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IMAGES are at the heart of our activities. On a daily basis we are now producing Terabytes
of imaging information of molecules, cells and tissues. It is sometimes easy to forget
that it was only 5 years ago that this incredible Maastricht adventure started. With the
help of many, we were able to build M4i in record time and establish a unique ecosystem
that is now part of the Dutch large-scale scientific infrastructure. This lustrum book
reflects on the first five years of the institute, the people and organizations that have
contributed to our success. We thank them all for their continued support! The first
five years had an enormous IMPACT on the people, the organization, the university, the
hospital, the campuses, the region, the businesses, local economy and of course the
science that we are investigating. In M4i research and education is conducted across
the boundaries of disciplines where all the big societal questions can be answered. We
introduced the Collaborative Open Research Education (CORE) principle that has helped us
to build many bridges across the campus and accelerate science. INNOVATION drives our
imaging research forward and aims to break new boundaries in science. With large-scale
investments in innovative infrastructure and education, we aim to raise the technology level
of the institute, the University and the province of Limburg. The image of the future looks
bright and we hope you will continue to support us to realize it!
Peter Peters and Ron Heeren
M4i directors

M4i Mission
The mission of the institute is to perform
fundamental, instrumentation and applied studies
in molecular imaging as a part of a translational,
synergistic, interdisciplinary research programme.

M4i Targets
M4i aims to be a leading international molecular
imaging center relevant for science, education,
economy and society. The institute aspires to
generate a high-end research environment and a
unique knowledge infrastructure, attractive to top
researchers from all over the world.
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Province of Limburg
Proud to host
the LINK institutes

The Province of Limburg has stimulated and supported the programme “Limburg Invests
in its Knowledge Economy” (LINK) that formed the fundament of two new scientific
institutes, M4i and MERLN. These institutes have not only created scientific and economic
value in themselves, but also strengthened the interaction between the Brightlands
Chemelot Campus and the Brightlands Maastricht Health Campus. M4i through advanced
imaging mass spectrometry and electron microscopy and MERLN through regenerative
medicine. This enhanced knowledge infrastructure will help the region to attract and
retain existing and new companies as well as young, talented researchers. In the context
of the Kennis-As Limburg investment program, the establishment of these institutes
has contributed to innovative healthcare, the training of knowledge workers and the
development of innovative research lines and valorisation projects. Together with
Maastricht University and the Brightlands campuses we have put our hi-tech region
solidly on the map.

4
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M4i brought us more
content and an entirely
new, open culture
Prof. Martin Paul has been chair of the Executive Board
at Maastricht University since May 1, 2011. On May 1,
2019, he started his third four-year term – a period that
he and his colleagues, rector Prof. Rianne Letschert
and vice-chair Dr. Nick Bos, are using to strengthen
the university’s international standing and broaden
its academic profile. And M4i has an important part
to play in that. “Thanks to M4i, we have created an
infrastructure that’s unique in the Netherlands and
cemented our position in the natural sciences.”
“Informative diagnostics and imaging have always been two of
our main strengths at the Brightlands Maastricht Health campus,”
says Martin Paul. “We had major infrastructure in the form of
Scannexus /Brains Unlimited, with state-of-the-art scanners. At
the same time, our tradition lay in our use of electron microscopy.
But there were still a number of missing elements in the chain
from the molecule to the patient, i.e. from nanobiology and the
ultra-structure to patients in the clinic. M4i has played a crucial
role in adding modal imaging structures and was the missing link
that would help us achieve our ambition. In fact, we now have a
chain of analysis technologies that covers everything. We have
created an infrastructure that is unique to the Netherlands and
has put us firmly on the world map.”

Next door to the hospital
Martin Paul is convinced that the success of
M4i is down to the people who work there.
“To carry out research at the highest level,
you need to attract the best of the best, so
that is what we did. In turn, people who work
at the highest level attract bright young
people.” Of course, the proximity to Maastricht
UMC+, both literally and figuratively, was
an important factor in bringing people like
Prof. Peter Peters and Prof. Ron Heeren
to Maastricht. “Their research is hugely
relevant to the clinic. What’s unique about M4i
is that they are right next door to a clinical
department where new concepts – ones that

help to diagnose patients better and faster –
can be applied in practice immediately.”
Faculty of Science and Engineering
M4i is not only relevant to patient care and
diagnostics at Maastricht UMC+, but it also
puts us at the cutting edge of the natural
sciences and engineering. “M4i has people
with a background in physics, mathematics,
chemistry, and biology. That has helped
us develop our new Faculty of Science
and Engineering (FSE) and firmly establish
ourselves in the applied sciences. We have the
expertise needed for new degree programs,
such as the Master in Imaging, which has been
developed by several departments. Thanks to
M4i, we can expand in the field of the natural
sciences even further.”
There is a great need in the Netherlands
for students choosing a technological
direction, with automation, digitalization,
and robotization all becoming more
widespread. “We expect to see growth in
taking a technological approach, especially in

diagnosing diseases. An aging population means that healthcare
costs and health insurance premiums are rising. It is clear that
we can’t continue to structure everything in the same way in the
future as we do now. Much is happening right on the cutting edge
of science, technological development, and medicine, and a lot of
jobs are to be found there in the near future. With M4i, we have
the right people to provide the training that is needed.”
Building bridges
Martin Paul comes back to the important role that Peter and Ron
have played, as the founding fathers of M4i. “We have consciously
appointed them as distinguished university professors because
of the bridge that they form to other disciplines and to wider
society. And they do an excellent job at that. Peter and Ron
can make it clear to an audience of laypeople why investing in
fundamental research is important and how our work brings
added value to people in the region. Peter tours villages in
Limburg, telling them about nanobiology, an abstract subject that
he knows how to make understandable. Ron also gives lectures to
a broad audience regularly. Both of them are very visible, serving
as ambassadors for the university, the Brightlands campuses and
the Limburg as a whole, thus building a bridge to society. M4i is not
a structure that operates from an ivory tower, but a transparent
institution whose role is to serve society from within.” <<

Cultural renewal
M4i has lived up to Martin Paul’s expectations. “We achieved the
initial objective in a positive way. The institute has grown and built
up a good reputation in a short period of time, even beyond our
expectations.”
Martin Paul thinks M4i also offers opportunities for the university
as a whole. “The M4i CORE Lab is accessible to everyone, and we
generally work across disciplines. The culture is mainly focused
on interaction, getting away from the typical disciplinary silos
often found at a traditional university. That added value is vital.
For the Executive Board, M4i is one of the success stories that we
as a university have initiated in recent years.”

foto van volledig cvbnog
toevoegen.

Executive Board of Maastricht University
From left to right: Dr. Nick Bos,
Prof. dr. Rianne Letschert and Prof. dr. Martin Paul
6
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A broader pool to choose from,
partially thanks to M4i

“M4i is such an important initiative –
for this university and the hospital
alike. In fact, it is one of the first steps
of the change that the university is
undergoing in hard natural sciences,”
says Prof. Marja van Dieijen-Visser,
chair of the Board of Directors at
Maastricht UMC+. “We are actually
building an entirely new university. The
launch of M4i marks the kick-off of
the change process: heralding more
precise, technical training programs
and attracting people here. And it’s
been hugely successful, because
people come to Maastricht from all over
the world, even from other renowned
universities, to do research.”

Encourage research that
leads to wider applications

Prof. Albert Scherpbier is Dean of the
Faculty of Health, Medicine, and Life
Sciences (FHML) and vice-chair of the
Board of Directors at Maastricht UMC+.
He is passionate about connecting
people and is a great advocate of
translational research: the link between
fundamental and clinical research. So,
it’s no surprise that Albert was involved
in attracting M4i to Maastricht.
>> continue reading page 11

>> continue reading page 10
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>> continuation from page 8

>> continuation from page 9

Marja van Dieijen-Visser

Albert Scherpbier

“We were able to make a huge improvement by linking M4i’s
fundamental research to the clinic. The people behind M4i were
also searching for a link themselves, so we saw a lot of future
in that. Thanks to M4i, we’ve forged a wonderful cooperation. We
are taking huge steps in bringing science to the patient, while also
carrying out more and more fundamental research. It’s a win-win
for everybody.”

Marja believes it is important to ensure training and research
programs – such as chemistry, mass spectrometry, and electron
microscopy – are structured well enough to allow them to mature.
“We are still working together with Eindhoven University of
Technology because their people’s scientific background is the
best fit for us. But it is so important to find the right training and
research opportunities within our own four walls.”
A few years ago, when Maastricht University was less betafocused, it was sometimes difficult to find the right people. “We
had more than enough opportunities for PhD research, but the
people with the right background to carry out that research
needed to come from other universities. Now that we offer
training at this level ourselves, we can soon see who the best
people for us are. We also want to hold on to talented students
and researchers. Until now, we’ve done very well in enticing them
to stay, because we have a lot to offer – not just for PhD students
who choose M4i, but for medical specialists too. Thanks to M4i,
we now have a broader pool that we can choose from. That’s the
biggest benefit of what we are doing.”
Sound infrastructure, open platforms
“We have shown how creating open research platforms has paid
off. Not everyone needs to buy their own expensive microscope
or other equipment anymore”, says Marja. “Making apparatus
available in the lab to anyone who needs it works great.”
The collaboration with M4i has far exceeded her expectations
over the past few years. “Thanks to our platforms, Maastricht
University was included in the National Road Map of Major

Marja van Dieijen-Visser:
Clinical applications of the iKnife and the use of
electron microscopy, which allows us to see even the
smallest details, will have a huge impact on patients’
lives in the future.”
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Scientific Infrastructure at the end of
2016. This is a significant recognition that
emphasizes how important Maastricht is for
the entire country. The road map increases
the chance that applications for research
will be approved. We are more likely to carry
out cutting-edge research, especially using
state-of-the-art technology, and be one of
the first to do it.”
Platforms and technology
Technology is a vital part of successful
research, Marja continues. “We thought long
and hard about what platforms we can use
to stand out, and ultimately decided in favor
of imaging. Combining imaging from mass
spectrometry and electron microscopy
really puts us ahead of the game. We work
with different imaging techniques, putting
us in a strong position. Then, there’s also our
involvement in Scannexus, using ultra-highfield MRI scanners.”
Plans for the future
“As for the future, we intend to expand
even further and continue developing
and strengthening our skills in the natural
sciences. Our efforts are ongoing in many
areas and we are boosting our activity at the
Brightlands Maastricht Health Campus. Our
relationship with the clinic is something on
which we need to put a lot of focus. Until now,
we were mainly involved in setting up and
starting up, but now the partnership is really
starting to take off. Clinical applications of the
iKnife and the use of electron microscopy,
which allows us to see even the smallest
details, will have a huge impact on patients’
lives in the future.” <<

All types of research
“It’s very important for us at Maastricht UMC+ to undertake all
types of research. We need to carry out fundamental research
to make advances. Otherwise, we wouldn’t discover anything new.
Yet, we encourage everyone to try to find the missing link in the
whole chain. How can you work with others to put more things into
practice?”
“In practice” sometimes means the patient, but it can also be
something or someone else. The FHML is constantly looking for new
areas of application. “With M4i, that actually goes much further,
because they are so good at taking measurements that they can
detect all kinds of substances that people have used by examining a
strand of their hair. This technique can be applied in a very different
way than at hospitals. We want to encourage things that lead to
a wider range of applications – that is something we find both
interesting and important.”
From up in the ivory tower
Albert believes there have been improvements in making the
academic world more visible and establishing links with the outside
world in recent years, but there is still much work to be done. “I think
we have long been sitting up in an ivory tower where we have been
doing things for fun. But if you ask someone on the street what
they think of research, they’ll say ‘Well, what was the point of it?
It costs money but hasn’t produced anything’. That’s why we as a
knowledge institute need to make more efforts to show how useful
our research is. If you have specific applications, then you have firm
evidence.”
Ups and downs
“M4i has lived up to my expectations without a doubt. You’re always
going to have ups and downs when it comes to innovation. We’ve
had some setbacks, but that’s to be expected if you are pushing
the boundaries of what is possible. If you really go exploring the
equipment doesn’t always do what you want it to. You need to
perfect it first, or at least adapt the conditions, of course that stays
an issue. If I go into a shop to buy a piece of equipment, I know it’s
been tested extensively, but I won’t be able to do anything exciting
with it. If I buy a more advanced piece of equipment, such as the
machines devised by Ron Heeren and Peter Peters, then I know
that I won’t be able to use it to its full potential straight away. The
equipment we buy is so innovative that we usually still have to do a
lot to make it do what we want it to do. We buy advanced products
that are not finished yet, but that’s part and parcel of having the
state of the art, the absolute latest product.”
All together now
Albert is confident about the future for the hospital, the university,
and M4i as part of the university. “We have invested heavily in
equipment, including outside of M4i. Previously, if you had a stateof-the-art device, you’d keep it all to yourself. But not anymore. Now

we share the equipment we use with each
other, as it’s such a large investment. We bring
people together so we can all look for ways
to approach the same subject together with
different imaging techniques. In that way, you
can understand and explain the phenomena
much better. We’ve had a lot of meetings to
match clever people up with very special
equipment. They all loved that we could do that
and they immediately started looking into all
kinds of options.”
Data science
Data science and big data are set to play an
increasingly important role in the academic
world and beyond. “All this advanced equipment
we’ve bought produces horrendous amounts
of data. We need to learn how to process it,
how we can harness the potential of all that
data. We’ve been doing well on that front so
far. The great thing is that no one talks about
who owns that data and how it needs to be
regulated. Together, we look at what we can do
and what we can improve. It’s a very collegial
atmosphere. Breaking down the silos required
a change in culture, but everyone agrees that
it was a step in the right direction.”
Attracting people and retaining them
Attracting and retaining students and postdoctoral researchers are getting better, says
Albert. “The university has taken important
steps in deciding how the Faculty of Science
and Engineering (FSE) is structured. The good
news is that students who choose FSE all
come to work together on this campus. If
you have offices close to each other, it’s only
natural that you interact with each other. That
increases the likelihood that you’ll stick around.
We started developing the Master in Molecular
Imaging, as part of which you get to work with
some lovely equipment. That’s a huge asset.
There is a shortage of technically trained staff,
so we must carry on bringing new degree
programs to the market to meet the demand.
But that’s well within our realm of possibility. I
think there’s a great future in store for us.” <<
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Our molecular
imaging infrastructure
is exceptional

In 2014, distinguished university professors and
directors of M4i Peter Peters and Ron Heeren moved
their laboratories to Maastricht to start the Maastricht
MultiModal Molecular Imaging institute M4i. The city’s
international focus, the ambitious plan of the province
of Limburg, the excellent scientific infrastructure
available, the hi-tech companies based in the area, and
the way their research could be translated to clinical
practice were the most important factors behind the
move. And the fact that Maastricht is a wonderful place
to live and relax also helped. Peter leads the nanoscopy
division, whereas Ron heads the division of imaging mass
spectrometry. >>
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Peter Peters:
We stimulate shared
leadership among the
principal investigators.
That makes it much
easier to distribute
knowledge.

Ron Heeren:
Across the boundaries of
different disciplines is where
exciting science happens.
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Prof. Steven Olde Damink, Director of Surgical Research
Laboratories at Maastricht UMC+, (see interview p. 45) was
the one to convince Ron about the opportunities of Maastricht.
Together with Ron and Prof. Jos Smits he wrote a proposal that
ultimately saw the birth of the LINK program (Limburg Invests in its
Knowledge Economy), which in turn led to the creation of research
institutes M4i and MERLN.
From Amsterdam to Maastricht
“Steven made it happen and had a catalytic role,” says Ron. “He
asked me during a research visit to AMOLF, behind one of our mass
spectrometers, what I needed to move my research group at
AMOLF from Amsterdam to Maastricht. I told him that we needed a
complementary investment in an electron microscopy division, in
addition to our equipment. That’s where Peter came in, through a
contact with Frans Ramaekers. Peter started in January 2014 while
I moved in September 2014. At AMOLF, we carried out some great,
technologically driven research in the field of molecular imaging
techniques. But to my frustration, we were not able to translate
our discoveries to clinical practice. Our technology was never

used for patients for the simple reason that
the hospital was only a few kilometers away.
Maastricht was a place where we could work
with clinicians directly, to see our research
used in action.”
From Delft to Maastricht
Before coming to Maastricht, Peter spent
fifteen years working at the Antoni van
Leeuwenhoek - Netherlands Cancer Institute
in Amsterdam, where he looked at how
cells function at the nano-level. He became
more and more interested in technological
developments in nanobiology and sought a
closer cooperation with TU Delft, where he
spent one day a week as a professor. At the
Netherlands Center for Nanoscopy (NeCEN) in
Leiden, initiated by him, he managed to land a
grant worth €20 million, enough to purchase
two advanced microscopes. “I missed the

Directorate M4i
Peter J. Peters and Ron M.A. Heeren
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Advisory Board
Joachim Schneider
John A. Jansen
Albert J.R. Heck
Marileen Dogterom
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Helen Schott
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Raimond Ravelli
Membrane
Biochemistry
Axel Siroy
Microscopy CORE Lab
Carmen López-Iglesias

Head of
Business Office M4i
Sef Janssen

Clinical link
Maastricht UMC+
Steven Olde Damink

peripheral infrastructure in order to create
a complete research workflow so I couldn’t
make full use of the microscopes. Leiden said
they would take care of it, but couldn’t fulfill
its promise. Delft was creating an opportunity
for me that I was about to accept and move
there when I got a phone call from Maastricht.
The university’s plan sounded so promising
that I enthusiastically chose without any
reservations the offer in Maastricht. I was
raised on a farm in Limburg, and I knew the
city. I knew that it was home to plenty of
international students and researchers, which
appealed to me too.”
Crossing borders
Peter was the first ‘distinguished professor’
at Maastricht University, a title that was
later also bestowed to Ron upon his arrival
to Maastricht. Distinguished university
professors are tasked to promote scientific
developments that transcend traditional
disciplines. They also play a profiling role
in the academic and societal debate. M4i
is structured in such a way that it makes
transcending disciplines only natural. Peter
continues, “We are a very open organization,
which is reflected in the abundance of glass
everywhere. You can look inside any of our
offices or labs. We all sit alongside each
other; there aren’t any silos and we stimulate
shared leadership among the principal
investigators. That makes it much easier
to distribute knowledge. And it is by far the
nicest way to work, as far as I am concerned.
It is comfortable with a personal touch, where
you can get on with your work quietly while
remaining very accessible.” Ron cites growing
organoids as an example of cross-discipline
cooperation. “Peter does that morphologically.

At the end of 2016, M4i was
included in the National
Roadmap Large-Scale
Scientific Infrastructure.
This was and is significant
recognition that emphasizes
the rapidly increasing impact
of Maastricht’s technological
research and education in
the Netherlands.

Flagship Nodes
Regional Nodes
Central Access Node
I do it with molecules. By
working together, we can
learn a lot about how an organ
responds to therapy and what the effects of drugs and toxic
substances have on cells.”
Hi-tech to a higher level
With Maastricht UMC+ and the Brightlands open innovation
community campuses, Limburg was already known for hi-tech
even before the beginning of M4i, but the province wanted to
take things to an even higher level. “It was quite an opportunity,”
according to Peter and Ron. “The university and the province
were really focused on the biomedical sector. The Maastricht
Science Program had a growing Bachelor degree program
and the engineering and technology programs needed to be
accelerated, since the demand for these people continued to
grow. ”
At the end of 2016 the institute was included in the National
Roadmap Large-Scale Scientific Infrastructure. This was and
is significant recognition that emphasizes the rapidly increasing
impact of Maastricht’s technological research and education
in the Netherlands. As a result, M4i bid for new investments,
managing to obtain €6.5 million. “The investment in equipment and
technology is unique in the world,” Ron explains. “Our collection >>

Division of
Imaging Mass Spectrometry
Biomolecular Imaging Mass Spectrometry
Ron M.A. Heeren
Imaging Instrumentation
Shane Ellis
Imaging Bioinformatics
Benjamin Balluff
Mass Spectrometry Imaging CORE Lab
Berta Cillero Pastor
Quantitative MS Imaging
Rob Vreeken
TRAC-ID
Tiffany Porta
Systems Imaging
Maarten Honing

Organisational structure
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Ron Heeren

The students are contributing to innovative
research in all areas, and we want to give
them a successful start to their careers in
the region.”

of imaging equipment here is exceptional. There are maybe a few
other places in the world with so many state-of-the-art devices
in one location, but we are the only place where research is
embedded in the clinical environment. We work with many clinical
groups and our findings are immediately applied to diseases.”
A huge impact
The impact of M4i is significant. According to figures from the
province, M4i and MERLN together are responsible for creating
200 direct jobs and approximately 800 indirect jobs. Peter
continues, “Our infrastructure is so unique and so important
that it has attracted partnerships from day one. Together with
companies, we tackle major projects. Our presence has helped
new companies to start up at the Brightlands campuses, even
ones with different technology and engineering tools. We also
develop and build scientific instrumentation with our next-door
engineering department ‘Instrument Development, Engineering
and Evaluation (IDEE)’ and launch companies, such as CryoSolWorld, which make instruments for specimen preparation to then
view with the electron microscope (see interview p. 54).
Education and research
The scientific output of the research groups started from
scratch. But they have since published in a wide range of leading
journals. Ron says, “When we started here, I was worried that
everything would take a while. But I was wrong. Between 2014
and 2017, we built our offices and our laboratories and organized
our people. That allowed us all to focus on the ‘real’ work. Without
the support of the university, our colleagues, and the province,
that would never have been possible. What we have achieved in
the first five years demonstrates the commitment across the
entire organization and our partners, kudos to all.”
Peter and Ron shape scientific research, oversee the work and
also educate young scientists. “I like to give my input in education
and I enjoy teaching,” says Peter, who was twice named Teacher
of the Year at both the university of Utrecht and Amsterdam.
“We want to serve as a catalyst for education. We contributed
to the newly created Faculty of Science and Engineering (FSE)
where international educational programs are offered with a
strong technology focus at Bachelor, Master, and PhD levels.
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Ron says, “We are changing the profile of
the university with more technology and
engineering. That new profile targets a new
type of student that are educated across the
boundaries of disciplines, including business
and engineering. And vice versa, because at
M4i we need students who previously couldn’t
be trained here – students with a deeper
biological, chemical, physical or engineering
background. We want to educate people to a
higher level than ourselves. We want to shape
the careers of the new generation: We want
to help them move forward developing their
scientific ideas. Of course, Peter and I will
continue to do our own research, and young
people are needed to get us even farther
out of our comfort zone. Being open to input
and ideas from younger people is incredibly
important for the success of our institute.”
The next generation
The tenure trackers are now building their
own research groups. Ron says, “These
tenure trackers have to make their own mark
in the future. It’s not about us, but about
science. M4i offers a unique start, regardless
of the point in your career, students and
established scientist alike. They have access
to infrastructure that they could otherwise
only have hoped to work with by spending
years writing research proposals. Peter
continues, “Students and tenure trackers
have to buy in to this interdisciplinary
collaborative environment. We want them
to be scientifically challenged and enjoy the
opportunities we offer so that they can
launch successful careers inside or outside
our academic setting. There is not much
to offer in this region in terms of technical
education, but we’re working hard to change
that.” Peter also helped the Jülich Research
Center to set up a large microscopy center
at the cost of €30 million. “This is home to the
most significant, most advanced microscopes
in the world. So, our scientists get access to
that infrastructure too.”

Peter Peters

Recently, M4i was visited by KU Leuven.
Ron says, “This could well turn into a
knowledge-sharing partnership between
Maastricht and Leuven. That cooperation
would not be possible without our largescale infrastructure.” M4i also received visits
from researchers from many continents,
looking to work with the molecular imaging
techniques. “This is wonderful because we
intend to strengthen our area of expertise
through these collaborations, but of course,
we want to remain innovative and at the
forefront of imaging science and technology,”
says Ron. “We don’t want to be stateof-the-art, but ahead-of-the-art. And
we’ve done well to do that thus far.” Peter
continues, “That’s because people here are
open to technological change. There are no
conservative or entrenched thinkers here;
the people are flexible, the atmosphere is
dynamic, and everyone enjoys tackling new
topics that finally improve the well-being of
patients and society as a whole.”
Collaborative Open Research Education
Sharing, collaborating, doing new things,
reinforcing each other... that is all part of the
CORE principle: Collaborative Open Research
Education. “That’s the way science needs to
be,” both professors agree. “The academic
world needs to be open to working across
disciplines and attracting the support of the
business. Top-level research and innovative
education must go hand in hand. It is nice to
see the CORE concept being rolled out in other
fields and facilities.”
Its flagship feature is the CORE Lab, which is
accessible to internal and external groups,
such as employees of DSM or Bayer. “There’s
a lot we can do with this,” says Ron. “It is an
incredibly important tool to have. We open
our platforms up to others and show them
what we can do. This is an attribute that the
university can show off and serve a lot of
people from the region and far beyond.”
Transparent and relevant
In 2022, some 2,000 scientists will come
from all over the world to the MECC for the
International Mass Spectrometry Conference
(IMSC), something which would never have

happened without M4i or Ron as the initiator. “We’re really gaining
a name for ourselves. That allows us to show how attractive the
region is, especially as a conference destination.”
Peter and Ron hope that the presence of M4i will help to make
Maastricht the European hotspot for molecular imaging expertise
and infrastructure with huge implications for the economy
and society. “We want to create user programs that will bring
scientists here, so they can publish their results and become
ambassadors of Maastricht science.”
But those kinds of projects are expensive, mostly paid for by
public money. “So, we make ourselves accountable by being
transparent and by sharing our knowledge and equipment, so
as many people as possible can benefit. That’s one thing we love
about our work: we get to establish contact with people from all
over the world and have an enormously positive impact on their
research.” <<

Ron Heeren:
“We are changing the
profile of the university
with more technology
and engineering. That
new profile targets a
new type of student
who is educated across
the boundaries of
disciplines, including
business and
engineering. And vice
versa”.

Peter Peters:
“Our infrastructure
is so unique and
so important that
it has attracted
partnerships from
day one. Together with
companies, we tackle
major projects. Our
presence has helped
new companies to
start up.”
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The staff of M4i
Key to the success of any institute are the individuals that define and implement the
mission of the institute. The staff of M4i has a broad knowledge base that covers a wide
variety of competences. Their creativity, work ethos, skills and scientific endeavors
define images, impact and innovation of the institute. The establishment of M4i in the
last five years, with all the challenges and innovations encountered, would not have been
possible without their continued efforts. They are the foundation of the future of M4i.
Left to right:
Helen Schott, Shane Ellis, Raimond Ravelli, Carmen López-Iglesias , Benjamin Balluff,
Tiffany Porta, Maarten Honing, Berta Cillero Pastor, Anita Mühlegger.
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Facts andgrowth
Financial
figures

17,368

All figures x € 1,000,-

Mass Spectrometry Imaging with Isomeric Resolution Enabled by Ozone-Induced Dissociation.
Martin R. L. Paine, Berwyck L. J. Poad, Gert B. Eijkel, David. L. Marshall, Stephen J. Blanksby, Ron M. A. Heeren and
Shane R. Ellis
Ang. Chemie Int. Ed. (2018) 57, 10530-10534

Cumulative results since the start in 2014
M4i Imaging Mass Spectrometry

10,884

11,006
5,296

M4i Nanoscopy

8,107

3,216

Efficient Functionalization of Additives at Supramolecular Material Surfaces
Olga J. G. M. Goor, Henk M. Keizer, Anne L. Bruinen, Moniek G. J. Schmitz, Ron M. Versteegen, Henk M. Janssen,
Ron M. A. Heeren and Patricia Y. W. Dankers
57
Advanced Materials (2017) 29, 1604652

2,613
2,173

Spatial systems lipidomics reveals nonalcoholic fatty liver disease heterogeneity
Klára Šcupáková, Zita Soons, Gökhan Ertaylan, Keely A. Pierzchalski, Gert B. Eijkel, Shane R. Ellis, Jan W. Greve,
Ann Driessen, Joanne?Verheij, Theo M. De Kok, Steven W.M. Olde Damink, Sander S. Rensen, and Ron M.A. Heeren
Analytical Chemistry (2018) 90, 5130-5138
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640
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2015

3D Host-Pathogen Interface Mapping Defines a Lethal Role for Inflammatory Lipids.
Alison J. Scott, Julia Maria Post, Raissa Lerner, Shane R. Ellis, Joshua Lieberman, Kari Ann Shirey, Ron M.A. Heeren,
Laura Bindila, Robert K. Ernst
P. Nat. Ac. Sci (2017) 47, 12596-12601
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Long-term expansion and differentiation of adult murine epidermal stem cells in 3D organoid cultures
Kim Boonekamp, Kai Kretzschmar, Dominique Wiener, Priyanca Asra, Sepideh Derakhshan, Jens Puschhof,
Carmen López-Iglesias, Peter J.Peters, Onur Basak, Hans H. Clevers
Proc. Nat. Acad. Of Sci. (2019) 116, 14630-14638
Fibril structure of amyloid-β(1–42) by cryo–electron microscopy
Lothar Gremer, Daniel Schölzel, Carla Schenk, Elke Reinartz, Jörg Labahn, Raimond B. G. Ravelli, Markus Tusche,
Carmen López-Iglesias, Wolfgang Hoyer, Henrike Heise, Dieter Willbold, Gunnar F. Schröder
Science (2017) 358, 116-119
Visualization of a short-range Wnt gradient in the intestinal stem-cell niche
Henner F. Farin, Ingrid Jordens, Mohammed H. Mosa, Onur Basak, Jeroen Korving, Daniele V. F. Tauriello,
Karin de Punder, Stephane Angers, Peter J. Peters, Madelon M. Maurice & Hans Clevers
Nature (2016) 530, 340–343

11

2014

Automated, Parallel Mass Spectrometry Imaging and Structural Identification of Lipids
Shane R. Ellis, Martin R. L. Paine, Gert B. Eijkel, Peter Husen, Martin Hermansson, Christer S. Ejsing and
Ron M. A. Heeren
Nature Methods (2018) 15, 515-518
Visualizing Localized Hepatocellular Amino Acid Kinetics through Mass Spectrometry Imaging of Stable Isotopes
Martijn Arts, Zita Soons, Shane R. Ellis, Keely A. Pierzchalski, Benjamin Balluff, Gert B. Eijkel, Ludwig J. Dubois,
Natasja G. Lieuwes, Stijn M. Agten, Tilman M. Hackeng, Luc J.C. van Loon, Ron M.A. Heeren, Steven W.M. Olde Damink
Angewandte Chemie Int.
Ed. (2017) 56, 7146-7150
58

6,514
3,177

Publication highlights
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58

57

53
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2019

Long-term expanding human airway organoids for disease modeling.
Sachs N, Papaspyropoulos A, Zomer-van Ommen DD, Heo I, Böttinger L, Klay D, Weeber F, Huelsz-Prince G,
Iakobachvili N, Amatngalim GD, de Ligt J, van Hoeck A, Proost N, Viveen MC, Lyubimova A, Teeven L, Derakhshan S,
Korving J, Begthel H, Dekkers JF, Kumawat K, Ramos E, van Oosterhout MF, Offerhaus GJ, Wiener DJ, Olimpio EP,
Dijkstra KK, Smit EF, van der Linden M, Jaksani S, van de Ven M, Jonkers J, Rios AC, Voest EE, van Moorsel CH,
van der Ent CK, Cuppen E, van Oudenaarden A, Coenjaerts FE, Meyaard L, Bont LJ, Peters PJ, Tans SJ, van Zon JS,
Boj SF, Vries RG, Beekman JM, Clevers H.
EMBO J. (2019) Feb 15, 38(4).
Long-Term Expansion of Functional Mouse and Human Hepatocytes as 3D Organoids.
Hu H, Gehart H, Artegiani B, López-Iglesias C, Dekkers F, Basak O, van Es J, Chuva de Sousa Lopes SM, Begthel H,
Korving J, van den Born M, Zou C, Quirk C, Chiriboga L, Rice CM, Ma S, Rios A, Peters PJ, de Jong YP, Clevers H.
Cell. (2018) Nov 29, 175(6):1591-1606
Humans in a Dish: The Potential of Organoids in Modeling Immunity and Infectious Diseases.
Iakobachvili N, Peters PJ.
Front Microbiol. (2017) Dec 5, 8:2402
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Shane Elllis

M4i is a
one-in-a-million
opportunity
Benjamin Balluff

At the end of his PhD in Australia, Shane Ellis considered a postdoc in Europe. “My professor told
me about a position at AMOLF with Ron Heeren. My partner and I liked the idea of moving to Europe
for a year, so we went. A year abroad and then back home was our plan. How differently that
turned out.”

At AMOLF Shane worked on the development
of innovative active pixel detectors for
charged particle detection, with applications
in imaging mass spectrometry and ion mobility
spectrometry. He enjoyed the challenge of
taking on a more instrumentation-focused
project after his PhD. As his two years were
coming to an end Shane and his partner
wanted one more year in Europe, both for the
science and for ticking more things off their
ever-growing travel wish list. “One night Ron
and I went to the pub to discuss an extension.
He told me it was likely he and the group were
leaving AMOLF and out of the blue he offered
me an Assistant Professor position at M4i
in Maastricht. That caused us some serious
thinking. We both loved living in Amsterdam—it’s
such a cool and vibrant city. We had our jobs,
our friends, and were finally settled.”
From Amsterdam to Maastricht:
a wise move
But they took the gamble and moved to the
south of the Netherlands anyway. “Workwise
it was a one-in-a-million opportunity. You
don’t get this kind of offer very often; most
people never get an opportunity like M4i was
proposing. So we decided to take the risk.”
For Shane, the start at M4i was a challenge but
an invaluable learning experience at the same
time. “It was a challenge as it took considerable
22

time to build up the lab infrastructure, so of course 2014 and 2015
coincided with a dip in research output. To do research you need
equipment, but that wasn’t ready. And to teach you need students,
but the science program wasn’t very big yet in 2014, so there
weren’t many options to teach in fields aligned with my background.
However, it was an invaluable experience to build up a new lab
from scratch. Most people never get such an opportunity. New
infrastructure had to be set up and I was fortunate to have a say
in the types of infrastructure we would invest in and customize,
and that I could utilize for my own growing research ambitions.”
On top of that, Maastricht as a city proved to be great. We were
very skeptical of the move to Maastricht after Amsterdam, but in
the end, it was a good choice. The city was a pleasant surprise. It’s
a beautiful town with a relaxed atmosphere and too many great
restaurants to count. Also, houses are still affordable here, so we
even bought our first house. My (now) wife got a marketing job at
the university quite quickly which also made the transition much
easier. We have thoroughly enjoyed our time in Maastricht.”
M4i is unique
Shane doesn’t regret his dive into the deep. “M4i is unique in
terms of infrastructure and possibilities. The closeness to the
hospital and the university is a good thing. It is easy to work on
multidisciplinary projects, to work with different people in the
academic world and industry both locally and abroad, including
leading mass spectrometry manufacturers.
New technologies to understand molecular complexity
Combining the fields of chemistry, physics, and biology, the central
theme of Shane’s research is the development and application of
state-of-the-art mass spectrometry technologies to understand

complex biochemical processes occurring
in tissue and cells. This includes developing
new approaches to visualize these processes
at ever-increasing spatial and molecular
resolution. “Since my PhD, I have a particular
interest in lipids. These are an often overlooked
molecularly species but are intimately linked
with almost all biological processes, yet their
detailed analysis and imaging have so far
presented a challenge. This is largely due
to their diverse chemical properties and
structures. My group has developed several
new technologies at M4i to study and image
lipids in greater detail than previously possible,
while also applying these new methods
to better understand the roles of lipids in
disease. Related to this, I have been fortunate
enough to play a big role in several instrument
development projects where I have learned
a lot about the complexities and subtleties of
mass spectrometry—the kind of stuff you
never find in papers or books. It is great to see
your ideas come to life and actually work.”
Back to Australia
Despite a thoroughly enjoyable and productive
time at M4i, Shane will return to Australia in
2020. Instead of one year in Europe as he
intended, he will have spent almost seven
years in the Netherlands. “I was recently
offered a new position to start my own group
at the University of Wollongong in Australia.
This is a fantastic opportunity to build on all the
lessons and connections I have made at M4i
and establish a new imaging group in Australia.
Of course I will miss Maastricht and M4i
immensely, but I will be back.” <<

We have a high
level of freedom
and that fits my
character
Benjamin Balluff recalls three good reasons for him to
come to M4i in April 2015: “It was the ideal step up the
academic ladder to become an assistant professor. It
was an opportunity to work with Ron Heeren who has an
excellent standing and reputation in his field. And M4i has
state-of-the-art instrumentation. So when Ron offered
me a position, I gladly accepted his invitation.”
“Besides his academic reputation, Ron is a nice and likable person.
But he didn’t convince me with his charm to come to Maastricht,
he convinced me with facts. There are not many places where
I can do the research I do. I could have stayed in Leiden, where
I enjoyed what I was doing, but it is refreshing to change
your environment every once in a while.” Benjamin had visited
Maastricht before and the city pleased him. “Maastricht is a
beautiful, nice city, and it is closer to Germany where my family is.”
No future in sales
Benjamin started his academic career as a student in
bioinformatics. “During my Bachelor, I worked as a salesperson
for scientific software. I stood behind the product but I hated to
sell it. I don’t like to follow people around. I lasted half a year. It was
a good learning experience to discover that my future was not
in sales. I wanted to do research. Of course, there is also a sales
component to my work; I have to sell myself and my research, but
that is so much easier and more satisfactory.” >>
M4i 5 years molecular imaging
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Raimond Ravelli
During his PhD, Benjamin moved into mass spectrometry imaging.
He did cancer research and used mass spectrometry imaging
for biomarker discovery in gastric cancer. He mainly worked in
the lab. As a postdoc in Leiden, he returned to his roots, with data
exploration. Benjamin developed novel unsupervised approaches
to detect clinically-relevant intra-tumor heterogeneity in MSI
datasets. At M4i he is back at bioinformatics and mainly working at
his computer.
Being my own boss
“Scientifically I have reached the point where I am kind of my own
boss. Ron lets us more or less do whatever we want as long as we
have success scientifically and as long as we have fun with it. It is
a luxury to work this way. It is good to have this level of freedom
and it suits my character. There is only one person to blame if
expectations aren’t met and that’s myself. I am not a big dreamer or
visionary. I would like to stay in academia and I am happy with every
small scientific step forward. This is the most convenient way of
working for everybody including Ron since he has no time or the
wish to control every detail.”
For the scientific part of his job as an assistant professor,
Benjamin is responsible for imaging bioinformatics. “We have
done a lot on mass spectrometry imaging. In the early years, we
emphasized the mass spectrometry side and not so much the
image interpretation side. So I will do more in that direction. The
development of imaging requires the integration of the needs of
our clinical partners. There is, for example, more and more interest
in digital pathology, so we have to respond to that.”
Inspire students for computing
Benjamin inspires students to get involved in computing as a part
of his teaching responsibilities. He likes to teach. “I have a lot to
do with students and some of them I really connect with. They
take up what we teach them. I give a systems biology course to
students with no background in computing. It is very nice to see
that after following the course some of the students really want to
pursue a career in computing. Some of them even ask for a letter
of recommendation for Master courses in computational biology,
which was totally not their direction before. They really take on
that challenge. Other students find out during the course that
computing is not their thing and that’s a valuable lesson as well.”
Students surprise me
“We help students to orientate. During internships, it is sometimes
the case that both parties don’t enjoy it, but that’s okay. It’s also
important for the interns to find out what they don’t like.” Many
students are interested in M4i and every year enough new ones
sign up. But for Benjamin’s field of computing, it is more difficult.
“We have no informatics curriculum, and there is a large demand
for computer science students across the whole university. Some
students come from biomedical sciences and completely surprise
me with how good they are in programming.” <<
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Dr. Raimond Ravelli and Peter Peters
first met in Amsterdam. Their mission?
To take cryo-electron microscopy in
the Netherlands to a higher level. But
the infrastructure they needed was
expensive, and not every institute
could afford it. “When Peter said that
we would get our own equipment at
M4I, I knew it was the right decision.”
In 2014, Raimond headed to Maastricht
to help Peter set up a new nanoscopy
team. Raimond had already spent his
scientific career in various European
cities.
Studying chemistry at Utrecht University and
obtaining his PhD in that field, he subsequently
moved to Grenoble in France, where he worked
on a circular particle accelerator, known as
a synchrotron, for the European Molecular
Biology Laboratory (EMBL). “As a chemist, I like
trying to understand life by looking at atoms
and molecules. I looked at protein structures
by using X-rays, a very powerful tool when
your biological material can crystallise.
Studying protein crystal structures was very
exciting, because a lot of new experiments
could be carried out with the new-generation
synchrotron in Europe. Many people joint the
field, and the results were groundbreaking.
There have even been Nobel Prizes awarded
with data gathered from my beamline. That
pioneering phase was tremendous exciting.
Then came the question of how we could
do things more efficiently, automated, and
on a bigger scale. This next phase was less
appealing to me.”
Pre-pioneering
The early 2000s saw two particularly
promising emerging techniques: working with
the electron microscope – a field in which
the Netherlands has traditionally enjoyed a
very good reputation – and working with an
X-ray free electron laser. “In 2007 I decided
in favor of the electron microscope, also
partly because I wanted to come back to
the Netherlands. I saw great potential, but
not everything was yet in place in terms
of the technology. To be able to build new
protein structures in a three-dimensional
experimental density map, that map has
to be of a certain quality. In practice, it
wasn’t really possible yet to solve unknown
three-dimensional protein structures using
electron microscopy. We were not even in
the pioneering phase, but rather in the prepioneering phase.”

An amazing
journey to
the centre
of life

Electron microscopes
Electron microscopes are so expensive that
not every university or institute can afford to
buy one. During that time, Peter was already
working on creating the Netherlands Center
for Electron Nanoscopy (NeCEN). “NeCEN had
to become a center that was open to a variety
of different people for use. In practice, all the
money was spent on equipment and not on
people. I was itching to get started using these
microscopes and thought I could add value
with my experience from Grenoble, where I had
facilitated hundreds of people to reveal protein
structures.
New beginning
“In 2012, the promise of electron microscopy
began to come to fruition and both detectors
and software improved.” Raimond explains.
“By 2013, the technology had developed
enough to allow us to see everything properly.
Where I was using X-rays in the past to look
at structures, one could now study protein
structures using an electron microscopy, also
on non-crystalline samples. I went back to my
favorite pioneering phase, but I wasn’t where
I should have been. So, when Peter asked
if I wanted to come to M4I and said that we
would have our own lab there with our own
equipment, I jumped at the chance.”
Peter as a cell biologist and Raimond as a
chemist and structural biologist complement
each other well. “For purified proteins, we have
now (2019) grown out of the pioneering phase.
However, in Maastricht, we want to see what
proteins look like in their natural environment:
the cell. This research is still in that pioneering
phase that I love so much.”

A nice city
Raimond has no regrets about choosing Maastricht. “It’s a very
nice city. There’s plenty of choice of where to live, the surrounding
landscape is beautiful, and schools still welcome every kid. It’s great
that Maastricht University is quite small. The hierarchy is clear, the
communication lines are short, and there’s a good atmosphere.
Hopes and dreams
Raimond intends to stay in Maastricht for the time being. “I mainly
worked with post-doctoral researchers and technicians in the
past: now here in Maastricht, I mainly work with PhD candidates. It
is exciting to work with them, travelling together into the depths of
a cell and discovering novel three-dimensional structures of life. I
want to put our lab more firmly on the world map. Visualising and
understanding new proteins in their natural environment of the cell
is the primary purpose. We hope to understand certain diseases, in
particular tuberculosis, much better at the molecular level, so new
targeted drugs and vaccines can be designed.”
Looking ahead, Raimond wants to strengthen links with industry.
“The Vitrojet is one example of a product I co-invented (see
interview p. 54). In the future, I would also like to study several
other fundamental issues for visualizing protein structures.
Ghost imaging is one such topic, which is based on the principle of
viewing an object with a camera not directly but by using entangled
photons to form an image. Within a European consortium, we
are investigating how this principle can be translated to electron
microscopy. This is a real pre-pioneering field where we hope to
reap the fruits of our labor over ten years or so.” <<
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Klára Ščupáková and Lieke Lamont

We are lucky to be
PhD candidates at M4i
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Lieke Lamont:
“The facilities were great. The
amount of instruments we now
have access to is unique in the
country; that makes us quite
lucky as PhD candidates.”
Two PhD candidates, Klára Ščupáková
and Lieke Lamont, tell why they chose
M4i and Maastricht. They look back
on how they started at a location that
was not yet completely ready to start,
reflect on what they’ve learned, and
look ahead to their future, either in the
academic or the industrial world.

Klára met Ron Heeren when she was a
Bachelor student in biochemistry applying
for a one-year internship at AMOLF: “During
the interview, Ron already informed me
that halfway through my internship he and
his research group were going to move to
Maastricht.” Klára’s Bachelor thesis focused
on understanding Alzheimer’s disease through
biomedical tissue analysis using mass
spectrometry imaging. She planned to do her
Master in Sweden, but due to an administration
error from the university, her application
was never considered. “I had to quickly
change my plans. I figured out that I could do
an interesting Master in Systems Biology in
Maastricht and work as a lab assistant for Ron
at the same time.”

Klára Ščupáková:
“I didn’t know about my career
possibilities in Maastricht and
M4i at that time, but after
the first meeting with Ron,
I was convinced. I got very
excited and knew this PhD
project was such a unique
opportunity.”
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Cool project
Klára was part of a European Marie Curie fellowship that allowed
her to work for one year in a partner company in Leuven to learn
about image processing and image analysis. When she came back
to Maastricht, Ron asked her if she was interested in a specific
PhD project. “In the beginning, I hesitated about accepting the
position. Not because of the people, the research, or the place, but
because I was not sure if staying in the same group, with the same
professor and the same technology would harm my ambitious
plans for my future career. It felt like taking an easy route. But then
I looked at my CV and how many changes I had already made, from
a biochemistry Bachelor to a systems biology master. I already
lived, worked and studied in different places. And I realized that
I had already done quite a variety of things. Looking at the cool
project Ron was offering – the Johns Hopkins collaboration is
indeed unique, but also the nature of the project combining biology
and data analysis was very challenging and exciting to me - I knew
staying was a good choice.”
Unique opportunity
Lieke worked for four years between her Master in chemistry and
analytical sciences and her PhD, first as an analyst at Crucell (now
Janssen Pharmaceuticals) and later as a research technician at
Leiden University. There she was hired by Dr. Rob Vreeken, who
later moved to Janssen Pharmaceuticals. “When that company
started to collaborate with Ron at M4i, two PhD positions became
available, and I was approached for one of them. I didn’t know
about my career possibilities in Maastricht and M4i at that time, but
after the first meeting with Ron, I was convinced. I got very excited
and knew this PhD project was such a unique opportunity that I
went from a ‘fulltime relationship’ with my husband in Leiden to a
‘weekend relationship’.
Maastricht, a perfect city for students and starters
Soon after her arrival in Maastricht, Lieke discovered that it’s a
beautiful city located in a beautiful, green area. “It is certainly a
great place to live for students and people at the beginning of their
careers.”

Klára agrees that Maastricht is a perfect place
for youngsters: “I have visited many places in
the world and the Netherlands and lived in a
couple of them. The first few years I preferred
Maastricht over Amsterdam. Maastricht is not
so crowded, there is not so much fuss and
you get around easily. The level of English is
great and most people are warm to foreigners.
Students and staff from M4i come from all
over the world and most of them have no
family here, so we become each other’s family.”
Interesting operation
Klára was present right at the start of M4i.
Lieke came to M4i a year later, in December
2015. “It was a cool experience to start in a
new place”, Klára remembers. “To dismantle
the lab in Amsterdam and pack it up to unpack,
assemble and install it in Maastricht was a
big and interesting operation. M4i was not
totally ready to receive us so we had many
temporary offices and lab settings. There was
equipment at every level of the building which
was a bit frustrating and confusing. It took a
lot of time and I’m glad I wasn’t a PhD candidate
back then. But it was also a very cool, exciting
period. I met a lot of people from industry, and I
learned a lot taking the instruments apart and
building them up.”

get the most out of us.”
Klára: “I don’t have many people to compare Ron’s management
style with, but I totally agree that he is a good and very positive
supervisor. At AMOLF he only managed about ten persons, but at
M4i he has a much bigger group and he still tries to stay involved
and keep connected. He motivates you to continue, to put your
skepticism aside if you’re not happy with your research outcomes.
I also agree on the uniqueness of M4i: Scientifically and technically,
with the advanced instrumentation we have in-house, M4i is a
front runner that offers great opportunities.”
Future plans
Despite being so positive about M4i, Klára will leave after her PhD.
“It’s definitely time to move, to change my environment, to work
with other technologies in another setting. I will change academia
for industry. My personality doesn’t fit with the slow pace of the
academic world. I have recently moved to Eindhoven. Maastricht
is beautiful, but the city was getting too small for me.” Lieke, on
the other hand, wants to stay in academia for a little while and is
looking to continue as a postdoc: “Scientists are increasingly using
mass spectrometry imaging in preclinical and clinical research.
There is so much more to discover.” <<

A positive, supportive supervisor
When Lieke arrived at M4i, everything
was more or less organized and settled.
“The facilities were great. The amount of
instruments we now have access to is unique
in the country; that makes us quite lucky as
PhD candidates. Ron as a PhD supervisor is
supportive and involved, and he knows how to
M4i 5 years molecular imaging

29

Abril Gijsbers and Casper Berger

Good workflow,
great atmosphere,
unique techniques
30
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Abril Gijsbers:
“The techniques make the
research much stronger.
Another big plus is the
connections between M4i, the
hospital, and other research
groups.”

Two PhD candidates, Casper Berger and
Abril Gijsbers, tell why they chose M4i
and Maastricht. They look back on how
they started at a location that was not
yet completely ready to start, reflect
on what they’ve learned, and look ahead
to their future; either in the academic
or the industrial world.
Casper already worked on microscopy before
his arrival in Maastricht: “I enjoyed working
with high-end microscopes. So I thought,
why not take the step to cryo-electron
microscopy? Also, the research was in my field
of expertise, tuberculosis. I really like working
on host-pathogen interaction.” Maastricht was
unknown to Casper but he decided to jump
into the deep end: “Coming to M4i was a unique
opportunity to learn a lot and to operate in a
booming field that is rapidly evolving.”

Casper Berger:
“Coming to M4i was a unique
opportunity to learn a lot and
to operate in a booming field
that is rapidly evolving.”
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Open lab
The microscopes also convinced Abril, amongst others, to
choose Maastricht and M4i. Abril remarks, “M4i offered a great
opportunity. As Casper said, since a couple of years ago electron
microscopy has been a booming field. UM has state-of-the-art
machines. Not every university or institute has the equipment inhouse, and certainly not in an open lab where you can research
by yourself. In other institutes where they have high-end
microscopes, you can maybe use them once every 2 months under
supervision. At M4i you can always use the equipment if nobody
else is using it.”
According to both PhD candidates, the techniques that M4i brought
to Maastricht University are unique. Abril explains, “The techniques
make the research much stronger. Another big plus is the
connections between M4i, the hospital, and other research groups.”
Learning by doing
Not everything went smoothly from the onset, as Casper recalls,
“We didn’t have enough expertise to use the machines properly
and we could only ask a handful of people for help. The process of
assembling all machines and getting them in the right place was
long and sometimes frustrating. I had to figure out many things
on my own. It was the biggest hurdle I had to take, but I have no
regrets. I learned so much by trying and doing, which made things
easier to remember and I got much better.”
Five years later both Abril and Casper agree that the workflow at
M4i is good and the atmosphere is great. Abril: “The start wasn’t
perfect; things could have been handled differently. But even if I
had known that in advance, I still would have chosen M4i.”
Prepared for the future
Abril studies molecular biology, biochemistry, and structural biology;
a field of research that is less novel than Caspers’. “When I arrived
in Maastricht there was more expertise already available. I learn a
lot from the team I work in, which is a mixture of PhDs, postdocs,
and PIs who work side by side. We tried and are still working on
building the lab together. There is no strict hierarchy. Sometimes I
do tasks that are normally done by a postdoc or a PI, which could

be frustrating because it kept me away from
my PhD-work, but it also made me better. I’ve
definitely learned how to be a researcher and
I’ve developed my soft skills. Thanks to M4i I
will be more prepared to fulfill my future job. I
don’t know yet what that job will be but I expect
it will be something in biochemistry and/or
structural biology.”

Doors will open
Abril hasn’t decided yet if she will stay in academia or transfer
to industry. “Our expertise is needed everywhere. I am convinced
that doors will open. If it is possible, I will stay in Maastricht. I love
living here.” Casper already knows what his next career step will
be: “After getting my PhD I want to do a postdoc. I still greatly enjoy
using cryo-electron microscopy and will stay in the same field of
research. I’ve worked out several methods that I want to follow up
on. I want to move to another group so I can learn from them. But
who knows, maybe I’ll come back after my postdoc.” <<

Lieke Lamont:
“Scientists are increasingly using
mass spectrometry imaging in
preclinical and clinical research.
There is so much more to discover.”
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Students come

Graduates go

Norway
1

Sweden
1
Estonia
1

USA
11

Denmark
2

United
Kingdom
1
Belgium
11

Carry
the torch

Russia
1

Netherlands
96
Germany
9

Czech
Republic
1

China
3

Japan
1

Luxembourg
1

Mexico
1
France
6

Switzerland
1

In 2018 I was approached by Ron Heeren with the question if I
could create an art object for M4i to present at the graduation
of PhD students who completed their research at the imaging
institute. Ron immediately added that he would like the art object
to reflect knowledge, competence, future and dreams! Not
an easy task, and at first I could not imagine a solution to this
conundrum. For me and many artists before me Greek mythology
is an inspirational source, which is so rich that there is always a
story that offers a solution.

Austria
1
India
6

Spain
2

Italy
5

Slovenia
1

And so it was! Prometheus, he steals fire from the gods, hands it
over to man, who can use the fire to create a future that offers
unexpected perspectives. Human population gathers knowledge
and competences that lead to a better future, so much so that
due to these new skills man can dream of a life as a god. Voila! The
story was there, now I needed to translate it into a bronze.
After several discussions with Ron we decided to design a relief
based medal. I wanted to create a medal that invokes the feeling
of a mass of fire from which Prometheus steal a flame. The
imagery I employed should reflect the feeling of a fast action to
success.

Portugal
1
Croatia
1
Serbia
1
Success can be measured in many ways. A key measure
for the success of M4i is the impact we have on the
career of scientists. M4i hosts researchers at different
stages of their scientific careers, from all over the
world. We have internship projects for Maastricht
University Bachelor students from the Faculty of
Health Medicine and Life Sciences and the Faculty of
Science and Engineering. We currently accommodate
PhD students from more than 15 different countries.
After spending 4 years in M4i, many move on to highprofiles jobs or continue their academic careers. Several
Principal Investigators with established labs have come
for extended research visits, notably from the US and
India, to take advantage of M4i’s unique infrastructure
and to collaborate with us. The Maastricht imaging is
making its mark rapidly across the globe.
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Australia
1

Mauritius
1

Be an
ambassador

New Zealand
1

This medal is designed exclusively for M4i, in the hope that its
successful PhD graduates and laureates appreciate it as a
lasting memory of their time at M4i
and how it has contributed to the
development of their careers.
The medal is cast in bronze by
foundry Art & Craft Vroenhoven
Belgium.
Wil van der Laan
painter/sculptor
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High–performance molecular
imaging
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Determining the extent of ischemic
damage to a transplant organ
The success of an organ transplantation is among others
dependent on the quality of an organ. In cases where it is unclear
how long the organ has been deprived of oxygen and nutrients a
test is needed to examine the extent of the tissue damage caused
by ischemia. The current pathological evaluation for kidney tissue
is difficult as tubular cell necrosis, edema, the loss of brush
borders and other anatomical features only occur after extensive
ischemia that renders the tissue unsuitable for transplantation.
Using imaging mass spectrometry M4i researchers in
collaboration with the MUMC+ department of pathology have
been able to identify molecular markers of early ischemia. The
observation of lipid degradation and distribution in renal tissue
after warm-ischemic injury revealed that specific monolysocardiolipins and lyso-phosphatydilcholines are indicative of
early ischemic damage. The detailed molecular images located the
areas that are damaged first and provide insight in the ischemic
degradation pathway. This approach offers an additional tool
for pathologists to potentially evaluate organs and test their
suitability for transplantation.

Mass spectrometry imaging rapidly discriminates between ischemic injury
in renal tissue.
Tim van Smaalen, Shane Ellis, Nadine Mascini, Tiffany Porta,
Berta Cillero Pastor, Lisa Hillen, Ernest van Heurn, Carine Peutz-Kootstra
and Ron M.A. Heeren Anal. Chem. (2019) 91 3575-3581
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D.R.N. Vos, I. Jansen, M. Lucas, M.R.L. Paine, O.J. de Boer, S.L. Meijer, C.D. Savci-Heijink, H. Marquering, D.M. de Bruin, R.M.A. Heeren, S.R.
Ellis and B. Balluff, J. Prot. (2019) 193 184-191
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Laser Post-Ionisation Combined with a High Resolving Orbitrap Mass Spectrometer for Enhanced MALDI-MS Imaging of Lipids
Shane R. Ellis, Jens Soltwisch, Martin R.L. Paine, K. Dreisewerd and Ron M.A. Heeren. Chem. Comm. (2017) 53 7246-7249
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From noise to signal
By Yue Zhang

Electron microscopes use powerful beams to produce
great images. So good in fact, that we can see individual
atoms. However, biological samples are fragile and easily
destroyed in the process which means that it cannot
go through high electron radiation. Biological samples in
cryogenic electron microscopy (cryo-EM) are composed
primarily of light elements, like carbon, hydrogen and
oxygen, resulting in very noisy images. Traditionally,
images are recorded slightly under focus to create more
signal but the fine details will be lost. Devices that are
referred to as “phase plates” have been developed to
preserve fine details.
Here, at M4i Nanoscopy, we study the influence of a
spiral phase plate on image formation in cryo-EM. Such
a phase plate introduces an extra phase-change to the
exit wave. We performed image simulations and validated
them experimentally in our cryo-EM. It proves that the
spiral phase plate enhances the signal of the proteins.

(a) The image of spiral phase plate.

(b) Proteins with spiral phase plate. The scale bar is 30 nm.

Images of proteins without (top) and with spiral
phase plate close to focus.
The scale bar corresponds to 5 nm.

From electron to image
By Paul van Schayck
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Suprisingly enough, detecting something as small as
an electron is not difficult. They happily interact with
semiconductor materials to release their energy. However,
in doing so they follow an erratic and random path through
the semiconductor but for the purpose of imaging you
are only interested in their point of impact. This is the
real challenge in building an image detector for cryo-EM.
Imaging detectors are responsible for recording the image
formed of a protein of interest by the electron microscope.
Improving the performance of detectors is very important
in cryo-EM due to two reasons: 1. images are inherently
noisy and their signal–to–noise ratio is low and 2. you are
limited by the amount of electrons being used as they
also damage your sample. Therefore it’s important that
the imaging detector detects all electrons used and does
not add any noise to the image. At M4i Nanoscopy, we
are looking at new ways to overcome the challenge of
detecting the point of impact of the electron by using a
special type of detector that measures simultaneously
the energy and with some accuracy the position of the
path of the electron. By applying modern machine learning
algorithms, we have obtained a model (recently patented)
that can be used to determine the point of impact of an
electron more accurately than before.

The erratic and random path that an electron can
take in a sensor layer.

van Schayck, J.P., Ravelli, R.B.G. (2019).
European Patent No. EP3525229

The detector installed at our 200 kV cryogenic
electron microscope.
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3-dimensional image of bacteria inside infected immune cells.
Green: bacterial membranes, red: membrane of the host cell,
Pink and blue: type III secretion systems of the bacterium interacting with the host cell.

From cell to protein

From human to protein
By Abril Gijsbers

Mycobacterium tuberculosis attacks our lungs by
protein machineries that inject molecules that kill our
cells.

Proteins are essential elements of life, in
charge of every process that happens inside
an organism. From the most complex and
InhoudBerum rehent. Pudae dit ullabor simagnatur, sequo to
evolved organism mediating the feeling of
voluptur restiam, sam, sit enima non re, inissum quiassequodi
pain or the beating of a heart, to the simplest
que culluptam illorem et landandam eum velit archil magnisciam,
bacteria that infects our body, proteins are
temporeperia dolorio rumentia none venis quunda velenit atendem
there to mediate every event. Knowing the
re non noneceperepe sit utae exceriatur, occum rerunt, core
structure of a protein and how it carries
net alia ero moditas dolorum faccum faccullab ius et pra iumet
out its function is crucial to understand how
eum inveliquo consequia enditis andi offici blaute doluptae ex
biological processes happen and how to fix
estia quam endis suntiae aut modit et rati sundesequi di blaccae
them when something goes wrong.
voluptaest pliquibus eum inimodi ctiur, exera is aris aut lit, odi
Worldwide, tuberculosis is one of the top 10
atur? Qui que volorio reptatque nate poremolorum volorenit labore
causes of death and the leading cause from
nonsero offic temporae omnis arciistiande maio comnimus sunti
an infectious agent. Millions of people continue
consedi piciend andaept aturis ea que erias invent, que sunt laut
to fall sick with tuberculosis each year, and the
quate netur, volorup tatquiaspedi idipsam sus, quo berum quae.
number of drug-resistant patients increases
Aborunt empore soluptae net doluptur, nossum, ut facias endis
rapidly. New vaccines and treatments are
am voluptatus earchillab in cumet velecat atibus, abo. Nam harum
needed to overcome this problem.
et qui corem voloratur, et quide dolent odi nobitius etus et quost
intusda nobit qui odioreped expeditis magnis voloriti nobis ducius,
At M4i Nanoscopy, we study Mycobacterium
nobis quaspero tem quis ese pratur moste velit es et et pariori
tuberculosis, the bacterium responsible of
reseque doluptium que velisin ctasperum id eum es alicae. Et fuga.
causing tuberculosis. One of our projects is to
investigate proteins that mediate the infection.
By using powerful structural techniques
like cryo-EM, we aim to understand how the
protein looks like and how it works, information
essential for the development of new medicine.
Image of a protein by cryo-EM
and the 3D model obtained from it.
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The process of making a 100-200 nm thick “window” into the cell.

By Casper Berger & Navya Premaraj
At M4i Nanoscopy, we use cryo-EM to study protein complexes in their own environment. This provides structural
information about these complexes that can help us understand disease, like those caused by bacterial infections.
Because electrons poorly penetrate an entire cell, which is several micrometers “thick”, it is not possible to directly
image most of the cell with cryo-EM. Therefore, cells are rapidly frozen with liquid ethane to -180 °C. By cooling them
to these low temperatures within a split second, the water in the cells has no time to form ice crystals. These crystals
would otherwise damage the cellular structures. We use a focused-ion beam to shoot away all the material above and
below part of the cell at a shallow angle. This results in a slice of frozen cellular material with a thickness of only 100200 nm. This opens up a “window” into the cell suitable to look through with the cryo-EM. We used these techniques to
study the structure of the bacterial type III secretion system of the bacterium Yersinia enterocolitica. This needle-like
structure transports proteins from within the bacterium into host cells to manipulate or kill them. Understanding how
these protein nanomachines work can help us to develop better vaccines and antibiotics to fight bacterial infectious
diseases.
M4i 5 years molecular imaging
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A lot of opportunities to grow,
scientifically and personally

Collaboration is what
determines how good we are

Dr. Tiffany Porta Siegel was one of the first members of the M4i IMS team. She started her
collaboration with Ron Heeren as a visiting scientist during her PhD and joined his team later for
a postdoc at the AMOLF group. “I remember exactly when Ron announced he was starting a new
institute. I arrived a few minutes late at a group meeting and when I entered the room, I noticed
everyone was very quiet and thoughtful. Ron looked at me and said, ‘we’re moving to Maastricht.’ At
first, I thought, ‘How cool we’re having a day trip with the group!’”

Prof. Steven Olde Damink laid the foundation of M4i. In 2012, he became head of the Surgery Research
Laboratories. “I started thinking about what I found was interesting and valuable, and concluded
that we could make huge advances with mass spectrometry imaging (MSI).” After six months in his
new role, Steven approached Guy Peters, chair of the board of directors of Maastricht UMC+, about
purchasing an MSI device through Enabling Technologies*.

The M4i
clinical link

The move turned out to be much more permanent
than a day trip. Tiffany didn’t know anything about
Maastricht and had to look it on at the map. “But
the unknown didn’t hold me back. I was already an
expat and I always like to tackle new challenges.
I came to Amsterdam to reinforce my technical
knowledge of mass spectrometry. With the move
to Maastricht, I saw a unique opportunity to work
closely with the hospital and to develop advanced
new tools that could really make a difference in
clinical practice. This is what motivated me to say
yes to Maastricht.”
44

Maastricht, a pleasant surprise
As a French expat living in the Netherlands, Maastricht was a pleasant
surprise. “At my arrival, I didn’t know what to expect. Although Maastricht
is always busy and quite lively, the life here is quieter and people are
more relaxed than in Amsterdam; I’m not afraid to ride my bike to go to
the center. The city is really pretty and there are a lot of nice restaurants,
which is very important for me to feel at home. As a fan of photography,
I never get tired of wandering around the city and taking pictures of
the old bridge. I particularly enjoy the sunsets behind the Government
building, which is also very beautiful at night! I am very happy with the
decision to move to Maastricht.”

“The cost of an MSI device was around a million
euros. We got permission to purchase one,
because I was able to explain what the added
value was for the clinic, for my own field, and for
pathology. High-resolution mass spectrometric
imaging enables us to study pathology closely
during a surgical operation.” Together with
Maarten Honing of DSM Resolve (and now at M4i)
and head of surgery mass spectrometry Hans van
Eijk, Steven went on the hunt for the ideal imaging
mass spectrometer.

>> continue reading page 46

Why not create an entire institute?
Steven didn’t know Ron Heeren when Hans invited Ron to come and explain
what he was doing at AMOLF and what the possibilities were for Maastricht
UMC+ in purchasing the right machine. “I was fascinated by Ron’s story, and
we immediately clicked. So, in my quest for the best equipment, I decided
to pay him a visit at AMOLF. Around the same time, Ermo Daniels, who was
helping Steven to submit grant applications, was attending the province’s
meeting on the ‘Kennis-As’ (knowledge axis) program. “On December 21,
2012, we had our usual Friday morning meeting. When Ermo told me that
the province had set aside €250 million for life sciences, I thought to
myself, ‘Of course, I could never apply for so much money as a surgeon’.
>> continue reading page 47

* Enabling Technologies is the vehicle of DSM Resolve, Province,
University and Hospital that makes it possible to rent or purchase
specialist equipment for undertaking technological research.
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>> continuation from page 44

Steep learning curve
M4i had a bumpy start. Tiffany had to face some
challenges, which slowed down her research
the first year. “When I arrived at M4i, the
infrastructure was not ready; we had to move
from one office to another for a few months
which was far from ideal for focusing on my
research. Moreover, I had to organize part of the
installation of the instruments within our labs, but
also work in close collaboration with the technical
department of Maastricht UMC+ for implementing
the iKnife in the operating rooms (OR) of the new
complex. It took more than three years to receive
all the ethical approvals and to finally be able to
perform our first experiments in the OR. This was
a very steep learning curve. I learned a lot and I’m
very grateful to all the people I have met along the
process.”
Improve accuracy of cancer diagnostics
One of Tiffany’s main objectives is to demonstrate
how mass spectrometry imaging can be employed
to improve the accuracy of cancer diagnostics.
“Maastricht UMC+ is an early adopter of the iKnife
technology which aims to improve diagnostics
made at the time of the surgery. We collect patient
tissue for analysis and build tissue databases for
various tumors such as breast, liver, head and
neck cancers. I’m very happy with the way things
have developed, everyone at the hospital knows
about the iKnife. Pierre-Maxence Vaysse, the first
PhD student working with the iKnife technology,
is one of the driving forces of several ongoing
projects that we are implementing here.” If the

Tiffany Porta Siegel

Steven Olde Damink

instrumentation could be implemented in different hospitals, there is
no doubt for Tiffany that M4i is one of the best places to conduct this
translational research “as it has a unique state–of–the–art equipment
infrastructure and the luxury to be close to the hospital.”

opportunities to give everyone a job in science. That’s why we need to offer
enticing places to work.”

Educate the next generation
Just like starting research, it was not easy to start teaching. “Teaching
is one of the requirements for an ascending career path at the
university. At first, it was very challenging for M4i members to find
teaching roles since most of us have a technical background, and UM
is more applied towards biomedical sciences. I was lucky to become a
member of the committee who remodeled the curriculum of the Master
Biomedical Sciences and that I could contribute to the building of the
new specialization on ‘Imaging’. This is a unique chance to educate the
next generation of students to new innovative technologies, which
are relevant for solving biomedical challenges. It is exciting to teach
about my research. This experience gave me the great opportunity to
understand the UM academic system and to get to know more of the
research groups within my own university. I really do enjoy teaching and
meeting new students who are potentially future interns to work with
on a research project of my group.”
Perspectives for the future
Tiffany has found her way at M4i and sees a bright future in
Maastricht. “What I enjoy most about M4i is the great opportunity to
meet and interact with people from different backgrounds including
clinicians (surgeons, pathologists, clinical staff) and external industrial
collaborators (mass spec vendors) and to work together for the
implementation of new technologies in the clinics. It took some time to
establish trust between all parties but now we are working together
successfully.”
What the near future in the academic world looks like is clear to Tiffany.
“I want to develop my academic career and my research line further.
My next step is to become an associate professor once the first PhD
students that I co-promote graduate. UM is very supportive of young
talent, but it is challenging to find the right balance between research
output and fulfilling the teaching hours.”
Always move forward
Between teaching, fulfilling organizational and managerial tasks
within the institute, writing grants, continuing collaborations, coaching
PhDs and interns, doing outreach, and having a private life, Tiffany
learned a lot about herself. “This experience definitively made me grow
professionally and personally. It helped me identify my limits and -most
importantly- my strengths, which allows me to be successful and
stimulates me to always move forward.” <<

Information within 1.5 seconds
“Ron and I are two peas in a pod. Once we sit down together, the ideas start
flowing. We want to innovate and work to integrate hi-tech technology
into the clinic and apply fundamental research in clinical practice. However,
healthcare is a slow sector; every process is tied to legislation. Sometimes,
it’s difficult to innovate in this sector. It takes a lot of time before anything
can be approved and accredited.”

>> continuation from page 45

I had been so focused on which MSI machine I had
to buy, but then I wondered, ‘Why shouldn’t I apply
to build a whole imaging institute instead?’”
Count me in!
“In January 2013, Hans and I went to AMOLF
to conduct a little experiment with Ron to see
whether our expertise in labeling stable isotopes
could be linked to MSI. After a few minutes behind
one of AMOLF’s MSI machines, Ron had a positive
answer. We were sitting behind the machine,
looking at the monitor, as I asked him, ‘If we get
a carte blanche to build an imaging institute,
how much do you think it would cost?’ He was
surprised by the question, but when we told him
that we had worked out we would need €17 million,
he soon replied, ‘If you can get that much money,
then count me in!’ We went to his workspace and
within 45 minutes we had a plan put together.”
Attract and retain
Frans Ramaekers, then Scientific Director of the
research school GROW, pointed out to Steven
that Peter Peters from the Netherlands Cancer
Institute (NKI) could play an important part in the
project and that Peter and Ron would make a good
team. “I made sure that Ron and Peter met for
lunch together in Amsterdam. That turned out to
be a good idea because that’s when they came up
with their first imaging project. After that, Frans
and I encouraged them to come to Maastricht and
set up M4i, which was then still operating under its
working name MATMIC.”
The whole process was conducted in cooperation
with the university board and Maastricht UMC+.
“Martin Paul (see interview p. 6) and Marja van
Dieijen (see interview p. 8) were directly involved
in the plans. We worked on our application for €17
million and submitted it to ‘Kennis-As’. It turned out
to be the highest amount out of all the applications.
Initially, ours was at the bottom of the pile, but
Martin made sure that the province gave it the
attention it deserved. The province approved the
grant, not only because we were to write scientific
articles, but also because we had promised that
we would attract and retain people.”
“We are doing better and better at encouraging
students to stay here, but we must prevent them
from moving from position to position on flexible
contracts. The amount of knowledge that PhD
candidates have is huge and there aren’t enough
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Tiffany Porta (see interview p. 44) is responsible at M4i for bringing hi-tech
to the hospital. The iKnife is one such hi-tech product that has found its
way into use at Maastricht UMC+. “This extracts the smoke that is released
when cutting with an electric knife to remove a tumor from a body. The
smoke contains ions and is a kind of fingerprint from the tissue. With mass
spectrometry, we can see the molecular profile where the tumor differs
from the surrounding tissue, which is not visible to the eye. Within oneand-a-half seconds, we can read that information, which is incredibly
interesting.”
Speaking each other’s language
The success of each project relies on collaboration and communication.
“The collaboration between surgeons, pathologists, and M4i determines
how good we are. When Ron was still in Amsterdam, he received tissue
samples by post or they were frozen, so the quality would be poorer. Now,
we think ahead of time about what is interesting to us, the circumstances
under which we want to carry out research, and how we can deliver the
tissue needed in the best condition possible.”
Researchers and clinicians speak a different language, says Steven, but in
the past five years, they have become better at adapting to each other. “We
remain in contact and we know what expertise and interests employees
have. We know what still needs to be done and where we can still improve.
Over the next five years, we will be focusing on where we can really make
a difference.”
Metabolic processes
Steven expects that M4i will continue to move forward. “Take applying
technology at the cellular level. I research what cancer does in humans. I
want to map out the cancer properly and also modularize it a little. For all the
people we operate on, I use organoid technology – Peter’s specialist field –
to create mini tumors, so I have a better idea of what type of chemotherapy
a patient needs. This is something M4i does really well; it gives us molecular
insight into what is happening in a tumor. That’s the exciting thing about
what we do. For a short while now, we at M4i have been able to depict metabolic processes at the cellular level. That, in turn, brings us a lot of other
opportunities. We now have the image, the resolution, and the information at
a metabolic level, and we have the tools to adapt these in the lab.”
Visualizing health aspects thanks to hair analysis
M4i’s spin-offs continue to offer chances and opportunities. Steven and
Ron were at the forefront of hair analysis, which is now carried out by DSG
(see interview p . 52). “We use lasers to target the middle part of a hair that
has been spliced open. That technique allows us to see whether there has
been any exposure to lead, or if soft or hard drugs have been used.”
Steven has collected hairs from the last 250 cancer patients who were
operated on in Maastricht. “We have yet to analyze those hair samples.
I very much hope that we can eventually visualize certain aspects of
people’s health, just like with the smoke from the iKnife – that would be very
cool. When it comes to the healing process after plastic surgery, it’s very
important to know whether a patient smokes. We have received money
from the Stomach Liver Bowel Foundation (Maag Lever Darmstichting) to
use hair analysis to detect alcohol consumption in people on the waiting list
for a liver transplant.” <<
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Carmen López-Iglesias wasn’t looking
for a job when she was recruited by the
UM in April 2015. She was satisfied with
her job at the University of Barcelona
and convinced that she would work
there until her retirement. “But in
2014, I was invited by Peter Peters
to become senior scientist at the
Nanoscopy Division of M4i and head of
the Microscopy CORE Lab. I felt honored
that Peter asked me to help him with
M4i, but first I said no.”
Carmen is a specialist in light and
electron microscopy. At the University
of Barcelona, she was initiator and
Group Leader of Electron Microscopy
and Genomics Core Labs. Peter and
Carmen knew each other for many
years from working in the same field.
Carmen recalls, “We saw each other
at meetings and congresses. I invited
him every two years to co-organize a
big workshop with me.” After Peter’s
invitation, M4i stayed in Carmen’s
head: “I had a good and secure position.
I had my labs and a very good team
and because of that it took me a year
to make the decision. But suddenly I
thought, ‘Why not?’ It would be good as a
last step in my career.”
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Carmen López-Iglesias

Berta Cillero Pastor

“It’s my task
to keep the
Microscopy CORE
Lab at the best
position of the
Netherlands”

“My goal is to
professionally
expand the Mass
Spectrometry
Imaging CORE
Lab platform”

Young again
There were many things combined that convinced Carmen to change
jobs. She states, “The challenge of starting a new project; the people
that were already in Maastricht; the amazing infrastructure Peter
had installed. When I finally made the decision I felt young again, like
during my postdoc period. I don’t regret it.”
High scientific level
“The scientific level of M4i is very high. To be in the M4i team with
all those people from different backgrounds and with different
knowledge is really great. The UM is very special, the way things
work, the high level of science and the opportunities for students
and professors. In Spain, academic careers are very rigid. In the
Netherlands, there is much more flexibility; I like it. In the beginning,
I was afraid that I would never manage the schedules. In Spain,
almost everybody works the same full–time hours and has the same
holidays. In the Netherlands, many people work part time and no
two holiday periods are the same. It took me some time to get used
to that, but I know now that people are happier here, me included.”
Another typical UM feature that Carmen quickly noticed was that
people are more open and more direct than in the Spanish academic
world. “I can freely express myself; I can speak out if I don’t like
something and nobody gets angry.”
Keep Maastricht at the top
When Carmen arrived in April 2015 the whole infrastructure at M4i
was there. “I wasn’t involved in building up the lab, but we had to redo
some things. Some installations were not good for the stability of the
microscopes. It is specialized work to set up a lab.” Carmen’s team
(including: Hans Duimel, Ye Gao, Kevin Knoops, Helma Kuijpers, Willine
van de Wetering) is growing every year and there are still enough
individual projects for everybody. “We are known as a good facility.
It is not difficult to attract people. At the same time, I still have a lot
of wishes. I want more state–of–the–art instrumentation. I want M4i
to continue being cutting edge in technology. It’s my task to keep the
Maastricht EM CORE Lab as one of the leading labs in the Netherlands
in our field.” <<

Berta Cillero Pastor studied Molecular
Biology and Biochemistry at the
Autonomous University of Madrid. Since
2015, she has been head of the Mass
Spectrometry Imaging CORE Lab at the
Division of Imaging Mass Spectrometry
at M4i. She is involved in many different
activities. One of them is to supervise
PhD students who try to understand
different aspects of aging-related
pathologies such as cardiovascular
diseases and osteoarthritis. “What I like
the most about my job is the variety.”
After obtaining her PhD at the
Rheumatology Division at the INIBIC
Insitute of La Coruña in 2009, Berta
moved to Amsterdam with a fellowship
to work with Ron Heeren at AMOLF.
There she applied Imaging Mass
Spectrometry in the field of rheumatic
pathologies. She recalls, “In 2014, my
first child was born. I was on maternity
leave when I got a phone call from Ron.
He told me that we really had to talk and
that he wanted to inform me personally,
so we met in a very nice cafeteria.
‘I have plans to move to Maastricht
and become one of the directors of a
new institute’, he told me. ‘Maybe the
institute is interesting for you too.’
At that time, my husband was doing a
postdoc in Leiden Medical Center, and
he had just received an offer to become
an assistant professor there.”

A good place to live in
Berta and her husband had to make a decision: “To choose what to
do wasn’t easy. A lot of discussions followed while we were weighing
our possibilities. The Amsterdam area offers more possibilities in the
industry, but my passion is in research. The Maastricht area is more
family-friendly, but we didn’t know anyone there. For me, there was
one main reason to say yes to M4i, and that is the close distance
to and collaboration with the hospital. Using my knowledge to solve
medical questions is a perfect situation.”
The young family doesn’t regret its move to Maastricht. Berta
notes, “Maastricht is a good place to live in. Our kids are completely
integrated. My husband and I try to integrate a bit as well by learning
the language. We have permanent positions with good opportunities
so we are not planning to leave anytime soon.”
Chaotic start
“The beginning of M4i was chaotic”, Berta remembers. “We had to set
up the lab and were constantly moving equipment back and forth.
But it also felt very good to be part of starting up a completely new
thing. The downside was that I didn’t find much time for scientific
production; now I publish much more. When the CORE Lab was ready,
that gave us a lot of freedom and possibilities. In fact, what we do
is work with questions from other departments, external academic
partners and companies, and devise innovative imaging solutions.”
For the community
What Berta likes most about her job is the variety: “To work on
different projects with different people and different research
questions makes it very dynamic. I run the CORE Lab facility, I teach,
I write grants and papers, I organize workshops, I interpret results…
I am involved in many different activities. Sometimes it’s difficult
to focus on one thing, to find the balance, but I always find my way.
My goal is to professionally expand the CORE Lab platform and
try to attract more personnel dedicated to the platform. I want
to contribute to more spin-offs and more job opportunities for
students. At M4i, we are really doing something for the community.” <<
M4i 5 years molecular imaging
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Collaborations are crucial to the success of M4i’s research. We have established a worldwide
network of industrial, governmental and academic partners that help us increase our impact. Our
collaborations with academic hospitals, universities and major companies in the Netherlands have
resulted in many public-private research consortia. As one of Netherlands’s large-scale scientific
infrastructures, M4i has vibrant national network. Regionally M4i has numerous collaborations across
the different Brightlands campuses with various private partners that use the CORE imaging facilities
to improve their products. M4i’s global network will continue to grow in the years to come through
European, national, regional public and private funding initiated by our academic staff.
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Valorization
at M4i
The innovative instrumentation and knowledge generated by
researchers at M4i is used to generate additional value for
science and society. This valorization process is an important
element in the mission of M4i. The Brightlands campuses
and the triple helix coalitions established in Limburg support
creative researchers who want to capitalize on an opportunity
to put their inventions and knowledge to good use. During the
first five years, M4i has filed more than 10 patents and has
initiated the start-up of several companies such as the Dutch
Screening Group, Cryosol-World and HTX-imaging-NL BV.
Our collaborations with talented entrepreneurs, the people who
are willing to take risks and start a business, generated new
jobs for the region and the new technological developments in
these companies in return help M4i’s researchers to do better
science. You will read more about their stories and interactions
with M4i on the next pages. Additional value is created
through participation in educational programs and knowledge
dissemination efforts such that society optimally benefits from
the success of M4i. In the years to come, we will keep on driving
and accelerating the valorization cycle.
NWO Physics Valorization Prize
The aim of the NWO Physics Valorization Prize is
to encourage the utilization of knowledge from
research in physics. NWO awards the prize of
250,000 euros to a researcher or research group
working in the field of physics in the Netherlands
that has managed to turn the results of their research into
something useful for society.
The 2019 Physics Valorization Prize was awarded to M4i’s
director Ron Heeren. He received the Prize for his successful
translation of physics research to the market and for his
contribution to patient diagnostics. The different collaborative
partners illustrate the diversity and effectiveness of Heeren’s
valorization-focused research: from companies such as
ThermoFisher Scientific to institutions such as Maastricht
UMC+. Heeren has also contributed to the establishment end
development of companies such as Amsterdam Scientific
Instruments and The Dutch Screening Group. (featured at right)

Heeren’s reaction:
‘For me personally, it is, of course, a tremendous honour,
but above all else a recognition of all the researchers,
companies and investors who over the years have
contributed to the fundamental, instrumentation and
applied research at the boundary of various disciplines.
The physical technologies we have developed here
at Maastricht University and in the past at AMOLF are
now finding applications in the operating theatres of
Maastricht University Medical Center.’
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Dutch Screening Group (DSG) is a spinoff of Maastricht University and M4i.
DSG operates with two market brands:
DX® (Hair Diagnostics) and TOF® (The
Organoid Factory). Cyrille Depondt is
the CEO of DSG. He quit his job to take
his chance with DSG. “I’ve taken part in
the Brightlands Excellence Program and
toured the four Brightlands campuses.
Ron Heeren gave a presentation at the
Health campus, and I was thoroughly
impressed by what he told us. He made
me realize it was time for me to make a
career switch.”
“Ron is hugely respected in the world of mass
spectrometry. With the instruments used
at M4i, you can create images of tissue and
learn a lot from them. A couple of years ago,
he also started screening hairs. If you cut a
hair down the middle, you expose the medulla,
the core of the hair, which you can derive
a great deal of information from, thanks
to mass spectrometry imaging. Using this
technology to screen hair was completely
unheard of at that time. ‘What a good idea,
Ron. Why don’t we do anything like that here?’,
I asked. ‘We could generate business out of
that.’ And so we did. In 2018, we brought the
technology to the market.”
Painting a chemical picture from a single hair
HDX® provides a whole new dimension to hair
screening, helping to detect the presence of
all kinds of substances, such as drugs and
medicines and medical markers related to
cancer or heart problems, not to mention
nicotine, coffee, fat, and metals. This new
non-invasive way of screening offers some
wonderful opportunities: not only does the
technology provide a clear picture of the
current situation, but it also allows you to
look back in time, painting a very accurate
chemical or metabolic picture for the last few
months or years.
Drug screening
“I planned to take a year’s sabbatical in 2018,”
reveals Cyrille, who had already successfully
sold a start-up and wanted some time to
reflect. But in April that year, he had the
chance to visit the Brightlands campuses
and investigate the investment potential
for a number of business cases. Thus,
the BL Investment Group (BLIG) was born
– an investment fund that focuses on the
valorization potential of the Health Campus
in Maastricht and the Brightlands Chemelot
campus in Sittard-Geleen.

After four
screenings, you
have data for a
whole year

Cyrille Depondt

“It has all happened very fast. Since September 1, 2019, we have
offered commercial drug screening to a very diverse range
of customers – from mental health care institutions and big
corporates, to companies where it is hugely important for safety
reasons that employees are not under the influence of drugs,
such as the airliner industry, big seaports, chemical plants...
Developing this highly complex screening product typically takes
years, but HDX® achieved this within three months: a textbook
example of the success that can be achieved when science and
business join forces.”
No copycats so far
“The potential we have at DSG is very high indeed. Many of the
substances that you absorb find their way into your hair and will
stay there. We only need a single strand of hair to accurately
determine what substances have been in your body. Hair grows
on average 1 centimeter per month. We are currently screening
a hair of three times that length each time, which means that
after four screenings, you have data for a whole year. That is an
entirely new approach, which has yet to be copied by anyone else.
On top of the fact that the substance you take leaves a trace in
your hair and is not dissolved by your body, the whole process is
much more effective and less invasive than obtaining a urine or
blood sample. We can also produce the results faster – super fast
for the medical world.”

the R&D process to find the product they’re
looking for. We rely on M4i’s infrastructure
for that.”
“What I, as a layman, have learned is that the
M4i lab is truly one-of-a-kind, not just in the
Netherlands but maybe even worldwide. It’s
like we’re hitching a ride to the top with M4i. A
lot of people in my network speak very highly
about the lab and have a lot of respect for
it, the equipment, and the people who work
there. Unfortunately, the wider environment
has very little sense of what is happening
here. It’s a shame because everything we are
developing here is so unique. DSG’s slogan
is ‘making the invisible visible’, and we as a
research group and company have a lot more
to do to achieve the.” <<

Making the invisible visible
DSG is partly owned by M4i. Six employees currently work at DSG,
a number which is expected to grow to approximately 9 FTE by
the end of 2020. “The partnership between DSG and M4i is going
smoothly. We know where to find each other and we share our
knowledge. New customer questions regularly pop up, such as a
potential customer asking us for something that we don’t know is
possible yet. We can then talk to specialists internally and launch
M4i 5 years molecular imaging
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Emile Asselbergs and Bas Lemmens

A little (CryoSol) world of
microscopy in Maastricht
CryoSol-World is a hi-tech company,
based in Maastricht, developing novel
technologies and instruments for cryoelectron microscopy (cryo-EM) sample
preparation. CryoSol-World was born
out of the Nanoscopy group headed by
Peter Peters at Maastricht University
(UM). VP of Business Development Bas
Lemmens and COO Emile Asselbergs
look back on how CryoSol-World
started and share their thoughts on its
future growth.
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About thirty years ago, a method was slowly getting established
to create well frozen (vitrified) specimens to view under an
cryo-electron microscope (cryo-EM). Ten years later Peter
Frederik, Frank Nijpels and other members at UM helped
improve the method and went on to develop, with engineers at
Maastricht Instruments, the Vitrobot, a commercially successful
instrument that prepares better biological specimens for cryoEM. This instrument, which is still made here in Limburg, is sold by
ThermoFisher to cryo-EM labs worldwide.
From Vitrobot to VitroJet
While the Vitrobot has been successful for the past 15 years,
sample preparation methods need further improvement to keep
up with the rapid technological innovations in cryo-EM. To address
this need, 5 years ago Peter Peters’ Nanoscopy group, including
Carmen López-Iglesias, Raimond Ravelli and Frank Nijpels (he
recently moved to CryoSol), developed a new device—the VitroJet—

with better control over sample preparation
so that each sample viewed under the cryoEM is of better quality. Higher quality samples
offer deeper insight into the biology and
the make-up of life when studied under the
cryo-EM, which can tell us more about the
structures within cells and, in turn, about how
we can cure diseases such as Alzheimer’s,
cancer, and tuberculosis.
In 2018, the VitroJet technology and
development efforts were spun out from
the Nanoscopy group to form CryoSolWorld; Ben Bormans was recruited as CEO,
Bart Beulen as CTO, René Henderikx and
Giulia Weissenberger as application and
development engineers. “Not much later I
was part of the team,” said Bas. “We naturally
owe our roots to Nanoscopy. [But] as a
company, our objectives are different to a
university’s: we need to stand on our own
feet,” Bas explains. Emile says, “That way,
we can concentrate on out-engineering
and bringing the product to market, i.e.
purchasing, logistics, installation, and service.
The University can then continue to focus on
future innovative studies and ideas.” Though
independent, CryoSol-World continues to
work closely with the Nanoscopy group. “We
use their infrastructure. Together we look at
different proteins. We are a frequent user
of the microscopy lab, which is very well
equipped and also has the first VitroJet. We
need to be able to test things and view them
under the cryo-EM,” says Bas.
Early success fueled by passion
In less than two years, CryoSol-World is
successfully establishing itself. “We dove into
CryoSol-World because it’s a wonderful niche
market,” Emile explains who joined earlier this
year. “It’s a market we know and one we bring
a valuable product to. We have interesting
contacts; we speak to Nobel Prize winners,
people who know their stuff. We work in a
field where people respect each other. But
it’s also a business where a decent amount

of money can be made. We wouldn’t develop the technology if
we didn’t have faith in it.” Bas elaborates, “When I started early
2018, we had a functional model. Now, at the end of 2019, the first
VitroJets are coming into use. In the summer, we signed up our
first customers, only based on the functional model at Peter’s lab.
But the market has been so enthusiastic that there have been no
hesitations in ordering and paying upfront. That huge confidence
placed in us is fantastic. And we certainly won’t let anyone down.”
Emile says, “An enormous amount of knowledge has been pooled
thanks to the research that Peter Peters initiated. Knowledge
that the world is crying out for. Peter is a passionate speaker; he
gives lively presentations, including a TEDx talk, about electron
microscopy and contributes to our marketing. What we are doing
is proof that what he says works.”
Future developments
Despite the conditions in the labor market, CryoSol-World has
had no trouble finding the people it needs. “Building something
together, working on a clear project with each other in a handson environment is great fun for young professionals,” says Bas.
“But not everyone is suited to working at a young company. We
still have a lot of challenges ahead of us. I think it’s nice to be
involved from the very beginning. With Emile and Ben, we have a
couple of superb colleagues on board, who have an impressive
track record for starting their own companies and growing them.”
“Being based in Maastricht is an asset,” Emile adds. “A lovely little
city in a beautiful region, close to major players in microscopy.”
Bas continues, “We shouldn’t forget what an incredible amount
of knowledge we have here in the Netherlands. The south of
the country is a real hub for electron microscopy and sample
preparation. The largest manufacturer of electron microscopes
in the world is just up the road in Eindhoven.” Emile has a vision
for CryoSol-World: “We need to earn sufficient money to invest
in further innovation and growth, so we also create jobs ...
sustainable jobs. Our technology doesn’t emit anything, it doesn’t
pollute: It’s used to make the world a better place.” <<
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Alain Creissen

Limburg is strong
and will become even
stronger

Validation and new developments
According to Alain, it’s very important that people publish
the research they use the device for. “We need scientific
documentation. That’s how the expert users validate that our
technology is the best technology available in the field. And that’s
how others know that they want to use it as well. I am assured
that our approach is correct. The Matrix Sublimator really answers
a need.” Alain is very confident about the future of his company
and the region: “I cannot give details yet, but there is another
new product in development for which we will file patent. As HTX
Imaging grows, I am certain that we will find enough local talent to
help out. The technological and scientific infrastructure in Limburg
is strong and will become even stronger.” <<

M4i developed the Matrix Sublimator, an innovative research tool to prepare human tissue for
measurements in the mass spectrometer. The device ensures that the quality and resolution of
measurements go up considerably. The Matrix Sublimator is the result of a collaboration between
M4i, DSM Resolve, Maastricht Instruments (engineering, software) and IDEE. The American company
HTX Technologies, founded by Alain Creissen, opened subsidiary HTX Imaging B.V. specifically for this
technology. HTX Imaging licensed the knowledge and patent from M4i.
Alain Creissen studied chemical engineering and worked in
robotics. He founded HTX Technologies in 2010 in the US, a
company specialized in innovative sample preparation systems
for advanced analytical platforms. He recalls, “Ron Heeren and
I already met several times at international conferences on
mass spectrometry imaging. So when he needed a company
with devices for sample preparation, he became a customer
of HTX. Two years later, another customer told me about Ron’s
newly developed unique device for sample preparation. I was
immediately interested and asked if M4i already had a commercial
partner. The answer was no.”
Choosing Maastricht
Alain confirmed to Ron that he was interested and their new
collaboration started: “At that time I was already planning to open
a second location in Europe. Because of my background, I was
thinking of France, but the high level of technology in Limburg and
the good infrastructure made it easy to change that plan. The
technology for the device was developed by UM and M4i already
selected a producer for the device in the region. It was quite
logical to operate close to these two partners.”
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Part of a network
“We’re hosted by Brightlands Maastricht
Health campus; the campus serves as
our offices. Being part of the Brightlands
network makes things easier for us. We
can also use the great network from the
university. For every question, we easily
find the person to answer it. The M4i Lab,
Maastricht Instruments and DSM are also
very close. They already worked together on
an earlier project, so it’s perfect to be near all
these players. Another advantage is that the
cultural differences between the French and
the Dutch aren’t very big. The Dutch are more
pragmatic, but that’s a good thing.”
Commercialize our devices
M4i and HTX Imaging made a few changes
to the device to commercialize it. “We have
established a good model that appeals to our
customers. Our industry is small, so we know
our (potential) customers. We meet each
other at conferences and business talks. But
the difficulty is to validate, to make visible
what the device does, to generate data that
make people excited. You don’t buy the device
if you don’t have a project for it. But we have
to build the devices first so that if there is a
project, it is ready to use.”
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Many thanks to all past and current M4i
team members for contributing to building
our productive infrastructure!
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Successful integration of
Nanoscopy and
Imaging Mass Spectrometry
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