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A schematic model of the hierarchal structure of collagen fibres. A collagen molecule (A) consisting of a rod-
shaped helix of three thin protein chains (not to scale; the length is 300 nm and the diameter 1.5 nm). In a 
solution (B) the monomers behave as flexible polymers. The image shows a typical spatial arrangement, cal-
culated with the help of a Monte Carlo simulation (work of Dr Henry Amuasi and Dr Kees Storm). The col-
lagen monomers (C,D) form a crystal structure in which the monomers lie stretched out. Electron micro-
scope image (E, 2 micrometres wide) of fibres formed at 37°C. The bands perpendicular to the fibres arise 
thanks to the crystal structure. 
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1. Scientific results 2013 
For the programme 'Bio Related Materials' (BRM), 2013 was the fifth year, which implies that the 
finish is within sight. One should therefore expect a reasonable 'harvest' over 2013. Glancing over 
the scientific results it becomes clear that the BRM programme has given a significant boost to 
physics research on typical biomaterials, in particular proteinaceous materials. The majority of the 
projects fall in this category. Both the development of entirely new molecules and materials along 
biotechnological and biochemical (enzymatic) routes, and new insights into microscopic behaviour 
(molecular folding and association) up to macroscopic properties (elasticity, flow, fracture) came to 
fruition. Modelling and experimental work both played important roles. The ambition of the pro-
gramme to make connections 'across multiple length scales' has been quite well realized here. 
Work on polysaccharides had a more modest share and the progress here was more of a chemi-
cal/analytical nature. Some of the ambitions, e.g., unravelling the structure of the starch/lipid 
complex by means of carefully synthesized polysaccharide brushes were realized but the impact is 
less significant. 
The work of Koenderink and Storm on mechanical and dynamic properties of biopolymers is 
highly original and of a breakthrough character. It receives a lot of attention, e.g., a presentation 
was given for a delegation of VSNU. In 2013 Koenderink was appointed member of The Young 
Academy KNAW. 
 
Overall it can be stated at this moment that BRM, even though it had a somewhat slow start, 
clearly begins to fulfil the expectations. Of course not all projects were equally successful (vide 
infra) but my conclusion is that the damage to the programme has remained minor and that truly 
new perspectives have been opened. 
BRM is not finished yet. Six projects await completion, and quite a number of results still have to 
find their way to publications and presentations. In October 2014, there will again be a BRM Day, 
bringing the involved researchers and industrial parties together to exchange news and evaluate 
the research done. 
 
2. Added value of the programme 
From the start, the programme had sizeable fraction of collaborative (mostly bilateral) projects: 
Amsterdam/Eindhoven, Amsterdam/Wageningen, Wageningen/Eindhoven, 
Amsterdam/Unilever,....mostly around typical 'protein-like' materials. The programme format 
which allowed for projects with more than one PhD student made that possible. These collabora-
tions turned out to be fruitful and continue to exist, often around new projects. A 'triangle' Amster-
dam/Eindhoven/Wageningen seems to develop around proteinaceous biomaterials, giving extra 
strength to the Dutch knowledge infrastructure in this field. The annual BRM Day was a great help 
to develop better connections with the industrial world. 
It should be said that the content of the programme, although the academic partners from the pol-
ymer physics side enjoyed it a lot, appealed much more to food companies that to typical 'plastics' 
companies like DSM and AKZO. As a result, the involvement of TIFN partners (e.g., Fries-
landCampina, Unilever) was stronger than that of DPI partners (e.g., DSM, SABIC, AKZONobel). 
 
3. Personnel 
In 2013, seven FOM employees were working on the programme. One of them (T. Pham) gradu-
ated in December 2013. According to planning 4 PhD students will finish in 2014, so that in 2015 
the last two projects will be completed (J. Stegen, Eindhoven en J. Bouman, Wageningen) after 
which the programme comes to an end. By then most planned PhD degrees will have been real-
ized; doubts exist in one case. Of course, not all projects have been successful. For example, pro-
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gress in project 01-2 is slow and it is questionable whether the student will get his degree. As far as 
I know, one researcher gave up before finishing. 
 
4. Publications 
There has been quite a good publications harvest in 2013. Apart from the PhD thesis of T. Pham, 16 
publications appeared in refereed journals, and one article was published in C2W, which is the 
magazine of the Royal Dutch Chemical Society (KNCV). Quite some effort went into dissemination 
of results within the scientific community: more than 30 presentations (oral or poster) were given! 
In particular Stegen and Iannou (group Storm/Van der Schoot) were active with four and seven 
presentations, respectively. A lecture by Manca (group Loi) was awarded in a conference, and an 
article of Suzanne Detiger (group Koenderink) received the DSS (Dutch Spine Society) Award. 
 
08BRM01-1 
- T.T.H. Pham et al. Pathway-dependent properties of a multi-stimuli sensitive biosynthetic 

hybrid network Soft Matter 9, 2013, 8737. 
- T.T.H. Pham et al. Multi-responsive gels formed by a biosynthetic asymmetric triblock protein 

polymer with a polyanion Soft Matter 9, 2013, 8923. 
 
08BRM07-1 
- Y. Saricay et al. Nanostructure development during peroxidise catalysed cross-linking of alpha 

lactalbumin Food Hydrocolloids 33, 2013, 280-8. 
 
08BRM07-2 
- S.K. Dhayal et al. Controlled formation of protein nanoparticles by enzymatic cross-linking of 

alpha lactalbumin with horseradish peroxidase Food Hydrocolloids 36, 2014, 53-59. 
 
08BRM12 
- Z. Cao et al. The Dynamics of Complex Formation between Amylose Brushes on Gold and Fatty 

Acids by QCM-D, Biomacromolecules 14, 2013, 3713-22. 
- L. Mazzocchetti et al. Enzymatic Synthesis of Amylose Brushes Revisited: Details from X-ray 

Photoelectron Spectroscopy and Spectroscopic Ellipsometry, Macromolecular Bioscience 2013, 
DOI:10.1002/mabi.201300273. 

 
08BRM12-1 
- M. Manca et al. Tracing Charge Transfer State in Polymer: Fullerene Bulk Heterojunctions, J. 

Material Chem. A, 2013, 7321. 
- P. Salice et al. A fulleropyrrolidine-squaraine blue dyad: synthesis and application as an organic 

light detector J. Materials Chem.C. 2014, 1396. 
 
08BRM31-1 
- M. Schleeger et al. Amyloids: from molecular structure to mechanical properties Polymer 54, 

2013, 2473-88. 
- O.N. Karplus et al. Shear Stress-Dependent Downregulation of the Adhesion-G Protein-Coupled 

Receptor CD97 on Circulating Leukocytes upon Contact with its Ligand CD557 J.Immunol. 190, 
2013, 3740-48. 

 
08BRM31-2 
- E.M. Spiesz et al. Experimental validation of a mean field model of mineralized collagen fiber 

arrays at two levels of hierarchy J. Mech. Med. Biol. 14, 2013, 1450013. 
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- E.M. Spiesz et al. A site-matched experimental and numerical methodology to investigate the 
influence of mineral mass fraction and collagen orientation on the indentation modulus of corti-
cal bone tissue J. Mech. Behavior of Biomedical Materials 28, 2013, 195-205. 

 
5. Valorisation and outreach 
Industrial interest in the programme and its results is developing: the work of Storm on collagen 
led to contact with NIZO Food Research, the work on de novo protein polymers in the group De 
Vries/Van der Gucht (Wageningen) drew the attention of Ashland (UK) and Novartis (USA), and 
the work in the group of Koenderink is discussed with Unilever, Profibrix and within NanoNext. 
Also, de Vries was appointed (part-time) at the medical school of Groningen State University to 
expand his work on protein polymers in the direction of biomaterials. 
There seems to be a perspective for applications in the food industry regarding projects 7-1 en 46, 
but the more appealing examples are predominantly in the area of biomedical materials. Project 
01-1 (Wageningen) partly opened the way to an ERC Advanced Grant awarded to Cohen Stuart, 
and that grant in turn led to research on materials for tissue engineering, together with the medical 
faculty of the Radboud University. Realizing the market potential of materials in the medical field 
will need significant time and effort, mainly because of demanding approval procedures, but the 
potential is real and unique in the world. 
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Fact sheet as of 1 January 2014 

 FOM - 08.0729/7 
 datum: 01-01-2014 
 
 
APPROVED INDUSTRIAL PARTNERSHIP PROGRAMME  
 
Number I19. 
  
Title (code) Bio(-related) materials (BRM) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr.ir. S. van der Zwaag 
  
Duration 2008 - 2015 
  
Cost estimate M€ 5.1 
  
Partner(s) DPI, TIFN 
  
Concise programme description 
a. Objectives 
The general aim of this Industrial Partnership Programme (IPP) is to understand and control, 
between the molecular and the macroscale, the triangle relation between microstructure, local 
dynamics, and properties/performance of bio (-related) materials. 
In scale-jumping from the molecular scale upward a few typical length scales (and corresponding 
time scales) can be distinguished in such materials that are important for their special properties: 
1. The scale of complex molecules, their interactions and intramolecular organisations. 
2. The scale of organisation into discrete supramolecular aggregates. 
3. The continuum-mesoscale with local heterogeneity. 
The scale above this, which allows an effective continuum description, is also very important, but 
the effect of inhomogeneities over length scales larger than about 1 mm has been recognised 
already for a longer time and consequently has been studied more extensively at several places in 
the world. 
Research in the area could in principle address all levels. However, to keep the programme 
focused two length scales and notably their bridging should have priority: from the scale of the 
supra-molecular complexes to the heterogeneous meso-scale. 
 
b. Background, relevance and implementation 
Bio-feedstock and biopolymers are the obvious ingredients of choice for the food and medical 
industry. A sustainable materials economy requires that these bio-ingredients can also be 
introduced in large volumes in application areas that are traditionally served by synthetic pol-
ymers, e.g. construction, protection and packaging. In addition, the availability of bio-based 
molecular building blocks for materials synthesis may open up a field of fundamentally new 
products, functionalities and applications, and unexpected product-chain economies. 
Most solid and solid-like products made of biopolymers can only be understood well by con-
sidering their structure over a range of length scales from the molecular scale to the micron scale or 
even longer, and by addressing the physical interactions and supramolecular organisations typical 
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to natural materials. This is difficult and also complicated by the fact that the structures of such 
materials often change in time. These aspects strongly limit the design of new products (both food 
and non-food) or the production of well-known products in a more efficient way. 
A collaborative programme in which TIFN and DPI would work together with top-level research 
groups is pre-eminently suited to tackle this problem for a large range of biomaterials related to 
medical applications, coating, packaging, high-performance materials and food products. 
 
Funding 
salarispeil cao per 01-07-2012 
 
bedragen in k€ < 2012 2013 2014 2015 2016 2017 > 2018 Totaal 

FOM-basisexploitatie 2.250 250 - - - - - 2.500 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden 2.556 - - - - - - 2.556 

Totaal 4.806 250 - - - - - 5.056 
 
Source documents and progress control 
a) Original programme proposal: FOM-08.0523/D 
b) Ex ante evaluation: FOM-08.0711 (FL) and FOM-08.0696 (COMOP) 
c) Decision Executive Board: FOM-08.0735 
d) Contract: FOM-08.0545 
 
The Programme Committee is responsible for the selection procedure of the research proposals 
and the granting proposal towards the Steering committee. They are also responsible for the 
monitoring of the progress of the programme. Proposals for changes in the content and/or budget 
of the programme have to be granted by the Steering committee. The chair of the Programme 
Committee acts as the programme leader.  
Each granted project will have a User committee in which there will be a representative of FOM 
and representatives of the industrial partners of DPI and TIFN. The User committee meets 
minimal twice a year and they take part in the annual Programme progress meeting, organised by 
the Programme Committee.  
In 2009 eight projects were granted, in 2010 one project was withdrawn and two new projects were 
granted. 
In 2010 the entire BRM research budget was allocated.  
In 2012 the User committee organised an external mid-term review of each project and reported 
this to the Programme committee. 
 
Remarks 
The final evaluation will be based on a self-evaluation report initiated by the Programme 
Committee at the end of the programme, and is foreseen in Spring 2015.  
 
 
 VL par. HOZB 
 
 
Subgebieden: 50% FL, 50% COMOP  
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Historical overview of input en output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2009 - - 1,6 - 326 

2010 - 3,6 7,1 0,3 869 

2011 - 6,0 10,5 1,1 1.099 

2012 - 4,3 10,7 0,5 1.098 

2013 - 1,9 9,7 0,3 768 

 

Output PhD theses refereed publications other publications & 
presentations 

patents 

2012 1 6 22 - 

2013 1 14 33 - 

* After closing the financial year. 
 
 
PhD defences 
2012 
H.E. Amuasi, 1 May 2012, FOM-E-10. 

2013 
Thao T.H. Pham, 18 November 2013, FOM-W-01. 

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

 
Workgroup FOM-E-10 

Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Programme Bio(-related) materials 

Project (title + number) Multi-scale structure and mechanics of collagenous materials 
08BRM31-2 

 
FOM employees on this project 
Name  Position Start date End date 
E.M. Spiesz postdoc 01 December 2011 31 October 2012 
 
 
Leader Dr. C. Storm 
Organisation Eindhoven University of Technology 
Project leader Prof.dr.ir. P.A.M. van der Schoot 
Programme Bio(-related) materials 
Project (title + number) Structure and evolution of high-density protein systems 10BRM47 
 
FOM employees on this project 
Name  Position Start date End date 
J. Ioannou PhD 01 October 2011 30 September 2015 
J. Stegen PhD 01 May 2011 30 April 2015 
 
 
Workgroup FOM-G-21 

Leader Prof.dr. P. Rudolf 
Organisation Groningen University 
Programme Bio(-related) materials 
Project (title + number) Unraveling the lipid-amylose inclusion complex formation 08BRM12 
 
FOM employees on this project 
Name  Position Start date End date 
Z. Cao postdoc 28 September 2011 27 September 2013 
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Workgroup FOM-G-27 

Leader Prof.dr. M.A. Loi 
Organisation Groningen University 
Programme Bio(-related) materials 
Project (title + number) Unraveling the lipid-amylose inclusion complex formation 08BRM12-1 
 
FOM employees on this project 
Name  Position Start date End date 
M. Manca PhD 01 February 2011 31 January 2014 
 
 
Workgroup FOM-W-01 

Leader Dr.ir. J. van der Gucht 
Organisation Wageningen University 
Programme Bio(-related) materials 
Project (title + number) Multiple protein glass transitions at low water content 10BRM46 
 
FOM employees on this project 
Name  Position Start date End date 
J. Bouman PhD 01 June 2011 31 May 2015 
 
 
Leader Dr.ir. J. van der Gucht 
Organisation Wageningen University 
Programme Bio(-related) materials 
Project (title + number) Hybrid networks 08BRM01-1 
 
FOM employees on this project 
Name  Position Start date End date 
T.H.T. Pham PhD 01 December 2009 30 November 2013 
 
 
Leader Dr.ir. J. van der Gucht 
Organisation Wageningen University 
Programme Bio(-related) materials 
Project (title + number) Cross-linked food proteins as hierarchical biopolymers 08BRM07-1 
 
FOM employees on this project 
Name  Position Start date End date 
Y. Saricay PhD 01 November 2009 31 January 2014 
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Workgroup FOM-W-04 

Leader Prof.dr.ir. H. Gruppen 
Organisation Wageningen University 
Project leader Dr.ir. P. Wierenga 
Programme Bio(-related) materials 
Project (title + number) Cross-linked food proteins as hierarchical biopolymers 08BRM07-2 
 
FOM employees on this project 
Name  Position Start date End date 
S.K. Dhayal PhD 01 January 2011 31 December 2014 
 
 
Group G.H. Koenderink 

Leader Prof.dr. G.H Koenderink 
Organisation FOM Institute AMOLF 
Programme Bio(-related) materials 
Project (title + number) Multi-scale structure and mechanics of collagenous materials 08BRM31-1 
FOM employees on this project 
Name Position Start date End date 
R.M. Dries TP/V 01 January 2010 31 January 2013 
B.E. Vos PhD 16 October 2013 15 October 2014 
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