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Max Planck Innovation is responsible for

the technology transfer of the Max Planck

Society and, as such, the link between

industry and basic research. With our inter-

disciplinary team we advise and support

scientists in evaluating their inventions,

filing patents and founding companies.

We offer industry a unique access to the

innovations of the Max Planck Institutes.

Thus we perform an important task: the

transfer of basic research results into

products, which contribute to the economic

and social progress.
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Two men, one word: On February 26, 1948, Otto Hahn (right, standing) and Lower Saxony’s Minister of Cultural Affairs 
Adolf Grimme seal the foundation of the Max Planck Society. High-caliber scientists, including several Nobel laureates, attended 
the event. The gathering took place in the fellowship house of the dismantled Aerodynamic Research Institute in Göttingen. 
Such were the modest beginnings of the successor organization of the tradition-rich Kaiser Wilhelm Society. The rustic 
rooms, however, still serve as a venue for gatherings today: the place where venerable men came together at simple wooden 
tables more than 60 years ago to open a new chapter in Germany’s research history is the place where the staff of the 
Max Planck Institute for Dynamics and Self-Organization gather today to enjoy their lunch together.

New Beginnings in the Cafeteria
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Regulating signal: The amino acid 
sequence of a protein that plays a 
role in regulating genes.56
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18 Unraveling the Tangled Tau Web
  The older people become, the more likely they are to suffer from 

Alzheimer’s disease, in which proteins accumulate on the brain 
and neurons disappear. Understanding the underlying mechanisms 
could lead to new treatment approaches. 

26 Electricity Flexes Muscles
  Paraplegics riding a bike, or stroke patients learning to walk again 

– this is made possible by functional electrical stimulation, which 
uses a sophisticated control loop to move patients’ legs or arms.

34 First the Trial, Then the Moralizing
  Pharmaceutical companies are testing more and more drugs 

in poor countries, putting themselves on very shaky ground. 
Are such international trials unlawful? When is it legitimate for 
laws to cite ethical standards?

Contents
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ON THE COVER: Functional electrical stimulation activates the muscles of paraplegics 
and makes it possible for them to ride a bike, for instance. In this process, an electro-
myograph can provide important information for controlling the electric pulses used to 
activate the muscles.
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SPOTLIGHT

As the physician Hippocrates taught us, “It 
is more important to know what person the 
disease has than what disease the person 
has.” Today, 2,400 years later, science is re-
visiting this tenet: our understanding of the 
genetic differences between individuals will 
soon provide a basis for personalized medi-
cine. After all, around 30 to 80 percent of pa-
tients today derive no benefit from the med-
ications they are receiving for a range of 
common conditions – some drugs and cer-
tain doses are actually hazardous for indi-
vidual patients. There is no question that a 
paradigm shift toward specific, evidence-
based and personalized medicine would be 
a great step forward.

Doctors are already able to choose spe-
cific drugs based on the patient’s gene vari-
ants. The discovery that certain gene vari-
ants affect the way in which an individual 
responds to the components of a drug is 
itself an important addition to our knowl-
edge. This has given rise to a new area of re-
search: pharmacogenetics or pharmacoge-
nomics, which aims to harmonize drugs 
and dosages with the patient’s genetic pro-
file. There are known genetic variants that 
affect the way patients respond to choles-
terol-reducing drugs, anticoagulants, AIDS 
treatments, antidepressants and other 
common prescription drugs.

New diagnostic procedures also allow 
us to step up the fight against cancer. The 
basis lies in molecular genetic studies of 
the tumors themselves. A prime example of 
this form of personalized medicine is Her-
ceptin – a therapeutic antibody used by 
doctors to treat a certain form of breast 
cancer. One of the defining features of 
these tumors is that large quantities of the 
protein HER2 are produced on the surface 

of the tumor cells, stimulating cell growth. 
Herceptin can interrupt the protein func-
tion and thus also the growth of the tumor. 

At the same time, it also activates the 
body’s own immune cells in order to kill off 
the cancer cells.

The active ingredient is the product of 
research by Axel Ullrich, Director at the Max 
Planck Institute of Biochemistry in Martin-
sried. In the meantime, other approaches to 
the treatment of cancer are adopting his 
model, which combines molecular diagnos-
tics and therapy.

The hope that decoding the human ge-
nome would lead directly to rapid progress 
in the field of medicine has, as yet, barely 
been fulfilled. The number of monogenetic 
diseases – those that derive from a defect in 
a single gene – is comparatively small, and 
the diseases themselves quite rare. Most 
widespread diseases are associated with 
multiple genetic mutations.

In addition, genetic regulation and a 
number of environmental factors play an 
important role in the way diseases mani-
fest themselves. However, it is known that 
specific genetic variants increase the risk 
of contracting some chronic illnesses, such 
as coronary heart disease, diabetes and 
Alzheimer’s. Corresponding studies may 
provide a basis on which to develop preven-

New diagnostic 
procedures allow us 
to step up the fight 

against cancer
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tive treatments for patients with a dispo-
sition toward certain diseases.

Still, if we are to derive a sustainable 
prognosis from an individual genome, there 
are other factors that science must be aware 
of. It is a matter of aligning the genomic 
data with the phenotype, that is, the vari-
ous features of the organism concerned. Ge-
nomic and genetic testing procedures must 
be supplemented by technologies with the 
ability to create molecular fingerprints, 
such as transcriptome, proteome and me-
tabolome analyses.

In practice, the new methods raise 
many questions – as in the case of individu-
al genome sequencing, which, in less than 
two years, is likely to be available for only 
USD 1,000: Do companies adequately pro-

tect their clients’ genetic data? Do they ac-
cept liability for false prognoses and misin-
terpretations? A legal framework for such 
tests is thus far lacking in Germany. There is 
also a lack of mandatory standards for the 
approval of predictive tests and, so far, no 
obligation to provide any details of the po-
tential capabilities and limitations of the 
services offered.

Overall, the issue needs to be addressed 
by the legal system: there are questions of 
genetic privacy to resolve, such as a right to 
data protection and self-determination for 

those who are genetically at risk. The abili-
ty of health and pension insurers, employ-
ers and other potentially interested parties 
to access such data must also be addressed.

Politicians must initiate a public debate 
on the questions raised by personalized 
medicine. Do we actually want to know 
about our genome and our molecular char-
acteristics? Are we willing to disclose this 
information? Do we want a glimpse of our 
own medical future? Are we ready to adapt 
our lifestyle to our genome? Do we want to 
lead a biologically planned life? Are we even 
keen on the prospect of optimized human 
beings? All of these questions have to do 
with how we see ourselves. They touch on 
both legal and fundamental ethical aspects 
of our existence.

We must also ask how medicine itself 
should approach these new possibilities: 
these methods have found few specific ap-
plications in clinical practice to date. Their 
use on a broad scale will be determined by 
clinical success. If doctors are to correctly in-
terpret diagnostic techniques based on mo-
lecular markers and initiate appropriate 
treatments, molecular genetics and sys-
tems biology must become part of medical 
training. In addition, in their conversations 
with patients, doctors must take a far more 
individualized approach and explain in de-
tail their interpretation of molecular genet-
ic diagnoses and the consequences.

In short, the human factor will play a 
greater role in personalized medicine – es-
pecially in matters of disease prevention, 
in which the personal responsibility of the 
individual plays a major role. Should there 
– dare there – be an “obligation to be 
healthy”? The social sciences could be help-
ful in this context.

It is also necessary to verify how effective 
the new methods are, and how they work 
in comparison with conventional treat-

ments. Only then will doctors, patients and 
health insurers be in a position to decide 
how viable molecular medicine is in prac-
tice and whether it can lead to genuine im-
provements. Experts must ask themselves 
how much added value their approaches 
and methods of personalized medicine ac-
tually deliver for the patient and for society 
as a whole.

Medicine is experiencing a paradigm 
shift from healing the sick to predicting and 
preventing disease, but there is still a way 
to go. Hippocrates made another far-sight-
ed recommendation: “Guide the healthy 
with care to preserve them from disease.”

Peter Gruss,
President of the Max Planck Society

Politicians must initiate 
a public debate on the 

questions raised by 
personalized medicine

Are we ready to 
adapt our lifestyle 

to our genome?

PETER GRUSS
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developed the ro-
bot called “Rhino,” 
which was capable 
of providing a 
guided tour of the 
Deutsches Museum 
in Bonn. The find-
ings of Thrun’s re-
search have also 
been used in the de-
velopment of au-
tonomous vehicles. 
Intelligent driver-
assistance systems 
are designed to re-
duce the number of 
road fatalities and 

help traffic flow more efficiently. 
“Stanley,” the driverless SUV devel-
oped by his team, covered a distance 
of more than 125 miles of rough ter-
rain across the Mojave Desert in 2005. 
Seven test cars are currently navigat-
ing California’s road system and have 
already traveled more than 125,000 
miles. These vehicles can detect their 
surroundings using laser scanners and 
cameras, and respond to any situation 
in accordance with the relevant traffic 
regulations. 

PERSPECTIVES

Max Planck Research Award 2010

Intelligent systems can optimize them-
selves in such a way that they can op-
erate successfully in a changing envi-
ronment. Sebastian Thrun teaches and 
researches at Stanford University. His 
main interest is robotic systems that are 
able to learn and move independently. 
Thrun was able to demonstrate that it 
is possible to use a mobile robot to cre-
ate a map of the surroundings without 
the availability of prior knowledge, 
and to effectively estimate the robot’s 
position and orientation. In 1997, he 

The prize of 1.5 million euros goes to Sebastian Thrun and Bernhard Schölkopf
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Zoo Turned Ark
Max Planck researchers urge greater role for zoos

Zoological gardens are somewhat controversial. In particular, an-
imal rights activists criticize them for keeping animals in condi-
tions that are not suitable for their species. “Zoos play an impor-
tant role in conserving threatened species,” emphasize Dalia 
Conde and Alexander Scheuerlein from the Max Planck Institute 
for Demographic Research in Rostock. A study carried out by the 
researchers shows that zoos house 20 to 25 percent of threatened 
mammal species, 9 to 18 percent of threatened bird species and 18 
to 50 percent of threatened reptile species. Zoos offer animals a 
refuge until they are ready to survive in the wild again and can be 
released into their natural habitats. The researchers are calling 

for the establishment of specialist zoos that focus on the 
breeding of just one or a small number of species, with the aim 
of increasing breeding success. Examples of animal species 
whose risk status has been downgraded thanks to zoological 
gardens are the Asian wild horse (Przewalski’s horse) and the 
Californian condor.                                         (Science, March 18, 2011)

The Californian condor and Przewalski’s horse were successfully 
bred in zoos and then released into the wild.

Bernhard Schölkopf is a Director at the 
Max Planck Institute for Intelligent 
Systems in Tübingen and one of Eu-
rope’s leading researchers in machine 
learning. He researches computation-
al methods, known as algorithms, that 
can be used to program computers to 
enable them to respond flexibly to 
new situations. Schölkopf’s research 
findings have made algorithms for ma-
chine learning more efficient. For 
example, he analyzed and consider-
ably expanded knowledge of support 
vector methods, which can be used 
to help computers recognize faces in 
photos more quickly. He has also 
found a way to work with far fewer 
support vectors, which simplifies the 
decision about whether a segment of 
a photo contains a face. This means 
that photos can be analyzed 30 times 
faster than with an analysis using all 
of the support vectors. Support vectors 
can also be used to identify genes. 
The genetic profiles of patients with 
known diagnoses are also examples of 
where an algorithm can predict the di-
agnosis of patients with different ge-
netic profiles.

The two award winners: Sebastian Thrun (left) and 
Bernhard Schölkopf.
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Living on the Edge

Over the course of evolution, almost 
everywhere on our planet has been col-
onized – even those places considered 
to be extremely hostile to life. Microor-
ganisms live in boiling volcanic water, 
for instance, as well as in cold marine 
sediment hundreds of meters thick in 
the depths of the oceans. As John 
Parkes from Cardiff University report-
ed, their distribution and activity there 
depends on environmental factors and 
their access to certain energy sources. 
According to Peter Girguis of Harvard 
University, however, some enter into 
symbiotic relationships and, in this 
way, make themselves independent of 
external energy sources, operating their 
own power plant as it were. Microor-
ganisms such as halobacteria have de-
veloped particular strategies in order to 
survive extremely high salt concentra-
tions like those that prevail in salt 
ponds or in the Dead Sea. Dieter Oes-
terhelt summarized the results of de-

cades of research carried out at the Max 
Planck Institute of Biochemistry: these 
microorganisms manage to survive in 
such extreme conditions thanks to an 
appropriate membrane structure and a 
special form of breathing. Both verte-
brates and invertebrates can also make 
inroads into extreme areas. For exam-
ple, as Arthur deVries from the Univer-
sity of Illinois reported, fish in Arctic 
waters virtually produce their own nat-
ural antifreeze protection. These ex-
traordinary abilities of organisms are 
very interesting for basic research, as 
the limits of their ability to adapt can 
be traced back to the properties of life’s 
building blocks. However, they also 
yield potential innovative technical ap-
plications. For example, bacteriorho-
dopsin, a protein pump in the mem-
brane of halobacteria first described by 
Oesterhelt and his team, is also suitable 
as a recording medium in holography, 
and a patent was filed for it in 1991.

Tubeworms have adapted perfectly to their deep-sea habitat.

Experts from all over the world meet in Berlin at the 4th Max Planck 
Symposium: “Life under extreme conditions”

Southern Sudan – 
Fit for the Future
Max Planck researchers in 
Heidelberg involved in drafting 
transitional constitution

In a referendum held in January 2011, an 
overwhelming majority (98.83 percent) 
of the Southern Sudanese population 
voted in favor of an independent state. At 
a conference held in Heidelberg from 
March 8 to 12, 2011, Southern Sudanese le-
gal experts and parliamentarians, to-
gether with international experts, draft-
ed a transitional constitution under the 
guidance of Rüdiger Wolfrum. According 
to Wolfrum, it was clear from the consul-
tations that there was a desire for a 
structure based on the rule of law and de-
mocracy. As there was not enough time 
for a comprehensive constitutional pro-
cess before the country became indepen-
dent in July, a transitional constitution 
was drafted. A key element in the foun-
dation of a state is the creation of a con-
stitutional framework, guaranteeing 
that the new state is based on democra-
cy and the rule of law. The subject of fu-
ture dealings with Northern Sudan, par-
ticularly in relation to issues such as 
state succession, future citizenship, the 
sharing of natural resources and the 
cross-border movement of nomads, was 
also on the agenda. The Max Planck Insti-
tute for Comparative Public Law and In-
ternational Law has been actively in-
volved in a number of projects in Sudan 
since 2002.

  2 | 11  MaxPlanckResearch    9



Intelligent Systems in Stuttgart
New direction for Max Planck Institute for Metals Research

The new focus of research 
includes computer science 
and biology, as well as the 
areas of materials research 
that were already estab-
lished at the institute. In 
addition to the Stuttgart lo-
cation, a new division of 
the institute is under con-
struction in Tübingen. 
Each site will have four re-
search departments. The 
German federal state of 
Baden-Württemberg has al-
located special financing of 
41 million euros for the 
project. Along with a new 
research direction, the in-
stitute will also get a new 
name: The Max Planck Institute for In-
telligent Systems. The Founding Direc-
tors include Bernhard Schölkopf, pre-
viously a researcher at the Max Planck 
Institute for Biological Cybernetics in 
Tübingen, Joachim P. Spatz from the 
Max Planck Institute for Metals Re-
search, and Michael J. Black from 
Brown University, USA. Black’s ap-
pointment brings one of the world’s 
leading experts in machine vision to 

the helm of the new institute. The 
computer scientist took up his posi-
tion in Tübingen on January 1, 2011. 
Other appointments will follow.

The new institute has a globally 
unique selling point: it is the first in-
stitution ever to accommodate, under 
one roof, software and hardware ex-
pertise in three key aspects of intelli-
gent systems: perception, learning and 
action. Machine learning, image rec-
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Benefits of the Genetic Material Data Flood

The European Sequencing and Genotyping Infrastructure 
project (ESGI) is coordinated by the Max Planck Institute 
for Molecular Genetics and will be funded for four years 
as part of the EU’s Seventh Framework Programme. The 
project brings together researchers from Austria, Spain, 
France, Germany, Sweden and the UK. ESGI aims to con-
solidate Europe’s position as a world leader in genetics, ge-
nomics and molecular biology. Research infrastructures 
are crucial in ensuring that scientists reap the greatest ben-
efits from the huge quantity of data that is generated ev-
ery day. For example, sequencing a genome previously 
took years; now it can be done in a matter of hours. The 

Max Planck Institute for Molecular Genetics coordinates European infrastructure 
for sequencing and genotyping 

flood of data generated in sequencing and genotyping ex-
periments must be managed cooperatively, as no single in-
stitution working on its own can handle such masses of 
information and simultaneously keep up with evolving 
technical challenges.

ESGI partners are focusing their attention on integrat-
ing and standardizing current and emerging technologies. 
“The infrastructure is designed to expedite research in the 
life sciences in Europe,” explained project coordinator Sa-
scha Sauer. ESGI aims to make it possible for scientists across 
all disciplines to use emerging technologies to decipher the 
complex functions of genes in a cost-effective way.

How independently 
can machines act?

ognition, robotics and biological sys-
tems will be studied in Tübingen, 
while “learning material systems,” mi-
cro- and nanorobotics and self-organi-
zation will be explored in Stuttgart. Al-
though the focus will be on basic 
research, there is also great potential 
for practical applications at the insti-
tute, for instance in robotics, medical 
technology and innovative technolo-
gies that are based on new materials.
 

PERSPECTIVES
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On the Net

Patent Twitter
Markus Berninger, who works at Max 
Planck Innovation in Munich, tweets 
about inventions, patents and the trans-
fer of technology and knowledge at the 
Max Planck Society. His Twitter streams 
(in English) are very popular and he 
quickly acquired more than 1,300 follow-
ers in science and industry:
www.twitter.com/MP_Innovation

Focus on People
The intellectually curious will have the 
opportunity to go on a voyage of discov-
ery on the island of Mainau between 
May 20 and September 4, 2011. Visitors 
to any of the 20 pavilions will be amazed 
at the experiments, simulations and ex-
hibits on the subject of health. The ex-
hibition, in which the Max Planck Soci-
ety is once again involved, provides 
schools with a broad range of activities 
and workshops, such as a “health rally.” 
Take a virtual tour of the pavilions at:  
www.mainau-entdeckungen.de

Birthday Podcast for Feodor Lynen
Feodor Lynen, winner of the Nobel Prize 
for Medicine in 1964, would have been 
100 years old this year. The biochemist 
deciphered the role of activated acetic 
acid in fatty acid metabolism and laid 
the foundations for the development of 
drugs to fight arteriosclerosis and exces-
sive blood cholesterol. A new podcast (in 
German) in the “Echt nobel” (Truly nobel) 
series recalls this extraordinary scientist:
www.mpg.de/1330934/Feodor_Lynen

Together with colleagues from the Max Planck Institute for 
Evolutionary Anthropology in Leipzig, the press office at 
the Max Planck Society has won the idw’s first prize for sci-
entific communication. The prize is awarded in recognition 
of press releases published in the idw in 2010 “that are 
marked by their professionalism (quality), outstanding 
news value (relevance) and scientific importance (original-
ity).” The MPS received its prize for the press release dated 
May 6, 2010 entitled “The Neanderthal in Us”. idw (Infor-
mationsdienst Wissenschaft e. V.) is one of the most impor-
tant Internet platforms for news from universities and the 
scientific community in German-speaking countries, and 
includes around 850 scientific facilities among its members.

MAXPLANCKRESEARCH also scooped up a prize: the Max 
Planck Society’s research maga-
zine was presented with an 
“Award of Excellence” as part of 
the first International Corporate 
Media Award. A total of 194 
publications from seven coun-
tries were submitted. Max-
PlanckResearch’s contribution 

impressed “with the manner in which the magazine utiliz-
es images. Abstract contents were illustrated very well. In 
addition, images showing scientists within the context of 
their research work were well chosen and integrated into 
the page layout. MAXPLANCKRESEARCH provides an excellent 
overview of the broad spectrum of the Max Planck Society’s 
field of activity,” the jury found.

Science – communicated superbly: 
The Max Planck Society received first 
prize from the idw for a press release.

Science – illustrated superbly: MaxPlanckResearch received the 
„Award of Excellence” for its visual merit.

Take a Bow!
Max Planck Society’s press office awarded two prizes

PERSPECTIVES
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VIEWPOINT_Debt Crisis

 T 
he European Union has changed with his-
torically unprecedented speed in the last 
18 months. Back in fall 2009, who would 
have thought it possible that, 18 months 
later, three EU member states – Greece, 

Ireland and Portugal – would succumb to a debt crisis 
so extreme that only hundreds of billions of euros in 
guarantees would save them from insolvency? Who 

would have thought that, in the space of one week-
end, the European Union, in concert with the Inter-
national Monetary Fund, would agree to spread a 750 
billion euro safety net for insolvent members, bla-
tantly ignoring Article 125 of the treaty that defines 
how the European Union should function? Who 
would have thought that the European Central Bank 
would ever become a bulk buyer of dubious sover-
eign debt, then promptly move to increase its sub-
scribed capital?

Europe’s political reactions, too, were something to 
behold. On September 7, 2010, the Council of Min-
isters discussed the introduction of the “European 
Semester,” to commence in 2011. The Semester, 
which begins in March each year, is essentially a cy-
cle of consultation in which member states are re-
quired to submit their national budgets for the fol-
lowing year for discussion at the European level – with 
the participation of the Commission and the Coun-
cil. At a summit on September 29, 2010, the Europe-
an Commission then presented plans for a wide-
ranging reform of the European Union’s financial 
constitution. The Commission proposed to tighten 
the supervisory and disciplinary measures of the Sta-
bility and Growth Pact and make potential sanctions 
against debtor states a more automated conse-
quence. It also created an entirely new system of su-
pervision, intervention and sanction, the function 
of which would be to diagnose, deter or punish pos-
sible macroeconomic imbalances within individual 
member states. In May 2011, the Council of the Eu-
ropean Union made the decision to expand the safe-
ty net by additional hundreds of billions of euros, 
and to perpetuate this safety net and rename it the 
European Stability Mechanism (ESM). Some observ-
ers already consider the ESM to be the precursor to 

Greece, Ireland and Portugal avoided bankruptcy only due to a bailout by the European 

Union and the International Monetary Fund. The stability of the European Monetary Union 

hangs in the balance. Since the onset of the crisis, experts have debated new sanctions, the 

establishment of a monetary fund and other institutional possibilities. Yet it is not the rules 

that are at fault, our author believes, but a failure to apply them properly. Thus his call for 

more trenchant reforms of the banking sector and financial markets.

TEXT KAI A. KONRAD 1  

Robust Financial Markets – 
Something to Bank On
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The focus of attention is 
shifting to the role of creditors
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1  This article is largely based on ideas outlined in “Schulden ohne Sühne? Warum der Absturz der Staatsfinanzen uns alle trifft,” 
a book by Kai Konrad and Holger Zschäpitz that was completed in May 2010. The article is a modified version of a contribution 
that appeared in Wirtschaftsdienst (Vol. 90(12), 2010). 
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European government bonds. Simultaneously, it was 
decided to reform the treaty, making the euro and 
its survival a European policy goal. This treaty re-
form can be seen as a major change in European gov-
ernance, as it potentially opens the door for many 
future policy measures.

Apart from these far-reaching resolutions, there 
are myriad other considerations occupying the po-
litical space. How are these initiatives to be assessed 
in light of the past ten years of experience with the 
European Stability and Growth Pact? Can these res-
olutions overcome the central problems of credibil-
ity that have, in the past years – but especially in 
2010 – prevented important pages of the rule book 
from being applied? And if the answer to these ques-
tions is clearly no, what would the correct political 
response be?

Many observers blame the failure of the Stability 
and Growth Pact on an absence of transparency and 
a lack of political appetite to implement the rules of 
the Pact. Thus their call for the rules to be reformed: 
more transparency and more prevention will, they 
hope, facilitate prompt reactions to possible fiscal 
misdemeanors. Existing political voting mechanisms, 
it is argued, should be replaced by rigid rules and the 
automated imposition of sanctions on those who 

break them. Preventive monitoring of individual 
budgets (the European Semester) is intended to allow 
early intervention before the (mis)deed is done – and 
long before an imbalance occurs. More transparency 
and prevention would have revealed Greece’s finan-
cial plight at an earlier stage. It would then have been 
possible, so the argument goes, to put Greece back on 
a sustainable financial course.

Automated mechanisms in place of political ma-
jority decisions are justified by the argument that, 
in the past, “one culprit has been voting on sanc-
tions against another.” In that position, there was 
insufficient incentive for sanctions to be imposed. 
The result would actually have been to compound 

the fiscal wrongdoing, insofar as culprits running up 
excessive deficits would be confident that there 
would be no political majority in favor of punish-
ment. Automated mechanisms would not suffer 
from this credibility problem.

There may be a kernel of truth in these argu-
ments. However, one cannot hope to render the Sta-
bility and Growth Pact both credible and function-
al by these measures. It was not fundamentally an 
absence of information about just how unsustain-
able the budgetary policies pursued by individual 
member states actually were that led to Europe’s sov-
ereign debt crisis.

Even according to the official statistics – which 
have themselves lately been strongly criticized – 
Greece exceeded the 3 percent threshold for net gov-
ernment borrowing in nine out of ten years since it 
joined the euro zone. These infringements were not 
a state secret. The situation may have been made 
worse by the financial and economic crisis, but it 
had been developing in plain sight over many years.

Even under the kind of supervision envisaged by 
the European Semester that has now been adopted, 
states can appear to be treading a path of financial 
sustainability while still heading deeper and deeper 
into debt. A government that is resolved to contin-
ue to run up debt, and that has the support of broad 
sections of its own population in doing so, will still 
have the means despite the European Semester. 
There are few limits when it comes to dressing up 
the balance sheet.

Selling public buildings at high prices, then leas-
ing them back at excessive rents, or taking out loans 
via public undertakings that are themselves backed 
by state guarantees are just two examples of a whole 
class of concealed arrangements by which a govern-
ment can take on additional debt that bypasses the 
official budget. And this kind of debt is generally 
more expensive than openly declared government 
borrowing.

Given these possibilities, even a far more com-
prehensive and penetrating system of monitoring 
national budgets than the one enacted by the EU 
would have little chance of success. It would, how-
ever, have an unwelcome side effect: if, despite in-
tense supervision and restrictions on individual au-
tonomy, a member state were to find itself in dire 
budgetary straits, the debtor would have good rea-
son to demand that the European community come 
to its aid: as long as the debtor is only doing what 

There are many calls for the rules 
to be reformed with more 

transparency and more prevention
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the other states demand, and its actions are subject 
to strict rules, provided that it is in formal compli-
ance, the others cannot very well claim that it alone 
is responsible for its actions. The example of Ire-
land’s impending insolvency in November 2010 
showed that adequate transparency in matters of 
budgetary policy is not sufficient to avoid extreme 
imbalances. Ireland’s deficit was not especially con-
spicuous. It was rather the case that the country 
came to grief as a result of the guarantees it gave for 
the Irish banking sector – a measure that would not 
necessarily have fallen foul of a system of preven-
tion, or attracted automatic sanctions.

So what can one expect of automated sanctions? 
Can it be hoped that such sanctions will constitute 
a credible threat of punishment for fiscal misdeeds, 
and as such, have a disciplinary effect on individu-
al states? Or will automated mechanisms ultimately 
fail to act as a credible deterrent?

In fact, the experience of the past ten years al-
ready hints at an answer to the questions. The Sta-
bility Pact, in its pre-reform version, already provid-
ed for a range of automated mechanisms that were 
later deactivated. Consider the intervention by the 
German government in 2002, which initially pre-
vented the implementation of an entirely automat-
ed delinquency procedure. A more dramatic and 
more important example of the failure of automat-
ic rules is that of the safety net installed in May 
2010: the “no-bailout clause” in Article 125 was fun-
damentally conceived as an automated mechanism.

The rule states that if a euro zone member state 
should find itself in extreme fiscal difficulties, neither 
the community of states nor any individual member 
state is required to provide financial assistance. Pub-
licly and politically, the rule has predominantly been 
interpreted as “shall not provide assistance.” How-
ever, this automatic no-bailout mechanism did not 
prevent the euro states from flouting the rule book.

There has been broad speculation as to why, in 
May 2010, the European Union and the Internation-
al Monetary Fund spread out a 750 billion euro safe-
ty net as a mechanism for inter-state assistance. At 
any rate, large parts of the political community were 
concerned that, following Greece, other euro zone 
countries, too, would soon find themselves in a sit-
uation in which it was practically impossible to re-
finance their borrowings on the capital markets. By 
putting this rescue plan in place, the politicians 
hoped to avoid this chain of events. Above all, how-

ever, there was widespread fear that, if one or more 
of these states were forced to restructure their debt, 
the result would be to throw the financial markets 
into disarray and trigger insolvencies among major 
financial institutions of systemic importance.

Given the possible negative consequences, Eu-
rope found itself in what is known as the “Samari-
tan’s dilemma.” As applied to the relationship be-
tween the euro states, the situation was esentially as 
follows: while there was no deep bond of attach-

ment or altruism between these states, it was in the 
interests of the richer among them to assist those on 
the periphery in order to avert the consequences 
that such a debt restructuring would have on their 
own banking sectors.

The expectations of assistance, including the 
possibility of long-term inter-state transfer pay-
ments, proved to be a harmful incentive both 
among the states and on the government bond mar-
kets, insofar as they implied joint liability on the 
part of the euro zone countries. Holger Zschäpitz 
and I described the consequences in our book Schul-
den ohne Sühne? In such a situation of shared liabil-
ity, states have too little incentive to save and con-
solidate – something that also applies even to states 
that are repeatedly seen as riding to the rescue. One 
of the few credible ways for such states to cast off 
the mantle of rescuer is to run up high levels of debt 
of their own.

What’s more, the buyers of government bonds 
cease to have any incentive to verify the creditworthi-
ness of individual countries and to respond to any de-
terioration by exhibiting a reluctance to buy. If they 
are going to get their money back come what may, 
there is no need for them to distinguish between lend-
ing to states of sound or unsound financial standing. 
Consequently, if a member of the community of 
states over-borrows, it impacts the creditworthiness 
of the community as a whole. Refinancing costs rise 
for every member of the community.

The European Stability Pact 
already provided for a range of 
automated mechanisms
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the political spectrum. Were radical populists to ac-
cede to government responsibility on the back of 
this issue, the result could be to trigger potential 
splits within the European Union.

So what is the right thing to do? How do we ex-
tricate ourselves from this dilemma? The Advisory 
Committee to the German Federal Ministry of Fi-
nance outlined an answer in a letter to the Minister 
in the summer of 2010. The Committee advised that 
Europe’s financial constitution should be left un-
touched. With an independent Central Bank, a pro-
cedure for budgetary supervision (Article 126) and, 
above all, the no-bailout clause in Article 125, there 
are already excellent rules in place. If they were to 
be complied with, these rules would be adequate to 
ensure price stability and sustainable budget poli-
cies. It is not the existing rules that are at fault, but 
failings in their application.

The fact that the no-bailout clause was set aside 
by political resolutions has less to do with the rules 
themselves than with the institutional context in 
which decisions are made on how to apply them. 
Therefore, when it comes to reform, the central 
question is: Which factors in the institutional envi-
ronment were principally responsible for deactivat-
ing the automated no-bailout mechanism? We must 
then ask how these factors can be altered.

One of the central reasons for not applying Ar-
ticle 125 and proceeding instead with a financial 
rescue, first for Greece and later for Ireland and Por-
tugal, is the state of the financial markets: as long 
as politicians fear the market turbulence and bank-

ing sector insolvencies that restructuring the debt 
of a euro zone country would entail, no restructur-
ing will take place – even if it were the economical-
ly correct and necessary thing to do. If the no-bail-
out clause is to be upheld in the future, then 
rather than reform the Stability and Growth Pact, 
the true reasons for why the no-bailout clause was 
overruled need to be addressed. This implies more 
trenchant reforms of the banking sector and the fi-
nancial markets.

In fact, the costs borne by one small member state 
are only a fraction of the added expense caused by 
its own over-indebtedness. The bulk of the burden 
is shouldered by the other states. This, too, can lead 
to fundamentally excessive borrowing on the part 
of every individual state.

The political effects of this Samaritan’s dilemma 
for “Project Europe” may prove to be more signifi-
cant than even the impact on bond markets and on 
the budgetary policies of member states. Repeated 

aid payments or extensive transfers from richer to 
poorer members that could well extend over many 
years and assume substantial proportions are likely, 
in the long term, to lead to political tensions be-
tween donors and recipients.

The rescue package for Greece has already given 
us a foretaste. In Germany, for example, the Greeks 
were frequently branded as lazy tax dodgers. The 
perception that Germans were expected to tighten 
their belts in order to send money to Greece was not 
especially popular. The discussion was dominated 
by news reports citing uses to which the money 
would be better put in Germany rather than send-
ing it to Greece. At the same time, voices were raised 
in Greece calling for Germany to make reparations 
for World War II, even if no official demands were 
forthcoming.

The potential for such a situation to blow the Eu-
ropean Union apart is considerable. There are signs 
of a dividing line being drawn in Europe between 
those states with sound finances and those whose 
financial position is less sound. In view of Europe’s 
history, it is unlikely that Germany will take the first 
step toward abandoning monetary union. It is, how-
ever, conceivable that some states will draw their 
own conclusions.

In addition to the international tensions that 
might develop as a result of inter-state transfers, a 
European Transfer Union would also have the po-
tential to ignite radicalism in individual countries. 
Slogans such as “Saving for Greece? No thanks!” 
could inspire populist movements on both ends of 

Repeated aid payments lead 
to tensions
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should be left untouched



Debt restructuring means putting a partial block on 
the repayment of sovereign debt, followed by nego-
tiations between government and creditors regard-
ing the terms of repayment. This is by no means a 
pleasant event for the financial markets, given that 
the holders of government bonds will forfeit some 
of what they are owed. (A clear distinction should 
be drawn between debt restructuring and an exit 
from the euro zone: the one does not entail the oth-
er, even though, unfortunately, the two are often 
confused in the economic policy debate.)

An adequately robust banking system that is 
properly provided with equity, and in which banks 
do not build large unbalanced positions in the 
bonds issued by any one individual state, but in-
stead divide their investments between a balanced 
variety of asset classes, can survive the write-offs re-
sulting from restructuring the debt of a euro zone 
country relatively unscathed. Banks with a suffi-
ciently conservative investment strategy can ac-
commodate such write-offs without getting into 
difficulties themselves.

To imagine banks and financial markets in such 
a robust state is not utopia. On the contrary, this is 
a situation in fundamentally stable balance: in a fi-
nancial world in which all banks and financial in-
stitutions are well provided with equity and pursue 
a conservative investment strategy, there needn’t 
be an incentive for any individual among them to 
deviate from such a strategy. One or another might 
attempt to build huge and risky positions, betting 
on a specific event, as may even be common prac-
tice in the current financial market situation.

In view of the behavior of the other banks and 
their equity capital, however, this would be a dan-
gerous course of action for both the institution and 
its shareholders. Given the robustness of every oth-
er bank, the transgressor that over-reached itself 
would simply go under. Unlike the present situa-
tion, the government would have no need to 
launch a rescue since, in a sufficiently resilient fi-
nancial world, the individual bank would not be a 
systemic risk.

Robust financial markets with banks whose 
shareholders bear responsibility for possible invest-
ment losses and that are not in need of being saved 
at any cost are desirable for many other reasons, 
too. A sufficiently strong financial market system 
might even save the world from future financial cri-
ses and their attendant impact on the economy. 
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First and foremost, however, such a system is one 
of the central requirements for the credibility of the 
no-bailout clause, and thus also for the functional-
ity of the European Stability and Growth Pact. 

The May 2010 decisions opened up a window of 
opportunity for a fundamental reform of financial 
markets and the banking sector toward such a ro-
bust and resilient system. So far, European policy 
has not moved substantially in this direction, and 
the window for such a reform is closing quickly.  
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Unraveling the 

Tangled Tau Web
Particle accelerators do not automatically spring to mind as a tool for use in Alzheimer’s research. 

However, the German Synchrotron Research Center (DESY) in Hamburg has provided invaluable 

service to Alzheimer’s researchers Eva-Maria and Eckhard Mandelkow from the Max Planck 

Research Unit for Structural Molecular Biology. With DESY’s help, the Mandelkows have succeeded 

in illuminating the processes that lead to the memory loss associated with Alzheimer’s disease. 

Their research findings raise great hopes for the development of effective treatments.

Diminishing brain: Computer graphic of a 
vertical section of a brain affected by 
Alzheimer’s disease (left) and a healthy brain 
(right). The loss of brain cells causes the 
diseased brain to shrink. 

FOCUS_Medicine of Tomorrow
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 A     
constant humming can be 
heard throughout the com-
plex. Metallic, not very 
deep, distinct – the noise is 
generated by the power 

supply to giant magnets. These are re-
quired to deflect the electrons pro-
pelled at an unimaginable speed 
through the storage rings of the DESY, 
DORIS and PETRA 3 particle accelera-
tors, a process that can tease out vast 
numbers of protons from matter. When 
focused, these protons generate a very 
bright, energy-rich beam that can be 
used, for instance, to examine proteins 
in minute detail. Every year, 3,000 
guest researchers from all over the 
world come to DESY in Hamburg for 
this very purpose.

Unlike their international col-
leagues, Eckhard and Eva-Maria Man-
delkow are permanently based at the 
source. They work with DORIS, which 
the two scientists, who have made an 
enormous contribution to shining 
light on the darkness surrounding the 
cause of Alzheimer’s disease, describe 
as the “ultimate torch.”

First things first: Where can I find 
the Mandelkows? Without saying a 
word, the porter picks up a large map 
of the complex and, using a thick felt 
pen, traces the path to the Max Planck 
Research Unit for Structural Molecular 
Biology. “A good ten minutes on foot 
– walking at a brisk pace,” he adds with 
a grin. The site, which is the size of a 
small city neighborhood, comprises 80 
buildings. Even a young and fit person 
could easily lose their way here. For 
someone suffering from dementia, 
even the best map in the world would 
be of no use.

Alzheimer’s – the diagnosis always 
comes as a shock. For the patients 
themselves, but also for their families. 
It means a process has begun that can’t 
be halted: the loss of memory – expe-
rience, acquired and everyday knowl-
edge, information about people and 
things loved and, ultimately, even 
awareness of the self. 

The causes of the disease remain 
largely a mystery. The consequences 
are clearly recognizable while the pa-

TEXT CATARINA PIETSCHMANN
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using a genetic test. The vast majority of 
sufferers have sporadic Alzheimer’s dis-
ease. The good news is that anyone 
whose relatives did not display typical 
Alzheimer’s symptoms from around the 
age of 50 can feel relatively safe until 
they are 80. Only three out of one hun-
dred 75-year-olds contract the disease; 
in 80-year-olds, the corresponding fig-
ure is around 20 percent. After 85, it ris-
es to between 30 and 50 percent – de-
pending on the statistics used. “The 

main risk factor for Alzheimer’s is sim-
ply age,” says Eva-Maria Mandelkow. 
“Just as we develop arthritis in the knee 
or hip joint, the nervous system is also 
subject to wear and tear.”

“The astonishing thing is that the 
majority of us do not get Alzheimer’s in 
old age,” stresses Eckhard Mandelkow. 
“All elderly people have protein depos-
its in their brains. Do they have a pro-
tective gene? Good metabolism? We 
simply don’t know.”

In a healthy neuron, the tau protein (red) stabilizes the cell skeleton in the cell axon (1). In a 
cell with an additional tau gene, which rapidly forms aggregating tau protein, tau also arises 
in the body of the cell and in the dendrites of the neuron, where the protein causes the 
dismantling of the synaptic thorns (2). The tau then forms clumps and the neuron loses more 
and more synapses (3). If the additional gene is switched off, the tau is found only in the axon 
again and new synapses form (4). 

1

Connection with 
other neurons

Spinous 
processes

Dendrites

Presynapse Postsynapse

Axon

Cell body 
with nucleus

2

tient is still alive, but up to now, they 
really become clear only after death: 
protein deposits and a conspicuous 
loss of nerve cells, primarily in the hip-
pocampus, the part of the brain where 
the memory resides. 

Our memory is like a personal li-
brary. We can access it whenever we like, 
select individual books and retreat to 
particular places and situations, even if 
they occurred many decades ago. All it 
takes is a photograph, a smell, a noise, 
or sometimes just a particular incidence 
of light, and images that were long be-
lieved forgotten trigger chains of 
thought. Light like that time in Siena, in 
the early afternoon. It was September ’94 
… I had just bought those tan shoes and 
we passed this small pasticceria. It smelled 
amazing! Afterwards, we had those warm 
almond cookies … what were they called? 
… that’s right, ricciarelli … and the 
café…? A day later, the name of the café 
comes back again: “Café Nannini … .”

ALZHEIMER’S CAN AFFECT 
ANYONE 

But what happens when one book is 
missing? And then several books? Lat-
er, entire years, and even entire epochs, 
have vanished into thin air. And at 
some point, all that is left on the emp-
ty shelves are dog-eared volumes from 
childhood and youth. So we read them 
again and again, almost compulsively. 
This is more or less how someone who 
has Alzheimer’s must feel.

An estimated 24 million people 
throughout the world currently suffer 
from this most common form of demen-
tia. Fewer than 2 percent of them suffer 
from familial Alzheimer’s disease. In 
those patients, certain mutations arise 
on a chromosome and can be identified 
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Doctoral student Lars Messing prepares 
brain tissue for testing. In order for the 
scientists to be able to identify changes in 
the neurons under the microscope, they 
must use a microcutting device to create 
tissue sections just a few thousandths of a 
millimeter in thickness.

The disease is highly specific. In addi-
tion to the loss of neurons, the pathol-
ogist will find two kinds of deposits in 
the brain tissue of Alzheimer’s patients: 
the protein amyloid-beta (Aβ), also re-
ferred to as “plaque,” will be observed 
between the neurons, and tau protein 
will be found inside the neurons. Only 
when both occur – and predominantly 
in the hippocampus – does the patient 
develop Alzheimer’s. On their own, tau 
deposits, which are known as tau pa-
thology, are indicative of various other 
forms of dementia. For example, the 
presence of tau in combination with 
the protein alpha-synuclein is a typical 
feature of Parkinson’s disease. It is also 
possible to develop both Alzheimer’s 
and Parkinson’s.

The Mandelkows and their interdisci-
plinary team have long had tau in their 
sights. The protein stabilizes the micro-
tubules, the tubular protein fibers that 
constitute a key component of the ba-
sic structure of all cells. They literally 
play a “supporting” role because they 
provide mechanical support to the cell. 
Moreover, during cell division, they 
form the spindle apparatus, to which 
the chromosomes in the emerging 
daughter cells migrate. They also facil-
itate the cell’s “freight transport” sys-
tem: valuable supplies access the cell 
through the cell projections, the axons 
and dendrites, and are carried “on pig-
gyback” by motor proteins like kinesin, 
the cell’s very own “freight carrier.” The 
supplies in question range from pro-

teins and nutrients to entire cell organ-
elles, for example mitochondria and 
peroxisomes – cone-shaped mini-con-
tainers for enzymes.

The entire process can be observed 
live and in color under the fluorescence 
microscope, as tau and other cell com-
ponents can be marked using fluores-
cent proteins. The image under the mi-
croscope resembles slow-moving traffic 
at the entrance to a tunnel.

PART OF THE CELL SKELETON 

Tau binds loosely to the microtubules 
and stabilizes them, helping to ensure 
that the cellular transport process runs 
smoothly. This protein is something of 
an exotic species, as it is almost entire-
ly unfolded. As a result, it is very flex-
ible and can’t be impaired by either 
heat or acid. “We had already been 
working on tau and other microtubule 
proteins for some time when the link 
between tau and Alzheimer’s was dis-
covered more than 20 years ago. This 
prompted us to concentrate on the 
role of tau in this disease,” explains 
Eva-Maria Mandelkow. In diseased 
neurons, the protein behaves “improp-
erly” and no longer functions correct-
ly. “In Alzheimer’s, tau is over-phos-
phorylated by hyperactive enzymes, 
the protein kinases, such as MARK ki-
nase. This means that phosphate 
groups suddenly arise at many loca-
tions in the tau protein. As a result, it 
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Mandelkow. The researchers applied 
the loosely clumped “sick” Aβ protein 
to rat cells from the hippocampus and 
observed what happened in the neu-
rons: the first pathological signs of Al-
zheimer’s emerged with bewildering 
speed – just two hours later. Tau, which 
is normally found in the axon, was also 
found in the dendrites. And wherever 
the tau arose in the wrong place, the 
parts of the synapses where signal trans-
mission takes place – the postsynapses 
or spinous processes – disappeared. This 
is fatal, as the communication between 
the nerve cells takes place through the 
contact of the presynapse on the axon 
and the postsynapse on the dendrite of 
the downstream neuron. One neuron 
has around 10,000 synapses. Even if 
these points of contact are only partial-
ly destroyed, the “radio silence” be-
tween the neurons begins.

TAU AND Aß – THE SEARCH FOR 
CAUSE AND EFFECT 

Eckhard Mandelkow takes a piece of 
paper and starts to draw. “When Aβ  
forms clumps, it settles on the postsyn-
apses like a thin film. It is assumed that 
it binds to a receptor – the NMDA re-
ceptor, for example. When it is activat-
ed, calcium flows into the cell. That is 
its job. In this case, however, the 
NMDA receptor is over-activated, and 
too much calcium flows into the cell 
interior. This triggers, among other 
things, tau dysregulation.”

Does this mean that Aβ is ultimate-
ly the trigger of the disease? Mandelkow 
shakes his head and continues drawing. P
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is no longer able to fulfill its functions. 
It detaches itself from the microtu-
bules and clumps together.” 

Tangled protein fibrils that are un-
able to function are effectively waste, 
and this process marks the beginning 
of the end for the affected neurons. It 
is also the point at which memory loss 
starts, as too little tau on the tracks in-
hibits transport operations: the micro-
tubules break up and the motor pro-
teins can no longer hitch up to them 
correctly. Then, due to lack of supplies, 
the synapses, the minute protuberanc-
es of the axons and dendrites through 

which the neurons communicate with 
each other both chemically and electri-
cally, disappear. This is followed by the 
death of the axons and dendrites and, 
eventually, the entire neuron. “It 
doesn’t matter where you examine it – 
in the test tube, in the cell or in the 
mouse model – it’s the same picture ev-
erywhere,” says Eva-Maria Mandelkow.

This is what happens in the neu-
rons. But what does this have to do 
with the much-debated extracellular 
amyloid plaques? “That’s one of the key 
questions that we and other laborato-
ries are investigating,” says Eckhard 

Laser scanning microscopes provide particularly detailed images of the brain: Eva-Maria 
Mandelkow analyzes microscope images of neurons with her husband (top) and Xiaoyu Li (bottom). 
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“That’s not quite the case. It’s always 
said that Aβ dysregulation leads to tau 
dysregulation and this, in turn, causes 
synapse loss and neuronal cell death. 
But what actually causes the Aβ to 
clump? Mutations could be one possible 
cause, but these arise only in the rare 
cases of familial Alzheimer’s.” Many sci-
entists believe that the precursor of Aβ, 
the cell surface protein APP, is split too 
often and in the wrong place. And the 
short Aβ protein that arises as a result 
has the tendency to form clumps. The 
gene for APP is on chromosome 21. This 
is why, for example, people with triso-
my 21 (Down Syndrome) have a higher 
risk of developing dementia early on. An 
increased amount of Aβ is formed in 
their brains, as they have three copies of 
the APP gene. 

“By the way, you’ve just drawn the 
postsynapse incorrectly,” notes Eva-
Maria Mandelkow. He smiles. “I don’t 
like it at all when my wife corrects me 
…” She laughs and continues. “Well, 
you did. You drew it as a presynapse. 
Doesn’t matter, forget it!”

Is it always easy to work together? 
They glance at each other. “Together 
we’re actually very creative,” she says. 
“I do everything by gut feeling.” Eck-
hard adds: “And I don’t let anyone 
walk all over me!” They both laugh. 
They don’t always agree when it comes 
to the interpretation of their research 
findings. This is hardly surprising, con-
sidering that he is a physicist, and she, 
a medical doctor.

And, as a doctor, Eva-Maria Man-
delkow is interested not only in find-
ing out how Alzheimer’s arises, but also 

in developing a treatment. The path to 
this goal leads from cell tests to trans-
genic mice. These are animals into 
which a manipulated form of the hu-
man tau gene has been transplanted. 
Some of the rodents received a gene 
with an anti-aggregation mutation – 
tau is simply unable to form clumps in 
them. Others were given the pro-aggre-
gation variant, in which the tau aggre-
gates particularly quickly. These mice 
develop Alzheimer’s-like symptoms in 
a matter of a few months. The clever 
thing is that the gene can be switched 
on and off again.

MEMORY TEST FOR MICE 

The scientists have recently been carry-
ing out behavioral tests on the mice. 
The scenario: The rodents must swim 
to find their way to a platform in a two-
meter-wide water basin. The platform 
is concealed beneath the surface of a 
milky fluid. They have already under-
gone training in finding the platform, 
four sessions per day. A camera films 
the mice from above and shows their 
swimming track as a red line.

And now for the test: First, the 
healthy mouse, the wild type. Ready, 
set, go! Within 15 seconds, it paddles 
to the platform and climbs onto it. 
Then it’s the turn of the “Alzheimer’s” 
mice. Their behavior is eerily reminis-
cent of a person with dementia who is 
unable to find the way home. One 
mouse moves through the basin in end-
less confused circles and even swims 
right by the platform at one point and 
then finds it – by accident, because it 

brushes up against it. The time: 1 min-
ute, 7 seconds – four times longer than 
the healthy mouse. “This film tells us 
so much more about the disease than 
all of the graphs and diagrams,” says 
Eva Mandelkow, pensively. 

Finally, the same mouse, the one 
that already had “Alzheimer’s” and in 
which the toxic human pro-aggrega-
tion tau had been switched off for 4 
weeks, does the test again. The mouse 
sets off purposefully, turns two quick 
pirouettes, as if to say, “I’ll be right 
there!” and, presto, reaches “dry land.” 
In a mere 10 seconds! “If you examine 
the neurons in the brains of these mice 
in detail, you’ll see that they still have 
tau aggregates and neuronal loss, but 
the synapses have re-formed!” Eva-Ma-
ria Mandelkow’s eyes shine with eu-
phoria.

The brains of these “Alzheimer’s” 
mice contain clumps of mouse tau and 
human tau. To the scientist’s amaze-
ment, in the animals in which the mu-
tated gene was later switched off, the 
human tau dissolved again, but the 
mouse tau remained entangled. Mouse 
tau doesn’t usually clump together. 
Strange. It appears it was prompted to 
do so by the toxic human protein. 
“That means that mutated – that is, 
pathogenic – tau can alter healthy tau! 
Like prions in Creuzfeldt-Jakob disease, 
but not infectious.” She grins. “My hus-
band doesn’t like it when I say that.” 
He shakes his head. He sees it different-
ly, from a physical perspective: mutat-
ed tau acts more like a crystallization 
germ that can also cause normal tau to 
form clumps. The real sensation, how-G
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Aß binds in the synapses to receptor molecules for the neurotransmitter glutamate (1, 2). Large volumes of calcium 
flow into the synapse through the open receptor channels (3) and trigger the formation of tau clumps (4).
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ever, is that the memory loss is revers-
ible – at least if intervention comes be-
fore too many neurons die off.

A SOLVENT FOR TAU CLUMPS 

Switching off a gene – something that 
works well in mice – is not possible in 
humans. However, it should be possi-
ble to dissolve the tau aggregates using 
active substances. The Mandelkows’ 
group has already tested 200,000 sub-
stances, identified promising lead struc-
tures and chemically refined them with 
the help of colleagues from other Max 
Planck institutes and universities. Two 
of the active substance classes exam-
ined have what it takes to dissolve the 
tau tangles and thus allow the synaps-
es to grow again: derivatives of rhoda-
nine and phenylthiazolyl-hydrazide.

Eckhard Mandelkow pops next door 
for a minute to consult his computer. 
His wife explains how they met. “As 
scholarship recipients of the Evange-
lisches Studienwerk, a scholarship orga-

nization for gifted students funded by 
the Protestant church of Germany, we 
were both involved in a performance of 
the opera Dido and Aeneas.” A voice 
from next door calls out: “She as a flut-
ist and I as a cembalist.” When Eckhard 
went to New Orleans on a Fulbright 
Scholarship, she followed and complet-
ed a clinical internship. They both then 
wrote their doctoral theses at the Max 
Planck Institute for Medical Research in 
Heidelberg. This was followed by a peri-
od working as postdocs in the US, and 
the birth of their two children. “My 
dream was actually to work as a doctor 
in Africa. But I fell in love with this 
physicist!” Their daughter, a future sur-
geon, is now doing just that. She has al-
ready spent a year working for Médecins 
Sans Frontières in the Congo and during 
the cholera epidemic in Zimbabwe. 
Their son followed in his father’s foot-
steps, studying physics and completing 
his doctorate on magnetic resonance to-
mography of the brain. He now works 
in the field of brain research.

The Mandelkows came to Hamburg 
to the newly established Max Planck 
laboratory in DESY in 1986 and have 
worked together ever since. “I focus on 
the biochemical dimension and the 
electron microscopy, and my husband 
does the rest,” says Eva-Maria Mandel-
kow. As a doctor, structural biology was 
not quite her cup of tea. But when the 
tau protein came into play, and with it, 
Alzheimer’s disease, she was hooked.

Together with colleagues in Mu-
nich, Freiburg and Cologne, they are 
now working on developing other 
transgenic animal models of Alzheim-
er’s disease, such as fruit flies, zebra fish 
and worms. “When the ‘tau worm’ de-
velops the clumping form of tau, it is 
no longer able to move,” says Mrs. 
Mandelkow. They would now like to 
treat the worm using the drugs they re-
cently tested on the mice. “The worm 
is ideal, of course, as it takes only a few 
days to go from one generation to the 
next, and the symptoms of a disease be-
come apparent in a matter of hours. 

FOCUS_Medicine of Tomorrow

Eva-Maria Mandelkow and Stefanie Könen train a mouse in the swimming pool (right). The creature must remember the figures 
on the edge of the basin to be able to find a platform concealed just below the surface of the water (left).
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Protein deposits
The proteins consisting of one or more 
amino acid chains fold during formation 
into complicated spatial arrangements. 
Incorrectly folded proteins can combine to 
form long and short fibers. They not only 
lose their functionality as a result, but 
also become insoluble and toxic and can 
no longer be dismantled by cells.

GLOSSARY

Hippocampus
A region of the brain that plays an impor-
tant role in learning and memory. Its name 
derives from its curved shape (Latin: sea-
horse). It is part of the two hemispheres of 
the cerebrum, so there is also a right and a 
left hippocampus. Information from various 
regions of the brain enter the hippocampus 
and are connected with each other there.

Presynapse/postsynapse 
The presynapse is the transmitting section of a 
synapse. This is a specialized region of the axon 
in which the incoming electrical signal triggers 
the release of a neurotransmitter. This neuro-
transmitter binds to receptors in the neighbor-
ing postsynapse on a dendrite of the recipient 
cell and activates further electrical and chemi-
cal signal chains there.

With the mice, we have to wait several 
months until we can observe symp-
toms.” For the time being, it’s all about 
providing the “proof of concept.” As 
soon as the substances are available, the 
intention is to use them in patients.

ALZHEIMER’S RESEARCH IN 
BONN AND HAMBURG 

Before things get that far, however, the 
two researchers will be moving to a new 
city. Next year they are set to transfer 
to a laboratory in the German Center 
for Neurodegenerative Diseases (DZNE), 
which was established in 2009. The 
DZNE is located on the premises of the 
"caesar" research institute, an institute 
of the Max Planck Society. At the DZNE, 
the Mandelkows intend to research 
other diseases in which tau plays a role. 
In addition to an 11.5 Tesla MRI scan-
ner for mice, the scientists will have a 
host of new possibilities for observing 
the inside of the brains of live mice in 
Bonn. “We are really well resourced 
here in Hamburg – but we don’t have 
anything like that in our current insti-
tute.” However, they would like to keep 
one part of the laboratory in Hamburg 
for the time being. “Because of the 
mice, if nothing else. They can’t simply 
be moved in the middle of experi-

ments. We work in close cooperation 
with the University Medical Center 
Hamburg-Eppendorf and keep more 
than 1,000 mice there at different stag-
es of aging and treatment.”

Eva-Maria and Eckhard Mandelkow 
spend between 10 and 12 hours a day 
at work. This doesn’t leave them much 
free time. She has to laugh. “The chil-
dren always used to say ‘our parents 
have premature Alzheimer’s. They al-
ways forget what they promised us.’ 
That’s what happens when your work 
and hobby overlap.” Apropos free time: 
Do you both have other hobbies? “We 
used to,” he says drily. “My husband 
plays the piano very well and we are in-
terested in political developments,” she 
adds. “But our research is so fascinating 
and we regularly meet our friends at 
conferences. We occasionally find time 
to go to the opera. And for relaxation, 
we go for walks along the banks of the 
Elbe River.”

As experts, would they want to 
know whether they had Alzheimer’s – 
assuming that a test were available with 
which the first signs of Alzheimer’s-spe-
cific protein deposits could be observed 
at an early stage? She answers without 
hesitation. “Definitely!”

Is there anything you can do to pre-
vent these protein clumps from form-

ing? “Of course there is. What’s good 
for your heart is also good for your 
brain! As long as the brain is well sup-
plied with blood, the supply is right, 
you’ve done just about everything that 
can be done at present,” he says. “Lots 
of exercise, low cholesterol – that’s very 
important. And then the usual things: 
vitamins, fruit, fish, reduced calorie in-
take,” she adds.

Those who have a tendency to de-
velop diabetes also have a much high-
er risk of developing Alzheimer’s. “The 
tsunami is on its way, as many children 
are already too fat! There will be a huge 
increase in the incidence of diabetes 
and, for that reason alone, Alzheimer’s 
as well,” stresses Eckhard Mandelkow. 
So what about gingko or curcumin? 
Eva-Maria Mandelkow laughs again. 
“We don’t believe in that.” Indian and 
Chinese medicine? “Most of it could 
probably be thrown out,” he growls.

Despite this worrying prospect, how-
ever, the Mandelkows are in good spir-
its. It’s quite likely that drugs that are 
able to resolve the Aβ-tau problem will 
be available on the market in the fore-
seeable future. And the two scientists will 
have a well-stocked “library” to consult 
in their old age, containing shelves filled 
with memories of their long and shared 
path through scientific research.               

View from above of the swimming paths of a healthy mouse (1), a genetically modified mouse with rapidly aggregating tau protein (2) 
and a mouse in which the inserted tau protein was switched off again (3). Even after intensive training, the animal with dementia has to 
search for a long time before it finds the platform (light gray). When its tau gene is switched off, just a few weeks later, the mouse can 
remember the platform more or less as well as a healthy animal.
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Now even paraplegics can ride a bike – thanks to functional 

electrical stimulation, a method that takes the place of the nerve 

signals of the brain. At the Max Planck Institute for Dynamics 

of Complex Technical Systems in Magdeburg, Thomas Schauer 

is working on a sophisticated control system for this technology, 

which also helps get stroke patients quickly back on their feet.

TEXT TIM SCHRÖDER

Electricity Flexes 
Muscles  

 A  
n electric current gives a 
strange, tingling sensation 
when it flows into your 
skin, as if mineral water 
were bubbling in your fore-

arm. It is odd to see the flat electrode 
on your skin and not know how strong 
those pins and needles will become; but 
the anticipated prickling stays away. It 
doesn’t take much electricity to get the 
muscles moving: first the fingers lift, 
then the heel of the hand, and finally 
the whole hand hovers over the table-
top. It falls and rises again with the ebb 
and swell of the current, apparently of 
its own accord, rather spookily. 

Thomas Schauer is a master of the 
art of fine-tuned muscular remote con-
trol. He gets paraplegics cycling and 
helps stroke patients learn to walk 
again. His laboratory contains a huge 
tricycle for adults, alongside an ergom-
eter with wires trailing out of it. These 
end in small gray boxes with control di-
als, and in electrodes for sticking to the 
skin like band-aids.

Schauer’s specialty is electrical stim-
ulation. He regularly shows his visitors 
what that is by demonstrating the hov-

ering-hand experiment. Of course, elec-
trical stimulation has been around for 
a while. As early as the 1960s, scientists 
tried to help stroke patients walk using 
small bursts of current. Until quite re-
cently, however, it remained a simple 
“on/off” technique. Who would have 
thought that electrical stimulation 
could be adapted for individual pa-
tients, or adjusted for specific situa-
tions? Yet this is exactly what Schauer 
does, using an ingenious computer 
control unit.

MUSCLES AS COMPONENTS OF 
TECHNICAL CONTROL LOOPS

The technique developed by the electri-
cal engineer, who specializes in control 
engineering, doesn’t use muscle stimu-
lation as a blunt instrument. Instead, 
the computer measures how strongly 
the muscle responds, how powerfully 
the leg swings or the foot presses against 
the floor. Then the system reacts: it ad-
justs the next electric pulses to the mus-
cle effort to generate a flowing move-
ment. Schauer makes the muscle a 
component of a technical control loop. 
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Electronic mobility aids: Patients left with paralysis following 
a spinal injury or stroke can be helped to perform many movements 
through functional electrical stimulation. Thomas Schauer, 
Thomas Brunsch and Jörg Raisch demonstrate the systems that 
can be used to raise an arm or foot. P
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they fed data on the position of the 
pedals into their computer program. It 
was months before the software was 
running smoothly enough for all com-
ponents to work seamlessly together. 
Finally, it happened. 

A PERFECT BIOLOGICAL 
STIMULATION SYSTEM  

From a laptop on the carrier rack, the 
software controlled the electric pulses 
issued by the small on-board battery 
and the electrostimulator. Whenever a 
pedal moved over the highest point on 
the curve, the electrodes at the knee ex-
tensor were activated and the muscle 
contracted. As soon as the leg was fully 
stretched, the knee flexor was stimulat-
ed and drew the pedal up again. Ulti-
mately, the leg completed a perfect ro-
tational movement. Without any 
engines to help them, the paraplegic pa-
tients were pedaling around on the spe-
cial tricycle. “It gave people a wonder-
ful sense of freedom to cycle about 
under their own power,” says Schauer. 

Of course, electrical stimulation is a 
long way from holding its own against 
natural nerve stimulation. Nerve path-
ways shoot their microimpulses into 
individual bundles of muscle fibers 
with high precision, while the elec-
trodes fixed to the skin are the size of 
post-its and cause several muscles to 
twitch at once. Nor are they as accu-
rate as nerve cords at dosing their en-
ergy. Consequently, the same muscle 
fibers are stimulated again and again, 
and the muscle fatigues quickly.

Schauer wants to improve this sit-
uation. In recent years, he has gradu-
ally come closer to the perfect biolog-
ical stimulation system. First, he and 
his colleagues developed a kind of 
training ergometer together with 
medical device manufacturer Ha-
somed; it has been on the market for 
about five years now. Paraplegics and 
stroke patients with paralyzed legs step 
on the pedals as they sit in a wheel-
chair. The device includes an electric 
motor that helps the patients as they 
push the pedals.

Together with his boss, Jörg Raisch, 
whose control engineering research 
group is divided between Magdeburg’s 
Max Planck Institute for Dynamics of 
Complex Technical Systems and the 
Technische Universität Berlin, he has 
made great advances in recent years. 

It all began with the idea of teaching 
paraplegics to ride a bike. At that time, 
a professor had summoned Schauer to 
Glasgow University for his doctoral 
studies, to a new research group focus-
ing on “functional electrical stimula-
tion.” In paraplegics, the conduction of 
nerve impulses to the muscles is inter-
rupted; the muscles and their corre-
sponding nerves still work, but their 
connection to the brain is severed. “Back 
then, we felt that it ought to be possible 
to generate a harmonious pedaling mo-
tion using appropriate control engineer-
ing,” recalls the scientist. 

Schauer and his colleagues secured 
the patients’ feet to the pedals using 
special shoes, and attached electrodes 
to their legs at the knee flexor, knee ex-
tensor and hip extensor muscles. Then 
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above  How functional electrical stimulation helps patients ride a bike: The ingenious control system uses data from the electromyograph (EMG) 
and force sensors to determine how much stimulation the muscles need. If necessary, an electric motor helps the patients pedal. 

right  On a recumbent tricycle, Christian Klauer, Thomas Seel and Thomas Schauer (from left) try out the system, which comprises sensors, 
stimulators and a control unit and makes fitness training for paraplegics a reality.
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In an ongoing project, Schauer is 
bringing electrical stimulation a step 
further. This project involves not only 
the medical device manufacturer, but 
also neurologists from Berlin’s univer-
sity hospital Charité. Together, they 
are working on the details of a kind of 
intelligent ergometer. The pedals of 
this device hold force sensors that de-
tect how strongly the leg is pushing, 
and this enables the software to adapt 
the strength of the current and inten-
sity of the pulses to the muscle status. 

The conventional ergometer had 
no such control loop; it simply sent 
pulses to the leg flexors and extensors 
as a function of the pedals’ position. 
This meant that the muscle stimula-
tion was always steady – but a muscle 
doesn’t work like an electric motor. 
“Muscle effort varies depending on the 
patient’s condition or even the time of 
day,” explains Schauer. And then, of 
course, muscles become fatigued dur-
ing exercise. The control loop receives 
data from the force sensors in the ped-
als, enabling the electrical stimulation 

to be adjusted so that now, if the mus-
cle becomes fatigued, the device gives 
a stronger stimulus. 

The new ergometer also features 
electrodes that not only stimulate the 
muscles, but actually measure their 
electrical excitation. These are known 
as electromyographs (EMG), a kind of 
ECG for muscle function. The EMG 
gives the control loop additional infor-
mation about muscle status. This is 
particularly useful for stroke patients 
who need to train their legs. Electrical 
stimulation can support them in this, 
but using EMG, the system can detect 
exactly how fit the muscle is, how well 
it responds to stimulation and how 
much it contributes to the pedaling 
movement. A force sensor cannot pro-
vide such nuanced information.

And there’s yet another new ele-
ment. The only adjustments previous-
ly possible in electrical stimulation 
were the strength of the current and 
the duration of the pulse. This is not 
enough to simulate natural neuronal 
excitation, however, because how a 

muscle works also depends on the rate 
and frequency of the fine electric im-
pulses. This was too much for the ear-
ly control devices – Schauer and his 
colleagues had to resort to screwing 
and soldering to build the first muscle 
pulse generator. 

WORKOUT FOR THE 
CARDIOVASCULAR SYSTEM

Consequently, they built this tech-
nology into the new ergometer, re-
sulting in vastly improved workouts 
for paraplegic patients. Above all, the 
legs take longer to fatigue. And then 
there’s the auxiliary motor that sup-
ports beginners as they pedal. For oth-
ers, the ergometer workout is part of 
their daily fitness program, and the 
stronger their muscles become, the less 
the motor helps them. “Paraplegics 
have only a limited range of move-
ment, so working with the ergometer 
is especially important for their cardio-
vascular system and general condi-
tion,” says Schauer.
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paralyzed leg and sets the foot back on 
the treadmill. Weeks of daily training 
are required before the patient learns 
how to walk again – and trusts that the 
paralyzed leg can bear their weight 
once more.  

STROKE PATIENTS WALK 
WITHOUT STUMBLING

Once more, Raisch and Schauer’s con-
trol systems have something to offer: 
As with the ergometer, they lift the 
knee, tilt the foot, and put it down 
again. Thanks to appropriate electrical 
stimulation, the muscles themselves 
do what therapists have usually done 
to date. It doesn’t sound much more 
difficult than stimulated cycling, but a 
step is a fast thing. Depending on the 
pace, it might take only a second. The 
control system has to keep up and 
even work faster, because the muscle 
reacts to each pulse with a time delay. 
As a result, Schauer’s path to achieving 
fluid movement was a long one. He 
and his colleagues spent several years 

programming and optimizing. A pro-
totype of the control software is now 
being used in treadmill training at a 
clinical center.

With experience, Schauer’s expec-
tations of his electrical stimulation 
programs grew: first, the experiments 
with the tricycle and the ergometer, 
which guide and hold the patient se-
curely as the pedals are turned; then 
walking on the treadmill while sus-
pended; and finally, even more com-
plexity – independent walking with-
out stumbling. About one in five 
stroke patients who learn to walk again 
end up with “foot drop,” a disorder in 
which the brain does not fully activate 
the dorsal flexor of the foot, that is, 
the muscle that lifts the toes when the 
foot swings forward. Initially, the dan-
gling toes make patients stumble, but 
in time, they learn to use an evasive 
movement, swinging the foot out to 
the side in a semicircle. This unsteady 
gait prevents stumbling, but is rather 
tiring. Climbing stairs becomes an ar-
duous challenge. 

Electrical stimulation is even more sig-
nificant for stroke patients as they seek 
to regain lost skills and overcome paral-
ysis. In a stroke, clots block arteries in 
the brain, or in other cases, a cerebral 
artery bursts. Either way, the blood sup-
ply is cut off, and without fresh blood 
and its constant supply of oxygen, de-
finitive tissue death occurs within a 
short time, resulting in paralysis. “Time 
is brain,” as medical experts say.

Depending on which area of the 
brain is affected, various bodily func-
tions previously controlled by that area 
will fail. A stroke often causes paralysis 
of the leg, but the brain can compen-
sate for the damage. Healthy areas take 
over the functions of the damaged part, 
but only if the brain is taught the move-
ment by repeating it many thousands 
of times.

Physiotherapists usually do this 
work – a back-breaking job. Patients are 
supported by a kind of mountaineering 
harness suspended from the ceiling as 
they walk slowly on a treadmill. In time 
with the steps, the therapist lifts the 
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above  Learning to walk again after a stroke: The brain can compensate for damage in the areas that control the motor function of the legs 
if passive walking is used. Patients are held by a kind of harness while their legs are stimulated to walk on a treadmill. The ingenious 
control system enables fluid movements. 

right  Walking without stumbling: The sensor on Thomas Brunsch’s shoe measures the position of the foot. The electrodes on the lower leg 
lift the foot so that a stroke patient won’t stumble while walking. The control unit in the belt bag calculates how strong the electrical 
signal must be to ensure that the muscles don’t fatigue too quickly. Arm movements can be supported in the same way.

Stimulator

Inertial sensor

Treadmill

Electrical stimulation 
via surface electrodes
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G
ra

p
h

ic
: d

es
ig

n
er

g
o

ld
, b

a
se

d
 o

n
 o

ri
g

in
a

l m
a

te
ri

a
l f

ro
m

 t
h

e 
M

P
I f

o
r 

D
yn

a
m

ic
s 

o
f C

o
m

p
le

x 
T

ec
h

n
ic

a
l S

ys
te

m
s

FOCUS_Medicine of Tomorrow



For a number of years now, electro-
stimulatory walking aids have been 
used for foot drop. Patients wear shoes 
with pressure sensors. When they lift a 
foot off the ground, the sensor in the 
sole of the shoe sends a command to 
the stimulator, which emits such a 
strong current that the foot is lifted 
way up high – a safety measure to en-
sure that nobody stumbles. Unfortu-
nately, this causes rapid fatiguing of 
the muscle. These conventional sys-
tems offer only simple on-off function-
ality; they have no way of adapting to 
the muscle condition or effort of the 
patient’s leg. Once again, the control 
loop provides a solution.

How, then, to fix foot drop with 
correct positioning and without over 
fatiguing the muscle? In order to walk 
safely, the foot must land, roll and lift 
perfectly, with a precision of fractions 
of a second. One of Raisch’s doctoral 
students at the Magdeburg-based insti-
tute had an inspired idea: it should be 
possible to control such a system accu-
rately if the exact position of the foot 
is known – preferably using a sensor on 
the shoe itself. He worked meticulous-
ly on this idea for the full course of his 
doctoral studies, and finally came up 
with a small sensor that could be 
clipped onto a shoe. This fast-acting 
gadget takes mere milliseconds to cal-
culate the height, acceleration, posi-
tion and angle of the foot.

Speedy calculation of the position is not 
enough, however, because the muscles 
need to be stimulated just as quickly. A 
zippy control system was also required. 
“It quickly became clear that the whole 
system is too slow if we want to calcu-
late the position while the foot swings 
forward and adjust the intensity of the 
stimulation at the same time,” says 
Schauer. A muscle is simply too sluggish. 
Before it reacts to an electric pulse, the 
foot is already back on the ground. 

Instead, the software analyzes the 
data after each individual step in a 
matter of milliseconds, and has a suit-
able stimulation pattern ready before 

the next step is taken. This means that 
the system constantly learns from past 
steps and adapts the pulses for each 
subsequent step. “Iterative learning” is 
Raisch’s term for this strategy, which 
makes flexible correction of foot drop 
possible for the first time. 

First, though, the team of scientists 
had yet another hurdle to overcome. Ev-
ery sensor, every technical system, 
makes tiny mistakes and therefore, in 
the course of time, deviates from the 
ideal or target value. A wristwatch, for 
instance, may be several minutes slow 
after some weeks. If these errors accumu-
late, the situation becomes critical. It’s P
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no big deal with a wristwatch – we just 
reset it; but a position sensor that de-
viates significantly from the correct 
position after 50 steps is dangerous, as 
it will cause patients to stumble. Con-
sequently, the electrical engineers de-
signed the software in such a way that 
it constantly self-calibrates and errors 
do not accumulate. 

For now, the sensor is too expensive 
for general use in the daily lives of 
stroke patients, and too big – although 
it is only the size of a matchbox. Be-
sides, the sensor, stimulator and con-
trols interact only by means of a com-
plex wiring system, which can be 
rather troublesome in daily life. A wire-
less solution would be better. 

As a result, Schauer and his team have 
been working for some time on anoth-
er, rather unusual position sensor: a 
bioimpedance sensor. This measures 
the electrical resistance between sever-
al points on the lower leg. What is re-
ally fascinating is that, as the leg 
moves, and particularly as the skin and 
muscles stretch, the electrical resis-
tance (or bioimpedance) changes. Ulti-
mately, this means that a control sys-
tem could deduce the position of the 
foot and activate the dorsal flexor with 
a perfect fit.

THE GOAL: SOCKS WITH 
INTEGRATED ELECTRONICS

Schauer’s bioimpedance work is still in 
its infancy, but the procedure seems 
promising, given that it is a low-fuss 
system. However, it can’t quite yet 
manage without wires because the elec-
trodes on the lower leg need to be con-
nected to the control electronics. Still, 
Schauer has thought up a solution for 
this, too: one day, patients will wear 
stockings with integrated electrodes 
and contacts. Unfortunately, the sen-
sor electronics currently used to deter-
mine the position of the foot could 
hardly be knit into a sock. 

Schauer’s newest project, which he 
is working on with doctors from Ber-
lin’s trauma center (Unfallkrankenhaus 
Berlin – UKB), is also based on bio-
impedance measurements and focuses 
on the treatment of swallowing disor-
ders. Just as the death of brain tissue 
following a stroke often causes paraly-
sis of the leg muscles, it can also affect 
the muscles that control swallowing. In 
such cases, the windpipe is no longer 
fully closed during the swallow re-

Hand in hand with robots: Thomas Schauer 
and Jörg Raisch assemble a robot with 
wheels and motors visible underneath (top). 
Stroke patients can hold a handle on the 
other side. Working with electrical stimula-
tion, the robot guides their hand over a 
table so that the brain can re-learn how to 
control the arm. The exoskeleton (below) can 
also be used in rehabilitation, supporting 
stimulated arm movements in all directions. 
Using this commercial system, the Max 
Planck scientists are also developing controls 
for a mobile prosthesis for patients with 
progressive muscular paralysis.



sponse. Food and drink slip into the 
lungs, leading to severe inflammation. 
Often the only solution is a tracheoto-
my or tube feeding, where the care as-
sistant injects the food into the stom-
ach through a tube.  

MEDICAL INNOVATION AWARD 
FOR SWALLOWING AID

If it were possible to control the larynx 
area in the same way as a paralyzed leg, 
it would mean that the swallowing 
muscles could be suitably activated and 
the windpipe protected. The system 
would monitor the muscles using bio-
impedance measurements and assess 
whether food is moving toward the 
esophagus or accidentally ending up in 
the windpipe. 

The concept of detecting choking 
by means of external measurements 
seemed rather absurd initially, even to 
Schauer and his medical colleague, Rain-
er Seidl of UKB. So they brought a cow’s 

  2 | 11  MaxPlanckResearch    33

GLOSSARY

Functional electrical stimulation
This method is used when the areas of 
the brain responsible for muscle control 
are damaged and can’t emit signals 
along the nerves. External currents are 
used to stimulate the nerves and make 
the muscles contract.

Electromyography
provides information on the electrical 
activity of a muscle. It measures both the 
spontaneous activity of the muscle at 
rest and the action potentials of the 
contracted muscle.

Bioimpedance
A measure of the body’s resistance when 
an external current is applied. 

throat into the laboratory and inserted 
wafer-thin needle electrodes into the tis-
sue. “We really had no idea whether or 
to what extent changes in resistance 
could be measured from the outside 
when fluids flowed through the larynx.”

The first attempts were promising, 
so Schauer and his colleagues ultimate-
ly attached electrodes to their own 
necks. “Now we really can use the resis-
tance values to draw conclusions about 
muscle activity and the swallowing 
process.” A short time ago, Germany’s 
Federal Ministry of Research awarded 
Schauer and Seidl the Prize for Innova-
tion in Medical Technology. This fi-
nancial injection is helping them drive 
the project forward. Their goal is to cre-
ate a high-tech implant that few peo-
ple have ever heard of. Prosthetic arms 
and legs are nothing new, but if all goes 
well, Raisch, Schauer and Seidl will 
achieve something quite different: an 
electronic swallowing prosthesis to get 
the larynx moving.                  
 

Resistance when swallowing: While Corinna 
Schultheiss swallows, Holger Nahrstaedt uses 
sensors to measure bioimpedance at her neck. 
The results will help the researchers develop 
an implant to stimulate laryngeal movement.
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 I  
n the movies, it’s very simple: there 
are the good guys and there are the 
bad guys. In the recent film version 
of John le Carré’s novel The Con-
stant Gardener, the bad guys were 

the guys from the unscrupulous drug 
companies who tested their new prod-
ucts in Africa and were willing to accept 
a few deaths along the way. In an after-
word, the author fulminates that “by 
comparison with the reality, my story 
[is] as tame as a holiday postcard.”

In novels as in films, the world is 
allowed to be black and white. The re-
ality, however, is somewhat more com-
plex. Just how complex is revealed 
only through systematic research. But 
how do you research good and bad or 
right and wrong in the context of ver-
ifiable science?

The scandalous aspect of medical 
progress is not new: it lies in the diver-
gence between those who provide inno-
vation and those who benefit from it, 
since advances in medicine – as in every 

other branch of science – are made by tri-
al and error. The only difference is that, 
in medicine, errors can be fatal. Theory 
goes a long way, but not quite far enough. 
And sooner or later, in the development 
of new drugs, there comes a time when 
the animal experiments have all been 
conducted and the substance must be 
tested for the first time on a human sub-
ject. He or she becomes part of the ex-
periment: the means and not the end.

PHARMA INDUSTRY FOCUSES 
ON POOR COUNTRIES 

The globalization of pharmaceutical re-
search has further intensified this mor-
al conflict: more and more drugs are be-
ing tested in poor countries. In the past 
15 years, the focus of drug research has 
gradually shifted to Latin America, 
Asia, Eastern Europe and Africa. China 
and India in particular are the new hot-
spots in what has since become a multi-
billion euro market.

There are two main reasons for this: 
supply and demand. On the one hand, 
trials are expensive. It can take ten 
years or more before a new drug is ap-
proved for use. The cost of bringing a 
product to market can run into the 
hundreds of millions, even to a billion 
euros. The figures are disputed, but this 
much is certain: trials are expensive. 
That is why it is worth conducting 
them in poor countries.

But it isn’t just money that moti-
vates drug companies to international-
ize their research: fewer and fewer peo-
ple in the rich countries of Europe and 
North America are willing to act as 
guinea pigs. Some studies indicate that 
more than half of the trials conducted 
worldwide are now taking place outside 
of the established US, EU and Japanese 
markets. This globalization of drug re-
search brings with it a plethora of mor-
al issues. The pharmaceutical compa-
nies and their service providers, the 
contract research organizations, have 

When is it legitimate for laws to cite ethical standards? This issue is the focus of an Independent 

Research Group headed by Silja Vöneky at the Max Planck Institute for Comparative Public 

Law and International Law in Heidelberg. Doctoral student Mira Chang is investigating the 

circumstances under which international drug trials may be unlawful.

TEXT HUBERT BEYERLE

First the Trial,  
Then the Moralizing
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recognized this fact and consistently 
emphasize their observance of “ethical 
standards.”

Indeed, there has long been an 
abundance of international codes, con-
ventions and standards of good prac-
tice. Regulatory authorities, the drug 
companies themselves and physicians 
have laid down international rules that 
at least sound good. They have even es-
tablished ethical committees to oversee 
compliance with the rules. Basically, it 
is always about expressing commit-
ment to “ethical principles.” Does that 
mean the problems are solved?

“No,” says Mira Chang. As a doc-
toral student at the Max Planck Insti-
tute for Comparative Public Law and 
International Law in Heidelberg, she is 
highly critical of these frequent refer-
ences to ethical standards. “Ethical 
standards are all well and good, but it’s 
more than just a matter of ethics. 
There are some central legal issues to 
be considered, as drug trials can in-

Ethics and science in conflict: Pharmaceu-
tical companies are testing more and 
more drugs in poor countries. The result 
is a potential moral time bomb.
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fringe on human rights,” she says. 
“There are international declarations 
and guidelines that define ethical stan-
dards, but when these emanate from 
private institutions, their legitimacy 
may be questioned.”

NO CLAIM TO REPRESENT 
ALL DOCTORS 

The most important declaration, the 
Ethical Principles for Medical Research 
Involving Human Subjects, was adopt-
ed by the World Medical Association 
(WMA) in Helsinki in June 1964 and 
most recently amended in 2008. This 
document specifically states that the 
welfare of the patient must take prece-
dence over the interests of science and 
society. In addition, particular consid-
eration should be given to the special 
needs of economically and medically 
disadvantaged persons.

That sounds good. Isn’t that all 
there is to it? “No, most certainly not,” 
says Mira Chang. In fact, for the legal 
experts, this is where the work starts. 
“This declaration is not a legal docu-

drug already exists, in the case of life-
threatening conditions, placebo tests 
cannot be justified.”

RESEARCH AT THE FRONTIER 
BETWEEN ETHICS AND LAW 

Science cannot ultimately determine 
what is morally right or wrong. “Mo-
rality as an empirical phenomenon 
may be the subject of scientific study, 
but there are many moral problems to 
which ethics cannot provide a single, 
unquestionably correct answer,” says 
Silja Vöneky, a professor at the Albert 
Ludwig University of Freiburg and 
head of the Independent Research 
Group at the Max Planck Institute in 
Heidelberg. There is, however, one key 
difference between morality and eth-
ics. “Ethics, as a reflective discipline, is 
a normative branch of science. It ad-
dresses the questions: How may we 
act? What are we allowed to do? Ethics 
considers whether an answer to these 
questions is inherently consistent or 
contradictory,” she explains. 

Silja Vöneky works at the frontier 
between ethics and law, the so-called 
ethicalization of law. She and her re-
search group are investigating where 
and how extra-legal ethical rules have 
found and find their way into legal 
systems worldwide, and how referenc-
es to ethical standards can be legiti-
mized. It seems self-evident that the 
provisions of the law should not 
contradict ethical principles or moral 
intuition.

ment,” Mira Chang continues. “It was 
adopted by a body of experts whose le-
gitimacy is open to question. This body 
is dominated by European and North 
American medical associations. It can-
not claim to represent all physicians. 
And third parties, such as the test sub-
jects, have no say at all.” What’s more, 
membership and voting rights are de-
pendent on payment of a membership 
fee. Mira Chang is critical: “This is a 
rather unconvincing basis for a body 
whose ethical principles are supposed 
to apply worldwide.”

In its purest form, the whole moral 
dilemma surrounding medical research 
is reflected in the placebo problem. Sci-
entists and regulatory authorities large-
ly agree that placebo tests are necessary 
in order to be reasonably certain, first-
ly, that a drug is safe, and secondly, that 
it works. Ideally, such tests are conduct-
ed as a double blind study with neither 
patient nor doctor knowing which pill 
is which. However, doctors are under a 
professional obligation to administer 
the best medicine available. So how can 
they intentionally withhold a suppos-
edly effective medication from some of 
their patients?

The dilemma lies in the fact that, on 
the one hand, those who receive the 
medication are being used as guinea pigs 
with no real certainty as to the effect, 
while those who receive the placebo are 
denied the medication that might well 
benefit them. Both aspects are ethically 
problematic. In Mira Chang’s view, there 
is only one solution: “If another proven 

Can drug trials infringe on international 
human rights? Mira Chang is researching this 
issue at the Max Planck Institute for Compara-
tive Public Law and International Law.
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“Nevertheless, there is a problem, as 
there is an increasing tendency for 
laws to include explicit references to 
ethical principles, and to grant deci-
sion-making authority to so-called eth-
ics committees. Who can say that 
these committees are genuinely com-
petent? In any case, there is justified 
room for doubt as to whether physi-
cians alone are the right experts to rule 
on ethical issues with regard to ques-
tions of research on human beings,” 
says Silja Vöneky.

Ethics codes and ethics committees 
are a relatively new phenomenon. Un-
til a few decades ago, the field of med-
ical research – in practice, at least – 
seems to have been virtually untouched 
by ethics or by law. The general belief 
in progress held sway into the 1960s. 

When physician and scientist Jonas 
Salk wanted to test his polio vaccine 
against an inert placebo in the US in 
1954, the local health authorities re-
fused to take part.

The bone of contention was not, 
however, the new vaccine, but the in-
ert placebo. So great was their faith in 
research that the authorities did not 
consider it acceptable to deny children 
the new and untested vaccination. 
When the results of the trials were 
published, the event attracted nation-
al attention. Even the church bells 
were rung.

This optimism was shattered rather 
abruptly by the thalidomide tragedy. 
Between 1957 and 1961, thousands of 
pregnant women worldwide were pre-
scribed an antinauseant containing the 

active ingredient thalidomide. The 
drug had barely been tested, since there 
were few if any regulations that re-
quired it. In Germany alone, some 
5,000 children were born with severe 
birth defects.

DRUG TRIALS ULTIMATELY 
REQUIRE HUMAN SUBJECTS 

One of the consequences was a clear 
change in the attitude of experts and 
the public at large toward medical re-
search. Worldwide, development of reg-

 » Until a few decades ago, the field of medical research – in practice, at least – 

seems to have been virtually untouched by ethics or by law. The general belief 

in progress held sway into the 1960s.

Reflecting on fundamental values: 
The attitude of both experts and the 
public toward medical advances 
has changed in recent years. 
(Banner: human dignity is unviolable)P
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ulations followed. Since then, drugs 
have been subject to strict procedures 
before receiving approval. 

The intention is to protect patients. 
The ethical downside, however, is that 
drug trials ultimately require human 
subjects.

To justify the procedure in ethical 
terms, a central principle applies: it is 
of the absolute essence that patients 
give their free, informed consent. This 
was already one of the ten points con-
tained in the Nuremberg Code issued 
in 1947 by a US military tribunal in the 
wake of the Nuremberg Trials of Nazi 
war criminals. The Tribunal had found 
13 German doctors and three other 
high-ranking accused guilty of medical 
experimentation on human beings, 
and sentenced seven of them to death.

THE TUSKEGEE STUDY WAS 
TERMINATED AFTER 40 YEARS 

For years, these principles were known, 
but barely heeded. Prior to the 1970s, 
few if any regulations gave legal force 
to these ethical principles. It took the 
thalidomide tragedy and the equally 
infamous Tuskegee experiment in the 
US to finally engender an increasing 
awareness in the 1960s and 1970s that 
the pharmaceutical market had to be 
regulated.

In the Tuskegee study from 1932 
onward, hundreds of black Americans 
suffering from syphilis were denied the 
antibiotics that were already available 
at the time in order to observe the nat-
ural course of the disease. It was not 

until the 1970s that reports of the 
study appeared in the newspapers, 
prompting a nationwide outcry. The 
experiment was terminated after about 
40 years. Presidents Bill Clinton and 
Barack Obama both apologized for the 
human experimentation that was car-
ried out over decades.

The legal studies undertaken by 
Mira Chang are aimed not just at 
forming an ethical appraisal of the is-
sue of global drug trials, but at getting 
a firm legal grip on it. This is no easy 
task, given that legal systems are still 
essentially national by nature, as sov-
ereignty ultimately lies with the na-
tions themselves. But who has juris-
diction when a US company tests its 
drugs in Africa?

This is a matter of international law 
– a legal discipline that still attracts 
suspicions of idealism, particularly 
since, in recent years, individual hu-
man rights have consistently gained in 
significance at the expense of collec-
tive national sovereignty, as evidenced 
by the debate about the legitimacy of 
military deployments in the Balkans, 
Afghanistan and Iraq.

“There are currently some interest-
ing developments in the field of inter-
national law. Human rights are gain-
ing in importance and companies are, 
to some extent, acquiring legal person-
ality. This could be very significant for 
the debate about drug trials,” says Mira 
Chang. But there is still a long way to 
go – and so far, the patients concerned 
have seen little benefit. “Because this 
still doesn’t result in many obligations 

for companies.” But that could change. 
Sooner or later, citizens of an African 
country may be able to bring legal ac-
tion against Europe or the US for 
breach of their human rights if the 
conditions of a trial clearly do not 
meet certain minimum standards.

THOSE WHO DO NOT HELP 
ARE JUST AS GUILTY 

In fact, this is not such a utopian vi-
sion: it is already happening, thanks to 
an unusual law in the US that permits 
such claims. The company Pfizer re-
cently felt the effects. During an epi-
demic of meningitis in Nigeria in 1996, 
Pfizer tested a new antibiotic against an 
established drug. Eleven children died, 
five of whom had received the new 
drug Trovan, while six had been treat-
ed with the proven Ceftriaxon – but, ac-
cording to the written judgment, in a 
dosage that was known to be too low.

The case is a prime example of the 
moral failings of pharmaceutical com-
panies. Nevertheless, Trovan subse-
quently received partial approval in the 
US. Last year, the competent US court 
admitted the claim against Pfizer. But 
that is not really a solution to the prob-
lem. This much is certain: those who 
do not render assistance despite being 
able and obliged to do so are guilty of 
immoral conduct and liable to punish-
ment. But who does that apply to? In 
the case of a road accident, it clearly ap-
plies to those who were at the scene but 
failed to help. But who is “at the scene” 
of the AIDS epidemic in Africa?

 » The legal studies undertaken by Mira Chang are aimed not 

just at forming an ethical appraisal of the issue of global drug trials, 

but at getting a firm legal grip on it.

FOCUS_Medicine of Tomorrow
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Mira Chang proposes that, in the case 
of drug trials, the buck should stop with 
the pharmaceutical company conduct-
ing the trial. Conducting a trial conveys 
an obligation. What’s more, the party 
conducting the trial should be respon-
sible for other things as well, such as 
proper follow-up care for the patient. 
That, too, is not a matter of course.

The drug companies’ arguments 
would then collapse. They regularly em-
phasize in their defense that “We didn’t 

have to conduct the trial. If we hadn’t, 
those concerned would be worse off, 
with no treatment at all.” It is indeed 
true that the health systems in many 
countries of the world are so poor that 
taking part in a trial is the only treatment 
option available. But does this “what if 
we hadn’t?” have any role to play? “It 
cannot be a corollary of the differences 
between healthcare systems that these 
people should be treated differently un-
der the law,” says Mira Chang.

What does the future hold? Actually, 
even today’s imperfect legal system of-
fers some scope for improvement. “I 
think we can make a start with the ap-
proval procedures,” believes the Max 
Planck doctoral student. EU law re-
quires that overseas studies be accom-
panied by a statement that they meet 
the ethical requirements of the EU Di-
rective on Good Clinical Practice. This 
Directive, in turn, refers to the Helsin-
ki declaration mentioned above. “The 
terms are very vague,” says Mira Chang. 
“They need to be better structured with 
legally binding effect.”

MEDICAL RESEARCH IS THE MAIN 
BENEFICIARY OF STANDARDS 

One concrete legal consequence might 
be that trials will be approved only if it 
is intended to subsequently make the 
drug available in the country where the 
trial is conducted. Breach of this under-
taking could at least attract retrospec-
tive sanctions. “To me, it seems that 
there should be an ethical obligation to 
allow the population in the country 
where the trial is conducted to share 
in the potential benefits, primarily by 
distributing the drug there once it is 
approved. This could also be legally 
framed,” says Mira Chang.

There have already been some im-
provements in recent years. Many 
countries, China among them, have es-
tablished ethical and legal standards of 
protection that, at first sight, appear to 
be as good as those in Europe or the US. 
“But only prima facie,” Mira Chang 

Scandals such as those provoked by thalidomide (also branded as Contergan, above) and 
the Trovan trials on child patients in Nigeria (top photo shows a demonstration against the 
Pfizer group) serve as examples of the moral failings of pharmaceutical companies.
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continues. On closer examination, it is 
evident that medical research is the 
main beneficiary of these standards. 
They are aimed at raising data quality 
and the subsequent likelihood of ap-
proval. They are only partly intended 
to protect patients. Also, there is little 
evidence of whether the standards are 
adhered to in practice.

As a result, legal research needs to 
take an approach that is as visionary as 
it is down to earth and pragmatic. 
There is much to be wished for, but 

what is realistic? And what does realis-
tic mean? For law experts, realistic 
means the ability to develop and derive 
a compelling position from generally 
recognized material, such as the Decla-
ration of Human Rights.

In this situation, a unique feature of 
the law is revealed that makes the work 
so difficult, but at the same time so in-
teresting. The law is man-made, but it 
also has a life of its own and is not en-
tirely controllable. It continues to de-
velop in the context of its cultural en-

vironment. What was normal 50 years 
ago is impossible today, and vice versa. 
Above all, legal norms today are far 
more explicitly dependent on ethical 
norms than was once the case.

THE DIFFERENCES ARE 
GROUNDED IN CULTURE 

Today, it is held as self-evident that a le-
gally satisfactory solution must also ul-
timately be morally convincing. Never-
theless, moral intuition may be impor-
tant, but it is not everything. “Counter-
intuitive solutions are permissible, but 
they require far more justification,” 
says Silja Vöneky.

In recent times, ethical conven-
tions, codes and ethics committees 
have acquired increasing importance 
everywhere, not just in medicine. 
While there is common ground as far 
as general principles in essential issues 
are concerned, when it comes to de-
tails, there are substantial culturally 
grounded differences. For instance, 
between a utilitarian viewpoint, which 
attaches a relatively high value to sci-

“There is justified room for doubt as to 
whether physicians alone are the right experts 
to rule on ethical issues.” Silja Vöneky heads an 

Independent Research Group at the Max 
Planck Institute for Comparative Public Law 

and International Law and is a professor at the 
University of Freiburg.

The World Medical Association adopted 
its “Ethical Principles for Medical Research 
Involving Human Subjects” 47 years ago. 
The declaration was last revised in 2008. 
It states that the welfare of the patient 
must take precedence over the interests of 
science and society.



© 2011 Newport Corporation.

AD-021103-EN

Newport Spectra-Physics GmbH
Guerickeweg 7 – 64291 Darmstadt – Germany
Phone: +49 (0) 61 51 / 708 – 0 • Fax: +49 (0) 61 51 / 708 – 217 or – 950
E-Mail: germany@newport.com

Designed specifically for high-resolution multiphoton biological imaging, the Mai
Tai eHP DeepSee laser delivers 65% higher peak power than the closest competitive
system. Combined with integrated dispersion compensation, this peak power advantage results
in the maximum sample fluorescence at the maximum imaging depth.

• Highest Peak Power: 380 kW

• Tunable Pulse Width (70 fs to >500 fs) at the Sample

• Fully Automated and Computer Controlled

Based on proven technology, the new Mai Tai eHP DeepSee laser is the latest addition to the
Spectra-Physics Mai Tai series of ultrafast lasers, with the industry’s largest installed base. For
more information visit www.newport.com/deepsee or call us.

Mai Tai® eHP DeepSee™

Tunable Ultrafast Laser

entific progress, and a deontological 
perspective, which attaches signifi-
cance to ethical standards per se and 
tends to favor the protection of the 
individual – such as expressed by the 
categorical imperative that no person 
shall be exclusively the instrument 
of another.

Asian value systems have yet other 
emphases. The drug trial issue cuts 
right across this: on the one hand, there 
is the benefit to mankind; and on the 
other, the right of the individual to 
physical inviolability. Which ethical 
principle is correct? There is no defini-
tive answer. “That is why ethics com-
mittees cannot have the last word,” 
says Mira Chang.                              

GLOSSARY 

Deontology
Deontology refers to a class of ethical theo-
ries that define certain actions as intrinsi-
cally good or bad. There are various shades 
of deontological ethics. While moderate 
deontologists also admit the moral relevance 
of the consequences of an action, moral 
absolutism proscribes certain actions under 
any circumstances, regardless of their 
consequences.

Ethics
A major branch of philosophy, dealing with 
morals and, in particular, their justification. 
Ethics is the study of human actions and is 
the starting point for various disciplines such 
as legal, political and social philosophy.

Utilitarianism
Utilitarianism bases the ethical 
evaluation of an action on the 
principle of utility, applying the max-
im: “Act in a manner that promotes 
the greatest good.”

World Medical Association
The WMA is a confederation of 
national medical associations. It was 
founded in 1947 and represents almost 
100 national professional bodies. 
The WMA endeavors to promote high 
ethical standards of healthcare and 
provide physicians with ethical 
guidance in the form of declarations 
and position papers.

FOCUS_Medicine of Tomorrow
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Ape mothers find it difficult to let go of their dead infants
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It is now possible to write data in indi-
vidual atoms. Physicists from the Max 
Planck Institute for Quantum Optics 
and the Ludwig Maximilian University 
of Munich have skillfully manipulated 
individual spins in a quantum gas made 
up of rubidium particles. Expressed in 
simple terms, the spin is the rotational 
direction of an atom. Researchers work-

ing with Stefan Kuhr and Immanuel 
Bloch used a microscope developed spe-
cifically for the purpose to address each 
individual particle in a collection of at-
oms that lie in overlapping laser waves, 
as if in an optical egg carton. The exper-
iment achieves a prerequisite for pro-
cessing information with atoms in an 
artificial light crystal, as has been pro-

posed for a quantum computer. Above 
all, however, the work has opened up 
completely new ways in which re-
searchers can investigate quantum pro-
cesses. For example, in the course of this 
study, they observed for the first time 
how individual massive particles, name-
ly rubidium atoms, tunnel through 
potential walls.  (Nature, March 17, 2011) 

A Quantum Writer for Single Atoms
The spin of individual atoms in an optical crystal can be deliberately modified so that 
they can be used as quantum bits

Do Chimpanzees Grieve for their 
Dead Children?

Grief is a deeply human emotion. But what do an-
imals feel when they are confronted with dead 
members of their species? Chimpanzees are appar-
ently very bewildered and disturbed. Film captured 
by researchers from the Max Planck Institute for 
Psycholinguistics in Nijmegen (The Netherlands) 
seems to substantiate this interpretation. The mov-
ing scenes show how the chimpanzee Masya laid 
her infant, which had died two days previously, on 
the ground in a clearing. For an hour afterward, she 
repeatedly approached the corpse and touched it. 
Then she carried it to a group of other chimpan-
zees and watched as they inspected the lifeless 
body. She remained with the infant until the fol-
lowing day. Whether chimpanzees actually feel 
grief cannot objectively be judged on the basis of 
these images. However, the observer is a witness to 
a transitional phase in which the mother learns to 
fathom the death of her child. (American Journal of 

Primatology, January 21, 2011, published online)

     www.youtube.com/user/MaxPlanckSociety#p/ 

c/5/jzrige2nqqw

A chimpanzee mother with a young animal.

Patterns in a quantum gas: The fluorescence 
microscope images show the atoms that remain 
in the optical lattice after the researchers have 
manipulated the spins of other atoms and 
removed them.
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Dangerous Oxygen

Thanks to new findings 
by researchers from the 
Max Planck Institute for 
Chemistry and the Paul 
Scherrer Institute in Swit-
zerland, it has now be-
come clearer how toxic 
and allergenic substances 
are formed in the air we 
breathe. Scientists work-
ing with Ulrich Pöschl 
have, for the first time, 
shown that there are 
long-lived reactive inter-
mediate forms of oxygen 
on aerosol particles, such 
as soot and pollen. The oxygen forms 
are created when the particles react 
with ozone. They survive on the parti-
cles’ surface for more than 100 seconds 
and, in this time, combine with other 
air pollutants, such as nitrous oxides. 
In chemical terms, the particles are ox-
idized and nitrated. This is what makes 
the soot particles more toxic and in-
creases the potential of pollen to trig-
ger allergies. As industrial and vehicle 
exhaust gases have increased the atmo-

sphere’s ozone content over the past 
few decades, this process could explain 
why the incidence of allergies has in-
creased in recent years. (Nature Chemis-

try, February 20, 2011)

Long-lived reactive intermediate forms of oxygen that form on aerosol 
particles could be the reason why allergies are on the rise

Birch pollen with allergenic potential: 
The coloring of the fluorescence microscope 
image shows differences in the chemical 
composition of the pollen grains, which can 
contain allergy-triggering proteins in the 
cell and on the surface.

A glove can change someone’s attitude. 
Daniel Casasanto at the Max Planck In-
stitute for Psycholinguistics in Nijme-
gen in the Netherlands and Evangelia 
Chrysikou from the University of 
Pennsylvania asked naturally right- 
and left-handed individuals to set out 
domino tiles with their dominant 
hand in a clumsy glove to which, fur-
thermore, the second glove was loose-
ly attached. After just a few minutes, 
the subjects no longer associated this 
side with the “good side.” The re-
searchers also observed this situation 

The Rights and Wrongs of Right and Left

When people are no longer able to move their dominant hand smoothly, 
their moral judgment changes

in those people who can no longer 
move their dominant hand smoothly 
after a brain injury. Normally, right-
handed people consider the right side 
to be good, and left-handed people 
consider the left side to be good (see 
MAXPLANCKRESEARCH 4/2010, p. 44). For 
example, out of two applicants, they 
will unconsciously prefer the one whose 
photo is on the relevant side. This cur-
rent study confirms that people associ-
ate positive things with their preferred 
hand, as they can move it more easily. 
(Psychological Science, March 9, 2011)

As Alike as Cat 
and Dog

Embryos of different animal species 
are astonishingly alike. Researchers 
at the Max Planck Institute for Mo-
lecular Genetics in Dresden and at 
the Max Planck Institute for Evolu-
tionary Biology in Plön have now 
shown in two studies that the oldest 
genes in phylogenetic terms are ac-
tive during the phase when the sim-
ilarity is at its greatest. Before and 
after the “phylotypical” period, in 
contrast, the species-specific genes 
dominate. Gene expression during 
embryonic development is thus sim-
ilar to an hourglass with the phylo-
typical period as the indented sec-
tion. The species of a phylum be-
come more similar outwardly and 
genetically toward this point, and 
then become more different again. 
The studies show that, generally 
speaking, 19th century naturalists 
such as Charles Darwin and Ernst 
Haeckel were correct with their hy-
pothesis that embryonic develop-
ment mirrors phylogeny. (Nature, 

December 9, 2010)

Ernst Haeckel’s famous comparative 
analysis of vertebrate development shown 
with images of drosophila embryos that 
reflect gene expression over the course 
of embryonic development.

Embryonic development 
reflects evolution

20 μm
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A simulation of colliding neutron stars explains cosmic bursts of radiation 

The Engine that Powers Short Gamma Rays 

They’ve puzzled scientists for years: 
short bursts of gamma rays that release 
more energy within fractions of a sec-
ond than our galaxy, with its 200 bil-
lion stars, does in 12 months. What’s 

behind these outbursts? Researchers 
working with Luciano Rezzolla at the 
Max Planck Institute for Gravitational 
Physics have come one step closer to 
finding a solution. Using the institute’s 

Damiana supercomputer and a set of 
calculations lasting six weeks, they 
simulated the merging of two neutron 
stars to form a rapidly rotating black 
hole. This was initially surrounded by 
a ring of hot matter with a relatively 
weak and chaotic magnetic field. The 
rotation of this unstable system in-
duced an extremely powerful and per-
pendicular magnetic field of 10 super-
script 15 Gauss along the rotational 
axis, creating in turn a jet of ultra-heat-
ed matter that shot across space in two 
bundles of rays and briefly flared up in 
the gamma ray range. The researchers 
allowed the simulation to run twice as 
long as normal. (The Astrophysical Journal 

Letters, April 7, 2011)

Two neutron stars merge within millisec-
onds to form a black hole. A strong 
magnetic field is generated along the 
rotational axis and creates a jet that hurls 
ultra-hot matter into space. Flashes of 
gamma light can occur in this jet.

Researchers from the Max Planck Institute for Solid State Re-
search in Stuttgart used sensors made of carbon nanotubes 
to detect tiny traces of DNA. Because the sensors respond to 
specific DNA sequences, they can be used to detect virus or 
microbe infections in blood samples. The nanosensors cre-
ated by the scientists working with Kannan Balasubramani-
an are so sensitive that it is no longer necessary to concen-
trate or tag the DNA in a time-consuming process, which 
has been the case up to now. This means that they may be 
able to deliver diagnoses faster than traditional methods. 
Furthermore, the researchers have already developed a rou-
tine method for manufacturing their nanosensors that 

makes rapid mass production possible. The end product 
could be a cell-phone-sized analysis device that can be used 
anywhere. (Angewandte Chemie int. ed., March 18, 2011)

Nanosensor Sniffs Out Pathogens
Using tiny nanotubes on a chip, it is possible to detect even the smallest 
traces of genetic material quickly and reliably.

DNA testing with a nanotube: Single strands of the DNA that is being 
tested for are attached to the carbon nanotube’s surface. The matching 

DNA pieces (yellow) from the specimen settle on them and change 
the nanotube’s conductivity. 

7.4 millisecondsSimulation starts 13.8 milliseconds

26.5 milliseconds21.2 milliseconds15.3 milliseconds
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The thyroid gland uses hormones to determine how 
mice and rats see color. Thyroid hormones suppress 
the creation of UV/blue pigment in the color-sensitive 
cells in the retina and activate the production of green 
pigment. According to scientists at the Max Planck In-
stitute for Brain Research in Frankfurt am Main, this 
is a lifelong effect. If the thyroid regulates the visual 
pigments in humans in a similar way, a low level of 
hormones caused by insufficient iodine in the diet or 
removal of the thyroid would affect the pigments in 
the cones and cause problems with color vision. As 
thyroid deficiency is usually treated before it can 
cause changes to vision, these dysfunctions have not 
been noticed before now. (Journal of Neuroscience, 

March 30, 2011)

I Spy with my Little Eye 
Something ... Green

Thyroid hormones regulate visual 
pigments in the eye throughout life

At the center of most 
galaxies is a massive 
black hole. The heavi-
est are found in the 
largest galaxies, which, 
in turn, are surrounded 
by pronounced halos 
of dark matter. Scien-
tists thus suspect that 
there could be a direct 
association between 
dark matter and black 
holes. A study by re-
searchers from the Max 
Planck Institute for Ex-
traterrestrial Physics, 
the University Obser-
vatory Munich and the 
University of Texas in 
Austin contradicts this view: it is the bulge, the dense cen-
tral area of a galactic system, that determines the mass of 
the central black hole. The team examined galaxies that 

are embedded in mas-
sive halos of dark mat-
ter and therefore rotate 
at high speed, but have 
no or only small bulg-
es. Their investigations 
showed that galaxies 
without a bulge con-
tained – at best – black 
holes with very low 

mass, even if they were surrounded by massive halos. 
Therefore, it seems plausible that a black hole is fed by the 
bulge and thus grows. (Nature, January 20, 2011)

Dark Matter not a Growth Factor
Galaxy bulges determine the mass of central black holes

Materials scientists like to be inspired by mussels: they 
copy mother-of-pearl, the adhesive that attaches the 
crustacean to the ground, the byssal fibers of their feet, 
and now the particularly tensile, strong and self-heal-
ing protein that surrounds the byssus as well. Scientists 
in the US have synthesized a polymer with similar struc-
tural properties to that which scientists working with 
Matt Harrington at the Max Planck Institute of Colloids 
and Interfaces discovered earlier. 

Both the mussel protein and the artificial material 
are crosslinked with iron atoms, from which they de-
rive their special properties. Synthetic polymers based 
on mussel protein could be suitable for use as new ad-
hesives in underwater technology and in medicine. 
(PNAS early edition, January 28, 2011) 

Mussel Plastic
A polymer created in a laboratory has similar 
properties to a mussel protein, because it is cross-
linked in the same way

Named after its appearance: 
The Sombrero Galaxy (M104, 
NGC 4594) is an example 
of a galaxy system that is 
dominated by a large bulge. 
It contains a commensurately 
large black hole of around 
1,000 million solar masses.
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The retreat of the summer ice that has 
been observed in the Arctic for some 
years could be halted. The rapid disap-

pearance of the summer ice had given 
rise to concerns that the ice sheet 
might be close to a tipping point, as 

seawater absorbs substantially more 
heat without a cover of ice. Were it to 
go beyond the tipping point, the loss 
of the remaining sea ice would be un-
stoppable. However, the current results 
of research by a team working with 
Dirk Notz at the Max Planck Institute 
for Meteorology in Hamburg now 
indicate that there is no tipping point 
of this kind for the loss of summer ice 
in the Arctic. Instead, the ice cover re-
acts quite directly to the prevailing cli-
mate conditions. The progressive loss 
of the Arctic sea ice could thus be 
slowed down or even stopped – but 
only if there were a halt to global 
warming. (Geophysical Research Letters, 

January 26, 2011)

According to new calculations, it is still possible to stop the retreat of the summer ice in the Arctic

Hope for Arctic Sea Ice

46    MaxPlanckResearch  2 | 11  

The loss of sea ice in the Arctic summer 
can still be stopped, as there is no tipping 
point for its shrinking. However, in order 
to halt the retreat, we must succeed in 
slowing down global warming.

Cancer drug helps regeneration after spinal cord injury 

A Breakthrough in Scar Tissue

When nerve bundles in the spinal cord are crushed or sev-
ered, the result is usually incurable paraplegia. Scientists at 
the Max Planck Institute for Neurobiology in Martinsried 
have made nerve cells in the spinal cord regrow with the 
cancer drug Taxol. The substance stabilizes the micro-
tubuli, tube-shaped molecules in the cell skeleton, so 
that the axon of a damaged nerve cell can regenerate. 
Furthermore, Taxol prevents the formation of an in-
hibitor in the scar tissue. Rats with newly damaged 
nerve cells in their spinal cord can walk considerably 
better after a few weeks, thanks to Taxol. The scien-
tists next want to examine whether Taxol is still ef-
fective when the injury lies some time in the past. 
The side effects and interaction of Taxol with other 

drugs are well known, which makes clinical development 
much easier. It is, however, still unclear whether the sub-
stance will have the same effect on human nerve cells as on 
those of rodents. (Science, January 27, 2011, published online)

Scar tissue following damage to the spinal cord. It obstructs 
the regrowth of nerve cells.
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“Il fratello sta cantare” – the brother 
is sing. German babies as young as 
four months old hear that there is 
something wrong with this Italian 
sentence. When researchers from the 
Max Planck Institute for Human Cog-
nitive and Brain Sciences played the 
correct and then the incorrect Italian 
sentences to the babies, they regis-

Italian for Beginners

They are tiny, with a mouth that is si-
multaneously an anus. And instead 
of a brain, they have a diffuse ner-
vous system. Nevertheless, Xenotur-
bella and the so-called acoelomorph 
worms, both groups of simple ma-
rine worms, are more closely related 
to humans than, for example, the 
common earthworm. An interna-
tional team of scientists including Al-
bert Poustka from the Max Planck In-
stitute for Molecular Genetics in Ber-
lin discovered that both groups are 
more closely related to complex or-
ganisms from the Deuterostomia (“new 
mouth”) line than previously thought. 
In the Deuterostomia, the original 
mouth from the beginning of the em-
bryonic development becomes the 
anus, and the mouth develops later. 
Previously, three deuterostome phyla 
were known: the chordates (e.g. ver-
tebrates), the echinoderms (sea ur-
chins, starfish, sea cucumbers) and 
acorn worms. Xenoturbella and the 
acoelomorph worms together now 
form the fourth phylum. These “Xena-
coelomorpha” were not always as 
simply structured as they are today. 
The worms have simplified their con-
struction plan, as that was clearly as 
advantageous or even more advanta-
geous than a complicated body struc-
ture.  (Nature, February 10, 2011)

A New Phylum in 

the Animal Kingdom
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A star in space and time: Images of HD 62623 taken with the VLT interferometer (left), 
compared with a model for a gas disc rotating around the star (right). The inserted images 
show the movement of the gas in 3D. The blue color shows gas that is moving toward 
the observer, while red shows gas that is moving away from the observer.

A Giant Star with a Thick Dust Disc
New 3D imaging technology reveals an invisible companion

A supergiant stands on the brink of 
death – yet it behaves like an infant. 
The old star is surrounded by a dust 
disc that one would otherwise expect 
to see only with a newborn. The strong 
particle wind that the bright sun HD 
62623 blows into space would destroy 
a dust disc. A team working with Flo-
rentin Millour from the Observatoire 
de la Côte d’Azur and Anthony Meil-
land from the Max Planck Institute for 
Radioastronomy has made a detailed 
three-dimensional image of this star 

and its immediate surroundings. It not 
only shows the structure of the mate-
rial within the dust disc, but also its 
movement. It is likely that a close 
companion star is acting as a source 
by feeding the disc with its material. 
Because it is more than a thousand 
times less bright than HD 62623, the 
small partner remains invisible; its 
existence is revealed by a gap in the 
material between the disc and the 
central giant star. (Astronomy & Astro-

physics, January 26, 2011)

tered the differences after learning for 
just a quarter of an hour. At this age, 
content errors are not recognized, but 
babies recognize and generalize regu-
larities in the sound sequences long 
before they have any understanding 
of the meaning. Interestingly, small 
children learn a foreign language in a 
completely different way than adults: 

adults pay more attention to the asso-
ciations of meaning in the sentence.  
(PloS One, March 22, 2011)

Babies recognize the rules of grammar in a foreign language earlier 
than previously thought
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An ice-cold experiment: The samples 
researchers at the Max Planck Institute for 
Chemical Physics of Solids are investigating 
are cooled in this dilution fridge to below 
minus 273 degrees Celsius. This is done 
by carefully lowering the instrument into a 
well-insulated cryostat.
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Superconductivity 
 Is Pair Work
Electric cables that routinely conduct electricity without loss – physicists have been motivated 

by this idea ever since superconductivity was discovered 100 years ago. Researchers working 

with Bernhard Keimer at the Max Planck Institute for Solid State Research in Stuttgart and 

Frank Steglich at the Max Planck Institute for Chemical Physics of Solids in Dresden want to 

gain a detailed understanding of how unconventional superconductors lose their resistivity.

TEXT ROLAND WENGENMAYR
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 A  
pril 8, 1911. At the Univer-
sity of Leiden in the Neth-
erlands, two men sit in a 
darkened booth. Only their 
instruments tell them what 

is happening in the cryostat next door. 
A man in his late fifties with a striking 
walrus mustache fiddles with this 
enormous thermos flask: Heike Kamer-
lingh Onnes has been famous ever 
since he became the first person to suc-
ceed in liquefying helium in 1908. 
This enabled him to reach the ex-
tremely low temperature of 4.2 Kelvin, 
which is around 4 degrees above abso-
lute zero, at minus 273.2 degrees Cel-
sius. For this achievement, Kamerlingh 
Onnes would be awarded the Nobel 
Prize for Physics in 1913.

The cryostat now contains a small 
glass tube filled with mercury. The 
Leiden-based physicists want to use it 
to observe, for the first time, how the 
electrical resistivity of metals behaves 
when the temperature approaches ab-
solute zero. At 4.2 Kelvin, minus 269 
degrees Celsius, something unexpected 
happens: the display indicating the 

Although superconducting technolo-
gy has become indispensable in basic 
research, it is encountered on a routine 
basis only in magnetic resonance im-
agers, because the complex cooling is 
expensive. The solution would be su-
perconductivity at room temperature, 
but such materials have remained a 
dream. Since 1993 it has not been pos-
sible to raise the temperature record 
any higher. It currently stands at mi-
nus 138 degrees Celsius (135 Kelvin) 
and is held by a high-temperature ce-
ramic superconductor with the com-
plicated name of HgBa2Ca2Cu3O8 (Hg: 
mercury, Ca: calcium, Ba: barium, Cu: 
copper, O: oxygen). 

Bernhard Keimer relates that compa-
ny representatives recently asked him 
when superconductivity at room tem-
perature could be expected. “They were 
disappointed when I told them that no 
one had an answer yet,” he says, smil-
ing. The Director at the Max Planck In-
stitute for Solid State Research in Stutt-
gart and this year’s recipient of the 
prestigious Leibniz Prize ought to know 
– after all, he has been researching high-

electrical resistivity of the mercury 
drops abruptly to zero. And there it re-
mains. The researchers’ first reaction is 
that it must be an error. However, sub-
sequent experiments show that they 
have discovered a new phenomenon. 
In 1913, Kamerlingh Onnes called this 
effect superconductivity. 

WAITING FOR SUPER CONDUCTORS 
FOR EVERYDAY USE 

Superconductors have excited the 
imagination ever since they were dis-
covered. Even Kamerlingh Onnes 
dreamed of transporting electricity in 
power grids with no losses whatsoever. 
The discovery of so-called high-temper-
ature superconductors in 1986 at the 
IBM research laboratory near Zurich 
created a great deal of euphoria. The 
two men who made the discovery, Karl 
Alex Müller and Johann Georg Bed-
norz, were awarded the Nobel Prize for 
Physics as early as 1987. A more sober 
atmosphere has now returned, howev-
er, as has happened so often in the his-
tory of superconductors.
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der if it helps to save energy. And the 
atoms in crystals succeed in doing just 
that, as they can share certain elec-
trons among each other. These elec-
trons provide the glue, the chemical 
bond, between the atoms. This works 
only with the aid of quantum phys-
ics: since electrons, as quantum parti-
cles, are also spatially extended waves, 
they can bind neighboring atoms to 
each other.

In metals and semiconductors, how-
ever, not all electrons act only as glue for 
the crystal. Some of them escape from 
the atoms and move with almost com-
plete freedom through the lattice, but 
they require a certain energy to do this 
in semiconductors. These free conduc-
tion electrons carry the electric current. 
This loss leaves the “atomic cores” with 
a positive electric charge.

GENTLE VIBRATIONS BIND 
TWO ELECTRONS 

“The conduction electrons can even 
move through a perfect crystal without 
meeting any resistance,” explains Frank 
Steglich. This is due to the uniform ar-
rangement of the atoms: if the distanc-
es between the peaks and troughs of the 

temperature superconductors for many 
years. The scientist wants to obtain a de-
tailed understanding of how these ma-
terials lose their resistivity – in order to 
create the basis on which everyday su-
perconductors can be developed.

This is also the motivation for the re-
search being undertaken by Frank Steg-
lich, a Director at the Max Planck Insti-
tute for Chemical Physics of Solids in 
Dresden. The honor of having been 
awarded the most valuable prize in Ger-
man science is not all that Steglich and 
Keimer have in common: both re-
searchers work in the field of “uncon-
ventional superconductors,” although 
Steglich’s team in Dresden works on so-
called heavy fermion systems, which 
become superconducting at very low 
temperatures.

“In order to understand what un-
conventional superconductivity means, 
classical, conventional superconductiv-
ity first needs to be explained,” Steglich 
emphasizes. It was 1957 before the 
three Americans John Bardeen, Leon 
Cooper and Robert Schrieffer managed 
to crack this tough nut. In 1972 they 
received the Nobel Prize for Physics for 
this work. The BCS theory – the name 
derives from their initials – can be un-
derstood only by immersing oneself in 
the physics of solids.

Like most solids, superconducting 
materials consist of crystals in which 
the atoms organize themselves into a 
regular spatial lattice. Nature loves or-

Layers with zero resistivity: In the 
superconductor, which goes by the name 
of YBCO and consists of yttrium (gray), 
barium (green), copper (red) and oxygen 
(blue), the Cooper pairs move along the 
copper oxide planes (pyramids).

 » Superconductors have excited the imagination ever since they were discovered. Even Kamerlingh 

Onnes dreamed of transporting electricity in power grids with no losses whatsoever.

1 2
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The properties of the Cooper pairs are 
radically different from those of the 
electrons. Pursuant to the rules of quan-
tum mechanics, electrons possess a 
half-integer spin. They thus belong to 
the group of particles known as fermi-
ons. These are quite acquisitive, each 
requiring a quantum state for it alone. 
In the Cooper pair, the two half-integer 
spins of the two electrons either sub-
tract to a total spin of zero or, more 
rarely, they also add up to one.

Quantum particles with integer 
spin, however, belong to the group of 
particles known as bosons. Bosons are 
so sociable that they all like to con-
dense together into one quantum state 
if the heat energy in the system be-
comes low enough for this to happen. 
For Cooper pairs, this is the supercon-
ducting state in which many Cooper 
pairs permeate each other to form one 
“macroscopic” quantum state. This 
large quantum object can simply “slip 
through” the many small flaws in the 
crystal without noticing them. This is 
how the electrical resistivity disappears. 
“In superconducting cables, this mac-
roscopic quantum state can extend 
over kilometers,” says Bernhard Keimer. 
“That’s quite remarkable!”

In conventional superconductors, 
the Cooper pairs, which have a wide 
spatial extent, always have a total spin 
of zero. Decisive for the properties of 
conventional superconductors are the 
lattice vibrations, which are slow, com-

binds it with the first electron, al-
though the two particles violently re-
pel each other because they have the 
same, negative charge. Only the large 
temporal and thus also spatial separa-
tion of up to one micrometer – a thou-
sandth of a millimeter – between the 
two allows the marriage in the soft lat-
tice bed. For comparison: the distance 
between the atoms in the crystal lat-
tice is around one thousand times 
smaller, around one tenth of a nano-
meter – one nanometer is a millionth 
of a millimeter. 

POWERFUL VIBRATIONS 
DESTROY THE COOPER PAIRS

This is how two free electrons form one 
Cooper pair, which is named after Leon 
Cooper, one of the three fathers of BCS 
theory. His idea provided the break-
through for the explanation of conven-
tional superconductivity in 1957. In or-
der to understand the properties of 
Cooper pairs, their “spins” are also re-
quired. To put it somewhat noncha-
lantly, spins describe a sort of quantum 
pirouette by the particles, turning them 
into tiny quantum magnets. According 
to the strict rules of quantum physics, 
however, spins are not allowed to align 
themselves with each another arbitrari-
ly. In the Cooper pairs, they can be ori-
ented only parallel or antiparallel to 
one another, like rotary switches snap-
ping into place.

electron wave match the distances be-
tween the atoms, the electron can leap 
unhindered through the crystal.

But perfect crystals do not exist. Ev-
ery crystal lattice has its flaws. They do 
not match the rhythm of the electron 
waves, which is why they literally rico-
chet off them. And even if crystals with 
perfectly ordered atoms did exist, the 
temperature would prevent the current 
from flowing with zero resistivity, be-
cause the higher it becomes, the stron-
ger and faster is the vibration of the 
crystal’s atomic lattice – like a mattress 
being jumped on with wild abandon. 
This also interferes with the crystalline 
perfection and hinders the wave of con-
duction electrons.

In conventional superconductors, 
the vibrations of the atomic mattress be-
come slow and gentle at low tempera-
tures – as happens in essentially all ma-
terials. When a conduction electron 
races through the lattice on its path, 
it electrically attracts the positively 
charged atomic cores. With a soft lattice, 
the atomic cores totter along sluggishly 
behind the electron and only return to 
their original position much later. 

“In conventional superconductors, 
this lattice vibration is extremely slow 
compared to the motion of the elec-
trons,” emphasizes Frank Steglich. 
“This is very important!” If a second 
electron now passes, it is attracted by 
this more concentrated positive 
charge. As a consequence, the lattice 

1 To gain a better understanding of high-temperature 
 superconductivity, Bernhard Keimer and his 
 colleagues use the apparatus in the far right of the 
 picture to produce thin crystalline layers with 
 customized superconducting properties.

2  Daniel Pröpper and Bernhard Keimer observe how the 
 cryostat in the foreground cools the sample of a high- 
 temperature superconductor that loses its resistivity 
 only at temperatures far below freezing point.
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tional superconductivity was first dis-
covered in 1979. The researchers in 
Dresden know this forefather of the 
heavy fermion superconductors so well 
in the meantime that they can adjust 
its properties when growing crystals: a 
tiny excess of copper turns it into a su-
perconductor, a small deficit into an 
antiferromagnet. 

In antiferromagnets, the electrons 
responsible for the magnetism, which 
in cerium are called 4f electrons after 
their position in the electronic shell, al-
ways orient themselves in the direction 
opposite to that of the neighboring 
atom. Their overall magnetic field thus 
cancels out perfectly on average. This 
magnetic order is called antiferromag-
netism, because it is the counterpart to 
the ferromagnetism with long-range ef-
fect, which takes its name from iron 
(lat. ferrum).

In CeCu2Si2, as a typical example, 
the local 4f electrons develop a partic-
ularly strong influence on the free con-
duction electrons at very low tempera-

This is surprising, as magnetism is pure 
poison for conventional superconduc-
tors. “A magnetic atom contamination 
of less than one percent in the crystal 
already destroys its superconductivi-
ty,” explains Frank Steglich. Magnetic 
atoms introduce an electron into the 
crystal lattice, whose unshielded spin 
acts as a small magnet at the site of the 
atoms. If, in a conventional supercon-
ductor, an electron of an extended 
Cooper pair now passes by, the local 
spin forces it to reverse its spin appro-
priately. But this love affair destroys 
the weak bosonic marriage with the 
distant “Cooper partner.” If this hap-
pens too often, the superconductivity 
breaks down.

COOPER PAIRS WITH 
PARTICULARLY STRONG GLUE 

With unconventional superconductors, 
in contrast, certain forms of magnetism 
seem to be really helpful. This also ap-
plies to heavy fermion superconduc-
tors, which have fascinated Frank Steg-
lich for more than three decades: “We 
currently know almost 40 of them!” 
Most heavy fermion superconductors 
lose their resistivity only at very low 
temperatures. “If we have around 2 Kel-
vin, or minus 271 degrees Celsius, we 
are very happy,” says Steglich’s col-
league Steffen Wirth, explaining the 
challenge. Nevertheless, the Dresden-
based researchers hope that such super-
conductors can also help them contrib-
ute to solving the mystery of the gluing 
mechanism in high-temperature super-
conductors. But what exactly is a heavy 
fermion? 

The particles can be found in a crys-
tal lattice whose fundamental building 
blocks always include a magnetic atom: 
cerium, for example, takes on this role 
in the cerium-copper-silicon com-
pound CeCu2Si2, in which unconven- G
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An unconventional superconductor: The 
material made from cerium (blue), copper 
(turquoise) and silicon (yellow) owes its 
special properties to specific electrons in 
the rare earth metal cerium.

 » There is still no conclusive theory, but one thing is clear: superconductivity and 

magnetism work in close collaboration in unconventional superconductivity. This is 

surprising, because magnetism is pure poison for conventional superconductors.

Ce

Cu

Si

Frank Steglich (top left), Oliver Stockert 
and Steffen Wirth (in the window) 
prepare measurements using a scanning 
tunneling microscope for very low 
temperatures. The microscope images 
atomic structures and stands on its 
own base that reaches down to the 
rocky foundation in order to protect 
the apparatus from vibrations. 
The soundproof room, whose roof was 
removed for the work, serves the same 
purpose. 

Oliver Stockert (left) and Steffen Wirth 
adjust a dilution fridge, which generates 
temperatures of below minus 273 
degrees Celsius.

Experiments with a crane: Oliver 
Stockert instructs a colleague who is 
lowering a superconducting magnet 
into a cryostat that sits on its own 
foundation. The researchers use the 
superconducting magnet to investigate 
how the physical properties of their 
samples depend on the magnetic field.

1

2

3

pared to the speed of the electrons, and 
which bind the two conduction elec-
trons to a Cooper pair. Since crystal lat-
tices vibrate with ever-increasing speed 
and amplitude as the temperature in-
creases, this destroys the Cooper pairs. 
Conventional superconductivity can 
therefore be observed only at relatively 
low temperatures.

High-temperature superconductors 
become superconducting at much 
higher temperatures. They must there-
fore contain a much stronger Cooper-
pair glue in order for the lattice vibra-
tions not to rip the pairs apart. Many 
indications point to the fact that these 
quantum superglues function in a 
completely different way than lattice 
vibrations. This is thus taken to be the 
characteristic of unconventional su-
perconductivity. There is still no con-
clusive theory, but one thing is clear: 
superconductivity and magnetism act 
in close collaboration in unconven-
tional superconductivity.
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tures: put simply, they bind them 
together to form a quantum fluid with 
the viscosity of honey. The electrons 
contained therein now sluggishly drag 
themselves through the lattice – up to 
a thousand times slower than normal 
conduction electrons. “These new qua-
si-particles thus behave like electrons 
that apparently have a mass up to one 
thousand times greater,” says Steglich, 
“which is why we coined the term 
heavy fermions in the late 1970s.”

The heavy fermions also form the 
Cooper pairs in such superconductors. 
Their sluggishness means that the two 
partners must cuddle up close in order 
to be able to bond with each other. 
However, this makes the electrical re-
pulsion between them all the stronger. 
The glue between them must therefore 
be much more powerful than in con-
ventional Cooper pairs. This is why it 
has been clear for more than three de-
cades that the conventional BCS mech-
anism does not work here.

Although the theoretical physicists 
proposed alternative glue mechanisms 
early on, solids are complicated struc-
tures comprising enormous numbers 
of atoms and electrons that exert a re-
ciprocal influence. This makes it very 
difficult to “take a look inside” them 
in experiments. Neutrons provide one 
possibility: these nuclear particles are 
small and electrically neutral, so they 
can penetrate matter almost unhin-
dered. Like electrons, however, they 
have a half-integer spin, which makes 
them into well-matched little mag-

nets. They thus become probes that re-
act to all electrons with a “free” mag-
netic moment.

Oliver Stockert, another colleague 
of Frank Steglich, recently used this 
method to investigate CeCu2Si2 at the 
neutron source of the Institut Laue-
Langevin in Grenoble. In the process, 
his team discovered that the magnetic 
interactions in the lattice were indeed 
20 times as strong as the gluing of the 
Cooper pairs would require. “This is 
obviously how they make supercon-
ductivity possible,” says Stockert. The 
measurements with neutrons do not 
provide proof, but the smoking gun, 
so to speak. His colleague Steffen 
Wirth is employing further methods in 
parallel in order to conclusively com-
plete the picture.  

SHORT-LIVED MAGNETIC FIELDS 
BIND THE ELECTRONS 

This idea is now taking shape. The Coo-
per pair glue is actually magnetic. Its 
force originates from spin fluctuations 
of the heavy fermions. In the general 
chaos, they form small “bubbles” with 
short-range magnetic order that form 
and disappear rapidly. These fluctua-
tions particularly exert their effect close 
to a state known as the quantum critical 
point. This point can be reached via low 
temperatures, the correct chemical mix-
ture in the crystal, magnetic fields or 
pressure. In CeCu2Si2, two very strong ef-
fects are competing with each other: the 
antiferromagnetic order is fighting 

against the normal metallic state, which 
is magnetically unordered. “And if two 
are busy quarrelling, the third can take 
advantage of the situation,” says Wirth. 
Stockert adds: “Very strong spin fluctu-
ations that produce Cooper pairs occur 
especially at the point where the two 
cancel each other out.”

With spin fluctuations, the particles 
involved waggle their spins and influ-
ence each other in this way – a disre-
spectful way of putting it. The short-
lived magnetic fields created in this 
way are sufficient to strongly bond the 
electrons to form Cooper pairs. Spin 
fluctuations also play a crucial role in 
high-temperature ceramic supercon-
ductors. Most, if not all, of the physi-
cists conducting research in this field 
are convinced of this, says Bernhard 
Keimer – and he includes himself here. 

“Although here we have only one 
electron system, unlike the heavy fer-
mion superconductors,” he explains. 
This means that there are no local 4f 
electrons here to create a tendency for 
latent antiferromagnetism. Instead, it is 
only the conduction electrons that 
bring about the interaction between 
magnetic order and superconductivity. 

Most copper oxide compounds, in-
cluding the high-temperature super-
conductors, are even insulators. Their 
complex crystal lattice has a sandwich-
type structure. Layers of copper and ox-
ygen atoms play a crucial role in this 
process, which is why these brittle ma-
terials are called cuprates. The Cooper 
pairs move along these copper oxide P
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GLOSSARY 

Transition temperature
The temperature below which a 
material becomes superconducting.

Fermion
A particle with half-integer spin; 
fermions such as electrons each require 
a quantum state of their own.

Heavy fermion superconductors
The unpaired electrons they contain, 
which in some metals stay very close 
to the atomic nucleus, contribute to 
superconductivity. They therefore move 
extremely slowly, which is why they 
appear heavier than they actually are.

Cooper pair
Two electrons that are fermions 
combine to form a Cooper pair and 
become a boson. At sufficiently low 
temperatures, a very large number of 
Cooper pairs occupy a quantum state 
in which they no longer experience the 
flaws and vibrations of the crystal – 
the resistivity disappears.

Bosons
Particles with integer spin; unlike 
fermions, they all occupy a single 
quantum state in the ground state.

Spin fluctuations
The spin or intrinsic angular momen-
tum gives the electron its magnetic 
moment. The orientation of the spin 
thus determines the magnetic order in 
a material. Even before it assumes a 
certain magnetic order – ferromagnetic 
or antiferromagnetic, for example – this 
order can already form temporarily in 
some regions because the spins fluctu-
ate – that is, change their orientation.
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1 Sample and carrier: The Dresden researchers use the box to store a sample carrier and the cerium copper silicide crystal 
 after they have investigated its magnetic properties with a neutron beam.

2  In order to study the electric and magnetic properties – or more precisely the Hall effect in ytterbium rhodium silicide – 
 the researchers fixed a platelet of the material with varnish and provided it with electric contacts.

3  A research object that can be handled: Frank Steglich holds a glass model of the cerium copper silicide crystal in his hands.

“Their motion through such an anti-
ferromagnetic background is very 
slow!” The electrons can save the en-
ergy they expend here by forming 
Cooper pairs – which are very small, as 
they are in the case of the heavy fer-
mion superconductors. With their to-
tal spin of zero, they become invisible, 
as it were, to the antiferromagnetic 
stubble field of half-integer spins. They 
slip through without losing any ener-
gy whatsoever, and the cuprate be-
comes a perfect electrical conductor. 

RESEARCH SHOULD SOMEHOW 
BENEFIT SOCIETY

“It is still just an idea for a model,” says 
Keimer with a smile. A Stuttgart-based 
team headed by his colleague Vladimir 
Hinkov used neutrons at the FRM-II 
research reactor in Garching and ob-
served that strong spin fluctuations 
actually do occur. They input the mea-
surement data without “fine-tuning” 
into a model being developed by the 
theoreticians in Stuttgart, explains 
Keimer. This then computed a transi-
tion temperature at which the sub-
stance would theoretically become su-
perconducting. The first shot at 170 
Kelvin was almost twice as high as the 
substance’s real transition temperature, 
but Keimer considers this result to 
be very encouraging: “The closer one 
looks, the simpler the picture gets.” 

The researchers in Stuttgart have 
also perfected the production of artifi-
cial crystals, which they now want to 
use to imitate the layer structure of the 
cuprates. They hope this will take 
them a few more steps along the learn-
ing curve. “It is possible to make great 

planes, so their superconductivity is 
strongly two-dimensional – “flat,” as it 
were. The conduction electrons re-
quired are provided by foreign atoms 
with which the researchers intention-
ally contaminate their crystals.

Bernhard Keimer uses diagrams 
to show how the superconductivity 
probably operates in cuprates. In the 
copper oxide planes of the crystals, 
certain electronic states of the copper 
atoms overlap each other. These “d-or-
bitals” form the racetrack for the con-
duction electrons. The electrons tend 
to a fluctuating antiferromagnetic or-
der when approaching the supercon-
ducting transition temperature: they 
orient themselves antiparallel as they 
get closer to it. 

If an electric current now flows, in-
dividual conduction electrons must 
migrate through this spin landscape. 
The rules of quantum physics require 
them to continuously flip the spin of 
the electrons they encounter to suit 
their own spin. “They leave behind a 
trail of flipped spins, which is very 
energy intensive,” explains Keimer: 

progress in high-temperature super-
conductivity with simple models,” 
states Keimer optimistically. These 
findings may one day contribute to 
developing a material that conducts 
current at room temperature with zero 
resistivity. Bernhard Keimer keeps this 
long-term objective in mind. “As a 
basic researcher, I have a vision, of 
course, that this research will benefit 
society one day.”                       

Sample mosaic: Bernhard Keimer’s team 
mounts around 100 YBCO single crystals onto 
a support in order to produce a sample with 
as large a volume as possible. The researchers 
use inelastic neutron scattering to investigate 
the magnetic properties.
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Histones are important proteins for epigenetics. Consequently, delegates at the Epigenetics 
Conference are greeted with the amino acid code of the histone protein H3.
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 T  
he different types presented 
by Shelley Berger display an 
amazing variety. “One is a typ-
ical command receiver,” ex-
plains the cell biologist, “while 

the next one tells the first what to do.” 
And the third is not only the boss – on 
top of that, it lives a lot longer than the 
others and is the only one that is fer-
tile. Although it is not too surprising 
that such differences occur, what is as-
tonishing is that the three types have 
identical genomes. Yet the lively speak-
er from the University of Pennsylvania, 
USA, is not presenting a study on trip-
lets or cloned breeding animals. She is 
describing natural processes exhibited 
by the Florida carpenter ant Campono-
tus floridanus. The behavior and the 
physical form of the insects in the 
three boxes display marked differenc-
es. And these are not even remotely ge-
netically fixed.

But what else could have such a 
strong modifying effect on the mind 
and body? There are structures in the 

genome that, while having no effect on 
the genes themselves, still determine 
which of them can use a somatic cell 
and which can’t. These structures de-
fine the way a cell is built and how it 
functions by means of a gene activation 
program. Berger shows what this does 
to the ants. She states that, in the ge-
nome of brain cells, there are systemat-
ic, non-genetic differences that ensure 
that the subordinate female worker 
ants are more sensitive than their dom-
inant sisters to their inhibitory messen-
ger substances. 

A SENSE OF EXCITEMENT IN THE 
FIELD OF EPIGENETICS 

Epigenetics as a research field focuses 
on the ingenious mechanisms that un-
derlie gene regulation. There is scarce-
ly a scientific discipline that is develop-
ing as rapidly as this new branch of 
genetics. And with good reason: epi-
genetic structures affect practically ev-
ery life form – they are the memory and 

Operating the 
Genome Switches
Research into epigenetics is a rapidly growing field. A recent 

conference at the Max Planck Institute of Immunobiology in 

Freiburg shed light on the reasons. The new science investigates 

permanent biochemical switches that control genetic activity. 

These switches give a cell its identity and memory. They are what 

enable organisms to develop and adapt to their environment.  

TEXT PETER SPORK

  2 | 11  MaxPlanckResearch    57



fying their epigenome. They can, as it 
were, recall former states induced by 
external stimuli and store them. For 
example, an early childhood trauma in 
humans can trigger the permanent re-
programming of brain cells and make 
an individual prone to depression de-
cades later. Or over-nutrition in the 
womb can alter metabolic cells to the 
extent that an individual will be more 
likely than other people to develop 
type 2 diabetes in old age.

Shelley Berger does not have to ex-
plain these things to her listeners. They 
are experts in the field. Early in Decem-
ber 2010, she spoke to an audience of 
more than 100 from around the world 
at the first Max Planck Freiburg Epi-
genetics Meeting. In three days alone, 
40 lectures were given at the Max 
Planck Institute of Immunobiology and 
Epigenetics. A significant number of 
them were presented by world-re-
nowned specialists such as Phil Avner, 
Geneviève Almouzni, Amanda Fisher, 
Edith Heard, Barbara Meyer, Steve He-
nikoff, Gunter Reuter, Wolf Reik, Yang 
Shi, Brad Bernstein, Martin Vingron, 
Danny Reinberg, Roland Schüle, Susan 
Gasser and Meinrad Busslinger.

Each of the lectures was subsequently 
discussed in unusual depth by the ex-
perts, who generally focused on bio-
chemical details. But the burning issues 
surrounding epigenetics really came to 
a head in conversations held away from 
the formal setting. Researchers pon-
dered over lunch whether the tofu in 
the vegetarian dishes provided protec-
tion against cancer via an epigenetic 
mechanism. And they wondered over 
dinner whether a substance called res-
veratrol in red wine could have a life-
prolonging effect given that it can, at 
least in a test tube, epigenetically halt 
cell aging.

EPIGENETICS INFLUENCES 
MANY ILLNESSES 

This difference – hard-core molecular 
biology on the one hand and possible 
solutions to humanity’s great issues on 
the other – illustrates the fascination 
that this new discipline inspires. The 
science is unbelievably complex, but it 
is also well on its way to making life 
both easier and better for humans. 
“There is a direct link between the 
body’s metabolic processes and the 

identity marker of every cell. Their in-
fluence penetrates into the very essence 
of life, even in us humans.

EVEN ACQUIRED FEATURES 
CAN BE INHERITED 

Just five years ago, quite a number of 
biologists had no idea what epigenetics 
meant. Today, even doctors, education-
alists, psychologists and politicians are 
familiar with the term. The Greek pre-
fix ‘epi-’ means ‘subsidiary’, ‘addition-
al’ or ‘over’. In fact, epigenetics is a sort 
of “additional genetics,” associated by 
definition with everything that a cell 
passes on to its daughter cells by way of 
residual information over and above 
the DNA base code. Once a so-called 
epigenetic switch has been set in re-
sponse to an external stimulus – such 
as a developmental signal – it deter-
mines, for example, whether a cell will 
form part of nerve, skin or liver tissue.

The sum of all of the switches 
forms the epigenome of the cell, and 
each cell has its own specific epi-
genome, which it passes on when the 
cell divides. However, cells also re-
spond to their environment by modi-
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epigenetics of metabolic cells,” claims 
Paolo Sassone-Corsi from the Universi-
ty of California in Irvine, USA. He is in-
vestigating the inner clock, a vivid ex-
ample of this link. 

There is a clock ticking in every cell, 
he says, and it has the genome firmly 
in its grip. “The activity of at least 15 
percent of the genes in a cell oscillates 
in a 24-hour rhythm.” He and his team 
have just discovered an epigenetically 
active enzyme associated with this 
clock. It translates the time sense of the 
cells into a gene activation program. 
Called MLL1, it binds to proteins that 
act rhythmically and determines the 
time of day at which some genes can 
be read and others can’t. It is now 
known, says Sassone-Corsi, that when 
the inner clock is disrupted – which 
can occur, for example, when a person 
does regular shift work – conditions are 
more favorable for diabetes and many 
other metabolic disorders.

Tests show that genetically identical 
mice fed with the same food either be-
come ill or remain healthy depending 
on whether they get the food at the 
right time or not. There is much to in-
dicate that such disruption alters the 

“epigenetic memory” of the cells and 
thus upsets the equilibrium of the 
whole body, rendering the individual 
susceptible to illness. “Epigenetics 
touches many different fields. It starts 
with nutrition and ends with trauma,” 
believes Herbert Jäckle from the MPI for 
Biophysical Chemistry in Göttingen. 

NEW TREATMENTS FOR 
STRESS DISORDER 

The Ministry of Defense is now inter-
ested in the epigenetic explanation for 
post-traumatic stress disorder as well. 
“Increasing numbers of soldiers are re-
turning from foreign deployments with 
this disorder.” There is felt to be an ur-
gent need for new treatments, and epi-
genetics might be able to deliver them. 
The time is now ripe, he says, not least 
because of the recent findings, to take 
a proactive approach to advance the 
discipline. That is why the Max Planck 
Society supports the Freiburg Meeting, 
and also why it resolved to expand the 
work of the city’s Max Planck Institute 
for Immunobiology and change its 
name to refer to both epigenetics and 
immunobiology.

The new name was announced the day 
before the conference, an occasion that 
could not have been better and one 
that had been long awaited by co-orga-
nizer Thomas Jenuwein. Back in 2008, 
when the epigenetics pioneer was ap-
pointed Director at the Freiburg Max 
Planck Institute, he said, “We are stand-
ing on the threshold of a new way of 
thinking in biology, on the threshold 
of the post-genome society.” The glori-
ous age of genetics lasted five decades, 
he pointed out: “It began in 1953 with 
the announcement of the DNA struc-
ture and ended in 2003 with the publi-
cation of the almost complete human 
DNA sequence.” In saying this, Jenu-
wein in no way wishes to diminish the 
extraordinary achievements of the ge-
neticists. Rather, he is keen to build on 
their findings to drive biology forward 
and reveal what is passed on over and 
above the genes.

There are different epigenetic 
switch systems. For example, if meth-
yl groups are bound directly to DNA 
(DNA methylation), that generally in-
activates the affected gene. Changes to 
the histones are a great deal more vari-
able. Histones are proteins around 

BIOLOGY & MEDICINE_Epigenetics

Science thrives on an exchange of ideas, especially in such a rapidly growing research field as epigenetics. 
Delegates at the congress in Freiburg discuss the latest findings – sometimes even over a glass of red wine.
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has taken place – and this also affects 
whether or not individual genes can 
be activated.

CHANGES TO HISTONES 
REGULATE GENE ACTIVITY 

“More than 50 histone modifications 
are now known,” says Robert Sch-
neider, though “we can hardly be any-
where near the full total yet.” Sch-
neider, who became head of an 
epigenetics group at the Freiburg Max 
Planck Institute as early as 2004, intro-
duced conference delegates to a previ-
ously unknown chemical modification 
in the nucleosome center. Until now, 
it was especially the so-called termini 
of the histones, which project out of 
the nucleosome like tails, that had 

been regarded as the main access point 
for modifications. Apparently the ex-
perts need to think again: “The his-
tone modification that we discovered 
probably opens a window that gives 
enzymes access to a DNA binding 
site,” explains Schneider. Discoveries 
such as these might even help fight 
diseases that are very difficult to treat, 
stresses the epigeneticist. 

It has long been clear that cancer 
and many other illnesses are linked to 
wrongly regulated epigenomes, he says, 
so every newly discovered epigenetic 
switch provides a potential point of at-
tack for future medications. This is be-
cause, unlike gene mutations, wrongly 
configured epigenetic switches can, in 
theory, be returned to their previous 
configuration. Cancer researchers in 

which the DNA coils – rather like a ca-
ble reel. How firmly the DNA binds 
and which enzymes still have access to 
the gene being read depends on the 
biochemical structure of the histones. 
As the cell fixes various different 
chemical attachments – acetyl, meth-
yl, ubiquitin or phosphate groups – to 
various parts of the histones or detach-
es them again, one of the decisions it 
makes is whether the base sequence of 
individual genes is transcribed into 
proteins or not. Proteins with regula-
tory roles also dock onto the “cable 
reels” (known as nucleosomes), de-
pending on their nature. And the 
whole DNA and protein mixture, 
called chromatin, can dock onto the 
membrane of the cell nucleus – provid-
ed a particular histone modification 

Thomas Jenuwein is regarded as a pioneer 
of epigenetics. In 2000, he and his team 
discovered the first enzyme that, in hu-
mans and mice, deposits methyl groups 
on histones, effectively switching off 
genes permanently. The molecular biolo-
gist has been a Director at the Max Planck 
Institute of Immunobiology and Epi-
genetics in Freiburg since 2008. His re-
search field is having a profound impact 
on contemporary biology, as Jenuwein 
reveals in an interview. The staggering 
discoveries in epigenetics and their enor-
mous implications are already transform-
ing society today.

Mr. Jenuwein, you say that we are living in 
a post-genomic society. Why?
Thomas Jenuwein: Because we have de-
coded the human genome and are forced 

to acknowledge that we are more than the 
sum of our genes. The DNA sequence tak-
en in isolation is not enough to provide a 
full explanation for either normal or aber-
rant development. We are now in the age 
of epigenetics and chromatin – the unit 
composed of DNA and the attached pro-
teins. It’s all about understanding cell iden-
tity from a functional perspective.

So your science is now acknowledged as such?
Absolutely. You need only count how many 
studies are published on epigenetics. 
Whereas there used to be no more than 
400 per year, there are now around 8,000.

How did this development come about?
The key breakthrough was the discovery of 
the enzymes that chemically mark chro-
matin. That led to an explosion of new av-

enues of research. This was because the 
discovery created a pathway to controlling 
genetic activity, to cell identity and to dif-
ferent chromatin states. The main thing, 
however, was that we finally understood 
how changes in metabolism and energy 
consumption, as well as changes caused 
by environmental factors, could have a 
lasting effect on cells – it was because they 
could be transferred to chromatin via en-
zymes and their cofactors.

So epigenomes really do give cells a memory? 
Will we be able to manipulate this memory 
one day?
Our recognition of the way enzymes mod-
ify chromatin has opened up potential 
ways of doing this, because enzymes can 
be inhibited. And this takes us to the heart 
of treatment approaches. Take cancer, for 

“We are more than the sum of our genes”

BIOLOGY & MEDICINE_Epigenetics
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particular have high hopes for this new 
science – provided the epigeneticists can 
shed light on other fundamental princi-
ples. There is a new experimental mod-
el that may help: Herbert Jäckle is using 
it in a bid to systematize the world of 
histone modification. “The term histone 
code signifies nothing more than the 
fact that, in certain combinations, cer-
tain markings on the histones cause cer-
tain phenomena. This is the very thing 
that we want to test now.”

In his sensational main lecture, 
Jäckle presented the latest findings on 
the fruit fly Drosophila. The genome is 

example. Clinics already have such sub-
stances as HDAC inhibitors and DNMT in-
hibitors. Treatment based on epigenetics 
is already a fact of life in cancer research.

Are there other examples?
Epigenetics also helps in reprogramming 
somatic cells to become stem cells. I am 
convinced that, in five years’ time, we will 
have a success rate of 40 to 50 percent in 
this field – and it will be thanks to the 
specific influence of epigenetic enzymes. 
At present, the success rate is only 1 to 2 
percent. The third point is the continued 
expansion of our understanding of how 
dietary habits and stress signals affect 
the epigenomes of cells. This opens up 
quite clear avenues toward a new kind of 
prevention.

This is somewhat reminiscent of the promis-
es – as-yet unrealized – held out for the hu-
man genome project, that is, new and effec-
tive treatments for the major widespread 
diseases. Why do you think we are now clos-
er to that goal?

Because we know the interrelationships. We 
know what makes the chromatin in a stem 
cell different from that in a mature cell. Look-
ing at the epigenetic markings on chroma-
tin, I can now see how old a cell is, what type 
of cell it is and whether it is healthy or not. 
So we have our fingers on the right switch-
es. This ultimately means that any conceiv-
able thing in this field is possible. In theory 
at least, diabetes cells can be made fully 
functional again, malignant cancer cells can 
at least be made more benign, and brain cells 
can be made less susceptible to stress. 

Is DNA unimportant, then?
The driving force in the cell continues to be 
the DNA sequence, without question. But 
the crucial factor is that we can modify epi-
genetics. Adrian Bird once said that even if 
epigenetics affected only 0.1 percent of de-
velopment, it would be absolutely sufficient 
– given the huge number of human cells and 
cell types – to reconstruct all sorts of adap-
tations, both good and bad. 

The Max Planck Society has itself recognized 
the significance of the new science and 
changed the name of the Freiburg institute 
to incorporate both immunobiology and epi-
genetics. Are you proud of this?
Naturally. But it was also a logical devel-
opment that began long before my time 
in Freiburg. Immunobiology and epi-
genetics are inextricably linked. The first 
Epigenetics Research Group has been at 
work here for five years. The key thing is 
that researchers at Freiburg understood 
very early on how innovative epigenetics 
was. Next came the call for applications, 
the new building and the inauguration of 
a new department, which I was asked to 
head. In addition, arrangements were 
made for Davor Solter – co-discoverer of 
imprinting and a pioneer of modern epi-
genetics – to be succeeded by Asifa Akhtar, 
an outstanding epigeneticist. And then 
the institute was renamed – more or less 
as a beacon to the world.

Interview: Peter Spork

The conference organizers: Asifa Akhtar holds a 
chromosome model, while Thomas Jenuwein 

wears a representation of chromatin with 
epigenetic modifications around his neck.
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a storehouse for quite a number of gene 
copies, several hundred in the higher 
organisms, which are needed for the 
production of histones. This explains 
why it was previously thought impos-
sible to switch off these gene copies and 
replace them with genetically modified 
histone variants. Jäckle’s team removed 
all the histone genes from the flies, 
which caused the insects to die off af-
ter the fourteenth cell division. Howev-
er, following the introduction of a crit-
ical number of gene copies, the flies 
regained their ability to survive and re-
produce. In the next stage, the Göttin-
gen-based researchers want to return 
particular histone genes to the insects. 
These genes have been modified to the 
extent that they lack docking sites, for 
example, for certain chemical groups. 
This would prevent certain histone 
modifications. “That would enable us 
to work through the histone code sec-
tion by section to identify which bio-
logical effect is produced by which his-
tone markings,” explains Jäckle.

RNA FRAGMENTS SILENCE GENES 

There is another important epigenetic 
switch system, the non-coding RNAs, 
or ncRNAs for short. The very sections 
of DNA that geneticists used to regard 
as functionless and refer to disparaging-
ly as “junk DNA” actually code for 
these RNA fragments. They are, as it 
were, siblings of the messenger RNAs 
and, though a little underdeveloped, 
are definitely not junk. But unlike mes-
senger RNAs, they do not contain in-
structions for producing proteins. On 
the contrary, one of their tasks is to re-
move from circulation any messenger 

Epigenetics is a sure talking point: 
Herbert Jäckle from the Max Planck 
Institute of Biophysical Chemistry 
in Göttingen (top), Danny Reinberg 
(New York University, middle) and 
Peter Becker (Ludwig Maximilian 
University of Munich, bottom). P
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RNAs whose base code matches their 
own. Accordingly, the transcript can no 
longer be translated into a protein and 
the effect of a gene is thus weakened or 
even completely silenced. Known as 
RNA interference, this principle, dis-
covered in 2006, was honored with the 
Nobel Prize for Medicine. These days, 
almost every week sees the publication 
of new studies that demonstrate the im-
portance of these processes in, for ex-
ample, the prevention or the develop-
ment of cancer.

Ingrid Grummt from the German 
Cancer Research Center in Heidelberg 
reports in Freiburg on another of the 
tasks of ncRNAs. She discovered 
ncRNAs that attach themselves near a 
gene to a DNA strand that matches 
their base sequence and, in doing so, 
insinuate themselves solidly into the 
DNA double helix. This produces a tri-
ple helix. Enzymes, in turn, bind to this 
structure and attach a methyl group di-
rectly to the DNA, thus silencing genes. 
Since more than half of the human ge-
nome can be transcribed into ncRNAs, 
Grummt suspects she has discovered a 
very general mechanism. “It is certain-
ly conceivable that all genes that are si-
lenced for any length of time have pre-
cisely matching ncRNAs,” she says. 
There’s no doubt whatsoever that epi-
geneticists are in the grip of gold fever. 

“Just now, our field of research is 
getting increasingly complex and diffi-
cult to take in,” explains Renato Paro 
from the Department of Biosystems at 
the Technical University of Zurich. His 
colleague Peter Becker from Munich’s 
Ludwig Maximilian University concurs, 
saying, “The more research I do, the 
less I understand.” He is delivering a pa-
per on a problem that faces all living 
creatures that determine their sex via 
sex chromosomes. They need to ensure 
that genetic activity is organized on a 
balanced basis. In humans, for exam-
ple, women, unlike men, have two X 
chromosomes. Without compensation, 
the genes lodged there would be twice 

as active in women. That is why one X 
chromosome is switched to be epige-
netically silent in all female cells.

“We used to think that all organ-
isms did this in the same way,” says Asi-
fa Akhtar, head of the Laboratory of 
Chromatin Regulation at the Freiburg 
Max Planck Institute. But the epigene-
tic toolkit is way too variable for nature 
not to have found other solutions as 
well. “Drosophila, for example, does 
the opposite. In these creatures, the X 
chromosome activity in males is near-
ly twice as strong,” explains Akhtar. She 
is investigating proteins that are in-
volved in this regulation, but that also 
play a role in human epigenetics.

BETWEEN IMMUNOBIOLOGY 
AND EPIGENETICS 

One of her objectives is to compare the 
epigenetics of humans and flies. Ulti-
mately, she is as concerned as most of 
her colleagues to get to the bottom of 
this complex new field of research, as 
far as this is possible. In this sense, the 
Freiburg Meeting, organized jointly by 
Asifa Akhtar and Thomas Jenuwein, 
Monika Lachner and other colleagues, 

might well have helped already. “It all 
went off so well, it was a wonderful 
start. We managed to get Freiburg on 
the epigenetic research map,” she says, 
summing up the outcome. “And now 
we will try to repeat the meeting every 
two years in December.”

Immunobiologist Rudolf Gross-
chedl, current Managing Director of 
the Freiburg institute, is also keen on 
the idea of repeating the conference. 
“We would very much welcome this, 
preferably alternating it with a confer-
ence on immunobiology.” On the 
whole, everyone was “thoroughly sat-
isfied” that they managed to bring epi-
genetics to Freiburg. This field, he says, 
enriches key research areas of the fu-
ture and is also indispensable for im-
munobiology.

Most of the epigeneticists would 
like to return, that much is clear. Shel-
ley Berger would then probably be 
able to provide fresh reports from the 
ant kingdom. One of the questions 
might be why some people – similar 
to ant queens – live very much longer 
than others. For, as Berger knows, 
“ants are a wonderful model for study-
ing aging processes.”                  

BIOLOGY & MEDICINE_Epigenetics

The two-meter-long strand of DNA has to be packed very tightly to fit into the cell nucleus. 
To achieve this, the DNA (yellow) is coiled around complexes composed of eight histones (blue) 
each. These are then linked together like beads on a string (left). The diameter of a chromosome 
is just one thousandth of a millimeter (right).
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 A  
lmost every morning at 
around 7:00 a.m., a man cy-
cles five miles through the 
hilly fields of central Hesse 
from the small municipali-

ty of Biebertal to the somewhat bigger 
town of Giessen. Spring, summer, fall 
and winter. Not even sub-zero temper-
atures and snow-covered paths and 
streets can deter him. After all, he has 
spikes for the wheels. He stops his ve-
hicle at the Director’s parking spot at 
the Hospital for Internal Medicine at 
the Giessen campus of the University 
Hospital of Giessen-Marburg. The man 
is the Director and one of today’s most 
renowned lung specialists. 

THE MIRACLE OF BREATHING 
FREELY 

Werner Seeger, a tall, slim man with 
boundless energy, looks very different 
from many other university chiefs of 
medicine in this country – and not only 
because, whenever possible, he travels 
by bike rather than driving a presti-

gious limousine. Of course, that alone 
says a lot about him. He is the only 
chief of medicine of a university hospi-
tal who is also employed as a Director 
at a Max Planck Institute, the Max 
Planck Institute for Heart and Lung Re-
search in Bad Nauheim. When neces-
sary, he thinks outside the box when it 
comes to science. He has crucially 
raised awareness about pulmonary dis-
ease – for decades a neglected problem 
– among the public and those who al-
locate research funding. He speaks of-
ten and in equal measure about luck 
and purpose when he talks about his 
career. “As doctors, we have a mandate 
to do everything possible to maintain 
the miracle of breathing freely,” he 
says. And yet, after more than 30 years 
of daily hospital life, it seems to an ob-
server that, despite his huge success as 
a doctor and researcher, he still has not 
lost his concern for patients. These are 
people who are often anything but 
highly educated academics, with ex-
tremely serious health problems, at the 
threshold between life and death.

The advances made by Werner Seeger and his team in the treat-

ment of pulmonary hypertension mean that many patients at 

least live longer, with a better quality of life. This, however, is not 

enough for the Director at the Max Planck Institute for Heart 

and Lung Research in Bad Nauheim: the dedicated doctor and 

researcher wants nothing less than a full cure for this disease.  

TEXT KLAUS WILHELM

Walking the Line 
between Research 
and Practice

Werner Seeger and his 
limousine: Suitable for 
all weather and good 
for the lungs.

BIOLOGY & MEDICINE_Personal Portrait
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an interest in medicine, know very 
little: pulmonary fibrosis. His only 
chance was a lung transplant. After an 
agonizing one-year wait, doctors per-
formed the transplant a few months 
ago and he initially responded well to 
the donor organ. Then he deteriorated 
again. The new organ is prone to con-
stant infection and his lung function 
can’t be stabilized. Now his bronchial 
tubes seem to be narrowing and he suf-
fers increasingly from shortness of 
breath. His wife has left him.

Seeger takes a deep breath. This 
case has affected him personally. Nev-
ertheless, he analyzes the patient’s 
medical data calmly and objectively in 
the presence of the ward physicians 
and medical students. “The patient is 
considering a rational suicide,” ex-
plains the doctor. The man is reflec-
tive, of sound mind and does not want 
a psychiatrist. The doctors can’t force 
him to see a psychiatrist. “He’s right. 
His situation is very serious,” says 
Seeger, who nevertheless believes there 
is still a chance of stabilizing the donor 
organ with a different antibiotic treat-
ment and by widening the narrowed 

medicine in such situations personally, 
and the suffering of his fellow human 
beings as an incentive to keep going to 
alleviate the distress of patients with se-
rious lung diseases. “At the end of my 
career, I would be happy to have it said 
about me that I contributed significant-
ly to this,” he says.

Extreme situations are part and 
parcel of life in the Giessen Lung Cen-
ter, even in the general ward. Mr. L. 
has announced that he intends to end 
his life. He is serious. He suffers from 
a deadly pulmonary disease about 
which laypeople, even those who have 

Nor is it any different this morning at 
8:00 a.m. when we visit the general 
ward. At this time, he has already spent 
half an hour in the intensive care unit 
(ICU). He talks about two younger pa-
tients who are in an induced coma 
there as a result of the H1N1 swine flu 
virus. Their lungs are extremely dam-
aged due to a massive acute infection, 
and they therefore had to be put on an 
artificial lung machine. “Their chances 
of survival are not very good, unfortu-
nately,” says the 57-year-old: “This is 
the reality in which I live.” He says it as 
if he takes the powerlessness of modern 

 » Each patient must feel that they are treated as an individual, 

taken seriously and accepted.«

Lung tissue under the microscope: Smoking, inflammation or a genetic predisposition can destroy 
the pulmonary alveoli (center: healthy tissue). With pulmonary emphysema (left), the alveoli lose 
their elasticity, the inhaled air remains caught in the air sacs when the patient exhales. Excessive 
growth of connective tissue leads to pulmonary fibrosis (right).
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bronchial tubes using an endoscopic 
procedure. “This is what I will be pro-
posing.” On Saturday, after spending 
Friday in Paris, where leading experts 
are preparing the next world congress 
on pulmonary hypertension, he will 
speak to Mr. L. privately.

FOCUS ON PATIENTS 

Regardless of how difficult it may some-
times be, talking to patients is impor-
tant to the professor. As he does his 
rounds, which last two hours today, he 
always adopts the right tone, makes a 
joke whenever possible, and delivers 
clear messages whenever necessary. He 
offers one patient, who is being treated 
as an in-patient for the 25th time in 
Giessen, a ticket for the opening cere-
mony of the new university hospital. 
He comforts another patient who is on 
the waiting list for a donor organ. The 
professor speaks clearly, in a language 
that people understand. “Each patient 
must feel that they are treated as an in-
dividual, taken seriously and accepted.” 
This is how he describes his approach 
as a healthcare professional. “It is more 

a question of basic attitude than the 
length of the conversation. When I 
speak with patients, I try to give them 
my complete attention.” Seeger also en-
deavors to be a role model for younger 
doctors, which is extremely important: 
“This isn’t something that you can 
learn in lectures, and certainly not in 
multiple choice tests.” He knows that 
none of this is easy in the daily routine 
of a hospital: focusing on patients and 
at the same time protecting oneself 
from the daily suffering and the con-
stant presence of death. “You really 
have to maintain a balance if you want 
to do your job well.”

Seeing how he deals with patients 
would indicate that his past plays a role 
in this. Seeger comes “from a very mod-
est background,” as he puts it, growing 
up on a small farm in eastern Westpha-
lia. When it came to choosing a career, 
becoming a teacher was the extent of 
his parents’ imagination. This would 
have meant that he could also still work 
on the farm. But it was not to be. “I 
wanted a career that involved people,” 
he says. Studying theology was thus 
one consideration for the devout Prot-

estant. Medicine was the other, ulti-
mately more attractive, alternative, 
“because there I could do something 
more concrete, more practical for peo-
ple.” He was also seized with enthusi-
asm for research, a passion that he still 
retains today.

10:00 a.m.: The professor switches 
to his second world – science. Com-
pared to his medical rounds, this is a 
radical change to a world of highly ac-
ademic ideas and conversations, a mi-
cro- and nano-world of cells and mole-
cules and intense debate, conducted in 
English of course, with doctoral stu-
dents and young biomedical scientists 
from all over the world. “I feel lucky to 
be able to work in both of these worlds 
and to bring them together,” he says. It 
is mainly thanks to Werner Seeger that 
Giessen currently enjoys an excellent 
reputation in pulmonary disease re-
search. Worldwide. Up until the mid-
1980s, however, pulmonary medicine 
tended to languish at the University 
Hospital of Giessen. Then the break-
through came: with a clinical research 
group from the German Research Foun-
dation (DFG) and a professor for “respi-
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Werner Seeger with a patient who is waiting for a lung transplant (left) and in the ICU of the new university hospital (right) 
with (left to right) Michael Barbrock, ward manager Alexander Pielka and nursing director Lothar Zörb.
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tions. Brains are racked. His tone is 
positive and measured. The ambitious 
young scientists may want to impress 
with the necessary detailed knowl-
edge, but Seeger, with decades of expe-
rience in many areas, is often the only 
one who is able to understand the 
findings in such a way that the team 
makes progress. “The different areas 
complement one another wonderful-
ly,” he says, frankly admitting that, 
without the symposiums, he would 
lose touch with emerging technology 
and the latest findings in molecular bi-
ology. “I benefit enormously from 
them.” Ultimately, he is concerned 
with understanding what happens at 
the molecular level when pulmonary 
diseases develop, and which of the sig-
naling paths involved can be tackled 
using active agents.

Up until a few years ago, for exam-
ple, transplantation of a donor organ 
was the only treatment available for 
pulmonary hypertension. At a global 
level, 100 million people suffer from 
some form of the condition. In their 
pulmonary hypertension outpatient 
clinic – the largest of its kind in the 

world – the Giessen-based experts fre-
quently treat young women with the 
condition, often after pregnancy, “many 
of whom I have seen die under my 
care,” says Seeger. That is something 
that is not easy to shrug off. This is not 
the only reason why the team in Gies-
sen has been plowing a large amount of 
resources into researching this disease 
since the 1980s.

Pulmonary hypertension is a disease 
of the lungs’ blood vessel system. In 
this pulmonary circulation system, as 
it is known, carbon-dioxide-rich, oxy-
gen-depleted blood leaves the right side 
of the heart and enters the pulmonary 
arteries. The arteries divide into pulmo-
nary air sacs (alveoli), where the blood 
is enriched with oxygen, and the car-
bon dioxide generated in the body is re-
leased. The oxygenated blood flows 
back to the left side of the heart, from 
where it is pumped around the body. In 
the case of pulmonary hypertension, 
the blood pressure in the blood vessels 
of the pulmonary circulation system in-
creases, sometimes without any dis-
cernible cause, frequently as a result of 
other illnesses. The vessel walls thick-

ratory failure.” Heading up this team 
was Werner Seeger, who was ultimate-
ly appointed professor of internal med-
icine in the mid-1990s, shifting the 
hospital’s focus to pulmonary disease. 
Giessen’s ascent in the area of pulmo-
nary medicine peaked temporarily in 
2006 with the establishment of the 
“Cardio-pulmonary System” Excellence 
Cluster, a joint venture with the cardi-
ology department at the University of 
Frankfurt/Main and the Max Planck In-
stitute in Bad Nauheim.

FROM ROUNDS TO RESEARCH 

Now the researchers from the cluster 
are meeting at a mini-symposium, as 
always to discuss their latest findings. 
The atmosphere is focused, yet re-
laxed. There is a lot of laughter. They 
all have respect for their boss, but are 
not afraid of him. The theme of the 
highly specialized lecture: the integrin 
signaling pathway in pulmonary hy-
pertension. The spokesperson for the 
excellence cluster interrupts frequent-
ly, asks critical questions, looks at the 
data from all sides, and makes sugges-

With pulmonary hypertension, several processes get out of hand. The cells in the blood vessel walls multiply excessively, narrowing the 
blood vessels. Tension in the blood vessels is also too high. Moreover, these contract due to a lack of oxygen. The pressure in the blood 
vessels then rises, making it increasingly difficult for the heart to pump blood through the lungs.
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en, “mushroom” inward, and the lu-
men for the blood flow shrinks. As a re-
sult, the right side of the heart has to 
work harder and harder to pump the 
blood through the lungs and increas-
ingly decompensates. This poses the 
threat of heart failure.

Under the aegis of Werner Seeger, 
the turning point in the treatment of 
pulmonary hypertension came after de-
cades of stagnation. “Here at the Lung 
Center in Giessen, we have brought 
three drugs from basic research to 
worldwide approval,” says the research-
er and doctor proudly: “That is more 
luck than a scientist can expect to 
have.” And the 57-year-old is a team 
player through and through. He imme-
diately points out that it was primarily 
his colleagues Friedrich Grimminger 
and Ardeschir Ghofrani who discov-
ered a treatment for pulmonary hyper-
tension based on the impotence drug 
Viagra. In cell and animal experiments 
in the laboratory, researchers at the 
Lung Center had proved the signifi-
cance of the molecule phosphodiester-
ase-5 in pulmonary hypertension. At 
the same time, the pharmaceutical in-

dustry had launched Viagra as a treat-
ment for erectile dysfunction. The drug 
contains an active agent that inhibits 
phosphodiesterase-5. “It seemed logical 
to us that Viagra would also have to di-
late the narrowed pulmonary vessels, 
which subsequently proved to be the 
case in animal experiments.”

NEW APPLICATION FOR VIAGRA 

The researchers in Giessen embarked 
on an extraordinary study to prove 
that the same happened with people. 
At heights of about 16,500 feet and 
above, everyone suffers from pulmo-
nary hypertension, which returns to 
normal once the person comes back to 
lower ground. So the doctors sent a 
group of mountain climbers and a suit-
ably complex medical measuring de-
vice to Base Camp at Mount Everest. By 
yak! After a few days, they determined 
the expected high lung pressures of the 
test subjects, which also increased fur-
ther under stress, and in this study 
proved the effectiveness of Viagra in re-
ducing pulmonary hypertension in hu-
mans. The active agent was officially 

approved in 2006 following an inter-
national, multi-center study initiated 
by the Giessen Lung Center on people 
with severe pulmonary hypertension. 
It has since been approved worldwide. 
Seeger and his colleagues had already 
been treating critically ill patients “off-
label” with Viagra for years – always 
following tough discussions with the 
health insurance companies.

The most recent victory in this se-
ries of successful drug developments 
for treating pulmonary hypertension 
is the aerosol application of Treprosti-
nil. The Giessen Lung Center in Bad 
Nauheim also provided the research 
basis for the active agents Riociguat 
and Imatinib, which are currently be-
ing tested in major clinical studies. 
Riociguat stimulates an enzyme, solu-
ble guanylate cyclase, that plays a role 
in regulating stress in pulmonary ves-
sels, as well as in regulating growth. 
Imatinib is already used in cancer 
treatments and inhibits a growth fac-
tor known as PDGF for short. It is a 
factor in the aggressive growth of tu-
mors, but also in the “pseudo-malig-
nant proliferation of the pulmonary 

 » A team player through and through: Some impress with detailed knowledge, 

Werner Seeger impresses with experience.
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vessels, which closes the lumen,” as 
Seeger says. Several active agents are 
now available. More are expected soon 
– the more, the merrier. This means 
that many patients can live more than 
20 years with their condition.

PULMONARY HYPERTENSION 
CAN BE CURED – BUT HOW? 

“Undoubtedly a revolution,” says the 
Max Planck researcher, who seems only 
partly satisfied. “Our goal must be to 
cure pulmonary hypertension, nothing 
less will do.” After all, there is at least 
some proof that the phenomenon of 
“pseudo-malignant proliferation” of 
the pulmonary vessels is reversible. Re-
verse remodeling – reversing the path-
ological process to a normal vessel 
structure – is the concept that fires the 
researcher’s imagination. “Experimen-
tally, we are making progress,” explains 
Seeger. In other words, the scientists are 

working hard to find substances and 
other ways of specifically influencing 
the signaling paths that control growth 
in the vessel walls of the lungs and 
thicken them.

Seeger has similar goals when it 
comes to researching pulmonary fibro-
sis. Some 750,000 people suffer from 
this disease in the EU alone. Of those, 
400,000 suffer from the usually aggres-
sive, rapidly progressing, idiopathic 
form. Its molecular basis is still widely 
unknown compared to that of pulmo-
nary hypertension. With pulmonary fi-
brosis, excessive connective and scar tis-
sue forms, destroying the architecture of 
the alveoli. The lung can dilate less and 
less and its function deteriorates, with 
the result that, at some point, the gas ex-
change no longer functions. Those af-
fected find it difficult to breathe and are 
constantly prone to new infections and 
asphyxia. In the final stages of the ill-
ness, even speaking is difficult.

In Giessen and Bad Nauheim, research-
ers are examining what drives the path-
ological process. Among other things, 
growth factors such as TGF-beta and 
FGF-10 play a critical role. Werner 
Seeger doesn’t yet want to talk about a 
breakthrough with the first long-await-
ed effective treatment against idiopath-
ic pulmonary fibrosis, nor about ARDS, 
the serious lung failure case requiring 
mechanical ventilation in ICU. No less 
challenging is the research of the chron-
ically obstructive pulmonary disease of 
emphysema, in which the small pulmo-
nary alveoli are gradually destroyed. Us-
ing stem cells, the researchers are trying 
to regenerate the lost tissue. 

And, in fact, mice that have one 
lung removed regenerate their pulmo-
nary alveoli completely, in the same 
way that amphibians can generate a 
lost tail. Young people can also regen-
erate their alveoli to a certain extent, 
with recently discovered pulmonary 
stem cells probably driving the process. 
“We successfully stimulated this regen-
eration of lung tissue in mice in the lab, 
and it would be fantastic if we could 
replicate the process in our patients,” 
says the scientist, as he moves briskly 
from the excellence cluster meeting to 
his next appointment around midday. 
He rarely stops for a break during his 
long working day. His day is jam-
packed, but he never appears stressed. 
“I try to stay relaxed,” he says. “Of 
course, I do feel stressed, but usually it 
is a positive kind of stress because I en-
joy my work.”

His third role awaits him, that of 
medical executive director of the Uni-
versity Hospital in Giessen-Marburg. 
He visits the university hospital’s new 
building. “This is the biggest building 
that was ever built in Giessen,” says 
Seeger. “We are getting a brand new 
hospital with 1,200 beds.” It is due to 
open in four weeks. Thinking about it, P
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 » Our goal must be to cure pulmonary hypertension, 

nothing less will do.«

Cells in the interior 
blood vessel wall. The 
endothelial cells are 
marked by a green 
fluorescent protein. 
An antibody reveals an 
adhesion protein that 
appears only in endothe-
lial cells. The cells are 
derived from embryonic 
stem cells and have been 
cultivated to become 
endothelial cells in the 
cell culture.
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however, makes even a laid-back char-
acter like Seeger slightly nervous. Hun-
dreds of patients will have to be moved 
within a short space of time, including 
the artificial respiration patients from 
ICU, together with the machines that 
they are connected to. Just two weeks 
ago, cables were still hanging from the 
ceiling in the admissions area. But now, 
the large space already looks more in-
viting. Seeger breathes a sigh of relief 
and appears somehow delighted as he 
scrutinizes the modern, high-tech spac-
es in the future intensive care units. It 
is apparent that this is a dream come 
true for him. “Patient management is 
entirely electronic,” he gushes, in-
structing staff to perform a detailed 
function test on every single worksta-
tion before start-up. “Nothing dare go 
wrong, nothing,” he mutters almost 
imploringly to himself.

1:00 p.m.: Patients are waiting in 
the outpatient clinic in the lung hos-
pital. Seeger returns to his role of doc-
tor. He doesn’t need to wear the sym-

bolic white coat to radiate authority, a 
short-sleeved shirt will do. Despite his 
triple workload, he doesn’t forget to 
eat. A salad – “healthy nutrition and 
exercise are important,” he says and 
relates how, together with his wife, he 
has been involved for a long time in 
the German equivalent of Sunday 
school in his area, occasionally deliv-
ering a sermon in the Protestant uni-
versity parish. His family, including 
his three children and four grandchil-
dren, is central to his life: “I couldn’t 
do my job without them.” 

FROM THE HOSPITAL TO THE 
RESEARCH INSTITUTE 

3:00 p.m.: Following another appoint-
ment in the hospital’s administration 
office, Seeger sets off for nearby Bad 
Nauheim. The second research focus of 
the day is pending in the Max Planck In-
stitute. A colleague reports on his exper-
iments using human induced pluripo-
tent stem cells, or iPS cells for short, in 

the manufacture of skin cells lining the 
interior of blood vessels. The goal is, at 
some stage, to use these cells in patients 
with pulmonary hypertension to induce 
the production of new “healthy” pul-
monary vessels. However, the research-
ers first need to resolve a myriad of small 
problems that stand in the way of the 
ultimate goal. This is followed by a ses-
sion in a small group designed to struc-
ture a research field that is still young: 
the investigation of the molecular mech-
anisms that encourage tumor growth in 
chronically inflamed lung tissue.

7:00 p.m.: Back to the hospital in 
Giessen, this time to his desk: e-mails, 
letters, loose ends and a few urgent 
phone calls. Finally, back to where the 
working day began, to a critically ill 
patient in ICU. Night has long since 
fallen on this March day when a man 
gets back on his bike and cycles 
through the fields of central Hesse. 
Fourteen hours as a doctor and re-
searcher have come to an end. Until 
tomorrow at 7:00 a.m.                     
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Werner Seeger and Robert Voswinckel examine lung tissue using a confocal laser scanning microscope.
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The Nanoworld 
Is Starting to Roll

Nanoparticles on the move: A model representation 
of two triptycene molecules that are joined by an 

axle and are capable of rolling.



Imagine vehicles that are just a few nanometers large and that clean surfaces or build molecular 

structures like tiny vehicles at a construction site. To bring this idea, or that of molecular 

electronics, out of the realm of imagination and into the real world, physicists working with 

Leonhard Grill at the Max Planck Society’s Fritz Haber Institute in Berlin are investigating 

the physics of the nanoworld – and they enjoy taking turns at the wheel

TEXT ALEXANDER STIRN

MATERIAL & TECHNOLOGY_Nanoscience
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ot many physicists can claim 
that they reinvented the 
wheel, but Leonhard Grill 
can without any hesitation. 
Admittedly, his wheel isn’t 

particularly large, it rolls only with ex-
treme reluctance, it has no tires, and it 
isn’t even round. It does, however, 
have one very special quality to offer: 
Grill’s discovery is the world’s smallest 
rolling wheel.

Leonhard Grill, a researcher in the 
Department of Physical Chemistry at 
the Fritz Haber Institute in Berlin, works 
with nanostructures – objects with di-
mensions in the range of millionths of 
a millimeter. The wheel that Grill devel-
oped in collaboration with chemists 
from the French Centre National de la 
Recherche Scientifique in Toulouse has, 
for example, a diameter of just 0.7 nano-
meters. It consists of a rigid axle, on the 
ends of which the researchers attached 
two triptycene molecules. The bulky hy-
drocarbons look a bit like three-bladed 
airplane propellers. As a result, the na-
no-wheel is somewhat ungainly when it 
rolls – but it rolls.

“The dream is to one day use such 
molecular building blocks to build com-
plex structures with precisely defined 
functions,” says Grill. Tiny wheels, axles 
and a chassis could form a nanocar. 
Wires, switches and transistors – each 
measuring just a few atoms – could come 
together to form a molecular circuit.

Currently, such nanomachines still 
fall within the realm of science fiction. 
No one can say whether they work or 

whether they can ever be built. And Le-
onhard Grill, an Austrian with a calm, 
sonorous voice, would be the last to en-
courage unjustified expectations. But 
Grill, very much the basic researcher, 
finds the search for such systems ex-
tremely interesting. The Berlin-based 
physicists are therefore working to 
characterize a wide variety of molecule 
candidates. They are learning to move, 
manipulate and combine individual 
components to form ever more com-
plex structures.

HOW MOLECULES CAN BE 
VIEWED AND MANIPULATED 

It’s a bit like Lego with molecules – the 
only difference is that Grill and his 
team can’t see the building blocks, 
much less touch them. They must rely 
on technical support.

Leonhard Grill always has his most 
important aid in view: over his desk 
hangs a large poster that explains how 
the scanning tunneling microscope 
works. Gerd Binnig and Heinrich 
Rohrer, who developed the technology 
and were awarded a Nobel Prize for it, 
autographed the poster.

The real microscopes are two floors 
below, in the basement of the time-
honored “Kaiser Wilhelm Institute of 
Physical Chemistry and Electrochemis-
try.” Pumps hum, cables snake through 
the room, some of them wrapped in 
thick layers of aluminum foil. In their 
midst, two stainless steel machines 
gleam brightly. They appear to be made 

of cylinders screwed together arbitrari-
ly – covered with numerous flanges and 
round peepholes.

Alex Saywell, a staff member in 
Grill’s research group, sets a spindle at 
the end of the long cylinder in motion. 
With a metallic drone, it slowly pushes 
a sample into the scanning tunneling 
microscope. Saywell previously cleaned 
the fingernail-sized piece of metal, then 
bombarded it with ions and heated it. 
Now it isn’t just shiny, it is absolutely 
pure. Later, custom-tailored molecules 
– components that the physicists want 
to analyze and use to begin their Lego 
game – will be deposited on its surface.

“The scanning tunneling micro-
scope enables us to look at or analyze 
individual atoms,” says Leonhard Grill. 
This is made possible by the micro-
scope’s fine metal tip, on which, ideal-
ly, just a single atom sits. At a distance 
of about one nanometer, it traverses the 
sample surface row by row. An electric 
voltage allows the physicists to measure 
how much current flows between the 
microscope and the substrate. “The in-
genious trick of scanning tunneling mi-
croscopy consists in the fact that this 
current is extremely dependent on the 
tip’s distance from the surface,” says 
Grill. If, for example, it passes over a 
molecule on the surface, the current in-
creases sharply.

A fully automatic standard scan 
takes a few minutes. A very good image 
may sometimes take 20 minutes to 
complete. In the meantime, a colorful 
image appears line by line on the at-
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scope starts out behind the molecule 
wheel. While pushing, it invariably 
passes over the wheel to land in front 
of it – where the forced rolling then 
comes to an abrupt halt.

100-YEAR-OLD WALLS PROTECT 
THE MEASUREMENTS 

Such processes are reflected in the 
measured current intensity of the 
scanning tunneling microscope: when 
molecules hop to flee from the tip, the 
current first spikes, then suddenly 
drops, like a sawtooth. In contrast, 
when they roll, a wave motion is seen 
that matches very well with the 
wheel’s propeller form. “It was very ex-
citing the first time we saw something 
like that,” recalls Grill. “And it also 
shows that, despite all of the playful 
elements, one can learn a lot about the 
physics behind the molecular building 
blocks if one looks very closely.”

Such insights, however, are possible 
only when the tip can be positioned ex-
tremely precisely. There can’t be any 

tached monitor. The different colors 
represent the intensity of the measured 
current – and thus the contours of the 
surface. Even the untrained eye can rec-
ognize the individual atoms of the met-
al layer and the molecules lying on it.

But the scanning tunneling micro-
scope lets the scientists do more than 
just look at the molecules: the fine tip 
becomes a mini finger that pushes the 
particles around. The first time this was 
done was in 1990, by physicists in the 
IBM research lab in Almaden, Califor-
nia, who wrote their employer’s name 
with xenon atoms. Five years later, re-
searchers at the Free University of Ber-
lin succeeded in reproducing the sil-
houette of the Brandenburg Gate with 
individual carbon monoxide mole-
cules. “Today, things like that are stan-
dard,” says Leonhard Grill. “But it’s 
good training for students, who then 
learn how manipulations work and 
what the limits of such games are.”

So far, though, the small push with 
the tip has always made the molecules 
hop into their new position. The re-

searchers never saw any rolling until 
Grill reinvented the wheel.

But how can physicists tell whether 
a molecule will hop or roll? And how 
can they prevent it from rolling off the 
shiny surface? Leonhard Grill grins: 
“The laws of physics that we know from 
everyday life don’t help us in the nano-
world. There are very different factors 
at play there.”

Take the wheel, for example: Once 
set in motion, a normal wheel just 
keeps rolling – assuming it doesn’t sink 
into the mud. Its mass and the associ-
ated inertia keep it moving. In the 
nanoworld, in contrast, masses are so 
small that gravity and inertia no longer 
have any influence. Instead, electrostat-
ic and chemical forces take over.

Grill’s triptycene wheel, for exam-
ple, is so strongly attracted by the 
slightly corrugated copper surface that 
it must be pushed forward continuous-
ly with the tip of the scanning tunnel-
ing microscope – similar to a finger roll-
ing a six-sided pencil across a desk. And 
just like the finger, the tip of the micro-

A machine that Leonhard Grill (right) and his team use to study nanomachines: Together with Alex Saywell, he transfers a sample from the 
preparation chamber to the measuring position in the ultra-high-vacuum system. There, the researchers inspect the sample with, for example, 
a scanning tunneling microscope. The great cylinder in the right half of the image contains the cryostats that are used to cool the sample.
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away, the foundation of the 100-year-
old building is massive, and the walls 
in the basement are a good meter thick.

ROLLING MOLECULES AS 
NANOWHEELBARROWS 

Nevertheless, Grill and his team leave 
nothing to chance: when they take 
measurements, they turn off the light 
and the humming vacuum pumps. The 
room doesn’t even have air condition-
ing, as the airflow could cause the del-
icate stainless steel apparatus to vibrate. 
“Evening is usually the best time to take 
measurements, when both the building 
and the staff have quieted down some-
what,” says Leonhard Grill. Then one 
can also reinvent the wheel.

But why do nanomachines need to 
roll in the first place? After all, the 
greatest advantage of macroscopic 
wheels – the significantly reduced fric-
tional resistance – becomes far less im-
portant in the nanoworld. “A molecule 
with wheels can move in only two di-
rections – forward and backward. Com-
pared with an undirected diffusion, 
that would be a great step forward,” 
says Grill. Rolling molecules may also 
have the potential to surmount small 
steps on an atomic surface – one of the 
great obstacles to date in the spread of 
the tiny particles.

Furthermore, it is hoped that indi-
vidual wheels are just the beginning. In 
the basement of the Kaiser Wilhelm In-
stitute, Grill and his team have also ex-
amined molecular wheelbarrows – spe-
cially designed molecules that roll and 
that are intended to transport atoms 
one day. Even a nanotrain with several 
cars was already at the starting line. Un-
fortunately, the physicists couldn’t dis-
cern any rolling motion for either of 
the vehicles. The molecules were prob-
ably simply too strongly attached to 

disturbances. But with a required preci-
sion of one hundredth of a nanometer 
– one tenth the diameter of a hydrogen 
atom – thermal motion alone becomes 
an utterly insurmountable obstacle.

The microscopes must therefore be 
highly cooled. The thermometer on the 
sample that Alex Saywell first briefly 
heated and then put into the ice-cold 
stainless steel cylinder shows minus 
247 degrees Celsius. A couple more 
minutes, then it, too, will have the tem-
perature of liquid helium – nearly 5 de-
grees above absolute zero.

On top of this, the pressure is infini-
tesimal: the barometer shows 8.7 x 10-12 
millibars, or about ten trillionths of 
normal ambient pressure. “That’s bet-
ter than the vacuum in the orbits of 
satellites,” says Grill. The atmosphere 
in the microscope is so thin that the 
researchers can take measurements for 
weeks without any air molecules stick-
ing at the surface and disturbing the 
images.

Also the current intensities require 
the utmost precision. The scanning 
tunneling microscope measures cur-
rents that range in the billionths of am-
peres and lower. Even slight disturbanc-
es in the network – for example sudden-
ly turning on an energy-hungry pump 
in the next room – would have devas-
tating consequences. The electricity for 
the microscope is thus supplied by a 
power pack that is also used to ensure 
uninterrupted electricity supply for the 
servers. Grill clicks on a small diagram 
on the monitor of the microscope – it 
shows no disruptive frequencies.

The measurements immediately be-
come useless when the instrument be-
gins to shake. But the physicists in Ber-
lin are lucky in this regard: the Fritz 
Haber Institute is located in an excep-
tionally calm villa neighborhood in 
Dahlem. The subway is far enough G
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the surface. “For us, this means that, to-
gether with the chemists, we must con-
tinue to tinker with the molecular de-
sign,” says Leonhard Grill.

However, the Berlin-based research-
er is interested in more than just me-
chanical problems. In Grill’s office, 
where the windows look out on Fritz 
Haber’s former villa, hang two covers 

With the tip of the scanning tunneling 
microscope, a nanowire is raised up to 
measure how its resistance increases 
atom by atom.

Leonhard Grill with a dismounted 
measuring head of the scanning 
tunneling microscope.

On the support, the researcher mounted 
a metallic sample that is visible here as a 
circular copper platelet.

1

2

3

1

2

3
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Then – so the nanophysicists hope – 
molecular electronics will have its day 
in the sun. In any case, Grill and his 
team have already built the first wires. 
This undertaking was aided by mole-
cules that chemists at Berlin’s Hum-
boldt University custom designed espe-
cially for this purpose. The molecule 
designers used carbon compounds and 
blocked their reactive arms with weak-
ly bound halogen atoms. 

THE NANOWIRES ARE STILL 
VERY POOR CONDUCTORS 

When heated in the scanning tunnel-
ing microscope, the halogen bonds 
broke open as desired. The molecular 
building blocks searched – entirely on 
their own – for new partners. They rec-
ognized reactive groups and formed sta-
ble carbon chains following the archi-
tecture the researchers specified. “With 
this form of self-organization, we are es-
sentially imitating what nature has 
been doing very successfully for mil-
lions of years: it builds molecules with 
incredible precision and flawlessness,” 
says Leonhard Grill.

The autonomous molecular Legos 
result in wires that can be up to 100 
nanometers long and extremely stable. 
The physicists noticed just how stable 
they can be when they played around 
a bit with the wires and pulled them 
across the surface. “That was incredibly 
easy, almost as if with a rope,” recalls 
Grill. “So we also tried to pull the wires 
up.” And indeed: using the tip of the 
scanning tunneling microscope, the re-
searchers were able to raise their wires 

computing times. The components 
would be cheap to produce, and would 
require extremely little electricity – af-
ter all, single electrons are already suf-
ficient to trigger the desired functions.

So far, however, the semiconductor 
industry is taking precisely the opposite 
route: it is trying to shrink its chips top-
down by etching ever smaller structures 
into the semiconductors. Moore’s law, 
originally an empirical formula that 
states that the number of transistors on 
a computer chip doubles every 18 
months, has long since become a target 
throughout the industry. But the min-
iaturization is slowly reaching its lim-
its: transistors that are just a few atom 
layers thick can hardly be produced re-
liably with lithographic processes.

of the journal NATURE NANOTECHNOLOGY. 
The first one shows the molecular 
wheels, the other a couple of incon-
spicuous orange spots against a black 
background. They are nano-building-
blocks that could one day change the 
computer world.

“In molecular electronics, it’s all 
about miniaturizing circuits down to 
the level of atoms,” explains Grill. In-
dividual molecules are designed to 
form switches, wires, transistors and all 
the other necessary components, and 
to arrange in predefined architectures 
by self-organization – that is, without 
being directed by any external force. 
Researchers call this a bottom-up pro-
cess. The tiny dimensions would mean 
short paths and thus extremely short P
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top: Replenishing the coolant: Matthias Koch fills 
the cryostats with liquid nitrogen to bring the 
device to around minus 200 degrees Celsius. 
Then liquid helium is used to cool the sample to 
about minus 268 degrees Celsius.

bottom: Ph.D. student Johannes Mielke prepares 
a sample in the ultra-high-vacuum system.

76    MaxPlanckResearch  2 | 11  



G
ra

p
h

ic
: F

ri
tz

 H
a

b
er

 In
st

it
u

te
 (

2)

GLOSSARY 

Scanning tunneling microscope
A very fine, electrically conductive tip 
scans a likewise electrically conductive 
sample surface. Since the tip does not 
touch the sample, electrons tunnel from 
the sample to the tip. The tunneling cur-
rent that flows in this process is strongly 
dependent on the distance between the 
sample and the tip. This makes it possi-
ble to determine the surface structure.

Bottom-up
Materials scientists borrowed this term 
from the field of software development. 
They use it to refer to a process in which 
small construction units combine to 
form larger structures due to natural 
physical or chemical forces.

Top-down
The reverse of the bottom-up principle: 
smaller structures are developed from a 
larger system, such as a silicon wafer.

Retinal
Together with the protein opsin, this 
forms the rhodopsin of the retina. Light 
changes the structure of retinal, causing 
opsin to be split off again and triggering 
a signal cascade that results in a nerve 
impulse to the brain.

Isomerization
When a molecule changes its structure 
in that its atoms relocate, without at-
oms being taken up or released.

by 20 nanometers – and they didn’t 
break. This even gave them the oppor-
tunity to measure the current flow in 
the molecular wires for the first time.

In doing so, it became clear that, 
unlike in conventional wires, resis-
tance increases exponentially with 
length – not necessarily a good sign for 
molecular electronics: “It still isn’t a 
wire in the traditional sense,” says Le-
onhard Grill, “as it’s a very poor con-
ductor. But at least we were able to 
show that electrons can be transported 
across such constructs.”

The first ideas for nanocircuits are 
also already on the table. And once 
again, nature is the role model: In the 
eye, for example, there are two vari-
ants of the retinal molecule, called iso-
mers. When light hits the retina, the 
one form changes into the other, the 
nerve cells receive an impulse, and the 
brain is notified.

That is exactly what the physicists 
in Berlin have realized on surfaces: 
They use light or heat to start the iso-
merization. They open a molecular cir-
cuit and then close it again the same 
way – a reversible process.

Alternatively, the scanning tunnel-
ing microscope itself can be used as the 
trigger: although very little electricity 
flows between the tip and the sample 
molecule, on the nanoscale, a few elec-
trons are sufficient to produce a high 
current density that is great enough to 
trigger the isomerization and thus acti-
vate the molecular circuit.

“The next major goal now is to cou-
ple the various systems – for example 
a circuit with a wire,” says Leonhard 

Grill. And then? Will the molecules lat-
er automatically join together to form 
a tremendously powerful and simulta-
neously efficient supercomputer? 

USING THE LEGO PRINCIPLE: 
LEARNING BY BUILDING 

Leonhard Grill, the realist, shakes his 
head. “I can’t imagine that we can get 
a complete chip with its millions of 
molecules to independently grow into 
a highly complex architecture.” If mo-
lecular electronics should one day actu-
ally prove itself, then most probably in 
combination with the current chip 
technologies. But then new and maybe 
even revolutionary applications may be 
possible – for example in sensor tech-
nology.

And the nanocars that have long 
been driving across the screen in every 
science-fiction B-movie already? Grill 
laughs. “It’s really difficult to predict 
applications, especially in a field such 
as nanoscience, in which completely 
new effects occur.” After all, thousands 
of years ago, when the wheel was first 
invented, no one had ever thought 
about the balance spring of watches or 
the drive train of electric cars, either.

So it’s very possible that nanoma-
chines will one day clean surfaces, 
transport molecules or build simple 
structures – but Grill and his team are 
focusing on other things. These re-
searchers follow the Lego principle: No 
one can say exactly what the end result 
will be when all components have been 
mounted. What matters is that the 
building process brings new insights.

“In any case, we aren’t doing this be-
cause we would like to have a molecu-
lar chip or a nanocar in 30 years,” says 
the 40-year-old, and looks out the win-
dow. “We do this because we find it in-
teresting, because we want to under-
stand what happens. But most of all, we 
do it because we are curious.”       

left: Close-up of nanowires: The polymers 
were dyed red in the scanning tunneling 
microscope image.

right: Dual image of molecular circuits: Images 
showing the structure of the azobenzene 
molecules are superimposed on a scanning 
tunneling microscope image. The researchers 
used an electrical impulse from the micro-
scope tip to switch individual molecules. This 
caused their structure to change at distances 
of 3 nanometers, and they then appear as 
dents in the microscope image.

MATERIAL & TECHNOLOGY_Nanoscience
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  T  
he subject of our research is in 
here,” says Thorsten Dittmar, 
pointing to the table in front 
of him. On it stands a glass vol-
umetric flask filled almost to 

the brim with water. Dittmar’s office on 
the University of Oldenburg campus is 
flooded with light, yet the container ap-
pears to hold nothing but ordinary wa-
ter. Slightly cloudy perhaps, but that’s 
all. “Exactly one liter of North Sea wa-
ter, full of single-celled organisms,” he 
continues, “around a billion in total. A 
few algae, but mainly bacteria.” In oth-
er words, there are as many single-celled 
organisms living in just seven liters of 
seawater as there are people on Earth.

But Thorsten Dittmar is less inter-
ested in all the microorganisms in his 
volumetric flask than in what they eat 
– or rather don’t eat: dissolved organic 
material, all varieties of water-soluble 
carbon-containing molecules. A milli-
gram of this material, no more than 
one grain of powdered coffee, is swim-
ming around invisibly in the flask. That 
doesn’t sound like much, but if we ex-
trapolate the carbon bound in it to the 
total volume of all the world’s oceans, 
it comes to an unimaginable 700 bil-
lion tons. This is the total amount of 
carbon contained in all the world’s liv-
ing organisms. 

The main source of dissolved organ-
ic material is the photosynthesizing 
plankton in the sea – algae and bacte-
ria that, as they grow, continuously de-
posit metabolic products into the wa-
ter. These molecules are also released 

when plant plankton is eaten by animal 
plankton or destroyed by viruses. In 
turn, this dissolved material forms the 
diet of bacteria, which must get by 
without photosynthesis.

As the dissolved organic substances 
float in the sea, they are transformed in 
various ways by largely unknown pro-
cesses, resulting in an almost infinite 
diversity. Dittmar estimates that there 
are between ten million and a hundred 
million different organic substances 
drifting in the ocean. “Only about 5 
percent of this material can be assigned 
to known chemical structures, such as 
amino acids, sugars, fats and a few oth-
ers. The remaining 95 percent are com-
pletely unknown,” he explains.

BETWEEN BREMEN AND 
OLDENBURG 

Accordingly, in September 2008, the 
scientist began setting up a new and 
unusual junior research group at the 
Max Planck Institute for Marine Micro-
biology in Bremen. Unusual not only 
because it would be working in an al-
most unknown area of research, but 
also because of its location: at the Carl 
von Ossietzky University in Oldenburg, 
an hour’s drive from Bremen.

This is a unique model for the Max 
Planck Society, none of whose other 
working groups are based completely 
outside the parent institute. The advan-
tages of the Oldenburg model work both 
ways: the microbiology-oriented Max 
Planck Institute in Bremen benefits from 

Huge quantities of dissolved organic carbon are drifting around 

in the world’s oceans, a ready-made meal for microorganisms. 

Yet strange as it may seem, they virtually ignore them. 

Thorsten Dittmar of the Max Planck Institute for Marine 

Microbiology in Bremen wants to close this and other knowledge 

gaps in marine research. After all, the eating behavior of micro-

organisms in the ocean plays a key role in the Earth’s climate.

TEXT NILS EHRENBERG

ENVIRONMENT & CLIMATE_Marine Microbiology
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Algae bloom in the laboratory: 
Water from the North Sea is inject-
ed into artificial seawater. This 
produces an algae bloom followed 
by a bacteria bloom, both of which 
appear as particles in otherwise 
colorless water. P
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 » We’re the Max Planck Institute’s nutritionists so to speak.
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the long geochemistry tradition of the 
Institute for Chemistry and Biology of 
the Marine Environment at Oldenburg 
University, which in turn can comple-
ment its own microbiology research 
with that of the institute in Bremen. 
Ditt mar’s working group itself, as a 
know-how interface, benefits doubly.

“I feel really at home in Olden-
burg,” says Thorsten Dittmar, who 
most recently conducted research in 
the US at Florida State University in Tal-
lahassee. No wonder, since the Marine 
Geochemistry working group, of which 
he was originally the sole member, has 
now grown to 16 employees in less 
than three years. This is a clear indica-
tion of the scale of the need for research 
in this field.

The working group focuses on three 
main questions: What parts of the dis-
solved organic material do marine mi-
croorganisms eat? What do they not 
eat, and why not? How do the micro-
organisms’ preferences affect the cli-
mate? “We are the Max Planck Insti-
tute’s nutritionists, so to speak,” says 
the scientist with a wink.

To answer these questions, we first 
have to know what is actually on the 
menu. The researchers are thus trying to 
pinpoint the identity of the many un-
known substances – a monumental task. 
First they have to obtain the material for 
analysis, through investigations in every 
corner of the world – the Gulf of Mexi-
co, the polar seas of the Arctic and Ant-
arctic, deep-sea hydrothermal vents and 
right on their own doorstep in the North 
Sea off Helgoland.

The scientists make regular trips on 
the Polarstern, a research ship undertak-
ing scientific expeditions commissioned 
by the Federal Republic of Germany and 
operated by the Alfred Wegener Institute 
in Bremerhaven. The water samples the 
researchers obtain from different depths 
are filtered on board to remove the mi-
croorganisms and other suspended mat-

ter, and then desalinated. Absorber car-
tridges are used to bind the organic 
components, which finally reach the 
laboratory as a yellowish, highly con-
centrated solution.

“Instead of 10 liters per water sam-
ple, we come home with only 10 milli-
liters. That saves a lot of room,” says 
Dittmar. What follows in the laborato-
ry in Oldenburg is one of the biggest 
challenges of all for an analytical chem-
ist. For conventional molecular analy-
sis, the individual components have to 
be separated from one another – an im-
possible task given the diversity of the 
dissolved organic compounds and their 
sheer number of over ten million dif-
ferent molecules.

ANALYSIS USING THE STRONGEST 
MAGNETS 

Fortunately, Dittmar’s laboratory hous-
es a revolutionary instrument that cost 
more than two million euros and weighs 
four tons. Behind a transparent sound-
proof wall stands Germany’s most pow-
erful mass spectrometer, acquired in 
September 2010. “This piece of equip-
ment is unique in marine research. We 
can use it to measure the mass of a mol-
ecule with a precision of less than the 
mass of an electron,” Dittmar says with 
pride. There are only five of these sys-
tems in the world, and only the one in 
Oldenburg is used for marine research. 
The core of the system, which resembles 
a gas tank and is as tall as a human, is 
currently the world’s strongest commer-
cially available magnet used in mass 
spectrometry. And as luck would have 
it, the only company that sells these sys-
tems is essentially around the corner – 
in Bremen.

Ultrahigh resolution mass spectrom-
etry has made what may well be the 
crucial breakthrough in research into 
dissolved organic material. This new 
technology measures so accurately that 

scientists can determine the precise 
chemical formula of each molecule. It 
also shows what elements make up a 
molecule and how many there are. Only 
with this new apparatus was the enor-
mous variety of molecules in the oceans 
revealed. Some 5,000 to 10,000 different 
chemical formulas can be ascertained in 
a sample within half an hour. Using this 
method, the researchers have identified 
several tens of thousands in total.

But why don’t bacteria simply eat 
their enormous pantry bare? Most dis-
solved organic material has been drift-
ing around in bite-sized pieces in the 
deep sea for many thousands of years 
without a bacterium taking the bait. 
“Picture it as a non-stop Oktoberfest in 
the ocean, with a few grilled chickens 
being snapped up, but no one touching 
the beer,” says Thorsten Dittmar.

But the scientists have solved at least 
one part of the puzzle. For the first time, 
they discovered a new and unexpected 
class of substances – functionalized 
polycyclic aromatic compounds. No 
previous knowledge existed of any or-
ganism that could produce these hydro-
carbons, which consist of several carbon 
rings. They occur only when an organic 
substance burns or is heated by geother-
mal energy in deep sediment layers.

The research team found increased 
concentrations of these substances es-
pecially in very old deep water, which 
was last at the surface long before 
the beginning of industrialization. This 
rules them out as a source of manmade 
combustion processes, as most man-
made substances that move from land 
to sea are broken down on the surface 
by sunlight.

The aromatic compounds that Ditt-
mar and his colleagues have found ev-
idence of everywhere in the deep sea 
may come from the sediments on the 
ocean floor. Dittmar suggests the fol-
lowing scenario: seawater that makes a 
sort of extra pass through the seabed 

ENVIRONMENT & CLIMATE_Marine Microbiology
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Penguins are constant companions on Polarstern expeditions (bottom), and stormy weather is also a routine event 
for the scientists (left). The scientists use a CTD rosette to collect water samples from varying depths (right).
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appears again at, for example, hydro-
thermal sources with temperatures of 
more than 400 degrees Celsius. In this 
way, organic materials are presumably 
released from the sediments and 
washed, chemically altered, into the 
deep sea. Since destructive sunlight is 
not present here, they remain stable for 
a long time. “Up to 20 percent of dis-
solved organic material could be trans-
formed in this way through the action 
of heat,” estimates Dittmar.

This would also explain why bacteria 
leave most of the dissolved organic sub-
stances in seawater alone – perhaps 
they simply don’t have suitable tools 
for breaking down the altered substanc-
es, forcing them to do without many 
originally tasty morsels.

We can really only be thankful for 
this involuntary diet of the bacteria. If 
also the stable part of the dissolved or-
ganic material were eaten, releasing the 
carbon bound within, the atmosphere’s 
carbon dioxide content would easily 
double – with correspondingly disas-
trous consequences for the climate. 
However, the reverse scenario is also 
conceivable: if the bacteria were to sud-
denly reject part of their food, dissolved 
organic material in the ocean would 
build up at the expense of atmospher-
ic carbon dioxide. An increase in dis-
solved organic material from the cur-
rent 1 milligram to 1.5 milligrams per 
liter would halve the atmospheric car-
bon dioxide content and reduce it to 
the levels of the last ice age – produc-
ing a rather cool breeze in the process.

Bacteria may have triggered an in-
crease in carbon dioxide in the atmo-
sphere once before, 600 million years 
ago. At that time, the Earth was like a 
giant snowball: the global average tem-
perature was well below the current fig-

ure, and the oceans were largely frozen. 
One theory (not without its detractors) 
suggests that more oxygen found its 
way into the oceans, enabling bacteria 
to break down dissolved organic mate-
rial. The carbon dioxide released as a re-
sult escaped into the atmosphere and 
triggered a greenhouse effect. 

Whatever the effect of global warm-
ing at that time, the eating habits of bac-
teria in the sea have the potential to in-
fluence the climate. No wonder, then, 
that scientists have recently begun talk-
ing about dissolved organic material in 
connection with geoengineering – ma-
nipulating natural cycles in order to 
counteract climate change (MAXPLANCK-
RESEARCH 3/2010, page 36 ff.). 

INTERFERING WITH NATURAL 
CYCLES CAN BE DANGEROUS 

According to the theory, if the bacteria 
could be induced to ignore part of their 
food, the carbon dioxide levels in the at-
mosphere would fall and the green-
house effect would be reduced. But 
Thorsten Dittmar is skeptical: “Before 
we start manipulating natural processes, 
we first need to understand every last 
detail. Without that knowledge, we 
won’t come anywhere close to estimat-
ing the impact of such interference.”
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 » Picture it as a continuous Oktoberfest in the ocean, with a few grilled chickens 

being passed over the counter, but no one touching the beer.

Thorsten Dittmar opens the injection unit of 
the mass spectrometer. From the syringe at the 
right edge of the photo, the probe penetrates 
through the red sheathed capillary into the 
injection source.
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molecule mass 300-700 daltons molecule mass 426-431 daltons molecule mass 431 daltons

300 340 380 420 460 500 540 580 620 660 700 426 427 428 429 430 431 431.00 431.04 431.08 431.12 431.16 431.20 431.24 431.28

+ +

Mass spectrum of dissolved organic material in the deep sea. Modern ultra high resolution mass spectrometers make the huge diversity of substances 
in the survey spectrum visible (left). They even separate molecules with the same nominal mass, but different chemical formulas (center, right).
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Oldenburg is home to Germany’s most 
powerful mass spectrometer.

However, the reservoir of dissolved or-
ganic substances is already changing, 
even without geoengineering. Global 
warming is slowly melting the perma-
frost layers in the Siberian and Canadi-
an tundra. This releases greater quanti-
ties of organic material, which is 
washed down the many rivers and into 
the North Atlantic. The intriguing 
question now is: what happens to this 
additional input of dissolved organic 
substances? Is it eaten, which would be 
bad for the climate, or does it remain 
stable and end up in the deep sea?

In order to discover what becomes of 
the additional dissolved organic materi-
al, the researchers must not only find 
out what bacteria leave on their plates, 
but also identify their favorite dishes. 
Thorsten Dittmar and his colleagues are 
currently analyzing water samples from 
the Helgoland long-term series: since 
1962, researchers have been continuous-
ly measuring salt content, temperature 
and the species composition of plant, 
animal and bacterial plankton off the is-
land. This is done once a week, always 
at the same location.

By comparing the Helgoland data 
on algae and bacteria density with the 
newly acquired information on the 
composition of dissolved organic mate-
rial, the scientists have identified im-
portant key substances. When a certain 
single-cell diatom blooms, it produces, 
among other things, an organic sub-
stance that needs a bacterium in order 
to grow. “The organic substances are 
thus part of countless numbers of spe-
cific connection networks between the 
microorganisms in the sea,” says Thor-
sten Dittmar.

Analysis is still in full swing, but the 
scientists have already discovered an 
exotic substance class in the waters off 
Helgoland: unusual sugar molecules 
that have never previously been found 
in the sea. Known in medical research 
for their enzyme-inhibiting effect, for 

instance, these substances are obtained 
from plants or synthetically produced 
for pharmaceutical use. “The exotic 
molecules appear in the water shortly 
after a particular group of algae blooms. 
This is the first proof of natural produc-
tion of this substance class in the sea,” 
says Dittmar. The working group’s re-
sults may thus also have important 
medical implications.

Dittmar’s working group has just 
been approved to take part in three 
further Polarstern expeditions to the 
Southern Ocean, all scheduled for next 
winter, which is summer in the south-
ern hemisphere. The waters around 
Antarctica are the only place where ma-
rine researchers can analyze water from 
all of the Earth’s regions in a single day. 
Water from Antarctica, the Arctic, the 
Atlantic and the Pacific all flows togeth-
er there.

This allows dissolved organic mate-
rial to be examined in waters where the 
living conditions for bacteria differ. 

These living conditions, such as water 
temperature, affect the composition and 
activity of bacterial communities, and 
thus the composition of dissolved or-
ganic material. In this way, the research 
can contribute to a better understand-
ing of global materials cycles and possi-
ble alterations caused by climate change.

A brief glance at the most recent as-
sessment report by the World Climate 
Council (IPCC) reveals the importance 
of the work being done by the Max 
Planck research group in Oldenburg. 
Published in 2007, its findings on cli-
mate change form the main basis for 
political decisions on climate protec-
tion. However, it is futile to search for 
any reference to dissolved organic ma-
terial in the report, with runs to more 
than one hundred pages. Knowledge 
levels in 2007 were still far too patchy 
for meaningful integration of the 700 
billion tons of carbon into global cli-
mate models. “Now it’s time for an up-
date,” says Thorsten Dittmar.              
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Organic molecules
Most carbon-containing compounds are 
known as organic compounds. After hydro-
gen, the element that can form the largest 
number of chemical compounds with other 
elements is carbon. For example, carbon 
can form chains and rings with itself and 
other elements through single or double 
bonds. That is why carbon compounds are 
considered to be the basis of all life on Earth.

Functionalized polycyclic aromatic 
compounds
Polycyclic aromatic compounds are organic 
molecules in which atoms are arranged in 
several rings. The binding electrons of the 
ring structures are not assigned to a single 
bond, which means that the molecules are 
highly inert and stable. Functionalized aro-
matic compounds further possess additional 
molecular residues, such as hydroxyl or amino 
groups, which increase the polarity of the 
compounds and thus their solubility in water.
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 Debating the Japanese Approach to 

Dispute Resolution
The Japanese are far less likely to settle their disputes in a court of law than Europeans 

or Americans. Is this a product of their mentality? Do they know of better ways of resolving 

conflict? Or are they lacking in legal alternatives? These are some of the questions being 

explored by Harald Baum and his colleagues in the Japan Unit at the Max Planck Institute 

for Comparative and International Private Law in Hamburg.

Reading material for Harald Baum and his 
colleagues: The researchers use extensive studies 
of literature, including commentaries on Japanese 
civil law, to analyze the legal reality in Japan.
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et there be eternal peace and 
friendship between His Majesty 
the King of Prussia and His 
Majesty the Taikun of Japan, 
their heirs and successors…” 

The agreement reached 150 years ago 
between the Prussian envoy Friedrich 
zu Eulenburg and his Japanese host, 
and enshrined on January 24, 1861 in 
the German-Japanese Treaty of Amity, 
Commerce and Navigation, laid the 
foundation for a bilateral relationship 
that has borne many fruits – not least 
among them an enthusiastic following 
in Japanese society for “Baumkuchen” 
(tree cake) and other classics of German 
culture. Conversely, there are few 
households in Germany that do not 
own goods imported from Japan.

For a long time, Japan was Germany’s 
most important economic and trade 
partner by far in the Asian region. It 
has since come to share this role with 
China. Despite this fact, experts la-
ment a lack of interest in the old 
friend across the seas. “Especially our 
knowledge of Japanese law, in Europe 
at least, is still not commensurate with 
the country’s sustained economic and 
political importance,” says Harald 
Baum, a legal expert and founding ed-
itor of the Journal of Japanese Law at 
the Max Planck Institute for Compar-
ative and International Private Law in 
Hamburg. Under his leadership, scien-
tists in the Japan Unit are studying, 
documenting and analyzing the di-
verse origins and development of the 

Japanese legal system in order to close 
this gap in our knowledge.

THE GERMAN CIVIL CODE 
AS A MODEL 

For the scientists in Hamburg, whose 
primary focus is on a comparative study 
of the law, the country offers exciting 
insights into how norms that originat-
ed in the West are applied in a different 
culture and social system. As Professor 
Baum points out, déjà vu is a common 
feeling among legal experts studying 
Japanese law. Among the examples he 
cites are civil law, which mirrors many 
aspects of its German counterpart, and 
financial market law, which includes 
many familiar features of the US legal 

TEXT BIRGIT FENZEL

  2 | 11  MaxPlanckResearch    85



P
h

o
to

s:
 M

P
I f

o
r 

C
o

m
p

a
ra

ti
ve

 a
n

d
 In

te
rn

a
ti

o
n

a
l P

ri
va

te
 L

a
w

 (
2)

coincide. “We must not forget that 
these familiar features of modern Japa-
nese law are imports that are being ap-
plied in a cultural, socio-political and 
social environment and value system 
that differ markedly in their traditions 
from those of the countries of origin,” 
Baum emphasizes.

Nevertheless, proponents of his dis-
cipline are still faced with the question 
of how to approach a comparative 
study of Japanese law in a manner that 
will provide a meaningful interpreta-
tion of the legal reality in the world’s 
fourth-largest island nation. For a long 
time now, there has been a lively debate 
among international experts over the 
fundamental methods by which future 
legal comparisons should be drawn. 
“It’s a question of whether, over and be-
yond traditional functional compari-
sons, it is also necessary to compare le-
gal cultures,” explains Baum.

Comparisons can be made to serve 
variously accentuated goals. On the 
one hand, in legal practice, when a Ger-
man court decides a case, it is frequent-
ly necessary to consider how a specific 
social problem, circumstance or situa-
tion is dealt with under a foreign legal 
system – for example when it comes to 
ruling on maintenance payments for 
the children of a divorced couple, one 
of whom is a foreign national living 
abroad. Often, particularly in the Euro-

system. In fact, many of the seemingly 
familiar sections of Japanese law derive 
from the adoption of Western law, a 
process that, according to legal histori-
ans, took place in two main thrusts. 

The first of these came at the end of 
the 19th century, during the time of the 
Meiji Restoration. The then new govern-
ment was convinced that a new legal 
system was required in order to efficient-
ly modernize the economy, and it 
looked to the West for inspiration and 
reform. French, English and above all 
German law provided the model they 
sought. “In the space of just three de-
cades they established a new, fully func-
tional legal system with all of its atten-
dant institutions,” says Harald Baum, 
describing the impressive pace at which 
the Japanese reformers progressed. “It 
was a major cultural achievement that 
has yet to be equaled.”

The fact that German legal experts 
in particular find many familiar passag-
es in Japanese civil law is something 
Baum attributes to the work of two re-
form commissions that formulated the 
new laws on the government’s behalf 
and took as their model the German 
groundwork for the Civil Code. The re-
formers chose to give preference to Ger-
man law rather than its French coun-
terpart, on which the reform process 
had initially been focused. In Harald 
Baum’s opinion, there were not only 

political, but also technical reasons for 
their choice. “Back then, the German 
Civil Code that was just emerging was 
considered to be more modern than the 
French Civil Code, which was almost a 
hundred years older.”  

LEGAL IMPORTS IN A DIFFERENT 
CULTURAL ENVIRONMENT 

The numerous elements of US law, in 
contrast, were not imported until much 
later. This second great reception of 
Western law in Japanese history was, 
however, rather less voluntary. In the 
process of “democratizing” the Japa-
nese economy after World War II, the 
Allies broke up the huge family-owned 
industrial concerns, implemented a 
land reform, created a new constitution 
and refashioned large parts of the coun-
try’s commercial law. “All of this took 
place under strong American influence, 
and often directly mirrored the laws of 
the United States, which, in some cas-
es, were adopted word for word,” ex-
plains Professor Baum.

By its very nature, the resulting 
amalgam of legal systems makes Japa-
nese law an attractive field for scientists 
such as Harald Baum and his colleagues 
in Hamburg to conduct their compara-
tive studies in. Their work is by no 
means redundant simply because many 
sections of German and Japanese law 
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pean legal area, lawyers find the same 
or similar solutions as those that apply 
in their own domestic law. In this func-
tional approach, a comparison is gener-
ally directed at the common features of 
the systems in question.

However, a comparative study of a 
foreign legal system can go further than 
this to facilitate a fundamental under-
standing of another legal culture. In 
this case, the rules of law are considered 
as a condensed version of the culture in 
question, and the legal system as a so-
cial subsystem that cannot be studied 
in isolation from its social environ-
ment. Taking this view of a foreign le-
gal system, it is more likely to be the 
differences that take center stage. 

 “Bearing in mind that the tradi-
tions of Japanese law are fundamental-
ly of non-European origin, it is prefer-
able, in my opinion, to broaden one’s 
perspective to include the cultural and 
institutional context,” says Harald 
Baum. After all, the members of the 
Japanese reform commission at the 
end of the 19th century did not sim-
ply copy Europe’s legal templates and 
translate them. Instead, they used a 
broad comparison of legal systems as a 
basis and integrated elements of differ-
ing systems into newly drafted codes 
of law that took traditional values into 
account. The researcher cites the mot-
tos of the Meiji government’s legal re-

formers: “Wakon yôsai – Japanese spir-
it, Western knowledge.”

Together with his colleague Moritz 
Bälz, Professor of Law at Frankfurt Uni-
versity and co-editor of the JOURNAL OF 
JAPANESE LAW, he recently edited a com-
prehensive reference book of Japanese 
commercial and economic law. The two 
scientists devoted an entire chapter to 
a two-fold consideration of legal reali-
ties from two perspectives. 

THE JAPANESE RARELY GO 
TO COURT 

On the one hand, there is the question 
of how the Japanese conduct them-
selves in cases of dispute. Their behav-
ior differs from that of most Europeans 
and Americans insofar as the Japanese 
are far less likely to take disputes to 
court. Legal experts use the term “liti-
gation density”: there is a far lower den-
sity of litigation in Japan in terms of 
both disputes between citizens and 
conflicts between citizens and corpo-
rate enterprise. “The courts hand down 
far fewer business-related judgments 
than in Germany and, above all, in the 
US,” explains Baum.

This is where the second perspective 
from which Baum and his colleagues 
view Japanese legal reality becomes im-
portant: the issue of how the law is im-
plemented in the relationship between 

the state and corporate enterprise in 
matters of business, such as the admis-
sion of new financial products. At least 
until a few years ago, this field was 
mainly the preserve of bureaucrats 
whose influence and scope were and 
still are considerable.

“Anyone who wants to export to Ja-
pan or set up or take over a business 
there should have a clear understand-
ing of the role and importance of bu-
reaucrats and their ability to influence 
the proposed project,” the expert stress-
es. At least until fairly recently, Japa-
nese business affairs have been con-
ducted not so much under the guidance 
of the country’s laws as at the discretion 
of its administrators. “The process is 
predominantly informal and, as such, 
lacks transparency, and is rarely subject 
to legal jurisdiction,” says Baum.

To this day, this informal applica-
tion of the law is often decisive in cur-
rent practice, even if it does not take 
place on quite the same scale as before. 
Sometimes it takes the form of written 
decrees, but usually it is a matter of 
verbally communicated “suggestions.” 
These are not of any legally binding na-
ture, but are nevertheless complied 
with for fear of sanctions of some oth-
er kind. It may be that permits will be 
denied in other matters, or that trans-
actions become mired in other bureau-
cratic impediments.

CULTURE & SOCIETY_Private Law

Modernism and tradition exist side by side in Japanese cities. The 
two facets are tightly interwoven: in technology, the country has a 
lead over almost every other nation, yet in other areas, tradition 
still prevails. Legal experts dispute the extent to which traditional 
attitudes dictate the Japanese approach to litigation (left). 

Documentary proof of German-Japanese friendship: An original 
copy of the 1861 treaty of amity and commerce between Prussia 
and Japan, signed by Count Friedrich zu Eulenburg (right).

>  
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“This form of ex-ante regulation has, 
however, been cautiously replaced for 
some years now by the ex-post control 
of market behavior by the courts,” ob-
serves Harald Baum. In the latter case, 
access to the courts and the efficiency 
with which justice is served play a spe-
cial role. For this reason, the major pro-
cess of judicial reform that began in Ja-
pan a few years ago is essentially aimed 
at drastically increasing the number of 
legal practitioners. 

Impetus for the reforms was provid-
ed by the sustained structurally in-
duced economic crisis that has afflict-
ed Japan since the early 1990s. The 

close interaction between bureaucracy 
and business that had long functioned 
successfully was no longer effective in 
the open market conditions engen-
dered by a globalized economy. The 
valiant reform of this regulatory mod-
el was intended to help Japan overcome 
its economic crisis.

WHY ARE CONFLICTS OFTEN 
RESOLVED OUT OF THE COURTS? 

In the private sphere, the Japanese still 
rarely resort to the courts. Even though 
the Civil Code has made provision for 
them to do so for 100 years now, it 

scarcely occurs to them to go to court 
over the height of their neighbor’s 
fence – a not uncommon occurrence 
here in Germany. 

Just why the Japanese evidently pre-
fer to settle private conflicts out of 
court has long provided legal experts 
with food for thought – and for argu-
ment. “A sometimes quite intensive de-
bate has been raging for over 40 years,” 
says Harald Baum. It was triggered, he 
adds, by a paper published by the legal 
sociologist Takeyoshi Kawashima in the 
1960s. His relatively short exposition 
on “Dispute Resolution in Contempo-
rary Japan” has influenced practically 

“We should stand by our programs 
 as far as possible”

Earthquake, tsunami, nuclear meltdown – 
the catastrophic events in Japan had a deep 
impact on Harald Baum and his colleagues 
at the Max Planck Institute for Compara-
tive and International Private Law, not 
least because many of the staff in the Japan 
Unit feel not just a professional but also a 
personal bond with the country. 

Mr. Baum, there were a variety of festivities 
and events planned for this spring to cele-
brate the 150th anniversary of the official 
treaty of friendship between Germany and 
Japan, some of which were due to take place 
under the auspices of your department – 
what will happen now?
Harald Baum: All of us who are deeply in-
volved with Japan and know and appreci-
ate the country are of course particularly 
affected by the tragic events that have tak-
en place. Our thoughts are with our many 
friends and colleagues and their families 
who live there. I have been impressed by 

the disciplined manner in which the Japa-
nese are dealing with the after-effects of 
the disaster. Under these circumstances, 
it is indeed difficult to celebrate and pro-
ceed with the symposia we were prepar-
ing this year in Germany and in Japan to 
mark “150 years of friendship Japan-Ger-
many.” On the other hand, our Japanese 
friends have asked us to stand by these 
programs as far as possible, to demon-
strate that life, including academic life, 
goes on. From this perspective, the vari-
ous joint events, which focus on aspects 
of law, would seem to offer an opportuni-
ty for us to express our sustained commit-
ment to the country and its people. With 
this in mind, all of the events in Germany, 
at least, will be held as planned.

Have there been any program changes?
Yes, there was a three-day comparative law 
symposium set to be held in Tokyo in mid-
April with the participation of the German 

Ministry of Justice and other organizations. 
It was intended as an academic centerpiece 
in Japan, but after careful consideration, 
and in consultation with our Japanese part-
ners who co-organized the event, and not 
least on their recommendation, it has been 
postponed until the fall.

To what extent were your partners in Japan 
directly affected by the disaster?
We have since been able to make contact 
with all of our Japanese colleagues with 
whom we regularly cooperate. Fortunate-
ly, they and their families are all doing as 
well as can be expected under the circum-
stances. While the same might not, per-
haps, be said for colleagues working in the 
natural sciences with large-scale equip-
ment that is dependent on energy sup-
plies, no concerns have reached us from 
our fellow legal researchers about projects 
that have been interrupted and cannot 
currently be continued. 
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How is your joint work proceeding?
Once the initial shock wore off, our work es-
sentially continued with the usual profes-
sionalism. This, too, reflects the impressive 
discipline displayed by our Japanese part-
ners, from whom we have not heard a word 
of complaint.

What aid and support can you offer your 
Japanese colleagues? Are there any concrete 
projects?  
Of course we are all concerned with how 
best to help. At the institute, we suggest-
ed to our Japanese colleagues who work 
here that they should extend their stay. 
However, without exception, they polite-
ly declined, citing the duties they must at-
tend to in Japan. Likewise, the offer to 
switch the symposium I mentioned earli-
er to Germany in order to relieve some of 
the burden on our colleagues in Japan was 
noted with due thanks, but nevertheless 
declined. Various German-Japanese orga-
nizations, among them the German-Japa-
nese Association of Jurists, have set up ac-
counts to enable their members to make 
donations as a means of offering at least 
some support for the traumatized victims 
at the heart of the devastation who have 
lost everything.

Interview: Birgit Fenzel

every Western publication on the na-
ture of Japanese law that has appeared 
since, even if the majority of authors 
are united in rejecting his theses.

In Baum’s opinion, Kawashima was 
essentially advocating a cultural expla-
nation. “In his view, for reasons of tra-
dition, the Japanese have a less conflict-
oriented awareness of the law and they 
don’t define their actions and relation-
ships in the form of enforceable legal 
positions in the same way that Europe-
ans or Americans do.” According to Ka-
washima, their behavior is prompted 
instead by the need to find a balance of 
interests and preserve social peace.

His theory reflects the sense of right and 
wrong that prevailed in Japan under the 
Tokugawa regime – a feudalist era of 
Confucianism in which the law was con-
sidered to be decreed and implemented 
solely by the state. “Private disputes were 
regarded as moral flaws with which the 
government concerned itself only in ex-
ceptional cases,” explains Baum, describ-
ing the legal mentality that prevailed 
into the mid-19th century. 

Against this background, Kawashi-
ma regarded the reluctance of his fel-
low countrymen to resort to the courts 
as “pre-modern.” However, he antici-
pated that, as Japan became a more 

modern and international society, its 
appreciation of the law would change 
accordingly. 

Other legal experts, on the other 
hand, attribute the national reluctance 
to litigate to the Japanese judicial sys-
tem itself. Chief among them is the 
American specialist in Japanese law 
John Owen Haley, who voiced his crit-
icism of Kawashima’s cultural approach 
as early as 1978. “In an article that has 
since acquired classic status, he provoc-
atively rejected Kawashima’s theses as 
pure myth,” says Harald Baum.

In place of the vague concept of a 
legal mentality derived from tradition, 

Harald Baum studies the differences between 
German and Japanese legal realities.
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Haley points to specific institutional 
impediments that prevent the Japanese 
from enforcing their rights through lit-
igation. In Haley’s interpretation, the 
tradition of seeking consensus rather 
than going to court developed, not of 
its own accord, but as a result of skilled 
socio-political management. 

TOO GREAT A BURDEN ON 
THE COURTS 

On the one hand, until the legal educa-
tion reforms a few years ago, the num-
ber of licensed attorneys and judges 
was kept artificially low by the fact that 

only very few applicants were admitted 
to the central judicial training institute. 
All young jurists in Japan who wish to 
work as judges, prosecutors or attorneys 
are required to undergo training at this 
institute in Tokyo following their uni-
versity education, as in Germany.

“For decades, the pass rate in the en-
trance examination was less than 3 per-
cent of each year’s applicant cohort,” 
explains Baum. As a result, the popula-
tion is, to this day, massively under-
provided with lawyers in many areas of 
Japan and especially in the provincial 
prefectures, severely impeding their ac-
cess to the courts. The fact that the 

courts work very slowly because they 
are overloaded serves as a further deter-
rent to potential litigants. It is also very 
expensive to hire a lawyer.

Haley’s theories as to why the Japa-
nese shy away from litigation, despite 
being shared by various other Japanese 
legal sociologists, were initially disput-
ed. However, 20 years after they were 
first published, they were officially con-
firmed by a representative survey com-
missioned by the Japanese government 
in cooperation with the Japanese Fed-
eration of Bar Associations and the Jap-
anese Supreme Court. Just 18.6 percent 
of those interviewed were content with 
the way the civil justice system in Japan 
worked, and only 22.4 percent regard-
ed the system as sufficiently accessible. 
The main reasons cited for this general 
dissatisfaction were the high costs of 
litigation and the excessive time re-
quired for cases to be heard.

THE NUMBER OF ATTORNEYS 
IS PRESCRIBED 

Harald Baum considers a third explana-
tion for the relative lack of litigation to 
be interesting, if not entirely accurate: 
the reluctance to go to court has also 
been claimed as proof, not of the weak-
ness, but of the strengths of the Japa-
nese justice system. The institutions de-
signed to find extrajudicial solutions to 
conflicts render much litigation super-
fluous. The parties, it is claimed, are 
thus able to resolve a dispute faster and 
at lesser cost. What’s more, the end re-
sult is often the same as that of going 
to court, says Harald Baum. “For that 
reason, in some, but not all, areas of the 
law, the avoidance of litigation is sim-
ply a rational economic alternative 
rather than the expression of a specific 
legal mentality.” 
For Harald Baum, the explanation for 
the comparatively low litigation densi-
ty lies somewhere between these three 
positions. He is convinced that institu-
tional and cultural factors interact with 
one another in a dialectical process, or 
at least serve to complement one an-
other. Whether he is correct in this as-
sessment will be revealed when the 
practical reforms of Japan’s legal train-
ing system bear fruit. The number of 
successful candidates passing the en-

Compared with the citizens of other industrialized countries, the Japanese rarely turn to 
the courts to resolve their conflicts. This is confirmed by the above graph showing the 
density of civil litigation in selected countries, as well as a breakdown of the types of cases. 
Why there were more disputes settled in Japanese courts in 1883 than in 1990 is one of the 
questions Harald Baum and his colleagues would like to answer.
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  Debt collection

  Conciliation

  Special court cases 

 (e.g. employment disputes)

  Family law cases

  General civil proceedings
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Comparative law
The study of the legal systems of differing countries. 
This usually takes the form of a so-called functional 
comparison, which investigates how a given social 
problem is resolved in other systems of law. The process 
concentrates mainly on the common features of legal 
solutions. Alternatively, from another perspective, re-
searchers may focus on the differences in how norms 
are implemented in other legal systems. In this case, 
there is typically a greater emphasis on anthropologi-
cal, cultural and other institutional aspects.

GLOSSARY

Meiji Restoration
1868 was a year of upheaval in Japan and 
marked the beginning of modernization as 
the country was opened up. The shogunate 
regime that had governed the country for 
nearly three centuries and kept it hermetical-
ly sealed off from the outside world was de-
posed by reformers who restored the Emperor 
(Tenno) to all positions of power – thus “Res-
toration.” The economy, society and justice 
system were all comprehensively reformed.

Ex-ante and ex-post regulation
These terms describe two differing regu-
latory strategies. In the first case, access 
to the market by future participants and/
or the introduction of new products are 
controlled in advance (ex-ante) by the 
state, which demands qualifications of 
both a professional and a personal na-
ture. In the second case, market partici-
pants are controlled retrospectively (ex-
post) by the courts when civil suits arise.

trance examination for legal intern-
ships has already risen from fewer than 
1,000 per year to more than 2,000. The 
target is to reach 3,000 interns per year.

“It’s worth noting, however, that 
despite the fundamental change they 
are aiming for in the resolution of con-
flict, the authors of these judicial re-
forms still have no faith in the market 
for legal services,” adds Baum. Instead 
of, as in other industrial countries, al-

lowing the market to determine the rise 
or fall in the number of licensed attor-
neys, they continue to set fixed targets.

For Harald Baum and his colleagues 
researching in the field of comparative 
law, the question now is whether the 
reforms that have been introduced 
since 2000 will usher in Kawashima’s 
expected era of legal modernity. They 
are aimed at simplifying access to jus-
tice, making the litigation process 

more efficient and stimulating a cul-
ture of constructive argument. “It is 
likely to be too soon yet to reliably es-
timate whether the goals of the re-
forms have been achieved and wheth-
er any sustained changes have occurred 
in the Japanese attitude to litigation,” 
Baum warns. “Social change, especial-
ly where it affects institutions, takes 
place very slowly, and often in unfore-
seeable ways.”                          
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Life is chemical fluctuation – this is the view that shaped the research of Munich-born biochemist 

Feodor Lynen, who would have celebrated his 100th birthday this year. In clarifying the structure of 

“activated acetic acid,” he laid the foundations for understanding the many processes of formation 

and breakdown in the cell, and for the study of such diseases as diabetes and arteriosclerosis. Lynen, 

a Director at the Max Planck Institute for Cellular Chemistry, was awarded the Nobel Prize in 1964 

for his work on cholesterol and fatty acid metabolism.

TEXT ELKE MAIER

The Great Experimenter

The article that appeared in the journal Angewandte Chemie 
in 1951 was short and to the point, not more than a page long. 
The molecule it described, in contrast, was so complex that sci-
entists had spent years puzzling over what it might look like. The 
author, Feodor Lynen, had finally done it: he had put the pieces 
of the jigsaw together in the right combination to reveal the 
structure of acetyl coenzyme A, otherwise known as activated 
acetic acid – a compound that plays a key role in cell metabolism.

Feodor Felix Konrad Lynen was born in Munich’s Schwabing 
district on April 6, 1911, the seventh child of a professor of mechan-
ical engineering. Affectionately known as “Fitzi,” he showed an ac-
tive interest in chemistry from an early age, carrying out experi-
ments in the attic of his parents’ villa. After “making holes in his 
Sunday best trousers and an explosion resulting in slight injuries 
to his face and hands,” he put his experiments temporarily on hold 
until he began to study chemistry at Munich University in 1930.

In the early 1930s, Munich was a stronghold of organic chem-
istry. Famous names such as Justus von Liebig, Adolf von Baeyer 
and Richard Willstätter had taught and conducted their research 

there. The range of topics was broad; scientists studied not only 
the structure of natural substances, but also the chemical conver-
sions that took place within living cells. In the lab of the man who 
would be his father-in-law, Heinrich Wieland, the 1927 Nobel lau-
reate, Lynen did his Ph.D. “On the Toxic Substances in Amanita” 
before turning his attention to a more digestible subject – brew-
er’s yeast (Saccharomyces cerevisiae), which he procured from Mu-
nich’s Löwenbräu brewery.

Using radioactively marked compounds, Heinrich Wieland in-
vestigated the metabolic processes in the yeast. This easy-to-han-
dle model organism is eminently suitable for clarifying biochem-
ical questions. Wieland was particularly interested in the fate of 
acetic acid, a very simple organic molecule consisting of just two 
carbon atoms: a methyl group (CH

3
) and a carboxyl group (CO

2
H).

As the scientists of the day already knew, acetic acid plays a 
central role in metabolism: it is produced when carbohydrates, 
fats and proteins are burned, and is also a component of various 
biomolecules, such as vitamins, cholesterol and hormones. What 
they did not know was how the chemical reactions occurred, giv-
en that acetic acid is, by nature, slow to react. It must first be ac-
tivated – and that was the crux of the matter – before it will con-
vert anything at all.

Lynen, too, became captivated by “activated acetic acid” since, 
in his view, “the processes of life [offer] the most fascinating prob-
lems for a chemist.” And so his interest turned initially to convert-
ing acetic acid into citric acid – the reaction at the center of the 
aerobic breakdown of carbohydrates.

Heinrich Wieland had made an interesting observation in this 
respect: he shook yeast cells together with oxygen for many hours, 
which used up all the usable (oxidizable) substances. If acetic acid 
was then added to “depleted” yeast of this kind, only after several 
hours could it be oxidized and thus used to produce energy.

But what exactly happened inside the reaction vessels? Feodor 
Lynen initially postulated that the acetic acid got its energy boost 
through phosphorylation – the addition of a phosphate group. Yet 
his experiments with acetic acid and inorganic phosphate ended 
in disappointment every time: the reaction mixture contained not 
a drop of citric acid. P
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The master in his element: Experimentation was the key 
to success for Feodor Lynen. 
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his career took a steep upward trajectory. In 
1953 he was appointed the first professor of 
biochemistry at a German university. The fol-
lowing year he assumed the directorship of the 
Institute of Cellular Chemistry that had been 
specially established for him within the Max 
Planck Society. The institute later merged with 
the Max Planck Institute of Biochemistry in 
Martinsried, near Munich. In 1964, Feodor Ly-
nen won the Nobel Prize, together with Kon-
rad Bloch, for his discovery of the “mechanism 
and regulation of the metabolism of cholester-
ol and fatty acids.”

“I am happy in my job, but I have never let 
it become an obsession. I have always taken 
the time to enjoy life,” said Lynen of himself. 
He demanded absolute top performance from 
his people, as he did from himself, but work-
ing with him also promised a measure of fun 
away from the lab bench. In the collection of 
essays entitled Die aktivierte Essigsäure und ihre 
Folgen (“activated acetic acid and its conse-

quences”) that was published to mark his 65th birthday, former 
members of his team wrote contributions on the subject of “Fe-
odor Lynen and I.”

The contributions tell of relentless lab work, often late into the 
night, and Lynen’s dreaded visits to the lab to keep up to speed on 
the latest findings – or lack of them: “You great lump!”, “Well, you 
great artist?”, “You can throw that right away!” – the boss’s com-
ments “caused people to go either ashen white or beet red in the 
face, depending on their temperament.”

But they also recall the ski trips and hiking expeditions they 
all took in the Alps, the Mardi Gras holidays, the garden parties in 
Starnberg and sociable gatherings at the Augustiner beer garden 
or at Oktoberfest (where, incidentally, Lynen also corrected a doc-
toral thesis or two). Just like in the lab, it definitely did not go 
down well if you tried to steal away early on such occasions: “You 
just sit right back down there. Don’t be so boring!” he would say 
in his thick Bavarian accent.

Feodor Lynen never had any intention of founding a school, 
yet that is exactly what he did. In the 37 years he taught, 88 un-
dergraduates and doctoral students worked in his labs, and 
there were post docs and guest scientists as well. Many of his 
students were later appointed professors at universities or Max 
Planck Institutes. The “Lynen school” soon had offshoots all 
around the world.
Experiments lay at the heart of Lynen’s work. He did not think 
much of extensive literature studies, pure theory or wild specu-
lation. “Nature is always unpredictable, and the only way to tack-
le a biochemical problem is to do experiments,” was his belief. 
But even he did not always find the answer in a test tube – some-
times it came to him on the way to the garden.

Many years went by before this problem was 
resolved. The initial spark came from a discov-
ery made by biochemist Franz Lipmann, who 
was working in the US. He had isolated a pre-
viously unknown coenzyme from pigeon-liver 
extract in 1947. Since it was capable of transfer-
ring acetyl groups (the remains of acetic acid), 
he named it coenzyme A. It contained panto-
thenic acid, adenosine, phosphate and sulfur, 
and was directly involved in acetylation reac-
tions – an indication that the acetylated form 
of this coenzyme may conceal the portentous 
“activated acetic acid.” However, the structure 
of the compound was so complicated that it 
was not apparent how the acetyl was bound to 
the coenzyme.

The memorable moment when he discov-
ered the answer was later described by Lynen 
in the following terms: “My brother-in-law, The-
odor Wieland, was spending the holidays at his 
parents’ house, which is next door to our house. 
He had been […] working on pantothenic acid, 
the vitamin that Lipmann had recognized as a component of co-
enzyme A. We spent the whole night discussing how acetate and 
pantothenic acid could be bound to each other, but we did not 

reach a solution. On my short walk back to our garden it occurred 
to me that the residual acetate may be bound, not to the panto-
thenic acid, but to the sulfur.”

Experiments with acetyl coenzyme A from the boiled extract 
of yeast proved Lynen right. Within two months he had confirmed 
his presumption experimentally, and then he immediately put his 
findings down on paper. But he had a nail-biting wait until they 
were published in Angewandte Chemie. “It all seemed so simple 
to me now, I could hardly believe that no one would have the same 
idea in the intervening period,” reported Lynen.

At the time, numerous research groups were working on the 
problem of “activated acetic acid.” Would someone beat him to it 
at the last minute? In the end, what followed was the news that 
his “disclosure had hit the biochemists in the US like a bomb.” The 
publication had struck Fritz Lipmann “without warning”.

His clarification of the structure of “activated acetic acid” 
brought Feodor Lynen international recognition. From then on, 

 » However, hopes remain as yet unfulfilled that knowledge 
of cholesterol synthesis would enable us to find a way of 
controlling it with medication, thus cheating arteriosclerosis. 
But the guilty conscience that strikes many of us when we 
once again spread the butter too thick conceals the name of 
the Nobel Prize winner.«

Süddeutsche Zeitung, August 10, 1979

At the heart of (metabolic) events: 
Feodor Lynen and acetyl-CoA, 
“activated acetic acid.” The picture 
was taken in October 1964, just a 
few weeks before Lynen was award-
ed the Nobel Prize.
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Towering bookshelves in the Gothic hall of Göttingen’s Pau-
linerkirche, which houses valuable volumes for the univer-
sity library, and cranes in the old factory building of a closed-
down Düsseldorf steel works provided inspiring backdrops 
for the prelude to the series of discussions entitled “The Re-
sponsibility of Science.” This marks the end for the Max 
Planck Forum of the anniversary year 2011 in Berlin and Mu-
nich. The series completes the retrospective of the history of 
the Kaiser Wilhelm Society (KWS) by examining what basic 
research means for today’s society.

The events were as diverse as the locations. The opening 
forum in Göttingen in late March discussed how research can 
function as part of and under the conditions of democracy. 
Guests included former MPS President Reimar Lüst, historian 
Manfred Heinemann (University of Hanover) and Jürgen 
Renn (MPI for the History of Science), together with the new 
President of the University of Göttingen, Ulrike Beisiegel.

The Düsseldorf-based Forum in mid-April was, in many 
respects, a response from the practical side of things and, 
with Ferdi Schüth and Dierk Raabe from the MPIs for Coal 
Research and for Iron Research, as well as Peter Dahlmann, 
Chairman of the Executive Board of the Düsseldorf Steel In-
stitute, was attended by prominent guests with a wealth of 
knowledge from the worlds of science and business.

The structures of the KWS and the MPS were the focus of 
the Forum in Göttingen. According to Jürgen Renn, “looking 
at history to learn lessons for the future” is a useful exercise. 
In this case, analyzing the principles of research at the KWS 
proved a useful springboard for assessing the current situation 
in science. The Harnack principle is still significant as it con-
stitutes a unique characteristic of the MPS compared with oth-
er establishments, providing for maximum freedom of research.

The Responsibility of Science
The Max Planck Forum is on tour to mark the 2011 anniversary year

However, the societal and political framework in which this 
principle is unfolding have fundamentally changed. Espe-
cially since the reform movements in the wake of the “Move-
ment of ’68,” democracy, as Reimar Lüst stressed, has “clear-
ly moved closer.” The necessity to publish research results, 
and increasing internationalization – even across political 
borders – ensures greater control of science. Mr. Lüst did, 
however, voice some skepticism as regards political and pub-
lic involvement in the choice of research subjects. And the 
demand for scientists to be liable for their work, according 
to Reimar Lüst, should be fundamentally refused because 
“basic research cannot foresee its consequences.”

Nevertheless, according to Ulrike Beisiegel, scientific 
knowledge is the basis for political and societal decisions. Re-
searchers are thus an important part of the democratic sys-
tem. Freedom of research in a democracy is sometimes 
threatened more by seemingly ordinary everyday problems 
because the increasing bureaucratization of science often 
places time limits on creativity.

The Forum in Düsseldorf also stressed that a long-term 
strategy is ultimately the most important guarantee of scien-
tific freedom. The MPIs for Coal Research and for Iron Re-
search are two institutes that represent a line of continuity to 
the KWS. Their recipe for success in bringing together indus-
try and science in a spirit of cooperation has worked well so 
far. There was no sign here of the concern of the Göttingen-
based Forum regarding public interference in the choice of 
subject. On the contrary, there is a productive cooperation of 
application-oriented and basic research at both institutes.

Ferdi Schüth stressed that finding subjects often goes hand 
in hand with industrial interests – whenever there is also an 
“exciting research task” for scientists. In developing new 
methods of catalysis for biomass, for example, there is a win-
win situation for all concerned. A similar argument was put 
forward by Dierk Raabe, whose Institute for Iron Research is 
opposed to application per se due to its research remit, because 
the institute “always bears in mind the industrial product.” 
Turbine blades or aircraft parts can also be further perfected 
by using knowledge from highly theoretical physics in mate-
rial development, such as quantum mechanics.

Striving for knowledge and making a profit are not a 
contradiction against this backdrop. In fact, according to 
the key closing speech by Dierk Raabe, sweeping value judg-
ments should be avoided. Science, which implicitly pro-
vides an added value, ultimately also contributes to the gen-
eral prosperity of society and shows responsible handling 
of tax money.

At the end of this Forum, however, there was a sense that 
the “Max Planck model” gives scientists a remarkably high 
measure of freedom in the choice of cooperation partners: 
where industry calls for consistently calculable development 
plans, cooperation arrangements generally fail. Science 
needs a long-term strategy.

MAX PLANCK COMMUNITY
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Agreeing on the importance of science for society: Jürgen Renn, 
Manfred Heinemann, Reimar Lüst, Jan-Martin Wiarda, Ulrike Beisiegel 
and Klaus-Armin Nave (from left). 
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Sustainability Award 2009

For many years now, Baufritz builders 
have taken nature as their model for 
healthy living with wood. Because na-
ture shows best how hi-tech houses 
ideally work. By following this principle, 
Baufritz have developed patents for in-
genious woodchip-based bio-insulation, 
enhanced wind proofi ng, protective coa-
tings made from natural substances, 
earthquake proofi ng and our virtually 
maintenance-free Natural Silver facade.

See for yourself the innovative solutions 
that Baufritz can offer for healthy living. 
And be inspired by our sense of style. 
Visit www.baufritz.co.uk

Many scientists, like anyone else who 
is part of an international network, 
sympathized deeply with their Japa-
nese colleagues in March – and not 
only those in the areas affected by the 
earthquake and tsunami. Phil Selenko, 
a scientist at the Leibniz Institute for 
Molecular Pharmacology in Berlin had 
an idea, acted quickly, and the Nippon-
ScienceSupport Internet platform was 
soon up and running. Max Planck in-
stitutes also promised their support – 
and the offer still stands.

Walter Stühmer at the MPI for Ex-
perimental Medicine in Göttingen, for 
example, considered it his duty to help. 
He works extensively with Japanese sci-
entists and his wife was a Feodor Lynen 
research fellow in Japan. Both of them 
spontaneously decided to make their 
apartment available. “Our Japanese col-
leagues are welcome to live here and 
continue their research,” says Stühmer. 
The network also offers residencies and 
lab facilities “for scientists whose work 
is threatened by the consequences of 
the natural disaster.” Scientists want to 
use the links between the two countries 
to raise awareness of exchange pro-
grams, jobs and financial assistance so 
that their Japanese colleagues can con-
tinue to work on their projects abroad 
if necessary. This is a wonderful exam-
ple of German-Japanese friendship, 
which celebrates its 150th anniversary 
in 2011: the first Treaty of Amity and 
Commerce was signed in 1861.

As a result, there is great solidarity 
at Max Planck institutes, where rough-

Solidarity with Japan
German scientists offer help after the natural disaster/New Max Planck Center

ly 170 Japanese visiting 
scientists are currently 
working. For many years, 
the MPS has also enjoyed 
a close relationship with 
the Asian country, in 
particular with RIKEN, 
the association of top-
level Japanese research 
institutes, as well as with 
the University of Tokyo. 
A total of 100 projects 
are currently being con-
ducted with Japanese re-

search partners and, last year alone, 26 
MPI employees availed of extended re-
search residencies in Japan. “The Max 
Planck Society and I personally would 
like to express our concern and sympa-
thy to the people of Japan, those affect-
ed by this terrible tragedy and their 
families. The extent of the suffering 
and destruction is beyond our imagina-
tion,” wrote Max Planck President Pe-
ter Gruss to the presidents of Japanese 
research facilities.

Hideto Sotobayashi knows how pre-
carious the situation is for people in Ja-
pan, particularly in the area around Fu-
kushima. The chemist, who was a 
researcher at the Fritz Haber Institute in 
Berlin for decades, was a 16-year-old 
schoolboy in Hiroshima when the 
atom bomb was dropped. He is afraid 
that the victims of this disaster will suf-
fer the same fate as he and many oth-
ers did at the time of Hiroshima: “Many 
people believe that individuals who 
have been exposed to radiation are in-
fectious. They are socially isolated.”

To ensure that this does not hap-
pen, scientific cooperation is being in-
tensified. At the end of April, the MPS, 
in conjunction with RIKEN, established 
a Joint Research Center for Systems 
Chemical Biology. This provides a plat-
form on which knowledge, infrastruc-
ture, new methods and technologies 
can be pooled. “When we rebuild our 
country, we must ensure that nothing 
stands in the way of the progress of sci-
ence and technology,” says RIKEN’s 
President, Ryoji Noyori. 

The offer still stands: Japanese scientists can use 
www.nipponsciencesupport.net to find non-bureaucratic 
assistance in searching for work and partnership 
opportunities in Germany.



includes a gym, swimming pool and 
tennis court, was designed to “culti-
vate international scientific relation-
ships” and inspire the establishment 
of creative networks and exchanges of 
ideas with colleagues.

Harnack House was returned to the 
Society in 1994 and a decision was 
made to remodel the building as a 
meeting place as quickly as possible. 
First, however, it was necessary to gain 
experience and to test out the opera-
tional concept, with the result that only 
parts of the building were renovated. 
Today, the building is a testament to a 
broken tradition rather than a bridge to 
a past with which today’s scientists can 
identify. Only fragments of the original 
features remain: the oak ceiling in the 
Bismarck Hall, the charming gold light 
fittings in the Mozart room and the 
red terracotta columns in the Liebig-
Gewölbe dining hall. A 1950s style pre-

MAX PLANCK COMMUNITY

Upgrade Planned for a “Timeless Building”
Max Planck Society to modernize Harnack House and accentuate its cultural importance

Founded in 1929 in the 
Dahlem district of Berlin as 
the Kaiser Wilhelm Soci-
ety’s meeting house and sci-
ence club, Harnack House 
was a meeting point for sci-
entists and artists until 
1945. It has belonged to the 
Max Planck Society (MPS) 
since 1994. Ever since then, 
the Society has been trying 
to restore the competitive-
ness of the conference cen-
ter and, next year, will em-
bark on a program to fully 
modernize the building. 
The new face of Harnack 
House could merge the aura 
of a great scientific past 
with the vitality of the 
modern Max Planck Society 
and re-establish the build-
ing’s status as a hub in the 
scientific community.

Who was Harnack? The 
name of the building that 
hundreds of students from 
Berlin’s Free University pass 
every day often prompts 
questions. Perhaps it’s named 
after a politician who played a role in 
the Berlin occupation, an American at 
any rate? It’s hardly surprising that 
many Berlin residents associate the 
building on Ihnestraße with the Amer-
icans, as, even at the start of the 1990s, 
American GIs stood guard at the en-
trance. The building was used as an of-
ficers’ mess hall and disco in an other-
wise unexciting residential district 
where the US army also maintained its 
headquarters. Berlin’s students were 
not the only ones to gain from the 
Americans’ departure when the army’s 
living quarters were converted into stu-
dent residences – the Max Planck Soci-
ety also benefited. As the successor to 
the Kaiser Wilhelm Society, the Max 
Planck Society inherited the Harnack 
House, and with it a piece of tradition. 
Its name recalls the first President and 
spiritual father of the century-old sci-
entific organization, theologian Adolf 

von Harnack. The letters K.W.G. (stand-
ing for the predecessor organization, 
Kaiser-Wilhelm-Gesellschaft) are still 
visible above the entrance to the lec-
ture hall.

The employees of the nearby Max 
Planck institutes know what the ab-
breviation stands for. Currently, how-
ever, it is mainly their Directors and 
scientific guests who visit the build-
ing, where the restaurant is renowned 
for its good food. Harnack House is 
also open to the institutes outside Ber-
lin. Yet it often does not find favor 
with the Max Planck Society, perhaps 
because the building has not yet re-
gained its identity, and the broken 
thread to its history has not yet been 
tied. This seems surprising, as Har-
nack House is the embodiment of 
a positive tradition. Much of what 
makes the MPS modern was anticipat-
ed in the early days. The House, which 
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A place for communicating science and enjoying leisure time: View of the Bismarck Hall with the 
portrait of Hitler during the Nazi era (left). Visitors could retire to bed in the guesthouse, which was 
built by the Americans on the opposite side of the street after the war (center), or relax while reading 
the newspaper in the main building.
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dominates throughout the house. Take, 
for example, the ballroom with its 
large-patterned flower-covered carpet. 
Or the old lecture hall where Max 
Planck and others revealed the secrets 
of science to the Berlin public in the 
1930s. The lectern, seats and board 
have disappeared, and colorful fish 
now adorn the wall – relics from the 
disco era. Today, the room is a store-
room, but must at least be maintained 
for the time being, adding to the oper-
ating costs.

But that’s all about to change, as the 
building’s value as a meeting place has 
increased – and continues to do so. 
Twenty years after German reunifica-
tion, Berlin is now the focus of public 
interest. The new capital is attracting 
politicians, tourists and scientists, and 
the Max Planck Society is turning its 
attention to the jewel in the “German 
Oxford.” As a science district, Dahlem 
is more popular than ever – due main-
ly to the great success enjoyed by the 
Free University – as the opening of a 
conference hotel in Dahlem shows. De-
signed by award-winning architect 
Helmut Jahn, the building is also tech-
nologically state of the art and shows 
that science facilities must increasing-
ly be designed with a focus on service.

The Max Planck Society is con-
vinced that Harnack House, with its 
rich history, is competitive, and in 
March launched an architectural com-

petition. The winning team’s designs 
give cause for optimism: the Lübeck-
based partnership of Krause, Feyera-
bend, Sippel masterfully grafts moder-
nity and comfort onto the historic 
structure, lending the building a clear-
ly defined profile inside and outside. 
The plans include a new interior archi-
tecture, renovation of the lecture hall, 
ballroom and guesthouse, and the cre-
ative consolidation of the building as 
an ensemble. The team will be taking 
the existing structure into full consid-
eration. Strictly speaking, the building 
consists of two separate parts, de-
signed by Carl Sattler in 1929 to satis-
fy building regulations. These stipu-
lated that only 30 percent of the site 
could be built on and that any build-
ing could have no more than two sto-
ries, so as not to adversely affect the 
rural character of the residential dis-
trict. Sattler designed the main build-
ing and the lecture hall as two sepa-
rate structures linked by an inconspic-
uous, low-lying connecting corridor. 
This was expanded in 1953 with the 
addition of the ballroom, destroying 
Sattler’s ensemble.

According to the architects’ plan, 
this could be restored if the new sec-
tions of the building were to be covered 
in wooden cladding. They suggest 
adopting the same approach for the 
1960s guesthouse on the other side of 
the street, the interior of which will 

also be fully renovated. Both architects 
are working as a team with an interior 
designer and, to date, have designed 
hotels, some of which are located in 
historic buildings. They use a blend of 
purist, Japanese-inspired design ele-
ments in natural materials. Wood and 
textiles, offset by vivid colors, also 
dominate the design for Harnack 
House. Modern furniture with simple 
lines completes the look. It goes with-
out saying that the lecture halls and 
guest rooms are equipped with state-
of-the-art Internet access and confer-
ence technology. Nevertheless, the past 
has not been forgotten: the building’s 
signage not only helps to guide guests, 
it also provides information on the 
house and its history. 

The space management concept re-
mains unchanged: the Bismarck Hall 
will still be a lobby and the winter gar-
den will still be used as a reception 
area. The functions of the rooms 
should be easier to recognize than they 
are today, a concept that is consistent 
with what Carl Sattler had in mind in 
1929. He created an atmosphere that 
satisfied all the practical needs of sci-
entific communication – from a casual 
chat in a lounge chair to a meticulous-
ly structured lecture. The building’s 
success proved him right. As Harnack 
himself envisaged, the building soon 
acquired an international reputation – 
one that is certain to continue.

Architect Carl Sattler deliberately planned Harnack House as a 
“timeless” building. Today, the ensemble looks like one long wing.
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At the traditional plenary meeting with 
specialist presentations, Birgit Haber-
berger from Administrative Headquar-
ters explained insurance issues for em-
ployees and fellowship holders at the 
institutes. Michael Felgenhauer, head of 
the award-winning Foreign Registration 
Office in Aalen, gave a very informative 
talk on the basic principles of the right 
to residence and foreign registration, 
provided a short introduction to the 
electronic residence permit and report-
ed on the revised employment market 
authorization procedure. Aaron Lind-
ner, who presented the internal MPS 
communication platform MaxNet, dem-
onstrated that social networks also offer 
practical options for the daily work of 
the international officers.

The meeting ended with an open 
discussion forum. At the respective ta-
bles, the subjects of databases, integra-
tion of foreign guests, cooperation with 
universities, rental matters and insur-
ance issues were the basis for wide-rang-
ing discussions chaired by specialists.

The 57 international officers of the Max 
Planck institutes gathering in May for 
their annual meeting experienced a 
change of perspective. In contrast to 
the format of previous years, where 
they took part in intercultural training 
sessions to learn more about how peo-
ple in other countries behave, the spot-
light this time was on their own Ger-
man identity. Special presentations 
dealing primarily with changes in the 
rules for dealing with foreign guests 
rounded off the program in Stuttgart.

Every year, the international officers 
welcome large numbers of researchers 
from all over the world. They are the 
contact and first port of call for visiting 
scientists and their families and are 
faced with behavior, manners and com-
munication styles that can differ signif-
icantly from those of their own culture. 
This makes country-specific, intercul-
tural training a major part of the annu-
al advanced training meeting to pro-
mote communication, tolerance, 
openness and flexibility toward guests.

The MPI for Solid State Research in 
Stuttgart was the host for this, the 
eighth meeting. Michael Eppard of in-
stitute management, and Birgit King, 
the on-site organizer, gave a warm wel-

Typically German
A change of perspective – International officers consider local idiosyncrasies at their annual meeting

come to the participants, who enjoyed 
three days of Swabian hospitality. First, 
they practiced self-reflection. After the 
focus in previous years on intercultur-
al training for Eastern Asia, India, Rus-
sia and Eastern Europe, and the Middle 
East (Muslim countries and Israel), the 
subject this time was “cultural aware-
ness – we Germans in interaction with 
other cultures.” 

Four trainers from the company ICU-
net outlined the various stereotypes of 
Germans abroad for those in attendance. 
They then went on to look – albeit with 
a humorous slant – at their own cultur-
al idiosyncrasies and the awareness of 
the effect on others, in particular foreign 
guests, in order to be able to anticipate 
and avoid culture-induced conflicts. The 
typically German segregation of work 
and private life – based loosely on the 
saying “don’t mix business with plea-
sure” – was examined, as well as the very 
German virtues of objectivity and effi-
ciency. Moreover, time, structure and 
planning in relation to living and work-
ing in Germany were touched on. In 
role-play situations, the international of-
ficers practiced communication strate-
gies with the goal of breaking through 
hackneyed thought patterns.

AN INTRODUCTORY GUIDE

A brochure entitled Living and working 
in Germany – A guide for international 
scientists at Max Planck Institutes has 
just been published. It offers foreign 
guests help in finding their bearings, 
with useful information on daily life 
in Germany from A to Z, covering sub-
jects as varied as waste disposal and 
newspapers, an overview of do’s and 
don’ts in (professional) life, and in-
sight into the culture shock phenom-
enon. The guide also contains infor-
mation on the necessary formalities. 
The brochure has 
been delivered to the 
institutes and can 
also be downloaded 
as a pdf from the 
English and German 
MPS websites under 
“Careers – Working 
for the MPS.”

The International Officers at the Max Planck Institutes are the first point of contact 
for visiting scientists from abroad.

Living and working in Germany

A guide for international scientists at Max Planck Institutes
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Max Planck Innovation is responsible for

the technology transfer of the Max Planck

Society and, as such, the link between

industry and basic research. With our inter-

disciplinary team we advise and support

scientists in evaluating their inventions,

filing patents and founding companies.

We offer industry a unique access to the

innovations of the Max Planck Institutes.

Thus we perform an important task: the

transfer of basic research results into

products, which contribute to the economic

and social progress.

Connecting Science
and Business
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