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I Effects of stress and early nutrition on brain 
development.

• Dr Frank Takken and Dr Martijn Rep received a 
Horizon 2020 ETN grant for their proposal Best 
Pass which concerns the apparently contradicting 
mechanism that invading endophytes boost the 
plant immune system.

• Dr Teun Munnik received a DBT-NWO grant for 
the proposal concerning the genetics of drought 
resistance in order to generate more drought 
resistant crops like rice.

Special awards
The PhD thesis of Andreas Angermayr won the H.G.K. 
Westenbrink prize 2014/2015. It was awarded as such 
for being the best thesis in the area of Biochemistry 
and Molecular Biology in that time window. 
Furthermore, Guilia de Luca was awarded the 
‘Upcoming Scientist Award’ from the innovation for 
Health conference in Amsterdam. She will defend her 
thesis in 2016. Giulia worked on the development of a 
‘Re-scan Confocal microscope’. This comprises a new 
super-resolution technique, which is to obtain 40% 
better resolution compared to conventional setups. 
The work has been supervised by Dr Erik Manders 
and assisted by Ronald Breedijk within the Molecular 
Cytology group.
Finally, Prof. Age Smilde received a ‘Best Paper award’ 
from the Metabolomics Society for their 2012 paper in 
Metabolomics.

Special chairs
SILS is active in developing new research lines and in 
concordance with this initiative, a new special chair 
was acquired on Microbial food safety and antibiotics 
resistance development in the food chain. This is a 
collaboration with the Dutch national food safety 
authority (Dutch: NVWA) and is located within the 
team of Prof. Stanley Brul. 
In the group of Molecular Cytology we appointed 
a special chair on High-Resolution Microscopy by Dr 
Kees Jalink. This chair was established on behalf of 
the Society for the Promotion of Physics, Medicine 
and Surgery.

Education
Life sciences at the FNWI contains many students 
enrolled in the bachelor courses of Medical Biology 
and Psycho Biology (~ 1200 students in both bachelor 
programmes) and their related master tracks (~ 350 
students). SILS is a major player in providing the 

knowledge and people in this educational effort. 
Special thanks to the researchers who deliver this 
work next to their excellent research endeavours. SILS 
will maintain and even expand its activities in these 
programmes and new initiatives will be undertaken 
to strengthen the content of the programmes, as has 
been done in the developing of the new curriculum 
for Psycho Biology. 

Gender Balance
SILS is aware that the amount of females in senior 
staff members is still relatively low, especially when 
compared to the equal balance in the PhD student 
phase. We are actively scouting talents and were able 
to acquire a new chair and provide a fixed position 
for 2 female professors: the new chair Plant Cell 
Biology was established and in the spring of 2016 we 
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Introduction by the Institute Director

1It has been an exciting year for SILS and for myself 
since I started as new SILS director in the summer 
of 2015. I would like to thank the previous director 
Willem Stiekema for his efforts in guiding SILS the 
last 5 years. I would also take this opportunity to 
thank all the people in SILS for their excellent efforts 
in pushing science and education forward as can be 
read in this report over 2015.

Collaboration with the VU
The aim towards an integrated research and education 
approach between the UvA and VU has resulted in 
finalising the relocation plans for about 50 fte of SILS 
personnel, which will be effectuated in the spring of 
2016. This will enable new initiatives in the field of 
systems biology, microbiology and cell biology. The 
combined groups of UvA and VU will be located in 
the new O|2 building at the ‘zuid-as’ of Amsterdam. 

Financial status SILS
After a couple of difficult years, mainly caused by 
financing new research groups and a delay in the 
payment of our educational efforts, our excellent 
financial manager Dr Casper Huijser has stabilised 
the SILS finance. We will keep a focus on rebuilding 
the reserve and reactivate new research and education 
initiatives with some caution in the years to come. 
Overall the income of SILS has grown together 
with a matching increase in personnel, resulting in a 
current employment record of 233. Importantly, also 
the external funding has increased compared to 2014. 
I would like to thank all the researchers in SILS for 
their efforts in accomplishing this, since it is clear that 
national and international competition has increased 
considerably. Increasing the external funding in these 
circumstances is impressive.

Granting
Many talented researchers were able to acquire very 
prestigious grants in 2015. I would like to congratulate 
them and mention a few here:
• Dr Frank Takken received a VICI grant for his 

proposal about the plant defense systems (immune 
system) upon pathogen invasion. See also the 
interview with Frank Takken in this report. 

• Dr Harrold van den Burg, in collaboration with 
‘Keygene’, received a Topsector programme grant 
for the proposal concerning resistance of plants 
towards DNA viruses.

• Dr Aniko Körösi was awarded an NWO Food 
and Cognition programme grant for her proposal 

plan to appoint Dr Christa Testerink. The temporary 
appointment of Prof. Marieke van Ham on the chair 
Biological Immunology was converted to a permanent 
position (0.2 fte).
We will keep striving to achieve an appropriate gender 
balance in our SILS staff.

Marten P. Smidt
SILS director

SILS Management and office
Institute director: Prof. M.P. Smidt
Operational & Financial Manager: Dr J.C. Huijser
Coordinator: Dr M.C. Brink
Visiting address: Science Park 904, C2.268 
 1098 XH Amsterdam
Tel: 00 31 20 525 6970
Fax: 00 31 20 525 7934
Postal address: Swammerdam Institute for Life Sciences
 Universiteit van Amsterdam
 Postbus 94215
 1090 GE Amsterdam
Email: sils-secr-science@uva.nl
Website: sils.uva.nl
Secretaries: Ms. A.F. Eekhof
 Ms. L.M. Wind

http://Website: www.science.uva.nl/sils/home.cfm
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Dr Kees Jalink (1957) was named 
professor by special appointment of 
High-Resolution Microscopy at SILS 
in January 2015. The 
chair was established on 
behalf of the Society for 
the Promotion of Physics, 
Medicine and Surgery.

Special Chairs

Kees Jalink researches the functioning of cells at the molecular 
level. He focuses on the use of innovative light microscopic methods as part of this. A good 
understanding of the living cell requires a high-resolution study of the tens of thousands of 
different molecules which interact with each other in a cell, both in terms of time and space. 
The light microscope is one of the most important instruments for this. Jalink has a long-held 
fascination with advanced microscopic techniques in particular. He has years of experience with 
what is known as ‘functional microscopy’, a collective term for a series of ‘light tricks’ through 
which information can be gleaned from living cells down to the molecular level. High-resolution 
microscopy is a recent development and an important addition to the range of options available. 
Jalink develops and uses these techniques for his own research and in various collaborations with 
fellow researchers in the Netherlands and beyond.

Within his own research, Jalink is interested in how cells communicate with each other, how 
signals within individual cells are passed on and amplified, and the effects they trigger in cell 
behaviour. An important part of his work focuses on clarifying the signals and mechanisms which 
enable malignant cancer cells to separate from a tumour and travel around the body, an essential 
process in the development of metastatic tumours.

Jalink has been a staff member and research leader at the department of cell biology at the 
Netherlands Cancer Institute (NKI-AVL) since 1997. He also works for a number of organisations 
and companies in an advisory role. Jalink was a co-founder of the Van Leeuwenhoek Centre 
for Advanced Microscopy (LCAM). He is a founder of the Netherlands BioImaging-Advanced 
Microscopy initiative (NL-BioImaging-AM), in which he coordinates the Functional Imaging 
efforts.

Source: Uva Persvoorlichting

1Current 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. P.L. (Peter) Hordijk Chair: Molecular Cell Biology of Cell Migration
Head of the Department of Molecular Cell Biology, Sanquin Research, Amsterdam

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

Prof. C.G. (Chris) Kruse Chair: Cellular and Systems Neurobiology

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. M.S. (Melly) Oitzl Chair: Cognitive Neurobiology

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
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https://www.amc.nl/web/Research/Who-is-Who-in-Research/Who-is-Who-in-Research.htm?p=456
http://www.nki.nl/divisions/immunology/borst-j-group/
http://www.sanquin.nl/en/research/principal-investigators/pi-marieke-van-ham/
http://www.ellyhollab.eu/
http://www.sanquin.nl/en/research/who-is-who/peter-hordijk/
http://research.nki.nl/jalinklab/
http://www.neuosc.com/olejensen
https://www.amc.nl/web/Research/Who-is-Who-in-Research/Who-is-Who-in-Research.htm?p=503
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Genetics/Research.htm
http://web.stanford.edu/group/nusselab/cgi-bin/lab/
http://www.keygene.com/
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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 2011-2015. 

Table and figure 2: Total FTE and number of people 
employed at SILS on 31 December (including FOM 

employees and PhD fellows with a scholarship).
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SILS costs 

2011 2012 2013 2014 2015
result 197 -1091 -1127 83 -192
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Figure 3: Male/female ratio at the Swammerdam 
Institute for Life Sciences on 31 December 2015. 

Figure 4: Employee provenance on 31 December 2015. 
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Year 2010 2011 2012 2013 2014

Total FTE (31 Dec) 196.1 200.8 219.6 230.5 233

Employees (31 Dec) 208 211 232 255 241

Facts & Figures

The integrated results for 2015 show a defecit of 
€192,000(see figure 1) resulting in €332,000 of reserve 
remaining on 1 January 2016.
The shortfalls in 2012 and 2013 owe mainly to the 
appointment of new teaching staff needed in view of 
the sharp increase in student numbers. The decision 
to employ new staff, and thus to overspend budgets, 
was made in consultation with the Faculty of Science 
(FNWI). As predicted using the FNWI models used 
to allocate funds, the higher number of students and 
teaching increased SILS’ revenues in 2014 and 2015.

1

Personnel
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 2015 and shows that females are still 
underrepresented in the higher ranks. At this time, an 
approximate two thirds majority of all SILS employees 
(including bursaries) originated from the Netherlands. 
32% of the total 241 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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FTE (NWO/FOM funded) 44 51 53 54 54
FTE  (EU, contracts) 39 37 47 39 45
FTE (scholarships) 10 12 16 17 19
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For a good ten years now, systems biologists at the Zuidas campus have been 
working together with colleagues at Science Park. The VU researchers work in 
the Faculty of Earth and Life Sciences department of Molecular Cell Biology, 
while their UvA counterparts work at the Swammerdam Institute for Life 

Sciences (SILS). The research group is headed by Hans 
Westerhoff: Professor of Microbial Physiology (VU) and 
Professor of Synthetic Systems Biology (UvA).

‘We work together because we want to; together, we produce good science. 
This is not an institutionalised collaboration that was forced upon is, this 
really is bottom-up.’ Filipe Branco dos Santos was part of Bas Teusink’s 
Systems Bioinformatics group at the VU Amsterdam institute IBI, or Centre for 
Integrative Bioinformatics VU, between 2008 and 2013. 
In 2013, he launched his own group at SILS, as part of 
the Molecular Microbial Physiology group.

Systems biology is concerned with how the functioning of biological 
systems arises out of interactions between molecules, cells, tissues, 
microorganisms, etc. Westerhoff explains: 'We do not study the 
system in and of itself. Rather, we study how systems amass their 
characteristics. The research group in Amsterdam is endeavouring to 
discover how systems take on new characteristics. We are searching for 

‘laws’: principles that apply consistently. And we are modelling cells in silico to enable us to 
study these systems precisely.'

Worldwide leader
The added value of this collaboration between the two universities lies in the fact that the whole 
is greater than the sum of its parts, according to Westerhoff. 'Amsterdam is one of the world’s 
leading centres of systems biology. Moreover, we are a pioneer in this field of scientific research.' 
As an example: Westerhoff is one of three Fellows of the International Society for Systems 
Biology (ISSB). The other two Fellows are Lee Hood (Seattle) and Hiroaki Kitano (Tokyo). 
Other systems biologists from the Amsterdam fold (Barbara Bakker, Frank Bruggeman, Jacky 
Snoep and Bas Teusink; all of whom now lead their own research groups and Wilfred Röling, 
who passed away so sadly on 25 September last year) either received their PhDs under his 
supervision or conducted post-doctoral research with him.

Each of the two Amsterdam universities has its own priorities in the research group. VU 
focuses on microbial physiology, systems pharmacology, biotechnology, and drug design; 
UvA specialises in the cell cycle, personalised medicine and epigenetics. A key early discovery 
concerned the speed with which the liver produces ATP (adenosine triphosphate): the ATP 
synthesis flux. 'Scientists were long convinced that a single gene was responsible, but we 
discovered that several distributed factors are in fact involved.’

Together in O|2
The systems biologists will be merging their operations in the O|2 building in the spring of 2016. 
'We are really looking forward to the move, because then we will be able to make even better 
use of each other’s expertise, models, instruments and results in an environment populated by 
a broad cross-section of medical and pharmaceutical experts. The physical proximity of all of 
this know-how will be a real boon to us researchers. And the seating arrangements will ensure 
a good mix of VU and UvA scientists, leading to new synergies.'

Adapted from Faculty of Science web

Highlights UvA-VU collaborations
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Branco dos Santos explains that he maintained a strong 
relationship with Teusink and other colleagues and he still 
visits the VU every Friday. He is currently involved in several 
collaborations there with a few UvA colleagues. ‘We share 
a lot of research questions with each other, although the 
organisms subjected to this research are largely different. I study 
cyanobacteria and lactic acid bacteria. The latter slightly overlaps with Bas’ research, but other 
than that he studies very different microorganisms.

Teusink and Branco dos Santos have a few outstanding research requests for new PhD projects. 
Their first joint PhD student has been studying regulatory networks and lactic acid bacteria 
since last year. ‘These bacteria either express proteins or don’t, depending on their immediate 
environment. We want to know how exactly this is regulated: which genes are expressed and 
when?’ Branco dos Santos explains that in order to study this, genes are characterised and, for 
instance, slightly modified, which in turn provides information on what these genes actually 
do. The researchers also compare strains with slightly different regulatory networks, under 
different circumstances. ‘The underlying theme is: how is life shaped by its environment?,’ he 
summarises.

Common denominator
This is also the biggest common denominator of all joint research carried out by both groups, 
Branco dos Santos continues. ‘In evolution, life is shaped by natural selection. A process exists, 
for instance, called optimisation, which allows only the best-adapted species to survive. If 
you were to carry this notion to the extreme, very little diversity would exist. But in actual 
fact nature is very diverse! And this is not only due to the fact that there are many different 
environments and different species are better adapted to each of these environments. That’s 
what we’re trying to find out.’
The expertise or techniques used are not strictly divided between both groups, according to 
Branco dos Santos. ‘Bas, for instance, has quite a lot of genome scale models, but I was partially 
responsible for creating those when I was still working there.’ The most important thing for 
him about this and other research projects is that he can collaborate with people who are good 
at what they do. ‘This sometimes leads you outside of your comfort zone, but it can also create 
a synergy that still works really well in our case.’

Adapted from Faculty of Science web
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Dr Frank Takken, associate professor of 
Molecular Plant Pathology, received a Vici 
grant from the Netherlands Organisation 
for Scientific Research (NWO). Frank will 
use the grant, worth 1.5 million euros, for 
his research on how 
plants activate their 
defence system when 
perceiving pathogens.

What made you get into science and especially plants?
‘I’ve always been into plants; selling little self-grown tomato plants on Queen’s day, or, 
when I was a PhD student, carnivorous plants. But I was never very drawn to plant 
professions. Becoming a farmer or gardener? No. Then, during high school career 
guidance, I was introduced to the Higher Laboratory School. Doing experiments; yes, 
that’s it! I went on to do a Bachelor’s in Plant Biotechnology and a Master’s in Plant 
Molecular Biology. I’m especially interested in the interactions between plants and their 
pathogens. Those interactions are very dynamic, following different pathways. Often, 
infected plants become diseased, but sometimes they outperform non-infected plants. 
How is that possible?’

Then, at some point in your career, you decide to write a Vici. Why now? 
‘I’ve always believed that, to write a Vici, you need a really innovative idea. Something 
that will shatter the existing dogmas. Then, I had this idea that may be the answer to so 
many unexplained phenomena in the field and I thought; this is it, if the committee isn’t 
into this…’

Where do you start? 
‘Before writing down anything, I talked to lots of people, both in- and outside of the field. 
I also familiarised myself with all available literature: I really wanted to spot all potential 
weaknesses and unclarities, so I could address them in my proposal. The actual writing 
went smoothly. I had help from a native speaker who edits scientific texts. Writing a 
grant proposal is very different from an article: you need to advertise your proposal, its 
impact and yourself and only afterwards support them with the facts. I first submitted a 
pre-proposal at NWO, and afterwards the full proposal that led to an invitation for the 
interview.’

What did you do when you heard your Vici was granted? 
‘First, I called my collaborator with whom the discoveries were made that form the basis 
of this proposal. Then of course my girlfriend and close friends and family. Next, I ran 
up and down the corridor a couple of times. My mailbox exploded with emails from all 
over the world that week!’

How did that go? 
‘Well, in previous years, people were allowed to give a 10-15 minute presentation, which 
is short and hard enough. I had prepared for that and was ready, but then the NWO 
letter came in just before the interviews explaining that I was allowed only 5 minutes. So 
I had to let go of almost all the content and just focus on the main message: why it is so 
important to do it, to do it now, and to have it done by me. That’s when I switched to 
the lego men!
My interview was one of the last of a three-days series, so the committee was already 
pretty weary. Then I had to come in and tell them ‘Plants are cool.’... But apparently I 
really grabbed their attention. Especially during the vibrant and lively discussion, I felt 
that the members saw the importance and implications of my proposal. I went home 
with a really good feeling; if they didn’t pick my project, so be it, I had given it my best 
shot.’

Any tips for the young aspiring scientist? 
‘Yes: keep doing what you believe in and don’t give up!’

Interview Frank TakkenHighlights
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Highlights

De vijf gewassen die de wereld voeden...

Tarwe

Rijst Aardappel

Soja Mais

Effector 

Immuunreceptoren (NLRs) detecteren ziekteverwekkers…

Bacterie

PlantencelImmuunreceptor 

Immuunreceptor = moleculaire schakelaar

Takken and Tameling (2009) Science

    
    

Effector 

Immuunreceptoren beschadigen DNA

       

Takken,  unpublished

Huidige dogma voor immuunreceptor signalering

Effector 

       

Comet                                      Tunnel

1: Welke DNA schade induceert een immuunreceptor
en welke schade leidt tot een afweerreactie?

Hoe leidt immuunreceptor geïnduceerde DNA schade tot immuniteit?

?

2: Waar binden immuunreceptoren en hoe beïnvloedt 
dit genexpressie?

Chip-Seq

Footprints

RNA-SeqTranscripts

3: Welke afweerreacties vereisen DNA binding/schade?

Flim assay
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3

4 5

mutanten Comet           Afweer?

These plants make up 70% of our food world-
wide. Yet, over 1/3 is lost to diseases. How do plants 
defend themselves and can we improve their immune 
response?

Vici presentation: DNA damage and plant immunity; an ancient link, a novel paradigm

Plant pathogens try to reprogramme their hosts by 
injecting effector proteins. During the plant immune 
response, these proteins are recognised by immune 
receptors, called NLRs.

In animal cells, the activated immune receptors 
initiate a signalling cascade, but such players have 
not been identified in plants. Could the NLR be its 
own messenger, interacting with the DNA, causing 
changes in gene expression?

Takken et al. recently discovered that the activated 
receptor can enter the cell nucleus and even bind 
DNA. In vitro, the receptor causes single strand 
breaks. Could it be doing the same in plants?

By binding to the effector, the immune receptor 
exchanges ADP for ATP. Somehow, in this activated 
form, it can in turn activate the immune response 
genes. How does it do that?

The Vici will be carried out by 2 postdocs, 1 PhD 
student and a part-time bioinformatician, and will 
tackle 3 main projects:

1) What kind of DNA damage do the NLRs 
cause and can we mimic this damage to trigger the 
plant defence system?

2) Where do the NLRs bind; do they directly or 
indirectly influence the immune response genes?

3) Study immune response mutants to find out 
how the DNA binding, DNA breaks and immune 
response are connected.
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Highlights Top 5 Grants

Dr Teun Munnik (Plant Physiology) is coordinator of and received 
€466,500 for a collaboration between the Department of Biotechnology in 
India and ALW-NWO. A similar amount was granted to the collaborators 
in India. ‘Drought and heat stress cause major yield losses in many different 
crop species every year. We will be studying certain genes to increase both 
heat- and drought tolerance. In India, the research will be focused on rice 
while in the Netherlands, Arabidopsis will be the main plant of interest. 
We hope to discover novel ways to improve and engineer stress tolerance 
in other crops.’
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Dr Frank Takken, associate professor in the Molecular Plant Pathology group, 
was awarded a prestigious NWO-VICI grant (1.5 M€). ‘To ward off pathogens, 
plants have evolved a sophisticated immune system. Key to this system are 
receptor proteins that recognise the pathogens and activate defence responses. 
Although the first immune receptor was identified over two decades ago, how 
an activated receptor triggers immunity is still unknown. In this project I aim 
to elucidate this mechanism. This knowledge can be used to improve and 
expand the immune system of plants to combat pathogens.’

Dr Frank Takken and Dr Martijn Rep (Molecular Plant Pathology group) 
are participating in a Marie Curie European training network (ETN) that 
was recently awarded to the BestPass project, an acronym for Boosting 
plant-Endophyte STability, compatibility and Performance Across ScaleS, 
for which SILS received over €480,000 to train 2 PhD candidates. 
‘Colonisation by endophytic fungi can make plants more resistant to biotic 

and abiotic stresses. In this project we will investigate the paradox that endophytes 
evade the host immune system, while at the same time they boost immunity. 
Furthermore, we want to understand how endophytes differ from pathogens, both 
being able to overcome the plant immune system, yet with a different outcome for 
the latter.’

Dr Harrold van den Burg (Molecular Plant Pathology) en Marcel Prins 
(Keygene & Molecular Plant Pathology) received 700 k€ funding from the 
Topsector programme Horticulture and Starting Materials. ‘DNA viruses 
cause many plant diseases and are easily transmitted through the white fly. In 
this project, we will study how DNA viruses multiply in tomato plants, so we 
can reduce multiplication and introduce a heightened resistance in crops.’

Dr Aniko Korosi (Structural and Functional Plasticity of the Nervous System) 
received the NWO Food & Cognition grant (over €600,000) in collaboration 
with Danone research to study the effects of stress and early nutrition on 
brain development. ‘Our aim is to develop early nutritional interventions 
to prevent the lasting consequences of early-life stress exposure. Nutritional 
intervention for lactating mother and/or newborns is highly promising as they 
are affordable, easy to access and implement. This knowledge will also permit 
screening mother milks for nutrient imbalance, allowing early interventions.’
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GentechnikMorgens rot, abends blauPetunia Circadia heißt das
Gewächs, das den Ruf der
Gentechnik verbessern soll –
jedenfalls wenn es nach den
Gründern des amerikanischen
Start-ups Revolution Bio -
engineering geht. Die Idee:
Im Tageslauf soll die Blume
die Farbe ihrer Blüten än-
dern – morgens rot, abends
blau. Wichtig dafür ist der je-
der Pflanze innewohnende
Tagesrhythmus. Diesen Zy-
klus wollen die Forscher gen-
technisch an den Steuerungs-
mechanismus für einen Blütenfarbstoff koppeln. Die

Pflanzenforscherin Francesca
Quattrocchio von der Uni Amsterdam, die mit den

Schönes erschaffen, das viel-
leicht die Diskussion über
Gentechnik verändern kann“,
sagt Nikolai Braun von Revo-
lution Bioengineering. In
 Kürze will die Firma eine
Kampagne auf der Crowdfun-
ding-Plattform Indiegogo star-
ten, um 75000 Dollar für die
Weiterentwicklung des Ge-
wächses zu sammeln. Dass
Gentech-Blumen nicht auto-
matisch auf Gegenliebe sto-
ßen, musste Braun indes bei
einem Vortrag in Göttingen
erfahren: „Die wollten vor
 allem wissen, wie sich verhin-
dern lässt, dass die Blumen
sich unkontrolliert ausbrei-
ten“, sagt Braun. Immerhin
konnte er an diesem Punkt
Entwarnung geben. Petunien-
samen überleben den hie sigen Winter nicht. phb

Medizin
„Das kann sogar tödlich enden“

Jens Rassweiler,59, Direktor derSLK-Kliniken fürUrologie und Kin-derurologie Heil-bronn, über Un-fälle beim SexSPIEGEL: Der Erfolg des Films
„Fifty Shades of Grey“ beför-
dert das Interesse an Sado-
maso-Spielzeug. Befürchten
Sie eine Verletzungswelle?
Rassweiler: Leider können be-
stimmte Sexpraktiken gefähr-
lich werden – etwa wenn
man Gegenstände in Körper-
öffnungen schiebt, in denen
sie nichts zu suchen haben.
Auch Penisringe oder Penis-
hodenringe bergen Risiken. 
SPIEGEL: Nämlich?Rassweiler: Durch solche

 Ringe wird der Blutrückfluss
verzögert, um die Erektion
zu verlängern. Aber manch-
mal fließt das Blut gar nicht
mehr ab. Im Extremfall 
kann es sogar im Schwell -
körper gerinnen. Dann lässt
sich der Penisring nicht mehr
entfernen. Wenn er aus
 Metall ist, hilft nur noch ein
Diamantbohrer aus der
 Kieferchirurgie oder eine

Flex, um ihn zu entfernen.
Wegen des Funkenflugs muss
dann die Feuerwehr in den
OP kommen. SPIEGEL: Das wird ja eher sel-

ten geschehen, oder?Rassweiler: Ja, aber es kommt
vor, ebenso wie diese Fälle,
in denen sich Leute Dinge
wie Kabel, Bleistifte oder
Glasröhrchen in die Harnröh-
re einführen. Alles schon da
gewesen. Den Bleistift konn-
ten wir erst entfernen, nach-

dem wir ihn mit einem Laser
zerlegt hatten. SPIEGEL: Das klingt extrem.

Rassweiler: Aber auch norma-
le Analvibratoren sind schon
in den Darm gerutscht. Und
es ist kaum vorstellbar, aber
selbst Ostereier und ganze
Cola-Flaschen lassen sich rek-
tal einführen. Wird der Darm
dabei perforiert, ist die Infek-
tionsgefahr extrem hoch. 
Das kann sogar tödlich enden.
Wer solche Spiele spielt, 
sollte zumindest anatomische
Grundkenntnisse haben.
SPIEGEL: Sind vaginale Sex-
spiele auch so gefährlich? 
Rassweiler: Da passiert weni-
ger. In einem Fall hatten wir
allerdings eine Patientin, die
sich eine Champagnerflasche
eingeführt hatte. Es entwi-
ckelte sich ein Vakuum, und
die Flasche saß fest. SPIEGEL: Probieren die 

Opfer dann nicht, sich selbst
zu  helfen?Rassweiler: Doch, klar, aber

genau das sollten sie nicht
tun. Nicht warten und sich
schämen, sondern gleich in
eine urologische Klinik ge-
hen! Wir kennen diese Din-
ge. Wenn schnell gehandelt
wird, lassen sich viele Pro -
bleme relativ leicht lösen.
Dann muss auch meistens
nicht operiert werden. phb
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Wissenschaft+Technik

Fußnote

10
Prozent der 7- bis 17-Jährigen
in Deutschland sollen aneiner psychischen Störung

leiden. Die Kinder und Ju-
gendlichen seien depressiv,
suchtkrank, aufmerksam-
keits-, ess- oder verhaltens-
gestört, berichtet das Ak -
tionsbündnis Seelische Ge-
sundheit. Die Zahl solcher 
Diagnosen steige, ebenso
die Notfälle bei Suizidver -
suchen und Alkoholexzessen.
Leistungsdruck, Mobbing, 
zu starker Medienkonsum
und  über forderte Eltern sol-
len schuld sein.

Amerikanern zusammen -
arbeitet, hat einen Prototyp
entwickelt: Ihre Petunie än-
dert die Farbe, sobald die
Blüten mit einer bestimmten
Substanz besprüht werden.
„Wir wollen nicht die Welt
retten, sondern etwas Cooles,

Gentech-Petunien

Osterei im Darm (Röntgenbild)
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Botanik

HÖREN

Startseite Forschung aktuell Das Wettrüsten der Pflanzen 08.07.2015

Mittwoch, 05.08.2015

Botanik - Das Wettrüsten der Pflanzen

http://www.deutschlandfunk.de/botanik-das-wettruesten-der-pflanzen....

1 of 2

5-8-2015 16:27

Onbeperkt nrc.nl Alle abonnem enten

Waar komen al die eikels vandaan? - NRC

18/09/2015

Huidige stand van de kennis over de effecten 

van zoutstress op plantenPlanten beschermen zich tegen een hoog zoutgehalte in de bodem door hun wortels te verleggen 

om op die manier plekken met hoge zoutconcentraties te mijden. Christa Testerink en Magdalena 

Julkowska, onderzoekers van de Universiteit van Amsterdam, geven in een review en een video-

abstract voor het tijdschrift Trends in Plant Science een samenvatting van de huidige stand van 

de kennis over de effecten van zoutstress op planten. 
Blootstelling aan zoutstress activeert talrijke signaalpaden, die bij zouttolerante planten tot 

acclimatisatie leiden. In hun review integreren de UvA-onderzoekers de bestaande kennis over 

vroege signaalreacties - die seconden tot minuten in beslag nemen - met de kennis over de groei 

van verschillende organen - die uren tot dagen duurt.
Volgens de onderzoekers houden planten die blootstaan aan zoutstress onmiddellijk op te 

groeien. In deze fase dringt er, via niet-specifieke ionenkanalen in het membraan, zout binnen in 

de cellen. Dat zout lokt in de cel een reeks gebeurtenissen uit die zorgen voor de aanmaak van 

stresshormonen en een afname van de celdeling en -groei. In een latere fase worden er zoutionen 

in vacuolen en opslagweefsel gepompt. De groei kan zich daardoor enigszins herstellen, maar 

bereikt vrijwel nooit het controleniveau.De auteurs wijzen op een interessant fenomeen, namelijk dat de groei van de diverse 

plantenorganen niet in gelijke mate door zoutstress wordt beïnvloed. Planten met zoutstress 

blijken, in vergelijking met normaal gegroeide planten, een andere bouw te vertonen. Uit enkele 

recente studies naar dit onderwerp komt naar voren dat relatieve veranderingen in de 

groeimorfologie inderdaad een belangrijke rol spelen bij zouttolerantie. De onderzoekers denken 

dan ook dat deze veranderingen nieuwe aanknopingspunten bieden voor de teelt van 

zouttolerante gewassen. Zie voor meer informatie de site van de Universiteit van Amsterdam

bron: Universiteit van Amsterdam, 17/09/15
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College en raad bezoeken Amsterdam Green Campus

ZAKELIJK  |  30 december 2015   |   reageer  |   Door de Dichtbijredactie (Witte Weekblad)

AALSMEER - Het College van B&W en

de raad van gemeente Aalsmeer

bezochten eind december Amsterdam

Green Campus. Dit is een nieuw

regionaal innovatieplatform waar

onderzoekers, onderwijsinstellingen en

ondernemers gaan samenwerken aan

innovaties en het opleiden van talent.

Vanuit dit platform kunnen mbo, hbo en wo

elkaars onderwijs versterken. En bedrijven

kunnen er terecht met hun innovatievragen.

Greenport Aalsmeer is een van de

initiatiefnemers. Op 26 januari gaat

Amsterdam Green Campus officieel van

start.

Michel Haring, hoogleraar Plantenfysiologie aan de Universiteit van Amsterdam, is trekker

van de nieuwe campus: 'Amsterdam wordt een groene kennisgenerator. Het Amsterdam

Green Campus gaat de sierteelt helpen met verder innoveren. Hier gaat alles gebeuren, van

fundamenteel onderzoek tot praktijkgericht beroepsonderwijs.'

Greenport Aalsmeer heeft samen met sleutelspelers in de Green Life Sciences

gebrainstormd over de kansen die een campus op het gebied van sierteelt en tuinbouw de

Metropoolregio Amsterdam te bieden heeft. Deze sessie over de campusontwikkeling werd

in opdracht van Greenport Aalsmeer en de Amsterdam Economic Board georganiseerd. De

Amsterdam Economic Board stimuleert innovatie en samenwerking tussen bedrijfsleven,

kennisinstellingen en overheid met als doel een duurzame economische groei in de

metropoolregio Amsterdam.

Wethouder Economische Zaken Ad Verburg: 'De ambitie is een verdere versterking van het

sierteeltcluster via campusontwikkeling. Amsterdam Green Campus wordt hét kenniscentrum

van de sierteelt en tuinbouw. In de tuinbouwsector werken bijna 500.000 mensen en deze

sector heeft een omzet van 13 miljard euro. Green campus profiteert daarvan door zijn

centrale ligging tussen de tuinbouwgebieden, Schiphol en FloraHolland in Aalsmeer. Het is

belangrijk om onderwijs, onderzoek en bedrijfsleven bij elkaar te brengen en zo te komen tot

innovatie, kennis te vergroten en te delen. Dit kan door als kenniscentrum zichtbaar en

benaderbaar te zijn en als centrale plek te fungeren waar alles samen komt. Kennis is heel

belangrijk. Bij veel kleine familiebedrijven in sierteelt zit heel veel kennis over veredeling. Als

deze kennis gekoppeld kan worden aan innovatie en wetenschappelijk onderzoek kunnen

we de concurrentie uit het buitenland voor blijven.'

Groene kennis

De sierteelt en tuinbouw hebben een sterke verankering in de Metropoolregio Amsterdam en

de Seed Valley in de kop van Noord-Holland. De 'groene kennis' is wereldwijd van

topniveau, met als epicentrum het Swammerdam Instituut voor Life Sciences op het Science

Park Amsterdam. Hier wordt onder meer baanbrekend onderzoek gedaan op het gebied

moleculaire celbiologie, microbiologie, biochemie en -informatica. En zijn technieken

beschikbaar als DNA-sequencing en massaspectrometrie, waarmee de sector haar voordeel

kan doen.

Projecten

Om kennisuitwisseling en -overdracht te stimuleren heeft het cluster Tuinbouw van de

Gebruikersnaam
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Cyriel Pennartz, professor in Cognitive 
and Systems Neurosciences, took a 
sabbatical leave in 2015 
to write a book explaining 
sensory qualities in terms 
of cognitive processes.

Sensory experiences are key
Pennartz takes us back to the Age of Enlightenment, when the emergence of sensory 
experiences began to be studied intensively. Examining the consequences of brain 
damage and experimental interventions, he asks to what extent neural structures could 
be ‘peeled away’ until consciousness is finally lost. He concludes that neural systems 
for language, movement, emotion and memory are not essential for consciousness, in 
contrast with perceptual systems.
Which features of perceptual systems would explain their peculiar position? This 
question leads to a quest through the anatomy and physiology of the brain, and along 
theoretical models also used in artificial intelligence. Extant computer models can tie 
neurons together in all kinds of ways to solve mathematical problems, but even these 
models fail in solving the consciousness issue. Will computers never be able to generate 
subjective experiences, or did we just not find the correct solutions yet?

The Brain’s Representational Power – On Consciousness and the 
Integration of Modalities 

MIT Press, september 2015, ISBN: 9780262029315. 
The neurosciences have made great strides in gaining a better understanding of the brain 
and its relation to cognitive processes. It is nevertheless striking, especially in these early 
years of the 21st century, that we continue to face persistent questions on brain-mind 
relationships.
‘As argued by the Australian philosopher David Chalmers, we are still confronted with the 
‘Hard Problem’ in this field,’ says Pennartz. ‘For example, how can a physical object such 
as the brain with its billions of nerve cells generate subjective and qualitative experiences 
like seeing colours? How is it possible that the trillions of electrical impulses constantly 
flashing through our brains enable us to taste a good Chardonnay?’

Brain and mind at different organisational levels
Pennartz charts the requirements brain networks have to meet in order to qualify as 
a conscious system, and indicates possible mechanisms as to how this may happen. 
A key element in his view is that the brain generates complex representations. These 
representations do not arise from one single modality (like seeing or hearing) but originate 
from interactions between modalities. This way the brain constructs ‘best guesses’ of 
what is going on in the outside world and within the body. This model permits our 
conscious experiences to have qualitative properties like smell, touch and pain – which 
can be, however, only ‘felt’ at a higher level of brain organisation. At the same time, this 
higher level is compatible with lower levels at which neurons organise themselves into 
networks and supernetworks. This allows this representational theory to reconcile the 
brain being purely made up of matter with the production of a rich palette of experiences 
that are just as ‘real’ as the underlying substance. Finally, Pennartz places the theory in 
the context of the current brain-mind philosophy, addressing questions such as: which 
animal species have consciousness? Could robots ever have conscious experiences?
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LCAM endorsed as a node of Euro-BioImaging

The van Leeuwenhoek Centre for Advanced Microscopy (LCAM), a 
collaboration of the Netherlands Cancer Institute, the AMC-UvA and the 
UvA's Faculty of Science, is one of the leading microscopy centres in Europe 
according to Euro-BioImaging. The centre has therefore been officially 
endorsed as a node of this European consortium.

Euro-BioImaging is an emerging European partnership, seeking to use Europe's 
wide-ranging bioimaging expertise as efficiently as possible. With this quality 

seal, LCAM has attained the highest qualification in the development and application of advanced 
microscopy and imaging analysis and the provision of technology to users. A total of 28 European 
microscopy centres were declared nodes. According to director Dorus Gadella, 'It is Europe's only 
designated "flagship node" in functional imaging microscopy.' He explains: 'functional imaging 
is the direct visualisation and quantification of molecular processes in living cells with fluorescent 
biosensors.

Euro-BioImaging consortium
The declaration of the 28 European microscopy centres is a momentous step in the realisation of the 
European Strategy Forum on Research Infrastructure (ESFRI) Euro-BioImaging Roadmap. The 
ESFRI is a strategic instrument to develop the scientific integration of Europe and to strengthen 
its international outreach. The Euro-BioImaging consortium aims to build an infrastructure of 
wide-ranging, state-of-the-art imaging technologies. Thanks to its open access structure, it will 
in future provide life scientists in Europe and beyond with access to sophisticated facilities for 
biological, molecular and medical research.

Microscopy in the Netherlands
ESFRI quality seals have been awarded to nine centres in the Netherlands, placing our country, the 
technique's birthplace, among Europe's bioimaging leaders. With this European recognition, the 
prominence of the Dutch research tradition in this field has been confirmed. The Dutch centres 
are united in the NL BioImaging Advance Microscopy roadmap, coordinated by the UvA. 
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Giulia De Luca wins Upcoming Scientist Award at Innovation for Health 2015

Giulia De Luca, PhD candidate with the Molecular Cytology 
group, won the Upcoming Scientist Award at the Innovation 
for Health conference held in Amsterdam in February. At the 
conference she presented a poster on her research project at the 
Van Leeuwenhoek Centre of Advanced Microscopy (LCAM).

Spotlight on young scientists 
To give young and upcoming scientists the opportunity to spread 

their research and results amongst key players and stakeholders in the life sciences and healthcare 
spectrum, poster sessions were organised at Innovation for Health. The Upcoming Scientist Award 
2015 came with a €1000,- prize money and was presented to De Luca by Dr Paul Parren, Sr Vice 
President and Scientific Director of Genmab, which sponsored the award.

Re-scan Confocal Microscopy 
De Luca carries out her research at LCAM, where she is supervised Dr Erik Manders, associate 
professor and operational manager of the centre. Researchers at LCAM they have invented a new 
super-resolution technique to obtain 40% better resolution than with conventional microscopes 
used in biomedical research. This new super-resolution technique, ‘Re-scan Confocal Microscopy’ 
(RCM), is based on standard microscopy extended with two optical scanners forming the heart 
of the microscope. The method is simple to use, robust and more photon sensitive compared to 
similar techniques. Ronald Breedijk MSc, technician with the Molecular Cytology group, helped 
to develop the instrument.

2

Outreach & AwardsHighlights

Best Paper Award and cover image for Szymańska et al.

Age Smilde, Ewa Szymańska, Edoardo Saccenti and Johan Westerhuis 
(Biosystems Data Analysis) have been awarded the Best Paper award 
by the Metabolomics Society for their 2012 paper in Metabolomics: 
‘Double-check: validation of diagnostic statistics for PLS-DA models in 
metabolomics studies.’ 

The Best Paper Award recognises the paper with the highest total number 
of citations during the previous three years. The winner receives a $300 gift 
certificate for Springer books, a certificate from the President of the Society, 
a front cover image in the Metabolomics journal, and the paper will be made 
open access for 30 days. 

Metabolomics-based biomarker discovery
PLS-DA or Partial least squares Discriminant Analysis (a variant of PLS regression) is an often 
used method in metabolomics-based biomarker discovery to find differences between two data 
sets, representing two groups of subjects. In their award-winning paper, Szymańska et al. have 
shown how to generate reliable results using PLS-DA in practice.

The Metabolomics Society
The Metabolomics Society is an independent, non-profit organisation, dedicated to promoting 
the growth, use and understanding of metabolomics in the life sciences. Metabolomics is a newly 
emerging field of ‘omics’ research concerned with the comprehensive characterisation of the small 
molecule metabolites in biological systems. It can provide an overview of the metabolic status and 
global biochemical events associated with a cellular or biological system. As such, it can accurately 
and comprehensively depict both the steady-state physiological state of a cell or organism and of 
their dynamic responses to genetic, abiotic and biotic environmental modulation.

Andreas Angermayr wins H.G.K. Westenbrink prize 

Dr S. Andreas Angermayr received the H.G.K Westenbrink prize 2014/2015, 
a yearly award for the best thesis in the area of biochemistry and molecular 
biology. Angermayr completed his winning PhD thesis ‘Synthetic biology 
of cyanobacterial cell factories’ at the UvA Swammerdam Institute of Life 
Sciences under supervision of Professor Klaas Hellingwerf.

In his PhD work Angermayr tested and investigated different metabolic 
engineering principles in cyanobacteria towards direct CO2 based bulk 
chemical (and biofuel) production via photosynthesis. He also carried out 
initial exploratory work in the framework of the spin-off company Photanol. 
Dr Angermayr is currently working as a postdoc in the Systems Biology and 

Biophysics group of Tobias Bollenbach at the Institute of Science and Technology (IST) in 
Klosterneuburg, Austria.

The H.G.K. Westenbrink prize
The H.G.K. Westenbrink prize is awarded each year to the best thesis in biochemistry and 
molecular biology completed at a Dutch University. The prize, established by the Stichting 
Stimulering Biochemie, includes a charter and € 2.000, which were handed out during the fall 
symposium of the Netherlands Society for Biochemistry and Molecular Biology (NVBMB) on 27 
November 2015.

SILS Research Day awards 2015

Winner presentations: Willemieke Kouwenhoven
Willemieke studied the role of homeobox transcription factor 
Engrailed 1 in shaping the dopaminergic and serotonergic landscape 
through proper isthmic organiser maintenance.
Winner posters: Nika Heijmans and Katrin Wiese (photo right)
Nika and Katrin worked on the identification of conserved mammary 
enhancers to manipulate the adult stem cell niche.
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Magdalena Julkowska (1986) received 
her doctorate degree on 30 April 2015. 
During her doctoral research at SILS she 
investigated how plants react to salt. 
This knowledge brings the cultivation 
of agricultural crops in 
saline regions one step 
closer.

Adapted from interview by Carin Röst

What did your research entail? 
‘I examined how plants react to large quantities of salt in 
the soil. The soil always contains salts such as potassium 
and sodium chloride. Though plants need these salts in 
small quantities, in excess they are poisonous, leading to, among other things, slower 
growth since salt obstructs photosynthesis and therefore energy production. Some plants 
can withstand salt better than others. I wanted to know what caused these differences. 
If we understand what makes plants salt tolerant, we could eventually create strains of 
agricultural crops such as barley and wheat that can grow in saline areas where currently 
no food can be cultivated.’

How did you study this? 
‘At 40 different sites in the Netherlands, I collected Arabidopsis plants and determined 
the salt concentrations in the soils. I then grew the seeds of the plants in the laboratory 
and measured their salt tolerance. My measurements showed that plants that grow in 
salt-rich areas are more salt tolerant. I also studied a large population of Arabidopsis 
plants from across the world collected by other scientists. With this population I 
looked specifically at plant root development in conditions of salt stress. I found strong 
indications that Arabidopsis plants with many short lateral roots are more tolerant of salt 
stress. We suspect that the molecular processes that cause slower lateral root growth are 
involved in salt tolerance in the later stages of salt stress.’

What impact will this research have? 
‘Knowing which gene makes a plant salt tolerant will allow us to introduce that gene 
into existing farm crops, thereby creating salt-tolerant varieties able to grow in saline 
areas. This means you could grow barley, wheat or tomatoes, for example, using partially 
desalinated seawater. In the Netherlands, salt stress is not much of a problem as there is 
ample fresh water available. But the 
Dutch situation is exceptional. 
In many places in the world, the 
soil is too saline for cultivating 
popular crops because, for 
example, the areas in question were 
once covered by seas, as is the case 
in large parts of Australia. This is 
why we want to conduct follow-
up research to find the genes 
responsible for salt tolerance.’

You are currently in Saudi Arabia. What are you doing there? 
‘I recently started working as a postdoc at King Abdullah University, where I am again 
studying the salt tolerance of Arabidopsis. I may soon move to rice. My current professor, 
Mark Tester, gave a presentation at the UvA when I had just begun my PhD. He told me 
that he was planning on setting up his own lab in Saudi Arabia and asked me to come 
work with him after completing my PhD. I had serious doubts. I wondered if I could 
lead a normal life in Saudi Arabia. But I visited last May and saw the beautiful campus 
and excellent facilities, even though the university was only established five years ago. I 

am really enjoying it now. The people are very friendly 
and passionate about their work. I am very pleased that 
I can now be part of it.’

PhD in the spotlightHighlights
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Research highlights

General
 ► EpiPredict (Epigenetic regulation of endocrine therapy resistance in breast cancer: A systems 

medicine approach to Predict treatment outcome; ITN-ETN-EU) coordinated by P. Verschure 
has started. A. van Kampen is leader of the bioinformatics and modelling work package.

 ► 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 February 2015, the UvA and VU boards approved an application for funding for Data 
Science from the AAA Fund with in total €3 million jointly awarded to the science faculties of VU 
and the UvA. F. van der Kloet started as a postdoc on the project Network Based Data Integration 
supervised by B. Teusink (VU) and A.K. Smilde (UvA).

 ► The paper of E. Szymańska, E. Saccenti, A. Smilde and J. Westerhuis, on validation of 
diagnostic statistics for PLS-DA models in metabolomics studies, received the 2014 Best Paper 
award of the Metabolomics Society for the highest total number of citations during the previous 
three years. It also featured the front cover of the journal Metabolomics. 

Data Fusion
 ► Together with S. Lamichhane of the Aarhus University, Faculty of Science & Technology 

(who spent a two-month research stay at SILS), we published work on dynamic metabolomics in 
an in vitro colon simulator in Metabolomics. As a part of his affiliation at the North-West University, 
South Africa, J. Westerhuis co-authored work on Variable selection for binary classification using 
error rate p-values applied to metabolomics data published in BMC Bioinformatics. 

 ► Y. Song started as a new PhD student on a data integration project in collaboration with the 
Plant Physiology group of P. Bleeker, M. Galland and R. Kortbeek. In this project, the integration 
of metabolomics, miRNA and mRNA sequence data of various tomato plant accessions is started 
to provide insight in the defense mechanisms of these plants towards flies and other insects. 

 ► F. van der Kloet finalised a paper on data fusion methods in which common and distinct 
variations are separated (BMC Bioinformatics, SMODIA2014 Special Issue). Finally, the AAA data 
science project on Network Based Data Integration started in which new data fusion methods 
will be developed using prior information from known biological networks (collaboration with B. 
Teusink and D. Molenaar, VU). Figure 1 (previous page) shows the data fusion results of mRNA 
(left) and miRNA (right) data-sets from GlioBlastoma Multiform (GBM) brain tumors. In the 
top row separate analyses were performed on both data sets and the miRNA data does not seem 
to provide information on the different brain tumor classes. When the data sets are combined in 
a datafusion approach (bottom row), both sets provide a good clustering of the different brain 
tumor groups.  

Networks & Dynamics
 ► In cooperation with Unilever, strategies for individual phenotyping of linoleic and 

arachidonic acid metabolism after an oral glucose challenge test were investigated. This resulted in 
a PLoS One paper where we show that reaction parameter can characterise individuals.

 ► Several papers together with the groups of C. de Koster, K. Hellingwerf and S. Brul are 
published on the simulation of antibiotic resistance, time series analysis upon glucose repression 
(see figure 3, page 39) and quantitative proteomics analysis on mutant strains. 

Figure 1: Top: PCA score plots of 
mRNA (left) and miRNA (right) 

data-sets from GlioBlastoma 
Multiform (GBM) brain tumours. 

Bottom: PCA score plots of the 
common mRNA (left) and common 

miRNA (right) data block after 
DISCO analysis. The separation in 
the miRNA between the different 

(tumour) classes is much more 
apparent after separating common 

from distinctive variation.

Biosystems Data Analysis

General goal: our research focuses on three 
complementary areas all devoted to 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 microbiology, nutrition, immunology and medical 
biology.

Data Fusion (J. Westerhuis, A. Smilde)
To understand the functionality of complex biological 
systems, different types of measurements have to be 
combined with systems information.  

Prof. A.K. Smilde Chairholder
Dr H.C.J. Hoefsloot Associate Professor
Dr J.A. Westerhuis Assistant Professor
Dr G. Zwanenburg Assistant Professor
Prof. A.H.C. van Kampen Special Chair Medical Bioinformatics

Research Programme: Cell and Systems Biology Biosystems Data Analysis

3

Networks & Dynamics (H. Hoefsloot)
In a biological system molecules interact. These 
interactions -the network- cause the system to change 
over time. We develop methods to analyse and model 
data from time-resolved functional genomics data in 
a network context. 

Systems Genomics (A. van Kampen)
Systems medicine promotes a range of approaches 
and strategies to study human health and disease at 
a systems level with the aim of improving the overall 
well-being of (healthy) individuals, and preventing, 
diagnosing, or curing disease.
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Research aims for the coming year

Data Fusion
 ► In the coming year, collaboration with the plant physiology department will be extended. 

Besides plant metabolomics data, sequencing data of miRNA and mRNA of tomato plants will 
become available, as well as new response measurements of the developmental stages of thrips 
(Thysanoptera) as a function of the defence mechanisms of the different tomato accessions. In the 
context of the collaboration with South Africa, variable selection methodology will be extended 
to complex metabolomics situations where many measurements are below detection limit. Within 
the Data Science project we will work on extending FBA type methods with residual analysis to 
find compromises between data and prior knowledge. 

 ► In the context of A. Smilde’s appointment at Food Science (Copenhagen), a paper will be 
finished presenting a unified framework for methods to find common and distinct components 
in multiset data.

Networks & Dynamics
 ► Within the Counterstrike project -a collaboration between several industrial partners and 

the University of Copenhagen- a review paper on analytical methods for the determination of 
lipoprotein distributions will be written. Also, a strategy will be developed to explore differences 
between NMR machines as they will be used to assess lipoprotein distributions of people in large 
cohorts. The thesis defence on hierarchical strategies to explore data for protein complexes (J. 
Kutzera) will take place in 2016.

Systems Medicine
 ► We will improve and extend the (multiscale) B-cell models. In particular we want to focus 

on an improved representation of the B-cell receptor within the models and on the extension of 
the gene regulatory network in the multiscale model. As part of the EpiPredict project we aim to 
identify DNA methylation signatures that are predictive for good and bad outcomes for breast-
cancer patients while focussing on tamoxifen resistance. A second aim to establish the precise 
differences between primary tumor tissue and (resistant) breast-cancer cell lines (e.g., MCF7, 
LTED) at the epigenetic level (e.g., methylation, histon acetylation). In a second CASyM project 
that was approved recently we will work on the integration of a (CD4) T-cell model with our 
model of the germinal centre reaction (B-cell response) to obtain a more complete representation 
of the adaptive immune system. 

 ► In the COPSAC collaboration, the work on phenotyping children based on daily diary data 
will be finished and submitted for publication. Next, the relationship between the diary data and 
the microbiome of the children will be investigated. 

Research highlights (continued)

 ► A method is developed to incorporate metabolomics measurements in flux balance analysis. 
Our method was benchmarked against the gold standard in the field of flux balance analysis: 
measurements using stable isotopic labelling. Our method performs nearly as good as the gold 
standard without the necessity of using isotopic labels (M. Willemsen et al, Molecular Biosystems).

 ► The successful thesis defence of D. Hasdemir on the validation of systems biology models 
took place in June this year. From this thesis also a paper appeared in BMC Systems Biology. 

 ► Proteins can interact at various levels. This has implications for finding protein interaction in 
data. We developed a hierarchical strategy to explore protein interaction data. Using our method 
reveals not only if there is an interaction between proteins but also at which level this occurs. A 
paper describing the method has appeared in PLoS One.

Systems Medicine
 ► We have investigated the use of Petri nets as an experimental design tool in nutrition research. 

Specifically, we developed a Petri net of the multi-organ elimination pathway of genistein, a soy 
metabolite with estrogenic activity that may result in (un)favourable effects on human health. 
This model showed that blood measurements are not sufficient to determine the precise metabolic 
routes in genistein elimination (P. Reshetova et al., Comput Biol Med.). We implemented a model 
of the germinal centre reaction (B-cell response; manuscript in prep) that is able to track the 
dynamics of individual B cell clones. This model allows a more detailed interpretation of B cell 
repertoire sequencing data that is produced for patients with autoimmune disorders at the AMC.

 ► As part of a CaSyM (www.casym.eu) exchange grant, a collaboration was initiated between 
the group of A. van Kampen, the Dracula team (Inria, Lyon), and Guikema (Pathology, AMC) to 
implement a multiscale model of the germinal centre reaction (in progress). This model integrates 
a gene regulatory network that receives signals through BCR and CD40 signalling with a cell 
population model comprising B cells (centroblasts, centrocytes, plasma/memory cells), follicular 
dendritic cells, and T follicular helpers cells. The GRN is modelled with ordinary differential 
equations. The cell population model is modelled as an agent-based model. In addition, chemokine 
gradients are imposed through partial differential equations. The challenge in this model is the 
integration of signals, transcription factor levels, and cell parameters such as differentiation and 
apoptosis rates. This project continues in 2016. 

 ► In the collaboration with the COPSAC group in Copenhagen, data from breathomics 
(volatile organic compounds) have been assessed for their use in establishing asthma in children. 
The results showed that these VOC measurements are very variable and influenced by machine 
differences and sampling. A start is made by phenotyping children based on extensive daily diary 
data. The first results are promising.

Research Programme: Cell and Systems Biology Biosystems Data Analysis

3

Group members

Postdoctoral researchers
Frans van der Kloet
Johan de Rooi
Theo Reijmers

PhD students
Maryam Soleimani Dodaran
Polina Reshetova
Siman Lam
Yipeng Song
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Figure 3: Comparison of transcript level, expressed as Area Under the curve (AUC), with the rate of change of the 
corresponding protein abundance, expressed as the slope of the amount of the respective protein, against time upon 

a glucose repression. (A) The area in which neither transcript nor protein abundance is changed significantly, at p < 
0.01 (red ellipse) and at p < 0.05 (blue ellipse). Genes from these areas are excluded from further analysis. (B) Genes 
for which the correlation between transcript level and protein abundance differs significantly from the average with 

p < 0.01 (red dot), and p < 0.05 (blue dot). These are the genes that are identified as being post-transcriptionally 
regulated. QI to QIV refer to a Cartesian coordinate.

Research Programme: Cell and Systems Biology

Harwig, A., Herrera-Carrillo, E., Jongejan, A., 
Kampen, A.H.C. van & Berkhout, B. (2015). Deep 
Sequence Analysis of AgoshRNA Processing Reveals 
3’ A Addition and Trimming. Molecular Therapy - 
Nucleic Acids, 4, e247. doi: 10.1038/mtna.2015.19

Hasdemir, D., Hoefsloot, H.C.J. & Smilde, 
A.K. (2015). Validation and selection of ODE based 
systems biology models: how to arrive at more reliable 
decisions. BMC Systems Biology, 9, 32. doi: 10.1186/
s12918-015-0180-0

Kutzera, J., Smilde, A.K., Wilderjans, T.F. & 
Hoefsloot, H.C.J. (2015). Towards a Hierarchical 
Strategy to Explore Multi-Scale IP/MS Data for 
Protein Complexes. PLoS One, 10 (10), e0139704. doi: 
PONE-D-15-13723 [p

Nandal, U.K., Vlietstra, W.J., Byrman, C., Jeeninga, 
R.E., Ringrose, J.H., Kampen, A.H.C. van, Speijer, 
D. & Moerland, P.D. (2015). Candidate prioritization 
for low-abundant differentially expressed proteins in 
2D-DIGE datasets. BMC Bioinformatics, 16, 25. doi: 
10.1186/s12859-015-0455-x

Reshetova, P., Smilde, A.K., Westerhuis, J.A. & 
Kampen, A.H.C. van (2015). Using Petri nets for 
experimental design in a multi-organ elimination 
pathway. Computers in Biology and Medicine, 63, 19-
27. doi: 10.1016/j.compbiomed.2015.05.001

Saccenti, E., Duynhoven, J. van, Jacobs, D.M., 
Smilde, A.K. & Hoefsloot, H.C.J. (2015). Strategies 
for individual phenotyping of linoleic and arachidonic 
acid metabolism using an oral glucose tolerance test. 
PLoS One, 10 (3), e0119856. doi: 10.1371/journal.
pone.0119856

Timmerman, M.E, Hoefsloot, H.C.J., Smilde, 
A.K. & Ceulemans, E. (2015). Scaling in ANOVA-
simultaneous component analysis. Metabolomics, 11 
(5), 1265-1276. doi: 10.1007/s11306-015-0785-8

Vaz, F.M., Pras-Raves, M., Bootsma, A.H. & 
Kampen, A.H.C. van (2015). Principles and practice 
of lipidomics. Journal of inherited metabolic disease, 38 
(1), 41-52. doi: 10.1007/s10545-014-9792-6

Willemsen, A.M., Hendrickx, D.M., Hoefsloot, 
H.C.J., Hendriks, M.M.W.B., Wahl, S.A., Teusink, 

3
B., Smilde, A.K. & Kampen, A.H.C. van (2015). 
MetDFBA: incorporating time-resolved metabolomics 
measurements into dynamic flux balance analysis. 
Molecular BioSystems, 11 (1), 137-145. doi: 10.1039/
c4mb00510d

PhD thesis

Hasdemir, D. (2015, June 09). Validation of systems 
biology models. UvA (ix, 146 p.). Prom./coprom.: prof 
dr A.K. Smilde & dr ir H.C.J. Hoefsloot.

Invited lecture

Smilde, A.K. (2015, October 01). Challenges in 
analyzing metabolomics data. Valencia, Spain, VI 
Chemometrics Workshop for Young Researchers at 
the Spanish Chemometrics Society.

Relevant positions

Kampen, A.H.C. van (from 2014). Principal 
Investigator at the AMC.

Kampen, A.H.C. van (from 2014). Member of the 
ZonMW committee for Enabling Technologies

Smilde, A.K. (from 2014). Principal Investigator at 
the AMC

Biosystems Data Analysis

Academic publications

Borirak, O., Koning, L.J. de, Woude, A.D. van 
der, Hoefsloot, H.C.J., Dekker, H.L., Roseboom, 
W., Koster, C.G. de & Hellingwerf, K.J. (2015). 
Quantitative proteomics analysis of an ethanol- and 
a lactate-producing mutant strain of Synechocystis 
sp. PCC6803. Biotechnology for Biofuels, 8:111. doi: 
10.1186/s13068-015-0294-z

Borirak, O., Rolfe, M.D., Koning, L.J. de, 
Hoefsloot, H.C.J., Bekker, M., Dekker, H.L., 
Roseboom, W., Green, J., Koster, C.G. de & 
Hellingwerf, K.J. (2015). Time-series analysis of 
the transcriptome and proteome of Escherichia coli 
upon glucose repression. Biochimica et Biophysica 
Acta, 1854 (10, Part A), 1269-1279. doi: 10.1016/j.
bbapap.2015.05.017

Deun, K. van, Thorrez, L., Berg, R.A. van, Smilde, 
A.K. & Van Mechelen, I. (2015). Not Just a Sum? 
Identifying Different Types of Interplay between 
Constituents in Combined Interventions. PLoS One, 
10 (5), e0125334. doi: 10.1371/journal.pone.0125334

Smilde, A.K. (from 2014). Scientific Advisory 
Board of  Danish Research Foundation CALM project 

Smilde, A.K. (from 2014). Scientific Advisory 
Board of EU project Mimomics

Smilde, A.K. (from 2014). Part-time professor at 
Kopenhagen University (Faculty of Science, Faculty 
of Health and Medical Sciences)

Smilde, A.K. (from 2014). Board member of the 
Netherlands Metabolomics Centre

Smilde, A.K. (from 2014). Scientific Advisory 
Board of Danish Research Foundation BIOPROD2 
project

Westerhuis, J.A. (from 2014). Affiliate professor: 
Centre for Business Mathematics and Informatics -  
North-West University, Potchefstroom, South Africa

Smilde, A.K. (from 2012). Executive committee 
of the Netherlands Metabolomics Centre - NISB 
management team

Kampen, A.H.C. van (from 2009). Scientific 
advisory board - Graduate School Chemical Biology 
(KoRS-CB)

Figure 2: On the cover of Metabolomics.
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Research highlights

 ► Blaauwen and colleagues have discovered a new regulatory network that is essential for the 
coordination of peptidoglycan synthesis in gram-negative bacteria. The new protein named CpoB, 
for Coordinator of Peptidoglycan synthesis and OM constriction associated with PBP1B, ensures 
that the outer membrane keeps track with the invagination of the peptidoglycan layer during 
cell division. This discovery is important to make informed choices on new targets for antibiotic 
development, and allows to set up precise assays for the screening of these antibiotics. This work 
was published in eLife.

 ► Hamoen and colleagues have for the first time shown that the shape of transmembrane 
proteins can guide it to curved membranes. This discovery explains why the chemoreceptor proteins 
of many bacteria are located at the cell poles. This work was published in Nature Communications.

 ► In other research on the bistable induction of genetic transformation in the gram-positive 
model system B. subtilis, Hamoen and colleagues discovered a novel global transcriptional 
regulator that controls bistable regulation. This work was published in PloS Genetics. 

Other highlights

 ► Hamoen and Den Blaauwen have initiated a collaboration with Batavia biosciences, Leiden, on 
the development of expression systems in E. coli and B. subtilis for proteins that are difficult to express. 

 ► In a collaboration with Joen Luirink from the VU, den Blaauwen has determined the interaction 
site between the essential cell division proteins FtsQ and FtsL and FtsB using site directed cross-linking 
techniques. The outlook of this work is to set up an antibiotic screening in collaboration with the 
AIMMS institute, to find compounds that disrupt the essential interaction between these proteins 
(published in the Journal of Biological Chemistry). 

 ► In addition, Den Blaauwen has determined that the for bacterial cell elongation essential proteins 
RodA and PBP2 interact in the cell, and used this to validate a FRET based assay for the screening of 
drugs that inhibit the activity of PBP2 (published in the International Journal of Molecular Sciences).

 ► Hamoen has organised the international Bacell symposium in Amsterdam in the spring of 2015, 
and his group has published a study describing hypersensitivity of cell division mutants for tetracycline 
in Frontiers in Microbiology. 

 ► He also co-authored a paper in PloS Genetics on membrane recognition and dynamics of the RNA 
degradosome, which was a collaboration with the groups of Ben Luisi (Cambridge) and Agamemnon 
Carpousis (Toulouse).

Research Programme: Cell and Systems Biology

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) investigate key bacterial processes including 
cell division, cell envelope synthesis, multi-level 
regulation, antibiotic mode-of-action. In addition, 

Bacterial Cell Biology and Physiology 
groups
In the summer of 2015, the Bacterial Cell Biology groups of Dr Tanneke Den Blaauwen and Prof. Leendert 
Hamoen joined forces with the Molecular Microbial Physiology of Dr Filipe Branco dos Santos and formed 
within SILS the new collaborative research entity Bacterial Cell Biology & Physiology Groups, comprising 3 
PIs, 5 technicians, 6 postdocs, 19 PhD students and several MSc and BSc students.

Bacterial Cell Biology

Prof. L. Hamoen Chairholder
Dr T. den Blaauwen Associate Professor

Bacterial Cell Biology and Physiology groups

3

the different groups work on more applied questions, 
including production of enzymes and beneficial 
compounds, novel assays for antibiotic screening 
and green biotechnology. Our main model systems 
are Escherichia coli, Bacillus subtilis, Lactococcus lactis 
and the cyanobacterium Synechocystis. In our groups 
we employ a broad range of techniques including 
fluorescence microscopy and spectroscopy, laboratory 
evolution and high-throughput screening methods, 
stoichiometric genome-scale constraint-based 
modelling, and multi-omic, molecular biology and 
biochemical methods.

Figure 1: CpoB localises to mid-cell concurrent with PBP1B, TolA, 
and the onset of OM constriction.

Group members Bacterial 
Cell Biology

Postdoctoral researchers
Alejandro MontÓn Silva
Michaela Wenzel
Pranav Puri

PhD students
Edward de Koning
Hojjat Ghasemigoojani
Jinglang Wang
Laura Catalina Bohorquez
Nils Meiresonne
Qinglong Meng
Terrens Saaki
Xialong Liu
Yongqiang Gao

Technicians
Jolanda Verheul
Tjalling Siersma
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Academic publications

Gamba, P., Jonker, M.J. & Hamoen, L.W. (2015). 
A Novel Feedback Loop That Controls Bimodal 
Expression of Genetic Competence. PLOS Genetics, 
11 (6), e1005047.

Gamba, P., Rietkötter, E., Daniel, R.A. & Hamoen, 
L.W. (2015). Tetracycline hypersensitivity of an ezrA 
mutant links GalE and TseB (YpmB) to cell division. 
Frontiers in Microbiology, 6, 346. 

Glas, M., Berg van Saparoea, H.B. van den, 
McLaughlin, S.H., Roseboom, W., Liu, F., 
Koningstein, G.M., Fish, A., Blaauwen, T. den, 
Heck, A.J.R., Jong, L. de, Bitter, W., Esch, I.J.P. de & 
Luirink, J. (2015). The Soluble Periplasmic Domains 
of Escherichia coli Cell Division Proteins FtsQ/FtsB/
FtsL form a Trimeric Complex with Sub-micromolar 
Affinity. The Journal of Biological Chemistry, 290 (35), 
21498-21509.

Gray, A.N., Egan, A.J.F., Veer, I.L. van ‘t, Verheul, 
J., Colavin, A., Koumoutsi, A., Biboy, J., Altelaar, 
A.F.M., Damen, M.J., Huang, K.C., Simorre, J.P., 
Breukink, E., Blaauwen, T. den, Typas, A., Gross, C.A. 
& Vollmer, W. (2015). Coordination of peptidoglycan 
synthesis and outer membrane constriction during 
Escherichia coli cell division. eLife, 4, e07118. 

Ploeg, R. van der, Goudelis, S.T. & Blaauwen, T. 
den (2015). Validation of FRET Assay for the Screening 
of Growth Inhibitors of Escherichia coli Reveals 
Elongasome Assembly Dynamics. International 
Journal of Molecular Sciences, 16 (8), 17637-17654. 

Strahl, H., Turlan, C., Khalid, S., Bond, P.J., 
Kebalo, J.M., Peyron, P., Poljak, L., Bouvier, M., 
Hamoen, L., Luisi, B.F. & Carpousis, A.J. (2015). 
Membrane recognition and dynamics of the RNA 
degradosome. PLOS Genetics, 11 (2), e1004961. 

Strahl, H., Ronneau, S., Solana González, B., 
Klutsch, D., Schaffner-Barbero, C. & Hamoen, 
L.W. (2015). Transmembrane protein sorting driven 
by membrane curvature. Nature Communications, 
6:8728. 

Vischer, N.O.E., Verheul, J., Postma, M., Berg 
van Saparoea, B. van den, Galli, E., Natale, P., Gerdes, 
K., Luirink, J., Vollmer, W., Vicente, M & Blaauwen, 
T. den (2015). Cell age dependent concentration 
of Escherichia coli divisome proteins analyzed with 
ImageJ and ObjectJ. Frontiers in Microbiology, 6, 586. 

Invited lectures

Blaauwen, T. den (23 September). Stoichiometry 
and cell-age dependent concentration of Eschercihia coli 
divisome proteins analyzed with Coli-Inspector. Firenze, 
Italy, 4th Symposium The Dynamics of Peptidoglycan 
Structure and Function: New Insights into the ‘Great 
Wall’.

Puri, P. (25 April). Fluorescence Microscopy Approach 
to Study Assembly and Activity of RND-Type Multidrug 
Efflux Machine from Escherichia coli. Il Ciocco, Lucca, 
Italy, Gordon Research Conference Multi-Drug Efflux 
Systems: Learning from the Past to Innovate the Future.

Figure 2: Cell-wall less L-form B. subtilis stained with a fluorescence membrane stain (left panel) and showing the 
localisation of a chemoreceptor protein at strongly curved membrane areas (middle panel).

Microbes shape the Earth along with all other Life 
forms that inhabit it. Although at times overlooked, 
amongst others, their influence can be seen in the 
molecular composition and the cycling of elements, 
and in ecological interactions ultimately affecting 
the evolution of life. Although for some microbial 
species our understanding of their biochemistry 
and physiology is extensive, even in these cases it is 
mostly descriptive and qualitative. A more analytical 
and quantitative systems-level approach is required 
to further increase our knowledge of the impressive 
potential of microbes to adapt, proliferate and survive 
in a vast range of environments. This approach is 
also crucial to transform fundamental insight into 
applications, be it countering the adverse properties 
of microbes or exploiting their many beneficial 
capabilities.
The Molecular Microbial Physiology Group focuses its 
research on the systems microbiology of lactic acid- 
and cyanobacteria. We aim to integrate knowledge 
on the biochemical and biophysical properties of 

Molecular Microbial Physiology

Prof. K.J. Hellingwerf Chairholder until August 14th 2015, currently emeritus
Prof. M.J. Teixeira de Mattos Professor, currently emeritus
Dr F. Branco dos Santos Assistant professor, group leader since August 15th 2015
Prof. J. Hugenholtz Special Chair

signal transduction- and metabolic networks that 
regulate and underlie fermentation, respiration and 
oxygenic photosynthesis, with physiological strategies 
for survival and growth. 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 (stochastic) 
fluctuations they encounter. 
We are particularly interested in underlying principles 
that are valid across distant phylogenetic clades. 
Hence, we work with model organisms that have 
contrasting lifestyles, displaying broad genetic and 
physiological differences between them. For this we 
selected for our studies both a chemo-heterotrophic 
organism - 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 (see figure 3).

Figure 3: Carbon flux 
through the metabolic 

branching points 
(from: Angermayr SA, 

et al., 2015, Trends 
Biotechnol 33: 

352–61)



Annual Report 2015 - 45 44 - Swammerdam Institute for Life Sciences

3

Research Programme: Cell and Systems Biology Bacterial Cell Biology and Physiology groups

Other highlights

 ► Dr S.A. Angermayr was awarded the prestigious H.G. 
Westenbrink Prize of the NVBMB (figure 5), for the best thesis 
in biochemistry and molecular biology in 2014, for his thesis on 
‘Synthetic biology of cyanobacterial cell factories’.

 ► A formal collaboration between SILS-MMP and Photanol 
B.V. has been initiated. Photanol is a UvA spin-off company, 
pioneering the economic exploitation of cyanobacteria as cell 
factories for the synthesis of various commodity chemicals, 
including biofuels. The role of MMP is to provide fundamental 
knowledge to optimise the utilisation of cyanobacteria as truly sustainable cell factories.

 ► The Amsterdam iGEM (International Genetically Engineered Machine) team received a 
gold medal at the annual Giant Jamboree in Boston. The team consisted of six MSc students 
(figure 6) from the UvA and VU and was hosted by MMP and led by Dr. Filipe Branco dos 
Santos. Their project - aptly named ‘Photosynthetic Romance’ - combined modelling, genetic 
engineering and physiological experiments to create stable relationships between cyanobacteria 
and chemoheterotrophs, for sustainable bioproduction.

Figure 5: Dr S.A. Angermayr together with promotor Prof. K.J. 
Hellingwerf shortly after being awarded the prestigious H.G. 

Westenbrink Prize of the NVBMB.

Research highlights

 ► Dr Annereinou Dijkstra successfully defended her doctoral thesis entitled: ‘Spray drying of 
starter cultures - Diverse solutions within Lactococcus lactis to improve robustness’. In this work 
important bridges were laid out that will enable laboratory findings to make their way towards 
applications within fermentation processes in a much more predictable manner. A great effort was 
placed in trying to understand the deterministic factors, both on the genome and transcriptome 
level, on which strain robustness depends. Many of these were subsequently cross-validated in 
follow-up experiments and open new avenues for future research both on a fundamental and 
applied level.

 ► 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 MSc has succeeded 
in expressing high amounts of proteorhopsin holoprotein in the cyanobacterial membranes. We 
have demonstrated that proteorhodopsin expression measurably stimulates growth and survival of 
this cyanobacterium compared to a strain expressing a non-pumping mutant protein. 

 ► PhD student Philip Savakis has worked in Prof. Xuefeng Lu’s group at QIBEBT-CAS 
(Qingdao, China) for 3 months. Strengthening an on-going successful collaboration initiated 
in 2014, he was able to unravel a new pathway leading to glycerol formation in Synechocystis that 
was previously unknown. A putative protein with unknown function has now been assigned to 
catalyse this reaction. Phylogenetic analysis revealed that this protein is widely spread amongst 
certain clades of cyanobacteria, proteobacteria and Archaea. This newly identified metabolic route 
has been placed within the context of the most recent genome-scale stoichiometric model of 
metabolism, helping to contextualise its physiological function within the whole network. 

 ► In a joint project with the Teusink Group at the VU and a shared PhD student, Qing 
Wang, we have taken the first steps towards monitoring the growth rate of single cells within a 
population using an emulsion-based culturing technique. This methodological breakthrough is 
used to study the regulatory loops present within central carbon metabolism of L. lactis.

 ► We have developed a new cultivation method for photoautotrophs – the photonfluxostat 
– that enables the cultivation of microorganisms at different, yet constant growth rates in batch 
culture. The software that is necessary to achieve the required illumination regime has been 
designed at MMP. Moreover, this was done ensuring a strict coupling to a data management 
system that allows users to access and monitor their experiments over the internet.

 ► In Pascal van Alphen’s project, we show that contrary to what was previously thought, 
there is a clock in Synechocystis that fulfills all criteria of a circadian clock. Additionally, it was 
discovered that this clock shows a remarkably 
stable free-running rhythm (figure 4), for which 
no dampening is observed over the course of 2 
weeks. During the light phase of the clock the 
cells store a significant part of the fixed carbon 
in the form of glycogen, which surprisingly – 
under anaerobic conditions – is used in the last 
few hours of the dark period to supply the cells 
with new intermediates for anabolism.

Research highlights continued

 ► In a collaborative effort with researchers from IBED, we found that pulse-amplitude 
modulated (PAM) fluorimetry should not be used for direct comparison of photosynthetic 
efficiency between different clades of oxygenic phototrophs. In fact, if using alternative methods, 
both cyanobacteria and green algae have a similar photosynthetic yield.

 ► Orawan Borirak has completed her thesis under the title: ‘Multi-omics analysis of the 
molecular physiology and biotechnology of Escherichia coli and Synechocystis sp. PCC6803’. In 
this thesis she describes her studies of the identification of genes involved in carbon catabolite 
repression of which the expression is regulated through post-transcriptional regulation, as well as 
the proteome-wide effects of the re-channeling of intermediary metabolism in the cyanobacterium 
towards ethanol- and lactic acid production.

Figure 4: Entrainment and free running of 
Synechocystis sp. PCC6803 in a continuous 

culture in a photobioreactor (from: van Alphen 
P, Hellingwerf KJ, 2015, PLoS One 10: e0127715)
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Research aims for the coming year

 ► We will be harvesting from our technological breakthroughs in the way we can culture 
cells, and from our unique ability to make stable strains with growth-coupled product formation. 
We want to valorise our research by contributing to the transition of the many proof-of-
principle studies that have been carried out using cyanobacterial cell factories into large-scale 
,fully sustainable industrial processes. There are two main research lines that have spun off our 
recent successes that can directly contribute to this, while simultaneously addressing fundamental 
biological questions that remain open:
1) Controlled laboratory evolution experiments. Using different selection pressures, we hope to 
understand better how Life is shaped by environmental dynamics. When carrying out prolonged 
cultivations in which cells with increased growth rate are selected, if the aforementioned constructs 
are used, we anticipate that productivity would increase as well. The genetic and phenotypic 
characterisation of these strains can help bring light to long-standing questions, such as: what 
limits maximal growth rate in cyanobacteria and how is this regulated?
2) Design of synthetic consortia. The possibility to achieve steady-states in which a fixed rate of 
product is excreted by a cyanobacterium allows us to conceive scenarios in which the latter product 
is used by another organism to be further transformed. This can be used to sustainably produce 
a range of chemicals that cannot be produced in a single cytoplasmic compartment. Moreover, it 
allows us to validate quantitative models in which interactions between the different members of 
the synthetic consortium extend way beyond symbiotic relationships (for instance cross-feeding). 

 ► Throughout the coming year, we want to keep pushing the boundaries of what is deemed 
possible with respect to the way cyanobacteria are cultured. On the one hand we want to have a 
tighter grip on how well we can control culture parameters and their automatic adjustment based 
on (pre-)set mathematical functions. On the other hand we want to make sure that the highly 
technical programming that we developed can be made accessible to experimentalists with limited 
programming knowledge. Specifically, we will be focusing on the following two innovations:
1) Fully-automated miniaturised cultivation systems. We want to finalise the prototyping and 
validation of a versatile design specific for 24-well formats. Our goal is to develop fully-automated 
cultivation systems for phototrophs under tightly controlled lighting regimes. The ability to 
simultaneously collect spectral information and perform fluorescence measurements is also 
being pursued. Selection of the most proper set of mathematical equations for the description 
of photoautotrophic growth will in part be derived from the continuing work on the energetics 
and efficiency of the growth of Synechocystis sp. PCC6803, carried out in the NWO-‘Toolbox’ and 
TBSC projects.
2) Graphical User Interface. We want to try to increase the user-friendliness of our current 
command-based scripts. We will design new ways to interface with the experimental set-ups with 
increased graphical interfacing. Additionally, we are scripting standard data processing pipelines 
to (i) store the large-data sets generated, and (ii) make them more accessible. In the process, we 
will be complying in the more strict guidelines that have started to be imposed by the certain 
funding agencies (such as NWO and ERC).
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Bookchapters

Que Chen, Davide Montesarchio & Klaas J. 
Hellingwerf (2015) ‘Direct conversion’: Artificial 
photosynthesis with cyanobacteria. in: Artificial 
Photosynthesis (Bruno Robert, Saclay, France, editor) 
Elsevier, Amsterdam, The Netherlands.

Academic publications

Alphen, P. van & Hellingwerf, K.J. (2015). 
Sustained Circadian Rhythms in Continuous Light 
in Synechocystis sp. PCC6803 Growing in a Well-

Controlled Photobioreactor. PLoS One, 10 (6), 
e0127715. doi: 10.1371/journal.pone.0127715
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Postdoctoral researchers
Jeroen van der Steen
Johan van Beilen
Johan van Heerden

PhD students
Pascal van Alphen
Aleksandra Bury
Que Chen
Wei Du
Davide Montesarchio
Patricia Caicedo Burbano
Philipp Savakis
Rosa Milou Schuurmans
Andreas Angermayr
Orawan Borirak

Technicians
Jos Arents
Seyedparsa Mahallehyousefi

Amanuensis
Dennis Rijnsburger

Groot, M.L. & Hellingwerf, K.J. (2016). 
Converting Light into a Metastable Structural Change. 
In S Haacke & I Burghardt (Eds.), Ultrafast Dynamics 
at the Nanoscale: Biomolecules and Supramolecular 
Assemblies (pp. -chapter 1). Stanford, CA, USA: Pan 
Stanford Publishing.

PhD thesis

Dijkstra, A.R. (2015, December 03). Spray drying 
of starter cultures: Diverse solutions within Lactococcus 
lactis to improve robustness. UvA (142 p.). Prom./
coprom.: prof.dr. J. Hugenholtz & P.A. Bron. 

Patent

Arrangement of a photobioreactor or a microbiological 
reactor (07/30/2015) USPTO Application  
#20150210970

Invited Lectures

Hellingwerf K.J. presented invited lectures at: 
Tokyo, Japan (13/01/2015 and 14/01/2015); Amsterdam 
(04/02/2015, 20/02/2015 and 30/03/2015); Uppsala, 
Sweden (24/04/2015); Delft (04/06/2015); Maastricht 
(09/06/2015); Aveiro, Portugal (31/08/2015); 
Eindhoven (04/09/2015) and Amsterdam (16/09/2015 
and 25/11/2015).

Branco dos Santos F. presented invited lectures 
at: Brno, Czech Republic (29/01/2015); Leiden 
(03/02/2015); Amsterdam (19/05/2015, 25/05/2015 
and 07/09/2015) Austin, USA (01/10/2015); Delft 
(02/11/2015); and São Paulo, Brazil (07/12/2015)

Media Performance

Hellingwerf K.J. was interviewed by various media 
regarding the “direct conversion” approach with 
cyanobacteria, as investigated in his basic research 
and in the start-up company Photanol (e.g. SPUI 
Magazine, Financieel Dagblad by Gijs den Brinker, 
Interview door L. Asveld for the Rathenau Instituut, 
Den Haag, Chemische Feitelijkheden Fotosynthese 
2.0, Financieel Dagblad by Franka Rolvink Couzy, De 
Correspondent BV by Belia Heilbron, ASM Magazine 
‘Cultures’ volume on Microbes and Climate Change).

Branco dos Santos, F. (2015) interview by Lucy 
Goodchild van Hilten: It’s time for academic writing 
to evolve - a professor explains why and how. Elsevier 
Connect.

Figure 6: Gold Medalists iGEM team Amsterdam 2015 
during International jamboree held in Boston, USA

Prof. T.W.J. Gadella Chairholder
Dr E.M.M. Manders Associate Professor
Dr Ir J. Goedhart Assistant Professor
Dr Ir M.A. Hink Assistant Professor
Dr M. Postma Tenure Track Assistant Professor
Dr R. van Amerongen MacGillavry fellow
Prof. P.L. Hordijk Special Chair
Prof. K. Jalink Special Chair

Molecular Cytology & van 
Leeuwenhoek Centre for Advanced 
Microscopy

RResearch 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 in 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. The main research areas are:
1) Spatiotemporal organisation of cellular signalling 
and its relation tissue and organ development (group 
leaders prof. T.W.J. Gadella, dr J. Goedhart, dr 
M.A. Hink, dr M. Postma, dr R. van Amerongen 
and prof. P.J. Hordijk). 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) & flow of 
information across and in the plane of the membrane 
of living mammalian cells. We aim to understand 
how cells can achieve and maintain a local signal in 
the membrane (e.g. in order to drive morphogenesis, 
or to define new cytoskeletal anchorage or vesicle-
docking sites). The main pathways under study 
involve histamine/P2Y GPCR receptors, G-αq to 

PLC activation triggering downstream calcium, 
kinase signalling and small GTPase (Rho/Rac/Cdc24) 
signalling (the last in collaboration with prof. P.J. 
Hordijk/Sanquin). 
We also investigate spatiotemporal organisation of 
cellular signalling in more complex systems. In the 
mouse mammary gland we study the role of Wnt 
signalling 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. In a primitive Cniderian model 
organism Nematostella vectensis we have studied gene 
regulation and biomechanics of embryogenesis. To this 
end we have used fluorescently-labelled biomolecular 
markers to follow embryogenesis in vivo like adhesion 
molecules, cytoskeletal components (F-actin and 
Myosin) and genes. 
In 2015 a new programme on the interplay between 
self-organisation and signalling was initiated. The aim 
is to generate an in vitro vesicular system in which 
both aspects of self-organisation and signalling can 
be quantified and manipulated through optogenetic 
switches.  
The close intertwining of several signalling cascades, 
their spatial organisation 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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Other highlights

 ► Appointment Kees Jalink (NKI) as special chair high resolution microscopy connected to 
SILS and to LCAM by het genootschap ter bevordering van natuur- genees- en heelkunde.

 ► LCAM was ratified as functional imaging flagship node in the Euro-BioImaging ESFRI 
large-scale research infrastructure.

 ► Dr R. van Amerongen was awarded a small-equipment grant by the Nijbakker-Morra 
stichting, allowing the purchase of a hybridisation oven for RNA in situ hybridisation. 

 ► Dr R. van Amerongen was awarded €265,000 by KWF kankerbestrijding/Alpe d’Huzes to 
generate better models for lineage-tracing stem cells in the mammary gland

 ► Prof. dr T.W.J. Gadella was unanimously re-elected as chairman of the Netherlands roadmap 
initiative NL-BioImaging AM by the National Steering Committee that comprises of the 21 
national microscopy centres & innovative technology leaders.

 ►  Section members were active in various outreach activities, including the Museumnacht 
at the NEMO Science Center, a talk at SPUI25, a Wakker Worden Kinderlezing at the NEMO 
Science Center and a collaboration with artist Isaac Monté as part of the Bioart and Design Award 
Competition.

 ► The work of dr M. Postma was highlighted on the inaugural issue of the Amsterdam Science 
Magazine.

 ► Dr M. Postma is now member of the editorial board of Scientific Reports.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy

3

Research Programme: Cell and Systems Biology

2) Advanced microscopy organised within the van 
Leeuwenhoek Centre for Advanced Microscopy (LCAM-
FNWI). The goal of LCAM-FNWI (prof. T.W.J. 
Gadella, dr M. Hink, dr Goedhart, dr M. Postma and 
dr R. van Amerongen) is to boost Life Sciences research 
by implementing & 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 & Hink), 
& 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 new instrumentation 
are in automated high-throughput quantitative 
screening (FLIM, photobleaching and ratio imaging) 
as well as analysis & reconstruction algorithms for 
PhotoActivated Localization 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 & coworkers), since processing and 
evaluation algorithms are becoming more important, 
sophisticated and difficult. In particular, tailor-made 
and often novel methods and 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: cross endothelial cell migration (Hordijk 
& coworkers) and mammary gland development (van 
Amerongen & 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 
& 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 & small G-protein activities in 
live cells (Goedhart & Gadella). Recently we have 
started the introduction of these genetically encoded 
sensors into the mammalian genome under their 
native expression regulation using CRISPR/Cas based 
genome editing (van Amerongen). 
In preparation of the intended move of the section 
of Molecular Cytology to O|2, the activities on 
instrumentation development (dr. Manders) are being 
reorganised to remain at Science Park Amsterdam 
together with the Nikon Center independent from 
the section of Molecular Cytology and LCAM. 

Research highlights

 ► We have reported on a GPCR mediated pathway that activates RhoA and increases actin 
polymerisation (van Unen et al. 2015, Sci. Rep.).

 ► The CRISPR/Cas9 technology was successfully employed to tag ß-catenin with multiple 
fluorescent proteins, allowing Wnt-pathway activity to be studied at endogenous levels. The first 
quantitative measurements on clonal cell lines were made using FCS (collaboration van Amerongen 
and Hink). Other loci turned out to be more refractory to CRISPR/Cas9 mediated homologous 
recombination, temporarily delaying the generation of additional Wnt-pathway reporters.

 ► RNA in situ hybridisation and fat pad transplantation assays were successfully set up in the 
lab, ensuring an experimental pipeline that allows mammary gland biology to be studied from the 
most complex (tissue) to the most detailed (DNA/RNA) level.

 ► New red fluorescent proteins were purified and crystallised, which revealed the structural 
basis for fluorescence enhancement (collaboration with dr. Antoine Royant, Grenoble). 

 ► New photostable red fluorescent proteins were developed.
 ► New blinking red fluorescent proteins were developed that enable live-cell super-resolution 

microscopy.
 ► A new FRET sensor for the G12 class of heterotrimeric G-proteins was developed. A clear 

FRET change was observed when endothelial cells were treated with thrombin, showing the 
exquisite sensitivity of the sensor.

 ► Three new FRET sensors for the Gi class were developed and a publication was submitted. 

Figure 1: Superfluorescent solutions demonstrated at the NEMO museum night.
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Research aims for the coming year

 ► Publish new mScarlet proteins.
 ► Publish on new FRET-based sensors for the Gi class of heterotrimeric G-proteins.
 ► Implement microfluidic technology to reconstitute vesicles.
 ► We aim at implementing a Quadview image splitter. This will enable simultaneous recording 

at videorate of four different fluorescent probes.
 ► Finalise study on the identification of tissue-specific reference genes for the mammary gland.
 ► Publish a study on the construction of a Petrinet model for Wnt/beta-catenin signalling (a 

collaboration with prof. Anton Feenstra and prof. Jaap Heringa at the VU).
 ► Publish the development of Fluorescence Lifetime Cross Correlation Spectroscopy as a tool 

for quantitative single colour multi-component microscopy, applied to MAPK signalling.

Molecular Cytology & van Leeuwenhoek Centre for Advanced MicroscopyResearch Programme: Cell and Systems Biology

3

Education

 ► Section members are active in teaching in various courses at the BSc and the MSc level of 
the Biomedical Science programme. Most notably, prof. Gadella is track coordinator for the MSc 
track Cell Biology and Advanced Microscopy, which attracts students from all over the globe. 

 ► Dr R. van Amerongen developed a novel track Frontiers in Medical Biology for 3rd year 
BSc students (together with prof. Brul, prof. de Koster, dr Hoefsloot and dr Verschure). She 
coordinated the course Frontiers in Medical Biology I, which ran successfully for the first time with 
approximately 20 students. 

 ► Dr J. Goedhart coordinated the course Cellulaire Oncologie for 2nd year BSc students. The 
course includes wetlab practicals for 120 students. 

 ► Dr M. Hink coordinated the course Advanced Microscopy for MSc students from the Cell 
Biology and Advanced Microscopy track.

 ► Dr M. Hink and Prof T.W.J.Gadella coordinated the international FEBS-LCAM course 
Advanced imaging of molecular complexes inside living cells for 20 PhD students and postdocs.

 ► We hosted 3 BSc and 13 MSc students from different backgrounds to perform their research 
internship in the lab of the section of Molecular Cytology in 2015. The section organised and 
participated in several LCAM courses to teach users at various levels in the field of microscopy 
and several students wrote their literature thesis under the supervision of members of the section.

Group members

Postdoctoral researchers
Anna Pietraszewska
Katrin Wiese
Tim Du Buc

PhD students
Daphne Bindels
Ada Dattoli
Lindsay Haarbosch
Jakobus van Unen
Anoeska van de Moosdijk
Giulia de Luca
Christiaan Zeelenberg

Marieke Mastop
Nathalie Reinhard
Nika Heijmans
Orry van Geel
Rick Brandt
Venkataraman Krishnaswami

Technicians
Linda Joosen
Amber Zeeman
Laura van Weeren
Stephanie Cheung

Engineer
Ronald Breedijk

Glukhova, M.A., Hynes, N., Vivanco, dM, 
Amerongen, R. van, Clarke, R.B. & Bentires-Alj, M. 
(2015). The seventh ENBDC workshop on methods 
in mammary gland development and cancer. Breast 
Cancer Research, 17 (9):119.

Huveneers, S., Daemen, M.J.A.P. & Hordijk, P.L. 
(2015). Between Rho(k) and a hard place: the relation 
between vessel wall stiffness, endothelial contractility, 
and cardiovascular disease. Circulation Research, 116 
(5), 895-908. doi: 10.1161/CIRCRESAHA.116.305720

Klarenbeek, J., Goedhart, J., Batenburg, A. 
van, Groenewald, D. & Jalink, K. (2015). Fourth-
generation epac-based FRET sensors for cAMP feature 
exceptional brightness, photostability and dynamic 
range: characterization of dedicated sensors for FLIM, 
for ratiometry and with high affinity. PLoS One, 10 
(4), e0122513. doi: 10.1371/journal.pone.0122513

Long, Y., Goedhart, J., Schneijderberg, M., 
Terpestra, I., Shimotohno, A., Bouchet, B.P., 
Akhmanova, A., Gadella (jr.), Th.W.J., Heidstra, 
R., Scheres, B. & Blilou, I. (2015). SCARECROW-
LIKE23 and SCARECROW jointly specify 
endodermal cell fate but distinctly control SHORT-
ROOT movement. Plant Journal, 84 (4), 773-784. 
doi: 10.1111/tpj.13038

Nahidiazar, L., Kreft, M., Broek, B. van den, 
Secades, P., Manders, E.M.M., Sonnenberg, A. 
& Jalink, K. (2015). The molecular architecture of 
hemidesmosomes, as revealed with super-resolution 
microscopy. Journal of Cell Science, 128 (20), 3714-
3719. doi: 10.1242/jcs.171892

Nieuwenhuizen, R.P.J., Nahidiazar, L., Manders, 
E.M.M., Jalink, K., Stallinga, S. & Rieger, B. 
(2015). Co-Orientation: Quantifying Simultaneous 
Co-Localization and Orientational Alignment of 
Filaments in Light Microscopy. PLoS One, 10 (7), 
e0131756. doi: 10.1371/journal.pone.0131756

Pandey, R., Pieper, G.H., Beek, A. ter, Vischer, 
N.O.E., Smelt, J.P.P.M., Manders, E.M.M. & Brul, S. 

Academic publications

Boer, R. de, Smith, R.L., De Vos, W.H., Manders, 
E.M.M., Brul, S. & Spek, H. van der (2015). 
Caenorhabditis elegans as a Model System for Studying 
Drug Induced Mitochondrial Toxicity. PLoS One, 10 
(5):e0126220. doi: 10.1371/journal.pone.0126220

Dattoli, A.A., Hink, M.A., DuBuc, T.Q., Teunisse, 
B.J., Goedhart, J., Röttinger, E. & Postma, M. (2015). 
Domain analysis of the Nematostella vectensis SNAIL 
ortholog reveals unique nucleolar localization that 
depends on the zinc-finger domains. Scientific Reports, 
5:12147. doi: 10.1038/srep12147

Figure 2: CTNNB1 was tagged with four different 
fluorescent proteins (sYFP2, sGFP2, mCherry and 

mTurquoise2) via CRISPR/Cas9-mediated homology-
directed repair in HEK293A cells. Fluorescence and 

phase contrast are superimposed.
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(2015). Quantifying the effect of sorbic acid, heat and 
combination of both on germination and outgrowth 
of Bacillus subtilis spores at single cell resolution. Food 
Microbiology, 52, 88-96. doi: 10.1016/j.fm.2015.06.007

Pandey, R., Beek, A. van de, Vischer, N.O., Smelt, 
J.P.P.M., Kemperman, R., Manders, E.M.M. & Brul, 
S. (2015). Quantitative analysis of the effect of specific 
tea compounds on germination and outgrowth of 
Bacillus subtilis spores at single cell resolution. Food 
Microbiology, 45 (Pt A), 63-70. 

Schaefer, A. & Hordijk, P.L. (2015). Cell-stiffness-
induced mechanosignaling - a key driver of leukocyte 
transendothelial migration. Journal of Cell Science, 128 
(13), 2221-2230. doi: 10.1242/jcs.163055

Shahi, S., Beerens, B., Manders, E.M.M. & 
Rep, M. (2015). Dynamics of the establishment of 
multinucleate compartments in Fusarium oxysporum. 
Eukaryotic Cell, 14 (1), 78-85. doi: 10.1128/EC.00200-
14

Timmerman, I., Heemskerk, N., Kroon, J., 
Schaefer, A., Rijssel, J. van, Hoogenboezem, M., 
Unen, J. van, Goedhart, J., Gadella, T.W.J., Yin, T., 
Wu, Y., Huveneers, S. & Buul, J.D. van (2015). A 
local VE-cadherin and Trio-based signaling complex 
stabilizes endothelial junctions through Rac1. Journal 
of Cell Science, 128, 3041-3054. doi: 10.1242/jcs.168674

Unen, J. van, Woolard, J., Rinken, A., Hoffmann, 
C., Hill, S.J., Goedhart, J., Bruchas, M.R., Bouvier, 
M. & Adjobo-Hermans, M.J.W. (2015). A Perspective 
on Studying G-Protein-Coupled Receptor Signaling 
with Resonance Energy Transfer Biosensors in  Living 
Organisms. Molecular Pharmacology, 88 (3), 589-595. 
doi: 10.1124/mol.115.098897

Unen, J. van, Reinhard, N.R., Yin, T., Wu, Y.I., 
Postma, M., Gadella, Th.W.J. & Goedhart, J. (2015). 
Plasma membrane restricted RhoGEF activity is 
sufficient for RhoA-mediated actin polymerization. 
Scientific Reports, 5:14693. doi: 10.1038/srep14693

Vischer, N.O.E., Verheul, J., Postma, M., Berg 
van Saparoea, B. van den, Galli, E., Natale, P., Gerdes, 
K., Luirink, J., Vollmer, W., Vicente, M & Blaauwen, 
T. den (2015). Cell age dependent concentration 
of Escherichia coli divisome proteins analyzed with 
ImageJ and ObjectJ. Frontiers in Microbiology, 6, 586. 
doi: 10.3389/fmicb.2015.00586

Book chapters

Amerongen, R. van (2015). Lineage Tracing in 
the Mammary Gland Using Cre/lox Technology and 
Fluorescent Reporter Alleles. In M. Vivanco del Mar 
(Ed.), Mammary Stem Cells: methods and protocols 
(Methods in Molecular Biology, 1293) (pp. 187-211). 
New York: Humana Press.

Hink, M.A. (2015). Fluorescence correlation 
spectroscopy. In P.J. Verveer (Ed.), Advanced 
Fluorescence Microscopy: Methods and Protocols 
(Methods in Molecular Biology, 1251) (pp. 135-150). New 
York: Humana Press.

Smith, R.L., De Vos, W.H., Boer, R. de, 
Manders, E.M.M. & Spek, H. van der (2015). In vivo 
visualization and quantification of mitochondrial 
morphology in C. elegans. In V. Weissig & M. Edeas 
(Eds.), Mitochondrial medicine. - Vol. 2: Manipulating 
mitochondrial function (Methods in molecular biology, 
1265) (pp. 367-377). New York: Humana Press.

PhD theses

Dattoli, A.A. (2 December). Structural and 
functional analysis of the development of the translucent 
sea anemone, Nematostella vectensis. UvA (183 p.). 
Prom./coprom.: prof. dr. Th.W.J. Gadella & dr. M. 
Postma.

Kroon, J. (18 June). Signaling in vascular biology: 
The role of GTPases and GEFs in endothelial cell 
function. UvA (182 p.) (‘s-Hertogenbosch: BOXPress). 
Prom./coprom.: prof.dr. P.L. Hordijk & J.D. van 
Buul.

Invited lectures

Amerongen, R. van (23 April). Cell hierarchy in 
human breast and in breast cancer. Weggis, Switzerland, 
Annual ENBDC workshop: Methods in mammary 
gland biology and breast cancer.

Amerongen, R. van (28 June). Hoe werkt 
zonnebrandcrème? Amsterdam, the Netherlands, 
Wakker Worden Kinderlezing at the NEMO Science 
Center.

Amerongen, R. van (7 July). Tales from the 
mammary gland: How Wnt signaling controls (stem)
cell proliferation and differentiation. Manchester, UK, 
Breast Cancer Now seminar series at the Cancer 
Research UK Manchester Institute.

Gadella, T.W.J. (4 March) FRET & FLIM 
microscopy. FRET-FLIM masterclass UMCG 
Groningen.

Gadella, T.W.J. (8 June) Fluorescence Lifetime 
Imaging Microscopy. FEBS advanced course Advanced 
imaging of molecular complexes inside living cells, 
LCAM, Amsterdam.

Gadella, T.W.J. (30 June) FRET & FLIM, Summer 
school Advanced Live Cell Imaging, University of 
Copenhagen, Denmark.

Gadella, T.W.J. (14 September) Molecular 
evolution of novel high quantum yield monomeric red 
fluorescent proteins from a synthetic consensus template 
by multimode quantitative spectroscopic screening. 14th 
international conference on Methods and Applications 
in Fluorescence, Würzburg, Germany.

Goedhart, J. (18 June) Genetically encoded 
fluorescent probes for cellular imaging. Workshop 
Advanced imaging techniques in the study of mitosis, 
Dutch Cancer Institute, Amsterdam.

Hink, M.A. (25 February) Fluorescence fluctuation 
spectroscopy: Analysing noise. 7th European Short Course 

on Time-Resolved Microscopy and Correlation 
Spectroscopy, Berlin, Germany.

Hink, M.A. (4 June) Probing protein dynamics and 
interactions by Fluorescence Fluctuation Spectroscopy. 
EMBO course on Modern biophysical methods for 
protein-ligand interactions, Oulu, Finland.

Hink, M.A. (8 June) Visualizing proteins and 
their complexes: Confocal, TIRF & Spinning disk 
microscopy. FEBS course on Advanced imaging of 
molecular complexes inside living cells, Amsterdam, 
the Netherlands.

Hink M.A. (9 June) Probing protein dynamics and 
interactions by Fluorescence Fluctuation Spectroscopy. 
FEBS course on Advanced imaging of molecular 
complexes inside living cells, Amsterdam.

Postma, M. (10 June) Data analysis of Super-
resolution microscopy. FEBS advanced course on 
Advanced imaging of molecular complexes inside 
living cells, Amsterdam, the Netherlands

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 chairman NL-
BioImaging AM Dutch roadmap.

Gadella, T.W.J. Director The Van Leeuwenhoek 
Centre for Advanced Microscopy (LCAM).

Hink, M.A. Board member the Netherlands Society 
for Microscopy (NVvM).

Manders, E.M.M. Board member, treasurer Focus 
on Microscopy.

Manders, E.M.M. Coordinator Nikon Centre of 
Excellence on Super-Resolution Development.

Manders, E.M.M. Node leader Super-resolution 
microscopy ‘ NL-BioImaging Advanced Microscopy.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy
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Figure 3: Relocation of RhoGEF activity (‘activated’) 
results in neurite retraction (upper row) and increased 
RhoGTPase activity (lower row), as indicated by the 

arrows.
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Group members

Postdoctoral researchers
Abudukelimu Abulikemu
Christian Linke
Jana Naue

Projectmanager
Frans van Nieuwpoort
Annemarie Vastenhouw-van der Linden

PhD students
Mannus Kempe
Niels Verstegen
Thierry Mondeel
Ilona Vuist
William Beckman
Maryam Soleimani Dodaran
Yanfei Zhang 

Technicians
José Kiewiet
Jessica Meyer

Research highlights

 ► Barberis largely organised and chaired the International Conference on Systems Biology 
(ICSB2015) in Singapore in collaboration with Dr Hiroaki Kitano (The Systems Biology Institute, 
Tokyo), which was a great success.

 ► Barberis launched and coordinated a series of keynote lectures in Systems Biology organised 
by the Systems Biology Institute Amsterdam, co-directed by SSB-NOG.

 ► Barberis and colleagues have discovered the mechanism that temporally synchronises various 
phases of the cell cycle by a single molecular factor, which is involved in the de-regulation of 
cellular viability in higher eukaryotes.

 ► Barberis and collaborators have developed a novel computational approach to address the 
conservation of network motifs responsible for cell division across evolution.

 ► Verschure and collaborators established the precise relationship between transcript number 
and cell volume, vis-à-vis transcriptional stochasticity and its dependency on epigenetic chromatin.

 ► The impact of epigenetic chromatin on transcription-repression response-timing has been 
established by Verschure and collaborators measuring transcripts in engineered cells in real-time.

 ► Verschure and collaborators (Hubrecht Institute-KNAW and UMCU) determined that 
physical gene repositioning per se was insufficient to alter the epigenetic chromatin state and gene 
activity in embryonic stem cells. They hereto used engineered binding platforms and biochemical 
genome interaction studies. 

 ► A selective mechanism of resistance development in ERa metastatic breast cancer has been 
established by Verschure, EpiPredict partners and collaborators by quantitatively determining 
transcript levels of a key gene at single-molecule resolution.

 ► Verschure and colleagues used computer simulations to illustrate the effect of temporal 
and cumulative fluctuations in methionine cycling on epigenetic imprinting during assisted 
reproductive technologies.

 ► The longstanding ambition of the group to connect systems biology and transcription 
epigenetics was met in part by the final publication of an innovative model of such a process.  

 ► A systems biology model was made for innate immunity, explaining the occurrence of both 
acute and chronic inflammation.

 ► Genome-wide metabolic maps were made underpinning the inborn error of metabolism 
phenylketonuria, highlighting new mechanisms for the disease with potential therapies.

 ► Westerhoff brought another new research line to SILS, in which the carbon and energy 
metabolism of the third kingdom of Life, and in particular of Sulfolobus solfataricus is analysed 
through systems biology. A raison d’être was found for the presence of the enzyme GAPN at 
the high temperature at which this organisms thrives, i.e. the prevention of the futile cycling of 
respiratory ATP.

 ► Together with multiple other European Systems Biology groups, a business plan was 
published by van Driel and Westerhoff for the further development of an Infrastructure for 
European Systems Biology (ISBE)

Systems Biology has shown that disease and health 
of organisms depend on multiple factors at the same 
time. Such factors are expected to differ between 
individuals. They include epigenetic composition 
and associated regulatory processes, environmental 
exposure, nutritional factors and the life style of 
individuals. The Synthetic System Biology and 
Nuclear Organisation (SSB-NOG) group focuses on 
unicellular microbes and multicellular mammals, in 
order to discover the principles of cell and organismal 
behaviour in time and space. The SSB-NOG group 

Synthetic Systems Biology and 
Nuclear Organisation Group
Prof. H.V. Westerhoff Chairholder
Dr P.J. Verschure Associate Professor
Dr M. Barberis Assistant Professor (tenure track)
Prof. R. van Driel Emeritus professor

has contributed to address the inherent biological 
variability in cell functioning, establishing the design 
principles of epigenetic gene regulation, cell cycle 
timing and their network wiring. Altered molecular 
wiring contributes to deregulated cell functioning 
affecting for instance immunity, aging and cancer 
development. With (bio)medical relevance we focus 
on the role of changes in epigenetic regulation 
underlying estrogen receptor positive breast cancer 
heterogeneity and the development of breast cancer 
(stem) cell subpopulations during acquired resistance 
to endocrine treatment regimes. Moreover, we study 
epigenetic gene regulation-related DNA damage 
responses associated with skin cancer predisposition 
and syndromes associated with damage repair and 
aging. Also, we develop novel epigenetic-machine 
learning based tools for forensic research. Furthermore, 
we focus 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.
To empower the research performed in the group, 
in the context of an EU H2020 MSCA-ITN 
consortium ‘EpiPredict’ coordinated by Verschure, 
and in a number of collaborations established by 
Barberis and Westerhoff, SSB-NOG collaborates 
with various (inter)national research groups, i.e., 
VU University Amsterdam, Sanquin Amsterdam, 
Academic Medical Center Amsterdam, University 
Medical Center Groningen, ErasmusMC Rotterdam, 
Netherlands Forensics Institute, University of 
Manchester, University College Dublin, Luxembourg 
Centre for Systems Biology, Institute of Technology 
in Tartu, Imperial College London, Deutsches 
Krebs-Forschungs zentrum, Heidelberg, University 

Synthetic Systems Biology and Nuclear Organisation Group
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of Milano-Bicocca, Biological Research Center of 
the Hungarian Academy of Sciences, Eidgenossische 

Technische Hochschule Zurich, Epiontis GmbH in 
Berlin, and The Systems Biology Institute in Tokyo.
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Research aims for the coming year

 ► Barberis will generate multi-scale molecular models of cellular growth in eukaryotes, by integrating 
molecular networks that exploit their functions at different time scales, for example cell cycle and 
metabolism.

 ► In collaboration with Fransz and colleagues of the Plant Development & (Epi)Genetics group, 
Barberis will develop a systems biology model of  flowering in Arabidopsis thaliana.

 ► Also in collaboration with Fransz and colleagues, Barberis will test the conservation of network 
motifs responsible for cell division in Arabidopsis thaliana.

 ► Verschure and colleagues (H2020-MSCA-ITN EpiPredict) will determine how epigenetic 
reprogramming affects tumor responses to endocrine therapy. The results should help predict breast cancer 
therapy resistance using a systems medicine approach. This work will lay ground to identify biological 
variability in epigenetic gene regulation as basis for personalised treatment strategies. In this context a 
systems biology model will be built for the epigenetic-based development of drug resistance of hormone-
dependent breast cancer.

 ► Together with colleagues (NFI, CLHC), Verschure will develop epigenetic DNA methylation-
computational machine learning-based tools for forensic research.

 ► Verschure and colleagues (ErasmusMC, ZonMW-Top) will establish the role of epigenetic 
chromatin networks on transcription-related damage responses of importance for DNA-damage-induced 
skin cancer predisposition, aging and repair-associated diseases.

 ► Westerhoff and colleagues will develop a complete workflow for making genome-wide metabolic 
maps of microorganisms that can make biodegradable plastics from syngas after limited genetic tuning. 
These maps will make use of proteomic and metabolomics information.

 ► In collaboration with Stam and colleagues of the Plant Development & (Epi)Genetics group, 
Westerhoff will develop a systems-biology model for paramutation and epigenetics based on a role played 
by non-message RNAs.

 ► The SSB-NOG group will host a node for Infrastructure Systems Biology Europe, focusing on 
systems biology modelling.

 ► Westerhoff will set up a research centre aimed at examining the common network properties of 
ecological and immunological networks.

Synthetic Systems Biology and Nuclear Organisation Group
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Academic publications

Bastiaens, P., Birtwistle, M.R., Blüthgen, N., 
Bruggeman, F.J., Cho, K.H., Cosentino, C., Fuente, 
A. de la, Hoek, J.B., Kiyatkin, A., Klamt, S., Kolch, 
W., Legewie, S., Mendes, P., Naka, T., Santra, T., 
Sontag, E., Westerhoff, H.V. & Kholodenko, B.N. 
(2015). Silence on the relevant literature and errors in 
implementation. Nature Biotechnology, 33 (4), 336-339. 
doi: 10.1038/nbt.3185

Kempe, H., Schwabe, A., Crémazy, F., Verschure, 
P.J. & Bruggeman, F.J. (2015). The volumes and 
transcript counts of single cells reveal concentration 
homeostasis and capture biological noise. Molecular 
Biology of the Cell, 26 (4), 797-804. doi: 10.1091/mbc.
E14-08-1296

Lankelma, J., Kooi, B., Krab, K., Dorsman, J.C., 
Joenje, H. & Westerhoff, H.V. (2015). A reason for 
intermittent fasting to suppress the awakening of 
dormant breast tumors. Biosystems, 127, 1-6. doi: 
10.1016/j.biosystems.2014.11.001

Rybakova, K.N., Bruggeman, F.J., Tomaszewska, 
A., Moné, M.J., Carlberg, C. & Westerhoff, H.V. 
(2015). Multiplex Eukaryotic Transcription (In)
activation: Timing, Bursting and Cycling of a Ratchet 
Clock Mechanism. PLoS Computational Biology, 11 
(4), e1004236. doi: 10.1371/journal.pcbi.1004236

Rybakova, K.N., Tomaszewska, A., Mourik, 
S. van, Blom, J., Westerhoff, H.V., Carlberg, C. & 
Bruggeman, F.J. (2015). Tracing the molecular basis 
of transcriptional dynamics in noisy data by using an 
experiment-based mathematical model. Nucleic Acids 
Research, 43 (1), 153-161. doi: 10.1093/nar/gku1272

Westerhoff, H.V., Nakayama, S., Mondeel, 
T.D.G.A. & Barberis, M. (2015). Systems 
Pharmacology: An opinion on how to turn the 
impossible into grand challenges. Drug Discovery 
Today. Technologies, 15, 23-31. doi: 10.1016/j.
ddtec.2015.06.006

C.A. Sellick, A.S. Croxford, A.R. Maqsood, 
G.M. Stephens, H.V. Westerhoff, & Goodacre, R.A. 
(2015). Metabolite profiling of CHO cells: Molecular 
reflections of bioprocessing effectiveness.  Biotechnology 
journal 10, 1434-45. doi:10.1002/biot.201400664

Westerhoff, H.V. (2015) Network-based 
pharmacology through systems biology. Drug 
Discovery Today: Technologies, 15, 15-16

Naldi A, Monteiro PT, Müssel C, the Consortium 
for Logical Models and Tools*, Kestler HA, Thieffry D, 
Xenarios I, Saez-Rodriguez J, Helikar T, Chaouiya C 
(2015) Cooperative development of logical modelling 
standards and tools with CoLoMoTo. Bioinformatics, 
31:1154–1159.

Invited lecture

Barberis, M. (14 January). A Systems Biology 
approach to the tuning of cell cycling and chromatin 
dynamics. Tokyo, Japan, Seminar RIKEN Center for 
Integrative Medical Sciences (IMS).

Barberis, M. (9 July). Deciphering the design 
principles of dynamic cell cycle control. La Jolla, CA, 
USA, The 9th Salk Institute Cell Cycle Meeting.

Barberis, M. (30 January). The cell cycle perspectives 
for individualized medicine. VU University 
Amsterdam, the Netherlands, BioSB course on the 
systems-biology of individualized medicine: O2 for 
Personalized Medicine: from inspiration to aspiration.

Barberis, M. (7 September) Deciphering the design 
principles of dynamic cell cycle control. 27th International 
Congress on Yeast Genetics and Molecular Biology, 
Levico Terme, Trento, Italy.

Barberis, M. (23 November) Deciphering the design 
principles of dynamic cell cycle control. 16th International 
Conference on Systems Biology, Singapore.

Barberis, M. (26 November) Capturing dynamic 
properties of cell cycle regulation by minimal logical models. 
Workshop on Logical Modeling, 16th International 
Conference on Systems Biology, Singapore.

Westerhoff, H.V. (23 November) Systems thinking 
out of the box: from dynamic genome structure to 
individualized medication. Keynote Lecture, 16th 
International Conference on Systems Biology, 
Singapore.

Verschure, P.J. (30 January). Epigenetic clocks as 
perspective for individualized medicine. VU University 
Amsterdam, the Netherlands, the BioSB research 

Figure 1: Single molecule mRNA counting combined with single-cell volume measurements enables quantification of 
RNA concentration statistics. Left: Nuclear and cytoplasmic transcripts (red) and DAPI nuclear staining (blue) are 
identified in human embryonic kidney cells. Right: The cartoon illustrates our experimental findings, i.e. total noise 
in mRNA (η2

m) is the sum of gene expression driven noise in mRNA (g η2
m) plus cell growth (volume) driven noise 

in mRNA (v η2
m). Kempe et al., Mol Biol Cell (2015) 26:797-804.
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school: O2 for Personalized Medicine and Nutrition: 
from inspiration to aspiration.

Verschure, P.J. (8 December). Epigenetics makes 
us tick: Functional performance of epigenetic regulation 
and its impact on biomedical applications. Amsterdam, 
the Netherlands, seminar at The Department of Cell 
Biology and Histology, AMC.

Verschure, P.J. (16 April). Epigenetics makes us tick: 
Functional performance, time-delay, memory, cell-cell 
variability and robustness. VU University, Amsterdam, 
the Netherlands, Annual Meeting: Celebrating 
AIMMS, celebrating Science.

Verschure, P.J. (22 October). Epigenetics makes us 
tick: Functional performance, time-delay, memory, cell-
cell variability and robustness. Radboud University 
Nijmegen, the Netherlands, The 13th Dutch Chromatin 
meeting.

Verschure, P.J. (22 June). Functional performance 
of epigenetic gene regulation in mammalian engineered 
cells: Time-delay, memory, cell-cell variability and 
robustness. EMBO EMBL Heidelberg, Germany, 
Enabling Technologies for Eukaryotic Synthetic 
Biology- Session 2: Modeling and computer-aided 
design.

Outreach

Verschure, P.J. Hormoonresistentie mammacarcinoom 
te voorspellen met epigenetica en systems medicine. 
Oncologie Up-to-date, 6 (4).

Verschure, P.J. (1 December). Wetenschapper (m/v): 
meer genderdiversiteit op de universiteit. Amsterdam, 
the Netherlands, Spui25: In samenwerking met 
honoursprogramma (S)hevolution (UvA & VU).

Verschure, P.J. (December) Profiel werkstuk 
middelbare scholieren ‘Forensic Epigenetics’.

Westerhoff, H.V. (24 February) Royal Institute 
Debate on Quantum Biology, London, UK.

Relevant positions

Barberis, M. Editoral board and/or associate editor 
Current Genomics, Frontiers in Syst Biol, Npj Systems 
Biology and Applications, PLoS Computational Biology.

Verschure, P.J. Editorial board and/or associate 
editor Frontiers Synthetic Biology, The Journal of 
Histochemistry and Cytochemistry.

Barberis, M. Executive director The International 
Society for Systems Biology (ISSB).

Verschure, P.J. Coordinator Co van Ledden 
Hulsebosch Center: the interdisciplinary expertise center 
for forensic scientific and medical research in Amsterdam.

Verschure, P.J. Coordinator EU H2020 MSCA 
-ITN EpiPredict.

Verschure, P.J. Committee member NWO-ALW 
VIDI.

Verschure, P.J. Committee member NWO-ALW 
Investment committee.

Verschure, P.J. Advisory board member 
SYNENERGENE - Rathenau Instituut.

Verschure, P.J. Member coordinating platform The 
Coordinating Action Systems Medicine (CASyM).

Verschure, P.J. Chair of the executive board Women 
in the FNWI network (WiF).

Verschure, P.J. Chair exam board Master of Forensic 
Sciences.

Verschure, P.J. New BMW Bachelor track developed 
(24 EC) (together with Renee van Amerongen, Stanley 
Brul, Huub Hoefsloot), started September 2015.

Verschure, P.J. FNWI Ambassador

Verschure, P.J. Member core team Nationale 
wetenschaps agenda, route 4

Verschure, P.J. Grant Reviewer Systems Medicine, 
Cell and Molecular Biology for the Medical Research 
Council; the Welcome Trust; The French National 
Research Agency

Barberis, M. (28-30 January). Course organiser. 
BioSB course on the systems-biology of individualized 
medicine: O2 for Personalized Medicine: from inspiration 
to aspiration. VU Amsterdam, the Netherlands.

Barberis, M. & Smits, G.J. (29 May). Organisers 
(and Barberis chairman). YEASTERDAY 2015: UvA 
Amsterdam.

Barberis, M. (23-26 November). Organiser, 
chairman, programme committee 16th International 
Conference on Systems Biology (ICSB 2015). Singapore.

Barberis, M. Scientific Programme Committee, 
Scientific Congress of FEBiotec (sciBAC 2015), 
Salamanca, Spain.

Barberis, M. Scientific Programme Committee  
European Conferences on Computational Biology 
(ECCBs)

Barberis, M. Grant Reviewer Systems Medicine 
(e:Med) for The German Federal Ministry of 
Education and Research; Systems Biology (FP7-people-
COFUND, European Commission) for the University 
of Liège, Belgium; Systems Biology of Cell Cycle for The 
Danish Council for Independent Research; Systems 
Biology of Cell Cycle and Aging for the Polish National 
Science Center; Computational Biology for The Swiss 
National Science Foundation

Verschure, P.J. (6 March). EU H2020 MSCA-ITN 
EpiPredict. kick off meeting: UvA, UB, Amsterdam.
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Research highlights

 ► The new team and research line lead by Dr Jacobs has been successfully set up and now 
harbours 1 postdoctoral researcher and 2 PhD students.

 ► Within the team of Prof. Smidt, 3 PhD students are finalising their PhD and several papers 
are currently under review and/or under revision for publication.

 ► The section of Dr van der Heide has been successfully augmented with a PhD student.
 ► The main advancement is not restricted to academic output or granting, we were also 

successful in implementing and extending research techniques as in utero, ex vivo and focal 
electroporation and organoid culturing (brain in a dish). These ‘state of the art’ methods provide 
a unique opportunity to study the role of critical genetic modulators in depth during brain 
development. Moreover, we have intensified our use of the FACS-Aria-3 machine (fluorescent 
cell sorter) in combination with advanced transcriptomics through RNAseq. The efforst of Dr F. 
Jacobs have led to the complete setup of a stem cell laboratory and accompanying genome analysis 
tool set.

 ► Finally, we have been active in applying for research grants: NWO-ALW VIDI (in final 
phase), NWO-ALW open competition (4*) Marie Curie (IF, successful), EU-starting grant (in 
final phase), Dutch Parkinson foundation (successful and 1 new application). Some of these grants 
are still in the evaluation phase.

Education highlights

We have been active in many aspects of education, some of the main activities are mentioned here:
 ► We have started year 3 of the new Master programme ‘Molecular NeuroScience (MNS)’, 

thereby completing the curriculum for this master track. The first full track evaluation was a 
staggering 8.8, which was continued in 2015. Due to changes in the team management, dr L. van 
der Heide is now the offical track coordinator (formerly M.P. Smidt). As overall Neurobiology-
master director, dr H. van Hooft has been appointed.

 ► We have been active as coordinators for the following programmes:
1. Bachelor Biomedical sciences: Neurobiology track biomedical sciences (dr Hans van Hooft)
2. Bachelor Psycobiology: Labvaardigheden course; Cell biology course (dr Marco Hoekman)
3. UvA masters: Molecular Neuroscience MSc track (dr Lars van der Heide/Prof. Marten Smidt).
4. UvA masters: Neurodevelopment/specification of Neuronal systems (Prof. Marten Smidt).
5. UvA masters: Stem cell fate and cortical genesis (dr Marco Hoekman)
6. UvA masters: Neuronal signalling transduction pathways (dr Lars van de Heide)

 ► Moreover, we are still active in the setup of the new bachelor programme for Psychobiology 
(dr Marco Hoekman (for three years now)). Next to these activities we are involved in teaching 
courses in year 1-3 of the bachelor programme Psychobiology and Biomedical sciences.

Research Programme: Neurosciences

Molecular Neuroscience

Within our laboratory we study the molecular biology 
that is behind developmental mechanisms in the 
central nervous system. Research in our lab is covered 
by one overarching theme: Brain development in 
Health and Disease. Nowadays it is generally accepted 
that many neurological disorders reflected in the adult, 
find their origin in the developing nervous system. 
Our primary aim is to dissect the genetic mechanisms 
underlying fundamental molecular processes during 
development of the brain, in order to gain more 
insight in the causes of neuro-related diseases. Studies 
within the Molecular Neuroscience Lab concentrate 
on two main areas: the cortex and the midbrain. The 
development of both regions is governed by complex 
genetic programmes, which, when changed, can lead 
to severe neuro-related diseases like Parkinson’s and 
Alzheimer’s Disease.
 
Five separate topics are distinguished, all lead by 
Principal Investigators:
• Molecular mechanisms in midbrain development; 

Prof. M.P. Smidt

Prof. M.P. Smidt Chairholder
Dr M.F.M. Hoekman Assistant Professor
Dr H. van Hooft Assistant Professor
Dr L.P. van der Heide Assistant Professor
Dr F.M.J. Jacobs Assistant Professor

Molecular Neuroscience

• Signal transduction in the developing and adult 
midbrain; Dr L.P. van der Heide

• Insulin signalling and circadian rhythms in the 
developing and adult brain; Dr M.F.M. Hoekman

• Functional development of cortical microcircuits; 
Dr J.A. van Hooft

• Primate Genome Evolution and Human Brain 
Development; Dr. F.M.J. Jacobs

The separate research groups are unified not 
only by one common theme, but also by shared 
technologies and internal collaborations. The group 
uses a variety of state-of-the-art techniques, such as 
in utero electroporations in the embryonic cortex, 
the generation of cortical organoids (minibrains) 
from human stem cells and patch-clamp techniques 
in brain slices. The available technologies give us 
the opportunities to modulate genetic programmes 
and signal transduction pathways in vivo, ex vivo 
and in vitro, and subsequently monitor functional 
consequences. In this way we strive to make progress in 
understanding how the brain is build and, ultimately, 
how a diseased brain could be cured.

4
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Other highlights

 ► Dr Lars van der Heide was appointed as Track coordinator for MNS.
 ► Dr Hans van Hooft is Neurobiology programme director.
 ► Prof. Marten Smidt was appointed as SILS director.
 ► The Art 9 course was re-accredited according to the new law on animal exprimentation.
 ► Smidt is a member of the ‘Kernteam’ Neurosciences to work on the ongoing collaboration 

between VU and UvA leading to the implementation of new (virtual) departments. In addition, 
Smidt is ‘kernteam’ member of CML4HH and CMLS4SS.

Academic publication

Heide, L.P. van der, Wijchers, P.J.E.C., Oerthel, 
L. von, Burbach, J.P.H., Hoekman, M.F.M. & Smidt, 
M.P. (2015). FoxK2 is required for cellular proliferation 
and survival. Journal of Cellular Physiology, 230 (5), 
1013-1023. doi: 10.1002/jcp.24828

Popular publication

Jacobs, F.M.J. (2015). The war within our DNA. 
Amsterdam Science, 13. 

Relevant positions

Hooft, J.A. van. (2015) Programme director of the 
neurobiology cluster of the UvA master programme, 
UvA.

Smidt, M.P. (2015) Director Swammerdam Institute 
for Life Sciences.

Research highlights

 ► Nutrition and stress during early life influence later cognition, neurogenesis and metabolism. 
 ► Novel pathways have been uncovered for how stress-hormones regulate synaptic function 

and fear memory formation.
 ► Overexpression of mineralocorticoid receptors prevents stress-induced memory impairments
 ► The combination of microRNA-124 and miR-137 fine-tunes apoptotic pathways in neural 

stem cells exposed to seizures. 
 ► The molecular mechanisms underlying interactions between histamine and glucocorticoid 

receptors,  and their implications for anti-inflammation therapies  have been characterised.

Research Programme: Neurosciences

4
Group members 

PhD students
Edward Robinson
Erik van Heesbeen
Willemieke Kouwenhoven
Gerrald Lodewijk
Simone Mesman
Ricardo Paap
Iris Wever
Nina Haring

Technicians
Lars von Oerthel
Cindy Wagemans

Structural and Functional Plasticity of 
the Nervous System
Prof. P.J. Lucassen Chairholder
Dr H.J. Krugers Associate Professor
Dr C.P. Fitzsimons Assistant Professor
Dr A. Korosi Assistant Professor
Prof. M.S. Oitzl Special Chair

Structural and Functional Plasticity of the Nervous System

Mission of the group: We want to understand how 
plasticity in the brain is regulated. We focus on 
neurogenesis, synaptic plasticity and behaviour, as 
well as on the control of these processes by (early) 
stress, inflammation, nutrition, and by epigenetics 
and microRNAs. Plasticity is studied in relation to 
cognition and to disorders like depression, PTSD, 
epilepsy, Parkinson’s and Alzheimer’s disease. 
Personnel: In 2015, our group has further grown 
with 3 postdocs; Naninck, Schouten and Schrantee, 
and 2 new PhD students, Ruigrok and Reemst (co-
promotor Korosi), who will study roles of nutrition 
and inflammation in relation to early-life stress. 
Research topics: Our research on plasticity on the one 
hand focuses on the perinatal period, with Krugers 
studying mechanisms underlying (emotional) memory 
formation, synaptic function and behaviour, while on 
the other hand Korosi and Lucassen, together with 
pre-clinical, clinical and industry groups, study effects 
of early stress and nutrition on early programming of 
adult brain structure and function. Fitzsimons studies 
the molecular control of brain plasticity, neurogenesis 
and stem cells, focusing on microRNAs, epigenetics, 

glucocorticoid rhythmicity and epilepsy. Lucassen 
further addresses neurogenesis and the stress system 
from a translational perspective, also in human brain. 
Scientific output: Despite our heavy teaching load, we 
managed to publish 2 book chapters and 23 papers, and 
delivered 28 invited lectures at various meetings. This 
year, 4 PhD students (Diana Ferreira de Sa, Karlijn 
Doorn, Marijn Schouten, Eva Naninck) successfully 
defended their thesis.
Teaching: In 2015, our group contributed heavily to the 
Psychobiology and Biomedical bachelor and master 
programmes. Our master track ‘Psychopharmaca 
and Pathophysiology’ (25 students), run by Korosi, 
Yam and Lucassen, remained very popular and was 
evaluated very well by the students, many of which 
have obtained PhD positions in Holland or abroad. 
Krugers is Programme Director of the accredited 
interdisciplinary Research Master Brain and Cognitive 
Sciences, with 50 students yearly. Fitzsimons 
successfully coordinated the Bachelor course 
‘Endocrinology’ for the FNWI Bachelor Programmes 
‘Psychobiology’ and ‘Biomedical Sciences’ for the first 
time.
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Grants, awards and other highlights

 ► Korosi, together with various partners, was awarded an ABMP grant (€250,ooo) together 
with Vivi Heine from the VU to investigate the role of astrocytes in depression, and a JPI grant 
from the European Nutricog program (€350,ooo) together with various european partners and 
Lipotype to investigate the role of bioactive metabolites in cognitive aging. 

 ► Lucassen received an ABC Research grant together with Reneman from the AMC (€250,ooo) 
to study effects of exercise on neurogenesis in the human brain, and an ABC Talent grant 
(€100,ooo) for Eva Naninck to study the effects of early stress and early diet in humans.

 ► Krugers received an ISAO crossing border grant (€80,ooo).
 ► Frijling, Bielefeld…Fitzsimons won the best poster prize at the Dutch Neuroscience meeting 

2015 for ‘Modulation of adult hippocampal neurogenesis after intrahippocampal Kainic Acid- 
induced seizures using microRNAs’.

 ► Group members were frequently invited as reviewers for Brain, Mol Psych, Biol Psych, Nature 
Comm., J Neurosci, Cer.Cortex and grants for Welcome Trust, ISAO, NWO and Alzheimer UK 
grants.

 ► Group members were invited as PhD opponent (5x Lucassen, 2x Krugers).

Research aims for the coming years

 ► 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.

 ► To develop 3D culture models of the adult hippocampus and use them to develop neural 
stem cell-based therapies for brain repair.

 ► To advance in the therapeutic application of previously characterised microRNAs.
 ► To further characterise the role of glucocorticoid hormones in the regulation of adult 

neurogenesis and other forms of structural plasticity in newborn neurons in the hippocampus, in 
relation to healthy aging and Alzheimer’s disease.

 ► 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.

Research Programme: Neurosciences Structural and Functional Plasticity of the Nervous System
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Group members

Docent
Rob de Heus

Postdoctoral researchers
Eva Naninck
Marijn Schouten

PhD students
Marit Arp
Pascal Bielefeld

Lianne Hoeijmakers
Maralinde Abbink
Sylvie Lesuis
Sofia Kanatsou
Marijn Schouten
Hui Xiong
Kit Yi Yam

Technicians
Gideon Meerhoff
Jan den Blaauwen
Peter Hesseling

Academic publications

Doorn, K.J., Brevé, J.J.P., Drukarch, B., Boddeke, 
H.W., Huitinga, I., Lucassen, P.J. & Dam, A.M. van 
(2015). Brain region-specific gene expression profiles 
in freshly isolated rat microglia. Frontiers in Cellular 
Neuroscience, 9, 84. doi: 10.3389/fncel.2015.00084

Joëls, M., Fernandez, G., Krugers, H. & Karst, H. 
(2015). Brain mineralocorticoid receptor: The other 
one. Psychoneuroendocrinology, 61, 13-13. doi: 10.1016

Kanatsou, S., Kuil, L.E., Arp, M., Oitzl, M.S., 
Harris, A.P., Seckl, J.R., Krugers, H.J. & Joels, M. 
(2015). Overexpression of mineralocorticoid receptors 
does not affect memory and anxiety-like behavior 
in female mice. Frontiers in Behavioral Neuroscience, 
9:182. doi: 10.3389/fnbeh.2015.00182

Kanatsou, S., Fearey, B.C., Kuil, L.E., Lucassen, 
P.J., Harris, A.P., Seckl, J.R., Krugers, H. & Joels, 
M. (2015). Overexpression of Mineralocorticoid 
Receptors Partially Prevents Chronic Stress-Induced 
Reductions in Hippocampal Memory and Structural 
Plasticity. PLoS One, 10 (11):e0142012.

Khalili-Mahani, N., Niesters, M., Osch, M.J. 
van, Oitzl, M., Veer, I., Rooij, M. de, Gerven, J. van, 
Buchem, M.A. van, Beckmann, C.F., Rombouts, 
S.A.R.B. & Dahan, A. (2015). Ketamine interactions 
with biomarkers of stress: a randomized placebo-

controlled repeated measures resting-state fMRI and 
PCASL pilot study in healthy men. NeuroImage, 108, 
396-409. doi: 10.1016/j.neuroimage.2014.12.050

Lucassen, P.J., Oomen, C.A., Naninck, E.F.G., 
Fitzsimons, C.P., Dam, A.M. van, Czeh, B. & Korosi, 
A. (2015). Regulation of Adult Neurogenesis and 
Plasticity by (Early) Stress, Glucocorticoids, and 
Inflammation. Cold Spring Harbor Perspectives in 
Biology, 7 (9):a021303. 

Marel, K. van der, Bouet, V., Meerhoff, G.F., 
Freret, T., Boulouard, M., Dauphin, F., Klomp, 
A., Lucassen, P.J., Homberg, J.R., Dijkhuizen, 
R.M. & Reneman, L. (2015). Effects of long-term 
methylphenidate treatment in adolescent and adult 
rats on hippocampal shape, functional connectivity 
and adult neurogenesis. Neuroscience, 309, 243-258.

Oosterink, J.E., Naninck, E.F.G., Korosi, A., 
Lucassen, P.J., Goudoever, J.B. van & Schierbeek, 
H. (2015). Accurate measurement of the essential 
micronutrients methionine, homocysteine, vitamins 
B6, B12, B9 and their metabolites in plasma, brain and 
maternal milk of mice using LC/MS ion trap analysis. 
Journal of Chromatography B, 998-999, 106-113.

Schouten, M., Fratantoni, S.A., Hubens, C.J., 
Piersma, S.R., Pham, T.V., Bielefeld, P., Voskuyl, 
R.A., Lucassen, P.J., Jimenez, C.R. & Fitzsimons, C.P. 
(2015). MicroRNA-124 and -137 cooperativity controls 

Figure 1: Newborn cells in the adult hippocampus.
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Invited lectures

Bielefeld, P. (11 June). Does aberrant adult 
hippocampal neurogenesis contribute to changes in 
Dentate Gyrus excitability after status epilepticus? 
Lunteren, The Netherlands, Session Hippocampus 
function in health and disease: on memory, 
pattern separation and adult neurogenesis, Dutch 
Neuroscience Meeting 2015.

Bielefeld, P. (27 November). microRNAs as potential 
therapeutic targets in epilepsy. Amsterdam, ONWAR 
PhD Student meeting 2015.

Fitzsimons, C.P. (11 July). Epigenetics, neurogenesis 
and cognition: perspectives for drug development. 
Catania, Italy, Summer School of Neuroscience, 
Cognition, the Target.

Fitzsimons, C.P. (16 January). Glucocorticoid 
Hormones Preserve a Population of Adult Hippocampal 
Neural Stem Cells in the Aging brain. Frankfurt, 
Germany, Dept. of Anatomy, Goethe University.

Fitzsimons, C.P. (5 November). Role of microRNAs 
in Aberrant Hippocampal Neurogenesis Associated with 
Epilepsy. Genoa, Italy, PhD Programme of the Italian 
Institute of Technology.

Fitzsimons, C.P. (8 May). Ultradian glucocorticoid 
oscillations coordinate epigenetic programing of 
hippocampal neural stem/progenitor cell quiescence. 
Dresden, Germany, Adult Neurogenesis: Evolution, 
Regulation and Function, Center for Regenerative 
Therapies.

Korosi, A. (28 March). Early stress, nutrition and 
later cognition. Ankara, Turkey, Brain development 
symposium.

Krugers, H.J. (9 October). Learning under Stress. 
Amsterdam, The Netherlands, ONWA, Netherlands 
Institute for Neurosciences.

Krugers, H.J. (2 September). Molecular mechanisms 
underlying emotional memories: importance to target 
fear. Amsterdam, The Netherlands, ECNP Meeting.

Krugers, H.J. (12 June). Stress, excitatory synapses 
and memory. Lunteren, The Netherlands, Dutch 
Neuroscience Meeting.

caspase-3 activity through BCL2L13 in hippocampal 
neural stem cells. Scientific Reports, 5:12448. 

Schrantee, A., Václavů, L., Heijtel, D.F.R., Caan, 
M.W.A., Gsell, W., Lucassen, P.J., Nederveen, A.J., 
Booij, J. & Reneman, L. (2015). Dopaminergic System 
Dysfunction in Recreational Dexamphetamine Users. 
Neuropsychopharmacology, 40, 1172-1180. 

Singh-Taylor, A., Korosi, A., Molet, J., Gunn, 
B.G. & Baram, T.Z. (2015). Synaptic rewiring of 
stress-sensitive neurons by early-life experience: a 
mechanism for resilience? Neurobiology of Stress, 1, 
109-115. doi: 10.1016/j.ynstr.2014.10.007

Vogel, S., Klumpers, F., Kroes, M.C.W., Oplaat, 
K.T., Krugers, H.J., Oitzl, M.S., Joëls, M. & 
Fernández, G. (2015). A Stress-Induced Shift from 
Trace to Delay Conditioning Depends on the 
Mineralocorticoid Receptor. Biological Psychiatry, 78 
(2), 830-739. doi: 10.1016/j.biopsych.2015.02.014

Xiong, H., Cassé, F., Zhou, Y., Zhou, M., 
Xiong, Z.Q., Joëls, M., Martin, S. & Krugers, H.J. 
(2015). mTOR is essential for corticosteroid effects 
on hippocampal AMPA receptor function and fear 
memory. Learning & Memory, 22 (12), 577-583. 

Xiong, H. & Krugers, H.J. (2015). Tuning 
hippocampal synapses by stress-hormones: Relevance 
for emotional memory formation. Brain Research, 
1621, 114-120. doi: 10.1016/j.brainres.2015.04.010

Yam, K.Y., Naninck, E.F.G., Schmidt, M.V., 
Lucassen, P.J. & Korosi, A. (2015). Early-life adversity 
programs emotional functions and the neuroendocrine 
stress system: the contribution of nutrition, metabolic 
hormones and epigenetic mechanisms. Stress - the 
International Journal on the Biology of Stress, 18 (3), 328-
342. doi: 10.3109/10253890.2015.1064890

Zappia, C.D., Granja-Galeano, G., Fernández, N., 
Shayo, C., Davio, C., Fitzsimons, C.P. & Monczor, F. 
(2015). Effects of histamine H1 receptor signaling on 
glucocorticoid receptor activity. Role of canonical and 
non-canonical pathways. Scientific Reports, 5:17476.

Bolijn, S. & Lucassen, P.J. (2015). How the 
body talks to the brain; peripheral mediators of 
physical activity-induced proliferation in the adult 
hippocampus. Brain Plasticity, 1 (1), 5-27. 

Naninck, E.F.G., Hoeijmakers, L., Kakava-
Georgiadou, N., Meesters, A., Lazic, S.E., Lucassen, 
P.J. & Korosi, A. (2015). Chronic early life stress alters 
developmental and adult neurogenesis and impairs 
cognitive function in mice. Hippocampus, 25 (3), 309-
325. doi: 10.1002/hipo.22374

Vogel, S., Klumpers, F., Krugers, H.J., Fang, Z., 
Oplaat, K.T., Oitzl, M.S., Joëls, M. & Fernandez, G. 
(2015). Blocking the Mineralocorticoid Receptor in 
Humans Prevents the Stress-Induced Enhancement 
of Centromedial Amygdala Connectivity with the 
Dorsal Striatum. Neuropsychopharmacology, 40, 947-
956. doi: 10.1038/npp.2014.271

Herbert, J. & Lucassen, P.J. (2015). Depression as 
a risk factor for Alzheimer’s disease: Genes, steroids, 
cytokines and neurogenesis - what do we need to 
know? Frontiers in Neuroendocrinology.

Hoeijmakers, L., Lucassen, P.J. & Korosi, A. 
(2015). The interplay of early-life stress, nutrition, 
and immune activation programs adult hippocampal 
structure and function. Frontiers in Molecular 
Neuroscience, 7, 103. doi: 10.3389/fnmol.2014.00103

Klomp, A., Václavů, L., Meerhoff, G.F., Reneman, 
L. & Lucassen, P.J. (2014). Correction: Effects of 
chronic fluoxetine treatment on neurogenesis and 
tryptophan hydroxylase expression in adolescent and 
adult rats. PLoS One, 9 (5), e97603.

Loi, M., Mossink, J.C.L., Meerhoff, G.F., 
Blaauwen, J.L. den, Lucassen, P.J. & Joëls, M. (2016). 
Effects of early-life stress on cognitive function and 
hippocampal structure in female rodents. Neuroscience. 

Proceedings

Yam, K.Y., Schipper, L., Naninck, E.F.G., Fleur, 
S.E. la, Oosting, A., Beek, E.M. van, Lucassen, P.J. 
& Korosi, A. (2015). Involvement of fat metabolism 
in the early-life stress induced cognitive impairments. 
In 45th Annual Meeting of the International Society 
of Psychoneuroendocrinology Stress and the Brain: 
From Fertility to Senility John McIntyre Conference 
Centre, Edinburgh, 8th - 10th September 2015 Vol. 61. 
Psychoneuroendocrinology (pp. 34).

Book chapters

Lucassen, P.J., Jacobs, E.H., Hoeijmakers, L., 
Lesuis, S.L., Krugers, H., Korosi, A., Kuhn, H.G. & 
Boekhoorn, K. (2015). Stem cells and neurogenesis 
in relation to Alzheimer’s disease Models. In H.G. 
Kuhn & A.J. Eisch (Eds.), Neural Stem Cells in 
Development, Adulthood and Disease (Stem Cell Biology 
and Regenerative Medicine series) (pp. 53-78). New 
York: Human Press.

Schouten, M., Papaloukas, N., Bielefeld, P., 
Fratantoni, S.A. & Fitzsimons, C.P. (2015). Epigenetic 
mechanisms regulating the transition from embryonic 
stem cells towards a differentiated neural progeny. 
In G. Steinhoff (Ed.), Regenerative Medicine - from 
Protocol to Patient. Basel, Switzerland: Springer 
Publishing group.

Naninck, E.F.G., Lucassen, P.J. & Korosi, A. (2015). 
Consequences of early-life experiences on cognition 
and emotion: a role for nutrition and epigenetic 
mechanisms. In T. Canli (Ed.), The Oxford handbook 
of molecular psychology (pp. 311-336). Oxford: Oxford 
University Press.

PhD theses

Doorn, K.J. (30 June 2015). Brain region-specific 
microglial phenotypes and responses in Parkinson’s 
disease. UvA (211 p.) (’s-Hertogenbosch: BOXPress). 
Prom./coprom.: prof.dr. P.J. Lucassen, A.M.W. van 
Dam & B. Drukarch.

Naninck, E.F.G. (1 December 2015). Programming 
of hippocampal structure and function by early-life stress: 
Opportunities for nutritional intervention. UvA (248 
p.). Prom./coprom.: prof.dr. P.J. Lucassen & dr. A. 
Korosi.

Schouten, M. (24 November 2015). Epigenetic 
control of hippocampal stem cells: modulation by 
hyperactivation, glucocorticoids and aging. UvA (193 
p.). Prom./coprom.: prof.dr. P.J. Lucassen & dr. C.P. 
Fitzsimons.

 Ferreira de Sa, D. (10 February 2015). Reward-
related processing of visual food cues: neuroendocrine 
and stress mechanisms. University of Trier, Germany. 
Prom./coprom.: prof.dr. M.S. Oitzl.

Structural and Functional Plasticity of the Nervous System
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Krugers, H.J. (20 November). Stress, hersenen en 
gedrag. Rotterdam, The Netherlands, ISAM Meeting, 
Erasmus Universiteit.

Krugers, H.J. (22 April). Stress, synapses and 
memory. Zurich, Switzerland.

Krugers, H.J. (7 October). Stress-hormones, early 
life adversity and fear memory. Thessaloniki, Greece, 
Fens Forum Regional Meeting.

Krugers, H.J. (3 September). Targeted network 
meeting: Traumatic stress; memory as a critical 
endophenotype for stress related disorders. A roadmap for 
research. Amsterdam, The Netherlands.

Krugers, H.J. (9 December). Wat draagt 
hersenonderzoek bij aan kennis over leren? Amsterdam 
The Netherlands, Brown bag Lunch at the Institute 
for Interdisciplinary Studies.

Krugers, H.J. (14 April). Zie je wat je werkelijk ziet. 
Amsterdam, The Netherlands, NEMO.

Lucassen, P.J. (1 June). Application of MRS as tool 
to measure adult neurogenesis in the live human brain. 
Amsterdam, The Netherlands, ABC conference.

Lucassen, P.J. (16 November). Early life stress, 
neurogenesis and behaviour. Bristol, United Kingdom, 
Colston Research Society Symposium 2015 on PTSD. 

Lucassen, P.J. (16 February). Effects of early life 
stress and nutrition on adult hippocampal plasticity and 
function. London, United Kingdom, MRCSocial, 
Genetic and Developmental Psychiatry Centre, 
Institute of Psychiatry, King’s College.

Lucassen, P.J. (17 September). Hippocampal 
plasticity in relation to (early) stress, nutrition and 
depression. Sernhac, France, Adult Neurogenesis 
meeting.

Lucassen, P.J. (4 March). Hippocampal plasticity in 
relation to early stress, nutrition and depression. Zurich, 
Switzerland, Department of Anatomy, ETH.

Lucassen, P.J. (17 February). Plasticity in relation 
to stress and neurogenesis. London, United Kingdom, 
King’s College London.

Lucassen, P.J. (1 July). Science matters; stress & 
stem cells. Nijmegen, The Netherlands, Biomedical 
Symposium Radboud Universiteit Nijmegen.

Lucassen, P.J. (10 April). Structural plasticity 
in relation to (early) stress and depression. Solden, 
Switzerland, session “Structural dynamics of adult  
neurogenesis” at the 17th International Neuroscience 
Winter Conference.

Lucassen, P.J. (4 March). Structural plasticity 
in relation to (early) stress, depression and dementia. 
Lausanne, Switzerland, Department of Fundamental 
Neurosciences, University of Lausanne.

Lucassen, P.J. (15 January). Structural plasticity 
in relation to (early) stress, nutrition and depression. 
Frankfurt am Main, Germany, department of 
Klinische NeuroAnatomie, Goethe Universitat.

Lucassen, P.J. (1 October). Structural plasticity in 
relation to early stress, nutrition and depression. Braga, 
Portugal, Plenary lecture ECNP supported at the 8th 
Symposium Psiquiatria de Braga at the University of 
Minho.

Lucassen, P.J. (28 May). Structural plasticity, (early) 
stress, antidepressants and major depression. Amsterdam, 
The Netherlands, symposium on the occasion of Dr 
Snezana Milanovic at the AMC.

Lucassen, P.J. (28 January). Trends in Alzheimer’s 
disease research, a personal perspective. Utrecht, The 
Netherlands, ISAO Meet and Greet meeting.

Lucassen, P.J. (15 December). Nieuwe cellen in het 
volwassen brein; stamcellen en sport. Amstelveen, The 
Netherlands, Opening Symposium of the “Exercise 
and the brain” week (supported by the Cruyff 
foundation) at the Amstelveen College highschool. 

Naninck, E.F.G. (25 September). Effect of stress 
on brain development. Rotterdam, The Netherlands, 
Rotterdam Science Festival.

Oitzl, M.S. (10 May). Early Life and stress. Uppsala, 
Sweden, Neurotreat Meeting.

Schouten, M. (28 January). Epigenetic programming 
of hippocampal neurogenesis by stress in sporadic 
Alzheimer’s disease models. Utrecht, The Netherlands, 
ISAO Meet and Greet meeting.

Relevant positions

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

Fitzsimons, C.P. Member of the Working Group on 
Governance Innovation, Faculty of Science, UvA.

Fitzsimons, C.P. Member of the Joint Exam 
Commission Bachelor and Master Programmes in 
Biomedical Sciences, Faculty of Science, UvA.

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

Fitzsimons, C.P. Member of the Exam commission 
Master Programme Biomedical Sciences, Faculty of 
Science - University of Amsterdam.

Korosi, A. Board member and organising 
committee member Dutch Neuroscience meeting. - 
Dutch Neuroscience.

Korosi, A. Reviewer for grant applications from 
ESRC-BBSRC joint research call on epigenetics, 
Fondazione Cariplo - Italy, MRC research council - 
United Kingdom.

Korosi, A. Coordinator of the master track 
Psychopharmaca and Pathophysiology. UvA.

Krugers, H.J. Organisation Publieksdag - 
Hersenstichting. 

Krugers, H.J. Session Organiser - Dutch Society for 
Psychotraumatology.

Krugers, H.J. Local Organising committee, EBBS 
Meeting Verona, Italy.

Krugers, H.J. Chair Symposium “Molecular 
Targets”, EBBS Meeting Verona, Italy.

Krugers, H.J. Board member Amsterdam Brain 
and Cognition Center. - Universiteit van Amsterdam.

Krugers, H.J. Reviewer of the Human Frontiers 
Science Programme.

Krugers, H.J. Secretary Dutch Neurofederation.

Krugers, H.J. Treasurer European Brain and 
Behavioral Society - EBBS.

Krugers, H.J. Programme Director Research 
Master Brain and Cognition, Cognitive Science Center 
Amsterdam - Universiteit van Amsterdam. 

Lucassen, P.J. Reviewer for France ANR - France 
ANR, Alzheimer Nederland, AMC fellowships, 
Amsterdam Brain & Cognition, MRC/Welcome Trust, 
UK, NWO VENI committee, the Kings Health Partners 
R&D Challenge Fund.

Lucassen, P.J. Invited member of the Review 
committee and site visit member of the labs of Dr Y. 
Nolan and Prof.Dr J. Cryan - UCC Cork, Ireland.

Lucassen, P.J. ECNP Fellow

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

Lucassen, P.J. Chairman of the Scientific Advisory 
board of the International Society Alzheimer Onderzoek.

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

Oitzl, M.S. Editor Behavioural Brain Research. 

Oitzl, M.S. Board member of NWO-Earth and 
Life Sciences ALW 2015 - ALW.

Outreach

Fitzsimons, C.P. (2015). De invloed van stress op de 
ziekte van Alzheimer. Interview in Alzheimer Actueel, 
June 2015.

Lucassen, P.J. (2015). Interview about the state-of-
the-art on Alzheimer’s disease in the chapter ‘Nieuwe 
cellen, nieuwe verbindingen. published in the Dutch 
layman’s book Alzheimer onderzocht. Edited by 
K. Neuvel, H. Steinbusch, M. Kooistra, M. Petit,  
Uitgeverij Lannoo Campus Sept 2015.

Naninck, E.F.G. Thesis highlight on KennisLink, 
Dec 2015.
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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 tool is now being applied to try to modify learning and memory processes 
in freely behaving animals.

 ► The hippocampus and connected structures such as the ventral striatum are known to replay 
information that was acquired during preceding behavioural experiences. This replay can occur 
during sleep and during pauses that interrupt behavioural task performance. It is unknown, 
however, whether brain structures remote from hippocampus can replay such behavioural 
information. Recordings from the orbitofrontal cortex indicate that this remote structure is able 
to do so, and coordinate their replay with the hippocampus via indirect routes.

 ► 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. We used the GCaMP6 technique for in vivo 2-photon Ca2+ imaging in the 
visual cortex of awake mice to study how neural populations code for properties of visual stimuli, 
such as their orientation. This coding is subject to cell-to-cell correlations in ‘noise’ or background 
activity. We showed that these noise correlations are relatively harmless in the population coding 
of stimulus properties in primary visual cortex.

 ► Rats were trained on a visual detection task to study how perceived visual stimuli affect the 
hippocampal memory system differently than stimuli that go unnoticed. Our results suggest that 
brief transient visual stimuli do influence the activity patterns of hippocampal place cells and that 
this influence is partly explained by the locomotor response that will be emitted subsequent to 
the visual presentation.

 ► We developed methods to quantify non-linear correlations (based on mutual information) 
between the spiking activity of individual neurons located in different brain areas of rats. We 
discovered that during non-REM sleep – and in contrast with wakefulness – coupling between 
excitatory neurons in different brain areas is diminished. Conversely, local coupling and inter-
areal coupling between interneurons is preserved in non-REM sleep. These results contribute to a 
mechanistic explanation for the loss of consciousness that occurs in non-REM sleep.

 ► 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. These behavioural paradigms are tailored to use with in vivo two–photon calcium 
imaging and multi-area tetrode techniques to investigate neuronal mechanisms underlying multi-
modal sensory integration in cortical areas.

 ► We have shown that temporally discrete cues raising reward expectancy enhance both theta (~ 9 
Hz) and beta-band (~18 Hz) rhythmic activity in the hippocampus when rats are navigating towards a 
goal location to obtain a reward. These rhythmic activities are coupled to increased synchronisation of 
neuronal firing patterns in hippocampus and ventral striatum, which receives hippocampal input and 
invigorates motivated behaviour. These results suggest that cue-triggered reward expectancy intensifies 
hippocampal output by which it may gain privileged access to systems modulating behaviour.

 ► 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.

Cognitive and Systems Neuroscience
Prof. C.M.A. Pennartz Chairholder
Dr. C. Bosman Assistant Professor 
Dr W.E.J.M. Ghijsen Assistant Professor
Dr C.S. Lansink Assistant Professor
Dr J. Lortije Assistant Professor
Dr U. Olcese Assistant Professor

The group’s global research aim is to elucidate 
how neuronal networks distributed across cortical 
structures cooperate in cognitive processes, in 
particular conscious perception, multisensory 
integration and sensory-memory interactions. We 
mostly focus on the systems neurophysiology of the 
sensory neocortices, prefrontal cortex and temporal 
lobe. This aim is pursued using a variety of techniques 
and at various aggregate levels, ranging from cellular 
to systems and behavioural levels. 
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 published 
in book form, and we are testing its experimental 
predictions using e.g. in vivo 2-photon Calcium 
imaging, optogenetics and multi-area neuronal 
ensemble recordings. 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. To illustrate 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.  As an example of 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-hippocampal system. Using whole-cell 
recordings in vivo, guided by 2-photon imaging, we 
are studying how GABAergic 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. patch-clamp recordings, optogenetics, 
computational analysis, theoretical neuroscience and 
modelling. All of these disciplines are combined with 
behavioural-cognitive 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 can also mediate the 
‘chunking’ of items as a more fundamental function. 
This project is carried out in animals by performing 
multi-area ensemble recordings using ‘tetrode arrays’. 
Furthermore, this line of research has been augmented 
by studying how stress hormones influence memory 
formation, involving both spatial and emotional 
aspects.
Recently acquired grants are allowing us to expand our 
systems-level efforts to elucidate neural substrates of 
multimodal integration and consciousness by causally 
intervening approaches such as optogenetics and 
DREADDs, and to integrate these results with large-
scale computer simulations and robotic modelling.

Research Programme: Neurosciences Cognitive and Systems Neuroscience
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Other highlights

 ► The following UvA-based papers were accepted and/or published in high-impact review 
journals: 

Montijn JS, Goltstein PM, Pennartz CMA (2015) Mouse V1 population correlates of 
visual detection rely on heterogeneity within neuronal response patterns. eLife 2015; 
4:e10163.
Perrenoud Q, Pennartz CMA, Gentet LJ (2015). Membrane Potential Dynamics of 
Spontaneous and Visually Evoked Gamma Activity in V1 of Awake Mice. Plos Biol.

 ► Dr Conrado Bosman and Dr Umberto Olcese were awarded a project grant in the Joint 
Transnational Call 2015 of the FET Flag-ERA-Net, in the context of the FET Flagship Human 
Brain Project. (Bosman and Olcese are first applicants and coordinators of the project; €578,000 
total).

 ► Project grant awarded to C. Lansink: Amsterdam Brain and Cognition Project Grant. The 
role of dopamine in visual awareness. (Co-applicant, with Dr H. Slagter, €250,000 total). 

 ► Project grant awarded to C. Lansink: Trans-University Brain-Mind Research Grant (joint 
VU-UvA programme). (Co-applicant, with Prof. A. B. Smit, €250,000 total).

 ► Project grant awarded to C. Pennartz: Trans-University Brain-Mind Research Grant (joint 
VU-UvA programme). Processing multisensory evidence for decision-making: control by frontal 
versus sensory cortex  (First applicant, with Dr C. de Kock and Dr U. Olcese; €250,000 total). 

 ► Cyriel Pennartz was awarded a project grant in the Open Call of the FET Flagship Human 
Brain Project, Systems and Cognitive Neuroscience, and was elected leader of the Subproject 
Systems and Cognitive Neuroscience (SP3) of HBP, thereby also becoming member of the Board 
of Directors of HBP. First applicant, €430,000 for research at UvA (€2,000,000 for team effort; 
in addition €520,000 for SP3 Coordination and Management).

 ► Cyriel Pennartz published the monograph: The brain’s representational power – on consciousness 
and the integration of modalities (398 pp., September 2015) at MIT Press.

Research aims for the coming years

 ► We will apply optogenetics in rodents to study causal mechanisms of multisensory integration. 
 ► We plan to elaborate on the previously developed theoretical framework for consciousness 

by developing new computational measures of relevant neural processes, e.g. of representational 
complexity, extending the toolkit of non-linear analytical methods. This work will be connected 
to computational modelling studies carried out by collaborations in e.g. the Human Brain Project.

 ► In ferrets, we will 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 multisensory integration by two-photon 
calcium imaging and by multi-area tetrode recordings in the sensory cortices and medial temporal 
lobe structures. These techniques will be supplemented with silicon probe and juxtacellular 
recordings, as well as cell staining.

 ► We have set up whole-cell recordings in vivo, which are performed under 2-photon visually 
guided microscopy, targeting both excitatory pyramidal and inhibitory GABAergic neurons in the 
superficial layers of the cortex in transgenic mice. We will study the tuning properties of specific 
cell types to multisensory inputs.

 ► The interaction between sensory and hippocampal memory systems will be addressed by 
novel experiments on pattern separation versus completion and on multisensory integration. 
These studies will be carried out in the context of the EU FET Flagship Human Brain Project and 
in collaboration with the Vrije Universiteit.

 ► Using pharmacogenetics, we will start a project investigating the causal role of 
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). 

Figure 1 (facing page): example results of neuronal population-level analyses in awake, task-
performing mice. a) When mice were trained to perform a Go/NoGo visual detection task, we observed 
recurrent patterns of assembly activity: certain groups of neurons were more likely to activate together 
(example recurring assembly shown in red). b) We found that the temporal positioning of neuronal 

activity in a stereotyped sequence was more consistent when the mouse made a correct detection, when 
compared with a failure to respond to a physically identical stimulus on a different trial. Interestingly, 
this overall sequence was preserved, regardless of which assembly was active. Graph shows one dot per 
neuron per assembly: most neurons have a preferred time of activation relative to the centre in time of 

population events that is similar across assemblies they participate in.

Research Programme: Neurosciences Cognitive and Systems Neuroscience
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https://elifesciences.org/content/4/e10163v2
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Annual Report 2015 - 79 78 - Swammerdam Institute for Life Sciences

Group members

Postdoctoral researchers
Gerben Klein
Hui Xiong
Jeroen Bos
Quentin Perrenoud
Silviu Rusu

PhD students
Guido Meijer
Jorrit Montijn
Lianne Klaver
Ivana Milojevic
Paul Mertens 

Docent
Amos Keestra

Technician
Laura van Mourik-Donga

ICT developer
Jan Lankelma

Academic publications

Vinck, M.A., Bos, J.J., Mourik-Donga, L.A van, 
Oplaat, K.T., Klein, G.A., Jackson, J.C., Gentet, 
L.J. & Pennartz, C.M.A. (2015). Cell-Type and 
State-Dependent Synchronization among Rodent 
Somatosensory, Visual, Perirhinal Cortex, and 
Hippocampus CA1. Frontiers in Systems Neuroscience, 
9, 1-25. doi: 10.3389/fnsys.2015.00187

Aarts, E., Maroteaux, G., Loos, M., Koopmans, B., 
Kovacevic, J., Smit, A.B., Verhage, M., Sluis, S. van de, 
Brussaard, A.B., Borst, J.G., Elgersma, Y., Galjart, N., 
Horst, G.T. van der, Levelt, C.N., Pennartz, C.M.A., 
Spruijt, B.M. & Zeeuw, C.I. de (2015). The light 
spot test: Measuring anxiety in mice in an automated 
home-cage environment. Behavioural Brain Research, 
294, 123-130. doi: 10.1016/j.bbr.2015.06.011

Bastos, A.M., Litvak, V., Moran, R., Bosman, 
C.A., Fries, P. & Friston, K.J. (2015). A DCM study 
of spectral asymmetries in feedforward and feedback 
connections between visual areas V1 and V4 in the 
monkey. NeuroImage, 108, 460-475.

Bastos, A.M., Vezoli, J., Bosman, C.A., Schoffelen, 
J.M., Oostenveld, R., Dowdall, J.R., Weerd, P. de, 
Kennedy, H. & Fries, P. (2015). Visual areas exert 
feedforward and feedback influences through distinct 
frequency channels. Neuron, 85 (2), 390-401.

Bosman, C.A. & Aboitiz, F. (2015). Functional 
constraints in the evolution of brain circuits. Frontiers 
in Neuroscience, 9, 1-13.

Lewis, C.M., Bosman, C.A. & Fries, P. (2015). 
Recording of brain activity across spatial scales. 
Current opinion in neurobiology, 32, 68-77. 

Loos, M., Koopmans, B., Aarts, E., Maroteaux, G., 
Sluis, S. van der, Verhage, M., Smit, A.B., Brussaard, 
A.B., Borst, J.G.G., Elgersma, Y., Galjart, N., Horst, 
G.T. van der, Levelt, C.N., Pennartz, C.M.A., Spruijt, 
B.M. & Zeeuw, C.I. de (2015). Within-strain variation 
in behavior differs consistently between common 
inbred strains of mice. Mammalian Genome, 26 (7-8), 
348-54. doi: 10.1007/s00335-015-9578-7

Lorteije, J.A.M., Zylberberg, A., Ouellette, B.G., 
Zeeuw, C.I. de, Sigman, M. & Roelfsema, P.R. (2015). 
The Formation of Hierarchical Decisions in the Visual 
Cortex. Neuron, 87 (6), 1344-1356.

Montijn, J.S., Goltstein, P.M. & Pennartz, 
C.M.A. (2015). Mouse V1 population correlates of 
visual detection rely on heterogeneity within neuronal 
response patterns. eLife, 4:e10163.

Olcese, U. & Faraguna, U. (2015). Slow cortical 
rhythms: from single-neuron electrophysiology to 
whole-brain imaging in vivo. Archives Italiennes de 
biologie, 153 (2-3), 87-98.

Remmelink, E., Loos, M., Koopmans, B., Aarts, E., 
Sluis, S. van der, Smit, A.B., Verhage, M., Brussaard, 
A.B., Borst, J.G., Elgersma, Y, Galjart, N., Horst, 
G.T. van der, Levelt, C.N., Pennartz, C.M., Spruijt, 
B.M. & Zeeuw, C.I. de (2015). A 1-night operant 
learning task without food-restriction differentiates 
among mouse strains in an automated home-cage 
environment. Behavioural Brain Research, 283, 53-60.

Richter, C.G., Thompson, W.H., Bosman, C.A. & 
Fries, P. (2015). A jackknife approach to quantifying 
single-trial correlation between covariance-based 
metrics undefined on a single-trial basis. NeuroImage, 
114, 57-70.
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Semeraro, F., Scapigliati, A., Tammaro, G., 
Olcese, U., Cerchiari, E.L. & Ristagno, G. (2015). 
Advanced life support provider course in Italy: A 
5-year nationwide study to identify the determinants 
of course success. Resuscitation, 96, 246-251.

Vinck, M., Huurdeman, L., Bosman, C.A., Fries, 
P., Battaglia, F.P., Pennartz, C.M.A. & Tiesinga, P.H. 
(2015). How to detect the Granger-causal flow direction 
in the presence of additive noise? NeuroImage, 108, 
301-318. doi: 10.1016/j.neuroimage.2014.12.017

Wokke, M.E., Talsma, L.J. & Vissers, M.E. (2015). 
Biasing neural network dynamics using non-invasive 
brain stimulation. Frontiers in Systems Neuroscience, 
8:246. doi: 10.3389/fnsys.2014.00246

Goltstein, P.M., Montijn, J.S. & Pennartz, 
C.M.A. (2015). Effects of isoflurane anesthesia on 
ensemble patterns of Ca2+ activity in mouse V1: 
reduced direction selectivity independent of increased 
correlations in cellular activity. PLoS One, 10 (2), 
e0118277. doi: 10.1371/journal.pone.0118277

Brunet, N., Bosman, C.A., Roberts, M., 
Oostenveld, R., Womelsdorf, T., Weerd, P. de & 
Fries, P. (2015). Visual Cortical Gamma-Band Activity 
During Free Viewing of Natural Images. Cerebral 
Cortex, 25 (4), 918-926. doi: 10.1093/cercor/bht280

Book

Pennartz, C.M.A. (2015). The brain’s representational 
power – on consciousness and the integration of modalities. 
Cambridge USA: MIT Press.

Bookchapter

Lansink, C.S. & Pennartz, C.M.A. (2015). 
Associative Reactivation of Place-Reward Information 
in the Hippocampal-Ventral Striatal Circuitry. In M. 
Tatsuno, M. Tatsuno & J Knierim (Eds.), Analysis 
and modeling of coordinated multi-neuronal activity 
(Springer series in computational neuroscience, 12) 
(pp. 81-104). New York: Springer.

PhD thesis

Goltstein, P.M. (2015, December 17). A rewarding 
view on the mouse visual cortex: Effects of associative 
learning and cortical state on early visual processing in 

the brain. Universiteit van Amsterdam (ii, 228 p.). 
Prom./coprom.: prof.dr. C.M.A. Pennartz.

Invited lectures

Lopes da Silva, F.H. (28 November). Computational 
modeling of neural systems: a case study - the dynamics 
of Absence Epilepsies. Warsaw, Poland, V Conference 
on Aspects of Neuroscince – University of Warsaw, 
Poland.

Lopes da Silva, F.H. (19 March). Evolving concepts 
on the pathophysiology of Generalised Absence Epilepsy: 
historical controversies and new insights. Tübingen, 
Germany, 59. Wissenschaftliche Jahrestagung 
Deutsche Gesellschaft für Klinische Neurophyisologie 
und Funktionelle Bildgebung, Hertie Institut für 
Klinische Hirnforschung.

Lopes da Silva, F.H. (14 July). The evolution of a 
striking idea, the phase clustering index. Heemstede, 
The Netherlands, International meeting on “Principles 
of Autonomous NeuroDynamics SAND XII”-  
Foundation Epilepsy  Institutions.

Lorteije, J.A.M. (11 March). Lectio Magistralis: 
Heen en weer: de rol van terugkoppeling op visuele 
processen en perceptuele beslissingen. Rotterdam, The 
Netherlands, Erasmus MC Desiderius school.

Olcese, U. (17 June). Intracortical circuits for 
multisensory integration. Amsterdam, The Netherlands, 
Summer School on Multisensory Integration and 
Synesthesia of the Amsterdam Brain and Cognition 
Center.

Pennartz, C.M.A. (2 September). Episodic memory 
as multisensory reconstruction. Madrid, Spain, Summit 
Meeting of Human Brain Project.

Pennartz, C.M.A. (14 January). Functions of 
internally generated sequences in brain mechanisms 
for planning and decision-making. Nijmegen, The 
Netherlands, Donders Institute, Neurophysics Dept. 
Radboud University.

Pennartz, C.M.A. (26 June). Neural basis of 
sensory modalities: theory and experiment. Amsterdam, 
The Netherlands, International Symposium on 
Multisensory integration and Synesthesia.
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Pennartz, C.M.A. (10 August). Neurophysiology of 
decision-making: value coding and internally generated 
sequences. Nijmegen, The Netherlands, International 
Summer School on Neurocomputational approaches 
to decision-making: from perception to social 
cognition. Donders Institute for Brain, Cognition 
and Behaviour.

Pennartz, C.M.A. (21 April). Who is in control 
of decision-making? Amsterdam, The Netherlands, 
International Symposium on Decision making with 
Paul Glimcher, ABC Panel Discussion.

Relevant positions

Bosman Vittini, C.A. Editor for Brain Research, 
Frontiers in Neuroscience, Journal of Neurophysiology, 
Schizophrenia Research.

Ghijsen, W.E.J.M. Editor for Epilepsy Research.

Lopes da Silva, F.H. Editor for Annals of Neurology, 
Brain, Clinical Neurophysiology, Epilepsia, Frontiers in 
Neurology, IEEE Transactions On Signal Processing, 
International Journal of Neural Systems, Journal of 
medical systems, NeuroImage, PLoS One.

Olcese, U. Editor for Cerebral Cortex, European 
Journal of Neuroscience, Journal of Neuroscience, PLoS 
One.

Pennartz, C.M.A. Editor for Behavioral and 
Brain Sciences, eLife, Journal of Neuroscience, Neuron, 
Philosophical Transactions of the Royal Society B 
-  Biological Sciences, 370(1663), Proceedings of the 
National Academy of Sciences of the United States of 
America, Science, Trends in neurosciences.

Bosman Vittini, C.A. Member opleidingsteam 
Bachelor Psychobiologie - UvA.

Ghijsen, W.E.J.M. Member Alumni Board 
Psychobiology - UvA; Education Committee Bachelor 
Psychobiology. - UvA; Institutional Board of Animal 
Wellfare - UvA; Animal Experiments Committees of 
AMC and FNWI faculties - UvA.

Ghijsen, W.E.J.M. Organiser and Chairman of 
mini-symposium Robotics for Alumni at 7 November 
2015 - UvA.

Lansink, C.S. Organiser and Chair of symposium  
What is the hippocampus telling the rest of the brain? - 
Spring Hippocampal meeting, Taormina, Italy.

Lansink, C.S. Member of the Advisory Board of 
the Amsterdam Brain and Cognition Centre - UvA.

Lopes da Silva, F.H. Member of the Scientific 
Advisory Board of the Center for Medical Brain 
Imaging of the École Polytechnique Fedérale de Lausanne, 
Switzerland.

Lopes da Silva, F.H. Member of the External 
Advisory Board of the Institute for Pathology 
and Molecular Immunology. - University of Porto 
(IPATIMUP), Portugal.

Lopes da Silva, F.H. Chair of the the of the 
External Advisory Board of Center of Neuroscience and 
Cell Biology and the Biomedical Institute for Vision and 
Image Research (CNC-IBILI) - University of Coimbra, 
Portugal.

Lopes da Silva, F.H. Chair of the Advisory Council 
of the school of Health Sciences - University of Minho, 
Portugal.

Lopes da Silva, F.H. Reviewer for the VLIR - 
Vlaamse Interuniversitaire Raad, Belgium.

Olcese, U. Member of the Lecture Committee of 
the Amsterdam Brain and Cognition Centre - UvA.

Olcese, U. Member of the Exam Committee of the 
Master Brain and Cognitive Sciences - UvA.

Pennartz, C.M.A. Member of the Evaluation 
Committee of the Lyon Neuroscience Research Center.

Pennartz, C.M.A. Organiser and Chairman of 
the International Summer School and Symposium 
Multisensory integration and synesthesia (with Dr. R. 
Rouw) - UvA.

Pennartz, C.M.A. New Leader of Subproject 3 
(Systems and Cognitive Neuroscience) of Human 
Brain Project (EU FET Flagship) and Member of the 
Board of Directors of the Human Brain Project. - UvA.

Pennartz, C.M.A. Member of UvA Science Faculty 
Committee for Assessment of Scientific Research Quality 
(Key Performance Indicators) - UvA.

Lansink, C.S. Member review committee ABC 
project grants - Amsterdam Brain and Cognition UvA.

Lansink, C.S. Member board of examinations 
Master Brain and Cognitive Sciences. - UvA.

Pennartz, C.M.A. Member of the Beta Plus 
Foundation.

Pennartz, C.M.A. Member of the Core Team 
Neuroscience for the exploration and implementation 
of collaborations between the Universiteit van 
Amsterdam and the Vrije Universiteit Amsterdam.

Pennartz, C.M.A. Member of the Management 
Team of the Swammerdam Institute for Life Sciences, 
Faculty of Science. - University of Amsterdam.

Pennartz, C.M.A. Chair of the Advisory Board of 
the Amsterdam Brain and Cognition Center - UvA.

Miscellaneous

Pennartz, C.M.A. (2015). Collaboration with an 
exhibition on New Realism.
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Research highlights

 ► Our instrumental and intellectual investments in optogenetics and multi-array recordings 
are starting to deliver exciting results. Optogenetic manipulation of dopaminergic neurons in 
the Ventral Tegmental Area has given us a new hypothesis on synchronisation of the neuronal 
population in this area, based on the concept of volume transmission. It also seems to explain 
some of the cognitive functions that are performed by this structure.

 ► The fruitful collaboration with Prof. Elly Hol, who has taken up a chair in Utrecht, is realised 
in two PhD projects focused around astrocyte function in Alzheimer’s disease. In the first project 
we investigated the role of astrocytic potassium channels in the regulation of neuronal excitability. 
A newly bred strain of mice that expresses an endogenous calcium sensor in their astrocytes 
allow us to monitor calcium waves in the glia population and establish their role in Alzheimer’s 
pathology. In a second project we investigate the role of astrocytes in neuronal synaptic plasticity, 
using spike time dependent plasticity as a read-out.

 ► Two current projects focus on epilepsy: one tries to establish the role of curcumin on 
epileptogenesis, while the other investigates the origins of pharmaco-resistance. Employing a 
combination of voltage-sensitive dye imaging and dual patch-clamp recordings another PhD 
project investigates how amygdalar (mood) signals modulate/gate the processing of cortical 
activity. A last project investigates homeostatic scaling of neuronal activity (as earlier described in 
our research on HCN channels) at the network level. Although we understand the mechanisms 
at a single cell, it is totally unclear what the net effect of such regulation is, when it occurs in 
all participants in a micro-circuit. At a relatively small scale all these experimental studies were 
supported by computational modelling.

Research aims for the coming years

 ► We will complete the gradual shift in focus from the cellular level to the micro-circuit level, 
now fully employing the four new experimental set-ups that were built to use optogenetic tools 
that can specifically activate genetically defined neuronal (sub) populations. The combination 
of these tools with advanced cellular patching and optical population recordings will open new 
routes to micro-circuit analysis. The new large-scale recording/stimulation facilities for in vivo 
recordings in epilepsy will be fully employed and used to obtain high frequency recordings of 
HFO’s, which are considered hallmarks of epilepsy/epileptogenesis in the pathological brain.

 ► Two theoretical projects were funded in 2015 by the ABC consortium. The aim of both 
projects is to underpin our experimental efforts with a computational modelling element.

Cellular and Systems Neurobiology
Prof. W.J. Wadman Chairholder
Dr T.R. Werkman Assistant Professor
Dr N.L.M. Cappaert Assistant Professor
Dr J.A. Gorter Assistant Professor
Prof. C. G. Kruse Special Chair
Prof. E. M. Hol Special Chair
Prof. E.M.A. Aronica 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 ionic 
channels 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, immunocyto-
chemistry, behavioural 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 
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.

Research Programme: Neurosciences Cellular and Systems Neurobiology
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PhD students
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Sicco de Knecht
Tamar Smit

Technicians
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Lieneke Kooijman
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Academic publications
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Hol, E.M. & Pekny, M. (2015). Glial 
fibrillary acidic protein (GFAP) and the 
astrocyte intermediate filament system in 
diseases of the central nervous system. Current 
opinion in cell biology, 32, 121-130. 

Holtman, I.R., Raj, D.D., Miller, J.A., 
Schaafsma, W., Yin, Z., Brouwer, N., Wes, 
P.D., Möller, T., Orre, M., Kamphuis, W., 
Hol, E.M., Boddeke, E.W.G.M. & Eggen, 
B.J.L. (2015). Induction of a common 
microglia gene expression signature by aging 
and neurodegenerative conditions: a co-
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Invited lectures

Gorter, J.A. (9 April). Status epilepticus, blood-brain 
barrier disruption, inflammation and epileptogenesis. 
London, England, 5th London-Innsbruck Colloquium 
on Status Epilepticus and Acute Seizures.

Gorter, J.A. (5 September). The inflammatory 
pathway to epilepsy. Istanbul, Turkey, 31st International 
Epilepsy Congress Istanbul 2015.

Lopes da Silva, F.H. (28 November). Computational 
modeling of neural systems: a case study - the dynamics 
of Absence Epilepsies. Warsaw, Poland, V Conference 
on Aspects of Neuroscince – University of Warsaw, 
Poland.

Lopes da Silva, F.H. (19 March). Evolving concepts 
on the pathophysiology of Generalised Absence Epilepsy: 
historical controversies and new insights. Tübingen, 
Germany, 59. Wissenschaftliche Jahrestagung 
Deutsche Gesellschaft für Klinische Neurophyisologie 
und Funktionelle Bildgebung, Hertie Institut für 
Klinische Hirnforschung.

Lopes da Silva, F.H. (14 July). The evolution of a 
striking idea, the phase clustering index. Heemstede, 
The Netherlands, International meeting on “Principles 
of Autonomous NeuroDynamics SAND XII”-  
Foundation Epilepsy  Institutions.

Relevant positions

Lopes da Silva, F.H. Editor for Annals of Neurology, 
Brain, Clinical Neurophysiology, Epilepsia, Frontiers in 
Neurology, IEEE Transactions On Signal Processing, 
International Journal of Neural Systems, Journal of 
medical systems, NeuroImage, PLoS One.Gorter, J.A. 
(Ed.). (2014) Brain.

Lopes da Silva, F.H. Member of the Scientific 
Advisory Board of the Center for Medical Brain 
Imaging of the École Polytechnique Fedérale de Lausanne, 
Switzerland.

Lopes da Silva, F.H. Member of the External 
Advisory Board of the Institute for Pathology 
and Molecular Immunology. - University of Porto 
(IPATIMUP), Portugal.

Lopes da Silva, F.H. Chair of the the of the 
External Advisory Board of Center of Neuroscience and 
Cell Biology and the Biomedical Institute for Vision and 
Image Research (CNC-IBILI) - University of Coimbra, 
Portugal.

Lopes da Silva, F.H. Chair of the Advisory Council 
of the school of Health Sciences - University of Minho, 
Portugal.

Lopes da Silva, F.H. Reviewer for the VLIR - Vlaamse 
Interuniversitaire Raad, Belgium.

Wadman, W.J. (from 2014). Special Chair 
Neuroscience- Academisch Ziekenhuis Gent, University 
of Ghent, Department of Neurology and Neurosurgery, 
Ghent, Belgium.

Wadman, W.J. (from 2014). Member 
gezondheidsraad.

Gorter, J.A. (from 2012). Member of the Scientific 
Advisory Board - Nationaal Epilepsie Fonds.
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Other highlights

 ► The Green Student Lab reached it full capacity of 15 students at the same time.
 ► The Genomics Student Lab was founded, based on the Student Lab concept.
 ► A TKI-U extension grant was awarded for the Green small-RNA Bioinformatics project.

Research highlights

 ► First ever RB&AB PhD student graduated; applied bioinformatics (Oskar Bruning).
 ► Beta-test site for 3rd generation sequencing technology (Oxford Nanopore).
 ► Proof-of-principle of a genomic comparison algorithm in the Green Forensics project.
 ► First cell-free RNA isolation experiments were successfully executed.
 ► The MAD has performed over 30 support projects for biologists in 2015.
 ► Publication of several collaborative manuscripts.

RNA Biology and Applied Bioinformatics

In recent years RNA has increasingly gained the 
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 protein-
coding 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 focuses 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.

Dr. T.M. Breit Groupleader
Dr. M.J. Jonker Research line: Transcriptome dynamics
Dr. R.J. Dekker Research line: RNA as genetic information carrier
J. Rauwerda MSc Research line: Applied bioinformatics
Dr. S.M. van Leeuwen Support: MAD; Dutch Genomics Service & Support Provider 

 ► 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, respectively, 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. Although 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.

RNA Biology and Applied Bioinformatics

www.RNAbiology.nl

Research Programme: Molecular Life Sciences

 ► Support Line: MAD: Dutch Genomics Service 
& Support Provider (www.dutchgenomics.nl)
Previously known as 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 
& support and performs microarray as well as next-
generation sequencing technology R&D; and 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 & Affymetrix & next-
generation 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.

5
Figure 1: In 2015, the Green Student Lab (GSL) 
celebrated its first anniversary. Our new student 

training facility ran at its full capacity for 
the first time since its founding. A total of 24 

MSc, BSc and HBO students have successfully 
finished their internship on a GSL project.

www.RNAbiology.nl
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Geneviève Girard
Han Rauwerda
Rob Dekker
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Selina van Leeuwen
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Oskar Bruning
Wim de Leeuw
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ICT support
Ioannis Moustaka
Inez Terpstra

Research aims for the coming year

 ► Implement the 3rd generation sequencing platform: Oxford Nanopore.
 ► To support as many research groups as possible with NGS technology.
 ► To finish the PhD studies on transcriptome dynamics.

Academic publications
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Kuile, B.H. ter (2015). Factors that affect transfer 
of the IncI1 β-lactam resistance plasmid pESBL-283 
between E. coli strains. PLoS One, 10 (4), e0123039.

Kleijkers, S.H.M., Eijssen, L.M.T., Coonen, 
E., Derhaag, J.G., Mantikou, E., Jonker, M.J., 
Mastenbroek, S., Repping, S., Evers, J.L.H., 
Dumoulin, J.C.M. & Montfoort, A.P.A. van (2015). 
Differences in gene expression profiles between human 
preimplantation embryos cultured in two different 
IVF culture media. Human Reproduction, 30 (10)

Locati, M.D., Terpstra, I., Leeuw, W.C. de, Kuzak, 
M., Rauwerda, H., Ensink, W.A., Leeuwen, S. van, 
Nehrdich, U., Spaink, H.P., Jonker, M.J., Breit, T.M. 
& Dekker, R.J. (2015). Improving small RNA-seq by 
using a synthetic spike-in set for size-range quality 
control together with a set for data normalization. 
Nucleic Acids Research, 43 (14):e89.

Mantikou, E., Bruning, O., Mastenbroek, S., 
Repping, S., Breit, T.M. & Jong, M. de (2015). Evaluation 
of ribonucleic acid amplification protocols for human 
oocyte transcriptome analysis. Fertility and Sterility.

Mirabella, R., Rauwerda, H., Allmann, S., Scala, 
A., Spyropoulou, E.A., Vries, M. de, Boersma, M.R., 
Breit, T.M., Haring, M.A. & Schuurink, R.C. (2015). 
WRKY40 and WRKY6 act downstream of the green 
leaf volatile E-2-hexenal in Arabidopsis. Plant Journal, 
83 (6), 1082-1096. 

PhD thesis

Bruning, O. (2015, November 19). Improving 
design, execution and analysis of transcriptomics 
experimentation. UvA (139 p.) Prom./coprom.: prof.
dr. W.J. Stiekema & dr. T.M. Breit.

Relevant positions

Breit, T.M. Board Virtual Lab for Plant Breeding.

Jonker, M.J. Editor BMC Genomics.

RNA Biology and Applied BioinformaticsResearch Programme: Molecular Life Sciences
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Figure 2: The RNA Biology and Applied 
Bioinformatics research group entered the early 
access program for the new Oxford Nanopore 

MinION Mk I portable sequencer.

Figure 3: In the context of the TKI-U project 
‘Discovery toolkit for small-RNAs relevant to 
plant breeding’, more than 250 plant tissue 
samples are being collected from the project 
participants. Some tissues were sampled by 
the SILS-UvA on location, as shown here 

in the fields of Meijer Potato, Zeeland, The 
Netherlands.

Figure 4: In Zebrafish oocytes, the expression of the vast majority of maternal RNA transcripts is tightly regulated. By 
genome-wide gene expression profiling of maternal RNA in single oocytes, we have identified various genes that are 

expressed at distinct, mother-specific levels (Rauwerda et al. PLoS One)
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Molecular Plant Pathology
Prof. B.J.C. Cornelissen Chairholder
Dr M. Rep Associate Professor
Dr F.L.W. Takken Associate Professor
Dr H.A. van den Burg  Assistant Professor
Prof. M.W. Prins Affiliate Professor (0.2 fte)

Many different microorganisms can cause diseases 
in plants, forming a major threat to food and feed 
production. Our aim is to reveal the molecular basis of 
resistance and susceptibility in plants, and of virulence 
in fungi, bacteria and viruses. The main model system 
we use is the interaction between the fungus Fusarium 
oxysporum and tomato, but we also use other plants, 
including Arabidopsis and Nicotiana benthamiana to 
answer fundamental questions of plant immunity. We 
study R 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. 

Our research aims at: (i) identification and dissection 
of downstream signalling components involved in 
endophyte and S- and R protein-mediated resistance. 
This work includes the identification of molecular 
targets of R proteins and conformational changes 
in R proteins; (ii) dissection of the role of SUMO 
(small ubiquitin-like modifier) in disease resistance 
and stress responses including heat acclimation; (iii) 
uncovering the role of effector proteins of F. oxysporum 
and identification of their targets in host plants; (iv) 
unravelling the dynamics of genome evolution and 
mechanisms of horizontal chromosome transfer in F. 
oxysporum; (v) the identification and functional role of 
plant proteins required for successful virus infection.

Research Programme: Molecular Life Sciences Molecular Plant Pathology
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Research highlights

 ► The transcriptome changes induced by overproduction of transcription factors FTF1 and 
SGE1 in F. oxysporum have been determined, showing that a subset of plant infection-related 
changes in gene expression are regulated by the transcription factors, including almost all effector 
genes.

 ► Genome sequences of 59 strains of F. oxysporum were obtained and analysed. Based on this, 
we can now predict host-specific pathogenicity of an isolate based on the effector (virulence) gene 
repertoire. These can therefore serve as diagnostic markers. We also found convincing evidence for 
horizontal chromosome transfer between strains.

 ► With a new system based on in planta biotinylation, we have evidence for uptake of small 
proteins secreted by F. oxysporum during colonisation of its host (Arabidopsis).

 ► Different lines of evidence, based on genetic and microscopical experiments, have led us to 
propose a model in which horizontal chromosome transfer occurs through nuclear fusion in a 
heterokaryon followed by selective loss of the genome of the ‘chromosome donor’ strain except 
the ‘transferred’ chromosome(s).

 ► PacBio sequences have been generated of 18 F. oxysporum strains, resulting in an unprecedented 
quality of genome assemblies, with complete core chromosomes and accessory chromosomes in 
large contigs.

 ► We exposed how the SUMO family diversified into eight paralogs in the model plant 
Arabidopsis (Hammoudi et al., 2016 New Phytologist). We investigated the relationships between 
these paralogs using genome collinearity and gene tree analyses. We showed that two paleopolyploidy 
events followed by tandem-duplications allowed expansion and then diversification of the SUMO 
gene family. 

 ► We found that, independent of the SUMO E3 ligase SIZ1, the SUMO machinery is 
essential for plant development at increased ambient temperatures (28°C). Importantly, the 
thermotolerance response to (sudden) heat stress (shock at 37-43°C) remains normal, while the 
thermomorphogenic response is potentially reduced.

 ► Different lines of evidence demonstrate that the endogenous SUMO3 is a functional protein 
modifier, e.g. it can rescue knockdown of the archetype SUMOs (SUMO1/2) when SUMO3 
expression is induced by a phytohormone. The functional differences between the archetype 
SUMOs and SUMO3 appears to depend on the SUMO-interaction motif (SIM) in the SUMO 
E3 ligase SIZ1. Remarkably, the recent changes in this motif coincide with the birth of the SUMO3 
gene, suggesting that this is an evolutionary adaptation. 

 ► Our yeast two-hybrid screens have revealed two novel nuclear localised SUMO substrates. 
Both substrates appear to require the SUMO E3 ligase SIZ1 for SUMO conjugation. In addition, 
we find that the TCP transcription factor family readily interacts with the SUMO machinery 
both in yeast and in planta.

 ► We have characterised in molecular detail the localisation of the SUMO machinery in 
nuclear foci in plant cells. These foci resemble the nuclear bodies in yeast and human cells that act 
as centres for SUMO-dependent nuclear protein refolding/degradation.

 ► The NLR proteins I-2 and Rx were found to be DNA binding- and deforming proteins able 
to melt DNA in vitro (Fenyk et al., JBC 2015 and 2016).

 ► DNA binding in planta by Rx is an early step in immune activation and requires recognition 
of the avirulence protein (the viral coat protein) in the cytosol (Fenyk et al., JBC 2015). 

Figure 1: Nicotiana benthamiana leaves infected with PVX:GFP. On the left cell death is induced while on the 
right the GFP produced by the spreading virus is visible. Leaves are exposed to near-UV light (400 nm) and (auto)

fluoresence is detected with a 450 nm broadband filter.

N. benthamiana Rx N. benthamiana wildtype
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Research research aims for the coming year

 ► Transform the SIX1a gene back into the Fo cubense (Foc) ∆six1 deletion strain and assess 
complementation of virulence on banana, to establish whether SIX1a is indeed required for full 
virulence towards banana; make a mutant in Foc of an effector gene shared by all Foc isolates to 
assess its requirement for virulence; sequence in planta transcriptome of Foc TR4.

 ► Determine which of the identified effectors of an Arabidopsis-infecting isolate can suppress 
plant immune responses.

 ► 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.

 ► Finish characterisation of a Fo radicis-cucumerinum isolate that infects several cucurbit 
species including (1) requirement of several effector genes for virulence, (2) genome architecture, 
(3) horizontal transfer and loss of a potential pathogenicity chromosome.

 ► Identify in detail the interactions between geminivirus replication-related proteins and the 
plant cell DNA replication machinery.

 ► Determine the role of SUMOylation in geminivirus replication in host plants by studying 
the role in the PCNA DNA-clamp protein.

 ► Perform forward and reverse genetics screens for novel disease resistance traits against Black 
rot disease, caused by the bacterial pathogen Xanthomonas.

 ► Develop a method for the identification of SUMO-modified residues in SUMO substrates 
purified from plant extracts. 

 ► Reveal the mechanistic basis of Avr2 intercellular translocation by Six5.
 ► Reveal the structure of Avr2 and study the mechanistic basis on how Avr2 suppresses PTI 

signalling in a various plant species.
 ► Identify the role of DNA binding by NLR proteins and DNA damage in induction of the 

plant immune response.
 ► Functional analysis of the differentially expressed genes identified in transcriptome profiling 

of I-2/Avr2 transgenic tomato plants in which I-2-mediated immunity is synchronised.
 ► Determine whether SNC1 is a classical resistance gene conferring resistance to pathogens 

that carry effector proteins manipulating TPL/TPR1. 
 ► Determine the role of TPL/TPR1 in resistance and/or susceptibility to Fusarium oxysporum.
 ► Establish methods to quantify plant colonisation by fungi (endophytes and pathogens).
 ► Establish methods to measure disease-suppressing effect of colonisation of tomato by 

endophytic fungi.

Other highlights

 ► A PhD student with a scholarship from the Chinese Scholarship Council joined the group of 
M. Rep – he continues the research line on accessory chromosomes and horizontal chromosome 
transfer in F. oxysporum.

 ► F. Takken obtained a prestigious NWO-VICI grant to continue his studies on NLR proteins 
and their activity on DNA in relation to the induction of the plant immune system. Two postdocs 
have been appointed to the project and a PhD student will join the team in the future.

 ► F. Takken was appointed member of the executive board of the Bestpass (Boosting plant-
endophyte stability, compatibility and performance across scales) project. This ETN project was 
funded under the European Union’s Horizon 2020 research and innovation programme under  
Marie Skłodowska-Curie grant agreement No. 676480. Two PhD students have joined the group 
at the start of 2016 to work on this project.

Molecular Plant PathologyResearch Programme: Molecular Life Sciences

Research highlights (continued)

 ► The Fusarium oxysporum effector Six8 manipulates plant immunity through association with 
the transcriptional co-repressors TPL and TPR1; TPL/TPR1 are Six8-virulence targets guarded by 
SNC1, classifying Six8 as genuine avirulence gene for SNC1 in Arabidopsis.

 ► Previously, we reported that Avr2 is recognised in the plant nucleus by I-2 – we now also 
show that Avr2 exerts its virulence function inside the host cell and that uptake of the protein by 
the plant cell requires the presence of the fungus.

 ► Fol effectors Six5 and Avr2 interact (Ma et al., 2015) at plasmodesmata, facilitating intercellular 
translocation of Avr2, thereby allowing the protein to act in neighbouring cells. 

 ► The xylem sap proteome was determined upon infection with either wild type Fol or SIX1-, 
SIX2-, SIX3-, SIX5- or SIX6-deletion mutants using a quantitative proteomics. The Six proteins 
perform both redundant and non-redundant functions (Gawehns et al. 2015 Front. Plant Sci.). 

 ► Avr2 was found to suppress PAMP triggered immunity (PTI) in Arabidopsis and tomato. 
In Avr2 transgenic plants early and late flg22-induced PTI signalling is compromised, which 
includes ion leakage, generation of reactive oxygen species, callose deposition and growth 
retardation. Furthermore, Avr2 was found to enhance susceptibility of tomato to Verticilium 
dahlia, Pseudomonas syringae and Botrytis cinerea. In Arabidopsis, hyper-susceptibility to Fusarium 
oxysporum and Pseudomonas syringae was observed following AVR2 expression, identifying Avr2 as 
a virulence factor likely acting at, or just downstream of, PAMP receptor complexes.

 ► Extensive transcriptome profiling of I-2/Avr2 tomato plants, in which induction of immune 
signalling is temperature-synchronised, revealed a remarkably low number of differentially 
expressed transcripts. Expression of these genes is altered earlier than known defence markers 
genes, making them prime candidates for involvment in the regulation of I-2-mediated immunity.

 ► The involvement of the major phytohormones in susceptibility of tomato to F. oxysporum 
was analysed, adding to our current understanding of the role of these hormones in susceptibility 
and resistance to Fusarium wilt (Di et al., Front. Plant Sci. 2016).

5

Figure 2: 
Heterokaryon of 
F. oxysporum 
with nuclear 

division 
(Shermineh 

Shahi, FGB in 
press).
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Academic publications

Schmidt, S.M., Lukasiewicz, J., Farrer, R., Dam, 
P. van, 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. 

Fenyk, S., Townsend, P.D., Dixon, C.H., Spies, 
G.B., San Eustaquio Campillo, A. de, Slootweg, 
E.J., Westerhof, L.B., Gawehns, F.K.K., Knight, 
M.R., Sharples, G.J., Goverse, A., Pålsson, L.O., 
Takken, F.L.W. & Cann, M.J. (2015). The Potato 
Nucleotide-binding Leucine-rich Repeat (NLR) 
Immune Receptor Rx1 Is a Pathogen-dependent 
DNA-deforming Protein. The Journal of Biological 
Chemistry, 290 (41), 24945-24960. 

Fenyk, S., Dixon, C.H., Gittens, W.H., Townsend, 
P.D., Sharples, G.J., Pålsson, L.O., Takken, F.L.W. & 
Cann, M.J. (2015). The Tomato Nucleotide-Binding 
Leucine-Rich Repeat (NLR) Immune Receptor 
I-2 Couples DNA-Binding to Nucleotide-Binding 
Domain Nucleotide Exchange. The Journal of 
Biological Chemistry, 291 (3), 1137-1147. 

Gawehns, F., Ma, L., Bruning, O., Houterman, 
P.M., Boeren, S., Cornelissen, B.J.C., Rep, M. & 
Takken, F.L.W. (2015). The effector repertoire of 
Fusarium oxysporum determines the tomato xylem 

proteome composition following infection. Frontiers 
in Plant Science, 6:967. 

Ilyas, M., Hörger, A.C., Bozkurt, T.O., Burg, H.A. 
van den, Kaschani, F., Kaiser, M., Belhaj, K., Smoker, 
M., Joosten, M.H.A.J., Kamoun, S. & Hoorn, R.A. 
van der (2015). Functional Divergence of Two Secreted 
Immune Proteases of Tomato. Current Biology, 25 (17), 
2300-2306.

Ma, L., Houterman, P.M., Gawehns, F., Cao, L., 
Sillo, F., Richter, H., Clavijo-Ortiz, M.J., Schmidt, 
S.M., Boeren, S., Vervoort, J., Cornelissen, B.J.C., 
Rep, M. & Takken, F.L.W. (2015). The AVR2-SIX5 gene 
pair is required to activate I-2-mediated immunity in 
tomato. New Phytologist, 208 (2), 507-518. 

Sain, M. de & Rep, M. (2015). The Role of 
Pathogen-Secreted Proteins in Fungal Vascular Wilt 
Diseases. International Journal of Molecular Sciences, 
16 (10), 23970-23993.

Shahi, S., Beerens, B., Manders, E.M.M. & 
Rep, M. (2015). Dynamics of the establishment of 
multinucleate compartments in Fusarium oxysporum. 
Eukaryotic Cell, 14 (1), 78-85. 

Vlaardingerbroek, I., Beerens, B., Shahi, S. & 
Rep, M. (2015). Fluorescence Assisted Selection of 
Transformants (FAST): Using flow cytometry to select 
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Group members

Postdoctoral researchers
Lotje van der Does
Manon Richard
Sarah Schmidt
Marieke van Hulten
Marijn Knip
Nico Tintor
Like Fokkens

PhD students
Francesca Maio
Valentin Hammoudi
Shermineh Shahi
Mara de Sain

Ido Vlaardingerbroek
Jiming Li
Magdalena Mazur
Peter van Dam
Lingxue Cao
Sri Widinugraheni
Xiaotang Di

Technicians
Petra Houterman
Hannah Richter
Georgios Vlachakis
Bas Beerens
Dirk Jan Valkenburg
Sayanti Chatterjee

Figure 3: Xcc in cabbage leaf.

fungal transformants. Fungal Genetics and Biology, 76, 
104-109.

Invited lectures

Burg, H.A. van den (1 December). Evolution of 
SUMO paralogs controls temperature acclimation and 
defense in plants. University of Málaga, Spain, seminar 
hosted by prof. dr. Eduardo Bejarno.

Burg, H.A. van den (27 April). How whole genome 
and tandem duplications shaped the SUMO family in 
plants. Halle, Germany, IPB-Leibniz Institute of Plant 
Biochemistry, host: dr Luz Irina Calderón Villalobos.

Rep, M. (8 April). Effector gene content in Fusarium 
oxysporum predicts host-specific pathogenicity. 
Wageningen, the Netherlands, 4th COST Workshop 
on Pathogen-Informed Crop Improvement.

Rep, M. (28 Augustus). Effector genes in the cloud: 
the pangenome of Fusarium oxysporum. University 
of Kiel, Germany, 5th workshop of COST Action 
SUSTAIN on Evolutionary genomics of plant 
pathogens.

Rep, M. (19 March). Effectors of Fusarium 
oxysporum: identification, function, evolution and 
regulation of gene expression. Pacific Grove,CA, USA, 
28th Fungal Genetics Conference.

Rep, M. (16 November). Regulation of effector 
gene expression in Fusarium oxysporum. Max Planck 
Institute for Terrestrial Microbiology, Marburg, 
Germany, Seminar Series in Molecular, Cellular, and 
Environmental Microbiology.

Rep, M. (15 April). The arms race between plants and 
Fusarium oxysporum. Hamburg, Germany, seminar 
Biocentre Klein Flottbek.

Takken, F.L.W. (17 August). Gene-for-gene 
resistance - old dogma’s new insights: NLR’s, sentinels 
of plant immunity. Norwich, United Kingdom, 
The Sainsbury Laboratory - Summer School:  Plant 
Microbe Interactions.

Takken, F.L.W. (3 July). The Fusarium oxysporum 
effector Six8 manipulates plant immunity through 
association with the transcriptional co-repressors TPL 
and TPR1. Vienna, Austria, International Conference 
on Plant Biotic Stresses & Resistance Mechanisms II.

Takken, F.L.W. (15 January). The NLR immune 
receptors I-2 and Rx1 are DNA-deforming proteins. 
Copenhagen, Denmark, University of Copenhagen.

Takken, F.L.W. (3 May). The NLR immune 
receptors I-2 and Rx1 are DNA-deforming proteins. 
Schloss Ringberg in Bavaria, Munich, Germany, MPI 
symposium ‘NLR Biology in Plants and Animals’.

Takken, F.L.W. (13 April). The NLR immune 
receptors I-2 and Rx1 are DNA-deforming proteins. 
Lunteren, the Netherlands, De Wereld meeting.

Takken, F.L.W. (09 July). The role of Fusarium 
effectors in virulence and NLR-mediated innate 
immunity. Castle Rauischholzhausen, Conference 
Hotel at the University of Gießen, Gießen, Germany, 
12th New Phytologist Workshop: The apoplast as 
battleground for plant–microbe interactions.

Relevant positions

Cornelissen, B.J.C. Member Board of Trustees  
Naturalis Biodiversity Center.

Cornelissen, B.J.C. Chairman NWO Committee 
Earth and Life Sciences.

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.
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Molecular Biology and Microbial Food Safety
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5

Academic highlights

 ► In 2015, 15 peer-reviewed publications appeared and 2 PhD theses were defended: 
1. Nadine Hӓndel: Quantitative relationship between antibiotic exposure and the acquisition and 

transmission of resistance in bacteria in the laboratory (27 February)
2. Marco Lezzerini: Aging in Caenorhabditis elegans; the role of Wnt signaling  (15 December)

 ► Session Bacterial Spores in Health and Disease organised at the 2015 annual meeting of the 
Royal Dutch Society for Microbiology (S. Brul; 15 April 2015).

 ►  Lectures on invitation were delivered at:
-Session Bacterial Spores in Health and Disease, The annual meeting of the Dutch Society for 
Microbiology (15 April 2015), C. de Koster & S. Brul: Bacterial Spore Inner Membrane Proteomics 
(delivered by Chris de Koster)
-The IAFP European Symposium in Cardiff (21 April 2015), S. Brul: Stress resistance and mechanisms 
governing germination and outgrowth heterogeneity of Bacillus spores.
-The 9th International Conference on Predictive Modelling  in Foods, Rio de Janeiro (10 September 
2015), S. Brul: Bacterial spore proteomics; implications for models of spore germination and outgrowth 
in food (Key-note).
- Microbial Stress: From Molecules To Systems, European Federation of Biotechnology. Sitges, 
Spain (12 November 2015), S. Brul: Low pH: stress or signal?

Molecular Biology and Microbial Food 
Safety
Prof. S. Brul Chairholder
Dr J.C. van der Spek Assistant Professor
Dr G.J. Smits Assistant Professor
Dr Y. Budovskaya MacGillavry fellow (finished and returned to job at uBiome, USA)
Dr F.M. Klis Senior Scientist (former Associate Professor, retired)
Dr B. Ter Kuile Scientist Dutch Food & Drug Authority (NVWA, trajectory aimed at an
 appointment on an endowed chair successfully started)
Dr J.P.P.M. Smelt Guest researcher (former Unilever Senior Scientist)

In 2015, we continued to explore the molecular basis 
of environmental stress response of microorganisms 
in relation to food stability and safety. The studies 
build, as before, on our stronghold in molecular 
microbial physiology. In particular where it concerns 
the study of bacterial spore structure and germination 
mechanisms, we collaborated as one entity with the 
Mass Spectrometry of Bio-macromolecules group. In 
addition, our focus on environmental stress common 
to the food chain (antibiotics in feed and weak organic 

Research Programme: Molecular Life Sciences

acid preservatives), as well as heat was reinforced. To 
deepen the relations with the Dutch Food Safety 
Authority an endowed chair in Microbial Food Safety 
and Antibiotic Resistance in the Food Chain was 
established. Studies on behaviour of pathogenic yeasts 
in the face of stress were summarised in a last review 
paper for Eukaryotic Cell (see figure 1). This formed 
the concluding paper of senior researcher Dr. Frans 
Klis. 
The MacGillavry project by Yelena Budovskaya on 
ageing mechanisms in Caenorhabditis was concluded. 
A spin-off project studying a host organism’s response 
to stress (C. elegans) in the context of ageing and 
microorganisms in its food was successful, published 
in Plos One and included in the thesis of PhD student 
Marco Lezzerini.

Figure 1: Major features of the secretome (sensu stricto) 
of C. albicans. The wall proteins are represented as 

short line segments perpendicular to the cell surface. M, 
mother cell; D, daughter cell; GPI-WP, GPI-modified 

wall protein. The role of Csa2 in heme binding is 
speculative. Note that Als3 and Phr1 are possibly directly 

released from the cell wall by Sap9/10 activity. Taken 
from: Klis F.M. and Brul, S. (2015) Adaptations of the 

secretome of Candida albicans in response to host-
related environmental conditions. Eukaryotic Cell 12, 

1165-1172.

Figure 2: Schematic overview of cellular routes in order to circumvent antibiotic 
mediated cell death. This thesis focuses on the quantitative relationship between 

antibiotic usage and development and dissemination of antibiotic resistance in bacteria 
(framed box). Taken from: Hӓndel, N. 2015. Thesis, University of Amsterdam.
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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 temperature stress with the application areas sustainability and 
human health.

 ► While physically we will remain 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 human health biotechnology companies at Science 
Park, the collaboration with especially microbiology groups in the O|2 building at the Amsterdam 
South VU campus will be actively sought. We aim at consolidating and strengthening bonds 
with the Bacterial Cell Biology group of prof. Hamoen in the area of antibiotic stress response. 
Furthermore, links will be built with other O|2 groups studying antibiotic stress response. In order 
to facilitate such interaction we are in favour of exploring the opportunity of a joint management 
of a Life Science Institute between the Science Park and O|2 sites.

 ► Finally our collaborations with the AMC Microbiology (Zaat and Schultz groups at Medical 
Microbiology) will be consolidated and expanded also. At Science Park, links with the chemistry 
department and biophysicists focusing on understanding the chemical and physical basis for 
regulation of cell behaviour by the intracellular pH will be pursued in joint project applications. 

 ► Overall we will support joint efforts of Amsterdam microbiology groups to achieve optimal 
(inter)national visibility.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. 5

Group members

Postdoctoral researcher
Rodrigo Mendonça de Lucena
(Brazilian fellowship)

PhD students
Abeer Hossain (TNO funded)
Juan Wen (CSC fellow)
Laura Dolz Edo (University funds)
Linli Zheng (Erasmus Mundus)
Soraya Omardien (Erasmus Mundus)

Yanfang Feng (CSC fellow)
Nadine Händel (NVWA funding)
Marco Lezzerini (McGillavry funds)
Marloes Hoeksema (NVWA funding)
Reuben Smith (University funds)
Sacha Stelder (Nanonext NWO programme)

Technicians
Marjan de Jong
Belinda Koenders-Vansintanneland
Margreet Guikema-van der Deen
Richard de Boer

Group composition/developments and grants

 ► Towards the end of the year, Yelena Budovskaya left the group to join uBiome in the USA. 
Her PhD student, Marco Lezzerini, successfully finished his thesis and defended the work in 
public on 17 December 2015.

 ► The group was expanded with a new research technician who has a PhD in molecular cell 
biology and a proven track record in both laboratory-based work, as well as project supervision 
and manuscript writing. Margreet Guikema-van der Deen will be a major asset to the group and 
together with Richard de Boer and Belinda Koenders form a core research and teaching technician 
team. Group  size is now at ~15.

 ► Juan Wen started on a new Chinese Science Council grant as a PhD fellow on a project 
following up the work of Rachna Pandey. Her focus is single-cell live imaging of the initial events 
in bacterial spore germination using super resolution and live imaging microscopy. Thus the 
collaboration with the Van Leeuwenhoek Centre for Advanced Microscopy will be continued.

 ► We had been successful in attracting project funding from the Dutch Food Safety Authority 
(€380.000) to pursue our studies on antibiotic stress resistance. PhD student Nadine Hӓndel 
finished her work in a thesis that was examined and successfully defended on 27 February. Her 
successor, MSc Marloes Hoeksema, was selected and started on 5 January 2015. 

Research Programme: Molecular Life Sciences

Figure 3: Genetic interference following ingestion of anti-GFP dsRNAexpressing B.subtilis by C. elegans. (A) 
Physical map of the pBSR vector. The DNA sequence corresponding to dsRNA of interest was cloned between 
flanking copies of the Pspac promoter to replace the spacer. B. subtilis strain BG322 was used as a host. GFP-

expressing C. elegans strains TJ356 (B) and SD1084 (C) were fed on BG322 strains transformed with original pBSR 
vector and on bacteria expressing dsRNA corresponding to the gfp coding region. Under these conditions, 95% of 

the animals showed dramatic decrease in GFP expression after 24 hours of feeding. (D) DAF-16::GFP and SUR-
5::GFP expression is significantly decreased in the GFP (RNAi) treated animals. RNAi was induced starting at L4 
larvae stage by feeding worms B. subtilis bacteria expressing dsRNA against GFP. GFP expression was measured 

at day 2 of adulthood. The y-axis denotes GFP expression (arbitrary units). Average expression and Standard Error 
from 20 animals are shown. *-p-value < 0.001 (t-test p-values). Scale bar = 100 μm.

Taken from Lezzerini, M. 2015. Thesis, University of Amsterdam.
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Academic publications

Abhyankar, W., Pandey, R., Beek, A. van de, 
Brul, S., Koning, L.J. de & Koster, C.G. de (2015). 
Reinforcement of Bacillus subtilis spores by cross-
linking of outer coat proteins during maturation. 
Food Microbiology, 45 (Pt A), 54-62. doi: 10.1016/j.
fm.2014.03.007

Beek, A. van de, Wijman, J.G., Zakrzewska, A., 
Orij, R., Smits, G.J. & Brul, S. (2015). Comparative 
physiological and transcriptional analysis of weak 
organic acid stress in Bacillus subtilis. Food Microbiology, 
45 (Pt A), 71-82. doi: 10.1016/j.fm.2014.02.013

Boer, R. de, Smith, R.L., De Vos, W.H., Manders, 
E.M.M., Brul, S. & Spek, H. van der (2015). 
Caenorhabditis elegans as a Model System for Studying 
Drug Induced Mitochondrial Toxicity. PLoS One, 10 
(5):e0126220. doi: 10.1371/journal.pone.0126220

Händel, N., Hoeksema, M., Freijo Mata, M., Brul, 
S. & Kuile, B.H. ter (2015). Effects of Stress, Reactive 
Oxygen Species, and the SOS Response on De Novo 
Acquisition of Antibiotic Resistance in Escherichia 
coli. Antimicrobial Agents and Chemotherapy, 60 (3), 
1319-27. doi: 10.1128/AAC.02684-15

Händel, Nadine, Sayette, Sarah de la, Verweij, 
Paul E., Brul, S. & Kuile, B.H. ter (2015). De novo 
induction of resistance against voriconazole in 
Aspergillus fumigatus. Journal of Global Antimicrobial 
Resistance, 3 (1), 52-53. doi: 10.1016/j.jgar.2015.01.001

Händel, N., Otte, S., Jonker, M.J., Brul, S. & 
Kuile, B.H. ter (2015). Factors that affect transfer 
of the IncI1 β-lactam resistance plasmid pESBL-283 
between E. coli strains. PLoS One, 10 (4), e0123039. 
doi: 10.1371/journal.pone.0123039

Klis, F.M. & Brul, S. (2015). Adaptations of the 
secretome of Candida albicans in response to host-
related environmental conditions. Eukaryotic Cell, 14 
(12), 1165-1172. doi: 10.1128/EC.00142-15

Lezzerini, M., Ven, K. van de, Veerman, M., 
Brul, S. & Budovskaya, Y.V. (2015). Specific RNA 
Interference in Caenorhabditis elegans by Ingested 
dsRNA Expressed in Bacillus subtilis. PLoS One, 10 
(4), e0124508. doi: 10.1371/journal.pone.0124508

Pandey, R., Pieper, G.H., Beek, A. ter, Vischer, 
N.O.E., Smelt, J.P.P.M., Manders, E.M.M. & Brul, S. 
(2015). Quantifying the effect of sorbic acid, heat and 
combination of both on germination and outgrowth 
of Bacillus subtilis spores at single cell resolution. Food 
Microbiology, 52, 88-96. doi: 10.1016/j.fm.2015.06.007

Pandey, R., Beek, A. van de, Vischer, N.O., Smelt, 
J.P.P.M., Kemperman, R., Manders, E.M.M. & Brul, 
S. (2015). Quantitative analysis of the effect of specific 
tea compounds on germination and outgrowth 
of Bacillus subtilis spores at single cell resolution. 
Food Microbiology, 45 (Pt A), 63-70. doi: 10.1016/j.
fm.2014.03.006

Smelt, J.P., Hoefsloot, H.C., Koster, C.G. de, 
Schuurmans, J.M., Kuile, B.H. ter & Brul, S. (2015). 
Simulation of the rate of transfer of antibiotic 
resistance between Escherichia coli strains cultured 
under well controlled environmental conditions. 
Food Microbiology, 45 (Pt B), 189-94. doi: 10.1016/j.
fm.2014.03.019

Stelder, S.K., Mahmud, S.A., Dekker, H.L., 
Koning, L.J. de, Brul, S. & Koster, C.G. de (2015). 
Temperature Dependence of the Proteome Profile of 
the Psychrotolerant Pathogenic Food Spoiler Bacillus 
weihenstephanensis Type Strain WSBC 10204. Journal 
of Proteome Research, 14 (5), 2169-2176. doi: 10.1021/
pr501307t

Conference abstract

Dolz Edo, L., Brul, S. & Smits, G.J. (2015). 
Intracellular acidification upon glucose depletion 
is regulated by PKA and TORC1 activity during 
growth. In Meeting Abstract PS3-8 Vol. 32-S1. Yeast (pp. 
S117-S117). SEP.

Mendonca de Lucena, R., Dolz Edo, L., Brul, S., 
de Morais Junior, M.A. & Smits, G.J. (2015). Low 
cytosolic pH signals growth reduction and stress 
tolerance enhancement. In Meeting Abstract PS6-38 
Vol. 32-S1. Yeast (pp. S161-S161). SEP.

Molecular Biology and Microbial Food Safety

Bookchapters

Klis, F.M. & Brul, S. (2015). Aanpassingen van 
de opportunistische, polymorfe schimmel Candida 
albicans aan het vaginale milieu. In E Slager (Ed.), 
Reproductieve geneeskunde, gynaecologie en obstetrie 
anno 2015 (pp. 708-713). Haarlem: DCHG Medische 
Communicatie.

Smith, R.L., De Vos, W.H., Boer, R. de, 
Manders, E.M.M. & Spek, H. van der (2015). In vivo 
visualization and quantification of mitochondrial 
morphology in C. elegans. In V. Weissig & M. Edeas 
(Eds.), Mitochondrial medicine. - Vol. 2: Manipulating 
mitochondrial function (Methods in molecular biology, 
1265) (pp. 367-377). New York: Humana Press.

PhD theses

Händel, N. (27 February). Quantitative relationship 
between antibiotic exposure and the acquisition and 
transmission of resistance in bacteria in the laboratory. 
UvA (163 p.). Prom./coprom.: prof.dr. S. Brul & dr. 
B.H. ter Kuile.

Lezzerini, M. (15 December). Aging in 
Caenorhabditis elegans; the role of Wnt signalling. 
UvA (174 p.). Prom./coprom.: prof.dr. S. Brul & dr. 
Y. Budovskaya.

Research Programme: Molecular Life Sciences
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Invited lecture

Klis, F.M. (16 September). Adaptations in the wall 
proteome and secretome of Candida albicans in response 
to cell surface stress. Jena. Germany, Wissenschaftliche 
Tagung der Deutschsprachigen Mykologische Gesellschaft 
(DMykG) e.V. und 1st International Symposium of the 
CRT/Transregio Funginet.

Relevant positions

Brul, S. Editor for Food Microbiology; Innovative 
Food Science & Emerging Technologies.

Klis, F.M. Editor for Eukaryotic Cell, FEMS Yeast 
Research.

Smits, G.J. Editor for Yeast.

Brul, S. President - Dutch Institute for Biology.

Brul, S. Council member, Dutch representative - 
Federation of European Microbiological Societies.

Brul, S. Steering Group member - Implementation 
of the KNAW recommendations on New Biology.

Brul, S. Scientific advisory boardmember Gut, 
Health & Food programme - Institute for Foor Research, 
Imperial college and UEA.

Brul, S. Member of the Biosecurity reference group 
- KNAW.

Kuile, B.H. ter. Member Panel on Biological 
Hazards (BIOHAZ) - EFSA | European Food Safety 
Authority.

Smits, G.J. Member of the evaluation committee 
- ALW-NWO.

Smits, G.J. Expert reviewer Succinium project - 
DSM.

Barberis, M. & Smits, G.J. (29 May) Organisers 
YEASTERDAY 2015: UvA Amsterdam.Figure 4: De novo development of antibiotic resistance 

and their effects on agriculture
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Research highlights

 ► Phospholipid signalling. Several lines of research revealed that PIP2 is crucial for cellular 
processes like membrane vesicle trafficking and therefore is crucial for developmental processes. 
Tightly balanced phosphatidylinositol-4,5-biphosphate levels appear essential for proper 
protophloem differentiation. In addition, local changes in the primary root protophloem appear 
to systemically shape overall root system architecture. Another phospholipid, PA, was shown to 
be involved in salt stress responses mediated by the SNF-like kinase SnRK2.4. We biochemically 
characterised the PA-SnRK2.4 interaction and showed that functionality of the SnRK2.4 PA-
binding domain affects root development (see figure 1). In a Trends in Plant Science review (featured 
on the cover of the September issue) Christa Testerink summarised how early salt stress signalling 
and ABA-dependent reduction of gibberellin synthesis result in a quiescent growth phase of roots 
and shoots. Furthermore she explains that salt stress has a different impact on development and 
growth of different plant organs, leading to altered plant morphology.

 ► We are continuing our studies on the biosynthesis of volatile benzenoids and phenylpropanoids 
by Petunia. In particular we have focused on the role of CCoAOMT in the biosynthesis of (iso)
eugenol and discovered that reduction of its expression leads, unexpectedly, to the activation of 
the anthocyanin pathway. For the biosynthesis of terpenes in the glandular trichomes of tomato 
it has become clear that a particular MYC transcription factor is one of the key regulators. More 
effort has gone in the 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. 
Whiteflies suck the sap from the plant phloem and simultaneously salivate into the plant tissue, 
leaving behind molecular trails of their presence (see figure 2). Through various pipelines various 
candidate effectors have been identified and cloned awaiting further characterisation. In her VIDI 
research line, Petra Bleeker continued to explore the natural variation in wild tomatoes to identify 
metabolic pathways and their transcriptional regulators in order to improve resistance in commercial 
tomato. 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 have been created. Moreover 
bioinformatics pipelines have been developed for data analyses and collaborations with the Data 
Analysis Group (SILS) on correlation analyses has been established. Finally, we characterised P450 
candidate enzymes for a role in resistance against whiteflies.

 ► Relevant publications:
Mirabella, R., Rauwerda, H., Allmann, S., Scala, A., Spyropoulou, E.A., Vries, M. de, Boersma, 
M.R., Breit, T.M., Haring, M.A. & Schuurink, R.C. (2015). WRKY40 and WRKY6 act 
downstream of the green leaf volatile E-2-hexenal in Arabidopsis. Plant Journal, 83 (6), 1082-96. 
doi: 10.1111/tpj.12953

Julkowska, M.M. & Testerink, C. (2015). Tuning plant signaling and growth to survive salt. Trends 
in Plant Science, 20 (9), 586-94. doi: 10.1016/j.tplants.2015.06.008

The section Plant Physiology studies the molecular 
mechanisms of stress signalling, both at cellular and 
whole-plant level. We pursue three main lines of 
research: 1) the role of phospholipids in abiotic stress 
responses 2) how plants can adjust and optimise 
their root system architecture (RSA) to deal with 
drought or high salinity of the soil and 3) biosynthesis 
of plant volatiles and their role in plant-insect and 
plant-plant communication. Using the model plant 
species Arabidopsis 
thaliana as well 
the vegetable crops 
tomato and pepper, 
we apply molecular 
genetic tools to study 
genes involved in 
these processes. For 
the phospholipid 
research this 
means that we are 
characterising all 
Arabidopsis genes 
that are involved 
in phospholipid 
metabolism. The 
effect of knock-out 
or overexpression 
of these genes is 
studied with regard 
to changes in the 
phospholipid profile 
and biological 
responses such as 
drought, heat or salt tolerance. Using a fluorescent 
protein-tagged version of these enzymes, the subcellular 
localisation of the signalling processes is investigated. 
The second line of research aims to elucidate how plants 
can adjust and optimise their root system architecture 
(RSA) to deal with drought or high salinity of the soil. 

Plant Physiology
Prof. M.A. Haring Chairholder
Dr T. Munnik Associate Professor 
Dr ir R.C. Schuurink Associate Professor
Dr C. Testerink Associate Professor
Dr P.M. Bleeker Assistant Professor

In this framework, we study the role of intracellular 
signalling pathways, including lipid signalling and 
protein kinase pathways, in linking salinity to root 
development and direction of root growth. Recently, 
we have started to explore natural variation within 
Arabidopsis accessions collected from different 
habitats, to identify genes and strategies contributing 
to optimal RSA in salinity stress conditions. Plant 
volatile signalling research studies the biosynthesis, 

genetic regulation 
and biological role of 
volatiles and derived 
compounds. Our 
research subjects 
are mainly petunia 
flowers and tomato 
trichomes (glandular 
leaf hairs). We are 
particularly interested 
in the transcriptional 
networks underlying 
the regulation of plant 
volatile production 
and the mechanisms 
by which some 
volatile can prime 
biological responses 
in plants. 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. Because of the potential of direct 
application of these findings a strong link with the 
plant breeding industry has been established.

Plant Physiology

5

Research Programme: Molecular Life Sciences

Figure 1: Overexposure of phosphatidic acid-binding domain PABD 
of SnRK2.4 results in root growth reduction. 

Effect of PABD on root system architecture was estimated by growing 
seedlings of Arabidopsis Col-0, pUBQ::PABDR266A, K278A, K279A, 
K294A, K300A::RFP (pUBQ::non-PABD) and pUBQ::PABD::YFP 
(pUBQ::PABD) lines on agar plates: The root system architecture of 

12-day-old seedlings is shown.
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Research aims for the coming year

 ► To characterise transgenic plants expressing a Z-3-hexenal/E-2-hexenal isomerase from 
caterpillars that have a higher E-2-hexenal content in order to study the role of E-2-hexenal in 
plant-plant communication and the consequences for the defenses of the plant and effects on 
herbivores.

 ► To identify additional transcription factors regulating terpene synthases in tomato glandular 
trichomes.

 ► To identify effectors from herbivores that influence plant defense responses.
 ► To study the role of CCoAOMT in phenylpropene biosynthesis in detail.
 ► To identify more transcription factors regulating terpene synthases in tomato glandular 

trichomes.
 ► Correlation of the metabolite databases to the various phenome databases should lead to the 

identification of key metabolites that play a role in various tomato pest resistance. 
 ► Correlation of the RNAseq and metabolite databases should lead to the identification of key 

genes involved in the production of various different metabolites. 
 ► Finally, we aim to show that whiteflies transfer small RNAs into the tomato phloem. 
 ► To identify the underlying molecular mechanisms and genes that contribute to RSA changes 

in response to salt stress, in both Arabidopsis and tomato.
 ► To functionally characterise the role of AP180 (ECA) clathrin assembly proteins in the 

halotropic response of Arabidopsis.
 ► To design and optimise a genetic screen to identify the Na+ sensing mechanism of plant roots.
 ► To elucidate how plant roots integrate their response to salinity with responses to nutrient 

availability.
 ► To identify the PI- and PIP kinase involved in osmotic, heat and ionic stress. 
 ► To functionally characterise some of the roles that PLC has in plant development and stress 

tolerance.

Academic publications

Alba, J.M., Schimmel, B.C.J., Glas, J.J., Ataide, 
L.M.S., Pappas, M.L., Villarroel, C.A., Schuurink, 
R.C., Sabelis, M.W. & Kant, M.R. (2015). Spider 
mites suppress tomato defenses downstream of 
jasmonate and salicylate independently of hormonal 
crosstalk. New Phytologist, 205 (2), 828-840. 

Beligni, M.V., Bagnato, C, Prados, M.B., Bondino, 
H., Laxalt, A.M., Munnik, T. & Ten Have, A. (2015). 
The diversity of algal phospholipase D homologs 
revealed by biocomputational analysis. Journal of 
phycology, 51 (5), 943-962. 

VanDoorn, A., Vries, M. de, Kant, M.R. & 
Schuurink, R.C. (2015). Whiteflies glycosylate salicylic 
acid and secrete the conjugate via their honeydew. 
Journal of Chemical Ecology, 41 (1), 52-58. 

Group members

Postdoctoral researchers
Steven Arisz
Ahmed Abd-El-Haliem
Aldana Ramirez
Eleni Spyropoulou
Marc Galland
Paula van Kleeff
Silke Allmann
Jacinto Gandullo Tovar

PhD students
Maaike Boersma
Ruud Korver
Ruy Kortbeek
Dorota Kawa
Carlos Villarroel Figueroa
Iko Koevoets
Jiesen Xu
Max van Hooren
Nur Fariza Shaipulah
Qianqian Zhang

Technicians
Aleksandra Muras
Pieter van Egmond
Michel de Vries
Ringo van Wijk
Selena Mol
Suzanne Hoogstrate

Plant Physiology

Other highlights

 ► NWO-ALW grant of €466,500 awarded for a collaboration between the Department of 
Biotechnology in India and ALW-NWO, coordinated by Teun Munnik.

 ► NWO graduate programme grant for Christa Testerink and Iko Koevoets, MSc.
 ► A Horizon 2020 MSCA-IF-2014-EF Marie Curie proposal: Rearm cultivated tomato with 

natural and durable resistance mechanisms from wild tomato species. SEP-210185464. Awarded to 
P.M. Bleeker and M.D. Galland. 

 ► NWO grant Groen 2015 ALW. Master old resistance in new tomatoes: transcriptional 
control of metabolite production by small RNAs ALWGroen.2015.004. Awarded to P.M. Bleeker. 

 ► Video accompanying Christa’s TIPS review: https://www.youtube.com/watch?v=iNW_Tpfkoog.
 ► Television appearance Haring: http://zembla.vara.nl/seizoenen/2015/afleveringen/04-03-2015 

Research Programme: Molecular Life Sciences

Figure 2: Whitefly (Bemisia tabaci) nymph’s midgut accumulates 
GFP.

A nymph (arrow) feeding on an Arabidopsis thaliana leaf with 
phloem-specific expression of GFP. The green ‘Y-shaped’ structure 
within the nymph is the midgut accumulating GFP. The green 

rope-like structures are vascular bundles (phloem) expressing GFP.

Figure 3, taken from NWO graduate programme 
proposal granted to Christa Testerink and Iko Koevoets 

for their research into the effects of salinity on root 
growth in crops.

https://www.youtube.com/watch%3Fv%3DiNW_Tpfkoog
http://zembla.vara.nl/seizoenen/2015/afleveringen/04-03-2015
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Hirano, T., Munnik, T. & Sato, M.H. (2015). 
Phosphatidylinositol 3-Phosphate 5-Kinase, FAB1/
PIKfyve Kinase Mediates Endosome Maturation to 
Establish Endosome-Cortical Microtubule Interaction 
in Arabidopsis. Plant Physiology, 169 (3), 1961-1974.

Hofberger, J.A., Ramirez, A.M., Bergh, E. van 
den, Zhu, X., Bouwmeester, H.J., Schuurink, R.C. 
& Schranz, M.E. (2015). Large-Scale Evolutionary 
Analysis of Genes and Supergene Clusters from 
Terpenoid Modular Pathways Provides Insights into 
Metabolic Diversification in Flowering Plants. PLoS 
One, 10 (6), e0128808. 

Julkowska, M.M., McLoughlin, F., Galvan-
Ampudia, C.S., Rankenberg, J.M., Kawa, D., Klimecka, 
M., Haring, M.A., Munnik, T., Kooijman, E.E. & 
Testerink, C. (2015). Identification and functional 
characterization of the Arabidopsis Snf1-related protein 
kinase SnRK2.4 phosphatidic acid-binding domain. 
Plant, cell and environment, 38 (3), 614-624.

Julkowska, M.M. & Testerink, C. (2015). Tuning 
plant signaling and growth to survive salt. Trends 
in Plant Science, 20 (9), 586-594. You Tube: https://
youtu.be/iNW_Tpfkoog

Kant, M.R., Jonckheere, W., Knegt, B., Lemos, 
F., Liu, J., Schimmel, B.C.J., Villarroel, C.A., 
Ataide, L.M.S., Dermauw, W., Glas, J.J., Egas, M., 
Janssen, A., Van Leeuwen, T., Schuurink, R.C., 
Sabelis, M.W. & Alba, J.M. (2015). Mechanisms and 
ecological consequences of plant defence induction 
and suppression in herbivore communities. Annals of 
Botany, 115 (7), 1015-1051. 

Kruijer, W., Boer, M.P. de, Malosetti, M., 
Flood, P.J., Engel, B., Kooke, R., Keurentjes, J.J. & 
Eeuwijk, F. A. van (2015). Marker-based estimation of 
heritability in immortal populations. Genetics, 199 (2), 
379-98.

Medina-Puche, L., Molina-Hidalgo, F.J., 
Boersma, M., Schuurink, R.C., López-Vidriero, I., 
Solano, R., Franco-Zorrilla, J.M., Caballero, J.L., 
Blanco-Portales, R. & Muñoz-Blanco, J. (2015). An 
R2R3-MYB Transcription Factor Regulates Eugenol 
Production in Ripe Strawberry Fruit Receptacles. 
Plant Physiology, 168 (2), 598-614. 

Mirabella, R., Rauwerda, H., Allmann, S., Scala, 
A., Spyropoulou, E.A., Vries, M. de, Boersma, M.R., 

Breit, T.M., Haring, M.A. & Schuurink, R.C. (2015). 
WRKY40 and WRKY6 act downstream of the green 
leaf volatile E-2-hexenal in Arabidopsis. Plant Journal, 
83 (6), 1082-1096.

Rodriguez-Villalon, A., Gujas, B., Wijk, R. 
van, Munnik, T. & Hardtke, C.S. (2015). Primary 
root protophloem differentiation requires balanced 
phosphatidylinositol-4,5-biphosphate levels and 
systemically affects root branching. Development - The 
Company of Biologists, 142 (8), 1437-46.

Schuman, M.C., Allmann, S. & Baldwin, I.T. 
(2015). Plant defense phenotypes determine the 
consequences of volatile emission for individuals and 
neighbors. eLife, 2015 (4), 04490.

Zeilmaker, T., Ludwig, N.R., Elberse, J., Seidl, 
M.F., Berke, L., Doorn, A. van, Schuurink, R.C., 
Snel, B. & Ackerveken, G. Van den (2015). DOWNY 
MILDEW RESISTANT 6 and DMR6-LIKE 
OXYGENASE 1 are partially redundant but distinct 
suppressors of immunity in Arabidopsis. Plant Journal, 
81 (2), 210-22.

PhD theses

Jułkowska, M.M. (30 April 2015). Tuned to survive: 
Salt stress induced changes in Arabidopsis. UvA (175 
p.). Prom./coprom.: prof.dr. M.A. Haring & dr. C.S. 
Testerink.

Scala, A. (2 June 2015). The role of E-2-hexenal and 
γ-amino butyric acid in plant defense responses. UvA 
(273 p.). Prom./coprom.: prof.dr. M.A. Haring & 
dr.ir. R.C. Schuurink.

Popular publications

Haring, M.A. (31 October 2015). Amsterdam 
wordt een groene kennisgenerator. Het Parool, p. 39.

Haring, M.A. (4 March 2015). Zorgen om 
monopolie op kweken groente. De Telegraaf

Haring, M.A. (4 May 2015). Clustering en geld 
nodig voor innovatie tuinbouw. Buitenstebinnen (p. 
10-13).

Testerink, C. (21 October 2015). Het is een vorm 
van theater, geen twijfel over mogelijk. NRCnext

Invited lectures

Bleeker, P.M. (25 June). Master old resistance in 
new tomatoes, using omics to get to a breeding tool. 
Amsterdam, SILS Research Day 2015.

Bleeker, P.M. (23 September). Natural Defense 
Mechanisms of Tomato by secondary metabolites. 
Wageningen, the Netherlands, Alchemic Symposium.

Keurentjes, J.J.B. (9 September). The versatile use of 
genome elimination in developing novel genetic mapping 
resources in Arabidopsis. Gdańsk, Poland, Joint 7th 
Conference of the Polish Society for Experimental 
Plant Biology and the Intercollegiate Faculty of 
Biotechnology UG & MUG.

Munnik, T. (3 September). Green light for lipid 
second messengers in plants. Robinson College, 
Cambridge, UK, Biochemical Society / FEBS 
Focused Meeting: Signalling 2015: Cellular Functions 
of Phosphoinositides and Inositol Phosphates.

Munnik, T. (23 October). Green Light for Lipid 
Second Messengers in Signalling Stress & Development. 
Mérida, Yucatán, México, The Yucatan Center for 
Scientific Research (Centro de Investigación Científica 
de Yucatán A.C., or CICY).

Munnik, T. (6 February). Lipid Signals at Work. 
College Station, TX, USA, Texas A&M University.

Munnik, T. (20 October). Phospholipid Signaling 
in Plant Stress & development. Nuevo León, Monterrey, 
Mexico, Universidad Autónoma de Nuevo León 
(UANL).

Munnik, T. (15 May). Phospholipid signalling 
in plant stress & development. Nanjing, Xuanwu, 
P.R.China, Nanjing Agricultural University.

Munnik, T. (12 May). Phospholipid signalling in 
plant stress & development. Shanghai, P. R. China, 
Shanghai Center for Plant Stress Biology (PSC).

Munnik, T. (13 May). Phospholipid signalling in 
plant stress & development. Shanghai , P.R.China, 
Institute of Plant Physiology and Ecology, SIBS, 
Chinese Academy of Science (CAS).

Munnik, T. (3 December). Phospholipid-based 
Signalling in Plant Stress & Development. Singapore, 

6th International Singapore Lipid Symposium & 6th 
Asian Symposium on Plant Lipids.

Munnik, T. (9 February). Phospholipids in plant 
stress signalling and development. Tempe, AZ, USA, 
Arizona State University.

Munnik, T. (19 March). Polyphosphoinositide 
signalling in plant stress & development. Sorrento, Italy, 
3rd SPOT-ITN Conference - Stress Biology and Crop 
Fertility.

Testerink, C. (4 Feb). Novel functions for the 
phospholipid PA: shaping root development in response to 
stress. Galveston, TX, USA, Gordon Research Conference 
Plant Lipids: Structure, Metabolism & Function.

Testerink, C. (29 May). Take it or leave it: How 
plant roots avoid salt. University of Warwick, UK.

Relevant positions

Keurentjes, J.J.B. Editor Frontiers in Genetics, 
Frontiers in Plant Systems Biology, Editor Plant Biology.

Munnik, T. Editor Plant Physiology.

Testerink, C. Editor Frontiers in Plant Science.

Munnik, T. Research and innovation expert - The 
European Commission.

Testerink, C. Coordinator of research theme 
Metabolism and Adaptation, Dutch Graduate School 
Experimental Plant Sciences.

Testerink, C. Chair - NWO-chemical sciences Study 
Group Lipids and Biomembranes.

Testerink, C. (21-25 June) Organiser and chair: 
Root Development. Underground strategies plants 
use to avoid salinity stress. Rhizosphere 4: Maastricht.

Media appearances

Haring, M.A. (28 December). Television lecture 
series PlantenFysiologie (5x). In: Universiteit van 
Nederland. ONS.

Haring, M.A. (4 March) Critic ‘Steeds meer 
patenten op gewone groenten’. Television show on 
‘De Monsanto Methode’. In: ZEMBLA. VARA.

Research Programme: Molecular Life Sciences
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Research highlights

 ► The endospore is the dormant form of Bacillus subtilis and many other Firmicutes. By 
sporulation, these spore formers can survive very harsh physical and chemical conditions. Yet, 
they need to go through germination to return to their growing form. 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 1-D PAGE and LC-MS/MS, over 900 proteins were identified from the 
B. subtilis spore IM preparations, about one third could be predicted to be membrane localised. 
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.

 ► Protein analysis with full coverage of a cellular proteome demands novel technology 
to overcome one of the limitations of contemporary comprehensive two-dimensional liquid 
chromatography. Together with Schoenmakers (Analytical Chemistry, HIMS) we demonstrated 
that stationary-phase-assisted modulation can be implemented in an online comprehensive two-
dimensional LC (LC X LC) setup. The proposed active modulation made it possible to choose 
virtually any combination of first- and second-dimension column diameters without loss in 
system performance. This actively modulated system was coupled to our nanoelectrospray high-
resolution FTMS and applied for the proteome-wide analyses of Saccharomyces cerevisiae. About 
20.000 MS/MS spectra were generated within 24 hours analysis time in one run, resulting in the 
identification of 701 proteins.

Figure 1: Fourier transform mass spectrometer for the quantitative proteome-wide analyses.

Mass Spectrometry of Biomacromolecules

Mass Spectrometry of 
Biomacromolecules

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) multi-
level control of gene expression regulation and (iv) 
isotope fractionation in plants and the geographical 
distribution of isotope ratios in horticulture products. 
MSB develops advanced and innovative mass 

Prof. dr. C.G. de Koster Chairholder
Dr L.J. de Koning Assistant Professor

spectrometry-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. At SILS, we have 
long-term collaborations with the plant groups in 
which we study fungal pathogen – plant interactions 
and identify target proteins upon stress. To boost 
the development of our methods for the analyses of 
complex protein mixtures, we collaborate with the 
HIMS analytical chemistry group.

Research Programme: Molecular Life Sciences

Group members

PhD students
Bhagyashree Swarge
Sacha Stelder
Linli Zheng

Postdoctoral researchers
Eva de Rijke
Sarfaraz Syed
Wishwas Abhyankar

Technicians
Henk Dekker
Winfried Roseboom 5
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Research aims for the comming year

 ► Focal points in our MS research programme are as mentioned above (i) the spore proteome 
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 
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 of 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. Germination in response to nutrients 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 
relatively large amount of 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 the minimal protein ensemble to 
start up life?’ (i, iii). To address these problems we will develop a one-pot protein-extraction 
method capable of isolation of the soluble and insoluble Bacillus and Clostridium spore protein 
complement. The method must be able to bring down analysis time and increase proteome 
coverage essential for time-resolved spore germination experiments. We will set up a 14N/15N and 
Silac metabolic labelling method to quantify protein synthesis and degradation over the course 
of Bacillus subtilis and Clostridium difficile spore germination and outgrowth. The method can 
discriminate between newly synthesised proteins and proteins that were already formed over 
the 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 aim at the construction of a computer model that describes the 
kinetics of spore germination. The predictions of a first prototype kinetic model reproduces spore 
memory for germinant stimulation.

 ► In (ii) together with Hamoen (SILS) we will explore in vivo cross-linking of the B. subtilis 
proteome with our cross-linker BAMG in E. coli and B. subtilis. Within the SILS Green Life 
Sciences cluster we will further collaborate on quantitative analysis of the Fusarium oxysporum 
cell wall and secretome proteome (Rep, SILS). We will continue developing post-translational 
modification enrichment and detection methods for the identification of protein phosphorylation 
and SUMOylation (Testerink and van den Burg, SILS).

 ► In the scope of the project origin tracking and tracing of horticulture products through stable 
isotope analysis (iv) we will 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 will 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.

Research progress

 ► In 2015, we finalised our Synechocystis gene expression project. Together with Hellingwerf 
(SILS) we explored the molecular physiological consequences of a major redirection of carbon 
flow in so-called cyanobacterial cell factories. Quantitative whole-cell proteomics analyses were 
carried out on two 14N-labelled Synechocystis mutant strains, relative to their 15N-labelled wild-type 
counterpart. Each mutant strain overproduced one specific commodity product, i.e. ethanol or 
lactic acid, to such an extent that the majority of the incoming CO2 in the organism was directly 
converted into the product. In total, 267 proteins have been identified with a significantly up-
or down-regulated expression level. In the ethanol-producing mutant significant upregulation 
of several components involved in the initial stages of CO2 fixation for cellular metabolism was 
detected. Also a general decrease in abundance of the protein synthesising machinery of the cells 
and a specific induction of an oxidative stress response were observed in this mutant. In the 
lactic acid-overproducing mutant, specific activation of two CRISPR-associated proteins was 
observed. The most striking adjustments detected in the proteome of the engineered cells were 
dependent on the specific product formed with, for example, more stress caused by lactic acid 
than by ethanol production. Upregulation of the total capacity for CO2 fixation in the ethanol-
producing strain was due to hierarchical rather than metabolic regulation. For a selected, limited, 
number of genes a striking correlation between the respective mRNA and the corresponding 
protein expression level was observed, suggesting that for the expression of these genes regulation 
takes place primarily at the level of gene transcription.

 ► Bacillus weihenstephanensis is a subspecies of the Bacillus cereus sensu lato group of spore-
forming bacteria known to cause food spoilage or food poisoning. The key distinguishing phenotype 
of B. weihenstephanensis is its ability to grow below 7°C or, from a food safety perspective, to grow 
and potentially produce toxins in a refrigerated environment. Comparison of the proteome profile 
of B. weihenstephanensis upon its exposure to different culturing conditions can reveal clues to 
the mechanistic basis of its psychrotolerant phenotype as well as elucidate relevant aspects of its 
toxigenic profile. To this end, the genome of the type strain B. weihenstephanensis WSBC 10204 
was sequenced and annotated. Subsequently, the proteome profiles of cells grown at either 6 
or 30°C were compared, which revealed considerable differences and indicated several hundred 
(uncharacterised) proteins as being subproteome and/or temperature specific. In this manner, 
several processes were newly indicated as dependent on growth temperature, such as varying 
carbon flux routes and a different role for the urea cycle. Furthermore, a possible post-translational 
regulatory function for acetylation was suggested. Toxin production was determined to be largely 
independent of growth temperature.

 ► In our isotope fractionation research line (iv) we developed a method to discriminate 
bell peppers from different geographic origins. 
An efficient extraction and analysis method was 
developed for the isolation and quantification 
of n-alkanes from bell peppers from different 
geographical locations. The method was applied to 
131 pepper samples from four different countries, 
and by using the relative n-alkane concentration 
ratios, Dutch peppers could be discriminated from 
those of the other countries, with the exception of 
peppers from the same cultivar.

Figure 2: Sampling of bell peppers for isotope ratio MS 
analysis.

Mass Spectrometry of Biomacromolecules

5
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Plant Development and (Epi)Genetics

Plant Development and (Epi)Genetics aims to 
understand genetic and epigenetic 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 DNA sequences and complex 
molecular mechanisms that control gene expression, 
cell differentiation, cell identity but also chromosome 
dynamics, chromatin interactions and genome 
function. 

Prof. R.E. Koes Chairholder
Dr F.M. Quattrocchio Assistant Professor
Dr P.F. Fransz Assistant Professor
Dr M.E. Stam Assistant Professor

The combined approach of molecular, biochemical, 
microscopic and genetic analyses is essential to link 
chromatin changes to gene expression changes, 
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.

Figure 1: Screening for new mutants in 
a population of petunia plants with high 

transposon activity.

Academic publications

Abhyankar, W., Pandey, R., Beek, A. van de, 
Brul, S., Koning, L.J. de & Koster, C.G. de (2015). 
Reinforcement of Bacillus subtilis spores by cross-
linking of outer coat proteins during maturation. 
Food Microbiology, 45 (Pt A), 54-62. doi: 10.1016/j.
fm.2014.03.007

Smelt, J.P., Hoefsloot, H.C., Koster, C.G. de, 
Schuurmans, J.M., Kuile, B.H. ter & Brul, S. (2015). 
Simulation of the rate of transfer of antibiotic 
resistance between Escherichia coli strains cultured 
under well controlled environmental conditions. 
Food Microbiology, 45 (Pt B), 189-94. doi: 10.1016/j.
fm.2014.03.019

Borirak, O., Koning, L.J. de, Woude, A.D. van 
der, Hoefsloot, H.C.J., Dekker, H.L., Roseboom, 
W., Koster, C.G. de & Hellingwerf, K.J. (2015). 
Quantitative proteomics analysis of an ethanol- and 
a lactate-producing mutant strain of Synechocystis 
sp. PCC6803. Biotechnology for Biofuels, 8:111. doi: 
10.1186/s13068-015-0294-z

Borirak, O., Rolfe, M.D., Koning, L.J. de, 
Hoefsloot, H.C.J., Bekker, M., Dekker, H.L., 
Roseboom, W., Green, J., Koster, C.G. de & 
Hellingwerf, K.J. (2015). Time-series analysis of 
the transcriptome and proteome of Escherichia coli 
upon glucose repression. Biochimica et Biophysica 
Acta, 1854 (10, Part A), 1269-1279. doi: 10.1016/j.
bbapap.2015.05.017

Glas, M., Berg van Saparoea, H.B. van den, 
McLaughlin, S.H., Roseboom, W., Liu, F., 
Koningstein, G.M., Fish, A., Blaauwen, T. den, 
Heck, A.J.R., Jong, L. de, Bitter, W., Esch, I.J.P. de & 
Luirink, J. (2015). The Soluble Periplasmic Domains 
of Escherichia coli Cell Division Proteins FtsQ/FtsB/
FtsL form a Trimeric Complex with Sub-micromolar 
Affinity. The Journal of Biological Chemistry, 290 (35), 
21498-21509. doi: 10.1074/jbc.M115.654756

Rijke, E. de, Fellner, C., Westerveld, J., Lopatka, 
M., Cerli, C., Kalbitz, K. & Koster, C.G. de (2015). 
Determination of n-alkanes in C. annuum (bell 
pepper) fruit and seed using GC-MS: comparison 
of extraction methods and application to samples 
of different geographical origin. Analytical and 

Bioanalytical Chemistry, 407 (19), 5729-5738. doi: 
10.1007/s00216-015-8755-6

Stax, M.J., Mouser, E.E.I.M., Montfort, T. van, 
Sanders, R.W., Vries, H.J.C. de, Dekker, H.L., Herrera, 
C., Speijer, D., Pollakis, G. & Paxton, W.A. (2015). 
Colorectal mucus binds DC-SIGN and inhibits HIV-
1 trans-infection of CD4+ T-lymphocytes. PLoS One, 
10 (3), e0122020. doi: 10.1371/journal.pone.0122020

Stelder, S.K., Mahmud, S.A., Dekker, H.L., 
Koning, L.J. de, Brul, S. & Koster, C.G. de (2015). 
Temperature Dependence of the Proteome Profile of 
the Psychrotolerant Pathogenic Food Spoiler Bacillus 
weihenstephanensis Type Strain WSBC 10204. Journal 
of Proteome Research, 14 (5), 2169-2176. doi: 10.1021/
pr501307t

Vonk, R.J., Gargano, A.F.G., Davydova, E., Dekker, 
H.L., Eeltink, S., Koning, L.J. de & Schoenmakers, 
P.J. (2015). Comprehensive Two-Dimensional 
Liquid Chromatography with Stationary-Phase-
Assisted Modulation Coupled to High-Resolution 
Mass Spectrometry Applied to Proteome Analysis of 
Saccharomyces cerevisiae. Analytical Chemistry, 87 (10), 
5387-5394. doi: 10.1021/acs.analchem.5b00708

Vonk, R.J., Wouters, S., Barcaru, A., Vivó-Truyols, 
G., Eeltink, S., Koning, L.J. de & Schoenmakers, 
P.J. (2015). Post-polymerization photografting on 
methacrylate-based monoliths for separation of intact 
proteins and protein digests with comprehensive 
two-dimensional liquid chromatography hyphenated 
with high-resolution mass spectrometry. Analytical 
and Bioanalytical Chemistry, 407 (13), 3817-3829. doi: 
10.1007/s00216-015-8615-4

Invited lectures

Koster, C.G. de, Zheng, L., Boer, R. de, Abhyankar, 
W.R., Koning, L.J. de & Brul, S. (14 April). Bacterial 
inner spore membrane proteomics. Papendal, Arnhem. 
The Scientific spring meeting of the Dutch Society 
of Medical Microbiology (NVMM) and the Dutch 
Society of Microbiology (NVvM).

Koster, C.G. de (11 March). Isotope profiling. 
Herkomstbepaling groenten en human provenance. 
Amsterdam, Spui25 FNWI collegtour lecture.
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Research highlights

Flower pigmentation
 ► The mechanisms responsible for the extreme acidity (pH 2) of vacuoles in citrus fruit are 

a long-standing enigma. In collaboration with the Mikal Rose lab (UC Riverside, USA) we 
now found that ‘sweet’ varieties of lemons and other citrus fruits have mutations that block 
the expression of a vacuolar P-ATPase proton pump which we had recently discovered via blue 
flowering mutants in petunia. 

 ► Using transposon tagging we cloned the FADING gene of Petunia, which drives the 
degradation of anthocyanins and complete fading of pigmentation in opening flowers.

 ► We identified ~ 40 target genes regulated by AN1, PH4, and/or PH3 and demonstrated for 
three of them their involvement in the vacuolino trafficking pathway.

Inflorescence and flower development
 ► Using RNA-seq approaches we identified putative target genes of EVERGREEN, which is a 

key regulator of inflorescence branching patterns.
 ► We identified the PhUNIFLORA gene, which is required for branching of the petunia 

inflorescence and obtained evidence that the encoded protein form a complex with EVERGREEN.
 ► One of the earliest events in the formation of a flower is the activation of ABERRANT LEAF 

AND FLOWER (ALF), which encodes a transcription factor, and DOUBLE TOP (DOT) which 
encodes the F-Box protein component of an SCF ubiquitin-ligase complex. By expressing ALF 
and DOT in yeast cells we now obtained conclusive evidence that the role of SCFDOT is to activate 
ALF, rather than to reduce it by targeting ALF for degradation.  

Epigenetics regulation of gene expression and genome function
 ► In a large-scale screen (15,000 petunia plants) we isolated 5-6 (transposon-tagged) alleles of ACT1, 

a locus that is required for transposition of dTPH1 elements. This opens the way to isolate ACT1 and 
study how (epi)genetic alterations in this gene triggered the activity of dTPH1 transposons after the 
interspecific crosses by which the garden petunia (Petunia hybrida) was created some 200 years ago.

 ► In collaboration with the group of Dr. Frank Johannes (RUG), we identified epiQTLs 
underlying hybrid vigour in epigenetic hybrids in Arabidopsis.

 ► We showed that three mutants that prevent paramutation, mutants that are part of the 
same epigenetic pathway (RNA-directed DNA methylation), have different effects on DNA 
methylation and chromatin structure at the b1 locus that is involved in paramutation. 

Chromosome and genome organisation
 ► ChIP protocol is established for tomato meiocytes. 
 ► ChIP with anti-MLH1 revealed crossovers specifically towards the distal half of the 

chromosomes, corresponding to gene-rich regions.
 ► In collaboration with colleagues E. Schranz (Wageningen), C. Toomajian (USA) and C. 

Lee (Austria) we found evidence for specific (inter) continental migration patterns of Arabidopsis 
accessions bearing a 1.12 Mb inverted fragment on chromosome arm 4S.  

 ► In collaboration with the group of Franziska Turck (MPIPZ, Cologne), H3K9ac ChIP-seq, 
DNAse I-seq and RNA-seq libraries have been generated and sequenced from two different tissues 
of the crop plant Zea Mays. Subsequent data analysis and data integration (collaboration with Huub 
Hoefsloot of the Biosystems Data Analysis group) predicted about 3,000 transcriptional enhancers. 5

Research aims for the coming year

Inflorescence and flower development
 ► Study the biochemical mechanism by which FADING causes degradation of anthocyanins 

and assess whether this pathway also operates in other species.
 ► Characterise the target genes of PH3, PH4 and AN1 that we identified by RNAseq and 

establish for selected genes their role in trafficking and/or anthocyanin stabilisation.
 ► Study the role of vacuolar hyper-acidification in processes other than flower pigmentation.
 ► 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.
 ► Get a better insight into the mechanisms underlying paramutation in maize by identifying 

changes in DNA methylation and siRNA profiles during embryo development. 
 ► Identification of epigenetic drugs and chromatin mutants affecting the efficiency of oligo-

directed mutagenesis (ODM), followed by characterisation of the changes in chromatin structure 
associated with an enhanced ODM efficiency.

 ► Identification of changes in DNA methylation and gene expression underlying the heterotic 
phenotypes observed in epigenetic hybrids in Arabidopsis (collaboration with Frank Johannes, 
Technical University of Munchen).  

Chromosome and genome 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. 
 ► In collaboration with Barberis (SSB-NOG) we will develop a systems biology model of 

flowering in Arabidopsis thaliana and test the conservation of network motifs responsible for cell 
division in Arabidopsis thaliana.

 ► Identification, verification and characterisation of distant enhancers in the crop plant Zea 
Mays.

 ► Completion of the PhD project by Stefania del Prete.

Other highlights

 ► Quattrocchio obtained an NWO grant to study genes that determine the stability of 
anthocyanin pigments in the vacuole.

Research Programme: Molecular Life Sciences Plant Development and (Epi)Genetics
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Group members

Postdoctoral researchers
Pamela Strazzer
Valentina Passeri
Mariliis Tark
Esther de Boer
Lina Du

PhD students
Afke Sietsma
Roeska Blankevoort
Shuang-Jiang Li
Yanbang Li
Rurika Oka
Blaise Weber
Iris Hövel
Kathrin Lauss
Till Bey
Jihed Chouaref
Biao Lai

Technicians
Kees Spelt
Mattijs Bliek
Bets Verbree
Rechien Bader
Damar Anggoro
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Invited lectures

Fransz, P.F. (1 October). Chromosome Painting: 
Scientific Art or Artificial Science? Wageningen, the 
Netherlands, Prof. J.H. de Jong Farewell Address 
Symposium.

Stam, M.E. (9 April). Gene regulation by epigenetics 
and chromosomal interactions: b1 paramutation. Padua, 
Italy, University of Padova -hosted by Serena Varotto.

Stam, M.E. (11 August). Gene regulation by 
epigenetics and distant enhancers. Columbus, USA, 
Ohio State University - hosted by Erich Grotewold.

Stam, M.E. (10 August). Gene regulation by 
epigenetics and distant enhancers. Indianapolis, USA, 
Dow Agrosciences -hosted by Lyuda Sidorenko.

Relevant positions

Fransz, P.F. Editor Chromosome Research, Frontiers 
in Plant Genetics and Genomics, Plant Biology. 

Koes, R.E. Organiser EPS Theme 4 Symposium 
‘Genome Biology’.

Stam, M.E. Coordinator Marie Curie ITN 
EpiTRAITS.

Stam, M.E. (14-15 January). Organisation 
conferences: Epigenetic & Chromatin Regulation of 
Plant Traits (co-organised by EpiTRAITS and CHIP_
ET ITN). Strasbourg, France.

Figure 2: A petunia mutant for a gene regulating pH 
in the vacuole where pigments are accumulated (above) 
and a wild-type flower from a petunia isogenic plant 

(below).

Academic publications

Alves Aflitos, S., Sanchez-Perez, G., Ridder, D. 
de, Fransz, P., Schranz, M.E., Jong, H. de & Peters, 
S.A. (2015). Introgression browser: high-throughput 
whole-genome SNP visualization. Plant Journal, 82 
(1), 174-182. doi: 10.1111/tpj.12800 

Appelhagen, I., Nordholt, N., Seidel, T., Spelt, K., 
Koes, R., Quattrochio, F., Sagasser, M. & Weisshaar, 
B. (2015). TRANSPARENT TESTA 13 is a tonoplast 
P3A-ATPase required for vacuolar deposition of 
proanthocyanidins in Arabidopsis thaliana seeds. Plant 
Journal, 82 (5), 840-849. doi: 10.1111/tpj.12854

Kiferle, C., Fantini, E., Bassolino, L., Povero, 
G., Spelt, C., Buti, S., Giuliano, G., Quattrocchio, 
F., Koes, R., Perata, P. & Gonzali, S. (2015). Tomato 
R2R3-MYB Proteins SlANT1 and SlAN2: Same 
Protein Activity, Different Roles. PLoS One, 10 
(8):e0136365. doi: 10.1371/journal.pone.0136365

Kusters, E., Pina, S. Della, Castel, R., Souer, E. & 
Koes, R. (2015). Changes in cis-regulatory elements of 
a key floral regulator are associated with divergence 
of inflorescence architectures. Development - The 
Company of Biologists, 142 (16), 2822-2831. doi: 10.1242/
dev.121905

Batzenschlager, M., Lermontova, I., Schubert, 
V., Fuchs, J., Berr, A., Koini, M.A., Houlné, G., 
Herzog, E., Rutten, T., Alioua, A., Fransz, P., Schmit, 
A.C. & Chabouté, M.E. (2015). Arabidopsis MZT1 
homologs GIP1 and GIP2 are essential for centromere 
architecture. Proceedings of the National Academy of 
Sciences of the United States of America, 112 (28), 8656-
8660. doi: 10.1073/pnas.1506351112

Bourbousse, C., Mestiri, I., Zabulon, G., Bourge, 
M., Formiggini, F., Koini, M.A., Brown, S.C., Fransz, 
P., Bowler, C. & Barneche, F. (2015). Light signaling 
controls nuclear architecture reorganization during 
seedling establishment. Proceedings of the National 
Academy of Sciences of the United States of America, 112 
(21), E2836-E2844. doi: 10.1073/pnas.1503512112

Hövel, I., Pearson, N.A. & Stam, M. (2015). Cis-
acting determinants of paramutation. Seminars in Cell 
& Developmental Biology, 44, 22-32. doi: 10.1016/j.
semcdb.2015.08.012
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