Single-molecule investigation of pathological protein condensates by combining

microfluidics with fluorescence microscopy
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BACKGROUND: phase separation

 Biological liquid-liquid phase separation (LLPS) is the spontaneous demixing of multivalent biomolecules, such as intrinsically disordered proteins (IDPs), into distinct

—

liquid phases within a solution.

i
,/\l'/b\" ‘\{}\,{}g\/\ S o
Multivalent L
biomolecule SRy {3
i
L 2RIy
i3

Solute gV o oL

Irreversible pathological state

-+ +F

Intermediate states (IS) and local

* Crucial for compartmentalizing specific biomolecules in subcellular environments
microenvironmental changes In

« Regulates cellular processes

the pathological condensate
Q « Dysregulated condensate formation (pathological states) has been linked to the formation pathway may act as
development of neurodegenerative disorders and cancers potential  therapeutic targets

Incomplete knowledge of local microenvironmental changes and Objective: elucidate the microenvironmental changes and intermediate
Intermediate  conformational states responsible for pathological ‘ conformational states responsible for pathological condensation on a
condensation hinders the development of targeted drugs molecular level

METHOQOD: study single molecules

The microfluidic device enables precise control of phase-separation parameters and Single-molecule Forster resonance energy transfer
allows a one-by-one droplet flow (smFRET)

T * Fluorescently labeled biomolecules transfer energy
@ One phase upon close proximity (<10 nm)
2 * Measuring the energy transfer probes conformational
"éi changes of the labeled molecule and local
I microenvironmental changes within the droplet
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NOVELTY OF EXPERIMENTAL SET-UP:

 Droplet formation: a one-by-one droplet flow system with trace amounts of
fluorescently labeled biomolecules enables smFRET measurements and the

observation of early pathological condensate formation events.

Parameter flexibility: the experimental setup offers versatile adjustment of crucial
parameters, providing the capability to investigate their effect on droplet formation
and molecular conformational changes of phase-seperating biomolecules.

Microenvironmental and intermediate conformational
changes in the pathological condensate formation pathway
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