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Management

attitude of this cluster was also mentioned. I am very 
happy, satisfied and proud with the outcome of this 
evaluation especially because of the high teaching 
load that many SILS employees, but especially the 
neuroscientists, experience. This dedication to research 
and teaching cannot be praised enough. Chapeau! 

Personnel
The novel research group Plant Development & 
(Epi)Genetics including the group of professor Koes 
of VU University Amsterdam (VUA) and the group 
of Maike Stam and Paul Fransz of SILS was finally  
established within SILS. Physically the VU group 
moved in the spring of 2015 to their new laboratory 
and office spaces at Science Park. Dr. Kees Jalink of 
the Netherlands Cancer Institute was appointed a 
special chair ‘High Resolution Microscopy’ on behalf 
of the ‘Genootschap ter Bevordering van de Natuur-, 
Genees- en Heelkunde’. Also this year, tenure trackers 
dr Frank Jacobs and dr Jeanette Lorteije were appointed 
in the neurobiology groups of respectively professors 
Marten Smidt and Cyriel Pennartz while eleven PhD 
students, nine postdocs and five technicians/support 
staff were offered employment by SILS.

PhD graduations
In total 14 PhD students graduated at SILS this year. 
Eight PhD students supervised by SILS professors: 
Wishwas Abhyankar, Andreas Angermayr (cum laude), 
Henrique de Oliveira Cabral, Biju Chellapan, Fleur 
Gawehns-Bruning, Rosanne Hertzberger, Rachna 
Pandey and Jesse Veenvliet and six PhD students 
having SILS special chairs as supervisor: Bert van der 
Kooij (J. Borst, NKI-AVL), Daan Visser (NKI-AVL, 
D. Gadella/K. Jalink), Regina Kanski (E. Hol, NIN), 
Carlyn Martine-Mamber (E. Hol, NIN), Marie Orre 
(E. Hol, NIN) and Martine Moeton (E. Hol, NIN). I 
wish them all lots of success in their career.

Research grants
SILS obtained external research grants with a total 
value of nearly € 5 million. Most notable was the 
NWO VIDI grant of € 800.000 awarded to dr Renée 
van Amerongen for her research proposal ‘The eternal 
life of stem cells’. Dr Aniko Korosi and Paul Lucassen 
were awarded the NWO Food & Cognition grant of 
€ 600.00,-, dr Pernette Verschure obtained an EU 
Marie Curie ITN grant of over € 600.000, dr Christa 
Testerink an NWO ECHO grant of € 260.000, dr 
Silke Allmann a €250.000 NWO VENI grant and dr 
Carlos Fitzsimons an ISAO award (100.000,-).
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or Midterm Review
On 25 November 2013, SILS was reviewed by an 
international committee of scientific experts according 
to the Standard Evaluation Protocol 2015-2020 of 
the Association of Universities in the Netherlands 
(VSNU). The members of the committee were: 
professor Stan Gielen, dean of the Faculty of Science  
of Radboud University, Nijmegen (chair), professor 
Judy Armitage of the Department of Biochemistry, 
University of Oxford and Oxford Centre for Integrative 
Systems Biology; professor Elaine Holmes, head of the 
Division of Computational and Systems Medicine, 
Imperial College London; professor Tibor Harkany, 
professor of Developmental Neurobiology, Karolinska 
Institute, Sweden and Head of Department, Centre 
for Brain Research, Medical University of Vienna, 
Austria; professor Mike Blatt, professor of Botany, 
Institute of Molecular Cell and Systems Biology, 
University of Glasgow and editor of Plant Physiology 
and professor Michiel Kleerebezem, professor in 
Microbe Interactomics, Wageningen University.
I received their final review report on 11 January 
2015. Overall the committee regarded the SILS 
support facilities (microscopy, genomics, data analysis 
tools) as excellent while across the board the science 
practised was evaluated as very good to excellent. The 
atmosphere within SILS was experienced as open, 
friendly and informal while the supportive attitude of 
the staff was praised.
The SILS Clusters were also evaluated separately 
by the committee. The four research groups of the 
cluster Cell & Systems Biology are all well-established 
according to the committee, with the Westerhoff 
group considered world leading. The committee added 
that the bacteriology group has a lot of potential and 
stands out and that the advanced microscopy and data 
analysis infrastructure is very good to excellent. At the 
same time the biology-driven research within this 
cluster shows some diversity with respect to quality 
which needs attention.
According to the committee the cluster Neurosciences 
performed very good to excellent research, while the 
research of the Pennartz group stands out as world-
wide leading. The translational promise of the group 
is high but has yet to be realised.
The cluster Molecular Life Sciences acted as a well-
integrated research group that showed a forward 
look with a clear idea of where to go. The committee 
also praised the large number of collaborations with 
industrial partners and clearly indicated that the plant 
scientists of the Cell & Systems Biology cluster fit well 
within this cluster. The good perspective and positive 
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Outreach
Dr Silke Allmann performed in the TV show Melk 
& Honing (Milk & Honey) with the subject ’Do 
plants talk to each other?’ while professor Michel 
Haring presented a lecture on ‘Plant Physiology’ at the 
‘Universiteit van Nederland’ that can be downloaded 
from YouTube. 

Awards
The highlight of this year was the granting of the 
prestigious Young Heineken Prize to our former PhD 
student dr. Martin Vinck who is now working as a 
postdoc at Yale University. He obtained this award 
for his excellent thesis work in the group of professor 
Cyriel Pennartz.  
The SILS ‘Best Research’ Award was granted to the 
research groups of professors Hans Westerhoff and 
Cyriel Pennartz. They were identified as excellent 
and world-leading by the SILS Midterm Review 
Committee. This was underlined by the appointment 
of Hans as Fellow of the International Society for 
Systems Biology.
The ‘Best Teaching’ Award was obtained by the group 
of Stanley Brul not because they spent most hours in 
teaching this year but because this group invested a 
lot of time and energy in the organisation of teaching 
activities next to teaching itself. This is also reflected 
by the positions of Stanley as director of the bachelor 
Biomedical Sciences, Hans van der Spek as director 
of the Graduate School Life and Earth Sciences and 
Gertien Smits as coordinator of the Faculty Honours 
Programme.
The ‘Best Valorisation’ Award was won by dr. Harrold 
van den Burg for obtaining two grants from the 
Top Consortium for Knowledge and Innovation 
Horticulture and Starting Materials that is run by 
industry, universities and research institutes together 
and focuses on translational research activities. In 
total Harrold collected €1.3 million for his research 
with these two grants.
The ‘Best Support Staff’ Award was granted to a 
group of hardly visible employees that are key for the 
organisation. Often it is taken for granted that they 
do their work while their crucial contribution is only 
experienced if they are gone for holidays, become ill 
or are absent because of other reasons. That’s why this 
award went to the colleagues working in the plant and 
animal facilities: Chris Wijs, Ludek Tikovsky, Harold 
Lemereis and Thijs Hendrix.

Science in Amsterdam
In the framework of ‘Science in Amsterdam’ SILS 
decided to participate in three UvA/VUA interfaculty 
collaborations. The Cluster Molecular Life Sciences 
currently evaluates the added value of a more intense 
collaboration with HIMS, the chemistry institute 
of our Faculty and the Theoretical Chemistry group 
of VUA. The Cluster Neurosciences explores the 
collaboration with the VUA Neuroscientists while the 
Cluster Cell & Systems Biology is expected to move 
to the O2 Building at the VU Campus in the spring 
of 2016 to further strengthen their collaboration with 
the VUA Departments Chemistry & Pharmaceutical 
Sciences and Molecular Cell Biology. However 
because of the ongoing discussions by staff and 
students of SILS and the Faculty of Science about the 
added value of an intensified collaboration with VUA 
it is not clear if these plans will become reality soon. 
Therefore I expect that SILS will continue to exist 
as an interdisciplinary research institute of the UvA 
Faculty of Science until at least 2018.

Prof. dr. Willem Stiekema

Introduction by the Institute Director

1
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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
Corporate Scientist Food Science, Purac Biochem bv, Gorinchem (from 1 August 2015: Senior Scientist 
Industrial Microbial Biotechnology in the Business Unit Biobased Products, Wageningen University & 
Research centre, Wageningen)

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://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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Management & Contact Details

Institute director: Prof. W.J. Stiekema
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
 Ms. C. van der Meer

1

http://Website: www.science.uva.nl/sils/home.cfm
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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 2010-2014. 

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).

0
2.000
4.000
6.000
8.000

10.000
12.000
14.000
16.000
18.000

2010 2011 2012 2013 2014
University funding 14.561 12.750 13.505 13.636 16.505
External funding 4.736 7.285 7.438 7.389 6.906

 In
co

m
e 

in
 k
€ 

SILS revenues 

0
2.000
4.000
6.000
8.000

10.000
12.000
14.000

2010 2011 2012 2013 2014
Personnel costs 10.342 10.565 11.822 12.142 12.956
Bench fees 8.812 9.273 10.212 10.010 10.372

 C
os

ts
 in

 k
€ 

SILS costs 

-1500
-1000

-500
0

500
1000
1500
2000
2500
3000

2010 2011 2012 2013 2014
Result 143 197 -1091 -1127 83
Reserve (31 Dec) 2.517 2660 1569 442 524

Re
su

lts
 in

 k
€ 

SILS result and financial reserve 

Fa
ct

s 
& 

Fi
gu

re
s

Year 2010 2011 2012 2013 2014

Total FTE (31 Dec) 171.6 196.1 200.8 219.6 230.5

Employees (31 Dec) 180 208 211 232 255

The integrated results for 2014 show a surplus of 83 k€ 
where a deficit of k€ 275 was budgeted (see figure 1). 
This surplus was added to the financial reserve of SILS 
resulting in k€ 525 of reserve remaining on 1 January 
2015.
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.

0

20

40

60

80

100

120

140

2010 2011 2012 2013 2014
FTE university funded 90,6 103,9 101,3 103,27 120,16
FTE (NWO/FOM funded) 33,3 43,6 50,5 52,83 54,42
FTE  (EU, contracts) 37,3 38,6 37 47,48 38,95
FTE (scholarships) 10 10 12 16 17
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Figure 3: Male/female ratio at the Swammerdam 
Institute for Life Sciences on 31 December 2014. 

Figure 4: Employee provenance on 31 December 2014. 

Figure 5: Current employment of PhDs and postdocs 
who left SILS between January 2011 and June 2014. 

Facts & Figures

1Personnel
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 2014 and shows that females are 
still underrepresented in the higher ranks. At this 
time, 31% of the total 255 SILS employees (including 
bursaries) were from abroad, most notably from Italy, 
China, and Germany (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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Exit numbers
The employment figures of the PhD student and 
postdocs that leave SILS (see figure 5) are very 
encouraging for SILS, as an institute that has education 
of PhD students and postdocs as one of its spearheads. 
The figures show that 86% of the PhD students and 
81% of the postdocs who left SILS between January 
2011 and June 2014 have found another job. Only 
14% of the PhD students are unemployed while 8% 
of the postdocs are still searching for another job in 
or outside the Netherlands. Those that find another 
job do so mainly in research laboratories of non-profit 
organisations. A minority of the PhD students, 14%, 
has chosen a job in industry, while 19% of the postdocs 
decided to accept a job in this sector. Teaching at 
secondary schools is not very popular as indicated by 
the figures. Only 10% of the PhD students and 2% 
of the postdocs choose such a career, even though 
secondary schools have the policy to appoint more 
graduated teachers to further enhance their quality.





Chapter 2:
Highlights



14 - Swammerdam Institute for Life Sciences

Hippocampus assists navigation by using stored movement sequences
H. Cabral, M.A. Vinck, C. Fouquet, C.M.A. Pennartz, L. Rondi-Reig and F.P. Battaglia. 
Oscillatory dynamics and place field maps reflect sequence and place memory processing in 
hippocampal ensembles under NMDA receptor control. Neuron (22 January 2014).

Brains code spatial information differently than previously thought
None of us has satnav in our brains, so how do we navigate through three-dimensional space? The 
hippocampus has proven to assist this process by reminding us of movements we have previously 
made to achieve a certain goal. The NMDA receptor is an important link in this process. These 
are the findings of researchers at the University of Amsterdam (UvA), whose research results have 
been published in the scientific journal Neuron. 
Imagine you are in a labyrinth and trying to find the exit. First you turn left, then right, until 
you finally find the exit. You then enter again and need to find the right way a second time from 
the same starting point. What strategy do you use? You could decide to follow the same left-right 
sequence of movements you made the first time. You could also try to navigate according to 
‘landmarks’ in the environment, such as a tree protruding out above the labyrinth which seemed 
close to the exit the first time. In the first instance, you rely on your memory of a sequence of 
movements you have already made; the second approach relies on the spatial orientation of objects 
in the environment.

Missing NMDA receptor 
UvA researcher Henrique Cabral and fellow researchers from the Swammerdam Institute for Life 
Sciences examined the electrical activity of neurons in the hippocampi of mice trying to find their 
way out of such a maze. Their goal was to find out whether this activity was disrupted in mice 
that were missing a certain protein molecule in their hippocampus, one that is known to serve an 
important memory function in that area of the brain. The missing molecular link is the NMDA 
receptor, which enables the links between brain cells to be altered in the long term.
The mice were sent through the maze twice. Like humans, they too could locate the goal the second 
time either by making a series of movements, or by following landmarks in the environment. 
Mice missing the NMDA receptor had no problem navigating according to the landmarks. 

However, their ability to recreate a complex sequence of left and 
right turns was affected significantly. This defect was also clearly 
evident in the electrical activity of the cells in the hippocampus, 
which have the special property of becoming electrically active 
(‘firing’ impulses) whenever the animal is at a specific place in 
an environment. This location varies from cell to cell. In mice 
that followed the landmarks, the cells exhibited a normal pattern 
of impulses that corresponded to the coding of the locations in 
the maze where the mouse had already been. Yet the location 
coding among mice relying on their memory of a sequence 
of movements became muddled in those missing the NDMA 
receptor, whereas it was normal among the mice that still had 
the receptor.

These research results shed a surprising new light on the way in 
which brains map out spatial routes. It was previously thought 
that the hippocampus was mainly important for visual, object-
oriented navigation, whereas it has now been shown that this 
also applies to sequences of movements. 

The study was funded by a grant from Technology Foundation STW.
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Bacterial cytoskeleton influences cell membrane organisation
H. Strahl, F. Bürmann, and L.W. Hamoen. The actin homologue MreB organizes the bacterial 
cell membrane. Nature Communications (7 March 2014).

This study supervised by Leendert Hamoen focusses on the bacterial cytoskeleton. In animal cells 
the cellular cytoskeleton creates specific domains in the cell membrane that provide the right 
conditions for many different membrane proteins. Bacteria also 
contain cytoskeleton proteins that are important for the shape of 
the bacterial cell. The group of Hamoen has now shown that these 
proteins also create such specific membrane domains in bacterial 
cells. These membrane domains are important for the distribution 
and activity of many membrane proteins.
Leendert Hamoen explains: “During growth the bacterial cytoskeleton 
rotates along the cell. When this movement of the cytoskeleton and 
the associated membrane regions is blocked, the general diffusion of 
membrane proteins is significantly reduced. This surprising finding 
indicates that the bacterial cytoskeleton functions as a kind of cell 
membrane mixer.”

The study is a cooperation with the Institute for Cell and Molecular 
Biosciences of the Newcastle University.

Healthy embryonic brain development depends on serotonin receptor
S. Murthy, M. Niquille, N. Hurni, G. Limoni, S. Frazer, P. Chameau, J.A. van Hooft, 
T. Vitalis and A. Dayer. Serotonin receptor 3A controls interneuron migration into the 
neocortex. Nature Communications 5, (20 November 2014).

Researchers Hans van Hooft and Pascal Chameau of the Swammerdam Institute for Life Sciences 
recently published in cooperation with researchers from the University of Geneva Medical School 
and the ESPCI ParisTech in Nature Communications on the importance of the serotonin receptor 
5-HT3 for healthy embryonic brain development.

Serotonin is a substance in the brain, which is involved in the transfer of information between 
brain cells. In addition, serotonin has an important influence on brain development. In the 
past, researchers from SILS have demonstrated that the use of the antidepressant Prozac during 
pregnancy leads to abnormalities in the structure of the brain of the descendants. This effect was 
dependent on a particular receptor for serotonin, known as the 5-HT3 receptor. Last month, these 
same researchers showed, in cooperation with researchers in Geneva and Paris, that the 5-HT3 
receptor is essential for the correct positioning of certain neurons in the brain during embryonic 
development. These fundamental findings are important to understand how serotonin affects 
brain development and how defects arise when the serotonin system does not function properly, 
as found in various brain disorders such as depression, schizophrenia and autism.

Top publications 2014

2
ARTICLE

Received 5 Dec 2013 | Accepted 13 Feb 2014 | Published 7 Mar 2014

The actin homologue MreB organizes the
bacterial cell membrane
Henrik Strahl1, Frank Bürmann2 & Leendert W. Hamoen1,3

The eukaryotic cortical actin cytoskeleton creates specific lipid domains, including lipid rafts,

which determine the distribution of many membrane proteins. Here we show that the

bacterial actin homologue MreB displays a comparable activity. MreB forms membrane-

associated filaments that coordinate bacterial cell wall synthesis. We noticed that the MreB

cytoskeleton influences fluorescent staining of the cytoplasmic membrane. Detailed analyses

combining an array of mutants, using specific lipid staining techniques and spectroscopic

methods, revealed that MreB filaments create specific membrane regions with increased

fluidity (RIFs). Interference with these fluid lipid domains (RIFs) perturbs overall lipid

homeostasis and affects membrane protein localization. The influence of MreB on membrane

organization and fluidity may explain why the active movement of MreB stimulates

membrane protein diffusion. These novel MreB activities add additional complexity to

bacterial cell membrane organization and have implications for many membrane-associated

processes.

DOI: 10.1038/ncomms4442 OPEN

1 Centre for Bacterial Cell Biology, Institute for Cell and Molecular Biosciences, Newcastle University, Richardson Road, Newcastle NE2 4AX, UK. 2Max Planck
Institute of Biochemistry, Chromosome Organization and Dynamics, Am Klopferspitz 18, Martinsried D-82152, Germany. 3 Swammerdam Institute for Life
Sciences (SILS), University of Amsterdam, Amsterdam 1098 XH, The Netherlands. Correspondence and requests for materials should be addressed to
H.S. (email: h.strahl@ncl.ac.uk) or to L.W.H. (email: l.w.hamoen@uva.nl).

NATURE COMMUNICATIONS | 5:3442 | DOI: 10.1038/ncomms4442 |www.nature.com/naturecommunications 1

& 2014 Macmillan Publishers Limited. All rights reserved.

5-HT3AR controls the laminar 
positioning of  reelin-expressing CGE-

derived INs in the cortex.
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Europortrait – Mai : Für ein besseres Europa | ARTE Info

http://info.arte.tv/de/europortrait-mai-fuer-ein-besseres-europa[5-12-2014 15:22:03]

 2014

Von Yann Le Gléau und Gildas Corgnet - ARTE GEIE / What’s Up Productions – Frankreich
 2014

Die Niederländerin Renée Van Amerongen, 37 Jahre alt, erforscht die Ursachen des
 Brustkrebs: An der Universität Amsterdam studiert sie das Wachstum der Zellen, um
 die Entstehung kanzerogener Strukturen besser verstehen zu lernen.

Nach vier Jahren in den USA ist Renée Van Amerongen wieder in ihre Heimat zurückgekehrt,
 um dort weiter in der Zellforschung zu arbeiten, dem Studium molekularer Mechanismen in
 den Zellen, die sie von „guten“ in „böse“, also wuchernde Krebszellen, verwandeln. Sie ist
 mit Wissenschaftlern in der ganzen Welt in Kontakt, deshalb weiß sie sehr gut, dass die
 Arbeitsbedingungen für Wissenschaftler in den USA und in China im Vergleich zu Europa
 viel besser sind. Die Wissenschaftler in Europa müssten dies eben durch härtere Arbeit und
 bessere Ideen ausgleichen, sagt Renée Van Amerongen. 

2704    MEDISCH CONTACT | 18 DECEMBER 2013  
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SILS in Press

2
WISACTUEEL

 

interview 

november 2014

Tuinbouw met zout water?  

in nederland is volop zoet water aanwezig, maar op veel andere plaatsen is dat 

niet het geval. Het zou een uitkomst zijn als je daar planten kunt kweken die ook 

op zout water gedijen. Magdalena Julkowska onderzoekt de rol die het 

wortelstelsel daarbij speelt. Ze doet dat (onder andere) met verrassend 

eenvoudige wiskunde.

De zandraket (Arabidopsis) speelt de hoofdrol in het onderzoek 

van Magdalena Julkowska. In geconditioneerde kweekkamers 

heeft zij al honderden van deze kleine plantjes gekweekt. Zij doet 

dit in het kader van haar promotieonderzoek bij de Faculteit der 

Natuurwetenschappen, Wiskunde en Informatica van de 

Universiteit van Amsterdam. Enthousiast vertelt Julkowska over 

de achtergronden van haar werk en de rol die wiskunde daarin 

speelt.

natrium als boosdoener

“70% van de aarde bestaat uit water, 2% daarvan is zoet water 

en het grootste deel daarvan heeft de vorm van ijs. Wereldwijd is 

zoet water dus schaars. Door veranderingen in het klimaat neemt 

het aantal gebieden dat door watertekort getroffen wordt toe. De 

concentratie van mineralen in het water neemt daardoor toe. Dit 

gebeurt bijvoorbeeld in grote gebieden in Australië. De planten 

die daar groeien ondervinden daardoor zoutstress. Planten kunnen 

zich daaraan aanpassen, maar dat kost veel energie, daarom 

groeien planten met zoutstress langzamer. Ze ontwikkelen 

strategieën om zo goed mogelijk met de nieuwe situatie om te 

gaan. Bijvoorbeeld door hun wortelstelsel aan te passen.”

De wortels van een plant hebben een aantal functies. Ze zorgen 

voor grip in de grond en voor de opname van water en 

voedingsstoffen. Een van die voedingstoffen is kalium, dat onder 

andere een belangrijke rol speelt bij de fotosynthese in de 

bladeren. Dit proces wordt belemmerd door natrium, een van de 

bestanddelen van zout. Op moleculair niveau lijken kalium en 

natrium op elkaar waardoor natrium via de kaliumkanaaltjes naar 

binnen kan druipen. Een plant kan hierop reageren door de 

opname van water en voedingsstoffen aan te passen. 

“Interessant is om te zien wat er gebeurt met de wortelstructuur”, 

legt Julkowska uit. “Wat voor beslissing neemt de plant. Kiest hij 

voor veel wortels om water op te nemen? Maakt hij minder wortels 

zodat hij minder  zout opneemt? Past hij de architectuur van zijn 

wortelstelsel aan?” Om dit te onderzoeken worden verschillende 

ecotypes van de Arabidopsis onderzocht. “Dit plantje komt overal 

voor in het noordelijke halfrond en past zich aan de lokale 

omstandigheden aan. Ze komen voor in kuststreken, bergstreken, 

steppegebieden enzovoort. We gaan er vanuit dat planten die uit 

verschillende locaties komen, aangepast zijn aan de uitdagende 

omstandigheden waarin ze groeien. Dit kan zich uiten in 

genetische aanpassing. Arabidopsis-plantjes zijn klein en hebben 

bovendien een korte generatietijd, de cyclus van zaad naar zaad 

duurt drie maanden. Dat maakt het plantje heel geschikt om te 

onderzoeken.”

De zaadjes moeten eerst kiemen. Na vier dagen worden ze 

overgezet op platen met een agaragar-gelei waarin voedingstoffen 

zijn opgelost. Er zijn controleplaten zonder zout en platen met 

verschillende zoutconcentraties.  Het hele kiem- en kweekproces 

vindt plaats in kweekkamers onder gecontroleerde condities. Elke 

tweede dag wordt gekeken hoe de wortels zich ontwikkelen. Dit 

gebeurt door de kweekplaten onder een scanner te leggen. Met 

software wordt daarna de vorm van de wortels geanalyseerd. 

De beste strategie
“De Arabidopsis heeft een wortelstelsel dat uit een hoofdwortel 

met zijwortels bestaat”, vertelt Julkowska. “Je kunt dit stelsel met 

drie parameters beschrijven: de lengte van de hoofdwortel (LHW), 

het aantal zijwortels (AZW) en de gemiddelde lengte van de 

zijwortels (GLZ). Je kunt deze drie parameters combineren om de 

zijwortellengte (ZL) en vervolgens de totale wortellengte (TWL) te 

beschrijven. Bij metingen van de controleplaten, blijkt dat LHW, 

GLZ en AZW alle drie kwadratische verlopen met de tijd.” Elke 

individuele zaailing ontwikkelt zich op zijn eigen manier. Zaken als 

gemiddelde groeifactoren en standaarddeviaties spelen dus ook 

een belangrijke rol.
 

Een schematische weergave van de parameters die het wortelstelsel 

van de Arabidopsis beschrijven als functie van de tijd
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In 2005 leek duPont goede papieren te 

hebben. de Europese voedselveilig-

heidsautoriteit EFSA kwam, 4 jaar nadat 

het Amerikaanse bedrijf een vergunning 

aanvroeg voor de teelt van de genetisch 

gemodificeerd maisvariant maize 1507, 

met een oordeel: maize 1507 was veilig. 

de mais bevat een gen voor bt-toxine, 

een eiwit dat bescherming biedt tegen een 

rups, de Europese maisboorder, die de 

stengels van de plant binnendringt en van 

binnenuit opeet. Het gen is afkomstig van 

een bacterie, Bacillus thuringiensis (bt) die 

biologische boeren ook inzetten als be-

strijdingsmiddel. Andere boeren gebrui-

ken grote hoeveelheden insecticiden om 

de rupsen te bestrijden.

Toch duurde het nog 8 jaar voor de 

Europese Commissie de mais goedkeurde 

voor teelt. dat schaadde niet alleen com-

merciële belangen. Zowel het ras als de 

techniek waarmee de modificatie plaats-

vond zijn inmiddels sterk achterhaald. 

GoudbolletJes

In grote lijnen veranderde het genetisch 

modificeren de afgelopen 12 jaar amper: 

wanneer de vraag ontstaat naar een  

gewas met een bepaalde eigenschap,  

bijvoorbeeld resistentie tegen droogte, 

tegen herbiciden of zoals in dit geval  

tegen een bepaald insect, dan gaan we-

tenschappers op zoek naar een gen of 

genen die deze eigenschap kunnen  

leveren. dat doen ze door genetische 

screening van organismen die de eigen-

schap bevatten. Vinden ze het gen, dan 

knippen ze het eruit en brengen het in bij 

de doelsoort. 

In het geval van de mais gebeurde dat 

door minuscule goudbolletjes gecoat met 

dNA op maiscellen af te schieten. Een 

andere optie is het gebruik van een bacte-

rie. de stukjes dNA bevatten niet alleen 

de eigenschap voor het bt-toxine, maar 

ook een merker die selectie mogelijk 

maakt. die merker geeft resistentie tegen 

een herbicide, waardoor cellen waarbij het 

gen is ingebouwd overleven en cellen 

waarbij dat niet is gelukt sterven. 

“die techniek is inmiddels niet meer 

toegestaan, aangezien je daarmee ook 

herbicidenresistentie inbouwt, en die toe-

passing heeft de EU niet goedgekeurd”, 

legt Frank Takken uit. Hij is universitair 

docent moleculaire plantenpathologie 

aan de Universiteit van Amsterdam en 

past genetische modificatie toe bij experi-

menten om onder meer de weerstand van 

tomaten te verhogen. “Inmiddels gebrui-

ken we verschillende andere trucs voor 

selectie.”

Zo kun je tegenwoordig lox’s sites inbou-

wen, waar de resistentiemerker tussen zit. 

Na de inbouwprocedure kun je dit gen uit 

het mais-dNA knippen, terwijl het bt-

toxgen blijft zitten. Op die manier kun je 

in principe al het dNA dat bedoeld is voor 

het selecteren verwijderen. Een nog mo-

dernere methode is helemaal geen merker 

inbrengen, maar met behulp van geneti-

sche screening testen of het gen is inge-

bouwd. de dalende kostprijs van sequen-

cing maakt deze methode inmiddels 

betaalbaar. 

Variatie

Een tweede nadeel van de trage goedkeu-

ring van maize 1507 is dat het maisras zelf 

al weer in een aantal opzichten verouderd 

is, zegt bert Lotz, toegepast ecoloog bij 

Wageningen Ur. “rassen gaan meestal 

een paar jaar mee, daarna halen nieuwe 

soorten ze in.” Idealiter zou je het bt-

toxgen inbouwen in verschillende maisras-

sen, zodat de variatie groter blijft, maar de 

kostbare toelating maakt de drempel daar-

voor hoog. daar komt nog bij dat er tegen 

het bt-toxeiwit resistentie kan ontstaan. In 

de VS zijn inmiddels maisrassen verkrijg-

baar waarin verschillende bt-tox-genen zit-

ten, waardoor de kans op resistentie af-

neemt. “die rassen zullen we in Europa 

voorlopig nog niet zien”, zegt Lotz. “dat is 

zonde, want door het verminderde pestici-

dengebruik kunnen ze de landbouw helpen 

verduurzamen.” 

|

GoedGekeurde Gentechmais  

is traGe stap vooruit

een genetisch gemodificeerde maissoort lijkt 12 jaar na de aanvraag goedgekeurd  

te gaan worden voor de europese velden. echter blijken zowel het ras als  

de modificatietechniek inmiddels achterhaald.  

De Europese mais(stengel)boorder  

(Ostrinia nubilalis).

‘Rassen gaan meestal 

een paar jaar mee’
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doorplaatsing MeMo10 Een trage stap 

vooruit

Pagina: ‘Vervalt’ (hij was opgemaakt, 

maar staat nu niet in MeMo).
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The EpiPredict project, coordinated by Pernette J. Verschure (Synthetic Systems Biology and Nuclear 
Organisation group), has been awarded a European grant of €2.8 million (636 k€ for SILS) for epigenetic 
research into resistance to endocrine (hormonal) therapy in breast cancer. The possibility to predict and 
avoid resistance to endocrine therapy will be a step closer to achieving 'tailored therapy' for breast 
cancer patients. The grant is awarded as part of the ‘Marie Skłodowska-Curie Actions’ of the excellence 
component within Horizon2020, the European Commission programme for research and innovation.

Harrold van den Burg (Molecular Plant Pathology) en Marcel Prins (Keygene & Molecular Plant 
Pathology) received funding for a research project (700 kEUR) by the Topsector programme 
Horticulture and Starting Materials from the Ministry of Economic affairs. In this 3-year 
programme, the researchers will screen for novel disease resistance by targeting the replication of 
geminiviruses in tomato. Geminiviruses cause large yield losses worldwide on many important 
crops. Within the project SILS and the biotech company Keygene will collaborate with four 
internationally operating Dutch-based plant breeding companies.

Renée van Amerongen (Molecular Cytology) received a VIDI grant from NWO ALW (800 kEur), 
allowing her to expand her research on the link between mammary stem cells and breast cancer. 
All of our organs, including the mammary gland, contain a small population of stem cells with 
the capacity to both self-renew and differentiate. This process is tightly guarded by self-renewal 
factors, which are generally believed to be produced by cells in the local microenvironment, the 
so-called niche. In reality, the location and identity of the stem cell niche is unknown for most 
mammalian tissues. The goal of the project is to identify and manipulate the mammary stem cell 
niche, so that we will eventually be able to direct stem cell behaviour at will.

Aniko Korosi (Structural and Functional Plasticity of the Nervous System) received the NWO 
Food & Cognition grant (over €660.000,-) to study the effects of early nutrition on brain 
development. The 4-year project will be performed in tight collaboration with Danone Nutricia, 
pediatricians from the AMC, Biocrates (a small Austrian company expert in mass spectrometry) 
and experts in epigenetics from the RUG. Stress experienced early in life impairs cognition for 
life. Given the high nutritional demand of the brain during this developmental period, Korosi 
and colleagues will investigate the novel concept that early nutrition may help to withstand later 
functional deficits. The purpose of this study is to achieve optimal nutrition for both breastfeeding 
mothers and for (newborn) babies, toddlers and young children, so that support can be offered to 
an optimal development and function of the brain in vulnerable situations.
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The SILS research group RNA Biology & Applied Bioinformatics (RB&AB) was granted ca. 300 k€ 
by the government Top Sector Horticulture and Propagation Materials. In a collaboration with ten seed 
breeding companies, united in the “Virtual Lab for Plant Breeding” association, RB&AB will perform an 
inventory of all small-RNAs in the economically relevant crops: tomato, sugar beet, cucumber, potato, bell 
pepper and melon. The recently discovered small-RNAs offer the potential for innovative plant breeding.

Carlos Fitzsimons (Structural and Functional Plasticity of the Nervous System) was awarded a €100,000 
grant by the International Foundation for Alzheimer Research (ISAO) for his 2-year project entitled: 
Epigenetic programming of hippocampal neurogenesis by stress in sporadic Alzheimer’s disease models. 
The risk of Alzheimer's disease (AD) is partly determined by age, genetic (family) influences and 
environmental factors. A key factor in this process is played by changes in the folding and "accessibility" 
of DNA, the so-called 'epigenetic' processes. Fitzsimons plans on using sensitive, modern techniques 
to identify how external (environmental) factors such as stress, causes changes in epigenetics, and what 
those changes are. He will also determine how these changes may affect the new nerve cells, their 
synaptic connections and their function in cultures and animal dementia models.

Christa Testerink (Plant Physiology) has received a €260,000 NWO ECHO grant for her proposal 
entitled ‘Clathrin-mediated endocytosis in plant salt stress responses: unravelling the biochemical 
basis.’ Testerink’s research looks at how plant roots respond to salt in the soil. When plants are exposed 
to salt in the soil, dramatic changes take place in their cell membranes that enable the roots to grow 
away from the high salt concentrations. Testerink focuses specifically on the biochemical basis of this 
process: the interaction of membranes with the proteins that makes this response possible.

SILS researcher Silke Allmann (Plant Physiology) was awarded a 250 k€ VENI grant by the 
Netherlands Organisation for Scientific Research (NWO) for her project ‘Z/E-conversion of 
hexenal as modulator of insect physiology and plant-herbivore interactions’. Plants are continuously 
exposed to different types of stress. Upon wounding plants release large quantities of the volatile 
Z-3-hexenal, which can be converted to E-2-hexenal by an enzyme in the oral secretions the 
tobacco hornworm (Manduca sexta) while feeding from the plant. Strikingly, this conversion 
strongly increases the foraging efficiency of the caterpillar’s natural predators in nature. In this 
project Allmann aims to understand why the caterpillar produces this apparently maladaptive 
enzyme and she will study whether other insects possess similar enzymes. She will furthermore 
investigate what role the conversion of this volatile molecule has for the defense of the plant.

The development of resistance to antibiotics is a major health problem in society. Benno ter Kuile 
and Stanley Brul (Molecular Biology and Microbial Food Safety) received a funding of almost 
€380,000 from the Netherlands Food and Consumer Product Safety Authority to study the 
molecular physiology of antibiotic resistance development. A special focus is on the development 
of resistance to non-lethal levels of antibiotics, as they occur in the food chain from time to time, 
and on contributing to the making of mechanistic models of resistance development.
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Giulia De Luca wins Amsterdam Science & Innovation Award 2014
Giulia De Luca’s Re-scan Confocal Microscopy (RCM) method 
won the 2014 edition of the Amsterdam Science & Innovation 
Award, an annual award in recognition of innovative ideas from 
all of Amsterdam’s knowledge institutes. RCM is a scan and 
re-scan method that achieves super-resolution, yielding even 
sharper images of living cells. The method consists of linking 
two optical scanners to a standard microscope.

Giulia De Luca and Ronald Breedijk were presented with the 
€5,000 cash prize by jury chairman Alexander Rinnooy Kan on 

Thursday, 5 June 2014. ‘Giulia De Luca’s submission goes right to the heart of scientific research. 
Application of the scan and rescan method could significantly contribute to cell research’, he 
explained.

De Luca is a doctoral candidate in the group headed by Erik Manders at the University of 
Amsterdam’s (UvA) Swammerdam Institute for Life Sciences. Her research focuses on 
improving the resolution and sensitivity of the standard laser scanning microscope.

About the Amsterdam Science & Innovation Award 
The Amsterdam Science & Innovation Award is an annual award for the most innovative research-
based idea with a social and/or commercial application. This year, nearly 70 submissions from 
AMC-UvA, AUAS/HvA, Sanquin, UvA, VU University Amsterdam (VU) and VU University 
Medical Center Amsterdam (VUmc) competed for the award. The competition is organised by 
the UvA, VU, AUAS/HvA, AMC-UvA and VUmc technology transfer offices.

Top Paper Award for Dr. Carlos Fitzsimons
Dr. Carlos Fitzsimons (Lucassen’s group, SILS Center for Neuroscience) was 
awarded the ‘2014 Top Paper Award’ at the recent Dutch Neurofederation’s 
meeting (ENP 2014) in Lunteren for a paper in the high impact journal 
Molecular Psychiatry in 2013.

The paper was presented by Carlos Fitzsimons in a plenary lecture following the 
award ceremony, on May 22, 2014. In their paper, Fitzsimons, together with a.o. 
Dr. Lenneke van Hooijdonk, Marijn Schouten and Dr. Erno Vreugdenhil and 
colleagues from Amsterdam, Leiden, Utrecht and the USA demonstrate a role 
for the glucocorticoid receptor as key regulators of stem cells in the adult brain. 
They used viral tools to knockdown the glucocorticoid receptor selectively in 

the newly born neurons in vivo and characterise subsequent changes in structure, migration 
and function of these newly born neurons in the hippocampus and their role in fear-motivated 
behaviour.

Highlights
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Prof. Hans Westerhoff appointed among first three fellows of the International 
Society for Systems Biology

Hans V. Westerhoff (SILS UvA Synthetic Systems Biology; VU Microbial 
Physiology, AIMMS; and University of Manchester) has been appointed 
Fellow of the International Society for Systems Biology. At the awarding 
ceremony 16 September in Melbourne, Westerhoff and two other new 
fellows, i.e. Leroy Hood (ISB, Seattle) and Hiroaki Kitano (SBI, Tokyo) 
were recognised as originators par excellence of Systems Biology in the 
three corresponding parts of the world, Asia, the Americas and Europe.

These very first Fellows of this relatively young society were honoured because of 
the excellent systems biology produced by them and their research groups. The 
International Society for Systems Biology (ISSB) is a society aimed at advancing 
world-wide systems biology research by providing a forum for scientific discussions and various 
academic services. Its annual International Conference on Systems Biology (ICSB) serves as 
the main international meeting for Systems Biology. In addition, ISSB helps organise a series 
of symposia, workshops, and educational programs. It is allied with the journal ‘Molecular 
Systems Biology’ and will soon also team up with a new journal of the Nature Publishing 
Group, to be called ‘Systems Biology and Applications’. The ISSB helps coordinate researchers 
to form alliances that serve the unique needs of multidisciplinary life science research.

SILS Education Award 2014

Amsterdam
January 29th 2015

Prof. dr. W.J. Stiekema
Institute director

Best long-time teaching efforts

Molecular Biology and 
Microbial Food Safety

SILS Research Award 2014

Amsterdam
January 29th 2015

Prof. dr. W.J. Stiekema
Institute director

Excellent, world-leading research

Group Westerhoff
&

Group Pennartz

SILS Support Award 2014

Amsterdam
January 29th 2015

Prof. dr. W.J. Stiekema
Institute director

Chris Wijs, Ludek Tikovsky, 
Harold Lemereis and Thijs Hendrix

Crucial contributors
SILS Valorisation Award 2014

Amsterdam
January 29th 2015

Prof. dr. W.J. Stiekema
Institute director

2-times TKI grant winner

Harrold van den Burg

SILS awards 2014

2

Grants & Awards
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1st Presentation Prize: Nadine Händel, MBMFS
Nadine studied the genetic and metabolic consequences 
of de novo acquired antibiotic resistance, as well as factors 
driving the transfer of resistance-conferring plamids, in 
the model organism Escherichia coli.

2nd Presentation Prize:  Kit-Yi Yam, SFPNS
Kit showed how exposure to early-life stress leads to 
long-term alterations on fat tissue and metabolism.

1st Poster Prize: Magdalena Julkowska, PP
Magdalena studied the root system architecture 
development of Arabidopsis in response to salt stress.

2nd Poster Prize: Simone Mesman, MN
Simone discovered that mesodiencephalic dopaminergic 
(mdDA) neuronal specification is independent of Gli2A-
mediated SHH-signalling and under the direct influence 
of canonical WNT-signalling.

Highlights

3rd Presentation Prize:  Sofia Kanatsou, SFPNS
Sophia investigated whether mineralocorticoid receptor 
overexpression functions as a genetic resilience factor 
under adverse life conditions.
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Double portrait of Ronald Koes 
and Francesca Quattrocchio

Double portrait of 
Ronald Koes and 
Francesca Quattrocchio

Name: Ronald Edwin Koes
Birth: 23 July 1958, Amsterdam
1976-1983: Biology, VU, Amsterdam, cum laude
1983-1988: PhD, VU, Amsterdam
1988-1991: postdoc, Florigene
1991-1999: Assistant professor, Department 
of Genetics, VU, Amsterdam
1999-2006: Associate prof., Department of 
Genetics, VU, Amsterdam 
2005-now: Professor in Developmental 
Genetics, VU and now UvA, Amsterdam

Name: Francesca Margherita Quattrocchio
Birth: 22 March 1960, Novara, Italy
1978-1983: Biological Science, Università 
degli Studi di Roma, La Sapienza, cum laude
1986-1990: Fellowships: Milan Istituto 
Biosintesi vegetali (CNR), EMBO, EEC 
(Marie Curie)
1990-1994: PhD, VU, Amsterdam
1994-2001: Postdocs, VU, Amsterdam
2001-now: Assistant professor, VU and 
now UvA, Amsterdam

2

Per september 2014, SILS was joined 
by the Plant Development and (Epi)
Genetics group led by professor 
Ronald Koes. He and his wife, assistant 
professor Francesca Quattrocchio, talk 
about life in science.

When did you first want to become a scientist?
Ronald: “It came to me gradually. In high school, I thought biology was incredibly boring. I 
had a very stuffy, old-school biology teacher, who just collected plants and stuff. It wasn’t until 
the next teacher started talking about DNA, that I started thinking about studying biology. 
And even then, I had no real idea of what a scientist is or does or that I wanted to become one.”
Francesca: “For me, it was completely different. When I was 7, my father got me a microscope 
for Christmas and ever since I knew; I want to become a scientist, wear a white lab coat and 
work in a lab. My father once worked in a chemistry lab and he always made it sound so heroic. 
As for the topic: I love animals, I could never hurt them or cut into them, so my first internship 
was in a plant lab. It was like a dream come true!”

Double portrait of Ronald Koes and Francesca Quattrocchio
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What is the biggest challenge in science?
Ronald: “It’s actually staying in science. You easily run the risk of ending behind a desk with 
piles of spreadsheets, administration and budgets. I remember my first holiday job: dishwasher 
in a hotel. Every day when I started, there would be this huge stack of dirty dishes, pots, pans. I 
would start washing and washing, but the stack would never change, kind of like a chemostat. I 
managed to stay there for exactly three days. Now, sometimes, I feel like I’m back again: always 
the endless to-do list and no time for science if you don’t watch out.”

Is working in science what you expected?
Francesca: “Well, it isn’t quite as glamorous, but I love it and wouldn’t want anything else.”
Ronald: “I would pick it again! Maybe I would try out a different field, such as particle physics 
or neurobiology. But I would definitely choose research.”

So, where is the fun in science?
Ronald: “It’s in the Eureka-moments! You have them big and small: from a gel showing your 
DNA is properly cut, to the real scientific breakthroughs. My biggest eureka-discovery is 
actually in my least-cited paper. We were working on petunia plants with transposons causing 
coloured spots and the spots unexpectedly disappeared after a cross. We didn’t understand why 
and for years we kept on working on this in our spare time. One day, all of a sudden we grasped 
that it was regulated epigenetically by a second transposon and everything just made sense. 
That’s the fun in science! That’s also what makes plants and flower colour such a good research 
object: the outcome is so easily visible. Plantbiology suffers a bit from an old-fashioned image, 
but it has enabled huge leaps for science, for instance with the discovery of RNAi.”
Francesca: “My most gratifying discovery was in the use of protonpumps. We reasoned that if 
plants can pump out H+, they can do the same for other ions such as Na2+, enabling them to 
survive in a high-salt environment. We tried it, and behold: it works!”

How do you feel about your move to Science Park?
Ronald: “I started my PhD at the VU, working on petunia plants from the genetics group 
here at Science Park. I was only about two weeks in, when the genetics group was terminated. 
Luckily, the petunia collection could be saved and was transferred to the VU. Now, we’ve 
made the opposite move and are back at the UvA with the greatest part of our collection. 
We desperately hope that the rest of the collection can be housed here as well, before the VU 
building is torn down.”
Francesca: “We have wanted to come to Science Park for some 10 years now, it feels like coming 
home. At the VU, we were quite isolated as a plant group, here, we are with our peers. This is 
where we should be.”

Highlights
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Where would we find you in the weekend or at night?
Francesca: “It depends a bit on how busy a period is; sometimes we will be at  work, but you’ll 
also find us at home. We love to go biking when the weather is nice. In the evenings we might 
go to a concert, the opera, or have friends over.”
Ronald: “But only if we have tickets or a clear appointment! It’s really easy to keep on working 
if you don’t plan anything else.”

What would be your advice to all the young aspiring scientists out there?
Francesca: “To only go into science when you love it! You have a lot of freedom, but it can also 
be a constant battle.”
Ronald: “Yes, you need to be able to handle setbacks. But other than that: just enjoy it!”

How would your friends and family describe you?
Francesca: “I have a little niece who is very proud of her aunt in science, though she thinks 
I’m rather strict. At work, I would say I’m the social one: organising activities, bringing cake.”
Ronald: “All right, then I’ll be the strict one at work, always nagging about some detail a 
reviewer will probably complain about!”

Francesco Quattrocchio and 
Ronald Koes biking in Italy.

Double portrait of Ronald Koes and Francesca Quattrocchio
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December 2014, dr Frank Jacobs 
published a paper in Nature on his 
postdoctoral research abroad on mobile 
genetic elements. Now, he 
is working on new exciting 
discoveries as a tenure track 
assistant professor with the 
Molecular Neuroscience 
group at SILS.

Why did you choose to do your postdoc at the University of California Santa Cruz 
(UCSC)?

“After my PhD, I wanted to pursue my research interests in the evolution of the human 
genome, and how this holds clues about the evolutionary expansion of the human cortex. I 
had a look at a couple of labs in various places and countries and in the end, the UCSC fit best 
with my research. In addition, my wife and I love travelling and really wanted to live abroad 
for a while."

Highlights
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Short CV
 ► Name:  Frank Michael Johannes Jacobs
 ► Birth: 24-10-1978, Wijk bij Duurstede
 ► 2003 MSc degree in medical biology, Utrecht University
 ► 2004-2009 PhD at Rudolf Magnus Institute, Utrecht with Prof. dr. Marten Smidt
 ► 2009-2014 Postdoc at University of California Santa Cruz
 ► 2014- Assistant professor at SILS, University of Amsterdam
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Was it what you expected, living abroad?
“Actually, it was much better. You often hear prejudices against Americans, but in our experience, 
they are very open, friendly and very welcoming to making new friends and connections. We 
ended up with a very large and dynamic social network. One thing that may exemplify what 
we experienced over there is how people over there deal with the lack of government support 
as we are used to: We had two babies while in the States, and as a compensation for the lack 
of ‘ kraam-hulp’, people from our neighborhood, friends and colleagues teamed up and made 
sure we had cooked meals each night for the first weeks after birth. The same happens when 
somebody is sick and could use some help.
We also loved being close to nature, going for hikes in the weekend. We were a bit apprehensive 
about coming back here and having to leave all that behind, but were lucky enough to find 
a lovely home in a small community, Vreeland, next to the Vecht. Beautiful scenery and very 
friendly people.”

And what about working in a foreign lab? Was that very different?
“Not as much as I thought:  it was fun and not overly competitive. It was very much like in The 
Netherlands, people would work late or in the weekend, but only by their own choice. One 
big difference was that your office and lab-bench were in the same laboratory space, so the lab 
is always crowded and it’s easier to combine bench-work and office-related things. One other 
difference I noticed is that labs tend to switch topics more easily; they seem to be more flexible 
in that sense and try to keep up with the recent hot topics. Perhaps that’s because the UCSC is 
one branch of many UC’s, so researchers there usually have a big network. It may also reflect 
the American mentality: people are very flexible in their networking skills, that doesn’t stop on 
the social level.”

What are you working on now?
“I’m working on two main research lines at the moment. One is a follow-up of my Nature 
paper: I am investigating which recent changes in our genome, caused by mobile genetic 
elements, have had an evolutionary impact on human brain development. In addition, I 
am exploring whether deregulated mobile genetic elements can be a contributing factor to 
developing complex human neuro-developmental and neuro-degenerative diseases. My other 
research line focuses on gene expression differences between cortical neurons derived from 
humans and non-human primates. As a source for cortical neurons, I use embryonic stem cells 
and I spent quite some time on developing protocols to differentiate these cells into cortical 
structures. Having a comparative modelsystem for human and non-human primate brain 
tissue, allowed us to identify genes with a human-specific expression patterns during early 
cortical developmental stages. Through this approach, we identified a gene which emerged in 
our genome very recently, that plays an important role in human cortical development. We are 
hoping to publish these findings soon.”

Interview Frank Jacobs
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What are your aspirations?
“On a scientific scale: I hope to add something to our knowledge of how human brains evolved 
and how that distinguishes us from other animals. There are some intriguing cell-biological 
and genome-evolution mysteries I have come across in the last few years, which I really want 
to solve in the next few years in my career. On a personal scale: I want to provide my kids the 
tools to have  an amazing childhood. If my kids are happy, me and my wife are happy too, and 
we’ve learned that it definitely also works the other way around.”

What is your greatest challenge?
“My wife and I just had our third child in October last year. I’m forever trying to make sure 
my family doesn’t suffer from my work or the other way around. You learn to be very efficient 
when you have a family: I only do those experiments that really contribute to my research so I 
can spend enough time with my wife and children.”

Highlights
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Anevolutionary arms race betweenKRAB zinc-finger
genes ZNF91/93 and SVA/L1 retrotransposons
Frank M. J. Jacobs1*{, David Greenberg1,2*{, Ngan Nguyen1,3, Maximilian Haeussler1, Adam D. Ewing1{, Sol Katzman1,
Benedict Paten1, Sofie R. Salama1,4 & David Haussler1,4

Throughout evolution primate genomes have beenmodified bywaves
of retrotransposon insertions1–3. For each wave, the host eventually
finds a way to repress retrotransposon transcription and prevent
further insertions. In mouse embryonic stem cells, transcriptional
silencingof retrotransposons requiresKAP1 (also knownasTRIM28)
and its repressive complex, which can be recruited to target sites by
KRABzinc-finger (KZNF)proteins such asmurine-specificZFP809
which binds to integrated murine leukaemia virus DNA elements
andrecruitsKAP1torepress them4,5.KZNFgenesareoneof the fastest
growing gene families inprimates and this expansion is hypothesized
to enable primates to respond to newly emerged retrotransposons6,7.
However, the identity of KZNF genes battling retrotransposons cur-
rently active in the humangenome, such as SINE-VNTR-Alu (SVA)8

and long interspersed nuclear element 1 (L1)9, is unknown.Here we
showthat twoprimate-specificKZNFgenesrapidly evolved torepress
these two distinct retrotransposon families shortly after they began
to spread inourancestral genome.ZNF91underwent a seriesof struc-
tural changes 8–12 million years ago that enabled it to repress SVA
elements.ZNF93evolvedearlier to repress theprimateL1 lineageuntil
12.5million years agowhen the L1PA3-subfamily of retrotranspo-

sons escapedZNF93’s restriction through the removal of theZNF93-
binding site.Our data support amodelwhereKZNFgene expansion
limits the activity of newly emerged retrotransposon classes, and this
is followedbymutations in these retrotransposons to evade repression,
a cycle of events that could explain the rapid expansion of lineage-
specific KZNF genes.
KAP1 mediates transcriptional silencing of retrotransposons and

protects genome integrity through repression of retrotransposition
activity10,11. Chromatin immunoprecipitation followed by sequencing
(ChIP-seq) analysis revealed that inhumanembryonic stemcells (hESCs),
KAP1 predominantly associates with active primate-specific classes of
retrotransposons such as SVA and L1PA (Extended Data Fig. 1)11,12.
Similarly, inmouseESCs (mESCs)KAP1primarily associateswithmouse-
lineage-specific retrotransposon classes (ExtendedData Fig. 2)12. These
data support the hypothesis that species-specific KZNFs recruit KAP1
to species-specific retrotransposon classes that recently invaded thehost’s
genome7,13. To test this, we determined the fate of primate-specific retro-
transposons in a non-primate background using trans-chromosomic
mESCs that contain a copy of human chromosome 11 (E14(hChr11)
cells14, hereafter termed trans-chromosomic 11 (TC11)-mESCs). In the
TC11-mESC cellular environment, primate-specific retrotransposons,
including SVAandL1PAelements, are derepressed and gain activating
histoneH3Lys4 (H3K4me3)marks (Fig. 1a, bandExtendedDataFig. 1e).
As a result of this de-repression, amajorityof SVA(51%),human-specific
L1 (L1Hs) (93%) and some other L1PA elements, such as L1PA4 (16%),
become aberrantly transcribed. These findings suggest primate-specific
retrotransposons have a transcriptional potential15,16 that is repressed
by primate-specific factors.

Promising candidates for these factors are the approximately 170KZNF
genes that emerged during primate evolution7 (ExtendedData Fig. 3a).
We reasoned that a KZNF gene responsible for protecting genome integ-
rity, most critical in the germ line, must be highly expressed in hESCs.
So we focused on 14 highly expressed, primate-specific KZNF genes
(Extended Data Fig. 3b) and tested each candidate for a role in repres-
sing SVA retrotransposons, which first appeared in great apes 18–25
million years (Myr) ago8, and are still active17.We set up a luciferase assay
based screen inmESCs in which an SVA element cloned upstream of a
minimal SV40promoter strongly enhances luciferase activity (Extended
Data Fig. 4a). Each candidate KZNF was co-expressed with the SVA–
luciferase construct to determine its effect on reporter activity. Of all
KZNFs tested, ZNF91most dramatically decreased SVA-driven lucifer-
ase activity, reducing activity to 166 4% relative to an empty-vector-
transfected control (Fig. 2a). Some other KZNFs hadmodest effects on
this reporter, but were not further analysed, as those with the strongest
effect also inhibited theOCT4 (also known as POU5F1) enhancer, which
is notKAP1-bound in ESCs, and therefore suggests a nonspecific effect
(Extended Data Fig. 7a). Structure–function analysis of SVA revealed
that the variable number tandem repeat (VNTR) domain is necessary

*These authors contributed equally to this work.

1Center for Biomolecular Science and Engineering, University of California Santa Cruz, Santa Cruz, California 95064, USA. 2Molecular, Cell and Developmental Biology, University of California Santa Cruz,
SantaCruz, California95064,USA. 3Biomolecular Engineering,University of CaliforniaSantaCruz, SantaCruz,California95064,USA. 4HowardHughesMedical Institute, University of CaliforniaSantaCruz,
Santa Cruz, California 95064, USA. {Present addresses: Swammerdam Institute for Life Sciences, University of Amsterdam, Amsterdam1098XH, TheNetherlands (F.M.J.J.); Gladstone Institute of Virology
and Immunology, San Francisco, California 94158, USA (D.G.); Mater Research Institute, University of Queensland, Queensland 4101, Australia (A.D.E.).
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KRAB zinc finger genes protect us against invasions by mobile DNA elements

Two primate-specific genes - the KRAB zinc finger genes ZNF91 and ZNF93 - guard our 
genome against invasions by potentially harmful retrotransposons, according to research by 
an international team at the University of California led by Frank Jacobs, who joined SILS in 
February 2014. The scientists thus finally lay the link between expansion of primate-specific 
KRAB zinc finger genes and retrotransposon invasions, two phenomena characteristic for 
primate genome evolution. Their findings were recently published in Nature.

The investigation began with a search for genes in the human genome that are responsible 
for counteracting the invasions of two new types of retrotransposons, named SVA and L1PA. 
"Throughout evolution, primate genomes have been modified by waves and waves of retrotransposon 
insertions. For each wave, the host eventually finds a way to repress retrotransposon transcription 
and prevent further insertions ", says Jacobs. "We have discovered through which mechanism the 
genome protects us against uncontrolled invasions of these mobile DNA elements."

Guarding the genome
New retrotransposon copies can have a direct impact on the function of a gene and/or a strong 
regulatory effect on genes in the vicinity. Retrotransposon-invasions, therefore, play an important 
role in the evolution of species. Jacobs et al. have identified two regulators of the SVA and L1PA 
retrotransposons: ZNF91 and ZNF93. Both genes are KRAB zinc finger genes and can only be 
found in the primate genome. KRAB zinc fingers are able to bind unique DNA sequences and 
repress gene expression. The KRAB zinc finger family has undergone a tremendous expansion 
during the evolution of primates. An estimated 170 of the total 400 KRAB zinc finger genes in the 
human genome were introduced early in primate evolution. 

Evolutionary arms race
With the analysis of the evolutionary changes undergone by ZNF91 and ZNF93, the researchers 
identified a pattern in which new KRAB zinc finger genes evolve rapidly to recognise and suppress 
retrotransposons. Retrotransposons in turn respond to this repression with genetic mutations to 
evade repression. The researchers describe in detail how 12.5 million years ago, one such mutation 
gave rise to the new L1 variant that continues to spread through our genome undisturbed and is 
one of the largest sources of genetic variation in the human population today.

These findings explain why the KRAB zinc finger gene family has undergone such an impressive 
growth. The original KRAB zinc finger repressors are continuously needed to suppress the 
thousands of retrotransposons of the "old" type. Furthermore, for some genes the interplay 
between retrotransposons and KRAB zinc finger repressors has become indispensable for their 
proper functioning. The ongoing battle between KRAB zinc finger genes and retrotransposons 
thus not only leads to an increasing complexity of the genome, but also to an additional level of 
gene regulation that affects where and when certain genes are expressed.

Frank MJ Jacobs, David Greenberg, Ngan Nguyen, Maximilian Haeussler, Adam D Ewing, Sol 
Katzman, Benedict Paten, Sofie R Salama, David Haussler: 'An evolutionary arms race between KRAB 
zinc finger genes ZNF91/93 and SVA/L1 retrotransposons.' Nature, 516: 242–245 (11 December 2014)

Adapted from UvA persvoorlichting
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Jesse Veenvliet (1983) obtained his 
doctorate degree on 31 October 
2014. Focusing on the characteristics 
of dopamine neurons, his doctoral 
research at SILS has 
generated knowledge 
that will open up 
new avenues for 
the treatment of 
Parkinson’s disease.

What was your research about?  
“I studied the substantia nigra, a midbrain structure that contains neurons which produce 
dopamine. Nerve fibres transmit this dopamine to the brain nuclei involved in generating 
movement. In Parkinson’s disease, neurons in this brain region degenerate and die off. The 
resulting dopamine deficiency leads to symptoms such as trembling and stiffness. Right next to 
the substantia nigra is the ventral segmental area (VTA), which also has dopamine-producing 
neurons, but with the key difference that these neurons are not susceptible to degeneration. This 
difference probably traces back to intra uterine development. To discover what distinguishes 
these neurons, I studied that early phase of development.”

How did you do that?  
“I used micro array profiling technology to analyse the genetic make-up of both types of 
neurons in mouse embryos. This technique throws small RNA sequences on a chip, as it were, 
and then looks at the quantity of RNA. The more RNA present, the louder the volume of that 
gene – in other words, the greater its effect. We found around 300 genes that are activated 
in substantia nigra neurons but not in VTA neurons. The fact that they’re activated in the 
substantia nigra means they could be involved in those neurons’ susceptibility to degeneration, 
or, alternatively, protect against it. What we found was that 77 of these genes are less active in 
Parkinson’s patients, giving us an additional signal that they play a part in this disease.”

What impact will this finding have?  
“The more we know about how neurons in the substantia nigra work, the better they can be 
reproduced. For example, using stem cell therapy. That’s a process in which you create new 
cells to replace cells that have died. This technology isn’t safe to use yet as it has not yet been 

Highlights
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possible to replicate neurons that are perfect copies of those in the brain. Introducing them in 
the brain could cause serious side effects, even tumours. Though there are medicines to treat 
Parkinson’s disease, they mostly combat the symptoms. Plus, they have lots of side effects, such 
as psychosis.”

Was doctoral research what you expected?  
“Not entirely. I started out a bit overconfident. Recently, I stumbled on a to-do list I made 
back when starting my research, listing six things I wanted to do in the first six months. In 
the end, completing the first three took the whole of my PhD. However, I did do ten other 
things. And, fortunately, my supervisor – Marten Smidt – gave me the freedom to do that. 
During the course of my PhD, I discovered a keen interest in the bioinformatics and statistics 
side of the research, and as a result the postdoc I’ve just started in Berlin has a heavy emphasis 
on bioinformatics. At the moment, I’m studying the mechanisms driving tissue differentiation 
during early embryonic development for which I’m using RAN-Seq technology, which is a step 
beyond micro array. This generates huge data sets that then require thorough analysis using 
bioinformatics. It’s fascinating work!”

Interview by Carin Röst, October 2014

PhD in the spotlight
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From stem cell to astrocyte: Decoding the regulation of GFAP
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GFAP as an understudy in adult neurogenesis

Carlyn Elizabeth Martina-Mamber
... 2014 ...

NMDA receptor dependent functions of hippocampal networks in spatial navigation and memory formation

HENRIQUE DE OLIVEIRA CABRAL

HENRIQUE DE OLIVEIRA CABRAL

NMDA receptor dependent functions  of hippocampal networks  in spatial navigation  and memory formation

2

Thesis Gallery





Chapter 3:
Research Programme

Cell & Systems Biology



36 - Swammerdam Institute for Life Sciences

B

Research Programme: Cell and Systems Biology

Bacterial Cell Biology deals with the study of 
bacteria at the level of the single cell. With the recent 
advancements in fluorescence light microscopy it 
became apparent that the bacterial cell is surprisingly 
complex in its organisation. Many proteins are only 
found at specific regions within the cell, such as 
at the cell pole, or at the middle of the cell, where 
division takes place. How this complex organisation is 
achieved is unclear in many cases. The processes that 
we study are cell division and cell elongation. Most of 
the proteins involved have been identified, and they 
are part of dynamic protein complexes that synthesise 
the new cell envelope. The regulation of this activity 
remains enigmatic. The last few years more and more 
regulatory elements have been discovered that show 
that the envelope synthesis is a carefully fine-tuned 
and regulated process. This opens a whole range of 
new possibilities to interfere with this process. Not 
only is cell envelope synthesis an interesting biological 
research topic from the point of evolution and 
biological organisation and regulation, it is also a useful 
target for the development of novel antibiotics. This is 
important since the number of novel antibiotics that 
enter the clinic has dwindled over the last decades, 
and the development of new antibiotics is urgent. 
We use the knowledge emanating from bacterial cell 
biological research to set up new assays and ways to 
develop novel antimicrobials. 

The new research group ‘Bacterial Cell Biology’ is 
rapidly growing with new and exciting projects that 
deal with morphogenetic protein function, drug efflux 
and antibiotic development. The group encompassing 
now 2 PIs (Dr Leendert Hamoen & Dr Tanneke Den 
Blaauwen), 2 technicians, 2 postdocs, 6 PhD students 
and several MsC and BsC students. Den Blaauwen’s 
work is focussed on Gram-negative bacteria, using 

Bacterial Cell Biology
Dr L. Hamoen Associate Professor (tenure track towards a full professorship)
Dr T. den Blaauwen Associate Professor

Escherichia coli as key model system, whereas Hamoen 
is working on Gram-positive bacteria, whereby 
Bacillus subtilis is the main ‘work horse’.
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Research highlights

 ► Many gamma-proteobacterial species live in symbiosis with nematode species. The bacteria 
bind with their cell poles to the surface of the nematode. Despite the similar genetic makeup 
of these bacteria to that of Escherichia coli, their morphogenesis is very different and variable as 
has been discovered by Tanneke den Blaauwen and collaborators. One species binds the worm 

with one pole and grows into very long filaments, 
up to 120 μm in length. Interestingly, the bacterium 
divides still divides precisely at mid cell. The other 
species is bound to the nematode by both poles 
thereby forming crescent structures on the surface of 
the nematode (figure 1). This species can divide at any 
length but again always precisely at mid cell. Based 
on data on the regulation of division in E. coli, this 
precise division should not be possible. It is clear that 
the division machinery of gamma-proteo bacteria 
is much more flexible and variable that has been 
anticipated, but its regulation is still unclear. This 
work was published in Nature Communications.

 ► Hamoen and colleagues have discovered 
that the conserved bacterial cytoskeleton protein 
MreB, which is homologous to eukaryotic actin, 
forms lipid domains in the cell with an increased 
membrane fluidity. These so called RIFS (Regions 
with Increased Fluidity) influence the distribution 
and very likely the activity of many membrane 
proteins. In addition, Hamoen and colleagues were 
able to show that the active movement of the MreB 
cytoskeleton with associated RIFS increases the 
overall diffusion dynamics of membrane proteins 
(figure 2). These findings show that the bacterial 
cell membrane is much more organised than was 
previously thought. This work was published in 
Nature Communications.

Figure 1: Binding mode of symbionts on the surface of 
the nematode. Left is Eubostrichus fertilis that binds 
with both poles to the nematode and has binary fission 

at any length and right are the very long Eubostrichus dianae symbionts that bind with one pole to 
their nematode and have binary fission at a particular length (courtesy of Silvia Bulgheresi).

Bacterial Cell Biology

3
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Research aims for the coming year

 ► Den Blaauwen: Key aims for the coming year is to publish a paper on the regulation of 
the class A PBP1B of E. coli by a new protein and to publish our new periplasmic FRET assay. 
We hope to start with the co-crystallisation of FtsZ bound to nanobodies and aim to complete 
elucidation of the orientation of the cytoskeletal MreB protein in Laxus oneistus symbionts. 

 ► Hamoen group: Key aims for the coming year are the completion of a study towards the 
construction of ‘minimal divisome’ for bacteria, the analysis of the mode of action of the antibiotic 
daptomycin, and the activity screening of fungal extracts in collaboration with the CBS-KNAW 
Biodiversity Centre in Utrecht.

Other highlights

 ► Den Blaauwen obtained a JPIAMR grant in collaboration with groups 
in Paris, Grenoble, Newcastle and Vancouver. The essential Penicillin Binding 
Proteins have an acceptor site and a donor site for the binding and crosslinking 
of muropeptides. The donor site is blocked by penicillins. The consortium will 
identify the unknown acceptor site and develop novel assays for the screening 
of antibiotics that inhibit this site of the protein.

 ► In a collaboration with Dr Sven Halbedel from the Robert Koch 
Institute, Wernigerode, Hamoen has shown that SecA, a key secretion 
protein with chaperone activities, is required for the proper localisation of the 
conserved protein DivIVA. The latter protein is involved in many cell division 
related processes in Gram-positive bacteria. This work has been published in 
Frontiers in Microbiology.

Figure 2: Kymogram showing the diffusion of the 
transmembrane protein SdhA before (-van) and after 
the movement of MreB cytoskeleton has been stopped 
by the addition of the antibiotic vancomycin (+van). 

Adapted from Strahl et al. Nat Comm 2014.
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Bacterial Cell Biology

3

Group members

Postdoctoral researchers
Michaela Wenzel
Pranav Puri

PhD students
Edward de Koning
Laura Catalina Bohorquez
Nils Meiresonne
Terrens Saaki
Xialong Liu
Yongqiang Gao

Technicians
Jolanda Verheul
Tjalling Siersma

Academic publications

Blaauwen, T. den, Andreu, J.M. & Monasterio, 
O. (2014). Bacterial cell division proteins as antibiotic 
targets. Bioorganic Chemistry, 55, 27-38. doi: 10.1016/j.
bioorg.2014.03.007

Halbedel, S., Kawai, M., Breitling, R. & Hamoen, 
L.W. (2014). SecA is required for membrane targeting 
of the cell division protein DivIVA in vivo. Frontiers 
in Microbiology, 5, 58. doi: 10.3389/fmicb.2014.00058

Mohammadi, T., Sijbrandi, R., Lutters, M., 
Verheul, J., Martin, N.I., Blaauwen, T. den, Kruijff, 
B. de & Breukink, E. (2014). Specificity of the 
transport of lipid II by FtsW in Escherichia coli. The 
Journal of Biological Chemistry, 289 (21), 14707-14718. 
doi: 10.1074/jbc.M114.557371

Pende, N., Leisch, N., Gruber-Vodicka, H.R., 
Heindl, N.R., Ott, J., Blaauwen, T. den & Bulgheresi, 
S. (2014). Size-independent symmetric division in 
extraordinarily long cells. Nature Communications, 5, 
4803. doi: 10.1038/ncomms5803

Strahl, H., Burmann, F. & Hamoen, L.W. (2014). 
The actin homologue MreB organizes the bacterial 
cell membrane. Nature Communications, 5, 3442. doi: 
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Book chapter

Derouaux, A., Terrak, M, Blaauwen, T. den & 
Vollmer, W. (2014). Bacterial Cell Wall Growth, Shape 
and Division. In H Remaut & R Fronzes (Eds.), 
Bacterial Membranes: Structural and Molecular Biology 
(Chapter 1). Caister Academic Press.

Invited lectures

Blaauwen, T. den (2014, July 29). Non-canonical 
division in rod-shaped gammaproteobactertia. Montréal, 
Canada, International Union of Microbiological 
Societies (IUMS2014): 14th International Congress 
of Bacteriology and Applied Microbiology- BAM-
WK108 - Bacterial Proliferation workshop.

Blaauwen, T. den (2014, May 14). “50 Years Fts: 
the A-Z of bacterial cell division” Morphogenesis of 
Escherichia coli. Amsterdam, the Netherlands, 
KNAW Academic Colloquia 2014.

Blaauwen, T. den (2014, October 31). Molecular 
dynamics of bacterial cell division. Royal Artis Zoo, 
Amsterdam, the Netherlands, KNVM -Section 
General and Molecular Microbiology- Fall Meeting 
2014.

Blaauwen, T. den (2014, June 25). Morphogenic 
protein complexes of E. coli in time and space. Mount 
Snow Resort, West Dover, VT, USA, The 2014 Gordon 
Conference on Bacterial Cell Surfaces.

Blaauwen, T. den (2014, April 11). Noncanonical 
division in rod-shaped gammaproteobacteria. Grenoble, 
France, The European Molecular Biology Laboratory.

Hamoen, L.W. (2014, November 21). How 
membrane charge, fluidity and curvature determine 
protein localisation. Nijmegen, the Netherlands, 
Radboud Universiteit Nijmegen, host: Prof Wilhelm 
Huck.

Hamoen, L.W. (2014, November 07). How 
membrane charge, fluidity and curvature determine 
protein localisation. Namur, Belgium, University of 
Namur.

Hamoen, L.W. (2014, June 16). How membrane 
charge, fluidity, and curvature determine protein 
localisation. Physikzentrum Bad Honnef, Bad Honnef, 
Germany, 566th WE-Heraeus-Seminar: Mechanisms, 
Strategies and Evolution of Microbial Systems.
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SSystems Biology deciphers how biological functions 
emerge from networks of complex interactions, 
many of which are molecular. In higher eukaryotes, 
cell type-specific gene expression regulation confers 
phenotypic stability, while allowing changes in 
response to environmental or developmental cues. 
This ultimately results in the activation of fine-
tuned molecular processes that control cell growth 
and differentiation. A number of these processes 
affects gene regulation, such as transcription-
factor-binding dynamics, epigenetic profiles, intra-
interchromosomal interactions, chromosome folding, 
and the activation of transcription factors by work-
horse proteins associated with instance metabolism, 
cell cycling, DNA replication, signal transduction, 
and posttranslational modifications. Understanding 
of the complex molecular principles underlying 
the functional performance of genomes in higher 
eukaryotes, ultimately determining phenotypic 
behaviour, is a central goal in Life Sciences. The 
crossing of temporal, spatial and organisation scales, 

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

all in association, is a great case for Systems Biology.  
To study gene-regulation networks, we invoke a 
multi-disciplinary approach, combining microscopic, 
biochemical, genetic and molecular analyses, 
mathematical modelling, and systems theory. 
Comparing information from different model 
systems, i.e. yeast, mammalian cells and plants, helps 
to elucidate principles underpinning the roles that 
both structural and catalytic interactions play. To 
empower the research performed in the group, SSB-
NOG collaborates among others with research groups 
at the VU University Amsterdam, the University of 
Manchester, ErasmusMC Rotterdam, University 
of Groningen, MPIPZ in Cologne, University 
of Georgia USA, IPG-PAS Poznan, Humboldt 
University in Berlin, University Pompeu Fabra in 
Barcelona, Institute of Technology in Tartu, Swiss 
Institute of Bioinformatics in Lausanne, RIKEN 
Center for Integrative Medical Sciences in Yokohama 
and Systems Biology Institute in Tokyo.
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Whole mount combined immuno-FISH to nuclei (blue) of phloem companying cells 
immunolabeled for H3K4me2 (yellow) and hybridized with the centromere repeat 
(red) 

Figure 1: Whole-mount combined immuno-FISH to nuclei (blue) of phloem-accompanying cells 
immunolabeled for H3K4me2 (yellow) and hybridised with the centromere repeat (red).
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Research highlights

 ► One of the 2014 highlights has been the teaming up with the research groups of prof. Ronald 
Koes and Dr Francesca Quattrocchio of the VU University Amsterdam. Together with the groups 
of Drs Stam and Fransz they will constitute a new section of SILS with a focus on genetics, 
epigenetics and differentiation.

 ► A second highlight was the Midterm Review of the Swammerdam Institute for Life Science, 
in which the group was evaluated as of world-leading excellence.

 ► Matteo Barberis was invited to act as Chair of the session ‘Timing in systems biology, 
integration with cell physiology’ at the International Conference on Systems Biology, ICSB 2014, in 
Melbourne, Australia. At this conference, main event of the field, Matteo Barberis also presented 
the latest experimental and computational advances of the research lines that he leads on the 
spatiotemporal regulation of cell cycle and chromatin dynamics.

 ► Matteo Barberis was nominated Executive Director of the International Society of Systems 
Biology, ISSB, which actively serves the community by identifying, planning and coordinating 
opportunities to publish work from the scientific activities of the Society, as well as launching new 
groundbreaking initiatives.

 ►  The collaboration of the Fransz group with two French groups has resulted in the submission 
(and their acceptation in 2015) of two papers to PNAS. Both studies reveal novel roles of proteins 
in the organisation and dynamics of chromosomes in Arabidopsis. GIP1 appears to be essential in 
maintaining CENH3 proteins at centromeres (collaboration with M.E. Chabouté, IBMP CNRS 
in Strasbourg). COP1 appears to be the link between light signalling via CRY2 and chromatin 
compaction under changing light conditions (collaboration with F. Barneche, Institut de Biologie 
de l'Ecole Normale Supérieure in Paris). Our lab has started the project COMREC (Marie Curie 
ITN), in which we focus on the characterisation of the chromatin landscape of recombination 
events during meiosis in tomato.

 ► In a collaborative effort, the groups of Maike Stam and Dr Frank Johannes (RUG) showed 
a role for epigenetic mechanisms in hybrid vigor using epigenetic recombinant lines (epiRILs) 
generated in Arabidopsis as a model system. In collaboration with the group of Kelly Dawe (Univ. 
of Georgia) a study has been published indicating that chromatin targeted by the RNA-directed 
DNA methylation pathway in maize is fundamentally different from heterochromatin; it has a 
chromatin structure displaying features that are between euchromatin and heterochromatin. One 
of the projects that is part of the EU-FP7 Marie Curie ITN EpiTRAITS coordinated by Maike 
Stam involves the identification of the regulatory potential of the genome of an important world-
wide crop, i.e. maize. 

 ► Pernette Verschure received (as coordinator) €2.8 M funding for the EU H2020 Marie 
Slodowska-Curie Innovative Training Network project EpiPredict (www.EpiPredict.eu), providing 
research training for 12 PhD students (3 at SILS, UvA). This effort sets out a new research line 
following a systems-medicine approach to assess how epigenetic reprogramming affects tumor 
responses to endocrine therapy and predict breast cancer therapy resistance. 

 ► Verschure started collaborating with the Netherlands Forensic Institute (NFI) and received 
funding (NCTV, Ministerie van Veiligheid en Justitie) to develop an epigenetics-based age 
determination forensic tool.

 ► Verschure and coworkers published 2 papers using engineered mammalian cells and stochastic 
modeling, showing that (i) a more precise relationship between transcript number and cell volume 
limits transcriptional stochasticity with mRNA statistics being gene location dependent and (ii) 
chromatin connectivity introduces epigenetic chromatin-state switching determining mechanistic 
behaviour of chromatin epigenetic pattern formation along a single gene.

Synthetic Systems Biology and Nuclear Organisation Group
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Research highlights (continued)

 ► Verschure and coworkers demonstrated the feasibility of using engineered cells to study 
transcription-coupled/global nucleotide-excision repair dynamics in real time, in single cells and 
visualise the chromatin structure and its transcriptional state at super-resolution (e.g. SIM, 4Pi, 
PALM/STORM). 

 ► Hans Westerhoff and co-workers brought a new research line to SILS, applying systems 
biology to the production of biopolymers from industrial and domestic waste processed into 
syngas (a mixture of CO and H2). A metabolic map was put together for Rhodospirillum rubrum 
and then used to capture the ways in which this organism may make 3-hydroxybutyrate and 
thereby the biodegradable polyester PHB from syngas. 3-Hydroxybutyrate is also central to 
human energy metabolism, testifying to the versatility of systems biology. Accordingly, the 
mapping methodology was applied to human metabolism and used to rationalise the definition 
of biochemical pathways. It also explained the variable pathology of inborn errors of metabolism 
such as phenylketonuria: alternative pathways were identified that could circumvent the disease, 
but their activity is expected to be limited. A more dynamic model built for inflammation showed 
how the same level of antigen exposure could either produce acute inflammation or maintain 
chronic inflammation, and how peptide therapies might ameliorate the latter. Systems biology was 
also extended down to the enzyme-complex level where dynamic modules could be recognised.

Research Programme: Cell and Systems Biology
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dynamics in cell cycle oscillations.



Annual Report 2014 - 43 

Research aims for the coming year

 ► Barberis and colleagues will integrate experimental and computational approaches for understanding 
molecular switches driving temporal dynamics in cell cycle oscillations. This will be realised by investigating 
how the precise timing of cell cycle transitions is achieved by regulating the oscillatory behaviour of definite 
cell cycle regulators. Within this context, the research will address molecular mechanisms that modulate 
the G1/S transition through activation of the origins of replication, and principles of design underlying a 
timely cell cycle will be unraveled. Both qualitative and kinetic modeling methodologies will be employed 
to predict systems properties that are tested in the laboratory; the experimental validation will be then used 
iteratively to improve model accuracy.

 ► Furthermore, Systems biology approaches will be used to integrate cell cycle regulation with 
metabolism and population dynamics. This requires challenging application of computational frameworks 
where various modelling techniques may be integrated through multi-scale modelling.

 ► The Fransz group will focus on the establishment of a ChIP protocol for meiocytes in tomato to 
identify the position of hot spots of crossovers and characterise the corresponding chromatin landscape. 
For the EpiTRAITS project the microscopic activities will be extended with high resolution imaging 
(in collaboration with E. Manders) to examine detailed protein patterns during the floral transition. A 
number of manuscripts (chromocenter subdomains, whole mount FISH protocol, paracentric inversion) 
will be submitted for publication.

 ► Stam and coworkers will pursue genome re-sequencing and bisulfite sequencing in order to obtain 
more insight into the mechanisms underlying hybrid vigor, as displayed by epigenetic hybrids between 
wild type and epiRIL lines. Their project on the identification of the regulatory potential in maize should 
provide a first insight into the number of potential regulatory sequences present in this species. Using 
bisulfite sequencing, siRNA analysis and CHIP we will focus on the timing of paramutation at the b1 
locus in maize. Identification of the tissue and stage during development at which epigenetic information 
is transferred from one to the other epi-allele will allow further studies on the mechanism underlying this 
epigenetic phenomenon. The STW protect ‘Epigenetics meets targeted mutagenesis’ should provide the 
first insight into epigenetic drugs and mutants that affect oligo-directed mutagenesis.

 ► Verschure and coworkers will (i) publish their study on single cell transcription repression dynamics 
showing a biphasic response, i.e. the actual transcription decline and the chromatin-dependent response 
time, (ii) publish their study on the dynamics of transcriptional changes and aggregate formation upon 
inducing mutant Huntington's protein in a Huntington's-disease cell system, (iii) publish their findings 
on the transcription kinetics during the transcription coupled repair response, (iv) set-up non-coding 
enhancer RNA single molecule RNA FISH measurements in breast cancer resistance-induced cell lines 
and develop single molecule RNA FISH analysis in frozen breast cancer tissue samples, and (v) set-up 
a sensitive bisulfite qPCR DNA methylation platform to determine chronological age in a cohort of 
human test samples. 

 ► Westerhoff and colleagues will develop a genome-wide metabolic map for a microorganism and 
enrich that towards a capacity to produce both polymers and biofuel from syngas, and predict maximum 
theoretical efficiencies. Metabolic pathways around glutathione-mediated drug detoxification will be 
defined systematically using a new map-based strategy, and flux balance strategies will be used to predict 
serum biomarkers of detoxification capacity. Using a similar strategy, and nonlinear flux balance analysis, a 
strategy will be developed to identify optimal drug targets against individuals’ tumors vis-à-vis the Warburg 
and glutamine flux phenotypes. The inflammation model will be extended more into its cell biology and 
brought to bear on the correlation between inflammation and tumorigenesis. Clock-based regulation of 
mammalian transcription will be analysed further in view of its possible connections with epigenetics. In 
all these cases avenues will be paved towards more individualised medicine.

Synthetic Systems Biology and Nuclear Organisation Group
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Academic publications

Anink-Groenen, L.C., Maarleveld, T.R., Verschure, 
P.J. & Bruggeman, F.J. (2014). Mechanistic stochastic 
model of histone modification pattern formation. 
Epigenetics Chromatin, 7 (1), 30. doi: 336 [p

Chen, X., Yammine, S., Shi, C., Tark-Dame, M., 
Göndör, A. & Ohlsson, R (2014). The visualization 
of large organized chromatin domains enriched in 
the H3K9me2 mark within a single chromosome 
in a single cell. Epigenetics, 9 (11), 1439-1445. doi: 
10.4161/15592294.2014.971633

Gent, J.I. van, Madzima, T.F., Bader, R., Kent, 
M.R., Zhang, X., Stam, M., McGinnis, K.M. & 
Dawe, R.K. (2014). Accessible DNA and Relative 
Depletion of H3K9me2 at Maize Loci Undergoing 
RNA-Directed DNA Methylation. The Plant Cell. 
doi: 10.1105/tpc.114.130427

Lysak, M.A. & Fransz, P.F. (2014). From transposon 
to chromosome and polyploidy. An update on 
cytogenetics and genomics of Arabidopsis. Chromosome 
Research, 22 (2), 99-101. doi: 10.1007/s10577-014-9427-7

Tark-Dame, M., Jerabek, H., Manders, E.M.M., 
Heermann, D.W. & Driel, R. van (2014). Depletion of 
the chromatin looping proteins CTCF and cohesin causes 
chromatin compaction: insight into chromatin folding 
by polymer modelling. PLoS Computational Biology, 10 
(10), e1003877. doi: 10.1371/journal.pcbi.1003877

Verbruggen, P., Heinemann, T., Manders, E., 
Bornstaedt, G. von, Driel, R. van & Höfer, T. (2014). 
Robustness of DNA Repair through Collective Rate 
Control. PLoS Computational Biology, 10 (1), e1003438. 
doi: 10.1371/journal.pcbi.1003438

PhD thesis

Schwabe, A. (2014, November 07). Non-genetic 
cell-to-cell variability: theory and experiments. VU 
Amsterdam (259 p.) (Amsterdam Institute for 
Molecules, Medicines and Systems). Prom./coprom.: 
dr F.J. Bruggeman, prof.dr H.V. Westerhoff & dr P.J. 
Verschure. 

Invited lectures

Barberis, M. (2014, December 16). A systems biology 
approach to the tuning of cell cycling and chromatin 

dynamics. University of Maastricht, Netherlands 
Platform for Systems Biology (SB@NL).

Driel, R. van (2014, December 16). Towards 
understanding biological systems: exciting science and 
societal benefits. University of Maastricht, Netherlands 
Platform for Systems Biology (SB@NL).

Fransz, P.F. (2014, July 17). 3D FISH and 
immunolabeling on whole mount tissue. Problems and 
solutions. Clermont Ferrand, France, Workshop 2D, 
3D FISH and Image Analysis. host: Prof. C. Tatout.

Fransz, P.F. (2014, July 02). Dynamic organization of 
chromatin and chromocenters in Arabidopsis. Manchester, 
UK, Society for Experimental Biology (SEB Manchester 
2014) Annual Meeting 2014. host: Dr. K. Graumann.

Fransz, P.F. (2014, September 23). Genetic and 
phylogenetic consequences of a unique inversion in 
Arabidopsis. Katowice, Poland, Plant Molecular 
Cytogenetics Conference. host: Dr. R. Hasterok.

Fransz, P.F. (2014, April 29). Organization and 
dynamics of chromocenters in Arabidopsis thaliana. 
Gatersleben, Germany, Institut für Pflanzengenetik 
und Kulturpflanzenforschung, Arbeitstagung der 
GPZ-AG Cytogenetik. host: Dr. A. Houben.

Fransz, P.F. (2014, November 21). Origin, 
maintenance and global distribution of an inversion 
haplotype in Arabidopsis thaliana. Vienna, Austria, 
Mendel Institute. host: Prof. M. Nordborg.

Fransz, P.F. (2014, July 22). Stress and developmental 
factors control heterochromatin dynamics in Arabidopsis. 
Strassbourg, France,, Institut de Biologie Moléculaire 
des Plantes, CNRS. host: Dr. M.E. Chaboute.

Verschure, P.J. (2014, January 16). Epigenetic state 
switching in higher eukaryotes: Engineered mammalian cell 
systems and stochastic modeling. Imperial College, Epigenetics 
Unit, London, UK, Department of Cancer and Surgery; 
Institute of Reproductive and Developmental Biology.

Verschure, P.J. (2014, December 16). Epigenetics makes 
us tick: Functional performance, time-delay, memmory, cell-
cell variability and robustness. University of Maastricht, 
Netherlands Platform for Systems Biology (SB@NL).

Westerhoff, H.V. (2014, December 15). Integrative 
systems biology: avenues towards precision science, 
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medicine and biotechnology. University of Maastricht, 
Netherlands Platform for Systems Biology (SB@NL).

Relevant positions

Barberis, M. Editorial Board Member Systems Biology 
and Applications (Nature Partner Journals, NPG).

Barberis, M. Associate Editor and Editorial Board 
Member Frontiers in Physiology section Systems Biology.

Barberis, M. Editorial Board Member Current Genomics.

Barberis, M. Executive Director International 
Society of Systems Biology, ISSB

Barberis, M. Scientific Programme Committee 
ICSB 2014, 15th International Conference on Systems 
Biology, Melbourne, Australia

Barberis M., Scientific Programme Committee 
ECCB 2014, 13th European Conference on Computational 
Biology, Strasbourg, France

Barberis, M. Grant Reviewer in Systems Medicine 
(e:Med) for The German Federal Ministry of Education 
and Research (BMBF)

Barberis, M. Grant Reviewer in Systems Biology 
of Cell Cycle for The Danish Council for Independent 
Research (FSS, section Medical Sciences of the Ministry 
of Science, Innovation and Higher Education)

Barberis, M. Grant Reviewer in Systems Biology of 
Cell Cycle and Aging for the Polish National Science Center.

Barberis, M. Grant Reviewer in Systems Biology for 
the FP7-people-COFUND call, European Commission

Verschure, P.J. (Ed.) Frontiers in Bioengineering 
and Biotechnology.

Verschure, P.J. (Ed.) J Histochemistry and Cytochemistry.

Fransz, P.F. (Ed.) Chromosome Research.

Fransz, P.F. (Ed.) Frontiers in Plant Genetics and Genomics.

Verschure, P.J. Executive board member Dutch 
Huntington Disease Network Symposium, 23-05-2014.

Verschure, P.J. Ambassador Faculty of Science, UvA.

Verschure, P.J. Member committee NWO-ALW VIDI.

Verschure, P.J. Advisory board member Rathenau 
Institute (EU SYNERNERGENE project).

Stam, M.E. Coordinator Marie Curie ITN EpiTRAITS.

Verschure, P.J. member of the committee NWO-
ALW 'Investeringen Middelgroot.

Verschure, P.J. Chief of the executive board Women 
in the Faculty (WiF) network.

Westerhoff, H.V. Advisory Board MIP-DILI (IMIproject).

Van Driel, R. Chair Infrastructure Systems 
BiologyEurope-Nodes.

Westerhoff, H.V. Chair Infrastructure SystemsBiology 
Europe-Connections.

Westerhof, H.V. Chair of two ERASysApp workshops, 
Berlin, May 15 and 16. 

Dataset

Tark-Dame, M., Jerabek, H.J., Heermann, D.W. 
& Driel, R. van PLOS Computational Biology. 
(2014). Depletion of the chromatin looping proteins 
CTCF and cohesin causes chromatin compaction: insight 
into chromatin folding by polymer modelling [Dataset].

Audiovisual material

Arpón, J., Mikulski, P., Weber, B.B.M. & Zisis, D. 
Gene activation: when enhancers and target genes meet 
[Online]

Dinh, J-L., Brabbs, T. & Jamge, S.B. When do I 
flower? [Online]

Komar, D. & Prete, S. del Flower´s anatomy [Online]

Zicola, J.Y., Oka, R. & Lakhal, W. Enhance genes, 
enhance breeding: dissemination of work performed 
within the EpiTRAITS project [Online]

Westerhoff, H.V. (2014, August 25). Dit is de dag, 
interview on Radio 1.
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Biosystems Data Analysis

General goal: developing and validating methods for 
organising and summarising complex biological data.
The research is divided into three. We apply our 
methods in diverse areas of systems biology, focusing 
mainly on microbiology, nutrition and medical 
biology.

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

Networks & Dynamics (Hoefsloot)
In a biological system molecules interact. These 
interactions, the network, causes 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 (Van Kampen)
System Genomics (i.e., top-down systems biology) is a 
specific branch of bioinformatics, which distinguishes 
itself from bottom-up systems biology in several 
ways. Top-down approaches use omics data to obtain 
a holistic view of the components of a biological 
system and, in general, aim to construct system-wide 
networks.

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

Figure 1: Association networks inferred from partial 
correlations of triglycerides (a) and cholesteryl-esters 
(b). The colors of the nodes correspond to lipids with 
the same number of atoms. On the edges the inferred 

strengths of associations are given including their 
partialising variables.
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Research highlights

General
 ► We developed a strategy to quantify polyphenol exposure based on the concept of 

nutrikinetics in combination with population-based modeling. The key idea of the strategy 
is to derive nutrikinetic model parameters that summarise all information of the polyphenol 
exposure at both individual and population level. We show that urinary and plasma nutrikinetic 
time-response curves can be used for phenotyping the gut microbial bioconversion capacity of 
individuals (Van Velzen EJJ et al., Metabolomics, 10:6:1059-1073).

 ► A Horizon 2020 Innovative Training Network proposal (EpiPredict) coordinated by Dr. P. 
Verschure was granted. Research in this project will focus on Tamoxifen-resistance in breast cancer 
(WP leader bioinformatics: AHC van Kampen).

 ► SD Olabarriaga, AHC van Kampen (2014) Data management gateway for immunogenomics 
data. UvA HPCN fund (Project funding: 110,000 euro: postdoc, 10 months; technicians, 6 
months).

 ► COUNTERSTRIKE, a collaborative project with Unilever and Copenhagen University was 
granted (Programkomiteen for Sundhed, Fødevarer og Velfærd;  total amount around 2.5 mln 
euro). Our part of this project concerns modelling of lipo-protein distributions in humans. 

 ► Smilde has been appointed part-time professor in the Faculty of Health and Medical Sciences 
of Copenhagen University (as of 1 October 2014).

Data Fusion
 ► In the data fusion part we introduce a methodology to describe the similarities and differences 

on how individuals are positioned in the health space based on the responses to different challenge 
tests. Results show that anabolic and catabolic challenges differentiate healthy subjects in rather 
different ways. Considering these results we hypothesise that combining challenge tests can improve 
the understanding of the underlying multidimensional phenotype (Vis et al., Chemometrics and 
Intelligent Laboratory systems, 136, 81-84).

 ► Multivariate analysis methods were extended to find the most important variables or 
biomarkers (Kvalheim, OM et al., Journal of Chemometrics 28:8:615-622). These methods were 
applied to several different applications; to find inhibitory compounds in lignocellulosic biomass 
hydrolysates (Zha, Y et al, BMC Biotechnology, 14, nr: 22); and to predict lipoprotein subclasses 
from serum NMR spectra (Mihaleva, V et al. Analytical Chemistry, 86(1); 543-550).

 ► Within the EU-project STATegra we performed a comparison study between various 
data fusion methods that are able to separate common variation in all sets from the distinctive 
variation. Furthermore, we develop methodology for analysing changing metabolic fluxes during 
B-cell differentation by combining mRNA-seq and metabolomics data.

Networks & Dynamics
 ► Resampling methods are extensively used in data analysis, but prove to be useful also in 

systems biology for exploring optimal model complexity. One paper describing this approach is 
published in BMC bioinformatics while a second one is submitted to the same journal.

 ► Association networks are a popular tool to visualise and analyse metabolomics data. However, 
we have shown that correlated measurement error can severely hamper the reliability of such 
networks. A paper on this topic has appeared in the journal of chromatography B (see figure 1). 

Biosystems Data Analysis
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Research highlights: Networks & Dynamics (continued)

 ► Challenge tests are gaining popularity in medical and nutritional research. In collaboration 
with Unilever, strategies for individual phenotyping of linoleic and arachidonic acid metabolism 
by means of reaction parameters obtained from an oral glucose tolerance test were developed.  A 
paper will appear in PLOS One in 2015.

 ► One of the aims of the EpiTRAITS ITN FP7 coordinated by Maike Stam is to find enhancer 
elements in maize. We are trying to find these elements by combining results from several genome 
wide sequencing techniques. First results look very promising.

 ► In cooperation with the groups of Klaas Hellingwerf and Chris de Koster a modelling strategy 
is developed to find post-translational regulated genes by combining time resolved proteomics and 
time resolved transcriptomics measurements. Submission of the paper will be in the short future.

 ► Together with the group of Christa Testerink a model for root development under salt stress 
has been developed and the result has been published. 

Systems Genomics

 ► Analysis and modelling of T and B cell repertoires: in our immunology research we analyse T 
and B cell repertoire through the high-throughput sequencing of their receptors (TCR, BCR). We 
developed bioinformatics methods that are able to identify unique clones through the used V and 
J gene segments in combination with their CDR3 region. This allows us to establish their relative 
frequencies. These methods were, for example, used to identify potential autoreactive B-cell and 
plasma-cell clones (Doorenspleet et al., Annals of the Rheumatic Diseases, 2014, 73(4): 756). 

 ► Representing and using biomedical knowledge: the accurate representation of all aspects 
of a metabolic network in a structured format, such that it can be used for a wide variety of 
computational analyses, is a challenge faced by a growing number of researchers. Analysis of five 
major metabolic pathway databases that current databases are still limited in capturing all details 
of the biology of the metabolic network (Stobbe et al., Briefings in Bioinformatics, 2014, 15(3): 455). 
Nevertheless, information from these databases is used as prior knowledge in data analysis by a 
range of methods. We reviewed a selection of methods used in transcriptomics and metabolomics 
and show how database information is incorporated (Reshetova et al. BMC Systems Biology, 2014, 
8 Suppl 2:S2).

 ► Exome sequencing: bioinformatics analysis of the exome of a patient with dienoyl-CoA 
reductase (DECR) deficiency with hyperlysinemia (a rare disorder affecting the metabolism of 
polyunsaturated fatty acids and lysine) revealed a causal mutation in NADK2. (Houten et al., 
Human molecular genetics, 2014, 23 (18):5009).

 ► Modelling Metabolism: Dynamic Flux Balance Analysis (DFBA) has been adapted to 
incorporate metabolomics concentration profiles. The new method is called metDFBA. This 
approach gives fluxes similar to an alternative approach based on 13C mass isotopomer measurements 
(Willemsen et al., Molecular BioSystems, 2014, 11(1):137). 

 ► We developed a Petri net model that represents the genistein multi-organ elimination 
pathway and which facilitates the design of new nutrikinetics experiments that result in a better 
understanding of this pathway. Publication in preparation.

Research Programme: Cell and Systems Biology
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Research aims for the coming year

Data Fusion
 ► In the FP7 project STATegra we review various methods for fusion of multiple functional 

genomics datasets all obtained using the same set of samples. These methods will be applied to 
the data obtained from multiple NGS platforms, Proteomics and Metabolomics from the Mouse 
B-cell line used to study B-cell differentiation and the role of Ikaros transcription factor in this 
process. These methods will be extended to work with multiple datasets simultaneously and be 
able to use prior information of the biological system.

Networks & Dynamics
 ► A paper on hierarchical protein complex prediction is foreseen in the spring of 2015. A 

review will be written  on protein complex prediction and the rest of the year will be focused on 
finishing the thesis. 

 ► The work on resampling for systems biology models will result in a thesis defense in 2015. 
 ► In the short future a research project will start for the determination of the age of unidentified 

bodies or perpetrators on the basis of the epigenetic composition of the DNA (Verschure). For 
this project we will be responsible for model building and validation.

Systems Genomics
 ► We will continue the analysis and modelling of T and B cell repertoires. In particular we will 

focus on the development of a method for the construction of B-cell lineage trees from sequencing 
data obtained from B-cell populations. The lineage tree will facilitate the interpretation of the 
sequencing data (e.g., selection pressure) and allow comparison of B-cell responses in autoimmune 
disorders. In addition, we will develop a mathematical model based on ordinary differential 
equations of the B-cell response to model the dynamics of individual clones. In addition, we will 
integrate this model with the lineage tree to allow further interpretation of the experimental data.

Biosystems Data Analysis

Group members

Postdoctoral researchers
Frans van der Kloet
Johan de Rooi
Oksana Orobko
Sandra Waaijenborg
Theo Reijmers

PhD students
Dicle Hasdemir
Joachim Kutzera
Polina Reshetova
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Petri net model of the excretion pathway of genistein.
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Academic publications

Smit, S., Szymańska, E., Kunz, I., Gomez Roldan, 
V., Tilborg, M.W.E.M. van, Weber, P., Prudence, 
K., Kloet, F.M. van der, Duynhoven, J.P.M. van, 
Smilde, A.K., Vos, R.C.H. de & Bendik, I. (2014). 
Nutrikinetic modeling reveals order of genistein 
phase II metabolites appearance in human plasma. 
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MMolecular Cytology is the study of the dynamic 
architecture of living cells. Our central theme is 
‘Self-organisation and signalling in living cells’. Self-
organisation is the intrinsic property of matter to 
organise itself into 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. dr. T.W.J. Gadella, dr. J. Goedhart & dr. 
M.A. Hink, dr M. Postma, dr. R. van Amerongen, 
prof. dr. P.J. Hordijk). By employing genetic 
encoded fluorescent biosensors we analyse the in situ 
molecular interactions between signalling molecules 
(phospholipid-second messengers, receptors, 
G-proteins and effector molecules) & flow of 
information across and in the plane of the membrane 
of living mammalian cells. We aim to understand 
how cells can achieve and maintain a local signal in 
the membrane (e.g. in order to drive morphogenesis, 
or to define new cytoskeletal anchorage or vesicle-

docking sites). The main pathways under study 
involve histamine/P2Y GPCR receptors, G-αq to 
PLC activation triggering downstream calcium, 
kinase signalling and small GTPase (Rho/Rac/Cdc24) 
signalling (the last in collaboration with prof. dr. P.J. 
Hordijk/Sanquin). 

The spatiotemporal organisation of cellular 
signalling is addressed in two whole animal systems. 
In a primitive Cniderian model organism Nematostella 
vectensis we study gene regulation and biomechanics 
of embryogenesis. To this end we use fluorescently 
labelled biomolecular markers to follow embryogenesis 
like adhesion molecules, cytoskeletal components 
(F-actin and Myosin) that are directly involved in 
cell shape changes and cell-cell interactions and also 
quantification of expression patterns. In the mouse 
mammary gland we study the role of Wnt signaling in 
stem cell maintenance and breast cancer development. 
Using a 3D primary organoid system we dissect 
cell fate and shape changes at the cellular level. To 
visualise and quantify endogenous Wnt signalling in 
living cells, we combine CRISPR/Cas9-based genome 
editing and fluorescent reporters.  

The close intertwining of several signalling cascades, 
their spatial organisational both within and between 
cells and our quantitative microscopy approach both 
necessitates and permits the generation of quantitative 
predictive modelling, which effectively will integrate 
this research line with Systems Biology approaches.
2) Advanced microscopy organised within the van 
Leeuwenhoek Centre for Advanced Microscopy (LCAM-
FNWI). The goal of LCAM-FNWI (em. prof. dr. 
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G.J. Brakenhoff, prof. dr. T.W.J. Gadella, dr. E.M.M. 
Manders, dr. M. Hink, dr. Goedhart, dr. M. Postma, 
dr. R. van Amerongen) is to boost Life Sciences research 
by implementing & developing (optical) microscopy 
techniques. Current most prominent developments 
are new super-resolution microscopy techniques such 
as Re-scan Confocal Microscopy (RCM) (Manders), 
Structured Illumination Microscopy (SIM), Multi-
point Image Scanning Microscopy (ISM) (Manders 
and Postma), PhotoActivated Localisation Microscopy 
(PALM) and Stochastic Optical Reconstruction 
Microscopy (STORM) (Gadella, Postma and 
Manders). Several activities within super-resolution 
microscopy development are active collaborations 
within the Nikon Centre of Excellence for Super 
Resolution Microscopy Development. 

Another 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), Line-scan FCS, and Number & Brightness 
techniques (Hink). 

In each of the above approaches we invest strongly 
in advanced quantitative data assessment (mostly 
driven by Postma & coworkers), since processing and 
evaluation algorithms are becoming more important, 
sophisticated and difficult. The extension of our 
research area towards multicellular 3D systems: cross 
endothelial cell migration (Hordijk & coworkers), 
Nematostella embryonic development (Postma and 
coworkers) and mammary gland development (R. 
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).

Figure 1: Contrast enhancement by fluorescence lifetime unmixing. (A) HeLa cells were transfected with a single 
plasmid, resulting in a stoichiometric production of (spectrally identical) cyan fluorescent protein variants: a 

cytoplasmic located mTurquoise2 and nuclear targeted SCFP1. (B) The SCFP1 has a low fluorescence lifetime (H2B-
SCFP1) whereas mTurquoise2 has a high fluorescence lifetime (mTurquoise2-NES), which are quantified with the 

pseudocolored fluorescent lifetime histogram (C) (Joosen et al., 2014).
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Research highlights

 ► Introduced the CRISPR technology to mutate and target endogenous genes in mammalian 
cell lines.

 ► Set up primary 3D cultures of mammary organoids.
 ► Published enhanced algorithms for localisation-based super-resolution microscopy.
 ► Published about visualisation of live Nematostella vectensis embryos.
 ► A novel monomeric Red Fluorescent Protein was generated with a record high fluorescent 

lifetime of 3.8 ns.

 ► A high contrast mTurquoise2-based biosensor for the Gi class of heterotrimeric G-proteins 
has been developed.

 ► The activity of p63RhoGEF at the plasma membrane has been connected to actin 
polymerisation.

 ► Developed new reconstruction algorithms for structured illumination microscopy (SIM).
 ► Developed an integrated approach for analysing time resolved FLIM data using phasor 

analysis, local and global exponential fitting and life-time distribution analysis.
 ► Developed in vivo pull down technique for studying protein-protein interactions in the cell 

nucleus.
 ► Generated an advanced data analysis pipeline for analysing spatial ratio FRET data, including 

cell segmentation for high throughput analysis.
 ► The first prototype of a multi-colour Re-scan Confoal Microscope (RCM) was built and 

controlled with a custom-made plug-in for commercial software package (Nikon).

Research Programme: Cell and Systems Biology

Figure 2: Optimisation and 
expression of red fluorescent 

protein variants. Top: Erlenmeyer 
flasks of E. coli cultures expressing 
red fluorescent protein variants. 

Bottom: 96-well plate for parallel 
purification of red fluorescent 

protein variants from cell extracts 
after lysis and NTA-bead loading 
(Haarbosch, Bindels, van Weeren 

and Gadella, 2014).
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Other highlights

 ► Dr R. van Amerongen was awarded an NWO-ALW Vidi grant to investigate the mammary 
stem cell niche.

 ► Prof. T.W.J. Gadella, was awarded a FOM programme grant (1 PhD student position and 
one technician position).

 ► Giulia de Luca won the Amsterdam Science Innovation Award (5000 €) with her project on 
Re-scan Confocal Microscopy (RCM). It was selected from 70 projects from AMC, VUMC, HvA 
and UvA, VU and Sanquin.

 ► Prof. T.W.J. Gadella was appointed by the ministry of OCW as National Delegate for the 
Netherlands in the Euro-BioImaging ESFRI board.

 ► Dr R. van Amerongen became committee member of the European Network for Breast 
Development and Cancer labs.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy

3
Research aims for the coming year

 ► Crystallise new red fluorescent proteins.
 ► Develop new photostable red fluorescent proteins.
 ► Develop a FRET sensor for the G12 class of heterotrimeric G-proteins.
 ► Identify and characterise G-protein signalling pathways that remodel the (actin) cytoskeleton.
 ► Use CRISPR/Cas9 technology to tag endogenous Wnt-pathway components with a 

fluorescent protein.
 ► Develop novel fluorescent Wnt-pathway reporters.
 ► Publish on novel SIM reconstruction techniques.
 ► Publish about integrated analysis of time resolved FLIM data.
 ► Ratio-imaging (pH-measurement) and FRET measurements with RCM technology.
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Engineer
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Figure 3: Quantification of GPCR multimerisation in 
the plasma membrane of living mammalian cells by 

line-scanning fluorescence cross correlation spectroscopy.
A. Averaged confocal image at the equatorial plane of 
a HeLa cell co-transfected with histamine1 receptor-
mTurquoise2 and -sYFP2 showing membrane (co)

localised fluorescence (scale bar, 5 μm). A line of 16 pixels 
(green line) perpendicular to the plasma membrane 
was repeatedly scanned over 48 s to collect 32,766 

lines. The intensity peaks in the time-pixel kymographs 
(B), corresponding to the plasma membrane, were 

aligned to correct for membrane movement during the 
measurement. For each line, the intensities in a box of 
2 pixels around the centre were summed. The resulting 

intensity traces (C) were auto- and cross-correlated 
(D). The significant cross-correlation (lower curve D) 
indicates the existence of histamine receptor multimers 

in the plasma membrane. (Hink et al, 2014).
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(2014). Optimization of fluorescent proteins. In Y. 
Engelborghs & A.J.W.G. Visser (Eds.), Fluorescence 
Spectroscopy and Microscopy: Methods and Protocols 
(Methods in Molecular Biology, 1076) (pp. 371-417). 
New York: Humana Press.

Goedhart, J., Hink, M.A. & Jalink, K. (2014). 
An introduction to fluorescence imaging techniques 
geared towards biosensor applications. In J. Zhang, Q. 
Ni & R.H. Newman (Eds.), Fluorescent protein-based 
biosensors: methods and protocols (Methods in Molecular 
Biology, 1071) (pp. 17-28-2). New York: Humana Press.

PhD thesis

Pandey, R. (2014, October 17). Live-imaging of 
Bacillus subtilis spore germination and outgrowth. 
University of Amsterdam (xii, 136 p.). Prom./coprom.: 
prof.dr. S. Brul, dr. E.M.M. Manders & dr. A.S. ter 
Beek.

Visser, J.P.D. (2014, January 09). TRPM7: Ca2+ 
signaling, actomyosin remodeling and metastasis. 
University of Amsterdam (184 p.) ('s-Hertogenbosch: 
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BOXPress). Prom./coprom.: prof.dr. T.W.J. Gadella, 
K. Jalink & F.N. van Leeuwen.

Invited lectures

Amerongen, R. van (2014, April 10). Tracking the 
developmental fate of Wnt-responsive mammary stem 
cells. Vrije Universiteit Amsterdam, the Netherlands, 
keynote lecture @ 4th annual meeting -Amsterdam 
Institute for Molecules, Medicines and Systems 
(AIMMS).

Amerongen, R. van (2014, September 16). Wnt 
signalling, stem cells and cancer: tales from the mammary 
gland. Amsterdam, the Netherlands, seminar at 
Sanquin, hosted by dr. Carlijn Voermans.

Amerongen, R. van (2014, December 08). Wnt 
signalling, stem cells and cancer: Tales from the mammary 
gland. CECAD Research Center, Cologne, Germany, 
The Cologne Cluster of Excellence in Cellular Stress 
Responses in Aging-associated Diseases Seminars on 
Ageing, host: Prof. Dr. Carien Niessen.

Breedijk, R., Hoogendoorn, E., Luca, G. De, 
Brandt, R.A.J., Postma, M. & Manders, E.M.M. 
(2014, April 14). Adaptive patterned illumination for 
improved resolution and reduced phototoxicity. Sydney, 
Australia, Focus on Microscopy 2014.

Gadella, T.W.J. (2014, April 23). 3rd Generation 
fluorescent proteins with enhanced properties for FRET 
and for monitoring signalling in living cells. Eindhoven, 
the Netherlands, University of Technology Eindhoven, 
Department of Biomedical Engineering.

Gadella, T.W.J. (2014, October 23). Enhanced 
fluorescent proteins for FRET and for monitoring 
signalling in living cells. Groningen, the Netherlands, 
Rijksuniversiteit Groningen, Department of Cell 
Biology.

Gadella, T.W.J. (2014, September 08). FLIM and 
FRET applications. Wageningen, the Netherlands, 
FEBS course Microspectroscopy: Functional Imaging 
of Biological Systems.

Gadella, T.W.J. (2014, September 08). FRET 
Microscopy. Wageningen, the Netherlands, FEBS 

course Microspectroscopy: Functional Imaging of 
Biological Systems.

Gadella, T.W.J. (2014, March 27). FRET-probes 
for FLIM. Amsterdam, the Netherlands, Lambert 
Instruments FRET-FLIM symposium.

Gadella, T.W.J. (2014, April 14). Imaging signalling 
across the membrane with FRET-based GFP probes. 
Membrane probe workshop Lago di Como, Italy. 

Gadella, T.W.J. (2014, August 24). Visualising 
lipid signalling in single living cells with genetic 
encoded fluorescent biosensors. Spetses, Greece, FEBS 
Workshop: Lipids as molecular switches.

Goedhart, J. (2014, November 18). Visualising the 
chemistry of cellular decision making with engineered 
fluorescent biosensors. Veldhoven, the Netherlands, 
NWO CHAINS 2014.

Hink, M.A. (2014, November 18). Analysing 
noise: Quantitative cellbiology by using Fluorescence 
Fluctuation Spectroscopy. Vienna, Austria, 3rd FLIM 
and FCS Workshop.

Hink, M.A. (2014, November 16). Hoe klein kan je 
zien? Amsterdam, the Netherlands, Wakker Worden 
Kinderlezingen, NEMO Science Center.

Hink, M.A. (2014, February 25). Introduction to 
Fluorescence Correlation Spectroscopy. Berlin, Germany, 
6th European Short Course on Time-Resolved 
Microscopy and Correlation Spectroscopy.

Hink, M.A. (2014, September 09). Probing protein 
dynamics and interactions by fluorescence fluctuation 
spectroscopy. Wageningen, the Netherlands, FEBS 
course Microspectroscopy: Functional Imaging of 
Biological Systems.

Hink, M.A. (2014, June 24). Quantitative 
Cellbiology using Fluorescence Fluctuation Spectroscopy. 
Amsterdam, the Netherlands, LCAM In the footsteps 
of van Leeuwenhoek.

Luca, G. De, Breedijk, R., Stallinga, S. & Manders, 
E.M.M. (2014, April 14). Re-scan confocal microscopy: 
Scanning twice for better resolution and enhanced 
sensitivity. Sydney, Australia, Focus on Microscopy 
2014.

Research Programme: Cell and Systems Biology
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Manders, E.M.M. (2014, January 30). Re-
scan Confocal Microscopy: scanning twice for double 
resolution. Amsterdam, the Netherlands, International 
Symposium Nanoscopy Netherlands 2014.

Manders, E.M.M. (2014, December 12). Re-
scan Confocal Microscopy; scanning twice for double 
resolution. Amsterdam, the Netherlands, LaserLab 
Symposium, VU Amsterdam.

Manders, E.M.M. (2014, February 13). Re-
scan Confocal Microscopy; scanning twice for double 
resolution. TU Delft, Delft, the Netherlands, Lecture at 
Dept BioNanoscience, TUDelft, Delft, Netherlands.

Manders, E.M.M. (2014, August 04). Structure 
Illumination Microscopy Fundamentals. Edinburgh, 
UK, Summerschool on Super-resolution Microscopy.

Postma, M. (2014, January 30). Robust Image 
Reconstruction in Stochastic Super-Resolution 
Microscopy. Amsterdam, the Netherlands, Nanoscopy 
Netherlands 2014 meeting.

Relevant positions

Amerongen, R. van committee member European 
Network for Breast Development and Cancer labs.

Gadella, T.W.J. National delegate appointed by 
Ministery of OCW ESFRI EuroBioImaging Interim 
Board.

Hink, M.A. board member Dutch Society for 
Microscopy.

Manders, E.M.M. Board member (treasurer) 
Stichting Focus on Microscopy.

Gadella, T.W.J. National Coördinator Biological 
Imaging for ESFRI EuroBioImaging roadmap.

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.

Media appearance

Amerongen, R. van (portrait (6 min)) (2015, May 
24). Für ein besseres Europa. In Europortrait. Arte TV.

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy

3
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Research highlights

 ► Nutrition and stress during early life modulate later cognition, neurogenesis and metabolism. 
 ► Magnetic Resonance Spectroscopy allows to detect human neurogenesis in vivo.
 ► Modifying the metabolism of cortisol affects emotional memory performance.
 ► Mineralocorticoid receptors regulate functional connectivity in the human brain.

Research Programme: Neurosciences

Structural and Functional Plasticity of 
the Nervous System

Mission of the group: We study brain plasticity. 
Our focus is on neurogenesis, synaptic plasticity 
and behaviour, and on their molecular regulation 
by glucocorticoids, inflammation and nutrition. 
Plasticity is studied in relation to cognition, (early) 
stress exposure and the brain disorders depression, 
PTSD, epilepsy, Parkinson’s and Alzheimer’s disease. 
Personnel: In 2014, our group has further grown with 1 
new PhD student: Abbink (co-promotor Korosi), who 
will study the role of nutrition in the programming by 
early-life stress. 
Research topics: Our research on plasticity focuses on 
the one hand on the perinatal period, with Krugers 
studying mechanisms underlying (emotional) memory 
formation, synaptic function and behaviour, while 
Korosi and Lucassen, together with pre-clinical, clinical 
and industry groups, study effects of early stress and 
nutrition on epigenetics and programming of adult 
brain structure and (dys)function. On the other hand, 
Fitzsimons studies the molecular control of brain 

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

plasticity, neurogenesis and stem cells, focusing on 
microRNAs, epigenetics, stress hormone 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, our 
group had an excellent output of 2 book chapters and 
32 papers, 2 with impact factor of 8.6 and 1 with 9.8. 
A patent application is prepared.
Teaching: In 2014, our group contributed heavily 
to the Psychobiology and Biomedical bachelor and 
masters. Our master track ‘Psychopharmaca and 
Pathophysiology’ (25 students), run by Korosi, Yam 
and Lucassen, remained very popular and was again 
evaluated very well by the students, many of which have 
obtained PhD positions by now, e.g. in Amsterdam, 
Utrecht, Nijmegen, Stockholm, Cambridge, USA or 
New Zealand. Krugers is Programme Director of the 
accredited interdisciplinary Research Master Brain 
and Cognitive Sciences, with 50 students. 
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Other highlights

 ► Korosi, together with Danone and clinical partners, was awarded a large Food & Cognition 
grant (>660 k€) from NWO. She further has industrial collaboration that co-finance some of her 
projects.

 ► Fitzsimons was awarded a 100 k€ grant by the International Foundation for Alzheimer 
Research for a project on: Epigenetic programming of neurogenesis by stress in Alzheimer models.

 ► Fitzsimons was further awarded the ‘2014 Top Paper Award’ at the Dutch Neurofederation’s 
ENP meeting for his paper in the high impact journal Molecular Psychiatry. 

 ► Kit Yi Yam has been awarded the best speaker prize at the Neth Society for Endocrinology 
conference. 

 ► Marit Arp received a travel award from the National Initiative Brain and Cognition and 
Judith Ter Horst and Wendy Timmermans received a travel grant from the FENS.

 ► Krugers and Korosi organised an ABC Summer school with an international symposium 
about early-life stress which involved renowned scientists from Canada, California and 
Switzerland. Korosi organised a session on early stress and nutrition at the Dutch ENP meeting. 
Krugers co-organised a session on reconsolidation at the meeting of the Nederlandse Vereniging 
voor Psychotraumatologie, joined the Dutch Project group ‘Year of the Brain’, and co-organised 
the Brain Awareness Week.

 ► Lucassen chairs the SAB of the ISAO, is invited ECNP Fellow and in the Editorial Boards 
of PlosOne, Stress, Neuroscience and Brain Plasticity. Krugers is EBBS treasurer, board secretary 
of the Neurofederation and Amsterdam Brain & Cognition (ABC) member. Korosi is ENP board 
member.

 ► A Special Issue of Neural Plasticity on ‘Environmental Control of Adult Neurogenesis’ was 
published that was organised and guest-edited by Lucassen, Fitzsimons & Korosi.

 ► Group members delivered invited lectures in Amsterdam, Utrecht, Wassenaar, Leiden, Ede, 
Rotterdam, Breda, Maastricht, Bristol, Osnabruck, Chiemfrausee, Cambridge, Munich, Erlangen, 
Rome, Haifa and Shanghai. 

 ► Group members were invited as reviewers for various journals including high impact papers 
Brain, Mol Psych, Biol Psych, Nature Comm., J Neurosci, Cer.Cortex and for Welcome Trust, 
ISAO, NWO and Alzheimer UK grants. Group members were invited as PhD opponent (7x 
Lucassen, 4x Krugers).

 ► Krugers participated in the Hersenstichting Publieksdag 2014, the ‘Year of the Brain’ and the 
Brain Awareness Week 2014, he wrote a paper in ‘Tijdschrift voor Coaching’, appeared on Dutch 
Television (MaxLive) and on Radio Steunkous, he advised the NTR on a television programme 
on the brain.

 ► Lucassen participated in various Alzheimer cafés and high school lectures and was interviewed 
for the journals Quest and Labyrinth and for The Alzheimer Researchers book. He participated in 
the FNWI organised Beta-break public discussion panel on Neurobiology & Psychiatry.

Structural and Functional Plasticity of the Nervous System

4



64 - Swammerdam Institute for Life Sciences

Research aims for the coming years

 ► To understand how the early environment can exert lasting effects on the brain, to identify 
the critical elements, and how they modify the risk to develop depression, anxiety and dementia.

 ► To understand how early stress influences later synaptic plasticity, AMPA receptor dynamics, 
spinogenesis and emotional memory at an adult age.

 ► To clarify how stress hormones, epigenetics and microRNAs can regulate adult neurogenesis, 
and modify hippocampus-related cognition and (vulnerability to) epilepsy.

 ► To understand if early-nutritional intervention (with differential fatty acid composition and 
enrichment with methyl donors) can prevent later cognitive deficits induced by early-stress.

Figure 1: Both adult hippocampal neural stem cells (A) and adult hippocampal neural progenitor cells (B) show 
expression of the glucocorticoid receptor. Compared to confocal microscopy, Structured Illumination Microscopy 

(SIM; C, D) increases the resolution of dendritic spines by 2x. Pictures by Schouten/Manders/Fitzsimons.

Research Programme: Neurosciences

Group members

Docent
Rob de Heus

PhD students
Marit Arp
Pascal Bielefeld
Karlijn Doorn
Lianne Hoeijmakers
Sylvie Lesuis

Eva Naninck
Marijn Schouten
Wendy Timmermans
Hui Xiong
Kit Yi Yam

Technicians
Gideon Meerhoff
Jan den Blaauwen
Peter Hesseling
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Academic publications

Kuipers, S.D., Bramham, C.R., Cameron, H.A., 
Fitzsimons, C.P., Korosi, A. & Lucassen, P.J. (2014). 
Environmental Control of Adult Neurogenesis: From 
Hippocampal Homeostasis to Behavior and Disease. 
Neural Plasticity. doi:  10.1155/2014/808643

Arp, J.M., Horst, J.P. ter, Kanatsou, S., Fernández, 
G., Joëls, M., Krugers, H.J. & Oitzl, M.S. (2014). 
Mineralocorticoid receptors guide spatial and 
stimulus-response learning in mice. PLoS One, 9 (1), 
e86236. doi: 10.1371/journal.pone.0086236

Bielefeld, P., Vliet, E.A. van, Gorter, J.A., 
Lucassen, P.J. & Fitzsimons, C.P. (2014). Different 
subsets of newborn granule cells: a possible role in 
epileptogenesis? European Journal of Neuroscience, 39 
(1), 1-11. doi: 10.1111/ejn.12387

Boekhoorn, K., Dis, V. van, Goedknegt, E., Sobel, 
A., Lucassen, P.J. & Hoogenraad, C.C. (2014). The 
microtubule destabilizing protein stathmin controls 
the transition from dividing neuronal precursors 
to postmitotic neurons during adult hippocampal 
neurogenesis. Developmental Neurobiology, 74 (12), 
1226-1242. doi: 10.1002/dneu.22200

Brouwer-Brolsma, E.M., Schuurman, T., Groot, 
L.C.P.G.M. de, Feskens, E.J.M., Lute, C., Naninck, 
E.F.G., Arndt, S.S., Staay, F.J. van der, Bravenboer, 
N., Korosi, A. & Steegenga, W.T. (2014). No role for 
vitamin D or a moderate fat diet in aging induced 
cognitive decline and emotional reactivity in C57BL/6 
mice. Behavioural Brain Research, 267, 133-143. doi: 
10.1016/j.bbr.2014.03.038

Cope, J.L., Regev, L., Chen, Y, Korosi, A., Rice, 
C.J., Ji, S., Rogge, G.A., Wood, M.A. & Baram, 
T.Z. (2014). Differential contribution of CBP:CREB 
binding to corticotropin-releasing hormone expression 
in the infant and adult hypothalamus. Stress, 17 (1), 39-
50. doi: 10.3109/10253890.2013.806907

Daskalakis, N.P., Enthoven, L., Schoonheere, 
E., Kloet, E.R. de & Oitzl, M.S. (2014). Immediate 
Effects of Maternal Deprivation on the (Re)Activity 
of the HPA-Axis Differ in CD1 and C57Bl/6J Mouse 
Pups. Frontiers in Endocrinology, 5, 1-6. doi: doi: 
10.3389/fendo.2014.00190

Doorn, K.J., Drukarch, B., Dam, A.-M. van & 
Lucassen, P.J. (2014). Hippocampal Proliferation Is 
Increased in Presymptomatic Parkinson’s Disease and 
due to Microglia. Neural Plasticity, 2014, 959154. doi: 
10.1155/2014/959154

Doorn, K.J., Moors, T., Drukarch, B, Berg, W.D.J. 
van de, Lucassen, P.J. & Dam, A-M. van (2014). 
Microglial phenotypes and toll-like receptor 2 in the 
substantia nigra and hippocampus of incidental Lewy 
body disease cases and Parkinson’s disease patients. 
Acta Neuropathologica Communications, 2, 90. doi: 
10.1186/s40478-014-0090-1

Ferreira de Sá, D.S., Schulz, A., Streit, F.E., Turner, 
J.D., Oitzl, M.S., Blumenthal, T.D. & Schächinger, 
H. (2014). Cortisol, but not intranasal insulin, 
affects the central processing of visual food cues. 
Psychoneuroendocrinology, 50, 311-320. doi: 10.1016/j.
psyneuen.2014.09.006

Fitzsimons, C.P., Bodegraven, E. van, Schouten, 
M., Lardenoije, R., Kompotis, K., Kenis, G., Hurk, 
M. van den, Boks, M.P., Biojone, C., Joca, S., 
Steinbusch, H.W., Lunnon, K., Mastroeni, D.F., Mill, 
J., Lucassen, P.J., Coleman, P.D., Hove, D.L. Van den 
& Rutten, B.P.F. (2014). Epigenetic regulation of adult 
neural stem cells: implications for Alzheimer’s disease. 
Molecular Neurodegeneration, 9, 25. doi: 10.1186/1750-
1326-9-25

Hoeijmakers, L., Harbich, D., Schmid, B., 
Lucassen, P.J., Wagner, K.V., Schmidt, M.V. & 
Hartmann, J. (2014). Depletion of FKBP51 in female 
mice shapes HPA axis activity. PLoS One, 9 (4), 
e95796. doi: 10.1371/journal.pone.0095796

Horst, J.P.F. ter, Mark, M., Kentrop, J., Arp, J.M., 
Veen, R. van, Kloet, E.R. de & Oitzl, M.S. (2014). 
Deletion of the forebrain mineralocorticoid receptor 
impairs social discrimination and decision-making in 
male, but not in female mice. Frontiers in behavioral 
neuroscience, 8, 1-11.

Jung, T.I., Vogiatzian, F., Har Shemesh, O., 
Fitzsimons, C.P. & Quax, R. (2014). Applying 
Information Theory to Neuronal Networks: From 
Theory to Experiments. Entropy, 16 (11), 5721-5737. 
doi: 10.3390/e16115721

Klomp, A., Václavů, L., Meerhoff, G.F., Reneman, 
L. & Lucassen, P.J. (2014). Effects of chronic fluoxetine 
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treatment on neurogenesis and tryptophan hydroxylase 
expression in adolescent and adult rats. PLoS One, 9 
(5), e97603. doi: 10.1371/journal.pone.0097603

Loi, M., Koricka, S., Lucassen, P.J. & Joëls, M. 
(2014). Age- and sex-dependent effects of early life 
stress on hippocampal neurogenesis. Frontiers in 
Endocrinology, 5, 13. doi: 10.3389/fendo.2014.00013

Lucassen, P.J., Pruessner, J., Sousa, N., Almeida, 
O.F.X., Dam, A.M. van, Rajkowska, G., Swaab, 
D.F. & Czéh, B. (2014). Neuropathology of 
stress. Acta Neuropathologica, 127 (1), 109-135. doi: 
10.1007%2Fs00401-013-1223-5

Maccari, S., Krugers, H.J., Morley-Fletcher, S., 
Szyf, M. & Brunton, P.J. (2014). The consequences of 
early life adversity: neurobiological, behavioural and 
epigenetic adaptations. Journal of Neuroendocrinology, 
26 (10), 707-723. doi: 10.1111/jne.12175

Marlatt, M.W., Bauer, J., Aronica, E., Haastert, 
E.S. van, Hoozemans, J.J.M., Joels, M. & Lucassen, P.J. 
(2014). Proliferation in the Alzheimer hippocampus is 
due to microglia, not astroglia, and occurs at sites of 
amyloid deposition. Neural Plasticity, 2014, 693851. 
doi: 10.1155/2014/693851

Naninck, E.F.G., Hoeijmakers, L., Kakava-
Georgiadou, N., Meesters, A., Lazic, S.E., Lucassen, 
P.J. & Korosi, A. (2014). Chronic early life stress alters 
developmental and adult neurogenesis and impairs 
cognitive function in mice. Hippocampus. doi: doi: 
10.1002/hipo.22374

Sarabdjitsingh, R.A., Zhou, M., Yau, J.L.W., 
Webster, S.P., Walker, B.R., Seckl, J.R., Joëls, M. & 
Krugers, H.J. (2014). Inhibiting 11β-hydroxysteroid 
dehydrogenase type 1 prevents stress effects on 
hippocampal synaptic plasticity and impairs 
contextual fear conditioning. Neuropharmacology, 81, 
231-236. doi: 10.1016/j.neuropharm.2014.01.042

Schouten, M., De Luca, G.M.R., Alatriste 
González, D.K., Jong, B.E. de, Timmermans, W., 
Xiong, H., Krugers, H., Manders, E.M.M. & 
Fitzsimons, C.P. (2014). Imaging dendritic spines of 
rat primary hippocampal neurons using structured 
illumination microscopy. Journal of Visualized 
Experiments, 87, e51276. doi: 10.3791/51276

Schrantee, A., Václavů, L., Heijtel, D., 
Lucassen, P.J., Caan, M., Nederveen, A., Booij, 
J. & Reneman, L. (2014). Dopaminergic System 
Dysfunction in Recreational Dexamphetamine Users. 
Neuropsychopharmacology, 1-9. doi: doi: 10.1038/
npp.2014.301

Souza, R.R., Dal Bó, S., Kloet, E.R. de, Oitzl, M.S. 
& Carobrez, A.P. (2014). Paradoxical mineralocorticoid 
receptor-mediated effect in fear memory encoding 
and expression of rats submitted to an olfactory fear 
conditioning task. Neuropharmacology, 79, 201-211. 
doi: doi: 10.1016/j.neuropharm.2013.11.017

Vermetten, E., Zhohar, J. & Krugers, H.J. 
(2014). Pharmacotherapy in the aftermath of trauma; 
opportunities in the ‘golden hours’. Current psychiatry 
reports, 16 (7), 455. doi: 10.1007/s11920-014-0455-y

Vogel, S., Klumpers, F., Krugers, H.J., Fang, Z., 
Oplaat, K.T., Oitzl, M.S., Joels, M. & Fernandez, G. 
(2014). Blocking the Mineralocorticoid Receptor in 
Humans Prevents the Stress-Induced Enhancement 
of Centromedial Amygdala Connectivity with the 
Dorsal Striatum. Neuropsychopharmacology, 1-10. doi: 
10.1038/npp.2014.271

Wang, Q., Verweij, E.W., Krugers, H.J., Joels, M., 
Swaab, D.F. & Lucassen, P.J. (2014). Distribution of 
the glucocorticoid receptor in the human amygdala; 
changes in mood disorder patients. Brain Structure 
and Function (Print Edition), 219 (5), 1615-26. doi: 
10.1007/s00429-013-0589-4

Krugers, H. (2014). Stress en emoties: Van begrip 
tot behandeling? Tijdschrift voor coaching, 100-103.

Cope, J.L., Regev, L., Chen, Y., Korosi, A., Rice, 
C.J., Ji, S., Rogge, G.A., Wood, M.A. & Baram, 
T.Z. (2014). Differential contribution of CBP:CREB 
binding to corticotropin-releasing hormone expression 
in the infant and adult hypothalamus. Stress, 17 (1), 39-
50. doi: 10.3109/10253890.2013.806907

Doorn, K.J., Goudriaan, A., Blits-Huizinga, C., 
Bol, J.G., Rozemuller, A.J., Hoogland, P.V., Lucassen, 
P.J., Drukarch, B., Berg, W.D. van de & Dam, A.M. 
van (2014). Increased Amoeboid Microglial Density 
in the Olfactory Bulb of Parkinson’s and Alzheimer’s 
Patients. Brain Pathology, 24 (2), 152-165. doi: 10.1111/
bpa.12088
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Fitzsimons, C.P. (2014, October 10). Zooming 
in on synapses. Visualizing dendritic spines with 
super resolution microscopy. Osnabrück, Germany, 
lecture at 7th Westerberger Herbsttagung on the 
Perspectives of Molecular Neurobiology, Department 
of Neurobiology, University of Osnabrück.

Krugers, H. (2014, November 27). “Golden 
hours” bij behandeling van psychotrauma? Nieuwe 
kansen na exposure therapie. Ede, The Netherlands, 
Invited lecture at Nederlandstalige vereniging voor 
Psychotraumatologie.

Krugers, H. (2014, May 14). Stress and memory: 
Mechanisms, vulnerability and resilience. Amsterdam, 
The Netherlands, Invited lecture at Studenten 
symposium UvA.

Krugers, H. (2014, January 17). Stress, AMPA 
receptors and Memory Formation. Shanghai, China, 
Invited lecture at Chinese Academy of Sciences, 
Institute of Neuroscience.

Krugers, H. (2014, April 25). Stress, AMPA receptors 
and memory formation. Bristol United Kingdom, 
Invited lecture at University of Bristol.

Krugers, H. (2014, June 12). Stress, Memory and 
Vulnerability. Utrecht, The Netherlands, Invited 
lecture at BIC symposium, Utrecht.

Krugers, H. (2014, February 07). Stress, Synapses 
and Memory. Noordwijkerhout, The Netherlands, 
Invited lecture at Dutch Endocrine Meeting, 
Noordwijkerhout, The Netherlands.

Krugers, H. (2014, May 22). Translational 
research to target PTSD: “are there golden hours for 
treatment” ? Leiden, The Netherlands, Invited lecture 
at Symposium: Impact of Great Wars and Beyond, 
Leiden University.

Krugers, H. (2014, December 21). Zie je wat je 
werkelijk ziet? Rotterdam, The Netherlands, Invited 
lecture at Museum Rotterdam.

Lucassen, P.J. (2014, November 06). Addressing 
pressing neurobiological questions using postmortem 
human brain tissue. Amsterdam, The Netherlands, 
Invited lecture at Netherlands Brain Bank Psychiatry 
consortium meeting, NIN Amsterdam.

Hove, D.L. Van den, Kompotis, K., Lardenoije, 
R., Kenis, G., Mill, J., Steinbusch, H.W., Lesch, 
K.P., Fitzsimons, C.P., Strooper, B. De & Rutten, 
B.P. (2014). Epigenetically regulated microRNAs in 
Alzheimer’s disease. Neurobiology of Aging, 35 (4), 731-
745. doi: 10.1016/j.neurobiolaging.2013.10.082

Marel, K. van der, Klomp, A., Meerhoff, 
G.F., Schipper, P., Lucassen, P.J., Homberg, J.R., 
Dijkhuizen, R.M. & Reneman, L. (2014). Long-Term 
Oral Methylphenidate Treatment in Adolescent and 
Adult Rats: Differential Effects on Brain Morphology 
and Function. Neuropsychopharmacology, 39, 263-273. 
doi: 10.1038/npp.2013.169

Book chapter

Krugers, H. & Joëls, M. (2014). Long-lasting 
Consequences of Early Life Stress on Brain Structure, 
Emotion and Cognition. In C.M. Pariante & M.D. 
Lapiz-Bluhm (Eds.), Behavioral neurobiology of 
stress-related disorders (Current topics in behavioral 
neurosciences, 18) (pp. 81-92). Heidelberg: Springer.

Naninck, E.F.G., Lucassen, P.J. & Korosi, A. 
(2014). Consequences of Early-Life Experiences on 
Cognition and Emotion: A Role for Nutrition and 
Epigenetic Mechanisms. In Molecular Psychology 
(Oxford Handbooks Online) (pp. 311-336). Oxford 
University Press.

Invited lectures

Fitzsimons, C.P. (2014, April 04). From microRNA 
profiling to target regulation by cooperative microRNA 
action. Maastricht, The Netherlands, lecture at 2nd 
Benelux Congress on Physiology and Pharmacology, 
PhysPhar 2014.

Fitzsimons, C.P. (2014, November 03). From 
microRNA profiling to target regulation by cooperative 
microRNA action. Lessons learned from an experimental 
model of epilepsy. Cambridge, United Kingdom, 
lecture at MicroRNAs & Non Coding RNAs Europe 
2014 Meeting, University of Cambridge.

Fitzsimons, C.P. (2014, May 22). Knockdown of the 
glucocorticoid receptor alters functional integration of 
newborn neurons in the adult hippocampus and impairs 
fear-motivated behavior. Lunteren, The Netherlands, 
lecture at 12th Dutch Endo-Neuro-Psycho Meeting, 
ENP 2014.

Structural and Functional Plasticity of the Nervous System

4



68 - Swammerdam Institute for Life Sciences

Research Programme: Neurosciences

Lucassen, P.J. (2014, December 15). Alzheimer 
onderzoek, de stand van zaken. Breda, The Netherlands, 
Invited lecture at the Board of Advisors meeting of the 
Internationale Stichting Alzheimer Onderzoek ISAO.

Lucassen, P.J. (2014, June 10). Alzheimer research, 
stam cells, exercise and vaccination. Voorburg, The 
Netherlands, Invited lecture at the Alzheimer Cafe 
Voorburg.

Lucassen, P.J. (2014, June 16). Brain Development. 
Amsterdam, The Netherlands, Opening lecture at 
the Summer School on ‘Early life; genes and brain 
development UvA/IIS.

Lucassen, P.J. (2014, September 19). Changes in 
neurogenesis in relation to ritalin, fluoxetine and the 
1.28 ppm MRS peak. Rome, Italy, Invited lecture at 
PRIOMED meeting.

Lucassen, P.J. (2014, April 29). Doublecortin and 
doublecortin-like as important players in early cortical 
development. Erlangen, Germany, Invited ‘GrassRoot’ 
lecture at the University of Erlangen; Host; Prof.Dr. J 
Winkler.

Lucassen, P.J. (2014, January 22). Effects of early 
stress and food on adult hippocampal plasticity and 
function. Wassenaar, The Netherlands, Invited Lecture 
at at the Netherlands Institute for the Advancement of 
Social and Humanities Science (NIAS).

Lucassen, P.J. (2014, September 07). Food and stress 
effects during brain development. Chiemsee, Germany, 
Invited lecture at the Route28 meeting.

Lucassen, P.J. (2014, May 21). Neurogenesis in the 
live human brain; possibilities for detection by Magnetic 
Resonance Spectroscopy. Amsterdam, The Netherlands, 
Invited lecture at the Netherlands Cancer Institute.

Lucassen, P.J. (2014, April 30). Plasticity changes 
in relation to (early life) stress, nutrition and depression. 
Erlangen, Germany, Invited lecture for the Department 
of Molecular Neurology of the University Hospital 
Erlangen.

Lucassen, P.J. (2014, April 30). Plasticity changes 
in relation to early nutrition, exercise and Alzheimer’s 
disease. Munich, Germany, Invited lecture Dept 
Anatomy, University of Munich.

Lucassen, P.J. (2014, June 14). Plasticity changes in 
the brain following stress. Utrecht, The Netherlands, 
Invited lecture Dutch Biomedical Student Conference; 
BIC Lecture, UMC Utrecht.

Lucassen, P.J. (2014, October 06). State of the affairs 
in Alzheimer research. Utrecht, The Netherlands, 
Invited lecture at the ISAO board meeting.

Lucassen, P.J. (2014, February 10). Structural 
plasticity in relation to (early life) stress, nutrition and 
depression. Haifa, Israel, Invited lecture at the 5th 
Brain Behav Society “Good stress, bad stress and very 
bad stress”.

Relevant positions

Fitzsimons, C.P. Reviewer for F1000 research, 2014.

Fitzsimons, C.P. Guest editor for special issue of 
Neural Plasticity, 2014.

Korosi, A. Guest editor for special issue of Neural 
Plasticity, 2014.

Lucassen, P.J. Guest editor for special issue for 
Neural Plasticity, 2014.

Lucassen, P.J. Editorial board member for 
Neuroscience, 2014.

Lucassen, P.J. Editorial board member for PLoS 
One, 2014.

Lucassen, P.J. Editorial board member   for Stress, 
2014.

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

Korosi, A. Member of the Organising committee 
of the EndoNeuroPsycho meeting 2014. 

Korosi, A. and Lucassen, P.J. Coordinators of the 
master track Psychopharmaca and Pathophysiology, 
University of Amsterdam.

Krugers, H. Co-organiser Brain Awareness Week, 
Dutch NeuroFederation.
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Krugers, H. Organisation Publieksdag 
Hersenstichting.

Krugers, H. Organisation session Nederlandse 
Vereniging voor Psychotraumatologie.

Krugers, H. Organiser ABC Summerschool: 
Early Life experiences: “from genes to Cognition”,  
University of Amsterdam.

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

Krugers, H.J. (2012-2014). Board Secretary at 
Dutch Neurofederation. Krugers, H.J. (2012-2014). 
Treasurer European Brain and Behavioral Society at 
EBBS.

Krugers, H.J. (2012-2014). Programme Director 
Research Master Brain and Cognition, Cognitive 
Science Center Amsterdam at University of 
Amsterdam.

Award

Fitzsimons, C.P. (2014). Top Paper Prize 2014. 12th 
Dutch Endo-Neuro-Psycho Meeting, ENP 2014: 
Lunteren, The Netherlands.

Media appearance

Krugers, H. (2014, Mar 11). Brain Awareness Week 
[guest in television broadcast]. In Radio Steunkous.

Krugers, H. (2014, Jan 09). Year of the brain 
[television broadcast]. In Max Live.
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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 (started July 2014)
Dr U. Olcese Assistant Professor

The group’s global research aim is to elucidate 
how neuronal networks distributed across cortical 
structures, most notably the sensory neocortices, 
prefrontal cortex and temporal lobe, cooperate 
in cognitive processes, in particular conscious 
perception, multisensory integration and sensory-
memory interactions. This aim is pursued using a 
variety of techniques and at various aggregate levels, 
ranging from cellular to systems and behavioural 
levels. The research focuses on the level of systems 
neurophysiology. 
We investigate how neural assemblies in the brain 
cooperate to generate conscious and unconscious 
representations, with a particular emphasis on 
multimodal integration. This process refers to the 
integration of multiple sensory modalities (e.g. 
vision, audition) as well as integration of sensory and 
memorised information. A theoretical framework to 
understand how multimodal integration contributes 
to consciousness has been constructed, and we 
are testing its experimental predictions using in 
vivo 2-photon Calcium imaging 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 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. in ensemble recordings, field 
potentials and oscillations, patch-clamp recordings 
and optogenetics and 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 may be mediating the "chunking" 
of items as a more fundamental function, as indicated 
by our recent research. This project is carried out in 
animals by performing multi-area ensemble recordings 
using “tetrode arrays”. Furthermore, we continue to 
develop new analytic methods to study coherence 
within and between cell assemblies in the brain. 
Furthermore, this line of research has been augmented 
by studying how stress hormones influence memory 
formation.
The current systems-level efforts to elucidate 
neural substrates of multimodal integration and 
consciousness are being complemented by the 
introduction of novel techniques such as optogenetics. 
Using optogenetics we study the causal role specific cell 
types and neuromodulators play in sensory analysis, 
multisensory integration and perceptual decision-
making. These studies are integrated with 2-photon 
Ca2+ imaging results and extracellular recordings. 

Research Programme: Neurosciences
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Research highlights

 ► We carried out experiments involving tetrode ensemble recordings in a mouse model of 
fragile-X mental retardation. This model shows a higher instability of spatial representation as 
gauged from the hippocampus, pointing to a neural substrate for deficient learning and memory 
processing as found in several intellectual disability disorders.

 ► Recently we have obtained Channelrhodopsin expression specifically in mesencephalic 
dopamine neurons of the rat brain in vivo, and combined blue light excitation of these cells 
with spike recordings. This yields the right tool to study behavioural and cognitive correlates of 
dopamine cell activity in awake and freely moving rats. For 2-photon Ca2+ imaging we developed 
the GCaMP6 technique, allowing chronic assessments of population activity over many days.

 ► The hippocampus is thought to play a crucial role in representation of an animal’s location 
and, more in general, in representation of its internal and external state. However, it is unknown 
whether it may also function in representing state parameters of other agents in the environment, 
e.g. conspecifics. We studied whether rats can discriminate positions and movements of robotic 
agents (i.e. remotely controlled “e-pucks”) in the environment. This was indeed the case. The 
results indicate that the hippocampus harbours cells sensitive to positional parameters of the 
robot.

 ► We used in vivo 2-photon Ca2+ imaging in the visual cortex of awake mice to study how 
neural populations code for visually perceived versus non-perceived stimuli. The key result was 
that not so much the mean response strength matters for determining whether a stimulus will be 
perceived or not, but rather the heterogeneity among the cortical neurons.

 ► We showed that perirhinal neurons generate sustained firing patterns that chunk large 
segments of the animal's task environment, contrasting to transient firing patterns of hippocampal 
and somatosensory neurons. These extended patterns were not explained by task variables such as 
salient sensory stimuli, memory load or locomotion direction. These results suggest the existence 
of perirhinal "neighbourhood" cells providing pointers to an animal’s global position in space. 
They furthermore indicate a more refined view of the medial temporal lobe than captured by a 
dichotomy between object-oriented and spatial pathways.

 ► Cortical synchronisation in the gamma range (30-80 Hz) is believed to play an important 
function in inter-areal communication and arises from the activity of parvalbumin expressing 
fast-spiking interneurons (PV). We characterised the intracellular correlates of spontaneous and 
visually evoked gamma rhythmicity in layers 2/3 of the primary visual cortex of awake mice 
using 2-photon targeted patch-clamp recordings of PVs and pyramidal cells (PYRs). Our results 
indicate that gamma rhythmicity synchronises the output of cortical neurons during transient 
bouts entrained by correlated background synaptic activity.

 ► Important technical progress was made in implementing new behavioural tasks to study 
multimodal integration, conscious visual processing, and memory-guided planning in rats and 
ferrets. Furthermore, analysis of local field potential and spike patterns in the temporal lobe of 
epileptic patients is beginning to shed light on communication mechanisms underlying visual 
perception and memory formation.

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, including research papers in J of Neuroscience, Trends in Cognitive Sciences and Neuron: 

• Van Wingerden M, van der Meij R, Maris E, Pennartz CMA (2014) Phase-amplitude coupling in 
rat orbitofrontal cortex discriminates between correct and incorrect decisions during associative 
learning. J. Neurosci. 34: 493-505.

• Cabral H, Vinck MA, Fouquet C, Pennartz CMA, Rondi-Reig L Battaglia FP (2014) Oscillatory 
dynamics and place field maps reflect sequence and place memory processing in hippocampal 
ensembles under NMDA receptor control. Neuron 81: 402-415.

• Pezzulo G, van der Meer MAA, Lansink CS, Pennartz CMA (2014) Internally generated sequences 
in learning and executing goal-directed behavior. Trends in Cognitive Sciences 18: 647-657.

• Cabral HO, Fouquet C, Rondi-Reig L, Pennartz CMA, Battaglia FP (2014) Single-trial properties 
of place cells in control and CA1 NMDA receptor subunit 1-KO mice. J. Neurosci. 34: 15861-15869.

 ► Martin Vinck was awarded a Heineken Young Scientist Award from KNAW.
 ► Jeannette Lorteije was nominated for membership of the Young Academy of KNAW.
 ► Umberto Olcese was reviewer for J. Neurosci., the European J. Neurosci. and Plos One. 
 ► Umberto Olcese was a guest speaker at the XXIV National Congress of the Italian Association 

of Sleep Medicine, Pisa (Italy), November 5-7, 2014.
 ► Carien Lansink: review committee for Amsterdam Brain & Cognition (ABC) project grants.
 ► Wim Ghijsen is regular reviewer for the European Journal of Pharmacology.
 ► NWO, Earth & Life Sciences grant awarded to Pennartz (1st applicant, k€ 350.-): Unravelling 

the impact of stress hormone on neuronal networks for memory formation and decision-making".
 ► Cyriel Pennartz was a member of the Earth & Life Sciences Review panel (open programme).
 ► Cyriel Pennartz acted as Associate Editor at the European Journal of Neuroscience.
 ► Cyriel Pennartz acted as Guest Editor for the Philosophical Transactions of the Royal Society 

B, “The principles of goal-directed decision-making: from neural mechanisms to computation 
and robotics” (Royal Society B 369: 20130470).

 ► Cyriel Pennartz chaired a full-house symposium at the Society for Neuroscience meeting, in 
which also Marijn van Wingerden (former group member) gave a presentation.

 ► MIT Press accepted the following monograph for publication: 'The brain’s representational 
power – on consciousness and the integration of modalities' (C. Pennartz), which is currently in press.

Research Programme: Neurosciences
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Group members

Postdoctoral researchers
Jeroen Bos
Quentin Perrenoud
Silviu Rusu

PhD students
Gerben Klein
Guido Meijer
Jorrit Montijn
Lianne Klaver
Zbigniew Zielinski
Ivana Milojevic
Paul Mertens 

Docent
Tara Arbab

Technician
Laura van Mourik-Donga

ICT developer
Jan Lankelma

Research aims for the coming years

 ► We will expand our programme on optogenetics in rats to include cortical interventions. 
 ► We have set up a new research line in ferrets, permitting us to study multisensory influences 

on the population dynamics and oscillatory activity of visual and parietal neurons in the highly 
developed corticothalamic networks of this species.

 ► We will investigate neural mechanisms underlying audiovisual integration by 2-photon 
calcium imaging and by multi-area tetrode recordings along the cortico-hippocampal hierarchy.

 ► 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 primary visual cortex in transgenic mice. We will study the tuning properties 
of specific interneurons in primary visual cortex to multisensory inputs.

 ► We are setting up a novel technique that enables us to optogenetically manipulate neuronal 
activity in mice that are performing a multisensory detection task. This will allow us to identify 
which areas contribute to a multisensory decision.

 ► We will further develop non-linear analytical tools and models based on information theory 
aimed at evaluating how neuronal activity and effective connectivity between brain regions 
changes as a function of vigilance state, sensory stimuli, perception and behavioural responses.

Cognitive and Systems Neuroscience
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Figure 1 (opposite page). Advanced signal processing 
for electrophysiology: functional connectivity 
between individual neurons in different brain areas 
depends on vigilance state and task performance. 
a) Functional connectivity (measured by mutual 
information between spiking activity of pairs of neurons) 
as a function of the state of vigilance. Line thickness 
indicates the median value of mutual information 
between neurons in different areas; no line indicates that 
mutual information was not significantly larger than 
0; red lines indicate the vigilance state in which each 
connection between areas was significantly larger. NREM 
sleep: non-rapid eye movement sleep. b) Proportion of cell 
pairs for which mutual information was significantly 
larger than 0, as a function of vigilance state, between 
two putative excitatory neurons (red) or two fast-spiking 
interneurons (blue). c) Same as in b for pairs of neurons 
whose activity was either modulated (green) or non-
modulated (black) in a perceptual task. Unpublished 

data (Olcese, Vinck, Bos, Pennartz et al.).
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Academic publications

Bosman, C.A., Lansink, C.S. & Pennartz, C.M.A. 
(2014). Functions of gamma-band synchronization in 
cognition: from single circuits to functional diversity 
across cortical and subcortical systems. European 
Journal of Neuroscience, 39 (11), 1982-1999. doi: 10.1111/
ejn.12606

Brunet, N., Vinck, M.A., Bosman, C.A., Singer, 
W. & Fries, P. (2014). Gamma or no gamma, that is 
the question. Trends in Cognitive Sciences, 18 (10), 507-
509. doi: 10.1016/j.tics.2014.08.006

Brunet, N.M., Bosman, C.A., Vinck, M.A., 
Roberts, M., Oostenveld, R., Desimone, R., Weerd, 
P. de & Fries, P. (2014). Stimulus repetition modulates 
gamma-band synchronization in primate visual 
cortex. Proceedings of the National Academy of Sciences 
of the United States of America, 111 (9), 3626-3631. doi: 
10.1073/pnas.1309714111

Cabral, H.O., Vinck, M., Fouquet, C., Pennartz, 
C.M.A., Rondi-Reig, L. & Battaglia, F.P. (2014). 
Oscillatory Dynamics and Place Field Maps Reflect 
Hippocampal Ensemble Processing of Sequence 
and Place Memory under NMDA Receptor 
Control. Neuron, 81 (2), 402-415. doi: 10.1016/j.
neuron.2013.11.010

Cabral, H., Fouquet, C., Rondi-Reig, L., Pennartz, 
C.M.A. & Battaglia, F.P. (2014). Single-trial properties 
of place cells in control and CA1 NMDA receptor 
subunit 1-KO mice. Journal of Neuroscience, 34 (48), 
15861-15869. doi: 10.1523/JNEUROSCI.5320-13.2014

Huijbers, W., Pennartz, C.M.A., Beldzik, E., 
Domagalik, A., Vinck, M., Hofman, W.F., Cabeza, 
R. & Daselaar, S.M. (2014). Respiration phase-locks 
to fast stimulus presentations: Implications for the 
interpretation of posterior midline "deactivations". 
Human Brain Mapping, 35 (9), 4932-4943. doi: 
10.1002/hbm.22523

Kalitzin, S. & Lopes da Silva, F.H. (2014). 
Predicting the unpredictable: the challenge or mirage 
of seizure prediction? Clinical Neurophysiology, 125 
(10), 1930-1931. doi: doi: 10.1016/j.clinph.2014.02.021

Koppert, M., Kalitzin, S., Velis, D., Lopes da Silva, 
F.H. & Viergever, M.A. (2014). Dynamics of collective 
multi-stability in models of multi-unit neuronal 

systems. International Journal of Neural Systems, 24 
(02). doi: 10.1142/S0129065714300046

Loos, M., Mueller, Th., Gouwenberg, Y., 
Wijnands, R., Loo, R.J. van der, 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., 
Verhage, M., Zeeuw, C.I. de, Birchmeier, C., Smit, 
A.B. & Spijker, S. (2014). Neuregulin-3 in the mouse 
medial prefrontal cortex regulates impulsive action. 
Biological Psychiatry, 76 (8), 648-655. doi: 10.1016/j.
biopsych.2014.02.011

Loos, M., Koopmans, B., Aarts, E., Maroteaux, 
G., Sluis, S. van der, Brussaard, A.B., Borst, J.G., 
Elgersma, Y, Galjart, N., Horst, G.T. van der, Levelt, 
C.N., Pennartz, C.M.A., Smit, A.B., Spruit, B.M., 
Verhage, M. & Zeeuw, C.I. de (2014). Sheltering 
behavior and locomotor activity in 11 genetically 
diverse common inbred mouse strains using home-
cage monitoring. PLoS One, 9 (9). doi: 10.1371/
journal.pone.0108563

Montijn, J.S., Vinck, M. & Pennartz, C.M.A. 
(2014). Population coding in mouse visual cortex: 
response reliability and dissociability of stimulus tuning 
and noise correlation. Frontiers in Computational 
Neuroscience, 8, 58. doi: 10.3389/fncom.2014.00058

Pezzulo, G., Meer, M.A.A. van der, Lansink, C.S. 
& Pennartz, C.M.A. (2014). Internally generated 
sequences in learning and executing goal-directed 
behavior. Trends in Cognitive Sciences, 18 (12), 647-657. 
doi: 10.1016/j.tics.2014.06.011

Pezzulo, G., Verschure, P.F.M.J., Balkenius, C. 
& Pennartz, C.M.A. (2014). The principles of goal-
directed decision-making: from neural mechanisms to 
computation and robotics. Philosophical Transactions 
of the Royal Society B - Biological Sciences, 369 (1655), 
20130470. doi: 10.1098/rstb.2013.0470

Pietrasanta, M., Restani, L., Cerri, C., Olcese, U., 
Medini, P. & Caleo, M. (2014). A switch from inter-
ocular to inter-hemispheric suppression following 
monocular deprivation in the rat visual cortex. 
European Journal of Neuroscience, 40 (1), 2283-2292. 
doi: 10.1111/ejn.12573

Pinotsis, D.A., Brunet, N., Bastos, A., Bosman, 
C.A., Litvak, V., Fries, P. & Friston, K.J. (2014). 
Contrast gain control and horizontal interactions in 
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V1: a DCM study. NeuroImage, 92 (100), 143-155. doi: 
0.1016/j.neuroimage.2014.01.047

Verschure, P.F.M.J., Pennartz, C.M.A. & Pezzulo, 
G. (2014). The why, what, where, when and how of 
goal-directed choice: neuronal and computational 
principles. Philosophical Transactions of the Royal 
Society B - Biological Sciences, 369 (1655), 0483. doi: 
10.1098/rstb.2013.0483

Vinck, M.A., 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 

Wingerden, M. van, Meij, R. van der, Kalenscher, 
T., Maris, E. & Pennartz, C.M.A. (2014). Phase-
Amplitude Coupling in Rat Orbitofrontal Cortex 
Discriminates between Correct and Incorrect 
Decisions during Associative Learning. Journal 
of Neuroscience, 34 (2), 493-505. doi: 10.1523/
JNEUROSCI.2098-13.2014

Phillips, J.M., Vinck, M., Everling, S. & 
Womelsdorf, T. (2014). A Long-Range Fronto-Parietal 
5- to 10-Hz Network Predicts "Top-Down" Controlled 
Guidance in a Task-Switch Paradigm. Cerebral Cortex, 
2014 (8), 1996-2008. doi: 10.1093/cercor/bht050
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Figure 2. Technique to identify neural population correlates of visual stimulus detection in mice.
Mice perform a go/no-go task during in vivo calcium imaging. a) Task schematic showing the time course of a single 
trial. In each trial, one of a combination of eight different directions and five contrasts, or a probe trial (isoluminant 

grey blank screen), was presented (ratio 1:5 of probe:stimulus trials). When mice made a licking response during 
stimulus presentation the visual stimulus was turned off and sugar water was presented. b) Schematic of 

experimental setup. During task performance we recorded eye movements with an infrared sensitive camera, licking 
responses and running on a treadmill. c) All eight animals performed statistically significant stimulus detection 

during neural recordings, as quantified by non-overlapping 95% Clopper-Pearson confidence intervals (p<0.05) of 
behavioural response proportions for probe trials and full contrast trials. d) Example of simultaneously recorded 
behavioural measures, population heterogeneity, mean population dF/F0, and traces of neurons labelled in panel 

b. Vertical bars represent stimulus presentations; width, colour and saturation represent duration, orientation, and 
contrast respectively. e,f ) Animals showed significant increases in behavioural response proportion (linear regression 

analysis, p<0.001) (e) and reductions in reaction time p<0.01) (f ) with higher stimulus contrasts. All panels: Asterisks 
indicate statistical significance; ** p<0.01; *** p<0.001. Unpublished data (Montijn, Goltstein, Pennartz).
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Book chapter

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.

Meer, M.M.A van der, Ito, R., Lansink, C.S. & 
Pennartz, C.M.A. (2014). Hippocampal projections to 
the ventral striatum: from spatial memory to motivated 
behavior. In D. Derdikman & J.J. Knierim (Eds.), 
Space, time and memory in the hippocampal 
formation (pp. 497-516). Wien: Springer.

PhD thesis

Oliveira Cabral, H. de (2014, 09 May). NMDA 
receptor dependent functions of hippocampal networks 
in spatial navigation and memory formation. UvA (187 
p.). Prom./coprom.: prof.dr. C.M.A. Pennartz & dr. 
F.P. Battaglia.

Invited lectures

Lopes da Silva, F.H. (2014, June 23). Alpha rhythms: 
generators, neuronal networks and cognitive functions. 
Paris, France, Invited lecture at ICM - Institut du 
Cerveau et de la Moelle épinière. Hôpital Pitié-
Salpêtrière.

Lopes da Silva, F.H. (2014, September 05). 
Developmental modifications of neuronal excitability 
during brain maturation and their implications for 
epilepsy. Douro, Portugal, Invited lecture at Douro 
International course in Epilepsy and Cerebral 
Maturation.

Lopes da Silva, F.H. (2014, May 30). Dynamic 
diseases: perspectives from chaos theory. Lisbon, Portugal, 
Invited lecture at Congress of Psychosomatic Societies.

Lopes da Silva, F.H. (2014, November 19). Epilepsies 
as diseases of the dynamics of neuronal networks. 
Valencia, Spain, Invited lecture at Societá Española de 
Neurofisiologia.

Lopes da Silva, F.H. (2014, January 20). Peut-on 
encore parler de crises généralisées? Paris, France, Invited 

lecture at the Réunion d’Hiver Societé de Langue 
française de Neurophysiologie.

Lopes da Silva, F.H. (2014, November 14). Will it 
be possible to control epileptic seizures? Lisbon, Portugal, 
Invited lecture at Sociedade Portuguesa de neurologia.

Pennartz, C.M.A. (2014, November 08). 
Adolescents, responsibility and the brain. Amsterdam, 
The Netherlands, Presentation and debate at the 
University Society, Alumni day.

Pennartz, C.M.A. (2014, June 07). Extreme 
multidisciplinarity: from philosophy to neuroscience 
and back. Amsterdam, The Netherlands, Presentation 
at the Brain and Cognition Festival, Institute for 
Interdisciplinary Studies, 10th year anniversary of the 
Master Brain and Cognitive Sciences of the University 
of Amsterdam.

Pennartz, C.M.A. (2014, June 06). Function of 
internally generated sequences in memory formation 
and goal-directed choice behavior. Amsterdam, The 
Netherlands, Invited seminar Symposium Memory 
and Sleep.

Pennartz, C.M.A. (2014, November 04). Integration 
and communication in sensory and memory systems: 
where, what and who? Providence RI, USA, Invited 
seminar Seminar, Brown Univ., Providence RI.

Pennartz, C.M.A. (2014, March 26). Integration 
and communication in sensory, memory and motivational 
systems. Nijmegen, The Netherlands, Invited lecture 
at the Translational Neuroscience, Radboud Univ. 
Nijmegen.

Pennartz, C.M.A. (2014, October 03). Orbitofrontal 
rhythmicity and synchronization. Whistler, BC, 
Canada. Computational Properties of Prefrontal 
Cortex, Third Conference (org. J. Seamans, M. 
Laubach, D. Durstewitz and D. Euston).

Relevant positions

Bosman, Vittini, C.A. Reviewer for Deutsche 
Forschungsgemeinschaft.

Bosman Vittini, C.A. Reviewer for Frontiers in 
Neuroscience.

Research Programme: Neurosciences
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Ghijsen, W.E.J.M. Reviewer for European Journal 
of Pharmacology.

Ghijsen, W.E.J.M. Reviewer for Journal of 
Neurochemistry.

Lansink, C.S. Reviewer for European 
Neuropsychopharmacology.

Pennartz, C.M.A. Associate Editor for European 
Journal of Neuroscience.

Pennartz, C.M.A. Reviewer for Journal of 
Neuroscience.

Pennartz, C.M.A. Reviewer for PLoS One.

Lansink, C.S. Member review committee ABC 
project grants at 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, an organ associated with the University 
of Amsterdam, to nominate candidates for Special 
Chairs in the Natural Sciences, Mathematics and 
Computer Sciences.

Pennartz, C.M.A. Organiser and Chairman 
of Minisymposium at the Society for Neuroscience, 
Washington D.C., U.S.A. 'Understanding mechanisms 
and functions of cortical rhythms by selective 
interventions'.

Pennartz, C.M.A. (Member of evaluation panel 
for the Earth & Life Sciences programme at the 
Netherlands Organisation for Scientific research.

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

Pennartz, C.M.A. Chair of the Advisory Board of 
the Amsterdam Brain and Cognition Center (supervising 
organ for the Research Priority Programme Brain and 
Cognition)

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. Member of the Core Team 
Neuroscience for the exploration and implementation 
of collaborations between the Universiteit van 
Amsterdam and the Vrije Universiteit Amsterdam.

Lopes da Silva, F.H. Chairman for 30th 
International Congress of Clinical Neurophysiology of 
the International Federation of Clinical Neurophsysiology 
Societies (IFCN).

Lansink, C.S. member of the Advisory Group of 
the Amsterdam Brain & Cognition Center (formerly: 
Cognitive Science Center Amsterdam) UvA.

Award

Vinck, M.A. (2014). Heineken Young Scientist 
award (section: Cognition).

Media appearance

Pennartz, C.M.A. (guest) (2014, Feb 04). Kennis 
van nu [radio interview]. In NTR Radio-5.

Cognitive and Systems Neuroscience
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Cellular and Systems Neurobiology
Prof. W.J. Wadman Chairholder
Dr J.A. Gorter Assistant Professor
Dr T.R. Werkman Assistant Professor
Dr N.L.M. Cappaert 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 
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. One of 
the important questions in neuroscience is how ionic-
channels are organised in the neuronal membrane and 
how their activity is quantitatively balanced in the 
many circumstances under which neurons operate. 
Neuronal activity is also modulated at different time 
scales to facilitate processes like learning and memory, 
development and aging. Neurons form an intricate 
communication with each other through a variety of 
synapses that add additional flexibility and long term 
plasticity. In the recent decennia it has become more 
and more clear that neurons need to be combined 
in small micro-circuits in order to provide minimal 
cognitive functionality. The fast development of 
new techniques has made us shift the focus of our 

research from the better understood 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

Academic publications

Bielefeld, P., Vliet, E.A. van, Gorter, J.A., Lucassen, P.J. 
& Fitzsimons, C.P. (2014). Different subsets of newborn 
granule cells: a possible role in epileptogenesis? European 
Journal of Neuroscience, 39 (1), 1-11. doi: 10.1111/ejn.12387

Boon, F.S. den, Werkman, T.R., Schaafsma-Zhao, Q., 
Houthuijs, K., Vitalis, T., Kruse, C.G., Wadman, W.J. 
& Chameau, P. (2014). Activation of type-1 cannabinoid 
receptor shifts the balance between excitation and 
inhibition towards excitation in layer II/III pyramidal 
neurons of the rat prelimbic cortex. Plügers Archiv.

Boon, F.S. den, Chameau, P., Houthuijs, K., Bolijn, S., 
Mastrangelo, N., Kruse, C.G., Maccarrone, M., Wadman, 
W.J. & Werkman, T.R. (2014). Endocannabinoids 
produced upon action potential firing evoke a Cl− current 
via type-2 cannabinoid receptors in the medial prefrontal 
cortex. Plügers Archiv, 466 (12), 2257-2268.

Buffel, I, Meurs, A., Raedt, R., De Herdt, V., Decorte, 
L., Bertier, L., Delbeke, J., Wadman, W., Vonck, K. & 
Boon, P. (2014). The effect of high and low frequency 
cortical stimulation with a fixed or a poisson distributed 
interpulse interval on cortical excitability in rats. 
International Journal of Neural Systems, 24 (1), 1430005.
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Research highlights

 ► Four PhD defenses in 2014 marked the close collaboration with our extra-ordinary professor 
dr Elly Hol, who moved her research group from the Netherlands Institute for Neuroscience to 
Utrecht University. This collaboration is still manifest by two PhD projects that have their basis 
in our group in Amsterdam. Lana Osborn is investigating the role of astrocytes in the pathology 
of Alzheimer’s disease. The main focus is on their contribution to potassium homeostasis and the 
way that is disturbed around Abeta senile plaques. In addition we use imaging of intrinsic calcium 
waves in astrocytes to expand these questions to the modulation of the neuronal microcircuit by 
a syncytium of astrocytes. This research line has been strengthened with a new PhD project of 
Tamar Smit with a focus on how astrocytes modulate synaptic function, in particular in synaptic 
plasticity. Our instrumental and intellectual investments in optogenetics are starting to deliver. 
Luuk van der Velden is rounding up his studies on optogenetic manipulation of the Ventral 
Tegmental Area, studying pharmacology at the network level. Sicco de Knecht uses the same 
technology to investigate pharmaco-resistance in an epileptic network. Janske Willems is rounding 
up her studies on integration of neocortical and amygdalar information in slices using Voltage 
Sensitive Dye imaging. PhD student Cato Drion uses an in vivo epilepsy model in an attempt 
to manipulate the process of epileptogenesis, while PhD student Dmitri Yengej concentrates his 
research on homeostatic scaling in various elements of the micro circuit.

Future prospects

 ► In the immediate future 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. 
Also new large-scale recording/stimulation facilities for in vivo recordings in epilepsy have been 
developed.

 ► A major breakthrough is the return of Fleur Zeldenrust from a post-doc period in France, to 
strengthen our computational Neuroscience efforts. Fleur is funded by an ABC young investigator 
grant. Her return will guarantee the continuation of the extremely fruitful combination of 
experimental and theoretical work that has characterised many research lines in our group in the 
past decades.

Cellular and Systems Neurobiology
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Group members

PhD students
Cato Drion
Dmitri Yengej
Janske Willems
Luuk van der Velden

Lana Beex
Sicco de Knecht

Technicians
Jacoline Buchner-Doeven
Lieneke Kooijman
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Chiavegato, A., Zurolo, E., Losi, G, Aronica, 
E.M.A. & Carmignoto, G. (2014). The inflammatory 
molecules IL-1β and HMGB1 can rapidly enhance focal 
seizure generation in a brain slice model of temporal 
lobe epilepsy. Frontiers in Cellular Neuroscience, 8, 1-9. 

Cuadrado, E., Vanderver, A., Brown, K.J., Sandza, 
A., ..., Aronica, E.M.A., Lebon, P., Crow, Y.J., Hol, E.M. 
& Kuijpers, T.W. (2014). Aicardi-Goutières syndrome 
harbours abundant systemic and brain-reactive 
autoantibodies. Annals of the Rheumatic Diseases.

Gorter, J.A., Iyer, A., White, I., Colzi, A., Vliet, E.A. 
van, Sisodiya, S. & Aronica, E. (2014). Hippocampal 
subregion-specific microRNA expression during 
epileptogenesis in experimental temporal lobe 
epilepsy. Neurobiology of Disease, 62, 508-520.

Holtman, L., Vliet, E. van, Appeldoorn, C., 
Gaillard, P.J., Boer, M. de, Dorland, R., Wadman, W. 
& Gorter, J. (2014). Glutathione pegylated liposomal 
methylprednisolone administration after the early phase 
of status epilepticus did not modify epileptogenesis in 
the rat. Epilepsy Research, 108 (3), 396-404.

Jansen, A.H.P., Reits, E.A.J. & Hol, E.M. (2014). 
The ubiquitin proteasome system in glia and its role 
in neurodegenerative diseases. Frontiers in Molecular 
Neuroscience, 7, 73. doi: 10.3389/fnmol.2014.00073

Kalitzin, S. & Lopes da Silva, F.H. (2014). Predicting 
the unpredictable: the challenge or mirage of seizure 
prediction? Clinical Neurophysiology, 125 (10), 1930-1931.

Koppert, M., Kalitzin, S., Velis, D., Lopes da Silva, 
F.H. & Viergever, M.A. (2014). Dynamics of collective 
multi-stability in models of multi-unit neuronal 
systems. International Journal of Neural Systems, 24 (02).

Kovács, G.G., Adle-Biassett, H., Milenkovic, I., 
Cipriani, S., Scheppingen, J. van & Aronica, E.M.A. (2014). 
Linking pathways in the developing and aging brain with 
neurodegeneration. Neuroscience, 269C, 152-172.

Lyer, A., Scheppingen, J. van, Milenkovic, I., Anink, 
A.J., Adle-Biassette, H., Kovács, G.G. & Aronica, E.M.A. 
(2014). mTOR Hyperactivation in down syndrome 
hippocampus appears early during development. Journal of 
Neuropathology and Experimental Neurology, 73 (7), 671-683.

Markov, N.T., Vezoli, J., Chameau, P., Falchier, A., 
..., Knoblauch, K. & Kennedy, H. (2014). Anatomy 

of hierarchy: feedforward and feedback 
pathways in macaque visual cortex. The journal 
of comparative neurology, 522 (1), 225-259. doi: 
10.1002/cne.23458

Milesi, G., Garbelli, R., Zucca, I., 
Aronica, E.M.A., Spreafico, R. & Frassoni, C. 
(2014). Assessment of human hippocampal 
developmental neuroanatomy by means of ex-vivo 
7 T magnetic resonance imaging. International 
journal of developmental neuroscience, 34, 33-41.

Murthy, S., Niquille, M., Hurni, N., ..., 
Chameau, P., Hooft, J.A. van, Vitalis, T. & 
Dayer, A. (2014). Serotonin receptor 3A controls 
interneuron migration into the neocortex. 
Nature Communications, 5, 1-10.

Noam, Y., Ehrengruber, M.U., Koh, A., Feyen, 
P., Manders, E.M.M., Abbott, G.W., Wadman, W.J. 
& Baram, T.Z. (2014). Filamin A promotes dynamin-
dependent internalization of hyperpolarization-
activated cyclic nucleotide-gated type 1 (HCN1) 
channels and restricts /h in hippocampal neurons. 
The Journal of Biological Chemistry, 289 (9), 5889-5903.

Oostland, M., Buijink, M.R., Teunisse, G.M., 
Oerthel, L. von, Smidt, M.P. & Hooft, J.A. van 
(2014). Distinct Temporal Expression of 5-HT1A 
and 5-HT 2A Receptors on Cerebellar Granule 
Cells in Mice. The Cerebellum, 13 (4), 491-500.

Qiao, X., Sun, G., Clare, J.J., Werkman, 
T.R. & Wadman, W.J. (2014). Properties of 
human brain sodium channel α-subunits 
expressed in HEK293 cells and their modulation 
by carbamazepine, phenytoin and lamotrigine. 
British Journal of Pharmacology, 171 (4), 1054-1067.

Ranno, E., D'Antoni, S., Spatuzza, M., 
..., Aronica, E.M.A. & Catania, V. (2014). 
Endothelin-1 is over-expressed in amyotrophic 
lateral sclerosis and induces motor neuron cell 
death. Neurobiology of Disease, 65, 160-171.

Schiering, I.A.M., Haan, T.R. de, Niermeijer, 
J.M.F., Koelman, J.H., Majoie, C.B.L.M., 
Reneman, L. & Aronica, E.M.A. (2014). 
Correlation between clinical and histologic 
findings in the human neonatal hippocampus 
after perinatal asphyxia. Journal of Neuropathology 
and Experimental Neurology, 73 (4), 324-334.
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Sta, M., Cappaert, N.L.M., Ramekers, D., 
Ramaglia, V., Wadman, W.J. & Baas, F. (2014). C6 
deficiency does not alter intrinsic regeneration speed 
after peripheral nerve crush injury. Neuroscience 
Research, 87, 26-32. 

Sta, M., Cappaert, N.L., Ramekers, D., Baas, 
F. & Wadman, W.J. (2014). The functional and 
morphological characteristics of sciatic nerve degeneration 
and regeneration after crush injury in rats. Journal of 
Neuroscience Methods, 222, 189-198.

Strien, M.E. van, Sluijs, J. van der, Reynolds, B.A., 
Steindler, D.A., Aronica, E.M.A. & Hol, E.M. (2014). 
Isolation of neural progenitor cells from the human 
adult subventricular zone based on expression of the 
cell surface marker CD271. Stem Cells Translational 
Medicine, 3, 470-480.

Vliet, E.A. van, Aronica, E. & Gorter, J.A. (in 
press). Blood-brain barrier dysfunction, seizures and 
epilepsy. Seminars in Cell & Developmental Biology.

Vliet, E.A. van, Otte, W.M., Gorter, J.A., Dijkhuizen, 
R.M. & Wadman, W.J. (2014). Longitudinal assessment of 
blood-brain barrier leakage during epileptogenesis in rats. A 
quantitative MRI study. Neurobiology of Disease, 63, 74-84.

Vliet, E.A. van, Aronica, E. & Gorter, J.A. (2014). 
Role of blood-brain barrier in temporal lobe epilepsy 
and pharmacoresistance. Neuroscience, 277, 455-473.

Zellinger, Ch., Salvamoser, J.D., Soerensen, J., Vliet, 
E.A. van, Aronica, E., Gorter, J. & Potschka, H. (2014). 
Pre-treatment with the NMDA receptor glycine-binding 
site antagonist L-701, 324 improves pharmacosensitivity in 
a mouse kindling model. Epilepsy Research, 108 (4), 634-643.

Book chapter

Cappaert, N.L.M., Strien, N.M. van & Witter, M.P. 
(2014). Hippocampal formation. In G Paxinos (Ed.), 
The rat nervous system (pp. 511-573-20). Elsvier Inc.

PhD theses

Kanski, R. (2014, May 16). From stem cell to 
astrocyte: Decoding the regulation of GFAP. UvA (248 
p.) (‘s-Hertogenbosch: BOXPress). Prom./coprom.: 
prof.dr. E.M. Hol, P. van Tijn & M.E. van Strien.

Martina-Mamber, C.E. (2014, March 07). GFAP 
as an understudy in adult neurogenesis. UvA (298 p.) 
('s-Hertogenbosch: BOXPress). Prom./coprom.: prof.
dr. E.M. Hol & dr W. Kamphuis.

Moeton, M. (2014, October 24). The astrocytic 
cytoskeleton: Unravelling the role of GFAPδ. UvA (195 
p.) ('s-Hertogenbosch: BoxPress). Prom./coprom.: 
prof.dr. E.M. Hol & M.E. van Strien.

Orre, A.M. (2014, March 28). Glia in Alzheimer's 
disease and aging: Molecular mechanisms underlying 
astrocyte and microglia reactivity. UvA (201 p.) 
('s-Hertogenbosch: BOXPress). Prom./coprom.: prof.
dr. E.M. Hol & dr W. Kamphuis.

Invited lectures

Gorter, J.A. (2014, July 03). MicroRNAs in the 
pathogenesis, treatment and prevention of epilepsy; new 
opportunities in epilepsy research. Stockholm, Sweden, 
11th European Congress on Epileptology Forum.

Gorter, J.A. (2014, February 14). Status epilepticus 
and epileptogenesis in experimental rodents. Amsterdam, 
The Netherlands, SWO winter meeting.

Relevant positions

Gorter, J.A. Co-chair of the ILAE Task force Physiology.

Vliet, E.A. van Secretaris Sectie Wetenschappelijk 
Onderzoek of the Nederlandse Liga tegen Epilepsie.

Wadman, W.J. Special Chair Academisch Ziekenhuis 
Gent, University of Ghent, Ghent Belgium.

Wadman, W.J. Lid Gezondheidsraad.
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Molecular Neuroscience

Within our laboratory we study the molecular 
biology that is behind developmental mechanisms in 
the central nervous system. In our research team we 
endeavour to understand the molecular programming 
of specific neuronal groups within mdDA neurons and 
the cortex. To this end we have identified transcription 
factors that play key roles in these processes, such as 
Pitx3, Lmx1a, Engrailed1 ,Dlk1, Lmx1b and Nurr1 for 
mdDA neurons. To study developmental processes 
we use complex gene transfer models as in-utero 
electroporation and whole brain ex-vivo culturing, 
to track these neurons as they leave the ventricular 
zone and start differentiating and move to their 
final position where they send out axons and receive 
inputs from other systems. A combination of these 
techniques with more classical genetic models (Nurr1-
ko, Pitx3-ko, Lmx1a-ko, Hdac2-ko, Pitx3-Cre driver 
etc.) provide us with the essential tools to answer our 
research questions.

Active research lines
 ► Role of FoxO factors in Cortical development.
 ► Regulation of “Clock” by FoxO factors.

Prof. dr 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

 ► Role of neurotransmitters in structural brain 
development.

 ► Epigenetic mechanisms active during brain 
development.

 ► Primate evolution and the impact on human 
brain development.

 ► Molecular programming of mesodiencephalic 
dopaminergic (mdDA) neurons.

a) Role of retinoids in the terminal differentiation 
of mdDA neurons.
b) Cross-talk of homeodomain factors with the 
Nurr1 transcriptional complex in steering the 
mdDA neuronal phenotype.
c) Ventricular zone coding as signalling center for 
mdDA subset specification.
d) Role of En1 in specifying the mdDA neuronal 
phenotype.
e)Tgf-beta signalling in mdDA neuronal 
development and survival.
f ) Role of Lmx1a and Lmx1b in specification of the 
mesodiencephalon and subset specification within 
mdDA neurons.
g) Rostral/caudal genetic programming within 
mdDA neuronal subsets.

Figure 1: Epigenetic modifications 
(H3K79me2, red) in dopaminergic neurons 
(green). Nuclei are stained with DAPI.

Group members 

Technicians
Lars von Oerthel
Saskia Oosterbroek
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Group members (continued)

PhD students
Erik van Heesbeen
Willemieke Kouwenhoven
Gerrald Lodewijk
Simone Mesman
Ricardo Paap
Jesse Veenvliet
Iris Wever

Research highlights

This year we extended our initial success and appointed a new research talent (tenure track):
Dr. Frank F.M.J. Jacobs. Our research team in 2014 consisted of 5 staff members, 2 
technicians and 8 PhD students. 

 ► In 2014 we had one promotion of Dr. Jesse V. Veenvliet.
 ► We have been active in terms of publications and have successfully published 8 papers 

in 2014 (see academic output). Of these publications we had three critically important 
(high impact) papers which are worth mentionioning here:

Detailed analysis of the genetic and epigenetic signatures of iPSC-derived mesodiencephalic 
dopaminergic neurons. Roessler R, Smallwood SA, Veenvliet JV, Pechlivanoglou P, Peng 
SP, Chakrabarty K, Groot-Koerkamp MJ, Pasterkamp RJ, Wesseling E, Kelsey G, Boddeke 
E, Smidt MP, Copray S. Stem Cell Reports. 2014 Apr 3;2(4):520-33.
Insulin-FOXO3 signaling modulates circadian rhythms via regulation of clock transcription. 
Chaves I, van der Horst GT, Schellevis R, Nijman RM, Koerkamp MG, Holstege FC, 
Smidt MP, Hoekman MF. Curr Biol. 2014 Jun 2;24(11):1248-55. 
An evolutionary arms race between KRAB zinc-finger genes ZNF91/93 and SVA/L1 
retrotransposons. Jacobs FM, Greenberg D, Nguyen N, Haeussler M, Ewing AD, Katzman 
S, Paten B, Salama SR, Haussler D. Nature. 2014 Dec 11;516(7530):242-5.

These papers describe, in our view, seminal work in the field of developmental (neuro)
biology and form the basis for further exiting new research endeavours in our team. 

 ► The main advancement is not restricted to academic output, we were also successful 
in implementing and extending research techniques as in-utero, ex-vivo and focal 
electroporation and initialised a programme to generate mouse models including Crispr/
Cas methodology. These “state of the art” in-vivo gene transfer methods provide a unique 
opportunity to perform in-depth studies of  the role of critical genetic modulators 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.

 ► Finally, we have been active in applying for research grants: NWO-ALW open 
programme (4*), Marie Curie (IF), HFSP programme, EU-H2020 collaboration 
(coordinator, two stage) and an ERC-advanced grant (Smidt). Most of these grants are still 
in the evaluation phase.

Molecular Neuroscience

Figure 2: Brain 
dissectioning by 
Willemieke van 

Kouwenhoven and 
Jesse Veenvliet
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http://www.uva.nl/en/about-the-uva/organisation/staff-members/content/j/a/f.m.j.jacobs/f.m.j.jacobs.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986662/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986662/
http://www.sciencedirect.com/science/article/pii/S0960982214004564
http://www.nature.com/nature/journal/v516/n7530/full/nature13760.html
http://www.nature.com/nature/journal/v516/n7530/full/nature13760.html
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Education highlights

We have been active in many aspects of education, some of the main activities are mentioned here:
 ► We have started year 2 of the new Master’s programme “Molecular NeuroScience (MNS)”, 

thereby completing the curriculum for this master track. The second round of principle courses 
was performed and for the second time evaluated very well (2013-2014: 7.8-8.1; 2014-2015: 7.8-8.0). 
The first full track evaluation was a staggering 8.8. Due to the high interest from students for this 
track we had to implement selection, as a result the size of the MNS track is currently 37 enrolled 
students, making the track a complete success in terms of quality and size.

 ► 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 master track (dr. Lars van der Heide/Prof. dr. Marten 
Smidt)
4. UvA masters: Neurodevelopment/specification of Neuronal systems (Prof. dr. Marten 
Smidt)
5. UvA masters: Stem cell fate and cortical genesis (dr. Marco Hoekman)
6. UvA masters: Neuronal signaling 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 two years now)). Next to these activities we are involved in teaching 
courses in years 1-3 of the bachelor programme Psychobiology and Biomedical sciences.

Other highlights

 ► Smidt is Chairman of the Exam-committee Psychobiology, the largest bachelor at the FNWI.
 ► Smidt is programme director of the neurobiology cluster of the UvA master programme.
 ► Smidt has obtained a national accreditation to perform article 9 WOD courses at the UvA. 

This course is running now and we will receive the second cohort of students in 2015. The first 
cohort consisted of 35 master students and an additional 2 PhD students (total of 40 students 
allowed). The 2 PhD students already received their art. 9 certificate and the first cohort of master 
students that graduate in 2015 will receive their certificates at that point. With this we can conclude 
that the UvA/FNWI has a running and successful art. 9 (WOD) course implemented.

 ► Smidt has been the Chairman of the NWO-VIDI committee in 2014.
 ► 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.
 ► Smidt has enlisted the Neurobiology master tracks into the Network of Neuroscience 

schools (NENS-Neurobiology) programme of the Federation of European Neuroscience societies 
(FENS).

 ► Dr. L.P. van de Heide has been appointed as member of the OC-PB (Psychobiology, UvA) 
and is appointed as DM1 staff member.

 ► Dr. M.F.M. Hoekman has been member of the UvA-DEC.

Research Programme: Neurosciences
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Academic publications

Aarts, E., Verhage, M., Veenvliet, J.V., Dolan, C.V. 
& van der Sluis, S. (2014). A solution to dependency: 
using multilevel analysis to accommodate nested data. 
Nature Neuroscience, 17 (4), 491-496. doi: 10.1038/
nn.3648

Chaves, I., Horst, G.T.J. van der, Schellevis, R., 
Nijman, R.M., Groot Koerkamp, M., Holstege, F.C.P., 
Smidt, M.P. & Hoekman, M.F.M. (2014). Insulin-
FOXO3 signaling modulates circadian rhythms via 
regulation of clock transcription. Current Biology, 24 
(11), 1248-1255. doi: 10.1016/j.cub.2014.04.018

Heide, L.P. van der, Wijchers, P.J.E.C., Oerthel, 
L. von, Burbach, J.P.H., Hoekman, M.F.M. & Smidt, 
M.P. (2014). FoxK2 is required for cellular proliferation 
and survival. Journal of Cellular Physiology. doi: 
10.1002/jcp.24828

Jacobs, F.M.J., Greenberg, D., Nguyen, N., 
Haeussler, M., Ewing, A.D., Katzman, S., Paten, B., 
Salama, S.R. & Haussler, D. (2014). An evolutionary 
arms race between KRAB zinc-finger genes ZNF91/93 
and SVA/L1 retrotransposons. Nature, 516 (7530), 242-
245. doi: 10.1038/nature13760

Mesman, S., Oerthel, L. von & Smidt, M.P. 
(2014). Mesodiencephalic Dopaminergic Neuronal 
Differentiation Does Not Involve GLI2A-Mediated 
SHH-Signaling and Is under the Direct Influence of 
Canonical WNT Signaling. PLoS One, 9 (5), e97926. 
doi: 10.1371/journal.pone.0097926

Murthy, S., Niquille, M., Hurni, N., Limoni, G., 
Frazer, S., Chameau, P., Hooft, J.A. van, Vitalis, T. 
& Dayer, A. (2014). Serotonin receptor 3A controls 
interneuron migration into the neocortex. Nature 
Communications, 5, 1-10. doi: 10.1038/ncomms6524

Oostland, M., Buijink, M.R., Teunisse, G.M., 
Oerthel, L. von, Smidt, M.P. & Hooft, J.A. van 
(2014). Distinct Temporal Expression of 5-HT1A and 
5-HT 2A Receptors on Cerebellar Granule Cells in 
Mice. The Cerebellum, 13 (4), 491-500. doi: 10.1007/
s12311-014-0565-4

Roessler, R., Smallwood, S.A., Veenvliet, J.V., 
Pechlivanoglou, P., Peng, S.P., Chakrabarty, K., Groot-
Koerkamp, M.J.A., Pasterkamp, R.J., Wesseling, E., 
Kelsey, G., Boddeke, E., Smidt, M.P. & Copray, S. 
(2014). Detailed Analysis of the Genetic and Epigenetic 
Signatures of iPSC-Derived Mesodiencephalic 
Dopaminergic Neurons. Stem Cell Reports, 2 (4), 520-
533. doi: 10.1016/j.stemcr.2014.03.001

Veenvliet, J.V. & Smidt, M.P. (2014). Molecular 
mechanisms of dopaminergic subset specification: 
fundamental aspects and clinical perspectives. Cellular 
and Molecular Life Sciences, 71 (24), 4703-4727. doi: 
10.1007/s00018-014-1681-5

PhD thesis

Veenvliet, J.V. (31 October 2014). The born 
identity: Molecular mechanisms of dopaminergic subset 
specification. UvA (243 p.). Prom./coprom.: prof. M.P. 
Smidt.

Relevant positions

Heide, L.P. van der. Member of the OC-PB 
(Psychobiology, UvA) and is appointed as DM1 staff 
member. University of Amsterdam.

Hoekman, M.F.M. Member of the UvA-DEC.

Smidt, M.P. Chairman of the NWO-VIDI 
committee in 2014.

Smidt, M.P. Programme director of the 
neurobiology cluster of the UvA master programme.

Smidt, M.P. Chairman of the Exam-committee 
Psychobiology, Uva. 

Smidt, M.P. Member of the “Kernteam” 
Neurosciences to work on the ongoing collaboration 
between VU and UvA leading to the implementation 
of new (virtual) departments.

Molecular Neuroscience
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Fig 1. Schematic overview of Fluorescence Activated Tranformation. F. oxysporum spores are co-incubated with 
 A. tumefaciens cells carrying a vector encoding a fluorescent protein. Cells positive for the fluorescent protein are
selected using flow cytometry and cultured for further analysis. 

FSC-A

GFP-A

Figure taken from Vlaardingerbroek 
et al., Fungal Genet Biol 76:104-9

Molecular Plant Pathology
Prof. B.J.C. Cornelissen Chairholder
Dr M. Rep Associate Professor
Dr F.L.W. Takken Assistant Professor
Dr H.A. van den Burg  Tenure Track Assistant Professor
Prof. M.W. Prins Affiliate Professor (0.2 fte)

Many different microorganisms can cause diseases 
in plants, which form 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 and 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, 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 (‘effectors’) of the pathogen. 

Our research aims at: (i) the identification and 
dissection of downstream signalling components 
involved in R protein-mediated resistance. This 
work includes the functional analysis of R protein 
complex-components 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
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Molecular Plant Pathology

Research highlights

 ► Overproduction of the transcription factor FTF1 in F. oxysporum leads to very high expression 
of effector genes during growth in flasks – normally these genes are not expressed at all under these 
conditions. Together with the presence of FTF1 binding sites upstream of effector genes, this 
strongly suggests FTF1 is a direct regulator of effector gene expression.

 ► Fluorescence Assisted Screening for Transformants (FAST) allowed identification of 
spontaneous loss of – or large deletions in – the F. oxysporum f.sp. lycopersici (Fol) pathogenicity 
chromosome. Strains without this chromosome are completely non-pathogenic.

 ► Crossing of a tomato line expression the Fol AVR1 gene to a line containing the I gene leads 
to a strong phenotype (reduced growth, necrosis) in the progeny. Analysis of the F2 confirmed 
that this phenotype is dependent on the simultaneous presence of AVR1 and I. This will allow 
analysis of the resistance processes in tomato plants initiated by activation of I.

 ► SIX1 (FolAVR3) homologues of banana-infecting strains of F. oxysporum can trigger resistance 
in tomato lines that harbour the I-3 resistance gene, implying that I-3 could confer resistance 
against panama disease – caused by FocTR4 – in banana.

 ► SUMO3 cannot complement knockdown of canonical Arabidopsis SUMO1 and -2 genes. 
However, overexpression of dominant-negative versions of SUMO3 appears to be (embryonically) 
lethal. This is reminiscent of the embryo lethality of the sum3-1 mutant in the sum1;sum2 knockdown 
background. This suggests that dominant negative variants of SUMO3 can interfere with 
SUMOylation in planta, but that a free N-terminus is important for this function. Importantly, 
genomic data indicates that SUMO3 is functionally conserved in the Brassicaceae lineage I, while 
frequently lost in lineage II. Apparently, SUMO3 has neo-functionalised in Arabidopsis, while it 
goes extinct in lineage II. 

 ► Another SUMO paralogue, SUMO5, is strictly conserved in Brassiacaceae. Clearly, new 
SUMO variants evolve in the plant kingdom, further expanding the universe of Ubiquitin-like 
protein modifications. This process is driven by opposing forces: whole-genome duplications and 
negative selection pressure related to stress signalling in plants triggered by enhanced SUMO 
levels.

 ► The SUMO machinery is essential for plant development at elevated ambient temperatures 
(>26°C). This is independent of the SUMO E3 ligase SIZ1.

 ► The autoimmune phenotype of the SUMO E3 ligase mutant siz1-2 partially depends on the 
NB-LRR protein SNC1 and nitric oxide signalling, and strongly depends on EDS1-mediated SA 
signalling. 

 ► We screened a library with >14,000 Arabidopsis proteins to identity novel interactors of the 
SUMO machinery. The results suggest that the SUMO machinery does not strongly interact with 
transcription factors and/or chromatin modifying factors despite such reports for Arabidopsis 
and other species. We now hypothesise that these interactions require additional protein-protein 
interactions. 

 ► The NLR proteins I-2 and Rx where found to be DNA binding- and deforming proteins 
able to melt DNA in vitro.

 ► 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. 

 ► 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.  

 ► Fol effectors Six5 and Avr2 interact at plasmodesmata, facilitating intercellular translocation 
of Avr2. 5
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Other highlights

 ► Professor Michael Freitag (Oregon State University) has spend a two month sabbatical (Sept-
Oct. 2014) in our lab. 

 ► A postdoc was appointed for the last year of the Vici project of M. Rep to develop a new 
system in Arabidopsis to monitor uptake of F. oxysporum effectors into plants cells during infection.

 ► A PhD student was appointed to start a new research line aimed at studying the molecular 
interactions of geminivirus encoded proteins with their tomato host plant. 

 ► A TKI-U topsector grant (Ministry of Economic affairs) on diseases caused by Geminiviruses 
was obtained by van den Burg and M. Prins in collaboration with five Dutch plant breeding 
companies.

 ► A new research line has started on a TKI-U topsector grant in the van den Burg group to 
study the role of bacterial invasion in Brassicaceae in collaboration with two companies.

 ► F. Takken was co-organiser and scientific board member for the COST FA1208 SUSTAIN 
Action workshop 'Focusing on structure-guided investigation of effector function, action and 
recognition' in Bucharest, Romania.

 ► F. Takken and J. Rouppe van der Voort (ENZA) gave a joint Spui lezing entitled 'De 
wapenwedloop tussen planten en hun belagers, een strijd om leven en dood'.

 ► F. Takken and C. Van Schie were invited to write a review on susceptibility genes for Annual 
Review of Phytopathology (Schie, C.C.N. van & Takken, F.L.W. (2014) Susceptibility genes 101: 
how to be a good host. Annual Review of Phytopathology, 52, 551-581)

Group members

Postdoctoral researchers
Lotje van der Does
Sarah Schmidt
Marieke van Hulten
Nico Tintor
Like Fokkens

PhD students
Biju Chellapan
Francesca Maio
Valentin Hammoudi
Shermineh Shahi
Mara de Sain

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

Technicians
Petra Houterman
Michelle van der Gragt
Hannah Richter
Georgios Vlachakis
Ania Lukasiewicz
Bas Beerens
Sayanti Chatterjee
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Research research aims for the coming year

 ► Reveal which genes are regulated by the transcription factors SGE1 and FTF1 in F. oxysporum 
through RNAseq, to start building a model of the transcriptional network associated with 
pathogenicity.

 ► Determine the in vivo binding sites of SGE1 and FTF1 of F. oxysporum, as well as Histone H3 
K27 trimethylation in SGE1 and FTF1-overexpression strains using ChIPseq.

 ► Analyse the genome sequences and in planta transcriptomes of watermelon-infecting strains 
of F. oxysporum (f.sp. niveum), completing our intended set of genomes and candidate effector 
genes of cucurbit-infecting strains. Identify both cucurbit-specific and forma specialis-specific 
diagnostic gene sets.

 ► Determine whether, and which, F. oxysporum effectors are taken up by Arabidopsis root cells 
during infection.

 ► 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.

 ► Assess the requirement of 4 to 8 different candidate effector genes of forma specialis radicis-
cucumerinum through generation of gene deletion strains and bioassays.

 ► Compile presence/absence and sequence variation of candidate effector genes in a 
representative strain set of forma specialis cubense (causal agent of Panama disease).

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

 ► To determine the involvement of SUMOylation pathways for geminivirus infection.
 ► Identify novel SUMO and SIZ1 targets in defence signalling in Arabidopsis by performing 

SUMO proteomics screens.
 ► Develop a method for the identification of SUMO-modified residues in SUMO substrates 

purified from plant extracts. 
 ► Analyse gene expression patterns in response to heat acclimation and stress in different 

Arabidopsis SUMO mutants to identify the biochemical processes that require SUMOylation 
independent of the SUMO E3 ligase SIZ1 at elevated temperature.

 ► Test whether SUMOylation of the co-repressor TPL and its homologues is required for the 
auto-immune phenotype of the SUMO E3 ligase mutant siz1-2.

 ► Reveal the mechanistic basis of Avr2 intercellular translocation by Six5.
 ► Identify the role of DNA binding by NLR proteins in induction of the plant immune 

response.
 ► Elucidate the transcriptome changes upon synchronised induction of I-2-mediated immunity 

in I-2/Avr2 transgenic tomato plants.
 ► Investigate whether SNC1 is a classical resistance gene in that it can cause resistance to 

pathogens that carry effector proteins manipulating TPL/TPR1.

Molecular Plant Pathology
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Academic publications

Gawehns, F., Houterman, P.M., Ait Ichou, F., 
Michielse, C.B., Hijdra, M., Cornelissen, B.J.C., 
Rep, M. & Takken, F. (2014). The Fusarium oxysporum 
effector Six6 contributes to virulence and suppresses 
I-2 mediated cell death. Molecular Plant-Microbe 
Interactions, 27 (4), 336-348. doi: 10.1094/MPMI-11-
13-0330-R

Jonkers, W., Xayamongkhon, H., Haas, M., 
Olivain, C., Does, H.C. van der, Broz, K., Rep, M., 
Alabouvette, C., Steinberg, C. & Kistler, H.C. (2014). 
EBR1 genomic expansion and its role in virulence of 
Fusarium species. Environmental Microbiology, 16 (7), 
1982-2003. doi: 10.1111/1462-2920.12331

Liebrand, T.W.H., Burg, H.A. van den & Joosten, 
M.H.A.J. (2014). Two for all: receptor-associated 
kinases SOBIR1 and BAK1. Trends in Plant Science, 19 
(2), 123-132. doi: 10.1016/j.tplants.2013.10.003

Schie, C.C.N. van & Takken, F.L.W. (2014). 
Susceptibility genes 101: how to be a good host. 
Annual Review of Phytopathology, 52, 551-581. doi: 
10.1146/annurev-phyto-102313-045854

Book chapter

Kang, S., Demers, J., Jimenez-Gasco, M.M. & 
Rep, M. (2014). Fusarium oxysporum. In R.A. Dean, 
A. Lichens-Park & C. Kole (Eds.), Genomics of plant-
associated fungi and oomycetes: dicot pathogens (pp. 99-
119). Heidelberg: Springer.

PhD theses

Vadakkemukadiyil Chellappan, B. (2014, 
December 16). Evolution of races within Fusarium 
oxysporum f.sp. lycopersici. UvA (166 p.) Prom./
coprom.: prof.dr. B.J.C. Cornelissen & dr. M. Rep.

Gawehns, F.K.K. (2014, November 20). Function 
and targets of Fusarium oxysporum effectors. UvA (157 
p.) Prom./coprom.: prof.dr. B.J.C. Cornelissen & 
dr.ing. F.L.W. Takken.

Invited lectures

Burg, H.A. van den (2014, May 06). Control of 
defense signalling by SUMOylation. Durham, UK, 
School of Biological Sciences, Durham University.

Burg, H.A. van den (2014, November 05). Evolution 
of novel SUMO paralogs in plants: active paralogs or 
pseudogenes? Valencia, Spain, 1st Proteostasis Meeting 
2014, COST PROTEOSTASIS NETWORK.

Rep, M. (2014, August 08). Genomics of 
pathogenicity determinants and host specificity in 
Fusarium oxysporum. Bangkok, Thailand, The 10th 
International Mycological Congress (IMC10).

Takken, F.L.W. (2014, March 05). De wapenwedloop 
tussen planten en hun belagers, een strijd om leven en 
dood. Amsterdam, the Netherlands, FNWI College 
Tour, Spui 25.

Takken, F.L.W. (2014, September 10). The Fusarium 
oxysporum effector Six8 manipulates plant immunity 
through association with the transcriptional co-repressors 
TPL and TPR1. Bucharest, Romania, Pathogen-
informed strategies for sustainable broad-spectrum 
crop resistance- COST FA1208 SUSTAIN Action 
2nd Workshop on structure-guided investigation of 
effector function, action and recognition.

Takken, F.L.W. (2014, November 24). The Fusarium 
oxysporum effector Six8 manipulates plant immunity 
through association with the transcriptional co-repressors 
TPL and TPR1. Wageningen, the Netherlands, WUR 
mini-symposium.

Takken, F.L.W. (2014, July 10). The tomato-
fusarium pathosystem: a game of hide and seek. Rhodos, 
Greece, XVI International Congress on Molecular 
Plant-Microbe Interactions.

Relevant positions

Takken, F.L.W.  Member Scientific advisory board 
for New Phytologist.

Takken, F.L.W. Scientific Advisor for SciENZA 
Biotechnologies.
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Plant Development and (Epi)Genetics

The general interest of these groups is Evo-Devo: a 
branch of biology that studies the mechanisms by 
which sets of genes highly conserved among very 
different organisms generated the huge diversity 
of shapes, structures, colours that we see in living 
creatures. Plants like petunia and arabidopsis are 
suitable models for these studies presenting large 
differences and being easy to isolate mutants and to 
produce transgenics. We analyse sets of genes involved 
in both pigmentation pattern and inflorescence 
architecture to unravel whether different expression 
is the consequence of differences in their promoters 
or in the proteins regulating their transcription. This 
gives insights in how genes determine the body plan 
of an organism and which changes in the same genes 
led to the different patterning during evolution.
Petunia offers the possibility to easily isolate mutants 
for any gene thanks to a very active set of transposons 
which, by jumping around and landing in new places 
in the genome, continuously generate new mutants. 

Prof. R.E. Koes Chairholder
Dr F.M. Quattrocchio Assistant Professor

Flower pigmentation and inflorescence architecture 
have for many years been the category for which we 
have isolated the most mutants, as these are the two 
main subjects of studies for us, however, also other 
types of mutants are present in the collection.
The colour displayed by flowers gives a great 
opportunity to approach all kinds of phenomena 
related to gene expression regulation, as any change 
results in an easy to score change in flower colour. 
In this way, our group has cloned and characterised 
several genes of the pathway for the production 
and accumulation of anthocyanins (the main plant 
pigments), transcription factors regulating expression 
of such pathways, genes involved in the regulation 
of the environment in cellular compartments and 
discovered gene silencing (van der Krol, A.R., et al. 
(1988). Nature 333, 866-869). When the group moved 
to Science Park, the teams of Maike Stam and Paul 
Fransz joined, expanding the research themes and 
expertises.
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Research line Koes: Genes regulating the architecture of plant inflorescence

 ► The most important questions in modern biology are (1) How do we think? (2) How do we 
develop from a single cell? (3) How did we evolve? Obviously humans are not the only organisms 
that think, develop and evolve. Therefore answers to these complex questions are more likely to 
be found by studying very simple organisms such as yeast, the fruitfly, the nematode C. elegans 
or even plants. Both animals and plants develop from a single fertilised egg cell into a complex 
structure with all organs and tissues in the right place. One of the fundamental questions in 
developmental biology is a how a "dumb thing" like a single cell can achieve this miracle. 

Why comparative developmental biology (“Evo-devo”)?
 ► The finding that the master genes regulating the development of the fruit fly are conserved 

in mammals (including humans) and play a very similar role in mammalian development, initially 
came (in the mid 1980s) as a big surprise. Since then many more examples of such conservation 
of genes and their function have been discovered that it is today seen as the rule rather than the 
exception. Yet, one does not have to be a biologist to see that species are actually very different 
from each other, not only in size, but also in their structural design or body architecture. Although 
we have some idea of the developmental mechanisms that are conserved between distinct species, 
we know little or nothing about the mechanisms that make them look so different. Because 
distinct species and body architectures arose from each other by evolution, it seems likely that 
many of the genes that dictate their body architecture are conserved and that the diversification 
results from alterations in only a few of those genes. The identity of those genes and the nature 
of gene products, how they got altered and how that affected the evolution of the body plan is, 
however, still a mystery. 

 ► In contrast to animals, even closely related plants species can display an enormous variation 
in body plan, which is most dramatically seen in their inflorescences, the structure that carries the 

flowers (for some examples see figure 1). Because flowering plants are relatively 
closely related and because it is so 
easy to pinpoint homologous organs 
(leaves, flowers, sepals, petals etc), 
even in species as widely diverged 
as monocots and dicots, they make 
a very suitable model to study 
the molecular and evolutionary 
mechanisms that gave rise to the 
astonishing variety of plant shapes 
and architectures.

 ► Wild type petunia has a so-
called cymose inflorescence that contains an indeterminate number of flowers. 
Detailed microscopical studies showed that this architecture is generated by 
bifurcations of the apical inflorescence meristem, after which one half develops 
as an (determinate) floral meristem that will subsequently generate floral organ 
primordia, while the other half remains an inflorescence meristem and will 
undergo a new bifurcation to generate the next flower. By transposon mutagenesis 

Research Programme: Molecular Life Sciences

Figure 1: Some distinct inflorescence 
structures found in different species. 

Circles denote flowers; Triangles denote 
inflorescence meristems.

Figure 2:The birth of a petunia flower. Series of electron microscopy pictures of the 
top of an inflorescence taken day by day. We see petals (p), stamens (st) sepals (s) 

showing up in time and the new next flower starting developing.
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we isolated several mutants in which the inflorescence structure is altered. These mutants fall in 
roughly two categories: meristem identity mutants and branching mutants

 ► Meristem identity mutants: The genes aberrant leaf and flower (alf ), double-top (dot) and 
evergreen (evg) are all required to specify the identity of floral meristems. In the absence of alf, 
dot or evg, flowers are replaced (transformed) by inflorescence shoots. ALF and EVG encode 
transcription factors, whereas DOT encodes a so-called F-box protein that is part of an SCF-type 
of ubiquitin ligase complex. 

Figure 3: Phenotypes of wildtype and a 
meristem identity mutant (alf ). Note that 

in the meristem identity mutants the flowers 
have been replaced by inflorescence shoots. The 
phenotype of dot and evg mutants is similar.

 ► Branching mutants: In transposon mutagenesis experiments we identified mutants for 
three distinct loci -named EXTRAPETALS (EXP), HERMIT (HER) and VEGGIE (VEG)- in 
which the multiflower cymose inflorescence is replaced by a solitary flower (= “tulip-type” of 
inflorescence). This suggests that exp, her and veggie mutants all have a problem in the bifurcation 
of the inflorescence apex. Current research focuses on unravelling the mechanism by which EXP, 
HER and VEGGIE control development of the petunia inflorescence and the role of putative 
EXP homologs in species with a distinct inflorescence.

Research line Quattrocchio: Flower pigmentation as model for the study of cellular processes

 ► Once cells become committed to a specific developmental programme, they start to 
differentiate and become visibly different from each other; which involves the specific activation 
of several thousands of cell- and tissue-specific genes. To study how cell differentiation and pattern 
formation takes place, resulting ultimately in the activation of defined sets of genes, we focus on 
genes that are involved in anthocyanin synthesis. These pigments are accumulated in specialised 
cells (epidermis) on the surface of flower petals. Any mutation affecting the genes involved in 
their synthesis or in the characteristics of the cells accumulating them, results in an easy-to-spot 
change of color. In this way we have identified the genes controlling the synthesis deposition of 
anthocyanins in specific organs and at specific moments. A group of regulatory genes encodes for 
transcription factors forming a transcription complex required to “switch on” the genes for the 
enzymes directing the biosynthesis of the pigments. Such a complex, called WMBW complex 
(from the names of the transcription factors taking part in it) is specifically expressed only in the 
cells of the petal epidermis.

 ► Recently, the characterisation of blue flower colour mutants brought us to discover a 
novel mechanism of acidification of the lumen of cellular compartments. The colour of petals is 
determined by the pH of the compartment in which the pigments are stored. If the pH becomes 

Plant Development and (Epi)Genetics
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higher, the colour shifts towards blue, while a rather acidic environment results in reddish colours 
(figure 4). These are necessary to attract pollinators and guarantee a numerous progeny to the 
plant. Thanks to the combined action of two P-ATPases (PH1 and PH5) petal epidermal cells can 
build a large pH gradient between the cytoplasm and the vacuolar lumen, allowing the flower 
to display a brilliant reddish colour. The expression 
of PH1 and PH5 is controlled by the WMBW 
complex. This hyperacidification mechanism was 
until now unknown also due to the difficulty in 
isolating mutants in other systems. 

 ► Also the stabilisation of the pigments in the 
vacuole is controlled by the WMBW complex as 
shown by the “fading” of the colour in the petal of 
mutants for some of the transcription factors within 
the complex. We use these mutants to identify the 
factors involved in the stabilisation of the vacuolar 
content with an eye to the large range of possible 
applications.

 ► Among the peculiarities of the petal epidermal 
cells is a novel organelle, resembling a small vacuole 
and serving as “intermediate station” for proteins on 
their way to the central vacuole. This compartment, 
which we called vacuolino, is absent in cells that 
do not express the WMBW complex. As mutants 
lacking organelles are scarce (due to their lethality in 
most systems) these plants offer the unique possibility 
to identify genes involved in the genesis of vacuolar 
compartments.

Figure 4: a) Wild type (red) 
and mutant (blue) petunia 

flowers. The blue petals carry a 
mutation in a pH-regulating 

gene.
b) Confocal microscopy image 
of petal epidermal cells. Red 

are anthocyanins in the 
vacuole and green fluorescence 

(PH5-GFP) marks the 
vacuolar membrane.
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TThe section Plant Physiology studies the molecular 
mechanisms of stress signalling both at the 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 fluorescent protein-tagged versions 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 
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their root system architecture (RSA) to deal with 
drought or high salinity of the soil. 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 volatiles can 
prime biological responses in plants. Because of the 
potential for direct application of these findings, a 
strong link with the plant breeding industry has been 
established.
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Research highlights

 ► Phospholipid signalling. To visualise lipids in vivo, novel genetically-encoded lipid biosensors 
were constructed, including different promoters, FP colours, affinities and lipid specificities. This 
revealed novel steps in endosomal trafficking and further established the role of phosphoinositides 
as signalling molecules in plant stress and development. This also led to the identification of two 
kinases involved in the polar synthesis of PIP2 in the plasma membrane of root cells, influencing 
the localisation of the auxin transporters, PIN1 and PIN2, with dramatic consequences for auxin 
optima and plant development when the encoding genes were knocked-out (figure 1). Using 
phospholipase C (PLC) KO, KD and OX lines, we are currently addressing the role of this 
pathway in salt- and drought tolerance and plant development. Similarly, we are investigating the 
PI and PIP kinases that are involved.

 ► Stress responses and root development. To establish which root architecture parameters are 
responsive to salt stress, we performed a detailed time course experiment and captured RSA 
dynamics with quadratic growth functions (ROOT-FIT; figure 2). In the Arabidopsis ecotype 
Columbia-0, salt stress affected main root elongation more severely than lateral root elongation, 
leading to a significantly altered RSA. By quantifying RSA dynamics of 31 different Arabidopsis 
accessions in mild salt stress conditions, different strategies for regulation of MR and LR meristems 
and root branching were revealed. RSA strategies partially correlated with natural variation in 
abscisic acid sensitivity and different Na+/K+ ratios in shoots of seedlings grown under mild salt 
stress. Applying ROOT-FIT to describe the dynamics of RSA thus allowed us to uncover the 
natural diversity in root morphology and cluster it into four response types that otherwise would 
have been overlooked.

 ► In our efforts to elucidate the role of Green Leaf Volatiles (GLVs) in plants we have identified 
two WRKY transcription factors that act downstream of E-2-hexenal. Furthermore we have 
identified several genes that are specifically induced by E-2-hexenal and not by any of the other 
GLVs. Both will help us to characterise the response of plants to E-2-hexenal further. To this end 
we have also purified a Z-3-hexenal/E-2-hexenal isomerase from plants in order to manipulate the 
GLV blend. Besides studying the regulation of transcription of terpene in glandular trichomes of 
tomato we have also put our focus on the precursor biosynthetic pathways that occurs in different 
organelles in order to address the question of how terpenes can be made in concentrations varying 
from nM to mM. To study the regulation of benzenoid/phenylpropanoid volatile production 
by petunia flowers we have focused on the (wild) parents of Petunia hybrida. These two parents 
produce a different blend of volatiles with a different rhythm, which allows us to investigate the 
relevant molecular switches using RNAseq and by screening a recombinant inbred populations. 
In our new line of research that aims to identify effectors of herbivores that alter the defense 
response of plants, we have, together with the group of Dr Merijn Kant (IBED), identified several 
spider mite effectors that influence the levels of the defense hormone salicylic acid. In 2014, 
a new research line headed by Dr Petra Bleeker started, focusing on defence against pests via 
the production of secondary compounds in tomato glandular tissues. The general aim of this 
research is to explore natural variation in wild tomato trichomes, to identify metabolites, genes 
and regulatory elements, including posttranscriptional regulation, needed to reconstruct natural 
and sustainable defence pathways in cultivated tomato. Because Dr Bleeker has a part-time 
appointment with plant breeding company ENZA, she has excellent opportunities to explore the 
opportunities for valorisation of the results.
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Other highlights

 ► VENI for Dr S.A. Allmann. ‘Z/E-conversion of hexenal as modulator of insect physiology 
and plant-herbivore interactions’ (€250,000).

 ► Chemical Sciences ECHO grant for Christa Testerink (€260,000) ‘Clathrin-mediated 
endocytosis in plant salt stress responses: unravelling the biochemical basis.’ 

 ► Popular publications from Testerink research group: 
-Wisactueel interview with Magdalena Julkowska (Nov 2014): Tuinbouw met zout water.
http://www.wisactueel.nl/docs/wisactueel_files/wis_2014-3_int_julkowska.pdf
-Kennislink publication on our work on salt tolerance.
http://www.kennislink.nl/publicaties/op-zoek-naar-een-gen-voor-zouttolerantie
 ► Michel Haring popular links (in Dutch and in English):

http://tedx.amsterdam/2014/07/predators-plants-smart-scents/ 
http://www.universiteitvannederland.nl/college/is-genetische-manipulatie-van-planten-een-goed-idee/
https://decorrespondent.nl/732/Is-ons-zaad-van-moeder-natuur-of-van-Monsanto-/33770088-997023bf 
http://www.amsterdameconomicboard.com/projecten/tuinbouw

Research Programme: Molecular Life Sciences

Figure 1: Polar localisation of phosphoinositides is important for plant development in Arabidopsis.
(a-b): Confocal images of root epidermal cells of 4-d-old seedlings expressing the phosphoinositide biosensors for, (a) 

PI4P biosensor (YFP-PHFAPP1) or PI(4,5)P2 (YFP-PHPLCδ1). Both marker lines show fluorescence enrichment at apical 
and basal cell sides (indicated by arrowheads), while the PI4P marker also labels early endosomal compartments. 
Expression was either driven by the Caulilfower mosaic Virus promoter, 35S (left) or the Ubiquitin 10 (UBQ10) 

promoter (right). Arrowheads highlight the polar localization of the markers. Scale bars represent 20 μm. (c-e): Adult 
plants of pip5k1/pip5k2 double KO mutant (d, e) compared to wt (c, e). Notice the reduced size and the accumulation 
of anthocianins (dark leaves in d), and the infertile double mutants (e). (f-i): Seedlings 7 days after germination, wt (f ) 

and seedlings of self-pollinated pip5k1−/− pip5k2+/− plants (g-i). From: Tejos et al., (2014) Plant Cell 26, 2114-28.

http://www.wisactueel.nl/docs/wisactueel_files/wis_2014-3_int_julkowska.pdf
http://www.kennislink.nl/publicaties/op-zoek-naar-een-gen-voor-zouttolerantie
http://tedx.amsterdam/2014/07/predators-plants-smart-scents/
http://www.universiteitvannederland.nl/college/is-genetische-manipulatie-van-planten-een-goed-idee/
https://decorrespondent.nl/732/Is-ons-zaad-van-moeder-natuur-of-van-Monsanto-/33770088-997023bf
http://www.amsterdameconomicboard.com/projecten/tuinbouw
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Research aims for the coming year

 ► To produce transgenic plants with a inducible GLV production that has 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 defences of the plant and effects on herbivores. 

 ► To map QTLs in petunia important for high volatile production and to determine to which 
promoters the key transcription factor ODORANT1 binds via CHIPseq.

 ► To identify more transcription factors regulating terpene synthases in tomato glandular 
trichomes.

 ► To identify more effectors from herbivores that influence plant defence responses.
 ► To expand knowledge on tomato trichome metabolites in a set of genetically contrasting 

tomato accessions focusing on terpene (related) compounds and to evaluate these accessions for 
insect resistance.

 ► To sequence messenger RNA and small RNAs present in the trichomes of the selected 
tomato accessions. 

 ► 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 stress.
 ► To functionally characterise some of the roles that PLC has in plant development and stress 

tolerance.

Figure 2: Quadratic growth functions used for description of RSA growth dynamics.
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RNA Biology and Applied 
Bioinformatics

In recent years, RNA has increasingly gained 
attention of life sciences researchers as a key regulator 
of molecular processes in living organisms. This 
renewed interest was mainly sparked by the discovery 
of miRNA and other important non-coding RNAs, 
as well as the development of transcriptomics 
technologies such as microarray technology and next-
generation sequencing (NGS).
The importance of RNA is underlined by the fact that 
it is estimated that over 70% of the human genome 
is transcribed into RNA, while less than 2% of the 
total genomic sequences encode the ~25,000 protein-
coding genes. This is evidence for a major role for 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 kind of research demands the use of advanced 
omics technologies and associated bioinformatics. 
Since omics and bioinformatics are still immature, 
we also do applied bioinformatics research on how to 
optimally design omics experiments, analyse data, and 
interpret results.
There are three research and one support lines:
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. E.J. Hoekstra 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) present 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 

RNA Biology and Applied Bioinformatics
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Other highlights

 ► In 2014, the Green Student Lab was officially started and has attracted the collaborations of 
several important plant-breeding companies, plus the number of students almost reached it full 
capacity of 15 each moment. 

 ► A TKI-U grant was awarded for the Green smallRNA Bioinformatics. 

Research highlights

 ► Introduction automated loading IonProton for next-generation genome sequencing.
 ► Three sets of spike-in controls for small-medium-RNAseq were developed and tested.
 ► Set-up a protocol for medium-sized RNAseq.
 ► Set-up a bioinformatics data QC pipeline for small RNA-seq.
 ► First results with 3rd generation sequencing: Oxford Nanopore.
 ► Genomes sequences of many Tomato accessions.
 ► MAD has performed over 30 support projects for biologists in 2014.
 ► Publication of several collaborative manuscripts.

Research Programme: Molecular Life Sciences

In recent years, RNA has increasingly gained 
attention of life sciences researchers as a key regulator 
of molecular processes in living organisms. This 
renewed interest was mainly sparked by the discovery 
of miRNA and other important non-coding RNAs, 
as well as the development of transcriptomics 
technologies such as microarray technology and next-
generation sequencing (NGS).
The importance of RNA is underlined by the fact that 
it is estimated that over 70% of the human genome 
is transcribed into RNA, while less than 2% of the 

total genomic sequences encode the ~25,000 protein-
coding genes. This is evidence for a major role for 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.
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Research aims for the coming year

 ► Implement the 3rd generation sequencing platform: Oxford Nanopore.
 ► To upgrade the IonProton to 50 Gbases/run.
 ► To create all necessary next-generation sequencing bioinformatics pipelines.
 ► To support as many research groups as possible with NGS technology.
 ► To achieve a proof of principle for plant identification via NGS technology (Green Forensics)
 ► To produce a PhD thesis on design for omics experimentation.
 ► To finish the PhD studies on transcriptome dynamics.

Figure 1: Next-generation sequencer: IonProton.
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Figure 2: Genomes of many Tomato 
accessions have now been sequenced.
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AAlbeit at times overlooked, it has been well established 
that microbes have paramount importance in shaping 
Earth, along with all other Life forms that inhabit 
it. Amongst others, their activity can be seen by the 
way they have influenced the molecular composition 
and the cycles of elements, and how they influence 
ecological interactions and affect global levels of 
evolution. Our knowledge about the biochemistry 
and physiology of some microbial species is relatively 
extensive. However, in most cases, this knowledge is 
only descriptive and qualitative. Further understanding 
of the impressive potential of microbes to adapt, 
proliferate and survive under a vast range of conditions, 
demands a more analytical and quantitative systems-
level approach. This is even more so when it comes 
either to combating the adverse properties of microbes 
or to applying their many beneficial capacities, that is, 
transforming fundamental insights into applications. 
The Molecular Microbial Physiology Group has 
organised its research accordingly, with a focus on the 
systems microbiology of lactic acid and cyanobacteria. 
Our research deals with integrating the biochemical 
and biophysical properties of signal transduction and 

Molecular Microbial Physiology
Prof. K.J. Hellingwerf Chairholder
Prof. M.J. Teixeira de Mattos Professor
Dr. F. Branco dos Santos Assistant Professor
Prof. J. Hugenholtz Special Chair

metabolic networks that function in fermentation, 
respiration and oxygenic photosynthesis, with 
physiological strategies for survival and growth. This 
integrative cellular approach goes hand in hand with 
studies on specific (sub)molecular events. Our work 
aims at further understanding how the environment, 
through natural selection, has shaped microbes to be 
equipped with the capacity to successfully cope with 
often severely contrasting environments. 
The broad diversity among microorganisms, and the 
genetic and physiological differences between them, 
makes it worthwhile to focus research on more than 
a single species. We are also particularly interested 
in underlying principles that are valid across distant 
phylogenetic clades. For this reason, we have 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 
(figure 1). 

Research Programme: Molecular Life Sciences

Figure 1: Schematic overview of a cyanobacterial cell 
factory. (from P. 
Savakis, & K. 
J. Hellingwerf, 
Engineering 
cyanobacteria 
for direct biofuel 
production from 
CO2, Curr. Opin. 
Biotechnol. 33, 8–14 
(2015).)
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Research highlights

 ► Two MMP group members, Dr Andreas Angermayr and Dr Rosanne Hertzberger successfully 
defended their doctoral thesis. Dr Angermayr’s outstanding efforts laying the foundations for 
much of the work on Synechocystis carried out at SILS nowadays, were distinguished with top 
honours (cum laude).

 ► In the project on resolving the redox regulation of ArcBA signalling in E. coli, Dr Johan 
van Beilen has succeeded in making mutants of this species that contain only one of the three 
E. coli quinones exclusively, i.e. ubiquinone, dimethyl-menaquinone or ubiquinone only. The 
menaquinone-only mutant will be used to test whether this strain retains the ability to reversibly 
phosphorylate the ArcB sensor. If so, this would refute the most recent models for ArcB functioning 
as available in the literature.

 ► 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 and Dr Jeroen 
van der Steen have succeeded in expressing high amounts of Proteorhopsin in the cyanobacterial 
membranes. The results of the initial functional tests of this added proton pump show that it can 
increase growth and survival of the cyanobacterium under stress conditions.

 ► In collaboration with Lu’s Group at QIBEBT-CAS (Qingdao, China) we have been able 
to achieve glycerol production directly from CO2 using Synechocystis as a sustainable cell factory. 
From a biotechnological point-of-view, this result is very relevant because glycerol can be used as 
a building block acting as a substrate in many chemical transformations. Concept-wise, Savakis et 
al. extended their metabolic engineering efforts beyond genetic engineering alone. Although not 
novel per se, this less common combination of manipulating cultivation conditions along with 
genetic engineering has lead to carbon partition ratios to produce above 50% - hence, earning the 
title of green cell factories by definition. 

 ► One of the limitations of cultivating phototrophs, such as Synechocystis, in the laboratory 
is the physical space that these cultures occupy in photo-incubators. This somehow was limiting 
our ability to screen vast number of strains and/or conditions. During the past year we have 
targeted this issue by developing standard operating procedures to cultivate Synechocystis in 96-
well plates (figure 2). Issues such as amongst others position-bias, evaporation-rates and dynamic 
measurement ranges have been successfully surpassed. We are now able to routinely use this high-
throughput cultivation technique, and although we still aspire for greater levels of control and 
automation, this was undoubtedly an important development with positive implications in many 
of our running projects.

 ► The success of cyanobacteria as sustainable cell factories ultimately relies on developing 
processes that are robust and reproducible. Similar to what happens in biotechnological processes 
of different shades (be it red, yellow, green…), strain instability is a major problem that can threaten 

economic feasibility. Using an unexplored idiosyncrasy of anabolic pathways we have been able 
to demonstrate that the theoretical framework that we had developed and 

implemented in silico, does actually work in practice. This 
resulted in the first cyanobacterial cell 

factories in which productivity 
is tightly coupled to growth.

Figure 2: 96-well cultivation of 
Synechocystis PCC6803.
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Other highlights

 ► A contract research-project between SILS-MMP and Corbion was completed. Our role 
was to (i) make models of production strains; (ii) use these models to improve biotechnological 
processes; and (iii) transfer the know-how regarding the usage of the developed models to scientists 
at Corbion. Extension of this work is being considered.

 ► A new collaborative project with the Teusink Group at the VU Amsterdam was initiated. 
This project builds up on the outcome of the VENI-funded project carried out at SILS-MMP by 
Dr. Branco dos Santos on understanding the adaptive strategies of microorganisms to dynamic 
environments. A PhD student (Qing Wang) has already been appointed and is co-supervised by 
members of the two research groups.

 ► A new PhD student has joined MMP at the end of 2014, Davide Montesarchio. He will 
be working on a European Project (DEMA) focusing on ethanol production from CO2 using 
cyanobacteria.

Research Programme: Molecular Life Sciences

Figure 3: Customised multi cultivation of Synechocystis PCC6803 and derivative strains.
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Research aims for the coming year

 ► We will be harvesting on our technological developments in the way we culture these cells, 
and on our unique ability to make stable strains with growth and productivity coupled. Preferably, 
we want to valorise our research, by actively making the many proof-of-principle studies using 
cyanobacterial cell factories blossom 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.

 ► 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 anticipated that productivity would increase as well. The genetic and phenotypic 
characterisation of these strains can help bring light to long-standing questions, e.g. what limits 
maximal growth rate and how is this regulated?

 ► Design of synthetic consortia based on interactions of different nature. The possibility to 
achieve steady-states in which a fixed rate of product is excreted allows us to conceive of scenarios 
in which the latter is being used by another organism to be further transformed. This can be 
used to produce in a sustainable fashion a range of chemicals that have so far been untested in 
cyanobacteria. Moreover, it allows us to validate quantitative models in which interactions between 
the different members of the synthetic consortium extend way beyond symbiotic relationships 
(e.g. cross-feeding). 

 ► Throughout the coming year, we want to keep pushing the boundaries of what is deemed 
possible in respect to the way cyanobacteria are cultured (figure 3). 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 developed can be made accessible to classic experimentalists with 
limited programming knowledge. Specifically, we will be focusing on the following innovations:

 ► Fully-automated miniaturised cultivation systems. Our goal will be to create a versatile 
design specific for 24-well formats, but extendable in the future to be used with microplates 
ranging from 6- to 96-wells. Goal is to have fully-automated cultivation of phototrophs under 
tightly controlled lighting regimes. The ability to simultaneously collect spectral information and 
perform fluorescence measurements will also be explored. 

 ► Graphical User Interface. We want to try to increase the user-friendliness of our current 
command-based scripts. We will be designing 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.

5
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Other
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In 2014 we explored the molecular basis of 
environmental stress response of microorganisms in 
relation to food stability and safety in further detail. 
The studies started from our stronghold in bacterial 
spore physiology, studies that we perform in close 
collaboration with the Mass Spectrometry of Bio-
macromolecules group. We continue to focus on acid 
and temperature stresses.
Bacterial spore acid thermal and acid resistance was 
analysed at the ultrastructural level and found to 
involve spore coat protein cross-linking. PhD student 
Abhyankar proved in an elegant experimental setting 
that the extractability of coat proteins decreased upon 
spore maturation in conjunction with an observed 
increased thermos tolerance. Wishwas Abhyankar 
thus concluded his thesis work. A summarising review 
article was published in FEMS Microbiology Letters. 
His studies provided the basis for further extension of 
the study of bacterial spore structure both in Bacillus 
subtilis as our model organism, as well as in pathogenic 
Bacillus weihenstephanensis and Clostridium difficile 

where we have collaborative projects and explore novel 
areas including mechanisms of spore germination. 
Important aspects in analysing spore germination is 
the deconvolution of population germination and 
outgrowth into its underlying single spore data. The 
live-imaging set-up worked out by PhD student 
Pandey together with the van Leeuwenhoek Centre 
for Advanced Microscopy (Dr Erik Manders) is 
instrumental for that. Also Rachna Pandey successfully 
defended her PhD thesis in 2014.
Her work is published in two papers with a third and 
fourth one pending. In particular the possibility to 
analyse also the intra-spore ‘pH’ at germination and 
outgrowth at single cell level is highly appealing and 
allows us to couple cellular physiology to molecular 
responses at the single spore and cell level. Intra-
germinating and outgrowing spore acidity was 
demonstrated by expressing a pH-sensitive GFP 
derivative. Information on pHi dynamics and spore 
germination and outgrowth behaviour is key to the 
deconvolution of spore population behaviour as 

alluded to above.
The molecular physiology of outgrowth and weak-
acid stress response was analysed in further detail 
in vegetative cells of Bacillus subtilis. The analysis 
showed specific stress responses for acetic acid, sorbic 
acid and the classical uncoupler carbonyl cyanide-m-
chlorophenyl hydrazine (CCCP). The concentration 
of each compound needed to cause a similar reduction 
of the growth rate negatively correlated with their 
membrane solubility. A positive correlation with 
the amount of undissociated acid was confirmed. 
The largest drop in intracellular pH was observed 

in CCCP-stressed cells. CCCP induced the general 
stress response (GSR) and the Sigma-M regulon, 
responses known to be induced by acidification. The 
GSR was also induced by acetate but not by sorbate. 

Research Programme: Molecular Life Sciences

Figure 1: schematic model summarising the structure 
of the spore outer-layers. Schematically the changes in 
protein cross-linking are indicated and their putative 

role in mediating enhanced (thermal) stress resistance of 
matured spores is mentioned. 



Annual Report 2014 - 117 

Molecular Biology and Microbial Food Safety

5

Figure 2: An illustration of the differential effects of the 
weak organic acid preservatives sorbic acid and acetic 

acid on the proton motive force over the Bacillus subtilis 
plasma membrane at concentrations leading to equal 
growth inhibition. The proton motive force (PMF) 
is defined as μH+ · F-1= Δψ – Z · ΔpH 1). Acetic acid 

lowers primarily the ΔpH component of the PMF whilst 
sorbic acid affects both the ΔpH as well as (severely) the 
Δψ component of the PMF. The results shown are based 
on 3 biological replicas. The double effect of sorbic acid 
may contribute to its greater effectivity as a preservative 

compared to acetic acid.
1) μH+ is the transmembrane electrochemical proton potential 

(in J/mol), F is Faraday’s constant (96.6 J mV-1 mol-1), Δψ is the 
transmembrane electrical potential difference (in mV of ψin -ψout ), 
Z (a conversion factor) is equal to 2.303 · (RT/nF) (where R is the 

universal gas constant (8.31 J K-1Mol-1), T is the absolute temperature 
(in K), and n is the charge of the translocated ion. ΔpH is the 

transmembrane pH gradient (pHin - pHout, where pHin is the pH 
inside the cell and pHout is the pH outside the cell).

Microarray analysis further revealed that all three acids 
activate transcriptional programmes normally seen 
upon nutrient limitation and cause diverse responses 
indicative of an adaptation of the cell envelope. 
Based on the responses observed and the utilised pH 
measurements, the inhibitory effect of sorbic acid 
seems to be more focused on the cell membrane than 
that of acetic acid or CCCP. Experiments by van 
Beilen et al. published in Applied and Environmental 
Microbiology, showed that recovery of the internal 
pH after an acid challenge depended on the presence 
of an energy source. Energy generation was hampered 
though as acidification of the cytosol was also shown 
to lead to a decrease in glucose flux. Sorbic acid was 
also proven to be a more potent uncoupler than acetic 
acid. Taken together the data indicate mechanisms 
by which sorbic may slow the rate of ATP synthesis 
which may (partially) explain its superior activity as a 
food preservative.

As a spin-off we studied the behaviour of the 
multicellular eukaryotic model Caenorhabditis elegans 
upon its exposure to Bacillus subtilis cells and spores. 
The notion being that B. subtilis is a non-pathogen 
whereas the commonly used Escherichia coli strains 
display pathogenic features. The development of a C. 
elegans strain that thrives on RNAi from Bacillus is a 
major achievement in the field. Our data confirmed 
pathogenicity of E. coli for the model eukaryote and 
corroborates the suggestion in the field that as a soil 
bacterium B. subtilis allows for ‘healthier ageing’ of 
C. elegans. Implications of these findings for host-
microbe relations, including man, are considered.
Our studies in E. coli in the projects supported by the 
Dutch Foood Safety Authority, on factors driving the 
development of de novo resistance against antibiotics 
and the subsequent spreading resulted in three papers 
published in 2014. The first showed that de novo 
resistance in E. coli is caused by an intricate interaction 
between the gene expression and the DNA mutation 
levels. After initial regulation of gene expression causes 
an increased tolerance, mutations lead to a much 
higher resistance. When the antibiotic is removed the 
mutations are not reversed. The second article reported 
that cells, having become slightly resistant due to a 
simulated treatment by antibiotics in concentrations 
as would be encountered in patients under treatment 
of a primary care physician, outcompete sensitive 
cells at levels corresponding to a repeat treatment 
in case the first was not successful. The final paper 
described the rate of transfer of plasmids that contain 
genes for tetracycline resistance. The rates of transfer 
were very low and depended on the growth rate. At 
low antibiotic concentrations, the transfer rates were 
higher than at high levels. Combined, these findings 
suggest that optimal treatment with antibiotics consist 
of the highest doze the patient can safely handle for 
the shortest time that is still effective. 
Our understanding of the molecular physiological 
basis of stress response in fungi to low environmental 
pH was given a new boost by the arrival of a Brazilian 
post-doctoral fellow Rodrigo Mendonça de Lucena. 
He reinforced the group working on yeast (fungal) 
acid (stress) resistance with an aim of improving 
bio-fermentation of renewable materials to produce 
value added compounds. This valorisation oriented 
work was done in parallel to studies by TNO-
supported PhD student Abeer Hossain. He aims 
at understanding fungal stress response to organic 
acids, specifically itaconic acid, in biotechnological 
production settings of these industrial natural building 
blocks. Simultaneously the fungal unit of MBMFS 
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Group output

 ► In 2014, 16 peer reviewed publications appeared, 2 PhD theses were defended and lectures on 
invitation were delivered (amongst others at the 6th European Spore Conference, Royal Holloway, 
London, the 10th International Meeting on Yeast Apoptosis, Götenborg, Sweden and the Annual 
Meeting of the Dutch Society for Microbiology, Papendal) were delivered by group members.

 ► We maintained our size at ~15-20 permanent and temporary staff members and provided 
internships to more than 10 bachelor and master students. 

 ► We were successful in attracting project funding from the Dutch Food Safety Authority (380 
k€) to pursue our studies on antibiotic stress resistance. PhD student Nadine Handel finished her 
work in a thesis that was examined and meanwhile, 27th of February 2015, has been successfully 
defended. Her successor, MSc Marloes Hoeksema, was selected and started on January 5th 2015. 

 ► Finally, our bacterial spore research led in 2014 to a new joint appointment with the group 
of Mass Spectrometry of Bio-macromolecules (de Koster) of a PhD student from India on an 
Erasmus Mundus grant.

Research Programme: Molecular Life Sciences

works on a deeper understanding of the mechanisms 
by which the intracellular pH regulates the cellular 
machinery involved in the regulation of growth phase 
progression and the coupling of growth to substrate 
availability. For these studies baker’s yeast and derived 
mutants are used.
Finally, apart from the mentioned new technology 
development of B. subtilis-based RNAi tools in C. 
elegans, McGillavry fellow Y. Budovskaya and her PhD 
student corroborated her earlier work by showing that 

Wnt-signalling is also detrimental to healthy ageing 
in the simple multicellular eukaryote. The data was 
published in Ageing Cell. C. elegans was further 
developed as a screening platform for the study of 
‘toxicity’ and ‘health’ impact of compounds. The 
classical example of using anti-HIV drugs to this end 
was worked out and a paper ‘Caenorhabditis elegans  
as a model for studying drug induced mitochondrial 
toxicity’ is in the final stage of revision at PlosOne.

Group members

Postdoctoral researcher
Alex Ter Beek
Rodrigo Mendonça de Lucena

PhD students
Abeer Hossain
Laura Dolz Edo
Linli Zheng
Soraya Omardien

Yanfang Feng
Nadine Händel
Marco Lezzerini
Reuben Smith
Sacha Stelder

Technicians
Marjan de Jong
Belinda Koenders-Vansintanneland
Richard de Boer
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Other highlights

 ► S. Brul: FEMS representative of the Dutch Society for Microbiology as of 2009; Chair of 
the Dutch Institute for BioScience; editor Elsevier’s Food Microbiology & Biomed. Research 
International.

 ► TNO & SILS investment in the Bio-based economy.
 ► Continuation of STW project TIBS and successful FES project Nanonext with Manders 

and de Koster group.
 ► Erasmus Mundus grants to support the work on novel antimicrobials for medical use with 

the AMC (Bas Zaat).
 ► F.M. Klis: Editor Eukaryotic Cell, FEMS Yeast Research, Yeast. 5

Future prospects and societal impact

 ► The group aims at a continued leveraging of its fundamental research with the application 
areas sustainability and human health. In the areas of human health, antibiotic resistance and 
interests of the Dutch Food and Consumer product Safety Authority, links are currently created 
with the den Blaauwen and Hamoen Bacterial Cell Biology group which will be further reinforced. 
This is in spite of the move of the bacterial cell biology part of the group to the Amsterdam South 
campus. Furthermore, given a foreseen move of the AMC medical microbiology bacteriology 
group to the South campus and the joint project of MBMFS with that group, there is a second 
push to maintain links with the microbiology groups at the South campus. In order to facilitate 
such interaction, the new management of SILS will be called upon to focus on what binds at 
Science Park and the Amsterdam South campus within the institute. Microbiology is clearly one 
of these areas.

 ► 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 that follows the division of research areas adopted by the national Top Sectors. 

 ► At Science Park, emerging links with the chemistry department and biophysicists focussing on 
understanding the chemical and physical basis for regulation of cell behaviour by the intracellular 
pH, asks for deepening and joint project applications. 

 ► Equally at Science Park, the existing collaboration with the van Leeuwenhoek Centre for 
Advanced Microscopy and the Mass Spectrometry of Biomacromolecules group will be reinforced. 
The studies will continue to focus on the protein structure and function found in bacterial spores, 
structures known to cause major microbiological food stability issues as well as being involved in 
infectious disease. The latter primarily through the germination and outgrowth of spores in the 
intestinal tract with a dominant role for Clostridium difficile. 

 ► Finally, the group will aim at maintaining expertise in the area of using Caenorhabditis elegans 
as a test model to study rapid effects of bioactive compounds as well as individual genes and 
microbial cells in the intestinal tract. Here we will focus on capitalising on the established Bacillus 
subtilis based RNAi system. The societal impact of having a validated rapid analysis system for 
bioactive compounds from natural, green, renewable sources cannot be stressed enough.
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Bookchapter
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PhD thesis

Abhyankar, W.R. (2014, April 02). The proteome 
of spore surface layers in food spoiling bacteria. (171 p.). 
Prom./coprom.: prof.dr. C.G. de Koster, prof.dr. S. 
Brul & dr. L.J. de Koning.

5

Growth rate versus intracellular pH measured in single Bacillus subtilis cells, 
expressing enhanced pHluorin under the control of the glucose inducible ptsG 
promoter, growing into microcolonies. The data show un-stressed cells and cells 
stressed with sorbic acid and acetic acid. Movies of cells stressed with sorbic acid 

(3 mM) and acetic acid (25 mM) and un-treated cells were analysed for pHi 
and generation time with Multichannel-SporeTracker1. The pHi of B. subtilis 
PptsG-IpHluorin cells was plotted against the growth rate. Cells with a lower 
pHi set by either weak organic acid generally showed a lower growth rate. The 
reproducibility of deviations from this generic trend seen for individual sorbic 

acid stressed cells needs further analysis.
1 Pandey, R. 2014. PhD thesis University of Amsterdam http://hdl.handle.net/11245/1.431544

Pandey, R. (2014, October 17). Live-imaging of 
Bacillus subtilis spore germination and outgrowth. ( 
136 p). Prom./coprom.: prof.dr. S. Brul, dr. E.M.M. 
Manders & dr. A.S. ter Beek.
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Dutch representative at Federation of European 
Microbiological Societies.

Brul, S. (2012-2014). Chairman at NIBI.

http://hdl.handle.net/11245/1.431544
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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 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 is developing 
advanced and innovative mass-spectrometry based 

Prof. dr. C.G. de Koster Chairholder
Dr L. de Jong Associate Professor
Dr L.J. de Koning Assistant Professor

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 the complex protein 
mixtures, we have started collaborating with the 
HIMS analytical chemistry group.

Research Programme: Molecular Life Sciences

Figure 1: Fourier transform ion cyclotron mass spectrometer control



Annual Report 2014 - 123 

Research highlights

 ► Bacillus cereus, responsible for food poisoning and Clostridium difficile, causative agent of 
Clostridium difficile-associated diarrhoea (CDAD) are both spore forming pathogens involved 
in food spoilage, food intoxication and other infections in humans and animals. Resistance 
characteristics of bacterial endospores towards various environmental stresses, such as chemicals 
and heat, are in part attributed to their coat proteins. Heat resistance is developed in a late stage of 
sporulation and during maturation of released spores. Using our gel-free proteomic approach and 
LC-FT-ICR-MS/MS analysis we have monitored the efficiency of the tryptic digestion of proteins 
in the coat during spore maturation over a period of eight days, using metabolically 15N-labelled 
mature spores as a reference. The results showed that during spore maturation the loss of digestion 
efficiency of outer coat and crust proteins synchronised with the increase in heat resistance. This 
implicates that spore maturation involves chemical cross-linking of outer coat and crust layer 
proteins leaving the inner coat layer proteins unmodified. It appears that digestion efficiencies of 
spore surface proteins can be linked to their location within the coat and crust layers. 

Research progress

 ► In 2014 we finalised our carbon catabolite repression project. The molecular physiology of 
carbon catabolite repression (CCR) in the model organism Escherichia coli was studied together 
with prof. Hellingwerf (Molecular Microbial Physiology). A glucose-limited chemostat culture was 
used to create a CCR-free reference condition followed by an activation of CCR via an addition of 
a pulse of glucose that saturates the cells for at least one hour. During this hour we have accurately 
monitored. proteome-wide, the changes in the protein levels using a 15N metabolic-labelling 
quantification method. The proteomic studies were complemented with transcript analyses using 
micro arrays, to directly identify genes under transcriptional and post-transcriptional regulation. 
Novel dedicated statistical analysis to correlate the complex time resolved transcriptomics and 
proteomics datasets was developed (Biosystems Data Analysis).

 ► Knowledge of spatial proximity of amino acid residues obtained by chemical cross-
linking and mass spectrometric analysis provides information about protein folding, protein-
protein interactions and topology of macromolecular assemblies. We showed that the use of 
bis(succinimidyl)-3-azidomethyl glutarate (BAMG) as a cross-linker provides a solution for two 
major analytical problems of cross-link mapping by peptide fragment fingerprinting (PFF) from 
complex sequence databases, i.e. low abundance of protease-generated target peptides, and lack 
of knowledge of the masses of linked peptides. Tris(carboxyethyl)phosphine (TCEP) reduces 
the azido group in cross-linked peptides to an amine group in competition with cleavage of an 
amide bond formed in the cross-link reaction. TCEP-induced reaction products were separated 
by diagonal strong cation exchange (SCX) from unmodified peptides. The relation between 
the sum of the masses of the cleavage products and the mass of the parent cross-linked peptide 
enables determination of the masses of candidate linked peptides. By reversed phase LC-MS/MS 
analysis of secondary SCX fractions, we identified several intraprotein and interprotein cross-links 
in a HeLa cell nuclear extract, aided by software tools supporting PFF from the entire human 
sequence database. The data provide new information about interacting protein domains, among 
others from assemblies involved in splicing.

Mass Spectrometry of Biomacromolecules

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 
of how mass spectrometry, in combination with novel purification strategies and bioinformatics 
tools, can provide detailed quantitative structural and functional information about spores and 
proteins at the interface between the cell and its external environment. 

 ► The genera of the micro-organisms Bacillus and Clostridium are able to form endospores 
when subjected to nutrient starvation and harsh environmental conditions. Upon restoration of 
favourable environmental conditions, spores can germinate and grow out into dividing vegetative 
cells. The germination of spores is usually triggered by germinants such as amino acids, purine 
derivatives, carbohydrates or alkali ions. Germination in response to nutrients is mediated by 
receptors that reside in the inner spore membrane. Germinant receptor interaction definitively 
commits spores to germination. Germinant receptor interaction stimulates the release of cations 
and a relative 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. A major research question in germination is: ”How are spores finally 
committed to germination and outgrowth?”. The underlying mechanisms that signals germinant 
receptor interaction to DPA release is not fully understood. In collaboration with Prof. Brul (SILS) 
and dr van Maarseveen (HIMS), we aim at identification of the hitherto unknown germination 
receptors of Clostridium difficile spores.  Through a chemical proteomics approach we will identify 
the interacting protein partners of germinants and germination inhibitors. We will chemically 
tag both germinants and germination inhibitors with reactive groups for cross-linking to proteins 
and selective purification of interaction sites. The complement of tagged proteins will reveal low 
copy-number inner-membrane receptor proteins, involvement of cortex proteases that bind to 
activators and inhibitors and hitherto unknown proteins that have not yet been implicated in 
germination mechanisms. 

 ► In the framework of a Nanonext project we will extend our spore coat proteomics work 
to quantification of candidate biomarkers on the surface of B. cereus and B. weihenstephanenis 
spores. For this purpose we will use a QconCAT strategy to determine copy numbers of spore coat 
proteins that are expressed under various environmental conditions. Together with LioniX we will 
use our earlier detected B. cereus biomarkers to set up a platform that concerns a miniaturised and 
fully automated ‘Life Marker Chip’ instrument for the detection of Bacillus spores, based on an 
antibody micro-array with tailored evanescent wave excitation of fluorescent dyes. This platform 
should be applicable as a diagnostic instrument in the food chain, which will have an impact on 
the complete hardware chain of analysis steps starting from sampling up to the ultimate analysis 
(i.e. for quality assessment) or recognition (i.e. of specific pathogens for safety). 

 ► 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 
necessary to start up life? (i, iii). To address these problems we set up a metabolic labelling method 
to quantify protein synthesis and degradation in course of spore germination and outgrowth. 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. 

Research Programme: Molecular Life Sciences
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 ► In (ii) we will explore in vivo cross-linking of the B. subtilis proteome with our cross-linker 
BAMG in E. coli and B. subtilis. Together with van Maarseveen (HIMS) and Hamoen (SILS) we 
will devise and optimise a carboxyl-carboxyl cross-linker with a 3-azidomethyl glutarate spacer. 
The benefit is a set of more stringent distant constraints for structural modelling of protein 
complexes. This cross-linker will be used to study divisiome formation in B. subtilis. We will 
continue the productive collaborations with the groups of the SILS systems biology (iii) and plant 
programmes, directed at characterisation of proteins secreted by the cell upon host-pathogen 
interactions, and with our external national and international partners. 

 ► 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 Amsterdam 
research programme Green Environment. We collect stable isotope data and extract geographical 
fingerprints of important horticulture products such as bell peppers, oaks and roses at various 
production sites in Europe and Africa. We store the isotope data and geographical fingerprints 
in databases. Our mass spectrometry methods and isotope databases enable producers to provide 
objective, reliable data in a controlled chain on origin, production method, transport, authenticity, 
content and security of the product.

 ► Within  the SILS Green Life Sciences cluster we will collaborate on quantitative analysis of 
the Fusarium oxysporum cell wall and secretome proteome (Rep). Furthermore, we will continue 
developing post-translational modification enrichment and detection methods for identification 
of protein phosphorylation and SUMOylation (Testerink and van den Burg).

 ► All our proteomics studies will benefit from the coupling of two-dimensional LC to our 
mass spectrometers that we are developing in collaboration with the HIMS analytical chemistry 
group of Prof. Schoenmakers. This unprecedented on-line prefractionation will boost both sample 
sensitivity and proteome coverage and minimise sample preparation time.
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