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�1�S�P�H�S�F�T�T���S�F�R�V�J�S�F�T���U�F�D�I�O�P�M�P�H�Z
The accessibility of cutting edge technologies is one of the 

critical factors for innovation in the life sciences. A wide 

range of experimental and computational technologies are 

needed to provide answers to essential biological questions 

of today. Examples are mass-spectroscopy facilities for 

proteomics and metabolomics, software for processing 

genomics data, large-scale computational infrastructures, 

etc. In many cases, such novel technologies fuel scientists to 

move ahead and ask new, far-reaching questions. In turn, 

these questions are related to pressing issues in health, 

nutrition, sustainability and safety. Issues that are impor -

tant to society at large and that cannot be properly ad -

dressed without top-level life sciences technologies. 

�5�F�D�I�O�P�M�P�H�Z���Q�S�P�H�S�B�N�T���N�B�L�F���F�Y�Q�F�S�U���L�O�P�X�M�F�E�H�F���B�O�E��
�J�O�G�S�B�T�U�S�V�D�U�V�S�F���B�W�B�J�M�B�C�M�F��
Traditionally, the Netherlands operates right at the front 

when it comes to new technologies. In recent years, 

investments in a number of technology areas relevant to the 

life sciences have been made, resulting in technology 

platforms and technology centers that have become crucial 

players in the overall life sciences Þeld. They have ensured 

the availability and accessibility of state-of-the-art enabling 

technologies such as proteomics, metabolomics, nanotech -

nology, (high-throughput) microscopy, biobanking, 

bioinformatics and systems biology for both the scientiÞc 

community and industry. 

�/�F�U�X�P�S�L���P�G���D�P�M�M�B�C�P�S�B�U�J�P�O�T���C�F�U�X�F�F�O���U�F�D�I�O�P�M�P�H�Z��
�P�S�H�B�O�J�[�B�U�J�P�O�T���B�O�E���S�F�T�F�B�S�D�I���Q�S�P�H�S�B�N�T
The technology platforms combine state-of-the-art techno -

logical expertise and (large-scale) infrastructure essential to 

the major research programs in the life sciences. Collabora -

tions between the technology platforms and life sciences 

organizations (such as the Leading Technology Institutes 

(TTIs), other FES consortia and NGI Genomics Centres) are 

currently taking shape. Such collaborations also match the 

trend towards an open innovation research environment in 

which public and private parties come together, and open 

up possibilities for large-scale life sciences research ap -

proaches. As a result, a close network of developers and 

users of technology emerges, stimulating scientiÞc progress 

and boosting the international proÞle of the Netherlands as 

an attractive partner in the life sciences.

�5�F�D�I�O�P�M�P�H�Z���Q�M�B�U�G�P�S�N�T���T�U�S�F�O�H�U�I�F�O���J�O�U�F�S�O�B�U�J�P�O�B�M��
�Q�P�T�J�U�J�P�O
The current generation of technology platforms is a clear 

representation of the quality and critical mass that the 

Netherlands has to offer in the life sciences. Statements by 

international review committees and advisory panels support 

this notion. The Dutch technology platforms are securely 

embedded in international networks, which gives the 

Netherlands an excellent starting position when it comes to 

being involved in or leading international initiatives. It offers 

opportunities for inßuencing decisions on funding and 

topics in the life sciences and on international standards and 

best practices. Internationally renowned technology 

platforms also attract private parties to invest in the Dutch 

life sciences Þeld. 

Maintaining and strengthening this favorable position 

requires continuous efforts to upgrade, advance and extend 

existing technology platforms and take on new technologi -

cal challenges whenever they emerge. This is the only way 

the Netherlands will be able to uphold its leading role in the 

life sciences in 2020.
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Each of the current technology organizations has been built 

separately, which has led to a range of organization models, 

especially with respect to (scalable) support structures. A 

process has started to exchange Òbest practicesÓ between 

the platforms to deÞne an organizational standard to 

facilitate collaborations. The model should also help to turn 

emerging technology initiatives into functional platforms 

in a rapid, effective and cost-efÞcient manner. Of course, 

the organization of a technology platform will remain 

dependent on the speciÞc characteristics of the technology 

and the technological community. 

In the past Þve years, the Dutch Government, universities 

and industry have invested in the order of EUR 2 billion in 

the life sciences in the Netherlands through public-private 

partnerships (PPPs). In order to capture the full potential of 

these investments, tuning and collaboration between 

technology platforms, and between technology providers 

and life sciences programs is crucial. Coordination of this 

process on a national scale is a necessity to enhance the 

return on investment from a scientiÞc, social and economic 

point of view. Here, we propose to establish a dedicated 

national organization: LIFT, Dutch Life sciences Initiative 

for Technology (Figure 1). 

LIFT will ensure optimal tuning of existing and emerging 

technological developments, as well as adoption by the 

scientiÞc communities. National coordination promotes the 

integration of the various domains and prevents duplication 

of efforts. Coordination is a prerequisite for the achieve -

ment of focus, excellence and effective technology transfer. 

Also, coordination provides the opportunity to set priori -

ties. LIFT must be set up as a platform with participation of 

all stakeholders in the life sciences Þeld. Thanks to the 

investments in technology platforms in recent years, the 

Netherlands is by all means ready for such an approach.
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�/�B�W�J�H�B�U�J�O�H���U�I�S�P�V�H�I���N�F�U�B�C�P�M�J�D���I�J�H�I�X�B�Z�T���G�P�S����
�C�J�P�U�F�D�I�O�P�M�P�H�J�D�B�M���B�Q�Q�M�J�D�B�U�J�P�O�T

�6�T�J�O�H���B���T�Z�T�U�F�N�T���C�J�P�M�P�H�Z���B�Q�Q�S�P�B�D�I�
���S�F�T�F�B�S�D�I�F�S�T���G�S�P�N���U�I�F��
�,�M�V�Z�W�F�S���$�F�O�U�S�F���G�P�S���(�F�O�P�N�J�D�T���P�G���*�O�E�V�T�U�S�J�B�M���'�F�S�N�F�O�U�B�U�J�P�O���I�B�W�F��
�E�F�W�F�M�P�Q�F�E���D�P�N�Q�V�U�F�S���N�P�E�F�M�T���P�G���U�I�F���D�P�N�Q�M�F�U�F���N�F�U�B�C�P�M�J�D��
�S�P�B�E�N�B�Q���P�G���T�F�W�F�S�B�M���N�J�D�S�P�P�S�H�B�O�J�T�N�T���V�T�F�E���J�O���J�O�E�V�T�U�S�J�B�M��
�C�J�P�U�F�D�I�O�P�M�P�H�Z�����5�I�J�T���²�5�P�N���5�P�N�³���G�P�S���C�J�P�D�P�O�W�F�S�T�J�P�O�T���M�J�O�L�T��
�H�F�O�P�N�J�D���J�O�G�P�S�N�B�U�J�P�O���U�P���U�I�F���D�I�F�N�J�D�B�M���D�P�O�W�F�S�T�J�P�O�T���U�I�B�U���D�B�O��
�U�B�L�F���Q�M�B�D�F���J�O���U�I�F���P�S�H�B�O�J�T�N���C�F�J�O�H���T�U�V�E�J�F�E�����5�I�F���N�P�E�F�M�T���F�Y�Q�M�P�S�F��
�O�F�X���Q�P�T�T�J�C�J�M�J�U�J�F�T���G�P�S���F�O�I�B�O�D�F�E���Q�S�P�E�V�D�U�J�W�J�U�Z�
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�3�F�T�F�B�S�D�I�F�S�T���B�U���U�I�F���/�F�U�I�F�S�M�B�O�E�T���1�S�P�U�F�P�N�J�D�T���$�F�O�U�S�F���	�/�1�$�
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��
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�4�D�B�O�O�J�O�H���F�M�F�D�U�S�P�O��
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�V�T�F�E���J�O���N�B�O�Z���G�P�P�E��
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�5�I�F���M�J�G�F���T�D�J�F�O�D�F�T���H�S�F�B�U�M�Z���J�N�Q�B�D�U���P�V�S���	�G�V�U�V�S�F�
���T�P�D�J�F�U�Z��
In the year 2020, the life sciences will have a major effect 

on all facets of life and society. Health, nutrition, industrial 

production, the energy supply, sustainability and safety all 

highly depend on the results of research in the life sciences. 

Various, now successful areas of focus of the Dutch Ministry 

of Economic Affairs will only remain successful if the life 

sciences can ßourish in the Netherlands. This is particularly 

true for areas such as chemistry and biotechnology, food & 

nutrition and life sciences & health.

�%�V�U�D�I���U�S�F�B�U�����M�B�S�H�F���T�D�B�M�F���Q�V�C�M�J�D���Q�S�J�W�B�U�F���Q�B�S�U�O�F�S�T�I�J�Q�T���J�O��
�U�I�F���M�J�G�F���T�D�J�F�O�D�F�T��
Over the past ten years, our country has successfully set up 

a considerable number of PPPs in which industry, knowl -

edge institutes and the government collaborate extensively 

in life sciences research programs. Core to these partner -

ships is the excellent science base our country has built at 

the universities, university medical centers and private 

research institutes. Indeed, recent evaluation of the PPP 

programs underscores that this is a highly successful 

approach, given the quantity and quality of the scientiÞc 

output and the added value for industry and society, 

through the beneÞts of new products, for example in 

healthcare. 

The Netherlands distinguishes itself internationally with 

this formula of public-private and public-public collabora -

tion. Apart from their scientiÞc and social beneÞts, these 

programs have led to best practices relating to the organiza -

tion of collaborative research programs, and, for instance to 

the question as to how intellectual property rights can best 

be arranged.

�5�F�D�I�O�P�M�P�H�Z���S�F�W�P�M�V�U�J�P�O���D�P�O�U�J�O�V�F�T���G�P�S���U�I�F���F�N�Q�P�X�F�S��
�N�F�O�U���P�G���U�I�F���M�J�G�F���T�D�J�F�O�D�F�T
The results of the life sciences will only become proÞtable 

for our economy and society if novel technologies are 

rapidly and efÞciently made available to the scientiÞc 

community. A revolution is taking place, in particular in 

the area of molecular and cellular technologies, as well as in 

the ICT Þeld. Technologies are being developed and 

improved for systematic and large-scale analysis of molecu -

lar information and biological structures, and for the 

integration and analysis of information via bioinformatics 

and systems biological methods. These technologies provide 

advanced knowledge of complex integrated cell processes 

and make it possible to extract relevant information.

Currently, the Þelds of proteomics and metabolomics, 

nanotechnology, imaging, biobanking, bioinformatics, 

structural biology and systems biology are rapidly develop -

ing. In addition, new technologies are emerging, such as 

high throughput DNA sequence analysis and (nano)

microscopy. 

The annex of this chapter gives an overview of national 

developments in the various different areas of technology. 

�5�F�D�I�O�P�M�P�H�Z���J�O�U�F�H�S�B�U�J�P�O���J�O�D�S�F�B�T�F�T���U�I�F���Q�B�D�F���P�G���¾�O�E�J�O�H��
�T�P�M�V�U�J�P�O�T
There is a strong movement towards the concerted applica -

tion of different technologies. Revolutionary development 

of DNA and RNA sequencing provide essential data at the 

level of genetic systems, while experimental techniques and 

databases in proteomics and metabolomics are converging, 

resulting in better opportunities for the simultaneous analy -

ses of protein and metabolite composition. Imaging and 

nanomicroscopy technologies allow for the localization and 

in situ analysis of a system, while biobanking efforts 

introduce clinical data to be taken into consideration. 

Combined experimentation requires a better interoperabil -

ity of experimental data. To an increasing extent, bioinfor -

matics is in a position to extract relevant information from 

the various complex data streams thanks to international 

�"�����5�F�D�I�O�P�M�P�H�Z���B�T���B���E�S�J�W�J�O�H���G�P�S�D�F���J�O���U�I�F���M�J�G�F���T�D�J�F�O�D�F�T
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agreements about data standards and computational 
infrastructures. As a last step, systems biology produces 
mathematical models to understand and predict the 
behavior of biological systems.

In 2020, the combined deployment of the different 
technological fields makes it possible to better unravel the 
major biological questions. The complexity of biological 
systems makes these integrated approaches essential, yet it 
requires research to be done on a much larger scale. In the 
coming years, therefore, consortia of collaborative public 
and private parties will carry out research jointly on the 
same system using parallel experimental techniques, and 
using the same experimental biological material. An 
example of this is the German HepatoSys program. In the 
Netherlands, research centers such as the Toxicogenomics 
Centre and the Forensic Genomics Centre already take this 
integrated approach as the basis to develop innovations for 
our society. These programs have a strong technological 
component and directly apply these technologies via close 
interactions with industrial and social partners. For 
example, the Toxicogenomics Centre employs genomics 
technologies to develop alternatives to animal testing 
(ASAT), by providing a scientific basis for chemical risk 
assessment. In the near future, many more such “power 
users” will come into being in the larger international life 
sciences centers and projects. The Netherlands is well 
positioned to realize the potential of such integrated 
approaches, and gain experience through national research 
collaborations. 
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�$�P�M�M�B�C�P�S�B�U�J�P�O���C�F�U�X�F�F�O������ ���C�J�P�C�B�O�L�T���H�J�W�F�T���J�O�T�J�H�I�U����
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�5�I�F���T�U�S�F�O�H�U�I���P�G���D�P�M�M�B�C�P�S�B�U�J�P�O�T���C�F�U�X�F�F�O���C�J�P�C�B�O�L�T���B�O�E���U�I�F��
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�3�P�B�E�N�B�Q���G�P�S���U�F�D�I�O�P�M�P�H�Z���N�V�T�U���Z�J�F�M�E���D�P�N�N�V�O�J�U�J�F�T�
���O�P�U��
�K�V�T�U���J�O�G�S�B�T�U�S�V�D�U�V�S�F
In 2007 the Dutch Minister of Education, Culture and 
Science established the Netherlands’ Roadmap Committee 
for Large-Scale Research Facilities, chaired by Wim van 
Velzen. The Roadmap Committee is linked to the European 
Roadmap for Large-Scale Research Facilities, the European 
Strategy Forum on Research Infrastructure (ESFRI). The 
Roadmap Committee provides advice about the most 
important areas for investment in large-scale research 
facilities in the coming five to ten years. In its report 
published in 2008, the Committee states that scientific 
progress emanates from a combination of the talent of 
creative researchers and the availability of good research 
facilities. In addition, the Committee acknowledges the 
importance of collaboration and clustering of research 
infrastructures. The OECD also emphasizes the importance 
of life sciences technology platforms in its recent publica-
tion (2009): The Bioeconomy to 2030: Designing a Policy 

Agenda.

In any event, in 2020 the success of life sciences will be 
determined by concerted actions of strong international 
research teams with top quality technologies and facilities. 
Advanced facilities will lead to a concentration of scientists, 
to communities of researchers, both users and developers, 
in the form of dynamic partnerships between people, 
facilities and capital. This situation is already emerging in 
the growing network of research organizations and technol-
ogy platforms that has been established in our country.

�"���H�S�P�X�J�O�H���O�F�U�X�P�S�L���P�G���U�F�D�I�O�P�M�P�H�Z���Q�M�B�U�G�P�S�N�T���B�O�E���N�B�K�P�S��
�M�J�G�F���T�D�J�F�O�D�F�T���Q�S�P�H�S�B�N�T
In the Netherlands, the large-scale deployment of the 
palette of life sciences technologies will be boosted by the 
growing collaborations between current technology 
platforms and life sciences consortia in the Netherlands. In 
recent years, as a result of the establishment of these 

organizations, extensive experience has been gained with a 
collaborative approach. Good examples of collaboration 
have already come into being between technology centers 
and genomics centers within Netherlands Genomics 
Initiative (NGI). It takes time to make such forms of 
collaboration effective for both parties. In the coming years, 
a broadly based form of national collaboration will come 
into being, consisting of the generic technology programs 
with all major life sciences stakeholders, such as the TTIs. 
This broadening of collaborations is essential to increase the 
yield of the technology platforms, to boost research of all 
major life sciences programs, and to reduce duplication of 
efforts and investments.

�%�J�T�T�F�N�J�O�B�U�J�P�O���B�O�E���T�V�Q�Q�P�S�U�����N�B�L�J�O�H���U�F�D�I�O�P�M�P�H�J�F�T��
�B�W�B�J�M�B�C�M�F���S�F�R�V�J�S�F�T���T�Q�F�D�J�B�M���F�G�G�P�S�U
The generic enabling technologies have applications in all 
life sciences research domains, whether in health research, 
plant sciences or industrial biotech. Having the most 
advanced technology facilities is no guarantee, however, for 
successful use of these technologies by the life sciences 
researchers that they should serve. While investing in 
existing and forthcoming technologies for the life sciences, it 
will be imperative to make them broadly available to public 
and private life sciences players in the Netherlands. This 
must be done in a rapid, efficient and cost-effective manner. 
Technology platforms must be accessible to the entire field 
and they all require an active approach in dissemination, 
training and support. Specialized personnel is needed here, 
and a dedicated support organization that is scalable in terms 
of necessary experimental capacity and guidance. 

�5�F�D�I�O�P�M�P�H�Z���Q�M�B�U�G�P�S�N�T���P�Q�F�S�B�U�F���B�T���U�F�D�I�O�P�M�P�H�Z���Q�S�P�W�J�E�F�S�T��
�P�O���B���O�B�U�J�P�O�B�M���T�D�B�M�F��
Existing technology platforms and research institutes have 
developed a spectrum of models for organization of support. 
The Netherlands Metabolomics Centre, for instance, has set 
up the concept of a local demonstration and competence lab, 



while the Netherlands Proteomics Centre has installed 

so-called proteomics research hotels at several locations. Under 

the name of BioAssist, The Netherlands Bioinformatics Centre 

builds a fully distributed support network, backed by a team 

of software engineers, and making use of the excellent 

e-science and ICT infrastructure the Netherlands has 

established through organizations such as SURF, NCF, VL-e 

and BiG Grid. Besides dedicated support structures, all 

technology platform parties have experienced that effective 

dissemination can be reached through joint projects with 

biologists, whether public-public, or public-private. In such 

projects, technology experts actively participate in research 

of partner programs. This allows for tailor-made application 

of technologies and for training on-the-job. 

As many of the present major technologies are not yet in a 

mature phase of standardization and cannot be purchased 

Òoff the shelfÓ, we need an active approach in research 

support. The technology platforms are well suited to 

safeguard the necessary mechanisms to make technology 

available, which must be one of their key tasks. Of course, 

the efÞcacy of support depends strongly upon availability of 

resources, and requires active collaboration with all major 

life sciences stakeholders in the Netherlands. The scale of 

these efforts make them ideally suited for technology 

spin-offs, as well as other commercial technology and 

service providers to Þnd a niche in this process, especially 

as technologies become more mature. The public-private 

collaborations of technology platforms and life sciences 

organizations are an ideal diving board for these commer -

cial service providers. 



�1�V�C�M�J�D���G�V�O�E�J�O�H���O�F�F�E�F�E���G�P�S���C�B�T�J�D���U�F�D�I�O�P�M�P�H�Z����
�E�F�W�F�M�P�Q�N�F�O�U�����Q�S�J�W�B�U�F���G�V�O�E�J�O�H���G�P�M�M�P�X�T
In the next decade, technology development will mainly 
be funded by public sources, including national govern-
ments and the European Commission as well as academic 
organizations. Initially, industry will only invest modestly, 
with the exception of companies aiming at technology 
development such as Philips and FEI (electron microsco-
py). Their entire businesses are based upon the develop-
ment of technology. Nevertheless, the technology plat-
forms manage to attract a growing number of industrial 
partners, including technology users, such as Unilever, 
DSM and the pharmaceutical industry. The investments 
made by Schering Plough, DSM and Unilever in the 
Netherlands Metabolomics Centre are a clear example of 
the expectations of industry with regard to this technol-
ogy platform. Similar examples are contributions of 
Schering-Plough, DSM and Philips in the program of the 
Netherlands Bioinformatics Centre.

Top quality life sciences, including technology communi-
ties, is an absolute precondition for continuing investment 
from the globally operating industries in the life sciences. 
These concentrations of scientists and facilities are a good 
basis for close collaboration with industrial parties that 
can translate the results of research into social applica-
tions. It is expected that industrial involvement in the life 
sciences programs will grow substantially with the 
intensified collaborations between life sciences programs 
and the technology platforms. This will lead to a steady 
increase in public-private collaboration, in which industry 
invests in projects both individually and in consortia. The 
TTIs, such as those for polymers (DPI) and nutrition 
(TIFN) are good examples in this respect. The number of 

foreign companies that invest in the DPI meanwhile 
exceeds the number of Dutch companies. In order to reach 
a similar position in 2020, the Dutch life sciences technol-
ogy platforms will need to be embedded in national and 
international networks, so that they form excellent 
partners for industry.

�4�U�S�B�U�F�H�J�D���B�M�M�J�B�O�D�F�T���P�G���U�F�D�I�O�P�M�P�H�Z���T�V�Q�Q�M�Z���B�O�E���E�F�N�B�O�E��
The close collaborations with life sciences clusters and with 
industrial partners keep the technology programs focused 
on practical applications of their novel technologies: 
“market demands” determine to a large extent which 
technological bottlenecks are worked upon. In this way,  
the research of the life sciences centers largely dictates  
the direction in which the technology programs are being 
developed. At the same time, the technology platforms 
provide state-of-the-art technological expertise and facilities 
which open up new research avenues. This can be compared 
with taking part in a car race. The technology platforms 
provide the advanced vehicle, equipped with the latest  
technology. The life sciences centers, however, sit in the 
drivers’ seat. Together, the partners define the direction  
of the research. This essential partnership, whether 
public-private or public-public, determines the overall 
quality of the research output, and therefore the chance  
to win the race.

Thanks to this approach, the Netherlands has gained a 
prominent international position in the life sciences in 
2020, in which technological development and practical 
applications go hand in hand. In order to reach this state,  
it is proposed below that a strong level of coordination  
is implemented, with participation from all major stake-
holders in the life sciences. 



The optimum working model in 2020 is one in which 

national coordination is guaranteed. Here we propose LIFT: 

Dutch �-ife sciences �*nitiative �Gor �5echnology. 

Figure 1 explains the practicalities of LIFT: proposed scope 

and role, stakeholders, organization and funding set-up. 

�5�I�F���S�B�U�J�P�O�B�M�F���G�P�S���-�*�'�5���J�T���B�T���G�P�M�M�P�X�T��
�Q  The most important objective of LIFT is to ensure the 

availability of the relevant technology for research 

organizations in the life sciences. National coordination 

promotes integration of the various life sciences technol -

ogy domains and collaboration between the key parties 

to support joint research and prevent duplication. LIFT 

provides an overview of available technologies, expertise 

and infrastructure. It provides the portal that links life 

sciences demand to technology supply; 

�Q  The technologies are lodged in Òcommunity platformsÓ 

in which the various stakeholders are represented. The 

technology platforms then set up a core program of 

technology research and development, including 

necessary facilities, and take care of dissemination and 

support as well as training and education. LIFT will strike 

a balance between guidance and steering, allowing room 

for new initiatives to be developed from within the Þeld;

�Q  LIFT will provide a stable technology funding base that is 

linked with joint funding by the various life sciences 

organizations and programs. It brings together various 

(existing) funding instruments, so that they operate 

together towards strengthening a national research 

infrastructure. As a result, LIFT ensures that generic 

technologies are being developed and provided on the 

basis of demand from the Þeld. LIFT also stimulates the 

building of real infrastructures as part of international 

research infrastructures, and onto which institutes and 

industry can capitalize in the longer term. It will enable 

universities to utilize their personnel and resources more 

efÞciently;

�Q  In turn, the life sciences programs and institutes will 

entrust a portion of their research to the technology 

centers and platforms by means of shared research goals 

and with matching from the technology platforms. In 

this way, collaboration will come into being in which 

both parties make their own Þnancial (and scientiÞc) 

contribution;

�Q  LIFT may form a platform for stakeholders to address 

issues related to the introduction of various novel life 

sciences technologies in society, such as legal aspects of 

introduction of medical technologies;

 
�Q  LIFT is able to react rapidly to national and international 

developments. Life sciences technology is preeminently 

an international arena, which requires a rapid response 

to take advantage of foreign initiatives and international 

research programs, for example within the EU. LIFT 

ensures clear agreements about the moment at which the 

technology has been developed sufÞciently for it to be 

deployed by the life sciences domains and institutes 

themselves. 
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Life sciences technologies can only ßourish if there is a 

mechanism of national coordination and tuning between 

major programs, involving all stakeholders (e.g. technology 

platforms, the major life sciences programs as clients/users 

of technology, academia, industry, NWO). This will make it 

possible to form an effective network of research partners in 

which the best technology is made available by technology 

communities well organized to address the most prominent 

issues from the life sciences domains.

����  Install a national coordination body that fuels effective 

collaborations in the life sciences Þeld and ensures that 

essential technology and infrastructures are made 

available to end users. A working model involving all 

stakeholders is proposed as LIFT: Dutch Life sciences 

Initiative for Technology (Figure 1). LIFT coordinates 

Þnancing, planning and strategy development, and 

guarantees input from all stakeholders, in particular 

clients/users of technology. LIFT takes care of the timely 

integration of new technologies and of the phasing out of 

technologies that have reached the market.

����  Dedicate structural funding to the technology domain, 

in order to build expert communities and necessary 

infrastructures. Include dynamic funding mechanisms 

for individual technologies, based on demand in major 

public-private life sciences programs and in industry. 

Technology development takes place during various 

phases: from basic science via methodology development 

through to application. The Þnancing strategy should be 

linked to these phases. In the earliest stage, Þnancing 

from public resources is the only option. As a technology 

develops, the better its chances are for public-private 

Þnancing. Life sciences technology requires stable public 

funding. This ensures that at a later stage private 

resources can be brought in, as soon as the commercial 

application of the technology becomes feasible.

����  Tighten the growing network of technology platforms 

and life sciences organizations, set up collaborative life 

sciences research projects and boost open innovation in 

the life sciences to meet social challenges. In 2020, the 

individual existing and forthcoming technologies will be 

deployed collectively to a far greater extent in order to 

unravel biological mechanisms and be able to meet social 

challenges. This will lead to research approaches at a 

much larger scale, and requires effective collaboration 

between a multitude of disciplines and parties. The 

NetherlandsÕ life sciences Þeld must invest to gain further 

experience in setting up such public-private partnerships, 

building upon the growing network of technology 

platforms and life sciences organizations.

�*�O���U�I�F���T�I�P�S�U���U�F�S�N��
�Q  Make life sciences technologies available nationally to all 

potential users;
�Q  Begin with the national coordination of technology 

programs and centers;
�Q  Begin with the establishment of national working 

communities for technologies, together with the major 

user stakeholders in the Þeld;
�Q  Collect and share Òbest practicesÓ for organization, 

management, support mechanisms and intellectual 

property ownership arrangements.
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This technology vision chapter was developed upon 
consultation with existing technology platform organiza-
tions and advisors in the field, mostly users of life sciences 
technologies, both from public and private organizations:
Prof. dr. J.P. Abrahams (Cyttron); Dr. M. Brandsma 
(Biobanking and Biomolecular Resources Research Infra-
structure); Prof. dr. D.D. Breimer (Leiden University); Prof. 
dr. R. van Driel (Netherlands Consortium for Systems 
Biology); Prof. Dr. Th.W.J. Gadella (University of Amster-
dam); Dr. B. de Geus (TI Green Genetics); Prof. dr. Th. 
Hankemeijer (Netherlands Metabolomics Centre); Prof. dr. 
A. Heck (Netherlands Proteomics Centre); Prof. dr. A.H.C. 
van Kampen (Netherlands Bioinformatics Centre); Prof. dr. 
J. Kleinjans (Netherlands Toxicogenomics Centre); Prof. dr. 
P. de Knijff (Forensic Genomics Consortium Netherlands); 
Prof. dr. P.R. Luijten (Center for Translational Molecular 
Medicine); Prof. dr. G.J.B. van Ommen (Biobanking and Bio-
molecular Resources Research Infrastructure); Prof. dr. G.T. 
Robillard (NanoNed); Drs. Maurits Ros (String of Pearls 
Initiative (“Parelsnoer”)); Dr. M.J. Stukart (Center for 
Translational Molecular Medicine); Dr. M.W.E.M. van 
Tilborg (DSM); Drs. F. Valkema (Schuttelaar & Partners); 
Prof. Dr. J. de Vlieg (SP Corporation); Dr. D.C. Zijderveld 
(TNO Quality of Life)

 



Thanks to the scaling up of research and the increasing 
importance of “high throughput” technologies, the 
availability of large numbers of samples is continuously 
becoming a decisive factor in the success of medical and 
genetic-epidemiological research. The discovery and 
development of new drugs and diagnostics is increasingly 
dependent on large collections of well-documented 
clinical and biological information and material from 
patients as well as healthy individuals. Biobanks contain 
these details about health, diet, environmental and 
lifestyle factors in combination with biological material. 
Enrichment with “omics” technologies, such as transcrip-
tomics and proteomics, and applications from bioinfor-
matics and biostatistics, will become definitive in increas-
ing insights into the origin of diseases, particularly 
multifactorial disorders. The goal is to accurately diagnose 
illness, cure and perhaps even prevent disease from 
developing at an early enough stage.

On the European level, the importance of biobanks is 
acknowledged in the European Roadmap for Research 
Infrastructures (ESFRI). In 2008, BBMRI (Biobanking and 
Biomolecular Resources Research Infrastructure, www.
bbmri.org) was established, aiming to create a European 
infrastructure of biobanks. In the preparatory phase in 
2008, the Netherlands played a leading role.

The Netherlands has an excellent starting position in this 
field. The strength of the medical, genetic and epidemio-
logical research and the quality of healthcare have resulted 
in a large number of well-maintained and unique biobanks 
in the Netherlands. Dutch experts play important and often 
leading roles in international biobank consortia.

Our country plays a leading role in future developments in 
the international biobanking field. University medical 
centers, private foundations and the Dutch government 
have invested in the strengthening of existing collections 
and in the development of new large-scale biobanks. 
Parelsnoer, LifeLines and BBMRI-NL are three important 
initiatives that complement each other. The Parelsnoer 
initiative is a unique collaboration between the eight UMCs 
in the Netherlands to collect patient details and materials 
for eight disease areas. LifeLines is a population cohort 
which is following 165,000 residents of the northern 
provinces for 30 years. BBMRI-NL connects existing 
biobanks in the Netherlands, strengthening their competi-
tive power through harmonization and enrichment. The 
combination of these initiatives is unique in Europe and the 
Netherlands thus achieves critical mass with enormous 
potential. As one of the first countries, the Netherlands has 
begun to prepare itself as a national “hub” for the major 
European BBMRI infrastructure. 

The European infrastructure must be operational by 2013. 
To maintain its position, continue developments and to 
reap the benefits in the coming years, the Netherlands must 
put structural effort into this area until at least 2020.

Over the past decade, many genomics tools – such as DNA 
sequencing, microarray technology and high throughput 
genotyping – have already contributed to our knowledge 
of the genetic basis of many organisms. With the advent of 
the next-generation of very high throughput (HTP, or 
massively parallel) DNA sequencing technology, the 
genomics field will be revolutionized. HTP sequencing is 
expected to become the dominant technology in all 
genomics research areas. The new technology decreases 
sequencing time of genetic material from plants, animals 
or humans from several months/years down to one or two 



weeks, and at a fraction of the costs associated with the 

earlier generation of DNA sequencing. In the near future, 

sequencing speed will increase even further, which opens 

up a whole set of new genomics applications. This is the 

reason why internationally, substantial investments are 

made in sequencing facilities as well as the necessary 

expertise base to deal with the enormous ßow of data 

produced. In order to maintain the leading position of the 

Netherlands in several areas of the life sciences, predomi -

nantly medical and agricultural and forensic genomics, 

Dutch research institutes and industry will follow the 

same path towards implementation and capacity building 

around this novel technology.

HTP sequencing is an upcoming technology in both basic 

and applied genomics research. Results from early medical 

genomics research are being translated into the Þrst 

generation of medical applications, including diagnostics 

and therapeutics. Variations of established disease-associat -

ed genes are being validated for diagnostic application, for 

example. Development of the technology will soon allow us 

to sequence an entire human genome at very low cost 

(Ò$1000 genomeÓ) and within a short timeframe. In 

agro-food genomics, next-generation sequencing is cur -

rently used to elucidate genetic variation in different animal 

species (cattle, pig, poultry), microorganisms and plants 

(tomato, Arabidopsis). The focus is currently on reconstruct -

ing reference genomes for a variety of species, which would 

provide the basic background for identiÞcation of markers 

for characteristic breeding traits, such as disease resistance, 

nutritional value and production.

While many HTP sequencing efforts focus on creating 

reference data for large-scale genomics research, the 

implications for nutrition, health management and safety 

are numerous. SigniÞcant reduction in time and costs will 

make it the main technology to elucidate the full genetic 

background of phenotypic variability in various species. 

This provides the opportunity to resolve common complex 

human diseases, with potential applications in DNA and 

micro-RNA-based molecular diagnostics, genetic testing and 

pharmacogenetic proÞling. It also provides applications in 

forensic genomics, increasing possibilities for identiÞcation, 

privacy and safety. In plants and animals, HTP sequencing 

will cause a signiÞcant improvement in efÞciency and 

productivity of breeding programs, which include traits 

that improve disease resistance, quality and production.

The impact of this NGS technology has been recognized 

worldwide, initially limited to large genome centers in the 

US and Asia. Ongoing international efforts (1000 Genomes 

Project (human), 1001 Genomes Project (Arabidopsis), 

Personal Genome Project) aim to establish reference 

sequence databases for various species. In Europe the 

Wellcome Trust Sanger Institute (UK) has been well ahead 

in terms of investments, but governments in Germany and 

Spain have announced large investments in HTP sequenc -

ing technology over the coming period. In the Nether -

lands, Leiden University Medical Center (LUMC) and the 

University Medical Center Nijmegen (UMCN) are coordi -

nators and leading partners in a European initiative on 

medical genome sequencing. Hubrecht Laboratory is 

deeply involved in initiatives in expression and micro-RNA 

proÞling. Likewise, Wageningen University and Research 

Centre leads international sequencing initiatives on 

animal, tomato and potato species. 

While HTP technology is currently available in laboratories 

within most Dutch academic hospitals and research 

institutes, there is a clear need for exchange of expertise 

and capacity, and the construction of an effective infra -

structure (including bioinformatics data infrastructure). The 

genomics programs under NGI involving academic and 

private partners have all started individual HTP sequencing 

projects, and in collaboration with the Netherlands 

Bioinformatics Centre (NBIC), a national HTP sequencing 
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community is emerging. Similarly in the medical field, 
LUMC and UMCN have taken the first steps towards 
bringing together all university medical centers and NBIC, 
and towards setting up public-private collaborations, 
involving Merck/Schering-Plough and Philips Medical 
Research, with close ties to international projects. Further 
development of such collaborative initiatives will be vital in 
the coming years to establishing the necessary infrastruc-
ture and expertise base in our country, and facilitating 
efficient implementation of HTP sequencing technology in 
the life sciences initiatives in the Netherlands.
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Proteomics comprises scientific research and technology 
development for large-scale analysis of gene products (i.e. 
proteins) and their role in biological processes. This involves 
measurement of protein expression profiles, protein 
modifications and interactions, related to developments in 
health/disease and other biological processes. Proteomics is 
at the heart of life sciences research, an indispensable tool 
of molecular systems biology. 

The long-term implications of results generated by proteom-
ics-related biomedical and biotechnology research will be 
immense. Improved understanding of biological processes 
at the molecular and protein levels will allow us to identify 
new drug targets and thus improve drug therapy, obtain 
better biomarkers for health and disease, whose analyses 
may be much less evasive than current medical tests, and 
improve the application of proteins in plants, animals, food 
and nutrition. Society at large will benefit from these 
advances.

The Netherlands Proteomics Centre (NPC) has achieved 
international recognition and is firmly embedded in 
national and international research networks with academic 
and industrial partners. As an example, in 2008, the NPC 
hosted the HUPO 2008 World Congress in Amsterdam, the 
annual international meeting of the Human Protein 

Organization (HUPO), with over 1700 participants and 
more than 80 industrial exhibitors. Researchers of the NPC 
are leading European and international experts, with a 
remarkably high production of scientific publications.

Knowledge dissemination and collaborations in well-de-
fined multidisciplinary research projects, with NGI centers 
and other high level research groups, are essential for the 
further development and application of proteomics 
technology for research and development of innovative 
products and therapies. In particular, the NPC has estab-
lished dedicated “research hotels” as facilities for hands-on 
training and collaboration with other leading academic or 
industrial scientists. NPC research hotels house state-of-the-
art equipment, research protocols and specialized person-
nel. In 2009, over 300 collaborative projects and trainings 
have already been performed in the NPC research hotels, 
which have attracted attention from international funding 
bodies (Genome Canada, Medical Research Council (UK), 
Deutsche Forschungsgemeischaft (DFG)) as a role model for 
knowledge transfer. 

Relevant future developments in proteomics include:
� � � �Deeper understanding of the proteome, including all 

proteins of a cell;
� � � �Innovation in mass spectrometry, allowing breakthrough 

approaches every 3-6 months;
� � � �A closer link to technologies that enable the determina-

tion of dynamics of a proteome in time and place 
(electron and light microscope, imaging technologies);

� � � �Significant improvement of technologies for “difficult” 
proteins (e.g. membrane receptors, complex post-transla-
tions modifications (phosforylation and glycolysation), 
low abundant proteins and dynamic and transient 
protein networks).

The immense technological progress of recent years does 
not imply that the work is done. Successful developments in 
this field require a substantial lead time and investments 
and collaborations should be based on scientific quality and 
perspectives for applications.
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The Netherlands Metabolomics Centre invests in techno -

logical development to (systemically) study metabolic 

processes in (individual) cells, plants, microorganisms, 

animal models and humans. Metabolic processes are key in 

physiology and thus extremely suitable for determining 

systemic differences between health and disease states. This 

higher level understanding provides unique novel methods 

for better diagnosis and intervention in disease manage -

ment. In addition, such an approach can be applied to 

plants and/or microorganisms to more efÞciently and 

economically obtain the desired product. 

The NMC makes its developed technology available via its 

Demonstration and Competence lab through, for example, 

hands-on training and dedicated experimental facilities. 

Developed software, bioinformatics and biostatistics are 

made available via the Data Support Platform in strong 

collaboration with NBIC. The ultimate NMC ambition is to 

improve this metabolomics technology in order to be used 

to answer biomedical questions that are bottlenecks and 

thus to achieve better personal(ized) healthcare and quality 

of life.

Internationally, the metabolomics Þeld is one of the 

younger technology developments in the ÒomicsÓ family. 

The Þeld is rapidly evolving with some strong national 

initiatives present in Europe, Asia, Australia, the US and 

Canada. The Þeld is organized via the Metabolomics Society 

founded in 2005, which organizes the International 

Metabolomics Society meeting. The 2010 meeting will take 

place in the Netherlands and will be jointly organized by 

the NMC and CBSG. This illustrates the strong position of 

the Netherlands in the Þeld of metabolomics. Plant 

Research International (partner in CBSG and NMC) is world 

leading in plant metabolomics. The NMC provides further 

scientiÞc leadership in the metabolomics Þeld via Professor 

van der Greef at TNO, Professor Hankemeier at Leiden 

University and others. The leading role of the Netherlands 

is also revealed in the fact that two of NMCÕs board 

members are also board members in the Metabolomics 

Society. Participants of the NMC have already experienced 

that metabolomics helps to gain important new insights, for 

example in disease mechanisms. In addition, it is expected 

that metabolomics technology will allow the systemic 

analysis of complex organisms, from microorganisms to 

plants, animals and humans. In combination with better 

data analysis and modeling this will lead to better biologi -

cally interpretable results to address the current bottlenecks 

in the life sciences. 

Via its founding members, the NMC has an excellent 

overview of developments within the international food, 

pharmaceutical and chemistry industries. Industrial 

partners of the NMC such as DSM, Unilever and Schering-

Plough want to apply NMC technology in their product 

R&D pipelines. In addition, the NMC collaborates with top 

research groups in the life sciences such as the NGI 

genomics centers and TTIs. These collaborations are 

implemented in technology driven and application driven 

projects, as a part of the NMC research program, which are 

carried out by the academic and industrial NMC partners. 

In this approach, the NMC Ð and thus the metabolomics 

community Ð proÞts from the early presence of companies 

and university medical centers. Together, the partners share 

expertise in biomedical questions and the accessibility to 

samples derived from realistic clinical studies that are being 

performed as part of their R&D programs. Instrument 

manufacturers collaborate with the NMC as NMC partners 

in order to proÞt from the critical mass in technology 

development by implementing developed technology in 

their future product lines.

The NMC focuses on the development of generic metabo -

lomics-based technologies and instrumentation to address 

current and future challenges in biology, biotechnology and 

biomedical research in order to improve personalized 

healthcare and quality of life. In 2020, the NMC will have 

the technology and tools in house to deliver personalized 

healthcare using minimally invasive methods. 



Internationally, the NMC is one of the largest initiatives in 
metabolomics. NMC takes the lead in international standardi-
zation initiatives in which it participates with other interna-
tional key players in the field of metabolomics. This guaran-
tees that developed technology within the NMC indeed can 
be used in day-to-day clinical and industrial practice.

Current experimental technologies have caused an explosive 
growth in biological information, in ever new data types, 
much of which is deposited in public databases. With the 
systems approaches of today, biologists increasingly combine 
information from current molecular data collections with 
other types of clinical or experimental data, such as pheno-
typic patient information, literature or epidemiological data, 
or with images created by (high-throughput) microscopy. 
Data-driven systems biology is now an essential part of 
bioinformatics, as these studies generate an extra level of 
heterogeneity and complexity of biological databases. 

Bioinformatics plays an essential role throughout the life 
sciences domains to facilitate the design of experiments and 
data-analysis protocols to maximize the yield of these 
experiments and the value of the data produced. With the 
aid of advanced ICT technology and (GRID) infrastructures, 
bioinformaticians develop new methodology and expertise 
to help extract essential biological or biomedical knowledge 
from the complex data collections so that this knowledge 
can be translated into social applications, whether in 
healthcare or the food industry. Bioinformatics covers a 
broad range of disciplines, and contributes to the life 
sciences by bringing in essential collaboration with fields of 
chemistry, statistics, (medical) informatics and e-science.

The Netherlands Bioinformatics Centre (NBIC) has been 
established as the national technology platform to bring 

together the community of experts. The organization has 
been set up as an open platform of academic and other 
public partners, and of industrial parties. In close collabora-
tion with Dutch and international life sciences organiza-
tions, projects are being carried out in which bioinformatics 
technology development and advanced biology research go 
hand in hand, which has already resulted in work that 
receives international acclaim. NBIC is a partner in the 
ESFRI ELIXIR bioinformatics program led by EBI (European 
Bioinformatics Institute) and in the EATRIS translational 
program. 

The NBIC support program BioAssist is set up to provide 
bioinformatics support for the Dutch life sciences groups. 
These activities include strong involvement in international 
initiatives for data standardization and harmonization. The 
bioinformatics research infrastructure uses essential Dutch 
(e.g. BiG Grid, VL-e) and international (e.g. MyGrid, 
Omii-UK) programs in E-science and WEB technology. 
BioAssist is set up to facilitate distributed and multidiscipli-
nary collaboration, and allow broad accessibility to bioin-
formatics expertise, methods and software, and to interna-
tional data collections as well as computational capacity. 
Currently, there is a shortage of well-trained bioinformati-
cians in the field. The Dutch bioinformatics community has 
taken up an important task of training the next generation 
of bioinformaticians and biologists, at all educational levels, 
in order to adequately support the latest developments in 
the international life sciences fields. 

Funding of the ever growing demand for bioinformatics must 
be coupled directly to experimental life sciences research. A 
sufficient fraction of the budget for subsidized scientific 
projects using and creating large data collections should be 
invested in the associated bioinformatics that is needed for 
the data to be analyzed. It is essential to install a level of 
coordination here, to create synergy between programs and 
to prevent redundancy between organizations.



Systems biology is a fast developing paradigm in the life 
sciences. The “omics” technologies (genomics, proteomics, 
metabolomics, etc.) and developments in the ICT field in 
the past decade will soon give us a close-to-complete list of 
components and processes in living organisms. However, to 
understand how biological systems function in a way that 
we can predict how they behave under specific conditions is 
still largely impossible. This is due to their extreme com-
plexity. For instance, a living cell contains many thousands 
of different molecules that interact inside the cell in a very 
dynamic way. Similarly, organisms such as human beings 
consist of billions of cells and many different tissues and 
organs that all communicate and cooperate with each other. 
Key processes span length scales from nanometers to meters 
and time scales from microseconds to years. 

Systems biology approaches these extraordinarily complex 
systems by integrating components and processes in 
mathematical models that have the potential to predict the 
behavior of biological systems. Predictions can be experi-
mentally tested and results are used to improve the model. 
This cycle of model  prediction  experimental verifica-
tion  improved model  etc. constitutes the very heart of 
systems biology. This approach is beginning to be used in 
the biomedical and pharmaceutical worlds (rational design 
of therapies and drugs) and in biotechnology. Examples are 
the model of the human heart and the successful engineer-
ing of the metabolism of fungi and other microorganisms 
so that they produce economically important chemicals or 
deal with pollutants. The steps towards socially and 
environmentally acceptable alterations of plant metabolism 
are being made. Exciting biomedical and pharmaceutical 
applications are becoming possible.

Systems biology requires tight cooperation between 
disciplines. The expertise of mathematicians, chemists, 
engineers and physicists is essential to describe and analyze 
complex systems. Systems biology is not linked to any 

specific biological system or topic. Rather, it is becoming a 
generic and systematic approach that is widely applicable in 
the life sciences.

The Netherlands Consortium for Systems Biology (NCSB) is 
an NGI program that aims to implement systems biology 
approaches in ongoing Dutch biomedical, pharmaceutical, 
agricultural and biotechnological research programs. The 
NCSB program (2008-2013) comprises a EUR 15 m invest-
ment from NGI, matched with an equal investment from 
the participating institutes: several NGI genomics centers, 
TI Food and Nutrition (TIFN), TI Pharma, the Netherlands 
Institute for Systems Biology (NISB) and NBIC. 

The NCSB program synergizes with NWO investments in 
systems biology, which is one of the NWO spearheads. 
Among others, NWO is initiating three or four national 
centers for systems biology, starting in 2010. 

There are many different technologies for imaging the 
cellular and molecular components of life. Each technology 
reveals essential features, and is indispensable for complete 
understanding of fundamental living processes. However, 
each also has limits that constrain its specific application. 
For instance, X-ray crystallography reveals the atomic 
structure, but requires the sample to be crystalline; NMR 
reveals molecular structure and dynamics, but cannot 
handle large molecular complexes; AFM can measure forces 
on (living) surfaces, but does not allow views of the inside 
of the sample; electron microscopy reveals the molecular 
architecture of the cell in nm resolution, but requires the 
sample to be fixed or frozen; there are many modes in light 
microscopy that give molecular information on localization 
and intermolecular distances, but their resolution is limited. 
All these modes of imaging are complementary and their 
areas of application only partially overlap. 

Cyttron aims to integrate these modes of imaging in a 
single platform, which requires tuning and optimizing the 



various constituent technologies and creating a common 
visualization and modeling platform which allows easy 
correlation of multi-modal data. The Cyttron consortium 
focuses on bio-imaging techniques and includes a coopera-
tion between the Universities of Leiden, Delft, Utrecht, 
Antwerp and London; the Leiden University Medical Centre 
and the Companies of Bruker-Nonius BV, FEI BV and Key 
Drug Prototyping BV.

The Cyttron consortium wants to implement a comprehen-
sive, integrated infrastructure for bio-imaging and modeling 
cells down to atomic detail. The aim is to provide a generic 
tool for identifying the molecular causes of disease, 
essential for the prevention of disease and the development 
of new drug and therapies, and to establish a platform for 
advanced diagnosis and tuning of individualized therapy, 
increasing effectiveness in healthcare. The consortium is 
highly multidisciplinary, with (bio-)physicists, chemists, 
mathematicians, bio-informatics and image processing 
specialists, cell biologists, microscopists and medical 
researchers from various research institutes. 15 research 
projects are being carried out.
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The Netherlands Centre for Nanoscopy (NeCEN) is a facility 
based on a powerful combination of three different types of 
cryo-transmission electron microscopes (cryo-TEMs) 
designed specifically to explore the complex structures 
inside cells at a level of detail unknown until now, and – 
even more important – in a close-to-native state. Visualiza-
tion of cellular processes on this scale and under these 
realistic conditions will lead to scientific breakthroughs and 
to new possibilities in the prevention, diagnosis and 
treatment of cancer and infectious, neuro-degenerative and 
cardiovascular diseases. A recent example of the value of 
nanoscopy in increasing our understanding of diseases is 

the discovery of the life cycle of Mycobacterium tuberculo-
sis, a study which will eventually lead to new vaccines and 
drugs to combat this widespread disease. 

On a national level, NeCEN will fuel scientific develop-
ments in key areas of scientific research by offering 
beyond-state-of-the-art nano-scale imaging capabilities. 

Examples of these key areas are: 
�Q Life sciences and genomics – current research clusters 

include the Cyttron-program and the Center for Transla-
tional Molecular Medicine (CTMM; early diagnosis and 
targeted therapies) and the BioMedical Materials Program 
(BMM; co-polymers, material properties at the nano-level);

�Q Micro- and nanotechnology/high tech systems – research 
topics including nano-structures with new functionali-
ties such as bio-compatible MEMS, memory chips and 
microprocessors;

�Q Chemistry and energy – in particular research programs 
aimed at (low cost) photovoltaics and the replacement of 
fossil fuels by agricultural products (bio-based economy).

On a European level, NeCEN’s infrastructure is a response 
to the EFSRI-initiative in integrated structural biology and 
the Network of Excellence 3D Electron Microscopy. NeCEN 
has the potential to become one of the major centers in 
these and other European research networks. 

Renowned TEM manufacturing company FEI is partner in 
NeCEN and will fabricate in Eindhoven the high-end 
cryo-TEMs, all based on the innovative Titan platform. 
Currently only two Titan high-throughput cryo-EMs exist, 
one of which has already provided us with remarkable 
results. At NeCEN, three cryo-TEMs will be working 
together: one will be equipped for high-throughput single 
particle analysis; the second for high-throughput cryo-elec-
tron tomography; the third will be used for the develop-
ment of new cryo-microscopy methods and instrumental 
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innovations such as better image detectors, phase plates 
combined with Cs correctors to reduce beam damage and/or 
increase contrast and resolution. The triple approach is key 
to the success of NeCEN. Together with the strength of the 
consortium and its approach to setting up the center, it 
defines the added value of NeCEN to individual TEM 
centers in the world. The NeCEN is unique in the world for 
its capabilities to study infectious microorganisms, and 
diseases with a genetic component, such as cancer. 

The Netherlands plays a very prominent role in Europe in 
the area of microscopy. In size, the Netherlands comes in 
second after Germany.

Microscopy in the Netherlands is often locally organized in 
microscopy centers facilitated by local bioimaging research 
groups. The Dutch Association for Light Microscopy is 
currently working to develop the Dutch Light Microscopy 
Initiative (NLMI), in association with the European example 
ELMI (European Light Microscopy Initiative).

A proposal is being developed as part of ESFRI called 
Euro-Bioimaging, sent from EMBL (Ellenberg/Pepperkok) 
and Rotterdam (Krestin). It is being deliberately launched 
as a pan-European, distributed research initiative to reflect 
the nature of microscopy itself. A few main disciplines are 
named: Advanced Light Microscopy (coordinated from 
EMBL) and Medical Imaging (coordinated from Rotter-
dam). The European initiative includes a number of nodes 
in advanced microscopy and in medical imaging, and a 
number of overlapping nodes. The Netherlands is actively 
participating in this pan-European initiative, which can 
also stimulate the entire microscopy field in the Nether-
lands.

Over the last 90 years, an enormous revolution has occurred 
in microscopy. New techniques with high resolution, rapid 
image processing, molecular contrast, sensitivity to each and 

every molecule, new probes and software have all been 
developed. These involve, almost without exception, various 
forms of fluorescence microscopy. Alongside these techno-
logical developments, the areas of laser technology and 
detection technology have also seen enormous progress.

The Green Fluorescent Protein (GFP) revolution has given the 
field a tremendous boost, accelerating in 2002-2004 after the 
discovery and application of various red fluorescent protein 
mutants. It is now possible to equip virtually any protein 
molecule of a genetically coded label with select fluorescent 
properties. This has led to highly sophisticated biosensors 
that can report on specific modifications of proteins, 
metabolites and second messengers with subcellular resolu-
tion in living systems. The revolution this has brought about 
is well illustrated by the Nobel Prize in 2008 for its discover-
ers Tsien, Chalfie and Shimomura.

Finally, there is an important pillar of the “omics” revolu-
tion which allows us to identify systematic gene functions 
using the microscope. This uses, among other things, RNAi 
methods in combination with high-content biosensor 
technology. In recent years, more than half of the funds 
from infrastructure investment grants of NWO and ZonMW 
have been allocated to microscopy equipment. These have 
all been local initiatives.

The international field’s current situation is that there are 
many different labs where completely new methods are 
being developed, and with various probes/biosystems used. 
It is therefore clear that we are still at the beginning of the 
microscopy revolution. The full potential will only be 
reached if all forms of advanced microscopy are used in all 
biosystems with all of the appropriate probes. The advanced 
light microscope will play a central role in future biotech-
nological research (together with surrounding laser, 
detection, image processing, sensor and “omics” technolo-
gies), particularly in cellular systems biology. With its strong 
expertise basis and excellent international position, the 
Netherlands can play a leading role in this global develop-
ment in the life sciences.
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The multidisciplinary character of nanotechnology can 

perhaps best be seen in the area of bionanotechnology. 

Physicists, chemists, biologists and doctors come together 

within this generic theme. Imaging biological processes on 

a nano-scale can make the study of disease patterns, viruses, 

cell functions, etc. much more accurate. Various techniques, 

such as NMR (nuclear magnetic resonance spectroscopy) 

and AFM (atomic force microscopy), have made it possible 

to image molecules and to study behavior or abnormalities. 

Nano-machines can mimic nature, and therefore can be 

used to store energy or, for example, to transport and 

deliver DNA structures.

The application of devices such as lab-on-a-chip also falls 

under bionanotechnology. This includes, for example, the 

diagnosis of diseases and abnormalities at an early stage. 

Bionanotechnology is very important in the food industry 

and for the environment. Possibilities are being studied, 

and at the same time applied, to make food safer, healthier, 

tastier and cheaper. Safety, perception and risk play a large 

role in all of these application areas.

Research groups contributing to the development of this 

research theme are mainly concerned with biology and 

biophysics at the molecular and cellular levels, nanoßuidics, 

physics and (bio)chemistry of functional nanoparticles, and 

pharmaceuticals and cell biology. This research is underway 

at virtually every Dutch university, the three technical 

universities as well as the regular universities. The FOM 

institute AMOLF is also making an important contribution.

Clinicians play an important role in nano-medicine, both 

in the shaping of important questions for basic research, 

and in testing applications in clinical practice. There is a lot 

of self-organization in the Þeld, such as in the CTMM and 

BMM programs where public and private research groups 

work together on innovations in nanomedicine, focused, 

respectively, on diagnostics and devices, or in collaborations 

between biophysics and medical groups at universities and 

in academic hospitals.

The Netherlands is home to many companies, large and 

small, in the area of nanomedicine. Philips is an important 

global player. This area also includes many SMEs and 

start-ups. There is much opportunity in this area, much of 

which is realized: in diagnostics, molecular imaging, 

targeted and local drug delivery and reconstructive 

medicine.

In KP7, Europe has reserved a budget for nanotechnology 

of EUR 3.48 bn for the period 2007-2013. The budget in 

the Þrst years can be compared to that of KP6, after which 

the budget doubles. We can especially see nanotechnology 

subjects returned in KP7 themes like ÒNanosciences, 

Nanotechnologies, Materials and New Production Tech -

nologiesÓ, ÒHealthÓ and ÒICTÓ. In the theme descriptions, 

there is much emphasis on application, socially and 

economically driven research by consortia of companies 

and knowledge institutes, where there is also certain room 

for basic research. Integration of technologies for indus -

trial application is explicitly named as a theme. Involve -

ment of SMEs and dissimilation of R&D results to SMEs 

remains an important point of attention in the framework 

program.

Especially important for nano-medicine is the European 

Technology Platform (ETP) Nano-medicine, in which 

European companies and academic institutes have joined 

efforts under the leadership of Philips and Siemens. Other 

ETPs relevant for nanotechnology are ENIAC, Photonics 21 

and Artemis. ENIAC (nano-electronics) and ARTEMIS 

(embedded computing systems) have in the meantime 

become Joint Technology Initiatives, with Dutch co-Þnanc -

ing via Point-One.






