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Discovery of new drugs against African sleeping sickness, Chagas disease, and
Leishmaniasis

A major aim of our research is the discovery of new drugs against trypanosomatids.
Trypanosomatid parasite infections result in devastating diseases among the poor
population in developing countries. Three of these diseases are caused by the protozoan
parasites of the family trypanosomatidae Trypanosoma and Leishmania. African sleeping
sickness, Chagas disease, and Leishmaniasis are caused by T. brucei, T. cruzi, and
Leishmania respectively. Currently about twenty million people are infected. Owing to
migration, T. cruzi infected population is also residing in the developed countries
(100,000 in the EU and 300,000 in the US). Currently used drugs are toxic, lack efficacy
against different stages of the disease and drug-resistant strains are emerging. No
vaccine is available as these parasites evade host immune response by antigenic-
variation or by hiding from the host immune defense.

Glycosomes are peroxisome-related organelles found only in Trypanosomatid parasites.
The first seven enzymes of the glycolysis and also other essential metabolic pathways
are compartmentalized inside the glycosomes. This compartmentation is essential since
the parasite glycolytic enzymes lack feedback regulation. Their mislocalization to the
cytosol leads to ATP depletion, accumulates glucose metabolites to toxic levels and kills
the parasites. Glycosomal enzymes are recognized by the receptor PEX5 in the cytosol.
The receptor-cargo complex docks at the glycosomal membrane by binding to PEX14.
PEXS5 and PEX14 together constitute a transient pore which transports the enzymes into
the glycosome lumen. We report a way to selectively kill Trypanosoma by blocking
glycosomal/peroxisomal import that depends on the PEX14-PEXS5 protein-protein
interaction. In cooperation with the Helmholtz-Institute Munich, we developed small
molecules that efficiently disrupt the PEX14-PEX5 interaction. This results in
mislocalization of glycosomal enzymes, causing metabolic catastrophe, and it kills the
parasite. High-resolution x-ray structures and nuclear magnetic resonance data enabled
the efficient design of inhibitors with trypanocidal activities comparable to approved
medications. These results identify the glycosomal protein import machinery as an
“Achilles’ heel” of the Trypanosoma suitable for the development of new therapies
against trypanosomiases and provide the structural basis for their development. As a
proof-of principle, we could show that small molecule inhibitors of receptor docking to
the peroxisomal membrane disrupt glycosomal protein import and kill Trypanosoma
parasites (Dawidowski et al.,2017).

Protein import into Peroxisomes

Protein sorting plays a fundamental role in the biogenesis and maintainance of

peroxisomes. Proteins resident in the peroxisomal matrix are encoded by nuclear genes,

synthezised on free ribosomes, and imported post-translationally into the organelle. The

transport requires both ATP and cytosolic factors and recent evidence suggests that
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peroxisomal proteins can be imported in a folded state. Genetic and biochemical evidence
indicates that two pathways are involved in the sorting process of peroxisomal matrix
proteins, corresponding to the existence of two distinct peroxisomal targeting signals,
the C-terminal PTS1 and N-terminal PTS2. Recognition of PTS1- and PTS2-targeting
signals is performed in the cytosol by the PTS-specific import receptors, Pex5p and
Pex7p, respectively. The widely accepted ‘extended shuttle’ model of peroxisomal
protein import suggests that the import receptors Pex5p and Pex7p bind cargo proteins
in the cytosol, dock to specific proteins at the periphery of the peroxisomal membrane,
subsequently enter the peroxisome, release their cargo in the lumen of the peroxisome,
and shuttle back to the cytoplasm. We have identified and characterized components of
a docking complex for both signal recognition factors (Pex13p, Pex14p and Pex17p, see
) indicating that the two pathways are not independent but overlap at the level of the
peroxisomal membrane. A main line of our research is the functional characterization
and structural analysis of components of the peroxisomal protein import machinery.
Components of the import machinery will be crystallized and subjected to structural
analysis. In vivo and in vitro are used to study the functional interactions of the proteins
involved in the recognition and transport of peroxisomal proteins. We also apply new
methods to identify new components of the import machinery and we develope anin vitro
system to study the mechanism of the translocation process.

Biogenesis of the Peroxisomal Membrane

We recently discovered that the post-translational targeting of peroxisomal matrix and
membrane proteins from the cytosol to peroxisomes is performed by distinct pathways.
The identification and characterization of components of the pathway for the post-
translational targeting of peroxiosmal membrane proteins is a line of research in our
laboratory. However, recent evidence suggests the existence of a new protein transport
route to peroxisomes via a preperoxismal compartment which might be the endoplamic
reticulum. A subset of peroxisomal membrane proteins might be targeted first to the
endoplasmic reticulum and subsequently to peroxisomes by a vesicle-mediated
transport (see). Following the intracellular routing of selected membrane proteins and
by functional analysis of suspected components of this pathway, we indend to contribute
to the elucidation of this vesicle-mediated transport of peroxisomal membrane proteins.

Peroxisomal Metabolism and Metabolite Transport

We established a reverse genetic approach to identify yeast peroxisomal proteins which
combines traditional cell fractionation with modern computer techniques. Peroxisomal
matrix and membrane proteins were isolated by subcellular fractionation and extraction
techniques and isolated proteins were subjected to microsquencing and mass spec
analysis. As the yeast genome is sequence, the generated sequence or mass spec data
usually were sufficient to identify the corresponding protein by computer analysis. So far,
we identified more than 20 new peroxisomal matrix and membrane proteins, comprising

3



new peroxisomal enzymes as well as metabolite transporters. The functional analysis of
these proteins will improve our knowledge on peroxisomal metabolism and metabolite
transport across the peroxisomal membran.

Proliferation of Peroxisomes

Peroxisomes are supposed to multiply by growth and division. In line with this
assumption, we identified Pex11p, deficiency of which results in the generation of giant
peroxisomes in yeast (see). This phenotype indicated that Pex11p is required for the
proliferation of peroxisomes. Pex11p is the first and only component identified which is
required for this cellular process. In an attempt to identify other proteins of this type, we
currently apply a genome wide screen for peroxisomal mutants with abberant
peroxisome morphology.

Forschung Zellbiochemie
Unsere Forschungsprojekte

Das Humane Apoliprotein L1 (APOL1)

Das VacA-Toxin von Helicobacter pylori

Das Effektorprotein PorB von Neisseria gonorrhoeae

Das Effektorprotein MAP Enteropathogener Escherichia coli-Stdmme (EPEC)
Interaktionen viral kodierter Proteine mit Mitochondrien

Mitochondrialer Proteinimport

Das Humane Apoliprotein L1 (APOL1)

APOL1 ist der Trypanolytische Faktor in menschlichem Serum und somit Teil des
angeborenen Immunsystems zur Abwehr von Parasiten. Der protozoe Parasit
Trypanosoma brucei wird durch den Biss der Tsetse-Fliege von Wirt zu Wirt Gbertragen
und ist in grof3en Teilen Subsahara-Afrikas endemisch. Die Infektion mit den Subtypen
T. b. gambiense bzw. T. b. rhodesiense fuhrt bei menschen zur Afrikanischen
Schlafkrankheit. Erstaunlicherweise ist der weit verbreitete Subtyp T. b. brucei nicht
humanpathogen, da dieser durch APOL1 im menschlichen Blut lysiert wird. APOL1 liegt
im Blut an high density lipoprotein (HDL)-Partikel gebunden vor, welche von
Trypanosomen durch Endozytose aufgenommen werden. Anschlief3end wird APOL1
zum Mitochondrium des Parasiten transportiert und lagert sich in dessen
Auf3enmembran ein. Dort bildet es Poren, durch welche es zur Freisetzung der
Endonuklease ThEndoG aus dem Intermembranraum kommt. Diese baut die
trypanosomale DNA im Zellkern ab und fiihrt dadurch zum Tod des Parasiten.
Interessanterweise weist APOL1 Ahnlichkeiten zu proapoptotischen Proteinen der Bcl-



2 Familie auf, und mechanistisch dhnelt die Trypanolyse durch APOL1 der Apoptose in
héheren Eukaryoten.

Das VacA-Toxin von Helicobacter pylori

Helicobacter pylori ist ein wesentlicher Faktor in der Bildung von Magengeschwdren.
Infektionen mit diesen Bakterien erh6hen zudem das Risiko zur Entwicklung von
Magenkrebs. Helicobacter pylori Gberlebt in der Schleimschicht, die den Epithelien des
Magens aufliegt. Etwa 1/3 der Weltbevdlkerung ist infiziert, etwa 10% der Infektionen
hat klinische Symptome zur Folge. Das VacA-Toxin wird von Helicobacter pylori mit
Hilfe eines Autotransporters an das umgebende Medium abgegeben. Das Toxin wird in
zwei Teile geschnitten, p58 und p34, die durch nicht-kovalente Wechselwirkungen
miteinander verbunden bleiben. p58 ist essentiell fir die Bindung des Toxins an die
Wirtszellen, sowie fir das Eindringen durch Endozytose. VacA transloziert
anschlief3end in die Mitochondrien der Wirtszellen und l6st dabei eine Freisetzung von
Cytochrom c und Apoptose aus. Derzeit wird untersucht, wie das Toxin in die
Mitochondrien gelangt und wie es dabei zur Auslésung der Apoptose kommt.

Das Effektorprotein MAP Enteropathogener Escherichia coli-Stamme (EPEC)

Escherichia coli ist allgemein als nicht-pathogener Modellorganismus der
Molekularbiologie bekannt. Es gibt aber auch Stdmme, die verschiedene
Virulenzfaktoren bilden und zu den Krankheitserregern zahlen. Enteropathogene E. coli
(EPEC) sind in vielen tropischen Landern Erreger geféahrlicher Durchfallerkrankungen
bei Kindern und tragen wesentlich zu einer hohen Sauglingssterblichkeit bei. Vermittelt
durch ein Typ lll-Sekretionssystem injizieren EPEC das Protein MAP in ihre Wirtszellen.
MAP ist ein Mitochondrien-assoziiertes Protein, dessen pathophysiologische Funktion
bislang noch unbekannt ist. Die Effekte, die das MAP in den Wirtszellen ausldsen, sind
Gegenstand eines weiteren Projektes der Arbeitsgruppe.



