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Chapter 1:
Management

Introduction by the Institute Director

Management

2

011 was a very exciting year for SILS. Five
professors were appointed on regular and
special chairs, 166 papers were published in
international, peer-reviewed journals among which
Nature Neuroscience, British Medical Journal, Plos
Biology, Trends in Neurosciences, Trends in Plant
Biology, PNAS and Current Opinion in Plant Biology.
Overall, SILS obtained externally funded research
grants having a total value of € 5.4 million, eleven
PhD students graduated and a new master track in
Neuroscience was developed. The collaboration with
industry, especially the plant breeding industry of the
Seed Valley, was further strengthened and our spin-off
companies Photanol and Cellagenics developed well
and took one step closer to the market.
Personnel
ystems Biology is one of the Research Priorities
of the University of Amsterdam (UvA) and the
Faculty of Science. In 2011, the SILS Systems
Biology group was strengthened by the appointment
of Professor Hans Westerhoff as professor of Synthetic
Systems Biology. He combines this position with his
professorship of Molecular Cell Physiology at the
VU University Amsterdam. Together with Professor
Gerard Muijzer, who was appointed at IBED, Hans
will coordinate the Research Priority Area Systems
Biology, which tries to answer the central question
of how cells and organisms function while coping
with an ever-changing environment. This task is
not limited to SILS and IBED, but also includes
fine-tuning with the systems biology groups at
the VU University Amsterdam and the Centre for
Mathematics and Informatics (CWI). Hans also plays
an important role in the continued development of
the novel UvA/VU Master Systems Biology that
has to result in a joint UvA/VU master degree.
In the framework of the Research Priority Area Brain &
Cognition, Marten Smidt was appointed as professor
of Molecular Neurosciences. His group studies the
molecular biology that underlies developmental
mechanisms in the central nervous system.
Three excellent scientists from research institutes that
collaborate with SILS were appointed on Special
Chairs. Professor Elly Hol of the Netherlands Institute
of Neuroscience was appointed the Special Chair
‘Biology of Glia and Neural Stem Cells’, Professor
Marieke van Ham of Sanquin the Special Chair
‘Biological Immunology’ and Professor Peter Hordijk,
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also of Sanquin, the Special Chair ‘Molecular Cell
Biology of Cell Migration’. In total eight Special
Chairs have now been established by the Board of
UvA at SILS.
Green Life Sciences
he development of the research cluster Green
Life Sciences led by Professor Haring into a
Research Priority Area of the Faculty, has made
an important step forward by signing an agreement
with the Foundation Seed Valley, the Province of
North Holland and a number of seed companies
to install a Special Chair in Applied Quantitative
Genetics at SILS. To further strengthen this initiative
the transfer of the VU University Amsterdam plant
research group of professor Ronald Koes to SILS and
the Science Park has been discussed with the Boards of
both universities. Unfortunately because of financial
constraints this initiative has not been successful yet.

T

Education
he Neuroscience cluster has set up a new
master track to accommodate an important
part of the Psychobiology master students.
The Psychopharmacology and Pathophysiology track
set up by professor Paul Lucassen and dr. Aniko
Korosi in 2010 developed very successfully and now
attracts over 30 students. Two other tracks, Basic &
Applied Neuroscience and Cognitive Neurobiology
& Clinical Neurophysiology led by professors Wytse
Wadman and Cyriel Pennartz will start in 2012.

T

PhD graduations
his year eight SILS PhD students graduated:
Jarne Postmus, Felisa van Hasselt, Ming Zhou,
Alex van Moerkercke, Femke Hoeksema,
Gertjan Kramer, Ewa Lukasik-Sreepaathy and Yoav
Noam (cum laude). Additionally two PhD students
from the group of Professor Jannie Borst (special chair
Experimental Oncology) at the Netherlands Cancer
Institute finished and successfully defended their
thesis.

T

Research grants
wenty six project proposals were funded by
NWO, STW, EU and industry. I especially like
to mention the individual research grants that
were obtained by Dr. Leendert Hamoen who obtained
a VICI grant of € 1.2 million while he was working at

T

Introduction by the Institute Director
the University of Newcastle, UK. As of September 1st,
2012, he will start a new research group Microbial Cell
Biology together with dr. Tanneke den Blaauwen. Dr.
Lotje van der Does (Plant Pathology) and dr. Carien
Lansink (Cognitive and Systems Neuroscience) both
obtained a VENI grant (€ 250.000). Dr. Erik Manders
was successful in obtaining an STW grant for his
project Nanoscopy aimed at 3D-imaging of biological
materials at the nanoscale. His project was awarded a
budget of € 5.6 million of which € 1 million has been
allocated to SILS.
Awards and prizes
r. Ewoud van Velzen obtained the
Kolthoff Prize for his thesis entitled
‘Nutrikinetics’.
The
iGEM
team
Amsterdam supervised by dr. Pernette Verschure
won the Golden Medal for its results and efforts,
while Maaike Boersma won the research proposal
competition of the Graduate School of Experimental
Plant Sciences (NWO Talent Programme).
This year’s SILS Publication Award was granted to dr.
Christa Testerink not only for her excellent scientific
papers but also because of her heroic performance
during the Annual National Science Quiz that was
broadcast on national television on December 26th.
The SILS Education Award was granted to dr. Tanneke
den Blaauwen for her lasting contribution to the
bachelor education programme, the SILS Valorisation
Award to dr. Erik Manders for his Nanoscopy project
and the SILS Support Award to Els Velzing because of
her 45 years of excellent support to the neuroscience
groups. The SILS Research Presentation Award went
to dr. Silke Allmann while the SILS Poster Award was
obtained by graduate student Rosanne Hertzberger.

D

Valorisation
pin-off company Cellagenics BV founded
by Professor Arie Otte signed a contract
with a biotech company in Leiden to test
Cellagenics’ protein production technology in
animal cell cultures in practice. If successful, the
company will take a license on this technology.
Our other spin-off company Photanol BV
founded by Professors Klaas Hellingwerf and
Joost Teixeira de Mattos obtained a grant from
Agentschap NL to build a pilot plant for the
production of lactic acid by cyanobacteria. The
first experiments have been started in spring 2012.

S

In the framework of the Cluster Flower & Food of
the Amsterdam Economic Board Professor Michel
Haring of the Plant Physiology Group and dr. Timo
Breit of the Micro-Array & Integrative Bioinformatics
Department,
together
with
Naktuinbouw
(Netherlands Inspection Service for Horticulture),
set up the Green Life Science Hub (GLSH) in
collaboration with the Seed Valley at Enkhuizen and
the Flower Valley at Aalsmeer. The purpose of this
collaboration is to valorise SILS’ knowledge of plants.
The Economic Board of Amsterdam supported part
of this initiative, Green Forensics, as their 5th iconic
project.
SILS Visual
uring this year, a small group of SILS
representatives met several times with the
graphic design agency of Marc Lochs, to
shape SILS’ identity in the form of a visual. The results
can be appreciated on the cover and throughout this
annual report.

D

Future
unding ‘not-yet-applied’ basic research becomes
harder and harder because of the ever decreasing
governmental research funds. Therefore we
have to focus on obtaining individual grants such
as offered by the Innovational Research Incentives
Scheme (VENI, VIDI, VICI) set up by NWO,
KNAW and the universities jointly, by funding
opportunities as offered by the Dutch Topsectors and
by bilateral contracts with industry. Fortunately the
new EU framework programme Horizon 2020 offers
many opportunities within the life-science domain.
Moreover the intended integration of the Science
Faculties of UvA and VU University Amsterdam will
result in the largest cluster of scientists in the Sciences
domain in The Netherlands. This will increase our
visibility within the Netherlands and abroad and
extend our opportunities to sustain top class research
and education in the future.

F

Prof.dr. Willem Stiekema
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Facts & Figures

Management

T

he integrated results for 2011 show an operating profit of 197 k€ where a negative result of 778 k€ was
budgeted. This is mainly due to delayed employment of new personnel in Molecular Neuroscience
and Synthetic Systems Biology as well as corrections of cash matching that was supplied to projects in
previous years.
Year

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

University funding

5838

6131

7364

8987

7577

13234

12795

13848

13580

14561

12750

External funding

3852

3883

4474

6167

4515

4701

4952

5489

5084

4736

7285

Total revenues

9690

10014

11838

15154

12092

17935

17747

19337

18645

19297

20035

Personnel costs

7096

7465

8919

9626

9122

12816

13918

14448

11191

10342

10565

Bench fees**

2236

2450

3310

4989

2729

5362

4138

5240

7795

8812

9273

Total costs

9332

9915

12229

14614

11851

18178

18056

19688

18986

19154

19838

Result

358

99

-391

540

241

-243

-309

-351

-342

143

197

20000
University funding
15000

External funding
Total revenues

10000

Personnel costs
Bench fees

5000

Total costs
Result

0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
-5000

Table and figure 1: Representation of revenues
and costs of the Swammerdam Institute
for Life Sciences, in k€, for the years 20012011. In 2006, the university changed to a
new financial system in which budgets were
increased and full costs were calculated.
**as of 2009, costs that were included in
“personnel costs” were transferred to “bench
fees”.

If revenues and costs are compared between years it should be taken into account that higher numbers in the
“funding” part not necessarily reflect more money for research. This is due to ongoing changes in the financial
methodologies used by the UvA. Therefore, to assess the capacity of the institute it might be better to look at
the number of employees.
Year

2008

2009

2010

2011

FTE university funded

95,6

90,6

90,6

103,9

FTE (NWO/FOM funded)

24,1

20

33,3

43,6

FTE (EU, contracts)

42,5

38,1

37,3

38,6

FTE (scholarships)

1

11

10

10

number of FTE

163,1

159,7

171,6

196,1

number of employees

172

167

180

208

200

150
FTE university funded
FTE (NWO/FOM funded)
100

FTE (EU, contracts)
FTE (scholarships)
number of FTE

50

0
2008

2009

2010

2011

Table and figure 2: number of FTE and number of people employed at SILS on December 31st (including FOM
employees and PhD fellows with a scholarship).
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Facts & Figures
Funding

T

he funding system of Dutch universities distinguishes three different kinds of funding resources. These
are referred to as so called “funding sources” and are numbered one to three. Resources originating from
the university itself are referred to as the first funding source. External funding is divided into funding
from the Netherlands Organisation for Scientific Research (second funding source) and money originating from
all other resources such as EU and contract research (third funding source).
Year

2003

2004

2005

2006

2007

2008

2009

2010

2011

Revenues

7793

8987

7577

13234

12795

13848

13580

14561

12750

Costs

8291

8902

7357

13580

13259

14115

13845

14068

12707

Result

-498

85

220

-346

-464

-306

-265

493

43

15.000

1st funding
source
10.000
Revenues
Costs

5.000

Result

Table and figure 3: representation of income
and costs in the 1st funding source, in k€, for
the years 2003-2011 (revenues and costs include
the money involved for teaching activities).

0
2003 2004 2005 2006 2007 2008 2009 2010 2011
-5.000

Year

2003

2004

2005

2006

2007

2008

2009

2010

2011

Revenues

2279

2303

2160

2032

2299

2434

1821

1884

3788

Costs

2279

2303

2160

2048

2226

2436

1713

2195

3814

Result

0

0

0

-16

73

-2

108

-311

-26

4000

Table and figure 4: representation of income
and costs in the 2nd funding source, in k€, for
the years 2003-2011.

3000

2nd funding
source

2000

Revenues
Costs
Result

1000

0
2003 2004 2005 2006 2007 2008 2009 2010 2011
-1000
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Year

2003

2004

2005

2006

2007

2008

2009

2010

2011

Revenues

1766

3864

2355

2669

2653

3055

3244

2851

3498

Costs

1659

3409

2334

2550

2571

3097

3429

2891

3318

Result

107

455

21

119

82

-42

-185

-40

180

4000

Table and figure 5: representation of income
and costs in the 3rd funding source, in k€, for
the years 2003-2011.

3rd funding
source

3000

2000

Revenues
Costs
Result

1000

0
2003 2004 2005 2006 2007 2008 2009 2010 2011
-1000

Personnel

I

n the course of 2011, SILS employed some 200 people
from a wide range of nationalities. On December 31st,
29% of the SILS employees originated from abroad,
most notably from Germany, Italy, China, India and
Poland (figure 6). Age wise our staff is spread over the
full range from starting PhD, to people who are (close
to) retiring. On December 31st, SILS’ scientific staff
consisted of 70 PhD students, 29 postdocs, 27 assistant
professors, 6 associate professors and 15 professors.
Support staff amounted to 40 technicians and animal or
plant caretakers, 8 ICT developers and 7 management
personnel. The university aims at an equal division of
males and females in the staff at all scientific levels. The
male:female ratios for the scientific staff on December
31st, 2011, are depicted in figure and table 7.
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

54

93

36

34

8

21

8

19

1

5

Dutch (71%)
German (5%)
Italian (4%)
Chinese (3%)
Indian (2%)
Polish (2%)
British (1%)
Greek (1%)
American (1%)
French (1%)
Austrian (1%)
Portugese (1%)
Russian (1%)
Chilian (1%)
Afghan
Argentinian
Belgian
Estonian
Indonisian
Malaysian

Figure 6: Distribution of various
nationalities at SILS

male/female ratio*

1

14
female
male

Mexican
Thai
Turkish

2010

2011

M

F

M

F

PhD**

0,41

0,59

0,45

0,55

Postdoc

0,82

0,18

0,72

0,28

Assistant prof

0,71

0,29

0,70

0,30

Associate prof

1,00

0,00

0,83

0,17

Professor

0,92

0,08

0,93

0,07

Figure and table 7: male:female ratio on December
31st of people employed at the UvA (including FOM
employees, excluding PhD fellows with a scholarship).
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Special Chairs

Special Chairs
Prof. dr. A.H.C. van Kampen
►► Special chair Biological and Biomedical Information Sciences, University of Amsterdam
►► Head Bioinformatics Laboratory, Academic Medical Centre
Our main research lines are Systems Genomics, e-Bioscience, and Information Management. We
aim to develop novel strategies, methods, and expertise for the extraction of biomedical knowledge
from complex data. This data comprises omics measurements (e.g. next generation sequencing,
DNA microarrays, proteomics and metabolomics) but also medical images stemming from e.g.
neuroimaging. Our research advances the organisation, integration, analysis, and interpretation
of biomedical data and aims to develop e-infrastructures to facilitate scientific research.

Prof. dr. C.G. Kruse
►► Special Chair Cellular and Systems Neurobiology, University of Amsterdam
►► Professor in Drug Discovery Research
Drug discovery research is a multidisciplinary endeavour, comprising various chemical and
biological (sub)disciplines. The focus of the academic teaching and research is the discovery
of novel drugs for neuronal and tropical disorders. Through the involvement as chief scientific
officer of Pharma Plexus Holland there is a direct link with drug discovery projects for large
pharmaceutical as well as biotechnology companies.

Prof. dr. E.M. Hol
►► Special Chair Biology of Glia and Neural Stem Cells, University of Amsterdam
►► Group Leader Netherlands Institute for Neuroscience, Amsterdam
Astrocytes outnumber neurons in the brain, but were neglected in neuroscience research for
many years. It is now recognised that astrocytes regulate local microcirculation, modulate the
communication between neurons and are the stem cells in the adult brain. In Alzheimer and
Parkinson patients, astrocytes become reactive which is likely to affect brain functioning. The
main aim of our research is to understand the molecular and functional changes in reactive
astrocytes and to study the regenerative potential of the astrocytic stem cells in neurodegeneration.
We are studying the function of intermediate filament proteins, such as GFAP, which are highly
regulated cytoskeletal structures with a major role in astrocytic cell signaling. The ultimate goal
of our research is to develop therapeutic strategies to control reactive gliosis and to stimulate the
endogenous repair capacity of the astrocytic stem cells in neurodegenerative diseases.
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Prof. dr. J. Borst
►► Special Chair Experimental Oncology, University of Amsterdam
►► Head Division Immunology, Netherlands Cancer Institute, Amsterdam
Our research addresses the question how lymphocytes decide between living and dying. Our
work is inspired by the desire to improve immunotherapy of cancer. Sustaining survival of
activated lymphocytes is expected to improve anti-tumor immunity. The second aim of our work
is to contribute to the design of novel anti-cancer therapies by exploiting apoptotic pathways.

Prof. dr. S.M. van Ham
►► Biological Immunology, University of Amsterdam (o.2 fte)
►► Manager Immunopathologie, Sanquin Research
The Department of Immunopathology investigates the regulation of inflammation and tolerance
against non-infectious antigens, with a specific focus on humoral immune responses.

Prof. dr. P.L. Hordijk
►► Special Chair Molecular Cell Biology of Cell Migration
►► Head of the department of Molecular Cell Biology, Sanquin Research and Landsteiner
Laboratory, Academic Medical Center, University of Amsterdam
Research in the Department of Molecular Cell Biology focuses on cell adhesion and directional
migration in the context of inflammatory processes within the blood vessel wall. More
specifically, we are interested in the molecular mechanisms that drive the migration of activated
white blood cells (monocytes, T-cells) across the vascular endothelium (a process known as
transendothelial migration).We study the control of cell polarity and chemotaxis in leukocytes,
as well as adhesion-induced signalling in endothelial cells. Moreover, we are interested in the role
of vesicle transport, protein internalisation and -ubiquitiylation in the regulation of endothelial
cell function.

10 - Swammerdam Institute for Life Sciences

Special Chairs

Prof. dr. M.S. Oitzl
►► Special Chair Cognitive Neurobiology, University of Amsterdam
►► Associate Professor at the LACDR/LUMC
My goal is to understand the mechanisms underlying vulnerability and resilience to stress-related
psychiatric disorders and to identify targets for treatment of such disorders. My research ranges
from molecular biology to human psychopathology and focuses on the effects of glucocorticoid
hormones on behaviour, emotions and cognitive abilities throughout life, using animal models
and - in cooperations - human studies.

Prof. dr. J. Hugenholtz
►► Special Chair Industrial Molecular Microbiology, University of Amsterdam
►► Head Coca Cola Bioscience Department, Germany
Prof. dr. Hugenholtz is associated with SILS for one day a week to study various aspects of food
fermentation. The main focus of his group is on lactic acid bacteria. The lactic acid bacteria
group has two main focuses: (i) to gain complete control of the (food) fermentation processes
by using a systems biology approach for complete understanding of the lactic acid bacteria and
(ii) to expand the industrial use of fermentation processes as a natural and sustainable alternative
for the food industry.
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Management & Contact Details

Management
Institute director:
Operational & Financial Manager:
Management contact address:
Visiting address:

Postal address:

Secretaries:
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Prof. dr. W.J. Stiekema
Dr. ir. J.C. Huijser
Dr. M.C. Brink
Science Park 904, C3.272
1098 XH Amsterdam
Tel: 00 31 20 525 6970
Fax: 00 31 20 525 7934
Swammerdam Institute for Life Sciences
Universiteit van Amsterdam
Postbus 94215
1090 GE Amsterdam
Email: m.c.brink@uva.nl
Website: www.science.uva.nl/sils/home.cfm
Mrs B.E. Fabius
Mrs A.F. Eekhof
Mrs L.M. Wind

Management & Contact Details
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Chapter 2:
Highlights

Portrait of Hans Westerhoff

Highlights

Hans Westerhoff, UvA
professor of Synthetic
Systems Biology since
October 1st, 2011, also VU
professor of Microbial
Physiology and former SystemsBiology professor at the University of
Manchester.

What are your plans at the UvA?
“To further set up true systems biology. This field of biology is becoming increasingly important.
In former times, biologists mainly observed and classified. Take Linnaeus: he named the plants
and animals in the eighteenth century. Now we want to know how they work. And, how their
components interact to produce functioning systems: systems biology. A molecule does not
function on its own. It is always influenced by other molecules. This is the same for cells and
tissues as parts of the origin of diseases. You can unravel a whole genome, but that does not
mean you will know how a disease works. I often compare it to football riots: the people who
join them are probably all very nice when on their own, but put them together, and a whole
band of hooligans emerges. I also want to jumpstart medical systems biology. I am one of
the four drivers of ITFoM, a 1 billion € research programme aiming to make mathematical/
ICT models for each patient and enabling truly individualised medicine and affordable health
care. This requires strong involvement of medical doctors, patients, molecular biologists and
mathematicians at the same time. I want to drive this from Amsterdam.”

16 - Swammerdam Institute for Life Sciences

Portrait of Hans Westerhoff

How will you set out to build up this medical systems biology and ITFoM?
“By generating more attention for true systems biology. I run some 12 projects, give lots of
lectures, speak at conferences and am part of committees. And I especially want to introduce
the subject to students. They often have the idea that molecules are boring. When you explain
that a lot of other disciplines such as economics, psychology and medicine are involved
when studying systems biology, they get very excited. I also generate collaborations between
companies and universities. And also between the various disciplines at universities.”

How do you do that?
“This is difficult and requires a lot of creativity. Mathematicians and molecular biologists had
no experience in working together, but now they do in my groups. Yet, I am not trained in
bringing people together. For ITFoM we may need to bring in external experts to connect
medical doctors with ICTers. But it really should happen. Lots of people are ultimately needed
in order to make replicas of cells, of tissues and finally of a human being. That is what I and
ITFoM want to achieve. Only with replicas can we learn enough about the functioning of
man, and about the origin and treatment of cancer and other diseases to make a difference for
medicine. I even plan to engage social media.”

“Much of the knowledge we seek may
already exist. All it takes is to connect
it in the right way.”
Social media?
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Portrait of Marten Smidt

Highlights

Marten Smidt, Professor of Molecular
Neuroscience at the University of
Amsterdam since June 1st, 2011.
Previously, he was Professor of
Molecular Neurobiology at the Utrecht
University. His research focuses
on the molecular biology of the
development of the nervous system.

Were you always interested in becoming a researcher?
“Not really. I actually started out at ‘Mavo’-level. I thought school was uninteresting; at one
point I was failing four subjects. Until -at fifteen- I got a very enthusiastic biology teacher and
all of a sudden, my curiosity was sparked. From then on, I got straight ‘A’s. Ever since, I have
wanted to learn more. I applied for technician training and followed up with Biology. I advise
everyone to do what they enjoy most. You’ll find things turn out right in the end.”

“I advise everyone to do what they
enjoy most. You’ll find things turn out
right in the end.”

18 - Swammerdam Institute for Life Sciences

Portrait of Marten Smidt

Why did you change Utrecht University for the UvA?
“Here at the UvA, I got the chance to set up my own laboratory. For instance, I could buy
a FACS machine. And I can focus more on research here. In Utrecht I was constantly sidetracked. At one point I was even responsible for the ICT department. The content of my work
has stayed largely the same as before. The core of my research is still learning to understand
how neurons form and develop in the nervous system. I even have the same colleagues because
I brought a large part of my team with me.”

What do you want to achieve in your current position?
“My main goal is to continue to conduct outstanding research, together with my team. I hope
that our results can help cure diseases. We study how embryonic stem cells differentiate and
become neurons. Not until we understand the formation of neurons, will we learn how to use
medication so we can interfere with disease processes such as Parkinson’s or Alzheimer’s.”

How do you do that; perform outstanding
research?
“By not only focusing on the research
itself, but also on the fringe matters. On
grant applications for example. And on
knowing how to deal with issues within
your team and organisation. All those areas
are important, if you want to conduct
outstanding scientific research.”
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Valorisation

Highlights

Clean, sustainable and highly
efficient production of biofuels
by cyanobacteria, with a negative
carbon footprint and no demand
for crop land: that is the essence
of the Photanol concept designed
by Professors Klaas Hellingwerf
and Joost Teixeira de Mattos, both
microbiologists at
the Swammerdam
Institute for Life
Sciences. Their
idea has led to the
set up of a spin-off
Profs. Hellingwerf (right) and
Teixeira de Mattos (left)
company, Photanol BV.

T

he first gas bubbles tentatively seek a path
upwards through the transparent tubes of the
Photanol Pilot Plant (official opening: 23rd
of March 2012), situated in the green house of the
FNWI at Science Park. The Photanol-lab is starting
to take shape. Of the 7 planned tubular systems, 5
have now been set up in the green house. When the
system is fully operational, thousands of CO2 bubbles
will be continuously mixed with the cyanobacteria
that proliferate in the tubes. Sunlight will provide
the energy that the cyanobacteria need to capture the
CO2 and convert it to produce biofuel or other useful
chemicals.
20 - Swammerdam Institute for Life Sciences
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n 2007, the inventors started thinking about a
novel way to produce biofuel. They argued that
first-generation biofuel production from plant
material is a very inefficient process. Why first make
something as complex as a plant from a simple CO2
molecule only to break that plant down again into a
small biofuel compound? A direct conversion would
be much more efficient. Such a method was found
by using cyanobacteria, commonly known as bluegreen algae. These bacteria carry out photosynthesis
to produce oxygen en sugar-like compounds from
water and carbon dioxide in order to produce
new cells. Ideally, one could force the algae to turn

Valorisation

PHOTOsynthesis

CO2

GAP
Sugar-P

these compounds directly into biofuel by genetical
modification, circumventing cell harvesting and
separate sugar conversion. The idea was filed as a patent
and shortly after, in 2008, Photanol BV was born
with financial support of the UvA-Holding. Some
time later, the inventors constructed a cyanobacterial
species containing the enzymes needed to convert
the sugars into lactic acid. Their idea had turned into
reality.
fter that, they constructed cyanobacteria that
produce ethylene gas, suitable for cooking. By
now, a third bacterial line has been engineered
producing ethanol. Especially the lactic-acid producer
raises high expectations. Lactic acid can serve as the
building block for bioplastic that is fully degradable.
‘We are not the only ones to use photosynthetic
microorganisms for the production of biofuel’, says
Teixeira de Mattos. ‘For example in Wageningen they
are working on it as well. But our way is the most
efficient. In other methods, the algae themselves are
degraded and converted into biofuel. We actually let
our algae do the work. Besides, because we circumvent
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the degradation process, we are saving energy. An
additional advantage of our method is that we barely
need to add nutrients. All the algae really need is
daylight and carbon dioxide; both can be found in
abundance. Furthermore, because the algae are grown
in a closed system that can be built basically anywhere,
the process does not compete with agriculture for
arable land surface.’
he founders of Photanol BV are eager to extend
the potential of Photanol technology with
the ultimate goal to enter the market. Very
recently, a large step has been made in that respect:

T

ICOS Capital has agreed to invest a significant sum
exactly to achieve that goal. However, there is still a
long way to go before plastic bags derived from the
lactic acid produced by the Photanol technology are
available . ‘The process needs further optimisation. We
plan to achieve that at various levels, for example by
improving the genetic modifications and by searching
for the optimal conditions in the tubes (e.g. acidity
and light intensity). There have been some successes
already with this approach: The bacterial line we have
now, already produces 3 times as much lactic acid as
the first line.’

Scientists Prof. dr. Joost Teixeira de Mattos and assistant Wilmar van Grondelle with the starting culture of the
modified cyano bacteria.
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Valorisation

In 2011 the Green Life Sciences Hub
(GLSH) was started: a collaboration
between SILS and various
parties such as governments and
businesses. The GLSH in 4 questions.
What is the GLSH?
The GLSH is a collaboration of the University of Amsterdam with various parties. These
include governments and businesses, but also knowledge parties such as the Top Technology
Institute Green Genetics (TTI GG) and Seed Valley. Briefly, the Green Life Sciences Hub
comprises the set-up of four facilities: the Green Innovation Counter, Green Applied Research
and Technology Lab, the Green Student Lab and Naktuinbouw Green Forensics.

What are these facilities aiming to do?
They will ensure that the latest knowledge related to plant breeding and cultivation becomes
available to the green industry. Examples include new techniques to accelerate plant cultivation,
or to protect plant sub-species against fraud by verification using advanced DNA techniques.
Many innovation options are already taking place, but the utilisation of this innovation is slow.
Financial resources are often lacking. Also, the organisational structure is fragmented. The
Dutch leading position in the (greenhouse) horticulture and the starting materials (seeds) on
the global market threatens to be lost because of this.

How long will the project run?
The term of the GLSH is set for four years. The aim is that the facilities established in this
period will continue to exist independently, generating their own revenues. The cost of the
GLSH is estimated at about €18 million. About €2 million is earmarked for equipment and
materials. The rest consists of personnel costs.

What is the future perspective?
With help of the GLSH, green knowledge institutions and the green industry can exchange
the latest scientific developments. This way large corporations can be prevented from moving
abroad. And small organisations from missing the boat. The collaborations initiated by the
GLSH will thus ensure that the Netherlands retains its leading position in the (greenhouse)
horticulture.
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BBC News, 21-12-201
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Timo Breit · €355,000
Virtual Lab for Plant Breeding
Mark Hink
€260,000 · NWO Echo

Dorus Gadella · €379,584
STW Nanoscopy 1.1

“Finding the DNA code for the brightest
biomolecular flashlamp.” In this STW project
a second generation of FPs with enhanced
properties will be engineered. After successful
development, the psFPs will be used to
enhance resolution and/or speed of super
resolution microscopy and be used for the
study of localisation, mobility and molecular
interactions of proteins involved cellular
signalling.

Carien Lansink
€250,000 · NWO VENI

In project C2.9B we will test whether a proton
pump that absorbs light with a wavelength
>730 nm can contribute to increased efficiency
of conversion of solar energy into biomass in
Synechocystis sp. PCC6803.

New photoswitchable fluorescent proteins
(psFPs) will be developed giving advanced
microscopy techniques the possibility to
study the localisation, mobility and molecular
interactions of proteins involved in cellular
signalling.
When we see a teacup falling on the floor and
simultaneously hear the sound of breaking
glass, our perceptual systems seem to
effortlessly integrate the sensory inputs from
different modalities and attribute them to the
same event. This project will investigate the
interactions between the brain areas involved.

Lotje van der Does
€250,000 · NWO VENI

To achieve this goal, the wild type strain
of Synechocystis sp. PCC6803 will be
genetically engineered - mainly via natural
transformation - to acquire new physiological
traits, like the ability to form butane-diol and
2-butanol in project C2.1 and extracellular
cellulose for project C2.8. Both are interesting
products for the energy- and bulk chemicals
sector, and provide very different problems
and opportunities for their downstream
processing.

Klaas Hellingwerf · €1,170,000
Towards BioSolar Cells 2.1, 2.8 & 2.9B

All these three TBSC projects have the aim
of producing new cyanobacterial solar ‘cell
factories’ that will be able - with improved
efficiency - to convert CO2 and water with
the free energy from sunlight, into useful
products.

In the Virtual Lab for contemporary Plant
Breeding (VLPB-I) initiative the MAD-IBU,
together with the Wageningen University and
several leading Dutch breeding companies,
will focus on the development of an ICT
infrastructure for enhanced research in
the plant-breeding domain that consists
of functional bioinformatics/e-bioscience
methods and tools connected to a proficient
e-science infrastructure.

We will investigate how mobile chromosomes
that confer pathogenicity collaborate with the
‘normal’ chromosomes in plant pathogenic
fungi.

Dorus Gadella and Stanley Brul
€416,640 · FES Nanonext

“Patterns for improved molecular contrast.”
Patterned illumination methods, such as
Structured Illumination Microscopy (SIM),
can improve resolution, but at the expense of an
increase in illumination dose per unit volume,
with adverse effects on photobleaching and
phototoxicity. The goal is to use a specifically
designed sequence of adaptive illumination
patterns, projected onto the sample with the
aid of a Spatial Light Modulator (SLM), to
reach the same resolution increase as SIM
with the least possible total illumination dose.

Erik Manders · €647,551
STW Nanoscopy

Grants & Awards

Highlights

We aim to provide insight in (1) the action
of G-protein-coupled smell, taste and gut
receptors involved in food perception and
(2) the structure of bacterial spore surfaces
to optimise for preservation strategies aiming
at milder treatments at equal microbial food
stability.

Grants & Awards

I.M. Kolthoff award for Ewoud van Velzen
On October 13th, Ewoud van Velzen received the I.M. Kolthoff award for his thesis entitled
‘Nutrikinetics’. The prize was awarded by the Royal Netherlands Chemical Society to the best
analytical chemistry thesis during the past 4 years, as part of the yearly ‘Analytical Challenge’
event for laboratory professionals. Ewoud’s thesis
was labelled both innovative and of high quality.
Ewoud van Velzen acquired his PhD as part of
the EU Transfer of Knowledge programme in
collaboration with the Netherlands Metabolomics
Centre. He was supervised by Johan Westerhuis
and Age Smilde (Swammerdam Institute for Life
Sciences, University of Amsterdam) and John van
Duynhoven (Unilever).
Ewoud van Velzen applied certain pharmaceutical
ideas to the nutritional process. He developed
new models for the absorption and degradation of
nutrients, a field named nutrikinetics. Van Velzen
based his models on the uptake of polyphenols by
test subjects. Polyphenols can be found in tea and
wine and are said to have a positive effect on the
individual.The nutrikinetic models differed greatly
from person to person. A possible explanation for
this could be differences in gut flora of the test
subjects. Because nutrikinetic models reflect these
differences, they could provide a detection method for nutrition-related health problems.
Van Velzen, who currently works at Unilever, has donated the €2500 euro prize money to
his former research group at SILS, Biosystems Data Analysis. The money will be invested in
students who plan to perform research abroad.

UvA Master’s student wins NWO Talent programme for Plant Sciences
The Graduate School Experimental Plant Sciences concluded this year’s NWO Talent
programme for Master’s students with a research proposal competition.On June 27th, 11 students
defended their own PhD research proposal, among them UvA student Maaike Boersma. She
proposed to define and describe the transcription factor network that affects the regulation of
scents from the Petunia flower. The flowers of this plant only begin to release odours in the
evening and only if the flower is in full bloom. This requires a very accurate genetic regulation
mechanism.
Boersma was elected one of the four winners and will be able to conduct her own proposed PhD
research project. She will conduct this research under the guidance of Dr Robert Schuurink,
associate professor in the Department of Plant Physiology at SILS, starting November 2011.
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SILS Awards 2011
SILS End-of-Year Awards 2011

SILS Research Day 2011
The SILS Research Day 2011 on the 10th of June was a great success with more than 110 registered
participants from all SILS groups. Talks and poster presentations highlighted the dynamic
and innovative research done by highly motivated PhDs and Postdocs. Especially the flash
presentations, in which researchers summarised their research in 120 seconds, were a good
overview of the broad research done at SILS and acted as good teasers for the associated posters.
The Research Day was capped by a barbecue in the courtyard, during which all members of
SILS avidly discussed a variety of topics.
In addition, the SILS Research Day Presentation and Poster Prizes were awarded.
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Grants & Awards
SILS Research Day 2011 Awards

1st Poster Prize: Rosanne Hertzberger, MMP
Rosanne is working on probiotic bacteria in yogurt.

2
2nd Poster Prize: Lisong Ma, PP
Lisong investigates secreted fungal proteins involved
in plant pathogenicity.

1st Presentation Prize: Silke Allmann, PP
Silke uncovered how volatile compounds from
damaged plants attract predators that prey on
herbivore insects.

2nd Presentation Prize: Andreas Angermayr, MMP
Andreas is interested in how photosynthetic
cyanobacteria can help solve the energy problems of
the future.
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Yoav Noam obtained his PhD last
December with honours (cum laude).
His PhD thesis is called
“Mechanisms of HCN
channel trafficking and
surface expression”.

How did you celebrate that your thesis was
awarded a cum laude distinction?
“The cum laude distinction came as a surprise to me:
The first time I heard of it was when the diploma was
handed to me…so I really didn’t have time to plan any
special celebrations except for simply enjoying sharing
these special moments with family and friends. Getting
a PhD degree after 4 years of hard work is a very rewarding moment, and the cum laude felt
more like the cherry on top.”

What was your thesis focused on?
“The main focus is a class of molecules best known as “HCN channels”. These molecules
reside on the neuron’s membrane, where they regulate the electric (intrinsic) properties of
neurons. HCN channels are known to be involved in many different brain functions, and
dysfunction of these channels is associated with brain pathology (such as in epilepsy). A very
powerful way to modulate these channels (and therefore to influence various brain processes)
is by controlling their abundance in the cell membrane, as well as their functional properties.
However, surprisingly, we don’t know all too much about these processes. In my thesis, I
focus on these particular mechanisms, aiming to explore how HCN channels “behave” within
the neuron’s membrane, and the resulting consequences. I did this by combining imaging
techniques in living neurons with cellular and physiological approaches.”
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What was the most important result?
‘The most remarkable result is probably the discovery that the transport of HCN channels
in neurons is highly dynamic and tightly regulated. Using time-lapse live-imaging, as well as
complimentary techniques, we found that the number of HCN channels on the membrane
of a neuron can change in a matter of minutes. We believe that this type of regulation enables
the neuron to control its own activity and to protect itself from reaching over-excited states.
Another important realisation of this thesis is that HCN channels reside in a complex on the cell
membrane: rather than functioning alone, these channels interact with several other adaptor
proteins (such as filamin A and TRIP8b). The interaction with adaptor proteins determines the
location and function of these channels on the neuron’s membrane to a large extent.”

Why did you choose this research?
“Since the early beginning of my bachelor studies I was interested in better understanding
molecular processes that govern the complex patterns of our brain’s working. During my
master’s studies, I was fortunate to be at the right place and time, when an opportunity came
along to explore very intriguing mechanisms of brain plasticity that involve a curious class of
proteins called “HCN channels”. It all started as a Master’s internship under the co-mentorship
of Prof. Dr Wytse Wadman from the UvA (SILS-CNS), and Prof. Dr Tallie Z. Baram from
the University of California, Irvine. I initially went abroad to stay with Dr. Baram’s group
in California for an 8 months-period of research, and my preliminary research yielded very
exciting results. Soon enough, the three of us realised that the results beg for more work to be
done, and that this would be a wonderful subject for a PhD project. I was, of course, thrilled
to begin this 4-year journey…”

What are you going to do now?
“I am currently a postdoctoral fellow at the University of California, Irvine. My plan is to
investigate various aspects of ion channel regulation and trafficking using advanced imaging
methods, and to extend these studies in order to better understand brain pathology (in
particular epilepsy). In the long run, I would like to pursue an academic career that will allow
me to keep exploring exciting questions and engage in the process of making new discoveries.”

How do you look back on your time at the UvA?
“More than anything else it was a time of personal growth, shaping, and learning. I feel
fortunate to have had two such supportive mentors as well as knowledgeable colleagues, and
a good atmosphere within our group. All of these helped greatly to facilitate a stimulating
learning environment.”
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Research Programme: Systems Biology of the Living Cell

Molecular Microbial Physiology
Prof.dr. K.J. Hellingwerf
Prof. dr. M.J. Teixeira de Mattos
Prof. dr. J. Hugenholtz

T

Chairholder
Professor
Special Chair

he impact that microbes exert on life on Earth
and indeed on Earth itself has been wellrecognised now for many decades. The activity
of microorganisms is seen not only at the global
levels of evolution, the cycle of elements, ecological
interactions and so on, but also in the direct effects
on human life, both for better and for worse. Our
knowledge about the biochemistry and physiology
of microbial species is extensive but in many cases,
however, only descriptive and qualitative. Further
understanding of the impressive potential of microbes
to adapt, proliferate and survive under a vast range
of conditions demands a quantitative and systemsanalytical approach. This is even more so when it comes
either to combating the adverse properties of microbes
or to applying their many beneficial capacities, that is,
transforming fundamental insights into applications.
The Molecular Microbial Physiology Group (MMPG)
has recognised the need for the “new” quantitative
microbiology and has shifted its research accordingly
in the past years to what may be called Systems
Microbiology. Our research deals with integrating
the properties of biochemical/biophysical networks

such as glycolysis, photosynthesis and respiration
with signal transduction and signal processing, with
structure-function relations and with physiological
strategies for survival and growth. This integrative
approach goes hand in hand with studies on specific
(sub)molecular events (e.g. in proteins involved in
light sensing or the regulatory role of electron carriers
in the redox chemistry of the chemotrophic cell). The
work aims at understanding how their life style endows
microbes with the capacity to successfully cope with
often severe and ever-changing environments.
The broad diversity of microbial genera, and the large
genetic, biochemical and physiological differences
between the genera, makes it unavoidable to focus
the research on more than one species. We study both
chemoheterotrophs, including the Gram-positive,
endospore-forming Bacillus subtilis, industrially
relevant Lactic Acid Bacteria and the metabolically
extremely versatile Gram-negative Escherichia coli,
and the model organism for oxygenic photosynthesis:
Synechocystis.

Schematic representation of the enzyme-catalysed reactions in the 2-butanol forming pathway.
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Research highlights
►► Procedures have been compared for metabolomics analysis of CHO cells, in collaboration
with the group of Prof. Hankemeier, Analytical BioSciences, Leiden University. Surprisingly,
the ‘cold methanol’ quenching method turned out to be rather inferior to the ‘silicon-oil
centrifugation’ method with respect to prevention of leakage of metabolites from the cells,
during the cell/medium separation step.
►► The SUMO-2 project (a second NWO-grant as part of the transnational SysMo-2
initiative) has started this year: The physiological and biochemical characterisation of relevant
mutants is now being carried out to provide data for a kinetic model of the respiratory chain that
is being constructed in collaboration with Dr F. Bruggeman.
►► The second follow-up SysMo project in our research group, SysmoLAB2, focuses on the
general physiology of lactic acid bacteria. Currently the contribution of amino acid metabolism
to ATP generation is under study. This will provide additional data for a hybrid kinetic/genome
scale model of the growth of lactic acid bacteria.
►► The use of Photoactive Yellow Protein as a model system to study the ultra-fast aspects
of (photo)receptor activation is continued in close collaboration with Profs. Groot and Van
Grondelle (Vrije University Amsterdam), Larsen (UC Davis, Ca, USA) and Boelens (University
of Utrecht). Using site-directed mutagenesis, an extensive set of mutant proteins has been
constructed that can be used to infer the timescale at which water molecules penetrate the active
site of the protein after light-activation, based on the fluorescence emission properties (i.e.
wavelength maximum, intensity, etc.) of single tryptophan residues in these proteins.
►► The general stress response (GSR) of the chemotrophic Gram-positive Bacillus subtilis can
be activated by diverse input signals ranging from energy limitations to salt-, ethanol- or heatshock. Our group has shown that also low intensities of visible light ranks among these stimuli.
During the past year we have demonstrated that the four proteins that make up the core of the
‘stressosome’ (the ‘organelle’ that integrates the stress signals) differ strongly with respect to their
ability to transduce this light signal. This has important consequences for models that describe
the molecular basis of transmission of the light signal by the stressosomes.
►► Research on the use of cyanobacteria for the production of a variety of products from
CO2, using the energy from sunlight, is focused on the production of butanol and cellulose.
Site-directed insertions of gene-cassettes from fermentative organisms are being inserted into the
photosynthetic Synechocystis sp. PCC 6803. Beyond the flow of carbon through this pathway, also
aspects of the specificity for redox cofactors is an important element in our current studies.
►► Transport of very long chain fatty acids (VLCFAs) in peroxisomes has been studied
in collaboration with Dr. Van Roermund and Prof. Wanders (AMC). By using 18O and 16O
isotopically-labelled water molecules we could demonstrate that their transport across the
peroxisomal membrane requires transient hydrolysis and re-formation of the CoA-ester form in
which these VLFAs are transported.
►► The current research on the physiology of Lactobacillus johnsonii strongly suggests that the
presence of oxygen has an adverse effect on the cell, due to the formation of hydrogen peroxide,
but at the same time renders the cells less in demand of CO2 and acetate. Transcript profiles
indicate both a catabolic and an anabolic rationale for this oxygen effect.
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Other Highlights
►► Prof. Hellingwerf, as a co-applicant with Prof. Van Grondelle (VUA), has been invited
by FOM/NWO to submit a grant proposal to found a national Focus Group for research on
“Photosynthetic Efficiency” in the national center for energy research “DIFFER”.
►► Prof. Hugenholtz chaired the LAB10 congress: The International symposium for all science
related to lactic acid bacteria (Congress Centre “Hotel Zuiderduin”, Zeeweg 52, Egmond aan
Zee, the Netherlands; August 28 to September 1, 2011).

Research aims for the coming year
►► The two SysMo projects will continue to integrate physiological and biochemical data into
computational system-wide models for bacterial physiology. We will for instance investigate
the role of alternative glycolytic pathways/enzymes to further unravel the energetic efficiency of
catabolism. For SysMoLAB, we aim at pinpointing the biochemical and genetic control points
that define the differences between the biochemical pathways for ATP generation in a diversity
of lactic acid bacteria.
►► In Escherichia coli a study that will identify the extent of post-transcriptional regulation
upon relief of catabolite repression on a genome-wide scale will be completed.
►► Site-directed mutagenesis, combined with high resolution time-resolved spectrometric
technologies will continue to be an important tool in our studies on microbial photoreceptorand photosignalling structures, functions and mechanisms, both in vitro and in vivo.
►► Photofermentation research will continue according to the lines set out in the three TBSC
projects that were assigned to our group. Besides focus on photofermentative production of
butanol, cellulose, and related intermediates, fundamental research that includes a systems
biological analysis of the effects of inserting heterologous pathways in primary metabolic
routes will be enhanced. Also the project on inserting a third, IR-sensitive, photosystem into
Synechocystis will be initiated, together with our colleagues in Leiden, Prof. de Grip and Prof. de
Groot.
►► In Lactobacillus we focus on the physiology of strains mutated in one or more of the
hydrogen peroxide forming systems, in order to characterise and quantify their role in the overall
metabolism of the organism.

Group members
Postdoctoral researchers
Alejandra de Almeida
Martijn Bekker
Filipe Branco Dos Santos
Yusuke Nakasone
Maikel Verouden
PhD students
Orawan Borirak
Aleksandra Bury
Andreas Angermayr
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Marijke Hospes
Philipp Savakis
Rosa Milou Schuurmans
Poonam Sharma
Jeroen van der Steen
Technicians
Jos Arents
Angie Vreugdenhil
Amanuensis
Dennis Rijnsburger

Molecular Microbial Physiology
Academic publications
Albracht, S.P.J., Meijer, A.J. & Rydström,
J.
(2011).
Mammalian
NADH:ubiquinone
oxidoreductase (Complex I) and nicotinamide
nucleotide transhydrogenase (Nnt) together regulate
the mitochondrial production of H₂O₂--implications
for their role in disease, especially cancer. Journal of
Bioenergetics and Biomembranes, 43(5), 541-564.
Arents, J.C., Perez, M.A., Hendriks, J. &
Hellingwerf, K.J. (2011). On the midpoint potential of
the FAD chromophore in a BLUF-domain containing
photoreceptor protein. FEBS Letters, 585(1), 167-172.
Carroll, E. C., Hospes, M., Valladares, C.,
Hellingwerf, K.J. & Larsen, D.S. (2011). Is the
photoactive yellow protein a UV-B/blue light
photoreceptor? Photochemical & Photobiological
Sciences, 10(4), 464-468.
Donato, M. Di, Wilderen, L.J. van, Stokkum,
I.H.M. van, Stuart, T. C., Kennis, J.T.M., Hellingwerf,
K.J., Grondelle, R. van & Groot, M.L. (2011). Proton
transfer events in GFP. Physical Chemistry Chemical
Physics, 13(36), 16295-16305.
Engl, C., Beek, A. ter, Bekker, M., Teixeira
De Mattos, J., Jovanovic, G. & Buck, M. (2011).
Dissipation of proton motive force is not sufficient to
induce the phage shock protein response in Escherichia
coli. Current Microbiology, 62(5), 1374-1385.
Fiedler, T., Bekker, M., Jonsson, M., Mehmeti, I.,
Pritzschke, A., Siemens, N., Nes, I., Hugenholtz, J. &
Kreikemeyer, B. (2011). Characterization of three lactic
acid bacteria and their isogenic ldh deletion mutants
shows optimization for Y(ATP) (cell mass produced
per mole of ATP) at their physiological pHs. Applied
and Environmental Microbiology, 77(2), 612-617.
Nakasone, Y. & Hellingwerf, K.J. (2011). On
the binding of BODIPY-GTP by the photosensory
protein YtvA from the common soil bacterium Bacillus
subtilis. Photochemistry and Photobiology, 87(3), 542547.
Postmus, J., Tuzun, I., Bekker, M., Muller, W.H.,
Teixeira De Mattos, M.J., Brul, S. & Smits, G.J. (2011).
Dynamic regulation of mitochondrial respiratory
chain efficiency in Saccharomyces cerevisiae. SGM
Microbiology, 157(12), 3500-3511.

Rupenyan, A.B., Vreede, J., Stokkum, I.H.M.
van, Hospes, M., Kennis, J.T.M., Hellingwerf,
K.J. & Groot, M.L. (2011). Proline 68 enhances
photoisomerization yield in photoactive yellow
protein. The journal of physical chemistry B, 115(20),
6668-6677.
Santos, F., Spinler, J.K., Saulnier, D.M., Molenaar,
D., Teusink, B., Vos, W.M. de, Versalovic, J. &
Hugenholtz, J. (2011). Functional identification in
Lactobacillus reuteri of a PocR-like transcription
factor regulating glycerol utilization and vitamin B12
synthesis. Microbial Cell Factories, 10(55).
Saulnier, D.M., Santos, F., Roos, S., Mistretta,
T.A., Spinler, J.K., Molenaar, D., Teusink, B. &
Versalovic, J. (2011). Exploring metabolic pathway
reconstruction and genome-wide expression profiling
in Lactobacillus reuteri to define functional probiotic
features. PLoS One, 6(4).
Sorgo, A.G., Heilmann, C.J., Dekker, H.L.,
Bekker, M., Brul, S., Koster, C.G. de, Koning, L.J.
de & Klis, F.M. (2011). Effects of fluconazole on the
secretome, the wall proteome, and wall integrity of
the clinical fungus Candida albicans. Eukaryot. Cell,
10(8), 1071-1081.
Sosinska, G.J., Koning, L.J. de, Groot, P.W.J.
de, Manders, E.M.M., Dekker, H.L., Hellingwerf,
K.J., Koster, C.G. de & Klis, F.M. (2011). Mass
spectrometric quantification of the adaptations in
the wall proteome of Candida albicans in response to
ambient pH. Microbiology, 157(1), 136-146.
Stahl, A.D., Hospes, M., Singhal, K., Stokkum, I.
van, Grondelle, R. van, Groot, M.L. & Hellingwerf,
K.J. (2011). On the involvement of single-bond
rotation in the primary photochemistry of photoactive
yellow protein. Biophysical Journal, 101(5), 1184-1192.
Yu, Z., Bekker, M., Tramonti, A., Cook, G. M.,
Ulsen, P. van, Scheffers, D. J., Teixeira De Mattos, J.,
Biase, D. De & Luirink, J. (2011). Activators of the
glutamate-dependent acid resistance system alleviate
deleterious effects of YidC depletion in Escherichia
coli. Journal of Bacteriology, 193(6), 1308-1316.

Annual report 2011 - 39

3

Research Programme: Systems Biology of the Living Cell
Bookchapter
Hendriks, J.C., Hospes, M. & Hellingwerf, K.J.
(2011). Photoactive Yellow Protein, the Prototype
Xanthopsin. CRC Handbook of Organic Photochemistry
and Photobiology (pp. 1137-47). CRC Press.
Invited lectures
Hellingwerf, K.J. (2011, December 08). Synthetische
Systeem Biologie. Utrecht, Contactgroep “Chemie en
Maatschappij”, KNCV.
Hellingwerf, K.J. (2011, May 25). Systems biology
of oxygenic photosynthesis. Science Park, Amsterdam,
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Annual meeting of the Dutch Physics Association
(NNV).
Hellingwerf, K.J. (2011, June 26). Third-generation
biofuel production: A key role for systems- and synthetic
(photo)biology. The Abbey Resort, Fontana, Wisconsin,
USA, Workshop on Cyanobacterial Metabolism:
Models and Validation Workshop.
Hellingwerf, K.J. (2011, June 17). The unicellular
level of “Biosolar Cells”. Wageningen, Opening
symposium FES programme: “Towards BioSolar
Cells”.

Molecular Biology and Microbial Food Safety

Molecular Biology and Microbial Food
Safety
Prof. dr. S. Brul
Dr. J.C. van der Spek
Dr. G.J. Smits
Dr. Y. Budovskaya
Dr. F.M. Klis
Dr. B. Ter Kuile

I

Chairholder
Assistant Professor
Assistant Professor
Tenure Track Assistant Professor
Emeritus Associate Professor
Scientist Dutch Food & Drug Authority (VWA)

n 2011 we reinforced our studies of the basic
understanding of stress response mechanisms in
(micro)organisms. We focus on the bioenergetics
of the response as well as on putative regulatory
roles of pHi. To study cellular responses we grow
microorganisms under controlled conditions and
examine their response to directed thermal and
antimicrobial compound (focusing on weak-organic
acids) mediated perturbations. As model organisms
our group uses both bakers’ yeast and the multicellular
simple eukaryote Caenorhabditis elegans where single
cell eukaryotes are insufficient to explain a stress
phenotype. In 2011 Dr. Yelena Budovskaya started as
a McGillavry fellow (fellowship for excellent young
women), reinforcing the C. elegans team. A prime
topic is the analysis of mitochondrial function in the
context of ageing and stress response.
In our model baker’s yeast, Saccharomyces cerevisiae, we
studied the regulation of the respiratory efficiency and
addressed the role of the intra organellar pH in cellular
homeostasis mechanisms. Genome-wide analysis of
yeast stress survival and tolerance acquisition showed
the central trade-off between growth rate and cellular
robustness.
In the framework of a large EU consortium we
focused on Candida cell wall proteins to be used for
the development of vaccines. Candida albicans is an
important human pathogen that causes deaths in
the immune compromised population such as HIV
and cancer patients under chemotherapy, as well as
patients undergoing surgery and the elderly. Vaccine
(and antimicrobial) targets are being identified in an
EU FP-7 consortium with companies.
In prokaryotes the group leads the studies on the
effect of pHi perturbation by weak organic acid
exposure (mainly sorbic acid) on Bacillus subtilis
spore germination and outgrowth. In this area the
spore structure itself is also addressed and meanwhile

a separate FES funded project explores this in more
detail.
Finally, we deploy our knowledge on
prokaryotes with the Dutch Food Safety
Authority in studying the adaptation to
antibiotics at the molecular physiological level.
In 2011, 15 peer reviewed publications and 3 book
chapters were published. We expanded to over 20
staff members and provided internships to more

Abhyankar et al. (2011) Proteomics 11, 4541-4550.
Schematic structure of the Bacillus spore showing
possible localisation of identified known as well as the
putative novel spore coat proteins from B. subtilis labstrain PB2. Proteins identified in our study and reported
for their localisation in previous studies are shown.
Proteins in pink, blue, purple, and orange are regulated
by sigma factors σK, σE, σG and σF, respectively. Proteins
in brown are regulated by both σE and σK. CoxA (in
red) is regulated by both σE and σG. SpoIVA, SafA and
CotE (boxed) are the morphogenetic proteins as reported
by McKenney et al. Curr. Biol. 2010, 20, 934–938.
Out of the putative novel spore coat proteins, proteins
YhcN and YjqC (black asterisks) are reported for their
localisation in previous studies. Proteins with other or
unknown regulatory components are shown in grey.
Sigma factor dependency is as reported in the previous
studies.
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than 10 bachelor and master students. Dr. Klis, Dr.
Smits and prof. Brul were invited to respectively a
Gordon Conference, the centennial meeting of the
Dutch Society for Microbiology and the 4th FEMS
Congress in Geneve. Finally, we were instrumental
in attracting VICI candidate Leendert Hamoen who
successfully applied for this personal grant. He will
reinforce the microbiology of Bacillus focusing on cell
division regulation and, together with our group, the
identification of novel antimicrobials for food and
pharma applications.
Future prospects & societal impact
ur studies aim at providing insight in the
behaviour of biological systems by gathering
and integrating metabolic and biochemical
information at the molecular level. Spin-off of our
studies in society aims at contributing to improved

O

food safety in close collaboration with the Dutch Food
Safety Authority. To this end a new 4-year contract
for sponsoring of research on antibiotic resistance was
secured (PhD student), following up on where a postdoctoral fellow had finished his studies on antibiotic
resistance development models. Secondly, the group
continues to deliver within the STW-sponsored
project on the inhibition of bacterial spore formers,
focusing on spore germination and outgrowth. This
will be reinforced with the start of the VICI project of
Dr. Leendert Hamoen, foreseen for September 2012.
Thirdly, we are key players in a large European project
on vaccine development against an important group
of infectious diseases caused by Candida albicans. In
this context, group leader prof. Brul gave a seminar at
the 2011 FEMS European Congres of Microbiology in
Geneve and Dr. Klis took part in a Gordon conference
on invitation. We actively search for patent options.

Research highlights
►► Weak organic acid stress mechanisms; what is the role of energy metabolism and which are
the efficient long term responses? In the study of yeast and Bacillus energy metabolism and
short term stress response against these compounds we focus on both second scale time-resolved
measurements of intracellular pH perturbation, verification of membrane potential as well as
more long-term cell envelope adaptations. With the Mass Spectrometry of Biomacromolecules
group we set up a system in yeast and C. elegans to assess the energy stress induced ROSdependent cellular damage (see also ageing stress). Single cell heterogeneity in stress response
was addressed by developing a live imaging tool with the Centre for Advanced Microscopy that
allows for semi-automated time-resolved analysis of bacterial spore germination, outgrowth
and vegetative growth. Data is obtained from phase contrast as well as ratiometric pHluorin
fluorescence measurements that allow us to monitor on-line pH development in single cells.
►► Antibiotic / mycotic stress response. Here we continued our work on the detailed proteomic
analysis of the Candida cell wall proteins for vaccine generation against this medically relevant
yeast. In a preventative setting the studies on antibiotic resistance development in bacteria used
whole genome sequencing of Escherichia coli strains to study the mutations that accompany
increasing resistance.
►► In the national Biology assessment our group scored 4 for Quality, 4 for Output, 4 for
Impact and 5 for Relevance on a scale of 1 (poor) to 5 (excellent).
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►► The mechanisms of temperature stress response and resistance. This research line includes
vegetative stress response to thermal stress as well as bacterial spore response towards extreme
thermal challenge. The line on vegetative
Postmus et stress response in yeast was concluded
al. (2011)
with the successful PhD defense by
Microbiology student Jarne Postmus. Further efforts
157, 3500- in the field focused on an analysis of
3511; Postmus bacterial spore structure with the Mass
PhD thesis Spectrometry of Biomacromolecules
(2011).
group. This resulted in a paper in
Overview Proteomics. Single spore germination
of possible and outgrowth data allowed us to
mechanisms show that temperature stress hits
to couple
spore germination mostly. The data is
cytosolic
meanwhile converted in a publication to
NADH
be submitted.
oxidation to the respiratory chain in the model organism
►►
Mechanisms of ageing
S. cerevisiae. Abbreviations: Nde, external NADH
(stress). This new line of research by
dehydrogenase; Ndi, internal NADH dehydrogenase; the McGillavry fellow Budovskaya was
Gut2, membrane-bound mitochondrial glycerol-3initiated in March of 2011. Together
phosphate dehydrogenase; II, succinate dyhydrogenase; with the existing group members Dr.
III, cytochrome bc1 complex; IV, cytochrome c oxidase. Gertien Smits and Hans van der Spek
she continues with us her studies of
ageing stress response at the level of mitochondrial energy metabolism and developmental Wnt
signalling.

Other highlights
►► S. Brul: FEMS representative of the Dutch Society for Microbiology as of 2009; Chair
of the Dutch Institute for BioScience; editor Elsevier’s Food Microbiology; Continuation for
2 years of STW fellowship secured; FES project (Nanonext) started; VWA grant PhD student
started
►► F.M. Klis: Editor Eukaryotic Cell, FEMS Yeast Research, Yeast.
►► External VICI applicant: L. Hamoen from Newcastle University (group Errington)
studying bacterial cell division mechanisms and antimicrobial targets was successful and chose
Amsterdam (SILS) as host laboratory through our mediation, reinforcing the Bacillus research
line. He will link with the Centre for Advanced Microscopy through joined interests with Dr. T.
den Blaauwen, who studies E. coli cell division.
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Group members
Postdoctoral researcher
Alex Ter Beek
PhD students
Wishwas Abhyankar
Johan van Beilen
Richard de Boer
Nadine Händel
Daniel Jagadisan
Marco Lezzerini
Rachna Pandey

Reuben Smith
Alice Sorgo
Sacha Stelder
Azmat Ullah
Technicians
Muus de Haan
Marjan de Jong
Belinda Koenders-Vansintanneland
Marcel Scholte

Academic publications
Abhyankar, W., Ter Beek, A., Dekker, H., Kort, R.,
Brul, S. & Koster, C.G. de (2011). Gel-free proteomic
identification of the Bacillus subtilis insoluble spore
coat protein fraction. Proteomics, 11, 4541-4550.
Beek, A. ter, Hornstra, L.M., Pandey, R.,
Kallemeijn, W.W., Smelt, J.P.P.M., Manders, E.M.M.
& Brul, S. (2011). Models of the behaviour of
(thermally stressed) microbial spores in foods: Tools
to study mechanisms of damage and repair. Food
Microbiology, 28(4), 678-684.
Brul, S., Beilen, J. van, Caspers, M., O’Brien, A.,
Koster, C. de, Oomes, S., Smelt, J., Kort, R. & Beek, A.
ter (2011). Challenges and advances in systems biology
analysis of Bacillus spore physiology; molecular
differences between an extreme heat resistant spore
forming Bacillus subtilis food isolate and a laboratory
strain. Food Microbiology, 28(2), 221-227.
Buerth, C., Heilmann, C.J., Klis, F.M., Koster,
C.G. de, Ernst, J.F. & Tielker, D. (2011). Growthdependent secretome of Candida utilis. SGM
Microbiology, 157(9), 2493-2503.
Caspers, M.P.M., Schuren, F.H.J., Zuijlen, A.C.M.
van, Brul, S., Montijn, R.C., Abee, T. & Kort, R.
(2011). A mixed-species microarray for identification
of food spoilage bacilli. Food Microbiology, 28(2), 245251.
Heilmann,
Dekker, H.L.,
L.J. de & Klis,
human fungal

C.J., Sorgo, A.G., Siliakus, A.R.,
Brul, S., Koster, C.G. de, Koning,
F.M. (2011). Hyphal induction in the
pathogen Candida albicans reveals
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a characteristic wall protein profile. Microbiology,
157(8), 2297-2307.
Horst, M.A. van der, Schuurmans, J.M., Smid,
M.C., Koenders, B.B. & Kuile, B.H. ter (2011). De
novo acquisition of resistance to three antibiotics by
Escherichia coli. Microbial Drug Resistance, 17(2), 141147.
Klis, F.M., Koster, C.G. de & Brul, S. (2011). A
mass spectrometric view of the fungal wall proteome.
Future Microbiology, 6(8), 941-951.
Kraneveld, E. A., Soet, J. J. de, Deng, D.M.,
Dekker, H.L., Koster, C.G. de, Klis, F.M., Crielaard,
W. & Groot, P.W.J. de (2011). Identification and
differential gene expression of adhesin-like wall
proteins in Candida glabrata biofilms. Mycopathologia,
172(6), 415-427.
Leeuwen, J.S. van, Orij, R., Luttik, M.A.H., Smits,
G.J., Vermeulen, N.P.E. & Vos, J. C. (2011). Subunits
Rip1p and Cox9p of the respiratory chain contribute
to diclofenac-induced mitochondrial dysfunction.
SGM Microbiology, 157(Pt 3), 685-694.
Orij, R., Brul, S. & Smits, G.J. (2011). Intracellular
pH is a tightly controlled signal in yeast. Biochimica et
Biophysica Acta G General Subjects, 1810(10), 933-944.
Postmus, J., Tuzun, I., Bekker, M., Muller,
W.H., Teixeira De Mattos, M.J., Brul, S. & Smits,
G.J. (2011). Dynamic regulation of mitochondrial
respiratory chain efficiency in Saccharomyces cerevisiae.
SGM Microbiology, 157(12), 3500-3511.

Molecular Biology and Microbial Food Safety
PhD thesis
Sorgo, A.G., Heilmann, C.J., Dekker, H.L.,
Bekker, M., Brul, S., Koster, C.G. de, Koning, L.J.
de & Klis, F.M. (2011). Effects of fluconazole on the
secretome, the wall proteome, and wall integrity of
the clinical fungus Candida albicans. Eukaryotic Cell,
10(8), 1071-1081.

Postmus, J. (2011, March 03). The physiological
response of Saccharomyces cerevisiae to temperature
stress. UvA Universiteit van Amsterdam (160 pag.).
Prom./coprom.: prof.dr. S. Brul & dr. G.J. Smits.

Sosinska, G.J., Koning, L.J. de, Groot, P.W.J.
de, Manders, E.M.M., Dekker, H.L., Hellingwerf,
K.J., Koster, C.G. de & Klis, F.M. (2011). Mass
spectrometric quantification of the adaptations in
the wall proteome of Candida albicans in response to
ambient pH. Microbiology, 157(1), 136-146.

Brul, S. (2011, March 20). Hoe werken mijn spieren?
NEMO, Amsterdam, The Netherlands, “Wakker
Worden” Children’s lecture.

Zakrzewska, A., Eikenhorst, G. van, Burggraaff,
J.E.C., Vis, D.J., Hoefsloot, H., Delneri, D., Oliver,
S.G., Brul, S. & Smits, G.J. (2011). Genomewide analysis of yeast stress survival and tolerance
acquisition to analyze the central trade-off between
growth rate and cellular robustness. Molecular Biology
of the Cell, 22(22), 4435-4446.
Book chapters
Beuchat, L, Komitopoulou, E, Betts, R, Beckers,
H, Boudichon, F, Joosten, H., Fanning, S & Kuile,
B.H. ter (2011). Persistence and survival of pathogens
in dry food processing environments. Persistence and
survival of pathogens in dry food processing environments
(ILSI Report series).
Groot, P.W.J. de, Brul, S. & Klis, F.M. (2011).
Exploring the fungal wall glycoproteome. Essential
Reviews in Experimental Biology. Glycosylation in
Diverse Cell Systems: Challenges and New Frontiers in
Experimental Glycobiology (pp. 6). SA Brooks, PM
Rudd & BJ Appelmelk (Eds.), London, UK: The
Society for Experimental Biology.
Klei, I., Veenhuis, M., Brul, S., Klis, F.M., Groot,
P.W.J. de, Muller, W.H., Driel, K.G.A. van &
Boekhout, T. (2011). Cytology, Cell Walls and septa:
A Summary of Yeast Cell Biology from a Phylogenetic
Perspective. The Yeasts, a Taxonomic Study, Volume 1
(pp. 111-8). C..P. Kurtzman, J..W. Fell & T. Boekhout
(Eds.), London (UK), Burlington, MA (USA), San
Diego, CA (USA): Elsevier.

Lectures

Abhyankar, W.R., Ter Beek, A.S., Dekker, H.L.,
Kort, R., Brul, S. & Koster, C.G. de (2011, April 18).
Gel-free proteomic identification of the Bacillus subtilis
insoluble spore coat protein fraction. Papendal, Arnhem,
the Netherlands, Centennial meeting of the Dutch
Society for Microbiology.
Beilen, J.W.A. van, Beek, A.S. ter, Blohmke, C.J.,
Kulik, W., Faz, F., Folkerts, H., Zakrzewska, A. &
Brul, S. (2011, April 18). Phosphatidylglycerol derived
lipids are key to weak organic acid stress resistance in
Bacillus subtilis. Papendal, Arnhem, the Netherlands,
Centennial meeting of the Dutch Society for
Microbiology.
Boer, R. de, Spek, H. van der & Brul, S. (2011,
April 18). A model to study drug-induced mitochondrial
dysfunction. Papendal, Arnhem, the Netherlands,
Centennial meeting of the Dutch Society for
Microbiology.
Brul, S. (2011, November 16). Bacillus subtilis;
The awakening of sleeping beauty. Systems biology of
spore germination and outgrowth. Brussels, Belgium,
International Symposium at the Royal Academy of
Science of the Belgian Society for Microbiology.
Brul, S. (2011, September 09). Inhibition of Bacillus
cereus spore (out)growth by chitosan. Oslo, Norway,
Norwegian School of Veterinary Science.
Budovskaya, Y., Lezzerini, M. & Kim, S.K.
(2011, December 16). Antagonistic pleiotropy: a novel
mechanism of aging in C.elegans. Amsterdam, the
Netherlands, CWI-NISB Life Sciences seminar.
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Budovskaya, Y., Lezzerini, M. & Kim, S.K.
(2011, November 05). Antagonistic pleiotropy: a novel
mechanism of aging in C.elegans. Amsterdam, the
Netherlands, SILS seminar, UvA.

Smits, G.J. (2011, April 18). Intracellular pH controls
yeast growth. Papendal, Arnhem, the Netherlands,
Centennial meeting of the Dutch Society for
Microbiology.

Budovskaya, Y. & Kim, S.K. (2011, June 22).
Molecular aging driven by Wnt signaling in C.elegans.
Los Angeles, CA, USA, 18th International C.elegans
meeting.

Smelt, J.P.P.M., Stringer, S. & Brul, S. (2011,
September 12). Behaviour of individual spores of non
proteolytic C. Botulinum as an element in quantitative
risk assessment. Dublin, Ireland, 7th international
conference on predictive modelling of food quality
and safety.

Budovskaya, Y. & Kim, S.K. (2011, September 26).
Systems biology of aging in C.elegans. Groningen, the
Netherlands, Seminar at the center for Behaviour and
Neurosciences, University of Groningen.
Heilmann, C.J., Sorgo, A.G., Siliakus, A.R.,
Dekker, H.L., Brul, S., Koster, C.G. de, Koning, L.J.
de & Klis, F.M. (2011, April 18). Quantitative mass
spectrometry reveals new therapeutic targets against the
human fungal pathogen Candida albicans. Papendal,
Arnhem, the Netherlands, Centennial meeting of the
Dutch Society for Microbiology.
Heilmann, C.J. (2011, October 13). Wall proteins,
absolute quantification, and concatenated vaccines: A new
approach for Candida albicans therapy? Acquafredda
di Maratea, Italy, FINSysB Conference, Candida
Infection Biology - fungal armoury, battlefields and
host defences.

Sorgo, A.G. (2011, October 12). Cell wall stress elicits
a conserved response in Candida albicans. Acquafredda
di Maratea, Italy, FINSysB Conference, Candida
Infection Biology - fungal armoury, battlefields and
host defences.
Ter Beek, A.S., (2011, June 19). Live-cell imaging of
aerobic bacteria: a tool to assess and model heterogeneous
germination & outgrowth of Bacillus subtilis spores.
Montecatini Terme, Italy, 6th international conference
on Gram-positive microorganisms.
Ter Beek, A.S. & Brul, S. (2011, April 18). Weak acid
stress in Bacilli. Arnhem, the Netherlands, Centennial
meeting of the Dutch Society for Microbiology.
Other output

Klis, F.M. (2011, November 23). Biodiversity and
Yeast Cell Walls. Utrecht, the Netherlands, Cornucopia
Course 2011, EU Marie Curie ITN: Yeast biodiversity
as a source of innovations in food and health.

Brul, S. & Brown, A. (2011). Fungi and responses
to medically relevant environments. Organisation
4th FEMS Congress of European Microbiologists:
Geneve, Switzerland (2011, June 26 - 2011, June 30).

Klis, F.M. (2011, January 16). Lessons to be learned
from the wall proteome and secretome of C. albicans for
infection detection and vaccine development. Galveston,
Texas, USA, Gordon Research Conferences,
Immunology of Fungal Infection.

Brul, S. (2011). Stressing microbes. Organisation
Centennial meeting of the Dutch Society for
Microbiology: Papendal, Arnhem, the Netherlands
(2011, April 18 - 2011, April 20).

Orij, R.J., Urbanus, M.L., Fizeacoumar, F.J.,
Giaver, G., Boone, C., Nislow, C., Brul, S. &
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Klis, F.M. (2011). Jury Member of the Habilitation
Defense by Dr. H. Martin-Yken.

Synthetic Systems Biology and Nuclear Organisation Group

Synthetic Systems Biology and
Nuclear Organisation Group
Prof. dr. H.V. Westerhoff
Dr. P.F. Fransz
Dr. M.E. Stam
Dr. P.J. Verschure
Prof. dr. R. van Driel

S

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
Emeritus Professor

ystems Biology deciphers how biological
functions emerge from interactions that are
ultimately molecular. Gene expression is
amongst the most germane examples. It is controlled
through various mechanisms, including epigenetic
modifications, intra- and interchromosomal
interactions, chromatin folding, and binding of
transcription factors that respond to monitors of the
state of the cell and its environment. Our mission is
to understand how the various flows of information
together use these mechanisms to control genome
activity. To study the dynamics of chromatin structure
in relation to gene expression and DNA repair we
invoke a multi-disciplinary approach combining

microscopic, molecular, biochemical and genetic
analyses, with mathematical modelling and systems
theory. Precise quantitative working hypotheses
constitute the basis of some of our experiments. The
functional relationship between gene regulation,
nuclear organisation and chromatin structure is
evolutionarily conserved between eukaryotic cells.
Combining information from different model systems
provides unique insights into structure-function
relationships of the eukaryotic genome inside the
nucleus. The appointment of prof. Westerhoff as
successor to prof. Van Driel will strengthen the
systems approach of the group.

Transcripts are counted in mammalian cells with single molecule sensitivity upon performing RNA-FISH using
a probe recognising GFP consisting of 20 fluorescently labelled nucleotides, confocal microscopy imaging, image
processing and analysis. We characterise the stochasticity and mode of transcription of an identical reporter gene
within a defined epigenetic context. To this end we use a library of human embryonic kidney (HEK293) clones
having a GFP reporter construct singly integrated at 90 different chromosomal positions showing expression levels
that correspond to the activity of their genomic integration sites.
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Research highlights
►► Paul Fransz and colleagues have established whole-mount FISH to Arabidopsis root tissue.
The method will be used to track whole chromosomes in roots and leaves in order to understand
biological principles of chromosome folding. Together with colleagues from the MPI in
Cologne they studied and published on the changes in nuclear volume (a reduction of 85%) and
chromatin compaction that occur during maturation and imbibition of Arabidopsis seeds.
►► Maike Stam and colleagues started a study to establish
quantitative relationships between chromatin looping and gene
activity. This study amongst others employs the chromosome
conformation capture technique, a technique of which we are so
far the only group that has reported the successful implementation
in plants. The results will be used to refine and improve current
mathematical models on chromosome looping.
►► Pernette Verschure and colleagues continued the systems biology
projects that aim to understand mammalian epigenetic design
principles. Results of the stochastic modelling of gene activity and nucleosomal epigenetic state
dynamics are currently submitted for publication. Experimental measurements of e.g. real-time
and single cell/molecule transcript levels are set up and studied in toggled epigenetic cell systems.
►► Systematic experiments of Roel van Driel and coworkers have resulted in (i) refinement and
validation of the mathematical model for the in vivo assembly of chromatin-associated multiprotein complexes (cooperation with the Division of Theoretical Systems Biology of Dr Hoefer,
DKFZ, Heidelberg) and (ii) revision of the model for large-scale folding of the chromatin fibre
in human fibroblasts (cooperation with the Theoretical Biophysics group of Prof. Heermann,
University of Heidelberg).
►► Hans Westerhoff and coworkers developed a clock model of mammalian transcription
initiation that explains transient oscillations upon transcription initiation as observed in the
literature and ascribes new functions to epigenetic chromatin modifications. In international
collaborations they engaged in computational systems biology of protein production
by mammalian cells in the biotechnology context, and devised new strategies for truly
individualised medicine.

Research aims for the coming year
►► Fransz and colleagues: To explore the relationship between chromosome folding and
nuclear reprogramming, a whole-mount approach will be used. We will track chromosomes
in roots, leaves and meiosis. In addition, we will start to collect quantitative data and integrate
them into chromatin polymer models. Together with Dr. Stam we will investigate chromosome
looping in Arabidopsis using FISH.
►► Stam and colleagues: The general aim is to get insight into the functional relation between
gene activity, epigenetic mechanisms and chromosomal interactions. We will concentrate on
(i) generating data on chromosome looping, (ii) continuing our study on the role of epigenetic
regulation in paramutation, an epigenetic phenomenon involving the heritable transfer of
epigenetic information between chromosomes, (iii) starting a study in Arabidopsis on the effects
of epigenetics on plant yield.
►► Van Driel and coworkers: Due to the retirement of Prof. Van Driel, his systems biology
research line will end in 2012. The new models on in vivo assembly of chromatin-associated
multi-protein complexes and on in situ large scale chromatin folding in human cells will be
published in two papers.
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►► Verschure and colleagues: Our studies are further expanded in the biomedical context,
(i) the extent of cell-to-cell gene expression variability related to cancer therapy resistance will
be established in tissue of cancer patients, (ii) Huntington’s disease-derived reprogramming
differentiated cell systems will be explored to study epigenetic network behaviour during disease
onset.
►► Westerhoff and colleagues: This new group will start up the theme of timing in biological
systems, with an emphasis on processes that need to occur ‘right in time’. In addition a line
of medical systems biology will be initiated with an outlook to watchmaker-type multiscale
modelling of human pathophysiology, enabling truly individualised medicine.

Group members
Postdoctoral researchers
Frank Bruggeman
Mariliis Tark
Paul Verbruggen
PhD students
Lisette Anink

Iris Hövel
Mannus Kempe
Maria-Anastasia Koini
Diewertje Piebes

3

Technician
Rechien Bader

Academic publications
Dame, R.T., Tark-Dame, M. & Schiessel, H
(2011). A physical approach to segregation and folding
of the Caulobacter crescentus genome. Molecular
Microbiology, 82(6), 1311-1315.
Fransz, P. & Jong, H. de (2011). From nucleosome
to chromosome: a dynamic organization of genetic
information. Plant Journal, 66(1), 4-17.
Gaussand, G.M.D.J.-M, Jia, Q., Graaff, E. van
der, Lamers, G.E.M., Fransz, P.F., Hooykaas, P.J.J.
& Pater, S. de (2011). Programmed cell death in the
leaves of the Arabidopsis spontaneous necrotic spots
(sns-D) mutant correlates with increased expression
of the eukaryotic translation initiation factor eIF4B2.
Frontiers in Plant Science, 2, 9.
Niedojadlo, J., Perret-Vivancos, C., Kalland, K.H.,
Cmarko, D., Cremer, T., Driel, R. van & Fakan, S.
(2011). Transcribed DNA is preferentially located in
the perichromatin region of mammalian cell nuclei.
Experimental Cell Research, 317(4), 433-444.
Schwabe, A., Dobrzynski, M., Rybakova, E.,
Verschure, P.J. & Bruggeman, F.J. (2011). Origins of

stochastic intracellular processes and consequences for
cell-to-cell variability and cellular survival strategies.
Methods in Enzymology, 500, 597-625.
Sellick, C.A., Croxford, A.S., Maqsood, A.R.,
Stephens, G., Westerhoff, H.V., Goodacre, R.
& Dickson, A.J. (2011). Metabolite profiling of
recombinant CHO cells: designing tailored feeding
regimes that enhance recombinant antibody
production. Biotechnology and Bioengineering, 108(12),
3025-3031.
Tark-Dame, M., Driel, R. van & Heermann, D.W.
(2011). Chromatin folding – from biology to polymer
models and back. Journal of Cell Science, 124(6), 839845.
Zanten, M. van, Koini, M. A., Geyer, R., Liu, Y.,
Brambilla, V., Bartels, D., Koornneef, M., Fransz, P.
& Soppe, W. J. (2011). Seed maturation in Arabidopsis
thaliana is characterized by nuclear size reduction and
increased chromatin condensation. Proceedings of the
National Academy of Sciences of the United States of
America, 108(50), 20219-20224.
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Book chapter
Tark-Dame, M., Luijsterburg, M.S., Driel, R.
van & Heermann, D. (2011). Understanding genome
function: quantitative modelling of chromatin
folding and chromatin-associated processes. Genome
Organization And Function In The Cell Nucleus (pp.
535-548). K. Rippe (Ed.), Weinheim: WILEY-VCH.
Lectures
Stam, M.E. (2011, April 07). Epigenetics for
plant breeding managers. De Lier, the Netherlands,
RijkZwaan.
Stam, M.E. (2011, March 25). Gene regulation
by epigenetics and chromosomal in cis and in trans
interactions & implications for plant breeding. the
Netherlands, Monsanto multinational.
Verschure, P.J. (2011, April 14). Wie ben ik, wat
onderzoek ik, waarom is wetenschappelijk onderzoek
zo interessant. Amsterdam, the Netherlands, Girlsday
VHTO.
Fransz, P.F. (2011, October 11). Cryptochrome
2 and Phytochrome B control light-induced changes
in chromatin compaction in Arabidopsis thaliana.
Groningen, the Netherlands, 9th Dutch Chromatin
Meeting.
Fransz, P.F. (2011, July
and Phytochrome B control
in chromatin compaction in
Beijing, China, International
Photobiology (ISPP).

04). Cryptochrome 2
light-induced changes
Arabidopsis thaliana.
Symposium of Plant

Fransz, P.F. (2011, December 20). Molecular
reconstruction and evolutionary aspects of a paracentric
inversion event in Arabidopsis. Paris, France, seminar
series.

Stam, M.E. (2011, September 21). Epigenetic
regulation of gene expression. Syngenta, Enkhuizen,
the Netherlands, Open Minds Seminar: Frontiers in
Breeding.
Stam, M.E. (2011, August 18). Gene regulation
by epigenetics and chromosomal interactions: b1
paramutation. Gatersleben, Germany, IPK.
Stam, M.E. (2011, May 10). Histone modifications,
histone variants and chromatin looping. Sylvius
Laboratory, Leiden, the Netherlands, “Transcription
factors and Transcriptional regulation” course of the
Research School Experimental Plant Sciences (EPS).
Stam, M.E. (2011, September 01). Paramutation:
the heritable transfer of epigenetic information in trans.
INRA Versailles, Paris, France, European Workshop
on Plant Chromatin II.
Verschure, P.J. (2011, October 25). Design principles
of epigenetic gene regulation in higher eukaryotes: Systems
biology approaches. Amsterdam, the Netherlands,
International Marie Curie network meeting.
Verschure, P.J. (2011, April 25). Design principles of
epigenetic gene regulation in higher eukaryotes: Systems
biology approaches. Ede-Wageningen, the Netherlands,
Werkgroependag Nederlandse Biotechnologische
vereniging.
Verschure, P.J. (2011, April 14). Design principles of
epigenetic gene regulation in higher eukaryotes: Systems
biology approaches. Amsterdam, the Netherlands,
8th International Symposium on Networks in
Bioinformatics.

Fransz, P.F. (2011, March 11). Organisation and
dynamics of heterochromatic domains in Arabidopsis.
Clermont Ferrand, France, Universite Blaise Pascal,
Seminar series.

Verschure, P.J. (2011, March 24). Design principles
of epigenetic gene regulation in higher eukaryotes:
Systems biology approaches using mammalian synthetic
cell systems. University Medical Centre Groningen,
Groningen, the Netherlands, International Seminar
Programme GUIDE Graduate School for drug
Exploration.

Stam, M.E. (2011, December 09). Epigenetic
regulation of gene expression. Hotel de Nieuwe Wereld,
Wageningen, the Netherlands, NVPW congres
(Netherlands Society for Plant Biotechnology and
Tissue Culture).

Verschure, P.J. (2011, August 30). Design principles
of epigenetic gene regulation in higher eukaryotes:
Systems biology approaches using mammalian synthetic
cell systems. Manchester, UK, 18th International
chromosome Conference.
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Verschure, P.J. (2011, March 02). Epigenetic gene
regulation of the eukaryotic genome: Systems biology
and synthetic cell systems. Innsbruck, Austria, 4th joint
FEBS and Systems X Advanced Lecture Course.
Westerhoff, H.V. (2011, November 14). Computing
the future of medicine: 7 billion virtual humans.
Changsha, China, 2011 CSH-Asia Symposium,
Design & Synthesis of Biological Systems.
Westerhoff, H.V. (2011, November 01). Integrating
metabolomics: analytic and synthetic systems biology
for life. Rotterdam, the Netherlands, Netherlands
Metabolomics Annual Meeting.
Westerhoff, H.V. (2011, December 01). IT Future
of Medicine - a technological vision for the personalised
tackling of metabolic diseases and more. Utrecht, the
Netherlands, TNO meeting on metabolic syndrome.
Westerhoff, H.V. (2011, November 01). IT Future
of Medicine: a FET flagship project. Soesterberg, the
Netherlands, Netherlands Centre for Systems Biology.
Westerhoff, H.V. (2011, November 07). Life in
silico and the engineering of self-sustaining systems.
Suzhou, China, 2011 CSH-Asia Symposium, Design
& Synthesis of Biological Systems.

Fransz, P.F. (2011). Member of Biomedical Sciences
Bachelor Curriculum committee, University of
Amsterdam.
Stam, M.E. (2011). Member Curriculum
committee Bachelor programme Biology, University
of Amsterdam.
Verschure, P.J. (2011). Executive Board member
Women in the Faculty (WiF),UvA, FNWI.
Westerhoff, H.V. (2011). Director Doctoral
Training Centre Systems Biology.
Westerhoff, H.V. (2011). Steering Committee
Member Infrastructure Systems Biology Europe i.s.n.
Westerhoff, H.V. (2011). Member Monitoring
Board Systems Medicine Luxemburg.
Media performance
Stam, M.E. (Radio-interview, 2011, May 08).
In: Swammerdam: Wetenschap te Amsterdam.
Amsterdam FM.
Other results

Westerhoff, H.V. (2011, October 24). Silicon/
virtual cells: Strategies and Complications. Tsuruoka,
Japan, Workshop on Microbial Systems Biology,
opening lecture.

Verschure, P.J. (2011). Evaluation committee
Portuguese Foundation for Science and Technology.
Fundacao para a Ciencia e a Tecnologia (FCT),
Ministerio da Cienca, Tecnologia e ensino superior:
(2011, January 13).

Westerhoff, H.V. (2011, October 05). The general
perspective and vision of ITFoM. Bad Gastein, Austria,
European Health Forum 2011.

Verschure, P.J. (2011). Member of Expert Panel
‘scholierendebat’. Gender Day: Science Center Nemo,
Amsterdam (2011, March 08).

Westerhoff, H.V. (2011, October 01). Welcome
to iGEM 2011. Amsterdam, the Netherlands, iGEM
2011, opening lecture.

Verschure, P.J. (2011). NWO-meervoud evaluation
committee.

Memberships editorial boards and other
relevant positions
Fransz, P.F. (Ed.). (2011). Chromosome Research.
Fransz, P.F. (Ed.). (2011). Frontiers in Plant Genetics
and Genomics.

Verschure, P.J. (2011). The impact of synthetic
biology on Science and Society. Discussion with
Robbert Dijkgraaf: Science Center Nemo, Amsterdam
(2011, September 20).
Stam, M.E. (2011). Begeleidingscommissie
COGEM onderzoeksproject Epigenetica.
Stam, M.E. (2011). External expert of EU AENEAS
FP7 collaborative project.

Annual report 2011 - 51

3

Research Programme: Systems Biology of the Living Cell

Epigenetic Regulation of Gene
Expression
Prof. dr. A.P. Otte
Dr. Ir. J.A. Verhees

I

Chairholder
Assistant Professor

t is our aim to understand aspects of epigenetic
regulation of gene expression. Research is focused
on unravelling the
function of repressive
multiprotein complexes,
such as Polycomb group
(PcG) proteins. PcG
proteins are part of a
cellular memory system
that is responsible for
the inheritance of gene
activity to progeny cells.
These PcG proteins
execute their function
through
genomic
DNA sequences, called
Polcyomb
Response
Elements (PREs). Our
expertise lies in studying the dynamic behaviour of
PcG protein complexes. We try to understand the

dynamic interactions between PcG protein complexes
and PREs during cell differentiation. We also focus on
genomic elements that
have a powerful, positive
influence on promoter
activity. These elements
probably operate by
creating a more open
chromatin state, thus
opposing epigenetic gene
repression induced by
systems such as the PcG
proteins. The dynamic
interplay
between
these two, functionally
antagonistic, systems is
studied. To achieve these
goals we utilise a unique
anti-PcG antibody panel that we have developed over
the years.

Research highlight
►► We have identified two types of epigenetic,
genomic elements that are initiation points for high
levels of so-called intergenic transcription. These
elements thereby probably provide a more ‘open’
chromatin state. In turn, this property has a positive
influence on the expression levels of transfected genes.
Future prospects
►► In the coming year we will study the dynamic
interplay between PcG proteins and both Polycomb
response elements and exogenous DNA elements
that epigenetically regulate transfected genes. We try
to understand the causal relationship between PcG
proteins and gene silencing. Our longtime expertise
and access to a large array of epigenetic tools bring us
in a unique position to perform such studies.
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Group members
Technicians
Jan den Blaauwen
Tjalling Siersma
Academic publications
Blokland, H.J.M. van, Hoeksema, F., Siep, M.,
Otte, A.P. & Verhees, J.A. (2011). Methods to create
a stringent selection system for mammalian cell lines.
Cytotechnology, 63(4), 371-384.
Hoeksema, F., Hamer, K., Siep, M., Verhees, J.A.
& Otte, A.P. (2011). Placing the RPL32 Promoter
Upstream of a Second Promoter Results in a Strongly
Increased Number of Stably Transfected Mammalian
Cell Lines That Display High Protein Expression
Levels.
Biotechnology
Research
International,
2011(492875).
Hoeksema, F., Blokland, R. van, Siep, M., Hamer,
K., Siersma, T., Blaauwen, J. den, Verhees, J. & Otte,
A.P. (2011). The use of a stringent selection system
allows the identification of DNA elements that
augment gene expression. Molecular Biotechnology,
48(1), 19-29.
Li, X., Isono, K., Yamada, D., Endo, T.A., Endoh,
M., Shinga, J., Mizutani-Koseki, Y., Otte, A.P.,
Casanova, M., Kitamura, H., Kamijo, T., Sharif, J.,
Ohara, O., Toyada, T., Bernstein, B.E., Brockdorff,
N. & Koseki, H. (2011). Mammalian polycomb-like
Pcl2/Mtf2 is a novel regulatory component of PRC2

that can differentially modulate polycomb activity
both at the Hox gene cluster and at Cdkn2a genes.
Molecular and Cellular Biology, 31(2), 351-364.
PhD thesis
Hoeksema, F. (2011, September 09). Selection
markers and expression enhancing elements; novel
strategies to create mammalian production cell lines.
University of Amsterdam (198 p). Prom: prof.dr. A.P.
Otte.
Patent applications
Otte, A.P., Siep, M., Verhees, J.A., Hoeksema,
F. & Blokland, H.J.M. van (15-06-2011). Novel
Intergenic Elements for enhancing Gene Expression. no
WO2011NL504332011061.
Otte, A.P., Blokland, H.J.M. van & Verhees, J.A.
(15-06-2011). Novel Stringent Selectable Markers. no
WO2010NL50367 201006.
Otte, A.P., Hoeksema, F., Verhees, J.A. & Siep, M.
(15-06-2010). Use of a Cysteine Synthesizing Enzyme as
Selectable Marker. no WO2010NL503692010061.
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Molecular Cytology & van
Leeuwenhoek Centre for Advanced
Microscopy
Prof. dr. T.W.J. Gadella
Dr. T. den Blaauwen
Dr. Ir. J. Goedhart
Dr. Ir. M.A. Hink
Dr. E.M.M. Manders
Dr. M. Postma
Prof. dr. P.L. Hordijk

M

Chairholder
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor
Tenure Track Assistant Professor
Special Chair

olecular Cytology is the study of the
dynamic architecture of living cells. Our
central theme is ‘Self-organisation and
signalling in living cells’. Self-organisation is the intrinsic
property of matter to organise itself in a (dynamic)
structure, whereas signalling implies the activity
of gene-products to control a local activity, which
can alter the local cellular architecture (e.g. driving
morphogenesis). In order to achieve a certain 3D
architecture in cells, these two important mechanisms
work in concert. At Molecular Cytology both
mechanisms are studied with emphasis on membranerelated architecture of living cells using advanced
microscopy tools. The activities are connected to the
UvA research priority on Systems Biology, where our
contribution is on spatiotemporal systems biology
of higher eukaryotes. The main research areas are:
1) Spatiotemporal organisation of cellular signalling
and embryonic development (group leaders prof. dr.
T.W.J. Gadella, dr. J. Goedhart & dr. M.A. Hink, dr
M. Postma). By employing genetic encoded fluorescent
biosensors we analyse the in situ molecular interactions
between signalling molecules (phospholipid-second
messengers, receptors, G-proteins and effector
molecules) & flow of information across and in
the plane of the membrane of living mammalian
cells. We aim to understand how cells can achieve
and maintain a local signal in the membrane (e.g.
in order to drive morphogenesis, or to define new
cytoskeletal anchorage or vesicle-docking sites).
The main pathways under study involve histamine/
P2Y GPCR receptors, G-alfaQ to PLC activation
triggering downstream calcium, kinase signalling
and small GTPase (Rho/Rac/Cdc24) signalling.
More recently we have started a new activity
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on developing models that include gene regulation
and biomechanics of Nematostella vectensis
embryogenesis. Hereby we use fluorescently labelled
biomolecular markers to follow embryogenesis
like adhesion molecules, cytoskeletal components
(F-actin and Mysosin) that are directly involved
in cell shape changes and cell-cell interactions
and also quantification of expression patterns.
The close intertwining of several signalling
cascades and organisational (spatial) and our
quantitative microscopy approach both necessitates
and permits the generation of quantitative predictive
modelling, which effectively will integrate this
research line with Systems Biology approaches.
2) Molecular dynamics of the bacterial cycle (group
leader dr. T. den Blaauwen). The morphology of rod
shaped bacteria is achieved through two very dynamic
synthetic complexes: the elongasome and the divisome.
The elongasomes use the actin-like cytoskeleton MreB
helix underneath the plasma membrane as tracking
devise to elongate the cell envelope whereas the
divisome is responsible for division and the synthesis of
new cell poles. Cell division is directed by the FtsZ ring
(a tubulin homolog), which exerts a small force on the
bacterial envelope. The assembly and the dynamics of
the elongasome and divisome are studied in vivo using
immunofluorescence and fluorescence microscopy
techniques (FRET, FRAP, localization) and in vitro
using state of the art biochemical and biophysical
techniques. By aiming to obtain quantitative data, we
hope to model the measured and observed interactions.
3) These research themes heavily depend on
advanced microscopy technology organised within
the van Leeuwenhoek Centre for Advanced Microscopy
(LCAM-FNWI). The goal of LCAM-FNWI (em.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy
prof. dr. G.J. Brakenhoff, prof. dr. T.W.J. Gadella,
dr. E.M.M. Manders & dr. M. Hink) is to boost
Life Sciences research using & developing (optical)
microscopy techniques. Current most prominent
developments are Controlled Light Exposure
Microscopy (CLEM) Structured Illumination

Microscopy (dr. Manders), multimode Fluorescence
Resonance Energy Transfer (FRET) & Fluorescence
Lifetime Imaging Microscopy (FLIM) (dr. Gadella),
Spinning disk & Total Internal Reflection & PALMmicroscopy (dr. Hink, Manders & Gadella) &
Fluorescence fluctuation microscopy (dr. Hink).

Research highlights
►► The new super bright cyan fluorescent protein mTurquoise2 was developed with a quantum
yield of 93%.
►► A new 4 color cross correlation FCCS technique was developed for four spectrally distinct
fluorescent proteins with a common excitation wavelength.
►► A new master trajectory Cell Biology and Advanced Microscopy was enrolled in the
Biomedical Sciences Master programme with the LCAM partners.
►► A novel in vivo cell-wall labelling approach in Escherichia coli was developed.

Other highlights
►► The Nanoscopy STW perspective grant coordinated by dr. E.M.M. Manders of 5.3 M€
was awarded for 11 PhD students and 1 postdoc of whom 3 will work at Molecular Cytology/
LCAM-FNWI. Within the perspective grant we have a nationally coordinate super-resolution
microscopy developments and we have funding for installing a new structured illumination
microscope and a FLIM-screening microscope.
►► A PhD position was awarded to Dr. Joachim Goedhart and prof. Dorus Gadella Jr. as part
of the NanoNextNL initiative on olfactory GPCRs.
►► Ada Dattoli (MSc) was awarded a short-term EMBO fellowship for collaborative research
at Kewalo Marine Laboratory Hawaii.
►► Dr Erik Manders received the SILS-valorisation award 2011.
►► Dr Tanneke den Blaauwen received the SILS-education award 2011.
►► prof. Gadella was elected as National coordinator of the NL-BioImaging Advanced
Microscopy roadmap initiative.
►► Dr. Peter Hordijk (Sanquin) was appointed as special professor on Molecular Cell Biology
of Cell Migration associated to the section of Molecular Cytology at SILS.
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Research aims for the coming year
►► Publish on new highly efficient cyan and on large Stokes-shift fluorescent proteins.
►► Develop and apply fluorescence lifetime correlation spectroscopy using multiple singlecolour fluorescent proteins.
►► Elucidation of the connection between Gq and Rho-GTPase signalling through p63RhoGEF in mammalian cells.
►► Establishment of Nikon Centre of Excellence on Super Resolution Microscopy within
LCAM-FNWI.

Group members
Postdoctoral researchers
Kevin Crosby
René van der Ploeg
PhD students
Daphne Bindels
Ada Dattoli
Lindsay Haarbosch
Eelco Hoogendoorn
Jakobus van Unen

Technicians
Rui Guo
Linda Joosen
Jolanda Verheul
Norbert Vischer
Laura van Weeren
ICT Developer
Ronald Breedijk

Academic publications
Adjobo-Hermans, M.J.W., Goedhart, J., Weeren,
L. van, Nijmeijer, S., Manders, E.M.M., Offermanns,
S. & Gadella (jr.), T.W.J. (2011). Real-time visualization
of heterotrimeric G protein Gq activation in living
cells. BMC Biology, 9, 32.

Wijngaard, A. van den, Vaux, D.J., Ramaekers, F.C.S.
& Broers, J.L.V. (2011). Repetitive disruptions of the
nuclear envelope invoke temporary loss of cellular
compartmentalization in laminopathies. Human
molecular genetics, 20(21), 4175-4186.

Beek, A. ter, Hornstra, L.M., Pandey, R.,
Kallemeijn, W.W., Smelt, J.P.P.M., Manders, E.M.M.
& Brul, S. (2011). Models of the behaviour of
(thermally stressed) microbial spores in foods: Tools
to study mechanisms of damage and repair. Food
Microbiology, 28(4), 678-684.

De Vylder, J., De Vos, W.H., Manders, E.M. &
Philips, W. (2011). 2D mapping of strongly deformable
cell nuclei, based on contour matching. Cytometry.
Part A, 79A(7), 580-588.

Crosby, K.C., Pietraszewska-Bogiel, A., Gadella
(jr.), T.W.J. & Winkel, B.S.J. (2011). Förster resonance
energy transfer demonstrates a flavonoid metabolon in
living plant cells that displays competitive interactions
between enzymes. FEBS Letters, 585(14), 2193-2198.
De Vos, W.H., Houben, F., Kamps, M., Malhas, A.,
Verheyen, F., Cox, J., Manders, E.M.M., Verstraeten,
V.L.R.M., Steensel, M.A.M. van, Marcelis, C.L.M.,
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Fraipont, C., Alexeeva, S., Wolf, B., Ploeg, R. van
der, Schloesser, M., Blaauwen, T. den & NguyenDistèche, M. (2011). The integral membrane FtsW
protein and peptidoglycan synthase PBP3 form a
subcomplex in Escherichia coli. Microbiology, 157(1),
251-259.
Goedhart, J. & Gadella (jr.), T.W.J. (2011).
Bypassing GPCRs with chemical dimerizers. Chemistry
& Biology, 18(9), 1067-1068.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy
Goedhart, J., Weeren, L. van, Adjobo-Hermans,
M.J.W., Elzenaar, I., Hink, M.A. & Gadella (jr.),
T.W.J. (2011). Quantitative co-expression of proteins
at the single cell level - application to a multimeric
FRET sensor. PLoS One, 6(11).
Hink, M.A., Vries, S.C. de & Visser, A.J. (2011).
Fluorescence fluctuation analysis of receptor kinase
dimerization. Methods in Molecular Biology, 779, 199215.
Klarenbeek, J.B., Goedhart, J., Hink, M.A.,
Gadella, T.W.J. & Jalink, K. (2011). A mTurquoisebased cAMP sensor for both FLIM and ratiometric
read-out has improved dynamic range. PLoS One,
6(4), e19170.
Klaus-Heisen, D., Nurisso, A., Pietraszewska, A.,
Mbengue, M., Camut, S., Timmers, T., Pichereaux, C.,
Rossignol, M., Gadella, T.W.J., Imberty, A., Lefebvre,
B. & Cullimore, J.V. (2011). Structure-function
similarities between a plant receptor-like kinase and
the human interleukin-1 receptor-associated kinase-4.
The Journal of Biological Chemistry, 286(13), 1120211210.
Kleinschmidt, J.H., Bulieris, P.V., Qu, J.,
Dogterom, M. & Blaauwen, T. den (2011). Association
of neighboring β-strands of outer membrane protein A
in lipid bilayers revealed by site-directed fluorescence
quenching. Journal of Molecular Biology, 407(2), 316332.
Marlatt, M.W., Philippens, I., Manders, E., Czeh,
B., Joëls, M., Krugers, H. & Lucassen, P.J. (2011).
Distinct structural plasticity in the hippocampus and
amygdala of the middle-aged common marmoset
(Callithrix jacchus). Experimental Neurology, 230(2),
291-301.
Olrichs, N.K., Aarsman, M.E.G., Verheul, J.,
Arnusch, C.J., Martin, N.I., Hervé, M., Vollmer, W.,
Kruijff, B. de, Breukink, E. & Blaauwen, T. den (2011).
A novel in vivo cell-wall labeling approach sheds new
light on peptidoglycan synthesis in Escherichia coli.
ChemBioChem, 12(7), 1124-1133.
Oomen, C.A., Soeters, H., Audureau, N.,
Vermunt, L., Hasselt, F.N. van, Manders, E.M.M.,
Joëls, M., Krugers, H. & Lucassen, P.J. (2011).

Early maternal deprivation affects dentate gyrus
structure and emotional learning in adult female rats.
Psychopharmacology, 214(1), 249-260.
Pietraszewska-Bogiel, A. & Gadella, T.W.J.
(2011). FRET microscopy: from principle to routine
technology in cell biology. Journal of Microscopy,
241(2), 111-118.
Sosinska, G.J., Koning, L.J. de, Groot, P.W.J.
de, Manders, E.M.M., Dekker, H.L., Hellingwerf,
K.J., Koster, C.G. de & Klis, F.M. (2011). Mass
spectrometric quantification of the adaptations in
the wall proteome of Candida albicans in response to
ambient pH. Microbiology, 157(1), 136-146.
Tamulonis, C., Postma, M., Marlow, H.Q., Magie,
C.R., Jong, J. de & Kaandorp, J. (2011). A cell-based
model of Nematostella vectensis gastrulation including
bottle cell formation, invagination and zippering.
Developmental Biology, 351(1), 217-228.
Tamulonis, C., Postma, M. & Kaandorp, J. (2011).
Modeling filamentous cyanobacteria reveals the
advantages of long and fast trichomes for optimizing
light exposure. PLoS One, 6(7).
Weerman, E.J., Geest, H.G. van der, Meulen,
M.D van der, Manders, E.M.M., Koppel, J. van
de, Herman, P.M.J. & Admiraal, W. (2011). Ciliates
as engineers of phototrophic biofilms. Freshwater
Biology, 56(7), 1358-1369.
Book chapters
Hink, M.A., Vries, S.C. de & Visser, A.J.W.G.
(2011). Fluorescence fluctuation analysis of receptor
kinase dimerization. Plant kinases: Methods and
protocols (Methods in molecular biology, 779-3) (pp.
199-215). N. Dissmeyer & A. Schnittger (Eds.), New
York: Humana Press.
Kwaaitaal, M., Schor, M., Hink, M.A., Visser,
A.J.W.G. & Vries, S.C. de (2011). Fluorescence
correlation spectroscopy and fluorescence recovery
after photobleaching to study receptor kinase
mobility in planta. Plant kinases: Methods and protocols
(Methods in molecular biology, 779-3) (pp. 225-242).
N. Dissmeyer & A. Schnittger (Eds.), New York:
Humana Press.
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Lectures
Blaauwen, T. den (2011, July 03). Antibiotica
resistentie; een verloren strijd of een uitdaging? Bussum,
the Netherlands, Nicolaas G. Pierson Foundation.
Blaauwen, T. den (2011, April 15). Monitoring
morphogenetic protein interactions by in vivo FRET
in Escherichia coli. A tool for cost effective antibiotic
screening. Budapest, Hungary, Divinocell meeting.
Blaauwen, T. den (2011, January 18). Monitoring
morphogenetic protein interactions by in vivo FRET
in Escherichia coli. A tool for cost effective antibiotic
screening? London, UK, EUR-INTAFAR meets
Pharm.
Blaauwen, T. den (2011, September 28). Preparing
cell division in E. coli. Lisbon, Portugal, Great Wall
symposium.
Blaauwen, T. den (2011, March 28). Regulation
of peptidoglycan synthesis by outer membrane proteins.
Amsterdam, The Netherlands, Secretion platform
2011.
Gadella, T.W.J. (2011, February 08). FRET and
FLIM. Rhode, Groningen, The Netherlands, Lambert
Instruments FRET-FLIM symposium.
Gadella, T.W.J. (2011, April 14). FRET microscopy.
Erasmus MC Rotterdam, OIC advanced microscopy
course.
Gadella, T.W.J. (2012, November 01). FRET
microscopy. Erasmus MC Rotterdam, OIC advanced
microscopy course.
Gadella, T.W.J. & Goedhart, J. (2011, September
30). Third generation genetically encoded FRET probes
based on FLIM screening and exploiting photochromicity.
Grenoble, France., Invited seminar at Structural
Biology Group, European Synchrotron Radiation
Facility.
Gadella, T.W.J. (2011, March 10). Third generation
genetically encoded FRET probes based on FLIM
screening and exploiting photochromicity. University of
Virginia, Charlottesville, USA., KCCI International
symposium “FRET at 65: A Celebration of Förster”.
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Gadella, T.W.J. (2011, March 30). Third generation
genetically encoded FRET probes based on FLIM
screening and exploiting photochromicity. Max Planck
Institute for Biophysical Chemistry Göttingen,
Germany, International Bunsen Discussion Meeting
on “Förster resonance energy transfer in life sciences”.
Gadella, T.W.J. (2012, November 09). Third
generation genetically encoded FRET probes based on
FLIM screening and exploiting photochromicity. KU
Leuven, België, BioSCENTer day.
Hink, M.A. (2011, October 01). Bright monomeric
orange fluorescent protein with a large Stokes shift for
FCCS and FRET. Veldhoven, The Netherlands, Dutch
meeting on Molecular and Cellular Biophysics.
Hink, M.A. (2011, February 01). Introduction to
fluorescence correlation spectroscopy. Berlin, Germany,
3rd European course Time-Resolved Microscopy and
Correlation Spectroscopy.
Hink, M.A. (2011, October 30). Probing protein
dynamics and interactions by fluorescence fluctuation
spectroscopy. Oulu, Finland, EMBO Practical Course
on Modern Biophysical methods for protein-ligand
interactions.
Hink, M.A. (2011, September 01). Quantitative
microscopy in cell biology using confocal imaging &
advanced fluorescence microscopy. Amsterdam, The
Netherlands, UAC.
Manders, E.M.M. (2011, March 29). CLEM and
the art of live-cell imaging. Utrecht, the Netherlands,
Photonica Event 2011.
Manders, E.M.M. (2011, January 27). CLEM and
the art of live-cell imaging. Leuven, Belgium, Advanced
PhD Training 2011, VRTC Imaging day.
Manders, E.M.M. (2011, May 27). CLEM and
the art of live-cell imaging. O’Porto, Portugal, PhD
Training in advanced microscopy 2011.
Manders, E.M.M. (2011, June 23). CLEM and
the art of live-cell imaging. Centre for Advanced
Bioimaging, Copenhagen, Denmark, Inauguration
lecture of the Centre for Advanced Bioimaging.
Bioimaging Workshop Copenhagen.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy
Manders, E.M.M. (2011, September 29). CLEM
and the art of live-cell imaging. Zabrze Poland,
International Conference on Microscopy Research in
Nanomedicine.
Manders, E.M.M. (2011, October 10). CLEM and
the art of live-cell imaging. Muenchen, Germany, Light
Microscopy of Small Arterial Vessels”-Workshop.
Manders, E.M.M. (2011, November 02). Dealing
with phototoxicity in live-cell microscopy. Rotterdam,
the Netherlands, Advanced course in Microscopy.
Manders, E.M.M. (2011, May 27). Quantitative
measurement of colocalization in confocal microscopy.
O’Porto, Portugal, PhD Training in advanced
microscopy 2011.
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Postma, M. (2011, April 07). Computational
Modelling of Cnidarian Embryogenesis. IJmuiden, The
Netherlands, NISB Annual Meeting.
Postma, M. (2011, September 16). Computational
Modelling of Cnidarian Embryogenesis. EMBL,
Heidelberg, Germany, Arendt Detlev Lab Seminar.
Blaauwen, T. den (2011, February 10). Morphogenesis
of E. coli. Gif sur Yvette, France, Seminar.
Blaauwen, T. den (2011, September 29). Preparing
cell division in E. coli. CaisCaish, Portugal, Great wall
symposium.
Blaauwen, T. den (2011, April 19). Regulation of
peptidoglycan synthesis by outer membrane proteins.
Papendal, Netherlands, Celebration of 100 years
NvvM.
Membership editorial board
Blaauwen, T. den (Ed.). (2011). Microbiology.
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he section Plant Physiology is interested in
understanding the molecular mechanisms
by which stress signalling and development
occurs, on the cellular and whole plant level. Three
groups are active. Two of the groups are focusing on
phospholipid signalling. In particular, on the role of
phosphatidic acid (PA) and polyphosphoinositides
(PPIs) in the plant model system, Arabidopsis thaliana.
To visualise lipid signalling in vivo, various genetically
encoded-lipid biosensors have been developed,
including for PA, PI3P, PI4P, DAG, PS and PI(4,5)
P2. To functionaly characterise their role in stress and
development, knockout lines of various genes encoding
lipid kinases and phospholipases are being used, i.e.
PIK (12), PIPK (11), PLC (9), DGK (7) and PLD (12).
To elucidate how PA modulates protein function
downstream, various protein targets are being studied,
including the protein kinases CTR1, SnRKs, PDK1

OXI1 and PID. The other research group focuses on
plant volatile signalling. This includes the biochemistry
of scent of Petunia flowers, where transcription
factors involved in regulating volatile benzenoid and
phenylpropanoid synthesis and emission are being
studied, but also the metabolism of volatile terpenes in
tomato trichomes, which produce volatiles important
for plant-insect interactions. RNA-Seq of trichomeESTs from wild and cultivated tomato plants turns out
to provide a wealth of candidate genes which are used
to engineer plants producing terpenoids in such a way
that they become repellent for pest insects. Finally,
Arabidopsis is used for transcriptomics and forward
genetic screens to identify genes that are important in
the response to the wound-induced production of the
C6-volatile, E-2-hexenal and the subsequent GABA
signal.

Research highlights
►► Phospholipid signalling research: Salt stress triggers two distinct lipid signalling pathways:
one through phospholipase D (PLD), generating phosphatidic acid (PA) and the other via
phosphatidylinositol 4-phosphate 5-kinase (PIPK), generating PIP2. Both lipids are important
second messengers in eukaryotes, functioning as membrane-localised docking sites for various
protein targets. Using a genetically encoded-PIP2 biosensor, i.e. a fusion of a PIP2-specific lipidbinding domain with a fluorescent protein (FP; e.g. YFP) expressed in Arabidopsis seedlings and
tobacco BY-2 cells, we found that salt stress triggers PIP2 formation at the plasma membrane
within minutes. For PA, no such probe was available, so we have started to develop one using
different PA-binding regions fused to a FP. Preliminary experiments suggest that we now have
a genuine PA biosensor and new validation assays with an inducible PA booster are underway.
Using T-DNA insertion KO-lines, two PLDs and one PIPK involved in the salt stress response
have been identified. Microarray experiments and physiological assays will be used to further
understand their role in salt stress tolerance.
To avoid drought and local high salt concentrations, plants can adjust their root system
architecture (RSA) to optimise growth (Galvan-Ampudia and Testerink, COPB 2011). The
intracellular signalling pathways linking salinity to root development and the direction of root
growth are unknown and studied here in detail. Previously, several proteins were identified that
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directly interacted with PA and were related
to salt stress signalling, including two SNF1related protein kinases (SnRK2s) of unknown
function, SnRK2.4 and 2.10. Further analysis
revealed that these kinases are transiently
activated by salinity, with a maximum of 1
min after root exposure. KO-mutant studies
revealed novel roles for these SnRKs in
maintaining primary- and lateral-root growth
under saline conditions; snrk2.4 mutants
showed a reduced primary root length, while
snrk2.10 mutants exhibited a reduction in the
Figure 1. SnRK2 class 1 protein kinases are expressed amount of lateral roots. These phenotypes
in emerging lateral roots and affect root architecture are in agreement with the expression patterns
of YFP-fusions of SnRK2.10 and 2.4 when
under saline conditions. Left: Phenotype of
snrk2.4/2.10 and double mutants in salt-induced
expressed under their own promoter (Fig. 1).
lateral root (LR) formation. Right: Cellular
The salt avoidance response of Arabidopsis
roots is the phenomenon that roots change
localisation of pSnRK2.4::SnRK2.4-YFP fusion in
the direction of growth, away from high
snrk2.4 KO background, revealing expression of
salt concentrations. This involves the
SnRK2.4 at early stages of LR development. Red
channel: Propidium iodide.
redistribution of auxin, and is mediated
through lipid and protein kinase signalling
networks. To identify novel genes involved in this tropism, phenotyping natural variation in root
salt avoidance and RSA between Arabidopsis accessions is used.
►► Plant volatiles research: One of the aims is to identify the transcriptional network
underlying the regulation of the biosynthesis of floral volatiles in Petunia. We have discovered
that ODORANT1 (ODO1), a MYB transcription factor controlling the biosynthesis of
precursors, is regulated by another MYB, EMISSION OF BENZENOIDS II (EOBII), which
had previously been shown to regulate genes
encoding enzymes involved in the biosynthesis
of benzenoids/phenylpropanoids such as
isoeugenol synthase (IGS1). Both MYBs are
not only expressed in the epidermal cells of
the petal, where scent production is thought
to take place, but also in the mesophyll cells.
Since IGS1 is also expressed in the mesophyll
cells (Fig. 2), it is likely that all cells of the
petal are involved in scent production and
that transport of volatiles or intermediates
between cells occurs. ODO1 also controls an
ABC-transporter (ABCG1) that localises to
the plasma membrane of both cell types (Fig. Figure 2. Regulators of floral fragrance production and
2). We are currently investigating whether
their target genes in petunia are active in epidermal
ABCG1 plays a role in transport of volatiles.
and mesophyll cells. Protoplasts of petals were
We are continuing our efforts to elucidate the transformed with the constructs indicated (right) and
role of C6 volatiles as signalling and priming
imaged with confocal microscopy. The epidermal cells
molecules in Arabidopsis thaliana. We have,
are normally cone-shaped as indicated in the drawing
through elaborate microarray experiments,
(left) and contain anthocyanins.
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discovered that two WRKY transcription factors act downstream of E-2-hexenal. The phenotype
of the double WRKY-mutant is similar to that of other E-2-hexenal response mutants
indicating that these WRKYs act downstream of E-2-hexenal. Our ongoing investigations in the
biosynthesis of terpenes in glandular trichomes of tomato have led to the identification of all
terpene synthases in cultivated tomato and of several sesquiterpenes from wild tomato species.
Moreover, we cloned the zingiberene synthase from S. habrochaites and several P450s from other
wild tomato species that can convert certain sesquiterpenes to their carboxylic acids that are
toxic to spider mites. Finally, we have identified several transcription factors that can regulate the
JA-inducible promoter of a monoterpene synthase from cultivated tomato. The transgenic plants
with altered expression levels of these transcription factors await further characterisation.

Other highlights
►► Michel Haring, Robert Schuurink: NWO-ALW project: How isomerisation of green leaf
volatiles affects plant- insect interactions (400 k€).
►► Maaike Boersma, Michel Haring, Robert Schuurink: NWO-EPS talent: Molecular
dissection of spatial and temporal floral volatile benzenoid/phenylpropanoid production in petunia:
building up a transcriptional network (400 k€).
►► Christa Testerink: NWO-NSFC joint project: How do environmental signals impact root
development? (377 k€).
►► Teun Munnik: Collaborative project Universities of Liverpool, Amsterdam, and Faisailabad
(Pakistan) and the King Saud University (Saudi Arabia): Improvement of some potential forage
crops for livestock in Saudi Arabia (200 k$).
►► Teun Munnik: Member of the scientific committee of the 13th IUBMB conference, Oct
22nd-27th, Merida, Mexico.

Research aims for the coming year
►► Characterisation of the PA-binding site of the SnRK2 protein kinases.
►► To elucidate the role of lipid signalling in the salt avoidance response of Arabidopsis roots.
►► To analyse the results of a proteome-wide membrane recruitment screen of salt-induced
PA-binding proteins.
►► To identify loci underlying natural variation in Arabidopsis accessions for salt tolerance.
►► Validation of PA-FP biosensors.
►► To investigate the effects of altered terpene emission of transgenic tomato lines on insect
behaviour.
►► Elucidation of the role of the transcription factor SlEOT in driving terpene biosynthesis.
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Eleni Spyropoulou
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Fang Xu

Academic publications
Arisz, S.A. & Munnik, T. (2011). The salt stressinduced LPA response in Chlamydomonas is produced
via PLA hydrolysis of DGK-generated phosphatidic
acid. Journal of Lipid Research, 52(11), 2012-2020.
Bleeker, P.M., Spyropoulou, E., Diergaarde, P.J.,
Volpin, P., De Both, M.T.J., Zerbe, P., Bohlmann,
J., Falara, V., Matsuba, Y., Pichersky, E., Haring,
M.A. & Schuurink, R.C. (2011). RNA-seq discovery,
functional characterization, and comparison of
sesquiterpene synthases from Solanum lycopersicum
and Solanum habrochaites trichomes. Plant Molecular
Biology, 77(4-5), 323-336.
Bleeker, P.M., Diergaarde, P.J., Ament, K., Schütz,
S., Johne, B., Dijkink, J., Hiemstra, H., Gelder,
R. de, Both, M.T.J. de, Sabelis, M.W., Haring,
M.A. & Schuurink, R.C. (2011). Tomato-produced
7-epizingiberene and R-curcumene act as repellents to
whiteflies. Phytochemistry, 72(1), 68-73.
Camehl, I., Drzewiecki, C., Vadassery, J.,
Shahollari, B., Sherameti, I., Forzani, C., Munnik,
T., Hirt, H. & Oelmüller, R. (2011). The OXI1 kinase
pathway mediates Piriformospora indica-induced
growth promotion in Arabidopsis. PLOS Pathogens,
7(5), e1002051.
Colquhoun, T.A., Kim, J.Y., Wedde, A.E., Levin,
L.A., Schmitt, K.C., Schuurink, R.C. & Clark, D.G.
(2011). PhMYB4 fine-tunes the floral volatile signature
of Petunia×hybrida through PhC4H. Journal of
Experimental Botany, 62(3), 1133-1143.

Cutler, S. & Testerink, C. (2011). Location, location
... structure. Current Opinion in Plant Biology, 14(5),
477-479.
Dal Cin, V., Tieman, D.M., Tohge, T., McQuinn,
R., Vos, R.C.H. de, Osorio, S., Schmelz, E.A., Taylor,
M.G., Smits-Kroon, M.T., Schuurink, R.C., Haring,
M.A., Giovannoni, J., Fernie, A.R. & Klee, H.J.
(2011). Identification of genes in the phenylalanine
metabolic pathway by ectopic expression of a MYB
transcription factor in tomato fruit. The Plant Cell,
23(7), 2738-2753.
Diezel, C., Allmann, S. & Baldwin, I.T. (2011).
Mechanisms of optimal defense patterns in Nicotiana
attenuata: flowering attenuates herbivory-elicited
ethylene and jasmonate signaling. Journal of Integrative
Plant Biology, 53(12), 971-983.
Ducluzeau, A. L., Wamboldt, Y., Elowsky, C.
G., Mackenzie, S. A., Schuurink, R.C. & Basset,
G.J.C. (2011). Gene network reconstruction identifies
the authentic trans-prenyl diphosphate synthase
that makes the solanesyl moiety of ubiquinone-9 in
Arabidopsis. Plant Journal, 69(2), 366-375.
Falara, V., Akhtar, T. A., Nguyen, T.T.H.,
Spyropoulou, E. A., Bleeker, P.M., Schauvinhold, I.,
Matsuba, Y., Bonini, M.E., Schilmiller, A.L., Last,
R.L., Schuurink, R.C. & Pichersky, E. (2011). The
tomato terpene synthase gene family. Plant Physiology,
157(2), 770-789.
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Galvan-Ampudia, C.S. & Testerink, C. (2011). Salt
stress signals shape the plant root. Current Opinion in
Plant Biology, 14(3), 296-302.

Galvan-Ampudia, C.S. (2011, December 14).
Motion in Plants. University of Amsterdam, the
Netherlands, CONGO congress.

Moerkercke, A. Van, Haring, M.A. & Schuurink,
R.C. (2011). The transcription factor EMISSION OF
BENZENOIDS II activates the MYB ODORANT1
promoter at a MYB binding site specific for fragrant
petunias. Plant Journal, 67(5), 917-928.

Haring, M.A. (2011, March 29). Green Life Sciences.
Amsterdam, Dies Natalis FNWI.

Munnik, T. & Nielsen, E. (2011). Green light
for polyphosphoinositide signals in plants. Current
Opinion in Plant Biology, 14, 1-9.
Sarmento, R.A., Lemos, F., Bleeker, P.M.,
Schuurink, R.C., Pallini, A., Oliveira, M.G.A., Lima,
E.R., Kant, M., Sabelis, M.W. & Janssen, A. (2011).
A herbivore that manipulates plant defence. Ecology
Letters, 14(3), 229-236.
Testerink, C. & Munnik, T. (2011). Molecular,
cellular, and physiological responses to phosphatidic
acid formation in plants. Journal of Experimental
Botany, 62(7), 2349-2361.
Zonia, L. & Munnik, T. (2011). Understanding
pollen tube growth: the hydrodynamic model versus
the cell wall model. Trends in Plant Science, 16(7), 347352.
PhD thesis
Moerkercke, A.N.A.I. van (2011, July 08). The
floral volatile phenylpropanoid/benzenoid pathway in
petunia. UvA (153 p). Prom./coprom.: prof.dr. M.A.
Haring & dr.ir. R.C. Schuurink.
Lectures
Testerink, C. (2011, November 13). Hoe overleeft
een plant? NEMO, Amsterdam, The Netherlands,
Wakker Worden Children’s lecture.
Allmann, S. & Baldwin, I.T. (2011, April 04).
Insects Betray Themselves in Nature to Predators by
Rapid Isomerization of Green Leaf Volatiles. Lunteren,
the Netherlands, EPS meeting.
Bleeker, P.M. (2011, May 22). Increasing Repellence
via Modification of Volatile Emission and Production of
Related Toxins in Tomato. Kalmar, Sweden, Terpnet
conference.
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Haring, M.A. (2011, December 13). Het belang
van Agrobiodiversiteit. Brussels, Belgium, BioForum
Congres.
Haring, M.A. (2011, November 08). Novel Breeding
tools. Zeist, Expert meeting Louis Bolk Institute.
Haring, M.A. (2011, January 15). Ontwerp je eigen
groente: een tomaat van de tekentafel. Lunteren, the
Netherlands, NIBI conference.
Haring, M.A. (2011, January 15). Tastbare
erfelijkheid. Lunteren, the Netherlands, NIBI
conference.
Haring, M.A. (2011, November 09). Unraveling the
meaning of airborne signals of plants. Enkhuizen, the
Netherlands, ENZA Zaden.
McLoughlin, F., Julkowska, M.M., GalvanAmpudia, C.S., Caarls, N.B., Harink, K., Munnik,
T. & Testerink, C. (2011, November 17). Two ABAindependent SnRK2 protein kinases, SnRK2.4 and 2.10,
play a role in maintenance of root system architecture
during salt stress. Limassol, Cyprus, 4th INPAS
workshop: Plant Abiotic Stress: From Systems Biology
to Sustainable Agriculture.
Munnik, T. (2011, July 01). Integration of abiotic and
biotic stress responses: phospholipid signalling modules in
plants. Glasgow, UK, Annual Meeting of the Society
for Experimental Biology (SEB).
Munnik, T. (2011, November 18). Integration of
Abiotic Stress Responses: Phospholipid Signalling Modules
in Plants. Limasol, Cyprus., 4th International INPAS
meeting on Salt & Drought Stress in Plants.
Munnik, T. (2011, June 14). Phospholipid-based
signalling during plant stress and development. Halle/
Saale, Germany, Plant Science Student Conference
(PSSC 2011).
Munnik, T. (2011, October 22). Visualising
Phospholipid Signalling Pathways during Plant Stress

Plant Physiology
and Development. Merida, Mexico., Cell Signalling
Networks, 13th IUBMB Conference.
Rankenberg, J.M., Galvan-Ampudia, C.S.,
Kooijman, E.E. & Testerink, C. (2011, January 30).
Underlying molecular principles of interactions between
signaling lipids and plant protein kinases. Galveston,
TX, USA, Gordon Research Conference on Plant
Lipids: Structure, Metabolism & Function.
Spyropoulou, E. (2011, May 22). Functional
characterization of transcription factors that regulate
monoterpene biosynthesis in tomato trichomes. Kalmar,
Sweden, Terpnet conference.
Testerink, C. (2011, February 25). Salt stress-induced
lipid signals and protein kinase pathways controlling root
growth. Glasgow, UK, University of Glasgow.
Testerink, C. (2011, April 16). Visualization of
cellular location of lipid signals and protein kinase
pathways in Arabidopsis roots. Wageningen, the
Netherlands, 9th International Botanical Microscopy
meeting.
Munnik, T. (2011, October 29). Phospholipid
Signalling in Plant Stress and Development. Merida,
Mexico. Invited seminar CICY, Yucatan Center for
Scientific Research.
Munnik, T. (2011, May 31). Phospholipid-based
signalling. Birmingham, UK., Invited seminar,
University of Birmingham.
Schuurink, R.C. (2011, January 01). Tomatoes
that repel white flies. Piracicaba, Brazil, Hemipteran
conference.

Memberships editorial board
Munnik, T. (Ed.). (2011). Frontiers in Plant
Physiology.
Munnik, T. (Ed.). (2011). Frontiers in Plant-microbe
Interactions.
Munnik, T. (Ed.). (2011). ISRN Biochemistry.
Testerink, C. (Ed.). (2011). Current Opinion in
Plant Biology.
Testerink, C. (Ed.). (2011). Frontiers in Plant
Physiology.
Munnik, T. (Ed.). (2011). Plant signaling and
behavior.
Munnik, T. (Ed.). (2011). Planta.
Munnik, T. (Ed.). (2011). The Open Plant Science
Journal.
Media performance
Testerink, C. (candidate) (2011, Dec 26). Nationale
Wetenschapsquiz 2011 [television appearance]. In
NWO nationale wetenschapsquiz. VPRO http://www.
nwo.nl/nwohome.nsf/pages/NWOP_5VGJ6V.
Other results
Schuurink, R.C. (2011). Organisation 6th PlantInsect interactions Workshop.
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icrobial pathogens cause disease by
evading host defences. Our aim is to
reveal the molecular basis of resistance
and susceptibility in plants. Our main model is the
interaction between the fungus Fusarium oxysporum
and tomato, but we increasingly use Arabidopsis to
answer fundamental questions of plant immunity. We
intensively study the tomato F. oxysporum-resistance
protein I-2, but also other (R) proteins that belong to
the same family. Our specific interests are basal and
induced defence mechanisms of the host, and virulence
and avirulence factors (‘effectors’) of the pathogen.
More specifically, our research aims at: (i) the

identification and dissection of the protein complex(es)
involved in R protein-mediated resistance. This
work includes the functional analysis of individual
complex-components and conformational changes in
R proteins; (ii) dissection of the role SUMO (small
ubiquitin-like modifier) isoforms play in disease
resistance-related regulation of gene expression in
Arabidopsis; (iii) uncovering the role of effector
proteins of F. oxysporum and identification of their
targets in tomato; (iv) unravelling the dynamics of
genome evolution and the mechanisms of horizontal
chromosome transfer in F. oxysporum.

Research highlights
►► More extensive (label-free LC-MSMS) and comparative proteomics of xylem sap of
infected tomato plants has uncovered additional Fusarium proteins and revealed that the
abundance of specific fungal and plant proteins depends on the presence of distinct fungal
effectors.
►► The genomic context of effector genes in F. oxysporum revealed a highly significant
association between these genes and a miniature (200bp) transposable element in their upstream
(promoter) region. Locus deletion studies showed that these elements are not required for gene
expression.
►► Acquisition and use of a new fluorescent microscope (EVOS) has allowed time-lapse
visualisation of infection of tomato roots by Fusarium. Unexpectedly, even in susceptible plants
some advancing fungal hyphae appear to be destroyed (presumably by the action of plant
defences).
►► Identification of novel plant SUMO paralogs indicates repeated gene duplications yielding
novel protein modifications from parental SUMO isoforms . For example, SUM5 appears to be
under negative selection driving gene diversification in Brassicaceae. A key question is whether
these plant-family specific paralogs perturb the canonical SUMO-mediated processes or whether
they act as novel protein modifications.
►► Genetic studies indicate that SUMO3 partially complements the conserved SUMO
paralog despite the low-degree of sequence similarity. On the other hand, SUM3 overexpression
does not complement SUM1 and SUM2 function. Currently, we complement the sum1;sum2
double mutant with different SUMO3 variants to establish whether SUMO3 acts as protein
modification or as interactor of the SUMO-network.
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►► For I-2 mutants distinct interaction patterns with interacting proteins were observed in
a yeast two-hybrid screen. This pattern correlated with the proposed activation state of the
mutants, indicating that different activation states have different conformations (LukasikShreepaathy et al., JXB 2012).
►► Structure-function analysis of the N-terminus of the tomato Mi-1 protein revealed both
positive and negative regulatory functions that we could assign to specific subdomains. Actually,
we found that the extended N-terminus consist, besides the typical coiled-coil subdomain, of
two other domains that we named SD1 and SD2. Whereas SD1 is a negative regulator of defence
signalling the SD2 and CC are required as positive regulators (Lukasik-Shreepaathy et al., MPMI
2012).
►► Biochemical analyses of MLA27, a barley R protein, revealed that the protein is stably
bound to ADP (Maekawa et al. CHM 2011). These data provide direct experimental support for
the switch model that states that full-length NB-LRR proteins are ADP-bound in their resting
state and that nucleotide exchange is required for their activation and a subsequent change in
conformation.
►► Deletion of SIX5, like deletion of AVR2, breaks I-2-mediated resistance. SIX5 and AVR2 are
neighbouring genes sharing a promoter region. Complementation of the I-2-breaking phenotype
of the six5 mutant by ectopically expressed SIX5 ruled out an effect on AVR2 expression as an
explanation.

Tomato root with hyphae of
Fusarium oxysporum invading
xylem vessels. The fungus is bright
green due to expression of the gene
for Green Fluorescent Protein
from a promoter activated upon
invasion of plant tissue. Plant
cell walls are also visible due to
autofluorescence.

Other highlight
►► As of February 1st,VIDI-laureate dr. Harrold van den Burg started a tenure track within the
group that in five years time will result in a tenured position.
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Research aims for the coming year
►► Extend our analysis of (putative) F. oxysporum effector genes to elucidate their role in
pathogenicity and reveal their host targets.
►► Devise a new screen to identify plant genes & proteins mediating Fol resistance.
►► Identify novel SUMO-hubs in signalling and gene regulation during a defence response in
Arabidopsis and study the role of SUMO on these hubs.
►► Sequence and compare genomes of F. oxysporum to reveal new (host-specific) virulence
genes and determine the content of accessory genomes.
►► To make transgenic F. oxysporum strains expressing fluorescent proteins (split GFP system)
to allow a first detailed analysis of cellular and nuclear processes occurring during hyphal fusion.

Group members
Postdoctoral researchers
Lotje van der Does
Sarah Schmidt
PhD students
Biju Chellapan
Fleur Gawehns-Bruning
Valentin Hammoudi
Ewa Lukasik
Lisong Ma

Shermineh Shahi
Mara de Sain
Ido Vlaardingerbroek
Technicians
Petra Houterman
Patrick Mak
Hannah Richter
Georgios Vlachakis

Academic publications
Chakrabarti, A., Rep, M., Wang, B., Ashton, A.,
Dodds, P. & Ellis, E. (2011). Variation in potential
effector genes distinguishing Australian and nonAustralian isolates of the cotton wilt pathogen
Fusarium oxysporum f.sp. vasinfectum. Plant Pathology,
60(2), 232-243.
Jonkers, W., Kan, J.A.L. van, Tijm, P., Lee, Y.-W.,
Tudzynski, P., Rep, M. & Michielse, C.B. (2011). The
FRP1 F-box gene has different functions in sexuality,
pathogenicity and metabolism in three fungal
pathogens. Molecular Plant Pathology, 12(6), 548-563.
Krasikov, V., Dekker, H.L., Rep, M. & Takken,
F.L.W. (2011). The tomato xylem sap protein XSP10 is
required for full susceptibility to Fusarium wilt disease.
Journal of Experimental Botany, 62(3), 963-973.
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Maekawa, T., Cheng, W., Spiridon, L.N., Töller,
A., Lukasik, E., Saijo, Y., Liu, P., Shen, Q.H., Micluta,
M.A., Somssich, I.E., Takken, F.L.W., Petrescu, A.J.,
Chai, J. & Schulze-Lefert, P. (2011). Coiled-coil
domain-dependent homodimerization of intracellular
barley immune receptors defines a minimal functional
module for triggering cell death. Cell Host & Microbe,
9(3), 187-199.
Mantelin, S., Peng, H.C., Li, B., Atamian, H.S.,
Takken, F.L.W. & Kaloshian, I. (2011). The receptorlike kinase SlSERK1 is required for Mi-1-mediated
resistance to potato aphids in tomato. Plant Journal,
67(3), 459-471.

Molecular Plant Pathology
PhD thesis
Lukasik, E. (2011, December 19). Nucleotidebinding and molecular interactions of plant dideases
resistance proteins. UvA (145 p.) (Zutphen: Wöhrmann
Printing Service). Prom./coprom.: prof.dr. B.J.C.
Cornelissen & dr.ing. F.L.W. Takken.

Rep, M. (2011, February 16). The molecular
basis of gene-for-gene interactions between Fusarium
oxysporum and tomato. Gottingen. Duitsland, DFG
meeting “From Foliar to Root-Interacting Pathogens
and Symbionts”.

Media performance

Takken, F.L.W. (2011, May 19). The role of pathogen
effectors in NLR-mediated plant innate immunity.
Halle (Saale), Germany, International Meeting
of the Collaborative Research Center SFB 648 “
Communication in Plants and their Responses to the
Environment”.

Rep, M. (25-03-2011). Genen lenen. Interview in
Intermediair.
Lectures
Burg, H.A. van den (2011, April 04). SUMO,
a small modifier linking plant defense signaling to
chromatin remodeling. Lunteren, the Netherlands,
ALW-discussion platform EPS.
Rep, M. (2011, November 25). The Fusarium
oxysporum-tomato
interaction.
Utrecht,
the
Netherlands, Meeting of Section Mycology of the
NVvM (Dutch Microbiological Society) on “Fungus
Macrobe Interactions”.
Rep, M. (2011, June 26). The genomic basis of
host-specific pathogenicity in the Fusarium oxysporum
species complex. Geneva, Zwitserland, 4th FEMS
Microbiology Congress.

Rep, M. (2011, September 28). Effectors of Fusarium
oxysporum, a vascular wilt fungus. Lauret, Frankrijk,
Effectome meeting IV.
Rep, M. (2011, March 15). Genome dynamics in the
Fusarium oxysporum species complex. Pacific Grove,
California, VS, 26th Fungal Genetics Conference.
Rep, M. (2011, April 04). Genomes and effectors
of Fusarium oxysporum. Lunteren, ALW-discussion
platform EPW.
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Cognitive and Systems Neuroscience
Prof. dr. C.M.A. Pennartz
Dr. W.E.J.M. Ghijsen
Dr. F.P. Battaglia
Dr. C.S. Lansink
Dr. L.J. Gentet

T

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor

he group’s global research aim is to elucidate
how neuronal networks distributed across
cortical structures, most notably the prefrontal
cortex, sensory neocortex and hippocampus, cooperate
in cognitive processes, including learning and
memory consolidation, perception and multisensory
integration. This aim is pursued using a variety of
techniques and at various aggregate levels, ranging
from cellular to systems and behavioural levels. The
research focuses on the level of systems physiology.
General research topics include:
►► The consolidation of memorised information of
recent experiences. A promising candidate mechanism
for mediating this process is spontaneous “off-line”
reactivation of stored information. After an initial
experience which is marked by highly specific firing
patterns in brain structures involved in memory, a
replay of these firing patterns can be observed, with
preservation of temporally specific features such as
the order in which brain cells fire. We pursue the
causal relevance of this phenomenon for memory
consolidation by electrical interventions, and how
replay is orchestrated amongst different brain areas,
such as the hippocampus and ventral striatum.
Technically, this project is carried out in animals by
performing ensemble recordings using “tetrode arrays”
and by state-dependent deep brain stimulation.
►► We are also studying memory consolidation
from theoretical and computational viewpoints.
We are developing new computational models
of memory consolidation and the formation of
semantic memories, by making use of concepts from
computational linguistics and Bayesian inference.
Furthermore we develop new analytic methods to
study coherence within and between cell assemblies in
the brain, and how this coherence supports memory
formation.
►► Another main question in the field of learning
and memory is how networks of cells collectively
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learn to generate predictions about upcoming rewards,
based on sensory cues that precede reward delivery.
Learning-related changes in rhythmic neural
activity and network coherence are highlighted. We
investigate which neurotransmitters and receptors
influence the formation of neural representations of
reward predictions. This line of research has been
recently augmented by studying how stress hormones
influence memory formation.
►► We investigate relationships between genes,
learning and memory capacities as measured in
behaviour, and the systems physiology that forms the
interface between gene expression and overt behaviour.
These relationships are studied in the context of
spatial navigation, conditioned place preference
and cognitive flexibility in targeted knockout mice,
e.g. in a genetic mouse model of mental retardation
(fragile-X syndrome).
►► We investigate how neural assemblies in the
brain cooperate to generate conscious and unconscious
multisensory representations, and how sensory inputs
from different modalities are combined to achieve such
integrated representations. A theoretical framework to
understand how multimodal integration contributes
to consciousness has been constructed, and we are
testing its experimental predictions using in vivo
2-photon Calcium imaging and multi-area ensemble
recordings. For instance, visual processing under
awake and anaesthetised conditions are compared.
►► The current systems-level efforts to elucidate
neural substrates of sensory integration and plasticity
are being complemented by refined techniques
such as optogenetics and in vivo whole-cell recordings.
Using optogenetics we study the causal role specific
cortical cell types play during sensory analysis and
integration. Whole-cell recordings underpin the exact
electrophysiological behaviour of cortical neurons,
complementing 2-photon results and extracellular
recordings.

Cognitive and Systems Neuroscience

Research highlights
►► Joint ensemble recordings were made from Hippocampus and Ventral striatum
simultaneously to study how animals learn to predict reward value based on discrete cues and
locations in the environment. In a Y-maze task, we first found that sensory cues that predict
reward elicit a switch in hippocampal representation. This is visible as an increase or decrease of
firing rate of individual neurons for a variable time period. Moreover, ventral striatal ensembles
appear to switch concurrently with the hippocampus. Second, we also found that the entry
into the relevant environmental compartment and approach to reward also changes the rate of
switching. This indicates that changes in attentive-motivational state during goal-seeking cause
coordinated, robust changes in neural representations distributed over multiple brain areas.
►► A key question regarding the neural basis of reinforcement learning concerns the role of
the orbitofrontal cortex in coding reward expectancy and in using this information to direct
behaviour. NMDA receptors are thought to be key elements in the neural mechanisms for
remembering and learning to predict future rewards. We examined the role of these receptors in
neural coding processes in the orbitofrontal cortex by combining tetrode recordings with local
infusion of NMDA-R antagonist using reverse microdialysis. NMDA receptors were found to
play an enhancing role in discrimination between and representation of different odours coupled
to positive or negative trial outcomes, and in attenuating neural synchronisation in the higher
frequency bands. Moreover, we discovered phase-amplitude coupling of neural rhythms in
orbitofrontal cortex and found this phenomenon to correlate with odour discrimination.
►► We studied the interactions between the hippocampus and the prefrontal cortex in rats
during performance of a decision-making task, and during the subsequent sleep. During
behaviour, hippocampal/cortical coherence manifested itself in the form of oscillatory coherence
and neural ensemble synchronisation. During sleep, transient replay events were observed in the
prefrontal cortex, simultaneously with hippocampal sharp wave/ripples.
►► We carried out experiments involving tetrode ensemble recordings in the hippocampus
of control and NMDA receptor knockout mice, in a series of tasks involving food search in
a star-shape maze and running in a circular task, with the purpose of analysing the activity
of hippocampal place cells when the NMDA receptor is functionally impaired. This study
sheds new light on the role of synaptic plasticity in the plasticity of spatial representations and
mechanisms underlying spike timing relative to theta and gamma rhythm, in relation with the
computation currently being performed in the hippocampus.
►► Similar ensemble recordings in mouse models related to mental retardation and Arcdependent memory deficits have been conducted, and the results on Arc-deficient mice point
to a deficit in the physiological architecture of sleep, especially features of the EEG linked to
memory processing.
►► A 2-photon imaging setup was used to visualise the spatially and temporally ordered
structure of neuronal population activity in the living mouse brain. To examine the
characteristics of neural processing in conscious conditions, we compared how this structure
differs between the awake and anaesthetised state. In the anaesthetised state, correlations between
neural resting activity were on average higher than in the awake state. Sparseness of visual cortex
neurons in coding of visual features such as motion direction was higher in the awake state, as
was the degree of motion direction selectivity. Finally, we discovered that neurons in the mouse
visual cortex can not only respond to visual stimuli, but also to auditory inputs.
►► To investigate how neural assemblies in brain areas belonging to different sensory modality
interact, we developed a new behavioural task in which visual and tactile inputs can be separately
manipulated. Next we applied ensemble recording techniques to record four neocortical and
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hippocampal areas simultaneously (i.e., visual cortex, somatosensory cortex, perirhinal cortex
and hippocampus). The results from this unique recording approach are currently being
analysed.
►► The hippocampus is thought to play a crucial role in representation of an animal’s location
and, more in general, in representation of its internal and external state. However, it is unknown
if it may also function in representing state parameters of other agents in the environment, e.g.
conspecifics. We studied whether rats can discriminate positions and movements of robotic
agents in the environment. This was indeed the case. Preliminary results indicate that the
hippocampus harbours cells sensitive to the position of external agents.
►► A novel behavioural task was set up to test visual target detection and target localisation in
rats. Significant technical advances were also made in setting up telemetric ensemble recordings
in rodents as well as optogenetic stimulation.

Other highlights
►► The group published several papers in high-impact review journals, including reviews in
Trends in Cognitive Sciences and Trends in Neurosciences.
►► Carien Lansink acquired a NWO Veni grant: “Bringing the pieces together: Neural
correlates of multimodal sensory integration in the neocortical-hippocampal system”.
►► Matthijs van der Meer acquired a NWO Veni grant: “Changing plans: effects of incentive
value, pavlovian cues, and stimulation on goal-directed decision-making mechanisms in rats”.
►► Cyriel Pennartz was appointed Chairman of the committee on Equipment Investments in
the Medical Sciences (ZON-MW).
►► Francesco Battaglia acquired a EU STREP grant “Enlightenment” with a consortium
of technologists and neuroscientists (Uva Share € 500,000), he was awarded the “Prix de la
Recherche” for best work in Neuroscience from French speaking countries in 2010 (with a group
of French co-workers) and was appointed Visiting Scientist/Group Leader at NERF, Leuven
Belgium.
►► Francesco Battaglia acts as Senior Editor at Brain Research and Cyriel Pennartz as Associate
Editor at the European Journal of Neuroscience.

Research aims for the coming year
►► We will elaborate our programme aiming to disrupt memory consolidation and extrahippocampal replay by electrical and optogenetic intervention of hippocampal processing in rats.
►► The in vivo 2-photon imaging technique, combined with bulk labelling of neurons with
Calcium-indicator dyes applied in ferrets, will permit us to study multimodal interactions in the
population dynamics of sensory neurons in the neocortex.
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►► We plan to investigate the neural mechanisms underlying audio-visual integration by
recording the activity of neuronal ensembles simultaneously in various brain areas along the
cortico-hippocampal hierarchy.
►► New technological possibilities will be utilised to identify the cell types and intracellular
correlates of a number of processes indicated above. These techniques range from optogenetics to
in vivo patch-clamp in the awake state.
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Group members
Postdoctoral researchers
Conrad Bosman Vittini
Tobias Kalenscher
PhD students
Tara Arbab
Jeroen Bos
Pieter Goltstein
Gerben Klein
Hemi Malkki

Jorrit Montijn
Henrique Oliveira Cabral
Martin Vinck
Zbigniew Zielinski
Technician
Laura van Mourik-Donga
ICT developer
Jan Lankelma
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Academic publications
Battaglia, F.P. & Pennartz, C.M.A. (2011). The
construction of semantic memory: grammar-based
representations learned from relational episodic
information. Frontiers in Computational neuroscience,
5, 1-22.
Battaglia, F.P., Benchenane, K., Sirota, A., Pennartz,
C.M.A. & Wiener, S.I. (2011). The hippocampus: hub
of brain network communication for memory. Trends
in Cognitive Sciences, 15(7), 310-318.
Benchenane, K., Tiesinga, P.H., & Battaglia,
F.P. (2011). Oscillations in the prefrontal cortex: a
gateway to memory and attention. Current Opinion
in Neurobiology, 21, 475-485.
Guger, C., Gener, Th., Pennartz, C.M.A.,
Brotons-Mas, J.R., Edlinger, G., Bermúdez i Badia,
S., Verschure, P.F.M.J., Schaffelhofer, S. & SanchezVives, M.V. (2011). Real-time position reconstruction
with hippocampal place cells. Frontiers in Neuroscience,
5, 1-10.
Huijbers, W., Pennartz, C.M.A., Rubin, D.C. &
Daselaar, S.M. (2011). Imagery and retrieval of auditory
and visual information: neural correlates of successful
and unsuccessful performance. Neuropsychologia, 49,
1730-1740.
Huijbers, W., Pennartz, C.M.A., Cabeza, R. &
Daselaar, S.M. (2011). The hippocampus is coupled
with the default network during memory retrieval but
not during memory encoding. PLoS One, 6(4).
Jansen, R., Timmerman, J., Loos, M., Spijker, S.,
Ooyen, A. van, Brussaard, A.B., Mansvelder, H.D.,
Smit, A.B., Gunst, M. de & Linkenkaer-Hansen,
K. (2011). Novel candidate genes associated with
hippocampal oscillations. PLoS One, 6(10).
Kalitzin, S., Koppert, M., Petkov, G., Velis, D. &
Lopes da Silva, F.H. (2011). Computational model
prospective on the observation of proictal states in
epileptic neuronal systems. Epilepsy & Behavior, 22
Suppl 1, S102-S109.
Kaping, D, Vinck, M.A., Hutchinson, R.M.,
Everling, S. & Womelsdorf, T. (2011). Specific
contributions of ventromedial, anterior cingulate, and
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lateral prefrontal cortex for attentional selection and
stimulus valuation. PLoS Biology.
Koppert, M. M., Kalitzin, S., Lopes da Silva, F.H.
& Viergever, M.A. (2011). Plasticity-modulated seizure
dynamics for seizure termination in realistic neuronal
models. Journal of Neural Engineering, 8.
Loos, M., Staal, J., Pattij, T., Brussaard, A.B., Borst,
J.G., Elgersma, J.W., Galjart, N., Horst, G.T. van der,
Levelt, C.N., Pennartz, C.M.A., Smit, A.B., Spruijt,
B.M., Verhage, M., Zeeuw, C.I. de & Spijker, S. (2011).
Independent genetic loci for sensorimotor gating and
attentional performance in BXD recombinant inbred
strains. Genes Brain and Behavior, 11, 147-156.
Lopes da Silva, F.H. & Harding, G.F.A. (2011).
Transition to seizure in photosensitive epilepsy.
Epilepsy Research, 97(3), 278-282.
Malkki, H.A.I., Donga, L.A.B., Groot, S.E.
de, Brussaard, A.B., Borst, J.G.G., Elgersma, J.W.,
Galjart, N., Horst, G.T. van der, Levelt, C.N.,
Pennartz, C.M.A., Smit, A.B., Spruijt, B.M., Verhage,
M., Zeeuw, C.I. de & Battaglia, F.P. (2011). Towards
mouse models of perseveration: a heritable component
in extinction of operant behavior in fourteen standard
and recombinant inbred mouse lines. Neurobiology of
Learning and Memory, 96, 280-287.
Pennartz, C.M.A., Wingerden, M. van & Vinck,
M. (2011). Population coding and neural rhythmicity
in the orbitofrontal cortex. Annals of the New York
Academy of Sciences, 1239, 149-161.
Pennartz, C.M.A., Ito, R., Verschure, P.F.M.J.,
Battaglia, F.P. & Robbins, T.W. (2011). The
hippocampal-striatal axis in learning, prediction and
goal-directed behavior. Trends in Neurosciences, 34(10),
548-559.
Peyrache, A., Battaglia, F.P. & Destexhe, A. (2011).
Inhibition recruitment in prefrontal cortex during
sleep spindles and gating of hippocampal inputs.
Proceedings of the National Academy of Sciences of the
United States of America, 108, 17207-17212.
Richardson, M. P. & Lopes da Silva, F.H. (2011).
TMS studies of preictal cortical excitability change.
Epilepsy Research, 97(3), 273-277.

Cognitive and Systems Neuroscience

Theuvenet, P.J., Munck, J.C. de, Peters, M.J., Ree,
J.M. van, Lopes da Silva, F.H. & Chen, A.C. (2011).
Anesthetic block of pain-related cortical activity in
patients with peripheral nerve injury measured by
magnetoencephalography. Anesthesiology, 115(2), 375386.

Pennartz, C.M.A. (2011, December 02).
Communication between neural ensembles in
hippocampus and striatum. Hamburg, Germany,
lecture at the International Symposium “Multisite communication in the brain” at the University
Medical Center Hamburg-Eppendorf.

Vinck, M., Battaglia, F.P., Womelsdorf, T. &
Pennartz, C. (2012). Improved measures of phasecoupling between spikes and the Local Field Potential.
Journal of computational neuroscience.

Pennartz, C.M.A. (2011, November 09).
Interweaving neural substrates for perception and
motivation. Cambridge, USA, lecture at the Harvard
University, host Dr. J. Maunsell.

Vinck, M., Oostenveld, R., Wingerden, M. van,
Battaglia, F. & Pennartz, C.M.A. (2011). An improved
index of phase-synchronization for electrophysiological
data in the presence of volume-conduction, noise and
sample-size bias. NeuroImage, 55(4), 1548-1565.

Pennartz, C.M.A. (2011, March 31). Neural
dynamics and ensemble coding of reward expectancy and
probability in rat orbitofrontal cortex. New York, USA,
lecture at New York Academy of Sciences Conference,
“Critical contributions of the orbitofrontal cortex to
behaviour.

Lectures
Battaglia, F.P. (2011, januari 20). Cell assemblies,
oscillations and coherence on the hippocampal/prefrontal
axis. Lecture at the University of Edinburgh, United
Kingdom
Battaglia, F.P. (2011, mei 31). Cell assemblies,
oscillations and coherence on the hippocampal/prefrontal
axis. Lecture at the University of Sevilla, Spain
Battaglia, F.P. (2011, juli 15). Cortical reactivation
of recent neuronal activity patterns in the subsequent
sleep is related to hippocampal activity. Florence, Italy,
Symposium talk IBRO/FENS Conference.
Gentet, L.J. (2011, October 16). Behavioural
control of distal dendritic inhibition in barrel cortex.
Amsterdam, The Netherlands, Lecture at the VU.

Pennartz, C.M.A. (2011, February 21). Search, Goals
and the Brain. Frankfurt am Main, Germany, lecture
at International Strüngmann Forum on Cognitive
Search: Evolution, Algorithms and the Brain.
Pennartz, C.M.A. (2011, December 14). The
orbitofrontal cortex and striatum in learning, plasticity
and adaptive behaviour. Pittsburgh, USA, lecture at
tUniv. Pittsburgh, host Dr. B. Moghaddam.
Membership editorial board book
Schomer, D.L. & Lopes da Silva, F.H. (Eds.).
(2011). Niedermeyer’s Electroencephalography, Basic
Principles, Clinical Applications, and Related Fields
(6th). Philadelphia, USA: Lippincott Williams &
Wilkins.

Gentet, L.J. (2011, November 14). Layer 2/3 SOM
cells act as an “ON-switch” in mouse somatosensory cortex
in vivo. Washington, USA, lecture at Minisymposium
on “Emerging Roles for Somatostatin-containing
cortical interneurons: novel insights from transgenic
mice”, 41st Annual SfN Meeting.
Pennartz, C.M.A. (2011, May 26). Assemblyspecific effects of reward in visual cortex: a 2-photon
imaging study. Amsterdam, The Netherlands, lecture
at European visual cortex meeting, “Organization and
plasticity of the visual cortex”.
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Prof. dr. C. G. Kruse
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Assistant Professor
Assistant Professor
Assistant Professor
Special Chair
Special Chair

xcitability is the most prominent property
of the nervous system. Nerve cells process
information by integrating the thousands of
inputs that they receive and converting those signals
into a characteristic spatio-temporal firing patterns.
One of the most exciting questions in neuroscience
is how ionic-channels are organised in the neuronal
membrane and how their activity is quantitatively
balanced under the many circumstances that
neurons have to operate. Neurons communicate
with each other through a variety of synapses, that
add additional flexibility and long term plasticity.
Neuronal activity is also modulated at different
times scales in order to allow processes like learning
and memory, development and aging. We approach
neuronal plasticity from a multidisciplinary angle.
In addition neurons need to be combined in small
circuits in order to provide minimal cognitive
functionality. But it also becomes more and more

clear that most pathologies can not be understood at
the molecular or the cellular level alone. Dysfunction
includes in the vast majority of diseases also neuronal
circuits that malfunction. New techniques allow us to
slowly shift the focus of our research from the single
neuron to the circuit level. Our research is organised
around a small number of well defined topics in the
realm of neuronal excitability. Our core expertise is
functional electrophysiology (from patch-clamping
to in-vivo recording). But we combine this approach
with molecular biology, immuno-cytochemistry,
behavioural analysis and a large variety of imaging
techniques (Ca2+-imaging at the cell level, Voltage
Sensitive Dye imaging at the network level and
MRI imaging at the whole brain level). Finally we
have employed several computational approaches
to investigate hypotheses, predict experiments and
understand experimental results.

Research highlights
►► The first major research line studies the fundamental
properties of the 5-HT3 receptor and investigates its
functional role in local circuits, development and
behaviour. Molecular techniques produced mice in which
the 5-HT3-receptor-expressing neurons are labelled with
GFP and can be studied efficiently. This has opened a wide
range of possibilities to investigate the role of this receptor
in functionally connected neurons and also its highly
specific role in cortical column formation. The thesis work
of Laura Smit-Rigter was completed by a publication that
summarised the anatomical reorganisations induced by
the 5-HT3 receptor. We have shifted our research focus on
the role of the 5-HT3 receptor in the development of the cerebellum. A paper appeared in The
Journal of Physiology, in which the functional presence of this receptor was described in detail.
This paper was highlighted by an editorial comment, and one of the figures of the paper was
used as the cover of the issue of the Journal in which the paper appeared.

80 - Swammerdam Institute for Life Sciences

Cellular and Systems Neurobiology
►► The second research line studies epilepsy e.g. seizure generation, epileptogenesis and
pharmacoresistance. The latter topic we approach from two sides: a) (non-)penetration of
therapeutic drugs via the blood-brain-barrier and b) modification of drug targets, mainly sodium
channels. These studies are of high clinical relevance and we strengthen them through side
appointments at the Academic Hospital in Ghent and intense collaboration with the epilepsy
center in Heemstede (SEIN) and the AMC in Amsterdam. The therapeutic potential of deep
brain stimulation is investigated in patients and in animal models. The entorhinal cortex (EC)
is highly relevant in epilepsy and often believed to be a simple relay station between the (neo)
cortex and the hippocampus. However, it is known that the network properties of the EC differ
along the dorsolateral-ventromedial axis, which implies that different processing takes place.
We showed with voltage sensitive dye imaging in in vitro EC slices that ventromedial and
dorsolateral parts of the EC process input to layers II and V differently. In the VENI project of
Erwin van Vliet we successfully developed a new MRI protocol that uses Gd imaging in order
to continuously follow the permeability of the blood-brain-barrier. Completion of this project
is expected in 2012. Yoav Noam graduated on a thesis in which he unravels the role of HCN
channel trafficking in the regulation of excitability and most likely also epilepsy. He combined
a large variety of molecular labelling and imaging techniques with functional electrophysiology
and could so follow the fate of small HCN channel containing vesicles in the dendrites and
soma of neurons and neuron-like cells.
►► The third research line concentrates on specific pharmacological modulation of neuronal
circuits. This line was started as a collaboration with Solvay Pharmaceuticals (Weesp, prof. dr. C.
Kruse) and funded by the Top Institute Pharma. We investigate the role of the endocannabinoids
at the cellular and the circuit level in the PreFrontal Cortex (PFC). In 2011 a breakthrough was
achieved with the observation that in the rodent prefrontal cortex (PFC) cannabinoid type2 receptors (CB2Rs) are present as intracellular receptors in layer II/III neurons. We are the
first to describe that in the central nervous system this endocannabinoid receptor has, at the
cellular level, a functional role in modulating neuronal excitability. The molecular mechanisms
underlying this response and the functional consequences are further investigated.
►► Most of our experiments are supported by computer modelling, focusing on single
cell excitability in relation to the direct chemical surrounding of the neuron as well as on
the adaptive strategies for excitability that optimise the working range of active neurons. A
substantial investigation on the reliability and reproducibility of neuronal firing in pyramidal
neurons and in small local circuits is nearing its completion. These studies could directly be
linked to many experimental approaches in the group. In the latter case we try to extrapolate the
consequences of single cell strategies to larger neuronal networks. The combination of theoretical
and experimental work has proven to be very fruitful in the scientific setting of SILS and the
FNWI.

Other highlights
►► Yoav Noam defended his thesis in December and was awarded the judicium “cum-laude”
to underline the excellent quality of his research and publications.
►► Luuk van der Velden has started a new project in which he uses Multi-Electrode-Arrays
that allow simultaneous recording from many active neurons and there with the collective
analysis of network organisation in the structure. Successful experiments in ventral Tegmentum
and Substantia Nigra show recordings of 20 neurons or more.
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►► The project of Hayriye Cagnan (graduated in 2010 in a collaboration project with Philips)
could be completed thanks to a validation grant. In the experiments we could demonstrate the
validity of the new protocols designed to increase the efficacy of Deep-Brain-Stimulation for the
treatment of Parkinson’s disease. The protocols not only work in our first attempted artificial
situation, but also when stimulation is applied using the natural afferents.
►► An University ICTO grant to Fleur Zeldenrust enabled us to capitalise on our modelling/
data analysis expertise and implement it in a bachelor / master practical course.
►► A connectome is an indispensable tool for brain researchers who want to understand
network functions, since it quickly provides comprehensive knowledge of the brain’s anatomical
connections. The first comprehensive and interactive account of brain connections comprised
the rat hippocampal–parahippocampal network was published by Cappeart in Nature (2009).
We have now extended the connectome with all anatomical connections with the retrosplenial
cortex (RSC), a structure with interesting functional overlap with these brain regions.

Future prospects
►► The downfall of the Dutch pharma industry, with whom we have collaborated intensely
and successfully over the last 10 years will require a reorientation of some of the research lines.
We have successfully started new scientific collaborations with two new industrial partners
(toBBB and TNO defense). The collaboration with Philips Eindhoven on fundamental
mechanisms underlying DBS was also successful, but needs re-evaluation as the industrial
activities have been transferred to a start-up company of Philips.
►► Several PhD projects have come to an end and will be completed with thesis defenses in
2012. Our activities will gradually shift from the single cell level to the small circuit level; the
precise details depend on the acquired funding. Computational modelling has provided us
with a successful synthesis between experiments and theory and was able to underpin many
experimental studies. However funding for this undertaking is very hard to get, as are skilled
PhD candidates. Sustainability of this activity would be much better guaranteed within a
broader setting in SILS or the FNWI.

Group members
Postdoctoral researcher
Erwin van Vliet
PhD students
Femke den Boon
Grazia Forte
Linda Holtman
Yoav Noam
Marlies Oostland
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Qiluan Schaafsma-Zhao
Xin Qiao
Luuk van der Velden
Fleur Zeldenrust
Technicians
Rob van den Akker
Jacoline Buchner-Doeven
Pascal Chameau
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Academic publications
Aronica, E., Lyer, A., Zurolo, E. & Gorter, J.A.
(2011). Ontogenetic modifications of neuronal
excitability during brain maturation: developmental
changes of neurotransmitter receptors. Epilepsia, 3-5.
Aronica, E., Zurolo, E., Iyer, A., Groot, M. de,
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dynamics for seizure termination in realistic neuronal
models. Journal of Neural Engineering, 8.
Noam, Y., Bernard, C. & Baram, T.Z. (2011).
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Richardson, M. P. & Lopes da Silva, F.H. (2011).
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Smit-Rigter, L.A., Wadman, W.J. & Hooft, J.A.
van (2011). Alterations in apical dendrite bundling
in the somatosensory cortex of 5-HT3A receptor
knockout mice. Frontiers in Neuroanatomy, 5, 1-7.
Sugar, J, Witter, M.P., Strien, N.M. van &
Cappaert, N.L.M. (2011). The retrosplenial cortex:
intrinsic connectivity and connections with the
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connectome. Frontiers in Neuroinformatics, 5(7), 1-13.
Theuvenet, P.J., Munck, J.C. de, Peters, M.J., Ree,
J.M. van, Lopes da Silva, F.H. & Chen, A.C. (2011).
Anesthetic block of pain-related cortical activity in
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Vliet, E.A. van, Holtman, L., Aronica, E.,
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Atorvastatin treatment during epileptogenesis in a rat
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model for temporal lobe epilepsy. Epilepsia, 52(7),
1319-1330.
Werkman, T.R., McCreary, A.C., Kruse, C.G. &
Wadman, W.J. (2011). NK3 Receptors mediate an
increase in firing rate of midbrain dopamine neurons
of the rat and the guinea pig. Synapse, 65, 814-826.
PhD thesis
Noam, Y.Y. (2011, December 15). Mechanisms of
HCN channel trafficking and surface expression. UvA
(195 p.) (Oisterwijk: Boxpress BV.). Prom./coprom.:
prof.dr. W.J. Wadman & T.Z. Baram. Cum laude.
Lecture
Hooft, J.A. van (2011, June 06). Serotonin 5-HT3
receptors are growing up: a novel role in neuronal
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e study structural and functional
plasticity in the brain and focus among
others on neurogenesis and synaptic
plasticity in relation to stress, cognition and
disorders like depression, epilepsy and dementia.
The past year, the group has grown further
with the advent of Korosi, who strengthens our
behavioural, epigenetic and early stress expertise,
as well as with PhD students Naninck, Schouten,
Timmermans, Arp, Xiong, Loi and Kanatsou.
Molecular and viral tools are being developed in
the group of Fitzsimons and become available
for the study of molecular mechanisms of stress
action and neurogenesis. Our research on plasticity
focuses more and more on the perinatal period; we
address effects of early life stress and early nutrition
on cognition, dendritic complexity and synaptic
function at an adult age and try to get a better
understanding of the mechanisms that determine

the risk of developing (psycho-) pathology, seizures
and/or cognitive impairment later in life. We further
examine molecular substrates critical for remembering
emotionally arousing events. These studies are
exploited to study possible erasure of fearful memories.
2011 was furthermore a successful and busy educational
year due to the rise in bachelor student numbers and
the start of our new master track ‘Psychopharmaca
and Pathophysiology’, run by Lucassen and Korosi.
With more than twice the anticipated number of
students enrolled, the PPP track is a big success.
Although the senior members face increasing
challenges in dividing their time between teaching,
management and research in the highly competitive
fields of neurogenesis, early life and AMPA receptors,
we have kept up a very good output in 2011 and
managed to publish 20 high quality papers, amongst
others in Neuropsychopharmacology and Progress in
Neurobiology.

5

Section of the adult rodent hippocampus showing immature neurons in red/purple, support cells in
green and the mature, adult neurons in blue. Picture by Schouten and Fitzsimons.
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Research Highlights
►► Blocking mineralocorticoid receptors blocks fear memories in a therapeutically relevant
way.
►► Corticosteroid hormones and catecholamines in synergy boost synaptic function.
►► Maternal care lastingly regulates social behavior
►► Chronic sleep restriction decreases hippocampal volume but not neurogenesis.
►► Not only in the hippocampus but also in the amygdala, many new neurons are present,
even in middle-aged primates.
►► Reductions in neurogenesis after social stress are long-lasting but still respond to
antidepressants.
►► Running throughout middle-age improves memory and neurogenesis.

Other highlights
►► During 2011 we have mounted and equipped a new ML2/DM2 biosecurity level facility at
SILS, aimed to produce viral vectors for manipulation of adult neurogenesis. Together with the
NIN (Verhaagen) Fitzsimons has established in vivo techniques for delivery of viral vectors to
neurogenic cells in adult brain areas.
►► Korosi has continued the set-up of a chronic early-life stress model and the histological,
behavioural and some of the epigenetic techniques valuable for addressing the current questions
of the group. Preliminary results indicate that early-life stress affects postnatal neurogenesis.
Whether this underlies effects on learning and memory is under investigation.
►► Ming Zhou and Felisa van Hasselt successfully defended their theses (Krugers as
copromotor).
Furthermore the group has:
►► organised several symposia on: “Hormonal regulation of Cognition” (Krugers, Seville,
Spain); “Excitatory synapses” (Krugers, Lunteren); “MicroRNAs and brain pathology”
(Fitzsimons, Lunteren) and a Masterclass on Emotion and Memory (Krugers, UvA);
►► participated in memberships of: ALW-NWO (Krugers), the Neurofederation (Krugers,
board secretary), the ISAO (Lucassen chairman SAB) and the EUROGENESIS consortium
(Lucassen co-founder);
►► obtained external funding from TNO (Lucassen) and the International Society Alzheimer
Research (Lucassen);
►► delivered numerous lectures at Universities of Maastricht, Utrecht, Amsterdam (VU, NKI,
NIN), Groningen, Eindhoven and abroad; Rome, Verona, Wurzburg, Munich, Paris, Zurich,
Leuven, Magdeburg, New Orleans, Montreal, New Delhi, and was invited as PhD thesis
opponent (4x Lucassen);
►► written several reviews and book chapters upon invitation. Group members also acted as ad
hoc reviewer for major journals like J. Neuroscience, Biological Psychiatry, PNAS, Nature and
Science, and as reviewer for grants of NWO, ISAO, HSN, ANR, LECMA, ARF, MRC, BBSRC,
OMHF, the Portuguese Science Foundation, The Argentine AST and Welcome Trust, and
participated in outreach activities (Alzheimer info days Lucassen).
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Research aims for the coming years
►► To understand how early stress and early nutrition can have lasting effects on brain
structure and function and the risk for brain diseases like depression and dementia.
►► To study effects of early stress on synaptic plasticity, AMPA receptor dynamics, spinogenesis
and cognition at adult age.
►► To try to monitor neurogenesis in live human brain using MRS in relation to depression.
►► To use in vivo molecular and viral as well as pharmacological and environmental
manipulations to understand regulation of neurogenesis by stress, disease and microRNAs.

Group members
Postdoctoral researcher
Hui Xiong
Ming Zhou
Docent
Rob de Heus
PhD students
Karlijn Doorn
Robert Eendebak

Michael Marlatt
Eva Naninckt
Marijn Schouten
Wendy Timmermans
Qian Wang
Technicians
Gideon Meerhoff
Els Velzing
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and Function, 216(3), 227-237.

Annual report 2011 - 87

5

Research Programme: Neurosciences
Marlatt, M.W., Philippens, I., Manders, E., Czeh,
B., Joëls, M., Krugers, H. & Lucassen, P.J. (2011).
Distinct structural plasticity in the hippocampus and
amygdala of the middle-aged common marmoset
(Callithrix jacchus). Experimental Neurology, 230(2),
291-301.
Naninck, E.F.G., Lucassen, P.J. & Bakker, J.
(2011). Sex differences in adolescent depression: do
sex hormones determine vulnerability? Journal of
Neuroendocrinology, 23(5), 383-392.
Novati, A., Hulshof, H. J., Koolhaas, J.M.,
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structure and emotional learning in adult female rats.
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PhD theses
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variation later in life. UvA (189 pag.) (Oisterwijk:
Uitgeverij BOXPress). Prom./coprom.: prof.dr. M.
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effects of glucocorticoid receptor antagonists.
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neurogenesis (pp. 103-120-6). A. Gravanis & C. Mellon
(Eds.), Wiley Blackwell Publishers.
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ithin our laboratory we study the
molecular biology that is behind
developmental mechanisms in the central
nervous system.In our research team we endeavour to
understand the molecular programming of specific
neuronal groups within mdDA neurons and the
cortex. To this end we have identified transcription
factors that play key roles in these processes, such as
Pitx3, Lmx1a, Engrailed1 ,Dlk1, Lmx1b and Nurr1 for
mdDA neurons. To study developmental processes
we use complex gene transfer models as in-utero
electroporation and whole brain ex-vivo culturing,
to track these neurons as they leave the ventricular
zone and start differentiating and move to their
final position where they send out axons and receive
inputs from other systems. A combination of these
techniques with more classical genetic models (Nurr1ko, Pitx3-ko, Lmx1a-ko, Hdac2-ko, Pitx3-Cre driver
etc.) provide us with the essential tools to answer our
research questions.

Active research lines
►► Role of FoxO factors in Cortical development.
►► Regulation of “Clock” by FoxO factors.
►► Role of neurotransmitters in structural brain
development.
►► Molecular programming of mesodiencephalic
dopaminergic (mdDA) neurons.
1) Role of retinoids in the terminal differentiation
of mdDA neurons.
2) Cross-talk of homeodomain factors with the
Nurr1 transcriptional complex in steering the
mdDA neuronal phenotype.
3) Ventricular zone coding as signalling center for
mdDA subset specification.
4) Role of En1 in specifying the mdDA neuronal
phenotype.
5) Tgf-beta signalling in mdDA neuronal
development and survival.
6) Role of Lmx1a and Lmx1b in specification of the
mesodiencephalon and subset specification within
mdDA neurons.

Research Highlights
Although we have just started at SILS, we have had success in terms of critical publications of
which we would like to mention 2:
►► Prenatal Fluoxetine exposure induces life-long serotonin 5-HT(3) receptor-dependent
cortical abnormalities and anxiety-like behaviour, Smit-Rigter LA, Noorlander CW, von Oerthel
L, Chameau P, Smidt MP, van Hooft JA. Neuropharmacology. 2011
This paper describes the cortical wiring changes as a consequence of exposure of the developing
fetus (mouse) to SSRI’s. This has become very important in the light of recent clinical data
showing that deviations in brain development occur in humans, as well as, as a consequence of
SSRI exposure to the foetus (Marroun et al.,Arch Gen Psychiatry, 2012).
►► Retinoic acid-dependent and -independent gene-regulatory pathways of Pitx3 in mesodiencephalic dopaminergic neurons. Frank M.J. Jacobs*, Jesse V. Veenvliet*, Wadia H. Almirza,
Elisa Hoekstra, Lars von Oerthel, Annemarie J.A. van der Linden, Roel Neijts, Marian Groot
Koerkamp, Dik van Leenen, Frank C.P. Holstege, J. Peter H. Burbach and Marten P. Smidt.
Development. 2011 Dec; 138(23):5213-22.
This paper is of importance since it proves that Pitx3 can function in generating subset specificity
during terminal differentiation in the mdDA neuronal pool. This issue is critical for our
understanding of PD and future treatment paradigms for this kind of diseases.
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Other Highlights
►► Smidt has been appointed as the Chairman of the NWO-Vidi committee.
►► Smidt has been appointed to the NWO domain panel.
►► Smidt is involved as participant in the NWO “Zwaartekracht” initiative.

Group members
Postdoctoral researcher
Lars van der Heide
PhD students
Willemieke Kouwenhoven
Simone Mesman
Ricardo Paap
Jesse Veenvliet
Technicians
Lars von Oerthel
Saskia Oosterbroek
Th/Gfp staining
of the Substantia
Nigra compacta
of a Pitx3-driven
GFP reporter line.

Academic publications
Jacobs, F.M.J., Veenvliet, J.V., Almirza, W. H.,
Hoekstra, E.J., Oerthel, L. von, Linden, A.J.A. van
der, Neijts, R., Groot Koerkamp, M., Leenen, D. van,
Holstege, F.C.P., Burbach, J.P.H. & Smidt, M.P. (2011).
Retinoic acid-dependent and -independent generegulatory pathways of Pitx3 in meso-diencephalic
dopaminergic neurons. Development, 138(23), 52135222.

Book chapter
Smidt, M.P. (2011). Development of brain
monoaminergic systems. Neurobiology of Depression
(Frontiers of Neuroscience) (pp. Chp 5). F. Lopez & C.
Alamo (Eds.), USA: Frontiers of Neuroscience, CRC
press.

Smidt, M.P. (2011). Depression and Dopamine.
Frontiers in Neuroscience, 3(2), 279-279.
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Chapter 6:
Research Programme
Life Science Technologies

Research Programme: Life Science Technologies

Mass Spectrometry of
Biomacromolecules
Prof. dr. C.G. de Koster
Dr. L. de Jong
Dr. L.J. de Koning

I

Chairholder
Associate Professor
Assistant Professor

n the context of the UvA priority area Systems
Biology, Mass Spectrometry of Biomacromolecules
focuses on three research themes that adhere to
the study of molecular systems biology. We study (i)
3-D structures of protein complexes, (ii) adaptation
of the cell surface proteome of fungi and bacteria,
and (iii) multi-level control of gene expression
regulation. SILS-MS is developing advanced and

innovative, mass spectrometry-based proteomics
technology that is designed for these research areas.
Our technology is not confined to the field of molecular
systems biology and is widely applicable to biology.
Here, we have long term collaborations with the SILS
plant groups where we study fungal pathogen-plant
interaction and identify target proteins upon stress.

Research highlights
►► Species from the genus Bacillus have the ability to form endospores, dormant cellular
forms that are able to survive heat and acid preservation techniques commonly used in the food
industry. Resistance characteristics of spores towards various environmental stresses are in part
attributed to their coat proteins. Previously, seventy proteins have been assigned to the spore coat
of Bacillus subtilis using SDS-PAGE, 2-DE gel approaches, and protein localisation assumptions
inferred from genome-wide transcriptome studies. We developed a “gel-free” protocol, for the
first time addressing the insoluble coat fraction that is capable of comprehensive B. subtilis spore
coat protein extraction. Using LC-MS/MS we identified 58 covalently linked proteins from the
insoluble B. subtilis spore coat fraction, of which 23 are putative novel spore coat proteins not
assigned to the spore coat until now. Identification of spore coat proteins from a B. subtilis food
spoilage isolate corroborated a generic and ‘applied’ use of our protocol. To develop specific
and sensitive spore detection and/or purification systems from food stuff or patient material,
suitable protein targets can be derived from our proteomic approach. Finally, the protocol
can be extended to study cross linking amongst the spore coat proteins as well as for their
quantification.

Other highlights
►► In the framework of the EC FINSysB project, we focused on the quantitative cell wall
protein composition of Candida albicans and identified new leads for novel anti-Candida
vaccines, drugs and diagnostic markers.
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A

Position of a cross-link between K156 in the ß-lobe 1 and ß’K987 at the tip of the downstream jaw
exceeding the span of the cross-linker, suggesting conformational flexibility in this part of the RNA
core polymerase (panel A). Panel B shows the MS/MS spectrum of the m/z 853.710536 (4+) precursor
ion and identified fragment ions. Filled diamonds, fragment from KGFTATVIPNR; open diamonds,
fragments from DKQQEIVVQGAVETR.

Research aims for the coming year
Focal points in our research programme are as mentioned above: (i) 3-D structures of protein
complexes, (ii) adaptation of the cell surface proteome of fungi and bacteria and (iii) multi-level
control of gene expression regulation.
►► In programme (i) we will map interaction sites of initiation and elongation factors that
modulate the activity of RNA polymerase and we will quantitate cross-links formed during
initiation and elongation, in an effort to detect conformational changes.
►► (ii) The MS group will continue to explore the question of how mass spectrometry, in
combination with novel purification strategies and bioinformatics tools, can provide detailed
quantitative structural and functional information about proteins at the interface between the
cell and its external environment. In collaboration with Prof. Brul, we will carry out functional
characterisation of spore coat proteins of B. subtilis. Furthermore, we will perform quantitative
studies of maturation of B. subtilis spores at the molecular level to obtain insight in the
mechanisms of spore coat assembly. In the framework of a Nanonext project we will extend
our spore coat proteomics work to biomarker identification on the surface of B. cereus and B.
weihenstephanenis spores. Together with the group of dr. S. Cutting (UK) we will characterise the
spore coat of the anaerobic endospore former Clostridium difficile.
►► (iii) The molecular physiology of catabolite repression in the model organism Escherichia
coli is studied together with prof. Hellingwerf (SILS-Molecular Microbial Physiology) using
a time resolved 15N metabolic-labelling approach. These studies are complemented with
transcript analyses using micro arrays, to directly identify genes under transcriptional and posttranscriptional regulation. We will continue the productive collaborations with the groups of the
Plant Signalling programme, directed to characterisation of proteins secreted by the cell upon
host-pathogen interactions, and with our external national and international partners.
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Group members
PhD student
Hansuk Buncherd
Clemens Heilmann
Wishwas Abhyankar

Technicians
Henk Dekker
Han Peeters
Winfried Roseboom

Academic publications
Abhyankar, W., Ter Beek, A., Dekker, H., Kort, R.,
Brul, S. & Koster, C.G. de (2011). Gel-free proteomic
identification of the Bacillus subtilis insoluble spore
coat protein fraction. Proteomics, 11, 4541-4550.
Brul, S., Beilen, J. van, Caspers, M., O’Brien, A.,
Koster, C. de, Oomes, S., Smelt, J., Kort, R. & Beek,
A. ter (2011). Challenges and advances in systems
biology analysis of Bacillus spore physiology; molecular
differences between an extreme heat resistant spore
forming Bacillus subtilis food isolate and a laboratory
strain. Food Microbiology, 28(2), 221-227.
Buerth, C., Heilmann, C.J., Klis, F.M., Koster,
C.G. de, Ernst, J.F. & Tielker, D. (2011). Growthdependent secretome of Candida utilis. SGM
Microbiology, 157(9), 2493-2503.
Heijnis, W.H., Dekker, H.L., Koning, L.J. de,
Wierenga, P.A., Westphal, A.H., Koster, C.G. de,
Gruppen, H. & Berkel, W.J.H. van (2011). Identification
of the peroxidase-generated intermolecular dityrosine
cross-link in bovine alfa-lactalbumin. Journal of
Agricultural and Food Chemistry, 59(1), 444-449.
Heilmann, C.J., Sorgo, A.G., Siliakus, A.R.,
Dekker, H.L., Brul, S., Koster, C.G. de, Koning,
L.J. de & Klis, F.M. (2011). Hyphal induction in the
human fungal pathogen Candida albicans reveals
a characteristic wall protein profile. Microbiology,
157(8), 2297-2307.
Klis, F.M., Koster, C.G. de & Brul, S. (2011). A
mass spectrometric view of the fungal wall proteome.
Future Microbiology, 6(8), 941-951.
Koblenz, T.S., Dekker, H.L., Koster, C. de,
Leeuwen, P.W.N.M. van & Reek, J.N.H. (2011).
Bis(metallo) Capsules Based on Two Ionic
Diphosphines. Chemistry-an Asian Journal, 6(9), 24312443.
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Koblenz, T.S., Dekker, H.L., Koster, C.G. de,
Leeuwen, P.W.N.M. van & Reek, J.N.H. (2011).
Control of the coordination geometry around
platinum by a supramolecular capsule. European
Journal of Inorganic Chemistry, 4837-4845.
Koblenz, T.S., Dekker, H.L., Koster, C.G. de,
Leeuwen, P.W.N.M. van & Reek, J.N.H. (2011).
Diphosphine
Capsules
for Transition-Metal
Encapsulation. Chemistry-an Asian Journal, 6(9),
2444-2462.
Kramer, G., Kasper, P.T., Jong, L. de & Koster,
C.G. de (2011). Quantitation of newly synthesized
proteins by pulse labeling with azidohomoalanine.
Methods in Molecular Biology, 753, 169-181.
Kraneveld, E. A., Soet, J. J. de, Deng, D.M., Dekker,
H.L., Koster, C.G. de, Klis, F.M., Crielaard, W. &
Groot, P.W.J. de (2011). Identification and differential
gene expression of adhesin-like wall proteins in
Candida glabrata biofilms. Mycopathologia, 172(6),
415-427.
Krasikov, V., Dekker, H.L., Rep, M. & Takken,
F.L.W. (2011). The tomato xylem sap protein XSP10 is
required for full susceptibility to Fusarium wilt disease.
Journal of Experimental Botany, 62(3), 963-973.
Kwakman, P.H.S, Krijgsveld, J., Boer, L de,
Nguyen, L.T., Boszhard, L., Vreede, J., Dekker, H.L.,
Speijer, D., Drijfhout, J.W., Velde, A.A. te, Crielaard,
W., Vogel, H.J., Vandenbroucke-Grauls, C.M.J.E.
& Zaat, S.A.J. (2011). Native thrombocidin-1 and
unfolded thrombocidin-1 exert antimicrobial activity
via distinct structural elements. The Journal of
Biological Chemistry, 286(50), 43506-43514.
Schild, L., Heyken, A., Groot, P.W.J. de, Hiller,
E., Mock, M., Koster, C. de, Horn, U., Rupp, S. &
Hube, B. (2011). Proteolytic cleavage of covalently

Mass Spectrometry of Biomacromoleculest
linked cell wall proteins by Candida albicans Sap9 and
Sap10. Eukaryotic Cell, 10(1), 98-109.
Sorgo, A.G., Heilmann, C.J., Dekker, H.L.,
Bekker, M., Brul, S., Koster, C.G. de, Koning, L.J.
de & Klis, F.M. (2011). Effects of fluconazole on the
secretome, the wall proteome, and wall integrity of
the clinical fungus Candida albicans. Eukaryotic Cell,
10(8), 1071-1081.
Sosinska, G.J., Koning, L.J. de, Groot, P.W.J.
de, Manders, E.M.M., Dekker, H.L., Hellingwerf,
K.J., Koster, C.G. de & Klis, F.M. (2011). Mass
spectrometric quantification of the adaptations in
the wall proteome of Candida albicans in response to
ambient pH. Microbiology, 157(1), 136-146.

Gel-free proteomic identification of the Bacillus subtilis
insoluble spore coat protein fraction. Papendal, Arnhem,
the Netherlands, Centennial meeting of the Dutch
Society for Microbiology.
Heilmann, C.J., Sorgo, A.G., Siliakus, A.R.,
Dekker, H.L., Brul, S., Koster, C.G. de, Koning, L.J.
de & Klis, F.M. (2011, April 18). Quantitative mass
spectrometry reveals new therapeutic targets against the
human fungal pathogen Candida albicans. Papendal,
Arnhem, the Netherlands, Centennial meeting of the
Dutch Society for Microbiology.

PhD thesis

Koster, C. de (2011, January 26). Rapid and sensitive
identification and quantitation of fungal cell wall
glycoproteins. Amsterdam, lecture at Fifth International
Symposium on Separation and Characterization of
Natural and Synthetic Macromolecules.

Kramer, G. (2011, October 26). Determination of
Protein Synthesis on a Proteomic Scale. UvA (165 pag.).
Prom./coprom.: prof.dr. C.G. de Koster, dr. J.W. Back
& dr. L. de Jong.

Koster, C.G. de (2011, June 30). Rapid and sensitive
identification and quantification of fungal cell wall
glycoproteins. Hamburg, Germany, lecture at ELA:
Advances in Separation Technology 2011.

Lectures

Koster, C.G. de (2011, April 03). Rapid and
sensitive identification of the Bacillus subtilis insoluble
spore coat protein fraction. Berlin, Germany, lecture at
PROTEOMIC Forum 2011.

Abhyankar, W.R., Ter Beek, A.S., Dekker, H.L.,
Kort, R., Brul, S. & Koster, C.G. de (2011, April 18).
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Biosystems Data Analysis
Prof. dr. A.K. Smilde
Dr. H.C.J. Hoefsloot
Dr. J.A. Westerhuis
Prof. dr. A.H.C. van Kampen

Chairholder
Associate Professor
Assistant Professor
Special Chair

G

eneral goal: developing and validating
methods for organising and summarising
complex biological data. The research is
divided into two connected themes: Data Fusion and
Networks & Dynamics. We apply our methods in
diverse areas of systems biology, focusing mainly on
microbiology, nutrition and medical biology.

Networks & Dynamics
In a biological system molecules interact. These
interactions, the network, causes the system to change
over time. We develop methods to reverse engineer
networks from time-resolved functional genomics
data.

Data Fusion
To understand the functionality of complex biological
systems, different types of measurements have to be
combined with systems information.

Research highlights
►► Beethoven’s deafness is related to
the structure of his string quartets. Our
paper discussing this topic is published
in the Christmas Issue of the British
Medical Journal and resulted in a science
documentary (see Figure).
Data Fusion
►► Nutrikinetic analysis of human
metabolomics data after nutritional intervention provided insight in degradation pathways of
polyphenols from wine and black tea. This work was recently published in PNAS and TIFN and
Ewoud van Velzen received the Kolthoff award for best thesis in Analytical Chemistry in the
Netherlands in the period 2007-2011.
►► The fusion of genomics data with prior information on transcription factor binding sites
(TFBS) may facilitate interpretation of gene expression regulation by, for example, helping
to distinguish between multiple TFBS models. We developed global criteria able to select the
most appropriate TFBS model. Furthermore, we developed local criteria able to detect errors in
specific TFBS gene connections.
►► New research on the analysis of challenge test data was initiated. Based on a mathematical
analysis we have shown, in collaboration with the AMC and TNO, that the usual indicators
for inferring insulin resistance based on oral glucose challenge tests is not reliable. We suggest
another indicator and have submitted this work to a clinical science journal. Furthermore, a
collaboration was started with Prof. H. Daniel (Technische Universität München) and dr. M.
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Hendriks (WKZ Utrecht) on the data analysis of amino acid levels in plasma after multiple
nutritional and physical challenges to improve our understanding within nutritional systems
biology. First results indicate that groups of amino acids show similar profiles (and are regulated
by the same physiological processes). These groups may change for the different challenges.
Networks & Dynamics
►► In 2011, a paper on the reverse engineering of metabolic networks was published. It showed
that it is difficult to reconstruct metabolic nets because the time constants involved in metabolic
reactions vary over a large range. To capture the dynamics of the network, fast sampling is
necessary to capture the fast reactions. This sampling turned out to be faster than most systems
for metabolomics are capable of. A paper concerning pathway analysis in metabolomics was
accepted in 2011. In the past years we have developed tools to analyse the interactions of biomolecules and the changes of these interactions over time. For this we used and adapted concepts
for the analysis of covariation- and correlation matrices. Especially the changes in covariance and
correlation over time have our attention. Two papers on this have already been accepted and a
third one is submitted.

Research aims for the coming year
Data Fusion
►► In the coming year we aim to extend the challenge test data analysis to explore differences
between human individuals. The recovery of different individuals after a nutritional or physical
challenge may be described by rate constants of physiological processes. Humans can be
distinguished based on their different rate constant. Furthermore we aim to developed data
analysis methods that provide information on whether individuals have improved in terms of
their rate constants after a long-term diet, treatment or surgery. Besides the collaboration with
Univ. Munich we also started collaborating with TNO and Unilever on glucose and fat meal
challenge tests to explore inflammation in humans.
►► When metabolic network information is available of biological systems under study, how
to represent it during the analysis of the metabolomics data? New approaches such as metabolic
set enrichment and metabolic pathway analysis have appeared. We aim at using Petri Nets to
contain the qualitative information of metabolic networks.
Networks & Dynamics
►► We are going to incorporate metabolomics data into dynamic flux balance analysis. This
tool will help to understand the choices a cell makes in a changing environment. Together with
our collaborators at the Amsterdam Free University we will estimate protein complexes in the
synapse. The data is measured using immune-precipitation experiments. Further methods will
be developed to incorporate also yeast to hybrid data in the estimation methods for complex
prediction.
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Group members
Postdoctoral researchers
Marcel van Batenburg
Suzanne Berkenbos-Smit
Andrew Gibson
Eelke van der Horst
Jeroen Jansen
Edoardo Saccenti
Ewa Szymanska
Gooitzen Zwanenburg

PhD students
Dicle Hasdemir
Diana Hendrickx
Joachim Kutzera
Polina Reshetova
ICT Developers
Serge Barth
Tim Dorscheidt
Siemen Sikkema
Jack Vink

Academic publications
Batenburg, M.F. van, Coulier, L., Eeuwijk, F. van,
Smilde, A.K. & Westerhuis, J.A. (2011). New figures
of merit for comprehensive functional genomics data:
the metabolomics case. Analytical Chemistry, 83(9),
3267-3274.

Hendriks, M.M.W.B., Eeuwijk, F. A. van, Jellema,
R.H., Westerhuis, J.A., Reijmers, Th.H., Hoefsloot,
H.C.J. & Smilde, A.K. (2011). Data-processing
strategies for metabolomics studies. Trends in
Analytical Chemistry, 30(10), 1685-1698.

Doeswijk, T. G., Hageman, J.A., Westerhuis,
J.A., Tikunov, Y., Bovy, A. & Eeuwijk, F. A. van
(2011). Canonical correlation analysis of multiple
sensory directed metabolomics data blocks reveals
corresponding parts between data blocks. Chemometrics
and Intelligent Laboratory Systems, 107(2), 371-376.

Jansen, J.J., Szymanska, E., Hoefsloot, H.C.J.,
Jacobs, D.M., Strassburg, K. & Smilde, A.K. (2011).
Between Metabolite Relationships: an essential aspect
of metabolic change. Metabolomics.

Doeswijk, T. G., Smilde, A.K., Hageman, J.A.,
Westerhuis, J.A. & Eeuwijk, F. A. van (2011). On the
increase of predictive performance with high-level
data fusion. Analytica Chimica Acta, 705(1-2), 41-47.
Duynhoven, J. van, Vaughan, E. E., Jacobs, D.M.,
Kemperman, R. A., Velzen, E.J.J. van, Gross, G.,
Roger, L. C., Possemiers, S., Smilde, A.K., Doré, J.,
Westerhuis, J.A. & Wiele, T. van der (2011). Metabolic
fate of polyphenols in the human superorganism.
Proceedings of the National Academy of Sciences of the
United States of America, 108 Suppl, 4531-4538.
Gonzáles-Martínez, J.M., Ferrer, A. & Westerhuis,
J.A. (2011). Real-time synchronization of batch
trajectories for on-line multivariate statistical process
control using Dynamic Time Warping. Chemometrics
and Intelligent Laboratory Systems, 105(2), 195-206.
Hendrickx, D.M., Hendriks, M.M.W.B., Eilers,
P.H.C., Smilde, A.K. & Hoefsloot, H.C.J. (2011).
Reverse engineering of metabolic networks, a critical
assessment. Molecular bioSystems, 7(2), 511-520.
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Mechelen, I. van & Smilde, A.K. (2011).
Comparability problems in the analysis of multiway
data. Chemometrics and Intelligent Laboratory
Systems, 106(1), 2-11.
Rubingh, C.M., Erk, M.J. van, Wopereis, S., Vliet,
T. van, Verheij, E.R., Cnubben, N.H.P., Ommen, B.
van, Greef, J. van der, Hendriks, H.F.J. & Smilde,
A.K. (2011). Discovery of subtle effects in a human
intervention trial through multilevel modeling.
Chemometrics and Intelligent Laboratory Systems,
106(1), 108-114.
Rubingh, C.M., Erk, M.J. van, Wopereis, S., Vliet,
T. van, Verheij, E.R., Cnubben, N.H.P., Ommen, B.
van, Greef, J. van der, Hendriks, H.F.J. & Smilde,
A.K. (2011). Discovery of subtle effects in a human
intervention trial through multilevel modeling.
Chemometrics and Intelligent Laboratory Systems,
106(1), 108-114.
Saccenti, E., Smilde, A.K. & Saris, W.H.M. (2011).
Beethoven’s deafness and his three styles. British
medical journal, 343.

Biosystems Data Analysis
Saccenti, E., Westerhuis, J.A., Smilde, A.K.,
Werf, M.J. van der, Hageman, J.A. & Hendriks,
M.M.W.B. (2011). Simplivariate models: uncovering
the underlying biology in functional genomics data.
PLoS One, 6(6).

Zwanenburg, G., Hoefsloot, H.C.J., Westerhuis,
J.A., Jansen, J.J. & Smilde, A.K. (2011). ANOVAprincipal component analysis and ANOVAsimultaneous component analysis: a comparison.
Journal of Chemometrics, 25(10), 561-567.

Smilde, A. & Tauler, R. (2011). Multiway and
multiset data analysis. Chemometrics and Intelligent
Laboratory Systems, 106, 1-1.

Media Performances

Smilde, A.K., Timmerman, M.E., Hendriks,
M.M.W.B., Jansen, J.J. & Hoefsloot, H.C.J. (2011).
Generic framework for high-dimensional fixed-effects
ANOVA. Briefings in Bioinformatics.
Szymanska, E., Saccenti, E., Smilde, A.K. &
Westerhuis, J.A. (2011). Double-check: validation
of diagnostic statistics for PLS-DA models in
metabolomics studies. Metabolomics.
Xu, C.J., Hoefsloot, H.C.J. & Smilde, A.K. (2011).
To aggregate or not to aggregate high-dimensional
classifiers. BMC Bioinformatics, 12.

Saccenti, E. & Smilde, A.K. (movie) (2011).
Beethovens deafness and his three styles Retrieved from
http://www.bmj.com/multimedia/video/2011/12/21/
beethovens-deafness-and-his-three-styles
Smilde, A.K. (radio interview) (2011, Dec
21). Verband tussen beethovens doofheid en
strijkkwartetten In Viertakt. http://viertakt.radio4.
nl/newspagina/3237/verband-tussen-beethovensdoofheid-en-strijkkwartetten.html/
Award
Velzen, E.J.J. van (2011). I.M.Kolthoff thesis award.
‘Analytical Challenge’ event, Royal Netherlands
Chemical Society: (2011, October 13).
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MicroArray Department & Integrative
Bioinformatics Unit
Dr. T.M. Breit
Dr. H.M. de Jong
O. Bruning MSc / H. Rauwerda MSc

T

Groupleader
Project management “Wet-Lab”
Project management “Dry-Lab”

oday, genome-wide gene expression studies
(transcriptomics) and comparative genome
studies (genomics) are done via the wellestablished microarray technology or new nextgeneration sequencing technology. The goal of a
transcriptomics experiment is to simultaneously
investigate the expression of all genes of a specific
organism, in a cell type, during specific growth or
stress conditions. This enables the (quantitative) study
of complex cellular mechanisms or identification
and use of biomarkers. Transcriptomics biomarkers
are genes whose expression profile can be used
for diagnostic purposes or to monitor and predict
cellular processes. In genomics experiments,
genomes are analysed for DNA mutations. Because
genomics experiments produce vast amounts of data,
extensive bioinformatics infrastructure, methods
and expertise are needed to cope with these data
effectively. Bioinformatics for genomics comprises:
data-handling (storage and exchange),
data-pre-processing (normalisation and
validation),
data-analysis
(clustering,
biomarker selection, etc.), and e-infra
(high-performance computing, grid, cloud).
The MAD-IBU consists of a genomics
technology section (Wet-Lab) with ~6
specialists that provides transcriptomics
plus genomics service & support and
performs microarray as well as next-gen.
sequencing technology R&D; a genomics
data-analysis section (Dry-Lab) with ~7
bioinformaticians and informaticians that
provides transcriptomics data analysis service
and support, performs bioinformatics
R&D, and builds e-infra. Together, the
MAD operates as a genomics technology
and bioinformatics expertise centre and
core facility for UvA scientists, as well as
external academic and industrial customers.
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The focus of the Wet-Lab R&D is to improve genomics
technologies with a strong focus on controls and
sample size reduction. We aim to eventually analyse
various types of single cells such as (un)fertilised
eggs. The focus of the Dry-Lab is on bioinformatics
and e-bioscience methods, tools and infrastructure
necessary to perform advanced genomics data-analysis.
Another important focal point for the whole group is
design-for-experimentation. Performing well-designed
range-finding experiments should elucidate the role of
time and space in transcriptomics experiments. To this
end, MAD-IBU participates in several nation-wide
projects: BioRange, a NBIC bioinformatics research
project; BioAssist, a NBIC bioinformatics support
program; Virtual Lab for Plant Breeding (VLPB);
Netherland e-Science Center (NLeSC); and
e-BioGrid -BiG Grid-, all being national NWO
bioinformatics/e-science projects in the field of
e-infrastructure and methods.

MicroArray Department & Integrative Bioinformatics Unit

Research Highlights
►► Successful set-up of the “Virtual Lab for Plant Breeding”.
►► Successful set-up of the “e-BioGrid” community and infrastructure.
►► First solid experimental results for “design for experimentation”.
►► Design and first steps towards the “Green Life Sciences Hub”.
►► Developed a web-based pipeline for multi-strain tiled microarray designs within the
Problem-Solving Environment (PSE) for transcriptomics.
►► Started to set-up analysis pipelines for next-generation sequencing data.
►► Unravelled many pitfalls related to microRNA expression analysis.
►► Set-up a protocol for quantitative assigning present/absent calls in comparative genomics
hybridisation experiments.
►► Developed a robust protocol for removing rRNA from total RNA samples: RiboNix.
►► Performed over 50 collaborative experiments for biologists in 2011.

Other highlights
►► The whole group further strengthened the strategic collaborations with several external
research organisations: Laboratory for Health Protection Research, RIVM, (Bilthoven); Rijk
Zwaan (Fijnaart); Medical Microbiology, UMC (Utrecht); ACTA, VU-AMC (Amsterdam);
Molecular Cell biology, UL, (Leiden); Center of reproductive medicine, AMC, Amsterdam;
NAKtuinbouw (Roelofarendsveen).

Research aims for the coming year
►► To obtain, install and use a next-generation sequencing platform.
►► To analyse a hallmark high-resolution time-axis microarray experiment on Zebrafish.
►► To report several range-finding experiments in the context of design-for-experimentation.
►► To analyse the transcriptomics of the earliest stages of Zebrafish and human embryogenesis.
►► To extend the Problem-Solving Environment (PSE) for genomics data analysis and
interpretation.

Group members
Postdoctoral Researchers
Martijs Jonker
Irene Nooren
Floyd Wittink
Technicians
Willem Ensink

6

Ilse van Leeuwen
Jurgo Verkooijen
ICT Developers
Linda Bakker - de Jong
Mateusz Kuzak
Wim de Leeuw
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Academic publications
Bekker, C. de, Bruning, O., Jonker, M.J.,
Breit, T.M. & Wösten, H.A.B. (2011). Single cell
transcriptomics of neighboring hyphae of Aspergillus
niger. Genome Biology, 12(8), R71.
Bruning, O., Rodenburg, W, Radonic, Teodora,
Zwinderman, A.H., Vries, A de, Breit, T.M. & Jong,
H.M. de (2011). RNA isolation for transcriptomics of
human and mouse small skin biopsies. BMC Research
Notes, 4(1), 438.
Hackenberg, C., Huege, J., Engelhardt, A.,
Wittink, F., Laue, M., Matthijs, H.C.P., Kopka, J.,
Bauwe, H. & Hagemann, M. (2011). Low-carbon
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