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1.   Scope or definition of the research  
     community Physics of Life 

Living systems comprise the most complex matter. Seek-

ing a fundamental understanding of the processes that 

drive living systems pushes the boundaries of experi-

mental and theoretical physics through the development 

of principles and concepts that balance the complexity 

of life with a physics-driven abstraction. The field of 

Physics of Life (PoL) can be broadly divided into three 

areas that range from fundamental research into life pro-

cesses to applied research that is crucial for innovative 

future healthcare, energy and materials:  

 

The physics of processes that are 
essential to life.  
Research of PoL covers processes ranging from the level 

of molecules, via cells, to multiple cell type-containing 

tissues and organs, and ultimately to organisms, commu-

nities and ecosystems. The Dutch biophysics community 

has a proven strength in studies of life at the smaller 

scales, from molecules to cells. Currently, experimental 

and computational methods are broadening to  

include larger, more complex and multicellular systems, 

while maintaining the rigor of fundamental, quantitative 

analysis.  

 

Key methods of PoL include statistical physics and 

information theory, (coarse grained) molecular dynamics, 

advanced microscopy and spectroscopy, single-mol-

ecule analysis, nano/microscale manipulation, structural 

and multiscale modelling, network theory, and quanti-

tative cellular and molecular readout technologies. 

Importantly, the complex nature of living systems 

requires continuous and active feedback between theor-

etical ideas, computational modeling and experimental 

research. Using the increasingly large datasets that are 

currently generated in the life sciences, biophysicists 

contribute with  

physics-based data processing, which is often entangled 

with the development of new physical models that  

provide insight in the sheer complexity of life processes.  

 

Physics-based technologies that advance 
biological research.  
The development of novel imaging modalities at all 

scales of life continues to play an important role. At the 

smaller scale, improved microscopy techniques have 

pushed the resolution and sensitivity limits down to 

single molecules. These methods are expanded, in close 

collaboration with biologists, to reveal more detail in bio-

logical processes, to allow longer time-lapses and larger 

areas, and to follow processes involving many gener-

ations of and/or populations of cells, while maintaining 

molecular detail. The recent instrumentational innova-

tions in electron microscopy have opened revolutionary 

new applications in structural biology. Next to imaging, 

cutting edge tools like optical tweezers, microfluidics, 

self-assembled nano/micro particles and micro-fab-

ricated devices are under continuous development 

together with (bio-)chemists and yield unique manipu-

lation opportunities for single molecules and cells. Spec-

troscopy is another area where innovative optical 

methods uncover fundamental biological processes in a 

broad range of timescales. Automation and interfacing 

functional biomolecules with solid-state devices drives 

the development of smaller, faster, more versatile and 

cheaper sensing methods, high-throughput screening 

and other innovations.  

 

Physics-driven research focused on 
health-care, diagnostics and treatments.  
Work in PoL also encompasses the development of tech-

nology for clinical research and includes the discipline of 

medical physics. Advancing imaging technology at the 

(sub-)organ level, like Ultrasound, MRI, NMR, PET, CT and 

optical tomography is important to improve measuring 

organ function, characterization of diseases (such as 

cancer and cardiovascular disease), treatment planning, 

measuring treatment efficacy and monitor response to 

treatment. These are all important clinically driven objec-

tives. In addition, advancing physics-based high preci-

sion intervention techniques such as (proton) 

radiotherapy, HIFU, laser technology may lead to more 

effective treatments with less side effects.  

 

 

2.  Vision for the next ten years 
 

The overarching big question is: How can we relate 

structures, interactions and dynamics in living systems 

to biological functionality across a wide range of 

length- and timescales? The development of novel 

technologies for use at the single molecule, cell, tissue 

and organism levels needs to be aligned with this funda-

mental research program. Biophysical research is multi-
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disciplinary by nature and often involves multidisciplinary 

teams, consisting of academic and non-academic 

partners that address major challenges in the field of life 

sciences. Close connections to biology, neuroscience, 

chemistry, computer science, mathematics, medicine, 

(bio-) informatics, material science and nanoscience 

should be maintained and enhanced.  

 

One core fundamental research program is to elucidate 

the major biological processes/mechanisms at the level 

of the cell. Important processes that need to be dis-

sected at a fundamental physical and biochemical level 

are, for example, genome organization, cell adhesion and 

migration, intercellular interactions and cell-cell signaling, 

(mechanical) signal transduction, cell metabolism, repair 

mechanisms, intracellular transport, nuclear transport, 

transmembrane transport, transcription regulation, RNA 

and protein metabolism. New opportunities arise when 

insight/results on separate mechanisms will be inte-

grated into a complete working model of a prototype cell.  

 

Physical factors known to influence cellular (both cyto-

plasmic as nuclear) biochemical processes and cellular 

function are mechanical forces (stretch, shear stress, 

pressure), temperature (e.g. in directing immune cell func-

tion), phase separation, and electrical currents (important 

in embryo development, cell differentiation, cancer etc.). 

In disease pathophysiology physical forces, together with 

abnormal functioning of signal transduction pathways, 

are likely to be also dysregulated, offering novel physics-

based therapeutic approaches. In addition, PoL will 

expand systems-scale biophysics, leveraging remarkable 

experimental advances from diverse, quantitative direc-

tions within the Dutch scientific community, such as 

RNA-sequencing, whole-brain neural imaging and 

multiple-cell dynamics in organoid culture.   

 

In medical physics, novel methods to characterize and 

monitor organs, diseases, such as cancer and cardiovas-

cular diseases, and vascular architecture and function 

remain important. Developments in high-precision treat-

ment techniques will improve therapies for a variety of 

diseases and reduce side effects.  

 

 

3. Scientific challenges/themes 
 

From molecules to complex in vitro 
systems.  
The strong single-molecule field in the Netherlands has 

contributed to unprecedented insights into the function-

ing of bio-molecules. The field has been established as 

an essential complement to structural biology, in-vitro 

biochemistry, and cell biology. A key aspect is that the 

biophysical and biochemical processes occur at a 

thermodynamic state that is far from of equilibrium. Novel 

techniques and principles can now be applied to study 

more complex in vitro assemblies involving multiple pro-

teins, chromatin, membranes, cytoskeleton, liquid-liquid 

droplets, and protein aggregation. New tools are needed 

and require close integration with chemistry and molecu-

lar biology. Ultimately it may be possible to define, 

resolve and reconstitute signaling pathways, neuronal 

signaling, ER tubes and vesicles, cell-cell interactions, 

and even synthetic life/cells, and synthetic immune sys-

tems at the molecular scale. Such advances are crucial 

to predictive understanding of key molecular processes 

that research in cells cannot and traditional biochemistry 

cannot provide. These efforts have the potential to make 

substantial impact in a new type of pharmacology that 

acts on entire pathways and systems rather than individ-

ual proteins, and is crucial to new approaches in age-

related diseases. Understanding complex in vitro 

systems opens up a wealth of opportunities for bio-

inspired, multifunctional supramolecular materials.  

 

From single cells to multi-cellular tissues.  
Biophysical research has tremendously progressed over 

the past 15 years in the ability to measure the biological 

activity of single cells, showing a remarkable level of  

dynamics and intrinsic stochasticity, challenging informa-

tion theory with phenomena such as stochastic gene 

expression, cytoskeletal organization and dynamics, 

population oscillations at the level of proteins, DNA, and 

RNA, and transport in neurons. This field has provided 

crucial insights into what makes cells so versatile while 

remaining tightly organized. The developed tools and 

insights provide the opportunity to make a next step in 

the coming 20 years: understanding how cells are organ-

ized into multicellular systems and tissues. First insights 

from developmental biology feature remarkable orches-

tration of large assemblies of cells. New developments 

such as organoids, gastruloids, organs on a chip and 
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human biopsies that can be kept viable ex vivo, provide 

the type of experimental control that allows a quanti-

tative physics approach. This offers a chance to under-

stand such cellular interactions in complex tissues at  

a predictive level. Moreover, these developments will 

strengthen the bridge between physics of life and e.g.  

clinical challenges on development of novel precision 

treatments and disease models. Additional efforts 

include evolutionary ecology, like plant-microbe inter -

actions. Physical theory will be crucial to for understand-

ing and prediction of emergent systems and has 

enormous potential for links to other fields.  

 
The new challenge of high dimensional 
data and Artificial Intelligence.  
Novel techniques for measurements and characteriza-

tion have been creating unprecedented amounts of data 

and detail from the molecular up to the patient level. For 

instance RNA and DNA sequencing,  is driving a revol-

ution in cellular and developmental biology, evolution, 

protein science, immunology, and cancer research. Less 

extensive, but at least as intriguing, are possibilities to 

measure the activities of all neurons in simple organisms. 

While crucial discoveries have already been driven by 

these data, we anticipate that far more science is hidden 

within it. Recent developments in artificial. While crucial 

discoveries have already been driven by these data, we 

anticipate that far more science is hidden within it. 

Recent developments in artificial intelligence (such a 

convolutional neural networks), has allowed unpreced-

ented means of processing extremely large and high 

dimensional amounts of data. It is expected that AI will 

become more and more important for the physics of life 

domain to provide insights that will  boost for example 

precision medicine. 
 
 

4.  Application perspective  
     (incl. societal challenges) 

Fundamental research on cellular mechanisms is 

exceedingly important for a better understanding of 

physiology and disease, which is indispensable for devel-

oping better diagnostics and therapies. A rigorous physi-

cal understanding of physiological mechanisms may lead 

all the way to understanding pathophysiology. Many of 

the great challenges, as described in the NWA themes 

‘Oorsprong van het leven’, ‘Personalized medicine’ , 

‘Energy transitie’, ‘Meten en detecteren’, and ‘Materials’ 

have a clear PoL component.    

 

New materials are often inspired by how novel properties 

emerge from the organization of molecules at lower 

levels in biology; some therapeutic approaches have 

very specific requirements, like cell and tissue culture 

conditions for regenerative medicine purposes and cer-

tain tissue/bone replacements. The photosynthesis 

research in the PoL community plays a fundamental role 

in the change to sustainable energy sources. Advances 

in imaging technology allow quantitative evaluation of 

anatomical, functional, metabolic and molecular changes.  

 

These advances lead to new methods for biological 

research, new (multi)functional supra molecular materials, 

advanced instrumentation for diagnosis, new (person-

alized) intervention schemes and the development of 

innovative therapeutic approaches.  
 
 

5. Strengths and infrastructure 
     in NL & international perspective 
 

PoL is a highly multidisciplinary community, rooted in 

physics with a broad unifying purpose of understanding 

life. Both in size and in quality, the Netherlands belongs 

to the international top and it has an excellent reputation. 

Dutch biophysicists have for example played a pioneer-

ing role in the single-molecule revolution.  

 

The wide span of topics and approaches, theoretical, 

experimental and clinical, yields a comprehensive train-

ing program that educates well-trained students. This 

broad focus also enables the field to flexibly embark on 

novel research themes. With the emphasis on fundamen-

tal research, investigators in our area have been success-

ful in connecting to different disciplines in the life 

sciences, often in research programs in which multiple 

areas of expertise are represented.  

 

The embedding of the internationally well-known Dutch 

medical physics field within PoL, strengthens the possi-

bilities for translation from fundamental findings to (sus-

tainable) clinical applications as well as providing 

fundamental researchers with the relevant clinical ques-

tions.   
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One of the strongholds of the community is the annual 

DutchBiophysics meeting, where more than 500 

researchers meet. Face-to-face communication is essen-

tial, especially in a multidisciplinary environment. With 

attractive international speakers, who generally express a 

great appreciation of the activity in the field, this meeting 

plays a key role in a vibrant PoL network.  

The research in PoL is distributed over universities, medi-

cal centers and institutes around the Netherlands and 

infrastructure typically consists of clusters of relatively 

small, well-equipped laboratories that are embedded in a 

wider multi-disciplinary scientific environment. Such 

embedding is crucial, both for mutually inspiring new 

research lines, as well as to optimally benefit from the 

range of facilities, including protein purification, cell-cul-

ture, optical laboratories, state-of-the-art electron micro-

scopes, medical imaging systems and computer 

networks that are prerequisite for our research.   
 
 

6. Specific challenges for the  
     community 
 

•     How do we stay well-funded, and fundamentally  

      connected in physics, while simultaneously enga 

      ging with more specialized topics in biology and  

      medicine? 

•     How can we leverage the increased interest in  

      health and medicine into more fundamental, phy

      sics-based research with partners in- and outside  

      academia? 

•     How to optimally use approaches such as  

      machine learning for processing of (extremely)  

      large data in biophysical research? 

•     How can we further facilitate interactions with  

      other fields, such as neuroscience, with which PoL  

      can expect strong synergy? 

 

 

7.   Research portfolio 
 

Based on unique registrations of staff members at 

DutchBiophysics in the past 4 years, our community con-

sists of over 200 researchers. The location of these 

attendees is depicted in the table below: 

 

 

 

Within the Dutch Society for Medical Physics there are 

currently 19 full professors. The location of these profes-

sors is depicted in the table below:
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Location of university, 
including their medical 
centers

# Staff members attending 
DutchBiophysics in the 
past 4 years

Amsterdam 39

Delft 25

Utrecht 23

Groningen 21

Leiden 20

Eindhoven 18

Nijmegen 13

Rotterdam 9

Wageningen 9

Maastricht 4

Enschede 4

Research institutes # Staff members attending 
DutchBiophysics in the 
past 4 years

AMOLF 14

NKI 6

Hubrecht 2

Location of university, 
including their medical 
centers

# professors within 
the Dutch Society  
for Medical Physics

Amsterdam 5

Maastricht 4

Rotterdam 3

Organization # members

AMOLF 6

ASML Netherlands B.V. 1

Erasmus Universiteit Rotterdam 1

Philips Lighting BV 2

Radboud Universiteit Nijmegen 2

Rijksuniversiteit Groningen 11

Technische Universiteit Delft 11

Technische Universiteit Eindhoven 8

TNO 1

Universiteit Leiden 9

Universiteit Twente 4

Universiteit Utrecht 5

Universiteit van Amsterdam 1

Vrije Universiteit Amsterdam 4

Wageningen University & Research 5

Total 71



John van Noort                    UL 

Claire Wyman                       EMC 

Erwin Peterman                    VU 

Mireille Claessens                UT 

Sander Tans                          AMOLF 

Stephen Petit                        EMC 

Marie-Eve Aubin-Tan           TUD 

Greg Stephens                     VU 

Peter Peters                          MU 

Anja van de Stolpe               Philips 

Patrick Onck                         RUG
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