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Micro scale in biology
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em and applicatio

Fast full automation

Two-fingered micro hand Recognition & location Manipulation

Low level control

0 " Approaching target object with
- Tele-operation  p- Autofocusing I vibration suppression

Sensing devices
- Optical microscope

- Force control
- All'in focus imaging >

- Auto focusing  »

¥

" 3 P z-alignment of end effectors
- AFM cantilever >, - Al in focusing gnd targeting object Picking-and-placing
- Fine force sensor 1 - 3D auto tracking >
= AIF module © - Auto calibration
Other tools & devices ~—ihgll - Auto capturing >

-User interfaces including
Omni-Device joystick

- Micro drop dispenser *
& micro gluing

- 6DOF fine motion stage

Joy stick

High level control
OMNI device

- Task understanding
- Skill application

3 microbeads (50um dia.)
- Task planning

alignment at 1,800um/s high
speed. 2 microbead pick &

Achieved applications place achieved in 1.2 sec.

(partly collaboration with Dr. TANH(AWA AIST)
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Protein harvesting Single cell stiffness

Hi speed manipulation Cloning

LMA 13, TIE 15

Issues and

1. Sticky problem
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Put the tip under water

Direct access ool . . -
to nucleus Drag delivery ~ Gene manipulation Stress to nucleus

(o EVIENT=A131-3 | Nucleus is much harder Access should be
than cell membrane. through cell membrane.

cell membrane with nucleus
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Rotation of microbead Simultaneous o . 10 damage, quick & precise
(continuous vibration) deformation image Deformation [mm] insertion.

TNano18, Sensors18, Small19



On-chip Bio Plant toward Auto Cloning

In-flow cell process on chip

» Cells are conveyed in micro channels.

» Every process is achieved in channels.

» Automation may be achieved similarly to
factory assembly line system.

q don 9
Removing
zona pellcida \
& supplying Coupiing 1

Separation

New cloning protocol

Micro channels and process devices were fabricated on PDMS Fusion _

chip(Collaboration with Tohoku U., AIST, NLGS, KHI, and Fujihira) AROS, TNBO9,JRM10, JRM13

Durable double SOI type force sensor

2. Strain gauge pattering
(Photo lithography & deep RIE)

1. Surface treatment

For simpler fabrication &
simple isolation

Reaction force Ot

‘ . ain gauges Box layer
19 device layer Strain gnges mu,))
Si strain gauge (pmethickness Si) :
1 (Force sensor) 3.Al patterning 4. Beam structure ctching
(Al deposition & Photo lithography)  (Photo lithography & decp RIE)

2 e
Aluminue u-thickness Si)

Box layer (Si0;)

6. Tnsulation treatment
(5K sputtering & Wiring)

5, Buse strueture etching
(Photo lithugraphy & deep RIE)

sio,

Handle layer
(350m-thickeess Si) Wires

SICE/SI2017

Cell/spheroid characterization
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On-Chip cell trapping and immobilization
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Cell mmobiizaton -

Different number of cells from one to five can be immobilized.
High throughput over 200 cells/min at 300 cells/ml density.

Good trapping success rate(TSR) of 97% - 54% respectively.
Carefully designed passive hydrodynamics generates low pressure
for excellent cell viability.

* Applicable to long term cell monitoring after immobilization.

+ Simple fabrication process based on SU8 photolithography and
PDMS soft lithography.

Anal. Chem.20

Automated measurement

Once a single cell is surly grasped,
successful measurement can be obtained.
The key is how to rightly grasp and hold
a cell at its center position.

Two-Fingered
Microhand

Micro-Force Sensor

- - Zreaction

Introduction of automated grasping Gz force

and pushing procedures

Strategy

1. Searching target cell from image b ;(or;:cmn

2. Grasping and adjusting the grasped 8 Manipulation with
point ~ Force Sensinj

3. Measuring force and displacements
Grasp upper part

S Grasp Grasp
Principle 400 1
I t center part | 1
Detecting Z force indicates the 200 ower par P I :
grasping position clearly. z
€
= 1
8200 Q u" ﬁ ﬂnwrﬂ \v'
S ! ,
e 400 {1 et ST oo o m
% Q -600 . \ ! [— xXforce
too just o L | — zforce
upper center lower: -800

forces and grasping conditions

On-Chip Cell Deformation Analysis

Cancer cell invasion and metastasis

Microfluidic device for sequential squeezing

Cancercells
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Squeezed Experimental results
(M. Malboubi, A. Jayo, et al. , zm
v /1] Red - Cancer cells: Hela
Experlmental setup 244 e Black - Normal cells: NIH3T3

High deformability

Microscope Low recoverability,

Low deformability
High recoverability

Passing efficiency
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More than Mechano Biology

Mechano Biology is to clarify how mechanical stresses are
captured and sensed in and around a cell, how they are
transformed into signals, then finally what physiological and
pathological responses are induced.

according to the JST AMED Project

We can consider many other stresses than just limited mechanical,
e.g., thermo, electro, magneto, chemo, wave...

Total bio analysis system
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Auto tracking for time lapse observation

Most important biomedical model organism — C. elegans

Host  Mioobe  Drug

+
Oy hg®
2 P

€ alogans  KEl lonman. =
Neuroscience study Medicine test

Genetic conlro mechamsm study
(Nass R et al., 2002) C. elegans under the microscope

(Scott TAetal, 2017)  (Yochem, J and Herman, R. K., 2003)

» C.elegans can easily move out of the microscope field
» Difficult to track individual C. elegans manually for long periods of time

Method and experimental results of time-lapse tracking

T Detection method:
YOLO(deep learning model) & contour detection
Depth evaluation:

IQM(image quality measure)

2 position

ICRA2020

Pink point: target position
Yellow point: real position

Time-lapse tracking

i | XV stage

Control flowchart Tracking in Z-direction
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Multi modal stimuli enhances genomics

400 mechanical mechanical mechanical
= + +
nucleus £ 300 Chemical — thermal
| @ (ImM ATP)
X @ 200
°
0
25°C 25°C 42°C

Giving multi stimuli on nucleus could suggest
more than current mechano-biology.

(Collaboration with the Institute of Development, Aging
& Cancer, Tohoku Univ. Non-published.)
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INPUTHD .

Big Data Analysis
Al & Machine learning

Micro robotics and total bio analysis could bring
breakthrough in that we could model life phenomena as
multi input-multi output system.
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