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Preface

Dear reader,
Who wants to be a scientist?
This issue of Amsterdam Science again clarifies for me why science appeals to
so many of us. We live in a world full of mysteries waiting to be understood and
solved. How exciting is it when a scientist can help us understand a bit more of
the nature’s secrets? Still, this is not always the perception of the society. In her
column Aleksandra Badura warns us scientists not to get disconnected from the
outside world. We should share our enthusiasm with society, so that we all learn
more together, for instance through social media. In addition, we should be clearer
about scientific facts especially when politicians misuse them for personal gain.
Be more outspoken about what we have scientifically achieved! Our magazine
tries to deliver a modest contribution to this timely goal.
The two covers of issue six display mysterious images of strikingly different items
(diamonds and mammary glands), albeit in the same bluetone. They bode well for
the rest of the content: many more mysterious findings are put in the spotlight by
our contributors. For example: how do individual cells tell time? The molecular
clock of tiny green microbes is probably the oldest time-telling device and this
clock needs to remain accurate even when a single cell divides into two. Recent
results from AMOLF shed light on this. From the same institute, a mysterious
image of self-organising crystals is presented in the centrefold: flowers and
mushrooms at the micro-scale! A touching interview with Harry Buhrman from the
CWI, who shares his enthusiasm with us about the enigmatic quantum computers
and their power to change the world of artificial intelligence. Within his QuSoft
academic institute, Buhrman aims to develop quantum computing into a tool that
can solve complex mathematical problems so quickly that it can be applied in our
daily lives. Read his story and wonder what quantum computing will mean for our
future.
On pages 24 and 25 of this issue UvA students and Amsterdam alumni introduce
us to their companies, which are all about food and drinks. Can you make bread
from grains left over from beer brewing? How did a biophysicist turn into a candybar creator? Who says scientists cannot be creative?
I will not keep you from reading the magazine any longer! You will find articles on
ecology, chemistry, astronomy and much more, and yes, also a new puzzle! The
Editorial Board again has done a good job and has welcomed Federica, Cristina
and Magdalena as new members. Saskia has been replaced by Emily, representing
the AMS in the board.
For all those who are excited by science and new discoveries: enjoy the sixth issue
of Amsterdam Science and get inspired to submit your own mystery solving story
to the next issue!
On behalf of the Editors in Chief,
Michel Haring

ABOUT THE COVER IMAGE:
This beautiful octahedral diamond
from Botswana was imaged using
cathodoluminescence, a technique
in which an electron beam reveals
the luminescence characteristics
of minerals not seen in normal
light. This image reveals individual
diamond growth and resorption
events, as inclusions in the diamond
lattice result in the emission of
different wavelengths (colours).
During their precipitation in the
Earth’s mantle, >150 km below the
surface, diamonds can encapsulate
such inclusions. These unaltered
messengers from deep Earth
are used to determine the age of
diamonds and tell us more about
conditions in the Earth’s interior.
Likewise, it can tell us how changes
at the Earth’s surface following the
evolution of life and the oxygenation
of the atmosphere influenced the
Earth’s interior.
In a recent study, Earth scientists
from the VU were able to resolve
diamond formation by contrasting
styles of large-scale magmatism
beneath a South-African mine that
date back 2.95 and 1.15 billion years.
Image credit: Q. van den Heuvel &
M.U. Gress, Department of Earth
Sciences, Faculty of Science,
VU Amsterdam
→ Reference
J.M. Koornneef, M.U. Gress, I.L.Chinn,
H.A. Jelsma, J.W. Harris and G.R.
Davies. Archaean and Proterozoic
diamond growth from contrasting
styles of large-scale magmatism.
Nature Communications 8, 648
(2017). doi: 10.1038/s41467-01700564-x.
Check out the related research at:
→ www.researchgate.net/project/
Dating-individual-diamondgrowth-zones
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Spotlight

It’s all about chance

SILKE VAN DAALEN is winner of the
2017 UvA Thesis Prize and currently
PhD candidate at the Institute for
Biodiversity and Ecosystem Dynamics
(IBED), UvA.

→ Reference
S. van Daalen, Comparative estimates
of lifetime reproductive output using
Markov chains with rewards, MSc
thesis Biological Sciences, track
Ecology and Evolution. Published
in: S.F. van Daalen & H. Caswell,
Demographic Research 33, 561588 (2015) and S.F. van Daalen & H.
Caswell, Theoretical Ecology 10(3),
355-374 (2017).

→ The work I did for my MSc thesis
was aimed at identifying the contribution of chance processes, i.e. in survival or reproduction, to variation in
lifetime reproductive output (LRO).
I showed that chance processes are
major contributors to variation in
LRO. LRO is the technical term for
the number of offspring individuals
produce during their entire life. It is
a major component of population
fitness and determines whether
populations grow, decline or stabilise.
Variation in LRO among individuals
is also important to consider. For one,
variation in LRO is often interpreted
as proof of differences between individuals, i.e. heterogeneity. When
observing variation, i.e. some individuals reproducing a lot and others
not at all, we often assume that the
individuals who reproduce more are
better adapted than the others. Yet,
a lot of variation comes about from
individuals’ probabilistic life cycles,
and simply individuals being lucky.
To separate the contributions of actual differences between individuals (heterogeneity) and differences

in outcomes resulting from chance
processes (stochasticity), one can
take simple life cycle matrix models
and transform them into Markov
chains with rewards. I extended this
methodology, investigated trends in
human populations over time, and
quantified the impact of stochasticity on a set of birds and mammals. I
showed that populations of humans
in developed countries produce less
children on average, but that the variation in the number of children has
also dropped, which can be explained
partly by technology, such as birth
control, partly by culture, and partly
by chance processes. In many of the

bird and mammal species I considered, chance processes can explain all
of the empirically observed variance
(see Figure). A general conclusion
from my thesis is that chance processes contribute to a major part of
the variance in LRO.
Ω
↓ Figure
One of the Tawny Owl populations and
the Great Tit population show that the
stochasticity can explain more than
half the observed variance. In the
case of Eastern Kingbirds and another
population of Tawny owls, stochasticity
explains more than the observed
variance.

Young stellar siblings
lackcompanions

MARIA RAMIREZ TANNUS is PhD student
at the Anton Pannekoek Institute for
Astronomy, UvA.

→ Reference
H. Sana, M. C. Ramírez-Tannus, A. de
Koter, L. Kaper, F. Tramper and A. Bik,
A dearth of short-period massive
binaries in the young massive star
forming region M 17. Evidence for
a large orbital separation at birth?
Astronomy & Astrophysics,
Volume 599, March 2017.

→ Massive stars are at least eight
times heavier than our sun. They
are often found in binary systems,
in which two stars are very close
together, and they orbit each other
typically in a few days to weeks.
On astronomical time scales, this
is a very short period. It is not
understood how these massive
stars form, nor how they end up so
close together. In fact, observing
the first stages of the life of massive stars is challenging: massive
stars are rare, and the regions in
which stars form are hidden from
us by gas and dust. Fortunately,
thanks to the new instruments
and telescopes available now, we
can overcome these issues. With
X-shooter on the Very Large Telescope in Chile, we observed for the
first time a group of stars that are
still forming in the Omega Nebula. We noticed that these stars are
surrounded by disks, which might

be remnants of the material from
which they formed. We also examined whether these stars were
alone or orbiting another star and
we found that, surprisingly, only a
few percent of them are in close
binary systems. This indicates that
these stars either live in isolation,
or that they have distant partners
that we could not detect. These
observations give us a hint of an
answer to the long-standing question how massive close binaries
form. The absence of these systems in the very young Omega
Nebula could mean that they form
later in the evolutionary process.
We propose that massive binary
systems are formed far apart and
come together by interacting with
their disks or with a third star. Ω

↓ Figure
The Omega Nebula is located more
than five thousand light years away
and is one of the brightest starforming regions of the Galaxy. This
infrared image reveals the ten young
stars (indicated by green dots) that
have been studied.
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Physical chemistry

Shining light on Nature’s raincoat

KONRAD MEISTER is postdoc in the
group of Ultrafast Spectroscopy,
AMOLF.

→ References
K. Meister, et al., Observation of pHinduced Protein Reorientation at the
Water Surface, The Journal of Physical
Chemical Letters 8, 1772-1776 (2017).
K. Meister, A. Paananen, H. J. Bakker,
Identification of the response of
N-H vibrations in vibrational sumfrequency generation spectroscopy
of aqueous protein films, Physical
Chemistry Chemical Physics 19, 1080410807 (2017).
K. Meister, et al., Self-Assembly of
Hydrophobin classes at the Air-Water
Interface, The Journal of Physical
Chemical Letters 7,
4067–4071 (2016).

↘ Figure
(A) Schematic structure of a
hydrophobin protein.
(B) Principle of an SFG experiment. In
this technique we combine invisible
infrared light pulses with visible
pulses that are fired at the sample.
A new light beam is generated at the
sum frequency of the input infrared
and visible beams, but only if the
frequencies of the infrared light
match the frequencies of the
molecular vibrations of ordered
interfacial molecules. This aspect
makes the technique extremely
surface-specific and has allowed
us to study hydrophobins directly at
the relevant water-air interface.
(C) Typical SFG spectrum of a
hydrophobin film at the interface.
The detected signals originate from
structural elements of the proteins
and help us to determine their
molecular structure and orientatio
at the interface.

→ Nature provides us with a variety of fascinating examples from
which we can learn and take inspiration on how to make new
functional designer materials. One
such example is hydrophobins, a
group of surface-active proteins
produced by filamentous fungi
and known for their unique functions related to the interaction of
interfaces. In nature, hydrophobins are secreted to reduce the surface tension of the aqueous environment, which otherwise can be
a barrier to the growth of hyphae
into the air and subsequent spore
production. Hydrophobins are
also retained in fungal structures,
where they assemble into stable
and very elastic films that provide
a natural water-repellent coating
(a natural rain coat) on the outer
surface of the fungi. Hydrophobins have already led to industrial
applications including foams, dispersions and functional coatings.
Their clear geometric separation
of hydrophilic (water-loving) and
hydrophobic (water-fearing) regions further inspired chemists
to make molecular Janus particles. The molecular origin of
the hydrophobins’ remarkable
interfacial properties remains
unclear; however, a detailed molecular-structure understanding
of these proteins adsorbed to
their relevant place of action, the
water-air interface, holds the key
for understanding their diverse bi-

ological functions and will further
enhance their biotechnological applicability. The reason for the current gaps in our knowledge is not
the shortage of relevant questions
but rather the lack of techniques
that can probe liquid surfaces with
high selectivity.
In order to unravel the secrets of
hydrophobin films we used an advanced nonlinear technique called
vibrational sum-frequency generation (SFG) spectroscopy. The
technique relies on the interaction
of the proteins with light. Chemical groups absorb part of the light
waves, which generates a unique
signature at various frequencies
that can be used to identify specific structural elements and groups
that are present within the protein. Using SFG spectroscopy we
could determine the detailed molecular structure of hydrophobin
directly at the water-air interface.
We found that upon hydrophobin
adsorption to the water surface,
the three-dimensional solution
structure remained intact and assembled into an extremely stable
and highly ordered film.
Interestingly, we further noticed
that, when we changed the acidity
of the water on which the hydrophobins are floating, the individual
hydrophobin molecules changed
their orientation at the interface.
This was revealed by changes

in the vibrational signature and
confirmed by spectral calculations
performed by our collaborators
at the University of Amsterdam.
An interesting question was
whether the observed reorientations on the molecular level also
have an effect on the macroscopic
film properties such as the stability and elasticity. Together with
collaborators in Finland we observed that the acidity-induced
reorientation correlated with a
large decrease in the elasticity of
the film. We explain this observation with the change of the charge
state of particular amino acids,
which we could directly follow
using the vibrational signal. When
negatively charged, the residues
have strong interactions with their
neighbours, which are not possible once neutralised. This results
in an altered orientation and less
stable and elastic films.
A certain orientation on the molecular level is apparently crucial
to give hydrophobin films their
extraordinary macroscopic film
properties.
The finding that these properties
can be affected by changing an
external factor, in this case the
acidity of the solution, opens the
door to fine-tune the properties
of hydrophobin films with desired
properties.
Ω
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An enzyme reactor for rapid
analysis o
 f dried blood spots
45 mm
15 mm

Dried
blood spots

Extracted
proteins

BERT WOUTERS and IRENA DAPIC are
postdoctoral researchers at the Van ’t
Hoff Institute for Molecular Sciences,
UvA.

Immobilized enzyme reactor

→ Human biological materials,
such as blood, are frequently analysed for diagnostic purposes.
However, dried blood spots can
also provide important forensic
information from a crime scene.
What is not yet widely available is
an analysis method that provides
information on the time-point a
biological sample was left at the
crime scene. For this purpose,
protein signatures in ageing dried
blood spots were studied to generate information at the molecular
level. Both in clinical and forensic settings, speed of analysis is
a key issue and the time needed
for conventional protein analyses remains a bottleneck. In this
study, an immobilised-enzyme
reactor was developed to reduce
the protein-analysis workflow for
dried blood spots (Figure). The
processing time was thus reduced
from 22.5 hours to 4 hours.
Proteins play key roles in biological mechanisms and protein
modifications can be studied as
reflections of external actions
(i.e., ageing of the blood, environmental influences). One of the
most-employed approaches for
large-scale analysis of proteins is
bottom-up proteomics, wherein
peptides generated after digestion of the proteins are analysed.
Digestion is usually performed
overnight by mixing proteins
with a proteolytic enzyme (i.e.,
trypsin) and mass spectrometry
is applied for subsequent peptide
detection. Enzymatic digestion of
the proteins is a critical step in the
protocol and numerous methods

LC-MS

Generated
peptides

have been reported to accelerate
digestion. These all have disadvantages, such as the inability to
re-use (expensive) proteolytic enzymes or incompatibility with inline liquid chromatography – mass
spectrometry (LC-MS) workflows.
We therefore designed a microfluidic immobilised-enzyme reactor,
which contained trypsin immobilised on a monolithic polymer
material. Immobilised-enzyme
reactors have the advantage of
higher enzyme-to-protein ratios
compared to in-solution digestion,
which leads to shorter digestion
times, in the order of seconds to
minutes. In more detail: the microfluidic reactor consists of two
bonded layers of cyclic-olefin
copolymer material, forming a
microchannel with a 300-µm diameter circular cross-section. The
enzyme-immobilisation procedure
consisted of three steps:
1) surface modification of cyclic-olefin copolymer, 2) in-situ
polymerisation of a macroporous
support, and 3) trypsin immobilisation using vinyl azlactone linker
molecules.
The reactor was tested for digestion of a model protein such as
α-S1 casein, which resulted in 81%
sequence coverage with 196 identified peptides at the shortest residence time of 39 s. In comparison,
a traditional 18-hours in-solution
digestion resulted in a coverage
of 76% and 182 identified peptides. Additionally, the potential
of the reactor was demonstrated by the analysis of a complex
protein mixture obtained from

Instrumental
analysis

→ Figure
Digestion of the proteins from dried
blood spots using an immobilisedenzyme reactor.

“Speed of
protein
analysis is a
key issue.”
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dried blood spots. Protein analysis from dried blood spots has
multiple advantages over liquid
blood or other biological matrices, including less-invasive sample collection, easy storage and
shipping, with reduced costs. The
typical workflow for bottom-up
proteomics analysis of dried blood
spots consists of extraction of the
proteins from bloodstain cards,
protein reduction and alkylation,
protein digestion, solid-phase
extraction of the sample and LCMS analysis of the generated peptides. The novel reactor-facilitated

workflow circumvents a sample
pre-treatment step and reduces the protein digestion step of
dried blood spots from overnight
to 6 minutes. The total analysis
time for the reactor-facilitated
workflow is 4 hours, compared
to 22.5 hours used for in-solution
digestion. In a reactor-facilitated
workflow, 142 proteins were identified, compared to 156 proteins
identified for in-solution digestion. The identified proteins from
both approaches displayed similar
molecular weight distribution and
physicochemical properties. When

changes in protein signatures from
dried blood spots have been related to the age of biological samples,
this method can be used to rapidly
determine the exact point in time
each blood spot was been left behind at a crime scene.
For future applications, flowthrough immobilised-enzyme
reactors can be implemented inline in an LC×LC-MS workflow for
high-throughput analysis. Immobilised-enzyme reactors can also
be applied to other types of human
material (i.e., urine, tissue). Final-

ly, due to the generic nature of the
enzyme-immobilisation process,
enzymes specific for the degradation of polyesters or lignin can also
be used. This could lead to new insights in the production process of
bio-degradable polymers and for
the production of biomass-based
fuels generated from lignin. Ω
→ Reference
B. Wouters, I. Dapic, T. S. Valkenburg,
S. Wouters, L. Niezen, S. Eeltink,
G. L. Corthals and P. J. Schoenmakers,
J. Chromatogr. A 1491, 36-42 (2017).
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MARK C. DE GOOIJER, Division of
Pharmacology, The Netherlands
Cancer Institute and NORA PENCHEVA,
Division of Molecular Carcinogenesis,
The Netherlands Cancer Institute.

→ Brain cancer is a devastating
disease that afflicts approximately 1000 people in the Netherlands
each year. The prognosis of these
patients is grim. Despite extensive
treatment that includes surgery,
chemotherapy and irradiation,
only half of all patients live for
more than a year following diagnosis. One important reason
why brain cancer is so difficult to
treat is its remarkable capacity to
invade deeply into the surrounding normal brain tissue. Understanding how brain cancer cells
invade is therefore an important
first step to develop treatments
that tackle this disastrous feature
of brain cancer.
We set out to answer this question by developing a method that
allows us to study brain cancer

invasion in a petri dish under
conditions that closely resemble
the normal brain environment.
This method uses slices of mouse
brain that are cultured on a plastic
membrane. Using specific experimental conditions, we could culture these slices for up to a week
while maintaining the viability of
the brain slice. This enabled us to
place brain cancer cells adjacent
to the brain slice and allow them
to invade the brain slice over the
course of a week (Figure 1). Because we used brain cancer cells
that were genetically engineered
to be green fluorescent, we could
separate the invasive brain cancer
cells from the non-invasive ones
and collect them to compare the
gene expression of both cell populations. By doing so, we discovered
that brain cancer cells produce

↓ Figure 1.
Green fluorescent brain cancer cells
were brought into close vicinity of a
mouse brain slice. Over the course of
a week, the brain cancer cells invaded
the brain slice, after which the invasive
and non-invasive populations were
collected for analysis and measured.

“Brain cancer
cells act as
their own
'asphalt
machines'.”
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Figure 2
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collagens, which are proteins that
are abundant in the skin and other
connective tissues, but are usually
absent in the brain. Collagens form
a rigid matrix that is known to be
the preferred structure for cancer
cells to migrate and invade. Their
presence in the brain – which is
normally a soft organ - suggests
that cancer cells act as their own
“asphalt machines” by laying out
a groundwork of rigid connective
tissue through which they can invade the softer tissue.
The finding that brain cancer cells
use multiple types of collagen
and collagen-supporting proteins
made us suspect that their expression may be part of an invasion
programme that is being turned
on by a common regulator. To test
this hypothesis, we looked at the
regions in the DNA that regulate
to what extent collagens are being
used by cells and found one protein that could bind to most of
these DNA regions. This protein,
IRF3, was thus far only known to
regulate genes in the context of an
immune response, but through our
experiments we could confirm that
manipulating it affected the invasiveness of brain cancer cells.
This finding makes IRF3 a potentially interesting target for therapy, but drugs that directly interact with IRF3 are unfortunately
not yet available. However, IRF3
is regulated by another protein,
CK2, for which a small molecule
inhibitor exists. We thus investigated whether the invasiveness
of brain cancer cells could be reduced using this inhibitor. We first
looked at CK2 inhibition using the
brain slice method and we indeed

CK2
CK2
inhibitor
inhibitor

found that inhibiting CK2 greatly
reduced the invasiveness of brain
cancer cells (Figure 2A). Next, we
set out to confirm these findings in
a living mouse with human brain
cancer. We implanted human brain
cancer cells in the brains of mice
that were given normal food or
food that contained the CK2 inhibitor. After the cancer was allowed
to develop, we analysed its growth
pattern. While the mice that had
received normal food carried highly invasive brain cancer, we found
more confined and bulky tumours
in the brains of the mice that had
been given the CK2 inhibitor (Figure 2B).
In summary, we demonstrated
that brain cancer cells use a protein called IRF3 to act as “asphalt
machines” by producing their own
network of collagen fibres. These
fibres are then used by the cells as
a highway to spread throughout
the brain. We also confirmed that
blocking the production of collagens by inhibiting CK2 reduced
brain cancer spreading. Treating
invasion by inhibition of CK2 may
thus be an interesting therapeutic
strategy for brain cancer, although
in itself it may not improve survival of brain cancer patients, since
spreading has already occurred at
the time of diagnosis. However,
since non-invasive cells might be
more vulnerable to chemotherapy and radiotherapy, inhibition
of invasion may become part of
extensive brain cancer therapy in
the future and warrants further
investigation.
Ω

↑ Figure 2.
(A) As indicated by the green
fluorescence, brain cancer cells
invade mouse brain slices less
when treated with a CK2 inhibitor.
(B) Mice that received food that was
supplemented with a CK2 inhibitor
developed more dense and bulky
tumours than mice receiving normal
(control) food.

→ Reference
N. Pencheva, M.C. de Gooijer, D.J.
Vis, L.F.A. Wessels, T. Würdinger,
O. van Tellingen and R. Bernards,
Identification of a Druggable Pathway
Controlling Glioblastoma Invasiveness.
Cell reports 20, 48-60 (2017).
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An interview with Harry Buhrman,
Professor of Computer Science at University of
Amsterdam and Executive director of QuSoft and leader
of the Quantum Software Consortium.

Quantum
computing: the
new frontier

J
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BIO HARRY BUHRMAN
Born
1966, Amsterdam, the Netherlands
Degree program
Computer science at University of
Amsterdam
PhD in 1993 at the University of
Amsterdam
Job
1994-now Group leader Algorithms &
Complexity CWI
2001-now, Professor of algorithms,
complexity theory, and quantum
computing at the University of
Amsterdam
2015 – now, executive director of
QuSoft and leader of the Quantum
Software Consortium

Interview

J You’ve

made a journey from
studying computer science to
research into theoretical quantum computation – how did you
end up where you are now?
I was always interested in computers. Back then, there was only
a single computer at my whole
secondary school. I was lucky to
have my own - a TRS80 with 16K
RAM, a lot in those days. I thought
it was fantastic that you could
programme this machine and it
would do exactly as you told it to
do. I was fascinated by the endless
possibilities. I was also extremely
interested in science in general,
reading books about doing experiments in physics and chemistry
at home.
Computer science had just started
as a degree programme at the UvA
in 1985. So, I studied computer
science, taking a few extra math
exams on the side, and remained
broadly interested in other disciplines. For example, I bought
syllabi from the physics department next door to read up about
quantum mechanics. For me the
sheer scale of what there was to
study was great, compared to the
high school material. All in all, I am
now really pleased I didn’t listen
to my high school math teacher
who said “Harry, don’t do maths,
it’s not your thing”.
This sounds like a lot, how long
did this all take you?
Less than four years.
So, did you have much of a ‘life’
outside studying?
Oh yes, I was into music. I went
to bands and also played guitar
in one. The band was called The
Exist. It was a 60’s-style pop band
with what we called an ‘empty
highway sound’. I am proud of my
entry as a guitarist in the Dutch
Pop Encyclopaedia [www.muziekencyclopedie.nl/action/entry/
Harry+Buhrman). I sucked, but it
was a lot of fun.
What proofs or results of yours
are out there being used by
others?
Not me on my own, but with collaborators: we were proving lower
bounds for quantum algorithms
called the quantum polynomial
method. Also, the idea to use quantum bits for communication and
showing you have an advantage was
something we did for the first time.

Do you think you’ve made the
right career choices? Getting
bought out by a big company or
setting up your own one: isn’t
this the modern way to go for
quantum computation scientists?
Many people ask me how my
company is doing. I don’t have
one. QuSoft (see infobox) is a research institute and is not commercial. Although there are a lot
of quantum software companies
starting now. I don’t regret for a
moment that I went into science
as it is fantastic.

had no clue what to do with them.
Famously, IBM’s boss is quoted as
saying he didn’t see a world-wide
market for more than five computers. Now there are 10-15 computers in everyone’s house: no-one
saw that coming. We are now at
similar cross roads, where today’s
quantum computers now have 1015 qubits, with bigger versions just
around the corner. Although we
have some ideas of what we can
do with this, a lot is still unknown.
Quantum Computation will open
up doors like classical computing
did, and that is extremely fascinating.

QuSoft is the Dutch research
center for quantum software.
Its mission is to develop new
protocols, algorithms and applications that can be run on
small and medium-sized prototypes of a quantum computer. QuSoft was launched
jointly by CWI, UvA and VU
in December 2015 and builds
on the institutions’ excellent
track record in quantum
computing and quantum
information. QuSoft’s startup funding came from the
UvA and Science Faculty’s
Research Priority Area programs and from the CWI.

We read Harry the website blurb
for the recently granted NWO
Gravitation consortium he heads
(see infobox on the QSC): “QC
will predict new materials and
medicines”. What do you mean we
don’t yet know what to do with it?
Buhrman admits these soundbites are somewhat stabs in the
dark. When asked whether this
kind of ‘application’ is proven to
be significantly better using a QC
he starts to formulate with care.
Harry: A QC is the right machine
to deal with the exponential overhead that occurs when simulating
physical quantum systems on a
classical machine. In this sense, a
QC can be used to perhaps search
for new materials and better medicines, as quantum computation
can provide access to understanding what is going on, for example
in the interaction between molecules. This is what we Dutch call
a ‘dot on the horizon’, something
that may or may not work. Quantum chemistry is one area we are
very confident great results can be
achieved in.

How do you divide your time
these days?
What time? I feel I have little time
for research anymore. That said I
am working on a number of manuscripts for publication and still
work with my PhD students, but
all this is less than it used to be.
So QuSoft takes a lot of my time,
but I want to see it through and
cement Amsterdam’s place on the
world map. When QuSoft can be
passed on, I’ll maybe then head off
to somewhere new, some years for
now. But to be honest Amsterdam
is really a great place to be, both
scientifically and in terms of the
rest of life. Why should I even
want to move?
Do you see quantum computing
as a new frontier? Is it now how
classical computing was when
you were growing up?
Absolutely, that’s exactly how it
is. Quantum computation’s now
like regular computers were in
their infancy in the ‘50’s. People

“Quantum
Computation
will open up
doors like
classical
computing
did, and that
is extremely
fascinating.”
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You’re a pretty mathematical
guy, how does that work, do we
need to pay serious attention to
things that are not proven?
The field of complexity theory
– the stuff of my PhD research deals with the question: what is the
power of computation? Can I solve
a problem in a reasonable amount
of time or will it take an eternity
before I have an answer? For example, a couple get divorced. Each
of their (previously jointly owned)
N items is tagged with its current
value. How to split all these objects between the divorcees to give
equal total value for each? This is
a problem for which we only have
algorithms that take an eternity, as
essentially the only way we know
how to do this is to write down all
possible ways of splitting up their
N things (that would be 2N possibilities) and check the values are
equal. The computational effort
required grows exponentially, as
each time you add an item to the
list there are two extra possibilities (it goes to one ex-partner or
the other) and so the total number of possibilities to keep track of
doubles each time. Thus, although
checking the total value of each
person’s pile is easy, finding the
best way to divide the stuff seems
insoluble by a brute force calculation. In complexity theory, we call
identifying this type of situation
the P vs. NP problem. Being able
to prove the non-existence of an
efficient algorithm for solving NP
problems on a classical computer is one of the seven Millenium
Problems (www.claymath.org/
millennium-problems) in mathematics. Many clever people have
tried, but as yet this kind of problem suffers from an exponentially
growing computational overhead,
and this should be where a quantum computer can help.
When was your first concrete
connection to experimentalists
in your field of quantum computation? Is this a recent new
dimension?
No, it’s not recent. Joint conferences and workshops mean we
have long been able to have a dialogue with experimentalists, such
as I have done with Nicolas Gisin
(U. Geneva).
However, the huge recent growth
in experimental possibilities is
really exciting. Not that long
ago, it was deemed impossible to
overcome the engineering prob-

lems in making more practical
qubit platforms. The seemingly
insurmountable barrier to making more scalable systems meant
there was little money in the field.
Back then I though the field would
last 10 years and then the money
would dry up. Now, 20 years later,
there is more funding than ever
and the words quantum computer
are heard regularly on Dutch TV
and radio. It seems the field is here
to stay.
The Dutch ministry for Education, Culture and Science
recently awarded a 18.8M€
Gravitation grant research
into quantum software,
uniting researchers from
QuSoft, CWI, Leiden University, QuTech, TU Delft,
and the UvA. The Quantum
Software Consortium (QSC),
which is led by Harry Buhrman, bundles the expertise
of researchers from computer science, mathematics
and physics to develop and
demonstrate quantum software.
Was the research that has become QuTech important for this
development?
In the 90’s Hans Mooij in Delft had
one or two qubits, we talked, trying to identify common projects
but it was still too early. Now, 25
years on, the people at Delft have
more qubits and more interest-

ing objects such as quantum networks, with this work embedded
in QuTech (the advanced research
centre for Quantum Computing
and Quantum Internet, a collaboration between TU Delft and
TNO). In this sense, the experimentalists have caught up with
us theoreticians, and this is really
great. It is to bring these things together – QuSoft and QuTech – that
we wrote this new grant for the
project called the Quantum Software Consortium, which just got
funded (see infobox). Both parties
were required for this to be a success. This is the next level, aiming
to bridge the gap between algorithms on the one hand and qubit
implementations on the other. The
seed money for QuSoft –part of
the University’s research propriety
area Quantum Mater & Quantum
Information – together with CWI
and Science Faculty support acted
as a catalyst for the success of the
QSC’s bid for an NWO Gravitation
award: fantastic!
QuTech develops hardware for
the QC and works closely with
Microsoft. At present QuSoft
is ‘only’ a scientific, academic
institute. Is this set to change?
Yes. That will change and is already
changing. Big companies are seeing the light and realising that they
need software on this quantum
computer. Companies like SAP,
ATOS or Alibaba don’t desire to
build (classical or quantum) hardware, but they do make software.

@ Siesja Kamphuis

“QC is a
different
way of doing
computation,
and for some
problems this
different way is
more suitable.”
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You can make more money, in total, writing software than building
computers. So, the question what
these kinds of companies could do
with the QC is a software question,
and so a typical one for QuSoft to
answer. These companies wonder
when they should start their own,
small Quantum Software groups,
getting ready for the QC itself, as
the prognosis is that the number
of qubits will grow exponentially
in the coming years.
QuSoft can be an invaluable partner for the private sector. My advice to them is ‘start now!’: start
small, with one or two PhDs and
so get accustomed to the field.
Upscaling will be easier later, and
- if progress disappoints - downscaling is also something the companies master.
You lead the recently funded
Quantum Software Consortium. Should this Dutch initiative,
together with QuSoft, seek to
valorise their ideas on quantum
software?
A lot of the recent Dutch policy
– for example the top sectors, but
also the deal between Microsoft
and QuTech – foresees industry
picking up all the IP in such a
public private partnership. In a
certain sense that is only fair as
that is why they are in the partnership in the first place. So, injecting
(for example) Microsoft into the
Dutch landscape and giving them
all the IP: we have to ask ourselves
whether this is how we want to
do it? The QuTech model shows
how this way of working can help
set-up a competitive laboratory,
here in the Netherlands, and this
high-level know-how here in the
Netherlands is certainly a very
positive thing. An opposing model in which Dutch funded science
remains in the country is also
somehow antithetical to science
and its wish to give credit to those
doing the original work, but then
sharing that knowledge in an open
access way, encouraging international collaboration. As a scientist
these are aspects I am very sympathetic towards.
What do you miss in the Dutch
science landscape?
Maecenas figures like Mike Lazarides of Blackberry. In North
America there may be lower taxation, but the upside is that people
like Lazarides have pumped hun-

Interview

dreds of millions into theoretical
physics and quantum computing
and this has completely changed
the picture in Canada. This kind of
money can be used to prise matching funding from the university,
or regional government, and can
lead to a huge shift in resources
to particular research subjects or
even people. Obviously, this is a
pro when the choice is made for
your area of research and is a con
when it is not. On balance, I welcome this kind of initiative as, in
the end, it’s extra money for science. Here, in the Netherlands, we
tax higher and such private benefactors are not part of the research
landscape. We should take it as a
challenge to tackle this. Why is
there this kind of culture high-tax
Denmark - for example Carlsberg
and window-maker Velux sponsor
fundamental quantum research but not here?
In terms of what I don’t miss: I
find the CWI (Center for Mathematics and Computer Science)
in the Science Park to be a great
place to work. Now CWI is part
of the NWO-i organisation and I
hope the good things will remain.
I also enjoy being affiliated to the
ILLC institute for Language Logic
and Computation at which I am
professor, and the same goes for
connections with the math department in the form of the Korteweg
de Vries Institute, and the institute
of physics.
Do you find outreach important?
Yes, very much so. There is a big
challenge here, too. I was just at
Lowlands, taking part in a science
activity in one of the smallest
tents. In the biggest tent five or
ten thousand people were all enthused for a band. Shouldn’t we
take on the challenge to see if we
– as scientists – can’t get it to this
level at a future lowlands?
I worked hard for my YouTube series for the Universiteit van Nederland (UvN) (www.youtube.com/
playlist?list=PLZ0df6wQ5oO_Si_
ehFoI9aB11hcFQS6nJ). Of the
five films, I am very proud that
the most watched was – besides
the practical sounding ‘Why is a
computer sometimes so slow?’ the more fundamental question ‘Is
there something beyond infinity?’
This goes to show that we need to
expose the public to the beauty of
scientific questions, also from the
youngest age.

What does the fact that the
words ‘Quantum Computer’
have become part of the mainstream media’s vocabulary
mean for the field?
Of course, this is a good thing. It
can help polarise young people to
choose for theoretical computer
science and mathematics, as well
as for physics. We do have to make
sure we manage expectations.
Outrageous claims such as that
a QC can lead to an exponential
speed up of any computation are
simply false, and I think this is
not good for the field. It’s my job
to explain that QC is a different
way of doing computation, and for
some problems this different way
is more suitable, but this is not the
case for all problems. For example, for breaking the codes used to
protect our banking transactions
today, it is proven that a QC is
much better, and this realisation
is fuel for the field quantum cryptography, one of QuSoft’s research
pillars. 			
Ω

"However, the
huge recent
growth in
experimental
possibilities
is really
exciting."
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Footprints of past civilisations
on Amazonian rainforests

CRYSTAL MCMICHAEL is Assistant
Professor at the Department of
Ecosystem and Landscape Dynamics,
Institute for Biodiversity and
Ecosystem Dynamics, UvA.

↗ Figure
Amazonian forest plot locations
are disproportionately located
near archaeological sites. Modern
forest inventory plots (black circles)
and recensus plot locations (blue
triangles) are overlain on the ‘distance
to nearest known ancient human
impacts’ (dAHI) raster (coloured scale),
generated based on a compilation of
archaeological and paleoecological
evidence collected across the
Amazon.

→ Reference
C.N.H. McMichael, F. Matthews-Bird, W.
Farfan-Rios and K.J. Feeley, Ancient
human disturbances may be skewing
our understanding of Amazonian
forests, Proceedings of the National
Academy of Sciences of the United
States of America 114 (3), 522-527
(2017). doi:10.1073/pnas.1614577114.

→ The Amazon harbours much
of Earth’s biodiversity and plays
a vital role in climate and carbon
cycles. There are approximately
16,000 tree species that comprise
c. 400 billion individual trees in
Amazonia. Here, over 300 species of trees can be found within
a one-hectare, which is roughly
the size of two football (soccer)
fields. For decades, ecologists have
asked why so many species can
co-exist together in such a small
area. Can there possibly be over
300 separate niches to fill in such
a small space? Almost all of what
we know about Amazonian tree
species is based on data from approximately 1200 forest inventory
plots that are mostly one-hectare
in size. This might sound like a lot
of data, but the Amazon forest is
almost the size of the continental
United States. So, it is really only
a tiny sample size!
So what is actually driving the
distributions of Amazonian tree
species? Besides ecological theories on niche and stochastic (random) processes, a newly emerging
hypothesis is that ancient people
(the indigenous inhabitants of
the Americas before Europeans
arrived to the continent) played
a large role in shaping the distributions of trees seen in today’s forests. Where they lived,
ancient people cleared forests,
modified soils, built earthworks,

grew crops, and planted species
that were useful to them, either for
food, construction, or medicine.
People first inhabited Amazonian
forests at the start of the Holocene
(c. 12,000 years ago), and started
growing corn as early as 6000
years ago. The population size and
spatial distribution ancient people
in Amazonia grew until 1491 A.D.
(c. 500 years ago), after which Europeans arrived to the American
continent and a large part of the
indigenous population died off because of disease or warfare. There
are estimates that the indigenous
population of the Americas exceeded 20 million upon European arrival.
We examined whether Amazonian forest inventory plot locations
are spatially biased towards areas
with high probabilities of ancient

“These results
may skew our
understanding
of how the
Amazonian
forests are
responding to
global change.”

human impacts (AHI). Models
of AHI were generated using archaeological data compiled for
Amazonia (see Figure). Over 400
geoglyphs, which are circular or
rectangular earthworks, sometimes 200 m in diameter, were
found in the landscape of southwestern Amazonia and were constructed mainly from 2000 to 500
years ago. The ancient inhabitants
of Amazonia also amended soils
to increase their agricultural potential. Amazonian Dark Earths
(ADEs) are the resulting soil types
that contain pottery, abundant
charcoal, and plant and animal
remains that act as a compost
for the nutrient-poor soils of the
Amazon. Over 900 ADE sites have
been found in Amazonia, and most
were also formed between 2000
and 500 years ago. Other archaeological sites containing pottery
or kitchen structures have been
uncovered, and several lake sediment records have documented
evidence of ancient maize agriculture or forest clearing.
Our analyses revealed that forest
inventory plots, and especially forest recess plots, in all regions of
Amazonia are located disproportionately near archaeological sites
and in areas likely to have ancient
human impacts (see Figure). Our
results suggest that many inventory and recess sites may indeed
be in recovery from past disturbances, potentially skewing our
interpretations of forest dynamics and our understanding of how
these forests are responding to
global change. Amazonian trees
can live for several hundred years,
sometimes up to 1400 years. If the
forests we observe today were
cleared, cultivated, or modified
only 500 years ago, then they
are likely only two or three generations old. And because young
forests uptake more carbon than
older forests, our estimates of
Amazonia as a carbon sink may be
overestimated. We suggest that an
inventory of past human impacts
should be assessed within forest
plots to provide more data on the
history of Amazonian people and
their effect on modern diversity
and carbon dynamics.
Ω
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Carbonate
microstructures

In Nature, there are organisms
that create marvellous mineral
structures through the process
of biomineralisation. These
organisms inspired us in studying
directed self-assembly of
carbonate microstructures, which
form through co-precipitation of
chemical elements such as barium
or strontium carbonate and silica.
The reaction conditions, such as
temperature and pH, control the
shape formation, which allows us
to even use a mathematical model
to rationally design shapes. In this
way, we will be able to understand
the shape control mechanism
and endow these structures with
functionality.
This scanning-electron microscopy
image shows the edge of a sample
where the structures take complex
forms reminiscent of coral reefs
and flowers.
HANS HENDRIKSE and LUKAS
HELMBRECHT are PhD students in
the Self-Organizing Matter group
at AMOLF.
→ Reference
C.N. Kaplan et al. Controlled
growth and form of precipitating
microstructures. Science 355,
1395-1399 (2017).
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Who is eating our crops?
Whitefly
Fungus

PAULA J. M. VAN KLEEFF is postdoc at
the Department of Plant Physiology,
Swammerdam Institute for Life
Sciences, UvA.

Fly
effector

Phloem
Xylem

Fungal
effector

XIAOTANG DI obtained a PhD in
Molecular Plant Pathology at the
Swammerdam Institute for Life
Sciences, UvA.

↗ Figure
Whiteflies inject effectors into the
sapstream of the plant, from
where they can influence (arrows)
plant cells. Fungi do the same but
use the watertransportsystem.

→ Reference
X. Di, J. Gomila, L. Ma, H.A. van den
Burg and F.L.W. Takken, Uptake of the
Fusarium Effector Avr2 by Tomato Is
Not a Cell Autonomous Event, Front.
Plant Sci. 7, 1915 (2016). doi: 10.3389/
fpls.2016.01915.
P.J.M. van Kleeff, M. Galland, R.C.
Schuurink and P.M. Bleeker, Small
RNAs from Bemisia tabaci Are
Transferred to Solanum lycopersicum
Phloem during Feeding, Front. Plant
Sci. 7, 1759 (2016). doi: 10.3389/
fpls.2016.01759.

→ Farmers put a lot of effort in
the production of crops. However,
uninvited guests such as pathogens and pests eat them without
paying. These pathogens and pests
have found ways to overcome or
hijack the plant immune system.
One way that they can do this is
by injecting so-called “effectors”
into plant cells. These are nature’s
equivalent of a computer virus,
since effectors can manipulate
plant defences in such a way that
pathogens remain “undetected”.
This short story will elaborate on
how fungal effector proteins can
enter tomato cells and sap-sucking
insects deliver small RNAs to manipulate plant defences (Figure).

In Xylem” (SIX) proteins. One of
the effector proteins, SIX3, exerts
its action inside the tomato cells
(see Amsterdam Science Magazine
issue #03). We have recently found
that plant cells can only take up
SIX3 in the presence of the fungus.
Unexpectedly, the fungal effector
uptake was also facilitated by the
presence of a pathogenic bacterium, Agrobacterium. This exciting
finding implies that the effector
protein from a fungus can enter
plant cells as long as there is a
pathogen present. Our data suggests that an unknown factor generated by microbes facilitates the
entry of effectors. Future research
will focus on identifying this factor

Take up my effector!
Bacterial pathogens can directly
inject their effectors into a host
cell using a syringe-like structure
that punctures the plant cell wall.
In contrast, it is not known how
effectors from fungal pathogens
enter the host cell because fungi
lack such a penetration structure.
To address this question, at the
Plant Molecular Pathology department, we focus on the interaction
between the fungus Fusarium (Fol)
and the tomato plant. Fol causes
vascular wilt disease resulting
in symptoms such as yellowing,
wilting, stunted growth and finally plant death. Upon infection,
Fol attaches to tomato roots and
colonises the root tissue. From
there, it enters the xylem vessels, which contains the sap of
the plant. During colonisation,
the fungus secretes its effector
proteins in the spaces between
the root cells and in the xylem
sap, hence their name “Secreted

“Effectors
are nature's
equivalent of
a computer
virus.”

X as it could provide us with the
means to combat plant pathogens
with their own weapons.
Vampire insects use small RNAs
to manipulate plant defences
Where mammals suffer from
blood-sucking mosquitos, plants
suffer from sucking insects such
as whiteflies that feed from their
phloem sap (see Figure). Like
their bloodsucking counterparts,
whiteflies can transmit viruses
and also use their saliva to modulate the immune responses of
their host. Recently it was shown
that mosquitoes salivate so-called
small non-coding RNAs (sRNAs)
that reduce gene expression of
their host’s genes. To investigate
whether whiteflies do the same, we
collected tomato phloem sap while
the whitefly larvae were feeding.
These samples were then subjected to sRNA sequencing and we discovered, for the first time, a large
collection of whitefly-specific
small RNAs in the plant sap. Two
of these three sRNAs are closely
related to the sRNAs identified
in mosquito saliva. Whether saliva-secreted sRNAs are conserved
among fluid-feeding insects remains to be seen. We have predicted putative tomato target genes
for the whitefly sRNA, which we
are currently investigating. Some
of the predicted tomato genes are
involved in plant immunity. We are
now looking to see if these sRNAs
can indeed reduce the expression
of the target tomato genes, resulting in reduction of plant defences.
Through mutations within these
whitefly-targeted plant genes,
breeders could potentially obtain
whitefly resistant tomato plants.Ω
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Then and now
by Renée van Amerongen
RENÉE VAN AMERONGEN
is MacGillavry fellow and associate
professor (tenured) at the University of
Amsterdam in the section of Molecular
Cytology at the Swammerdam Institute
for Life Sciences.

→ Reference
(1) ongrowthandform.org
(2) archive.org/details/
ongrowthform00thom
→ Figure
Pages 1062 and 1063 from the 1945
edition of On Growth and Form.

“He planted
the seed for
a new way of
thinking. ”

→ Throughout 2017, biologists
around the world celebrated the
centennial anniversary of On
growth and form – a book written
by D’Arcy Wentworth Thompson.
Special issues of scientific journals, conferences and cross-media
events seemed to pop up out of
nowhere, like mushrooms in an
autumn forest¹. Why all the fuss
over a piece of work that was published in 1917, by someone whose
name suggests he walked straight
out of a Jane Austen novel rather
than a research lab?
When his seminal work was first
published, D’Arcy Wentworth
Thompson had just taken up a
post as professor of natural history
at the University of St. Andrews in
Scotland. In On growth and form,
he discusses the development of
organisms, and in fact the evolution of entire species, in physical
and mathematical terms. In doing so, he opened up a whole new
way of looking at life. You could
say that Wentworth Thompson is
the founding father of a field that
is nowadays known as quantitative
biology. This was an important
new development in 1917, since
till then biology had largely been
a descriptive science. Countless
generations of biologists, from
the time of Aristotle onwards, had
made careful observations about
different plants and animals and
classified them into related species – but they had made very little
progress in truly understanding
the underlying mechanisms that
allowed cells to organise themselves into such a diverse and
beautiful complexity. All of this
was to change in the 20th century,
and for that we do not only have to
thank the rise of molecular biology, but also the growing realisation
that many of the robust patterns
we see around us can ultimately be
explained by the laws of physics.
Those who are interested can
download and read the revised
version of On Growth and Form,
which was published in 1945. It is
freely available online in a variety

of 21st-century formats², and for
a piece of work that was devised a
century ago, it reads remarkably
well. Wentworth Thompson just as
easily discusses the growth rate of
maize and human populations as
he does the shape of spiral shells,
sheep horns and deer antlers. He
discusses how different cell types
have entirely different shapes and
explains how groups of cells can
form tissues thanks to their propensity to clump together in much
the same way that soap bubbles
do. My personal favourite part is
the final section, called ‘the comparison of related forms’, in which
he transforms a complex animal
such as a fish, into a coordinate
system depicted by a two-dimensional grid (see Figure). Then by
pushing and pulling the grid – that
is, by merely exerting mechanical
force on the grid – he can transform a member of one species into
that of another related species. Of
course, this exercise offers no real
explanation, biological or otherwise – and Wentworth Thompson is the first to admit that. In
the epilogue, he states: “… while
I have sought to shew [show] the
naturalist how a few mathematical
concepts and dynamic principles
may help and guide him, I have
tried to shew [show] the mathematician a field for his labour – a

field which few have entered and
no man has explored.”
Although Wentworth Thompson
may not have realised it at the
time, he planted the seed for a novel way of thinking. Nowadays it is
entirely common to look beyond
the boundaries of one’s own field
and to introduce principles from
a seemingly unrelated discipline.
Biologists frequently collaborate
with (bio)physicists and mathematicians to make sense of the
complex world under the microscope. Just this week I explained
to my students how stem cells are
capable of maintaining the lining
of our intestinal tract, and for that
I had to introduce concepts from
the field of statistical physics.
Down the hall from my own lab,
systems biologists aim to capture
molecular events in mathematical
models to predict cell behaviour
(see “Timing cell division”, page
22). Across the street, scientists
at AMOLF and CWI are using
quantitative biology to describe
and understand complex cellular
activities, and so forth. We have
come a long way since 1917 and
D’Arcy Wentworth Thompson’s
landmark publication deserves
every last bit of the attention it
has received this year.
Ω
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Spotlight

A snowy birthplace for planets

DJOEKE SCHOONENBERG is PhD
student at the Anton Pannekoek
Institute for Astronomy, UvA.

→ A fundamental question in astrophysics is how planets form
in ‘pancakes’ of dust and gas
(so-called protoplanetary disks)
rotating around newborn stars.
The formation of planetesimals
– kilometre-sized bodies similar
to asteroids – is an important intermediate step, yet still poorly
understood.
Simply sticking dust particles
together does not lead to large
enough bodies: when dust grains
get to a certain size they tend to
fragment. Even if the dust would
stick together perfectly, the process would take too long. Gas in

the disk moves slower than solid
grains, resulting in a headwind
felt by the grains, which leads to
them spiralling towards the star
before they can grow large enough
to orbit around the star at a fixed
distance.
A more promising scenario to
form full-sized planetesimals
directly from dust particles is by
means of the so-called streaming
instability in the protoplanetary
disk. Solid particles that by chance
end up in small groups feel less
headwind and therefore collectively spiral towards the star more
slowly. Other particles get stuck in
this ‘traffic-jam’, leading to large
clumps of particles. These clumps
can subsequently collapse under
their own gravity to form planetesimals. However, these effects
only occur if the solids-to-gas ratio is unusually high.
A special location where the conditions might be just right is at the
so-called snowline: the distance
from the star beyond which it is
cold enough for water vapour (b)
to condense into solid ice (c).
Due to turbulence, water vapour
diffuses across the snowline and

condenses onto icy particles that
are spiralling towards the star (a),
resulting in a pile-up of solid material outside the snowline (see
Figure).
To test whether planetesimals
could really form in this way, we
developed a model of the snowline. For plausible disk conditions,
the pile-up gets large enough for
planetesimal formation. Therefore, the snowline may indeed be
the birthplace of a young star’s
first planet!
Recently we have applied our
model to TRAPPIST-1, an extremely interesting system in
which seven Earth-like planets orbit around a tiny star. We

showed how these planets might
have formed at the snowline and
then migrated through the disk to
end up at their currently observed
positions.
Ω

→ Reference
D. Schoonenberg and C.W. Ormel.
Planetesimal formation near the
snowline: in or out? Astronomy &
Astrophysics 602: A21 (2017). https://
doi.org/10.1051/0004-6361/201630013.
↓ Figure
A schematic of what happens around
the snowline (dashed line) in a
protoplanetary disk.

Underwater housing problem: heavy rainfall
diminishes aquatic insect habitat

JUDITH WESTVEER is PhD student
at the Department of Freshwater
and Marine Ecology, Institute for
Biodiversity and Ecosystem Dynamics
(IBED), UvA.

→ Reference
J. J. Westveer, P. F. M. Verdonschot,
and R. C. M. Verdonschot, Substrate
homogenization impacts survival
and fitness in the lowland stream
caddisflies Micropterna sequax and
Potamophylax rotundipennis: a
mesocosm experiment, Freshwater
Science 36 (3), 585 (2017).

→ Our Dutch lowland streams are
home to many different creatures,
such as caddisflies (Trichoptera):
tiny architects with species-specific body cases made from sand or
plant material (see Figure). They
are an essential food source for fish
and birds. In our recent publication, we present the (sub)lethal effects that some species experience
from human-caused disturbances.
Caddisflies live under water during larval stages, inhabiting and
feeding on patches of leaves that
have fallen into the stream. As soon
as a leaf patch becomes depleted,
the larvae float downstream or
walk upstream to the nearest leaf
patch. In natural streams, the
nearest patch is usually close by,
within crawling distance. However,
many streams in the Netherlands
have been altered by anthropogenic
activities, such as channelization,
which has led to disturbed hydrological regimes throughout whole
catchments. Peak discharges after
heavy rain tend to homogenise the

streambed, increasing the distance
between separate leaf patches.
We investigated the effects of
streambed homogenisation on
caddisfly survival and fitness. Two
species of caddisflies (P. rotundipennis and M. sequax) were reared
in mesocosms containing leaf and
sand patches in 3 different spatial
configurations, varying from a
few large patches to many small
patches. Our results show that
both species start to compete for
space when patches are far apart,
resulting in an investment in wing
development in one species and
resulting in lower survival rates
in the other. The development of
larger wings in P. rotundipennis indicates the need to disperse to a
more favourable habitat, whereas
the lower survival rates directly
affect the new generation of M. sequax. This has severe consequences
for population dynamics.
This study emphasises the importance of knowledge of species-specific responses to habitat distur-

bance and highlights the effects of
microscale distribution. Discovering the effects of anthropogenic alterations helps us understand why
specific ecosystem characteristics
are changing and what is required
to restore lowland stream ecosystems.
Ω
↓ Figure
This 2-cm long caddisfly larvae is living
on the edge of submerged leaves
and sand in freshwater streams; an
ecosystem that is heavily impacted by
humans.
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DR. INGE HUITINGA works at the
Netherlands Institute of Neuroscience
in Amsterdam. She is also director
of the Netherlands Brain Bank, a
non-profit organisation that collects
human brain tissue from donors for
research purposes.
by ESTHER VISSER,
editor Amsterdam Science

1.

The first experiment I
ever did was..,
... as a little girl in my backyard,
where I tried to find out whether
snails ate plants or ants. For this,
I collected a bunch of snails (even
though my mother was disgusted)
and put them into two boxes: one
with leaves and one with ants, to
see which snails survived. Later
on, I performed several other experiments as well; for example, I
used a lens and sunlight to figure
out which shoelaces would burn
best. Unfortunately most did not
surpass the stage of slight smoke
development. I guess I already was
a little scientist back then!

2.

My constant source of inspiration is...
... Nature, both living and non-living. It might sound like a cliché,
but I get loads of inspiration from
the world around me.

an important challenge for the government. Besides, I feel like there
is a lack of female role models in
science. We need more female professors to pave the way for young,
talented female scientists. Although
I believe we are already heading in
the right direction, I think it’s a matter of when and not if women will
climb the scientific career ladder.

5.

If I had to switch roles with
a famous person for one day, I
would choose to be…
... I can only name one person, and
I am very honoured that I met her:
Queen Maxima. She has the privilege to see and experience the world
in a wonderful way, support a lot of
great initiatives, and of course wear
great clothes!

6.

I am most creative when…
... I am taking a shower.

3.

7.

4.

8.

One book that I recommend to all young scientists is..
… the bright pink Who wants to
be a scientist? by Nancy Rothwell
(2002). It gives important insights into scientific research and
research institutes, and thereby
gives tools to young researchers
to find out whether science would
make them happy.
If I headed the Ministry of
Science the first thing I would
change is…
... safeguarding the interest of
fundamental science and start
teaching science at primary
schools. I think it’s important to
teach children early on how to
reach beyond the borders of our
knowledge. Currently, most people do not clearly understand what
science is and how it can improve
our quality of life. I think here lies

If I could choose my field of
study and university once again I
would choose…
... marine biology, since I sincerely love sea, water and underwater
life; the colours and shapes are truly
amazing there. Driven by this passion, I even tried to switch to marine biology halfway my studies in
medical biology, but unfortunately
this was not possible.
I would like to share the
following with the Science Community in Amsterdam…
... join forces, concentrate expertise
from the different universities and
research institutes in centres of excellence. This will be a challenging
environment with all facilities and
researchers close together. Now I
come to think of it, academic education will probably have to be separated from research. And finally, I
think it’s very important as a scientist to leave your ivory tower and
connect and openly communicate
with society.

A
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Chemistry

Attracting the unattractive

TIDDO J. MOOIBROEK is Assistant
Professor in the HomKat group at
the Van ’t Hoff Institute for Molecular
Sciences, UvA.

↗ Figure
Molecular Electrostatic Potential maps
(MEPs) of nitrate (NO₃-) with high (red)
and low (blue) electron-dense regions.
a) Single nitrate,
b) Nitrate in interaction with water
[NO₃- ∙ 3 H₂O]-,
c) Lithium [LiNO₃ ∙ 2 H₂O],
d) Nitrate complexed with a model
trisurea macrocycle.
Total energetic values (in kcal/mol) are
also indicated.
→ Reference
Tiddo J. Mooibroek et al., Nature
Communications 8, 14522 (2017).

→ One of the driving forces behind molecular association, as
observed in for example binding of a hormone to a receptor,
is the electrostatic attraction,
which occurs between polar
molecules. A molecule is polar if
one part contains a higher electron density than another part.
In a molecule, electron-dense
regions (Lewis bases, electron-donating) are attracted to
electropositive regions (Lewis
acids, electron-accepting); two
regions of the same sign repel
each other, much like poles
of a magnet. In this research,
we found that nitrate anions
(NO₃⁻), commonly seen in biological systems and typically
considered a Lewis base, can
also act as a Lewis acid in certain conditions.
Computational predictions
We predicted the polarization
of NO₃⁻ by quantum mechanical
calculations that were visualised
by a ‘molecular electrostatic potential map’ (MEP). From this
MEP (Fig. a), it is clear that in
nitrate the N-atom is relatively
electron-poor (blue), whereas
between its three O-atoms, it is
most electron-dense (red). Overall, the atoms bear some partial
negative charge (i.e., –112 kcal/mol)
and should thus be considered as
Lewis basic sites. However, charges
are mobile and can be smeared out
over a larger area. For example,
when NO₃⁻ makes H-bonds to

three water molecules (Fig. b),
the potential on N increases from
–112 to –75 kcal/mol. This even
becomes positive (+27 kcal/mol)
in the charge-neutral lithium nitrate shown in Fig. c. If the NO₃⁻ is
bound by an array of H-bonds, as
in the (overall anionic) compound
(Fig. d), the potential on N is +25
kcal/mol. This formally Lewis acidic site was computed to interact
favourably with acetonitrile’s N
(–7.7 kcal/mol) and a chloride anion (–31.6 kcal/mol). This is a surprising prediction, given that the
interaction occurs between two
anions that normally would repel
each other (i.e., NO₃⁻ and Cl⁻).
Evidence in crystal structures
We have put this prediction to
the test. There is a vast amount of
data available in the crystal structure database for small organic
and inorganic molecules (CSD)
and the database for large biological molecules (PDB). Grouping of
data within these databases has

“Chemical
intuition is
mutable.”

traditionally been used to establish the existence and directionality of a particular interaction, most
famously H-bonding. A thorough
evaluation of these databases
revealed geometric preferences
of C=O like oxygen atoms (ketones, amides) to cluster above
the nitrate anion’s N-atom. This
is consistent with the geometry of
a favourable interaction and thus
points out that a genuine Lewis
acidic site can persist on a nitrate
anion with which NO₃⁻ may act
as a Lewis acid in the solid state.
Outlook
Our discovery might well be
unique to nitrate, as it seems to
have a specific set of properties
not found in other common biologically relevant anions: NO₃⁻ is
not so charge-dense (compared
to Cl⁻ or CO₃²⁻); already polarised
and further polarisable (see Figure a-d); and flat, meaning that the
Lewis acidic site is sterically accessible. Because nitrate anions are
commonplace in chemistry and
biology, our finding may serve as
a (retrospective) guide to understand chemical data where nitrate
anions are involved. Examples include orthonitrate (NO₄³⁻) formation, cases where NO₃⁻ anions
may be a structural determinant
and transport processes with
NO₃⁻. The work can also serve as
an educational tool for a wider
audience, such as in this contribution, to remind us that chemical
intuition is mutable.
Ω
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Physics

Telling time while dividing

JORIS PAIJMANS carried out his PhD
thesis research at AMOLF. He is
currently working at the Max Planck
Institute for the Physics of Complex
Systems in Dresden.

→ The oldest watchmaker on
Earth is not a man but a cyanobacterium – a tiny, single-celled
organism that lives in the water and needs sunlight to grow.
For billions of years, it has used
its internal biological clock
to predict the daily rising and
setting of the sun. This clock is
remarkably robust: even though
the bacterium can divide up to
four times a day, the clock keeps
a 24-hour rhythm. Research
in the biochemical networks
group at AMOLF shows that it
requires a very special clock to
keep a precise rhythm inside a
dividing cell.
Circadian clocks (from the Latin words circa, around, and diem,
day) exist in all branches of life,
ranging from bacteria to humans.
In our body, these clocks help to
coordinate the activity of many
organs throughout the day. As it
turns out, it is quite difficult to
maintain a 24-hour rhythm inside
a living cell. This year, the Nobel
Prize for Physiology and Medicine
was awarded to researchers who
have discovered the mechanism
of the biological clock in fruit flies.
Across a wide variety of different
organisms, all biological clocks a
very similar. We study the clock
of the cyanobacterium because of
its simplicity. At the heart of this
clock lies the rhythmic production
and degradation of so-called ‘clock
proteins’. These proteins regulate

their own production through negative feedback: when the protein
concentration in the cell reaches
a certain level, production stops.
When the levels drop again due to
protein degradation, production
restarts. Because there is a considerable delay between the moment
when the protein concentration
crosses the critical threshold level and the actual change in production, the concentration will
start to oscillate (i.e. move up
and down in a recurrent fashion)
with a rhythm of 24 hours. The cell
knows the time of the day from
the concentration of the different
clock proteins.
However, cyanobacteria do not
only live by the rhythm of their
biological clock. Key to all life are
perpetual cycles of growth and division. During the cell cycle, the
bacterium copies all the molecules
it is made of and divides them over
two daughter cells. Importantly,
the DNA, including the genes that
encode for the clock proteins, is
copied as well. The moment this
gene is copied, the production of
the clock protein will also double.
This means that during each cell
cycle the clock receives a little
‘push’ due to the sudden jump in
clock protein production.
These little rhythmic pushes driven by the cell cycle could have a
dramatic effect on the biological clock. Due to a phenomenon
called resonance, the rhythm of
one oscillator (here: the clock) is
extremely sensitive to the motion
of another oscillator (here: the cell

cycle). Imagine two metronomes
ticking out of sync. When you
place them on a skateboard, the
movement of their rods causes
the board to start rocking back
and forth. As a result, the metronomes can essentially ‘feel’ each
other. Due to resonance, they will
eventually move in synchrony.
Using computer simulations, we
found that resonance can indeed
occur at the molecular level when
we consider the biological clock
and the cell cycle. When the cell
divides, say, every 28 hours, the
clock receives a small push every
time the clock protein production
doubles. The clock starts lagging
behind and will have a 28-hour period. This is harmful to the bacterium, since it cannot predict
sunrise anymore. Experimental
evidence however, demonstrates
that the cyanobacterial clock always retains its 24-hour period,
independent of how fast the bacterium grows. How can cyanobacteria achieve this?
It turns out that the clock consists
of two oscillators: one production-degradation oscillator described above and one in which the
clock proteins are modified with a
24-hour rhythm. It turns out that
somehow, a phosphate group is
rhythmically added onto and removed from certain sites on the
clock protein. The cell can now tell
time by measuring the concentration of occupied phosphorylation
sites. Because this concentration
does not depend on the number
of clock proteins inside the cell,

“The oldest
watchmaker
on Earth is a
microbe.”

it provides a robust read-out as it
is much less sensitive to sudden
jumps in protein production.
When we incorporate this extra
rhythm (the presence or absence
of a phosphate group) in our model, the exact length of the cell cycle
has a much smaller effect on the
rhythm of the biological clock.
This explains why the cyanobacterial clock is more complex than
the simpler model we started with.
Our research has also proved useful to the field of synthetic biology,
in which cells are altered to give
them new beneficial properties
such as the production of new
materials and medicine. A clock
is essential to properly coordinate
production in these engineered
cells. Our research shows how to
design a robust synthetic clock.Ω

→ Reference
J. Paijmans, M. Bosman, P. R. ten
Wolde, & D. K. Lubensk. Discrete Gene
Replication Events Drive Coupling
between the Cell Cycle and Circadian
Clocks. Proceedings of the National
Academy of Sciences, 113 (15), 40634068 (2016).
← Figure
We studied the circadian clock of
the cyanobacterium Synechococcus
elongatus, which is known to exhibit
stable rhythms over a wide range of
growth rates.
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Life sciences

Timing cell division

MATTEO BARBERIS is Assistant
Professor in the Synthetic Systems
Biology and Nuclear Organisation
group, Swammerdam Institute for Life
Sciences (SILS), UvA.

↗ Figure
The newly discovered activation of
mitotic cyclins (Clb2, 3 and 5) through
the Forkhead transcription factors
Fkh1 and 2. Clb5 activates the CLB3
gene (S phase), Clb3 activates the
CLB2 gene (G2 phase), and Clb2
activates the CLB2 gene (M phase).
Solid arrows: newly discovered
interactions; dashed coloured arrows:
predicted interactions; dashed grey
arrows: newly discovered interactions.
For simplicity, Cdk1 is omitted.
→ References
C. Linke, et al. A Clb/Cdk1-mediated
regulation of Fkh2 synchronizes CLB
expression in the budding yeast cell
cycle. Nature NPJ Syst Biol Appl. 3:7
(2017).
A.Z. Ostrow, et al. Conserved
forkhead dimerization motif controls
DNA replication timing and spatial
organization of chromosomes in S.
cerevisiae. Proc Natl Acad Sci U S A.
114(12): E2411-E2419 (2017).

→ A feature that allows growth and
survival of living organisms is the
capacity of their individual cells
to divide. In addition, organisms
have to adapt to environmental
changes, requiring their cells to
differentiate and regulate their
activity. The balance between division and adaptation is realised by
the cell cycle, which is organised
by molecules that regulate cellular
events with the right timing.
Coordination of DNA replication with cell division dictates
cellular survival
The cell cycle is defined by four
different phases, which are set in
motion by several strictly ordered
and irreversible biochemical reactions. In G1 phase, the cell grows
in size if sufficient nutritional
resources are available in the environment. In S phase, the cell
duplicates its DNA. In G2 phase,
the cell continues to grow. In M
phase, the cell physically divides
into two daughter cells. Because of
its decisive role, the cell cycle has
been conserved across evolution
from unicellular to multicellular
organisms. The same holds for
its molecules and biochemical
reactions. These reactions are executed timely by a sophisticated
control machinery formed by: (i)
enzymes, called cyclin-dependent kinases or Cdk; (ii) proteins
that are required for Cdk activity,
called cyclins; and (iii) DNA-binding proteins, called transcription
factors. The latter are activated by
Cdk through biochemical modifications, and regulate expression
of genes throughout the cell cycle.
This control machinery ensures
that each cell cycle phase is completed before the next one initiates, thus preventing overlap. To
achieve this coordination, DNA
replication and cell division must
alternate, and do so with a specific temporal delay. Consequently,
cells are prevented from dividing
before the DNA is properly replicated, thereby avoiding a dramatic
consequence: an imbalanced DNA
segregation.
How can this coordination be
achieved? It is realised by changes
in the activity of Cdk, which is regulated by waves of expression of
phase-specific cyclins that occur

in an exact temporal order. This
results in consecutive oscillations
in the concentration of cyclins and
thereby in the cyclin/Cdk activity.
This ensures cell division to take
place coordinately. However, despite decades of intensive studies,
it is not clear yet what molecular
mechanisms determine how DNA
replication and cell division are
coordinated temporally. To shed
light on this mystery, we used
the unicellular budding yeast
Saccharomyces cerevisiae. Besides
being easy to manipulate genetically, its molecular pathways in
cell division are similar to those
in humans. The knowledge of the
molecular mechanisms coordinating DNA replication with cell
division is limited even in S. cerevisiae. In particular, it is a major
challenge to understand how the
mitotic cyclins, which are required
for the Cdk activity spanning from
DNA replication to cell division,
are regulated.
Systems biology reveals Forkhead transcription factors as
timers of DNA replication and
cell division
We approached this challenge by
using a systems biology strategy,
which integrates predictive computer models with biochemical
experimentation. Through this
approach, we investigated how
the temporal order of waves of mitotic cyclins is achieved. By using
mathematical models describing
the regulation of mitotic cyclin/
Cdk complexes, we predicted the
existence of an activator molecule
stimulating the expression of mitotic cyclins. This prediction was

confirmed experimentally, identifying Fkh2 as being responsible for
the timely expression of mitotic
cyclins. We demonstrated how the
complex signalling through Fkh2
works: mitotic cyclin/Cdk complexes activate Fkh2, which in turn
promotes expression of mitotic cyclins. The result is a link between
Cdk and Fkh2, which guarantees
a timely cell cycle progression.
Furthermore, we showed that Fkh
molecules regulate the timing at
which DNA replication occurs.
Our work reveals a novel principle
in the regulation of cell division
that could have been conserved
in humans. Indeed, Fkh molecules are present in humans, but
whether or not these are involved
in cell cycle regulation remains to
be determined.
Ω

“We captured
the molecular
regulation
underlying
a timely cell
cycle in yeast.”
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Stand up for science
I often compare doing research to running an ultramarathon; repetitive experimental protocols often dictate how
you live (in the lab), what you eat (instant
noodles) and when you socialise (you
don’t). Moreover, the excitement when
after months or years of failures and setbacks you get a result that might push
our understanding of life, the universe
or – in my case – the brain just a little bit
further, can easily be compared to the
thrill of crossing the finish line. Or so I’ve
heard - I’m not much of a runner.
We get submerged in our work to the extent that we often get disconnected from
the outside world and do not engage in
public discussion. But in 2017, it is a luxury we can no longer afford. There is a
growing information chaos that results in
legislation being proposed and approved
that is based on fear, prejudice and lack
of understanding. In May, President Donald Trump decided to pull the US from the
Paris Climate Accord. In June, the Court of
Justice of the EU ruled that courts can decide whether vaccines can be blamed for
an illness without any scientific evidence
that support such claim. This last ruling
came out just a few months after major
measles outbreaks across Europe.
For the first time in history, humans
reached the technological ability to use
cutting-edge science to curtail the effects
of global warming and prevent disease.
And yet, as a society, we elect politicians
(from across the political spectrum, left
and right-wing alike) who choose not to
use those tools and ignore scientific arguments. To me, as a scientist, this dissonance between what is achievable and
what is actually being implemented is
unacceptable and the scientific community is not without blame. Far too often, we
let ourselves be sidelined or, worse, consciously choose to remain silent. The only
way to turn things around is to speak up
and not be afraid to get involved. Scientists have the moral obligation to spread
knowledge and demand evidence when it
comes to policy-making. There are a number of things that we can do: from taking
part in discussion with friends and family
at the dinner table, through contributing
to public debates on social and traditional media platforms, to building new
tools that spread knowledge and engage
broader public in scientific discussion or

even venturing into politics by joining governmental advisory boards. Here are just
a few concrete examples on how I myself
and scientists I know make an effort to
reach out to the general public: 1) build a
webpage that explains difficult political
concepts such as gerrymandering in an
accessible way; 2) create a blog where
you write about your area of expertise; 3)
create games where citizens can contribute to scientific discoveries in areas such
as astrophysics or neuroscience by helping to analyse data; 4) develop a mobile
app that lets people track the impact of
climate change in their own backyards;
5) take part in global initiatives where you
can be engaged at a local level; 6) coordinate outreach programmes for pre-school
children and pupils; 7) engage in advocacy
groups that work together with policymakers to ensure that newest scientific developments get included in their agendas.
The list above is neither comprehensive nor exhaustive. But it makes an important point: there are plenty of activities
to choose from for scientists from all disciplines to find a way to be engaged, no
excuses. We need to act now if we want
to see a change in how society perceives
science. This is a necessary step to build
a society where critical thinking is incorporated into public debate and where
scientific evidence can influence political
choices. To put it in neuroscience terms:
as far as we understand it, decision-making is a process where our brains weigh
and evaluate available evidence and make
a choice. The less evidence we have, the
more our choices resemble gambling. The
more gambling we do, the less predictable
the outcomes become. Without knowledge there is no choice, only misinformation and blind and misguided followship. Ω

ALEKSANDRA BADURA is a postdoctoral
fellow at the Netherlands Institute for
Neuroscience (NIN) in Amsterdam and
a Visiting Research Collaborator at the
Princeton Neuroscience Institute in
Princeton, USA. She was also one of
the main organisers of the March for
Science 2017 in the Netherlands.

→ References
Gerrymandering:
gerrymander.princeton.edu
Blogs:
ourchangingclimate.wordpress.com
Citizen science in astrophysics:
science.nasa.gov/citizenscientists
Citizen science in neuroscience:
eyewire.org/explore
Climate change research in your
backyard:
naturetoday.com/intl/en/observations/
growapp/about-growapp/objectiveand-background
Global initiatives at the local level:
marchforscience.nl
Outreach programmes:
universiteitsmuseum.nl/english

“We need to act
now if we want
to see a change
in how society
perceives
science.”
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Valorisation

Added value to
brewery waste

→ During the interdisciplinary
course Science in Practice at the
University of Amsterdam, four
students – Mathijs Smeets, Laila
Blömer, Laurens Samson and Sophie Louise Koopmans – worked
on a consultancy case of a local
craft beer brewery. How could
brewery residuals regain value?
They conducted research into
brewers’ spent grains (BSG) – the
grain left over from the beer brewing process. The study project ultimately resulted in ‘BrouwBrood’,
a circular economy start-up that
sells bread baked with BSG, in collaboration with Oedipus Brewing
and Hartog’s Volkoren bakery.
Initially, the complex properties
of BSG made it difficult to develop the perfect bread. Some of
these properties, such as the fact
that the grains have been cooked,
which denatures the proteins,
probably caused other bakers not
to use BSG. However, BSG also has
an advantage: during the brewing process, the sugars from the
grains are dissolved in water, so,

BSG is relatively low in remaining
sugars and high in dietary fibres
and proteins when compared to
regular grains. It makes the baking process more difficult, but
the health benefits outweigh the
baking problems.
With BrouwBrood, the student entrepreneurs want to raise awareness for the need for and benefits
of a circular economy. The current
status quo of a linear economy,
where products are made, used
and disposed of, is in a slow transition to more sustainable solutions. Bread is a common product, eaten daily by most Dutch
people. With this product, the
initiators want to show that such
an everyday product can easily be
adjusted to the circular economy,
and inspire others to invest in and
support circular initiatives.
As for BrouwBrood’s future, it will
stay a student company. Starting
and running a company provided
the four founding students with
so much practical experience that

they believe it is a valuable contribution to one’s (mostly) theoretical studies. When the founders
graduate, new students will fill
their positions so that they, in
turn, get to experience the exciting life of a student entrepreneur.
Thus, even the company culture
promotes a circular economy. Ω

“An everyday
product can
easily be
adjusted to
the circular
economy.”
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Alumni @Work
Where do the alumni of the Amsterdam science community end up in the worldwide job market?
This item zooms in on alumni who have started their own science-based company.
That's an art award for non-artists. Based on that award, I came
up with my job description: impact
creator.

Vera
Bachrach
Impact creator and founder of Coco
Conserven, a small and innovative
canning factory.

→“While working towards my
degree in Future Planet Studies,
I took a job with a solar energy
start-up called the ‘Zonnefabriek’.
It was amazing – these were the
true pioneer days of solar energy.
Over time, I got all my friends
from university involved as well
and I learned a great deal about
setting up a business.
The period after my graduation
was a very special time: it was a
kind of vacuum in which many
of my friends found themselves
in-between finishing school and
getting a job, which meant that we
had plenty of time and energy to
start a project of our own. That
project was the ‘tostifabriek’. We
decided to find out whether we,
a group of city-dwellers, could
produce our own grilled cheese
sandwich – a ‘tosti’ – from start
to finish. And so, right in the middle of the city, we constructed an
installation to show people at a
glance everything that goes into
the making of a grilled cheese
sandwich. Over a period of nine
months, using two cows, two pigs
and a 100-m² plot of grain, we produced 450 tostis. The project was a
huge success because, as it turned
out, it provided an ideal context
for talking about the relationship
between urban and rural areas as
well as about our food system. In
2015, I won the Art of Impact prize
for my role in the tostifabriek.

Together with Joris and Sascha,
with whom I launched the tostifabriek, I then set up an experimental production studio aimed
at providing fresh perspectives
on the world. We supply artistic
proposals for new ways to design
the world around us. The form
is experimental: a book, installation or new business idea. Like
Coco Conserven, for example, the
business that we are working on at
the moment. Through Coco Conserven, we are paying homage to
the industry and contributing to
a food system ‘with a long shelf
life’. In a former grenade factory
that has now been converted into
a small cannery, we turn fresh ingredients into tasty foods that can
be stored unrefrigerated for long
periods.
What I like best about my job is
that we have created a vehicle that
allows us to put all our ideas – no
matter how naive, idealistic or absurd – into practice. In addition,
we give people a fresh perspective
on complex issues through the
power of imagination. The things
that I learnt in Future Planet Studies have definitely influenced what
we do. It’s an interdisciplinary
programme that teaches you to
build bridges between various
disciplines and sectors. I rather
naturally took on that role to a surprising extent: learning to speak
different ‘languages’ in order to
bring together businesses, government bodies and the arts.” Ω

→ Insider's advice:
“Think of your work as an opportunity
to create the kind of world that you'd
like to live in. Start something for
yourself, either during your studies or
after graduation – that’s how you learn
the most!”

Florian
Huber
Founder of KändI, an Amsterdambased company developing and
hand-producing candy bars and
caramels.

→ “The thought of starting a company had never crossed my mind.
Throughout my PhD and early
postdoc time I was very much focused on a career in fundamental
research. I really enjoyed my daily
work as a postdoc in biophysics at
AMOLF, and I felt very much at
home in the scientific community.
But at the same time I noticed that
it gave me less and less a feeling of
fulfillment.
One of the main issues was that
my work felt too specialised, leaving aside plenty of other interests I
had beyond physics or my research
field. In the end, leaving academia
was a truly difficult decision, but it
also was a liberating one. Not having any other determined career
path in front of me has given me
a lot of space to try out something
that appeared to be far off: developing and making premium candy.
Next to my postdoc work I had
become quite obsessed with food
science in general, and the world
of chocolate and candy in particular. Being a scientist, this obviously
meant reading books and articles,
and attending food science courses, conferences, workshops and
meetings. Meanwhile, my home
kitchen slowly transformed into
an improvised food lab. During
the day I would work on protein
purifications at the institute; in the
evening I would develop protocols
(not recipes) for vegan caramels.
In 2015, I finally founded Kändi,

beginning with a small-scale artisanal production of candy bars
and caramels. My life feels like an
incredible roller coaster ride ever
since: very exciting and occasionally scary. Right now, I feel more
comfortable saying that I am an
entrepreneur. However, this was
not always an easy path for me.
More importantly, since I took this
decision, I have never looked back
with regrets. In my current situation, I really love how diverse my
tasks are: development of products and food concepts, artisanal
production, design, marketing,
networking etc. And I am very
satisfied with how I now use and
grow my craft and design skills.
Making something ‘real’ that you
can hold in your hands and that
directly connects to people’s lives
feels great.”		
Ω

→ Insider's advice:
“I knew how weird some people
would find my idea (and later: my
choice) to quit academia and become
an artisanal candy maker. But that
shouldn’t have hindered me from
talking to many more people early on.
Don’t try to solve ‘entrepreneurship’
on your own, as if it is a simple puzzle
or equation. Actively search for advice
and feedback from as many people as
possible, and be sure to include people
with entrepreneurial experience and
people from the field you want to
move to. Because when it comes to
business, experience is often worth
more than logic (which can be hard to
accept for a scientist).”
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5

Place numbers from 1 to 5 in the
square fields.
In every row and every column,
each number should appear only
once.

Example:
2 ○ 3 ○ 5 ○ 1 ○ 4 = 249
2 ● 3 ● 5 + 1 ● 4 = 249
235 + 14 = 249

= 12

= 45

In the circles, place a + (plus) or –
(minus) sign, or a black dot. The
black dot combines the digits into
a larger number.

= 109

At the right and lower ends, the
outcome of the sums are given.
Note that, at no point in the calculations, the intermediate outcomes
become negative.

= 410

= 555
=

=

=

=

=
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research you published with your
colleagues? Are there developments in your field that we all
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research institutes?

Have a look at www.amsterdamscience.org for the remit of the magazine and upload your contribution
for consideration for a future issue
of Amsterdam Science.

One of the editors will contact you,
primed to hear about your exciting
story or striking image, and to
discuss with you how it could reach
a broad audience via publication in
the magazine.

facebook.com/
amsterdamscience
amsterdamscience@gmail.com
www.amsterdamscience.org
twitter.com/AmsSciMag

Perspective

Dynamorphosis

Since 2010, the BioArt and Design
award (http://www.badaward.nl)
has stimulated collaborations between artists/designers and scientists. One of the winning projects
in the 2016 edition was ‘Dynamorphosis’, developed by Lilian van
Daal and Roos Meerman. Inspired
by the beautiful shapes and functions of organs that are typically
hidden deep inside the human
body, these designers have pushed
the boundaries of 3D printing to

create a series of kinetic objects.
Depicted here is ‘Lactility’ – an
artist’s impression of the human
mammary gland (connecting
with the breast cancer research
of Renée van Amerongen (SILS,
UvA), with whom the designers
have collaborated). An exhibit offering a glimpse of the design and
development process is on display
at the study centre at Science Park
904 until January 2018.
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