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1. Scientific results 2015 
The Hogenraad group has focused, based on the results from the systematic, candidate-based 
RNA-interference (RNAi) screen, only on the most interesting and promising candidates we iden-
tified. Notably, out of all the 80 candidates we analyzed in our screen, we found to have only a few 
specific proteins to have a drastic and highly significant effect on spine morphology. Of these, we 
focused on the microtubule (MT) associated protein Map7 (mammalian homolog of ensconsin). 
The suppression of Map7 caused not only a reduction of the total number of spines per 100 µm by 
around 40%, but even more strikingly, caused a drastic shift from mushroom shaped spines to 
spines showing a stubby morphology, suggesting an important role of Map7 in regulating spine 
morphodynamics. So far, mainly the regulation of the actin cytoskeleton is shown to affect spine 
morphology and formation, but a growing body of evidence suggests that also MTs enter synaptic 
spines and might affect spine stability, morphology or function, making Map7 to a very interesting 
and promising candidate to study in detail.  
 
To determine the subcellular distribution of Map7 and to test if it localizes to dendritic spines we 
tried to stain hippocampal neurons with all 4 different available commercial antibodies, but none 
of these antibodies was suitable for immunocytochemistry on rat neurons. However, by the 
moderate overexpression of GFP-tagged full-length Map7 construct in hippocampal neurons, we 
could show that Map7 becomes already at 3 div restricted to the minor neurites and is at div 5 and 
later stages exclusively localized in the soma-dendritic compartment. It shows thereby an expres-
sion pattern very similar to microtubules (MTs) visualized by alpha tubulin staining and partially 
overlaps with tubulin. Interestingly, the overexpression of only the N-terminal of Map7 containing 
the MT binding domain (EMTB-EGFP) showed exactly the same MT-like expression pattern exclu-
sively in the dendrites, while the overexpression of the C-terminus resulted in a diffuse cytosolic 
localization within the entire neuron. These results indicate that Map7 decorates indeed MTs in 
neurons and that the localization to MTs is necessary for its localization to dendrites. Higher mag-
nification of confocal microscopy images showed that Map7 decorates mainly MTs in the dendritic 
shaft, but also MTs which enter synaptic spines. With help of a new master student who started in 
November 2015, we are working on the validation of the knockdown of Map7. Due to the lack of a 
suitable antibody against Map7 to confirm the efficient knockdown by immunocytochemistry and 
to test the specificity of the knockdown we focus for the moment alone on the rescue experiments.  
 
A second aim was the functional analysis of the role of Map in spine morphodynamics. Other 
studies in our lab have shown that spine entries by MTs are very rare events and that the MTs that 
enter spines are highly dynamic and Map7 is reported to regulate MT dynamics in other model 
systems, but it has been unclear whether Map7 stabilizes or destabilizes MTs. To address this, we 
stained for acetylated and acetylated tubulin, which are reporters for stable and dynamic MTs 
respectively. We found that GFP-Map7 does not co-localize with tyrosinated tubulin and didn't 
observe EB3 comets (a marker for growing plus tips) at the Map7 decorated MTs. However, we do 
see that Map7-decorated MTs localize like acetylated MTs in the central part of the dendritic shaft 
and partially co-localize with acetylated tubulin. Since it is only a partial overlap we can speculate 
that Map7 binds to stabilized MTs or even stabilizes them and is therefore located in spatial 
proximity of acetylated tubulin, but that the binding of Map7 does not depend on the acetylation 
of MTs. We can further speculate that the binding of Map7 to MTs might provide a stabilization of 
MTs independent/ in addition to posttranslational modifications of tubulin. This hypothesis is 
supported by our live-cell imaging observations, showing that EGFP-Map7 decorated MTs that 
enter spines stay there for the entire period of imaging, what is never observed for dynamic, EB3 
labelled MTs. Also our preliminary data on spine entries of dynamic, EB3 labelled MTs after 
knockdwon of Map7 suggests that dynamic MTs might not/ only slightly affected after the sup-
pression of Map7. A PhD student in the lab will be involved in these experiments.  
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In the Kapitein group, Max Adrian is currently finalizing the experiments that explore the relation 
between membrane-bound diffusion and spine morphology. To this end, nanoscopic spine shape 
analysis is combined with measurements of the escape time using photoconvertible proteins. To 
compare the results with the earlier predictions published by Kusters et al. (oio at TUE, with 
Kees Storm in this program), we closely collaborate with Remy Kusters, who simulates diffusion 
on spine shapes obtained in our experiments. Eugene Katrukha finished as a postdoc on this 
project. We have submitted a manuscript that explores cytoplasmic diffusion and active motor-
based transport of quantum dots and its dependence on subcellular cytoskeletal organization. 
 
In the Storm group, focus has been on further development of the code to simulate diffusion on 
curved surfaces (a methods paper has been submitted to Biophysical Journal, first results have 
been published in Soft Matter). A start has been made by MSc student Karsten Miermans to theo-
retically evaluate growth and stabilization of spines, in collaboration with Casper Hoogenraad (a 
first article has been submitted to Biophysical Journal). The work in collaboration with 
Prof. Mahadevan de T. Fai at Harvard on spine morphology and general biological growth 
processes is in progress (manuscripts are being written).  
 
The Peterman group is working on establishing in vitro models for kinesin-driven vesicle 
transport, mimicking active AMPA-receptor transport along dendrites. Stable and reliable in vitro 
vesicle transport assays have been (too) difficult to establish, so focus has been shifted towards 
other aspects of active transport using in vitro motility assays. A study of kinesin motor protein 
under traffic-jam conditions is close to finalization (results are being written up). Key findings are 
that Kinesin-1 motor proteins are very sensitive to neighbors and homodimeric Kinesin-2 motors 
less so: already at relatively low densities Kinesin-1 motors affect eachothers velocities and run 
lengths, whil this happens for Kinesin-2 at substantially higher concentrations. In collaboration 
with the Peter Schall group (UvA) we are trying to understand these results in terms of TASEP 
(Totally Asymmetric Exclusion Process) theoretical models. A comparison with other kinesin 
motors is ungoing. 
 
In the Schmidt group, the influence of membrane inhomogeneities on the narrow escape problem 
has been addressed by means of an artificial model consisting of a membrane tube coupled to a 
giant unilamellar vesicle. The idea is to form membrane domains on the membrane tube to hinder 
diffusion out of the tube. To achieve this locally we established the technique of photo conversion, 
which allows to locally change the lipid membrane phase by focused light. While doing on giant 
vesicles, we found that interesting shape-fluctuations emerge, which resemble signatures of critical 
phenomena. This critical behavior has been further characterized. 
 
2. Added value of the programme 
As discussed above and evident from joint publications, theorical physics – cell biology collabora-
tions have been very successful within this program. A theoretical collaboration between the Storm 
and Schmidt groups on the critical phenomena observed in the experiments is ongoing and most 
likely going to lead to results in the coming year. Furthermore, high temporal and spatial resolu-
tion imaging of spine dynamcis in the Kapitein group is used for characterization of the proteins 
found in the Hoogenraad group that affect spine shape and development. 
A very fruitful meeting with all PIs, oios and postdocs in the program has taken place last fall. 
 
3. Personnel 
No remarks. The first postdocs has finished. The PhD students are making progress and are near-
ing or starting their last year. 
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4. Publications 
Hoogenraad 
- van Beuningen S.F., Will L., Harterink M., Chazeau A., van Battum .E.Y, Frias C.P., Franker 

M.A., Katrukha E.A., Stucchi R., Vocking K., Antunes A.T., Slenders L., Doulkeridou S., Sillevis 
Smitt P., Altelaar A.F., Post JA., Akhmanova A., Pasterkamp R.J., Kapitein LC., de Graaff E., 
Hoogenraad C.C. TRIM46 Controls Neuronal Polarity and Axon Specification by Driving the 
Formation of Parallel Microtubule Arrays. Neuron. 2015. 

 
Kapitein 
- Van Bergeijk P., Adrian M., Hoogenraad C.C., Kapitein L.C. Optogenetic control of organelle 

transport and positioning. Nature. 2015 Feb 5;518(7537):111-4.  
- Esteves da Silva M., Adrian M., Schätzle P., Lipka J., Watanabe T., Cho S., Futai K., Wierenga 

C.J., Kapitein L.C., Hoogenraad C.C. Positioning of AMPA Receptor-Containing Endosomes 
Regulates Synapse Architecture. Cell Rep. 2015 Nov 3;13(5):933-43.  

 
Storm 
- Kusters, Remy, Stefan Paquay, and Cornelis Storm. Confinement without boundaries: aniso-

tropic diffusion on the surface of a cylinder.' Soft Matter 11.6 (2015): 1054-1057.  
 
Peterman 
- Prevo, B., Mangeol, P., Oswald, F., Scholey, J.M., and Peterman E.J.G. Functional differentiation 

of cooperating kinesin-2 motors orchestrates cargo import and transport in C.elegans cilia. 
Nature Cell Biology (2015) 17:1536-1545. 

- Prevo, B., and Peterman E.J.G. Small steps and giant leaps. eLife (2015) 4:e08366.  
 
5. Valorisation and outreach 
Valorization 
Peterman 
Interview BNR radio 'Van startup naar smartup' on Oct. 27th 2015 
(http://www.bnr.nl/radio/bnr-startup/438584-1510/27-oktober-van-startup-naar-smartup) 
 
Schmidt 
Our finding of large membrane-fluctuations on induction by light-induced phase separation led to 
a novel idea to initiate vesicle division as a step in building an artificial cell. For this idea Pomp 
was awarded the 'Collaboration Prize' of the NanoFront consortium, which has led to a successful 
follow-up proposal.  
 
Outreach 
Hoogenraad 
Interview on public radio station BNR radio 'Onderzoekers in Utrecht zijn oorzaak autisme op het 
spoor' in December 2015. 
Bessensap - Scientists meet the journalists event. New Babylon Meeting Center, Den Haag in June 
2015 - 'Moleculair inzoomen op ons brein'. 
 
Kapitein 
Public lecture at the University Day 2015 of Utrecht University: 
http://www.uu.nl/organisatie/alumni/agenda/universiteitsdag-2015 
Youth lecture for the MuseumJeugdUniversiteit, University Museum Utrecht: 
http://www.universiteitsmuseum.nl/te-zien-en-te-doen/agenda-en-
nieuws/nieuws/2015/museumjeugduniversiteit-kindercolleges 

http://www.bnr.nl/radio/bnr-startup/438584-1510/27-oktober-van-startup-naar-smartup
http://www.uu.nl/organisatie/alumni/agenda/universiteitsdag-2015
http://www.universiteitsmuseum.nl/te-zien-en-te-doen/agenda-en-nieuws/nieuws/2015/museumjeugduniversiteit-kindercolleges
http://www.universiteitsmuseum.nl/te-zien-en-te-doen/agenda-en-nieuws/nieuws/2015/museumjeugduniversiteit-kindercolleges
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Peterman 
Public lecture at the Koninklijke Maatschappij voor Natuurkunde onder de zinspreuk Diligentia. 
(Oct. 19, 2015) 'Een frisse blik op biologische processen door fluorescentie aan individuele mole-
culen'. The lecture is available online: https://youtu.be/FuZh0-4s9Rc  
 
6. Vacancies 
None. 
 
  

https://youtu.be/FuZh0-4s9Rc
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Fact sheet as of 1 January 2016 

 FOM - 12.0278/4 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 137. 
  
Title (code) Barriers in the brain: the molecular physics of learning and 

memory (BIB) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. E.J.G. Peterman 
  
Duration 2012-2016 
  
Cost estimate M€ 1.8 
  
Concise programme description 
a. Objectives 
The programme focuses on the molecular physical processes underlying regulation of synaptic 
strength, with special emphasis on spines: the transmitting end of synapses. In particular we aim 
to answer the following questions: 
1. What governs the morphodynamics of the spine neck? 
2. How does the spine neck affect 2-dimensional AMPA-receptor diffusion? 
3. Can the deformation of AMPA-receptor vesicles help to overcome the barrier posed by the 

spine neck? 
 
b. Background, relevance and implementation 
The human brain consists of more than one hundred billion neurons, intricately connected into 
functional neuronal circuits. These circuits enable us to feel, to express emotion, to sense the world 
around us, to move and to be creative. The basic structure of the neuronal circuitry is that of a 
network – individual neurons that interconnect at specialized cell-cell contact sites called synapses. 
At these sites, the action potential propagating along an axon (the long, transmitting protrusion of 
a neuron) triggers the release of small molecules – neurotransmitters – which in turn are sensed by 
the receiving cell using specialized receptor proteins embedded in the plasma membrane of den-
drites (the receiving protrusions of neurons). Precise control of the development, connectivity and 
strength of synapses is critical for accurate neural network activity and normal brain function, 
including learning and memory formation. In fact, most of what we learn or remember is encoded 
– permanently or transiently - by modulating the strength of the specific synapses. By using an 
interdisciplinary approach, ranging from single-molecule biophysics in vitro and in vivo, via soft-
matter theory, to neuronal cell biology, we seek to quantify the basic, physical processes that are at 
the heart of synaptic strength-regulation. We will focus on three aspects. First, we will unravel the 
molecular interactions that regulate the shape of the dendritic spine, the transmitting end of the 
synapse. Second, we will investigate how diffusion of neurotransmitter-receptors in the membrane 
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is modulated by spine shape. Third, we will study how vesicles containing neurotransmitters are 
transported by molecular motors and how barriers like the spine neck are overcome. 
 
 
Funding  
salarispeil cao per 01-01-2016 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 1.498 257 - - - - - 1.755 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.498 257 - - - - - 1.755 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1197 
b) Ex ante evaluation: FOM-11.1427 
c) Decision Executive Board: FOM-12.0277 
 
 
Remarks 
The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2016. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 SK par. HOZB 
 
 
Subgebied: 100% FL 
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Historical overview of input and output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2012 - 0.3 0.6 - 40 

2013 - 1.4 3.8 - 381 

2014 - 2.0 4.0 - 443 

2015 - 1.7 4.0 - 404 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2013 - 4 6 - 

2014 - 10 21 - 

2015 - 10 5 - 

* After closing the financial year. 
 
 
PhD defences 
2013 
None. 

2014 
None. 

2015 
None. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Project (title + number) Modeling of active ans passive receptor transportin spines 11BIB05 
 
FOM employees on this project 
Name  Position Start date End date 
R.P.T. Kusters PhD 1 September 2012 31 August 2016 
 
 
Workgroup FOM-L-17 

Leader Prof.dr. Th. Schmidt 
Organisation Leiden University 
Project (title + number) In vitro of receptor transport by diffusion 11BIB04 
 
FOM employees on this project 
Name  Position Start date End date 
W. Pomp PhD 1 February 2013 31 January 2017 
 
 
Workgroup FOM-U-40 

Leader Prof.dr. C. Hoogenraad 
Organisation Utrecht University 
Project (title + number) The molecular basis of dendritic spinemorphodynamics 11BIB02 
 
FOM employees on this project 
Name  Position Start date End date 
L.M. Will postdoc 1 August 2013 31 July 2016 
 
 
Leader Prof.dr. C. Hoogenraad 
Organisation Utrecht University 
Project leader Dr. L.C. Kapitein 

Project (title + number) Imaging of spine morphodynamics and receptortransport in living 
neurons 11BIB03 

 
FOM employees on this project 
Name  Position Start date End date 
M. Adrian PhD 1 October 2012 30 September 2016 
E. Katrukha postdoc 1 September 2012 31 August 2015 
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Workgroup FOM-V-23 

Leader Prof.dr.ir. E.J.G. Peterman 
Organisation Vrije Universiteit Amsterdam 
Project (title + number) In vitro studies of active receptor-vesicletransport 11BIB01 
 
FOM employees on this project 
Name  Position Start date End date 
V.S. Kushwaha PhD 1 March 2013 28 February 2017 
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