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1. Scientific results 2014 
Progress has been steady in most of the projects in the programme, and the first publications have 
been realized. Most of the oios in the programme entered their final year during 2014, and are in 
the final phase of doing their experimental or computational work and are busy writing theses and 
publications. Brief summaries of individual project progress and a preview of work in the pipeline 
are given below. 
 
Tans: Single molecule force spectroscopy studies of alpha-synuclein: The originally proposed studies on 
alpha-synuclein were put on hold since the competing laboratory of Michael Woodsides had 
already published similar work. These constructs were received from the Woodsides laboratory, 
and the focus has been on the effect of chaperones on aggregation. Oio Sergey Bezrukavnikov has 
developed a dual-beam optical tweezers to mechanically manipulate single protein aggregates, 
including temperature control, on which a manuscript is in preparation. He discovered that the 
aggregation-suppressor Hsp70 can also stabilize proteins, which overturns the decade-old canoni-
cal model of this central chaperone. Manuscripts are also in preparation on two other aggregation-
suppressors: the bacterial Hsp33 and the human HspB6. The latter surprisingly shows stabilization 
of alpha-synuclein mini-aggregates that were studied with optical tweezers, which indicates dif-
ferent models for how cells fight alpha-synuclein aggregation. He also investigated the effects of 
osmolytes on molecular stability (see publications). 
 
Bolhuis: Multiscale modeling of alpha-synuclein aggregation: Previously, an extensive all-atom explicit 
and implicit solvent molecular dynamics (MD) study of α-synuclein monomer, and dimers has 
been performed by oio Marcin Nowosielski. The monomer collapses to elongated conformations 
while maintaining a surprisingly high (50-75%) α-helical content, which might be a consequence of 
poor sampling. Sampling was enhanced using the replica exchange molecular dynamics (REMD) 
method. The optimization of the temperature distribution, needed for this method, led to a sepa-
rate side project, that will result in a publication, currently in preparation. After equilibration the 
simulation data shows that α-synuclein slowly adapts much lower helical content (<20%), in 
favour of β-sheet and disordered conformers. While under physiological conditions αS is know to 
be present mainly as a disordered monomer, the other identified conformations (α-helical and β-
sheet rich) might be representative for off-pathway (mis)folded monomers present under physio-
logical conditions, and/or conformers characteristic for different environmental conditions. Fur-
ther, the current force fields, as well as the implicit solvent models might overestimate the propen-
sity of secondary structure elements in the intrinsically disordered proteins. A publication of this 
work is currently in preparation. The simulation data allowed for an identification of distinctive 
structural elements (beta-sheet and turns/loops). This information has been further utilized to 
design protofibril models and compare with experiments from M. Huber and S. Tans groups. In 
parallel, a set of multiple short simulations for 5 and 10 amino-acid fragments of the αS has been 
run, in order to establish the protein fibrillation propensity per residue. These findings, after com-
parison with experimental data obtained in the V. Subramaniam group, will contribute to another 
publication. 
 
Subramaniam: Quantitative measurement and super-resolution visualization of oligomeric aggregate-
membrane interactions: We have focused on analyzing alpha-synuclein/lipid membrane interactions 
using supported lipid bilayers using various combinations of fluorescence microscopy, atomic 
force microscopy, and fluorescence recovery after photobleaching. Work published in 2014 
demonstrated that the process of amyloid formation rather than binding of monomeric alpha-
synuclein on membranes is responsible for membrane damage. Current work focuses on explai-
ning the observation of the impairment in lateral lipid diffusion upon binding of monomeric αS on 
supported lipid bilayers (SLBs). We used three deletion mutants to probe whether this effect arose 
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from lipid-protein interactions or protein-protein interactions, and showed that instantaneous 
formation of αS clusters on SLBs impairs lateral lipid diffusion. Our results show that cluster size is 
the determining factor in reducing lipid diffusion (manuscript in preparation). 
 
In collaboration with Mireille Claessens we have shown that oligomers of alpha-synuclein initiate 
membrane damage from pre-existing defects. Although the oligomers were not able to disrupt 
POPC/POPS vesicles, supported POPC/POPS bilayers were damaged only when they exhibited 
existing defects. From these membrane defects, fractal damage patterns devoid of lipids appeared 
in time. As the fractal patterns grow, lipids appear in solution suggesting that the oligomers are 
implicated in lipid extraction. We propose that oligomer-induced destabilization of the lipid 
bilayer depends on pre-existing defects in the lipid bilayer. 
 
Finally, we are focusing extensively now on characterizing how N-terminally acetylated protein 
interacts with membranes. This modification is important – it is the predominant modification in 
endogenous protein, and appears to have a very important role in defining the 'native' function of 
the protein. 
 
Huber: Probing lipid-triggered amyloid nucleation by spin-label EPR: One focus of the sub-project in 
2014 was to round up the efforts to determine intrinsic fibril structure of aS. We have determined 
long-range distance constraints and completed the analysis, leading to a full publication. The out-
come is a first order model for the fold of aS in the fibril, much needed for understanding atomic 
structure of the fibril. This information is needed to understand fibrilization and ways to interfere 
with fibril formation also in a disease context. Further studies are needed to extend to further dis-
tances and control fibril formation. For membrane binding, Pravin Kumar performed detailed 
studies on the binding of aS to natural membranes. These results will be published shortly. 
 
 Briels/den Otter: Simulations of alpha-synuclein aggregate formation: A Brownian Dynamics (BD) pro-
gramme from the literature has been implemented[1] to simulate the translational and rotational 
dynamics of anisotropic rigid particles. Intrigued by the complexity of this algorithm, we devel-
oped the theoretical background for an alternative approach that avoids the traditional complexi-
ties associated with rotational Brownian Dynamics, and succesfully tested this programme 
numerically [2]. We continued the development of the simulation model of alpha-synuclein as 
polymorph patchy particles: particles whose shape and interaction capabilities evolve in time, in 
response to their environment, and thereby change the environment of their neighbouring parti-
cles. These particles form oligomers and fibrils in our simulations. After additional tuning of the 
potential to experimental data, we are on track to study the assembly process of the aggregates.     
 
Aartsma/Canters: Optical characterization of α-synuclein in the cell with single molecule sensitivity and 
Oxidative stress and disturbance of metal homeostasis as triggers of alpha-synuclein misfolding and aggre-
gation in vivo: In vitro experiments on oligomeric species include characterizing of these intermedi-
ates by a variety of different techniques: single-molecule (dual-color) FCS and other optical mea-
surements, mass spectrometry, gel electrophoresis and atomic force microscopy. All the experi-
ments have to be done preferably in situ, i.e., in freshly prepared gel, because the aggregates are 
metastable and appear to dissociate in solution. A part of the ongoing project combines gel elec-
trophoresis (native and SDS) and native mass spectrometry in determining the kinetics of early 
aggregation species formed using WT, A30P and A53T α-synuclein mutant. So far gel images and 
mass spectra indicate the presence of distribution of small multimers, up to tetramers. Future 
experiments will include quantification of these species in the time course of the aggregation pro-
cess. Marija Mucibabic is further collaborating with the Subramaniam laboratory to quantitatively 
study the influence of solution conditions on α-synuclein aggregation kinetics, focusing on the 

https://xs.utwente.nl/owa/%23_ftn1
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effect of electrostatic and hydrophobic interactions on the rate-limiting steps of aggregation initia-
tion and of fibril growth. To measure kinetics of protein assembly into fibrils she used a fluore-
scence assay as well as direct measurements of individual fibril growth by microscopy. The rate 
constant decreases significantly with increasing ionic strength, pointing to an important role of 
electrostatic interactions. 
 
During the course of the work it became apparent that fluorescent labeling may affect the aggre-
gation process. We are in the process of examining the effect of labeling with various fluorescent 
dyes on the morphology of α-synuclein aggregation into fibrils using atomic force microscopy. The 
aim is to determine the set of optimal conditions under which the morphology of the aggregated 
sample is preserved when α-synuclein is (partially) labeled. Real-time monitoring of fibril-growth 
using fluorescence microscopy is in progress. 
 
The second project worked on imaging α-synuclein aggregates in cells, with a focus on larger 
aggregates, and on investigating the cellular uptake and fate of α-synuclein in different aggrega-
tion states using time-lapse microscopy and super-resolution (STORM) microscopy. A manuscript 
on this work is in preparation.1 
 
2. Added value of the programme 
There is clear added value in the complementary approaches that are represented in this pro-
gramme. In the last year, there has been significant interaction between the different groups lea-
ding to new insights and activities. For example, Marija Mucibabic has been collaborating exten-
sively with the Subramaniam lab in quantitatively measuring aggregation kinetics using both a 
'bulk' fluorescence assay and microscopy to follow single fibril growth kinetics. Marcin 
Nowosielski has collaborated with Vova Shvadchak in the Subramaniam lab to get experimental 
input for his computational simulations. Aditya Iyer has set up a close collaboration with Steven 
Roeters in the Sander Woutersen laboratory for 2D infrared spectroscopy and vibrational sum fre-
quency generation studies of fibril polymorphism. Finally, the Subramaniam and Huber groups 
have initiated collaborations with Antoinette Killian in Utrecht to use lipid nanodiscs for protein-
lipid interaction studies. 
 
3. Personnel 
All PhD positions are filled. 
 
4. Publications 
Tans 
- S. Bezrukavnikov, A. Mashaghi, R.J. van Wijk, Ch. Gu, L.J. Yang, Y.Q. Gao and S.J. Tans, 

Trehalose facilitates DNA melting : a single-molecule optical tweezers study, Soft Matter 10, 
7269–7277, 2014. 

 
Subramaniam 
- A. Iyer, N.O. Petersen, M.M.A.E. Claessens and V. Subramaniam, Amyloids of Alpha-Synuclein 

Affect the Structure and Dynamics of Supported Lipid Bilayers, Biophys. J. 106, 2585–2594, 
2014. 

                                                      
1M.M. Apetri, R. Harkes, V. Subramaniam, G.W. Canters, T. Schmidt and T.J. Aartsma, Direct 
observation of α-synuclein amyloid aggregates in endocytic vesicles of neuroblastoma cells, in 
preparation. 
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Den Otter/Briels 
- I.M. Ilie, W.K. den Otter and W.J. Briels, Rotational Brownian Dynamics Simulations of Clathrin 

Cage Formation, J. Chem. Phys. 141, 065101, 2014. 
- I.M. Ilie, W.J. Briels and W.K. den Otter, An elementary singularity-free Rotational Brownian 

Dynamics algorithm for anisotropic particles, J. Chem. Phys. 142, 114103, 2015. 
 
Huber 
- M. Hashemi Shabestari, P. Kumar, I.M.J. Segers-Nolten, M.M.A.E. Claessens, B.D. van Rooijen, 

V. Subramaniam, and M. Huber, Three long-range distance constraints and an approach 
towards a model for the aSynuclein-fibril fold, Applied Magnetic Resonance 46, 369-388 (2015). 

 
5. Valorisation and outreach 
In April 2015 we organized a Lorentz Center workhop entitled 'Amyloid Aggregation: Single 
Molecule Approaches to a Many Molecule Problem'. Leading international and national speakers 
including Ad Bax, Theresa Head-Gordon, Tom Jovin, Donna Arndt-Jovin, Marc Baldus, 
Daniel Otzen, David Eliezer, Astrid Graslund, Mariano Carrion-Vazquez, Ellen Nollen, 
Harrie Kampinga, Beat Meier, Tuomas Knowles, Philipp Selenko, Antoinette Killian, and 
Alia Matysik attended the workshop. It was a truly inspiring workshop and gave our junior scien-
tists a chance to present their work and speak with leading experts in the field. As part of this 
workshop, Subramaniam presented a Lorentz Center Highlight to the Faculty of Science at Leiden 
University. 
 
6. Vacancies 
The remaining budget allocated to the Heutink group, which has moved to Germany, has been 
converted to a postdoc position for 1.5 years, and will be filled shortly. 
 
  



 
 
 

 
 
 - 7 - 
 

Fact sheet as of 1 January 2015 

 FOM - 10.1721/4 
 datum: 01-01-2015 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 127. 
  
Title (code) A single-molecule view on protein aggregation (SMPA) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. V. Subramaniam 
  
Duration 2011-2015 
  
Cost estimate M€ 2.5 
  
Concise programme description 
a. Objectives 
This programme aims to apply an array of innovative single-molecule techniques, augmented by 
selected ensemble and computational biophysics approaches, to yield an unprecedented molecular 
and dynamic view on protein aggregation. We will bridge molecular and cellular perspectives 
with well-controlled in vitro experiments complemented by innovative single molecule and super-
resolution methods to follow aggregation interactions within cells. 
 
b. Background, relevance and implementation 
Understanding protein nucleation and aggregation is one of the major challenges in contemporary 
biophysics and, in the context of disease, one with great medical relevance. The ambition of this 
programme is to unravel the physical mechanisms that underlie the dynamics of nucleation and 
formation of early aggregate species. At the core of the programme is the physics of protein fol-
ding, conformational dynamics and protein-protein and protein-membrane interactions. 
Protein misfolding and aggregation lies at the heart of a range of devastating diseases, including 
neurodegenerative diseases such as Alzheimer's and Parkinson's disease. The underlying physics 
is poorly understood, and has broader significance, including in the assembly of food proteins to 
provide texture, supramolecular assembly of proteins to form functional complexes, and 
biologically templated formation of novel materials. 
Ensemble biophysics approaches are not well suited to capture the dynamics and structural 
changes associated with individual folding and binding transitions, which are critical to a 
mechanistic understanding of the earliest steps in protein aggregation. The transient nature, 
inherent heterogeneity, and low numbers of early stage aggregates necessitate single molecule 
spectroscopy approaches and other innovative methods that can detect distributions of structures 
in ensembles. We will investigate the physical mechanisms underlying the dynamics of nucleation 
and formation of early aggregate species of human α-synuclein, focusing on three key questions:  
1. How do multiple α-synucleins aggregate? 
2. How do early aggregates perturb phospholipid membranes? 
3. What are the cellular and genetic triggers of aggregation? 
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The programme consortium will use state of the art experimental and computational biophysics 
approaches, complemented by methods from protein chemistry and molecular biology and 
genetics of neurodegenerative disease to unravel the knotty problem of protein aggregation. 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2014 2015 2016 2017 2018 2019 > 2020 Totaal 

FOM-basisexploitatie 2.275 217 - - - - - 2.492 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.275 217 - - - - - 2.492 
 
 
Source documents and progress control 
a) Original programme proposal: FOM-10.1238 
b) Ex ante evaluation: FOM-10.1422 
c) Decision Executive Board: FOM-10.1720 
 
 
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 

2011 - 0.8 2.3 0.3 258 

2012 - 1.8 5.5 1.3 528 

2013 - 0.9 6.0 0.8 525 

2014 - 1.4 6.0 0.6 483 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - 2 - 

2012 - 3 7 - 

2013 - 4 28 - 

2014 - 6 25 - 

* After closing the financial year. 
 
 
PhD defences 
2011 
None. 

2012 
None. 

2013 
None. 

2014 
None. 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-A-23 

Leader Prof.dr. P.G. Bolhuis  
Organisation University of Amsterdam 
Programme A single-molecule view on protein aggregation 
Project (title + number) Multiscale modeling of alpha-synuclein aggregation (10SMPA02)  
 
FOM employees on this project 
Name  Position Start date End date 
M.A. Nowosielski PhD 15 April 2011 14 April 2015 
 
 
Workgroup FOM-L-11 

Leader Prof.dr. E.J.J. Groenen 
Organisation Leiden University 
Project leader Dr. M.I. Huber 
Programme A single-molecule view on protein aggregation 
Project (title + number) Probing lipid-triggered amyloid nucleation by spin-label EPR 10SMPA04 
 
FOM employees on this project 
Name  Position Start date End date 
P. Kumar PhD 15 June 2012 14 June 2016 
 
 
Workgroup FOM-L-23 

Leader Prof.dr. T.J. Aartsma 
Organisation Leiden University 
Programme A single-molecule view on protein aggregation 

Project (title + number) Oxidative stress disturbance of metal homeostasis as triggers of alpha-
synuclein misfolding and aggregation in vivo 10SMPA08-2 

 
FOM employees on this project 
Name  Position Start date End date 
M. Mucibabic PhD 01 June 2012 30 September 2015 
 
Leader Prof.dr. T.J. Aartsma 
Organisation Leiden University 
Programme A single-molecule view on protein aggregation 

Project (title + number) Optical characterization of alpha-synuclein in the cell with single 
molecule sensitivity 10SMPA06 
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FOM employees on this project 
Name  Position Start date End date 
M.M. Apetri postdoc 01 October 2011 31 December 2014 
 
Workgroup FOM-T-15 

Leader Dr. M.M.A.E. Claessens 
Organisation Twente University 
Programme A single-molecule view on protein aggregation 

Project (title + number) Quantitative measurement and super-resolution visualization of 
oligomeric aggregate-membrane interactions 10SMPA03 

 
 
FOM employees on this project 
Name  Position Start date End date 
N. Schilderink TP/T 01 September 2011 31 August 2016 
 
 
Workgroup FOM-T-20 

Leader Prof.dr. W.J. Briels 
Organisation Twente University 
Project leader Dr.ir. W.K. den Otter 
Programme A single-molecule view on protein aggregation 
Project (title + number) Simulations of alpha-synuclein aggregate formation 10SMPA05 
 
FOM employees on this project 
Name  Position Start date End date 
I.M. Ilie PhD 03 October 2011 02 October 2015 
 
 
Group Tans 

Leader Prof.dr.ir. S.J. Tans 
Organisation FOM Institute AMOLF 
Programme A single-molecule view on protein aggregation 

Project (title + number) Single molecule force spectroscopy studies of alpha-synuclein 
10SMPA01 

 
FOM employees on this project 
Name  Position Start date End date 
S.V. Bezrukavnikov PhD 01 April 2011 30 September 2015 
D.P. Minde WP/T 1 April 2014 31 October 2014 
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Group Subramaniam 

Leader Prof.dr. V. Subramaniam 
Organisation FOM Institute AMOLF 
Programme A single-molecule view on protein aggregation 

Project (title + number) Quantitative measurement and super-resolution visualization of 
oligomeric aggregate-membrane interactions (10SMPA03-1) 

 
FOM employees on this project 
Name  Position Start date End date 
A.S. Iyer PhD 1 September 2013 3 September 2015 
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