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Traction force and its regulation during cytokinesis in Dictyostelium cells
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Cytokinesis is the final stage of cell division, which physically divides the cytoplasm of a parental cell into two daughter cells. The
proper development and maintenance of the tissue architecture depend on successful cell division. Moreover, failure in cytokinesis
results in abnormal polyploidy, which may promote tumorigenesis. Although furrow ingression through constriction of the actomyosin
contractile ring has long been known to be a leading way to divide the cell, other parallel mechanisms also exist in Dictyostelium
discoideum, including cytokinesis A, B and C. Cytokinesis A is a conventional mode, which depends on myosin II in the contractile
ring. Myosin IT null (HS1) cells divide depending on substratum-attachment (cytokinesis B) or in a multi-polar fashion independent of
the cell cycle (cytokinesis C). It has been proposed that movement of daughter cells in opposite directions by applying traction force is
crucial for cytokinesis B and C. Wild type cells may use either cytokinesis A or B. However, there has been no direct observation of
the traction force of these cells. We investigated the traction stress exerted by dividing cells in the three different modes using traction
force microscopy. Here, the traction stress is the unit force per unit area. In all cases, the traction forces were directed inward from
both poles. The distribution of actin filaments in both polar regions partially co-localized with the area of the higher traction stress.
Latrunculin B, an inhibitor of actin polymerization, completely diminished the traction stress of dividing cells, which suggests that
actin polymerization plays a major role in the generation of traction force. But, blebbistatin, an inhibitor of myosin II ATPase,
increased the traction stress in wild type cells to a level comparable to that of the myosin II null cells, which indicates that the power
by actin polymerization in the polar pseudopods mainly contributes to the traction force. Myosin IT has two functions; motor and cross
linking activities. The experiments using blebbistatin and the results of the HS1 cells indicate that the increase in the traction stress is
not a result of the loss of the actin-crosslinking activities but is a result of the loss of the motor activities of myosin II. Interestingly,
the traction stress of cytokinesis A was the smallest of the three modes.

Previously myosin I null cell was reported to strongly adhere to the substratum and migrate substantially slower on a poly-lysine
coated substratum than wild type cells. Therefore, myosin IT is proposed to contribute to the detachment of cell body from the
substratum. During cell division, daughter cells movement in opposite direction involve repeating the detachment and attachment to
the substrate. In wild type cells, a part of the traction stress may be cancelled by these frequent detachments. Detachment may be
deficient in myosin II null cells. In myosin IT null cells, the traction will be accumulated as each half advances in the opposite
directions. This may cause higher traction forces than wild type cells. We hypothesize that on adhesive substrate, wild type cells may
exert larger stress than myosin II null cells. To check this, cell-substratum adhesive strength was increased by coating the substratum
with various concentrations of poly-lysine. Wild type cells increased their traction stress in contrast to myosin II null and other
cytokinesis-deficient mutant cells, which suggests that wild type cells may increase their own power to conduct their cytokinesis,
which likely occurs by sensing the cell-substratum attachment strength and their own force by their mechanosensing. Myosin 11 is
important for this regulation.

The HST cells performing cytokinesis B failed to divide on substratum more frequently than the wild type cells. Even if the HS1
cells succeeded in cell division, they frequently divided unequally. In the case of failed cytokinesis B, a daughter half was pulled by
another half and fused into one cell; the fused cell eventually migrated to one direction. On the other hand, the wild type cells always
divided equally. The force imbalance between the two halves may cause the failure of cytokinesis or unequal cytokinesis. To clarify
this point, the integrated traction stresses were examined in two halves of dividing HS1 cells during equal cytokinesis, unequal
cytokinesis, and failed cytokinesis. The traction stresses were almost evenly exerted in both halves in the successfully dividing cells.
Moreover, in unequal cytokinesis, the small and large halves exerted equal integrated traction stresses. In contrast, in the failed cases,
the integrated stress of the losing half declined, and the remaining half maintained a high level of traction stress. Therefore, the
balance of the traction stress between both daughter halves is essential for the success of cytokinesis. Taken together, myosin IT must
contribute to the equal division of the cytoplasm. We discuss the regulation of cell shape changes during cell division through

mechanosensing.
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