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Plants are actually far too 
precious to simply let them go 
up in smoke, as is the case with 
this tobacco plant. after all, 
they absorb large quantities 
of carbon dioxide. that’s why 
plant products have a more 
sustainable carbon dioxide  
balance than products  
produced from mineral oil, 
and they cause significantly 
less damage to the environ-
ment. they will therefore  
be essential in order to create 
a sustainable economy, either 
as fuel sources or as substances 
for medical use.
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Editorial

Dear readers,

“Nothing is constant except change,” said the ancient Greek philosopher Heraclitus, 
and a better way of describing our society today can hardly be imagined. The corona-
virus pandemic proves that science is also subject to constant change – it continually 
poses unexpected and life-changing challenges. Communication is vital, and not  
just in these exceptional times. Forms of communication must be continually adapted 
to the upheavals in the media landscape and continuously respond to new challenges.

In such turbulent times, a science magazine cannot afford to stand still. To reflect this, 
we have changed some aspects of the Max Planck Research edition you are currently 
reading. Our aim is to place greater emphasis on topicality and social-relevance  
in the subjects we choose to cover and to present the results of our research within 
a broader context. We will also be bundling together the larger articles into a section 
entitled “Knowledge from”. Articles on research policy and science are brought 
together under “In brief”. The section “Visit to” will offer insights into the personality, 
biography, and motivation of selected scientists. And as you can see, along with these 
changes, we have adopted a fresher and more modern design.

Change is also the focus of this issue. After all, global crises – especially human- 
made climate change – are affecting our daily lives. It is no coincidence that in 2020 
the topic of Germany’s annual “Year of Science” is bioeconomy. Max Planck Society 
researchers can contribute a great deal to this subject. They are showing us that a 

“green economy” offers more opportunities than just replacing fossil resources; it can 
open up entirely new ways of producing chemicals. But how do we successfully imple-
ment economic change? The articles in our current issue will provide some answers.

Enjoy reading!
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Tropical rainforests are home to about two thirds of all 
known animal and plant species. It is beyond debate that they 
are essential for the climate of the entire Earth. However, the 
fact that they can also tell us a great deal about the cultural 
aspects of past times has been largely ignored until now. 

The giant, centuries-old tropical trees are living time capsules 
for those who know how to interpret them. During their  
lifespans, they absorb carbon from the air as well as water 
and minerals from the soil, incorporating them into their wood. 
Researchers at the Max Planck Institutes for the Science of  
Human History, Developmental Biology, and Biogeochemistry  
combine modern analytical methods such as dendrochrono- 
logy, radiocarbon dating, stable isotope analysis, and gene 
analysis to reconstruct changes in the growth conditions  
of trees. In this image, a relevant sample is being taken from 
a several hundred-year-old Brazil nut tree in the Tefé National 
Park in Brazil. 

The researchers’ studies also make it possible to understand 
the effects of human activities on the forest ecosystem.  
Contrary to popular opinion, the peoples of the rain forest 
have been cultivating this region from 10,000 years ago. 
Far-reaching events such as wars and colonialism have left 
their marks on the tree archive just as deeply as the industrial 
extraction of rubber and precious woods for worldwide  
consumption have.

Taking a Tree sample 
in The Brazilian  
rain foresT
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Insects  
and clImate 
change
the impact of humans on the climate 
and ecosystems is becoming increas-
ingly clear – a drastic decline in to-
tal insect biomass can be observed 
throughout europe. While polli-
nating insect species are threatened 
with extinction, certain pests and 
vector insects are spreading to ever 
wider areas. to investigate the in-
teractions between insects, the cli-
mate, and humans in greater detail, 
the max Planck Institute for chem-
ical ecology, the university of lund, 
and the swedish university of agri-
cultural sciences are joining forces as 
part of the new max Planck center 
on next generation Insect chemical 
ecology. together, the partners are 
primarily focused on examining how 
higher average temperatures, green-
house gases, and air pollution impact 
the olfactory system of insects and 
how insects adapt to these changes. 
the findings could make a signifi-
cant contribution to solving global 
problems in the context of the climate 
crisis, global nutrition, and even the 
fight against diseases. after all, the 
rising temperatures also facilitate the 
spread of infections transmitted by 
insects, such as West nile fever and 
malaria. therefore, one aim of this 
collaboration in the max Planck cen-
ter is to develop new methods of com-
bating these diseases. the joint pro- 
ject was officially launched in Janu-
ary 2020 in alnarp, sweden.

www.mpg.de/14403006

like most insects, bees 
are also suffering from  
the impact of pesticides 
and climate change.
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herin schuman, director at the max Planck Institute 
for brain research, has been awarded the louis-Jeantet 
Prize for medicine 2020 for her work on local protein 
synthesis at synapses. these structures act as contact 
points between nerve cells in the brain and determine 
how effectively the cells can communicate with one 
another. schuman found that many of the proteins that 
the synapses need for communication are produced 
locally in the vicinity of the synapses themselves, 
so that they are available at the right time and in the 
right place. this discovery paves the way for a better 
understanding of how synapses work and of the impact 
of disruptions in neuronal development. bestowing 
grants of eur 500,000, the louis-Jeantet Prizes are 
some of europe’s most valuable awards for biomedical 
research. the money supports the prizewinners in 
their subsequent work.

erin schuman 

the Japan Prize 2020 has been awarded to svante 
Pääbo, director at the max Planck Institute for evolu-
tionary anthropology. Pääbo is considered the founder 
of paleogenetics, a discipline that is concerned with  
the analysis of genetic samples from fossils and 
prehistoric finds. he investigates which of the genetic 
changes in the course of evolutionary history have 
shaped modern humans by comparing the dna 
sequences of modern-day humans with those of  
neanderthals and other human ancestors. Pääbo’s 
major scientific achievements include the complete 
decoding of the mitochondrial dna of a neanderthal 
in 2008 and of the neanderthal genome sequence.  
the Japan Prize is often referred to as the Japanese 
nobel Prize and is endowed with prize money of  
50 million yen (about eur 490,000).

svante Pääbo

In BRIEF
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Immune boost agaInst 
the coronavIrus
researchers from the max Planck 
Institute for Infection biology have 
developed a candidate for a vac-
cine against tuberculosis that could 
also be effective against an infec-
tion with sars-cov-2. the sub-
stance is based on the bcg vaccine, 
which was discovered in the early 20th  

century as a means of combating tu-
berculosis. studies in mice have 
shown that bcg can mitigate the  
impact of viral infections of the  
respiratory tract. accordingly, mice 
suffering from influenza showed 
less damage to their lungs if they 
had previously been vaccinated with 
bcg. there are also indications 
that the vaccination activates the  
immune system against viral in-
fections, thereby reducing the risk 

of severe disease progression and 
lowering the mortality rate. clin-
ical studies have so far shown the  
tuberculosis vaccine recently devel-
oped by the max Planck Institute 
to be well tolerated and more effec-
tive than standard vaccination with 
bcg. this raises hopes that the 
new vaccine will also be better able 
to alleviate the symptoms of an in-
fection with sars-cov-2. Its effec- 
tiveness against sars-cov-2 – i.e., 
the covid-19 coronavirus – will now 
be tested in a large-scale study at  
german hospitals, with participants 
drawn primarily from at-risk groups 
like health care workers and older 
people who are particularly vulnera-
ble to the disease.

www.mpg.de/14610776

cuttIng- 
edge 
research  
In Poland
three additional centers will soon 
become part of the dioscuri program 
in Poland, which was initiated by the 
max Planck society. mathemati-
cian Paweł dłotko, biologist gracjan 
michlewski, and physicist bartłomiej 
Wacław will lead the centers, where 
they will establish internationally 
competitive and innovative research 
groups. the aim of the dioscuri pro-
gram is to recruit researchers from 
prestigious international postings in 
Western europe and the u.s. and to 
support them in setting up their own 
research group in their home coun-
try. the program thereby helps to 
overcome the performance gap that 
exists between Western and eastern 
europe. the first two dioscuri cen-
ters began their work in 2019.

www.mpg.de/14310896

scientists are 
searching for a 

vaccine against the 
coronavirus, shown 
here as a 3d model.
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a braIn  
doPIng 
agent  
Produced  
by your  
oWn body
erythropoietin, or ePo for short, 
is a notorious doping agent that not 
only boosts physical performance but  
also acts as a growth factor for nerve 
cells – reducing damage to the brain 
after a stroke, for example. even pa-
tients with mental health disorders 
such as schizophrenia, depression, 
bipolar disorder, or multiple sclero-
sis have shown an improvement in co- 
gnitive performance with ePo. now, 
researchers from the max Planck In-
stitute for experimental medicine in 
goettingen have revealed how the 
substance works in the brain: they 
found that cognitive challenges in the 
nerve cells of the brain trigger a slight 
shortage of oxygen, leading to greater 
production of ePo along with its re-
ceptors. the growth factor subse-
quently boosts the activity of these 
nerve cells, induces the formation of 
new ones from neighboring precur-
sor cells, and increases the intercon-
nection of neurons. taking ePo bol-
sters this natural effect, with test re-
sults showing that adult mice form 20 
percent more nerve cells in the pyra-
midal layer of the hippocampus – a 
brain region crucial for learning and 
memory – after the growth factor is 
administered.  

www.mpg.de/14569880

cross section of a 
mouse’s hippo- 
campus. after 

erythropoietin  
is administered, 

the animals have 
more nerve cells  

in this brain 
region, which 

plays a key role 
in learning and 

memory. 

In BRIEF
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space scout on the red Planet: Insight – seen here in an illustration of the probe  
on the surface – delivers valuable insights into the inner workings of mars.

the 
thoughts  
of others
In order to understand what other 
people are thinking and assess how 
they are behaving, humans need 
to be able to comprehend someone 
else’s perspective. they develop this 
ability during childhood, but resear- 
chers have so far been at odds concern- 
ing the age at which it emerges. a  
recent study by the max Planck Insti-
tute for human cognitive and brain 
sciences shows that children aren’t 
truly able to understand what oth-
ers are thinking or to anticipate their 
actions until they reach the age of 
four. as the researchers observed us-
ing eye-tracking technology, younger 
children can already predict the ac-
tions of a cartoon character – but if 
they’re asked about it, they give the 
wrong answer. the researchers found 
the reason for this by taking mea-
surements of brain activity: different 
brain structures are involved in the 
two decision-making processes – the 
nonverbal version expressed in their 
gaze and the verbal one expressed in 
their answer. It is not until the age 
of about four that the brain regions 
we use to actually understand what 
others are thinking reach sufficient 
maturity for us to express this per-
ception verbally – although in early 
childhood, another brain function 
exists that does allow us to take an-
other person’s perspective.

www.mpg.de/14562450

mars Is seIsmIcally actIve
the red Planet is anything but tran-
quil. In the first ten months since 
starting its scientific operations 
in late february 2019, the seismo- 
meter of the Insight probe detected 
no fewer than 174 martian quakes.  
on average, this corresponds to 
slightly more than one quake ev-
ery two days. the data obtained by 
a team including researchers from 
the max Planck Institute for solar 
system research provides the first 
comprehensive proof that mars, like 

earth and the moon, is seismically 
active. however, the tremors on our 
neighbor in outer space are nowhere 
near as powerful as those on earth: 
none of the recorded quakes achieved 
a magnitude of more than 4. for  
150 of them, the probe could only  
detect waves that propagate in mars’s 
crust, whereas the other 24 passed 
through the planet’s rocky mantle 
and showed similar characteristics  
to quakes on earth.

www.mpg.de/14506708

a tale of shePherds  
and helIces
“adoration of the shepherds” by the 
Italian sculptor giuseppe torretti 
is a source of fascination not only for 
fans of the baroque era, but also for  
chemists – because of lumpy efflores- 
cence produced by corrosion on the 
restored marble relief. as resear- 
chers at the max Planck Institute for 
solid state research have discovered,  
these phenomena are formed by a salt  
that crystallizes in the same triple  
helix structure as the protein collagen. 

now that restorers have access to accu- 
rate structural data for the salt (a hydra- 
ted form of calcium acetate), they can  
also identify that same corrosion 
product on other marble works and  
may be able to prevent the pro- 
cesses by which the efflorescence  
occurs. however, the inorganic  
helices could also be used as a  
template to cause other chemicals to 
adopt this structure.
 www.mpg.de/14594656

after World War II, only fragments of “adoration of the shep-
herds” still existed. these are shown here as brownish sections 
in combination with a black and white photo of the intact relief.

In BRIEF
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Waste  
dIsPosal  
for corona-
vIruses
When cells are subjected to stress, 
they intensify their disposal of cell 
components that are damaged or su-
perfluous. cells can also use this 
built-in waste disposal system to get 
rid of viruses. now, a team from the 
max Planck Institute of Psychiatry 
and the university clinic in bonn 
has discovered a protein for the eli- 
mination of waste substances that 
promotes the disposal of viruses and 
is regulated by existing commercially 
available antibiotics and drugs in-
tended to combat intestinal worms. 
together with scientists from the 
charité hospital in berlin, the re-
searchers discovered that the active 
substances can inhibit the prolifera-
tion of the mers coronavirus – a re- 
lative of the novel coronavirus, 
sars-cov-2. In humans, the 
mers virus can cause severe pneu-
monia, which is fatal in more than a 
third of cases. as with sars-cov-2, 
there are still no drugs or vaccines 
available to combat the pathogen. It 
remains to be seen whether the active 
substances will boost the elimina-
tion of coronaviruses in humans. In 
the meantime, scientists at the lead 
discovery center in dortmund, a 
spin-off of the max Planck society, 
are investigating other substances 
that could stimulate cellular waste 
disposal systems and be put to the- 
rapeutic use. 
 www.mpg.de/14453988

electron microscopy image 
of coronaviruses.

In the behavioral experiments, 
the parrots receive metal tokens 
that they can then exchange  
for food.

cooPeratIve 
Parrots
Parrots are not only extraordinarily 
clever but also have a high level 
of empathy and a strong willing-
ness to help. this is the outcome of  
behavioral studies of gray parrots by  
researchers at the tenerife research 
station that is associated with the 
max Planck Institute for ornithol-
ogy in seewiesen. In their tests, the 
researchers issued metal tokens to 
a few birds in a group, who could  
exchange these tokens for food. the 
parrots who received a token gen-
erally behaved extremely selflessly, 
passing the token on to their neigh-
bor with their beak if they hadn’t  
received one. consequently, par-
rots appear to recognize when a bird 
of the same species can benefit from 
their assistance and when they can-
not. In further experiments, the re-
searchers also observed that gray 
parrots are not envious when a bird 
of the same species receives a bet-
ter payoff for the same performance 
or has to work less hard for the same 
payoff. rather than an underdevel-
oped sense of fairness, this behav-
ior may stem from strong pair-bond-
ing behavior. unlike chimpanzees, 
who will not put up with unequal 
treatment of this kind, gray parrots 
tend to live with a single partner for 
their whole lives. animals that form 
long-lasting partnerships can proba-
bly be more tolerant of unequal treat-
ment than non-monogamous species, 
because their generosity pays off in 
the long run.

www.mpg.de/14328111

In BRIEF
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bIrds mIgrate regardless 
of clImatIc condItIons
cuckoos from kamchatka mi-
grate to angola to spend the winter  
there – a distance of about 14,000 kilo-
meters. Where and how far the birds 
fly is determined primarily by the  
climate, but this has changed dra-
matically time and again over the 
last 50,000 years. researchers at the  
max Planck – yale center for bio-
diversity movement and global 
change have used computers to 
model the worldwide development 
of bird migration during this period. 
the simulations show that birds mi-
grated back and forth between sum-
mer and wintering grounds even 
during the last ice age. however,  
according to the model, the ways 
in which migratory birds react to  
climate change varies from region 
to region. In europe, asia, and af-
rica, for example, there were about as 
many migratory bird species during 
the last ice age as there are today, and 

the flight distances remained rela-
tively constant on average. the same 
cannot be said for north and south 
america, where there were 20 percent 
fewer migratory bird species during 
the last ice age. It appears that many 
of these were resident species during 
the ice age and only began to migrate 
afterwards. the migratory routes 
were also 40 percent shorter than they 
are today. thus, bird migration has 
continued even during major changes 
in climate. but researchers still don’t 
know how it is being affected by  
anthropogenic climate change. this 
is progressing at a faster rate than 
previous climate change events, and 
birds’ living conditions are also de-
teriorating in many ways, such as 
through the loss of habitat and food 
sources. the computer model can 
now help to predict the impact of 
these changes on bird migration.

www.mpg.de/14502196

female blackcap. the species  
exhibits a wide range of migration 

behaviors: depending on their  
origin, the birds fly different distances 

to their wintering areas, and some  
of them don’t migrate at all.

In BRIEF
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cancer-lIke metabolIsm 
Promotes braIn groWth
the size of the human brain has in-
creased profoundly over the course 
of evolution. scientists at the max 
Planck Institute of molecular cell 
biology and genetics in dresden 
have discovered that basal brain stem 
cells can proliferate thanks to a gene 
by the name of arhgaP11b, which 
triggers the formation of more neu-
rons. now, the researchers have also 
established how the gene works: it  
interacts with another protein in or-
der to close a pore in the mitochon-
drial membrane, preventing calcium 
leakage from these organelles. this 
results in a high calcium concentra-

tion, allowing the mitochondria to 
generate energy via the metabolic 
pathway of glutaminolysis and to  
induce the brain stem cells to  
proliferate more strongly. a high rate 
of glutaminolysis is characteristic 
of highly proliferating cells, notably  
tumor cells. It would therefore appear 
that one reason for the pronounced 
expansion of the human brain over 
the course of evolution was a change 
that allowed human metabolism  
to switch to cancer-like metabolism 
within the brain for a limited period 
of time.

www.mpg.de/14324498

the arhgaP11b protein 
(magenta) in a basal brain stem  
cell (cell nucleus: blue).

smokIng WIthout smoke
not even smoking bans can pro-
tect people from passive smoking 
in public places. Indeed, the air in 
these spaces still becomes contami-
nated with pollutants from cigarette 
smoke (such as nicotine and fine par-
ticulate matter) when current or past  
occupants have previously been 
smoking elsewhere – because the sub-
stances are exuded by their clothing, 
skin, and hair. now, for the first time,  
researchers from the max Planck  
Institute for chemistry and yale 
university have been able to con-
firm the existence of indirect passive 
smoking using measurements. they  
recorded the concentration of 35 vo- 
latile organic compounds (vocs) 

contained in cigarette smoke in a 
movie theater auditorium over a  
period of several days. the results 
showed that audience members who 
sit in a movie theater for an hour in-
hale quantities of contaminants that 
are equivalent to the secondhand 
smoke from up to ten cigarettes. the 
degree of exposure to the individual 
pollutants depends on their volatility, 
among other things. In the case of the 
carcinogen benzene, for example, the 
exposure was equivalent to the smoke 
from eight cigarettes. In rooms that 
are less well-ventilated than a movie 
theater auditorium, the exposure is 
likely to be even higher.

www.mpg.de/14558058

feedback, 
done rIght
feedback is regarded as a crucial 
component of a successful busi-
ness culture. used correctly, it can  
enhance performance and teamwork. 
In an experiment, researchers from 
the max Planck Institute for hu-
man development investigated how 
different types of feedback influ-
ence future conduct. the best effect 
on teamwork was seen when partici-
pants received feedback reflecting the  
performance of the group as a whole. 
In contrast, ranking feedback – that is, 
information that classified an indivi- 
dual’s personal performance relative 
to the other participants – led the sub-
jects to increasingly view themselves 
as competitors. In the extreme, this 
led participants to aim their actions 
solely at outdoing others, even if this 
was ultimately harmful to the group 
and therefore also to themselves.

www.mpg.de/14436490

a fleet of mIcrosWImmers
a microswimmer from the max 
Planck Institute for Intelligent  
systems in stuttgart has outstripped 
its natural role models. a team from 
the Institute has developed a micro-
robot that swims much faster than 
bacteria or algae. the tiny float-
ing body is shaped like a hollow  
hemisphere with a small hole in the 
bottom. as soon as this is immersed 

in liquid, an air bubble forms inside 
the hollow space. researchers then 
use ultrasound to cause the bub-
ble to pulsate, producing thrust that  
propels the microswimmer forward. 
In the future, these acoustically  
powered minisubmarines could be 
used in minimally invasive medical 
treatments, for example.

www.mpg.de/14420595 (in German)

In BRIEF
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the fIrst salmonella 
bacterIa
the beginning of agriculture repre-
sented a milestone in the history of 
humankind. It has long been hypoth-
esized that close contact with animals 
has led to the emergence of many new 
diseases – known as zoonoses – in  
humans. now, a team of scientists 
from the max Planck Institute for 
the science of human history has  
studied bacteria from the 6,500-year-
old skeletons of farmers, thereby 
shedding new light on the develop- 
ment of zoonoses. the resear- 

chers reconstructed eight ancient ge-
nomes of the pathogen salmonella 
enterica. their analysis revealed that 
these were progenitors of the Paraty-
phi c strain of bacteria, which now  
exclusively infects humans but  
occurs only rarely. the historical sal-
monellae, however, probably infected 
humans and animals alike, which 
suggests that the agricultural way of 
life actually facilitated the emergence 
of new diseases. 
 www.mpg.de/14506431

a stranger WIth an  
eleven-kIlometer radIus
neutron stars are compact, extremely 
dense remnants of supernova explo-
sions. occasionally, two of these  
exotic stellar spheres merge – as was 
the case in gW170817, an event that 
astronomers observed in gravita-
tional waves and the entire electro-
magnetic spectrum in august 2017. 
from the data on gW170817 and 
from theoretical considerations, the 
researchers led by collin capano 
from the max Planck Institute for 
gravitational Physics determined the 
radius of typical neutron stars, such 
as those that collided in gW170817. 
for this, the scientists chose scena- 

rios that firstly corresponded to the 
gravitational waves of gW170817 
and secondly generated a short-
lived, hypermassive neutron star as  
a result of the merger. thirdly, in 
order to be considered, the mod-
els needed to agree with known 
constraints on the maximum mass, 
which the astrophysicists had deter-
mined from electromagnetic obser-
vations of the source of gW170817. 
the result was that a typical neu-
tron star with 1.4 times the mass of 
our sun has a radius of about eleven 
kilometers. 

www.mpg.de/14575466

a ball of wonder: neutron stars have a mass greater  
than the sun, but matter is packed inside them  

at an unimaginably high density – as they typically  
have a radius of just eleven kilometers.

In BRIEF



BETWEEN GUILT,  
ANXIETY AND HOPE

Receiving a cancer diagnosis is always a shock.  
There is probably no other physical illness that has such  
a severe psychological impact on the person concerned. 

For a long time, researchers sought to find the cause of the 
disease in the personalities of the patients themselves. 

This was a fatal mistake, as our author shows on the basis 
of how the issue was treated in the past. 

 
Perhaps you’ve also experienced a situation in which a good friend  
suddenly announces, “I have cancer.” At first, you don’t know what to say. 
You want to cheer your friend up and be optimistic. And so, even before 
you’ve thought about it, you find yourself saying: “You’ll be alright, you’ll 
make it. You’re such a positive person.” But what if your friend doesn’t 

“make it”? What did you really just say? That, if your friend dies, it will be 
because he didn’t put up a good enough fight, didn’t nurture enough hope, 
or that he didn’t have a sufficiently positive attitude towards his illness?

For many years, researchers in the fields of psychosomatics, psycho- 
oncology and psychoneuroimmunology have been studying how much 
influence the psyche has on the physical body. To date, research findings 
have shown that there are complex and by no means clear relationships 
between the body and emotions when it comes to the way diseases 
develop and how they are successfully overcome. Even so, whenever  
people generally talk about cancer, they often claim that it is caused by 
suppressed feelings, for example, that stress and anxiety have a negative 
impact on the healing process, or that a positive attitude helps. Assump-
tions like these can help actively deal with cancer – but they can also be 
seen as shifting blame onto the person who is ill and thus creating an 
additional heavy burden. The extent to which scientific research and social 
attitudes can influence each other and shape how cancer sufferers are 
treated is shown in the psychosomatic models used in the past regarding 
cancer development.
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In ancient times, melancholy was associated with the development of 
cancer. However, in the 19th century, such assumptions were increasingly 
viewed as obsolete. Cancer came to be understood as a disease that 
originates at the cellular level at the latest after Rudolf Virchow developed 

his cellular pathology theory in 1858 – for it suddenly appeared 
impossible that feelings might influence cells, which could now be 
seen under the microscope. Even so, practicing physicians (who 
soon also included female physicians) had clearly not abandoned 
the idea that such a connection might exist. Medical handbooks 
repeatedly warned doctors against telling patients that they had 
cancer, since the diagnosis could cause them to lose all hope 
and plunge into despair. They claimed that such an approach was 
also medically damaging, since the anxiety that this engendered 
allegedly reduced the already low chance of recovery. 

The physical effects of anxiety also attracted attention among 
specialists in psychosomatic medicine, a discipline that attracted 
renewed interest at the start of the 20th century in connection with 
the new field of psychoanalysis. Anxiety was declared the number 

one cause of disease. However, most psychosomatics experts assumed 
that diseases are only caused by anxiety if they stem from functional 
disorders that later become chronic. Even as late as 1947, Viktor von 
Weizsäcker, one of the founding fathers of German psychosomatic medi-
cine, expressed the view shared by most of his specialist colleagues when 
he claimed that when it came to cancer, a psychosomatic explanation 
foundered “on the rocks of material processes.” However, attitudes began 
to change soon after the Second World War. This was due to a complex 
series of factors.

During the 1930s and 1940s, experimental cancer research pursued 
new hypotheses and increasingly focused on physiological processes. 
Researchers no longer attempted to discover a single, specific cause of 
cancer, but instead began to regard it as a multi-factorial phenomenon.  
It now appeared more likely that the psyche might also be involved, par-
ticularly since up to then, laboratory research and conventional therapies 
(operation and radiation) had hardly increased the chances of recovery.

In the U.S., psychosomatic medicine had become so well established  
by the end of the 1930s that it laid claim to recognition as a full-fledged 
medical discipline. It had close links with the field of psychiatry and made 
use of psychometric methods at an early stage on its way to attaining 
scientific acceptance. These included personality tests such as the 
Rorschach test, named after the Swiss psychiatrist who invented it, which 
at the end of the 1930s began its meteoric rise to become one of the 
most frequently used psychological test procedures for decades to come. 
People who take this test are asked to state which animals and plants or 
objects come to mind when they are presented with a series of inkblot 
images. During the early 1950s, this test was also administered to cancer 

THE STUDIES 
FOcUS ON  

WHAT ATTITUDE 
THE FEMALE 
PATIENT HAS 

TOWARDS  
HER SEXUALITY
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WERE THERE  
NOT NOTIcEABLE  

PARALLELS  
BETWEEN  

cONFORMIST,  
BOURGEOIS  

cITIzENS AND  
THE cANcER  

PERSONALITY?

patients. The aim was to find out whether specific personality traits or 
conflicts might play a role in causing cancer.

Initially, these studies focused almost entirely on patients with breast or 
cervical cancer. The reason given for choosing these two forms of the 
disease was that they were the most frequent cancers occurring among 
American women. Yet why were no studies performed on men with  
stomach and lung cancer, which at that time were the most prevalent 

forms of cancer among men? It is quite clear that here, the study’s 
design was influenced by contemporaneous debates regarding the 
role of women in society. Indeed, the results of the studies mainly 
focused on two aspects of personality: the relationship between a 
patient and her mother, together with her own maternal nature, and 
her feelings about her sexuality. At the time, precisely these two 
aspects of femininity were extremely controversial and attitudes 
towards them were changing.

Against the background of the attachment theory developed during 
the early post-war years, mothers who were unfeeling, unable to 
form attachments or who showed ambivalent behavior towards 
their child, were viewed in a negative light in the U.S. This applied 
to the discussion surrounding schizophrenia as well as to psycho- 
somatic cancer research. Here, cancer was frequently also 
regarded as a type of organic psychosis, i.e. a pathological devel-
opment that takes on a physical form in conjunction with schizo-
phrenia. It was assumed that an unfeeling mother had a major 
impact on how her daughters dealt with emotions. The daughters 

did not learn how to perceive and express unpleasant emotions that were 
not socially acceptable. They “functioned”, but the price for doing so  
was suppression and self-alienation, as well as latent depression, and later 
on in life they were unable to cope with the experience of loss.

This personality assessment was initially regarded as (one) specific cause 
of breast and cervical cancer. However, towards the end of the 1950s, 
women with other forms of cancer and male cancer patients were also 
included in personality studies. The notion of a personality structure that 
caused all forms of cancer, or which made a person more prone to  
developing the disease, began to take shape. It gained even more traction  
after researchers presented the results of laboratory studies that 
appeared to confirm the existence of a cancer personality. 

This development came about after the concept of stress gained enor-
mous acceptance during the mid-20th century. The term was originally 
used in physiology, but now also came to be regarded as a psychological 
phenomenon. Now, it was possible to conduct experiments on animals to 
examine whether rats who were emotionally neglected due to early sepa-
ration from their mothers or subjected to maltreatment with electric shocks 

View 
point
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were more likely to develop tumors than their less stressed counterparts. 
What’s more, psychosomatic research could be combined with research 
into carcinogenic substances. Were rats or mice who were well cared-for 
less prone to illness from the carcinogenic effects of tar than anxious test 

animals who were kept in isolation? Some test series appeared 
to justify such assumptions, and were cited as further scientific 
evidence for the results of the psychosomatic cancer research.

During the late 1960s, these results – which were condensed 
and simplified to create the concept of a cancer personality – 
attracted a surprising amount of media attention. They were taken 
up by members of the student movement and politicized. In West 
Germany, the cancer personality model was used as an example 
when discussing whether certain feelings and types of relation-
ships were pathological – at both an individual level and within 
society as a whole. Were there not noticeable parallels between 
conformist, bourgeois citizens and the cancer personality, i.e. 
the friendly facade behind which negative feelings were hidden 
and suppressed, the self-alienation perpetuated in the name of 
respectability, conflict avoidance and the submission to authority 
that it entailed? 

It was questions like these that interested Fritz Angst (fear), son  
of a Zurich industrialist, who under the pseudonym Fritz Zorn 
(anger) published the autobiography “Mars”, one of the trendset-
ting books of the late 1970s and early 1980s. He regarded his  

own cancer as being the result of the many tears he had been unable to 
shed as a consequence of his bourgeois upbringing, where expressing 
one’s feelings was frowned upon. To this extent, he claimed – and this was 
a new development – that cancer also had a positive side, that it was  
a wake-up call that had made him aware of the sickness in his soul. For 
him, the cancer diagnosis opened up the opportunity to make radical 
changes to his life, and to live in the right, “authentic” way, even if he only 
had a short time left to do so.

Fritz Angst-Zorn died in November 1976, just before his book was  
published. His ideas about what cancer stood for were shared by many. 
The number of self-help books that regarded a cancer diagnosis as being 
a turning point in life and the start of a new, more honest way of living 
sky-rocketed. A different attitude towards oneself also supposedly pro-
mised a better chance of recovery. 

However, there were also those who disagreed with such psychosomatic 
explanations of cancer. The pointed criticism of the American intellectual 
Susan Sontag attracted broad attention. As a former breast cancer patient, 
Sontag denounced such psychosomatic interpretations of illness, since  
in her view, they placed the blame upon the shoulders of the patient. Howe- 
ver, by the time her essay Illness as Metaphor was published in 1978, the 

SELF-HELP  
BOOKS  

REcOMMEND 
SEEING THE  

DIAGNOSIS  
AS BEING A  

TURNING POINT 
AND THE  
cHANcE  

FOR A NEW  
BEGINNING
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concept of the cancer personality was already the subject of controversy 
within the psychosomatic medical field. One criticism, for example, was 
that no serious information about the original personality structure could 
possibly be provided by studies whose subjects had not only experienced 
the shock of a cancer diagnosis, but were also severely ill and under  
the influence of painkillers. 

Despite methodological innovations, no satisfactory arguments could 
be presented in response to many of the objections, and as a result, an 
increasing number of psychosomatic specialists decided to abandon the 
search for personality factors that might cause disease. Instead, medical 
practitioners turned their attention to the psychological side- and after- 
effects of cancer. These questions became more urgent during the 1970s, 
when chemotherapy became an established form of treatment. 

Unlike an operation or radiation therapy, this treatment lasted for weeks  
or even months. Even those medical practitioners who had previously  

not taken psychosomatic medicine seriously began to realize 
that psychosocial support was needed in order to enable 
patients to endure the hardly tolerable side-effects and con-
tinue with the therapy. This led to the creation of psycho-onco- 
logy, which aimed to improve the wellbeing and quality of life 
of patients and as a result to potentially increase their chances 
of recovery. However, belief in the concept of a “cancer per-
sonality” is still widespread among the general public and it 
often carries – unbeknown to them – the “cultural baggage” 
described in this article. 

In the medical research field, psychoneuroimmunology – which 
was established during the 1970s – questions the role of 
the psyche in a new way. The purpose is to find out how the 
interplay between the psyche, nervous system and immune 
system(s) works. It seems plausible that such interrelation- 
ships can influence the progress – and possibly also the  
development – of cancerous diseases. This approach is con-
gruent with general cancer research, which is currently working 
intensively to find out how the body’s own immune system  
can be activated in a targeted way for the treatment of can-
cerous diseases, or be given additional support through the 
introduction of specific antibodies. The first medications of  
this type have already been approved. Even so, it remains entirely  
unclear whether this method will be successful in the long term. 
However, this is not a question that can be answered by looking 
back at history. Rather, history shows how public discussion 

and attitudes towards the body and role models influence research, and 
how in turn, the concepts of disease that are created in the medical field 
not only produce treatments, but also have an important impact on the way 
in which sick people are perceived and treated in society.
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PlAnts For Power

FOCUS

Both food and fuel: while grains of barley  
and other cereals are regularly processed into 

food, the leftover straw or stubble can also  
be used to produce second-generation biofuels.
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Second generation biofuels could solve the food versus  
fuel conflict, because the energy crops involved do  
not need to be cultivated on arable land specifically reserved 
for them, which would then no longer be available for  
food production. Researchers around the world, including  
Ferdi Schüth, Director at the Max Planck Institute  
für Kohlenforschung, and Walter Leitner, Director at  
the Max Planck Institute for Chemical Energy Conversion,  
are working on the production of both economically  
viable and low-emission biofuels.

Fuel 
 From strAw  

And  
stuBBle

TexT: ralph diermann
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it took nature millions of years to create the raw material 
that allows us almost unrestricted mobility, namely 
crude oil formed from dead marine organisms  
buried under sedimentary rock where they were  
exposed to high pressure and high temperature over a  
vast period. so fuels, such as gasoline or diesel, are like 
a greeting from the deep history of the earth. 

But this process can also be accelerated: refineries are 
producing high-quality biofuels that are similar to 
gasoline and diesel from rapeseed, cereals, corn, 
sugar beet and sugarcane. these fuels can therefore 
be used in contemporary combustion engines with-
out having to fundamentally change the engines. Bio-
fuels can be distributed via the existing network of 
gas stations. Because their energy density is almost 
as high as that of fossil fuels, motorists can get about 
the same number of miles to the gallon. But, above all, 
they are much more climate-friendly than their fos-
sil fuel counterparts, because the combustion process 
within the engine only releases the same amount of 
carbon dioxide as the plants had previously seques-
tered. Yet biofuels are by no means climate-neutral, 
because the cultivation and processing of the crops 
produces greenhouse gases.

Biopetroleum for fuel and 
chemical raw materials 

those of us currently filling our tanks with alternative 
fuels, such as biodiesel or bioethanol – whether in 
a pure form or as an admixture to gasoline (“e10”) 
or diesel – are filling them with so-called first-gene- 
ration biofuels made from grain or seeds. what 
this means, however, is that these biofuels stand in  
direct competition with food production. rapeseed, 
for example, can be used to produce both a fuel and 
a healthy edible oil. According to the Agency for re-
newable resources (Fachagentur nachwachsende 
rohstoffe – Fnr), 800,000 hectares of energy crops 
are currently being cultivated for fuel in Germany, 
which corresponds to seven percent of the coun-
try’s total arable land. Given the continuously expan- 
ding global population and the scarcity of agricultu- 
rally usable land around the world, the production 
of first-generation biofuels is resulting in a so-called  
fuel-food conflict, a good reason for researchers 
around the world, including scientists at various max 
Planck institutes, to be working on biofuels that can 
be produced from other organic materials that are 
not suitable as foodstuffs. the objective is to defuse 
the fuel-food conflict by expanding the biomass sup-
ply for climate-friendly fuels, whereby the resear- 
chers are planning to use as many biomass components  
as possible. their current focus is on lignocellulose, 

FUel FrOm biOmaSS
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Biomass is crushed and 
dried to obtain liquid 

fuels from straw or 
waste wood. with the 

aid of oxygen, it is then 
converted into synthesis 

gas, which primarily 
consists of carbon 

monoxide and hydrogen. 
After removing any 

impurities, the synthesis 
process produces liquid 

hydrocarbons which can 
then be used as fuels.
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which forms the structural framework of plants and 
consists of cellulose, hemicellulose and lignin. its 
high proportion of carbon and hydrogen makes it an 
attractive raw material for alternatives to gasoline 
and diesel, which are nothing more than hydrocar-
bons. however, it can also be used to produce the sub-
stances from which chemical products, such as plas-
tics, can be made. either straw or agricultural waste 
can be used as raw material for both applications. the- 
oretically, the straw (or stubble) alone that is leftover 
in Germany each year could cover up to three per-
cent of the country’s primary energy demand.

second generation biofuels can be produced in various 
ways. in the so-called Biomass to liquids (Btl) pro-
cess, the biomass is first subjected to heat to produce a 
synthesis gas consisting mainly of hydrogen and car-
bon monoxide, but which also includes sulfur and ni-
trogen compounds (the latter have to be removed, be-

cause they hinder further processing). the synthe-
sis gas is then processed to form liquid hydrocarbons, 
for example by using the Fischer-tropsch process, 
which was developed almost a hundred years ago to 
liquefy coal. crude oil refinement processes are then 
used to transform the resulting mixture of various 
hydrocarbons into biofuels. “this process,” explains 
Ferdi schüth, director at the max Planck institute 
für kohlenforschung in muelheim an der ruhr in 
Germany, “makes it possible to produce so-called 
drop-in fuels, which can be used in modern combus-
tion engines with no issues.” the Btl process is also 
suitable for almost any type of biomass.

the process does, however, pose a logistical challenge: 
due to its relatively low energy content as measured 
by volume, enormous amounts of biomass are re-
quired to keep a production plant running at full ca-
pacity. this requires countless truck deliveries to 

sawdust as a raw material: wood mainly consists of lignocellulose, from which both biofuel  
and raw materials for the chemical industry can be derived.
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mixing makes all the difference: Ferdi schüth and his team are working on making biofuels more  
competitive. in the laboratory, the researchers are searching for ways to use biomass not only to produce  
fuel but also costly raw materials for the chemical industry.
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bring sufficient straw and other biomass from the 
field to the production plant. this problem can be 
solved through a spatially separated pyrolysis pro-

cess carried out upstream of the syn-
thesis processes. Among other things, 
a so-called pyrolysis or bio-oil, con-
sisting of various oxygenated organic 
compounds and water, is produced;  
which contains around three quarters 
of the energy content of the biomass, 
with a significantly reduced volume. 

“the bio-oil,” schüth explains, “is 
then transported by tanker or train to 
the Btl plant, where it is processed 
in the standard manner.” however, 
this detour via the pyrolysis produc-
tion process is not only attractive in 
terms of logistics; it also enables re-
fineries to use the bio-oil to produce 
other chemical raw materials in addi-
tion to fuels.

enzymatic processes offer an alter-
native to the Btl concept. “these 
involve breaking down the biomass 
following a mechanical pre-treat-
ment with the aid of special enzymes,” 
schüth explains. the challenge is to 
separate the lignin from the cellu-
lose and hemicellulose, the latter of 
which can be fermented into ethanol. 
Biomass can also be chemically con-
verted as an alternative to the enzy-
matic process, which enables the pro-
duction of a wider range of potential 

fuel components, such as furan derivatives. one of 
the benefits of ethanol and furans is that they burn 
more cleanly than such things as Btl fuels.

According to a study by the German environment 
Agency (uBA), second-generation biofuels could 
provide between 13 and 19 exajoules of energy glob-
ally by 2050. this is still far from enough to cover the 
entire mobility energy requirement, which the uBA 
estimates will be between 100 to 179 exajoules world-
wide by 2050. however, in terms of climate protec-
tion within the transport system, they are a neces-
sary adjunct to electric vehicles and other alternative 
fuels. 

work on biofuels by researchers in science and industry 
has already come a long way: major proof of concept 
plants for both Btl and enzymatic processes demons- 
trate that, from a technical perspective, these pro-
cesses work well in principle. Yet the high costs in-

volved are still an issue. “currently,” says schüth, 
“all of these processes are still far too expensive for 
large-scale commercial use.” 

the purification of the synthesis gas from sulfur and ni-
trogen compounds in the Btl process, for example, is 
what drives up the cost. in the enzymatic processes, 
which themselves are anything but trivial, it is the en-
zymes in particular that are costly. the same applies 
to the chemically-based decomposition of biomass. 
nor is the integration of these enzymatic and chemi-
cal processes into existing biorefinery processes par-
ticularly easy. “the main thing we need in this con-
text,” schüth explains, “is to find the optimum ba- 
lance between the production of fuel and chemical 
products.” 

so there is still a lot to be done by science and indus-
try experts as well as researchers at the max Planck 
institutes, some of whom have been researching bio-
fuels for many years. the max Planck institute für 
kohlenforschung, for instance, is currently working 
on synthesis methods for refining bio-oil produced 
by biomass pyrolysis. “we want to help refineries to 
be able to produce rather costly chemical raw materi-
als and fuels from bio-oil in the right ratio in an eco-
nomically viable manner,” says schüth. in addition 
to water, bio-oil contains various compounds of car-
bon, hydrogen and oxygen, such as carboxylic acids, 
aldehydes and phenols. Processing the bio-oil into fu-
els and chemical raw materials requires the targeted 
removal of individual oxygen atoms from the com-
pounds, which is where the max Planck researchers 
come in: they are trying to find catalysts that enable 
such a selective deoxygenation, while minimizing the 
energy needed to achieve it. 

Fewer pollutants 

researchers at the institute have also developed a novel 
mechanochemical process which involves grinding 
cellulose in a ball mill to break it down. this process is 
faster than conventional methods and generates fewer 
worthless by-products. “however,” schüth cautions, 

“we have to be honest about the fact that nobody could 
currently apply this process in a commercial setting 
given the current market situation.”      

if the biopolymers are first split from the biomass and 
then assembled almost at will into new molecules for 
the production of second-generation biofuels, then 
it may also be possible to tackle another problem 
for which road traffic is repeatedly criticized, apart 
from its poor co2 performance, which is the pollu-

SUmmarY

whereas biofuels from plant 
waste such as straw do not com-
pete with food production, they 
are still too expensive.

Biofuels are already being pro-
duced in pilot plants using either 
the biomass-to-liquids process or 
enzyms, and could cover around 
one tenth of the global energy 
demand for transport.

max Planck researchers are 
attempting to make the use of 
lignocellulose more profitable, by 
using it to produce not only fuels 
but also rather costly basic mate-
rials for the chemical industry 
among other things.

Altering their molecular compo-
sition can reduce both soot and 
nitrogen oxide emissions from 
biofuels. in the case of fossil 
fuels, the emissions of either one 
of these pollutants can only be 
reduced at the cost of increasing 
the emissions of the other.
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tion mainly of city centers primarily with particulates 
and nitrogen oxides. this is because the Btl process 
could potentially be designed to produce a low-emis-
sion fuel. 

researchers at a cluster of excellence at rwth Aachen 
university known as the Fuel science center, in 
which the max Planck institutes für kohlenfor-
schung and for chemical energy conversion and the 
Forschungszentrum Jülich are involved, are pursuing 
this basic concept. the researchers are particularly 
interested in the soot-nox conflict, which is a prob- 
lem with all fuels derived from pure hydrocarbons, 
whether fossil or renewable. the term refers to a con-
flict of objectives during combustion: the less oxygen 
is present during combustion, the more soot is pro-
duced in the form of harmful particulates. however, 
the more oxygen is present, the more nitrogen oxides 
(nox) the engine emits. “what this means,” explains 
walter leitner, director at the max Planck institute 
for chemical energy conversion in muelheim an der 
ruhr, “is that the levels of either one or the other pol-
lutant is increased in the exhaust gas.”

scientists at the Fuel science center have therefore 
modified the molecular composition of alternative 
fuels to reduce both soot and nox emissions. “we’ve 
more or less tailored these fuels to reduce emissions,” 
says leitner. not only are the researchers working 
with bio-based fuels, but also with synthetic, electri-
cally-based fuels. this fuel, which is also known as 
e-fuel, is made of carbon dioxide and hydrogen, which 
is produced through electrolysis using electricity  
from wind turbines, photovoltaic plants or hydro- 
electric power stations. with fuels such as these, dri-
vers do not have to sacrifice engine efficiency. “their 
molecular composition,” the researcher explains, “can 
even be beneficial, for example by increasing knock 
resistance and thus engine performance.” 

Yet the cluster of excellence’s focus is not only on fu-
els, but also on engines. “our colleagues from the en-
gineering sciences are modifying traditional gasoline 
and diesel engines to make the best possible use of 
the benefits of the optimized fuels, in terms of both 
emissions and performance,” leitner explains. the 
researchers are working, for example, on engines fed 
by different fuels from two tanks, one of which con-
tains a fuel that ignites particularly quickly therefore 
optimizing the combustion process, whilst the other 
supplies the actual operational fuel. But such concep-
tual engines are still far from being ready for series 
production. “this is not least due to the fact that the 
automotive industry is currently putting a lot of focus 
on other technologies,” says leitner. 

it is quite possible that this may change if policymak- 
ers were to create the framework conditions to make 

this type of innovative engine concept more attrac-
tive to the automotive industry. the same applies to 
the use of fuels from renewable sources. “they will 
only win out if the market rewards their use,” as Ferdi 
schüth of the max Planck institute für kohlenfor-
schung explains: “And that requires a new course 
from politicians.”

it is true that the Bundesimmissionsschutzgesetz (Ger-
man Federal immission control Act) already pro-
vides an incentive to bring eco-fuel to the gas pumps, 
as it obliges the fuel industry to continuously re-
duce the co2 emissions of its products. however, 
to meet this requirement, the companies primarily 
mix first-generation biofuels, which are significantly 
cheaper than those made of cellulose, with gasoline 
and diesel. this is primarily because the industry has 
been producing fuels from grains and seeds such as 
rapeseed or sugar cane on an industrial scale over a 
long period, which keeps costs down in spite of the 
expensive raw materials.

to bring second-generation biofuels to market, demand 
must be stimulated to make it worthwhile for the in-
dustry to build up the requisite production capacities, 
as the greater the production volumes, the lower the 
costs will be. But at least the eu stipulated in the most 
recent version of the renewable energy directive 
2009/28/ec that the proportion of “advanced biofu-
els in the transport sector” – meaning all fuels made 
of biological waste and residual materials – should be 
at least one percent by 2025 and at least 3.5 percent by 
2030. with a view to possible land use conflicts, the 
eu has limited the proportion of first-generation bio-
fuels to seven percent. Yet because second-generation 
biofuels may be counted twice, the actual maximum 
target for these is only half as high. 

“a CO2 tax on  
fossil fuels  
could help  

to negate their 
current cost  
advantage.”

Ferdi SchüTh
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however, rather than a quota, schüth and his research 
colleague leitner prefer a different instrument, 
namely co2 pricing. “An appropriately priced co2  
tax on fossil fuels could help to ensure that they 
lose their current cost advantage over more cli-
mate-friendly alternatives,” says schüth. leitner,  
however, points out that this would only apply if 
blending bio-based or even synthetic, electrical-
ly-based fuels is recognized as an emission-redu- 
cing measure, “which,” says leitner, “is not yet the 
case under current eu regulations. there is an ur-
gent need for action in connection with the forth- 
coming amendment, so that not only co2 emissions 
from engines, but also co2 binding during produc-
tion are taken account of. initially,” he continues, 

“biofuels and e-fuels do use co2 to enable the utiliza-
tion of renewable energy. they are, so to speak, put-
ting sunshine in the tank.”

https://www.mpg.de/podcasts/biooekonomie (in German)

BiomaSS-To-liquidS proceSS (BTl)
this term refers to the thermochemical processes 
by which biomass is converted into liquid fuels. A 
synthesis gas, i.e., a mixture of carbon monoxide 
and hydrogen, is first produced from the biomass. 
this is then used to produce liquid hydrocarbons, 
for example using the Fischer-tropsch synthesis 
process.

FiScher-TropSch SynTheSiS
originally, this process was developed to produce 
liquid fuels from coal, but it can also be applied 
to biomass. the process involves the synthesis of 
liquid hydrocarbons from carbon monoxide and 
hydrogen, which are obtained from the solid raw 
material.

lignocelluloSe
lignocellulose is the structural material of plants 
and consists of the polysaccharides cellulose and 
hemicellulose as well as lignin, a complex biopoly-
mer.

GlOSSarY

An alternative to the alternative: as walter leitner sees it, biomass is not the only source  
of climate-neutral fuels. he is also making progress with the conversion of co2 and hydrogen  
from renewable sources into hydrocarbons and other chemical products.
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TexT: CaTarina PieTsChmann

Field  
Factories

a tobacco plantation in italy. 
these plants could also be 
cultivated for the production of 
pigments or vaccines in the future.

Factories of the future will be growing 
in fields – at least according  

to Ralph Bock and his team at  
the Max Planck Institute of Molecular 

Plant Physiology in Golm.  
The researchers are hoping to  

turn plants into production sites for 
substances that would otherwise be 

difficult and expensive to produce. 
One plant that has recently  

been somewhat scorned could  
experience an unexpected  

renaissance in pursuit of this goal.

P
h

o
t

o
: 

M
a

r
k

a
/

U
n

iv
e

r
s

a
l

 i
M

a
g

e
s

 g
r

o
U

P
 v

ia
 g

e
t

t
y

 i
M

a
g

e
s

31

Max Planck Research · 1 | 2020

FOcus



electron microscope image of the alga Chlamydomonas reinhardtii. researchers want to produce  
the pigment astaxanthin in algae such as these (center: nucleus, black: chloroplast).

Plants don’t grow by fresh air and love alone. they can, 
however, produce an incredible variety of substances 
from comparatively few initial materials. carbon  
dioxide from the air, sunlight, plus water and mine-
rals – these are the ingredients from which plant cells 
produce carbohydrates in a process known as pho-
tosynthesis. these sugars form the basis for a vast 
range of carbonic substances such as cellulose, starch, 
fatty acids, amino acids, proteins, hormones, and  
vitamins in addition to various pigments, odorife- 
rous substances and toxins. Plants produce all of 
these substances for their own use, but they also inci-
dentally serve as food for humans and animals.

these “green factories” work extremely efficiently, su- 
stainably and without producing any environmen-
tally harmful waste. on the contrary, microorga- 
nisms decompose dead plant matter completely, and 
then reintroduce it into the natural cycles of material. 
all of these properties continue to make every chemist  
green with envy. But couldn’t we put the potential of 
plants to even better use for humans? 

this concept is known as “molecular farming.” one par-
ticularly promising approach is based on targeted ge-
netic modifications within the so-called chloroplasts, 
the organelles within the plant cells that are respon-
sible for photosynthesis. chloroplasts have their own 
genomes and are therefore able to produce some of the 
proteins used in photosynthesis themselves.

ralph Bock is hoping that these changes to the genome 
will enable his plants to produce substances that are of 
importance to humans. the pigment astaxanthin, for 
example,  is a substance produced by haematococcus 
pluvialis, a unicellular marine alga, and is a powerful 
antioxidant. Fish and crustaceans absorb astaxanthin 
via their food and use it to form red-colored muscle 
tissue. in contrast, farmed salmon have to be fed ex-
tra pigment, otherwise their meat remains white and 
cannot be sold at such a high price. as a food supple-
ment, astaxanthin is not cheap: it costs Usd 15,000 
per kilogram, because it has to be extracted from the 
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“Making biofuels  
from rapeseed is both 

economic madness 
and a sin against  
the environment.”

ralPh BoCk
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tobacco plant with the astaxanthin 
genes (left): the pigment formed 
within the chloroplasts gives the leaves 
a reddish hue.

algae using a complex process. Bock and his team 
are relying on tobacco plants instead: “if,” says Bock, 

“we integrate the metabolic pathway for the produc-
tion of astaxanthin into the plants, they’ll be able to 
produce it at a significantly lower cost.”

the quantity of astaxanthin produced by the leaves of 
genetically modified tobacco is visible at a glance 
from their orange hue. viewed under the microscope, 
it can be seen that this is due to the chloroplasts which 
are closely packed within each plant cell: whereas reg- 
ular tobacco leaves are green, due to the natural leaf 
pigment chlorophyll, the astaxanthin crystals color 
the leaves of the modified plants a bright orange. But 
why are the researchers using chloroplasts as biore-
actors instead of the entire plant cell? “after years of 
intensive research,” Bock explains, “we now know 
that non-native genes are easier to activate within the 
chloroplasts. in addition, they are only inherited from 
the female plant so the risk of modified genes being 
blown to neighboring fields via pollen and transferred 
to non-modified plants is minimal.” another major 
advantage is that each chloroplast contains up to 100 
copies of a given gene; at about 100 chloroplasts per 
cell, this adds up to 10,000 copies. “so we can pro-
duce much larger quantities of a given substance in 
this way,” says Bock. 

tobacco, which is already one of the model plants 
used in biology, is ideally suited to large-scale mole- 
cular farming; its genome can be altered more ea-
sily and quickly than that of other plants, for reasons 
that are still not understood. it also grows extremely 
quickly, which means that its leaves can be harvested 
several times a year. 

there is also a social aspect involved: because less and 
less tobacco is needed for cigarettes, many tobacco far- 
mers in the U.s. are struggling to survive. “Farmers  
in kentucky and virginia are very conservative,” 
Bock explains: “For them, the idea of switching to 
wheat, corn or potatoes is completely unthinkable.” 
so, existing tobacco acreage could continue to be used 
and the tobacco farmers would gain new opportuni-
ties for the future – a classic win-win scenario. But to-
bacco has another property that almost predestines it 
for use as a botanical bioreactor: its toxicity. the nico-
tine within the leaves is so toxic that just consuming a 
single leaf could kill a human being. “anyone hoping  
to produce pharmaceutically active substances in a 
certain plant species naturally wants to avoid these 
substances entering the food chain at all costs.” says 
Bock: “the risk of this is negligible if a plant is ined-
ible from the outset.” so, tobacco that contains asta- 
xanthin is unsuitable as fish food for farmed salmon, 
because the nicotine would have to be removed from 
the tobacco extracts. a much better approach would 
be to equip an organism that can be added directly to 
fish food with the relevant metabolic pathway, which 
is why Bock’s team are relying on red and green algae. 
Both are cheaper and can be added to the fish food in 
desiccated form.

artemisinin, an antimalarial drug, is one example of a 
medicinal substance derived from plants. it is derived 
from artemisia annua (sweet wormwood) an annual 
short-day plant grown in china, vietnam and some 
countries in southern africa. however, the plant only 
contains 0.1 to 0.4 percent of the active ingredient in 
its dry mass. even genetically modified plants devel-
oped by the researchers in golm contain no more 
than that. tobacco, on the other hand, produces 
much more biomass than the small wormwood plant. 
the greater yields would also increase the quantity of 
artemisinin per hectare that could be harvested many 
times over. 

tobacco is therefore the model that ralph Bock uses to 
test out his ideas. the researchers must first discover 
which metabolic pathway could best be repurposed for 
the production of the desired substance and how much  
of a given molecular intermediary step the plant 
could live without. “We mustn’t interfere with the  
metabolic processes too much, or the plant won’t 
grow enough.”
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scientists have collected vast amounts of data on the 
concentrations and activities of metabolic products 
over the years, so they know precisely what quantity 
of a given enzyme is required to enable the plant to 
produce a new substance. they therefore first have 
to couple the new genes with existing signaling struc-
tures, so-called promoters, which determine the  
extent to which the gene should be activated and tran-
scribed. next, they coat nanoparticles of gold with 
different variants of the relevant dna segments and 

“shoot” them at pieces of a leaf using a kind of pressure 
gun. a small quantity of these particles get lodged in-
side plant cells, which can then read and transcribe 
the dna to produce the desired proteins. the gene- 
tically modified leaf cells are then grown into com-
plete plants in culture media. 

certain technical questions are also of central import- 
ance: is there a simple and inexpensive way of en-
riching the substance and, if so, could it be scaled up? 
substance extraction can be lengthy and costly; the 
extent to which it is or is not worthwhile depends cru-
cially on the intended use of the molecule. “if, for ex-
ample, we can only isolate ten milligrams of a given 
substance from one kilogram of leaves at great ex-
pense,” Bock explains, “then of course it is not sui- 
table as a fish food supplement. the same quantity 
may however be sufficient for a highly effective can-
cer drug.”

it is easiest if the desired molecule can be produced in 
an edible plant. “tomatoes, for example, are ideal 
for health-promoting substances, such as vitamins, 
because you can eat them raw.” tomatoes are rich 
in the red pigment lycopene, the precursor to vita-
min a. vitamin a deficiency, which is prevalent in 
large parts of africa and south asia, impairs vision, 
increases susceptibility to infectious diseases and 
causes growth and fertility disorders. “Using a re- 
latively simple enzymatic conversion process,” Bock 
explains, “we can produce vitamin a from lycopene 
in tomatoes.” genetically modified plants could also 
be used to produce edible vaccines. to prevent a loss 
of efficacy, vaccines used for vaccination campaigns 
in the tropics usually have to be refrigerated for trans-
portation and storage. But tomatoes, for example, 
could be cultivated directly on site and could also be 
stored for a certain period. cereals, nuts or pump-
kin seeds could also serve as “factories” and natural 
packaging for future vaccines. 

a whole host of applications are conceivable. But the 
term “genetic engineering” still raises hackles among 
large sections of the population in many industria- 
lized nations. surveys suggest that 70 percent of eu-
ropeans are against so-called green genetic enginee- 
ring, which involves the genetic modification of fruit, 

vegetables and cereals, yet 90 percent of soya pro- 
ducts currently come from genetically modified 
plants. and another fact that most consumers are  
unaware of is that traditional breeding techniques  
often involve the use of mutagenic chemicals or  
radiation, which cause a large number of random  
mutations in the genome.

the situation is exactly the opposite when it comes to 
using transgenic plants to produce drugs: 70 per-
cent of those surveyed think that these green ge-
netic engineering applications are a good idea. ac-
tually, this is absurd, as scientists are unanimous in 
their opinion that inserting or modifying genes to 
protect a crop against insect damage or to make it 
more resistant to drought is harmless. if, on the other 
hand, a new, highly potent active substance is pro-
duced in a plant, researchers 
first have to clarify a number 
of safety issues, because, un-
der no circumstances must 
the substance be permitted 
to enter the food chain acci-
dentally. “one would think,” 
says Bock, “that would cause 
more concern. But this is the 
very point that the populace 
views least critically.” in his 
opinion, these contradictory 
survey results reflect the pri-
orities of europeans. “im-
manent health risks include 
stress, cancer, cardiovascu-
lar diseases and dementia and 
we need new drugs to tackle 
them. By contrast, we have 
no lack of food. africans, of 
course, view things quite dif-
ferently,” Bock emphasizes.

it is currently virtually impossi-
ble to carry out field experi-
ments with genetically modi-
fied plants in germany. “We have almost given up on 
that entirely,” says Bock. Whilst researchers can ap-
ply for the regulatory approval of the release of trans-
genic plants for research purposes, the relevant ex-
periments are barely feasible in practice. “although 
we were very candid about our experiments and in-
vited public participation, activists cut fences at night 
and destroyed the plants.” the experiment had to 
be repeated a year later under stringent surveillance. 

“that protected field experiment cost us eUr 30,000. 
after that, we decided only to perform release expe- 
riments when the expected knowledge gain would 
be so great that the expense would be justified.” as 
a result, Bock and his team usually only study their 

SuMMary

researchers are transforming 
plants into “green factories” 
by inserting genes into the 
chloroplast genomes.

Plants can use the new genes 
to produce such things as 
vaccines and vitamins. 

Because they can produce 
large quantities of any given 
substance, tobacco plants 
are particularly well suited 
to being used as “green 
factories.” But other crops as 
well as unicellular algae can 
also be converted into “green 
factories” in bioreactors.
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to insert genes into the cells,  
researchers bombard leaf cells with  
tiny, dna-coated nanoparticles.  
the leaf fragments then grow into 
complete tobacco plants with novel 
properties in special culture media.
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in ralph Bock’s view, genetically modified tobacco plants offer a more  
sustainable way to produce substances in the future.

GLOSSary

ChloroPlasTs
... are the organelles responsible 
for photosynthesis in plant cells. 
Whereas some unicellular algae 

have just a single chloroplast, 
more advanced plant species 

can have several dozen of them 
per cell. With the aid of the leaf 

pigment chlorophyll, chloro-
plasts convert solar energy into 
chemical energy, which enables 

them to form carbohydrates 
from carbon dioxide and water. 

chloroplasts evolved from 
microorganisms that were origi-
nally independent and therefore 
have their own distinct genomes. 

their ring-shaped dna mole-
cule, which contains around 100 

genes, is considerably smaller 
than the genetic material within 

the cell nucleus.

plants in the greenhouse. Whenever the results look 
promising, researchers from both the Max Planck 
institute of Molecular Plant Physiology and knowl- 
edge transfer of the Max Planck society seek part-
ners in industry to continue the development to mar-
ket maturity.

yet regardless of how environmentally friendly and sus-
tainable molecular farming may sound, could it not 
suffer a similar fate to that of plant-based biofuel pro-
duction? after all, the initial enthusiasm for energy 
crops quickly subsided once the world became aware 
of the consequences of immense cornfields and palm 
oil plantations, which included the replacement of 
species-rich meadows by monotonous arable land and 
tropical rainforest clearances. Whilst biofuels may be 
good for climate protection, they can have disastrous 
consequences in terms of biodiversity. “Bioenergy 
from the field” is something that even ralph Bock is 
skeptical of. “For example, in contrast with tobacco 
plants containing active substances, only a fraction of 
the biomass of rapeseed can be used. only a few liters 
of biodiesel are extracted from the seeds at huge ex-
pense and at the cost of severe environmental pollu-
tion. this is both economic madness and a sin against 
the environment.”

there is another reason that the area required for mole- 
cular farming is significantly smaller than that of en-
ergy and fodder crops: “We’ve done the math on ar-
temisinin,” Bock explains: “We would need a culti-
vation area the size of the city of Boston to cover the 
global demand with our tobacco plants.” not a great 
deal, when one considers the fact that this could be 
used to treat the more than 200 million people who 
become infected with malaria every year. transgenic 
plants are, therefore, an elegant and cost-effective al-
ternative for the production of active pharmaceuti-
cal ingredients compared with traditional pharma-
ceutical production methods, which often still rely 
on the use of petroleum, particularly because it is 
even possible to produce several active substances in 
parallel in a single plant, for example as combination 
vaccines. 

in one sense, molecular farming represents a return to 
the roots of medicine, as, for thousands of years, peo-
ple have been treating their ailments with natural ac-
tive agents. Medicinal plants have always been man-
kind’s pharmacy, and could now become so once again, 
but with the benefit of 21st-century know-how.

 
https://www.mpg.de/podcasts/biooekonomie (in German)
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Did you read the headline, remember  
a 1980s film, and ask what frontier 
research has to do with it? 

Like a VCR, your brain just generated a 
stream of memory-related sequential 
activity patterns. 

The Foundation supports Yingxue 
Wang at the Max Planck Florida  
Institute for Neuroscience; she tackles 
the question how the hippocampus 
processes information, when our brain 
integrates past and future into the 
present.
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TexT: JeanneTTe Goddar

An  
inventory  
of the fossil  
fuel Age

Black wasteland:  
open-pit coal mining  
has a massive impact  

on the landscape.

P
h

o
t

o
: 

M
A

r
k

 A
g

n
o

r
 /

 s
h

u
t

t
e

r
s

t
o

c
k

The changing climate necessitates 
saying farewell to oil and coal.  

But our society, and especially  
our ideals of freedom and  

prosperity, are heavily dependent 
on the use of fossil fuels. 

Researchers at the Max Planck 
Institute for the History of Science 
in Berlin are investigating just how 

strong this dependency is and how 
we can free ourselves from it.
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there are days in germany when the energy transition 
is on every channel. for example, on the day in Jan-
uary when the chancellor discusses life after the in-
ternal combustion engine with automobile industry 
leaders at noon and then meets with the Prime Mi- 
nisters of the four coal-producing states for the coal 
summit in the federal chancellery in the evening. 
two meetings that make it clear: there’s much more at 
stake than just oil and coal and billions of euros. tens 
of thousands of jobs, structural policy, the already  
sensitive relationship between east and West and 
deeply rooted traditions are also affected.

if you ask Benjamin steininger from the Max Planck 
institute for the history of science, fossil resources 
have an even greater impact on our world than such 
days make it seem: “We live in cities that can only 
be reached in motorized vehicles, we wear goretex 
and nylon, we use artificial fertilizers in our food pro-
duction and we rely on drugs – all based on oil, gas 
and coal. from both a concrete and an abstract view-
point, our lifestyle is affected by fossil resources in 
ways in which we are only dimly aware.” steininger 
adds that even a sociopolitical achievement such as 
the abolition of labor by children and workers without 
rights became possible only when and because their 
tasks were taken over by machines powered by fossil  
fuels. fundamental modern concepts such as indi-
vidual freedom, prosperity and progress have also  
developed alongside the technical system of utilizing  
fossil fuels. 

But this is not an appeal to cling to the mass combus-
tion of resources that is harmful to the climate. in-
stead, it is a call to recognize that it’s not enough to 
switch to electric motors and say goodbye to plastic 
bags. steininger demands – and promotes – a study 
of the intangible heritage of our fossil fuel-based mo-
dernity that has been largely ignored until now: “for 
two centuries, fossil resources have been pushing the 
limits of technical feasibility and with them our un-
derstanding of growth, of freedom, and our desires.” 
together with Alexander klose, steininger is cu-
rating an exhibit on petro-modernism at the kunst- 
museum Wolfsburg and is producing a cultural  
atlas of oil, which was also the source for the image 
on this page. “you can’t just leave a house you’ve been  
living in for 200 years,” he says. “We have to take an 
inventory.”

A small group is taking just such an inventory within a 
larger group at the Max Planck institute for the his-
tory of science. in addition to media and cultural 
theorist Benjamin steininger, the smaller group in-
cludes ethnologist gretchen Bakke and historian 
helge Wendt. the larger project group is called 

“knowledge in and of the Anthropocene” and takes 
a comprehensive approach to understanding the 

“For two centuries,  
fossil resources  

have been pushing the 
limits of technical  

feasibility and with  
them our understanding  

of growth, of freedom, 
and our desires.”

benJamin sTeininGer
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geological period influenced by humans. it is coope- 
rating in this project with the haus der kulturen 
der Welt in Berlin, which has been working since 
2012 on event series, publications and exhibitions 
about the presentation and understanding of all the  
processes with which people are significantly chan-
ging our planet. the Max Planck institute is inviting  
scientists to participate and is working on an  
Anthropocene curriculum and an “interdiscipli- 
nary culture of knowledge and education.” it was last  
involved in an event and research project on the  
Mississippi river over several months in 2019, also  
with Benjamin steininger.

historian helge Wendt is focusing on the resource that 
is still very much present in germany: coal. Wendt is 
studying a process around the world that was also an 
energy transition – that from wind, water and wood 
to the entire range of coal types from lignite to an-
thracite. “even the romans knew of hard coal,” ex-
plains Wendt. “But to this day, it is not really known 
what they used it for.” from the 16th century on- 
wards, coal was mined on a larger scale in a number 
of countries, ranging from china and india to eu-

rope. this mining began relatively simultaneously, 
even though the global flow of knowledge at the time 
was sparse. the greatest hurdle to mining that had to 
be overcome everywhere was that of groundwater. it 
was not until the invention of the steam engine that 
the mines no longer had to be laboriously drained by 
horses. the first steam engine, Wendt explains, was 
not at all the one invented by James Watt in 1769 and 
described in schoolbooks around world. A certain 
thomas newcomen had already invented a model, al-
beit not a very energy efficient one, in the early years 
of the 18th century. this engine first helped to supply 
water for the english royal family before being used 
for mine drainage.

contrary developments often 
occur at the same time

Wendt collects not only anecdotes but also knowledge: 
about combustion temperatures and the storage pro- 
perties of different types of coal, as well as about their 
implementation, such as in coking. this process re-
leases detrimental sulfur and phosphate components 
from the coal and produces coke, with the help of 
which metal smelters were developed on a large scale 
in the 19th century, leading to the german steel in-
dustry and later the automotive industry. even more 
interesting is a consideration of “all the byproducts 
and waste products that led to industries we hardly 
even think about when discussing coal.” for example, 
the coking process also produced coal gas, which was 
found to be useful for illuminating factories, homes 
and streets, and coal tar laid the foundation for the 
paint and pharmaceutical industries. it is also largely 
forgotten by the public today that the acronym BAsf 
stands for “Badische Anilin- & soda-fabrik” – ani-
line is a byproduct of coal processing. 

starting from all these somewhat hidden uses for coal, 
helge Wendt rolls back history, as it were, and asks 
in each case what could have been used instead. And 
consequently: “can coal be replaced everywhere? 
What can or should we do without? And is it conceiva- 
ble – as a parallel to the energy transition towards 
coal – that today’s shift towards renewable energies 
will also lead to useful byproducts?”

Benjamin steininger explains that when considering  
the key resources of modern culture and history, it is 
just as important to focus on the chemical processes 
resulting from them. his research therefore takes 
him to both the Max Planck institute for the history 
of science and the unisyscat cluster of excellence 
at the technische universität Berlin, which is dedi- 
cated to the contribution of catalysis to a more su- 
stainable chemical industry.

oil production in 
1932: because the  
tanks of the 
production plant in 
Zistersdorf in lower 
Austria were not large 
enough to contain  
the escaping oil,  
workers directed  
the excess into  
hastily-dug pits.  
this image illustrates 
just how much the 
methods of handling 
crude oil have 
changed in europe.
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“curse of the black gold”: with this title,  
photojournalist ed kashi documented the 

negative effects of oil production in nigeria on 
people and nature. on this page:  

a woman in the niger Delta cooks food  
in the heat of a gas flare. the pollutants from 

the flares cause enormous health problems.  

right: over 7200 kilometers of oil pipelines  
cut across the country and many cities.  

Mangrove forests are often cleared to make  
way for them.
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Dependent on coal and oil:  
a transition to sustainable  

material cycles is also necessary  
in the chemical industry.
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“in the case of oil, it is not a black natural substance that 
has determined our history. rather, it is a substance 
that has seeped into every aspect of our lives through 
chemical reactions,” explains steininger. this is es-
pecially the case in germany, a country which has 
hardly any raw materials, but a tremendously strong 
chemical industry. if the social sciences and hu-
manities are essential for a successful energy tran-
sition, wouldn’t it be good if this also became com-
mon knowledge in the chemical research industry? 

“certainly,” answers steininger, “because that would 
mean accounting for these long-term effects from the 
start and thinking in terms of sustainable cycles of 
both energy and materials. that would be a radically 
new innovation.” 

the Max Planck society has been implementing such 
approaches for a number of years now. scientists 
from the Max Planck institutes for the history of 
science and for chemical energy conversion regu-
larly combine their perspectives and work on com-
mon agendas. shortly after the kickoff event, Direc-
tors Jürgen renn (history of science) and robert 
schlögl (chemical energy conversion) published a 
joint manifesto on the energy transition in April 2017. 

this states with a directness that 
is atypical for scientists: “in both 
climatological and geopolitical 
terms, now is the right time to un-
dertake a massive transformation 
of the system.” 

now, almost three years later, at 
least a deadline has been set for 
the exit from coal. After years of 
tough negotiations, the aforemen-
tioned coal summit in the fed-
eral chancellery succeeded in de-
ciding on a deadline for the end 
of production within germany: 
2038. however, many climatolo-
gists say this is far too late, with  
a bluntness that is no longer so  
unusual today. 

the good news: there are many 
encouraging approaches for the 
more sustainable use of resources. 
this is pointed out by ethnologist 
gretchen Bakke, who is involved 
in the Anthropocene project 

through a guest professorship at the humboldt uni-
versity of Berlin. she has achieved a certain degree of 
fame in the u.s., and was only recently directly at-
tracted to germany – and thus to a place where great 
importance is attributed to climate research. she was 
conducting research in Quebec, canada until 2018. 
she recently wrote a book that Bill gates put on his 

top 5 book list: “the grid,” meaning the power grid 
in the u.s. in addition to establishing that this grid is 
(dis)organized by an incredible number of 3600 util-
ity companies, Bakke acquired insights that she can 
now apply in europe. of these, a key one is that there 
are many, often contrary, developments that occur 
simultaneously, and these are not always consistent 
with common expectations. for example, sunny flo- 
rida uses hardly any renewable energy – while wind  
energy supplies 50 percent of the power to the cur-
rently republican state of iowa. Bakke: “What is 
interesting for me is when change takes place, and 
where: which culture, which values and which incen-
tives promote or prevent transformation?”

she is therefore searching for dialog partners in politics 
and science, as well as in civil society, but she also 
deals with questions that, as she says, “are increa- 
singly also being aired in the elevator: why do peo- 
ple use cars instead of trains, trains instead of cars, 
planes instead of trains? the fact that these discus-
sions are even taking place is a sign of change,” she 
explains: “there are always pioneers, and there are 
always areas where there does not – yet – seem to be 
any progress.” she also brought with her an Ameri-
can example of the effect pioneering can have: “Just 
ten years ago, the idea of using the sun as a source of 
energy was still considered absurd in the u.s. – that 
was something for hippies or germans. today, solar 
energy is slowly but surely spreading in the u.s. as 
well.”

the ethnologist points out that essentially, there is not 
one energy transition, but two – one towards rene-
wable energy and another away from fossil fuels. this 
soon becomes clear when she considers less obvious 
innovations, such as the production of cement and 
steel by more climate-friendly processes that release 
less co2. “it’s technically possible,” she says, “but  
political support is necessary for such products to  
become marketable – including approaches that 
make previous technologies less attractive.” now po-
litical solutions such as the coal compromise always 
take time – just like the construction of factories and 
changes in production. Bakke therefore sums up her 
findings as follows: “change is happening. Whether 
it’s happening fast enough, i can’t say.”

https://www.mpg.de/podcasts/biooekonomie (in German)

SUMMARY

the last energy transition, in 
which water, wind and wood 
were replaced by coal, shows 
that such a transition has 
many side effects. 

today, coal and oil are not 
only an important source 
of energy, but also form the 
basis for countless chemically 
produced substances and 
materials. thus the chemical 
industry will also have to 
undergo a reorientation. 

in addition to politics, the 
present energy transition 
is also affected by factors 
such as culture, morals and 
convictions.
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NeaNderthal

the neanderthal 
in us

traces of  
stone-age  
encounters

since neanderthals never lived in 
africa, they did not come into contact
with the modern humans who emerged 
in africa. it was not until after leaving
the african continent that modern 
humans encountered neanderthals  
in the Middle east and europe and 
reproduce with them. Varying degrees  
of genetic traces from such encounters 
can still be found today in the genome  
of people outside africa.
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Bush instead of tree

the human family tree is not so much  
a tree with a single trunk, but more  
a bush with many branches. for many 
thousands of years, several lines of 
descent existed simultaneously, which 
intermingled several times.
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ModerN huMaN

the legacy of neanderthals

neanderthals and modern humans exchanged genetic  
material: on average, people living today carry between one 
and two percent neanderthal dna. to date, 40 perecent  
of the entire neanderthal genome has survived in modern 
humans. neanderthal genes influence the development  
and function of many different organs. the testes are an  
exception, where the neanderthal versions of genes  
are less active.

extrinsic letters in 
the genetic code

the genetic code of modern humans
consists of 3.2 billion letters. this 
corresponds to 436,860 a4 pages in
10-point writing. stacked on top of
each other, this would amount  
to 52 meters, about the height of a 
utility pole. the mixing with neander-
thals has led to the alteration of 31,000
letters in the human genome. com-
bined on a4 pages, this stack would
be 0.6 millimeters high.

abc abc abc abc abc

52 m
436,860 a4 pages
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More than 1,600 years ago, the famous theologian 
Augustine posed the question of what God may 
have been up to before creating the world. His 
answer was both simple and surprising: “Be-
fore God made heaven and earth, He did not- 
hing.” This actually agrees pretty well with the 
Big Bang theory that cosmologists use to de-
scribe the beginning of the universe. Before the 
Big Bang, nothing existed, neither space nor time. 
Our current knowledge of physics enables us to 
describe all the processes that started within the 
hot fireball about one billionth of a second after 
the Big Bang. Whatever happened before that is 
beyond our knowledge. And the actual Big Bang? 
It’s a “singularity” that both pillars of modern 
physics – the theory of relativity and quantum 
physics – fail to explain.

But what if there never was a Big Bang? Could our 
universe have originated from a precursor? Anna 
Ijjas at the Max Planck Institute for Gravitational 
Physics (Albert Einstein Institute) in Hannover, 
Germany is breathing new life into this age-old 
cosmological model.

You have to be a fast walker to keep up with the lively 
researcher as you follow her along the corridors 
of the Institute to her office. The office itself is 
still sparsely furnished with little more than a 
laptop on the desk. The janitor stops by briefly to 
check on something. Anna Ijjas has only been in 
Hannover since early September 2019. She is one 
of the first nine group leaders of the Lise Meit-
ner Excellence Program recently established by 
the Max Planck Society. She was selected out of 
nearly 300 candidates from 42 countries.

With the Lise Meitner Excellence Program, the 
Max Planck Society intends to increase the num-
ber of female scientists in leadership positions 
with the goal of identifying future female Direc-
tors for the Society. Within five years, Lise Meit-
ner Excellence Group Leaders are guaranteed 
participation in a tenure procedure for an associ-
ate professorship (W2). Upon positive evaluation, 
they will be permanently granted the W2 posi-
tion with group resources. The selection process 
was tough, and the final decision for Anna Ijjas 
offers insights into the current situation in basic 
research. The scientist had previously spent sev-
eral years at Princeton University. “Research in 
the U.S. is very conservative,” she says. “Junior 
scientists there often follow well-trodden paths.” 
Ijjas credits the selection committee of the Lise 
Meitner Excellence Program for having con-
sciously chosen a candidate who embraces a more 
unconventional approach.

THE PHILOSOPHER 
Of THE BIG BOUnCE
Humankind has always been fascinated by the 
mythical concept of a cyclic universe that ends in 
a cosmic conflagration and is then reborn. Mod-
ern Big Bang theory that suggests an infinitely 
expanding universe rules out this possibility. But 
has the final word been spoken on the issue? 
Anna Ijjas investigates this fundamental question 
at the Max Planck Institute for Gravitational  
Physics in Hannover.

TexT: Thomas Bührke 
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Unconventional: Anna Ijjas is taking an unorthodox approach to investigating  
the origins of the universe at the Max Planck Institute for Gravitational Physics.
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However, in the field of cosmology – the study 
of the origin and evolution of the universe – it 
seemed that much of the science had already 
been settled. “Theorists made great strides from 
the 1970s to the 1990s,” says Anna Ijjas. With 
string theory, a comprehensive description of all 
forces of nature appeared to be found. And the 
hypothesis of an inflationary universe promised 
to solve all the problems associated with the Big 
Bang cosmology.

Inflation is an integral part of today’s Big Bang cos-
mological model. It describes a rapidly acceler-
ating expansion of the universe beginning right 
after its birth. Subsequently, the universe con-
tinued to expand at a decelerating rate. “To-
day many theorists are convinced that we have 
come very close to the big answers and that we 
only need to clarify a few more details,” says 

Ijjas. However, she has a completely different 
take on the situation. first, we know next to not- 
hing about 95 percent of the universe: dark matter  
and dark energy remain great mysteries. String 
theory is still unable to provide any concrete pre-
dictions that can be tested by astronomical ob-
servations or physical experiments. And the the-
ory of inflation has so many flexible parameters 
that it can be adjusted to fit nearly any observa-
tions. “Andrei Linde, one of the founders of the 
theory, likes to say that there will never be an ob-
servation that could be used to refute inflation,” 
says Ijjas. “It would be pure arrogance to claim 
we have already figured out nearly everything. 
Quite the opposite - we need new ideas.”

The path to this insight was long and by no means 
a straight one for the researcher. However, she 

never lost sight of her goals. Anna Ijjas was born 
in a small town in Hungary in 1985. Her father 
was a physician and knew a German who gave 
private lessons. So Anna began to learn German 
at the age of five. Later, while at high school in 
Budapest, she went to Bavaria for two months as 
part of a student exchange. After graduating, it 
was clear to her that she wanted to study abroad. 
But she did not agree with her parents’ wish for 
her to become a lawyer. Instead, she enrolled 
at Ludwig-Maximilians-Universität to study 
mathematics and the philosophy of religion in 
Munich, with the goal of eventually becoming  
a high-school teacher. Later, she also added 
physics to her curriculum.

Upon completing her undergraduate degrees, Ijjas 
concentrated her efforts on the natural sciences 
and obtained a doctorate in philosophy. The title 

of her thesis was inspired by an aphorism credi- 
ted to Einstein: “The Old One with the Dice: 
On the Metaphysics of Quantum Mechanics.” 
There, she maintained that an interdisciplinary 
dialog between science and religion is both pos-
sible and fruitful. At first, she tried to unite both 
fields, especially in conversations with friends. 
now she regards them as two realms that have 
little to do with one another: “Science and reli-
gion can coexist,” she says. 

At the time, she was unsure whether she was good 
enough to become a researcher. But then she 
was encouraged by her mentor, Harald Lesch. 
Armed with a scholarship, she went to the U.S. 
and sought out two particular scientists as men-
tors who are known for their creative ideas. One 
of them, Paul Steinhardt, had made a significant 

“it would be pure arrogance  
to claim we have already figured out  

nearly everything. Quite the  
opposite – we need new ideas.”
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Probing the heavens:  
the Simons Observatory, 
a project in which Anna 
Ijjas participates, is 
under construction in the 
Atacama Desert in Chile. 
These telescopes could 
answer the question  
of whether or not we live 
in a cyclic universe.
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contribution to the development of the infla-
tionary paradigm. In 2002, though, Steinhardt 
surprised his colleagues with an alternative hy-
pothesis that assumes a cyclic universe. This  
ekpyrotic universe forgoes a Big Bang out of  
nothing and without space and time. With the  
term “ekpyrosis” or “conflagration,” Steinhardt  
revived old myths of the world ending in a  
fiery catastrophe and being reborn from the 
ashes.

Inflation requires very  
special initial conditions

Since then, Anna Ijjas has had increasing doubts 
about inflation theory. In her opinion, the the-
ory has two critical weaknesses: on the one hand, 
it necessitates very special initial conditions, 
and on the other, the theory leads to the claim 
that an infinite number of universes are created, 
each with different properties. One of these is 
our universe.

“What bothers me about this is that we cannot go on 
to explain the origin of these properties,” says 
the Max Planck researcher. Everything is possi-
ble, and physics can’t even predict what is proba-
ble. Ijjas refuses to accept this arbitrariness. She 
demands that physics meets a different standard: 

“I want to know why the world is the way it is.” 
In this, she pursues Albert Einstein’s enigmatic 
question: did God have any choice when He cre-
ated the world?

Ijjas addressed problems of the inflationary para-
digm in her second dissertation, which she con-
cluded by examining a new class of cyclic mod-
els. “These don’t need as much fine tuning,” she 
summarizes in her thesis. And she circumvents 
yet another unsolved problem of the Big Bang 
theory, namely the Big Bang itself. There is no 
explanation for how the universe could have 
originated from a quantum fluctuation based on 
the laws of physics as currently known to science. 
Both relativity theory and quantum physics fail 
under these circumstances. Most theorists try 
to get around this dilemma by seeking a unifica-
tion of the two theories: quantum gravity. Thus 
far, however, all attempts in this 40-year-long 
endeavor, including string theory, have failed. 

As a result, researchers are now trying out var-
ious other models.. “Although quantum gravity 
is essential for some problems in physics,” Anna 
Ijjas says, “our cyclic universe approach does not 
need it.”

In all the cyclic models, our world passed through 
a transitional phase: a previous universe had 
slowly contracted and expanded again. Ac-
cording to this picture, the Big Bang was actu-
ally a Big Bounce. “In that moment, space and 
time were in a state that can still be described 
by the laws as we know them,” says Ijjas. “To 
describe the Big Bounce, we only have to intro-
duce a new type of interaction between matter 
and spacetime.”

The cosmologist has produced key new results over 
the past three years. In one of her calculations, 
the previous universe contracted down to a size 
of 10-25 centimeters before it underwent the 
Big Bounce. This is only one trillionth of the di-
ameter of a proton, yet it can still be described 
with today’s physical laws. This model also ex-
plains all the issues associated with the original 
Big Bang theory which inflation failed to resolve. 
The Big Bounce scenario put forward by Anna 
Ijjas and her colleagues manages entirely with-
out inflation. It also accounts for dark energy, 
which otherwise has been difficult to accom-
modate, especially within string theory. Seen 
in this way, the cyclic universe has many advan-
tages. But does it describe reality? And how can 
we find out if it does?

In her first doctoral thesis, Ijjas had come to the 
conclusion that many physicists follow their 
personal preferences and world view more of-
ten than they would care to admit. Intuition as 
already invoked by Einstein plays a major role. 

“This applies to me as well,” she admits. “Howe-
ver, in the end, we have to be able to make an em-
pirical decision as to whether a theory is right 
or wrong.” The scientist follows karl Popper’s 
approach here. Strictly speaking, according to 
his philosophy of knowledge, theories cannot be 
proven experimentally, they can at best be fal-
sified. Those theories which survive empirical 
tests prevail in a selection process. “Dissatisfac-
tion with the theory of cosmic inflation in this 
regard has led me to conceive of the alternative,” 
says Anna Ijjas.
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She needs a strategy  
to be taken seriously  

at conferences

It’s not always easy for her at conferences with this 
unconventional cosmology – especially not as a 
woman who looks younger than she is. She was 
often not taken seriously. “People thought I was 
simply a student who had nothing to offer,” she 
recalls. She has no issues with objective criti-
cism but had to develop a strategy to even be no-
ticed. “I don’t want to give others the feeling that 
they are wrong; I just want to present my own 
standpoint without claiming to be the sole pur-
veyor of truth.”

Anna Ijjas enjoys fact-based discussions and re-
spects differing opinions. She lives for science 
and hardly has any time for hobbies. Running 
every day, an occasional evening at the opera 
or a hike in the mountains, is about all she has 

time for. She has learned to play the violin, but 
she has no opportunity to practise. She doesn’t 
own a TV, and after work, she often continues 
her calculations on the cyclic universe at home. 
And this model does actually offer the possibili- 
ty of falsification as stipulated by Popper. If an 
event as violent as inflation occurred, gravita-
tional waves would have to have formed. By con-
trast, the reversal in the cyclic universe was gen-
tler, without severe shocks in spacetime. Traces 
of this primordial phase should still be detecta-
ble in the cosmic background radiation.

This background radiation, which can be observed 
everywhere in the sky, is considered to be the 
oldest information in the universe. It formed 
about 380,000 years after the current expan-
sion started and exhibits subtle fluctuations that 
serve as seeds for the subsequent evolution of 
galaxies and galaxy clusters. Gravitational waves 
must produce a polarization pattern – a partial 
alignment of the waves in the background radia-
tion. In the spring of 2014, a report went around 

End and beginning:  
according to the Big Bounce model, the 

present universe developed from a  
predecessor. At the end of its existence, 

this predecessor contracted to  
a tiny volume that then rebounded  

to create our cosmos.
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the world in which researchers claimed to have 
measured exactly this polarization with the  
BICEP2 telescope. The proof for the inflation-
ary universe appeared to be at hand. However, 
this claim was later refuted by more detailed ana- 
lyses using data collected with ESA’s Planck 
space telescope: the measured polarization of 
the background radiation was caused by dust in 
the Milky Way galaxy. Since then, the search for 
this Holy Grail of cosmology has continued to 
gain momentum.

Anna Ijjas will be working with one of the new tele- 
scopes at the Simons Observatory in the Ata-
cama Desert in Chile. The project is financed by 
U.S. billionaire Jim Simons. With her latest re-
sults mathematically modeling the Big Bounce, 
Ijjas recently convinced him to continue sup-
porting her research even after her move to the 
Max Planck Institute for Gravitational Physics.  
This constitutes a unique exception, as the  
Simons foundation only supports projects in 
the U.S. “Jim prefers the theory of a cyclic uni-
verse for philosophical reasons,” says Ijjas.

The Simons Observatory could solve the ques-
tion of polarization within the next five to ten 
years. What if it were actually found, refuting 
the prediction of the cyclic universe? “According  
to Popper, this would be an ideal situation, be-
cause we would at least know what the universe is  
not like, and that alone would teach us a lot,” says  
Ijjas. In that case, she would have to turn to new  
ideas – something she has no problem doing.

Incidentally, on the tricky question of what God 
was doing before creating the world, the the- 
ologian Augustine quotes a colleague who had 
facetiously answered: “He was preparing Hell 
for those who pry too deeply into such great  
secrets.” Anna Ijjas will just have to hope that 
this anonymous philosopher was mistaken....

Lively debate:  
Anna Ijjas in discus-

sion with cosmologist  
Paul Steinhardt (cen-

ter) from Princeton 
University and Roman  

kolevatov, who is a 
PhD student there.
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Forschung 
LEICHT GEMACHT

research 
DOESn’T HAVE  

TO BE HEAVY. 

DownloaD the  

eMagazine for free!

The Max Planck Society’s magazine is available  
as an ePaper: 

www.mpg.de/mpr-mobile 
www.mpg.de/mpresearch



The fruit fly Drosophila 
melanogaster only grows 
to a size of two to three 
millimeters. Scientists use 
a brush to separate individ-
ual insects with differing 
characteristics.

TexT: Klaus Wilhelm

The MeThuSelah 
cockTail
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The fruit flies of Sebastian Grönke that 
made it into the tubes marked “rapa” 
have won the lottery. They reach an 
age of two months – an advanced age 
for flies – and are still fit and healthy. 

“rapa” stands for “rapamycin”, a drug  
that’s one of the most promising anti- 
aging substances of our time.

Flies exposed to rapamycin – up to now 
prescribed as an immunosuppressive 
drug following kidney transplant – 
don’t just live considerably longer, 
they also stay healthier. The Max 
Planck researchers can measure such 
improvement by means of a specially 
devised fitness test for flies: “When 
rapamycin is added to their food, 
they still perform at the same level at  
60 days old as they did when they  
were young,” Grönke explains.

in addition to a daily dose of rapamycin, 
their food contains two other drugs: 
lithium, known as a mood stabilizer 
to treat depression, and the drug tra-
metinib, which is used to treat can-
cer patients. “The triple cocktail ex-
tends the usual lifespan of the fruit 
flies by almost 50 percent,” explains 
linda Partridge, who heads the De-
partment of Biological Mechanisms 
of ageing at the Max Planck insti-
tute in cologne. The drugs have en-
abled some of the insects to live for 
as long as four months – the highest 
age ever attained through the admin-
istration of drugs. Typically, the flies 
die between two and three months  
of age.

on the strength of such results,  
Partridge is optimistic that such ad-
vances will also enable humans to re-
main generally healthy into very old 
age. “We won’t be able to do away 
with death,” she says, “but we can 
certainly reduce illness and infirmity 
in old age.” her life as a researcher 
has mostly been devoted to unravel-

ing how cells, tissues, and organisms 
age. She now heads research teams at 
the Max Planck institute in cologne 
and at university college london. 
numerous biological mechanisms 
are conserved across species, and 
that’s why scientists usually perform 
research on flies and mice. “Time 
isn’t on our side; life expectancy is 
continuing to rise in many west-
ern industrialized countries,” Par-
tridge says. it has been calculated 
that in 2060, there will be more than 
ten million people over the age of 80 
living in Germany. every fifth baby 
born today could live to be 100.

When it comes to aging, genes only play 
a minor role. “Their contribution to 
life expectancy is less than 20 per-
cent – perhaps even less than ten,” 
the biologist explains. environmen-
tal factors, individual behavior, and 
a person’s social and economic status 
are far more important. unhealthy  
habits such as overeating, seden-
tary lifestyle and smoking have been 
proven to reduce life expectancy.

Linda Partridge and her colleague  
Sebastian Grönke at the Max Planck  
Institute for Biology of Ageing in  
Cologne can’t promise eternal life – but 
they are at least discovering ways to 
lead a healthier one. The researchers’ 
findings in fruit flies and mice have  
revealed astonishing new insights into 
aging that will also benefit us humans.

Knowledge 
From
Biology & medicine
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experiments on different animal spe-
cies are continually revealing new 
ways in which the biological clock 
can evidently be turned back. Two 
years ago, for example, a discovery by 
Dario Valenzano, a colleague of Par-
tridge at the institute, caused a stir. 
he had found that fish fed micro-
organisms from the guts of younger 
fish of the same species live longer. 
in another study, colleagues in the 
u.S. discovered that replacing the 
blood plasma of older mice with that 
of younger animals had an astonish-
ing effect on the aging process.

in many animals, exercise and diet are 
the primary factors influencing the 
speed of aging. Mice that are allowed 
to consume only 60 percent of their 
normal diet live considerably lon-
ger and remain healthier than mice 
fed a standard ration. rhesus mon-
keys have also been to live longer  
under dietary restriction when the 
diet contains sufficient quantities 
of vitamins and minerals. in recent 
years, however, Partridge and her 
team have come to suspect that the 
key to living a longer and health-
ier life into old age isn’t calorie re-
striction; instead, it’s the particular  
nutrients in an animal’s diet. it is 
eating too many of these, they sug-
gest, that will reduce life expectancy 
and increase the risk of age-related 
diseases.

in the laboratory, Sebastian Grönke 
points to an ordinary-looking shelf 
lined with dozens of cans. These 
contain chemicals for the flies’ 
food. in a time-consuming process,  
Partridge’s colleagues in london de-
veloped a fly food with a chemically 
defined formulation. This allows the 
scientists to modify the diet of the 
flies at will. This enabled Grönke 
to discover which nutrients pro-
long lifespan and improve health in 
old age. Fruit flies fed on a diet high 
in protein and amino acids die ear-
lier. To compensate, the insects lay 
a large number of eggs. conversely, 

flies fed on a diet with less protein 
live longer. and this comes at the 
cost of reduced growth and lower 
fertility.

The scientists, however, wanted more 
detailed information. “our re-
sults show that not all amino  
acids are equally important. essen-
tial amino acids such as leucine, iso-
leucine, or valine are particularly 
important for longevity,” Grönke 
explains. essential amino acids are 
those that the body can’t synthesize 
itself; they have to be ingested with 
food. They regulate a signaling path-
way known as “Tor,” which is in-
volved in important aging processes 
in cells.

The researchers observed the same phe-
nomenon in mice. one study has re-
vealed that consuming lower quanti-
ties of certain essential amino acids 
can actually have a positive effect on 
health – including in humans. howe- 
ver, it’s still unclear whether this also 
results in longer life. The scientists 
also used the genome information of 
the fruit flies to define their dietary 
amino acid requirements. “This al-
lowed us to develop a specialized diet 
for fruit flies that contains neither 
too few nor too many amino acids,” 
says Grönke. “animals fed this food 
feel full earlier and therefore eat less. 
nevertheless, they grow faster, be-
come larger, and lay more eggs than 
other fruit flies fed with standard 
food. and, despite this, they live just 
as long,” Grönke explains.

reducing the quantity of essential 
amino acids has an impact on a net-
work of cellular signaling pathways 
known as the “iiT network.” This 
network is active in a wide range of 
organisms, from fruit flies to hu-
mans, and controls development, 
cell proliferation, growth, reproduc-
tion, and the stress response. The 
network includes “insulin/iGF-1” 
and “mTor” signaling pathways, 
each with a large number of differ-

The fruit flies in linda Partridge’s 
and Sebastian Grönke’s laboratory live 

in finger-length tubes sealed with a 
gas-permeable stopper.
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ent signaling molecules, the most 
important of which are iGF-1 and 
mTor. Flies and mice that have the 
modified genes for these molecules 
age more slowly and become genuine 
Methuselahs. like a precise sensor, 
the iiT network measures the nu-
trient status in the body and adjusts 
metabolic processes as required, 
based on the demand for and avail-
ability of food. reduced food con-
sumption evidently puts a brake on 
the activity of the network.

The drugs lithium, trametinib, and 
rapamycin also have an effect on va- 
rious signaling molecules of the iiT 
network, reducing its activity. each 

individual substance extends the 
longevity of the flies by an average 
of eleven percent. a combination of 
two of them increases life expectancy 
by around 30 percent, while all three 
increase life expectancy by nearly 50 
percent. at the same time, they com-
plement each other when it comes to 
reducing side effects. rapamycin on 
its own induces adiposity, while lithi- 
um appears to negate this.

Drugs that can slow down and promote 
healthy aging, it seems, are no longer 
a mere pipe dream. Metformin, used 
to treat diabetes, is another possibili- 
ty. its impact on life expectancy will 
soon be investigated in a large-scale 

study in the u.S. involving several 
thousand participants. People who 
are unable to prolong their lives even 
with optimal nutrition could bene-
fit from such drugs. Most of us, af-
ter all, find it difficult to stick to a di-
etary regimen for decades on end.

The researchers have also searched for 
other anti-aging candidate drugs. 
They trawled through a database of 
active agents with known effects and 
performed computer simulations to 
find out whether these bind signal-
ing molecules in the iiT network.

They soon discovered what they were 
looking for. a drug known as tane-

Fitness test for flies: only 
physically fit flies can climb 
up the tubes quickly. When 
the first ones have reached 
the top of the left-hand tube, 
the upper section is moved to 
the right, and the next round 
begins. Gently tapping the 
tube sends the flies back to 
the bottom and then they have 
to repeat their climb to the top. 
This procedure is repeated 
five times, until the fittest 
flies have reached the far right 
section.
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spimycin had already proven its po-
tential in the model organism most 
frequently studied by researchers on 
aging: the nematode Caenorhabditis 
elegans. it blocks the heat shock pro-
tein hsp90 and reduces the number 
of “senescent cells.” These are ma-
ture cells that increase in number in 
old age and emit substances that fa-
cilitate chronic infection. as a result, 
they contribute to diseases associ-
ated with old age, such as heart at-
tack and cancer. in young people, the 
immune system removes these cells. 
in the elderly, however, they are pro-
tected from destruction by precisely 
the hsp90 protein.

Tanespimycin is associated with severe 
side effects, however, and needs to be 
administered with caution. “even so, 
it might be feasible to combat old 
age-related diseases with short-term 
localized administration, such as 
in cases of macular degeneration of 
the eye, the commonest cause of age- 
related blindness,” Partridge ex-
plains. This prompted the resear- 
chers to investigate whether drugs tar- 
geting the iiT network might delay  
aging throughout the body, even 
though they are activated only in cer-
tain tissues. They analyzed whether 
the brain, muscle, gut, and adipose 
tissues of a fruit fly produce the same 
proteins when the iiT network is less 
active. “That clearly wasn’t the case, 
as we discovered. The various cell 
types respond differently,” Partridge 
explains. of the 6,000 proteins stu-
died, 2,400 are synthesized at differ-
ing levels in the brain, muscle, gut, 
and fat. The gut, for example, pro-
duces more enzymes that control the 
quality of protein synthesis when the 
iiT network is less active.

 “That local factor alone can prolong 
an organism’s overall lifespan,”  
Partridge explains. on the other 
hand, if the iiT network is sup-
pressed in a fly’s fat tissue, entirely 
different proteins are synthesized. 
These improve the quality of the 

“mitochondria”, the power genera-
tors of the cell, and, this was also suf-
ficient to extend the lifespan of the 
animals. The iiT network therefore 
controls various life-extending pro-
cesses in different tissue types.

 

external influences also have varying 
effects on different tissue types, de-
pending on age. For example, the 
Max Planck researchers put young 
and older mice on a restricted diet 

and measured the impact on life ex-
pectancy. in the young animals, the 
results were as expected. The mice 
on a restricted diet lived to a very 
old age and were still comparatively 
healthy even at an advanced age. in 
contrast, animals fed a restricted 
diet only later in life experienced lit-
tle or no benefit.

analyzing gene activation in various 
tissues showed that the liver adapted 
quickly to the new diet. By contrast, 
in adipose tissue, the researchers ob-
served a memory effect of the previ-
ous diet. activation of fat metabolism 
genes in the precursor cells of the  
actual fat-storing, adipocyte cells 
can be influenced by lifestyle in 
youth, but not later on. as a result, 
the mice that only began to fast later 
in life did indeed lose weight, but the 
genes in the adipose tissue remained 
active at a similar level to that of ani-
mals with a normal diet. in addition, 
the changes in the composition of 
lipids in old mice were less marked. 
The various lipid molecules have 
different functions: triglycerides, 
for example, are used by the body to 
store fat, phospholipids are compo-
nents of cell membranes, and choles-
terols act as signaling substances.

adipose tissue therefore has an impor- 
tant part to play in the body’s  
aging process. There, dietary habits  
chiefly affect the mitochondria. if 
the animals consume less food, these 
cellular power generators are pro-
duced in greater numbers – but only 
if the animals eat less early on in life. 
in the case of mice, “early on” means 
after just a few months, as a further 
study by the researchers in cologne 
has shown. This memory effect may 
be based on “epigenetic” alterations 
of genes, in which Dna is tagged by 
small molecular groups, switching 
genes on or off. in this way, environ-
mental factors can have a relatively 
rapid impact on genes, and their ef-
fects can even be passed on to the 
next generation.

SUmmAry

The iiT network has a major 
impact on how organisms age. 
Pharmacological and genetic 
inhibition of this cellular 
signaling network results in 
increased life expectancy.

Dietary restriction and 
reduced consumption of  
essential amino acids 
decrease the activity of the 
iiT network. Fruit flies  
and mice therefore live  
longer in laboratory tests  
when they are given a 
restricted diet.

a combination of rapamycin, 
lithium, and trametinib 
significantly increases the life 
expectancy of fruit flies.  
The drugs also reduce acti-
vity of the iiT network.

The adipose tissue possesses 
a type of memory for environ- 
mental influences and life-
style. For this reason, dietary 
modification in mice only 
extends life expectancy if it is 
implemented at young age.
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Studies in the u.S. have shown that 
some epigenetic changes are age-re-
lated. on the basis of around 350 
such Dna modifications, scientists 
can determine the biological age 
of a person with astonishing accu-
racy. The epigenetic clock ticks at 
the same pace in all the cell types 
studied – whether in cells that are 
continuously being regenerated or 
in those that originally developed 
in the embryo. The precise impact 
of these Dna modifications is still 
unknown.

Dietary restriction clearly has an effect 
on age-related epigenetic changes. 
it also stimulates lipid metabolism 
reprogramming. This protects the 
body from the harmful effects of 
fat deposition in the liver, as well 
as against insulin resistance – a 
typical sign of age-related, type-2 
diabetes.

if the results of the studies on mice are 
transferred to humans, it is clear 

that anyone who wants to live a long 
time needs to start early. “our re-
search shows that such dietary hab-
its need to be adopted at an early age. 
The foundations for a healthy old age 
are already laid in early adulthood,” 
linda Partridge explains.

a further discovery made in the labo-
ratory by the researchers in cologne 
might offer an incentive to start 
thinking about your own aging pro-
cess early on.

 Together with colleagues from leiden 
university Medical center in the 
netherlands, they took blood sam-
ples from tens of thousands of people 
and searched for molecules that indi-
cate the remaining lifespan a person 
is likely to have. Following exten-
sive analysis, the scientists identified  
14 biomarkers, including various 
amino acids, the ratio of “good” to 

“bad” cholesterol, fatty acids, and 
signaling molecules involved in in-
fections. initially, the scientists aim 

to employ these biomarkers in age 
research on animals and in clinical 
studies on humans. however, blood 
biomarkers may eventually help 
young people find out, with a high 
degree of certainty, whether they 
will suffer from certain illnesses 
in old age. Then everyone would 
be able to decide for themselves 
whether they should exercise more 
and eat a healthier diet, or whether 
they should even take preventive 
medication to improve their health 
in old age.

Maximum lifespan 
of a fruit fly

rapamycin

lithium

Trametinib
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ALL

ALL

ALL
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combination of rapamycin,  
lithium, and trametinib

LifespAn in dAys

100%100% 100% 98% 95% 82% 21% 18%100%

97%99% 83% 72% 56% 30%100%

98%99% 82% 62% 48% 20%100%

90%98% 72% 62% 48% 20%100%

64%84% 54% 28% 14%98%

probAbiLity of survivAL  
in percent

G
r

a
P

h
ic

: 
G

c
o

 M
e

D
ie

n
a

G
e

n
T

u
r

61

Max Planck Research · 1 | 2020

Biology & medicine



Signs in the heavens: in recent years, 
fast radio bursts coming from the 

depths of space have been detected 
by telescopes like the one at the 

Arecibo Observatory.
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tHe myStery OF  
tHe HeAvenly BurStS

TexT: HelmuT Hornung

the Parkes Observatory in Australia is a 
gigantic dish of metal mesh gazing at 
the sky. with a diameter of 64 meters, 
this radio telescope was once the  
largest fully mobile radio telescope in 
the Southern Hemisphere. It regis-
tered a very mysterious radio burst in 
2001, and nobody noticed it! It wasn’t 
until five years later that astrophysi-
cist Duncan lorimer and his student 
David narkevic stumbled upon the 
signature of the signal in the tele-
scope data virtually by chance. even 
then, the specialists couldn’t make 
sense of the phenomenon. But this 
was not the only “lorimer burst” to 
be discovered.

“we now know of more than a hundred,” 
says laura Spitler. Since march 2019, 
Spitler has headed a lise meitner 
research group on fast radio bursts 
(FrBs) at the max Planck Institute 
for radio Astronomy. Spitler has 
dedicated herself to these transient 
flickers in space for many years. In 
2014, an international team under her 
leadership discovered the first FrB 
in the northern Hemisphere in the 
constellation of Auriga. At the time, 
the astronomers were making obser-
vations in Puerto rico using the dish 
of the Arecibo Observatory. this 
dish, with a diameter of 305 meters, 
is constructed and supported in a 
natural depression and can only fo-
cus on a relatively small section of 
the sky.

“Statistically, only seven eruptions 
should occur per minute, dispersed 
over the entire sky. So it takes a lot 
of luck to align your telescope to the 
right position at the right time,” said 
Spitler after announcing her disco- 
very. the properties of the observed 

radio flash and the derived frequency 
of such events closely matched the 
data obtained by astronomers for all 
previously recorded bursts.

the findings did indeed confirm sta-
tistical estimates that about 10,000 
of these unusual cosmic phenome- 
na flare up somewhere in the sky  
every single day. this astonishingly 
large figure was reached by calcula- 
ting how much of the sky would have 
to be observed and for how long, in 
an attempt to explain the compara- 
tively few observations made to 
date.

the Arecibo observation also removed 
the last doubts about whether the 
radio bursts really come from the 
depths of the universe. After the dis-
covery of the first bursts, scientists 
had suggested that they were being 
generated way beyond the milky 
way. this was deduced utilizing an 
effect known as “plasma dispersion.” 
radio signals that travel a long dis-
tance through the universe collide 

A cosmic lightning storm is playing  
out all around us. At any given moment, 
somewhere in the sky, a burst of  
radiation flashes and then fades away. 
Only observable with radio telescopes, 
these bursts last one-thousandth  
of a second and are one of astro- 
physics’ greatest mysteries. Scientists 
rather doubt this is evidence of warlike 
aliens fighting “star wars” in the  
vastness of space. Experts have named 
them “fast radio bursts” – but where  
do they come from?
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with a large number of free elec-
trons in interstellar space. Plasma 
dispersion decreases the velocity of 
lower-frequency radio waves pro-
ducing a characteristic spread in the 
frequencies of the signal. the dis-
persion of the radiation burst dis-
covered at the Arecibo Observatory 
was three times larger than would be 
expected from a source within the 
milky way.

But where do the radio bursts come 
from? Are they really from aliens us-
ing huge light sails to propel space 
probes? this idea was originally put 
forward by Abraham loeb – a re-
searcher at the renowned institution 
of Harvard university no less – and 
was recently seized on by the me-
dia. But most astrophysicists believe 
the bursts have a natural source and 
have come up with diverse explana-
tions – all of them relatively bizarre. 
many of these potential scenarios 
involve neutron stars. neutron stars, 
only 20 kilometers in diameter, are 
the remnants of the massive explo-
sions, known as supernovae, of high-
mass stars.

matter is so densely packed in a neu-
tron star that on earth’s surface, one 
teaspoonful of it would weigh about 
as much as germany’s Zugspitze 
massif mountain. neutron stars ro-
tate rapidly around their axis, and 
some of them have exceptionally 
strong magnetic fields. explanations 
for FrBs have varied. they may be 
generated during supernovae them-
selves, or perhaps during the fusion 
of two neutron stars in a compact 
double system as the magnetic fields 
of both stars collapse simultaneously. 
Or perhaps a neutron star collapses 
still further to create a black hole and 
this generates a burst.

Such scientific scenarios initially sound 
plausible. However, they have one 
flaw: they predict the occurrence of 
only one radio burst in each event. 

“If the radio burst is generated 
during a cataclysmic event that de-
stroys the source, then we would ex-
pect to see only one burst per source,” 
says laura Spitler. Indeed, only sin-
gle bursts were observed in the years 
right after their discovery – until 
news of the first “repeater” burst, 

called FrB 121102, was reported on-
line in 2014.  “this disproved all of 
the models explaining FrBs as the 
result of a catastrophic event,” says 
Spitler.

FrB 121102 (which was also discovered 
at the Arecibo Observatory) was 
subsequently monitored by the re-
searchers using the very large Ar-
ray in new mexico. After 80 hours 
of observation time, they registered 
nine bursts and determined the 
source’s position to within one sec-
ond of arc. At this position in the 
sky, there is a permanently radiating 
radio source; optical images show a 
faint galaxy about three billion light-
years away. with a diameter of only 
13,000 light-years, this galaxy is a 
dwarf; the milky way is about ten 
times larger. “However, many new 
stars, and perhaps even particularly 
large ones, are being born in the gal-
axy, and this might be a clue as to 
the source of the radio bursts,” says 
Spitler.

She is referring to the possibility that 
FrBs may be pulsars – cosmic light-
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Pursuing the mystery: laura Spitler researches fast radio bursts (FrBs) at the 
max Planck Institute for radio Astronomy.

sUmmary

Fast radio bursts last only  
a thousandth of a second  
and were discovered by 
chance almost 15 years ago.

they originate from galaxies 
at great distances and appear 
to be produced in different 
environments.

Astronomers now know  
that more or less regularly 
repeating radio bursts,known  
as “repeaters”, also exist.  
the source of the radio bursts  
is still unknown.
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houses that regularly emit radio ra-
diation. this brings neutron stars 
back into play, because pulsars are 
rapidly rotating neutron stars that 
have strong magnetic fields. If the 
rotational and the magnetic axes 
of such an object are misaligned, a 
light-house like, bundled radio beam 
can be produced. each time this ce-
lestial spotlight sweeps across the 
earth, astronomers measure a short 
pulse.

the bursts from most radio pulsars 
are too weak to be detected from a 
great distance. However, short and 
extremely strong “giant pulses” are 
another matter. Born in a supernova 
explosion observed in 1054 AD, the 
crab Pulsar is a textbook example of 
this type of astronomical object. Its 
giant pulses would be visible even 
from neighboring galaxies.

“One promising model suggests that 
FrBs are similar in nature to the 
crab Pulsar, but they originate from 
extragalactic neutron stars that emit 
much larger pulses and are much 

rarer. Or perhaps they are younger 
and more energetic than the crab 
Pulsar,” says Spitler. “FrB 121102’s 
home galaxy fits this model, as it 
has the potential to produce just the 
right type of stars that become neu-
tron stars at the end of their lives.” 
But whether this model is correct is 
still literally “written in the stars.” 
Insight into their cause is not get-
ting any easier, but observations are 
ongoing.

In the summer of 2019, for instance, 
the european vlBI network of ra-
dio telescopes examined another re-
peater. During the five-hour obser-
vation period, FrB 180916.J0158+65 
emitted no fewer than four radia-
tion bursts, each lasting less than 
two milliseconds. recently, the re-
searchers also identified a roughly 
16-day rhythm: for four days at a 
time, the source emits one or two 
bursts every hour then goes silent 
for twelve days. the source of this 
radio burst is in a spiral galaxy about 
500 million light-years away. even 
though such a distance is truly “as-

tronomical,” this object is the closest 
source ever observed. the findings 
also revealed that stars are evidently 
born at a high frequency in the vicin-
ity of the burst.

Its position in the galaxy differs from 
that of all the other bursts investi-
gated so far. FrBs, in conclusion, 
can apparently flare up in all kinds 
of cosmic regions and diverse envi-
ronments. “this is just one of the 
reasons why we still do not know 
whether all bursts have the same 
type of source or are generated by 
the same physical processes,” says 
Spitler. “their origin remains a 
mystery.”
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Fast radio burst: optical image of 
the source galaxy of the burst FrB 
180916.J0158+65, obtained using the 
gemini north telescope in Hawaii. 
the contrast in the magnified section 
has been enhanced, revealing the 
galaxy’s star-formation region where 
the burst was discovered. Its position 
is marked by a red circle.

european  
VlBI neTwork

A network of radio telescopes 
located primarily in europe  

and Asia. the network  
uses interferometry to link up 

the telescopes to form  
an enormous virtual  

telescope with an extremely 
high resolution.
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Just be patient!
TexT: marTin roos

if you believe the experimental eco-
nomics Group in bonn, patience is 
by far the best way of coping in the 
age of quick chats, seconds-long  
videos, constant exposure to adver-
tising and the never-ending quest 
for more money and a successful ca-
reer. the experimental econom-
ics Group, a young research group 
in the field of behavioral economics, 
was set up by Matthias sutter, Di-
rector of the Max planck institute 
for Research on Collective Goods. 
He has now presented the group’s 
latest results. the studies were based 
on economic experiments in Ger-
man schools. it quickly became clear 
that alongside intelligence and social 
background, patience was one of the 
most important factors for success in 

life. also, people who learn to be pa-
tient early on will also be better able 
to manage their money. 

Matthias sutter seems surprisingly un-
conventional. anyone who meets the 
52-year-old austrian in the small 
former German capital of bonn will 
immediately see that he’s a real team 
player. sutter is friendly, unpreten-
tious and very interested and inqui- 
sitive, and as a result, has one impor- 
tant quality that makes him a good re-
searcher: the ability to listen.

since 2017, he has been Director and 
scientific Member of the Max 
planck institute for Research on Col-
lective Goods. thanks to his studies 
on patience and stamina, sutter has 
now clearly succeeded in reviving a 
long-forgotten virtue that had pre-
viously seemed obsolete. today, the 
topic is not only of interest to par-
ents and nursery school teachers, but 
also to personnel officers and man-
agers. now, sutter gives presenta-
tions at industrial companies and in 
banks.

the results are encouraging. Claudia 
Zoller, a member of the experimen-
tal economics Group, explains: “in 
our studies, we were able to show 
that children’s stamina increases as 
they get older, and that girls are more 
hard-working than boys.” However, 
when it came to challenges such as 
solving a difficult puzzle, the boys 
have the edge. at any rate, it became 
clear that stamina begins developing 
early in life. “people who learned to 
be more patient as children will be 
more contented later on in adult life,” 
she says.

“being patient” should not be misinter-
preted as meaning that you should 
let fate decide. “patience is an active 
process of working to achieve a goal,” 
sutter explains. Or, as the French 
writer George sand once said: “pa-
tience is nothing other than a form of 
energy.” the ability to stop oneself 
from immediately following an im-
pulse may be learned in early child-
hood, but according to anna unter-
trifaller, another member of the ex-
perimental economics Group, “it’s 

For many people, waiting is simply 
a waste of time. According to  
Matthias Sutter, however, “those 
who can wait get more out of life.” 
At the Max Planck Institute for  
Research on Collective Goods  
in Bonn, the behavioral economist 
is studying how children and 
young adults can be trained to  
manage money sensibly and follow 
a stable path in life.
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hard to explain why some people are 
generally more patient in life than 
others.” no reliable research has 
been conducted into possible genetic 
factors.

One pioneering researcher in the field 
of patience was the american psy-
chologist Walter Mischel. in 1968, 
he developed his legendary marsh-
mallow test to study patience among 
children. they had the option of 
either eating a marshmallow right 
away or waiting for a few minutes 
and receiving another sweet. the 
results led Mischel to assume that 
the ability to control one’s impulses 
was an indicator for success. even 
if Mischel’s studies have recently 
been subject to criticism, other re-
sults, such as those presented by the 
research group headed by terrie  
Moffitt at Duke university, confirm 
the connection between self-control 
and success. experts agree, however, 
that external factors such as the so-
cial environment also play a role. 

“Reliability is extremely important,” 
says anna untertrifaller. “Children 
need to experience very early on that 
it’s worth being patient and waiting.” 
sutter adds that patience needs to 
be learned through role models. in 
this respect, upbringing is very im-
portant: “this is where the parents 
come in. they can make a positive 
contribution by demonstrating a cer-
tain amount of patience and stamina 
themselves.”

Go for the quick 
money or wait for a 

larger amount?

studies have shown that patience and 
self-control also pay off when it 
comes to managing money. However, 
this requires a basic knowledge of fi-
nance that has not been sufficiently 
covered in school curricula to date. 
the latest study by the behavioral 
researchers in bonn therefore fo-
cuses mainly on how finance-related 

subjects can be taught in schools in 
such a way that they have a positive 
impact on financial behavior when 
the children become adults.

the specialist term used is “finan-
cial literacy.” in general, this is re-
garded as being the ability of the in-
dividual to manage money wisely, in 
other words, to make sensible, well-
founded decisions when it comes to 
making investments, saving money 
and controlling one’s purchasing 
habits. so far, researchers agree that 
there is a connection between finan-
cial competence and financial beha- 
vior. studies show that test subjects 
who are less well-educated in finan-
cial matters are less likely to set aside 
sufficient funds for their retirement, 
they obtain lower returns on their 
savings accounts and are less inter-
ested in loan, saving and investment 
practices. lower levels of financial 
knowledge and skills also correlate 
with sub-optimal property financing 
and higher credit card debts.

“However, until now, it was not clear 
how and why financial competence 
impacts financial behavior,” sutter 
explains. His new research is there-
fore aimed at teaching financial skills 
to German grammar school pupils, 
while clarifying whether this type 
of basic education enhances their in-
terest and increases their level of en-
gagement with economic issues, and 
whether it has an influence on eco-
nomically relevant attitudes, such as 
patience and the willingness to take 
risks.

in total, 645 pupils at eleven grammar 
schools in Germany took part in the 
study. For example, for one month, 
the pupils from grades nine to twelve 
were confronted with topics such as 
inflation, interest rates and monetary 
targeting for two hours every week. 
they were given lessons and took 
part in experiments. During the ex-
periments, their patience was tested 
by giving them the option of recei- 
ving euR 10 on the day of the ex-
periment or waiting for three weeks 

to receive a higher amount (up to 
euR 14). impatient pupils imme-
diately opted for the euR 10, even 
when they were offered euR 13 or 
euR 14 in three weeks’ time, while 
more patient pupils were able to wait 
for three weeks even for just euR 11 
or euR 12.

Financial illiteracy

sutter’s approach differs from stu- 
dies conducted to date: “Our experi-
ment involved three temporal points 
of contact with the pupils: one week 
before the intervention as a base 
measurement, then one week after-
wards to measure the short-term ef-
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fects, and then around five months 
later to ascertain the long-term im-
pact.” this enabled researchers to 
check whether individual aspects 
of the financial education had faded 
with time or had been retained.  

“every financial decision involves a 
certain degree of risk and a tempo-
ral dimension. that’s why we were 
particularly interested in the level 
of willingness to take risks and how 
pronounced the time preference – or 
in other words, patience – actually 
was.”

the result: “it is highly probable that 
basic financial education among 
children and young adults has a 
positive influence over later finan-
cial behavior,” sutter explains. the 
basic financial education measures 
also enhanced test subjects’ skills 
and made them more open to the 
subject of finance. “When it came 
to willingness to take risks, our sur-
veys and tests led to greater risk aver-
sion,” sutter explains. However, the 
improvements in financial compe-
tence during the test phase counter-
acted this effect. pupils therefore be-

came somewhat bolder and less risk-
averse. “also, young adults become 
more patient when they’re learning 
about basic financial concepts,” he 
adds.

that’s the result of the study in eleven 
schools in the whole of Germany. 
However, “to put it mildly, general 
financial education is extremely lim-
ited throughout the world,” he says. 
He points to studies by annamaria 
lusardi, professor of economics at 
George Washington university and 
Olivia Mitchell, professor of eco-
nomics at Wharton school in penn-
sylvania. their project, “Financial 
literacy around the world”, showed 
that many people are effectively illite- 
rate when it comes to financial mat-
ters, even though the Organization 
for economic Cooperation and De-
velopment (OeCD) classifies finan-
cial competence as an essential life 
qualification.

“people all over the world have trou-
ble understanding what appear to 
be simple concepts, such as interest, 
risk distribution and the relation-

SummAry

stamina and patience are 
important qualities that 
are needed for developing 
personal wealth. both can be 
fostered through upbringing 
and education.

like elsewhere in the world, 
financial competence is 
underdeveloped in Germany.
pupils in all schools in Ger-
many should be taught basic 
financial knowledge. this 
would help them manage 
their money in a better way.

a proponent of financial 
education: according 

to Max planck Director 
Matthias sutter, teaching 

pupils how to manage 
money sensibly should 

be included in school 
curricula throughout 

Germany.
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ship between inflation and purcha- 
sing power,” sutter explains. even in 
the u.s., where there is a strong fi-
nancial market, the two researchers 
found that just 43 percent of people 
over the age of 51 understood even 
simple financial concepts. among 
those under the age of 34, the figure 
was just 18 percent.

the situation in Germany isn’t encou- 
raging either. a team of resear- 
chers led by tabea bucher-Koenen 
at the Max planck institute for so-
cial law and social policy in Mu-
nich has conducted several stud-
ies on financial competence among 
Germans. the test subjects were 
presented with three questions on 
the calculation of interest and infla-
tion and about the purchase of shares 
and equity funds. Fortunately, about 
half gave the right answers to all 
three questions, while three-quar-
ters knew the answer to the first two. 
However, one in ten respondents 
was unable to give the right answer 
to any of them. around eight percent 
selected the “Don’t know” option for 
all questions.

scientists are not in a position to offer 
practical guidance. However, they 
can provide important information 
that influences decisions on educa-
tional policy in Germany. “teaching  
pupils in schools is the best way to 
make financial knowledge accessi-
ble to everyone,” says sutter. Howe-
ver, to date, financial skills have not 
been included in the standard cur-
ricula in schools. according to sut-
ter’s research, 39 different school 
subjects include aspects of finan-
cial education in Germany. Cur-
rently, baden-Wuerttemberg is the 
only federal state to include “busi-
ness and professional orientation” in 
its school curriculum. the subject 
has been taught in all schools there 
since 2018.

sutter is critical of the current situation: 
“the splintering of financial educa-
tion in the German federal school 
system leads to a lack of transpa- 
rency when it comes to the level of 
financial competence among the 
younger generation.” He doubts that 

this fragmentation in financial edu-
cation will guarantee the long-term, 
cumulative development of skills. 
after all, according to the education 
psychology theory of skills develop-
ment, this requires both continu-
ous support and a solid professional 
knowledge base. sutter will proba-
bly have to wait a while before his re-
search has any real impact on educa-
tion policy.

long-term study  
in bangladesh

sutter expects to gain further knowl- 
edge about the interrelationship be-
tween patience, financial compe-
tence and personal prosperity from 
longitudinal studies running over 
several decades. this informa-
tion will make it possible to draw 
far more precise conclusions about 
changes among the test subjects 
and their possible causes. Matthias 

sutter’s team chose a country with 
a very different social, cultural and 
sociopolitical background for this 
study: bangladesh.

there is a practical reason for doing 
so: “the people we selected here 
have more or less spent their en-
tire lives in just one place. in other 
words, we can keep track of them,” 
sutter explains. His team is moni-
toring the development of the selec- 
ed individuals in relation to pa-
tience, risk behavior and social prefe- 
rences in order to understand better 
how economic behavior – particu-
larly patience – develops at a young 
age and in relation to the example set 
by a child’s parents. to date, it has 
emerged that being patient and prac-
ticing patience clearly has an impact 
on a person’s financial situation, or 
is at least related to it. “We still have 
a long way to go,” he says, laughing. 
after all, he knows very well that 
good research requires stamina and 
patience.

a test of patience: children who do jigsaws can learn that patience pays off.
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a world of colors: the max Planck researchers 
heat the synthetic material in order to mimic 
the beige hue of natural ivory. they have also 
identified numerous dyes that they can add to 
the starting materials, opening up a range of 
potential applications in addition to the design  
of keyboards.
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Jochen mannhart had not expected his 
christmas trip to have such a las- 
ting effect on him. in 2014, he and 
his team opted to visit a piano maker 
for their annual end-of-year excur-
sion – a rather unusual destination 
for a group that studies effects re-
lating to quantum electronics at the 
max Planck institute for Solid State 
research in Stuttgart. Whereas 
in previous years’ visits – to sup- 
pliers of lasers and machine tools or  
automotive manufacturers and sup-

pliers – seemed like fairly obvious 
choices, there was not exactly an ur-
gent need for technical contacts in 
the piano-making industry.

in any case, the 2014 excursion brought 
the group to the black forest town of 
Spaichingen to visit Sauter – by its 
own account, the oldest pianoforte 
workshop in Germany. “i was really 
amazed at how much time they spent 
with us – even the managing Direc-
tor,” says Jochen mannhart. “it’s 
not as if we had much to offer Sauter,  
either as a customer or for recruit-
ing new staff members.” at the end 
of the visit, mannhart asked whether 
there was anything Sauter wished 
scientific researchers would invent. 
the answer he received from otto 
hott, managing Director and joint 
owner of the company, was not only 
succinct but also surprising: “Syn-
thetic ivory.”

When it comes to the veneer applied to 
piano keys, ivory remains the ma-
terial of choice for pianists. but the 

international trade in ivory from ele- 
phant tusks was banned in 1989 to 
protect the animals from extinc-
tion – and piano makers have yet to 
find a substance that offers pianists 
the same feel as the natural mate-
rial. although the properties of ivory 
depend to a certain extent on its ori- 
gin and the animals’ diet, it is al-
ways warm to the touch, absorbs 
moisture effectively, and is preferred 
by pianists when it comes to slip 
resistance.

With this in mind, the team of Stutt-
gart researchers took otto hott’s 
wish back to their laboratories and 
set about making it come true. this 
task fell to Dieter fischer and Sarah 
Parks, who normally spend their 
time producing inorganic materials  
such as unusual metal structures 
or complex metal oxides, in which  
exotic quantum effects take place. in 
order to produce such substances 
in the greatest possible purity, they 
have always needed expensive appa- 
ratus and an ultra high vacuum. “but 

ivory from a 
teSt tube

TexT: PeTer Hergersberg

For a long time, pianists have had  
to live without the sensation of playing 
on ivory keys. One remedy for this is 
synthetic ivory, a substitute developed 
by Dieter Fischer, Sarah Parks, and  
Jochen Mannhart, who usually spend 
their time researching quantum  
electronic phenomena at the Max 
Planck Institute for Solid State  
Research in Stuttgart. Now, a start-up  
is planning to produce the material  
on a large scale – and not only for use 
in piano keys.
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it was immediately clear to me that 
we could rule out all production 
methods in a vacuum from the word 
go,” says Dieter fischer. even if this 
approach could create a substance 
resembling natural ivory, large-
scale production would be imprac- 
tical and too expensive.

a simple idea that no 
one had tried yet

With a view to developing a workable 
formula for ivory, he first embarked 
on an in-depth study of the material 
and of the approaches that scientists 
had previously pursued (in vain) in 
order to produce it by chemical 
methods: ivory is partly made up of 
hydroxylapatite crystals, which also 
provide hardness in bones. these 
mineral particles are embedded in 
a framework made up of a protein 
called collagen, which gives the ma-
terial its robustness. the first pa- 
tent for the synthetic replication of 
ivory was awarded at the end of the 
19th century to the chemists a. and 
S. De Pont, who had even attempted 
to replicate the formation of the na- 
tural material by growing hydroxy- 
lapatite crystals within a collagen 
framework. although this approach 
failed to produce a viable substitute 
for ivory, it seems that many scien-
tists who also tried to make ivory as-
sumed they would have to follow a 
similar path.

Dieter fischer wanted to conduct a 
much simpler experiment first. Why 
not simply mix a suspension of hy-
droxylapatite particles with dis-
solved gelatin (which is derived from 
collagen)? this was a radical idea by 
virtue of its sheer simplicity, but he 
was not about to leave its implemen-
tation to chance. “We first gave some 
thought to which parameters might 
be important for direct synthe-
sis,” says Dieter fischer. “and luck-
ily, the ones we chose worked quite 
well from the outset.” for instance, 
the temperature and the concentra-
tion of the components turned out 
to be crucial factors in production. 

the right conditions also produced 
the right result when the researchers 
mixed the two components. they 
first obtained a milky liquid, from 
which they then evaporated most 
of the solvents. the viscous mass 
that remained was poured into flat 
molds and left to dry on a lab bench.  
Dieter fischer describes the result-
ing white substance as “jellybabies 
with hydroxylapatite” – and it was a 
very good approximation of natural  
ivory.

however, it still took the researchers in 
Stuttgart a few more attempts to turn  
this substance into a material that 
was barely distinguishable from its 
natural counterpart – both visually 
and to the touch. for this, they en-
listed the help of the staff at Sauter, 
whom they provided with several 
batches of samples. the piano ma- 
kers machined the plates using ex-
actly the same methods as had tradi-
tionally been used for natural ivory 
and tested them in their keyboards. 
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the joy of playing: 
Dieter fischer led the 

development of the 
synthetic ivory and is 

seen here trying  
out the piano at the 

max Planck institute 
for Solid State 
research. the

 instrument, whose 
keys are covered  

with the material  
his team developed,  

was a gift to the 
researchers from the 

piano maker Sauter.
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they then reported back to the re-
search team in Stuttgart to tell them 
which properties still needed to be 
optimized.

in the meantime, the scientists Sarah 
Parks and Dieter fischer set about 
analyzing different variations of the 
synthetic ivory in their laboratory, 
where they performed a range of ex-
periments to measure the material’s 
moisture absorption, thermal con-
ductivity, and hardness, as well as the 

amount of grip it provided. in order 
to analyze slip resistance, they built 
a special artificial finger – a spring-
loaded rod with a leather-covered 
tip. “although leather is not identi-
cal to human skin, it is quite similar,” 
says Sarah Parks. “besides, we were 
more interested in comparing diffe- 
rent samples.” to do so, the scientist 
would apply the test finger to one of 
the materials and measure the hori- 
zontal force required to move the 
plate.

both in the laboratory and at the piano-
forte workshop, the synthetic ivory 
passed the tests with flying colors: 
it feels as warm as its natural coun-
terpart, is able to absorb moisture 
from the pianist’s fingers just as well, 
and provides similar slip resistance. 
the material’s grip can even be op-
timized according to players’ indivi- 
dual requirements. however, given 
that what really matters is how the 
keys feel to play, the synthetic ivory 
met its litmus test not in the labo-
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ratory but rather under the fingers 
of an actual pianist – and of course,  
the team of Stuttgart researchers 
traveled to Spaichingen for the oc-
casion. Sauter had manufactured a 
piano with white key veneers made 
of the material from the max Planck 
institute for Solid State research 
and had arranged for the instrument 
to be played by a trained musician. 
Surrounded by piano makers and 
basic researchers, eugene mursky 
took to the ivory keys to perform 
pieces by chopin, Schubert, and 
liszt, but his audience was more de-
lighted with his ensuing praise for 
the material than with the concert 
itself: “it’s fantastic – it feels warm 

like real ivory,” said mursky, who 
has had the opportunity to play on 
historical pianos with real ivory keys 
in the past.

ivortec will market 
the synthetic ivory

the fingers of many people have since 
played on this keyboard made with 
the synthetic ivory. “the first pi- 
anists to play our instruments so 
far have all had positive things to 
say about the playing characteris-
tics of the synthetic ivory,” says Sau-
ter’s managing Director, otto hott. 

the unanimous verdict was that the 
material is less slippery than substi-
tute materials used in the past. after 
these successful tests, Sauter is obvi-
ously keen to fit its pianos and grand 
pianos with the synthetic ivory as 
standard in the future. however, 
producing the necessary quantities 
of the material is no longer a job for 
the max Planck institute. it was with 
this in mind that Jochen mannhart 
founded the company ivortec with 
the max Planck Society in July 2019, 
bringing in David butcher as the ex-
ternal managing Director. the com-
pany will be responsible for marke- 
ting the synthetic ivory – and not only 
as a veneer for piano keys.

Numerous potential applications: a member of the max Planck team used a lathe to make chess pieces from the synthetic ivory.  
however, the material could also be used in the furniture or yacht building industries.
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the max Planck researchers also made 
contact with a jewelry designer, 
who has fashioned a pendant from 
the elegant-looking material. like-
wise, an artist has carved a replica 
of a Stone age bird figure out of the 
ivory, and manfred Schmid, a mem-
ber of mannhart’s group, has used it 
to produce a set of chess pieces on a 
lathe in one of the institute’s work-
shops. the sheer versatility of the 
test-tube ivory is partly thanks to a 
slightly modified process by which 
Sarah Parks and Dieter fischer have 
managed to give it a cylindrical shape. 
it’s no surprise, then, that David 
butcher has a long list of potential 
applications in mind. as managing 

Director of ivortec, he is therefore 
working not only to raise start-up 
capital and forge collaborations with 
production companies, but also to 
reach out to firms that may be inte- 
rested in synthetic ivory as a material. 
in many situations, it could act as a 
substitute for plastics or even wood. 

“the ivory has attracted considerable 
interest from furniture manufactu- 
rers and yacht builders, not only for 
its elegant looks but also because it 
doesn’t burn until it reaches 1,000 
degrees celsius – so it’s like decora-
tive fireproofing,” says butcher. the 
material also scores highly in terms 
of sustainability, especially in com-
parison with plastics. for one thing, 

it is not made from petroleum and 
is biodegradable at the end of its life 
cycle. the synthetic ivory therefore 
not only offers pianists a playing ex-
perience that would otherwise be off 
limits for the sake of wildlife conser-
vation, but – unlike plastic – it also 
leaves behind no waste.
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Summary

a max Planck team has 
succeeded in producing 
synthetic ivory that closely 
resembles the natural 
material.

During synthesis, the 
researchers mix hydroxy- 
lapatite particles into 
dissolved gelatin, which is 
formed from collagen, the 
organic component of ivory. 
chemists had previously 
assumed that the hydroxy- 
lapatite crystals had to  
grow within collagen, just 
like in the natural formation 
process.

among other applications, 
the synthetic ivory will  
be used as the veneer for 
piano keys, as it offers 
pianists the same feel as its 
natural counterpart.  
however, it could also be 
used as a flame-resistant  
and biodegradable alternative 
to wood and plastics.
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Max Planck researchers  
cooperate with partners in 
around 120 countries  
all over the world. Here, they 
write about their personal  
experiences and impressions. 
Theresa Lang from the  
Max Planck Institute for  
Meteorology spent around  
two weeks on the Caribbean  
island of Barbados for the 
cloud research project  
EUREC4A. She talks about 
weather balloons, friendly  
island inhabitants and an un- 
expected highlight.

Getting off the plane in Bridgetown on 
January 20 almost knocked me side-
ways. The combination of extreme 
heat and high humidity was too much 
of a contrast to the cold, wet weather 
in Hamburg that I had left behind 
me just a few hours before. However, 
within two days I’d become accust- 

omed to the tropical temperatures –  
which was just as well, because the 
weather barely changed at all over 
the two weeks that followed.

The weather was also the subject of 
our research. I was taking part in  
EUREC4A, an international project 
which is investigating how clouds re-
act to climate change and how these 
changes will affect climate develop- 
ment in the long term. We were 
specifically interested in low-level 
clouds, i.e. clouds at an altitude 
of two kilometers, which are typi-
cal of regions like Barbados that lie 
within the trade wind belts. These 
clouds act as particularly intensive 
sunlight reflectors, which means 
their impact is formidable. That’s 
why we are interested in finding out 
how climate change affects their be-
havior. We also want to find out why 
clouds arrange themselves in differ-
ent ways. These arrangements ap-
pear to be completely random: some-

times clouds are scattered across the 
sky, other times they group together 
in large clusters. We employed an 
entire fleet of research ships, aircraft 
and ground-based measurement sta-
tions to shed light on these processes. 
My initial fear that I might have 
nothing to do dissipated faster than a 
storm cloud on a summer day. 

There was no shortage of tasks, particu-
larly during the first few days. One of 
my jobs was to help evaluate the pre-
vious day’s measurements in order to 
generate daily weather summaries. I 
also found it exciting to prepare the 
weather balloons that were released 
into the sky every four hours. 

In all, there were around one hundred 
people working at the project site. 
Like myself, many of them worked 
for the Max Planck Institute for Me-
teorology; we were also joined by re-
searchers from every country under 
the sun – all in all, a colorful interna-

Watching the sky: the Barbados Cloud 
Observatory (BCO) is equipped with 
numerous meteorological instruments 
with which scientists can investigate 
the distribution of clouds, aerosols and 
water vapor, for example.
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tional crowd. The people in charge 
at EUREC4A also attached great im-
portance to involving the local resi-
dents in our research. We worked in 
close cooperation with the island’s 
Caribbean Institute for Meteoro- 
logy and Hydrology to make weather 
forecasts. 

This collaboration ensured that the 
project was warmly received by 
the local population besides creat- 
ing a pleasant working atmosphere. 
That also meant it wasn’t so bad if 
we sometimes had to work longer 
hours or get up at 2:30 a.m. to help 
prepare a weather balloon. Regular 
work hours are normally very im-
portant to me, but that didn’t mat-
ter on Barbados; you always wanted 
to be in on the action. Especially as I 
still had the opportunity to lie on the 
beach and explore the island. People 
often approached me during my out- 
ings and I found the Barbadians very 
friendly.

I will miss their hospitality – as well as 
the wonderful weather and the glori-
ous sunsets. However, I don’t feel as 
nostalgic about the food. It was quite 
tasty, but eating grilled fish every day 
does get rather monotonous. Since I 
worked in a team and lived in shared 
accommodation, there were always 
people around and I sometimes 
missed having time to myself.

But all in all, these two weeks were a 
once-in-a-lifetime experience that 
offered countless highlights. One of 
the best was flying in HALO, the 
German Aerospace Center’s re-
search aircraft. While the pilot fol-
lowed a previously defined flight 
path, my colleagues and I released 
dropsondes, which then glided to 
the ground. I’d never have expected 
to be allowed to go along on a flight 
in this plane. And even though the 
flight was relatively short, I will never 
forget the views from above this idyl-
lic island.

Theresa Lang

25, studied meteorology at the 
University of Hamburg and the 
University Centre in Svalbard 
(Spitzbergen). Since July 2019, 
she has been working on her  
doctorate at the International 
Max Planck Research School  
of Hamburg University  
and the Max Planck Institute  
for Meteorology. She works  
in the “Atmosphere in the Earth 
System” Department led  
by Director Björn Stevens, 
where she is investigating the 
distribution of water vapor  
in the free troposphere.
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Preserving  
cultural  
heritage
in november last year, representatives of an 
indigenous group celebrated the repatria-
tion of their ancestors’ remains. these have 
now also been buried. the skulls, which are 
more than 200 years old, were returned to 
the Wanniyalaeto by the university of ed-
inburgh. scientists from the Max Planck in-
stitute for the science of human history in 
Jena also attended the ceremony.

the skulls became part of the univer-
sity of edinburgh’s anatomical collection  
more than 100 years ago (the British  
colony of ceylon remained in existence until 
1948). During the repatriation process, the 
Jena-based research team led by Patrick 
roberts and Oshan Wedage investigated 
the human remains under the supervision 
of the tribal elders and obtained new in-
formation about these indigenous hunt-
er-gatherers. While some tribe members 
cultivated trade relations with farmers and 
made use of colonial power structures, oth-
ers preferred to live independently on the 
resources provided by the tropical forest.

By performing biochemical analyses of 
the skulls, the Max Planck scientists were 
able to prove for example that the tribe 
had long been managing the tropical forest. 

“like many indigenous peoples, the Wan-
niyalaeto are now losing their livelihoods 
and the right to hunt on what is traditio- 
nally their territory,” says roberts. the 
study is now helping the tribe assert their 
hunting rights. another goal is to actively 
involve tribal members in wildlife conser-
vation by having them work as rangers, thus 
giving them access to additional sources of 

income. the knowledge gained will also 
feed into the Wanniyalaeto’s cultural heri-
tage museum in Dambana, where the in-
digenous group is preserving its language, 
subsistence strategies, social structures 
and burial practices for future generations. 
the dead are particularly important to the 
Wanniyalaeto: “although the remains of our 
ancestors were in edinburgh, their spirits 
stayed with us in sri lanka. the reunit-
ing of their spirits and physical remains is 
a very special moment for my people,” said 
Wanniyalaeto chief Wanniya uruwarige in 
edinburgh.

several news outlets, including the BBc, 
the times and various local news chan-
nels and newspapers in sri lanka, re-
ported on the ceremony in the scottish 
university town. “We are delighted to be 
returning these culturally important ar-
tefacts,” said tom gillingwater, chair of 

anatomy at the university of edinburgh. 
“it was an honor for us to work with the 
Wanniyalaeto, to consult with them and 
learn more about their traditions and cul-
tural heritage,” says roberts. the theft of 
the skulls was just one of a series of atro- 
cities that took place in colonial times. “i 
hope that other european institutions will 
follow the example set by the university of 
edinburgh and develop clear policies on the 
return of ancestral remains.”

Oshan Wedage, who is still working with 
the Wanniyalaeto in sri lanka, adds: “al-
though the need for repatriation is the pro- 
duct of a sad period in history, i hope that 
this repatriation ceremony will elevate the 
cause of the Wanniyalaeto and encourage  
the government of sri lanka to consider 
that the tropical forests are best preserved 
in collaboration with their traditional 
stewards.”

assistance With chilDcare
Part of the pilot project offering childcare for 
infants is again being extended. Doctoral re-
searchers with funding contracts and post-
docs with contracts based on the collec-
tive Wage agreement for the civil service 
(tvöD) will continue to receive funding 
from the Max Planck Foundation enabling 
them to pay for childcare for their infants. 
however, in view of the family policy mea-
sures adopted by the federal states, this will 
only be available for the first year of their 

child’s life (from the 3rd to the 12th month). 
For the most part, the family packages of-
fered by the federal states do not take this 
age group into account.

at the beginning of the year, the family 
service agreement with pme was extended 
for another six years. the services previ-
ously offered are set to continue: staff will 
still be able to make use of extensive con-
sulting services and get help finding care 
services for children above and below man-

datory school age (usually from 0 to 14 
years) and for relatives in need of long-term 
care. as a rule, the consulting and place-
ment fees charged by pme are covered cen-
trally by the MPg. the actual childcare 
or long-term care service must be paid for 
by the employees themselves. new provi-
sions have been introduced, particularly for 
childcare during conferences and in-house 
care during vacation periods; these relate 
for example to minimum group sizes.
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veddah chief uruwarige with one of the nine skulls during the repatriation  
ceremony at the university of edinburgh.
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Community 
news

neW Ways OF DevelOPing 
talent
What do people need who are de-
ciding on their next career steps in 
times of great mobility and flexibi- 
lity? What is important for young 
people undergoing training, for lead-
ers in the field of science manage-
ment, or for Directors? the newly 
founded Planck academy, a central 
element of the “MPg 2030” process, 
has the answers.

“attracting talented people, no 
matter what stage they are at in their 
careers, familiarizing them with the 
particularities of our organization 
and supporting them as they develop 
their careers – these are important 
goals for the Max Planck society,” 
said President Martin stratmann  
at the inauguration of the Planck 
academy, which took place at  
the harnack house in Berlin on  
February 13, 2020. 

“What’s more, the development of 
talent is one of the competitive fac-
tors critical to the success of research 
facilities, since top employees at all 
levels can now choose where they 
want to work.” the continuing edu- 

cation and advanced training pro-
grams offered by the Planck acade- 
my focus on the individual needs of 
each employee. it bundles all cen-
tralized personal and career develop-
ment services under one virtual roof, 
and targets all employees from Di-
rectors, Max Planck research group 
leaders and executives in science 
management and administration to 
junior scientists and employees in 
administration, it and technology. 
the projects currently focus on lead- 
ership, talent management, onboard-
ing and diversity.

the Planck academy’s program is 
easy to access. various learning, de-
velopment and network formats are 
used alongside classroom and on-
line formats, coaching, mentoring, 
and tools for self-reflection. One 
key point is that the Planck acade- 
my combines classroom teaching 
with virtual offerings such as e-learn-
ing modules, how-to videos and webi-
nars. these are based on the learning 
Management system, lMs for short.

More about the Planck Academy in MAX

POsitiOn On 
cliMate  
PrOtectiOn
a conference held by the alliance of sci-
ence Organizations in germany in no-
vember 2019 included a presentation 
by the Max Planck society of its “cli-
mate Protection strategy”. this pa-
per, which was approved by the Presi-
dent in consultation with the Presiden-
tial council, also contained material 
from a position paper compiled by the 
Directors (Bodenschatz/erb: “how to 
cO2-mpensate? – Max Planck action 
for sustainable science”) and points 
raised in a paper on cO2 compensation 
published by the Max Planck sustaina- 
bility network.

the Presidential committee “cli-
mate Protection at the MPg – goal-
Based Measures and their Prioriti-
zation” was established with tobias 
Bonhoeffer and ariane rauschek as 
co-chairs for the purpose of advanc-
ing the subject within the Max Planck 
society. Moreover, during a meeting 
of the scientific council held on Feb-
ruary 20, the following statement by 
the committee regarding sustainabil-
ity within the Max Planck society was 
approved by a show of hands (with two 
abstentions and one vote against): “the 
members of the Max Planck society’s 
scientific council see climate protec-
tion as a supremely important social is-
sue. each organization and each indi-
vidual is called upon to focus their ac-
tivities accordingly. this also applies to 
the Max Planck society. the members 
of the scientific council therefore re-
quest the administrative headquarters 
to ensure that the Max Planck society 
makes an ambitious, clearly visible con-
tribution to climate protection as soon 
as possible.”
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On the podium at the inauguration of the Planck academy on February 13, 2020: 
chairperson Marion schmidt; anna-Maria Karl - head of global talent sourcing, 

Daimler ag (until December 2019); norbert sack - leadership consultant, Berlin; 
Katharina von Knop - founder and ceO Digital trust analytics; thomas Weitz - 

Professor at the university of goettingen (from left to right).
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about protest voting

Five  
questions

for armin schäfer

Professor Schäfer, your subject  
is the fascinating question of poli- 
tical inequality. What conclusions 
have you drawn?

armin schäfer  my research team and 
i have found that political decisions made 
in the bundestag are biased against less 
well-educated people with lower incomes. 
this in turn can deter people from voting, 
because when they feel like they are no lon-
ger being represented, they turn away from 
politics and stay at home on election day. We 
observed this pattern during the last three 
parliamentary elections, i.e. in 2009, 2013 
and 2017. in all the german cities for which 
this data is available, it was clear that the 
poorer the district and the lower the average 
income of its residents, the lower the voter 
turnout. 

Does the rise of populism have any-
thing to do with political inequality? 

the afD mobilized some former non-vo- 
ters, but the majority stayed home as before. 
all the same, stronger polarization is cau- 
sing more people to become involved. some 
of them want to issue a warning, while 
others want to prevent populists from be-
ing successful in the elections. this makes 
the picture a bit more complicated. howe-
ver, a higher percentage of protest votes 
shows us that there are population groups 
who feel that they are not yet properly re- 
presented. they don’t feel that the esta- 

blished parties are appealing to them or of-
fering them something that could change 
their circumstances.

Why do people decide not to vote?

one thing we know is that voting and 
 abstaining from voting is “contagious”.  peo- 
le don’t decide all by themselves whether 
or not to go and vote. the decision also has 
something to do with their family, their 
friends, perhaps even the area they live in. 
another aspect is that when politicians treat 
different groups unequally, this can trigger 
a vicious circle. people who feel like they are 
not being represented don’t vote – and peo- 
ple who don’t vote are represented less  
successfully. as a result, the interactions  
involved in making political decisions  
become biased in favor of those who take 
part and whose circumstances are better in 
any case.

Does that mean that the parties  
and parliaments are becoming  
less and less representative of a  
cross-section of the population?

more than 80 percent of the members of the 
bundestag went to university compared to 
less than 20 percent of the general popula-
tion. there is also a far higher proportion of 
civil servants, entrepreneurs and lawyers in 
the parliaments than there is among the gene- 
ral population. this shows that there are 
significant differences between those who 

make the political decisions and those who 
are affected by them. over the last thirty 
years, the bundestag’s decisions have coin-
cided much more frequently with the prefe-
rences of people who have high incomes 
or whose circumstances are generally bet-
ter. this discrepancy is particularly signi- 
ficant when the rich and the poor want dif-
ferent things. 

How can we break out of this  
vicious circle? 

We know that people don’t spontaneously 
become involved in politics and are more 
likely to do so when they are actively ad-
dressed and encouraged to become party 
members. the parties need to take a closer 
look at who they are appealing to. this is al-
ready happening to some extent in the case 
of women, and to a lesser degree in the case 
of immigrants. parties should not encou- 
rage only people with university degrees to 
stand for election. Democracy encompasses 
the promise that diverse groups will at least 
have the opportunity to voice their concerns 
when political decisions are being made. i 
believe that a systemic failure to give this 
opportunity puts democracy at risk.

interview: Jürgen Zurheide
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professor armin schäfer was the scholar  
in residence at the max planck institute  

for the study of societies in cologne  
during the winter semester 2019/20.
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