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the “lose ends” of  the failed VU merger and on top of  
that we had to go through the life sciences evaluation. 
Just as last year this has caused a lot of  extra work. 
Everybody has worked exceptionally well with the 
management team to fulfil all the requirements and 
although the evaluation has been very disappointing 
in terms of  the end statement, I am very proud on 
the level of  expertise and commitment that has been 
displayed.

New companies within SILS
In 2017 another company was brought to light in 
SILS: “Macrobian Biotech BV”. The pioneering work 
of  the Molecular Neurosciences team has led to the 
emergence of  a pre-clinical development company 
with the focus on treating Parkinson’s disease. 
The founders Dr. Lars van der Heide and Prof. dr. 
Marten Smidt have secured initial funding and two 
additional employees have started working to develop 
the initial assets towards clinical trials.  Please go to 
Macrobianbiotech.com for further details on the 
company.

Research funding
Even in this busy year SILS researchers were 
able to attract additional research funding, which 
totalled to 5000 kEuro for 2017 alone. Amongst 
these were research grants of  dr. Filipe Branco-Dos 
Santos (600 kEuro), a KWF grant to dr. Renée van 
Amerongen and a research grant (Syngenta) to Prof. 
dr. Harro Bouwmeester (430 kEuro). I would like 
to thank everybody for their continuous efforts and 
congratulate those with success. We hope that with 
the implementation of  the NWA schemes we will also 
be successful in 2018 and further. 

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

http://Website: www.science.uva.nl/sils/home.cfm
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Prof. Jeroen Hugenholtz will hold a special 
chair at SILS for a third term. A third term 
is uncommon for special chairs, but the 
collaboration between Prof. Hugenholtz 
and diverse members of SILS (among which 
Leendert Hamoen, Stanley Brul and Filipe 
Branco dos Santos) has been deemed so 
valuable, that the UvA Central Board has 
accepted a third term 
for Prof. Hugenholtz.

Prof. Hugenholtz will be working on five research initiatives:

1.Development of  biobased antimicrobials and antifungals

2.Production of  organic acids at low pH/high temperature for non-sterile fermentation

3.Clostridium as a source for fine chemicals (flavours, anti-oxidants)

4.C1-fermentation (CO2, CO, CH4)

5.Algae and other phototrophic organisms as a source for higher fatty acids, pigments, polyphenols.
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Special Chairs

1Special and Part-Time Chairs

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. J. (Jeroen) Hugenholtz Chair: Industrial Molecular Microbiology
Senior Scientist Industrial Microbial Biotechnology in the Business Unit Biobased Products, Wageningen 
University & Research centre, Wageningen)

Prof. C. (Kees) Jalink Chair: High-Resolution Microscopy
PI Cell Biophysics & Imaging Group, Netherlands Cancer Institute, Amsterdam

Prof. O. (Ole) Jensen Chair: Human Cognition
PI Neuronal Oscillations, Donders Institute for Brain, Cognition and Behaviour, Radboud University, Nijmegen

Prof. J.J.B. (Joost) Keurentjes  Chair: Applied Quantitative Plant Genetics
Associate Professor Laboratory of  Genetics, Plant Genetics and Cytogenetics, Wageningen University, Wageningen

dr. B.H. (Benno) ter Kuile  Chair: Microbial Food Safety and antibiotic Resistance in 
the Food Chain
Senior advisor microbiology at the Netherlands Food and Consumer Product Safety Authority, Ministry of  
Economic Affairs
European Food Safety Authority, Member Biohazard panel

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

http://www.nki.nl/divisions/immunology/borst-j-group/
http://www.sanquin.nl/en/research/principal-investigators/pi-marieke-van-ham/
https://www.wur.nl/
http://research.nki.nl/jalinklab/
http://www.neuosc.com/olejensen
http://www.wageningenur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Genetics/Research.htm
https://english.nvwa.nl/
http://www.keygene.com/
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Figure 1: Charts of  revenues (a), costs (b), results 
and reserves (c) of  the Swammerdam Institute for Life 

Sciences, in k€, for the years 2013-2017. 
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The integrated results for 2017 show 
a volume of  -€50,000 (see figure 1c) 
resulting in €663,000 of  reserve remaining 
on 31 December 2017.
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Table and figure 2: FTE and number of  people employed at 
SILS on 31 December (including FOM employees and PhD 

fellows with a scholarship).

Dutch (65%)
Chinese (9%)
Italian (6%)
French (3%)
Indian (3%)
Spanish (2%)
German (1.2%)
Polish (1.2%)
Colombian (0.8%)
Iranian (0.8%)
Surinamese (0.8%)
American (0.8%)
Belgian (0.8%)
English (0.8%)
Portugese (0.8%)
Chilian (0.4%)
Estonian (0.4%)
Burkinabe (0.4%)
Japanese (0.4%)
Malaysian (0.4%)
Philippine (0.4%)
Czech (0.4%)
South African (0.4%)
Romanian (0.4%)
Serbian (0.4%)
Indonesian (0.4%)
South Korean (0.4%)
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Figure 3: Male:female 
distribution at the 

Swammerdam Institute 
for Life Sciences on 31 

December 2017. 

Figure 4: Employee provenance on 31 December 2017. 

Year 2013 2014 2015 2016 2017

Employees (31 Dec) 232 255 241 237 244

Facts & Figures

1Personnel
In 2017, SILS employed around 240 employees year 
round (including FOM employees and PhD fellows 
with a scholarship). Figure 3 presents the male:female 
ratio on 31 December 2017. SILS is committed to a 
diverse employee population and aims at a 1:1 ratio 
between men and women across all ranks. The balance 
at PhD and postdoc level remains fairly equal and 
our diversity policy was succesful in attracting more 
women at the associate-professor level. We continue 
to strive to a complete balance at all levels. 
At the end of  2017, an approximate two thirds 
majority of  all SILS employees (including bursaries) 
were Dutch natives. Of  the in total 242 SILS 
employees 35% originated from abroad, most notably 
from China and Italy (see figure 4). In terms of  age, 
SILS staff  span the full range from new PhD students 
to employees near retirement.
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Shedding light on protein interaction networks in a developing organism

For the first time, researchers succeeded in mapping protein-protein 
interactions in living developing plant roots. The findings of  the 
international team of  the department of  Plant Developmental Biology at 
Wageningen University and Research, the section of  Molecular Cytology 
at the University of  Amsterdam and the University of  Düsseldorf  were 
published in Nature.

This work is considered a breakthrough in the field of  cell and developmental 
biology because it shows the possibility of  visualising interactions between proteins 
under physiological conditions within intact living tissue in a non-invasive manner. 
This approach will allow better understanding of  protein-binding events, which are essential for 
cellular function as well as their dysfunction in diseases.

It is technically very challenging to elucidate protein interactions in living organisms at the 
cellular level because the expression level of  these proteins is low, making it difficult to pick 
up these interactions in living tissue. This work combined FRET-FLIM (Förster Resonance 
Energy Transfer-Fluorescence Lifetime Imaging Microscopy) technology with genetics and gene 
expression analysis to visualise specific interactions. The work unravelled that in living tissues, 
protein complexes can change their conformation in a cell-type-dependent manner to regulate 
specific gene expression programmes leading to precise specification and maintenance of  
particular cell fates within the Arabidopsis root meristem.
 
Understanding root growth
At the tip of  a developing and growing root a population of  ‘stem cells’ reside. These cells divide 
and differentiate into different cell types generating different tissues in the plant root. The fate of  
each cell, hence what kind of  root tissue it will become, is determined by special proteins, among 
which transcription factors play a crucial role. In order to better understand how these proteins 
regulate root growth the team of  Ikram Blilou, together with Yuchn Long, set out to determine 
the interactions between a set of  key transcription factors. In particular they focused on how these 
interactions change during growth and susbequent impact on cell fate and root development.

Combined expertise
This study is the result of  a successful collaboration between three international teams, in 
addition to Plant Developmental Biology group at Wageningen University headed by Prof  Ben 
Scheres, the work involved Prof. Theodorus Gadella from the Van Leeuwenhoek Centre for 
Advanced Microscopy in Amsterdam. The team of  Gadella, including Joachim Goedhart and 
Marten Postma, has a long standing expertise in optimisation of  fluorescent proteins, quantitative 
microscopy and advanced FRET-FLIM analysis. Together with the team of  Rüdiger Simon from 
Düsseldorf  University, including Yvonne Stahl and Stephanie Stefanie-Weidtkamp-Peters with 
expertise on high resolution life time imaging, the FRET-FLIM technology was implemented 
overcoming the current limitations for studying protein complex dynamics at cellular resolution.

Publication details
Yuchen Long, Yvonne Stahl, Stefanie Weidtkamp-Peters, Marten Postma, Wenkun Zhou, Joachim 
Goedhart, María-Isabel Sánchez-Pérez, Theodorus W. J. Gadella, Rüdiger Simon, Ben Scheres & 
Ikram Blilou ‘In vivo FRET–FLIM reveals cell-type-specific protein interactions in Arabidopsis 
roots’, Nature 548, 97–102 (26 July 2017).

http://dx.doi.org/ 10.1038/nature23317
http://dx.doi.org/ 10.1038/nature23317
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Flowers actively communicate with environment

An international team of  researchers, including Robert Schuurink from 
the Plant Physiology group, has discovered that flowers actively transfer 
molecules in the air to attract pollinators like bees and moths. The results 
of  their research were published in Science on Friday, June 30.

Floral volatiles play an important role in attracting pollinators such as bees and 
moths to ensure fertilisation and seed set. In fact, seed and fruit set in many of  
our crops depend on pollinators. It was already known that flowers regulate the 
production of  volatiles to a very high degree. For instance, certain Petunias produce 
and emit several volatile benzoates only at night when their moth pollinators are 
active. Production is completely reset before dawn. For a long time it was thought that these 
volatiles passively diffuse from the petals of  the flower to the air. However, recent modelling 
showed that this is very unlikely, since very high levels of  volatiles in the membrane around the 
cell would be necessary to sustain this diffusion, which are harmful to the cell.

Specific transporter
Plant Biologists from Purdue University (USA), Université Catholique de Louvain (Belgium) 
and the University of  Amsterdam have now discovered that Petunia, a nightshades species like 
tomato, actively transports volatile benzoates from their petals to the air using a specific type 
of  transporter. This ABC-type transporter was identified and cloned previously by the Dutch 
group, but it took several years and an international collaboration to prove its function. Since 
not only flowers but also leaves and roots can emit volatiles, it is likely that emission from these 
organs is also actively regulated. ‘This finding implies that plants can regulate the emission of  
volatiles and thus also their communication with the environment, for example with neighbouring 
plants, insects and their enemies, and with beneficial and pathogenic microbes,’ concludes Robert 
Schuurink.

Improvement of  defences
Knowledge about this mechanism, and in particular the underlying genes present opportunities 
to maintain this process in our crops during the breeding process, to ensure the much-needed 
seed and fruit set for food production. In addition, it can lead to an improvement of  the defences 
in leaves against insects in which volatiles play an important role. ‘Future work should thus not 
only focus on increasing the biosynthesis of  natural volatile insecticides in leaves, but also on the 
emission process. Moreover, we need to study how volatiles are transported over the plant cell 
wall, which is not well-understood’. 

Publication details 
Funmilayo Adebesin, Joshua R. Widhalm, Benoît Boachon, François Lefèvre, Baptiste Pierman, 
Joseph H. Lynch, Iftekhar Alam, Bruna Junqueira, Ryan Benke, Shaunak Ray, Justin A. Porter, 
Makoto Yanagisawa, Hazel Y. Wetzstein, John A. Morgan, Marc Boutry, Robert C. Schuurink & 
Natalia Dudareva ‘Emission of  volatile organic compounds from petunia is facilitated by an ABC 
transporter’ Science Vol. 356, No. 6345, p. 1386 (29 June 2017).

https://academic.oup.com/jxb/article-lookup/doi/10.1093/jxb/ers034
http://dx.doi.org/ 10.1126/science.aan0826
http://dx.doi.org/ 10.1126/science.aan0826
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How do you converse solar energy into fuel and other chemical compounds 
on an industrial scale? In a quantitative analysis of  the most promising 
strategies, UvA biologists identified microbes as the key to efficient CO2-
to-product conversion. The results of  their study were published in RSC 
Energy and Environmental Sciences.

The researchers, including Klaas Hellingwerf, Filipe Branco dos Santos (Bacterial 
Cell Biology and Physiology Groups), Merijn Schuurmans (Institute for 
Biodiversity and Ecosystem Dynamics) and former Master’s student David Lips, 
compared the most promising strategies for the sustainable synthesis of  liquid 
energy carriers (biofuel), commodity chemicals for plastics, and renewable materials directly from 
CO2 using the energy of  sunlight. The different approaches were studied with respect to their 
efficiency and productivity of  the CO2-to-product conversion.

The researchers showed that the usage of  living cells is the common denominator in the most 
successful methods. In their publication, the authors also discuss the possible pitfalls and 
limitations of  each method during the scale-up to industrial level. Their analysis is a useful guide 
to direct efforts in accelerating the development of  alternatives to the exploitation of  fossilised 
deposits.

Fruitful student-researcher interaction
The study is a continuation of  a gold-medal winning idea in the iGEM 2015 competition, an 
international student competition in the area of  genetic engineering. Former Master’s student 
David Lips was part of  the team that won the medal for their proposal of  a ‘synthetic consortium’ 
in which CO2 is converted directly into products using the energy of  sunlight. Filipe Branco dos 
Santos was one of  the instructors of  the team. The current publication therefore nicely illustrates 
a fruitful interaction between student and researcher.

Publication details
Lips, D., Schuurmans, J.M.M., Branco dos Santos, F. and Hellingwerf, K.J. (2017) Many ways 
towards ‘solar fuel’: Quantitative analysis of  the most promising strategies and the main challenges 
during scale-up. Energy Environ. Sci., 2017, Accepted October 2017.

http://dx.doi.org/10.1039/C7EE02212C
http://dx.doi.org/10.1039/C7EE02212C
http://dx.doi.org/10.1039/C7EE02212C
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Novel mechanism behind underlying breast cancer hormone therapy 
resistance

An international team of  researchers, including Pernette Verschure and 
PhD student Mannus Kempe from the Synthetic Systems Biology and 
Nuclear Organisation group, has discovered a mechanism that makes a 
common type of  breast cancer cells resistant to a specific form of  hormone 
treatment. Their findings have been published in Nature Genetics.

Treatments for breast cancer often rely on hormone therapy. When the tumour 
cells fail to respond to hormone therapies, the patient can develop a metastasised 
form of  breast cancer. The aim of  this study was to find out what causes the 
initial disruption in the post-menopausal hormone treatment (in this case, using aromatase 
inhibitors). The research was conducted using tumour tissue from patients who had been treated 
with hormone therapy and undergone a second biopsy. 

The researchers discovered that activation of  one specific gene switches on oestrogen production 
in tumour cells such that the cells stop responding to the hormone therapy and patients develop a 
metastasic breast cancer. The UvA researchers managed to microscopically identify the disrupted 
cells using a method that enables visualisation of  single cells at the resolution level of  a few 
molecules. The findings of  the present study suggest an as-yet unknown mechanism is behind the 
development of  early-phase aromatase inhibitor resistance. 

Major breakthrough
The discovery marks a major breakthrough, as the mechanism that enables this type of  breast 
cancer cells (oestrogen-receptor positive) to escape hormone treatment was largely unknown until 
now. Approximately 70% of  diagnosed breast cancer patients have this particular type of  breast 
cancer and most of  them receive hormone therapy as follow-up treatment. In more than 20% 
the cancer returns later on and the patients eventually die of  an incurable form of  breast cancer. 
The development of  specific biomarkers could make it possible to provide individually tailored 
treatments, thereby maximising the efficacy of  treatment while minimising the side effects.

EpiPredict EU H2020 consortium
This study is part of  the research being conducted by EpiPredict, an international consortium 
funded by a EU Horizon 2020 grant from the Marie Sklodowska Curie Actions programme 
for research and innovation. EpiPredict research takes a ‘systems medicine’ approach to 
understanding epigenetic regulation of  the development of  breast cancer hormone treatment 
resistance. EpiPredict is initiated and coordinated by Dr. Pernette Verschure. The project is made 
up of  fifteen academic and industry institutes across eight different countries, and a group of  12 
doctoral researchers, including three at the UvA. In addition to performing scientific research, the 
doctoral candidates are being trained within the EpiPredict project in areas ranging from academic 
skills to entrepreneurship and business management, debate and the dissemination of  research 
findings to society.

Publication details
Luca Magnani, Gianmaria Frigè, Raffaella Maria Gadaleta, Giacomo Corleone, Sonia Fabris, 
Mannus H Kempe, Pernette J Verschure, Iros Barozzi, Valentina Vircillo, Sung-Pil Hong, Ylenia 
Perone, Massimo Saini, Andreas Trumpp, Giuseppe Viale, Antonino Neri, Simak Ali, Marco 
Angelo Colleoni, Giancarlo Pruneri & Saverio Minucci: ‘Acquired CYP19A1 amplification is 
an early specific mechanism of  aromatase inhibitor resistance in ERα metastatic breast cancer’ 
Nature Genetics 49, 444–450 (23 January 2017)

http://dx.doi.org/10.1038/ng.3773
http://dx.doi.org/10.1038/ng.3773
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‘Op het eerste oog oordelen veel docenten dat 

het best te doen was. De vragen waren niet al te 

moeilijk. Als je vervolgens het correctievoor-

schrift erbij pakt en kijkt wat leerlingen ervan 

gemaakt hebben, dan zie je helaas dat het niet 

altijd goed uitpakt’, zegt Martijn Havelaar, do-

cent biologie op scholengemeenschap Thor-

becke Voortgezet Onderwijs in Rotterdam. Hij 

is coördinator van de biologiegroep van de Ne-

derlandse Vereniging voor het Onderwijs in de 

Natuurwetenschappen, de organisator van 

ruim twintig regionale examenbesprekingen 

die 29 mei over het vwo-examen zijn gehouden.

Ruim 26 duizend vwo6-ers kregen maandag-

middag 22 mei een gevarieerd examen biologie 

voorgeschoteld, met vragen over blaasontste-

king, CO
2-opname door tropische bossen, gen-

doping met myostatine, fosfaatterugwinning 

uit urine en bloedtransfusie bij honden. ‘Mooie 

contexten en de opstellers hebben geprobeerd 

de inleidingen korter te formuleren’, consta-

teert Havelaar. ‘Het was minder leeswerk, maar 

het nadeel is dan weer dat het niet voor alle 

leerlingen helder is. Die hebben eigenlijk meer 

toelichting nodig om de vragen te kunnen be-

grijpen.’ Marjo Oosterbaan, docent biologie bij 

het Baarnsch Lyceum, klaagt juist over te lange 

contexten. ‘Vooral bij de vragen over de bloed-

transfusie bij de boxer moesten leerlingen door 

veel tekst heen worstelen. Dat is jammer, want 

het gaat om toetsing van biologische kennis, 

niet om tekst verklaren’, zegt Oosterbaan. Haar 

algemeen oordeel is ook dat de examenvragen 

redelijk makkelijk waren, maar dat het ant-

woordmodel tegenviel. ‘Misschien stellen de 

uiteindelijke resultaten dan toch weer teleur. 

Verder vond ik het examen niet erg discrimine-

rend: het worden waarschijnlijk veel zessen en 

zeventjes.’
Een goed voorbeeld van discrepantie tussen ge-

stelde vraag en verwacht antwoord is vraag 4 

over E. coli die blaasontsteking veroorzaakt. Bij 

de vraag staat: ‘Bij gebrek aan zuurstof, zoals in 

de blaas, gebruikt de bacterie nitraat als elek-

tronenacceptor. In afbeelding 3 zijn de twee 

elektronentransportketens van E. coli weerge-

geven. E. coli kan in het anaerobe milieu van de 

blaas per NADH-molecuul minder energie vrij-

maken dan onder aerobe omstandigheden. Leg 

dit uit aan de hand van een gegeven in afbeel-

ding 3.’ Volgens het correctievoorschrift moet 

bij het antwoord twee dingen blijken, elk goed 

voor 1 scorepunt: ‘dat de anaerobe transportke-

ten minder protonen H+ over het membraan 

pompt dan de aerobe keten’ en ‘waardoor er 

minder synthese van ATP kan plaatsvinden’. 

Zowel Havelaar als Oosterbaan constateren dat 

het lastig is twee punten toe te kennen als ATP 

niet ter sprake komt, terwijl daar ook niet ex-

‘Niet al te moeilijk’, ‘knap gemaakt’, maar ook met enkele 
‘fouten’, oordelen experts over 
het vwo-examen biologie. 

‘Redelijk makkelijk’ met een paar uitglijders

pliciet om gevraagd is. Ook hoogleraar molecu-

laire biologie en microbiële voedselveiligheid 

Stanley Brul van de Universiteit van Amster-

dam vindt de formulering rammelen: ‘Het gaat 

om vastlegging van energie in een protonen-

gradiënt. ATP-vorming is wel een logische vol-

gende stap, maar vooral ‘vrijmaken’ is sloppy 

geformuleerd.’ 

Nog meer discussie is er over vraag 7 die ver-

zoekt uit te leggen waardoor het niet afmaken 

van een antibioticakuur resistentie in de hand 

zal werken. Er zijn twee scorepunten te behalen 

als de kandidaat erop wijst dat er ‘tijdens de 

kuur selectie op bacteriën plaatsvindt die beter 

bestand zijn tegen het antibioticum’ én ‘deze 

groep bij te vroeg stoppen kan overblijven (en 

bij een volgende kuur een voorsprong hebben)’. 

Havelaar: ‘Dat antwoord past in het standaard 

medisch verhaal dat je altijd een antibiotica-

kuur moet afmaken. Maar er zijn recent meer-

dere publicaties verschenen die daar juist 

vraagtekens bij zetten. Die hebben we ook al 

opgestuurd naar het College voor Examens. Je 

kunt ook stellen dat je een kuur moet stoppen 

als het doel is bereikt, juist om het optreden 

van mutaties en resistentieontwikkeling te 

voorkomen.’ Ook Brul neigt het voorgeschreven antwoord 

fout te rekenen. ‘Het klopt niet, de werkelijk-

heid is in ieder geval complexer. Het gaat vooral 

om een goede afstemming tussen de dosis van 

het antibioticum en de duur van de kuur. Bacte-

riën moeten niet de tijd krijgen resistenties te 

ontwikkelen’, aldus Brul. ‘Het verbaast me dat 

het woord mutatie niet valt, terwijl je dat wel 

zou verwachten.’

Twijfel
Een reeds erkende fout in het examen betreft 

vraag 10 over een grafiek met biomassa-accu-

mulatie in 79 proefvlakken tropisch regen-

woud (zie afbeelding). De tweede bewering 

hierover, ‘ruim 15% van de proefvlakken geeft 

netto CO
2 af aan de atmosfeer’, was als juist 

voorzien. Maar volgens het aanvullende correc-

tievoorschrift is dit anders te interpreteren 

vanwege ‘het verschil tussen het gegeven per-

centage van 15% en het berekende percentage 

van 21,5%’. ‘Dat is een erkende, ingeslopen fout’, 

signaleert Havelaar. ‘Gelukkig is de vraag niet 

vervallen, want veel  leerlingen hadden dit 

goed en D of B ingevuld’, constateert Ooster-

baan. ‘Je kunt leerlingen niet straffen vanwege 

een fout in het examen.’ De Wageningse tropisch bosecoloog Lourens 

Poorter is vooral zeer verheugd dat er zeven vra-

gen over zijn vakgebied in het vwo-examen 

staan. ‘Het gaat over onderzoek dat nog steeds 

relevant is en waarover ook veel wordt gedis-

cussieerd. Ik vind het knap gedaan, hoe ze daar 

goede vragen uit hebben weten te destilleren. 

Ga er maar aanstaan’, aldus Poorter. ‘Op basis 

van de aangeboden informatie zijn de vragen 

goed te maken, maar soms sloeg bij mij de twij-

fel toch wel toe. We hebben natuurlijk doorge-

leerd en dan word je toch gehinderd door teveel 

kennis en onzekerheden.’ 
Woensdag 14 juni ontvangen de meeste leerlingen 

hun examenuitslag, het herexamen is  21 juni. 

■  V W O - E X A M E NDoor Gert van Maanen

Simulatie met halsband-parkieten
Op 16 juni begint de Week van de In-
vasieve Exoten. Tijdens deze week 
worden verschillende lezingen en 
excursies over invasieve soorten in 
Nederland georganiseerd. Een van de 
exoten die in Nederland voorkomt is 
de halsbandparkiet. Deze soort is 
waarschijnlijk ontsnapt uit gevan-
genschap of opzettelijk vrijgelaten in 
Nederland, waardoor er nu verwil-
derde populaties in ons land bestaan. 
De gekleurde vogels zorgen met hun 

gekwetter voor blije stadsinwoners, 
maar niet iedereen is er even blij 
mee. Deze exoot is ook een bedrei-
ging voor inheemse vogels door voed-
sel- en nestcompetitie en versprei-
ding van ziekten. Om meer informa-
tie te krijgen over de halsbandparkiet 
hebben Leidse onderzoekers een aan-
tal halsbandparkieten gemerkt. Zo 
kunnen ze de populatiefluctuaties in 
kaart brengen.In deze les kruipen leerlingen in de 

huid van een onderzoeker door een 
simulatie van een predator-prooimo-
del uit te voeren in Excel waarbij 

slechtvalken prederen op de parkie-
ten.  De twee uur durende les is ge-
schikt voor bovenbouw havo en vwo 
en bestaat naast het Excel-bestand 
uit een PowerPoint. De leerlinghand-
leiding is een Word-bestand en daar-
door makkelijk aan te passen. In het 
Excel-model worden verschillende 
variabelen gebruikt die tevens een-
voudig zijn aan te passen. Om dit mo-
del nog realistischer te maken, kun-
nen leerlingen eventueel nog andere 
variabelen toevoegen. www.weekvandeinvasieveexoten.nl

www.nibi.nl/pagina/exoten

Determineren met de Waterleven-app Ga met leerlingen het veld in en ver-
vang de gebruikelijke zoekkaart door 
de gebruiksvriendelijke Waterleven-
app om de beestjes en planten in de 
sloot bij de school te determineren. 
De app begint met veertien catego-
rieën van waterbeestjes en -planten. 
Zo is er de categorie salamanders, 
kikkers en padden, en kunnen de 
leerlingen binnen twee klikken spe-
cifieke soorten vinden als de vuursa-
lamander of de knoflookpad. Bij de 

duidelijke kleurafbeeldingen vinden 
ze korte soortbeschrijvingen.  Ze le-
ren wat een driedoornige stekelbaars 
eet of waar de grote spinnende water-
tor voorkomt. Nadat leerlingen een 
slootdiertje hebben gedetermineerd 
kan de waarneming worden inge-
voerd voor hun eigen logboek.  Als 
afsluiter kan de leerling aan de hand 
van tien vragen een test doen die een 
indicatie geeft over de waterkwaliteit 
bij de school. De Waterleven-app is te downloaden 

voor de iPhone en Android.www.waterleven.net
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‘Op het eerste oog oordelen veel docenten dat 

het best te doen was. De vragen waren niet al te 

moeilijk. Als je vervolgens het correctievoor-

schrift erbij pakt en kijkt wat leerlingen ervan 

gemaakt hebben, dan zie je helaas dat het niet 

altijd goed uitpakt’, zegt Martijn Havelaar, do-

cent biologie op scholengemeenschap Thor-

becke Voortgezet Onderwijs in Rotterdam. Hij 

is coördinator van de biologiegroep van de Ne-

derlandse Vereniging voor het Onderwijs in de 

Natuurwetenschappen, de organisator van 

ruim twintig regionale examenbesprekingen 

die 29 mei over het vwo-examen zijn gehouden.

Ruim 26 duizend vwo6-ers kregen maandag-

middag 22 mei een gevarieerd examen biologie 

voorgeschoteld, met vragen over blaasontste-

king, CO
2-opname door tropische bossen, gen-

doping met myostatine, fosfaatterugwinning 

uit urine en bloedtransfusie bij honden. ‘Mooie 

contexten en de opstellers hebben geprobeerd 

de inleidingen korter te formuleren’, consta-

teert Havelaar. ‘Het was minder leeswerk, maar 

het nadeel is dan weer dat het niet voor alle 

leerlingen helder is. Die hebben eigenlijk meer 

toelichting nodig om de vragen te kunnen be-

grijpen.’ Marjo Oosterbaan, docent biologie bij 

het Baarnsch Lyceum, klaagt juist over te lange 

contexten. ‘Vooral bij de vragen over de bloed-

transfusie bij de boxer moesten leerlingen door 

veel tekst heen worstelen. Dat is jammer, want 

het gaat om toetsing van biologische kennis, 

niet om tekst verklaren’, zegt Oosterbaan. Haar 

algemeen oordeel is ook dat de examenvragen 

redelijk makkelijk waren, maar dat het ant-

woordmodel tegenviel. ‘Misschien stellen de 

uiteindelijke resultaten dan toch weer teleur. 

Verder vond ik het examen niet erg discrimine-

rend: het worden waarschijnlijk veel zessen en 

zeventjes.’
Een goed voorbeeld van discrepantie tussen ge-

stelde vraag en verwacht antwoord is vraag 4 

over E. coli die blaasontsteking veroorzaakt. Bij 

de vraag staat: ‘Bij gebrek aan zuurstof, zoals in 

de blaas, gebruikt de bacterie nitraat als elek-

tronenacceptor. In afbeelding 3 zijn de twee 

elektronentransportketens van E. coli weerge-

geven. E. coli kan in het anaerobe milieu van de 

blaas per NADH-molecuul minder energie vrij-

maken dan onder aerobe omstandigheden. Leg 

dit uit aan de hand van een gegeven in afbeel-

ding 3.’ Volgens het correctievoorschrift moet 

bij het antwoord twee dingen blijken, elk goed 

voor 1 scorepunt: ‘dat de anaerobe transportke-

ten minder protonen H+ over het membraan 

pompt dan de aerobe keten’ en ‘waardoor er 

minder synthese van ATP kan plaatsvinden’. 

Zowel Havelaar als Oosterbaan constateren dat 

het lastig is twee punten toe te kennen als ATP 

niet ter sprake komt, terwijl daar ook niet ex-

‘Niet al te moeilijk’, ‘knap gemaakt’, maar ook met enkele 
‘fouten’, oordelen experts over 
het vwo-examen biologie. 

‘Redelijk makkelijk’ met een paar uitglijders

pliciet om gevraagd is. Ook hoogleraar molecu-

laire biologie en microbiële voedselveiligheid 

Stanley Brul van de Universiteit van Amster-

dam vindt de formulering rammelen: ‘Het gaat 

om vastlegging van energie in een protonen-

gradiënt. ATP-vorming is wel een logische vol-

gende stap, maar vooral ‘vrijmaken’ is sloppy 

geformuleerd.’ 

Nog meer discussie is er over vraag 7 die ver-

zoekt uit te leggen waardoor het niet afmaken 

van een antibioticakuur resistentie in de hand 

zal werken. Er zijn twee scorepunten te behalen 

als de kandidaat erop wijst dat er ‘tijdens de 

kuur selectie op bacteriën plaatsvindt die beter 

bestand zijn tegen het antibioticum’ én ‘deze 

groep bij te vroeg stoppen kan overblijven (en 

bij een volgende kuur een voorsprong hebben)’. 

Havelaar: ‘Dat antwoord past in het standaard 

medisch verhaal dat je altijd een antibiotica-

kuur moet afmaken. Maar er zijn recent meer-

dere publicaties verschenen die daar juist 

vraagtekens bij zetten. Die hebben we ook al 

opgestuurd naar het College voor Examens. Je 

kunt ook stellen dat je een kuur moet stoppen 

als het doel is bereikt, juist om het optreden 

van mutaties en resistentieontwikkeling te 

voorkomen.’ Ook Brul neigt het voorgeschreven antwoord 

fout te rekenen. ‘Het klopt niet, de werkelijk-

heid is in ieder geval complexer. Het gaat vooral 

om een goede afstemming tussen de dosis van 

het antibioticum en de duur van de kuur. Bacte-

riën moeten niet de tijd krijgen resistenties te 

ontwikkelen’, aldus Brul. ‘Het verbaast me dat 

het woord mutatie niet valt, terwijl je dat wel 

zou verwachten.’

Twijfel
Een reeds erkende fout in het examen betreft 

vraag 10 over een grafiek met biomassa-accu-

mulatie in 79 proefvlakken tropisch regen-

woud (zie afbeelding). De tweede bewering 

hierover, ‘ruim 15% van de proefvlakken geeft 

netto CO
2 af aan de atmosfeer’, was als juist 

voorzien. Maar volgens het aanvullende correc-

tievoorschrift is dit anders te interpreteren 

vanwege ‘het verschil tussen het gegeven per-

centage van 15% en het berekende percentage 

van 21,5%’. ‘Dat is een erkende, ingeslopen fout’, 

signaleert Havelaar. ‘Gelukkig is de vraag niet 

vervallen, want veel  leerlingen hadden dit 

goed en D of B ingevuld’, constateert Ooster-

baan. ‘Je kunt leerlingen niet straffen vanwege 

een fout in het examen.’ De Wageningse tropisch bosecoloog Lourens 

Poorter is vooral zeer verheugd dat er zeven vra-

gen over zijn vakgebied in het vwo-examen 

staan. ‘Het gaat over onderzoek dat nog steeds 

relevant is en waarover ook veel wordt gedis-

cussieerd. Ik vind het knap gedaan, hoe ze daar 

goede vragen uit hebben weten te destilleren. 

Ga er maar aanstaan’, aldus Poorter. ‘Op basis 

van de aangeboden informatie zijn de vragen 

goed te maken, maar soms sloeg bij mij de twij-

fel toch wel toe. We hebben natuurlijk doorge-

leerd en dan word je toch gehinderd door teveel 

kennis en onzekerheden.’ 
Woensdag 14 juni ontvangen de meeste leerlingen 

hun examenuitslag, het herexamen is  21 juni. 

■  V W O - E X A M E NDoor Gert van Maanen

Simulatie met halsband-parkieten
Op 16 juni begint de Week van de In-
vasieve Exoten. Tijdens deze week 
worden verschillende lezingen en 
excursies over invasieve soorten in 
Nederland georganiseerd. Een van de 
exoten die in Nederland voorkomt is 
de halsbandparkiet. Deze soort is 
waarschijnlijk ontsnapt uit gevan-
genschap of opzettelijk vrijgelaten in 
Nederland, waardoor er nu verwil-
derde populaties in ons land bestaan. 
De gekleurde vogels zorgen met hun 

gekwetter voor blije stadsinwoners, 
maar niet iedereen is er even blij 
mee. Deze exoot is ook een bedrei-
ging voor inheemse vogels door voed-
sel- en nestcompetitie en versprei-
ding van ziekten. Om meer informa-
tie te krijgen over de halsbandparkiet 
hebben Leidse onderzoekers een aan-
tal halsbandparkieten gemerkt. Zo 
kunnen ze de populatiefluctuaties in 
kaart brengen.In deze les kruipen leerlingen in de 

huid van een onderzoeker door een 
simulatie van een predator-prooimo-
del uit te voeren in Excel waarbij 

slechtvalken prederen op de parkie-
ten.  De twee uur durende les is ge-
schikt voor bovenbouw havo en vwo 
en bestaat naast het Excel-bestand 
uit een PowerPoint. De leerlinghand-
leiding is een Word-bestand en daar-
door makkelijk aan te passen. In het 
Excel-model worden verschillende 
variabelen gebruikt die tevens een-
voudig zijn aan te passen. Om dit mo-
del nog realistischer te maken, kun-
nen leerlingen eventueel nog andere 
variabelen toevoegen. www.weekvandeinvasieveexoten.nl

www.nibi.nl/pagina/exoten

Determineren met de Waterleven-app Ga met leerlingen het veld in en ver-
vang de gebruikelijke zoekkaart door 
de gebruiksvriendelijke Waterleven-
app om de beestjes en planten in de 
sloot bij de school te determineren. 
De app begint met veertien catego-
rieën van waterbeestjes en -planten. 
Zo is er de categorie salamanders, 
kikkers en padden, en kunnen de 
leerlingen binnen twee klikken spe-
cifieke soorten vinden als de vuursa-
lamander of de knoflookpad. Bij de 

duidelijke kleurafbeeldingen vinden 
ze korte soortbeschrijvingen.  Ze le-
ren wat een driedoornige stekelbaars 
eet of waar de grote spinnende water-
tor voorkomt. Nadat leerlingen een 
slootdiertje hebben gedetermineerd 
kan de waarneming worden inge-
voerd voor hun eigen logboek.  Als 
afsluiter kan de leerling aan de hand 
van tien vragen een test doen die een 
indicatie geeft over de waterkwaliteit 
bij de school. De Waterleven-app is te downloaden 

voor de iPhone en Android.www.waterleven.net
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Filipe Brando dos Santos (Bacterial Cell Biology and Physiology) received an 
H2020 grant of  over k€600 for his project ENGICOIN. ‘ENGICOIN aims at 
the development of  microbial platforms for CO2-reuse processes in the low-
carbon economy. Three new microbial factories will be integrated in an organic 
waste anaerobic digestion platform, based on engineered strains exploiting 
CO2 sources and renewable solar radiation or H2 for the production of  value-
added chemicals.’ The project consists of  a broad international consortium of  
academic and industrial partners. Amongst others, it will financially support 
two PhD projects.

In total, SILS staff  generated over 4.9 Million euros over the course of  
2017, stemming from industry, national funds and European granting 
agencies. The 10 highest funds acquired by members of  SILS were:

H2020 Filipe Branco dos Santos €600,160
KWF Renée van Amerongen €517,035
Syngenta Harro Bouwmeester €430,000
NWO Open Joachim Goedhart €287,563
NWO ECHO Joachim Goedhart €260,000
NWO ECHO Teun Munnik €260,000
NWO Open Stanley Brul €258,117
VENI Like Fokkens €249,998
NWO ALW Jeroen Hugenholtz €237,000
H2020 Paul Fransz €233,392
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Dr Joachim Goedhart (Molecular Cytology) obtained an NWO ALW-Open 
grant of  close to 288 k€. ‘The cells that line the blood vessel wall form a 
watertight barrier. We will study how white blood cells can permeate this 
border, without causing leakage, using advanced fluorescence microscopy 
technologies.’ This research will be performed in close collaboration with Dr. 
Jaap van Buul (Molecular Cell Biology, Sanquin, Amsterdam).’

Dr Renée van Amerongen (Molecular Cytology) received a KWF grant of  
€517,035. ‘Breast cancer is the most common cancer in women worldwide, 
but each individual tumour is very different. Improving treatment not only 
requires the development of  novel drugs with specific molecular activities, 
but also a proper understanding of  the molecular changes seen in different 
tumours. This project will investigate how one particular class of  molecular 
signals controls the growth of  breast cancer. Novel drugs targeting these 
signals are about to enter the clinic and the investigators will also determine 
whether some breast cancer subtypes are more sensitive to these drugs than 
others. Part of  this work will be done in collaboration with the labs of  Hans 
Clevers (Utrecht) and Christina Scheel (Munich, Germany).’

Professor Harro Bouwmeester (Plant Hormone Biology) has had a successful 
collaboration with Syngenta for a number of  years focusing on the potential 
use of  strigolactones (plant hormones) to improve agriculture. ‘New funding 
of  €430,000 has been obtained to extend this collaboration and investigate the 
mechanism by which strigolactones affect crop yield.’
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Research Programme: Cell and Systems Biology

Bacteria play a central role in our existence. They help 
to digest our food, and they are used to preserve food. 
Yet, they can spoil food and can poison us. They 
cause life-threatening infections but also produce 
the antibiotics that save us. Microorganisms play key 
roles in nature as they help the global recycling of  
nutrients and energy. Considering their importance, 
it is surprising how little we know about their 
workings. The Bacterial Cell Biology & Physiology 
Groups (BCBP) study key bacterial processes to 
better understand how bacterial cells work, to find 
new ways to control and eradicate them, but also to 
develop them into biofactories for the production of  
commercial enzymes and chemicals.
The Bacterial Cell Biology & Physiology Groups 
(BCBP) is a collaborative research entity within SILS 
comprising of  three different research groups:
Molecular Microbial Physiology (MMP) (Dr F. Branco dos 
Santos)
MMP focuses on the systems microbiology of  
lactic acid- and cyanobacteria. We aim to integrate 
knowledge on the biochemical and biophysical 
properties of  signal-transduction and metabolic 
networks that regulate and underlie fermentation, 
respiration and oxygenic photosynthesis. Ultimately, 
we want to understand how the environment, through 
evolution and natural selection, shapes microbes 
to be equipped with the capacity to deal with the 
fluctuations they encounter. For our studies, we focus 
on the industrially relevant lactic acid bacterium 
Lactococcus lactis and the model organism for studies in 
oxygenic photosynthesis Synechocystis PCC6803. Both 
organisms are highly relevant for the transition of  our 
society towards a sustainable bio-based economy.

Bacterial Cell Biology and Physiology 
groups

Prof. L. Hamoen Chairholder
Dr T. den Blaauwen Associate Professor
Dr F. Branco dos Santos Assistant Professor
Prof. K. J. Hellingwerf  Professor emeritus
Prof. J. Hugenholtz Special Chair

Bacterial Cell Biology of  Gram-negative Bacteria (Dr T. Den 
Blaauwen)
The group of  den Blaauwen focuses on Gram-
negative bacterial morphogenesis to understand the 
molecular mechanism of  envelope growth with the 
aim to validate new antibiotic targets and to design 
assays for screening of  inhibitory molecules of  these 
targets. Presently we have developed a FRET assay 
for the study of  the interaction between proteins in 
the cytoplasm as well as in the periplasm. We study 
the essential Lipid-II flippases MurJ, RodA and 
FtsW, Penicillin Binding Proteins and the cytoskeletal 
proteins MreB and FtsZ and their associated protein 
partners. Regularly new proteins are discovered that 
are involved in morphogenesis and we assess their 
validity as antibiotic targets. In addition, we have a 
long-term collaboration to study morphogenesis of  
symbiotic bacteria that have a similar genetic make-
up as E. coli but very different modes of  growth and 
division. This helps to discriminate between the core 
machinery and the fine-tuning proteins.
Bacterial Cell Biology of  Gram-positive Bacteria (Prof   L.W. 
Hamoen)
The group of  Hamoen is interested in the 
morphogenesis of  the bacterial cell and specifically 
how proteins are located to the cell poles, how the 
cell divides and how cellular differentiation processes 
are genetically regulated. These processes are studied 
in the Gram-positive model system Bacillus subtilis. 
This organism is also widely used in the industry 
as a probiotic for plants and in animal feed, and it 
is used for the commercial production of  enzymes 
and vitamins. The Hamoen group has several research 
collaborations with industrial partners to optimise 
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 ► Researchers of  MMP along with the guest Roberta Carpine have been able to genetically 
engineer Synechocystis sp. PCC6803 for poly-β-hydroxybutyrate overproduction. Instead of  
focusing on increasing the expression of  enzymes directly involved in its biosynthesis pathway, 
we have concentrated on engineering the central carbon metabolism of  this host such that both 
the PHB synthesis pathway becomes deregulated, and/or the levels of  its substrate, acetyl-CoA, 
become increased. We found that xfpk overexpression in a double pta and ach deletion background, 
results in the highest levels of  PHB production from all the strains tested. The production levels 
obtained are the highest ever reported for PHB production directly from CO2 (Carpine et al.).

 ► 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 and co-authors 
have succeeded in expressing different bacterial rhodopsins and red-shifting the action spectra of  
some of  these proton pumps (Chen et al. and Ganapathy et al.). The latter presents very promising 
opportunities for further synthetic biology modification and for a variety of  biotechnological 
applications.

 ► We have performed Ribosomal-Binding-Site (RBS) screening in Synechocystis ethylene-
producing strains. This has resulted in over a 20-fold difference range of  production (Veetil et al.). 
The principles found are likely to be directly applicable to the expression of  other heterologous 
pathways and could be very useful to facilitate the development of  ‘green’ cell factories. 

 ► Nils Meiresonne and Tanneke den Blaauwen have published the first successful FRET 
method applicable in the periplasm of  Gram-negative bacteria (Meiresonne et al.). This method 
can be used to identify the interaction between proteins in living and fixed bacteria. The method 
can be applied in a 96-wells format as well and was used to show that the antibiotic induced 
conformational changes in proteins can be measured.

 ► Yongqiang Gao and Michaela Wenzel have shown that an imbalance in early cell division 
proteins, especially the conserved protein SepF, disturbs cell division. Unexpectedly, this 
disturbance occurred late in the cell division process (Gao et al.).

 ► In collaboration with the Mass Spectrometry of  Biomacromolecules group, Edward de 
Koning has co-authored a study describing a new crosslinking technique for the model system 
Bacillus subtilis (de Jong et al.). This technique enables whole proteome crosslinking in vivo, and 
revealed novel interactions within RNA polymerase and the ribosome.

 ► In a collaboration with guest researchers of  the Prince of  Songkla University of  Thailand, 
Michaela Wenzel co-authored a publication, revealing that the herbal antibiotic rhodomyrtone 
does not target the key bacterial cell division protein FtsZ in vivo, as was previously suggested 
(Saeloh et al.).

Bacterial Cell Biology and Physiology groups

3

the use of  B. subtilis in industrial relevant processes. 
The bacterial cell biology research and tools are also 
used to investigate the mode of  action of  novel anti-
microbial compounds and to discover new antibiotics.

The BCBP groups use a broad range of  modern 
techniques including (high-resolution) fluorescence 

microscopy, fluorescence spectroscopy, laboratory 
evolution and high-throughput screening methods, 
stoichiometric genome-scale constraint-based 
modelling, and multi-omic, molecular biology and 
biochemical methods to study the different research 
questions and bacterial model system.
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Other highlights

PhD theses
 ► Milo Schuurmans has completed her PhD thesis titled Physiological and genetic studies towards 

biofuel production in cyanobacteria.
 ► Que Chen has completed her PhD thesis titled Engineering retinal-based phototrophy via a 

complementary photosystem in Synechocystis sp. PCC6803.
 ► Pascal van Alphen has completed his PhD thesis titled Physiological studies to optimise growth of  

the prototype biosolar cell factory Synechocystis sp. PCC6803.

Co-authored publications
 ► Den Blaauwen and Hamoen co-authored a review on cell division (Blaauwen et al.).
 ► Hamoen co-authored an editorial on peptide antibiotics (Hamoen & Wenzel).

Grants & Scholarships
 ► MMP has been awarded a European grant within the H2020 framework on a call for Microbial 

platforms for CO2-reuse processes in the low-carbon economy (BIOTEC-05-2017). The project, ENGICOIN, 
aims at the development, from TRL3 to TRL5, of  three new microbial factories, integrated in an 
organic waste anaerobic digestion platform, based on engineered strains exploiting CO2 sources 
and renewable solar radiation or H2 for the production of  value-added chemicals. It consists of  
a broad international consortium of  academic and industrial partners. Amongst others, it will 
financially support two PhD projects at MMP. 

 ► MMP along with the industrial partners AKZO Nobel and Photanol X have been awarded 
a Kansen-voor-West grant sponsored by the Europees Fonds voor Regionale Ontwikkeling 
(EFRO). At MMP, this will provide financial support for one 2-year postdoc project working in the 
development of  cyanobacterial cell factories for specific target compounds with commersialization 
potential.

 ► On-going research collaboration between MMP and the industrial partner Photanol has been 
extended.

 ► MMP is participating in a TKI/BBE-1501-project of  TBSC on Construction and design of  3D 
photobioreactor which is coordinated by Hellingwerf.

 ► The group of  Hamoen is hosting a new EMBO and Marie-Curie award fellow Dr Gaurav 
Kumar, and a new CSC-award PhD fellow Biwen Wang.

Others
 ► MMP has hosted an IGEM team that successfully participated in the final jamboree organised 

at MIT, Boston, USA. The team earned a Bronze Medal and Branco dos Santos who acted for the 
first time as a judge at the event, received the prize for the Best Rookie Judge.

 ► Hellingwerf  has become a member of  the advisory board of  the EnOp project at the 
Brightland Campus, that brings together leading Flemish and Dutch knowledge institutes to 
jointly work on cutting-edge CO2 conversion technologies.

 ► Hellingwerf  has become an Editor for Frontiers in Microbiology.
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Research aims for the coming year

 ► Throughout the coming year, we want to harvest on the general method that we have 
developed to analyse genome-scale models that identifies target compounds that can be engineered 
for stable growth-coupled production. This method can be applied to any host. We want to have 
the first report with its experimental validation in Synechocystis while achieving the first engineered 
growth-coupled photoautrophic cell factory.

 ► Furthermore, we want to keep employing the metabolic engineering and breakthrough 
cyanobacteria cultivation methods that we have reported to the projects that will start in 2018 
related to the direct conversion of  CO2 to products of  interest.

 ► We also aim to perform a systems biology characterisation of  a full period of  a circadian 
cycle particularly in comparison to a constant lighting regime. Main goal will be to identify 
and understand how (and why!) the different regulatory levels are intertwined in an apparently 
redundant, or even at times seemingly contradictory, fashion.

 ► We will improve the periplasmic FRET pair to obtain higher FRET values and better signal 
to noise ratios and apply this method to study the organisation of  the Bam (outer membrane 
protein insertion) and Lpt complex (LPS insertion in the OM).

 ► We will publish the FRET method in Bioprotocolls.
 ► We will characterise the function of  YcbB in wild type strains and validate the ‘acceptor 

binding site’ of  PBPs as antibiotic target and optimise the screening assay with the M1 strain.
 ► We will publish the mode of  growth and division using MreB localisation and inhibition by 

Laxus oneistus and Robbea Hypermnestra symbionts in Current Biology.
 ► We will publish the localisation and functional characterisation of  MurJ.
 ► We will finish research on the localisation and function of  PBP4 and the hydrolase organising 

hub protein NlpI.
 ► We will publish the mode of  action studies on rhodomyrtone, and tyrocidines.
 ► This year, several studies focussed on key aspects of  cell division, including identification of  

the minimal set of  cell division proteins, cell division in cell-wall-less bacteria and the regulation 
of  divisome assembly will be submitted for publication.

Figure 1: Schematic representation 
of  FtsZ-mediated fission in 
E. coli, symbiont candidatus 
Thiobacillus oneistus (CTO) 
and candidatus Thiobacillus 
hypermnestra (CH). From left 
to right canonical division in E. 
coli, symetric division in CTO, 
and proximally and proximally 
and distally invaginated CTH. 
FtsZ is depicted in green (Leisch 

et al., Nature Microbiol).
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Academic publications

Du, W., Angermayr, S. A., Jongbloets, J. A., 
Molenaar, D., Bachmann, H., Hellingwerf, K. J., & 
Branco Dos Santos, F. (2017). Nonhierarchical Flux 
Regulation Exposes the Fitness Burden Associated 
with Lactate Production in Synechocystis sp. PCC6803. 
ACS Synthetic Biology, 6(3), 395-401. DOI: 10.1021/
acssynbio.6b00235

Knaus, U. G., Hertzberger, R., Pircalabioru, 
G. G., Yousefi, S. P. M., & Branco dos Santos, F. 
(2017). Pathogen control at the intestinal mucosa - 
H2O2 to the rescue. Gut Microbes, 8(1), 67-74. DOI: 
10.1080/19490976.2017.1279378

Ganapathy, S., Venselaar, H., Chen, Q., de Groot, 
H. J. M., Hellingwerf, K. J., & de Grip, W. J. (2017). 
Retinal-based Proton Pumping in the Near Infrared. 
Journal of  the American Chemical Society, 139(6), 2338–
2344. DOI: 10.1021/jacs.6b11366

Schuurmans, R. M., Matthijs, J. C. P., & Hellingwerf, 
K. J. (2017). Transition from exponential to linear 
photoautotrophic growth changes the physiology 
of  Synechocystis sp. PCC 6803. Photosynthesis Research, 
132(1), 69-82. DOI: 10.1007/s11120-016-0329-8

Meiresonne, N. Y., van der Ploeg, R., Hink, M. 
A., & den Blaauwen, T. (2017). Activity-Related 
Conformational Changes in d,d-Carboxypeptidases 
Revealed by In Vivo Periplasmic Förster Resonance 
Energy Transfer Assay in Escherichia coli. MBio, 8(5), [ 
e01089-17 ]. DOI: 10.1128/mBio.01089-17

Saeloh, D., Wenzel, M., Rungrotmongkol, T., 
Hamoen, L. W., Tipmanee, V., & Voravuthikunchai, S. 
P. (2017). Effects of  rhodomyrtone on Gram-positive 
bacterial tubulin homologue FtsZ. PeerJ, 5, [e2962]. 
DOI: 10.7717/peerj.2962

Gao, Y., Wenzel, M., Jonker, M. J., & Hamoen, L. 
W. (2017). Free SepF interferes with recruitment of  
late cell division proteins. Scientific Reports, 7, [16928]. 
DOI: 10.1038/s41598-017-17155-x

de Jong, L., de Koning, E. A., Roseboom, W., 
Buncherd, H., Wanner, M. J., Dapic, I., ... de Koster, 
C. G. (2017). In-Culture Cross-Linking of  Bacterial 
Cells Reveals Large-Scale Dynamic Protein-Protein 
Interactions at the Peptide Level. Journal of  Proteome 
Research, 16(7), 2457-2471. DOI: 10.1021/acs.
jproteome.7b00068

den Blaauwen, T., Hamoen, L. W., & Levin, P. A. 
(2017). The divisome at 25: the road ahead. Current 
opinion in microbiology, 36, 85-94. DOI: 10.1016/j.
mib.2017.01.007

Bachmann, H., Molenaar, D., Branco dos Santos, 
F., Teusink, B. Experimental evolution and the 
adjustment of  metabolic strategies in lactic acid 
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bacteria. FEMS Microbiol. Rev. 2017. 41, S201–S219. 
doi:10.1093/femsre/fux024

Branco dos Santos, F., Olivier, B.G., Boele, J., 
Smessaert, V., De, P., Krumpochova, P., Klau, G.W., 
Giera, M., Dehottay, P., Teusink, B., Goffin, P., 
Probing the genome-scale metabolic landscape of  
Bordetella pertussis, the causative agent of  whooping 
cough. Appl. Envir. Microbiol. 2017. 83:e01528-17. 
doi:10.1128/AEM.01528-17

Carpine, R., Du, W., Olivieri, G., Pollio, A., 
Hellingwerf, K.J., Marzocchella, A., Branco dos Santos, 
F., Genetic engineering of  Synechocystis sp. PCC6803 
for poly-β-hydroxybutyrate overproduction. Algal Res. 
2017. 25, 117–127. doi:10.1016/j.algal.2017.05.013

Chen, Q., Arents, J., Ganapathy, S., de Grip, 
W.J., Hellingwerf, K.J., Functional Expression of  
Gloeobacter Rhodopsin in Synechocystis sp. PCC6803. 
Photochem. Photobiol. 2017. 93, 772–781. doi:10.1111/
php.12745

McLeod, A., Mosleth, E.F., Rud, I., Branco dos 
Santos, F., Snipen, L., Liland, K.H., Axelsson, L., 
Effects of  glucose availability in Lactobacillus sakei; 
metabolic change and regulation of  the proteome 
and transcriptome. PLoS One. 2017. 12, e0187542. 
doi:10.1371/journal.pone.0187542

Price, C., Branco dos Santos, F., Hesseling, A., 
Uusitalo, J., Bachmann, H., Benavente, V., Goel, 
A., Berkhout, J., Bruggeman, F., Marrink, S.-J., 
Montalban-Lopez, M., de Jong, A., Kok, J., Molenaar, 
D., Poolman, B., Teusink, B., Kuipers, O., Glucose 
limitation in Lactococcus shapes a single-peaked fitness 
landscape exposing membrane occupancy as a 
constraint. bioRxiv. 2017. doi:10.1101/147926

Veetil, V.P., Angermayr, S.A., Hellingwerf, K.J., 
Ethylene production with engineered Synechocystis 
sp PCC 6803 strains. Microb. Cell Fact. 2017. 16, 34. 
doi:10.1186/s12934-017-0645-5

Hamoen LW, Wenzel M. Editorial: Antimicrobial 
Peptides - Interaction with Membrane Lipids and 
Proteins. Front Cell Dev Biol. 2017 Feb 1;5:4.

PhD theses

Chen, Q. (2017). Engineering retinal-based phototrophy 
via a complementary photosystem in Synechocystis sp. 
PCC6803

Schuurmans, R. M. (2017). Physiological and genetic 
studies towards biofuel production in cyanobacteria

van Alphen, P. (2017). Physiological studies to optimize 
growth of  the prototype biosolar cell factory Synechocystis 
sp. PCC6803

Figure 2: Overview of  the metabolism of  Synechocystis sp. 
PCC6803 for PHB production. In this study, genes coloured 
in red (pta and ach) were 
knocked out, while the gene 
coloured in blue (xfpk) 
was overexpressed. (from: 
Carpine, R. et al. 2017, 
Algal Res 50: 117–27)
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Invited lectures

Branco dos Santos (5 April) Darwin’s path towards 
sustainability: Exploring evolutionarily stable strategies 
in engineered biosolar cell factories. NWO/ DIFFER 
Symposium on Renewable Energy Driven Chemisty: 
From Fundamentals to Devices – Eindhoven

Branco dos Santos (21 August) Aligning Microbial 
Fitness with Engineered Photoautotrophic Product Formation. 
10th European Workshop on the Molecular Biology 
of  Cyanobacteria (FEMS). Cluj-Napoca – Romania.

Branco dos Santos (15 November) Aligning Fitness 
with Engineered Product Formation. Invited seminar at 
Department of  Chemistry, UC Davis, Davis, USA.

Branco dos Santos (16 November) Alignment 
of  Engineered Photoautotrophic Product Formation with 
Microbial Fitness. Invited lecture at Melis Lab, UC 
Berkeley, USA.

Den Blaauwen (17-21 June) Bacterial cell division: why 
keep it simple when it can be complicated? IUMS meeting, 
Singapore.

Den Blaauwen (26 September) Function of  MurJ in 
PG synthesis. Great Wall meeting, Sao Rafael Portugal.

Hamoen (4 January) Growth under deep starvation 
conditions & detecting antimicrobial activities in single 
cells. Invited lecture at Chr. Hansen, Copenhagen, 
Denmark.

Hamoen (12 April) Growth under deep starvation 
conditions. KNVM spring meeting, Papendal, the 
Netherlands.

Hamoen(12 June) Construction of  a minimal divisome 
reveals robustness of  cell division. Gram-positive meeting, 
Berlin, Germany.

Hamoen (8 September) How membrane charge, fluidity 
and curvature determine protein localisation (and how this can 
help to elucidate the workings of  antibiotics). Invited lecture, 
Membrane Biochemistry and Biophysics department, 
University of  Utrecht, the Netherlands.

Hamoen (18 September) Membrane curvature 
guided protein localization. Invited speaker at AMOLF, 
Amsterdam, the Netherlands.

Hamoen (24 November) Growth under deep starvation 
conditions & detecting antimicrobial activities in single cells. 
Invited lecture at the CNRS, Institut de Microbiologie 
de la Mediterranee, Marseille, France.

Hamoen (11 December) Growth under deep starvation 
conditions & detecting antimicrobial activities in single cells. 
Invited lecture at the Faculty of  Biology, Philipps 
University Marburg, Germany.

Media Performances

The iGEM project performed at MMP has had 
ample media exposure which is thoroughly listed in 
their project website at the following link http://2017.
igem.org/Team:Amsterdam/Engagement.

Figure 3. SepF overexpression results in membrane 
invagination shown by high-resolution N-SIM microscopy. 
SepF is overproduced by addition of  xylose. Membrane was 
stained with Nile Red and the cytoplasm by expression of  
GFP. Arrows indicate membrane invagination, displacing 
cytolsolic GFP (from Gao et al. 2017 Scientific Reports).

http://2017.igem.org/Team:Amsterdam/Engagement
http://2017.igem.org/Team:Amsterdam/Engagement
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Research highlights

 ► In the collaboration with several industrial partners and the University of  Copenhagen, 
we aim to develop methods to combat sarcopenia (muscle loss with aging). One of  the tasks of  
our group is to build models to relate NMR spectra to lipoprotein distributions. We published 
two papers, one on the reproducibility of  NMR across different locations and a review on 
measurement techniques of  lipoproteins.

 ► In a collaborative effort with groups from the USA, Finland and Germany, the first 
comprehensive analysis of  the metabolome changes in response to controlled coffee consumption 
has been accepted for the Journal of  Internal Medicine. In this study 47 individuals were subjected 
to drinking 0, 4 or 8 cups of  coffee each day during a month. In total 115 metabolites were found 
to significantly associate with coffee intake, 82 of  which were of  known identity. 

 ► We have received the 2017 Kowalski Award for the Best Paper of  2015-2016 from the 
Journal of  Chemometrics (authors Hoefsloot and Smilde). The paper concerns the analysis of  
covariance matrices as they may change depending on different experimental conditions.  

 ► We developed a computational model that simulates affinity maturation in a single germinal 
center (GC) while tracking individual subclones in terms of  abundancy and affinity. Analysis of  
the fraction of  high- and low-affinity subclones among the unexpanded and expanded subclones 
reveals a limited correlation between abundancy and affinity and shows that the low abundant 
subclones are of  highest affinity (Reshetova et al.; 8:221). 

Biosystems Data Analysis

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

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

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

Biosystems Data Analysis
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General research progress

Multivariate Data Analysis
 ► In the Counterstrike project (an international collaboration between two universities and 

several three industrial partners) last year two papers were published (Aru et al., TrAC and 
Monsonis Centelles et al., Analytical Chemistry). The last paper reports the reproducibility of  
NMR spectroscopy-based measurements of  lipoproteins in serum (see figure 1). In the project, 
part of  the data obtained from the cohort became available for further analysis. At the moment 
we are finalising a paper on the ultra-centrifugation (UC) data.

 ► Together with our colleagues from Denmark and Norway, we published a paper discussing 
methods to separate common from distinct variation of  data sets (Smilde et al., J of  Chemometrics, 
2017). This is a lively area in data fusion, with little consensus. Our paper tries to bring these 
methods on an equal footing.

 ► In the AAA Data Science Project, we are showing that mapping gene expression data on 
Gene Sets Collections helps to improve the biological interpretation in the data. In a project 
where both microarray and RNA-seq measurements were available of  the same tumor types the 
correlation after mapping between the samples is much higher than before mapping (see figure 
2). We also showed that the selected gene sets contain biological information because they were 
able to provide much higher correlations between microarray and RNA-seq data then gene sets 
that were composed of  randomly selected genes. This work will be finalised and submitted for 
publication.

 ► Together with the NKI (Aben,Wessels), we published a paper in exploring different 
methods for principal component analysis on binary data (Song et al., Briefings in Bioinformatics). 
Binary data (e.g. SNP, methylation) or categorical data (copy number variations) is often used in 
combination with quantitative gene expression data to improve the prediction of  drug response 
of  cancer cell lines. Various binary PCA methods exist that all have slightly different properties. 
The underlying theory of  these method as well as their application to SNP and mutation data 
was described.

 ► In collaboration with the Centre for Human Metabolomics of  the North-West University 
in Potchefstroom, South Africa, a new data analysis method (XERp) was developed to find 
differences between groups when many values are below detection limit (van Reenen et al., BMC 
Bioinformatics). Such situations often occur in metabolomics data from GC-MS or LC-MS 
platforms and gives problems in analysing the data. In the paper, XERp is applied to a case of  a 
metabolomics study with GC-MS on tuberculosis meningitis in infants and children and is able to 
provide an informative shortlist of  discriminatory variables.

 ► We identified methylation loci that are potentially associated with tamoxifen resistance in 
breast cancer patients. Using subtyping based on RNAseq data, we selected ER+ patients treated 
with tamoxifen from The Cancer Genome Database (TCGA). We performed a univariate and 
multivariate survival analysis while correcting for (clinical) variables such as tumour stage and age. 
This resulted in methylation signatures that are currently being validated using independent data 
from the International Cancer Genome Consortium (ICGC) breast cancer cohort.
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Model-based methods
 ► Immunoglobulin repertoire sequencing has successfully been applied to identify expanded 

antigen-activated B-cell clones that play a role in the pathogenesis of  immune disorders. One 
challenge is the selection of  the Ag-specific B cells from the measured repertoire for downstream 
analyses. Several groups successfully proceeded or suggested selecting highly abundant subclones 
from the repertoire to obtain the Ag-specific B cells. Given the nature of  affinity maturation 
one would expect that abundant subclones are of  high affinity. To gain insight in the relation 
between sub-clone abundancy and affinity, we developed a computational model that simulates 
affinity maturation in a single germinal center (GC) while tracking individual subclones in terms 
of  abundancy and affinity. Analysis of  the fraction of  high- and low-affinity subclones among the 
unexpanded and expanded subclones reveals a limited correlation between abundancy and affinity 
and shows that the low abundant subclones are of  highest affinity (Reshetova et al.; 8:221).

Figure 1: HDL cholesterol predictions of  the PLS model of  Mihaleva et al. (2014) on NMR serum spectra 
obtained in the three different laboratories (BR: Bruker, KU: University of  Copenhagen and UL: Unilever) 
versus clinical HDL cholesterol measurements from different subjects. The black line is drawn where prediction 
and measurement are equal, the red dashed lines indicate plus or minus 5% deviation. This figure shows that 
predicted concentrations from NMR spectra acquired in the three different laboratories are so close that they can 

be used interchangeably.

3

Biosystems Data Analysis
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Postdoctoral researchers
Frans van der Kloet
Dicle Hasdemir

PhD candidates
Maryam Soleimani Dodaran
Sandra Monsonis Centelles
Yipeng Song

Research aims for the coming year

Multivariate Data Analysis
 ► In the coming year we will be working on correlating the microbiome data with food 

intake and lipoprotein profile data in the Counterstrike project. We will finalise our paper on 
UC measurement reproducibility. Further, we will continue working on the transfer of  models 
between different cohorts.

 ► The next step in the data fusion project together with the colleagues in Denmark and 
Norway is to expand the fusion to data of  different measurements scales: Heterofusion. Data is 
becoming available, and methods are developed which are going to be tested. 

 ► In the AAA project we will work on extensions of  Grey Component models to find 
relationships between gene-expression data and proteomics data using prior knowledge. This 
is a collaboration with our colleagues from the VU (Teusink, Molenaar) and data from yeast 
experiments are available. 

 ► The work with NKI is extended to the fusion analysis of  multiple sets of  pharmacogenomics 
data where some sets have binary values (e.g. mutation and CNA data) and other sets with 
quantitative values (gene expression data). A new algorithm is developed for this work and applied 
to CNA and gene expression data to study their behaviour within samples of  multiple tumour 
types (also Groenen from the EUR is involved for the algorithmic aspects).

 ► In the EpiPredict project T47D breast cancer cell lines were grown while treated with 
tamoxifen. At several time points DNA methylation, gene expression, protein expression and 
H3K27ac was measured). We aim to perform an integrative analysis to determine (epigenetic) 
mechanisms involved in treatment resistance. This project is a collaboration with DKFZ 
(Heidelberg) and ICL (London).

 ► The metabolomics measurements of  urine samples of  the alcohol study in South Africa 
measured with GCMS mainly focus on the organic acids in the urine. The analysis of  these data 
will complement the NMR measurements of  the urine samples which focused on the abundant 
metabolites.

Model-based methods
 ► Plasma cell (PC) differentiation in the germinal center (GC) is not well understood. We 

will develop a multiscale model that integrates the GC reaction (agent-based model) with a gene 
regulatory network (differential equations) involved in PC differentiation. This model will allow to 
investigate how cellular processes of  affinity maturation (e.g., antigen capture, Tfh - B cell contacts) 
affect PC differentiation through BCR and CD40 signalling. This project is a collaboration with 
INRIA (Lyon) and the Helmholz center for infection research (Brauwnschweig).
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van Reenen, M., Westerhuis, J. A., Reinecke, C. J., & 
Venter, J. H. (2017). Metabolomics variable selection 
and classification in the presence of  observations 
below the detection limit using an extension of  ERp. 
BMC Bioinformatics, 18(1), [83]. DOI: 10.1186/s12859-
017-1480-8

Herzog, K., Pras-Raves, M. L., Ferdinandusse, S., 
Vervaart, M. A. T., Luyf, A. C. M., van Kampen, A. 
H. C., ... Vaz, F. M. (2017). Plasma lipidomics as a 
diagnostic tool for peroxisomal disorders. Journal of  
inherited metabolic disease. DOI: 10.1007/s10545-017-
0114-7

Aru, V., Lam, C., Khakimov, B., Hoefsloot, H. 
C. J., Zwanenburg, G., Lind, M. V., ... Engelsen, S. 
B. (2017). Quantification of  lipoprotein profiles 
by nuclear magnetic resonance spectroscopy and 
multivariate data analysis. Trends in Analytical Chemistry, 
94, 210-219. DOI: 10.1016/j.trac.2017.07.009

Monsonis Centelles, S., Hoefsloot, H. C. J., 
Khakimov, B., Ebrahimi, P., Lind, M. V., Kristensen, 
M., ... Smilde, A. K. (2017). Toward Reliable 
Lipoprotein Particle Predictions from NMR Spectra 
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PhD thesis

Reshetova, P. V. (2017). Use of  prior knowledge in 
biological systems modelling
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Academic publications

Versteeg, R. I., Stenvers, D. J., Visintainer, D., 
Linnenbank, A., Tanck, M. W., Zwanenburg, G., ... 
Bisschop, P. H. (2017). Acute Effects of  Morning 
Light on Plasma Glucose and Triglycerides in 
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Journal of  biological rhythms, 32(2), 130-142. DOI: 
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A., Buissink, T., Veldhuijzen, S., ... van der Spek, H. 
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toxicity. PLoS One, 12(11), e0187424. DOI: 10.1371/
journal.pone.0187424
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Herzog, K., Pras-Raves, M. L., Ferdinandusse, S., 
Vervaart, M. A. T., Luyf, A. C. M., van Kampen, A. H. 
C., ... Vaz, F. M. (2017). Functional characterisation of  
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Figure 2 shows the relationship between RNA-Seq and microarray values measured at the same cancer cell line. The 
microarray data was normalised using Robust Multi-array Average (RMA) while the read counts were processed with 
DESeq2 and log transformed. The problematic nonlinear relationship observed between these two platforms prevents 
the combined use of  transcriptomics data of  these two platforms simultaneously. Transforming the data to enrichment 
scores using relevant gene sets improves the linear relationship between these two platforms considerably (Thanks to Jeroen 

Buurmans).

Smilde, A.K. (from 2014) Part-time professor 
Kopenhagen University 

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

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

Smilde, A.K. (from 2016) Scientific Advisory 
Board ASK Consortium

Smilde, A.K (from 2017) Member Editorial Board 
Metabolites

Smilde, A.K. (2013-2017) Scientific Advisory 
Board Consortium MIMOmics, EU, Brussels

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

Westerhuis, J.A. (from 2016) Member Editorial 
Board Metabolomics
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Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy

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

Molecular Cytology & van 
Leeuwenhoek Centre for Advanced 
Microscopy

RResearch in our section focuses on understanding the 
dynamic architecture of  living cells. Our central theme 
is ‘self-organisation and signalling in living cells’. 
Self-organisation is the intrinsic property of  matter 
to organise itself  in a (dynamic) structure, whereas 
signalling implies the activity of  gene products to 
control a local activity, which can alter the local cellular 
architecture (e.g. driving morphogenesis). In order 
to achieve the specific 3D architecture characteristic 
of  different cells and tissues, these two important 
mechanisms work in concert. At Molecular Cytology 
both mechanisms are studied 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).  
To respond to their dynamic outside environment, 
mammalian cells need to integrate chemical and 
physical cues and interpret them by altering their 
gene activity, metabolic activity and/or their 3D 
spatiotemporal structural organization. To this end 
we need to understand how spatial information is 
integrated by cells and how they can achieve and 
maintain local signals at the membrane (in order to 
drive morphogenesis, to direct cell migration, or to 
define new cytoskeletal anchorage or vesicle-docking 

sites). The main pathways under study involve 
histamine/P2Y GPCR receptors, heterotrimeric 
G-protein activation triggering downstream 
phospholipases, calcium, kinase signalling and small 
GTPase (Rho/Rac/Cdc24) signalling (Goedhart, 
the last in collaboration with prof. dr. P.J. Hordijk/
VUMC and dr. J. van Buul/Sanquin). By employing 
genetically encoded fluorescent biosensors we analyse 
the in situ molecular interactions between signalling 
molecules (phospholipid-second messengers, 
receptors, G-proteins and effector molecules) and 
flow of  information across and in the plane of  the 
membrane of  living mammalian cells. 
 We also investigate spatiotemporal organization 
of  cellular signalling in more complex systems. In 
the mouse mammary gland we study the role of  Wnt 
signaling in stem cell maintenance and breast (cancer) 
development (van Amerongen). Using a 3D primary 
organoid system we dissect cell fate and shape changes 
at the cellular and molecular level. To visualize and 
quantify endogenous Wnt signalling in living cells, we 
combine CRISPR/Cas9-based genome editing and 
fluorescent reporters (van Amerongen and Hink).  
   For both systems it is essential that we are able to 
perturb the localization or activity of  essential regulator 
or sensor molecules and read out the dynamic cellular 
(to organelle) behaviour. The perturbation can be 
done by through traditional chemical (hormone, 
drug) stimulation, pharmacological inhibition, or 
genetic intervention, but we increasingly use and 
develop more subtle and precise tools to manipulate 
localization or activity by genetic encoded chemical 

Figure 1: HeLa cells transfected 
with LifeAct-mScarlet
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dimerizing or optogenetic switchable protein modules 
(Gadella).
 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 analyses predictive modelling (Postma).
  
2) Advanced microscopy organised within the van Leeuwenhoek 
Centre for Advanced Microscopy (LCAM) The goal of  
LCAM-FNWI (prof. dr. T.W.J. Gadella, dr. M. Hink, 
dr. Goedhart, dr. M. Postma, dr. R. van Amerongen, 
prof. dr. K. Jalink) is to boost Life Sciences research 
by implementing and developing (optical) microscopy 
techniques. The main focus of  LCAM-FNWI is centred 
around Functional Imaging Microscopy of  living cells 
including multimode Fluorescence Resonance Energy 
Transfer  (FRET), Fluorescence Spectral Imaging 
Microscopy (SPIM), Fluorescence Lifetime Imaging 
Microscopy (FLIM), Fluorescence Recovery After 
Photobleaching (FRAP) (Gadella, Goedhart & Hink), 
& Fluorescence fluctuation microscopy, including 
Fluorescence (Cross) Correlation Spectroscopy (F(C)
CS), Fluorescence Lifetime Correlation Spectroscopy 
(FLCS), Photon Counting Histogram (PCH)) and 
imaging analogues Line-scan FCS,  Number and 
Brightness analysis and Raster Imaging Correlation 
Spectroscopy  (RICS)  (Hink). The most prominent 
developments of  new instrumentation are in 
automated high-throughput quantitative screening 
(FLIM, photobleaching and ratio imaging) as 
well as analysis & reconstruction algorithms for 
PhotoActivated Localization Microscopy (PALM) 
and Stochastic Optical Reconstruction Microscopy 
(STORM) (Gadella and Postma). 
 In each of  the above approaches we invest 
strongly in advanced quantitative data assessment, 
computational modelling and data visualisation 

(mostly driven by Postma & coworkers), since 
processing and evaluation algorithms are becoming 
more important, sophisticated and difficult. To this 
end, novel and tailor-made methods and workflows 
are developed. These are then implemented in such a 
way that they are easy to apply by many users, allowing 
for analyses of  large quantities of  (image) data in a 
robust, reproducible and efficient manner. This highly 
increases the accuracy of  analysis and interpretation 
of  data, which will lead to more biological findings 
and stronger conclusions. The data can come from 
many different techniques, including FLIM, FRET, 
confocal microscopy, FCS, FCCS, STORM, PALM, 
GSDIM, SPIM, SIM, wide field microscopy, spectral 
measurements, etc.
    The extension of  our research area towards 
multicellular 3D systems, most notably trans-
endothelial cell migration (Hordijk & coworkers) 
and mammary gland development (van Amerongen 
& coworkers), imposes new technical challenges, 
especially when it comes to enabling quantitative in 
situ imaging of  cell behavior and signal transduction 
in a complex three-dimensional context. 
  Of  increasing importance for advanced 
microscopy in biology is the development of  
fluorescent probes with enhanced properties and –
derived molecular biosensors. We have activities for 
enhancing intrinsic fluorescent protein brightness by 
mutagenesis and screening (Gadella, Goedhart and 
Hink), for development of  new photoswitchable 
fluorescent proteins (Gadella and Hink) and for 
new FRET-based biosensors reporting on second 
messenger levels, and on heterotrimeric and small 
G-protein activities in live cells (Goedhart & Gadella). 
Recently we have started the introduction of  these 
genetically encoded sensors into the mammalian 
genome under their native expression regulation 
using CRISPR/Cas9 based genome editing (van 
Amerongen). 
  

Figure 2 shows spatiotemporal induction by S1P that controls 
Rac1, Cdc42, and RhoA activation. (A) Ratiometric images 
of  endothelial cells that were transfected with the Rac1, Cdc42, 
or RhoA FRET sensor and stimulated with S1P (500 nM) 
at t = 1 min, 50 s. Warm colors represent high activation 
(high YFP/CFP ratios) and correspond to the emission ratios 
(ERs) on the right. Scale bar = 15 μm for Rac1 and 25 μm 
for Cdc42 and RhoA images.
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Other highlights

Grants & scholarschips
 ► Renee van Amerongen received a grant from the KWF kankerbestrijding (517 k€, project 

11082/2017-1) on the project entitled: “Dissecting the role of  aberrant Wnt signaling in breast 
cancer”.

 ► Joachim Goedhart and Dorus Gadella received a grant from CW-NWO (260 k€) on the 
project entitled: “A new class of  genetically encoded fluorescent probes for quantitative imaging 
of  intracellular chemistry”. 

 ► Joachim Goedhart received a grant from ALW-NWO (277 k€) on the project entitled “The 
role of  RhoGTPases in leukocyte extravasation: a local affair”.

 ► Renee van Amerongen received a grant from UVA Grassroots (€1000 to develop an online 
educational game to model intestinal stem cell division, together with Gooitzen Zwanenburg.

Valorisation
 ► Renee van Amerongen participated in the Fluid Matter Special: a Workshop on Biomimicry/

How nature can inspire design (with designers Lilian van Daal and Roos Meerman), MU gallery, 
Eindhoven.

 ► Renee van Amerongen participated in panel discussion ‘What’s Next’ with Robbert Dijkgraaf  
in Tuschinski (385th UvA anniversary).

 ► Renee van Amerongen and Nika Heijmans contributed to the scientific program of  the 
March For Science (poster on basic life sciences research in one of  the ‘teach-in tents’ at the 
Museumplein, Amsterdam).

 ► Marten Postma and Dorus Gadella: submitted an invention on a new mode for FLIM 
imaging: siFLIM random recording order. Submitted to IXA (# 2017-161, 19-10-2017), the 
invention was transferred to Lambert Instruments inc. (Groningen).

 ► Joachim Goedhart wrote several Blogs for The Node, and Addgene.
 ► Mark Hink organized the “Basics in Fluorescence Microscopy” course of  3 days (March 

2017) attended by 15 participants from both SILS and external universities.
 ► • Mark Hink organized the FEBS Practical Course “Functional imaging of  cellular signals” 

of  6 days (June 2017) attended by 20 international PhDs and postdocs.  

Molecular Cytology & van Leeuwenhoek Centre for Advanced Microscopy

3

Research highlights

 ►  Published new mScarlet red fluorescent proteins with record brightness.
 ►  A proposal for financing of  the national roadmap cluster “Netherlands BioImaging-

Advanced Microscopy” was coordinated and submitted by Dorus Gadella.
 ►  Published on signalling pathways that the control cell shape of  endothelial cells.
 ►  Amber Zeeman won the first place poster prize at the annual SILS research day.

http://thenode.biologists.com/
https://blog.addgene.org/
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Research aims for the coming year

 ► Engineer enhanced mScarlet mutants.
 ► Engineer the first generation circular permutated mScarlet-based sensors.
 ► Publish on the relation between Gi/CDC42 signaling and cell shape.
 ► Publish on single-color multi-component FLCCS analysis.
 ► Establish two-state population imaging of  signalling with new Toggel-FLIM camera

Research Programme: Cell and Systems Biology

Education

 ► Joachim Goedhart successfully coordinated the 12 EC 2nd year BSc course on cellular 
oncology including a 3week full time practical course for 135 students.

 ► The Advanced Microscopy MSc course coordinated by Mark Hink again got exceptional 
high evaluation scores (average grade 8.8) by the students.

 ► Renée van Amerongen was featured in “Docent Uitgelicht”.
 ► 12 MSc students and 6 BSc students performed a research internship in our lab in 2017. 
 ► Renée van Amerongen taught guest lectures on ‘Stem cells and Breast Cancer’ (Erasmus 

University Rotterdam, 3rd year medical students), ‘Wnt signaling in (mammary) development and 
(breast) cancer’ (VU Amsterdam, MSc courses ‘Signal Transduction in Health and Disease’ and 
‘Developmental Biology) and ‘ontwikkelingsbiologie en stamcellen: van kikkers tot borstkanker’ 
(Leiden University, BSc2 course ‘Developmental Biology’).

 ► Joachim Goedhart taught in a guest Guest lecture on ‘Fluorescent probes for Cellular 
Imaging’ (VU Amsterdam, MsC course ‘Structural Biology’).

 ► Mark Hink taught in a guest practical course ‘Förster Resonance Energy Transfer measured 
via microscopy’ EMBO advanced Imaging. 28 & 29 June, EMBL Heidelberg.

 ► Mark Hink taught in a guest practical ‘Measuring molecular interactions using Fluorescence 
Lifetime and Correlation Microscopy’ Talking Colors: Advanced Microscopy. 24 & 25 Oct, 
CEITEC University, Brno , Czech Rep.

Academic publications

Reinhard NR, Mastop M, Yin T, Wu Y, Bosma EK, Gadella TWJ Jr, Goedhart J, Hordijk PL (2017) 
The balance between Gα(i)-Cdc42/Rac and Gα(12)/(13)-RhoA pathways determines endothelial barrier 
regulation by Sphingosine-1-Phosphate. Mol Biol Cell. 28(23): 3371-3382. doi: 10.1091/mbc.E17-03-0136.

Mastop M, Bindels DS, Shaner NC, Postma M, Gadella TWJ Jr, Goedhart J. (2017) Characterization of  
a spectrally diverse set of  fluorescent proteins as FRET acceptors for mTurquoise2. Sci Rep. 7(1):11999. 
doi:10.1038/s41598-017-12212-x.

Yuchen Long, Yvonne Stahl, Stefanie Weidtkamp-Peters, Marten Postma, Wenkun Zhou, Joachim 
Goedhart, María-Isabel Sánchez-Pérez, Theodorus W. J. Gadella, Rüdiger Simon, Ben Scheres & Ikram 
Blilou: ‘In vivo FRET–FLIM reveals cell-type-specific protein interactions in Arabidopsis roots’, Nature 
548(7665):97-102. doi: 10.1038/nature23317.
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van de Moosdijk AA, Fu NY, Rios AC, Visvader 
JE, van Amerongen R (2017), ‘Lineage Tracing of  
Mammary Stem and Progenitor Cells’, Methods Mol 
Biol. 1501:291-308.

Goedhart J, van Unen J. (2017) Molecular 
perturbation strategies to examine spatiotemporal 
features of  Rho GEF and Rho GTPase activity in 
living cells. Small GTPases. 2017 May 19:1-9.

Zuidscherwoude M, Dunlock VE, van den 
Bogaart G, van Deventer SJ, van der Schaaf  A, van 
Oostrum J, Goedhart J, In ‘t Hout J, Hämmerling GJ, 
Tanaka S, Nadler A, Schultz C, Wright MD, Adjobo-
Hermans MJW, van Spriel AB. (2017) Tetraspanin 
microdomains control localized protein kinase C 
signaling in B cells. Sci Signal. 2017 10(478).  doi: 
10.1126/scisignal.aag2755.

Vermeer JEM, van Wijk R, Goedhart J, Geldner N, 
Chory J, Gadella TWJ Jr, Munnik T. In Vivo Imaging 
of  Diacylglycerol at the Cytoplasmic Leaflet of  Plant 
Membranes. Plant Cell Physiol. 2017 58(7):1196-1207. 
doi: 10.1093/pcp/pcx012.
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M, Wiese KE, Mastop M, Aumonier S, Gotthard G, 
Royant A, Hink MA, Gadella TWJ Jr. (2017) mScarlet: 
a bright monomeric red fluorescent protein for 
cellular imaging. Nat Methods 14, 53-56. doi: 10.1038/
nmeth.4074.

Meiresonne NY, van der Ploeg R, Hink MA, den 
Blaauwen T.  (2017) Activity-Related Conformational 
Changes in d,d-Carboxypeptidases Revealed by In 
Vivo Periplasmic Förster Resonance Energy Transfer 
Assay in Escherichia coli. MBio. 8(5). pii: e01089-17. 
doi: 10.1128/mBio.01089-17.

Wiese KE, Amante RJ, Vivanco MD, Bentires-
Alj M, Iggo RD (2017), ‘ The ninth ENBDC Weggis 
meeting: growth and in-depth characterisation of  
normal and neoplastic breast cells. ’, Breast Cancer Res. 
19(1):96. doi: 10.1186/s13058-017-0891-9.

Anna O Chertkova, Marieke Mastop, Marten 
Postma, Nikki van Bommel, Sanne van der Niet, Kevin 
L. Batenburg, Linda Joosen, Theodorus W.J. Gadella 
Jr., Yasushi Okada, Joachim Goedhart (2017) Robust 
and Bright Genetically Encoded Fluorescent Markers 
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Mammalian Cells, bioRxiv 160374; doi: https://doi.
org/10.1101/160374.

Joachim Goedhart, Theodorus W.J. Gadella Jr 
(2017) Photorelease of  Diacylglycerol Increases the 
Amplitude and Duration of  Protein Kinase C-BetaII 
Relocation in cyto,. bioRxiv 102657; doi: https://doi.
org/10.1101/102657.

Amado-Azevedo J, Reinhard NR, van Bezu J, 
de Menezes RX, van Beusechem VW, van Nieuw 
Amerongen GP, van Hinsbergh VWM, Hordijk PL 
(2017) A CDC42-centered signaling unit is a dominant 
positive regulator of  endothelial integrity. Sci Rep. 7: 
10132. doi: 10.1038/s41598-017-10392-0.

Amado-Azevedo J, Reinhard NR, van Bezu J, 
van Nieuw Amerongen GP, van Hinsbergh VWM, 
Hordijk PL (2017) The minor histocompatibility 
antigen 1 (HMHA1)/ArhGAP45 is a RacGAP and 
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Disease, health and performance depend on multiple 
factors that interact at various spatial, temporal and 
organizational scales. Subject to free energy input of  
some kind, these factors derive from both ‘Nature’ 
(genes) and ‘Nurture’ (external environment) and are 
subject to a variability that consists both of  regular 
variation and of  irregular ‘noise’.  Depending on 
whether the noise is knowable or unpredictable, it is 
considered extrinsic or intrinsic noise, respectively. 
The Synthetic Systems Biology and Nuclear 
Organisation group (SSB-NOG) focuses on 
understanding this noise/heterogeneity/diversity/
variation, both in terms of  theoretical models of  
statistical mechanics and molecular cell biology, and 

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

through experimental studies of  time dependent 
behaviour of  intracellular networks and cell-to-cell 
variability.  SSB-NOG is interested in implications 
for and applications in health, performance, disease, 
evolutionary optimization and fundamental science.
The diverse ways in which organisms manage 
efficiency of  their energy metabolism is studied 
in different kingdoms of  life, e.g. the Archaeon S. 
solfataricus with an emphasis on ATP synthesis by 
the lower half  of  glycolysis. The ‘gear shifting’ we 
examine, may be even more diverse in the metabolic 
rewiring in acetogenic Bacteria, and relevant for the 
origin of  life.  Non-equilibrium thermodynamics is 
used to examine possibilities of  thermosynthesis and 
of  Gibbs energy capture from noise and oscillations.
In eukaryotes, dynamic gear-shifting of  protein 
kinases between cyclins results in coupled time-
displaced phases in cell replication. By mapping 
known variation of  gene expression with cell cycle 
phase onto the genome-wide metabolic map, SSB-
NOG examines whether the change in the cells’ 
metabolic objective is matched by gene-expression 
or metabolic regulation.  Uncertain effectiveness and 
side effects of  medicinal drugs can be partly explained 
by (epi-)genetic heterogeneity between human 
individuals.  SSB-NOG examines this for inborn-
errors of  metabolism and Parkinson’s disease focusing 
on the phenylalanine to dopamine route, Reactive 
Oxygen Species, glutathione based detoxification 
and mitoptosis.  In the context of  the EU H2020 
EpiPredict consortium coordinated by Verschure 
we use systems biology to understand the effect of  
epigenetic plasticity on transcriptional cell-to-cell 
variability underlying development of  resistance to 
endocrine treatment in estrogen-receptor positive 
breast cancer. Consequent cell-to-cell variability may 
enable particular cell types to escape treatment and 
to cause tumour cell heterogeneity and insensitivity 
to treatment. We here use single-cell RNA-sequencing 
and single molecule RNA FISH combined with 
computer modelling.

Research Programme: Cell and Systems Biology
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Research highlights

 ► Forkhead transcription factors have been shown by SSB-NOG to regulate cell cycle phases 
in budding yeast, separating these in time yet keeping them coupled: temporal diversification. 
They also regulate the spatio-temporal organization of  DNA replication origins in budding yeast, 
providing a mechanism potentially conserved across eukaryotes to compact chromatin within the 
cellular nucleus.

 ► A quantitative technology was developed to determine precisely the copy number of  genes/
protein in mammalian cells. 

 ► A computational, multi-scale framework was developed that integrates the cell cycle and 
metabolism, regulatory layers of  cellular organization working at different spatial and temporal 
scales.

 ► Using statistical thermodynamics SSB-NOG derived how the elastic properties of  the DNA 
double helix together with the Gibbs energy transduction by DNA gyrase, self  exclusion of  
the DNA and macromolecular crowding alone, should lead to DNA superstructures that bring 
1-D-distant DNA segments closer together.  

 ► SSB-NOG devised a quantitative model of  how local and global changes in epigenetic 
chromatin acetylation may cause changes in transcription burst size and/or frequency, based on 
an initial set of  experiments.  

 ► SSB-NOG developed a sensitive single cell detection method to measure in one and the 
same cell enhancer regulatory transcripts and enhancer target gene transcripts, with the aim of   
inferring epigenetic enhancer-regulated transcriptional cell-to-cell variability. 

 ► The interplay between PPARg transcription-factor binding and ER binding as a feature of  
loss of  sensitivity to Fulvestrant treatment was established by SSB-NOG.  

 ► SSB-NOG established a statistical thermodynamic theory that derives the extent of  
heterogeneity of  mRNA distribution across a genetically homogeneous cell population from 
transcription occurring at fixed burst size, and validated this by numerical simulations.  

 ► For glutathione mediated drug detoxification, SSB-NOG compared a literature method for 
predicting metabolic biomarkers based on Flux Variability Analysis with its own method based 
on dynamic modelling and found the latter to be much more robust.  

 ► Together with its ISBE partner group at the University of  Milano-Bicocca, SSB-NOG 
showed how a cell population with random somatic (epi-)mutations would develop into 
heterogeneous subpopulations of  ‘social’ and ‘a-social’ cells.  

 ► Considering common cell-based assays of  potential anti-cancer medicines, SSB-NOG found 
that and why these are all too often irreproducible.  It was shown how irreproducibility in the life 
sciences may stem from the usual scientific practice underestimating the inherent complexity of  
the topic.

 ► A computational-experimental combined model was developed to understand UV-induced 
repair and transcription restart kinetics based on initial experiments taking genomic context and 
epigenetic regulation into account.  

 ► SSB-NOG showed that transcription-repression dynamics consists of  a biphasic response.
 ► SSB-NOG showed that massive parallel sequencing can be used to determine DNA 

methylation levels of  specific CpG sites and that application of  machine learning is useful to 
obtain a reliable model for chronological age determination of  unknown individuals.  

 ► SSB-NOG demonstrated the causal relationship between changes in genome-wide 
transcription and aggregate formation in early-state Huntington’s disease development.

 ► Verschure was involved as member of  the Dutch National Science Agenda (NWA) route 
‘The Origin of  Life - on earth and in the universe’, in initiating and funding the‘Origins Center’ 
(www.origins-center.nl/), a virtual research platform. 

 ► SSB-NOG drove the Infrastructure Systems Biology Europe by providing active support to 
the Make Me My Model, standardization, and training facilities of  www.ISBE.NL.

Synthetic Systems Biology and Nuclear Organisation Group

3



46 - Swammerdam Institute for Life Sciences

Figure 1: Modelling the cell cycle as integral part of  cell 
metabolism and signalling

Research Programme: Cell and Systems Biology

As member of  a ZonMW-TOP consortium, 
Verschure and colleagues examine transcription 
regulation and the contribution of  epigenetics to UV-
induced transcription stalling and nucleotide excision 
repair associated with skin cancer predisposition 
and early aging syndromes.  In collaboration with 
the Netherlands’ Forensic Institute, Verschure and 
colleagues are developing a robust epigenetic-based 
scientific tool to determine chronological age of  
unknown individuals. We explore robustness of  DNA 
methylation measurements in minimal trace material, 
up to single blood cells of  individuals within a defined 
age range using bisulfite, massive parallel sequencing 
and random forest machine learning.  
SSB-NOG research is reinforced by numerous 
collaborations such as with the twin groups at VU 
University and at the University of  Manchester and 
with the EU H2020 EpiPredict consortium. Our 
collaborations include various research groups at 
Sanquin Amsterdam, Academic Medical Center 
Amsterdam, University Medical Center Groningen, 
Erasmus MC Rotterdam, Netherlands Forensics 
Institute, Luxembourg Centre for Systems Biology, 
Institute of  Technology in Tartu, Imperial College 
London, Deutsches Krebs-Forschungs Zentrum, 

University of  Milano-Bicocca, Universität Bochum-
Essen, University of  Lisbon, Biological Research 
Center of  the Hungarian Academy of  Sciences, 
Eidgenossische Technische Hochschule Zurich, 
Epiontis GmbH in Berlin, Swiss Institute of  
Bioinformatics, University of  Lausanne, Universitat 
Pompeu Fabra in Barcelona, Mount Mercy University 
in Iowa, Humboldt University Berlin, and The Systems 
Biology Institute in Tokyo.
Together with its VU partner group and through 
the Research Priority Area of  the University of  
Amsterdam, SSB-NOG hosts the most active node 
of  the Infrastructure for Systems Biology Europe, 
i.e. ISBE.NL.  Its 4M (Make Me My Model) facility 
now assists more than a dozen academic groups 
across Europe in making systems biology models for 
experimental systems ranging from peptide biophysics 
to the cell biology of  cystic fibrosis.  It is also active 
in improving standards from Life Science Research so 
as to drastically reduce its infamous irreproducibility.  
This ranges from putting in place reporting 
standards for enzyme kinetic assays, and identifying 
a major potential source of  irreproducibility in high-
throughput cell viability assays for anticancer drugs.
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Academic publications
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Research Programme: Cell and Systems Biology

Research aims for the coming year

 ► To provide a consistent interpretation of  single cell deep mRNA sequencing in the sense of  Fano 
factors, non-trivial noise, transcription bursting and epigenetic cell state switching.  

 ► To map various mechanisms through which epigenetic transcription-regulation derived noise may 
explain resistance development against endocrine treatment in ER+ breast cancer cells.  

 ► To carry out differential network-based drug design for cancer cell lines and attempt to validate this 
experimentally by applying existing metabolic drugs.

 ► To produce a core model of  an autonomous cell cycle.
 ► To use Biochemical Systems Theory to identify parameters values for which the cell cycle would be 

autonomous, i.e. robust.
 ► To establish for a number of  proposed links between enzymes and cell cycle proteins, whether they 

would be active in vitro.
 ► To make microbial metabolic maps that are of  importance for biotechnology and show how gear 

shifting may affect yield.  
 ► To project proteomics and flux analysis data of  tumor cell lines onto large scale metabolic maps and 

compute metabolic drug targets.  
 ► To examine whether perturbations of  the estrogen regulon in breast cancer cell lines leads to a 

phase of  increased dispersion of  mRNA concentrations.  
 ► To create an experimentally verified model of  nucleotide excision repair and transcription restart 

upon low dose UV exposure.
 ► To demonstrate how the spatial relationship between chromatin higher order structure and 

transcription detected by at superresolution microscopy (SIM and STORM) enables prediction of  
dynamic epigenetic state switching. 

 ► To use determination of  DNA methylation of  specific CpG sites in bone combined with machine 
learning as scientific tool for chronological age determination of  unknown individuals.  

PhD thesis

Kempe, H. (2017). Understanding gene expression 
variability in its biological context using theoretical and 
experimental analyses of  single cells

Relevant positions and organisation

Westerhoff

Systems Biology training session at Netherlands 
Society for Immunology, Noordwijkerhout, 
December 2017

Bioinformatics session at  Belyaev Memorial 
Conference, August 2017,  Novosibirsk

Member Advisory Board.  Systems Biology Ireland-
Dublin

Member Advisory Board.  Mesistrat (Groningen)

Co-director Research Priority Area Systems Biology 
University of  Amsterdam
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Synthetic Systems Biology and Nuclear Organisation Group

Founding Director ISBE@NL (NL leg of  the 
Infrastructure Systems Biology Europe) 

Verschure

Organization EpiPredict meeting DKFZ, Heidelberg, 
DE 20-27 January 2017

Organization EpiPredict meeting Imperial College, 
London, UK 8-15 December 2017

UvA-SILS-EpiPredict Minisymposium ‘Dynamics 
of  epigenetic gene regulation: From mechanisms 
to disease’ University theatre, Amsterdam, NL 15 
November 2017

BREAST-PREDICT member of  the advisory board 
SAB (BREAST-PREDICT advisory board meeting 
20 September 2017

Member core team NWA route ‘Origin of  Life - on 
earth and in the universe’

VIDI evaluation committee

Barberis

Session Chair, “Biological networks modelling in 
medicine”, BioNetVisA Workshop, [BC]2 2017, 13th 
[BC]2 - the Basel Computational Biology Conference, 
Basel, Switzerland , September 2017 

Session Chair, “Cell Decision Making I”, ICSB 
2017, 18th International Conference on Systems 
Biology, Blacksburg, VA, USA, August 2017 

Scientific Program Committee, ICSB 2017, 
18th International Conference on Systems Biology, 
Blacksburg, VA, USA, August 2017 

Scientific Committee, SSBSS 2017, 4th 
International Synthetic & Systems Biology Summer 
School, Cambridge, UK, July 2017 

Member Core Team, Gamechanger: “Bridging 
long temporal and spatial scales”, Origins Center – 
Center for the study of  origins and evolution of  life, 
planets and the universe, The Netherlands, April 2017

Member Core Team, Computational Modeling 
of  Biological Systems (SysMod) Community within 
International Society for Computational Biology 
(ISCB), April 2017 3
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O
Figure 1 shows neural stem cells (green) in the hypothalamus of  a 12-month old 

mouse. Courtesy of  Pascal Bielefeld and Carlos Fitzsimons.

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

Our mission: to understand how brain plasticity is 
regulated and programmed for life. We focus on stem 
cells and neurogenesis, synaptic plasticity, cognition 
and on their regulation by environmental factors like 
(early life) stress, inflammation, nutrition and exercise. 
We further study molecular control of  plasticity 
by microRNAs and epigenetics and in relation to 
depression, PTSD, epilepsy, TBI and Alzheimer’s 
disease.  
Research topics: We focus on the perinatal period, 
with Krugers studying mechanisms underlying early 
stress and emotional/fearful memory, synaptic (dys)
function and Alzheimer etiology, while Korosi, with 

clinical/industry groups, studies effects of  early stress 
and nutrition on brain programming, Alzheimer’s 
disease, epigenetics and neuroinflammation. 
Fitzsimons studies molecular control of  neural stem 
cells, focusing on microRNAs, glucocorticoids, TBI 
and epilepsy. Further to their collaborative studies, 
Lucassen studies effects of  psychoactive drugs and 
exercise on plasticity also in (the developing) human 
brain. 
Scientific output: 29 papers, 2 book chapters, 2 
established patents (AK & PJL), 18 invited lectures, 
in addition to our 6500 DVM hrs of  teaching efforts. 
Bielefeld successfully defended his PhD thesis.

Research Programme: Neurosciences
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Research highlights

 ► Together with stress, also nutrients like methionine and lipids, are key determinants of  the 
long lasting effects of  stress during the early life period on later cognition, neurogenesis and on 
fat metabolism. 

 ► Early-life stress aggravates amyloid pathology by promoting aberrant APP processing, and 
alters the neuroimmune response to amyloid accumulation. 

 ► A short treatment with a stress hormone blocker at middle age can normalise changes in 
amyloid and cognition induced by early-life stress in an Alzheimer mouse model, highlighting the 
therapeutic potential of  the drug mifepristone for reducing amyloid pathology.

 ► Novel pathways have been uncovered as to how stress-hormones regulate synaptic function 
and fear memory formation.

Grants and awards

 ► Anouk Schrantee won the 2nd prize in the ‘AMC Best PhD Thesis Award’ for her thesis 
‘Detecting dopamine: pharmacological MRI in health and disease’ (Jun 2017). 

 ► Harm Krugers received a grant from Alzheimer Nederland (100 k€) on ‘The early life 
environment and Alzheimer’s disease’.

 ► Harm Krugers received an ABC grant (250 k€) with Gazolla and Keysers (NIN) on ‘Early 
life stress, empathy and prosocial behavior’. 

 ► Dr Anouk Schrantee with Reneman and Lucassen received a crowdfunding grant (50 k€) 
from the Dutch Heart Foundation 2017 on ‘Neurotransmitter regulation of  heart rhythms during 
stress’.

 ► Dr Anouk Schrantee received 2 joint Alliance grants from Amsterdam Neuroscience on 
‘Compulsivity, impulsivity and attention’ (25 k€) and on ‘Brain Imaging’ (25 k€).

Structural and Functional Plasticity of  the Nervous System

Group members

Teaching staff
Rob de Heus

Postdoctoral researchers
Eva Naninck
Claudia Sestito
Shangfeng Gao

PhD candidates
Pascal Bielefeld

Lianne Hoeijmakers
Maralinde Abbink
Sylvie Lesuis
Kit Yi Yam
Kitty Reemst
Michelle Solleveld
Sylvie Ruigrok
Janssen Kotah

Technicians
Gideon Meerhoff
Jan den Blaauwen
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Research aims for the coming years

 ► Investigate how early life adversity determines age-related cognitive decline and disease 
vulnerability. 

 ► Identify the critical elements in the early life environment that determine later brain ‘reserve’ 
and may help protect against dementia.

 ► Investigate the role of  astrocytes and microglia in brain programming by stress and nutrients.
 ► Validate detection of  human neurogenesis in vivo and study changes in relation to stress and 

exercise.

Research Programme: Neurosciences

Teaching

 ► In 2017, our group contributed strongly to the Psychobiology and Biomedical bachelor 
and master programmes (6500 hrs DVM). Eva Naninck set up and coordinated a new course on 
‘Human Stress Research’ at Amsterdam university College that received very good scores.

 ► Our master track ‘Psychopharmaca and Pathophysiology’ (25/y), consisting of  three 
courses ‘Advanced Psychopathology’, ‘Methods and Techniques in neuroscience’ and ‘Brain 
programming, environment and epigenetics’ run by Korosi (coordinator of  the three courses) 
and Lucassen (track coordinator), remained very popular and was well-evaluated by the students. 

 ► Korosi was guest lecturer at master courses in Wageningen Univeristy ‘Development and 
healthy Aging’ and University of  Groningen ‘Nutrition, brain development and cognition’ and 
contributed to Bachelor course Frontiers in Medical Biology at the UvA.

 ► Krugers is Programme Director of  the interdisciplinary Research Master Brain and Cognitive 
Sciences, (50/y) that was evaluated well, and he coordinates the bachelor course Emotion & 
motivation. 

 ► Fitzsimons coordinates the bachelor course ‘Endocrinology’ and ‘Experimental 
Neurobiology’ for the interdisciplinary Research Master Brain and Cognitive Sciences that 
received good scores.



Annual Report 2017 - 55 
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DOI: 10.3389/fnins.2017.00160
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Ghrelin and hypothalamic NPY/AgRP expression in 
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& Fitzsimons, C. P. (2017). Transcription factor 
oscillations in neural stem cells: implications for 
accurate control of  gene expression. Neurogenesis, 4(1), 
[e1262934]. DOI: 10.1080/23262133.2016.1262934
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Deficits in Contextual Memory and Neuronal 
Activity of  Adult Male Rats Exposed to Maternal 
Deprivation. eNeuro, 4(5), [e0253]. DOI: 10.1523/
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dependent effects on hippocampal neurogenesis. In 
G. Fink (Ed.), Stress: Neuroendocrinology and Neurobiology 
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van der Harg, J. M., Eggels, L., Bangel, F. N., 
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Academic Press. DOI: 10.1016/B978-0-12-804402-
5.00009-1

PhD thesis

Bielefeld, P. (2017). (Patho)physiological regulation of  
adult hippocampal neurogenesis: By seizures, glucocorticoids 
and microRNAs

Relevant positions

Lucassen is chairman of  the Scientific Advisory 
Board of  Alzheimer Nederland, chairman of  the 
Scientific Advisory Board of  the Campagne team 
Huntington, board member of  A’dam Neuroscience 
and ONWAR, advisory board member of  the ‘Stress-
NL’ platform, ECNP Fellow and ECNP Programme 
committee member, he was also invited Faculty 
Opponent at Odense University, Denmark, review 
panel member for ANR, ABC, Donders Institute. He 
coordinates with Korosi the PPP master track and 
is founding partner in an Erasmus master training 
programme with University of  Athens, he hosted Dr 
Shang-Feng Gao from China and is Editorial Board 
member of  PlosOne, Stress, Neuroscience and Brain 
Plasticity. He was PhD opponent (8x) and reviewer 
for journals, like; Plos Biology, Mol Psychiatry, Brain, 
Transl Psychiatry, PNAS, etc. 

Krugers is Programme Director of  the Research 
Master ‘Brain and Cognition’, UvA, board member 
European Brain and Behaviour Society (EBBS); Board 
Secretary of  the Dutch Neurofederation, Amsterdam 
Brain & Cognition (ABC) board member and of  
Stichting voor Interdisciplinair gedragsonderzoek 
(SIGO). Member of  the ECNP supported Traumatic 
Stress Network and PhD opponent at various Dutch 
Universities.

Korosi is Dutch Neuroscience board member; 
Review editor in Frontiers in behavioral Neuroscience, 
Frontiers in Neuroenergetics, Nutrition and Brain and 
Neuroendocrine Science; external referee for NWO 
Rubicon programme and PhD opponent at VU 
and reviewer for journals like Biological Psychiatry, 
Psychoneuroendocrinology, European Journal of  
Neuroscience, Journal of  Neuoroscience, PLoS One, 
Molecular Psychiatry, Psychoneuroendocrinology, etc.

Fitzsimons is associated editor of  Frontiers in 
Neuroscience; Member of  the Editorial Board of  
Scientific Reports, section Neuroscience; member 

Exam Committee Natural and Life Sciences (ALW) 
FNWI, UvA; Biosafety Officer DMII/I, FNWI, UvA 
and PhD opponent at various Dutch Universities.

Outreach

Lucassen, PJ. Live interview on Radio 1 + press 
release at www.nos.nl, Plastic adult brain, Feb 2017. 

Lucassen, PJ. Invited discussant at the De Balie 
Kennis Cafe; debate on Stress and the Brain; Vette 
stress. Amsterdam, 20 Feb 2017. https://vimeo.
com/204949309

Lucassen, PJ. Invited lay men talk Our brain under 
stress (in Dutch) on the occasion of  A. Schrantee’s 
crowdfunded project on Stress and the heart, AMC 
Amsterdam, Oct 2017.  

Lucassen, PJ. Invited Lecture Our brain under 
stress (in Dutch) at the Pawlik Congres Presteren onder 
Druk, organised by Pawlik Consultants, Dauphine, 
Amsterdam, May 2017.

Anouk Schrantee and Michelle Solleveld delivered 
a high school lecture on Exercise effects on the brain 
within the framework of  the Brain Awareness Week, 
March 2017. 

Krugers, H. UvA pop-up lecture on the ferry near 
Amsterdam Central station Stress, Sept 2017. https://
www.youtube.com/watch?v=p-QNxZjKwMM
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Research highlights

 ► The research in the MNS team has progressed significantly. The separate teams have 
acquired funds from internal and external sources to implement their research strategies. 

 ► With the hiring of  new PhD students and the finalization of  several PhD programmes we 
are fulfilling our goals as research cluster and excel in our research disciplines within molecular 
neurosciences.

PhD Theses

Mw. S. Mesman: The Developmental Road of  a Dopamine 
Neuron. In Search of  Novel Factors in mdDA Neuronal 
Development. Promotor is prof. dr. M.P. Smidt.

Mw. W.M. Kouwenhoven: The Rise and Fall of  
Mesodiencephalic Dopaminergic Neurons. Molecular 
Programming by Transcription Factors Engrailed 1, Pitx3 
and Nkx29 During the Development of  Mesodiencephalic 
Neurons. Promotor is prof. dr. M.P. Smidt. Copromotor 
is dr. L.P. van der Heide.

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

Research Programme: Neurosciences

Dhr. R.H. Paap: The Diverse Roles of  FoxO6 in the 
Developing and Adult Mouse Brain. Promotor is prof. dr. 
M.P. Smidt. Copromotor is dr. M.F.M. Hoekman.
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Education highlights

 ► The new bachelor course Molecular Neurobiology (Dr. Marco Hoekman and Dr Lars van der 
Heide), which strongly focuses on hypothesis driven research, has been a great success with high 
praise from students

 ► The master track Molecular neuroscience has been evaluated with very high grades for three 
consecutive years (average of   8).

 ► A new elective course within the track Molecular NeuroSciences was set up by Dr. Frank Jacobs.
 ► Dr. Lars van der Heide, together with Programme Director Dr. Jurgen Seppen and an 

enthusiastic team of  supporting staff, track-coordinators, and many others prepared for the 
accreditation of  Biomedical Sciences in September by the QANU. Importantly, since the last 
accreditation of  Biomedical Sciences the amount of  Master tracks has more than doubled and 
now includes the neurobiology tracks MNS, BAN/CNN, PPP, CN2. The report drafted by 
the QANU was overall positive as the final verdict was “good”. Which means the programme 
systematically surpasses the generic quality standard. “The quality of  the research projects 
consulted is good to very good and clearly illustrates that the graduates of  the programme have 
amply achieved the intended learning outcomes. The high quality of  the master’s programme is 
also demonstrated by the fact that a large proportion of  theses end up being published in high-
quality scientific journals. That the programme is geared towards making students self-directed 
leads to creative, independent alumni. This is demonstrated by the rapid employment of  a large 
percentage of  graduates”.
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Molecular Neuroscience

Group members

PhD candidates
Diana Pereira Fernandes
Edward Robinson
Elias Brandorff
Elise van Bree
Erik van Heesbeen
Gerrald Lodewijk
Grace Farmiloe
Nina Haring
Simone Mesman

Swip Draijer
Willemieke Kouwenhoven

Technicians
Cindy Wagemans
Lars von Oerthel
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Valorisation

 ► In May 2017 Lars van der Heide and Marten Smidt, together with UvA Ventures founded 
Macrobian Biotech. Macrobian Biotech aims at developing pre-clinical therapeutics to treat 
diseases of  the midbrain dopamine system. The University of  Amsterdam (UvA)’s Faculty of  
Science, UvA Ventures Holding B.V. and Innovation Exchange Amsterdam (IXA-UvA) pooled 
their resources to fund the initial phase, which led to the initiation of  the first phase of  the 
company’s strategic roadmap. Late December Macrobian Biotech secured funding from NWO-
Take-Off  which allowed an important expansion of  the compound screen.

Press-release September 11, 2017: “The University of  Amsterdam (UvA)’s Faculty of  Science, 
UvA Ventures Holding B.V. and Innovation Exchange Amsterdam (IXA-UvA) are pooling their 
resources to fund Macrobian Biotech BV, a single asset biotech company that will further develop 
medicine for the treatment of  Parkinson’s disease.

Parkinson’s disease affects 10 million people worldwide and the current therapeutic strategy is 
limited to dopamine supplementation with L-DOPA. Macrobion Biotech’s underlying technology 
is based on the crucial findings of  Dr Lars van der Heide and Prof. Marten Smidt, researchers at the 
UvA’s Swammerdam Institute for Life Science (SILS) and founders of  the company. Macrobian 
Biotech’s lead compound, known as MB-101, targets endogenous dopamine production and 
uptake with high spatiotemporal specificity, overcoming the need for levodopa supplementation. 
‘The investment in Macrobian Biotech will help us accelerate our drug development programme. 
This is a new opportunity to redefine the way Parkinson’s patients are treated’, says Prof  Marten 
Smidt, co-CEO of  the company.

Potential for life-changing treatment
The spin-off  company will focus on lead optimisation of  an undisclosed target leading up to 

clinical phase one, but also aims to broaden its preclinical portfolio in the coming years. To this 
effect, Macrobian Biotech successfully concluded its first round of  financing with participation 
from UvA Ventures Holding. ‘We are delighted to join forces with IXA-UvA and the Faculty 
of  Science in backing Macrobian Biotech. Parkinson’s disease places an enormous social and 
economic burden on patients and society, and we believe that this company has the potential to 
bring a life-changing treatment to the clinic’, explains Peter Krijnsen, CEO of  UvA Ventures 
Holding.”

Research Programme: Neurosciences
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Academic publications

Tcf12 Is Involved in Early Cell-Fate Determination 
and Subset Specification of  Midbrain Dopamine 
Neurons. Mesman S, Smidt MP. Front Mol 
Neurosci. 2017 Nov 1;10:353. doi: 10.3389/
fnmol.2017.00353. ECollection 2017.

Pitx3 and En1 determine the size and molecular 
programming of  the dopaminergic neuronal pool.
Kouwenhoven WM, von Oerthel L, Smidt MP. 
PLoS One. 2017 Aug 11;12(8):e0182421. doi: 
10.1371/journal.pone.0182421. ECollection 2017.

Molecular Programming of  Mesodiencephalic 
Dopaminergic Neuronal Subsets. Smidt MP.
Front Neuroanat. 2017 Jul 19;11:59. doi: 10.3389/
fnana.2017.00059. eCollection 2017.

Embryonic development of  selectively vulnerable 
neurons in Parkinson’s disease. Oliveira MAP, 
Balling R, Smidt MP, Fleming RMT. NPJ Parkinsons 
Dis. 2017 Jun 26;3:21. doi: 10.1038/s41531-017-
0022-4. ECollection 2017.

Mest/Peg1 Is Essential for the Development and 
Maintenance of  a SNc Neuronal Subset. Mesman 
S, van Hooft JA, Smidt MP. Front Mol Neurosci. 2017 
Jan 13;9:166. doi: 10.3389/fnmol.2016.00166. 
ECollection 2016.

Coding and small non-coding transcriptional 
landscape of  tuberous sclerosis complex cortical 
tubers: implications for pathophysiology and 
treatment. Mills JD, Iyer AM, van Scheppingen 
J, Bongaarts A, Anink JJ, Janssen B, Zimmer TS, 
Spliet WG, van Rijen PC, Jansen FE, Feucht M, 
Hainfellner JA, Krsek P, Zamecnik J, Kotulska 
K, Jozwiak S, Jansen A, Lagae L, Curatolo P, 
Kwiatkowski DJ, Pasterkamp RJ, Senthilkumar K, 
von Oerthel L, Hoekman MF, Gorter JA, Crino 
PB, Mühlebner A, Scicluna BP, Aronica E. Sci Rep. 
2017 Aug 14;7(1):8089. doi: 10.1038/s41598-017-
06145-8.

Molecular Neuroscience
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Figure 2: Tcf12 is expressed throughout 
development in the midbrain and 
overlaps with the medial TH-expressing 
population, reflected in TCF12 protein 
expression. (A) In situ hybridization 
of  Tcf12 (blue) combined with 
immunohistochemistry for TH (brown) 
throughout development and in the adult 
midbrain. Tcf12 is expressed in the 
embryonic midbrain from E11.5 until 
E14.5, but expression is not detected 
in adult mesodiencephalic dopaminergic 
(mdDA) neurons. (B) Combined 
immunohistochemistry for TCF12 
(green) and TH (red) in E12.5 and 
E14.5 midbrain. TCF12 protein 
expression is similar to Tcf12 transcript 
expression at E12.5 and E14.5. 
Expression of  TCF12 co-localizes with 
medially located TH-expressing neurons 
at E12.5 (1,3, white arrowheads), which 
becomes further restricted to the most 
caudal and medial parts of  the midbrain 
at E14.5 (2,4, white arrowheads).
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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
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 
memorized information. A theoretical framework to 
understand how multimodal integration contributes 
to consciousness has been constructed, and we are 
testing its experimental predictions using in vivo 
2-photon Calcium imaging, multi-area neuronal 
ensemble recordings and computational modelling. 
An important aspect of  these studies is to elucidate 
the role of  oscillations and spike-phasing relative to 
these oscillations in network communication and 
integration. As an example of  research on conscious 
and unconscious representations, we study how 
neuronal populations in visual cortex function 
differently when animals detect a visual stimulus 
or miss it.  To illustrate research on multimodal 
integration, we run a Veni project investigating how 
the integration of  audio-visual stimuli is represented 
in the firing patterns of  single units and populations 
of  neurons at successive hierarchical nodes of  the 
cortical system. Using whole-cell recordings in vivo, 
guided by 2-photon imaging, we are studying how 

GABAergic 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, 
computational modelling and information-theoretic 
data analysis. All of  these disciplines are combined 
with behavioral-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 (i.e., grouping of  items into larger aggregates) 
as a more fundamental function, as indicated by our 
recent research. This project is carried out in animals 
by performing multi-area ensemble recordings using 
“tetrode arrays”. Furthermore, we continue to develop 
new analytic methods to study coherence within and 
between cell assemblies in the brain. Furthermore, 
this line of  research has been augmented by studying 
how stress hormones influence memory formation.
The current systems-level efforts to elucidate 
neural substrates of  multimodal integration and 
consciousness are complemented by optogenetics. 
Using optogenetics we study the causal role specific 
cell types and neuromodulators play in sensory 
analysis, multisensory integration and perceptual 
decision-making. These studies are integrated with 
2-photon Ca2+ imaging results and extracellular 
recordings. 

Research Programme: Neurosciences
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Group members

Postdoctoral researchers
Shirin Dora

PhD candidates
Jeroen Bos
Sven van den Burg
Guido Meijer
Lianne Klaver
Ivana Milojevic
Paul Mertens
Matthijs Oude Lohuis
Julien Fiorilli
Jean Pie
Tom Sikkens

Technicians
Laura van Mourik-Donga
Pietro Marchesi

Project coordinator
Katharina Muller

Academic publications

Pennartz, C. M. A. (2018). Consciousness, 
Representation, Action: The Importance of  Being 
Goal-Directed. Trends in Cognitive Sciences, 22(2), 137-
153. DOI: 10.1016/j.tics.2017.10.006

Dora, S., Pennartz, C. M. A., & Bohte, S. M. (2018). 
A Deep Predictive Coding Network for Learning 
Latent Representations. BioRxiv, 278218. https://doi.
org/10.1101/278218

Arbab, T., Battaglia, F. P., Pennartz, C. M. A., 
& Bosman, C. A. (2018). Abnormal hippocampal 
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The Journal of  Neuroscience, 37(36), 8783-8796. DOI: 
10.1523/JNEUROSCI.0468-17.2017

Arbab, T., Pennartz, C. M., & Battaglia, F. P. (2017). 
Impaired hippocampal representation of  place in the 
Fmr1-knockout mouse model of  Fragile X syndrome. 
BioRxiv, 191775. https://doi.org/10.1101/191775

Dolleman-van der Weel, M. J., Lopes da Silva, F. 
H., & Witter, M. P. (2017). Interaction of  nucleus 
reuniens and entorhinal cortex projections in 
hippocampal field CA1 of  the rat. Brain Structure and 
Function, 222(5), 2421-2438. DOI: 10.1007/s00429-
016-1350-6

Bauer, P. R., Thijs, R. D., Lamberts, R. J., Velis, 
D. N., Visser, G. H., Tolner, E. A., ... Kalitzin, S. N. 
(2017). Dynamics of  convulsive seizure termination 
and postictal generalized EEG suppression. Brain, 
140(3), 655–668. DOI: 10.1093/brain/aww322

Kalitzin, S. N., Bauer, P. R., Lamberts, R. J., Velis, 
D. N., Thijs, R. D., & Lopes Da Silva, F. H. (2016). 
Automated Video Detection of  Epileptic Convulsion 
Slowing as a Precursor for Post-Seizure Neuronal 
Collapse. International Journal of  Neural Systems, 26(8), 
[1650027]. DOI: 10.1142/S0129065716500271

Lansink, C. S., Meijer, G. T., Lankelma, J. 
V., Vinck, M. A., Jackson, J. C., & Pennartz, C. 
M. A. (2016). Reward Expectancy Strengthens 
CA1 Theta and Beta Band Synchronization and 

Research Programme: Neurosciences

4



64 - Swammerdam Institute for Life Sciences

Cognitive and Systems Neuroscience

Hippocampal-Ventral Striatal Coupling. The Journal 
of  Neuroscience, 36(41), 10598-10610. DOI: 10.1523/
JNEUROSCI.0682-16.2016

Montijn, J. S., Meijer, G. T., Lansink, C. S., & 
Pennartz, C. M. A. (2016). Population-Level Neural 
Codes Are Robust to Single-Neuron Variability from 
a Multidimensional Coding Perspective. Cell Reports, 
16(9), 2486-2498. DOI: 10.1016/j.celrep.2016.05.065

Hvoslef-Eide, M., & Oomen, C. A. (2016). Adult 
neurogenesis and pattern separation in rodents: A 
critical evaluation of  data, tasks and interpretation. 
Frontiers in Biology, 11(3), 168-181. DOI: 10.1007/
s11515-016-1406-2

Gorter, J. A., van Vliet, E. A., & Lopes da Silva, 
F. H. (2016). Which insights have we gained from the 
kindling and post-status epilepticus models? Journal 
of  Neuroscience Methods, 260, 96-108. DOI: 10.1016/j.
jneumeth.2015.03.025

Malkki, H. A. I., Mertens, P. E. C., Lankelma, J. V., 
Vinck, M., van Schalkwijk, F. J., van Mourik-Donga, 
L. B., ... Pennartz, C. M. A. (2016). Effects of  Arc/
Arg3.1 gene deletion on rhythmic synchronization of  
hippocampal CA1 neurons during locomotor activity 
and sleep. Neurobiology of  Learning and Memory, 131, 
155-165. DOI: 10.1016/j.nlm.2016.03.021

Montijn, J. S., Olcese, U., & Pennartz, C. M. A. 
(2016). Visual Stimulus Detection Correlates with 
the Consistency of  Temporal Sequences within 
Stereotyped Events of  V1 Neuronal Population 
Activity. The Journal of  Neuroscience, 36(33), 8624-8640. 
DOI: 10.1523/JNEUROSCI.0853-16.2016

Olcese, U., Bos, J. J., Vinck, M., Lankelma, J. V., van 
Mourik-Donga, L. B., Schlumm, F., & Pennartz, C. 
M. A. (2016). Spike-Based Functional Connectivity in 
Cerebral Cortex and Hippocampus: Loss of  Global 
Connectivity Is Coupled to Preservation of  Local 
Connectivity During Non-REM Sleep. The Journal 
of  Neuroscience, 36(29), 7676-7692. DOI: 10.1523/
JNEUROSCI.4201-15.2016

Perrenoud, Q., Pennartz, C. M. A., & Gentet, 
L. J. (2016). Membrane Potential Dynamics of  
Spontaneous and Visually Evoked Gamma Activity in 
V1 of  Awake Mice. PLoS Biology, 14(2), [e1002383]. 
DOI: 10.1371/journal.pbio.1002383

Lewis, C. M., Bosman, C. A., Womelsdorf, T., 
& Fries, P. (2016). Stimulus-induced visual cortical 
networks are recapitulated by spontaneous local and 
interareal synchronization. Proceedings of  the National 
Academy of  Sciences of  the United States of  America, 
113(5), E606-E615. DOI: 10.1073/pnas.1513773113

Lowet, E., Roberts, M. J., Bosman, C. A., Fries, 
P., & de Weerd, P. (2016). Areas V1 and V2 show 
microsaccade-related 3-4-Hz covariation in gamma 
power and frequency. European Journal of  Neuroscience, 
43(10), 1286-1296. DOI: 10.1111/ejn.13126

Marshall, T. R., Esterer, S., Herring, J. D., Bergmann, 
T. O., & Jensen, O. (2016). On the relationship between 
cortical excitability and visual oscillatory responses - 
A concurrent tDCS-MEG study. NeuroImage, 140, 41-
49. DOI: 10.1016/j.neuroimage.2015.09.069

Vinck, M., & Bosman, C. A. (2016). More Gamma 
More Predictions: Gamma-Synchronization as a Key 
Mechanism for Efficient Integration of  Classical 
Receptive Field Inputs with Surround Predictions. 
Frontiers in Systems Neuroscience, 10, [35]. DOI: 10.3389/
fnsys.2016.00035



Annual Report 2017 - 65 

N

4

Cellular and Systems Neurobiology
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Dr P. Chameau  Assistant Professor
Prof. C. G. Kruse Special Chair

Nerve cells process information by integrating the 
thousands of  input signals that they receive and 
by converting those signals into a characteristic 
spatiotemporal firing pattern that one way or 
another encodes the message. Excitability is the most 
prominent functional property of  neurons. Much 
has been learned in the past years about how ionic 
channels are organised in the neuronal membrane 
and how their activity is quantitatively balanced in 
the many circumstances under which neurons must 
operate. Cellular activity is modulated at very different 
time scales (from milliseconds to years!) to facilitate 
processes like mood, learning, memory, development 
and aging.
Neurons form an intricate communication network 
with each other through a variety of  synapses that 
add additional flexibility and long term plasticity. To 
understand brain function we need to understand 
how neurons are combined in small micro-circuits 
as these circuits are the key elements in cognitive 

function. The fast development of  new techniques 
has made us shift the focus of  our research from 
the single neuron to the more difficult to grasp 
function of  the micro-circuit. We approach neuronal 
plasticity from a multidisciplinary angle. Our research 
is organized around a small number of  well-defined 
topics in the realm of  neuronal excitability. Our 
core expertise is functional electrophysiology (from 
patch-clamping to in vivo recording). We combine 
this approach with molecular biology, optogenetics, 
immunocytochemistry and a large variety of  
imaging techniques (Voltage Sensitive Dye imaging, 
Multi-Electrode Array analysis and Ca2+ 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.

Research Programme: Neurosciences
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Niels van Strien
Femke den Boon

PhD candidates
Cato Drion 
Dmitri Yengej
Janske Willems
Lana Osborn
Tamar Smit

Figure 1: Evoked synaptic input and postsynaptic potentials in PER‐LEC deep 
layer principal neurons. (a) Schematic overview of  all principal neurons recorded in a 
horizontal mouse brain slice of  one hemisphere containing the AiP (neocortical area), 
the PER and LEC. The stimulus electrode was placed in the AiP superficial layers. 
PER recorded cells are indicated with an open triangle  and LEC recorded cells are 
indicated with a closed circle (●). Colors represent three subtypes of  principal neurons, 
that is, regular spiking (black), late spiking (cyan) and burst firing (orange) neurons. 
(b) AiP stimulus evoked postsynaptic currents in principal neurons sorted based on 
their distance to the stimulus electrode (colors represent three subtypes of  principal 
neurons, see a). Principal neurons were voltage clamped at −70 mV, the arrowhead 
(▼) indicates the moment the stimulus was applied. 
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Research highlights

 ► In the hippocampus we further quantified the balance between excitation and inhibition 
in the small local CA1 network. We used optogenetics in the PV interneurons to characterize 
inhibitory control over the pyramidal neurons in the same network. In another project excitability 
scaling in OLM interneurons in the same network is worked out. The mechanism seems to be 
comparable to the one described by our group in pyramidal neurons and employs HCN channels 
in the membrane. This could have important consequences for the way we think about epilepsy.

 ► Epileptogenesis is studied in vivo as well as in vitro in a project where the natural mTor 
inhibitor curcumin is used. In a rat model of  induced epileptogenesis treatment seems to result 
in reduced seizures and potentially in reduced epileptogenesis. This process could be followed 
in greater detail in a slice culture system. Two new experimental projects were granted, both 
in relation to epilepsy. One from the national epilepsy association and one from the KNIP 
foundation.

 ► Another research line focusses on the anatomical and functional network properties of  the 
hippocampus and the parahippocampal region. In vitro techniques that uses voltage sensitive 
dye imaging and patch clamping investigated the functional connectivity between and within the 
micro-circuitry of  the perirhinal and entorhinal cortex. In particular, we aim to understand the 
functioning of  the perirhinal gate, by investigating the relations between excitatory and inhibitory 
neurons and their intercommunication.

 ► In a final experimental project we focus on the astrocytes in the brain, in particular in relation 
to the functional degeneration that occurs in Alzheimer disease. In a mouse model of  that disease 
we investigate the role of  one of  the principal potassium channels, heavily involved in the control 
of  neuronal and brain excitability. In the same disease model system we use mice that express 
an endogenous calcium sensor in their astrocytes and monitor the role of  coordinated calcium 
signals in their control over neuronal information processing. 

 ► Our experimental work is supported by various forms of  computational modelling. In 
collaboration with Prof. Menno Witter (Kavli Institute, Norway) and Prof. Jaap Murre (FMG, 
UvA), Niels van Strien is categorising the anatomical connectivity of  the hippocampus and 
parahippocampal region in a project funded by Amsterdam Brain and Cognition. This project 
will expand the existing interactive connectome of  the three-dimensional organisation of  the 
projection patterns between and within the hippocampal formation and the parahippocampal 
region by adding the amygdalar connections. An additional computational model is developed to 
investigate the modulatory role of  the amygdala onto the hippocampus and the parahippocampal 
region in cognition. 

 ► The endocannabinoid (eCB) system is one of  the first signaling systems functionally present 
in rodent and human during early brain development. In early life, the eCB system plays a role in 
neurogenesis, migration, positioning and maturation of  cortical neurons. Abnormal expression 
of  cannabinoid receptors in brain malformation has led to the suggestion that the eCB system 
is involved at the onset and progression of  epileptic disorders. In the mature brain, the eCB 
system is involved in the modulation of  neurotransmitter release and in the control of  neuronal 
excitability making eCB system modulating compounds very interesting alternative anti-epileptic 
drug candidates for the treatment of  pharmacoresistant epilepsy. Our research project (supported 
by a grant from the Epilepsy Found) consists in: i) an experimental approach to understand how 
alterations of  the eCB system during early cortical development may lead to epileptogenesis; 
ii) a therapeutic approach that consists of  specifically targeting the eCB system (through CB2 
receptors) for the treatment of  pharmacoresistant epilepsy. 

Cellular and Systems Neurobiology
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Educational highlights

 ► Our group contributed to the neurobiology components in the bachelor Psychobiology and 
Biomedical sciences and the Neurobiology master programmes.

 ► Natalie Cappaert is track coordinator of  the master track ‘Cellular and Network Neuroscience’ 
and coordinates the two main course (‘Neurophysiology’ and ‘Advanced Neuroscience’). She is 
course coordinator of  the bachelor course ‘van perceptive tot bewustzijn’. Moreover, she is a 
member of  the programme committee of  the master Biomedical Sciences and of  the bachelor 
Psychobiologie and a member of  the curriculum team of  the bachelor Psychobiologie. She also 
was involved in the creation the the new bachelor curriculum of  Biologie (‘Taskforce Biologie’). 

 ► Taco Werkman is course coordinator of  the course ‘Pathofysiologie en Neurofarmacologie’ 
and coordinator of  the practical module ‘Hodgin &Huxley and Neurofarmacologie’. Moreover, 
he is chair of  the exam committee of  Psychobiology.

 ► Jan Gorter is course coordinator of  the psychobiology course Neuroanatomie en 
neurofysiologie coordinator of  the practical moduel ‘Hodgin &Huxley and Neurofarmacologie’.

4

Research Programme: Neurosciences

Academic publications

Lopes da Silva, F. H., & Schomer, D. (Eds.) (2017). 
Niedermeyer’s Electroencephalography; Basic Principles, 
Clinical Applications, and Related Fields. (7th ed.) New 
York: Oxford University Press.

Larsen, L. E., Van Lysebettens, W., Germonpré, C., 
Carrette, S., Daelemans, S., Sprengers, M., ... Raedt, R. 
(2017). Clinical Vagus Nerve Stimulation Paradigms 
Induce Pronounced Brain and Body Hypothermia 
in Rats. International Journal of  Neural Systems, 27(5), 
[1750016 ]. DOI: 10.1142/S0129065717500162

Lapinlampi, N., Melin, E., Aronica, E., Bankstahl, 
J. P., Becker, A., Bernard, C., ... Pitkänen, A. (2017). 
Common data elements and data management: 
Remedy to cure underpowered preclinical studies. 
Epilepsy Research, 129, 87-90. DOI: 10.1016/j.
eplepsyres.2016.11.010

Bauer, P. R., Thijs, R. D., Lamberts, R. J., Velis, 
D. N., Visser, G. H., Tolner, E. A., ... Kalitzin, S. N. 
(2017). Dynamics of  convulsive seizure termination 
and postictal generalized EEG suppression. Brain, 
140(3), 655–668. DOI: 10.1093/brain/aww322

Zeldenrust, F., de Knecht, S., Wadman, W. J., 
Denève, S., & Gutkin, B. (2017). Estimating the 
Information Extracted by a Single Spiking Neuron 

from a Continuous Input Time Series. Frontiers 
in Computational Neuroscience, 11, [49]. DOI: 
10.3389/fncom.2017.00049

Dolleman-van der Weel, M. J., Lopes da 
Silva, F. H., & Witter, M. P. (2017). Interaction 
of  nucleus reuniens and entorhinal cortex 
projections in hippocampal field CA1 of  the 
rat. Brain Structure and Function, 222(5), 2421-
2438. DOI: 10.1007/s00429-016-1350-6

Srivastava, P. K., Roncon, P., Lukasiuk, 
K., Gorter, J. A., Aronica, E., Pitkänen, A., 
... Simonato, M. (2017). Meta-Analysis of  
MicroRNAs Dysregulated in the Hippocampal 
Dentate Gyrus of  Animal Models of  
Epilepsy. eNeuro, 4(6), [e0152]. DOI: 10.1523/
ENEURO.0152-17.2017

Palma, E., Ruffolo, G., Cifelli, P., Roseti, 
C., van Vliet, E. A., & Aronica, E. (2017). 
Modulation of  GABAA receptors in the 
treatment of  epilepsy. Current pharmaceutical 
design. DOI: 10.2174/13816128236661708091
00230
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Research aims for the coming year

 ► Prof. Wadman will retire in 2018. Starting January 2018, the department will be headed 
by Prof. Helmut Kessels (Netherlands Institute for Neuroscience). The interest of  his group 
is how plasticity mechanisms at synapses underlie memory formation in the brain, and how 
these mechanisms are corrupted in Alzheimer’s disease. This research interest can be seamlessly 
integrated in the existing research infrastructure at the SILS. In the new integrative team, the 
research will span from molecular changes at synapses, to changes in local circuit and network 
activity in the brain, leading to adaptive behavior. Our combined specific interest will be to study 
how these processes are perturbed in Alzheimer’s disease or by cannabis use and can influence 
the generation of  epileptic seizures.

Cellular and Systems Neurobiology

van Vliet, E. A., Aronica, E., Vezzani, A., & 
Ravizza, T. (2017). Neuroinflammatory pathways 
as treatment targets and biomarker candidates in 
epilepsy: emerging evidence from preclinical and 
clinical studies. Neuropathology and Applied Neurobiology. 
DOI: 10.1111/nan.12444

Aronica, E., Bauer, S., Bozzi, Y., Caleo, M., 
Dingledine, R., Gorter, J. A., ... Kaminski, R. M. 
(2017). Neuroinflammatory targets and treatments for 
epilepsy validated in experimental models. Epilepsia, 
58(S3), 27-38. DOI: 10.1111/epi.13783

van Vliet, E. A., Puhakka, N., Mills, J. D., Srivastava, 
P. K., Johnson, M. R., Roncon, P., ... Pitkänen, 
A. (2017). Standardization procedure for plasma 
biomarker analysis in rat models of  epileptogenesis: 
Focus on circulating microRNAs. Epilepsia, 58(12), 
2013–2024. DOI: 10.1111/epi.13915

Korotkov, A., Mills, J. D., Gorter, J. A., van Vliet, 
E. A., & Aronica, E. (2017). Systematic review and 
meta-analysis of  differentially expressed miRNAs 
in experimental and human temporal lobe epilepsy. 
Scientific Reports, 7, [11592]. DOI: 10.1038/s41598-
017-11510-8

Dingledine, R., Coulter, D. A., Fritsch, B., Gorter, 
J. A., Lelutiu, N., McNamara, J., ... Roopra, A. (2017). 
Transcriptional profile of  hippocampal dentate 
granule cells in four rat epilepsy models. Scientific Data, 
4, [170061]. DOI: 10.1038/sdata.2017.61

van der Velden, L., Vinck, M., Werkman, T. 
R., & Wadman, W. J. (2017). Tuning of  Neuronal 
Interactions in the Lateral Ventral Tegmental Area by 
Dopamine Sensitivity. Neuroscience, 366, 62-69. DOI: 
10.1016/j.neuroscience.2017.10.009
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Plant Cell Biology

Research in the ‘Plant Cell Biology’ group is 
focused on cellular signalling during plant stress 
and development. We investigate the molecular and 
cellular basis of  the plant’s response to stress; how are 
signal transduction cascades organised within the cell 
and how do they regulate the development and stress 
tolerance of  the plant? Focus areas are:

Cellular Mechanisms of  Salt Sensing and Developmental 
Plasticity (Christa Testerink)
A major question in plant biology is how plant 
root growth and development are influenced by 
environmental signals. We approach this subject from 
different angles, ranging from biophysics of  protein-
lipid interactions, to cellular signalling and worldwide 
natural variation in plant stress responses. In particular, 
we focus on the effects of  salinity and drought on 
root system architecture, and more recently also of  
nutrient starvation.

Prof. C. Testerink Chair holder
Dr T. Munnik Associate professor 

Phospholipid Signalling in Plant Stress & Development (Teun 
Munnik) 
Several biotic- and abiotic stresses trigger the formation 
of  lipid second messengers, such as PA and PIP2. 
These lipids are present at very low concentrations 
yet their turnover is extremely rapid. Distinct classes 
of  lipid kinases, phosphatases, and phospholipases 
allow them to mediate fast and temporal responses 
to stress, but also to act as constitutive spatial signals, 
defining membrane identity and cellular polarity. 
Transduction of  their signalling information occurs 
through binding of  effector protein via distinct and 
specific lipid-binding domains, such as PH, PX and 
FYVE. By expressing well-characterised lipid-binding 
domains fused to fluorescent proteins in Arabidopsis, 
various lipid-biosensors lines have been genetrated 
that monitor lipid specific-signalling events during 
cell growth and development, and in response to 
various stresses. Using Arabidopsis knock-out (KO) 
and overexpression (OE) mutants, we are exploring 
how these lipid second messengers and the enzymes 
involved in their metabolism, integrate stress- and 
developmental signals in plants.

Research Programme: Molecular Life Sciences

Figure 1: Localisation of  the DAG biosensor in growing 
root hairs of  Arabidopsis. Confocal fluorescence images of  
root hairs of  5-day-old Arabidopsis seedlings expressing 
35S::YFP–C1aPKC (A–D) or UBQ10::EYFP–
2C1aPKC (E–J). (A, B) Young bulging root hair, (C, D) 
root hair undergoing tip growth, (E, F) two bulging root hairs 
and emerging root hair. (G, H) Plasma membrane labelling 
of  EYFP–2C1aPKC at the apex as well as labelling of  
punctated structures. (I, J) Root hair undergoing tip growth 
showing accumulation of  YFP–2C1aPKC fluorescence in the 
shanks of  the root hair apex. (K–N) Growing root hairs of  
plants expressing UBQ10::mCherry–C1aPKCmut showing 
cytosolic localisation and absence of  a tip-focused gradient. 
YFP and mCherry are shown in grey (A, C, E, G, I, K, M) 
or in a false colour gradient to enhance signal intensity ranging 
from 0 to 255 grey values. Scale bar = 10 µm.
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Research highlights

 ► Munnik and colleagues developed two novel lipid biosensors, which allow in vivo analysis of  
DAG and PI(3,5)P2 dynamics in living Arabidopsis plants. It led to the discovery and subcelllular 
localisation of  new lipid pools, and provided the scientific community with novel genetic tools to 
explore the role of  these lipids further. Both papers were published in Plant Cell & Physiology and 
highlighted on the cover.

 ► In other research, Munnik and colleagues emphasised the importance of  phosphoinositide 
homeostasis in plant stress and development. They discovered that PLC2 is required for female 
gametogenesis, embryo development and plant defence, and revealed that cell-specific expression 
of  a human PIP kinase in Arabidopsis resulted in opposing effects in root vascular differentiation 
for phloem and xylem. In addition, two important PPI targets were identified, i.e. Exo70A1 and 
pattelin3, which are both involved in cell division. The latter paper was marked as High-Impact 
Article in the Journal of  Integrative Plant Biology, while the other findings were published in Planta, 
Plant Physiology, and Development, respectively.

 ► Testerink and colleagues examined salt stress-induced changes in Root System Architecture 
by studying 347 Arabidopsis accessions collected worldwide, and developed an app (https://
mmjulkowska.github.io/Salt_NV_RootApp/) allowing interactive exploration of  collected data. 
Genome-wide association studies identified 100 candidate loci, among which CYP79B2 and 
HKT1. CYP79B2 was validated to be involved in maintenance of  lateral root growth during salt 
stress, possibly by altering auxin biosynthesis. Enhanced expression of  the HKT1 ion transporter 
in root stelar cells repressed lateral root formation under salt stress conditions, revealing that 
retention of  salt ions in the root is detrimental for primordia development in young seedlings. 
These results significantly increased our understanding of  root remodeling in salt, and identified 
novel genetic components for plant performance under stress (published in The Plant Cell).

Other highlights

 ► Munnik is associate editor for Plant Physiology, an international journal from the American 
Society of  Plant Biologists (ASPB).

 ► Munnik received an ECHO grant (CW-NWO) to explore the PIP2 interactome in plants 
upon heat- and osmotic stress.

 ► A patent was deposited together with HIMS (UvA) and the Universities of  Bristol and 
Warrick, termed ‘molecular heaters’, aimed to improve plant growth at lower temperatures 
(Munnik).

Plant Cell Biology
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https://mmjulkowska.github.io/Salt_NV_RootApp/
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Research aims for the coming year

 ► To identify the PIPKs involved in salt- and heat stress in Arabidopsis and to functionally 
characterise their role.

 ► To investigate the molecular mechanism by which PLC overexpression increases drought 
tolerance

 ► To elucidate the role of  PLDs on the internalisation of  auxin transporters during salt stress.

Figure 2: An estradiol (ES)-inducible genetic tool to increase PI(4,5)P2 levels. (A) Schematic conversion of  PI4P into PI(4,5)
P2. CVL1, CVP2 LIKE 1; CVP2, COTYLEDON VASCULAR PATTERN 2; FRA3, FRAGILE FIBER 3; 
PIP5K, PI4P 5-KINASE; SAC9, SUPPRESSOR OF ACTIN9. (B) Quantification of  normalised PIP and PIP2 levels 
upon increasing estradiol (ES) concentrations and different incubation times in UBQ::XVE::HsPIP5K line. (C) Subcellular 
distribution of  the PI4P biosensor UBQ::PHFAPP1-CITRINE (top) and PI(4,5)P2 biosensor UBQ::PHPLC-CITRINE (bottom) upon 
48 h 0.5 μM ES treatment. (D) Root phenotype upon 48 h 0.5 μM ES-mediated HsPIP5K induction. Representative images 
(n>15 roots analysed) are displayed for each treatment. Data represent mean ± SEM **P≤0.001, ***P≤0.0001 (Student’s 
t-test between mock- and ES-treated roots).

Research Programme: Molecular Life Sciences

Academic publications

Di Fino, L. M., D’Ambrosio, J. M., Tejos, R., 
van Wijk, R., Lamattina, L., Munnik, T., ... Laxalt, 
A. M. (2017). Arabidopsis phosphatidylinositol-
phospholipase C2 (PLC2) is required for female 
gametogenesis and embryo development. Planta, 
245(4), 717-728. DOI: 10.1007/s00425-016-2634-z

Zhang, Q., Wijk, R. V., Shahbaz, M., Roels, W., 
Schooten, B. V., Vermeer, J. E. M., ... Munnik, T. 
(2017). Arabidopsis Phospholipase C3 is Involved in 
Lateral Root Initiation and ABA Responses in Seed 

Germination and Stomatal Closure. Plant and Cell 
Physiology. DOI: 10.1093/pcp/pcx194

Lee, H. N., Zarza, X., Kim, J. H., Yoon, M. J., Kim, 
S-H., Lee, J-H., ... Chung, T. (2017). Arabidopsis 
VPS38 is required for vacuolar trafficking but 
dispensable for autophagy. Plant Physiology. DOI: 
10.1104/pp.17.01297

Zarza, X., Atanasov, K. E., Marco, F., Arbona, V., 
Carrasco, P., Kopka, J., ... Alcázar, R. (2017). Polyamine 
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Oxidase 5 loss-of-function mutations in Arabidopsis 
thaliana trigger metabolic and transcriptional 
reprogramming and promote salt stress tolerance. 
Plant, cell and environment, 40(4), 527–542 . DOI: 
10.1111/pce.12714

Thoen, M. P. M., Davila Olivas, N. H., Kloth, K. J., 
Coolen, S., Huang, P-P., Aarts, M. G. M., ... Dicke, M. 
(2017). Genetic architecture of  plant stress resistance: 
multi-trait genome-wide association mapping. 
New Phytologist, 213(3), 1346-1362. DOI: 10.1111/
nph.14220

Julkowska, M. M., Koevoets, I. T., Mol, S., 
Hoefsloot, H., Feron, R., Tester, M. A., ... Testerink, 
C. (2017). Genetic Components of  Root Architecture 
Remodeling in Response to Salt Stress. The Plant Cell, 
29(12), 3198-3213. DOI: 10.1105/tpc.16.00680

Wu, C., Tan, L., van Hooren, M., Tan, X., Liu, F., Li, 
Y., ... Bao, Y. (2017). Arabidopsis EXO70A1 recruits 
Patellin3 to the cell membrane independent of  its role 
as an exocyst subunit. Journal of  Integrative Plant Biology, 
59(12), 851-865. DOI: 10.1111/jipb.12578

Vermeer, J. E. M., van Wijk, R., Goedhart, J., 
Geldner, N., Chory, J., Gadella, T. W. J., & Munnik, 
T. (2017). In Vivo Imaging of  Diacylglycerol at the 
Cytoplasmic Leaflet of  Plant Membranes. Plant and 
Cell Physiology, 58(7), 1196-1207. DOI: 10.1093/pcp/
pcx012

Gujas, B., Cruz, T. M. D., Kastanaki, E., Vermeer, 
J. E. M., Munnik, T., & Rodriguez-Villalon, A. (2017). 
Perturbing phosphoinositide homeostasis oppositely 
affects vascular differentiation in Arabidopsis thaliana 
roots. Development - The Company of  Biologists, 144(19), 
3578-3589. DOI: 10.1242/dev.155788

D’Ambrosio, J. M., Couto, D., Fabro, G., Scuffi, 
D., Lamattina, L., Munnik, T., ... Laxalt, A. M. 
(2017). Phospholipase C2 Affects MAMP-Triggered 
Immunity by Modulating ROS Production. Plant 
Physiology, 175(2), 970-981. DOI: 10.1104/pp.17.00173

Kawa, D., & Testerink, C. (2017). Regulation of  
mRNA decay in plant responses to salt and osmotic 
stress. Cellular and Molecular Life Sciences, 74(7), 1165-
1176. DOI: 10.1007/s00018-016-2376-x Article 
featured on the April cover

Figure 3: EXO70A1 colocalises with PATL3 
and is required for the recruitment of  PATL3 to 
the plasma membrane and cell plate. (A) PATL3-
GFP and EXO70A1-mCherry colocalise at the 
PM of  root meristematic cells. (B) PATL3-GFP 
and EXO70A1-mCherry colocalise at the growing 
cell plate. (C) PATL3-GFP and EXO70A1-
mCherry colocalise on the cell plate at the end 
of  cytokinesis. (D) PATL3-GFP localisation 
pattern was altered in the exo70a1-2-/- mutant 
background. Red fluorescence: FM4-64 labelling. 
Asterisks indicate two interphase cells. Bars 10 mm 
(A, D) and 5 mm (B, C).
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Research Programme: Molecular Life Sciences

Van der Does, D., Boutrot, F., Engelsdorf, T., 
Rhodes, J., McKenna, J. F., Vernhettes, S., ... Zipfel, C. 
(2017). The Arabidopsis leucine-rich repeat receptor 
kinase MIK2/LRR-KISS connects cell wall integrity 
sensing, root growth and response to abiotic and 
biotic stresses. PLOS Genetics, 13(6), [e1006832]. DOI: 
10.1371/journal.pgen.1006832

Hirano, T., Stecker, K., Munnik, T., Xu, H., & Sato, 
M. H. (2017). Visualization of  Phosphatidylinositol 
3,5-Bisphosphate Dynamics by a Tandem ML1N-
Based Fluorescent Protein Probe in Arabidopsis. Plant 
and Cell Physiology, 58(7), 1185-1195. DOI: 10.1093/
pcp/pcx011

Meijer, H. J. G., van Himbergen, J. A. J., Musgrave, 
A., & Munnik, T. (2017). Acclimation to salt modifies 
the activation of  several osmotic stress-activated lipid 
signalling pathways in Chlamydomonas. Phytochemistry, 
135, 64-72. DOI: 10.1016/j.phytochem.2016.12.014

Hirano, T., Munnik, T., & Sato, M. H. (2017). 
Inhibition of  phosphatidylinositol 3,5-bisphosphate 
production has pleiotropic effects on various 
membrane trafficking routes in Arabidopsis. Plant and 
Cell Physiology, 58(1), 120-129. DOI: 10.1093/pcp/
pcw164

Van Hooren M & Munnik T (2017) Plant Plasma 
Membrane. eLS: 1-9. John Wiley & Sons, Ltd: 
Chichester. DOI: 10.1002/9780470015902.a0001672.
pub3

PhD theses

Zhang, Q. (2017). Novel roles for phospholipase C in 
plant stress signalling and development

Zarza Cubero, J. (2017). Polyamine metabolism and 
activation of  lipid signalling pathways in Arabidopsis 
thaliana

Kawa, D. (2017). Shape up your root: Novel cellular 
pathways mediating root responses to salt stress and phosphate 
starvation

Group members

PhD students
Ayodeji Deulo-Ajayi
Max van Hooren
Ruud Korver
Safarina Binti Ahmad
Yutao Zou

Postdoctoral researchers
Steven Arisz
Xavier Cubero Zarza
Yanxia Zhang

Technicians
Jessica Meyer
Ringo van Wijk

Invited lectures

T. Munnik, New roles for PLC in plant stress & 
development. GRC on Plant Lipids - Structure, 
Metabolism & Function. Jan 29-Feb 3, Galveston, 
Texas, USA.

T. Munnik, Lipid signals greasing stress- and developmental 
responses in plants. Invited seminar, University of  
Geneva, March 22, Geneva, Switzerland.

T. Munnik, PPIs  in plant development and stress 
signalling. The Yucatan Center for Scientific Research 
(CICY), June 12-14, Merida, Mexico.

T. Munnik, Phospholipid signaling in plant stress & 
development. Plant Biology 2017 (ASPB), June 24-28, 
Honalulu, Hawaii, USA.

C. Testerink, American Society for Plant Biology 
meeting, Honolulu, USA, June 24-28

C. Testerink, 5th Plant Genomics & Gene Editing 
Congress. Amsterdam, March 16-17



Annual Report 2017 - 77 

M

Molecular Plant Pathology

5

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

Many microorganisms cause disease in plants, thereby 
reducing crop yield and reducing food security 
worldwide. We study the molecular basis of  plant 
resistance and susceptibility to fungi, bacteria and 
viruses. Among the plant diseases that we currently 
study are wilt disease of  tomato and other crops 
caused by the fungus Fusarium oxysporum (Fo), Black 
rot in cabbage caused by the bacterium Xanthomonas 
campestris, and diseases caused by Geminiviruses and 
Tospoviruses on tomato and pepper. To answer 
fundamental questions of  plant immunity, we also use 
the model plants Arabidopsis and Nicotiana benthamiana. 
For example, we study immune receptors from the 
NBS-LRR family, such as the resistance proteins 
I-2 from tomato and Rx from potato. We also study 
basal and induced defence mechanisms of  plants, and 
virulence and avirulence factors of  pathogens. 

Our current research focuses on several subthemes: 
(i) to identify and characterise signalling components 
of  the immune responses activated by pathogens 
and/or endophytes – this includes identification 
of  molecular targets of  plant immune receptors 
and conformational changes in these receptors 
such as Rx; (ii) to reveal the molecular mechanisms 
underlying Black Rot disease on Cabbage caused by 
Xanthomonas campestris; (iii) to uncover the role of  
effector proteins of  F. oxysporum and identification 
of  their targets in plants; (iv) to unravel the dynamics 
of  genome evolution and mechanisms of  horizontal 
chromosome transfer in F. oxysporum; (v) to identify 
essential plant proteins needed for viral replication 
of  both Gemini- and Tospoviruses; (vi) to study the 
role of  temperature on the trade-off  between plant 
growth and immunity.

Figure 1: SUMO conjugation is critical for both the temperature- and dark-induced growth response. High temperature- and/
or dark-induced hypocotyl elongation is compromised in the SUMO E3 ligase mutant siz1 and sumo1/2 knock-down mutant. 
Wild type (Col-0) and pif4-2 are shown as positive and negative control for the thermosensory growth response, respectively. The 
pictures were taken 5 days post germination.
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Research highlights

 ► Colonisation of  tomato plants by pathogenic strain of  F. oxysporum is strongly reduced by 
an endophytic strain, while colonisation of  the stem by the endophytic strain is enhanced by co-
inoculation with a pathogenic strain.

 ► Using a novel double-marker fluorescent-cell-sorting approach, a small library of  deletion 
mutants of  the pathogenicity chromosome of  tomato-infecting Fusarium oxysporum has been 
obtained, allowing mapping of  regions required for (full) virulence.

 ► The existence of  a ‘pathogenicity chromosome’ in F. oxysporum f.sp. melonis, which causes 
wilt in melon, has been shown through horizontal chromosome transfer.

 ► DNA sequence similarities of  transposons and virulence genes suggest cross-species gene 
transfer in the genus Fusarium (van Dam and Rep 2017).

 ► Direct visualisation of  Avr2 effector translocation in planta in the presence of  Six5. 
Fol effectors Six5 and Avr2 interact and manipulate plasmodesmata, allowing Avr2 to act in 
neighbouring cells. The main function of  Six5 is facilitating translocation of  Avr2 (Di et al. 2017).

 ► The crystal structure of  Avr2 shares intriguing similarity to ToxA and TRAF proteins. The 
residues required for I-2 mediated-resistance cluster on a surface-exposed loop. 

 ► Structure-guided mutagenesis allowed uncoupling of  virulence- from avirulence-function 
of  Avr2 (Di et al 2017).

 ► An mlo2;mlo6;mlo12 triple knockout in Arabidopsis is hypersusceptible to F. oxysporum 
(Acevedo-Garcia et al. 2017).

 ► Susceptibly to F. oxysporum in tomato is negatively regulated by the phytohormone salicylic 
acid and positively regulated by ethylene. These hormone pathways act synergistically to each 
other (Di et al. 2017).

 ► At phenotypic and at molecular levels, resistance conferred by either the I-2 resistance gene 
or an F. oxysporum endophyte are indistinguishable.

 ► CC domains of  Arabidopsis CNL R proteins show an extensive network of  homo- and 
heteromeric interactions. The CC domain is sufficient to trigger plant immunity by forming 
heteromeric assemblies with other CNL proteins (Collaboration UC Davis, USA, dr T. 
Wroblewski).

 ► Rx interacts with the Golden like transcription factor Glk1 and prevents its interaction with 
plant DNA, unless Rx is activated by the PVX virus (Townsend et al. 2017). 

 ► A SUMO E3 ligase, SIZ1, controls both the timing and amplitude of  the plant growth 
response to dark conditions and high ambient temperature (Hammoudi et al. 2018).

 ► The same SUMO E3 ligase is essential for temperature suppression of  immunity controlled 
by the immune receptor SNC1 (Hammoudi et al. 2018).

 ► TCP transcription factors are potent SUMOylation substrates (collaboration with the 
University of  Missouri, Prof. W. Gassmann). This plant-specific TF family has key roles in plant 
development and immunity.

 ► SUMO conjugation controls the circadian clock in plants (collaboration with the University 
of  Edinburgh, Dr G. van Ooijen).

 ► We proposed a new model on how gene duplications shaped the evolution of  flower 
development and flowering time in higher plants (collaboration with Wageningen University, 
Prof. E. Schranz).

Research Programme: Molecular Life Sciences
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Other highlights

 ► PhD students Xiaotang Di, Lingxue Cao en Peter van Dam successfully defended their PhD 
in 2017 

 ► Postdoc Like Fokkens obtained a Veni grant to unravel the evolution of  F. oxysporum as a 
pathogen.

 ► Postdoc Lotje van der Does and PI Martijn Rep published a review in Annual Review of  
Phytopathology.

 ► SILS and Enza Zaden started a joint research project to work closely together on new 
strategies to confer disease resistance in plants. Research director Joep Lambalk and SILS Director 
Marten Smidt signed a termsheet, providing the legal basis for a joint project. Willem Fokkema 
(IXA-UvA) managed the IP process and Dr Nico Tintor was appointed in the Group of  Dr 
Frank Takken for a period of  two years.

 ► The MPP group published 17-peer reviewed papers this year, which is an all-time high.

Molecular Plant Pathology

5

Figure 2: Molecular structure of  the Avr2 protein. Avr2 is 
a so-called ‘effector’ protein secreted by the fungus Fusarium 
oxysporum f.sp. lycopersici during colonisation of  tomato 
plants. The Avr2 protein promotes virulence by interfering with 
basal immunity. However, the tomato immune receptor I-2 
recognises the presence of  Avr2 in plant cells, which leads to 
‘effector-triggered immunity’. Mutations in amino acids indicated 
in red (V41=valine; R45, R46 = arginines) prevent recognition 
by the I-2 immune receptor. C40-C130 is a disulphide bridge 
involving the two cysteine residues of  Avr2. N=N-terminus; 
C=C-terminus; beta1-6 are beta-sheets.

Group members

Postdoctoral researchers
Lotje van der Does
Manon Richard
Mark Kwaaitaal
Marieke van Hulten
Marijn Knip
Nico Tintor
Like Fokkens
Valerie Buijs

PhD students
Francesca Maio
Francisco de Lamo Ruiz
Jiming Li
Maria Constantin
Mila Blekemolen
Peter van Dam
Lingxue Cao
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Research research aims for the coming year

 ► Compare the highly similar pathogenicity chromosomes of  melon-infecting and melon-
cucumber-watermelon infecting strains of  F. oxysporum to find genes that may be responsible for 
the extended host range of  the latter.

 ► Identify genes in the genomes of  non-pathogenic isolates of  F. oxysporum that are correlated 
with the ability to suppress disease.

 ► Uncover dynamics of  accessory chromosome evolution in F. oxysporum by comparing high 
quality genome assemblies obtained with PacBio sequencing.

 ► Find effector gene combinations unique for pathogenic forms of  F. oxysporum that infect 
lettuce, basil, spinach and asparagus that can be used as markers for molecular identification of  
these forms.

 ► Reveal how Avr2 suppresses PTI signalling in various plant species.
 ► Find new clues on how effector uptake is promoted by the presence of  a pathogenic microbe. 
 ► Identify the role of  Avr2-suppressed plant immunity in endophyte mediated biocontrol. 
 ► Reveal the molecular basis of  Avr2-Six5-mediated manipulation of  plasmodesmata. 
 ► Elucidate the role of  effector proteins in the ability of  F. oxysporum to colonise xylem vessels. 
 ► Identify the role of  DNA binding and DNA damage by NLR proteins for induction of  the 

plant immune response.
 ► Find genes and proteins involved in R-gene-mediated and endophyte-induced resistance in 

tomato and compare these sets.
 ► Establish the link between NLR-mediated immunity and the translational arrest of  specific 

mRNAs. 
 ► Reveal how COP1 senses high temperature and translates that to both growth and immune 

regulation. Related, we will investigate if  a ‘SUMOylation wave’ controls COP1 activity post dusk 
as a feedforward loop. 

 ► Map and study the mutations in Arabidopsis that provide enhanced resistance to Black Rot 
disease.

 ► Determine the role of  light in viral replication by Geminiviruses.
 ► Identify plant proteins interacting with the L protein of  Tospoviruses, a virus-encoded 

RNA polymerase needed for viral replication.

Research Programme: Molecular Life Sciences
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RNA Biology and Applied Bioinformatics

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

There are three research lines and one support line:
Research line: Transcriptome dynamics 
Although being the focus of  much research 
worldwide, the temporal and spatial dynamics of  the 
transcriptome are still largely unknown. The primary 
challenges here are the complexity of  the transcriptome 
and the limitations of  omics experimentation. For this 

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

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

www.RNAbiology.nl
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Research highlights

 ► Finished PhD studies Transciptome dynamics in early zebrafish embryogenesis.
 ► Finished PhD studies on Distinct maternal and somatic rRNA types in zebrafish development.
 ► Advancements in the discovery and interpretation of  zebrafish snoRNAs.
 ► A protocol for muskus/beverrat detection by eDNA was developed.
 ► Started development of  Green Forensics proof-of-principle into an application: Genome 

Lineup.
 ► The MAD has performed over 20 support projects for biologists in 2017.
 ► Publication of  several (collaborative) manuscripts.

Other highlights

 ► The combined Genomics/Green Student Lab did a 5-month run with 10 students.
 ► A STOWA and a EFRO subsidy project were awarded.
 ► Started a strategic alliance with Limes Innovations for MAD services.
 ► Started first small genomics projects with genomic-novice-organisations, such as ZOOs.
 ► Set-up and implemented a complete RDM protocol & facility for SILS research Big Data 

sets.

RNA Biology and Applied Bioinformatics

topic: Data analysis and interpretation by bioinformatics 
experimentation.
Support Line: MAD: Dutch Genomics Service & Support 
Provider (www.dutchgenomics.nl)
Previously known as MicroArray Department, the 
MAD is the genomics and transcriptomics expertise 
centre of  the UvA. The MAD consists of  a genomics 
technology section (Wet-Lab) with ~5 specialists 
that provides transcriptomics plus genomics service 
& support and performs microarray as well as 
next-generation sequencing technology R&D; an 

omics data-analysis section (Dry-Lab) with ~3 
bioinformaticians and informaticians that provides 
omics data analysis service and support, performs 
bioinformatics R&D, and builds e-infra. We perform 
omics (microarray Affymetrix & next-generation 
sequencing Ion Proton) technology research as well 
as operate as a worldwide transcriptomics service 
provider and support partner for academic and 
industrial research & development projects of  UvA 
scientists plus external academic and industrial 
customers.

5



84 - Swammerdam Institute for Life Sciences

Research aims for the coming year

 ► Finish PhD studies on Maternal RNAs in zebrafish development.
 ► Set-up and offer NGS services on a newly acquired Illumina Nextseq system
 ► Further implement the 3rd generation sequencing platform: Oxford Nanopore.
 ► Support as many (SILS) research groups as possible with NGS technology.
 ► Set-up genomics support-centres for several genomics-novice fields.

Research Programme: Molecular Life Sciences
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Rauwerda, J. (2017). Transcriptome dynamics in early 
zebrafish embryogenesis.

RNA Biology and Applied Bioinformatics
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 Wageningen Research

Molecular Biology and Microbial Food Safety 
(MBMFS) studies the interaction of  microbial cells 
and their environment. In 2017, we focused on:
i) the molecular physiological basics of  pH as a signal in 
growth, survival and death strategies of  microbial cells;
ii) the molecular physiology of  bacterial spore germination and 
outgrowth in food relevant environments;
iii) the molecular physiology of  antibiotic-resistance in the food 
chain;
iv) microbial fermentation as technology for biobased production.
In (i) we develop insight in the cellular signalling 
pathways using our links with the biophysics and mass 
spectrometry groups at Science Park. This culminated 
in 2017 in a Nature Communications paper on the 
behaviour of  water in yeast, bacteria and bacterial 
spores. In addition a Plos Genetics paper showed 
the crucial role that the vacuolar ATPase assembly/
disassembly plays in cytosolic pH control and ageing.
In (ii) we develop insight in signals that regulate spore 
structure/stress resistance and spore germination/
outgrowth. Together with our partners in SILS 
(Advanced Microscopy and Mass Spectrometry of  
Biomacromolecules) we perform single cell analyses 
to address the heterogeneity observed in bacterial 
spore germination and use proteomics approaches to 
study spore structure. The experiments use advanced 
super resolution approaches to visualise the action 
of  antimicrobial compounds and the germinosome 
in spores. With support of  a new NWO-ALW 
grant that was secured in 2017, state of  the art mass 
spectrometry is used to characterise and quantify spore 
proteins. At the end of  2017 a paper was accepted 
in J Proteome research in which the absolute abundance 
and localisation of  spore coat proteins of  the human 
pathogen Bacillus cereus was reported (published in 
2018). The work led to interest of  DSM such that a 

Research Programme: Molecular Life Sciences

4-month project on the germination heterogeneity 
of  a product strain was funded. Soraya Omardien, 
PhD student in a project with the Academic 
Medical Centre’s medical microbiology department, 
successfully concluded the writing of  her thesis. In 
it, we report on the application of  state of  the art 
super-resolution microscopy to characterise the mode 
of  action of  antimicrobial peptides and small organic 
molecule alternatives to classical antibiotics. 
In (iii) we have a strong partnership with the Dutch 
Food and Consumer Product Safety Authority 
(NVWA) formalised in the endowed chair of  prof  
Benno ter Kuile. New PhD funding on the spread of  
antibiotic resistance in the food chain started in March 
2017. Ongoing work continued on how specific 
genomic mutations and gene-expression contribute 
to the development of  (cross-) resistance and the 
de novo emergence of  antibiotic resistance. From the 
Amsterdam Microbiome Initiative together with the 
group of  prof. Hamoen at SILS and prof. Boekhout 
(chair holder of  the Royal Academy of  Sciences chair 
in Fungal Functional Biodiversity at IBED), we have 
developed collaborative initiatives with the AMC. 
Two project proposal were recently submitted as 
Interdisciplinary Doctorates. 
(iv) In 2017, the beta-plus chair Industrial Microbiology 
was reconfirmed with a novel focus. Prof. Jeroen 
Hugenholtz has now joined MBMFS given its 
expertise in microbial stress response and anaerobic 
culturing techniques. Within the MBMFS-group, prof  
Jeroen Hugenholtz employs the process of  microbial 
fermentation as THE technology for biobased 
production of  many chemicals. The work currently 
focuses on three areas of  fermentation; 1) anaerobic 
fermentation, involving Clostridium, for production 
of  various alcohols from (biological) waste streams 
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Academic highlights

 ► In 2017 MBMFS had ~ 10 publications in peer-reviewed journals, among which Nature 
Communications and Plos Genetics.

 ► At the end of  2017, Yanfang Feng who had successfully defended her thesis on the 
development of  antibiotic resistance in Pseudomonas aeruginosa, secured an NWO-Rubicon grant 
for a 2-year post-doc at Harvard Medical School at the Massachusetts General Hospital. Yanfang 
will study photodynamic approaches to attack bacterial persisters in order to tackle  antimicrobial 
resistance.  

 ► With the bachelor director Biomedical Science (Prof. S. Brul) and graduate school Life & 
Earth Science director (Dr Hans van der Spek), the group was instrumental in the successful 
accreditation of  the bachelor and master programmes in Biomedical Science (twice a ‘good’ as 
final evaluation).

and C1-gasses (syngas); 2) lipid-producing and lipid-
converting microorganisms such as Cryptococcus and 
Pseudomonas that can produce and convert various 
medium- and long-chain fatty acids; and 3)lactic acid 
bacteria as starter culture and as ingredient producer 
for preservation, flavour development and nutritional 
enrichment of  food products. For all three areas, 
funding has been secured; NWO Closed Circles for 
conversion of  C1-gas to chemicals; TKI-AF for lipid-
conversion of  waste fat using Pseudomonas; and POP3-
funding for valorisation of  agricultural waste streams 
using food-grade fermentation. 
Finally, an EFRO-supported project in which we 
study the growth promoting effects of  algae and 
their microbiome(s) was successfully continued and a 
patent application was drafted.

Figure 1: Water in living cells largely behaves like bulk-water. 
Microscopic images of  Saccharomyces cerevisiae (A) and 
spores of  Bacillus subtilis (B). IR excitation anisotropy decay 
of  OD-stretch in deuterated water in water, microorganisms 
and a cytosol mimicking solution (C) shows that only a small 
fraction of  the water in cytoplasm (D) is affected by intracellular 
composition. While the water fraction in B. subtilis spores is 
with ~40% clearly the lowest, we see, when comparing the 
fractions of  intracellular bulk-like and slow water (dark 
blue and red bars), that in all three organisms most of  the 
intracellular water is bulk-like: ~80% of  the water in E. 

coli and yeast, and ~55% of  the water in the bacterial spores (details in Tros et al., 2017). DRS=Dielectric-Relaxation 
Spectroscopy. Cyt.mimic = cytosol-mimicking medium. 
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Group composition/developments and grants

 ► The successful EFRO Green Innovation Cluster supported project with Algae Innovation 
Netherlands (AIN) saw a change of  personnel. Dr Wishwas Abhyankar started on a new NWO-
ALW as post-doc and MSc Niels Nouse was appointed on the EFRO project.  

 ► NWO-ALW funding (1 post-doc) The Molecular Basis of  Endospore Heterogeneity.
 ► NVWA-funded PhD project Transfer of  resistance plasmids started in March 2017 with the 

appointment of  MSc Tania Darphorn. 
 ► NWO-ALW funding (1 PhD student in a project with the WUR) Closed cycles; Transition to a 

circular economy. Expected starting date April 2018.
 ► Finally, together with the Mass Spectrometry of  Biomacromolecules group and the van 

Leeuwenhoek Center for Advanced Microscopy, two successful Chinese Science Council 
fellowship applicants started on bacterial spore structure and germination mechanisms in October 
2017.

 ► TKI-AF funding (project together with WUR and local biorefinery initiative) Fat-valorisation. 
Expected starting date: May 2018.
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Future research and societal impact

 ► The group aims at a continued leveraging of  its fundamental stress response research on 
weak organic acid, intracellular pH and antibiotic resistance development with the application 
areas in which sustainability and human health play prominent roles. With the abolished merger 
with the VU, all microbiology groups are again housed at Science Park. SILS as an institute 
underwent a site visit. In the process of  preparing the documentation it became clear that i) the 
groups want to strive to a closer collaboration, possibly in the form of  a new cluster Microbiology 
within SILS and ii) the groups involved value existing collaborations with the AMC and O|2-
building-located VU/VUMC groups. Joint Microbiology work discussions will be continued on a 
monthly basis and will also take place at SPA. 

 ► We will use the Amsterdam Microbiome Initiative as a focal point to improve cohesion in 
the Amsterdam area and achieve optimal (inter)national visibility. 

 ► The chosen themes of  expertise, i.e. sustainability and prevention of  disease, remain at the 
heart of  the research areas that form the priority areas of  the Top Sectors and the Amsterdam 
Economic Board.  

5
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Figure 2 (facing page): Overview of  the data analysis 
of  spores using SporeTrackerX. A) When opening the 
SporeTrackerX.ojj file through ImageJ, the movies can 
be linked by dragging the files into the panel for Linked 
Images, or via menu ObjectJ>Linked Images>Link 
all images from project folder. The ObjectJ menu shows 
general commands in the upper part, and below these the 
macro commands specific to SporetrackerX, starting with 
Analyze Spores. B) During the analysis, a pair of  
plot windows for germination and growth are periodically 
updated to show the superimposition of  all plot lines 
available so far. After analysis, the menu command 
ObjectJ>Plot Growth and Germination [F2] can 
recreate these windows, which are stacks of  all plots plus 
one additional stack frame showing the superimposition. 
Here, plot pairs of  two different experiments are shown. 
C) Inspection of  individual measurements can be started 
with command ObjectJ>Activate Navigation [N]. D) 
If  necessary, automatic measurements can be adjusted by 
locating the cursor on the time axis and using one of  the 
Set Sign command shortcuts. E) A case is shown where 
the growth was not interpreted correctly. This spore can 
either be disqualified, or removed completely from the entire 
project, e.g. with the pistol tool (image taken from chapter 
1 of  the thesis of  S. Omardien Mechanistic study of  
novel antimicrobials for infection prevention and 
cure, 2018, in press).
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Academic publications

Smith, R. L., Tan, J. M. E., Jonker, M. J., Jongejan, 
A., Buissink, T., Veldhuijzen, S., ... van der Spek, H. 
(2017). Beyond the polymerase-γ theory: Production 
of  ROS as a mode of  NRTI-induced mitochondrial 
toxicity. PLoS One, 12(11), e0187424. DOI: 10.1371/
journal.pone.0187424

De Luca, G. M. R., Desclos, E., Breedijk, R. 
M. P., Dolz-Edo, L., Smits, G. J., Nahidiazar, L., ... 
Manders, E. M. M. (2017). Configurations of  the Re-
scan Confocal Microscope (RCM) for biomedical 
applications. Journal of  Microscopy, 266(2), 166-177. 
DOI: 10.1111/jmi.12526

Pandey, R., Vischer, N. O. E., Smelt, J. P. P. M., 
van Beilen, J. W. A., Ter Beek, A., De Vos, W. H., 
... Manders, E. M. M. (2017). Erratum for Pandey 
et al., Intracellular pH Response to Weak Acid Stress in 
Individual Vegetative Bacillus subtilis Cells. Applied and 
Environmental Microbiology, 83(11), [e00861]. DOI: 
10.1128/AEM.00861-17

Abhyankar, W., Stelder, S., de Koning, L., de 
Koster, C., & Brul, S. (2017). ‘Omics’ for microbial 
food stability: Proteomics for the development of  
predictive models for bacterial spore stress survival 
and outgrowth. International Journal of  Food Microbiology, 
240, 11-18. DOI: 10.1016/j.ijfoodmicro.2016.05.008

Feng, Y., van Hest, R. M., Hodiamont, C. J., 
Brul, S., Schultsz, C., & Ter Kuile, B. H. (2017). 
Optimization of  therapy against Pseudomonas aeruginosa 
with ceftazidime and meropenem using chemostats 
as model for infections. FEMS Microbiology Letters, 
364(14), [ fnx142]. DOI: 10.1093/femsle/fnx142

EFSA Panel on Biological Hazards, Ricci, A., 
Allende, A., Bolton, D., Chemaly, M., Davies, R., 
... Herman, L. (2017). Risk for the development of  
Antimicrobial Resistance (AMR) due to feeding of  
calves with milk containing residues of  antibiotics. 
EFSA Journal, 15(1), [4665]. DOI: 10.2903/j.
efsa.2017.4665

Stelder, S. K., Benito de Moya, C., Hoefsloot, H. C. 
J., de Koning, L. J., Brul, S., & de Koster, C. G. (2018). 
Stoichiometry, Absolute Abundance, and Localization 
of  Proteins in the Bacillus cereus Spore Coat Insoluble 
Fraction Determined Using a QconCAT Approach. 

Journal of  Proteome Research, 17, 903-917. DOI: http://
dx.doi.org/10.1021/acs.jproteome.7b00732

Tros M., Zheng L., Hunger J., Bonn M., Bonn 
D., Smits G.J., Woutersen S. 2017. Picosecond 
orientational dynamics of  water in living cells. Nat. 
Commun. 8(1):904. Doi: 10.1038/s41467-017-00858-0

Wilms T., Swinnen E., Eskes E., Dolz-Edo L., 
Uwineza A., Van Essche R., Rosseels J., Zabrocki P., 
Cameroni E., Franssens V., De Virgilio C., Smits G.J., 
Winderickx J. 2017. The yeast protein kinase Sch9 
adjusts V-ATPase assembly/disassembly to control 
pH homeostasis and longevity in response to glucose 
availability. PLoS Genet. 2017 13(6):e1006835. Doi: 
10.1371/journal.pgen.1006835. 

Ter Kuile B.H. (2017) De gevolgen van veterinair 
gebruik van antibiotica. Infectieziekten Bulletin, 28: 340-
3  

Ter Kuile, B.H. and Hoeksema, M. 2018 (Nov. 
17, 2017). Antibiotic killing through incomplete 
DNA repair. Trends Microbiol. 26, 2-4. Doi: 10.1016/j.
tim.2017.11.006.

Sant’Ana, A. S., Koutsoumanis, K., Brul, S., & 
Pérez-Rodríguez, F. (2017). Special issue on 9th 
International Conference on Predictive Modelling 
in Food (Rio de Janeiro, Brazil). International Journal 
of  Food Microbiology, 240, 1-2. DOI: 10.1016/j.
ijfoodmicro.2016.10.003.

Invited lectures

 The annual meeting of  the Royal Dutch Society 
for Microbiology, 11-12 April 2017;  Brul, S. et al. 
Bacterial spores; unveiling their resistance and germination 
heterogeneity secrets.

Spoilers in Quimper, 28-30 June 2017;  Brul, S. et 
al. Antimicrobial resistance and germination mechanisms of  
bacterial spores (Key-note). 

FEMS in Valencia, 9-13 July 2017; Co-chair 
workshop Food Microbiology Safety (with prof. Danilo 
Ercolini).

FEMS in Valencia, 9-13 July 2017; Brul S. et al. 
Shining light on bacterial spore germination and outgrowth: 
Preservative stress survival of  Bacilli.

Research Programme: Molecular Life Sciences
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Singapore, September 5-7; Ter Kuile Food for the 
future: quality, safety and sustainability: The risk of  low 
concentrations of  antimicrobials in agriculture for resistance in 
human health care.

International Forest Biorefinery Symposium, 
Thunderbay, Canada, 3-6 May 2017, Hugenholtz J. et 
al. Lignin valorisation using biotechnological approaches (Key-
note).

Biotech France, Paris, 28-29 June 2017; Hugenholtz, 
J. Anaerobic fermentation for production of  biobased chemicals.

5

EFIB, Brussels, 10 October 2017; Hugenholtz, 
J. et al. Cost-effective production of  biobased chemicals using 
efficient fermentations.

Fungal Genetics, Asilomar, USA, March 18 2017, 
Gertien Smits Measuring intracellular pH as a well-
controlled physiological parameter responding to extracellular 
cues.

Relevant positions

Brul, S. (Editor) Food Microbiology; Biomed. Res. Int.

Hugenholtz, J. (Editor) Applied Environmental 
Microbiology; Microbial Cell Factories

Brul, S. (Guest Editor) Int. J. Food Microbiol.

Smits, G.J. (Editor) Yeast.

Brul, S. (period: 2012 - current). President - Dutch 
Institute for Biology.

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

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

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

Brul S. (period: 2014- current). Member of  the 
Agro-Food Steering group of  the Amsterdam Economic 
Board.

Ter Kuile, B.H. Member EFSA Biohazard Panel 
(2015 - present).

Hugenholtz J. (period 2017-current). Member 
of  the Agro-Food Steering group of  the Amsterdam 
economic Board

Hugenholtz J. (period 2017-current). Member 
Klankbordgroep Circular economy of  Topsector AgriFood

Hugenholtz J. (period 2017-current). Member 
EERA (European Energy Research Association)

Figure 3: Laurdan staining of  B. subtilis after peptide 
treatment to determine membrane fluidity alterations. (A) 
Fluorescence microscopy images showed that Thrombocidin 
derived antimicrobial peptides TC19 and TC84 (with one 
aa substitution more stable in plasma) as well as the model 
Bactericidal Peptide 2 (BP2), after 5 minutes of  treatment, 
create fluid domains in the membrane of  B. subtilis cultured 
in LB. The rest of  the membrane was more rigid. (D) 
Quantification of  pixel intensity showed that the fluid domains 
were more fluid and the rigid areas were more rigid than in the 
untreated cells. Scale bar represent 2 μm (image taken from 
chapter 5 of  the thesis of  MSc S. Omardien Mechanistic 
study of  novel antimicrobials for infection prevention 
and cure UvA, 2018 in press).
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TThe focus of  our research is on signalling processes 
and metabolites involved in plant-insect and plant-
plant communication We study the role of  volatiles 
in plant-insect interactions, with a focus on trichome-
derived volatile terpenoids and on Green Leaf  
Volatiles (GLVs). In addition, we investigate the role 
of  insect effector proteins on plant defence signalling 
and the involvement of  small RNAs from both plant 
and insects in the interaction. Finally, we are studying 
the regulation of  the biosynthesis and emission of  
floral volatiles in Petunia. 
Using the vegetable crops tomato and pepper, the 
ornamental plant Petunia and the model plant species 
Arabidopsis thaliana, we apply molecular genetic 
tools to study genes involved in these processes. 
We are particularly interested in the transcriptional 
networks underlying the regulation of  plant volatile 

Plant Physiology
Prof. M.A. Haring Chairholder
Dr T. Munnik Associate Professor 
Dr ir R.C. Schuurink Associate Professor
Dr C. Testerink Associate Professor
Dr P.M. Bleeker Assistant Professor

Research Programme: Molecular Life Sciences

production in both tomato trichomes and Petunia 
flowers. Intriguingly, this appears to be regulated 
both by specific transcription factors (MYB and 
bHLH types) and through metabolic feedback by 
intermediates of  the pathways. A separate research 
line investigates the mechanisms by which GLVs can 
prime biological responses in plants. The specific 
volatile GLV bouquet can be altered by the action 
by isomerases. These appears to be present in many 
plant species but also in herbivores that feed upon 
them. A new research line aims to identify effectors 
of  whiteflies and thrips and the proteins with which 
they interact in the plant to manipulate the plant 
defense response. In addition we are investigating 
the involvement of  small RNAs from both plants 
and insect in their biological interaction.

Figure 1: Different levels of  whitefly 
resistance in wild tomato species

Group members

Postdoctoral researchers 

PhD candidates

dddd
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 ► With colleagues from Belgium and the USA, we showed, for the first time, that plants can 
actively transport volatile molecules using an ABCG transporter. To study this phenomenon, we 
used the model plant Petunia that emits large amounts of  volatile benzenoids and phenylpropanoids 
from their flowers. This work was published in Science and highlighted on the cover (see figure).

 ► The work on green leaf  volatiles (GLVs) resulted in several interesting discoveries. 
First, we identified an (3Z):(2E)-Hexenal Isomerases from cucumber, filling in one more gap 
in the biosynthetic pathway of  GLVs. Second, we identified an oxidoreductase acting in the 
mitochondria downstream of  the perception of  (2E)-Hexenal by Arabidopsis. Third, a meta-
analysis was performed on the GLV production by plants to show that actually pathogens induce 
more GLV production than herbivores in plants. The latter was published as a Tansley review in 
New Phytologist.  

 ► Zingiberene is a volatile compound with a deterrent effect on whiteflies. It is not toxic to 
whiteflies, even in high concentrations exceeding that produced by the wild tomato PI127826. 
However, zingiberene is converted into derivatives that exert a toxic effect on whiteflies in a 
concentration dependent manner. Transferring this repellence trait from wild tomato species to a 
cultivated variety proved to be impossible: in cultivated tomato the production of  terpenoids was 
blocked. In a joint effort with colleagues from collaborating breeding (Enza Zaden) and biotech 
(Keygene) companies we created and phenotyped a large tomato segregating population leading 
to insights in the dominant negative regulator that prevents high levels of  zingeberene production. 
Combining quantitative insect resistance data from a variety of  tomato species and cultivars with 
quantitative metabolic data using a Machine Learning approach resulted in a number of  insect-
specific metabolites that are putatively involved in resistance.

Figure 2: In Petunia the first evidence 
of  active transport of  floral volatiles has 
been obtained. Floral messaging was on 
the cover of  Science magazine.Group members

Postdoctoral researchers 

PhD candidates

dddd

Plant Physiology
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Other highlights

PhD Theses 
 ► Pulu Sun obtained her joint-PhD degree from the University of  Amsterdam and 

Université Jean Monnet in St Etienne, France, studying various aspect of  rose scent. 
 ►   Javier Zarza Cubero defended his thesis entitled: Polyamine metabolism and activation of  

lipid signaling pathways in Arabidopsis thaliana. This was the result of  a joint project with the 
Plant Cell Biology group.

 ►   Dorota Kawa defended her thesis entitled: Shape up your root: novel cellular pathways 
mediating root responses to salt and phosphate starvation. This was the result of  a joint project with 
the Plant Cell Biology group.

 ►   Qianqian Zhang defended her thesis entitled: Novel roles for phospholipase C in plant stress 
signaling and development. This was the result of  a joint project with the Plant Cell Biology 
group.

Other
 ►   With colleagues at the University of  Utrecht as leading party, several interesting 

aspects of  jasmonic acid turn-over and signalling were discovered. 
 ►   The role of  transcription factor SlMYC1 in the development of  type VI glandular 

trichomes in tomato was established by making knock-out mutants. 
 ►   Several effectors of  whiteflies and thrips that suppress defense responses of  plants 

were identified.
 ►   Start of  a new project on the role of  small RNA regulation in metabolite production; 

datasets of  small RNAs, degradome and genome sequences as well as data analyses 
pipelines developed. 

 ►   Petra Bleeker received a ZonMW grant to reconstruct a wild tomato genome 
through a combination of  optical mapping and 10X sequencing.

Research Programme: Molecular Life Sciences

Academic publications

Meijer, H. J. G., van Himbergen, J. A. J., Musgrave, 
A., & Munnik, T. (2017). Acclimation to salt modifies 
the activation of  several osmotic stress-activated lipid 
signalling pathways in Chlamydomonas. Phytochemistry, 
135, 64-72. DOI: 10.1016/j.phytochem.2016.12.014

Caarls, L., Elberse, J., Awwanah, M., Ludwig, N. R., 
de Vries, M., Zeilmaker, T., ... Van den Ackerveken, 
G. (2017). Arabidopsis JASMONATE-INDUCED 
OXYGENASES down-regulate plant immunity 
by hydroxylation and inactivation of  the hormone 
jasmonic acid. Proceedings of  the National Academy of  
Sciences of  the United States of  America, 114(24), 6388-
6393. DOI: 10.1073/pnas.1701101114

Zhang, Q., Wijk, R. V., Shahbaz, M., Roels, W., 
Schooten, B. V., Vermeer, J. E. M., ... Munnik, T. 

(2017). Arabidopsis Phospholipase C3 is Involved 
in Lateral Root Initiation and ABA Responses in 
Seed Germination and Stomatal Closure. Plant and 
Cell Physiology. DOI: 10.1093/pcp/pcx194

Lee, H. N., Zarza, X., Kim, J. H., Yoon, M. 
J., Kim, S-H., Lee, J-H., ... Chung, T. (2017). 
Arabidopsis VPS38 is required for vacuolar 
trafficking but dispensable for autophagy. Plant 
Physiology. DOI: 10.1104/pp.17.01297

Hickman, R., Van Verk, M. C., Van Dijken, A. 
J. H., Mendes, M. P., Vroegop-Vos, I. A., Caarls, 
L., ... Van Wees, S. C. M. (2017). Architecture and 
Dynamics of  the Jasmonic Acid Gene Regulatory 
Network. The Plant Cell, 29(9), 2086-2105. DOI: 
10.1105/tpc.16.00958
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Research aims for the coming year

 ► To identify plant proteins that interact with the effectors of  thrips or whiteflies and to 
establish their role in the defense against these two herbivores  

 ► To characterize (3Z):(2E)-Hexenal Isomerases from the oral secretions of  several caterpillar 
species. 

 ► Characterize transcription factors involved in the development of  trichomes.
 ► To characterise the role of  Lipid transfer proteins in transport and accumulation of  terpenes 

in tomato trichomes. 
 ► To reconstruct a wild tomato (S. habrochaites) genome through optical mapping combined 

with 10X sequencing. 

Zhou, Y., Vroegop-Vos, I., Schuurink, R. C., 
Pieterse, C. M. J., & Van Wees, S. C. M. (2017). 
Atmospheric CO2 Alters Resistance of  Arabidopsis 
to Pseudomonas syringae by Affecting Abscisic 
Acid Accumulation and Stomatal Responsiveness 
to Coronatine. Frontiers in Plant Science, 8, 700. DOI: 
10.3389/fpls.2017.00700

Adebesin, F., Widhalm, J. R., Boachon, B., Lefèvre, 
F., Pierman, B., Lynch, J. H., ... Dudareva, N. (2017). 
Emission of  volatile organic compounds from 
petunia flowers is facilitated by an ABC transporter. 
Science, 356(6345), 1386-1388. DOI: 10.1126/science.
aan0826

Zarza, X., Atanasov, K. E., Marco, F., Arbona, 
V., Carrasco, P., Kopka, J., ... Alcázar, R. (2017). 
Polyamine Oxidase 5 loss-of-function mutations 
in Arabidopsis thaliana trigger metabolic and 
transcriptional reprogramming and promote salt 
stress tolerance. Plant, cell and environment, 40(4), 527–
542 . DOI: 10.1111/pce.12714

Scala, A., Mirabella, R., Goedhart, J., de Vries, M., 
Haring, M. A., & Schuurink, R. C. (2017). Forward 
genetic screens identify a role for the mitochondrial 
HER2 in E-2-hexenal responsiveness. Plant Molecular 
Biology, 95(4-5), 399-409. DOI: 10.1007/s11103-017-
0659-8

Thoen, M. P. M., Davila Olivas, N. H., Kloth, K. J., 
Coolen, S., Huang, P-P., Aarts, M. G. M., ... Dicke, M. 
(2017). Genetic architecture of  plant stress resistance: 
multi-trait genome-wide association mapping. 
New Phytologist, 213(3), 1346-1362. DOI: 10.1111/
nph.14220

Julkowska, M. M., Koevoets, I. T., Mol, S., 
Hoefsloot, H., Feron, R., Tester, M. A., ... Testerink, 

C. (2017). Genetic Components of  Root Architecture 
Remodeling in Response to Salt Stress. The Plant Cell, 
29(12), 3198-3213. DOI: 10.1105/tpc.16.00680

Ameye, M., Allmann, S., Verwaeren, J., Smagghe, 
G., Haesaert, G., Schuurink, R. C., & Audenaert, 
K. (2017). Green leaf  volatile production by plants: 
a meta-analysis. New Phytologist. DOI: 10.1111/
nph.14671

Spyropoulou, E. A., Dekker, H. L., Steemers, 
L., van Maarseveen, J. H., de Koster, C. G., Haring, 
M. A., ... Allmann, S. (2017). Identification and 
Characterization of  (3Z):(2E)-Hexenal Isomerases 
from Cucumber. Frontiers in Plant Science, 8. DOI: 
10.3389/fpls.2017.01342

Hirano, T., Munnik, T., & Sato, M. H. (2017). 
Inhibition of  phosphatidylinositol 3,5-bisphosphate 
production has pleiotropic effects on various 
membrane trafficking routes in Arabidopsis. Plant and 
Cell Physiology, 58(1), 120-129. DOI: 10.1093/pcp/
pcw164

Schimmel, B. C. J., Ataide, L. M. S., Chafi, R., 
Villarroel, C. A., Alba, J. M., Schuurink, R. C., & 
Kant, M. R. (2017). Overcompensation of  herbivore 
reproduction through hyper-suppression of  plant 
defenses in response to competition. New Phytologist, 
214(4), 1688-1701. DOI: 10.1111/nph.14543

Lauss, K., Wardenaar, R., Oka, R., van Hulten, 
M. H. A., Guryev, V., Keurentjes, J. J. B., ... Johannes, 
F. (2017). Parental DNA methylation states are 
associated with heterosis in epigenetic hybrids. Plant 
Physiology. DOI: 10.1104/pp.17.01054
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Mass Spectrometry of 
Biomacromolecules

The Mass Spectrometry of  Biomacromolecules (MSB) 
research 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 
dynamics of  Bacilli and Clostridia, (ii) 3-D structures 
of  protein complexes, (iii) multi-level control of  gene 
expression regulation and (iv) isotope fractionation in 
plants and the geographical distribution of  isotope 
ratio’s in horticulture products. MSB is developing 

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

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

Research Programme: Molecular Life Sciences

Group members

Technicians
Henk Dekker
Winfried Roseboom

PhD candidates
Bhagyashree Swarge
Zhiwei Tu

Postdoctoral researchers
Eva de Rijke
Wishwas Abhyankar

Figure 1: Fourier transform ion cyclotron resonance 
mass spectrometer nano electrospray source
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Academic publications

Spyropoulou, E. A., Dekker, H. L., Steemers, 
L., van Maarseveen, J. H., de Koster, C. G., Haring, 
M. A., ... Allmann, S. (2017). Identification and 
Characterization of  (3Z):(2E)-Hexenal Isomerases 
from Cucumber. Frontiers in Plant Science, 8. DOI: 
10.3389/fpls.2017.01342

de Jong, L., de Koning, E. A., Roseboom, W., 
Buncherd, H., Wanner, M. J., Dapic, I., ... de Koster, 
C. G. (2017). In-Culture Cross-Linking of  Bacterial 
Cells Reveals Large-Scale Dynamic Protein-Protein 
Interactions at the Peptide Level. Journal of  Proteome 
Research, 16(7), 2457-2471. DOI: 10.1021/acs.
jproteome.7b00068

Abhyankar, W., Stelder, S., de Koning, L., de 
Koster, C., & Brul, S. (2017). ‘Omics’ for microbial 
food stability: Proteomics for the development of  
predictive models for bacterial spore stress survival and 
outgrowth. International Journal of  Food Microbiology, 
240, 11-18. DOI: 10.1016/j.ijfoodmicro.2016.05.008

Figure 2: Quantitative proteomics strategies. (I) Label free quantitation using exponentially modified Protein 
Abundance Index ((em)PAI) scoring and labelling strategies with (II) metabolic labelling and Stable Isotope Labelling 
by Amino acids in Cell culture (SILAC), (III) use of  labelled Tandem Mass Tags (TMT) and isobaric Tags for 
Relative and Absolute Quantification (iTRAQ) tags and (IV) spiking of  synthetic peptides or proteins of  known 
concentration. 5
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Figure 1 shows vacuolinis in epidermal petal cells

Plant Development and (Epi)Genetics

Plant Development and (Epi)Genetics

Plant Development and (Epi)Genetics aims to 
understand genetic principles underlying plant 
development-related processes at different levels 
of  organization: organ, cell, nucleus and chromatin. 
Plants display highly plastic phenotypes in response 
to developmental and environmental cues, requiring 
complex molecular mechanisms that control cell 
differentiation, cell identity but also chromosome 
dynamics and chromatin interactions. 

Prof. R.E. Koes Chairholder
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We use molecular, biochemical, microscopic and 
genetic analyses to understand how gene expression 
is regulated and how that affects the differentiation 
and development of  plant cells, tissues. We make use 
of  several model (crop) plants, such as Arabidopsis, 
Petunia, maize and tomato. This enables us to 
understand how the underlying genetic networks 
diverged during evolution and to obtain a more 
general insight how these processes govern plant 
development.
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Inflorescence and flower development
 ►  The epidermal cells that color the petals of  many flowers generate besides the large central 

vacuole several smaller vacuoles, vacuolinos, with different content. We now identified, via 
transcriptomic and reverse genetic analysis, several genes that prove essential for the formation 
of  and trafficking of  proteins into and out of  vacuolinos.One of  these genes, encoding a member 
of  the Rab family (RAB5a) of  small GTPAses, is a key player in the formation of  vacuolinos. 
Loss of  function rab5a mutations cause the arrest of  vacuolar protein sorting in the prevacuoles, 
while its overexpression results in oversized vacuolinos as large as the central vacuole. These 
findings provide the first insights in the long-standing question how one cell can generate multiple 
vacuoles with distinct content and function.

 ►  The FADING (FA) locus positively affects the stability of  vacuolar content in plant 
cells including anthocyanin flower pigments. The analysis of  petunia wild type and mutant for 
components of  the WMBW complex showed loss of  anthocyanins in the vacuole in the mutants, 
but not wild type, suggesting that the WMBW transcription complex can protect pigments 
from degradation. Recently we showed that the presence of  vacuolinos is associated with the 
degradation of  the FA protein in wild type or in mutants of  the WMBW complex? Therefore we 
are investigating the role of  these compartments in stabilizing the content of  the lumen of  the 
central vacuole.

 ►  We identified a novel gene, PhUNIFLORA, that governs the cymose branching of  the 
petunia inflorescence. 

Epigenetic regulation of gene expression and genome function
 ►  In collaboration with the group of  Frank Johannes (TUM, Germany), we showed that 

epigenetic divergence among parents is sufficient to trigger heterosis in the epigenetic hybrid 
progeny. Heterosis describes the phenomenon that hybrid offspring exhibits a superior phenotype 
compared to that of  its parents. Heterosis has been exploited extensively in agricultural breeding 
for decades and has improved crop performance tremendously. Specific differentially methylated 
regions (DMRs) in the parental genomes appeared associated with heterotic phenotypes in the 
epiHybrids. The DMRs mediate local methylome and transcriptome remodeling, indicating 
molecular mechanisms underlying the observed heterotic phenotypes in the epiHybrids. In 2017 
this work was accepted for publication in Plant Physiology.

 ►  Several epigenetic drugs and chromatin mutants were identified that enhance the efficiency 
of  oligo-directed mutagenesis (ODM) in Arabidopsis protoplasts. A 2-3 fold enhancement of  
ODM was caused by manipulating histone deacetylation, using epidrugs or mutants of  specific 
histone deacetylase genes. Other conditions exhibiting positive, but modest, effects on ODM 
include manipulation of  nucleosome assembly, using mutants in this process. No effect of  
mutations in histone or DNA methylation on ODM efficiency was seen.

Chromosome and genome organization
 ►  We have shown that integration of  genome-wide DNA methylation, histone acetylation and 

chromatin accessibility data sets can be used to predict tissue-specific distal enhancer candidates 
in Zea mays. About 1,500 putative regulatory sequences have been identified in young seedling 
and husk tissue. These include known and experimentally validated enhancers, such as the b1 
and tb1 enhancers. Enhancer candidates are characterized by low DNA-methylation, increased 5

Research Programme: Molecular Life Sciences
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Research aims for the coming year

Inflorescence and flower development
 ► Elucidation of  the process underlying the degradation of  anthocyanins in mutants  with 

“fading” flower color.
 ► Identification of  possible targets of  the PH2 kinase in petal cells.
 ► Identification of  the transposase gene driving transposition of  dTPH1 elements
 ► Studying the role of  the petunia Activator1 locus in regulation of  transposition

Epigenetics
 ► In vico analysis of  selected candidate enhancers identified by genomics 

chromatin accessibility, and enrichment of  H3K9ac. The latter has, unlike in animal systems, an 
asymmetric distribution at the majority of  enhancer candidates. 

 ► Putative target genes were assigned based on tissue-specific expression patterns.. This work 
has been performed in collaboration with Huub Hoefsloot of  the Biosystems Data Analysis 
group of  SILS, and the group of  Dr. Franziska Turck (MPIPZ, Germany), as part of  the EU 
FP7 Marie Curie ITN EpiTRAITS and has been published in Genome Biology in 2017. We 
are currently characterizing a number of  enhancer candidates in more detail by, among others, 
reporter essays.

Other highlights

 ► ALW project “PH2: a kinase controlling vacuolar acidification in plant cells”

PhD theses
 ► Kathrin Lauss, January 2017, Phenotypic variation in plants: Roles for epigenetics. 
 ► Yanbang Li, September 2017. Genes controlling the development and function of  plant vacuoles. 

Plant Development and (Epi)Genetics
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Academic publications

Faraco, M., Li, Y., Li, S., Spelt, C., Di Sansebastiano, 
G.P., Reale, L., Ferranti, F., Verweij, W., Koes, R., and 
Quattrocchio, F.M. (2017). A Tonoplast P3B-ATPase 
Mediates Fusion of  Two Types of  Vacuoles in Petal 
Cells. Cell Reports 19, 2413-2422.

Li, Y., Iqbal, M., Zhang, Q., Spelt, C., Bliek, 
M., Hakvoort, H.W.J., Quattrocchio, F.M., Koes, 
R., and Schat, H. (2017). Two Silene vulgaris 
copper transporters residing in different cellular 
compartments confer copper hypertolerance by 
distinct mechanisms when expressed in Arabidopsis 
thaliana. New Phytologist 215, 1102-1114.

Oka, R., Zicola, J., Weber, B., Anderson, S.N., 
Hodgman, C., Gent, J.I., Wesselink, J.J., Springer, N.M., 
Hoefsloot, H.C.J., Turck, F., et al. (2017). Genome-
wide mapping of  transcriptional enhancer candidates 
using DNA and chromatin features in maize. Genome 
Biol 18, 137.

Snoek, B.L., Pavlova, P., Tessadori, F., 
Peeters, A.J.M., Bourbousse, C., Barneche, F., 
de Jong, H., Fransz, P.F., and van Zanten, M. 
(2017). Genetic Dissection of  Morphometric 
Traits Reveals That Phytochrome B 
Affects Nucleus Size and Heterochromatin 
Organization in Arabidopsis thaliana. G3 
(Bethesda) 7, 2519-2531.

Suraj Jamge, Maike E. Stam, Richard 
G.H. Immink, Gerco C. Angenent. (2017) A 
cautionary note on the use of  chromosome 
conformation capture in plants. Plant Methods 
13: 101. DOI 10.1186/s13007-017-0251-x. 

Book chapter

Weber, B.*, Jamge. S.*, Stam, M.E. 3C in 
Maize and Arabidopsis (2017). Marian Bemer 
and Celia Baroux (eds.), Plant Chromatin 
Dynamics: Methods and Protocols, Methods in 
Molecular Biology, vol. 1675, pp 247-270. DOI 
10.1007/978-1-4939-7318-7_15. *co-first 
authors.
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Pamela Strazzer
Valentina Passeri
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Yanbang Li
Shuangijan Li
Blaise Weber
Till Bey
Rurika Oka
Jihed Chouaref
Kai Ding
Lichun Hua

Technicians
Rechien Bader
Mattijs Bliek
Kees Spelt
Bets Verbree

Plant Development and (Epi)Genetics

Outreach

 ► R. Koes & P. Hooykaas (2017) Agrobacterium: Genetic modification avant la lettre. In: Mighty 
Microbes. Eds: J van Doorn, J. Luirink, J. van der Oost, B. Oudega, L. Robertson, H. Smit & P. 
Willemsen. Microcanon Faoundation, The Netherlands

 ► F. Quattrocchio interviewed by Karl Gruber in “The living library”. Nature | Vol 544 | April 
2017

 ► R. Koes and F. Quattrocchio interviewed by Karl Gruber in “Giving fruit a nutritional boost”. 
Nature Plants | Vol 2 | December 2016 

 ► F. Quattrocchio. Oral presentation at Plant Fascination Day: “Flowers tell us how cells work and 
how we can make beautiful ornamentals and tasty fruits” May 2017

 ► F. Quattrocchio. Seminar at the Sixth Dutch Seed Symposium: “Flower petals explain the 
mechanism of  fruit taste, the production of  antioxidants, the ecology of  plant reproduction … and much more” 
October 2017

 ► M. Stam, M. Tark-Dame, E. Verbree: Open day Faculty of  Science, UvA, Amsterdam, 
October 2017. Workshops for kids on DNA isolation from strawberries, color & pH, the 
ancestors of  modern crop plants, and the anatomy of  flowers. 

 ► R. Koes and F. Quattrocchio: “DNA en genen, wat kunnen we er mee?” the Fleuriage Residence, 
Lecture for the guests of  the residence and their families.
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Plant Hormone Biology

The primary research interest of  the Plant Hormone 
Biology group is the role of  plant hormones and other 
signalling molecules in the communication of  plants 
with beneficial and harmful organisms, particularly in 
the rhizosphere. For example, we study the exudation 
by plants of  strigolactones into the rhizosphere to 
signal host presence to the symbiotic arbuscular 
mycorrhizal fungi and the abuse of  this signalling 
relation by parasitic plants that use the same molecules 
for host detection. The fact that the strigolactones 
also have an endogenous signalling function as plant 
hormone that regulates root and shoot architecture, in 
response to changes in phosphate availability, makes 
this interaction even more intriguing. Important 
aspects of  our work on communication are how these 
signalling molecules are biosynthesised and perceived, 
how their production is regulated, and what happens to 
the interaction if  their production is altered. To be able 
to do such studies we use a broad range of  expertises, 
ranging from analytical chemistry for detection of  
the signalling molecules, through molecular biology 
and biochemistry for the isolation of  key genes using 
state-of-the-art approaches such as the combination 
of  transcriptomics and metabolomics, to metabolic 
engineering to change signalling molecule production 

Prof. Harro Bouwmeester Chairholder

to study the consequences of  the altered signalling 
molecule production for the interaction.

Strigolactone biosynthesis and perception.
The combined positive and negative signalling roles of  
the strigolactones could be the result of  a paradigm: 
enemies of  plants recruit molecules that are essential 
to the plant as cues. This paradigm has two important 
implications: 1) other plant-produced signalling 
molecules known to be abused by plant enemies 
likely have another, beneficial essential function in 
plants and 2) the involvement of  multiple, positive 
and negative, biological functions exerts a selective 
pressure on these signalling molecules that results in 
the evolution of  diversity in structure and biological 
specificity. With an Advanced Grant of  the European 
Research Council (ERC) we will address implication 2) 
by studying how biological specificity in strigolactones 
is mediated by the evolution of  structural diversity 
and the concomitant changes in perception. This 
work will shed light on the significance of  structural 
diversity in signalling molecules and the co-evolution 
of  perception. It should also provide the fundamental 
knowledge enabling biotechnological and agronomical 
applications to optimise colonisation by AM fungi and 

plant development, and control 
parasitation by root parasitic 
plants.

Bad signaling molecules, good signaling 
molecules?
Based on the paradigm postulated 
above we will also investigate 
implication 1): other plant-
produced signalling molecules 
known to be abused by plant 
enemies likely have another, 
beneficial essential function in 

Research Programme: Molecular Life Sciences

Figure 1: Representation of  the chemical 
communication in the rhizosphere 
of  plants (from Van Dam and 
Bouwmeester, 2017. Trends in Plant 
Science)
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plants (Figure 2). In the same ERC funded project 
we will address this implication using an innovative 
approach in a new area by setting out to discover 
a new signalling role for plant produced signaling 
molecules that attract pathogenic organisms to 
plants. The hypothesis here is that these signaling 
molecules also have another positive function for 
the plant. Also with these signaling molecules we will 
investigate implication 2) by studying how biological 
specificity in these molecules is mediated by the 
creation of  structural diversity and the concomitant 
changes in the perception by receptors, in the 
pathogenic organisms. This work should shed light 
on the significance of  structural diversity in signalling 
molecules and the co-evolution of  perception 
and may result in the discovery of  a new class of  
signalling molecules in plants. It will also provide the 
fundamental knowledge enabling biotechnological 
and agronomical applications to control parasitation 
by a range of  organisms.
 
Signalling in the rhizosphere: the tip of  the iceberg?
The strigolactones are very likely just the tip of  
the iceberg of  the signaling that takes place in the 
rhizosphere, of  which we hardly know anything 

Figure 2: Plants secrete signaling molecules to attract beneficial organisms. These are often abused by parasitic organisms. 
This results in a selection pressure for structural changes in the signaling molecules.

due to the difficulties of  studying what goes on 
underground. At the same time, we start to realize 
how important the rhizosphere is for plants. 
Especially for the root microbiome – the community 
of  micro-organisms on and in the root of  plants – it 
is becoming clear that it has a tremendous impact 
on plant growth, development and productivity 
and can be compared to the importance of  the gut 
microbiome in animals and humans. To unravel 
signaling relationships between plants and micro-
organisms we can use targeted and non-targeted 
approaches. With regard to the former, we are looking 
at the importance of  strigolactones for rhizosphere 
signaling. A study together with Eiko Kuramae and 
Thiago Schlemper at NIOO showed that a sorghum 
variety with a deviating strigolactone profile recruits 
a different microbiome (Figure 3). We are currently 
investigating rice strigolactone mutants to see if  
we can further unravel the role of  strigolactones in 
rhizosphere microbiome recruitment. In addition, 
we are using untargeted approaches to uncover 
unknown signaling relationships in the rhizosphere 
(Figure 3).  

Plant Hormone Biology
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Research highlights

 ► In our work on maize we have identified 
a number of  highly unusual strigolactones of  
which two, zealactone and zeapyranolactone, 
have now been published in Phytochemistry 
(Charnikhova et al., 2017) and Phytochemistry 
Letters (Charnikhova et al., 2018) (see Figure). 
This work demonstrates that the strigolactone 
family is even more diverse than we already 
thought. Through extensive co-expression 
analysis we have identified gene candidates for 
the biosynthesis of  this structural diversity. 
With these genes in hand we will be able to 
assess the biological significance of  the large 
structural diversity in the strigolactones.

5
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Group members

Postdoctoral researchers  
Krystina Flokova
Anouk Zancarini
Mehran Rahimi
Dong Lemeng 
Benjamin Thiombano

PhD candidates 
Wang Yanting 
Lieke Vlaar 
Alessandra Guerrieri 
Bora Kim
Li Changsheng

Technicians 
Suzanne Alves Aflitos-Hoogstrate 
Aleksandra Chojnacka
Tatsiana Charnikhova  
Aimee Walmsley

Figure 3: Bacterial rhizosphere microbiome 
community on 7 sorghum varieties (left 
panel). C6 is a high orobanchol sorghum 
genotype; the others are 5-deoxystrigol 
producers. Metabolomics analysis workflow 
of  root exudates of  tomato (bottom panel).
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Other highlights

PhD theses
 ► Beatriz Andreo Jimenez, 2017. The role of  strigolactones and the fungal microbiome in rice during 

drought adaptation. PhD thesis Wageningen University, Promoter: Prof. H.J. Bouwmeester, 205 pp
 ► Xi Cheng, 2017. Exploring the resistance against root parasitic plants in Arabidopsis and tomato. PhD 

thesis Wageningen University, Promoter: Prof. H.J. Bouwmeester, 305 pp

Plant Hormone Biology

Academic publications

Thoen, M.P.M., Davila Olivas, N.H., Kloth, K.J., 
Coolen, S., Huang, P.-P., Aarts, M.G.M., Bac-
Molenaar, J.A., Bakker, J., Bouwmeester, H.J., 
Broekgaarden, C., Bucher, J., Busscher-Lange, J., 
Cheng, X., Fradin, E.F., Jongsma, M.A., Julkowska, 
M.M., Keurentjes, J.J.B., Ligterink, W., Pieterse, C.M.J., 
Ruyter-Spira, C., Smant, G., Testerink, C., Usadel, B., 
van Loon, J.J.A., van Pelt, J.A., van Schaik, C.C., van 
Wees, S.C.M., Visser, R.G.F., Voorrips, R., Vosman, 
B., Vreugdenhil, D., Warmerdam, S., Wiegers, G.L., 
van Heerwaarden, J., Kruijer, W., van Eeuwijk, F.A., 
Dicke, M., 2017. Genetic architecture of  plant stress 
resistance: multi-trait genome-wide association 
mapping. New Phytologist 213: 1346-1362.

Henquet, M.G.L., Prota, N., van der Hooft, J.J.J., 
Varbanova-Herde, M., Hulzink, R.J.M., de Vos, 
M., Prins, M., de Both, M.T.J., Franssen, M.C.R., 
Bouwmeester, H., Jongsma, M., 2017. Identification 
of  a drimenol synthase and drimenol oxidase from 
Persicaria hydropiper, involved in the biosynthesis 
of  insect deterrent drimanes. Plant Journal, 90: 1052-
1063

Charnikhova, T.V., Gaus, K., Lumbroso, A., Sanders, 
M., Vincken, J.-P., De Mesmaeker, A., Ruyter-
Spira, C.P., Screpanti, C., Bouwmeester, H.J., 2017. 
Zealactones. Novel natural strigolactones from 

maize. Phytochemistry 137: 123-131

Gobena, D., Shimels, M., Rich, P.J., Ruyter-Spira, 
C., Bouwmeester, H., Kanuganti, S., Mengiste, 
T., Ejeta, G., 2017. Mutation in sorghum LOW 
GERMINATION STIMULANT 1 alters 
strigolactones and causes Striga resistance. Proceedings 
of  the National Academy of  Sciences of  the United States 
of  America 114: 4471-4476

Borghi, M., Fernie, A.R., Schiestl, F.P., Bouwmeester, 
H.J., 2017. The Sexual Advantage of  Looking, 
Smelling, and Tasting Good: The Metabolic 
Network that Produces Signals for Pollinators. 
Trends in Plant Science 22: 338-350

Cheng, X., Floková, K., Bouwmeester, H., 
Ruyter-Spira, C., 2017. The role of  endogenous 
strigolactones and their interaction with ABA 
during the infection process of  the parasitic weed 
Phelipanche ramosa in tomato plants. Frontiers in 
Plant Science 8, art. no. 392

Khairul Ikram NKB, Beyraghdar Kashkooli A, 
Peramuna AV, van der Krol AR, Bouwmeester 
H, Simonsen HT (2017) Stable Production of  
the Antimalarial Drug Artemisinin in the Moss 
Physcomitrella patens. Frontiers in Bioengineering and 
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Research aims for the coming year

 ► Characterisation of  strigolactone biosynthetic genes in maize, rice and tomato; making 
mutants with altered strigolactone composition; study the consequences for parasitic plant 
infection and microbiome recruitment

 ► Elucidation of  the biosynthesis and possible beneficial role in planta of  nematode attracting 
signalling molecules and perception mechanism in the nematode

 ► Study the role of  plant root exudates and the metabolites it contains in the recruitment of  
the rhizosphere microbiome

5
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Biotechnology 5 (47) doi:10.3389/fbioe.2017.00047

Jeroen S. Dickschat, Jan Rinkel, Patrick Rabe, Arman 
Beyraghdar Kashkooli and Harro J. Bouwmeester, 
2017. 18-Hydroxydolabella-3,7-diene synthase – a 
diterpene synthase from Chitinophaga pinensis. 
Beilstein J. Org. Chem. 13: 1770-1780

Alquézar, B., Volpe, H.X.L., Magnani, R.F., De 
Miranda, M.P., Santos, M.A., Wulff, N.A., Bento, 
J.M.S., Parra, J.R.P., Bouwmeester, H., Peña, L., 
2017. β-Caryophyllene emitted from a transgenic 
Arabidopsis or chemical dispenser repels Diaphorina 
citri, vector of  Candidatus Liberibacters. Scientific 
Reports, 7, art. no. 5639

Kloth, K.J., Busscher-Lange, J., Wiegers, G.L., 
Kruijer, W., Buijs, G., Meyer, R.C., Albrectsen, B.R., 
Bouwmeester, H.J., Dicke, M., Jongsma, M.A., 2017. 
SIEVE ELEMENT-LINING CHAPERONE1 
restricts aphid feeding on arabidopsis during heat 
stress. Plant Cell 29: 2450-2464

Schlemper, T.R., Leite, M.F.A., Lucheta, A.R., Shimels, 
M., Bouwmeester, H.J., van Veen, J.A., Kuramae, E.E., 

2017. Rhizobacterial community structure differences 
among sorghum cultivars in different growth stages 
and soils. FEMS microbiology ecology 93 (8)

Relevant positions

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

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

Bouwmeester, H.J. Editor Plant Signalling and Behavior

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


