Abstract
The tumour necrosis factor (TNF) superfamily is a family of signalling proteins comprising 19 ligands that bind to the 29 members of the TNF receptor
family. They play a role in the regulation of the immune system and in other biological functions such as hair and tooth morphogenesis. These ligands
usually form homotrimers. Lymphotoxin (LT) β is a TNF ligand known to form heterotrimers with LTα1, and the predominant form of this heteromer
(LTα1β2) plays a role in lymph node development by binding to LTβR. More recently, BAFF-APRIL heterotrimers have also been identified2. This raises the
possibility of the existence of other heteromers in the TNF superfamily.
Several novel TNF heteromers have been identified by an ELISA-based screen. One aim of this study is to confirm these novel heteromers by coimmunoprecipitation. The other aim is to validate a proof of concept of expressing active recombinant heteromers of defined stoichiometry as singlechain molecules3 for further characterisation.
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Figure 1a: Principles of the co-immunoprecipitation.

anti-Flag

Figure 1b: Co-immunoprecipitation of Flag-ligands and Fc-ligands to
confirm the heteromers.

As expected for homotrimers, APRIL, EDA1, EDA2 and LIGHT interact
with themselves. In addition, the following heteromers can form: EDA1EDA2, EDA1-APRIL, EDA2-APRIL and LIGHT with FasL, TL1A, LTα and
LTβ. Unfortunately, the experiment lacks a negative control for LIGHT
(Fc-GITRL failed to express).
Formation of the expected homomer (positive control).
Formation of the heteromer.
No heteromer formation (negative control).
* The expression level of Flag-APRIL is too low.
* The signal on the IP anti-Flag and WB anti-Fc may be non-specific and it needs to be
repeated (with a pre-clearing step).
* The samples with Flag-EDA1 and Flag-EDA2 were digested with a deglycosylase, but the
difference in size show that the digestion of this sample didn’t work well.
* Fc-GITRL was unfortunately not expressed in this sample.

Conclusions
We could confirm EDA1-EDA2 and EDA2-APRIL heteromers. The results
also suggest that EDA1 heteromerizes with APRIL and that LIGHT
heteromerizes with FasL, TL1A, LTα and LTβ.
We could validate the single-chain method by showing that the
polypeptides are expressed, secreted and can bind to their receptors
with the expected specificity.
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Single chains

“Monomers”

Figure 2b: Western blots to check the expression of the single-chain
trimers. * Flag-tagged ligands seen again on the re-exposure.
Receptor binding
(OD at 492 nm)

The indicated Flag-tagged and Fc-tagged ligands were co-transfected in 293T cells. Cell supernatants
were immunoprecipitated with anti-Flag or protein A (anti-Fc) beads and revealed by western blot
with anti-Flag or anti-Fc antibodies, as indicated.
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We demonstrate that
the single-chain homoand heteromers are
expressed and
secreted (fig. 2b), and
that they bind their
cognate receptors with
the predicted
specificity (fig. 2c).
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A) Conventional Flag-tagged constructs. B) Single-chain trimers in which three ligands are linked
together by short linker sequences (GGGGS). C) Model of a single-chain heterotrimer of defined
stoichiometry. The C- and N-termini of the TNF homology domains (shown as solid red and yellow
lines on the model) are within short distance, implying that monomers can be easily linked by short
linkers (shown as red and yellow dots). The model is based on crystal structures of two ligands of
the TNF family (BAFF and APRIL).
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Figure 2c: ELISA to test the receptor binding specificity of the singlechain trimers.

Perspectives
• Check the interaction of ligands of interest with Flag-GITRL and with
Fc-LIGHT (missing controls of the experiments shown).
• Receptor specificity and biological significance of the novel
heteromers.
• Study the ratio of the homotrimer versus the heterotrimer formation.
• Activity and further characterisation of the single-chain trimers.
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Phylogenetic analysis of the Arbuscular Mycorrhizal specific phosphate
transfer proteins of the grass family
Addison Martin, Marina Nadal, Uta Paszkowski, Nicolas Salamin
The mutulastic relationship between plants and
arbuscular mycorrhizae fungi (AM) is an important,
prevalent, and ancient method by which plants
acquire their required phosphorous.
AM, an
obligate symbiont, forms a network of hyphae
throughout the soil.
This network is able to
sequester more phosphorous from a larger volume
of soil. AM also forms an arbuscule, a tree like
structure, within cortex cells of the plant root. The
space between the arbuscular fungal membrane
and the plant membrane is where the exchange of
nutrients is thought to occur. It is in this space
that AM-specific Phosphate Transfer Proteins are
expressed. Phosphate transfer proteins (PTs) are a
large family of proteins involved in the
transportation of phosphorous throughout the
organism. Within this group of proteins are PTs
that are expressed only in AM colonized cortex cells
– AM-specific PTs. AM-specific PTs are therefore
key players in phosphorous acquisition when plants
form this symbiotic relationship with AM. Because
AM symbiosis is such a prevalent and ancient
method by which phosphorous acquisition takes
place, these AM-specific PTs are critical to the wellbeing of plants. As such, a phylogenetic analysis of
AM-specific PTs can uncover information regarding
the evolutionary history of PTs and plants.
The aim of my project was to build phylogenetic
trees of AM-specific PTs in land plants and identify
any selective pressures that might have been
acting on phosphate transfer genes throughout
their evolution. My project had two parts: 1) to
construct and analyze a phylogenetic tree of AMspecific PT genes and 2) to add more sequences to
the tree by sequencing other AM-specific PT genes
in non-model grass species and close relatives.
First, to construct the tree, AM-specific proteins
were identified by running BLAST on existing data
from Genebank using the already characterized
AM-specific PT OsPT11 from Oryza sativa (rice) as
a query sequence.
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Perl scripts were used to filter these results. Mafft,
followed by manual inspection, was used to align
the sequences and PhyML was used to construct
the phylogenetic tree using GTR+Gamma model of
evolution. Finally, CodeML was used to test events
of positive selection along the sites of the genes
encoding OsPT11. Second, to find more sequences
to add to the tree, degenerate primers were
designed based on the aligned OsPT11 coding
region in order to amplify AM-specific genes in nonmodel grass species. PCR was used to amplify the
genes, which would have then been sequenced,
and added to the phylogenetic tree. Unfortunately,
I was unable to successfully isolate amplified AMspecific genes from the PCR products, although
extra time would have allowed for this.
The tree that was created shows selective
pressures
occurring
on
the
monocot
and
Zea/Sorghum branch within the grass family
(Figures A & B). This means that there were more
changes occurring at the amino acid level than
would be expected if the changes were occurring
by chance alone, suggesting episodes of directional
selection in the evolution of the OsPT11 gene. The
land-plant phylogenetic tree further shows that
diversification of PTs occurred after the split
between seed and non-seed plants. Furthermore,
Sellaginella PT genes duplicated independently and
are thus not orthologues to Angiosperms PTs. In
follow up studies, more sequences could be
acquired and added to the tree, as well as
construction of a tree with better resolution and
better sequence filtering criteria. Further studies
could also characterize the specific changes in the
PT sequence where positive selection occurred.



Phylogenetic Analysis of the Arbuscular Mycorrhizal
Speciﬁc Phosphate Transfer Proteins of the Grass Family
Addison Martin, Marina Nadal, Uta Paszkowski & Nicolas Salamin
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Introduction:
The mutulastic relationship
between plants and arbuscular mycorrhizae fungi
(AM) in which the plant
takes phos-phorous in
exchange for sugar is an
important, pre-valent and
ancient method by which
plants acquire their required
phosphate. AM specific
phosphate transporter
proteins (PTs) are a large
family of proteins involved
in phosphate acquisition
during AM. Because of the
their importance, AMspecific PTs open a window
to explore phylogenetic
relationships among plants.

Results:

Figure A: The phlylogenetic tree of AM-speciﬁc PTs.

Materials and Methods:
Construction of Tree 1) AMspecific proteins were identified
by running BLAST of Genebank
on the already characterized AMspecific PT OsPT11 from Oryza
sativa (rice). Perl scripts were used to filter
these results. 2) Mafft, followed by manual
inspection, was used to align the sequences.
3) PhyML was used to construct the
phylogenetic tree using GTR+Gamma
modeling. 4) CodeML was used to test
events of positive selection along the sites
of the genes encoding OsPT11.
Sequencing 1) Degenerate primers were
designed based on OsPT11 coding region in
order to amplify AM-specific genes in nonmodel grass species. 2) Once amplified, the
amplicons would have been sequenced, and
added to the phylogenetic tree.
q
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nci Figures C & D (above and right):
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Monocot
branch sites:
position 56,
(aa=L),
prob=0.853
position 114,
(aa=I),
prob=0.962
position 132,
(aa=K),
pob=0.856
position 198,
(aa=F),
pob=0.923
position 207,
(aa=Y),
prob=0.921
position 272,
(aa=L),
prob=0.765
position 485,
(aa=K),
prob=0.762

Zea+Sorghum
branch sites:
position 34,
(aa=M),
prob=0.808
position 45,
(aa=G)
prob=0.918
position 236,
prob=0.929
position 352,
(aa=T),
prob=0.814
position 387,
(aa=D),
prob=0.562

Figure B: The results of CodeML
analysis, showing positive selection at sites
on the monocot and the zea/sorghum
branches.

Discussion:
- The larger phylogenetic tree (see supplemen-tary
material) shows examples of diversification after the
split of seed and non-seed, shown by the clade with
only Selaginella and Physcomitrella. This indicates
that PT genes have undergone more diversified in
spermatophyte evolution.
- Analysis shows selective force acting on the
monocot and Zea/Sorghum branch within the grass
family (Figure A & B) meaning that there were more
changes occurring in the sequence than would be
expected if the changes were occurring by chance
alone.
- In follow up studies, more sequences could be
acquired and added to the tree, as well as
construction of a tree with better resolution.

Gels showing some successful
ampliﬁcations of PTs from various grass species (numbers 1-29).
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How does the site of expression of the phototropin1 photoreceptor in
Arabidopsis influence its functionality?
Kirsty McInnes, Tobias Preuten, Christian Fankhauser
Despite their sessile nature, plants are well
adapted to a variety of biological stresses that may
limit the efficiency of photosynthesis. An important
physiological trait possessed by plants to optimize
photosynthesis is phototropism, the curvature of
plants or particular organs towards or away from a
light source. This movement is facilitated by UVA/blue-light photoreceptor kinases known as
phototropins, of which two exist in the common
model plant Arabidopsis thaliana, phot1 and 2
(phototropin 1 and 2). Both phototropins have
functional redundancy, however many phototropindependent responses, such as leaf flattening,
stomatal opening, chloroplast distribution and
phototropism, are mainly regulated by phot1. It is
understood that phototropism is dependent upon
the accumulation of the plant growth hormone,
auxin, in the shaded side of the plant, however
communication between phototropins and auxin
influx and efflux proteins remains uncharacterized.
Better appreciation of the sites and tissues with
maximum phototropin abundance may aid in future
understanding of the connections between the two
signaling pathways.
This project investigated complementation of the
phot1phot2 double mutant phenotype in plants
containing transgenic constructs of PHOT1 coupled
to either an endogenous PHOT1 promoter, or the
epidermal-specific promoter (ML1) fused to a
fluorescent protein, mCitrine (a derivative of YFP).
These transgenic lines were compared with wild
type Col-0 (ecotype Columbia) and phot1phot2
lines in a variety of experiments to study phot1
protein levels by Western blot, phot1 localization
by confocal microscopy, and plant physiology
during long- and short-term exposures to blue light
as well as observation of plant growth and
development.
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Western blot analysis showed that phot1 was
present at varying levels in different lines within
each genotype, which correlated with the levels of
mCitrine
fluorescence
observed
in
confocal
microscopy. Microscopy also confirmed that phot1
was located to the correct tissues, the epidermis
for the ML1 lines, and all tissues, especially the
cortex, for PHOT1 lines.
Western blots were
carried out to study dephosphorylation of a
phototropin-interacting
protein,
NPH3,
a
phototropin-dependent modification. Both PHOT1
and ML1 lines exhibited dephosphorylation,
confirming the functionality of this protein in these
plants.
Physiological
analysis
showed
complementation of the phot1phot2 phenotype in
the transgenic lines, as these plants exhibited leaf
flattening, raised petioles and growth identical to
that of Col-0, while the double mutants were
markedly smaller compared to Col-0, with lowered
petiole positioning and curled leaves. Long-term
experiments to measure levels of phototropism at
0.1 and 1μmol m-2 s-1 blue light illustrated the
sensitivity of phot1 to light, as near complete
complementation in the transgenic lines only
occurred when exposed to higher fluence rates,
while the Col-0 was very responsive to the low
fluence rate. The transgenic plants were also less
responsive to blue light during short-term
experiments at 0.1 μmol m-2 s-1 compared to Col-0.
Although complete recovery of the wild type
phenotype was not observed in the transgenic
lines, taking into account the lower levels of phot1
protein observed from Western blots, it can be
concluded that phot1 expression in the epidermis
can complement the phot1phot2 phenotype.

How does the site of expression of the
phototropin1 photoreceptor in Arabidopsis
influence its functionality?
Kirsty McInnes, Tobias Preuten and Christian Fankhauser
Center for Integrative Genomics, University of Lausanne (UNIL-Sorge), Génopode building, CH-1015 Lausanne, Switzerland

1. But What Are These Phototropins?
PHOTOTROPIN BLUE-LIGHT RECEPTORS are light regulated protein kinases that regulate a range of
light responses, including phototropism (the movement of plants or organs towards light), leaf expansion,
chloroplast distribution and stomatal opening. Arabidopsis possess two phototropin proteins, phot1 and
phot2 (phototropin 1 and 2), that induce physiological changes that serve to optimize the efciency of
photosynthesis. Phototropins are expressed in different regions and tissues of the plant, e.g. in epidermis,
endodermis or leaf mesophyll cells. They are located at the plasma membrane in the dark, and upon
irradiation with blue light, their kinase function is activated and a fraction is internalized to the cytoplasm
(phot1) or Golgi-vesicles (phot2). It is known that phototropism requires the accumulation of the plant
growth hormone, auxin, at the shaded side to promote bending towards the light, however the exact
communication pathway between phototropins and auxin inux and efux proteins remains
uncharacterized. Better appreciation of the sites and tissues with maximum phototropin abundance
may help to determine how the phototropins modulate polar auxin transport and asymmetric growth.

LOV1

LOV2

Ser/Thr Kinase

Arabidopsis phot1 protein schematic

phototropins
(blue) light

phot2

phot1

&

(low light)

modified from Christie (2007),
Annu. Rev. Plant Biol. 58:21-45

phot2

(high light)

Phototropin-activated light responses

2. The Question!

5. You Sure Look Pretty!

 Is expression of the phot1
photoreceptor in epidermal tissues
alone sufcient to complement
phot1phot2 phenotypes?

Physiological Observations

phot1phot2

Col-0

Lowered Petioles

Curled Leaves

Curled Leaves
Expanded Leaves

3. The Intent
To use transgenic Arabidopsis lines expressing
PHOT1 from an epidermal-specic promoter
(ML1) or an endogenous PHOT1 promoter in a
phot1phot2 background to identify any
complementation of mutant phenotypes. 

Raised Petioles

PHOT1pro::PHOT1-Citrine
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Schematic representation of the constructs used for plant transformation

6. Which Way do You Bend?
4.A Do You Have phot1?
Col-0

Radial graphs for Long-term exposure to 0.1 and 1 mol m-2 s-1 blue
light

Short-term Exposure to 0.1
mol m-2 s-1 Blue Light: Time
Course Over 24 Hours

Western blot analysis of phot1

mCitrine uorescence in hypocotyl cross-section
PHOT1pro::PHOT1-Citrine ML1pro::PHOT1-Citrine
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mCitrine-tagged phot1 is expressed in all tissues, as is
phot1 expressed from its endogenous promoter
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Complementation of petiole and leaf phenotypes in the
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phot1-GFP 0.1 mol m-2 s-1 

phot1-GFP 1 mol m-2 s-1 

Vascular
Tissue

They have phot1!
And at the right place!

4.B Is it Functional?
One of the first known
phototropin-dependent
processes is the
dephosphorylation of NPH3 in
light. This knowledge was
used to test the functionality of
the detected phot1.

7. To Answer my Question
 The phot1phot2 leaf- and petiole positioning phenotypes, as well as leaf expansion and phot1dependent dephosphorylation of NPH3 are rescued by the endogenous and epidermal-specic (ML1)
promoter lines, however complete complementation of phototropism is not achieved by either
promoter construct.
 The lack of full complementation may be due to the lower levels or lower sensitivity of phot1 in the
transgenic lines compared to the wild type.

They have phot1!
It’s functional!

I would like to thank Christian Fankhauser for agreeing to have me in his lab, and also Tobias Preuten, for planning out a great project for
me, looking after me in the lab and for putting up with me for 8 weeks.
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Characterization of RNA binding properties of IMP2 domains KH3 and
KH4
Anna Nguyen, Michalina Janiszewska, Ivan Stamenkovic
Insulin-like growth factor 2 mRNA binding protein 2
(IMP2) is an oncofetal protein present in fetal and
cancerous tissue. Overexpression of IMP2 has been
detected in glioblastoma multiforme (GBM), the
most common and aggressive form of malignant
primary brain cancer in humans. Studies have
demonstrated that downregulation of IMP2 reveals
an impairment of tumor growth, reflected in the
reduced clonogenecity and survival of GBM cancer
stem cells. In order to better understand how IMP2
may be involved in the tumorigenic potential of
cancer stem cells, it is of interest to characterize
the protein’s structure and function.
IMP2 is composed of six characteristic RNA binding
modules: RRM1, RRM2, KH1, KH2, KH3 and KH4.
Structural similarities of sequence and spacing
between RRM1 and RRM2, KH1 and KH2, as well as
KH3 and KH4 suggest that these RNA binding
modules may cooperate and act in pairs. In a study
observing the RNA binding properties of these
three IMP2 domain pairs, RIP assays revealed that
KH3 and KH4 generated the highest RNA-binding
levels.
To determine whether or not RNA binding activity
is contingent on the structural pairing of KH3 and
KH4, I investigated the RNA binding properties of
these domains when overexpressed independently
of one another. Separate upregulation of the
domains was conducted through the single cloning
of the KH3 and KH4 coding sequences, using PCR
and ligation with lentiviral vector PLIV-V5.
Employing lentiviral gene transfer technology, the
viral genomic transcript containing the target
coding sequence was packaged into a nonreplicable and infectious virus by transfecting a
293T packaging cell line. The viral particles
produced by these cells were then introduced into
human astrocytes, as they share a common
progenitor with GBM cells. Puromycin was used to
select the cells effectively infected with the virus
containing the desired coding sequences for KH3 or
KH4 overexpression. In order to confirm the
successful overexpression of each target domain in
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the human cells, samples of the infected astrocytes
were lysed and sonicated in preparation for
Western Blot analysis. Using a 15% SDSpolyacrylamide gel, 40.0 μg of each protein sample
was loaded for electrophoresis, transferred onto a
nitrocellulose membrane, and the resulting blots
were revealed with an α-V5 tag primary antibody
and an α-mouse HRP secondary antibody.
The results from the Western Blot using astrocytes
were unsuccessful; therefore, we transiently
expressed the desired coding sequences in GP2
packaging cell lines in order to verify the vector’s
integrity. This second Western Blot revealed
positive results for KH3 and its flanking sequence,
but negative results for the remaining samples.
The test thus suggests that unsuccessful
expression of KH3 and its flanking sequence in
astrocytes may have resulted from problems in the
infection, whereas vector mutations may be
responsible for failed expression of the other
proteins.
Successful overexpression of singular KH3 and KH4
domains in human astrocytes will facilitate the
characterization of the mRNA binding properties
found in each binding module. Using quantitative
PCR, mRNA binding levels will be measured at each
domain to assess KH3 and KH4’s individual
functionality. Further tests for characterizing IMP2
structure and function which may be conducted
through the use of the cells produced in this
project include observing the effects of IMP2
domain overexpression on: 1) astrocyte biology; 2)
protein interactions; and 3) RNA species bound to
IMP2. By providing a more complete picture of how
IMP2 may function to support and propagate
cancer growth and progression, these future
studies may provide potential investigative
pathways towards the development of new cancer
therapies involving the inhibition or suppression of
IMP2 expression, or binding, at specific domains.
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Behavioural characterisation of novel taste pathways in Drosophila
Jovana Plavša, Anantha Krishna Sivasubramaniam, Richard Benton

Taste is an important sensory modality used to
evaluate the appetitiveness of food. Most animals
can taste bitter, sweet, water, salty and other
chemicals to evoke stereotyped behavioural
responses. We used Drosophila melanogaster as a
powerful model to dissect neural circuits underlying
gustatory behaviours. The Drosophila gustatory
system includes chemosensory receptors on the
labellum, wings, legs, genitalia, as well as some
internal organs.
Recently, the Benton group discovered a new class
of
chemosensory
receptors,
the
Ionotropic
Receptors (IRs). These receptors are expressed in
neurons of the olfactory and gustatory system. In
gustatory tissues, there appear to be 23 different
populations of neurons expressing different IRs (A.
Sivasubramaniam, V. Croset and R. Benton,
unpublished). The ligands these IRs recognise and
the behavioural responses they promote are
unknown. However, the peripheral and central
innervation patterns of these neurons suggest
these receptors might have a role in courtship, egg
laying or feeding behaviour.
The aim of my research was to establish a feeding
behaviour assay and to test the feeding behaviour
of animals in which IR neurons were artificially
activated through heterologous expression of the
mammalian capsaicin receptor, VR1. Drosophila
does not contain an endogenous capsaicin
receptor, so presentation of this ligand to flies is
expected to lead to specific activation of the
neurons in which VR1 is expressed.
We expressed VR1 under the control of the various
IR promoters, using the Gal4/UAS system. We
established a two-choice feeding assay based upon
published methods (Ribiero C, Dickson BJ. Curr
Biol. 2010 PMID: 2047126).
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Flies were given a choice between red
(Sulforhodamine B) and blue (Erioglaucine) dyed
sucrose (100 mM) solutions, in which one or other
colour also contains capsaicin (100 μM). Male flies
were aged between 6 and 10 days and
subsequently starved 20 - 24 hours before
beginning the assay. Flies were allowed to feed
freely between the two choices of foods in the
assay chamber (an empty Petri dish) for between
2-3 hours in darkness. Food preference was scored
by examining coloration in the abdomen to
determine whether flies preferred or avoided
capsaicin. The preference index (PI) was calculated
with the following formula: PI = (Ncapsaicin – Nsolvent )
/ (Ncapsaicin + Nsolvent + Nmix).
Among the eight IR populations tested, I found
that activation of IR11a neurons was sufficient to
evoke an aversive feeding behaviour, similar in
magnitude to a positive-control, the GR66a bittersensing neurons. This indicates that IR11a neurons
may normally detect a ligand which is toxic for
flies. Future physiological studies may identify the
specific endogenous ligand for these neurons.
Activation of the other IR neuron populations did
not show significant effect on feeding behaviour.
This may be due to technical difficulties of the
assay (e.g. insufficient transgene expression).
Alternatively, these IR populations may not be
involved in feeding behaviour; their role may be
revealed through other types of behavioural tests
(e.g. courtship assays).

Behavioural characterisation of novel taste
pathways in Drosophila
Jovana Plavša, A. K. Sivasubramaniam, Richard Benton

Introduction

The Drosophila gustatory system includes the proboscis, internal

Most animals can taste bitter, sweet, water, salty and other

organs, wings, legs and genital organs.

chemicals to evoke stereotyped behavioural responses. Drosophila
provides a powerful model to dissect neural circuits underlying
gustatory behaviours.
Montell C. (2009)

A recently discovered class of chemosensory receptors, the
Ionotropic Receptors (IRs), have been found to be expressed in
gustatory neurons. The ligands they recognise and the behavioural
responses they promote are unknown.
We investigated the effect on feeding behaviour of artificial
activation of 8 different populations of gustatory IR neurons.

Methods
Using the Gal4/UAS system, we expressed the VR1 receptor (capsaicin
receptor) under the control of the various IR promoters:

We used the two choice feeding assay (Ribiero C, Dickson BJ. Curr Biol. 2010
PMID: 2047126). Where flies are given a choice between red and blue dyed
sucrose solutions, in which one or other colour also contains capsaicin. Food

Sucrose + solvent

Sucrose + capsaicin

preference was scored by examining coloration in the abdomen to determine
whether flies attracted or avoided capsaicin – containing food.
Ncapsaicin - Nsolvent
Preference
index = Ncapsaicin + Nsolvent + Nmix

7-10 day old flies

Results and Discussion
evoke an aversive

feeding

behaviour, similar in magnitude to the GR66a bitter sensing neurons.
•Activation of the rest of the IR populations we tested did not show significant
effect on feeding behaviour.

Preference index

•Activation of IR11a neurons was found to

•This could indicate that these IR populations are not involved in this kind of
behaviour.

with VR1
without VR1
n= 5 - 32

•Alternatively the absence of phenotype could be due to technical difficulties of
the assay (e.g. insufficient transgene expression).

Conclusions

Gal4
lines

The results in this research show that activation of the majority of IR neurons has neutral
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Presynaptic NMDARs contain the NR3A subunit in the perforant
pathway-granule cell synapse of the dentate gyrus
Paulina Poskaite, Rugina Ali, Andrea Volterra
Glutamate is the main excitatory neurotransmitter in the
central nervous system. Three types of ionotropic
glutamate receptors have been indentified: NMDA (Nmethyl-D-aspartate),
AMPA
(α-amino-3-hydroxyl-5methyl-4-isoxazole-propionate),
and
kainate.
These
receptors produce excitatory postsynaptic potentials by
+
+
2+
allowing the passage of Na , K and Ca cations. NMDA –
type receptors, unlike other ionotropic glutamate
receptors, require the binding of the neurotransmitter
(glutamate) and a co-agonist (glycine) for their activation.
These receptors allow the passage of cations only when
the Mg2+ block is removed by the depolarization of the
postsynaptic cell, which is caused either by a large number
of excitatory inputs from other neurons or by the
repetitive firing of the presynaptic cell. The NMDAR is
thought to be a tetrameric transmembrane channel
composed of the obligatory NR1 subunit with NR2 and/or
NR3 subunits. NMDARs were first discovered as
postsynaptic receptors, but recently have also been shown
to function at the presynapse. Physiological evidence that
NMDARs exist at the presynapse has been found at various
cortical synapses (Corlew et al., 2008). The first evidence
of preNMDARs was at the entorhinal cortex, where bath
application of the NMDAR antagonist APV (2-amino-5phosphonopentanoic acid) decreased the frequency of
spontaneous occurring miniature excitatory postsynaptic
currents (mEPSCs), even when postsynaptic NMDARs had
been blocked by the addition of MK-801 (NMDARs open
channel blocker) to the internal solution of the pipette and
by voltage-clamping at hyperpolarized potentials. This
suggested that presynaptic NMDARs likely act to enhance
spontaneous neurotransmitter release. Later, NMDAR
agonists were shown to enhance mEPSC frequency in the
entorhinal cortex. This effect was blocked by ifenprodil an
NR2B subunit-specific antagonist, suggesting that the
preNMDARs contain the NR2B subunit. Similar effects of
preNMDARs were later observed at other cortical synapses
and the dentate gyrus. In addition to electrophysiological
methods electron microscopy (EM) has been used to
directly visualize presynaptic NMDA receptors to provide
evidence that preNMDARs exist. Using immunogold
labeling, NMDAR subunit NR2B has been found to be
present in presynaptic terminals of the hippocampal
dentate gyrus (Jourdain et al., 2007). They also found that
preNMDARs activation occurs in the presence of
physiological extracellular 2 mM Mg2+ concentration, which
is a concentration, where native NMDARs would be
blocked.
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This could be explained by an association of NR2B in
preNMDARs with other subunits less sensitive to Mg2+
block. Interestingly, NR3A inclusion in NMDARs alter
native NMDA receptor properties by reducing Mg2+
sensitivity and Ca2+ permeability of the channel (Henson
et al., 2010). Also, a recent article (Larsen et al., 2011)
has shown that NR3A subunit involvement in preNMDARs
enhance glutamate release in the juvenile visual cortex.
Nonetheless, exact composition of preNMDARs remains
unclear and requires further investigation.
Based on these findings my project is focused on NR3A
subunit involvement in preNMDAR composition in
hippocampal dentate gyrus. To test this, transverse slices
of hippocampus were prepared from wild-type (WT) and
NR3A-knockout (NR3A-/-) mice. Slices were patched in the
voltage-clamp whole-cell recording mode. Patching
micropipettes were filled with the internal solution
containing MK-801 and QX314 Cl (Na+ channel blocker).
The extracellular solution applied to the bath contained
picrotoxin
(GABAA receptor
blocker).
During
the
experiment, to test preNMDARs impact on postsynaptic
neuron currents, NMDA was applied to the bath and then
spontaneous excitatory postsynaptic currents (sEPSCs)
were recorded. Current events were then analyzed in
terms of frequency, amplitude, rise time and decay time
using Mini-Analysis program. Nonconsecutive bins of 1 min
duration were analyzed, just before NMDA application
(control) and 10 min after NMDA application. Events were
identified as sEPSCs by setting the event detection
threshold at 3-fold the baseline noise level and by
checking that event had rise time faster than the decay
time. Event frequency, amplitude, rise-time and decay
were averaged within experiments, for each condition. The
frequency of sEPSCs increased without change in
amplitude, rise-time and decay in granule cells of WT mice
whereas in the NR3A-/- mice no increase was seen. This
indicates that presynaptic NR3A-containing NMDARs exist
at
the
perforant
pathway-granule
cell
synapse.
Considering dysfunction of NMDARs has been suggested to
play a role in a broad variety of neurological disorders,
including schizophrenia, stroke, epilepsy, and neuropathic
pain, future studies are needed to distinguish molecular
composition of pre- versus post-synaptic NMDARs thus
providing the opportunity to generate drugs selectively
targeting the relevant receptors.
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Long non-coding RNAs in NOTCH signaling
Abarna Ramanathan, Kira Fischer, Einar Castillo, Gian-Paolo Dotto
Long non-coding RNAs (lncRNAs) are transcripts,
over 200 nucleotides in length, which do not
encode proteins (Mercer et al, 2009). Several
lncRNAs have now been found to regulate gene
expression,
particularly
in
mammalian
developmental programs and tissue homeostasis
(Gibb et al, 2011).
The lncRNA, lincRNA-p21, is a target gene of the
tumour suppressor protein, p53. LincRNA-p21
brings about transcriptional repression at certain
genomic loci and hence induces cellular apoptosis
as part of the p53-mediated stress response
(Huarte et al, 2010). Thus lincRNA-p21 is highly
relevant to tumourigenesis and has, along with
other lncRNAs, including malat1, tug1 and H19,
gained new-found prominence in the field of
oncology.
In the present project I sought to identify lncRNAs
which have differential expression between normal
cells and those with perturbed NOTCH signaling.
The latter is a form of direct cell-to-cell
communication in which the receptor, NOTCH,
activates an intracellular transcriptional program
upon stimulation by the integral membrane ligand,
DELTA or Jagged, on neighbouring cells. In most
cell lineages activation of NOTCH activity promotes
tumourigenesis. Yet in the skin/keratinocyte
system it instead suppresses tumour formation
(Dotto G P, 2008). These features, as well as the
extensive crosstalk between the p53 and NOTCH
pathways, make the latter im portant in cancer
research (Dotto G P, 2009). My aim was to identify
lncRNAs targeted by NOTCH signaling, and hence
of potential relevance to carcinogenesis.
I used mouse dermal fibroblasts and keratinocytes
where NOTCH signaling had either been upregulated via overexpression of NOTCH1 receptor
or down-regulated, due to knockdown of RBPJƙ, a
downstream effector in the pathway. I used
quantitative RT-PCR to determine expression levels
of the lncRNAs, lincRNA-p21, malat1, tug1
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and H19, which have been previously implicated in
carcinogenesis, in the above-mentioned cell lines
(Gibb et al, 2009). I focused on lincRNA-p21 and
used murine cells, since this lncRNA has been
relatively well characterized in mice.
Results revealed that down-regulating NOTCH
leads to lower levels of lincRNA-p21 and conversely
that up-regulation of NOTCH signaling results in
higher lincRNA-p21 expression compared to
control. A similar trend was seen with malat1 and
H19, but effects on tug1 were unclear. Levels of
the p53 target gene, p21, did not change
significantly upon perturbation of NOTCH signaling,
suggesting that p53 activity was unchanged
between wild-type and modified samples. Thus we
can conclude that NOTCH signaling modulates
expression of lincRNA-p21, malat1 and H19, but
not via the p53 pathway. Binding sites for the
NOTCH downstream effector and transcription
factor, CSL, were predicted in the promoters of the
subject lncRNAs, raising the possibility of direct
NOTCH control of their expression.
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Interactions between radial glia and newborn neurons in the
hippocampus of the adult mouse brain
Valentin Schmutz, Marine Krzisch, Nicolas Toni
The subgranular zone (SGZ) in the dentate gyrus
and the subventricular zone (SVZ) in the olfactory
bulb are two areas in the brain in which
neurogenesis occurs throughout adult life. The
newly-generated neurons are functional and
participate to spatial and olfactory learning,
respectively. Thus, understanding the regulatory
mechanisms of adult neurogenesis has a great
functional and potentially clinical interest. In both
zones, adult neurogenesis is supported by adult
neural stem cells (NSC) which give birth to neurons
and, to a lesser extent, glial cells. Adult neural
stem cells have a radial glia morphology and,
during development, radial glia gives birth to
neurons and guides them to their appropriate
cortical layer. Although there is no evidence for
such a guiding role of radial glia in adult
neurogenesis, previous results of our laboratory
show interactions between radial glia and newborn
neurons.
The aim of my project is to give a first glimpse of
the interactions between radial glia and new
neurons in the hippocampus. It was divided in
three parts:
First, we characterized two strains of transgenic
mice in order to choose the best model to study
the interactions between radial glia and newborn
neurons. We used GFAP-GFP and ALDH1L1-GFP
transgenic mice, expressing the green fluorescent
protein (GFP) under two different astrocyte (and
stem cell)-specific promoters, GFAP and ALDH1L1.
We observed that radial glia labeling was more
intense in GFAP-GFP mice. As a result, we
identified more radial glial cells in GFAP-GFP mice
than in ALDH1L1-GFP mice. On the other hand,
much more astrocytes were labeled in ALDH1L1GFP mice than in GFAP-GFP mice.
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Therefore, we chose GFAP-GFP mice for the other
parts of the project.
Second, we studied the interactions between
newborn neurons and radial glia. We used
immunohistochemistry against doublecortin (DCX),
a microtubule-associated protein expressed in
immature neurons, to label neurons from 1 to 3
weeks old. Using confocal microscopy, we found
several morphological interactions between radial
glia and newborn neurons. Interactions were found
at various levels: axon, soma, proximal and distal
dendrites. Futhermore, the pattern of interaction
varied according to the location of the interaction.
Third, we tested whether radial glia which interacts
with newborn neurons expresses the stem cellspecific
marker
SOX-2.
Using
immunohistochemistry, we found that 100% of the
radial glial cells interacting with newborn neurons
we observed were Sox2 positive, which suggest
they have at least some characteristics of adult
neural stem cells.
Further investigations on these interactions may
reveal new mechanisms of adult neural stem cell
regulation and newborn neurons development.
These findings could be of great interest, not only
for the basic understanding of neural plasticity and
stem cell biology but also to develop therapies
against Alzheimer’s disease, age-related cognitive
deficiency and depression as well as stem-cellbased regenerative therapies.



Interactions between radial glia and newborn neurons
in the hippocampus of the adult mouse brain
Valentin Schmutz, Marine Krzisch and Nicolas Toni
Department of Cell Biology and Morphology, University of Lausanne, 9 rue du Bugnon, 1005 Lausanne

Introduction
The subgranular zone (SGZ) in the dentate gyrus and the subventricular
zone (SVZ) in the olfactory bulb are two areas in the brain in which
neurogenesis occurs throughout adult life. In both zones, adult
neurogenesis is supported by adult neural stem cells (NSC) which give birth
to neurons and, to a lesser extent, glial cells. Adult neural stem cells have a
radial glia morphology and, during development, radial glia gives birth to
neurons and guides them to their appropriate cortical layer. Although there
is no evidence for such a guiding role of radial glia in adult neurogenesis,
previous results of our laboratory show interactions between radial glia and
newborn neurons; our study focuses on the characterization of these
interactions.

1 μm

Material and methods
Part 1: One GFAP-GFP mouse and one aldh1l1-GFP mouse were
euthanized at 10 weeks. Five 40m brain slices per mouse were obtained
by microtome. We then used immunohistochemistry against GFAP to label
GFAP+ astrocytes. Images were taken at high resolution by confocal
microscopy (Leica SP5 AOBS).
Part 2: One GFAP-GFP mouse was euthanized at 10 weeks. Ten 40 μm
brain slices were obtained by microtome. Immunohisotchemistry against
DCX was then performed to label immature neurons. The images were
deconvolved using Imaris 7.3.0 software.
Part 3: One GFAP-GFP mouse was euthanized at 10 weeks. Ten 40 μm
brain slices were obtained by microtome. Immunohistochemistry against
DCX and Sox2 was performed to label immature neurons and neural stem
cells.

Results
1). Comparison between GFAP-GFP and Aldh1l1GFP transgenic mice.
We characterized two types of transgenic mice expressing the Green
Fluorescent Protein (GFP) under the control of an astrocytic promoter to
determine which one suits our study the best.

Fig.1 Dentate gyrus of a GFAP-GFP (left) and a aldh1l1-GFP (right) 10
week-old mouse. In green, GFP expressed under GFAP or aldh1l1
astrocytic promoter. In red, immunohistochemistry against GFAP.
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Fig.2 (Left) Numberof radial glial cells labelled by GFP in transgenic
mice and (right) percentage of cells labelled by GFP among GFAP+
astrocytes.
Radial glia is easier to dinstinguish in GFAP-GFP mice. On the other hand,
in aldh1l1-GFP mice much more astrocytes are labelled than GFAP-GFP
mice.

2). Morphological interactions between radial glia
and new neurons.
After determining which mice was the best to study radial glia, we used
immunohistochemistry against doublecortin (DCX), a microtubuleassociated protein expressed in immature neurons, to study the
morphological interactions between radial glial cells and newborn neurons.

1 μm

Fig.3 (Left)Confocal micrographs of radial glia
(green) and newborn neurons (red) interactions.
Overview (left, up) and zooms of distal (right, up),
proximal (right, down) dendrites and cell bodies (left,
down) interactions of the same neuron. Green: GFP;
red: immunohistochemistry against DCX. All the
images are deconvolved except the left up one.

1 μm

Fig.4 (Right) « Sheath-like »
interactions between radial
glia and new neurons.
Different z-planes of the same
stack. Green: GFP; red:
immunohistochemistry against
DCX.
Fig.5 (Left) A radial
glial cell interacting
with several
neurons.
(Right) Several
radial glial cells
interacting with one
neuron
(Down) Radial glia
interacting with the
axon of a newborn
neuron.
Green: GFP; red:
immunohistochemistry against DCX;
blue: DAPI (labelling
nuclei)

3). Radial glia interacting with newborn neurons
in GFAP-GFP trangenic mice is Sox2 positive
We used immunohistochemistry against Sox2, a stem cell marker, to assess
that radial glia interacting with newborn neurons has some characteristics of
neural stem cells.
Fig.6 (Left) Dentate
gyrus with GFP+Sox2+
radial glial cells. Radial
glial cells identified by
GFP expression and
morphology have
characteristics of neural
stem cells.
(Right) A GFP+Sox2+
radial glial cell (arrow)
interacting with a new
neuron.
Green: GFP; red: IHC against DCX; yellow: IHC against Sox2; blue: DAPI

Conclusion
This study suggests that radial glia interacts at the morphological level with
newborn neurons in the hippocampus of adult mice. Radial glia and
newborn neurons interact at different locations: soma, proximal and distal
dendrites and axons, and the pattern of interaction varies according to the
location.
Further investigations on these interactions will be of great interest in the
understanding of adult neural stem cells regulation and newborn neurons
development.
Acknowledgements : This work is funded by the Swiss National Science Foundation and the SUR
program of UNIL. GFAP-GFP mice were generously provided by Andrea Volterra
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Mutational analysis of OGT proteolytic and glycosylation activity
Connie Shi, Vaibhav Kapuria, Winship Herr

Regulation of the cell cycle is essential for proper
cell growth and proliferation, and defects result in a
variety of diseases including cancer. Functions of
the protein host cell factor-1 (HCF-1) include the
regulation of gene transcription and the promotion
of smooth progression through the cell cycle. HCF1 is synthesized in a precursor form which is then
cleaved at a series of proteolytic repeats to form
the mature protein, consisting of the N-terminal
subunit HCF-1N and the C-terminal subunit HCF-1C.
Improper HCF-1 cleavage results in defects in the
cell cycle.
O-linked β-N-acetylglucosamine transferase (OGT)
catalyzes the transfer of the glycosyl group Nacetylglucosamine to serine and threonine residues
of proteins. This modification is thought to be
involved in a variety of cell signaling mechanisms,
including the regulation of transcription. The Herr
lab has identified that OGT, in addition to
possessing glycosylating function, is also the
enzyme that cleaves HCF-1. OGT recognizes and
binds to a series of proteolytic repeats in HCF-1 to
cleave the protein. However, the specific regions or
residues within OGT responsible for its proteolytic
activity are still unknown.
The focus of this project was to design and create
OGT mutants with single-amino acid substitutions
or short deletions and to evaluate the effect of
these mutations on HCF-1 proteolysis and OGT
activity. Candidates for mutagenesis ideally were in
close spatial proximity to or extended into the
binding groove for HCF-1 based on an available
crystal structure of OGT interacting with an HCF-1
fragment. My aim was to pinpoint specific amino
acids that are critical to OGT’s catalytic activity.
Bacterial plasmids expressing wildtype OGT were
transformed for site-directed mutagenesis to
express the mutant protein.
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The desired protein was extracted and purified
using an S-tag agarose – thrombin – streptavidin
pulldown system. Following verification of OGT
presence with Coomassie blue staining and
quantification with Bradford assay, the purified
OGTs were assayed for (1) HCF-1 cleavage activity,
(2) HCF-1 binding, and glycosylation (HCF-1, self,
and heterologous).
Eight mutants were synthesized, seven of which
were single amino acid substitutions and one of
which was a five amino acid deletion of a small
loop in the protein (Δ631-635). Three mutants,
H517A, H558A and Δ631-635, did not cleave HCF1. Additionally, Δ631-635 was unable to bind HCF1, suggesting that the loop is critical for OGT
interaction with HCF-1. The loop’s importance can
be explained by the structural representation of
OGT; it is in close proximity to the groove in which
HCF-1 would enter and bind to the enzyme and
may be involved in tethering the substrate. H558,
on the other hand, is not essential for HCF-1
binding but is involved in glycosylation and HCF-1
cleavage.
Additionally,
we
found
that
HCF-1-specific
proteolysis and glycosylation appear to be
independent activities of OGT. The H517A mutant,
which strongly inhibited HCF-1 cleavage, retained
Nup62 and self-glycosylation ability, while the
D431A and H461A mutants, which had no effect on
HCF-1 cleavage, showed diminished glycosylation
ability relative to wildtype. The results of this study
suggest that different regions in OGT are
responsible for different enzymatic functions and
represent a step toward a more in-depth
understanding of OGT activity.

Mutational analysis of OGT proteolytic and
glycosylation activity
Connie Shi, Vaibhav Kapuria, and Winship Herr
Center for Integrative Genomics, University of Lausanne, Switzerland

1. INTRODUCTION

2. PROJECT AIM

Regulation of the cell cycle is essential for proper cell growth and proliferation, and defects result in
a variety of diseases including cancer. Functions of the protein Host cell factor-1 (HCF-1) include the
regulation of gene transcription and the promotion of a smooth progression through the cell cycle.
[1]. HCF-1 is synthesized in a precursor form which is then cleaved at a series of proteolytic repeats
to form the mature protein.

• Identify specific amino acids or regions in OGT responsible for HCF-1-specific proteolytic
activity
1) Creation and purification of mutant OGTs
2) Screen OGT mutants for:
(i) HCF-1 cleavage, (ii) HCF-1 binding, (iii) glycosylation activity (HCF-1, self, and
heterologous)

O-linked β-N-acetylglucosamine transferase (OGT) catalyzes the glycosylation of proteins, a key
modification in cell signaling mechanisms. The Herr lab has identified that OGT is also the enzyme
responsible for cleaving HCF-1 (Figure 1) [2]. However, the specific residues critical to OGT’s
proteolytic activity are still unknown.

3. METHODS
1. CREATION OF MUTANT OGTs
Selection of
mutagenesis sites

Bacterial
transformation for
site-directed
mutagenesis

Protein purification

Binding Assay

Glycosylation Assay

2. FUNCTIONAL ASSAYS
Cleavage Assay
Figure 1. Left: Schematic of OGT cleaving HCF-1 at a series of proteolytic repeats to form the mature HCF-1
protein, consisting of N- and C-terminal subunits. Right: X-ray crystallography structure of OGT, showing
interaction with a fragment of HCF-1 (green) [3].

4.1 RESULTS
Figure 2. Cleavage of
HCF-1 in the presence of
UDP-GlcNAc leads to its
glycosylation and a distinct
mobility shift in contrast to
its cleavage in the presence
of UDP alone.

H558A †
Δ631-635*
K634A*

• How does the mutation affect
OGT’s glycosylation activity?

Table 2. Results of all functional
assays for wildtype OGT and
mutants.

This experiment was
performed by VK.

Table 1. Set of OGT mutants created, all
substitutions to Alanine.
* denotes designed and created by CS; † denotes
designed and created by VK. All mutants were
assayed together.

• Does the mutation affect
OGT’s ability to bind HCF-1?

4.2 RESULTS

Mutant OGTs created and assayed
D431A*
H517A*
H461A*
H496A †
H499A †

• Is the mutant OGT still
able to cleave HCF-1?

*HCF-1 glycosylation results are
based on observed mobility shift
from cleavage assay and require
additional verification.

HCF-1 Cleavage
Autoradiography

CLEAVAGE ASSAY

Figure 6. Structural representation of
OGT (tan) interacting with HCF-1 (in
purple and dark blue).
Three of eight mutants, whose residues
are shown in red, inhibited HCF-1
cleavage. Residues which do not affect
HCF-1 cleavage are shown in green.
Figure 3. The OGT mutants were assessed for their ability to cleave HCF-1. 35S-labeled HCF-1 was incubated with
OGT, followed by autoradiography to detect HCF-1 cleavage product. Western blotting with anti-OGT indicated
uniform levels of OGT for each assay. HCF-1 cleavage was strongly inhibited in three mutants: H517A, H558A,
and Δ631-635.
Differences in mobility of the cleaved HCF-1 can be attributed to its glycosylation/non-glycosylation (see Fig. 2 for
more details). HCF-1 proteolysis and glycosylation appear to be two independent activities of OGT, as shown
by D431A, H461A, and H496A.

BINDING ASSAY

Figure 4. Purified mutant OGTs were incubated with bacterial lysates expressing GST-HIS-tag HCF-1. Following
Ni-bead pulldown, Western blotting with anti-OGT was performed to determine extent of OGT-HCF-1 interactions.
All mutants except Δ631-635 retained HCF-1 binding ability. Blotting with anti-GST verified the presence of HCF1 in the samples.

GLYCOSYLATION ASSAY

Image produced by Vincent Zoete.

5. CONCLUSIONS
From the synthesized OGT mutants, we have identified three regions critical to HCF-1-specific
proteolysis – amino acids H517 and H558, as well as the short loop 631-635. The 631-635 mutant is
unable to cleave HCF-1 because the loop is essential for binding to the HCF-1 substrate. The loop’s
importance can be explained by the structural representation of OGT; it is in close proximity to the
groove in which HCF-1 would enter bind to the enzyme and may be involved in tethering the
substrate. H558, on the other hand, is not essential for HCF-1 binding but is involved in glycosylation
and HCF-1 cleavage.
Additionally, we found that HCF-1-specific proteolysis and glycosylation appear to be independent
activities of OGT. The H517A mutant, which strongly inhibited HCF-1 cleavage, retained Nup62 and
self-glycosylation ability, while the D431A and H461A mutants, which had no effect on HCF-1
cleavage, showed diminished glycosylation ability relative to wildtype. The results of this study
suggest that different regions in OGT are responsible for different enzymatic functions and represent a
step toward a more in-depth understanding of OGT activity.
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Stable knock-down of ascorbic acid transporter SVCT2 in DRG neurons
by the shRNA strategy
Chao Sun, Luca Bartesaghi, Roman Chrast
In the peripheral nervous system (PNS) Schwann
cells (SC) are the glial cells responsible for the
production of myelin, a lipid-rich organelle
necessary for the saltatory conduction of action
potentials. The process of myelination occurs
during the first postnatal weeks in mammals and
can also be reproduced in vitro, in SC-neuron cocultures.
It was recently demonstrated that ascorbic acid
(AA) plays a crucial role in inducing myelination in
SCs through its major transporter SVCT2. To
further understand how AA induces myelination, a
device composed of two separate compartments
connected
by
small
channels
(microfluidic
chambers) was used. The channels dimensions
allow the axons and SCs to elongate through the
channels but prevent the transfer of the soma
(body) of the neurons. The channel is also tightly
clogged preventing medium interchange between
the two parts. This device allows to specifically
induce myelination on one side (called the neurite
side, containing the axons + SCs) and to study its
effect in the other compartment (soma side,
containing the neuronal somas, axons and SCs).
The preliminary results revealed that the uptake of
AA by neurons/axons seems to be important for
induction of myelination; in fact SCs also produced
myelin in the compartment where the ascorbic acid
was absent. There are at least three hypotheses to
explain the mechanism of myelination induction by
AA. In the first hypothesis, AA is internalized by
axons and the signal is transferred along the axon
inducing SC myelination on the soma side. In the
second hypothesis AA acts only on SCs and the
signal is transferred from one SC to the other
through paracrine signaling.
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The third hypothesis is that AA is internalized by
SCs that transfer the signal to the axon. A
combination of these scenarios is also possible.
The aim of my project was to contribute to the
evaluation of the first hypothesis by silencing the
expression of the ascorbic acid transporter (SVCT2)
specifically in neurons and to characterize their
ability to be myelinated. We predicted in silico four
shRNA against the rat SVCT2 mRNA sequence
(www.jura.wi.mit.edu). We cloned the sequences
coding for these four shRNA into the pSUPER
vector under the control of the H1 promoter and
checked the sequence and length of the inserts.
We transfected a stable line of rat SCs (RT4) and
we extracted RNA and proteins in order to
investigate the levels of SVCT2. The efficiency of
transfection was around 50%. We performed RNA
retro-transcription into cDNA and analyzed the
transcripts using the Real-Time PCR technique
(SYBR green). The results of the quantitative PCR
demonstrated different silencing efficiency of these
4 shRNA sequences, the highest reaching 43% of
down regulation compared with the control (shRNA
scramble).
The
results
of
the
immunohistochemistry analysis using the SVCT2
polyclonal antibody confirmed the RNA analysis
results.
This work therefore led to the identification of the
two most efficient sequences that will be used to
generate a lentivirus vector that will be used to
infect neurons in co-cultures. The level of
myelination in these cultures will be evaluated by
immunohistochemistry using anti-MBP (one of the
major myelin proteins expressed by Schwann cells)
antibody.
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Introduction
Ascorbic acid (AA) plays a crucial role in the induction of myelination by Schwann cells in vitro. To further understand which mechanism
is involved to promote myelination by AA, we designed a scheme to knock down the main ascorbic acid transporter (SVCT2) in neurons
and Schwann cells by the shRNA strategy. Four shRNA sequences were cloned into a plasmid vector and we used these vectors to
transfect rat Schwann cells. The analysis of SVCT2 RNA and protein allowed us to select the two best candidates that will be used to
generate a lentivirus in order to silence SVCT2 expression in the PNS ex vivo.

•shRNA#1

Methods

AA

•shRNA#2
•shRNA#3
•shRNA#4
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In Progress
Scheme 1: Generation of virus carrying an effective silencing sequence

Experiments & Results
Four shRNA sequences generated in silico with the online software “siRNA Selection Program” were
cloned into the vector pSUPER. We confirmed the cloning efficiency through an enzymatic digestion
(Fig.1) and sequencing of the plasmids (Fig.2).
Fig.1. Enzymatic digestion (HindIII/EcoRI) of the five vectors
we
generated and controls (a~f: digested plasmids. a’~f’: undigested
plasmids). Lane a (shRNA #1), Lane b (shRNA #2), Lane c (shRNA #3),
Lane d (shRNA #4) and Lane e (scramble) show the linearized vector
(3176 pb) and the insert (281pb). Lane f shows the linearized empty
pSUPER plasmid (3176 bp) and a portion of polylinker (227 bp).
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R-shRNA SVCT2-1
GATCCCCCCCTGGTACTTATGCATATTT
CAAGAGAATATGCATAAGTACCAGGGTT
TTTGGAAA

R-shRNA SVCT2-2
GATCCCCCTCCTATACATGCAATAAATT
CAAGAGATTTATTGCATGTATAGGAGTT
TTTGGAAA

We then transfected a stable line of rat SCs (RT4). We extracted RNA and proteins in order to
investigate the levels of SVCT2. The efficiency of transfection was around 50%.

a

b

Fig.5. Efficiency of transfection. RT4 cells were transfected with the plasmid pcDNA3-GFP. After 24 hours the
efficiency of transfection was around 50%. a: bright field. b: GFP positive cells. scale bar = 50 um.

We performed RNA retro-transcription and analyzed the level of SVCT2 expression using the
Real-Time PCR technique (SYBR green). The results of the Quantitative-PCR demonstrated
different silencing efficiency of these 4 shRNA sequences, the highest reaching about 43% of
down-regulation compared with the control (shRNA scramble).
R-shRNA SVCT2-4
GATCCCCGCACACTCTTTGGAATGATTT
CAAGAGAATCATTCCAAAGAGTGTGCTT
TTTGGAAA

1.2

Fig.2. Nucleotide sequences of pSUPER-SVCT2 shRNAs. 500ng of each DNA sample were sequenced using the
primer T7 (forward, shown above) and T3 (reverse, data not shown). The highlighted sequences are the effective
sequences of the predicted constructs.

Before transfecting rat Schwann cells, we tested the efficiency of the Q-PCR primers that we used to
evaluate the levels of rat SVCT2 mRNAs and the purity of cDNA we generated.

a

a’

b

b’

c

c’

Fig.3. PCR test for 3 couples of primers to evaluate their specificity (a~c:
primer #1~#3 with cDNA, a’~c’: primer #1~#3 without cDNA). Lane a
(primer 1F/1R, 82bp); Lane b (primer 2F/2R, 81bp); and Lane c (primer
3F/3R, 94bp).

SVCT2/Ubiquitin

R-shRNA SVCT2-3
GATCCCCGAGCCATCCTGTCTTTAGATT
CAAGAGATCTAAAGACAGGATGGCTCTT
TTTGGAAA

Fig.6.Q-PCR analysis of SVCT2 levels in RT4 cell line
transfected with 4 vectors containing shRNA against rat-SVCT2.
The levels of expression of rat-SVCT2 are normalized against
rat-Ubiquitin and compared to our internal control (scramble).
The rat-SVCT2 reduced expression is respectively 30% (sample
#1), none (sample #2), 32% (sample #3) and 43% (sample #4).
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The results of immunohistochemistry analysis supported our RNA analysis results.
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Fig.4. PCR analysis to test cDNA purity. The amplified products
of PCR for rat-cystatin show a unique band (~500bp) for all the
samples : Lane a (shRNA #1); Lane b (shRNA #2); Lane c
(shRNA #3); Lane d (shRNA #4) and Lane e (shRNA-scramble).
The results confirm that our cDNA samples do not contain
genomic DNA. The presence of genomic DNA would lead to a
second band of ~700bp.
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Conclusion
We successfully generated and selected two cDNA constructs that can be applied in silencing SVCT2
RNA in neurons. The efficiency of down regulation is 43% for our best candidate shRNA sequence.
Further experiments are in progress to explore the mechanism of ascorbic acid induced myelination
by infecting neurons with cDNAcDNA-subcloned lentivirus.
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Fig.7. Immunoflourescence on transfected SCs. a).
SCs transfected by shRNA #4 stained by antibody
against SVCT2 transporter. b). SCs transfected by
shRNA #4 stained by nucleus dye DAPI. c). Merge
of images a and b. d). SCs transfected by shRNAscramble stained by antibody against SVCT2
transporter. e). SCs transfected by shRNA-scramble
stained by nucleus dye DAPI. f). Merge of images d
and e.
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Impact of food intake on cognitive performances via improvement in
neuroenergetics
Inna Tokar, Céline Favrod, Nadia Steiner, Luc Pellerin
Introduction:
Nutrition can modulate brain structure, activity and
functions by inducing changes in molecular
signaling and synaptic plasticity. Modifying the
meal size, its frequency and caloric intake can
result in changes of brain metabolism and, in
return, of learning and memory. Neuroenergetics is
fine tuned by glial cells and mainly by astrocytes.
Astrocytes are localized between vessels and
neurons supplying the latter with sufficient amount
of nutrients.
Glucose is the main energy source for neurons and
astrocytes. However, when energy demands
increase, astrocytes can contribute substantially to
provide neurons with an alternative energy
substrate – lactate. According to the astrocyteneuron lactate shuttle (ANLS) hypothesis, glucose
is catabolized through the glycolytic pathway into
lactate which is then released in the extracellular
space and becomes available for the neurons. For
the transport of lactate through the membranes
specific monocarboxylate transporters (MCTs) are
required. In the brain, three MCT isoforms are
found: MCT1, MCT2 and MCT4. MCT1 is expressed
in blood vessels and astrocytes, MCT2 – on
neurons, MCT4 – on astrocytes.
It is known that caloric restriction can improve
cognitive performances. It induces a cellular stress
response which enhances the expression of
proteins promoting cell survival. It is also known
that MCTs are involved in learning and memory
processes. In addition, learning leads to significant
increase in extracellular lactate levels. Lactate
release is essential for long-term memory
formation, and disrupting the expression of the
astrocytic MCT1 and MCT4 and neuronal MCT2
causes memory impairment
In the present study, we aimed to assess cognitive
performances
of
experimental
animals
and
expression of MCTs in certain brain regions after a
period of food restriction.
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Materials and methods:
Mice used for the study were divided into three
groups according to a dietary regime on which they
were maintained: ad libitum group (daily food
intake without any restriction), caloric restriction
group (food intake is reduced by 30-50% than in
ad libitum group) and intermittent fasting group
(deprivation of food for a full day, ad libitum on the
intervening days). After 5 weeks of diet mice were
tested in Morris water maze paradigm for 5 days to
evaluate spatial memory. In this test mice learned
how to find a hidden platform after being put in the
water from different points of the water maze.
After the test, mice were sacrificed and brain was
removed for molecular analyses.
Results:
Results of behavioural tests showed that all diet
groups learned to find the location of the hidden
platform, however the food restriction group
tended to learn the platform location quicker. After
the platform location was changed (day 5) all diet
groups were able to learn it. During the probe
trials, all groups exhibited similar memory accuracy
(however, food restriction and intermittent fasting
groups showed slightly better results than the ad
libitum group) since they spent more time in the
quadrant associated with the platform.
Immunohistochemistry performed on brain slices at
the hippocampal level showed an increased
expression of MCT1 in the intermittent fasting
group compared to the ad libitum group.
Hippocampus was chosen by us as a brain region
of particular interest so far as this region is
involved in the processes of spatial navigation and
long-term memory formation.
Conclusion:
To conclude, restriction of food intake and changes
in its frequency have positive influence on cognitive
performances and on certain links of brain
energetics, namely on the expression of MCT1.
However, more time is required for detailed study
of further effects of food intake on brain
metabolism and functions.

Impact of food intake on cognitive performances via improvement in
neuroenergetics
Tokar I., Favrod C.1, Steiner N.1, Pellerin L.1
Department of Physiology, University of Lausanne, Switzerland

Introduction

Materials and Methods

Glucose is the main energy source for neurons and astrocytes. However, when energy
demands increase, astrocytes can contribute substantially to supply neurons with an
alternative energy substrate – lactate. According to the astrocyte-neuron lactate
shuttle (ANLS) hypothesis, glucose is catabolized by astrocytes through the glycolytic
pathway into lactate which is then released in the extracellular space where it becomes
available to neurons. Lactate is then transported into neurons through specific
transporters, known as the monocarboxylate transporters (MCTs). In the brain, three
MCT isoforms are found: MCT1, MCT2 and MCT4.
Recent evidences showed that lactate release and MCTs are required for learning and
memory processes. Further, it has also been observed that food restriction can improve
cognitive performances by inducing changes in proteins expression. In the present study,
we aimed to assess cognitive performances of experimental animals and expression of
MCTs in certain brain regions after a period of food restriction.

10-weeks C57Bl/6j males were randomly assigned to one of the three diet groups:
- Ad libitum group (normal daily food intake; n=8);
- Food restriction group (reduced daily food intake (about 30-50%); n=8);
- Intermittent fasting group (deprivation of food for a full day, ad libitum on the intervening days;
n=8).
Mice were then maintained for 5 weeks on the diets prior to behavioral testing and mouse body
weight as well as food intake were daily measured. After 5 weeks of diets, mice were tested in
the Morris water maze paradigm (see diagram below) for evaluating spatial memory. The Morris
water maze was conducted in three different parts:
- Acquisition phase (mice are trained to learn the location of a hidden platform);
- Place discrimination (the platform is removed and mouse memory accuracy is tested);
- Reversal (the platform location is changed to a new position and the mice have to learn the
novel location).
During each part, the time spent to find the platform (escape latency) and the time spent in the
different quadrants are measured. After the test, mice were sacrificed and the brain was
removed for molecular analyses.
NE

Morris water maze
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Fig. 2. Changes in food intake according to days and dietary regimes.

Fig. 1. Changes in the weight of mice according to days and dietary regimes.

2) Behavioral test (Morris water maze)
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Fig.4. The graph illustrates changes in time spent in different quadrants of the
water maze after the escaping platform is removed («target» is the quadrant
associated to the platform; adjacent zones: «t+1», «t-1»; «opposite» – zone
opposite to «target») according to the group of mice.

Fig. 3. Morris water maze was used to evaluate spatial memory.
The graph illustrates changes in escape latency according to diet groups (ad
libitum, food restriction, intermittent fasting) and days of the experiment.

3) MCTs expression
1.

2.

Fig.5. Double immunolabelling performed for MCT1(red) and astrocytic marker GFAP (green) in hippocampus.
Picture 1. – mouse from the ad libitum group; Picture 2. – mouse from the intermittent fasting group

Conclusion
Mice from the ad libitum group gained weight, while the food restriction and the intermittent
fasting groups expressed stable weight over time.
The food intake of all groups of diet was stable over the 5 weeks of diet. The intermittent
fasting group tended to exhibit a higher food intake on the feeding days compared to the
ad libitum group.

All diet groups learnt to find the hidden platform, however the food restriction group
tended to learn the platform location quicker (also during reversal - day 5), all diet groups
were able to learn a new platform location.
During the probe trials, all groups exhibited similar memory accuracy since they spent
more time in the quadrant associated with the platform.

Immunohistochemistry performed on brain slices at the hippocampus level showed an increased expression of MCT1 in the intermittent fasting group compared to the ad libitum group.
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Determination of expression pattern of big-h3 gene in the process of
regeneration in a model of zebrafish eye cryoinjury
Farkhod Yunusov, Gaëtan Pinton, Lionel Page, Daniel F. Schorderet
The ability to regenerate organs and appendages is not
universal among animals. Humans have a rather limited
capacity to regenerate after injury, while other vertebrates
such as the zebrafish are capable of regenerating many
anatomical structures.
The zebrafish retina, like the retinas of all other
vertebrates, arises from a mass of undifferentiated
neuroepithelial cells, which possess the ability to give rise
to any retinal cell type. This rapid development makes
zebrafish a useful model for understanding both retinal
development and retinal diseases. Furthermore, an
assortment of transgenic lines have revealed, and will
continue to uncover, important molecules and pathways in
the development, maintenance, and function of the
vertebrate retina.
One of them is Transforming growth factor beta induced
(initially called BIGH3, BIG-H3), which signals have
emerged as one of the components of the inductive
process. The product encoded by BIGH3
is an
extracellular matrix protein, induced by transforming
growth factor-b in the human cornea, skin and connective
tissues. It is a cell adhesion protein that is involved in
tissue development, repair, and remodeling. Mutations of
the gene cause several forms of corneal dystrophies. Until
now, most studies at IRO were based on the role of bigh3
in heart and fin regeneration of zebrafish.
Our investigation focused on the role of bigh3 in the
process of retinal regeneration in zebrafish after
cryoinjury, where it was important to establish its pattern
of expression.
All animals were utilized in accordance with the ARVO
Resolution on the Use of Animals in Research and
approved by the Veterinary Office of the State of Valais
(Sion).
ABTL wild type zebrafish strains of both sexes in the age
of 10-14 months were bred in standard fish facility
conditions. In total, 45 zebrafish were used for
investigation of the process of regeneration in retina. 40 of
them were subjected to cryoinjury. Anesthesia was
performed in 0.1% tricaine during the 6 minutes, that was
needed for the experiment. The outer surface of right eye
was touched once for 5 sec by placing on the sclera an 3-
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mm diameter brass dowel that had been cooled in liquid
nitrogen.
Postinjury measurements were grouped into the following
periods: 1 day postinjury(dpi), 2 dpi, 3 dpi, 5 dpi, 7 dpi,
15 dpi, 21 dpi and 28 dpi.
After the raising to the desired day, Zebrafish were
euthanized, the eyes were obtained and retina was
isolated by using surgical method under the binocular.
RNA from retina was obtained by using the TRIZOL
reagent
following
the
manufacturer’s
instructions
(Invitrogen, Cartsbad, CA). RNA concentrations and purity
were measured using UV-spectrophotometry. Equal
amount of RNA were reverse transcribed into cDNA using
Stratascript Reverse Transcriptase, according to the
manufacturer’s instructions (Stratagene, La Jolla, CA).
Quantitative RT-PCR was performed in the Light Cycler
480 ll Roche apparatus for each sample in duplicate, using
β-actin primers as control (Q RT-PCR primers length
around 200 bp). Amplifications were performed on Mix
actin and Mix Bigh3, which contained 1µl primer mix 5 µM
each, 10 µl syber green 480 light cycler, 7 µl H2O and 2µl
cDNA. Data were analyzed using the Light Cycler 480 ®
software.
As mentioned,tissues samples were collected at 1 dpi, 2
dpi, 3 dpi, 5 dpi, 15 dpi, 21 dpi and 28 dpi and expression
of bigh3 was analyzed by quantitative RT-PCR.
Pronounced upregulation of the expression was observed
at 5dpi. This induction increased together with the
prolongation of the postinjury days. At 7 dpi, bigh3
expression reached the highest point as compared to other
days, which suggested a continuous demand on bigh3
during the process of regeneration. At 21 dpi, expression
declined to the baseline level.
Expected findings in the gene expression profile of
zebrafish retina were observed, confirming the capability
of zebrafish retina to regenerate. Cryoinjury of retina
triggered significant, time-dependent changes in retinal
gene expression. Based on the rising of bigh3 expression,
it should be noted that increasing the regenerative process
of zebrafish retina was observed at the second week after
the cryoinjury. bigh3 is an important protein in retinal
regeneration.



Determination of expression pattern of big-h3 gene in the process of regeneration
in a model of zebrafish eye cryoinjury
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ƕ High ability to regenerate organs makes zebrafish a useful
model for understanding retinal diseases.
ƕ Transforming growth factor, beta-induced (initially called
bigh3) is one of the components of the process of regeneration.
ƕ Mutations of the gene cause several forms of corneal
dystrophies.
ƕ This investigation focused on the role of bigh3 in the process
of retinal regeneration after cryoinjury, where it was important
to establish its pattern of expression.

   
ƕ Expected findings in the gene expression profile of
zebrafish retina were observed, confirming the
capability of zebrafish retina to regeneration.
ƕ Cryoinjury of retina triggered significant, timedependent changes in retinal gene expression.
ƕ During this phenomenon, we observed a high
induction of bigh3 expression. This expression
decreased to baseline levels between 15-21 dpi.
ƕ Increasing expression during the regeneration suggest
a continuous demand on bigh3 during the process of
regeneration.
ƕ bigh3 is an important protein in retinal regeneration.

  



ƕ ABTL wild type zebrafish strains of both sexes at the age of
10-14 months were used for investigation of the process of
regeneration in retina.
ƕ After the preliminary anesthesia, outer surface of right eye was
touched once for 5 sec by brass dowel that had been cooled in
liquid nitrogen (cryoinjury).
ƕ Postinjury measurements were grouped into the following
periods: 1 day postinjury(dpi), 2 dpi, 3 dpi, 5 dpi, 15 dpi, 21 dpi
and 28 dpi.
ƕ Cryoinjured right eye of zebrafish was subjected to eye isolation
and retina separation
ƕ RNA from retina was obtained by using the TRIZOL reagent
ƕ Equal amount of RNA were reverse transcribed into cDNA
ƕ Quantitative RT-PCR was performed in the Light Cycler 480 ll
Roche apparatus for each sample in duplicate, using ȕ-actin
primers as control. Data analysis was perform using Light Cycler
480 ® software.

 
ƕ Pronounced upregulation of the expression was
observed at 5 dpi. This induction increased together
with the prolongation of the postinjury days.
ƕAt 7 dpi, bigh3 expression reached the highest point
as compared to other time points.
ƕAt 21 dpi, expression declined to the baseline level.

Amplification Curves from Light Cycler 480 II ®

Normalized gene expression of zebrafish bigh3 after cryoinjury.
Single amplification curves in duplicates
for 2 dpi, bigh3 and ȕ-actin control.
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Student comments
2011 Student comments
Anna Nguyen, Loyola University, Maryland, USA
(center)
Words cannot capture how thankful I am for having had
the opportunity to participate in this programme. When I
received the acceptance e-mail, I remember replying and
saying it was a dream come true, but after these 8 weeks
in Lausanne, I can sincerely say that the experience has
exceeded any dream I could have ever imagined before!
It has truly been a moving and motivating experience to
attend the weekly seminars and to receive encouragement from such highly accomplished
scientists who are so passionate about research and discovery. My time spent in the lab has
also been nothing short of amazing as I was paired with an amazingly supportive mentor who
guided me along the roller coaster ride of research
And of course, I will never, ever forget the friends that I have made during my time in the SUR
Programme. This summer has introduced me to such a loving group of talented scientists who
come from all corners of this world. Over these two short months, I feel like I've been able to
embrace so many cultures and develop a second family. The discoveries and friendships
formed throughout this programme just go to show how positive, valuable, and essential crosscultural communication is as we advance into the future.
I could go on forever about how much I've enjoyed my time with UNIL, but I would like to end
this message by thanking you all for your hospitality: for welcoming me into your programme,
Switzerland, and even your home (for an amazing barbecue, by the way!!). As cliche as it may
sound, this summer has been a truly positive, life-shaping experience thanks to all your hard
work. I wish every student could receive the type of support that I've had encountered in these
past two months.Bye for now and keep in touch!

Jovana Plavša, University of Novi Sad, Serbia
(on the EPFL / UNIL alpine hike)
I am very glad and very proud of being part of the SUR
Programme and family :-)
Beside of science (which was very productive and up-todate with everything) I met great group of people, as other
students as me, but also you all there!
I wish you all the best in future and just be so great as you
were when 2011-group was there!
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Paulina Poskaite, Lithunian University of health Sciences
(right)
It seems like the SUR programme has finished just yesterday.
I am very glad that I had the opportunity to participate in SUR
programme for the summer. The experience that I had in
Lausanne will be in my memory forever.

Connie Shi, University of Michigan, USA
(left)
I had a really great two months here in Lausanne learning both inside and outside the lab. I feel
extremely fortunate to have been a part of the program this summer and had the opportunity to
learn new techniques in a different area of research. If future SUR applicants ever have any
questions about the program, feel free to have them email me. I'd be happy to answer
questions and talk about the experience. All the best, Connie

Luc Lebon, University of Lausanne, Switzerland
What a pleasure to see the photos of the programme on
the website of the School of Biology. Thank you very
much. So many good memories of this absolutely
amazing programme! I believe that all participants agree
that it was the most beautiful summer of them all!"
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Scenes from the EPFL–UNIL BBQ chez Herr

SUR 2011

59

EPFL-UNIL Closing Symposium

60

SUR 2011

