Phase separation and small molecule interference with aggregation:
treatment options for neurodegeneration
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Phase separation of polymers is well known for synthetic polymers but was recently
discovered to be functionally important also for biopolymers forming liquid liquid phase
separated compartments without membranes. Results on a system, relevant in B cells will be
presented that relies on phase separation of three components, lipid vesicles and two
scaffolding proteins that are largely intrinsically disordered, namely SLP65 and CIN85.

While phase separation of biopolymers occurs that keep the rotational correlation time in the
one digit nanosecond range, other biopolymers aggregate forming finally fibrils. We have
studied the process of aggregation of a-synuclein and other proteins involved in
neurodegeneration on membranes in vitro and identified key time points in the aggregation
process, that enable targeted isolation of a so called intermediate I and the fibrillar endpoint
(2). Intermediate I has the characteristics of a toxic oligomer. In addition, we determined the
structure of anle138b, a clinical drug candidate (3) bound to fibrils that were grown in the
presence of lipids (4) that are doped with anle138b (5). Anle138b is not only clinically
relevant but changes the organization of the aggregates regarding density and particle size
which we try to understand by studying the structure of these aggregates.

References:

1) Michael Engelke, Sona Pirkuliyeva, Julius Kiihn, Leo Wong, Janina Boyken, Nadine Herrmann, Stefan
Becker, Christian Griesinger, Jiirgen Wienands, Macromolecular assembly of the adaptor SLP-65 at
intracellular vesicles in resting B cells, Science signaling: 7 (339) ra79 (2014); Kiihn, Julius; Wong, Leo E.;
Pirkuliyeva, Sona; Schulz, Kathrin; Schwiegk, Claudia; Fiinfgeld, Kevser G.; Keppler Selina; Batista,
Facundo D.; Urlaub, Henning; Habeck, Michael; Becker, Stefan; Griesinger, Christian; Wienands; Jiirgen
“The adaptor protein CIN85 assembles intracellular signaling clusters for B cell activation” Sci. Signaling 9
(434), ra66 (2016); Leo E. Wong, Arshiya Bhatt, Philipp S. Erdmann, Zhen Hou, Joachim Maier, Sona
Pirkuliyeva, Michael Engelke, Stefan Becker, Jiirgen Plitzko, Jiirgen Wienands, Christian Griesinger
“Tripartite phase separation of two signal effectors with vesicles priming B cell responsiveness” Nat. Comm. 11,
Article number: 848 (2020); Daniel Sieme, Michael Engelke, Nasrollah Rezaei-Ghaleh, Stefan Becker,
Jiirgen Wienands, Christian Griesinger , Autoinhibition in the Signal Transducer CIN85 Modulates B Cell
Activation“ doi: https://doi.org/10.1101/2023.07.31.551229; Joachim Maier, Daniel Sieme, Leo E. Wong,
Furqan Dar, Juergen Wienands, Stefan Becker, Christian Griesinger “Quantitative description of the phase
separation behavior of the multivalent SLP65-CIN85 complex” doi: https://doi.org/10.1101/2023.07.31.551239

2) L. Antonschmidt, R. Dervisoglu, V. Sant, K. A. Tekwani Movellan, 1. Mey, D. Riedel, C. Steinem,
S. Becker, L. B. Andreas, C. Griesinger. Insights into the molecular mechanism of amyloid filament formation:
segmental folding of a-synuclein on lipid membranes/Molecular mechanism of aS filament folding on
membranes, Sci. Adv. 7(20) eabg2174

3) J. Wagner, S. Ryazanov, A. Leonov, J. Levin, S. Shi, F. Schmidt, C. Prix, F. Pan-Montojo, U. Bertsch, G.
Mitteregger-Kretzschmar, M. Geissen, M. Eiden, F. Leidel, T. Hirschberger, A. A. Deeg, J. J. Krauth, W.
Zinth, P. Tavan, J. Pilger, M. Zweckstetter, T. Frank, M. Bdhr, J. H. Weishaupt, M. Uhr, H. Urlaub, U.


https://doi.org/10.1101/2023.07.31.551229

Teichmann, M. Samwer, K. Botzel, M. Groschup, H. Kretzschmar, C. Griesinger, A. Giese, “Anle138b: a
novel oligomer modulator for disease-modifying therapy of neurodegenerative diseases such as prion and
Parkinson’s disease”, Acta Neuropathol. 125, 795-813 (2013); Michal Wegrzynowicz, Dana Bar-On, Laura
Calo, Oleg Anichtchik, Mariangela Iovino, Jing Xia, Sergey Ryazanov, Andrei Leonov, Armin Giese, Jeffrey
Dalley, Christian Griesinger, Uri Ashery, Maria Grazia Spillantini. “Depopulation of a-synuclein aggregates
is associated with rescue of dopamine neuron dysfunction and death in a new Parkinson disease model” Acta
Neuropathol. 138, 575-595 (2019); Johannes Levin, Nand Sing, Sue Melbourne, Amber Morgan, Maria
Grazia Spillantini, Michal Wegrzynowicz, Jeffrey W. Dalley, Sergey Ryazanov, Andrei Leonov, Christian
Griesinger, Felix Schmidt, Daniel Weckbecker, Kai Prager, Torsten Matthias, Armin Giese, Safety,
tolerability and pharmacokinetics of the oligomer modulator anle138b with exposure levels sufficient for
therapeutic efficacy in a murine Parkinson model: a randomised, double-blind, placebo-controlled phase 1 trial
EBioMedicine 80, 104021 (2022); NCT04685265

4) Benedikt Frieg, Leif Antonschmidt, Christian Dienemann,James A. Geraets, Dirk Matthes, Bert de Groot,
Stefan Becker, Loren B. Andreas, Christian Griesinger, Gunnar F. Schréder. Lipid-induced polymorphism of
a-synuclein fibrils: Nat. Commun. 13, 6810 (2022); Benedikt Frieg, Mookyoung Han, Karin Giller, Christian
Dienemann, Dietmar Riedel, Stefan Becker, Loren B. Andreas, Christian Griesinger, and Gunnar F.
Schréder. Cryo-EM structures of lipidic fibrils of amyloid-p(1-40)
https://biorxiv.org/cgi/content/short/2023.06.28.546947v1

5) L. Antonschmidt, R. Dervisoglu, D. Matthes, C. Dienemann; A. Leonov, V. Sant, S. Ryazanov, S. Becker,
A. Giese, Gunnar Schréder, B. de Groot, C. Griesinger, L. B. Andreas. The small molecule drug candidate
anle138b is incorporated into a-synuclein fibrils Nat. Commun. (2022) 13:5385


https://biorxiv.org/cgi/content/short/2023.06.28.546947v1

