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Phagocytosis of apoptotic cells by macrophages.
The scanning electron photomicrograph shows a
macrophage (blue) that engulfs several apoptotic thy-
mocytes (yellow). Different phases of the phagocytosis
process are visible. In this particular experiment phos-
phatidylserine receptor (Ptdsr) - deficient mouse macro-
phages have been used, thus demonstrating that these
macrophages are still capable to engulf apoptotic cells.

Photo title: Dr. Rohde

View of the GBF Forum and the Rainwater Biotope.
The FORUM, providing venues for symposia, seminars,
lectures, and exhibitions is located in the southern
part of the GBF campus.

Photo back cover: Radde

® Cover thumbnail pictures from left to right: Stefanie Schiebe controlling the coloration of cell preparations.
Identification of cardiac malformations in Ptdsr knockout mice using magnetic resonance imaging (MRI).
Shown is a 3D reconstruction of MRI data of a wild-type mouse. | Phillip Hahn analysing a skeleton of
a mouse mutant under the stereoscope. | Phagocytosis of apoptotic cells by fetal liver derived macrophages
from Ptdsr-deficient mice. Apoptotic thymocytes (red) were stained with TAMRA and feed to F4/80 stained
fetal liver derived macrophages (green). Quantification of phagocytosis by wild-type or Ptdsr -/- macrophages

revealed no differences in the efficacy of apoptotic cell engulfment.
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e The GBF is a centre for infection research The focus
of our work is the study and investigation of pathogens
which are medically relevant or can be used as models for
researching infection mechanisms. Ninety percent of GBF
funding is provided by the Federal German Government
and the other ten percent by the State of Lower Saxony.
The GBF has approximately 600 employees on its staff
and an annual budget of about € 50 million. The centre
is a member of the Helmholtz Association of German
Research Centres, Germany’s largest non-university
research organization.

Infections are responsible for a third of all deaths
worldwide. Global mobility, international tourism and
migration accelerate the spread of infectious pathogens.
In addition, growing antibiotic resistance, the increased
susceptibility for infections in an aging population, the
reappearance of nearly forgotten infectious diseases,
and the emergence of new infectious agents generate an
urgent need for the development of new therapies and
medicines to combat infectious diseases. Furthermore,
recent research indicates that infections are also responsible
for triggering certain diseases, which were previously
thought not to be connected to pathogens, such as
cancer, diabetes and allergies.

Among the scientific questions we explore are: What
turns bacteria into a pathogen? Why are some people
highly sensitive and others resistant to infections?

How can we intervene in the infection process? Under-
standing these mechanisms will contribute to combating
infectious diseases with new drugs and vaccines.

The human immune system can respond with amazing
speed and agility to new pathogens and yet collapse
occasionally under the onslaught of bacteria or viruses.
How do our natural pathogen defenses work and how
these strategies can be used, or even improved, is the
focus of GBF research on the immune system. For this,
we also study the immune response in mice, which show
high similarity in this respect to their human counterparts.

The GBF works closely with universities and other
research institutes both at the national and international
level, and is also a member of the National Genome
Research Network. As part of a European Union
programme to support talented young researchers,

the GBE together with the Hannover Medical School,
trains young scientists to become experts in infection
research.

The GBF holds certifications for the production of
pharmaceutical agents based on the good manufacturing
practice (GMP) guidelines. As a consequence, the GBF

is able to manufacture substances for clinical testing and
so bridge the gap between basic research and medical
applications.

The German Research Centre for Biotechnology — GBF
Mascheroder Weg 1

38124 Braunschweig, Germany

Tel: (+49) 531-6181-0

Fax: (+49) 531-6181-515

info@gbf.de | www.gbf.de
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Prof. Dr. Rudi Balling | Scientific Director

e Whether in science or industry, international acceptance is the result of hard work. The GBF continues to gain
this recognition as an infection research centre. Four years ago the GBF made the decision to pursue this goal.
Today, GBF scientists publish their research findings on infection biology in prestigious international journals.
We have set up new cooperative efforts with highly regarded partners, such as the Pasteur Institute in France,
the Riken Genomic Sciences Center in Japan and Rockefeller University in the United States. At the same time,
we have also intensified our regional networking in Germany. These advances were made possible by the

extraordinary commitment of our GBF staff members.

For me, the past four years have gone by so quickly. My first tournament as scientific director is now coming to
a close and | would like to express my gratitude to the GBF’s Scientific Advisory Committee and the Supervisory

Board for extending my contract another five years.

To ensure that the GBF maintains its international profile will require great efforts. For that, our scientists
need a creative environment. The future scientific strategy will be based on three pillars: experimentation and
clinical and theoretical infection research. Securely establishing these three aspects will enable us, through the
results of our GBF basic research, to contribute to the resolution of the clinical problems physicians must deal

with on a daily basis.

— Experimental infection research is well established at the GBF — and needs to be expanded further in the
coming years;

— An excellent starting point for clinical infection research is offered by our partnership with the Hannover
Medical School and the joint founding of the Center for Experimental and Clinical Infection Research;

— By setting up R&D in the field of theoretical biology with special emphasis on bioinformatics and system

biology, the GBF can play a pioneering role in infection research.

We want to introduce these aspects to health research at the Helmholtz Association. Only when we proceed
jointly and strategically with other health research centres — especially the DKFZ, MDC, and GSF — will we have
the chance to be internationally competitive. At the same time, however, it is equally important not to ignore
our immediate neighbours. Of key importance is the Braunschweig Technical University. To achieve substantial
results in theoretical biology it is necessary to cultivate an intensive exchange between biology and the
engineering sciences. The Technical University is strong in both these fields — and we need strong partners.
Only by working closely with them, can the strategy and creativity of GBF researchers lead to future scientific

success.

LG
Rudi Balling | | | I 1 1 1H



FOCUS

Photos: left: Dr. Jo Schilling (right) coordinating the interview with Prof. Dr. Rudi Balling, GBF (middle) and Prof. Dr. Dieter Bitter-Suermann,
MHH (left) | centre: Priv.-Doz. Dr. Dietmar Pieper (left) coordinator of the BIOTOOL international research project discussing further experiments

with Dr. Howard Junca of his work group | right: Prof. Dr. Singh Chhatwal analysing agar plates with oral streptococci.
Photos: Hans, GBF (le), Sierigk (ce), Ammerpohl (i)
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OUT OF THE LAB AND THE INTO CLINIC-GBF
AND MHH LAUNCH JOINT TRANSLATION CENTRE
AN INTERVIEW WITH PROF. DR. RUDI BALLING AND

PROF. DR. DIETER BITTER-SUERMANN

HIGHLIGHTS 2004/2005
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Prof. Dr. Dieter Bitter-Suermann (President, MHH) and

Prof. Dr. Rudi Balling (Scientific Director, GBF)

The course has been set: the GBF and Hannover Medical School (MHH) are going to launch a joint research

centre. The aim of the new “Center for Experimental and Clinical Infection Research” is to add a new quality

in research by interconnecting the work of different sectors. “Translation” is the catchword here and stands

for the rapid movement of research results into the clinics — a prospect that promises to make the development

of new medicines and therapies more efficient. Housed in the building that is close to the MHH Campus and

will be vacated by the Max-Planck-Institute for Experimental Endocrinology, the new centre will be designed

to be a melting pot for research to develop new concepts to treat infections.

Infection research is a focus of the Braunschweig-
Hannover region. GBF and MHH work closely on
infection and epidemiology issues. What was the
modus operandi for setting up the “Center for
Experimental and Clinical Infection Research”?

We needed to do this to bring
together two research cultures — two directions. Pure
scientific research on infectious diseases needs to have
a stronger connection to the field of medicine in general
and to applications for patients.

Pure scientific research on infectious diseases needs to have

a stronger connection to the field of medicine in general and

to applications for patients.

Photo: Hans, GBF

This process is called ‘Translation’ - and it
goes in both directions. Medical expertise and the hand-
ling of patients generate questions for doctors that basic
research can answer. However, basic research people need
to know the questions. What problems does medicine
have that researchers should address? When the dialogue
functions, basic research can have a positive influence on
medical research and, in turn, medical applications.

And there is another aspect. At
the MHH, we conduct clinical research and basic research,
but what's missing at the MHH is what the Helmholtz
centres, besides their scientific know-how, can provide;
namely, platform technologies.

Medical expertise and the handling of patients generate

questions for doctors that basic research can answer.

Photo: Hans, GBF
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Medical research is successful...

... but it could still function
better. With the translation centre we can achieve synergy
effects that we can use for infection research. Individually,
each of our facilities is good, but together we will be even
better.

- =

With the translation centre we can achieve synergy effects

that we can use for infection research.

Photo: Hans, GBF

When will the Translation project be launched?

A provisional centre is already
operating. We founded the Center for Infection Biology
in October, 2003. This center doesn’t have its own space
yet, but the doctorate degree programme integrated into
it already exists. As soon as the Max-Planck-Institute for
Endocrinology moves out of its current building, our
centre will move in and have its own facilities. At that
point we won't be the Center for Infection Biology any-
more, but rather the Center for Experimental and Clinical
Infection Research.

When the translation centre becomes a reality, isn’t
there a danger that it will be just another of three
facilities in the region conducting infection research?

No, we are bringing special expertise from
different areas under one roof. The building currently
housing the Max-Planck-Institute for Endocrinology is
directly adjacent to the MHH campus and easily and
quickly reached from Braunschweig. The region is
growing and coming together. What we're doing in
infection biology is just a reflection of this and we're
creating a brand name, as it were: “Infection research
made in Lower Saxony.” In conjunction with the centre
we already have four “DFG-Sonderforschungsbreiche”
(special research areas funded by the German Research
Foundation), several joint research groups and a European
graduate degree programme that enjoys financial support
from the European Union.

There are already numerous scientists working at the GBF
and MHH. In other words, we're joining the established
sectors of infection biology basic research at both the
GBF and MHH with the expertise at MHH in clinical
infection research. The basic researchers and clinical
interns will be able to have a much broader exchange

of ideas and experience just by being together to talk,
whether it’s in the cafeteria or the laboratory. Both sides
will feel responsible for the projects they jointly work on,
and both sides, although now still living in different
worlds, will soon learn to better understand the other.
Together, they can succeed in projects where previously
one discipline alone would not.

‘H

Both sides will feel responsible for the projects they jointly

work on, and both sides ... can succeed in projects where

previously one discipline alone would not.

Photo: Hans, GBF



There are two very clearly defined goals in infection
research: the development of new vaccines and the deve-
lopment of anti-infection agents. But these goals can only
be achieved when we understand the basics; that is, how
the mechanisms of infection work and how anti-infection
therapies or vaccinations function in relation to those
mechanisms. And the best way to do that is together.

What does the focus of the translation centre
actually consist of?

The focus, of course, is determined by the
needs of the medical profession. At the GBE, for example,
we have paid close attention to the infection problems
faced by transplant specialists. These issues, which arise
from the daily clinical routine, are extracted, as it were,
from the MHH research environment and then discussed
with us. Together we then select the topics we think are
the best for us to jointly tackle and solve.

Together we then select the topics we think are the best for

us to jointly tackle and solve.

Photo: Hans, GBF

Naturally, we address the
research issues that the GBF and MHH are involved
with and then we look for the gaps. We ask ourselves
such things as how we can improve or add to areas we
already know well. What are we lacking on know-how,
for example? And now, for the first time, we have
proposed topics that are not handled at all in Germany,
or only peripherally, in order to solidify the special role
of this centre.
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Could you name a few examples?

In the past we have dealt with
persistent and chronic infections, but only in conjunction
with Listeria. However, we have not conducted research
on the basic mechanisms of persistence. That would be
a field for the translation centre; also, antibiotic resistance
and multi-drug resistance. Another issue is biofilm for-
mation; in other words, the ability of pathogenic micro-
organisms to essentially form their own habitats on
endogenic and exogenic surfaces and isolate themselves
from defense mechanisms. This is a highly interesting
aspect, both from a medical and basic research stand-
point. To date, no solution has been found to overcome
this. To be able to understand how the signal trans-
missions function in these bacterial communities would
be very exciting and something we definitely should take
a closer look at.

For questions like these to be jointly tackled by the
GBF and MHH, what would you need?

The key point here is to
bring clinicians in contact with the methods used in
basic research to give medical research a push forward.

ki

The key point here is to bring clinicians in contact with
the methods used in basic research to give medical research

a push forward.

Photo: Hans, GBF
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And to do that there needs to be a joint
effort with the people in basic research. When they have
to solve a medical problem, the clinicians in the new
centre have immediate access to the researchers with the
necessary scientific expertise. And they can solve the
problem together.

You've mentioned five areas that the new centre
could focus on: genetic susceptibility, molecular
mycology, biofilms, infections and cancer,
persistence and chronic infections. Which of these
are the most urgent?

That depends on the personnel.
The way I see it, when we begin looking for people to fill
the key positions, then we have to simply go through the
research landscape and decide who we would like to have
at the centre. There will be two permanent departments
and everything else will be third-party funded projects.
We'll have young researchers coming in for a few years
and then leaving. Besides two department heads, no one
else will be permanent. Instead, there will be a regular
fluctuation. We do need two permanent departments,
though, because when you have so many doctoral candi-
dates, post-grads and young researchers working, you
need to have some constant to take on the organizational
tasks and the academic aspects. At the moment, we're
looking at one department for basic infection research
and one for clinical infection research. These would be
the two pillars supporting the centre.

How will the centre be financed?

Funding and the purchase of the building will come from
the GBF and the Helmholtz Association. The long-term
financing of our operational costs, and the research and
academic appointments, will be divided.

How does the new centre fit in with the general
cost-saving efforts at the MHH?

If we only try to save money,
we'll end up saving ourselves to death. We've set up a
structural package that tapers off toward the end and
allows us more funding at the top.

... And infection research gets some of the
best grades at MHH ...

When will the “Center for Infection Biology and
Clinical Infection Research” be ready to operate?

The preparations are under way. The research programme
is currently being developed and the building is being
purchased. By mid-2006 it will be ready for occupancy.
By the end of 2005, we'll launch the personnel selection
process and at the end of 2006 life will begin in the new
building

The research programme
is currently being deve-
loped and the building

is being purchased.

Photo: MPG

Dr. Jo Schilling is a freelance science journalist,
writing for national and international newspapers,
magazins and radio stations. She is specialized in
biotechnological, medical and chemical topics.
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Manfred Braun | Department of Public Relations

Elite International Doctorate Candidates Highly
qualified young researchers from around the world are
getting the chance to polish their skills in Braunschweig.
Since the autumn of 2004, the GBF has been coordina-
ting the EU support programme “Miditrain”. Together
with the Hannover Medical School (MHH), the GBF

is giving 12 doctoral candidates advanced training in

LMl
R

pathogen research. The candidates were selected from
250 applicants. In the coming years, they will be
working on various projects to study what molecular
‘weaponry’ pathogens use against humans, how our
immune systems defend themselves against them and
how these pathogens can be combated with vaccines or
medicines. The EU has set aside some € 2 million from
its scientific training programme “Marie Curie Actions”
to finance “Miditrain” - which stands for “Molecular

Interaction during Infection”. (Autumn 2004)

Prof. Dr. Hans Reichenbach (left) and Prof. Dr. Gerhard
Hifle (right) were honoured with the Karl Heinz Beckurts
Prize.

Photo: Hiibner

Beckurts Prize for Cancer Drug Two GBF researchers
were honored in December 2004 as the recipients of
the prestigious Karl Heinz Beckurts Prize. Microbio-
logist Prof. Dr. Hans Reichenbach and chemist Prof.

Dr. Gerhard Hofle received the award at a ceremony in
Munich. The jury at the Karl Heinz Beckurts Foundation
praised what it called “the excellent work in natural
products research” contributed by Reichenbach and
Hofle over the past few decades.

Since the 1970s, the two Braunschweig scientists have

Three GBF tutors for the Miditrain programme: explored the biology and chemistry of myxobacteria.
Dr. Hansjérg Hauser (left), Dr. Siegfried Weifd(centre), These soil-based bacteria have garnered the attention
and Dr. Andreas Lengling of the scientific community because they produce a

) wide variety of chemical compounds. Many of these
Photo: Ammerpohl

substances possess interesting biological qualities, such
as Epothilon, which has proved suitable for treating
cancer and is currently undergoing clinical testing.

(December 2004)



Fatal Tooth Decay Pathogens Bacteria known as oral
streptococci, which live in the human oral cavity, not
only cause tooth decay, but sometimes also far worse
ailments, such as cardiacvalvulitis, or inflammation of
the heart valves. A new research project, supported by
the Helmholtz Association, is now taking a closer look
at this pathogen to hopefully develop possible counter-
measures. Involved in the project, along with the GBE
are the University of Kaiserslautern and the Leipzig
University Hospital. The effort is being coordinated by
Prof. Dr. Singh Chhatwal, head of the GBF department
Microbial Pathogenicity and Vaccine Research.

Oral streptococci are primarily responsible for the
creation of plaque and tooth decay. However, when
they manage to enter the bloodstream - due to an
injury for example - they can trigger blood poisoning.
If they reach other parts of the body through the
circulatory system they can cause abscesses in the
throat, lungs and liver and even life-threatening
cardiovalvulitis. (November 2004)

Oral streptococci

Photo: Dr. Rohde
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Dr. Holger Ziehr, Head of the GMP unit, showing the GMP
certification.

Photo: Hiibner

Broad GMP Certification Since the autumn of 2004,
the GBF holds a broad certification for manufacturing
pharmaceutical agents for clinical testing. The certifi-
cation was authorized by the Federal Office for Pharma-
ceutical and Medical Products (BfArM) and the Braun-
schweig regional government. The certification allows
the GBF to manufacture “recombinant nucleic acids
and proteins from microorganisms and cell cultures”,
based on Good Manufacturing Practice standards (GMP).
The permit includes most substances of medical interest
that can be produced by biotechnological means and

is independent of any application or mechanism of
efficacy. Before obtaining this certification, the GBF had
to apply for a manufacturing permit for each and every
substance it wanted to produce according to GMP guide-
lines. (Autumn 2004)
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GBF Acquires BioTec Start-up Centre The GBF has
purchased the BioTec Start-up Centre on its campus
from the City of Braunschweig. In an agreement between
the Struktur-Férderung Braunschweig GmbH (SFB) and
the GBE the two partners secured the future support of
start-up companies. The building will continue to be
available to Biotech start-ups.

The innovation centre opened in September 2002, but
only a few spaces were leased long-term. Now, the
prospect of improved occupancy and a livelier campus
offers advantages to the GBF: Several of the GBF buil-
dings are in need of renovation, so the purchase of the
startup centre spares the GBF from the costly and time-
consuming development and construction of a new
building. In addition to start-up companies, various
GBF research groups will move into the start-up centre,
including structural biology and instrumental analysis.
(Summer 2004)
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The BioTec Start-up Centre belongs now to the GBF.

Photo: Gabel GBF

Schematic design of the HIV-virus.

Graphic design: B. Meyer, GBF

Combination-Vaccines against AIDS Scientists

hope that with novel combination vaccines they will
be able to combat the AIDS virus. Research laboratories
in seven countries in Europe and Africa - among them
a GBF group - have joined forces in the AIDS Vaccine
Integrated Project, or, AVIP. The European Union is
supporting the multinational effort with € 10 million.
AVIP coordinator is Prof. Barbara Ensoli from the
Istituto Superiore de Sanita in Italy.

AVIP researchers hope to tackle the HIV pathogen with

a vaccine that contains both structural and regulatory
virus components; in other words, HIV building blocks
and molecules that control its reproductive cycle and
the switching on and off of its genes. “The human body,”
says Prof. Dr. Carlos Alberto Guzman, head of the vaccine
research group at the GBE “should then build up an
immune reaction to all these components. Such a vaccine
could be both preventative as well as therapeutic.”

(July 2004)



Gene Therapy: A Search for the Gentle Method
(Episomes) Treating congenital disease by introducing
functional genes into the human organism: with a new
methodology, researchers from Germany, England and
the Netherlands are aiming for a breakthrough in this
process, known as gene therapy. The network of scien-
tists, which also includes GBF research group leader
Prof. Jiirgen Bode, wants to advance the development of
a certain type of DNA element - the so-called episomes.
The European Union is contributing financial support

for the Epi-Vector-Project.

On the outside instead of inside: The diagram shows a
schematic representation of two chromosomes (blue). Inside
the chromosomes the DNA is densely wound around protein
bodies. Foreign DNA elements (red) can combine in various
ways with a chromosome. Some of them become an integral
component of the chromosome (lower half of the diagram),
which is how many viruses smuggle themselves into the
DNA of host cells. This is also how classic vectors (DNA
transport elements) function in gene therapy. Episomes
(upper half of diagram) are different, because these ring-
like DNA molecules attach themselves to the outside of
certain chromosome carrier structures. The advantage is that
genes inside the host chromosome are not damaged and is
the reason why scientists are now searching for ways to use

episomes in gene therapy.

Graphic design: B. Meyer, GBF
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Episomes are DNA elements that do not anchor
themselves in the genetic material of host DNA and
instead attach themselves only to certain support
molecules in the nucleus of a cell. Their information
is jointly read with that of the chromosomes and
together they multiply with the chromosomes every
time cell division occurs.

Researchers in the Epi-Vector-Project now want to find
out whether episomes are suitable for a gentler form of
gene therapy. (Summer 2004)

Human Genome Fully Deciphered Humans have
fewer genes than previously thought. Instead of 30,000
to 40,000 as presumed in earlier estimates, the figure

is now between 20,000 and 25,000. This surprising dis-
covery was made by the 20 research institutes participa-
ting in the International Human Genome Project, which
reported their findings on the nearly fully deciphered
sequence of the human genome in the journal Nature.
The article, published in October 2004, represented

the completion of research with participation of the
German Human Genome Project, headed by Dr. Helmut
Blocker from the GBF Department of Genome Analysis.
An initial rough draft of the human genome sequence
was first published in 2001.

In addition to the systematic analysis of further
genomes, Dr. Blocker's department in future will spend
more time studying the function of individual genes,
as well as bioinformatic methods for genome analysis.
(October 2004)

International Mouse Genome Conference For four
days in November 2003, experts in mammalian genome
research from all over the world met in Braunschweig
at the 17th International Mouse Genome Conference.
The principal topic of the conference, mouse genetics,
is becoming more and more important for medical
developments as the mouse is now well established as
a model organism for the analysis of diseases and the
validation of new drug targets. The meeting was jointly
organised by the International Mammalian Genome
Society (IMGS) and the GBE whose scientific director,
Prof. Dr. R. Balling, was past-president of IMGS.
(November 2003)
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EHEC Experts Honored GBF scientist Dr. Andreas
Matussek was awarded the doctorate prize of the
Hannover Medical School (MHH) for his work on
the dangers posed by the food germ EHEC.

EHEC bacteria are generally ingested via impure food-
stuffs. Children, in particular, frequently fall ill after an
infection. The reason is a cell poison, called Shiga toxin,
which exists in two variations. The EHEC bacteria pass
this toxin to the intestine.

Using modern testing methods, Dr. Matussek investigated
the influence of Shiga toxins on gene regulation in

the human vascular walls for his doctoral thesis. He
observed that the toxins apparently trigger a sequence
of inflammatory reactions in human tissue cells that

are so intense that they can severely damage the body.
Dr. Matussek’s thesis work was jointly supervised by the
GBF and MHH. (April 2004)

Biotech Training for Researchers from ASEAN
Countries Twenty-two young scientists from Southeast
Asia - ranging from the medical biologist from Thailand,
environmental biologist from Vietnam and the agro-bio-
logist from Laos - took part in a six-week GBF course
last May. The seminar, called “Modern Industrial Biotech-
nology”, provided extensive information about current
research methods. The programme included numerous
lectures, laboratory visits, demonstrations and excursions.

The course, held in Braunschweig, is an integral part
of a one-year training programme designed to promote
scientific and industrial cooperation between Germany
and Southeast Asia.

Organizers, in addition to the GBE are the German
Federal Employment Office, the BioRegioN of Lower
Saxony and Capacity Building International (InWent),
Germany. (May 2004)

Electron-microscopic photograph of EHEC bacteria of the
serotype O157:H7.

Photo: Dr. Rohde

22 participants of the course “Introduction to Industrial
Biotechnology” from ASEAN countries during the

tour of the GBF together with the course coordinator
Prof. Dr. R. Jonas.

Photo: GBF



Biissing Award for B-Cell Researcher Like arrows
in a quiver, specialized cells of our immune system
maintain a regular cache of antibodies to defend against
several typical bacteria and virus components. It is
believed that, besides the well-known B2 lymphocytes,
more “primitive” B cells represent a first line defense
system. Signs that this is the case were discovered by
Karsten Kretschmer, who wrote his PhD thesis at the
GBF and now works in the USA. For his research work
on B1 cells Dr. Kretschmer received the € 4,000
Heinrich-Biissing-Prize from the Foundation for the
Advancement of Science at Braunschweig Technical
University. (June 2004)

Dr. Karsten Kretschmer (3rd from the right side) together
with Dr. Siegfried Weifs, his supervisor (2nd from the right
side) after the receipt of the Heinrich-Biissing-Prize.

Photo: TU Braunschweig

A Fast-Track Diagnosis for Polluted Biotopes The
analysis of bacterial genes and proteins could soon
provide fast and reliable information about the self-
cleansing activities of polluted biotopes. Developing
the appropriate methods for these tests is the task of
“BIOTOOL”, a transnational research project involving
nine laboratories from Germany, Spain, the Czech
Republic, Denmark and Switzerland. Coordinator of the
project is GBF researcher, Priv.-Doz. Dr. Dietmar Pieper.
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With the aid of molecular indicators the project partners
are looking to answer one question early on: Will bacte-
ria be able to degrade the toxins of a polluted biotope?
The quick test procedure should help researchers develop
a better understanding of the activities and adaptability
of bacterial communities. The European Union is
helping to finance the project with € 1.8 million.
(Autumn 2004)

When Bacteria Stick Like Glue: The Biofilm
Conference They can cause severe chronic infections,
attach themselves to medical implantations, clog drains
and pipes in factories — bacterial biofilms that install
themselves on all kinds of surfaces are a phenomenon
that science is only just beginning to understand.
Experts from around the world exchanged their latest
discoveries on this complex issue at the conference
“Biofilms - Prevention of Microbial Adhesion”. The
meeting, held in Osnabriick from March 31 through
April 2, 2004, was jointly sponsored by the GBE the
National Environment Foundation of Germany (DBU),
and the University of Duisburg-Essen. The key, and very
praxis-oriented, question at the conference was how

to prevent biofilms from forming in the first place; for
example, by using innovative surface materials that
make bacterial adhesion more difficult. (April 2004)

Images of how the fast-track diagnosis may work after their

development.

Photo and collage: Klimek
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Four members (out of 7) of the managing committee of the

newly founded “Federation of biological and biomedical
societies” (vbbm): Prof. Dr. Harald Labischinski, Bayer AG,
Wuppertal, member (left), Prof. Dr. Rudi Balling, GBE,
chairman (2nd left), Prof. Dr. Angelika Noegel, Institute
for Biochemistry, University of Kéln, vice-chairwoman

(2nd right), Prof. Dr. Walter Rosenthal, Research Institute

for Molecular Pharmacology, Berlin-Buch, treasurer (right).

Photo: Gazlig

A Lobby for Life Sciences In the spring of 2004,
thirteen societies involved in life science research
joined forces to form a German life sciences umbrella
organization. The Federation of biological and bio-
medical societies (vbbm) now represents mutual group
interests in the political, economic and social spheres.
The vbbm's first president is the scientific director of
the GBE Prof. Dr. Rudi Balling. As his deputies, the
member societies selected Prof. Dr. Angelika Noegel and
Prof. Dr. Ernst Rietschel at their founding conference in
Kassel. vbbm founding members already represented
some 17,000 bioscientists and that figure increased to
about 25,000 by March 2005. Until now, bioscientists

and medical biologists were scattered across more than
70 individual organizations, said Balling, making it
“impossible to conduct effective lobbying for the

life sciences in Germany.” Prof. Balling pointed to the
successful lobbying activities in other science sectors,
such as physics and chemistry. “The example of the
German Physics Society,” says Balling, “demonstrates
how much clout an association can have.” (March 2004)

A Meeting of Microbiologists from Around the
World Experts from many countries - from the USA
and Japan to Ireland and Denmark - came together

in Braunschweig in March to discuss bacteria research.
Some 1,000 participants were greeted at the annual
meeting of the Association for General and Applied
Microbiology (VAAM) held at Braunschweig Technical
University. The focus of the conference was on the
application of computer models in biotechnology and
infection research. VAAM is Germany's leading micro-
biology association with some 2,000 scientists involved
in microbiology research. This year’s meeting was
organized by VAAM and five scientific institutes from
the Braunschweig region, including the GBF and DSMZ.
(March 2004)

Peptide Symposium at the GBF A highly versatile
class of molecules was the subject of a conference held
at the GBF in late February and early March of 2005.
Experts from all over the world gathered in Braunschweig
for the “7th German Peptide Symposium”. Peptides are
suited for a wide variety of medical applications because
they are made of the same molecular building blocks as
natural proteins. The German Peptide Symposium has
been taking place every two years since 1993 and offers
young researchers, in particular, a forum for presenting
their work and for meeting the internationally reco-
gnized experts in this field. The 7th symposium, which
included guests from the USA and several European
countries, was organized by the GBF scientists

Dr. Ronald Frank and Priv.-Doz. Dr. Jutta Eichler.
(February 2005)



During a presentation at the Peptide Symposium at the
GBF-FORUM, February 2005.

Photo: GBF

2,000th Participant at School Laboratory The Bio-
technology School Laboratory Braunschweig (BioS)
greeted its 2,000th pupil at the beginning of the year.
To celebrate the event, the BioS staff gave Roland Bunte,
a student at Braunschweig’s Ricarda-Huch-Gymnasium
high school, and his classmates a chocolate marzipan
cake shaped like an electrophorese gel used in DNA
analysis. BioS has been established on the GBF campus
in spring 2002 for the high school students in grades

10 through 13. The project is headed by the high school
teachers Arntraud Meyer and Dr. Iris Eisenbeiser. Both
have been released from teaching duties to concentrate
on the experiment courses for the learning groups of
24 students. Pupils in the BioS courses can, for example,
analyse foods using biotechnology methods or create

a genetic fingerprint from a strand of hair. (January
2004)
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Roland Bunte (middle), Ricarda-Huch-Gymnasium,
Braunschweig, is the 2000th course participant in the
BioS course system. The teachers Dr. Iris Eisenbeiser and
Arntraud Meyer (both on the right side) presented him
and his classmates with a special chocolate marzipan cake,
and Mr. Roland Willems (left) brought the best regards

from the district government.

Photo: Ammerpohl

Hannes Schlender (right), biologist and journalist, is Head
of the GBF Public Relations Department. Manfred Braun

(left), biologist and journalist, is the GBF Press Spokesman.
Anne Feldmann (middle) is the Secretary of the GBF Public

Relations Department.

Photo: GBF
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Photos: left: Raimo Franke loads the autosampler of a LC/MS instrument for the analysis of synthetic peptides | centre: A C3H/HeN mouse |
right: Phillip Hahn analysing a mouse mutant under the stereoscope. In the background Ivonne Wegener (le) and Stefanie Schiebe (i) are discussing

experimental results. Photos: Bierstedt
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e Apoptosis, or programmed cell death, occurs in many tissues of the body throughout life. This process is

important for the development and maintenance of cellular homeostasis, thereby ensuring that cells are
eliminated, which are no longer needed, or, which may become harmful for the organism. The safe removal

of apoptotic cells represents the final step, and perhaps the ultimate objective, of the apoptotic programme.
Rapid engulfment of apoptotic cells ensures that dying cells are removed before they lose their membrane inte-
grity and dispose their intracellular contents into the neighbouring tissues.

Macrophages represent one of the most important cell types involved in clearing apoptotic cells from the body.
Most importantly, phagocytosis of apoptotic cells must not result in the induction of an inflammatory response
and, therefore, this process is accompanied by powerful anti-inflammatory and immunosuppressive effects.
Failure of apoptotic cell clearance can thus have serious consequences for the health status of an organism.
Understanding the balance between pro- and anti-inflammatory responses of macrophages, in particular in the
context of apoptotic cell removal, is important because it will provide new insights into the pathogenesis of
infections, autoimmune disorders, persistent inflammatory diseases and cancer. Thus, unravelling the molecular
mechanisms of apoptotic cell removal will have a significant impact on the development of future therapies of

these diseases.

A historical perspective The seminal work of Through the observation of the uptake of rose thorns by
Ilya Ilyich Metchnikov in the late nineteenth century mesodermally derived amoeboid cells in the starfish
established a role for phagocytosis in the removal of larvae, he realized that there is a conceptual link between
senescent cells and in host defence. As a developmental the engulfment of effete cells as part of normal develop-
biologist, Metchnikov worked in Messina (Sicily) with ment and host defence. His work defined macrophages as
starfish larvae and described for the first time the gatekeepers in the first-line host defence and pinpointed
complex cellular process of phagocytosis, by which the similarities in phagocytosis of microorganisms and of
particles are recognized, engulfed and eliminated. dying cells that need to be removed during development.

For the discovery of phagocytosis, Ilya Metchnikov was
awarded the Nobel Prize in 1908.
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PAMPs and ACAMPs In recent years, studies in the
laboratories of Jules Hoffmann at the University Louis-
Pasteur in Strasbourg and of Charles Janeway and
Ruslan Medzhitov at Yale University in New Haven have

established the molecular concept of innate immune This mechanism is extremely important considering what
recognition of pathogens. It relies on a limited number phagocytes have to accomplish every given minute in our
of germ-line encoded receptors that recognize conserved bodies to ensure a safe removal of apoptotic cells. It has
products of microbial metabolism defined as “pathogen been estimated that the total population of neutrophils
associated molecular patterns” (PAMPs). Activation in the human body is renewed two and a half times per
of pattern recognition receptors by PAMPs results in day via apoptosis and replenished by the haematopoietic
the activation of signalling pathways that induce the system. Therefore, it is essential for homeostasis of the
phagocytotic removal of pathogens as well as protective organism that such high rates of apoptotic cell turnover
inflammatory responses against the microbial invaders. are not associated with inflammatory responses. In

This principle allows the immune system to distinguish addition, dead cell corpses have to be cleared quickly and
between infectious non-self from non-infectious self. efficiently before the cell integrity gets lost and potential

cytotoxic and antigenic intracellular contents leak into
Most strikingly, research on the molecular mechanisms the surrounding tissue.
of apoptotic cell clearance came up with a very similar
concept. Apoptotic cells, like microbes, can present
conserved molecular patterns to recognition receptors
to mediate their removal from the body. These molecular
patterns on apoptotic cells have been described as “eat
me signals” for the phagocytosing cells and in analogy
to the PAMPs of microorganisms they have been named
“apoptotic-cell-associated molecular patterns” (ACAMPs).
However, in sharp contrast to the PAMPs of micro-
organisms, ACAMPs induce strong anti-inflammatory
responses upon recognition by phagocytes. Clearly, such
a process is required since it ensures an efficient and
silent removal of apoptotic cells without the triggering
of inflammatory reactions or the induction of immunity
against self-antigens.

® Phagocytosis of apoptotic cells by macrophages.

The scanning electron photomicrograph shows a macrophage
(blue) that engulfs several apoptotic thymocytes (yellow).
Different phases of the phagocytosis process are visible.

In this particular experiment phosphatidylserine receptor
(Ptdsr)-deficient mouse macrophages have been used, thus
demonstrating that these macrophages are still capable to

engulf apoptotic cells.

Photo: Dr. Rohde
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Who talks to whom? Several receptors on phagocytes
have been implicated in the recognition of “eat me
signals” on apoptotic cells in recent years. The molecular
picture of the phagocytotic engulfment machinery has
become remarkably complex. In analogy to the inter-
actions that occur between antigen presenting cells and
T cells at the immunological synapse, the molecular
scanning process of apoptotic cell surfaces — which
involves the coordinated interaction of several receptors
on phagocytes — has been described as the engulfment
synapse.

Bleb

Apoptotic Phagocyte
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® Schematic overview of the engulfment synapse.
Different molecules are shown that interact at the apoptotic
cell/phagocyte interface. One can differentiate between
ACAMPs or “eat me signals” on apoptotic cells like
thrombospondin binding sites (TSP), oxidized low-density
lipoproteins (Ox.-LDL), phosphatidylserine (PS), ICAM-3
and sugar residues and their cognate receptors on the
surface of the engulfing phagocyte. These are for example,
integrins, scavenger receptors, CD14 and lectins. An arrow
indicates the phosphatidylserine receptor, which has been
particular implicated for the clearance of apoptotic cells.
In this overview only selected molecules are shown that
represent classes of molecules that have been identified to
be important for apoptotic cell removal. The engulfment
process is by far more complex, because many more
molecules are involved that are not shown on this cartoon
due to space limitations (for a recent review, see Devitt
and Gregory, 2004 ).

Among the identified receptors of the engulfment
synapse are classical PAMP receptors like CD36, scavenger
receptor A, CD14 and members of the collectin family

of receptors, such as CD91 and calreticulin. Others
include members of the integrin family, such as the
vitronectin receptor ayfs, the receptor tyrosine kinase
Mer and the phosphatidylserine receptor. The latter has
been described to specifically recognize the phospholipid
phosphatidylserine on the surface of apoptotic cells. The
exposure of phosphatidylserine (PS) in the outer leaflet
of the plasma membrane of apoptotic cells is one of the
hallmarks of the induction of apoptosis and is considered
to be one of the most important signals required for
apoptotic cell recognition and removal.

Besides the phosphatidylserine receptor, other molecules
have been identified that can interact with exposed PS

on the apoptotic cell surface. Among those are the serum
proteins p2-glycoprotein 1, annexin 1, protein S, GAS-6
and the milk fat globule protein MFG-E8. It has been
hypothesized that these molecules might serve as bridging
molecules between apoptotic cells and the engulfing
phagocytes. However, their cognate receptors on macro-
phages have not been well defined and the individual
roles of these proteins in binding, phagocytosis and
transduction of anti-inflammatory signals upon apoptotic
cell recognition are currently not known. Working out
why there are so many PS-binding molecules and how
they all interact to accomplish a safe removal of apoptotic
cells is a major preoccupation of researchers in the
apoptosis field.
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® Model for the externalization of phosphatidylserine (PS)

upon induction of apoptosis. Shown is the distribution of PS
in the cytoplasma membrane of healthy (A) and apoptotic
ells (B). In healthy cells PS is localized mainly in the inner
leaflet of the cell membrane. The enzyme aminophospholipid
translocase ensures that PS is pulled back from the outer
leaflet to the inner leaflet of the cell membrane if it diffuses
to the external lipid bi-layer. Upon induction of apoptosis
the aminophospholipid translocase gets inactivated and an
activated scramblase randomly distributes all phospholipids
across the bi-layer. This results in PS exposure of the
apoptotic cell. PC = phosphatidylcholine,
PE = phosphatidylethanolamine, PS = phosphatidylserine,
Sph = sphingomyelin.

The phosphatidylserine receptor In 2000, a gene was
cloned that was claimed - based on in vitro experiments —
to encode a transmembrane receptor for PS on apoptotic
cells. It was proposed that this phosphatidylserine recep-
tor (Ptdsr) fulfils a crucial role as a signalling switch after
the engagement of macrophages with apoptotic cells. This
would trigger the release of anti-inflammatory mediators,
including transforming growth factor-f 1, platelet-activating
factor (PAF), and prostaglandin E2. To investigate the bio-
logical function of the Ptdsr in vivo, we generated a mouse
mutant line that carries an inactivated phosphatidylserine
receptor gene.

The deletion of the Ptdsr-gene in the mouse turned out
to be associated with severe developmental defects
during embryogenesis that culminated in the death of
homozygous knockout mice at birth. Mutant Ptdsr-mice
are growth retarded and display a delay in the terminal
differentiation of several important internal organs
including the kidney, liver and lungs. In addition, eye
development is compromised in Ptdsr-deficient mice,

RESEARCH REVIEWS | Gone but not Forgotten - the Impact of Apoptotic Cells on the Immune System 25 -

ranging from mild retinal differentiation defects to
absence of eyes that is associated with induction of
ectopic, rudimentary eye structures in nasal cavities.

Moreover, we could recently demonstrate together with
the group of Shuomo Bhattacharya at the University

of Oxford that Ptdsr is required for heart development.
Using magnetic resonance imaging, we found that

the septum which usually separates the right and left
ventricle does not close properly in Ptdsr knockout mice.
In addition, Ptdsr-deficient embryos displayed defects

in the development of the heart outflow tract and the
pulmonary artery. These cardiopulmonary malformations
are most likely the reason why inactivation of Ptdsr

function is associated with neonatal lethality.

® Ptdsr is required for heart development.
(A) Ptdsr-deficient embryos are frequently displaying
massive subcutaneous edema (left: mutant embryo, right:
wild-type littermate). This is due to the development of
cardiac malformations in Ptdsr knockout mice.
(B) Identification of cardiac malformations in Ptdsr
knockout mice using magnetic resonance imaging (MRI).
Shown is a 3D reconstruction of MRI data comparing
wild-type (left) and Ptdsr mutant hearts (right). It can
be recognized that the ventricle volumes are reduced in
mutant embryos (rv = right ventricle, lv = left ventricle).
In addition, a ventricular septal defect (VSD) is visible

in the mutant heart.




- 26  RESEARCH REVIEWS | A Detailed Picture of the Interaction between Man and Bacteria

® Phagocytosis of apoptotic cells is not impaired in Ptdsr knockout mice. Phagocytosis of apoptotic cells by fetal liver derived macrophages
from wild-type (A) and Ptdsr-deficient mice (B). Apoptotic thymocytes (red) were stained with TAMRA and feed to F4/80 stained fetal
liver derived macrophages (green). Quantification of phagocytosis by wild-type or Ptdsr”- macrophages revealed no differences in the

efficacy of apoptotic cell engulfment.

Photo: Dr. Bose

The developmental defects in Ptdsr mutant mice point A comprehensive investigation of apoptotic cell clearance
to an essential role of the gene during embryogenesis. It in vivo and in vitro demonstrated that engulfment of
shows that Ptdsr has a novel, yet unrecognized, function apoptotic cells was normal in Ptdsr knockout mice,

as an important differentiation-promoting gene in early challenging the hypothesis that the protein functions as
mouse development. Surprisingly, our group found a receptor for phosphatidylserine. Furthermore, work

no evidence that Ptdsr is important for apoptotic cell from our laboratory and from others could demonstrate
removal. that the Ptdsr-protein is located in the cell nucleus,

raising further doubt that Ptdsr has functions as a classical

transmembrane receptor.
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However, Ptdsr seems to be very important for macro-
phage function in other respects. Stimulation of Ptdsr-
deficient macrophages with PAMPs like lipopolysaccharide
showed that pro-inflammatory cytokine secretion and
signalling is compromised. These findings, together with
the additional haematopoietic defects observed, suggest
that Ptdsr still is important for immune function, even

if the gene is not required for apoptotic cell removal as
previously hypothesized.

Autoimmune disease — An opening for new strategies
The tight linkage of apoptotic cell removal and anti-
inflammatory signalling has a significant impact on the
development of diseases. Ingested apoptotic cells are a
source for antigens that can be presented via the MHC
class-I-presentation pathway to T cells for immune tole-
rance or immune activation. The context in which the
presentation of self-antigens occurs is important for the
induction or suppression of adaptive immunity.

The process of phagocytosis of apoptotic cells by macro-
phages and immature dendritic cells actively suppresses
inflammation and promotes peripheral tolerance through
increased production of anti-inflammatory mediators and
inhibition of pro-inflammatory cytokine release. This
inhibits dendritic cell maturation and leads to a reduced
capacity of the dendritic cells to directly stimulate and
activate T cells. As a consequence, the tolerance against
self-antigens is usually maintained.

However, the situation changes when the clearance of
apoptotic cells becomes associated with danger signals
for the immune system. Such signals could be tissue
injury, inflammation or infections that can cause cellular
apoptosis in affected tissue areas, as well as a release of
inflammatory mediators. If, in such situations, the clea-
rance of apoptotic cells is not occurring fast and efficient-
ly, remaining apoptotic cells can undergo secondary
necrosis and can become potent stimulators of antigen
presenting cells. This can result in inappropriate presen-
tation of self-antigens, activation of T cells and develop-
ment of autoimmunity.

The importance of efficient mechanisms for apoptotic
cell removal is supported by the observation that auto-
immune responses can be provoked in mice when key
molecules for apoptotic cell recognition and uptake are
missing. Mice that lack the complement protein C1q, the
Mer receptor, transglutaminase 2 or the PS-recognizing
molecule MFG-ES all display severe defects in apoptotic
cell clearance and develop late onset autoimmunity
diseases such as glomerulonephritis.
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® Pro- and anti-inflammatory cytokine production is impaired in Ptdsr knockout macrophages. Fetal liver derived macrophages from

wild-type and Ptdsr-deficient embryos were incubated with medium (0), lipopolysaccharide (LPS, 10 ng/ml), apoptotic cells (ratio 1:10),
or in combination with LPS and apoptotic cells. (A) Quantification of TGFfi1 levels demonstrate that Ptdsr/- macrophages are still able
to secrete this anti-inflammatory cytokine upon recognition of apoptotic cells, although at a slightly lower level than wild-type macropha-

ges. (B) Ptdsr”- macrophages produce also significantly less of the pro-inflammatory cytokine TNF-o. than wild-type macrophages upon

single LPS stimulation or upon double stimulation with LPS and apoptotic cells.
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Defects in apoptotic cell removal can be associated with
pathogenesis of autoimmunity. This has been demon-
strated in patients with systemic Lupus erythematosus
(SLE). Monocyte-derived macrophages isolated from

SLE patients have been reported to have a reduced ability
to phagocytose apoptotic cells and in some groups of
patients free apoptotic cells were observed within lymph
node germinal centres.

These observations clearly underline how important it is
to understand the basic mechanisms of safe apoptotic cell
removal. Key molecules involved in the process might be
important targets for the design of future therapies. One
could envision that manipulation of phagocyte clearance
might shift the balance between pro- and anti-inflamma-
tory responses. Influencing this process may thus allow
the development of new therapeutic strategies for the
treatment of inflammatory and autoimmune diseases on
the one hand, and, improve vaccine strategies for infec-
tions and cancer on the other.

Strategies for immune evasion Many bacterial and
viral pathogens have the capability to induce actively

host cell apoptosis in the course of infection. At particular
critical phases of infection, some pathogens make use of
the induction of apoptosis as a strategy to overcome the
host defence response. For example, many intracellular,
bacterial pathogens like Salmonella, Legionella, Shigella
and Bordetella can infect macrophages and subsequently
induce their apoptosis as part of the regular infection
programme.

To accomplish this, these pathogens express specialized
virulence factors that modulate the survival of host cells.
This allows pathogens to decide at which phase of infec-
tion it is most advantageous for them to eliminate macro-
phages - one of the most important first line defender
cells of the host innate immune response. Macrophages
have the ability to recruit appropriate types of immune
cells to the site of infection. Therefore, it seems logical
that many pathogens have evolved mechanisms to sup-
press or subvert the macrophage’s ability to coordinate
effective antimicrobial immune responses.

On the other hand, as already described, the clearance of
apoptotic cells by phagocytes triggers the induction of
strong anti-inflammatory responses. A pathogen that is
able to activate this anti-inflammatory response can sup-
press an immune response and thereby avoid a further
recruitment and activation of immune effector cells to the
infection site. Therefore, induction of host cell apoptosis
during infection might be associated with the generation
of local, immunosuppressive environments that promotes
pathogen survival and dissemination to other host tissues.

Apoptotic mimicry Very interestingly, recent reports
about parasite infection cycles came up with additional
and novel concepts on how pathogens might use the
ACAMP phosphatidylserine (PS) to down-regulate the
microbicidal activity of macrophages. The amastigote
state of Leishmania spp. can invade macrophages by
exposure of phosphatidylserine on the cell surface. PS
exposure induces not only the internalization of the
parasite into the host cell, it is also associated with
secretion of the immunosuppressive cytokine TGFf1
and the subsequent deactivation of the macrophage.

By using this mechanism, which has been described as
“apoptotic mimicry”, the parasite is able to evade the
killing activity of macrophages and to thereby establish a
persistent infection in the host. Similar mechanisms have
been described for Toxoplasma gondii and Trypanosoma
cruzi. Infections by these parasites are also associated
with cell surface exposure of PS by the pathogen (Toxo-
plasma) or induction of intense lymphocyte apoptosis
and subsequent macrophage deactivation by apoptotic
cell clearance (Trypanosoma). Both mechanisms allow the
intracellular growth of these parasites by disabling the
microbicidal effects of macrophages. It remains to be
investigated if “apoptotic mimicry” might be also used
as an immune evasion mechanism by other pathogens
like bacteria and viruses.
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The apoptosis puzzle In recent years, considerable
progress has been made in the understanding of the
molecular details of apoptotic cell clearance and the
subsequent consequences that this process imposes on
the immune system. It has been known since the early
days of Ilya Metchnikov that macrophages play a pivotal
role in the clearance of dead host cells as well as in the
phagocytosis and elimination of infectious micro-
organisms. However, the outcome of both macrophage
encounters for the immune system can be very different,
depending on the cellular context.

Clearance of apoptotic cells is associated with anti-
inflammatory responses that are important to ensure

the maintenance of cellular homeostasis. In contrast,
macrophage mediated phagocytosis of pathogens triggers
pro-inflammatory reactions crucial for host defence. If the
balance between both macrophage effector mechanisms
gets disturbed, diseases will develop.

Defects in apoptotic cell clearance may induce autoim-
munity, and induction of apoptosis or apoptotic mimicry
by pathogens during the infection process will modulate
the immune response to the advantage of the pathogen.

The exposure of phosphatidylserine on the surface of
apoptotic cells has been established as a hallmark of
apoptosis induction and anti-inflammatory cell removal.
However, a corresponding receptor for phosphatidylserine
on the surface of phagocytes that is responsible for
apoptotic cell engulfment and anti-inflammatory signal-
ling has not been found so far. This leaves the possibility
that there still might be an elusive orphan PS receptor on
macrophages, which has yet to be identified and characte-
rized, or it could mean the recognition of PS and the
non-inflammatory removal of apoptotic cells are mainly
mediated by PS bridging molecules and their cognate
receptors.

Solving the central question of apoptosis and apoptotic
cell removal will remain a challenge for the coming years.
But one can expect the resolution of this puzzle to have a
major impact on the design of future therapeutic targets
that will efficiently treat diseases associated with disturbed
clearance of apoptotic cells.

® The ING-team from left to right: Bastian Pasche, Phillip

Hahn, Andreas Lengeling, Laura Helming, Jens Bose,

Ivonne Wegener, Stefanie Schiebe.

Photo: Bierstedt

Andreas Lengeling born 1965, studies in Biology
(University of Bielefeld). Diplomagraduation, 1993, PhD
in Biology at the Department of Developmental Biology
and Molecular Pathology (1997, University of Bielefeld).
Post-Doctoral Research Fellow (1997-2000, University of
Pennsylvania, Medical School, Department of Psychiatry
and Genetics, Philadelphia, USA). Senior Research
Scientist (2000-2001, Institute of Mammalian Genetics
at the National Research Center for Environment and
Health, GSE Munich). Since 2001, Head of Junior
Research Group at GBE
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e Almost all biological processes are initiated by specific binding events between bio-macromolecules,

primarily proteins, and their ligands. Inhibition of these interactions between receptors, enzymes or
antibodies on the one hand and receptor agonists/antagonists, enzyme substrates/inhibitors or antigens
on the other hand, is a popular strategy for interfering with the resulting biological effects, e.g. in the

prevention or interruption of pathological processes.

The design and generation of molecules, which — due to their specific molecular architecture - are
capable of mimicking protein binding sites, represents a promising strategy for the development of
inhibitors of protein-ligand interactions. Such protein mimetics are candidates for a range of preventive
and/or therapeutic strategies, including the inhibition of pathogen-host cell interactions — the first step

in the infection process.

The goal of our work is to establish a repertoire of methods for the design and generation of protein
mimetics based on the mimicry of conformationally defined protein binding sites. We want to use these
methods to develop inhibitors of biomedically relevant protein-ligand interactions. Our projects include
the inhibition of bacterial entry into host cells through peptides mimicking the binding site of a host cell
receptor for a bacterial virulence factor, as well as the mimicry of a viral envelope protein binding site

for its host cell receptor.
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Synthetic peptides as proteinmimetics Proteins are
spatially folded polypeptide chains, whose characteristics
are determined by the amino acid sequence (primary

structure), as well as the three-dimensional arrangement

of the polypeptide chain (secondary and tertiary structure).

The contact sites of proteins for their ligands, which are
often proteins as well, are located in relatively small,
defined regions of the molecules, called binding sites or
epitopes. They can be reproduced in the shape of short
amino acid sequences — peptides - and readily generated
through chemical synthesis.

Using state-of the-art peptide synthesis instrumentation,
up to several hundred peptides can be synthesized in
parallel and in an automated, unattended fashion. Since
synthetic peptides can be generated either as exact copies
of protein fragments or as manifold sequence mutations,
they are excellent and versatile tools for the mimicry

of protein binding sites, and consequently, promising
candidates for the inhibition of protein-ligand
interactions.

Moreover, protein binding sites can be identified
through a process called peptide scanning, in which the
protein sequence is chemically synthesized as a set of
separate short peptides representing overlapping protein
fragments which, as a whole, span the entire protein
sequence. Testing each of the peptides individually for

binding to the respective protein ligand yields information

on the location of the binding site within the protein

Chemical modifications Like proteins, synthetic
peptides composed of the 20 natural L-amino acids, are
not stable in the gastrointestinal tract (GIT), where they
are rapidly degraded by proteolytic enzymes. This fact,
along with the poor resorption of peptides from the GIT
into the blood circulation, largely compromises their use
as potential drugs. Unlike in the ribosomal protein
synthesis machinery, however, the amino acid repertoire
to be used as building blocks for chemically synthesized
peptides can be readily extended. The D-isomers of the
proteinogenic L-amino acids can be included, as can a
wide range of non-proteinogenic amino acids featuring
chemical moieties that are not presented by the natural
amino acids. This increases the chemical diversity
presented by synthetic peptides, as well as their stability
in biological fluids, since such non-proteinogenic amino
acids are not recognized by proteolytic enzymes.

Furthermore, several strategies for the chemical modifica-
tion of the amide backbone of synthetic peptides have
been developed. They change the physico-chemical pro-
perties of the peptides and increase their metabolic stabi-
lity, while at the same time maintaining the chemical
diversity presented by the amino acid side chains. Such
chemical modifications include N-alkylation and/or
reduction of the backbone amide bonds, as well as the
use of N-alkylglycine derivatives as building blocks for
peptoids, in which the amino acid side chains are not
attached to the C, atom but to the amide nitrogen of the
amino acids.

sequence.
:

—» - —p Biological Effect

S ->><> Biological Effect

® Prevention of a biological effect through inhibition of the initial interaction between a protein (yellow)

and a ligand (green), by a protein binding site mimetic (red), which competes with the protein for

binding to the ligand.




RESEARCH REVIEWS | Synthetic Peptides as Inhibitors of Protein-Ligand Interactions 33 -

Raa n n Raa n Raa
peptide bond peptoid N-alkylated reduced
peptide bond peptide bond

n R®* n

N-alkylated reduced
peptide bond

®  Chemical modification of the amide backbone in synthetic peptides increases their metabolic

stability.

Rational versus random design Synthetic protein
binding site mimetics can be created in two different
ways: through the design of molecules, based on the
three-dimensional structure of the protein, which are
likely to adopt conformations that enable binding to
the respective ligand in a manner similar to the protein-
ligand interaction, or by having the protein ligand select
the best-fitting structures from a large population, e. g.,
a combinatorial library of chemically diverse molecules
with common structural features that increase their pro-
pensity to mimic protein binding sites.

While the first approach is based on rational design and
therefore more likely to yield true mimetics of the actual
protein binding site, it requires detailed information on
the three-dimensional protein structure, typically from
NMR or X-ray crystal structure analysis. Such structural
information, however, is not always readily available, in
particular for newly discovered proteins.

The second approach does not rely on protein structure
information and can be considered a random approach
for the de novo development of molecules. While
mimicking the binding and/or functional characteristics
of the protein, these molecules do not necessarily resem-
ble the structure of the protein binding site. Furthermore,
such combinatorial libraries are valuable tools for the
investigation and characterization of unknown binding
specificities of protein-ligand interactions involving newly
discovered proteins with potential biomedical relevance.

Protein binding site types Structurally, protein bin-
ding sites can be divided into three different types. Conti-
nuous, flexible binding sites are simply a stretch of conse-
cutive amino acid residues in the protein sequence. They
are typically on the surface of the molecule. Such binding
sites can be readily mimicked by linear peptides covering
this sequence stretch, and identified through peptide
scanning.

The second type is also sequentially continuous, but con-
strained by its conformation, either through disulfide
bridges between cysteine residues, or by a defined secon-
dary structure like a-helices, or $-sheets. Such conforma-
tionally constrained binding sites often form loop-like
structures, which can be mimicked by cyclic peptides.

The third and most complex type of protein binding sites
is sequentially discontinuous, and consists of two or
more protein fragments, which are far apart from each
other in the protein sequence, but brought into spatial
proximity by protein folding. Although the binding sites
of many biomedically relevant proteins are sequentially
discontinuous, systematic approaches, comparable to
those used for the mimicry of continuous binding sites,
are only beginning to be introduced into the tool box of
peptide chemistry.

Protein: ...ASDFGRTKLIYWRTPLMNVRDSKLPRTMNVLWPRTPMN...
Peptides: ASDFGRTK
SDFGRTKL
MNVRDSKL
NVRDSKLP
VRDSKLPR
VLWPRTPM
LWPRTPMN

® Peptide scanning for the identification of protein binding
sites. Boxed peptide sequences bind to the respective protein

ligand.
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Thioproline 2-Naphthylalanine Tetrahydroisopuinoline-

carboxylic acid

: NH,
HN
NH OH 2 o Tl) i K(j\/OH
[~ OO o /\[ |
s ) NH 07 YoH 0
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benzoic acid

® Examples of non-proteinogenic animo acids as building blocks for chemical peptide synthesis.

Mimicry of discontinuous binding sites It could be
argued that a synthetic mimetic of a discontinuous pro-
tein binding site should present the protein-derived pep-
tide fragments also in a sequentially discontinuous and
conformationally constrained fashion - in order to
increase the chances of the fragments to be presented

in a spatial arrangement that resembles their structure
within the protein. This consideration was the design
rationale for scaffolded peptides, in which fragments of
the sequence are presented through a molecular scaffold
in a discontinuous and nonlinear fashion. The molecular
architecture of the scaffold is a key element for such
peptides, since it has to provide an appropriate spatial
presentation of the attached protein-derived fragments.
An important element in the design of such scaffolds is
the possibility to selectively attach different peptide
fragments to defined sites of the scaffolds. Amino groups
are excellent attachment points for the site-selective
introduction of peptide fragments, because they can be
selectively protected and unprotected by a range of
so-called orthogonal protecting groups.

We have developed versatile and robust synthesis strate-
gies for the generation of a wide range of structurally
diverse scaffolded peptides. This permits the creation of
scaffolds covering a wide range of conformational flexibi-
lity using the same synthesis method. We expect this to
be applicable to various protein targets with structurally
unrelated binding sites.

The HIV-1-gp120 binding site for CD4 gp120 is part
of the exterior envelope protein of the human immuno-
deficiency virus (HIV-1). The interaction of gp120 with
the receptor protein CD4 on T cells is the initial step in a
cascade of molecular events that eventually enables virus
entry into the T cell.

Most of the currently available anti-HIV-1 antibodies
recognize highly variable regions of gp120, which render
them poor vaccine candidates because of their narrow
virus neutralizing capacity. On the other hand, the
binding site of gp120 for CD4, which is sequentially
discontinuous and located in three separate regions of

the protein, is highly conserved among many virus
strains. Furthermore, this binding site has been postula-
ted - based on crystal structure analysis in conjunction
with molecular modeling - to overlap with the epitope
for an antibody that was found to neutralize a wide range
of HIV-1 strains. Consequently, synthetic mimetics of the
gp120 binding site for CD4 are promising candidates as
immunogens for the generation of broadly neutralizing
anti-HIV-1 antibodies.

Our design blueprint for such molecules was the X-ray
crystal structure of recombinant gp120 in complex with
the gp120-binding, extracellular two-domain fragment
of CD4. We have generated a range of gp120 mimetics in
the form of scaffolded peptides presenting three peptide
fragments that contain the primary contact residues of
gp120 for its interaction with CD4. The affinity of some
of these peptides to CD4 was found to be more than 200
times higher than the affinities of the three individual
fragments, indicating a synergistic effect resulting from
combining all three fragments into one molecule. Cur-
rently, antibodies against selected gp120 mimetics are
being generated, which will subsequently be evaluated
regarding their ability to recognize gp120, as well as to
neutralize HIV-1.

e Structurally different types of protein binding sites (amino
acids in red): A: Continuous, flexible. B: Continuous,
constrained. C: Discontinuous. D: Scaffolded peptide

mimicking a discontinuous protein binding site.
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Attachment points (amino groups) on the scaffold can be individually addressed by

using selectively removable “orthogonal” protecting groups (PG).

gp 120 Binding Site Fragments
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Scaffolded Peptides as Binding Site Mimetics
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® Design of gp120-mimetics based on the crystal structure of a gp120 — CD4 complex (left). Peptides
covering the gp120 binding site fragments (green, red, blue), which contain the primary contact re-

sidues (pink) for the interaction with CD4 (yellow) are presented through a molecular scaffold (right).
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® Numan Akyol controlling the synthesis robot for the

automated, parallel synthesis of up to 192 peptides.

Photo: Bierstedt

Jutta Eichler born 1961, studies in Pharmacy (Univer-
sity of Greifswald). PhD in Bioorganic Chemistry (1991,
Humboldt-University Berlin). Post-doctoral Fellow,
Research Scientist and Assistant Member (1991-1998,
Torrey Pines Institute for Molecular Studies, San Diego,
USA). Director of Combinatorial Chemistry (1998-
1999, Graffinity Pharmaceutical Design GmbH, Heidel-
berg). Since 2000 at GBE and since 2001 Head of Junior
Research Group (supported by the BMBF-BioFuture
Programme). Habilitation in Bioorganic Chemistry
(2004, Technical University of Braunschweig).

Perspective The high technical standard of current
peptide chemistry, which has evolved over the past three
decades, has profoundly facilitated the investigation of
proteins and their interactions with other molecules at
the level of individual amino acids. Using currently avai-
lable peptide synthesis methods, sequentially continuous
protein binding sites can be readily mapped, characterized,
optimized, and used as lead compounds for inhibitors
of protein-ligand interactions. For the mimicry of
discontinuous protein binding sites, on the other hand,
synthetic and recombinant strategies are just beginning
to emerge. The ongoing development and elaboration

of these strategies, in conjunction with their application
to biomedically relevant proteins, is expected to improve
our understanding of the molecular mechanisms of
protein-ligand interactions. It will also enable new
approaches to the design and generation of inhibitors

of protein-ligand interactions.

® The KPLI-team. Back row, from left to right: Tatjana
Hirsch, Ulf Strijowski, Cornelia Hunke, Numan Akyol,

Raimo Franke. Front row, from left to right: Heike Overwin,

Enge Sudarman, Jutta Eichler.

Photo: Bierstedt
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Photos: left: A naturally grown biofilm from a lake was fixed in situ and is now available for comparing analysis in the laboratory. After the transport

of the biofilm into the laboratory, Dr. Wolf-Rainer Abraham is checking the biofilm for damages | centre: 3D-Reconstruction of negatively-stained FeS-
Oxigenase molecules: (left part of the fig.) Uranyl-acetate negatively-stained enzyme particles, used for 3D-reconstruction analysis. The inset is a detailed
view of an individual particle, shown in top-view projection. (right part of the fig.) 3D-model, seen from top (top) and side (bottom) | right:

Dr. Manfred Rohde working at the electron microscope. Photos: GBF (le), Dr. Liinsdorf (ce), Bierstedt (ri)
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Programme “Infection and Immunity”

Prof. Dr. Jiirgen Wehland | Department of Cell Biology | jwe@gbf.de

Infections cause one third of all disease-related death cases worldwide. During the recent decades,
improved hygiene and the availability of antibiotics and vaccines have led to a continuous reduction in
such diseases. Today, however, we are confronted with the fact that many bacterial infectious diseases
are not only re-emerging, but also becoming resistant to medication. Worldwide travel and the global
exchange of goods have led to epidemic outbreaks of previously unknown diseases, like such as AIDS,

and infections, that were thought to be eradicated, such as tuberculosis.

In Western industrial societies, infectious diseases have acquired a new, but onerous, impact due

to modern high-tech medication: patients who have had a transplant, or are under intensive care, are
highly susceptible to opportunistic infections as a result of immune-suppressive medication. Further-
more, even though clinics in general possess a good antibiotic management, new resistances continue
to emerge and the chances of curing, not only acute diseases, but also chronic or persistent infections,
are becoming greatly reduced. This situation emphasizes the urgent need for developing new strategies
for diagnosis, prevention and therapy of infectious diseases. Therefore, it is imperative that basic
research efforts concentrate on mechanisms underlying pathogen/host interactions during infection.
In order to develop new, innovative vaccines we must examine how the host’s immune system reacts
to the invasion of a pathogen and how an immune response is initiated. Last but not least, one has to
know what influence the environment — e. g. food and pathogenic reservoirs —, has on the course of
an infection and the defence against it. Opportunistic infections are a serious problem not only for

immune-compromised patients, but also for the aging population.

Despite these alarming developments, the chances for establishing new diagnostic and effective
therapeutic strategies are better than ever. Systematic genome analysis is providing information on
potential drug targets, thus aiding the development of new anti-infectives. A better understanding
of the functions of individual genes, combined with knowledge about the interactions of microbial
genes with host cellular genes, is providing an excellent basis for the directed systematic design of
chemotherapeutic strategies against microbial pathogens. Functional genome analysis also provides
insight into the molecular basis of immune responses and the genetic susceptibility to infectious

diseases.

Our increased knowledge of the molecular and cellular components of the immune system has opened
up new possibilities of clinical intervention that will allow immunotherapies extending beyond prophy-
laxis and will include therapeutic intervention. Today, our understanding of immunity extends far

beyond its protective role against infectious diseases. We know that the immune system not only
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Deaths caused by infectious diseases, 2002
-

Vaccine-Preventable Child-
T hood Diseases 8,5 %

Malaria 8,6 % T

Acute Respiratory Infections 30 % T

T Tuberculosis 11,9 %

HIV/AIDS 21% T

T Other Infectious Diseases 5,3 %

Diarrheal Diseases 13,6 % T

Source: WHO-Report 2004

protects the host from against microorganisms, but that it is also specialised in surveillance, detecting
altered cellular antigens and thus monitoring and eliminating detrimental changes in the tissues and
organs of the body. Nevertheless, the precise mechanisms by which the immune system is undermined

by certain microorganisms, resulting in latent or chronic infections, are still only barely understood.

The GBF programme “Infection and Immunity” covers basic research in the area of infectious diseases
and immunity. It is at the interface of these two fields where we expect the greatest potential for the
development of new drugs and strategies to prevent and treat disease. The main objective of the
programme is to understand the principle mechanisms that underlie the development of infectious
diseases. This involves basic research on model microorganisms and their pathogenicity as well as a
detailed analysis of the mechanisms of immunity. The aim is to understand the individual molecular

and cellular steps that occur during the process of infection, the mechanisms of how selected micro-
organisms cause disease and the basic principles of defence mechanisms that are used by the host to
resist and control infections. This knowledge will be used to develop new strategies and tools to prevent

and treat infectious diseases.

The topics of the research programme
I ——

* Microorganisms

© Pathogenesis

¢ Immunobiology

* Prevention and Therapy




42  SCIENTIFIC REPORTS | Infection and Immunity | Microorganisms

Topic 01 - Microorganisms

Prof. Dr. G. Singh Chhatwal | Department of Microbial Pathogenicity and Vaccine Research |
gsc@gbf.de

Microbial infections remain a serious hazard for human health. A prerequisite for developing novel
combat strategies is a complete understanding of the process by which pathogenic microorganisms
cause disease. Therefore, in this topic, the objective is to study the biology and the molecular biology
of microorganisms with the goal to identify and characterize virulence factors in bacteria, to elucidate
the structure-function relationships of these factors, to analyse cellular networks and microbial

communications and to understand mechanisms of antibiotic resistance.

This topic will employ different genetic and molecular approaches on a number of disease causing
microorganisms. The current choice for the bacterial pathogens streptococci, pneumococci, Listeria
monocytogenes, Pseudomonas aeruginosa is also made on the basis that they stand for specific biologic
features as model organisms and that sufficient information and expertise has been accumulated.
Group A streptococci cause a wide spectrum of diseases in humans, including invasive diseases and
sequelae, such as rheumatic fever. Pneumococci are responsible for life-threatening diseases, such as
pneumonia and meningitis. Listeria monocytogenes is the best studied pathogenic bacterium and
provides an excellent system to identify the bacterial components involved in the disease system.

The importance of Pseudomonas aeruginosa, as well as oral streptococci, as health relevant pathogens

has been recognized in the last few years.

Complete genome sequences are now available for many microorganisms allowing holistic approaches
to predict the function of every gene. This topic also deals with the sequence analysis and subsequent
comparisons to determine the functions of genes in the bacterial species which have been chosen as
model systems. Together with sequence comparisons of non-pathogenic, weakly and highly pathogenic
variants or related species, it will be possible to identify potential virulence factors. These analyses also
will elucidate the normal function of a bacterial virulence factor outside the context of the infected
host, thus providing a better understanding of why certain strains cause diseases, whereas other highly
related strains do not. Also, the knowledge of the function of genetic pathways, for example those
implicated in essential metabolic pathways, can be used to identify molecular targets for the design of

novel antimicrobial drugs.
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To achieve these objectives, this topic constitutes six different projects. These projects, although
different in expertise, show a high degree of synergy and bring together various efforts to reach

the goals of this topic. The projects include:

Identification and characterization of virulence factors of group A, C and G streptococci, Listeria
monocytogenes and Pseudomonas aeruginosa. High resolution to 2D-gel electrophoresis, automated
nano HPLC-Q-TOF mass spectrometry and DNA virulence arrays are being employed for this purpose.
In addition, molecular epidemiology is being studied with a large number of clinical isolates using

DNA arrays.

The 3D structure of identified potential virulence factors, alone or in complex with specific ligands, is

being elucidated to identify the critical interfaces for rational design of therapeutics.

Understanding the genetic basis that leads to antibiotic resistance will be a major challenge in the
coming years. Microorganisms have developed a number of escape mechanisms that may be exerted
either at the individual level or at the level of a population. Again, whole genome analysis, as well as
expression profiling, should allow us to elucidate these mechanisms and to design more effective drugs.
This topic would lead to a better understanding of how pathogenic bacteria communicate with each
other, as well as with host cells, to cause diseases. The identified factors involved in this process

represent promising targets for vaccines and therapeutics.

©  Professor Chhatwal preparing for microscopic analysis.

Photo: Ammerpohl
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Streptococci and pneumococci remain a serious hazard
for human health. Despite the availability of antibiotics,
it has not been possible to control the diseases caused
by these microorganisms. High genetic diversity and a
complex pathogenesis have hampered efforts to develop
suitable strategies against them. The main focus of this
project is the identification and characterization of factors
that contribute to the virulence of these microorganisms.
This information will lead to a better understanding of
pathogenesis and to the identification of novel and
promising targets for vaccine and therapy.

Interaction of streptococci with host proteins

More in-depth analysis was conducted on the relationship
between the plasminogen-binding capacity of group A
streptococci, plasminogen-binding protein PAM variants
and the invasive capacity of the streptococcal isolates. We
were able to show that in the presence of fibrinogen and
streptokinase, invasive isolates bound more plasminogen
than isolates from uncomplicated infections.

The biological role of the interaction between group A
streptococcal surface protein GRAB and host alpha,-
macroglobulin was elucidated. The binding of alpha,-
macroglobulin to GRAB was shown to be mediated by
two charged motifs in the delta A region of GRAB protein.
A streptococcal mutant without surface GRAB was highly
attenuated in a mouse skin model of infection.

We have previously shown that binding of collagen to
group A streptococci forms the basis of rheumatic fever,
an autoimmune disease induced by streptococci. This
finding was further confirmed by the ability of rheuma-
togenic group C and group G streptococci - from
Australia’s Northern Territory - to directly bind collagen.
A fibronectin binding protein was identified from

group G streptococci and was named GfbA. Despite

a large degree of homology, GfbA showed some unique
features whose functions are now being evaluated.
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| Dr. Antonia Godehardt | Dr. Manfred Rohde |

New virulence factors Hydrogen peroxide was
identified as an important virulence factor of streptococci.
By using C. elegans as an infection model, we were able to
show that hydrogen peroxide mediated killing is a com-
mon feature of different streptococcus species.

We have previously described a pneumococcal surface
protein, SpsA, which interacts with the human polymeric
Ig receptor, thereby mediating adherence and internalisa-
tion of the bacteria into epithelial cells. A unique feature
of this interaction is that SpsA is highly specific for the
human Ig receptor. This was confirmed by using chimeric
human mouse receptors. It was further shown that the
ecto-domains three and four of the human polymeric Ig
receptor were involved in this interaction, as well as in
pneumococcal invasion.

Further characterization of the identified virulence factors
and the identification of new factors will contribute to
solving the complex molecular events in the diseases
caused by streptococci and pneumococci.

Streptococcal skin

. . GRAB
infection — > GRAB-alpha,- expression in

skin only

macroglobulin
Deep tissue infection
— > Plasminogen High
+ binding to PAM [liasaill
invasive

Systemic infection isolates

Biological consequences of streptococcal proteins GRAB
and PAM with alpha,- macroglobulin and plasminogen,

respectively.
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Listeria monocytogenes is a Gram-positive, facultative
intracellular human pathogen that can cause food-borne
infections like meningo-encephalitis, meningitis and
prenatal infections, especially in immuno-compromised
patients. Using Listeria monocytogenes as a model system,
an interdisciplinary approach of proteome research,
genomics and bioinformatics is used to define the inter-
actions between bacterial pathogens and its host cells

at the molecular level. This includes protein interaction-
and signaling-analyses of virulence factors, as well as a
search for hitherto uncharacterized proteins directly
involved in the infection cycle.

New virulence factors Since the interactions of
pathogens with host cells are mediated through their
external, i. e. secreted, cell-wall-associated and membrane
proteins, we have established methods to investigate all
known bacterial surface proteomes. Comprehensive com-
parative proteome analyses between different mutants

of the pathogenic species L. monocytogenes and the
non-pathogenic species L. innocua have resulted in the
identification of about 1,300 different bacterial proteins
based on high resolution 2D-gel electrophoresis and
automated nano HPLC-Q-TOF mass spectrometry. Several
bioinformatic strategies were developed in cooperation
with the Division of Structural Biology for systematic data
storage and data mining. A newly established correlation
database, called LEGER, contains information on: the
predicted subcellular localization and regulation of all
proteins; the applied biochemical strategies regarding
the identified proteins; and a number of experimental
conditions. Thus, LEGER supports the detection of
protein expression profiles that correlate with the level
of pathogenicity of the investigated species and genetic
variants. Other bioinformatic strategies focus on data
integration and visualization to promote the generation
of new functional hypotheses.

Functional characterization of virulence factors
Pathogenic bacteria use a variety of strategies to exploit
the host environment to their advantage. The initial
interaction between the host cell and the pathogen is
supposed to be the decisive step in the course of
pathogenicity. For the functional analysis of known
virulence factors and the identification of new putative
virulence factors, we focus on protein-protein interaction

Peptide sequencing & PTM detection
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Comparative proteome analyses can be carried out by gel- and
non-gel-based methods. (A) Host cell response after listerial in-
fection. Total cell lysates from infected HeLa cells were separated
by 2D-PAGE and the resolved eukaryotic proteins were detected
both by expression staining (green) using SYPRO Ruby and

by specific detection of phosphorylation (red) using Pro-Q Dia-
mond. (B) Peptide sequencing based on mass spectrometry. The
combination of nano HPLC and ESI-Q-TOF mass spectrometry
allows the automatic separation and fragmentation of peptides.
A typical fragmentation pattern provides information about the
peptide sequence, post-translational modified (PTM) amino
acids and the relative abundance of that particular peptide as
part of two different samples (iTRAQ labelled sample, using
the 114Da and 117Da reagent, indicated by green arrows).

studies and the identification of affected proteins from
different host cell lines. Different technologies for
comparative phosphoproteome analyses of the infected
host cells were established. Non-gel-based methods allow
the systematic characterization of phosphorylation sites
and are complemented with labeling strategies for the
detection of differentially regulated kinase activities.
These studies — aiming at the time-resolved character-
ization of signal-transduction processes during host

cell invasion by Listeria — already revealed about 200
different phosphorylation sites of host proteins. Many of
them have presently unknown upstream kinase activities.
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Bacteria, viruses and other pathogens interact with host
cells via dedicated molecules presented on their surfaces.
In this project, we aim to analyze bacterial molecules in
atomic detail to understand the mechanisms through
which the microbial pathogens outflank their human
hosts.

Expression-Regulating of virulence factors The
bacterium Listeria monocytogenes gives rise to listeriosis,

a disease which leads to symptoms of meningitis and
miscarriage, coupled to a significant mortality rate in

the elderly or immuno-compromised individuals.

The mechanisms by which L. monocytogenes breaches host
cell barriers and spreads to neighbouring cells and tissues
have been investigated intensively over the last few years.
They all involve individual proteins produced by the
bacterium to exploit fundamental host processes. The
principal transcriptional regulator for these virulence
factors of L. monocytogenes is PrfA, a DNA-binding effector
which induces their production under suitable environ-
mental conditions.

We have solved the crystal structure of the transcriptional
regulator PrfA and that of a constitutively active mutant
PrfAg14ss. In this mutant, residue 145, a glycine has been
replaced by a serine.

PrfA is a symmetric dimer of two monomers. Each mono-
mer consists of three domains, an N-terminal domain
(labeled blue in the figure), a central o-helix (green) that
is responsible for forming the dimer, and a C-terminal,
DNA-binding domain (pink). The C-terminal domain
contains a helix-turn-helix (HTH) motif, which recognizes
and binds to DNA.

The mutation G145S (yellow), located in the C-terminal
domain, causes a major rearrangement of the HTH-
motif. In the wild-type protein (black helices), the turn
or loop connecting the a-helices of the HTH-motif is
disordered. In the mutated protein (red helices), the loop
is ordered and visible, indicating that the mutation leads
to a stabilization.

Thomas Wollert | Dr. Victor Wray

PrfAwt/PrfAg1ass

©  Structure of PrfA from Listeria monocytogenes.

In addition, the first a-helix of the HTH-motif moves
dramatically as a result of the mutation (red arrows),
adopting a typical position of DNA-binding proteins.
The replacement of Gly145 by serine is thus able to
stabilize a conformation that is more likely to bind DNA.
This explains why bacterial strains carrying this mutation
constitutively express high amounts of virulence factors -
independently of the environmental signals. The crystal
structure also reveals a tunnel near the mutation site,
which probably binds a hitherto unknown host-derived
signal factor.

Virulence factors from Mycobacterium tuberculosis
Tuberculosis, caused by Mycobacterium tuberculosis, affects
about one third of the world’s population. The structure
of the M. tuberculosis thiol peroxidase Tpx was solved in
an EU-funded project on enzymes related to persistent
tuberculosis. Tpx is an atypical peroxiredoxin, participa-
ting in the pathogen's antioxidant defence system which
is implicated as a virulence-determining mechanism in
isoniazid resistant KatG(-) strains. The inactive C60S
variant has acetate bound in the active site.
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Bacteria produce small diffusible signal molecules called
autoinducers, which regulate the expression of fundamen-
tal physiological capabilities in a concentration dependent
way. Thus, Vibrio cells start to luminesce and produce
toxins only if their numbers are above a certain value, the
so-called quorum. This type of communication, known as
quorum sensing, controls many important traits, including
the expression of virulence factors, production of anti-
biotics and the formation of biofilms. Understanding and
interfering with microbial communication therefore opens
up new opportunities for fighting infectious diseases and
developing potential alternatives to antibiotics.

Intraspecies
communication
(quorum sensing):

Interspecies
communication:

Interkingdom
communication:

Streplococens to
Fusobacterium

FPrendomonas, Streplococcus Lo

Vibrio harveyi to V. harveyi human immune system

lung biofilm in cystic fibrosis; dental placque; endocarditis

"KOM" for German “Kommunikation” is written on an
agar plate by streaking out a culture of the bioluminescent
Vibrio harveyi strain, mutants of which serve as biosensor
for detecting the postulated universal signal molecule
autoinducer-2. Cell-to-cell communication takes place

(1) within a population of one single species to control
action in a density dependent way (quorum sensing);

(2) between species through universal signal molecules
(e.g. autoinducer-2); (3) between bacteria and their
eukaryotic hosts. Biofilms (background: complex aquatic
biofilm) are a hot spot of communication and responsible

for diseases which resist standard treatment.

Research Group Microbial Communication | iwd@gbf.de

Dr. Ingrid Brimmer | Bettina Elxnat | Birte Engelhardt |

New communication signals in marine bacteria We
used reporter strains with luxR-gfp transcriptional fusions
to screen culture supernatants for signal molecules. The
investigated bacteria belonged mainly to the Roseobacter
clade and were isolated from dinoflagellates — marine
algae which are responsible for toxic algal blooms in the
sea — but also from the open water or marine sediments.
A large variety of acylated homoserine lactone (AHL)
signal molecules was discovered in over 50 % of the
strains tested. This shows that this type of gene regulation
is much more widespread than previously thought. Often
whole arrays of AHLs with different chain lengths were
found in the same organism and, in some cases, identical
AHLs were found in distantly related bacteria. Thus,
complex signalling cascades must be present, as well as
crosstalk between genera. Some strains produced AHLs
with side chains of 18 carbon atoms length, the longest
AHL side chain discovered until now. The phenotypes
regulated by these compounds in bacteria, as well as their
potential effect on the eukaryotic host, are unknown
today.

The postulated universal signal Al-2 in Streptococcus
mutans While most bacterial signal molecules are
species specific, one autoinducer is widespread in both
Gram-negative and Gram-positive bacteria and thus has
the potential to act as a universal signal molecule. It is
produced as a by-product during the detoxification of
SAM (S-adenosyl-methionine) by the luxS enzyme. It has
been termed autoinducer 2 (Al-2) and has been shown to
modulate the expression of virulence factors and biofilm
formation, often in combination with other quorum
sensing signals. Using the Vibrio harveyi reporter strain,

we studied the production of Al-2 in Streptococcus mutans,
an important constituent of dental biofilms. S. mutans is
one of the major causes of tooth decay and can also cause
infective endocarditis. We showed that the production of
Al-2 in S. mutans is strongly dependent on the cultivation
conditions, including the growth phase and medium com-
position, as well as on the mode of growth - planktonic
vs. biofilm. Thus, these factors must be taken into account
when analysing the transcriptional response of S. mutans
to Al-2.
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Slow-growing bacterial subpopulations have been described
for more than 80 years. However, it was only in the last
10 years that these morphological variants, producing
small colonies on nutrient agar, have gained increasing
attention. Since then small colony variants (SCVs) of
various bacterial species — usually known to be the source
of acute infections — have been implicated in persistent
and recurrent infections.

Pseudomonas aeruginosa has emerged as a major human
opportunistic pathogen and represents a significant source
of life-threatening nosocomial infections. It is also the
most dominant bacterial pathogen that can be recovered
from the chronically infected lungs in patients suffering
from cystic fibrosis. Over the last few decades much effort
has been undertaken to study the mechanisms that allow
P. aeruginosa to persist during chronic infection - despite
the immune responses of the host and despite antimicro-
bial therapy.

Besides adaptation caused by regulatory processes,
adaptation to changing environmental conditions has
been shown to be facilitated by the emergence of variant
subpopulations in Pseudomonas. When introduced into

a spatially structured microcosm, the ancestral genotype
rapidly diversifies and produces a range of morphological
distinct niche-specific genotypes with a functional gain,
which are maintained by selection. The evolution of

P. aeruginosa SCVs within the heterogeneous habitat of the
chronically infected CF lung, may significantly contribute
to bacterial persistence because they are especially adapted
to their particular environment e. g. due to their increased
capability to form biofilms.

Switch to a P. aeruginosa Biofilm-Phenotype Using
transposon mutagenesis of clinical P. aeruginosa strains,
we were able to identify several genes that are involved
in the switch of a P. aeruginosa wild-type to a biofilm
forming SCV phenotype and vice versa. Analysis of the
global transcriptional pattern, expression of P. aeruginosa
fimbria by Western blot and electron microscopic studies
of selected mutants revealed that the expression of the
so-called chaperon-usher pathway (cupA) gene cluster

is linked to an autoaggregative biofilm-forming SCV
phenotype.

This gene cluster is conserved among many Gram-negative
bacteria and is responsible for the assembly of fimbria

at the bacterial surface. The presence of cupA encoded
fimbria at the bacterial surface of P. aeruginosa has not
been described previously. There is growing evidence
that the fimbria-mediated attachment of various bacteria
to surfaces is regulated by intracellular cyclic di-GMP,

a newly identified bacterial signal molecule.

We have started to dissect the molecular mechanisms
involved in the regulation of the cupA genes and could
show that over-expression of the EAL domain containing
“phenotypic variant regulator” (PvrR) and a knock-out in
diverse GGDEF containing membrane protein leads to a
switch of an autoaggregative SCV to a wild-type phenotype.
The modulation of intracellular cyclic di-GMP, seems to
play a dominant role in the switch from planctonic
growth to the biofilm-mode of growth and is currently
the subject of our investigations.

wT ~scv

WT scv

REV -

o Wildtype, SCV and in vitro generated revertants cultivated on Columbia agar plates

(top) and in liquid culture (bottom).
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Prof. Dr. Jiirgen Wehland | Department of Cell Biology | jwe@gbf.de

A prerequisite for the development of new diagnostic and therapeutic strategies is a detailed knowledge
of the particular infection process and of how the disease progresses. The projects comprising this topic aim
at analysing and elucidating the mechanisms of pathogenicity, not only in respect to the pathogen, but also
in respect to the host system, focussing on host-pathogen interactions, especially the adhesion and invasion
mechanisms of Streptococci, Listeria and pathogenic E. coli. Equally important are the reactions of the host

during infection with respect to its immune defence system.

Here, pathogens have developed sophisticated virulence mechanisms which enable them to circumvent host
defence systems and to survive long enough in the host for establishing an infection. In addition, the establish-

ment of animal infection models is essential for the analysis of pathogenicity mechanisms.

Transferring bacterial colonies from an agar plate.

Photo: Bierstedt
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This project focuses on the characterisation of the
signalling pathways driving actin reorganization during
different types of pathogen-interaction with their host
cells. These studies are based on the observation that
certain bacterial pathogens like Listeria monocytogenes,
Shigella flexneri or Burkholderia pseudomallei are capable
of directly recruiting parts of the actin polymerisation
machinery. They recruit them to actively move within
the cytoplasm of an individual host cell and to spread
into neighbouring cells. Certain host cell factors have
appeared essential for these processes, such as the actin
nucleation promoting factor N-WASP.

N-WASP is the ubiquitously expressed relative of the
haematopoietic Wiskott Aldrich Syndrome protein, the
causative agent of a severe X-linked immunodeficiency.
The generation and characterisation of N-WASP-defective
cell lines has significantly contributed to revealing the
multi-facetted functions of N-WASP-driven actin rearran-
gements in bacterial pathogenesis.

Actin rearrangements accompanying Salmonella typhimuri-

um invasion: Fluorescence microscopy of tissue culture cells
infected with a non-invasive mutant strain incapable of
assembling the type 111 secretion system (kindly provided by
D. Bumann, MHH) (A) or wildtype Salmonella typhimuri-
um (strain SL1344) (B). The actin cytoskeleton is stained
with fluorescent phalloidin and displayed in green, bacteria
are shown in red. Note the absence of any detectable actin
rearrangements upon contact (arrowheads) of these cells
with the non-invasive mutant (A) as compared to the
dramatic actin rearrangements (arrows) induced by the
wildtype strain (B). The host-cell factors directly mediating
these actin reorganizations are largely uncharacterised. Bar

equals 10 pum.

Photo: Dr. Rottner
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These functions include the requirement for another type
of actin-driven process, which is the surfing of pathogenic
E. coli (EPEC and EHEC) on infected epithelial cells.
Therefore, current investigations are aimed at defining the
molecular details of N-WASP recruitment and activation
at the cell surface during EPEC and EHEC infections.
Moreover, there are still ongoing efforts to characterise the
molecular prerequisites of N-WASP activation leading to
actin assembly on Shigella surfaces. These studies include
reconstitution experiments in N-WASP-defective cells of
Shigella motility in the presence and absence of key
functional modules of the protein. These modules can
directly affect movement velocity, and hence, Shigella
virulence.

Physiological functions of N-WASP We have recently
been able to get more insight into the potential cellular
functions of the N-WASP protein. This can in turn help
to interpret the reasons for the key role of this protein

in the pathogenesis of certain bacteria. We could show
that N-WASP, by directly activating the actin-nucleating
enzyme Arp2/3-complex, increases the frequency of actin
assembly at internalising clathrin-coated pits during
receptor-mediated endocytosis. Thereby it is affecting the
efficiency of clathrin-mediated endocytosis. This notion
has important implications for understanding why
N-WASP may have developed into a favourite target of
pathogens as diverse as EPEC and EHEC, Shigella flexneri
or Vaccinia virus.

Actin rearrangements during bacterial invasion

Our studies have been expanded now to characterising the
molecular regulation of actin rearrangements, initiating
the infection cycle of some pathogens like L. monocytogenes
or S. flexneri. We have employed cell lines genetically
deficient for, or suppressed in, their expression of key
signalling factors for actin reorganization - such as Rho
family GTPases. They dissect the signalling pathways
driving the actin rearrangements required for the entry

of Gram-positive L. monocytogenes, but also Gram-negative
S. flexneri and the closely related invasive pathogen
Salmonella typhimurium.
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Adherence to host cells and invasion is the basic principle
behind infections caused by many pathogenic microorga-
nisms. Group A streptococci exploit the host’s extracellu-
lar matrix components, such as collagen and fibronectin,
for adherence and invasion and also for intracellular per-
sistence and survival. The elucidation of molecular events
underlying these processes is a prerequisite to understan-
ding the complex nature of host-pathogen interactions of
streptococcal infections. This project focuses on studying
the interactions between streptococci and host cells at the
molecular level. Besides studying adherence, invasion and
intracellular survival, the project deals with signal trans-
duction events in streptococcal invasion, as well as the
mode of eradicating persistent streptococci.
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Role of fibronectin and collagen We have previously
shown that collagen and fibronectin play an important
role in adherence and invasion of streptococci. A crucial
pathogenicity factor is the Sfbl protein of group A strepto-
cocci, which binds fibronectin. Sfbl protein is also invol-
ved in the caveolae-dependent internalisation and intra-
cellular survival of streptococci.

Because of the important biological function of the Sfbl
protein, we looked for its homologues in other strepto-
coccal species and identified GfbA in group G streptococci.
We obtained evidence of interspecies gene transfer between
the important virulence factor genes sfbI and gfvA. It
appears that homologous recombination is occurring
between these species, because the identified group G
streptococcus gfbA types possess DNA cassettes that can
be identified in a number of group A streptococcus strains.
Sfbl dependent internalisation was shown to be rac1l
dependent. Preliminary experiments were also carried
out by studying the internalisation of M3 serotype
streptococci with endothelial cells, which was shown to
be mediated by Src-kinase.

The interaction of collagen contributed towards the
rheumatogenic potential of streptococci. M3 protein

and M18 capsule have so far been identified as collagen
binding streptococcal factors. Collagen, therefore,
represents an important autoantigen in rheumatic fever
induced by streptococci.

Latent streptococcal infections Persistence of
streptococci in host cells can have important biological
consequences. It may lead to dissemination or latent
infection. In addition, intracellular streptococci may
evade the action of penicillin, which is the gold standard
for treatment of streptococcal infections. We now have
experimental evidence that intracellular streptococci can
only be killed by antibiotics which can enter eukaryotic
cells. Understanding of the molecular events underlying
the persistence of streptococci is required to define the
optimal management of latent streptococcal infections.
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Numerous cellular functions and processes depend on
dynamic changes of the actin cytoskeleton. This includes
morphogenetic movements during embryonic develop-
ment, chemotactic movement of cells of the immune
system and migration of fibroblasts during wound hea-
ling. A large number of actin binding proteins have been
described, which regulate the dynamic reorganisation of
the actin cytoskeleton. However, the exact signalling
pathways and principles for the tight control of spatially
and temporally regulated actin assembly remain largely
enigmatic. We try to gain more insight into these
pathways.

The discovery that similar dynamic changes of the actin
cytoskeleton play an essential role in host-pathogen inter-
actions had, and still has, an enormous impact on this
field. One major player driving the de novo nucleation of
actin filaments is the Arp2/3 complex, which is activated
by so-called nucleation promoting factors (NPFs).

t =100 sec

Eps8-null embryonic fibroblasts transfected with an empty
vector (right) or a GFP-tagged C-terminal Eps8 fragment
harbouring the capping activity (left) were infected with
Listeria monocytogenes. After 3-4 h, cells were subjected
to video microscopy and the velocity of individual bacteria
was determined. Note that the speed of intracellular
Listeria is increased several-fold after expression of the
fragment as indicated by the length of representative paths
of two bacteria in each cell (green, blue versus yellow,
orange). The time between representative video frames

is in seconds and the scale bar equals 15 um.
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WAVE WAVE proteins, prominent members of the
WASP/Scar family play an important role in Rac-mediated
lamellipodia formation. However, the pathway leading to
WAVE-activation is indirect, since the small GTPase Rac is
not able to directly bind to, and activate, WAVE. This led
us to search for the missing links between Rac and WAVE
proteins. We have now established the ability of two
novel proteins, Nck associated protein 1 - Nap1 - and
specifically Rac associated protein 1 - Sra-1 - to interact
with both Rac and WAVE proteins via the Abl interacting
protein family, the Abi proteins.

We then targeted Nap1 or Sra-1 expression by RNA inter-
ference (RNAi) and found that both proteins are absolu-
tely required for the transduction of Rac signals to WAVE-
dependent lamellipodia formation. The role of Nap1

and Sra-1 for the formation of structures other than
lamellipodia is currently being investigated.

Eps8 To gain more insight into the pathways leading to
actin assembly upstream and downstream of Rac activati-
on, we further analysed the role of EGF receptor substrate
8 - Eps8. Eps8 is a SH3 domain containing adaptor
molecule, which has been identified as an interaction
partner of the aforementioned Abi proteins. Eps8 has a
well established function in receptor mediated Rac-activa-
tion, but is now also recognized to affect actin assembly
directly. We have identified a novel actin filament cap-
ping activity in the C-terminus of Eps8, promoting
localized actin assembly. This effect was quantified by
employing the Rho-GTPase independent intracellular
movement of L. monocytogenes.

PREL1/RIAM ActA, which is essential for the actin-
based motility of Listeria, had contributed considerably to
the understanding of how Ena/VASP proteins, important
modulators of actin based motility, are recruited via their
EVH1-domains to proline-rich ligands. Identification of
novel interaction partners is believed to aid in under-
standing their mechanism of action. A screen for novel
proline-rich EVH1-ligands revealed a hitherto unknown
human protein very similar to C. elegans MIG10. We
tentatively named this protein PREL1 and analysed its
subcellular dynamics and binding partners. Besides
interaction with the Ena/VASP family, PREL1 is able to
bind to activated Ras GTPases in a lipid dependent
fashion, providing the frequently predicted direct link
between Ras signalling and actin rearrangements.
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Group A streptococci are common human pathogens
capable of producing a variety of diseases, ranging from
very mild infections - pharyngitis, tonsillitis or impetigo
- to very severe diseases associated with high mortality
rates - necrotizing fascitiis, streptococcal toxic shock
syndrome. Although the molecular mechanisms under-
lying the different clinical manifestations of Group A
streptococcal infections have not yet been clarified,
several lines of evidences have suggested that individuals
vary genetically in their susceptibility to infection with
Group A streptococci.

Response of H-2 congenic BALB-mice to group A
streptococcal infections Recent studies have shown
that allelic variations of the major histocompatibility
complex (MHC) class II antigens may contribute to
susceptibility to, or protection from, severe streptococcal
diseases by its ability to modulate the magnitude of the
inflammatory cytokine response elicited to bacterial
superantigens.

Mouse models have proved especially important in
demonstrating the influence of genetic factors on host
susceptibility and resistance to these Group A streptococ-
cal infections. To gain more insight into the influence of
the MHC class II on susceptibility to this pathogen, we
have conducted comparative studies of the responses to
infection of congenic BALB mice of the H-2b (BALB/b),
H-2¢ (BALB/c), and H-2k (BALB/k) haplotypes. Notable
differences were observed among these strains after
infection with Group A streptococcus. Whereas BALB/k
was highly susceptible and succumbed to infection,
BALB/b and BALB/c developed far less severe disease and
survived infection with an effective bacterial clearance.
Similarly to humans, the susceptible H-2 haplotype
(H-2K) produced higher levels of inflammatory cytokines
in response to streptococcal superantigens than the more

resistant H-2P and H-24 haplotypes. Therefore, our results

support the human studies suggesting that allelic and

haplotype variations of major histocompatibility complex

class II antigens can influence the level of severity of an
already invasive streptococcal infection.

Two possible scenarios of host predisposition
However, variations of the MHC class II cannot explain
the establishment of invasive diseases such as necrotizing
fasciitis or bacteremia, which arise due to the inability

of the host to limit bacterial growth and dissemination.
Thus, one could predict two major scenarios that can
predispose the host to severity of streptococcal infections.
First, the capacity of the innate immune system to control
bacterial growth during the very early infection might

be a decisive factor on whether infection is limited or
progress towards invasive disease. Second, in patients
with invasive infection the magnitude and quality of

the downstream inflammatory response, defined by the
strength of the interaction between streptococcal super-
antigens and the MHC region, might be a decisive para-
meter determining the progression towards streptococcal
toxic shock syndrome.

Therefore, the possibility exists that polymorphisms in
other immune system-related genes of the MHC region
are responsible for the varying susceptibility of different
individuals to streptococcal infections. The identification
of these genes could have important diagnostic and
therapeutic implications.

® Dr. Eva Medina preparing the next analysis.

Photo: Bierstedt



54  SCIENTIFIC REPORTS | Infection and Immunity | Immunobiology

Topic 03 - Immunobiology
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o The focus of immunobiology is to better understand the development and function of the immune
system. The immune system protects us from infections and is therefore essential for life. When the
immune system is disturbed, we become susceptible to diseases, like cancer, and infections. Disturbed
immune reactions can result in autoimmune diseases and allergies. The research focus of the GBF in
immunobiology is the analysis of infections. Our specialty is the study of bacteria-host interactions.
Recently, we established a specialized lab, unique in Germany, to study the infection of mice with
different bacterial species. The key feature of this mouse infection laboratory is that the environment
of the facility is carefully controlled. Using genetic tools, we specifically disturb gene function of the

bacteria and the mice.

Furthermore, parts of the complex host defence mechanism are modelled in cell cultures, using cell
biological and molecular biological methods. In these cultures we analyse signals used by individual cell
types of the immune system. In addition, we directly analyse the interaction of different immune cell

types before, during and after the infection processes.

The work on this topic will result in a better understanding of the interactions between bacteria and
the host. Our aim is to continually search for new strategies that will help us fight existing and newly

emerging infectious diseases.

o Insight look at the infection unit S2 of
the mouse facility. On the right site are
the cages, on the left side are a cabin
for changing mice, and laboratory coaches.
Two animal care takers are doing their

service.
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The attack of pathogens induces numerous activities in
host cells, including innate immune responses and
inflammation. One of our studies focuses on inflammation
in tissues, which serves as an effective defence and as an
initiator of tissue repair. TAK1, a serine/threonine kinase,
is a central signalling mediator activated by proinflamma-
tory cytokines, bacterial and viral components, and which
also integrates factors influencing mesenchymal differenti-
ation. We will address the question how the block of
TAK1 signalling pathways is counteracting inflammatory
diseases and simultaneously enhancing tissue regeneration.
These studies may lead to new therapeutic approaches.

TAK1 interference TAK1 belongs to the mitogen-acti-
vated protein kinases. Because of its central signalling
mediator activity, we are characterizing the cross-talk with
different signalling pathways, such as STATs, Wnts, and
NF-kB. Our aim is to understand the network of signalling
mediator interactions.

We found that TAK1 interferes with nuclear translocation
of Smad signalling mediators, which leads to severe
biological consequences: The BMP-dependent tissue-
regeneration seems entirely blocked by activated TAK1
during inflammation. Moreover, tissue differentiation
and regeneration via ubiquitous bHLH transcription
factors, such as E12, is also impaired by their TAK1-
mediated rapid turnover. In addition, we found that
TAK1 blocks tissue regeneration via tissue-specific bHLH
transcription factors such as myoD. The activity of myoD
is obstructed by TAK1-dependent rapid phosphorylation
of a serine residue at position 200 which interferes with
the nuclear localization of myoD and with myogenesis in
mesenchymal progenitors.

Three novel factors Additionally, three novel factors
that interact with TAK1 were isolated. Two of these
contribute to the activation TAK1. The third is the tyrosine
kinase receptor ROR2, which is involved in Robinow
syndrome and brachydactyly B. TAK1 phosphorylates

| Natali Froese | Dr. Gerhard Gross |

Dr. Andrea Kréger | Sandra Shahab | Anja Wiese |

ROR?2 in a p38-MAPK-like TGY-motif. This interaction
seems to prevent surface presentation of ROR2. TAK1-
binding of ROR2 is dependent on the Wnt-ligand: Wnts
serving the canonical pathway displace TAK1 from ROR2,
while Wnts serving the non-canonical pathway do not.
We are now assessing the role of TAK1 in various
inflammatory model systems for example, in a TNF-
alpha/IL-1 dependent rheumatoid arthritis model -

and we plan to investigate its role in inflammatory
diseases like colitis.

a
ca2c12 c2c12 ca2c12
TAK1 dnTAK1
b TF- X|X
IL-1 X[X
sIRNAser XX X X
siRNA-TAKT X X | X X
I Myosin-Heavy
Cellular extiact v wm ey == | chain after 72 h of
Blot: anti-MyHC myogenic differentation
Callular extract | TAK1 after 72 h of
SotaniTaki e G s - myogenic differentation

© TAK1 determines myogenic differentiation levels in myoge-
nic progenitors C2C12. a. Dominant-negative TAK1
(dnTAK1) in C2C12 stimulates myogenic differentiation
while active TAK1 interferes with myotube formation. b.
Endogenous TAK1 levels determine the extent of myogenic
differentiation in C2C12. TAK1 was knocked down by
siRNA-TAK1 in comparison with a control siRNA (siR-
NAscr). The level of myogenic differentiation in the presen-
ce or absence of proinflamatory cytokines (IL-1, TNF-o.) is
exemplified by the expression of a myogenic marker gene:
Mpyosin Heavy Chain (MyHC).
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Only recently has the key role of epigenetic control for
gene expression and DNA replication been fully
recognized. Our research concerns the structure and
function of chromatin domains exemplified by the type I
interferon (IFN) gene clusters of humans and mice. We
adapted the SIDD algorithm for a prediction of boundary
elements and regulatory sites. Novel techniques have
been developed and refined for the study of genomic
insulators, such as scaffold/matrix attachment regions
(S/MARs). The elucidation of S/MAR-functions has led
to the development of nonviral episomes with a range
of novel properties and applications.

SIDD Negative superhelical tension leads to DNA strand
unpairing - stress-induced duplex destabilization (SIDD)
- within active eukaryotic chromatin domains. Preferred
sites become hypersensitive to the action of DNAse I

and gain regulatory potential. We have localized three
sites — HS1-3 - relative to the transcription start of the
IFN-B gene and identified the binding factors. These
studies revealed a striking regulatory potential of YY1 and
YY2 transcription factors.

Halo FISH Recent modifications of the FISH procedure
were applied to show that the loop organization of the
IFN-locus is cell specific and depends on its expression
capacity. They have also been used to explain the co-sup-
pression phenomenon for multi-copy transgenes and to
visualize individual domains of the type 1 interferon
gene clusters.

Another major topic regards the mechanism of retroviral
integration. It explains the transcriptional properties of
proviruses and leads to understanding the pitfalls of
gene therapy protocols based on retroviral vectors. We
have also shown that functional human endogenous
retroviruses (HERVs) localize to the nuclear matrix, while
non-functional HERVs are part of the halo portions.
Current studies concern aspects of lentiviral persistence
and the susceptibility to lentivirus infection. Parallel
gene expression profiling experiments for acute and
chronically SIV infected T cells show differences regarding
the regulation of histone genes, the ubiquitinylation

and glycosylation pathways and the activation of
cytokine-/cytokine receptor genes.

RMCE The Flp-recombinase mediated cassette exchange
(RMCE) strategy has become a key technology in a
multitude of projects to generate production cell lines
and identify silent-but-activatable genomic loci suited
for inducible expression systems.

The most important potential of RMCE may lie in the
predictable modification of ES cells. Such an approach
has recently been realized. The Elk-1 locus has been
tagged in a way permitting multiple subsequent replace-
ments by gene mutants. The study generated viable
mouse offspring and opened the way to a new variant
of the “tag-and-exchange” approach.

Nonviral episomes We have developed a novel proto-
type episomal vector which remains extrachromosomal
in the absence of continued selection pressure and
independent of viral activator proteins. Site specific
recombination technology has now been applied to
remove nonessential vector parts. The resulting 4 kb
mini-circles proved to be superior vehicles in that they
behave as consistently high and stable expressers over
extended periods of time.

Halo FISH visualization of an IFN-f transgene that has

been integrated into a murine host cell at 100 copies (red
signals). Only the active part of these copies colocalizes with
the nuclear matrix (nuclear remnant in the centre) while
the majority extends to the halo. The endogenous, functional
IFN genes of the murine cells (bright blue signals) are

firmly associated with the nuclear matrix.

Photo: GBF
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The understanding of infection related reactions of the
host requires experimental studies of whole organisms,
as well as of individual cell types. In order to analyse
cells from transgenic mice, we have established standard
methods to immortalize fibroblastoid and epithelial cells
from ES cells, embryonic or adult tissues of mutant mice.
Our work forms the basis of a broader approach that
includes other cell types, in particular, those from the
hematopoietic system.

Cell immortalization Established cell lines differ from
the primary cells in the way they express immortalizing
genes or oncogenes. This causes a multitude of changes in
the gene expression pattern of cells. To minimize such
influences we are establishing tools to reversibly immor-
talize cells. With this technique, specific cell populations
can be expanded to achieve a sufficient number of homo-
genous cells for analysis. After the growth phase, the
expression of the immortalizing gene is switched off and
cells return to a quiescent state, similar to the status of
the majority of primary cells in most adult tissues. Rever-
sibly immortalized cells can be genetically manipulated
and may eventually be reintroduced into the organism to
monitor the cells fate and function in vivo.

Roland Schucht | Dr. Herbert Weich | Dr. Dagmar Wirth

Single-step transfection To achieve conditional
immortalisation, an immortalizing gene was expressed
from an autoregulated vector that can be transfected in

a single step. This is an important requirement for the
immortalization of primary cells that exhibit low trans-
duction efficiency.

For proof of concept mouse primary fibroblasts were
immortalized by SV40 large T antigen (TAg) that was
expressed from a Doxycyline (Dox) dependent promoter.
The resulting cell clones show strict Dox-dependent proli-
feration. Cells arrest uniformly in the GO/G1 phase of the
cell cycle, but resume proliferation when Dox is added to
the culture. Gene expression profiling revealed that TAg
expression results in the differential expression of 10 %
of all genes analysed.
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After transduction by the conditional expression cassette
(upper) of mouse embryonic fibroblasts, cell lines could
isolated that showed strict Dox dependent but reversible
growth properties (lower left). This regulation is due to
the conditional expression of the immortalising gene (TAg)
(lower middle) and is reflected by cell cycle profiles
characteristic for growing and resting cells (lower right,

upper and lower, respectively).
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The focus of our group is on the development of new
mouse models for human infectious diseases to identify
host factors that determine the outcome of infections.
The goal is to use mouse genetics to identify genes that
are associated with susceptibility, or resistance, to
different pathogens, e.g. Streptoccus, Filaria, Listeria.

To accomplish this, we are analysing the immune status
and infection susceptibility of different inbred and
mutant strains of mice after a challenge with pathogens.
In the second project, we try to understand macrophage
functions. Macrophages are important effector cells of the
innate immune system and provide a first line of defence
against many microorganisms. They are essential for the
control of common bacterial infections. We want to
identify factors that can modulate macrophage effector
functions and that are therefore important for innate
immune responses.

Clearance of apoptotic cells Macrophages play
important roles in the clearance of cells that have under-
gone programmed cell death. Removal of apoptotic cells
is associated with powerful anti-inflammatory and immu-
nosuppressive responses. Many bacterial and viral patho-
gens induce apoptosis of host cells in critical phases of
infection. They are using this mechanism to efficiently
evade the host immune system. Recently, we have genera-
ted and characterized a mouse knockout mutant of the
phosphatidylserine receptor gene, a molecule that has
been implicated in apoptotic cell clearance. We could
show that this molecule is not essential for apoptotic cell
removal, but for the control of important differentiation
processes during development. And we found that the
phosphatidylserine receptor is necessary for the regulation
of macrophage cytokine responses.

Vitamin D Recently, evidence has accumulated that
the vitamin D hormone has important functions in the
immune system. Vitamin D3 can regulate adaptive
immune responses by acting immunosuppressively on
dendritic and T-helper cells. However, the role of vitamin

| Phillip Hahn | Laura Helming | Dr. Bastian Pasche

D3 in regulating macrophage responses was largely un-
known. We found that vitamin D3 is a potent suppressor
of interferon-y mediated macrophage activation and can
down-regulate interferon-y responsive genes in activated
macrophages. This has major consequences on macro-
phage effector functions, such as bactericidal killing
activity and regulation of inflammatory responses.

Host factors responsible for infection susceptibility
It is well documented that sex-dependent factors affect
susceptibility to infection with most mouse models
demonstrating higher resistance in females. We have
made the unexpected observation that infection of mice
with the intracellular bacterium Listeria monocytogenes
shows an opposite sex susceptibility pattern. Female mice
are much more susceptible to Listeria infection than male
mice and this correlates with higher levels of the immuno-
suppressive cytokine interleukin 10 in the serum. Our
findings provide important new insights into underlying
mechanisms of sex-determined susceptibility, since
similar sex differences in infection susceptibility to intra-
cellular pathogens have been reported in humans.

Phillip Hahn analysing a mouse mutant under the

stereoscope. Stefanie Schiebe controls the coloration

of cell preparations.

Photo: Bierstedt
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The research undertaken in our group is divided into
basic mechanisms of T-cell tolerance, mucosal immunity
and inflammatory disease. Our goal is to develop new
therapeutic approaches for patients suffering from
immunopathology. A focus is here on diseases associated
with mucosal inflammation (e.g. inflammatory bowel
disease and asthma) and organ-specific autoimmunity
(e.g. Diabetes).

T-cell tolerance In a joint project with the Hannover
Medical School (MHH), we were able to demonstrate the
induction of GATA-3 in CD-4-T cells after G-CSF stimula-
tion of peripheral blood stem cells from normal donors.
This was associated with a Th2-shift in CD4-T cells. By
using single cell RT-PCR we also were able to illustrate
that CD4-T cells express the G-CSF receptor, and hence,
that it is possible to directly influence CD4-T-cell function
by G-CSF in vivo. In collaboration with the Pasteur
Institute, we could further elucidate some new aspects

of GATA-3 in the development of lymphocytes. Very
recently - in collaboration with the MHH and the
Deutsches Rheumaforschungszentrum - we were able to
identify and characterize two new potential markers of
regulatory T cells that might help to elucidate their role
in inflammation.

Current work focusing on the development of autoimmu-
nity has been able to detect up-regulation of MHC class II
expression by beta cells of the pancreas during disease
progression. This cooperation with the Dana-Farber Can-
cer Institute in Boston provides a missing link to explain
how an infectious agent might initiate autoimmunity.

Mucosal immunity and inflammatory disease The
central task of the mucosal immune system is the deve-
lopment and maintenance of immunological tolerance
against a large number of antigens from the environment.
To this end, a TCR transgenic murine model was estab-
lished for the analysis of mucosal dysregulation in the
bowel, based on selective expression of a model antigen
in the gastrointestinal tract. It provides a focused starting
point for the further elucidation of genetic and mechani-
stic aspects of intestinal inflammation and immune
regulation.

A novel murine model was recently developed to study
disruptions in the mucosal-associated immune system
of the lung. Results from this work - in cooperation
with scientists at Yale University — provide evidence that
regulatory T cells can be induced in the lung at sides of
inflammation counteracting disease progression.

| Marcus Gereke | Ulrike Goelden |

Simone Reinwald | Sya Ukena | Dr. Astrid Westendorf

An additional project focus is on the molecular characteri-
zation of the complex cross-talk of pathogenic bacteria
with host cells. Here we could unravel some of the basic
mechanisms of EHEC disease based on a genome-wide
scan of the human umbilical cord.

Additionally, we are interested in the modulation of the
mucosal barrier by probiotic bacteria. To this end, we
generated recombinant E. coli NISSLE 1917 and exploited
its therapeutic potential in vitro and in vivo.

And, finally, we investigated basic mechanisms of cellular
regeneration in liver cells — one of the key targets of
human viral diseases.
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Immunologic self-tolerance. Naturally occurring CD4+CD25+
regulatory T cells develop in the thymus, and migrate into the
periphery to regulate immune response and maintain self-tolerance.
High avidity self-reactive T-cell clones are typically deleted during
development in the thymus by negative selection, but this mechanism
is known to be incomplete. In cooperation with other mechanisms
CD4+CD25+ TR with relatively high avidity (but to low to be
deleted) control the balance between immunity and tolerance.
Deletion or blocking of molecules like Foxp3, CTLA4 or CD40
abrogates the development of regulatory T cells from the thymus
eventually leading to multiple manifestations of autoimmunity.

It is assumed, that the transcriptional activator AIRE is critical
for the expression of tissue-specific antigens in medullary thymus
epithelial cells (mTECs). Therefore, mutations or deletion of AIRE
impede negative selection of high affinity self-reactive T-cell clones

leading to autoimmunity in humans (APECED) and mice.
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Antibody producing B cells can be classified into three
subpopulations. The major population consists of so
called B2 cells displaying exquisite specificity. The other
two populations consist of B1 cells that dominate the body
cavities, but are also found in the spleen and marginal
zone (MZ) and B cells distributed around lymphoid fol-
licles. Both are able to respond quickly after an infection.
In addition, B1 cells are the source of natural antibodies,
i.e. antibodies found even in germ-free or antigen-free
mice. We have been concentrating on the physiology of
B1 cells.

Splenic and peritoneal B1 cells A transgenic mouse
was employed expressing high levels of a A 2 light (L)
chain. For unknown reasons, a complete absence of

B2 cells in the spleen and the peritoneum of these mice
has been observed. In single cell RT-PCR, the antibody
repertoire of B1 cells from these mice was established.
In the peritoneum the repertoire was dominated by
three sequences. Such sequences were found only rarely
amongst the B1 cells in the spleen. Thus, splenic and the
peritoneal B1 cells are distinct populations with different
tasks in the immune system. Similar indications were
obtained from expression arrays, and point to the existence
of two independent cell lineages giving raise to them.
Interestingly, the spleen is required for the maintenance
of the B1-cell subpopulations in the peritoneum. After

a spleenectomy, the dominant sequences can no longer
be found in the peritoneum. Thus, a factor is produced
in the spleen, possibly even an autoantigen, which allows
the survival of certain peritoneal B1-cell clones.

Still controversial is whether B1 cells can take part in
gut associated humoral immunity. We have used our
transgenic mice to study whether B cells would be
present in gut-associated tissue. In the lamina propria,
IgM producing plasma cells could be found besides

the expected IgA producing plasma cells. However, in
Peyer’s Patches a large fraction of the B cells expressed
an endogenous k chain and no longer the transgenic

A chain. This could be due to attraction and selection

of such B cells. Alternatively, such B cells might have
undergone receptor editing. This could have caused a
change in the phenotype, from B1 to B2, and correlates
with the fact that this phenomenon does not occur in

germ-free transgenic mice or in hybrids between the

A transgenic mouse and a mouse not containing

a functional « locus. In the first case, the antigenic
pressure would be lost; in the second, the possibility to
edit the B-cell receptor would be drastically diminished.

A new mouse-model To extend studies on the origin
of B1 cells, which are claimed to be exclusively fetally
and neonatally derived, we now have generated a
recombinant mouse in which the B-cell ontogeny can
be switched on at will after birth. This was achieved

by inverse floxing of the Ragl gene, which is essential
for the rearrangement of immunoglobulin genes. The
new mouse is presently bred with mice that contain
inducible cre. Injection of recombinant cre protein will
also be employed. These experiments should answer the
question of whether the adult bone marrow is still able
to generate B1 cells - a question that so far has not been
answered definitively.

Immune histology of the lamina propria from transgenic

L2 mice. Clearly IgM and IgA expressing cells can be
distinguished. This is in clear contrast to normal control
mice where mainly IgA producing plasma cells can be
found. Histology was carried out in collaboration with
Dr. O. Pabst, Hanover.
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Our immune system has many functions. In particular,
it is protecting us very efficiently from infections. How-
ever, the immune system is very complex and because
of its complexity only part of it can be studied in cell
culture. The immune system of the mouse is very similar
to the human immune system, both in its functions and
its genes. In the mouse we can specifically inactivate
genes responsible for the development and function of
the immune system. By this method, we are analysing
genes responsible for the cytokine network and for the
development of specialised lymphoid organs.

The gut-associated immune system Most of our
immune system is associated with the gut. In the gut
lumen, many bacteria help to digest food. On the other
hand, the body must be protected from these same bac-
teria in order to prevent infections. The immune system
has therefore evolved mechanisms to keep our bacteria
flora in check. In case the immune system gets out of
control, chronic inflammatory bowl diseases like Morbus
Crohn and Colitis ulcerosa may develop.

©  The picture depicts a Peyer’s patch from a mouse, infected

with Yersinia enterocolitica (dark region on the left site
of the picture). Peyer’s patches are specialised lymphoid
organs associated with the gut. These structures protect
the organism from infections with gut bacteria. The actual
bacteria present in the Peyer’s patch are hard to see on the
picture. The picture was taken by Prof. Gruber, University
of Vetenary Medicine Hannover.

Nicolas Fasnacht | Anne Fleige | Dr. Ursula Frischmann
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with Yersinia enterocolitica. The bacterial colony can be

recognized as light red stained areas (indicated by arrows).
The Yersinia colonies are surrounded by a granulomatous
tissue. This tissue protects the body from the bacterial
colonies. At the border of the granulamotous tissue an area
of necrotic tissue is visible. Cells in this area died due to
the bacterial infection. The area altered by the infection

is surrounded by lymphocytes. The picture was taken by

Prof. Gruber, University of Vetenary Medicine Hannover.

In our department, we develop methods to generate
mouse mutants for the analysis and function of the
gut-associated immune system. For this, we are utilising
a very complex method of conditional gene targeting.
This method allows us to activate, or inactivate, genes in
individual cell types. Using this method, we were able to
show that Interleukin-10, when produced by T cells, will
protect the organism from a chronic inflammatory bowel
disease. Using the human pathogen Yersinia enterocolitica
as an infection model, we will probe whether the genetic
changes introduced into the mouse will lead to a disturbed
host defence in the gut-associated immune system.
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Immunity can be broadly divided into a humoral arm -
mediated by soluble factors, such as antibodies or
complement - and a cellular arm - mediated by whole
cells, e.g. T cells, B cells or dendritic cells (DC). While
humoral immunity is only indirectly observable, cells
can be directly visualized while being “at work”. Antigen
presenting cells (APC) are at the beginning of every new
cellular immune response. They reside in the periphery
of the body, where they take up invading pathogens

and transport them to draining lymph nodes to present
peptide fragments (antigens) of pathogen to T cells.
Although central to cellular immunity, this transportation
process has not been observed directly, until now, and so
far nothing is known about its in vivo dynamics. There are
numerous situations where a defect in the generation of
immune responses might be explained by disturbed DC
migration. For example, immunotherapy of cancer tries
to make use of DC as carriers of tumour antigens. But
the major unsolved problem is what the optimum DC
application in a patient might be without disturbing the
inherent migration potential. Being able to visualize

© A dendritic cell engaging antigen specific T cells during

the process of T-cell activation. The “spaghetti” structures
around are fibres of artificial extracellular matrix consisting
of 3-D-collagen fibres.

Photo: Dr. Rohde

normal and defective DC migration in vivo would provide
a useful tool for getting insights into this basic process,
for optimizing protocols for vaccination programmes, or
for understanding disease processes.

Another aspect of cellular immunity, which is currently
being studied intensively, is the physical interaction of

T cells with APC during antigen presentation. Most of the
work underlying current theories for T-APC interaction
has been performed in vitro. Only very recently imaging
in explanted lymphatic tissue has shed light on the very
dynamic migration processes going on in lymphatic
tissue. Such studies may lead to an entirely new thinking
of how T-cell activation is achieved in vivo and what goes
wrong in the case of disease or lethal infection.

High resolution images By using state of the art
microscopy techniques, we visualize cellular immunity
as it takes place within its natural environment. We
want to get a comprehensive insight into the biophysical
dynamics underlying cellular immune processes. Analysis
of cellular dynamics within artificial extracellular matrices
is a major tool for generating and testing our working
hypotheses. In parallel, we have established imaging
within explanted lymph nodes, as well as lymph nodes
in living mice, by using time-lapse confocal and two-
photon microscopy. The latter technique is able to
generate high resolution images deep within vital tissue.
To get a complete picture, imaging must be established
both at sites of immune induction as well as immune
intervention. To this end, a DFG-funded project was
started recently to investigate the immune responses
against an infection with the pathogenic fungus
Aspergillus fumigatus in the lung of living animals. From
this project, we hope to gain a better understanding of
immune processes as they evolve, how they successfully
function, and when or why they fail.
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One third of all deaths occurring each year worldwide are directly caused by infectious agents. In addition,
microorganisms are responsible for at least 15 % of new cancers and they are also involved in the pathogenesis
of many chronic non-infectious diseases. The problems associated with infections are rendered more dramatic
by the global emergence of multi-drug resistances. Thus, it is critical to develop new approaches to fight
microbial pathogens. The main objective of this topic is to develop new tools and strategies to prevent and

treat infectious diseases.

The anti-infective discovery project is focused on the identification and structure/function analysis of active
compounds, as well as in the elucidation of their mechanisms of action. To this aim, microbial extracts and
combinatorial chemical libraries are employed to search for small molecules with anti-infective activity. The
structure and stereochemical properties of tubulysin, spirangien, cruentaren and elansolid were investigated.
The antifungal metabolite cruentaren A turned out to be a new member of the salicylihalamide/apicularen
family. Based on the structural information obtained for the new polyketide elansolid B, libraries of analogs
will be generated. Two trifluorodiazirino-substituted epothilones were also synthesized, which retained their
activity on tubulin polymerisation. In addition, a novel process was developed for the manufacturing of pepti-
de/compound microarrays, which allows preparing thousands to millions of identical copies from only one par-
allel synthesis experiment. Systematic screening of peptide and small molecule libraries for binding to a large

panel of proteins from proteomic studies is now feasible at very low cost.

In the antigen delivery systems and vaccines project, we focus on the development of new tools to optimize
the delivery of antigens or DNA vaccines. These systems are then exploited to generate vaccine candidates
against specific diseases. It was demonstrated that MALP-2, a synthetic agonist of the Toll-like receptor hetero-
dimer 2/6, is an optimal mucosal adjuvant for HIV antigens. Additional work showed that MALP-2 promotes
the activation and maturation of dendritic cells (DC), thereby increasing their stimulatory activity on naive and
antigen-specific T cells. Further studies established that bacterial ghosts constitute a promising delivery plat-
form for targeting DNA vaccines to antigen presenting cells. Finally, the use of mice lacking the TGF-B receptor
in B cells demonstrated the critical role played by TGF-signaling in antigen-driven stimulation of secretory IgA

responses after mucosal vaccination.
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The therapeutic cellular vaccines project aims to develop DC-based vaccines to treat chronic diseases and
tumors. To break immune escape mechanisms operating in chronic diseases, adenoviral vectors were con-
structed that code for tumor associated antigens and immunomodulatory molecules. Enhanced tumor-specific
immune responses were observed after vaccination with adenovirally modified DC expressing HPV-E7 and
co-stimulatory molecules of the TNF/TNF-receptor gene family. Additional work showed that 60 % of the
genes affected by oncogenic transformation in different tumor cell lines are reverted after infection by

IRF-1 expressing adenoviruses. Finally, cGMP-compliant production schemes were established for adenoviral

vectors and modified DC, using an integrated bag and sterile docking system.

Electronmicroscopic photo from streptococci that are binding on collagen.

Photo: Dr. Rohde
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An empirical search programme utilizing simultaneous
and parallel chemical synthesis is carried out in this
project as a complementary focus to the more classical
natural product discovery programme at the GBE The
combinatorial synthesis and screening technologies for
peptide and small molecule libraries that have been
developed will continue to be applied in the systematic
analysis and the selective inhibition of protein-protein-
interactions involved in infectious processes. This will be
further advanced and extended to search for new classes
of compounds with antibiotic, chemotherapeutic and
immunomodulatory activities.

A new micro-array based screening tool One of our
strong and original technology pillars is the miniaturized
and highly parallel SPOT-synthesis on membrane sup-
ports. This method rapidly generates arrays of peptides
and other synthetic compounds which are most advantage-
ously utilized in situ as an immobilized array of probes to
search for the selective binding of biological targets.

So far, one synthetic array has the dimension in the range
of a microtiter plate. It requires some 10 ml of incubation
medium with about 0.1 ml of sample volume. Re-using
the array to analyse a series of different samples with the
same compounds is cumbersome, as the stripping of
bound proteins may not be complete. These drawbacks
have now been overcome by employing a special
membrane which can be solubilized after completion

of all synthetic steps.

Synthesis of compounds on
a cellulose solid support
e.g. by the SPOT-method.

Separation of the assembled solid supported
compounds and distribution into microtiter
plate wells; dissolving the cellulose-compound

conjugates in a suitable solvent.

Printing of multiple copies from

the solutions onto e.g. glass slides.

Department of Chemical Biology |
Dr. Antonius Dikmans
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Solutions of compounds conjugated to soluble cellulose
polymers obtained from individual spots can then be
printed with an available contact-printing device (Micro-
Grid 1I) in a further miniaturized format onto, for
example, a microscope glass slide with up to 10,000 com-
pound spots per 2x5 cm area. Only nanoliter volumes
are required for this printing process. Thus, from one syn-
thetic macro-array we can now easily produce millions of
identical copies. Probing these micro-arrays also reduces
the amount of sample needed by a factor of 100.

Detection with
FITC anti-mouse IgM (green)
Cy5 anti-mouse I13G (red)

Pre-infection  9d after infection
Probing with serum of the same

animal

Peptide micro-arrays for serological screening: Immune
profiling of mouse strains infected with Y. enterocolytica,
a joint project with the department of Experimental
Immunology (EI). Only microliter samples of blood can

be taken from the mice during such studies. The figure
shows a section of the whole array printed with three copies
of 975 overlapping 15- mer peptides covering the amino
acid sequences of the major virulence factors YadA, Invasin,
YopE, YopH, YopM, YopP, YopT. The epitope peptide of
mouse mAb 1D3 (IgG) is the control.

Photos: GBF
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04.2 Biology of Microbial Bioactive Compounds
PROJECT LEADER | Prof. Dr. Gerhard Hofle | Department of Natural Product Biology | gho@gbf.de
PROJECT MEMBERS | Prof. Dr. Ursula Bilitewski | Ulrike Demuth | Dr. Yasser A. Elnakady | Dr. Meike Genrich
Dr. Klaus Gerth | Dr. Herbert Irschik | Sabine Kadow | Dr. Brigitte Kunze | Frank Lorenz | Bianca Luderitz |
Dr. Florenz Sasse | Dr. Jens Schumacher | Janine Wendler | Dr. Manfred Rohde
The search for novel natural products with biological The ends of the ribbons formed left-handed helices
activity in bacterial, fungal and mammalian cells based (Fig. 2)- while the number of protofilaments is gradually
on our growing collection of myxobacteria and other decreased to a number of three. Helical ribbons were
gliding bacteria was continued. Thus, we succeeded in only observed with epothilone B, not with paclitaxel.

finding a new group of compounds, the elansolids,
from a Flexibacter spec., a gliding bacterium that does
not belong to the myxobacteria.

An increasingly important group of myxobacterial
compounds are those that interfere with tubulin
polymerisation. Their mechanism of action was further
investigated in greater detail. Preclinical development
of tubulysin and disorazol was pursued in collaboration
with industrial partners, while phase III clinical trials
of the semisynthetic epothilone B-lactam started by
Bristol-Myers Squibb are continuing.

Structure of epothilone-induced tubulin polymers
Epothilone interferes with the tubulin polymerisation of
higher cells in a similar way as paclitaxel. During mitosis,
epothilone and paclitaxel induce the formation of multiple
asters instead of a normal bipolar mitotic spindle. At

©  The ends of the epothilone-induced ribbons form curles, the

higher concentrations, microtubule bundles are formed number of protofilaments is decreasing. Scale bar 100 nm.

in interphase cells. Whereas epothilone B and paclitaxel Photo: GBF

induce or accelerate polymerisation of purified tubulin

in vitro at similar concentrations, epothilone B is 100 Investigations on the polymeric tubulin structures within
times more cytotoxic in cell cultures. the cells using gold labelled anti-a-tubulin antibodies,
Electron microscopic investigations showed that epo- showed that under the influence of epothilone B the cells
thilone induces short, sheet-like tubulin polymers when also contain broader sheet-like tubulin polymers (Fig. 3).
added to tubulin preparations. When epothilone B was These run straight and are not curled.

added to an equilibrium mixture of tubulin and micro-
tubules, we observed formation of microtubules that
at one end continued as long ribbons which show

protofilaments running in parallel (Fig. 1).

o In epothilone treated cells we observe normal microtubules

o Transition of a microtubule to a straight running ribbon of which were labelled by gold particles (top). But we also

11 parallel protofilaments. find broader tubulin filaments (bottom) that seem to have

Photo: CBE a sheet-like structures. Scale bar 100 nm.

Photo: GBF
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In the period covered by this report, work focused on
our collection of myxobacterial metabolites which have
been isolated over the past 25 years. Structure and stereo-
chemical details of tubulysin, spirangien and two new
metabolites, cruentaren and elansolid were investigated.
Two trifluorodiazirino-substituted epothilones were syn-
thesized which retained their activity for induction of
tubulin polymerisation. According to MALDI-MS, they
label covalently tubulin by irradiation at 365 nm.

Tubulysin After the structure and absolute configur-
ation of this highly cytotoxic tubulin inhibitor had been
elucidated by chemical means, crystals were obtained

for the first time and an X-ray structure analysis could be
performed which confirming the earlier results. NMR
conformational analysis indicates that the solution
conformation of tubulysin A is close to that in the crystal.

o Crystals of Tubulysin A.

o Crystal structure
of Tubulysin A
(E. Herdtweck,

TU Munich)

Department of Natural Product Biology |

Dr. Dimitry Kashin |
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Dr. Peter Washausen

Cruentaren A The highly cytotoxic and antifungal
metabolite of Byssophaga cruenta turned out to be a new
member of the salicylihalamide/apicularen family charac-
terised by a 12-membered lactone and N-acylallylamine
side chain. Its absolute configuration was determined
by chemical degradation, and stereoselective synthesis
of building blocks for reference. Olefin cross-metathesis
with ethylene smoothly cleaved the side-chain double
bond to give 21,22-seco-cruentaren A which crystallised.
X-ray crystal structure analysis confirmed the absolute
configuration established before.

ethylene

HO™

Grubb's cat.

Cruentaren A

21,22-seco-Cruentaren A

Elansolid B  Elansolid B is a novel polyketide isolated
from a Flexibacter strain. According to 13C labelling and
biosynthetic considerations its unique bicyclic core
structure is formed by a Diels-Alder reaction. The benzylic
lactone is easily cleaved by base-induced fragmentation
followed by addition of various nucleophiles to the
intermediary quinone methide. Obviously, this reaction
in combination with others may be applied for the
generation of a library of elansolid analogs.
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Vaccination is the most cost-effective strategy to prevent
microbial infections. The main aim of this project is the
development of tools to optimize the delivery of antigens
or eukaryotic expression vectors, and their subsequent
exploitation for the generation of vaccine candidates
against specific diseases. Since mucosal territories are the
main portals of entry for infectious agents, the optimiza-
tion of mucosal vaccine formulations constitutes a major
research focus.

Efficient delivery of the HIV-1 Tat protein A major
goal of HIV/AIDS research is the development of a mucosal
vaccine able to stimulate humoral and cell-mediated
immunity, both at systemic and mucosal levels. This
would allow the blocking of virus replication at the site
of entry. Thus, a vaccine prototype was developed, based
on the HIV-1 Tat protein as antigen and a synthetic deri-
vative of the macrophage-activating lipopeptide MALP-2
as mucosal adjuvant. Intranasal administration to mice
resulted in the stimulation of strong humoral and cellular
anti-Tat responses, not only at systemic, but also at muco-
sal levels. These results suggest that MALP-2 represents an
optimal mucosal adjuvant for HIV vaccines. Functional
studies also demonstrated that MALP-2 stimulates the
activation and maturation of dendritic cells (DC), thereby
increasing their T cell stimulatory activities.

TGF-B receptor signaling is critical for mucosal IgA
responses We investigated adaptive immune responses
in mice lacking the TGF-§ receptor in B cells (T{3RII-B)
after mucosal immunization using adjuvants acting on
different molecular targets, namely the cholera toxin B
subunit and MALP-2. Strong antigen-specific cellular and
humoral responses were triggered in controls and TRRII-B
mice. However, a significant reduction in antigen-specific
IgG2b and increased levels of IgG3 were observed in
TRRII-B mice. Antigen-specific IgA secreting cells, serum
IgA and secretory IgA were also undetectable. These
results demonstrate the critical role played by TGF-
signaling in antigen-driven stimulation of secretory IgA
responses and IgG class switch.

Bacterial ghosts Mass implementation of DNA
vaccines is hindered by the requirement of high plasmid
dosages and poor immunogenicity. We have evaluated
bacterial ghosts as delivery systems for DNA vaccines.

Dr. Claudia Link | Dr. Faiza Rharbaoui | Dr. Kai Schulze

Bacterial ghosts are a non-living vaccination platform
based on the conditional expression of the lethal lysis
gene E from bacteriophage PhiX174 in Gram-negative
bacteria. This leads to the formation of a trans-membrane
tunnel through the bacterial envelope, through which the
cytoplasm content is expelled. Plasmid-loaded bacterial
ghosts were efficiently taken up by macrophages and

DG, thereby leading to 52-60 % transfection rates. They
target the DNA vaccine to APC and act as natural adjuvants,
by providing a strong danger signal. Immunization studies
demonstrated that ghost-mediated delivery of DNA
vaccines stimulates more efficient immune responses
than naked DNA. Vaccination with DC loaded ex vivo
with plasmid-containing ghosts also resulted in strong
antibody and CD8+ T-cell responses. Thus, bacterial
ghosts constitute a promising technology platform for
the development of more efficient DNA vaccines.

' .
Phospholipid
bilayer —p

DMA

plasmid

Membrane protein
600

L =

Bacterial ghost-mediated delivery of DNA vaccines.
Scanning electron micrograph of a bacterial ghost generated
by conditional expression of the gene E. A cross section
reveals the ghost envelope complex, to which the loaded

plasmid DNA remains associated.
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In cancer and in many persistent infections an effective
antigen specific T-cell response is important to control the
disease. One of the basic problems for immunotherapy
of these diseases is that, despite an existing immune res-
ponse, a therapeutic effect is difficult to achieve because
of tolerogenic, anergy-inducing responses of the target
and other immune escape mechanisms. In this context,
the present project aims at a deeper understanding and
further improvement of immuno-stimulatory functions
of dendritic cells (DCs). We studied their interactions
with effector cells and investigated the functional effects
of genetic modification of antigen presenting cells. We
also implemented prerequisites for the production of

a therapeutic cellular vaccine.

Imaging of interactions Specific imaging techniques
were developed to investigate the interactions of different
cell types in lymphoid tissues, which determine the out-
come of the immune response. Detailed structural infor-
mation was gained by electron microscopy, whereas con-
focal microscopy was used to follow cell migration and
dynamic interactions in vitro. Furthermore, the influence
of infection and genetic modification on cell interactions
in lymphoid organs was visualized in cooperation with
other GBF research units.

Confocal Microscopy (K.E.J. Dittmar)
Fied: Macrophages (Mac1}

B B-cels (B220)

Genon: Raticulin fibors

©  B-cell follicles in retroauricular lymph nodes.

Dr. Andrea Kréger | Lars Macke | Wilhelm Meyring |

Modulation of the immune response For the modu-
lation of the immune response, we constructed adenoviral
vectors encoding tumour associated antigens, immuno-
modulatory molecules and reporter genes. They allowed
efficient transfer in primary cells and regulated expression
of multiple genes. Analysis of several factors of modified
human DCs confirmed that adenoviral gene transfer did
not induce significant unspecific effects.

Adenoviral transfer of immuno-modulatory genes,
however, allowed specific modification of DC properties.
Functional properties of modified cells were monitored
using murine model systems: the immune response to a
tumour antigen (E7) encoded by a human papillomavirus
was analysed. Enhancement of the E7-specific immune
response was demonstrated after vaccination with
adenovirally modified DCs.

Murine tumour model In a transplantable liver
tumour model, activation of the transcriptional activator
IRF-1 leads to the inhibition of tumour growth and
induction of a specific immune response. To investigate
this effect in other tumour systems an adenovirus
expressing IRF-1 was established. Infection of different
tumour cell lines with it showed the typical IRF-1
mediated phenotypes: inhibition of cell proliferation,
increased MHC I expression, IFN-ff secretion and
reversion of the transformed phenotype. 60 % of the
genes affected by oncogenic transformation are reverted
as a consequence of IRF-1 activation.

GMP for recombinant adenoviral vectors and
dendritic cells Adenovirally modified DCs are
promising agents for immunotherapy of cancer and
persistent infections. Translation of basic research into
clinical trials and therapeutic application requires the
development of cGMP-compliant production schemes
for adenoviral vectors and modified cells. For safe and
reproducible cGMP-compliant production of genetically
modified DCs an integrated bag system is under
development.
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The use of bacteria as a transfer vehicle for eukaryotic
expression plasmids into mammalian host cells is well
accepted by now. We have used two species of bacteria

as transfer vehicles. First, Salmonella typhimurium was used
to administer DNA vaccines orally to mice. Secondly,
Lysteria monocytogenes was studied as a vector for the
delivery of therapeutic DNA.

Salmonella typhimurium
vaccination was often problematic because the original

In the past, this way of

high copy plasmid was frequently unstable in culture, as
well as in the mouse. We replaced the high copy number
origin of replication (ori) by low copy number oris. This
completely stabilized the Salmonella transformants in
vitro and in vivo. More importantly, this led to a signifi-
cant improvement of the immune responses after oral
application. The newly developed plasmids will be the
basis for further improvements of the oral DNA

vaccination system.

©  Electronmicrograph of a host cell infected with plasmid
carrying Lysteria monocytogenes and subsequently treated
with ampicillin to initiate DNA transfer. After 24 hrs many
bacteria are already lysed and either carcasses are observed
(arrowhead) or bacteria which appear to empty their con-
tent into the cytosol. Some bacteria are still surrounded
by membranes (arrowhead) although usually bacteria escape
from phagocytic vacuoles within the first 4 hrs. Lysosomes

(L) are fusing with the bacteria containing vacuoles. N

(nucleus).

Research Group Molecular Immunology |
Christian Becker

Christofer Samuelsson |

Photo: GBF
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Katrin Westfal | Andrea Zellmer

Lysteria monocytogenes Here it became clear that
high numbers of bacteria are required to achieve
significant transfer rates. Rapid lysis of the bacteria and
release of the bacterial content could be demonstrated
by electron microscopy, but only extremely few plasmids
apparently are transferred. Despite this, high numbers
of plasmids could be recovered from the host cells after
DNA transfer. These plasmids are associated with high
molecular weight components of the carrier bacteria or
the host cells. Further detailed molecular analysis of
these complexes should allow a rational design of
improvements for the DNA transfer using Listeria as a
carrier.

Bacteria-host interactions As an extension, bacteria-
host interactions were studied. We investigated early
events taking place in mice after infection with Lysteria
monocytogenes. We could show that the inflammatory
chemokine CCL2 dominates this phase. Interestingly,
depletion of CCL2 resulted in a decreased bacterial load
and immune histology revealed that the arrangement
of the cells of the spleen was significantly altered. The
normally observed composition of macrophage clusters
is changed in such a way that now granulocytes can enter
the clusters. Therefore, induction of CCL2 in the spleen
of mice appears to be an immune escape mechanism of
Lysteria monocytogenes.

IFNB — An immune regulator Similarly, we are
studying the biology of IFNf. Using a recombinant
mouse that is unable to express IFNf, we could show
that this cytokine has an important immune defence
function. Thus, when mice were infected nasally with
group A streptococci, a higher bacterial load was observed
in IFNpB-deficient mice compared to normal mice. In
contrast, when the mutant mice were exposed to Dextran
sulfate to induce experimental colitis, the inflammation
of the gut was significantly reduced. Thus, in this case

the lack of IFNf ameliorates the disease.

These two examples demonstrate the dichotomy of effects
that is observed for this cytokine. The future goal of these
studies will be to define the cells that are responsible for
the production of IFN. To this end, a new recombinant
mouse - based on a conditional knock-out mutant - has
been established to facilitate the definition of the IFNf
producer cells.
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Programme “Comparative Genome Research”

PROGRAMME SPEAKER | Dr. Helmut Blocker | Department of Genome Analysis | hbl@gbf.de

Pathogenesis results from a complex interaction of genotypic and phenotypic traits, including inherited genetic
defects or dispositions, and factors such as age, lifestyle, host-pathogen interactions and environmental stress.
The comparative analysis of genome information is an essential element in studying genotype-phenotype
relationships for both prognostic and diagnostic aspects in health care. In addition, the role of individual

genes within the cell and their interactions in cell complexes and networks, for example tissues, as well as
their epigenetic, translational and post-translational regulation, still remain to be elucidated. Comparative
genome research can combine model-driven experimental approaches with information-driven computational
and theory-based data interpretation. Thus, this research programme combines the experimental functional

characterization of genomes with comprehensive genome-based bioinformatics.
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This project has a focus on the genome-wide study and
in-depth analysis of genomic information. This involves
high-throughput sequencing of DNA, as well as annotation,
up to the level of metabolic and regulatory pathways.
More than 50 percent of the department’s activities are
devoted to bioinformatical work. Future work also will
include the comparative sequence analysis of selected
genes in pathogens and patient cohorts, as well as of the
methylation profile of selected genomic regions. As an
adjunct to these activities further technology develop-
ments will be pursued.

Sequence analysis projects DNA sequencing is one
of the key technologies in modern biological research
and application. Comparative sequencing - resequencing
- is the method of choice, once a reference genome is
available. Accordingly, our future work will include the
comparative sequence analysis of clinical isolates from
pathogenic organisms such as M. tuberculosis with special
emphasis on genes involved in virulence, persistence,
antibiotic resistance and host preference. We shall also
determine sequence polymorphisms in host genes and
methylation profiles from selected genomic regions in
patient cohorts and study their associations with disease
susceptibility or resistance and pathogenicity.

Recently, we published the chimpanzee chromosome

22 sequence. We will now turn to sequencing and
functional analysis on chimpanzee chromosome X. We
are about to analyse selected regions from the horse,

pig and cattle genomes, most of which are suspected to
be disease-related. We have begun to analyse bacterial
communities in the gut of mice. In a pilot project, we
have taken measures to establish the infrastructure for
large-scale methylation pattern analysis of entire chromo-
somes and comparative analysis of methylation patterns.
After the completion of the sequencing phase of the
analyses of the genomes of Sorangium cellulosum, Bordetella
petrii and E. coli Nissle 1917, we are now working in
different consortia to deep annotate these genomes.

o Artwork representing the project of adapting principles of

speech recognition to DNA sequence analysis.

Photo and Collage: Klimek

In 2004, a new activity has been initiated for performing
comparative genome analysis of pathogenic mycobacte-
ria, which cause major human and animal diseases like
Tuberculosis, Paratuberculosis and Leprosy. The objectives
are to identify and characterise drug targets and virulence
factors of mycobacteria.

New technology The general advantage of our novel
bioinformatics technology lies in the fact that it is based
on physico-chemical/signal theoretical properties, rather
than on letter code similarities or frequencies. For
example, experiments are under way towards a new
classification of promoter sequences from E. coli and
other organisms which may reveal new insights in

gene activity categories. All implementations will run
on low-cost hardware. We are determined to pursue

the further development of the technology and apply

it to the comparative analysis of proteins and DNA, the
pattern recognition in complex images and - as a long
term project — the modeling of infection processes in
near real-time.



02 Ligand-Based Target Discovery

SCIENTIFIC REPORTS | Comparative Genome Research 73

PROJECT LEADER | Dr. Ronald Frank | Department of Chemical Biology | rfr@gbf.de

PROJECT MEMBERS | Ulrike Beutling | Dr. Antonius Dikmans | Varsha Gupte | Dr. Jutta Niggemann

Dr. Rene Ribenhagen | Andrzej Swistowski | Dr. Werner Tegge

Both random and directed mutagenesis, as well as mRNA
inactivation by antisense or RNAi methods, are experi-
mental approaches of forward and reverse genetics to
disturb the function of genes for the analysis of their
phenotypic expression. An attractive and complementary
new approach has been developed over the last years.
This approach utilizes synthetic chemical compounds

to act directly on the gene products — mostly proteins —
as activating or inhibiting ligands. When applying diverse
and competent synthetic compound repertoires, such

a strategy of chemical interference is a global genomic
and systematic approach.

Compound libraries The compound repertoires that
we are applying primarily come from our combinatorial
chemical synthesis and include peptides, peptidomimetics,
as well as small organic compounds. Such libraries are
prepared for internal screening projects. Supported by the
“Nationales Genomforschungsnetz” (NGEN), the libra-
ries also are applied in external projects of the Systematic
Methodological Platforms (SMP) “Functional and Chemi-
cal Proteomics” and the “The Antibody Factory”, as well
as the disease-oriented genome networks. Thus, initiated
by the GBE we operate a central chemical synthesis unit
for an NGFN Chemical Proteomics platform.

Membrane permeable specific inhibitors of cGMP-
dependent protein kinase By screening peptide libra-
ries, generated on SPOT membranes, a specific inhibitor
of the cGMP-dependent protein kinase I (“alpha”) was
generated. Fusion of membrane permeable amino acid
sequences to this peptide yielded highly potent and

cell penetrating selective inhibitors. The sequence termed
“DT-2" was used in its native and fluorescein-labelled
form in experiments to elucidate the physiological
functions of cGMP-dependent protein kinase (PKG) in
the regulation of smooth muscle tone. Contrary to other
known PKG inhibitors, DT-2 is able to lower the smooth
muscle relaxing effect of the enzyme even below its basal
activity. With DT-2 it is now possible for the first time to

investigate the physiological function of this basal activity
and thus obtain a better understanding of the regulation
of smooth muscle tone. Currently, studies with mice are
being carried out to corroborate the potential of these
inhibitors to treat low blood pressure, an important
condition, for example, in the therapy of systemic shock.
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©  Model of vascular smooth muscle PKG activity and its

impact on vascular tone. We propose that constitutive activity
of PKG (basal PKG activity) exerts continuous modulation
of vascular tone even at minimal cGMP levels. Increased
c¢GMP further stimulates the kinase (high PKG activity),
enhancing its modulatory influence. Available inhibitors,
including KT-5823 (blue arrow) and the Rp-cGMPS deriva-
tives (green arrow) such as Rp-8-pCPT-cGMPS and Rp-8-
Br-PET-cGMPS reverse cGMP stimulated PKG activity to
varying degrees, but only toward basal levels. Rp-cGMPS
derivatives may also yield partial kinase stimulation as indi-
cated by the double-headed arrow. DT-2 (red arrow), on the
other hand, inhibits not only the cGMP-stimulated PKG
activity but also a substantial portion of the basal PKG
activity, essentially abolishing vasoregulation by the kinase.
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The interactions of proteins with each other, or with
other ligand molecules, are the molecular basis of all
protein-mediated biological processes. The design and
generation of synthetic molecules represents a promising
strategy for the modulation of protein function through
controlled interference with the underlying binding
events — when they are capable of mimicking the binding
and functional sites of proteins.

The binding sites of numerous biomedically relevant
proteins are not located in continuous, consecutive
stretches of the amino acid sequence. They are built into
parts of the protein that are distant in the primary amino
acid sequence and brought into spatial proximity by
protein folding. The overall objective of our research is
to develop and implement a general concept for the
synthetic mimicry of such sequentially discontinuous
protein binding sites.

Loading the autosampler of a LC/MS instrument for the

analysis of synthetic peptides.

Photo: Bierstedt
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Inhibitors of Protein-Ligand Interactions The synthe-
sis concept for such inhibitors involves “rational design”,
which is based on the known structure of the binding site,
in conjunction with the use of scaffolded or assembled
peptides. In such peptides, protein-derived fragments
making up the binding site are presented through a
molecular scaffold in a nonlinear and discontinuous
fashion. The repertoire of synthetic methods developed
so far enables the synthesis of structurally diverse scaffold
molecules with varying degrees of conformational
flexibility.

Using the established synthesis methods, we were able

to design and generate mimetics of the binding sites of
several proteins. Our aim was to develop inhibitors of the
interactions between them and their respective ligands.
Synthetic mimetics of the binding sites of the Mena EVH1
domain and of gp120 of HIV-1, respectively, have already
been shown to inhibit the interactions of these proteins
with proline-rich peptide ligands and the T-cell receptor
CD4, respectively. Additional projects focus on inhibiting
the interaction of E-cadherin on epithelial cells with inter-
nalin A of L. monocytogenes, as well as the interaction of
viral interleukin-6 with the receptor gp130.
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Far-reaching similarities between human and bacterial
metabolism support the Darwinian hypothesis of a com-
mon evolutionary origin of all forms of life. Studies into
bacterial biochemistry reveal a simplified version of more
complex human metabolic pathways. Specific differences
often provide unique opportunities of exploiting bacterial
vulnerabilities by developing antibiotics with potentially
minimal side-effects for human patients.

Enzymes of heme biosynthesis Heme and other
tetrapyrroles, such as (bacterio-) chlorophylls and vita-
min B12, are essential to all living cells. They constitute
vital co-factors for numerous enzymes and participate in

energy and electron transfer processes in photosynthesis
and respiration. Another function unique to heme is to
coordinate and transport oxygen and CO, in the blood
of vertebrates.

©  The structure of HemN from E. coli. The first structure of

a radical SAM enzyme.

In collaboration with the TU Braunschweig, we have sol-
ved the structure of oxygen-independent coproporphyri-
nogen III oxidase (HemN), an enzyme required by bacte-
ria for heme-biosynthesis under anaerobic conditions.
HemN catalyzes the prepenultimate step in heme biosyn-
thesis. Prior to HemN, no structure of this family had
been explained. HemN and other family members place
a 4Fe-4S cluster and an S-adenosylmethionine (SAM)
molecule right next to each other, so that the sulphur
atom of SAM directly coordinates the fourth iron of

the cluster. Previously, a similar arrangement of these
co-factors had not been observed. The cluster, when
reduced, transfers an electron onto SAM, breaking it up
into a methionine and a 5’-adenosyl radical. The latter

| Dr. Wolf-Dieter Schubert | Jérg Schulze

extracts a hydrogen atom from the substrate coproporphy-
rinogen III, converting it to the product protoporphyrino-
gen IX by the loss of a CO, group and an electron.

The structure of HemN also revealed that the enzyme
binds two SAM molecules. This makes sense, because
HemN actually needs to perform two oxidative decar-
boxylation reactions on two separate side chains of
coproporphyrinogen III to yield the final product.

Enzymes of molybdopterin biosynthesis Molybde-
num enzymes are important for diverse metabolic proces-
ses, such as sulphur detoxification and purine catabolism
in mammals, as well as nitrogen assimilation and phyto-
hormone synthesis in plants. Deficiency of the molybde-
num co-factor biosynthesis in humans results in neurolo-
gical abnormalities and early childhood death.

In collaboration with the TU Braunschweig, we investigated
the structure of the G domain of the plant molybdopterin
biosynthesis protein Cnx1. The high resolution crystal
structure revealed adenylated molybdopterin bound to

a mechanistically impaired mutant protein. This allowed
the identification of adenylated molybdopterin as the
reaction product of Cnx1G. The amino-terminal E domain
of Cnx1 subsequently processes this in a magnesium-
dependent reaction into an active molybdenum co-factor.
X-ray anomalous dispersion identified copper bound to
the molybdopterin dithiolate sulphurs. Together with

the observed copper inhibition of Cnx1G activity this
provides a molecular link between molybdenum and

copper metabolism.

o All interactions in the active site of HemN, showing the cofactor

binding by the protein.
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The research focus of this project is on the reconstruction,
analysis and modelling of metabolic and regulatory net-
works of selected biological systems. We have approached
the system-biology by integrating the use of genomic and
functional genomic data, bioinformatic tools and mathe-
matical modelling. To this end, we are developing new
algorithms and methods for the reconstruction and ana-
lysis of metabolic and regulatory networks.

E. coli The algorithm IdentiCS developed last year by
our group was applied to identify the coding sequences
(CDSs) from raw genome sequences of the probiotic

E. coli strain Nissle 1917 (O6:K5:H1) and to establish
its potential metabolic network. The CDSs predicted
for E. coli Nissle 1917 were compared with those of all
five other sequenced E. coli strains published to date,
leading to the identification of 108 CDSs unique for
this isolate.

We were able to identify motifs and functional modules
in transcriptional regulation networks of E. coli and
yeast by a newly developed method. We found a hierar-
chical modular structure which is useful in identifying
global regulators and for analysing micro-array data,
especially for inferring the regulation mechanisms from
expression profiling data.

Get']es found regulated from microarray study

Dr. Hongwu Ma | Marcio Rosa da Silva |

Communication signal A comparative and phylogene-
tic analysis of 138 completed genomes was conducted
regarding the synthesis and signal transduction pathways
for autoinducer-2, which according to the literature has
stipulated was supposed to be a universal signal for inter-
species communication. It was found that the LuxS enzyme
required for AI-2 synthesis is widespread in bacteria, while
the periplasmic binding protein LuxP is only present in
Vibrio strains.

“Intergenomics” Within the BMBF project “Intergeno-
mics” we have studied the metabolic and regulatory
networks involved in the formation of virulence factors
and stress responses of Pseudomonas aeruginosa during
lung infection. We focused on the availability of iron and
oxygen and their interaction with the generation of viru-
lence factors. Experimental studies, like pathophysiology,
genetic perturbation or omics analysis, were combined
with bioinformatic tools to establish the regulatory
pathways and network involved and to understand the
complexity of the interactions.

RpoS
General
stress
response

o From pathways to gene network for iron regulation and stress response in P. aeruginosa.
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Microorganisms are ubiquitous and, because they can tolerate environmental conditions far too
extreme for higher organisms, their habitats define the biosphere. Microbial activities profoundly
influence global processes, like the carbon cycle and global warming, and local ones, such as animal
and plant disease. They also provide essential nutrients for plants and animals. Microbes have a critical
impact on human beings and their activities, in a multitude of both positive and negative ways: some
are responsible for the greater portion of human disease and mortality, whereas others provide us with
antibiotics to treat disease, and yet others play a critical role in cleansing our environment of organic
waste. Much of biotechnology is based on microbes and their products. Our ability to influence
microbial activities — to obtain greater benefit from the positive aspects and diminish the effects of

the negative repercussions — requires an understanding of how microbes live and function in their

habitats, and how their activities are regulated.

Classical microbiology focuses on the study of pure cultures growing under laboratory conditions.
However, microbes in nature grow as complex, diverse and dynamic communities, the members of
which interact and share available resources in complex ways. It is these interactions, and interactions
with other biotic and abiotic components of their environment, that determine community activities.

At present, we have no general understanding of such interactions.

The goals of the Environmental Biotechnology research programme are to understand microbial
communities as functional units, to elucidate the critical interactions that regulate community

activities, to develop and validate interventions that result in substantive increases in activities of
biotechnological interest, and to discover new microbial products and metabolic activities by exploring
microbial diversity. The research programme is characterised by a multi-scale approach — gene,

organism, community; test tube, chemostat, natural habitat — and a multi-disciplinary one — microbial
ecology, physiology, phylogeny, biochemistry, analytical chemistry, genetics/genomics, bioinformatics,
and modelling. Though the results obtained will be generally applicable to most types of microbial
communities, our research focuses on microbial communities that either cause disease in humans or
metabolise environmental pollutants. An important goal of the programme is to make key contributions

to the sustainable development of our society.
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Question central to understanding microbial diversity
and exploitation of diverse niches, many of which are
characterized by hostile conditions is: what are the
ecophysiological mechanisms of habitat specificity, and
what is the underlying basis of metabolic diversity?

Mining environmental genomes Environmental
genomes of the microbial communities have been
studied in two environments: the deep-sea hypersaline
anoxic basins (DHABs) of the Mediterranean Sea and

the bovine rumen. DHABs represent isolated extreme
environments that may harbour uncharacterized forms of
biodiversity. We retrieved five distinct types of enzymes.
One - which exhibits no sequence homology to enzymes
in any database - is a new, bi-functional, multi-catalytic
site enzyme. It is tolerant of a wide range of salinities,
hydrostatic pressure, polar solvents and reducing conditi-
ons. Majority rumen enzymes exhibited little similarity to
known classes of enzymes and showed a number of unu-
sual, and thus far unreported, properties, such as solvent
resistance, substrate specificities, high specific activity to
the number of substrates and in some cases high enantio-
/regioselectivity.

o Sampling deep Mediterranean Sea.
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A key factor for bacterial survival A new principle
was experimentally evaluated for expression of heat-
sensitive recombinant proteins in E. coli at temperatures
close to 4°C. This principle was based on simultaneous
expression of the target protein with chaperones (Cpn60
and Cpn10) from a psychrophilic bacterium, Oleispira
antarctica RB8T, that allows E. coli to grow at high rates at
4°C. The expression of a temperature-sensitive esterase in
this host at 4 to 10°C yielded enzyme activities that were
almost 200-times higher than those obtained from the
non-chaperon-producing E. coli strain grown at 37°C. We
present evidence that the increased activity was due to the
low growth temperature, which was beneficial to folding.

Anomaly of pH optima A wide range of acidophiles
inhabit acidic environments and grow optimally at pH
values between 0 and 3. The intracellular pH of these
organisms is close to neutrality or slightly acidic. Enzyma-
tic activities dedicated to extracellular functions would be
adapted to the prevailing low pH of the environment,
whereas intracellular enzymes would be optimally active
at the near-neutral pH of the cytoplasm. Intracellular
enzymes we have cloned from Ferroplasma acidiphilum
function optimally and are stable in the pH range 1.7-4.0
and have pH optima up to 3 pH units lower than the
intracellular pH of 5.6. This “anomaly” suggests the
existence of as yet unknown selective forces operating in
the cytoplasm.

Functional genomics of Alcanivorax An in silico
analysis of the Alcanivorax genome has been undertaken
to analyse cellular responses of this organism to pertinent
environment factors. Multiple alkane oxidation gene
clusters, multiple ammonium uptake systems, sodium-
dependent transporters, compatible solute biosynthesis
clusters, a low number of genes specifying signal trans-
duction systems and the lack of nitrogen fixation
pathways are consistent with an oligotrophic marine life-
style, and explain the excellent hydrocarbon-degradation
abilities and efficient nutrient scavenging capabilities of
Alcanivorax.
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©  Biofilm grown in an acidic mining lake in Lusatia.

Note the minerals formed in the biofilms seen here

as dark brown spots.
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The goals of this project are to understand microbial
communities as functional units and to discover new
metabolic activities by exploring microbial diversity.
Our research focuses on microbial communities that
metabolise environmental pollutants and thus build
the basis for bioremediation techniques.

Diversity of biofilm communities growing on PCB
The ability of microbial communities from non-polluted
habitats to use xenobiotic compounds has been assessed
and the microbial communities characterized. Soil
samples have been taken from seven different sites in
Germany. They were used as inocula for growing biofilms
on polychlorinated biphenyls (PCB). We found that the
microbial communities from six soil samples were able
to form a biofilm and to degrade PCB congeners. The
chemical analysis of the remaining PCB revealed small
differences in the preferences of the biofilm communities
for the individual PCB congeners. Surprisingly, the
biofilm communities found on the PCB oil were both
very diverse, displaying a high number of community
members as well as being very different from the biofilm
communities grown from the soil samples.

The results showed that there is a potential for microbes
from non-polluted sites to use the highly hydrophobic
substrate PCB. The ability to use this substrate is wide-
spread in the bacterial world, resulting in very different
microbial biofilm communities, which form the basis for
enhancements by intrinsic bioremediation techniques.

Biofilms from acidic mining lakes The exposure of
sulphides from open mining leads to their oxidation and
the resulting sulphates are washed into the water filling
the pits. These acidic mining lakes have a pH of 2.5 and
often high concentrations of heavy metals. That makes
them hostile to any higher organisms other than bacteria
and fungi. To assess the potential of microbial communi-
ties for the neutralization of acidic mining lakes, biofilm
formation on different substrata in one of these lakes
has been investigated.

Wheat straw serving as a substrate for microbial commu-
nities and substrates serving only as support for the bio-
films, like glass and the plastic Permanox™, have been
exposed for several months to conditions in the lake. The
resulting biofilm communities have been compared with
biofilms on reed and birch leaves from the lake. Diverse
biofilms of both bacteria and fungi were observed on the
reed and wheat straw nutritive substrates. They were
much denser and showed stronger mineral formation
than those on the non-nutritive glass and Permanox™
substrata. The degradation of reed and wheat fibers
seemed to require the interaction of fungi and bacteria
because both groups occur together in these biofilms.
This gives both fungi and bacteria a critical role in the
bioremediation of these lakes.
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The goal of the project is to quantify, predict and
influence biodegradation processes under environmental
conditions. To gain an understanding of the activities and
adaptation abilities of bacterial communities in situ, a
detailed analysis in pure cultures and model communities
is performed and methods allowing analysis in complex
systems are developed.

New biocatalysts Degradation of pollutants under
environmental conditions through bioaugmentation is
usually hampered by poor survival and in situ activity of
the applied biocatalysts, or the poor bioavailability of
pollutants. Rhodococcus sp. MS11, a psychrophilic
bacterium can not only degrade an unexpectedly wide
range of chlorinated and non-chlorinated hydrocarbons,
including tetra-, tri-and dichlorobenzenes, as well as
alkanes, but it also excretes biosurfactants during growth
on n-alkanes. Strain MS11 may be well suited for
bioremediation of soils and sediments contaminated
with di-, tri- and tetrachlorobenzenes, as well as alkanes.

Tools to analyze community functions A detailed
picture of the catabolic gene structure in environmental
samples will increase our knowledge of the functional
potential of microbial communities.

Diversity of catechol 2,3-dioxygenase (C230) genes as
key genes in aromatic hydrocarbon degradation was
assessed by PCR-single-strand conformation polymorphism
(PCR-SSCP). Site specific fingerprints were obtained,
showing that gene diversity experienced shifts correlated
to temporal changes and levels of contamination. To
more rapidly determine diversity of functional genes, we
developed an amplified functional DNA restriction analy-
sis of C230 genes. This provided a quick assessment of
functional gene diversity, insights into its gene phylogeny
affiliation and determined the predominant polymor-
phism in environmental DNA extracts.

The above studies identified two predominant C230
sequences, differing only by a single amino acid. Even
though the enzyme model does not suggest an influence
of that variation on function, the proteins differed signifi-
cantly in catalytic properties. This underscores the impor-
tance of enzyme function in amino acids that do not
directly influence active site structures and proves the uti-
lity of recovering polymorphisms evolved and selected for
special functions in natural ecosystems.

Structural model of a hydroxylase-substrate complex of

biphenyl dioxygenase of LB400 in the region around the
active site. A substrate molecule, 2,3"-dichlorobiphenyl, was
placed into the active site cavity. Main chains of subunits
are shown in wire type. a subunit A, green; a subunit B,
brown; b subunit A, blue. The substrate molecule, the Rieske
cluster, the mononuclear iron-dioxygen complex and side
chains of AA residues that were replaced in this work are
shown as CPK modules. Side chains are colored according
to the effect of exchange upon substrate dioxygenation:
(very) strong, orange; moderate, cyan; weak, grey. Substrate
carbons, light brown; substrate chlorines, green; sulfur,

yellow; iron, dark brown; oxygen, red.

Metabolic key enzymes Three regions of the biphenyl
dioxygenase of Burkholderia xenovorans LB400 influence
the interaction between enzymes and substrates. For a
further discrimination within these regions, we investi-
gated the effects of 23 individual amino acid exchanges.
Eight residues influence the structure of the catalytic
centre. Those lacking direct contact with the substrate
had not been predicted to play an important role.

A three-dimensional structural model was constructed to
characterize the active site of a glycosyltransferase. Kinetic
characterization of directed mutants identified enzyme
parts that are critical for substrate binding and turnover.
This information was used to design schemes for random
mutagenesis in order to obtain variants with altered spe-
cificities for the glycosyl donor.
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The ecology of pathogens is a rather recent focus in
microbial ecology. This new focus concentrates on
environmental bacteria and viruses that cause infectious
diseases and the ecological processes that control these
pathogens. Natural or man-made environments are often
important reservoirs of infectious bacteria. The ecological
interactions with other microbes, or higher organisms,
determine pathogen population levels and even virulence.
The importance of such ecological interactions is under-
scored by the fact that some of the most effective measures
taken to limit infectious diseases are not medical but
environmental. An important example is the dramatic
reduction of waterborne diseases due to wastewater
treatment and the disinfection of drinking water.

The long-term aim of the project “Pathogen Ecology” is
to assess and understand the distribution, activity, patho-
genicity and reservoir size of major bacterial human
pathogens in the environment which, in turn, would
allow a prediction of threats to public health from these
pathogens and help to promote measures against these
threats.

©  The water reservoir of the Eckertalsperre in the Harz

mountains.

Photo: Dr. Lange, Harzwasserwerke, Goslar, kind permission acknowledged

Dr. Matthias Labrenz

DNA-based detection The primary reason for our
limited knowledge of bacterial pathogen ecologies is their
unreliable detection by culture-based, conventional tech-
niques. Almost all monitoring systems currently used in
the public health sector are based on these conventional
techniques. On the other hand, most pathogenic bacteria
in the environment are in a so-called viable but non-
culturable state and cannot be recovered with conventional
procedures, although they are still infectious. Over the
last decade, direct analysis of DNA extracted from
environmental samples has been used to circumvent these
limitations and detect bacteria using molecular methods
without cultivation. The advent of genomics and DNA-
chip technology will take this DNA-based detection
technique one step further by allowing the assessment of
activity and virulence of specifically targeted bacteria in
the environment.

Waterborne pathogens A major human health hazard
is the consumption of drinking water and bathing, if the
water in question is contaminated with feces of human
or animal origin.

As a first focus, a whole drinking water supply system
(DWSS) was investigated from source to tap for its micro-
flora, using a molecular fingerprint methodology. This
particular DWSS provides most of the potable water for
the city of Braunschweig and uses two large reservoirs in
the Harz mountains as source water. The structure and
composition of the bacterial microflora in both reservoirs
was very different because their freshwater ecology differ
substantially.

The first processing of the raw water by flocculation and
sand filtration did not change the composition of the
microflora. Major changes occurred, as expected, after
chlorination. The drinking water from both reservoirs

is mixed in a large storage container and delivered to
Braunschweig through a roughly 40 km long pipeline
system. Along the transport route no big changes in the
drinking water microflora occurred and a rather stable
bacterial community was detected in the tap water at

the end of the supply system. This new molecular look

at what we drink will help to optimize the processing

of drinking water from natural raw water and help to
maintain hygienic standards.
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There is a global threat of multi-drug resistant micro-
organisms, which renders increasingly difficult the
clinical management of infected patients. The major
objective of this project is to contribute to the solution
of this problem by finding new drugs with novel
mechanisms of action. To this aim, we are exploiting
the huge untapped microbial diversity by screening
environmental isolates from extreme environments for
their production of bioactive compounds.

A new antibiotic active against multi-resistant
bacteria A Bacillus subtilis strain isolated in Indonesia
produced at least ten different compounds exhibiting
antimicrobial activity, including three macrolactins: the
previously characterized macrolactin A, 7-O-succinyl
macrolactin A, and a new derivative, 7-O-malonyl macro-
lactin A. The C-7 substituted macrolactins showed higher
antimicrobial activity and lower toxicity for mammalian
cells than macrolactin A. The new 7-O-malonyl macrolac-
tin A had high antibacterial activity against multi-resi-
stant Gram-positive isolates, in particular methicillin-
resistant Staphylococus aureus and vancomycin-resistant
enterococci. Interestingly, it also inhibited slow growing
small colony variants (SCV) of Burkholderia cepacia isola-
ted from cystic fibrosis patients.

Methicillin-Resistant
Staphylococcus aureus

e
.... Control
o' 0 gi

Vancomycin-Resistant

o e ‘ Enterocaccus

7-O-malenyl macrolactin

®  7-O-Macrolactin A and its effect on cell division.

New insights into drug action 7-O-malonyl macro-
lactin A is not bacteriocidal, but is strongly bacteriostatic,
and not only inhibits bacterial growth, but also exerts

a potent post antibiotic effect indicating that treated
bacteria are seriously damaged. Transmission electron
microscopy of treated methicillin-resistant S. aureus and
vancomycin-resistant Enterococcus faecium revealed
multiple septation initiation sites and a lack of separation
of daughter cells, suggesting that 7-O-malonyl macrolactin
inhibits the process of cell division. Formation of ab-
normal buds at the points of cell division, and a smaller
rounded morphology, was observed with treated SCV
variants of B. cepacia. An explanation of the underlying
mechanism of action of the 7-O-malonyl macrolactin is
expected to provide new insights into drug action and
reveal new cellular targets.

New screens Parallel work was carried out to establish
new screens to identify secondary metabolites able to
inhibit critical steps of the pathogenesis process, such as
bacterial attachment and microbial capacity to produce
biofilms. Compounds identified by these new screens are
currently under scrutiny.
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In 2003/2004, the Biochemical Engineering Division -
Biotech Facilities - of the GBF continued to act as a tech-
nology service provider for clients both inside and outside
the Helmholtz Association. These services comprised the
development and scale-up of cultivation processes for
microbial and animal cells, and purification processes for
the isolation of biomolecules, such as proteins, nucleic
acids and antibodies from cell mass and supernatant.

At the GBE various biotechnological pilot plants are avai-
lable for this purpose, housing numerous bioreactors, cen-
trifuges, chromatographic and filtration systems. The faci-
lities have been licensed since 1997 for the production of
GMP-material, in accordance with the German Drug Act
(AMG), thus enabling novel active pharmaceutical ingre-
dients to be produced for clinical research. In compliance
with the regulations, a highly compartmented clean room
pilot plant (GMP I) was installed in 1999. In order to
satisfy increasing demand for capacity and quality, an
additional plant was installed in 2001 (GMP II). The

©  Stefan Kluger controls a fermentor.

Photo: Bierstedt

Biochemical Engineering Division
Dr. Jochen Berlin |
Dr. Volker Hecht |
Karl-Heinz Kroner
Jurgen Nothnagel |

Dr. Anton RoBB |

| hzi@gbf.de

Christin Dangel | Andreas Duvel |

Dr. Helmut Hustedt |
| Reinhard Krutzfeld |
Ramoén Nuppenau |

Matthias Patrick Weide

commissioning and qualification of GMP 1I is currently
ongoing. In May 2004, the Biochemical Engineering
Division was successfully inspected by local (Bezirksregie-
rung Braunschweig) and federal authorities (BfArM —
Bundesamt fiir Arzneimittel und Medizinprodukte). The
GBF is the first German institution to receive a general
and non-product-specific GMP manufacturing license.
During 2003, about 240 microbial and mammalian cell
cultivations were performed, of which 75 were for external
clients. Of these, 15 came from academic institutes and
60 from industry.

Four projects dealing with the production of biopharma-
ceutical active proteins have been carried out for German
pharmaceutical and Biotech companies. Three of these
have already been successfully finalized with the manu-
facture and delivery of GMP-grade active pharmaceutical
ingredients (APIs). The APIs, meanwhile, have been
processed further to final dosage forms for use in several
clinical trials.
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Technological Platforms

o A number of platform technologies essential for the research carried out at the GBF are made available
to the scientific projects as centralized facilities. In the context of national and international research
programmes, these platforms provide services not only to internal projects, but also to scientific colla-
borators from other Helmholtz research centres, German universities other public research institutes

and industry. Below, some of the most important platforms are described in detail.

o  Dr. Stefan Matysiak (ri), Dr. Norbert Zander (mi) and Andrea Abrahamik (le) discussing the development of
protecting groups for peptide synthesis.

Photo: Bierstedt
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The purpose of the Central Animal Facility is to care for

and provide research animals - exclusively mice - for the

scientists at the GBF and to monitor compliance to the
guidelines of the federal Animal Welfare Act. All animals
are kept under state of the art conditions in individually
ventilated cages (IVC).

The facility consists of a building dedicated to breeding
mice under specific pathogen free (SPF) conditions,

a separate quarantine and a biosafety level 2 unit
(BSL-2) for performing infection experiments under
SPF-conditions.

In addition to caring for breeding colonies both under
specific pathogen-free conditions and in quarantine,
duties of the facility include performing back crosses
and experimental breedings to create new mouse lines,
routine health monitoring, the rederivation of strains

by embryo transfer, archiving of strains by embryo
cryopreservation, maintenance of nuclear breeding
colonies, and the breeding and provision of donor
animals and pseudo-pregnant females for the generation
of new genetically-modified mouse lines by ES-cell
blastocyst injection.
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©  An animal core taker is moving the mice into new cages.
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Services In 2004, occupancy in the facility increased
approximately 30 % to almost 3,600 cages by the end of
the year. Currently, over 150 different mouse lines are
housed in the facility. Besides providing standard animal
care, the animal technicians carry out all experimental
breeding with attendant data bank administration and
perform a number of other services, including biopsies,
blood sampling, immunisations and other manipulations.
In 2004, rederivations were performed on 22 lines, while
30 lines were archived by embryo cryopreservation. In
vitro fertilization techniques were also established in the
facility this year.

The training programme for laboratory animal technicians
continued to expand. Presently, one apprentice is in the
third and final year of training, and two are in their
second and first years, respectively. We plan to add five
new apprentices to the programme in 2005.

Expansion of the infection platform In November,
2003, the Building D annex was put into service as a
dedicated animal care unit for performing infection
experiments at BSL-2. By the end of 2004 approximately
900 of the 1,700 available cages were occupied. Only
SPF-certified animals are allowed into the unit and all
activities are performed under correspondingly controlled
conditions. The line of services provided here is the same
as in the other units of the facility.
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The Array Facility is a central service unit at the GBE
performing micro array based expression analysis.
Following the principle of high throughput analysis, a
particular emphasis is based on automation of sample
preparation and development of customer adapted
micro arrays. This allows multiple screenings for gene
sets of interest. The customized expression analyses
are complemented by highly standardized GeneChip
expression arrays manufactured by Affymetrix. The
GeneChip system allows a whole genome expression
analysis of approximately 40,000 genes on one chip.
These chips are available for mammalian systems as
well as for prokaryotes, i.e. Pseudomonas aeruginosa
and E. coli.

Services The Array Facility offers expression analysis
services for GBF researchers and external collaborators.

In 2004, a total of 500 expression arrays were performed,
with 400 using the Affymetrix GeneChip technology.

Out of these 400 expression arrays, 200 were requested
by GBF researchers and approx. 200 by external research
groups und collaborators. Some 100 experiments were
performed on self-printed custom chips, so called theme
arrays.

For the development and manufacturing of theme arrays,
the array facility advises users on the optimum choice of
materials and shipping conditions. The manufacture of
the arrays is guaranteed by the Array Facility, and standar-
dized quality controls are applied to each batch of arrays.
Furthermore, optimized protocols for their application
are made available to our customers.

In addition to array manufacturing and sample preparation,
data mining, data housing and data interpretation also
are available upon request. Standardized result reports are
generated for over 80 % of the performed experiments.

Instrumentation of the Array Facility.

Research... In the course of numerous internal and
external collaboration, analyses were performed by the
facility related to tumor growth and type, host-pathogen
interactions - EHEC, Listeria, Yersinia, Pseudomonads
and Mycobacteria - and immune responses.

A major aspect for expression profiling of the immune
system was to gain more insight into regulatory mecha-
nisms leading to peripheral T-cell tolerance. Research
groups at the GBE the DRFZ Berlin and the MHH

were interested in a particular CD4+ T-cell population
preventing autoimmune diseases, such as Diabetes
mellitus, Morbus Crohn and rheumatid arthritis. Expressions
profiling identified new marker molecules for a more
sophisticated isolation of these “regulatory T cells”
(Treg). It was shown that the application of Treg cells to
autoimmune mouse models prevented autoimmunity.
Expression studies on human regulatory T-cell lines, in
conjunction with bioinformatics approaches, should
provide a better understanding of the function of these
T cells. The Array Facility, therefore, has initiated a joint
project with the bioinformatics company, BIOBASE, the
MHH and GBF researchers to identify regulatory networks
by bioinformatical methods. Additionally, we have deve-
loped a new micro array chip based on our knowledge
of regulatory T cells. It allows expression profiling at

a higher resolution and lower cost.

...and Development In the course of custom array
development and improvement, three theme arrays were
generated by researchers at the GBE Further individual
chip designs are intended for 2005.
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This platform is a facility for determining the three
dimensional structure of all types of natural products
and is equipped to carry out mass spectrometry (MS),
nuclear magnetic resonance spectroscopy (NMR), X-ray
crystallography, protein sequencing, electron microscopy
and confocal laser microscopy. For the majority of low-
molecular natural products, their structure can be
elucidated in a routine manner using a combination of
MS and NMR spectroscopy.

The direct analysis of large, intact biomolecules, such as
proteins, oligonucleotides and complex carbohydrates

is routinely carried out using MALDI- and ESI-MS. Mass
spectrometry has the important advantage of providing
information about very small amounts of compound.
The secondary and tertiary structure of peptides and
proteins can be elucidated in solution using multidimen-
sional NMR spectroscopy, when appropriately labelled
material (15N and 13C) is available. Automated MS
micro-techniques are used for the identification and
characterization of proteins from 2D gels (“Proteomics”)
and from “gel-less” techniques, through the determination
of the molecular weight of their proteolytic fragments
using MALDI/TOF-MS/MS and HPLC-ESI-MS/MS.

©  Field emission scanning electron microscopic depiction of

the cross-talk between serotype M1 Group A streptococci
(red) and human epithelial cell (HEp-2) which results in
the formation of membrane ruffles around the invading

streptococcus.
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X-ray crystallography The main emphasis in X-ray
crystallography is the structural analysis of proteins at the
atomic level. A pipette-robot and a modern X-ray unit
with an area detector and rotating anode are available
for crystallisation and data collection. The measurement
of high resolution data and phase determination using
anomalous dispersion is available through the use of
external synchrotron facilities.

Edman degradation N-terminal protein sequencing is
performed by automated Edman degradation. Applications
include the elucidation of new protein sequences, the
identification of proteins in data bases, as well as checking
the identity and purity of recombinant proteins. Samples,
either in solution or bound to PVDF-membranes, may be
analyzed in the low picomolar range.

FESEM-techniques Electron microscopy is used to
visualize the adherence to and invasion of host cells by
a wide range of pathogens. Preparation protocols have
been customized to undertake studies using high
resolution field emission scanning electron microscopy
(FESEM) revealing distinct pathways for invading the
same host cell. In addition, a methodology has been
developed to immuno-localize pathogenicity factors
using FESEM, not only on the bacterial cell surface or
the interface between bacterial and host cell membrane,
but also inside the host cell using antibodies and
colloidal gold-particles.
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The task of the platform is to generate synthetic peptides
both in soluble form and immobilized in the form of
arrays, as well as to produce special, commercially
unavailable compounds. State-of-the-art equipment is

employed for the synthesis. Soluble peptides are routinely
characterized using HPLC and MALDI mass spectrometry.

If necessary, further characterization is carried out by
amino acid analysis, protein sequencing, special mass

spectrometry techniques and NMR in the GBF Department

of Structural Biology.

Depending on the intended usage and desired quality of
the crude products, purifications are carried out, usually
by preparative HPLC. For special investigations, the
platform also routinely offers the following peptide
modifications: phosphorylations, biotinylations, lipid
additions, branched peptides and cyclizations.

SPOT-arrays In the platform, peptide arrays are genera-
ted to facilitate the systematic and empirical search for
peptide ligands. For the successful design of such arrays,
a thorough understanding of the biological problem is

Preparing for the peptide synthesizer for the automated,

parallel generation of up to 96 peptides.

Photo: Bierstedt
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essential and attained by a close cooperation and collabo-
ration with the users. The SPOT-arrays are currently gene-
rated semi-automatically on paper sheets or other poly-
meric supports. In the near future, however, this will be
done fully automatically with the help of new synthesis
robots. Each year, approximately 15,000 peptides and
peptide mixtures are generated in an array format and
utilized for the investigation of protein-protein interac-
tions and enzyme-substrate recognition.

Chemical Synthesis [n a 20-step synthesis, galactosyl
ceramide was synthesized and coupled to a synthetic
peptide. Also, macrophage activating lipopeptide (MALP)
and a polyethylene glycol derivative thereof (MALP-
MPEG) were synthesized in multi-step syntheses. These
classes of compounds are used by the GBF group Vaccine
Research for the development of mucosal vaccines.

Other special compounds that were synthesized include
chinolone derivatives, cyclic-di-GMP and cyclic-di-AMP,
benzamido-adenine dinucleotide (BAD).
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Microbial structures seen by children

o In 2003 children from the “Peter-Rauber-Schule”, a school for mentally handicapped children, located in
Wolfenbuttel, visited the GBF to perform some experiments and to look at the cellular and microbial world
through the microscope. They transferred their impressions into a remarkable series of paintings. These were
arranged for an exhibition at the GBF FORUM. The project was supported by the GBF Férderverein. Below

4 selected paintings are shown.
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Photos: left: Aerial photo of GBF Campus (2004) | centre: During the scientific seminars of the Biotech Fair organized by Omnilab at the
GBF FORUM and BioTec-Griinderzentrum in September 2004 | right: Participants of the Meeting where the first version of the virtual network
was presented by Paul Charlton Coaching, InWEnt and GBE. Photos: GBF (le), Omnilab (ce), Dr. Charlton (ri)
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e In 1965 the GBF was founded as “Centre for Molecular Biological Research” (GMBF) with financial support by

the Volkswagen Foundation. In 1976 the Federal Government through the Ministry for Research and Techno-

logy (BMFT) together with the State of Lower Saxony took over the Centre, now called “German Research

Centre for Biotechnology” (GBF). Since then the BMFT/BMBF as well as the State of Lower Saxony jointly

finance the GBF. In 2002, the GBF took the decision to focus its research activities towards the understanding

of basic mechanisms of infectious diseases.

Research Financing In 2004 the total costs of the
GBF amounted to 48.8 Mio. € with more than half,
35.3 Mio. €, devoted to the programme “Infection and

Immunity”.

Costs per programme (in T€)
-]

Research Area Programme Full Costs
Health Infection and Immunity 35 253
Comparative Genome Research 6 021
Earth and Earth and Environment
Environment Sustainable Use of Landscape 4 557
Technology Transfer 507
Special Tasks 1944
Others 469
Total Sum 48 751

Full costs 2004

Others 1%

Special tasks 4 %

Sustainable Use

of Landscapes 9 %

Comparative Genome
Research 12%

Technology Transfer 1%

o —o  —e — e — @ —e

Infection and Immunity 72 %

External Funding More than 70 % of the external
funding came from national research programmes.
About 11 % and 15 % were from EU programmes and
industry, respectively.

External financing (in T€)
-

Source Sum
BMBF 7 656.79
DFG 1535.62
EU 1420.23
Industry 1876.38
State of

Lower Saxony 96.38
Others 342.46
Total Sum 12 867.87

External funding 2004 - by source

State of Lower Saxony 0,3 %

Others 3%

DFG 12%

—® —o e —e

Industry 15 %

EU 11%

—e

BMBF 59 %

—e




Property Rights/Licences In 2004, twelve patents
were applied for, six each in Germany and Europe. Nine
of these patents were originated in the research area
“Health”, the others in the research area “Environment”.

Patents and property rights, licences, year 2004
|

Total number Germany

Priority based applications 12 6 6
(2004)

Priority based applications, 74 58 16
total number

Granted patents (2004) 13 0 13
Total number of held 138 62 76

property rights*

Licence agreements 56 40 16
(total number)
Licence proceeds ** (in T€) 732 555 177

* This number of patents has been counted differently compared to previous reports.
European patents were counted as one patent, and no longer counted for each of
the countries.

**Including revenues from other “know-how”-transfer agreements

Publications, Professorships, DFG-Programmes, and
Guest Scientists A bibliometric analysis performed by
the internationally highly recognized Center for Science
and Technology Studies (CWTS), Leyden, The Nether-
lands, showed that the quality of the GBF-publications
is above world average. The GBF has even further in-
creased the impact of their scientific output in recent
years. Several articles have been published in highly
renowned journals of the Nature-group (for further
details see under “Publications” in the section Scientific
Reports).

Many GBF scientists are participating in important
national and international research programmes.

Participation of GBF scientists in national and

international research programmes (main activities)
-~ |

DFG (German Research Foundation)

SFB 566 Cytokin-Receptors

SFB 578 From Genome to the Product

SFB 599 Permanent Implantates

SFB 621 Pathobiology of the Intestinal Mucosa
SSP 1087 Selenoproteins

SSP 1089 New Vaccination Strategies

SSP 1150 Signal Pathways to the Cytoskeleton and

Bacterial Pathogenicity

SSP 1160 Colonisation and Infection through Human-

Pathogen Fungi

FOR 119 Hepatocellular Carcinoma

FOR 471 Cell Differentiation
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NGFN Il (National Genome Research Network)

SMP Mammalian Models

SMP Protein

SMP Antibody Factory

SMP Infection and Inflammation

Genomic (National Microorganism Network)

Sorangium cellulosum Streptococcus pyogenes
Alcanivorax borkumensis Listeria monocytogenes
Metagenome Research Bordetella

EU 6t Frame Programme

LSH Genostem

LSH Marine Genomics

GCE BIOTOOL

NMP BIOMERCURY

Marie Curie EST MIDITRAIN

LSH AVIP

LSH EPI-VECTOR

LSH FPLFLEX

LSH EUROPATHOGENOMICS
LSH MUGEN

Marie Curie RTN IMDEMI

Graduate Schools

International PhD Programme  “Infection Biology”
Marie-Curie Graduate School “MIDITRAIN"
International Graduate School  “Molecular Complexes”

DFG-Graduate School GRK 653  “Pseudomonas”
DFG-Graduate School GRK 705  “Characterization of Patho-

Physiological Animal Models”

Quantitative Category 2002 2003 2004
Parameters
Publications Publications in ISI-listed 232 230 185
journals
Books and publications 33 25 38
in other journals
Total number 265 255 223
Habilitations 3 0 1
Dissertations 14 23 33
Calls for Calls for C3- and C4- 1 4 0
professorships  professorships at universities
Special DFG- Special fields of interest, 5 5 4
Programmes Transregios
DFG-Research Focus (SFB) 3 4 4
Graduiertenkollegs 1
Total number 9 11 1
Guest Scientists 107 102 93




Technology Transfer The GBF has a great potential for
the development of innovative products, processes and
services, especially in cooperation with industrial partners.
Therefore, an important goal is to foster the transfer of
research results into industrial applications through
technology transfer. Thus, the establishment of spin-off
and start-up biotech companies, licence agreements as
well as service contracts with industrial partners are im-
portant elements for the transfer of R&D results. In order
to further support technology transfer activities, the GBF
is a member of the BioRegioN and the “Transferkolleg
Biotechnologie e.V.”. Furthermore, the GBF is an active
partner in BioRegioN GmbH as well as in “BioProfil
Functional Genome Analysis”.

The GBF Biotech Campus In 2004 the GBF acquired
the BioTec-Griinderzentrum from the City of Braunschweig
(for more details see under “Highlights” in the section
Focus). The GBF offers now 3600 sqm of laboratory and
office space for spin-off and start-up companies in the
Y-building as well as the “BioTec-Griinderzentrum”

(list of the firms, see Table).

Intellectual Property Since 2002 the Ascenion Ltd. Co.
offers services principally for the four Helmholtz
Research Centres in the area of health care: GSE GBE
MDC, and DKFZ. The headquarters are in Munich,

but an office with two employees is working on the
GBF-Campus.
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® During the exhibition of the Biotech Fair organized by
Omnilab at the GBF FORUM and BioTec Griinderzentrum
in September 2004.

Photo: OMNILAB

Biotech Network Southeast Asian Region — Germany
The GBF together with InWEnt and Paul Charlton
Coaching started to establish a virtual network in bio-
technology for the Southeast-Asian region with links to
Germany. For this purpose they elaborated, together with
ex-participants from the InWEnt-courses, scientists from
enterprises and R&D institutions, the basic programme
during workshops in Singapore and Bangkok in October
2004. The aim is to get better scientific communications
between the interested groups, looking for collaboration
and joint organisation of symposia within Southeast
Asia, but also together with German partners.

Ascenion Ltd. Co. principally manages the following areas

for the GBF:
]

¢ Acquisition and management of intellectual property

¢ Evaluation of the commercial potential of an invention before

patent filing

* Development and employment of strategies for the exploitation

of the GBF patent portfolio

Biotech Fair on the GBF-Campus For the 3™ time
OMNILAB organized a small biotech-fair and symposium
in the FORUM as well as the “BioTec-Griinderzentrum”,
which took place on 23 September 2004. About 70
enterprises presented their products and more than

® The participants of the Workshop on Biotechnology Net-

600 visitors from the region Braunschweig - Hannover -
Magdeburg attended the fair. Fifteen lecturers gave highly
interesting seminars on new R&D items.

working between Southeast Asia and Germany, organized
by InWEnt and GBE, financed by the Ministry of Economic
Affairs of the State of Lower Saxony.

Photo: Dr. Charlton



List of the firms on the GBF Biotech Campus, Status: 31.03.2005

Company

Ascenion

Contact person

Dr. Sabina Heim/

Tina Damm

Telephone/Fax

0531-6181-961/-962;
Fax: -963

E-Mail Address

she@ascenion.de

tda@ascenion.de
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Homepage

www.ascenion.de

AIMS Scientific Products
GmbH

Dr. Norbert Zander

0531-260-2865; 0177-
7637299; Fax: 260-2866

nza@aims-scientific-

products.de

www.aims-sci.de

AMODIA Biosciences GmbH

Dr. Sabine Peters/
Dr. Ulrich Krause/

Frank Schwieger

0531-260-1764; Fax: -1766

info@amodia.de

www.amodia.com

Cosmix molecular

biologicals GmbH

Dr. Thomas Wagner/
Ute Heidrich (Secretary)

0531-12086-0; Fax: -99

info@cosmix.de

www.cosmix.de

Eugene GbR Dr. Werner Muller 0531-6181-687 wmu@gbf.de

Research Group Wound Prof. Dr. Peter Muhlradt 0531-1217-954;

Healing of the Fax: 0531-1217-958

TU Braunschweig

Glyco Thera GbR Dr. Harald Conradt 0531-7996785/-6181-287 hco@gbf.de www.glycothera.de

Hartmann Analytic GmbH  Dr. Ursula Hartmann 0531-26028-0; Fax: -28 hartmann@hartmann- www.hartmann-analytic.de
analytic.de

IBA Biologics GmbH

Dr. J. Bertram/
Dr. Bernd Muller

0551-50672118;
0531-6181-170

Lionex GmbH

Dr. Ralf Spallek/
Dr. Eva Gebhardt-Singh

0531-260-12-66;
Fax: -260-11-59

msi@lionex.de

www.lionex.de

RELIATech GmbH

Dr. Bernhard Barleon

0531-260-1831; Fax: -1833

info@reliatech.de

www.reliatech.de

Vakzine-Management

GmbH

Dr. Albrecht Laufer/
Ingeborg Jakobi (Secr.)

0531-28504-0: Fax: -29

jacobi@vakzine-manager.de www.vakzine-manager.de

BIOS- Biotechnologisches

Schulerlabor

Dr. Iris Eisenbeiser/

Arntraud Meyer

0531-6181-945; Fax: -949

Bios.lab@gbf.de




Personnel At the end of 2004, the GBF staff comprised
608 persons with full time and part time occupation.
Additionally, 86 guests worked in various projects,
receiving their payment from third parties. In total,

241 scientists were working at the GBE including

74 postdocs and 79 PhD-students.

Boards and Assemblies of the GBF The boards and
assemblies of the GBF are the Board of Trustees, the
Supervisory Board, the Scientific Committee and the
Managing Directors.

Board of Trustees The Board of Trustees is formed by
the two trustees of the GBE, the Federal Republic of Ger-
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many and the State of Lower Saxony, represented by their
respective departments, the Federal Ministry of Education
and Research (BMBF) and the Lower Saxony Finance
Ministry.

Supervisory Board The Supervisory Board oversees the
legality, expedience and economy of the management. It
decides on general research goals, the principal research
policy and financial affairs of the centre. It consists of a
maximum of 15 members..

Scientific Advisory Committee The Scientific Advisory
Committee consists of members of the Supervisory Board
and external scientific experts. It advises the Supervisory
Boards with regard to the R&D programme as well as
general research strategy of the GBE

Members of the Supervisory Board (SB) and the Scientific Advisory Committee (SC), Status: 31.3.2005
. _______________________________________________________________________________________________________________________________________________________|

Function Name, Title Organisation Locality

Chairman SB Lange, MinDirig Dr. Peter BMBF Berlin

Vice-Chairman SB Weise, MinDirig Dr. Dr. Christian NMWK Hannover

SB Warmuth, MR Dr. Ekkehard BMBF Berlin

SB Kuhny, Reg. Direktorin Corinna Ministry of Finance Hannover
State of Lower Saxony

SB Bilitewski, Prof. Dr. Ursula GBF Braunschweig

SB WeiB, Dr. Siegfried GBF Braunschweig

SB + SC Schiebler, Dr. Werner Novartis Pharma AG Basel/Schweiz

SB + SC Bitter-Suermann, Prof. Dr. Dieter MHH Hannover

SB + SC Muller-Goymann, Technical University Braunschweig

Univ.-Prof. Dr. Christel

SB + SC Vice-Chairman SC Jackle, Prof. Dr. Herbert MPI Gottingen

SB + SC Kurth, Dr. Barbel-Maria Robert-Koch-Institute Berlin

SB + SC Daniel, Prof. Dr. Hannelore Wissenschaftszentrum Freising
Weihenstephan

SB + SC Chairman SC Pfeffer, Prof. Dr. med. Klaus Universitatsklinikum Dusseldorf

e Hackler, Prof. Dr. Jérg University Wirzburg

SC Winterfeldt, Prof. Dr. Ekkehard University Hannover

SC Apweiler, Dr. Rolf EBI Cambridge/MK

SC Schendel, Prof. Dr. Dolores GSF Miinchen

SC Birchmeier, Prof. Dr. Walter MDC Berlin-Buch

SC Mann, Prof. Dr. Matthias Protein Interaction Laboratory Odense/Danmark

SC Hammerling, Prof. Dr. Gunter DKFZ Heidelberg
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Managing Directors The Managing Directors of
the GBF:

Research: Prof. Dr. Rudi Balling

Administration: Dr. Georg Frischmann

® Prof. Dr. Rudi Balling together with Dr. Hong He, head of
the Helmholtz Office in Beijing, China, during a visit at

the GBF laboratories.

Photo: Gazlig

Scientists Assembly The scientists assembly of the GBF
advises the Management in scientific matters. It consists
of 22 elected scientists. The Managing Directors, the
heads of the sections and junior research groups as well
as a representative of the PhD-students are guests of the
assembly. Chairman is Dr. Wolf-Rainer Abraham (since
May 2003). Vice-chairman is Dr. Siegfried Weif3.

Direktorium The “Direktorium” advises the Managing
Directors of the GBF in all important questions of the
Centre. Members are the Managing Directors, the heads
of the divisions, a representative of the junior research
groups and the chairman of the Scientists Assembly.

Staff Council The Staff Council has certain consultation
and co-determination rights in personnel and social que-
stions. It consists of 11 members, elected by the GBF staff.
Chairman is John Aubert.

Equal Opportunities Officer is Evelyn Rohn-Stenzel.

® DProf. Dr. Rudi Balling (le), Dr. Georg Frischmann (i)

Photo: Bierstedt
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Chart of Organisation, Status 01 May 2005

Scientific Advisory
Committee (WK)

Supervisory Board (AR)
Min.Dirig. Dr. P. Lange, BMBF, Chairman
Min.Dirig. Dr. Dr. Ch. Weise, Niedersachsisches MWK,

Vice-Chairman
Scientific Director (GFW) Prof. Dr. R. Balling
Administrative Director (GFA) Dr. G. Frischmann

RG Central
— Animal Facility (TEE)
Dr. D. Monner

RG Mucosal
— Immunity (MI)
Prof. Dr. J. Buer

RG Cytoskeleton
— Dynamics (CYD)
Dr. K. Rottner

RG Microbial Commu-
— nication (KOM)
PD Dr. |. Wagner-Dobler

JRG Conformational Protein-
| Ligand Interactions (KPLI)

PD Dr. J. Eichler

JRG Immuno-
— dynamics (ID)
Dr. M. Gunzer

RG Signalling and
— Motility (SIM)
Dr. T. Stradal

RG Chronic Pseudo-
L— monas diseases (CPI)
Dr. S. HauBler

RG Quality and
— Project Management
(QPM) Dr. H. Ziehr

RG Biophysical
— Analysis (BA)
Dr. V. Wray

RG Molecular Host-Pathogen
L_ Interactions (MHPI)

Dr. W. D. Schubert

RG Vaccine Research
- (VAQ)
Prof. Dr. C. A.Guzman

RG Systems Biology
(SBIO)
Prof. Dr. A. P. Zeng

RG Upstream
— Processing (KVT)
Dr. A. RoBB

RG Infection RG Downstream
— Immunology (INI) — Processing (ABT)
Dr. E. Medina Dr. J. Paulsen
JRG Infection RG Epigenetic Regulation RG Quality Control
L Genetics (|NG) L Mechanisms (EPI) L (QC)
Dr. A. Lengeling Prof. Dr. J. Bode Dr. J. Berlin

RG Molecular
L Immunology (MOLI)
Dr. S. WeiB3

RG Biodegradation
+ (DEG)
PD Dr. D. Pieper

RG Chemical
L Microbiology (CMIK)
Dr. W.-R. Abraham

SCIENTIFIC GROUPS
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Board of Scientific
Directors (DR)

Staff Council (BR)
Chairman J. Aubert

Assembly of Equal
Scientists (WV) Opportunities Officer
Dr. W.-R. Abraham (GIB) E. Rohn-Stenzel

Scientific
— Information (WI)
Prof. Dr. R. Jonas

Library (BIB)
A. Plahn

Computer
— Centre (RZ)
Dr. N. Bedorf

Safety and Environ-
L— mental Affairs (SU)
Dr. E. Grund

Personnel Affairs (PA)
— M. Kaczmarek
(Attorney)

Financial Affairs
— (FA)
G. D. Beutin

Purchasing and
— Material Management
(EM) B. J. Scherer

Legal Affairs and
— Licenses (JUR) Dr. C.
Kugler-Walkemeyer

Patents (PS)
— D. Meseke

Technical
L— Services (TB)
0. Rabe

Public Relations
— (0A)
H. Schlender

Controlling (CO)

— PD Dr. K. Schughart
(PWCQ)

U. Richter (BCO)

Dr. M. Stratz (DMCQ)

Organisation/SAP
— (ORG)
H. Ohrdorf

Internal Auditing (IR)
L— R. Lomberg

Abbreviations:

Dept. Department

RG  Research Group

JRG  Junior Research Group

PWC  Scientific Controlling

BCO  Financial Controlling

DMC External Funding Controlling

* temporarily acting

** this division was not continued after the retirement of
Prof. Dr. G. Hifle in February 2005
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