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1. Scientific results 2016 

The aim of the programme is to study the formation of membrane protein patterns that are formed via a com-

bination of protein shuttling between membrane and cytoplasm via cytoskeletal filaments, and protein signalling 

that controls the stability of filaments. In addition, we aim to understand how these patterns of membrane 

protein activity can direct cellular shape changes. To reach these goals, the consortium combines modelling 

with experiments to create a minimal cellular system based on vesicles and emulsion droplets. Each group in 

the consortium carries out a specific task. 

 

Since the beginning of 2016 all PhD students and postdocs have been hired and the consortium is now in full 

swing.  

 

In the fall of 2014, the group of Ten Wolde hired the post-doc Yao Li. He has extended our GFRD algorithm so 

that it can now simulate not only the reactions and diffusion of particles, but also filaments that can transport 

particles, exhibit growth-and-catastrophe dynamics, deform, and generate forces to induce membrane shape 

changes. The programme is a major milestone, because it can simulate a very wide range of problems; in fact, 

many researchers in the field, working on vastly different topics, have already approached Yao for setting up 

new collaborations. In the past year, Yao has applied it to address the main question of this project: can the 

cycle of active transport of proteins from the cytoplasm to the membrane along filaments, 2D diffusion along 

the membrane, the dissociation back into the membrane, and the binding back to the filaments, create a polar-

ized state of the cell? Yao showed that if these proteins also control the stability of the filaments along which 

they are carried to the membrane, a positive feedback loop arises that can indeed polarize the cell. He also 

identified a novel, and unanticipated, mechanism, which is based on the idea that in the polarized state, the 

filaments are longer in one direction; this creates a longer “antenna” for the binding of proteins, which 

enhances the transport of signalling proteins to the membrane where they stabilize the filaments further. For 

this work, Yao received the best poster prize at the Statistical Physics Meeting in Lyon, summer 2016. Cur-

rently, Yao is writing the paper that presents this mechanism. In addition, he is using experimental data from 

the Bastiaens lab to calibrate the model and to predict under which conditions the experiments should be per-

formed. Moreover, he has now also finished the first draft of a paper in which he analyzes the formation of the 

protein gradient that directs the growth of the filament. In short, Yao has been making a lot of progress, and I 

am indeed very pleased by this. He is, however, very much ahead of the experiments, and by the time his con-

tract will finish, October later this year, the experiments will not have reached the state where the experiments 

can be fully combined with modelling, which is absolutely vital for the success of this programme. We therefore 

would like to extend the contract of Yao. There is money available for this within the programme, and we have 

discussed this already with the Fysica van Leven committee last fall, when I presented our mid-term progress. 

They also underscored the necessity of this extension. 

 

In parallel, two technicians from AMOLF, Luc Blom and Marco Seynen, have been turning the GFRD code into a 

package that can be downloaded and used by a wide audience. This is a major undertaking, because the code is 

written from scratch again, not only to make it more accessible, but also to improve its efficiency. The heart of 

the code has already been rewritten and tested; currently, Luc and Marco are developing a new interface that 

will allow users to specify the reactions in a more convenient way. Later this year, we hope to present the first 

version online. 

 

Philippe Bastiaens, director of the Max-Planck Institute in Dortmund, is a partner in this project. One of the 

main contributions is to develop an experimental system that can implement the shuttling of proteins between 

membrane and cytoplasm. The referees of our proposal considered this to be the most ambitious part of our 

proposal. Yet, the postdoc Rezeda Mirgalieva has already made much progress. The latest experiments indicate 

that she has managed to reconstitute a minimal vesicle fission system and a minimal vesicle fusion system. 

Combining these systems to set up a cycle of vesicle fusion and fission, will, however, remain a major chal-

lenge. Another postdoc in the group, Konstantin Gavriljuk, has now successfully reconstituted main components 

of our signalling system: PKA can be translocated to the membrane via a photo-activatable switch, based on a 

photo-activatable RAC protein. PKA, in turn, can activate Stathmin, which can stabilize the microtubules, the 

key filaments in our system. The PhD student Farid Ghasemalizadeh has characterized how the speed and 
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catastrophe frequency of the microtubules depends on the concentration of active stathmin; this is key input for 

the modeling by Yao. It is clear that the group of Bastiaens is of tremendous value for the consortium.  

 

In the group of Dorus Gadella, the PhD student Orry van Geel (started Sep 2015) is developing an alternative 

strategy for polarizing filaments. This is not based on the PKA-generated stathmin gradient, which stabilizes the 

micrtoubule filaments, but rather on a direct physical interaction between a membrane-protein anchor and the 

microtubule filaments. The first FRAP results indicate that this mechanism can localize membrane proteins near 

the tip of the filaments. The technician Stephanie Cheung (started Sep 2015) has made a new FRET sensor to 

measure and visualize the concentration gradient of stathmin. This is important, because the old FRET sensor 

was incompatible with the opto-genetic activation of PKA. With the new sensor, the activation of PKA and the 

imaging of the stathmin gradient can be performed simultaneously. 

 

In September 2014, the PhD student Jonas Lopez started in the group of Christophe Danelon. He has been 

developing and testing the PURE system, which is a gene expression system that makes it possible to synthe-

size in situ key components. The results so far indicate that the pure expression system and the micrtotubule 

dynamics do not interfere with each other, and that genes can be expressed up to a few hours. The experi-

ments also suggest that the filaments can generate enough forces to deform vesicles, turning their shape from 

spherical into prolate. Last but not least, Jonas, together with Johannes Katan, a PhD student who was hired via 

the Nanofront programme, showed that the microtubule-tip-tracker Mal3 can be expressed via the pure sys-

tem; this protein is key for shuttling the signalling proteins from the cytoplasm back to the membrane.  

 

The postdoc Louise Reese in the group of Marileen Dogterom has characterized the transport of motor pro-

teins along filaments, determining the motor speed and run length. This is important input for the modeling by 

Yao. Last year, Marileen also hired the PhD student Kim Vendel. Kim has already showed that Rac – a key sig-

nalling protein that mediates the activation of PAK and stathmin – can track the ends of microtubules via the 

end-binding protein EB. She also showed that this tip tracking does not influence the growth dynamics of the 

microtubules, which is again important input for the modelling. 

 

In summary, each group is now fully active, and much progress has been made in reconstituting key elements 

of the system: the signaling system has been reconstituted that activates stathmin, which regulates the micro-

tubule dynamics, and signaling proteins can also be transported along these filaments. One important next step 

is to control the dissociation of signaling proteins from the membrane to the cytoplasm. Once this has been 

accomplished, the grand challenge will be to close the feedback loop and set up the cycle in which the proteins 

are delivered via filaments from the cytoplasm to the membrane, where they then activate the stathmin gradi-

ent that controls the filament along which they are transported, followed by membrane dissociation, completing 

the cycle. Closing this feedback loop will be challenging, because it requires a careful tuning of the system 

parameters. Indeed, here modeling will be of crucial importance.  

 

2. Added value of the programme 

This programme is extremely synergistic: the aim of this programme cannot be reached by a single group. It 

requires a consortium of researchers who each contribute a unique expertise. In our consortium, each group 

provides this expertise. We have joint meetings every 4-6 months, which are attended not only by the mem-

bers directly involved, but also by other members of the respective groups. The exchange of ideas has been so 

lively, that the last meeting was two full days. The collaboration with the Bastiaens group, which would not 

have been possible without the FOM programme, has been very fruitful – he brings in man-power and ideas 

that are central to the success of the project. There has also been a very productive exchange of members 

between the Bastiaens group, the Dogterom group, and the Ten Wolde group. 

 

3. Personnel 

All positions have been filled. The groups of Ten Wolde and Gadella have hired their postdoc/PhD student and 

technicians, as described above. The groups of Danelon and Dogterom have hired a joint technician, Essengül 

Yildirim. Danelon has hired a PhD student (Jonas Lopez) and Dogterom has hired a postdoc (Lois Rees) and a 

PhD student (Kim Vendel). The members of the Bastiaens group that participate in this project (see above) are 
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financed by the MPI Dortmund. There is only one vacancy left, the postdoc “to be allocated later”, depending on 

the progress on the different fronts of the programme. As described above, we plan to use this for the exten-

sion of Yao Li so that the modelling can be combined with experiments, which are now reaching the stage 

where this becomes possible. 

 

4. Publications 

Ten Wolde group: Yao Li (13PMP01) 

a. Scientific (refereed) publications 

- Y. Li, Bastiaens, P.I.H Bastiaens, P.R. ten Wolde, Optimal stathmin gradient for regulating microtubule 

dynamics, to be submited. 

- Y. Li, Bastiaens, P.I.H. Bastiaens, P.R. ten Wolde, A mechanism for active-transport based cell polarization: 

symmetry breaking of the antenna effect, in preparation. 

 

b. Presentations at (inter)national scientific conferences 

- Y. Li, P.R. ten Wolde, Bridging Microtubule Dynamics and Reaction Networks in silico, KITPC: Morphogenesis 

and cell mechanics, Beijing, China, Aug. 15-Sep. 9, 2016.  

- Y. Li, P.R. ten Wolde, Microtubule Feedback Loop Induced Cell Self-polarization, Fall Meeting of Chinese 

Physics Society, Beijing, China, Sep. 1-Sep. 4, 2016.  
 
 

Gadella group: Orry van Geel and Stephanie Cheun (13PMP02) 

b. Presentations at (inter)national scientific conferences 

- T.W.J. Gadella, 3rd generation fluorescent proteins with enhanced properties for FRET and for 

monitoring signaling in living cells, FASEB conference: Cell Signaling in Cancer, from Mechanisms to 

Therapy, Snowmass, CO, USA, June 9, 2016  

- T.W.J. Gadella, mScarlet, a novel high quantum yield (71%) monomeric red fluorescent protein with 

enhanced properties for FRET- and super resolution microscopy, European Microscopy Conference 

2016, Lyon, France, September 2, 2016 

 

 

Dogterom group: Louis Rees and Kim Vendel (13PMP03) 

b. Presentations at (inter)national scientific conferences 

- L. Rees, Boundary Induced Intermittency, TASEP Conference at the VU Amsterdam, The Netherlands, June 

11, 2015. 

- L. Rees, Filament Nucleation in Cellular Volumes, Actin and microtubule cytoskeleton in cell motility and 

morphogenesis, Roscoff, France, May 26-30, 2015. 

 
 

Danelon group: Jonaz Lopez and Johannes Katan (13PMP04) 

b. Presentations at (inter)national scientific conferences 

- C. Danelon, Assembling a minimal cell, Munich Origins of Life Initiative conference, Munich, Germany, Sep 

2016. 

- C. Danelon, Assembling a minimal cell, keynote speaker at the Annual Dutch Biophysics Meeting, Veldhoven, 

October 2016. 

 

5. PhD defences 

Not yet. 

 

6. Valorisation, outreach and patents 

The GFRD code is currently being rewritten from scratch, with the aim to make it faster and accessible for a 

broad audience. The new code will be made publicly available via www.GFRD.org. 

 

http://www.gfrd.org./
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7. Vacancies 

One vacancy, for the 'postdoc to be allocated later'. As mentioned, we plan to use this for the extension of the 

contract of Yao Li.  
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Fact sheet as of 1 January 2017 

 FOM - 13.1988/3 

 datum: 01-01-2017 

 

 

APPROVED FOM PROGRAMME  

 

 

Number 151. 

  

Title (code) Spatio-temporal patterns of membrane protein activity (PMP) 

  

Executive organisational unit BUW 

  

Programme management Prof.dr. P.R. ten Wolde 

  

Duration 2014 – 2019 

  

Cost estimate M€ 2.3 

  

Concise programme description 

a. Objectives 

The aim of this programme is twofold: to reconstitute a cellular system that combines protein signaling at the 

membrane with protein shuttling between the membrane and the cytoplasm via cytoskeletal filaments; to 

combine experiments with modelling to elucidate the spatial patterns of proteins that can be formed in this 

system.  

 

b. Background, relevance and implementation 

Many cellular processes, such as mating, budding, and differentiation, involve a complex interplay of pattern 

formation of proteins at the membrane and changes in cellular shape. Signaling proteins that form the pattern 

at the membrane are typically released into the cytoplasm and then recycled back to the membrane by motor 

proteins over the same cytoskeletal filaments that also drive cellular shape changes. This shuttling of proteins 

between the membrane and the cytoplasm creates a positive feedback loop between protein pattern formation, 

cytoskeletal organization, and cellular shape changes. 

While the importance of the interplay between pattern formation, filament transport, and shape change is now 

increasingly being recognized, our understanding of these processes is still highly limited. The principal reason 

is that these processes are intrinsically difficult to study within the complexity of the living cell. The aim of this 

programme is therefore to reconstitute a cellular system in vitro, first in emulsion droplets and later in vesicles, 

that combines signalling with filament shuttling. Together with modelling, we will elucidate which patterns can 

be formed, and how these patterns steer shape transformations and vice versa.  

The programme will be carried out by five groups with complementary expertise. Dogterom will bring in 

biophysical expertise to reconstitute the filament-based shuttling system; the biochemist Gadella is an expert in 

membrane-based signalling; the cell biologist Bastiaens will contribute expertise in the spatial design of the 

system; the chemist Danelon will be responsible for in situ protein expression and Ten Wolde will carry out the 

modelling. 

It is increasingly recognized that diseases are not only caused by the malfunctioning of single biomolecules 

(e.g. proteins), but can also arise at the level of the network of interactions between these molecules. This 

recognition has driven the development of a new approach, called systems biology, which is now rapidly being 

adopted in industry. As such, our fundamental investigations may lead to biomedical applications in the long 

term.  
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Funding 

salarispeil cao tot 01-01-2016 

bedragen in k€  2016 2017 2018 2019 2020  2021 Totaal 

FOM-basisexploitatie 907 454 454 453 - - 2.268 

FOM-basisinvesteringen - - - - - - - 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 907 454 454 453 - - 2.268 

 

 

Source documents and progress control 

a) Original programme proposal: FOM-13.1464 

b) Ex ante evaluation: FOM-13.1631 

c) Decision Executive Board: FOM-13.2052 

 

 

Remarks 

The final evaluation will be based on the self-evaluation report initiated by the programme leader and is 

foreseen for 2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DK par. HOZB 

 

 

Subgebied: 100% FL 

  



 

 

 

 

 

 - 9 - 

 

Overview of projects and personnel 

 

Workgroup FOM-A-34 

Leader Prof.dr. T.W.J. Gadella 

Organisation University of Amsterdam 

Project leader(s)  

Project (title + number) Proteins signaling (13PMP02) 

 

FOM employees on this project 

Name  Position Start date End date 

O. van Geel PhD 1 September 2015 31 August 2019 

S. Cheung TP/T 1 September 2015 31 August 2017 

 

 

Workgroup FOM-D-66 

Leader Prof.dr. M. Dogterom 

Organisation Delft University of Technology 

Project leader(s)  

Project (title + number) Membrane-cytoplasm protein shutting (13PMP03) 

 

FOM employees on this project 

Name  Position Start date End date 

L. Reese WP/T 1 August 2015 31 July 2018 

K.J.A. Vendel PhD 18 January 2016 17 Januari 2020 

 

 

Leader Prof.dr. M. Dogterom 

Organisation Delft University of Technology 

Project leader(s)  

Project (title + number) Gene expression of in situ gene expression (13PMP04) 

 

FOM employees on this project 

Name  Position Start date End date 

J. Noguera Lopez PhD 1 September 2014 31 August 2018 

 

 

Group Ten Wolde 

Leader Prof.dr. P.R. ten Wolde 

Organisation FOM Insitute AMOLF 

Project leader(s)  

Project (title + number) Patterns of membrane proteins (13PMP01) 
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FOM employees on this project 

Name  Position Start date End date 

Y. Li WP/T 16 November 2014 15 November 2017 

M. Seynen TP/V 1 January 2015 1 January 2017 

 


