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+ We established a method to analyze the dynamic structural changes of cell cortex and lamellipodia in a living
COST cell by using high-speed atomic force microscope (HS-AFM) for live cell imaging.

+ By using HS-AFM, we visualized and analyzed dynamic polymerization/depolymerization turnover of actin
in a cell cortex in different types of the cell. The result from COS7 cells indicated that the amount of
intracellular free G-actin pool is less than what has been estimated in previous studies. In addition, we
demonstrated that inhibitors for actin dynamics (cytochalasin B and Jasplakinolide) reduced the turnover rate
in the cell cortex, but Arp2/3 complex, formin, thymosin B4 and profilin are not involved in the maintenance
of cortical actin network. We also found that polymerization occurs near the plasma membrane and the newly
synthesized filaments gradually descend down into the cytoplasm. These results are the first spatiotemporal
analysis of single actin fibers in the cortex.

Dynamics of actin network in lamellipodium was also analyzed by HS-AFM. The retrograde flow of
branched actin filaments (~10 nm/sec) was observed. The number of branches was eventually reduced as the
filaments moved towards the center of the cell. This retrograde flow of actin is mainly driven by
polymerization at the barbed end, and not by myosin. In contrast to the cortex, Arp2/3 complex and formin are
involved in the polymerization of actin, the oscillation of the cell edge is tightly related to the amount of actin

polymerization in lamellipodium.
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+ By using HS-AFM, the morphological changes of the plasma membrane in endocytotic process (bending,
budding, invagination, and scission) has been visualized in a living COS7 cell. We also successfully
established a simultaneous imaging technique in which fluorescence signal from confocal laser scanning unit
and AFM image were simultaneously obtained. This technique is highly useful in analyzing the function of
specific proteins in morphological changes of the plasma membrane.

+ From the analyses of COS7 cells expressing EGFP-clathrin and mCherry-caveolin, we could distinguish
clathrin-coated pit (CCP) and caveolae on the AFM image. The CCP has larger diameter (140-250 nm) and
shorter life time (130-210 sec) than those (5-150 nm, >250 sec) of caveolae.

- By using inhibitors and siRNA, we found that actin and actin-binding proteins (Arp2/3 complex and
N-WASP) are involved in the scission step of the CCP. Arp2/3-dependent actin polymerization is involved in

the morphological change of the plasma membrane when the pit closes.
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