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We constructed a system consisting of an on-chip robot and a microfluidic
chip. We evaluated the viability of cyanobacteria and measured water permeability at the single-cell
level based on changes in cell size in response to rapid changes in osmotic pressure on the order

of a few milliseconds. We also measured the stiffness of single cells in response to rapid changes
in osmotic pressure on the order of a few milliseconds. We measured and compared the changes in size
and hardness before and after dynamic osmotic pressure changes for a cyanobacterial strain with an
inactivated transporter gene and a normal strain. We have constructed an engineering technology
platform for evaluating the response characteristics of single cells to external stimuli using
on-chip local environment control. We also evaluated the characteristics of cyanobacteria related to
their ability to adapt to changes in osmotic pressure, and gained knowledge about their mechanical
properties.
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Figure 1 Schematics and working flow of Figure 2 Microfluidic system configuration.
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Figure 3 Evaluation of osmotic water permeability from single-cell area. (a)Photograph of Synechocystis
on the micropillar. Red rectangular shows ROI for image analysis. (b)Cropped single cell and its
overlayed area (b-1, 2)before osmotic shock and (b-3,4)after osmotic shock. (c)Relative volume time
curve of all, live, and dead cell groups. (d)Osmotic water permeability based on their viability.
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Figure 4 System configuration. (a) Experimental setup and the image of the probe with the dual pump
system and probe tip; (b) schematic of the proposed probe with the dual pump system.
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Figure 5 The image and fabrication process of the robot-integrated microfluidic chip. (a) The image of
the fabricated open chip; (b) the microscope image of the measurement area; (c) the fabrication process
of the open chip.
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