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1. Scientific results 2014 
Overall, scientific progress within the programme has been remarkable, in particular for the in vivo 
and theoretical studies. 
 
The Hoogenraad group has made important progress in identifying the molecules involved in 
spine-neck shaping, by performing a systematic, candidate-based RNA-interference (RNAi) screen. 
The focus was on in total 75 candidate proteins, including conserved actin-binding/regulatory 
proteins, actin-dependent motor proteins, septin-family proteins, membrane-sculpting proteins, 
lipid-bound proteins and microtubule associated proteins (MAPs). The effect of inhibition of these 
proteins on shaping spine morphology was studied in transfected primary hippocampal neurons 
at 18 DIV (at 18 days in vitro) with 3 shRNA constructs and GFP (to highlight spine morphology) 
and process the neurons 4 days later for imaging (DIV22). The total number of spines per 10 μm 
and the relative distribution between mushroom, filopodia-like and stubby spines (N=3 experi-
ments with each 5 neurons, and 3 dendrites) were quantified for each candidate. The screen 
showed that depletion of 32 of the 75 individual proteins affected the total number of spines. For 
instance, 30 microtubule-associated proteins (MAPs) were selected and knocked down in cultured 
rat hippocampal neurons. Depletion of most the MAPs had no effect on the total number of spines 
and only 7 candidates decreasing the total number of spines (see figure 1). In the remainder of the 
project, spine morphology will be further quantified to confirm and specify the effects of these 
proteins. Part of these studies involve fluorescence imaging with the Kapitein group. 
 

 
 
Figure 1: Effect of microtubule associated proteins (MAPs) depletion on spine numbers in cul-
tured rat hippocampal neurons Top) Examples of dendritic spines with control (psuper) and three 
depletion conditions (MAP7, MAP6 and MAP7D1). Bottom) Quantification of the number of 
spines per shRNA condiction. 
 
The Kapitein group has obtained important new results allowing light-controlled transport of car-
goes into dendritic spines (publication in Nature). Furthermore, efforts to directly measure the 
relation between spine shape and membrane-based diffusion are ongoing, testing the predictions 
that were published before with the Storm group. The proper probes and experimental procedures 
have been established to directly measure both diffusion and the super-resolved spine shape. 
These measurements are expected to yield experimental verification of the theoretical predictions 
within 2015.  
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The Storm group has continued to pursue the lateral diffusion of particles on the curved surface of 
the dendritic spine, and has successfully managed to include the effects of crowding by other 
membrane proteins. In addition to providing more realistic estimates for the AMPA retention time 
of spines, this has led to interesting spin-off in more general soft matter settings, which have led to 
a paper on curvature-induced ordering in confined 2D particulate systems. In 2014, Remy Kusters 
spent 4 months as a visiting scholar at Harvard University, working in the group of Prof. Mahade-
van on spine morphology and general biological growth processes, and while there, has estab-
lished a collaboration with the lab of prof. Scott Manalis at MIT, relating to the translocation of 
deformable vesicles through thin necks. This process is thought to be related to the vesicle-based 
active transport of receptors in the spine. 
 
The Peterman group is working on establishing in vitro models for kinesin-driven vesicle 
transport, mimicking active AMPA-receptor transport along dendrites. So far, stable and reliable in 
vitro vesicle transport assays have not been established, due to the complexity of the assays. 
Although this still remains a goal, part of the focus has shifted towards other aspects of active 
transport using in vitro motility assays. We are currently studying how diverse kinesin motor pro-
teins are affected by traffic-jam situations, situations where the density of kinesins on a microtu-
bule track is so high that motors do not have free access to the next binding site. In addition, motor 
studies will be performed in crowded environments, including actin networks.  
The Schmidt group has performed experiments to show the influence of the topology in a spine-
mimetic system on the escape probability of membrane components. We were able to show that 
the escape probability sales with vesicle radius as R-2.8. This dependence, deviating from the trivial 
R-2-dependence, was earlier predicted by the Storm group. These findings confirm that there is 
significant influence on membrane topology. The results were presented at the Biophysical Society 
meeting (2015) and a manuscript is in preparation. Further, initial steps were taken to (i) set up an 
in vitro expression system for the study of AMPA receptors, (ii) use photooxidation to induce 
membrane phase separations. 
 
2. Added value of the programme 
This programme brings together theoretical and experimental (bio)physicists and biologists. Each 
meeting we have, we get lively discusions, which show how inspiring it is to bring these fields 
together, also for the junior scientists. Key ongoing collaborations within the programme involve: 
• In vivo live-cell imaging studies of spine shape and spine-shape dynamics and how they are 

affected by specific proteins (Kapitein and Hoogenraad). 
• Comparison in vivo and theoretical aspects of spine shape and spine-shape dynamics (Kapitein 

and Storm). 
• Diffusion of membrane proteins in complex environments (membrane shape, crowding), from 

theoretical, in vitro and in vivo perspective (Storm, Schmidt, Peterman, Kapitein). 
 
3. Personnel 
No changes in personnel this year. General progress is good. PhD students are on track. 
 
4. Publications 
Hoogenraad: 
- K.W. Yau, S.F. van Beuningen, I. Cunha-Ferreira, B.M. Cloin, E.Y. van Battum, L. Will, P. 

Schätzle, R.P. Tas, J. van Krugten, E.A. Katrukha, K. Jiang, P.S. Wulf, M. Mikhaylova, M. 
Harterink, R.J. Pasterkamp, A. Akhmanova, L.C. Kapitein and C.C. Hoogenraad, Microtubule 
minus-end binding protein CAMSAP2 controls axon specification and dendrite development. 
Neuron 82, 1058-73, 2014.  
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- L.F. Gumy, E.A. Katrukha, L.C. Kapitein and C.C. Hoogenraad, New insights into mRNA traf-
ficking in axons. Dev Neurobiol. 74, 233-244, 2014.  

 
Kapitein: 
- M. Adrian, R. Kusters, C. Wierenga, C. Storm, C. Hoogenraad and L.C. Kapitein, Barriers in the 

brain: resolving dendritic spine morphology and compartmentalization. Frontiers in Neuroan-
atomy 8, 142, 2014. 

- P. van Bergeijk P, M. Adrian, C.C. Hoogenraad and L.C. Kapitein, Optogenetic control of orga-
nelle transport and positioning. Nature 518, 1111-114, 2015.  

 
Storm: 
- R. Kusters and C. Storm, Impact of morphology on diffusive dynamics on curved surfaces. 

Physical Review E. 89, 032723, 2014. 
- R. Kusters, T. van der Heijden, B. Kaoui, J. Harting and C. Storm, Forced transport of 

deformable containers though narrow constrictions. Physical Review E. 90, 033006, 2014. 
 
Peterman: 
- B. Prevo and E.J.G. Peterman, Förster resonance energy transfer and kinesin motor proteins. 

Chemical Society Reviews, 43, 1144-1155, 2014. 
 
Schmidt: 
- S. Coppola, G. Caracciolo and T. Schmidt, Exact Occupation probabilities for intermittent 

transport and application to image correlation spectroscopy. New. J. O. Phys., 16, 113057, 2014. 
- Beuterl, J. Nikolaus, O. Birkholz, C. You, T. Schmidt, A. Herrmann and J. Piehler, J. High-

fidelity protein targeting into membrane lipid microdomains in living cells. Angew Chem Int 
Ed Engl., 53, 1311-1315, 2014. 

 
5. Valorisation and outreach 
Valorisation: 
• Peterman has cofounded a spin-off company, LUMICKS B.V., that brings to market microscopy 

tools developed in his lab (www.lumicks.com). 
 
Outreach: 
• Hoogenraad elected to FENS-Kavli scholar (http://www.uu.nl/nieuws/casper-hoogenraad-bij-

de-meest-veelbelovende-jonge-europese-neurowetenschappers) 
• The Hoogenraad group has produced an online movie, presenting their molecular neuroscience 

research to the wider audience (https://www.youtube.com/watch?v=RRfH4ixgJwg).  
• The Kapitein group has produced a short movie on their Nature paper 

(https://youtu.be/kAAE4AYkX4k).  
• Kapitein has been on the radio twice to present his work 

(http://www.npowetenschap.nl/nieuws/artikelen/2014/Oktober/Nobelprijs-Scheikunde.html 
and http://www.npo.nl/de-ochtend/08-01-2015/RBX_NCRV_703001). Furthermore his work 
has appeared in the national press (NU.nl, NRC)  
http://www.nu.nl/wetenschap/3968256/nederlandse-onderzoekers-zetten-grote-stap-in-
onderzoek-hersencellen.html 
http://www.kennislink.nl/publicaties/achter-het-stuur-van-de-cel 
http://www.nrc.nl/next/van/2015/januari/08/universiteit-utrecht-grote-stap-in-onderzoek-
naar-1454968 

• Kusters (Storm group) has given several general-interest lectures about neurophysics and 
dendritic spines, and won the ASML Young Speakers Award for one of those. 

http://www.uu.nl/nieuws/casper-hoogenraad-bij-de-meest-veelbelovende-jonge-europese-neurowetenschappers
http://www.uu.nl/nieuws/casper-hoogenraad-bij-de-meest-veelbelovende-jonge-europese-neurowetenschappers
https://www.youtube.com/watch?v=RRfH4ixgJwg
https://youtu.be/kAAE4AYkX4k
http://www.npowetenschap.nl/nieuws/artikelen/2014/Oktober/Nobelprijs-Scheikunde.html
http://www.npo.nl/de-ochtend/08-01-2015/RBX_NCRV_703001
http://www.nu.nl/wetenschap/3968256/nederlandse-onderzoekers-zetten-grote-stap-in-onderzoek-hersencellen.html
http://www.nu.nl/wetenschap/3968256/nederlandse-onderzoekers-zetten-grote-stap-in-onderzoek-hersencellen.html
http://www.kennislink.nl/publicaties/achter-het-stuur-van-de-cel
http://www.nrc.nl/next/van/2015/januari/08/universiteit-utrecht-grote-stap-in-onderzoek-naar-1454968
http://www.nrc.nl/next/van/2015/januari/08/universiteit-utrecht-grote-stap-in-onderzoek-naar-1454968
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6. Vacancies 
No vacancies. 
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Fact sheet as of 1 January 2015 

 FOM - 12.0278/3 
 datum: 01-01-2015 
 
 
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 
dendrites (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 01-07-2010 
 

bedragen in k€ < 2014 2015 2016 2017 2018 2019 ≥ 2020 Totaal 

FOM-basisexploitatie 1.099 399 257 - - - - 1.755 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.099 399 257 - - - - 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 en 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 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2013 - 4 6 - 

2014 - 10 21 - 

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

2014 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Programme Barriers in the brain: the molecular physics oflearning and memory 
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 01 September 2012 31 August 2016 
 
 
Workgroup FOM-L-17 

Leader Prof.dr. Th. Schmidt 
Organisation Leiden University 
Programme Barriers in the brain: the molecular physics oflearning and memory 
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 01 February 2013 31 January 2017 
 
 
Workgroup FOM-U-40 

Leader Prof.dr. C. Hoogenraad 
Organisation Utrecht University 
Programme Barriers in the brain: the molecular physics oflearning and memory 
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 01 August 2013 31 July 2016 
 
 
Leader Prof.dr. C. Hoogenraad 
Organisation Utrecht University 
Project leader Dr. L.C. Kapitein 
Programme Barriers in the brain: the molecular physics oflearning and memory 

Project (title + number) Imaging of spine morphodynamics and receptortransport in living 
neurons 11BIB03 
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FOM employees on this project 
Name  Position Start date End date 
M. Adrian PhD 01 October 2012 30 September 2016 
E. Katrukha postdoc 01 September 2012 31 August 2015 
 
 
Workgroup FOM-V-23 

Leader Prof.dr.ir. E.J.G. Peterman 
Organisation Vrije Universiteit Amsterdam 
Programme Barriers in the brain: the molecular physics oflearning and memory 
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 01 March 2013 28 February 2017 
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