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Discovery of a Phase-Separating Small Molecule That Selectively Sequesters Tubulin
a0 H in Cells.
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Cells organize their contents into organelles, which have classically been considered as
membrane-separated architectures. However, increasing reports have demonstrated the presence of
membraneless organelles which can demix into distinct phases within the cells that form via
liquid-liquid phase separation. Synthetic mimics of biomolecular membraneless organelles
exploiting nucleic acids, peptides or small proteins has been reported. To date, only very limited
success has been achieved using small molecules in formulating organelle-like structures that are
capable of controlling biological processes. In the present study, a library of chemical compounds
was screened for the discovery of small organic molecules that form artificial organelle-like
condensates.

In order to search for phase-separating small molecules that specifically interact with cellular
proteins, this study exploited a previously reported in-house chemical library of self-assembling
small molecules. A cell-lysate-based co-precipitation screening of 843 library molecules led to the
discovery of a self-assembling molecule, which was named R-huezole, that co-precipitated with a
~50-kDa protein selectively in the cell lysate. LC-MS analysis identified the co-precipitated
protein as tubulin. In-depth analysis of R-huezole, including confocal microscopy and
fluorescence recovery after photobleaching (FRAP) experiments, indicated that R-huezole
gradually forms phase-separated liquid-like droplets in an aqueous solution to interact selectively
with tubulin. Extended incubation of the R-huezole-tubulin condensates under a highly
polymerization-inducing condition nucleated microtubules to form a centrosome-like microtubule
aster similar to those previously observed in vitro with spindle-forming protein condensates.

Tubulin is a building block for microtubules, a protein assembly that drives cell division and
intracellular transport. Cell culture experiments suggested that R-huezole prevents cell mitosis by
forming a large number of tubulin-concentrating, phase-separated condensates in cells. Although
the huezole condensates are not perfect mimetics of centrosome, huezole may represent the small
organic molecules that exert biological activity by capturing characteristics of cellular
biomolecular condensates.

The structure of huezole comprises of two features that mimic naturally occurring proteins in
membraneless organelles. Namely a flexible tail for condensation and a more ordered structure for
association with other proteins. Structure-activity relationship, NMR, and molecular dynamics
experiments showed that the piperazine amide tail of huezole is required for self-assembly.
Fluorescence polarization experiments suggested that the benzylphenyl triazole moiety engages in the
interaction with tubulin.

The present study demonstrates the feasibility of producing a synthetic condensate out of a non-peptidic
small molecule for exogenous control of cellular processes.  Such self-assembling small molecules, with their
cell permeability, stability, and chemical tractability, may open new possibilities for organelle-emulating
molecules that complement the more established peptide-or protein-based artificial organelles.
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