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EDITORIAL

Basic Research is Essential!
The research conducted at universities and research institutes is the indispensable foundation that underlies
the applied research work carried out by companies. If
industrial research is to add value and contribute to
growth in Germany and worldwide, it is imperative
that we remain committed to a high-quality and structurally sound system of basic research at universities.
It is the knowledge garnered by basic researchers that
shows us – in theory at least – what technical possibilities the near future could hold. If we are to use this
theoretical knowledge to create value, we must combine it with practical benefits. Often, this practicality
requires years of further research. In many cases, it is
not sufficient to merely identify the benefits – there
are many carefully directed steps that must be taken
before economically viable products can be created.

Especially for a country like Germany, which is poor in
natural resources, it is essential to invest in the finest
minds and to safeguard our long-term capacity for
excellent basic research. Only if our scientists are able
to hold their own at the cutting edge of international research will we remain economically successful in
the long run. Forward-looking industrial research
projects rest on the foundation that basic research
builds for them. The present edition of this magazine
seeks to provide some relevant insights.

Dr. Stefan Marcinowski
Member of the Board of Executive Directors of BASF
and Vice President of the Max Planck Society

Photo: Private collection

There is no contradiction between basic research and
industrial research. On the contrary, each acts as a catalyst and stimulates the other. True innovations can be
made only on the basis of sound scientific principles.
And it requires successful new products to add the value that, in turn, facilitates a new generation of scientific knowledge. In shaping the research strategy at
BASF, we have long combined both forms of science.
As a company that is itself engaged in research, we specifically enter into partnerships with universities and
non-university research institutions. These successful
collaborative ventures advance the work being done
by both sides, thus enriching the research landscape.

Many of the staff in our BASF laboratories who are now
successfully working in industry began their scientific careers in basic research. As a company, we benefit
from that fact on a daily basis. These employees have
the ability to focus on the science that lies at the core
of their research, while at the same time looking beyond their immediate confines and seeing the product that must one day emerge from their research and
prove its worth on the global market.
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VIEWPOINT_Innovation

Basic Research Is the
Key Driver of Innovation
The current crisis highlights the fact that a policy for growth that will safeguard our
medium- and long-term prosperity must put far more emphasis on innovation than has
previously been the case. And this innovation must not only improve existing systems
to keep them competitive for a little while longer, but also lead to fundamentally
new solutions and breakthroughs.

T

he decision to continue the Higher Education Pact, the Excellence Initiative and the
Pact for Research and Innovation cannot
have been an easy one given the huge cost
to the government and the constantly rising levels of public sector debt. But by spending more
on science and research, we are laying the foundation for our children’s future. This is an investment
that promises lofty returns. Science and research are

Spending on research and
development protects a country’s
ability to innovate
not just important in driving the development of
new products and processes, they are also essential in
resolving major global challenges, such as climate
change, food supply and health.
Other countries, too – foremost among them the
US – are consciously boosting their research efforts
in the crisis. Under the economic stimulus programs,
the National Institutes of Health alone will receive
more than USD 10 billion in additional funding,

6
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which is a third of their annual budget. US expenditure on research and development this year will total USD 172 billion – the largest research budget in
the history of the United States. Germany must stay
hard on the heels of its main competitor in the field
of research!
Financing commitments that enable researchers
to plan ahead with security will have a huge longterm impact on the potential for innovation, and
thus also on economic vitality. Such expenditure has
marked location benefits. Consider the jobs that are
created in industry and services in the environs of research institutions. Munich offers an example of the
evolving effects of such clusters: the past 30 years of
biomedical research have propelled the region to pole
position in European biotechnology. The nucleus of
this cluster is the Max Planck Institute of Biochemistry. There are now a total of 164 small and mediumsized enterprises in the field of biotechnology located in Bavaria, primarily around Munich.
There is more evidence than just the example of
clusters that expenditure on research and development safeguards a country’s ability to innovate. Robert Solow, winner of the Nobel Prize in Economics,
states in his Contribution to the Theory of Economic
Growth that the key drivers of economic growth in
industrialized countries are not labor and capital,

Collage: Designergold; photo: Corbis

TEXT PETER GRUSS

VIEWPOINT_Innovation

Special | 09 MaxPlanckResearch

7

but advances in technology. According to his calculations, as much as 80 percent of gross domestic
product results from the introduction of new technologies. The closer the status of technology in any
given country approaches to the highest level known
worldwide, the more these investments stimulate
economic growth. This is proven both by a study
conducted in 22 OECD countries between 1960 and
2000, and by a comparison between US states.
Basic research is the key driver of innovation. The
knowledge gained here about, for example, the laws
of nature and mankind, or the structures and con-

The world of tomorrow will build
on the results of this research
nections between quarks and electrons, or the immensities of the universe, creates the basis for revolutionary innovations. It is a question of more than
just conventional technologies and employment –
the results of this research are the foundation on
which the world of tomorrow will be built.
In terms of public expenditure on basic research,
it is difficult to calculate a precise and all-inclusive
rate of return on investment. This is due in part to
the often lengthy period of time between discovery
and application. Calculations by economists and
statisticians indicate returns of between 30 percent
across all subject areas, and up to 700 percent in certain special fields. Scientists at Stanford University
and the Analysis Group have calculated that, over a
30-year period, stem cell research will return a profit of at least 120 to 236 percent on capital employed.
Should stem cell research lead to greater improvements in the treatment of diseases, the expected return could be as high as 700 percent.
Of course we would all like to know specifically
how much a country should invest in basic research.
Hans Gersbach, in a theoretical analysis conducted
together with colleagues at the Center of Economic

8
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Research at ETH Zurich, broadened the Schumpeter
growth model to include government-supported basic research. The result shows that the more technologically advanced a country is, the more its government should invest in basic research.
We all know that this is particularly applicable
to Germany. The reports by the Commission of Experts for Research and Innovation for 2008 and
2009 unanimously state that basic research and innovation funding in Germany are fundamentally
underfinanced. It is thus not sufficient to continue
to spend at previous levels. The pacts for the future
and other initiatives related to the high-tech strategy point in the right direction. It is to be hoped
that business and industry can now contribute their
share of investment in order to safeguard Germany’s position as a leader in scientific and economic
competition.
Another major challenge facing both industry and
science is how to use the findings of basic research
even more effectively to power innovation. This special issue of MAXPLANCKRESEARCH presents some successful examples, the innovation value of which is already foreseeable: the development of new materials
for the cars of tomorrow, the search for new substances for more efficient solar cells, new ways of storing

Academia and business
must engage in constructive
dialog at an earlier stage
energy using innovative battery technology. Our scientists are also working on the development of vaccines and on ways to keep crops free from pests and
diseases by exploiting the plants’ natural defenses.
Unfortunately, we are still not adequately succeeding in transferring our researchers’ knowledge to business enterprises. Science and industry must enter into
a constructive dialog at an earlier stage than has previously been the case. We are contributing to this di-

Photo: Antje Meinen
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alog through a variety of initiatives – from exchanges of staff between institutes and industrial companies,
to workshops with corporate directors of research and
Max Planck scientists, to the activities of our technology transfer agency Max Planck Innovation. Furthermore, the market for venture capital in Germany is
only weakly developed – small and medium-sized enterprises have too little funding.
In this area, too, the Max Planck Society has established some initiatives – with the aim of enhancing the transfer of findings, products and concepts to
industry through maturation or validation, thus reducing the financial risk for potential investors. The
Lead Discovery Center in Dortmund, for example,
takes up promising projects in the field of basic biomedical research and carries them forward to produce
leads for the subsequent development of drug candidates. This initiative can help to derive profits more
rapidly and directly from investments in basic research. How it works in detail is covered in this special issue.
However, basic research is of value not only for
the potential material benefits it may yield. New discoveries alter our view of the world and our understanding of mankind. Consider, for example, the decoding of the human genome, the traces found of
ancient man, and the pictures of Mars and even of
the universe. And, of course, as a contribution to our
stock of knowledge and a cultural achievement, basic
research is not restricted to the natural sciences. It embraces every discipline, from the humanities and social sciences to biology to physics.
Bob Wilson, the first Director of the great particle
accelerator laboratory Fermilab, summed up the value of his research for society with a somewhat provocative remark at a hearing before the American
Congressional Committee. In response to the question of what his laboratory would contribute to the
defense of the country, he replied: “Nothing, but it
will make it worth defending.”

THE AUTHOR
Prof. Dr. Peter Gruss has been President of the Max Planck
Society since 2002. He was previously a Director at the Max
Planck Institute for Biophysical Chemistry in Göttingen working
on developmental biology themes. The subject of transferring
knowledge from basic research to practical application was
especially close to his heart. His idea of using developmental
biology as the basis for innovative therapies to treat disease
was honored with the German Future Prize in 1999, which he
won in conjunction with fellow scientist Herbert Jäckle.
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Connecting Science

and Business
The figures are impressive: To date, some 3,000 inventions have been managed, nearly
1,800 commercialization agreements signed and licensing fees totaling more than
260 million euros recorded on the books. Max Planck Innovation, the technology transfer
arm of the Max Planck Society, successfully mediates between science and industry.

T

he Max Planck Society conducts basic research. That is
its task. At its institutes scattered throughout Germany,
astronomers listen to the
echo of the Big Bang, anthropologists
try to understand the growth of the
Homo erectus brain, and materials scientists, crack propagation velocity. The
researchers get to the bottom of things.
They want to explain the world, and
sometimes they unearth findings that
change our view of the world. “Free and
independent” is how their work is to
be. That is what the Statutes stipulate.
And indeed, some research projects
appear to be so free, independent and,
at the same time, so far removed that
they seem almost ethereal, like the cosmic dust clouds in which new stars are
born – which, incidentally, is likewise a
topic for the Max Planck researchers.
But that is just one side. After all, the
Max Planck Society produces more
than just concentrated knowledge. It
also produces numerous patents and
inventions with practical value, as well
as ideas that drive business development and form the basis for new products that benefit many people.
What is probably the most impressive invention of this kind has since
reached a ripe old age: a patent application for Flash (Fast Low-Angle SHot)
was filed in 1985. At the time, the pub-

10
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lication and patent application struck
manufacturers of magnetic resonance
imaging scanners around the world
like a thunderbolt. These devices, abbreviated MRI scanners, excite hydrogen atoms in the body and, based on
their echoes, calculate images of the organs. In this way, diseases can be identified from outside the body, without
an operation.

MOVING PICTURES SHOW
THE HEART IN ACTION
Back then, the usual instruments took
more than an hour to image individual sections of a patient’s body. Thanks
to a new measuring method, the Flash
technique cut this time down to just a
few minutes and was so fast that, for
the first time, it was possible to capture
moving images of the heart – a true
sensation.
“This development was so dramatic
that, from then on, no manufacturer
could live without it,” says Jens Frahm,
head of the former Flash team at the
Max Planck Institute for Biophysical
Chemistry in Göttingen, “and of course
that was an exceptionally good market
position for us.” But it would be years
before the scientists would reap the rewards of their development. They first
experienced their very own business
whodunnit with Flash.

Rarely are basic researchers experienced
business professionals. Not all of them
are familiar with the tough rules of patent law. That is why, in 1985, Frahm
and his colleagues relied on the support
of Garching Innovation, as the Max
Planck Society’s technology transfer
company was known at the time. And
a wise move it was. GI – which was renamed to Max Planck Innovation (MI)
in late 2006 – mediates between two
worlds, between business enterprises
and basic researchers. In 1985, the innovation advisors had 15 years of experience in technology transfer issues under their belts and had already
transferred many developments to
companies in the form of licenses.
Flash developed into a patent rights
battle of epic proportions. The major
electronics manufacturers immediately
recognized the importance of the invention. Frahm and GI wanted to make
their technology available to multiple
companies and first negotiated partnerships and rights of use with General
Electric in the US and Siemens in Germany. At any rate, the agreement with
Siemens initially provided enough
money to finance patent applications
in the EU, the US, Japan and Israel.
But the tide turned when the patents were finally granted in 1987 in the
US and in 1989 in Europe. General Electric, Siemens and Philips filed opposi-

Collage: Franz Pagel – GRG; photos: Heinz Nixdorf Museum, SPL-Agentur Focus

TEXT TIM SCHRÖDER

From the first transistor to the modern supercomputer: Innovation is the engine of economic development.
Max Planck Innovation is a mediator between the worlds of research and business.
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tions to the patents, but continued to
use the invention just as before. Agreements were ignored. Philips even went
one step further and requested the invalidation of the granted patent in the
US. For GI and Frahm, there was only
one thing they could do: sue the companies for patent infringement.

COSTLY WRANGLING

Jens Frahm, the brains behind the flash
method, which revolutionized magnetic
resonance imaging in the 1980s. The
patent (right) brought the Max Planck
Society some 155 million euros in
revenues through 2006.
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“I don’t think the companies’ legal departments saw that coming,” says Bernhard Hertel, who was Managing Director of GI until the end of 2005, and the
driving force behind the defense of the
Flash patents. The companies pulled
out all the stops and dragged out the
proceedings: sources were cited incorrectly, new apparent counterevidence
submitted time and time again. The
battle cost money – a lot of money that
was also urgently needed for other GI
projects. Through 1991, the negotiations burned through 350,000 euros.
“In addition, we constantly had to be
on guard and make sure that our attorneys actually understood the complex
technology in order to be able to argue
cogently,” says Frahm.
But GI and Frahm stood firm – despite being outnumbered. Everyone
knew that there was a lot at stake. Just
how much became clear when the
courts finally handed down their
judgment in 1993: the companies had
to pay licensing fees – retroactively.
Up to that point, the Max Planck
Society had invested nearly 1.5 million euros in the legal proceedings. It
paid off, because the judgment has
brought the Max Planck Society revenues totaling around 155 million euros to date – by far the largest sum in
the history of GI or Max Planck Innovation. The patent has since expired.
However, the technology still forms
the basis of all new magnetic resonance imaging scanners today.

“Flash is currently the most significant
technology transfer case in the history
of the 39-year-old Max Planck Innovation, and not just in financial terms,”
says Jörn Erselius, the new Managing
Director and 15-year veteran of the
Max Planck subsidiary. “In addition,
the patent dispute brought us enormous international recognition.” For
example, many industrial companies
today view Max Planck Innovation as
a competent and influential authority.
This is important for future inventions
from the labs of the Max Planck Society. Normally, an idea resulting from basic research requires investors who are
willing to shoulder the risk to nurture
it until it becomes a mature product.
These investors must be courted.
But Erselius and his colleagues must
also promote their work within their
own company – to convince researchers of the importance of technology
transfer. This is no easy task, “because
many measure the value of their work
in terms of publications in renowned
magazines, not patents and licenses,”
says Erselius.
But things are happening: “Until
the 1990s, technology transfer in the
Max Planck Society had, for the most
part, led a shadowy existence. Now,
however, many see it differently,” says
the Managing Director. Examples such
as Flash may have contributed to this.
“When it comes down to it, the goal of
noble, free basic research hasn’t
changed – we are simply trying to
make it clear that one can still do other things on the side.” Like commercializing inventions.
Max Planck Innovation does this, in
collaboration with the researchers, in
two ways: through licensing agreements and spin-offs. The team has 24
members – biologists and physicists,
lawyers, business experts, and a chemist. “Our scientists understand the language of the researchers, but they are

Photo: MPI for Biophysical Chemistry – Boettcher
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Collage: Designergold, based on material from Jens Frahm
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You need to be able to sell. After all, anyone who sits down with the heads
of business development of major companies should be able to persuade them,
and to present the invention in an appropriate manner.

A strong partner for the sciences: Max Planck
Innovation negotiates contracts, handles
licensing matters and helps innovators draw
up business plans. The requisite know-how
is held by Managing Director Jörn Erselius
(top picture, left) and the company‘s authorized agent Ulrich Mahr (right), and their staff
of two dozen (bottom picture, from left to
right, Bernd Ctortecka, Wolfgang Tröger and
Dieter Treichel).

also trained in matters of patent law
and patent and license management,”
says Erselius, who himself is a biologist
who also has an MBA degree. And one
more trait is crucial: they must be able
to sell. After all, anyone who sits down
with the heads of business development
of major companies should be able to
persuade them, and to present the invention in an appropriate manner.

The Max Planck Innovation team relieves scientists of a significant portion
of the need to make external contacts:
they negotiate commercialization
agreements, handle licensing matters,
defend patent rights and assist in drawing up business plans for spin-offs.
Since the collapse of the new market in
2001, venture capital investors have
become very cautious. Says Erselius:
“Only in exceptional cases will singleproduct companies likely make it in today’s market. Usually they must make
it clear that the new technology has
broad applications and that it offers
promise for other new products, in
case one turns out to be a failure.” The
business plan must take this into account. But even if this condition is
met, the latest financial crisis – after a
slight temporary recovery – has
brought further cuts, such that even

14
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THE PRODUCT SPECTRUM
BOOSTS MARKET OPPORTUNITIES

MAX PLANCK INNOVATION_Technology Transfer

the existence of young, established
companies, for example in the biotech
industry, is threatened.
This makes it all the more important to
provide support in setting up companies, which is why Max Planck Innovation also helps with putting together
the right team for the new business. After all, a young company can persuade
investors only when the top-rate researchers are accompanied by a capable
management team to run the business.
“There simply must be expertise on
both sides. We try to bring the two together,” says Jörn Erselius.

60 PATENTS, 4 COMPANIES –
THE LIFE OF A RESEARCHER
Concentrating on research and leaving
business matters to reliable partners –
that is how Axel Ullrich has always
done it, too. “My calling is definitely
not to be an entrepreneur. I prefer to
leave that to people who are good at it,
and who also understand my work,”
says the Director at the Max Planck Institute of Biochemistry in Martinsried,
near Munich. Nevertheless, the biochemist and developer of cancer drugs
is probably one of the most enterprising scientists in the Max Planck Society. In about 30 years of research work,
he has established 4 companies and
filed applications for 60 patents.
One of Ullrich’s most successful developments is the breast cancer drug
Herceptin®, which stems from his time
with the American biotech company
Genentech, which was founded in the
late 1970s. In the meantime, Sutent®
(MAXPLANCKRESEARCH 2/2006, p. 81), a
new cancer drug, has achieved a breakthrough. It may even become a blockbuster this year – that is what pharmaceutical companies call drugs that
generate more than a billion dollars in
annual sales. Sutent® could thus become a success the likes of Flash – and,
like the latter, it is a further example of
how many years can pass from the time
an idea is developed until it becomes a
successful product.
The genesis of a drug takes time and
culminates in expensive clinical trials
that hardly any research institution
can shoulder alone. Sutent®, too,

would not have existed without the influence of a major pharmaceutical
company. Sutent® (or, more accurately,
the active ingredient Sunitinib) is a
multikinase inhibitor that simultaneously flips multiple cellular switches
that are important for the growth of tumors and of the blood vessels that supply the tumors. The active ingredient
blocks receptors on the surface of cancer cells. If certain molecules – socalled growth factors – dock at these receptors, the receptors trigger a series of
fatal signals. Sunitinib prevents this,
and the tumor dies.
For Axel Ullrich, this cellular metabolism mechanism had become clear as
far back as the early 1990s. It was just
as clear that he would need support if
it was to ever become a drug. “It was
very important to me that I develop the
idea into an application myself,” says
the Max Planck researcher. So licensing
it out wasn’t an option. Ullrich decided to set up a company with his colleague Joseph Schlessinger. In Germany, hardly any companies were
interested in biotechnology research at
that time. The two thus decided to base
their company in the US. New York
University signed on as a cooperation
partner.
Ullrich wanted to avoid going it
alone and inquired at GI. The then
Managing Director Heinrich Kuhn believed in Ullrich’s idea, backed the
company and finally managed to get
the Max Planck Society to co-found the
new company Sugen. Sugen was later
sold to the Swedish company Pharmacia, which was subsequently taken over
by Pfizer. The pharmaceuticals giant
drove the clinical trials forward in
record time. However, Max Planck Innovation made sure that the Max
Planck Society and Ullrich retained
their shares in the Sutent® business.
Pfizer, too, remains obligated to pay
sales-based licensing fees. For the next
few years, Sutent® is likely to bring the
Max Planck Society licensing revenues
in the millions.
Sutent® clearly points up how important it is to safeguard valuable
knowledge to avoid coming up emptyhanded later. That is why Jörn Erselius
constantly admonishes researchers to

apply for patents to protect the findings they obtain through long years of
arduous work. He knows that many researchers nevertheless hesitate. “For
many of them, patents and publication
in scientific journals are contradictory
terms – so the researchers shrink away
from applying for patents.” They fear
that the protracted procedure will delay publication, as publication is not
permitted before the patent application is filed.
But that is only partly true. “The
publication ban,” Erselius explains,
“applies only up until the day on
which the patent application is submitted – after that, nothing else stands
in the way of publication.” However, it
is important to inform the patent attorney of the date of the planned publication. “Ultimately, what it comes
down to is simply the right sequence
of publication and patent application.”

IDEAS YES, MONEY NO
Erselius urges all scientists, in case of
doubt, to protect themselves through
technology transfer agencies – just like
Max Planck scientists can do at Max
Planck Innovation. And there is one
more thing that is important to him: to
eliminate once and for all the contradiction between publication and patenting, it would make sense to reintroduce the so-called novelty grace period
in Europe. This allows scientists in
many countries, including the US, to
file their patent applications even after
publication – of course, only for a limited period. “The Max Planck Society
and Max Planck Innovation are fighting at the political level for the reintroduction in Europe,” says Jörn Erselius.
However, the greatest obstacle on
the path from development to product
is not usually the patent, but rather the
lack of funds. Only in the rarest of cases does basic research produce fully finished ideas. This is simply how it is.
But investors want mature developments, ideally prototypes from which
they can tell whether they will be a financial success.
“There is an innovation gap between the two sides,” says Jörn Erselius.
“Germany’s federal and state govern-
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Axel Ullrich, scientist and businessman with vision, remains modest:
“Being an entrepreneur certainly wasn‘t my calling in life,” he says.
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istry of Education and Research is
considering a validation fund that
would, as a central institution, provide
resources for scientists from research
facilities, universities and polytechnic
institutes. However, unlike traditional
applications – for example to the German Research Foundation – here, not
only the scientific basis would be assessed, but also the future market and
competition. Approval needs to be
quick and unbureaucratic.
In this way, the fund would satisfy
a condition that researchers like Jens
Frahm have long been calling for: “We
need a fund that supports projects
spontaneously and unbureaucratically
across geographic regions and disciplines – especially unconventional
projects, because it is often precisely
the bizarre theories that yield revolu-

tionary innovations.” This requires a
leap of faith. Frahm criticizes the traditional funding policy, the tedious
“over-evaluation” of applications.
“Applications have since reached book
format. Who can even process them
anymore?”

APPLIED RESEARCH WAS LONG
CONSIDERED A SLEAZY BUSINESS
There are now a few support programs
available for young researchers who
want to set up their own companies to
market their findings, such as the Federal Ministry of Economics and Technology’s EXIST-Forschungstransfer, the
Kreditanstalt für Wiederaufbau’s HighTech Startup Fund and the Federal
Ministry of Education and Research’s
ExistGo-Bio program.

Photo: Pfizer Germany

ments spend some 20 billion euros in
support of science each year, of which
about half goes toward basic research.
A fraction of this amount would be sufficient to develop many discoveries and
inventions to the point that they could
be picked up by industry. But there has,
as yet, been too little funding, and the
findings of basic research are not being
turned into innovations to the extent
that would be possible.
This is a great loss, because it is precisely these findings that form the basis for new top-ranking products. In
the field of biotechnology, the Life Science Inkubator at the caesar research
center, and the MI-founded Lead Discovery Center in Dortmund (see p. 46)
are now helping to close the innovation gap. For inventions that go beyond biotechnology, the Federal Min-

»

There are also examples of basic knowledge that have found their way into
earthly applications from very distant places – like outer space.

Some 20 years ago, there were hardly
any such programs in place – nor was
there much demand for them. Naturally, Max Planck Institutes already existed back then – such as the one for iron
research in Düsseldorf – and conducted research that was directly relevant
to industry. “On the whole, however,
science was driven by hypotheses rather than by technology. Applied research was considered distasteful,” says
Frahm. But the world has changed.
Now, it is expected that the major research institutions that receive government funding give back more to society than just scientific results.
As for Max Planck Innovation, it
has already given back a lot. In 39
years, it has accompanied some 3,000
inventions on their path to market and
concluded nearly 1,800 commercialization agreements. To date, it has posted licensing revenues totaling more
than 260 million euros – three-quarters
of them owing to Flash alone. Since
1990, the company has advised startup founders and has so far helped
nearly 90 companies get off the
ground. Based on its licensing revenues, says Erselius, it ranks right up
there with the Fraunhofer-Gesellschaft
as a leader among German technology
transfer institutions. And Max Planck
Innovation would be in the first league
in the US, as well.
This is also likely to remain the case
in the future, as new and promising
companies are currently getting started in which Max Planck Innovation is
involved. One example is Alnylam.
One of the founders of the company is
Thomas Tuschl, a former researcher at
the Max Planck Institute for Biophysical Chemistry in Göttingen, now work-

ing at Rockefeller University in New
York. Tuschl is one of the scientists
who, in the late 1990s, discovered and
established RNA interference – a completely new method for silencing genes
that cause disease.

ONCE-NEGLECTED MOLECULES
NOW SILENCE GENES
The scientists noticed that gene activity in a cell is determined in part by
small RNA molecules that research
had, until then, largely neglected.
Tuschl analyzed the structure of these
double-stranded RNA molecules (siRNAs, small interfering RNAs) and, for
the first time, succeeded in demonstrating their impact in mammalian
cells. By using siRNAs, genes can be
systematically silenced. The RNA interference (RNAi) method is now used in
labs throughout the world to study the
function of genes in cell cultures and
lab animals. A therapeutic effect has already been proven in various clinical
studies. It is quite possible that future
RNAi drugs will be as promising as
Sutent®. Axel Ullrich is hardly surprised that many biochemical findings
are making their way into practical applications. “This field just happens to
be very application oriented, it is hardly possible to avoid the opportunities
for future therapies.”
But there are also examples of basic
knowledge that have found their way
into earthly applications from very distant places – like outer space, for example. Normally, colleagues of Gregor
Morfill, Director at the Max Planck Institute for Extraterrestrial Physics,
spend their time gazing into the depths
of the cosmos. These Munich-based

scientists use mathematical methods to
describe the distribution of galaxy clusters and the arrangement of matter in
the vast expanse of the black firmament.
A few years ago, the researchers
met with medical specialists from the
Technical University Munich and discussed the question of whether their
mathematical model might not also be
suitable for studying the human body:
galaxies are not evenly distributed
throughout space, but are organized
into structures that resemble those of
a sponge, which contains many hollow chambers separated by thin walls.
Human bones also have a very similar
structure.
Together, the astronomers and medical experts came up with the key idea:
could the programs be used to describe
bone density distribution? It quickly
became clear that it works: the equations for characterizing the spacious
cosmic structures can now determine,
based on computer tomography images, whether a patient is suffering from
osteoporosis. The development is currently in clinical trials. Max Planck Innovation is helping in the search for industry partners that want to transform
the system into a product (MAXPLANCKRESEARCH 4/2005, page 38 ff.).
Thus, the astronomers’ discoveries
are also good for everyday applications.
And other ideas, too, can look forward
to going to market: Max Planck Innovation evaluates roughly 150 new inventions every year and files patent
applications for about half of them. It
markets another 60 or so without patent protection – a sign that basic research is now closer to our daily lives
than ever before, even when it sometimes seems so far removed.
Special | 09 MaxPlanckResearch
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The Fastest Route from A to B
MISSING AN INSTRUCTION from
an in-car navigation system may not
only lead to the driver getting lost, it
may well confuse the GPS, too. Current
navigation programs can sometimes
take up to a minute to find a new route
that will take drivers to their destinations as quickly as possible. However,
there is a much quicker way – scientists
at the Max Planck Institute for Informatics came up with an idea that accelerates
these navigation aids one-hundred-fold.
Working with colleagues at the University of Karlsruhe, the Max Planck researchers calculated a relatively small
number of transit nodes – prominent
points, such as highway entry ramps or
roundabouts, that drivers regularly pass
by on their way to more remote destinations. There are around 11,000 of
these points in the Western European
road network. The navigation system
searches for the transit nodes closest to
the starting point and destination –
there are generally fewer than two dozen. Using tables, the system then calculates the distances between these nodes
in a few millionths of a second.
If the starting point and destination
are close together – say, from one city
suburb to the next – the wide-meshed
network of nodes won’t do. Depending
on the distance, the navigation system
then uses some 300,000 to 3 million
nodes. “By using this hierarchical procedure, we can calculate the optimum
route between any two points extremely quickly,” says Hannah Bast, who, together with Stefan Funke, developed
the new navigation system at the Max
Planck Institute for Informatics.
Previous systems have groped their
way through the road network from
node to node, of which there are 20
million in Western Europe alone. For
shorter journeys, the principle works
well, but it takes much more time to
plan longer trips than is the case with
transit nodes – even though conventional systems take only major highways into account when traveling between places that are far apart.
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Current route planners weave their way from point to point through the maze of streets. In the
future, they may be able to identify the shortest route between starting point and destination
(flags) using pre-calculated data on the nearest transit nodes (diamonds).

“Some commercial navigation aids can
calculate quickly, but they don’t always calculate the fastest route,” says
Hannah Bast. Her new method, in contrast, always provides the optimum
route, a feature that is particularly valuable to logistics companies. Calculat-

ing the shortest distances with speed
and reliability cuts costs. The new system also helps Internet route planners
cope more effectively with the thousands of inquiries they receive every
second of the day.
PH
MI 0601-3878-BC-JK

Some Like It Hotter
With coatings made of new ceramic materials, aircraft turbines and
engines can operate more economically and at higher temperatures

WHEN THINGS GET REALLY HOT,

ceramics are the material of choice. Ceramic coatings protect the components of aircraft engines or power station turbines from heat. Yet until now, the limit has been, at best, 1,200 degrees Celsius –
even the most durable protective coating fails at temperatures above this mark.
Turbine manufacturers, however, want more, in order to increase operating temperatures even further – because the higher the temperature, the more efficient the
fuel usage. This wish could soon become reality.
Researchers working with Martin Jansen, Director at the Max Planck Institute
for Solid State Research in Stuttgart, have developed a new type of lightweight and
very stable ceramic that can withstand even temperatures above 1,400 degrees Celsius. Ceramics are commonly crystalline, which means that the atoms are neatly
aligned to form a symmetrical lattice. Such a crystal can be extraordinarily stable.

Photo: Max Planck Institute for Informatics/University of Karlsruhe

Max Planck scientists accelerate navigation aids one-hundred-fold
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Flying by Robotic Arm
Simulated motion makes unmanned aircraft safe to fly by making pilots aware of their sense of balance

Photos: MPI for Biological Cybernetics – Martin Breidt/MPI for Biological Cybernetics – Theresa de Maddalena

FLYING AN UNMANNED
aircraft is safe enough for
the pilot – but less so for
the aircraft. At least 20 of
the 60 unmanned US reconnaissance aircraft deployed in Afghanistan have
crashed – although not one
of them was shot down.
With a control system developed by scientists at
the Max Planck Institute
for Biological Cybernetics
in Tübingen, these drones
without a cockpit might
well still be flying. Researchers there developed a motion simulator that allows
pilots who fly the aircraft by remote control to also use their
sense of balance.
Currently, a pilot operates the flight controls by observing flight instruments and a camera view from the plane on
a display screen. The pilot has no immediate sense of the
plane’s attitude and no feeling for turbulence or wind gusts.
Not so in the motion simulator: here, too, the pilot sits in
front of a display screen, but is strapped into a seat mounted on a robotic arm that could have served the Colossus of
Rhodes as an artificial limb. The arm movement is controlled by data from sensors in the plane that monitor its attitude and acceleration.

Not even flying is better: At the end of this robotic arm, Heinrich
H. Bülthoff experiences almost the same movements as in the
cockpit – enabling him to steer an unmanned quadrocopter.

“With this information, the motion simulator replicates the
flight as accurately as possible,” explains Paolo Robuffo
Giordano, who heads the motion simulator study. He and
his colleagues are currently investigating ways to use the system to pilot miniature drones.
“What we essentially want to study with the robotic arm
is how the brain combines data from various sensory organs,
so for example the eyes and ears and the sense of touch and
balance,” says Director Heinrich H. Bülthoff, in whose department the work is taking place. The system could, however,
also have practical applications, including Earth observation,
pipeline inspections, remote-controlled space missions and
pilot training.
PH | MI 0107-4065-BC-JK
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Ceramics from the reel: SiBNC ceramics can be made into fibers.
Coatings manufactured from a fused web of these fibers could make
jet engines more heat resistant.

If the load is too high, however, it suddenly breaks. One of the
reasons for this is that, starting from a lattice defect, a crack runs
along the periodic lattice planes through the whole crystal as fast
as lightning.
In Jansen’s ceramics, in contrast, the atoms are in total disorder – the ceramic is amorphous. There are no lattice planes and
thus no ‘highway’ along which the crack can propagate. Jansen
uses silicon, boron, nitrogen and carbon for his ceramics, elements that form particularly strong chemical bonds with each
other. Moreover, these atoms bond to at least three neighboring

atoms, making the amorphous network especially stable. The research project has found support through the Federal Ministry
for Research and the German Research Foundation (DFG).
The present level of development, which is aimed at the industrialization of the new material, involves several partners
from industry and other research institutes, like the Fraunhofer
Institute for Silicate Research in Würzburg. A pilot plant has been
installed there to manufacture large quantities of the precursor
for the ceramic and to process it into ceramic fibers – an important step toward industrial use. “The material will certainly be a
success,” says Martin Jansen. Not least because the ceramics can
be shaped into a variety of products, such as coatings for aircraft,
power station turbines and combustion chambers, as well as solid components and ceramic fibers for composite materials.
Tim Schröder | MI 1201-2758-BC-WA
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Computers at the Helm
Sailing the Rhine in the dead of night challenges even an experienced helmsman.
Ernst Dieter Gilles and his team at the Max Planck Institute for Dynamics of Complex
Technical Systems in Magdeburg have developed a navigation system to give
boatmen a better view in situations like this.
TEXT TIM SCHRÖDER

F

or aircraft in the sky and container vessels at sea, autopilot
has long been a standard feature. Just set the switch to
automatic, and both plane
and ship proceed to steer themselves.
Very soon, a similar autopilot will also
be guiding barges on their journeys
up- and downriver. In the past, such a
prospect would have been inconceiv-

able. After all, a river is not like an
ocean where you can just set a course,
open the throttle and proceed full
steam ahead.
Rivers wind their way through landscapes. Strong currents obstruct a vessel’s progress, forcing bow or stern to
drift off course. All of this makes it hard
for an autopilot to stay the desired
course. In recent years, however, Ernst

Dieter Gilles, Founding Director of the
Max Planck Institute for Dynamics of
Complex Technical Systems in Magdeburg and a research scientist at the University of Stuttgart, has developed an
integrated navigation system that will
soon be ready for its market launch.
The guidance system is the product of
nearly 25 years of meticulous work and
a host of doctorates and theses.

Photo: iStockphoto

Rush hour on the Rhine: The integrated navigation system
steers a ship reliably even in such tricky situations.
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A weight off the captain‘s shoulders: He can confidently leave the instruments in the hands of the computer.
The machine steers the ship safely around the bend – even in the dead of night.

right

Where am I? A radar image alone (left) is difficult to interpret. Combined with GPS data and a digital map
it gives the captain a good overview of the ship‘s position (right). This navigation aid is already being
successfully marketed – and also forms the core of the autopilot for ships.

Using GPS data and a radar image that
is automatically compared with a digital river chart stored in the onboard
computer, the system knows exactly
where it is. The computer then uses this
knowledge to steer the ship, even
around tight curves with fast-flowing
currents. It does take a lot of technology – including a GPS receiver for satellite navigation, a radar system, a turn
indicator for recording the turning motion of the vessel, and a mobile radio
receiver to update water depth data.
And of course it also takes intelligent
mathematical models that know what
to do if the current drags at the hull or
there is traffic coming the other way.
The mathematical models take in
data from the GPS, radar or turn indicator and use it to calculate appropriate rudder commands. These models
are loaded with the ship’s parameters,
its size, draft, mass, and even how the
hull behaves in a current. Thanks to
the computer technology, the ship not
only remains on course, but can even
automatically avoid oncoming traffic
or overtake slower vessels.

“A navigation system like this really can
make the skipper’s job easier, especially
when the river narrows,” says Gilles. Or
at night. In the dark, the helmsman is
sometimes faced with hundreds of
lights – buoys, the navigation lights of
other ships, and lights on shore. With
tired eyes, it’s hard to distinguish between them. Even in fog, the radar-assisted autopilot safely steers the ship.

IRONCLAD SAFETY CONCEPT
The first trial versions of the navigation program employed only radar and
GPS as orientation aids. The current
version also incorporates data from the
AIS – the Automatic Identification System, a new global standard in marine
navigation. This requires ships to be
equipped with an AIS transponder that
automatically transmits the position of
the vessel, its current speed and its direction of travel. The AIS provides the
pilot computer with important information from other vessels on the river
to compare with its own radar data –
an ironclad safety concept.

Recently, Gilles and his colleagues
have been testing the inland waterway
autopilot on a river cruiser and a
Dutch training ship on the Rhine –
with great success. The navigation,
overtaking and avoidance functions
work perfectly.
For some years now, Gilles’ first
spin-off company innovative navigation has been offering a combination
of GPS, radar and digital charts as a
navigational aid that enables barge
masters to track their position at night
and in the fog. Several hundred packages have already been sold, including
in the Netherlands, which accounts
for the bulk of shipping on the Rhine.
With the new complete navigation
system capable of steering a vessel on autopilot, however, Gilles is writing a fresh
chapter in the inland waterways story.
The system will be marketed by a second
University of Stuttgart spin-off. Gilles,
meanwhile, now retired as a university
teacher of system dynamics and control
engineering, is upholding the family
tradition: his father was a boatman in
the town of Kaub on the Rhine.
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Cooking Steel
for the Cars of Tomorrow
Scientists working with Georg Frommeyer at the Max Planck Institute for Iron Research
in Düsseldorf have developed lightweight steels that are not only particularly strong,
but also very ductile. Their low specific weight and exceptional mechanical properties
make them ideal material for applications in the automotive industry.
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T

he mention of iron and steel
making usually conjures up
images of huge blast furnaces
in which molten raw (pig)
iron glows white-red, bubbling gently. Once it has reached the
correct temperature and composition,
it is simply poured off in a submarine
ladle, or it rapidly solidifies to masses
of pig iron. Or so it may seem. Yet steel
making is more than just this largescale tableau. It can, in the truest sense,
be compared to the high art of gourmet
cooking: producing steel with specific
properties requires the right ingredients, the right recipe, and creativity on
the part of the cooks.
Georg Frommeyer is a steel expert
with the requisite ingenuity. He is professor of materials technology at the
Max Planck Institute for Iron Research
in Düsseldorf, where he and his colleagues have developed new kinds of
steel that major players in the steel industry have called “a significant leap
forward in development.” These steels
are very light, extremely tough and particularly ductile. Known at the institute
as “high-strength, supraductile TWIP/
TRIP lightweight construction steels,”
they are especially suitable for the automotive industry.
Regardless of whether they are intended for the road or the railway, the
focus is always on making vehicles
tougher, lighter and safer. Bodyworks
are expected to offer higher and higher levels of occupant safety in the event
of accidents. At the same time, engineers aspire to create increasingly light-

weight designs in order to reduce fuel
consumption and emissions. Steel
manufacturers have long since realized
that they are facing increasing competition from aluminum and new materials, such as magnesium and plastics.
To stay in the running, they must make
their steels lighter, stronger and more
ductile than their competitor products.

A MATERIAL THAT IS NOT
YET EXHAUSTED
Steel consists mainly of iron. It takes on
different properties when, for example,
different metals are added – or alloyed
– such as manganese, nickel or chromium. This is how stainless steel and highstrength or even super high-strength
steels are created – the right material for
the application at hand. Automobile
manufacturers are particularly demanding when it comes to steel for autobodies, which must be strong enough to
take the weight of the vehicle without
deforming or vibrating. They must also
be rigid enough to form a protective
structure around the vehicle’s occupants in the event of a collision. And it
should be possible to calculate precisely how they will deform to absorb the
impact energy in an accident.
Although a single material will not
have all of these properties, the steels
from the Max Planck laboratories in
Düsseldorf are truly multipurpose, and
are able to take on several different
functions. “A few years ago, experts
were saying that the properties of steel
had been exhausted,” says Georg From-
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meyer. “Alloying steel with other elements had already made it suitable for
numerous functions.” Nevertheless, the
Max Planck researchers were convinced
that there was more to be coaxed from
this well-established material, although
initially their assumptions were based
only on theoretical considerations and
many years of experience.

LIGHTWEIGHT STEELS THAT
CAN BE CALCULATED
The properties of different steels depend on, for one thing, their crystal
lattice structures – the spatial arrangement of the atoms in the tiny crystals
that form when molten steel solidifies.
The properties are also determined by
how the crystals are arranged, which in
turn depends on the structure of the
crystals themselves. Adding alloy elements makes certain crystal structures
more likely to form. Materials scientists
speak of energetically favored crystal
lattice structures. This allows the properties of the steel to be fine-tuned.
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The researchers use thermodynamic
calculations to reveal which crystal
structures are energetically favored.
From these calculations, they concluded that a combination of manganese,
silicon and aluminum would probably
be suitable for the development of the
new lightweight construction steels.
These elements are lighter than iron,
and force the crystal lattice into certain structures. Iron can thus switch
between different crystal lattices.
There is, for example, a face-centered
cubic (FCC) arrangement, which experts call “austenite.” In this case, the
iron atoms sit on the corners of the
crystal lattice cube, and in addition,
one atom occupies the center of each
face of the cube.
Then there is the body-centered cubic (BCC) variant. Again, the iron atoms are arranged on the corners, but
with another in the cube’s center. In
the hexagonal type, the iron atoms are
distributed in a hexagon shape. Both
the body-centered cubic and the hexagonal structures are also referred to as

Photo: Wolfgang Filser

Like working at a steel mill: Scientists at
the Max Planck Institute for Iron Research
cook up and cast steel samples weighing
up to a hundredweight.
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The different microstructures of TRIP, TWIP and TRIPLEX steels can be seen under the
optical microscope (1 and 2) and the scanning electron microscope (3).

martensite. The crystal lattice changes,
and with it, the character of the steel,
depending on the alloy element content – the substitutional alien atoms in
the crystal lattice.
In the man-sized melting furnaces
in the large workshops at the Max
Planck Institute, the scientists cook up
different steel compositions and investigate the microstructures and mechanical properties of the alloy variants. Ingots weighing over a hundredweight
can be prepared with different smelting
processes and then rolled into sheets.
On separate machines, engineers test
finger-thick steel samples that are held
tightly in a sort of clamp and subjected
to tensile stress. How strong is the steel?
When does it break?
The test results of the newly developed steels were astonishing. The steels
proved to be both extremely strong
and very ductile, particularly when alloyed with 15 percent manganese and
3 percent each of aluminum and silicon. It stretches by more than 50 percent, and it hardens without breaking.

It resists tensile stresses up to 1,100
megapascals, which is roughly equivalent to the weight of ten bull elephants
on a postage stamp.

CHANGING CRYSTAL STRUCTURE
MAKES STEEL DUCTILE
Conventional high-strength bodywork
steels fracture at around 700 megapascals or even less. Steel with 25 percent
manganese and 3 percent each of aluminum and silicon (MnAlSi 25 3 3)
also presented a few surprises. Although it did not harden to quite the
same strength, it could be stretched to
approximately 90 percent of its length
without breaking. “Even gold, which is
considered to be extremely ductile,
doesn’t achieve ductility of this magnitude. It reaches, at most, 60 percent,”
says Frommeyer.
The new alloy is similar to the conventional “TRIP” steels, which have
been on the market for about ten years.
TRIP stands for transformation-induced plasticity. Like the steels from

the crucibles in Mülheim, traditional
TRIP steel is also very strong, typically
up to 700 megapascals. However, its
ductility is moderate, at approximately 35 percent. This characteristic – ductile yet strong – is the result of changes
in the crystal lattice.
When forces act on the steel, it
changes from the face-centered cubic
form – austenite – to the body-centered cubic form – martensite. It is the
collective shear of the crystal lattice
planes that makes traditional TRIP
steel ductile.
This is very important for the automotive industry, as the metal for autobodies is usually shaped by stretch
drawing or deep drawing. In this process, a steel sheet is placed in a huge
press and deformed into the final
shape with a rather complex geometry.
The more ductile the steel, the easier it
is to shape it without breaking it. With
conventional TRIP steel, however, a
certain amount of the austenite portion is transformed into martensite – a
rigid crystal structure that allows hard-

Special | 09 MaxPlanckResearch

25

MOBILITY_Iron Research

top

Steel put to the test: To test their formability and fracture properties, a soft IF steel –
effectively pure iron with little carbon and phosphorous –, conventional TRIP steel (middle)
and TWIP steel are punched in a drop tower.

right

The steel sample is still glowing as Georg Frommeyer takes it from the furnace to the rolling mill (top).

ly any stretching. In the event of a vehicle crash, the steel would offer only
about 5 percent reserve ductility.

DOUBLE RESERVE PROVIDES
SIDE-IMPACT PROTECTION
The steel from Düsseldorf also has TRIP
properties. However, with the special
composition of the manganese, silicon
and aluminum atoms in the iron crystal, the TRIP effect is twice as pronounced, giving it double the reserve
ductility. This is because the alloy elements make two martensitic transformations possible. When forces act on
the steel, as in the deep or stretch draw
process, at least some of the austenite
is transformed into the hexagonal martensite structure. When the steel is put
under increasing stress, the hexagonal
lattice switches to the final, body-centered cubic structure, similar to conventional TRIP steel.
This means that the steel retains a
good share of its ductility even after
deep draw processing. In a collision,
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the material can still deform by up to
35 percent before it fails, making Frommeyer’s TRIP steel particularly useful
for side-impact protection. The material deforms and absorbs the energy of
the impact. It also becomes very strong
as it hardens, which prevents the side
sections from collapsing too much and
protects vehicle occupants from injury.
However, the double TRIP effect
does not explain why an alloy with a
manganese content of 25 percent is
particularly ductile. “This is caused by
small faults, called “stacking faults,” in
the stacking sequence of the atomic
planes of the crystal structure,” explains Georg Frommeyer. Stacking
faults can be visualized as a shift in the
neatly arranged layers of atoms.
A crystal structure can fold at a
stacking fault, causing the crystal layers
to stack up in exactly the opposite order
starting at the shift. The fold creates a
mirror plane, on both sides of which the
crystal areas appear mirrored. Experts
call this twinning, which manifests itself externally as extreme ductility.

The challenge to the materials researchers was to facilitate this mechanism. To
initiate twinning, the stacking fault energy – a kind of ignition temperature –
must be achieved. If the stacking fault
energy is too high, twinning will not
take place. In this case, the steel will deform by moving dislocations – line defects in the crystals caused by unordered microscopic faults in its structure.
The steel can still be shaped, but ductility is much reduced, as the dislocations soon block each other and prevent any further deformation – the
material breaks.
In the MnAlSi 25-3-3 alloy, the
stacking fault energy is so low that
twinning is quickly initiated. The steel
starts to deform at around 300 megapascals. Experts refer to this as the
TWIP effect, short for “Twinning Induced Plasticity.”
The TWIP effect is also important
for the steel used in vehicle construction. A vehicle has various crash components – for example, in the engine
compartment – that are intended to

Photos: Institute of Automotive Engineering, Aachen (3, this page), Frank Vinken (2, right-hand page)

The testing lab at the Max Planck Institute in Düsseldorf is part laboratory, part factory (bottom).
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The result of the drop tower test in a lateral view: IF steel buckles
six centimeters out. Conventional TRIP steel cracks because it
is very hard but not very ductile. The TWIP steel from Frommeyer‘s
furnace comes away with just a two-centimeter dent because
it absorbs the impact energy particularly well.

28

MaxPlanckResearch Special | 09

TRIP steels harbor great potential, due
to their combination of strength, ductility and density. In addition, there is
a huge amount of interest on the market,” says Hans Fischer, Executive Board
member and Head of the Steel Division
at Salzgitter AG. In his opinion, Frommeyer and his colleagues have laid an
excellent foundation.
Research into these classes of steel is
also being undertaken in other countries, where materials scientists are
working on the practical application of
these steels in the laboratories and development departments at international steel companies, such as ArcelorMittal, Hoechst-Alpine, BAO Steel in
China, Nippon Steel in Japan, and companies in South Korea.
However, they will not be supplied
under the name of TRIP steel. After all,
the new generation of superstrength
TRIP steels behaves quite differently
than conventional TRIP steel, with
which they now have little in common. Salzgitter AG will launch them
on the market as HSD (high strength
and ductility) steels.

“In addition to the excellent mechanical
properties, these steels are 5 to 6 percent
less dense,” says Dr. Matthias Niemeyer,
who heads Salzgitter Mannesmann Forschungs GmbH, the research company
of the Salzgitter Group. Automotive
manufacturers will have a very new
lightweight material to work with. After
all, the car body accounts for a quarter
or more of the total vehicle weight.

INNOVATION PRIZE FOR
LATEST STEEL DEVELOPMENT
According to experts, using HSD steels
will mean considerable weight reduction. For one thing, these steels are extremely light due to the low density of
their alloying elements. For another,
they are not as flexurally rigid, but are
about twice as strong as the higher
strength bodywork steel currently used.
The new TWIP/TRIP steels can therefore be used in thinner sheets.
Niemeyer cannot yet say how much
weight will be saved in the end. It depends on how the carmakers use the material. “At the moment, I’m assuming

Photos: Institute of Automotive Engineering, Aachen (3)

crumple in a collision. They have to absorb a lot of energy. That is precisely
what the TWIP steels do with their
unique reserve ductility.
Their ability to absorb impact energy extremely quickly is even more important. The TWIP effect manifests itself even in high-speed collisions.
However, the movement of dislocations depends on the impact velocity
and deformation rate of the car body
components. The more violent the collision, the less they propagate. In extreme cases, the steel fractures – it is
unable to absorb any more energy. The
ability of TWIP steel to stretch quickly
is of particular interest for automobile
manufacturers.
Consequently, Frommeyer’s group
has been working for some time with
various carmakers, such as BMW AG,
Daimler AG, Volkswagen AG and the
Ford Research Center in Aachen. Deep
draw capability and other properties are
tested on prototypes and various bodywork components. Salzgitter AG and
ThyssenKrupp Stahl AG are also part of
the partnership. “We think that TWIP/

weight savings of between 10 and 20
percent; it might even be as much as 30
percent for some components,” he says.
Recently, another lightweight steel –
triplex steel – was developed at the Max
Planck Institute for Iron Research, Düsseldorf, for which the researchers received an award in the category “Steel
in Research and Development” as part
of the Steel Innovation Prize 2009
granted by the Steel Institute VDEh.
Triplex steel consists of three phases: austenite, ferrite and nano-sized
carbides, which are finely and homogeneously dispersed throughout the
austenitic matrix. Georg Frommeyer’s
former colleague Udo Brüx, who now

works with Ford Research Center in
Aachen, made a significant contribution to the development of this steel.
Triplex steel is even lighter than its
TWIP/TRIP cousins, by 10 to 16 percent – but it has some very impressive
properties. It is harder than TWIP steel
and more ductile than TRIP. This is
mainly due to the finely distributed
carbides, which allow the austenite
and ferrite phases to deform easily,
even at a high strength level. The material and the manufacturing process
still need to be optimized, but in all
likelihood, Triplex steel will be a bestseller in automotive manufacturing in
a few years.
MI 0041-4075-WT-JK

Tensile test: Georg Frommeyer
examines a sheet that was drawn
into a hollow dome shape until
the first crack appeared.
The black gridlines show where
the strain is strongest.

Photo: Frank Vinken

GLOSSARY
TRIP effect
Transformation-induced
plasticity: Under stress, the crystal
structure changes – for instance
from austenite to martensite –
increasing the ductility.

TWIP effect
Twinning-induced plasticity: Under
stress, the crystal structure folds at
a stacking fault, and a twin is formed.
The process absorbs a very large
amount of impact energy.

Stacking fault
Irregularity in the order
of the layers of atoms
in a crystal.

Crystal twin
Occurs when the order of the crystal
layers is reversed at a stacking
fault – for example from ABC to CBA.
Two crystals are formed that grow
symmetrically from a common layer.
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Border Control
between Terminals
New types of membranes make fuel cells
more efficient

Slimming Diet
for Solar Cells
A sophisticated method makes it possible
to manufacture efficient solar cells from thin
layers of silicon

IT IS BASICALLY a matter of saving – saving on expensive
crystalline silicon in solar cells. Former Max Planck scientist Rolf Brendel, who now heads the Institute for Solar Energy Research in Hamelin (ISFH), developed the porous silicon process (PSI process) for this purpose. The process can
be used to manufacture monocrystalline silicon solar cells
that are extremely thin and thus save on material.
The scientists process a surface-textured wafer of porous silicon in such a way that they can coat it with a thin
layer of silicon. Wafer solar cells are normally between 250
and 300 micrometers thick because they are usually sawn
off of silicon rods. Cells manufactured in the PSI process,
on the other hand, are a mere 20 to 30 micrometers thick,
yet they achieve an efficiency of over 15 percent. “The efficiency factor is one of the best for thin-film solar cells,”
says engineer Renate Horbelt, who works together with
Brendel at the ISFH.
The thin monocrystalline silicon film is separated from
the porous wafer at a sort of predetermined breaking point.
The wafer is cleaned, receives a new surface structure – and
serves once again as the propagation bed for solar cells. A
wafer can be used in this way many times.
“We are now focusing on getting the method to work
reliably also over large areas,” says Horbelt. The method
has already been tested in practice: for manufacturing
mini-modules for solar powered wristwatches, for example. The technology is also suitable for manufacturing lowcost photovoltaic modules.
Tina Heidborn | MI 1201-2288-GBC
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A wash before the measurement: Vladimir Atanasov
prepares a membrane for a conductivity test by
acid-treating it, washing and drying it and then wetting
it with a precise amount of liquid.

right

To determine how well protons diffuse through the
sulfonated polyphenylensulfone, Carla Cavalca de Araujo
drives them down into the superconducting magnets
of an NMR machine.

xxx

Peelable solar cell: A member of the ISH team presses an
adhesive-coated piece of glass onto the extremely thin crystalline
silicon layer and peels it off the wafer.

and are more
stable and less permeable to water: sulfonated polyphenylensulfones could take fuel cells a great step forward – as a new
material for membranes.
The membrane serves to separate the fuels, such as hydrogen and air, that are consumed at the two terminals of the cell
– producing water as the only end product. But the membrane
must also offer good proton conductivity. When the fuel cell
produces electricity, protons – positively charged hydrogen atoms – are generated on one side of the membrane and consumed on the other. If protons were not able to pass through
the membrane, the reactions in both half-cells would come to
an abrupt halt. But instead of being open only for protons, conventional membrane materials also let a lot of water through.
“Our material has extremely favorable properties as far as
proton conductivity, water transport and stability are concerned,” says Klaus-Dieter Kreuer, whose research at the Max
Planck Institute for Solid State Research in Stuttgart includes
new membrane materials. Membranes made of this material
could also increase the efficiency of the cells.
Although fuel cells now already convert energy with an efficiency of around 50 percent, and are thus relatively efficient,
they still lose a lot of energy in the form of heat. And since the

Photos: MPI for Solid State Research (bottom), ISFH (top)

THEY OFFER BETTER CONDUCTIVITY

xxx

Photo: MPI for Solid State Research (bottom), illustrations: Christoph Schneider, based on material from the MPI for Polymer Research (3)
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membranes currently employed are
heat intolerant, fuel cells must be
cooled. Heat-resistant membranes
would require less effort to cool.
Higher operating temperatures
would also be advantageous for the
activity of the noble metal catalysts
that boost the reactions at the two terminals of the fuel cell. At the same
time, the danger of carbon monoxide
poisoning of the catalysts would be reduced. The hydrogen is usually produced from natural gas and contains
slight traces of carbon monoxide.
Since the gas adsorption on the catalysts is lower at higher temperatures,
the cell’s tolerance for the poison increases – so the hydrogen gas would
not need to be purified as thoroughly.
The membrane material that is
most commonly used today, however,
allows only low-temperature fuel cells
to operate at temperatures below 90
degrees Celsius. “A 20- or 30-degree
higher operating temperature would
bring the fuel cells a great deal closer
to economic viability,” says Kreuer.
The material does exist now, and
scientists are still optimizing its manufacture in cooperation with the company Fumatech. Since sulfonated polyphenylensulfones are very brittle, they
must be processed as part of a composite. Kreuer and his colleagues hope
to have found a viable method in three
to four years. The new proton conductor could then be used not only in fuel
cells, but also in batteries, seawater
desalination plants, antistatic screen
coatings, and for dialysis.
Tina Heidborn | MI 1201–3419–GBC

A Window for Solar Power
Transparent graphene electrodes could make solar cells
cheaper and more efficient

Carbon puzzle: Under the influence of heat, little slabs of graphite
with hydrocarbon chains attached (left), combine to form larger
graphite layers (right).

IN PRINCIPLE, one need only scribble
on paper with a graphite pencil. This
simple act already produces piles of
graphene on the paper – individual layers of carbon atoms that are arranged in
a honeycomb lattice structure. Graphene conducts electricity, and thus heat,
surprisingly well, and is therefore considered to be a promising material for
electronics components, which are becoming smaller and smaller.
It is no wonder, then, that researchers around the world are working on
different methods to produce graphene. Simply scribbling with graphite
pencils does not give them the necessary control, and the graphene layers
produced in this way are too thick. Researchers working with Klaus Müllen,
Director at the Max Planck Institute for
Polymer Research in Mainz, have thus
patented a number of methods, including one for pyrolysis. This involves
heating up, on a glass support, precursor molecules that already contain
small graphene disks, but that also
have branches of hydrocarbon chains.
As a result of the heat treatment, a
transparent graphene film less than 10
nanometers thick is produced.
Films made of graphene can offer a
low-cost alternative to indium tin oxide, which serves as the transparent
electrode for solar cells. Although indium tin oxide is transparent and a very

good conductor, it is becoming increasingly expensive, as the supply of the
raw material indium is limited. In addition, transparent graphene electrodes can also make solar cells very efficient. In contrast to indium tin oxide,
it is even transparent to a certain portion of infrared sunlight, which makes
up around half the solar radiation that
reaches the Earth. The graphene electrodes have already proven their advantages in the first solar cells the
Mainz-based researchers constructed
for test purposes.
Tina Heidborn | MI 0903–3685–ZLC

Solar cells, a matter of layers: The photovoltaically active materials, such as dyestuffs
and titanium dioxide, lie between two
electrodes – the top one must be transparent.
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“We’re making biocoal economically viable”
Volker Zwing is the manager of CS carbonSolutions, which was founded one and a half years ago.
The company owns the exclusive rights to use the patent portfolio of a biomass conversion method
that was developed at the Max Planck Institute of Colloids and Interfaces in Potsdam. We spoke
to Volker Zwing about how far the practical realization has come.

You are using a process that Max Planck
researcher Markus Antonietti developed three
years ago, attracting a great deal of attention: hydrothermal carbonization. What
exactly is this?

ry new filling to get the process going, you
can prove that hydrothermal carbonization
works in principle. But of course this
makes no sense energetically.

bon dioxide in the long term. Exactly
which products result from the process
also depends on how the process is managed and on the biomass that is fed into
the process.

How do you solve the problem?

What are the greatest difficulties in its
industrial realization?
Zwing: The core problem is the energetics:
the process itself is exothermic, meaning
the reaction releases energy. And this released energy must be controlled intelligently in order to use it again to create a
self-sustaining process – otherwise it is of
no economic interest. With the classic
pressure cooker principle, where energy
must be supplied from the outside for eve-
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Zwing: In my opinion, it can be solved only
by operating a non-stop – that is, continuous – process. With this principle, we’re
making biocoal economically viable.
What end products result from this biomass
conversion?
Zwing: The spectrum is very broad: Biocoal can be used in a variety of forms, right
down to carbon-based industrial admixtures, such as those used in manufacturing tires. In the simplest case, the biocoal
could be burned, but it is actually too valuable for this. We are rather aiming to use
it as a material: as alternatives to coal
products that are currently produced from
fossil coal, such as filtering charcoal or
metallurgical coal. A further possibility
that is currently being researched extensively is the use of biocoal as a soil conditioner. This has the potential to bind car-

You are currently building a pilot plant. When
will it be ready for operation?
Zwing: The pilot plant is slated to start up
this year. If it works as we envisage, the
first pre-series plants will go into operation
next year. We have already had extensive
talks with partners, for instance with local
governments that are looking for alternatives for the disposal of their organic
waste, green waste or sewage sludge. We
have also spoken with agricultural businesses where a large amount of cattle manure is produced. People in industry are
also interested. The idea is that our company will not only supply the machines, but
operate them jointly with our partners,
particularly during the first few years, to
ensure the quality of the method.
The interview was conducted by Tina Heidborn.

Photo: Norbert Michalke

Zwing: The process converts biomass into
coal and coal-like products under pressure
and at a high temperature. In contrast to
other biomass methods, which very often
require dry biomass, we can, or better, we
want to use wet biomass, because the
process occurs in water anyway. This
means that we can use biomass that currently cannot be used practically, and that
is sometimes even a problem to dispose of.
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Pioneers
between the Poles
Batteries have been around for more than 200 years, but their potential
is still far from exhausted. Joachim Maier and his colleagues at the
Max Planck Institute for Solid State Research are investigating how
nanotechnology can be used to optimize rechargeable lithium batteries.

I

n order to make better use of scarce
energy resources, energy must be
stored and converted more efficiently. Electrochemistry, which has
provided us with batteries and fuel
cells, can be of help here, as it allows
chemical energy to be converted into
electrical energy and vice versa with a
high degree of efficiency. In addition,
day-to-day life requires small, light, yet
powerful rechargeable batteries, for instance in cell phones, notebooks, digicams and camcorders. And the challenges are growing: in the future,
electrochemical cells will also provide
environmentally friendly hybrid or
electric vehicles with electricity for
hundreds of kilometers.
Rechargeable lithium batteries are
currently considered to be promising
candidates for this – particularly if
they become even more powerful. This
is a topic that Joachim Maier, Director
at the Max Planck Institute for Solid
State Research in Stuttgart, and his colleagues are concerned with. They have
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already made quite a bit of progress.
Notwithstanding the fact that “the
main focus is basic research,” as Maier
stresses, they have already made quite
a bit of progress on the applied side, as
evidenced by a number of patents that
are of interest to industry. In the long
term, they could possibly even contribute to replacing gas tanks in cars
with batteries.
If one wanted to power a standardrange battery-operated car with a leadacid battery, the battery would weigh
about a ton. Lead has a very high specific weight and can thus store only
very little energy per kilogram. A metal
hydride rechargeable battery is better in
this respect, but even it isn’t powerful
enough for purely electric propulsion.
Nickel and cadmium are often used, but
they also have a high specific weight.
Nevertheless, such a battery already
supports the combustion engine of the
Toyota Prius hybrid car. However, with
only a metal hydride battery, the vehicle wouldn’t get very far.

Photo: Corbis

TEXT REINHARD LÖSER

A source of lithium: The Salar de Atacama salt lake in Chile‘s
Atacama Desert yields a salt of the lightest of the alkaline metals,
which makes for especially powerful batteries.
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Charge separation at close quarters: In an
electrode consisting of nanoscopic grains of
lithium oxide and a metal, the lithium ions
(Li+) settle on the surface of the lithium oxide,
while the electrons (e -) gather at the edges
of the metal particles. This accelerates the
charging and discharging process.

But alternatives are scarce: “From an
electrochemical point of view, the molecular mass and other specific characteristics limit the selection of the elements and compounds for electrolytes
and electrodes, as do toxicity, availability and costs,” explains Joachim Maier,
describing the challenges.
Lithium lends itself well as the main
component of a battery because it
promises very high cell voltages, as well
as high energy and power densities per
mass. Why this is so can be seen from
the periodic table of the elements: the
small atoms of the lightest alkali metal
– with an atomic number of three, it
comes right after hydrogen and helium
in the periodic system – are particularly mobile and can be accommodated in
solids in large amounts.

The special position of the element in
the periodic system means that lithium
likes to donate electrons. If it is connected to a partner that readily accepts
electrons in a galvanic cell, a high voltage – three, four or even five volts – is
generated in the cell. But even five volts
are nowhere near enough to power an
automobile – several hundred volts are
needed. This can be achieved with a
battery consisting of many galvanic
cells connected in series.

IONS MOVE IN
ROCKING-CHAIR MODE
Maier and his team have been working
on batteries for almost twenty years
and have applied for a dozen patents
for their work. They have clarified im-

Spinning in the lab: Filaments of an organic material are pulled from
the electrode (right). The researchers in Stuttgart use them to
produce carbon-tin anodes for lithium batteries that – unlike pure
tin – are not destroyed in the electrochemical processes.
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SAND AS AN ELECTRICAL LUBRICANT

Illustration: Christoph Schneider, based on material from the MPI for Solid State Research

Silicon dioxide insulates against electric current, but it can, as
an additive to liquid electrolytes, increase the electrical conductivity in rechargeable lithium batteries. The electrolyte usually
consists of a solution of lithium salts in an organic solvent. Only
solvents that, unlike water or alcohols, do not release protons
are an option here – as the latter would react violently with the
elemental lithium in the battery. In these solvents, however, only
a limited fraction of the positive lithium ions separate from their
negative counterparts, which reduces the conductivity. But Joachim Maier and his co-workers discovered that nanoparticles
made from silicon dioxide, the main component in sand, can put
things right. They mix the nanoparticles with the electrolyte to
form “soggy sands.” The silicon dioxide particle adsorbs the negative ions of the lithium salts on its surface. The countless nanoparticles together have a very large surface, thus depriving
the electrolyte of a large number of negative ions. This means
that, in soggy sand, many more ion pairs are separated compared with a conventional electrolyte. Thus, more lithium ions
are available in the electrolyte to transport the current, and the
conductivity increases.

portant fundamentals for the electrodes – the battery terminals – as well
as for electrolytes, the conductive materials that electrically connect the
electrodes inside the cell, and have
thus created the conditions for technical improvements.
In modern rechargeable lithium
batteries, which are also called lithium
ion batteries, the lithium ions move, on
charging and discharging, in a kind of
rocking-chair mode between the two
terminal electrodes, accept one electron
each, and are stored as neutral lithium.
During discharging, the lithium atoms
donate these electrons, which can then,
for example, supply an electric motor
with power. During charging the ions
move through the electrolyte back to
the negative electrode.
Materials made of carbon or tin, in
which lithium readily dissolves, usually serve as the negative electrode,
while the positive electrode consists of
transition metal oxides, such as lithium cobalt oxide. During charging,
lithium from the oxide is pumped into
the carbon; during discharge, the process is reversed, releasing the pump en-
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In soggy sands, the negative ions are bound to the surface of the
silicon dioxide; the number of mobile positive ions is therefore higher.

ergy again. The electrolytes are predominantly liquid organic solvents
containing lithium salts. Crystalline
electrolytes, in contrast, have higher
mechanical stability and can be
shaped. This can be advantageous for
technical applications, but they do not
possess the necessary conductivity.

SAND IN THE BATTERY BRINGS
NUMEROUS BENEFITS
Joachim Maier and his co-workers
have now found a way to improve liquid electrolytes. They mix the liquids
with very small particles of solid, surface-active ceramic oxides, such as silicon oxide – the main component of
sand – or titanium dioxide. The researchers call the mixtures thus produced “soggy sand electrolytes” – almost solid, moldable materials that are
easy to process. In addition, the ceramic oxide particles even improve
conductivity. “When we predicted this
theoretically, many colleagues were
fairly surprised,” says Joachim Maier.
“We are now able to produce a large
number of such materials.”

The soggy sand electrolytes that the
Stuttgart researchers have found combine many useful properties. They reduce the internal resistance of the
cells, keep the electrodes at a distance,
and are less flammable. They can be
shaped like solid electrolytes, but their
liquid component allows perfect contact with the electrodes.
The scientists were able to improve
the electrodes not least due to a fundamental insight: the properties of materials can be improved not only via
their chemical composition, but also
via their morphology. Morphology is
the term materials scientists use to refer to the external appearance of a material. It is characterized by the typical
diameters and by the nature of the surfaces. The properties of a material thus
also strongly depend on whether it is
processed in bulk, as a thin layer or in
the form of nanoparticles. “New compounds and structures open the door
to a world of new properties,” says
Joachim Maier, “and with the right ingredients and clever tricks, we can
then optimize these properties.”
>
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In this context, the Stuttgart-based scientists have researched a new storage
mechanism that combines the advantages of electrostatic storage in the capacitor with electrochemical storage in
the battery. The capacitor – in its simplest form, two oppositely charged
metal plates – quickly releases its
charge, but its capacity is exhausted
just as quickly. A battery, in contrast,
has a high capacity to store charge, but
is sluggish when charging and discharging.

CAPACITOR IN NANOFORMAT

Joachim Maier presents a
product of basic research:
The particularly conductive
soggy sand. It looks like a
gel and it is a gel – a mixture
of nanoparticles in a liquid.
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Combining speed and large storage capacity sounds like squaring the circle,
because large capacities usually require
long transport paths and thus long
charging periods. From theoretical investigations, however, the researchers
in Stuttgart concluded that a new type
of mechanism can solve this problem.
Lithium, namely, can be stored in the
interface between two materials, neither of which would be able to store it
by itself.
The researchers use lithium oxide
and ruthenium to produce a nanoscopic powder mixture that acts as the negative terminal of a battery. Ruthenium
can accept only electrons, and lithium
oxide only lithium ions. Elemental lithium cannot penetrate into either of the
two substances. The ions, however, can
accumulate on the lithium oxide side
of the interface with the metal, and the
electrons collect on the ruthenium side.

2 μm

50 nm

1 nm

The hierarchy of pores: In an electrode of mesoporous carbon, the cavities become
ever more finely branched. The lithium ions quickly penetrate them as a result.

The charge is then stored in a separated state as in a capacitor, and it can discharge as quickly as from a capacitor.
The same mechanism accelerates the
charging process, but the nanostructured electrodes can store a substantial
amount of charge, like conventional
battery electrodes.

Photos: MPI for Solid State Research – Joachim Maier (4)

SHORT DISTANCES FOR IONS
The charging and discharging process
can also be accelerated with mesoporous carbon electrodes. Since their
pores are constructed hierarchically,
the transport paths of ions and electrons are shortened: just like air
through the bronchial tubes, the ions
and electrons travel through a finer
and finer branching system of cavities.
Joachim Maier is researching materials
such as these in collaboration with
Markus Antonietti, Director at the Max
Planck Institute for Colloids and Interfaces in Potsdam.
In order to investigate the chemical foundations of the energy supply
of tomorrow, their institutes have
combined with three further Max
Planck Institutes to form the EnerChem
research association. One result of
their combined activities is that the researchers have made use of the mesoporous carbon electrodes to drastically reduce the charging time of
rechargeable lithium batteries, allowing rapid charging. Mesoporous car-

bon also has a large capacity, meaning
that it can store many lithium ions.
Joachim Maier and his team have recently extended the hierarchical principle to solids, which are poor conductors
of not only ions, but also electrons. By
providing the material with ever more
finely branching nanopores and filling
them with electrolytes, they again increase ion availability. This does not,
however, improve electron conduction.
The researchers in Stuttgart solve this
problem with metallization: they superimpose on the tiny pores a metallic
transport network through which the
electrons readily flow.
Thanks to these advances, the
chances are increasing that insulating
materials are going to become the future cathodes in lithium batteries.
Lithium iron phosphate is the secret
favorite of manufacturers because, theoretically, it allows a high energy density to be achieved, and it is low in
cost, safe and environmentally friendly. So far, however, the material has
one key disadvantage: it is a very poor
conductor of electricity, which makes
applications in a battery difficult. The
fundamental findings that Joachim
Maier and his colleagues have gained
could change this. “Modern electrochemistry is so fascinating,” says
Maier, “because basic knowledge of
physical chemistry and its technical
application are so close to each other.”

GLOSSARY
Rechargeable metal hydride battery
Rechargeable battery with a metal
hydride as the negative electrode and
nickel oxide hydroxide as the positive
electrode.
Electrode
In electrochemistry, they either only
supply or drain off electrons, or they
participate in a cell reaction themselves.
At the anode, a substance releases
electrons; during battery discharging,
this is the negative pole. At the cathode,
electrons are taken up. During battery
discharging, this is the positive pole.
Electrolyte
Ionically conducting medium between
the electrodes; it prevents chemical
short-circuiting and maintains the
current flow in a battery by means of
ion conduction.
Galvanic cell
Combination of electrodes and electrolyte that serve as a DC voltage source.
Named after the Italian physician Luigi
Galvani who, in 1780, discovered that a
frog’s leg twitches when it comes into
contact with iron and copper. The reason
for this – the electric current that flows
between the metals through the leg –
was not yet known to him at the time.
Capacity
The electric capacity indicates how
much charge a system can store
per voltage. It is measured in farads,
named after the English scientist
Michael Faraday. For rechargeable
batteries, the capacity is generally
identified with the charge itself.

MI 1201-4090-BC-JK
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Neuronal Growth Brake Released
Cancer drug displays unexpected effect

A damaged axon with the microtubules arranged in an orderly
manner continues to grow (top) –unlike one with its cytoskeleton
in disarray (bottom).

spinal cord injuries every year, often as a result of sports or
motorcycle accidents. Around half of those affected by such
injuries can no longer move their legs, and many are paralyzed from the cervical vertebrae down. Special proteins
hinder the renewed growth of the severed nerve cell fibers,
the axons. After the injury, a bulge forms at the tip of the
axon, known as a retraction bulb. Once a retraction bulb has
formed, the growth of the nerve fiber is halted for an indefinite period.
Together with his research team, Frank Bradke discovered
that the microtubules – strands of the cytoskeleton that are
formed by proteins – in these retraction bulbs are no longer
present in an orderly parallel arrangement, but rather in a
state of complete disarray. The group tried to stabilize them
by administering Taxol. The microtubule-stabilizing effect of
this substance is already used for treating cancer, where it
blocks the division capacity of cancer cells. Frank Bradke
showed that it also displays astonishing effects in damaged
nerve cells: “The axons started to grow again in cell cultures.”
This sustains the hope that a treatment option for paraplegia may emerge in the distant future. “But this will take
another 15 to 20 years,” says the biochemist. For the time
being, the Max Planck Institute of Neurobiology has had its
discovery patented. “So far, only basic research has been
done, which will need to be clinically tested later.”
BA | MI 0202-3439-EL

Photo: MPI for Neurobiology – Bradke et al.

AROUND 130,000 PEOPLE throughout the world suffer

A Close Look at Tumors
Highly sensitive detectors hold promise for application in medicine and environmental technology

tify malignant tumors faster and more reliably – thanks to detector technology developed by researchers at the Max Planck
Institute of Physics and the Moscow State
Engineering Physics Institute. With the help
of the researchers’ silicon photomultipliers,
the standard test methods of magnetic resonance and positron emission tomography
could be combined in a single device – one
of the potential applications that PerkinElmer envisages for the detectors. PerkinElmer,
a leading global manufacturer of analytical
technology in the fields of medicine and
environmental safety, has been granted a
license for the detector technology.
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The detectors could solve a dilemma in
medical diagnostics. Magnetic resonance
tomography (MRT) provides crystal-clear
images of organs, bones and connective
tissue, but provides no information about
metabolic activity. Therefore, an MRT is of
little help in searching for tumors that betray their presence through their high glycometabolism. This is precisely what positron emission tomography (PET) shows,

A savvy chip: Silicon photomultipliers
could help detect tumors in the body better –
without the disadvantages and side-effects
of other procedures.

but it withholds the precise location of the
active cells. Computer tomography can do
both, but it exposes the patient to additional X-radiation.
Photo: MPI for Physics – Masahiro Teshima

IT MAY SOON BE POSSIBLE to iden-

SPECTRUM_Health

Resharpening an Old Weapon

Photo: MPI for Infection Biology – Brinkmann, Schaible

Multi-drug-resistant tuberculosis pathogens are gaining ground

Adaptable germ: The tuberculosis pathogen (Mycobacterium
tuberculosis) is increasingly successful at avoiding attack from
established vaccines and drugs.

NINE MILLION PEOPLE worldwide

The standard detectors used in PET are
not suitable for combination with MRT,
as the latter’s strong magnetic field impedes the measurement. This is why the
first combined devices use avalanche
photo diodes (APD). These are significantly less sensitive in their reaction, are slower, and require more electricity than the
silicon photomultiplier that the Max
Planck scientists working with Masahiro
Teshima and Razmik Mirzoyan usually
use to detect cosmic gamma radiation.
Silicon photomultipliers may find
application not only in integrated PET
and MRT scanning, but also in any situation where it is important to register
the minutest amounts of light.
PH | MI 0206-3573-GBC

contract tuberculosis every year, and
two million die from the disease. This
makes tuberculosis the world’s most
dangerous infectious disease after AIDS.
And treatment is becoming increasingly difficult, as many tuberculosis strains
are now resistant to various drugs. The
need for a new vaccine is thus more urgent than ever.
Since September 2008, a new vaccine called VPM1002 has been undergoing tests for safety on volunteer subjects in a first clinical Phase 1 study. It
is based on the BCG (Bacille CalmetteGuérin) vaccine that has been in use
since 1921. This is a live vaccine strain
that can prevent life-threatening miliary tuberculosis in babies, but it is
largely ineffective against the world’s
most common form of the disease,
pulmonary tuberculosis in adults.
“We wanted to resharpen the BCG
weapon, which has become rather

blunt,” explains Stefan H. E. Kaufmann.
“To this end, we altered the genetic
make-up of the vaccine in such a way
that it can no longer hide from the immune system; instead, it provides the
optimum stimulation for it.” The altered vaccine proved extremely effective and safe in the preclinical tests on
animals. “This protective effect must
now be proven for humans before the
vaccine can be approved,” says Bernd
Eisele, CEO of the company Vakzine
Projekt Management GmbH (VPM),
which has licensed the new vaccine
from the Max Planck Institute for Infection Biology.
According to Eisele, the study’s
progress to date has been extremely
promising. Kaufmann, however, urges
patience: “Even if the new vaccine
proves to be well tolerated, it must still
undergo further trials to assess its efficacy. This will take at least another
eight years.”
BA
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A Reliable Vaccine
At the Max Planck Institute of Biochemistry, researchers are pursuing an idea for producing a
completely new class of vaccines with improved results and safety. They have developed a vaccine
prototype that cannot multiply independently, but that can effectively encourage host cells to
produce a desired antigen.
TEXT PHILIP WOLFF

I

t was a vibrant green glow, and even
though Wolfgang Neubert can no
longer recall the exact date – it must
have been some time in 2004 – he
will not forget the sight. The cells infected with the virus in his petri dishes
were such a colorful contrast to the pale
cell culture that it took just one look for
him to know that his idea would take
off. Clearly, the pathogens really could
be manipulated with a few changes to
the genetic makeup, making their host
cells produce large amounts of their proteins, marked a vibrant green for experiment purposes, without – and this was
important for Neubert – multiplying
and infecting other cells. Even the closest neighboring cells around the vibrant
dots in the petri dishes remained dark.

AN END TO MULTIPLICATION
FOR A VIRUS
This is exactly how the head of the Molecular Virology working group at the
Max Planck Institute of Biochemistry in
Martinsried thought it should look. A
brand new vaccine could result, one
that uses its proteins to stimulate a permanent immune response without
multiplying itself. What was, at the
time, more a thought model than a
plan is now really taking shape. Only
five years after the promising glow, specialists at a small biotech company in
Martinsried are now striving to further
advance Neubert’s genetically modified
virus to a vaccine.
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The researchers had modified the virus
with a few specifically removed gene sequences from its RNA so that blueprint
reading (RNA transcription) and protein production still worked, but the
thousand-fold multiplication of the genetic makeup (RNA replication) and its
spreading were prevented. Never before
had there been such a tricky system – a
fact that had bothered Neubert for decades when he explained the state of
vaccine development to students. “During lectures, I repeatedly had to explain
that, on the one hand, we have nonlive vaccines from dead pathogens that
are unable to multiply independently
or produce proteins and thus do not
stimulate immune systems over long
periods, so must be administered over
and over,” he says, “and, on the other
hand, we have excellent live vaccines
that are beset with all sorts of potential
drawbacks.”
Since live vaccines are germs that
multiply, replication mistakes can occur that can lead to new and possibly
resistant pathogens. “A past example of
this was the polio vaccine, when vaccinated individuals had to use separate
bathrooms so that no virus modified in
a person would come into contact with
non-vaccinated individuals. And when,
at the end of the 1990s, the probability of such vaccine damages in Germany was greater than contracting an illness in the usual way, the switch was
made to a non-live vaccine,” explains
Neubert. Another safety risk of live vac-

cines is that, although they multiply
more slowly than the immune system
reacts, everyone has a different immune system – and it can be overworked at times in the very young, the
elderly, or in stressed individuals. In
these cases, the vaccinated virus can
multiply more than intended, resulting
in vaccine complications.

NO ARGUMENTS LEFT FOR
OPPONENTS OF VACCINATION
The new vaccine from Martinsried
should one day offer a solution to both
of these problems. The vaccine should
not multiply, change, or overburden
any immune system, points that
would undermine the arguments of
vaccine opponents and skeptics whose
anti-vaccination stance already led the
World Health Organization to reprove
Germany, stating that we are not vaccinating sufficiently here and are exposing children to unnecessary risks.
At the same time, the innovative
vaccine from Martinsried should also
remedy the shortcomings of non-live
vaccines. “As risk-free as a non-live
vaccine, yet as effective as a live vaccine – that is the idea,” says Neubert.
The first greenish glowing confirmation for this idea came from proteins that produce the Sendai virus,
which is dangerous for rodents but not
for people. For many years, researchers
working with Neubert studied the
replication mechanisms of pathogens

Collage: designergold; photos: Axel Griesch/SPL-Agentur Focus

using the Sendai virus and discovered
which genes are important for transcription and which are important for
the replication of genetic material.
They not only removed a gene for replication, but they also multiplied the
protein blueprints, causing sparks to
fly in the cell cultures. But would the
principle also work in an organism?
Does the intensity of the glow mean
there are enough proteins to stimulate
an immune response in living organisms? “That was the second essential
question,” states Neubert. In conventional live vaccines, each genome multiplies itself ten thousand fold, and all
the copies serve as a matrix for protein
production. “Naturally, there is more
transcription – that is, more protein
molecules – than if only a single genome were introduced. I presume that

is why my colleagues and I were the
only ones to consider the new approach,” muses Neubert.
In the scope of a European cooperation project, biologists Maria Grazia
Cusi from the University of Siena and
Patricia Johnson from the National
University of Ireland answered the second crucial question. They administered Neubert’s vaccine viruses to
mice, “in the form of a spray, because
we wanted to simulate the pathogen’s
natural path of infection via the mucous membranes to see if an antibody
barrier could already be built up
there,” explains Neubert. Otherwise,
even if there are enough antibodies in
the bloodstream, some pathogens can
multiply freely in the mucous membranes and destroy them, or make the
vaccinated individual an unknown

Key learning object: Using the polio virus as
an example, Wolfgang Neubert describes the
status quo in vaccine development to students
and explains the potential disadvantages of
live vaccines.

carrier of the virus. The amount of proteins that Neubert’s modified Sendai
virus produced should serve to prevent
these risks.
The news that it actually worked in
mice reached Wolfgang Neubert by email in 2006. Diagrams showed how
strong the immune response was in
the blood and the lung wash fluid of
the lab animals. “That was when it became clear that we should continue
developing the procedure,” states Neubert. The technology transfer arm of
the Max Planck Society, Max Planck
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Cells previously infected with Sendai viruses glow green in the petri dish: The cells produce large quantities of
viral proteins that stimulate the immune system. The clever thing about it is that the viruses are unable to multiply
and attack other cells.

bottom

The biotech stronghold of Martinsried has recently seen an arrival from Switzerland. AmVac AG opened a subsidiary
here in February 2009: Head of Research Marian Wiegand, Michel Klein, Melinda-Kinga Karpati, Wolfgang Schmidt
and Wolfgang Neubert (from left to right).

Innovation, identified a suitable lawyer, and the process was patented the
same year. “We looked around right
away to see which partner could advance the development to a product,”
says Neubert.

Not exactly an easy task. Large pharmaceutical companies prefer to purchase
perfected procedures, “and some do so
only to file them away so that existing
products will not have to be renegotiated.” For this reason, we were hoping
to identify a – preferably young and innovative – company with existing expertise in new vaccine processes. AmVac, a biopharmaceutical company
from Switzerland that specializes in developing therapeutic vaccines that
work via mucous membranes, met our
criteria. “The technology from Martinsried was simply a good match,” states
Marian Wiegand, research head at AmVac Research GmbH, which moved into
the complex in Martinsried. Max
Planck Innovation and AmVac signed
a license agreement in late 2007.
Since then, Wiegand has been fostering the development with Wolfgang
Neubert advising him. The goal now is
to test the method on people very soon.
In order to do so, the RNA of a human
pathogen must be built into the genetic material of the Sendai virus. Like a
military launcher system that allows
various warheads to be placed on it,
Neubert’s vaccine virus should someday introduce a variety of pathogens
into people, ranging from malaria to influenza. However, researchers must first
demonstrate that it works. To do this,
they chose the respiratory syncytial vi-
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Photos: Jürgen Sauer (bottom), AmVac (top)
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Unlike the conventional non-live and live vaccines (left and center) the new vaccine against the RS virus (right) is inhaled.
The antibodies in the mucous membranes provide an initial barrier against infection and long-term immunity through
antibodies in the blood (Y) and specific immune cells (C).

rus (RSV), which causes respiratory diseases that are particularly dangerous for
small children. “The virus uptake is
through the airways, where it multiplies in the airway cells and destroys
them. I can’t prevent this by administering an RSV vaccine by injection
because that merely results in antibodies in the blood circulation,” explains
Neubert.

Illustration: Christoph Schneider, based on material from AmVac

MAKING SURE THAT NO MONEY
GOES DOWN THE DRAIN
The questions that partner labs are currently investigating in mice experiments include: How many transcription
segments of RNA are required for the RS
vaccine virus to produce enough proteins for the desired immune response?
Once researchers start pilot tests on humans, the vaccine cannot be altered –
and the same goes for the production
processes. After all, because the virus is
unable to multiply independently, its
production requires special genetically
prepared cells that are provided by the
virus’ removed replication genes. This
production method, now an indispensable process in recent vaccine technol-

ogy, must – unlike in test labs – meet
stringent cleanliness requirements and
offer stable, consistent quality. “In the
next two years, we have to define the
production and the product exactly, because anything that deviates in the clinical phase goes down the drain together with a lot of money,” stresses Neubert.
In two years, researchers hope to
start an initial test phase that is scheduled to last roughly 24 months and involve as many as one hundred test persons to determine if the vaccine causes
harm. If it proves inoccuous, the first
use study will follow, in which researchers can adjust only the dosages and the
vaccine intervals. If the next large efficacy study involving thousands of test
subjects is also concluded sucessfully,
meaning that the vaccinated individuals compared to a non-vaccinated control group remain healthy and immune
during the winter RS virus season, a vaccine licensing process can be intiated.
“If that all goes smoothly, the vaccine
will be available in seven and a half
years,” says Wiegand.
Then the product merely needs a
marketing name. It is currently referred
to as the “PΔ 2 - 77 RSV” – a non mar-

ketable, intimidating formula whose
figures represent the number and position of the amino acids that Neubert
once cut out of the virus’ RNA. Back
when there was little more than a green
light for the idea.

GLOSSARY
Viruses
A virus is essentially a nucleic acid (RNA
or DNA) containing the information to
control the host cell‘s metabolism. Since
viruses are parasites and do not have their
own metabolism, they can replicate only
within the host cell.
Airway cells
An airway cell infected by a virus can
generate up to thousand viruses within a
few hours. The upper airway cell perishes
during the replication and leaves the
bronchial tree bare, unprotected and
susceptible to superinfection.
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Polishing
Medical Rough Diamonds
The Max Planck Society has established a new center in Dortmund to make better use of the
enormous potential of basic research in the area of drug discovery, and to bridge the gap
between basic research and industrial product development. In this way, it aims to ensure that
innovative ideas don’t fall by the wayside before being given an opportunity to come to fruition.

Analytical challenges: Poured into specimen
jars, potential drug candidates are subjected to
elaborate testing.
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T

he location is the outskirts of
the German city of Dortmund. The days of coal mining and shaft towers are long
gone here in the southwest. A
number of research institutes, the Technical University, and the University of
Applied Sciences have all cropped up
on a campus called the “Technology
Center.” Since the mid-1980s, around
280 small and large companies involved in the electronics, microtechnology and nanotechnology sectors
have also found a home on the campus
near the academies – visible proof of
the structural change that has been
driving the region for decades. Similar
to the companies that can often be
found in the technology parks of any
major city, 26 of these operations generate their revenues in the life sciences:
bio-IT, analysis technology and medical technology.
In November 2008, however, a new
company unlike any other anywhere in
Germany opened its doors on the first
and second floors of the Biomedicine
Center: the Lead Discovery Center, or
LDC. It was founded by Max Planck Innovation, the Max Planck Society’s
technology transfer company. Any assumption that this is likely just another Max Planck Institute is mistaken:
“It is an independent company,” explains Matthias Stein-Gerlach, Patent
and Licensing Manager at Max Planck
Innovation.
The clue to the objective of the limited liability company lies in its name:
“lead” is a term used in the drug discovery field. It does not, however, refer to
the leading position in a class of drugs

or medications. A lead is a well-characterized representative of a defined
substance class that emerges in the
early initial phase of drug discovery
research. It is the core around which
everything else revolves – the molecular diamond in the rough that needs
refining and polishing to become a potent agent. “The Lead Discovery Center does not develop drugs – it discovers
new substances using ideas from basic
research. The pharmaceutical industry
then eventually develops new drugs
from these substances,” says SteinGerlach, describing the concept behind the LDC.

POTENT SUBSTANCES FROM
BASIC RESEARCH
Drug discovery is a quintessential industry field. Although elements of this
activity are carried out at the Max
Planck Institutes and other academic
research facilities, “they are basically
only minor components of the overall
process,” says Stein-Gerlach. It was
clear that setting up an institution like
the LDC would require the help of industry experts who had several years of
experience in drug discovery and who
would also be able to manage the process. “And we wanted to create a center
that would inspire such people, where
they could establish their own business
model, and where we are not tied to
public-service salary structures,” says
Stein-Gerlach. That it why the decision
was made to set up a private enterprise.
The scientific manager is one of the
initiators and heads a project called
the “Drug Discovery & Development
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The early phase of drug discovery is filled with imponderables. A lot of established firms
get cold feet. “They immediately respond that it is too risky for them,” says LDC Managing
Director Bert Klebl.

Center” (DDC). The LDC is the first
module of the overall DDC concept
and has already been implemented.
The second module has only a working
title for now – Development Company
(DevCo) – and is in the process of being set up. That is where the rough diamonds from the LDC will undergo their
initial polishing before being licensed
to pharmaceutical companies, which
will then refine them further to produce potent drugs. While the LDC retains some financial ties to the Max
Planck Society, the DevCo will be financed completely through private
funding. “The Development Company
is a playground for all of the business
models found in the biotechnology sector: co-development, co-financing and
cooperation,” explains Stein-Gerlach.
The aim of the general concept is to
close a gap by enabling the LDC to
build a bridge between basic research
and industrial drug development. The
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“Apart from a few exceptions, hardly
any biotechnology companies in Germany today are involved in substantial
research activities. The majority of
them have retreated into the service
business,” says Klebl, who is also Chief
Scientific Officer (CSO) of the Max
Planck startup.
He and Nussbaumer themselves
worked in the pharmaceutical and biotech sectors for several years. Now they
and their 30-plus employees want to
forge a link between two worlds that
have drifted apart: academic and industrial research. “We want to bring the
participants together to the table again
and act as their interpreters,” says
Klebl. The problem, however, is that
the two worlds pursue different goals.
Scientists engaged in basic research are
constantly on a quest for something
new and off the beaten track. This furthers their careers and enables them to
publish. This is of no interest whatsoever to industrial researchers: “Industry
only works on projects with clearly defined work packages and milestones,”
says Klebl. Those who stray from the
beaten track run the risk of getting lost.
There is no time for flights of fancy
in the creative sense, for following
one’s curiosity: “That simply costs too
much,” says Klebl.

COSTLY DEVELOPMENT,
HIGH RISK
The development of a drug is time-consuming, expensive and risky. As a rule,
a period of 10 to 15 years passes from
the initial idea to the appearance of the
end product on pharmacy shelves. Ac-

Photo: Lead Discovery Center

No job for the impatient: Fractionated
samples are repeatedly collected, cleaned,
analyzed and tested again.

problem to be solved: there are many
good ideas for innovative therapeutic
approaches, particularly in the Max
Planck Institutes, but far too few of
them make it to the industrial development stage. “Some of these approaches
are developed for the market by spinoff companies, or are licensed to third
parties as patents through Max Planck
Innovation,” says Stein-Gerlach. The
cancer drug Sutent is a successful example of this approach. This drug, which
is based on a novel mechanism of action against renal cell cancer, was developed in the 1990s by Max Planck scientists working with Axel Ullrich. It
received regulatory approval in the US
and the EU in 2006.
Yet, according to Stein-Gerlach,
most of the treatment-relevant discoveries made by Max Planck researchers
are at too early a stage in their development. For this reason, they are often
dismissed as being of insufficient interest to the pharmaceutical industry or
private investors. Established companies get cold feet if the cellular target
behind the discovery is not precisely
identifiable, or if an entirely new approach is adopted: “They immediately
respond that it is too risky for them,”
says Bert Klebl, who, together with
chemist Peter Nussbaumer, is Managing
Director of the LDC.
The imponderabilities of the early
phase of drug discovery probably also
explain why major pharmaceutical
companies are withdrawing more and
more from this sector. Many believed
that small gung-ho biotech companies
would step into the breach, but this
hope has remained largely unfulfilled.

Photo: Lead Discovery Center

cording to the German Association of
Research-Based Pharmaceutical Companies (VFA), the cost of developing a
drug is around EUR 600 million; other
sources put it at EUR 100 million. The
rule of thumb is that for every successful project, 99 fail to come to fruition.
The high attrition rate is due to not
only scientific factors, but also structural ones within the pharmaceutical concerns and biotech companies. This
problem will not exist at the LDC:
“While we must also expect that some
projects may not work, we are spared
the risk of making rushed strategic decisions that have implications for company politics and survival,” says SteinGerlach.
In the biotech sector, for example,
“people cling desperately to one or two
projects and do everything possible to
drive them forward. Otherwise, they
face the threat of bankruptcy,” says
Stein-Gerlach. Indeed, financial bonuses in the pharmaceutical sector are often dependent on reaching the next
phase in a project. As a result, repeated
attempts are made to progress to the
next round with – scientifically – unpromising candidates. Not so in the

LDC: “Scientific quality is the only criterion here,” says Stein-Gerlach. The
business model does not provide extra
rewards for keeping projects going.
There is no fear of dropping a project
for a new one, as the next one is already
on the starting blocks anyway. “It’s a bit
like a biotech company with a neverending pipeline supplied by the research carried out at some 30 life science institutes of the Max Planck
Society,” he adds. The supply of potential projects is guaranteed.

They filter potential drug candidates by
their scientific quality: The Lead Discovery
Center‘s Managing Directors Bert Klebl (left)
and Peter Nussbaumer.

AN EYE ON THE SHARE PRICE
AT ALL TIMES
The conflict between science and capital in the pharma industry, and to a
much greater extent in biotech companies, poses another problem: “The scientists there struggle with very short investment cycles of just two or three
years, which they must coordinate with
the long development periods,” says
Bert Klebl. Situations often arise between the financial backers and company employees in which the focus is
less on scientific objectives than financial ones. In other words, shareholder
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Birgit Ammermann from the Pharmacology Department loads a mass spectrometer with
a view to determining the properties and the stability of a substance.

bottom

Still life from the lab: The reservoir bottles contain buffer solutions, which supply the
analyzers through tubes.

value and investor satisfaction dictate
how scientific results are presented. The
LDC operates independently of such
short investment cycles and of individuals whose only concern is to capitalize on science as quickly as possible.
That doesn’t mean, however, that
the LDC isn’t interested in making
money. On the contrary – it is, after all,
a private enterprise. One long-term
source of income will be the returns
from licenses for substances developed
at the LDC. An additional fund has
been established that invests in the
DevCo’s projects with the hope of eventually making a profit from these. Irrespective of the capital market’s playing
rules, everyday activity is initially financed by different sources, such as private investments, donations and public subsidies. Then there are funds for
projects of the Max Planck Society and
other institutes that form development
partnerships with the LDC for the implementation of their projects.
There was also a fortuitous windfall
right at the beginning, in the form of
prize money: the DDC concept won the
German Federal Ministry of Education
and Research’s BioPharma Strategy
Competition in September 2008, for
which it received a sum of EUR 20 million. After three years and successful
evaluation, these winnings can be
increased by an additional several
million.
Using funding from public and
private sources, the LDC’s 30-plus employees are currently working on six
projects. These include a project that
may produce a drug for the treatment
of cancer or Alzheimer’s disease. Mat-

thias Baumann, an expert in pharmacokinetics, heads this project, which
operates internally under the name
PP2A and combines many of the typical elements of an LDC project: The
idea originates from a Max Planck Institute, has solid scientific foundations,
and is based on an original approach
that probably would not be pursued by
a pharmaceutical company.

THE GREAT HOPE FOR CANCER
AND ALZHEIMER’S TREATMENT
The project was initiated by a group of
researchers working with human geneticist Susann Schweiger, who now
works at the University of Dundee in
Great Britain. Before moving to Scotland, she was a researcher at the Max
Planck Institute of Molecular Genetics
in Berlin, in a department headed by
Hans-Hilger Roper, with whom she
still maintains close ties. The team is
supported by Rainer Scheider’s team at
the Institute of Biochemistry at the
University of Innsbruck.
The starting point of the project is
the protein phosphatase 2A molecule
(thus the abbreviation PP2A), an enzyme that removes a phosphate moiety
attached to a molecule’s amino acid residue. Scientists call this process dephosphorylation. “PP2A plays a role in a significant number of the body’s cellular
signal pathways,” says Baumann. The
molecule is of particular interest to
medicine because it is a very powerful
tumor suppressant. “If an agent can activate PP2A, or even prevent its blockage, you have a good chance of impeding the growth of cancer cells,” says

Baumann. And that’s not all: because
PP2A also plays an important role in
regulating the proteins associated with
a cell’s cytoskeleton, it also plays a role
in Alzheimer’s disease.
The roots of this project lie far in
the past. In the 1960s, American geneticist John Opitz described a genetic disorder characterized by abnormalities of
the midline, or central axis, of the human body. The condition was named
after him. Patients who suffer from this
disorder are born with a cleft jaw or
palate and have wide-set eyes and a
deformed urethra. It wasn’t until the
1990s that the genetic cause of the disease, in at least some of those affected
by the condition, was identified: the
mutation of a gene called MIDLINE 1,
abbreviated MID1. If this gene fails to
function to its full capacity, the embryo
doesn’t develop properly.

NOT AN EXCLUSIVE CLUB
In 2001, the Berlin-based research
group working with Schweiger, Ropers
and Schneider discovered a crucial correlation in the emergence of Opitz syndrome: the protein MID1, which is coded by the MID1 gene, connects to PP2A
via a regulatory subunit and causes the
degradation of the PP2A. This is normally how things work and is precisely
what fails to occur in people with Opitz
syndrome. They have an elevated PP2A
level, the very state that would be advantageous to cancer and Alzheimer’s
patients, as it would prevent the growth
of cancer cells in the former and the accumulation of the tau proteins that
gives rise to Alzheimer’s in the latter. >
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Until a molecular structure emerges that has what it takes to become an active
agent, they work on the principle that “the proof of the pudding is in the eating.”
Only then is the molecular equivalent of a rough diamond polished and tested further.

THE LONG ROAD TO THE PHARMACY SHELF
A framework of this kind can be a chemical structure, such as
an aminopyrimidine, a ring consisting of two carbon atoms,
two nitrogen atoms and an amino group. Various other chemical groups are then attached to these in hopes of improving
the active agent. The X-ray crystal structure of the target together with the substance in question is helpful here: “Then
you know, for example, how a compound docks into the active
pocket of an enzyme. You can see where space remains at
which you can link other interactions with the enzyme, for example via hydrogen bonds,” explains Baumann. The key gradually achieves a better fit with the lock – the substance gains in
potency and selectivity. The lead is then tested in increasingly
complex situations, first in solutions, then in cells and, finally,
in live animals. If it passes this hurdle, this is considered the
“proof of concept.” The LDC offers its services up to this point.
In the pre-clinical phase, the active agent is scrutinized
in greater detail, mainly in tests on animals ranging from
mice to monkeys, to establish how it progresses through the
metabolism and what kind of side effects it triggers. The clinical phase takes place at the end of the “contest” to find the
active agent. The latter then undergoes tests for utility, safety and potency as compared with a placebo in the course of
three stages (phase 1 study, phase 2 study, phase 3 study). During these stages, the tests become ever more complex and are
carried out on increasing numbers of people. Only when the
substance has overcome these hurdles does the selection
process come to an end. Then the drug can finally be approved
for use in patients.
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Any substance that hopes to become the active agent in
a potent drug undergoes a selection process similar to
those used in the “Next Top Model” or “Idols” TV talent
contests. There are three major phases leading to regulatory approval of a drug, a process that can take up to 15
years. The starting point is often a target – a target structure in the body that is associated with a disease and
that can provide clues as to a possible active agent that
could hinder the course of the illness or influence it positively. One example is a receptor that provides a docking site for a signal molecule that is part of an inflammatory process.
Once the researchers have discovered this target structure, they then try to find a substance that attaches to it
and activates or blocks it. At this stage, they generally work
on the principle that “the proof of the pudding is in the eating.” Therefore, thousands of substances, referred to as compounds, in substance libraries are tested in automated
processes until a molecular structure emerges that has
what it takes to become an active agent. This is the first
“hit.” If it can be further optimized, it becomes the “lead.”
Once this rough diamond has been discovered, a selected
representative of this lead structure series is developed.
“You start with a framework, the scaffold, which can be decorated in different ways to see whether the molecule becomes more potent, soluble, or perhaps even more toxic,”
says Matthias Baumann, biologist and pharmacokinetics
expert at the LDC.
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The laboratory tests carried out by the
research group with which Baumann
and his colleagues collaborate confirmed that this is how things could
work. “If we could induce a situation
similar to that found in the bodies of
Opitz patients, we would have a possible opening or starting point for the
treatment of Alzheimer’s and cancer,”
says Baumann. The researchers are thus
looking for a substance with which
they can prevent MID1 from connecting to the regulatory subunit and neutralizing PP2A.
The PP2A project is an example of
the form a project must take if it wants
to survive the review process. Simply
having an idea is not enough. “The
project should also have already been
thoroughly validated by tests,” says
Baumann. At the very least, initial tests
that confirm and validate the hypothesis must be available.
The PP2A project is just one of three
projects that aim to discover a treatment for cancer and, perhaps, eventually follow in the footsteps of Sutent. In
the other two projects, the scientists

have set their sights on treatments for
autoimmune diseases and inflammation. All six projects involve basic research from Max Planck Institutes. And
this is just the beginning.
It is also intended to make the LDC
available to other research institutes,
universities and companies throughout
Europe. “It shouldn’t remain an exclusive club for the Max Planck Society,”
stresses Stein-Gerlach. Good scientists
with interesting ideas can also be found
at other institutes, and the LDC wants
to help them to make the leap into industry as well. The LDC will generate
income every time such a project succeeds. Thus, research projects that have
received public funding would have an
opportunity to give something back to
the public. Space is already at a premium in the offices and laboratories of the
Biomedicine Center in Dortmund; a
move to new premises a few blocks
away is planned in the near future. The
new premises will provide more than
double the amount of workspace currently available, thus creating the space
needed to test lots of new ideas.

Thin-layer chromatography spectra under
UV light: Scientists can use this technique
to quickly demonstrate the purity of
newly synthesized substances or follow
the progression of the syntheses.
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Roundworms to the Rescue!

THE CORN ROOTWORM (Diabrotica
virgifera) is one of the most serious insect pests of maize (corn) in the world.
It was introduced into Europe 15 years
ago and has spread to many parts of the
continent. The costs of corn rootworm
damage combined with the cost of the
insecticides used to fight it amount to
nearly USD 1 billion each year. The
larvae of this beetle start their attack on
the plant by eating the root hairs, and
then tunnel into the roots. As a result,
the maize plant absorbs less water and
nutrients, causing the leaf blades to
become stunted and bend.
Researchers from the Max Planck
Institute for Chemical Ecology in Jena,
Martin Luther University in Halle and
the University of Neuchâtel in Switzerland have now found that maize roots
on which corn rootworm larvae have
fed are attractive to microscopic
enemies of the corn rootworm, soil organisms called roundworms or nematodes. The secret of this attraction is a
volatile chemical released by the plant,
known as (E)-ß-caryophyllene, which

and increased revenue from the crop.
The Max Planck Institute for Chemical
Ecology, together with colleagues from
Neuchâtel, has now patented the idea
of using (E)-ß-caryophyllene and similar chemicals to attract corn rootworm
enemies. The use of such substances as
plant protection agents could be a convincing example of biological plant
protection that reduces the need for insecticides. Indeed, preliminary experiments conducted in maize fields in Missouri (USA) have been very promising,
and could lead to widespread adoption
of this strategy to reduce corn rootworm damage.
BA | MI 1602-3590-LI
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The adult beetles do not have nearly as
devastating an effect on maize cultures
as their greedy larvae.

2

Scent as an SOS signal: Plants under
attack from pests give off a scent
and scientists can easily measure its
concentration in the lab.

2

xxx

1

lures the roundworms to the damaged
maize plant. Once there, they feed
voraciously on the larvae of the rootworm, reducing their population significantly. The ability of maize plants
to release this roundworm-attraction
chemical has been lost over centuries
of conventional crop breeding as plant
breeders focused on other traits. Breeders usually develop crop plants for maximum yield or rapid growth. In doing
so, however, they often lose sight of
characteristics that increase resistance
to pests, especially characteristics that
increase plant resistance indirectly, by
attracting enemies of the pest.
“Use of this indirect defense could
be an attractive strategy for increasing
the resistance of maize toward planteating insects and reducing the amount
of pesticides needed,” says Jörg Degenhardt. Together with traditional crop
rotation, in which farmers alternate
growing maize and wheat, the attraction of roundworms could help contain
the corn rootworm plague. This would
result in reduced damage to the plant

Photos: Baufeld, Julius Kühn Institute/MPI for Chemical Ecology – Löwe TextDesign

Scientists at the Max Planck Institute for Chemical Ecology aim to transfer a defense mechanism
of wild maize to agricultural plants

54

MaxPlanckResearch Special | 09

Photos: Max Planck Institute of Molecular Plant Physiology/pixelio.de – Gabi Huckelmann

A New Generation
of Herbicides

Enhancing Rice –
Less Is More

Genetic analysis from basic research delivers
new targets

Researchers in Tübingen easily and efficiently inactivate genes that impart unwanted characteristics

Little genetic activity: Tobacco plants that form fewer proteins stay small,
the leaf veins turn yellow or the leaf tissue dies.

A boost for rice cultivation: Artificial RNA snippets accelerate the
breeding of varieties with new properties.

HERBICIDES that perturb carbohydrate or nitrogen metabo-

ACCORDING TO THE FOOD and Agriculture Organi-

lism are harmful to plants; the leaves either form less chlorophyll
(chlorosis) or the leaf tissue dies (necrosis). As a result, the plants
are no longer able to photosynthesize, and subsequently die. One
of the agrochemical industry’s main research objectives is to identify new classes of active substances that are not only effective at
preventing the growth of weeds without harming the crop plants,
but also safer for the environment than conventional herbicide
products. With this goal in mind, results obtained by scientists
engaged in basic research can be very informative to their colleagues working in industry.
Mark Stitt from the Max Planck Institute of Molecular Plant
Physiology in Golm is particularly interested in identifying the factors that determine how well a plant grows in a given environment. Through a major scientific effort, involving collaboration
with his colleagues from the Institute of Plant Genetics and Crop
Plant Research (IPK) in Gatersleben, he has investigated more
than 20,000 plant genes. “We used the antisense method because
this procedure can be automated, and with this approach, we reduced gene activity on average by a factor of just two to four,”
says Professor Stitt. The scientists then tested the effects of the
antisense on around two million plants.
They succeeded in identifying some 80 genes that have a
significant impact on plant growth when partially inhibited.
Detailed follow-up studies will help us understand the precise
function of these genes, and will provide new insights into the
regulation of plant growth. Some of these genes have already been
patented as potential targets for new herbicides, as researchers
have found that herbicides generally do not fully inhibit the activity of their target proteins, either on their way into the plant
or at their site of action. Industry researchers are now using large
chemical libraries to first test whether novel structural classes of
chemicals are effective inhibitors of the newly identified targets,
and then to optimize their potency.
BA

zation (FAO), a total of 651.7 million tons of rice were
harvested worldwide in 2007, mainly in China, India
and Indonesia. The grain is the number one basic foodstuff for around half of the world’s population. This
makes it all the more important to continue research
into the improvement of rice varieties through breeding – particularly with a view to speeding up this timeconsuming process. This may be possible with the help
of small snippets of RNA, known as microRNA.
MicroRNAs consist of between 20 and 22 base pairs.
They play an important role in regulating genes in both
plants and animals: In plants, they facilitate degradation
of messenger RNAs with complementary base sequences
and thus prevent the production of the corresponding
protein. In this way, the gene is virtually silenced and the
course of entire signal chains altered. With the help of
artificial microRNAs, scientists can make use of this natural way of inactivating genes that are of particular
interest to plant breeders – and the method offers an unprecedented level of specificity.
Detlef Weigel’s research group at the Max Planck
Institute for Developmental Biology first developed and
implemented this technique on Arabidopsis thaliana.
Norman Warthmann, together with colleagues from the
International Rice Research Institute (IRRI) in the Philippines, then successfully applied the technique to rice
plants. Using artificial microRNA, the researchers were
able to transfer reduced genetic functions to two agriculturally significant rice varieties within a matter of weeks,
thus creating plants with the desired characteristic.
CB | MI 0109-3273-MSG
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High-tech replaces green fingers:
Germ buds of Arabidopsis varieties are
grown under standardized conditions so
the functions of the various genes
can be decoded.
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Memory
with Metabolic Patterns
The company metanomics determines metabolite profiles and feeds them into enormous
databases. These profiles open up completely new perspectives in the fields of plant biotechnology, medicine and pharmacological research.
TEXT CATARINA PIETSCHMANN

Photo: Norbert Michalke
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hey came up with an unusual idea and found a way to
put it into practice. They provided the proof of concept –
and it worked. And then they
did the necessary calculations: How
long would it take to switch off, individually, all of the approximately 30,000
genes found in thale cress, Arabidopsis
thaliana, and to see how its metabolism
changes as a result? Even the most optimistic projections indicated that it
would take years. So now what?
In 1996, Lothar Willmitzer, Director
at the Max Planck Institute of Molecular Plant Physiology in Golm, near Potsdam, found himself confronted with an
awkward question: Is it really the task of
a basic research institute like Max Planck
to develop a high-throughput process?
The answer was a clear no. The parallelization of processes is the concern of industry, he decided. And thus the idea of
setting up a company was born.
What is so interesting about plant
metabolism? If humans and plants
have one thing in common, it is the
fact that they both have rather complicated metabolic systems. The human

metabolic system has been well researched, mainly because changes in
this system can cause serious illnesses
or, conversely, be caused by them, as in
the case of diabetes.

IF GARLIC AND VANILLA
TASTED THE SAME
In addition, the human metabolism
does not have the variety of secondary
compounds found in plants. Far less is
known about metabolic processes of
plants. To complicate matters further,
there is enormous species diversity in
the plant world, and the metabolites
can differ significantly from species to
species: some produce high-quality oils,
others are rich in vitamins and flavors,
while yet others mainly form sugar or
starch. Which is a good thing, since
plants are the primary basis of our nutrition, and life would be miserable if
corn-on-the-cob, thyme, strawberries
and grapefruit all tasted the same. It
would be possible to tell the difference
between garlic and vanilla based on
their physical appearance, but not from
their smell.

The consequences do not bear thinking about: the cuisine of Thailand
would be the same as that of Italy. Restaurants would not exist – what for?
Eating would not be a pleasurable activity, but merely a means of nutrition
intake – an annoying but necessary
process. Instead of grocery stores, we
might have depots everywhere that we
would have to stop by regularly to
cheerlessly consume some nondescript
pureed mush. Evolution might even
have equipped us with a practical proboscis for the purpose. Fortunately,
things turned out differently: a strawberry is a strawberry. And its contents
are completely different in composition than those of a kernel of corn.
The nutrient content, flavor, shape,
color, size and yield of a plant can be
influenced through breeding. This is,
however, a protracted process. Too protracted to enable the resolution of the
problem of world hunger against the
backdrop of the ever-increasing global
population. Plant biotechnology facilitates much faster development of
crop plants that are more productive,
nutrient-rich, or even stress-resistant –
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We realized that, in order to make any progress, we would first have
to characterize a plant completely at the metabolic level.«

which means that they can thrive on
barren or saliferous soils, withstand
longer periods of drought, or get by with
very little light.

FEISTY POTATOES DREW THE EYE
TO THE BIG PICTURE

“Parallelizing processes is the concern
of industry,” decided Lothar Willmitzer,
Director at the Max Planck Institute
of Molecular Plant Physiology in Golm,
near Potsdam. And thus the idea of
setting up a company was born.
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But why work through a plant’s entire
genome for this? The Max Planck Institute of Molecular Plant Physiology had
been established just shortly before all
this happened, in 1994. Its purpose was
to test the biosynthetic pathways in
plants in order to understand how the
formation and transport of metabolic
products and their storage in the leaf,
flower or fruit work. “At the time, we
concentrated on the biosynthesis of
starch in the potato, and identified
genes that play an important role in
that process,” explains Willmitzer. The
researchers altered the activity of this
gene in the hope that the next generation of plants would produce more and
higher-quality starch. But they generated less starch and did other nonsensical things as well. But why?
“Research at the frontiers of knowledge” is the motto of the Max Planck
Society. And this was just such a frontier. “Genes influence each other reciprocally. We realized that, in order to
make any progress, we would first have
to characterize a plant completely
at the metabolic level.” The complete
sequencing of the genome of Arabidopsis, the inconspicuous weed that biologists use as a model, would soon be
carried out. And the most gripping
question in science at the time was:
Which gene performs which function?
“We thought, ‘That’s great. We’ll be
able to see how the metabolism chang-

es if we switch off each gene individually,’” recalls Willmitzer.
Up to then, it was standard practice
to fully work through all biochemical
levels, from the gene to the DNA and
the messenger RNA, and from protein
biosynthesis right down to the metabolic products. Willmitzer and his
team, however, embarked on a new
path that was not only shorter, but that
also yielded, as it would turn out, far
more comprehensive insights. They
started at the top – with the gene – and
looked only at what came out at the
end. That was the chaotic cocktail of
metabolites: sugar, sugar alcohols, amino acids, fatty acids, vitamins, flavors
and colorings, and much more.
The procedure sounds relatively
easy: the relevant gene is switched off
using molecular biology methods. To
this end, it is replicated and smuggled
into the flowering plant with the help
of a transporter, a bacterium. A small
leaf from the daughter plant, which
now carries the switched-off gene, is
later homogenized, the contents extracted and, finally, analyzed using a
combination of gas chromatography
and mass spectrometry. Process completed. The result is a diagram with
more than 350 peaks representing an
equal number of substances. There is
also a mass spectrum for each peak,
from which, for example, the molecular weight can be read.
Richard Trethewey, a biochemist
with a doctorate from Cambridge, who
was working at the institute as a Marie
Curie scholarship holder at the time
and who is a co-founder of metanomics, has to laugh when he looks back at
it. “The biologists in the team were
enthusiastic: Fantastic! It’s amazing all
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Laserrad im Fokus: Gerd Leuchs und seine Mitarbeiter polarisieren Laserlicht radial, so dass es bildlich gesprochen
nur noch entlang der Speichen eines Rades schwingt. Dieses Licht lässt sich besonders scharf fokussieren.

2

Was aus einem Atom rauskommt, muss auch wieder reinpassen. Das radial polarisierte Licht möchten die
Erlanger Forscher mit einem Parabolspiegel auf ein Atom fokussieren.

3

Durch einen Parcours aus Spiegeln, Linsen und anderen Instrumenten schickt Gerd Leuchs einen Laserstrahl,
um das Licht für die besonders scharfe Fokussierung oder andere optische Kunststückchen zu präparieren.

top

When particular genes are switched off, it can have an effect on the growth and flowering propensity of the plants.

bottom

The big parallel operation: In the Berlin-based biotech firm‘s high-precision plant climate chambers, 10,000 plants like
thale cress (Arabidopsis thaliana) can be tested simultaneously for tolerance.
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Richard Trethewey, biochemist with a Cambridge doctorate and co-founder of metanomics.

bottom

Members of the metanomics team examine genetically modified thale cress plants in the greenhouse.
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The planning of marketable products had to wait until phase three: the transfer of the
acquired expertise to crop plants – that is, testing selected genes in corn, rice, soybeans,

Photos: metanomics GmbH & BASF SE (this page), Norbert Michalke (top left)/metanomics GmbH & BASF SE (bottom left)

rape or cotton – and producing individual packages of knowledge for industrial clients.

the things you can see there at the same
time!” However, the analytical chemists
to whom they presented the chromatograms groaned in agony. This was their
idea of a total nightmare. “Well, we had
to “overcome” some “cultural obstacles”
first,” grins Trethewey, who is now the
company’s Scientific Director.
A paradigm change in the analytical approach was in order – it was not
about isolating all of these substances,
but about the big picture, a unique metabolite pattern that corresponds precisely to the switched-off gene. Only 60
percent of the substances are even
known. But that is irrelevant. If you
want to know whether a certain vitamin or special amino acid is among
them, all you have to do is include the
corresponding reference substance. The
process is known as metabolite profiling. The new method was developed.
So what happened next? The Max
Planck Society gave the green light for
the spin-off. Willmitzer and Trethewey
drew up a business plan in 1997. “Initially, we expected an investment requirement of 30 million deutschmarks
for five years.” Then the talks with
potential investors began. Willmitzer,
who recognized the potential in the
method early on, realized that they
were still facing a very long process before the concept would actually be used
commercially.
The company’s first objective had to
be the development of a highly efficient technology platform. The second
was the systematic analysis of the Arabidopsis genome and the development
of the metabolite database. The planning of marketable products had to
wait until phase three: the transfer of
the acquired expertise to crop plants –

that is, testing selected genes in corn,
rice, soybeans, rape or cotton – and producing individual packages of knowledge for industrial clients.

A COMBINATION OF COURAGEOUS
RISK-TAKING AND FORESIGHT
There was no question about it: this
could not be done with venture capital, but required a strategic investor
with staying power – a major industrial corporation that was active in the
field of plant biotechnology and
interested in understanding genetic
functions with a view to optimizing
plants. For this reason, of the eight
partners initially considered, only
three made it to the final round. “BASF
was simply a good fit because the company produces fine chemicals, food
supplements, and animal nutrition,”
explains Willmitzer. Moreover, the
corporation had just decided to enter
the plant biotechnology market. “We
told them that our technology can
provide, for example, the genes that
play an important role in vitamin biosynthesis in plants.”
Was it courageous risk-taking or
foresight? Perhaps a combination of
the two: BASF authorized an investment of 50 million deutschmarks.
They then approached the Federal
Ministry of Education and Research,
which also agreed to participate and
contributed a few million more for
technology development. The Max
Planck Society reviewed the agreements, a location was sought, and
metanomics was launched in the
Charlottenburg neighborhood of Berlin in 1998 with four researchers from
the institute in Golm, a few technical

High-tech behind a historic facade:
The metanomics building in Berlin‘s
Charlottenburg Biotechnology Park.

assistants (TA), and Arno Krotzky, the
Managing Director, who BASF brought
into the project.
The Max Planck Society did not
want to get in on the act itself.
Willmitzer would have liked to have
had it on board – as a neutralizer, so
to speak. “But it did something else,
something quite crucial for us: with
the establishment of the institute in
Golm, it gave us free rein to research
new things and made comprehensive
funding available for this purpose.” It
is unlikely that they would have made
such progress at a university institute:
the financial risk was too great. “At
the Max Planck Society, we had an
environment where this was not an
issue.” The mere fact that they were
allowed to create a spin-off is something that Willmitzer values highly.
“It can’t be done part-time, working
in the evening. We were already devoting one full day a week to it from the
start.”
>
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The metanomics lab in Berlin. The company has the world‘s largest and most
efficient platform for metabolite profiling/metabolomics. Some of the
broad metabolic analyses are done with gas chromatography-mass spectroscopy.

bottom

Mass profiling like that conducted by metanomics GmbH in Berlin is nothing like
the work done at the Max Planck Institute‘s lab in Golm. Here scientists carry out
their analyses on a manageable scale and in sequence in the mass spectrometer.

very interesting, as it allows useful new
characteristics to be introduced into
the plant. For example, the ability to
activate new metabolic pathways or
produce new substances,” explains
Trethewey. Attention is now focused on
crop plants. Why didn’t they work on
corn from the outset? For practical reasons: Arabidopsis is small and easy to
grow in the greenhouse and, unlike,
corn, takes only a few weeks from germination to seed formation. Unfortunately, the genes in different plant species are not identical. The challenge
now is to identify the crop plants’ most
interesting genes from the existing data
and the information provided in the
relevant literature and to generate their
metabolite profiles.

Today, metanomics has 110 employees,
a third of them scientists. The concept
worked. The development of the technology platform progressed rapidly; no
new equipment had to be developed,
but processes and a lot of software, as
most of the processes were to be automated – from cloning, extraction and
analysis to feeding the comprehensive
files into the database. Willmitzer, who
stayed on with metanomics for a time
as a consultant, adds, not without a certain pride: “After just one year, they
managed to get through almost one
hundred genes per week. But not with
a hundred people – just one scientist
working with four technical assistants!”
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The number of genes that are now processed each day is not disclosed. Just this
much: metanomics works in two shifts
with the help of vigilant robots that
send a text message if a problem arises.
The analysis laboratory, in which several dozen GC-MS machines work away
buzzing and humming, are generally
deserted. Chemistry TAs track the work
of their fully-automated colleagues on
monitors in the quiet office. They enter the laboratory only for maintenance
purposes and to exchange the samples.
Fifty-five thousand genes have now
been tested – both by switching off existing genes and by deploying new ones
in Arabidopsis. “The latter process is

Apart from the issue of efficiency, how
does working in a company differ from
working in an institute or university?
Trethewey ponders the question briefly. “If we get an unexpected result, we
always have to look at it in the context
of our objective: are we more likely to
achieve our objective now, or would it
make sense to go off on a tangent with
a different aim? Industry is always
highly aware of such processes, but this
is not always the case in basic research.”
metanomics decided to go off on
just such a tangent in 2003 and established metanomics Health. Metabolite
profiles provide a multi-parametric
and highly accurate description of the
state of an organism and are of great diagnostic value. This method should
therefore be ideal for use in medicine
and pharmaceutical research. However,

Photos: metanomics GmbH & BASF SE/MPI of Molecular Plant Physiology (2)

FROM THE BYWAY TO THE
HOME STRETCH

NUTRITION_Biotechnology
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Metabolic analysis holds enormous potential and has historically been
underestimated. We are currently experiencing an absolute renaissance in
medical science. Despite this, it remains a challenge to complete the
cycle from scientific insight to an actual product.

even the prudent Lothar Willmitzer did
not see this potential application at the
beginning.
“Not everyone reacts to a drug in
the same way. For clinical tests, it
would be helpful to know whether or
not a subject will be among the responders,” Trethewey explains. This
can be tested using a metabolite pattern in the patient’s blood or urine.
The procedure is the same – only the
sample preparation differs for the red
and the green profiling.
“Big or small, healthy or diseased,
yellow, green or speckled, the metabolic products are closest to the phenotype,” explains Willmitzer. Especially in
medicine, it is important to be able to
differentiate between state A and B.
“And it has emerged that this can be
done surprisingly well using metabolite
profiles.” Together with the Charité
hospital in Berlin, his Max Planck team
has produced profiles of 100 kidney
cancer patients – for both the tumor
and healthy kidney tissue. “It was no
surprise to discover that they can be
clearly differentiated using the method,” he explains. However, it was astonishing that just two substances out of
hundreds were sufficient to do this.
And that these are substances that
would never have been considered as
cancer markers before. Now numerous
other examples involving the use of the
method can be found in medicine.
Toxicological screening is another
area in which the metabolite profiling
approach can be applied. Before a new
substance can be authorized, its safety
must be demonstrated in long-term
tests, which are usually carried out on
animals. According to Willmitzer, this
could be done faster and more cheaply

by taking a training set of 250 substances whose effect mechanisms are known,
introducing them individually into human cell lines and rats, and creating a
database with the metabolite profiles.
“You now know which mode of action
triggers which pattern. With a new substance, all you have to do is look for a
similar pattern in the database and you
know how it reacts in the body.”

NEW DRUGS TO MATCH THE
METABOLIC PROFILE
The use of this method could also lead
to significant progress in the context of
everyday clinical laboratory medicine.
“At present, only a few metabolites, like
glucose and cholesterol, are observed in
blood tests. The diagnostic validity is relatively low. But we see thousands of
these compounds! If they are measured
regularly, pathological changes can be
identified long before they have manifested themselves. “A regular metabolite
check by the family doctor? Why not?
And healthy patients could be given tips
on how to feel even better.
The method is now well established
in science. Researchers throughout the
world use it to delve deep into the system biology of various organisms. At the
Max Planck Institute in Golm, it is used
to track the changes in a plant’s metabolism minute by minute – from sunrise
to deep in the night, at high temperatures, in frosty conditions or during
periods of nutrient deprivation.
Richard Trethewey’s vision for the
future also includes, among other
things, new drugs that are based on a
more detailed understanding of metabolism. “Metabolic analysis holds enormous potential and has historically been

underestimated. We are currently experiencing an absolute renaissance in medical science. Despite this, it remains a
challenge to complete the cycle from
scientific insight to an actual product.”
Whether green or red profiling – the
foresightedness of science and industry
will pay off. As Victor Hugo said: “There
is nothing more powerful than an idea
whose time has come.”

GLOSSARY
Gas chromatography
The technique separates mixtures of
substances: Depending on their boiling
point and their polarity, different substances are bound for different lengths
of time to the special coating of a
capillary up to 60 meters in length.
The substances can then be analyzed
with a mass spectrometer.
Mass spectrometry
The method provides information about
the mass, or more precisely the ratio of
charge to mass in ionized molecules and
their fragments. Depending on this ratio,
different particles are accelerated to
different speeds in an electric field and
separately collide with a detector.
Cloning
To duplicate a DNA sequence, the
sequence is injected into bacteria, it
reproduces with the bacteria and is
subsequently isolated.
Extraction
Method of isolating substances from
mixtures. To achieve this, plants are
chopped up mechanically and the metabolic products washed out with solvents.
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Glasnost on the Internet

Internet service providers are restricting data exchange visibly less often since the Glasnost Project uncovered the practice.
The red dots show where there were restrictions in the US in 2008 (left) and 2009 (right).

SCIENTISTS at the Max Planck Institute for Software Systems have succeeded in establishing greater freedom
of movement on the Internet. Through
their work, they ensure that users can
detect when Internet service providers
systematically block data streams –
that is, if these streams are generated
using BitTorrent software. Many Internet users around the world use this
software to exchange large volumes of
data, such as music and film files.
The Max Planck scientists developed a software program that Internet
users can use to test whether their
service providers allow BitTorrent
packets to flow unhindered. The service providers themselves did not disclose how they regulate Internet traffic. More than 250,000 users have
since used the software. As a result, it
came to light that two service providers from the US and another from Singapore repeatedly blocked BitTorrent
packets. Once these interventions became known, however, the providers
removed the blockades.
The researchers see the result of
their study as the first step in a project
they call “Glasnost.” The aim of the
project is to make the activities of the
service providers more transparent
using specially designed software.
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Spurred on by their insights into
BitTorrent traffic, a number of renowned researchers from all over the
world created a platform at www.measurementlab.net, where they provide
tools for creating transparency on the

Internet. Google sponsors the platform, but does not influence its content in any way. Information about
data traffic is also of interest to regulatory authorities in the telecommunications industry.
PH

The Search Engine That Thinks
A program that recognizes search terms in context

ONE OF THE IMPRESSIVE THINGS

about Internet search engines is their
speed. In just fractions of a second, they can hunt through billions of documents to
find the terms being searched for. No less – but also no more. With their CompleteSearch engine, scientists at the Max Planck Institute for Informatics in Saarbrücken
have shown that it’s possible to do a lot more in the same time.
Even while still typing, the engine suggests additional search terms – items that
will lead to good search results. The engine actually suggests words that occur in documents in conjunction with the term entered. At the heart of the process is a new type
of index that, besides linking words with documents, also knows what the words mean.
“This function saves typing and time spent trying to guess the best search terms,”
says Hannah Bast. She headed the development of CompleteSearch in Saarbrücken
before moving on to work as a researcher for Google in Zurich. CompleteSearch also
offers suitable refinements if the original search terms produce too many hits. Entering “beatles musician,” for example, garners the suggestions “John Lennon” and
“Paul McCartney.”
CompleteSearch can be put to the test at http://search.mpi-inf.mpg.de/ with
the three million English-language pages of Wikipedia. As Hannah Bast points out,
the search engine is also ideal for e-mails, literature databases or even medical and
legal case files.
Christian Meier | MI 1200-3452-ZBC

Illustration: MPI for Software Systems (2; adaptation: designergold)

Greater transparency on the Internet forces service providers to refrain from blocking data streams

Light and Dark Crowded Together
Max Planck researchers have developed a compression method to store videos that are particularly rich in contrast

STANDARD COMPUTER SCREENS
make too few demands on the human
eye, as the eye can perceive substantially greater differences in brightness
than an LCD screen can display. This
is about to change: future displays will
show a moonless night as convincingly as a scene in glaring sunlight –
thanks to High Dynamic Range technology (HDR).
However, the large number of
brightness levels in HDR videos requires an enormous amount of storage
capacity. Researchers at the Max Planck
Institute for Informatics in Saarbrücken are now compressing the data to a
usable size without the eye detecting
the slightest difference.
To save on storage space, the researchers in Karol Myszkowski’s group
are making use of the fact that, when
darkness increases, the eyes detect weak
contrasts with increasing difficulty.
This is noticeable, for instance, when
reading in the fading light of dusk. The
researchers in Saarbrücken are thus re-

HDR images (right) are much
richer in contrast than conventional
TV pictures (left)

ducing the many levels of brightness
with which HDR cameras also shoot
scenes at night or in the shade. And
fewer levels mean less space needed
for storage.
This enabled the scientists to compress HDR images into a format that
uses hardly any more storage capacity
than the usual MPEG-4 format. “It cer-

tainly stores pictures as well as the eye
sees, and is therefore suitable for all
future HDR displays,” stresses Myszkowski. The computer scientist sees further possible applications for the new
format in computer graphics and digital cinema, as well as for telemedicine
and surveillance technology.
Christian Meier | MI 1200-3292-ZBC

A Step Ahead of the Spammers
Photos: Fotolia (bottom), MPI for Informatics – Karol Myszkowski (2, top)

A filter anticipates junk mail strategies

THE FORCES battling
spam e-mails, phishing and computer viruses are going on the
offensive. New software created by computer scientist Tobias
Scheffer at the University of Potsdam could soon
be added to their arsenal.
This tool automatically deetects the spammers’ strategy
egy
and identifies their tricks before
efore
they have the chance to attack.
Scheffer developed the basic principles
of his spam filter in cooperation with
Internet service provider STRATO while

he was still working at
the Max Planck Institute for Informatics in
Saarbrücken.
Currently, spam filters come into play after
the attack has already
been launched. They use
rrecurring patterns in spam
e-mails to create a model
ethat distinguishes spam from
tha
legitimate messages. However,
legiti
these m
models are based on data
from the past, and the spammers’
tricks vary from day to day. Scheffer’s
software, on the other hand, uses game
theory to stay a step ahead of the spam-

mers. Like a chess player, the program
calculates the moves that spammers
will make. But whereas in chess the
number of possible moves is limited,
the destructive creativity of these Internet villains knows no bounds.
“With an infinite number of spam
possibilities to choose from, the software selects those that appear to be the
most promising,” says Scheffer. The
program even takes into account the
fact that the attackers may try to predict the defenses used against them.
The next step is to implement the software as a scalable product that STRATO
can deploy on behalf of its millions of
customers.
Christian Meier
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Perceiving the Pattern
Pattern recognition plays a central role in astronomy, but it is also expedient when dealing
with multimedia data and in medicine. Researchers working with Gregor Morfill at the
Max Planck Institute for Extraterrestrial Physics in Garching have developed a particularly
reliable method for such recognition.

B

artók, Beethoven or Brahms?
Wolfram Bunk’s computer
knows the answer – because
the physicist and his co-workers at the Max Planck Institute
for Extraterrestrial Physics in Garching,
near Munich, have converted a conventional Apple notebook into a music expert. The technology is known as audio
fingerprinting, and it is even possible to
watch it in action: As soon as Wolfram
Bunk retrieves a piece of music from the
computer’s memory, the analysis begins
and the screen comes alive. Blocks of
color in different shades of red on the
monitor represent classical composers
like Beethoven, Mozart and Vivaldi, but
also rock musicians like Peter Gabriel
and bands like Genesis and Pink Floyd.
The music has barely started when
white bars begin their analytical dance
across the red areas: the higher the amplitude, the more typical the piece is
for a specific artist. It doesn’t take long
before one bar dominates and the others become smaller and smaller – the
computer has obviously hit on something. “After an approximately 30-second sound bite, the system recognizes
the composer in about 90 percent of
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cases,” explains Bunk. In this case, its
diagnosis is Beethoven. A direct hit!
Audio fingerprinting involves the
interplay of music and mathematics –
two things that have been considered
to be closely related ever since Pythagoras. The Greek philosopher reflected on
musical intervals and simple number
ratios. Bunk and his colleagues Thomas
Aschenbrenner and Roberto Monetti
from the Max Planck Institute in Garching have developed a method that is
able to extract characteristic attributes
and qualities from pieces of music –
similar to fingerprints, which are typical of a particular person. The analysis
involves breaking down 0.1-second sections of the musical works into their
frequencies – their spectrum – and analyzing them for typical characteristics.

TYPICAL MUSIC SNIPPETS
“This results in up to ten representative
spectra being assigned to each piece,”
says Bunk. “If the system is now asked
to recognize a new composition, the
computer also calculates the audio
characteristics for that piece in real
time.” It simultaneously searches the

computer database for similarities that
the system can use to assign an unknown piece to a composer. Since the
prototype spectra are so short, the volume of data is low and the computer
can recognize the composer in a very
short time.
“The fact that the system can tell
different composers apart is probably
due to the typical instruments used and
other sound characteristics of the individual composers,” believes Bunk.
“Melodies are not important because
the analysis uses a timescale that is
shorter than the melody formation.”
The audio snippets analyzed are simply
too short to allow inferences to be
drawn about the melody.
The great art consists in selecting
the right representatives for a piece of
music. “Spectra chosen at random do
not usually contain the necessary information,” says Bunk. “What is needed is
a method for identifying the best fingerprints.” This is where the competence of the Garching-based researchers comes into play – since astrophysics
uses sophisticated methods of data
analysis and statistics to interpret measured data.
>

Illustration: MPI for Extraterrestrial Physics

TEXT CHRISTIAN BUCK

Scaling behavior

A point and its environs: In a simulated galaxy distribution, the scientists study the structure with the help of the scaling index
method. Starting from the point of intersection of the coordinate system, they determine the galaxy distribution N as a function
of the radius R. From the graph at top right, they identify the scaling behavior. The procedure is repeated for each point and
allows conclusions to be drawn about the distribution pattern.
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A PATTERN GIVES AN INDICATION
OF ITS CAUSE
This sounds abstract, but can easily be
transferred to everyday experiences.
Bunk rephrases the principle as follows: “If grains of sand are distributed
in different ways over a surface, driven
by water or wind, for example, characteristic patterns evolve. It is totally irrelevant where the individual grains
are – what counts are the global char-
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acteristics of these patterns that can
then be used to ascertain how the sand
grains were distributed.” In this way, in
astrophysics, researchers can compare
the results of different cosmological
theories that differ, for example, in
their models for the gravitational force
or the contributions from dark matter
and dark energy.
These comparisons have their basis
in mathematical disciplines such as statistics, information theory, topology,
group theory and graph theory. Bunk
and his colleagues use these methods
to develop new ways of gathering information, or mining data – data mining
is another name for pattern recognition, or the recognition of rules in extensive data sets. Since the subject is so
important in its theoretical and practical ramifications, a total of seven staff
members at the Max Planck Institute in
Garching are engaged in this field.
The scaling index method is one of
the various methods the Max Planck
researchers use to characterize patterns
– a method they developed and have
since patented. Researchers can use it
to break down a point distribution
into clusters according to its dimensionality. The dimension of these clusters is expressed by the scaling index
alpha: “A compact clustering of points
at a certain position yields a value

Yes
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Gabriel
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Prokofiev

Bruckner
Hindemith
Mozart

Brahms

The scientists originally planned to develop measures for the inhomogeneous
distribution of matter in the universe.
Astronomers use observation data, for
example from telescopes or satellites,
to help them reconstruct the visible
universe – that is, the distribution of
galaxies and clusters of galaxies – in
three dimensions. This is the basis for
assessing the quality of different cosmological models by means of observations. Their aim is not to compare
the positions of individual stars in theory and in reality. “We are more interested in a statistical comparison of the
large-scale distribution of cosmological
structures between the model and observations,” says Bunk. “This automatically raises the question of how global
properties of point distributions can be
characterized.”

Illustrations: MPI for Extraterrestrial Physics (2)

Music in color: In this excerpt from Vivaldi‘s
Four Seasons, prototypical sound characteristics
are marked in color.
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That can only be Vivaldi: The white bars
signalize the greatest concordance
with the Baroque composer, but also
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Bar code for string music: A soloist plays
a Bach partita with seven different
violins. The characteristic sound
properties result in similar patterns of
colored bars.
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close to zero,” explains Bunk. “A line
consisting of points yields a value
close to one – and so on.” A purely random distribution of points always results in an alpha value that is the dimension of the space in which it is
embedded – so if the points are arbitrarily distributed on a two-dimensional plane, alpha has the value two.
“We then characterize the patterns by
analyzing the frequency distribution
of the scaling indices, which can be interpreted as a type of structural spectrum,” explains Wolfram Bunk. In this
way, cosmological structures can be resolved into different structural elements, for example.
From a mathematical point of view,
digitalized multimedia data also consist
of point distributions that can be analyzed with the aid of pattern recognition. Consequently, it is possible to use
astrophysical methods to remove, or at
least reduce, interfering noise from images or music. In the statistical sense, it
can be determined whether each pixel
of an image belongs to a structure – the
real signal – or represents pure noise,
for example. “The noise pixels can thus
be removed and an interpolation or
other methods can be used to at least
partially reconstruct the image or a
photo from the remaining pixels,” explains Bunk, who immediately demon-

strates the point and frees the picture
of a pretty woman from its interfering
junk data. “Other applications can be
found in automotive manufacturing,
such as characterizing the roughness
of cylinder surfaces in combustion
engines.”
And also in the analysis of music: In
this case, the researchers use a clustering method and analyze sound spectra
instead of the structural spectra. After
the computer has broken down the
short audio snippets into their individual frequency spectra, it calculates specific distance measures between the
spectra. This shows how similar or
dissimilar they are. They are then subdivided into classes – clusters whose
members are similar. A representative
can now be selected from each cluster.
In this way, a complete piece of music
can be represented by a sequence of
characteristic sounds as they are used
in the recognition algorithm, and its
sound structure can be characterized
and recognized.
But the digital sound expert can do
more than just identify the composer
of unknown works. If a work is already
in the database, the computer recognizes it even when it is a different interpretation. The researchers can also use
audio fingerprinting to distinguish
between different conductors – the

system can even identify the violins of
famous instrument makers. It also supplies many other surprising insights: a
piece by Vivaldi causes the bars to flicker not only for Prokofiev, but also for
the rock group Pink Floyd; and Brahms
also causes movement with Genesis
and Peter Gabriel. It seems there have
been unexpected similarities over the
centuries – which no one would likely
have realized without audio fingerprinting.

MUSIC RECOGNITION IDENTIFIES
TV COMMERCIALS
“Although there is as yet no commercial partner for the system, it has been
tested in automatically recognizing TV
advertisements by their soundtrack
alone,” says Bunk. Something that has
strong practical use – after all, TV advertising customers would like to know
whether their expensive commercials
have actually been aired. At present,
this is monitored by individuals who
must spend hours watching videotapes
in fast-forward mode. In the future, this
monotonous task can be performed by
computers and pattern recognition.
“The system could later also be used for
voice recognition, for example for access control,” says Bunk. The police are
also interested in the technology – the
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Characteristic properties can be extracted from pieces of music – similar
to fingerprints, which are typical of a particular person.

Bavarian State Criminal Police Office
(LKA) has already contacted the team
in Garching, but it is not yet clear
whether audio fingerprinting can actually be used to identify the voices of
suspects.
The system has, however, provided
tangible benefits in medicine for many
years: pattern recognition from Garching helps dermatologists identify
melanomas in time. Currently, doctors
usually use a dermatoscope, a reflectedlight microscope with tenfold magnification, for preventive checkups. “But
even with the dermatoscope, diagnosis
is difficult – the dermatologist still
needs a lot of experience,” explains

Wilhelm Stolz, Senior Consultant at the
clinic for dermatology, allergology and
environmental medicine at MunichSchwabing Municipal Hospital. “This is
mainly a problem for doctors who see
fewer than 10 to 20 patients with a
melanoma per year.” Moreover, it is not
always entirely clear whether a mark on
the skin is malignant or benign. “Some
patients also have a large number of
moles that cannot all be removed as a
prophylactic measure,” says Stolz.
Here, pattern recognition can help
make the results more objective and
avoid unnecessary surgeries. Working
with computer scientist Wolfgang
Abmayr from the University of Applied

A malignant melanoma differs from a benign alteration in numerous traits:
in the variety of structure and color, the homogeneity and asymmetry of the color
and the appearance of the edges.

Benign
Asymmetry, color

Edges

Malignant
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Color, variety

Color, homogeneity

Structure, variety

Sciences – München and experts from
the Max Planck Institute, Stolz has
therefore developed the DermoGenius:
a video camera that takes pictures of
the suspicious skin areas and transmits
them to a computer that uses pattern
recognition to identify melanomas. Important characteristics of the malignant
tumors are asymmetry, a large number
of different colors, and a variety of
structural components. They are analyzed by the computer, which then
supplies a diagnosis with a sensitivity
of 95 percent. A further advantage of
the DermoGenius is that the temporal
development of suspicious skin pigment alterations can be traced, since all
images are saved and can be compared
quantitatively.

ELECTRONIC ASSISTANT WITH
POWERS OF PERSUASION
“An expert is always as good as the DermoGenius, but the computer is usually
better than a less experienced doctor,”
says Stolz, describing the usefulness
and limits of the system. “In some cases, it is also easier to persuade a patient
to agree to an excision if, in addition to
the doctor, the computer also provides
an unambiguous diagnosis.” However,
in cases of doubt, a person must always
decide; the computer plays only a supporting role. The system is thus particularly interesting for dermatologists
with their own offices: in a hospital, it
is usually easy for the doctor to consult

Photo: MPI for Extraterrestrial Physics
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Successful therapy: In epilepsy the nerve cells in different areas fire in synch (red).
In the course of treatment this synchronization diminishes markedly (blue).

a colleague and ask for his or her
opinion; when this isn’t possible, the
DermoGenius is an available expert in
the form of a computer. The instrument
is currently being manufactured by
Biocam in Regensburg, and is already
employed in many doctors’ offices.
Another very promising development from Garching is not yet that advanced, but it is well on the way: For a
number of years, the researchers have
been working with Stephan Springer, a
specialist in child and youth psychiatry
and psychotherapy at the Heckscher
Clinic in Munich, on the analysis of
electroencephalograms (EEG). “The visual evaluation of an EEG with about 16
to 20 channels has limitations, because
the signal is a discontinuous mixture
of different frequencies, patterns and
event-correlated graphoelements,” explains Springer. “But it’s remarkably
suitable for a mathematical analysis.”
It can assist in evaluating signal
characteristics that a person cannot
perceive visually. In an EEG, there is a
basic activity with a frequency of about
10 hertz, and many other frequencies
that result in a very confusing overall
image. “After many years of experience,
a doctor can develop a “feel” for frequency changes, frequency mixing and
patterns, and then, at best, notice
stronger deviations, while smaller
changes cannot be detected visually,”
says Springer. In the minutes before
an epileptic seizure, for example, the
oscillation amplitude becomes smaller,

while the frequency increases. This
indicates that inhibitions are being
reduced in the brain and a seizure is
developing, possibly connected with
unconsciousness. The most important
goal of earlier mathematical EEG analyses was to extend the time for predicting a seizure.

STRIKING INTERACTION
BETWEEN BRAIN HEMISPHERES
The first step of the collaboration with
Wolfram Bunk and his colleagues involved analyzing the EEGs of a twelveyear-old patient from whom many EEG
recordings over several years were available. He suffered from frontal lobe epilepsy, which is persistent and very difficult to treat. Moreover, with this type
of epilepsy, the doctors can visually
identify very little between seizures. It
was thus obvious to look for conspicuous patterns in the brain waves measured, and to link them to the development of the clinical picture that the
doctors had arrived at.
A successful move: “The investigations have shown that, in this patient,
the interactions between the left and
the right cerebral hemispheres revealed
distinct changes compared with a
group of children with no symptoms,”
reports Springer. Strong interactions
between the front and rear cerebral regions are normal – presumably because
they are connected by numerous
nerves. There are only a few defined

paths between the two hemispheres of
our brain, however, and this is why the
unusual activities point to a connection
to epilepsy. “The fact that it would not
have been possible to recognize these
interactions visually makes pattern
recognition very valuable,” says the expert, and points to further evidence:
“The occurrence and the decline of the
conspicuous events happened at approximately the same time as the occurrence and the improvement of the
severe psychiatric abnormalities connected with the epilepsy.”
The next step will be to investigate
three different groups consisting of
around 20 young patients each: healthy
children, children with autism and
children with epilepsy and autism.
Autistic children are much more likely
to suffer from epilepsy than healthy
children, and the doctors now hope
that pattern recognition will help them
speed up the identification of the correct therapy – to treat both the epileptic seizures and the accompanying
symptoms. First results are expected
starting this fall.

BETTER CONTROL OVER
THERAPY
Apart from new insights concerning
the neurophysiological causes of the
symptoms, the doctors also expect to
be better able to control the success of
an epilepsy therapy. “At present, there
is a choice of more than 20 different
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Pattern recognition has proven to be an ideal diagnostic tool for epilepsy – better than
other approaches that have previously been tried in this field.

medications, and the optimum combination of active ingredients must be
found for each individual patient,” explains Springer. “Today, it usually takes
several months to optimize the therapy.” For the children concerned, this
means that their quality of life suffers
and that they miss out on important
learning phases. And if the therapy is
not ideal, the young patients also suffer from side effects, such as a reduced
ability to speak, concentration problems and emotional difficulties.

In the future, pattern recognition can
also be used to examine adults. The
conditions here are even easier. Children’s brains are still maturing during
their development, which causes the
EEG to change as well. This is not the
case with adults. “To sum things up, it
can be said that pattern recognition
methods have proven to be an ideal diagnostic tool compared with other approaches that have previously been
tried in this field,” says Springer. One
advantage of the method is that it is

also relatively unaffected by artifacts –
that is, variations in the EEG that are
caused, for example, by movements of
the patient and that have nothing to do
with an epileptic seizure.
So what does astrophysics have in
common with Beethoven or even with
epilepsy? It sounds like a riddle – but it
is one that the Garching-based researchers are solving in two ways. Pattern recognition is in demand in many fields,
and it reveals hidden similarities – not
only between Vivaldi and Prokofiev.
MI 0207-3802-WT-WA
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Even an experienced doctor will find it difficult to recognize the pattern of an imminent
epileptic seizure on the EEG. Methods developed by the astrophysicists in Garching will
help improve prediction somewhat.
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GLOSSARY
Pattern recognition
Looks for regularities, repetitions or
similarities in a large volume of data
describing things like planar, spatial or
acoustic structures.
Scaling index method
The scaling index indicates how points
in a given area are distributed. The
frequency distribution of the scaling
index characterizes the pattern.
Clustering method
Audio snippets of a composer, for instance, are clustered into similar sound
spectra. An unknown piece of music
is compared with representatives of the
clusters.
Electroencephalography (EEG)
Electrodes attached to the head measure
voltage fluctuations on the surface of
the head. These measurements give an
indication of the electrical activity in the
brain.
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Taking a close look paid off for Stefan Hell – as did his persistence.
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PERSONAL PORTRAIT_Stefan Hell

Outsmarting
Optical Boundaries
Trying to controvert a seemingly incontrovertible law is a hard job. And Stefan Hell discovered
just how hard when he attempted to thwart the resolution limit of optical microscopes.
Initially, his ideas fell on deaf ears. Today, however, Stefan Hell is a Director at the Max Planck
Institute for Biophysical Chemistry.
A portrait by UTA DEFFKE

Photo: German Future Prize – Ansgar Pudenz

O

ne Saturday morning in the
fall of 1993, Stefan Hell
was sitting in his student
apartment in Turku in
southwest Finland, leafing
through a book on quantum optics.
The physicist from Heidelberg had just
settled in the chilly north and he was
hot on the trail of an idea that had
been driving him for years: to revolutionize the resolving power of light
microscopes.
For 120 years, the findings of German physicist Ernst Abbe in 1873 were
considered to be set in stone: it is impossible to discern similar structures
smaller than 200 nanometers in size
with a light microscope. Stefan Hell is
now pushing this limit. “I was convinced that it could be done,” he says.
For years after completing his doctorate in physics, he struggled to obtain
one stipend after the next, as few – if
any – seriously believed in his idea. The
concept alone was too absurd.
Although he had a rough plan for
overcoming the resolution limit, he
lacked the decisive trick to make it a reality. As he scanned through the book
in search of suitable quantum optic
phenomena, his eye was caught by the
“stimulated emission” by which mole-

cules that are excited to fluoresce can
be switched off temporarily. “At that
moment, it dawned on me. I had finally found a concrete concept to pursue
– a real thread.” Biologists today study
numerous cell processes with the aid of
fluorescence microscopy, in which proteins and other cell components are
marked with luminescent molecules.

"IT WAS A SENSATION
AT THE TIME"
Hell hurried to the institute and took
his first stab at a new principle of microscopy. It quickly became clear to
him that the resolution would drop to
at least 30 nanometers – one tenth of
the previous limit. “At the time, the
very idea was a sensation,” Hell says, recalling the most exciting moment in
his professional career. “But it was also
clear to me that, in principle, there was
no lower limit.” He was in a fever of
excitement for the rest of the weekend.
“I sat alone for a day and a half with
this strange feeling: I probably know
something that no one else knows, and
that could be hugely important.” He
thought it through again, wrote it
down and carried out a few rough computer simulations.

On Monday morning he was finally
able to tell his colleagues and his boss.
“He just looked at me, and I could see
no reaction in his face whatsoever,”
Hell recalls. The Finns, he says from
experience, tend to be very restrained,
not given to saying a lot. “Then I said,
‘It works, it works!’ And he replied dryly: ‘On paper.’” He was right, of course.
In the beginning, it only worked on
paper.
On a sunny day almost 16 years later, Stefan Hell sits in his spacious office at the Max Planck Institute for Biophysical Chemistry in Göttingen. He
is one of the institute’s Directors, and
heads the department of NanoBiophotonics. The phone rings. NATURE, one
of the world’s leading trade journals,
wants to run an article on Hell and his
microscope and needs the latest images. And an industry colleague urgently needs to discuss the details of a joint
grant application to the German Ministry of Education and Research
(BMBF). Stefan Hell is in demand.
In his mid-forties now, dressed in
black jeans and a white shirt, he looks
relaxed as he sits at his desk. What few
hairs were left have bowed to the razor,
and his full lips curve easily into a smile
as keen eyes look out through rimless

Special | 09 MaxPlanckResearch

75

PERSONAL PORTRAIT_Stefan Hell

1

A neuron, seen through a conventional
confocal microscope (left) and an STED
microscope (right).

2

The 4Pi microscope – two lenses (bottom
center) shorten the focus along the optical
axis to one fifth or even one seventh.

3

In the STED microscope's beam path:
The red laser beam is guided by a system
of lenses and mirrors.

4

Right up close: The sample is fixed above
the lens.

1

LONG BATTLE FOR MONEY AND
RECOGNITION
Hell has even won over the skeptics,
and not just them. Stefan Hell is famous. The list of prizes that his work
has earned him in recent years is
impressive. In 2006, for example, he
received the German Federal President’s
10th Innovation Award, worth EUR
250,000. That was followed in 2008 by
the Leibniz Prize, Germany’s most pres-
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tigious research funding award, with
prize money of EUR 2.5 million. “Of
course it’s nice to be recognized. It
shows that you got it right,” says Hell.
And the awards make day-to-day life as
a researcher easier: “My people have
better working conditions, and it’s easier for me to raise additional funding.”
But it was a long, hard struggle for
both money and recognition. It all began in a technology park in Heidelberg,
where Hell sat and tinkered with his
dissertation in the late 1980s. At a company called Heidelberg Instruments,
which his professor and Ph.D. supervisor – a successful low-temperature
physicist at the university – founded
jointly with a colleague. Hell’s job was
to inspect semiconductor chips using
the then-new technique of confocal
microscopy, in which the object is
scanned by a focused laser beam.
His real passion was actually for
basic research. But in view of the glut
of physicists at that time, even the German Physical Society (DPG) warned
against choosing such a career. “And
light microscopy, which was the field
that I more or less bumped into, was
basically 19th century physics; all the
work had already been done – at least

that’s what people thought,” says Hell.
“Because I was a little frustrated and
was instinctively looking for something
fundamental, I kept thinking: It might
just be possible to knock down the diffraction limit!”

"A DEVELOPER IS SOMETHING
I'VE NEVER BEEN"
Because of diffraction, it is impossible
to focus light waves sharper than half a
wavelength. Hell clearly understood
that there was little he could do to alter this fact. However, with the aid of
4Pi and STED techniques, he fundamentally changed the resolution issue
(see MAXPLANCK RESEARCH 1/04, p. 20ff).
Using two opposing lenses, the 4Pi
microscope sharpens the focal spot in
the direction perpendicular to the focal
plane to a fifth or even a seventh of
the usual value. The STED – STimulated Emission Depletion – microscope
sharpens the focal spot in the focal
plane, currently to less than one tenth
of the value permitted by Abbe’s law.
However, the STED microscope was
to be only the first of a whole family
of diffraction-’unlimited’ light microscopes, because in principle, as Stefan
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spectacles set on a friendly face. He
has arrived.
Stefan Hell’s novel microscope has
since slowly matured. In his laboratories, it produces fascinating images of
cells and neurons and showed, for the
first time, how individual messenger
vesicles bind with nerve terminals. The
first versions are available for purchase
and are already providing valuable services, helping biologists and medical
researchers who are searching for the
molecular causes of disease or studying
how drugs work. The device might well
be called a nanoscope, given its current
resolution of around 15 nanometers –
a feat that few would have considered
possible.

Photos: German Future Prize – Ansgar Pudenz (2, bottom), MPI for Biophysical Chemistry – Peter Goldmann (top)
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I was fascinated by the idea of delving into an old question
of physics that everyone thought had been answered once
and for all.«

Hell also quickly recognized, certain
other processes in a fluorophore are
also suited to temporarily switch off the
glow of a fluorescent marker.
“Some biologists may see me as
someone who develops equipment for
them – but I’ve never been an instrument developer at heart,” says Hell. “I
was fascinated by the idea of delving
into an old question of physics that everyone thought had been answered
once and for all. I wanted to know if it
works. It was a matter of principle.” Hell
has always been driven by the desire to
get to the bottom of things: “Even as a
schoolboy, I always wanted to know
where the crux of the matter lay.”

GRANDPARENTS' MONEY AS
STARTUP CAPITAL
Stefan Hell spent his childhood in a
German-speaking town near the Romanian city of Arad, in the Banat region
on the border to Hungary. He was born
there in 1962 and attended a Germanlanguage school where he took special
classes in mathematics and physics. His
parents, an engineer and an elementary school teacher, encouraged his talent
for science. They also had practical reasons for doing so, says Hell. History and
literature were strongly tinged by communist ideology, whereas the sciences
retained their independence, and
would be useful wherever he went.
“There were no communists in our
family,” says Hell, “and my parents and
grandparents had seen for themselves
how quickly political systems and public opinion can change.” Even in the
1970s, it was clear to ethnic minorities
in the country: if you have the chance
to go, then go.
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The chance came for the Hell family in
1978, and they moved to Ludwigshafen. The parents found work there, and
their gifted son had no difficulty finding his way in the new environment.
He was top of the class not just in math
and physics, but in German, too. Linguistics and etymology became a kind
of hobby that he still enjoys. “Once
again, I wanted to discover the connection between words derived from
various Germanic languages, and how
phonetic changes developed.”
Recognizing connections was also
integral to his study of physics: “To be
honest, I have always been a little
scornful of people who learn things by
heart,” Hell admits. He attended the
university in Heidelberg, where he also
earned his doctorate. At the time,
Stefan Hell attempted to interest his
dissertation advisor in his quest to investigate the resolution of light microscopes, but optics was too far removed
for a university chair specializing in
low-temperature physics.
With no one of influence to intercede for him, he took matters into his
own hands. He spent a few months in
quiet seclusion until he had calculated
and worked out the basics of the 4Pi
microscope to the point where he was
able to apply for a patent. Using the
10,000 deutschmarks that his grandparents had given him as seed capital
after his dissertation, he duly did so. “I
thought it might be of some commercial relevance,” he says. “Besides, everyone could then see who originated
the idea. That was important because I
had no publications or anything else to
convince people to give me a chance.”
With these plans in mind, he peddled his idea from door to door – as he

would often do over the next twelve
years, never more than a hair’s breadth
from dropping out of science. “But I
always thought of it as fun. I was still
relatively young and I thought: Well, if
it doesn’t work, at least I will have
tried.” But the conditions were not exactly in his favor. Physics at that time
was more interested in elementary particles and solid states than it was in optics. Ironically, the German Research
Council (DFG) had even just initiated
a project to develop new microscopy
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The resolution limit according to Hell: The physicist added the
root term to the denominator of Abbe's formula. Thus Δx,
the distance between two just-distinguishable points, decreases
as the intensity I of the laser that stimulates the emission
of the excited fluorescence molecules rises.

procedures for use in biology. Hell,
however, had no chance, not even with
his doctorate in physics. With no laboratory and no mentor, he did not meet
the criteria required for applicants.
“I really had no opportunity for development here in Germany,” says Stefan Hell. He managed to obtain a postdoc grant from the DFG that enabled
him to demonstrate the principles of 4Pi
microscopy at the European Molecular
Biology Laboratory (EMBL) in Heidelberg to the point that he was able to pub-

lish some initial measurements, but that
seemed to be the end of the road. In the
end, it was the Finns who showed some
interest. A Finnish friend from the EMBL
was in contact with a professor who was
experimenting with fluorescence microscopy for use in medical diagnostics. It
was here that Hell laid the foundations
for an entirely new field of research. He
formulated the concept of STED microscopy and showed, through his initial
experiments, that overcoming Abbe’s
limit is physically viable.

But even in Finland he felt constrained.
He needed more independence. The
money ran out, so he went knocking on
doors once again, from one German university or institute to the next. Finally
Tom Jovin, at that time Managing Director of the Max Planck Institute for
Biophysical Chemistry in Göttingen, noticed him, and saw in him a young and
promising scientist who matched the
profile of the institute. After an in-depth
examination, he was put in charge of an
Independent Junior Research Group. >
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wanted. They had commissioned headhunters to fill the vacant chair and already had a good idea of who they were
dealing with. The terms of his appointment were due to be negotiated the following morning.
The fact that he turned down their
attractive offer, along with eight others
that he would soon receive from Germany and abroad, was due to the Max
Planck Society. “Almost at the last
minute they said to me, we want you
to stay here,” Hell explains. And in
fact he, too, wanted to stay. And so,
contrary to the usual procedure, he
was promoted from head of a Junior
Research Group to Director at the
Institute in Göttingen.

He especially likes jazz and improvisation, but Stefan Hell
has little time for playing the saxophone.

Göttingen felt like paradise to Stefan
Hell. “I basically had no idea how much
support and freedom were possible at
Max Planck.” At last he also had the
right interdisciplinary environment in
which to construct the microscope
and to demonstrate, together with his
colleagues, that it really works. In
1999/2000, they finally and impressively broke the diffraction limit, with a sixfold improvement in resolution. “But
neither NATURE nor SCIENCE wanted to
publish it,” Hell regrets. Initially, only
insiders recognized and appreciated the
results. Without a single publication in
a high-profile journal, Hell lacked credibility in the eyes of German universi-
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ties. And with Independent Junior
Research Groups at the Max Planck
Society limited to five years, the universities would be his next port of call.
Then one day Kings College in London asked Hell to give a presentation.
He knew that candidates were being
considered for an important professorship at the time, but after nearly 30
failed applications, he didn’t seriously
think he had a chance. Following the
presentation, the dean kindly invited
him to dinner, then added: “We have
decided to offer you the job!” Hell
thought he had heard incorrectly. However, the academics in London apparently knew just who and what they

Hell explains his decision with the
comment, “Compared with all the other institutions, it was clear to me at that
time that I would be able to work here
best of all.” It was the Harnack principle that tipped the balance: in addition
to a generous budget, an appointment
as Director carries with it the maximum
possible freedom to research precisely
what interests them.
And that is what Stefan Hell proceeded to do. For his visionary highresolution project, he needed more
than just physicists who could deal
with optics and design laser systems.
He also established a chemistry and
molecular biology group whose work
involves developing suitable fluorescent markers that can easily be
switched on and off, and a biology
group that investigates applications in
the life sciences. The combination
works well, Hell believes.

Photo: MPI for Biophysical Chemistry – Galonska

THE REALM OF LASERS, LENSES
AND MIRRORS
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Envy and criticism are very important, too, because they provide
added incentive, as well as highlighting the points that require attention.
But if an idea is powerful enough, nothing can stop it.«

The staff works diligently in the laboratories and, it would seem, with a sense
of commitment. The labs are named
the Gauss Room, Debye Room and
Born Room, after famous scientists who
once worked in Göttingen. Here, behind the high-security doors, is a world
of lasers, lenses and mirrors, dozens of
them mounted on bare optical tables.
Some of the microscopes are the commercial versions – built by a division of
the old company that Hell worked for
when he was working on his doctorate.
The company has since been bought
out by Leica, and now employs some of
Hell’s graduates.
This is where the various procedures
are optimized. Researchers are improving the temporal resolution in order to
be able to depict processes in living
cells. Others are working on new fluorescence molecules that can be switched
at will, and dock with certain cell structures. New areas of application are also
being developed – for example in
materials research. New combinations
of STED and 4Pi microscopy are being
explored, and new fluorescence switching mechanisms created.
However, Stefan Hell wouldn’t be
Stefan Hell if he simply stuck to the
beaten track. “Of course we are exploring the potential of these microscopes,”
he explains. In theory, there should be
little or no limit to the minute dimensions they offer access to. “And that
would mean that we ought to be able
to see not just individual molecules,
but potentially even what’s inside
them,” says Hell, once again with a daring look in his eye.
Did he ever doubt that his idea
would prove successful? Serious doubts –
no. Even if the initial groundbreaking
experiments are complex and require

expensive new equipment, in Hell’s
view, that’s no reason to shy away.
After all, technology is developing all
the time. “Envy and criticism are very
important, too, because they provide
added incentive, as well as highlighting
the points that require attention. If an
idea is powerful enough, nothing can
stop it. And the idea that light microscopy was possible beyond the Abbe
limit was very powerful.”

A DOCTOR'S CAP AND A SWORD
OF SHARPLY HONED STEEL
It is his family that keeps the visionary
physicist’s feet on the ground. His wife
is an ambitious physician at the university clinic, so the domestic routine
must be well organized. Every morning, he takes their four-year-old twins
to kindergarten. And thanks to the
pestering of the two boys, he regularly revisits an old passion – the saxophone. While he was in Finland, Hell
took lessons in jazz and improvisation.
He would like to spend more time
making music – if only he had the
time. Running is another thing that
Stefan Hell does less often than he
would like. But the family has been
kept on its toes for a few months now
anyway, thanks to its latest addition, a
baby daughter.
Not to mention another recent offer from abroad. In spring 2008, Stefan
Hell got an offer to move to Harvard.
“Of course it was a great honor, and it
really wasn’t easy for me to decide,” he
admits. “A new building, fantastic academic environment, top people, top
students – it was very, very attractive.
But in the end, the opportunities I
have here at Max Planck tipped the
balance.”

And so it was that Stefan Hell and his
family recently flew, not to America,
but to Finland. In Turku, his old domain, he received an honorary doctorate – in true Finnish style, wearing a
doctor’s cap and a sword of sharply
honed steel. Even his former boss was
visibly moved. “In those critical early
days, the Finns had confidence in me,”
says Hell with gratitude. “They saw the
potential, and they saw a man with the
energy to realize it.” Maybe the steel
sword that Stefan Hell brought back
from Turku is not a bad symbol of
his career, and of the will to slay a scientific dragon.
MI 0707-2931-BC-ZE

GLOSSARY
Diffraction limit
A new wave is emitted from every point
in a light wave, for instance when it
hits the edge of an object. That is why,
under an optical microscope, two objects
cannot be distinguished if they are
less than half the wavelength away from
each other.
Confocal microscopy
A beam of light scans a sample. A pinhole
in the optical path blocks image information from outside of the focal plane –
the depth of focus is higher than that of
a conventional microscope.
4Pi microscope
Two opposing confocal microscopes
reduce the oblong focal point of a single
microscope to a sphere (4Pi refers to
spherical geometry).
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Patent Solution in a

Canning Jar
From shopping bags to shampoo bottles to plastic watering cans – many everyday objects
both large and small might look very different if it hadn’t been for the invention of chemist and
Max Planck researcher Karl Ziegler. It took the catalysts developed at the Max-Planck-Institut
für Kohlenforschung (coal research) to pave the way for the use of plastics in everyday items.
TEXT BIRGIT FENZEL

Plastics that are currently in widespread
use as packaging and various other source
materials are made up of polymers. These
very large molecules are created when normal-sized molecules join together to form
long chains. Indeed, even before Ziegler’s
catalyst technology, there were processes
available to link the components of the
molecule chains together, but they were
not particularly suitable for mass production. In order to get the polymerization
reaction going, the plastics researchers
preferred to use, as catalysts, particularly
reactive molecules that form free radicals
easily.
However, these free radicals are suitable as molecular matchmakers only up to
a certain point: they can get the decidedly
lethargic precursors really moving, and thus
get them lined up relatively quickly, but
they have the disadvantage of being difficult to control, and of causing surprising
twists when linking the molecule chains.
While they don’t form knots and loops,
many chemists have, following such experiments with free radicals, found strange
polymer chains with undesired branches
and other anomalies in their laboratory
saucepan. Ziegler’s catalysts, on the other
hand, would prove to be a reliable and economical alternative for producing the
chain molecules.
Together with his co-workers at the
Max-Planck-Institut für Kohlenforschung
(coal research) in Mülheim an der Ruhr, in
1953, Ziegler discovered how the gaseous
olefin ethylene could be converted to polyethylene relatively easily and, above all,
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economically. In their lab experiments,
they had discovered that mixing aluminum
alkyls and titanium tetrachloride initiated
the polymerization of ethylene to polyethylene at room temperature – the basis for
the first Ziegler catalyst had been found.

HIKING TOUR WITH ABYSSES
AND OBSTACLES
Almost exactly ten years after this discovery, the Director of the Mülheim institute
received the Nobel Prize for Chemistry.
However, he had to share the award with
Italian chemist Giulio Natta, who had developed a similar process for polypropylene
based on the work at the Mülheim institute. Ziegler was definitely not thrilled
about his co-laureate – and it was most
certainly not because he was basically incapable of sharing.
The Nobel Committee in Stockholm
was apparently unconcerned about the discord between the two chemists. On December 10, 1963, Ziegler and Natta received the
Nobel Prize for Chemistry from the hands of
King Gustav VI. Adolf of Sweden. In his honorific speech at the Nobel Prize award ceremony, Arne Fredga, a member of the Nobel
Committee of the Royal Swedish Academy
of Sciences, referred to the particular connection between Ziegler’s invention and
the interests of the prize founder: “Towards
the end of his life, Alfred Nobel was thinking of the manufacture of artificial rubber.
Since then, many rubber-like materials
have been produced, but only the use of Ziegler catalysts enables us to synthesize a

substance that is identical with natural
rubber,” said Fredga. Ziegler’s and Natta’s
method for polymerizing polyethylene and
polypropylene provided industry with new
possibilities for producing easily moldable
plastics in mass quantities.
In his talks, Ziegler himself liked to
compare his research path to a “hiking tour
through a new country, with ever-new and
interesting vistas, on which one could frequently overlook a portion of the path to
be traveled, but on which one never did
know just where the journey was really
headed. For decades, I never even remotely thought that my path would also include
technological successes.”
At that time, he most likely also never
dreamed of the abysses and obstacles he
would yet encounter during the course of
his journey – and not just scientific ones.
In some chapters, the story of one of the
most valuable chemistry inventions of all
time appears to be an exciting tug-of-war
over patents.
Over the span of four decades, the Director of the small Max-Planck-Institut für
Kohlenforschung (coal research) fought not
only with Giulio Natta, but also with the
petrochemical giants for the rights to the
new catalysts. It was a battle of David
against Goliath, in which, from 1956 to
1999, they had to fend off 149 objections, including patent infringements and legal attacks on the protective rights. Many contracting partners and a great number of
others gave it their all to limit Ziegler’s
property rights through attempts to prevent the grant of the patents, to restrict

RÜCKBLENDE_Lockstoffe

King Gustav VI. Adolf of Sweden
(left) congratulates Karl Ziegler
on winning the Nobel Prize for
Chemistry in 1963.

their scope, or even to attack their entire
legal validity. After all, there was a lot of
money involved.
And it had all started out so innocuously in the Mülheim lab. Ziegler wanted to
distill alkyl lithium compounds consisting
of hydrocarbons and the metal lithium. He
had been working on this experiment even
before his time in Mülheim. When he attempted to distill ethyl lithium, however,
something unexpected happened: in addition to decomposition products of ethyl
lithium, the chemists suddenly also found
a little 1-butene in the vessel.

Photo: Archive of the MPI für Kohlenforschung (coal research)
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Their curiosity aroused, Ziegler and his
staff experimented further and discovered
that, when lithium alkyls and excess ethylene are heated up together under pressure,
a stepwise synthesis between lithium
alkyls and ethylene is possible, and higher
lithium alkyls are formed that then decompose in the heat to lithium hydride and
α-olefins.
So if, similar to lithium alkyls, lithium
hydride could now again be added to ethylene, concluded Ziegler, then it must be
possible to produce higher α-olefins, or in
other words longer hydrocarbons, from

FAZ of November 11, 1963

The Arrangement of Macromolecules
On the bestowal of the 1963 Nobel Prize for Chemistry on two plastics scientists
Professor Karl Ziegler, Director at the Institut für Kohlenforschung (coal research), and
Professor Giulio Natta, Director at the Institute for Industrial Chemistry at the Technical
University of Milan, are the recipients of this year’s Nobel Prize for Chemistry. Both
were honored for their fundamental research into the chemistry of the macromolecules
in plastics. (...) The achievements of Ziegler and Natta have long been acknowledged in
the academic world. Both men are members of great academies and hold honorary
doctorates from numerous renowned universities.

So, during distillation, not only was the
ethyl lithium cleaved to form lithium hydride and ethylene, but apparently there
was also an “Aufbau” reaction. Ethyl lithium
had added to ethylene – which contains
two carbon atoms – to form butyl lithium,
which was then cleaved to form lithium hydride and 1-butene with four carbon atoms.

ethylene with lithium hydride as a catalyst.
When all attempts with the insoluble lithium hydride failed and the research project
threatened to hit a dead end, the catalytic
reaction of ethylene to α-olefins they had
hoped for was finally found with soluble
lithium aluminum hydride, which had
been discovered just a short time before.

Soon, they observed that aluminum hydride likewise adds to ethylene, and the triethyl aluminum that initially forms can, in
turn, enter even more efficiently into the
stepwise addition to ethylene.

UNEXPECTED EFFECT WITH
REVOLUTIONARY CONSEQUENCES
What they had hoped for from the compounds of the rare – and thus expensive –
lithium could suddenly be perfectly realized with the widespread and economical
aluminum, and further developed for technical applications. In the extreme case, it
was possible to link up to 100 ethylene molecules together, but it was not yet possible
to produce real polyethylene, like that currently used to make sturdy plastics, with
chains composed of 1,000 or more ethylene
molecules.
On October 26, 1953, Ziegler’s graduate
student Heinz Breil undertook the experiment that would revolutionize plastics
chemistry. It was the “Aufbau” reaction of
triethyl aluminum with ethylene under addition of a zirconium compound. However,
the reaction at the usual conditions of 100
degrees Celsius and 100 bar proceeded
rather differently than planned, and suddenly the steel autoclave contained a solid
white mass of polyethylene.
In the subsequent experiments, it
turned out that a similar process was possible with combinations of aluminum
alkyls and dialkyl aluminum chlorides with
compounds of all transition metals of
groups 4, 5 and 6, as well as of thorium and
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uranium, and under certain conditions, polymerization catalysts can also be produced
with other transition metals. The researchers in Mülheim obtained the most effective
catalysts with titanium compounds. They
owe their discovery that transition metals
influence the Aufbau reaction to their own
cleanliness in the lab: one colleague had

400 liters of ethylene gas were polymerized, with the reaction mixture becoming
thicker and thicker, until finally, it could no
longer be stirred. Depending on the catalyst
used, the pasty mass initially appeared gray
to brown, but then immediately turned
snow-white as soon as it was exposed to
air. After washing out the remaining cata-

further developments of the invention,
such as the application of the catalysts also
at room temperature and normal pressure,
as well as the extension of the catalyst
components to include uranium compounds, dialkyl aluminum chlorides and
alkyl compounds of magnesium and zinc
followed a short time later. On August 3,
1954, Karl Ziegler finally expanded the claim
relating to the polymerizable olefins from
ethylene to include α-olefins such as propylene and 1-butene.

left: Karl Ziegler with his formulae for success.
right: Household items as equipment: The Mülheim chemists equipped the 5-liter canning jar
for their experiments with a stirrer, thermometer and gas feed pipe.

cleaned the reaction vessel with nitric acid.
Apparently the acid dissolved nickel out of
the vessel wall, causing the reaction to take
an unexpected course.
Ziegler’s assistant Heinz Martin then
managed to take the next important step
with experiments in an unusual piece of lab
equipment. He polymerized ethylene in a
five-liter canning jar from the inventory of
Karl Ziegler’s wife Maria, using diethyl aluminum chloride and titanium tetrachloride at normal pressure and room temperature. To do this, he injected the ethylene
gas into a stirred suspension of the catalyst
in two liters of a suitable solvent. Immediately the temperature rose and, after just a
few minutes, flakes of polyethylene formed.
He used cold airflows to keep the canning jar at a temperature of about 70 degrees Celsius. Within about 1.5 hours, some
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lyst with alcohol, the chemist obtained
about 400 grams of dried polyethylene in
powder form.
On November 17, 1953, just three weeks
after Heinz Breil’s key experiment, Karl Ziegler filed a patent application at the German Patent Office, claiming the process for
producing high molecular weight polyethylenes. This method was characterized by
bringing ethylene, at pressures of more
than 10 bar and temperatures of more than
50 degrees Celsius, into contact with organometallic catalysts composed of a mixture of aluminum trialkyls and compounds
of the transition metals titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or tungsten.
He named his co-workers Heinz Martin,
Heinz Breil and Erhard Holzkamp as co-inventors. Four additional applications for

A short time later, the Director at the Mülheim institute learned of two Italian patent applications for polypropylene that the
chemicals company Montecatini had filed
on June 8 and July 27, 1954. These patents
named Giulio Natta and Giulio Natta, Piero Pino and Giorgio Mazzanti as inventors.
One can certainly imagine his surprise
upon discovering this, as he himself had already concluded agreements with the Italian chemicals group relating to the inventions from his catalyst kitchen in Mülheim.
In January 1953, the two partners had
also signed an agreement regarding the
technological utilization of reactions with
organoaluminum compounds, which also
included subsequent developments and
an exclusive license to certain property
rights for Italy. Ziegler had, in early 1954,
also forwarded to Montecatini his German
patent applications with the information
on the new catalysts.
In the accompanying letter, Ziegler
wrote: “I expect that we have an understanding between us that any further expansion of this group of new catalysts
shall initially be left completely up to us.”
Those on the other side of the Alps evidently held a different view, and also the
question of whether or not the newly discovered organometallic mixed catalysts
fell under the contract provisions was apparently interpreted differently in Ziegler’s institute and at Montecatini.
As a consultant to Montecatini, Giulio
Natta was very familiar with all the details
of the licensing agreement, which helped
him get started in the new field very quickly. He had begun, as early as February 1954,
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DIFFERING INTERPRETATIONS
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to rework the experiments Ziegler described in the patent applications to polymerize ethylene at normal pressure and,
finally, to extend polymerization to, among
other things, other olefins than ethylene.
In this way, with Ziegler’s catalysts composed of triethyl aluminum or diethyl aluminum chloride and titanium tetrachloride, Natta produced polymers composed
of propylene, 1-butene and styrene.
In the Italian patent from June 8, 1954,
Montecatini and Giulio Natta laid claim to
the production of polypropylene with catalysts of triethyl aluminum and titanium
chloride, as well as the solid, crystalline
polypropylene products having a regular
structure. With the second patent of July 27,
1954, they expanded the claims to include
the production of uniform polymers from
olefins with four or more carbon atoms and
their crystalline polymer products.
The Italian patent applications that
were filed without Ziegler’s consent or
knowledge led to a complicated patent
dispute between the Mülheim-based institute and Montecatini that lasted over
decades. The main dispute raged between
1960 and 1983 before the patent office and
courts in the US.
In the end, the United States Patent
and Trademark Office granted Karl Ziegler’s US application legalization of priority from August 3, 1954. Thereafter, Montecatini went before the courts for many
years in attempts to get the priority question decided in his favor, and to prevent
the grant of a patent for the polymerization of propylene and α-olefins to Karl Ziegler, both without success.

SHARED PATENT BRINGS
32 YEARS OF PROTECTION
Finally, in 1983, a settlement was reached
in which Montecatini withdrew all allegations and priority claims and paid damages to Mülheim. The priority dispute with
Montecatini and Giulio Natta also continually played a role in the long and tedious
court proceedings that Karl Ziegler began
in 1966 for patent infringement against
some US companies. In 1984, the highest
appeals court in Washington D. C. ruled
thus: “It was Ziegler and his named co-in-

A paper for success: Page one of the basic patent (DBP 973626) on the low-pressure
method of producing high-molecular polyethylenes.

ventors who invented those catalysts and
told Natta about them. It is here immaterial who was the first to use those catalysts to polymerize propylene.”
A further decision of the USPTO in
Washington proved to be an unexpected
blessing for the institute in Mülheim: the
division of the application that was required during the examination of one of
the first patent applications for the US. The
examiner was of the opinion that a process
for the polymerization of ethylene and
α-olefins and the production of catalysts
should be assessed independently. The first
patent for the Ziegler catalysts was then
granted in 1963, while the second, for the
protection of the process, wasn’t granted
until 1978. Since, until recently, US patent
law provided patent protection for 17 years

from the date of grant, the Mülheim-based
institute thus enjoyed patent rights in the
US from 1963 to 1995 for a total of 32 years
for the polymerization of propylene.
All complaints from American industry
due to double patenting, on the other
hand, also failed, all the way up to the
highest appeals court in Washington. After all, the examiner had, in the late 1950s,
officially required the division of the patent, which was never corrected. In the
meantime, though, an amended US patent
law had come into effect, so that patent
protection is now granted for 20 years
from the date of application instead of
from the date of patent grant, as is common in the rest of the world. Ziegler’s legal
dispute over the term of his patent is thus
the first and the last of its kind.
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Inventions & Startups in Figures
Figures from the European Patent Office (EPO), 2008 1:
Total number of European patent applications filed:
Number of European patents granted:
Number of patent applications from Germany:
Number of patents granted for Germany:

146,561
59,819
26,653
13,498

Countries that filed the most patent applications with the EPO, 2008 1:
USA:
Germany:
Japan:
France:
Netherlands:

25.5 %
18.2 %
15.7 %
6.2 %
5.0 %

Average age and share of women among inventors in Germany (by sector)²:
Sector
Agriculture
Metallurgy
Biotechnology
Information technology

Age
51
53
44
43

Share of women
2%
3%
20 %
1%

Share of adult population involved in a startup or new company, 2008
(total entrepreneurial activity, TEA) 3:
USA:
France:
Netherlands:
Germany:
Belgium:

10.8 %
5.6 %
5.2 %
3.8 %
2.9 %

Startups in technology-intensive industries (2002-2008) 4:
Germany:
UK:
USA:

12 %
7%
6%

Number of new businesses set up in Germany 5:
2003:
2004:
2005:
2006:
2007:
2008:

508,600
572,600
495,450
471,300
426,000
399,000

Share of scientists in public sector research institutions in Germany
who leave each year to set up a company: 1.25 % 6

Sources
1 D European Patent Office, 2008 annual report: http://documents.epo.org/projects/babylon/eponet.nsf/0/7943587024b8e445c12575a00056831b/$FILE/epo_annual_report_2008.pdf
2 D Tivig, T., P. Hetze, Deutschland im Demografischen Wandel (2007)
3 D International Entrepreneurship: http://www.internationalentrepreneurship.com/total_entrepreneur_activity.asp
4 D Global Entrepreneurship Monitor: http://www.wigeo.uni-hannover.de/fileadmin/wigeo/GEM/gem2008.pdf
5 D GründerZeiten Nr. 01: Existenzgründung in Deutschland (published by the Federal Ministry of Economics and Technology):
http://www.bmwi.de/Dateien/BMWi/PDF/foerderdatenbank/gruenderzeiten-thema1-existenzgruendungen-in-deutschland,property=pdf,bereich=bmwi,sprache=de,rwb=true.pdf
6 D Spinoff-Gründungen aus der öffentlichen Forschung in Deutschland (published by the Federal Ministry of Education and Research):
http://www.exist.de/imperia/md/content/studien/16_zew_studie_spinoff_gruendungen.pdf
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