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EDITORIAL

Dear Readers,
MaxPlanckResearch has developed into a highly
esteemed scientific magazine. And as the subscriber
figures show, its popularity continues to grow: there
are now more than 50,000 readers who follow current
developments in modern basic research with keen interest. The vast majority of them – namely 75 percent –
come from outside the Max Planck Society. In the early
1970s, we became the first scientific organization in
Germany to begin publishing not only regular news
bulletins, but also journalistic factual and background
reports on our research work. The magazine bore the
title MPG-Spiegel up until 1997.
But just as research itself is subject to change, with
high-powered computers and sequencing devices
now proudly positioned where Erlenmeyer flasks
and Bunsen burners once stood, a magazine such as
MaxPlanckResearch must evolve to cater to new
reading habits, and adopt a modern visual language. In
time for 2009, the Year of Science that will see Germany celebrate some notable anniversaries, our magazine
has now acquired a new look.

The subjects have also been chosen to accompany the
Science Express, the 300-meter-long exhibition train for
which the Max Planck Society played a lead role in the
design and development process. After nine successful
Years of Science, each dedicated to specific subjects,
fields or personalities, this concept is also undergoing a
change: the coming Years of Science will now address
interdisciplinary topics and show how researchers are
looking beyond traditional boundaries in their quest
for future-oriented solutions to what are sometimes
quite mundane problems. The Science Express will be
stopping off in more than 60 German towns and cities.
A dozen cars dedicated to specific themes illustrate
how scientific and technological developments affect
our lives – from basic research carried out at scientific
institutions and universities to product development in
cooperation with business enterprises. I would thus like
to cordially invite you to take a glimpse into the future –
and of course into this magazine as well.

Peter Gruss,
President of the Max Planck Society

Photo: Antje Meinen

The focus of this first issue is on what the future holds
– after all, it is research that will help shape what comes
next. This issue presents new plant breeding tools that
will make an important contribution to feeding the
world’s growing population. Readers will also see in-

side a laboratory in which scientists are using cells to
manufacture new kinds of materials, and meet robots
that fathom their own environment.
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Global Animal Migration Database
Scientists worldwide are studying the movement patterns of
migrating animal species. Changes in the routes they follow
are an indicator of changing environmental conditions.
However, it is extremely difficult to compare the data gained
from ringing, radio telemetry, and other methods. An internationally accessible database is now set to remedy this
situation. The project, undertaken jointly by the National
Science Foundation in the US and the Max Planck Society,

was initiated by Martin Wikelski, who has been a Director at
the Max Planck Institute for Ornithology in Radolfzell since
2008, and is also a professor at the University of Konstanz.
In the future, the MOVEBANK database will serve as a
data warehouse in which researchers can store and present
all historical and current information on global animal
migrations. A preliminary beta version has been available
since January 2009 (http://www.movebank.org). As an
example, the database allows users to check on the
movements of Venezuelan oilbirds, and even
pinpoint the location of a single individual bird
using Google Maps. The final version of MOVEBANK
is expected to be available starting in July 2009.
This will not only aid cooperation between
scientists, but it will also provide a platform for
discussion.
In order to safeguard the authorship of the raw
data, the database will provide for various types
of access. “This project will enable us to register
changes in the migratory movements of various
species, particularly in areas that are not otherwise
accessible,” says Martin Wikelski. “Based on the
general principles of animal migrations, we will
then be able to develop mathematical models that
will also allow us to forecast, for example, the
spread of infectious diseases such as avian flu.”

A screenshot of MOVEBANK

Baker’s yeast and homemade software
helped scientists at the Max Planck Institute of Biochemistry achieve a breakthrough in their study of proteomes.
By targeting this fungus, which is also
popular with brewers, Matthias Mann
and his colleagues were able to identify for the first time all of the proteins
in an organism. Their resulting publication was hailed by international
experts as one of the most important
A

B

Count rate

t

m/z

6

MaxPlanckResearch 2 | 09

scientific breakthroughs of the past
year. The researchers owe their success
to “MaxQuant,” a software program
they had developed as a tool for rapidly
decoding proteomes, which comprise
the entire arsenal of proteins in a cell.
The process involves labeling the
proteins in the usual way and passing
them to a mass spectrometer for
analysis. The resulting several hundred
thousand measured values must then
The measurement signal from the mass spectrometer
takes the form of two-dimensional curves (peaks)
in which the measurements are plotted against
the frequency of the proteins. MaxQuant uses the
peaks measured for the same protein at varying
times (t) to create a three-dimensional
representation that can be analyzed
with significantly greater accuracy.

be assigned to specific molecules. Previously, this process was hugely timeconsuming. Because much of the
task had to be laboriously performed
by hand, this part of the work could
take up to half a year. Thanks to the
new software, dealing with the flood of
data from the mass spectrometer is
now child’s play by comparison. “MaxQuant” is also more accurate than
any previous method in identifying
which proteins are produced in a cell:
instead of the previous 10 to 20 percent
of proteins, the yield is now up to 73
percent. Apparently other scientists are
keen to get their hands on the software
from Martinsried, too: the free download available from www.maxquant.org
is drawing substantial traffic.

Graphic: MPI of Biochemistry

MaxQuant Delivers a Breakthrough in Proteome Research
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Sensitive Nose for the Atmosphere

Photos: KI.KA (bottom left), ESA (bottom right), DLR (top)

New horizons in atmospheric research
will soon be revealed with the arrival of
HALO. With a range of 12,000 kilometers, the High Altitude and Long Range
Research Aircraft will carry three tons
of scientific equipment up to an altitude of 15.5 kilometers. “For years, I
have been concerned at the lack of a
German research aircraft that would
allow us to study processes in the entire
atmosphere, including the border
area between the troposphere and
stratosphere,” commented Meinrat O.
Andreae, Director at the Max Planck
Institute for Chemistry in Mainz. This
region in particular plays a critical role
in the reciprocal relationship between
the climate and atmospheric changes,
yet to date, there is virtually no data
available from this altitude in the
tropical and subtropical regions.
HALO is intended to fill this gap,
and will begin its first OMO (oxidation
mechanism observations) campaign in
summer. The measurements will concentrate mainly on the “detergents of the
atmosphere” – hydroxyl (OH) radicals

HALO will open up new perspectives for
researchers studying the atmosphere.
The nose-mounted measuring probe is
clearly visible in the photo.

that clean up the atmosphere by removing natural and man-made substances
such as nitrogen dioxide, sulfur dioxide,
carbon monoxide and hydrocarbons.
The Gulfstream G550 aircraft recently
landed at its new base in Oberpfaffenhofen, where it will be operated by the
German Aerospace Center (DLR). The
bulk of the funding for this project is
being provided by the German federal
government, as well as the Max Planck
Society and the Helmholtz Association.

Max Planck Researchers
Take on Children’s Television
The new cartoon series “Cosmic Quantum Ray” that children’s TV channel
KI.KA has been airing since January –
just in time for the “International Year
of Astronomy 2009” – actually originates in the US. When 12-year-old Robbie
and TEAM QUANTUM set out to save
the universe from cosmic crooks and

galactic catastrophes, they’re up against
Black Holes, Big Bangs, Gravitation and
Dark Matter. To ensure that the German
version is scientifically correct, Werner
Becker and his colleagues at the Max
Planck Institute for Extraterrestrial
Physics in Garching have been advising
the KI.KA editors on how to adapt the
American format for German
kids. The Max Planck experts
also came up with the idea of
accompanying each episode
with a “knowledge trailer”
that explains the sort of physical phenomena mentioned
above in a way that the
young audience will understand.
Excerpt from the cartoon series

Planck and Herschel –
We Have Lift Off!
The Planck satellite is set to eavesdrop
with as yet unsurpassed precision on
the echo of the Big Bang, providing a
sharp image of the infancy of the universe. The satellite was launched on
board an Ariane 5 rocket on May 14, 2009.
The aim of this international mission
managed by the European Space Agency (ESA) is to map the cosmic microwave background. Also taking part in
the project is the Max Planck Institute
for Astrophysics in Garching, where researchers have been developing some
important software components.
It was around 380,000 years after
the Big Bang that the universe became
transparent. The light that was released
in the process is still traveling through
space today and is measurable as cosmic microwave radiation. The Planck
space telescope will measure this radiation for between eighteen months and
two years from its location near the
so-called second Lagrange point in the
Sun-Earth system.
This is also where the infrared satellite Herschel will take up position, which
was also released from the Ariane 5
rocket. Two of the three scientific
instruments on board Herschel were
co-developed by researchers from the
Max Planck Institutes for Extraterrestrial Physics, for Astronomy, for
Radio Astronomy and for Solar System
Research. The 3.5-meter telescope of
Herschel will investigate space in the
wavelength range between 55 and 672
micrometers. Scientists want to use
this satellite to resolve the diffuse cosmic infrared background into its individual sources. Other objectives: to study
remote galaxies, the infancy of stars, as
well as objects in the trans-Neptunian
region at the edge of our solar system.

Looking back 13.8 billion years in time: The
Planck satellite will capture cosmic radiation
with as yet unsurpassed precision and
provide insight into the birth of the universe.
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“We still know far too little”

LOHAFEX is designed to provide information
on the effects of iron fertilization on the
ecosystem in the Southern Ocean.
How much iron is being applied there?
Fuchs: An area of 300 km2 was fertilized
with 10 tons of iron sulfate at intervals
of three weeks. The experiment takes
place in an enclosed swirling current,
called an eddy. This allows us to test a
constant, coherent body of water. The trial
is conducted under controlled conditions,
as if in a test tube, and can be tracked over
a period of time.
What is the effect of this iron fertilization?
Smetacek: In the Southern Ocean, iron is a
limiting nutrient for the algae known as
phytoplankton. Previous experiments have
shown that iron fertilization encourages
rapid algae growth. The phytoplankton
grew to a density comparable with the
strong natural algal blooms that occur in
this region. As they grow, the algae fix major quantities of CO2 that they extract from
the water, and this is balanced out by absorption from the atmosphere. As for what
happens at the end of such algal blooms,
there are two possible scenarios: Either the
dying algal bloom sinks down into the deep
ocean layers and transfers the fixed CO2
from the atmosphere into the deep sea,
where it remains for centuries. From a global
perspective, this could provide an opposing
effect to the rising concentrations of CO2 in
the atmosphere. Alternatively, the algae

could undergo microbial decay on a massive
scale in the uppermost layers of water,
thus releasing the fixed CO2 back into the
atmosphere.
Assuming that the first scenario is correct,
are scientists hoping to use this to slow down
climate change?
Fuchs: No, we are far from understanding
the processes that take place during such
algal blooms. There may well be a variety of
effects on the climate. The byproducts of
the decay of these algal blooms could even
have a negative impact. We still know too
little about what influence these blooms
have, for example on biodiversity.
So what are the primary objectives of the
experiment?
Fuchs: Above all, we want to use LOHAFEX
to study the varied biological processes
that control the plankton ecosystems in the
ocean. The addition of iron increases productivity and alters the balance between
algae, bacteria and zooplankton initially
in favor of the algae. We want to find out
which byproducts are created in what
quantities during the growth and decay
of the algae, and how the zooplankton,
especially the krill, react to iron fertilization. Krill stocks – the main food source for
penguins, seals and whales – have declined
by 80 percent in recent decades. The reaction of zooplankton to the iron-fertilized
bloom might give us a clue as to whether

Victor Smetacek, Bernhard Fuchs

this collapse can be explained by a decline
in the region’s productivity. Looking far
ahead into the future, iron fertilization in
the krill’s habitat could help restore stocks
to their former levels and facilitate the
long-term recovery of decimated whale
populations.
And how is the experiment going?
Smetacek: We spent the first two weeks on
location looking for a suitable eddy for our
experiment. Oceanic eddies have a lifespan
ranging from several weeks to months.
They appear on satellite images of sea surface height as elevations or depressions
and must then be analyzed in greater detail
by measuring the current fields in order to
estimate how stable they are. We finally
chose an eddy in a region in which a large
zooplankton stock had established itself as
a result of previous blooms. So far, the experiment has been very successful: We
fertilized a patch that we are now tracking
for the third week in the center of the eddy.
Our bloom is being created by a different
group of algae than in previous experiments, and the grazing pressure of the
zooplankton is also different. A new balance
appears to have been struck between the
increased productivity of the algae and
the rate at which they are grazed by the
zooplankton. We are curious to see what
will happen next.

Science Tunnel in Florida
Backed by financial support from Bank of America, the Max
Planck Society’s Science Tunnel has been on display at the
South Florida Science Museum since the middle of January. After stops in Tokyo, Singapore, Shanghai, Brussels, Johannesburg, Seoul and Berlin, this marks the science exhibition’s
debut on the American continent. And there is a very good
reason for this: the Max Planck Florida Institute is now also
being established in Palm Beach County.
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Visitors to the Science Tunnel
in Florida stop at an interactive
display.
MaxPlanckForschung
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Bernhard Fuchs, a researcher at the Max Planck Institute for Marine
Microbiology, and chief scientist Victor Smetacek answered some
questions on the LOHAFEX experiment from on board the research
vessel Polarstern.

PERSPECTIVES

Sharp-Eared Software
and Sensitive Prostheses

A Cradle
of Astronomy

Max Planck Society and Fraunhofer Gesellschaft extend their cooperation
in the development of new technologies.

In the interest of increasing the speed
with which the findings of basic
research are put to work, the Max
Planck Society is promoting three new
joint ventures with the Fraunhofer
Gesellschaft.
This brings the number of joint
projects to 14. In the future, funding
will also be provided for cooperation
between the Max Planck Institutes
for Psycholinguistics and for Social
Anthropology and the Fraunhofer
Institutes for Intelligent Analysis and
Information Systems (IAIS) and for the
telecommunications area (Heinrich
Hertz Institute). This is the first time
two Max Planck Institutes dedicated to
the humanities have worked together
with Fraunhofer institutions. The scientists taking part will be developing
new voice and image recognition tools
in order to partially automate the
analysis of audio and video recordings

used in linguistic and ethnological
research. Some of the challenges they
must overcome: voice recognition must
function independently of any specific
language, and be effective even in a
loud environment, and the image
recognition software must also recognize gestures rather than just objects.
There is huge commercial potential
in solving these problems. Software with
a highly tuned sense of hearing could
ease the work of call centers, for example. In another project, scientists from
the Max Planck Institutes for Metals
Research and for Polymer Research, the
Fraunhofer Institute for Interfacial
Engineering and Biotechnology, and
the University of Stuttgart will be developing new materials for prostheses.
Their surfaces are expected to encourage the growth of bone and cartilage so
that the synthetic material becomes
better integrated into the tissue.

The outside matches what’s inside: Its
designers modeled the House of Astronomy
in Heidelberg on a spiral galaxy.

The Klaus Tschira Foundation and
the Max Planck Society are building
a House of Astronomy in Heidelberg.
The project is supported by the city
of Heidelberg, the state of BadenWürttemberg and the University of
Heidelberg. The spectacular building, which is modeled on a galaxy, is
to be erected on the Königstuhl
mountain right next to the Max
Planck Institute for Astronomy. The
facility will be operated by the Max
Planck Society and, starting in 2011,
will introduce school students and
the general public to the fascination
of astronomy.

Photo: Bernhard + Partner, Darmstadt

On the Net

Learning Made Easy with Dr. Axolotl
The Max Planck Institute for Molecular
Cell Biology and Genetics has launched
some new online games to teach young
people about biology. In “Die Zellstadt”
(Cell City), players learn a lot about
organelles and their functions. “Dr.
Axolotl” asks some tricky questions, and
in the “Lab Race,” a scientist must
battle characters representing a fatal
error, a ghastly guard dog and a virus to
get his test tubes to safety:
http://www.mpi-cbg.de/en/
fun/games.html

Who Actually Plays the Lottery?
Jens Beckert of the Max Planck Institute
for the Study of Societies in Cologne conducted numerous interviews with people
who regularly play the lottery in Germany
and still hope to get all six numbers right.
In doing so, he identified four types of
players – with widely differing motives.
His research findings in film format are
available at:
http://www.filme.mpg.de

Close-up on the Stars
Precisely 400 years ago, in 1609, Italian
natural scientist Galileo first used a telescope to observe the stars. What better
reason could there be to celebrate the “International Year of Astronomy” in 2009?
A solar eclipse, meteorite showers, Jupiter in
the twilight – even the sky itself is adding
its own spectacular touches to the anniversary that will be marked with events
worldwide:
http://www.astronomy2009.de/
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VIEWPOINT_Afghanistan

The Cautious Path
to a Stable State
The violent conflict in Afghanistan has been escalating since 2005, making the process
of reconstruction that much harder. To bring stability to the country, the focus must be
on strengthening the state and facilitating the rule of law.

O

ne afternoon in 1998, Fahim, who would
later become our driver, was walking
through the district of Khair Khana in
Kabul. The streets were quiet, almost
empty. Under the Taliban, the people had
withdrawn further and further into their own private
lives. Every step outside could lead to trouble. Adherents of the Islamist regime confiscated cars in
which music could be heard playing – such modern
forms of entertainment were banned. They seized
men whose beards did not seem to them to be long
enough. Children were forbidden to fly kites. But

The inhabitants felt themselves
oppressed and, not infrequently,
were subjected to unrestrained
random violence
women suffered the most. A bit of nail polish or a hint
of perfume from beneath the burqa could arouse suspicions of prostitution and put them at risk of their
lives. Many sank into poverty as the Taliban forbade
them to take up any paid employment.

10
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That was the day on which Fahim’s life changed
abruptly. He saw something he had often seen before:
a Taliban cursing and beating a woman in broad daylight. Fahim walked past – then turned around. In
contrast to normal procedure, the Taliban was alone.
No one else was in sight. Even as Fahim struck the
blow, so he has told me, he knew that he would have
to leave Kabul. In a city of only a few hundred thousand inhabitants, the risk of another encounter with
the bully from whose clutches he had rescued the
woman was too great. He remained in Iran until the
Islamists fell from power.
Fahim’s fate says something about the relationship between rulers and the ruled at that time. The
Taliban did not govern in accordance with generally
accepted rules. The Shari’a may have prevailed as their
supreme law, but their radical fundamentalist interpretation of it had little in common with Afghanistan’s
liberal Islamic tradition. Even these rules were not
applied uniformly by the Taliban, but were enforced
by each individual as he saw fit. The inhabitants felt
themselves permanently oppressed and, as in the case
of the woman rescued by Fahim, were not infrequently subject to unrestrained random violence.
There were no instances of self-regulation anchored in law within the ruling order, no judges to
control the exercise of state power. If he was to help
the woman, Fahim had no other choice than to inter-

Photo: Tilman J. Röder

TEXT TILMANN J. RÖDER

VIEWPOINT_Afghanistan

Still life with books and symbolic power: The ancient Islamic law
of Majallah al-Ahkam alongside a Max Planck manual. What help does
Afghanistan need? Our author Tilmann J. Röder offers some solutions.
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vene himself. Afterwards, it would not have been
sensible to remain in the country. In reality, many
Afghans had welcomed the Taliban with relief in
1996; after years of civil war, they promised a return
to tranquility. People at that time had no idea just
what an impact their fundamentalist interpretation
of Shari’a would have on life.
What happened to the country after September
11, 2001 is well known: The US government drove
out the Taliban, whom they had once supported,

To this day, half the
population of Afghanistan is still
living below the poverty line
with the aid of the same warlords who, in the mid1990s, had devastated the country. This transfer of
power was also welcomed by the population – but
once again, their hopes for a swift and sweeping improvement in their living conditions were dashed.
To this day, half the population is still living below the poverty line. The majority of people have no
access to clean water and electricity. The crime rate
has soared. A current study by the Asia Foundation
quantifies the pessimistic mood in stark figures: only
38 percent of those interviewed believe the country
is headed in the right direction; 32 percent think the
opposite, and the rest are undecided. In the space of
two years, the percentage of those who consider
themselves better off now than in the Taliban era fell
from 54 to 36 percent. Afghans consider the biggest
problems to be the security situation (36 percent), followed by unemployment (31), high prices (22), the
weakness of the economy (17) and corruption (14).
Of course, some positive developments are also
evident. For example, six million children now go to
school – five times as many as in 2001; and yet, that
is still only half the number of children of school age.
There has also been a sharp decline in infant mortality – though this can hardly be described as progress,
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given that one child in six still does not live past the
age of five. Despite a substantial improvement in basic medical care, the average life expectancy is just
44 years. The small steps forward depicted in these
abstract figures and statistics are insufficient to constitute a fundamental turnaround.
What help does Afghanistan need in this situation? What role can scientists play? The Max Planck
Institute for Comparative Public Law and International Law in Heidelberg has been monitoring the
reconstruction of the Afghan system of government
and law for some years now, and has been actively
supporting the process since 2003 with advice and
educational projects. The urgently needed change in
military strategy cannot be a prime focus for the
scientists’ work, and yet the continuing problems
engendered by military intervention raise issues they
must confront. It is clear that the conflict with the
Taliban and other forces hostile to the government
cannot be won by force of arms. The question is, why
has so little thus far been achieved in rebuilding the
lives of the civilian population? What must happen
for there to be a noticeable improvement?
Naturally, improvements would be welcome in
every area that affects the lives and welfare of every
individual. On the other hand, consideration must
also be given to which objectives are actually achievable in the present situation. It is not just a question
of what to do, but of how outside assistance can be
implemented.
The essential basis for any development is security. Where violence rules, it is impossible to provide
anything other than emergency aid – help to prevent
people from starving or freezing to death and, wherever possible, basic medical care. Longer-term action,
such as the construction of highways, schools and
courts, make little sense when the roads cannot be
traveled for fear of being attacked, schools are being
burned down and judges murdered. All of these
things continue to happen, mainly in Afghanistan’s
southern and eastern provinces.
As soon as and to the extent that the security situation becomes adequately stable, the state must be
enabled to exercise “effective territorial control” in
the sense of a legitimate monopoly on the use of
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force, and provide further services for its citizens.
That may sound self-evident, but the behavior of foreign agencies – whether government institutions or
private aid organizations – clearly demonstrates that
many of them feel no more than a conditional commitment, if any at all, to this goal. Until 2004, the
allied forces continued to bolster the power of the
warlords with a great deal of money and weapons because they felt unable to control the country without
a decentralized network fighting on their side. In the
process, large parts of the population had their faith
in a new beginning shattered.
In the meantime, no one gets past these warring
parties who control both political events and the
drug trade. For better or worse, even German army
unit commanders have to sit down at the table with
them to negotiate matters of security and reconstruction in “their” provinces. The effectiveness of the
government in Kabul is also hampered by the fact
that countless foreign agencies have developed their
own structures for the provision of services.
Many of the traditional tasks of the state – establishing economic stability, guaranteeing a minimum
of social security, public health care, education,
combating the cultivation of drugs – have also been
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The sovereignty and traditions of
the country must be respected
assumed by them. This is welcome insofar as it improves the actual living conditions of the recipients
of their services, but it is also dubious insofar as the
Afghan state is unable to develop in its own right.
The money that foreign agencies spend is not available to Afghan institutions. What is more, in many
cases they act without even informing their Afghan
partners. In effect, they are largely paying lip service
to the highly vaunted aim of “Afghan ownership.”
If Afghanistan is to benefit from sustained stabilization and development, then the state must take
center stage and not be subverted. There are two es-

sential elements that should be at the core of any
new strategy: transferring the duties of the state into
the hands of Afghan institutions, and providing intensive support for the rule of law, while ensuring
that the sovereignty and specific traditions of Afghanistan are respected.
From a fiscal perspective, the most important
factor in bolstering reconstruction by Afghan institutions acting on their own authority and responsibility is the availability of an adequate state budget.
Since the Afghan state has only a negligible income
of its own – likely to be around 887 million dollars in
the current fiscal year – the country is dependent on
external financial aid. This contribution to the state
budget is estimated to total 6.5 billion dollars. Nevertheless, it is not hard to understand the criticism
voiced by Afghan politicians who point out that, of
the roughly 25 billion dollars promised since 2002,
only around 15 billion have been released to date.
There is also the fact that a large part of these
funds can be dispensed only through the medium of
projects implemented by donor country agencies. As
a result, around 40 percent of all funds are effectively
repatriated in the form of salaries and company
profits. This is not necessarily to be condemned, but
it must be borne in mind in estimating the actual extent of foreign support for Afghanistan. Further funding is tied exclusively to specific projects. Thus, ultimately, the Afghan government has free access to
only a very small part of the imposing sum quoted
above. This money, for instance, is not enough to pay
government employees adequate salaries that they
and their families can live on. And from judges and
public prosecutors to soldiers and policemen – those
earning less than 100 dollars a month are susceptible
to corruption and may even cross over, gun in hand,
to join the ranks of anti-government groups that pay
more money.
Considering the grossly disproportionate ratio
between military and civilian spending, it is clear
that there is money available to adequately finance
the Afghan state. Spending on development aid is
running around seven million dollars a day – which,
in itself, sounds like an impressive sum. Then again,
the international military deployments soak up well
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Representatives of state institutions
who allow themselves to be guided by
“higher truths” have a tendency to
breach both the constitution and the law
be accompanied by intensive support for the rule of
law. It would make sense simply to accept the formal
existence of the rule of law as an initial target. That
essentially means compelling the administrative
system and the courts to observe the law as it stands
in order to protect citizens from arbitrary oppression.
Reports may no longer be coming in of events such
as the attack by a Taliban on a defenseless woman as
witnessed by Fahim, but the mistreatment of alleged
offenders, unfair trials, judicial corruption and similar abuses are widespread.
In this context, the Max Planck Institute in Heidelberg is intensively supporting reform by training
and educating Afghan judges, public prosecutors and
senior police officers. Many of them hold conservative religious beliefs. Above all, it requires lengthy
discussion to convince them that the constitution
must be respected as the supreme law of the land.
However, there have been some clear successes. For
example, the widespread refusal to acknowledge
basic human rights, which are also anchored in the
Afghan constitution, lessens as Afghan jurists come
to recognize that most of these rights are compatible
with Islamic principles, and that there are pragmatic
solutions to be found to many of the remaining instances of conflict. This process of persuasion is tremendously important given that representatives of

14

MaxPlanckResearch 2 | 09

state institutions who allow themselves to be guided
by religious or ideological “higher truths” have a tendency to breach both the constitution and the law.
It is also important to introduce judicial processes
by which citizens can assert their legal rights even
against the state. Such control mechanisms are almost
entirely lacking in Afghanistan. They do not correspond with the traditional hierarchical perception of
the relationship between the citizen and the authorities – which does not mean that it would be unrealistic to introduce such mechanisms. However, the rule
of law also demands that the judiciary must be independent. Afghanistan is, as yet, far removed from this
situation – though the principle at least is enshrined
in the constitution. None of these elements fundamentally conflict with the teachings of Islam.
Critics of this formal concept of the rule of law
rightly point out that a state system of this nature
could still be used for purposes of oppression. Afghanistan does indeed have some legal norms that are not
compatible with Western interpretations of human
rights – Afghan family law, for instance, makes it
significantly harder for women to obtain a divorce
than men. Proponents of a substantive concept of the
rule of law would like to see human rights and basic
democratic principles prevail. However, caution is ad-

Precipitate reforms have never
been conducive to success
vised. This is where well-meaning advisers run the
risk of imposing values on Afghan society that are not
welcome. Many people in the country perceive this
kind of pressure to be arrogant and dishonest.
Consider, for example, the case of the convert Abdul Rahman, who was baptized while in exile and,
two years ago, was prosecuted in Afghanistan for renouncing Islam. With the prospect of the death penalty looming, foreign governments and human rights
organizations bombarded the Afghan president with
demands to intervene and ensure the man’s release.
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over 100 million dollars. One percent of that would
suffice to pay Afghanistan’s judges and public prosecutors, soldiers and policemen a proper salary.
In order to provide a stable framework within
which to implement the available development strategies, efforts to strengthen the independent authority of the Afghan state must, from a legal perspective,
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These were the same governments and organizations
that, in a different context, had sworn to uphold the
national sovereignty of Afghanistan and demanded
that the Afghan government finally safeguard the independence of the judicial system – and that to this
day show scant regard for the human rights of Afghan
detainees in prison camps such as Guantánamo and
Bagram. This exercise in double standards was perceived by many Afghans as blatant cynicism.
Western governments are well advised to stick to
their own principles and consider the history of Afghanistan. Precipitate reforms have never been conducive to success. The reformist Shah Amanullah,
who introduced coeducation and instituted a ban on
headscarves, was no more successful in the 1920s
than were the communist leaders of the 1970s and
1980s. In each case, their attempts at reform were
followed by long periods of violence and a sharp reversal of modernization.
Many things are better achieved by cautious
means. The process of promoting human rights should
be centered primarily in civil society, for instance by
supporting the program of education undertaken
by the Afghan Human Rights Commission, so that
the pressure for reform is allowed to build among the
population. Members of the Human Rights Commission are regularly invited to take part in Max Planck
seminars where they themselves can best explain their
role and their activities to judges and public prosecutors and foster an understanding of their concerns.
Thus, in answer to the question of how help for
Afghanistan should best be implemented, it is not
just the obvious, mainly technical aspects that are
important, such as better coordination between aid
organizations. From the point of view of the Afghans
themselves, honesty and credibility are far more
significant. That also includes taking Islam seriously
as an inherently peaceful religion and civilization.
Those who involve themselves in the Islamic world
should not forget that, in the past two hundred years,
no Islamic state has ever attacked a Western country.
The majority of crimes against humanity that shape
our political awareness have been committed by socalled developed countries – a fact that is not forgotten, particularly in countries like Afghanistan.
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Robots – The Clever Things!
Ingeniously designed machines learn to move without receiving any instructions from control
programs. Similarly, robots, whose brains are developed by Ralf Der and Nihat Ay at the Max Planck
Institute for Mathematics in the Sciences, are learning about their bodies and their environment.

TEXT STEFAN ALBUS

Images: MPI for Mathematics in the Sciences

T

hat’s supposed to be a robot?”
Parents who show their science-fiction-loving children
an industrial robot for the
first time are probably quite
familiar with such questions. No wonder: these complex machines are not at
all reminiscent of the cinema hero
C3PO from the film Star Wars, or the
visions we may have of the domestic
robots of the future. What’s more, even
the very latest mechanical helpers
that neatly place little plastic caps on
trays in a factory are basically brainless.
If the tray feed snags, it will let all
the plastic objects entrusted to it fall
without reacting.
For researchers like Nihat Ay and
Ralf Der at the Max Planck Institute for
Mathematics in the Sciences in Leipzig,
there is a simple reason for this: “Robots today are still highly rule-based
systems,” says Ralf Der: they simply implement predefined programs. And we
attempt to predefine effective responses
on their behalf for every eventuality.
Ultimately, however, this approach
makes robots rigid and inflexible.
Highly developed machines can
now perform ballet on their own, climb
stairs, and even react to laughter and
language – but strictly in accordance

with the program. Consequently, they
inevitably fail at some point, as the
world is too complex to fit into any
rulebook: if you want to make a stairclimbing robot falter, all you have to
do is put a brick on one of the steps.
That is why, when it’s essential to get
everything right, for example on space
missions, engineers rely on remotecontrolled machines. Such difficult
missions would require robots that can
adapt deftly to their environment and
can solve problems autonomously.
This is precisely what is on the
minds of researchers like Nihat Ay and
Ralf Der. In Ralf Der’s words: “You can
train children by telling them exactly
what they should do. This is the rulebased approach. However, you can also
observe what they are best at and
foster this activity.”

BIOLOGICAL EVOLUTION AS A
MODEL FOR THE ROBOT SCHOOL
But how is a robot that, without its
control programs, is little more than
a pile of metal, supposed to display
behavior that is worth fostering? In the
opinion of Der and Ay, this is precisely
the misconception that has misguided
the advocates of so-called strong artificial

Gym exercises at the wall: A robot practices
movements it could use to climb over the wall
in one of Ralf Der’s simulations.

intelligence (AI) for years. Instead, in
his view, the solution lies in such concepts as self-organization and embodied
intelligence.
Researchers have been using selforganizing systems to train robots for
certain tasks for years. For around two
decades, they have been using the principles of biological evolution to develop robots that are extremely well suited to the execution of simple tasks
and whose movement is getting better
and better – on the computer, at least.
However, controlled evolution in the
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Young guys want to test their strength – the same applies to robots.
Without being instructed to go at each other, the figures end up
engaging in a wrestling match, driven by the desire to extend the range
of their movements. This curiosity is what distinguishes the brain that
Ralf Der and Nihat Ay programmed for them.
All videos can be viewed at http://robot.informatik.uni-leipzig.de/videos/

astonishingly naturalistic way without
the help of any motors and, above all,
without any nervous system. When
placed on a sloping path, one leg of the
frame falls forward and intercepts the
fall. This movement triggers the next
fall, which causes the other leg to move
forward, and so on. “The designers simply used the ‘intelligence’ inherent in
the design – its embodied intelligence,”
explains Der.
Of course, in the best case, the
passive walker comes to a standstill
when the slope ends. “But motors
could be added to the walker that
assume the function of the slope,” says
Der. In other words, to give the frame a

push at the right time, causing it to fall
forward. “There is often an inherent
cleverness in things that can be exploited,” says Der. Further progress could be
achieved in this area if the embodied
intelligence of sophisticated machines
were to be combined with modern
computer science to establish a kind of
embodied artificial intelligence, and
the entire thing were then spiced up
with a healthy dose of self-organization. This is precisely what Nihat Ay
and Ralf Der set out to do in Leipzig.
“The representatives of ‘strong AI’
actually thought for a long time that
there exists something akin to an intelligence that is detached from the body,”
says Ralf Der. “We now know, however,
that such intelligence only rarely exists
in a pure form.” Metaphors such as
“there must be a way out” show Der
that even the search for abstract ideas
is linked with ideas from the physical
world: “Intelligence developed in conjunction with the body. It is not possible to separate the two.”
On the screen of his notebook computer, Der shows machines whose
brains develop on their own and are
able to adapt to their own bodies. In
the video of a virtual but physically realistically simulated world, a cylinder
rolls across a surface, propelled by two
internal servomotors that drive two
massive spheres back and forth along

Is there enough information flowing?
Ralf Der and Nihat Ay analyze the signal flow
in a sensomotoric loop that determines the
behavior of their robots.
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direction of a simple predefined target
has always produced comparatively
simple beings: the testing of all possible mutants is too complicated. “Even
the most primitive of organisms can
still do more than the best robots,”
says Der.
The standpoint of the supporters of
rule-based AI was further undermined
by the development of machines like
the passive walker, which was presented
by a research group from the Cornell
University Human Power and Robotics
Lab in the 1990s. The passive walker
basically consists of a frame, welded
from a few pipes and joints, that can
stride down a sloping surface in an
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two axes. The cylinder initially rolls
slowly, then ever faster as it makes
more effective use of the weights. It
brakes suddenly to move in the opposite direction. “We did not predetermine any of this. The cylinder’s brain
itself is testing the possibilities its body
offers,” explains Der.
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JUST ONE NEURON PER MOTOR
The next video shows a robot in a pit
that is approximately the height of
a human being. It starts moving like a
drunken breakdancer, but with time,
the movements become more structured, more coordinated, and more
targeted. “The brain of this robot is
adapting to both its own body and its
environment,” says Der. At some point,
the figure actually manages to move in
a way that enables it to easily liberate
itself from the pit.
All of these models contain essentially the same brain: an arrangement
based on two very simple neural networks – a controller that operates the
motors and a network the researchers
refer to as a self-model. In principle,
each of the motors in each of the two
networks has only a single neuron assigned to it, yet thanks to Der’s subtle
algorithms, this simple configuration
generates astoundingly lifelike behavior. But the simulated robots are not
particularly clever. They learn everything they know about themselves and
their environment from their bodies’
own sensors. In the case of the robot in
the pit, for example, they report the
angle between the relevant limbs that
form its 16 joints – and nothing more.

The neural controller network receives
these sensor values and uses them to
calculate control signals for the motors.
The self-model is given the following task: “Consider which angles are
likely to be reported when the motors
execute these signals.” In simplified
terms, a superior task – the so-called
learning rule – states: “Ensure that the
discrepancy between your expectations
and the reported values is as small as
possible.” If, for example, the robot
tries to bend an arm back beyond the
elbow, the deviation between target
and current states is too large. If this
happens several times, the neural
network adapts – it learns that one
cannot bend the arm beyond an angle
of 180 degrees. If the robot repeatedly
strikes a wall as the result of a movement, it will eventually internalize this
experience.
However, its brain will forget this
again quickly, as 16 neurons can’t remember very much. Nevertheless, the
virtual cocoon is able to grow into its
body gradually and to obtain a very
rudimentary image of itself and its environment – and to behave accordingly.

A REVERSED ARROW OF TIME
GENERATES MOVEMENT
But this naive version has one problem.
At some point, even the most primitive
of these brains realizes that it is also fulfilling the learning rules when it does
nothing – when it does not move, the
discrepancy between the predicted and
current status is zero. Der stumbled on
the remedy to this depression through
his work as a physicist at the University

of Leipzig, where he was working on
the consequences arising from the
rigid direction of the arrow of time.
In neural networks, in contrast, the
arrow of time can be reversed. Thus,
with the self-model, a dynamic can be
modeled in reverse time. The controller then learns in a time-reversed world.
Of course, it learns that doing nothing
is the best solution in that world,
too, and it will also try to convert
movement to repose. However, “in the
real world, this will trigger the exact
opposite in temporal terms, so it will
generate movement from repose” – like
rewinding a film in which a rolling ball
comes to a standstill. In this way, the
robots remain in constant action – with
no further motivation as would be
required in a rule-based system.
In order to induce the robot to
perceive a time-reversed world, the
researchers allow its brain to gather
current sensor data. It should now
deliver a prognosis as to the values that
could have led to this state – so they
essentially allow it to look back instead
of forward. The network is thus prompted to believe the current measurement
values to be future events, and to derive
the previous values from them. As a
result, the time arrow is reversed. In
order to test the present model, the
prognosis must merely be compared
with the already available sensor
values. The model is then adapted to
the known learning rules as before.
Again, the self-model prevents robots that have been dispatched into the
future in this way from moving in a
completely hyperactive way. After all,
even if the interaction of the networks
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With time, the robots extend their option space and try out somersaults, headstands
and basic climbing movements – behavioral patterns that could hardly be programmed
with such elegance using rule-based processes.

and motors were ruled by an overly
chaotic zest for action, the sensor
reports would frequently no longer suit
the prognoses of this neural network.
Chaos is very far removed from the
ordered structures this model must
establish to be able to develop a prognosis in the first place. However,
between chaos and repose lies more or
less directed motion.
The new concept also ensures that
Der’s robots engage in increasingly
complex behaviors entirely without
prompting – even if the simpler movements are learned and nothing new is
added, this is equivalent to a neuronal
standstill. Thus, with time, the robots
extend their option space and try out
somersaults, headstands and basic
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sensomotoric loop – that is, from and
to the sensors and motors. In other
words, the brain constantly attempts to
behave as effectively as possible.

HIGH INFORMATION FLOW
AROUSES ROBOT CURIOSITY
The result is promising. Initial analyses
actually show that the learning rule
“Ensure the highest possible information flow in your sensomotoric loop”
prompts similar behavioral patterns in
the computer simulations to those
achieved by the reversed arrow of time.
Because the divergence between the
controller status and the self-model’s
prognosis is too great, the robots try to
move (increasing PI) without becoming
hyperactive. One could also say that
the robots become curious and try to describe their world as reliably as possible.
In order to see how these brains cope
in the real world, they must be given a
real body. Ralf Der has also long had a
chip in his desk drawer that merely
needs to be connected to sensors and
motors in order to “learn its way around”
them. “Robotics sets out to resolve
problems on many levels – from the soldering points to the software architecture,” says Michael Herrmann, a longtime colleague and cooperation partner
of Der, who recently moved from the
Max Planck Institute for Dynamics and
Self-Organization in Göttingen to the
University of Edinburgh, where he is
carrying out research on prosthetics
and biological movement control.
“In other sciences, you can suppress
the boundary areas of a four-dimensional reality. In robotics, we have to deal
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A handy brain: This circuit board with a
sensomotoric loop from the Leipzig robot
school waits in Ralf Der’s drawer for a
suitable body.

climbing movements – behavioral patterns that could hardly be programmed
with such elegance using rule-based
processes.
However, no equivalent has yet
been found in the animate world for
the trick with the reversed arrow of
time. Thus, any attempt to make the
programming of robots easier in terms
of natural models must adopt different
approaches. This is where Nihat Ay,
who is developing new methods for
embodied artificial intelligence with
Ralf Der, gets involved. “Nature always
wants to optimize energy and information flows,” says Ay. “A bird can catch
an insect in flight because it has optimum control over its muscles.” The
researchers wanted to derive a learning
rule for neural networks that will
prompt robots to develop behavior
patterns from this principle.
In order to implement this idea, Ay
and Der use a mathematical measure –
known as predictive information, or PI
– that describes how much information
from the past can be used to predict the
future. A steep PI slope represents a
high information flow. This value is
usually deduced using tedious algorithms from time series and is thus of no
use for robots that must learn quickly.
However, Ay and Der found a way
around this: they derive a PI estimated
value with the help of the neuronal
self-model, which already incorporates
a rough idea of the sensor responses to
be expected – so it describes the future
expected by the robot. Thanks to this
numerical value, the artificial brain can
actually try to numeralize, predict, and
optimize the information flow in the
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A ball is supposed to learn how to roll: This sphere robot was designed by Leipzig artist Julius Popp. Electric motors
push weights inside it to kick it off. Thanks to the brain developed by Ralf Der and Nihat Ay, it can inch its way forward
to increasingly complex movement patterns.
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with them,” says the scientist, who commands an outstanding knowledge of the
hardware dimension of robotics and is
now applying the described learning
rules in the field of neuro-prosthetics.
Robot designers often have to build their
machines with limited resources. “Live
nature, however, is also very successful
in finding ways to assist components
that are not optimal,” says Hermann.
Human beings are not really designed
for upright movement, for example.

Despite the unresolved problems that
remain, we already encounter robots in
everyday life. Vacuum cleaners that
move autonomously over dirty carpets,
for instance, and the first driverless cars
are battling their way across desert
trails in car model tests. We just need
to get away from the idea of humanoid
machines. Michael Herrmann does,
however, see the high energy needs of
such machines as problematic: “We will
not be able to afford this in the future.”

Formulas for information flow: Nihat Ay stands in front
of a blackboard showing the basic mathematical expressions
behind the new Leipzig learning process.
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Back to Der’s laptop. After several minutes, the walled-in robot has learned a
number of movements with which it
could easily liberate itself from its predicament, but does not do it. As soon
as it has a hand and a foot over the
wall, it apparently finds something else
in the box that is more interesting, and
soon forgets that there is a world outside the pit. It persists in its present. Is
this what autonomous, target-oriented
behavior looks like?
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A snake that dances without being charmed: The virtual reptile
coils up one minute and almost jumps out of the container the next.
It learns this movement by adapting to the wall of the container.

“It is still too early for that,” says Der.
“Right now, we are simply trying to get
robots to act autonomously with as
little effort as possible.” Ay and Der are
thus creating a kind of body feeling for
the robots as a start, advancing one of
the two dominant schools of thought
in the field of AI. The proponents of the
other paradigm are trying to train their
machines to complete tasks as well as
possible by rewarding the neural networks for a job well done. “In contrast,
we first want to see what our robots can
do, with a view to potentially making
use of these capacities later,” explains
Ralf Der. This approach is known as
task-independent learning.
To date, the link between the two
parts was missing: the guidance – a superior instance in the robot brain that
would evaluate, store and retrieve information when required. If Der’s virtual figure had guidance, it would actually be able to use its capacities at some
point to climb out of its pit – or, much
later perhaps, to reach earthquake victims as a real robot carrying medical aid
packages.
Self-organization is not enough for
this purpose; its productive powers
must be exploited by channeling them
gently in the desired directions. This

objective is being pursued by a number
of researchers across the globe; they recently presented a program for its realization at an international workshop
in Sydney and agreed on a corresponding cooperation structure (The First
International Workshop on Guided SelfOrganization, “GSO-2008”). They want
to provide the brains of robots with
long-term memory that would keep
potentially useful behavior in store and
intervene in events on a steering
basis. Georg Martius at the Max Planck
Institute for Dynamics and SelfOrganization in Göttingen had the first
groundbreaking insights in this regard.

ROBOTS WITH PERSONALITY
Ralf Der is currently also thinking about
so-called echo-state machines. These are,
effectively, conglomerates of two large
networks, one of which – interpreted
by a superior selection layer – is in a
position to provide intermediate storage for complex series of movements.
Nihat Ay and Ralf Der believe that
robots will become increasingly autonomous, willing to learn, flexible and
natural. These characteristics are essential for robots that are expected to climb
through tunnels, carry out experiments

on planets autonomously, and perhaps
even care for elderly and sick people.
Autonomous robots will not only solve
problems independently one day, they
will also have a kind of personality. “It
is entirely conceivable that we will be
able to recognize individual robots from
their gait – we can already see that the
history of its neural network determines how the robot moves during the
learning phase,” says Ralf Der.

GLOSSARY
Embodied intelligence
The capacity of a
structure to optimize
its movements on
a purely mechanical
basis.

Embodied artificial
intelligence
A modern research field that
combines the “intelligence”
of a structure with information
technology methods.

Controller
One of the two neural networks on
which embodied artificial intelligence
is based: receives signals via the
sensors and uses them to calculate
control signals for the robot.

Self-model
The other neural network:
predicts which values the
sensors measure when the
motors execute a control
order.

Learning rule
Minimizes the difference
between the predicted
values of the self-model and
the measured values of the
controller.
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Potatoes à la Genetic Carte
The infestation of crop plants by pathogens can have devastating consequences for world nutrition.
Christiane Gebhardt and her collaborators at the Max Planck Institute for Plant Breeding Research
are searching for genes in the potato genome that will make it easier to breed potatoes with
disease resistance and other quality traits.

Photo: Kai Weinsziehr
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lthough genetic engineering methods have scored
several successes in the area
of plant breeding, further
research efforts are required
to secure adequate food supply for the
world’s population: “In view of the increasing global population, it is essential that the production of crop plants
become even more effective,” explains
Maarten Koornneef, Director at the
Max Planck Institute for Plant Breeding
Research in Cologne.
More than 6.7 billion people currently live on planet Earth, with an average of five people being added every
second. To keep pace with this increase,
global food production must expand.
However, only around one fifth of the
Earth’s surface is available as potential
agricultural land. In fact, due to the expansion of residential settlements and
transport routes, the land available per
capita for food production has been
declining for years. It is thus crucial that
we increase crop yields per unit of area.

VISIONS FOR THE FUTURE
OF POTATO CULTIVATION
One future scenario on which scientists
are working could look like this: All attention at the plant-breeding company
SaKa Pflanzenzucht GbR in Windeby,
Schleswig-Holstein, is focused on Solanum tuberosum, the potato. The latest
success of variety breeding is called
“Sternstunde” (“sidereal hour”). Not
only does this new variety have a significantly higher nutrient content,
but it is also resistant to the potato’s
main threat, the fungus Phytophthora
infestans. Phytophthora causes the tu-

bers and above-ground parts of the
plant to rot, which is why it is also
known as foliage and tuber late blight.
Jens Lübeck, plant-breeding expert
at SaKa, examines the harvest reports:
the yield in 2020 was increased by 40
percent, and the use of pesticides significantly lowered. Whereas some 8 to 14
pesticide applications were still required
just a few years ago, only two were needed this year. Working in collaboration
with Christiane Gebhardt’s Max Planck
research team, Lübeck succeeded in
tracking down important genes for
resistance to foliage and tuber late
blight and in propagating potato plants
with these genes ... In reality, however,
research still has quite a way to go.
The potato is the world’s fourth
most important agricultural crop after
wheat, rice, and maize. Although it is
by no means a cure-all for the world’s
nutrition problems, potato cultivation
does contribute to the resolution of
food supply problems in many countries throughout the world that suffer
from widespread food shortages and
malnutrition. Approximately 325 million tons of potatoes of different varieties are currently harvested annually.
This is the result of centuries of selective breeding. The potatoes originally
cultivated by the native peoples of
South America were already highly
developed, adapted to a wide variety of
environments and different uses, and
far removed from the highly toxic wild
forms of the plant with tiny tubers.
The potato became the main food
source in Europe in the 19th century
because, in addition to the necessary
calories, it is also a source of trace elements, vitamins and high-quality pro-

tein. Potato diseases introduced from
America in the mid-19th century resulted in disastrous harvests. Millions
of people died of starvation, particularly in Ireland, where dependence on the
potato was very high. “Even today,
without the use of a wide range of fungicides, the harvest loss due to foliage
and tuber late blight can be as much as
100 percent,” says Jens Lübeck. In Germany alone, this represents an annual
cost to farmers of 88 million euros.
Moreover, the chemical pesticides used
to protect potatoes pollute the ground
water and soil and have a negative impact on biodiversity.

MENDEL REVOLUTIONIZES
PLANT BREEDING
Against this background, the successful
breeding of high-yielding and simultaneously late-blight-resistant potato varieties, like the above-mentioned imaginary “Sternstunde,” would represent
real progress. The traditional method of
plant breeding remains rather cumbersome, although it is no longer as drawnout as it was around 10,000 years ago,
when our ancestors started to settle and
cultivate wild plants. Over time, people
learned to separate tasty specimens
from bitter-tasting ones, and highyielding varieties from those that failed
to yield, and they discovered that the
further propagation of individuals with
good traits gave better harvest results.
“Scientific plant breeding and, as a
result, the increased yields achievable
in agriculture, were first revolutionized
by Mendel,” reports Christiane Gebhardt. When Johann Gregor Mendel
transferred the pollen of purple-flower-
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However, the offspring that display the
desired combination of their parents’
traits still have to be selected over several breeding cycles. In the case of selection for resistance, this can be done by
picking out the plants that have not
been affected by pathogens in the
greenhouse or the field – the trained
eye can identify infected plants based
on wilted foliage or dead parts. Other
characteristics, such as nutrient content, are not as easy to select. Therefore, it would be ideal if the predisposition of the plant could be read directly
from its genes – in other words, without the need for a detour via the phenotype. A large part of the time-consuming work involved in the selection
process would then be avoided.
Genes determine the characteristics
of a plant, such as whether it grows
quickly or slowly, whether it is tolerant
to drought periods or resistant to certain plant diseases, and which substances it contains. However, even after
30 years of plant genome research,
genetic diversity does not give up its
secrets readily. Of course, it has long
been known that the cards of heredity
are constantly reshuffled through the
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ing pea plants to the stigmas of whiteflowering pea plants in the gardens of
the Abbey of St. Thomas in Brno, his
experiments were focused on the external characteristics of the plants – the
phenotypes.
Mendel, who would later be known
as the father of genetics, knew nothing
about the molecular secrets of the nucleic acids, their structure and effect.
Nevertheless, he formulated the first
rules about the function of the true
masters of life, namely the genes, and
thus provided a new impetus for breeding: the properties of many different
plant individuals could finally be combined in a single offspring with the
help of systematic cross-breeding.
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novel combination of parental egg and
sperm cells, and that there are different
forms of all genes – the alleles.
However: “Potatoes have sex only
once in a lifetime,” says Lübeck. “After
that, reproduction takes place vegetatively through the tubers,” he explains.
With clones of this kind, there is no
new combination of the chromosomes.
Why, then, do tubers of one variety
contain a lot of starch while a sister
clone produces less? And why is one
clone more resistant to Phytophthora
than another?
Gebhardt explains this phenomenon as follows: “The small differences
between the individuals of one species
are point mutations.” The scientific
term for this is single nucleotide polymorphism (SNP). This involves individual random base substitutions that repeatedly arise when the DNA sequence
is replicated, even when the organism
reproduces asexually. “In the human
genome, around one in 1,000 bases are
changed; the corresponding figure for
the potato is around one in 50,” explains the researcher.

Photo: MPI for Plant Breeding Research (below), Frank Vinken (top)

MARKERS FOR THE SEARCH
FOR SUPERIOR GENES
Although most of these mutations have
no effect, some can trigger negative
consequences while others promote
positive characteristics. It is the search
for the latter that is keeping people
busy in Cologne. However, in view of
the one billion base pairs and approximately 30,000 genes that exist in the
potato genome, this is a very laborious search.
Gebhardt would like to generate the
basis for marker-assisted selection (MAS)
with the help of genetic analysis. MAS
requires the development of diagnostic
gene markers – artificially generated
snippets of DNA that visualize or
‘mark’ specific sections of the genome.
These DNA snippets are distributed
across the plant’s genome like landmarks. Usually they do not cause any

above

Potatoes reproduce vegetatively through tubers.

below

The principle of marker-assisted breeding: The gene for tuber skin color has two versions
(alleles); the tuber has red or white skin depending on the allele present. The numbers 1
and 0 symbolize a DNA marker that is linked to the gene for skin color: 1 stands for red
skin color and 0 for white skin color. The diagram shows how the skin color can be
predicted with a high degree of certainty with the help of the marker.
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left

Christiane Gebhardt, head of a research group in Maarten Koorneef ’s department at the
Max Planck Institute for Plant Breeding Research, examines the bands on a polyacrylamide gel.

right

The DNA isolated from a potato is multiplied using PCR (polymerase chain reaction)
and cut into smaller fragments using so-called restriction enzymes.

bottom
right

DNA samples from different potato varieties
are prepared for gel electrophoresis.

phenotypic effect. What matters is that
they are located near so-called quantitative trait loci (QTL) and can thus indicate the existence of certain genes.

Photos: Frank Vinken

PRECISION BREEDING
SAVES TIME AND MONEY
With the help of the artificial DNA
snippets, the plant genome can be
scanned for certain gene variants, the
presence or absence of which indicates
a characteristic of the living individual
examined. The purpose of the analysis
of the plant genome is to bring suitable crossing partners together and to
select the right offspring. The terms
“precision breeding” or “marker-assisted breeding” are also used to describe
this approach. The advantages of MAS
arise from the fact that, theoretically, it
is possible to establish at the seedling
stage whether or not a plant has the desired characteristic. Consequently, the
time-consuming process of field-based
selection is avoided, costs are reduced,
and the use of pesticides minimized –
in theory, at least.
Much to the delight of the ketchup
industry, this process can already be
used to breed tomatoes with a higher
sugar content, and a rice variety that is
less sensitive to flooding has also been
bred in this way. However, “more work
needs to be done to enable precision
breeding in the potato,” says Lübeck.
Potato genetics is far more complex.
While tomatoes and rice have only two
sets of chromosomes and one or two
variants (alleles) per gene, the potato
has four sets of chromosomes with as
many as four different alleles per gene.
Moreover, only in some cases are the
desired characteristics manifested by

one gene alone. “Over 50 genes can determine a resistance character that we
then describe as a quantitative trait,”
says Gebhardt. It would be fantastic to
know the ten most important of these.
The molecular biologist points to a
map of Germany that extends across
the wall in the hall of the institute. “We
are constructing new maps,” says Gebhardt. The Earth has already been fully
surveyed, and next up for surveying are
genomes. Schematic diagrams of the
twelve potato chromosomes, long rods
on which green or blue bars are indicated, hang in her office: these are QTLs
that have already been identified. They
indicate DNA regions that contain
genes for which, in previous studies, it
was possible to demonstrate a quantifiable influence on the expression of a
phenotypic characteristic.
Thin arrows and combinations of
letters and numbers in various colors
surround the schematic chromosomes.
For example, GPA5 is shown in red, R1
in green and GP179 in black. “The black
labels indicate DNA markers without
any particular biological significance,”
explains Gebhardt. However, they are
still part of the basic framework of the
genetic map – like the lines of latitude
and longitude on a world map.

GENETIC MAPS FOR AN
EXPEDITION IN THE GENOME
It is possible to create a genetic map for
each potato chromosome. The markers
are lined up in a row like pearls on a
string, and the traits must be localized
between them. For example, gene locations that play a role in resistance to
nematodes are shown in red, and those
involved in resistance to fungi, in green.
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above: The scientists have already identified
various areas on the twelve potato chromosomes
that, for example, play a role in resistance to
certain pathogens.

In order to be able to establish a link
between such genetic maps and plants
in the field, the Cologne-based research
group receives sample material from
plant breeding companies, such as SaKa
Pflanzenzucht GbR in Windeby.
An experimental population comprising an average of 200 individuals
is planted there in the field in spring.
The researchers cut a fresh leaf from
each of the numbered plants for DNA
isolation. The plants are then further
monitored to see whether infection
with diseases such as Phytophthora
arises. Otherwise, artificial infection is
provided to enable an assessment of the
phenotypic effects of the pathogen on
each individual plant over a few weeks.
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The subsequent grading of the plants is
based on a scale of one to nine. Quantitative characters must be recorded in
several intermediate stages – phenotypic characters are rarely as purebred
or monogenic as the flower color in
Mendel’s pea plants. The lowest grade
is 1, which indicates that the corresponding plant is highly vulnerable to
Phytophthora.
The freeze-dried leaves travel 532
kilometers through Germany and are
processed in the laboratory in Cologne. Sections of the isolated DNA are
multiplied using the PCR method
(polymerase chain reaction), a kind of
biochemical photocopying process.
Restriction enzymes are then used to
cut the DNA at specific short nucleotide sequences – or not, if an SNP, a single base substitution, is present in this
recognition sequence. This causes certain DNA fragments in this individual
to become longer. In the gel electrophoresis that follows, longer fragments – driven by the electric field –
migrate more slowly than the shorter
ones. Considering a marker for resistance, for example, a DNA fragment
that is unfavorable for resistance moves
faster than a favorable one.

Photos: Frank Vinken (center), MPI for Plant Breeding Research (top)

left: Researchers check on the computer the
varying distances that DNA fragments have
migrated during gel electrophoresis.
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Whether a marker is favorable or not
can be established only through comparison with the breeders’ documentation
on the corresponding test plants. The
breeders examine the quality of the test
plants and their tubers. Such phenotypic tests must be carried out frequently, in different places at different times,
and over several years. This is because
the effect of genes can be defined only
in reaction to a specific environment.

FINANCIAL INPUT FOR MORE
COOPERATION
The evaluation of the genotype and
phenotype is accompanied by statistical calculations that allow a link to be
established between phenotypic characters and DNA sections. Thousands of
bands are thus tested by association
analysis to determine whether they
correlate with certain characters. In
successful cases, the plants whose laboratory analyses withstand the phenotypic and statistical comparisons will
be propagated. It is then a matter of
waiting to see whether the expectations are fulfilled.
“Breeding is a really slow process,”
says Lübeck. A breeding cycle for just one
potato variety takes around ten years to
complete. MAS could accelerate this
process. Whereas few diagnostic markers were previously known that could be
used to identify monogenic characters,
the German genome research program
GABI (Genome Analysis in the Biological System of Plants) has been
providing strong support in this field
over the past eight years. The projects

funded by the Federal Ministry of Education and Research (BMBF) facilitate
cooperation between research centers,
such as the Cologne-based Max Planck
Institute, and plant breeding companies, and have thus resulted in the identification of the first diagnostic markers
for polygenic characters of the potato.
“One of the biggest successes for the
economically relevant breeding programs thus far is a molecular marker
that diagnoses resistance to the nematode Globodera pallida,” says Lübeck.
The cysts of this threadworm can
survive in the soil for up to 20 years. If
potatoes are planted in an infected
area, the larvae penetrate the roots, rob
them of their nutrients, and cause the
plant to starve.

INITIAL SUCCESSES IN THE FIGHT
AGAINST PREDATORS

GLOSSARY
Phenotype/phenotypic expression
Externally recognizable characteristic of
an organism that is influenced by genes
and environment.
Genotype
The individual set of genes an organism
possesses.
Marker
Generally: a biochemical tool for
identifying certain characters;
here, specifically: a DNA fragment that
corresponds to a known and precisely
localized sequence in the genome and
thus helps in the search for genes.
MAS
Abbreviation for marker-assisted
selection: the search for breeding-relevant
characters with the help of gene markers.
Quantitative trait locus mapping
A method for finding the locations of
genes that influence a character.

Other successes can also be reported in
the fight against the potato’s numerous
enemies: “We have now discovered a
first gene for field resistance to foliage
and tuber late blight,” explains Gebhardt. The gene is named StAOS2 (Solanum tuberosum allene oxide synthase 2).
The scientist speculates that the potato
genome will be fully decoded in approximately five years’ time. This will
be a huge help in the search for other
genes. Jens Lübeck assumes that other
markers for resistance genes will also
be found soon. He is optimistic when
he looks at the genetic map in Christiane Gebhardt’s office. “Potatoes à la
genetic carte” could thus be a real prospect in the not-too-distant future.
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Materials from the Cell Factory
Nature is a laboratory for particularly intelligent materials. This is what motivates Joachim Spatz,
Director at the Max Planck Institute for Metals Research, to pursue his forward-looking vision of
using living cells or their molecular components as a means of making innovative materials.
Along the way, he anticipates new discoveries about the behavior of cells in tissues.

Photo: SPL – Agentur Focus
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T

he rat-tissue cell on the screen
searches around frantically
for good areas to rest with
tiny, fringe-like protrusions,
morphs into angular shapes,
and does not seem to be comfortable
anywhere. The video recording compresses three hours of microscopic
images into ten seconds, heightening
the micro-drama even further. “Yes,
this cell is very unhappy with its
environment,” confirms Joachim Spatz,
Director at the Max Planck Institute for
Metals Research in Stuttgart: “After
about 24 hours, these cells even activate their suicide program and die.”
The rat cell’s behavior is completely different in a second video recording.
Calm, round in shape and visibly happy, it grows like a fried egg spreading
out in a skillet. “It even begins to form
tissue – in other words, it manufactures
material,” explains the biophysicist and
materials scientist. That is, in fact, the
biological role of this type of cell. The
embryonic fibroblasts form connective
tissue while the fetus grows. But the
cells do this only when external stimuli tell them they are in the right place
to do so.
The reason behind the two cells’
very different behaviors is too small to
be seen through the optical microscope
in the videos. The cells sit on a kind of
nanocarpet that knots together tiny
gold particles into a very fine, regular
pattern. A layer of peptides – short
chains of amino acids – covers the gold
particles and turns them into biocompatible contacts for the cells.
The coated gold nanoparticles act
like tiny chemical hands: each hand
can grasp a certain receptor in the cell
membrane. Receptors are large proteins
and form the “sensors” for the cells,
transmitting information to them. The
gold particles affect how adjacent receptors interact during the transmission of information and thus influence
their vital functions. By varying the

pattern on the nanocarpet, the Stuttgart-based scientists drastically change
the behavior of the cells.
Exactly the same thing happens in
living tissue – in principle. However,
the factors that are especially important
in this process are still largely unknown.
At the institute in Stuttgart, the scientists want to help solve this mystery
with their artificial contacts. Amazingly, the invisible nanocarpets in the
two video recordings differ in just a single characteristic: the distance between
the gold dots. Whereas 58 nanometers
(millionths of a millimeter) make the
rat-tissue cells grow happily, 73 nanometers cause them to perish. Just why
the cells react so sensitively is what
Joachim Spatz and his team want to
find out.
Living tissues possess a wealth of
properties that materials scientists find
fascinating – for instance, their ability
to heal injuries. “With the human
body, biology created a prototype that
can do much more, from a materials
science perspective, than we can currently achieve in our synthetic world,”
explains the biophysicist. It is thus one
of his dreams to employ living cells to
create new, “biohybrid” materials. Such
materials may be capable of regeneration. Today, research into these kinds
of self-healing materials is dominated
by fairly non-biological strategies, such
as synthetic materials containing liquid
adhesive components for cementing
microcracks.

ANTI-REFLECTION COATING LIKE
A MOTH’S EYE
Yet living organisms are much smarter
when they have to repair injuries or
need to adapt autonomously to stress.
With their complex, extremely variable
genetic programs, they are able to react
much more flexibly to their environment than dead matter can. If it were
to become possible to exploit this spe-

Stressed or feeling fine – the difference is a
mere 15 nanometers for these cells: If the gold
dots (too small to see) on the substrate are
73 nanometers apart, the cell feels around
frantically (top).
On a substrate where the distance between
gold dots is 58 nanometers, the cell feels
comfortable and grows happily (bottom).

cial biological quality to develop materials, such materials could be equipped
with a completely new set of properties.
Spatz sketches out his future dream
of using synthetic moth-eye structures.
His team came up with this invention
together with Robert Brunner from Carl
Zeiss AG in Jena. One of the things that
enable moths to see in the dark is a
clever anti-reflection coating. On the
surfaces of their multi-faceted eyes, tiny
protuberances are lined up side by side
like pillars. When the light hits them,
they transmit the electromagnetic
waves almost without loss from the
optically thin air to the optically denser
chitin of the lenses. On a completely
smooth surface, however, such as
window glass, the light comes up
against an abrupt change in the
material’s properties. As a result, it is
partially reflected, with about 4 percent
of the light being lost in the case of
window panes. Moths’ eyes, on the
other hand, collect almost all of the
light that hits them.
The scientists in Stuttgart are experts at making these kinds of nanostructures. They developed a method
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1

2

The scientists in Stuttgart use tiny plates with a gold structure as their sensors, here decorated with
a layer of miniscule plastic beads.

2

A clean catch: Lisa Maus, doctoral student in Joachim Spatz’s department, purifies gold nanoparticles.

3

Discussing how to realize their ambitious concept: Joachim Spatz (right) and Ralf Kemkemer, head
of the Central Scientific Facility for Biomaterials (ZWE Biomaterials).

that creates artificial nanopillars on
glass surfaces. These surfaces work like
moths’ eyes and are more efficient than
the established anti-reflection coatings
on glasses, lenses and monitors. From
a technical perspective, the synthetic
structure of the material is in many
ways superior to a real moth’s eye.
“Glass can withstand higher temperatures, for example,” says Spatz. But as
soon as the finely structured surface is
damaged, the glass cannot repair itself.
This is where bionics or biomimetics –
that is, mimicking nature’s tricks
through technology – reaches its limits.
Hence, Joachim Spatz’s dream for the
future goes much further than this. The
question he wants to answer is: “Can
we make living cells deposit these kinds
of structures onto synthetic surfaces
such as glass, and even repair specific
damage there?”
This bold vision is one of the central themes in this biophysicist’s research work: “It’s all about integrating
biological functions into synthetic
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materials.” The conceivable areas in
which this concept could be applied are
incredibly diverse. They range from
synthetic yet biologically compatible
“spare parts” for the body in a medical
setting to biominerals that are as hard
as tooth enamel or as tough as bones,
and even to brand new magnetic materials. It may also be possible to make
regenerative batteries that generate electricity with the help of microorganisms
and a nutrient solution, without ever
running out of power. What all applications have in common is their origin:
scientists plan to make them in the
biofactories of real, living cells. From
magnetobacteria to mammalian cells,
the researchers have a truly infinite
choice of nature’s potential materialmakers at their fingertips.
If you want to make cells work for
you, you have to be able to communicate with them. That’s the challenge.
However, the language that tissue cells
use to keep in touch with their environment is still largely indecipherable, so

the scientists in Stuttgart are concentrating on trying to decipher it. Cells communicate with their immediate environment through many subtle contacts,
which they can actively switch on and
off. In highly developed multicellular
organisms like mammals, the environment we’re talking about here consists
of a complex network of stabilizing
fibers in a basic aqueous substance. The
latter contains all of the messenger substances necessary for life, such as hormones and molecular energy suppliers.
Biologists call this protective zone
around the cells the extracellular matrix.
Researchers claim, with a bit of a
wink, that there are four different scientific dialects in which to speak to
cells: biochemical, electrical, mechanical and structural. Of course, the importance of biochemistry has long been
apparent to researchers. After all, every
vital function in a cell is based on biochemical processes. The effect of electrical stimuli has also been the subject
of investigations for quite some time.

Photos: Tom Pingel
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The Stuttgart-based scientists trigger different genetic programs
in the rat-tissue cells by varying the distances between the gold nanoparticles.

However, the cells’ enormous sensitivity to the subtlest of mechanical and
structural stimuli on the nanometer
scale is something scientists discovered
only recently. And the interdisciplinary
team of biologists, chemists and physicists brought together by Joachim
Spatz at the Max Planck Institute for
Metals Research made a key contribution to this discovery. That’s how the
two video recordings with the relaxed
and the stressed rat cell came about.

Photo: MPI for Metals Research

A MOLECULAR LADDER
FOR A MOTOR PROTEIN
If cells are to move, they require components that act like muscles. The cell’s
skeleton (the cytoskeleton) takes on
this function. Like our own muscles, it
contains relatively stiff, strong fibers
made of the protein actin. These fibers
serve as a molecular ladder for a socalled motor protein, a myosin, to
climb. Depending on the direction in
which it climbs, the myosin-actin
motor pulls an area of the cell together
in a certain direction, or stretches it. It
is precisely this molecular mechanism
that enables our muscle cells to contract
particularly strongly (see MAXPLANCKRESEARCH 4/2004, p. 20 ff.).
The cytoskeleton becomes active as
soon as the cell pushes out parts of its
membrane to search the environment
for suitable contact points, as in
the video recording. In an electron
microscopic image with a resolution in
the nanometer scale, Joachim Spatz
shows what the cell does on the
synthetic surfaces made by the Stuttgart-based research group. It puts out
tiny little feet, known as filopodia, that
reach down to the peptide-coated gold
nanoparticles.
If the cell likes its synthetic environment, it acts almost as it would if it
were in its natural environment, the ex-

tracellular matrix. It begins with the job
it performs in the living organism, producing the building blocks for tissue,
for example. But if the environment
does not suit it, then it initiates its
suicide program. In our body, programmed cell death, known as apoptosis,
prevents such things as uncontrolled
tissue growth.
The scientists from Stuttgart activate different genetic programs in the
rat-tissue cells by changing the distances between the gold nanoparticles.
The act of switching between 58 and 73
nanometers apparently sets a mechanism in motion that also occurs in the
natural environment of the extracellular matrix. Scientists believe this is
caused by the collagen fibers that run
through the connective tissue and lend
it stability. This framework of fibers is
made up of sections that are 67 nanometers long. “That’s almost exactly the
same as what we’re doing,” says Spatz.
However, they have as yet been unable
to furnish conclusive proof that it really is the 67-nanometer-long structure
of the collagen fibers that causes a cell
to exchange signals with the extracellular matrix. “It’s very difficult to
prove in the living environment,” explains Spatz, “because it’s so complex.”
The Stuttgart-based scientists’ synthetic pattern structure, on the other
hand, has considerably more transparent properties. It could help them find
an answer to this question. But to
Spatz, even more important is the fact
that the structure apparently holds the
key to communicating with the cells –
what you might call cell whispering
through nanocontacts. “If we offer a
cell a certain material property in a very
precise manner, the cell reads it, processes it and responds to it,” says Spatz,
“and always in exactly the same way.”
We are still in the very early days of
programming cells in a targeted manner

A network of actin fibers (red) stretches
between the green fluorescent contact
points in this cell. The detail (bottom right)
shows a magnified view of some of the
actin fibers and their contact points.

to be harnessed for materials science.
That gives scientists working in basic
research the freedom – and indeed the
duty – to do a great deal of playing
around – intelligently, of course!
The Stuttgart scientists systematically
vary the patterns, as well as other
conditions, and observe how the cells
react. To speed things up substantially,
they test several variants in parallel on
biochips in a process known as highthroughput screening.
The scientists from Stuttgart may
have already identified the first words
in the programming language for living
cells. For example, in their experiments
with certain tissue cells, fibroblasts,
they discovered that they were, in fact,
able to switch their protein-making
factory between two production modes
by varying the contact distance. In a
58-nanometer gold pattern, the cells
produce a different kind of tissue adhesive from the extensive family of fibronectin proteins compared with what
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they produce when the distance between contacts is 73 nanometers. “So
we really can tell the cell to make this
fibronectin or the other one,” says
Spatz, clearly thrilled with the discovery.
This is a promising start. “In the
foreseeable future, perhaps in the next
ten years, scientists will be able to
make cells deposit certain structures on
surfaces,” declares Spatz, looking to the
future, “I really do believe that.”

WHAT CHANGES IN DISTANCE
CAN A CELL FEEL?
It’s partly because the Stuttgart-based
researchers are such experts at making
nanostructured surfaces that these are
their most important tools. “We can
manipulate surfaces in almost any way
we want,” confirms Spatz: “That forms
the platform for many of our experiments.” And so it was a fairly obvious
step to send the cells off along a track
studded with gold contacts at distances
that change in miniscule nanometer
steps. Just how minute a change can
the single-celled organisms still feel?
It’s like the princess and the pea.
And so the scientists made surfaces
with different subtle pattern variations
and placed the cells on top. The smallest
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variation in contact distance measured
a mere 15 millionths of a millimeter
within the space of a single millimeter.
Even here, the cells could still feel
where they had to go to find a more
accommodating pattern distance. “This
represents a change of just one nanometer from one end of the cell to the
other,” explains Spatz, visibly fascinated: “Thus, in comparison, the cells are
much more sensitive than even such
highly sensitive measuring instruments
as an atomic force microscope.”
The scientists now want to describe
– in newly developed theoretical models – how the cells are able to sense
changes in their substrate with such an
enormous degree of sensitivity. Spatz
suspects that, once again, the cytoskeleton is involved. When a cell forms
contacts using its filopodia, a network
of actin fibers radiates out through the
entire cell from these contacts. What
the cell does next is a bit like climbers
testing whether the next handhold can
take their weight: they give it a careful
pull. “The cell is constantly tugging at
the actin filaments with its molecular
motors,” postulates Spatz. In doing so,
the cell braces all of the contacts against
each other and tests their mechanical
stability. The imbalance of forces is

what enables the cell to feel, to an
extremely high degree of sensitivity,
the direction in which the contacts are
positioned more or less densely.
Playing this game of contacts is
what led the Stuttgart scientists to a
spectacular discovery. Cells taken from
older people react to mechanical stress
differently than cells from younger
people. The discovery was made by Ralf
Kemkemer, a member of Spatz’s team,
when he subjected human skin cells to
different kinds of mechanical stress.
Some of the cells were from donors
who were younger than 30, and the rest
were from people over the age of 50. It’s
important to note here that the cells
themselves did not differ in age. New
cells are constantly being formed in our
bodies through the process of cell division, and older cells die off.
In some of the stress tests, Kemkemer places the cells on a kind of
rubber cloth. As the experiment
progresses, the cloth is permanently
being pulled in a certain direction and
then relaxed. The frequency of this
change can be increased or decreased.
At slower frequencies, the cells are still
able to respond actively: they take up
the fight and turn in the direction of
the stress. In the human body, this is

Image/illustration: MPI for Metals Research

Cell scaffolding without a cell: The Stuttgartbased scientists have stretched actin fibers from
a chicken heart cell across flexible micro-pillars
(left in an image from a microscope, right in
diagram form). If the motor protein myosin
sticks to the fibers, the scaffolding contracts.

FOCUS_Expedition Future

Dipping in the service of science: A glass plate is dipped in a solution (left) and Maria Sycha,
institute technician, checks whether the glass plate is centered in the beaker.

Photos: Tom Pingel

what cells do in an attempt to strengthen tissue against mechanical stress.
However, if the frequency of periodic
stretching drives the stress rhythm so
high that the complex molecular ballet
within the cell can no longer keep up,
the cells prefer to avoid the stress. They
position themselves perpendicular to
the direction of stretching.
The Stuttgart-based scientists observed that the cells from older donors
avoid the stress at much lower frequencies than cells from younger donors.
Other stress tests where the cells had to
orient themselves on a nanogrooved
substrate also strongly confirm this
behavior. Between the ages of about
30 and 50, human cells lose some
of their “mechanosensitive” ability to
adapt to stress.
Joachim Spatz was particularly
astounded by this aging effect. “You
can see it in your skin every morning
when you look in the mirror,” says

Spatz with a smile. But the effect does
not depend on the donor, as the scientists have discovered. “It seems there
are genes in the cells that have some
effect on this,” says the biophysicist:
“And it’s these genes we want to
identify with our experiments.” At any
rate, the scientists in Stuttgart could
even use their cell stress tests to test
the effectiveness of today’s anti-aging
creams, as Spatz points out.
Also interesting are the chicken
heart cells in another video recording:
this time, they sit on elastic micro-pillars, happily pulsating away. The pillars
beneath the cells sway in sync. Spatz
and his team succeeded in cutting the
network of actin fibers out of the cells
and stretching it loosely across one of
these pillar structures.
“If we now add myosin motors and
the energy supplier adenosine triphosphate, the fibers actually contract,”
reports Spatz. However, the pulsating is

missing. That’s why the scientists want
to embed the fibers in a vesicle. A vesicle is a little bubble with a closed membrane, which replicates real cells – a
“synthetic” cell, in other words. The
third component these cells need are
certain receptor molecules in the
membrane, and then they should be
able to pulsate. This dramatically simplified model system of a heart cell fits
perfectly into Joachim Spatz’s research
strategy. “We want to understand how
biological systems work,” he says in
closing, “and then mimic it, sort of half
biologically, half synthetically.”

GLOSSARY
Extracellular matrix
The cell environment, made up of
stabilizing fibers; it contains
nutrient and messenger substances.

Actin fibers
Strings of proteins that make up the
cytoskeleton; they form the “scaffolding”
for the locomotor system within the cell.

Myosin
A motor protein that
moves across the actin
fibers.

Filopodia
Projections used by a cell
to search for contact with its
environment.
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Experience shows that relearning is usually easier than
learning something for the first time. Scientists at the
Max Planck Institute for Neurobiology have shown that
this subtle difference originates in the wiring in the
brain. They looked at the nerve cells that process visual
information in mice. If these cells stop receiving signals
from the eye to which they are connected, they form new
links and process information from the other eye. If the
inactive eye starts to function again, the new links are
not disconnected – only the synapses are deactivated.
This allows the cells to adapt to changes should the eye
become inactive again: the original contacts are then
simply reactivated. As an experience that has been used
once might be used again, the brain seems to keep extensions “in stock.”
(Nature, November 12, 2008)

From left: Adrian Briggs, Johannes Krause, Svante Pääbo
and Richard E. Green decoded the Neanderthal genome.

The Genetic Secrets
of Old Bones
He is our closest relative, and became extinct about 30,000
years ago: Neanderthal man. For more than a century, paleontologists and anthropologists have been trying to clarify
the evolutionary relationship between Neanderthals and
modern humans.
Back in July 2006, Svante Pääbo, Director at the Max
Planck Institute for Evolutionary Anthropology, began an
ambitious project to sequence the entire Neanderthal genome. Two and a half years later – exactly on Darwin’s 200th
birthday on February 12, 2009 – Pääbo and his colleagues
presented a first draft of the Neanderthal genome to the
public. Using specially developed methods, the scientists
actually succeeded in sequencing more than a billion DNA
fragments. And it took them less than half a gram of fossil
bone to do so. In total, the fragments represent more than
60 percent of the genome.
“These sequences can now be compared with the genomes of humans and chimpanzees that have already been
sequenced, so we can tell how the genome of the extinct
Neanderthals varies from that of modern man,” explained
molecular biologist Prof. Pääbo. The researchers hope to find
an answer to one of the most exciting questions in human
history: Just what genetic changes prompted the development of modern man and caused our species to spread out
from Africa across the entire world some 100,000 years ago?
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Researchers in the same department were able to observe
the synapses being broken down in time-lapse imaging
with a high-resolution two-photon microscope. To do
this, they marked the transmitter nerve cells with a red
fluorescent dye and marked the receptor cells with which
they were connected with a green fluorescent dye. These
experiments showed that not only the receiving part (the
spine), but also the transmitting part (the bouton) of the
synapse was actively broken down when the contact
point was no longer needed. Using the microscope, the
scientists witnessed for the first time the “separation” of
the link between the bouton and the spine, showing that
the breakdown of the spine does indeed result in the loss
of the synapse.
(Neuron, November 26, 2008)

Nerve cells in the
brain communicate
effectively only
when the tiny nodular
transmitters (red)
and the corresponding
receivers (green)
come together in the
correct proportions.

Photos: MPI for Neurobiology – Nägerl (below), MPI for Evolutionary Anthropology (top)

Learning and
Forgetting
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The Ship-in-a-Bottle Microchip
chip
Remote controlled with a magnetic field, aggregates composed
of plastic particles on a microchip act as stirrers or pumps.
It would be cheaper to analyze blood samples or DNA on a microchip than in a
traditional laboratory. A team of researchers that included scientists from the Max
Planck Institute for Metals Research constructed valves, a pump and a stirrer for a
laboratory on a microchip. To do this, they used a trick similar to that used to build
a ship in a bottle. In the same way that model makers postpone erecting the masts
and the rigging until the vessel is in the bottle, the scientists do not put thee devices together until they are in the tiny appliance. Working with researchers from
the University of Stuttgart and the Colorado School of Mines, they introduced
uced
magnetizable colloid particles – tiny plastic spheres – into the spaces on the chip.
Then they used a magnetic field to construct diamond shapes or cog wheels from
the particles and start them moving. In order to force the spheres to come together into the machine component the scientists want to create, the geometry
of the spaces must be chosen very carefully.
Analysis on microchips requires only very small samples, which would reduce
costs. Furthermore, it would be possible for doctors to carry out investigations
at the scene of an accident, because devices with this microtechnology could
easily be accommodated on board emergency vehicles. (PNAS, December 5, 2008)

Graphic: Designergold (below), Sabri Rahmouni – University of Stuttgart (top)

A Silent Gene
Fattens Flies
To find out the function of a gene, or
rather of the protein that it produces,
biologists switch it off. This is how researchers at the Max Planck Institute
for Biophysical Chemistry and the National Institutes of Health in Bethesda, USA discovered a protein complex
in the fruit fly, Drosophila, that plays a
key role in regulating the metabolism
of fat. This complex, which is made up
of at least seven sub-units, appears to
act on the surface of fat-storing lipid
droplets, where it controls a kind of
gate function with other proteins. If
the complex is missing because the
gene has been switched off, the flies
do not break down the fat in the lipid
droplet. Because the same protein
complex also exists in mice and clearly has a similar effect, it is hoped that
it will also be shown to exist in human
cells, thus providing a new approach
for the treatment of obesity.
(PLOS Biology, November 25, 2008)

Pumps team up and work together:
In a magnetic field, the microspheres
(orange) form diamond-shaped valves
and a cog wheel. With skillful manipulation of a magnetic field, the wheel
rolls through the cavity and coacts
with the valves to create a pump.

A Water-Splitter in a Double Role
While great hopes are pinned on hydrogen, it also presents some problems. It is energy-rich, clean and, in
the form of water, of almost unlimited supply. To date, however, it has
proved difficult to extract it.
Scientists at the Max Planck Institute of Colloids and Interfaces have
now found a simple, low-cost way
to produce hydrogen. They irradiate
water with sunlight and use one of the
oldest artificial polymers as a cheap
photocatalyst – a very stable carbon
nitride that was first manufactured by
Justus Liebig as early as 1834. Previously, inorganic semiconductors and
expensive precious metals such as
platinum were required to produce
hydrogen from water using light. The
semiconductor acts as an antenna for
the light, and the precious metal as a
catalyst.

The carbon nitride now performs both
functions at the same time, proving
that the process works in principle
with an organic catalyst – although up
to now, this has been significantly less
efficient than the traditional method.
In a slightly altered experiment, the
carbon nitride also extracts hydrogen
from water when it is irradiated with
sunlight. The Max Planck researchers
are now trying to combine the two reactions, imitating photosynthesis in
plants. (Nature Materials, January 2009)

Plants use the energy in sunlight to
synthesize sugar. Max Planck researchers
hope to copy this process using the netlike structure of carbon nitride.
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At the Source of
the Universe
An international team of researchers discovered water at
a distance of more than 11 billion light years. This means
that there was already enough water in the universe
when it was just 2.5 billion years old to be evident today.
It also means that stars were already producing oxygen
in abundance at that time. The team, which included several researchers from the Max Planck Institute for Radio
Astronomy, found the water in a quasar, a black hole at
the center of a swirling disk of gas and dust.
The success of this discovery was brought about by a
very ingenious piece of astronomical observation. From
the vantage point of the Earth, the quasar is hidden by
a galaxy. However, far from making the observations
more difficult for the researchers, it was this galaxy that
enabled them to see the quasar, as it acted as a gravitational lens and made the light of the quasar significantly brighter. Without this effect, the astronomers would
have had to collect light for 580 days to show that the
water existed. As it was, 14 hours were sufficient, but
only because the light characteristic for water molecules
originated from a maser. This acts like an optical laser in
the microwave range and radiates a particularly intense
and bundled light. Finding a maser of this kind in the
early universe was another surprise for the scientists.
(Nature, December 18, 2008)
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Water
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Max Planck researchers used the
radio telescope in Effelsberg to show
that there is water in a quasar called
MG J0414+0534. A galaxy in the
foreground split the light into four
parts and amplified it.
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In the over-fertilized coastal regions of the oceans,
certain sea-living bacteria can produce hydrogen sulfide –
a compound that not only smells unpleasantly of rotten
eggs, but is also extremely toxic. Even at relatively low
concentrations, it can cause higher organisms to stop
breathing, and inflict considerable damage on coastal
fisheries by killing fish, crabs and lobsters.
An international team of researchers including scientists from the Max Planck Institute for Marine Microbiology in Bremen discovered adversaries of the bacteria that
produce this deadly hydrogen sulfide. The adversaries are
also bacteria, so-called nitrate respirers, which fuel their
energy metabolism with nitrate rather than oxygen. Using
this nitrate, the bacteria process the hydrogen sulfide as
“food” and convert it to harmless elemental sulfur.
(Nature, January 29, 2009)

A satellite image showing the toxic slick: Bacteria convert toxic
hydrogen sulfide to harmless sulfur, which colors the sea turquoise.
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Photo: Jacques Descloitres, MODIS Rapid Response Team, NASA/GSFC;
Top: HST Archive data; graphic: Milde Science Communication; inset: CFHT & Coelum

Bacteria Detoxify Seawater
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Proteins Instead of Antibiotics
Some viruses render bacteria harmless with special proteins, thus offering
an alternative to antibiotics that have become ineffective. Max Planck scientists
have used a genetically modified tobacco plant to produce large quantities
of a protein of this nature.
Pathogens also attack each other: certain viruses, called bacteriophages,
force their way into bacteria, where
they reproduce and then dissolve the
cell walls. The proteins they use to
break through the bacteria walls are
called lysines and could be used as a
way to combat pathogenic bacteria in
the future, because many bacteria have
since become resistant to traditional
antibiotics.
Scientists working with Ralph Bock,
Director at the Max Planck Institute for
Molecular Plant Physiology in Potsdam, have genetically programmed tobacco plants to produce a special form
of lysine. The protein targets some
strains of the Streptococcus genus of
bacteria that can cause a number of serious illnesses. “Tests on bacterial cultures have shown that lysine is very
effective,” says Melanie Oey, who
played a major role in the studies. Attempts to use bacteriophages against

bacteria date back to as early as the beginning of the last century. Manufacturing an antibacterial virus protein in
plants, however, is a new and promising
approach, not least because it is a lowcost production method.
The researchers spliced the genetic
construction manual for the proteins
into the chloroplasts in which photosynthesis takes place. These cell organelles are particularly suitable production sites for proteins, as they possess
their own genetic information and they
occur in large numbers in the plant
cells. The genetic information is translated much more frequently there than
in the cell nucleus, of which there is
only one per cell. This might be one
reason why the lysine makes up as
much as 70 percent of the total plant
protein according to the experiments.
However, the fact that the plant’s enzymes hardly break down the protein is
presumably also a contributing factor.

Bioreactor:
Tobacco plants
are well suited
for producing
proteins.

Using chloroplasts for antibiotic production could also prevent the genes from
distributing themselves in an uncontrolled manner, because their genetic
information is not contained in the pollen. The biologists in Potsdam used a
sophisticated method to insert the genes
into the chloroplasts. They attached the
genes to microscopically small gold
spheres and used a cannon to shoot the
loaded spheres into the chloroplasts.
(Plant Journal; online on October 27, 2008)

Photos: Felix Brandl (below), MPI for Molecular Plant Physiology (top)

The Trouble with
Puny Males
Usually, the energy that female birds expend on attempting
to raise a brood is directly proportional to the attractiveness
of their partners, because this promises that the offspring
will also be presentable representatives of the species.
Researchers at the Max Planck Institute for Ornithology
in Seewiesen found out that this is not the case with zebra
finch females. If they are partnered with a less attractive
male, they make a greater effort, laying “extra large” eggs that
contain more nutrients. This behavior is explained by the
monogamous lifestyle of the zebra finch female. As a pair
generally mates for life, it is not worthwhile for the female
to be miserly with its resources.
It is in the interest of the offspring if she compensates
for the deficits of the “puny” partner as much as she can, and
invests as much start-up capital as possible in the eggs.
“You’re a bit on the puny side” – when this is how the female (right)
sees the male, she lays extra large eggs.

(Proceedings, November 5, 2008)
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Just Like Mom Used to Make

Food as far as the eye can see – but it’s not
always the right kind: When female gorillas,
like this one in Bwindi National Park in Uganda,
look for a new family, they take the food
supply in their new habitat into account.

When female gorillas set out to reproduce in a new group, they are choosier
than previously thought. They prefer to
join groups that inhabit similar vegetation zones to that of their own family,
because then they know which plants
they and their offspring will find most
satisfying. A team of researchers from
the Max Planck Institute for Evolutionary Anthropology conducting genetic
studies on a gorilla population in Bwindi National Park in Uganda found that
unfamiliarity with the vegetation could
mean that the gorillas reproduce less
successfully.
Up to now, primate researchers assumed that the available food supplies
do not play an important role in the
female’s choice of a new family because
the abundant vegetation in the mountain gorillas’ habitat offers sufficient
nourishment wherever they are.

However, it appears that female gorillas
do not always rely on this being the
case. In contrast, the Max Planck researchers found that male gorillas cannot afford to choose their habitat on
the basis of familiar green stuff. As they
are under more pressure to compete,
they are happy just to find a partner,
whatever the nature of the food.
Gorillas are one of the few mammals where the females leave their family to join a new one. As the females
bear the high costs of reproduction –
feeding babies and raising the offspring
– they usually remain on familiar terrain, where they know what food is
available and where the safe places are.
Furthermore, their family is close by to
help in emergencies.
(Current Biology, November 25, 2008)

Photo: MPI for Evolutionary Anthropology – Katerina Guschanski

Female mountain gorillas prefer to join new families that
live in areas with a food supply similar to that in the region
where they originated.

Jupiter is surrounded by a magnetic
field ten times stronger than that of the
Earth, and the magnetic field of some
stars is even a thousand times more
powerful still. Scientists from the Max
Planck Institute for Solar System Research have now found an explanation
for these differences. They developed a
theory that can be applied to both
planets and stars, provided that they –
like the Earth, Jupiter and most stars
with much less mass than the Sun – rotate quickly.
According to this theory, the strength
of the magnetic field depends mainly
on the energy a heavenly body emits
in the form of light or heat. Some of
this is available in its interior and generates electrical currents and thus the
magnetic field. Up to now, scientists
believed that the strength of the mag-
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netic field depended only on the speed
at which the heavenly body was rotating: functioning like a dynamo, the
movement of the ionized material in
its interior creates a magnetic field. Up
to a certain rotation period, which
might be one or a few days, depending
on the heavenly body in question, the
strength of the magnetic field does, indeed, increase with the speed of rotation. With the new model, it is possible
to form predictions about the magnetic fields of planets and stars that astrophysicists have as yet been unable to
quantify. (Nature, January 8, 2009)
Magnets in space: Rapidly rotating stars,
Jupiter and the Earth all create magnetic fields
similar to that of a bar magnet. The fields,
however, vary greatly in strength.

Graphic: MPI for Solar System Research – U. Christensen

Radiation Determines Strength
of Cosmic Magnets
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The Dance around a Black Hole
Since 1992, scientists at the Max Planck Institute for Extraterrestrial Physics in Garching have been tracking the
movements of 28 stars in the central area of the Milky
Way. These long-term observations confirm the conjecture
that there is a supermassive black hole at the heart of
the galaxy, and they also supply the first accurate data
about it. According to this data, the black hole holds around
four million closely packed solar masses, and our solar
system is 27,000 light-years from this “nucleus” of the
Milky Way.
In the study, the positions, and thus also the movement, of the 28 stars were each measured accurately to
three ten-thousandths of an arc second – an angle at which
a one-euro coin would appear at a distance of approximately 10,000 kilometers. The stars were thus used as “test
particles,” and their orbits allowed conclusions to be
drawn about the forces in the more immediate environment of the galactic center.
It was revealed that the innermost region around the
center – within a radius of approximately one light-month
– is extremely turbulent, with stars moving completely randomly, like a swarm of bees. It is only further out that 6 of

Declining Birth Rates –

Photos: MPI for Molecular Biomedicine – Jeong Beom Kim (below), MPE/ESO (top)

When Later Often Means Never
Not one European country can match the average birth
rate of 2.1 that would be necessary for the present
generation of children to replace their parents one for
one. This was revealed by a study headed by the Max
Planck Institute for Demographic Research in Rostock.
In the Scandinavian countries, Ireland and France, the
birth rate is between 1.8 and 2.0. At the other end of
the scale, some of the former Eastern Bloc countries,
such as Poland and the Czech Republic, are worst off,
with rates below 1.2. And in Germany and the countries
of southern Europe, birth rates are only about a tenth of
a percent higher.
The researchers believe that one reason for our
over-aging continent is that many couples initially put
off having children, and then have fewer offspring in
their late thirties or early forties, or even none at all.
As for why couples get around to having children so
late in life, the researchers in Rostock put this down to
an increased interest in good education and training
and increasingly higher rates of female employment.

At the center of the Milky Way: The image from the
Very Large Telescope in Chile shows hot blue and cooler
red stars, as well as glowing red gas clouds.

the 28 stars orbit the black hole in one plane. And since the
observations began, one of the stars completed a full orbit
around the galactic center.
(The Astrophysical Journal 692 [2009] 1075-1109)

The Deciding Factor
“Waiting for a Miracle” was the title of an article published
in 2005 in MAX PLANCK RESEARCH about an international
meeting of stem cell researchers. “Some estimate ‘around
three,’ others ‘seven to ten’ or ‘perhaps even twenty.’ The
issue here is the number of proteins in a magic cocktail that
would convert mature body cells to embryonic stem cells,”
the article continues. Today, four years later, the researchers
know that only one factor is required. The team working
with Hans Schöler from the Max Planck Institute for Molecular Biomedicine in Münster succeeded in reprogramming
the adult nerve cells in a mouse with a single gene. It is the
transcription factor Oct4. That precisely Oct4 is the factor
– among the many others tested – that is sufficient for a new
start is a déjà vu experience for
Schöler, as he discovered this factor in the egg cells of mice in the
late 1980s, and described the relevant gene shortly afterward. (Cell,
Advance Publications, February 6, 2009)

It is as easy to develop heart, nerve
or germ cells from single-factor iPS
as it is from iPS that have been
reprogrammed with four factors.
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Black Holes:
The Shapers of the Galaxies
Until a few years ago, black holes were considered more as fascinating curiosities or the stuff of
science fiction. Researchers at three Max Planck Institutes – of Astrophysics and of Extraterrestrial
Physics in Garching, and of Astronomy in Heidelberg – have shed some light on these dark
singularities in the fabric of space-time. According to their findings, black holes evidently play
an important role during the formation and development of galaxies.
TEXT THOMAS BÜHRKE
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When worlds collide: The collision of galaxies not only
triggers a baby boom among the stars – it often also
causes the two central black holes to merge into one.
Max Planck researchers study the interaction of black
holes and galaxies.

Acknowledgment: B. Whitmore (Space Telescope Science Institute) and James Long (ESA/Hubble)

Photo: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)-ESA/Hubble Collaboration

I

n the 1960s, astronomers discovered
star-like celestial bodies that were
substantially more luminous than
any other previously known objects.
Within a region no larger than our
solar system, these bodies, known as
quasars (from quasi-stellar radio source),
emitted up to ten thousand times more
energy than the hundred billion
stars in our Milky Way combined. The
quasars were later found to be unusually bright and compact central regions
of galaxies that, due to their unrivaled
luminosity, can be observed billions of
light-years away.
It was not long before a theory was
formulated to explain this tremendous
energy discharge – a theory that largely holds true today. It states that at the
center of the quasar is a giant black
hole. The black hole attracts surrounding matter, which first collects in a disk
and orbits the black hole. As a result of
friction, the gas heats up, loses energy,
and approaches the black hole on spiral
trajectories before finally vanishing
into it like water down a drain. This
hot gas disk is the reason why the
quasar shines; it “feeds” the black hole,
causing it to grow.
In the decades that followed, it
became increasingly clear that black
holes can be found not only at the
centers of quasars, but probably in any
galaxy. Our own galaxy, too, contains

such a black hole (see also page 43
of this issue and MAXPLANCKRESEARCH
1/2003, page 56 ff.). The central black
holes of galaxies have masses of
between about one and several billion
solar masses. The gas disks surrounding
them shine at different intensities.
Their brightness at a given point in
time is determined by their instantaneous rate of growth: the more matter
falling into the black hole, the brighter
the disk.

A STRICT RELATIONSHIP
BETWEEN THE MASSES
The discovery that each galaxy possesses a black hole was remarkable. The
realization that these giants could have
influenced the development or even
the formation of galaxies was even
more puzzling to astronomers.
Black holes remained more or less a
curiosity, albeit a fascinating one, until
a discovery made about a decade ago.
Several research teams had detected a
striking relationship between the masses of central black holes and the galaxy
surrounding them. According to this
relationship, the surrounding stellar
bulges possess approximately a thousand
times the mass of the black hole. This
holds true for different types of galaxies
and for a range of masses spanning
some three orders of magnitude. “This
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Black holes that are currently very bright – in other words, that are absorbing
large quantities of matter and are growing – are found primarily in galaxies in which
many new stars have formed in the recent past.

discovery hit like a bombshell,” remembers Fabian Walter of the Max Planck
Institute of Astronomy in Heidelberg.
At first glance, it seems completely
logical that massive black holes should
gather more stars around them than
their low-mass counterparts. However,
the situation is more complicated than
that. In a spiral galaxy, the central collections of stars – also known as a bulge
– have radii measuring several thousands of light-years. The gravitational
effect of a black hole, however, is felt
only within a radius of a few light-years.
It is thus much too weak to be able to act
on all members of the star cluster that
surrounds it. Put simply, the vast majority of stars in the bulge do not “sense”
the giant in their midst. How, then, does
this mass relationship come about?
“We regard it as a sign that the black
holes and the parent galaxies in which
they are located share a common development,” says Guinevere Kauffmann of
the Max Planck Institute of Astrophysics.
This raised a number of questions: Does
the black hole control the growth of the
galaxy? Or does the galaxy somehow
limit the mass of the object at its
center? Do black holes and galaxies
develop together in some form of
symbiotic relationship? “To answer
these questions, we needed to carefully
study the growth process of black holes
and galaxies,” says Kauffmann.

A COMPLICATED MODEL WITH
MANY UNKNOWNS
Initially, theoretical models were the
instrument of choice for the young
Max Planck researcher, who obtained
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her Ph.D. in astronomy at the University of Cambridge (UK). And she did,
in fact, succeed in creating computer
simulations of the growth of black
holes and their parent galaxies in the
young universe. “But then I realized
that not everything can be fully described in purely theoretical terms,”
she explains. The complicated model
contained too many unknowns. That
is why she then turned to observations.
Together with a colleague at Johns
Hopkins University in Baltimore (USA),
Kauffmann developed a new method
by which information on the growth
rate of a black hole and the age of the
stars in the galaxy could be determined
from galaxy spectra. The data to which
she applied her method was already
available – it had been obtained in one
of the most comprehensive surveys of
the sky ever been performed: the Sloan
Digital Sky Survey (SDSS).
Guinevere Kauffmann examined
around 33,000 galaxies and reached an
astonishing conclusion: black holes
that are currently very bright – that
is, are absorbing large quantities of
matter and are growing – exist primarily
in galaxies in which many new stars
have been formed in the recent past.
“The faster the growth rate, the higher
the rate at which stars were created,”
she says. In extreme cases, the black
hole develops as rapidly as in bright
quasars. And the galaxy consists largely
of young stars.
Stars are continually being formed
in spiral galaxies such as the Milky
Way. However, the rate is low, at
around three solar masses per year. In
contrast, the galaxies that Kauffmann

and her colleagues discovered, and that
contain a rapidly growing black hole,
must have experienced a veritable
boom of star births in the past. This is
probably triggered by two galaxies
coming into close proximity with each
other, or merging with each other.

A MARKED BABY BOOM
FOLLOWING A COSMIC UNION
When this happens, the gas within the
galaxies swirls about and great clouds
crash into each other and condense to
form stars. Such a cosmic marriage is
then essentially followed by a baby
boom of young stars. In a crash, large
quantities of matter may also flow into
the central regions of the galaxy and
cause the black hole there to grow rapidly. Ultimately, the two central black
holes of the two colliding galaxies may
even merge with each other.
In this context, an exciting discovery was recently made by an international group of researchers led by Max
Planck scientist Fabian Walter. The
researchers observed the most distant
known quasar, J1148+5251. The light
that we receive from it today was transmitted when the universe was only 870
million years old, or about 1/16 of its
current age. In the central region of this
object, the astronomers identified an
area with a diameter of approximately
5,000 light-years in which stars with a
mass totaling over a thousand solar
masses are created each year.
Such a large figure has never been
observed anywhere else in such a small
volume. “What we have found corresponds to an accumulation of a hundred

Illustration: ESA/NASA, the AVO project and Paolo Padovani (right)
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Black holes can be found at the centers of the majority of star systems.
These mass monsters attract matter, which initially accumulates in a disk.
As a result of friction, the gas heats up, loses energy, and approaches
the black hole on spiral trajectories before finally vanishing into it like water
down a drain. This activity is often hidden behind a dust torus, but the rays
of matter that shoot outward into space perpendicular to the disk are visible.

T in billions of years

»
T = 0.21

Stars

T = 0.32

T = 0.39

T = 0.50

T = 0.68

T = 0.94

»

Dance of the milky ways.
This sequence from the Millennium
Simulation shows the merging of
two spiral galaxies to form a single
elliptical galaxy. In the process, a
brief phase of quasar activity is
excited, and the emerging galaxy
becomes “red and dead”: it virtually
ceases to form stars, since the
quasar has swallowed or blown
away large quantities of gas.

The crash between galaxies was a
common occurrence in the young
universe, since the universe was
smaller at that time, and the star
systems closer together. When two
galaxies merge, the mass of the black
hole may grow tenfold to a hundredfold within approximately 200 million
years, and reach several billion solar
masses in a relatively short time.

million Orion regions,” says Fabian
Walter. The Orion region is one of the
largest known regions of star birth in
the Milky Way. To the naked eye, the
fog appears as a blurred patch in the
sword of the Orion constellation.
Walter’s observations provide evidence that the accumulation of stars
in this quasar forms from the inside
out. In this picture, there is only a core
region in which a particularly large
number of stars are formed; only in
the course of time does the star-filled
central region grow to assume the incomparably large dimensions found in
older galaxies such as the Milky Way.
While Walter’s images do not show
whether the stellar baby boom was
triggered by the collision with another galaxy, the researchers consider this
very likely.

ACCELERATED GROWTH
The growth of black holes and the
development of a bright quasar are
linked to the interaction between
galaxies. This phenomenon accelerates
both the growth of the black holes and
that of the surrounding accumulation
of stars in a galaxy’s bulge. It is nevertheless astonishing that the masses of
these two components always grow
together in the same proportion, as this
is precisely what the described relationship states.
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But this has not been the only interesting discovery in recent years. On the
whole, only black holes with a relatively low mass of less than 30 million
solar masses are growing in the universe today. These black holes are found
in galaxies similar to our own Milky
Way. The growth rates calculated from
them suggest that these low-mass black
holes have formed on a timescale that
is comparable to the age of the universe
– in other words, they have grown
slowly and steadily. In contrast, black
holes of billions of solar masses are
currently exhibiting very little growth.
The researchers are thus faced with
the apparently paradoxical finding that
the largest black holes had grown to full
size very shortly after the Big Bang,
while the smaller black holes are still
growing. In accordance with this concept of cosmic downsizing, the active
formation of stars and the growth of
black holes have shifted over time to
smaller and less massive galaxies. Our
Milky Way belongs to the latter group.
One of Kauffmann’s colleagues at
the institute, Volker Springel, believes
there is only one explanation for the
existence of black holes with both rapid and slow growth: we must assume
that, in the early universe, which was
smaller than our current universe and
in which the galaxies were closer together, collisions were frequent. Springel
has conducted theoretical research into

Photo: NASA, H. Ford (JHU), G. Illingworth (UCSC/LO), M.Clampin (STScI), G. Hartig (STScI), the ACS Science Team, and ESA (left)
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Image: MPI for Astrophysics – Volker Springel (top)

T = 1.03

T = 1.11

T = 1.21

the development of the black holes
and their galaxies in the “Millennium
Simulation” (see MAXPLANCKRESEARCH
4/2006, page 46 ff.).
This cosmological simulation – the
most detailed ever conducted – originally had the purpose of studying the
formation and evolution of galaxies
under the influence of dark matter in a
region of two billion light-years in size.
Springel also simulated individual
galaxy collisions in detail on a computer
in order to understand the effect of
active quasars on the gas in a galaxy.
He found that when two galaxies
merge, the mass of the black hole may
grow by a factor of between ten and
a hundred within approximately 200
million years. Such rapid growth is
necessary if the black hole is to attain a
mass of several billion solar masses in a
relatively short time. In the galaxies that
are spared such cosmic mergers, however, the central black holes grow more
slowly – and continue to do so today.
The relation between central black
holes and the surrounding bulge, and
the resulting common development of
these two components, can be traced
back quite reliably over the past several billion years. (Telescopes act as time
machines here since, due to the finite
speed of light, observing distant galaxies also involves looking back into
the history of the universe.) But did this
relationship always exist?

T = 1.30

T = 1.39

Today, some ten quasars are known
that existed and shone very brightly
within the first billion years after the
Big Bang. Determining the masses
of the central black holes and of the
stars in these extremely distant objects
requires exceptional observational
skill, the best telescopes on Earth, and
good ideas.

27 ANTENNAS – COUPLED TO
FORM A SINGLE TELESCOPE
This was achieved in two cases by the
group led by Fabian Walter and his colleague Dominik Riechers, who is currently continuing the studies he began
in Heidelberg with a Hubble Fellowship
at the renowned California Institute of
Technology in Pasadena (USA). The scientists observed the quasars using the
Very Large Telescope of the European
Southern Observatory in Chile, and the
Very Large Array, a facility in New Mexico (USA) in which 27 radio telescopes
are coupled together for simultaneous
observation of the celestial bodies.
The results are inherently substantially less accurate than those for less
distant galaxies, but they point in the
same direction: the black holes in these
two quasars possess between ten and one
hundred times the mass anticipated
in accordance with the known relationship. Two other research groups
obtained a very similar result.

T = 1.48

T = 1.56

T = 1.93

Should these findings be confirmed, it
must be concluded that, in the young
universe, the black holes grew more
rapidly than their respective parent
galaxies. Then the chicken-and-egg
question must be asked: which came
first, the black hole or the galaxy?
Might black holes even have served as
condensation nuclei for the later galaxies? Black holes as midwives of sorts?
It’s a fascinating idea, but Guinevere
Kauffmann is cautious: “Black holes
and stars can form only where a large
quantity of matter is concentrated,” she
says. They are thus unlikely to have
formed at different times. But just how
this birth took place, no one is able to
say. “We are observing the youngest
quasars at a time when the universe was
870 million years old,” explains Walter.
Compared to the universe’s current age
of 13.7 billion years, comparatively
little time was available for a black
hole to grow to a size of several billion
solar masses.

THE INEXORABLE COLLAPSE
OF A HEAVYWEIGHT
According to current knowledge, a
black hole is created when a very massive star has consumed its fuel and the
central body inexorably collapses. A
stellar black hole of this kind, however,
has a mass of perhaps ten solar masses.
Is it really able to become so massive
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The spiral galaxy with the name M 51 presents a sea of stars.
It is similar in form to our own Milky Way.
Galaxies are the largest building blocks in the universe.

STAR SLINGSHOTS
The astronomers now have proof of what they had long suspected: when galaxies collide, pairs of black holes are formed
that act as gravitational catapults and that very effectively fling stars outward from their centers. While the two black
holes merge over time to form one, the core region of the new galaxy thins out. This interaction was recently observed
by Ralf Bender from the Max Planck Institute of Extraterrestrial Physics and the University Observatory Munich,
and by John Kormendy from the University of Texas in Austin. This relationship applies only to the immediate vicinity
of the black hole, and has no bearing on the wider correlation between the masses of the central black holes and the stars

Photos: NASA/ESA and the Hubble Heritage Team (STScI/AURA) (left), NASA/AURA/STScI and WikiSky/SDSS (right)

surrounding them.

The largest known black holes, some of
which have masses of more than a billion
solar masses, are located at the heart of
so-called elliptical galaxies. These gravitational traps exert a particularly strong
pull on stars. The stellar density in their
vicinity could thus be expected to be
very high. In fact, however, astronomers
observe the opposite: the elliptical galaxies with the highest mass, which were
probably formed by a cosmic “pile-up”
involving several small systems, exhibit
the lowest stellar densities.
According to the theory, the merging
of two galaxies is accompanied by the formation of a pair of black holes. The latter
dance around each other, with an effect
similar to that of a kitchen mixer. Should
a star approach the pair too closely, it will
be catapulted out of the galaxy. Generally
speaking, the greater the mass of the
black holes, the stronger the thrust. In
physical terms, the process is similar to
the “slingshot method” used to accelerate
space probes by exploiting the gravitational field of a planet as the probe passes
close by it.

Together with their colleagues Mark Cornell and David Fisher, John Kormendy and
Ralf Bender recently published measurements of unprecedented precision of
the density profiles of elliptical galaxies
(Astrophysical Journal Supplement
2009, at press). In an accompanying
article in The Astrophysical Journal
Letters (February 2, 2009), Bender and
Kormendy succeeded in precisely calcu-

lating the total mass of the stars missing
from the centers of the largest elliptical
galaxies – and in confirming the theory in
practice. A further result: the missing
mass increases in strict proportion to the
measured mass of the central black hole.
“These two values were known to be
connected,” says Bender. “But we were
surprised at how closely they correlated.”
Helmut Hornung

NGC 4621

Center

Full view

NGC 4472

Center

Full view

On a large scale, the two elliptical galaxies NGC 4621 and NGC 4472 in the Virgo cluster are very
similar. If their core regions are enlarged, however, it can be seen that the stellar density in the
center of NGC 4472 is much lower than that in the center of NGC 4621. In the case of NGC 4472,
the stars were catapulted outward by interaction with a pair of black holes revolving around
each other.
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SURVEYING THE HEAVENS
The Sloan Digital Sky Survey (SDSS) is one of the most comprehensive
surveys of the sky that has ever been performed. Over a period of eight
years, the automatic 2.5-meter telescope of the Apache Point Observatory
in New Mexico (USA) photographed a total of 230 million celestial bodies
in a quarter of the entire sky.

This was possible by using a 120megapixel camera that photographs the
firmament through a number of color
filters. In addition, two spectrographs
were used to split the light from a portion of all of the celestial bodies into its
component colors. This made it possible
to determine important physical properties of over 930,000 galaxies and
120,000 quasars, as well as their distances.
The data is also suitable for use in many
other studies, such as the search for
exploding stars (supernovae), research
into the structure of the Milky Way, or
the hunt for asteroids in our solar
system. Currently, the sky survey is set
to continue, with new instruments,
until 2014. Germany is represented in
the SSDS by the Max Planck Institutes
of Astrophysics in Garching and of
Astronomy in Heidelberg, and the Astrophysical Institute Potsdam.

The heart of the Sloan Digital Sky Survey
(SDSS) is the automatic 2.5-meter
telescope of the Apache Point Observatory
in New Mexico (USA).
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within such a short time? Volker
Springel’s simulations offer no answer:
they employed black holes with an initial mass of a hundred thousand solar
masses.
Theoreticians all over the world are
puzzling over the question of whether
black holes were also able to form
in the early universe by some other
means. One possibility would be for
massive stars to be born in dense clus-

PHYSICS & ASTRONOMY_Galaxies

ters, and to develop into black holes
within these in a comparatively short
time. They could then merge to form a
single, supermassive black hole. A further theory is that a large gas cloud
may also have collapsed to form a body
of such enormous mass, without first
forming a star.
Astrophysicists do not know the answer. They are placing their hopes in
more powerful computers and in

a new generation of telescopes that
is set to become available in the coming decade. These include the international Atacama Large Millimeter/
Submillimeter Array (ALMA), an installation comprising approximately
50 radio telescopes in the Chilean
Andes. These arrays will probably be
accompanied by two large optical
telescopes with mirror diameters of 30
to 40 meters.

New scouts will also soon go to work in
space: the European infrared Herschel
telescope is set for launch in spring of
this year. It will be followed in the next
decade by the successor to the Hubble
Observatory, the James Webb Space
Telescope. These instruments will provide
astronomers with completely new
views of the distant galaxies – and of
the role of black holes.

GLOSSARY
Dark matter
Some 23 percent of the universe
consists of a substance that cannot be
observed, but that can be detected due
to its gravitational interaction with
visible matter. The composition of this
dark matter is unknown.

Milky Way
Popular term for the galaxy to which our
Sun and its planets belong. The galaxy
resembles a disk, has a diameter of
approximately 100,000 light-years, and
encompasses around 200 billion stars, in
addition to dust and gas clouds.

Supernova
The spectacular end of a
massive star. As the star is
destroyed by a tremendous
explosion, its brightness
increases by up to a billion
times its former luminosity.

Big Bang
According to the Standard Model
of Cosmology, the beginning of
the universe approximately 13.7
billion years ago. The Big Bang,
also known as singularity, gave
rise to space, time and matter.

Photo: Fermilab Visual Media Services/SDSS
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Shedding Light on Light
Light is all around us, but we still don’t fully understand it. That is about to change:
Gerd Leuchs is one of the Founding Directors establishing the Max Planck Institute for
the Science of Light – a research field that promises numerous new applications.
A PORTRAIT BY UTA DEFFKE
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Photo: Axel Griesch
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verything is lit up in Building
25 at the Siemens factory site
in Erlangen. Just past the first
steps, the Sun beams down
at visitors from a large photo,
together with a color spectrum of its
light. The walls in the bright hallway
are decorated with colorful pictures –
abstract artworks in intense red, orange
and yellow – just the right ambiance
for a light researcher.
“Nice pictures, shapes, figures, colors,
and all of it connected by the physics
behind it – I like that,” says Gerd
Leuchs. “And light is a part of it – light
itself has always fascinated people, and
it is crucial to our very existence.”
That’s about the full extent of the
physicist’s philosophizing about his
element. Although he is quiet and
pensive, he is still more the practical
type, a doer. And a successful one, at
that: since January 1, 2009, 58-yearold Gerd Leuchs is one of two Founding Directors at the Max Planck Institute for the Science of Light, together
with Philip St. John Russell. This is the
crowning achievement of his scientific
career to date.
But he doesn’t act like a king, even
if he did play a major role in the creation of his kingdom of light. Instead,
he comes across as rather modest and
full of respect for the achievements
of other researchers. The portraits that
hang in the hallway also bear witness
to this: they depict Joseph von
Fraunhofer, Max Planck – and Herbert
Walther, the now-deceased Ph.D. supervisor and mentor who, as a Director
at the Max Planck Institute of Quantum Optics in Garching, was an important advisor to Leuchs, also in recent
years.
There is also a colorful poster there
filled with photos of research groups
that staff members placed around the
sentence, “We are the light!” – written

in the many languages that are spoken
at the institute. “We in science benefit
greatly from the unprejudiced ideas of
young people,” says Leuchs. “And in
return, we want to bring them into
contact with the most up-to-date
methods in physics, and with issues at
the outer limits of what is possible
today, so that they will then hopefully
be equipped for their future tasks.”

TEENAGE YEARS IN TEHRAN
Optics is an ideal playground for this.
Light makes it possible to visualize and
verify quantum physics phenomena
that are often difficult to grasp, such
as how an individual atom emits a
particle of light. To be able to use
light systematically, the researchers
must shape it, as a function of time, in
its color (its frequency) or in its polarization (the oscillation plane of the
light wave). For this purpose, it is
passed through numerous optical elements, some of which are just being
developed – specially coated mirrors,
for example, or entirely new materials,
such as photonic crystals. Information
transmission by means of light – for
instance through standard fiber optic
cables or with particularly secure
quantum cryptography encryption – is
especially interesting for technical applications. All this and quite a bit more
is what Gerd Leuchs and his colleagues
will be researching at the new Max
Planck Institute.
The path that would eventually
lead him there began in Wuppertal,
which his speech still betrays, even
after spending decades in southern
Germany. The family moved around a
lot. First within the Rhineland area,
and then his father, who was working
in crop protection, finally took them
to Tehran. Here, in the Shah’s (perhaps
much-too-quickly) reforming Persia,

is where Gerd Leuchs spent his early
teenage years and, at the internationally influenced German school, the
longest continuous schooling period
of his life.
Day-to-day activities took place
with little contact with the city life: a
school bus took the kids to school
from their residential neighborhood
on the campus of the research institute
where Leuchs’ father worked. The
latter sometimes also took Leuchs to
the bazaar with him and showed him
how to bargain properly. Some “lofty”
excursions turned into a new hobby:
his physics teacher inspired him and a
few friends to try out gliding. Gerd
Leuchs also learned Persian, but hardly
enough to forge any close contacts
with locals. Nevertheless, a tinge of
nostalgia set in when, after five years,
the family returned to Europe in 1967.
On one of his last nights there, in late
autumn, sitting on a warm wall,
Leuchs was comforted by the thought
that at least the moon was visible from
Germany, too.
He still remembers those days,
the summer holidays at the Caspian
Sea, the country’s cultural highlights.
“Back then, it was still a rather
laid-back country,” says Leuchs. Today,
he no longer has any ties to Persia.
Even just ten years later, when he
last visited the country, things had
changed a lot – for the worse, he feels.
“There was more money, but also more
fear,” says Leuchs. It had become less
laid back. At that time, the revolution
was approaching.
“Today, whenever I find myself in a
taxi somewhere and read the driver’s
name on the sign, I think: Man, that
sounds Persian. I ask, and then maybe
we strike up a conversation,” says
Leuchs. Three months ago, an Iranian
doctoral student also joined his group.
“The application came by e-mail, and
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the student had never traveled to any
Western country before,” says Leuchs.
“That’s a sure sign of entrepreneurial
spirit.”
And he had, and has, a fair amount
of that himself. The physicist started
out pursuing a largely traditional
career: he studied in Cologne, wrote
his dissertation on atomic physics and
laser spectroscopy and completed his
postdoctoral lecture qualification at
LMU in Munich. This was followed
by two and a half years as a visiting researcher in Colorado, USA, on a Feodor
Lynen and Heisenberg stipendium.
Then he became head of a research
group at the Max Planck Institute of
Quantum Optics in Garching.
Light has been a recurrent theme in
his research life, penetrating it like a
laser beam. Even as a student, he was
fascinated by this light source, whose
unique – coherent – light owes to the
fact that many atoms are excited
simultaneously to be emitted in an
avalanche of light. Anyone who builds
their own laser will experience this as a
very special moment: “You can actually
feel the phase transition,” reports
Leuchs, almost reverently. Even now,
he still raves about the first dye lasers
that had just come out in the seventies: “Such a beautiful orange, green,
blue light …”
Laser light is also very useful, for
example, as an extremely precise sensor in an interferometer. The two wave
trains of a split light beam travel different paths and are then recombined.
When this happens, the peaks and
valleys of the two beams amplify or
cancel each other, either fully or in
part. A characteristic wave pattern results based on tiny differences in the
beam paths.
At the Max Planck Institute in
Garching, Leuchs used these effects in
his quest for gravitational waves. Albert
Einstein predicted these fluctuations
in space-time – essentially a compression and expansion of space – in his
general theory of relativity, but they
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have thus far been proven only indirectly by experiment. The idea for
proving it directly is to use an interferometer to detect the change in path
length, which is caused by gravitational waves and measures just fractions
of a billionth of a nanometer. Today,
there is a separate Max Planck Institute
dedicated to gravitational physics at
its two branches in Potsdam and
Hannover.

INTERESTING EXPERIENCES
IN A COMPANY
In the meantime, Gerd Leuchs took on
new tasks. “As sometimes happens in
life, I received an offer and took a position as Technical Director at a small,
newly established company for optical
instruments in Switzerland,” explains
the physicist. The first project was a
user-friendly laser interferometer for
industrial applications – such as for
measuring machine tools.
What was it that particularly appealed to him about a job in industry?
One could say it was the money. More
specifically, the money that others are
willing to pay for the things you develop. Gerd Leuchs vividly recalls the first
time the company attended a trade
fair in Zurich: “We had set up several
interferometers and had throngs of
visitors who had heard that we were
making some great things.” Things are
different in companies than they are
in science: excellent researchers will
hopefully be invited to give lectures,
and they may be visited in the lab by
colleagues, or perhaps even win an
award. In companies, however, these
honors are useless. “Here, one isn’t
considered successful until other people
are ready to pay money for a device,”
says Leuchs. “And that is an interesting experience, too.”
But apparently not interesting
enough. The physicist resisted two
calls from science, but gave in to the
third. That call came from the Faculty
of Physics in Erlangen. It wasn’t an

easy decision for Leuchs, and of course
he discussed it with his wife, son and
daughter. Finally, they reached a joint
decision to return to Germany after
five years.
Now Gerd Leuchs has been conducting research in Erlangen since
1994. Here, at the Chair of Optics,
he established new projects in the
field of quantum information. This
field includes such topics as quantum
computers and quantum cryptography. For the latter, the researchers use
the quantum properties of light to
make data encryption and transfer
wiretap-proof. They are developing,
for instance, techniques to imprint the
information on light, and suitable
methods to receive and read it out.
Among other things, they are working on wiretap-proof data transmission
using continuous laser beams. For
the recipient to be able to determine
what message was sent based on the
signal registered, he must also know
what changes the signal underwent
along the way. That is because quantum information is very sensitive to
environmental influences. The physicists built a 100-meter-long outdoor
testing range on the roof of the institute
to analyze the impact of atmospheric
interference. “The key is to construct
the apparatuses in such a way that
they can handle such interference,”
says Leuchs.
In addition, Leuchs continued the
well-established traditional applied
optics program in Erlangen. For this,
he was able to rely on the outstanding
staff from his predecessor’s tenure,
including Gerd Häusler and Johannes
Schwider. He was particularly moved
by Johannes Schwider’s background –
he had fled the GDR three years
before the Berlin Wall fell. “Much of
what he told me, I recognized in
the film The Lives of Others,” says
Leuchs, and he is certain that “Under
normal circumstances, someone with
his scientific profile would have his
own chair in a faculty.”

PHYSICS & ASTRONOMY_Personal Portrait

1

Photos: Peter Banzer (top + bottom left), Axel Griesch (right)

2

3

1

Focusing a laser wheel: Gerd Leuchs and his colleagues polarize laser light radially. This means that it oscillates,
figuratively speaking, only along the spokes of a wheel. This light permits a particularly sharp focus.

2

What comes out of an atom must fit back into one. The researchers in Erlangen want to use a parabolic mirror
to focus the radially polarized light on an atom.

3

Gerd Leuchs sends a laser beam on a journey through a setup of mirrors, lenses and other instruments to prepare
the light for the particularly sharp focusing or for other optical feats.

At some point, he realized that a lot of
know-how would be lost when Schwider and Häusler retired: “The way it was
structured before, I would never again
be able to get people of that caliber.”
And thus was born the idea of something greater that would offer more
than just a single chair for the outstanding optical research in Erlangen,
and that would also offer an ideal longterm outlook. At the recommendation
of his former boss Herbert Walther,
Leuchs initially established a center
for modern optics, and then turned to
the Max Planck Society. In the first
ten years after the fall of the Berlin
Wall, the Society had focused on new
projects exclusively in the former
East, and was now open to such ideas
again.
Then came December 5, 2000, which
Gerd Leuchs remembers very clearly.
The then-Vice President of the Max
Planck Society, Gerhard Wegner, came
for an appraisal. “Thanks to Schwider
and Häusler, and of course all the other
staff, we were able to present a broad
scientific spectrum that apparently
impressed the visitor,” relates Leuchs.

At first he wanted to authorize “only”
a junior research group – which he
could have signed immediately himself. But Leuchs made it clear to him
that that was too little for his plan for
the future of optics in Erlangen. Even
if it meant that he was setting himself
up for a tedious process with an uncertain outcome. As the Vice President
was leaving, he turned around once
more at the door and said: “Mr. Leuchs,
if I were you, I would reach for the
stars, too.”

MAJOR SUPPORT FROM THE
UNIVERSITY
What came next was a great deal of
persuasive effort: using a lot of paper
and enthusiastic lectures to present his
ideas and impress various commissions.
“I don’t know whether I would have
done it if I had realized how much and
what kind of work it would entail,” says
the researcher, who now had even more
administrative and organizational tasks
to manage. The family often had to
make do without him: “Sometimes I
would call my wife, and then something

else would come up, and in the end, I’d
completely forget that she was still on
the line,” he guiltily admits.
But everyone’s efforts, as well as
the great support from the faculty and
the administration of the University of
Erlangen, paid off: first came the Max
Planck Research Group for Optics,
Information and Photonics in 2004,
followed by the Max Planck Institute
for the Science of Light on January 1,
2009, which will soon comprise four
departments and some 300 staff.
Science of Light – that sounds very
basic. And indeed, light still presents
many mysteries. Even things that were
considered to be understood and that
have long since been incorporated in
textbooks sometimes still harbor surprises. Like focusing a laser beam. How
well light can be bundled – that is, concentrated to a focus – impacts the precision of measurements and lithography
methods, as well as the data density on
optical storage media. Actually, it has
been clear since the statements of
physicist Ernst Abbe more than 100
years ago that the size of the focus is
limited by the wavelength of the light.
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Warning, light: Caution is advised when the Erlangen-based researchers step into
the laser lab. The intense light beam can cause injuries.

2

Decorative optics: Glass spheres act like lenses and produce an inverted image
of Leuchs on his desk.

3

Lasers on the roof: The physicists use a laser system on top of the institute building
to analyze how a light signal is interfered with on its path through the atmosphere.

“But when we approach something as
if we were complete novices, we sometimes come up with ideas that one
who is already very familiar with that
thing would never think of,” says
Leuchs. His group simply considered
the question of what it is that limits
the focus. “A lot more often than you’d
think, it is probably just such an openminded approach that drives progress,”
says Leuchs. “That’s also why my
colleagues and I enjoy working with
students so much, because their view
is frequently still less influenced by
traditional knowledge.”

Photos: Axel Griesch

WHY NOT FOCUS LIGHT
ON AN ATOM?
In this case, a closer look at nature
showed that light is actually emitted
by atoms, so at least at one time, it
must have been concentrated in the
space that an atom takes up. And the
diameter of an atom is about 10,000
times smaller than the wavelength of
light. Why shouldn’t it be possible,
then, to focus it on such a small space?
And that’s when things suddenly
got interesting. The researchers analyzed precisely which properties the
light emitted by an atom has in space,
time and polarization. And they found
that a short light beam that has a
profile like a fat bicycle tire and that
is polarized in the direction of the
spokes, as it were, and focused back on
the atom had to be fully absorbed by
that atom, and thus would also be
bundled to match its size.
The situation is slightly different,
however, when the same light packet
is focused but the atom is left out of
the picture. Then it is no longer quite
so easy to argue with the reversibility
of the process. But the calculations
showed that, here, too, the spot is three
times smaller than had previously
been achieved using a simple polarized

light beam. And then, in an experiment
two years later, the researchers in
Erlangen set a new world record for
focus. “This also marks significant
progress for applications in, for instance, data storage,” says Leuchs, not
without a hint of pride.
With all this focus on light, does
he even have any time left over for
private interests? Gerd Leuchs already
gave up gliding twenty years ago. He
sometimes still rides along with
friends, but his real hobby is very
down-to-earth: an old house in need
of repairs, on the Mosel river, where
his wife is from. The unsettled years of
his childhood and the frequent business trips have apparently left their
mark. “We’ve been working on it for
twenty years,” he says. On weekends,
during holidays, whenever there is
time. Luckily, houses like that are
patient.
And it isn’t yet needed as a residence. After all, Gerd Leuchs still has a
lot of plans for Erlangen. “With the
funding now available to us, we have
actually begun the experiment in
which we hope to have an atom capture a single photon,” says Leuchs. The
idea is this: The single atom sits at the
focus of a very deep, perfect parabolic
mirror. Onto that atom, the mirror
focuses a wave packet that is rigged to
act like a light particle that is spontaneously emitted by an atom.
It sounds easier than it is. Among
other things, this experiment requires
a perfect parabolic mirror that should
also be useful in applications beyond
this specific project. And one student
spent a year studying in the US just to
learn the technology to rig up a single
atom and hold it in such a way that a
light particle can access it freely from
all sides.
Gerd Leuchs himself has also just
returned from abroad. He spent a research semester in Paris that had been

postponed many times. At the invitation of the Centre National de Recherche
Scientifique (CNRS), he spent three
months as research director at Pierre
and Marie Curie University in the
heart of the city. He has planned new
experiments with his colleagues there
on two very different topics: quantum
correlations in special light fields, and
optical characterization of individual
nanocrystals. Leuchs finds that “the
atmosphere was very stimulating.”
And it also brought some new ideas
and collaboration projects for the
perfect parabolic mirror.
In the meantime, the activities above
the rooftops at the Siemens factory site
also continue. The researchers hope to
soon extend the data transmission
route to two kilometers. Incidentally,
the location of the institute on the
factory premises is just a coincidence:
the required space was up for rent
when the Max Planck research group
was established. However, a new building closer to the University is set to
house the Max Planck Institute in the
future. So an additional house project
is on the agenda – but Gerd Leuchs is
now familiar with that topic, too.

GLOSSARY
Polarization
Oscillation direction of light waves.
Photonic crystal
Material that exhibits ordered structures
with periods of the magnitude of the light
wavelength; this makes it possible to
control the propagation of light almost
arbitrarily.
Quantum information
Is concerned with quantum properties
of, for instance, light. Applications
include particularly efficient processing
and encryption of information.
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Chlamydia (pseudocolored green in this
scanning electron microscope image)
nest in the interior of human host cells.
Up to 1,000 bacteria can be found in one
inclusion body.
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The Sabotage of Cell Logistics
The bacterium Chlamydia trachomatis, a major cause of infertility and miscarriage in women,
as well as blindness in children, is the current focus of Dagmar Heuer’s research at the
Max Planck Institute for Infection Biology in Berlin. This ingenious pathogen uses a trick to
ensure its survival within its host cell: it exploits the cell’s distribution center by diverting
the cell’s “materials logistics system” for its own use.
TEXT BARBARA ABRELL

Photo: MPI for Infection Biology – Volker Brinkmann

C

hlamydia trachomatis is a
devious pathogen: it is transmitted via, among other
things, mucous membranes
during unprotected sexual
intercourse, and then infiltrates the
cells of the uterus and fallopian tubes.
Once established there, it cleverly camouflages itself against the defensive
attacks of the body’s immune system
and freeloads in the host cell interior,
acquiring the necessary sustenance for
survival. Chlamydia unfolds its effect
gradually: whereas the bacteria that
cause tetanus or cholera flood the body
with toxins that disrupt essential cell
functions, Chlamydia does not severely harm host cells and tissues directly.
Instead, it triggers an excessive defensive reaction. The body’s immune system
attempts to keep the bacterium at bay
through inflammatory responses – but
this kind of defensive reaction is precisely what causes the permanent and
irreversible damage associated with
Chlamydia infection.
Since genital infection initially triggers few or no symptoms, most people
do not notice Chlamydia’s covert attack, and infections thus often remain
untreated. Experts estimate that there
are up to 90 million new Chlamydia infections each year. According to the
International Union against Sexually
Transmitted Infections (IUSTI) – an organization that has been working on

the epidemiological aspects and control
of sexually transmitted diseases since
1923 – up to 80 percent of women and
50 percent of men are infected with
Chlamydia, and most of them live in
developing countries.

CHLAMYDIA:
A HIDDEN EPIDEMIC
In terms of the number of Chlamydia
infections, “there is little reliable data
available for Germany, only estimates,”
says Osamah Hamouda from the Robert Koch Institute in Berlin. An expert
on infectious disease, Hamouda believes that frequently published figures
to the effect that around 10 percent of
all women under 25 in Germany carry
the infection are “way too high.” “We
work on the assumption that between
3 and 6 percent of young women are
infected with Chlamydia.” Chlamydia
infection is the cause of infertility in
one third of women who are unable to
have children. Moreover, pregnant
women infected with the bacterium are
far more likely to suffer ectopic pregnancies or give birth prematurely. If
the infection is not detected and treated with antibiotics at an early stage,
the infected individual can continue to
pass it on unwittingly.
Due to their extremely small size
and the fact that they are obligate intracellular organisms – meaning they

can reproduce only within their host’s
cells – Chlamydia were long believed
to be viruses. Chlamydiales were first
discovered by a German expedition
team in Java in 1907. Later scientists
discovered that, in addition to humans, these pathogens can also infect
other mammals, birds, and even amoebae. With at least 13 different species,
Chlamydia are among the most common infectious bacteria.
Chlamydia trachomatis is one of
only three species that infect humans,
and it is Dagmar Heuer’s main research
interest. The 33-year-old infection biologist, based at the Max Planck Institute for Infection Biology in Berlin, is
seeking to pinpoint the pathogen’s virulence mechanisms with the help of
molecular-biological techniques. Chlamydia has a unique development cycle
that is characterized by two distinct
stages: the infectious, extracellular
stage, when it takes the form of an EB,
or elementary body, and is only 0.3 micrometers long (0.3 thousandths of a
millimeter) and also does not display
any quantifiable metabolic activity.
During the intracellular reproductive
stage, the organism is known as the RB,
or reticulate body; it is around one
micrometer long and metabolically
active, but not infectious.
Using a light microscope, it is possible to detect whether or not a cell is
infected with Chlamydia, as they form
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a protective spherical niche, called an
inclusion, in which they survive and
replicate. During the course of an infection, the niche expands and can
ultimately accommodate up to 1,000
bacteria. Just 24 hours after infection,
the inclusions can be almost as large as
the nucleus of the host cell. “It is amazing how quickly these inclusions form
and how much space they can take up
in the host cell without killing it,” explains Dagmar Heuer.
At the institute, Chlamydia is cultivated within HeLa cells at 35 degrees
Celsius in Biosafety Level 2 laboratories. These cells were first discovered
during the removal of a cervical carcinoma (cervical cancer tumor) from the
patient Henrietta Lacks (hence the acronym HeLa) at the Johns Hopkins
Hospital, USA, in 1951. While testing
the cells for malignancy, doctors observed that some epithelial cells from
the carcinoma propagated easily. Since
this discovery, HeLa cells have been
widely used in research.
The relationship between the bacterial pathogen Chlamydia trachomatis
and its human host cell can be studied
very successfully with the help of these
cell cultures. Dagmar Heuer is particularly interested in how this particular
pathogen obtains nutrients while ensconced within host cells. Since obligate intracellular bacteria have only
limited metabolic capacities, these pathogens must acquire important metabolic products – including amino acids
and, in particular, fats – from their host
cells. How they do this is revealed by
coupling microscopy and digital pho-
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tography of individual cells. Heuer’s
colleague, Volker Brinkmann, combines these images to make a ‘film’ that
clearly reveals the pathogen’s protective niche within its host cell. Cell
membranes can be clearly differentiated from the cell cytoplasm under the
light microscope, as they scatter light
differently. “The Golgi apparatus can
be seen in fluorescent green,” explains
Brinkmann. The researchers marked
the cell’s transport and distribution
center with GFP, green fluorescent protein, a protein marker that originates
from jellyfish. GFP has become a standard and highly successful tool in the
armory of cellular biology: Osamu Shimomura, Martin Chalfie and Roger Y.
Tsien were awarded the Nobel Prize for
Chemistry in 2008 for its discovery and
development.

DIVERTING THE CELLULAR
MATERIALS FLOW SYSTEM
“The Chlamydia succeed in exploiting
this cellular distribution center for
their own purposes, and in diverting
the cell’s ‘materials logistics’,” says
Dagmar Heuer. The Golgi apparatus
consists of a stack of flat membranebound cisternae. One side of this cell
organelle – the entry side, so to speak
– faces the endoplasmic reticulum (ER);
the other side – the exit side – faces the
plasma membrane. The ER permanently ties off small membrane-bound bubbles, known as vesicles, which are filled
with proteins and lipids. These are absorbed by the Golgi apparatus and then
migrate through the membrane stack,

also undergoing various changes as
part of this process. They then leave
the Golgi system via vesicles at the side
facing the plasma membrane, and are
directed – now bearing the corresponding “address labels” (so-called targeting
proteins on the surface of the vesicle) –
to specific locations in the cell, or are
transported out of the cell.
In cells infected with Chlamydia,
the Golgi apparatus fragments into
smaller units that, as identified with
the help of GFP, line up along the inclusion body. “The small lipid vesicles
tied off by the Golgi apparatus are
taken up into the inclusion bodies and
then incorporated by the Chlamydia
into their own membranes,” says Heuer. The scientists were able to demonstrate that the bacteria enzymatically
splits an important protein – Golgin-84
– located on the surface of the Golgi
apparatus. “If you block the cleavage of
Golgin-84, the Golgi apparatus does
not fragment,” explains Heuer. “The
bacteria cannot acquire the necessary
lipids and mature, so the transformation into the infectious elementary
bodies is impeded.” The development
cycle thus aborts.
Conversely, Heuer and her colleagues Anette Rejman Lipinski, Alexander Karlas and Nikolaus Machuy can
trigger the breakdown of the Golgi
apparatus by muting the gene that
codes for Golgin-84. Chlamydia reproduced rapidly in cells that were unable
to produce Golgin-84, and these infected cells released significantly more infected particles into the environment.
This, in turn, infected many healthy

Photos: MPI for Infection Biology – Volker Brinkmann

The researchers can track
the fragmentation of the
Golgi apparatus of cells
infected with Chlamydia
using GFP.
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cells. The researchers used the method
of RNA interference to “silence” the
function of the Golgin gene within the
cell. Short strands of RNA – usually less
than 30 base pairs – are introduced into
the cell and bind to identical sequences
within the targeted gene. The pairing
of these two individual RNA strands results in a functionless double strand.
As a result, the ribosomes – the protein
production factories of cells – lack their
instructions, and the protein can no
longer be produced.

Photos: MPI for Infection Biology – Diane Schad (2)

A PROMISING APPROACH FOR
NEW TREATMENTS
This study represents an important
milestone in the study of the infection
process of Chlamydia trachomatis, stresses Thomas F. Meyer, an infection biologist and Director of the Department of
Molecular Biology at the Berlin-based
Max Planck Institute. This fact is clearly
confirmed by its publication in the prestigious scientific journal NATURE. It is
Meyer’s hope that the Max Planck researchers “will soon succeed in targeting
and starving the pathogens in this way.”
Heuer and her team have already
managed to identify two factors that
prevent the fragmentation of the Golgi apparatus: two different enzyme
blockers called protease inhibitors.
These hinder the fragmentation of the
Golgi apparatus triggered by Chlamydia and thus prevent the bacteria from
obtaining the lipids that are so important for their survival. The two inhibitors identified have now been patented for possible application against

above: The research team at the Max Planck Institute for Infection Biology in Berlin (from left
to right): Volker Brinkmann, Dagmar Heuer, Annette Rejman Lipinski and Nikolaus Machuy.
below: The researchers grow the bacteria in HeLa cells. Dagmar Heuer examines the cell
cultures under the microscope.

Chlamydia. The research team is currently testing their function in animal
models with the aim of developing
these substances into novel drugs.
The present challenge is the discovery of other factors that influence
Chlamydia infection. The Berlin-based
scientists have already identified 1,500
human genes as part of a screening
process. “We were able to work with 50

of them,” says Machuy. The team will
now delve further into their function
in the coming years. This is no easy
undertaking, as Chlamydia not only
cleverly eludes the body’s immune system, but it is also highly resistant to
laboratory investigation. Due to its obligate intracellular lifestyle, it has not
yet been possible to genetically manipulate this pathogen.
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Colored light antennas: The solutions in the flasks contain rylene dyes that capture light in certain solar cells.
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Plastics
with a Bright Future
Solar cells in tent walls, transparent luminescent films on
windows, microchips in jackets – these are the kinds of
products organic electronics promises. At the Max Planck
Institute for Polymer Research, Klaus Müllen and
Martin Baumgarten are searching for suitable chemical
compounds.
TEXT CHRISTIAN BUCK

Photo: Thomas Hartmann Fotodesign
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t’s a bit like finding out that the fox
suddenly makes an excellent guard
for the henhouse. For decades, plastics interfered with the flow of current in electronic devices – but now
it is precisely plastics that are paving the
way for a completely new type of electronics: polymer electronics.
Today, the use of polymers is mostly limited to insulation for protecting
against electric shocks. After all, most
plastics do not conduct electricity. This
makes it all the more surprising that
the same class of chemical compounds
will, in the not-all-too-distant future,
deliver products that are almost as revolutionary as those that conventional
electronics brought us in past decades.
Polymer electronics is set to offer new
solutions in photovoltaics, lighting
technology and chip design – creating
a very promising market for the industry in the coming years.
At the Max Planck Institute for
Polymer Research in Mainz, some 40
researchers are searching for the ideal

materials for the new electronic components. Their raw material is always
an organic substance – that is, a molecule that contains carbon. These polymers consist of elementary units that
can be combined to form very large
molecules. Not only do such macromolecules form the raw material for
plastic bags and nylons, but they are
also all around us in nature: the cellulose in plant cells and the entwined
DNA molecule of the genome are also
polymers. Organic chemistry has been
dealing with these substances for decades. Industry likes to use them because they can manufacture polymers
relatively easily and process them to
make countless products.
One class of polymers in particular
is of interest to the Mainz-based researchers. “In polymer electronics, we
use only conjugated molecules,” explains lecturer Martin Baumgarten,
who heads one of the related working
groups at the Max Planck Institute in
Mainz. “With these molecules, single
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and double bonds alternate strictly.” In
conjugated polymers, the electrons that
forge double bonds are no longer
wedged in between two atoms, but can
move around in the molecule relatively
freely. Chemists call them “delocalized”.
These mobile electrons turn the polymer into a semiconductor with very
similar electrical and optical characteristics as, for instance, crystalline silicon.

CONDUCTIVE PLASTICS
Much like in classical inorganic electronics, the raw material must, in some
cases, be intentionally contaminated
with other substances before it will take
on the desired properties – such as particularly high conductivity. This process is known as doping, which can
take one of two forms: p-doping or
n-doping. In practice, in p-doping,
chemists mix a polymer with, for example, iodine, whose atoms snatch one
electron from each polymer chain. This
leaves holes in the polymer’s electron
structure. In an electrical field – for example when the polymer thread bridges
the two poles of a voltage source –
these gaps can move just like positively
charged particles.
In n-doping, on the other hand,
metal atoms, for instance, donate their
electrons to the polymer. Like the holes
created in p-doping, the excess electrons in the polymer boost its conductivity – quite drastically, in fact: using a
particularly high doping concentra-
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The boss shows how it’s done: Klaus Müllen
adjusts the synthesis equipment.

2

Molecular design: Martin Baumgarten and
Chen Li discuss variations in the rylene dyes.

tion, researchers created polymers that
conduct electricity just as well as copper. Alan Heeger, Alan MacDiarmid and
Hideki Shirakawa were awarded the
Nobel Prize in Chemistry in 2000 for
their discovery of these organic metals
in the late 1970s.
“The remarkable increase in conductivity was followed by a remarkable
increase in interest in this field,” recalls
Baumgarten. After all, it had become
clear that the doped polymers could be
combined to form transistors, solar
cells and LEDs. Although such components have been available for decades
now as silicon-based and other inorganic semiconductors, the polymers
promise products with some major
advantages. “The components made of
organic electronics are flexible, easy to
work with, and their electronic properties can be adjusted within broad limits
through the molecular design,” explains Klaus Müllen, Director at the
Max Planck Institute for Polymer Research.
Thanks to these qualities, solar cells
could soon be producing electricity in
clothing, for instance, and organic diodes could light up rollable displays or
electronic paper. After all, unlike their
counterparts made of silicon, these
components are not rigid and brittle,
but rather extremely flexible because
they consist of thin films on an elastic
substrate – such as a foil.
Most of all, organic polymers simplify the production of the compon-

1

ents: they are simply dissolved in a
solvent and, for example, applied to
a substrate with an ink jet printer.
“Of course this can’t be done with a
conventional printer from your local
electronics store, but the technology
has long been known, and specially
adapted devices are readily available,”
explains Baumgarten. Conventional
electronic components, on the other
hand, require extensive effort to produce: In clean rooms that are painstakingly kept free of dust, the manufacturers use the extremely pure silicon
to cultivate perfect monocrystals that
they process through numerous steps
into the end product – for instance a
crystalline solar cell. This costs a lot of
energy and money.
But the solar cell example also
shows why organic electronics have
not yet taken hold. There are, of
course, already polymers that, as dyes,
absorb light and convert its energy
into electricity. However, they currently have only a poor efficiency factor of
at most 6 percent – approximately
the same as solar cells made of amorphous silicon. Moreover, their life
span is still much too short: oxygen
and moisture adversely affect the sensitive molecules and render them useless within a matter of months. “To
prevent this, the dyes must either be
rigidly encapsulated, or molecules
must be found that are more stable
in the presence of air and water,” explains Klaus Müllen.
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The search for new polymers is one of
the main focuses of the group at the institute in Mainz. The researchers there
use the wealth of experience gathered
in organic chemistry over the course of
many decades. “For example, there are
numerous guidelines regarding which
substituents must be introduced into a
molecule in order to change its properties in a certain way,” says Müllen.
“And today, with the aid of computer
simulations, we can also precalculate
these modifications.” Nevertheless, the
effective synthesis of new molecules remains a challenge: “Initially, the new
components can be produced in the lab
only with great effort,” says Baumgarten. “We are working very hard to optimize these processes, as the industry
requires simple methods – we are trying to reduce it to as few synthesis steps
as possible for mass production.”

RESEARCHERS PRODUCE
ORGANIC TRANSISTORS
In their labs, the researchers design new
polymers, determine their properties
and use them to produce organic-based
devices. A glovebox – an ever-present
prop in Hollywood films about killer
viruses – is indispensable for their work.
This glass box is filled with pure nitrogen to prevent the molecules from reacting with atmospheric oxygen. To
work in it, the researchers put their
hands into black rubber gloves that extend into the box, and in this way, pro-

duce organic transistors, for instance, or
measure their switching speed. In parallel, they also analyze the substances
without the protective nitrogen atmosphere in order to determine whether
the oxygen damages the polymers.
Despite many advances, the researchers won’t be running out of theoretical or experimental work any time
soon, as organic chemistry offers an unimaginably large number of molecules.
So the researchers have a sheer inexhaustible pool of polymers from which
to design custom-tailored materials for
organic electronics. “The infinite variety of possible molecules corresponds
to an infinite variety of publications,”
jokes Baumgarten: “All variations are
being researched in depth.” But a few
standards have now been established –
widespread materials for solar cells include poly(3-hexyl thiophenes) in combination with fullerene derivatives,
light in LEDs is produced by polyphenylenes, and polyfluorenes serve
especially as a blue light source.
In addition to the large polymers,
another class of organic molecules currently plays a key role: small conjugated molecules. These make up the
organic LEDs (OLEDs) that are already
sold commercially today. The small
molecules provide very good colors, but
they often don’t form homogeneous
films in solution, which means that
they can’t be printed economically. Instead, they must be vapor deposited on
the substrate in a high vacuum, which

is relatively expensive. “No one can
currently predict who will win the competition between polymers and small
molecules,” says Klaus Müllen. “That is
why we are studying both classes of
substances – after all, we want to be on
the winner’s side.”

STABLE SUBSTANCES FOR
BLUE DIODES
Especially in the field of organic LEDs,
the institute in Mainz has very recently achieved some important advances.
The researchers are searching particularly intensively for blue emitters
since, without them, no white light
source will work for lighting purposes.
But it is precisely these substances that
also posed the greatest difficulties for
the researchers in the past: “With organic LEDs, the blue emitters are currently the bottleneck, because they are
relatively unstable,” explains Baumgarten. While red and green OLEDs
already have remarkable life spans,
their blue counterparts don’t yet last
long enough for most applications. But
there are signs of progress here, too:
Baumgarten and his colleagues recently identified two substances that are
very suitable as blue-light-emitting diode material.
The first compound is a dendrimer
– a sort of molecular tree with molecular limbs growing around its nucleus
and protruding in various directions.
What makes it so special is that it is not
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Working without air: In the glovebox, the Mainz-based researchers work in pure nitrogen.
The overpressure in the box pushes the unused gloves outward.

below

A computer steers electrodes to a circuit board on which the organic semiconductors of the
researchers in Mainz are applied. This is how the conductivity of the substances is tested.

MATTER & MATERIAL_Solar Cells

just the nucleus that emits light, but
also the components of the branches.
Previously, the limbs of such molecules
were intended only to protect the nucleus from coming into contact with
adjacent molecules. Undesired contact
causes the color of the emitted light to
change. Obtaining light from the nucleus and limbs increases the light yield
considerably.

Photos: Thomas Hartmann Fotodesign (left)

CONTACT BETWEEN MOLECULES
FALSIFIES THE COLOR
But the efficiency of the dendrimers has
its price: “It’s pretty chemistry, but it requires multiple synthesis steps and thus
considerable effort,” explains Müllen.
As an alternative, Baumgarten and his
colleagues developed a blue luminescent substance from the chain-like
polypyrenylene. This polymer can easily be produced in one step, although it
doesn’t fluoresce as brightly as the dendrimer. Furthermore, the molecules still
come into contact with each other, falsifying the color. But the Max Planck researchers have already found a solution
for this: they mix the light-emitting
polymer with polystyrol to keep the
molecules from crossing paths.
This example shows that the properties of the components are not dependent solely on the molecules used –
their relationships to their neighbors
and their reciprocal orientation are just
as influential. The researchers refer to
this as supramolecular phenomena or
morphology. For high-performance
transistors made of organic materials,
for instance, it is important that the
polymers not be arranged randomly,
but rather as uniformly as possible –
much like in conventional electronic
components powered by perfectly ordered monocrystals. Only then can the
charge carriers move through the ma-

terial relatively unhindered. And the
better the charge carriers can move, the
faster the transistors can be turned on
and off.
“While designing custom-tailored
molecules poses relatively few problems, it is very difficult to obtain the
desired supramolecular structure,” reports Müllen. To vary, for instance, the
mutual distance and the solubility of
the molecules, the researchers alter
their structure and thus their interactions, which are dominated by such
things as hydrogen bonds and electrostatic forces. If the chemists attach, for
example, alkyl or phenyl-alkyl groups
to the molecules, then the substances
dissolve better. In addition, depending
on their size, the attachments keep the
molecules separated.
“We are searching for a quasi-crystal
in which the individual molecules are
close together and highly ordered,”
says Müllen. But their orientation is
also determined by the type of substrate to which the polymers are applied. And finally, the chemists influence the order of the molecules by
creating a film of the organic compound with solvents that vaporize at
different rates. They are particularly interested in the regions at the edges of
different materials. The electricity in an
organic transistor is transported only in
a narrow layer directly above the support material, so the chemists have to
find out how the polymers are aligned
in precisely this region.
The researchers recently achieved a
breakthrough with the organic transistors: they used a polymer that contains
benzothiadiazole. With an optimized
morphology, they speeded up the charge
carriers, which increased the switching
speed and improved the on/off ratio.
Electronic engineers use this parameter
to indicate how much electricity flows

in the on state, and how much in the
off state. But here, too, the numbers
show how far this technology still is
from established silicon electronics:
while the optimized organic transistor
reaches a switching frequency of approximately 100 kilohertz, its inorganic counterparts easily switch at several gigahertz.

ECONOMICAL SOLAR CELLS
TO GO
But maybe organic transistors don’t
even need to catch up to the inorganic
ones: “One shouldn’t view organic and
inorganic electronics as competitors,”
says Müllen. He can also conceive of a
relatively profitable coexistence of the
two fields. “For example, the production
of electric current on rooftops could remain the domain of silicon-based solar
cells.” And in addition to this, solar cells
composed of organic materials could
serve as mobile current sources – integrated in tent walls, for instance. “The
possibility to produce electricity cheaply everywhere could also drastically increase education opportunities in remote areas,” says Müllen. Simple mobile
current sources would also facilitate access to electronic media in these areas.
The industry has recognized these
opportunities and is taking an in-depth
look at the possibilities. “Studies anticipate that, in 2030, products comprising
organic electronics will have sales figures on the order of some 300 billion
euros,” says Karl-Heinrich Hahn, who is
in charge of, among other things, research in organic electronics at chemicals giant BASF. In 2008 alone, the company spent more than 20 million euros
on this research and employs around
100 staff in this division. Other big
names in European business are also
putting their money on the new tech-
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Tree or ribbon: Both the dendrimer polytriphenylene (depicted
in a two-dimensional and in a spatial representation) and
the chain-like polypyrenylene emit blue light; which substance
is better suited for commercial LEDs remains to be seen.

FOILS THAT PRODUCE EITHER
ELECTRICITY OR LIGHT
The experts from the Max Planck Institute in Mainz are also part of the team.
“The institute offers a lot of expertise in
conjugated polymers, as well as in dyes,”
says Hahn. “BASF benefited from this
and from the researchers’ new ideas in
the development of organic electronics.” Particularly the theoretical foundations, however, still need to be investigated thoroughly – and here is where
the Mainz-based researchers can contribute many findings, which is becoming ever more important for the production of new components. “The first
organic LEDs were quickly produced
through pure experimentation,” says
Hahn. “But this method failed with blue
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light sources – here, a fundamental understanding of, for example, which
processes lead to the degradation of the
components is absolutely crucial.”
In that respect, research and industry in Germany seem to be on the right
track, as Germany is on a par with Japan and the US in the development of
organic LEDs, organic photovoltaics
and organic transistors. That is good for
the country as a business location, and
highly promising for consumers: if
organic electronics delivers what it
promises, it can offer numerous new
products. Organic LEDs make new televisions possible that are not only extremely flat and energy-saving, but that
also deliver brilliant images that are
far superior to those of today’s LCD devices – the first flat screen of this type
has already been produced.
But organic diodes can also be used
to create entirely new products: in thin
and transparent films on window panes,
they could convert sunlight into electricity during the day, while serving as
flat light sources to light up rooms at
night. And economical transistors made

of organic materials could be used as
components for smart labels on products – an application for which silicon
is much too expensive. If these hopes
were to be realized, then polymers
could actually grow far beyond their
traditional supporting role as insulators
in electronics.

GLOSSARY
Polymer
A large molecule in which many chemical
components of the same type line up next
to each other, sometimes as a chain and
sometimes as a branch.
Dendrimer
A polymer in which molecular limbs
branch out from a nucleus.
Morphology
Describes how the molecules arrange
themselves and what reciprocal effects
they have on one another.

Graphic: MPI for Polymer Research

nology, including Merck, Bosch, Osram,
Philips and Ciba. Because the subject requires cross-disciplinary cooperation,
chemists, physicists and electronics engineers are collaborating to develop new
components in BASF’s Joint Innovation
Lab (JIL) in Ludwigshafen.
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Safe Havens for Methane Eaters
Methane-oxidizing bacteria play an important role in our climate system. Research
currently being carried out as part of the European METHECO project demonstrates how
crucial the protection of the biotopes that provide a home for these microbes may be.
TEXT KLAUS WILHELM

B

elow him there is just bog.
And the bridge “we built
ourselves,” says Peter Frenzel.
The professor from the Max
Planck Institute for Terrestrial Microbiology in Marburg inches
across the makeshift wooden platform
into the expanses of the Estonian raised
bog toward a seven-meter-long tree
trunk, “that my colleague Edgar Karofeld and I sank last year” and that appears to be steady enough to be used as
a mount for the micromanipulator. The
device enables mechanical interventions in very small objects or organisms,
such as bacteria. In this case, more specifically: methane-oxidizing bacteria.
Based on a precisely defined chemical
reaction, these bacteria use methane as
a carbon source to build up cell mass
and harness energy.
Such “methane oxidizers” are among
the few organisms that thrive in nutrient-poor raised bogs, whose only source
of nutrition is rainwater. An electrode
clamped to the micromanipulator records the oxygen content of the bio-
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tope. “The oxygen content,” explains
the energetic and agile professor, “reveals a lot about the processes that take
place down there.” The curve of the oxygen profile enables the microbiologist
from Marburg to identify the precise
depth to which the oxygen penetrates
through the layers of soil. The work of
the methanotrophs starts at the boundary between these worlds with and
without oxygen.

METHANOTROPHS CONTRIBUTE
TO CLIMATE PROTECTION
And what important work it is. According to the leader of the biogeochemistry research group, to put it in a nutshell, methane oxidation by bacteria is
“of global significance.” Methane that
is not converted by the bacteria escapes from the soil into the atmosphere, where it takes effect as the second most important greenhouse gas.
This, not least, is why Frenzel and
nine other European research teams
launched the METHECO project three

years ago, the funding for which runs
out in 2009. The objective is to describe methane oxidation in typical
ecosystems in Europe as a model for
biotic communities of bacteria, to record the dynamics of the associated
processes, and to understand the microbial diversity of the methane oxidizers using the most advanced scientific
methods available, including molecular biology approaches.
“We got off to a sluggish start due
to bureaucratic obstacles,” says Frenzel,
“but we have now made some progress
in reaching an understanding of methane oxidization.” The Marburg-based
researchers have succeeded in providing
a better description than previously
available of at least one crucial bolt of
this process: the nutrient nitrogen.
And, thanks to their meticulously designed experiments, they managed to
track down a food chain that features
the bacteria and so-called eukaryotic
protozoa, such as amoebae, at its center.
Finally, it emerges that the robustness
of ecosystems with methane-oxidizing
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Methane oxidizers – bacteria that can process methane metabolically –
are among the few organisms that can thrive in nutrient-poor
raised bogs. Astonishingly high rates of methane oxidation can be
observed in the wetlands of Estonia.

bacteria varies according to their geographical latitude, methane concentrations, and various other factors. In
response to these insights, Frenzel’s
former colleague, Paul Bodelier, has set
himself a new objective: to ensure that
the biotopes that house the methanotrophs and thus play such an important role in our climate system are afforded the same protection as biotopes
that contain other important flora
and fauna.
First described scientifically in the
18th and 19th centuries by Allessandro
Volta and John Dalton, methane is a
gas from the group known as the hydrocarbons. However, methane was already
known to the alchemists of the Middle
Ages as “swamp gas,” the gas produced
when stagnant water is combined with
decaying organic matter. Methane was
first produced in the laboratory by
French scientist Marcellin Berthelot in
1856, and methane-producing bacteria
were discovered by Dutch biologist
Nicolaas Louis Söhngen in 1906. It is
now clear that this gas is always pro-

duced when certain microorganisms
decompose organic material. It is estimated that 500 million tons of methane are emitted worldwide every year.

RICE PADDIES HEAT UP
THE GREENHOUSE
One source of methane generated by
human activity is gaining in significance, namely cattle breeding. The gas
is generated by bacteria in the stomachs
and intestines of ruminants. However,
the biggest sources of methane are wetlands, for example bogs and, in particular, man-made paddy fields, which
are constantly on the increase. The
methane-producing bacteria, or related
protozoa, the archaea, find optimum
conditions in these environments. This
means that oxygen is a very scarce commodity here. These methane producers
thus dominate the mud of flooded rice
fields and emit large volumes of the gas
into the atmosphere. Approximately 90
percent of the methane leaves the muddy soil of the rice field through the rice

stalks, with the remaining 10 percent
rising in the form of gas bubbles. Methane acts as a greenhouse gas in the atmosphere and has around 20 times
more impact than its far more common
counterpart carbon dioxide.
The crux of the matter, however, is
that even more gas would escape from
the rice fields and other methane-containing environments if the gas were
not practically devoured by methaneoxidizing bacteria. “These microbes
function like a biofilter that allows only
a certain volume of methane to escape
through it,” stresses Peter Frenzel. In
some sediments, the microbes harness
up to 95 percent of the methane
formed, but “less in the paddy fields,
around 20 to 30 percent” – maybe not
as good, but something at least. Three
of the key questions that arise in this
context for Frenzel concern the identity of the factors that control the process, how they relate to the microbial
biodiversity, and how stable these crucial methanotroph ecosystems are in
terms of disturbances.
>
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The study of methanotrophs is anything but simple for Peter Frenzel.
The microbiologist has to inch his way across a makeshift wooden bridge
on his stomach to take samples from an Estonian raised bog.

These topics were, and continue to be,
among the focus issues of the METHECO project, which is aimed at biodiversity in general – a buzzword that is currently very much in vogue in science
and the field of environmental policy.
The loss of species and the often associated disruption of important biological processes are now seen as one of
the most important issues of our time.
“Biodiversity is vaunted almost as a
panacea for all of our environmental
woes,” scoffs Frenzel, with the sober expression of a skeptic. Flora and fauna
are subjected to minute scientific monitoring and are condensed into figures,
equations, and indices – often uncritically and excessively, and accompanied
by high political expectations.
Furthermore, such concepts of biodiversity, which originate from zoology and botany, are not likely to work in
microbiology. Many microbial processes – carbon mineralization, for instance – are carried out by such a large
number of bacterial groups that it
would probably be impossible to extrapolate a relationship between a diversity
of species and the process. International experts largely agreed on this
point at a recent conference. Instead,
for diversity projects, it makes far more
sense to select a specific process, like
methane oxidation, behind which lies
a manageable concept of diversity.
“Then we have a sure chance of learn-
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ing something fundamental,” says
Frenzel. “The identity of the species
that play a crucial role in a process is
more important for us than the overall
number of species present.”
Speaking of species, in the case of
microorganisms, the definition of a
species poses another problem. There
is still no agreement among experts in
relation to the genetic and metabolic
features of the bacteria that should be
used to differentiate between species. At
least some experts are currently focusing on the differences in the microbes’
so-called 16S-rRNA (ribosomal ribonucleic acid), which is one of the central
components of the ribosome, the protein factory of life.

BACTERIA WITH A PREFERENCE
FOR PARTICULAR BIOTOPES
In light of this information, it is not surprising that microorganisms have thus
far been omitted from the biodiversity
hype. Despite constituting a large part
of the biomass and biodiversity on our
planet and playing a crucial role in the
biogeochemistry and thus functionality of ecosystems, they are largely disregarded in environmental research programs and in the debates surrounding
global change. “It’s difficult to get a foot
in the door there,” complains Frenzel.
Moreover, because microbial communities have the reputation of being in-

extinguishable, they appear to be omnipresent and extremely resistant to
disturbances. In many cases, however,
this reflects wishful thinking rather
than reality. Spurred on by the new testing techniques available in the field of
molecular biology, in the few cases that
have been analyzed, microbiologists
have found that microbial communities
display a preference for certain biotopes
and do not scatter themselves indiscriminately all over the planet.
Even the biotic communities of soil
microbes that are actually highly flexible react sensitively to disturbances
caused by agriculture, and this can lead
to a kind of “genetic erosion” of the microorganisms. This, in turn, affects the
stability of the entire system. Furthermore, certain groups of microorganisms with restricted habitats control
many important environmental processes. “Under certain circumstances, if
disturbed, the recovery of such microbial communities could take decades,”
fears Frenzel. And even if an ecosystem
eventually recovers, irreversible damage may have been inflicted. In view
of all of this and the lack of knowledge
in this area, a pioneering project like
METHECO was long overdue.
Thus, since 2006, Frenzel and his
colleagues from nine different countries
have been undertaking regular expeditions and sampling soils from different
ecosystems in a variety of regions. They
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analyze forests and meadows whose
methane-oxidizing bacteria absorb the
gas from the air, and they examine soil
from the banks of the Rhine, from
natural wetlands such as raised bogs,
and from paddy fields. The Marburgbased scientist has been to a variety of
locations, including the Norwegian island of Spitsbergen in the Arctic, which
sees a steady stream of international
research teams – Europeans, Indians
and Chinese.

Photos: MPI for Terrestrial Microbiology

MICROBIOLOGISTS NEED
TO ARM THEMSELVES
The conditions are uncomfortable: icy
temperatures and harsh winds, even in
July. Frenzel and his team set out to do
their daily work from the Koldewey
Station, which is run by the Alfred
Wegener Institute in Bremerhaven, but
not without their weapons. “We set off
with a rifle on our backs,” he reports,
“the successor model of an old 98K with
a hefty recoil.” First they do target practice to improve their accuracy, and then
they turn their attention to science –
this is everyday reality for the researchers up there, as polar bears can cross
their paths at any time, “and you can’t
dash back, either, as that would startle
the geese.”
So Frenzel’s colleague Mette Svenning is seen with her weapon at her
feet while the Max Planck researcher

works with basic equipment on the
“frozen-stiff” peat soil and goes stalking for methane-oxidizing bacteria.
Frenzel is equipped with his microelectrodes for measuring oxygen, a bag
with syringes and needles, and his
own gas chromatograph for the initial
analyses. He collects soil cores that are
frozen immediately in liquid nitrogen
for molecular analyses of the bacterial
genetic material. He quickly takes
another few gas samples to see how
the methane concentration in the soil
changes.
Such data is important for the laboratory analysis that begins immediately after Frenzel’s return to the highlands of central Hesse. They provide a
clear picture: two species that process
methane thrive in the frost. After
Frenzel’s analyses, it is also established
that they oxidize methane and thus
render it harmless to the Earth’s atmosphere. “These fellows are really active.”
A comparison with the METHECO data
now coming in from the other research
groups reveals that the diversity of the
methane-oxidizing bacteria increases
the more southerly their location in
Europe. Frenzel identifies a speciespoor bacterial flora in the Arctic and
extensive diversity in the Mediterranean with perhaps around 30 species. The
rice paddies appear to be one of the habitats with the highest levels of diversity.
This is one thing. The other is that the

spectrum of species present in the communities differs based on the methane
supply. The drier the habitat, the less
methane is available, and the lower the
level of species diversity.
However, the situation in the wetlands of Estonia is of particular interest
to Frenzel. Despite the northerly location, high rates of methane-oxidizing
bacteria can be observed, although it
remains unclear as to how the biodiversity is organized there. All of the species
there convert methane, the concentrations of which vary in the different
habitats and are among the highest
found in the wet habitats.

AMOEBAE ON THE HUNT
FOR MICROBES
As part of the METHECO project, the
scientists in Marburg also carried out a
detailed study in recent years of the
community of methane-oxidizing
bacteria in an Italian rice cultivation
area. They managed to track down a
case of eating and being eaten – in
other words, a food chain. The protagonists are eukaryotic protozoa
(known as protists), such as amoebae,
ciliates and flagellates, which literally
graze on the methane-oxidizing bacteria. That, at least, is what Peter Frenzel
and his colleague Jun Murase from the
University of Nagoya in Japan assume.
The two scientists have now definitive-
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Despite constituting a large part of the biomass and biodiversity on our planet
and playing a crucial role in the biogeochemistry and thus functionality of ecosystems,
microorganisms are largely disregarded in environmental research programs
and in the debates surrounding global change.

ly demonstrated this food chain with
the help of an innovative laboratory experiment.
Murase isolated individual components of this ecosystem, consisting of
the soil, the methanotrophs and
numerous eukaryotic protozoa, from
original soil samples taken from the
paddy fields of Vercelli. From these
“components,” he then created an artificial microcosm consisting of wafer-

thin layers of sterile soil later colonized under controlled conditions
with methanotrophs and protists. The
biological processes of this ecosystem
can be systematically measured using
new techniques such as RNA stable isotope probing (SIP). The biologists use
methane marked with heavy carbon
that is processed by the bacteria. When
the protists, in turn, have consumed
the bacteria, they metabolize the car-

bon in the methane into their cellular
substance. This entire process can now
be reconstructed in the laboratory.

THE SEARCH FOR THE
RELEVANT VARIABLES
With the help of further complex methodologies, Murase and Frenzel finally
identified which bacteria represent a
preferred source of food, and how the
ecosystem changes as a result – in other
words, whether the protists represent
a key variable in methane-oxidizing
systems. The results are clear: the protists graze on the methane-oxidizing
bacteria and other microbes, and this
alters the bacterial community. Certain amoebae, in particular, show a
preference for certain species of methane oxidizers. “The pressure from the
grazing protists regulates the composition of the ecosystem,” explains Frenzel. Ultimately, though, the rate of the
methane oxidation does not change,
even under increased pressure from
the bacteria’s predators. “It would appear that other species jump in and
take over the job,” concludes the
microbiologist.

The researchers created an artificial microcosm
consisting of wafer-thin layers of sterile soil
that is colonized under controlled conditions
with bacteria and their predators, namely
amoebae and flagellates.
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The diversity of the methane-oxidizing bacteria increases the more southerly their
location in Europe. While the researchers found up to 30 methanotrophic bacterial species
in the rice paddies of northern Italy, the corresponding figure for the Arctic is just two.

The question as to the factors that control the methane oxidation process
thus remains unanswered. In any case,
the protists appear to be out of the running as a variable here. Frenzel is now
thinking in new directions. For example, the bacteria process the gas using
an enzyme called methane monooxidase, which occurs in two forms. One
variant is called iron, the other copper.
“There are even methantrophic bacteria that build their own vehicle to
make copper in the environment soluble and get it into their cells.” So could
certain micronutrients such as copper
help control and limit the process of
methane oxidation?

Photos: MPI for Terrestrial Microbiology

NITROGEN FERTILIZERS SPELL
RUIN FOR CERTAIN SPECIES
The nitrogen supply in the soil, on the
other hand, has been deemed “a crucial variable for methane oxidation”
for years now, at least under certain conditions. The methanotrophic
species utilize nitrogen in a different
form: some fix atmospheric nitrogen,
and others also assimilate the nitrogen
in ammonia, nitrate, amino acids or
urea. The researchers are currently taking a closer look at the limiting factor
for methane oxidizers from different
biotopes, for example the rice paddies
in Vercelli, in northern Italy, which the
Marburg-based microbiologists now

know inside out. Increasing volumes
of rice are being consumed by everincreasing numbers of people. Consequently, farmers are using more fertilizers than ever, including nitrogen-based
fertilizers, to increase rice harvests. This
could have repercussions for methane
oxidation.
It was initially established that excess nitrogen hinders methane oxidation. This insight was taken as absolute
dogma until Frenzel’s team discovered
that it applies only under certain conditions. “If they have a lot of methane,
they also tolerate an incredible amount
of ammonium,” he says, “easily up to a
hundred times as much.” However,
with fertilizer use, the spectrum of the
methane-oxidizing species is altered,
causing changes in the ecosystem.
Matthias Noll, Peter Frenzel, and Ralf
Conrad, Director at the Max Planck Institute in Marburg, shipped rice soil
from Vercelli to Hesse, applied fertilizer
to some of it and none to the rest, and
analyzed it using new molecular-genetic technology that can track down active methane oxidizers very accurately.
Two bacterial genera, namely Methylomicrobium and Methylocaldum, selected themselves out in the fertilized
soil alone. The flood of nitrogen had
absolutely floored all of the other species. Whether the species impoverishment causes the reduction in methane
oxidation is not yet clear. In general,

GLOSSARY
Eukaryotes
Organisms with a nucleus and cell
membrane.
Protists
Eukaryotic organisms with one or
a few cells, such as algae, slime molds
and protozoa.
Prokaryotes
Organisms that lack a cell nucleus,
such as bacteria. Their DNA is located
in the cytoplasm.
16S-rRNA
The ribosomes of prokaryotes always
contain three ribosomal ribonucleic
acid (rRNA) molecules that differ in size.
The size of these rRNAs is specified in
svedbergs, abbreviated “S.”
Heavy carbon
Carbon has two stable isotopes, 12C
and 13C, meaning that the atomic nuclei
have the same number of protons but
a different number of neutrons, which
results in different mass numbers.
Thus, 13C is referred to as heavy carbon.
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In the Arctic, the Max Planck researchers set out to do their daily work from the Koldewey Station, which is named after
Carl Koldewey, the leader of the first German expedition to the North Pole in 1868, and is run by the Alfred Wegener Institute.
This work consists in, among other things, removing soil cores from the water-saturated peat using pipes (front).

however, the scientist concludes that
the methane oxidation system is “extremely robust and largely resistant to
stress” in most wet locations with high
methane concentrations.

Photos: MPI for Terrestrial Microbiology

THE SENSITIVE SOULS
AMONG THE METHANE EATERS
Nevertheless, as established by Werner
Liesack’s Max Planck research team,
methanotrophs from periodically
flooded soils do appear to be more vulnerable. The microbiologists cultivated
an organism that clearly possesses a
completely new enzyme for methane
oxidation – for use in the event that
the methane concentration in the ecosystem fails. This variant of the biocatalyst works far more effectively for
this purpose than the more common
enzyme. “This means that the relevant
bacteria can survive at low methane
concentrations.” The information
available for methane oxidizers in predominantly dry habitats such as forest
and meadow soils is scarce and provisional in nature. However, the initial
METHECO analyses show that the organisms there are “really sensitive little
souls” and “proper nitrogen fertilization annihilates them,” says Frenzel.
In the opinion of Paul Bodelier, it
is these habitats that should be protected. Frenzel’s former colleague, who
now works at the Netherlands Institute

for Ecology in Niewersluis, sees “good
reason to assume that such methaneoxidizing ecosystems could be damaged by environmental stressors in the
future.” The biologist, who is also involved in the METHECO project, is
thinking here of changes in the pH
value of the soil, or mechanical faults.
For example, when farmers plough the
soil, the sensitive spatial arrangement
of the microorganisms is disrupted in
the long term. “Although I can’t prove
it yet, I’m convinced that the methane
oxidation suffers as a result.” The use
of nitrogen fertilizers on these soils
could have a similarly devastating effect
on the ecosystem.
Not to mention climate change and
its possible consequences, such as increasing drought or the thawing of the
Arctic permafrost soil. No one can say
at present how the microbial ecosystems in the permafrost would react to
this change. After all, the Arctic permafrost contains around 14 percent of the
global soil carbon, most of which could
be released as methane under warmer
climate conditions. In terms of climate
modeling, Peter Frenzel now considers
his work to be “basic research.” While
methane oxidation plays a key role in
the fight against the greenhouse effect,
few climate models currently exist
“that can depict these complex phenomena in the soil and the possible
variables of methane oxidation.”
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A Game for Life
When people make economic decisions, they’re not driven solely by the desire to maximize
their personal gain. Werner Güth and his colleagues at the Max Planck Institute of Economics
are seeking to discover what really determines our economic behavior.
TEXT RALF GRÖTKER

A

t the end of the 1970s, a
thousand deutschmarks
were worth about 1,200 euros in today’s money – not
necessarily a sum you’d carry as cash in your pocket. “A thousand
marks – that was how my colleagues
used to persuade people to play along.
I was essentially inveigled into it,” says
Werner Güth. It was at a meeting of social psychologists and economic mathematicians in the Allgäu that colleagues
from the University of Augsburg slipped
him the cash – as play money. The idea
was for Güth to use the money to experiment with real economic incentives: those taking part in the experiments are paid according to how skillful
or selfish they are, or also how cooperative, in various game situations.
Güth is a rather tall man with a diffident air about him and an accent that
points vaguely to an upbringing somewhere along the Rhine or in the Ruhr
region. Only the rather striking frames
of his dark glasses hint at a certain eccentricity. The HANDELSBLATT, Germany’s
leading business newspaper, ranks him
among the country’s top economic
researchers. He held professorships in
Cologne, Frankfurt and Berlin before
accepting an appointment in 2001 as
Director at the Max Planck Institute of
Economics in Jena, where he established
a department of “Strategic Interaction.”
It was Reinhard Selten, mathematician, economist and winner of the 1994
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Nobel Prize for his work on game theory, who in 1970 gave the young Werner
Güth his first taste of experimental
research. The experiments that Güth
conducted with his thousand marks
ultimately led to his first international
publication. Ever since, Güth has been
the “ultimatum game man.”

HOMO SAPIENS IS NOT
HOMO OECONOMICUS
In this game, one of a pair of participants, the proposer, is given a sum
of money that he/she may divide as
he/she sees fit between himself/herself
and one other person, the responder.
The responder is given an ultimatum –
hence the name of the game – to either
accept the proposed share-out, in
which case both players receive the
suggested payments, or reject it, in
which case both players are left emptyhanded.
The two players are anonymous and
are aware that this interaction will take
place exactly once. They also know that
they will never be able, in the future, to
identify former game partners. On this
basis, a responder motivated by his or
her own profit ought to accept even the
smallest sum that is offered. If a real-life
responder rejects a positive offer, however small, he or she must – so the
scientists conclude – be interested in
something other than maximizing his
or her personal gain.

The results of experiments such as the
ultimatum game show that people do
not act in anything like the selfish and
future-oriented ways proposed in the
standard models propounded by economists. Time and again, players have
been willing to forego a profit entirely
if they considered the proposed distribution to be unfair.
This and similar findings have since
been reproduced many thousands
of times. Each individual experiment
requires the game to be played in multiple rounds in which the players interact repeatedly. The Max Planck Institute
of Economics has a computer laboratory devoted to experiments with such
illustrative names as ‘Forbearance’,
‘Communication in charitable giving
experiments’ or ‘Dictator IN/OUT’. In
addition, control experiments are
carried out in the video laboratory
in the institute’s cellar, primarily to
discover whether discussions between
participants with joint decision-making
powers confirm the scientists’ expectations.
Today, after decades of experimentation, the focus of Werner Güth’s
interest has shifted somewhat. In
the words of Güth’s long-standing
colleague, co-author and friend, the
Frankfurt-based philosopher and economist Hartmut Kliemt, “The ultimatum
game has long since ceased to be an
‘experimentum crucis’.” The emphasis is
no longer on a fundamental criticism

CULTURE & SOCIETY_Game Theory
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In the ultimatum game, a person can divide a
sum of money between himself/herself and
one other player as he/she sees fit. The offer is
made only once and may be either accepted or
rejected by the responder. The game allows a wide
variety of associations to be studied.

of the imagined view of human beings
as profit-oriented maximizers of personal gain.
It is now more a question of the
minutiae. For example, which aspects
of game behavior are dependent on
a specific social environment – and
which are even common across a wide
variety of cultures? Answer: There
are differences between cultures. Or
another: How do chimpanzees differ
from humans? Answer: Animals are
more likely to match the caricature of
Homo oeconomicus than humans (see
box). To what extent is game behavior
affected by how high the stakes are?
Answer: ‘Moral’ behavior is more likely
when the sums involved are small.
All of these things are worth knowing, and not just per se. Over the years,
they have provided a solid basis for
comparison, allowing researchers to assess the plausibility of individual results
and the potential influence of subsidiary factors. This, in turn, opens up a
lot of new opportunities. “In terms of
social psychology, the ultimatum game
has proven to be far more multifaceted
than theory would have led us to expect,” explains Güth.
If you replicate on paper the various
moves available to the individual
players, there is, in fact, only one interaction taking place: one player makes a
proposal and the most the other can do
is think, why is he giving me so little?
“From that point of view, it really is

The ultimatum game

1

2

One person is given a sum of money
to share with a second person as he or
she sees fit.

If the second person accepts
the share offered, both may keep
their respective amounts.
3

If the second person rejects the offer
– maybe because the split appears
unfair – both players go away emptyhanded.
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The players in the ultimatum game are
anonymous. They know that they will never be
able to identify former game partners.
The saying “we always meet twice in life” simply
does not apply in the ultimatum experiment.

a trivial game,” says Güth. “But in
practice it has proven to be the case
that, even in this simple situation, the
players’ mutual expectations of one
another give rise to what is effectively
a social field.”

The ultimatum game therefore lends
itself to the study of a wide variety of
things – in a strikingly simple context.
Consider downsizing, for example. A
company decides – as Deutsche Bank
did not so long ago – to reduce its workforce, even though the business is
operating profitably. Güth and his
colleagues asked themselves under
what circumstances people are willing
to do that.
So the scientists replicated the situation in an ultimatum game. Either one
player proposes how a given amount
should be distributed and two players
respond, or two players band together
and dismiss the third player and so increase their own profit. Admittedly,
that’s highly abstract. “But it covers the
essential facets of the downsizing decision,” Güth explains. “And there is the
big advantage of comparability with
other experimental data – which you
would have to do without if you really
wanted to replicate specific corporate
decisions in the model.”
In a similar manner, Güth and his
colleagues have used the experiment to
find out what role small-group loyalty
plays in networking behavior, and how
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buyer protection insurance might work
on eBay – a study that Güth conducted
together with Cologne-based experimental economist Axel Ockenfels. The
experiments with small groups within
larger networks showed that the propensity for cooperation is apparently
more an anthropological constant than
exclusively group-based egoism. As far
as eBay was concerned, the studies
showed that, as soon as buyer protection insurance was introduced on the
auction platform, buyers paid less

attention to how traders were rated by
previous purchasers. The result is an
increase in the fraud rate – which is
already a real problem for eBay.
Naturally the question also springs
to mind as to whether research of this
kind into the development of mutual
expectations in networks might shed
some light on the latest financial and
economic crisis. Many commentators
are, after all, interpreting it as a crisis of
confidence. Could this not be spelled
out in game theory? Not by a mile.
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THE EXPERIMENT – MEDIATING
BETWEEN REALITY AND MODEL

CULTURE & SOCIETY_Game Theory

“Confidence only comes into it when
one of the two game players has the
opportunity to frustrate the other’s
expectations of him or her in terms of
fair play,” explains Güth’s colleague
Oliver Kirchkamp. In the latest crisis,
however, it is not expectations of fair
play that are being frustrated, but expectations of future development. This
example shows how important it is
to precisely define the relevant terms
when translating real-world phenomena
into the starkly schematic scenarios of
game theory.
Furthermore, unlike the situation in
the natural sciences, external validity
is generally a problem in social science
experiments. “It is only through experience in the social sciences that we

Rope

have become aware that external validity is even an issue to be taken into
consideration.” This is the view of
philosopher Francesco Guala, who has
written a book on the issues of science
theory associated with laboratory
experiments in the social sciences. In
his opinion, experiments especially
in economics are best understood as
“mediators” between the real world
and the theories, models and hypotheses they are intended to explain.
This would explain why the numerous publications on game theory experiments do not adequately represent the
scientific progress that has been made.
It is more a question of the practical
experience and implicit knowledge
gathered by the scientists. Güth finds

that not very surprising: Why should
researchers be any different than
managers who are paid primarily for
the knowledge and experience they can
call on when there are important
decisions to be made?
Güth also believes that “rational
models” are empirically far less meaningful than experimental economics:
“Conventional economics has completely ignored the fact that interaction
between individuals also has a role to
play.” In the case of competition, for
example, the view has been taken that,
in typical markets, there are sufficiently many participants competing with
one another for the behavior of each
individual to be of no importance to
the others. Either that or the focus right
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PLAYING THE ULTIMATUM GAME WITH CHIMPANZEES
Researchers at the Max Planck Institute for Evolutionary Anthropology have been playing a simplified version
of the ultimatum game with our closest living relatives, chimpanzees.
In this game, one chimpanzee may offer another a specific
number of raisins. Chimpanzees may not be able to count, but
they are quite able to distinguish between quantities. The
chimp making the offer can pull a rope to open a drawer containing two bowls. But it can’t get at its bowl until the other
chimp accepts the offer and opens the drawer wide enough for
both to be able to take out the raisins. In different versions of
this mini-ultimatum game, the chimp making the offer was
able to be either generous (two raisins for itself and eight for
the other chimp), fair (five raisins each) or unfair (eight raisins

for itself and two for the other chimp). If the other chimpanzee
does not accept the offer, both are left empty-handed. In
contrast to humans, however, chimpanzees accept every offer
– fair or unfair. There is, however, one exception: the option of
ten to nothing, in which the chimp on the receiving end gets
no raisins, was always rejected. In other words, chimpanzees
tend to behave more like self-centered economists than social
reciprocators – the latter being concerned to consider both
themselves and others when deciding how to act.
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from the start has been on monopolistic situations in which there were no
opposing players.
Game theory, which first found its
way into the field of economics as a
mathematical instrument with the
appearance of John von Neumann’s
and Oskar Morgenstern’s book Games
and Economic Behavior in 1944, has
addressed this shortcoming. But even
game theory is nonetheless a rational
model. A company bidding in response
to an invitation to tender, for example,
is aware of its cost situation. However,
it also knows that its competitors harbor diffuse expectations in the matter.
“So the company has to imagine itself
in every possible situation and calculate
what it would do if its costs were quite
different than what they actually are,”
Güth explains.

WHAT WE EXPECT OF OTHERS
In other words: its behavior is motivated by the convictions of others, as
well as its own true cost situation.
Thus, in order to act correctly, one must
consider not only one‘s own costs,
but also what others think about them.
In this way, typical game theory
thinking produces a complex mirror
image of mutual expectations and
considerations.
However, Güth is insistent that this
mirroring quickly overtaxes real-world
players. Real-world considerations and
decision-making are generally more
complex than game theory experiments. But in the view of Güth’s longtime co-author Hartmut Kliemt, it must
be acknowledged that “Everything that
has been done in the field of social
research on the subject of mutual
interactive behavior can be translated
into the language of game theory.”
Therefore, game theory is a kind of
lingua franca that has become the
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official language of social theory.
“Game theory forces us to be precise.
It’s like a fitness studio that hones the
art of thinking,” Kliemt explains.
Despite his skepticism, Werner
Güth is in remarkably good form when
it comes to this kind of mental gymnastics. No matter what the question, he
instantly sketches out a decision tree
complete with formulas. Take marriage,
for example – a classic strategy problem. The man takes the woman as his
wife when she is young and pretty.
She, on the other hand, must rely on
her husband not leaving her later on,
when he has reached the pinnacle of
his career, while her attractiveness has
faded. Other issues that lend themselves to similar, if progressively more
complex, consideration range from
the minimum wage to theological
problems, like Pascal’s wager on the
existence of God, to disarmament
policy. Werner Güth, together with
various co-authors, has addressed all of
these issues in past years – from a game
theory perspective, of course.
However, the goal he has really
set himself is to develop “something
constructively different”: a restricted
rationality model. In composing this
extensive theory, he is making equal
use of the tools of economics and
evolution theory. “The hammer with
which economists turn everything
in the world into a nail,” says Güth,
“is the shadow of the future”: they
calculate the consequences of their
own actions rationally. “The hammer
wielded by evolution theorists is the
shadow of the past”: they explain
present behavior as a product of past
selection. In a new approach, Güth proposes to counter these two perspectives
with a theory of anticipatory consideration. It should be based on knowledge
gained through experience and should
respect our cognitive limitations.

Güth has in mind a theory that
describes human behavior in a way
that is also compatible with how the
actor perceives himself or herself.
Many attempts to explain or predict behavior amount to “as if” theories: they
explain behavior as if the actors were
following specific programs, whereby it
is entirely irrelevant whether these programs are psychologically realistic (see
MAXPLANCKRESEARCH, 2/2006, p. 64 ff.).
Werner Güth does not consider such
“as if” explanations satisfactory.

A NEW EXPLANATION OF HUMAN
BEHAVIOR
A psychological realism of the kind he
envisages should ultimately serve to
define what might be termed internal
standards for what we humans actually consider to be reasonable or right.
Formulating such standards would in
turn provide a basis on which to criticize wrong decisions. “We are looking
for a program that can offer decisionmaking assistance based on an understanding of how people actually make
decisions,” says Güth, who has otherwise been known to brusquely reject
questions of practical applicability
as “naïve.”
How is that likely to work? Let’s say
a person is considering how much
money they should set aside for old
age. They can choose to invest in real
estate, equities or fixed-interest securities. Or in their own education. How
should they decide? Güth’s suggestion
is as follows: First, define the scenarios you want to hedge against. What
provision do you want to make, for
example, in the event that you live a
long life but have high healthcare
costs to pay? Or for the event that you
die young but your partner lives to a
ripe old age? Or if neither of you live
for very long?

CULTURE & SOCIETY_Game Theory
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Werner Güth is one of Germany’s most highly esteemed economists.
Here, he has sketched a decision tree on the board, complete with formulas,
and is explaining decision-making behavior in specific game situations.

“I am not looking at the totality of possible life scenarios, I am concentrating
on the few that are relevant – without
specifying the probabilities of any
of them occurring,” explains Güth.
“And for each of them I then define a
‘level of aspiration’.” The task now is to
determine an action, an investment
decision, that satisfies all of these aspiration levels. You might perhaps use
simulations to test how possible share
price movements affect the success of a
given strategy. But it is just as important to adapt one’s own aspirations to
the given circumstances. “If you have
moderate aspirations, there may be a
wide variety of options – so you could
set your sights a little higher,” Güth
continues. “On the other hand, if you
still want to park your Porsche outside
the nursing home, you may have to
make some compromises.”

Whether thinking in terms of aspiration levels matches the way we actually
make decisions is something that
Werner Güth has recently been testing
– in the game laboratory. Instead of
being paid, as in other experiments,
simply for their immediate success in
the game, participants in this case are
also rewarded for how well they fulfill
their aspiration level. If the end result
corresponds with the aspiration level
formulated at the beginning, the corresponding sum is paid out. But if the
result falls short, he or she goes away
empty-handed.
The conclusion from these experiments: 95 percent of all decisions are
aspiration-fulfilling and therefore, from
the actor’s perspective, satisfactory.
Which indicates that, at least in terms
of results, the attempt to reconstruct
strategic action as the fulfillment of

aspirations is plausible. But there is
room for improvement. Players unnecessarily set a quarter of all aspiration
levels for various scenarios either too
low or too high. They could, in fact,
change these aspirations without
having to reduce their aspirations for
alternative scenarios.
Moreover, 5 percent of payments
are forfeited because the participants
did not calculate their profits with
sufficient accuracy. A trite summary of
the study might thus be “could do
better.” These are good prospects for a
theory of game playing and decision
making founded in behavioral theory,
for example when being taught in business schools and used in economic
practice and consulting.
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On the Trail of Love

of the Silk Moth
The females of many moths and butterflies attract the males
with a beguiling scent. In 1959, Adolf Butenandt unraveled
the chemical nature of the attractant he had recently investigated
at the Max Planck Institute of Biochemistry.
TEXT BIRGIT FENZEL

This is also a long-distance relationship of
sorts: over distances spanning several
kilometers, the males of many butterfly
species find females that are willing to
mate. How they accomplish this was long
a well-kept secret of the butterflies, and one
that spurred on insect lovers and entomologists in equal measure. It was almost
exactly 50 years ago that a Nobel laureate
in chemistry found the right approach to
solving this mystery. A year before Adolf
Butenandt took office as the third President
of the Max Planck Society, he published the
chemical structure of the scent with which
female butterflies attract their suitors.
The question of how male butterflies
find their way to the females had already
long fascinated insect lovers and entomologists alike. And evidently not just them –
the words of Adolf Butendandt in his
research report reveal an early enthusiasm
for this subject: “Even today we enjoy reading the fascinating accounts by I.H. Fabre,
written more than 50 years ago, which tell
of a single female Emperor moth kept in a
wire cloche at an open window from 8 pm
to 10 pm attracting a total of 150 males over
a period of 8 days, some from ‘kilometers
away’.”
Chinese researchers provided more precise details about the range of this mysterious attractant of the female butterflies by
releasing males from a train traveling away
from a gauze cage containing attracting
females. A good quarter of the male butterflies found the females over a distance of
eleven kilometers – an achievement bordering on the miraculous as the Münchner
Merkur newspaper commented at the time.
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It is no coincidence that many different
theories regarding these enigmatic, silent
siren calls of the female butterflies were circulating at the time. Some assumed that
“vibrations that can travel over incalculable
distances in connection with actual diffusion of matter” were behind this phenomenon – and indeed Butenandt mentions this
theory in an article dating from 1959 in
which he presented his knowledge about
the love-life of butterflies, but probably
simply for the sake of completeness.
As a renowned expert in hormonal
questions, he was more interested in another approach that other researchers were
also following. In a series of experiments,
they had already found out that the females
of certain butterfly species produce sexual
and species-specific substances in special
glands that are used to attract males. Experiments were conducted in a number of
places and with various butterfly species in
order to isolate the scents for more detailed
chemical analysis. The knowledge gained
from 30 years of butterfly pheromone
research was, however, “discouragingly
modest.”
With this as their starting point, Adolf
Butenandt and his colleagues set off on the
track of the scent at the Kaiser Wilhelm
Institute in Berlin-Dahlem in 1939. The
researchers wanted to identify the biochemical properties of the gland secretions
and determine the threshold at which the
enticing substances began to take effect.
They focused on the silk moth, Bombyx mori
– a furry white type of moth with a squat
body shape and a pronounced propensity
for lethargy. Butenandt anticipated that

this exotic laboratory species (it had not
been used for such experiments before)
would have certain advantages. The species
is easy to breed, and the creatures are
undemanding in terms of food, climate
and light conditions. In addition, mature
specimens cannot fly – a fact that greatly
facilitated the experiments in open dishes.
The other behavior of the fat moths also
made them a suitable test species in
the search for the sexual attractant of
lepidoptera. First of all, the females emitting the scent carry their secretion store
around with them in two yellow sacs at the
end of their abdomen, just like perfume
bottles in a handbag. Second, because of
their extremely phlegmatic lifestyle, the
males make excellent indicators for the
beguiling substances. In fact, they only
move if they detect the presence of a female
or her scent. Then they are transformed into
living spinning tops with shimmering
wings and circular searching motions
gravitating in the direction of the higher
concentration of the glandular scent.
To begin with, the researchers plundered the attractant scent sac of around 7,000
female moths. At 100 milligrams, the
yield of a waxy substance was not exactly
opulent. Further examination showed that
this must be a “lipid-soluble, neutral and
unsaponifiable alcohol” that is “resistant
to diluted acid and alkali, but sensitive to
oxidants.” They named the new substance
Bombykol.
In order to determine the quantity of
substance required to trigger arousal in the
males, Adolf Butenandt and his colleagues
placed the fat Bombyx males in flat dishes.

FLASHBACK_Attractants

What might the silk moth attractant
look like? This question interested
Adolf Butenandt, seen here in the 1950s
at his desk at the Max Planck Institute
of Biochemistry.

They then held glass rods moistened with
a petrol ether solution containing various
concentrations of the tantalizing pheromone in front of the olfactory organs of the
test moths.
In these experiments, the scented
rod proved to be a genuine magic wand.
Beginning at a certain threshold, it brought
the male moths – that had been decidedly
inert until then – to life and even made them
dance at higher doses. After several years
and many experiments, the researchers had
developed a solid qualitative test for
the comparative evaluation of attractant
preparations of varying degrees of purity.

Photos: Archive of the Max Planck Society, Berlin-Dahlem
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larger quantities of butterflies could still be
obtained via Japan and Spain, the resulting
yield of the substance was far too low
to solve the mystery. Nevertheless, the researchers were able to accumulate valuable
knowledge about the “behavior of the
attractant in the application of chemical
and physical separation methods.”
The 1950s heralded the return of fruitful
times for butterfly research at the institute.
In 1953, Butenandt and his colleagues had
313,000 female moths available that had
hatched from 1,000,000 cocoons. The researchers enriched the glandular secretion
to such an extent that they obtained three

Münchner Merkur from July 9/10, 1960

Professor Adolf Butenandt had approximately 500,000 hormone glands processed in
order to obtain a full 12 milligrams of this hormone and to explain its chemical structure.
(...) He set out the following perspective: With the aid of the attractant, all male insects
within a certain area can be enticed into a lethal trap so that the females remain
unfertilized.
According to Butenandt, the researchers
defined the unit of attractant as “the quantity by weight of substance (...) contained
in 1 ccm of a petrol ether solution, with
which (...) a clear positive reaction can be
triggered in at least 30 out of 60 animals.”
Experiments showed that the original
version of the pheromone obtained from
the female butterflies “had to be enriched
by several powers of ten to produce the
pure attractant.”
Years would pass before Butenandt and
his colleagues succeeded in identifying the
precise chemical structure of the pheromone. The war years had their impact on
the work of the researchers, and although

milligrams of a preparation of which
a hundred-thousandth of a microgram –
a millionth of a gram – was sufficient to
send half of the tested males into raptures
of love. According to Butenandt, this quantity was not sufficient for a full analysis,
“but it was concluded from their behavior
that the attractant must contain two
conjugated double bonds and more than
ten carbon atoms.”
Six years later, the researchers finally
isolated enough substance for a more precise examination. From around 500,000
glands of female silk moths, they obtained
12 milligrams of a crystallized colored ester
from which the colorless attractant itself is

extracted. “It is a double-unsaturated alcohol of the formula C16H30O and contains the
attractant in 10-10 γ!” wrote Butenandt.
At that time, the unit γ was used for a
microgram. In the preparation, the attractant was thus 100,000 times more concentrated than in the product of the previous
analysis: just one ten-billionth of a microgram bewitched half the males used for the
scent test.
After 20 years, Butenandt had finally
found the substance that constituted
the love navigation system of moths and
butterflies and produced it in pure form – a
pioneering achievement in the field of pheromone research that would influence generations of researchers to come. Although
designed as basic research, Butenandt had
already been thinking of the practical benefits, such as combating pests with specific
sexual attractants. “But that is still all in the
future,” he wrote at the time. Now, 50 years
later, scent traps for moths are found in the
kitchens and wardrobes of many households. At least in this respect, practical
applications have become a reality.
In other respects, scents have been used
only in literature. Luckily, one might say –
as everyone who has read Patrick Süsskind’s
novel Perfume will know. That might have
also comforted the American researcher’s
wife who met Butenandt at a Nobel laureate congress in Lindau in 1951. In his article,
he recalls her question about when the “sexattractive substances” could be used. The
woman’s response to his comment that the
substances affected only butterflies was a
disappointed: “Oh, Doctor B., why did you
waste your time with butterflies?”
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More Planning Security
for Young Scientists
First national report on the situation of junior scientists sees need for reform
available to the next generation of scientists. The
report is based on the results of a study conducted
under the auspices of the
Institute for Research on
Higher Education (HoF) at
Martin Luther University
Halle/Wittenberg. It aims
to supplement the national educational reporting
program and become part
of a system of reports on
the situation and development of junior scientists.
As a result of the study,
the report identifies five
Clear targets: Doctoral students at the MPI of Biochemistry
areas in need of reform to
are conducting research for their doctoral theses.
bolster the next generation of scientists. These
Junior scientists must be offered more include the issue of career prospects and
attractive prospects in the German sci- planning, equal opportunity, the effects
entific system, with a more secure basis of sponsorship and support, internafor the future. This was the unanimous tionalization, and career development
view of the nine experts who were invit- within and outside the world of science
ed to address the Research Committee and research.
of the German Parliament in early
The experts invited to address the
March. Max Planck Secretary General Committee also saw opportunities for
Barbara Bludau also went on to warn of improvement. Barbara Bludau drew
an upcoming dearth of scientists as a attention to demographic change as
the “most important parameter.” In
result of demographic change.
In late February, the German Federal order to prevail in the face of global
Ministry of Research had published its competition, more secondary school
first national report, running to almost students must complete their university
300 pages, on the situation and support qualification, and the potential inherent

in women must be more fully exploited.
But financial and legal implications also
make it difficult for Germany to maintain its position. Mentoring, the time
allotted for undergraduate and postgraduate studies, flexible fast-track
options, early responsibility for independent research projects – all these aspects would benefit from significantly
improved conditions. Among the most
striking features of the hotly contested
market for the most talented minds are
the headlong development in research
in newly industrializing countries, and
the increased efforts being made by
top-ranking research countries.
Andreas Keller of the education and
science trade union GEW called for
more easily calculable career paths. Even
after obtaining their doctorates, junior
scientists are often unable to chart a
course for themselves in the world of
science. The so-called tenure track
procedure, the American route to permanent academic employment, could
be an option following a doctorate or
junior professorship. Matthias Kleiner of
the German Research Council also put
tenure track at the top of his wish list.
Besides professorships, tenure track
could also embrace other permanent
employment opportunities. Only by
offering such prospects, in combination
with better pay, can science compete
with the offers made by industry.

The Senate of the Max Planck Society approved two programs
to support talented young scientists. Now, when Max Planck
Institutes apply to the President for an Independent Junior
Research Group, they can decide whether they want the appointment to be with or without tenure track. If tenure track is
to be granted, there must be a relevant need, and the institute
must have a corresponding W2 post at its disposal.
The first step is to appoint a candidate to head the Independent Max Planck Research Group for a fixed term. Candidates that
prove to be outstandingly well qualified can then be appointed
to a permanent post via the tenure track procedure. This carries
with it the right to conduct independent research, for which
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financial resources must be earmarked by the Board of
Directors as part of the institute budget. Secondly, the so-called
“W2 appointment with perspective” is to be trialed. This introduces a new rung on the career ladder as head of a research
group, a post mid-way between an Independent Max Planck
Research Group and a directorship.
The object is to retain outstanding and creative young
scientists with great potential at the MPS by offering them the
attractive prospect of an appointment as Director in the
medium term. This will, of course, be dependent on a directorship becoming available within a foreseeable period of around
five to seven years.
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Network in Life Sciences
Successful interact Ph.D. symposium will now be held on an annual basis
What do you get when you bring together 400 enthusiastic life science
graduate students and give them a platform to brainstorm, discuss and talk
about science? The answer is interact.
This one-of-a-kind Ph.D. symposium,
organized solely for and by graduate
students, took place at the majestic main
building of the Ludwig Maximilian
University. Munich’s strong reputation
as a life science center was well illustrated by participants from all of the seven
life science institutes, including the
Max Planck Institutes of Biochemistry,

Neurobiology and Psychiatry, the
Munich Universities and the Helmholtz
Zentrum. The event was supported by
contributions from both academia and
industry.
The first interact symposium took
place in 2007, and this year’s follow up
proved to be an equally successful
crowd puller with keynote lectures
from Alfred Wittinghofer (Max Planck
Institute of Molecular Physiology, Dortmund) and Nobel laureate Tim Hunt
(Imperial Cancer Research, London).
The diversity and depth of the field of

life sciences was well represented in the
seven graduate student talks and 140
posters that encompassed such topics
as immune system regulation, cytoskeleton dynamics and protein integrity.
Following its main objective, interact
encouraged participants to exchange
knowledge and expertise and build
a network that would support their
current projects and future aspirations.
Based on this year’s response and
success, the organizers announced that
the interact symposium would now
take place on an annual basis.
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Lawyers Learn Business and Economics
The family of International Max Planck Research Schools
continues to grow: There are 54 of these graduate schools
established at or with Max Planck Institutes. The latest
IMPRS is dedicated to law, at the MPI for Intellectual Property,
Competition and Tax Law, and has just completed 100 days
of collaboration with economics and business administration students at Munich University.
The new IMPRS for Competition and Innovation – Legal
and Economic Determinants is based on an interdisciplinary
approach. The first cohort of doctoral students has been
pursuing just such an approach since the autumn of 2008 in
their study of the legal and economic aspects of competition
and intellectual property rights. Reto Hilty, Director of the
IMPRS and at the MPI hopes “that the Ph.D. students will
make a significant contribution toward establishing interdisciplinarity as an innovative research method in addressing
the system of intellectual property rights and the rules of
competition.”
The founders of the IMPRS themselves reflect this interdisciplinary aspiration: in addition to the MPI, the partners
include the Department of Economics, the Munich School
of Management and the Faculty of Law of the Ludwig
Maximilian University of Munich. The Munich Intellectual
Property Law Center is also associated with the School. The
shared premises, joint courses and literature seminars are
designed to establish interdisciplinary cooperation between
scientists and students. In addition, the doctoral students are
also required to take a substantial number of courses in order to develop their basic understanding of other disciplines.
The students’ research projects are also coordinated with
those of their classmates. All projects must fit within the
specified framework of the “assertion of rights under intellectual property and competition law.” In addition, the students working in pairs and on an interdisciplinary basis must
each develop a working hypothesis. Indian Ph.D. student
Arul Scaria, for example, is researching the enforcement of

Students at the new IMPRS at the Max Planck Institute for Intellectual
Property, Competition and Tax Law are carrying out research in an
interdisciplinary approach.

rights in India’s entertainment industry from a legal, social
and cultural perspective, while his colleague Jan Tonon is
analyzing the same subject from an economist’s viewpoint.
The first 100 days of the IMPRS-CI have shown that interdisciplinary cooperation between lawyers and economists
as a means of finding a joint language and methodology is
certainly a challenge, and the duality of courses and individual research programs brings a double burden of work.
Nevertheless, the students’ evaluation is positive: “Even
though the first exams are on the horizon, I am glad I chose
this Ph.D. program,” confirms Agnieszka Ignacak, who even
gave up a job at the European Patent Office to take part. One
aspect that is particularly significant for her colleagues from
abroad is that they are the first candidates in the history of
the Faculty of Law at Munich’s University who will be
permitted to complete their degree in English, with no
knowledge of either the German language or German law.
In conjunction with the interdisciplinary focus, the results
can be expected to cover a lot of ground.
www.imprs-ci.ip.mpg.de
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It’s a Family Affair

They are commonly referred to as
“dual-career couples,” and finding the
right solution has been known to tax
entire appointment committees. When
it comes to appointing a top-flight
scientist to a university post nowadays,
it is only to be expected that he or she
will want to bring the other partner,
and maybe the children, too. So if
you want him – or her – it is a question
of tailoring an individual package to
meet the needs of the couple: What
kind of career prospects can the partner
expect? What about child care? Where
is there housing available and at what
cost? Specialists in this field met at a
conference in Munich to discuss practical ways in which multiple institutions
in the same region can work together.
As a specialist in human resources,
Kerstin Dübner-Gee heads the Dual
Career Office set up by the TU Munich
in 2007. She describes her job as
“rolling out the red carpet.” The task of
her office is to fully consider the lives
and situation of preferred candidates,
and based on experience, develop
appropriate prospects. “I try to convey
a sense of security and highlight future
scenarios, but that doesn’t necessarily
include a specific job for the candidate’s
partner. They must have a certain appetite for risk.” Or as Madeleine Lüthy, a
long-time dual career adviser at ETH
Zurich, puts it: “It is an adventurous
decision for both partners, but one
with positive connotations. You need
the couple to want to make something
happen.”
Many scientists in Germany would
like to see a better work/life balance,
and many also believe that this is sometimes easier to find abroad. In the interests of preventing German scientists
from emigrating, or even of persuading
them to come back home, the dual
career issue is rapidly gaining great
significance – particularly when appointing female candidates: 80 percent
of female scientists have partners who
also work in the sciences. Universities
and scientific organizations must adapt
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their personnel
planning to this
reality. It’s not just
a matter of social
window dressing,
explained Marion
Schick, who works Dual-career programs are a particular challenge for human resources
as a personnel of- policies in the sciences.
ficer for the Fraunhofer Gesellschaft.
“Recruiting human resources is a strate- large, internationally oriented compagic issue for a scientific organization,” nies can also intentionally and selecshe explains, advocating that it be treat- tively employ couples and monitor and
ed just as seriously as issues of research. coordinate the careers of both partners.
The competition for top scientists is
Once the needs of dual-career
becoming fiercer. So martial is the tone couples become an actively considered
that a veritable “war for talent” is being part of corporate culture, the benefits
waged. Even the Max Planck Institutes are clear: sickness rates are lower,
that can tempt Directors with a pool employee turnover is reduced, the
of positions and guarantee excellent company becomes more attractive as
facilities must make serious efforts, par- an employer, and productivity rises in
ticularly when it comes to attracting line with employee satisfaction. This is
top people from abroad to Germany.
the proven payoff of a good human
According to a current survey, 40 resources policy, which of course costs
percent of universities are offering money. But then, getting it wrong is
specific assistance to scientific couples. equally expensive. A clear strategy is
This is a positive trend when one con- called for: “You must always look closesiders that, of 178 university managers ly and analyze each couple‘s situation
surveyed back in 2001 by the Young in precise detail,” Domsch emphasized,
Academy organization, 73 percent stat- “even if that occasionally means asking
ed that their partner’s career prospects some intimate questions.”
had never or only occasionally been
The social sciences lend a hand
mentioned in appointment interviews. here: as Markus Gottwald and Anke
One of the doyens of modern Spura of the Social Science Research
human resources policy is Professor Center Berlin explained, this branch
Michel Domsch, who has consciously of science has identified specific types
turned the focus of personnel market- of couples. They presented examples
ing to dual career partnerships in order of four different types, though they
to realize the competitive advantages also made clear that the ways in which
that can be achieved. As an economist couples live their lives are entirely
working at the University of the Federal individual to them. Despite originally
Armed Forces in Hamburg, he has made setting out as egalitarian arrangements,
this one of his main areas of emphasis. the social scientists were forced to
He estimates that up to 90 percent of admit that many relationships develop
managers between the ages of 30 and 40 an asymmetrical base: “It is primarily
have a partner with a career of their own. women who accept the career penalties
So sending an up-and-coming manag- and become, as it were, the synchronizer abroad automatically means consid- ers of a couple’s identity.” Dual career
ering their private life. On the other policies must therefore include, above
hand, rather than pursue a strategy of all, elements that are consistently
avoidance that is out of tune with the aimed at balance and equality, rather
times, says Domsch, predominantly than being restricted to mobility.
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More and more, appointment committees are
faced with couples in which both partners have a
career to pursue
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