Figure 5. (A) Turbidity plot showing reentrant phase separation behavior of a-syn:PrP. (B) Confocal images of complex coacervates
of PrP (Alexa-594) and a-synuclein (Alexa-488) showing complete colocalization. Fluorescence anisotropy decay of single-cysteine
a-synuclein labeled using IAEDANS in monomeric dispersed (C) and in phase-separated states (D). (E) Schematic illustration of
complex phase transitions of a-syn and PrP (Adapted from Ref. 14).
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single-droplet Raman spectroscopy, we
next set out to perform SERS experiments.
Based on the net positive charge on FUS,
we prepared negatively charged silver nan-
oparticles, coated them with iodide and
performed single-droplet SERS measure-
ments in the presence of low concentration
of iodide modified silver nanoparticles. Using
confocal imaging, we established that the
surface-modified silver nanoparticles got
encapsulated into FUS liquid droplets (Fig.
6B). Our FRAP measurements indicated little
or no changes in the internal material prop-
erty of FUS condensates in the presence of
nanoparticles (Fig. 6C). We performed SERS
experiments with a much lower laser power
(6 mW) and were able to obtain Raman
signals with an enhancement in the order
of = 1 0* (Fig 8D). In these experiments, we
captured Raman bands of a large number of
side chain vibrations as well as an increase
in the overall structural content in droplets

(Fig. 6E). RNA being a well-studied mod-
ulator of phase behavior and condensate
properties, we also performed single-droplet
SERS experiments to unravel the sequence
of events upon the addition of polyU RNA.
Taken together, by employing ultrasensi-
tive SERS methodology, we were able to
access the wealth of molecular information
in a droplet-by-droplet fashion for both FUS
homotypic and FUS-RNA heterotypic con-
densates. This tool can be further extended
to study other phase separating systems
involved in physiology and disease.

Conclusion and Future Directions
Liquid-liquid phase separation has
emerged as an important mechanism
controlling spatiotemporal organization in
biology. Whereas, liquid-to-solid phase
transitions of IDPs/IDRs are thought to
be associated with a range of debilitating
human diseases. Therefore, delving deeper

into the molecular determinants will help
us understand the fundamental molecular
mechanisms and will allow us to develop
therapeutic strategies to combat aberrant
phase transitions associated with disease.
As conformational fluctuations and chain
flexibility have emerged as crucial factors
for phase separation and for maintaining
the dynamic liquid-like nature, our recent
findings on internal friction of IDPs'®'" will
be of great importance in understanding
conformational characteristics of proteins
within biomolecular condensates. Our
future investigations will aim at unveiling
the complex interplay of protein-protein and
protein-nucleic acid interactions as well as
the impact of pathological mutations and
post-translational modifications in biological
phase transitions involved in cell physiology
and disease.
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