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Conventional cellular force surement Problem
Optical tweezers | Magnetic actuator‘

Sakuma, et al.
Force sensor

PDMS cover

Glass substrate
<j Magnetic Auu ator |:>

‘ applying to measurement of cells about the size of 10 pm ‘
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iPS cells Red blood cells
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by . Power : nN order er Power : mN order
S. Yamanaka, et al. D. Cojoc, et al. Resolution : A order Resolution : nm order Resolution : nm order
Target : Adhered cell Target : Floating cell Target : Floating cell (100 um) Magnetic Actuator

The measurement of mechanical propert of single 1. Measuring multi-cells 2. Passing at the interspace 3. Shearing force
u [ y ! 1 1 1 When the conventional thick ch Since the conve I chip h Since the magnetic field would make
floating animal cells(iPS cells, RBC and so on) is For the quantitative evaluation of these cells... wers apled o o s, abow 2 o clerne, el ne  sheaing foe o e thin icon ayr,
. 3 ld b ssible h multi- ast s the di the chip at least.
) 0 Target - Small (~20 mm) and flo atlng cells would e possbe t push want to et o s the ere are distortion on the chip at leasi

needed in bioscience. * Power : nN order

Concept of measurement system

Actuation mechanism

Direct-Outer-Drive(DOD)

(1) Direct transmission of the displacement
and the power from outer actuator
— On-chip probe takes over its precision
and accuracy over outer actuator
(2) Driving on-chip probe with only one
direction force we want to work
— Any thickness of silicon is available.
(3) Selectivity of the source of outer
driving force
— Optimal conditions are selected
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Sensing mechanism Sensing Part
f (High speed camera)

orce sensor

Actuation Part
(XYZ stage, PZT stage, Outer probe)

on chip probe

Force Sensing sz
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‘ On-chip probe ‘ Force applying f

Flow cells to microchannel

‘ Force sensor ‘
On-chip probe (
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cellular force : Foop = k6,

k represents the spring constant of the force sensor. k is confirmed
by the eigen frequency. it is obtained from the impulse response
with Fourier Transformation.

deformation ratio : €.y = (61 — 62)/dcens

d ey represents the diameter of the cell.

., Disposable Part : microfluidic chip
(Robot integrated microfluidic chip)

Applied force Sensing force
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alysis by Hertzian contact stress The Young’s modulus of Conclusion
MDCK cell was estimated by

] 4R E 3 the deformation of the cell
—— = — P 5 (02) and the displacement of force  The Young’s modulus of MDCK cell was estimated
31-1)P sensor(theoretical spring about 421 Pa by using on-chip cellular measurement
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[ Ec : Young’s modulus mean:

v: Poisson’s ratio : (0.5)

. p . P : Force (13.63 nN) Measurement of Mechanical Property of Floating Cell
(i) Packaging of Si and glass layers Ro' the size of the cell (12.00 421 Pa f . .  rroperty of F 9 .
with mechanical clamp §;def§fx;(;:)noi;::ec(ell (a,s’ém ,3,“) Using On-chip Robot with Direct-Outer-Drive Mechanism
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