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Actomyosin contractility generated cooperatively by nonmuscle myosin II
(NMII) and actin filaments plays essential roles in a wide range of biological processes,
such as cell motility, cytokinesis, and tissue morphogenesis. To analyze the function of
contractile force, small chemical compounds have been widely used. While these
compounds have allowed researchers to better understand the function of NMII, it is
still technically challenging to control their actions at the subcellular resolution because
of their rapid diffusion. To overcome the limitation, recent efforts have been devoted to
the development and application of optogenetic tools to manipulate cell signaling
related to actomyosin contractility. Although many of these tools enhance actomyosin
contractility, tools that decrease actdmyosin contractility below the basal level have not
yet been developed. In this study, I developed an optogenetic tool, named OptoMYPT,
to decrease actomyosin contractility at the subcellular level. .

The NMII is inactivated by the dephosphorylation of its light chains (MLCs).
To decrease the intracellular contractile force by light, I focused on MYPT1, which is
a regulatory subunit of myosin light chain phosphatase. The strategy of OptoMYPT to
decrease contractile force is based on inducing membrane translocation of the PPlc-
binding domain (PP1BD) in MYPT1 with light, resulting in the co-recruitment of
endogenous PPlc at the plasma membrane and dephosphorylation of MLC beneath the
plasma membrane. As an optogenetic switch in this study, I mainly employed the
improved Light-Induced Dimer (iLID) system, which binds to its binding partner, SspB,

upon blue light illumination and dissociates from SspB under the dark condition, I first



optimized the length of PP1BD and confirmed the efficient light-induced membrane
translocation of the PP1BD and exogenous/endogenous PPlc.

To evaluate whether the OptoMYPT dephosphorylates MLC in a blue light-
dependent manner, I directly measured phosphorylated MLC with immunofluorescence.
The blue light was locally illuminated at the lamellipodia in Madin-Darby Canine
Kidney (MDCK) cells expressing OptoMYPT proteins. The quantification of
phosphorylated MLC fluorescence intensity in dark and light illuminated areas revealed
a partial but significant reduction in the phosphorylated MLC level. Based on the
western blotting analysis, I also found that the global blue light illumination partially
decreased the phosphorylated MLC level. In addition, membrane protrusions were
observed in the light-illuminated lamellipodial region, consistent with the morphology
of the cells treated with NMII inhibitors.

Next, I examined whether the decrease in MLC phosphorylation by OptoMYPT
affects actomyosin-based contractile force. To do this, I employed traction force
microscopy, which is a method of estimating the force with which cells pull on a
substrate. The traction was decreased by local blue light illumination to the
lamellipodial region in randomly migrating MDCK cells expressing OptoMYPT
proteins. I further applied OptoMYPT to the in vivo system by using Xenopus laevis
embryos. The cell-cell junctions became wavy in shape by blue light illumination,
suggesting decreased actomyosin contractility. To directly validate this, I combined
laser ablation with optogenetic experiments. This is because the tension along the cell-
cell junction can be estimated by measuring the recoil velocity of the cell-cell junction
after laser ablation. The recoil velocity of the cell-cell junction was significantly slower
in OptoMYPT cells than in Control cells, indicating the reduced tension at the cell-cell
junction by OptoMYPT.

Finally, I applied the OptoMYPT system to elucidate the mechanical regulation

of the actin cortex during cytokinesis. In this process, actin, NMIIL, and cross-linkers



constitute a contractile ring in the equatorial plane, and generate force to divide a cell
into two daughter cells. On the other hand, the tension developed in cortical actomyosin
counteracts the force in the contractile ring. Due to the highly dynamic nature of
cytokinesis, it is still challenging to understand to what extent the cortical actomyosin
contributes to ring constriction. Using OptoMYPT, I found that the relaxation of cortical
tension at both poles accelerated the furrow ingression rate, revealing that the cortical
tension substantially antagonizes constriction of the cleavage furrow. By combining the
coarse-grained physical model with the experimental data, I estimated that the resisting
force exerted by the cortices corresponds to 15%~31% of the ring tension.

In summary, I developed the OptoMYPT system, which dephosphorylates MLC
and decreases actomyosin contractility in a blue light-dependent manner. Using
OptoMYPT, I quantitatively estimated the force balance between the actin cortex and
the contractile ring during cytokinesis. The OptoMYPT system will provide new
opportunities not only to understand cellular and tissue mechanics but also to shape the

morphology of cells and tissues with precision and flexibility as desired.
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