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1. Scientific results 2014 
The FOM programme 'Crowd management: the physics of DNA processing in complex environ-
ments' started in September 2013 and is thus midway its original planning.  
 
The scientific results can be described per workpackage: 
 
WP1 Search. In the Wuite lab the main topics have been: (1) visualization of SSB and DNAp bind-
ing and search on DNA and (2) the development of acoustic force spectroscopy for the detection of 
DNA-protein binding. Eventually, both developments come together in the direct detection, in 
parallel, of replisome activity. The Van Noort lab has been focusing on a model system involving 
the Glucocorticoid Receptor, which is a transcription factor that binds to DNA. They monitor the 
binding of GR both in vitro and in vivo (in human cells). The latter provides a realistic, crowded 
environment. For these experiments, they have developed multi-color fluorence FCS- and TIRF-
based assays that are compatible with the use of nuclear extracts. Three color detection is planned. 
These experiments will be extended to include the monitoring of DNA proteins such as GR tagged 
with gold nanorods, which should provide for extended imaging conditions under crowded con-
ditions. 
 
WP2 Exchange. The Van Ooijen lab developed a background-reduction method. To this effect, a 
paper in the Biophysical Journal was published in 2015 (Geertsema et al., Biophysical Journal; 
2015; 108, 949) describing the development of a single-molecule fluorescence imaging method in 
the Van Ooijen lab that allows for the visualization of individual proteins bound to DNA in the 
presence of high concentrations of labelled species in solution. This represents a critical step in the 
development of Work Package 2 (Exchange), as it will make it possible to explore how proteins 
exchange in and out of DNA-bound multi-protein complexes in complex environments with high 
concentrations of proteins competing for the same binding sites. The Danelon lab focused on 
methods development to study the effect of crowding and confinement on exchange dynamics of 
multi-protein machineries. They have chosen the T7 replisome as their case study, and they have 
succeeded in expressing active T7 proteins using the PURE system. The DNA constructs used in 
these studies were facilitated by material provided by the Van Ooijen lab. They are now further 
testing the purity and activity of these proteins prior to repeating the experiment in the context of 
vesicle encapsulation. 
 
WP3 Roadblocks. In Delft, progress was made in assembling high-throughput, easily formed DNA 
curtains. In this technology, an array of DNA molecules is attached in gridlike fashion on an 
appropriately patterned and coated cover slip. The attached figure shows a schematic of this tech-
nique. This technique can be combined with fluorescence detection in order to visualize DNA-
bound proteins, and a custom-designed microscope has built for this purpose. The ability to visu-
alize DNA-bound proteins is particularly useful in the investigations of replication and transcrip-
tion in the context of roadblocks. In Groningen, similar technology is being developed, and rele-
vant technical details have been exchanged. Also, in order to transfer knowledge of in vitro repli-
cation from Groningen to Delft, graduate students E. Ostrofet and B. Berghuis visited Groningen 
for several days in the spring of 2014.  
In Delft, progress has also been made by two other junior scientists who are not directly hired by 
this FOM programme, but who closely interact with the junior scientists that are. Graduate student 
A. van den Berg from the Depken group has developed a theoretical framework for understanding 
how roadblocks can lead to transcriptional bursting by RNAp; she will share this knowledge with 
FOM postdoc B. Eslami-Mossallam. Postdoc R. Janissen has optimized in vitro single-molecule 
assays of RNAp, which he will share with FOM graduate student E. Ostrofet. 
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WP4 Organization. In the Amsterdam group of T. Shimizu, several experimental technologies have 
been developed for probing the dynamics of the in vivo organization of the bacterial nucleoid: 
three dimensional (3D) superresolution imaging (3D PALM/STORM); three dimensional (3D) sin-
gle-particle tracking combined with localized photoactivation (3D LPA-SPT); and chromosomal 
locus imaging using fluorescence repressor-operator systems (FROS), a collaboration with the R. 
Dame group, which has genetically engineered a set of strains with operator-array inserts at chro-
mosomal loci of interest. The Shimizu group has obtained preliminary data (using the 3D PALM 
technique) on the 3D spatial organization of the bacterial nucleoid, which demonstrates a non-uni-
form helix-like architecture. The group has also obtained preliminary data (using the 3D LPA-SPT 
technique) that inform on the mobility and exchange rate of nucleoid associated proteins (NAPs) in 
vivo. Lastly, novel results on the mobility of transmembrane proteins (chemoreceptors) were 
obtained in the test phase of 3D LPA-SPT technique. The Dame group has focused its efforts on the 
understanding of DNA organization by purifying the HU protein, setting up single-molecule cha-
racterization of HU-DNA complexes by TPM, and by setting up Acoustic Force Spectroscopy in 
Leiden (in progress, together with the Wuite group). Future plans include site-specific fluorescent 
labelling of HU single-cystein derivatives to determine localization, binding behaviour and effects 
of encounter by T7 DNAp, as well as combination experiments towards ‘more native’ chromatin, 
including H-NS etc. in absence and presence of T7 DNAp. 
 
Synergy projects. Progress on synergy project A (theory) in included under the description of WP3; 
a start to synergy project B (in vitro reconstitution of bacterial chromatin) is in progress through 
the preliminary efforts that are being undertaken in WP4. 
 
2. Added value of the programme 
It is found that the complementary expertise between the different participants in the programme 
is of great value. It was more difficult to set up truly shared PhD positions than initially planned, 
in part due to the change of plans of the programme leader and in part due to the reduction in the 
number of PhD students awarded compared to that originally budgeted. Interestingly, the 
Wuite/Dame groups have jointly hired a student (N. Lin). Additional less formalized exchanges 
have also taken place: students from the Dekker lab have visited the Van Ooijen and Dame labs; 
the Danelon lab has received plasmids from the Van Ooijen lab; the Dame and Shimizu labs 
collaborate actively through monthly skype meetings and extended exchanges of students between 
the two labs; the Depken labs interact frequently with Dekker and Wuite. Additionally, this FOM 
programme benefits from wider interest from other junior scientists in the relevant groups. This is 
beneficial to the junior scientists in the FOM programme, who have additional colleagues with 
whom to interact.  
 
The interactions at several project meetings have been lively. Following the kickoff meeting for this 
programme which was held in November 2013, a subsequent scientific meeting was held in July, 
2014. This meeting was held in Groningen. In addition to the junior scientists and principal inves-
tigators directly linked to the programme, numerous other junior scientists both attended and pre-
sented their work. A follow-up scientific meeting was held in February, 2015. For this meeting, it 
was elected to have only the principal investigators report; they were specifically requested to 
focus on the particular workpackages and the progress attained in them. A brainstorm session per 
workpackage was involved run.  
 
3. Personnel 
Nearly all of the junior scientist positions are filled (see Vacancies for remaining openings). The 
PhDs are on schedule with their projects and updated their planning half way through the year. 
Since most PhD students started in late 2013 or early 2014, nobody gained their doctorate this year.  
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For convenience, a brief overview of the junior scientists hired to date is shown below: 
 
12CMCE01    
J. Cabanas Danes Postdoc 15 July 2013 14 July 2015 
S.N. Lin PhD 1 February 2014 31 January 2018 
    
12CMCE02    
C.L.G. Martens PhD 1 February 2014 31 January 2018 
    
12CMCE03    
E. Monachino  PhD 1 November 2013 31 October 2017 
L.M. Spenkelink PhD 1 September 2013 31 August 2017 
    
12CMCE04    
A. Soler Canton PhD 15 October 2013 14 October 2017 
    
12CMCE05    
B. Eslami Mossallam Postdoc 1 November 2014 30 April 2016 
E. Ostrofet PhD 1 January 2014 31 December 2017 
    
12CMCE06    
F.G.E. Cremazy Postdoc 1 January 2014 31 December 2016 
    
12CMCE08    
J. Solari PhD 1 April 2013 31 March 2017 
 
A major change to the programme in 2014 followed upon the announcement of the programme 
leader, Prof. A. van Oijen, that he was imminently moving his laboratory to the University of 
Wollongong in Australia. Hence, the scientific meeting planned in July 2014 was the last one orga-
nized by Prof. A. van Oijen and was scheduled in Groningen as a gesture to him. It was also 
decided that Prof. N. Dekker would take over from him as programme leader following this event. 
 
4. Publications 
12CMCE01 
- (No publications yet, but several manuscripts are in preparation.) 
 
12CMCE02 
- spFRET reveals changes in nucleosome breathing by neighboring nucleosomes, R. Buning, 

W. Kropff, K. Martens, J. van Noort, Journal of Physics: Condensed Matter 27 (6), 064103. 
 
12CMCE03 
- Single-molecule imaging at high fluorophore concentrations by local activation of dye, 

H.J. Geertsema, A.C. Schulte, L.M. Spenkelink, W.J., McGrath, S.R. Morrone, J. Sohn, W.F. 
Mangel, A. Robinson, A.M. van Oijen, Biophysical Journal (2015) 108: 949-956. 

 
12CMCE04 
- van Nies, P., A. Soler Canton, Z. Nourian, and C. Danelon. Monitoring mRNA and Protein 

Levels in Bulk and in Model Vesicle-Based Artificial Cells. Methods in Enzymology. 550: 187-214 
(2015). 
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12CMCE05 
- (No publications yet, but Ostrofet's improvements of the DNA curtains technique will be 

described in a manuscript that will soon be submitted.) 
 
12CMCE06 
- R.A. van der Valk, J. Vreede, F. Crémazy & R.T. Dame, Genomic looping: a key principle of 

chromatin organization, Journal of Molecular Microbiology and Biotechnology. 24, 344-359, 2014. 
 
12CMCE08 
- (No publications yet, but Solari's preliminary data on membrane-protein imaging will be 

included in a manuscript on chemoreceptor dynamics that will be submitted soon to PNAS.) 
 
5. Valorisation and outreach 
12CMCE01 
- Ning Lin presented a poster at the Dutch Biophysics conference in Veldhoven in September 

2014: 'Resolving the kinetic states of a proofreading DNA polymerase'. Lin, Dame, Wuite. 
- Jordi Canabas presented a poster at the Biophysics Society meeting Feb 2015: 'Unraveling the 

Interplay between Single-stranded DNA-binding Protein,DNA Polymerase and single-stranded 
DNA', Canabas Danes, Hoekstra, Wuite. 

 
12CMCE03 
- Enrico Monachino presented a poster at the Annual Meeting of the Biophysical Society in 

Baltimore, February 7-11, 2015. 
- Lisanne Spenkelink presented a poster at the Keystone Symposia DNA Replication and Recom-

bination in Whistler (Canada), March 1-5, 2015. 
- Enrico Monachino and Lisanne Spenkelink both presented posters at the 2014 Dutch Biophysics 

meeting in Veldhoven. 
 
12CMCE04 
- Alicia Soler Canton gave a talk at the international conference Multifunctional Nanotechnology 

for selective detection and treatment of cancer, Madrid 23-25 February, 2015. 
- Alicia presented a poster at the NanoFront winter retreat (the NanoFront is a granted NWO-

zwartekracht programme), March 16-20. She won the prize for the best poster. 
 
12CMCE05 
- Eugen Ostrofet presented a poster at the Dutch Biophysics conference in Veldhoven in Septem-

ber 2014: 'Stretched, Oriented DNA Arrays (SODAs) for fluorescence based single-molecule 
experiments in complex environment'. E Ostrofet, S Ha, R Janissen, T van Laar, N Dekker. 

 
12CMCE08 
- Solari, J. & Shimizu, T.S. In vivo imaging of proteins on the E. coli membrane and chromosome, oral, 

Circle Meeting on Biophysics, Veldhoven, The Netherlands, April 16, 2015. 
- Solari, J. & Shimizu, T.S. 3D tracking of photoactivated fluorescent proteins in live bacteria, poster, 

Dutch Meeting on Molecular and Cellular Biophysics, Veldhoven, The Netherlands, September 
30, 2014. 

- Solari, J. & & Shimizu, T.S. In vivo imaging of Nucleoid Associated Proteins (NAP), oral, UVA-
AMOLF-VU summer school, Drente, The Netherlands, June 27-29, 2014. 

- Solari, J. & Shimizu, T.S. 3D tracking of photoactivated fluorescent proteins in live bacteria, poster, 
Circle Meeting on Biophysics, Dresden, Germany, April 22, 2014. 



 
 
 

 
 
 - 7 - 
 

- J. Solari & & Shimizu, T.S. 3D tracking of photoactivated fluorescent proteins in live bacteria, poster, 
Dutch meeting on Molecular and Cellular Biophysics 2013, Veldhoven, The Netherlands, Sep-
tember 30 - October 1, 2013 

 
6. Vacancies 
Workgroup FOM-D-49: 
* One PhD position in theoretical investigation of molecular exchange in crowded environments. 
Initially this position was going to be filled by a suitable candidate, but this candidate subse-
quently acquired independent funding, hence a vacancy persisted. Since then there has been one 
unsuccessful call for new applicants. A new call will be made in June 2015. It should be mentioned 
that this delay is not problematic for the programme, as it was always planned to start the bulk of 
the theoretical effort in the second half of the programme, once data became available. 
 
* One 1.5 year postdoc position in experimental investigations of the effects of crowding on trans-
cription and replication. An offer has been made to a candidate, a decision will be reached by mid-
June. In parallel, additional candidates are being interviewed. 
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Fact sheet as of 1 January 2015 

 FOM – 13.0223/2 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 140. 
  
Title (code) Crowd management: the physics of DNA processing in com-

plex environments (CMCE) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. N.H. Dekker 
  
Duration 2013-2018 
  
Cost estimate M€ 2.4 
  
Concise programme description 
a. Objectives 
We aim to study the effect of crowding on the behavior of multi-protein machineries. In particular, 
by using state-of-the-art single-molecule approaches and by employing as model systems the 
processes of bacterial DNA replication and transcription, we will study how the proteins involved 
find specific sites on the DNA, move along the DNA, deal with DNA-based roadblocks, and 
dynamically exchange components with their environment, all in the presence of different forms of 
molecular crowding. By studying how these well-characterized systems and mechanisms respond 
to different levels of molecular crowding (both in solution as on the DNA), we aim to fill the gap 
between in vitro and in vivo experiments and aim to understand how the physics of crowding 
impacts biological processes at the molecular level. 
 
b. Background, relevance and implementation 
For many decades, biophysicists and biochemists have studied molecular processes under highly 
idealized conditions: often a single species of protein is characterized under highly diluted 
conditions. The recent advent of single-molecule approaches has tremendously increased our 
capacity to delineate the biophysical mechanisms underlying the activity of proteins, but no 
significant effort has been undertaken yet to study how the crowded environment within a cell 
impacts these mechanisms. A better understanding of these effects will not only allow us to better 
place basic molecular mechanisms as derived from in vitro experiments into a cellular context, but 
will also allow us to define experimental conditions of in vitro experiments that do a better job of 
mimicking the inside of the cell. 
We have structured our programme along four work packages. Within each of these work 
packages, two PhD students will be employed. These work packages will be bridged in the course 
of the programme by two so-called Synergy Projects (1.5 PhD positions each). To ensure the 
necessary interactions between the groups that are needed to make this programme successful, we 
organize three-monthly meetings between the group leaders and six-monthly meetings between 
all participants. Further, we plan to organize a Lorentz workshop during year three.
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Funding  
salarispeil cao tot 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 481 482 482 482 482 - - 2.409 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 481 482 482 482 482 - - 2.409 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-12.1327 
b) Ex ante evaluation: FOM-12.1413 
c) Decision Executive Board: FOM-13.0218 
 
 
Remarks 
The final evaluation will be based on the self-evaluation report initiated by the programme leader 
and is foreseen for 2019. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 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 

2013 - 0,5 1,5 - 80 

2014 - 2,2 6,8 - 423 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 - 3 21 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

 

 
 
Patents (new/changes) 
2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-49 

Leader Prof.dr. N.H. Dekker  
Organisation Delft University of Technology 
Project leader Dr. C. Danelon 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Delft: proteine exchange (12CMCE04) 
 
FOM employees on this project 
Name  Position Start date End date 
A. Soler Canton PhD 15 October 2013 14 October 2017 
 
 
Leader Prof.dr. N.H. Dekker  
Organisation Delft University of Technology 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Delft (12CMCE05) 
 
FOM employees on this project 
Name  Position Start date End date 
B. Eslami Mossallam WP/T 1 November 2014 30 April 2016 
E. Ostrofet PhD 1 January 2014 31 December 2017 
 
 
Workgroup FOM-G-28 

Leader Prof.dr. T.T.H. Palstra 
Organisation Groningen University 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Groningen (12CMCE03) 
 
FOM employees on this project 
Name  Position Start date End date 
E. Monachino PhD 1 November 2013 31 October 2017 
L.M. Spenkelink PhD 1 September 2013 31 August 2017 
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Workgroup FOM-L-36 

Leader Dr.ir. S.J.T. van Noort  
Organisation Leiden University 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Leiden: TF binding (12CMCE02) 
 
FOM employees on this project 
Name  Position Start date End date 
C.L.G. Martens PhD 1 February 2014 31 January 2018 
 
 
Leader Dr.ir. S.J.T. van Noort  
Organisation Leiden University 
Project leader Dr. R.T. Dame 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Leiden: the bacterial chromosome (12CMCE06) 
 
FOM employees on this project 
Name  Position Start date End date 
F.G.E. Cremazy WP/T 1 January 2014 31 December 2016 
 
 
Workgroup FOM-V-09 

Leader Prof.dr.ir. G.J.L. Wuite 
Organisation Vrije Universiteit Amsterdam 

Programme Crowd management: the physics of DNA processing in complex 
environments 

Project (title + number) Crowd management Amsterdam (12CMCE01) 
 
FOM employees on this project 
Name  Position Start date End date 
J. Cabanas Danes WP/T 15 July 2013 14 July 2015 
S.N. Lin PhD 1 February 2014 31 January 2018 
 
 
Group Polman 

Leader Prof. dr. V. Subramanian 
Organisation FOM Institute AMOLF 
Project leader Dr. T.S. Shimizu 

Programme Crowd management: the physics of DNA processing in complex 
environments 
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Project (title + number) Crowd management AMOLF (12CMCE08)  
 
FOM employees on this project 
Name  Position Start date End date 
J. Solari PhD 1 April 2013 31 March 2017 
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