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Inaugural lecture by Christian Lohmann, April 6 2018, VU Aula 

Wired for life 
A nature documentary on brain development 

Introduction 

Rector, ladies and gentlemen,  

When we are born, we are essentially helpless. We can hardly move, we are 

unable to keep our head up and we are fully dependent on our parents. 

Nevertheless, a few things babies can do: they open their eyes almost 

immediately after birth. And even though, the newborns’ eyes are not ready yet 

to resolve objects with high acuity, they can make sense of what is happening 

around them to some degree. For example, babies can detect a face when they 

see one for the first time within minutes after birth. They prefer attractive faces 

– as judged by adults – to less attractive ones and faces that appear to make eye 

contact to those that look elsewhere. 

All this shows that the brain is prepared to interpret the environment without 

learning. In other words, there must be knowledge before experience. 

Now, if the level of preparation is maybe a bit subtle in humans, it becomes very 

obvious when we observe animals that are born with a much more mature body 

than we are. Many antelopes, for example, are highly developed at birth.  

This nature documentary follows a gnu on the planes of Eastern Africa. She gives 

birth to a calf. This calf is on its legs pretty much immediately, it can walk and see 



Introduction 

2 
 

 

 

and recognizes other gnus. Well, body control is not perfect, yet, but at the end 

of the day, the newborn antelope is able to move along with the herd. 

This demonstrates, again, how prepared a newborn’s brain can be to interact 

with its environment. Of course, it is very well known that animals - and also 

humans - exhibit innate, instinctive behaviors. Nevertheless, it is still quite a 

mystery how this is possible. For example, the newborn calf clearly recognizes 

other gnus. It would respond very differently to the sight of a predator, such as 

a lion. Thus, the brain cannot only perceive different types of sensory inputs, 

such as the image of an antelope or of a lion, but also tell the difference between 

them, categorize them - for example as a member of the own species or as a 

raptor - and label them with different values, such as safe and dangerous. 

Since brain functions are determined by how nerve cells are connected and 

exchange information with each other, the fundamental question becomes: how 

does the brain wire up its neurons to form neuronal circuits or networks that 

execute these functions in the behaving animal or human.  

This question has fascinated me for a large part of my life in neuroscience. Today, 

I will talk about a few of the experiments that my colleagues and I did to 

understand better how nerve cells make contact and establish functional brain 

circuits. In particular, I will discuss our attempts to watch how this is happening 

and what we learned from these experiments. 

The one lesson I learned during this time is that brain wiring is very specific and 

precise even before any experience, much more so than I had expected, at least. 
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Visual System 

Before I will discuss the development of brain connectivity and the formation of 

neuronal networks, I will start with a few ideas of how brain circuits process 

information. I will use the visual system as an example, because it is one of the 

best-understood parts of the brain. 

First, the visual environment will be projected onto the retina at the back of our 

eyes. There, photoreceptors convert the stream of photons into electrical signals 

that our nervous system can interpret. Already within the retina, these electrical 

signals are pre-processed and filtered. Electrical signals propagate from the eye 

into the brain via nerve cell fibers that together form the optic nerve. First, the 

electrical signals from the eye are relayed and processed in the thalamus – which 

is not shown here - and then they reach the visual cortex, the orange area at the 

back of the brain.  

The visual cortex, like all other parts of the brain, consists of many individual 

nerve cells, also called neurons. Each neuron has processes that receive 

information, the dendrites. Dendrites receive inputs as small electrical impulses 

that are summed up at the cell body. If the sum of all inputs reaches a certain 

threshold, the neuron will generate a large electrical impulse as the output. We 

say the neuron is firing. The impulse travels along the second type of process, 

called axon. The axon contacts other neurons via synapses where signals are 

transmitted to another neuron. Again, these inputs are summed at the cell body 

and if they reach a threshold, also this neuron will fire an output signal. 
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Neuronal networks - or circuits - consist of many more than just two neurons: 

every neuron can receive inputs from thousands of other neurons and transmit 

outputs to thousands of further neurons. Since this becomes very messy as a 

representation, even when only a few neurons are involved, I will use a 

dramatically oversimplified representation of a network, where information 

propagates from left to right. The disks represent single nerve cells and the 

arrows synaptic connections where information is transmitted in the direction of 

the arrowhead. 

In very general terms, cortical networks compute relatively simple features 

where information arrives and represent increasing complexity as signals are 

transmitted to higher order areas. In the visual system, the input layer on the left 

may respond to simple lines somewhere in the visual field. Next, simple 

structures are synthesized and at the highest level, neurons represent entire 

objects or classes of objects. Activity in these neurons can then be transmitted 

to other brain areas that are located in the frontal parts of the cortex to control 

behavior. These motor control areas of the cortex can trigger social behavior or 

a flight response, depending on what is happening in the field of view. 

Visualizing neurons making contact 

How then do these circuits wire up and how can we investigate the mechanisms 

of circuit wiring? To me it appeared always that the most promising approach to 

understanding how neuronal circuits develop would be to watch individual 

neurons in these circuits making contact with other neurons. In addition, if we 

could visualize how developing neurons exchange information after synapses 
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have been established, we might be able to learn how they choose synaptic 

partners and how they fine-tune their connections to optimize them for 

information processing. Fortunately, over the last two decades fluorescent 

probes and novel microscopy techniques have been invented that allow us to 

label live neurons and to watch how they grow, how they retract, how they make 

contacts, break contacts and how they exchange information with each other. 

Nothing of this would have been possible without the pioneering work of the 

scientist who introduced fluorescent labels for cellular structure and function to 

neuroscience: Roger Tsien. Roger Tsien was a professor of pharmacology, 

chemistry and biochemistry at the University of San Diego for 27 years. He 

received the Nobel Prize for Chemistry in 2008 together with Osamu Shimomura 

and Martin Chalfie for utilizing green fluorescent protein - usually called GFP - in 

biology. 

Scientists have labeled all possible cells with GFP and created many types of 

green fluorescent mice. For my ideas, it was essential that GFP could be 

introduced to neurons to reveal their structure. Roger Tsien made many color 

variations of fluorescent proteins. Then Jeff Lichtman, at Harvard University, 

used these variants together with his colleagues to generate the brainbow 

mouse where every neuron shines in a different color. This mouse, in principle, 

allows following each nerve cell’s structure over time or, how Lichtman would 

say: “to observe a neuron’s behavior in its natural environment”.  

This was, of course, exactly what I wanted to do. We did not really need unlimited 

colors: two would be enough, if we could put them into defined neurons. We 
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wanted to use fluorescent proteins and dyes as tools to watch neurons interact 

with each other and to observe directly how they may choose synaptic partners. 

Here, we prepared slices from developing brains containing living neurons, some 

of them labeled with GFP. In addition, we labeled neurons that can receive 

synaptic inputs from the green neurons with a technique called single cell 

electroporation: we targeted individual neurons with a glass pipette filled with a 

fluorescent dye. Next, we applied a voltage pulse to the pipette that drives the 

dye into the targeted neuron. Then we used high-resolution microscopy to image 

both, dendrites and axons. To investigate how dendrites and axons form 

contacts with each other, we recorded time-lapse videos of their interactions. 

Neurons choose synaptic partners 

Here, is a video showing the interaction between a dendrite and an axon. In 

orange you can see the dendrite and a small process that is called a dendritic 

filopodium. Several green axons are visible as well. The dendritic filopodium is 

moving around, maybe searching for a synaptic partner. Eventually, it touches 

an axon and gets stuck, but only for a moment, then the contact breaks up again. 

Let’s look at this one more time: Wiggling, contact, break up. This movie lasts for 

four minutes in real time, so the duration of the contact was just about a minute.  

Here, another example: a filopodium is growing, touches an axon, keeps growing 

and then stays in place for the rest of the recording. One more time: growth, 

contact, over-shoot, stabilization. Dendrite and axon form a stable contact. 
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These are just two examples. To quantify these behaviors across many contact 

events, we plotted how long each contact lasted: What we found was that most 

contacts break up after only 2 minutes, like in the first example. However, some 

contacts are more stable and remain for the entire observation period, as in the 

second example. The question was now, whether this represented just a random 

outcome or whether neurons indeed select synaptic partners during this 

process: stabilizing those they “like” and eliminating contacts with those they do 

not “like”. 

The answer came when we compared this experiment with one where we 

investigated the interactions of dendrites with several subpopulations of nerve 

cells. When we offered one particular subpopulation of potential synaptic 

partners, shown in this image, filopodia still contacted axons, but they never 

stayed in contact with them. It looked as if they did not “like” these particular 

cells’ axons.  

We could conclude from these experiments that already very young neurons 

choose between potential synaptic partners and start forming specifically 

connected networks. In addition, we learned from this experiment that dendritic 

filopodia need only minutes to tell the difference between an appropriate and 

an inappropriate synaptic partner, because all contacts broke up within 2 

minutes. 

When contacts stabilize, functional synapses are formed and signals can, in 

principle, be transmitted from one neuron to the next. But does that really 

happen, is indeed information transmitted along these networks? As you can see 
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here, the eyes of mice at these ages are still closed, so there is no stimulus, yet, 

that could be represented by the new network, even though it is ready to 

transmit information. 

Spontaneous activity 

It turned out that developing brain networks, from the retina to the cortex, 

generate spontaneous activity already before birth and before any sensory 

information reaches the brain. A number of groups discovered this phenomenon 

simultaneously in different parts of the brain. In the visual system, two groups 

found spontaneous activity in the developing retina before birth in rats: Lucia 

Galli and Lamberto Maffei at the University of Pisa published the first article on 

spontaneous activity in the developing retina and Wong, Meister and Shatz at 

Stanford found that this activity propagates like waves across the developing 

retina. Thus in rats and mice, which are born blind and open their eyes only at 

the end of the second week of life, the brain receives information from the still 

blind eye.  

Later, these and other groups demonstrated that spontaneous activity is 

important for wiring the circuits in the brain in general and in the visual system 

in particular. Blocking spontaneous activity in the retina or altering its particular 

patterns causes miswiring of these circuits. 

What does spontaneous activity look like in the brain? And how does it actually 

help refining brain circuits? What are the underlying mechanisms? 
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Again, being fascinated by making biological processes visible, I was wondering 

whether we could use microscopy to directly observe spontaneous activity in the 

developing brain. Roger Tsien had not only developed dyes that allowed us to 

follow structural changes of neurons, but he invented also sensors for neuronal 

activity: For example, he created calcium indicators that become brightly 

fluorescent when they bind calcium. Since calcium enters a nerve cell every time 

it is active, calcium indicators can be used to report activity in neurons. 

One calcium indicator that we are using frequently is a protein called GCaMP6, 

developed by Loren Looger at the Janelia Reseach Campus in Ashburn, Virginia. 

GCaMP6 has been engineered by combining a GFP-like fluorescence protein with 

a biological calcium binding protein. Like many other calcium indicators, it 

becomes more fluorescent when it binds calcium.  

One way of introducing this protein into neurons is through viruses that insert 

the artificial gene encoding GCaMP6 into neurons. Nerve cells infected with the 

virus start building this protein and become fluorescent. Now, every time the 

neuron is active and transmits information it lights up and we can follow its 

activity patterns over time.  

This is what it looks like in live neurons. Every time, a neuron flashes green we 

know that it fires an output impulse.  

Now, let’s use this approach to look into the brain of a young mouse before eye 

opening. As a reminder the image of the human brain and some of the 

connections from the eye to the visual cortex. This is a mouse brain… correctly 
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scaled. Ok, let’s zoom in a bit. As you can see now, the visual connections look 

pretty much identical in mice and humans. The visual cortex is located towards 

the back of the cortex. Behind the cortex, you can see the cerebellum, which is 

below the cortex in the human brain. Even further back, there is the brainstem 

that connects the brain to the spinal cord. In the front, there is the olfactory bulb 

that computes smell and is very small in humans, hidden between the eyes. 

In mice, we use viruses to label cortical neurons with the calcium sensor as 

described and then we can take time-lapse recordings of the brain surface before 

eye opening. We record from the visual cortex and an area that receives touch 

information, the somatosensory cortex. Even though mice cannot see at this age, 

they do experience touch from birth on. This is a piece of human hair to give you 

an impression of the scale we are looking at. 

What we found is that the visual cortex is actually very active, similarly active as 

the part of the cortex that processes touch. Each burst of activity represents 

firing and hundreds of neurons that cannot be resolved individually at this scale. 

Where does this activity come from? As mentioned before, the retina is already 

active, too. Here, activity travels in waves across large parts of the retina. Again, 

this is before eye opening and even before the light sensitive cells in the retina, 

rods and cones, are generated. Friederike Siegel, a previous PhD student in the 

lab, found that firing from the retina triggers part of the cortical activity; 

however, some of these bursts of network activity are independent of retinal 

waves and probably originate in the cortex itself.  



Clustering 

11 
 

 

 

What we see here are activity patterns transmitted across the cortex. As 

mentioned already, we know that these patterns of activity are important for 

wiring, because when researchers prevented this activity or altered its patterns, 

neurons did not wire correctly.  

Clustering 

But how does spontaneous activity instruct the wiring? To understand this better 

we wanted to find ways of watching what is happening at the sites where 

information is transmitted from one neuron to the next, the synapse. We knew 

that it is at the synapse where connectivity is established or eliminated between 

two neurons: could we watch how activity is transmitted between neurons and 

see how their functional connectivity changes over time, similar to what we 

observed during structural interactions?  

Juliette Cheyne, a former post-doc, first labeled neurons with the fluorescent 

calcium sensor GCaMP6. Then she targeted individual neurons with an electrode, 

shown here in red. This electrode can measure the overall synaptic inputs a 

neuron receives. Simultaneously, she recorded activity at many individual 

synapses using calcium imaging. The next video gives a flavor of what these 

measurements look like. 

On the left, you see the dendrite of a neuron in the visual cortex. Three synapses 

are labeled 1, 2 and 3. We see only the dendritic side of the synapse. The axon 

that delivers the input is not visible, but we know that every time the calcium 

increases here, information arrives at this synapse. As you will see in a second, 
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calcium increases are represented in color in this video. To the right, three wiggly 

lines represent the activity at each synapse as changes in fluorescence of the 

calcium sensor. At the bottom, you can see a fourth trace: the entire electric 

current that flows into the neuron when its synapses are active. At this point, 

there is no activity and the traces only show the typical noise of these recordings. 

Then, a few seconds later, a first burst of activity reaches our neuron. However, 

the three synapses we are focusing on are silent. Now a massive burst of inputs 

arrives and all three synapses receive inputs. Finally, during another burst of 

inputs, only one of the three synapses is active. Let’s replay this video. To give 

you a sense of the scale of these structures: this shows the size of a human hair 

in cross section. 

When we analyzed these three and several hundred additional synapses, we 

found that neighboring synapses are frequently co-active, whereas synapses that 

are far away from each other are much more rarely co-active. This type of input 

organization is called synaptic clustering. Typically, the cluster size is about 12 

micrometers in each direction. What that means is that synapses that are close 

together receive very similar input patterns, here each line represents one 

transmission event at each synapse. However, input patterns of synapses that 

are located on different dendrites differ from each other. 

So what we found was that synapses are precisely sorted according to the 

information they deliver as illustrated here by the arrows of different color 

tones. That synaptic inputs show this fine-scale organization was very surprising, 

because the classic idea was that neurons integrate information pretty much 
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equally independently of the position of each synapse. Thus, the position of 

synapses was expected to be random. Yet, they are sorted such that neighboring 

synapses represent similar activity patterns.  

Several years before we observed synaptic clustering, theoretical work by 

Bartlett Mel at the University of California in Los Angeles, predicted that if 

neurons were able to compute information locally in individual dendrites, they 

could achieve much higher computational capacities. For example, local 

computation could allow neurons to differentiate 50 times more input patterns 

than globally integrating neurons. Mel and colleagues predicted that synaptic 

inputs might be clustered along dendrites to make local computations possible. 

In relation to this idea, our findings suggest that synapses become clustered 

already early in development to prepare neurons for the high computational 

demands of sensory processing and potentially other brain functions, like the 

control of movements. Even though we can only speculate on the information 

that arrives at clustered synapses along developing dendrites, we know that 

functional clusters exist also in mature neurons of the visual cortex and encode 

specific information about the objects in a visual scene.  

So then, we asked how these clusters emerge during development. We 

speculated that spontaneous activity itself might somehow help sorting inputs. 

We wondered whether we might be able to observe changes in synaptic function 

over time that would explain how clusters develop. When we followed the 

activity of individual synapses over time, we found that some synapses became 

less active, others increased their activity levels and some just stayed equally 
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active. Next, we asked whether these changes could be caused by local 

interactions between spontaneously active synapses. We looked at the destiny 

of synapses that are frequently co-active with their neighbors, as this one and 

that of others that are frequently out-of-sync.  

It turned out that the synapses that are active alone and thus desynchronized 

with their neighbors are apparently punished and reduced in activity levels. In 

contrast, synapses that are co-active with their neighbors are – on average – not 

affected. This is specific to local interactions. Since interactions with further away 

synapses did not predict changes of synaptic activity. This suggested that locally 

synchronized synapses are functionally stable, whereas out-of-sync synapses 

lose strength. But was that relationship causal? So far, we had shown only a 

correlation. 

To test, whether local synapse synchronicity is required to stabilize synaptic 

activity, Johan Winnubst, a former PhD student, used electric stimulation in brain 

slices to induce transmission at individual synapses. He stimulated individual 

synapses when their neighbors were either active or silent. Out-of-sync 

stimulation triggered a decrease in synaptic activity. In contrast, when he 

stimulated synapses together with their neighbors, they did not change in 

activity. His experiments, therefore, confirmed: local de-synchronization makes 

synapses less active.  

Here is the model of what we think is happening: synapses that are co-active 

with their neighbors are stably active. However, a single synapse that is out-of-

sync with its neighbors will lose strength and possibly disappear entirely over 
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time. Then a new synapse can be formed and if this synapse is co-active with its 

new neighbors, it will be stabilized as well. By trial and error, clusters of synapses 

can be formed in this process. Thus, we showed here for the first time that 

spontaneous activity can fine-tune the emerging circuits with single synapse 

precision. 

The developing brain is not a blank slate 

In more general terms, the experiments I have described here show that 

developing neurons have sophisticated means to find and select synaptic 

partners on a very fine scale. These findings support the idea that the developing 

brain is wired with remarkable precision already before it can be shaped by 

experience. 

Therefore, we know now: the developing brain is not a blank slate. We are not 

born with a randomly connected brain or one were all neurons are equally 

connected with their nearest neighbors, as illustrated in this simple scheme. 

Such a neuronal circuit would be pretty much useless. It might signal the absence 

or presence of a stimulus or stimulus strength, but could not identify or 

categorize objects. Instead, neuronal circuits at eye opening look more like this: 

some connections are stronger than others some neurons became disconnected 

others connect later on. This looks indeed like a circuit that was sculpted by 

experience. In fact, we know that learning leads to circuit adaptations like these. 

Such a circuit could, at least in principle, determine that there is nothing to 

worry, when other gnus are around or signal alarm when a lion comes into sight. 
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All together, we have made two observations: 

1. Early behaviors appear to be guided by experience. 

2. Early brain circuits appear to be shaped by experience 

Even before experience is possible. 

It is, in fact, still mysterious what the equivalent of experience could be that 

shapes a brain that is not able to sense anything. 

One possible answer, maybe obvious, yet not necessarily intuitive, is that 

spontaneous activity evolved to simulate real life experiences. Maybe, 

spontaneous activity functions like a flight simulator for training pilots. It could 

provide training patterns for the emerging networks that are similar to activity 

patterns generated by the senses later in life.  

Does spontaneous activity simulate experience? 

To address this possibility, we focused on the retina and asked whether patterns 

of spontaneous activity in the developing retina may be similar to retinal activity 

during vision. Victoria Busch, a previous intern and now PhD student in the lab, 

searched the literature for descriptions of patterns of retinal waves and asked 

whether these patterns may be related to typical sensory experiences mice will 

face, once they open their eyes. 

She found that the speed and direction of most retinal waves at one week before 

eye opening are similar to retinal activity patterns that occur in the eye of a 

mouse passing by nearby objects. Nawal Zabouri recorded retinal waves of this 
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type: here you see a large wave with a straight wave front: the structure of this 

wave is similar to retinal activity driven by vertical contours, like blades of grass, 

a mouse passes at walking speed. Thus, retinal waves appear to represent what 

is called visual flow during self-motion. A few days later, just before eye-opening, 

additional activity patterns occur: for example, little blobs that traverse the 

retina somewhat unpredictably.  In the mature retina, this activity would 

represent an object of the size of a hawk, gliding about ten meters above a 

mouse. Now, while the size and speed could represent a raptor circling above, 

the shape clearly does not, it is a disk and not a hawk. 

So, do mice care about objects that have the size of a hawk and move like a hawk, 

but look like disks? This video I got from my colleagues Azadeh Tafreshiha and 

Alexander Heimel. You see a mouse in a cage. The ceiling is a screen creating an 

artificial sky. At some point during this video, a disk will move across the screen. 

Look at how the mouse responds to the object. Let’s rewind and play again: when 

the object appears, the mouse stops moving, it freezes to avoid being seen by 

the “hawk”. When the disk disappears, the mouse runs full speed into the shelter 

for protection. Therefore, an object that activates the eye of an adult mouse - 

exactly as retinal waves do before eye-opening - triggers a dramatic behavioral 

response. 

All this suggests the possibility that through evolution, the developing nervous 

system acquired the ability to play activity patterns that simulate real vision, act 

as training patterns for refining the brain’s connections, and prepare it for 

making sense of what is happening in the outside world. However, many 
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questions remain: it is, for example, unclear, how the developing brain could 

label spontaneous activity patterns with specific values. 

Independently of this question, we will continue to investigate the mechanisms 

that shape specific patterns of activity and how these help preparing the brain 

for daily life. Another goal for us is to understand better what is going wrong with 

synapse development in neurodevelopmental disorders, like autism and fragile 

X mental retardation, to generate new ideas for diagnosis and treatments. 

Fundamental Research 

Sometimes, people ask why we do this research, in particular when we apply for 

project funding. This is a simple and very valid question; the answer is complex, 

though. As just mentioned, one goal of our research is finding new strategies for 

helping patients, to ideally heal disorders or at least reduce the pains and 

limitations that come with them. To me, it would be very rewarding, if our 

research could contribute to that. I know, however, that progress here is slow 

and unpredictable.  

There is a second answer to the question of why we do this research. And that 

is: we want to understand how it works, learn how our bodies and the world 

around us are organized. What are the fundamental principles from the role of 

the brain and its development to the organization of our galaxy?  As Elon Musk 

put it when he was asked why his company, SpaceX, is planning to fly to Mars: 

“there has to be a very good reason to get up every morning”.  
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The fact that another prominent member of the international community 

appears to lack any form of curiosity about his environment, is - in my mind - 

rather an example of extreme biological variation than an argument against the 

idea that human brains are wired for curiosity and exploration. 

Recently, after a seminar with a small group of students on synaptic plasticity 

and development, one of them said: “that was great: so fundamental”. I took it 

as a compliment, but what he was actually saying, I believe, was: this is why I go 

to university, to ask and discuss the fundamental questions.  

For a teacher it is great to see when students develop their own ideas of what 

questions they want to ask as scientists. When they start choosing the fantastic, 

yet still limited, tools and approaches that we have available today, to just get a 

little bit closer to an answer of any of those questions they have made the biggest 

step towards becoming a scientist. 

Thanks 

Finally, I would like to thank all those who opened my eyes, those who joined me 

in watching neurons make circuits and those who supported me in many ways. 

First of all, I would like to thank everyone who helped to make this chair at the 

Faculty of Science reality: The Rector, The Dean, Guus Schreiber, the Head of 

Amsterdam Neuroscience, Arjen Brussaard, the Foundation Vrije 

Universiteitsfonds, and in particular, the Head of the Functional Genomics 

Department, Matthijs Verhage. Your patience and persistence was a great help 

during this process. 
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I would also like to thank Jose van Dijck, Mieke Zaanen, Philip Scheltens and Wim 

van Saarloos of the Royal Academy and Pieter Roelfsema at the NIN. 

Pieter, Chris de Zeeuw and Ronald van der Neut: I would like to thank you for 

your support at the NIN. I would like to mention also Peter van’t Klooster, who 

was managing director when I started and helped me a lot to set up the lab and 

navigate the bureaucratic challenges of doing research. 

At the NIN, I have received so much help and support: I am afraid I can’t do 

everyone justice here. I would like to thank all the group leaders for creating an 

open and interactive atmosphere that, I feel, is special at our institute. 

Specifically, I would like to mention Christiaan Levelt, without whom I might have 

never seen Amsterdam and definitely not gotten this job at the NIN. You, Ineke 

and, later, Neeltje have made me feel at home in Amsterdam since I arrived. 

Helmut Kessels: Congratulations on your new job as department head at the 

UvA! I will miss our regular discussions on Science and Football over coffee, 

though. I hope we can keep both, discussions and coffee consumption, at a 

healthy level, nevertheless. Maarten Kole, Alexander Heimel and Ingo Willuhn, it 

feels good to be a member of the Young Guns. 

The work of my group is absolutely dependent on the support from the 

departments at the NIN: Finance, Human Resources, Tini and Wilma, the 

reception, IT, Mechatronics and the animal facility. Thank you for your constant 

help and support! 
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Here, at the Free University, I would like to thank all the wonderful colleagues I 

have met over the years: Matthijs Verhage, Huib Mansvelder, Guus Smit, Sabine 

Spijker, Rhiannon Meredith, Ruud Toonen, Rogier Min, Christiaan de Kock, Els 

Borghols, the members of the Swammerdam Lecture Committee and many 

more. I look forward to continuing and expanding our collaborations. 

I am extremely grateful to my mentors: Eckhard Friauf, my PhD supervisor at the 

University of Frankfurt, gave me the freedom to follow my own scientific 

curiosity. As a consequence, I experienced all the pleasures and pains of doing 

research early on. So, I knew what to expect when I decided to stay in science 

after finishing my PhD. Eckhard’s enthusiasm was an important factor of my 

decision and I never regretted it. 

From Rachel Wong at Washington University I learned everything about 

microscopy and imaging, how to stay focused when things do not go as expected 

and to appreciate the greatness of Asian food. And finally, Tobias Bonhoeffer at 

the Max Planck Institute for Neurobiology, who assembled a fantastic research 

department, where I realized how important it is to also pay attention to 

management when running a research lab. This preparation gave me a running 

start at the NIN. 

Nothing could be done without the people in the lab. So far, I have been talking 

mostly about completed projects and I am very grateful to all who contributed 

to this research and all the projects I didn’t have a chance to talk about. 
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However, the most exciting research is the one that is happening in the lab right 

now, where we discover new things and try to understand the results of our 

experiments. I have the privilege to work with an outstanding group of scientists, 

with almost unlimited creativity and lots of energy: you make processes visible 

that no one could observe before. 

Now moving beyond science, I am very fortunate that I have many friends in 

Amsterdam who make sure that I also think about other things than brain 

research. In particular, I would like thank all the volleyballers at Armixtos and the 

Beach who accept me among them, even though my brain is not wired to grasp 

the Dutch language fully.  

At the end, it is very important to me to thank my family for all the support 

throughout the years. Despite the fact, that so many of us keep moving from city 

to city and country to country we have always made sure that we stay in contact 

and see each other as often as possible. Today, it means a lot to me that my 

parents are here and I know that my uncle would have been here today as well. 

Also, my brother, my sister in law and my aunt are here and, to me particularly 

important, my daughter Christine.  

So, I would like to thank you all and conclude by citing Cicero in the Dutch 

academic tradition: Ik heb gezegd.  
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