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FOM Focus notice 'Physics of Life'  
 

 
 
 
 
 
 
 
 
 
1. Aim of this document  
The aim of this document is to describe the specific focus areas of FOM in the field of Physics of 
Life (FL, Fysica van Levensprocessen). This focus notice seeks to highlight the ongoing commit-
ment of FOM to Physics of Life, and to set out research themes and topics that offer compelling 
challenges in the years to come. A separate section is included which addresses the potential for 
applications of fundamental research in this field, together with its imbedding, connections and 
links with the current 'Topsector' policies for research and innovation in the Netherlands. 
 
2. Scope  
The research of FOM Physics of Life concentrates on 
life science inspired topics that are suited for a phy-
sics-based research approach, with explicit links to 
biology, including applications in medicine, energy 
and food. The focus is on fundamental biological 
questions that inspire the development and applica-
tion of quantitative experimental and theoretical 
approaches in order to generate novel insights into 
biology. The research aims are primarily at the scale 
of molecules up to the scale of cells (see schematic). 
However, we expect new opportunities in research at 
the scale of organs, tissue or whole organisms to 
become accessible and gain importance. We are now 
also in a position to go beyond explaining how living 
systems work at the molecular level toward under-
stand the evolutionary processes by which they came 
about. Considering the prospect of identifying appro-
priate problems at the multi-cellular level that lend 
themselves to a bottom-up physics-based research approach, this represents an area with great 
opportunities and impact for FOM-FL.  
The research in this field has natural connections, with some overlap, to research done in the FOM 
subfields Nanophysics (esp. the study of bio-nanoparticles and nanotechnology) and Phenome-
nological Physics (esp. bio-materials and medical instrumentation). The emphasis and interest of 
FOM-FL for these boundary areas is distinct in the focus on physical study of biological questions. 
However, these topics provide excellent opportunities for collaborative research and applications 
across these subfields. 
  

Physics of life  
Physics of life is defined as physics research addressing questions and solving problems in the 
study of life processes. It aims to determine the physical principles governing biomolecular 
interactions as well as the network of interactions that result in the dynamic adaptable status 
called life, and to use this knowledge to create bio-mimetic systems as the basis for new 
technological applications. It strives to comprehend the rich complexity of living systems with 
true model-based predictive power. 
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3. Development of the field  
Since the classical studies of the 19th century, scientists have known that properties of matter can 
be rationalized by the strength and direction of the forces that molecules exert on each other. In 
the 20th century, the structures of proteins and DNA were determined and large-scale studies pro-
ceeded to explore the properties of biological matter and biological systems from a molecular 
basis. The ability to experimentally control single biological molecules marked the start of the new 
era of quantitative bottom-up biophysics. It is currently also possible to directly visualize, control, 
and measure the interaction between complex biological molecules in cells and tissues, leading to 
novel biophysical and biological insights. Scientific discoveries are expected, both in revealing 
new physical principles that govern the interactions of biological molecules and the function of 
living systems, as well as in developing technologies to measure and manipulate the interaction in 
ever more complex contexts ranging from cells to tissues. A strong and vibrant community of 
biophysicists focusing on questions in the physics of life is established and flourishing. The invest-
ments by FOM have contributed to placing the Netherlands among the world-leaders in this field 
of research.  
 
4. Moving forward: Grand challenges for FL  
Great progress has been achieved in a physics based understanding of individual elements essen-
tial to biological systems that were the focus of the initial FL supported revolution. To achieve 
novel practical and predictive understanding of biological systems, the current challenge is to 
identify and explore essential elements that can now be described by a quantitative, multi-scale 
physics approach. Relevant concepts that define living systems are: (1) robust architectural order 
maintained far from equilibrium (ex: nanomachine assembly, subcellular patterning, cell shape 
and organization into tissues, evolutionary origin and adaptation of proteins and networks), (2) 
interlinked energy flux and transformation (ex: the coupling and interplay between mechani-
cal/chemical/light energy), and (3) sophisticated information processing (ex: signaling cascades, 
genetic information, evolutionary adaptation, environment influence on organism/molecule). To 
further clarify the scope and focus of FOM-FL, selected 'grand challenges' for biophysics research 
in the next 5-10 years are presented in the following sections. The given list is neither complete 
nor exhaustive; these challenges can serve to inspire applicants who wish to submit proposals to 
FOM.  
 
4a. Research at the scale of molecules and molecular assemblies 
Molecules and the specificity of molecular functions form the bases of life encompassing struc-
tural order, energy transformations and information processing. There is continued worldwide 
effort to develop novel ways to sensitively and specifically characterize molecules and their func-
tions in complex biological environments. This cross-disciplinary field integrates micro- and nano-
technology and physical sciences on the one hand, and molecular biology and bio-engineering on 
the other hand. Molecular biology and biochemistry have been very successful in identifying the 
components making up living systems. Technical advances have allowed characterizing their 
individual interactions in great detail. The next challenge is to understand emerging features that 
include many components interacting stochastically with multiple degrees of freedom and con-
siderable local variability. These are concepts familiar in Physics that are now applicable in Bio-
logy, creating the possibility for breakthrough knowledge and understanding.  
  
Challenge 1: What are the precise interactions between biomolecules determining function?  
Biological functions are determined by the properties of biomolecules interacting at a range of 
length and timescales. Understanding relevant biological processes therefore involves multiscale 
physics, in terms of energies, interaction ranges, and timescales. An important field of biophysics 
research concerns the measurement and theoretical description of intra-molecular dynamics (e.g. 
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the folding of proteins and RNA and material/mechanical properties of DNA) and inter-molecu-
lar dynamics (e.g. the association and dissociation kinetics, force transduction and signaling pro-
cesses). It is now possible to quantitatively describe the dynamic coupling between different 
sources of energy (light, chemical, mechanical) that is an essential element of life. This provides 
valuable insight for future energy (biofuel) production. Important challenges for technology and 
physics are to achieve high spatial and temporal resolution measurement in a complex biological 
milieu. Technical advances such at scanning probe techniques and super resolution optical 
microscopy (PALM, STORM STED), are in particular important for observing and characterizing 
the nanometer scale structures common in biology. Advances toward this will involve quantifying 
molecular interactions in increasingly complex environments by including molecular crowding 
and competing interaction partners, and by considering confinement within membranes or due to 
phase transitions. Active exchange between theory and experiment will be required to tease out 
the biologically important aspects.  
Field-controlled intermediates, e.g. (nano)particles will be essential to define molecular interac-
tions in complex environments. The optical, acoustic or magnetic fields used to probe the particles 
can be applied to complex or living systems without disturbing function. This has additional 
advantages such as (1) reporting on biological interactions via particle detection, displacements 
and forces, (2) in the dynamic range of timescales covered in a single measurement (10-3 to 103 
sec), (3) in the ability to disentangle the simultaneous short and long-range interactions, and (4) in 
parallelization (also called multiplexing) to efficiently acquire relevant statistics. Recently deve-
loped techniques such as optogenetics illustrate how molecular processes can be controlled with 
rich potential to probe and perturb function in living systems. 
  
Challenge 2: How is functional architecture achieved?  
The physics of biomolecular assembly, characterized by robust self-association of often complex 
and dynamic structures from combination of relatively simple interacting parts remains a chal-
lenge. Key problems include the supramolecular assembly of proteins into functional complexes, 
the misfolding and aggregation of proteins in disease, membrane assembly driven compartmen-
talization, use of biological templating for novel materials, and the assembly of food proteins to 
provide texture. In general, aqueous solutions of proteins exhibit complex phase behavior and 
supra-molecular assemblies in solution have complex topologies (semi-flexible fibrils, fine 
stranded isotropic structures, spherical symmetric fractal aggregates). For example the cytoskele-
ton is a dynamic network of polarized protein polymers, associated crosslinkers and motor pro-
teins. Similarly the photosynthetic thylakoid membrane, consists of multiple different proteins 
and lipids which respond in dynamic and complex ways to changes in conditions, thereby 
switching between different states. One of biology's grand mysteries, the evolution of such com-
plex functional cellular architecture, is now tractable with biophysical tools applied to real-time 
laboratory evolution. Observing and quantifying evolution of biological complexity—for example, 
of gene regulation networks or multi-protein nanomachines—will reveal the systematic processes 
responsible for functional architecture of cellular components. 
Major opportunities also lie in the theoretical and statistical-mechanical modeling to describe for 
instance assembly processes in polymer systems, protein folding, regulation in gene expression 
networks and evolutionary principles behind the hierarchical modular architecture of living sys-
tems. Exciting advances are expected in applying targeted steering and manipulation of molecular 
(self-) assembly using e.g. DNA origami or protein engineering, or optically-induced interactions. 
There is tremendous potential for advances aimed at detecting and manipulating molecular 
assembly within the complex context of a biological cell. This goal will require developing hybrid 
microscopies that span different length scales, combine imaging modes, and include spectroscopy 
in the broadest sense. 
 



 
  FOM – 13.1923/D 
 
 

- 4 - 

Challenge 3: What processes drive the emergence of complex functional regulation networks?  
Living systems are characterized by very effective signaling and regulation systems implemented 
via biomolecular control networks. These networks span across the hierarchical architecture of 
cells and tissues. Because the majority of biomolecular reactions are effectively reversible, thermal 
fluctuations are important. In addition, often the small numbers of molecules involved in reaction 
networks results in spatial and temporal fluctuations that introduce an important role for stochas-
tic behavior. Unraveling the spatial-temporal design principles of such networks, one of the chal-
lenging topics in the large multi-disciplinary field of Systems Biology, requires a bottom-up 
physics-approach based on quantitative experimentation and theoretical/computational mode-
ling. One important question is how active transport, diffusion and dynamic phase transitions are 
combined to control the distribution of molecules and organelles in cells. Another major question 
is how intrinsically fluctuating non-equilibrium systems lead to reproducible and robust behavior 
in life processes. Examples where greater understanding would have practical importance are the 
ability of dynamic molecular networks to efficiently harvest light energy in constantly changing 
situations, and the imbalance of dynamic energy metabolism resulting in disease processes such 
as diabetes. Answering these questions requires the development of new concepts integrating the 
dynamics of molecular interactions, network theory and non-equilibrium statistical mechanics. 
Applying this toward understanding life processes, from cellular homeostasis to evolution, will 
benefit from close feedback between theory and experimentation at all levels. 
 
4b. Cellular- and multi-cellular-scale research  
Cells are the smallest living systems and the building blocks of larger organisms. The past decades 
have produced a catalogue overview of the many genes, proteins and metabolites active in intra- 
and intercellular communication. In addition to specific molecules, mechanical stress and chemi-
cal and electrical gradients produced by the environment of the cell also affect the behavior of 
individual cells and multicellular assemblies. The concepts defining aspects of (1) dynamic robust 
structure, (2) energy flux and (3) information processing at the cellular level can also be applied to 
understand how cells act together in higher order biological systems. This framework provides an 
opportunity to identify problems at the multi-cellular level that lend themselves to a bottom-up 
physics-based research approach. 
  
Challenge 1: How are mechanical forces interpreted in cellular function?  
Cells and tissues are subject to a variety of mechanical stimuli such as e.g. shear, elongation stress 
and pressure. These mechanical forces are increasingly recognized as essential determinants of 
cellular function and tissue homeostasis. For example, mechanical forces are reported to affect 
cytoskeletal processes such as locomotion or morphology changes, to influence cytoskeletal pro-
tein expression, and to influence the differentiation of stem cells. The growth and maintenance of 
tissues is load dependent and it seems that stiffness matching between a cell and its environment 
is essential for tissue formation. The geometry, magnitude and temporal characteristics of the 
mechanical perturbations are crucial factors determining cellular response. Cells also exert forces 
on surrounding cells and the extracellular matrix using the acto-myosin machinery, associated 
trans-cellular adhesion complexes or turgor-driven expansion. The mechanism by which cells 
sense mechanical stimuli, and how these stimuli are transmitted and translated into a cellular 
response is still an open question. To clarify the molecular mechanisms of force transmission and 
generation in cells, it is necessary to quantitatively determine the mechanical properties of cells 
and their relevant molecular constituents. Advances in modeling and measuring the viscoelastic 
properties of (reconstituted) cellular systems are essential to understand force propagation and 
which elements are most likely to deform. Moreover it will allow the identification of the relevant 
time and length scales involved in cell sensing. The use of concepts from polymer and colloid 
physics will be important in solving the mechanism of force transduction in and between cells. 
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Opportunities may arise to exploit this information to advance probe development and imaging 
methods to quantify forces acting in more complex systems such as model organs or even ani-
mals. 
  
Challenge 2: What are the multi-stable states and cellular dynamics characteristic of living systems?  
Cells are dynamic systems in which multiple processes occur simultaneously at different scales of 
space and time. Each of these processes should be robust and stable. Thus cells should be consi-
dered as multi-stable systems. The particular state of the cell depends on information from the 
environment as input on the basis of which functions are modified. Environmental information 
triggers processes leading for example; to cell division, to altered gene expression and protein 
synthesis profiles, and to movement or cell shape changes. Cellular response systems are often 
non-linear, where output does not changes continuously as a function of the input, because of the 
need to complete one process before switching to another state. Cellular responses are also often 
on and off in response to a signal threshold. These features combined describe a cell or an ensem-
ble of cells as a multi-stable system with hysteresis, raising the question which mechanisms are 
responsible. Recent studies show that the coupling between two intra-cellular processes can 
generate multi-stability and hysteresis, e.g. two processes related to electrical activity at the cell 
membrane and calcium oscillations in the cell form a non-linear oscillating system. The current 
challenge is to understand the interaction between many more coupled processes in cells and to 
understand how the different time scales for these processes result from faster dynamics of the 
subsystems. Interactions among networks of cells are particularly relevant for understanding the 
complexities of neuronal systems, the immune system, and disturbed situations like the develop-
ment of cancer. In addition to theoretical approaches, new experimental techniques are required 
to study the various molecular and subcellular mechanisms in-vitro. This includes the exciting 
possibility to recapitulate the multi-stable states by synthetic approaches, building up from sim-
pler components to test predictions of their behavior. Additional levels of complexity in changing 
biological systems are described by evolutionary processes whose understanding is advancing 
rapidly with the application of new physics based experimental approaches and mathematical 
models. 
  
Challenge 3: How is robust functional architecture achieved within and between cells?  
The processes by which cells grow and differentiate in whole tissues pose basic challenges for 
quantitative physical techniques and modeling. The functional properties of organs and tissues 
emerge from highly complex interactions of physical, chemical and biological processes. Cell-cell 
signaling, governed by basic physical processes such as diffusion of signaling proteins, leads to 
the formation of spatiotemporal patterns at both the intra- and multi-cellular scale. These patterns 
provide templates, e.g., for the division of single cells and for the formation of complex tissues 
with specific arrangements of specialized cells, such as polarized epithelial cells or neurons. It has 
also been recognized very recently that purely physical cues such as the mechanical environment 
of cells control cellular differentiation and development transitions. At a higher level of comple-
xity, both embryogenesis and organogenesis, the processes whereby differentiated cells find the 
right position within a tissue, involve the 'flow' of cells. These flows can be driven or guided by 
spatially and temporally controlled cell-cell contacts, which in turn depend on the biochemical 
and mechanical state of the cells. Major challenges lie in studying cellular dynamics within organs 
and tissue, building on knowledge from well-developed in vitro studies of isolated cells. Impro-
ving knowledge in this area, understanding for example the dynamics of immune cells in various 
organs including the brain, and interactions between tumor and normal cells in cancer, can have 
major impact on health care and regenerative medicine. Research in this area stands at the cross-
roads between soft condensed matter, continuum mechanics, molecular biology and cell biology. 
Such basic problems at the multi-cellular level are currently the subject of intense biophysical 
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research internationally, and this represents an area ripe for growth within FOM-FL.  
 
5. Future priorities and needs  
Due to the FOM initiatives, a sound basis has been created for excellent biophysics research in the 
Netherlands enabling new scientific grand challenges to be addressed. The challenges highlighted 
above represent areas of rapidly growing international interest where the Dutch biophysics com-
munity could provide important and high-impact scientific contributions. We emphasize that this 
is a fast moving and developing area, and emerging topics within the molecular and cellular focus 
of FL will certainly fall within the scope of the research areas sketched in this document. The 
grand challenge of understanding the biophysical complexity of connectivity and functionality of 
networks of molecules within cells and cells within organs/organisms is a long-term goal of great 
potential and interest. Synergy with Dutch scientists studying immunology, cancer, development 
and neuroscience is likely to produce exciting opportunities in this area. The field of solar energy, 
biofuels and food science are important partners for producing essential advances to meet societal 
needs. 
 
As Dutch Biophysics has become established and grown at many universities and institutes the 
related educational programmes have also evolved. Many physics departments now offer Bio-
physics or life science related tracks starting at the BSc level and a unique multidisciplinary BSc 
Nanobiology has recently started. These initiatives should be supported, expanded and areas of 
educational collaboration exploited. Effectively educating students in this field is important for 
the Dutch biophysics community to maintain world-leading status into the next generation of 
scientists and beyond.  
  
Finally, to further nurture and grow the world-class stature of Dutch biophysics, sustained and 
structural funding commitments to this area are essential. Grant opportunities that promote the 
close interaction of (bio)physics and life-sciences and medical groups, and particularly those that 
allow projects on smaller scales (for example with two groups) would help bridge the disciplinary 
gaps, and further enhance the multidisciplinary knowledge infrastructure of Physics of Life. Mul-
tidisciplinary collaborations between the NWO divisions which have an interest in this field – 
especially Chemical Sciences (CW), Earth and Life Sciences (ALW), Medical Sciences (ZonMW), 
but also Physical Sciences (EW) and Technology Foundation STW – should be actively pursued by 
FOM.  
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Appendix:  
Recent FOM funded research in the field of Physics of Life  

 
 
 
Crowd management: the physics of DNA processing in complex environments  
(FOM programme 140 – 2013-2018)  
We aim to study the effect of crowding on the behavior of multi-protein machineries. In particu-
lar, 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. 
 
Barriers in the brain: the molecular physics of learning and memory  
(FOM programme 137 – 2012-2016) 
The programme focuses on the molecular physical processes underlying regulation of synaptic 
strength, with special emphasis on spines: the transmitting end of synapses. In particular we aim 
to answer the following questions: 
1. What governs the morphodynamics of the spine neck? 
2. How does the spine neck affect 2-dimensional AMPA-receptor diffusion? 
3. Can the deformation of AMPA-receptor vesicles help to overcome the barrier posed by the 

spine neck? 
 
Single gold nanorods in live cells (FOM programme 135 – 2012-2017)  
The aim of this programme is to develop the methodology to probe the function and mechanics of 
a wide range of biomolecules in a living cell. We will use a single gold nanorod as a probe for 
tracking and force/torque transduction on single molecules. Kros will synthesize gold nano¬rods 
with a surface chemistry that allows us to incorporate a specific functionality onto the probe and 
to control conjugation with selected proteins inside the cell, that are genetically tagged by Schaaf. 
Tagged proteins will be followed in three dimensions for arbitrarily long times using the two-
photon microscope and tracking algorithms developed by Van Noort. Orrit will further develop 
the optical trapping and manipulation of a single gold nanorod in vitro. 
We will use this new technology to study and develop delivery strategies for nanorods into the 
cell, to optimize detection and manipulation techniques for chromatin biophysics in vitro, to reveal 
the mechanisms of glucocorticoid receptor (GR) based regulation in vivo and to probe chromatin 
organization in vivo. 
 
A single-molecule view on protein aggregation (FOM programme 127 – 2011-2015)  
This programme aims to apply an array of innovative single-molecule techniques, augmented by 
selected ensemble and computational biophysics approaches, to yield an unprecedented molecu-
lar 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. 
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The thylakoid membrane - a dynamic switch (FOM programme 126 – 2011-2015) 
The aim of the programme is to study the structure and dynamics of thylakoid membranes and its 
constituent pigment proteins under varying conditions. The main objectives are:  Study the 
switching thylakoid membrane at nm-µm length scale and at fs-sec timescale. Develop quantita-
tive models to understand the dynamic function, structure and organization of this biological 
switch at nm-µm length scale and at fs-sec timescale. Manipulate the switching thylakoid at 
atomic, molecular, supra-molecular and cellular level. 
 
Mechanosensing and mechanotransduction by cells (FOM programme 117 – 2010-2015) 
Many cellular reactions are controlled or mediated by mechanical forces. Cells probe the mechani-
cal properties of their environment and subsequently transduce this information accurately into a 
specific molecular response: mechanical cues can determine the fate of stem cells, modulate the 
function of entire tissues and play a key role in various pathologies. Cells also alter their motility 
and metabolic functions depending on the mechanics of their surroundings. Strikingly, cells are 
not passive observers of the mechanical properties – many cells actively manipulate their sur-
roundings either by the generation of new extracellular or pericellular materials or, even by 
exerting forces on the outside world. The physical mechanisms by which cells sense tissue rigi-
dity, respond to it, and apply forces themselves are poorly understood and has been little studied 
by physicists. In this FOM programme we aim to elucidate fundamental principles of force pro-
duction and mechanosensing of cells. Specifically, the programme will focus on the following two 
key questions: Which physical mechanisms enable cells to sense as well as influence the mechani-
cal properties of their extracellular environment? How do cells integrate the mechanical signals 
that they receive and transduce it into a physical or biological response? 
 
Towards biosolar cells (FOM programme 115 – 2010-2015) 
Biosolar cells are natural or bio-inspired systems that convert solar energy into usable fuel, food or 
feedstock by photosynthesis. The focus of the TBSC programme is on artificial nanostructured 
solar to fuel converters, solar biofuel production with micro organisms, and on improving the 
photosynthetic efficiency of plants according to: I. Research and development of nanostructured 
materials for the production of fuel from visible light (eventually solar light) using water as the 
raw material. II. Design, realisation and valorisation of optimized living photosynthetic objects, 
i.e. 'living catalysts' that convert CO2 from the atmosphere and excrete fuel directly in high yield, 
without biomass as an intermediate. III. Research and development of plants for enhanced photo-
synthetic efficiency and improved CO2 uploading for the high yield and drought and light stress 
tolerant production of biomass for energy, food, feed, and feedstock.  
 
 
The programmes above started in the period 2010-2014. For an up-to-date list, visit: 
http://www.fom.nl/live/onderzoek/onderzoeksprogrammas/vrije_progs/fl.pag  
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FL@FOM and Knowledge utilization 
 
 
Preamble 
The value of fundamental science for society lies in its responsibility to develop the knowledge 
base that is needed to provide novel solutions and innovative technologies for the changing 
demands and challenges of society. 
In defining and prioritizing topics for fundamental research, constant attention is therefore being 
paid to ensure that fundamental research is linked to the fundamental challenges industry and 
society face (loosely covered by the Dutch terms 'kennisbenutting' and 'valorisatie'). 
Specifically for physics, NWO writes in this context "Physics research can have: (i) societal rele-
vance if it contributes to the solution of problems that society considers to be important; (ii) tech-
nological relevance if it contributes to developing or improving tools and instruments in another 
field of research or in other sectors of society; (iii) economic relevance if it creates products that 
contribute to wealth creation." 
Here, we summarize the promises and opportunities for knowledge utilization specifically for 
fundamental research in the Physics of Life Sciences (FL @ FOM). 
 
FL research @ FOM 
The research of FOM Physics of Life (FL) concentrates on those life-sciences inspired topics that 
require a physics-based bottom-up research approach, and which have explicit links to biology 
and medicine, but also in a broader sense to complex biological systems and materials. The focus is 
on fundamental biological questions that inspire the development and application of quantitative 
experimental tools and theory in order to generate novel insights into biological systems in the 
broader sense. The research aims primarily at the scale of molecules up to the scale of cells, 
including aspects of cell-cell interactions that are relevant for tissues and the brain (see Figure 1). 
 

 
 
Figure 1 Summary of FL research areas at FOM, with related application areas. 
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Potential for valorization 
At all levels of molecular complexity, FL research at FOM holds potential for valorization, from 
short-term opportunities that are already finding their way to industrial collaboration and appli-
cations, to long-term promises for revolutionary technological breakthroughs in areas such 
Health, Energy, and Food. 
Specifically, three global areas of research and technology development can be identified, where 
FL research in the Netherlands is in a particular strong position to develop knowledge that is 
essential for future innovation (see Figure 1 and below). It is important to note that research in 
these three areas is not carried out independently, and often tightly connected. For example, tech-
nology development carried out within research area 3 is often done in the context of research 
questions of areas 1 and 2. 
 
1. Bottom-up systems biology: understanding individual cells 
Research in this area is aimed at a fundamental understanding (and manipulation) of the molecu-
lar dynamics and interactions that lead to (desired) biological function.  
When we succeed in developing a fundamental understanding of the principles by which the properties of 
molecular components of cells collectively lead to the known variety of biological functions, then we can use 
this understanding to unravel and correct the molecular basis of disease, design healthier food, and manipu-
late biological processes to produce source materials and energy in a more efficient way. 

 
2. Bio-related and bio-inspired materials 
Research in this area is aimed at understanding, developing, and manipulating the (structural) 
properties of materials that are built like, or built from biomolecules. 
When we succeed in unraveling how specific (active) interactions between biomolecules lead to structures 
with unique hierarchical architecture, specific visco-elastic properties, the capacity to self-organise, the abi-
lity to change shape etc., then we will be able to apply this knowledge to the design of smart materials in 
many areas, such as food texture, artificial tissue, nano-materials for the absorption of light, drug delivery 
etc. 

 
3. Instrumentation and detection 
Research in this area is aimed at developing innovative methods and techniques to visualize 

Dutch Cancer Institute (Scientific director René Medema): "To be able, in the future, to 
successfully treat cancer patients based on their individual genetic profile, we are in need of a 
fundamental understanding of the complex processes that determine the variability in cellular 
responses to treatment. We have been very successful in developing qualitative knowledge 
about essential cellular processes that relate to cancer, but a quantitative, model-based, 
understanding of cellular complexity and individual variability is missing." 
Scientific challenge: Understand the principles by which biochemical regulation networks 
transmit and interpret molecular information and deal with molecular 'noise'. 

Unilever (Director R&D Vlaardingen Rob Hamer): "If we consider foods to be composed of 
macro ingredients (starch, protein, fat) and micro ingredients (salt, flavoring), these macro 
ingredients often serve both a structuring and nutritional (caloric) function. Developing new 
ways to structure products more efficiently has the added health benefit of reducing calories. 
The ability to do this heavily relies on our knowledge of building structures at the mesoscopic 
length scale." 
Scientific challenge: Develop a systematic and predictive multi-scale understanding of (the 
structure of) (hybrid) bio-polymer networks. 
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structures, localize or analyze biomolecules in cell, solutions, and tissues.  
When we succeed in confirming with large precision the anatomical architecture of tissue and the presence, 
location, and identity of preferably individual biomolecules in dense, complex molecular environments, it 
will be possible to make significant advances in characterizing the molecular organization of living systems, 
miniaturizing diagnostic techniques, confirming the molecular basis of diseases etc. 
 

 
Top Sectors and Horizon 2020 
In 2012, the Dutch government has introduced a top sector strategy to promote innovation. The 
government, industry and academic institutions (universities, research institutes) are encouraged 
to collaborate within the 9 defined top sectors to generate new knowledge and thus stimulate 
innovation. FL physics research operates at the interfaces with chemistry and biology, and it is 
therefore not surprising that FL research, such as summarized above, rather than being naturally 
identifiable with a single top sector can contribute to multiple top sectors and their related 
roadmaps (see Figure 2).  
 

 

 
Figure 2 FL research at FOM finds itself at the heart of 5 currently defined top sectors. 
 
Internationally, the field has potential to contribute to a number of core topics of the 'Societal 
Challenges' that are identified within the new EU framework programme, Horizon 2020 (2014-
2020). The research topics and application areas identified above have explicit links to the follo-
wing Societal Challenges: (1) Health, demographic change and wellbeing; (2) Food security, sus-
tainable agriculture and forestry, marine and maritime and inland water research and the bioeco-
nomy; and (3) Secure, clean and efficient energy.  

Ninepoint Medical, Cambridge MA (CEO Charles Carignan) "Optics is the upcoming medical 
imaging and diagnostics technique, providing unique resolution, albeit at limited penetration in 
tissue. With the help of advances in laser technology and a fundamental understanding of light-
tissue interaction, we developed a new imaging modality to screen for esophageal cancer. I see 
optics as uniquely positioned to provide molecular based diagnostics in the future."  
Scientific Challenge: Develop functional and molecular based imaging technologies, which 
require both new approaches in detection and miniaturization, and better understanding of the 
molecular organization of living systems. 
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Appendix: current list of FL public-private partnerships  
 
Relevant FL-related research is currently embedded within the Top sector High Tech Systems and 
Materials (HTSM, in particular in the roadmap Nanotechnology), within FOM IPP and 
NanoNextNL programmes, and within individual partnerships with industry. A (non-extensive) 
list is given below. 
 
 
Bio(-related) materials (FOM IPP – 2008 – 2013) 
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. 
 
NanoNextNL – programmes within theme 'Nanomedicine' 
- Nanoscale biomolecular interactions in disease - Prof.dr. V. Subramaniam (UT),  
- Nanofluidics for lab-on-a-chip - Prof.dr.ir. A. van den Berg (UT),  
- Molecular imaging - Prof.dr. K. Nicolaij (TU/e),  
- Drug delivery - Prof.dr. G. Storm (UU),  
- Integrated Microsystems for Biosensing - Prof.dr. H. Zuilhof (WUR). 
 
NanoNextNL – programmes within theme 'Bio-nano' 
- Nanomolecular machines in cellular force-transduction - Prof.dr. A.M. Dogterom (AMOLF)  
- Bionano interactions for biosensing - Prof.dr.ir. G.J.L. Wuite (VU) 
 
AMOLF – ProFibrix partnership 
Prof.dr. G. Koenderink (PI): In collaboration with Profibrix, we study how we can tune the mate-
rial properties (architecture and mechanical properties) of fibrin networks and the mechanochemi-
cal response of cells cultured within these extracellular matrix networks on the molecular scale. 
Our tool is molecular engineering of the protein fibrinogen, which is the building block of fibrin 
networks. In the future, recombinant variants of fibrinogen can be used for biomedical applica-
tions such as tissue repair (as a replacement for fibrinogen purified from human plasma). 


