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Chapter 1:
Management

Management

Introduction by the Institute Director

W

We have had another vibrant year in SILS with
many highs and lows. On the whole we did
really well and I would like to thank everybody
for giving their best in research and education.
New companies within SILS
In 2016 another company in SILS was brought to
light: ‘Confocal’. The excellent work of Giulia de
Luca (PhD in 2016) in the team of Erik Manders and
in collaboration with Ronald Breedijk has led to the
development of a compact addition to an existing
confocal system to enhance the resolution through
rescan technology. The first units have already been
sold en therefore this is already a success in its early days
of existence. I would like to congratulate the founders,
Erik Manders and Peter Drent, with their success.
Please go to Confocal.nl for details on the company.
Research funding
As expected the amount of national funding
towards our institute has plummeted in 2016. The
continuously decreasing budgets for fundamental
research in the Netherlands are clearly represented
in our revenues. The good news is that we were able
to shift very efficiently towards international and
-mainly- EU funding. We had a record revenue in
that domain of about 8 million euro in 2016. Overall
we had a stunning 12 million of research funding
in SILS. This is exceptional!! Within those grants
were: the ERC consolidator of Christa Testerink, the
ERC starting of Frank Jacobs, the ERC advanced of
Harro Bouwmeerster, the HBP of Cyriel Pennartz
and the technology area award to Age Smilde.
In the near future we should continue on
this approach and might also try to exploit
novel revenues from the business domains.
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chair was established on behalf of the Netherlands Food
and Consumer Product Safety Authority (NVWA).
Collaboration with the VU
Less successful was the progress in the research
collaborative initiatives with the VU. We have been
trying to get the infrastructure in the O2 building
up to the required specifications. But this has been
unsuccessful. Our aim is still to move the designated
groups the coming year and we are therefore still trying
to enhance the local infrastructure. At this point the
planned move of the Neurosciences groups has been
shifted towards phase 3. The housing of the groups
that already moved towards the O2 building has been
finalised and the last issues are resolved. The forward
direction of the collaboration will speed up the
process and we hope to relocate the final designated
teams in order to enable new collaborative efforts.

Marten P. Smidt
SILS director

SILS Management and office
Institute director:
Operational & Financial Manager:
Coordinator:
Visiting address:
Tel:
Fax:
Postal address:
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Secretaries:

Prof. M.P. Smidt
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Dr M.C. Brink
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Ms. A.F. Eekhof
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New chairs at SILS
We have grown in terms of chairs in 2016. Two
additional professors have been appointed in the
green life sciences domain: Prof. dr Christa Testerink
and Prof dr Harro Bouwmeester. Both have already
shown their potential by the acquisition of prestigious
ERC grants as mentioned above. We hope that
they will be as successful in the coming years and I
wish them all the best in their research endeavours.
New Special Chair at SILS
Dr B.H. ter Kuile (1956) has been named professor
by special appointment of Microbial Food Safety
and Antibiotic Resistance in the Food Chain at the
University of Amsterdam’s Faculty of Science. The
6 - Swammerdam Institute for Life Sciences
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Management

Special Chairs

Dr Benno ter Kuile (1956) was named
professor by special appointment of
Microbial Food Safety and Antibiotic
Resistance in the Food
Chain at SILS in July
2016. The chair was
established on behalf of
the Netherlands Food
and Consumer Product
Safety Authority.
For a number of years now, the Netherlands Food and Consumer Product Safety Authority
and the UvA have been doing collaborative research on antibiotic resistance. The resistance of
micro-organisms to antibiotics is steadily growing as a result of the increasing use of antibiotics in
humans and meat production animals. Ultimately, this could lead to certain types of infectious
diseases being untreatable because the sources of the infection have grown resistant to all available
antibiotics.
In his capacity as professor by special appointment at the UvA, Benno ter Kuile will investigate
the development of resistance due to exposure to various concentrations of antibiotics over time.
He will also focus on the influence of external circumstances on the spread of resistant genes and
the selection of resistance within food chains (e.g. livestock production). Ter Kuile will use his
research to develop new dosage regimes, in which veterinary objectives (disease treatment and
prevention) are achieved while at the same time ensuring that the development of resistance is kept
to a minimum. Together with the department of Medical Microbiology at the Academic Medical
Center (AMC), Ter Kuile is working on a similar theme applied to antibiotic treatment in people.
Alongside his research work, Ter Kuile will lecture within the Bachelor’s and Master’s programmes
in Biomedical Sciences.
Since 2001, Ter Kuile has worked as a scientific officer at the Netherlands Food and Consumer
Product Safety Authority. He has been a visiting researcher and visiting lecturer at the UvA’s
Swammerdam Institute for Life Sciences (SILS) since 2007. Prior to this, he was, among other
things, a researcher at Leiden University and an assistant professor at The Rockefeller University
in New York.

Special and Part-Time Chairs
Prof. E.M.A. (Eleonora) Aronica
Chair: Pathology of the Nervous System
PI, Department of Pathology, Academic Medical Centre, Amsterdam
Prof. J. (Jannie) Borst
Chair: Experimental Oncology
Head Division Immunology, Netherlands Cancer Institute, Amsterdam
Prof. S.M. (Marieke) van Ham
Chair: Biological Immunology
Manager Immunopathology, Sanquin Research, Amsterdam
Prof. E.M. (Elly) Hol
Chair: Biology of Glia and Neural Stem Cells
PI Glia in Health and Disease, Brain Center Rudolf Magnus, University Medical Center, Utrecht
Prof. J. (Jeroen) Hugenholtz
Chair: Industrial Molecular Microbiology
Senior Scientist Industrial Microbial Biotechnology in the Business Unit Biobased Products, Wageningen
University & Research centre, Wageningen)
Prof. C. (Kees) Jalink
Chair: High-Resolution Microscopy
PI Cell Biophysics & Imaging Group, Netherlands Cancer Institute, Amsterdam
Prof. O. (Ole) Jensen
Chair: Human Cognition
PI Neuronal Oscillations, Donders Institute for Brain, Cognition and Behaviour, Radboud University,
Nijmegen
Prof. A.H.C. (Antoine) van Kampen Chair: Biological and Biomedical Information
Head Bioinformatics Laboratory, Academic Medical Centre, Amsterdam
Prof. J.J.B. (Joost) Keurentjes
Chair: Applied Quantitative Plant Genetics
Associate Professor Laboratory of Genetics, Plant Genetics and Cytogenetics, Wageningen University,
Wageningen
dr. B.H. (Benno) ter Kuile
Chair: Microbial Food Safety and antibiotic Resistance in the Food
Chain
European Food Safety Authority
Member Biohazard panel
Prof. R. (Roel) Nusse
Chair: Stem Cells and Regenerative Biology
PI Nusse Laboratory, Howard Hughes Medical Institute, Department of Developmental Biology,
Stanford University, School of Medicine, Stanford, USA
Prof. A.P. (Arie) Otte

Chair: Valorisation in the Life Sciences

Prof. M.W. (Marcel) Prins
Chair: Phytopathology (in particular Plant virology)
Vice President Vegetable Crops, KeyGene, Wageningen

Source: Uva Persvoorlichting
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Figure 1: Charts of revenues, costs, results and
reserves of the Swammerdam Institute for Life
Sciences, in k€, for the years 2014-2016.
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SILS result and financial reserve

Personnel
In 2016, SILS employed around 237 employees
year round (including FOM employees and PhD
fellows with a scholarship, see figure and table 2).
The University of Amsterdam (UvA) is committed
to an equal balance between male and female staff
at all levels. Figure 3 presents the male/female ratio
on 31 December 2016 and shows that females are
still underrepresented in the higher ranks. SILS
management is concerned with this difference, and
like other institutions in the sciences, it tries to
decrease the gender imbalance without compromising
its other aim of employing the best researchers as their
scientific staff. In 2016, the Plant Physiology group
was restructured to create a new chair. Retirements
of half of the full professors within 10 years is also
considered an opportunity to improve the gender
balance and provide career opportunities for young
(female) talents.
At the end of 2016, an approximate two thirds
majority of all SILS employees (including bursaries)
originated from the Netherlands. 33% of the total 237
SILS employees were from abroad, most notably from
China and Italy (see figure 4). In terms of age, SILS
staff span the full range from new PhD students to
employees near retirement.
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Table and figure 2: Total FTE and number of employees
at SILS on 31 December of the years 2014, 2015 and 2016.
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Facts & Figures

T

The integrated results for 2016 show a volume of
€379,000(see figure 1) resulting in €711,000 of reserve
remaining on 1 January 2017.
Previous shortfalls were mainly due to the appointment
of new teaching staff needed in view of the sharp
increase in student numbers. However, as predicted
using the FNWI models used to allocate funds, the
higher number of students and teaching increased
SILS’ revenues in 2014, 2015 and 2016.

SILS revenues

Facts & Figures
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Figure 3: Male/female ratio at the Swammerdam
Institute for Life Sciences on 31 December 2016.
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Chapter 2:
Highlights

Interview Harro Bouwmeester

Highlights

Prof. Dr Harro Bouwmeester, professor
of Plant Hormone Biology, received an
ERC Advanced grant. Harro will use the
grant, worth 2.5 million euros, for his
research on signalling
molecules of plants, mostly
strigolactones.

Harro, your nomination to become professor was the quickest in the
recent history of the science faculty, did you know this?
‘No, I didn’t, that is nice to hear. I was pleasantly surprised by the openness of the people
in Amsterdam when we started talking about a possible professorate here.’

Why did you decide to come to the University of Amsterdam?
‘I wanted to be able to spend more time on research and less on administration. The
structure of the institute here is more geared for that. In addition, the possibilities for
collaboration are great here. Both within SILS, as well as with HIMS and IBED.’

You have received and ERC grant, congratulations. Is that grant for the
research you will be doing here?
‘Yes, most of the work will be done at SILS.’

14 - Swammerdam Institute for Life Sciences

Interview Harro Bouwmeester

What is it about?
‘There are two major subjects; The first subject is on strigolactones, compounds that
are secreted by plants into the soil and induce the germination of the seeds of parasitic
plants. Plants secrete many different strigolactones but these parasites respond only
to specific ones. We want to understand the mechanism of specificity. What makes a
receptor specific for one but not the other strigolactone? A second question related to
the strigolactones is why plants are producing so many different strigolactones? What
is the evolutionary relevance of this? We want to produces plants that differ in their
strigolactone profile, and find out the biological consequences.
For the second subject we will follow a high risk-high gain approach and study the
biological role of another class of signalling molecules that plants secrete and that are
used by enemies of the plant to find their host. Our hypothesis is that if plant parasites
use these signals, they must be of vital importance for the plant or otherwise they would
have been selected against.’

How do you start writing an ERC proposal?
‘My best advice is to retreat to a quiet place where you will not be disturbed (but has Wifi
of course) and where you can combine your writing with an activity you like (sailing in
my case). Then write your proposal. For an ERC grant, a combination of new, innovative
research (high risk) and a continuation of your established research line (stability) is a
strong asset.’

What was your best/happiest moment in science?
‘Well, I was of course very happy when I received that ERC grant. Because it meant I
could continue my work in the research area of rhizosphere signalling. The decision to
start to work on the strigolactones, which later showed to have such a broad role in plant
signalling, turned out to be of great importance.’

Do you have a tip for young scientists?
‘Follow your intuition, and be open for suggestions from your environment. Find
collaborations and make people enthusiastic about your research.’
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Top 5 Grants

Highlights

Prof. dr Christa Testerink (Plant Cell Biology) received an ERC Consolidator
grant of €2,000,000. ‘We want to study how plants perceive sodium (Na+)
ions. Salt is detrimental to plants and soil salinisation is an increasing threat to
global food security. Our aim is to reveal how plant responses to salinity stress
are driven, and ultimately what is required to cope with salinity.’

Dr Frank Jacobs (Molecular Neuroscience) received an ERC starting grant
(€1,500,00). ‘We study Endogenous retroviral elements (EREs), which are
selfishly replicating DNA sequences which have accumulated in our genome
over the course of primate evolution. EREs carry viral gene-regulatory properties
which can influence how, where and when nearby genes are expressed. By
figuring out the regulatory influence of EREs in disease-associated loci in our
genome, we aim to formulate a novel concept which explains how changes
in the epigenetic landscape can uncover a dormant genetic predisposition to
disease (such as Alzheimer’s disease and Parkinson’s disease.’

Prof. dr Cyriel Pennartz (Cognitive and Systems Neuroscience) received
€967,100 from the Human Brain Project (HBP) with his proposal ‘Episense’.
‘This grant consists of two parts: the research project and the leadership of one of
the 12 Sub-projects of HBP: Systems and Cognitive Neuroscience.The research
project investigates brain mechanisms of perception and memory. Episodic
memory, the memory of our personal, conscious experiences set within space
and time, defines who we are. In addition, it integrates information from
various sensory modalities such as vision and audition. We aim to identify the
precise neuronal mechanisms behind episodic memory and the integration of
sensory modalities, and validate them by computational models, computer
simulations and building robots with their own autobiographical memory. The
second part of the grant enables us to coordinate 15 groups working in the
domain of Systems and Cognitive Neuroscience in HBP and to contribute to
the scientific leadership of the entire project.’
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Top 5 Grants

Dr Tanneke den Blaauwen (Bacterial Cell Biology & Physiology group) was
granted a Horizon 2020 grant of €510.749. ‘The Train2Target consortium
aims to deliver 15 young scientists with an education that includes detailed
knowledge on molecular mechanism of cell envelope synthesis with a thorough
understanding of the characteristics of new antibiotics and the requirements
for the pharmaceutical industry to be able to commercialise these antibiotics.
The SILS team will in particular coordinate the efforts to discover the relation
between the major synthetic machineries of the bacterial cell envelope. Three
PhD students or ERS will be involved in this part of the Train2target work
package of which two are based in Amsterdam and one is based in Naicons,
Milan, Italy.’

1

4

Prof. dr Benno ter Kuile and prof. dr Stanley Brul (Molecular Biology &
Microbial Food Safety) received €385,000 for a PhD student from NVWA
(The Netherlands Food and Consumer Product Safety Authority). ‘Bacteria
in agriculture become resistant to antimicrobials when animals are treated for
infections. This resistance can end up in human health care and cause extra
suffering and higher costs of treatment. The NVWA has the mandate to reduce
the risks for public health caused by the food chain and is therefore interested
in this problem. This project aims at identifying the driving factors for transfer
of resistance from livestock to human pathogens. The newly appointed PhD
student, Tania Darphorn, will investigate the transfer of various plasmids from
food isolates to an acceptor E. coli, used as model for human pathogens.’

5

2

Additional entry:

3

t

Prof. dr Harro Bouwmeester (Plant Hormone Biology) came from Wageningen
University in 2016. He brought along 2 grants that he applied for while working in
Wageningen. Firstly, he received an ERC advanced grant (€2,416,599) and secondly, he
received a grant of €805,980 from the Bill & Melinda Gates Foundation. Read what
Harro plans to study with these grants on the previous pages (16-17).

+
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SILS in Press
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Spin-off

Highlights

On February 4, 2016 Erik Manders,
Ronald Breedijk and their business
partner Peter Drent founded
Confocal.nl BV as a spin-off
company of the
University of
Amsterdam.

Spin-off
The UvA-holding, SILS, IXA and STW have invested in this new Dutch microscopy company to
further the development of Re-scan Confocal Microscopy (RCM) invented by Giulia, Ronald and
Erik and bring it to the market. RCM is a new microscopy technology that allows confocal imaging
with improved (170 nm) lateral resolution (compare with 250 nm resolution in standard confocal
microscopy) and improved (4x) signal-to-noise ratio (16 times stronger signal). Within a year
the first production units were designed and constructed a world-wide network of re-sellers and
customers was built up. The international microscopy community is following this new company
with great interest. Confocal has one of its RCM microscopes for customer demonstrations freely
available for SILS researchers. Please
check www.confocal.nl.

Spin-off

Highlights
►► STW Take-off phase-I grant was awarded to Erik Manders for proof of principle of RCM
with further improved resolution.
►► Giulia De Luca defended her PhD thesis Re-scan Confocal Microscopy (20 October 2016).
►► Founded spin-off company Confocal.nl BV to market the RCM microscope (4 February
2016)
►► Eurostar grant (k€250) awarded for Deep tissue imaging in the NIR with RCM microscopy.
►► Erik Manders and Peter Drent gave a live interview on BNR radio (Eyeopeners May 3).
►► Several lectures and research presentations on RCM and its applications by Giulia, Ronald,
Christiaan and Erik (QBI, Delft; ELMI, Hungary; FOM, Taiwan; ICON, Switzerland; RBSM
Belgium; NVvM, Veldhoven; MNC Amsterdam.
►► Student Irene Stellingwerf shows that RCM can give 130 nm resolution in combination with
deconvolution techniques.
►► Two new patents on Re-scan Confocal Microscopy were submitted.
►► The second prototype of RCM for simultaneous detection of CFP and YFP was constructed
by Ronald Breedijk for FRET with 130 nm resolution.
►► A new fully automated wide-field fluorescence microscope was purchased and is now
operational for SILS researchers.
►► Publication: Pandey R., Vischer NOE, Smelt JPPM, van Beilen, JWA, Ter Beek A, De Vos,
WH, Brul, S, Manders, EMM. (2016) Intracellular pH Response to Weak Acid Stress in Individual
Vegetative Bacillus subtilis Cells. APPLIED AND ENVIRONMENTAL MICROBIOLOGY,
Vol: 82, P: 6463-6471
►► Chairmanship of Erik Manders in the Exam Committee Biomedical Sciences (master) and
Biomedische Wetenschappen (bachelor).

SILS members involved
Lead Scientists
Dr. E.M.M. Manders (associate professor)
Prof. G.J. Brakenhoff (emeritus professor)
PhD students
Venkat Krishnaswami
Giulia De Luca
Christiaan Zeelenberg
Leila Nahidi
Juan Wen
Technical support
Ronald Breedijk
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Outreach & awards

Highlights

Outreach & Awards

Bio Art & Design Award for art project SILS researchers
Artists Lilian van Daal and Roos Meerman won a Bio Art & Design
Award for a project in which they will collaborate with Katrin
Wiese and Renée van Amerongen of the Molecular Cytology
group. The award of €25,000 will be used to bring the project,
entitled ‘Dynamorphosis – the beauty of inner mechanisms’ to life.
The project by the Dutch artist duo Van Daal and Meerman will explore
the translation of dynamic biological processes in the human body
into products of 3D printing. This will happen in close collaboration
with Van Amerongen and her team. In particular, the development of the mammary glands, a
focus of the group’s research, will serve as inspiration. Van Amerongen and colleagues will also
provide the scientific background information for the project.
Van Amerongen and Wiese were present at the award ceremony on Friday 20 May. An international
jury, chaired by William Myers (author and curator, United States), interviewed the 12 competing
teams of artists and scientists from which they chose the winning projects. The jury praised the
winning Dynamorphosis project for the cohesion between biological processes and 3D printing.
They were also very impressed with the possible practical outcome of revealing the invisible beauty
of body parts.

Career Development Award for Frank Jacobs
Dr Frank Jacobs (Molecular Neuroscience) has received a Career
Development Award from the international Human Frontier
Science Programme for his research proposal ‘Retrotransposons
in control of human neuronal gene regulatory networks’.
With his over €265,000 award, Frank Jacobs will employ a PhD
student to investigate to what extent recent insertions of parasitic
DNA elements (retrotransposons) into our genome have contributed
to the evolution of gene expression patterns in the human brain.
Minibrains
For this research, Jacobs’ lab uses human- and non-human primate stem cells as the source for
3-dimensional brain tissues in a dish, called ‘mini-brains’. These minibrains are subjected to a
series of next generation sequencing analyses to investigate which retrotransposon insertions have
become essential for normal human neuronal gene expression dynamics. In addition, this research
programme will elucidate how conditions such as aging affect the influence of retrotransposon
elements in our genome on the expression of nearby genes. Furthermore, it will investigate a role
for dysregulated retrotransposons in the etiology of human aging-related neurological diseases
such as Alzheimer’s and Parkinson’s disease.

The Bio Art & Design Awards
The Bio Art & Design (BAD) Award is an annual international competition. The aim is to allow
artists and designers who’ve graduated no more than five years ago to experiment with bio art
and design and to push the boundaries of art and science. The BAD Award 2016 is an initiative
by the Netherlands Organisation for Scientific Research, ZonMW (Medical Research Council,
The Hague), MU Artspace (Eindhoven), Waag Society (Amsterdam), Eindhoven University of
Technology (Eindhoven) and BioArt Laboratories (Eindhoven).

Career Development Award
Following a global competition, the International Human Frontier Science Programme Organisation
(HFSPO) has selected eight of its fellowship holders to receive the Career Development Award
(CDA). The goal of CDA support is to encourage former HFSP fellows to initiate an original
research programme in their own laboratories as independent researchers in their home country
or in an HFSP member country. Applicants for the CDA are expected to propose an original and
innovative frontier research programme that holds promise for the development of new approaches
to problems in the life sciences with potential to advance the field of research significantly.

Brain award for Jeanette Lorteije

Human Frontier Science Programme
The Human Frontier Science Programme is an international programme of research support
implemented by HFSPO based in Strasbourg, France. Its aims are to promote intercontinental
collaboration and training in cutting-edge, interdisciplinary research focused on the life sciences.
HFSPO receives financial support from the governments or research councils of Australia, Canada,
France, Germany, India, Italy, Japan, Republic of Korea, New Zealand, Norway, Singapore,
Switzerland, UK, USA, as well as from the European Union.

On 27 May 2016, Jeannette Lorteije (Cognitive and Systems Neuroscience)
received the ‘Brain Award for Scientific Excellence’ from the Netherlands
Institute for Neuroscience for her publication: ‘The Formation of
Hierarchical Decisions in the Visual Cortex’ (Neuron, 2015). Besides a
sculpture, both dr Lorteije and shared-first author dr Ariel Zylberberg
received €500 prize money.
The Netherlands Institute for Neuroscience came into being on 1 July 2005 as
the result of the merger of the Netherlands Institute for Brain Research and
the Netherlands Ophthalmic Research Institute. Their mission is to understand
how networks of neurons enable the cognitive functions of the brain, including
consciousness, perception, movement, learning and social interaction, in health and disease.
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SILS team wins Beach Volley Ball Tournament 2016
On Thursday, 26 May, the SILS volleyball team ‘Groene Vingers’,
led by Frank Takken (Molecular Plant Pathology), won the
Challenge Cub of the FNWI Beach Volley Ball Tournament 2016.
Congratulations!
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Phd in the spotlight: Yanfang Feng

Highlights

PhD in the spotlight

De novo development of antibiotic
resistance in patients forms a serious
threat to our health. PhD student Yanfang
Feng (Molecular Biology and Microbial
Food Safety) studied this phenomenon
together with the Department of Medical
Microbiology of the AMC. She found that
the risk of developing resistance can be
reduced by using the highest possible
dose for a short amount of time or
combining two types of antibiotics.

‘Can a first course of unsuccessful antibiotics treatment cause resistance, leading to a
persistent infection in the patient? Does the resistance that often develops in intensive
care patients arise from the treatment, or from transfer of resistance genes from other
microorganisms?’ On 31 October, Yanfang Feng succesfully defended her PhD thesis
on ‘Optimization of treatment protocols to prevent de novo development of antibiotic
resistance in Pseudomonas aeruginosa’ (promotores Brul & ter Kuile), answering above
questions.

To begin with, Feng studied whether treatment with antibiotics by a primary care
physician that is not successful can cause resistance, leading to problems when the
patient subsequently needs to be hospitalised with a persistent infection. Yanfang used
chemostat cultures of P. aeruginosa to simulate infections and treatment regimens and
managed to show convincingly that at the end of the initial cure, the pathogen was able
to survive and grow at concentrations of antibiotics high enough to make a follow-up
treatment fail.
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Induced resistance
Next, she studied the resistance that is observed often in P. aeruginosa in intensive
care patients at the end of a standard one week treatment. Can this be explained as a
consequence of the treatment itself, or by the transfer of resistance genes present in the
microbiota of the patient or in bacteria in the intensive care? In the latter case the IC units
would have to be disinfected even better than already is standard practice or the patient
would have to be screened for resistant bacteria. By again simulating usual treatment
protocols in chemostats applying antibiotic concentrations that are measured in patients’
blood, she showed that de novo resistance induced in the small fraction of cells that
survives can explain the resistance encountered at the end of the treatment. Treatment
with a standard or low dose of antibiotics was therefore shown to be detrimental to the
patient’s health.

Optimization of treatment protocols to
prevent de novo development of antibiotic
resistance in Pseudomonas aeruginosa

Yanfang Feng

Highest dose
Finally, she explored experimentally alternative strategies to achieve the treatment goal
while causing as little development of resistance as possible. If a single antibiotic is to
be used, the optimal strategy is using the highest dose that the patient can handle for
the shortest time needed to cure the infection. Two antibiotics used in alternation or in
combination clear the infection even more effectively and result in less resistance.
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Chapter 3:
Research Programme
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Research Programme: Cell and Systems Biology

Biosystems Data Analysis

Biosystems Data Analysis
Prof. A.K. Smilde
Dr H.C.J. Hoefsloot
Dr J.A. Westerhuis
Dr G. Zwanenburg
Prof. A.H.C. van Kampen

O

Chairholder
Associate Professor
Assistant Professor
Assistant Professor
Special Chair Medical Bioinformatics

Our research focuses on developing methods for
analysing complex biological data. The resulting
methods and approaches are applied in diverse areas of
systems biology with a special focus on biotechnology,
nutrition, immunology, medical biology and systems
medicine. The methods can be divided in multivariate
data analysis methods and model-based methods.
Multivariate Data Analysis
In modern life science research, omics data is generated
at a fast pace. These data are multivariate by nature and
have to be analysed using multivariate data analysis
tools. The challenges are the heterogeneity of the data
sets, the high-dimensional nature and the different

levels of measurement scales. New multivariate
analysis tools are needed to tackle these challenges to
discover meaningful patterns in (multiple) genomic
data sets.
Model-based methods
In many systems biology applications prior knowledge
exists as to the nature of the biology underlying the
collected data. This knowledge can be formalised in
models of different nature and -ideally- these models
describe the essential biological processes in a concise
way. Such models can range from first-principles
biochemical models, to agent-based models and grey
models.

Research highlights
General
►► In a collaborative project within the Netherlands Metabolomics Centre (NMC) we showed
in an intervention study that the muscle metabolome differs between elderly that exercised or not.
These differences did not show up in the blood metabolome, indicating the problem of measuring
only the blood metabolome in metabolomics studies (Fazelzadeh et al.).
►► The CASyM (Coordinating Action Systems Medicine) exchange project was granted to A.
van Kampen. This work focuses on the multiscale modelling of B-cell responses.
►► In another NMC study, we showed that the success of a diet can already be predicted to
some extent by the metabolome of obese subjects prior to the dieting (Stroeve et al.).
►► In collaboration with the Amsterdam Rheumatology and Immunology Center (AMC) and
the department of Pathology (AMC) we showed that there is only limited correlation between
the abundance and affinity of germinal center B cells. This prompts for additional or alternative
strategies to selected antigen-specific B cells from B-cell repertoire studies (Reshetova et al.).
►► In collaboration with the Centre for Human Metabolomics of the North-West University in
Potchefstroom, South Africa, we developed a new data analysis method (XERp) to find differences
between groups when many values are below detection limit. Such situations often occur in
metabolomics data from GS-MS and LC-MS platforms and gives problems in analysing the data.
In a paper in BMC Bioinformatics, XERp is applied to a case of a metabolomics study with
GC-MS on tuberculosis meningitis in infants and children, and is able to provide an informative
shortlist of discriminatory variables (Van Reenen et al.).
Multivariate Data Analysis
►► In collaboration with several industrial partners and the University of Copenhagen, we
started the Counterstrike project. This project aims to develop methods to combat sarcopenia
(muscle loss with aging). One of the tasks of our group in this project is to build models to relate
NMR spectra to lipoprotein distributions. We showed that NMR measurements at three different
locations (Copenhagen (DK, Vlaardingen (NL) and Rheinstetten (D)) have such a large similarity
that for predicting the lipoproteins they are exchangeable.
►► In the context of the AAA Data Science (Life Science Node) initiative, in collaboration
with NKI (Wessels), VUmc (Würdinger, Westerman) and VU (Teusink), a new approach is
being developed that summarises gene expression levels of various cancer cell lines based on
known cancer-related cellular pathways. Similarly, gene expression levels of various tumors are
summarised. Using this approach, we want to compare in vitro gene expression data of cancer cell
lines to in vivo gene expression in tumor samples. With this comparison, we want to explore why
some medication works on cell line level but not on the tumor level. This approach furthermore
enables the comparison of gene expression levels measured on different platforms (e.g. sequencing
and microarray; see figure 1). As part of the H2020 MarieCurie ETN EpiPredict project, a
multivariate Cox proportional hazards model was developed to identify methylation markers that
are predictive for the outcome of breast cancer for patients treated with tamoxifen (publication
in preparation).

Figure 1 (facing page): The top figure shows the gene expression values of the same cancer cell lines
measured using sequencing (y-as) and micro-array (x-as). The bottom plot shows the same cell lines
but now the genes are mapped on the Hallmark Gene sets. This clearly improves the correlation
between sequencing and micro array data (R2 values between brackets).
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Research Programme: Cell and Systems Biology

Biosystems Data Analysis

Research highlights (continued)

Research aims for the coming year

►► In collaboration with the Department of Food Science at Copenhagen University, we
published a method that can help when dealing with multiple data sets on the same samples,
which is becoming increasingly common in life sciences.
►► In the context of Smilde’s appointment at the COPSAC (Denmark), work was done to
understand patterns in diary data of young children. There were clearly two groups of children,
one group with mainly eczema symptoms and one group with mainly airway symptoms. This
allows for a more detailed phenotyping of young children (publication in preparation).
►► Together with the NKI (Wessels), we are working on explorative data analysis methods that
are able to handle binary and categorical data. Binary data (e.g. SNP, methylation) or categorical
data (copy number variations) is often used in combination with quantitative gene expression data
to improve the prediction of drug response of cancer cell lines. Nowadays models that combine
such datasets are using approaches that are not optimal for these types of data. We are exploring
different methods that are specifically developed for binary and categorical data for an improved
analysis of such data.
Model-based methods
►► We have further extended our agent-based model of the germinal center. Agent-based
modelling is a powerful modelling method when both temporal and spatial information are
important.
►► In collaboration with the Amsterdam Rheumatology and Immunology Center (AMC) and
the department of Pathology (AMC), we developed a computational model that simulates affinity
maturation in a single germinal center (GC) while tracking individual subclones in terms of
abundancy and affinity. The simulation results show that there is only limited correlation between
the abundance and affinity of GC B cells. Consequently, our model suggests that selecting highly
abundant subclones from repertoire sequencing experiments would not always lead to the high(est)
affinity B cells. This prompts for additional or alternative strategies to selected antigen-specific B
cells from B-cell repertoire studies (Reshetova et al.).

Figure 2: Screenshot of the agent-based model of
the germinal center about 4 days after the start
of its formation. The germinal center is where B
cells increase their affinity for antigen. The model
simulates the formation, growth and decay of the
germinal center. Different types of immune cells
are represented by the various colored circles. The
spidery forms represent immobile dendritic cells.
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Multivariate Data Analysis
►► New data analysis methods will be developed that can combine quantitative data (gene
expression) and binary (SNP, Methylation) and categorical (Copy Number Variations) in such
a way that the specific properties of each data set is taken into account. These methods will be
applied in the cancer cell line project (collaboration with NKI) to improve predictions of drug
response, and improved interpretation of pathways involved in drug response.
►► The mapping approach of in vitro gene expression data of cancer cell lines and in vivo gene
expression of tumours will be applied to tumour data of TCGA. The biological response present
in the tumour data but not in the cell-line data will be explored for improved understanding of
why some drugs work well on the cell lines but not on the tumours.
►► Within the Counterstrike project we will apply different calibration transfer methods on an
existing PLS model for LPD estimation to be able to predict also in other cohorts and analyse
their performance on two unrelated cohorts. Simultaneously, we will write a review paper on
analytical methods measuring LDPs with an emphasis on NMR methods. Next, we will make a
start with the analysis of the cohorts measured in Copenhagen.
►► In the context of Smilde’s appointment at the Department of Food Science at Copenhagen
University, work has started on fusing data of different measurement scales. Such problems are
abundant in the life sciences (RNA-seq data, Methylation (0/1) data) but also in food science.
Some methods are available to tackle such problems and these will be evaluated systematically
in collaboration with Danish (KU) and Norwegian (Nofima) collegues. This ties nicely into the
work described above (the collaboration with the NKI).
►► Smilde’s COPSAC appointment has ended, and will be finished by submitting a paper
relating the gut microbiome of the COPSAC children with the diary data.
Model-based methods
►► In collaboration with Dr. O. Gandrillon and Dr. F. Crauste (DRACULA team, Research
Centre Inria, Lyon), E. Merino (PhD student), Van Kampen will develop a multiscale model
that integrates an agent-based model of the germinal center (cellular level) with a model based
on differential equations of a gene regulatory network (molecular level) involved in plasma cell
differentiation. This model will allow us to assess changes in the GC cell population upon changes
in the gene regulatory network.
►► The epidermal growth model will be further extended in collaboration with Dr. Renée
van Amerongen. For the germinal-center agent-based model further work will be done on the
integration of antigen and immunoglobulin sequence information in the model.

Group members
Postdoctoral researchers
Frans van der Kloet
Johan de Rooi

PhD students
Chloë Lam
Maryam Soleimani Dodaran
Sandra Monsonis Centelles
Yipeng Song
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Academic publications
Raemy, E., Montessuit, S., Pierredon, S., van
Kampen, A.H., Vaz, F.M., Martinou, J.C. (2016).
Cardiolipin or MTCH2 can serve as tBID receptors
during apoptosis. Cell Death & Differentiation. 23, 7
Angermayr, S.A., van Alphen, P., Hasdemir, D.,
Kramer, G., Iqbal, M., van Grondelle, W., Hoefsloot,
H.C., Choi, Y.H., Hellingwerf, K.J. (2016) .Culturing
Synechocystis sp. Strain PCC 6803 with N2 and
CO2 in a Diel Regime Reveals Multiphase Glycogen
Dynamics with Low Maintenance Costs. Applied and
Environmental Microbiology. 82, 14
Harwig, A., Jongejan, A., van Kampen, A.H.C.,
Berkhout, B., Das, A.T. (2016). Tat-dependent
production of an HIV-1 TAR-encoded miRNA-like
small RNA. Nucleic Acids Research. 44, 9
Fazelzadeh, P., Hangelbroek, R.W.J., Tieland, M.,
de Groot, C.P.G.M., Verdijk, L.B., van Loon, L.J.C.,
Smilde, A.K., Alves, R.D.A.M., Vervoort, J., Müller,
M., van Duynhoven, J.P.M., Boekschoten, M.V.
(2016). The Muscle Metabolome Differs between
Healthy and Frail Older Adults. Journal of Proteome
Research. 15, 2
van Reenen, M., Reinecke, C.J., Westerhuis, J.A.,
Venter, J.H. (2016). Variable selection for binary
classification using error rate p-values applied to
metabolomics data. BMC Bioinformatics. 17, 12
Stroeve, J.H.M., Saccenti, E., Bouwman, J.,
Dane, A., Strassburg, K., Vervoort, J., Hankemeier,
T., Astrup, A., Smilde, A.K., van Ommen, B., Saris,
W.H.M. (2016). Weight loss predictability by plasma
metabolic signatures in adults with obesity and
morbid obesity of the DiOGenes study. Obesity. 24, 2
Gardlo, A., Smilde, A.K., Hron, K., Hrda, M.,
Karlikova, R., Friedecky, D., Adam. T. (2016).
Normalization techniques for PARAFAC modeling of
urine metabolomics. Metabolomics 12.7
Van der Kloet, F.M., Sebastian-Leon, P.,
Conesa, A., Smilde, A.K., Westerhuis, J.A. (2016).
Separating common from distinctive variation. BMC
Bioinformatics 17.5
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Relevant positions
Mitra, V., Govorukhina, N., Zwanenburg, G.,
Hoefsloot, H., Westra, I., Smilde, A.K., Reijmers, T.,
van der Zee, A., Suits, F., Bischoff, R., Horvatovich,
P. (2016). Identification of analytical factors affecting
complex proteomics profiles acquired in a factorial
design study with ANOVA - simultaneous component
analysis. Analytical Chemistry 88.8
Zhao, J., Hakvoort, T.B., Willemsen, A.M.,
Jongejan, A., Sokolovic, M., Bradley, E.J., de Boer,
V.C., Baas, F., van Kampen, A.H., Lamers, W.H.
(2016). Effect of Hyperglycemia on Gene Expression
during Early Organogenesis in Mice. PLoS One. 11, 7
Nandal, U.K., van Kampen, A.H., Moerland,
P.D. (2016). Compendiumdb: an R package for
retrieval and storage of functional genomics data.
Bioinformatics. 32(18)
Herzog, K., Pras-Raves, M.L., Vervaart, M.A.,
Luyf, A.C., van Kampen, A.H., Wanders, R.J.,
Waterham, H.R., Vaz, F.M. (2016). Lipidomic analysis
of fibroblasts from Zellweger spectrum disorder
patients identifies disease-specific phospholipid ratios.
J Lipid Res. 57(8)
Slot, L.M., Hoogeboom, R., Smit, L.A.,
Wormhoudt, T.A., Biemond, B.J., Oud, M.E.,
Schilder-Tol, E.J., Mulder, A.B., Jongejan, A., van
Kampen, A.H., Kluin, P.M., Guikema, J.E., Bende,
R.J., van Noesel, C.J. (2016). B-Lymphoblastic
Lymphomas Evolving from Follicular Lymphomas
Co-Express Surrogate Light Chains and Mutated
Gamma Heavy Chains. Am J Pathol.,186, 12
Te Velde, A.A., Bezema, T., van Kampen, A.H.,
Kraneveld, A.D., ‘t Hart, B.A., van Middendorp,
H., Hack, E.C., van Montfrans, J.M., Belzer, C.,
Jans-Beken, L., Pieters, R.H., Knipping, K., Huber,
M., Boots, A.M., Garssen, J., Radstake, T.R., Evers,
A.W., Prakken, B.J., Joosten, I. (2016). Embracing
Complexity beyond Systems Medicine: A New
Approach to Chronic Immune Disorders. Front
Immunol.,7, 587.

Irwin, C., van Reenen, M., Mason, S., Mienie, L.J.,
Westerhuis, J.A., Reinecke, C.J. (2016). Contribution
towards a Metabolite Profile of the Detoxification
of Benzoic Acid through Glycine Conjugation: An
Intervention Study. PLOS ONE, 11(12)
Lamichhane, S., Westerhuis, J.A., Ouwehand,
A.C., Saarinen, M.T., Forssten, S.D., Jensen, H.M.,
Young, J.F., Bertram, H.C., Yde, C.C. (2016). Gut
microbial activity as influenced by fiber digestion:
dynamic metabolomics in an in vitro colon simulator.
METABOLOMICS 12, 2
Book contribution
van Kampen, A.H., Moerland, P.D. (2016).
Taking Bioinformatics to Systems Medicine. In: Systems
Medicine (Schmitz U., Wolkenhauer O., Eds) (Series:
Methods Mol Biol.,1386), 17-41.
PhD thesis
Kutzera, J. (2016, September 29). Computational
interaction proteomics: from proteome to complexome.
UvA (128 p.). Prom./coprom.: prof dr A.K. Smilde &
dr ir H.C.J. Hoefsloot.
Invited lectures
Smilde, A.K.; (April 19-20). Critical Issues in
Metabolomics Data Analysis, BioSB Symposium,
Lunteren, NL
van Kampen, A.H.C. (November 10).
Determination of the affinity distribution among B cells
measured by repertoire sequencing. 8th Annual Next
Generation Sequencing Congress, London, UK,
van Kampen, A.H.C. (November 8). Affinity
of subclones identified in repertoire sequencing. A
computational modelling approach. Seminar at
Babraham Institute, Cambridge

A.K. Smilde:
Part-time professor at the Department of Health
Science, University of Copenhagen
Part-time professor at the Department of Food
Science, University of Copenhagen
Part-time professor and PI at the AMC
Member of the Editorial board of the Journal of
Chemometrics
Board member of the Netherlands Metabolomics
Centre (NMC)
Member of the Scientific Advisory Board of the
ASK Consortium, Sogndal, Norway
Member of the Scientific Advisory Board of the
CALM Consortium, Copenhagen, Denmark
Member of the Scientific Advisory Board of the
BIOPROD II Consortium, Copenhagen, Denmark
Member of the Scientific Advisory Board of the
Consortium MIMOmics, European Union, Brussels
A.H.C. van Kampen:
member of the ZonMW committee for Enabling
Technologies
Scientific Advisory Board, Graduate school
Chemical Biology (KoRS-CB), University of
Konstanz, Germany (Sept-2009 – 2016)
J.A. Westerhuis:
Extraordinary Professor, North-West University,
Potchefstroom, South Africa
Member of the editorial board of Metabolomics
Journal
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Bacterial Cell Biology and Physiology
groups
Prof. L. Hamoen
Dr T. den Blaauwen
Dr. F. Branco dos Santos
Prof. Dr. K. J. Hellingwerf
Prof. Dr. J. Hugenholtz

B

Chairholder
Associate Professor
Tenure track Assistant Professor
Professor emeritus
Special Chair

Bacteria play a central role in our existence. They
help to digest our food, and they are used to preserve
food. Yet, they can spoil food and can poison us. They
cause life-threatening infections but also produce the
antibiotics that save us. Microorganisms play key
roles in nature as they help the global recycling of
nutrients and energy. Considering their importance,
it is surprising how little we know about their
workings. The Bacterial Cell Biology & Physiology
groups (BCBP) study key bacterial processes to
better understand how bacterial cells work, to find
new ways to control and eradicate them, but also to
develop them into biofactories for the production of
commercial enzymes and chemicals.
The Bacterial Cell Biology & Physiology Groups
(BCBP) is a collaborative research entity within SILS
comprising of three different research groups:
Molecular Microbial Physiology (MMP)
(Dr F. Branco dos Santos)
MMP focuses on the systems microbiology of
lactic acid- and cyanobacteria. We aim to integrate
knowledge on the biochemical and biophysical
properties of signal-transduction and metabolic
networks that regulate and underlie fermentation,
respiration and oxygenic photosynthesis. Ultimately,
we want to understand how the environment, through
evolution and natural selection, shapes microbes
to be equipped with the capacity to deal with the
fluctuations they encounter. For our studies, we focus
on the industrially relevant lactic acid bacterium
Lactococcus lactis and the model organism for studies in
oxygenic photosynthesis Synechocystis PCC6803. Both
organisms are highly relevant for the transition of our
society towards a sustainable bio-based economy.
Bacterial Cell Biology of Gram-positive Bacteria
(Prof L.W. Hamoen)
The group of Hamoen is interested in the
morphogenesis of the bacterial cell and specifically in
how proteins are located to the cell poles, how the
cell divides and how cellular differentiation processes
are genetically regulated. We study these processes
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in the Gram-positive model system Bacillus subtilis.
This organism is also widely used in the industry as
a probiotic for plants and in animal feed, and it is
used for the commercial production of enzymes and
vitamins. The Hamoen group has several research
collaborations with industrial partners to optimise
the use of B. subtilis in industrial relevant processes.
The bacterial cell biology research and tools are also
used to investigate the mode of action of novel antimicrobial compounds and to discover new antibiotics.
Bacterial Cell Biology of Gram-negative Bacteria
(Dr T. Den Blaauwen)
The group of den Blaauwen focuses on Gramnegative bacterial morphogenesis to understand the
molecular mechanism of envelope growth with the
aim to validate new antibiotic targets and to design
assays for screening of inhibitory molecules of these
targets. Presently we have developed a FRET assay
for the study of the interaction between proteins in
the cytoplasm as well as in the periplasm. We study
the essential Lipid-II flippases MurJ, RodA and
FtsW, Penicillin Binding Proteins and the cytoskeletal
proteins MreB and FtsZ and their associated protein
partners. Regularly new proteins are discovered that
are involved in morphogenesis and we assess their
validity as antibiotic targets. In addition, we have a
long-term collaboration to study morphogenesis of
symbiotic bacteria that have a similar genetic makeup as E. coli but very different modes of growth and
division. This helps to discriminate between the core
machinery and the fine-tuning proteins.
The BCBP groups use a broad range of modern
techniques including (high-resolution) fluorescence
microscopy, fluorescence spectroscopy, laboratory
evolution and high-throughput screening methods,
stoichiometric
genome-scale
constraint-based
modelling, and multi-omic, molecular biology and
biochemical methods to study the different research
questions and bacterial model system.

Research highlights
►► Alejandro Montón and Tanneke Den Blaauwen, together with their collaborators in Vienna
(Silvia Bulgheresi), published a paper in Nature Microbiology (Leisch et al.) describing how the
symbiotic bacterium Thiobacillus hypermnestra, which lives on the skin of the nematode Robbea
hypermnestra, divides asymmetrically. This is accomplished by polymerisation of the key cell
division protein FtsZ into an arc-like structure, which changes the scientific concept on FtsZ
activity since it has always been assumed that FtsZ polymerises into a ring-like structure in order
to initiate cell division (figure 1).
Figure 1: Schematic representation of
FtsZ-mediated fission in E. coli, symbiont
candidatus Thiobacillus oneistus
(CTO) and candidatus Thiobacillus
hypermnestra (CH). From left to right
canonical division in E. coli, symetric
division in CTO, and proximally and
proximally and distally invaginated CTH.
FtsZ is depicted in green (Leisch et al.,
Nature Microbiol).
►► Together with collaborators form the European consortium NAPCLI, Alejandro Montón
and Tanneke Den Blaauwen have designed and characterised an Escherichia coli strain that can be
used to screen for antibiotics that inhibit the ‘acceptor site’ of Penicillin Binding Proteins, which
are the well-known targets of penicillin. Penicillin and related antibiotics bind to the ‘donor site’
of Penicillin Binding Proteins. The new finding of NAPCLI enables the discovery of a new class of
antibiotics by specifically targeting the ‘acceptor site’. This work was published in Elife (Hugonnet
et al.).
►► Resorting to nonhierarchical flux regulation alone, Wei Du has been able to achieve a 2-fold
increase in lactate productivity directly from CO2 in a recombinant Synechocystis expressing a
heterologous lactate dehydrogenase from Lactococcus lactis (Du, et al.). This has exposed the fitness
burden associated with diverting carbon towards product formation - a challenge universal to the
development of cell factories that may be mitigated by the inclusion in biotechnological processes
of approaches that are being pioneered at MMP.
►► Pascal van Alphen and Andreas Angermayr have shed new light on how Synechocystis copes
with dual regimes of light and dark periods. This was done through a multi-omic study performed
in a photobioreactor operated under anaerobic conditions (Angermayr et al.). They have found
that the response of the cells suggests a minimisation of maintenance costs throughout the
oscillations by maintaining most of the protein levels surprisingly stable.
►► In the TBSC project carried out in collaboration with Leiden University in which we aim
to express a ‘PSIII’ in the cyanobacterium Synechocystis sp. PCC6803, Que Chen has succeeded in
expressing high amounts of proteorhopsin holoprotein (Chen et al.). She has further strengthen
the conclusion that proteorhodopsin expression confers a fitness advantage by performing coculturing competition experiments resorting to a strain expressing a non-pumping mutant protein
as control.
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Research highlights continued

Other highlights

►► We have characterised Synechocystis grown using the new cultivation method for
photoautotrophs developed at MMP – the photonfluxostat – that enables the light-limited batch
cultivation of cyanobacteria at different, yet constant, growth rates (Du et al.). Wei Du and
colleagues have found that contrary to what was previously thought, many parameters such as
PSI/PSII ratio and chlorophyll A content are proportional to growth rate and not light intensity
per se (see figure 2).

►► Orawan Borirak has completed her PhD thesis under the title: ‘Multi-omics analyses of the
molecular physiology and biotechnology of Escherichia coli and Synechocystis sp. PCC6803’.
►► Philipp Savakis has completed his PhD thesis titled ‘Photosynthetic polyol production’.
►► Den Blaauwen have been awarded a Marie-Curie ITN EU project grant (Train2Target) for three
PhD students of which one will be industry-based.
►► Den Blaauwen has started a new project (comparing cytoskeletal polymerisation properties of
proteins involved in longitudinal or perpendicular division) through the appointment of Jinglan
Wang, a recipient of a Chinese Scholarship Council PhD grant.
►► Branco dos Santos has been awarded a NWO-CW Solar-2-Product grant ‘Darwin’s path towards
sustainability: Exploring evolutionarily stable strategies in engineered biosolar cell factories’, for one
PhD student.
►► Branco dos Santos in collaboration with Wageningen University, Vrije Universiteit Amsterdam
and NIZO Food research have been awarded a NWO-TIFN grant ‘The role of evolutionary trade-offs
in dairy fermentations and their exploitation to alter functionality of starter cultures’ for four PhD
students.
►► Branco dos Santos will host a new project ‘Using osmotic stress as a driving force for photosynthetic
cell factories’, through the appointment of Wenyang Wu, a recipient of a Chinese Scholarship Council
PhD grant.
►► Den Blaauwen organised the session ‘Morphogenesis of bacteria’, 22-23 April 2016 at the annual
Dutch Microbial Society (NvvM) meeting at Papendal
►► Den Blaauwen has been elected as organiser of the 2019 International EMBO workshop on
Bacterial cell division.
►► Branco dos Santos and Hellingwerf organised the international Lorentz workshop ‘Photosynthesis:
Plug and play?’ together with Prof E.M. Aro from the University of Turku, Finland.
►► Hamoen was guest associate editor for Frontiers in Cell and Developmental Biology, section
Membrane Physiology and Membrane Biophysics, on the special topic Antimicrobial Peptides.

Figure 2: Schematic
overview comparing
two different
cultivation strategies:
photonfluxostat (A,
B) and batch (C,
D). (in Du, et al.
2016, Algal Res 20:
118–25)

►► The antibiotic daptomycin is used in the clinic as a last resort antibiotic, however, the
exact mode of action of this antibiotic remained unclear. Michaela Wenzel, Terrens Saaki,
Tjalling Siersma and Leendert Hamoen, in collaboration with groups in Bonn, Bochum and
Newcastle, have shown that daptomycin binds to fluid lipids and causes the delocalisation and
therefore inactivation of several essential membrane proteins. This new antibiotic mechanism was
published in PNAS (Müller et al.), and received attention in several specialised journals and a
recommendation by F1000prime (see figure 3).
►► In collaboration with the company DSM and the university of Newcastle, Chris Sauer, Laura
Bohorquez and Leendert Hamoen have published a study in ACS Synthetic Biology (Sauer et al.)
describing the importance of gene location for the production of proteins. By locating the gene
of an enzyme close to the origin of replication, instead of close to the DNA replication terminus,
the production levels can be increased almost five-fold in rich medium. This gene dosage effect is
related to the multifork replication type occurring in fast growing bacteria like B. subtilis and E.
coli.
►► Simon Syvertsson, Norbert Vischer, Yongqiang Gao and Leendert Hamoen have published
a new semi-automated method to measure cellular dimensions and fluorescence intensities when
individual cells cannot be properly distinguished by phase contrast. This is for example the case
for the commonly used model bacterium B. subtilis (Plos One, Syvertsson et al.).
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Figure 3: Daptomycin rigidifies the cell
membrane. B. subtilis cells were treated
with 1 µg/ml daptomycin for 60 minutes.
Membrane fluidity was measured with
Laurdan generalised polarisation (from
Muller et al. 2016 PNAS).
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Research aims for the coming year
►► We will apply our periplasmic FRET assay to validate PBP5 as target for cyclic boronic
compounds.
►► We will characterise the function of YcbB in wild type strains and validate the ‘acceptor
binding site’ of PBPs as antibiotic target and optimise the screening assay with the M1 strain.
►► We will publish the mode of growth and division using MreB localisation and inhibition by
Laxus oneistus symbionts.
►► We will continue to harvest the results of our breakthrough cyanobacteria-cultivation
techniques, and in our unique ability to make stable producing strains with fitness-coupled product
formation. The latter is major theme of our research, which we anticipate to be important in the
transition of CO2-direct conversions to products of interest from the lab-scale to the industrial
setting.
►► Throughout the coming year, as we have been successfully doing so far, we want to keep
pushing the boundaries of what is deemed possible with respect to the way cyanobacteria are
cultured, focussing now on massive parallel culturing to be used to screen our recently developed
genomic libraries.
►► In the coming year, we will further exploit our newly developed bacterial cytological profiling
technique in the study of novel antimicrobial compounds. This novel screening tool will now be
employed to screen a natural compound library.
►► Several studies concerning the conserved cell division protein SepF will be finalised the
coming year, which will provide an intriguing picture of this important protein and will form the
basis for a new assay to find compounds that can inhibit this protein, thus cell division.
►► 2017 Will also be the year that we will again pick up our gene regulation work in B. subtilis,
by initiating a project focussed at finding the source of stochastic gene regulation variations.

Academic publications
Hugonnet, J.E., Mengin-Lecreulx, D., Monton,
A., den Blaauwen, T., Carbonnelle, E., Veckerlé, C.,
Brun, Y.V., van Nieuwenhze, M., Bouchier, C., Tu,
K., Rice, L.B., Arthur, M. (2016). Factors essential
for L,D-transpeptidase-mediated peptidoglycan crosslinking and β-lactam resistance in Escherichia coli.
Elife, 21;5. pii: e19469.
Leisch, N., Pende, N., Weber, P.M., GruberVodicka, H.R., Verheul, J., Vischer, N.O., Abby,
S.S., Geier, B., den Blaauwen, T., Bulgheresi, S.
(2016). Asynchronous division by non-ring FtsZ
in the gammaproteobacterial symbiont of Robbea
hypermnestra. Nat Microbiol, 10;2:16182.
Gamba, P., Hamoen, L.W., Daniel, R.A., (2016).
Cooperative Recruitment of FtsW to the Division Site
of Bacillus subtilis. Front Microbiol. 15;7:1808.

40 - Swammerdam Institute for Life Sciences

Müller, A., Wenzel, M., Strahl, H., Grein, F., Saaki,
T.N., Kohl, B., Siersma, T., Bandow, J.E., Sahl, H.G.,
Schneider, T., Hamoen, L.W. (2016). Daptomycin
inhibits cell envelope synthesis by interfering with
fluid membrane microdomains. Proc Natl Acad Sci U
S A. pii: 201611173.
Sauer, C., Syvertsson, S., Bohorquez, L.C., Cruz,
R., Harwood, C.R., van Rij, T., Hamoen, L.W. (2016).
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L.J. (2016). Complex polar machinery required for
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and NucTracer, Two ImageJ Methods for SemiAutomated Single Cell Analysis Using Membrane or
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& Hellingwerf, K. J. (2016). Genetic engineering of
Synechocystis PCC6803 for the photoautotrophic
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Angermayr, S.A., van Alphen, P., Hasdemir, D.,
Kramer, G., Iqbal, M., van Grondelle, W., Hoefsloot,
H.C., Choi, Y.H., Hellingwerf, K.J. (2016). Culturing
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H., Bruggeman, F.J., Hellingwerf, K.J., Branco dos
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light-limited batch cultivation of cyanobacteria at
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L., Hugenholtz, J., Teusink, B., et al (2016). Genomescale reconstruction of the Streptococcus pyogenes
M49 metabolic network reveals growth requirements
and indicates potential drug targets. J Biotechnol 232:
25–37.
Savakis, P., Tan, X., Qiao, C., Song, K., Lu, X.,
Hellingwerf, K.J., Branco dos Santos, F. (2016). Slr1670
from Synechocystis sp. PCC 6803 Is Required for the
Re-assimilation of the Osmolyte Glucosylglycerol.
Front Microbiol 7: 1350.
Tyler CA, Kopit L, Doyle C, Yu AO, Hugenholtz
J, Marco ML (2016a). Polyol production during
heterofermentative growth of the plant isolate
Lactobacillus florum 2F. J Appl Microbiol 120: 1336–1345.
Wareham, L.K., Begg, R., Jesse, H.E., Van
Beilen, J.W.A., Ali, S., Svistunenko, D., McLean, S.,
Hellingwerf, K.J., Sanguinetti, G., Poole, R.K. (2016)
Carbon Monoxide Gas Is Not Inert, but Global, in
Its Consequences for Bacterial Gene Expression, Iron
Annual Report 2016 - 41

3

Research Programme: Cell and Systems Biology
Acquisition, and Antibiotic Resistance. Antioxid Redox
Signal 24: 1013–1028.
Bookchapter
Groot, M.L., Hellingwerf, K.J. (2016). Photoactive
Yellow Protein: Converting Light into a Metastable
Structural Change. In Burghardt, I, Haacke, S (eds.),
Ultrafast Dynamics at the Nanoscale: Biomolecules and
Supramolecular Assemblies. (p. 127–166). Pan Stanford,
Singapore.
PhD theses
Borirak, O. (7 April). Multi-omics analyses of the
molecular physiology and biotechnology of Escherichia
coli and Synechocystis sp. PCC6803. UvA.
Savakis, P. E. (1 November). Photosynthetic polyol
production. UvA.
Patent
Hellingwerf KJ, Teixeira de Mattos MJ. 2016.
Process for producing an organic compound. US9228210
B2.
Invited lectures
Hamoen (12 February). How membrane charge,
fluidity and curvature determine protein localization
(and how this helps to elucidate the workings of
antimicrobial compounds). Paris, France, INRA,
Centre de Recherche de Jouy-en-Josas.
Hamoen (29 April). Bacterial Cell Division. Paris,
France, Marie Curie ITN AMBER lecture.
Hamoen (6 May). Use of bacterial cell biology to
find the mode of action of antimicrobial compounds.
Newcastle, UK, Newcastle University, Errington
Anniversary Conference.
Hamoen (13 June). How bacterial cell biology can
help identifying the mode of action of antimicrobial
compounds. Bern, Switzerland, Swiss Society for
Microbiology Annual Meeting.
Hamoen (28 November). Bacterial cell biology as
tool for antibiotic mode of action studies. Kerala, India,
EMBO conference on Bacterial Morphogenesis,
survival and virulence: regulation in 4D.
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Den Blaauwen (6 June). Spatio-temporal
Concentration of morphogenetic proteins as function
of cell division cycle age. KU Leuven, BE, Faculty of
Bioscience engineering.
Den Blaauwen (13 September) To interact or not to
interact: that is the question. EMBO workshop Praque,
Tjech republic ‘Orchestration of the ring’.
Den Blaauwen (13 October) To interact or not
to interact: that is the question. IAMMS lecture
Amsterdam.

Group members
Postdoctoral researchers
Alejandro Mónton Silva
Declan Gray
Pranav Puri
Michaela Wenzel
PhD students
Pascal van Alphen
Patricia Caicedo Burbano
Que Chen
Wei Du
Davide Montesarchio
Wenyang Wu
Nils Meiresonne
Jinglan Wang
Qinglong Meng
Xiaolong Liu
Laura Bohorquesuarez
Yongqiang Gao
Edward de Koning
Terrens Saaki
Biwen Wang
Technicians
Jos Arents
Seyedparsa Mahallehyousefi
Joeri Jongbloets
Jolanda Verheul
Tjalling Siersma
Dennis Rijnsburger
Guests
Petra levin
Norbert Vischer

Molecular Cytology & van
Leeuwenhoek Centre for Advanced
Microscopy
Prof. T.W.J. Gadella
Dr Ir J. Goedhart
Dr Ir M.A. Hink
Dr M. Postma
Dr R. van Amerongen
Prof. P.L. Hordijk
Prof. K. Jalink

R

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
MacGillavry fellow
Special Chair
Special Chair

Research in our section focuses on understanding
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 of cells
and tissues, these two important mechanisms work
in concert. At Molecular Cytology both mechanisms
are studied with emphasis on membrane-related
architecture of living cells using advanced microscopy
tools. The activities are connected to the Faculty of
Science Spearhead programme on Systems Biology,
where our contribution is on spatiotemporal systems
biology of higher eukaryotes. Our main research areas
are:
1) Spatiotemporal organisation of cellular signalling and
its relation tissue and organ development (group leaders
prof. Gadella, dr Goedhart and dr Hink, dr Postma, dr
van Amerongen, prof. Hordijk). In order to respond
to their dynamic outside environment, mammalian
cells need to integrate chemical and physical cues
and respond to them by altering their gene activity,
metabolic activity and/or their 3D spatiotemporal
structural organisation. To this end we need to
understand how spatial information is integrated
by cells and how they can achieve and maintain
local signals at the membrane (in order to drive
morphogenesis, to direct cell migration, or to define
new cytoskeletal anchorage or vesicle-docking sites).
The main pathways under study involve histamine/
P2Y GPCR receptors, heterotrimeric G-protein
activation triggering downstream phospholipases,

calcium, kinase signalling and small GTPase (Rho/
Rac/Cdc24) signalling (the last in collaboration with
prof. Hordijk (VUMC) and dr van Buul (Sanquin)). By
employing genetically encoded fluorescent biosensors
we analyse the in situ molecular interactions between
signalling molecules (phospholipid-second messengers,
receptors, G-proteins and effector molecules) and flow
of information across and in the plane of the membrane
of living mammalian cells.
We also investigate spatiotemporal organisation
of cellular signalling in more complex systems. In
the mouse mammary gland we study the role of Wnt
signaling in stem cell maintenance and breast (cancer)
development (van Amerongen). Using a 3D primary
organoid system we dissect cell fate and shape changes
at the cellular and molecular level. To visualise and
quantify endogenous Wnt signalling in living cells,
we combine CRISPR/Cas9-based genome editing and
fluorescent reporters.
For both systems it is essential to be able to perturb
the localisation or activity of essential regulator or
sensor molecules and read out the dynamic cellular (to
organelle) behaviour. The perturbation can be done
by through traditional chemical (hormone, drug)
stimulation, pharmacological inhibition, or genetic
intervention, but we increasingly use and develop more
subtle and precise tools to manipulate localisation or
activity by genetic encoded chemical dimerising or
optogenetic switchable protein modules.
The close intertwining of several signalling cascades,
their spatial organisational both within and between
cells 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.
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2) Advanced microscopy organised within the van
Leeuwenhoek Centre for Advanced Microscopy (LCAM).
The goal of LCAM-FNWI (prof. dr. T.W.J. Gadella,
dr. M. Hink, dr. Goedhart, dr. M. Postma, dr. R.
van Amerongen, prof. dr. K. Jalink) is to boost Life
Sciences research by implementing and developing
(optical) microscopy techniques. The main focus of
LCAM-FNWI is centred around Functional Imaging
Microscopy of living cells including multimode
Fluorescence Resonance Energy Transfer (FRET),
Fluorescence Spectral Imaging Microscopy (SPIM),
Fluorescence Lifetime Imaging Microscopy (FLIM),
Fluorescence Recovery After Photobleaching (FRAP)
(Gadella, Goedhart and Hink) and Fluorescence
fluctuation microscopy, including Fluorescence (Cross)
Correlation Spectroscopy (F(C)CS), Fluorescence
Lifetime Correlation Spectroscopy (FLCS), Photon
Counting Histogram (PCH)) and imaging analogues
Line-scan FCS, Number & Brightness analysis &
Raster Imaging Correlation Spectroscopy (RICS)
(Hink). The most prominent developments of the new
instrumentation are in automated high-throughput
quantitative screening (FLIM, photobleaching and
ratio imaging) as well as analysis & reconstruction
algorithms
for
PhotoActivated
Localisation
Microscopy (PALM) and Stochastic Optical
Reconstruction Microscopy (STORM) (Gadella and
Postma).
In each of the above approaches we invest
strongly in advanced quantitative data assessment,
computational modelling and data visualisation
(mostly driven by Postma and coworkers), since
processing and evaluation algorithms are becoming
more important, sophisticated and difficult. In
particular tailor-made and often novel methods and

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy
workflows are developed. These are then implemented
in a way that these are easy to use by many users,
allowing for analyses of large quantities of (image) data
in a robust, reproducible and efficient way. This highly
increases the accuracy of analysis and interpretation
of data, which will lead to more biological findings
and stronger conclusions. The data can come from
many different techniques, including FLIM, FRET,
confocal microscopy, FCS, FCCS, STORM, PALM,
GSDIM, SPIM, SIM, wide field microscopy, spectral
measurements, etc.
The extension of our research area towards
multicellular 3D systems, trans endothelial cell
migration (Hordijk and coworkers) and mammary
gland development (van Amerongen and coworkers)
imposes new technical challenges, especially to enable
quantitative in situ imaging of cell behaviour and
signal transduction in a complex three-dimensional
context.
Of increasing importance for advanced microscopy
in biology is the development of fluorescent probes
with enhanced properties and derived molecular
biosensors. We have activities for enhancing intrinsic
fluorescent protein brightness by mutagenesis
and screening (Gadella, Goedhart and Hink), for
development of new photoswitchable fluorescent
proteins (Gadella and Hink) and for new FRET-based
biosensors reporting on second messenger levels, and
on heterotrimeric and small G-protein activities in
live cells (Goedhart and Gadella). Recently we have
started the introduction of these genetically encoded
sensors into the mammalian genome under their
native expression regulation using CRISPR/Cas9based genome editing (van Amerongen).

Research highlights
►► Published on new mScarlet red fluorescent proteins with record brightness.
►► Published on new FRET based sensors for the Gi class of heterotrimeric G-proteins.
►► We developed new probes for simultaneous recording at videorate of four different fluorescent
probes and initiated the implementation of a Quadview image splitter.
►► Published on the identification of tissue-specific reference genes for the mammary gland.
►► Published a study on the construction of a Petrinet model for Wnt/beta-catenin signalling (a
collaboration with dr Anton Feenstra and prof. Jaap Heringa at the VU).
►► Developed Fluorescence Lifetime Cross Correlation Spectroscopy as a tool for quantitative
single colour multi-component microscopy, applied to MAPK signalling.
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Other highlights
►► Dorus Gadella was co-applicant in a proposal for large-scale research infrastructures
‘Bioscopy’ (multiscale measuring activities from molecules to living cells), which was selected for
the KNAW agenda for large infrastructures.
►► Dorus Gadella received a grant from the STW open technology programme (as co-applicant
in collaboration with NKI and Delft University, total grant €1,200,000). A 3-year postdoc
position, consumables and a new single-image FLIM setup will be financed for our Molecular
Cytology group.
►► Dorus Gadella was co-applicant in a ZonMW medium-scale-investment grant proposal
(with (co-)applicants from the VU and VUMC). ZonMW granted €785,ooo for a BD Influx
FACS system. Renée van Amerongen and Katrin Wiese co-authored the grant application.
►► Katrin Wiese was awarded a 2-year Marie Curie Individual fellowship.
►► Renée van Amerongen won a BioArt and Design award (€25,000) together with designers
Roos Meerman and Lilian van Daal. Their exhibit ‘Dynamorphosis: the beauty of inner
mechanisms’ was featured as part of the ‘Fluid Matter’ exposition at MU gallery in Eindhoven.
►► Renée van Amerongen and Anoeska van de Moosdijk were featured in a Volkskrant article
on CRISPR/Cas9-mediated genome editing.
►► Renée van Amerongen chaired the judging panel of the Amsterdam heat for the Famelab
competition.
►► Renée van Amerongen organised and chaired the 8th annual ENBDC methods workshop on
mammary gland development and breast cancer, which took place in Weggis (Switzerland) from
12-14 May. Anoeska van de Moosdijk chaired the PhD and postdoc session (together with Bethan
Lloyd-Lewis from Cambridge).
►► Renée van Amerongen was interviewed by ‘Wekker Wakker’ about the Nobel prize buzz
surrounding CRISPR/Cas9 (Omroep Max, radio 5).
►► Mark Hink received a grant from FEBS to organise a FEBS advanced practical course on
‘Functional imaging of cellular signals’.
►► The NL-BioImaging AM large research infrastructure for advanced microscopy in the
Netherlands, coordinated by Dorus Gadella, was selected and included as an independent cluster
for the 2016 update of the NWO national roadmap for large-scale research infrastructures.
►► The Gadella lab received a Blue Flame Award from Addgene in recognition of the
1800+ requests for plasmids generated in
Amsterdam which were redistributed to the
world-wide scientific community through
this non-profit organisation.
►► Marten Postma’s position as Assistant
Professor in Molecular Cytology was tenured
in 2016.

Figure 1: mScarlet-alfa tubulin highlights the
microtubule network in living cells (courtesy of
Lindsay Haarbosch)
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Education
►► Anoeska van de Moosdijk gave a guest lecture on CRISPR for highschool students at the
Spinoza Lyceum in Amsterdam.
►► The BSc course Frontiers in Medical Biology coordinated by Renée van Amerongen ran with
25 students, included an additional practical and was evaluated better than last year.
►► Joachim Goedhart successfully coordinated the 12 EC 2nd year BSc course on cellular
oncology including a 3-week full-time practical course for 150 students.
►► The Advanced Microscopy MSc course coordinated by Mark Hink again received exceptional
high evaluation scores (average grade 9.0) from the students.
►► Marten Postma was appointed as coordinator for a new MSc course (Data analysis in the
Biomedical Sciences) which should run for the first time in December 2017.
►► Marten Postma was appointed as member of the examination board of the Life Sciences
master programme.
►► Renée van Amerongen was featured in ‘Docent Uitgelicht’.

Research aims for the coming year
►► Publish on mScarlet mutants and maturation.
►► Publish on mScarlet mutants photophysics and application for fluorescence fluctuation
spectroscopy
►► Publish on single-colour multi-component FLCCS analysis.
►► Publish on a FRET-based sensor for G13 activity.
►► Publish on the effects of S1P on endothelial cell morphology.
►► Incorporate a siFLIM camera in our wide-field FLIM setup for fast quantitative FRET
imaging.
►► Coordinate and submit a roadmap proposal for NL-BioImaging AM.
►► Perform the first multi-colour cross correlation spectroscopy experiments for a Wnt pathway
component.
►► Submit an ERC consolidator grant.

Goedhart, J. (2016) Calculation of a distribution
free estimate of effect size and confidence intervals
using VBA/Excel. bioRxiv, doi:http://dx.doi.
org/10.1101/073999.
Heemskerk, N., Schimmel, L., Oort ,C., van
Rijssel, J., Yin, T., Ma, B., van Unen, J., Pitter, B.,
Huveneers, S., Goedhart, J., Wu, Y.I., Montanez,
E., Woodfin, A. & van Buul, J.D. (2016) F-actinrich contractile endothelial pores prevent vascular
leakage during leukocyte diapedesis through local
RhoA signalling. Nat Commun. 7:10493. doi: 10.1038/
ncomms10493. PMID: 26814335.
Jacobsen, A., Heijmans, N., Verkaar, F., Smit, M.J.,
Heringa, J., van Amerongen, R. & Feenstra, K.A.
(2016) Construction and Experimental Validation of
a Petri net Model of Wnt/β-catenin Signaling. BioRxiv
doi: http://dx.doi.org/10.1101/044966.
Lloyd-Lewis B., van de Moosdijk A.A.A., BentiresAlj M., Clarke R.B. & van Amerongen R. (2016),
‘Complexity galore: 3D cultures, biomechanics and
systems medicine at the eighth ENBDC workshop
“Methods in Mammary Gland Development and
Cancer”’, Breast Cancer Res (2016) 18: 115.
Loh K.M., van Amerongen R. & Nusse R. (2016),
‘Generating cellular diversity and spatial form: Wnt
Signaling and the Evolution of Multicellular Animals’,
Developmental Cell 38(6): p643–655.

K. (2016) siFLIM: Single Image Frequency-Domain
FLIM provides fast and photon-efficient lifetime data.
Nat. Methods. DOI:10.1038/nmeth.3386.
Reinhard, N.R., van Helden, S.F., Anthony, E.C.,
Yin, T., Wu, Y.I., Goedhart, J., Gadella, T.W.J. Jr.,
& Hordijk, P.L. (2016) Spatiotemporal analysis of
RhoA/B/C activation in primary human endothelial
cells, Scientific Reports doi:10.1038/srep25502.
van de Moosdijk A.A.A. & van Amerongen R.
(2016), ‘Identification of reliable reference genes for
qRT-PCR studies of the developing mouse mammary
gland’, Scientific Reports 6:35595 DOI: 10.1038/
srep35595 .
van Unen J., Stumpf A.D., Schmid B., Reinhard
N.R., Hordijk P.L., Hoffmann C., Gadella T.W.J. Jr
& Goedhart J. (2016) A New Generation of FRET
Sensors for Robust Measurement of Gαi1, Gαi2 and
Gαi3 Activation Kinetics in Single Cells. PLoS One
11(1):e0146789. doi: 10.1371/journal.pone.0146789.
eCollection 2016. PMID: 26799488.
van Unen, J., Botman, D., Yin, T., Wu, Y.I., Hink,
M.A., Gadella, T.W.J. Jr., Postma, M. & Goedhart,
J. (2016) Palmitoylation of the oncogenic RhoGEF

Pandey, R., Vischer, N. O. E., Smelt, J. P. P. M.,
van Beilen, J. W. A., Ter Beek, A., De Vos, W. H., ...
Manders, E. M. M. (2016). Intracellular pH Response
to Weak Acid Stress in Individual Vegetative Bacillus
subtilis Cells. Applied and Environmental Microbiology,
82(21), 6463-6471. DOI: 10.1128/AEM.02063-16
Hordijk, P. L. (2016). Recent insights into
endothelial control of leukocyte extravasation.
Cellular and Molecular Life Sciences, 73(8), 1591-1608.
DOI: 10.1007/s00018-016-2136-y

Academic publications
Bindels D.S., Haarbosch L., van Weeren L.,
Postma M., Wiese K.E., Mastop M., Aumonier S.,
Gotthard G., Royant A., Hink M.A. & Gadella,
T.W.J. Jr. (2016) mScarlet: a bright monomeric red
fluorescent protein for cellular imaging. Nat Methods.
doi: 10.1038/nmeth.4074. [Epub ahead of print].
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Boelens, M.C., Nethe, M., Klarenbeek, S., de
Ruiter, J.R., Schut, E., Bonzanni, N., Zeeman, A.L.,
Wientjens, E., van der Burg, E., Wessels, L., van
Amerongen, R. & Jonkers, J. (2016), ‘PTEN Loss in
E-Cadherin-Deficient Mouse Mammary Epithelial
Cells Rescues Apoptosis and Results in Development
of Classical Invasive Lobular Carcinoma’, Cell Reports
16(8): 2087–2101.

Raspe, M., Kedziora, K.M., van den Broek,
B., Zhao, Q., de Jong, S., Herz, J., Mastop, M.,
Goedhart, J., Gadella T.W.J., Jr., Young, I.T. & Jalink,

Figure 2: mScarlet atomic structure determined by
X-ray diffraction (courtesy of dr Marten Postma)
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TGAT is dispensable for membrane affinity and
consequent activation of RhoA. bioRxiv, http://
dx.doi.org/10.1101/062729.

Gadella, T.W.J. (2016, November 11) mScarlet,
a novel bright monomeric red fluorescent protein for
cellular imaging. Keynote lecture during Opening
AO|2M core, VUMC, Amsterdam.

van Unen, J., Rashidfarrokhi, A., Hoogendoorn,
E., Postma, M., Gadella, T.W.J. Jr. & Goedhart, J.
(2016) Quantitative Single-Cell Analysis of Signaling
Pathways Activated Immediately Downstream
of Histamine Receptor Subtypes, Molecular
Pharmacology.
DOI:
http://dx.doi.org/10.1124/
mol.116.104505.
van Unen, J., Yin, T., Wu, Y.I., Mastop, M.,
Gadella, T.W.J. Jr. & Goedhart, J. (2016) Kinetics of
recruitment and allosteric activation of ARHGEF25
isoforms by the heterotrimeric G-protein Gq, Scientific
Reports, doi:10.1038/srep36825.
Bookchapter
Postma, M. & van Haastert, P. J. M. (2016).
Mathematics
of
Experimentally
Generated
Chemoattractant Gradients. In T. Jin, & D. Hereld
(Eds.), Chemotaxis: methods and protocols. (pp. 381396). (Methods in Molecular Biology; No. 1407). New
York: Humana Press. DOI: 10.1007/978-1-4939-34805_26.
PhD theses
Daniel, A.E. (5 February). ‘In sickness and in health’:
The regulation of junctional integrity in inflamed and
healthy endothelial cells. UvA (190 p.). Prom./coprom.:
prof. P.L. Hordijk & dr J.D. van Buul.
Kędziora, K.M. (23 November). Advanced
microscopy studies of invadosome rosettes. UvA (207 p.).
Prom./coprom.: prof. K. Jalink & F.N. Leeuwen.
Roth, S. (24 May). Where is the bias? Theorectical
and experimental insights into the onset of ligand biased
signaling by G protein coupled receptors. VU (151 p.)
Prom: prof. F.J. Bruggeman and prof. T.W.J. Gadella,
coprom: dr ir J. Goedhart.
Invited lectures
Gadella, T.W.J. (2016, April 5) mScarlet, a novel
high quantum yield monomeric red fluorescent protein
with strongly enhanced properties for sensitized emissionbased FRET. 2nd FRET international discussion
meeting, Göttingen, Germany.
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Goedhart, J. (2016, January 28th) Connecting
heterotrimeric G-protein activity with cell morphology.
Invited by Alessandra Cambi, Nijmegen, The
Netherlands.
Goedhart, J. (2016, June 1st) Genetically encoded
fluorescent probes, Annual Dutch Flow Group Meeting,
Dutch Cancer Institute, Amsterdam, The Netherlands

Figure 3: Lactility is a 3D printed artist’s interpretation
of the mammary gland by artists/designers Lilian van
Daal and Roos Meerman. It is part of the exhibit
Dynamorphosis, which won the 2016 BioArt and
Design award competition together with Renée van
Amerongen
Gadella, T.W.J. (2016, May 25) mScarlet, a novel
high quantum yield monomeric red fluorescent protein
with strongly enhanced properties for functional imaging
microscopy. 16th European Light Microscopy Initiative
(ELMI) meeting, Debrecen, Hungary.
Gadella, T.W.J. (2016, June 9) 3rd Generation
fluorescent proteins with enhanced properties for
FRET and for monitoring signaling in living cells.
FASEB conference: Cell Signaling in Cancer, from
Mechanisms to Therapy, Snowmass, CO, USA.
Gadella, T.W.J. (2016, July 14) mScarlet, a novel
high quantum yield (71%) monomeric red fluorescent
protein with enhanced properties for FRET- and super
resolution microscopy. Royal Microscopy Society
Frontiers in BioImaging meeting, London, UK.
Gadella, T.W.J. (2016, September 2) mScarlet,
a novel high quantum yield (71%) monomeric red
fluorescent protein with enhanced properties for FRETand super resolution microscopy. European Microscopy
Conference 2016, Lyon, France.
Gadella, T.W.J. (12 September) Förster Resonance
Energy Transfer (FRET) & FRET in Biological systems.
Microspectroscopy: functional imaging of biological
systems. FEBS advanced practical course, Wageningen.

Hink, M.A. (2016, March 9th) Introduction to
Fluorescence fluctuation spectroscopy: Analysing ‘noise’ 8th
European Short Course on Time-Resolved Microscopy
and Correlation Spectroscopy, Berlin, Germany.
Hink, M.A. (2016, September 3rd) Probing protein
dynamics and interactions by fluorescence fluctuation
spectroscopy. Microspectroscopy: functional imaging of
biological systems. FEBS advanced practical course,
Wageningen, The Netherlands.
Hink, M.A. (2016, September 3rd) Image
Correlation Spectroscopy: Analysing ‘noise’ from
images. Microspectroscopy: functional imaging of
biological systems. FEBS advanced practical course,
Wageningen, The Netherlands.
Van Amerongen, R. (2016, 27 September) Primary
organoid cultures to dissect the role of Wnt signaling in
mammary gland development and breast cancer, Cell
Press Lab Links symposium ‘The organoid revolution:
Organs in a dish’.
Van Amerongen, R (2016, 29 September) TedX
O|2 talk at the official opening symposium for the O2
research building.
Van Amerongen, R. (2016, May) Dissecting the role
of Wnt signaling in mammary gland development and
breast cancer, Gordon Research Conference, Il Ciocco,
Italy.
Van de Moosdijk, A. (2016, September)
Spatiotemporal quantification of Wnt signaling at
physiological levels.

Relevant positions
Amerongen, R. van Editor Amsterdam Science.
Amerongen, R. van Elected committee member
European Network of Breast Development and Cancer
Labs.
Gadella, T.W.J. National Coordinator Biological
Imaging for ESFRI EuroBioImaging roadmap.
Gadella, T.W.J. (Re)elected
BioImaging AM Dutch roadmap.

chairman

NL-

Gadella, T.W.J. Director The Van Leeuwenhoek
Centre for Advanced Microscopy (LCAM).
Hink, M.A. Board member the Netherlands Society
for Microscopy (NVvM).
Award
Amerongen, R. van (20 May) Bio Art & Design Award.
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Systems Biology plays a major role in showing
that disease and health depend on multiple factors
that interact at various spatial and temporal scales.
These factors derive from both ‘Nature’ (genes) and
‘Nurture’ (environment) and include epigenetic
composition and DNA structure, regulatory processes
at various levels, as well as environmental exposure,
nutrition and life style. As these factors differ between
individual humans or even between members of clonal
cell populations, they require precision biotechnology
and individualised medicine.
The Synthetic Systems Biology and Nuclear
Organisation (SSB-NOG) group focuses on living
cells, often in the context of a live environment, in
ecology or in multicellular organisms such as the
human. SSB-NOG has contributed to assessing and
understanding the inherent biological variability
in cell functioning, establishing design principles
of epigenetic gene regulation, cell cycle timing,
cell signalling and metabolism. What is encoded
in an individual’s genome (and what is not), nonequilibrium thermodynamic and kinetic limitations,
as well as dispersion that is unavoidable because of
the noisy molecular world underpinning biology, are
brought into play by the SSB-NOG group. This is
realised by developing precise computational ‘watchmaker’ models of explicit network mechanisms,
which are combined with quantitative experimental
measurements both at the population and single cell
resolution level. Altered molecular wiring contributes
to deregulated cell functioning affecting for instance
immunity, aging and cancer development. We
take particular interest in the ‘timing’ and spatial
relationship of interacting regulatory proteins. This
refers to the delivery of resources to cells undergoing
the cell cycle, at the right time, the temporal
synchronisation of the various biological clocks
integrating at the whole body hormonal regulation
level, and the concentration-synchronisation of cells
and molecules in innate immunity, which hovers
between acute and chronic inflammation. We are
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also interested in how transcription dynamics and
epigenetic plasticity provides cells with selective
advantages for themselves that may be disadvantageous
for the whole body or ecosystem. Such as in cancers
or blooms. Both experimentally and theoretically we
study transcription dynamics and stochasticity in
single cells as function of the epigenetic disposition and
its role in driving cell-cell variability and development
of deregulated (disease) conditions.
In the context of the EU H2020 MSCA-ITN
EpiPredict initiated and coordinated by Verschure,
we study epigenetic regulation of estrogen receptor
positive breast cancer progression and development of
resistance against endocrine treatment. We determine
transcription cell-cell variability and alterations
in DNA methylation underlying breast cancer
persistence through drug resistance. As member of a
ZonMW-TOP consortium, we examine transcription
regulation and the contribution of epigenetics to UVinduced transcription stalling and nucleotide excision
repair associated with skin cancer predisposition and
early aging syndromes. In collaboration with the
Dutch Forensic Institute we develop epigeneticsbased tools to determine the chronological age of
human individuals in forensic relevant tissues such as
blood. To this end, we employ machine learning in
combination with precision DNA-methylation nextgeneration sequencing.
Furthermore, SSB-NOG focuses on the generation
of multi-scale molecular models of cellular growth,
by integrating molecular networks that exploit their
functions at different time scales (such as cell cycle,
metabolism, signalling cascades). Specifically, we
investigate how definite connections among these
networks may impinge on their mutual regulation
and on cellular physiology.
SSB-NOG research is reinforced by numerous
collaborations such as with the twin groups at the VU
University and at the University of Manchester and
with various research groups at Sanquin Amsterdam,
Academic Medical Center Amsterdam, University

Medical Center Groningen, Erasmus MC Rotterdam,
Netherlands Forensics Institute, University College
Dublin, Luxembourg Centre for Systems Biology,
Institute of Technology in Tartu, Imperial College
London, Deutsches Krebs-Forschungs Zentrum,
Heidelberg, University of Milano-Bicocca, Universität
Bochum-Essen, Biological Research Center of the

Hungarian Academy of Sciences, Eidgenossische
Technische Hochschule Zurich, Epiontis GmbH
in Berlin, Swiss Institute of Bioinformatics and
University of Lausanne, Universitat Pompeu Fabra
in Barcelona, Mount Mercy University in Iowa,
Humboldt University Berlin, and The Systems
Biology Institute in Tokyo.

Research highlights
►► Barberis and colleagues have discovered and published a molecular mechanism that explains
how cells achieve their proper timing of reproduction by synchronising DNA replication with cell
division. The findings in the model organism budding yeast pinpoint a possibly conserved design
principle of reproduction in eukaryotic organisms, including the human.
►► Barberis and colleagues have provided a perspective on new multi-scale approaches through
the development of Boolean models of cell cycle regulation in budding yeast and their integration
with cellular networks. As the ultimate aim of multi-scale models, the corresponding publication
addresses the challenge of understand how the integration of intracellular networks provides the
cell with cross talks that underlie systems level properties.
►► Barberis and colleagues have developed a novel computational framework that is able to
integrate biochemical networks that function at various time-scales.
►► Verschure and colleagues discovered and published an important causal link between changes
in nuclear organisation, chromatin folding, gene activity and the epigenetic state using epigenetic
targeting in engineered mammalian cells. These findings are of importance to enable cell identity
reprogramming impacting our ability to reverse a diseased phenotype.
►► Verschure and coworkers highlighted the consequences of artificial reproduction technologies
on the epigenetic profile and its impact on imprinting disorders such as Angelman and BeckwithWiedemann syndrome.
►► SSB-NOG further showed that transcription with well-defined burst size and first
order mRNA degradation should be expected to lead to a well-defined dispersion in mRNA
concentration; enabling inference of burst size from the Fano factor of that dispersion.
►► It also clarified the hitherto elusive role of the bypass enzyme GAPN in some Archaea: a
bypass of a thermodynamic barrier that becomes insurmountable above 70 °C.
►► SSB-NOG showed that some 4 billion years ago early life forms such as acetogenic bacteria
may have used network gear shifting for acquiring energy under the dearest possible conditions.
►► And they teamed up with immunologists such as Prof van Ham (SILS/Sanquin) and
discovered that inflammation such as in rheumatoid arthritis may turn chronic possibly because
of an irreversible transition, requiring fibroblast implantation to become drug revertible.
►► They also positioned the novel protein category of ‘pseudoenzymes’ in a systems biology
world of bifunctional reader-writer enzymes.
►► Barberis co-organised the International Conference on Systems Biology (ICSB2016) in
Barcelona, Spain, and chaired the scientific session on ‘Systems Biology of Cancer’.
►► Verschure joined the core team of the Nationale wetenschaps agenda, within the route ‘the
Origin of Life - on earth and in the universe’ initiating the launch of a virtual institute ‘Origins
Center’ (http://www.origins-center.nl/) combining research communities of Physics, Chemistry,
Molecular Biosciencies and Evolution. It is expected that this initiative will impact fundamental
curiosity-driven research.
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Research highlights (continued)

Research aims for the coming year

►► Barberis chaired the session on ‘Chromosome Biology, Cell Division and Cell Cycle’ at the
FISV Congress of the Italian Federation of Life Sciences in Rome, Italy.
►► Verschure organised and chaired the first EU H2020 MSCA-ITN EpiPredict meeting in
Amsterdam, the Netherlands.
►► Westerhoff and colleagues initiated the 4M (Make Me My Model) project in the context of
our Infrastructure Systems Biology Europe@NL, which was met with the immediate success of
some 8 client projects.
►► Verschure organised and chaired the Frontiers in Forensics symposium Epigenetic signatures
- Forensic testing at the next level, Amsterdam, The Netherlands setting the scene to use epigenetics
in the forensic research community.
►► Together with Prof Alberghina (Milano) Westerhoff organised an international summer
school on Lake Como on Systems Biology and Systems Medicine.
►► Verschure and Dr. Naue received additional funding from the Amsterdam University Fund
(AUF) to develop DNA methylation precision detection with Next Generation Sequencing to
detect chronological age in blood from individuals with different age ranges.
►► Westerhoff connected SILS with the international engineering committee through a keynote
lecture at their international FOSBE conference.
►► SSB-NOG continued to be the major host to the Systems Biology Research Priority Area
SysBA of the University of Amsterdam.

►► We shall identify how the epigenetic chromatin state determines transcription dynamics and cellcell variability and understand how altered epigenetic transcription dynamics drives endocrine resistance
development in estrogen receptor breast cancer.
►► We shall understand how cellular layers of regulation communicate at different time-scales, by
applying the computational framework developed to integrate and explore the mutual regulation of, cell
cycle and metabolism networks in budding yeast and mammalian cells.
►► We shall connect mRNA noise that we previously modelled numerically and observed experimentally,
to statistical thermodynamics in a model without approximations.
►► We shall devise a novel metabolomics prediction strategy, implement this experimentally, in a drug
detoxification network, and compare this with our earlier dynamic-modelling-based methodology.
►► We shall understand how exposure to variable UV doses determines transcription stalling, -restart
and nucleotide excision repair within a defined epigenetic context.
►► Biological complexity of mammalian cells will be identified as one of the causes of the illreproducibility of life sciences research and improved methodologies will be established.
►► We shall illustrate at single cell super-resolution level the spatial relationship between transcription
dynamics, stochastics and chromatin higher-order folding.
►► Through a new Flux Balance Analysis methodology creating cell populations through somatic
mutations in silico, we shall examine whether this leads to selfish and social cell types, metabolically.
►► We shall demonstrate how DNA CpG methylation of defined genomic loci predicts the
chronological age of an individual in blood and other forensically relevant tissues.
►► The role of the grey metabolite methylglyoxal will be examined in a combined in vitro/in silico study
in S. solfataricus.
►► We shall generate a software for multi-scale modelling data which will allow for the extraction and
representation of biological data to input in multi-scale models.
►► We shall illustrate conceptual limits of single-cell DNA-methylation detection in human tissue and
how genome-wide DNA-methylation analysis is able to predict the composition of other epigenetic layers.
►► We shall devise computational models of the cell cycle that are able to oscillate autonomously.
►► We shall identify which DNA CpG methylation sites determine estrogen receptor positive breast
cancer survival of patients receiving endocrine treatment.
►► We shall understand how dynamic networks deal with oxidative stress, and envision personalised
therapies for e.g., neurological disorders.
►► We shall identify novel design principles of cell reproduction that are able to synchronise
transcriptional dynamics of cell cycling.
►► We shall identify novel design principles in systems immunology, by exploring how network rewiring may be responsible for B cell fates.
►► We shall demonstrate the causal relationship between changes in genome-wide transcription and
aggregate formation in early-state Huntington’s disease development.
►► We shall examine the extent to which principles of ecology such as that diversity enhances robustness
apply to paracellular networks in immunology.

Figure 1: MCF7 breast cancer cells have activated the CYP19 Aromatase gene in deregulated breast cancer cells that
escaped from endocrine treatment. The green encircled structure shows the CYP19 transcripts (in red) detected with
single molecule RNA FISH. In blue the nuclear (DAPI staining) is shown.
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Academic publications
Dols JA, Molenaar D, van der Helm JJ, Caspers
MP, de Kat Angelino-Bart A, Schuren FH, Speksnijder
AG, Westerhoff HV, Richardus JH, Boon ME, Reid
G, de Vries HJ, Kort R. (2016) Molecular assessment
of bacterial vaginosis by Lactobacillus abundance and
species diversity. BMC Infectious Diseases, 16:180. doi:
10.1186/s12879-016-1513-3
Hassan Z, Sultana M, Westerhoff HV, Khan SI,
Röling WFM (2016) Iron Cycling Potentials of Arsenic
Contaminated Groundwater in Bangladesh as Revealed
by Enrichment Cultivation. Geomicrobiology Journal,
33:9, 779-792. doi: 10.1080/01490451.2015.1111471
He F, Murabito E, Westerhoff HV (2016) Synthetic
biology and regulatory networks: where metabolic
systems biology meets control engineering. Journal of
the Royal Society Interface, 13(117). pii: 20151046. doi:
10.1098/rsif.2015.1046

Hoeijmakers L, Kempe H, Verschure PJ (2016)
Epigenetic imprinting during assisted reproductive
technologies: The effect of temporal and cumulative
fluctuations in methionine cycling on the DNA
methylation state. Molecular Reproduction and
Development, 83(2):94-107. doi: 10.1002/mrd.22605

Wu H, von Kamp A, Leoncikas V, Mori W, Sahin
N, Gevorgyan A, Linley C, Grabowski M, Mannan
AA, Stoy N, Stewart GR, Ward LT, Lewis DJM, Sroka
J, Matsuno H, Klamt S, Westerhoff HV, McFadden
J, Plant NJ, Kierzek AM (2016) MUFINS: multiformalism interaction network simulator. Nature
Publishing Journal Systems Biology and Applications,
2:16032. doi: 10.10-38/npjsba.2016.32
Wijchers PJ, Krijger PH, Geeven G, Zhu Y,
Denker A, Verstegen MJ, Valdes-Quezada C,
Vermeulen C, Janssen M, Teunissen H, AninkGroenen LC, Verschure PJ, de Laat W (2016) Cause
and Consequence of Tethering a SubTAD to Different
Nuclear Compartments. Molecular Cell, 61(3):461-73.
doi: 10.1016/j.molcel.2016.01.001

Group members

PhD thesis

Projectmanager (Epipredict)
Annemarie Vastenhouw-van der Linden

Piebes, D. G. E. (2016). Transcription regulation in
time and space: Engineered cell systems to modulate the
epigenetic chromatin structure: The role of Methyl-CpGbinding protein 2.
Figure 2: MCF7 breast cancer cells expressing CD44
cell surface marker (green signal), a potential marker
for cancer stem cells that become the resistant cells in
the population upon endocrine treatment. The red
signal illustrates GAPDH transcripts labelled with
single molecule RNA FISH detection. The image
clearly shows that in a population of cells, only half
of the cells express CD44.
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Figure 3: A given genomic locus can adopt multiple
nuclear locations depending on the recruited protein
but repositioning is uncoupled from transcriptional
changes and epigenetic alterations per se are
insufficient for chromatin repositioning (from
Wijchers et al., Moll. Cell 61(3):461-73, 2016).

Mondeel TD, Rehman S, Zhang Y, Verma M,
Dürre P, Barberis M, Westerhoff HV (2016) Maps for
when the living gets tough: Maneuvering through a
hostile energy landscape. IFAC-PapersOnLine, 49:
364–370. doi: 10.1016/j.ifacol.2017.03.002

Relevant position
Pernette Verschure (Coordinator) EU H2020
MSCA -ITN EpiPredict (External organisation)

3

Postdoctoral researchers
Abudukelimu Abulikemu
Alexey Kolodkin
Christian Linke
Jana Naue

PhD students
Stefania Astrologo
William Beckman
Mannus Kempe
Thierry Mondeel
Maryam Soleimani Dodaran
Niels Verstegen
Ilona Vuist
Yanfei Zhang
Technicians
José Kiewiet
Jessica Meyer
Lucas van der Zee
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Molecular Neuroscience
Prof. M.P. Smidt
Dr M.F.M. Hoekman
Dr H. van Hooft
Dr L.P. van der Heide
Dr F.M.J. Jacobs

2

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor

2016 was a great year for the Molecular Neuroscience
group: Marco Hoekman was awarded an Amsterdam
Brain and Mind Project (ABMP) grant and together
with Marten Smidt published a critical paper in PNAS.
Frank Jacobs was awarded a Career Development
Award from the Human Frontier Science Program
(HFSP), a ERC Starting Grant from the European
Research Council (ERC) and was a co-applicant of

a Discovery Projects Grant, which was awarded by
the Australian Research Council (ARC). This has
led to a large increase in researchers in his team and
the building of new genomics lab at SILS. Last but
not least, Lars van der Heide was awarded a Dutch
Parkinson foundation grant and initiated together
with Marten Smidt a patent procedure based on
recent findings of Lars van der Heide.

Research highlights
►► W.M.K Kouwenhoven successfully defended her thesis under supervision of Dr Lars van der
Heide as co-Promotor and Marten Smidt Promotor.
►► An exciting new research line has led to the preparations of a patent application describing
a possible treatment for Parkinson’s disease.

Education highlights
We have been active in many aspects of education, some of the main activities are mentioned here:
►► Together with Dr. Marco Hoekman Dr Lars van der Heide set up a new bachelor course
Molecular Neurobiology, which strongly focuses on hypothesis driven research. This course was
enthusiastically evaluated by the participating students.
►► The Molecular Neuroscience track (Trackcoordinator Dr Lars van der Heide) harboured 2
students who were awarded a European Talent Scholarship and 1 student who was awarded an
Amsterdam Excellence scholarship.

Group members
Postdoctoral researchers
Miranda van Wonterghem
PhD students
Edward Robinson
Elise van Bree
Erik van Heesbeen
Gerrald Lodewijk
Iris Wever
Nina Haring
Ricardo Paap
Simone Mesman
Willemieke Kouwenhoven
Technicians
Lars von Oerthel
Cindy Wagemans
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Academic publication
Kouwenhoven, W. M., Veenvliet, J. V., van Hooft,
J. A., van der Heide, L. P., & Smidt, M. P. (2016).
Engrailed 1 shapes the dopaminergic and serotonergic
landscape through proper isthmic organizer
maintenance and function. Biology Open, 5(3), 279288. DOI: 10.1242/bio.015032
Paap, R., Oosterbroek, S., Wagemans, C. M. R.
J., von Oerthel, L., Schellevis, R. D., Vastenhouwvan der Linden, A. J. A., ... Smidt, M. (2016). FoxO6
affects Plxna4-mediated neuronal migration during
mouse cortical development. Proceedings of the
National Academy of Sciences of the United States of
America. DOI: 10.1073/pnas.1609111113
PhD theses
De Luca, G. M. R. (2016). Re-scan confocal
microscopy

Structural and Functional Plasticity of the Nervous System
Mesman, S. (2016). The developmental road of a
dopamine neuron: In search of novel factors in mdDA
neuronal development
Kouwenhoven, W. M. (2016). The rise and fall
of mesodiencephalic dopaminergic neurons: Molecular
programming by transcription factors Engrailed 1, Pitx3,
and Nkx2.9 during the development of mesodiencephalic
neurons
Invited lecture
Smidt, M. (21 Sep 2016) Genetic programming of
dopaminergic subsets: Role of transcription factors in
maintenance and function of midbrain DA neurons.

Structural and Functional Plasticity of
the Nervous System
Prof. P.J. Lucassen
Dr H.J. Krugers
Dr C.P. Fitzsimons
Dr A. Korosi

M

Chairholder
Associate Professor
Assistant Professor
Assistant Professor

Mission of the group: Our aim is to understand how
plasticity of the brain is regulated and programmed.
We focus on neurogenesis, synaptic plasticity and
behaviour, and on their (molecular) regulation
by (early) stress, inflammation, (early) nutrition
and epigenetics. Plasticity is studied in relation to
cognition and disorders like depression, PTSD,
epilepsy, traumatic brain injury, Parkinson’s and
Alzheimer’s disease.
Research topics: We focus among others on the
perinatal period, with Krugers studying mechanisms
underlying early stress and (emotional) memory,
synaptic (dys)function and Alzheimer etiology, while

Korosi, with clinical/industry groups, studies effects
of early stress and nutrition on programming of brain
structure, function, Alzheimer’s disease, epigenetics
and neuroinflammation. Fitzsimons studies molecular
control of stem cells, focusing on microRNAs,
glucocorticoids, traumatic brain injury and epilepsy.
Aside from his collaborative studies, Lucassen studies
effects of drugs and exercise on human brain plasticity.
Scientific output: In addition to our teaching, we
published 19 papers, 4 book chapters, gave 28 invited
lectures, while 5 PhDs, i.e. Arp, Kanatsou, Xiong,
Schrantee and Wang, successfully defended their
theses.

Research highlights
►► Nutrition and stress during early life influence later cognition, neurogenesis and fat
metabolism.
►► Early-life stress aggravates amyloid pathology and alters the neuroimmune response to
amyloid accumulation.
►► Novel pathways have been uncovered how stress-hormones regulate synaptic function and
fear memory formation.
►► A multi-omics profile of proteins, transcripts and microRNAs expressed in the dentate gyrus
shortly after epileptic seizures was characterised and made publicly available.

Figure 1: Arc positive neurons (green) in the
hippocampal dentate gyrus (blue) that can be used to
highlight a memory trace (image: Lisa Catsburg / Sylvie
Lesuis / Harm Krugers).
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Education highlights

Research aims for the coming years

►► In 2016, our group contributed heavily to the Psychobiology and Biomedical bachelor
and master programmes (6,000 hours DVM). Lucassen is track coordinator of the master track
Psychopharmaca and Pathophysiology (25 students/year). The courses Advanced Psychopathology,
Methods and techniques in Neuroscience and Brain programming; early-life, epigenetics and
environment are coordinated by Korosi. The track remained very popular and was very well
evaluated by the students.
►► Korosi was guest lecturer at the master courses Development and healthy aging at Wageningen
University, and Nutrition, Brain development and Cognition at the University of Groningen.
►► Krugers is Programme Director of the in 2016 re-accredited interdisciplinary Research
Master Brain and Cognitive Sciences, (50 students/year, judged as good) and coordinates the
bachelor course Emotion, Motivation and Internal Regulation.
►► Fitzsimons is coordinator of the course Endocrinology for the Bachelor Programmes
Biomedical Sciences and Psychobiology and since 2016, Coordinator of the Master Course
Experimental Neurobiology for the interdisciplinary Research Master Brain and Cognitive Sciences.

►► Investigate how early life adversity determines aging-related cognitive decline and to
understand how the early environment can exert lasting effects on the brain, identify the critical
elements, and dissect how they modify the risk to develop depression, anxiety and dementia.
►► To investigate the role of astrocytes and microglia in the programming by early-life stress,
dive into the mechanisms underlying the beneficial effects of early nutritional interventions and
investigate further optimal time windows for intervention.
►► Investigate how early-life stress might programme not only the brain but also the peripheral
organs.
►► To detect human neurogenesis in vivo and study alterations in relation to stress, depression
and exercise.
►► To advance in the therapeutic application of previously characterised microRNAs.
►► To explore the alterations induced by traumatic brain injury on adult neural stem cells and
its consequences for cognition and associated diseases.

Academic publications

Grants, awards and other highlights
►► Korosi received an Amsterdam Brain and Cognition grant (€250,000) together with prof.
Tessa Roseboom (AMC) for The role of fat metabolism and nutritional status in early-life stress
induced cognitive impairments: an interdisciplinary study using animal experimental and human
observational data.
►► Krugers received a Dobberke Stichting grant (€300,000); Early life stress, social behaviour
and reward.
►► Fitzsimons and colleagues from the Achucarro Basque Center for Neuroscience, Spain, the
Dept of Neurosciences, KU Leuven, and the Neurocentre Magendie Bordeaux, France, have
been awarded an ERA-NET NEURON grant (€850,000 from the H2020 programme for their
project REACT NSC: Induction of Reactive Neural Stem Cells by Traumatic Brain Injury in the Adult
Hippocampus.

Arp JM, ter Horst JP, Loi M, den Blaauwen
J, Bangert EL, Fernández G, Joëls M, Oitzl MS,
Krugers H. J. 2016. Blocking glucocorticoid receptors
at adolescent age prevents enhanced freezing between
repeated cue-exposures after conditioned fear in adult
mice raised under chronic early life stress. Neurobiology
of Learning and Memory. 133: 30-38
Derks NAV, Krugers HJ, Hoogenraad CC,
Joëls M, Sarabdjitsingh RA. 2016. Effects of Early
Life Stress on Synaptic Plasticity in the Developing
Hippocampus of Male and Female Rats. PLoS One.
11: e0164551
Fitzsimons CP, Herbert J, Schouten M, Meijer
OC, Lucassen PJ, Lightman S. Circadian and
ultradian glucocorticoid rhythmicity: Implications
for the effects of glucocorticoids on neural stem
cells and adult hippocampal neurogenesis. Front
Neuroendocrinol. 2016 Apr;41:44-58.
Herbert J, Lucassen PJ. Depression as a risk factor
for Alzheimer’s disease: Genes, steroids, cytokines
and neurogenesis - What do we need to know? Front
Neuroendocrinol. 2016 Apr;41:153-71.
Hoeijmakers, L., Kempe, H., & Verschure, P.
J. (2016). Epigenetic imprinting during assisted
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reproductive technologies: The effect of temporal and
cumulative fluctuations in methionine cycling on the
DNA methylation state. Molecular Reproduction and
Development, 83(2), 94-107. DOI: 10.1002/mrd.22605
Hartmann, J., Dedic, N., Pöhlmann, M. L.,
Häusl, A., Karst, H., Engelhardt, C., ... Schmidt,
M. V. (2016). Forebrain glutamatergic, but not
GABAergic, neurons mediate anxiogenic effects of
the glucocorticoid receptor. Molecular Psychiatry, 1-10.
DOI: 10.1038/mp.2016.87
Bielefeld, P., Mooney, C., Henshall, D., &
Fitzsimons, C. P. (2016). MiRNA-Mediated
Regulation of Adult Hippocampal Neurogenesis;
Implications for Epilepsy. Brain Plasticity.
Lucassen, P. J., & Oomen, C. A. (2016). Stress,
hippocampal neurogenesis and cognition: functional
correlations. Frontiers in Biology, 11(3), 182-192. DOI:
10.1007/s11515-016-1412-4
Hoeijmakers, L., S.R. Ruigrok, A. Amelianchik,
D. Ivan, A. van Dam, P.J. Lucassen, A. Korosi. (2016)
Early-life stress lastingly alters1 the neuroinflammatory
response to amyloid pathology in an Alzheimer’s
disease mouse model. Brain Behav Immun. 2016 pii:
S0889-1591(16)30574-8.
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Hoeijmakers, L., Y. Heinen, A.M. van Dam,
P.J. Lucassen, A. Korosi (2016) Microglial Priming
and Alzheimer’s Disease: A Possible Role for (Early)
Immune Challenges and Epigenetics? Front Hum
Neurosci. 2016 Aug 9;10:398.
Hu P, Wang Y, Liu J, Meng FT, Qi XR, Chen L, van
Dam AM, Joëls M, Lucassen PJ, Zhou JN. Chronic
retinoic acid treatment suppresses adult hippocampal
neurogenesis, in close correlation with depressive-like
behavior. Hippocampus. 2016 Jul;26(7):911-23.
Kandola A, Hendrikse J, Lucassen PJ, Yücel M.
Aerobic Exercise as a Tool to Improve Hippocampal
Plasticity and Function in Humans: Practical
Implications for Mental Health Treatment. Front Hum
Neurosci. 2016;10:373. doi: 10.3389/fnhum.2016.00373.
Krugers, H., J.M. Arp, H.Xiong, S. Kanatsou, S. L
Lesuis, A. Korosi, M. Joels, P.J. Lucassen (2016) Early
Life Adversity: lasting consequences for emotional
learning. Neurobiology of Stress 2016 Nov 27;6:14-21.
doi: 10.1016/j.ynstr.2016.11.005.
Lesuis SL, Maurin H, Borghgraef P, Lucassen PJ,
Van Leuven F, Krugers HJ. 2016. Positive and negative
early life experiences differentially modulate long term
survival and amyloid protein levels in a mouse model
of Alzheimer’s disease. OncoTarget. 7: 39118-39135
Reemst K, Noctor SC, Lucassen PJ, Hol EM.
The Indispensable Roles of Microglia and Astrocytes
during Brain Development. Front Hum Neurosci. 2016
Nov 8;10:566
Schouten M, Bielefeld P, Fratantoni SA, Hubens
CJ, Piersma SR, Pham TV, Voskuyl RA, Lucassen
PJ, Jimenez CR, Fitzsimons CP. Multi-omics profile
of the mouse dentate gyrus after kainic acid-induced
status epilepticus. Sci Data. 2016 Aug 16;3:160068.
doi: 10.1038/sdata.2016.68.
Schrantee A, Tamminga HG, Bouziane C,
Bottelier MA, Bron EE, Mutsaerts HJ, Zwinderman
AH, Groote IR, Rombouts SA, Lindauer RJ, Klein
S, Niessen WJ, Opmeer BC, Boer F, Lucassen
PJ, Andersen SL, Geurts HM, Reneman L. AgeDependent Effects of Methylphenidate on the Human
Dopaminergic System in Young vs Adult Patients
With Attention-Deficit/Hyperactivity Disorder: A
Randomized Clinical Trial. JAMA Psychiatry. 2016 Sep
1;73(9):955-62.
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Vogel S, Klumpers F, Navarro Schröder T, Oplaat
KT, Krugers HJ, Oitzl MS, Joëls M, Doeller CF,
Fernández G. 2016. Stress induces a shift towards
striatum-dependent stimulus-response learning via the
mineralocorticoid receptor. Neuropsychopharmacology.
Dec 21. doi: 10.1038/npp.2016.262
Xiong H, Cassé F, Zhou M, Xiong ZQ, Joels M,
Martin S, Krugers HJ. 2016. Interactions between
N-Ethylmaleimide-sensitive factor and GluA2
contribute to effects of glucocorticoid hormones on
AMPA receptor function in the rodent hippocampus.
Hippocampus. 26: 848-856.
Yam, K.Y., E.F.G. Naninck, M.R. Abbink, S.E.la
Fleur, L. Schipper, J.C. van den Beukel, A. Grefhorst,
A. Oosting, E.M. van der beek, P.J.Lucassen, A. Korosi
(2016) Exposure to chronic early-life stress lastingly
alters the adipose tissue, the leptin system and changes
the vulnerability to western-style diet later in life in
mice. Psychoneuroendocrinology 2016 77:186-195.
Zhao J, Verwer RW, van Wamelen DJ, Qi XR,
Gao SF, Lucassen PJ, Swaab DF. Prefrontal changes
in the glutamate-glutamine cycle and neuronal/glial
glutamate transporters in depression with and without
suicide. J Psychiatr Res. 2016 Nov;82:8-15.
Book chapters

of adult hippocampal neurogenesis and implications
for hippocampus-dependent cognition. In: Essentials
of Noncoding RNA in Neuroscience: Ontogenetics, (Ed;
D De Pietri Tonelli), Publisher: Elsevier, Imprint
Academic press.
PhD theses
Arp, J.M. (11 May). Mineralocorticoid and glucoglucocorticoid receptor balance in memory systems:
Development and mechanism. UvA (178 p.) Prom./
coprom.: prof. dr. M.S. Oitzl, prof. dr. M. Joëls & dr.
H. Krugers.
S. Kanatsou. (20 April). Programming of
hippocampal structure and function by early-life stress:
Opportunities for nutritional intervention. Utrecht
University Prom./coprom.: prof. dr. M. Joëls & dr. H.
Krugers
Xiong, H. (22 June). Corticosteroid effects on
glutamatergic transmission and fear memory. UvA
(193 p.). Prom./coprom.: prof. dr. M. Joëls & dr. H.
Krugers.
Schrantee, A.G.M. (22 November). Detecting
dopamine dysfunction with pharmacological MRI. UvA
(203 p.) Prom./coprom.: prof. dr. L. Reneman, prof.
dr. S.A.R.B. Rombouts & prof. dr. P.J. Lucassen.

Lucassen, P.J., CA Oomen, M Schouten, JM
Encinas, CP Fitzsimons. Adult Neurogenesis,
Chronic Stress and Depression, In; Adult Neurogenesis
in the hippocampus (Ed: J. Canales), Academic Press,
London 2016, p. 177-206.

Wang, Q. (7 December). The glucocorticoid receptor
in the limbic system of the human brain. UvA (215 p.).
Promotors: prof.dr. P.J. Lucassen, prof.dr. D.F. Swaab

PJ Lucassen, A Korosi, HJ Krugers, CA Oomen
(2016) Early life stress- and sex dependent effects on
hippocampal neurogenesis (2016), Handbook of Stress,
(Ed: G. Fink), Academic Press, Elsevier.

Fitzsimons, C.P. (2 April) Glucocorticoid hormones
preserve a population of adult hippocampal neural
stem cells in the aging brain. Solden, Austria, 18th
International Neuroscience Winter Conference.

Marijn Schouten, Nik Papaloukas, Pascal
Bielefeld, Silvina A. Fratantoni and Carlos P.
Fitzsimons. Epigenetic Mechanisms Regulating the
Transition from Embryonic Stem Cells Towards
a Differentiated Neural Progeny. In; Regenerative
Medicine - from Protocol to Patient, (Ed; G. Steinhoff),
Springer International Publishing, Switzerland. DOI
10.1007/978-3-319-27583-3_5.

Fitzsimons, C.P. (2 May) From stem to spine: the
journey of a newborn neuron in an aging brain. SvBMT
Protagoras Symposium The aging brain - slowing it
down. Technical University Eindhoven.

Bielefeld, P., Schouten, M., Fitzsimons, C. P., &
Pustjens, B. (2016). MicroRNA-mediated regulation

Invited lectures

Fitzsimons, C.P. (9 June) Glucocorticoid hormones
preserve a population of adult hippocampal neural stem
cells in the aging brain. Dutch Neuroscience Meeting
2016, Lunteren.

Fitzsimons, C.P. (27 October) Two is better than
one. Cooperative gene regulation by microRNAs in
neural stem cells. Italian Institute of Technology,
Genova, Italy.
Fitzsimons, C.P. (1 November) Two is better than
one. Cooperative gene regulation by microRNAs in
neural stem cells. MicroRNAs & Non-coding RNAs.
Europe 2016 Meeting, Cambridge, UK.
Fitzsimons, C.P. (18 November) Glucocorticoid
hormones preserve a population of adult hippocampal
neural stem cells in the aging brain. Achucarro Basque
Center for Neuroscience, Bilbao, Spain.
Fitzsimons, C.P. (30 November) Glucocorticoid
hormones preserve a population of adult hippocampal
neural stem cells in the aging brain. Nuclear Receptor
Research Network meeting, Amsterdam.
Korosi, A. (13 November) Role of essential nutrients
and lipid metabolism in programming cognitive
functions by early-life stress: potential for nutritional
interventions. Symposium on ‘Food for thought: how
diet influences cognitive function and emotion’ at the
Society for Neuroscience, San Diego, USA.
Korosi, A. (6 October) Early-life stress programs
cognitive functions: a role for nutrition at the Cajal
international summer school Nutrition and Brain
functions-NutriBrain’, Bordeaux, France.
Korosi, A. (30 June) Epigenetic Modulation of Brain
Function. 2nd workshop on ‘Nutrition for the ageing
Brain’ FENS satellite event organised by ILSI Europe,
Copenhagen, Denmark.
Korosi, A. (15 June) Programming of the hippocampal
structure and function by early-life stress: a role for
nutrition CNCR seminar at VU, Amsterdam.
Korosi, A. (18 May) Early life stress in rodents:
epigenetics and intervention. PhD course Current
Issues in Clinical Neuroscience UMC, Utrecht.
Krugers, H. (4 February) Individual variation in
memory formation Social Brain Lab, Netherlands
Institute for Neurosciences, Amsterdam.
Krugers, H. (16 February) Molecular mechanisms
underlying fear memories: importance to target fear.
Ikerbasque University, Bilbao, Spain.
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Krugers, H. (11 March) Blood brain barrier
clearance of Aβ peptides in Alzheimer’s disease Models.
International Sichting voor Alzheimer Onderzoek,
Utrecht, The Netherlands.
Krugers, H. (24 May) Stress and memory; from
synapses to Alzheimer’s Disease. Heinrich Heine
University, Dusseldorf, Germany.
Krugers, H. (9 June) Early Life Adversity moderates
emotional memory processing. Dutch Neuroscience
Meeting, Lunteren, The Netherlands.

Structural and Functional Plasticity of the Nervous System
Lucassen, P.J. (17 July) (Early) stress effects on
neurogenesis and plasticity. Meeting of the British
Psychiatry Association (BAP), Brighton UK.
Lucassen, P.J. (12 September) Hippocampal
plasticity, (early) stress and depression. ISPNE meeting
in Miami, USA.
Lucassen, P.J. (2 December) Neurogenesis and
Alzheimer. University Maastricht.

Lucassen, P.J. Review panel member for ANR,
ABC, SFI, Donders Institute, Research Council Norway .

Lucassen, P.J. Live interview on Radio 1 Sportzomer
on stem cells, brain and sport, 27 July 2016.

Lucassen, P.J. Fellow and Programme committee
member ECNP.

Lucassen, P.J. Our JAMA paper with Reneman
from the AMC was highlighted and discussed in;
Volkskrant 22 Nov; ‘Ritalin verandert kinderbrein
blijvend’. Het Parool 4 aug; ‘Bied druk kind niet te
snel Ritalin’ and on various websites; www.opvoedingwetenschap.nl, http://doktermedia.nl, etc.

Lucassen, P.J. Founding partner in a novel Erasmus
training program with U Athens.

Relevant positions

Lucassen, P.J. Editor for Neuroscience, PLoS One,
Brain Plasticity, Stress - the International Journal on the
Biology of Stress.

Krugers, H. (2 July) Stress, synapses and memory.
EMCCS meeting, Kopenhagen, Denmark.

Fitzsimons, C.P. Associated editor Frontiers in
Neuroscience.

Lucassen, P.J. Chairman of the Scientific Advisory
Board of the Campagneteam Huntington.

Krugers, H.J. ‘Levende Lijve’ Lecture for laymen
in Corpus, Leiden; Zie je werkelijk wat je ziet ?.

Krugers, H. (18 September) Understanding fear
memory formation: from synapses to targeting fear.
ECNP Conference, Vienna.

Fitzsimons, C.P. Member of the Editorial Board
of Scientific Reports, section Neuroscience, Nature
publishing group.

Lucassen, P.J. Coordinator of the master track
Psychopharmaca and Pathophysiology, UvA.

Lucassen, P.J. (14 January) Plasticity changes in
relation to (early) stress, depression and dementia. Danish
Academy, Aarhus University, Aarhus, Denmark.

Fitzsimons, C.P. Member of the Evaluation
Commission of the ALW Open Programme - NWO.

Outreach

Korosi, A. our FASEB J paper was highlighted
in a.o.; www.nwo.nl: Samenstelling vroege voeding
beïnvloedt later geheugen na vroege stress, https://www.
eurekalert.org/pub_releases/2016-10/foas-esm102616.
php: Early supplementation may help offset early-life
stress on the adult brain, www.uva.nl: Voeding beschermt
tegen brein effecten stress in vroege leven.

Lucassen, P.J. Invited lecture (in Dutch);
Nieuwe zenuwcellen voor het volwassen brein. UvA
Universiteitsdag, Oudemanhuispoort, 4 June 2016,
Amsterdam.

Fitzsimons; invited speaker for the Public
Symposium The Ageing Brain. Slowing it Down
Organised by the Technical University Eindhoven,
May 2, 2016.

Lucassen, P.J. (22 January) Hippocampal plasticity
in relation to early stress, nutrition and depression. IBRO
Workshop, organized by the Hungarian Academy
of Sciences, opening lecture of the symposium
‘Behavioral, Endocrine and Neuropathological
Consequences of Stressful Life Events’. Budapest,
Hungary.
Lucassen, P.J. (15 March) Ins and outs of Adult
Neurogenesis. 5th Biennial ICCTF Meeting,
Netherlands Cancer Institute Amsterdam.
Lucassen, P.J. (25 April) Structural plasticity and
neurogenesis in relation to (early) stress, depression and
dementia’. Dept of Neuroscience, Universitat de
Valencia, Spain.

Fitzsimons, C.P. Member of the Organizing
Committee for the Brain Day, Amsterdam Brain &
Cognition (ABC)
Korosi, A. Board member Dutch Neuroscience
Korosi, A. Reviewer for grant applications from
ESRC-BBSRC joint research call on epigenetics,
Fondazione Cariplo - Italy,
Korosi, A. Reviewer for MRC research council - UK
Krugers, H.J. Board member European Brain and
Behaviour Society (EBBS).
Krugers, H.J. Board Secretary of the Dutch
Neurofederation

Lucassen, P.J. (13 May) New neurons in adult brains;
an emerging substrate for brain plasticity programmed
during early life. Spring conference on ‘Neuroplasticity
& Cognitive Reserve’ of the Dutch Association for
NeuroPsychology, Utrecht.

Krugers, H.J. Board member Amsterdam Brain
and Cognition Center (ABC), UvA.

Lucassen, P.J. (14 July) Early stress and
neurogenesis; nutritional programming of cognition. 3rd
EUROGENESIS meeting, Bordeaux, France.

Lucassen, P.J. Chairman of the Scientific Advisory
Board of Alzheimer Nederland.
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Krugers, H.J. Board member of Stichting voor
Interdisciplinair gedragsonderzoek (SIGO).

Lucassen, P.J. Invited Faculty Opponent at Aarhus
University, Denmark.

Group members
Docent
Rob de Heus
Postdoctoral researchers
Eva Naninck
Marijn Schouten
Claudia Sestito
Sangfeng Gao
PhD students
Pascal Bielefeld

Krugers, H.J. Co-organiser Public day Dutch Brain
Foundation 2016.

Lianne Hoeijmakers
Maralinde Abbink
Sylvie Lesuis
Kitty Reemst
Silvie Ruigok
Michelle Sonneveld
Kit Yi Yam
Technicians
Gideon Meerhoff
Jan den Blaauwen
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Cognitive and Systems Neuroscience
Prof. C.M.A. Pennartz
Dr. C. Bosman
Dr W.E.J.M. Ghijsen
Dr C.S. Lansink
Dr J. Lortije
Dr U. Olcese

T

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor

The group’s global research aim is to elucidate
how neuronal networks distributed across cortical
structures, most notably the sensory neocortices,
prefrontal cortex and temporal lobe, cooperate
in cognitive processes, in particular conscious
perception, multisensory integration and sensorymemory interactions. 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
neurophysiology.
We investigate how neural assemblies in the brain
cooperate to generate conscious and unconscious
representations, with a particular emphasis on
multimodal integration. This process refers to the
integration of multiple sensory modalities (e.g.
vision, audition) as well as integration of sensory and
memorised information. 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, multi-area neuronal
ensemble recordings and computational modelling.
An important aspect of these studies is to elucidate
the role of oscillations and spike-phasing relative to
these oscillations in network communication and
integration. As an example of research on conscious
and unconscious representations, we study how
neuronal populations in visual cortex function
differently when animals detect a visual stimulus
or miss it. To illustrate research on multimodal
integration, we run a Veni project investigating how
the integration of audio-visual stimuli is represented
in the firing patterns of single units and populations of
neurons at successive hierarchical nodes of the cortical
system. Using whole-cell recordings in vivo, guided by
2-photon imaging, we are studying how GABAergic
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interneurons in the sensory cortices control
multisensory interactions between brain areas. The
team members contribute to this overall theme using
their own strengths and expertise, e.g. in ensemble
recordings, field potentials and oscillations, patchclamp recordings and optogenetics, computational
modelling and information-theoretic data analysis. All
of these disciplines are combined with behaviouralcognitive paradigms.
Our research on multimodal integration includes the
interaction between sensory inputs and memory. The
flow of sensory information into the medial temporal
lobe, including hippocampus, is being tracked by
ensemble recordings, but also the feedback from
hippocampal output into higher sensory areas is
investigated. Centrally involved in this bottom-up and
top-down trafficking of information is the perirhinal
cortex, which is associated with object identification
and recognition but may be mediating the ‘chunking’
of items (i.e. grouping of items into larger aggregates)
as a more fundamental function, as indicated by our
recent research. This project is carried out in animals
by performing multi-area ensemble recordings using
‘tetrode arrays’. Furthermore, we continue to develop
new analytic methods to study coherence within and
between cell assemblies in the brain. Furthermore,
this line of research has been augmented by studying
how stress hormones influence memory formation.
The current systems-level efforts to elucidate
neural substrates of multimodal integration and
consciousness are complemented by optogenetics.
Using optogenetics we study the causal role specific cell
types and neuromodulators play in sensory analysis,
multisensory integration and perceptual decisionmaking. These studies are integrated with 2-photon
Ca2+ imaging results and extracellular recordings.

Research highlights
►► Recently we have obtained Channelrhodopsin expression specifically in mesencephalic
dopamine neurons of the rat brain in vivo, and combined blue light excitation of these cells
with spike recordings. This yields the right tool to study behavioural and cognitive correlates of
dopamine cell activity in awake and freely moving rats.
►► 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
whether it may also function in representing state parameters of other agents in the environment,
e.g. conspecifics. We studied whether rats can discriminate movement patterns of robotic agents
(i.e. remotely controlled ‘e-pucks’) in the environment. This was indeed the case. The results
indicate that the hippocampus harbours cells sensitive to behavioural parameters of other beings.
►► We showed that perirhinal neurons generate sustained firing patterns that chunk large
segments of the animal’s task environment, contrasting to transient firing patterns of hippocampal
and somatosensory neurons. These extended patterns were not explained by task variables such as
salient sensory stimuli, memory load or locomotion direction. The results suggest the existence
of perirhinal ‘neighbourhood’ cells providing pointers to an animal’s global position in space.
They furthermore indicate a more refined view of the medial temporal lobe than captured by a
dichotomy between object-oriented and spatial pathways.
►► Our subjective experience of a stimulus, object or scene is generally a stable percept but
the responses of single neurons to repeated presentations of the same stimulus can vary greatly
over subsequent occasions. With two-photon calcium imaging of neural activity in the primary
visual cortex we show that the representation of a stimulus involves higher-dimensional response
correlations in the neuronal population. This system is robust to presentation-by-presentation
fluctuations in single neuron responses (‘noise’), which renders them relatively irrelevant to the
sensory representation.
►► We studied whether the orbitofrontal cortex, a structure implied in learning relationships
between stimuli, rewards and other outcomes, displays reactivation of behaviourally acquired
patterns during sleep. Indeed, pattern characteristic for a behavioural reward task specifically
returned during sleep after the task. This effect was dependent on the novelty of the reward
configuration learned. No effect of the stress hormone corticosterone was found.
►► We have established two separate behavioural paradigms, for mice and rats, which test
audio-visual sensory integration. Rats and mice detect a compound audio-visual stimulus more
accurately than a single visual or auditory stimulus, especially when the contrast of the individual
stimuli is low; i.e. around the level at which a stimulus can be discriminated from its background.
These behavioural paradigms are tailored to use with in vivo two-photon calcium imaging and
multi-area tetrode techniques to investigate the neuronal mechanisms associated with multimodal sensory integration along the cortico-hippocampal hierarchy.
►► We have conducted targeted in vivo whole-cell recordings in anesthetised mice and recently
also in awake mice to investigate multisensory interactions. We have obtained preliminary data
from parvalbumin positive interneurons and excitatory neurons, which allows us to compare
neuronal responses at subthreshold level with the spike output of these neurons. With this
technique, we will further examine the microcircuits underlying multisensory interactions as well
as other properties of sensory processing such as orientation and direction selectivity. Additionally,
we have evaluated the use of loose-patch recordings as additions to the whole-cell dataset. Further,
we have started using optogenetic stimulation to identify neurons in deeper layers of the cortex
where the 2-photon microscope cannot image. For this we use a PVCre-ChR2eYFP mouse line
and channel-rhodopsin assisted patching.
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Research highlights (continued)

Other highlights

►► Further scientific and technical progress was made in carrying out anatomic tracer and
electrophysiological studies in ferrets. Moreover, we developed novel analysis methods to study
ensemble mechanisms of planning in rats, and novel paradigms for investigating multisensory
integration by patch-clamp techniques. Finally, analysis of local field potential and spike patterns
in the temporal lobe of epileptic patients is shedding light on communication mechanisms
underlying visual perception and memory formation in the human brain.
►► We have found orientation-selectivity LFP responses in primary visual cortex of awake
ferrets, which seem to have a role in the modulation of spiking responses of single-neuron activity.
This rhythmic modulation is also present during multimodal stimulation.
►► Analysis of local field potential and spike patterns in the temporal lobe of epileptic patients
is beginning to shed light on communication mechanisms underlying visual perception and
memory formation. Preliminary results obtained in our lab have shown that medial temporal lobe
neurons, responsive to specific pictures of relatives and celebrities, are phase-locked to gamma
(30-80 Hz) oscillations specifically when these pictures are presented.
►► We showed how interactions between neurons vary across behavioural states as a function of
anatomical location, neuronal subtypes and functional specialisation. Specifically, we found that
non-linear coupling (measured using mutual information) between excitatory neurons located in
different areas is significantly lower in non-REM sleep than in wakefulness. Conversely, intra-area
coupling between excitatory neurons and coupling between interneurons did not change across
behavioural states. This result indicates a possible mechanism underlying the loss of consciousness
that occurs during NREM sleep.
►► In collaboration with several research groups in Europe and the Netherlands, we started
a new research line integrating experimental neuroscience data with computational modelling.
Part of this line is focused on Predictive Coding in Deep Learning networks, in which the higher
layers of a network try to infer the hidden causes of sensory inputs presented to lower layers. A
second part focuses on capacities of multi-modal neural networks for cross-modal communication
and joint perceptual stabilisation. In collaboration with Robotics partners, we examine object
recognition via vision and touch (whisking).

►► The following UvA-based papers were accepted and/or published in top-tier neuroscience
and biology journals:

Group members
Postdoctoral researchers
Gerben Klein
Hui Xiong
Silviu Rusu
Shirin Dora
PhD students
Jeroen Bos
Sven van den Burg
Guido Meijer
Lianne Klaver
Ivana Milojevic
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Paul Mertens
Julien Fiorilli
Tom Sikkens

Perrenoud Q, Pennartz CMA, Gentet LJ (2016). Membrane Potential Dynamics of Spontaneous and
Visually Evoked Gamma Activity in V1 of Awake Mice. PLoS Biol.
Montijn JS, Meijer GT, Lansink CS, Pennartz CMA (2016) Population-level neural codes are robust
to single-neuron variability from a multidimensional coding perspective. Cell Reports.

►► The following UvA-based paper was highlighted in an Editorial Commentary:

Montijn JS, Olcese U, Pennartz CMA (2016) Visual stimulus detection correlates with the consistency
of temporal sequences within stereotyped events of V1 neuronal population activity. J. Neurosci.

►► C. Pennartz was elected as leader of the Systems and Cognitive Neuroscience Subproject
(SP3) of the FET Flagship Human Brain Project (HBP) for the SGA1 period (2016-2018).
Concurrently he became member of the Board of Directors of HBP.
►► We organised the following international Workshop with the European Behavioral
Pharmacology: A new era for neuronal ensembles in learning and perception, Amsterdam, Netherlands
(sept. 2017; C. Pennartz, C. Lansink, with Bruce Hope, National Institute on Drug Abuse, USA).
►► PhD thesis: J. Montijn (2016). A journey through neural space: neuronal population correlates
of visual processing and perception. Thesis defense: 28 October, 2016; UvA. Awarded Cum Laude.
►► We obtained an Innovation Impulse grant from the AMC, for a project entitled Implementation
of an experimental animal model for intra-arterial thrombectomy after a brain infarction. The project
is a collaboration between SILS-CSN (C.M.A. Pennartz, U. Olcese) and the AMC (J. Coutinho,
Y.B. Roos, M.J. Daemen, E.T. van Bavel, G. Strijkers). Total funding will amount to €207,300
over the 2017-2019 period.
►► We obtained an Alliance Project grant from Amsterdam Neuroscience, for a project entitled
Prevention of pericyte contraction as a novel target for treatment of acute ischemic stroke. The project is
a collaboration between SILS-CSN (C.M.A. Pennartz, U. Olcese), the AMC (J. Coutinho, C.B.
Majoie, G. Strijkers, E.T. van Bavel, N.T. Bakker, M.J. Daemen) and the VUmc (H.E. de Vries,
P.L. Hordijk). Total funding will amount to €192,000 over the 2017-2018 period.
►► We acquired a Human Brain Project grant, FET Flagship Core Project, Systems and
Cognitive Neuroscience Call for SGA1 period (2016-2018). EPISENSE: Episodic memory as
multisensory reconstruction. Main applicant: C. Pennartz, €2,000,000 (with 4 European
partners; UvA share €422,000). Additional budget for Leadership, Management and Scientific
coordination of Subproject 3, Systems and Cognitive Neuroscience (€379,000) and for support
of HBP Co-design projects (€166,000). Total UvA share: €967,000. Total sum for SP3 (SGA-1
phase, 2016-2018) managed by UvA: €8,900,000.
►► Jeannette Lorteije won the Brain Award for Scientific Excellence from the Netherlands
Institute for Neuroscience.

Technician
Laura van Mourik-Donga
Pietro Marchesi
ICT developer
Jan Lankelma
Project coordinator
Katharina Muller
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Research aims for the coming years
►► We plan to expand our research line in ferrets, permitting us to study multisensory influences
on the population dynamics and oscillatory activity of visual and parietal neurons in the highly
developed corticothalamic networks of this species.
►► We will investigate neural mechanisms underlying audiovisual integration by two-photon
calcium imaging and by multi-area tetrode recordings along the cortico-hippocampal hierarchy.
►► We will extend whole-cell recordings in vivo, which are performed under 2-photon visually
guided microscopy, targeting both excitatory pyramidal and inhibitory neurons in the superficial
layers of primary visual cortex of mice. We will expand the preliminary whole-cell dataset
investigating multisensory interactions and orientation and direction selectivity to a full dataset.
►► We are setting up a novel technique that enables us to optogenetically manipulate neuronal
activity in mice that are performing a multisensory detection task. This will allow us to identify
which areas contribute to a multisensory decision.
►► We will investigate the causal communication between areas in the cortico-hippocampal
system of a hallmark feature of episodic (autobiographical) memory (which is the ability to
form and use unique memory representations for highly similar experiences). In this project, we
introduce a pharmacogenetics approach to manipulate neuronal activity involving virally mediated
expression of a Designer Receptor Exclusively Activated by Designer Drugs (DREADD).
►► We are building training and recording setups for headfixed mice with dual lick indicators.
With this we will design two-alternatives-forced-choice paradigms for head-fixed mice to
investigate multisensory interactions and integration.
►► We will start a novel research line on stroke, aiming to elucidate the neuronal mechanisms
underlying functional recovery and to test novel treatments. To achieve these goals, we will
perform 2-photon calcium imaging, ensemble recordings and optogenetics in mice whose cortex
has been damaged using several methods to induce a stroke-like lesion.
►► We will investigate the neuronal bases of sensory modality identification, via the integration
of behavioural paradigms, multi-area ensemble recordings and optogenetics.
►► We will expand our investigation of how primary and association areas in the neocortex
process multimodal information.
►► We plan to focus more on temporal coding as a possible mechanism for multisensory
integration and modality identification. Temporal spike train properties will also be used to
representational capacities of living and modelled neural networks in scene representation.
►► The European network for collaborations will be expanded based on participation in the
Human Brain Project (EU FET Flagship; Core and Partnering Project).

Academic publications
Lansink, C.S., Meijer, G.T., Lankelma, J.V.,
Vinck, M.A., Jackson, J.C., & Pennartz, C.M.A.
(2016). Reward Expectancy Strengthens CA1 Theta
and Beta Band Synchronization and HippocampalVentral Striatal Coupling. Journal of Neuroscience, 36,
10598-10610.
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Malkki, H.A.I., Mertens, P.E.C., Lankelma,
J.V., Vinck, M., Van Schalkwijk, F.J., Van MourikDonga, L.B., Battaglia, F.P., Mahlke, C., Kuhl, D. &
Pennartz, C.M.A. (2016) Effects of Arc/Arg3.1 gene
deletion on rhythmic synchronization of hippocampal
CA1 neurons during locomotor activity and sleep.
Neurobiology of Learning and Memory 131: 155-165,
doi:10.1016/j.nlm.2016.03.021.

Figure 1: Two example neurons in the rat perirhinal cortex (PRH). The height of the vertical bars is
proportional to the firing rate of each neuron (colour bar at right; in Hertz, Hz, or spikes/sec.). The rate
at which spikes were fired is plotted as a function of the spatial position of a rat, as it navigated across a
figure-8 shaped maze, here rendered in black and from a bird’s eye perspective. The rat performed a visual
discrimination task (details not shown). Contrary to common expectations, cells in the perirhinal cortex do not
code for visual objects that mattered for correctly performing this task, but rather coded the rat’s global position
on the figure-8 maze. The cell on the left increases firing rate selectively in the right, but not left arch of the
figure-8 maze. The cell on the right also increases firing rate in the right half, but in addition shows a decrease
in firing in the left arch of the 8 maze. (Taken from: Bos JJ, Vinck M, Van Mourik-Donga LA, Jackson JC,
Witter MP, Pennartz CMA (2017) Perirhinal firing patterns are sustained across large spatial segments of the
task environment. Nature Communications 8:15602, DOI: 10.1038/ncomms15602.
Montijn, J.S., Meijer, G.T., Lansink, C.S., &
Pennartz, C.M.A. (2016). Population-Level Neural
Codes Are Robust to Single-Neuron Variability from
a Multidimensional Coding Perspective. Cell Reports,
16, 2486-2498. DOI: 10.1016/j.celrep.2016.05.065,
10.1016/j.celrep.2016.07.065
Montijn, J.S., Olcese, U., & Pennartz, C.M.A.
(2016). Visual Stimulus Detection Correlates with
the Consistency of Temporal Sequences within
Stereotyped Events of V1 Neuronal Population
Activity. The Journal of Neuroscience, 36, 8624-8640.
DOI: 10.1523/JNEUROSCI.0853-16.2016
Olcese, U., Bos, J.J., Vinck, M., Lankelma, J.V.,
van Mourik-Donga, L.B., Schlumm, F., & Pennartz,
C.M.A. (2016). Spike-Based Functional Connectivity
in Cerebral Cortex and Hippocampus: Loss of
Global Connectivity Is Coupled to Preservation of
Local Connectivity During Non-REM Sleep. The
Journal of Neuroscience, 36, 7676-7692. DOI: 10.1523/
JNEUROSCI.4201-15.2016
Perrenoud, Q., Pennartz, C.M.A., & Gentet,
L.J. (2016). Membrane Potential Dynamics of

Spontaneous and Visually Evoked Gamma Activity in
V1 of Awake Mice. PLoS Biology, 14, DOI: 10.1371/
journal.pbio.1002383
Lewis, C.M., Bosman, C.A., Womelsdorf, T.,
& Fries, P. (2016). Stimulus-induced visual cortical
networks are recapitulated by spontaneous local and
interareal synchronization. Proceedings of the National
Academy of Sciences of the United States of America,
113(5), E606-E615. DOI: 10.1073/pnas.1513773113
Lowet, E., Roberts, M.J., Bosman, C.A., Fries,
P., & de Weerd, P. (2016). Areas V1 and V2 show
microsaccade-related 3-4-Hz covariation in gamma
power and frequency. European Journal of Neuroscience,
43, 1286-1296. DOI: 10.1111/ejn.13126
Marshall, T.R., Esterer, S., Herring, J.D.,
Bergmann, T.O., & Jensen, O. (2016). On the
relationship between cortical excitability and visual
oscillatory responses - A concurrent tDCS-MEG
study. NeuroImage, 140, 41-49. DOI: 10.1016/j.
neuroimage.2015.09.069
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Vinck, M., & Bosman, C. A. (2016). More Gamma
More Predictions: Gamma-Synchronization as a Key
Mechanism for Efficient Integration of Classical
Receptive Field Inputs with Surround Predictions.
Frontiers in Systems Neuroscience, 10, [35]. DOI:
10.3389/fnsys.2016.00035.
Hvoslef-Eide, M., & Oomen, C. A. (2016). Adult
neurogenesis and pattern separation in rodents: A
critical evaluation of data, tasks and interpretation.
Frontiers in Biology, 11(3), 168-181. DOI: 10.1007/
s11515-016-1406-2
Kalitzin, S. N., Bauer, P. R., Lamberts, R. J., Velis,
D. N., Thijs, R. D., & Lopes Da Silva, F. H. (2016).
Automated Video Detection of Epileptic Convulsion
Slowing as a Precursor for Post-Seizure Neuronal
Collapse. International Journal of Neural Systems,
26(8), 1650027. DOI: 10.1142/S0129065716500271
Dolleman-van der Weel, M. J., Lopes da Silva, F.
H., & Witter, M. P. (2016). Interaction of nucleus
reuniens and entorhinal cortex projections in
hippocampal field CA1 of the rat. Brain Structure and
Function. DOI: 10.1007/s00429-016-1350-6
Gorter, J. A., van Vliet, E. A., & Lopes da Silva,
F. H. (2016). Which insights have we gained from the
kindling and post-status epilepticus models? Journal
of Neuroscience Methods, 260, 96-108. DOI: 10.1016/j.
jneumeth.2015.03.025
PhD thesis
Montijn, J.S. (2016) A journey through neural
space: Neuronal population correlates of visual processing
and perception. UvA (201 p.). Prom./coprom.: prof.
C.M.A. Pennartz/dr. U. Olcese
Invited lectures
Pennartz, C.M.A. (February). Systems Neuroscience
of Episodic memory and multisensory integration.
Paris, France, European Institute for Theoretical
Neuroscience.
Pennartz, C.M.A. (14-16 February). Neural
dynamics of memory, planning and motivated action.
Israel, Haifa Forum for Brain and Behavior. The
neuroscience of social interactions and memory.
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Pennartz, C.M.A. (May). Functional plasticity in
large-scale systems: learning tasks, neurophysiology and
computational issues. Paris, France, European Institute
for Theoretical Neuroscience.
Pennartz, C.M.A. (September). Ensembles
as intermediates between neurons and cognition.
Amsterdam, the Netherlands, EBPS meeting: A new
era for neuronal ensembles in learning and perception.
Pennartz, C.M.A. (28-30 September). Motivational
influences on hippocampal rhythms and sequences.
Ariccia, Italy, Workshop on Internally generated
sequences in the hippocampus.

- Biological Sciences, PNAS, Science, Trends in
neurosciences.

power’, and Discussion Forum, Amsterdam. With:
Machiel Keestra, Marc Slors, Bas Haring.

Pennartz, C.M.A. Member of National Science
Agenda, preparatory group on Brain, Cognition and
Behavior (organised by NWO).

Pennartz, C.M.A. Speaker at Workshop to prepare
Documentary on Children with Absence Epilepsy,
Academy of the Arts, Trippenhuis, organized by M.
Nevejan.

Pennartz, C.M.A. Reviewer for the evaluation of
a Full Professorship promotion at Brown University,
Providence RI, USA.
Pennartz, C.M.A. Spui 25: Public Awareness Event,
book presentation, ‘The brain’s representational

Pennartz, C.M.A. Awesome IT, April 8, 2016.
Speaker at Student Conference in Informatics:
‘Neuroinformatics and the Human Brain Project:
from neuron to consciousness’.

Pennartz, C.M.A. (14 October). From plasticity to
learning, perception and real-world behavior. Florence,
Italy, Human Brain Project Summit meeting.
Pennartz, C.M.A. (30 November). Systems
Neurophysiology of multisensory and sensory-mnemonic
integration. Amsterdam, the Netherlands, International
HBP Systems and Cognitive Neuroscience Meeting.
Pennartz, C.M.A. (12-14 December). Neuroscience
Research in the Human Brain Project. Bethesda, USA,
the 3rd Annual Meeting of the US BRAIN initiative.
Olcese, U. (20-22 January). New Technologies
in Neuroscience. Bressanone, Italy, the 4th
“SINdem4Juniors” Winter seminar of dementia of the
Italian Neurological Dementia Association.
Award

4

Lorteije, J.A.M. (27 May) Brain award for scientific
excellence, NIN.
Relevant positions
Olcese, U. Reading and opposition committee for
the PhD thesis of Richard Hardstone (VU, Mansvelder/
Linkenkaer-Hansen Group).
Ghijsen, W.E.J.M. Ethical Rapporteur of the SP3
programme in the European Brain Project.
Lopes da Silva, F.H. Editor for Epilepsia.
Pennartz, C.M.A. Editor for Behavioral and
Brain Sciences, eLife, Journal of Neuroscience, Neuron,
Philosophical Transactions of the Royal Society B
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Prof. W.J. Wadman
Dr T.R. Werkman
Dr N.L.M. Cappaert
Dr J.A. Gorter
Prof. C. G. Kruse
Prof. E. M. Hol
Prof. E.M.A. Aronica

N

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor
Special Chair
Special Chair
Special Chair

Nerve cells process information by integrating the
thousands of input signals that they receive and
by converting those signals into a characteristic
spatiotemporal firing pattern that one way or
another encodes the message. Excitability is the most
prominent functional property of neurons. Much
has been learned in the past years about how ionicchannels are organised in the neuronal membrane
and how their activity is quantitatively balanced in
the many circumstances under which neurons must
operate. Cellular activity is modulated at very different
time scales (from milliseconds to years!) to facilitate
processes like mood, learning, memory, development
and aging.
Neurons form an intricate communication network
with each other through a variety of synapses that
add additional flexibility and long term plasticity. To
understand brain function we need to understand
how neurons are combined in small micro-circuits
as these circuits are the key elements in cognitive
function. The fast development of new techniques has
made us shift the focus of our research from the single
neuron to the more difficult to grasp function of the
micro-circuit. We approach neuronal plasticity from
a multidisciplinary angle. 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). We combine this approach
with molecular biology, optogenetics, immunocytochemistry, behavioral analysis and a large variety of
imaging techniques (Voltage Sensitive Dye imaging,
Multi-Electrode Array analysis and MRI imaging).
Computational approaches are an integral element
to investigate hypotheses, understand experimental
results and predict experiments. Our parallel research
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lines are each intricately linked to a pathological brain
condition: epilepsy, Alzheimer’s disease, schizophrenia,
and Parkinson’s disease; these relations are further
strengthened by links to several clinical institutions
and industry.

Figure 1: Relative latency (colour code) of the
evoked response recorded with VSDs in the
perirhinal and entorhinal cortex slice after lateral
Amygdala stimulation.

Research highlights
►► In 2016 we finished the study on population physiology of the Ventral Tegmental Area (VTA)
and concluded that the observed weak coupling between spontaneously active neurons was caused
by dopamine volume conduction. The consequence of this phenomenon was a diversification of
neurons based on dopamine sensitivity, with potential consequences for information processing.
Optogenetics was used to manipulate synchrony between the neurons and prove this concept.
►► In the hippocampus we further quantified the balance between excitation and inhibition
in the small local CA1 network. We used optogenetics in the PV interneurons to characterise
inhibitory control over the pyramidal neurons in the same network. In another project excitability
scaling in OLM interneurons in the same network is worked out. The mechanism seems to be
comparable to the one described by our group in pyramidal neurons and employs HCN channels
in the membrane. This could have important consequences for the way we think about epilepsy.
►► Epileptogenesis is studied in vivo as well as in vitro in a project where the natural mTor
inhibitor curcumin is used. In a rat model of induced epileptogenesis treatment seems to result
in reduced seizures and potentially in reduced epileptogenesis. This process could be followed
in greater detail in a slice culture system. Two new experimental projects were granted, both
in relation to epilepsy. One from the national epilepsy association and one from the KNIP
foundation.
►► Another research line focusses on the anatomical and functional network properties of the
hippocampus and the parahippocampal region. In vitro techniques that uses voltage sensitive dye
imaging and patch clamping investigated the functional connectivity between and within the
micro-circuitry of the perirhinal and entorhinal cortex. In particular, we aim to understand the
functioning of the perirhinal gate, by investigating the relations between excitatory and inhibitory
neurons and their intercommunication.
►► In a final experimental project we focus on the astrocytes in the brain, in particular in
relation to the functional degeneration that occurs in Alzheimer disease. In a mouse model of
that disease we investigate the role of one of the principal potassium channels, heavily involved
in the control of neuronal and brain excitability. In the same disease model system we use mice
that express an endogenous calcium sensor in their astrocytes and monitor the role of coordinated
calcium signals in their control over neuronal information processing.
►► All our experimental work is supported by various forms of computational modelling. In
collaboration with Prof. Menno Witter (Kavli Institute, Norway) and Prof. Jaap Murre (FMG,
UvA), Niels van Strien is categorising the anatomical connectivity of the hippocampus and
parahippocampal region in a new project funded by Amsterdam Brain and Cognition. This
project will expand the existing interactive connectome of the three-dimensional organisation of
the projection patterns between and within the hippocampal formation and the parahippocampal
region by adding the amygdalar connections.
►► An additional computational model is developed to investigate the modulatory role of the
amygdala onto the hippocampus and the parahippocampal region in cognition. Computational
models were also developed to clarify the role of astrocytes in potassium buffering and excitability
in brain circuits. The modelling study into information processing by spiking neurons with dr
Fleur Zeldenrust was completed; she will continue her studies with an acquired VENI grant in
Nijmegen.
►► In collaboration with the Ianuzzi group of the VU we study the mechanical properties of
active brain tissue with state-of-the-art optical techniques. In collaboration with the Heine group
of the VU we use MEA technology to study the circuit-forming potential of human stem-cells.
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Niels van Strien

Figure 2: Voltage Sensitive Dye (VSD) recording of membrane potential in the perirhinal and
entorhinal cortex at different moments in time after neocortical electrical stimulation.

Future
►► Three extra ordinary professorships that were linked to the group came to an end. Prof.
Chris Kruse retired after contributing for more than 15 years to our pharmacological projects and
performing excellent teaching duties in the Neuroscience Master programme. Professors Eleonora
Aronica and Elly Hol did not extend their five-year term because they both took up a full chair at
the AMC, respectively the UMC.
►► Three new projects were acquired this year: An ABC post-doc project to Natalie Cappaert will
extend our cognitive modelling effort, a post-doc project from the National Epilepsy Foundation
to Taco Werkman will investigate the role of canabinoids in epileptogenesis and an equipment
grant to Wytse Wadman will open the possibilities to study in vitro local circuits with high density
(4096 channels) MEAs.

Academic publications
van Vliet, E. A., Otte, W. M., Wadman, W. J.,
Aronica, E., Kooij, G., de Vries, H. E., Dijkhuizen,
R. M. & Gorter, J. A. Blood-brain barrier leakage
after status epilepticus in rapamycin-treated rats II:
Potential mechanisms. Epilepsia. 57, 1, p. 70-78
van Vliet, E. A., Otte, W. M., Wadman, W. J.,
Aronica, E., Kooij, G., de Vries, H. E., Dijkhuizen,
R. M. & Gorter, J. A. Blood-brain barrier leakage
after status epilepticus in rapamycin-treated rats I:
Magnetic resonance imaging. Epilepsia. 57, 1, p. 59-69
Cappaert, N. L. M., Werkman, T. R., Benito,
N., Witter, M. P., Baayen, J. C. & Wadman, W. J.
Carbamazepine modulates the spatiotemporal activity
in the dentate gyrus of rats and pharmacoresistant
humans in vitro. Brain and Behavior. 6, 6, 12 p., e00463
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Stassen, O. M. J. A. 2016. Molecular and mechanical
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Promotor Elly Hol.
Renner, M. C. 2016. The discovery of GluA3dependent synaptic plasticity. Promotor Elly Hol.
Relevant positions
Gorter, J. A. Member of the Scientific Advisory
Board, Dutch Epilepsy Fund.
Gorter, J. A. Review Editor of Epilepsia OPEN.
Gorter, J. A. Invited speaker, IIE2016 - Progress in
the field since 2010, Milan, 13-15 October.
Wadman, W.J. Special Chair Neuroscience.
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Outreach
Gorter, J. A. Interview in Epilepsie Magazine
December 2016, ‘Cannabis en epilepsie: een interessant
duo’.

Figure 4 (background): Computational
illustration that indicates the balance between
excitation and inhibition (colour code)
depending on the reversal potential for excitation
(vertical) and inhibition (horizontal).
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Research line: Transcriptome dynamics
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www.RNAbiology.nl

In recent years RNA has increasingly gained attention
of life sciences researchers as a key regulator of
molecular processes in living organisms. This renewed
interest was mainly sparked by the discovery of miRNA
and other important non-coding RNAs, as well as
the development of transcriptomics technologies
such as microarray technology and next-generation
sequencing (NGS).
The importance of RNA is underlined by the fact that
it is estimated that over 70% of the human genome
is transcribed into RNA, while less than 2% of the
total genomic sequences encode the ~25,000 proteincoding genes. This is evidence for a major role of RNA
in many cellular processes, such as gene-expression
regulation, epigenetic regulation, splicing, signal
transduction, molecular transport and localisation.
To gain insight in the regulatory roles of RNA, our
research focusses on the characterisation of maternal
RNAs and cell-free RNAs combined with research
to the dynamics of these transcriptome components.
As we have our own NGS system, we will also try to
discover new types of RNA.
This research demands the use of advanced omics
technologies and associated bioinformatics. Since
omics and bioinformatics are still relatively immature,
we also do applied bioinformatics research on how to
optimally design omics experiments, analyse data, and
interpret results.
There are three research lines and one support line:
Research line: Transcriptome dynamics
Although being the focus of much research worldwide,
the temporal and spatial dynamics of the transcriptome
are still largely unknown. The primary challenges
here are the complexity of the transcriptome and the
limitations of omics experimentation. For this we
focus on two topics: Gene expression and degradation
regulation and Non-coding RNA.

84 - Swammerdam Institute for Life Sciences

Research line: RNA as genetic information carrier
Though often ignored, most organisms inherit more
RNA than DNA from their parents. It is unclear
whether this RNA has any role in the transfer of
genetic information. The same holds for cell-free or
extracellular RNA. Just their (abundant) presence in
eggs and for instance breast milk hints at an intriguing
role for RNA in development and evolution by transfer
of genetic information between cells, organs and
individuals. Here we focus on two topics: Maternal
RNA and Cell-free RNA.
Research line: Applied bioinformatics
Bioinformatics is an interdisciplinary life-sciences
domain that develops methods and software tools
for storing, retrieving, organising, analysing, and
interpreting biological data. Even though often
perceived as a pure technical domain, based on
mathematics, informatics and computer sciences,
an important bioinformatics subdomain deals with
applied research into improving life-sciences research
by using appropriate experimental approaches.
With the advancement of Big Data by the omics
technologies, it becomes increasingly clear that only
research approaches that cover the whole research
chain from optimal design for experimentation to
adequate computer infrastructure are effective. Also,
the overwhelming complexity of biological systems
demands not only a more collaborating as well as
interdisciplinary approach, it also means that the
experimental approaches in life sciences are drastically
transforming. As such, applied bioinformatics deals
with topics such as design-for-experimentation,
multidisciplinary collaboration, data and knowledge
integration, advanced visualisation of results,
e-science methods and so on. The aim here remains to
improve biological knowledge, which renders applied
bioinformatics an enabling science. We focus on
three topics: Design for experimentation, Data-analysis
workflows and Data-interpretation environments.

Support Line: MAD: Dutch Genomics Service &
Support Provider (www.dutchgenomics.nl)
Previously known as the MicroArray Department, the
MAD is the genomics and transcriptomics expertise
centre of the UvA. The MAD consists of a genomics
technology section (Wet-Lab) with ~5 specialists
that provides transcriptomics plus genomics service
and support and that performs microarray as well
as next-generation-sequencing technology R&D;
an omics data-analysis section (Dry-Lab) with ~4
bioinformaticians and informaticians that provides
omics-data-analysis service and support, performs
bioinformatics R&D and builds e-infra. We perform
omics (microarray Agilent and Affymetrix and nextgeneration sequencing IoProton) technology research,
as well as operate as a worldwide transcriptomics
service provider and support partner for academic
and industrial research & development projects of
UvA scientists plus external academic and industrial
customers.

Research highlights
►► The PhD studies on Transcriptome
Dynamics in Embryogenesis were
concluded.
►► We made major advancements
in the discovery and interpretation of
maternal rRNA.
►► Proof-of-principle of a genomic
comparison algorithm in the Green
Forensics project.
►► The MAD has performed over 25
support projects for biologists in 2016.
►► Publication of several collaborative
manuscripts.

Other highlights
►► The combined Genomics/Green Student Lab reached it full capacity
of 17 students.
►► The Genomics Student Lab was founded, based on the Student Lab
concept.
►► Two
EFRO
subsidy projects were
awarded.

Figure 1: The Genomics
Student Lab was founded.
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RNA Biology and Applied Bioinformatics
Invited lectures

Research aims for the coming year
►► Further implement the 3 generation sequencing platform: Oxford Nanopore.
►► Support as many (SILS) research groups as possible with NGS technology.
►► Set-up genomics support centres for several genomics novice fields.
►► Finish the PhD studies on maternal rRNA.
rd

Mantikou E. Bruning O, Mastenbroek S, Repping
S, Breit T, de Jong, M Evaluation of RNA amplification

protocols for human oocyte transcriptome analysis.
Fertility and Sterility, 2016 Feb;105(2):511-519 (IF 4.6)
Rauwerda H, Wackers P, Pagano JF, de Jong M,
Ensink W, Dekker R, Nehrdich U, Spaink H, Jonker
M, Breit TM. Mother-Specific Signature in the
Maternal Transcriptome Composition of Mature,
Unfertilized Zebrafish Eggs. PLoS One. 2016 Jan
22;11(1):e0147151. (IF3.2)
Mantikou E , Jonker MJ, Wong KM, van
Montfoort APA, de Jong M, Breit TM, Repping S,
Mastenbroek S, Factors affecting the gene expression
of in-vitro cultured human preimplantation embryos.
Human Reproduction 2016 Feb;31(2):298-311 (IF 4.6)
Pagano JF, Rauwerda H; de Leeuw WC, Wackers
P, de Jong M, Ensink W, Dekker R, Nehrdich U,
Spaink H, Jonker M, Breit, TM Transcriptome data
on maternal RNA of 24 individual zebrafish eggs from
five sibling mothers. Data in Brief 2016 Apr 26;8:6972.
Feng Y, Jonker MJ, Moustakas I, Brul S, Ter Kuile
BH. Dynamics of mutations during development
of resistance by Pseudomonas aeruginosa against five
antibiotics. Antimicrob Agents Chemother. 2016 May 2.
Jun 20;60(7):4229-36 (IF4.5)
Fluit, A. C., Jansen, M. D., Bosch, T., Jansen,
W. T. M., Schouls, L., Jonker, M. J., & Boel, C.
H. E. (2016). rRNA Operon Copy Number Can
Explain the Distinct Epidemiology of HospitalAssociated Methicillin-Resistant Staphylococcus aureus.
Antimicrobial Agents and Chemotherapy, 60(12), 73137320. DOI: 10.1128/AAC.01613-16
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Breit, T.M. (12 April) Genomics Life-Sciences Hub
pitch. TKI-U Netwerkbijeenkomst, Nieuwegein.
Breit, T.M. (31 March) Genomische technieken
binnen handbereik. werkgroep dierentuin dierenartsen,
Amsterdam-Artis.

Academic publications
Bruning O, Rodenburg W, Wackers PF, van
Oostrom C, Jonker MJ, Dekker RJ, Rauwerda H,
Ensink WA, de Vries A, Breit TM. Confounding
Factors in the Transcriptome Analysis of an InVivo Exposure Experiment. PLoS One. 2016 Jan
20;11(1):e0145252 (IF3.2)

Breit, T.M. (4 April) 4 plant breeding projects.
Rondetafel bijeenkomst van de vereniging “Virtual
Lab for Plant Breeding”: Putten.

Relevant positions
Breit, T.M. Board Virtual Lab for Plant Breeding.
Breit, T.M. Initiator Genomics Student Lab and
Green Student Lab
Breit, T.M. Initiator Genomics Life-Sciences Hub
Jonker, M.J. Editor BMC Genomics.

Breit, T.M. (9 November) Muskusratten opsporen met
DNA; Oftewel CSI in de Polder. hoogheemraadschap
Noord Hollandskwartier Schermerhorn.

Group members
Postdoctoral researchers
Geneviève Girard
Martijs Jonker
Rob Dekker
PhD student
Mauro Locati
Johanna Pagano
Han Rauwerda
Technicians
Willem Ensink
Selina van Leeuwen
Marina van Olst
ICT Developers
Wim de Leeuw
Paul Wackers
ICT support
Ioannis Moustaka
Inez Terpstra
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Molecular Plant Pathology
Prof. B.J.C. Cornelissen
Dr M. Rep
Dr F.L.W. Takken
Dr H.A. van den Burg
Prof. M.W. Prins

M

Chairholder
Associate Professor
Associate Professor
Assistant Professor
Affiliate Professor (0.2 fte)

Many different microorganisms can cause diseases in
plants, thereby threatening plants cultivated for food,
feed production and decoration. Our aim is to reveal
the molecular basis of resistance and susceptibility
to pathogens, and of virulence and endophytism in
fungi, bacteria and viruses. The main plant-pathogen
systems we study, are the interactions between
the fungus Fusarium oxysporum and tomato, the
bacterium Xanthomonas campestris and cabbage, and
Geminiviruses and tomato. To answer fundamental
questions of plant immunity in further detail, we
also use the model plants Arabidopsis and Nicotiana
benthamiana. We study resistance proteins of the
NBS-LRR family, such as the tomato F. oxysporum
(Fo)-resistance protein I-2, potato Rx and Arabidopsis
SNC1, basal and induced defence mechanisms
of plants, and virulence and avirulence factors of
pathogens and endophytes.

Group members
Postdoctoral researchers
Lotje van der Does
Manon Richard
Sarah Schmidt
Marieke van Hulten
Marijn Knip
Mark Kwaaitaal
Nico Tintor
Like Fokkens
PhD students
Francesca Maio
Francisco de Lamo Ruiz
Jiming Li
Lingxue Cao
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Our research aims to: (i) identify and dissect of
downstream signalling components involved in
immune responses activated by pathogens or
endophytes and mediated by resistance genes – this
includes identification of molecular targets of R
proteins and conformational changes in R proteins;
(ii) reveal the molecular mechanisms underlying
Black Rot disease on Cabbage caused by Xanthomonas
campsteris; (iii) uncover the role of effector proteins
of F. oxysporum and identification of their targets in
plants; (iv) unravel the dynamics of genome evolution
and mechanisms of horizontal chromosome transfer
in F. oxysporum; (v) identify and study the function of
plant proteins required for successful virus infection;
(vi) investigate two important classes of plant viruses,
Geminiviruses and Tospoviruses, aimed at the
identification of cellular processes that are essential for
host infection and viral replication, and (vii) study the
trade-off between plant growth and immunity.
Mara de Sain
Magdalena Mazur
Maria Constatin
Peter van Dam
Sri Widinugraheni
Tieme Helderman
Valentin Hammoudi
Xiaotang Di
Technicians
Petra Houterman
Manuel Arroyo Mateos
Bas Beerens
Dirk Jan Valkenburg
Georgios Vlachakis
Sayanti Chatterjee

Figure 1: Avr2 and Six5 co-localise in nucleus and cytoplasm

Research highlights
►► Non-pathogenic strains of F. oxysporum show different levels of suppression of tomato wilt
disease (‘biocontrol’). Genome sequences have been obtained of fifteen of these strains, obtained
from three continents, from soil and from plants (endophytes).
►► The DNA binding site of the transcription factors FTF1 and SGE1, both of which activate
virulence (effector) gene expression in F. oxysporum, have been determined by a reporter system in
yeast (van der Does 2016, PLoS Genetics).
►► Several virulence factors from tomato and Arabidopsis-infecting isolates of F. oxysporum have
been found to suppress immune responses (ROS and callose production) triggered in response to
bacterial flagellin.
►► The ‘pathogenicity chromosome’ of F. oxysporum f.sp. radicis-cucumerinum, which causes
root rot disease in melon, cucumber and watermelon, has been identified through horizontal
chromosome transfer and (SMRT) genome sequencing. One virulence (effector) gene was also
identified.
►► The first virulence (effector) gene of F. oxysporum f.sp. cubense, which causes wilt in banana,
has been identified through gene deletion, complementation and bioassays.
►► The virulence protein Avr2 compromises plant immune responses in both tomato and
Arabidopsis, suggesting evolutionary conserved targets.
►► Uptake of the effector protein Avr2 from extracellular spaces by plant cells requires the
presence of Fusarium, but surprisingly also occurs in the presence of Agrobacterium tumefaciens
(Di et al. 2016).
►► Fol effectors Six5 and Avr2 interact and manipulate plasmodesmata, facilitating intercellular
translocation of Avr2, thereby allowing Avr2 to act in neighbouring cells. The main function of
Six5 seems to be facilitating the translocation of Avr2.
►► A substantial set of Arabidopsis transcription factors appears to be sensitive to modulation
by the post-translation modifier SUMO.
►► SUMO conjugation activity controls the nuclear localisation pattern of the SUMO enzyme
complex in Arabidopsis thaliana. This localisation overlaps with the ubiquitin E3 ligase COP1,
which controls plant growth.
►► We have developed a natural infection assay of Xanthomonas campestris without wounding.
This assay is now used to screen for novel resistance traits in Arabidopsis, with the aim to translate
this knowledge to Cabbage.
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Other highlights
►► A patent application was filed to exploit the insights that effector uptake by a plant requires
the presence of a pathogen.
►► Our group hosted the annual meeting of the ETN Bestpass programme in Amsterdam,
receiving praise from the participants (15 PhD students and ~20 PIs and Advisory Board members).
►► Our group held a two-day lab retreat on the island of Texel (23 out of 25 members participated),
which served to enhance mutual support and collaboration within the group and to improve on
individual and group performance.
►► Five of our PhD students successfully defended their PhD in 2016 (Ido Vlaardingerbroek,
Shermineh Shahi, Valentin Hammoudi, Mara de Sain and Magdalena Mazur).

Research research aims for the coming year
►► Map regions on the pathogenicity chromosome of Fol
required for (a) pathogenicity and (b) horizontal transfer through
fluorescence-assisted selection of strains with spontaneous
deletions in this chromosome.
►► Identify genes in the genomes of non-pathogenic isolates of
F. oxysporum that are correlated to the ability to suppress disease.
Figure 2: The fungal root►► Find genes in the genomes of banana-infecting isolates of
endophyte Fusarium
F. oxysporum that are correlated to the ability to infect specific
oxysporum Fo47 (GFPcultivars of banana (i.e. that confer host-specific virulence).
labelled) colonising tomato roots
►► Find genes in the genomes of lettuce-infecting isolates of
(F. de Lamo)
F. oxysporum that are correlated to the ability to cause disease in
lettuce and to infect specific cultivars of lettuce (i.e. potential avirulence genes).
►► Reveal the structure of Avr2 and study the mechanistic basis on how Avr2 suppresses PTI
signalling in various plant species.
►► Find new clues on how effector uptake is promoted by the presence of a pathogenic microbe.
►► Identify the role of DNA binding and DNA damage by NLR proteins in induction of the
plant immune response.
►► Find genes and proteins involved in induced resistance following colonisation of tomato by
a fungal endophyte.
►► At elevated ambient temperatures, plant growth is stimulated to allow cooling at the cost
of inhibiting basal immunity. We will examine the dual role of the SUMO E3 ligase SIZ1 in this
cross talk between plant immunity and growth at different ambient temperatures.
►► Screen for natural mutations in Arabidopsis to identify resistance against Black Rot caused
by the gram-negative bacterium Xanthomonas campestris pv. campestris.
►► Dissect at the molecular level how the Geminivirus protein REP can hijack the host SUMO
conjugation machinery and other host proteins involved in DNA replication to facilitate viral
replication.
►► Screen for novel interactors of Tospovirus proteins to identify key plant proteins involved in
virus replication.
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Academic publications
Fenyk S., Dixon CH, Gittens WH, Townsend
PD, Sharples GJ, Palsson L.-O, Takken* FLW and
Cann* M J (2016) The tomato nucleotide-binding
leucine-rich repeat (NLR) immune receptor I-2
couples DNA-binding to nucleotide-binding domain
nucleotide exchange. Journal of Biological Chemistry
291: 1137- 1147; doi: 10.1074/jbc.M115.672121
Hammoudi, V., Vlachakis, G., Schranz, M. E.,
& van den Burg, H. A. (2016). Whole-genome
duplications followed by tandem duplications drive
diversification of the protein modifier SUMO in
Angiosperms. New Phytologist, 211(1), 172-185
Shahi S, Beerens B, Bosch M, Jasper Linmans J and
Rep M (2016) Nuclear dynamics and chromosome
transfer in heterokaryotic colonies of Fusarium
oxysporum. Fungal Genetics and Biology 91, 20-31
Vlaardingerbroek I, Beerens B, Adansonia L,
Fokkens L, Cornelissen BJC and Rep M (2016)
Exchange of core chromosomes and horizontal
transfer of lineage-specific chromosomes in Fusarium
oxysporum. Environmental Microbiology 18, 3702-3713
Di X, Takken FLW and Tintor N (2016) How
phytohormones shape interactions between plants
and the soil-borne fungus Fusarium oxysporum.Front.
Plant Sci. 7: 170. doi: 10.3389/fpls.2016.00170
Vlaardingerbroek I, Beerens B, Schmidt SM,
Cornelissen BJC and Rep M (2016) Dispensable
chromosomes in Fusarium oxysporum f.sp. lycopersici.
Molecular Plant Pathology 17: 1455-1466
Zhang L, Zhou Z, Guo Q, Fokkens L, Miskei M,
Pócsi I, Zhang W, Chen M, Wang L, Sun Y, Donzelli
BGG, Gibson DM, David R. Nelson DR, Luo
J-G, Rep M, Liu H, Yang S, Wang J, Krasnoo SB,
Xu Y, Molnár I and Min Li. M (2016) Insights into
adaptations to a near-obligate nematode endoparasitic
lifestyle from the finished Genome of Drechmeria
coniospora. Scientific Reports 6: 23122
Peng H-C, Mantelin S, Hicks GR, Takken FLW
and Kaloshian I (2016) The conformation of the plasma
membrane-localized SlSERK1 - Mi-1.2 complex
is altered by a potato aphid derived effector. Plant
Physiology 171: 2211- 2222; doi: 10.1104/pp.16.00295

van Dam P, Fokkens L, Schmidt SM, Linmans J,
Kistler HC, Ma L-J and Rep M (2016) Effector profiles
distinguish formae speciales of Fusarium oxysporum.
Environmental Microbiology 18, 4087-4102
Shahi S, Fokkens L, Houterman PM and Rep M
(2016) Suppressor of fusion, a Fusarium oxysporum
homolog of NDT80 is required for nutrientdependent regulation of anastosmosis. Fungal Genetics
and Biology 95: 49-57; doi: 10.1016/j.fgb.2016.08.005
Julkowska MM, Klei K, Fokkens , Haring MA,
Schranz MC and Testerink C (2016) Natural variation
in rosette size under salt stress conditions corresponds
to developmental differences between Arabidopsis
accessions and allelic variation in the LRR-KISS
gene. Journal of Experimental Botany 67, 2127–2138;
doi:10.1093/jxb/erw015
Chellappan, B. V., Fokkens, L., Houterman, P.
M., Rep, M., & Cornelissen, B. J. C. (2016). Multiple
evolutionary trajectories have led to the emergence of
races in Fusarium oxysporum f. sp. lycopersici. Applied
and Environmental Microbiology. DOI: 10.1128/
AEM.02548-16
Chellapan, B. V., van Dam, P., Rep, M.,
Cornelissen, B. J. C., & Fokkens, L. (2016). Noncanonical Helitrons in Fusarium oxysporum. Mobile
DNA, 7, [27]. DOI: 10.1186/s13100-016-0083-7
van der Does HC, Fokkens L, Yang A, Eggers
E-J, Langereis L, Lukasiewicz JM, Hughes TR and
Rep M (2016) Transcription factors encoded on core
and accessory chromosomes of Fusarium oxysporum
induce expression of effector genes. PLoS Genetics,
doi:10.1371/journal.pgen.1006401
Di X, Gomila Ubero MJ, Ma L, van den Burg HA
and Takken FLW (2016) Uptake of the Fusarium Avr2
effector by tomato is not a cell autonomous event.
Front. Plant Sci.7: 195. doi: 10.3389/fpls.2016.01915
Catanzariti A-M, Do H, Bru P, de Sain M, Thatcher
L, Rep M and Jones D (2016) The tomato I gene for
Fusarium wilt resistance encodes an atypical leucinerich repeat receptor-like protein whose function is
nevertheless dependent on SOBIR1 and SERK3/
BAK1. The Plant Journal, doi: 10.1111/tpj.13458
Niehaus E-M, Münsterkötter M, Proctor RH,
Brown DW, Sharon A, Yifat Idan Y, Oren-Young
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L, Sieber CM, Novák O, Pěnčík A, Tarkowská D,
Hromadová K, Freeman S, Maymon M, Elazar
M, Youssef SA, El-Shabrawy ESM, Shalaby ABA,
Houterman P, Brock NL, Burkhardt I, Tsavkelova
EA, Jeroen S. Dickschat JS, Galuszka P, Güldener U
and Bettina Tudzynski B (2016) Comparative ‘omics’
of the Fusarium fujikuroi species complex highlights
differences in genetic potential and metabolite
synthesis. Genome Biol. Evol. 8:3574–3599
Anggoro, D. T., Tark-Dame, M., Walmsley, A.,
Oka, R., de Sain, M., & Stam, M. (2016). BIBACGW-based vectors for generating reporter lines for
site-specific genome editing in planta. Plasmid, 89,
27-36. DOI: 10.1016/j.plasmid.2016.12.002
Schmidt, S. M., Lukasiewicz, J., Farrer, R.,
van Dam, P., Bertoldo, C., & Rep, M. (2016).
Comparative genomics of Fusarium oxysporum f. sp.
melonis reveals the secreted protein recognized by
the Fom-2 resistance gene in melon. New Phytologist,
209(1), 307-318. DOI: 10.1111/nph.13584
Fransz, P., Linc, G., Lee, C-R., Aflitos, S. A.,
Lasky, J. R., Toomajian, C., ... Schranz, M. E. (2016).
Molecular, genetic and evolutionary analysis of a
paracentric inversion in Arabidopsis thaliana. Plant
Journal, 88(2), 159-178. DOI: 10.1111/tpj.13262
Theses
I. Vlaardingerbroek. Genome dynamics in Fusarium
oxysporum. Prof dr B.J.C. Cornelissen (promotor);
Dr. M. Rep (co-promotor); UvA, Amsterdam. March
31, 2016; 128 pp

Molecular Biology and Microbial Food Safety
S. Shahi. Fusion: a tale of recombination in an
asexual fungus. The role of nuclear dynamics and hyphal
fusionin horizontal chromosome transfer in Fusarium
oxysporum. Prof dr B.J.C. Cornelissen (promotor);
Dr. M. Rep (co-promotor); UvA, Amsterdam.
September 9, 2016; 122 pp
V. Hammoudi. Sumoylation in Arabidopsis:
stress response, signalling & evolution. Prof dr B.J.C.
Cornelissen (promotor); Dr. H.A. van den Burg (copromotor); UvA, Amsterdam. September 16, 2016;
206 pp
M. de Sain. How to conquer a tomatao plant?
Fusarium oxysporum effector targets. Prof dr B.J.C.
Cornelissen (promotor); Dr. M. Rep (co-promotor);
UvA, Amsterdam. September 29, 2016; 196 pp
M.J. Mazur. Characterization of Arabidopsis
SUMO conjugation as orchestrator of nuclear bodies and
transcription. Prof dr B.J.C. Cornelissen (promotor);
Dr. H.A. van den Burg (co-promotor); UvA,
Amsterdam. November 3, 2016; 156 pp
Relevant positions
Cornelissen, B.J.C. Chairman Board of Directors
The Graduate School ‘Experimental Plant Sciences’.
Takken, F.L.W. Member Scientific advisory board
New Phytologist.
Takken, F.L.W. Scientific Advisor SciENZA
Biotechnologies.

Molecular Biology and Microbial Food
Safety
Prof. S. Brul
Prof. B. Ter Kuile
Prof. Dr. J. Hugenholtz
Dr. J.C. van der Spek
Dr. G.J. Smits
Dr. Jan Smelt

T

Chairholder
Special Chair Microbial Food Safety & Antibiotic Resistance in the Food
Chain; Netherlands Food & Consumer Product Safety Authority (NVWA)
Special Chair Industrial Microbiology; β-plus Foundation
Assistant Professor
Assistant Professor
Guest researcher (former Unilever senior Scientist)

The mission of the ‘Molecular Biology and Microbial
Food Safety’ group is to understand the interaction of
microbial cells and their (stressful) environment.
►► We focus on the bioenergetics and importance
of the intracellular pH as a signal in growth, survival
and death strategies of cells.
►► We currently study the molecular physiology
of bacterial spore germination and outgrowth as well
as the emergence of antibiotic resistance in the food
chain.
►► We deploy our insights with partners in SILS
(Advanced Microscopy and Mass Spectrometry of
Biomacromolecules) and outside (NVWA, TNO,
Academic Medical Centre of the UvA, Unilever,
FrieslandCampina, DSM) in application-oriented
research of importance to health and disease.

Group members
Postdoctoral researcher
Rodrigo Mendonça de Lucena
Wishwas Abhyankar
PhD students
Abeer Hossain
Juan Wen
Laura Dolz Edo
Marloes Hoeksema
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►► Specifically in 2016, we formulated a novel
approach towards a sustainable healthy food chain
(reuse of industrial food waste streams) in which
fermentation plays a key role. An application in the
NWO call on circular economy was prepared by
Gertien Smits with prof. Schoenmakers (HIMS),
prof. Boekhout (IBED/Westerdijk Institute) and
prof. Hugenholtz (SILS / WUR Food & Biobased
Research). The Amsterdam Green Campus (Dr. Niek
Persoon) and links with the Amsterdam Economic
Board through prof. Brul were instrumental in this.
►► The group uses several model systems ranging
from bacteria and yeast to the nematode Caenorhabditis
elegans for microbiome-related studies, as appropriate.
We are exploring novel links for (human) microbiome
studies with the group of prof. Paul Lucassen within
SILS as well as the groups of prof. Max Nieuwdorp
and prof. Bert Groen of the Academic Medical Centre.

Linli Zheng
Soraya Omardien
Zhiwei Tu
Yanfang Feng
Technicians
Marjan de Jong
Belinda Koenders-Vansintanneland
Margreet Guikema-van der Deen
Richard de Boer
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Academic highlights
►► In 2016, MBMFS had ~ 15 publications in peer-reviewed journals.
►► S. Brul was asked to (co-)edit two special issues. One appeared in the Current Opinion in
Food Science series and the other as a special Issue of the International Journal of Food Microbiology
(published January 2017). The latter collates scientific contributions of the 2015 9th Congress on
Predictive Microbiology, held in Rio de Janeiro.
►► The publication of live-imaging and lineage-tracing work of individual Bacillus subtilis cells
by Pandey et al. with major input from prof. Winnok de Vos from Antwerp and Ghent University.
►► Three of our PhD students defended their thesis successfully. Reuben Smith concluded his
work on the study of side effects of anti-HIV drugs using the nematode Caenorhabditis elegans as
a model organism. Sacha Stelder finalised his work on the analysis of the molecular physiology
and stress resistance of the spore-forming cold-growing bacterium Bacillus weihenstephanensis and
Yanfang Feng finished her studies successfully regarding the development of antibiotic resistance
in Pseudomonas aeruginosa, the latter being a spin-off of our work on antibiotic resistance in the
food chain that was set up with the AMC. The three different studies have a common philosophy,
which is that stress response must always be studied integrally, i.e. at all relevant ‘omics’ levels.
Approaches as well as the use of similar stressors i.e. weak organic acids and synthetic antimicrobial
compounds based on naturally occurring small molecules, promote the cohesiveness of the group
as a whole.

Molecular Biology and Microbial Food Safety
Figure 2: Increase (Incr.) in the MIC by factors of 2 and frequencies of mutations observed in the replicates
on which WGS was performed as a function of time (days) in the presence of the antibiotic indicated
and after its removal from the growth medium. All mutations found at frequencies exceeding 0.5 were
also discovered in the second replicate by PCR, except for the parC mutations in response to ciprofloxacin,
where P85L in the first was replaced by S87N in the second. Piper, piperacillin; Tazo, tazobactam; P
Proline, L Leucine, S Serine, N Asparagine (Feng et al. 2016. Antimicrob. Agents Chemother.)

Group composition/developments and grants

Figure 1: Time-resolved ratiometric image showing growth and division of single B. subtilis PptsG-IpHluorin
expressing vegetative cell in the absence of stress at an external pH of 6.4. Here the gene encoding for the
‘improved’ pHluorin (IpHluorin), was inserted after the first 24 bp of comGA adjacent to the promoter
PptsG. This promoter drives the expression of the gene encoding the glucose-specific phosphotransferase system
II. Thus we were able to obtain expression of IpHluorin in vegetative cells growing on a glucose-containing
medium. (a) Montage of the ratio image in which the colour represents the pH; (b) The pH profiles of
individual colour-coded cells superimposed on the standard deviation of the mean signal of the entire
microcolony in grey; (c) Lineage tracking and ratio changes in grey scale. The data shows that under our
growth conditions, after a transient drop in pHi presumably due to the increased levels of acetate made by the
growing bacteria themselves, individual bacteria are able to mount to varying extent a response that allows
them to again raise their internal pH albeit to varying degrees (Pandey et al. 2016. Appl. Env. Microbiol.).
94 - Swammerdam Institute for Life Sciences

►► Benno ter Kuile was appointed as professor of Microbial Food Safety and antibiotic resistance
in the food chain (endowed chair linked to the Dutch Food Safety Authority).
►► Jeroen Hugenholtz joined our group and was reconfirmed as professor of Industrial
Microbiology ( β-Plus Foundation).
►► We were successful in securing, together with Algae Innovation Netherlands (AIN), a grant
in the framework of the EFRO project Green Innovation Cluster.
►► In addition we secured a new grant from the Dutch Food Safety Authority (€380,000) for a
new PhD student on horizontal gene-transfer and antibiotic resistance development.
►► Finally, together with the Mass Spectrometry of Biomacromolecules group a new Chinese
Science Council fellow started on bacterial spore structure and stress resistance.
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Invited lectures

Future research and societal impact
►► The group aims at a continued leveraging of its fundamental stress response research on weak
organic acid, intracellular pH and antibiotic resistance development with the application areas
sustainability and human health. Physically we are at Science Park given the close collaborations
with the Mass Spectrometry of Biomacromolecules group, the Science Park part of the Van
Leeuwenhoek Centre for Advanced Microscopy and interests in activities of the Amsterdam Green
Campus as well as human health biotechnology companies at Science Park. Nonetheless, the
collaboration with microbiology groups at AMC and the O|2 building at the Amsterdam South
VU campus will remain too. We will continue to consolidate and strengthen bonds with the SILS
Hamoen group (Bacterial Cell Biology) in the area of antibiotic stress response. Furthermore,
links will be built with O|2 groups studying antibiotic stress response. At Science Park, links
with the chemistry department and biophysicists focussing on understanding the chemical and
physical basis for regulation of cell behaviour by the intracellular pH will be strengthened too (see
e.g. the joint application with prof. Schoenmakers of HIMS).
►► Overall we will support all joint efforts of Amsterdam microbiology groups to achieve
optimal (inter)national visibility and pursue a focal point Microbiology in the Amsterdam area.
►► The chosen themes of expertise i.e. sustainability and prevention of disease are at the heart
of the research areas that form the priority areas of the Top Sectors and the Amsterdam Economic
Board.

Feng, Y., Hodiamont, C. J., van Hest, R. M., Brul,
S., Schultsz, C., & ter Kuile, B. H. (2016). Development
of Antibiotic Resistance during Simulated Treatment
of Pseudomonas aeruginosa in Chemostats. PLoS One,
11(2), [e0149310]. DOI: 10.1371/journal.pone.0149310
Feng, Y., Jonker, M. J., Moustakas, I., Brul, S.,
& ter Kuile, B. H. (2016). Dynamics of mutations
during development of resistance by Pseudomonas
aeruginosa against five antibiotics. Antimicrobial
Agents and Chemotherapy, 60(7), 4229-4236. DOI:
10.1128/AAC.00434-16
Pandey, R., Vischer, N. O. E., Smelt, J. P. P. M.,
van Beilen, J. W. A., Ter Beek, A., De Vos, W. H., ...
Manders, E. M. M. (2016). Intracellular pH Response
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van Beilen, J., Blohmke, C. J., Folkerts, H., de
Boer, R., Zakrzewska, A., Kulik, W., ... Ter Beek,
A. (2016). RodZ and PgsA Play Intertwined Roles
in Membrane Homeostasis of Bacillus subtilis and
Resistance to Weak Organic Acid Stress. Frontiers in
Microbiology, 7, 1633. DOI: 10.3389/fmicb.2016.01633
Stanley Brul, Editorial overview: The rise of
the ‘omics’ technologies and their relevance to
food, Current Opinion in Food Science, Volume 10,
2016, Pages vi-viii, ISSN 2214-7993, http://dx.doi.
org/10.1016/j.cofs.2016.10.001.
Meeting abstracts
Dolz Edo, L., Brul, S., & Smits, G. J. (2016).
Intracellular acidification upon glucose depletion is
regulated by PKA and TORC1 activity during growth.
Yeast, 32(S1), S117. DOI: 10.1002/yea.3092

Academic publications
Zheng, L., Abhyankar, W., Ouwerling, N., Dekker,
H. L., van Veen, H., van der Wel, N. N., ... de Koster,
C. G. (2016). Bacillus subtilis Spore Inner Membrane
Proteome. Journal of Proteome Research, 15(2), 585-594.
DOI: 10.1021/acs.jproteome.5b00976

Omardien, S., Brul, S., & Zaat, S. A. J. (2016).
Antimicrobial Activity of Cationic Antimicrobial
Peptides against Gram-Positives: Current Progress
Made in Understanding the Mode of Action and the
Response of Bacteria. Frontiers in cell and developmental
biology, 4, [111]. DOI: 10.3389/fcell.2016.00111

to Weak Acid Stress in Individual Vegetative Bacillus
subtilis Cells. Applied and Environmental Microbiology,
82(21), 6463-6471. DOI: 10.1128/AEM.02063-16
de Koster, C. G., & Brul, S. (2016). MALDITOF MS identification and tracking of food spoilers
and food-borne pathogens. CURRENT OPINION
IN FOOD SCIENCE, 10, 76-84. DOI: 10.1016/j.
cofs.2016.11.004
Abhyankar, W. R., Kamphorst, K., Swarge, B.
N., van Veen, H., van der Wel, N. N., Brul, S., ...
de Koning, L. J. (2016). The Influence of Sporulation
Conditions on the Spore Coat Protein Composition
of Bacillus subtilis Spores. Frontiers in Microbiology, 7,
1636. DOI: 10.3389/fmicb.2016.01636
Ter Kuile, B. H., Kraupner, N., & Brul, S. (2016).
The risk of low concentrations of antibiotics in
agriculture for resistance in human health care. FEMS
Microbiology Letters, 363(19). DOI: 10.1093/femsle/
fnw210

Mendonça de Lucena, R., Dolz Edo, L., Brul, S.,
de Morais Junior, M. A., & Smits, G. (2016). Low
cytosolic pH signals growth reduction and stress
tolerance enhancement. Yeast, 32(S1), S161. DOI:
10.1002/yea.3092

Brul, S. The IAFP European Symposium in
Athens, 11 May 2016; The Bacterial Spore Proteome;
Identifying Targets for Spore Germination and
Outgrowth Inhibition. (Key-note)
Abhyankar, W. The European Spore Conference,
20 April 2016 ; Spore proteomics.
Brul, S. The annual meeting of the Royal Dutch
Society for Microbiology, 22 March 2016; The effect
of weak organic acid stress on the intracellular pH
dynamics of Bacillus subtilis spores during germination
and outgrowth.
ter Kuile, B Antibioticaresistentie: de weg naar de
minste weerstand. 23 Nov 2016
Relevant positions
Brul, S. (Guest Ed. 2016) Curr. Opin. Food Science
Technol.
Brul, S. (Guest Ed. 2016) Int. J. Food Microbiol.
Brul, S. (Ed.). (2014-current) Food Microbiology.
Smits, G.J. (Ed.). (2012-current) Yeast.
Brul, S. (period: 2012 - current). President - Dutch
Institute for Biology.

PhD theses

Brul, S. (period: 2012 - 2017). Council member,
Dutch representative - Federation of European
Microbiological Societies.

Feng, Y. (2016) Optimization of treatment protocols
to prevent de novo development of antibiotic resistance
in Pseudomonas aeruginosa.

Brul, S. (period: 2012 - 2017). Scientific advisory
boardmember Gut, Health & Food programme Institute for Food Research, Imperial college and UEA.

Stelder, S. K. (2016). Quantitative proteomics of
food pathogenic Bacilli - a quest for biomarkers.

Brul, S. (period: 2012 - current ). Member of the
roadmap committee Food Safety of the Top Sector AgroFood.

Smith, R. L. (2016). Towards an understanding of
the side effects of anti-HIV drugs using Caenorhabditis
elegans.

Brul S. (period: 2014- current). Member of the
Agro-Food Steering group of the Amsterdam Economic
Board.
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The Mass Spectrometry of Biomacromolecules (MSB)
research programme focuses on four research themes
that adhere to the study of molecular and structural
biology and to the green life sciences. We study (i)
the spore proteome of Bacilli and Clostridia, (ii)
3-D structures of protein complexes, (iii) multilevel control of gene expression regulation and (iv)
isotope fractionation in plants and the geographical
distribution of isotope ratios in horticulture products.

MSB is developing advanced and innovative massspectrometry-based proteomics - technology that is
designed for these research areas and that is widely
applicable in the field of molecular and structural
biology and the green life sciences. Here, we have
long-term collaborations with the SILS plant groups
in which we study fungal pathogen - plant interactions
and identify target proteins upon stress.

Figure 1: Detail of the newly acquired UPLC
system, hyphenated with the Fourier transform mass
spectrometer for proteome-wide LCFTMS analyses.

Figure 3: Electron Microscopic (EM) images of Bacillus subtilis spores developed under solid (A) and liquid
(B) medium conditions with the observed corresponding thickness differences. Coat layer thickness values
are averaged over 80 individual spores. Error bars indicate standard deviations between two biological
replicates. By definition the values are within the 95.40% confidence interval in the range of the error bars.
Cr, core; Cx, cortex; Ic, inner core; Oc, outer coat. The EM images clearly show characteristic differences
between spores cultured under solid and liquid medium conditions. The thickness of the outer coat is
significantly thinner for spores developed on solid agar medium. The images corroborate accompanying
proteomics data (Taken from Abhyankar et al. 2016. Frontiers in Microbiology).
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Research highlights

Research progress

►► Spores of bacteria of Bacillus subtilis are dormant forms which can survive harsh environmental
conditions for many years. However, when nutrients become available and conditions are
favourable for growth, spores can germinate and outgrow into vegetative cells via a sequence of
molecular processes and signalling through pathways and networks. The spore inner membrane
(IM) has been shown to play an essential role in triggering the initiation of germination. We
isolated the IM of bacterial spores, in parallel with the isolation of the membrane of vegetative
cells. With the use of LC-MS/MS, over 900 proteins were identified from the Bacillus subtilis
spore IM preparations. By bioinformatics-based membrane protein predictions, approximately
one-third could be predicted to be membrane-localised. A large number of unique proteins such
as germinant receptor proteins as well as proteins common to the IM and vegetative plasma
membrane proteomes were identified. In addition to previously known IM proteins, a number of
IM proteins were newly identified, at least some of which are likely to provide new insights into
IM physiology, unveiling proteins putatively involved in spore germination machinery and hence
putative germination inhibition targets.

►► Bacterial spores are of high interest to the food and health sectors because of their extreme
resistance to harsh conditions, especially against heat. Earlier research has shown that spores
prepared on solid agar plates have a higher heat resistance than those prepared under a liquid
medium condition. It has also been shown that the more mature a spore is, the higher is its
heat resistance most likely mediated, at least in part, by the progressive cross-linking of coat
proteins. For the first time we assessed, at the proteomic level, the effect of two commonly used
sporulation conditions on spore protein presence. 14N spores prepared on solid agar plates and 15N
metabolically labeled spores prepared in shake flasks differ in their coat protein composition as
revealed by LC-FT-MS/MS analyses. The former condition mimics the industrial settings while
the latter conditions mimic the routine laboratory environment wherein spores are developed. As
seen previously in many studies, the spores prepared on the solid agar plates show a higher thermal
resistance than the spores prepared under liquid culture conditions. The 14N:15N isotopic ratio of
the 1:1 mixture of the spore suspensions exposes that most of the identified inner coat and crust
proteins are significantly more abundant while most of the outer coat proteins are significantly
less abundant for the spores prepared on solid SG agar plates relative to the spores prepared in the
liquid medium. Sporulation condition-specific differences and variation in isotopic ratios between
the tryptic peptides of expected cross-linked proteins suggest that the coat protein cross-linking
may also be condition specific. Since the core dipicolinic acid content is found to be similar in
both the spore populations, it appears that the difference in wet heat resistance is connected to the
differences in the coat protein composition and assembly. Corroborating the proteomic analyses,
electron microscopy analyses show a significantly thinner outer coat layer of the spores cultured
on the solid agar medium.
►► In (i) we finalised our Nano next project successfully with the PhD thesis of Dr Sacha
Stelder entitled Quantitative proteomics of food pathogenic Bacilli - a quest for biomarkers. In (iii) we
finalised a multilevel gene regulation project with the PhD thesis of Dr Orawan Borirak Multiomics analyses of the molecular physiology and biotechnology of Escherichia coli and Synechocystis
sp. PCC6803.
►► In our isotope fractionation research line (iv) we finalised our EFRO project Green forensics.
In the framework of this project we developed a method to discriminate bell peppers from
different geographic origin. Two approaches were investigated to discriminate between bell
peppers of different geographic origins. Firstly, δ18O fruit water and corresponding source water
were analysed and correlated to the regional GNIP (Global Network of Isotopes in Precipitation)
values. The water and GNIP data showed good correlation with the pepper data, with constant
isotope fractionation. Secondly, compound-specific stable hydrogen isotope data was used for
classification. Using n-alkane fingerprinting data, both linear discriminant analysis (LDA) and
a likelihood-based classification, using the kernel-density smoothed data, were developed to
discriminate between peppers from different origins. Both methods were evaluated using the δ2H
values and n-alkanes relative composition as variables. Misclassification rates were calculated using
a Monte-Carlo 5-fold cross-validation procedure. Comparable overall classification performance
was achieved, however, the two methods showed sensitivity to different samples. The combined
values of δ2H IRMS, and complimentary information regarding the relative abundance of four
main alkanes in bell pepper fruit water, has proven effective for geographic origin discrimination.
Evaluation of the rarity of observing particular ranges for these characteristics could be used to
make quantitative assertions regarding geographic origin of bell peppers and, therefore, have a role
in verifying compliance with labelling of geographical origin.

Group members
Technicians
Henk Dekker
Winfried Roseboom
PhD students
Bhagyashree Swarge
Zhiwei Tu
Postdoctoral researchers
Eva de Rijke
Wishwas Abhyankar
Figure 2: Sample preparation of rose stems for isotope
ratio mass spectrometry (Photo Ella Tilgenkamp).
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Research aims for the coming year (continued)

►► Focal points in our MS research programme are as mentioned above (i) the spore proteome
dynamics of Bacilli and Clostridia, (ii) 3-D structures of protein complexes, (iii) multi-level
control of gene expression regulation and (iv) isotope fractionation in plants and the geographical
distribution of isotope ratios in horticulture products. In programme (i) we 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 spores and proteins at the interface between the cell and its external environment.
►► The genera of the micro-organisms Bacillus and Clostridium are able to form endospores
when subjected to nutrient starvation and harsh environmental conditions. Upon restoration of
favourable environmental conditions, spores can germinate and grow out into dividing vegetative
cells. The germination of spores is usually triggered by germinants such as amino acids, purine
derivatives, carbohydrates or alkali ions and is mediated by receptors that reside in the inner spore
membrane. Germinant receptor interaction commits spores definitely to germination. Germinant
receptor interaction stimulates the release of cations, and a relative large amount dipicolinic acid
(DPA) via a membrane channel protein, accompanied by an increase of the water amount in the
core. DPA activates hydrolases in the cortex that promote hydrolysis of this spore layer.
►► An important research question in spore biology is: ‘How is gene expression regulated during
germination and early stages of outgrowth of spores or what is minimal protein ensemble to start
up live?’ (i, iii). A second question is ‘How is gene expression regulated during sporulation and
particularly to what extend does post-transcriptional regulation contributes to spore assembly?’ To
address these questions, we developed a one-pot protein-extraction method capable of isolation of
the soluble and insoluble Bacillus and Clostridium spore protein complement. The method must
be capable to bring down analysis time and increase proteome coverage essential for time-resolved
sporulation and spore germination experiments. We will set up a 14N/15N and Silac metabolic
labelling method to quantify protein synthesis and degradation in course of Bacillus subtilis and
Clostridium difficile sporulation, spore germination and outgrowth. For metabolic labelling we
will develop a novel strategy to incorporate 15N into Clostridium difficile proteins. The metabolic
labelling proteomics method is capable to discriminate newly synthesised proteins from proteins
that were already formed in course of sporulation. In parallel we will monitor gene transcription.
For integration of transcriptomics and proteomics data and elucidation of mechanisms that
orchestrate the order and magnitude of events we will build statistical models for cluster analysis
of gene expression. Furthermore, we aim at the construction of a computer model that describes
the kinetics of spore germination. The predictions of a first stochastic kinetic model reproduce
spore memory for germinant stimulation and reproduces percentage germination curves of
spores. In 2016 we established a collaboration with the groups of Peter Setlow (UConn Health,
USA) and Yong-qing Li (East Carolina University, USA) for validation of our model through
single cell analysis of germinating spores and we will continue this collaboration to generate novel
quantitative data to further develop our germination model into a 3-D model. In this line we will
adhere to the germinosome protein GFP labelling and single-cell analysis work of the group of
Stanley Brul (SILS).
►► In (ii) we will explore together with Hamoen (SILS) in vivo cross-linking of the B. subtilis
proteome with our cross-linker BAMG in E. coli and B. subtilis. A first study shows that we
can introduce cross-links in living cells. Through tagging of proteins we will focus on protein
complexes that are pivotal for cell division. Within the SILS Green Life Sciences cluster we
will further collaborate on quantitative analysis of Fusarium oxysporum cell wall and secretome

proteome. In (ii) we will kick-off a collaboration with Quattrocchio/Koes (SILS) to identify
interaction partners of the STE20-type Ser/Thr protein kinase PH2 in Petunia. We will assess its
mechanism of action by identification of phosphosites in interaction partners.
►► In the scope of the project origin tracking and tracing of horticulture products through
stable isotope analysis (iv) we will kick-off our EFRO II ‘Origin analysis of horticulture products’
project and develop mass spectrometry methods to identify the geographic origin of horticulture
products and propagation materials. The project is part of the research programme of the
Amsterdam Green Campus. We collect stable isotope data and extract geographical fingerprints
of important horticulture products such as bell peppers, oaks and roses at various production sites
in Europe and Africa. We store the isotope data and geographical fingerprints in databases. Our
mass spectrometry methods and isotope databases enable producers to provide objective, reliable
data in a controlled chain on origin, production method, transport, authenticity, content and
security of the product.
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Academic publications
Zheng, L., Abhyankar, W., Ouwerling, N., Dekker,
H. L., van Veen, H., van der Wel, N. N., ... de Koster,
C. G. (2016). Bacillus subtilis Spore Inner Membrane
Proteome. Journal of Proteome Research, 15(2), 585-594.
DOI: 10.1021/acs.jproteome.5b00976
Chen, Q., van der Steen, J. B., Dekker, H. L.,
Ganapathy, S., de Grip, W. J., & Hellingwerf, K.
J. (2016). Expression of holo-proteorhodopsin in
Synechocystis sp. PCC 6803. Metabolic Engin., 35, 8394. DOI: 10.1016/j.ymben.2016.02.001
de Koster, C. G., & Brul, S. (2016). MALDITOF MS identification and tracking of food spoilers
and food-borne pathogens. CURRENT OPINION
IN FOOD SCIENCE, 10, 76-84. DOI: 10.1016/j.
cofs.2016.11.004
Verver, D. E., Zheng, Y., Speijer, D., Hoebe, R. A.,
Dekker, H. L., Repping, S., ... Hamer, G. (2016). NonSMC Element 2 (NSMCE2) of the SMC5/6 Complex
Helps to Resolve Topological Stress. International
Journal of Molecular Sciences, 17(11). DOI: 10.3390/
ijms17111782
Abhyankar, W. R., Kamphorst, K., Swarge, B.
N., van Veen, H., van der Wel, N. N., Brul, S., ...
de Koning, L. J. (2016). The Influence of Sporulation

Conditions on the Spore Coat Protein Composition
of Bacillus subtilis Spores. Frontiers in Microbiology, 7,
1636. DOI: 10.3389/fmicb.2016.01636
de Rijke, E., Schoorl, J. C., Cerli, C., Vonhof, H.
B., Verdegaal, S. J. A., Vivó-Truyols, G., ... de Koster,
C. G. (2016). The use of δ2H and δ18O isotopic analyses
combined with chemometrics as a traceability tool for
the geographical origin of bell peppers. Food Chemistry,
204, 122-128. DOI: 10.1016/j.foodchem.2016.01.134
Book chapter
Gómez-Molero, E., Dekker, H. L., de Boer,
A. D., & de Groot, P. W. (2016). Identification of
Secreted Candida Proteins Using Mass Spectrometry.
In R. Calderone, & R. Cihlar (Eds.), Candida species
: methods and protocols (pp. 79-94). (Methods in
Molecular Biology; No. 1356). New York: Humana
Press. DOI: 10.1007/978-1-4939-3052-4_7
PhD Thesis
Orawan Borirak, April 7, 2016, Universiteit van
Amsterdam. Multi-omics analyses of the molecular
physiology and biotechnology of Escherichia coli and
Synechocystis sp. PCC6803
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The section Plant Physiology has made a new start in
2016! The focus of our research will now be solely on
signalling processes involved in plant-insect and plantplant communication. The work on phospholipid
signalling and the dissection of root-architecture
changes due to salinity stress is now carried out in the
new group Plant Cell Biology, headed by professor
Christa Testerink.
We study the role of volatiles in plant-insect
interactions, with a focus on trichome-derived
volatile terpenoids and on Green Leaf Volatiles
(GLVs). In addition, we investigate the role of insect
effector proteins on plant defence signalling and the
involvement of small RNAs from both plant and
insect in the interaction. Finally, we are studying the
regulation of the biosynthesis and emission of floral
volatiles in Petunia.

Figure 1: Phenotypes of
PhCCoAOMT1 RNAi
plants. A, B) Buds (A)
and open flowers (B).
The Petunia Mitchell
wild-type control (WT)
produces white (open)
flowers, whereas the
RNAi lines have purpleblushed flowers. C)
Pigmentation in leaves
and stems of wild-type
and PhCCoAOMT1
RNAi plants.

Using the vegetable crops tomato and pepper, the
ornamental plant Petunia and the model plant species
Arabidopsis thaliana, we apply molecular genetic tools
to study genes involved in these processes. We are
particularly interested in the transcriptional networks
underlying the regulation of plant volatile production
in both tomato trichomes and Petunia flowers. A
separate research line investigates the mechanisms
by which GLVs can prime biological responses in
plants. Last year we started a new research line that
aims to identify effectors of whiteflies and thrips and
the proteins with which they interact in the plant
to manipulate the plant defense response. This year,
first indications for the involvement of small RNAs
from both plants and insect were obtained. Because of
the potential of direct application of these findings a
strong link with the plant breeding industry has been
established.

Research highlights
►► As part of the international Petunia community we have contributed to the generation of
the first annotated draft genome of this ornamental plant. We were responsible for the part of
the genome that contains the genes for floral volatile biosynthesis and the regulation thereof.
We also published a paper which describes the role of caffeoyl-coenzyme A O-methyltransferase
(CCoAOMT) in the biosynthesis of (iso)eugenol and discovered that reduction of its expression
leads, unexpectedly, to the activation of the anthocyanin pathway (see figure 1). For the
biosynthesis of terpenes in the glandular trichomes of tomato it has become clear that a particular
MYC transcription factor is not only one of the key regulators but is also involved in trichome
development (see figure 2). We also discovered that one of the enzymes of the MEP-pathway
leading to the precursors of terpene in plastids is localised in a particular plastidial suborganelle.
With regard to the biosynthesis of GLVs we used classical biochemical methods to purify the
isomerase responsible for the conversion of Z-3-hexenal to E-2-hexenal, an activity that the
recombinant protein retains. For the new line on research on herbivore effectors and their
interactors we published on the first effectors of spider mites and have now also obtained effectors
of whiteflies and thrips.
►► Part of our research efforts are aimed at using the natural variation in wild tomatoes to
identify metabolic pathways and their transcriptional regulators to apply in improving resistance
in commercial tomato. In addition we aim to identify small RNAs and their target genes and assess
their role as regulatory elements involved in the production of defence compounds produced in
trichomes of pest resistant tomatoes. This knowledge can be used to reconstruct natural and
sustainable defence pathways in cultivated tomatoes. We constructed datasets of 20 different (wild)
tomato accessions for metabolites (volatiles and acylsugars), for resistance phenotype (whiteflies,
thrips and Phytophthora infestans). Also, a trichome transcriptome database and trichome small
RNA database has been sequenced. Moreover bioinformatics pipelines have been developed for
data analyses and collaborations with the Biological Data Analysis Group (BDA, SILS) on the
correlation analyses has been established. Also, we isolate trichomes of all accessions for metabolite
analyses, as well as mRNA databases, in collaboration with the RNA biology department. In
consultation with the BDA group of professor Age Smilde and an external collaboration with the
University of Nijmegen ‘R- and XCMS- based’ data analyses tools and statistical methods have
been set up to relate the phenotype database to the metabolic and transcript databases. A Random
Forest analysis tool has been implemented. In collaboration with Dr. Johan Westerhuis a custommade association analysis method has been developed for the mRNA-seq data leading to the
identification of new leads. These candidate genes with a putative role in metabolite production
are currently under investigation.
►► For the Marie Curie project of Dr Marc Galland we isolated small RNAs from trichomes
of the 20 wild and cultivated tomato accessions described above. A bioinformatics pipeline for
the identification, alignment and annotation of small RNAs was set up in collaboration with
the RNA-Biology department. We showed that besides protein effectors, whiteflies also transfer
small RNAs into the host phloem whilst feeding, possibly manipulating host suitability. We are
currently trying to further elucidate the putative targets identified.
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Di Fino, L. M., D’Ambrosio, J. M., Tejos, R.,
van Wijk, R., Lamattina, L., Munnik, T., ... Laxalt,
A. M. (2016). Arabidopsis phosphatidylinositolphospholipase C2 (PLC2) is required for female
gametogenesis and embryo development. Planta.
DOI: 10.1007/s00425-016-2634-z
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Steven Arisz
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Aldana Ramirez
Marc Galland
Paula van Kleeff
Silke Allmann

Shaipulah, N. F. M., Muhlemann, J. K.,
Woodworth, B. D., Van Moerkercke, A., Verdonk,
J. C., Ramirez, A. M., ... Schuurink, R. C. (2016).
CCoAOMT down-regulation activates anthocyanin
biosynthesis in petunia. Plant Physiology, 170(2), 717731. DOI: 10.1104/pp.15.01646
Onkokesung, N., Reichelt, M., van Doorn, A.,
Schuurink, R. C., & Dicke, M. (2016). Differential
Costs of Two Distinct Resistance Mechanisms Induced
by Different Herbivore Species in Arabidopsis. Plant
Physiology, 170(2), 891-906. DOI: 10.1104/pp.15.01780

Figure 2: Scanning electron micrograph of a tomato stem
visualising the different types of trichomes that are present.

Research aims for the coming year
►► We aim to construct a trichome phenotype database (type and density) for all tomato
accessions and are preparing a large QTL-experiment on a population segregating for trichome
density in collaboration with Enza Zaden.
►► Analyses of the correlation of various (trichome) databases in order to identify novel
candidate metabolites with a role in natural insect resistance.
►► Functional validation of a candidate gene as the main driver for trichome variation. Identify
a putative role for transport of metabolites in trichomes.
►► Describe small RNA families and confirm their presence in tomato accessions. Next, we aim
to associate miRNA and to target mRNA and tomato genomes in order to identify putative posttranscriptional regulators that can be functionally validated.
►► To further investigate how the development of type VI trichomes in tomato is orchestrated
by transcription factors.
►► To identify and characterise putative interactors of the whitefly and thrips effectors.
►► To manipulate isomerase activity in plants and herbivores to unravel the role of GLV
isomerisation in plant-insect interactions.
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Kortbeek, R., Xu, J., Ramirez, A., Spyropoulou, E.,
Diergaarde, P., Otten-Bruggeman, I., ... Bleeker, P. M.
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Qianqian Zhang
Project managers
Gerard Kooiman
Niolaas Persoon
Technicians
Aleksandra Muras
Pieter van Egmond
Pamela Strazzer
Michel de Vries
Ringo van Wijk
Suzanne Hoogstrate

in Plant Science, 21(10), 884-894. DOI: 10.1016/j.
tplants.2016.07.007
Julkowska, M. M., Klei, K., Fokkens, L., Haring,
M. A., Schranz, M. E., & Testerink, C. (2016).
Natural variation in rosette size under salt stress
conditions corresponds to developmental differences
between Arabidopsis accessions and allelic variation in
the LRR-KISS gene. Journal of Experimental Botany,
67(8), 2127-2138. DOI: 10.1093/jxb/erw015
Kawa, D., Julkowska, M. M., Montero Sommerfeld,
H., ter Horst, A., Haring, M. A., & Testerink, C.
(2016). Phosphate-dependent root system architecture
responses to salt stress. Plant Physiology, 172(2), 690706. DOI: 10.1104/pp.16.00712
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Putta, P., Rankenberg, J., Korver, R. A., van Wijk,
R., Munnik, T., Testerink, C., & Kooijman, E. E.
(2016). Phosphatidic acid binding proteins display
differential binding as a function of membrane
curvature stress and chemical properties. Biochimica et
Biophysica Acta, 1858(11), 2709-2716. DOI: 10.1016/j.
bbamem.2016.07.014

PhD thesis

Zarza, X., Atanasov, K. E., Marco, F., Arbona, V.,
Carrasco, P., Kopka, J., ... Alcázar, R. (2016). Polyamine
Oxidase 5 loss-of-function mutations in Arabidopsis
thaliana trigger metabolic and transcriptional
reprogramming and promote salt stress tolerance.
Plant, cell and environment. DOI: 10.1111/pce.12714

Invited lectures

Villarroel, C. A., Jonckheere, W., Alba Cano, J. M.,
Glas, J. J., Dermauw, W., Haring, M. A., ... Kant, M.
R. (2016). Salivary proteins of spider mites suppress
defenses in Nicotiana benthamiana and promote mite
reproduction. Plant Journal, 86(2), 119–131. DOI:
10.1111/tpj.13152
van Kleeff, P. J. M., Galland, M., Schuurink, R.
C., & Bleeker, P. M. (2016). Small RNAs from Bemisia
tabaci Are Transferred to Solanum lycopersicum Phloem
during Feeding. Frontiers in Plant Science, 7, [1759].
DOI: 10.3389/fpls.2016.01759
Jonckheere, W., Dermauw, W., Zhurov, V.,
Wybouw, N., Van den Bulcke, J., Villarroel, C. A., ...
Van Leeuwen, T. (2016). The salivary protein repertoire
of the polyphagous spider mite Tetranychus urticae: a
quest for effectors. Molecular & Cellular Proteomics,
15(12), 3594-3613. DOI: 10.1074/mcp.M116.058081
Figure 3: Wild tomato

Schimmel, B. C. J. (2016). From induction to
suppression: How to manipulate plant defenses
Villarroel, C. (20-4-2016). Molecular sabotage of
host plant defenses by spider mites

Jan 15, 2016: Lunteren, NIBI congres. Hoe gaan
planten om met stress? (Haring)
Jan 22, 2016: Marburg (DE), Seminar Ökologischer
Gemüsebau
im
Schloss
Rauischholzhausen.
Neueste Entwicklungen und (Gen)-Techniken in der
Pflanzenzüchtung. (Haring)
Jan 29, 2016: Haring, M. (opening talk) Open
Huis, Clusius College, Alkmaar, the Netherlands
Feb 4, 2016. Ventura (USA). Signal transduction
by Green Leaf Volatiles, Gordon conference on Plant
Volatiles. (Schuurink)
Feb 19, 2016: Amsterdam, KNAW symposium.
Van Chemie naar Ecologie, perspectieven voor ecologische
gewasbescherming (Bleeker).
May 11, 2016: ICEPE, Nairobi (KEN) Plants and
insects, a volatile interaction. (Schuurink)

Dec 14, 2016: Dronten, BD-EKO bijeenkomst
Warmonderhof. Moderne veredelingstechnieken; hoe
verhoudt de biologische sector zich daartoe? (Haring)
Dec 19, 2016: Zwolle, Biobeurs CRISPRs in de
veredeling. (Haring)
Media
Trouble in Paradise: Palmbomen in Caribisch gebied
sterven af (Michel Haring) 21/01/16 NPO RADIO 1 (KRO-NCRV), Radio
Outreach
Masterclass Betekenis van het licht voor de groei
van planten. MBO studenten en ondernemers. Horti
Experience Centre Bleiswijk 24-05-2016 (Haring)
Masterclass Afweer van planten. MBO studenten
en ondernemers. Clusius College Hoorn 03-02-2016
(Haring)
Masterclass Zaadkwaliteit en kiemingsprocessen.
MBO studenten en ondernemers. Clusius College
Hoorn 20-05-2016 (Haring)
Workshop communicatie UvA en HvA. Amsterdam
Science Magazine als promoter van de wetenschap 19-052016 (Haring)

Sept 10, 2016: World Petunia days, Wittenberg
(DE). Circadian rhythm of volatile production.
(Schuurink)

Werkbezoek Sector Economie & Landbouw van
de provincie Noord-Holland. Innovatie in de regio met
behulp van de Amsterdam Green Campus. 19-04-2016.
(Haring)

Nov 23, 2016: Amsterdam, SPUI Lezing ‘Beta in
de Binnenstad’. Tussen Plant en Plaag (Bleeker).

Kick-off Bijeenkomst Amsterdam Green Campus.
Science Park Amsterdam 26-01-2016. (Haring)

Dec 1, 2016: Neuchatel (CH) Signal transduction
by Green Leaf Volatiles. (Schuurink)
Dec 5, 2016: Hesselberg (DE), ÖKOmenisches
GARTENBAU-SEMINAR. Neue Züchtungstechniken
im Gemüsebau – wie funktioniert CRISPR-Cas?
(Haring)
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Dec 8, 2016: John Innes Center, Norwich (UK)
Regulation of terpene biosynthesis in tomato trichomes.
(Schuurink)
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Plant Development and (Epi)Genetics
Prof. R. Koes
Dr P. Fransz
Dr. M. Stam
Dr F. Quattrocchio

Chairholder
Assistant Professor
Assistant Professor
Assistant Professor

P

Plant Development and (Epi)Genetics aims to
understand genetic principles underlying plant
development-related processes at different levels of
organisation: organ, cell, nucleus and chromatin.
Plants display highly plastic phenotypes in response
to developmental and environmental cues. This
allows identifying complex molecular mechanisms
that control cell differentiation, cell identity but also
chromosome dynamics and chromatin interactions.
The combined approach of molecular, biochemical,
microscopic and genetic analyses is essential to link

chromatin changes to flower development and plant
architecture and build descriptive and predictive
models of the plant phenotype during development
and under different environmental conditions. We
make use of several model (crop) plants in molecular
biology and genetics, such as Arabidopsis, Petunia,
maize and tomato, which enables us to understand
how the underlying genetic networks diverged during
evolution to obtain a more general insight how these
processes govern plant development.

Research highlights
Inflorescence and flower development
►► We identified two P-ATPase Copper transporters, SvHMA5I and SvHMA5II, from Silene
vulgaris, which is a rare Cu-tolerant species that is prevalent on polluted sites, and demonstrated
that they (i) originate from an evolutionary old gene duplication that predates the appearance
of flowering plants, (ii) reside in different cellular localisations and (iii) contribute to copper
hypertolerance in different ways.
►► Trafficking of proteins and vesicles in flower petals to the central vacuole follows an unusual
cell-specific pathway that involves a novel intermediate endomembrane compartment, named
‘vacuolino’. The pathway is regulated by a complex of transcription factors (WMBW) that were
initially identified for their effect on flower colour.
Epigenetic regulation of gene expression and genome function
►► Our work on paramutation indicates that the presence of mCHH islands at the paramutable
allele (=allele sensitive to paramutation) may be required to allow paramutation of this allele.
►► In collaboration with Frank Johannes (TUM, Germany), we observed widespread nonadditive gene expression and methylome changes within QTL intervals that may underlie the
heterotic phenotypes observed.
►► Epigenetic drugs and chromatin mutants were identified that affect the efficiency of oligodirected mutagenesis (ODM).
Chromosome and genome organisation
►► We identified about 1400 transcriptional enhancer candidates in the genome of the crop plant
Zea Mays by integrating available genome-wide data on DNA methylation with newly generated
maps for chromatin accessibility and Histone 3 Lysine 9 acetylation (H3K9ac) enrichment in two
different tissues. Putative target genes were assigned based on tissue-specific expression patterns.
The enhancer candidates show similarities, but also differences with the features displayed by
animal enhancers. This work has been performed in collaboration with Huub Hoefsloot of
the Biosystems Data Analysis group of SILS, and the group of Dr. Franziska Turck (MPIPZ,
Germany), as part of the EU FP7 Marie Curie ITN EpiTRAITS.

Other highlights
►► Epigenetics & Chromatin Regulation of Plant Traits Conference, Strasbourg, France,
January 14-15, 2016 (www.epi2016.com), organised by Maike Stam (MC-ITN-EpiTRAITS) and
Mieke van Lijsebettens (MC-ITN-CHIP-ET), with 114 participants.
►► Quattrocchio obtained an NWO grant to study genes that determine the stability of
anthocyanin pigments in the vacuole.

Figure 1: Image of four flower-colour mutants
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Research aims for the coming year
Inflorescence and flower development
►► We will isolate mutants for the other target genes of the WMBW complex to identify more
players in the vacuolino pathway.
►► Biochemical studies aiming to unravel the mechanism by which anthocyanins are degraded
at the site of accumulation in fading flowers.
►► Start the analysis of a protein-kinase involved in vacuolar hyper-acidification in petal
epidermal cells to identify its targets and the mechanism by which it controls the activity of the
tonoplast P-ATPases responsible for the accumulation of protons in the vacuolar lumen.
►► Unravel the mechanism by which the F-box protein DOT promotes the activity of the
transcription factor ALF and perform in planta experiments to address whether DOT acts with
the emerging flower primordia as a morphogen in floral patterning.
Epigenetic regulation of gene expression and genome function
►► Isolate the ACT1 gene, required for transposition of dTPH1 elements, using the recently
isolated act1 mutants.
Chromosome organisation
►► Examine the effect of meiosis mutants on CO frequency and distribution.
►► Investigate the functional organisation of chromatin around the active and inactive FLC
locus.
►► Completion of the PhD project by Stefania del Prete.
Group members
Postdoctoral researchers
Pamela Strazzer
Valentina Passeri
Mariliis Tark
Esther de Boer

Figure 2: The vacuolino pathway

Background: petunia flowers
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PhD students
Roeska Blankevoort
Yanbang Li
Shuangijan Li
Iris Hövel
Kathrin Lauss
Stefania del Prete
Blaise Weber
Till Bey
Rurika Oka
Jihed Chouaref
Technicians
Rechien Bader
Mattijs Bliek
Kees Spelt
Bets Verbree
Damar Anggoro

Academic publications

PhD theses

Weber, B.*, Oka, R.*, Zicola, J.*, Stam, M. (2016).
Plant Enhancers: A Call for Discovery. Trends in
Plant Science 21 (2016), pp. 974-987. doi: 10.1016/j.
tplants.2016.07.013.

Iris Hovel, June 8, 2016, Universiteit van
Amsterdam. Novel insight into gene silencing mechanisms
in Zea Mays and Arabidopsis thaliana.

Anggoro, D.T., Tark-Dame, M., Walmsley, A.,
Oka, R., de Sain, M., Stam, M. (2017) BIBAC-GWbased vectors for generating reporter lines for sitespecific genome editing in planta. Plasmid 27-36.
http://dx.doi.org/10.1016/j.plasmid.2016.12.002
Bombarely, A., Moser, M., Amrad, A., Bao, M.,
Bapaume, L., Barry, C.S., Bliek, M., Boersma, M.R.,
Borghi, L., Bruggmann, R., et al. (2016). Insight into
the evolution of the Solanaceae from the parental
genomes of Petunia hybrida. Nature Plants 2, 16074.
Li, Y., Provenzano, S., Bliek, M., Spelt, c.,
Appelhagen, I., Machado de Faria, L., Verweij, W.,
Schubert, A., Sagasser, M., Seidel, T., et al. (2016).
Evolution of tonoplast P-ATPase transporters
involved in vacuolar acidification. New Phytologist 211,
1092-1107.
Passeri, V., Koes, R., and Quattrocchio, F.M.
(2016). New challenges for the design of high value
plant products: Stabilization of anthocyanins in plant
vacuoles. Front Plant Sci 7, 153.
Prinsi, B., Negri, A.S., Quattrocchio, F.M., Koes,
R.E., and Espen, L. (2016). Proteomics of red and
white corolla limbs in petunia reveals a novel function
of the anthocyanin regulator ANTHOCYANIN1 in
determining flower longevity. J Proteomics 131, 38-47.
Verweij, W.R., Spelt, C.E., Bliek, M., de Vries,
M., Wit, N., Faraco, M., Koes, R., and Quattrocchio,
F.M. (2016). Functionally similar WRKY proteins
regulate vacuolar acidification in petunia and hair
development in Arabidopsis. Plant Cell 28, 786-803.
Book chapter
Weber, B.*, Jamge. S.*, Stam, M.E. 3C in Maize
and Arabidopsis. In: Plant Chromatin Dynamics, lab
protocol series Methods in Molecular Biology (Springer),
C. Baroux, M. Bemer (eds). Accepted for publication.

Serena Della Pina (2016) Universiteit van
Amsterdam. The evolutionary divergence of the genetic
networks that control flowering in distinct species.
Invited lectures
M. Stam. Gene regulation by epigenetics and distant
enhancers. European maize meeting, Hamburg,
Germany (May 18-20)
M. Stam. Gene regulation by epigenetics and distant
enhancers. University of Georgia, Athens, USA (March
16)
M. Stam. Gene regulation by epigenetics and distant
enhancers. University of Cambridge, UK, (May 4)
F. Quattrocchio. Biotechnology of flower color…a
lesson for new products in the ornamental and fruit
sectors. Guest lecturer at the MSc course of Plant
Biotechnology, University of Perugia, Italy (28
October)
F. Quattrocchio. The mechanism of color fading in
plants: the petunia model. University of Perugia, Italy
(22 November)
R. Koes. The mechanism of color fading in plants:
the petunia mode. World Petunia Days, Lutherstadt
Wittenberg, Germany. September 9-12
R. Koes. Evolution of diverse inflorescence
architectures. 6th meeting of the European Society
for Evolutionary Developmental Biology, Upssala,
Sweden (26-29 July)
Relevant positions
Fransz, P.F. Editor Chromosome Research, Frontiers
in Plant Genetics and Genomics, Plant Biology.
Stam, M.E. Coordinator Marie Curie ITN
EpiTRAITS.
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Plant Hormone Biology
Prof. Harro Bouwmeester

T

Chairholder

The primary research interest of the Plant Hormone
Biology group that was established within SILS in
2016, is the role of plant hormones and other signalling
molecules in the communication of plants with
beneficial and harmful organisms, particularly in the
rhizosphere. For example, we study the exudation by
plants of strigolactones into the rhizosphere to signal
host presence to the symbiotic arbuscular mycorrhizal
(AM) fungi and the abuse of this signalling relation by
parasitic plants that use the same molecules for host
detection. The fact that the strigolactones also have an
endogenous signalling function as new class of plant
hormones, regulating root and shoot architecture,
makes this interaction even more intriguing.

Important aspects of our work on communication
are how these signalling molecules are biosynthesised
and perceived, how their production is regulated, and
what happens to the interaction if their production is
altered. To be able to do such studies we use a broad
range of expertises, ranging from analytical chemistry
for detection of the signalling molecules, through
molecular biology and biochemistry for the isolation
of key genes using state-of-the-art approaches
such as the combination of transcriptomics and
metabolomics, to metabolic engineering to change
signalling molecule production and basic biology
to study the consequences of the altered signalling
molecule production for the interaction.

Figure 1, from left to right, top: Phelipanche ramosa (branched broomrape) on tomato
(photo: Peter Toth); Striga hermonthica, witchweed, on sorghum (photo: Harro
Bouwmeester). Bottom: Lifecycle of parasitic plants; parasitic plant seeds attacking a host
root (photo: Zongkui Sun). Right: pollinator on a wild broomrape (photo: Peter Toth).

114 - Swammerdam Institute for Life Sciences

Strigolactone biosynthesis and perception
The combined positive and negative signalling roles of
the strigolactones could be the result of a paradigm:
enemies of plants recruit molecules that are essential
to the plant as cues. This paradigm has two important
implications: (i) other plant-produced signalling
molecules known to be abused by plant enemies likely
have another, beneficial essential function in plants and
(ii) the involvement of multiple, positive and negative,
biological functions exerts a selective pressure on
these signalling molecules that results in the evolution
of diversity in structure and biological specificity.
With an Advanced Grant of the European Research
Council (ERC) we will address implication (ii) by
studying how biological specificity in strigolactones
is mediated by the evolution of structural diversity
and the concomitant changes in perception. This
work will shed light on the significance of structural
diversity in signalling molecules and the co-evolution
of perception. It should also provide the fundamental
knowledge enabling biotechnological and agronomical
applications to optimise colonisation by AM fungi
and plant development, and control parasitation by
root parasitic plants.
Bad signalling molecules, good signalling
molecules?
Based on the paradigm postulated above we will also
investigate implication (i): other plant-produced
signalling molecules known to be abused by plant
enemies likely have another, beneficial essential
function in plants. In the same ERC-funded project
we will address this implication using an innovative
approach in a new area by setting out to discover a
new signalling role for plant-produced signalling
molecules that attract pathogenic organisms to plants.
The hypothesis here is that these signalling molecules
also have another positive function for the plant. Also
with these signalling molecules we will investigate
implication (ii) by studying how biological specificity
in these molecules is mediated by the creation of
structural diversity and the concomitant changes in the
perception by receptors, in the pathogenic organisms.
This work should shed light on the significance of
structural diversity in signalling molecules and the coevolution of perception and may result in the discovery
of a new class of signalling molecules in plants. It will
also provide the fundamental knowledge enabling
biotechnological and agronomical applications to
control parasitation by a range of organisms.

Signalling in the rhizosphere: the tip of the
iceberg?
The strigolactones are very likely just the tip of the
iceberg of the signalling that takes place in the
rhizosphere, of which we hardly know anything due to
the difficulties of studying what goes on underground.
At the same time, we start to realise how important
the rhizosphere is for plants. Especially for the root
microbiome -the community of micro-organisms
on and in the root of plants- it is becoming clear
that it has a tremendous impact on plant growth,
development and productivity and can be compared to
the importance of the gut microbiome in animals and
humans. To unravel signalling relationships between
plants and micro-organisms we can use targeted and
non-targeted approaches. With regard to the former,
in the ERC project described above we will look at
the importance of strigolactones and other plant
signalling molecules for rhizosphere signaling. Hereto,
we will use existing -and newly engineered- genotypes/
mutants/transgenic lines with altered signal molecule
production for the characterisation of the effect this
has on the rhizosphere community. In addition, we
will use untargeted approaches to uncover unknown
signalling relationships in the rhizosphere.

Group members
Postdoctoral researchers
4 vacancies
PhD students
Wang Yanting
3 vacancies
Technicians
3 vacancies
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Research highlights
►► In our work on maize we have identified a number of highly unusual strigolactones of which
one, zealactone, was recently published in Phytochemistry (see figure 2). This work demonstrates
that the strigolactone family is even more diverse than we already thought. In our work we will
continue to pursue the identification of the genes that are responsible for the creation of this
structural diversity, through a number of approaches. The ultimate goal is to understand the
biological significance of the large structural diversity in the strigolactones.

Dong, L., Jongedijk, E., Bouwmeester, H., van der
Krol, A. 2016. Monoterpene biosynthesis potential of
plant subcellular compartments. New Phytologist 209:
679–690
Jongedijk, E., Cankar, K., Buchhaupt, M.,
Schrader, J., Bouwmeester, H., Beekwilder, J.,
2016. Biotechnological production of limonene
in microorganisms. Applied Microbiology and
Biotechnology, 100: 2927-2938.
Van Dam, N.M., Bouwmeester, H.J., 2016.
Metabolomics in the Rhizosphere: Tapping into
Belowground Chemical Communication. Trends in
Plant Science 21: 256-265
Wang, B., Kashkooli, A.B., Sallets, A., Ting, H.M., de Ruijter, N.C.A., Olofsson, L., Brodelius, P.,
Pottier, M., Boutry, M., Bouwmeester, H., van der
Krol, A.R., 2016. Transient production of artemisinin
in Nicotiana benthamiana is boosted by a specific lipid
transfer protein from A. annua. Metabolic Engineering
38: 159-169.

Figure 2: Tatsiana V. Charnikhova, Katharina Gaus, Alexandre Lumbroso, Mark Sanders, Jean-Paul
Vincken, Alain De Mesmaeker, Carolien P. Ruyter-Spira, Claudio Screpanti, Harro J. Bouwmeester.
Zealactones. Novel natural strigolactones from maize. Phytochemistry, in press. http://dx.doi.
org/10.1016/j.phytochem.2017.02.010.

Research objectives next year
►► Identifying SL biosynthetic genes; making transgenic lines with altered SL composition;
study the biological consequences.
►► Identify a suitable signalling molecule attracting pathogenic organisms. Elucidating its
biosynthesis and possible beneficial role in planta and perception mechanism in the pathogen.
►► Studying the role or plant root exudates in the recruitment of the rhizosphere microbiome.
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Kloth, K.J., Wiegers, G.L., Busscher-Lange, J., Van
Haarst, J.C., Kruijer, W., Bouwmeester, H.J., Dicke,
M., Jongsma, M.A., 2016. AtWRKY22 promotes
susceptibility to aphids and modulates salicylic acid
and jasmonic acid signalling. J Experimental Botany
67: 3383-3396.

Mohemed, N., Charnikhova, T., Bakker, E.J., van
Ast, A., Babiker, A.G.T., Bouwmeester, H.J., 2016.
Evaluation of field resistance to Striga hermonthica
(Del.) Benth. in Sorghum bicolor (L.) Moench. The
relationship with strigolactones. Pest Management
Science 72: 2082-2090
Invited lectures
H.J. Bouwmeester. Metabolic engineering of
terpenoids as renewable feedstocks. Gordon conference
Plant volatiles, Ventura, USA, 31 January 2016
H.J. Bouwmeester. Chemical signalling in plants.
Seminar University of Sheffield, 15-16 February 2016
H.J. Bouwmeester. Strigolactones: understanding
the biology and possibilities for application. Seminar
Syngenta, Stein, Switzerland, 5-6 April 2016
H.J. Bouwmeester. Chemical communication
in the rhizosphere of plants. EPS Plant Science days,
Lunteren, 11-12 April 2016
H.J. Bouwmeester. Strigolactones. Signalling
molecules with surprising in- and outdoor activities.
Presentation COST action Vegetable grafting,
Bleiswijk, 18 April 2016
H.J. Bouwmeester. Strigolactones. Signalling
molecules with surprising in- and outdoor activities.
PhD course Grafting, Wageningen, 21 April 2016

Kooke, R., Kruijer, W., Bours, R., Becker, F.,
Kuhn, A., van de Geest, H., Buntjer, J., Doeswijk,
T., Guerra, J., Bouwmeester, H., Vreugdenhil, D.,
Keurentjes, J.J.B., 2016. Genome-wide association
mapping and genomic prediction elucidate the genetic
architecture of morphological traits in arabidopsis.
Plant Physiology 170: 2187-2203.

H.J. Bouwmeester. Biosynthesis, structural
diversity and biological function of strigolactones. GRC
Carotenoids, Barga, Italy, 22-27 May 2016

Tóth, P., Undas, A.K., Verstappen, F., Bouwmeester,
H., 2016. Floral volatiles in parasitic plants of
the Orobanchaceae. Ecological and taxonomic
implications. Frontiers in Plant Science 7: art. no. 312.

H.J. Bouwmeester. Chemical communication in
plants. Seminar Bielefeld, Germany, 19-20 September

Screpanti, C., Yoneyama, K., Bouwmeester,
H.J., 2016. Strigolactones and parasitic weed
management 50 years after the discovery of the first
natural strigolactone strigol: status and outlook. Pest
Management Science, 72: 2013-2015.

H.J. Bouwmeester. Germination stimulant
dependent germination of parasitic plants. Presentation
Plant Science Summer school Angers, France, 3-5 July

H.J. Bouwmeester. Terpenoid biosynthesis and its
role in the communication of plants. Medicinal plants
symposium Huazhong University, Wuhan, China, 12
November
H.J. Bouwmeester. Terpenoid biosynthesis and its
role in the communication of plants. Seminar Botanical
Garden, Wuhan, China, 13 November 2016
Annual Report 2016 - 117

5

Research Programme: Molecular Life Sciences

Plant Hormone Biology

Outreach

Relevant positions

H.J. Bouwmeester. (10 March) Plantenfysiologie.
College Hoger Onderwijs voor Ouderen, Nijmegen.

Bouwmeester, H.J. Organiser and Chair Gordon
conference on Plant volatiles 2018

H.J. Bouwmeester (12 March) Intieme
ondergrondse relaties (by Gert van Maanen).
Bionieuws p. 8-9.

Bouwmeester, H.J. Editor The Journal of Plant
Interactions

H.J. Bouwmeester (21 April) Biologische
bestrijding van onkruid via z’n eigen geur. Plant Life
Wageningen UR
H.J. Bouwmeester. (12 September) Stille
communicatie van planten met vriend en vijand.
Lecture Diligentia, Den Haag.

Figure 3: Good or bad signals?

Bouwmeester, H.J. Editor Plant Signalling and
Behavior
Bouwmeester, H.J. Editor Frontiers in Plant
Physiology
Bouwmeester, H.J. Editor Frontiers in Plant
Biotechnology

Plant Cell Biology
Prof. C. Testerink
Dr T. Munnik

R

Chairholder
Associate professor

Research within the ‘Plant Cell Biology’ group is
focused on cellular signalling in plant stress and
development. We investigate the molecular and
cellular basis of the plant’s response to stress; how are
signal transduction cascades organised in the cell and
how do they lead to changes in the plant’s development
and stress tolerance? Focus areas are:
Cellular mechanisms of salt sensing and developmental
plasticity in response to stress (Christa Testerink)
A major question in plant biology is how plant
root growth and development are influenced by
environmental signals. We approach this subject
from different angles, ranging from biophysics of
protein-lipid interactions, to cellular signalling and
worldwide natural variation in plant stress responses.

In particular, we focus on the effects of salinity and
drought, and more recently also nutrient starvation,
on root system architecture.
Phospholipid Signalling in Plant Stress & Development
(Teun Munnik)
One of the key events in the response of plants to
many stress conditions is the formation of lipid
second messengers, including PA and PIP2. We are
investigating how, when and where these lipid signals
are generated, how enzymes that make-and-remove
them are regulated, and how these lipid second
messengers affect protein function to modulate
downstream responses at the molecular and cellular
level.

Figure 1: Natural variation reveals the relationship
between root system architecture (RSA) on double
stress and single stresses. A total of 330 Arabidopsis
accessions were clustered based on their RSA on salt, Pi
starvation, and double stress. Relationships between RSA
response strategies found for double stress (DS1–DS4),
salt (S1–S5), or Pi starvation (PS1 and PS2). The outer
circle shows the percentage of accessions that were found
in clusters from other conditions, represented by colours
corresponding to the inner circle. The size of each circle
corresponds to the number of accessions found in each
group. Ribbon size encodes the number of accessions
from single stress clusters that were found in each double
stress group (adapted from Kawa et al. Plant Physiol.
2016)
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Plant Cell Biology

Research highlights

Other highlights

►► Natural variation in rosette size under salt stress conditions corresponds to developmental
differences between Arabidopsis accessions and allelic variation in the LRR-KISS gene.
►► Arabidopsis accessions show different patterns of integrating root responses to phosphate
starvation and salt stress.
►► Mathematical modelling of root halotropism shows a key role for root tip architecture and
reflux loop remodelling in redistributing auxin in the response to salt.
►► Salt stress activates multiple lipid signalling cascades.
►► Overexpression of PLC increases drought tolerance in Arabidopsis.

►► The Plant Cell Biology group was founded in February 2016.
►► December 2016: ERC Consolidator grant (€2,000,000) for Christa Testerink Surviving
salinity: how do plants sense Na+?
►► Teun Munnik’s position as associate editor for Plant Physiology, an international journal of
the American Society of Plant Biologists, has been extended until the end of 2019.

Key papers:
Julkowska, M.M., Klei, K., Fokkens, L., Haring, M.A., Schranz, M.E., and Testerink, C.
(2016). Natural variation in rosette size under salt stress conditions corresponds to developmental
differences between Arabidopsis accessions and allelic variation in the LRR-KISS gene. Journal of
Experimental Botany 67, 2127-2138
Dejonghe W, Kuenen S, Mylle E, Vasileva M, Keech O, Viotti C, Swerts J, Fendrych M,
Ortiz-Morea FA, Mishev K, Delang S, Scholl S, Zarza X, Heilmann M, Kourelis J, Kasprowicz
J, Nguyen le SL, Drozdzecki A, Van Houtte I, Szatmári AM, Majda M, Baisa G, Bednarek SY,
Robert S, Audenaert D, Testerink C, Munnik T, Van Damme D, Heilmann I, Schumacher K,
Winne J, Friml J, Verstreken P, Russinova E. (2016). Mitochondrial uncouplers inhibit clathrinmediated endocytosis largely through cytoplasmic acidification. Nature Communications 7, [11710].
Kawa, D., Julkowska, M. M., Montero Sommerfeld, H., ter Horst, A., Haring, M. A., &
Testerink, C. (2016). Phosphate-dependent root system architecture responses to salt stress. Plant
Physiology, 172(2), 690-706.
van den Berg, T., Korver, R. A., Testerink, C., & Ten Tusscher, K. H. W. J. (2016). Modeling
halotropism: a key role for root tip architecture and reflux loop remodeling in redistributing
auxin. Development 143, 3350-62.

Research aims for the coming year
►► To characterise the underlying molecular mechanisms and genes that contribute to RSA
changes in response to salt stress.
►► Translate this knowledge to crops, in particular tomato.
►► To functionally characterise the role of AP180 (ECA) clathrin assembly proteins and
phospholipase Dζ in the halotropic response of Arabidopsis.
►► To design and optimise a genetic screen to identify the Na+ sensing mechanism of plants.
►► To investigate the role of SnRK2 protein kinase and their regulation of mRNA decay in
plant stress responses.
►► To study the effect of polyamines on lipid signalling.
►► To investigate the molecular mechanism by which PLC plays a role in plant stress and
development.
►► To functionally characterise the role of PIP2 in salt- and heat stress.

C

Group members
Postdoctoral researchers
Steven Arisz
Yanxia Zhang
PhD students
Dorota Kawa
Iko Koevoets
Max van Hooren
Qianqian Zhang
Ruud Korver
Technicians
Jessica Meyer
Ringo van Wijk
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Figure 2, facing page: Salt-acclimation affects the salt tolerance
of Chlamydomonas growth (A) and salt-induced phospholipidsignalling responses (B). (A) Cells were pre-grown for two weeks
with- or without 100 mM NaCl and than re-grown on agar plates
supplemented with different concentrations of NaCl (0, 100, 200,
300 mM) for two more weeks. C = control cells; A = acclimated
cells. (B) Salt-induced changes in signalling lipids in acclimated cells
(right panel) and non-acclimated cells (control, left panel). Cells
were prelabelled with 32Pi for 2.5 h and then treated for 5 min with
different concentrations of NaCl. After treatment, cells were extracted,
their lipids separated by TLC, and visualised by autoradiography.
Results show that salt stress activates different lipid signalling cascades
and that the response of salt-acclimated cells is much less and
shifted to higher concentrations. Abbreviations: PA, phosphatidic
acid; PE, phosphatidylethanolamine; PG, phosphatidylglycerol;
PI, phosphatidylinositol; PIP, phosphatidylinositolphosphate; PIP2,
phosphatidylinositol 4,5-bisphosphate.
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Academic publications
Putta, P., Rankenberg, J., Korver, R. A., van Wijk,
R., Munnik, T., Testerink, C., & Kooijman, E. E.
(2016). Phosphatidic acid binding proteins display
differential binding as a function of membrane
curvature stress and chemical properties. Biochimica et
Biophysica Acta, 1858(11), 2709-2716. DOI: 10.1016/j.
bbamem.2016.07.014
Kawa, D., Julkowska, M. M., Montero Sommerfeld,
H., ter Horst, A., Haring, M. A., & Testerink, C.
(2016). Phosphate-dependent root system architecture
responses to salt stress. Plant Physiology, 172(2), 690706. DOI: 10.1104/pp.16.00712
van den Berg, T., Korver, R. A., Testerink, C., & Ten
Tusscher, K. H. W. J. (2016). Modeling halotropism:
a key role for root tip architecture and reflux loop
remodeling in redistributing auxin. Development - The
Company of Biologists, 143(18), 3350-62. DOI: 10.1242/
dev.135111
Koevoets, I. T., Venema, J. H., Elzenga, J. T. M.,
& Testerink, C. (2016). Roots Withstanding their
Environment: Exploiting Root System Architecture
Responses to Abiotic Stress to Improve Crop
Tolerance. Frontiers in Plant Science, 7, [1335]. DOI:
10.3389/fpls.2016.01335
Abd-el-Haliem, A. M., Vossen, J. H., van Zeijl, A.,
Dezhsetan, S., Testerink, C., Seidl, M. F., ... Joosten,
M. H. A. J. (2016). Biochemical characterization of the
tomato phosphatidylinositol-specific phospholipase
C (PI-PLC) family and its role in plant immunity.
Biochimica et Biophysica Acta-Molecular and Cell
Biology of Lipids, 1861(9 Pt. B), 1365-1378. DOI:
10.1016/j.bbalip.2016.01.017
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Dejonghe, W., Kuenen, S., Mylle, E., Vasileva,
M., Keech, O., Viotti, C., ... Russinova, E. (2016).
Mitochondrial uncouplers inhibit clathrin-mediated
endocytosis largely through cytoplasmic acidification.
Nature Communications, 7, [11710]. DOI: 10.1038/
ncomms11710
Julkowska, M. M., Klei, K., Fokkens, L., Haring,
M. A., Schranz, M. E., & Testerink, C. (2016).
Natural variation in rosette size under salt stress
conditions corresponds to developmental differences
between Arabidopsis accessions and allelic variation in
the LRR-KISS gene. Journal of Experimental Botany,
67(8), 2127-2138. DOI: 10.1093/jxb/erw015
Invited lectures
Munnik, T. Phospholipid Signaling in Plant Stress &
development 19 October 2016
Munnik, T. Polyphosphoinositide Signaling in Plant
Stress and Development 4 February 2016

