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Preface

Dear reader,
The November 2018 edition of Amsterdam Science magazine is out!
An issue with two columns addressing the approaching Brexit from the
perspective of scientists. One of them a Dutch postdoc working in London, the other
a UvA professor who grew up in the UK but spent half of his life on the continent. Both
of them see a grim future for scientific collaboration with the UK. We may even have
to host ‘brefugees’ in the Netherlands, when the Brexit become a fact of life. Luckily,
other contributions in the magazine have a more positive feel: Erwin Peterman,
head of the Department of Physics of the VU, shares his passion for molecules and
the physics of life with us. He looks deep into living cells, lighting up single protein
molecules, trying to understand how they perform their tasks. And he explains how
he makes a profitable business by selling his miraculous microscopes! His passion
about music (opera) is something he shares with many other physicists; read how
De wereld in trilling (the world in vibration) produces theatrical performances about
physics, music and harmony that dazzle your imagination. Arts in physics is also
captured on the back cover where Jos Jansen shares one of the topics from his
book “Universe - facts in the post-truth era” with us.
And there is more to enjoy: a colourful cover illustrating how we can trace the
development of zebrafish embryos in order to understand neuronal development.
The centrefold is a beautiful grey-scale image of nanoscale fibres that form the
basis of our blood clotting system. It visualises the fibrous network that Bart Vos
describes on page 8, with special physical properties. Equally remarkable is the
mathematical story about conformal motions in 3D. It brings geometrical algebra
to life, mathematically describing for instance the 3D structure of a snail shell. It is
clearly my favourite in this issue! Biologists will love the story about the brave mites
and the strange division strategy of bacteria living on tropical worms. Chemists seem
to have found a revolutionary way to store electricity with their supercapacitor. Of
course, there is also plenty of neurosciences: deep-brain stimulation, the genetics
of neuroticism, learning from a “lazy eye” and what makes our brain human! Finally,
there is a very special infographic from movement science: what does an athlete
need for sprint and endurance?
Although I try to encourage you to read all the awesome contributions, I do
understand that most readers will skip the science and go to the puzzle immediately.
Our puzzle in the seventh issue triggered many of you to be creative; one of our
readers even wrote a computer script to solve the puzzle. We gladly share with this
you, check it out on the extra puzzle page! We hope you like our new puzzle: “guess
what this is….”
If you want to meet some of this issue’s authors in person, you’re very welcome
to attend the science lectures event “Amsterdam Science Now” on Thursday,
6 December. We organise this event in collaboration with SPUI25, an academiccultural centre in the heart of Amsterdam. Three contributors to this issue will give
you a flavour of what they have been working on and why it makes them tick. This
edition of Amsterdam Science Now will be about the zebrafish as a useful model
for many human diseases (p.5), deep-brain stimulation that reduces neurotic
behaviour (p.7), and bacteria that divide along their long axis (p.9). Check out http://
www.spui25.nl/en/events/program.html for more information.
Finally, I want to thank Eline and Noushine who have left the board: thanks for
your help and enthusiasm. New on the editorial board is Bernet - great to have you
on board!
Enjoy the eight issue and visit the website to submit your own Amsterdam
Science contribution!
On behalf of the Editors in Chief,
Michel Haring

ABOUT THE COVER IMAGE:
Zebrafish have the unique feature
of being transparent during early
embryonic development. This makes
the zebrafish very suitable as a
model for live imaging of genetically
modified zebrafish with tissues and
organs labelled with fluorescent
proteins. In this image the blood
vessels are labelled cyan and the
axons magenta.
Image credit: KIN KI JIM, he
performed this research at
Amsterdam UMC as part of his
PhD thesis work. Currently he is a
resident in Medical Microbiology,
Amsterdam UMC, location VU
University Medical Centre.
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Plant biology

Specialist herbivore shows who is boss
→ A classic question in biology is:
“why is a world full of plant eaters
still green?”. Decades of research
have revealed two main reasons.
Firstly, the world is not only full of
herbivores but also of carnivores.
Plants can acquire protection from
carnivores that feed on herbivores.
For this purpose, plants have
evolved several traits to attract and
recruit carnivores as bodyguards.
Secondly, plants have evolved numerous traits that enable them to
defend themselves independently
from carnivores. Plants may, for
instance, grow spiny thorns and
produce toxic substances that aid
their survival.

JOSÉPHINE BLAAZER, ERNESTO
VILLACIS-PEREZ and RACHID CHAFI
are PhD students at the Dept. of
Evolutionary and Population Biology
(EPB), Institute for Biodiversity and
Ecosystem Dynamics (IBED), UvA.
BART SCHIMMEL currently is a postdoc
at the University of Bern, Switzerland,
and LÍVIA ATAIDE now works as postdoc
at the University of São Paulo, Brazil.
→ Reference
B.C.J. Schimmel, et al.,
Overcompensation of herbivore
reproduction through hypersuppression of plant defenses
in response to competition. New
Phytologist 214, 1688-1701 (2017).
https://doi.org/10.1111/nph.14543
C.J.H. Blaazer, E.A. Villacis-Perez, R.
Chafi, T. Van Leeuwen, M.R. Kant and
B.C.J. Schimmel. Why do herbivorous
mites suppress plant defenses?
Frontiers in Plant Science 9, 1057 (2018)
https://www.ncbi.nlm.nih.gov/
pubmed/30105039
https://doi.org/10.3389/fpls.2018.01057.

“Why is a world
full of plant
eaters still
green?”

Mites are some of the most notorious herbivores on wild and cultivated plants. Despite being very small
(most species do not exceed 1 mm in
size), these animals can be extremely destructive. That is because mites
reproduce in high numbers and mature fast, enabling rapid exponential
population growth. The two-spotted
spider mite (Tetranychus urticae)
may be the most infamous species:
this globally occurring generalist
herbivore has been recorded on
over 1100 plant species and is a
pest on numerous crops and ornamentals, ranging from lemon and
tomato to gerbera and cannabis. The
two-spotted spider mite’s extraordinary ability to eat from so many
different plant species can be largely
attributed to an exceptionally high
number of genes that allow it to
detoxify harmful plant substances
that would otherwise kill it. Yet, on
mutant plants which cannot defend
themselves, these mites reproduce
even better, indicating that they do
have to ‘work hard’ for their success
on normal plants.
→ Figure
An adult female two-spotted spider
mite (Tetranychus urticae; left) and
its competitor, the red spider mite
(Tetranychus evansi; right) on the
surface of a tomato leaf. Both mites are
0.5 mm in size. Photo: Jan van Arkel
(IBED, UvA).

Recently, a novel menace has made
its appearance in Europe: the red
spider mite (Tetranychus evansi).
This species is a specialist herbivore
of tomato and its relatives, such as
tobacco and eggplant. It entered Europe from Africa and is extremely
damaging because it manages to
escape from its natural enemies by
producing a dense, impenetrable
web that can cover entire plants.
Moreover, we found that this mite
has another trick up its sleeve: when
it feeds, it injects saliva into the cells
of its host plant. This saliva contains
specialised proteins, called ‘effectors’, which paralyse the plant’s
natural immune system, including
the production of toxins. As a result, infested plants cannot protect
themselves against the red spider
mite (read more about effector molecules in Amsterdam Science issue
6). Together, the evasion from natural enemies and the suppression
of plant defences seem to explain
why this specialist mite species is
so destructive.
Despite the obvious advantage of
suppressing plant defences, there
appear to be drawbacks as well. We
are especially interested in these
drawbacks given that under laboratory conditions they can be so
severe that it is actually surprising
the red spider mite is so successful.
The main drawback for this mite is
that plants with suppressed defences
also become a better food source for
its main competitor, the two-spotted spider mite. The latter co-occurs
with the red spider mite everywhere
in nature and agriculture. Laboratory experiments suggested that on
plants previously infested by the red
spider mite, the population growth
of the two-spotted spider mite ac-

celerates to such an extent that it
should be able to easily win the competition. Paradoxically, in nature, it’s
the red spider mite that displaces the
two-spotted spider mite. So, what
causes the discrepancy between the
laboratory and field experiments?
We have observed that the red spider mite displays unexpected behavioural changes when it faces the
two-spotted spider mite. Firstly, it
turns out that, quite surprisingly,
red spider mite males prefer to copulate with two-spotted spider mite
females. This behaviour is intriguing since it does not result in viable
offspring. However, it does repress
the two-spotted spider mite’s population growth in favour of that of the
red spider mite. Secondly, when confronted with the two-spotted spider
mite, the red spider mite increases
the magnitude of immune suppression, but only locally, roughly within
a radius of one centimetre around
the plant cells it is feeding from –
and not in the rest of the leaf. As a
result, its own population growth
increases without promoting that
of its nearby competitor. Currently,
we are investigating the mechanistic
basis of this ‘hyper-suppression’ and
its effect on community interactions.
Finally, it would be logical if natural
selection would act against defence
suppression given that it favours
the competitors of these mites so
strongly. Yet, this trait is far from
rare among mites. Therefore, we
think that buffering traits such as
the aforementioned reproductive
interference and hyper-suppression
shield the suppression trait from
natural selection, allowing the red
spider mite to remain boss in the
tomato jungle. 
Ω
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Life sciences

Zebrafish: a novel model to study
human infectious diseases

KIN KI JIM performed this research at
Amsterdam UMC as part of his PhD
thesis work. Currently he is a resident
in Medical Microbiology, Amsterdam
UMC, location VU University Medical
Centre.

→ Reference
K.K. Jim et al., Infection of zebrafish
embryos with live fluorescent
Streptococcus pneumoniae as a realtime pneumococcal meningitis model.
J Neuroinflammation 13, 188 (2016).
https://doi.org/10.1186/s12974-0160655-y

“The
zebrafish is a
surprisingly
useful model
for many
human
diseases”

→ Bacterial meningitis is a severe
and life-threatening infectious disease of the brain and spinal cord,
most commonly caused by the
bacterium Streptococcus pneumoniae.
The classic symptoms of bacterial
meningitis are headache, fever and
neck stiffness. The mechanisms by
which the bacterium can cause meningitis are complex and experimental models are essential to unravel
the disordered physiological processes involved in this devastating
disease.
The zebrafish (Danio rerio) has been
adapted as a vertebrate model organism in developmental biology
and genetics for many decades.
More recently, it has emerged as a
very powerful model to study human diseases, including neurological diseases, heart diseases, cancer
and infectious diseases. Zebrafish
are remarkably biologically similar
to humans and share more than 80%
of the genes associated with human
disease. Gene editing is relatively
easy in zebrafish due to recent
advances in faster and more accurate gene-editing methods (CRISPR-Cas), and the increased availability of these tools. This allows
the study of a particular gene by for
example removing the gene or using
fluorescent proteins as reporters to
visualise gene expression in different tissues and organs in zebrafish.
A unique feature of this model is the
transparency of zebrafish embryos
which allows unprecedented possibilities to study and visualise live
cellular processes with state-of-theart microscopes.
We developed and characterised a
zebrafish embryo infection model
of pneumococcal meningitis allowing visualisation and investigation
of host-pathogen interaction. Zebrafish have an immune system
that is highly similar to humans and
are able to defend against human
pathogens. We infected genetically
modified zebrafish embryos with
fluorescently labelled blood vessels
(red) with live fluorescently labelled
Streptococcus pneumoniae (green)
and tracked the bacteria over time
after injection in the blood stream

or directly into the central nervous
system. Both injection methods resulted in meningitis. Interestingly,
we saw focal clogging of bacteria
in the blood vessels and migration
of bacteria into brain tissue: possibly a new mechanism by which
Streptococcus pneumoniae can cause
meningitis. Using time-lapse imaging we observed that the initial
immune response in pneumococcal meningitis mainly consisted of
neutrophils, the most abundant
white blood cell type, comparable to
what happens the human situation.
Additionally, upon injection with a
genetically modified bacterium in
which an important disease-causing
gene is deleted, the survival rate of
infected embryos increased and a
different reaction from the immune
system was observed as compared
to infection with the unmodified
bacterium. These results show that
the zebrafish is a promising tool to
further our insights in the mechanisms by which Streptococcus pneumoniae causes meningitis.
Besides being an excellent model
organism for human diseases, the
zebrafish has also proven to be an
excellent tool for large-scale drug

testing and screening. Zebrafish can
produce large numbers of eggs, develop rapidly outside the mother’s
body and are permeable to small
molecules. Therefore, the zebrafish
model has been increasingly adopted in the field of toxicology and drug
discovery and already successfully contributed to the discovery of
promising drugs. 
Ω

↓ Figure
Microscope (left) and live fluorescence
image (right) of a zebrafish embryo
injected with Streptococcus
pneumoniae in the blood stream.
The green fluorescent bacteria can
migrate out of the blood vessel into
brain tissue.
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Chemistry

Charging the new world:
supercapacitors as
alternatives for batteries
pected ignition from overheating;
think of the exploding Samsung
Galaxy Note debacle of 2016. Alternatively, energy can be stored using
an electro-chemical capacitor, also
known as a supercapacitor. Capacitors benefit from a faster charging
mechanism than any battery, but so
far struggle to store as much energy.

JASPER BIEMOLT and ILSE M.
DENEKAMP are PhD candidates in
the Heterogeneous Catalysis and
Sustainable Chemistry group at the
Van 't Hoff Institute for Molecular
Science, UvA.

→ To fulfil the world’s growing energy demand, we must transition to
renewable sources of energy. However, the rise of sustainable energy
sources has led to a new problem:
unlike coal plants, most renewable
resources fluctuate in their energy production, for instance due to
weather conditions. To ensure we
have enough energy at all hours of
the day and all times of the year, we
need to be able to store surplus energy. The ideal storage system would be
able to store a large amount of energy
and store it as quickly as it is being
produced. To this end, energy-storage devices have been an important
area of research in recent years.
The first way to store energy that
comes to mind is an electric battery,
such as a lithium-ion battery. Batteries can store a lot of energy per unit
mass, but are rather slow when it
comes to charging and discharging.
On top of this, they can suffer from
issues such as toxicity and unex-

Supercapacitors are made up of
electrodes submerged in an ion
solution (electrolyte). Recently,
our group developed a new electrode material by doping a carbon
structure with nitrogen. The new
material is a good conductor and
cheap to produce. Like conventional
supercapacitors, it can store energy via electric double-layer capacitance (EDLC): during charging,
ions in the electrolyte adsorb to
the surface of the electrodes, and
the interaction between the charged
surface and the ions stores energy
(see Figure). This process is fast
and reversible, but the interaction
is weak and only stores a limited
amount of energy (roughly two orders of magnitude lower than Li-ion
batteries). However, the new electrode material also has the benefit
of a second charging mechanism,
called pseudo-capacitance. The
nitrogen groups in the material
can undergo reversible redox reactions, storing (releasing) energy by
forming (breaking) chemical bonds.
This process is slower than EDLC
but has a significantly larger energy
storage capacity. The combination
of EDLC, pseudo-capacitance and
the material’s high surface area due
to its porous structure gives it the
potential to overcome the energy
storage challenge.
Despite this potential, the new
material in practice showed a capacitance (measure of the energy
storage) of only 62 F/g (Farads per
gram), much lower than that of Liion batteries. Since the material
showed promise, we investigated
methods to increase the capacitance
of this nitrogen-doped carbon. Our

initial experiments focussed on optimising the carbon synthesis. We
found that using a higher synthesis temperature increases the material’s porosity and so results in a
bigger surface area. The larger the
surface area, the more energy can be
stored through both charging mechanisms. A second thermal treatment
enhanced the conductivity of the
electrodes. This enhanced the
EDLC, but also reduced the amount
of nitrogen in the material, reducing
the pseudo-capacitance. By finding
the right balance, we increased the
capacitance by 89% to 117 F/g.
Since our material has the benefit of
two charging systems, we wanted to
optimise the pseudo-capacitance as
well. We found that treating the material with a mixture of acids introduced chemical groups containing
oxygen, which participate in reversible redox reactions and thus boost
the pseudo-capacitance. However,
during oxidation, the porous structure becomes weaker. Oxidising for
too long means the structure collapses, so that much of the surface
area that we initially introduced is
lost again. Optimising the oxidation
treatment time, we increased the capacitance to 168 F/g, an astounding
increase of 171% compared to the
starting material!
While there’s still some way to go
before we’re able to store as much
energy per unit of mass as Li-ion
batteries, we’ve given fundamental
and broadly applicable insight into

easy ways to increase the capacitance. With such improvements,
the future where supercapacitors
solve our energy (storage) problem
is closer than ever!
Ω
→ Reference
J. Biemolt, I.M. Denekamp, T.K. Slot, G.
Rothenberg and D. Eisenberg. Boosting
the supercapacitance of nitrogendoped carbon by tuning surface
functionalities, ChemSusChem 10,
4018–4024 (2017).
https://doi.org/10.1002/cssc.201700902

“Nitrogendoped carbon
supercapacitors
show much
promise”
↓ Figure
The two charging mechanisms at
work in nitrogen-doped carbon
supercapacitors. (Left) electric doublelayer capacitance (EDLC), in which the
layer of positive ions interacts with
the negative electrode through the
solvent layer (blue) that separates
them; (Right) pseudo-capacitance, in
which negative ions interact through
the solvent layer with the nitrogen (N,
green) of the electrodes.

Neuroscience
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Deep-brain stimulation
reduces compulsive
grooming

BASTIJN VAN DEN BOOM is PhD
student and INGO WILLUHN principal
investigator in the research team
Neuromodulation and Behaviour at the
Netherlands Institute for Neuroscience
(NIN).

↓ Figure
Mice received deep-brain stimulation
(through the black electrodes) in either
the dorsal part of the ventral striatum,
or the internal capsule, leading to a
reduction in compulsive grooming.

→ Obsessive-compulsive disorder
(OCD) is a psychiatric disorder
that is characterised by recurrent, intrusive thoughts (obsessions) and repetitive ritualistic
behaviour (compulsions). OCD
symptoms are often associated
with increased anxiety and persist despite patients’ attempts to
resist them. As such, they can be
very debilitating for the patient.
The most common types of OCD
symptoms involve excessive hand
washing, repetitive checking rituals, and fear of losing control.
Cognitive behavioural therapy
and pharmacotherapy provide
symptom reduction in the majority of patients, but some remain
refractory to the conventional
approaches. For these patients,
deep-brain stimulation (DBS) is an
appropriate last-resort treatment.
DBS is a chronic and invasive
technique that involves implantation of electrodes in deep brain
structures, where it can modulate activity of brain cells. Since

“ Electrodes in brain structures can
modulate activity of brain cells”

studies have shown dysfunctional
connectivity between the cortex
(the outer layer of the brain) and
the subcortical basal ganglia in
OCD, DBS treatment usually targets these circuits. Clinical trials
have shown that on average 60%
of OCD patients treated with DBS
show improvement in symptoms
and daily life functioning. Even
though DBS is effective in OCD patients, the neurobiological mechanisms underlying its therapeutic
success are still unclear.
To increase our understanding
of neurobiological mechanisms
and improve electrode targeting to
treat OCD patients, we employed
a genetic mouse model of OCD.
This mouse model, that lacks the
SAPAP3 protein, mainly in the cortex and subcortical basal ganglia,
shows compulsive self-grooming
behaviour (i.e., cleaning of its fur),
increased anxiety and deficits in
the circuits connecting the cortex
with the basal ganglia, thereby resembling human OCD symptoms.
This model allowed us to study the
effect of DBS in different brain areas on grooming behaviour, anxiety,
and other functioning.
Based on previous studies,
we chose to stimulate two target
regions: the internal capsule (IC)
and the dorsal part of the ventral
striatum (dVS). The IC is a white
fibre tract that connects the cortex with the rest of the brain via
the basal ganglia and is one of the
main targets in OCD patients (see
Figure). The dVS is a region in the
basal ganglia that is involved in
anxiety and therefore a potential
target for OCD.
We implanted mice with DBS
electrodes in either the IC or the
dVS. After recovery, we applied
DBS while mice were able to freely explore a new environment.
We found that both IC and dVS
stimulation rapidly decreased excessive grooming. Interestingly,
for both target regions, we had a
subset of mice that did not show
excessive grooming during the
baseline period; stimulating the
IC or dVS in these mice had no
effect. Therefore, DBS specifical-

ly decreased excessive grooming
and not normal grooming behaviour. Direct comparison of the
two locations showed that both
target regions were effective in
reducing compulsive grooming,
with IC stimulation showing the
strongest effect. After DBS stimulation was turned off, we found a
quick rebound of grooming in the
IC group. This is consistent with
DBS studies in OCD patients that
demonstrate rapid worsening of
symptoms after de-activation of
the implanted electrode.
To investigate whether DBS
in mice affected anxiety, we tested animals on a classical anxiety
test (elevated plus maze) that
tests innate, unconditioned anxiety. We found no effect of IC or
dVS stimulation on anxiety. This
finding suggests that compulsive
grooming and anxiety have different neurobiological mechanisms
in this mouse model of OCD and
that DBS in both target locations
only affects compulsive grooming.
Finally, to better understand
the mechanisms of DBS, we investigated neuronal activation in
other brain regions. Previous studies suggested that the therapeutic
effect of DBS is through restoring
abnormal activity in prefrontal
regions to regain control over behaviour. By comparing neuronal
activation of control and stimulated animals, we found that both
IC and dVS stimulation indeed
showed an increase in neuronal
activation in prefrontal regions.
This suggests that DBS recruits
prefrontal regions to reduce excessive grooming in this mouse
model of OCD.
Our study paves the way for
new DBS experiments searching
for new target locations and different stimulation parameters that
can increase the effectiveness of
DBS and help OCD patients to
improve their quality of life.  Ω
→ Reference
C.M. Pinhal, B.J.G. van den Boom,
et al., Biological Psychiatry 1–9
(2018). https://doi.org/10.1016/j.
biopsych.2018.05.011
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Physics

Stiffening sticky fibre networks
only the maximum compressive
strain that the sample has experienced is relevant, while the subsequent strain history plays no role.

BART VOS is a former PhD student in
the group of Biological Soft Matter at
AMOLF.

→ Fibrous materials are ubiquitous
in biological systems such as tissues in our bodies, where they form
rigid networks at low volume fractions. Similar design principles are
also harnessed in many man-made
materials, ranging from paper and
textiles to light-weight composites. Nature has found intriguing
ways to adapt the mechanics of
fibrous networks in living tissues,
reinforcing their structure along
the direction of deformation. We
found that certain networks can
adapt their stiffness without cellular activity to drive reinforcement.
As a model system to study this
mechanism, we chose fibrin, a fibrous protein involved in the blood
clotting process. We formed a fibrin network between two steel
plates, which we brought closer
to each other to compress the
network slowly. Once we decompressed the network, we observed
a twofold, irreversible increase
in the shear modulus, which is a
measure of its stiffness. As we compressed the network further and
repeated the decompression step,
the shear modulus progressively
increased up to eightfold the original value (see Figure).
To test whether the loading history
affects the stiffening response, we
also subjected networks to a cycle
of compression and decompression
steps without intermediate steps,
and to repeated cycles of compression and decompression (see
Figure). The network stiffening in
these protocols was nearly identical to the changes observed in the
stepwise protocol, suggesting that

The strong, irreversible stiffening
of the fibrin networks suggests a
remodelling of the network structure. A plausible hypothesis is that
the fibres form additional bonds
during compression, since compression increases the fibre density
and thereby enhances the chance
of fibre - fibre interactions. In other
words: fibres stick together during
compression. To test this hypothesis, we used an optical tweezers assay, which allows the manipulation
of beads trapped in the focal point
of a laser. We first captured four
beads in optical traps, then suspended a fibrin fibre between each
pair of beads, and positioned the
fibres in a crossed configuration.
Finally, we pulled the vertical fibre.
We found that pulling the vertical
fibre caused displacement of the
horizontal fibre, indicating that a
new connection is formed. We also
monitored the force on the trapped
beads, and each time we pulled on
the vertical fibre, there was a corresponding force increase on the
horizontal fibre until, eventually,
the uppermost bead was pulled out
of the trap. As the trap strength is
in the range of 300-400 pN, this
measurement sets only a (high)
lower limit on the strength of the
newly formed fibre-fibre junction.
We complemented the experimental observation of network
reinforcement with a simulation
of two-dimensional fibrous networks. We mimicked network
remodelling by introducing midpoints between network nodes,
and allowing two midpoints to
merge into one new node when
they approach one another to
within a predetermined capture
radius. The simulated networks
display similar behaviour as the
experiments shown in the Figure:
during compression there is an initial softening, followed by a slight
stiffening due to network densification. Upon decompression to the
initial network height, the simulations reveal a strong increase of
the shear modulus.

From the simulations we learn that
the density of nodes increases by
only a small factor, which itself
barely contributes to the enhanced
network stiffness. Instead, when
the sample is returned to its initial
height, the newly formed bonds are
stretched, since their rest state is
in the compressed network. This
bond stretching develops large
stresses in the network, which
causes the stiffening of the simulated network, or the real fibrin
matrix.
In conclusion, we find both experimentally and through computer
simulations that a network of
cohesive fibres increases its stiffness under compression. This can
be understood by the formation
of new bonds between fibres under compression, which generate
contractile forces upon network
decompression. Since our minimal
model shows that the only ingredient needed to achieve programmable mechanics is fibres that are
cohesive, this bioinspired design
principle can be readily carried
over to other materials using any
of a wide range of available natural
or synthetic fibres, with stickiness
as the only requirement. With a
simple series of compression and
decompression steps, the stiffness
of a fibrous material can then be
reliably increased, without the
need to replace it with a material
of a different composition. 
Ω

↑ Figure
The shear modulus of a fibrin network
as a function of compressive strain
and corresponding sample height h.
The curve is obtained by cyclic
loading-unloading to a maximum
strain of 80%. The arrows indicate
the sequence of the compressiondecompression steps.

“A network of
cohesive fibres
increases its
stiffness under
compression”

→ Reference
Bart E. Vos et al., Programming the
mechanics of cohesive fiber networks
by compression. Soft mater 47 (2017)

Life sciences
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The bacteria that divide
along their long axis

JINGLAN WANG is a PhD candidate
at the Bacterial Cell Biology and
Physiology department, SILS, UvA.
→ Reference
N. Pende et al., Host-polarized cell
growth in animal symbionts. Current
Biology 28, 1039–1051 (2018). https://
doi.org/10.1016/j.cub.2018.02.028

→ Bacteria are among the oldest
unicellular life forms. They have
a wealth of shapes, ranging from
spheres and rods (long and cylindrical) to distorted spirals and
stars. Their shape is determined
by their cell wall: a thick cover
that provides structural strength
and protection from the external environment. This cell cover
is made of peptidoglycan (PG),
which consists of sugars and amino acids. Since only bacteria have
cell walls made of PG, antibiotics
often target the PG layer formation process. It is therefore highly
relevant for us to understand how
bacteria grow and synthesise their
cell walls.
In the past, it was believed that
rod-shaped bacilli always grow in
length and divide along their short
axis. However, it was recently discovered that the marine bacterium
Candidatus Thiosymbion oneisti
breaks this rule. This bacterium
lives on the skin of marine worms,
and divides by longitudinal fission, meaning that the cell grows
in width instead of length, and
cleaves in two along its long axis.
This weird fission ensures that the
bacteria do not fall from the nematode skin.
In order to understand the mechanism behind this unusual method of division, we compared the
fission mechanism of the marine
bacteria with E. coli, a model bac-

“This weird
fission ensures
that the
bacteria do
not fall from
the nematode
skin”

terium that lives in our guts. The
growth and division of E. coli is
regulated by two large protein
complexes aptly named elongasome and divisome. Their core
components are proteins known
as MreB and FtsZ, respectively,
which make up the skeleton of the
cell (the cytoskeleton). The cell
skeleton forms a network structure that maintains the cell’s shape
and provides mechanical support
for cell division and movement.
MreB forms short curved filaments
that preferentially surround the
cylindrical part of the bacterium,
and not the cell poles. As such, it
controls the width of the cell and
guides its (cylindrical) growth.
FtsZ, the protein that makes up
the divisome, forms a ring-like
structure halfway along the cell.
This ring then forms a scaffold for
the proteins that synthesise the
new cell poles to initiate cell division. Both protein complexes recruit and guide other components
(synthesis, transport, crosslinking
and cleavage enzymes of PG) of
the divisome and elongasome to
correctly position PG synthesis in
space and time.
Studying Ca. T. oneisti division is
technically challenging because
the bacterium cannot be cultured
in the lab. As previously mentioned, the bacterium can only
live on its host nematode, which
can only survive in lab seawater
for several days. Luckily, by stain-

ing fixed bacterial cells, we were
able to visualise their cytoskeleton
(FtsZ and MreB). In their natural
habitat, Carrie Bow Cay in Belize,
Ca. T. oneisti and its host worm
were harvested and incubated with
a PG precursor that is chemically
attached to a fluorescent molecule.
This fluorescence is then used to
localise where new PG units are
inserted in the cell wall. We found
that the cytoskeleton of Ca. T.
oneisti is aligned longitudinally,
90° rotated with respect to E. coli.
In addition, most of their PG synthesis starts from the cell ‘poles’
and is maintained around the division plane together with divisome
while the PG synthesis of E. coli is
guided by both divisome and elongasome at different phases in the
cell cycle. The exact mechanisms
of the elongasome in Ca. T. oneisti is still not clear, but inhibition
tests show that its core element,
MreB, is required for cell division.
We have revealed the molecular
mechanism of a novel rod-shaped
bacterial division mode that uses
the same set of proteins as standard rod-shaped growth and division. The surprising flexibility and
robustness of the morphogenetic
proteins underscores the need
to study more than the standard
model organisms in order to discriminate the survival key factors
of the process and to help develop
antibiotics that can kill bacteria
despite this robustness. 
Ω
← Figure
The cytoskeleton structure (green
and orange) of symbiotic bacteria
Candidatus Thiosymbion oneisti. The
white dotted lines represent the cell
outlines.
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Dance of the
molecules
An interview with Erwin Peterman, Professor Physics
of Living Systems, Vrije Universiteit Amsterdam.
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Interview

These are exciting times: biophysicists are probing deeper
and deeper into living cells,
visualising processes that are
carried out by single proteins.
Erwin Peterman, from the
Department of Physics of the
Vrije Universiteit Amsterdam,
is one of them. He and his team
build and use high-resolution
microscopes that allow us
to see the building blocks of
life in action. His focus is on
proteins that carry out transport processes in protrusion
of cells (cilia), which make it
possible for animals to smell
and perceive signal molecules.
The work extends all the way to
human brain cells, but Erwin
uses small worms to study the
motions of single proteins.
What is his drive?
“I have always been interested in
nature, not only in living animals,
but also in chemistry, physics and
technical applications. After studying Molecular Sciences in Wageningen, I realised that molecules, their
chemistry and their physical properties made me tick. Through internships in spectroscopy I landed
on a PhD project on photosynthesis,
studying the molecular details of
proteins that harvest light. There,
I realised that visualising single
proteins in cells would allow me to
deepen the understanding of molecular processes. My thesis supervisor, Rienk van Grondelle, advised
me to look for a position in the USA,
where people were starting to develop new microscopy techniques.”
You then got a post-doc position in the lab of W.E. Moerner,
later a Nobel Prize laureate,
and collaborated with Roger
Tsien, another Nobel Prize
laureate and inventor of GFP
(green fluorescent protein,
which fuelled revolutionary
changes in cell biology). What
did this mean for your career?
“There I learned how to combine
good scientific questions with engineering, building your own microscope that can do what you want. I
learned that scientific questions or
experiments that evoke reactions
like: “Oh, that cannot be done”
are challenges that will bring you
big rewards. My luck was also to
enter the field at the moment that
the new GFP tools became available and that I was precisely at the
source of innovations, the Tsien
lab. There, they developed the
fluorescent proteins that allowed

us to do single-molecule visualisation in living cells instead of only
purified proteins on a microscope
slide. I then fell in love with proteins that move and transport other
molecules through the cell: motor
proteins, like kinesin. This turned
out to be an excellent choice of experimental system and it allowed
me to establish myself in the field of
single-molecule microscopy.”
Erwin talks with great passion
and warmth about Prof. Moerner,
who he consistently calls “W.E.”
Moerner recently celebrated his
65th birthday and invited alumni over. Many of them have their
own successful labs. What makes
a lab a ‘Nobel Prize lab’? What did
you take home from this period?
“If you would have asked me back
then whether the Moerner lab
would be a ‘Nobel Prize lab’ I doubt
whether I would have answered yes.
Now I would say that his power lies
in the ‘just-do-it’ mentality, the capacity to pose excellent scientific
questions and the skills to build
the tools (microscopes) to do the
required experiments. W.E. is a
man of many talents, with degrees
in chemistry, physics and engineering. This multidisciplinary background allows him to approach
a biological question from many
different angles and to build the
tools required for analysis. I hope
I took this mentality from his lab
and applied his way of focussing on
important scientific questions to
my research. What I certainly took
from the period in his lab is my passion for motor proteins.”
This brings us to his recently
awarded European Research
Council (ERC) Advanced Grant,
which allows Erwin to work
on his pet organism, a microscopically small worm called
Caenorhabditis elegans. He can
introduce fluorescently labelled
motor proteins into the worm using genetic modification. These
proteins are involved in transport of molecules through cilia,
which are sensory protrusions
of animal cells. With advanced
microscopy techniques, he will
investigate the transport process
at the single-molecule level and
try to define crucial molecular
steps.
“In order to be able to sense molecules (smell, taste), animals have
protrusion with receptors that are
constantly recycled through a cellular conveyor belt. If this trans-

port is disrupted, perception will
be hampered. For the worm, this
means that it can no longer sense
its environment and will become
disoriented, resulting in behaviour that can be visualised under
the microscope. We will try to link
changes in the motor proteins of
the transport system to anomalies
in the behaviour of the worm. Our
findings can be extended to human
neurons that also rely on the cellular conveyer belt for signalling
processes, but also to gut cells that
have to take up nutrients through
cilia. There is a big Dutch consortium that uses the worm as a model
for sensory processes, and we are
contributing to the single-molecule
understanding. My ERC grant will
allow me to expand my team and
do experiments that are crucial
for understanding the biophysics
of cellular transport."
Having listened to his ambition
to understand life at the single-molecule level, we are tempted to ask his opinion about the
‘Intelligent Design’ debate that
has circulated in his own university for some time. His body
language suggests that this is not
his favourite subject.
“I find this a difficult discussion.
My approach is to use science and
technology to provide more insight
in the complexity of life. Philosophical debates are useful, but I prefer
to generate scientific data that help
us to understand complexity. Although we have the human genome
information available for almost
two decades, we still are working
towards the understanding of its
genes. I believe in science to provide the experimental answers to
fundamental questions; talking
about it will not solve much. We
have to be patient.”
Back to science. The cutting-edge
research Erwin performs would
not be possible without complex
instruments. Most of the instruments he uses were built by his
group. Many other labs wanted
to use these machines as well.
Therefore, he co-founded a
start-up company, LUMICKS,
which sells the single-molecule
instruments developed in his
lab. Together with his colleague
Gijs Wuite he received the 2017
Physics Valorisation award from
NWO, the Netherlands Organisation for Scientific Research. How
did he get involved in entrepreneurship?

“I then fell
in love with
proteins that
move and
transport other
molecules
through the
cell”
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“When I arrived at the VU, I had a
strong background in single-molecule fluorescence. Around the
same period, Gijs Wuite started in
the same group, after a PhD in single-molecule force spectroscopy, socalled optical tweezers. As we were
both building our own instruments,
it seemed natural to join forces and
combine our expertise. We wanted
to build an instrument that could
integrate mechanical manipulation
of single molecules like DNA, and simultaneously image molecules with
fluorescence, to get more insights
in the mechanisms. We obtained
an NWO grant and hired a talented
PhD student who built the machine
and improved it further and further.
When we succeeded and published
our results, the number of requests
for collaboration was enormous.
Then, we took our time to explore
whether the commercialisation of
our instrument could have potential, with the help of an ERC Proof of
Concept grant. At the beginning, we
thought that the business part would
be straightforward. But we quickly
realised this was not the case. We
were fortunate to meet a very skilled
businessman, Olivier Heyning, with
whom we founded LUMICKS. Four
years later, the company has grown,
employing about fifty people. It has
developed independently and we are
getting progressively less and less
involved in decision processes.”
One of the things that was highlighted in your Physics Valorisation award was your collaboration
with Gijs Wuite. You worked with
him for many years and co-supervised graduate students and
postdocs. How is it to work in
such close contact with another
professor?

“It is very
important to
remember
that science is
a team sport.
Together,
you get more
things done,
and everyone
can contribute
with their own
expertise”

Interview

“Gijs and I work very well together,
as we have different and complementary personalities. I learned
very much from the enthusiasm with
which he presents a scientific idea,
while I prefer to be more involved
in the technical side of the experiments. These two different talents
made us very strong together. I can
say that my career would have been
very different without Gijs, and, if
you asked him, I hope he would say
the same!”
What is the impact of the company on the work of your group?
Do you think that valorisation is
fostered enough in academia?
“There is a licence agreement that
makes sure that money flows back
to the university, also to our research group. Besides the economical agreement, LUMICKS has also
benefitted the scientific interactions
between Gijs and me. We write
grants together, and we help each
other to mutually find new opportunities and directions of research.
In the physics department of the VU,
there are other start-up companies.
Our colleague Davide Iannuzzi was
an inspiration for us with his company Optics 11, which also produces
research instruments. At the VU we
also have the Demonstrator Lab together with the UvA, a space where
people are given the opportunity to
further develop their ideas before
turning them into a business. So,
yes, in my environment, valorisation is stimulated. It works well for
us and it is a lot of fun. In addition, I
learned a lot about entrepreneurship
and we have made a big impact on
science world-wide.”
As of June 2018, you became head
of the physics department of the
VU. Why did you decide to take
up this role?
“During my time here at the VU,
I benefitted enormously from the
Department and the Faculty. So, it
was always clear to me that at some
point I would have to take up this
responsibility and return the favour.
This type of role is reassigned every
3-4 years, after which you get off
the throne, and get back with both
feet on the ground. I really like this
model. This year, when they asked
who was going to be the next head
of the Department, I felt that it was
my turn. In part because the ERC
grant I obtained this year has given
me some peace of mind, as I do not
need to focus so much on writing
grant proposals for the next couple
of years.”

Where is Amsterdam Physics going, given that the official merger
between the Faculties of Science
of the two universities was cancelled last year?
“Amsterdam Physics -VU, UvA,
ARCNL, Nikhef and AMOLF- is an
excellent community. We are still
recovering from the disappointment that we did not become one
institute. We strongly believed in
the merger, towards which we have
worked for several years, and it’s a
shame it didn’t work out. Amsterdam Physics has been evaluated last
year with an excellent score. There
is an enormous concentration of
high-quality physicists in Amsterdam, and if we talked less about the
individual institutes and more about
the Amsterdam community, we
would be able to show it even more
to the world! So, we aim to strengthen collaboration even more.”
This is also what our magazine
is about, make Amsterdam Science more visible. As you are the
new hero of the PhD students in
physics, what is your message to
them? Should they be a ‘jack of all
trades’ or a specialist?
“As a PhD student you have to find
something you are very passionate
about; it needs to make you happy and make your heart tick. It’s
also important to avoid working
only crazy hours but to also have a
passion outside science. For some
people is more natural to be a jack
of all trades, while for other people specialisation is the key. So,
during your PhD it is important
to find your niche, something that
people will recognise you for. For
me, it meant that I apparently developed ‘a typical Peterman kind
of thing’. Finally, it is very important to remember that science is a
team sport. Together, you get more
things done, and everyone can con-

tribute with their own expertise.
So, as a PhD student, work on your
network!”
We have listened to the scientist. Besides your commitment
to science, what else makes your
heart tick?
“I am a complete addict to opera
and classical music! I strongly believe there’s no better place in the
world than Amsterdam for that, and
I’m looking forward to the start of
the season! I’m not very talented
with music myself. I played the piano for a couple of years as a child,
but now I consider myself an expert
in playing the iPod or the cd player.
I think that there is a strong connection between physics and opera,
as every time I go there, I run into
many of my colleagues! A couple
of years ago, we merged this two
seemingly different fields. When
I became a full professor, I organised a public lecture together with a
string quartet. I showed my videos
on the dance of the molecules to
the musicians, and they created a
performance based on those!”
As we leave his room, Erwin is
hurrying back to his computer
to finish up, it is time for a quick
vacation to Portugal!
Ω

Authors: MICHEL HARING and FEDERICA
BURLA, Amsterdam Science editors
@ Anne Reitsma
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Genomics of human brain evolution;
the emergence of NOTCH2NL genes

GERRALD LODEWIJK is PhD student
and FRANK JACOBS assistant professor
at the Swammerdam Institute for Life
Sciences, UvA

→ “No doubt, man […] has undergone an extraordinary amount
of modification, chiefly in consequence of his greatly developed
brain and erect position; nevertheless, we should bear in mind that
he is but one of several exceptional
forms of Primates” – C. Darwin in
The Descent of Man, and Selection in
Relation to Sex. Even though Darwin was strongly criticised for his
opinions on human evolution, we
now know that humans are classified as hominids (great apes). The
Hominidae family includes orangutans, gorillas and our closest living
relatives, chimpanzees. But what
are the morphological traits that
set us humans apart from the other
great apes?
These traits include a reduction in
body hair, the lack of pigment in the
sclera (the ‘white of the eye’) and
the skeletomuscular system that
allows for exclusive bipedalism.
The most striking of them all is undoubtedly human’s brain, especially the neocortex, which is enlarged
compared to other primates. The
human neocortex constitutes the
largest part of the cerebral cortex
and is crucial for human’s unique
cognitive abilities. However, the

“What sets us
humans apart
from the other
great apes?”

gene networks controlling the development of the neocortex (corticogenesis) have for long remained
elusive.
Several genes have been linked
to human corticogenesis. In fact,
some of those genes are found only
in humans, and not in any other primates. Some of these human-specific genes have been created via erroneous chromosomal recombination
events, leading to the duplication
of genomic material and genes to
other locations in our genome.
Sometimes, newly formed genes
gain novel structures and functions,
becoming essential genetic building
blocks for cells. Thus, gene duplications are an important source for
novel changes and adaptations of
existing genetic pathways in light
of evolution.
Research in the lab of Frank Jacobs
at the University of Amsterdam, in
collaboration with the lab of David

Haussler at the University of California, Santa Cruz, has identified a
novel human-specific gene cluster,
the NOTCH2NL (NOTCH2N-terminal like) cluster. NOTCH2NL genes
have arisen from partial duplication of the NOTCH2 gene. While
NOTCH2 is conserved in mammalian species, the duplication
happened very recently in primate
evolution. NOTCH2NL-like genes
are only found in chimpanzees,
gorillas and humans, but the initial
duplication did not create a functional gene (see Figure). While the
NOTCH2NL-like genes in chimpanzee and gorilla are not functional,
in humans the dysfunctional duplicate gene was converted into a
functional NOTCH2NL gene. This
event created the NOTCH2NL gene
as it is found today in the human
genome. After this, it was duplicated multiple times, hence four
NOTCH2NL genes are present in
the human genome, each one with
distinct features.
NOTCH2 plays a key role in
brain development. Activation of
NOTCH2 receptors on neuronal
stem cells ensures the generation of
the appropriate number of neurons
in the brain. We were able to establish that NOTCH2NL interacts with
the NOTCH2 receptor and tips the
balance towards the self-renewal of

neuronal stem cells, which, in the
long term, increases the number of
neurons that are generated.
However, it seems that the creation of NOTCH2NL genes came at
a cost, as variations in the number
of NOTCH2NL genes are associated
with disorders where the brain is
either too small or too large. The association of NOTCH2NL genes with
brain-size abnormalities suggests
that the emergence of functional
NOTCH2NL genes may have been
one of the important genetic changes at the basis of the evolutionary
expansion of the human brain. Ω

→ Reference
I.T. Fiddes et al., Human-Specific
NOTCH2NL Genes Affect Notch
Signaling and Cortical Neurogenesis.
Cell 173 (6), 1356–1369 (2018). https://
doi.org/10.1016/j.cell.2018.03.051

↓ Figure
The evolutionary history of NOTCH2NL
genes from orangutans to humans.
The gene was first duplicated
but not functional (in gorillas and
chimpanzees) and then became
functional and duplicated again
in humans.
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A bloody
network

Electron microscopy shows the
individual, approximately 100-nmwide fibers that make up the fibrin
network, the main component of
a blood clot. With a magnification
of 25.000 times, we can see the
branching and cross-linking of
the fibers, and even the internal
structure of the filaments is visible.
Image by BART VOS, a former PhD
student in the group of Biological
Soft Matter at AMOLF. More
information on page 8.
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Computer science

Constructing conformal
motions

LEO DORST is assistant professor at the
Informatics Institute (UvA), specialised
in geometric algebra. Currently he
is using mathematical morphology
for the reassembly of broken
archaeological artefacts (H2020
project GRAVITATE).

→ Reference
1: L. Dorst. The construction of 3D
conformal motions, Mathematics in
Computer Science 10, 97–113 (2016).
https://doi.org/10.1007/s11786-0160250-8
2: L. Dorst, D. Fontijne, S. Mann.
Geometric Algebra for Computer
Science, Morgan Kauffman, 2007.
ISBN13: 9780123749420. http://www.
geometricalgebra.net

“A snail shell
traces out a
conformal
motion”

→ Imagine a very fine square grid
on a piece of paper. It is possible to smoothly transform (or
‘warp’) this grid in such a way
that the grid-lines are still locally perpendicular to each other at
their crossing points, but the lines
themselves are no longer straight.
This is called a conformal transformation. If you draw a picture
on the original square grid, and
then let it undergo such a transformation, the image looks like a
warped but recognisable version
of the original, see Figure 1. Such
‘shape-preserving warps’ can be
easily extended to 3D space. 3D
conformal transformations are
used in computer graphics to
make acceptably different avatars
from prototype shapes or to blend
surfaces smoothly, and have also
been applied to produce organic
architectural surfaces. In some
applications, we want to gradually deform an object, generating a
conformal motion. This requires parameterising the transformation,
which is often done by ‘factorising
it’ into a standardised sequence
of easily parameterisable basic
transformations. As an example,
any rigid body motion (which is
a special case of conformal motion) can be parameterised as a
rotation around an axis through
the origin (giving an object the
desired orientation), followed by
a translation (to put the object in
its place). This seems natural but
is actually awkward; although the
starting and ending point of the
motion might be correct, the mo-

tion itself is not generally realistic
or useful. (When moving a camera,
one does not first point it correctly
and then slide it without turning;
that would make for an awkward
pan.) Moreover, twice doing ‘half’
the motion (as characterised by
halving the parameter values)
leads to a different result. A more
natural factorisation is achieved by
performing the rotation through a
general axis (not through the origin), done simultaneously with a
translation along that same axis.
Now the motion can be easily interpolated: 1/n-th of the motion
(characterised by 1/n-th of the parameter values) done n times gives
the same result. This generates a
step-wise screw motion from initial to final position.
For general conformal motions, only factorisations of the
first type were known (involving
translations, rotations, scalings
and transversions). They could
not be converted into ‘simultaneously executable simple motions’
because of the complicated commutation rules between those four
basic operations: when you swap
their order, the result is totally
different.
A new factorisation
In our work [1], we have found
a way to factorise 3D conformal
motions using only two basic
operations. Moreover, these two
operations have a straightforward
geometry: they are both circular
motions governed by a pair of
points. One can picture these

point pairs as being the two poles
of a sphere (Figure 2). We can classify the point pairs into three basic
kinds, determined by the square
of the diameter of the sphere, as
indicated in the figure. Each point
pair determines the motion for any
point x: it moves on a circular orbit that either passes through the
sphere’s poles (real point pair);
lies tangential to the point pair
(tangent vector); or crosses the
surface of the sphere at right angles (imaginary point pair). When
we choose two point pairs (from
these three fundamental choices)
with the right mutual location,
perpendicular orientation and
specific relative size, their two
motions commute and therefore
can be done simultaneously, ‘a
bit of one, then a bit of the other’.
The composite motion then moves
any object (such as a point x) on
a spatial net of orthogonal circles,
determined fully by the two point
pairs. If you would move a little
triangle with your point x, its
angles would be preserved: that
is what it means to move conformally. It is very satisfying, and
simplifying, that any conformal
motion in 3D can be represented
simply by defining two orthogonal
point pairs.
In Figures 3 and 4, we give
some examples of the motions
we can generate. First off, in 2D, a
combination of a real and an imaginary point pair reproduces the
path of a charged particle moving
between two charges in the presence of a perpendicular magnetic

← Figure 1
The suggested correspondence in
geometry between a human skull
(a) and a chimpanzee skull (b), from
the D’Arcy Thompson’s classic work
On Growth and Form (Cambridge
University Press 1917), is a conformal
transformation.

a

b
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field (Figure 3). Finally, as a snail
grows, it maintains its local shape
(as defined by local angles), so a
snail shell traces out a conformal
motion (Figure 4); the combination of a real point pair that scales
and an imaginary point pair that
rotates can generate a motion in
which a point and a circle naturally
form a snail shell shape.
Geometric algebra
These results were obtained with
geometric algebra [2], which is
essentially a method to compute
directly with geometric primitives.
In the particular geometric algebra
used, the primitive objects are 3D
spheres and their intersections.
A certain product of two spheres
is a new element representing
their intersection, and so is a circle; multiplying by a sphere again
gives a point pair (the intersection of 3 spheres). This 3D conformal geometric algebra lives in
a space of 4 positive dimensions
and 1 negative dimension (this is
the Minkowski space 4,1). In this
space, the geometric perpendicularity we need (as mentioned
earlier) is equivalent to algebraic
orthogonality (zero dot product).
Arithmetic operations that one is
used to performing on numbers
can be interpreted meaningfully
for the geometric primitives. For
instance, the square root of the
ratio of two circles C1 and C2 is
a conformal transformation that
moves C1 to C2, and the logarithm
of that transformation gives the
point pairs of that motion. Because some point pairs square to
a negative number, they can generate rotations. Moreover, the same
motion can be applied to any object in the algebra.
By this new approach, we have
a tool that allows direct control
over a class of conformal shapes
that is intriguingly organic in
their motions, yet very simple
to generate. These can form new
primitives for computer graphics,
architecture and manufacturing.
All this is a particular spin-off of
our general work in geometric algebra. The tight relationship between algebra and geometry enables graphical computer interfaces
that turn interactive manipulation
of objects into the corresponding
computations, and vice versa. The
algebraic structure then allows the
compiler, rather than the programmer, to generate efficient and error-free software.
Ω
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real point pair

tangent vector

imaginary point pair

d� > 0

d� = 0

d� < 0

↑ Figure 2
The three types of point pairs (denote
by the black arrows), defined as the
poles of a sphere (magenta), form our
alphabet to describe general motions.
The diameter d of the sphere (realvalued, zero, or imaginary) determines
how the point pair determines the
motion of a point x. Steps on the
orbit denote the varying speed of
movement.

← Figure 3
A 2D conformal motion in a plane
generated by a real and imaginary
point pair.

↓ Figure 4
Snail shells grow conformally, as
illustrated by the conformal motion of
a circle and a small sphere.
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The EU
experiment

MARIEKE PEUSCHER is a Dutch Cancer Society fellow
and postdoc in the DNA recombination and repair lab
at the Francis Crick Institute in London.

In science, hypotheses are not rejected
until proven wrong. We don’t throw away
a theory before finding a better one, and
we scientists like things this way. So when
June 2016 came, and British voters rejected EU membership in favour of a future
nobody had a clue about, the scientific
community was not pleased. To say the
outcome of the Brexit referendum was not
the result we were hoping for would be a
vast understatement. Now that the future
of the EU and its 508 million inhabitants
is at stake, scientists were united in their
condemnation and described the result as
destructive, self-mutilating and bad. Bad
for Britain, bad for Europe, bad for science.
So why did voters choose Brexit?
Contrary to popular belief among scientific and political establishments alike,
the general public is not actually full of
illiterate, angry populists unfit to understand the brilliant complexity that is the
EU. Brexit is more like a rejected grant
proposal. Most grant applications fail not
because of the talent of the researcher
or the quality of the project. They fail because the researcher hasn’t bothered to
explain the benefits of the project to those
in the real world who pay the grant money.
Your audience won’t care about your experiment if they feel ignored or patronized,
and will stop listening when you fail to
show what is in it for them. In order to progress, whether in science or politics, you
need to get out of the lab, communicate
clearly and understand the needs of your
funders. And when it comes to European
collaboration, there are important stories
to share.
The treaty of Rome, which founded the European Economic Community in 1957, was
not designed to take power, jobs or national identity away from the people of Europe.
In fact, it sought to do quite the opposite.
It followed a period where xenophobia, extreme nationalism and war had devastated Europe and left it shattered. It meant
to unite, rather than divide us and protect
the fragile peace, freedom and well-being
of Europeans against the backdrop of the
Cold War. When the EU was formally estab-

lished in 1992, the collaborative arrangement was predicted to boost economic
prosperity, scientific progress and sustainable development. It did. The EU has one
of the biggest single markets in the world,
representing 22% of the world’s GDP. Moreover, the EU abolished the death penalty,
won the Nobel Peace Prize, and created
an unparalleled program of environmental
regulation, reducing “acid rain” pollution
with 90%. The EU achieved all this while
giving over 500 million people the right to
live, travel, study and work freely within
its 28 member states. For science, these
were exactly the conditions needed to progress ideas, output and careers. Brexit will
dramatically change these conditions and
not in a good way.
At my London workplace, half of all postdocs come from EU countries other than
the UK. Besides having to deal with the already grim insecurities of life in academia,
Brexit now adds worries about legal status, pensions and health care access. If
applying for grants and securing funding
wasn’t stressful enough to begin with, we
now face not knowing whether we’ll be eligible to apply for these prestigious grants
in the first place. No deal in the world can
compensate the pain of losing access to
1 billion pounds in funding a year, which
Brexit puts UK science at risk of. That sort
of money from EU partnerships is how science succeeds and progresses. We cannot
fix climate change, cure cancer or develop
sustainable agriculture without international collaboration.
So the atmosphere in the lab is not a happy one here in London. Because more than
needing grant money to further our careers, scientists are also people. We have
partners and families and need nurses and
teachers. And this is where Brexit will hurt
most, in a country with one of the highest
income inequality levels of all EU members. The principles of the EU provide no
easy fix for poverty, discrimination or social injustice. Like any experimental setup,
the EU is flawed and will never be perfect.
But until we have a better idea, let’s not
Ω
trash the experiment.
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Scientific
self-harm
author can get heated, yet despite the
abundance of weaponizable material in
most of our labs, not a drop of blood is
spilled in anger.

MARK GOLDEN is a Professor of
Condensed Matter Physics, UvA.

Focussing energy on trying to master
truly difficult things. Excitement at being
among the first humans to understand
some small part of the universe. Pride
at contributing to the solution of a major
challenge. Deep satisfaction on successful transfer of some or all of this to a new
generation. All of these things can be reasons why scientists seem so very good at
putting aside their human differences and
working together. Young researchers are
coached to develop, nurture and show
their network of international collaborators. International collaboration is simply
second nature, a pre-requisite for scientific progress, and, it is baked into how the
European Union funds science.
In this light, the title of this column becomes clearer, as I was asked by the editors of Amsterdam Science to write on
Brexit. I am a Brit, I grew up and got my
education there, setting off at 25 for what I
thought would be a two-year postdoc stay
in Europe. When the Brexit referendum
took place in summer 2016, I had reached
UK-EU parity: having lived as long in the UK
as on the continent.

A recipe:
Take five young people; one each from
Kiev, Moscow, London, Beijing and Amsterdam. Add the annexation of Crimea,
the downing of MH17 and mix well.
Normally this would be a pretty explosive
mixture. Not here. Science is one of the
very few places in which the most different people can work peaceably side-byside. Generally, we leave politics, religion
and other divisive issues at the lab door.
Disagreements about who is first or last

Crystal clear is that the instincts behind
the Brexit result are the opposite of those
sketched above as the natural behaviour
of scientists. I am an optimist by nature,
yet I struggle to see a silver lining for science in looming Brexit storm clouds. I go
to the UK regularly to use an excellent
synchrotron radiation facility just outside Oxford. Among the many scientists I
meet while in the UK (I don’t work in GM) I
have yet to meet a single UK scientist who
thinks Brexit is a good idea for science.
It’s pretty obvious why. Frictionless international collaboration is essential for the
UK to maintain her strong position in science and technology. The Swiss will tell
you their exclusion from EU programmes
between 2014-2016 hurt much more in

terms of ‘dented reputation’, than research funding. There are data showing
the UK’s enormous success in ERC grants
(1-in-5 ERC Starting, 1-in-4 ERC Advanced)
has not yet suffered significantly. However,
the most recent UK government analysis
of a no-deal Brexit, indicates that the UK
could lose access to the ERC, Marie Sklodowska-Curie actions and SME instrument
grants. That’s not a dent, that is a major
road crash.
Regardless of the money situation,
non-British scientists uncertain of their
rights and unhappy with the nasty atmosphere hanging round Brexit wonder whether they should leave. In the highly competitive world of European research consortia,
UK partners fear they’ll be skipped, their
places quickly and happily filled by others,
putting the UK out of the loop. The pulling
power of top UK institutions for top talent
will be eroded: unlike Trump’s America, the
situation of an exited UK will not go away
an election or two down the road.
For the rest of us in the EU, the UK’s exit
is also damaging. The united European
science bloc is increasingly able to compete and sometimes beat the two other
super-powers: the US and China. A bad
Brexit would be a major set-back. The UK’s
pragmatic focus on excellence has a lot in
common with how The Netherlands looks
at science. It’s no coincidence that both
countries do well in and appreciate the
ERC, after the more quota-driven approach
of the old Framework Programmes.
What should we do? As I watch things implode from the safety of Holland, I will enjoy
the guilty pleasure of Schadenfreude, but
not about science. The recipe at the top of
the column was one taken from a coffee
break in my own research group, and this
way of being is simply too valuable to allow
it to be broken by a bad British decision.
So, let’s all make an effort to be as open
to Brefugees as we are to real ones in the
NWO’s ‘Refugees in Science’ programme,
and – as the special global tribe that we
are – once again show the world that sciΩ
ence operates without borders.
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Neuroscience

Breaking the genetic code of human
intelligence and neuroticism

→ Personality and intelligence
are two key characteristics of human behaviour, correlated with
a wide variety of health and life
outcomes. A better understanding
of the genetic basis of these traits
might eventually lead to treatment
of disorders like depression and
neuroticism. It has long been
known that human traits like personality and intelligence, but also
psychiatric disorders are heritable. Until only recently however,
it remained a mystery which genes
exactly have an impact on certain
traits. Previous genetic studies determined the contribution of all
genes to variation in e.g. human
intelligence by comparing the intellectual similarity of people who
are genetically related, such as
twins and family members. These
studies convincingly showed that
genes are involved, yet not which
genes.
Because genotyping costs
have decreased dramatically, recent studies could investigate
very small variations in the DNA

a

Intelligence GWAS
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→ Reference
1. M. Nagel, P.R. Jansen et al. Nature
Genetics 50, 920-927 (2018). https://
doi.org/10.1038/s41588-018-0151-7
2. J.E. Savage, P.R. Jansen et al.,
Nature Genetics 50, 912-919 (2018).
https://doi.org/10.1038/s41588-0180152-6

we showed over 200 significant
regions in the genome (referred
to as ‘genomic loci’, see Figure 1a)
that are associated with intellectual ability, of which most were new
discoveries. These regions could
be linked to over a thousand genes.
When looking at the biological
functions of these genes, many
are involved in brain cell-related
processes such as the generation
and differentiation of brain cells,
and the structure of the synapse
(where brain cells connect). To see
which types of brain cells are important in intellectual ability, we
used gene-expression data measured within individual cell-types.
Not surprisingly, we observed that
brain cells in the hippocampus, a
brain structure severely affected in
Alzheimer’s disease and involved
in memory and cognition, are associated to intelligence.
In a second study, we analysed
the genetic architecture of neuroticism, an important personality
trait that is a known risk factor
for psychiatric disorders like depression, and other adverse health
outcomes like substance abuse.
We combined data on neuroticism assessed in ~449,000 individuals. This GWAS implied the
involvement of 136 associated loci
(Figure 1b) and 599 genes predisposing individuals to higher levels
of neurotic behaviour. Comparing
our GWAS results with those of
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psychiatric disorders, we observed
a strong overlap between genetic
variants that play a role in neuroticism and those involved in disorders such as depression, anxiety
and schizophrenia. These findings
are in line with prior evidence that
personality is an important predisposing factor for mental health.
Although our large-scale genetic studies are a major step
forward in understanding the
genetic underpinnings of human
behaviour, many of the SNPs
contributing to variation in these
personality traits are probably still
undiscovered. To uncover them,
even larger-scale genetic studies
will need to be carried out, assessing samples of over one million
participants. Obtaining such large
sample sizes is becoming feasible
because the costs of obtaining an
individual’s genetic code is still
decreasing. The large number of
genes that were found provide
many novel targets for experimental studies to discover mechanisms
through which these genetic variations influence human behaviour.
In addition, knowing which genes
and pathways are involved in intelligence and personality provide
clues for understanding what goes
wrong in patients with diseases
that affect intellectual ability or
cause a disturbed mood. 
Ω

“There is no
such thing as
‘the gene for
depression’ ”

10

Chromosome

Neuroticism GWAS

Significance value

PHILIP JANSEN is PhD student at the
Department of Complex Trait Genetics,
Centre for Neuroscience and Cognitive
Research, VU.

of people, called single-nucleotide
polymorphisms (SNPs), making
up only ~0.5% of the genome. This
allows us to study how subtle genetic differences between people
may explain behavioural differences. These SNPs can all be simultaneously tested for associations
with behavioural traits, using a
so-called genome-wide association study (GWAS) design. Testing
over 10 million genetic variants
at once, these studies address the
question whether your trait score
can be predicted from your genotype. The first studies that used a
GWAS design showed that there
is no such thing as ‘the gene for
depression’ or ‘the gene for being smart’, but that thousands of
SNPs may be involved, each of
which only has a small individual
effect on the outcome. Robustly
detecting these SNPs requires
very large samples of more than
100,000 individuals, which can
only be achieved by combining
different cohorts and through international collaboration. In two
studies, we combined several of
these large-scale datasets to investigate the genetics of intelligence
and neuroticism, personality traits
relevant to mental health.
Intelligence, or cognitive ability, is known to be among the most
heritable traits. By combining
different GWAS of cognitive test
scores in over 260,000 individuals,

Chromosome

← Figure
Manhattan plot of the GWAS results of (a)
intelligence, and (b) neuroticism. Every
dot represents an SNP association:
the x-axis shows the position on the
chromosome, and the y-axis the
significance of the association between
SNP and intelligence or neuroticism
phenotypes (the higher the SNP, the
stronger the association). The horizontal
lines indicate the level of significance;
blue, significant; red, significant beyond
doubt.
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Looking beyond the visual
cortex to cure a lazy eye

MEHRAN AHMADLOU is postdoctoral
researcher and CHRISTIAAN LEVELT
team leader of the Molecular
Visual Plasticity research group
at the Netherlands Institute for
Neuroscience.

→ The development of the human
brain occurs during well-defined
periods. These so-called critical
periods are both a blessing and a
curse. We can learn amazing skills
during such periods, ranging from
seeing with two eyes to speaking
our mother tongue. But because
critical periods end at a certain
age, problems during these periods can have lifelong consequences. Scientists have therefore been
investigating the mechanisms by
which critical periods are switched
on and off, in the hope to extend
or reopen them for the treatment
of developmental problems.
Over the last two decades, intense
research on the critical period of
binocular vision has led to the con-

clusion that it is controlled by a set
of cortical neurons, i.e. neurons on
the outermost part of the brain.
These neurons inhibit, instead of
excite, other neurons. Our team
made the surprising discovery that
plasticity of binocular vision is
also regulated at an earlier stage of
visual processing, in a specific subregion of the thalamus, which is a
central part of the brain not visible
from the outside. This subregion,
the dorsolateral geniculate nucleus, passes on visual information
from the eyes to the visual cortex.
To investigate the role of inhibitory neurons in the thalamus in
plasticity of binocular vision, we
used genetically modified mice
that lack thalamic inhibition. In

these mice and controls, we measured blood flow dynamics in the
visual cortex, in response to input
from both eyes. We found that
in mice lacking thalamic inhibition, critical period plasticity was
strongly reduced. To dig deeper
into the underlying neurobiological mechanisms, we measured
electrical activity of brain cells
in the thalamus. To our surprise,
we observed that in control mice,
thalamic neurons change their
responses to inputs from the two
eyes based on experience. This
effect was absent in mice lacking
thalamic inhibition. These results
completely change the dogmatic
view that plasticity of binocularity
and the regulation of its critical
period happen exclusively in the
visual cortex.
Our findings imply that to improve
a lazy eye, reinstating flexibility
in the visual cortex may not be
sufficient. This discovery has important implications for understanding developmental problems,
highlighting that we should not
only focus on the cortex to find
new therapies for visual deficits,
but look at the brain as a whole,
including its deeper, less-understood structures.
Ω

→ References
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← Figure
Inhibitory neurons in the thalamus
that are required for critical period
plasticity (in red) amongst other cells
(in blue).
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How athletes combine sprint and endurance
To understand what makes an athlete a champion, we aimed to unravel the physiological determinants of
physical performance. Whereas physical performance is commonly distinguished in endurance or sprint
performance, most sports require a combination of sprint and endurance. So far, the critical physiological determinants for achieving both a high sprint and high endurance performance remain unknown.
Moreover, optimizing both sprint and endurance seems to be challenging, as (determinants of) sprint and
endurance performance are mutually exclusive.

Sprint

Team pursuit

Road

Athletes included track sprinters, team pursuit cyclists and road cyclists,
which competed at the national, international and Olympic level

Sprint performance

Endurance performance

Wingate peak power

15K time trial

These cyclists completed a sprint test (a 30 second all-out Wingate test) to obtain maximal
power output production and an endurance test (a 15 kilometer time trial) to obtain their
average power production over 15K.

Physical proﬁle
Physiological determinants associated with a high sprint and/or high endurance performance were obtained from the physical profile of the cyclists. This profile included physiological properties derived from
multiple biological levels from single muscle fibers to the whole body.

O2 consumption

Total blood count

Blood lactate

Max knee-extension
isometric torque

3D ultrasound imaging
Muscle morphology

Muscle ﬁber
histochemistry

Efﬁciency

out

/ in

Muscle oxygenation
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Muscles of an Olympic athlete

Muscle fiber properties were measured as part of the physical profile. Slow type I fibers (panel A)
are important for endurance activities, whereas fast type IIA and IIX fibers (B and C) are key to power
pursuits such as in weight lifting and sprinting. For prolonged exercise, energy is generated more efficiently with aerobic metabolism, requiring a high oxygen utilization (D) and oxygen supply (E and F).

Critical determinants of a high sprint and endurance performance*

Fast
ﬁbers

Long
Long
ﬁbers
ﬁbers

Sprint*

Gross
efﬁciency

Sprint
+
Endurance*

Muscle
volume

Oxygen
supply
blood

Endurance*

Determinants performance VO2

Oxygen
uptake

Oxygen utilization

Inverse relationship

Oxygen utilization
Oxygen
supply

Oxygen supply
Muscle size

Fiber size
Fiber number

* normalized to lean body mass
to scale for body size and exclude body fat
2/3

The most important determinants for a high sprint and endurance performance summarized: High
sprint requires fast and long fibers with a large muscle volume. High endurance requires a high oxygen uptake at the mouth, high oxygen supply in the blood, and gross efficiency. Combining both a high
sprint and high endurance in athletes is associated with large muscle volume, large muscle volume,
high oxygen uptake and high efficiency.

Summary

1

Capillarization

2

Long muscle ﬁbers

The results suggest that long muscle fibers and a high oxygen supply to the muscle (many capillaries) may be important targets for individualized training to optimize both sprint and endurance performance.
By Stephan van der Zwaard,
Amsterdam Movement Sciences,
Vrije Universiteit Amsterdam
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Valorisation

The sound of physics
HUUB RUTJES is film maker and works
at UvA Science Education.
YURI VAN NIEUWKERK is a pianist and
did his Master’s in Theoretical Physics
at the UvA.

→ Is there a connection between
musical chords and quantum
mechanics? Why are Johannes
Kepler’s writings interspersed
with musical scales? And is it a
coincidence that Einstein, Planck
and Heisenberg all had a gift for
music? When UvA students Yuri
van Nieuwkerk and Huub Rutjes
randomly bumped into each other
at the Science Park’s coffee corner, they immediately discovered
a mutual fascination for musical
metaphors in the world of physics.
A few hours later, a new project
was born: World in Vibration, a
musical theatre show about the
history of physics.
Both Huub and Yuri have a
background in the arts: Yuri is a
pianist and Huub is a filmmaker.
A few years into their art studies,
however, physics got a hold of
them. In fact, Yuri is currently
doing a PhD in theoretical physics
at the University of Oxford, and

Huub works at the UvA as an innovator for science education. In
World in Vibration, Huub and Yuri
search for connections between
art and science: is it possible to
analyse physics with a scientific
mind set, whilst simultaneously
finding inspiration in nature’s
beauty, symmetry and harmony?
On a tour through history,
World in Vibration presents examples of such syntheses between
heart and mind. Experiments, film,
interactive animations and a lot of
live music bring famously artistic physicists back to life. Among
them Pythagoras, a spiritual leader
who taught his followers that the
universe is sustained by harmony and who also found a rigorous
mathematical description of the
vibrations of a string. Or what
about Johannes Kepler, who made
ground-breaking astronomical discoveries whilst searching for musical order in the solar system. Using gripping visuals, experiments
and classical music, Huub and Yuri
guide their audience through a
musical universe.
Not all physics, however,
accommodates our human ap-

A programmatic approach
to the puzzle in Issue 7

VICTOR CALDAS is a postdoctoral
researcher at the Animal Ecology
Department at the VU and the Systems
Biology group at AMOLF.
→ Reference
1: I used https://github.com/dwyl/
english-words
2: For a full explanation: https://
github.com/vcaldas/Amsterdamscience-solution; for a summary of
the code and the solutions it found:
http://victorcaldas.com/Amsterdamscience-solution/Solution.html

Last edition’s puzzle required a
good vocabulary and ingenuity to
be solved. After all, we were dealing with creating words and combining letters to form anagrams. I
tried for a while without success
and took an alternative route: I
coded a solution. Let’s quickly
see the numbers involved in this
puzzle.
To start, I took an English
list of 370,000 words used in
spell-checkers [1]. I filtered all
5-letter words (16,000) and 8-letter words (51,200) needed to
solve the problem. The puzzle’s
challenge was to add one of the
26 letters of the alphabet to each
of the given eight 4-letter words
(such as THIN and RIND) to form
a new 5-letter word (TOGA + N
= TANGO or SITE + R = TIRES).
It turns out that the possibilities
are vast. Adding a single letter to
the word SITE can create 87 new
words. In total, 235 words could be
created out of the original 8 4-let-

preciation of what is beautiful
and harmonious. Kepler, though
scientifically successful, failed to
describe our solar system in terms
of harmony. Newton’s laws resemble a giant clockwork rather than a
soothing musical instrument. And
the advent of quantum mechanics
has put a damper on our optimistic belief that physics will always
be relatable to a human scale.
But even in a subject as exotic as
quantum mechanics, music can
serve as a guide. Huub and Yuri
conclude their show with an ex-

ter words. The added letters form
an 8-letter sequence that had to be
rearranged to form a valid word
giving the solution to the puzzle.
It turns out that the number of
possible 8-letter sequences is a
ginormous 379,348,200 in total.
Fortunately, of this number, just
384 were valid words. So, there are
384 solutions to the puzzle!

planation of quantum mechanical
wave functions in terms of musical vibrations, which date back to
Pythagoras’ work on his musical
string. In this way, World in Vibration connects ancient natural philosophy to recent developments
in science and explains abstract
physics using intuitive and musical
experiences from everyday life.Ω
For more information about the show
visit www.wereldintrilling.nl.
© http://www.robvandamfoto.nl

I also took the anagram challenge a
step beyond the puzzle’s scope, by
looking for the words among these
384 solutions that are anagrams
themselves. I found 6. Online you
can find a detailed explanation of
what I did as well as all the code
for the solution [2]. I’m curious
to hear which word combination
you found!
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Q&A

1.

The first experiment I ever
did was...
... growing endothelial cells from
umbilical cords in New York City
in 1984… I had to go up to the
maternity ward every morning to
cut the cords from the placentas
that were stored in a freezer over
there. Thin, thick, long, short:
fascinating how variable biology
can be.

2.

My constant source of
inspiration is...
... the surprising curve balls that
experimental science throws at
you: sometimes there is nothing
better than not understanding the
results. Especially when we have
a solved a new protein structure,
it often shows really unexpected
features and it is great fun to
puzzle out what they mean.

3.

One book that I recommend to all young scientists is..
Oh, there are many answers to
that: for me, reading thrillers and
‘chick lit’ is important for relaxation. I enjoy reading biographies
of inspiring scientists and I’ve
really learned a lot from some of
the books on scientific fraud that
I’ve read. I most enjoy reading a
‘real’ book, though; Arthur Japin
is a great favourite. But there is
one book that I give as a present
to scientists whenever I can. It
contains the letters from botanist
and geneticist Hugo de Vries to
his wife when he was travelling in
the USA in 1904, O Wies, het is hier
zo mooi (Oh Wies, it’s so beautiful
here).

TITIA SIXMA is group leader
and head of the division
of Biochemistry at the
Netherlands Cancer Institute.
Her lab studies the structure
and function of proteins
that control basic cellular
processes, which are
frequently misregulated in
cancer.

4.

If I headed the Ministry of
Science the first thing I would
change is…
... to limit the number of hurdles
that need to be taken to obtain
funding, focusing on excellence
and content. I would also limit the

enormous consortia that are now
necessary for funding. Although
they can occasionally be helpful, I
think they take too much time and
bureaucracy.

5.

If I had to switch roles with
a famous person for one day, I
would choose to be…
Oh, this is a difficult one. I’d love to
have musical or visual talent for a
day. To be Yo-Yo Ma would be great,
he is a cellist but really creative
in what he does. Or Picasso… or
Marlene Dumas, although I guess
her art doesn’t make her seem very
happy…

6.

I am most creative when…

... I’m sleeping: sometimes I work
something out when I sleep. Or in
the shower... or during other people’s lectures. But in practice also
in discussions: in that case it also
depends on my sparring partners.
Luckily, I have great students and
post-docs.

7.

If I could choose my field of
study and university once again I
would choose…

Well, I’m happy with my choices.
But if I would start today I would
probably choose the brain as a topic: so much to do still and I would
expect that the coming 30 years
will see enormous progress.

8.

When I am not being a
scientist I am mostly…
Checking Windfinder to see if I can
go windsurfing… I’ve only taken
this up a few years ago and I’m a
slow learner, but I really love it. I’m
very proud that I can plane with
my feet in the footstraps (sometimes… ). Amsterdam Windsurfing
has a terrifically relaxed site at the
Nieuwe Meer but unfortunately not
much wind, especially this year.
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Puzzle

Guess what?
Which part of which animal do you see?

mail the answer to
amsterdamscience@gmail.com

before 1st January 2019
win
the first ten correct answers will win
an Amsterdam Science canvas bag
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© Bart Groeneveld
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