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Fluorescence microscopy images of lipid membranes. The protein is coloured red; lipids are green. Left: the 
membrane without proteins after 42 hours. Middle: 18 hours after addition of the protein alpha-synuclein. 
Right: 42 hours after the addition of alpha-synuclein. The protein aggregates grow over time and defects in 
the membrane become visible. The white bar at the bottom shows the scale: The bar is 10 micrometres long. 
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1. Scientific results 2013 
Most of the projects have made progress commensurate with the duration of the appointments of 
the respective oio's and postdocs, and the first manuscripts have been submitted. Summaries of 
individual project progress are given below: 

- Tans: Single molecule force spectroscopy studies of alpha-synuclein: Sergey Bezrukavnikov has deve-
loped a dual-trap optical tweezers. This instrument has been characterized and validated, and a 
manuscript in in review.1 His force spectroscopy studies on proteins have focused on the aggre-
gation of a model system, Maltose Binding Protein, and the effect of the chaperone Hsp70 on 
this aggregation, yielding the first single-molecule model of aggregation-suppressor Hsp70. 
Force spectroscopy on alpha-synuclein has not been performed, since very similar experiments 
have recently been published.2 This was also reported to the 'FOM Physics of Life committee' 
during the programme leader's presentation in December 2013. 

- Bolhuis: Multiscale modeling of alpha-synuclein aggregation: In the previous report we had indi-
cated that 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%,) of α-helical content, which might be a consequence of poor sampling. Sampling was en-
hanced using the replica exchange molecular dynamics (REMD) method and combined with the 
Well-Tempered Metadynamics biasing technique. Preliminary data shows that α-synuclein 
conformations slowly adapt much lower helical content (23 percent). 
Because of problems with convergence the WTE-REMD approach has not been continued. 
Instead, REMD simulations for the AS monomer using a different force field has been carried 
out. Results show, in addition to largely helical conformations, disordered conformers, as well 
as a small amount of beta-sheet structures. However, again convergence is hard to achieve. To 
make progress several simulations for non-amyloid-beta-component (NAC) region of AS are 
currently running. Obtained simulation data allowed for identification of distinctive structural 
elements (beta-sheet and turns/loops). This information has been further utilized to design 
protofibril models to compare with experiments. 

- Subramaniam: Quantitative measurement and super-resolution visualization of oligomeric aggregate-
membrane interactions: oio Aditya Iyer has systematically analyzed the distribution and self-
assembly of monomeric αS on supported lipid bilayers (SLBs). We observe that at protein to 
lipid ratios higher than 1:10 αS forms micrometer-sized clusters, leading to observable mem-
brane defects and decrease in lateral diffusion of both lipids and proteins. An αS deletion 
mutant lacking amino acid residues 71-82 binds to membranes, but does not observably affect 
membrane integrity. Whereas this deletion mutant cannot form amyloid, significant amyloid 
formation is observed in the wild-type αS clusters. These results suggest that the process of 
amyloid formation rather than binding of αS on membranes is crucial in compromising mem-
brane integrity. This work has resulted in a manuscript that is currently in revision.3 

                                                      
1 Sergey Bezrukavnikov, Alireza Mashaghi, Roeland J. van Wijk, Chan Gu, Li Jiang Yang, Yi Qin Gao, and Sander J. 

Tans, Trehalose facilitates DNA melting under mechanical force: a single-molecule optical tweezers 
study. Soft Matter (in review). 

2 Neupane K, Solanki A, Sosova I, Belov M, Woodside MT (2014) Diverse Metastable Structures Formed by 
Small Oligomers of α-Synuclein Probed by Force Spectroscopy. PLoS ONE 9(1): e86495. 
doi:10.1371/journal.pone.0086495; Solanki A, Neupane K, and Woodside MT (2014) Single-Molecule Force 
Spectroscopy of Rapidly Fluctuating, Marginally Stable Structures  
in the Intrinsically Disordered Protein α-Synuclein. Phys. Rev. Lett. 112, 158103. 

3  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, Biophysical Journal, in revision 
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The super-resolution microscope has been moved from Twente to AMOLF, and has been 
installed. A new objective has been delivered and will be implemented into the microscope in 
the next couple of weeks. 

- Huber: Probing lipid-triggered amyloid nucleation by spin-label EPR: Pravin Kumar, the oio on this 
project, has compared the conformation of alpha synuclein (aSyn27/56) on small unilamellar 
vesicles (SUVs) composed of POPG lipids to that on large unilamellar vesicles (LUVs). The 
short distance (2.9 nm) was attributed to the horseshoe conformation and long distance (4.3 nm) 
to the extended conformation. The distances that he got are close to those from LUVs [Marta 
Robotta et.al, ChemPhysChem. 2011] but the ratio of both conformations (horseshoe: extended) 
on SUVs is approximately 1:1 whereas it is 1:4 on LUVs. He also further investigated the alpha 
synuclein fibril structure. Currently he is busy with studying alpha synuclein binding to natural 
membranes and the resulting conformations of alpha synuclein on these membranes. Initial 
experiments show differences in binding characteristics and that information on conformations 
can be obtained. 

- Briels/den Otter: Simulations of alpha-synuclein aggregate formation: A generic Brownian Dyna-
mics (BD) simulation programme from the literature has been implemented,4 and in the course 
of this process a simpler alternative has been developed in house, by oio Ioana Ilie, to simulate 
the Brownian translational and rotational motion of anisotropic particles. Both programmes 
have been validated by a number of single particle simulations, testing the equilibrium distri-
butions and dynamics. Using a patchy particle model developed earlier, based on the near-rigid 
clathrin protein, the ability of BD to simulate self-assembly into highly ordered polyhedral 
cages was tested. The in-house developed code has been extended to simulate cylindrical 
particles with dynamic shape and interaction parameters, thereby enabling these particles to 
respond to their environment. These particles will serve as the segments in a coarse-grained 
model of the intrinsically disordered alpha-synuclein protein. 

- Aartsma/Canters: Optical characterization of alpha-synuclein in the cell with single molecule sensitiv-
ity and Oxidative stress and disturbance of metal homeostasis as triggers of alpha-synuclein misfolding 
and aggregation in vivo: In vitro experiments on oligomeric species include characterizing of 
these intermediates by a variety of different techniques: single-molecule (dual-color) FCS and 
other optical measurements, mass spectrometry, gel electrophoresis and electron microscopy. 
Dual-color FCS facilities are in place now, and the software for data analysis available. All the 
experiments have to be done preferably in situ, i.e., in freshly prepared gel, because the aggre-
gates are metastable and appear to dissociate in solution. A part of the ongoing project com-
bines gel electrophoresis (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 process. 
The second project continues to work on imaging α-synuclein aggregates in cells, with a focus 
on larger aggregates, and on investigating the cellular uptake and fate of alpha-synuclein in 
different aggregation states using time-lapse microscopy and super-resolution (STORM) 
microscopy. 

- Heutink: Alpha-synuclein misfolding and aggregation in vivo in relation to genetic factors: The 
Heutink laboratory has moved to Tuebingen. Dr. Jain, postdoctoral fellow appointed on this 
project, has received an academic appointment in Tuebingen. The group continues to collabo-
rate on the programme. 

                                                      
4  I. M. Ilie, W. K. den Otter and W. J. Briels, Rotational Brownian Dynamics Simulations of Clathrin Cage 

Formation, J. Chem. Phys, submitted. 



 
 
 

 
 
 - 5 - 
 

The focus has shifted to studying the prion-like transmission of alpha synuclein between cells. 
Transmission of alpha synuclein has now been developed into a reproducible high content 
assay. Pipeline for data analysis has also been established. An shRNA sublibrary targeting 
genes underlying PD genetic risk loci has been created and lentivirus produced. A screen for 
modifiers of SNCA transmission are planned to begin shortly. 
 

Looking forward: A key issue to be addressed in the coming period is to link computational and 
experimental results to help refine computational models and vice-versa, to set priorities for 
experimental work. 
 
Connections to other groups: We are working together with other groups outside the consortium to 
pursue promising ideas. These collaborations include mass-spectrometry work with the group of 
Albert Heck at Utrecht University (oio Mucibabic), and with the groups of Sander Woutersen at 
the University of Amsterdam (2D IR studies) and Malte Drescher and Marcel Leist at the Univer-
sity of Konstanz (EPR studies of α-synuclein binding to mitochondria). We are exploring possibili-
ties for femtosecond IR studies on α-synuclein/membrane interactions with Yves Rezus at 
AMOLF. 
 
Network activities: Full consortium meetings have been held regularly (January 2012, September 
2012, July 2013, December 2013, May 2014 planned). Several smaller group meetings have been 
held. An application for a Lorentz Center workshop on the physics of protein aggregation has been 
approved recently. This workshop entitled 'Amyloid Aggregation: Single Molecule Approaches to 
a Many Molecule Problem' is scheduled for the period 13 – 17 April 2015 at the venue Lorentz 
Center@Oort. We expect to invite a number of leading international and national participants. 
 
2. Added value of the programme 
There is added value in the complementary approaches that are represented in this programme. 
While we continue to work on achieving the full potential of synergy, there is significant interac-
tion between the junior scientists in the different groups. For example, Iyer, Mucibabic, and Kumar 
in the Subramaniam, Aartsma and Huber labs respectively, have come up with an idea for com-
plementary experiments using their individual expertise and approaches to study a common 
problem. We are currently fine-tuning these ideas. Finally, the programme has facilitated multiple 
interactions with groups outside the formal consortium, and has added an additional experimental 
versatility to the palette of techniques that we are using. 
 
3. Personnel 
All positions are filled. All PhD trajectories are on track. 
 
4. Publications 
Most junior scientists are just passing the half-way point of their positions, and the first publica-
tions are now being submitted. At this point, one manuscript is in revision for the Biophysical 
Journal, two have been submitted (Soft Matter and J. Chem. Phys.), while others are being pre-
pared for submission. 
 
Manuscripts submitted: 
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, Biophysical Journal, in revision. 
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Sergey Bezrukavnikov, Alireza Mashaghi, Roeland J. van Wijk, Chan Gu, Li Jiang Yang, Yi Qin Gao, and 
Sander J. Tans, Trehalose facilitates DNA melting under mechanical force: a single-molecule optical 
tweezers study. Soft Matter (in review). 
 
I.M. Ilie, W.K. den Otter and W.J. Briels, Rotational Brownian Dynamics Simulations of Clathrin 
Cage Formation, J. Chem. Phys, submitted. 
 
5. Valorisation and outreach 
No direct applications. However, oio Aditya Iyer participated in the 'Physics with Industry 2013' 
Lorentz Center workshop on a project involving protein aggregation with Pamgene International 
BV from 18-22 Nov, 2013. 
 
No explicit outreach activities so far. However, note that we will organize a Lorentz Center work-
shop entitled 'Amyloid Aggregation: Single Molecule Approaches to a Many Molecule Problem' in 
the period 13 – 17 April 2015 at the venue Lorentz Center@Oort. We expect to invite a number of 
leading international and national participants, and will make the workshop open to participants 
within and outside the programme. 
 
Note that in addition to the submitted manuscripts indicated above, all participants have regularly 
presented their work at national (Dutch Biophysics, NWO CW) and international conferences 
(Biophysical Society). 
 
 
  



 
 
 

 
 
 - 7 - 
 

Fact sheet as of 1 January 2014 

 FOM - 10.1721/3 
 datum: 01-01-2014 
 
 
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 fold-
ing, 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 biologi-
cally 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 mecha-
nistic understanding of the earliest steps in protein aggregation. The transient nature, inherent het-
erogeneity, 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 for-
mation 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 genet-
ics of neurodegenerative disease to unravel the knotty problem of protein aggregation. 
 
 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2013 2014 2015 2016 2017 2018 > 2019 Totaal 

FOM-basisexploitatie 1.747 528 217 - - - - 2.492 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 1.747 528 217 - - - - 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 EK 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 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - 2 - 

2012 - 3 7 - 

2013 1 4 28 1 

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

2012 
None. 

2013 
None. 

 

 
 
Patents (new/changes) 
2013 
None. 
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Overview of projects and personnel 

 
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 

 
FOM employees on this project 
Name  Position Start date End date 
M.M. Apetri postdoc 01 October 2011 30 September 2014 
 
Workgroup FOM-T-15 

Leader Prof.dr. V. Subramaniam 
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 
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FOM employees on this project 
Name  Position Start date End date 
A.S. Iyer PhD 04 September 2011 03 September 2015 
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 
 
 
Workgroup FOM-V-21 

Leader Prof.dr. P. Heutink 
Organisation Vrije Universiteit Medisch Centrum 
Programme A single-molecule view on protein aggregation 

Project (title + number) Alpha-synuclein misfolding and aggregation in vivo in relation to 
genetic factors 10SMPA07 

 
FOM employees on this project 
Name  Position Start date End date 
S. Jain postdoc 01 June 2011 31 January 2013 
 
 
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 31 March 2015 
V. Sunderlikova TP/V 01 June 2012 31 December 2012 
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