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DEAR READERS,

For almost three decades, the FMP has successfully dedicated itself to basic
research in the field of molecular pharmacology; in 1992 the Institute was
founded in a unique historical situation from the former Institute of Drug
Research of the Academy of Sciences of the GDR. Group leaders who had
been working at the Institute from the very beginning left for a well-deserved
retirement: Margitta Dathe, Eberhard Krause, Burkhard Wiesner and Ingolf
Blasig. A big thank you for years of successful research!

The technology platforms will be continued. In 2017 Fan Liu already started
as group leader and head of the proteomics platform. Her group “Structural
Interactomics” has tested a new, promising method to decipher protein
networks. The group “Cellular Imaging” is led by a new group leader
Martin Lehmann and the senior scientist Dmytro Puchkov. They will further
develop the technologies of light and electron microscopy and dedicate
themselves to new projects.

An exciting phase is now beginning at EU-OPENSCREEN, as the European
Commission has awarded the consortium the prestigious status of European
Research Infrastructure Consortium (ERIC). The FMP as initiator remains
connected to EU-OPENSCREEN as a partner site and is delighted about its
stay on the Campus Berlin-Buch.

The campus is thus becoming even more attractive for research at the moment:
several new buildings are being constructed right on our doorstep. The
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planning and construction work for the Cryo-Electron Microscopy building and
the NMR Ill building has already started. It will be equipped with a new
spectrometer with the highest field strength currently available at 1.2 gigaherz.
In addition, the construction of an Optical Imaging Center of the Max Delbriick
Center for Molecular Medicine (MDC) has begun, with access for FMP scientists.

Our goal of identifying new bioactive molecules and characterizing the
interactions with their biological targets in cells or organisms continues to
be pursued on a daily basis. Read more about our current research and its
highlights in this report!

I hope you enjoy reading it!
Dorothea Fiedler

LIEBE LESER*INNEN,

seit fast drei Jahrzehnten widmet sich das FMP erfolgreich der Grundlagen-
forschung im Bereich der Molekularen Pharmakologie; entstanden ist das
Institut 1992 in einer einzigartigen historischen Situation aus dem ehemaligen
Institut fir Wirkstofforschung der Akademie der Wissenschaften der DDR.
Gruppenleiter*innen, die von Beginn an dabei waren, verabschiedeten sich
nun in den wohl verdienten Ruhestand: Margitta Dathe, Eberhard Krause,
Burkhard Wiesner und Ingolf Blasig. Ein groBes Dankeschon fiir jahrelange
erfolgreiche Forschung!

Die Technologieplattformen werden weitergefiihrt, und bereits 2017 startete
Fan Liu als Gruppenleiterin und Chefin der Proteomik-Plattform. lhre Gruppe
«Strukturelle Interaktomik” hat ein neues, vielversprechendes Verfahren erprobt,
um Protein-Netzwerke zu entschliisseln. Die Gruppe ,Zellulédre Bildgebung”
wurde mit Martin Lehmann als Gruppenleiter und Dmytro Puchkov als Senior
Scientist neu besetzt, sie werden die Technologien der Licht-und Elektronen-
mikroskopie weiterentwickeln und sich neuen Projekten widmen.

Eine spannende Phase beginnt jetzt bei EU-OPENSCREEN, denn die Europaische
Kommission verlieh dem Konsortium den begehrten Status European Research
Infrastructure Consortium (ERIC). Das FMP als Initiator bleibt als Partnersite
weiterhin mit EU-OPENSCREEN verbunden und freut sich Gber dessen Verbleib
auf dem Campus Berlin-Buch.

Insgesamt wird der Campus im Moment fiir die Forschung noch attraktiver:
Gleich mehrere neue Gebaude entstehen direkt vor unserer Haustir. Die
Planungen und Bauarbeiten fir das Gebaude der Cryo-Elektronenmikrokopie
und fur das NMR llI-Geb&ude starteten bereits. Letzteres wird ein neues
Spektrometer beherbergen, mit der zurzeit gré3ten verfugbaren Feldstérke
von 1,2 Gigaherz. Zudem hat die Errichtung eines Optical Imaging Center
des Max-Delbriick-Centrum fir Molekulare Medizin (MDC) begonnen, mit
Zugang fir FMP Wissenschaftler*innen.

Unserem Ziel, neue bioaktive Molekiile zu identifizieren und die Wechselwir-
kungen mit ihren biologischen Zielstrukturen in Zellen oder Organismen zu
charakterisieren, sind wir weiterhin taglich auf der Spur. Lesen Sie in diesem
Bericht mehr liber unsere aktuelle Forschung und deren Highlights!

Ich wiinsche lhnen viel Freude dabei!
Dorothea Fiedler
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RESEARCH

HIGHLIGHTS

VRACS INCREASE SUGAR SENSITIVITY
OF INSULIN-PRODUCING CELLS
Insulin-producing B-cells of the pancreas
have sensory capabilities and monitor
the blood glucose level. When the
concentration of glucose increases,
these cells secrete insulin to adjust
blood glucose levels. A team led by
Thomas J. Jentsch now demonstrated
that upon exposure to high glucose
levels B-cells swell, leading to opening
of volume-regulated anion channels
(VRACSs), depolarization and increased
insulin secretion. These results were
confirmed in a mouse model in which his
team specifically deleted VRAC in B-cells.

VRACS ERHOHEN
ZUCKEREMPFINDLICHKEIT INSULIN
PRODUZIERENDER ZELLEN

Insulin produzierende Zellen, B-Zellen
des Pankreas, messen den Glukose-
spiegel im Blut. Steigt er an, schiitten
sie entsprechend viel Insulin aus, um
den Blutzuckerspiegel anzupassen. Das
Team um Thomas J. Jentsch konnte
nun zeigen, dass erhéhte Glukosekon-
zentration zur Schwellung von B-Zellen,
Depolarisation, und erhdhter Insulin-
sekretion flihrt. Diese Resultate wurden
in vivo in einem Mausmodell bestatigt,
in dem die Gruppe den VRAC Kanal
spezisch in B-Zellen eliminiert hatte.

Stuhlmann, T., Planells-Cases, R., Jentsch, T.J. (2018)
LRRC8/VRAC anion channels enhance B-cell glucose
sensing and insulin secretion. Nat Commun. 9, 1974.

06 RESEARCH HIGHLIGHTS

In 2017/2018, our researchers published 224 articles,
including 191 peer-reviewed articles in scientific journals.
In the following we are presenting some highlights.

In den Jahren 2017/2018 veroéffentlichten unsere

WHEN BACTERIA BUILD SHELTERS
Biofilms are a potential hazard for people
because inside these protective
shelters, bacteria are safe from attack
by the immune system or antibiotics.
To hinder the formation of biofilms,
scientists need to know the structure
of the building blocks. A team led

by Hartmut Oschkinat watched the
structural transition of the involved
protein (TasA) upon biofilm formation.
Further studies will help scientists to
reveal the secret of biofilm stability.
The next results may offer new
approaches to fighting pathogens.

WENN BAKTERIEN EIGENE

GERUSTE BAUEN

Biofilme kénnen fiir den Menschen
eine Gefahr darstellen, da sie Krank-
heitserregern Schutz vor den Waffen
des Immunsystems und vor Antibiotika
bieten. Um die Ausbildung von Bio-
filmen zu hemmen, ist es notwendig, die
Struktur der Bausteine zu kennen. Ein
Team um Hartmut Oschkinat konnte
nun strukturelle Umwandlungen des
Proteins TasA bei der Bildung der
Biofilme detektieren. Weitere Unter-
suchungen sollen dazu beitragen,
die Stabilitat der Biofilme besser zu
verstehen und vielleicht sogar neue
Anséatze im Kampf gegen Krankheits-
erreger zu finden.

Diehl, A., Roske, Y., Ball, L., Chowdhury, A., Hiller,

M., Moliere, N., Kramer, R., Stoppler, D., Worth, C.L.,
Schlegel, B., Leidert, M., Cremer, N., Erdmann, N., Lopez,
D., Stephanowitz, H., Krause, E., van Rossum, B.J.,
Schmieder, P., Heinemann, U., Turgay, K., Akbey, U., and
Oschkinat, H. (2018). Structural changes of TasA in biofilm
formation of Bacillus subitilis. Proc Natl Acad SciU S A. 115,
3237-3242.

Forschenden 224 Publikationen, darunter 191 referierte
Beitrdge in Fachzeitschriften. Im Folgenden stellen
wir lhnen einige Highlights vor.

OFF-SWITCH FOR MTOR KINASE

As the cell’'s molecular control center,
the mTor kinase regulates cellular
metabolism, growth and division. In
cells affected by pathological change,
this regulation goes astray. Volker
Haucke's team now succeeded in
identifying a crucial off-switch for the
mTOR complex that sheds light on
one of the riddles in basic cell biology.
In addition, the new insights are of
relevance for clinical research as they
bolster the hopes of patients waiting
for new effective therapies against
diabetes, obesity, cancer, and a rare
congenital muscular disease.

EIN AUSSCHALTER FUR DIE
MTOR-KINASE

Die mTor-Kinase ist eine molekulare
Schaltzentrale in der Zelle, die
Stoffwechsel, Zellteilung und Zell-
wachstum reguliert. Bei krankhaften
Verdnderungen ist eine normale
Regulation jedoch nicht mehr gegeben.
Das Team von Volker Haucke hat nun
einen entscheidenden , Aus”-Schalter
fir den mTor-Komplex gefunden

und damit ein groBes Ratsel der Grund-
lagenforschung gel6st. Zudem sind
die neuen Erkenntnisse fir die klinische
Forschung relevant. Sie lassen auf
neue Therapien gegen Diabetes,
Fettleibigkeit, Krebs und eine seltene
angeborene Muskelkrankheit hoffen.

Marat, A.L., Wallroth, A., Lo, W., Miiller, R., Norata, G.D.,
Falsaca, M., Schultz, C., Haucke, V. (2017) mTORC1
activity repression by late endosomal phosphatidylinositol
3,4-bisphosphate. Science, 356, 968-972.
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MAKING HALOGEN-AROMATICS
INTERACTIONS MEASURABLE FOR
THE FIRST TIME

Halogens - such as chlorine, bromine
or iodine - occur in nature and in
medicines and interact strongly with
aromatic amino acids. This interaction,
which until recently attracted little
attention, plays a decisive role in
enabling the receptor to recognise
and bind the molecules. The team led
by Marc Nazaré and Han Sun has now
been able to use molecular “scales” to
measure the strength of this individual
interaction independently of the
protein environment and finally better
understand it. The new findings can
be used to design active substances
for new drugs.

DECIPHERING PROTEIN NETWORKS
The cell cannot function without the
smooth functioning of highly complex
protein structures. But how do proteins
exchange information? The team
around Fan Liu has made a contribu-
tion to solving this question. Using
cross-linked mass spectrometry, she
investigated the protein network in
mitochondria, the cell’s “power plant”,
in order to find out how the proteins
are arranged there. The method, which
was used for the first time, turned out
to be very efficient and reliable - and
will be used in the next step to
reveal changes in mitochondrial
protein structures.

EU-OPENSCREEN RECEIVES

ERIC STATUS

The European Commission awards the
EU-OPENSCREEN consortium the
coveted status of European Research
Infrastructure Consortium (ERIC). In
the future partner laboratories can
use the 140,000 chemical substances
from the drug library for extensive
biological tests with cell lines in which
thousands of experiments are con-
ducted in parallel. In the EU Horizon
2020 calls for proposals in 2018, all
four submitted applications by the
ERIC were evaluated positively. Over
the next four years, EU-OPENSCREEN
will coordinate a Europe-wide project
with 33 partners and a total volume of
five million euros. Initiatior and now
partner institute FMP congratulates to
this success!



Thomas Jentsch is named Honorary Doctor by the
University Medical Center Hamburg-Eppendorf
(UKE). From 1988 to 2006, he was based at

the UKE's Center for Molecular Neurobiology
Hamburg (ZMNH), and headed the institute for
several years.

ERC Advanced Grant: Thomas Jentsch receives
for the second time the prestigious award from
the European Research Council. Jentsch will
examine the importance of the VRAC channel,
which has been molecularly identified by his
group a few years ago.

Tatiana Korotkova receives an ERC Consolidator
Grant.

Volker Haucke receives the Avanti Award in Lipids

from the American Society for Biochemistry and

Molecular Biology (ASBMB) for his research on the

role of membrane lipid homoeostasis during cell
transport.

In recognition of his scientific achievements Volker
Haucke was elected as a member of the National
Academy of Sciences Leopoldina in June 2017.

Volker Haucke is a newly elected member of the
Berlin-Brandenburg Academy of Sciences and
Humanities.

Volker Haucke is granted funding in the Reinhart
Koselleck program of the DFG for highly inno-
vative research on the mechanisms of neuronal
communication.

A team of researchers from the Ludwig Maximilian
Universitat Minchen (LMU Munich) and the

FMP receives the recipients of one of five “m4
Awards"” provided by the Bavarian Ministry of
Economic Affairs. The team receives 500,000 Euro
for the project “Tubulis Therapeutics”. The
German Leibniz Association honored the joint
project with the Leibniz Entrepreneur Award
2018. The prize is endowed with 50,000 Euro.



2018

— The European Peptide Society honors scientist

Christian Hackenberger with the Leonidas Zervas
Award 2018 for his outstanding success in the
peptide research.

Christian Hackenberger erhélt fiir seine Erfolge im
Bereich der Peptidforschung den Leonidas Zervas
Award 2018 von der European Peptide Society.
The “Society Needs Science” award, sponsored
by Stifterverband, goes to two separate winners
this year: Thomas J. Jentsch from the FMP and
Macartan Humphreys from the WZB Berlin Social
Science Center. The award, worth 50,000 Euro

in total, is conferred biannually to outstanding
scientists whose research results bear high
application potential and are of fundamental
societal relevance.

APPOINTMENTS

BERUFUNGEN

2018

- Fan Liu’'s proposal for the Leibniz Programme for

Women Professors was successful. An appointment

procedure for a joint appointment of Fan Liu as

W2-S Professor of Structural Interactomics together

with the Charité is in progress.
Der Antrag im Leibniz-Professorinnenprogramm

fur Fan Liu war erfolgreich. Ein Berufungsverfahren

fir eine gemeinsame Berufung von Fan Liu als
W2-S Professorin fur Strukturelle Interaktomik
gemeinsam mit der Charité ist eréffnet.

— Alexey Ponomarenko has accepted a call on a
W2 professorship for Physiology at the Medical
Faculty in Erlangen.

Alexey Ponomarenko hat einen Ruf auf eine

Thomas J. Jentsch erhalt gemeinsam mit Macartan
Humphreys vom Wissenschaftszentrum Berlin fir
Sozialforschung (WZB) den diesjahrigen Wissen-
schaftspreis des Stifterverbandes ,Gesellschaft
braucht Wissenschaft”. Der Preis wird alle zwei
Jahre an Forscherinnen und Forscher vergeben,
deren Arbeiten sich durch besondere gesellschaft-
liche Relevanz und gute Umsetzbarkeit auszeichnen.
Er ist mitinsgesamt 50.000 Euro dotiert.

— Volker Haucke receives the Feldberg Prize 2020,

which is awarded annually by the Feldberg
Foundation for anglo-german scientific exchange.
Volker Haucke erhalt den Feldberg-Preis 2020.
Die Auszeichnung wird jahrlich von der Feldberg
Foundation for anglo-german scientific exchange
verliehen.

CON
GRATULA

TIONS

- Since October 2018, Philipp Selenko is professor

at the Weizmann Institute in Rehovot, Israel.
Philipp Selenko ist seit Oktober 2018 Professor
am Weizmann-Institut in Rehovot, Israel.

2017

- Andrew Plested was appointed Heisenberg

W2-Professur fiir Physiologie an der Medizinischen
Fakultat in Erlangen angenommen.

Tatiana Korotkova holds a chair (W3) in Physiology
at the Medical Faculty of the University of Cologne.
Tatiana Korotkova ist Inhaberin eines Lehrstuhls

professor at the Humboldt-Universitat zu Berlin.
Andrew Plested ist Heisenberg-Professor an der
Humboldt-Universitat zu Berlin.

(W3) fur Physiologie an der Medizinischen Fakult&t
an der Universitat zu Koln.
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Life is based on complex cellular and physio-
logical mechanisms and their well-orchestrated
interplay. In the case of disease, this interplay
becomes unbalanced. Research in the “Molecular
Physiology and Cell Biology’ section aims at
understanding such mechanisms in molecular
detail, as well as their dysfunction in disease.
Cellular targets for pharmaceutical intervention,
many of them membrane proteins such as

ion channels and G-protein-coupled receptors,
are identified, studied in their physiological
environment, and their modulation by bioactive
compounds explored. According to our mission
to create a broader basis for pharmacology, we
focus on the study of less-explored membrane
proteins and of molecules of key importance for
intracellular trafficking. We largely focus on
neurobiology, with several groups working on
trafficking and signal transduction at the
synapse. Other research topics include protein
aggregation and degradation, processes
relevant for many neurodegenerative diseases,
as well as ion channels and signaling receptors
whose importance extends to tissues beyond the
nervous system.

We employ a broad arsenal of techniques,
ranging from molecular and cellular biology, to
biochemistry and biophysics, to whole-animal
physiology using genetically modified mice,
often with links to human disease. Our projects
have benefitted greatly from interactions

with other sections of the FMP, including those
concerned with structural biology and modeling,
drug and siRNA screening, as well as chemical
biology.



PHYSIOLOGY AND PATHOLOGY
OF ION TRANSPORT

PHYSIOLOGIE UND PATHOLOGIE
DES IONENTRANSPORTS

We aim to understand ion transport processes from the molecular to the sub-
cellular and cellular levels, up to the level of the organism. The latter levels are
addressed through an investigation of genetic mouse models and the analysis
of human genetic diseases. We are focusing on anion channels, in particular
CLC CI- channels and transporters and more recently volume-regulated VRAC
channels. Key research areas are structure/function analysis, cellular neurobiology,
extracellular signaling, volume regulation, and the endosomal-lysosomal
system. We study many organs, including the brain, inner ear, olfactory epithelium,
kidney, and endocrine organs such as the adrenal gland and endocrine pancreas.
For example, we found that CIC-2 mutations can cause hypertension and that
VRAC modulates insulin secretion. After our breakthrough in identifying the long-
sought volume-regulated anion channel VRAC in 2014, we developed research
programs to define its diverse functions. The analyses of a large collection of mouse
models have already provided novel biological and medically important insights.




— DESCRIPTION OF PROJECTS

SIGNAL TRANSDUCTION BY VOLUME-REGULATED VRAC/LRRC8 CHANNELS
We found previously that VRACs are heteromers of up to five different
LRRC8 proteins. The specific subunit composition not only determines biophysical
properties, but also the range of substrates that can permeate this channel.
Intriguingly, VRACs not only transport small ions such as Cl-, but also a broad
range of small molecules such as amino-acids and anti-cancer drugs. We now
showed that VRACs, depending on their subunit composition, transport a broad
range of neurotransmitters, suggesting an important role in extracellular signal
transduction (3).

A role of VRAC in (intra)cellular signaling is evident from its role in insulin
secretion (Fig. 1). We found that glucose-induced swelling of pancreatic B-cells
activates VRAC/LRRCS8 channels. The resulting efflux of Cl-ions depolarizes
B-cells, thereby opening voltage-dependent Ca?* channels and stimulating insulin
secretion in vitro an in vivo (1).

ROLE OF THE CLC-2 CL- CHANNELS IN HYPERTENSION AND OTHER
PATHOLOGIES

CIC-2 is a widely expressed Cl- channel that is only partially open at resting
conditions. We previously showed that disruption of CIC-2 in mice leads to blind-
ness, male infertility, and leukodystrophy (a degeneration of the white matter in
brain), symptoms that were later found also in patients with CIC-2 mutations.
Collaborating with M.C. Zennaro (Paris) we found that mutations activating CIC-2
lead to primary aldosteronism, a disease in which autonomous overproduction
of salt-retaining aldosterone causes severe hypertension (2). The patient’s
mutation affects a protein region we had shown to be crucial for channel gating.
Like other mutations in that region, it drastically increased Cl-currents. As CI-
concentration is high in aldosterone-producing glomerulosa cells of the adrenal
gland, mutant CIC-2 depolarizes these cells, causing Ca?* influx and increased
aldosterone synthase levels.

VRAC in insulin secretion

glucose

/_'1etabolisn1

/_/

osmolytes
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SELECTED PUBLICATIONS

(1) Stuhlmann, T., Planells-Cases, R., Jentsch,
T.J.(2018) LRRC8/VRAC anion channels
enhance B-cell glucose sensing and insulin
secretion. Nat Commun. 9, 1974.

(2) Fernandes-Rosa, F.L., Daniil, G.,

Orozco, I.J., Géppner, C., El Zein, R., Jain, V.,
Boulkroun, S., Jeunemaitre, X., Amar, L.,
Lefebvre, H., Schwarzmayr, T., Strom, T.M.,
Jentsch*, T.J., Zennaro*, M.C. (2018)

A gain-of-function mutation in the CLCN2
chloride channel gene causes primary
aldosteronism. Nat Genet. 50, 355-361.

(* corresponding)

(3) Lutter, D., Ullrich, F., Lueck, J.C., Kempa, S.,
Jentsch, T.J. (2017) Selective transport

of neurotransmitters and modulators by
distinct volume-regulated LRRC8 anion
channels. J. Cell Sci. 130, 1122-1133.

SELECTED EXTERNAL FUNDING

Deutsche Forschungsgemeinschaft,
SFB 740/3, TP C05, “Modules involved in
endosomal/ lysosomal ion homeostasis and
function”, 01.2015 - 12.2018, 417.667 Euro

Deutsche Forschungsgemeinschaft,
«Volumen-regulierter Anionen-Kanal VRAC
und seine Rolle im Gehirn”, JE 164/12-1,
01.2016 - 06.2019, 433.500 Euro

European Research Council (Horizon
2020), “Volume regulation and extracellular
signaling by anion channels (VOLSIGNAL)",
ERC-2016-ADG, # 740537, 10.2017 - 09.2022,
2.021.112 Euro
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MOLECULAR PHARMACOLOGY
AND CELL BIOLOGY

MOLEKULARE PHARMAKOLOGIE
UND ZELLBIOLOGIE

HOW DO CELLS COMMUNICATE WITH EACH OTHER?

Cells communicate with each other by secreting signaling molecules and recog-
nizing those from other cells. For example, nerve cells release neurotransmitters
contained in small membrane-bounded vesicles at synaptic cell contacts to elicit
responses in neighbouring cells. We are studying how nerve cells form synapses
and how synaptic vesicles containing messenger substances are recycled to
keep synapses up to speed in fractions of a second. If these processes are disrupted,
neurological and neurodegenerative diseases such as Alzheimer’s disease may
occur. Not only neurons, but almost all cells in our body release or respond to
signaling molecules. Growth factors such as insulin and nutrients promote cell
growth and division while suppressing the degradation of metabolites. In
cancer cells, this nutrient signaling pathway is often disturbed. We have deciphered
cellular mechanisms that regulate nutrient signaling and thus the balance
between cell growth and metabolite degradation. Understanding these mech-
anisms is essential for a better understanding of diseases such as cancer and
diabetes. In addition, we use this knowledge to develop new pharmacological
approaches for the treatment of such diseases.




— DESCRIPTION OF PROJECTS

Research within the department covers two major areas: (i) the role of exo-endocytic
membrane dynamics in synapse function and neuronal development and (ii)
the regulation of membrane homeostasis and cell signaling by phosphoinositides.
We also develop and use super-resolution light (e.g. multi-color STORM and
3D-gSTED, TIRF-SIM) and electron microscopy approaches for studying these
processes.

Exo-endocytic membrane dynamics in the functioning of synapses and in
neuronal development

Neurotransmission involves the exocytic release of neurotransmitters from synaptic
vesicles (SVs) at presynaptic active zones, followed by their endocytic recycling.
Using mouse knockout technology, stem cell-derived human neurons, and RNA
interference in combination with optical imaging including optogenetics and
electrophysiology, we aim to dissect the pathways and molecular mechanisms of
SV recycling, regeneration, and axonal transport of SV precursor organelles.
We found that the recycling of SV membranes occurs via formin-mediated endo-
cytosis independent of clathrin, whereas clathrin/AP-2 are required for SV refor-
mation from internal structures. In recent work we have also discovered a novel
type of lysosome-related organelle that delivers presynaptic vesicle and active
zone proteins to forming synapses (Vukoja et al., 2018; Figure 1). Understanding
this pathway may aid in the development of therapies against nerve injury.

Regulation of endocytic and endolysosomal membrane homeostasis and cell
signaling by phosphoinositides

Eukaryotic cells internalize nutrients, antigens, growth factors, pathogens, ion
channels and receptors via endocytosis. We found that membrane remodeling in
endocytosis is tightly linked to the regulated synthesis and turnover of phospho-
inositide signaling lipids (Pls) (Lo et al., 2017). Other major efforts are directed

at elucidating how Pl conversion along the endolysosomal pathway is linked to
cell signaling processes, e.g. nutrient signaling at lysosomes. In recent studies
we have discovered a mechanism for the repression of nutrient signaling by local
lipid synthesis via a growth factor repressed Pl 3-kinase isoform (Marat et al.,
2017). As many Pl-metabolizing enzymes are implicated in cancer, diabetes, or
hereditary disorders such as Charcot-Marie-Tooth disease, we also seek to
identify novel pharmacological and chemical inhibitors of select Pl-metabolizing
enzymes.

FORSCHUNGSBERICHT 2017/2018

SELECTED PUBLICATIONS

Vukoja, A., Rey, U., Petzoldt, A.G., Vollweiter,
D., Ott, C., Quentin, C., Puchkov, D., Reynolds,
E.,Lehmann, M., Hohensee, S., Rosa, S.,
Lipowsky, R., Sigrist, S.J., Haucke, V. (2018)
Presynaptic biogenesis requires axonal
transport of lysosome-related vesicles.
Neuron 99, 1216-1232.e7.

Marat, A.L., Wallroth, A., Lo, W., Miiller, R.,
Norata, G.D., Falsaca, M., Schultz, C., Haucke, V.
(2017) mTORC1 activity repression by late
endosomal phosphatidylinositol
3,4-bisphosphate. Science, 356, 968-972.
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SELECTED EXTERNAL FUNDING
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MOLECULAR NEUROSCIENCE
AND BIOPHYSICS

MOLEKULARE NEUROWISSEN-
SCHAFTEN UND BIOPHYSIK

Our principal research interests are glutamate receptors and the excitatory
synapses in which they reside. These fine connections between nerve cells are
implicated in cognition and brain disease. We aim to understand the molecular
basis of fast excitatory transmission, and to develop methods to observe and
alter synapse activity. To achieve these goals, we study receptor activation with
a range of biophysical techniques, including electrophysiology, single-channel
recording, fluorescence microscopy and computer simulations. We complement
these approaches with investigations of ion channel structure and composition
using chemical biology, X-ray crystallography and biochemistry. We employ
computational approaches to build novel insights into receptor activation and
develop our own software to analyze single receptor activity. A further aspect
of our research is to extend these studies to other important components of fast
signaling in the brain, such as enzymes and other ion channels.

DESCRIPTION OF PROJECTS

STRUCTURAL AND COMPUTATIONAL STUDIES OF ION PERMEATION IN
GLUTAMATE RECEPTORS

Recently, open state structures of the AMPA-type glutamate receptor were re-
leased. These structures were in complex with the auxiliary protein Stargazin and



Null Mutants

included the membrane and extracellular domains of the receptor. AMPA recep-
tors are known to open to different configurations, and some measurements of the
pore geometry were estimated previously from experiments with large permeant
cations. We modified these structures for all-atom simulations of ion permeation
by removing the extracllular domains and restraining the loose ends to maintain
an open pore. In these computational electrophysiology experiments, we could
recapitulate a number of known features of the permeation of cations, including
the conductance, the ion selectivity and the role of water molecules. The results
were robust across different transmembrane voltages, simulation forcefields and
temperatures. These simulations show that the open configuration captured in
these structural experiments is a good congener of the full open conductance.

In complementary experiments, we solved crystal structures of a related cation
channel from bacteria (NaK) with its selectivity filter modified to resemble that of
an AMPA receptor. These structures, solved in the presence of monovalent and
divalent cations, reveal distinct mechanisms of ion permeation and a conversion
to two-fold symmetry. We are pursuing similar all atom simulations based on
these structures to investigate ion permeation in the simplest possible system,
with the eventual goal of generating and validating simulations of divalent cation
permeation.

STRUCTURAL DYNAMICS OF GLUTAMATE RECEPTOR ACTIVATION

Various structures of receptors with auxiliary proteins were published in the past
five years but there was limited valiadation of the unusual geometries that were
found in some experiments. We examined in detail the state-dependence of

the LBD layer movement in receptors with and without auxiliary proteins using
bifunctional Cysteine crosslinkers. Contrary to previous reports, we found that
the receptor is more compact when itis in complex with auxiliary proteins, and
that these complexes are quite stable.

In the membrane domain, cysteine mutagenesis is problematic because few
sites have the solution access needed to complete the experiment. To address
the structural dynamics of the membrane segment, we turned to unnatural
amino acids that act as UV-triggered crosslinkers. Using kinetic modeling of the
UV modification we could identify the selectivity filter as an element that gates
ion flow, in multiple states. Most surprisingly of all, the selectivity filter is coupled
to the desensitized state.



MEMBRANE TRAFFIC AND

CELL MOTILITY

MEMBRANTRANSPORT UND
ZELLULARE MOTILITAT

HOW AND WHY CELLS REGULATE THE UPTAKE OF PROTEINS

To interact with the extracellular environment, cells rely to a large extent on cell
surface-localized proteins. The binding of extracellular signaling molecules to
these cell surface receptors triggers diverse intracellular signaling cascades that
determine, for example, whether cells start to proliferate, to differentiate or to
migrate, and also whether neurons store memories. Accordingly, the number of
these signal receptors at the cell surface has to be tightly regulated to ensure the
correct response to a specific extracellular cue. The internalization of specifically
selected receptors via the remodeling of the surrounding cell membrane into an
intracellular hollow sphere (vesicle) in the process of endocytosis constitutes a
powerful mechanism for this (Figure 1). However, for many cell surface proteins
it is still unclear whether they are in fact internalized by endocytosis, how they
interact with the endocytic machinery, and how their internalization is regulated.
We investigate the role of endocytosis proteins in the physiological function of cell
surface proteins by combining cell biological, microscopic and genetic methods.



DESCRIPTION OF PROJECTS

IMPORTANCE OF ENDOCYTIC PROTEINS FOR BRAIN FUNCTION

To enable us to sense our environment, execute actions and form memories, our
neurons have to communicate with each other. They do so by releasing signaling
molecules from membranous vesicles via their fusion with the cell membrane.
These molecules then modulate receptors on the receiving neuron. For the sen-
ding neuron, endocytosis is crucial to retrieve vesicle proteins after vesicle fusion
because these proteins are needed to generate new vesicles for continued
signaling. For the receiving neuron, endocytosis is essential to adjust the amount
of surface receptors which relay the signal into the cell because an adaptable
signaling strength is the basis for learning and memory. We investigate the im-
portance of specific endocytic proteins for efficient neuronal signaling. We have
shown, for example, that the adaptor protein AP180 is crucial for the retrieval

of the vesicle protein VAMP2 and thereby protects against seizures. Currently,
we for example dissect the importance of the endocytic protein CALM for the
uptake of neurotransmitter receptors and thus for learning.

MECHANISMS UNDERLYING FOCAL ADHESION DYNAMICS AND

CELL MIGRATION

Our cells adhere to their environment via cell surface proteins which are organized
together with additional factors in complex focal adhesions (FAs, Figure 2). By
being transient traction points during cell migration and also signaling platforms,
FAs play a role in numerous processes including the development of our organism,
wound healing and immune defense. In addition, altered FAs contribute to
diseases like cancer. In spite of the importance of FAs, our knowledge regarding
their disassembly is still fragmentary. While we have studied the importance
of endocytosis for FA disassembly, it is clear that additional processes must
contribute. To identify these, we have, one-by-one, depleted all known proteins
and determined the effect of their loss on FA number and size. Currently, we
are investigating the function of those proteins whose loss affected FAs to unravel
the mechanisms underlying FA disassembly.
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PROTEOSTASIS IN AGING
AND DISEASE

PROTEINHOMOOSTASE IM ALTERN
UND IN KRANKHEITEN

UNDERSTANDING INCORRECTLY FOLDED PROTEINS IN AGING PROCESSES
AND ALZHEIMER'S DISEASE

Proteins are central components of every cell. However, errors in protein folding
are more frequent in humans as they grow older or suffer from neurodegenerative
diseases: Proteins are often misfolded and tend to clump together and are
therefore no longer functional. We want to gain a better understanding of this
protein folding and focus in particular on the complexity, function and dynamics

of molecular chaperones. These special proteins help in folding newly produced
proteins, enable the folding of unfolded and denatured proteins and can also
dissolve protein aggregates. Our group investigates the function of chaperones
during aging and in neurodegenerative diseases. These diseases are characterized
by the accumulation of amyloid protein fibrils in cells, i.e. long protein chains
that often lead to cell death. We reproduce such scenarios in cell cultures and in
the nematode C. elegans using targeted synthesis of disease-causing peptides
and proteins. In addition, we have established a series of in vitro experiments
that allow us to investigate how individual chaperones or chaperone complexes
influence the structure of amyloid protein fibrils and their stability.




— DESCRIPTION OF PROJECTS

COMPLETE SUPPRESSION OF HTT AMYLOID FORMATION AND
DISAGGREGATION OF HTT FIBRILS BY HSP70-110-J CHAPERONE COMPLEX
Huntington’s disease (HD) is a neurodegenerative disorder that is caused by
expanded CAG trinucleotide repeats within the huntingtin gene (HTT) that form
amyloid deposits in the cell (Figure 1). We have identified a trimeric chaperone
complex composed of a member each of the Hsp70, Hsp110, and type Il J-protein
families that can completely suppress the formation of amyloid fibrils by HttQ, .
We could also demonstrate that the same chaperone complex disaggregates
HttExon1Q,, fibrils (Scior et al., 2018). Depletion of these chaperones in HD
patient-derived neuronal progenitor cells (NPCs) lead to a pronounced increase in
aggregation of the endogenous Htt protein (Q,,). Consequently, overexpression
of DNAJB1 in HEK cells expressing robustly aggregating HttExon1Q, rescued the
aggregation phenotype. Currently, we are investigating the functional spectrum
of this trimeric chaperone complex. We have already demonstrated that the same
chaperone complex disaggregates fibrils formed by a-synuclein. In addition, we
also aim to identify additional chaperones that can remodel polyQ proteins, and
have identified HSP-17 (Figure 2) as a potential aggregase facilitating the forma-
tion of aggregates. The aggregase activity could provide a beneficial role to store
aggregation-prone proteins in a more inert aggregate structure.

INTERPLAY BETWEEN DISAGGREGATION AND PROTEOLYTIC

CLEARANCE PATHWAYS

To eliminate protein aggregates, the cell could employ molecular chaperones to
disaggregate and thereby resolubilize the sequestered proteins or degrade
the aggregated proteins by the ubiquitin proteasome system (UPS) or autophagy.
Little is known regarding if and how the clearance pathways communicate with
each other to maintain a balanced proteostasis with the progression of aging or
in disease. We observed that a depletion of disaggregating chaperones leads to
an induction of autophagy. Autophagy appears to compensate for the lack of dis-
aggregation activity as a means to cope with the accumulation of misfolded and
aggregated proteins (Feleciano et al., 2019). It is noteworthy that the UPS activity
and the abundance of 20S subunits decreased upon knockdown of chaperones
that mediate disaggregation. Disease proteins such as AB, ,, and polyQ inhibited
autophagy as well the UPS capacity across tissues in a systemic manner.
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MOLECULAR AND THEORETICAL
NEUROSCIENCES

MOLEKULARE UND THEORETISCHE
NEUROWISSENSCHAFTEN

EXPLAINING THE SIGNAL TRANSDUCTION OF NERVE

CELLS AT MOLECULAR LEVEL

Communication between neurons is the basis of survival, cognition and behaviour.
Synaptic dysfunction is linked to many neurological diseases. We aim to under-
stand the molecular mechanisms of synaptic transmission. We are particularly
interested in understanding how synaptic molecules function together to produce
the complex features of neurotransmission, which is not only optimized for speed
but which can also plastically adapt to evade interference or to store information.
To do so, we combine experimental and theoretical approaches. Our experimental
system is the neuromuscular junction of the fruit fly Drosophila melanogaster, a
powerful genetic model system. Despite its simplicity, human and Drosophila synaptic
genes are remarkably similar. We measure synaptic transmission by electrophysi-
ology and live cell imaging. In addition, super-resolution imaging enables us to
uniquely define the topology of the molecular machinery driving transmission on
the nanometre scale. To arrive at a conceptual framework of how synaptic molecules
enable, control, and adapt synaptic transmission, we generate mathematical
models based on parameters derived from our experiments. These are used to
generate hypotheses which are then tested experimentally.




DESCRIPTION OF PROJECTS

NEUROTRANSMITTER RELEASE SITES - MOLECULAR COMPOSITION AND
TOPOLOGY

Neurotransmitters are released from highly specialized locations in a synapse,
called release sites, where evolutionarily conserved proteins orchestrate synaptic
vesicle (SV) fusion. Action potentials lead to the opening of voltage gated Ca?
channels, and local Ca?* influx subsequently triggers SV fusion. Therefore, the pre-
cise positioning of release sites with respect to these channels is crucial for synaptic
information processing. In our lab, we investigate which molecules (proteins and
signaling lipids) generate release sites and which protein-protein or protein-lipid
interactions are required for their correct placement. Using physiology, genetic
interference, live imaging and super-resolution STED microscopy and mathematical
modeling we have begun to identify the molecular components of release sites
and the interactions between synaptic proteins that operate in precise release site
positioning on the nanometer scale, thereby critically determining neural function.

MOLECULAR PRINCIPLES TO REGULATE SYNAPTIC STRENGTH

A remarkable feature of synapses is their capacity to adapt their transmission.
This so-called synaptic plasticity allows the nervous system to maintain com-
munication if transmission is challenged, or to store information. In our lab, we
therefore investigate the molecular components that allow adaptive transmis-
sion on multiple timescales. We particularly focus on how these plasticity mech-
anisms operate on the level of release sites, for example by changing release
site number, or by increasing their efficacy. We investigate plasticity phenomena
with physiological readouts and by imaging the changes in the local release site
environment using light microscopy. We furthermore address the role of these
mechanisms in paradigms to assess how different plasticity mechanisms encode
animal behaviour, for example learning and memory.
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PROTEIN TRAFFICKING
PROTEINTRANSPORT

INFLUENCING THE TRANSPORT OF MEMBRANE PROTEINS BY NOVEL DRUGS
G protein-coupled receptors (GPCRs) are the most important drug targets.

The receptors must reach their correct subcellular locations, usually the plasma
membrane, in order to function. Their transport is enabled by the secretory
pathway and with a signal sequence-mediated insertion of the receptors into the
membrane of the endoplasmic reticulum (ER) by the Secé1 translocon complex.
The aim of the Protein Trafficking group is to find novel substances that influence
ER insertion of GPCRs and other integral membrane proteins at the level of the
Secé61 translocon. For this purpose, a new screening assay was developed and a
high-throughput screen was performed, with the help of which new inhibitors

of the Sec61 translocon could be identified. These substances could represent
compounds against tumors. A similar screen for the homologous bacterial
SecYEG translocon could lead to the identification of novel antibiotics. Further-
more, the Protein Trafficking group is interested in the functional interaction of
GPCRs with unrelated membrane proteins to identify novel mechanisms which
influence GPCR signaling.
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DESCRIPTION OF PROJECTS

IDENTIFICATION OF INHIBITORS OF THE SEC61 TRANSLOCON BY
HIGH-THROUGHPUT SCREENING

Setting up a high-throughput screening assay for inhibitors of the Secé1 translocon
is notoriously difficult since the complex has no own enzymatic activity, is ex-
pressed only in the ER membrane, and is difficult to isolate. Our novel whole cell
screening assay was established and performed using a primary and secondary
screen in cooperation with the Screening Unit. The resulting hit compounds were
analysed by substructure-based back screening in cooperation with the Medicinal
Chemistry group. The hit compounds were validated using cellular assays and
in vitro assays (reconstituted Secé1 translocon pathway). Finally, we identified a
novel inhibitor (FMP-401319-3) which interferes with a step after targeting of nascent
chains to the Secé1 translocon, but before the nascent chain has been translo-
cated to the luminal side of the ER (see Fig. 1 above).

INTERACTION OF THE G PROTEIN-COUPLED TYROTROPIN RECEPTOR (TSHR)
WITH THE MONOCARBOXYLATE TRANSPORTER 8 (MCT8)

Only a handful of papers suggest that GPCRs can form complexes with non-GPCR
integral membrane proteins, while such interaction has not been demonstrated

at a single molecule level so far. We investigated the potential interaction between
the TSHR and MCT8 which are co-expressed endogenously on the basolateral
plasma membrane of thyrocytes and are involved in stimulation of thyroid hormone
production and release. Indeed, we demonstrated strong interaction of both
proteins at the single molecule level using fluorescence cross correlation spectros-
copy (FCCS). The interaction suppresses one of the TSHR signaling pathways,
namely Gg-mediated signaling. Signaling by Gs, in contrast, remains unaffected.
Thus, we provided not only evidence for a novel interaction between the TSHR
and MCTS8, we could also verify that this interaction forces biased signaling at
the TSHR.



CELLULAR IMAGING
ZELLULARE BILDGEBUNG

EXPLORING CELLS WITH MICROSCOPY

As a technology platform, we support over 100 researchers with advanced light
and electron microscopy technology, and we develop new imaging techniques
for studying living and fixed cells, small organisms and tissue organization. We
continuously improve our super-resolution microscopes, develop correlative
light and electron microscopy to study dynamic processes in the nanometer range

and measure molecular interactions by means of Forster resonance energy
transfer (FRET).

THE LIGHT MICROSCOPY CORE FACILITY

The light microscopy facility supports all research groups within the FMP with
fluorescence imaging technology, including labeling and analysis expertise. We
apply single cell and molecularimaging techniques such as FRET, FRAP, FLIM,
TIRFM , FCS, as well as lon measurements and caged compounds. Since 2018,
Christopher Schmied consults and trains users in applying image analysis tech-
niques to extract meaningful quantitative measurements. Together we establish
automated imaging and quantitative image and data analysis workflows.

THE ELECTRON MICROSCOPY (EM) CORE FACILITY

The EM facility provides support in the visualisation of cellular ultrastructure and in
localising individual proteins at the subcellular level. The lab provides specimen
preparation techniques, EM imaging, quantitative analysis, and interpretation for
all biological applications. Inmunogold labeling, correlative light and electron
microscopy (CLEM), and tomographical 3D reconstruction can then be applied
in advanced projects. In addition, we assist with the visualization of in vitro
structures such as proteins, fibril structures, and liposomes.
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ANIMAL FACILITY

TIERHALTUNG

The Animal Facility takes care of management and organization of breeding and
keeping laboratory animals for use in scientific projects. Animal welfare legisla-
tion and the highest scientific standards are enforced to obtain highly relevant
scientific results. We support and give advice to scientists in all questions of
planning and performing experiments involving animals. We also provide practical
support, for example by taking samples and in keeping proper documentation.
Furthermore, we organize worldwide export and import of laboratory animals
as well as embryonal stem cells.

The team of the Animal Facility supports the scientists using animals for experiments
in compliance with the Animal Welfare Act and with an animal welfare officer.

It is a service supplying animal environment housing and management of
genetically modified mice, and also frogs and rats under performance standards,
veterinary care, qualified animal care staff, using a standard operation proce-
dure and related documentation. The service also includes also education and
training of personnel responsible for animal care, of personnel carrying out
experimental procedures (research technicians), and also for scientists involved
in experimental trials with animals.

The aim of the team is to establish a well-planned, well-designed, well-constructed,
and properly maintained laboratory animal facility that is responsible for animal
care in compliance with applicable laws and regulations.



INTERESTS AND FOCUS

The Animal Facility helps oversee all research at the Institute that

involves animals, including:

- Management and organization of breeding and care of a variety
of genetically modified mice and frogs, in compliance with animal
welfare regulations.

- Organization of veterinary care and health monitoring in accordance
with FELASA guidelines.

- Implementation of European guidelines on animal welfare in
high-quality research.

- Organization of imports and exports of animals, embryos, stem
cells, and related materials.

- Supporting and consulting scientists in the design of experiments
that use animals.

- Supporting scientists in implementing experiments using animals.

- Participation in training courses for scientists and other staff
involved in animal experimentation.






Molecular pharmacology requires three-dimen-
sional representations of supramolecular ar-
rangements within the cell, which are controlled
in vivo by temporal and spatial coordination of
protein expression, degradation, and post-trans-
lational modification. The dynamic nature of
these phenomena challenges static structure
determination techniques and implies a strong
incentive to employ Nuclear Magnetic Resonance
spectroscopy (NMR). In this spirit, the “Structural
Biology” section develops and applies solution
and solid-state NMR techniques to investigate
pharmacologically relevant proteins in native
environments or even in intact biological systems
such as cells or functional modules. Furthermore,
the insights gained for molecular interactions are
used to develop NMR reporters for diagnostic
imaging purposes where fluorescence detection
fails. The departments of Adam Lange and
Hartmut Oschkinat apply solid-state NMR to
membrane proteins in native lipid bilayers, for
example, and Philipp Selenko detects proteins
and their modifications in live cells by solution
NMR. Leif Schréder images cells or organisms by
means of molecule-specific contrast agents. In
concert with molecular modeling and structure
function studies provided by the groups of Gerd
Krause and Ronald Kiihne, atomic-resolution
structural data is derived that is indispensable
on the path to pharmacological interference,
typically supported by the “Solution NMR" group
of Peter Schmieder. With regard to the design of
bioactive molecules, the development of protein
interaction inhibitors is a major theme of the
section.



MOLECULAR BIOPHYSICS
MOLEKULARE BIOPHYSIK

DETECTING THE STRUCTURE OF PROTEINS

Proteins are long-chain macromolecules and usually folded three-dimensionally
into a complex architecture. In order to understand the function of a protein,

it is helpful to know its structure. Researchers usually study proteins in soluble
or crystalline form. However, not all proteins can be investigated in this way.
We also use solid-state nuclear magnetic resonance spectroscopy (solid-state
NMR) to analyze the structure and dynamics of proteins. This technique allows
the investigation of chemical details, interaction with water and lipid molecules,
and functionally relevant protein dynamics. The last aspect is important
because proteins are not rigid structures with a fixed architecture, but have moving
parts similar to machines. For solid-state NMR investigations, we place the
samples in a strong superconducting magnet (external field up to 20 T, i.e.
~400,000 times stronger than the earth’s magnetic field), rotate them rapidly (up
to 100,000 revolutions per second; magic-angle spinning) and investigate them
spectroscopically using radio waves. Important applications of our work are
the analysis of membrane proteins in their natural lipid environment and the 3D
structure determination of molecular machines in the cell.




DESCRIPTION OF PROJECTS

MEMBRANE PROTEINS

In our group, a major focus lies on membrane proteins. Distinct from other
methods in structural biology, solid-state NMR makes it possible to study
membrane proteins in native-like lipid bilayers at room temperature and under
physiological buffer conditions. Current projects involve for instance non-
selective cation channels such as NaK that are able to conduct both sodium (Na*)
and potassium (K*) with equally high efficiency (see Figure). In contrast to
previous crystallographic results, we could recently show that the selectivity
filter of NaK in native-like lipid membranes adopts two distinct conformations
that are stabilized by either Na* or K* ions. The atomic differences of these
conformations were resolved by solid-state NMR spectroscopy and molecular
dynamics (MD) simulations. We propose that structural plasticity within the
selectivity filter and the selection of these conformations by different ions are
key molecular determinants for highly efficient conduction of different ions in
non-selective cation channels (Shi et al., Nature Communications 2018). Other
membrane proteins of interest comprise the human voltage-dependent anion
channel (VDAC), the histidine kinase CitA (Salvi et al., PNAS 2017), and rhomboid
proteases, that initiate signal cascades by cleaving proteins within the mem-
brane and thus releasing signal proteins that are no longer anchored.

SUPRAMOLECULAR ASSEMBLIES

Furthermore, we characterize structure and dynamics of bacterial supramolecular
assemblies. For example, we have determined the structure of the bactofilin
BacA by solid-state NMR. Bactofilins are a new class of cytoskeletal proteins that
are involved in key cellular processes. For instance, in the human pathogen
Helicobacter pylori, they are responsible for maintaining its characteristic helical
cell shape, a feature required for cells to efficiently colonize the gastric mucus.
We discovered that bactofilins adopt a B-helical architecture, which has not
been observed before for other cytoskeletal filaments. Interestingly, however,
the structure bears similarities to that of the fungal prion protein HET-s. We
also introduced a general hybrid approach for determining the structures of
supramolecular assemblies. Cryo-electron microscopy (cryo-EM) data define
the overall envelope of the assembly and rigid-body orientation of the subunits
while solid-state NMR chemical shifts and distance restraints define the local
secondary structure, protein fold and inter-subunit interactions. Using this approach
we could determine the structure of the type-Ill secretion system needle of
Shigella flexneri to a very high precision.




NMR-SUPPORTED
STRUCTURAL BIOLOGY

NMR-UNTERSTUTZTE
STRUKTURBIOLOGIE

INVESTIGATING HIGHLY COMPLEX STRUCTURAL INFORMATION
Magic-angle-spinning (MAS) solid-state NMR spectroscopy provides high-
resolution structural information on heterogeneous samples, independent of
the molecular weight of the investigated biological macromolecules such as
proteins, carbohydrates or chains of nucleic acids. It is an attractive method for
structural investigations on "difficult” systems such as small proteins embedded
in lipid bilayers, large polydisperse complexes (Fig. 1) or biological macromole-
cules in their natural environment such as in live biofilms. As special benefit,
NMR enables a direct view onto protons, the connected exchange processes,
and it allows for a distinction of rapidly interconverting structural states. In the
long run, we aim to carry out structural investigations within the “real space” of a
cell, capitalizing on a 20-100-fold increase in the signal-to-noise ratio afforded
by the use of dynamic nuclear polarization (DNP). For this purpose, we have
been improving and testing DNP methods on biological samples. Furthermore,
we apply very fast MAS for studying protein structure. At spinning frequencies
of 100,000 rotations per second, high-resolution proton spectra can be obtained
using a minimal amount of sample. Fast MAS at 100 kHz was used for instance
to study binding of small molecules to the neonatal Fc receptor. Finally, we
investigate large dynamic and polydisperse protein systems involved in protein
homeostasis, including small heat shock proteins, and biofilms.




DESCRIPTION OF PROJECTS

STRUCTURAL STUDIES OF TASA IN LIVE BIOFILMS

Biofilms are surface-attached communities formed by microorganisms that can
serve as protection against host immune reactions or antibiotics. Bacillus subtilis
biofilms contain TasA as major proteinaceous component in addition to exopol-
ysaccharides. We characterized different oligomeric forms of TasA in vitro by
NMR, EM, X-ray diffraction, and analytical ultracentrifugation experiments. We
found by MAS NMR on live biofilms that a swift structural change toward only
one of these forms occurs, consisting of homogeneous and protease-resistant,
B-sheet-rich fibrils. We discovered a reorientation of flexible TasA sections when
the TasA building blocks assemble into fibrils. Further studies of the fibrils will
help scientists to reveal the secret of biofilm stability. The next results may offer
new approaches to fighting pathogens.

INSIGHT INTO SMALL MOLECULE BINDING TO THE NEONATAL FC RECEPTOR
The neonatal Fc receptor plays a crucial role in regulation of Immunoglobulin G
and serum albumin catabolism and is a clinically validated drug target for the
treatment of autoimmune diseases caused by pathogenic antibodies via the inhi-
bition of its interaction with IgG. As part of a multidisciplinary research, we used
fast-MAS (100 kHz) to study the binding of small molecules to heterodimers of
the neonatal Fc receptor. We were able to detect ligand-induced chemical-shift
perturbations for residues in the binding pocket and allosteric changes close to
the interface of the two receptors in the asymmetric unit as well as potentially in
the albumin interaction site. Our investigation establishes a method to characterize
structurally small molecule binding to non-deuterated large proteins by NMR, even
in their glycosylated form, which may prove highly valuable in structure-based
drug discovery campaigns.




MOLECULAR IMAGING
MOLEKULARE BILDGEBUNG

BIOSENSORS FOR IMPROVED MRI DIAGNOSTICS

Magnetic resonance imaging (MRI) is an indispensable tool for diagnostic imaging
in drug development and therapy monitoring. Its limited sensitivity makes con-
ventional MRI rely on the detection of tissue water. There is still the unmet need
for precision medicine of visualizing the distribution of dilute molecular markers
in live tissue within the context of a whole opaque organism. Thus, the leading
biomedical research institutions have initiated programs to translate the potential
of spin hyperpolarization techniques into diagnostic imaging. By optimizing the
steps of preparation, manipulation, and encoding of spin magnetization, our
group strives to design ultra-sensitive NMR reporters. A key concept is the devel-
opment of biosensors that are only loaded in situ with hyperpolarized nuclei
and thus significantly expand the application range for this artificially prepared
state with a limited lifetime. To explore this potential, we successfully engage

in highly competitive programs supporting highly innovative research. Through
the Reinhart Koselleck program of the DFG and the Human Frontiers Science
Program we develop methodologies to obtain MRI contrast from molecular
targets at extremely low concentrations and sense molecular interactions within
a few minutes where conventional MRI protocols would require thousands of years.




self-adjusting Hyper-CEST
effect through elastic spin loading

DESCRIPTION OF PROJECTS

OPTIMIZED XENON MRI REPORTER SYNTHESIS

Xenon biosensors are an emerging tool for different molecular imaging applications.
Their development requires peptide synthesis steps, followed by the selective
installation of a xenon host onto the peptide backbone in solution. In this project,
different routes were pursued for generating the entire Xe biosensor on the
solid support. Notably, one strategy involving CryA-da was beneficial by directly
integrating this host into the growing construct. Functionalizing CryA-da on both
sides with multiple labels did not alter significantly its NMR capabilities com-
pared to uncoupled CrA-ma. Hence, this work demonstrated the successful and
complete synthesis of a CryA-da-based xenon biosensor on the solid support while
avoiding previously described notable side reactions and without the necessity
of multiple purification steps.

ELASTIC CEST AGENTS FOR OPTIMIZED DIAGNOSTIC IMAGING

A mechanism widely used for MRI signal enhancement is chemical exchange
saturation transfer (CEST) of nuclei between a dilute sensing pool and an abundant
detection pool. However, the dependence of CEST amplification on the relative
size of these spin pools confounds easy improvements expected for a larger de-
tection pool: increasing the detection pool typically reduces the CEST efficiency
and is counter-productive. We could demonstrate that genetically encoded
nanoscale reporters for '>?Xe magnetic resonance overcome this fundamental
limitation through an elastic binding capacity for NMR-active nuclei. The xenon
fraction that partitions into the reporter follows the ideal gas law, allowing the
signal transfer under hyperpolarized xenon chemical exchange saturation transfer
(Hyper-CEST) imaging to scale linearly with the total xenon ensemble. This
conceptually distinct elastic response will foster emerging biochemical and in
vivo applications of hyperpolarized NMR and magnetic resonance imaging.



COMPUTATIONAL CHEMISTRY/
DRUG DESIGN

WIRKSTOFF-DESIGN

DEVELOPING USEFUL SUBSTANCES AND SOFTWARE

Development of chemical probes that bind to biologically important target
proteins is the major task of the Drug Design group. Our drug design strategy
integrates in silico ligand design, structural biology (X-ray, NMR), and cell bio-
logy. In recent years, we have focused on targeting protein-protein interactions
mediated by protein domains specifically recognizing proline-rich motifs. These
domains are involved in many disease-relevant signal transduction cascades and
in cytoskeleton remodeling. Design of chemical libraries for high-throughput
screening is another focus of research in our group. Our library design software
is directly linked to our regularly updated database of commercially available
chemical compounds.




DESCRIPTION OF PROJECTS

ENA/VASP EVH1 DOMAINS AS TARGETS TO INHIBIT CANCER CELL
EXTRAVASATION

Metastasis is the major lethal attribute of cancer. Yet, the progress of metastasis-
directed drug development efforts is limited, making new approaches in drug
design essential. We identified a novel Ena/VASP EVH1 interacting protein.
Interruption of this protein-protein interaction by CRISPR/Cas9 knockout of the
interaction partner yields inhibition of cancer cell invasion in the Boyden chamber
assay as well as extravasation of the knockout cells in zebrafish xenograft. To
address the identified protein-protein interaction, we developed based on an
integrated strategy of in silico design and X-ray crystallography high affinity
inhibitors of the Ena/VASP EVH1 domain. Treatment of highly invasive triple
negative breast cancer cells with our novel chemical entities abrogated both, cell
invasion in the boyden chamber assay and extravasation in zebrafish xenograft.

LIBRARY DESIGN

Cheminformatics, bioinformatics, and molecular modeling are disciplines important
for supporting the rational design of chemical probes. In combination with
experimental chemical biology, these in silico tools improve the probability of
success for ligand development. We have established a wide range of methods
covering library design, ligand optimization, and calculation of ADMET parameters.
Our in-house library design toolbox utilizes an innovative fragment-based
concept to select chemically diverse screening compounds with sufficient solubility,
low toxicity, and low chemical reactivity. Within the Helmholtz initiative
"Wirkstoffforschung” we developed a biannually updated, web-based database
of commercially available compounds (DACS) containing more than 80 million
compounds. The combination of our toolbox and DACS allows fast design of hit-
or target-focused libraries, as well as of new screening libraries. Target-based
ligand optimization is another focus of our work. In particular, we support selected
screening projects of the FMP Screening Unit.
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STRUCTURAL BIOINFORMATICS AND
PROTEIN DESIGN

STRUKTUR-ORIENTIERTE BIOINFORMATIK
UND PROTEINDESIGN

INVESTIGATING STRUCTURE AND FUNCTION OF MEMBRANE PROTEINS
Membrane proteins play important roles in several biological processes,

such as transport of small molecules, establishing cell-cell contacts, or hormone
recognition. Our group focuses on analyzing the relationship between the
sequences and structures of membrane proteins using structural bioinformatics,
combined with experimental studies of altered protein sequences. Our aim

is to reveal structure-function relationships of proteins and their potential
interaction partners. A major activity of ours is the development of bioinformatic
tools to investigate these structure-function relationships; another is to apply
said tools to molecular biological projects of protein-ligand, protein-substrate,
or protein-protein interactions. To verify our structure-function hypotheses we

use models to guide site-directed mutagenesis of specific residues and analyze
available mutation data. Bioinformatic tools/database development and molecular
biology applications mutually support one another.

The main aims of the group are to achieve: (1) a detailed understanding of the
intramolecular mechanisms of membrane proteins; (2) the rational discovery of
molecular mechanisms and sites for protein-protein interactions and protein-
ligand or protein-substrate interactions; and (3) prediction of small molecules or
modifications of biosimilar molecules for potential pharmacological interventions.



DESCRIPTION OF PROJECTS

MODULATION OF G-PROTEIN-COUPLED RECEPTORS (GPCRS)

Pathogenic activation of the human thyroid-stimulating hormone receptor
(TSHR) by autoantibodies results in dysregulation of the thyroid hormone status.
In order to block such pathogenic TSHR activation we developed negative
allosteric small molecule modulators (NAM) by i) high throughput screening of the
FMP compound library (in cooperation with J. von Kries), followed ii) by synthetic
modifications (by E. Specker) and iii) functional characterization (in cooperation
with R. Schiilein) (Marcinkowski P, Hoyer | et al. Thyroid 2018). Structure-function
studies of other GPCRs revealed the ligand-binding site of the human odorant
receptor OR1A1 (Geithe et al. Cell Mol Life Sci 2017). For the generation of the
required molecular models, a web server (www.ssfa-7tmr.de/ssfe2) for fragment-
based homology modeling of class A GPCRs has been developed (Worth et al.
NAR 2017). Workflow see figure 1.

REVERSIBLE OPENING OF THE BLOOD BRAIN BARRIER BY MODIFIED
CLOSTRIDIUM PERFRINGENS ENTEROTOXIN

The blood-brain barrier (BBB) prevents entry of neurotoxic substances but also
that of drugs into the brain. The paracellular barrier is formed by tight junctions
(TJs) with claudin-5 being the main sealing constituent. Improving paracellular
drug delivery, we demonstrate a reversible BBB opening targeting exclusively
claudin-5. The non-toxic C-terminal domain of Clostridium perfringens entero-
toxin (cCPE) binds to a distinct subset of claudins, for example Cldn3 and -4.
Homology model guided mutagenesis was used to generate Cldn5-binding
variants of cCPE (Y306W/S313H and N218Q/Y306W/S313H) that decreased
transendothelial electrical resistance in a concentration-dependent and reversible
manner. The results demonstrate that cCPE-based biologics designed to bind
Cldn5 improve paracellular drug delivery across the BBB.

QUERY SEQUENCE

VErRIFY CLass A \u i
MEMBERSHIP 1
¥ ;

SEQUENCE ALIGNMENT

Using HMMER ';
Finger-
print D8

5 TR,

FINGERPRINT MATCHING * max(PS5) = ——+ 100

SEQUENCE SIMILARITY P 2

Rinzz0znes)

azn
Repeat for “‘

TEMPLATE SELECTION '\ TMH1-T, H&

BY SCORING FOR BacH """ "5

HELIX SEPARATELY
Reiterate if

backbo
TMH MODELING Feapatales 20 ,u,

TMH AssemaLy SRt
QuaLITY REPORT

Loor MODELING

ENTIRE MODEL




NMR
NMR

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY AT THE FMP

The NMR facility maintains the NMR spectrometers of the FMP and is thus able to
support researchers from inside and outside the FMP in using NMR spectroscopy,
either solid state or solution state.

NMR spectroscopy allows us to study the electronic environment of individual
atoms and their interactions with neighbouring atoms, for example to determine
the structure and dynamics of molecules. Our facility provides the research
groups with two Open Access spectrometers (300 MHz and 600 MHz) for their
own use. For more complex problems, we collaborate with the scientists using our
NMR instruments equipped with cryoprobes. A probe suitable for 31P-NMR
spectroscopy is of particular importance because the phosphorylation of different
molecules is intensively studied in the departments for chemical biology.

The solid-state spectrometers are primarily used by the departments for structural
biology to determine the structures of membrane proteins or larger aggregates.
For this purpose, a wide range of field strengths and probes with different sample
diameters is used. DNP experiments (Dynamic Nuclear Polarization) can also
be performed on two spectrometers. Furthermore, the facility receives requests
from groups outside of the FMP, as well as from commercial companies located
nearby the institute. These requests are fulfilled in the form of collaborations

or as a NMR service provided by the facility. It also participates in the German
DFG-funded G-NMR network of facilities, the iNEXT initiative, and worldwide
NMR studies such as the Fab-NMR-study by NIST.
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DESCRIPTION OF PROJECTS Angew. Chem. Int. Ed. Engl. 56, 6454-6458.
One example of an in-house collaboration is shown in Figure 1. Together with the

groups of Han Sun and Marc Nazare we investigated halogen-aryl minteractions

that have received increasing attention with respect to molecular recognition in

chemical and biological systems, using a bicyclic N-arylimide based molecular

torsion balances system. Through comparison of balances modulated by higher

halogens with fluorine balances, we determined the magnitude of the halogen-aryl

n interactions and provided direct experimental evidence of halogen-aryl n

interactions in solution.

< FIG.1
Halogen-aryl minteractions were investigated
using a molecular torsion balances system.
A set of 16 balance molecules was synthesized,
the NMR spectra were assigned and the
energy of isomerization was determined using
NMR. By comparing balances incorporating
a methyl group or halogens the magnitude of
the halogen-aryl minteractions in our unimole-
cular systems was determined to be larger
than -5.0 kJmol”
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Chemical Biology utilizes chemical methods to
advance the understanding and modulation

of cellular function, especially in the context of
pharmacological targets and the development
of novel approaches in the medicinal sciences.
Research projects in this section are devoted to
the synthesis and identification of novel bioactive
small molecules and protein conjugates of

high pharmacological potency as well as to the
development of new chemical and analytical
tools to study biologically relevant pathways. In
addition to the two departments “Chemical
Biology 1 and 2“, headed by Dorothea Fiedler
and Christian Hackenberger, important research
and technologies are provided within this section
for the whole institute. A central component

in this aspect is the “Mass Spectrometry” unit,
headed by Fan Liu, which develops new
proteomic methods for the analysis of protein-
protein interactions. Furthermore, this section
constitutes the “Chemical Biology Platform”,
which is devoted to the validation and chemical
optimization of small molecule screening hits

of pharmacological targets, thereby serving as
an essential partner site in several institutional
national and international research networks, for
example within EU-OPENSCREEN. Within this
platform, the “Screening Unit”, led by Jens von
Kries, provides high-throughput screening

of RNA.i libraries and small molecules from the
unique FMP compound library. The “Medicinal
Chemistry” group led by Marc Nazaré is
developing new chemical tools using strategies
like fragment growing, re-scaffolding approaches,
and structure-based design to chemically
optimize the initial screening hits. Finally, the
group “Drug Design” (led by Ronald Kiihne

and imbedded in the section Structural Biology)
gives further support in computational methods.



CHEMICAL BIOLOGY I
CHEMISCHE BIOLOGIE Il

HOW PROTEIN MODIFICATIONS IN CELLS CAN TRIGGER DISEASES

In the cell, protein modifications control many signaling pathways that support
healthy functioning and that are disrupted in disease. Such modifications can act
as "toggle switches” between health and disease. Chemical biologists want to
control these protein modifications in the cell, both to study the biological role
of such modifications and to decorate proteins with fluorescent moieties that
permit their visualization.

Our laboratory aims to identify new chemical approaches that allow the modi-
fication of peptides and proteins, both on isolated biomolecules as well as in living
cells and organisms. In this, our main objective is to apply these highly selective
bioconjugation reactions to study the functional consequences of natural protein
modifications, as well as to generate novel peptide- and protein-conjugates, in
particular antibody-drug conjugates (ADCs), for pharmaceutical and medicinal
applications.




— DESCRIPTION OF PROJECTS

Advancing the cellular uptake of molecules holds promise for the engineering
of unprecedented tools for the life sciences as well as the development of new
drugs. In 2017 we succeeded to transport small antigen recognizing proteins,
so-called nanobodies, into living cells. Key to success for the site-specific ligation
of cyclic cell penetrating peptides to nanobodies using methods developed in
the Hackenberger laboratory (Herce, Schumacher et al, Nature Chem. 2017). In
collaboration with the Cardoso group at the TU Darmstadt, we demonstrated
that these proteins were transported in the cytosol or nucleus depending on
the intracellular localization of the antigen. Using this protocol, we also shuttled
pharmacologically relevant proteins into living cells, which opens the door for
further application for the targeted delivery of biopharmaceuticals into cells.

Engineering novel therapeutics to fight influenza infection is one of the most
challenging tasks in drug development due to the multivalent binding of a virus
during infection. In order to break this multivalent interaction, we designed a
peptides-polymer conjugate, which showed picomolar binding to the viral surface
protein hemagglutinin and prevented influenza infections in living cells and in
vivo (Lauster, Glanz et al., Angew. Chem. Int Ed. 2017). Our study, which was per-
formed in close collaboration with the Herrmann group at the HU Berlin, used
for the first time peptides as ligands in the engineering of multivalent influenza
inhibitors, which offers significant advantages in terms of synthetic accessibility
and the development of inhibitors against mutated influenza strains.

Ligation to Cyclic
Cell-Penetrating Peptide

Camelidae Antibody
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FIG.1&2

Cyclic cell penetrating peptide-conjugates:
The key to cellular entry of nanobodies!
(refers to publication 1)

Graphic designed by Christoph Hohmann,
LMU Miinchen (Christoph.Hohmann@physik.
uni-muenchen.de).
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TO ELUCIDATE AND CONTROL THE FUNCTION OF MESSENGER MOLECULES
IN SIGNALING PROCESSES

Our group seeks to develop a better understanding of the multiple ways in which
nature utilizes phosphate in protein signaling cascades and metabolic networks.
As deregulation of cellular information transfer is associated with a wide range of
diseases, a detailed annotation of signaling events in healthy and diseased states
can highlight new avenues for therapeutic intervention.

One group of messengers of particular interest to our group are the inositol
pyrophosphates (PP-InsPs). These molecules have emerged as central regulators of
cell homeostasis, and genetic studies in mice and humans implicate PP-InsPs in a
host of processes including weight gain, fertility, longevity, and tumor metastasis.
However, how these molecules exert their effects at the molecular level is not
well understood. Using a multi-disciplinary approach that employs techniques
from organic chemistry, chemical genetics and genetics, molecular biology, and
proteomics, it is our goal to decipher the concrete signaling functions of PP-InsPs
and ultimately to guide the development of new therapeutic strategies against
cancer, diabetes, and obesity.
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DESCRIPTION OF PROJECTS

CHEMICAL TOOLS FOR ANNOTATING AND CHARACTERIZING

THE PYROPHOSPHOPROTEOME

In addition to the traditional binding mechanism, a covalent protein modification
termed "protein pyrophosphorylation” has been proposed for PP-InsPs. Since
pyrophosphorylation expands our view of classical phosphorylation-based signaling,
it constitutes an intriguing additional layer of regulation. Efforts to characterize
this modification have exclusively relied on in vitro labeling strategies; consequently,
many questions about the regulation of pyrophosphorylation in vivo still linger.
Our group has now implemented a set of new methods to elucidate the effects
of pyrophosphorylation on protein structure and function, and to annotate
pyrophosphorylation sites from complex samples.

To determine the biochemical function of pyrophosphorylation at the protein
level, the modification has to be introduced stoichiometrically and site-specifically
onto the protein substrate of interest. To do so, our group relied on an amber
codon suppression system for installing a phosphoserine at the relevant site,
followed by selective chemical pyrophosphorylation using novel phosphoimida-
zolide reagents.

Complementary to the selective phosphoprotein derivatization, we recently
developed a mass spectrometry (MS)-based method to directly detect and
identify pyrophosphopeptides (in collaboration with E. Krause/F. Liu, FMP) using
a neutral-loss-triggered EThcD acquisition method. This strategy permitted
reliable identification of synthetic pyrophosphopeptides, spiked into complex
samples, without compromising speed and sensitivity.



STRUCTURAL INTERACTOMICS
STRUKTURELLE INTERAKTOMIK

BETTER UNDERSTANDING OF PROTEIN INTERACTIONS

Nearly every process in the living cell is based on proteins. To precisely execute
this plethora of tasks, proteins are highly organized in a variety of assemblies,
ranging from stable protein complexes, well-regulated pathways, to extended
protein interaction networks. Perturbation of these well-balanced systems is
linked to many different physiological and pathological conditions.

Our group is interested in developing and applying tools to characterize the
complexity of protein interactions within the cell. Using state-of-the-art mass
spectrometric technologies, in particular cross-linking mass spectrometry, we
aim to gain a better understanding of protein interactomes in complex biolo-
gical systems. These studies will offer enormous opportunities to elucidate the
fundamental organization principles of proteins and discover previously unre-
cognized protein interactions in health and disease.




DESCRIPTION OF PROJECTS

DEVELOPING HIGH-THROUGHPUT PROTEOME-WIDE XL-MS STRATEGY

To comprehensively understand the protein interactome, our group has developed
a novel XL-MS method to characterize the structures and interactions of various
protein complexes in a high-throughput manner. This approach allows us to handle
highly complex samples and simultaneously investigate stable and dynamic
protein assemblies by capturing their residue-residue connectivities in vivo. In the
future, we aim to unveil the full potential of this technique by designing novel
cross-linkers, implementing creative approaches for cross-link enrichment,
developing a cutting-edge data analysis pipeline, and applying state-of-the-art
MS technology. We integrate expertise from synthetic chemistry, analytical
chemistry, mass spectrometry and informatics, aiming to reach unprecedented
analytical depth, complexity and precision in interactome profiling.

ESTABLISHING THE STRUCTURAL INTERACTOMES OF ORGANELLES
Organelles are specialized compartments within the cell, in which proteins are
selectively imported to work cooperatively to conduct a variety of cellular
functions. Although many organelles were discovered decades ago and found
to play essential roles for the cell, questions regarding to which extent protein
complexes cooperate within and between organelles remain completely elusive.
Our group studies the structural interactome of proteins in their organellular
environment using the newly developed cross-linking mass spectrometry approach.
We focus on two biological systems, the neuronal synapses and the mitochondria,
the functions of which are linked to a wide variety of physiological and pathological
conditions. Our aim is to obtain comprehensive protein interaction maps which
will provide crucial insights into the interaction patterns, the binding interfaces,
and the three-dimensional organization of protein complexes in their native
cellular context.
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MEDICINAL CHEMISTRY
MEDIZINISCHE CHEMIE

DESIGN AND SYNTHESIS OF CHEMICAL PROBES FOR THE
PHARMACOLOGICAL INVESTIGATION OF BIOLOGICAL SYSTEMS

Small molecules can be used as research tools to investigate protein functions and
elucidate molecular mechanisms or to influence signal transduction pathways.
They can also be employed to validate hypotheses from genetic studies such as
knock-down- and loss-of-function approaches. Moreover, these substances can
serve as starting points for new therapeutic approaches and new drugs. Goal of
our research is the discovery and development of highly active, selective chemical
probes for the specific modulation of protein-ligand or protein-protein interactions.
We want to discover and develop highly active and selective chemical probes for
the specific modulation of protein-ligand and protein-protein interactions. We
secondly focus on the development and enhancement of the FMP compound
collection with currently 62,000 commercial compounds and 9,000 small molecules
from academic research. A carefully thought-out extension of the collection should
guarantee optimal coverage of the biological space being screened, along with
high screening hit rates as well as suitable starting points for chemical optimization.




DESCRIPTION OF PROJECTS

DEVELOPMENT OF SPECIFIC INHIBITORS OF THE TYROSINE

PHOSPHATASE SHP-2

In stark contrast to their validated significance in signal transduction and
disease pathology, phosphatases are notoriously difficult to inhibit using
small molecules. The protein tyrosine phosphatase Shp-2 plays a critical role
in growth factor-mediated processes, primarily by promoting the activation
of the RAS/ERK signaling pathway. Aberrant gain-of-function mutations

are associated with several metastatic cancers. In collaboration with Walter
Birchmeier (MDC), a re-scaffolding approach that involves replacing the
former framework of a tyrosine phosphatase Shp2 inhibitor (W. Birchmeier
et al., PNAS, 2008), led to the discovery of novel structural classes and
eliminated several chemical liabilities, i.e. unfavourable structural features.
These novel compounds are not only active in a sub-micromolar range in the
Shp2-enzyme assay, but are also effective in the low micromolar range on
hepatocyte growth factor (HGF)-stimulated canine MDCK-C cells, as well as
human pancreatic tumor cells for epithelial-mesenchymal transition (EMT),

a hallmark of cancer cell dissemination.

DISCOVERY OF A HIGHLY SELECTIVE, LEAD STAGE TANKYRASE INHIBITOR BY
A HYBRIDIZATION APPROACH

Based on a screening of the FMP library using a Wnt/B-catenin signaling reporter
assay, and a subsequent target deconvolution, tankyrase was identified as the
target enzyme of the new the hit series. Further classical optimization led to G007-LK
as a first lead structure. However, albeit being highly potent and selective,
distinct structural features of G007-LK were unfavorably influencing the overall
molecular properties such as solubility and light stability. In addition, GO07-LK
had a poor pharmacokinetics in rats and rabbits. Using a structure-guided
hybridization approach with two privileged substructures gave instant access to
a new series of tankyrase inhibitors. The identified inhibitor OD336 displays
much higher affinity and cellular activity on tankyrase with an IC50 value of 6 nM
and 19 nM respectively and an outstanding selectivity over the entire PARP
family of homologous enzymes and was also active in pharmacologically relevant
in vivo tumor models. Critical for this approach was the utilization of the appropriate
linking moiety, whereby a cyclobutyl linker displayed superior affinity compared

to a cyclohexane linker. A favorable overall in vitro ADME as well as pharmacokinetic
properties make this series suitable as a chemical tool for pharmacological
investigations and further optimization.
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GO07-LK Compound 1 New Hybrid OD336
TNKS2 ICg,: 0.025 pM TNKS2 ICgy: 0.024 pM TNKS2 ICs,: 0.006 uM
HEK293 ICq;: 0.050 uM HEK293 IC5;: 0.019 M

+ Specific vs other ARTDs
+ Good ADME profile
+ Good PK in mouse, rat and dog
+ Efficacious in COLO 320DM
and leukemic p388 mouse model




SCREENING UNIT
SCREENING UNIT

TESTING SUBSTANCES AND FINDING NEW TARGETS

The Screening Unit serves as an open access technology platform for automated
screening, using either compound libraries (~70,000 compounds) or genome-wide
RNA. libraries (human, mouse, nematodes). The platform is typically a part of
scientific collaborations, and its primary aim is to make possible the use of drugs
in academic research for analysis of molecular mechanisms in disease and deve-
lopment. Besides supporting assay development, process automation, screening
and automated data analysis, the Unit engages in the identification of novel
screening technologies that may prove useful in its services. The Unit currently
supports compound screening projects in assay development and optimization

of High-Throughput Screening (HTS, Silke Radetzki), and in process automation
(Martin Neuenschwander), including automated data documentation and
analysis. Genome-wide RNAi and CRISPR-CAS screening (HTS, Katina Lazarow)
has been also established for identification of novel cellular targets.

The Unit is building a central core facility for drug screening on the Campus
Berlin-Buch for the Helmholtz-Initiative fiir Wirkstoffforschung, the Berlin Institute
of Health (BIH), and EU-OPENSCREEN.



DESCRIPTION OF PROJECTS

DNA-DAMAGE INDUCED NF-KB SIGNALING

The research team of Claus Scheidereit is interested in mechanisms and factors
contributing to NF-kB activation by DNA lesions. Finding pathway-selective
inhibitors may help to overcome therapy resistance in cancer treatment. Therefore,
we started with set-up of robust assays for high-content-screening using
automated microscopes to identify drugs, which specifically interfere with DNA-
damage induced NF-kB signaling but not with other kinds of pathway activation.
We used quantification of translocation of the transcription factor from cytoplasm
to nucleus, identified by fluorescently labeled antibodies, as a measure of
activation and inhibition. We identified compounds, which interfere selectively
with DNA damage induced NF-kB activation. These were also used for SILAC
based target identification.

In a next step we suggested to apply genome-wide RNA-interference with a
human RNA.: library to identify novel factors involved in this specific type of
NF-kB activation. For this purpose we applied a luciferase reporter cell line and
performed about 70.000 RNAI transfections to test for about 23.000 cellular
proteins. 1.000 primary hits, modulating NF-kB signaling, were selected for a
second round of validation in the Screening Unit.

In a third approach we wanted to use the CRISPR-CAS technology for application
in automated high-throughput screening. Therefore, we purchased a library
with guide-oligonucleotides for editing about 1.200 genes for factors involved
in proteasomal degradation. In contrast to RNA-interference, which often results in
partial reduction of mRNA and corresponding cellular protein levels, CRISPR-CAS
technology provides a complete removal of specific gene products and allows
for systematic modification by targeted mutation. This approach demonstrated
excellent robustness and data quality.

In summary, all three different NF-kB screens supported showed an exciting
partial overlap of validated targets plus novel targets, which make sense in their
contribution from already published involvement of these factors in cellular
processes like nuclear transport or communication.
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SONST. OFFENTLICHE (SAW, UNIS ETC.) 18,16 %
EUI/INTERNATIONAL 25,15%
SONSTIGE (WIRTSCHAFT, STIFTUNGEN ETC.) 1,97 %

DFG 48,29 %
BUND/LAND 6,44%
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> 60 TECHNISCHE ASSISTENTEN,
TIERHALTUNG 23 %

TECHNISCH-ADMINISTRATIVES
PERSONAL (TECHNICAL
SERVICES, IT, SEKRETARIAT) 5%

VERWALTUNG 3%

DIREKTORAT 2% 2 98

GESAMT

DOKTORANDEN 23 %

olo

35-40

WISSENSCHAFTLER 44 %

<35

BRASILIEN (1), CHINA (7), DEUTSCHLAND (231),FRANKREICH (6),

GEORGIEN (1), GREECE (2), HOLLAND (4), INDIEN ( 4), IRAN (2),

IRLAND (1), ISRAEL (3), ITALIEN (5), KOLUMBIEN (1), MEXIKO (2),

OSTERREICH (4), POLEN (1), PORTUGAL (1), RUSSLAND (3),

SCHWEDEN (1), SCHWEIZ (2), SERBIEN (1), SPANIEN (4), SYRIEN (1), .
TURKEI (2), UK (3), UKRAINE (1), USA (3), ZYPERN (1) NATIONALITATEN
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TECHNOLOGY TRANSFER

TECHNOLOGIETRANSFER

Technology transfer at the FMP supports scientists in
translating their research results into applications. This can
be done, for example, by licensing out patent families to
industrial partners or by supporting spin-off projects. The
following start-ups are currently in preparation:

TUBULIS

As part of a scientific cooperation between the laboratories
of Christian Hackenberger, FMP, and Heinrich Leonhardt,
Ludwig Maximilian University Munich, two processes were

developed to provide proteins with site-specific functiona-

lities. These can be active agents, fluorophores, tracers, small
chemical molecules, proteins and peptides, respectively.
The so-called Tub-tag® and P5 technology form the basis
for the spin-off project Tubulis which will be founded

by Leonhardt and Hackenberger as well as their (former)
employees Jonas Helma-Smets and Dominik Schumacher.
The spin-off aims to market technologies for the production
of diagnostic and therapeutic protein conjugates and to
use these technologies to produce its own diagnostic and
therapeutic products.

The founders are currently supported by the EXIST Research
Transfer | Programme of the BMWi, the m4 Award of the
Bavarian Ministry of Economic Affairs and the Leibniz
Competition of the Leibniz Association. On 16th March 2018,
they also received the Leibniz Start-up Award [Fig. 1] for
the advancement of their corporate concept and ranked
10th among the top 50 start-ups of 2018 in 2019 (www.
fuer-gruender.de).

PROSION

The foundations of the PROSION spin-off project were laid
in many years of cooperation between the laboratories of
Ronald Kiihne, FMP and Hans-Glinther Schmalz, Department
of Chemistry, University of Cologne. The business area of
the future company will initially comprise the development,

manufacture and marketing of novel secondary structure
mimetic building blocks as well as chemical libraries derived
thereof for use in drug research.

ICHTHYOSIS THERAPEUTICS

The groups of Margitta Dathe, FMP, and Heiko Traupe,
Department of Dermatology at the Westfélische Wilhelms-
Universitat Miinster, have developed the basis for

an enzyme replacement therapy for a rare skin disease.
Affected patients lack the enzyme transglutaminase 1,
which crosslinks proteins in the upper skin layers and thus
enables normal skin function by forming the skin barrier.

The team received financial support from patients for the
advancement of the therapeutic approach: the parents of
affected twins started a crowdfunding campaign, and the
first funds were forwarded to the FMP in September 2018.
(https://www.comitatouffi.org).



vorhaben Tubulis, welches von den AG-Leitern Leonhardt
und Hackenberger sowie deren (ehemaligen) Mitarbeitern
Jonas Helma-Smets und Dominik Schumacher gegriindet
wird. Die Ausgriindung hat das Ziel, Technologien fir die
Herstellung von diagnostischen und therapeutischen
Protein-Konjugaten zu vermarkten und mit diesen Techno-
logien eigene diagnostische und therapeutische Produkte
herzustellen.

Zur Zeit werden die Grinder durch das EXIST Forschungs-
transfer | Programm des BMWi, den m4-Award des
bayerischen Wirtschaftsministeriums sowie iber den Leibniz-
Wettbewerb der Leibniz-Gemeinschaft geférdert. Am
16.03.2018 erhielten sie auBerdem den Leibniz-Griinderpreis
[Fig. 1] fir die weitere Entwicklung ihres Unternehmens-
konzepts sowie 2019 Platz 10 unter den Top 50 Start-ups des
Jahres 2018 (www.fuer-gruender.de).

PROSION

Die Grundlagen des Ausgriindungsvorhabens PROSION
wurden in einer langjahrigen Zusammenarbeit zwischen
den Laboren von Ronald Kithne, FMP, und Hans-Ginther
Schmalz, Department fir Chemie, Universitat zu Kéln
erarbeitet. Das Geschéftsfeld der kiinftigen Firma wird
zunéchst die Entwicklung, Herstellung und Vermarktung
neuartiger Sekundéarstruktur-mimetischer Bausteine
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< FIG.1
Bettina Bohm, Jonas Helma-Smets,
Christian Hackenberger,
Dominik Schumacher, Matthias Kleiner

umfassen sowie davon abgeleitete chemische Bibliotheken
zum Einsatz in der Wirkstoffforschung.

ICHTHYOSIS THERAPEUTICS

Die Arbeitsgruppen von Margitta Dathe, FMP, und Heiko
Traupe, Hautklinik der Westfalischen Wilhelms-Universitat
Munster, haben die Grundlagen fiir eine Enzymersatztherapie
einer seltenen Hautkrankheit erforscht. Den Patienten
fehlt das Enzym Transglutaminase 1, das in den oberen
Hautschichten Proteine quervernetzt und so durch Bildung
der Hautbarriere eine normale Hautfunktion erméglicht.

Finanzielle Hilfe zur weiteren Entwicklung des Therapie-
ansatzes bekam das Team von Seite der Patienten: Die Eltern
von betroffenen Zwillingen haben eine Crowdfunding-
Kampagne gestartet, die ersten Gelder wurden im September
2018 an das FMP weitergeleitet. (https://www.comitatouffi.org).
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PUBLIC RELATIONS

OFFENTLICHKEITSARBEIT

HEAD/LEITUNG
Silke OBwald M.A., M.Sc.

Public relations activities cover many aspects, including
brochures, flyers and an internal newsletter (FMP
interview) as well as press releases, websites and social
media. Every year we receive visitors and organize
several events:

Die Offentlichkeitarbeit hat viele Aspekte, zu nennen
waren Broschiiren, Flyer und ein interner Newsletter
(FMP Interview) sowie Pressemitteilungen, Website und
Social Media. Jedes Jahr empfangen wir Besucher*innen
oder nehmen an Events teil:

FMP CHEMLAB

The ChemLab is the student laboratory of the FMP.
Since 2010, scientists have been teaching chemistry
methods in a vivid and unconventional way. These
courses are available: caffeine, dyes, plastics, fragrances
and proteins. In 2017 and 2018, a total of 800 students
attended the ChemLab.

FMP CHEMLAB

Das ChemLab ist das Schiilerlabor des FMP. Hier
vermitteln seit 2010 Wissenschaftler*innen Methoden
der Chemie anschaulich und unkonventionell. Zur Wahl
stehen diese Kurse: Koffein, Farbstoffe, Kunststoffe,
Duftstoffe und Proteine. 2017 und 2018 besuchten
insgesamt 800 Schiler*innen das ChemLab.

66 PUBLIC RELATIONS

LONG NIGHT OF SCIENCES

Every year, thousands of visitors come to the Campus Buch
to experience the latest in research in lectures and laboratory
tours. More than 100 program items attract visitors to the
institutes.

Visits 2017 (10,200); 2018 (7,200)

LANGE NACHT DER WISSENSCHAFTEN

Jedes Jahr nehmen Tausende von Besucher*innen am
grof3en Experimentieren auf dem Campus Buch teil und
erleben in Shows, Vorlesungen oder Laborfihrung Aktuelles
aus der Forschung in mehr als 100 Programmpunkten.
Besuche 2017 (10.200); 2018 (7.200)

CHEMISTRY COURSE FROM BERLIN- LICHTERFELDE
SYNTHESIZES “LOVE POWDER”

Students synthesized the hormone oxytocin by coupling amino
acids using the SPPS method (Solid Phase Peptide Synthesis).
This provided them an insight into scientific research practice
and the working environment at a research institute.

CHEMIE-LEISTUNGSKURS AUS BERLIN- LICHTERFELDE
SYNTHETISIERT , LIEBESPULVER"

Schiiler*innen synthetisierten das Hormon Oxytocin durch
Kopplung von Aminoséduren mit der SPPS-Methode (Solid
Phase Peptide Synthesis). So konnte ein Einblick in die
naturwissenschaftliche Forschungspraxis und Arbeitsathmo-
sphére an einem Forschungsinstitut gewonnen werden.
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MAL GANZ
GRUND-

SATZLICH:
PROTEINE

BERLIN SCIENCE WEEK

Exploring Berlin as a “Brain City” has been possible at Science
Week since 2016. For ten days, Berlin is transformed into

a showcase for science. The FMP moved closer to the city
centre with a format combining “Science in the Pub”

and a podcast. Janine Kirstein was the first guest at André
Lampe’s new podcast “mal ganz grundsatzlich”.
(mgg.andre-lampe.de.)

Follow us/Folgen Sie uns auf:
6 @LeibnizFMP
@fmp.berlin

GIRLS' DAY

Schoolgirls from different grades are guests in the research
groups at the FMP every year. For one day, they can look
over the researchers’ shoulders and try out small experiments
for themselves.

FORSCHUNGSBERICHT 2017/2018

SOAPBOX EVENT

Women scientists present their topics in public places in an
entertaining and understandable way, for example in 2017 at
the Tempelhofer Feld in Berlin or in the Sony Center.

INDEPENDENT PROJECT

WIRKSTOFFRADIO (EPISODES ONLY IN GERMAN)
Regardless of where Bernd Rupp and André Lampe meet,
whether in Bernd'’s living room or in a laboratory visiting
scientists - the topics always focus on active substances of
drugs. With great enthusiasm for science, research and a lot
of curiosity, new episodes are produced for the Podcast
"Wirkstoffradio” every second week. You are invited

to listen to the episodes and to subscribe via the usual
“Podcatcher” or directly via the website wirkstoffradio.de.
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EDUCATION
AND TRAINING

AUSBILDUNG

Sharing knowledge! The promotion of young, talented
people is a central concern at the FMP:

STUDENT LABORATORY FMP-CHEMLAB

In the ChemLab, located in the Glasernen Labor, students
from upper and secondary schools slip into the role of
chemists and carry out experiments that are impossible to
implement in school laboratories. The courses are available
in caffeine, dyes, plastics, fragrances and proteins.

APPRENTICESHIPS

From school desk to lab bench! Our trainees as animal keep-
ers or biology laboratory assistants can expect a comprehen-
sive program in the working groups at the FMP. The training
is supplemented by courses in the MDC learning laboratory
together with the trainees of the Campus Berlin-Buch.

The theoretical training takes place in the Berufsschulen
Lise-Meitner Schule (for biology laboratory assistants) and
Peter-Lenné-Schule (for animal keepers).

ACADEMIC STUDIES

Students are welcome to do the experimental work for their

bachelor and master theses in our institute. We offer the

following courses as an introduction to working here:

- Seminar and Practical Course Molecular Pharmacology
and Cellular Signal Transduction (Ralf Schiilein, Volker
Haucke)

- Biological NMR spectroscopy (Hartmut Oschkinat)

- NMR Spectroscopy and Imaging (Hartmut Oschkinat)

- Functional analysis of molecular chaperones and their role
in neurodegenerative diseases (Janine Kirstein)

- NMR School (Peter Schmieder)

PHD - THE FMP GRADUATE SCHOOL

For a successful PhD, doctoral students should not only be
well supervised in their project, but should also get to know
the research questions and methods of other groups and
finally be able to build networks. In order to structure and
improve training and supervision, the FMP Graduate School
was opened in 2013 and accessible to all PhD students.

The Graduate School is headed by Christian Hackenberger,
the administration is in the hands of Katrin Wittig.

NETWORKING ON THE BERLIN-BUCH CAMPUS

During the doctoral period, the Graduate School will hold
a joint annual retreat with the Max Delbruck Center for
Molecular Medicine (MDC) as well as postdoctoral retreats,
which are jointly organized by the two institutes.



ALL RESEARCH GROUPS

ALLE FORSCHUNGSGRUPPEN

MOLECULAR
PHYSIOLOGY AND
CELL BIOLOGY

PHYSIOLOGY AND PATHOLOGY
OF ION TRANSPORT
Thomas J. Jentsch

MOLECULAR PHARMACOLOGY
AND CELL BIOLOGY
Volker Haucke

MOLECULAR NEUROSCIENCE AND
BIOPHYSICS

Andrew Plested

Heisenberg Guest Group

MEMBRANE TRAFFIC AND CELL MOTILITY
Tanja Maritzen
Junior Research Group

PROTEOSTASIS IN AGING AND DISEASE
Janine Kirstein
Junior Research Group

MOLECULAR AND THEORETICAL
NEUROSCIENCES

Alexander Walter

Emmy Noether Junior Group,
Liaison Group Neuroscience

PROTEIN TRAFFICKING
Ralf Schiilein

STRUCTURAL
BIOLOGY

MOLECULAR BIOPHYSICS
Adam Lange

NMR-SUPPORTED
STRUCTURAL BIOLOGY
Hartmut Oschkinat

MOLECULAR IMAGING
Leif Schroder
Junior Research Group

COMPUTATIONAL CHEMISTRY/
DRUG DESIGN
Ronald Kiithne

STRUCTURAL BIOINFORMATICS
AND PROTEIN DESIGN
Gerd Krause

CHEMICAL
BIOLOGY

CHEMICAL BIOLOGY I
Christian Hackenberger

CHEMICAL BIOLOGY |
Dorothea Fiedler

STRUCTURAL INTERACTOMICS
Fan Liu

MEDICINAL CHEMISTRY
Marc Nazaré



ADMINISTRATIVE AND

TECHNICAL SERCIVES

ADMINISTRATIVE UND
TECHNISCHE DIENSTLEISTUNGEN

DIRECTORATE

Managing Director

Director

Scientific Coordinators

Public Relations

Technology Transfer

PhD Program Coordinator

Secretary

OFFICES

Department of NMR-Supported
Structural Biology

Department of Chemical Biology

Scientific Coordinator Department
of Physiology and Pathology of lon
Transport

Department of Molecular Biophysics

ADMINISTRATION

Head Administration

Personnel Management

General Administration

General Administration

General Administration

Secretary

COMPUTER SERVICES (IT)

Chief Information Officer (CIO),
System Administration

System Administration

Service Engineer

Service Technician

TECHNICAL SERVICES

ANIMAL CARE OFFICER

WORKPLACE SAFETY

LASER SAFETY OFFICER

WORKS COUNCIL

EQUAL OPPORTUNITIES
COMMISSIONER

OMBUDSPERSONS

GENETIC ENGINEERING/
BIOLOGICAL SAFETY
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