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A model proposing events leading to phospholipid membrane damage. Upon binding to model lipid 

membranes at low concentrations, alpha-synuclein does not clump and binding induced changes in physical 
properties of membranes are insignificant. Upon increasing the protein concentration or incubation times, 
the membrane bound protein re-organizes into micrometer-sized clumps that affect movement of the under-
lying lipids. When these clumps gain amyloid conformation at longer incubation times, they cause signifi-

cant membrane damage by extracting lipids from the bilayer which result in the formation of membrane 
defects/holes. 

 
May 2016 



 
 
 

 
 
 - 2 - 
 

Content 

 
1. Scientific results 2015 ................................................................................................................................ 3 

2. Added value of the programme .............................................................................................................. 5 

3. Personnel .................................................................................................................................................... 5 

4. Publications ................................................................................................................................................ 6 

5. Valorisation and outreach ........................................................................................................................ 6 

6. Vacancies .................................................................................................................................................... 6 

Fact sheet as of 1 January 2016 ...................................................................................................................... 7 

Historical overview of input and output .................................................................................................... 9 

PhD defences ................................................................................................................................................... 9 

Patents (new/changes) .................................................................................................................................. 9 

Overview of projects and personnel .......................................................................................................... 10 

Workgroup FOM-A-23 ................................................................................................................................ 10 

Workgroup FOM-L-11 ................................................................................................................................. 10 

Workgroup FOM-L-23 ................................................................................................................................. 10 

Workgroup FOM-T-15 ................................................................................................................................. 10 

Workgroup FOM-T-20 ................................................................................................................................. 11 

Group Tans .................................................................................................................................................... 11 

Group Subramaniam .................................................................................................................................... 11 

 
 
 
 
  



 
 
 

 
 
 - 3 - 
 

1. Scientific results 2015 
The programme is in it's final stage, with the first PhD degrees being awarded and the rest in sight 
in the next few months. Oio's Ioana Ilie and Sergey Bezrukavnikov have defended their theses in 
2015 and Aditya Iyer defended his thesis in April 2016, Marija Mucibabic will follow shortly. Brief 
summaries of individual project progress and publications are given below. 
 
Collaborations: There have been extensive collaborations within the consortium, and these have 
developed further in the last year, yielding concrete results. See the section 'Added value of the 
programme' and 'Publications' for an overview. 
  
Tans: During the past year, Sergey Bezrukavnikov has finalized his experimental involvement in a 
number of projects, contributed to the writing of papers, and wrote and defended his thesis. The 
final experiments have shown that the states Hsp70 interacts with are near native, and the alpha-
synuclein states that HspB6 interacts with are partially folded. He showed that Hsp33 can bind 
and destabilize folded structures. He performed experiments to demonstrate stability of single-
molecule manipulation during a temperature increase, which is relevant to studying temperature-
sensitive proteins. 
 
Subramaniam: Alpha synuclein (αS) was recently shown to be acetylated (in the N-terminus of the 
protein) in brain cells suggesting that this chemical modification could be relevant to its function 
and/or self-assembly into amyloids. N-terminal acetylation is a common chemical modification in 
proteins that occurs in brain cells and considering the important role of N-terminus of αS in mem-
brane binding, we hypothesized that N-terminal acetylation influences, and perhaps even regu-
lates, membrane binding and may also affect its aggregation into amyloid structures. oio Aditya 
Iyer has probed how N-terminal acetylation impacts αS's binding affinity for phospholipid mem-
branes and investigated how it affects the aggregation into amyloids. 
Using bacterially expressed N-terminally acetylated αS (NTAc- αS) and αS from human blood cells 
(Endo- αS), it was found that N-terminal acetylation has little impact on αS binding to model lipid 
membranes. Albeit a negative result, it is possible that N-terminal acetylation is relevant for inter-
actions with other binding partners. However, N-terminal acetylation does have a striking effect 
on aggregation of αS into amyloids. Using novel 2-dimensional infrared spectroscopy (2D-IR) and 
atomic force microscopy (AFM) techniques, in collaboration with Steven Roeters and Sander 
Woutersen at the UvA, we find that N-terminal acetylation changes the amyloid structure of αS. 
The difference in the amyloid structure between acetylated αS and non-acetylated αS suggests that 
this modification affects the self-assembly into amyloids which could be clinically significant and 
remains to be tested. This manuscript has been submitted to the Journal of Biological Chemistry. 
 

 
 
Briels/DenOtter: We (primarily oio Ioana Ilie) have successfully developed a highly coarse grained 
polymorph patchy particle model and applied it to simulate the aggregation of α-synuclein. To 
capture conformational changes of the protein, e.g. transitions between disordered and β-sheet 
states, an internal coordinate has been used to determine the shape and interaction characteristics 
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of the particles. α-synuclein is represented as a single particle with two internal states. A protein in 
the disordered state is modelled as a single sphere with a soft repulsive core and non-directional 
longer-ranged attractive interactions, to mimic the Van der Waals, hydrophobic and transient 
hydrogen bond interactions the real protein experiences. A protein in the β-sheet state has a much 
more rigid and compact structure and is therefore represented by a single spherocylinder with a 
hard core and shorter-ranged attractive directional patches on its surface. Results show the for-
mation of fibrillar structures by two nucleation mechanisms – by nucleation and growth or by 
conversions from oligomeric structures. In addition, simulations show that a fiber can act as a 
catalyst for an oligomer to nucleate into a new fibrillar structure. 
We extended the model to represent a protein as a chain of five morphing particles, five spheres 
for the disordered protein and five spherocylinders for a protein in the β-sheet state. By transfor-
mations of the particles into spherocylinders and by their rearrangement into a planar configura-
tion, the protein adopts the ordered state capable of forming fibrils. We studied the attachment of a 
protein to a fiber by performing constrained Brownian Dynamics simulations. Simulations show 
that the 'hairpin' plays an important role in fibrillar growth. 
The next natural step is to determine realistic values for the parameters used in the coarse grained 
model from all atom simulations on small fragments of the protein and from experimental meas-
urements. 
The simulations presented throughout this study refer to the central 60 amino acids of the protein 
that constitute the building block of fibrillar structures. One could include the N- and C-terminal 
domains as additional beads in order to study their involvement in the aggregation process. They 
are known to slow down the fibrillar growth and may contribute to the stability of fibers.  
 
Huber: oio Pravin Kumar performed detailed studies on the binding of aS to natural membranes, 
leading to a publication in PLOS ONE. 
Furthermore, the effects of phosphorylation on membrane binding was investigated by phospho-
mimics at two positions of alpha-Synuclein, showing that the local binding of the protein is 
affected by the phosphorylation. A manuscript is in preparation. 
A first set of distance constraints for alpha-synuclein fibrils was published. Based on novel results 
of the Twente/AMOLF group, on fibrilization conditions that promote a single morphology a 
large set of mutants was investigated to obtain distance constraints for the fibril structure in that 
morphology. Analysis of this data is underway. Here the goal is to obtain the atomic structure of 
alpha-synuclein in the fibril. This information is needed to understand fibrilization and ways to 
interfere with fibril formation also in a disease context.  
 
Aartsma: oio Marija Mucibabic has studied αS aggregation in vitro by the help of several experi-
mental approaches. Optical techniques were our main tool, therefore, we established useful proto-
cols for fluorescent labelling of αS. We discovered that fluorescent label affects the morphology of 
αS fibrils, a result which is not always recognized or acknowledged in the literature. Normal 
atomic force microscopy images of mature aggregates from wild type (WT) and the A140C mutant 
of α-synuclein show a twisted, ribbon-like appearance with a pitch of 127 nm and the average 
height of 9.4 nm. The effect of the fluorescent labels was significant, especially when a large frac-
tion of αS was labelled, affecting mostly the length of the fibrils which also had a larger tendency 
to from clusters. The reason for the reduced fibril length is probably a reduced affinity of the 
labelled αS monomer for binding to the fibril end. The effects of labelling were insignificant when 
only a small fraction of the αS starting material was labelled. Therefore all subsequent experiments 
were performed with samples in which only a fraction of 5-10% of αS was labelled.  
It has been suggested that the formation of covalent dimers may be involved as the first step in αS 
aggregation, especially under oxidising conditions. Direct observation of such small α-syn multi-
mers, for example by gel electrophoresis, has so far been rather elusive. We have shown, however, 



 
 
 

 
 
 - 5 - 
 

that the spontaneous formation of stable dimers and tetramers in carefully prepared solutions of 
suitably labelled, monomeric αS could be followed by sensitive imaging of the products in electro-
phoresed gels. We observed a rapid accumulation of multimeric species in time, with the tetramer 
appearing later than the dimer. The decrease at later times strongly suggests that these early mul-
timeric species are incorporated in larger aggregates, and possibly are catalytic precursors for fibril 
formation. Apparently, oxidative or nitrating agents are not required, and the results suggest that 
αS is more prone to chemical modification than previously assumed. Together with existing data 
in the literature on the propensity of dimeric species for toxic aggregate formation, our observa-
tions provide compelling support for the conjecture that covalent dimer formation is the rate 
limiting step in aggregate formation 
We performed a systematic study on the relationship between αS aggregation kinetics under dif-
ferent solution conditions as a function of ionic strength and pH. The data were analysed in terms 
of a detailed kinetic model, assuming that fibrils grow by addition of monomers at either end. 
Surprisingly, the dependence on pH is very weak. Since the initial elongation rate decreased sig-
nificantly with the increase of the ionic strength, we concluded that electrostatic interactions do 
play an important role in the aggregation process. A more detailed analysis and interpretation is in 
progress. 
Further information on the growth kinetics of αS fibrils was obtained by fluorescence imaging, by 
which we were able to follow individually the elongation of small fibrillar seeds in real time. This 
work was performed in collaboration with the Subramaniam group at AMOLF. Remarkably, the 
length distribution was exponentially decreasing with fibril length. This can be explained by 
assuming that the fibril ends may become deactivated in a stochastic manor. Indeed, by measuring 
the lengths of individual fibrils as a function of time we find that the elongation is interrupted at 
time intervals of variable length, and that eventually growth stops altogether. The data are ana-
lysed in terms of a kinetic model, and are being processed in the preparation of a manuscript for 
publication.  
Real-time TIRF microscopy on occasion also showed the appearance of large aggregates in the 
form of a 3-dimensional fibrillar network anchored to the surface. These networks developed 
within a time frame of tens of hours, which nay have implications for the development of Lewy 
bodies, the hallmark of Parkinson's disease. 
Marija Mucibabic is currently in the process of writing her PhD thesis on the basis of the results 
that are summarized above. It is expected that this will be finished by the end of March 2016 
 
2. Added value of the programme 
There is clear added value in the complementary approaches that are represented in this pro-
gramme. As mentioned above, there has been significant interaction between the different groups 
leading to joint publications, and shared insights. These collaborations include interactions 
between the Huber and Subramaniam groups, and Aartsma and Subramaniam groups. Ioana Ilie 
is cooperating with Subramaniam and Mireille Claessens in Twente to relate the parameters used 
in the model to the properties of the protein as extracted from experiments. Aditya Iyer has set up 
a close collaboration with Steven Roeters in the Sander Woutersen laboratory for 2D infrared 
spectroscopy and vibrational sum frequency generation studies of fibril polymorphism, which has 
led to at least two joint manuscripts (see Publications). 
 
3. Personnel 
All positions are filled. Three PhD students have defended their theses and one will follow shortly. 
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4. Publications 
- S. Bezrukavnikov, Heat shock proteins studied by optical tweezers, ISBN 978-90-77209-95-0, 

thesis defended on 10-12-2015 at the TU Delft. 
- I.M. Ilie, 'Chameleon bahaviour of α-synuclein. Brownian Dynamics simulations of protein 

aggregation' thesis defended at the University of Twente on the 9th of December 2015. 
- I.M. Ilie, W.K. den Otter and W.J. Briels, An elementary Brownian Dynamics algorithm for 

anisotropic particles, J. Chem. Phys. 142, 114103 (2015). 
- I.M. Ilie, W.K. den Otter and W.J. Briels, A coarse grained protein model with internal degrees 

of freedom. Application to α-synuclein aggregation, J. Chem. Phys. 144 (2016). 
- Maryam Hashemi Shabestari, Pravin Kumar, Ine M.J. Segers-Nolten, Mireille M.A.E. Claessens, 

Bart D. van Rooijen, Vinod Subramaniam, Martina Huber (2015) Three Long-Range Distance 
Constraints and an Approach Towards a Model for the α-Synuclein-Fibril Fold, Applied 
Magnetic Resonance, 46, 369-388. 

- Pravin Kumar, Ine M.J. Segers-Nolten, Nathalie Schilderink, Vinod Subramaniam, 
Martina Huber, Parkinson's Protein α-Synuclein Binds Efficiently and with a Novel 
Conformation to Two Natural Membrane Mimics, PLOS One (2015) Published: November 20, 
2015 DOI: 10.1371/journal.pone.0142795. 

 
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 
None. 
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Fact sheet as of 1 January 2016 

 FOM - 10.1721/5 
 datum: 01-01-2016 
 
 
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 
folding, 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 01-01-2016 
 
bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 2.492 - - - - - - 2.492 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 2.492 - - - - - - 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 and 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 

2015 - - 5.0 0.6 390 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2011 - - 2 - 

2012 - 3 7 - 

2013 - 4 28 - 

2014 - 6 25 - 

2015 2 3 17 - 

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

2012 
None. 

2013 
None. 

2014 
None. 

2015 
Sergey Vladimirovich Bezrukavnikov, 10 December 
2015, AMOLF. 
Ioana Ilie, 9 December 2015, FOM-T-20. 

 

 
 
Patents (new/changes) 
2013 
None. 

2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-A-23 

Leader Prof.dr. P.G. Bolhuis  
Organisation University of Amsterdam 
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 July 2015 
 
 
Workgroup FOM-L-11 

Leader Prof.dr. E.J.J. Groenen 
Organisation Leiden University 
Project leader Dr. M.I. Huber 
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 

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 1 June 2012 31 March 2016 
 
 
Workgroup FOM-T-15 

Leader Dr. M.M.A.E. Claessens 
Organisation Twente University 

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 
N. Schilderink TP/T 1 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 
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 3 October 2011 2 October 2015 
 
 
Group Tans 

Leader Prof.dr.ir. S.J. Tans 
Organisation FOM Institute AMOLF 

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 1 April 2011 30 September 2015 
 
 
Group Subramaniam 

Leader Prof.dr. V. Subramaniam 
Organisation FOM Institute AMOLF 

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 March 2016 
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