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MAPPING VISCOSITIES OF LIPID BILAYERS IN LIVE CELLS AND
MODEL MEMBRANES THROUGH FLIM

Artiiras Polita', Gintaras Valinéius'

!Institute of Biochemistry, Life Sciences Center, Vilnius University, Lithuania
arturas.polita@bchi.stud.vu.lt

Viscosity is the essential physical characteristic of cell membranes — it controls diffusion of lipids and
macromolecules, affects the lipid raft formation, and influences the passive transport of solutes across the plasma
membrane. Lipid membranes are inherently heterogeneous and are able to phase separate into liquid ordered (Lo) and
liquid-disordered (Ld) domains. Viscous Lo phase is of particular biological importance — ordered microdomains of
lipids and proteins, so called lipid rafts, play a key role in immune signaling [1,2], host-pathogen interactions [3,4],
cardiovascular diseases [5], and cancer [6-8]. Thus, the ability to distinguish Lo and Ld phases and determine their
precise viscosity values is of great interest and viscosity-sensitive probes offer a convenient solution for this task.

In this work, we present novel membrane-targeting viscosity probe — BODIPY-PM. Combining the use of
BODIPY-PM with Fluorescence Lifetime Imaging Microscopy (FLIM), we demonstrate the ability of BODIPY-PM to
recognize Lo and Ld phases in complex biological systems — large unilamellar vesicles (LUVs), tethered bilayer
membranes (tBLMs) and live cancer cells (Fig. 1). In addition, we explore the plasma membrane viscosity changes in
cells that undergo apoptosis. Importantly, our method allows both imaging and dynamic monitoring of viscosity
changes in real time in live cells, as well as model lipid systems.

Fig. 1. FLIM images of DOPC/DPPC/Chol LUV showcasing phase separation (A), DOPC/DPPC/Chol tBLM with
Lo domain in the center (B), viscosity changes in cancer cells during apoptosis — on the left, and before apoptosis — on
the right (C).
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