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Schematic representation of a dendritic spine. Bottom: dendrite with microtubules (red). Middle: spine neck 

with spine-neck specific protein (blue) and actin filaments (orange). Top: dendritic spine with AMPA receptors 
(green/yellow) and actin network (orange). A vesicle containing AMPA receptors (yellow) is arriving from the 

dendrite, into the spine neck, transported by molecular motors. 
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1. Scientific results 2016 

11BIB01: As discussed in previous progress reports, the Peterman group had been 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 were (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 each others velocities and run lengths, while this happens for Kinesin-2 at 
substantially higher concentrations. In collaboration with the Peter Schall group (UvA) we are trying to under-
stand these results in terms of TASEP (Totally Asymmetric Exclusion Process) theoretical models. A manuscript 
on this data has been send out for review (to PRX). In an additional study, we are comparing the temperature 
dependence of in vitro motility parameters (run length, velocity) of Kinesin-1 and OSM-3. We are currently 
working on a manuscript. 
 
11BIB02: The Hoogenraad group has performed a systematic, candidate-based RNA-interference (RNAi) 
screen and continued characterizing the most promising candidates. Out of all the 80 candidates, we found to 
have only a few specific genes to have a significant effect on spine morphology. Of these, we focused on the 
microtubule-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, the actin cytoskeleton has been shown to be mainly 
involved in spine morphology and formation, but a growing body of evidence suggests that also microtubules 
enter synaptic spines and might affect spine stability, morphology or function, making Map7 to a very interest-
ing and promising candidate to study in more detail.  
Our recent data suggest that Map7 decorates microtubules in dendrites but also enter synaptic spines. In addi-
tion, we found that GFP-Map7 does not co-localize with tyrosinated tubulin but overlaps with acetylated micro-
tubules, suggesting that Map7 binds to stabilized MTs. A new PhD student in the lab will continue to work on 
Map7 and its role in neuronal development and dendritic spine morphogenesis. 
 
11BIB03: In the Kapitein group, Max Adrian has finished his projects and his PhD thesis. The thesis has 
already been approved by the committee and the graduation date has been scheduled for July 5 2017. 
In his main project, Max has studied how the shape of dendritic spines affects the relaxation dynamics of mem-
brane-based diffusion. Using membrane-targeted proteins tagged with photoswitchable fluorophores, he was 
able to correlate diffusion dynamics after photoconversion within spines with the shape of spines as determined 
using superresolution microscopy (PALM). The experimental results were compared with simulations of diffusion 
on the exact same shapes. This was a very active and fruitful collaboration with Remy Kusters and Kees Storm 
(11BIB05), who adapted their earlier simulation routines to accommodate simulations that use experimentally 
determined spine shapes. The results reveal that spine morphology dictates the lower bound of the relaxation 
time scale, but that relaxation is often slower than would be expected based on shape alone. This indicates that 
other biological confounders, e.g. specific (sub)membraneous structures can act as further barriers for mem-
brane-based diffusion out of dendritic spines. The manuscript describing these results has been submitted to 
Biophysical Journal and is currently under peer review.  
In the other project, Max developed a new system to controlled intracellular transport with light. In our earlier 
work (Van Bergeijk, Adrian, et al. Nature 2015), we developed blue-light activated transport that could for 
example be used to trigger the spine entry of specific vesicles. In the current work, Max has reengineered this 
approach and established on/off control of intracellular transport using red/far red light, respectively. Compared 
to the blue light system (based on LOV domains), the new system (based on Phytochromes) offers both con-
stitutive activation (i.e. continuous activation after one pulse of light) and acute inactivation (i.e. active reversal 
of motor/cargo interactions using far-red illumination). Importantly, we have demonstrated that these two 
systems can be combined in one cel, allowing three-color control (blue/red/far-red) combined two color imaging 
(yellow/orange). This manuscript has been submitted to ACS Synthetic Biology and is provisionally accepted 
pending minor revisions. For the Kapitein lab, the publication of these two papers would constitute the end of 
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this programme. The two manuscripts that describe his two final projects have been submitted to Biophysical 
Journal and to ACS Synthetic Biology and Biophysical Journal. 
 
11BIB04: The Schmidt lab has extended the programme aim of how (cell) shape determines motility of mem-
brane components in relation to neuronal plasticity to include cellular force generation. This latter aspect is be-
lieved to be important in the development of the brain and in the development of memory. Like in the narrow-
escape problem, in which the particular shape of the spine determines escape rates, on the cellular scale, cell 
shape reflects and determines the mechanical interaction with its environment. Inspired by the work we did to-
gether with the Storm lab (11BIB05) on giant vesicles, in a collaboration with the Giomi lab at Leiden University 
we developed a novel model to describe the stresses within the cytoskeleton and relate the latter to the shape 
of a cell. We anticipate that the shape-force-stress relationship we found might contribute to the understanding 
of the influence of the cytoskeleton on learning. 
 
11BIB05: In the Storm group, MSc. Student Karsten Miermans finalized the theoretical study on the growth 
and stabilization of spines, in collaboration with Casper Hoogenraad (11BIB02; The article has been published 
in PLOS One (2017)). Remy Kusters has proceeded with the work on vesicular transport through narrow con-
striction (In collaboration with T. Fai and Prof. L. Mahadevan from Harvard University). A publication with the 
results of this research has been submitted to Phys Rev Fluids. Remy Kusters also finalized and published the 
code to simulate diffusion on curved surfaces (a manuscript in collaboration with Stefan Paquay). 
Finally, Remy Kusters wrote and successfully defended his thesis in October.  
 
2. Added value of the programme 

As discussed above and evident from joint publications, theorical physics – cell biology collaborations have been 
very successful within this programme. The project described above (Kapitein), betweeb Max Adrian and Remy 
Custers is a beautiful example of clear added value of the FOM programme. The close collaboration between 
Remy and Max was clearly facilitated by the structure of this programme. In addition, the connections between 
the Kapitein/Hoogenraad group and the Storm group have also sparked collaborations between the Storm 
group and another group at the UU, i.e. the group of Harold MacGillavry that is also interested in membrane-
bound diffusion in neurons. 
 
3. Personnel 

Remy Custers (Storm-group) has obtained his PhD; Max Adrian (Kapitein) will defend in July (thesis approved 
by reading committee); Wim Pomp (Schmidt) will defend his PhD thesis this summer. Vandana Singh Kushwaha 
will finalize her PhD thesis this summer and most likely defend by the end of the year. 
 
4. Publications 

11BIB01 
- Peterman, Erwin J. G., Kinesin's gait captured, Nature Chemical Biology 12(4) 206-207 (2016). 
 
11BIB04 
- Askes SH, Pomp W, Hopkins SL, Kros A, Wu S, Schmidt T, Bonnet S (2016) Imaging Upconverting 

Polymersomes in Cancer Cells: Biocompatible Antioxidants Brighten Triplet-Triplet Annihilation 
Upconversion., Small, 12, 5579-5590. 

 
11BIB05 
- Kusters, Remy, Stefan Paquay, A method for molecular dynamics on curved surfaces, Biophysical journal 

110 (6), 1226-1233 (2016). 
 
5. PhD defences 

- 
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6. Valorisation, outreach and patents 

Outreach: 
Max Adrian actively participated in various outreach events: 
https://www.nemokennislink.nl/facesofscience/wetenschappers/max-adrian 
https://www.knaw.nl/nl/actueel/agenda/februari-2017-faces-of-science-in-utrecht 
https://knaw.nl/nl/actueel/agenda/maart-2016-faces-of-science-in-oba-amsterdam 
 
Lukas Kapitein gave a public lecture at the Cultural Sunday event Science in the City: 
http://www.culturelezondagen.nl/zondag/2016/science-in-the-city/programma/item-3212 
 
7. Vacancies 

- 
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Fact sheet as of 1 January 2017 

 FOM - 12.0278/5 
 datum: 01-01-2017 
 
 
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 – 2017 
  
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 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. 
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Funding  

salarispeil cao per 01-01-2017 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 1.755 - - - - - 1.755 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 1.755 - - - - - 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 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DK par. HOZB 
 
 
Subgebied: 100% FL 
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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 July 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 
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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 30 June 2017 
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