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Dear reader,

This booklet presents the Center for Structural and
Cell Biology in Medicine (CSCM) at the University of
LUbeck, its aims and the achievements of the member
institutes since 2007.

The Center for Structural and Cell Biology in Medicine
was founded in 2005 by departments and research
groups of the Medical Faculty, the Faculty of Technical
and Natural Sciences, and the Research Center Borstel
(FZB), to form a joint research platform. The aim of the
CSCM is to combine and develop local research exper-
tise, to support joint research projects, and to present
the results of the cooperative work to the public.

The CSCM is tightly linked to other local structures pro-
moting molecular life science — the teaching program
in molecular life science of the Faculty of Technical and
Natural Sciences of the University Libeck, the club
“Life Science in LUbeck e.V.” which supports several of
the activities of the CSCM, as well as the “Libeck Open
Laboratory” (LOLA), all of which assist us in our efforts
for public outreach, especially to the younger generation.

The CSCM s centrally embedded in the Life Science
research community in Germany. It is a cornerstone
of the “Inflammation at Interfaces” network linking bio-
medical research institutions at Lubeck, Borstel, and
Kiel. The connections to the University and the Bern-
hard Nocht Institute for Tropical Medicine in Hamburg
are particularly close. The CSCM is also active within
European and international networks. One indication
for its lively international activities is the organization of
international conferences hosted by the CSCM.

The main focus of the CSCM s the analysis of struc-
ture, function and biogenesis of supramolecular and
subcellular assemblies that are important for intracel-

lular parasitism, such as viruses, mammalian phago-
somes, or signalling complexes important for infection
and inflammation. These studies pave the way for the
discovery of drugs interfering with the pathogenic activ-
ities of such assemblies. The researchers in the CSCM
combine a broad spectrum of expertise ranging from
membrane biophysics, methods for structure analysis
such as X-ray crystallography and NMR, drug design
and chemical synthesis, biochemical assays in the
fields of signal transduction and protein topogenesis,
optical methods, like life cell imaging as well as in-vitro
and in-vivo models of infectious disease caused by viral
and intracellular bacterial pathogens. Various measures
were undertaken by the members to further develop
the CSCM. As a highlight, our access to synchrotron
radiation was further improved by the inauguration of
an outstation at the DESY (Deutsches Elektronen-Syn-
chrotron) site in nearby Hamburg. Moreover, Master
courses and a PhD program in Molecular Life Science
were established, which are a prerequisite to involve
motivated young researchers in our projects.

The Center for Structural and Cell Biology in Medicine is
dedicated to closely link excellence in structural and cell
biology to progress in medical research, in particular in
the fields of infection and inflammation. It is our hope
that this initiative will lead to breakthroughs in science
and medicine that will help create a better tomorrow.

For more information, please visit our web page , or
contact us via email. You are also invited to visit the
CSCM during our “open house” days, or to contact our
“Llbeck Open Lab” (LOLA)

info@cscm.uni-luebeck.de
www.cscm.uni-luebeck.de

Biology
Biomedical
Biochemist
I Y Optics
Anatomy Chemistry
. CENTER FOR
Virology STRUCTURAL AND o
and Cell Biology CELL BIOLOGY IN Microbiology
MEDICINE
v
Research Center Molecular
Borstel Medicine
Physiology Pharmacology

Physics

and Toxicology

Center for Structural and Cell Biology in Medicine (CSCM) at the University of Libeck




Prof. Dr. med. Jiirgen Westermann

1976-1982 Studies of Medicine in
Hannover, Germany

1982 House Physician in Internal
Medicine, Walsgrave Hospital,
Coventry, UK

1983-1984 Obligatory service in the
army as physician

1984-1996 Research Associate in
the Department of Functional and
Applied Anatomy, Hannover Medical
School, Hannover, Germany
1997-2001 Research Associate,
Department of Functional and Applied
Anatomy, Hannover Medical School
Since 2001 Full Professor and Chair,
Institute of Anatomy, Medical Faculty,
University of Liibeck

Since 2002 Dean for Student Affairs,
Medical Faculty, University of Liibeck

Awards, memberships and others:
Anatomische Gesellschaft
Gesellschaft fiir Immunologie
Gesellschaft fiir medizinische
Ausbildung

Dr. rer. nat. Kathrin Kalies

1981-1986 Studies of Biochemistry
in Halle

1989-1992 PhD, Institute of Bio-
chemistry, Swiss Federal Institute of
Technology, Zurich (Switzerland)
1993-1995 Postdoctoral Fellow,
Department of Cell Biology, Harvard
Medical School, Boston, USA
1995-1996 Postdoctoral Fellow,
Max Planck Institute of Molecular
Genetics, Berlin, Germany
1997-1998 Product manager for
DNA Sequence analysis in Northern
Germany at the MWG Biotech Inc.,
Ebersberg, Germany

2000-2001 Research Associate at
the Centre of Biochemistry and Mo-
lecular Cell Biology, Georg-August-
University Gottingen, Germany
Since 2001 Research Associate and
group leader, University of Liibeck

Director: Prof. Dr. med. Jiirgen Westermann
www.anat.uni-luebeck.de

Main research topics in the CSCM:

m  Functional anatomy of the immune system.

m  Generation of CD4 T cell memory and autoimmu-
nity.

m  Modulating immune responses by changing the
cytokine milieu within lymphoid organs.

m |Interaction of epithelial cells and cells of the im-
mune system on mucosal membranes.

Research group: Jiirgen Westermann

T cell memory

We developed a novel concept of CD4 T cell memory.
Now the implications of the new memory concept are
tested in men and mice. We investigate how molecules
such as prolactin, IL-6, and cortisol influence CD4 T
cell memory. By unraveling the molecular mechanism
involved in this process it will be possible to improve
current vaccination strategies.

Identification of mechanisms required for
production of pathogenic autoantibodies against
type VIl collagen

To diminish autoantibody production and/or to induce
a switch to the production of non-pathogenic isotypes,
mice with ongoing epidermolysis bullosa acquisita
(EBA) will be immunized with autoantigen and different
adjuvants by various administration routes. This is done
in cooperation with the Clinic of Dermatology (D. Zillik-
ens) in the framework of the Excellence Cluster “Inflam-
mation at Interfaces”.

Fig. 1: Recycling CD4 T cells account for immunological memory. The
CD4 T cell population may be divided into four major subsets based on
surface phenotype and function. The resting subset contains long-lived
CDA4T cells that recirculate in search of antigen. Antigen stimulation gen-
erates short-lived, metabolically active primed T cells whose fate hangs in
the balance. A second encounter with antigen transforms primed T cells
into terminally differentiated, cytokine secreting effector T cells. Failure
to find specific antigen allows primed T cells to modify their cytokine ca-
pabilities to become T cells in transition with a slightly extended lifespan.
In the absence of antigen they default to resting T cells that retain no
memory of a previous antigen encounter.

Institute of

Research group: Kathrin Kalies

Tracking immune responses locally at consecutive

time points after activation

The course of adaptive immune responses is control-
led by a number of checkpoints. The first checkpoint
takes place in the T cell zone of lymphoid organs,
where stable contacts of antigen presenting cells with
naive T cells lead to a clonal expansion of antigen spe-
cific T cells. These activated T cells migrate either to
peripheral sites to exert their effector functions or to the
T-B border to provide B cell help. The interaction of an-
tigen specific T cells with antigen primed B cells repre-
sents a second checkpoint. Finally, the B cells become
short-lived plasma cells or enter the germinal centres
to become high affinity B cells. The contact of matured
B cells with follicular antigen specific T cells within the
germinal centres defines a third checkpoint.

My group aims to investigate the events at all critical
checkpoints from the initiation of adaptive immune
responses to the resulting effects. The main focus is
the analysis within the complex tissue environment to
maintain the local information. Using the technique of
laser microdissection we analyse the expression of
genes in the T and B cell zones in lymph nodes and
spleens. CD3 as T — and CD19 as B cell maker are
used to confirm accurate identification and isolation.
As subcutaneously applied antigen that induces an im-
mune response in the lymph node we infect different
mice strains with the intracellular parasite Leishmania
major. Sheep red blood cells are used as intravenously
applied antigen that induces an immune response in
the spleen. The effect of adding activated cells, apop-
totic cells, isolated cell components, adjuvants or differ-
ent antigen doses on the resulting immune response
are studied.

Fig. 2: Staining with toluidine blue allows the identification of function-
ally different lymphoid compartments of the spleen. Cryosections of a rat
spleen were stained with toluidine blue. The T-cell zone (TCZ), B-cell fol-
licle (BCF) are easily distinguishable. Bar, 100 pm. The cDNA copies for
CD3e and CD19 were analyzed by real-time RT-PCR after microdissection
of the TCZ and BCF and normalized to the house keeping gene metastatic
lymph node gene 51 (MLN51).




Anatomy

Research group: Andreas Gebert

Our group is interested in the interaction of epithelial
cells and cells of the immune system during ongoing
immune reactions. We investigate mucosal mem-
branes, with special interest in the small intestine, by
advanced microscopic and molecular methods. The
aim is to elucidate which cells of the mucosae interact
in which manner so that the organism is effectively pro-
tected against potentially pathogenic microorganisms,
antigens, and toxins. In this context, the local micro-
environment and its specific composition of different
cell types plays an important role. To investigate these
issues, our group established a novel experimental set-
ting for intravital 2-photon microscopy in mice. Based
on tissue autofluorescence, the system provides 3D
images of the gut mucosa and the associated lym-
phoid tissue at a sub-micron resolution. In collaboration
with the physicists of the Institute of Biomedical Optics
LUbeck, we develop multi-dimensional imaging meth-
ods which allow cell types, subcellular structures and
dynamic processes to be observed in the living tissue.
Using computer-based analysis of multi-dimensional
data sets (xyz, wavelength, time), the uptake of anti-
gens by the specialized M cells of the gut epithelium,
the migration of lymphocytes in the mucosa, and the
interaction of lymphocytes with epithelial and dendritic
cells is examined quantitatively. This unique model is
also applied to studies on the uptake of nanoparticles
and the regeneration of the epithelial layer in the gut.
In addition, we develop new methods for isolating tiny
tissue fragments by laser micro-dissection techniques,
and quantitatively analyse the contained mRNA in mo-
lecular assays. This combination of in-vivo and ex-vivo
imaging with molecular techniques gives us a new un-
derstanding of the dynamic processes involved in the
maintenance of tissue integrity under physiological and
pathological conditions.

Research group: Peter Konig

Every day a human inhales more than 10,000 litres of
air which contain a vast variety of pathogens and other
particles such as dust and pollen. Thus, the airways
need refined mechanisms to remove these particles
and to prevent infection or damage. On the other hand,
allergens that are harmless for the airways should not
initiate an inflammatory reaction. The first line of de-
fense in the airways is the airway epithelium. It has a
variety of methods to defend itself such as motile cilia
that can remove pathogens and particles and mucus
which binds bacteria. Upon activation it also releases
a variety of mediators to call other parts of the immune
system into action.

Our group is interested in the following questions:

How does the airway epithelium manage to keep in-
truders from harming the epithelium and the airways?
When and how do cells of the immune system come
into action as the second line of defense?

How does the epithelium control airway repair after de-
struction?

To gain insight into how these mechanisms work, we
use advanced microscopic methods to directly ob-
serve these events. We use high speed videomicro-
scopy to analyze cilia-driven transport and 2-photon
microscopy to follow the action of immune cells in and
below the airway epithelium in several disease models
and in genetically modified mice. Our lab also employs
a variety of standard microscopic techniques such as
immunohistochemistry, confocal laserscanning micros-
copy, transmission and scanning electron microscopy
and other methods such as RT-PCR and Western blot-
ting for further molecular analysis.

We have close collaborations with other labs on cam-
pus and with the Research Center Borstel as well as
German and overseas colleagues. We welcome moti-
vated students interested in lung biology!

Fig. 3: Three-dimensional rendering of the living mucosa of the murine
small intestine. Using intravital 2-photon microscopy based on tissue
autofluorescence, an image stack was recorded and digitally analysed
(upper figure). The lower figure shows an intraepithelial lymphocyte (yel-
low) which moves across the gut epithelium (blue). The image is a time
lapse overlay of 3D snapshots recorded within only 7 minutes. Quanti-
tation of this dynamic behaviour revealed that each intestinal epithelial
cell is contacted by bypassing lymphocytes every two minutes and thus
underlies an extremely dense immunological surveillance.

Fig. 4: Image of the airway epithelium using a scanning electron micro-
Scope.

Selected Publications:

1. Bell EB, Westermann J (2008) CD4 memory T cells on trial: Immuno-
logical memory without a memory T cell. Trends Immunol 29: 405-411.

2. Gebert A, Steinmetz |, Fassbender S, Wendlandt KH (2004) Antigen
transport into Peyer’s patches: increased uptake by constant numbers
of M cells. Am J Pathol 164: 65-72.

3. Kalies, K., P. Konig, Y. M. Zhang, M. Deierling, J. Barthelmann, C.
Stamm, and J. Westermann (2008) Nonoverlapping expression of IL10,
IL12p40, and IFNgamma mRNA in the marginal zone and T cell zone of
the spleen after antigenic stimulation. J Immunol 180: 5457-65.

4. M. K. Klein, R. V. Haberberger, P. Hartmann, P. Faulhammer, K. S. Lips,
B. Krain, J. Wess, W. Kummer, P. Kénig (2009). Muscarinic receptor
subtypes in cilia-driven transport and airway epithelial development. Eur
Respir J, 2009; 33 1113-1121
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Main research topics in the CSCM:
m  Structural basis of intracellular infections

When viruses, bacteria, or eukaryotic parasites infect
human cells, they mis-use them to replicate to large
numbers and, after exit from the host cell, start another
round of infection. Researchers at the Institute of Bio-
chemistry study the molecular basis of intracellular in-
fections. One question they seek to answer is, which
proteins are essential for entry of the pathogens into
or their replication inside the host cell? Such proteins
would be suitable targets for new anti-infective com-
pounds. In the institute, such virulence proteins are
identified by comparative proteomics and mutational
analysis. Proteins emerging as interesting from this ap-
proach are prepared by recombinant DNA technology,
purified, crystallized, and examined by X-ray crystal-
lography. In an increasing number of cases, the study
objects are large protein complexes formed upon host-
pathogen interaction. X-ray diffraction data are meas-
ured using an in-house diffractometer or the Institute’s
beamline at the DESY synchrotron in Hamburg (where
the Institute runs a fully equipped outstation — the “Lab-
oratory for Structural Biology of Infection and Inflamma-
tion”). The resulting high-resolution crystal structures
are used for the discovery of small-molecule inhibitors
that interfere with the functions of the virulence proteins.
To this end, either de-novo design of such compounds
in the active site of the target protein, virtual screening
of chemical libraries, or fragment-based design meth-
ods are applied. Initial “hits” (weak binders) are subse-
quently modified by the Institute’s synthetic chemistry
group, until “leads” (potent inhibitors) are obtained.
These are tested by collaboration partners for activity in
pathogen-infected cell cultures and small-animal mod-
els. The most successful anti-infectives discovered this
way are offered to the pharmaceutical industry or to
non-government organizations for clinical development.
The pathogens investigated include RNA viruses such
as Coronaviridae (example: the SARS coronavirus),
Enteroviridae (poliovirus and coxsackievirus), Flaviviri-
dae (Hepatitis C Virus, Dengue Virus), influenza virus,
and the Human Immunodeficiency Virus (HIV). Among
the bacteria, the Institute focuses on Legionella pneu-
mophila and Chlamydia trachomatis as well as Chlamy-
dia pneumoniae.

In summary, the Institute has all elements of the preclini-
cal drug discovery pipeline implemented in house, from
proteomics via molecular biology, structural biology,
drug design to synthetic chemistry. It therefore employs
scientists from many disciplines and provides training
in many fields, such as proteomics, recombinant DNA
technology, protein chemistry, X-ray crystallography,
drug design and synthetic chemistry. The Institute’s
goal is to reach and maintain excellence in functional
and structural studies on large complexes involved in
pathogen replication and host-pathogen interactions,
and to use the insights obtained for structure-based
discovery of new anti-infectives.

Institute of

Research group: Rolf Hilgenfeld
Structural Virology: From viral protein structure to
function

The number of viral outbreaks has been increasing dra-
matically recently. In the past twelve years, the world
has seen at least one major outbreak of either a new
virus or a new variant of a known virus per year. Inci-
dentally, almost all of these outbreaks were caused by
RNA rather than DNA viruses. Unfortunately, for most
known viral diseases of humans, and let alone for new-
ly emerging ones, no drug treatment is available. We
believe that in view of this scenario, it is necessary to
develop lead compounds with activity against all major
families of viruses, both those that infect humans and
those that so far have been restricted to animals but
may cross the species-barrier by zoonotic transition.
Ultimately, we should aim at discovering antiviral com-
pounds active against a broad range of viruses.

Fig. 1: Structure of the “SARS-unique domain” (SUD) dimer, a module that
only occurs in the SARS virus and no other coronavirus. Is it responsible
for the extraordinarily high human pathogenicity of SARS-CoV?

We believe in the merits of structure-based approaches
to discover new compounds with activity against RNA
viruses. We focus on components of the viral replicase
complexes as targets for antiviral compounds, and in
particular on the proteases that play essential roles in
the viral “life cycle®. But we have to realize that even
seemingly relatively simple enzymes such as viral pro-
teases tend to have more than one function. In addi-
tion to cleaving the viral polyproteins, many of them are
also involved in binding to other replicase components
including viral RNA. Therefore, our studies are being
expanded towards larger subcomplexes of the viral
replicase/transcriptase.

The largest protein produced as part of the SARS-
coronavirus polyprotein is non-structural protein 3
(Nsp3). One of its seven subdomains is called the
SARS-unique domain (SUD), because it is only present
in SARS-CoV but no other coronaviruses. Therefore, it
has been suspected to be responsible for the extraor-
dinary high pathogenicity of the SARS virus. We have
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determined the crystal structure of the SUD and found
it to consist of two so-called macrodomains. The ob-
served SUD dimer (Fig. 1) binds to oligo(guanosine)
stretches (G,, - G,,) in RNA. Such “G-stretches” fold
into G-quadruplexes, i.e. four-stranded nucleic-acid
structures formed by contiguous guanines. By binding
to the G-stretches in their mRNA, SUD might block the
synthesis of pro-apoptotic host proteins, to the benefit
of the virus. Thus, on the basis of our biophysical stud-
ies, we were able to come up with some hypotheses
which can now be tested.

Nsp9 is a single-stranded RNA-binding protein found
only in coronaviruses. We determined the structure
of the protein from Human Coronavirus 229E and
were surprised to find a hexamer consisting of three
disulfide-bonded dimers. As coronavirus replication
occurs in the cytoplasm where the overall milieu is
reducing, cysteine residues should be in the reduced,
free form. However, disulfide-bond formation may be
a way for the viral replicase components to cope with
the oxidative stress caused in the host cell by the viral
infection (Fig. 2).

Fig. 2: Disulfide formation in
Nsp9 — a way to cope with
oxidative stress? Featured on
the cover of the Journal of
Molecular Biology, November
28,2008.

Research group: Jeroen R. Mesters
Structural neurobiology: Viruses and the brain

So far, more than 1938 virus species (287 genera of
73 families) have been identified. Viruses can quickly
and efficiently adapt to changes in the host, its immune
response and drug treatment. Once a virus is inside the
target host-cell, it tries to take control over the cell (and/
or host?) while initiating, in a time-controlled manner,
viral replication and viral mMRNA-translation processes.
The intrusion by viruses typically evokes an immune
response by the host that many viruses strive to chal-
lenge. Interestingly, in several cases, viruses have an
effect on the brain. The brain occupies a special hier-
archical position in the organism. It is separated from
the general circulation by the blood-brain barrier, it has
a high energy-consumption and a low energy storage-
capacity, it uses only specific substrates (e.g. glucose),
and it can record information from the peripheral or-
gans and control them. Despite the brain’s ability to

monitor information and react in diversified ways (i.e. to
combat viruses), it is intriguing to see that some viruses
still manage to affect processes in the brain, the reason
of which is not sufficiently understood.

Within the Institute of Biochemistry with its strong focus
on the “Molecular Basis of Intracellular Infections”, the
research group “Structural Neurobiology” concentrates
on processes in the brain and on pathogen-brain inter-
actions. The group is a member of the DFG clinical re-
search group “Selfish Brain” (http://www.selfish-brain.
org/). Of particular interest are viruses such as HTLV-1,
which are able to affect/control the brain. In addition,
the research group works on proteins that play a role
in brain metabolism in general, such as glutamate car-
boxypeptidase Il (Fig. 3) that hydrolyses the abundant
neuropeptide N-acetyl-aspartylglutamic acid (NAAG).
Inhibition of this enzyme is of interest for the therapy
of stroke.

Fig. 3. Brain glutamate carboxypeptidase Il (GCPII) is responsible for the
release of the neurotransmitter L-glutamate.

Selected Publications:

Structural Virology Group:

1. J. Tan, C. Vonrhein, O. Smart, G. Bricogne, M. Bollati, Y. Kusov, G.
Hansen, J.R. Mesters, C.L. Schmidt & R. Hilgenfeld: The SARS-unique
domain (SUD) of SARS coronavirus contains two macrodomains that
bind G-quadruplexes. PLoS Pathog. 5 (2009), e1000428

2. Y. Piotrowski, G. Hansen, A.L. Boomaars-van der Zanden, E.J. Snider,
A.E. Gorbalenya & R. Hilgenfeld: Crystal structures of the X-domains of
a Group-1 and a Group-3 coronavirus reveal that ADP-ribose-binding
may not be a conserved property. Prot. Sci. 18 (2009), 6-16

3. R. Ponnusamy, R. Moll, T. Weimar, J.R. Mesters & R. Hilgenfeld: Vari-
able oligomerization modes in coronavirus non-structural protein 9. J.
Mol. Biol. 383 (2008), 1081-1096

4. |. Robel, J. Gebhardt, J.R. Mesters, A. Gorbalenya, B. Coutard, B. Ca-
nard, R. Hilgenfeld & J. Rohayem: Functional characterization of the
cleavage specificity of the Sapovirus chymotrypsin-like protease. J.
Virol. 82 (2008), 8085-8093

5. Y. Piotrowski, R. Ponnusamy, S. Glaser, A. Daabach, R. Moll & R.
Hilgenfeld: Production of coronavirus nonstructural proteins in soluble
form for crystallization. Meth. Mol. Biol. 454 (2008), 139-159

Structural Neurobiology Group:

1. J.R. Mesters & R. Hilgenfeld: Glutamate Carboxypeptidase II. In: Hand-
book of Metalloproteins Online Edition (A. Messerschmidt, ed.), Wiley
Interscience (2008)

2. J.R. Mesters, K. Henning & R. Hilgenfeld: Human glutamate carbox-
ypeptidase Il inhibition: structures of GCPII in complex with two potent
inhibitors, quisqualate and 2-PMPA. Acta Cryst. D63 (2007), 508-513

3. J.R. Mesters, C. Barinka, W. Li, T. Tsukamoto, P. Majer, B.S. Slusher,
J. Konvalinka & R. Hilgenfeld: Structure of glutamate carboxypeptidase
Il, a drug target in neuronal damage and prostate cancer. EMBO J. 25
(2006), 1375-1384
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Prof. Dr. rer. nat. Holger Steuber

1997-2001 Studies of Pharmacy,
University of Regensburg

2002 Research Internship in Molecu-
lar Modelling, ETH Zirich
2003-2006 Ph.D. with Prof. G. Klebe,
Pharmaceutical Chemistry, University
of Marburg

2006-2008 Group Leader Protein
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Dr. rer. nat. Ksenia Pumpor

1994-1999 Studies of Chemistry, St.
Petersburg State University, Russia
1999-2000 Research Associate,
Department of Organic Chemistry, St.
Petersburg State University, Russia
2000-2004 Research Associate,

Institute of Organic Chemistry, Univer-

sity of Leipzig

2004 PhD University of Leipzig
since 2005 Group Leader Synthetic
Chemistry, Institute of Biochemistry,
University of Liibeck

Research topics:

Synthetic Organic chemistry
Synthesis of Heterocycles
Development of anti-viral drugs

Membership:
German Chemical Society (GDCh)

Research group: Holger Steuber
Structure-based drug design: What drives ligands
into protein pockets?

Even though a profound understanding of protein-lig-
and recognition provides the basis for successful struc-
ture-guided ligand design and optimization, currently
only limited knowledge is available about the principles
driving ligands to bind to their targets. In particular, pro-
tein flexibility, the role of water for ligand affinity, as well
as changes in protonation of protein residues or ligand
functional groups strongly influence the driving forces,
but are difficult to consider in the design process.

In the junior research group “Structure-based drug
design”, we address these questions by a combina-
tion of experimental and computational methods. Pro-
tein X-ray crystallography is used to elucidate binding
mode and interaction pattern between the biomolecu-
lar target molecule and the ligand as well as to sug-
gest putative optimization strategies. To increase the
understanding of driving forces that cause binding of
the ligand to the receptor site, the binding event is
characterized thermodynamically by means of isother-
mal titration calorimetry (ITC). This technique enables to
factorize the Free Enthalpy of binding into enthalpic and
entropic contributions and thereby allows to correlate
structural features such as hydrogen bonds and salt
bridges to the thermodynamic driving forces. Multiple
X-ray structures in complex with different ligands can
provide insight into the conformational space a binding
pocket is able to adopt. These experimental observa-
tions can be exploited via computational methods by
docking virtual small-molecule libraries into the binding
pocket conformers. Another approach for lead identifi-
cation is screening of “fragments”. This method builds
on the higher ligand efficiency of smaller molecules
compared to larger ligands and due to the reduced lig-
and complexity, smaller libraries can be used to cover
the chemical space.

These techniques are currently used in the research
group for the design of inhibitors against disease-
relevant viral targets such as proteases of Hepatitis C,
West Nile (Fig. 4) and Dengue virus.
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Research group: Ksenia Pumpor
Synthetic chemistry: Creating the antiviral drugs of
tomorrow

Viral proteases are attractive drug targets because of
their central role in processing the viral polyproteins and
because their catalytic activity can be easily assayed.
The synthetic chemistry group designs and synthesizes
inhibitors for the cysteine proteases of coxsackievirus-
es and other enteroviruses including poliovirus, as well
as coronaviruses. More than 300 candidate inhibitors
have been synthesized over the past few months. Be-
cause all of these compounds have been designed on
the basis of the three-dimensional structure of their tar-
get protein, the overall success rate of the inhibitor dis-
covery program is good and certainly much larger than
what can be expected from high-throughput screening
approaches.

Within the coronavirus main protease project, the crys-
tal structure of the SARS-CoV MP° was determined
after acylation of its active-site cysteine by benzotria-
zole esters that act as suicide inhibitors (Fig. 5). The
results help now to design benzotriazole inhibitors with
improved specificity.

Fig. 4. Crystals of the West Nile Virus NS3 protease.

Fig. 5. Comparison of the active site of the free enzyme (light orange) with
the active-site environment of the SARS-CoV M reacted with
1-(4-dimethylaminobenzoyloxy)-benzotriazole (light blue).

Research group: Guido Hansen
Molecular Basis of Bacterial and Protozoal
Infections

The research in the group is focused on virulence pro-
teins from bacteria and protozoa. Using X-ray crys-
tallography, atomic structures of these proteins are
determined and analyzed, leading to a detailed under-
standing of the underlying mechanisms at a molecular
level. Structural information is used as a basis for ra-
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tional design of new, potent anti-infectives, e.g. against
malaria, tuberculosis, and legionellosis.

The causative agent of malaria, Plasmodium falciparum,
is able to invade human erythrocytes and to feed on in-
tracellular hemoglobin. Falcipain-2 is a protease of the
parasite that is essential for hemoglobin degradation.
The activity of falcipain-2 is supposed to be regulated
by the plasmodial protease inhibitor ICP. The interplay
of falcipain-2 and ICP presumably allows the coordi-
nated breakdown of hemoglobin and other host-cell
proteins and might be crucial for the survival of Plasmo-
dium in human hosts. The group recently succeeded in
structure determination of falcipain-2 in complex with
ICP from R berghei (Fig. 6). The molecular characteri-
zation of this important virulence mechanism will be a
major step forward in the understanding of the patho-
genicity of the parasite.

Fig. 6. Structure of falci-
pain-2 (red) in complex with
the C-terminal domain of the
cysteine protease inhibitor ICP
from P. berghei (blue).

Another area of interest is focused on the clinical pat-
tern of legionellosis leading to severe pneumonia with a
case fatality rate of up to 15%. We are working on the
identification of new virulence factors of Legionella as
targets for drug therapy.

Recently, the group successfully determined the three-
dimensional structure of the FeoB from E.coli and
L. pneumophila, a protein that enables the uptake of
iron from the environment. These structural studies are
important steps towards an understanding of survival
strategies of Legionella in human hosts.

Laboratory for Structural Biology of Infection
and Inflammation

Synchrotron radiation at the Institute’s outstation
at DESY, Hamburg

Together with the University of Hamburg, the Institute
runs the “Laboratory for Structural Biology of Infection
and Inflammation” (LSBI&, Fig. 7) on the DESY premis-
es in Hamburg. The Institute’s researchers use the syn-
chrotron radiation provided by DESY for investigating
their crystals of virulence proteins. In collaboration with
the University of Hamburg and the European Molecular
Biology Laboratory (EMBL), they also operate the syn-
chrotron beamline X13. In the future, further investment
of the Institute at DESY is planned, together with the
DFG Cluster of Excellence “Inflammation at Interfaces”

(Borstel — Kiel — Lubeck), in order to use the new stor-
age ring “PETRA III", which will produce even more bril-
lant synchrotron radiation.

The Institute’s scientists are also specializing on novel
methods for macromolecular crystallization and have
recently constructed a pyroelectric microcalorimeter
that allows the determination of all relevant thermody-
namic properties of a “hanging crystallization droplet”.
This instrument combines calorimetry with Dynamic
Light Scattering for the observation of crystal nuclea-
tion in the microdroplet.

Fig. 7. Laboratory for Structural Biology of Infection and Inflammation

Selected Publications:
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1. H. Steuber, A. Heine & G. Klebe: Structural and thermodynamic Study
on Aldose Reductase:
nitro-substituted inhibitors with strong enthalpic binding contributions,
J. Mol. Biol. 368 (2007), 618-638
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Evidence for a novel binding site conformer of aldose reductase in
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(2007), 1305-1320
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R. Hilgenfeld:
A Structural View of the Inactivation of the SARS-coronavirus main pro-
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2. T Hogg, K. Nagarajan, S. Herzberg, L. Chen, X. Shen, H. Jiang, M.
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functional characterization of falcipain-2, a hemoglobinase from the
malarial parasite Plasmodium falciparum. J. Biol. Chem. 281 (2006),
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Crystallogenesis Group

1. T. Klupsch, A. Walter, P. Muhlig & R. Hilgenfeld: Combined kinetic os-
mometry and pyrometric microcalorimetry: Direct measurement of the
protein-precipitant (salt) interaction.
Coll. Surf. A Physicochem. Eng. Aspects 318 (2008), 9-23

2. T Klupsch, A. Walter, P. Mihlig & R. Hilgenfeld: Combined kinetic os-
mometry and pyrometric microcalorimetry on protein solutions: Setup
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Main research topics in the CSCM:

m protein transport at the endoplasmic reticulum
nucleo-cytoplasmic transport

vesicular traffic and toxin transport

Connexin assembly and interacting partners

High resolution imaging of cellular compartments
and FRET in living cells

Protein Topogenesis

The aqueous interior of cells — the protoplasm - is
separated from its surrounding by a hydrophobic bio-
logical membrane, the plasma membrane, that in the
absence of appropriate transporters is impermeable for
hydrophilic macromolecules like proteins. Many bacte-
ria have additional membrane(s) outside of the plasma
membrane, forming a hydrophilic area, the periplasmic
space, that enwraps the plasma membrane. In eukary-
otic cells, the protoplasm is partitioned by inner mem-
branes into compartments. The exterior of the cell, the
different cellular compartments and the membranes
separating them are characterized by specific of sets
proteins which cause their distinct biochemical proper-
ties. However, only few of these compartments — the
cytoplasm, the matrix of mitochondria or the stroma
of plastids - contain the machinery needed for protein
synthesis. A central problem is therefore the correct
distribution of proteins from their site of synthesis to
their site of function - a process called protein topo-
genesis.

The institute of biology studies three pathways of
protein topogenesis — the translocation across the
endoplasmic reticulum (ER), the transport between
cytoplasm and nucloplasm, and steps of the vesicular
traffic along the secretory pathway

Institute of

Protein translocation at the endoplasmic reticulum
(ER)

Transport of newly synthesized proteins at the ER is a
key step in the biogenesis of secreted proteins, plasma
membrane proteins and of proteins of organelles of the
secretory pathway. These proteins contain signal se-
quences, which direct them to translocation sites at the
ER. Transport occurs either co-translationally with the
ribosome tightly bound to the ER or post-translationally
(1). During co-translational translocation the signal se-
quence triggered targeting of the nascent polypeptide
is mediated by the SRP/SRPR-pathway. At the end,
the nascent chain is integrated into a protein conduct-
ing channel formed by the Sec61 complex which also
binds the ribosome. In post-translational transport no
signal sequence dependent targeting mechanism is
known. These polypeptides also traverse the mem-
brane via the Sec61 complex. However, post transla-
tional translocation sites contain additional elements
important for targeting and for directed transport.

In the last decades we and others identified all compo-
nents that form the translocation site and determined
the function of some of the key players. However, many
features of the transport are still unknown. Presently,
we are concentrating on two problems - the analysis
of the detailed transport pathway of substrates with
atypical primary structure and the investigation of the
detailed function and mechanistic properties of com-
ponents present in co-translational translocation sites.
An analysis (2) of the tertiary structure of the central
component of translocation sites, the Sec61 complex,
indicated that one Sec61 complex is probably suf-
ficient to form the polypeptide conducting channel, a
hypothesis which later was confirmed by biochemical
approaches (3). In the light of this result it is difficult to
explain why in eukaryotes translocation site seem to
consist of four heterotrimeric Sec61 complexes.
Interestingly, binding studies using purified Sec61 com-
plex as well as other biochemical methods showed,
that this complex is not only able to bind ribosomes
during co-translational translocation, but that it is also
able to bind 26S proteasomes and other cytosolic
factors which are believed to be involved in the deg-
radation of proteins from the ER (4). This supports
the hypothesis, that the protein conducting channel
formed by the Sec61 complex is also involved in the
back-translocation of proteins from the ER destined for
degradation by the proteasome in the cytoplasm.
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Coinjection of recombinant importin a3 but not of importin a5 restores nuclear RCC1 accumulation in Hela cells with decreased expression of importin
a3. RCC1 was microinjected either alone or in combination with recombinant importin a3 or a5, and its subcellular distribution was analyzed by confocal
microscopy at the time points indicated. Coinjection of importin a3 caused fast RCC1 import, in less than 1 min, in 100% of importin a3 knockdown cells.
Coinjection of importin a5 resulted in nuclear accumulation after 1 or 3 min in 12 or 28% of cells depleted of importin a3.

Protein transport between cytoplasm and
nucleoplasm

Protein transport across the nuclear envelope is me-
diated by nuclear transport receptors (importins or
exportins) of the importin B-like superfamily. Some of
these proteins perform the transport of their cargo with
the help of adaptor molecules. In particular importin
f3 itself uses adaptors — importin as — to from import
complexes with substrates of the “classical” import
pathway (5). During the last years we were involved in
the identification of most of the importins and exportins
and in the search for membrane-anchor nuclear pore
proteins. Currently we are especially interested in the
analysis of the function of the different importin as
found in mammals.

Most of these 6-7 forms are ubiquitously expressed.
Although they display up to 50% divergence in their
primary structure, nearly all of the residues shown to
be important for interaction with the nuclear localiza-
tion sequences (NLSs) of cargos or for the binding to
importin B are conserved. However, binding studies
and in vitro import assays demonstrated that specific
cargos, like RCC1 preferentially interact with distinct
importin as (6).

First experiments trying to understand the structural
basis for binding specificity showed that the major de-
terminant providing importin a specificity of a cargo like
RCCH1 resides in its folded part which is distinct from the
NLS (7). Currently we are cooperating with the group of
M. Bader, Berlin to get a deeper understanding on the
in vivo relevance of the different importin a (8).

Selected Publications:

1 Osborne AR, Rapoport TA, van den Berg B. Protein translocation by the
Sec61/SecY channel (2005). Annu Rev Cell Dev Biol. 21, 529-550.
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Harrison SC, Rapoport TA. (2004) Xray structure of a proteinconducting
channel. Nature(London) 427, 3644.

3  Kalies K.-U., Stokes V., Hartmann E. (2008)A single Sec61-complex
functions as a protein-conducting channel Biochimica et Biophysica
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6  Quensel C, Friedrich B, Sommer T, Hartmann E, Kohler M. (2004) In
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clear localization signal and protein context both mediate importin alpha
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K., Vilianovich L., Qadri F., Alenina N., Hartmann E., Kohler M., Bader
M. (2007) Normal brain development in importin-alpha5 deficient-mice
Nature Cell Biology 12, 1337-8.
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Membrane traffic between the Golgi complex and
the endoplasmic reticulum (ER)

Cytoplasmic coat proteins shape membranes of or-
ganelles in the secretory and endocytic pathways into
vesicular or tubular transport carriers that mediate
intracellular protein sorting and transport. COP | coat
proteins and their regulators play essential roles in se-
cretory protein traffic in all eukaryotic cells. They medi-
ate a Golgi-to-ER retrieval pathway and transport with-
in the Golgi complex, and are required for maintenance
of the interphase Golgi complex. Because of this, COP
| — mediated membrane trafficking and protein sorting
underpins diverse and distinct physiologically important
pathways such as protein secretion, ER quality control,
and efficient ER — associated degradation, MHC class
| antigen presentation, proper maturation of numerous
cell surface receptors and ion channels, e.g. GABAB
receptor, K-ATP channels, T-cell receptor or CFTR, and
many others that are relevant to human disease [1-4,
7, 8].

Fig. 1: Left: Connexins pass anterogradely from the ER to the Golgi com-
plex and then to the plasma membrane to form gap junctions between
contacting cells. Gap junction plaques get stabilized, e.g. by drebrin, and
ultimately internalized and degraded by lysosomes and proteasomes.
Right: COP | is involved in ER quality control and a retrograde pathway
from the ER to the Golgi complex [8].

The minimal cytosolic machinery to form COP | vesicles
consists of the small GTPase ARF in its GTP-bound
form and coatomer, an ~800 kDa heptameric protein
complex comprising a-, B -, B’-, y-, 6, €-, and {-COP.
ADP-ribosylation factors (ARFs) are ~20 kDa ras - like
GTP-binding proteins that are central regulators of traf-
ficking through and from the Golgi. ARFs are required
for cargo sorting, membrane deformation, and vesicle
coat release. In their inactive GDP-bound form, an N-
terminal myristoyl residue is hidden and the protein is
soluble in the cytosol. Nucleotide exchange to GTP
triggers a conformational change, exposing the N-ter-
minal amphipathic helix and allowing ARF’s association
with Golgi membranes. ARFs have a low intrinsic GTP-
ase activity, so helper proteins, ARF GTPase-activating
proteins or ARFGAPSs, are essential for switching them
to their inactive form. ARFGAP activity drives removal
of the coat during a late step of COP | vesicle formation
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which is a prerequisite for membrane fusion with the
target membrane and thus for cargo delivery. However,
cargo sorting into COP | vesicles also requires ARF-
GAP activity. ARFGAP proteins selectively interact with
SNARE proteins involved in specificity of vesicle fusion,
p24 proteins, and with ERD2, a transmembrane re-
ceptor for escaped ER lumenal proteins that mediates
ER retrieval. We hypothesize that individual ARFGAPs
are involved in uptake of subsets of cargo into COP |
vesicles. In yeast two distinct ARFGAPs, Ges1p and
Glo3p provide overlapping, essential functions in COP |
transport. These ARFGAPs share a conserved catalytic
zinc finger domain that engages ARF but are unrelated
in their non-catalytic domains. The mammalian Ges1p-
ortholog ARFGAP1 harbors two lipid-packing sensor
domains that sense membrane curvature. In collabora-
tion with Jennifer Lippincott-Schwartz's lab at NIH we
characterized the dynamic behavior of ARFGAP1 us-
ing live cell imaging techniques [2]. Through sequence
searches we identified ARFGAP2 and ARFGAP3 as
the Glo3p orthologs encoded in the human genome
[1]. ARFGAP2/3 and Glo3p possess a conserved sig-
nature motif, which can be used for the unambiguous
identification of Glo3p orthologs. ARFGAP2 and ARF-
GAPS co-localize closely with COP | proteins and as-
sociate with COP | vesicles produced in vitro. We iden-
tified strong interactions of ARFGAP2 and ARFGAP3
with subunits of coatomer in the two-hybrid system
and in vitro. Our in vivo data establish that ARFGAP2
and ARFGAPS act in COPI - dependent Golgi-to-ER
and intra-Golgi trafficking.

Fig.2; Immunofluorescence of
the COP | coat in a Vero cells,
using an antibody against the
beta-COP subunit. Left: crystal
structure of the gamma-COP
appendage that is involved in
interactions with ARFGAP2 and
ARFGAP3 [4]. Featured on the
cover of TRAFFIC (see Watson et
al., 2004 (Feb. 2004 issue)).

We recently discovered a novel link between intracel-
lular transport via the ARFGAP/ COPI/ARF1/cargo
system and nuclear envelope stability and mitotic sig-
nalling. Dramatically, dominant mutants of ARFGAP2
or ARFGAP3 cause strong impairment of retrograde
trafficking in the secretory pathway, affect nuclear en-
velope structure, and rapidly induce formation of giant
multinucleate cells. Our data suggest a cell cycle de-
pendence for this dramatic phenotype. Our findings set
the stage for a molecular dissection of the role of COP
I'in cell cycle — dependent organelle assembly and for
unravelling the functions of ARFGAPs in COP | — de-
pendent traffic.
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FRET, Connexins and Interacting proteins.

FRET (Fluorescence Resonance Energy Transfer)
is so far the best “Spectroscopic ruler” technique to
measure protein-protein interactions in Living Cells.
This nano-scale precise tool can resolve proximity of
Donor-Acceptor pairs at distances of 2-7 nm. Using
FRET for live cell biology we can monitor functionally
important protein-protein interactions [5] and host-
pathogen interactions [6]. Measuring interactions that
occur in millisecond to minutes using FRET gives us
a detailed understanding of how proteins work in their
native environment.

Fig.3. FRET is a “spectroscopic ruler” for live cell analyses. Principle of
FRET: upon protein-protein interaction the fluorescence of the Donor de-
creases and the fluorescence of the Acceptor increases. This change only
occurs in a distance range between Donor and Acceptor molecules of
3-7 nm. Cellular proteins are tagged with genetically encoded fluores-
cent proteins — GFPs to measure protein complex formation. Example of
the CFP- and YFP-tagged FRET pair is shown as an integral overlap, (J
DA). Experimental data are used to calculate cellular distances between
proteins of interest.

Cell-cell communication in tissues would be impossible
without connexins. These short-lived four-transmem-
brane proteins are synthesized in the ER and assemble
into hexameric hemi-channels. At the plasma mem-
branes of contacting cells these link up to form regulat-
ed cell-to-cell channels, gap junctions, that are perme-
able to metabolites and small signaling molecules such
as Ca2+, cAMP, ATP, and cGMP. 21 connexin isoforms
are encoded in the human genome. Several connexins
are expressed in brain and retina, namely Cx-26, Cx-
32, Cx36, Cx43, Cx45, and Cx57, where they medi-
ate direct cell-cell coupling. Human diseases, including
neurological diseases, arise from naturally occurring
mutations in connexins. E.g. X-linked Charcot-Marie-
Tooth disease (CMTX) - a form of hereditary neuropathy
with demyelination is linked to Cx32 mutations.

The cytoplasmic loop and C-termini of connexins are
regulated by phosphorylation and undergo important
protein-protein interactions. Using a proteomics ap-
proach in combination with FRET, we identified a novel

Connexin 43 interacting protein, Drebrin (developmen-
tally regulated brain protein) [7]. Drebrin interacts with
the C-terminus of Cx43 as a part of the submembrane
cytoskeleton to stabilise cell-cell contacts [8]. Stable
Cx43 gap junctions are important in cardiac protection
as well as in retina, brain and other tissues. Currently
we are testing the role of drebrin (and its interactors) in
regulating gap junction formation/stability of neuronal
connexins.

Fig. 4: Drebrin is a morpho-
genic protein that interacts
with connexins and helps
remodel dynamic cell-cell
contacts. Upon overexpres-
sion drebrin can dramati-
cally change cell shape
and induce formation of
neurite-like cell processes.
In hippocampal neurons it
is concentrated in dendritic
spines. Cover of “Histo-
chemistry and Cell Biology”
(April 2007 issue) [8].

As models we use cell lines transfected with connex-
ins and primary cells from retina, brain, and heart that
naturally express Cx43, Cx32, Cx36 or Cx45. We com-
bine high resolution live cell microscopy, FRET, RNA,
dye transfer, electrophysiology, biochemistry and yeast
two-hybrid to study domain-specific interactions of
connexins and their regulation in normal and pathologic
cell conditions, including in inflammation.

Our research expertise includes nano-scale resolu-
tion of cellular processes with photo-activatable-GFPs,
FRET-FLIM spectroscopy, and fluorescence anisotropy.
We have established international (UK, USA, Japan,
Israel, Italy, France, Russia) and on-campus collabo-
rations covering a range of interdisciplinary research
linking Cell Biology to Medicine. Our long-term goal is
to functionally characterize novel proteins involved in
cellular transport and regulation of neuronal connexins
and neuronal circuit formation.

Selected Publications (Research Group Duden & Majoul):
Frigerio, G., Grimsey, N., Dale, M., Majoul, I., Duden, R. (2007). Two
human ARFGAPS assomated with COP | — coated vesicles. Traffic 8,
1644-1655

2 Liu, W., Duden, R., Phair, R.D. , Lippincott-Schwartz, J. (2005). Arf-
GAP1 dynamics and its role in COP | coat assembly on Golgi mem-
branes of living cells. J. Cell Biol. 168, 1053-1063
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Main research topics in the CSCM:

= |nvivoimaging of cells and tissues, linked with their
manipulation

m  Nanoscalpels for cells using focused laser irradia-
tion, or chromophore- and nanoparticle-assisted
targeting

m | aser-based procurement of biological samples for
genomic analysis

= Antimicrobial therapy combining photodynamic
therapy and antiseptics for pathogens exhibiting
resistance against antibiotics

m Tumor-selective dye-enhanced photothermal ther-
apy

m  Cell-specific laser therapy at the ocular fundus

Nonlinear in vivo Microscopy

Microscopy has changed biology and medicine in
the last 200 years by visualizing cells and subcellular
structures. However, conventional light microscopy is
restricted to imaging individual cells in culture or tissue
sections because in-vivo imaging of cells within the
tissue is limited by strong scattering. We are working
on and with two techniques capable to overcome this
obstacle: Images with a resolution of 5-15 pm up to
a depth of one milimeter are obtained by interferom-
etry with a broad band light source (optical coherence
tomography, OCT). In-vivo 3D imaging with subcellular
resolution is achieved by means of femtosecond laser
pulses that excite endogeneous fluorescence or exo-
geneous markers (fluorescent dyes or nanoparticles) by
the collective action of two or more photons. This non-
linear microscopy provides larger imaging depth with
less photobleaching and photodamage compared to
laser scanning confocal microscopy (CLSM) and can
visualize the action and interaction of cells in there na-
tive tissue environment.
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The BMO and a spin-off company (Thorlabs LUbeck)
developed the first commercially available second-
generation spectral-domain OCT that, in contrast with
the first generation devices, contains no moving parts.
The BMO promotes OCT applications through coop-
erations with various preclinical and clinical research
groups [1,2]. Current projects include intraoperative
visualization of tissue structures of the vocal cord, mid-
dle ear (Prof. Pau, ENT, University Rostock), and eye
(Ophthalmology, Univ. of Libeck).

Multiphoton laser scanning microscopy is used for the
visualization of immunological processes in intestines
(Prof. Gebert, Anatonomy, Univ. of Libeck), cornea
and conjunctiva (Dr. Steven, Ophthalmology, Univ. of
Libeck) [3], and lung tissue (Dr. Kénig, Anatomy, Univ.
of Lubeck), as well as tissue remodelling in skin (Dr.
Fleischer, Dermatology, Univ. of Libeck), and diagno-
sis of infections (Dr. Rupp, Microbiology and Hygiene,
Univ. of LUbeck).

Fig. 1: In-vivo imaging by nonlinear microscopy. Left: Non-contact cross-sectional visualization of Rainke edema at the vocal fold (OCT). Center: Discrimi-
nation of cellular structures (red) from collagen (green) at the limbus of the eye by different emission wavelengths of multiphoton excited fluorescence
from cells and second harmonic generation by collagen. Right: Discrimination of tumor cells (blue) from healthy brain tissue (red) by multiphoton excited

fluorescence lifetime measurements (FLIM).
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Fig. 2: Overview of fs low-density plasma effects and breakdown phenomena compared to experimental data on cell surgery

Nanoscalpels for Cells

Nonlinear absorption of tightly focused ultrashort laser
pulses (plasma formation) can be used to achieve very
fine and highly localized laser effects inside of biological
media regardless of their local optical absorption prop-
erties, i.e. even in cells and tissues that are transpar-
ent at low irradiance. Researchers at the BMO studied
for many years the physical mechanisms, tissue ef-
fects and applications of plasma-mediated intraocular
microsurgery and short-pulsed laser tissue ablation [4].
In recent years the exploratory focus shifted towards
laser microdisection and manipulation on a cellular
and subcellular level. The advent of femtosecond laser
pulses has made it possible to achieve surgical effects
on a nanometer scale at arbitrary location within the
cell. After proving that this kind of nanosurgery relies
on plasma generation [5], the process was studied in
detail both experimentally and by numerical simulations
of plasma-, stress wave and bubble formation at the
laser focus [5]. By comparing the theoretical thresh-
old values to experimentally determined thresholds for
various cellular and tissue effects we elucidated the
working and damage mechanisms of nanosurgery at
kHz and MHz laser repetition rates (Fig. 2) [6, 7]. We
recently showed that not only femtosecond lasers are
suitable for nano-surgery but also highly cost-effective
nanosecond microchip lasers emitting at 365 nm and
532 nm wavelength [8].

Cell surgery with focused laser pulses is used for func-
tional studies in cell physiology or developmental biol-
ogy and to induce a transient permeabilisation of the
cell membrane for the tranfer of genes and other sub-
stances, e.g. nanoparticles, into the cell. The BMO de-
veloped a technique for time-resolved detection of the
size of the laser-produced bubbles down to a bubble
radius of only 150 nm [7]. This technique has recently
been advanced towards an online dosimetry for gentle
cell membrane permeabilisation [9].

A disadvantage of cell surgery with focused laser irradi-
ation is that the exact geometrical position of the target
structure has to be known and to be aimed at with high
precision. Furthermore, it can be applied in reason-
able time only to a limited number of locations. These
problems can be overcome by selective targeting mak-
ing use of absorbing nanostructures, which can be
brought to the target structure by coupling them to an-
tibodies or other selectively binding molecules. Irradia-
tion of gold nanoparticles with short laser pulses of fs to
ns duration can create localized high temperatures that
can be used to selectively destroy cells or even single
biomolecules [10]. Depending on the laser parameters
used, we can either transiently permeabilize cell mem-
branes [11] or selectively destroy cells when gold nano-
particles are coupled to membrane proteins specific for
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certain cell types (Fig. 3). In cooperation with the Re-
search Center Borstel (Prof. Gerdes), we elucidated the
function of the proliferation-associated nuclear protein
Ki-67 by means of chromophore-assisted light inacti-
vation of pKi-67 that led to inhibition of ribosomal RNA
synthesis via photochemical effects [12]. Currently, the
BMO investigates the destruction mechanims of cells
targeted by nanoparticles and nanorods, in coopera-
tion with the Institute of Molecular Medicine and Experi-
mental Immunology, University Bonn (Dr. Endl).

Fig 3: Selective destruction of adherent cells in a mixed culture shows the
precision of NPCS. Dead cells are marked red.

Combination of Photodynamic Therapy and
Antiseptics breaks Resistance against Antibiotics
Due to the extensive and widespread use of antibiotics
progressive emergence and spread of microbial resist-
ance to antibiotics is currently the most serious prob-
lem in the treatment of bacterial and fungal infections.
We pursue a novel approach for selective destruction
of microorganisms without harming the host tissue by
combining the application of a local wound antiseptic
(Octenisept) with antimicrobial photodynamic therapy
(PDT). Based on a synergistic interaction, the combina-
tion of the photosensitizer toluidine blue O (TBO) with
a low concentration of Octenisept results in highly ef-
ficient killing of the Gram-positive pathogenic S. aureus
and the multiresistant strain MRSA, as well as of Gram-
negative bacteria and Candida species. Furthermore,
investigations on an organ culture model of the pig ear
showed that the combination therapy caused no cy-
totoxic damage to human skin. Thus, TBO-PDT plus
Octenisept may have potential for decontamination of
extensive wounds and large areas of damaged tissue,
like burns. Due to the mechanisms involved in PDT, the
emergence of resistance is unlikely to develop.
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Fig 4: Photodynamic therapy combined with an antiseptic for elimination
of human pathogens

Tumor-Selective Dye-Enhanced Photothermal
Therapy

Chromophore-enhanced photothermal therapy is a
novel approach for the treatment of tumors promising
good spatial confinement. Exploiting the increased ab-
sorption caused by a tumor-localizing absorber in con-
junction with infrared light irradiation for photothermal
therapy, we achieved highly localized tumor necrosis
that even surpassed the spatial confinement predicted
by calculations of temperature distribution. This opens
new perspectives for the curative and palliative treat-
ment of nodular cutaneous and subcutaneous or sub-
mucosal neoplasia, and for treatment of embedded
tumors in vital tissue, where surgical resection is not
an option.




Cell-Specific Laser Therapy at the Ocular Fundus
Gentle and highly cell-selective laser therapies are of
growing interest for a variety of applications in medi-
cine. Especially for laser therapies at the fundus of
the eye, the preservation of the highly sensitive neural
retina plays an important role. New treatment concepts
like Selective Retina Therapy (SRT) [13], as well as well
established retinal therapies like laser photocoagula-
tion are investigated towards this goal. SRT is a new
and very gentle laser method solely targeting the pig-
mented cells of the retinal pigmented epithelium (RPE).
The RPE is a monocellular layer located between the
photoreceptors and the vasculature and plays a major
role in the retinal metabolism. RPE-degradation is as-
sociated with a variety of retinal diseases as age re-
lated macular degeneration (AMD), the leading cause
of blindness in the industrial nations. In initial projects
[14] the irradiation parameters required to achieve the
desired RPE specific damage while sparing the adja-
cent photoreceptors and the choroid were investigated
(Fig. 1). It was shown that ps-laser pulses are best
suited to limit thermo-mechanical damage owing to
microvaporisation at the intracellular melanin granules
to the RPE cells [15]. Therefore, the nucleation and
microbubble dynamics around nanometer to microm-
eter sized absorbing targets are theoretically and ex-
perimentally explored in more detail by optoacoustics
and optical interferometry [16]. Both methods have the
potential to serve as an online dosimetry control dur-
ing treatment. The pathways of RPE rejuvenation and
metabolic stimulations by expressed growth factors,
metallomatrix-proteins (MMP’s) and other cytokines at
the chorio-retinal junction is investigated in cell and or-
gan cultures. SRT itself is currently undergoing clinical
trials in an international multicenter study.
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Fig 5: Pattern of hexagonal RPE cells visualized with a vitality stain (calcein
AM) after SRT in vitro. Vital cells fluoresce green, dead cells appear dark.
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Main research topics in the CSCM:

m NMR studies of protein-carbohydrate interactions
(monoclonal antibodies, lectins, selectins, siglecs,
glycosyltransferases)

m  NMR studies of ligand binding to native viruses and
viral coat proteins. Design of novel entry inhibitors

m Recombinant production of isotope labeled gly-
cosyltransferases for NMR spectroscopic experi-
ments

m Studies of thermodynamic and kinetic aspects of
carbohydrate-protein  recognition reactions us-
ing NMR, surface plasmon resonance and micro-
calorimetry

m structural and biophysical characterization of skin
matrix proteins involved in autoimmunity

Protein-Carbohydrate Interactions

Nature uses posttranslational modifications to orches-
trate a diversity of complex biological functions such
as cell-cell recognition or signal transduction. Among
these modifications, glycosylations represent the per-
haps most colorful and certainly the most diverse rep-
ertoire of distinct structures. The multitude of different
glycostructures found in organisms from bacteria to
man is far from being completely analyzed or under-
stood. It is clear, however, that glycoproteins are key
players in biological recognition events. Some exam-
ples for biological processes where protein-carbohy-
drate interactions play a fundamental role are:

Viral and bacterial infections

Cell-cell recognition and cell development

Cancer and metastasis

Development of Alzheimer’s disease

Diabetes type Il

Our research focuses on the application of NMR spec-
troscopic techniques in conjunction with other bio-
physical methods such as surface plasmon resonance
and molecular modeling for the analysis of protein-car-
bohydrate interactions at atomic resolution. Data from
these investigations help to understand the nature of
protein-carbohydrate interactions, and may enable us
to modulate the biological function associated with the
particular interaction. This is of importance for instance
for the entry of viruses into host cells, and some of the
projects target glycostructures that are associated with
such viral infection processes. In that context we also
study other viral proteins that are not glycosylated. A
unifying theme of all of these topics is the NMR investi-
gation of glycosyltransferases since these enzymes are
the key to understand the variety of glycostructures in
nature.

A very important experimental technique to analyze
protein-carbohydrate complexes as well as other pro-
tein-ligand interactions is high-resolution NMR spec-
troscopy. In general, NMR provides a variety of tools
to investigate such interactions at atomic resolution,
and also has the potential to reveal dynamic aspects
of the binding process. Experiments that are able to
target large protein assemblies such as whole viruses,
or membrane embedded proteins are attracting our
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special interest, since this constitutes a largely unex-
plored area. Here, ligand-based NMR techniques such
as STD NMR and transferred NOE experiments are es-
pecially powerful. Fig. 1 shows how a blood group B
trisaccharide is recognized by a viral coat protein, and
depicts the experimental transfer NOE data that yield
the bioactive conformation.

Fig. 1: Recognition of a blood group B determinant (BAG) (stick model
in (c) and scheme (d)) into a shallow groove of a viral coat protein of a
Norovirus. In (a) the transferred NOESY spectrum is shown that reflects
the bioactive conformation of BAG. TrNOE build up curves are shown in
(b) and the trNOEs are depicted schematically in (d). From C. Rademacher,
Disseration, Liibeck, 2009.

Glycostructures in Virus-Host Recognition
Processes

The attachment of viruses to hosts usually involves
specific interactions of viral coat proteins with host cell
receptors. In a couple of key experiments we showed
that STD NMR s ideally suited to map the binding of
low molecular weight ligands to native human rhinovi-
ruses (HRV-2) at atomic resolution. From STD NMR we
obtained the binding epitopes and relative dissociation
constants for synthetic entry inhibitors that bind into the
canyon binding site of the virus demonstrating that this
novel technigue provides a direct route to the rational
design of entry inhibitors against viral infections. The
approach is now extended to investigate the binding
of fragments of the human LDL and VLDL receptors
to HRV-2, and thus to map the viral entry process at
a molecular level. First experiments have shown that
it is possible to use STD NMR to resolve the binding
epitope of VLDL receptor fragments at atomic resolu-
tion. This work is underway and will pave the way for
a fast characterization of binding properties of different
virus serotypes to the human LDL and VLDL receptors
at atomic resolution.

These experiments are a proof of principle, and there-
fore we have applied this approach to other viruses. At
the present, Norovirus infections are in the focus of our
interest. To date, only very few entry inhibitors against
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Fig. 2: Binding epitopes from STD NMR experiments for 0-methyl-o-L-
fucopyranoside (9), blood group B trisaccharide (1) and H-type | trisac-
charide (3). The binding epitopes serve as a basis for the design of potent
entry-inhibitors against Norovirus infections.

viral infections have been identified. On the other hand,
the availability of such compounds would offer a vari-
ety of novel therapeutic strategies to combat viral in-
fections. As an example we have chosen Noroviruses
that belong to the family of Caliciviridae. Noroviruses
are non-enveloped positive stranded RNA viruses that
bind to histo-blood group antigens (HBGAs) on the sur-
face of host cells. Noroviruses are subdivided into two
genogroups | and Il and are extremely contagious, i.e.
only 10 to 100 virions are sufficient to infect a person.
Therefore, infections are usually epidemic and have
been declared as B-agents by the NIH/CDC bidode-
fense program. There are no known cures, and vac-
cination strategies are not within sight. Our goal is to
understand the structural and dynamic constraints of
the virus-host recognition process as a basis for the
rapid micro-evolution of the virus, and to finally design
potent entry-inhibitors against Norovirus infections.
So far, we have successfully determined the binding
epitopes of several natural receptor molecules (so
called human histo-blood group antigens, HBGAs) as
shown in the example in Fig. 2. With so called interlig-
and NOEs we have identified other binding fragments
from so called fragment libraries. Using a novel design
concept we have already synthesized an entry inhibitor
with nanomolar affinity (collaboration with Prof. Bundle,
Alberta Ingenuity Centre for Carbohydrate Sciences,
Edmonton, Alberta, Canada).

Myelin associated glycoprotein (MAG) — modu-
lation of neurite outgrowth

Another example where NMR spectroscopy plays a key
role is provided by studies that are part of a joint project
that involves research groups in Basel (Prof. B. Ernst),
in Bremen (Prof. S. Kelm), in Hamburg (Prof. B. Meyer),
and in LUbeck (Prof. Mailander and Prof. Peters). This
project focuses on the investigation of the interaction of
gangliosides with a glycoprotein called myelin associ-
ated glycoprotein (MAG) that is responsible for the inhi-
bition of neurite outgrowth upon injuries of the central
nervous system (CNS). The overall goal in this project
is the design of inhibitors of MAG that would eventu-
ally allow to promote neurite outgrowth and to finally

heal pathological conditions such as quadriplegia. One
major issue within this project is to analyze the bioac-
tive conformation of natural ligands of MAG that may
serve as templates for the design of much more potent
inhibitors. To this end we have been investigating syn-
thetic fragments of the most potent natural inhibitor of
MAG, a ganglioside called GQ1ba. Our work allowed
to define the bioactive conformation of the key tri- and
tetrasaccharides that are now further modified to gen-
erate more drug like compounds with a high potency
to inhibit MAG. An example is shown in Fig. 3 that de-
picts the binding of the key tetrasaccharide to MAG. In
collaboration with the plastic surgeons (Prof. Mailander)
in LUbeck we have succeeded to establish neurite out-
growth assays to test the activity of potential inhibitors
of MAG before they are tested in animal models. It is
hoped that these efforts finally will lead to a drug that is
capable of curing quadriplegic.

Fig. 3: NOE-based docking model of tetrasaccharide 2 in the binding site
of MAG. Only selected amino acids of the binding pocket are shown. The
a(2 - 3)-glycosidic linkage prefers a “syn” orientation. It is seen that the
carboxy groups of the a(2 - 6)-linked and the a(2 - 3)-linked NeuSAc
residues are close to the side chains of the amino acids Lys67 and Arg118,
respectively, allowing for corresponding salt bridges. The image was pro-
duced with the program PyMOL (http://www.delanoscientific.com). From
reference 2.

Glycosyltransferases as key players in
posttranslational modifications

More than 75% of all proteins are glycoproteins, and it
is unlikely that nature undergoes such a biosynthetic ef-
fort without a defined need. Yet, the biological function
of carbohydrate structures and their biosynthesis is not
well understood. A main obstacle had been the lack of
suitable analytic techniques to perform structural and
functional analyses. With the advent of high sensitiv-
ity NMR techniques in the past ten years this scenario
has dramatically changed. The analysis of glycosyla-
tion patterns of glycoproteins with NMR is therefore an
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emerging field. We have concentrated on the analysis
of human glycosyltransferases since these are the key
enzymes that are responsible for specific glycosylation
patterns. An understanding of their function will signifi-
cantly enhance our options to interfere with pathologi-
cal processes in which glycostructures are involved.

At the present we focus on the human blood group B
galactosyltransferase (GTB). In collaboration with Prof.
Palcic from the Carlsberg Laboratory in Copenhagen
we aim at deciphering especially the enzyme dynam-
ics that take place during catalysis. Nothing is known
so far about this important issue. Understanding the
dynamics of such enzymes at atomic level will greatly
enhance the repertoire of approaches to modulate the
function of these proteins for biotechnological or phar-
maceutical purposes. NMR vyields data on the com-
plete time scale of molecular motions from the picosec-
ond into the second time scale. We have also started
a collaboration with Prof. Hibner from the Institute of
Physics where we correlate NMR data with measure-
ments from single molecule fluorescence spectroscopy.
As a first success we have identified the bioactive con-
formation of donor substrates binding to GTB and we
have come to a hypothesis that explains the exquisite
specificity with which this enzyme processes its donor
substrate. In Fig. 4 we show the dramatic change that
donor substrates undergo when binding to GTB, and in
Fig. 5 we show how an aspartate and a glutamate act
as molecular tweezers to correctly position the donor
substrate.

Fig. 4: Free and bound
conformations of the
donor substrate UDP-
Gal are dramatically dif-
ferent. The bound con-
formation is not found
in solution and has to
be “stabilized” by the
enzyme (see reference
6 for details).

Fig. 5: NMR based mod-
el to explain the spe-
cificity with which GTB
processes UDP-Gal but
not UDP-Glc. UDP-Gal is
shown as stick model
with hydrogen atoms
attached (see reference
6 for details).
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The research projects require access to several tech-
niques:

Protein expression and purification

(Dr. Hanne Peters):

Recombinant expression of proteins is routinely per-
formed in E.coli. For NMR experiments with proteins
it is required to isotope label the protein with NMR ac-
tive stable isotopes, i.e. with *C, N and H. We have
established these techniques in our laboratory and
constantly improve the conditions in order to improve
the yields of isotope labeled proteins. This is mandatory
since isotope labeling can be extremely costly, espe-
cially if °H and "*C isotopes are involved, or if amino acid
selective labeling is performed. We have succeeded in
substantially improving known protocols such that e.g.
GTB is produced at concentrations of 100 mg per L
of culture. Our current focus is on glycosyltransferases,
viral proteases and viral coat proteins.

NMR spectroscopy (Dr. Thorsten Biet)
High resolution NMR spectroscopy allows to analyze
(bio)molecules in solution. NMR complements crys-
tallography in that it adds dynamic information to the
static picture. Another asset is the ease with which mo-
lecular recognition processes can be analyzed by NMR.
Therefore, NMR nowadays plays a major role in the
analysis of receptor-ligand interactions and in the drug
discovery process. We have focused in our projects on
carbohydrate-protein recognition processes.
Our NMR instruments include:
— 250 MHz Bruker DRX
— 500 MHz Bruker DRX with TCI cryogenic probe
— 700 MHz Bruker DRX with TXI cryogenic probe
(located at our outstation at the University
of Hamburg)

Biacore and Microcalorimetry (PD Dr. Thomas
Weimar)

For a deeper understanding of molecular recognition
processes it is important to have access to the ther-
modynamic signature of such reactions. In our institute
surface plasmon resonance experiments (Biacore) are
well established and deliver kinetic and thermodynamic
information at the same time. As a gold standard we
employ microcalorimetry to unravel the thermodynam-
ics of binding events. The combination of Biacore and
microcalorimetry has proven to be very powerful.

The Institute of Chemistry houses a Biacore 3000 and a
Biacore J instrument and has access to an isothermal
and differential scanning calorimetry equipment in the
Institute of Biochemistry.




Chemistry

Structural changes of proteins causing
autoimmunity

Inflammatory diseases are a research field of growing
interest, because very often a direct linkage between
inflammations and other diseases exists. An inflamma-
tion is an immune response of the body to exogenous
substances like pathogens or, in the case of autoim-
mune diseases, a misled response to endogenous
proteins.

Why an endogenous protein present in the human
body for a long time is suddenly recognized as exog-
enous is not yet understood.

Therefore, detailed structural information at a molecular
level are needed to understand why an endogenous
protein is recognized by antibodies. Knowing the three
dimensional structure of the protein, structural changes
upon antibody binding can be investigated by NMR
and will help to understand the mechanisms of anti-
body recognition.

Epidermolysis bullosa acquisita (EBA) is an autoim-
mune disease of the skin which is characterized by au-
toantibodies directed against type VIl collagen. Type VI
collagen links different skin layers together and is there-
fore an important skin protein (figure 1). Autoantibody
binding to type VIl collagen results in skin blistering and
skin lesions. In contrast to other autoimmune diseases,
EBA offers the advantage that both the autoantibodies
and the target of the antibodies are known. Thus, EBA
presents an adequate model to study structural chang-
es involved in autoimmunity. The knowledge about the
nature of these changes will finally help to understand
the mechanisms that lead to autoimmune diseases.

Methods which will be employed are heterologous
protein expression and purification (including labeling
with stable isotopes), NMR spectroscopy and crystal-
lography.

Metabolomic investigations

In a disease state different proteins are newly syn-
thesized while the expression of other proteins is re-
pressed. However, not only the protein composition
and levels are changed during a disease, there are also
changes in metabolite concentrations (figure 2). Com-
paring the metabolome from the healthy state and the
disease state will identify metabolic pathways related
to the disease and will provide clues to diagnosis as
well as to a deeper understanding of the disease itself.
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lactate

/
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Fig. 2: Typical NMR spectrum of mice serum. Highly abandoned metabo-
lites as glucose and lactate give intense NMR signals, where as metabo-
lites present in lower concentrations show only small NMR signals.
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Fig. 1: A) Schematic represen-
tation of the skin. Type VII col-
lagen links different skin layers
together.

B) Typical approach for structure
determination of a protein. The
protein of interest is expressed in
bacterial cells allowing the incor-
poration of stable isotopes (*C,
'5N) and high yields of the protein.
Labelled protein is needed for the
structure determination.

- 3D structure
of the protein
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Main research topics in the CSCM:

m  Molecular pharmacology of ion channels

m  Molecular endocrinology and signal transduction
of orexins

m Function and regulation of hypoxia-inducible fac-
tors (HIFs)

m Interaction between the renin-angiotensin-system
and stress

m  Mechanisms of cardiac anti-ischemic precondition-

ing

Research group Heinrich Terlau:

Molecular pharmacology of ion channels

lon channels are proteins which are embedded in
the outer membrane of nearly all cells of an organism.
These proteins mediate the fast, selective transport of
ions through the membrane and thereby many diverse
physiological functions like electrical excitability of cells
or absorption and secretions within the epithelia. lon
channels can be activated by different signals and mal-
function of these proteins can lead to diseases. Several
hereditary diseases like cystic fibrosis or special forms
of epilepsy, deafness or heart arrhythmia are known to
be correlated with mutations of certain ion channels.

Our research focuses on the structure-function rela-
tions of voltage gated ion channels and the identifica-
tion and characterization of pharmacological active
substances interacting with these proteins (1, 3). Due
to their special role in different areas of cellular function,
ion channels are ,popular” targets of biological active
substances from different venomous organisms. Ac-
cordingly during evolution a great variety of specific lig-
ands interacting with ion channels have been evolved.
The identification and characterization of these ligands
can be very useful for studying the features of a given
protein.

The main focus of our research is the investigation of
the mechanism of action of toxins from cone snails in-
teracting with voltage gated ion channels (1, 3). Several
new families of conotoxins interacting with Na*- or K+-
channels have been identified already. A biophysical
description and the investigation of the potential physi-
ological implications of the interaction pharmacological
active substance — ion channel is performed by using
mainly electrophysiological techniques and expression
systems. The aim is to establish new tools for studying
the physiological role of a given target and to create the
basis for a potential pharmacological or even clinical
use of these substances.

Institute of

Fig.1: Hypothetical docking of conotoxin k-PVIIA in the outer vestibule of
the pore of a K* channel

For the interaction of conotoxins that bind to volt-
age activated Kt channels we could demonstrate
that this interaction depends on several parameters:
\oltage-gated ion channels are activated by a depolar-
ized membrane potential resulting in a conformational
change, allowing ions to permeate. From this open
state voltage-gated ion channels can either be inacti-
vated by an additional conformational change which
leads to a non-conducting state of the channel or they
may be deactivated by a repolarized membrane poten-
tial (Fig. 2). We are studying in how far this gating of ion
channels has an impact on the interaction of pharma-
cological active substances with these proteins.

Fig. 2: Gating of K* channels

In general, the conformational changes of voltage-
gated ion channels during activity can lead to changes
in the interaction of drugs or toxins with the channel
protein due to changes in the binding pocket during
gating. This so called activity or state dependent bind-
ing is known for local anesthetics and other channel
targeted substances that are used in the clinic, where
besides a tonic blocking action, a phasic or use-de-
pendent component for the block of Nat currents is
observed. State-dependent interaction has the advan-
tage, for certain therapeutic applications, that only the
channels in a certain conformation are affected, where-
as the same channel in a different conformation is less
affected. We have demonstrated that also the binding
of different K+ channel-targeting conotoxins depends




on the conformational state of the channel. This indi-
cates that state dependence might be a more general
phenomenon for the interaction of substances binding
to ion channels.

Due to their specific mode of action several conotoxins
do have a therapeutic potential and six different pep-
tides have reached human clinical trials. For conotoxin
K-PVIIA, a Kt channel targeting peptide where the mo-
lecular interaction with the K+ channel pore has already
been studied (Fig. 1) it recently has been shown that
it is effective in decreasing cardiac damage in animal
models of myocardial infarction. The underlying mech-
anisms of this protective effect will be a main subject of
our future research.

Research group Olaf Jéhren:

Orexins

The final sequencing of the entire human genome
has revealed new molecular drug targets for the
pharmaceutical industry. Many of these new targets
are analogous to already-known targets like neuro-
transmitter or hormone receptors. A pharmaceuti-
cally important class of drug targets are G-protein
coupled receptors (GPCRs). By a strategy called
reverse pharmacology a variety of physiological
ligands for orphan GPCRs (receptors without known
ligands) were identified during the past decade, most
of them being peptides. Moreover, 9 novel neuropep-
tide families were discovered. Orexins represent such
a novel family. These peptides are highly expressed in
the hypothalamus and regulate feeding behavior, neu-
roendocrine and autonomic functions, as well as sleep-
wakefulness. Furthermore, orexins are significantly in-
volved in the pathophysiology of narcolepsy and may
play a central role in metabolic disorders. Two orexin
GPCR subtypes, OX1 and OX2 receptors, were de-
scribed thus far.

One major research focus of our group is the explora-
tion of biological and pathophysiological functions of
orexins and orexin receptors. We have described the
existence of a peripheral orexin system and found a
high expression of orexin receptors in adrenal glands. In
ongoing experiments we investigate the cellular effects
of orexins and the downstream signal pathways that fi-
nally lead to an altered production of steroid hormones
such as cortisol (Fig. 3). Using gPCR and reporter-
gene-assays we are analyzing the orexin-effects on the
gene expression of steroid synthesizing enzymes like
21-hydroxylase (CYP21) or type Il 3B-hydroxysteroid
dehydrogenase (HSD3B2). The use of specific inhibi-
tors and siRNA revealed the involvement of intracellular
signal molecules such as protein kinase C (PKC) and
MAPK/ERK kinase (MEK). In addition, we have cloned
OX2 receptor splicing variants from NCI-H295 cells
and investigate possible functional differences of these
clones in various cell systems.

Experimental and Clinical
Pharmacology and Toxicology

Fig. 3: Cellular actions of orexins in human adrenocortical cells. We are
analyzing the specificity of various peptidic and non-peptidic agonists
and antagonist of orexin receptors (1), downstream signal pathways (2),
effects on the activity of genes coding for steroid-synthesizing enzymes
such as HSD3B2 (3), and the final cellular and physiological alterations (4).
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Research group Werner Solbach/

Thomas Bollinger:

T cells and clock genes

In mammals, the 24-h rhythm of physiological and be-
havioural activity is controlled by a hierarchical network
of cellular circadian clocks that are active in all tissues.

The master circadian pacemaker is found in the hy-
pothalamic suprachiasmatic nucleus (SCN). The SCN
is synchronized to external time by e.g. daily changes
in the light/dark cycle. Peripheral oscillators, described
in numerous tissues, are reset via the SCN, but are to a
certain degree self-sustaining and autonomous.

On the molecular level, these clocks are based on a set
of inter-locked transcriptional/translational autoregu-
latory feedback loops. A core loop is formed by the
transcription factors CLOCK and BMAL1 (positive limb)
that drive the expression of Per (Periand Per2) and Cry
(Cry1 and Cry2) genes, which negatively regulate their
own expression (Fig. 1). This core loop is stabilized by
two ancillary loops involving the nuclear orphan recep-
tors Rev-erb and Ror and the transcription factors
Dbp and E4bp4, respectively. The molecular oscilla-
tor is responsible for the downstream regulation of the
expression of numerous clock controlled genes that
translate time information into physiologically relevant
signals.

We could previously show that the function of T cells
and regulatory T cells follows a 24 h rhythm which is in
part dependent on sleep (Fig. 2). However, the molecu-
lar mechanism for this functional rhythm is unknown. A
likely mechanism is the molecular clock of T cells. The
molecular clock has been described in several periph-
eral cells but never in T cells.

Subsequently, we are investigating the molecular clock
in freshly isolated CD4+ T cells and how this clock is
sustained in vitro.

Circadian clock gene expression has been shown to
be sustained for 3-7 days in several peripheral cells
ex vivo and can even be induced in vitro. The in vitro
analysis of circadian clock gene expression enables to
investigate subsequent circadian changes of cellular
functions under defined conditions. Therefore, we in-
vestigate the influence of cytokines on the expression
of clock genes and the resulting circadian immune ac-
tivity of T lymphocytes. Conversely, the relationship of
adaptive immune functions to clock gene expression is
explored, especially under T cell activation conditions.

Fig. 1: Core Loop of the molecular clock. (Modified from Hastings et al.,
2007).

Fig. 2: CD4+CD25- T cells were isolated from peripheral blood of healthy
young men with sleep (closed circles) or sleep deprivation (open circles),
labelled with CFDA and polyclonally stimulated. The percentage of prolif-
erated T cell was measured through the reduction in CFDA fluorescence
(Bollinger et al., 2009)




Research group Johannes Knobloch:

Virulence determinants of pathogenic
Staphylococci

Foreign body-associated infection, which are triggered
by the use of artificial medical devices (for example
prostheses) are most frequently caused by Staphylo-
coccus epidermidis and Staphylococcus aureus. They
are increasing in number, leading to substantial mor-
bidity and mortality. Staphylococci are also increasingly
resistant to antimicrobial therapy. The ability to form a
multilayered biofilm is of outmost importance for their
pathogenic potential.

The intercellular polysaccharide adhesin (PIA) is one
of the major determinants for the formation of biofims.
PIA is synthesized by the gene products of the icaAD-
BC operon. PIA synthesis is influenced by a variety of
environmental factors and is part of a complex regula-
tory network. The DNA-binding protein IcaR, which is
encoded by a gene upstream of the icaADBC operon,
is a negative regulator of PIA synthesis and biofilm for-
mation.

In S. epidermidis, at least four other regulatory elements
are involved in the control of biofim formation. In our
group we identified the alternative sigma factor (SigB)
as an important regulator of PIA synthesis. It could be
demonstrated, that SigB acts via the repression of icaR
transcription. The SigB -dependent regulation of icaR
transcription could be bypassed by environmental sig-
nals like ethanol in the growth medium. Besides biofilm
formation the alternative sigma factorB regulates a vari-
ety of other virulence factors of S. epidermidis. Mecha-
nisms by which SigB affects the expression of virulence
factors are currently investigated in our research group.

In addition to the SigB operon a second regulatory
operon, the barAB operon, has been identified in S. ep-
idermidis by our research group. This operon is partially
transcribed from a SigB -dependent promoter. Inacti-
vation of these genes results in a complete repression
of PIA synthesis and biofilm formation, indicating that
at least BarB is essential for biofim formation by S. epi-
dermidis. Therefore, BarB is a potential new target for
anti-biofilm strategies for prevention and therapy of for-
eign body-associated infections. The characterization
of the BarAB-dependent regulation of biofilm formation
forms a further project of the research group.

Cells embedded in a biofilm cannot be efficiently con-
trolled by the immune system during infection, which
often results in protracted chronic inflammation. The
identified potential target structures for the inhibition of
biofilm formation in S. epidermidis are global regulators
involved in the adaption of bacterial cells to changes in
the environmental conditions. A wide variety of other
virulence factors of S. epidermidis are co-regulated
by these regulators. To investigate the consequence
of differential expression of other virulence factors in

Microbiology and Hygiene

the case of suppression of biofim formation targeting
global regulators we investigate the interaction of de-
fined mutants of the respective regulators with human
neutrophil granulocytes, the first line of defense in the
human immune system.

Fig. 1: Model of the regulation of primary adhesion and PIA synthesis in
S. epidermidis
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Institute of Medical

Research group Tamas Laskay:

Innate immune response to intracellular
pathogens

The innate immune system controls infections within
the first hours/days after microbial challenge. In our
research group we investigate the innate immune re-
sponse to intracellular pathogens. The focus of our
research is the interaction of the pathogens with neu-
trophil granulocytes, since neutrophils are the first cells
of the innate immune system that are recruited from the
blood circulation to the site of an infection. Microbial
pathogens are phagocytosed and in most cases rap-
idly killed by neutrophil granulocytes. However, a group
of intracellular pathogens such as the parasite Leish-
mania major and the bacteria Anaplasma phagocy-
tophilum and Chlamydia pneumoniae escape the intra-
cellular killing and survive in granulocytes. The research
work of the group aims to clarify the mechanisms how
these pathogens can survive in neutrophil granulocytes.
The formation of neutrophil extracellular traps (NETs)
is a recently described defence mechanism mediated
by neutrophil granulocytes. NETs, that are generated
by neutrophils undergoing a novel form of cell death
called NETosis, can efficiently capture and kill microbial
pathogens. In our ongoing projects we investigate the
induction of NETs by various groups of microbial patho-
gens with the aim to obtain insights into the molecular
mechanisms of NET-formation.

Neutrophil extracellular traps (NETs) released by activated neutrophil
granulocytes. Scanning electron microscopy by Dr. Martina Behnen-Harer
(Institute of Medical Microbiology and Hygiene) and PD Dr. Matthias Klin-
ger (Institute for Anatomy).

As major projects of the group we investigate:

m the escape mechanisms of intracellular pathogens

m the role of apoptosis of both pathogens and host
cells for the outcome of an infection

m the immunoregulatory role of neutrophil granulo-
cytes

m the phagocatosis of apoptotic cells by leukocytes

m the induction of NETs by microbial pathogens




Research group Jan Rupp:

Host-pathogen interactions and inflammation
in hypoxia

Sites of inflammation are characterized by an influx of
inflammatory cells that drive a high metabolic turnover
in an environment of fading oxygen availability. Oxygen
concentrations in non-diseased tissues vary between
4 — 15% under physiological conditions and easily be-
come hypoxic (02< 5%) during chronic but also acute
inflammatory process. Many bacterial pathogens sur-
vive well and even grow under anaerobic conditions,
thus host-defense mechanisms must be adapted to
function effectively when oxygen tension is low. To
compensate for environmental changes in O2 supply,
host cells get under the control of “hypoxia-inducible
factors (HIF)”, of which HIF-1 regulates most of the
hypoxia-dependent genes involved in cell metabolism,
apoptosis and innate immunity. The hypoxia-inducible
factor-1 is a ubiquitously and constitutively produced
transcription factor composed of an oxygen-labile
a-subunit and an oxygen-resistent B-subunit, with the
latter being identical with the aryl hydrocarbon nuclear
translocator. HIF-1a possesses two central oxygen
dependent degradation domains (ODDs) and two
transactivation domains. In the presence of 02, human
HIF-1a is hydroxylated at the proline residues Pro-402
and Pro- 564 within the ODDs, immediately captured
by the von Hippel-Lindau protein, and degraded via
the E3 ubiquitin ligase pathway.

Interestingly, obligate intracellular chlamydiae (C. pneu-
moniae, C. trachomatis) evolved strategies to directly
interact with the oxygen-sensing mechanisms of infect-
ed cells to meet their needs on energy and nutrients,
and to actively manipulate cell survival and prolifera-
tion. To investigate the metabolome and interactome
of chlamydia-infected human host cells with respect to
the surrounding O2 availability is in the focus of our cur-
rent studies.

Microbiology and Hygiene

Expression of the chlamydial protease CPAF (red) in a C. pneumoniae in-
fected epithelial host cell
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Mack. 2008. Biofilm formation is not necessary for development of qui-
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midis population. Int. J. Artif. Organs 31:752-760

Research group Laskay

1 Laskay T, van Zandbergen G, Solbach W. 2008. Neutrophil granulo-
cytes as host cells and transport vehicles for intracellular pathogens:
Apoptosis as infection-promoting factor. Immunobiology 213:183-91.

2 van Zandbergen G, Solbach W, Laskay T. 2007. Apoptosis driven infec-
tion. Autoimmunity 40:349-52.

3 van Zandbergen G., Bollinger A., Wenzel A., Kamhawi S., Voll R., Klin-
ger M., Mller A., Holscher C., Herrmann M., Sacks D., Solbach W.,
Laskay T. 2006. Leishmania disease development depends on the
presence of apoptotic promastigotes in the virulent inoculum. Proc Natl
Acad Sci USA 103:13837-42.

4 van Zandbergen G, Klinger M.,, Dannenberg S., Mdller A, Solbach W
and T. Laskay. 2004. Cutting edge: Neutrophil granulocytes serves as a
vector for Leishmania entry into macrophages. J Immunol. 173:6521-
6525.

Research group Rupp

1 Rupp J, Solbach W, Gieffers J. Variation in the mutation frequency de-
termining quinolone resistance in Chlamydia trachomatis serovars L2
and D. J Antimicrob Chemother 2008 Jan;61(1):91-4.

2 Rupp J, Gieffers J, Klinger M, van Zandbergen G, Wrase R, Maass M,
Solbach W, Deiwick J, Hellwig-Burgel T. Chlamydia pneumoniae directly
interferes with HIF-1alpha stabilization in human host cells. Cell Micro-
biol. 2007 Sep;9(9):2181-91.

3 Rupp J, Solbach W, Gieffers J. Single-nucleotide-polymorphism-specif-
ic PCR for quantification and discrimination of Chlamydia pneumoniae
genotypes by use of a “locked” nucleic acid. Appl Environ Microbiol.
2006 May;72(5):3785-7.

4 Rupp J, Hellwig-Burgel T, Wobbe V, Seitzer U, Brandt E, Maass M.
Chlamydia pneumoniae infection promotes a proliferative phenotype in
the vasculature through Egr-1 activation in vitro and in vivo. Proc Natl
Acad Sci U S A. 2005 Mar 1;102(9):3447-52.

5 Rupp J, Berger M, Reiling N, Gieffers J, Lindschau C, Haller H, Dalhoff
K, Maass M. Cox-2 inhibition abrogates Chlamydia pneumoniae-in-
duced PGE2 and MMP-1 expression. Biochem Biophys Res Commun.
2004 Jul 30;320(3):738-44.
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Main research topics in the CSCM:

= RNA-RNA recognition, mechanisms and delivery of
oligomeric nucleic acid drugs (aptamers, antisense,
siRNA, miRNA), non-viral vectors, Argonaute pro-
teins and mechanism of RNA interference.

Central projects at the Institute of Molecular
Medicine include:

-~ Structure-function relationship and therapeutic
application of siRNA, miRNA, aptamers and anti-
sense nucleic acids
RNA biochemistry, kinetics and structure

—  Very short oligonucleotides as novel target-specific
tools — HIV-1 reverse transcriptase

~ New concepts and non-viral vectors for the cellular
delivery of therapeutic nucleic acids
The biology of extracellular RNA in vivo

—  RNA-based non-invasive tumor diagnostics

~  Human Argonaute proteins

~  Polymerases as drug targets — e.g. HIV and HCV
Structure-function relationship of DNA polymer-
ases

Research

Controlled expression of genetic information is crucial
to normal development of cells and organisms. In the
course of regulated gene expression from genes via
gene products to phenotypes, nucleic acids represent
two major classes of natural biologically important
macromolecules, deoxyribonucleic acids (DNA) and
ribonucleic acids (RNA), respectively. Dysregulated or
aberrant gene expression, however, may lead to al-
tered phenotypes including uncontrolled cell prolifera-
tion or functional defects that may be causatively re-
lated to diseases.

As the human genome and its transcribed sequences
become increasingly revealed more light is shed onto
the molecular level of the pathomechanisms of human
diseases which may include fatal changes of DNA and,
hence, RNA transcribed thereof. At this level, the analy-
sis of genomic DNA and of transcribed sequences in-
cluding mRNA (transcriptome) enables one in principle
to obtain diagnostic information on the risk or state of
human diseases. As uncontrolled and also viral gene
expression may cause the development of serious dis-
eases including cancer and lethal infections such as
AIDS, specific DNA segments and mRNAs represent
new and promising drug targets for novel therapeutic
concepts on the molecular level. Interestingly, short
nucleic acids (oligonucleotides) may be used to inter-
fere with the biological function of DNA and RNA and
several classes of oligonucleotides are currently under
investigation as new drugs. Oligonucleotides are syn-
thesized by chemical means. They are not expressed
endogenously and, thus, have to be delivered to tar-
get cells and target tissues in vivo which requires new
methodologies for the cellular uptake. The studies are
performed at the level of biochemistry, molecular biol-

Institute of

ogy, and cell biology. In collaboration with clinical part-
ners, we also conduct pre-clinical studies and studies
in vivo.

Nucleic acid delivery:
The cellular delivery of siRNA is one of the major tech-
nical hurdles of its application in living cells.

Fig. 1: The picture shows cells harbouring biologically active siRNA in
vesicles (orange, indicated by a white arrow), delivered according to a
novel principle (Overhoff & Sczakiel, 2005). The green fluorescence shows
the actin filaments.

Array-based search for target-specific
hexanucleotides:

As a spin-off activity of the 'Kompetenzzentrum fur
Drug Design and Target Monitoring” we developed a
novel chip onto which the complete sequence space
of hexanucleotides is printed. This approach enables
a systematic array-based search for hexanucleotides
which specifically and tightly bind to any target of inter-
est thereby leading to lead compounds for subsequent
drug development. The enormous target selectivity of
this method is reflected by species that distinguish
between the highly conserved reverse transcriptases
(RT) of HIV-1 and HIV-2 (see figures 2 and 3).

Fig. 2: Hexanucleotide array. The signal pattern produced in the use of
closely related target proteins is different and shows the high specificity
of the array-based system. This is further supported by the analysis of the
tightest binders which reveals different consensus sequences for HIV-1
RT and HIV-2 RT.




Fig. 3: Molecular modelling.
Hypothetical ~ three-dimen-
sional model of the HIV-1
reverse transcriptase binding
site of an inhibitory hexanu-
cleoticle. Colour code: blue,
large subunit p66; grey, small
subunit p51, surface residues
<5 A away from the hexamer
are shown in yellow.

Molecular diagnostics:

The existence of RNA outside cells (exRNA) is known
for a long time. Presence and amount of individual ex-
tracellular RNA species are correlated to the extent of
necrosis and apoptosis. In vivo, some of these exRNAs
bind to blood cells thereby “travelling” through the hu-
man organism. Surprisingly, extracts containing extra-
cellular nucleic acids derived from tumour cells have
been shown to induce tumour growth in vivo. There-
fore, exRNAs provide a diagnostic as well as therapeu-
tic target.

We apply methods from molecular biology, cell biology
as well as biochemistry to investigate mode of action
of these exBNA molecules. A beneficial application of
these investigations is the possibility to use the pres-
ence of exRNAs for the early diagnosis of cancer. In
collaboration with clinical partners, we work on the
validation of novel tumour markers for the non-invasive
diagnosis of bladder and breast cancer.

Human Argonaute proteins and their role in the
RNA interference process:

Gene expression in eukaryotes is regulated at the post-
transcriptional level by a process termed RNA interfer-
ence (RNAI). Key players are short double stranded
RNAs which upon interaction with the RNA induced
silencing complex (RISC) lead to degradation or func-
tional blockage of perfectly or partially complementary
mRNAs. Within the RISC, the so called Argonaute
(Ago) proteins play a crucial role. However, their exact
function is currently not well characterized. In this con-
text diverse experiments are performed at the levels of
biochemistry, molecular biology, and cell biology trying
to unravel the molecular details of these complex pro-
tein/RNA interactions.

Fig. 4: Simplistic de-
piction of the RNAi
process. The gene
silencing is guided by
short double stranded
RNA and involves the
Ago proteins.

Molecular Medicine

Polymerases:

The nature of DNA replication fidelity is of immense bio-
logical importance due to the fundamental requirement
for accurate DNA synthesis, in both replicative and re-
pair processes. We are interested in mechanistic and
structural properties enabling polymerases to catalyze
nucleotide incorporation with selectivity far greater than
dictated by the thermodynamic differences between
base pairs in free solution. Furthermore, polymerases
represent an important drug target in the fight against
viral diseases.

Fig. 5: Proposed mode of action of recently identified small molecule HIV-1
RT dimerization inhibitors (Grohmann et al., 2008). The inhibitors are sup-
posed to interfere with the dimer equilibrium by shifting the equilibrium
from an active to an inactive dimer by trapping the enzyme in the inactive
conformation.
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Main research topics in the CSCM:

m Protein folding

Function and dynamics of enzymes

Virus assembly

Single molecule sequencing

Mdssbauer spectroscopy in energy and time do-
main

Density functional calculations and molecular mod-
elling

Protein folding

Proteins (derived from the Greek word protos = first) are
the most important fundamental units of all creatures.
No other class of cell components has so diverse func-
tions: catalysis of chemical reactions, transport of ions
and of metabolic products and educts through the cell
membrane, mechanical stabilisation, active movement,
signal transduction. This enormous diversity is possible
due to particular 3-dimensional conformations of the
macromolecular proteins. This 3-dimensional confor-
mation is determined by the sequence of amino acids,
the basic components of proteins. Yet it is not clear
how the macromolecule ‘finds’ in a process called fold-
ing the exact conformation out of the incredible large
set of possible conformations. Conformations, which
exist only for a short time during the folding, cannot be
observed if a large number of molecules (ensemble) are
studied. For this reason the method of single molecule
detection is used to investigate protein folding. This
method allows to ‘watch’ a single protein during the
folding process. Furthermore, the folded and unfolded
fraction in a folding reaction at equilibrium can be dis-
tinguished allowing for a population-specific conforma-
tional analysis.

Fig. 1: Left panel: Average transfer efficiency and hydrodynamic radius of
barstar upon unfolding in urea (filled squares) and GdnHcl (open squares).
Right panel: Transfer efficiency distributions upon unfolding.
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Function and dynamics of enzymes

For biophysicists, enzymes are the most interesting

proteins due to their function in the regulated catalysis
of metabolic processes in cells. It is not the pure cata-
lytic power but rather the subtle regulation of the rate of
catalysis, which is in the center of our interest. A reac-
tion catalyzed by enzymes usually has several steps:
first, the educts are bound to the enzyme, afterwards
the reaction takes place, and, finally, the products dis-
sociate from the enzyme. The velocity of the reaction is
determined by the slowest of these steps. Our working
hypothesis is that for many enzymes this step is as-
sociated with a conformational transition, i.e., a change
of the structure of the enzyme. We already found that
this holds true for the enzyme Adenylate kinase from
Aquifex aeolicus. We now further aim to elaborate all
steps in the catalytic cycle by direct observation of their
sequence, which is impossible by ensemble methods.

Fig. 2: a: Structure of Adenylate kinase from aquifex aeolicus in the open
and closed conformation. b: Transfer efficiency distribution of the apo
enzyme. c: Transfer efficiency distribution of the inhibitor-bound enzyme.

Virus assembly

The capsid of a virus is a fascinating example of self-
organisation in nature. We aim to understand how the
capsid is assembled. Is a dimer of building blocks the
nucleus where monomers are successively attached?
Or is the assembly a hierarchical process? Single par-
ticle fluorescence the perfect tool to answer these
questions. We can directly follow the assembly proc-
ess on a single particle level, thus unraveling transiently
populated states. Also, processes like “breathing”, the
exchange of building blocks between the capsids, can
be studied.




Physics

Single molecule DNA sequencing

The development of most characteristics of living or-
ganisms is coded in a universal way in the DNA. Many
pathogens can now be identified on the basis of their
genetic code. To do so, the available DNA is multiplied
by the polymerase chain reaction (PCR) to obtain suf-
ficient amounts for sequencing. The disadvantage of
this method is the necessary time that is lost for life
saving actions and the error rate of the PCR. Direct se-
quencing of single DNA molecules would circumvent
these problems. We are working on the realization of
such single molecule sequencing. To this end, DNA
labeled specifically at every base is degraded by the
action of an exonuclease, and the labeled nucleotides
are subsequently identified.

Méssbauer spectroscopy in energy and time
domain

Mossbauer spectroscopy is based on the recoilless
nuclear y-resonance discovered by Rudolf Méssbauer
in 1958. A y-quantum emitted by a Mdssbauer nucleus
can be absorbed in resonance by another nucleus of
the same kind if the nuclear recoil energy is small com-
pared to the linewidth of the transition. If the emitting
and the absorbing nuclei do not have the same chemi-
cal environment, resonance can be destroyed by small
shifts of the nuclear energy levels due to hyperfine in-
teractions with surrounding nuclei and electrons and
external fields. Such shifts can be detected by tuning
the energy of the y-quanta, and in this way valuable
information can be obtained about the geometric and
electronic structure of the molecule or crystal that hosts
the Mossbauer nucleus (1). In the last several decades
this method has developed into a powerful tool in sol-
id-state physics and chemistry, including bicinorganic
chemistry.

With the advent of third-generation synchrotron radia-
tion sources the technique of nuclear resonant forward
scattering (NFS) of synchrotron radiation has been de-
veloped which can be regarded as Mdssbauer spec-
troscopy in the time domain. The high briliance and
the extremely collimated synchrotron beam lead to a
large flux of photons through a very small size of the
sample (0.1 — 1 mm?) that make it possible to measure
extremely small samples of bioinorganic compounds
or metalloproteins. Another related technique, nuclear
inelastic scattering (NIS) of synchrotron radiation, can
be regarded as an extension of the conventional, en-
ergy-resolved Mdssbauer spectroscopy (in the range
10°-107 V) to energies of the order of molecular vibra-
tions (in the range 10-*-10"" eV). This method is highly
site-selective: the intensity of individual peaks in the
spectrum is roughly proportional to the mean-square
displacement of the Mdssbauer nucleus arising from
the corresponding molecular vibration (see also Fig. 3
as an example).

Fig. 3: Measured (left upper panel) and simulated (left lower panel) NIS
spectrum (in arbitrary units) of Rubredoxin (right).

Density functional calculations and molecular modelling
Density functional theory (DFT) is currently the method
of choice for calculating the electronic structure of inor-
ganic or biological molecules containing transition met-
als. Next to the electronic structure also the geometric
structure of molecules in its ground state, in metastable
states or in transition states can be calculated by DFT
methods (3). Moreover these methods can be used for
the calculation of the molecular dynamics as studied for
instance by vibrational spectroscopies like IR, Raman
or NIS. In order to assess large biological molecules
DFT methods can be combined with molecular me-
chanics methods (see for example Fig. 3).
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Main research topics in the CSCM:

m  Production and action of inflammatory cytokines
and hemopoietic growth factors with emphasis on
erythropoietin,

m  Oxygen supply to tissues,

m  Cardiovascular physiology,

m  Renal physiology

Cellular O2 sensing and transcriptional control
of hypoxia-inducible genes

Cells are permanently threatened by hypoxia, i.e. limit-
ed O2 supply. Hypoxia causes cellular dysfunction and,
eventually, cell death. Here, the activation of genes
encoding adaptive proteins is of crucial importance.
Some of these proteins act systemically, such as eryth-
ropoietin (EPO), which increases the Oo capacity of the
blood, and others locally, such as vascular endothe-
lial growth factor (VEGF), which stimulates angiogen-
esis. At the single cell level, the expression of glucose
transporters and of glycolytic enzymes is enhanced on
hypoxic stress. The expression of all of these genes
is under the control of hypoxia-inducible transcription
factors (HIF-1 and HIF-2).

HIF are heterodimeric transcriptional complexes (HIF-
a/B). The HIF-a subunits possess 2 central oxygen-
dependent degradation domains (ODD) and 2 trans-
activation domains (TAD). In a pO2-dependent way,
human HIF-a is hydroxylated at distinct proline resi-
dues in the ODDs. This reaction is catalyzed by specific
HIF-a prolyl hydroxylase domain containing, 2-oxoglu-
tarate- and Fe2+-dependent, dioxygenases (PHD-1,
-2 and -3). Prolyl-hydroxylated HIF-a is captured by
von-Hippel tumor suppressor protein and degraded
by the 26S proteasome. Furthermore, HIF-a can be
hydroxylated at asparagine residues in the C-terminal
TAD, which reduces its ability to bind the transcriptional
coactivator CBP/p300. Our research has shown that
2-oxoglutarate competitors and iron chelators inhibit
the degradation of HIF-1a (Fig. 1)

Fig. 1: Effects of drugs stabilizing HIF-1a
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EPO: The fountain-head in studies of hypoxia-
inducible proteins

The glycoprotein hormone EPO is essential for red
blood cell production. EPO mRNA is expressed in
several organs, with the kidneys being the main pro-
duction site in adults. The EPO enhancer is activated
by HIF-1 and HIF-2 (Fig. 2). EPO inhibits apoptosis
and promotes the proliferation of erythrocytic progeni-
tors. EPO signalling involves tyrosine phosphorylation
of EPO-R and JAK-2, the activation of anti-apoptotic
proteins and of STAT factors. Lack of EPO results in
normochromic normocytic anemia as in patients with
end-stage renal failure. Our studies have revealed that
endogenous EPO levels are also low in patients with
chronic inflammatory and malignant diseases, because
inflammatory cytokines (IL-1, TNF-a) suppress EPO
gene expression.

Fig. 2: Transcriptional control of the EPO gene

Ligand-induced activation of HIF-1

We have identified peptidic mediators that can induce
HIF-1a accumulation and HIF-1 DNA-binding in nor-
moxic cells, including IL-1, TNF-a, and insulin. Our
seminal finding that IL-1 and TNF-a stimulate HIF-1
dependent gene expression in normoxia and hypoxia
has opened a new field in immunological research, with
HIF-1 acting as a central player in inflammatory proc-
esses.

Both the hypoxic and the ligand-induced activation
of HIF-1 involve the phosphatidylinositol-3-kinase (PI-
3-K) and the mitogen activated protein kinase kinase-1
(MAPKK-1) pathways.

Activation of PI-3-K/Akt results in increased HIF-1a
protein levels. The MAPKK-1 pathway increases the
trans-activation ability of HIF-1. Thus, there is a fine
control of HIF-1 activity, involving (i) feedback-control
of HIF-a by PHD-2 and -3, (i) ligand-induced HIF-1
activation and (i) modulation by kinases and transcrip-
tional co-factors.




Physiology

Therapeutic implications

On stabilization of HIF, the production of EPO increases
which is of benefit in anemia. Stimulation of HIF-de-
pendent gene expression accelerates angiogenesis for
application in ischemic diseases. Furthermore, HIF ac-
tivation augments cell proliferation, wound healing, and
distinct inflammatory reactions. HIF suppression, on
the other hand, is potentially beneficial to prevent tumor
angiogenesis and tumor cell adaptation to hypoxia (Fig.
3). Our present research aims at studying the role of
the HIF system in the resistance of tumor cells towards
radiation and chemotherapeutics.

Fig. 3. Promotion of tumor growth by hypoxia

Vascular control and microcirculation

Oxygen requirements of the organs depend on work
load and blood perfusion is continuously matched to
the changing needs. This adaptation is achieved by
changes of vascular diameters and most pronounced
in the skeletal muscle in which perfusion can increase
up to 20-fold with heavy work load. The behaviour of
the smallest arteries (arterioles) is of special importance
herein, because the highest resistance resides in these
vessels. The inner cell layer (endothelium) is crucial for
dilation, because it releases mediators that relax the
adjacent smooth muscle and ultimately dilate the ves-
sel. These mediators include nitric oxide (NO), prostag-
landins, and an additional, still elusive mediator termed
‘endothelium-derived hyperpolarizing factor’ (EDHF).
EDHF activates potassium channels and thus induces
hyperpolarization and relaxation.

EDHF does not only induce dilation in the local vicinity
of its release, but it also exerts remote effects and thus
relaxes the vessel at distant, up- and downstream sites.
This is termed an ascending or conducted dilation and
the hyperpolarization is of special importance, because
it can be transferred through intercellular contacts
along the vessel wall. These contact sites consist at
the molecular level of intercellular channels composed
of connexin proteins that connect neighboring cells di-
rectly. Clusters of these channels are termed gap junc-
tions, which allow communication along the endothelial
and/or the smooth muscle cell layer and thus along the
vascular tree. By this means a coordination of vascular

behaviour over long distances is enabled, which leads
to a steady uniform dilation or constriction over a com-
parably long range of the vessel. Such a coordination of
diameter changes along the vessel is an indispensable
requirement for large changes of blood flow.

We are studying the role of different connexins as well
as other mechanism that contribute to the conduction
of vasomotor responses (dilation or constriction) along
the arteriolar tree and their functional role in blood flow
regulation. We have identified connexin40, which is ex-
pressed mostly in the endothelium (Fig. 4), as an impor-
tant molecule to support communication in the vessel
wall. Interestingly, mice deficient for this connexin are
hypertensive implicating a role for cell communication
in the regulation of blood pressure.

Fig. 4. Gap junctions (connexin40, red) within the vessel wall delinate the
plasma membrane of endothelial cells in arterioles, but not in venules
(nuclei in green)

Selected Publications:

Research group Jelkmann:
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2 Krajewski J, Batmunkh C, Jelkmann W, Hellwig-Burgel, T: Interleukin-1
inhibits the hypoxic inducibility of the erythropoietin enhancer by sup-
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2007

3 Laugsch M, Metzen E, Svensson T, Depping R, Jelkmann W: Lack of
functional erythropoietin receptors of cancer cell lines. Int J Cancer 122:
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ethasone impairs hypoxia-inducible factor-1 function. Biochem Biophys
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1 Siegl D, Koeppen M, Wolfle SE, Pohl U, de Wit C: Myoendothelial cou-
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2 Wolfle SE, Schmidt VJ, Hoepfl B, Gebert A, Alcoléa S, Gros D, de Wit C:
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1 von Wussow U, Klaus J, Pagel H: Is the renal production of erythropoi-
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Kidney Blood Press Res 32: 81-90, 2009
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Main research topics in the CSCM:

m replication control of positive strand RNA viruses
m virus host cell interactions

= connective tissue research

m cartilage tissue engineering

Research group Norbert Tautz:

Replication of members of the Flaviviridae family
This family contains the genera Flavivirus (yellow fe-
ver virus, dengue virus, tick borne encephalitis virus),
Hepacivirus (hepatitis C virus, HCV) and Pestivirus
(classical swine fever virus, bovine viral diarrhea virus,
BVDV).

While HCV and many flaviviruses represent a major
threat to human health pestiviruses are highly impor-
tant pathogens of live stock. Moreover, HCV and BVDV
have the capacity to establish lifelong persistent infec-
tions. About 130 million people suffer from chronic
HCV infection and are at risk to develop liver cirrhosis
and hepatocellular carcinoma. BVDV persists in about
1-2% of cattle world wide causing severe reproduction
problems in stock farming. Both represent also highly
interesting models to study the molecular basis of viral
persistence and virus host interaction involved in this
process.

A common feature of the viruses of the family Flaviviri-
dae is the translation of one large polyprotein directly
after entering the host cell. This viral polyprotein is fur-
ther processed by host cell derived and virus-encoded
proteases into the mature viral proteins. Proteolytic
processing is a highly complex and ordered process
with regulatory importance for viral replication.

Our main interests are:
— tounderstand the details of these processing events
- the regulation of the enzymes involved
— host cell proteins with regulatory activity

Fig. 1

Processing of the HCV polyprotein

Black arrow heads: processing by cellular ER resident proteases. Blue ar-
row: NS2-3 Protease cleavage. Green arrows: Processing events catalyzed
by NS3/4A protease.

Mod. after Lorenz et al., Nature 442, 831-835.
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A detailed understanding of these subjects will enable
us to develop novel strategies to interfere with viral
replication. Innovative concepts for the treatment of in-
fections with HCV and several flaviviruses are urgently
needed since these viruses are a constant risk for hu-
man health.

HCV:

The non-structural protein 2 (NS2) encodes a cysteine
protease which generates its own C terminus and
thereby releases NS3 which is an essential component
of the viral replicase. Interestingly, NS2 requires for its
proteolytic activity the N-terminal domain of NS3. Ac-
cordingly, the enzyme is referred to as NS2-3 protease.
Since its activity is crucial for viral replication it repre-
sents an interesting drug target. We recently observed
that activation by NS3 may also occur in trans but the
function of NS3 in protease activation remains obscure.

Therefore we aim at establishing:

- the role of the NS3 part in NS2-3 protease activity
- an in vitro system to test activation by NS3 in trans
- setting up an in vitro assay for inhibitor screening

A serine protease in NS3 catalyzes processing at the
remainder of the cleavage sites. NS4A serves as a co-
factor. We are interested in the interplay between these
molecules in protease activation.

BVDV:

Persistence of BVDV in cattle depends on the non-cy-
topathogenic phenotype of the virus. We observed that
this phenotype relies on a strict downregulation of viral
RNA replication. Mutant viruses without this restric-
tion lead to cell lysis in cell culture and a lethal disease
in persistently infected animals. The critical balance
in RNA replication efficiency is maintained by limiting
amounts of a cellular chaperone serving as an essential
cofactor a cysteine protease in NS2.

Main goals are:
- tovisualize protease activation at the atomic level
— understand regulation of cofactor expression in the
host and correlation with viral tissue tropism
— sites of and mechanisms involved in particle forma-
tion

Flaviviruses:

We observed that overexpression of the cellular chap-
erone which acts as cofactor of the pestiviral NS2 pro-
tease and thereby stimulates pestiviral RNA replication
acts as negative regulator of flaviviral RNA replication.
We aim at the identification of the viral interaction part-
ners and the molecular basis for the down- regulation
of flaviviral RNA replication. The underlying mechanism
may lead the way to novel antiviral therapies.




Regenerative Medicine

Laboratory group Prof. Dr. H. Notbohm:
Matrix biology

Current concepts of tissue regeneration are based on
the utilisation of donor cells, their in vitro expansion and
matrix integration prior to the replacement of injured or
damaged tissues such as bone, cartilage or skin. To
progress in this area, the following aims are in the focus
of our research and development efforts:

First hypothesis:

Molecular assembly of proteins of the extracellular ma-
trix is governed by the relative proportions of individual
constituents forming the functional tissue (-alloy’s).

We study assembly mechanisms of various collagen
types (fiber forming collagens, plasma membrane in-
serted collagens) and analyse, additionally, the func-
tional contributions of posttranslational modifications
on the assembly process.

Most recently, in collaboration with CRM, Kiel, we char-
acterized molecular features and studied assembly
mechanisms of a novel marine collagen, which may
prove to be suited for cartilage repair.

Second hypothesis:

The extracellular matrix, in particular in anatomical
niches of the body, provides the biological containment
for stem cell differentiation and functional maintenance
of differentiated mesenchymal cells. We study in close
collaboration with the group “’Stem cell biology” and
the Fraunhofer group the potential of various extracel-
lular matrices on the onset and direction of stem cells
differentiation.

Fig 1: Structure and function of the extracellular matrix

Virology and Cell Biology

Selected publications:
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Research group Jiirgen Brinckmann
(Department of Dermatology)

Regeneration and fibrosis

The center of interest is the analysis of collagen and mi-
crofibrillar proteins in regeneration and fibrotic / sclerot-
ic skin diseases (systemic sclerosis, lipodermatoscle-
rosis, keloids). Wound healing is characterized by an
overlapping sequence of events comprising inflamma-
tion, proliferation, migration, differentiation and tissue
remodelling. These tightly regulated processes resem-
ble in some aspects those found in embryonic develop-
ment and also cause sclerosis when out of control. Es-
pecially, posttranslational modifications of collagen and
the pattern of collagen cross links stabilizing the extra-
cellular matrix are in the center of our studies. We could
show that sclerotic skin is characterized by a shift from
cross-links primarily observed in adult skin to cross-
links predominantly found in fetal skin. This shift seems
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to be involved in a reduction of proteolytic breakdown
and tissue hardening and is induced by profibrotic cy-
tokines (i.e. TGF-B, IL-4). TGF-B is synthesized as an
inactive precursor which is bound to fibrillin-1 and fi-
brillin-2 and thus stored in the extracellular matrix. In
cooperation with Prof. Reinhardt (McGill-University,
Montreal) we show that an enhanced expression of fi-
prillin-2, which is typically expressed in the embryo-fetal
period but only scarcly found in adult skin, is a general
feature of activated fibroblasts found in wound healing
and sclerotic tissues. The higher expression of fibrillin-2
in wound healing and sclerotic tissue is another exam-
ple for the “embryonic reprogramming” of fibroblasts in
these conditions.

Fig. 1: Embryonic reprogrammin
in wound healing and fibrosis




Research group Jiirgen Rohwedel

and Jan Kramer

Stem Cell Biology

The focus of our research is the differentiation of em-
bryonic stem (ES) cells in vitro as well as the isolation
and characterization of somatic stem cells. In particular,
we are interested in (i) the program of differentiation of
ES cells into different cell types and (i) the use of ES
cell differentiation as a model system to study cellular
development (see Fig. 2). With regards to future clinical
aspects we (jii) identify and isolate stem/progenitor cells
from different organs and (iv) analyze the role of somat-
ic stem cells during regeneration after tissue injury.
During ES cell differentiation in vitro cellular processes
of embryonic development are recapitulated. We have
characterized in detail differentiation of mouse ES cells
via mesenchymal precursors into chondrogenic and
osteogenic cells in vitro. Recently, we demonstrated
that ES cells differentiate into different renal cell types
in vitro. Moreover, cellular interaction and the in vitro
formation of cartilage nodules and renal multi-cellular
structures can be observed, respectively.

Virology and Cell Biology

Stem cells mediate regeneration of damaged tissue.
We isolated mesenchymal stem/progenitor cells from
different tissues and characterized these cells in vitro.
In human we demonstrated that mesenchymal stem
cells can be guided to a cartilage defect using extra-
cellular matrix components. One goal of our efforts is
to understand which factors play a role during the lo-
cal recruitment of reparative cells. Recently, we found
evidence that mesenchymal tissue stem/progenitor
cells and fibroblasts are closely related. Currently, we
analyse the role of these cells during regeneration after
kidney injury.

Fig. 2: The ES cell model system recapitulates cellular processes of em-
bryonic development.
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Main research topics

m The cellular and molecular basis of infection, allergy
and inflammation.

m  Promoting the development of novel forms of ther-
apy for the diseases target

The Department takes an unusually comprehensive
and synergistic approach by addressing both innate
and adaptive immunity, and to combine whenever pos-
sible studies in the murine and human system. Both
systems comprise soluble and cellular components,
which are regulated by receptor-dependent mecha-
nisms, and exhibit multiple levels of cross talk and
cross-regulation.

In this ever-increasing complexity of innate and adap-
tive immunity interactions, two teams in the Depart-
ment focus on the mechanisms by which the immune
system recognizes selected microbial pathogens (e.g.
via LPS and other endotoxins) and on the subsequent
signaling events, using a complementary array of par-
ticularly instructive in vitro- and in vivo-assays. Several
other scientists in the Department, instead, focus on
the role of chemokines and cytokines in inter- and in-
tracellular signaling in both arms of the immune system.
To this end, the expression, regulation, signal trans-
duction and function of chemokines released primarly
by thrombocytes, as well as key cytokines and their
receptors at the cross-roads of innate and adaptive
immunity, such as IL-15, are analysed. In particular,
these investigators pursue the challenge to clarify how
selected cytokines and chemokines regulate intercel-
lular communication within the innate component of
immunity, or study, alternatively, how these cytokines
and chemokines regulate the differentiation and effec-
tor functions (e.g. T cell priming) of antigen-presenting
cells in adaptive immune responses.

In addition, we are investigating the regulation and
biology of membrane trafficking in an immunological
context e.g. the function of the trafficking/sorting ma-
chinery in signal transduction and the molecular mech-
anisms that regulate endocytic pathways employing
the death receptor Fas (CD95) as our model system.
We hope to better understand signaling pathways dur-
ing normal immune responses and how perturbations
in these pathways can lead to immune deficiency or
autoimmunity.

Epigenetics is an emerging discipline that concerns
the mechanisms that bring about the stable cell-to-cell
inheritance of gene expression patterns. One is the
so-called epigenetic “histone code”, which is founded
upon the observation that states of gene activitv are
associated with particular post-translational modifica-
tions of the histones. HP1p is known to recognise and
bind one of the best characterised determinants of the
histone code, namely tri-methylated lysine 9 of histone
3 (Me(3)K9H3), which is an evolutionary conserved
marker of silent heterochromatin domains within the
nucleus. Our work is focused on elucidating how HP1
proteins regulate genome organisation and expression
in cells of the innate and acquired immune system.




Forschungszentrum Borstel

A third, traditional focus of the Department, which ex-
tends upon this latter theme and carries it into tropi-
cal veterinary medicine, is constituted by studies that
elucidate the genetics, cellular and molecular biology
of an intracellular protozoan parasite (Theileria). These
studies, for which the Department is internationally rec-
ognized center, aim at clarifying host-pathogen interac-
tions and at developing effective vaccines.

Fig 1: Resting mast cells (left). Crosslinking of IgE antibodies on the surface leads to activation and release of
granule contents (right). (Garland Publishing / Elsevier Science 2000)

Fig 2: High resolution electron microscopy of Dendritic-cell-T-cell cluster
(MD Anderson Cancer Center, Texas, USA)
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The Department of Molecular Infection Biology (MIB)
combines basic research on the many facets of bac-
terial infections. The research agenda reaches from
molecular analysis of bacterial structures and their
genetic basis to studies on interactions between host
and pathogen and immune responses against infection
and further to translational approaches together with
the clinical department. Thereby, an infection can be
studied with a holistic view. The prime focuses of MIB
are on pulmonary pathogens, in particular those, which
cause tuberculosis and cystic fibrosis, but also on envi-
ronmental bacteria and their influence on lung immunity
including allergic reactions.

The main topics in the CSSM are

m Host genetics, host-pathogen interaction and im-
munity in tuberculosis,

m  Structural, genetic and functional characterization
of bacterial virulence factors,

m Membrane biophysics of receptor-ligand interac-
tions in bacterial infection,

= Immune modulation by bacterial compounds.

The broad range of state of the art techniques as well
as the expertise and interdisciplinary approach of MIB’s
scientific staff allows for a detailed analysis of a patho-
gen and the disease it causes. From the characteriza-
tion of individual bacterial molecules and their interac-
tions with host cell structures to their influence on the
host and its defense responses, we can globally study
the infectious process. Nuclear magnet resonance
and mass spectroscopy are used for structural analy-
sis of bacterial compounds. Atomic force microscopy
and micro calorimetry allow assessment of molecular
interactions between pathogen and host molecules.
Using advanced life cell imaging and other microscopy
techniques combined with tissue culture and in vitro
organ models, the host cell-pathogen interplay can be
dissected. A large collection of gene knock-out and
transgenic mouse strains paired with safety level 3 labs
for work on tubercle bacili (Mycobacterium tubercu-
losis) provides the great opportunity to study the host
response to tuberculosis, one of the most important
human infections world-wide.

Several groups within MIB analyze various bacterial
molecules including lipoproteins, lipopolysaccharides
(of Gram-negative bacteria), lipoteichoic acids (of Gram-
positive bacteria), cell wall glycolipids (of mycobacteria)
and proteins (U. Zahringer, O. Holst, B. Lindner) as
well as their genetic basis (U. Mamat). Interactions of
these structures with host receptors and membranes
are studied within the groups of biophysics and im-
mune biophysics (T. Gutsmann, A. Schromm). Immune
modulating molecules of environmental and commen-
sal bacteria are explored with respect to their influence
on allergy (O. Holst, B. Lindner) and infection (U. Schai-
ble). Genetically engineered antibodies are employed
to specifically detect these structures and use them as
targets for diagnosis and therapy (H. Brade, S. Mller-
Loennies). The cellular microbiology of infection, in par-
ticularv of tuberculosis, is the research topic of several
groups using both in vitro and in vivo models (N. Reil-
ing, U. Schaible). The micro ecology of bacterial lung
infections is explored with respect to the influence of
commensal bacteria and micronutrient availability (U.
Schaible). Genetically engineered murine models are
generated and employed to study immunity in tuber-
culosis with a particular interest in immune modulating
cytokines such as interleukins 15 and 17 (C. Holscher).
Induction and control of inflammatory reactions are
studied using the murine tuberculosis model (S. Ehlers).
Host genetic factors for susceptibility or resistance to
tuberculosis as derived from human cohort studies are
tested in genetically defined murine models (S. Ehlers).
Finally, in collaboration with other groups within the
Clinical and Immunology/Allergy departments of the
Research Center Borstel, we will direct our research to-
wards translational approaches. The allocation of novel
findings and inventions to benefit medical progress is
facilitated by their translation into patents and clinical
applicability, by which we hope to contribute to the
development of novel diagnostics and therapeutics in-
cluding anti-tuberculosis and anti-allergy drugs.




Fig 1: TB-infection studies.

Together with the Heinrich-Pette-Institute (Virology) and
the Bernhard-Nocht-Institute (Tropical Medicine and
Parasitology) in Hamburg, MIB comprises the Leibniz
Center for Infection Research, thereby covering the
whole of infection biology and medicine. Research of
MIB is embedded in numerous regional cooperative
projects with the universities in Kiel, Libeck and Ham-
burg, including DFG-funded collaborative Research
Centers (SFB 470, SFB 617, SFB 415) as well as DFG-
and BMBF-funded national (Transregio 22, NGFN-2)
and EU-funded international consortia (Gabriel, GA-
2LEN, PAN-TB-NET). MIB is an integral part of the
Cluster of Excellence on Inflammation Research (Kiel-

Forschungszentrum Borstel

Borstel-Libeck) promoting collaborative studies on in-
flammation, allergy and infection. There are numerous
international collaborations with other scientific institu-
tions including a close link to the London School of Hy-
giene and Tropical Medicine, one of the world-leading
universities in public health issues.

The Department of Molecular Infection Biology within
the Research Center Borstel is dedicated to innovative
basic, applied and translational research in infection bi-
ology for the improvement of human health in the world.

Fig 2: Binding pockets of two monoclonal antibodies (Fab fragments) recognizing as a minimal structure a disac-

charide (A) or a trisaccharide (B) of 3-deoxy-D-manno-oct-2-ulosonic acid.
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Main research topics in the CSCM:

= [ron transport in eubacteria, archaea and fungi im-
perfecti

m  [ron homeostasis and oxidative stress response

m  Biomineralization

Iron Transport

For all animals and plants, and for virtually all microbes,
life without iron is impossible. In response to this, mi-
croorganisms secrete high affinity iron-binding com-
pounds, called siderophores. More than 600 naturally
occurring siderophores have been isolated and char-
acterized, and the discovery of new siderophores is
continuing at a good rate(1-3). Siderophores serve as
drugs for the treatment of tranfusional iron overload
(desferal). They found therapeutic application for vari-
ous pathological conditions due to aluminum overload.
For improved enhancement inMRI, different paramag-
netic ions like Mn2+, Fe3+ and Gd3+ have been uti-
lized. In this context, chelators are required that pre-
vent release of the free cation in vivo. Siderophores
and their synthetic anlogs serve as principal models for
such chelators. Semisynthetic siderophore-antibiotic
adducts may emerge as a completely new class of
antibiotics(‘Trojan-horse’ concept) which are urgently
required given the growing multiple resistance of bac-
teria like Mycobacterium tuberculosis or certain Pseu-
domonas strains. Studies on iron transport, on the
specificity of siderophores and on the thermodynamic
and kinetic features of siderophores are important pre-
requisites for these investigations. Our group is work-
ing in this field for 25 years. During that time period we
developed time resolved in situ Mossbauer and EPR
spectroscopy as analytical tools to follow the intracel-
lular fate of iron (1) .

Iron homeostasis and oxidative stress response

In order to prevent OH*-radical formation and Fenton
chemistry, intracellular iron must be tightly regulated
and secured (2). An array of iron-storage and —detoxi-
fication compounds has been detected including Ftn
A, Ftn B, Bfr, Dps1, and Dps 2. Up to four of these
multi-subunit proteins are expressed in a variety of Eu-
bacteria and Archaea. Up to now, the diversity of func-
tions and regulation patterns have been merely partially
uncovered. Whereas some Dps proteins display in-
creased expression under conditions of oxidative stress
and in stationary growth phase, Ftn-protein levels are
enhanced in many Eubacteria at high intracellular iron
concentration in the logarithmic growth phase. The role
of Bfr is completely enigmatic and some Dps proteins
behave more like Ftn- than like Dps-proteins. We could
demonstrate this in the case of Dps A from the Eur-
yarchaeon Halobacterium salinarum. Currently, an ex-
tensive study is carried out on Erwinia chrysanthemii
with ABfr, ABfrAFtn, and AFtn,ADps constructs. Low-
molecular mass iron, which is required for the biosyn-

thesis of iron-containing enzymes must also be Fenton-
inactive. In addition, the binding should not be too tight
in order to allow facile ligand exchange. Initial experi-
ments of our laboratory have shown that a ferrous oli-
gomeric sugar phosphate, which we call ferrochelatin,
is the major low-molecular mass iron-pool in £.coli and
in many other Gram-negative bacteria (3). A detailled
structural analysis of ferrochelatin started in late 2008
including spectroscopic analyses (UV-Vis, Mdssbauer,
EXAFS) as well as determination of thermodynamic sta-
bility and of mineral formation kinetics.

We believe that a compound with similar functions
should be also abundant in all eukaryotes.

Biomineralization

Iron storage kinetics and mineral structures of classical
ferritins are well characterized. Much less understood
is the mechanism of iron release from ferritin. Moreover
virtually nothing is known about the biomineralization
of iron in Dps-proteins. In 2007 we started a program
analyzing Dps biomineralization in vitro and in vivo.

A functionally and structurally distinct process of bio-
mineralization is found in magnetotactic bacteria. Mag-
netite serves in these mainly microaerophilic bacteria
as a device to find the appropriate oxygen partial pres-
sure in sediments. We are currently analyzing (together
with the group of Prof. Schiler, Maximilians University
Munich) the process of magnetosome formation and
intracellular iron trafficking (4). Biosynthesized magnet-
ite particles (20nm in size) are of potential importance
in various biotechnologic and technologic applications.
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Structure of Adenylate kinase from aquifex aeolicus in
the open and closed conformation. b: Transfer efficien-
cy distribution of the apo enzyme. c: Transfer efficiency
distribution of the inhibitor-bound enzyme.
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The picture shows cells harbouring biologically active
SiRNA in vesicles (orange, indicated by a white arrow),
delivered according to a novel principle (Overhoff & Sc-
zakiel, 2005). The green fluorescence shows the actin
filaments.
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Three-dimensional structure of FeoB from L. pneu-
mophila.
Institute of Biochemistry
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