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Dear reader,
Our second issue in covid-times: great work by the authors and the editorial board to put
together an attractive issue. Thanks to their enthusiasm we can offer you interesting
stories and fascinating images. Five bright scientists joined the editorial board this year:
Hani Francisco (CWI), Perry van Schaijk (VU & ARCNL), Archishna Bhattacharyya (Master
student Theoretical Physics UvA), Hollie Marks (Master student Physics UvA/VU) and Sara
Said (Bachelor student Biomedical Sciences, VU), dedicated people that want to promote
Amsterdam Science! What does this twelfth issue have to offer?
This issue shows again the diversity of the Amsterdam Science community with
contributions from CWI, ARCNL, NIN, UMC and the Faculty of Science UvA and VU. The
Amsterdam neuroscientists demonstrate how diverse and relevant their research is.
Researchers from the NIN present a step towards understanding the molecular mechanism
causing MS (multiple sclerosis) and the role of specific brain cells called microglia. In the
same institute, a miniature microscope, allowing visualization of brain activity during
animal behaviour, has been developed into a new product: the NINscope. Brainwave
modelling helps to understand how we perceive stimuli, while spiking neural networks may
help us to develop smarter Artificial Intelligence algorithms. Apparently, alcohol memories
are engraved into the brain, if we could reset these specific neurons, we might be able to
treat alcohol abuse disorders. A glimpse at the molecular connections in the synapses of
the brain illustrates our back cover.
The front cover of issue twelve shows the extreme ultraviolet spectrum obtained by
exciting tin ion with a laser. This creates a plasma beam that can be used for nanolithography,
pioneering work done by ARCNL researchers. For physics afficionados there is a contribution
on the connection between quantum complexity and black holes, just by flipping a coin….
Our Life Sciences contributions in this issue span a wide range of topics, from Atrial
Fibrillation treatments inspired by patients, to stem cells that know how to find their way
back to the bone marrow and the ground-breaking work on the role of sugar molecules in
recognition of cancer cells. The latter is the research area of Spinoza Price Laureate Prof.
Yvette van Kooyk (UMC-VUmc). In an interview she explains the importance of her works
and the secret of good team work. She encourages young scientists to discover what makes
them special and to develop that strength.
Amsterdam ecologists fill the centrefold once again, this time to illustrate how
snail shells can be used as bioindicators of a changing environment. Similarly colourful are
the pictures of cyanobacteria that have pigments fitting the dance of water molecules!
In this issue we have dedicated a long article to research on Amsterdam waste
management. Prof. Gadi Rothenberg (HIMS, UvA) explains which strategies can be employed
to improve the circular waste management of our city. Not only precise knowledge of waste
streams is essential, also social and economic aspects will determine the success of the
transformation to a circular economy.
As you can see in the “ABOUT” section our editorial board could use strengthening
from staff members, please join! Write an e-mail to amsterdamscience@gmail.com.
Enjoy the twelfth issue and visit our website to submit your exciting Amsterdam Science
contribution!
On behalf of the editors in chief,
Michel Haring

ABOUT THE COVER IMAGE:
Extreme ultraviolet light plays a key
role in the production of state-ofthe-art electronic devices. This light
is generated by a plasma containing
highly charged tin ions. The cover
image shows the extreme ultraviolet
spectrum of several tin ions and
is obtained by exciting tin with an
electron beam which allows for
studying fundamental properties of
these ions. On page 6 Joris Scheers,
ARCNL, explains in more detail that
the spectrum between the white
markers is of particular interest for
semiconductor manufacturing.
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Microglia are key players in
the start of multiple sclerosis
↓ Figure
Magnification of a microglial cell in
human brain tissue

MARLIJN VAN DER POEL recently
obtained her PhD at the Netherlands
Institute for Neuroscience (NIN).

→ Reference
M. van der Poel, T. Ulas, M.R. Mizee et
al. Nat. Commun. 10, 1139 (2019).
doi: 10.1038/s41467-019-08976-7

→ Globally, over two million
people suffer from multiple
sclerosis (MS). Despite many
therapeutic drugs being available, therapies to treat this complex disease have not been successful yet. To gain insight into
the onset of MS, we zoomed in
on a type of immune cell with
a much-debated relation to the
disease: the microglia.
MS is an inflammatory disease of
the brain, characterised by myelin loss that leads to damaged
neurons and scar formation.
The disease is often diagnosed
at a young age, between 20-40
years old. MS patients have various symptoms that relate to
defects of the nervous system,
such as blurry or double vision,
walking difficulties and pain or
numbness. Microglia, the local
immune cells of the brain, are
important players in MS as they
remove myelin, the insulating
sheath that is wrapped around
nerve cells and that gets lost in
MS. However, the exact role of
microglia in the start of MS lesions in different brain regions
is still unclear.
We studied the gene expression
profile of microglia isolated
from post-mortem brain tissue
provided by the Netherlands
Brain Bank. For this study, we
compared microglia from MS patients with those from healthy
individuals. The cells originated from both grey-matter (the
neuron-containing part) and
white-matter (the myelin-containing part) brain regions without lesions, so-called normal-appearing tissue, in order to search
for the earliest indications of
MS. We analysed these different
tissues by RNA sequencing to detect possible early gene-expression changes in microglia that
relate to first signs of MS lesion
pathology.
This study is one of the first
to describe clear regional differences between cortical grey
and white-matter microglia.

We show that the grey and
white-matter microglia differ
in the type of immune response
pathways displayed. In MS, microglial changes in normal-appearing tissue were subtle, since
expression of homeostatic genes
was unaltered, but we found
first signs of MS pathology that
differs between brain regions.
Thus, microglia likely play a different role in MS lesion formation among brain regions, which
indicates that the development
of MS lesions differs between
grey and white matter in a brain
region-specific manner. Furthermore, this study points towards
an important role for microglia
in MS lesion initiation already in
normal-appearing tissue.
Future studies should focus on
whether blocking these (brain
region-specific) early microglial
changes might serve as therapy
to successfully prevent MS lesion formation and the associated symptoms. 
Ω

“MS pathology
differs
between brain
regions”
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Dancing water molecules are
linked to colourful bacteria

Tin ions for
nanolithography
JORIS SCHEERS recently obtained his
PhD at the Advanced Research Center
for Nanolithography (ARCNL).

→ Reference
J. Scheers et al., Phys. Rev. A 101,
062511 (2020).
doi: 10.1103/PhysRevA.101.062511

“The latest nanolithography
machines use
extreme ultraviolet light”

→ Microelectronics, especially in
the form of computer chips, is an
integral part in many of our everyday devices such as smartphones,
laptops or cars. Transistors are the
basic components of these computer chips, acting as tiny switches.
The size of these transistors is in
the order of tens of nanometres.
In order to produce such small
structures, a technique called nanolithography is used. In this process,
light is used to imprint a pattern
onto layers that are sensitive to
this light, where multiple layers
are stacked to build up the chip.
The smallest feature that can be
imprinted is mostly limited by the
wavelength, or colour, of the light
used. The latest generation of nanolithography machines, produced
by Dutch semiconductor manufacturer ASML, use a much shorter
wavelength than the generation
before; instead of deep ultraviolet
light (with a wavelength of 193 nm),
extreme ultraviolet light (13.5 nm)
is used.
In order to generate extreme ultraviolet light for use in state-ofthe-art lithography machines, a hot
plasma is produced. This is done
by illuminating ten thousands of
molten tin droplets per second,
with a droplet size of approximately
30 micrometre (smaller than the
diameter of a hair), by high-intensity laser pulses. The temperature
of the tin rapidly increases during
the laser pulse illumination to over
300,000 degrees Celsius, causing
atoms to get ionised, forming the
plasma. At these high temperatures, the tin ions become highly
charged and collide frequently
with other ions, releasing energy
in the form of extreme ultraviolet light in the process. Almost all
materials absorb this type of light
and therefore complex multilayer
mirrors are used to guide the light.
These mirrors only reflect light in a
very narrow bandwidth of around a
wavelength of 13.5 nm. Therefore,
accurate control of the plasma is
necessary such that most of the
emitted light falls within this reflective range of the mirror.
The laser-produced plasma is
highly sensitive to many parame-

ters such as the laser wavelength,
pulse length or droplet size. Fully
independent of all other plasma parameters is the underlying atomic
structure of the highly charged
tin ions, which determines the
wavelengths at which light can be
emitted. It is therefore vital for
improving the performance of extreme ultraviolet light sources to
understand the atomic structure
of highly charged tin ions. Advantageous to the industrial application, many different charge states
of tin, specifically Sn8+ to Sn15+, have
similar atomic structures that make
them emit just within the desired
wavelength range. This makes the
tin plasma such an ideal choice of
material for this application.
The fact that these ions emit similarly within a small wavelength
range makes the study of this plasma however cumbersome because
the emitted light cannot readily be
resolved by standard spectroscopic
techniques that are used to learn
more about the plasma. Atomic
theories can predict the atomic
structure of these ions, and therefore the wavelengths that can be
emitted by the ions. Due to the
many electrons that are involved in
these complex ions, the predictive
power of these calculations is limited and experimental investigations
of these ions are necessary.
We collaborated with the Max
Planck Institute for Nuclear Physics in Heidelberg, Germany, to
study the tin ions used in nanolithography. We employed an electron beam ion trap to study the
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spectra of tin ions. In this device,
a beam of electrons and a magnetic field is used to trap and ionise
tin ions up to a desired charge
state for investigation. Spectral
measurements were conducted
on several tin ions, such that the
individual contribution of each
charge state that emits light with
a wavelength around 13.5 nm could
be determined. These measurements revealed that another ion,
Sn15+, also emits light within the
very narrow range in which the
mirrors reflect.
The industrial use of extreme
ultraviolet light in order to produce the newest chips is currently
stepped up, and the chips in your
new smartphone will likely have
seen some extreme ultraviolet
light at some point during their
production process. 
Ω

↓ Figure
Spectral intensity map of the
emission from Sn ions, constructed
from measurements taken at an
electron-beam ion trap at the Max
Planck Institute for Nuclear Physics
in Heidelberg, Germany. The white
vertical bars indicate the wavelength
band that can be reflected by the
multilayer mirrors.

Author:
JANS HENKE (Amsterdam Science editor)
→ Reference
Reference: T. Holtrop, J. Huisman,
M. Stomp, L. Biersteker, J. Aerts, T.
Grébert, F. Partensky, L. Garczarek,
H.J. van der Woerd. Nature Ecology and
Evolution 5, 55–66 (2021).
DOI: 10.1038/s41559-020-01330-x

→ Cyanobacteria were among the
first organisms on Earth. Having
already existed for 3.5 billion years,
we have their photosynthesis activities to thank for the oxygen-rich
air we breathe today. Just like our
lungs have evolved to extract oxygen from the air, our eyes have
developed to see light with frequencies in the ‘visible’ part of
the electromagnetic spectrum.
Why? Because the sun shines most
strongly at those frequencies, so
it’s convenient. Cyanobacteria are
no different – they want to convert
solar energy into growth, and have
thus evolved photosynthetic receptors that are tuned to the visible
part of the spectrum.
Although we are used to photosynthesising plants being green,
cyanobacteria come in many different colours, from yellow to pink
to green. Their colour indicates
the colour(s) of light that they do
not absorb. That is, cyanobacteria
(and leaves) that look green do so
because they reflect – rather than
absorb – green light. Where does
the variation in cyanobacteria colours come from?
Biologically, not all cyanobacteria
are equal. The most common type,
from the genus Prochlorococcus,
look green because they absorb
light using chlorophyll pigments,
which most strongly absorb violet,
blue and red light. More colour variation is seen in other cyanobacterial
species, which use light-harvesting
antennae hosting different combinations of three types of pigments:
phycourobilin (PUB), phycoeryth-

robilin (PEB) and phycocyanobilin
(PCB). These pigments preferentially absorb blue, green and orange
light, respectively.
While this explains where their
different colours come from, this
does not explain why cyanobacteria evolved to have this colourful
variety of pigments in the first
place. The answer, Tadzio Holtrop
(VU Amsterdam) and Jef Huisman
(UvA) found, lies in the particular
ways that molecules of water can
jiggle. H2O can host three fundamental types of vibrational modes:
symmetric stretching, bending and
asymmetric stretching (see Figure).
A sunbathing water molecule will
more strongly absorb frequencies
of light that correspond to the characteristic energies needed to excite
these three vibrational modes or
any linear combination thereof,
called a higher harmonic. Sunlight
below the surface of water will thus
develop characteristic dips in its
spectrum, each dip corresponding
to a different harmonic of the vibrational modes of water molecules.
Near the surface of the water, these
appear as minor bends in the total
spectrum, but when you go deeper,
these dips grow exponentially.
Of course, the spectrum of light
below the surface of water is also
affected by scattering and absorption from other ‘stuff’ that is floating around. Pure water will absorb
strongly in the low-frequency (red
and infrared) part of the spectrum,
while it scatters light at high frequencies corresponding to blue
and violet light. Coloured dissolved
organic matter (CDOM) does not
scatter much light but it strongly
absorbs violet and blue light; this
is why peat lakes tend to look more
reddish-brown. Lastly, other particles and phytoplankton both scatter and absorb light; how much and
at which frequencies depends on
their exact composition.
By modelling the underwater light
availability per frequency, assuming
different concentrations of CDOM,
the researchers showed that light
underwater is effectively divided
into five chunks, separated by absorption dips from the vibrational

harmonics of water. These chunks
form ‘spectral niches’ for cyanobacteria to take advantage of, roughly
corresponding to the violet, blue,
green, orange and red parts of the
visible spectrum. These five peaks
in the underwater spectrum correspond exactly to the five colours
that cyanobacteria most strongly
absorb with their photosynthetic
pigments. Thus, the particular ways
that water molecules can “dance”
explain the colourful diversity of
cyanobacteria and their evolutionary descendants.
Excitingly, we can use this new understanding to predict the global
distributions and productivity of
aquatic photosynthetic organisms,
based solely on satellite data of the
colour of water. Such predictions
strongly agree with the geographical distributions of different photosynthetic pigments found in ocean
and lake samples. This also gives
us a better understanding of how
pollution and climate change will
affect the colours of these underwater ecosystems. Looking beyond
our own planet, we could even apply the same principles to predict
the colours available for possible
photosynthetic organisms on other
planets! 
Ω

“Cyanobacteria
come in many
colours”

↓ Figure
Water molecules preferentially absorb
light at frequencies corresponding
to (harmonics of) their characteristic
vibrational modes (top row). This splits
the underwater light spectrum into five
niches, which cyanobacteria use for
their photosynthesis activities. The
bottles in the photo show colourful
examples of marine cyanobacteria
found in the ocean. Photo: Laurence
Garczarek, Biological Station
of Roscoff (CNRS and Sorbonne
University)
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How do stem cells find
their way back to the
bone marrow?
JAAP D. VAN BUUL is PI at Sanquin Research
and at the Landsteiner Laboratory, AMC, and
full professor at the Swammerdam Institute
for Life Sciences (SILS), UvA.

→ Reference
T. Rademakers et al., Haematologica
105 (12), 2746-2756 (2020).
doi: 10.3324/haematol.2018.196329.

→ All blood cells that circulate
in our veins arise from the bone
marrow. The bone marrow is the
home of many precursor blood
cells - particularly, the blood stem
cell. This cell type is essential for
keeping the number of blood cells
in our circulation intact and with
that, maintaining our blood-forming (hematopoietic) and immune
systems. It is therefore especially
important to protect these hematopoietic stem and progenitor cells or
HSPCs from any harm or damage.
They also turn out to have major
therapeutic potential for the treatment of various blood cell related
diseases, particularly blood cell
related cancer. When a matching
donor is found, a patient can receive
donor stem cells through blood infusion, in a procedure known as
stem cell transplantation.
The same transplantation procedure could be applied to cancer
patients who have undergone a
chemo- or radiotherapy treatment.
Such a treatment is highly effective
in killing all fast-dividing cells like
cancer cells. However, our HSPCs
are amazingly fast-dividing cells
as well. On a daily basis, the bone
marrow produces close to 100 billion cells of such cells, all of which
arise from the stem cells (!!). To

overcome the unnecessary killing
of HSPCs during anti-cancer treatment, we retrieve these cells from
the patient’s body prior to treatment, store them temporarily in a
safe place, and then give them back
to the patient afterwards - similar to
when patients who suffer from leukaemia receive donor HSPCs. The
miraculous thing about this process
is that the HSPCs travelling through
our circulatory system know where
to exit the blood vessels to navigate
back home: they find their way back
to the bone marrow!
Over the years, this wonderful naturally occurring process has saved
thousands of lives. However, the
last critical step, the migration of
the blood stem cells out of the blood
vessels into the bone marrow, is not
well understood. Understanding
how the HSPCs cross the vessel wall
and enter the bone marrow, a process also known as homing, could
help us to make this last step more
efficient. Making the homing process more efficient would allow us
to use a smaller number of HSPCs
for reintroduction into the patient
and to accelerate the recovery of the
blood cell-forming process and subsequent recovery of the patient’s
immune system. This will lead to
several benefits - for one, the pa-

tient will recover sooner and can
leave the hospital earlier.
In a recent study, we focused on exactly that. We aimed to understand
how HSPCs leave circulation and
cross the vessel wall at molecular
detail. When we zoom in on the
vessel wall, it reveals the presence
of a small but crucial cell layer. This
layer is known as the endothelial
cell layer and acts as a barrier for
fluids and blood cells, making sure
that the circulation does not start to
clot, or that fluids or cells don’t leak
out of the vessels. This layer is quite
remarkable in its function because
it allows certain cells to go through
without letting any fluids escape. For
example, during daily immune surveillance, hundreds of thousands of
cells patrol through our tissue to find
and clear pathogens. While letting
them pass, the vessel wall still acts
as a barrier for fluids. In addition,
when HSPCs are (re)infused back
into the patient, no clear increase in
fluid leakage is detected, indicating
that the HSPCs find their way back
without harming the endothelial barrier lining the vessel wall.
When we zoom in on how blood cells
in general leave the circulation and
cross the vessel wall, we can see that
they cross the endothelial monolayer

by passing through two individual
endothelial cells, a migration route
known as the paracellular route
(Figure 1). At the same time, blood
cells can also cross the endothelial
layer by penetrating right through
the endothelial cell body, known
as the transcellular route (Figure
1). For HSPCs, it is not known how
they cross the endothelial layer. If we
want to increase the efficiency with
which HSPCs home back to the bone
marrow, it is important to know how
they do this. Only then can we develop the right strategy.

we could increase the number of
blood stem cells in the blood. To
understand whether this also leads
to a better entry of the blood stem
cells into the bone marrow, we
used an animal model. Within this
animal model, we could break the
endothelial connections and transplant HSPCs that were specifically
labelled. After 2 weeks, more HSPCs
were found back in the bone marrow of the model, indicating that the
endothelial connections may be a
target for more efficient homing to
the bone marrow.

We first used a perfusion model
that mimics physiological flow
conditions that normally occurs
in capillaries, the locations where
blood cells leave the vessels. For
this study, we immortalised human
endothelial cells that were derived
from the bone marrow and monitored the migration events using
specialised microscopes. It became
clear that blood stem cells could
cross the endothelial monolayer
by passing through the intercellular space between the cells, called
a paracellular manner, but also by
passing through the endothelial
monolayer, i.e. in a transcellular
manner.

To further establish the mechanism,
we used a different animal model
where the endothelial cell connections and thus the paracellular passage ways for HSPCs were blocked.
We expected to find no HSPCs to
home to the bone marrow but to
our surprise, there were just as many
as for unblocked connections. The
only possible explanation was that
HSPCs normally make their way
right through the endothelial cells,
the transcellular route, to home
back to the bone marrow. Indeed,
these findings were confirmed by
our in vitro experiments (Figure 2).

The tight connections between
neighbouring cells in the endothelial monolayer are formed by proteins
including so-called VE-cadherins
(Figure 1). By using antibodies
against VE-cadherin to artificially
break the connections between
neighbouring endothelial cells,
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“This
wonderful
homing process
has saved
thousands of
lives”

Overall, we concluded that under
normal conditions, blood stem cells
use the transcellular route to home
back to the bone marrow, leaving the
vascular integrity intact. However, if
we wish to improve blood stem cell
homing, it may be beneficial to target the paracellular route by inhibiting VE-cadherin function, thereby
increasing the homing efficiency. Ω

Figure 2
← Figure 1
Schematic overview of how blood
cells leave the circulation by crossing
the vessel wall that is lined with
endothelial cells. Blood cells can
cross the endothelial cell layer via
two routes: through the connections
between two neighbouring endothelial
cells, formed by proteins called VEcadherin (the paracellular route) or
straight through the endothelial cell
body (the transcellular route).

← Figure 2
A blood cell making its way through an
endothelial cell using the transcellular
route. Arrows indicate endothelial cells
and the asterisk marks the blood cell
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Fighting cardiac rythm
disorders together
with patients
BIANCA BRUNDEL is Professor of
Physiology at the VU University Medical
Center (VUmc) and co-founder of the
Atrial Fibrillation Innovation Platform
(AFIP).

→ Reference
[1] N. Li, B. Brundel. Circ. Res. 127 (1),
73-90 (2020)
[2] D. Zhang et al., Nat. Commun. 10 (1),
1307 (2019)
[3] R. Starreveld et al., Cells. 9 (7):1729
(2020)

→ Atrial fibrillation (AF): a heart
disorder that is difficult to diagnose
With the growing and aging population, numerous diseases will increase in patient numbers. Atrial
fibrillation (AF) is the most common progressive cardiac rhythm
disorder affecting 2-3% of the Western population. AF is associated
with serious complications such as
stroke, heart failure and increased
mortality. In the Netherlands, approximately 344,000 patients are

diagnosed with AF. Compared to
age-matched males, studies indicate that women have a higher risk
of AF-related complications including mortality and stroke.
Nowadays, AF treatments are based
on a ‘one size fits all’ approach and
not directed at the root causes of
the disorder. Consequently, they
are only moderately effective. Also,
it is often impossible to predict the
response of an individual patient
to pharmacotherapy and selection
may therefore be based on trial and

error. Moreover, current treatments do not prevent AF progression from recurrent intermittent
episodes to persistent and finally
permanent AF. Next to the lack of
effective AF therapies, there are no
diagnostic tools available to properly stage AF, which means identifying
the stage the disorder is in. These
tools are essential for developing
personalised treatment methods
for patients. At the moment, AF
can only be diagnosed by measuring abnormal electrical activity in

the heart rhythm via an electrocardiogram. In this case, the patient
already suffers from symptomatic
AF. Therefore, the identification
of patients at risk of AF onset and/
or AF progression currently is impossible, hampering effective treatment. This poses a heavy burden
on the healthcare system, which
is already overwhelmed due to the
COVID-19 pandemic.
Dissecting the root causes of AF:
animal-free model systems
While AF was originally described
as an ‘electrical’ disease, my translational research lab discovered
that derailment in protein balance
(proteostasis) results in structural cardiomyocyte (heart muscle
cell) damage, which subsequently
leads to AF. This paradigm shift
challenges the current therapeutic strategies and has received acknowledgement from international
AF societies [1].
The fundament for my lab is
formed by unique animal-free
experimental cardiomyocyte and

TYCHO HOOGLAND leads miniscope
development at the Netherlands
Institute for Neuroscience (NIN).

→ Figure
From insight into the root causes of
AF to novel AF biomarkers. Research
findings identified mitochondrial
dysfunction as a root cause of AF.
Mitochondrial dysfunction results in
the release of mitochondrial DNA in
the circulation, which can be detected
in the blood and therefore be used as
an identifier for the disease, supporing
the ‘staging’ process.

→ Reference
https://scope.nin.knaw.nl/ or
@NINscope.
https://twitter.com/ninscope?lang=en
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Drosophila models. These models
enable proof-of-concept studies
by genetic and pharmacological
interventions and share key characteristics with clinical AF. By
utilising these systems, my team
identified novel druggable targets,
which were successfully translated
to drug studies in AF animal models, indicating the power of these
animal-free solutions.
Furthermore, modulators that derail the protein balance, such as mitochondrial DNA, were also found
to be helpful to identify AF, and as
such act as biomarkers in blood
(Figure) [2]. These biomarkers can
help as diagnostics in the staging of
clinical AF, which is important for
developing patient-tailored therapies. My team is currently working
to translate knowledge on fundamental molecular mechanisms to
clinical approaches.
Novel clinical AF trials co-created with patients
The experimental findings of my
team were also translated into clinical trials with drugs directed at the

“A patient's
idea resulted
in a successful
clinical trial”

protein balance. Together with car
cardiologist-electrophysiologist
Prof. Natasja de Groot (Erasmus
University Medical Center, Rotterdam), I co-founded in 2016 the
non-profit organisation AFIP (Atrial Fibrillation Innovation Platform,
www.AFIPonline.org ). The aims of
AFIP are to improve communication between AF patients, scientists

and doctors, and to co-create translational studies.
The effectivity of this co-creation
approach has recently been proven
by AFIP. My team discovered that
AF is correlated with exhaustion
of cardioprotective proteins. In
addition, they observed that induction of these proteins protects
against experimental AF. By reading
the scientific literature, an AF patient in turn discovered that a very
common amino acid L-glutamine
increases the levels of these cardioprotective proteins in cells. This
idea resulted in a clinical trial to
test whether L-glutamine changes
the cardioprotective protein levels in the blood of patients with
AF. Indeed, it appeared that after
three months of L-glutamine intake, there was a significant change
in cardioprotective protein levels
in serum samples that coincided
with improved energetics in the
patients. Via donations from the
community, AFIP is currently
conducting a second clinical trial
to test whether L-glutamine can
mitigate AF episodes in patients. Ω

Light, camera, action!
Using miniature
microscopes to study
how the brain directs
behaviour
→ A moving animal requires a brain.
This is nicely exemplified by the sea
squirt that, once attached to a rock
and sessile, digests its brain. Much
like professors on tenure, neuroscientist Daniel Wolpert - a tenured
professor himself - once quipped.
That is why, at the Netherlands
Institute for Neuroscience, we are
developing tiny do-it-yourself microscopes to understand how the
animal brain directs behaviour,
To understand how the brain interacts with the world, it is essential

to observe animals during innately
generated natural behaviour and record such behaviour in conjunction
with brain activity. Neuroscientists
have therefore pushed the development of recording tools that are
light-weight and can record the behaviour of the many neurons that
encode perceptions and actions,
while interfering minimally with
the animal’s natural behaviour.
Imaging approaches meet the requirement of recording signals
from many neurons at once and
give a precise map of where activ-

ity occurs in the brain. Two developments have advanced imaging
technologies that are able to probe
brain function during natural behaviour: fluorescent proteins and
portable miniature microscopes.
The advent of fluorescent proteins
derived from jellyfish and corals
have heralded an era of fluorescent activity reporters that can be
genetically targeted to individual
neurons, thus enabling imaging
of their activity in the intact animal brain using fluorescence mi-
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Circular waste
management: taking
the garbage back in
GADI ROTHENBERG is Professor and
Chair of Heterogeneous Catalysis and
Sustainable Chemistry. His group is
part of the UvA Research Priority Area
Sustainable Chemistry. In addition
to his academic research, he has
co-founded three spin-off companies:
Sorbisense A/S, YellowDiesel BV and
Plantics BV.

croscopy. In the past decade, the
increased demand for cell-phone
camera sensors has resulted in the
wide accessibility of compact image
sensors that can be leveraged to detect light with high sensitivity. Such
miniature detectors together with
small yet powerful light emitting
diodes and small-size optics have
allowed miniaturisation of fluorescence microscopes. This has made
them portable and applicable to image brain activity in freely behaving
animals.
Miniaturised fluorescence microscopes, also referred to as miniscopes, have been widely applied
to study the correlates of social
behaviour, anxiety, sleep and vocalisation. Miniscopes have helped
to demonstrate the existence of
specific populations of neurons
in the brain that are active or supressed during social encounters
and have revealed their degree of
synchronisation when two animals
interact socially. They have also
revealed how neuronal activity is
modulated across sleep stages and
how stable memories are encoded
in neurons during vocal learning in
songbirds. There is great potential
for deploying these miniscopes to
track neural signatures of disease
and directly link these to changes in
behaviour. Indeed, scientists have
already employed miniscopes to
show that aberrant activity in

↑ Figure
NINscope: a microscope that weighs
roughly 1.5 grams

“Miniscopes
reveal neuronal
activity
during social
behaviour”

the hippocampus, a brain region
particularly important for spatial
memory encoding, results in impaired spatial navigation.
While the components of miniscopes are affordable, the commercially available versions have been
prohibitively expensive. This has
resulted in an open-source movement where do-it-yourself building plans are shared at a fraction
of the cost. A team at the University of California at Los Angeles
has played a major role in making
such miniscopes widely available.
They carefully documented the
steps involved in procuring parts
and assembling the microscopes
and provided detailed instructions
on how to apply them in day-to-day
research.
Within Europe, the Netherlands
Institute for Neuroscience has
been a leading force in developing and improving open-source
miniscope technology. It released
the NINscope: a microscope that
weighs roughly 1.5 grams and has
numerous new features that permit
improved read-out and control of
brain function as well as multi-region imaging in freely behaving
animals. A new iteration of the
miniscope has recently been validated that records at rates 15-fold
faster than before, opening up the
possibility to directly study voltage
signals rather than calcium signals,

which are normally used as a proxy
for activity in neurons. All building plans and software have been
released in the public domain, allowing other scientists to use and
improve the designs.
The collaborative nature of the
open-source community has permitted developments to proceed at
an accelerated pace and has paved
the way for an exciting future in
which we can study increasingly
larger areas of the brain without
disrupting the natural behaviour of
the animals under study. This will
greatly enhance our ability to study
how circuit give rise to actions in
health and disease.
Ω

→ Reference
L. Viva, F. Ciulli, A. Kolk and G.
Rothenberg, Adv. Sustain. Syst. 4,
2000023 (2020).
DOI: 10.1002/adsu.202000023 (Open
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→ Moving from a linear to a circular economy
Most of us only think about waste
when it interferes with our daily
lives, for example when we have
to take out the garbage or when
we’re confronted with an unsightly polluted beach on vacation. But the truth is that waste,
and especially urban waste, is
fast becoming one of mankind's
biggest problems. Today, we are
using resources equivalent to 1.5
Earths to support this economy.
Alarmingly, the amount of waste
per capita keeps growing, while
resources are becoming scarcer
and increasingly difficult to extract. Clearly, our current linear
“produce-use-waste” economic
system has no future.
One alternative is the circular
economy. This approach focuses
on using infinite and renewable
resources, and on re-using and
recycling as much as possible. Im-

plementing a circular economy is
far from trivial: it requires a shift
in governance, business models
and societal norms. In this short
feature, I explain our approach
to introducing circularity into
urban waste management, taking
Amsterdam as a case study (see
reference). This project connects
sustainable chemistry and economics, and was done in collaboration with professor Ans Kolk of
the Amsterdam Business School.
In a nutshell, we built a toolbox
for transforming current linear
and fragmented waste management processes into integrative
and circular strategies (see Figure
1). This was done in three stages:
First, we outlined the boundaries
and core components of urban
waste management. This involved
analysing the current waste management system; identifying best
waste management practices that
fit with the urban environment;

mapping the relevant territorial
characteristics and identifying
territory-specific prospects and
limitations; and a social investigation to uncover the community
perception of the waste management system. We then mapped
the individual components into a
network, identifying the key relationships. Finally, we re-integrated the results from the mapping
process through the connection
nodes of the network, creating a
systemic overview of relationships
and processes which serves as a
frame for a circular strategy.
Case study: Organic waste in
Amsterdam
Amsterdam is a city spread over
nearly 220 km2 and home to
more than 800,000 people. The
city council is highly committed
to sustainability and aims to be a
pioneer in circularity. Indeed, it
has set ambitious targets in its sus- J

← Figure 1
Schematic of the proposed integrative
methodology operation. The four
‘pillars’ of our methodology consist
of analysing the current situation,
identifying best practices, territory
mapping and a social investigation.
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tainability agenda, such as halving
the use of primary raw materials
by 2030 and becoming completely
circular in 2050. However, at the
moment, even disregarding the effects of the COVID-19 pandemic,
it is still far from reaching these
goals. Current recycling is under
30%, and many waste flows are
linear and unsustainable. Organic waste especially is a problem,
because there is no clear recycling
programme for it in the city.
Current situation
We collected data on organic waste
production and management, and
performed a material flow analysis
on it (Figure 2) to see where this
waste (or, rather, resource) ends
up. Note that obtaining actual data
on waste production and management is difficult. Commercial
and industrial waste is managed
by private companies, and these
are reluctant to share data, as this
may not be in their commercial
interest.
Our analysis shows that households
are the largest source of organic
waste in the city and incineration
is the most used treatment for this
waste stream. Only a small share

Chemistry

↑ Figure 2
A material flow analysis for organic waste
(OW) in Amsterdam shows the current
situation (2019) via a Sankey diagram. All
flows are in metric tonnes/year.

“Our current
“produceuse-waste”
economic
system has no
future”

of the organic waste produced
in the city is recycled to produce
fertiliser. The biggest outcomes of
the process are emissions (CO2 and
flue gases) and ashes. We identified
five key weaknesses in the current
management of organic waste in
Amsterdam:
• Mixed collection with residual waste.
The majority of the organic waste
produced in the city, especially
from households, ends up in residual waste. This contaminates
organic waste and makes it unrecoverable.
• Incineration. Most of the organic
waste is incinerated. This is not a
suitable treatment since organic
waste is typically ‘wet’, and thus
unsuitable as incineration feed.
“Burning” water wastes energy
and only produces steam.
• Fragmented management system.
Organic waste collection and processing is scattered among many
different actors and sources (commercial, domestic, industrial).
• Lack of transparency. Most waste
management companies deny
access to information, as do
commercial and industrial waste
producers.
• No informative and educative cam-

Chemistry

paigns. There is a lack of clear information regarding waste separation in general in the city.
Best practices
To improve Amsterdam’s organic
waste management, we first determined which are the most sustainable and successful practices for
organic waste management worldwide. Based on a literature review,
web research and interviews, we
selected best practices covering
all phases of waste management.
These were selected based on their
sustainability, geographic location,
innovation and availability. We
then evaluated and graded these
practices on their impact (positive
or negative) in five perspectives:
environmental, economic, logistic,
social and legislative. The resulting
scores are shown in the radar plots
in Figure 3. These plots provide an
immediate and comprehensive
overview on the strengths and
weaknesses of each practice evaluated according to the different
perspectives.
Territorial Mapping
We then mapped the territory
of Amsterdam with respect to

four features: population density, building heights, land use and
waste infrastructure. This was
done using the Geographic Information System (GIS) software
package and data retrieved from the
Amsterdam municipal database.
Based on these four characteristics,
the city was divided into five environments: industrial, agricultural,
and three types of residential areas:
high-population density, medium
to low-population density and city
centre. Because each of these environments has its own characteristics, improving the organic waste
management in each zone requires
a different approach. For example,
the city centre is a residential area,
but also has a high concentration
of retailers, restaurants and cafes.
This area suffers from reduced road
surface, connections and accessibility, large numbers of tourists,
small indoor and outdoor spaces,
and limited waste infrastructures.
It also has limited underground
space for new bring-points, a high
population density, pest problems
and very limited green areas. Unlike
other residential areas, most organic waste in the Amsterdam city
centre is produced not by households but by food services and the

“Waste
management
alone does not
guarantee a
circular strategy”

hospitality sector. That means that
a door-to-door waste collection service works well, and the transport
can be complemented by making
use of the canal network to connect
to industrial and agricultural areas.
Aside from these five environments, it can also be useful to target
some specific microenvironments.
For instance, supermarkets and
street markets could have their
own organic waste management
schemes because they produce a
lot of waste, and they have a lot of
potential in reverse-logistics and
food rescue schemes. University
campuses and festivals function
as largely closed systems, and may
be useful as testing grounds for

circular waste strategies. Targeting educational institutes such as
schools may also help in amplifying
the impact of waste management
methods, because students can
impart what they learn to their
families or others in their networks
Social investigation
Waste management is a social issue.
Technological solutions are available, but technology alone is not
enough. There has to be public acceptance of the waste management
strategy for it to work in practice.
For this reason, we ran a social
investigation: a survey based on a
questionnaire, with 385 respondents. Overall, the majority of respondents recognise organic waste
as a valuable waste stream and state
that they would start separating it
if given the opportunity (94% and
76%, respectively). However, the
questionnaire revealed some bias,
since 75% declared that they are already separating waste and 15% said
that they separate organic waste
even in the absence of centralised
services and infrastructure. Besides
the positive responses about waste
management, the survey also shed
light on the biggest perceived barriers to organic waste separation,
which were the lack of indoor
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space and the lack of transparency
in waste management. Similarly,
according to the respondents, the
main factors incentivising waste
separation are a convenient and
efficient collection infrastructure
and the availability of clear information.
Take home message
In an ideal circular economy, waste
should gradually disappear. Obviously, waste management alone is
insufficient, if other measures are
not taken at the top of the event
chain (e.g. changing product design
practices). Moreover, this methodology alone does not guarantee a
circular strategy. To start with,
waste management cannot be circular if it is embedded in a linear
economic system. Nonetheless,
between the current waste management and a completely circular
management there is much room
for improvement.
Our method takes the highly complex and opaque situation of urban
waste management and clarifies it
by highlighting the main parts of the
process and the connection points
between them. This is an essential
first step on the road towards circular waste management.
Ω

← Figure 3
Radar plots for the different practices
wherein each of the five axes shows
the score of one perspective. The
larger the coloured area, the better the
score. Icons retrieved from http://ww12.
flaticons.com/
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Limacina helicina —
bioindicators of ocean health

Shelled pteropods are widely regarded as bioindicators
for the impact of ocean acidification, because their
fragile aragonite shells are susceptible to increasing
ocean acidity. Pteropods make thinner shells where
upwelling brings colder and more acidified waters
to the surface. The image shows a variation in shell
thickness measured by micro-CT scans of two Limacina
helicina specimens. Left: a thick shell sampled offshore
where there is no upwelling. Right: a thin shell sampled
onshore where upwelling brings colder and more
acidified waters to the surface.
Reference
L. Mekkes, W. Renema, N. Bednaršek et al., Pteropods
make thinner shells in the upwelling region of the
California Current Ecosystem. Sci Rep 11, 1731 (2021).
doi:10.1038/s41598-021-81131-9
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Versatile information processing requires
balanced brains

ARTHUR-ERVIN AVRAMIEA is a
PhD student at the Center for
Neurogenomics and Cognitive
Research, VU.
RICHARD HARDSTONE is a postdoctoral researcher at the New York
University Neuroscience Institute.
KLAUS LINKENKAER-HANSEN is an
Associate Professor at the Center
for Neurogenomics and Cognitive
Research, VU.

→ Reference
A.-E. Avramiea et al., eLife 9, e53016
(2020). doi: 10.7554/eLife.53016. See
also our recent Twitter thread.
https://elifesciences.org/articles/53016

“Diving into the
brain waves?
Time it right!”

→ Why do we sometimes stop
working, disturbed by the noise of
a plane passing by, while at other
times, the same sound gets ignored
and we go about our business unaffected? Our perception of the world
depends not only on the properties of the stimulus but also on the
ongoing activity of the brain. Even
in the absence of external stimuli
or of goal-directed activities, the
awake brain is continuously on the
move, like waves in a stormy sea.
But what are these ‘waves’ made of?
Individual neurons are oscillators
that alternate between an excitable
phase –where they integrate input
until they fire– and a refractory
phase –where they do not respond
that well to stimuli. Firing patterns
vary widely across neurons, allowing the brain to perform complex
functions in a robust manner. In
spite of this variability in firing
patterns, whole brain areas can
coordinate their activity through
synchronisation, giving rise to oscillations where entire neuronal
populations alternate between an
excitable and a refractory phase.
The first neuronal rhythm observed
in humans is the alpha rhythm. It
has a typical oscillation frequency
between 8 and 12 cycles per second,
and is often associated with filtering stimuli. To understand how
stimulus filtering works, we can
imagine alpha rhythms as waves on
the sea, and the external stimulus
as a pebble that creates ripples once
it touches the water. The higher the
waves, the more difficult it is for
the pebble to create a lasting effect
on the movement of the water, and
the less likely that the stimulus is
perceived. We call this the effect of
the oscillatory amplitude on stimulus perception. Regardless of the
amplitude of the oscillations, oscillatory activity is comprised of the

alternation between an excitatory
and a refractory phase. In consequence, when the stimulus arrives
at the peak or trough of a neuronal
wave, it will influence how well the
network responds. We call this the
effect of the oscillatory phase on
stimulus perception. These two
influences—of the momentary
oscillatory phase and amplitude—
on stimulus perception, have been
extensively examined empirically.
However, it is not known whether
the stimulus-filtering properties of
oscillations depend on the organisation of the networks that produce
these oscillations. In other words,
does the character of the sea producing the individual waves influence information processing?
To study this, we focused on one
mechanism that regulates the character of brain networks: the balance
between neuronal excitation and
inhibition. When inhibition dominates, the network produces little activity even when stimulated.
When excitation dominates, the
network generates a relentless
stream of strong oscillations even
in the absence of external inputs.
However, when excitation and
inhibition balance each other, the
network is neither quiet nor persistent in its activity, but instead
produces waves of all sizes. In this
state of excitation/inhibition balance, also called ‘critical point’,
current activity carries echoes of
past activity tens of seconds in the
past, whereas away from the critical
point, dependence on past activity
is quickly lost.
In our work, we used a computational model that exhibits critical
dynamics when there is a balance
between excitation and inhibition.
We found that in the quiescent,
inhibition-dominated state, there
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Photography: Studio Oostrum/
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is a reliable stimulus response,
owing to the stillness of the network. In the excitation-dominated
state, however, the stimulus easily
drowns in the mass of ongoing oscillations. It is only in the critical
state, where excitation and inhibition balance each other out, that
we see that the stimulus detection
is influenced by the pre-stimulus
phase and amplitude of oscillations. Thus, the brain may bring its
activity closer to criticality when
such versatility is required, or away
from criticality if more reliable responses are needed.
Importantly, our study connects influential theories of brain function:
the phase and amplitude of neuronal oscillations gain functional
significance only in the context of
balanced excitation and inhibition,
where we see the emergence of critical brain dynamics. Hallmarks of
criticality are ubiquitous in the
brain, and vary between individuals, possibly with consequences
for information processing. So,
the next time you hear a sound
and your colleague does not, you
can blame the waves—the momentary amplitude or phase of oscillations—but you can also blame the
sea—the excitation/inhibition balance of your brain producing these
waves.
Ω

↓ Figure
The response of the brain to a
stimulus (yellow line) is not only
biased by the momentary state of
neuronal oscillations but also by the
organisation of neuronal networks
producing these waves. Red and blue
represent excitatory and inhibitory
spikes, respectively, that spread
through a neuronal network in silico.
Credit: Richard Hardstone.

Sugar molecules that
make a difference for our
immune system
An interview with Yvette van Kooyk at Amsterdam UMC-VUmc

J
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Yvette van Kooyk is Professor
of Molecular Cell Biology and
Immunology at Amsterdam
UMC-VUmc. She heads the department of the same name
and is co-director of the Amsterdam institute for Infection
and Immunity (AII). Over the
past 25 years, Yvette van Kooyk
laid the foundation for the field
of glycol-immunology. In 2019
she was awarded the prestigious Spinoza prize.
→ Planning a meeting with an
esteemed Spinoza laureate like
Yvette van Kooyk turns out to be
relatively easy; courtesy of the corona restrictions, we talk to her
online. Unfortunately, this also
means that we will not be able to
meet her in her favourite lab environment, and we cannot see the
advanced machines that she uses
for her research. But we can ask her
how she felt when she got the news
last year of the awarded Spinoza
prize (the Dutch equivalent of the
Nobel prize). “I was surprised”, she
answers, “there are much smarter
scientists then me!” She thinks
that her unique combination of
topics - glycobiology and cancer was an important factor. On top of
that, Yvette has been active as an
entrepreneur and is also involved
in connecting the sciences to art
and the general public. A set of impressive videos that can be found
online demonstrate that she has
reached out to society, explaining
clearly what her research is about
and what it means for patients.
More about her research later.
First, how did she end up in this
corner of immunological research?

“We celebrate a
lot in science”

She takes us back to her Bachelor’s
and Master’s degrees at the University of Amsterdam. She chose
to study Biomedical Science rather
than Medicine, for one because it
was a new study programme, but
also because she felt more like being a scientist than being a doctor.

Authors:
HOLLIE MARKS and MICHEL HARING,
Amsterdam Science Magazine editors

At that time, her interest to explore
and discover were bigger than going for patients. The upcoming field
of molecular biology was extremely
interesting, and doing an internship at the Netherlands Cancer
Institute (NKI) was the place to
be. Although she originally aimed
for an internship with the famous
professor Piet Borst, there was no
place available, so she ended up doing an internship one floor down,
in the Department of Immunology.
Here, she discovered her interest
in Immunology and enjoyed doing
experiments more than anything
else; she was good at it and began
applying for a PhD position. She
did interviews for a position in
immunology at the NKI, but was
not selected, so she applied to the
VU University Medical Centre (at
the department that she is now
heading) and was offered a place
for starting her PhD. Surprisingly,
at the last minute, she was offered
a different PhD position at the NKI
to study the role of adhesion receptors on immune cells to modulate
immune responses. Here, her exciting career started with successful
discoveries in the field of T-cell
immunology.
Familiar with the importance and
complexity of DNA, RNA and proteins, Yvette found that there is
another layer of information in biological molecules: sugar sidechains,
also called glycans. All proteins
(but also lipids) on the outsides
of human cells can be decorated
with these glycans. Because there
are many different sugar building
blocks that can be combined at
will and in different lengths, the
surface of any cell can be adapted during its life-time. If a cell
changes the glycan decoration of
a protein, it will change its appearance, without having to change its
protein content. Changes can occur by infections with pathogens
or viruses, by immune responses
or by oncogenic transformations
(cancer). Yvette was involved in the
discovery of a receptor protein on
specific immune cells, called dendritic cells, that recognise HIV particles. Glycans were a major part
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of the HIV recognition signature;
strangely enough, these receptors
were facilitating HIV infection.
Much of her work has focussed
on these dendritic cells. Originally these cells were discovered by
Ralph Steinman (for which he won
the 2011 Nobel Prize in Physiology or Medicine). It turned out that
these cells are crucial for connecting the outside world with the immune system which largely resides
in the lymph nodes. Dendritic cells
patrol tissues and collect foreign
objects (pathogens, deformed
cells) that they carry to the lymph
node. They present these to immune T-cells to set the immune
response towards the foreign
object in motion. Many of these
foreign objects are glycosylated
molecules that are recognised by
specific surface receptors, in this
case on dendritic cells, but many
other immune cells also have these
kinds of glycan receptors.
Yvette and her group developed
the research tools to study these
receptors on immune cells,
and also to analyse the glycan
sidechains of proteins, a specialism called glycol-immunology.
This involves biochemical analyses of the glycans, but also the biological read-out for processes they
are involved in. It turned out that
cancer cells can change the glycan
pattern on surface proteins to become invisible to the immune system. This allows them to proliferate boundlessly. Alternatively, the
glycan pattern of a cancer cell can
stimulate the immune system and
allow the human body to combat
cancer. These glycan signatures
can be used in the diagnosis of
cancer because different types of
cancer have different signatures.
This is a central question in the
glycobiology of cancer: how do
cancer cells adapt their glycan pattern using specific enzymes? And
how can immune cells recognise
these changes? The Spinoza prize
will allow Yvette to dig deeper into
these questions and to evaluate
what this knowledge could mean
for therapies against cancer, but
also for advanced treatment for
arthritis or allergies.

Yvette is understandably busy, and
her immediate response to being
asked of scientific interests outside
of biology reflects this: “There’s no
time for that!” She does, however,
suggest that if she were to study
anything else it would be psychology: “I’d like to understand what is
different in people, how one person
acts like this and another like the
opposite. And what’s behind it. And
also how you function yourself”.
Curious about people, Yvette possesses a passion for teamwork and
a desire to bring different people
together. She says she makes sure
to hire a range of personality types,
pushing her students to learn how
to communicate not just with her,
but also with people that are the
complete opposite of them: “If
you are tidy and neat, and you
work with someone who is late
and messy, how do you cope with
it?” Her academic success may, in
part, be due to having successfully
learnt how to communicate effectively and easily with whoever she
may be working with.
Although she has spent some time
in other places, Yvette is a true Amsterdammer. Living in the south of
the city, the lockdown has not disturbed her as much as it has others;
“Where I live has lots of parks, and
is connected to Amsterdamse Bos,
so actually I didn’t miss that much.
It’s green whenever I go out. I have
everything here, so why should I go
to the city centre?’. Although whilst
it is clear that Yvette enjoys being
outside and is grateful for the green
spaces the city offers, she does admit to missing the city’s nightlife:
“I do miss going out to nice restaurants and bars, and also live music and events”. A self-professed
(“big”) David Bowie fan, her genre
of choice is pop, though she also
enjoys classical music and going to
the theatre. Yvette certainly makes
the most of living in Amsterdam,
and is keenly looking forward to
when the city becomes itself again.
More than anything else, however,
Yvette misses the opportunity to
socialise with the PhD students she
supervises. “We have our meetings
over Teams, and for a few months it
goes well… Certain things are good
to discuss over Teams, meetings
can be very quick and decisive.
But I miss the spontaneousness.
You start thinking we should have
something more interactive”.
Mostly though, Yvette says she
misses the parties and celebrations – “compared to other jobs,

we celebrate a lot in science” – that
have been halted for almost a year
now. She speaks sympathetically
about her PhD students who have
struggled for four years to put together their research, given their
defences (online, of course) and are
then unable to celebrate in person
with the team they worked with.
Yvette’s sociable approach to her
research is evident and enjoyable as
she reflects: “If you don’t have the
celebrations, it makes the science
more boring”.
In addition to feeling strongly
that the festivities of science are
an integral part of the job, Yvette
is passionate about bridging the
gap between science and art. Although she says she is not an artist,
she has taken up art lessons, and
clearly believes that connecting
to art is invaluable as a scientist.
“Every artist is different, and they
visualise science based on their
own knowledge and experience. So
you get a completely different story. It teaches you a lot of what you
can do with the information”. As
might be expected from her social
attitude towards research, Yvette
enjoys mixing with people of all
different backgrounds: “I like to
have an intermingling… two fields
connecting. It is more interesting
than just working within your
field”. Art allows better communication of Yvette’s research to the
world – “Questions that scientists
would not ask, but artists ask” –
and the ability to inform the public
about the exciting work her and her
team are doing is an important accomplishment.
As is apparent throughout our discussion, Yvette is enthusiastic about
the role of collaboration in scientific
research. She explains that thirty
years ago it was possible to write
your own Nature paper, but today
this requires so much data and so
many different techniques that
scientific research is completely a
team effort. That being said, Yvette
is still a believer in the importance
of personal grants: “They are very
valuable as they are the only grants
that allow you to do exploration…
You can explore and discover new
things, which then in a team effort
you can examine, with a very fixed
goal, a clear plan of the end result”.
So whilst collaboration and cooperation is of great importance to her,
Yvette is keen to emphasise that
individuality is similarly essential:
“It’s very important to have your

own uniqueness. You need to be
unique in who you are and what
your expertise is”. Yvette has done
exactly that, and her success in the
field of glycol-immunology must
have been heightened by her ability
to be unique in what she does, and
her dedication to collaboration and
cooperation at many levels. When
asked to give advice to young scientists, Yvette appeals for this individuality: “Don’t follow the rules.
Don’t be like the others. Be unique.
If everyone’s going left, you should
be the one to say, «hey, what’s happening on the right?»”. And as her
extensive success shows us, Yvette
definitely knows what she is talking
about.
Ω

“You need to
be unique in
who you are
and what your
expertise is”
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From quantum
complexity to
black holes and back
SHIRA CHAPMAN is a former
postdoctoral researcher at the
Institute of Physics, UvA. She joined
Ben-Gurion University in Israel
as a faculty member in January
2021. Her favourite topics of study
include quantum gravity, quantum
information, and black holes.
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→ Modern physics is governed by
quantum mechanics at very small
scales and by general relativity at
very large scales. Studying the physics near black holes, however, we
find glaring contradictions between
the two theories. In recent years, a
surprising link between quantum
information and black holes has
been discovered which reveals a
promising trajectory towards resolving these contradictions. Quantum systems are different from
classical systems in that they can be
found in a superposition of states.
To illustrate this, consider a classical system consisting of a single
coin. For this example, the coin has
two sides, one depicting a clown
and the other a duck. Thus, the coin
can be in either of two states: clown
or duck (see Figure 1). A quantum
mechanical system, on the other
hand, can be in a superposition of
states, i.e. a quantum state can be
both duck and clown at the same
time (for example, it can be 30%
duck and 70% clown). This phe nomenon of quantum superposition
is a key ingredient in recent efforts
to construct quantum computers.
The quantum nature of states becomes even more peculiar in large
systems. If we have several coins,
it turns out that the (probabilistic)
state of one coin can depend on the
state of another coin. This is known
as quantum entanglement.
The notion of computational complexity estimates how difficult it is

“Deep
connections
between
quantum
mechanics and
gravity ”

to construct a given target state, for
example the sequence of clowns
and ducks shown in Figure 2. The
idea is to start with an extremely
simple state, for example a state in
which all the coins are set to ducks,
and then ask what the minimum
number of simple operations is to
reach that given target state. In the
classical system of Figure 2, these
simple operations are coin flips. In
this case, we ask: how many coin
flips are needed to construct a
given state? In Figure 2, we clearly
need three-coin flips. In quantum
systems, the situation complicates
quickly. Firstly, having superpositions means that we have a greater variety of states. But this isn’t
all. Quantum entanglement itself
makes the complexity of quantum
states or quantum computational
complexity, much more involved. If
the state of one coin is dependent
on that of the others due to quantum entanglement, then working
with a quantum system inherently creates a need for operations
on multiple coins to sustain this
dependence. Quantum entanglement and quantum computational
complexity are notions originating
from quantum information theory.
Together, they teach us how information of a part of a quantum system is recorded in its other parts.
In recent years, research has revealed that the way black holes process and store information about
objects which enter them is similar

to how information is processed
in quantum systems. Black holes
are fascinating gravitational objects
which distort space in such an extreme way that an observer outside
cannot see its interior. Notions that
describe quantum systems and in
particular quantum computational
complexity bear an analogy to black
hole physics. These relations lie
within a framework known as the
holographic correspondence which
relates the physics of quantum
systems to gravitational physics in
one dimension higher — just like a
hologram (see Figure 3). This correspondence is surprising! We have
two completely different physical
systems which are described by
identical rules.
While it may not be obvious from
the outside, black hole interiors
grow over time as layers of their
interior fall deeper and deeper to- J
wards the singularity. In our paper
On the Time Dependence of Holographic Complexity [1], we were
able to show that the volume inside black holes grows linearly over
time. In fact, we could demonstrate
using the holographic correspondence that the growth of black hole
interiors resembles the growth of
complexity in quantum mechanical systems, where it is known that
time evolution typically makes the
quantum state more complex.
The relation between quantum
computational complexity and
black hole interiors is further evi-

← Figure 1
Illustration of a classical system which
can be in a fixed state (left) and a
quantum system which can be in a
superposition of states (right).

23

← Figure 2
Illustration of classical complexity.
The minimal number of operations
needed to get from a simple state (top;
all ducks) to the more complex state
(bottom; sequence of clowns and
ducks) is three coin.

denced by examining the effect of
perturbations on the quantum state.
For example, we could change the
state of a single coin and see how
the time evolution of the whole system reacts to this change. It turns
out that when discussing quantum
mechanical systems which are
chaotic, the time evolution mixes
the changed coin with the rest of
the system through a scrambling
process. This scrambling process is
actually very similar to the spread of
an epidemic. At first, the perturbed
coin influences a small number of
other coins. As time goes by, more
and more coins are influenced (or
infected) by the perturbation. This
scrambling process leaves an imprint on the complexity of the state
of the quantum system: the complexity initially grows exponentially but then, once all the coins have
been infected, which happens at the
so-called scrambling time, complexity returns to its linear growth.
The holographic correspondence
suggests that perturbing a quantum
mechanical system is analogous (or
dual) to inserting a shockwave (a
perturbation with strong gravitational effects) into a black hole. In
our series of papers Holographic
Complexity in Vaidya Spacetimes
[2,3], we demonstrated that the insertion of a shockwave into a black
hole influences the growth of its
interior. In fact, we were able to
show that the reaction of the black
hole volume to the insertion of a
shockwave obeys exactly the same
pattern as the reaction of quantum
complexity to the insertion of a perturbation.

Quantum computational complexity has recently been gathering a lot
of interest, not only due to its relation to black holes, but also as a new
tool for understanding the dynamics of quantum mechanical systems.
One very important subject at the
core of my current research is the
study of complexity in quantum
field theory. Quantum field theory
is the framework used to describe
quantum mechanical systems in
which the number of particles is
not conserved. In our paper Toward a Definition of Complexity
for Quantum Field Theory States
[4], we provide a first definition of
complexity for simple free quantum

field theory states. We are currently working to study complexity in
strongly interacting quantum field
theories, and to understand how
complexity can help us diagnose
quantum phases of matter.
The connections of quantum mechanics and gravity are deep, and
we are only beginning to unravel
them. These connections allow
us to examine black hole interiors
from a different perspective, and
hold promise for a better understanding of quantum gravity – one
of the holy grails of theoretical
physics.
Ω

“holographic
correspondence
to visualise
black hole
interiors”
↓ Figure 3
The holographic principle relates
quantum mechanical systems with
gravitational systems in one higher
dimension.
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SANDER BOHTÉ is Professor of
Cognitive Neurobiology at the
Swammerdam Institute of Life
Sciences (SILS) and co-founder of the
CWI Machine Learning group.

→ Reference
[1] B. Yin, F. Corradi and S.M. Bohté.
Effective and efficient computation
with multiple-timescale spiking
recurrent neural networks.
International Conference on
Neuromorphic Systems 2020, 1-8
(2020).
doi: 10.1145/3407197.3407225
[2]

“Information
processing by
the brain takes
→ Figure
only 20 Watts”
The spiking neuron (top)
communicates with a timed series
of pulses (spikes), each of which
affects the internal state of the target
neuron. If this state - the membrane
potential Vmem - reaches a threshold
value Vthr, a spike is emitted and
the potential is reset. A standard
artificial neuron calculates an output
value as a nonlinear function f() of
the summed and weighted input
values (bottom). Time is modelled as
repeated operation of this calculation
with new input features. (B): A network
with multiple layers of recurrently
connected spiking neurons.
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Inspired by the brain:
energy-efficient artificial
intelligence

How memories of drinking
alcohol get engraved into
the brain

→ Thanks to smart mathematics,
artificial intelligence (AI) applications like speech recognition, gesture
recognition and electrocardiogram
(ECG) classification can become a
hundred to a thousand times more
energy efficient. This means it will be
possible to put much more elaborate
AI in chips, enabling applications
to run locally on a smartphone or
smartwatch instead of in the cloud.
Running AI on local devices makes
applications more robust and privacy friendly. Robust because a network connection with the cloud is no
longer necessary and more privacy
friendly since data can be stored and
processed locally. However, to run
AI algorithms locally, a high energy
efficiency is required.
A mathematical breakthrough has
made a significant advance in AI
energy efficiency. We achieved this
breakthrough in a collaboration between researchers of the Centrum
Wiskunde & Informatica (CWI), the
Dutch national research centre for
mathematics and computer science,
and the IMEC/Holst Research Centre in Eindhoven. The results have
been published in a paper in the
journal International Conference on
Neuromorphic Systems [1]. The underlying mathematical algorithms have
been made open source [2].

alcohol and this cue light.
Previous studies from our and other labs show that memories are
encoded by a sparse and distributed network of activated neurons,
so-called neuronal ensembles. The
medial prefrontal cortex is thought
to play an important role in retrieval
of long-term memories. It has also
been suggested to be a neuronal
substrate for relapse vulnerability.
Therefore, we aimed to investigate
whether an alcohol memory is stored
by a neuronal ensemble in the prefrontal cortex.
To specifically tag neurons that are
activated by alcohol self-administration, we used a viral TRAP (Targeted
Recombination in Activated Populations) method to permanently express a designer receptor in these
cells, which enabled us to suppress
the activity of these neurons at a later
moment. After three weeks of training, animals were stably pressing the
lever to self-administer alcohol and
the activated neuronal ensemble was
tagged during alcohol self-administration. Then, animals underwent
three weeks of abstinence, meaning they did not receive alcohol and
were not exposed to the operant box.
To investigate whether the tagged
neuronal ensemble controls relapse,
we activated the designer receptor
leading to the suppression of these
cells during a relapse session. In this
session, animals were re-exposed to
the alcohol-associated cue light, in
absence of the alcohol reward. In

We developed the learning algorithm for so-called spiking neural
networks. These spiking neural
networks differ from those already
integrated in AI applications as they
are comprised of neurons that communicate with pulses - spikes – that
closely mimic real biological neurons (Figure). Such networks have
been around for some time but are
difficult to train. The spike-gener-

ation mechanism is discontinuous
while traditional neural learning
algorithms are based on gradient
descent. Gradient descent means
adjusting the parameters in the direction of the gradient that reduces
the error. However, this does not
apply for these neural learning algorithms. Hence, it is hard to put
spiking neural networks into practice effectively so far.
The new algorithm is ground-breaking in two ways: first, newly developed ‘surrogate’ gradients substitute
the discontinuous gradient in the
spike-generation mechanism inside
spiking neurons. Second, smoothly parameterised spiking neuron
models allow for learning not just
the connection weight parameters
as in classical neural networks but
also the internal spiking neuron
parameters like time-constants. In
particular, so-called adaptive neurons have additional parameters that
allow the neuron to adapt to the local
dynamic range of the input that it
receives. The result of training with
these gradients and neurons is that
communication between neurons
in the network is massively reduced
and each individual neuron has to
execute fewer calculations, while
simultaneously achieving state-ofthe-art performance for hard tasks.
The combination of these two
breakthroughs make AI algorithms
a hundred times more energy efficient than current state-of-the-art
neural networks.
Inspired by the human brain
Our inspiration and motivation
came from the incredibly energy-efficient way that the human brain
processes information, taking only
20 Watt. Computers that mimic

the brain's neuronal networks have
produced wonderful applications
in recent years, ranging from image
recognition, speech recognition and
automatic translation to medical diagnoses. However, none is nearly as
energy efficient as the human brain.
In comparison to classical neural
networks, which are continuous and
easy to handle from a mathematical
perspective, spiking neurons better
resemble the human brain and communicate only sparingly and with
short pulses. However, this means
that these signals are discontinuous
and much more difficult to handle
mathematically.
A new type of computer chip
Current AI chips are designed for
computing classical neural networks.
To run spiking neural networks efficiently in the real world, a new
type of chips is needed. To exploit
the theoretical energy efficiency
of event-driven spiking neural networks, dedicated chips have to be
built that facilitate spiking neurons
at the hardware level. Techniques
like in-memory computing and novels materials will play a key role in
chip’s realisation.
Our methods can train spiking neural networks comprised of up to a
few thousand neurons, sufficient for
many applications like speech- and
gesture recognition. The next challenge is scaling up these networks to
100,000 or a million neurons. This
will expand the possibilities for application even further. 
Ω

ESTHER VISSER is a PhD student at
the Center for Neurogenomics and
Cognitive Research, VU Amsterdam.

→ Reference
E. Visser et al., A persistent alcohol
cue memory trace drives relapse
to alcohol seeking after prolonged
abstinence. Science Advances 6 (19),
eaax7060.
doi: 10.1126/sciadv.aax7060

→ Treatment of alcohol use disorder
is commonly hindered by relapses
to alcohol consumption. Even after
years of abstinence, the chance of
relapsing to alcohol abuse remains
high. Alcohol-associated cues, such
as seeing a bar or people drinking,
often trigger relapses. These cues
evoke reactivation of alcohol-associated memories and this can lead
to strong feelings of craving alcohol
consumption. Unfortunately, there
are no treatments available that efficiently reduce the risk of relapse.
To gain a better understanding of
the neurobiological mechanisms
underlying cue-induced relapse to
alcohol consumption, we examined
how the brain encodes long-lasting
associations between alcohol and
environmental cues. To investigate
this at a cellular level, we used an animal model of alcohol relapse. In this
paradigm, mice are first habituated
to the taste and effects of alcohol.
First, mice can choose to drink from
a bottle containing water and another containing increasing percentages of alcohol in water (4-8%). Like
humans, some animals immediately
prefer drinking alcohol (~50%), while
others have to grow accustomed to
alcohol consumption (~40%) and
a small minority does not care for
alcohol at all (<10%). After two
weeks, about 90% of mice developed
a strong preference for drinking alcohol over water. Subsequently, mice
were trained in an operant box to
press a lever to obtain alcohol. Every
time the mouse received an alcohol
reward, a yellow cue light turned
on, leading to a strong association
between the rewarding effects of

↓ Figure
Alcohol Memories trace neurons

control animals, we found that re-exposure to the yellow cue light (previously indicating alcohol availability)
strongly increased lever pressing and
thus alcohol seeking. However, this
was strongly reduced in animals in
which the ensemble was inhibited.
As the relapse test was performed
one month after the neurons were
tagged, we conclude that relapse
to alcohol seeking is controlled by
a persistent neuronal ensemble in
the prefrontal cortex.
Next, we investigated the specificity
of neuronal ensembles in the prefrontal cortex. We trained another
group of mice in a similar fashion,
but now neurons were tagged after
exposure to a novel, non-alcohol
related, context. We hypothesised
that suppression of neurons that
were activated in this novel context,
would not affect alcohol seeking.
Indeed, chemogenetic inhibition of
this ensemble did not affect relapse
one month later. Also, inhibiting
neurons that were tagged after alcohol drinking in absence of the cue
did not affect cue-induced relapse.
When we trained animals to lever
press to obtain a natural reward (sucrose), we found that these animals
were very motivated to self-administer sucrose. However, suppression
of this sucrose activated ensemble
in the medial prefrontal cortex did
not affect relapse to sucrose seeking after abstinence. This suggests
that a different neuronal circuitry is
involved in relapse to alcohol com-

pared to a ‘natural’ reward.
All in all, we found that a small ensemble of neurons in the prefrontal
cortex encodes a persistent alcohol
memory, and that selective suppression of these neurons can attenuate
relapse to alcohol seeking. The next
step is to investigate the molecular
mechanism that supports memory
encoding by these alcohol ensembles, which will hopefully give us
insight into novel pharmacological
targets for treatment of relapse in
alcohol use disorder.
Ω

“Manipulating
alcohol memory
reduces relapse”
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Looking back at six
years of postdocs

1.

The first experiment I ever
did was...
...testing a decision algorithm for
selecting the best treatment strategy for patients with prostate cancer.

2.

My constant source of
inspiration is...
... the urge to learn things in completely different areas of science.

“Enjoy your
postdoc while it
lasts”

→ The ‘perennial postdoc’ and
the ‘postdoc bottleneck’ are terms
that do not make this career choice
sound attractive. So, for some positive perspective hereby my story as
a postdoc at the VU. In 2008, after
finishing my MSc in applied physics
and my PhD in electrical engineering, both at TU Eindhoven, I joined
the group of Prof. Wim Ubachs and
Prof. Kjeld Eikema at the Laser Centre VU. In Eindhoven, we had developed an interesting technology for
laser diode-based comb generation
and in Amsterdam we wanted to see
whether such small and potentially
low-cost lasers could be used for
applications where otherwise solid-state lasers were used. It was a
very interesting synergetic experience, as – in a sense – the work at
the VU provided an application case
for the technology I had developed
during my PhD. More specific, we
looked into the formation flying of
satellites, which is actually becoming increasingly relevant now that
tiny satellites called nanosats or
cubesats are emerging. It was also
a fun experience to return to a physics group after spending my PhD in
engineering. After my postdoc stay
at the VU, I moved on, in 2009, for
another postdoc stay in California,
at UC Santa Barbara, before joining
Aarhus University in Denmark as
an independent group leader and
associate professor, in 2013. In 2020,
I returned to TU Eindhoven, to my
former group Photonic Integration,
as a full professor.
So, all in all that was about 6 years
of postdoc experience, one of which
at the VU. Six years of temporary
contracts. A lot has been written
about the postdoc experience, and

I would think the experience is different for everybody. For me it has
been a very positive experience. All
6 years. Looking back, I have to say
it has been a unique learning and
development opportunity. It is actually the only time in the life of an
academic that you can spend fully
and freely on research, as a mature
scientist, after you educated yourself to be one, through the PhD. If
you are capable (lucky?) enough to
land that faculty position, you get
other responsibilities, and the life
in the lab is mostly over. Keep that
in mind, and enjoy your postdoc
time while it lasts.
Ω

3.

One book that I recommend
to all young scientists is..
... Bertrand Russell's History of Western Philosophy.

4.

If I had to switch roles with
a famous person for one day, I
would choose to be…
... Tim Berners-Lee, the inventor of
the World-Wide Web.

5.

I am most creative when…

...I'm taking a shower.

6.

If I could choose my field of
study and university once again I
would choose…
... to study history in Leiden.

Authors:
MARTIJN HECK is professor in the
Photonic Integration group of the
Electrical Engineering department at
Eindhoven University of Technology
(TU/e) and part-time group leader at
Aarhus University in Denmark.

GUUS SCHREIBER is Dean of the
Faculty of Science at VU University
Amsterdam and professor at
the Web & Media group of the
Department of Computer Science,
VU University Amsterdam, and
part of VU’s Network Institute. His
research interests are mainly in
knowledge and web science, with a
special interest for applications in
the field of cultural heritage.
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Research at the AIM Lab

Being a student in Corona times

XIANTONG ZHEN is Assistant Professor
at the AIM Lab, a collaboration of IIAI
(United Arab Emirates) and UvA.

→ Reference
T. van Sonsbeek et al., “Variational
Knowledge Distillation for Disease
Classification in Chest X-Rays.” To
appear in Information Processing for
Medical Imaging (IPMI), 2021.

by Peter Hordijk, Editor of Amsterdam
Science
after speaking with Leonoor & Anne
(bachelor Medicine, Amsterdam UMC &
Amsterdam University College).

→ Formally opened on 31 January
2020, the AIM Lab (Artificial Intelligence for Medical Imaging)
is a collaborative initiative of the
Inception Institute of Artificial
Intelligence from the United Arab
Emirates and the University of
Amsterdam. The research lab is focused on medical image analysis by
machine learning, covering active
scientific topics of broad interest,
including both methods and applications. These topics range from
low-level vision and data pre-processing tasks to high-level image/
video analysis tasks. From a technical perspective, researchers at
the AIM Lab work on fundamental
and relatively general deep-learning models and algorithms, which
will be applied to specific diseases, including but not limited to
Alzheimer’s disease, cancer and
cardiovascular diseases.
In particular, the AIM Lab focusses
on the following seven projects in
its first five years:

rate this information into disease
classification due to the high reliance on clinician input in EHRs,
limiting the possibility for automated diagnosis. AIM researchers
proposed variational knowledge
distillation, which is a new probabilistic inference framework for
disease classification based on
X-rays that leverages knowledge
from EHRs. Specifically, they introduced a conditional latent variable model, where they infer the
latent representation of the X-ray
image with the variational posterior conditioning on the associated
EHR text. By doing so, the model
acquires the ability to extract the
visual features relevant to the
disease during learning and can
therefore perform more accurate
classification for unseen patients
at inference based solely on their
X-ray scans.
This is just one example of how
the AIM Lab aims to adapt and
further develop image recognition
techniques tailored to the characteristics of medical images.
Ω

• Learning

with limited data and
its applications to medical image
analysis
• Multi-task learning for medical
image analysis and data mining
• Continual learning with its applications to medical image classification
• Out-of-distribution generalization
for medical image analysis
• Jointly learning from medical images and health records
• A utomated report generation
from radiology images
As an example of a recent research
development, disease classification
relying solely on imaging data is attracting great interest in the field
of medical image analysis. Current
models could be further improved,
however, by also employing Electronic Health Records (EHRs),
which contain rich information on
patients and findings from clinicians. It is challenging to incorpo-

The medical students were still hooked up
to the ECGs in the physiology lab when the
announcement camelast year. Heart rates
went up as it dawned on them that they
would be sent home until further notice.
This is now some months back, but for
them, it feels like ages ago. These students had to deal with more uncertainty,
surprises and stress than ever before.
It was really bending without breaking
as education moved online, exams were
rescheduled and they became more and
more isolated. The impact was large:
some studies such as medicine heavily
depend on labs, physical examination
courses and case discussions in study
groups. Suddenly, students found
themselves on their own, with only a few
contact hours left, but were still expected
to go through lectures, 30-40 chapters of
literature a month and online replacement
modules: a very different world.

“Deep-learning
models will
be applied to
diseases”

↓ Photography
Opening AIM Lab on 31 January 2020
with Xiantong Zhen, Marel Worring,
Geert ten Dam, Victor Everhardt, Cees
Snoek

Whilst some students were kicked
out of their internships straight away,
many others, continued their courses
online. Funny enough, it turned out that
‘Infectious Diseases’ and ‘Introduction
to Bioinformatics’ became more exciting
and more relevant than ever. Testing
epidemiological calculations on COVID-19,
applying new phylogeny modelling skills
on SARS-CoV-2 strains and a discussion
on vaccination strategies in class turned
into mainstream activities. Students were
suddenly regarded as experts by family
and friends as they ‘knew about these
things’. While this was not entirely the
case, it did feel great!
It is amazing what resilience students
have demonstrated. After the initial shock
of this completely different working
environment, they swiftly adapted by
switching to home study and connecting
via Zoom. A new sense of shared fate
arose caused by uncertainty about
making up last year’s unfinished classes,
staying motivated and not knowing what
the future would bring. But this period also
pushed them forward in their personal
development: enhancing self-reliance,
flexibility and self-management.
The effects of the pandemic on their academic career will be felt by all students.
Finding an internship is more difficult than
ever, as labs are still half-closed. Being
confronted with sudden loneliness as

housemates left to spend the lockdown
at their parents’ and facing the increasing
difficulty of staying committed to online
education, a trip to the university library
has now become an outing for those
living alone. It cannot, however, replace
a normal day at the university campus:
chatting with friends, drinking coffee,
sharing complaints with classmates and
every once in a while, opening a book to
study a bit.
For now, students have little choice but to
go on with whatever this crisis throws at
them and roll with the punches. Most students are in good health and some have
even decided to take on parttime jobs in
COVID testing facilities in Amsterdam. Yet,
considering the prospects of academic
training in current and post-covid times,
worries remain about studying online and
adapting research internships this year.
With the high pressure on students these
days, it probably feels like a race with
no finish, when stripped of all structure,
social support and student fun. Let’s support our students to remain motivated and
not only to look at this period as a time of
isolated suffering, but also to view this
time as a unique experience and to keep
working towards a better future.
Ω
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This issue’s puzzle is about composing poetry. You have at your
disposal two kinds of beats. One is called a short and the other a long.
A long occupies twice the amount of space as a short does. Alternatively, two shorts make one long (see Figure).
You have to compose a stanza (a formally defined unit of a poem typically providing it with more structure) of 8 beats using any combination of the short and long beats available. How many distinct stanzas
can you compose?
Good luck!
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Stitching the synapse
Chemical cross-linking combined with mass spectrometry (XL-MS) is a powerful approach to analyse proteins in detail. Chemical reagents are used as ‘molecular
stitches’ (red) to preserve the structure of proteins
and their interactions, like in the depicted ribosomal
proteins (blue)around the ribosome (grey). It also
allows us to investigate the protein architecture of
synapses in the brain.

Navigatie
© MIGUEL GONZALEZ LOZANO is a
postdoctoral researcher in the
Department of Molecular and
Cellular Neurobiology, VU.
M. A. Gonzalez-Lozano et al.,
Science Advances 6 (8), eaax5783
(2020).
doi: 10.1126/sciadv.aax5783

