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Enucleation of Oocyte by On-chip robot driven by magnet with gripping mechanism
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We developed a highly-functional untethered on-chip robot for cell handling and micro-knife made by Si to cut
zona pellucida of oocyte. The on-chip robot has a gripping mechanism which can grasp a cell or micro-object with
sufficient power. The position and handling force of the robot are controlled independently by the magnetic force.
The permanent magnets and electrical magnet are assembled together, and they are put under the microfluidic chip.
The micro-knife had made by grayscale lithography technique. We demonstrated a cutting of zona pellucida and

pushing out a part of cytoplasm of bovine oocyte.
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W, NA AR, KR n—= 2 T EOMaEREN
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ek, Fex TSI LV BEE) 9 2 Magnetically-driven
Micro-ToolMMT)IZ L S filae —F « v 7, Y—F 47, %
LTV TR Ry Py MEEE~A 7 afilkF v 7HT
FHTL9E 21T > CTE[12-14]. ZhbEEE~A 72
WAET » THE D b ORESGEHIENC K o TIThiL Tz, B
B on-off 179 DHTH -T2, Z DX ) 72B5OHIE % ¥
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A A 2L LTV A[17][18].

ZDOMMT % 2 AWHE(ESE D Z &, MDA R 7,
[, (LERDEENAIEETH D, LN LN S, 240 MMT
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AW TIE, ZNOBEE MRS 572012, R E A
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Ay M, ez A Tel=D, MR TH-TH
MIROBENTRETH D, £z, MRAFTIRTHIEH
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W E LB AIC L VRN RIS 22T, vy b
RERD KA BB L, e OBMAMNREL 225, Z D
oRy hERWT, 7a—=0 0D OBRBEEEZITS .
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7T A== RV TnS. LLRRb, =—
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T DU W THET 2.
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#1150 um T, BB DOIELITK 20 pm THDH. T IIIFD
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ICHLHETSERS D, kv, BRENFEBRTS. Fig2
WCZOTEEA VT 7T eRy NEOW~A 7 at A 7 THEE
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L, fif e EMaEnebrmmnroff L Eis L5 Hfd
5. RFEE, MBREUIRLEZZIC, PF20E L2
T EMATHREEZLHITZ &1Ly, IPF2/EER
T D MENR L, WERFRICHRTEMER STV 5.

Micro-knife

Manipulation point
(1 DOF gripping)

Electromagnetic coil
PermanN

Fig.1 Concept of the enucleation by using on-chip robot and
micro-knife.

Motorized stage
(2 DOF motion)

Micro-knife
Polar body
o ‘Zona pellucida O
Oocy
Tip of on-chip robot
(a) Holding (b) Piercing
' J
(c) Cutting (d) Pushing

Fig.2 Enucleation process by using on-chip robot and
micro-knife. This method reduces the process of the
enucleation.

3. FuvFyFuRy NRO=A 7 utA 7R

30 FrFyFuRy MlE

FrFvruaRy hOFEMELTYY aERHWS. 4V
FyTaRy ML, ~A 7 afifFy THEHTHRETH L
NTEDLHICHMIERST 2 0ENFEY, £72, BREIEE
EIsurA—F—OBECTMIToLERNDHD. £1-, M
JaZ BT B2, MIE~OEFENEN X D ITARESEME
EHWS. DLEOBHNG, FEMELTr Y arsfnd.
) arEMMS e ALY INT5Z 8T, KOO
FEMTAEETSH S.

v — ARG E % Fig. 30, {ERIL =Y — L% Fig. 4 1ZR
I, VU ar~L YA~ OFPR-800(200cp, H AU L¥)% &
fil, BHTDZET, A4 7NV RONRE—UEL TR
FTY Y ay EEIC/ERIS S . KIZ, Deep Reactive—Ion
Etching(D-RIE)IZ KD U = "Z X — @0 IZE4 5.
— NV EWEEHL, RBIER LY — x4V 2 A T

1. OFPR coating OFPR 4. Acid treatment

Il BB
Si
2. Exposure 5. Assembling
meeeees ¢ =iini
3.DRIE Neodymium magnet

Fig.3 Fabrication process of on-chip robot.

1 mm

(a) On-chip robot which was assembled neodymium
magnets.

(b) Microscopic image of tip of the on-chip robot.
Fig.4 Over view and microscopic image of fabricated
on-chip robot.
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5. 7= NFTER 200 um OB EFA L TS0, <A
7 any ROERE 200 un & 725, ZiUL, <A 7 aiifks
v TRNETOEEIT I RERES TH D, BREEE O3
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v FRELOLEDOF 1.0 mm X1.0 mm X 1.0 mm DR AT LRGA
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32 ~vA 7 a4 7HYE

I a—=2 7 OHOIRTUIRRICBWT, M OB A il
HLAWZI EREELE RS, v~ 7+ A71%, BREOS
ZUIRA L, MIREE D ~MEE T 2L O BRI AU 5
Figd IR X D12, i1 OFEHH & HIRE BRI A B 2355
A rat A 7IZEST, IITE2EEFLTEL, EIE
DOHEYWTH. ZOFEEZANVDICHZ-T, ~1 7 8n)
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—7 L Lo E 0 oBRRIEA)TEIR, §I1FXQ)TE
#£75.

2 2
b, o 0 D=0 ()
L=320 2cos® 2sinfHcos b 2
N EE Q>J57f§j
(1)
0=2d+2t—D 2

Figs I2()XE 77 7 LI b D& RT. JIT- DK NRT A —
2%, IFEEBRIZ LV EHIL, SiT-OERIE D=150 um, &
O ST =20 pm & L7z, A bo—2 LIiFEWEE L0
D, OBRREWVIZEST A 7OUINKRPELS 22 5. £ T, Figs
X0, MIRENNSNEODOREEEEL, KimOAE 0=10
deg, A bm—7 L=550um & L7-.

~ AT aFA T EERT L FEICE, REEEERS D,
FEEOREFERTE L VWHIHBATI L —R 7 —L ) VT
TZ74—ERHWA. ERIZHTZY, FFTL—RA =) Y
T 74 —DF v VT b—arEitol. TORE,
OFPR-800 % 7000 rpm, 30 sec TAE > 22—k L,90°C T 30 min
TVR—=TF5, LW BERESEMAT, FEEEEN-PG 101 (UVN,
Heidelberg Co., LTD) ®H 1A% 2 W, T = —F (1 —Lth 70 %,
h#7 4 V& —0FF &9 BT, BUERFRIE 2 min 2304
UVTHDHENVWIFMEZH L., ZO&G2FHL, VYA b
@, B L7- Si FMkZ, DRIE LT 100 pm FREEHI - 7=
A Fig. 6 IORT. T2 T/ L—ERAEZEVIR-7-%
DOTHY, ol BRENLBZNEIN T L—FE 0 T, &b
T TRNER Sy 28 7 L—E 255 Td 5. Fig. 6 7°5, DRIE I
EBSi L LD FOBIRLEA 12001 FREETH D Z & MR T
XD, ZHCEST, ZTL—ER 005 40 DFZOL T A
Ty T 7% bBE-STEY, Si BREIGNRNDOT, 71—

BE 40 Hiite 2B 75 Z VT, JEX 200 um @ Si Kb % il H»
5 100 pm @ DRIE JITZ4TH Z & C=— RAEZICT —/3—
EOTTCHIY, ER L. fER LIz~ A 27T A 70 SEM %
% Fig. TITRT.

L

@

Start

(a) Parameters of oocyte (b) Parameters of zona pellucida cutting

Fig.4 Parameters for design of the micro-knife. D is diameter of
the zona pellucida, d is diameter of cytoplasm, and t is thickness
of the zona pellucida. We measured bovine oocytes, and D is
about 150 pm, d is from 80 pm to 110 um, and t is 20 pm.
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Fig.5 Relationship between degree of knife edge and stroke.
From this graph, we decided 0 is 10 deg.
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Fig.6 Gray-scale calibration data.

Fig.7 SEM image of fabricated micro-knife.
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