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1. Scientific results 2015 
The FOM programme 'Crowd management: the physics of DNA processing in complex environ-
ments' started in September 2013 and is now entering the last two years of the programme 
according to the original planning. 
 
The scientific results can be described per work package (WP): 
 
WP1: Search. In the Wuite Lab, the postdoc Jordi Cabanas has been focusing on revealing the 
interaction properties of SSB to DNA as well as testing the replisome proteins generated by the 
Danelon lab in the PURE system. The single molecule experiments on SSB (GP2.5) have yielded 
very high quality data that revealed various new interaction modes of SSB with DNA. The experi-
ments of the replisome materials showed that the PURE system can indeed generate functional 
proteins that seem compatible with replication. The group of John van Noort has been working on 
how the transcription factor discriminates between specific and non-specific sites, and how this is 
influenced by competition/co-binding with DNA organizing proteins. PhD Martens built a Fluo-
rescence Cross Correlation Spectroscopy (F(C)CS) setup and developed a data analysis methodol-
ogy to ensure accurate detection. A bulk assay has been performed to test the activity and selectiv-
ity of the c-Jun protein; as a model system for DNA crowding they used nucleosomes. DNA 
dynamics will be probed with spFRET, and structural changes will be correlated with accessibility 
for the transcription factor. The change from ALEX-spFRET burst-analysis (initially reported) to 
F(C)CS was highly time consuming, however it enables more detailed and robust analysis. This 
technology change has slightly delayed the work to the search on crowded DNA, but this can be 
make up for in the coming year, in which the focus is on application of the technique to various 
transcription factors.  
 
WP2: Exchange. In the Van Oijen group, the work of graduate student Ms. Spenkelink is showing 
promising results; she demonstrated in 2015 that the polymerases in the E. coli replication machin-
ery are dynamically exchanging with polymerases in solution, an observation that challenges 
decades-old textbook pictures. They believe they have uncovered a general mechanism that 
describes how proteins are much more likely to exchange in crowded conditions, an exciting 
finding that lies at the heart of the scientific vision of our programme. The new data obtained on 
the unexpectedly dynamic nature of the replication machinery completely changes their thinking 
on the stability of large multi-protein structures. It may have consequences that go beyond repli-
cation in how we think about the effects of high protein concentrations inside cells on the kinetics 
of protein assemblies. The Danelon group focused on methods development to study the effect of 
crowding and confinement on exchange dynamics of multi-protein machineries. The main two 
topics in 2015 have been: (1) Cell-free synthesis and functional assembly of the T7 replisome (2) 
Gene expression in small vesicle bioreactors. They concentrated on developing/refining activities 
assays that would validate the activity of the complete replisome. Using a combination of DNA 
replication substrates they confirmed the activity of the various proteins. Optimizing expression 
conditions and readout sensitivity is currently under investigation. In addition to bulk assays, the 
activity of synthesized gp5/trx was tested in the Lab of Gijs Wuite using single-molecule force 
spectroscopy. Data confirm functionality but indicate low concentration of active proteins. A 
manuscript is in preparation. As a next step they want to encapsulate the T7 replisome inside lipid 
vesicle for analysis of molecular exchange in a crowded and confined cell-sized environment. They 
succeeded to entrap the T7 RNA polymerase and to produce a fluorescent RNA aptamer from 
nucleotides supplied in the external medium. Image analysis tools were developed to quantify the 
encapsulation efficiency, liposome size distribution and amount of encapsulated transcript mole-
cules. They are now attempting to improve the yield of transcriptionally active vesicles and to 
transfer the method to the study of other DNA processing machineries. 
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WP3: Roadblocks. In the Dekker group, progress has been made in assembling high-throughput 
single-molecule DNA arrays. Compared to the DNA curtains developed and reported previously, 
major improvements have been made regarding the reliable assembly of single-molecule based 
arrays where, in combination with fluorescence microscopy, individual DNA molecules can be 
attached, stretched and observed. The ability to visualize DNA-binding proteins in this fashion is 
particularly useful in the investigations of replication and transcription in the context of e.g. road-
blocks, elongation dynamics and motor collisions. A custom-designed microscope has been built 
for this purpose and first experiments have been demonstrated using the DNA-binding protein 
Rad51. An assay to test RNAP elongation in the presence of roadblocks using DNA arrays is being 
prepared. Within the Van Oijen group, similar technology is being developed, and relevant tech-
nical details were already exchanged in the previous year. The progress done by Mr. Monachino 
on his new method to stretch DNA molecules in single-molecule imaging experiments has been 
published in early 2016 (ACS Nano). Mr. Monachino has also focused on understanding how the 
DNA-replication machinery deals with protein roadblocks nonspecifically bound to the DNA. Elu-
cidating the mechanism of transcribing through nucleosomes is vital to understanding transcrip-
tion in a crowded environment. Therefore, postdoc Behrouz Eslami from the Depken's Lab (in 
collaboration with Postdoc Dr. Janissen from the Dekker group) has been involved in the con-
struction of a kinetic model to describe how RNAP transcribes through nucleosomes. This work 
will feed directly into the work on DNA arrays within the Dekker Lab. Dr. Behrouz Eslami has 
also been focusing on understanding the effect of noise in single-molecule traces. This project is 
aimed at maximizing the information that can be extracted from high-throughput single molecule 
experiments, and the results will greatly facilitate the interpretation of the single molecule data 
generated within the current programme. 
 
WP4: Organization. The Shimizu group has been targeting the development of imaging tech-
niques for following chromosomal loci using fluorescent repressor-operator systems (FROS). First, 
the imaging conditions (including bacterial strain design, growth protocols and fluorescent-protein 
expression levels) were optimized through a tight and iterative feedback with members of the 
Dame group involved in strain and plasmid design. Second, protocols to validate the observed 
fluorescent spots as bona fide FROS loci were established by calibrating the integrated fluorescence 
intensity of spots to fluorophore counts (from single-fluorophore blinking for YFP, and from sin-
gle-fluorophore bleaching steps for mCherry). Finally, three sets of imaging and data analysis 
protocols were established for using FROS to gather statistics for (i) cellular locations of chromo-
somal loci, (ii) mobility of chromosomal loci, and (iii) distances between pairs of chromosomal loci. 
The Dame group has established the regions of interest for microscopy and chromosome confor-
mation capture studies. Several target regions have been defined and large part of the dual FROS 
array inserts across or flanking the regions of interest have been generated. Chromosome Confor-
mation Capture library generation has been set up. Issues related to strain background (endonu-
clease activity) have been identified and are currently being solved by generating a knockout 
background for experiments. Sequencing of libraries is done in collaboration with Dr David 
Grainger (Birmingham). The first libraries have been sequenced and await analysis. Moreover, a 
new approach to generic DNA staining relying on fusions of the DNA binding domain of H-NS to 
FP's has been established. 
 
Synergy projects. Progress on synergy project A (theory) is included under the description of WP3; 
for the synergy project B, the Dame group has focused its efforts on the understanding of DNA 
organization by purifying the HU protein, setting up single-molecule characterization of HU-DNA 
complexes by TPM, and by setting up Acoustic Force Spectroscopy in Leiden (together with the 
Wuite group). A single-cystein derivative of HU was designed and purified for site-specific fluo-
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rescent labelling to determine localization, binding behavior and effects of encounter by T7 DNAp. 
Future plans include direct visualization of the protein using optical tweezers combined with fluo-
rescence in presence and absence of T7 DNAp. 
 
2. Added value of the programme 
The planned research in this programme would not be achievable by any of the research groups in 
isolation. Hence this programme is collaborative by nature and it benefits considerably the whole 
biophysics community. The goals have been defined to promote cooperation and exchange of stu-
dents and know-how. As stated in previous reports, the Shimizu and Dame groups have worked 
closely in the design, construction and testing of constructs for imaging. Their work in 2015 was 
focused on the generation of FROS constructs and the design of a generic DNA label based on the 
DNA binding domain of H-NS. Also the Wuite and Dame groups continue to collaborate through 
a jointly hired PhD. Based on the knowledge transferred between the two groups, an Acoustic 
Force Spectrometry system has now been set up in Leiden. The Dekker and Depken groups closely 
collaborate by introducing meaningful experimental input data in the proposed theoretical 
models. Having established the core methodologies and validated the proof-of-principles of the 
planned research, most partners are now entering in a more collaborative phase. Depken's theo-
retical work is highly relevant for the questions that the van Noort group addresses experimen-
tally; more direct interactions between both groups are planned in the near future. The van Oijen 
and Wuite groups just started a collaboration to further investigate the activity of synthesized 
replisome proteins with single-molecule resolution. The move from the van Oijen lab to Australia 
obviously places constraints on the ability to work together with the other partners efficiently. 
However, there is regular communication with all the partners in the Netherlands and participa-
tion in meetings via Skype. 
 
Proper communication of progress and coherence between projects is ensured by yearly meetings 
with all programme participants. The interactions at several project meetings have been lively. 
Since the kick-of-meeting of the project late 2013, three subsequent scientific meetings have been 
held. The last follow-up scientific meeting took place in Delft in February 2016, and the schedule is 
included in appendix 1. For this meeting, graduate students and post-doc were invited to present 
their work. In addition to the junior scientist directly related to the programme, other junior scien-
tist from outside the FOM project attended and presented their work and input via posters.  
 
3. Personnel 
With the hiring in 2015 of the remaining PhD and postdoc, all the junior scientist positions within 
the project are now filled. The PhDs are on track with their projects and have been able to success-
fully overcome eventual research difficulties or changes related to the evolution of the project. For 
example, as explained in section 1, graduate student Martens from the van Noort group has put 
more effort in instrumentation development than anticipated, but this will not affect the planned 
end-term of the project. The group of Van Oijen (with Ms. Spenkelink and Mr. Monachino) has 
moved from the Netherlands to Australia in 2015. While some delay on the projects progress is 
inevitable, both students have dealt with this move very well and have been able to put significant 
momentum in their work again. The quality of the work done by Spenkelink is remarkable and her 
PhD is well on schedule. Her polymerase exchange work will give rise to a highly visible publica-
tion and her earlier work on SSB exchange will also result in a high-impact paper. The work of 
Monachino is somewhat delayed due to the biochemical problems experienced with the E. Coli 
replication proteins. He is very close to solving the problem and will be able to finish his projects 
in the remaining year of his contract (late 2017 without extension). They both have played a critical 
role in setting up the new lab after the move; the experience gained by this process helps them in 
their research.  
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Noteworthy is that for some projects, those particularly challenging for the students, more person-
nel (from other fundings) has been allocated to advance faster in certain directions. For example, in 
the group from Danelon another researcher has been allocated to undertake the T7 replisome pro-
ject. Indeed, the vesicle bioreactor project turned out to be more challenging than expected. It took 
longer than expected for the appointed PhD student, having a biology background, to get familiar 
with the microscopy techniques and other quantitative aspects of the project. Extra help for image 
analysis was provided from a research technician from the lab. Likewise, in the Dekker group 
extra help from Technician Dr. J. Kerssemakers on data analysis and algorithm detection has also 
been provided for the DNA arrays project.  
 
4. Publications 
WP1 
- Buning R., Kropff W., Martens K. & Noort J. van, spFRET reveals changes in nucleosome 

breathing by neighboring nucleosomes, Journal of Physics : Condensed Matter 27 (6)(064103), 
2015. 
 

WP2 
- 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, Single-molecule imaging at high fluorophore con-
centrations by local activation of dye, Biophysical Journal, 108, 949-56, 2015.  
 

Synergy project B 
- R.P.C. Driessen, S.N. Lin, W.J. Waterreus, A.L.H van der Meulen, G.F. Moolenaar, N. Laurens, 

G.J.L. Wuite, N.S. Pannu, N. Goosen & R.T. Dame, Sso10a: a new member of archaeal chromatin 
proteins that exhibits diverse architectural properties. Submitted to Scientific Reports, 2015.  

 
5. Valorisation and outreach 
As a significant valorisation activity, the spFRET facility set up by the van Noort group has 
attracted the attention of a leading pharmaceutical company, for whom they will do a single-mole-
cule screening in a separate project.  
Concerning performances for general public, Danelon was interviewed in the Volkskrant, 
12 September 2015 and gave a TEDx talk in Amsterdam on 27 November 2015.  
Finally, the works of junior scientists from the project were presented in two national conferences: 
postdoc Cabanas and graduate student Ostrofet presented a talk at CHAINS 2015 in November; 
postdoc Cabanas and graduate students Ostrofet, Lin and Cremazyu presented their respective 
works at the Dutch Biophysics conference in September 2015.  
 
6. Vacancies 
None. 
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Appendix 1 
 
Schedule for FOM Crowding meeting, February 18, 2016 
Location: Clubroom TU Delft Aula, Mekelweg 5, Delft 
 
12.00-12.30 Lunch  
 
12:30 Welcome by Nynke 
12.35 Video-Skype presentation by Lisanne Spenkelink and Enrico Monachino (van Oijen - 

Groningen) 
13:20 Ning Lin (Wuite- VU/Dame- Leiden) 
 'Exploring the interplay between chromatin proteins and DNAp' 
13:50  Dr. Jordi Cabanas Danes (Wuite- VU) 
 'The binding dynamics of T7 SSB are essential for its redistribution during DNA 

replication' 
14:20  Jacopo Solari (Shimizu – AMOLF) 
 'Measuring dynamics and compaction of specific DNA regions in live E. coli' 
 
14:50-15:05 Tea/coffee 
 
15:05 Frédéric Cremazy (Dame – Leiden) 
 'Understanding E. coli genome compaction using High-resolution Chromosome 

Conformation Capture' 
15:35 Dr. Behrouz Eslami Mossallam (Depken- Delft) 
 'Uncovering the Dynamics of Translocating Machines out of noisy elongation traces' 
16:05 Eugen Ostrofet/Dr. Humberto Sanchez (Dekker – Delft) 
  'Stretched Oriented DNA Arrays' 
 
16:35-16:50 Tea/coffee 
 
16:50  Alicia Soler Canton (Danelon – Delft) 
 'Liposome-confined transcription' 
17:00 Huong Thi Bui (Danelon- Delft) 
 'Cell-free synthesis and functional assembly of the T7 replisome' 
17:20 Kirsten Martens (van Noort – leiden) 
17:50 Closing by Nynke 
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Fact sheet as of 1 January 2016 

 FOM – 13.0223/3 
 datum: 01-01-2016 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 140. 
  
Title (code) Crowd management: the physics of DNA processing in 

complex 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 01-01-2016 
 
bedragen in k€  ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 963 482 482 482 - - - 2.409 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 963 482 482 482 - - - 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 and 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 

2015 - 3.0 7.0 - 571 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2014 - 3 21 - 

2015 - 3 29 - 

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

2015 
None. 

 
 
Patents (new/changes) 
2014 
None. 

2015 
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 
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 
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 31 December 2015 
E. Ostrofet PhD 1 January 2014 31 December 2017 
S.L. Leachman WP/T 15 October 2015 14 October 2017 
 
 
Workgroup FOM-G-28 

Leader Prof.dr. T.T.H. Palstra 
Organisation Groningen University 
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 
 
 
Workgroup FOM-L-36 

Leader Dr.ir. S.J.T. van Noort  
Organisation Leiden University 
Project (title + number) Crowd management Leiden: TF binding (12CMCE02) 
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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 
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 
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 Dekker 

Leader Prof.dr. N.H. Dekker 
Organisation FOM Institute AMOLF 
Project leader Dr. T.S. Shimizu 
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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