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ラン藻 (Synechocystis sp. PCC 6803)

• 2 μm floating cell

• Simplest photosynthetic cell

• Photosynthetic model organism

Tensile force ⇔ Channel

Background & Purpose

Force sensor

On-chip probe

Piezoelectric actuator

Optical tweezers

Cell membrane

Reduce OP gap
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Piezoelectric actuator

Force: nN ~ mN order

Resolution: nm order

K. Onda, et al.

Optical tweezers

Force: < 100 pN order

Resolution: nm order

Magnetic actuator

Force: mN order

Resolution: mm order
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Osmoadaption mechanism

○ High sensing resolution

○ High spatial resolution

× Sample fixation

× Microscopic  observation

○ High throughput

○ Environmental control

○ Applicable to floating sample

× Requirement: Precise flow control

AFM (Atomic Force Microscope)

Robochip (Robot-integrated microfluidic chip)

15 mm

Transportation

Deformation

S. Sakuma, et al.

H. Kimura et al.
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Force-sensing resolution
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Required force-sensing resolution

Fabrication limit
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Maximum force applied to cell

Both ends are fixed

𝛿𝑟𝑒𝑠 = 0.2 μm

𝛿𝑟𝑒𝑠 = 1.5 nm

𝛿𝑟𝑒𝑠: Displacement resolution of force sensor

by pixel of microscopic image

𝛿𝑟𝑒𝑠 = 0.2 μm

by sampling moire method←2P15

𝛿𝑟𝑒𝑠 = 1.5 nm

Design of on-chip force sensor

𝑤 = 2.5 μm

ℎ = 7.5 μm

𝑅0 = 2.0 μm

Deformation ratio [%]
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Transportation using optical tweezers 

Displacement measurement using sampling moiré method 
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[ref] H. Sugiura et al., Micromachines, 6, pp. 660-673, 2015

Normalized specimens

Moiré fringe
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Mechanical characterization of Synechocystis sp.PCC 6803
Holographic optical tweezers

[ref] K. Onda et al., Optic Express, 2012

BG11

BG11 + 1.5 M sorbitol
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Piezoelectric 

actuatorOn-chip probeForce sensor

Optical Tweezers

World-to-chip interface

Handle layer
BOX layer

Device layer
borosilicate glass

Side view

Robochip

Piezoelectric actuator(b) Etching of device layer by DRIE, and

removal of etching mask

(a) Etching of borosilicate glass by RIE and

removal of etching mask

(c) Bonding borosilicate glass and device

layer by anodic bonding

(d) Etching of handle layer and BOX layer,

and removal of etching mask

Borosilicate glass Si (Device and handle layer) SiO2 (BOX layer)

Fabrication process

3 cm
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