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Optical Manipulation and Measurment Using Optically-Controlled Gel-Tool for
intracellular Analysis
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We developed selective and rapid injection of fluorescence sensor encapsulated in
the artificial biomembrane into the cell for intracellular measurement. The biomembrane contains
photochromic chemical, 1, 3, 3-Trimethylindolino-6- nitrobenzopyrylospiran (SP), for optical control of
zeta potential. The structure of SP changes between spiropyran (SP) type and merocyanine (MC) type by
UV/VIS illumination. Zeta potential of the biomembrne is switched from negative to positive by
photoisomerization of SP. The sensor in the positive-charged biomembrane adheres to the cell membrane by
electrostatic force since the cell membrane is negative-charged. The cyclic mechanical stimulus using
optical tweezers is applied to the cell membrane for rapid injection of the sensor by membrane fusion and
endocytosis. We demonstrated selective adhesion of the liposome to the cell membrane by optical control
of zeta potential. We also demonstrated short-time injection of 1 um fluorescence sensor.




X C—-19, F—19, Z2—19, CK—19 (3t#)

1. SRR YWD &
WEOEMBFLS T OMERIZHEY, ES A
iPS MR S A BAERSC, B5 TIREEN
AR BT TV DA, N B R ORERE Oy
PEIZOWTRERFAZR AN S EES N TEB Y AF%E
DEEANATON TV B[], KEOME A4
(P BIFRAT I IR G R BRAT IZA D T 528, Al
HALTIHEH SN ER LG OV, Ml
1B & ORFPEMENTIC I HE— /L L~V T O G
EThHY, v~ 71 F ) A =)L TORERD
RN AR TH H[2]. B—IEHc kY,
PERFEATISINEE T I o =552, Bl 21T A L Rk
Yuimia o IR HEZE A 25 & FEAMIC FRIT FTHE & 72 D [3].
FMRENIE R BRREIC X W IRE RO pH
ENTLTHENEZLLND. MR ORiES]
B, ~A47uv-F /oy aEfan~RREE
MOIBIRANEAT DHINTN M E L 70D,

2. MEOHEM
MIBAN~OEVEAIEE LT, RN~ A
raAf ey ay, 2 RYAL =T, U
RT3 aERHnWbN &R, w7 uA
YV va sk, IR ym O T AE &
Ml A L2 MENIcEATS, L
WRAEE D B BT S TR IR O Iz X0 e
WT R T 52BN 5 FETHD[4]. ATFIEE
Ry M EEA LTV, EAZOHIE,
MR OBIESENHEL 2D, =V R A F—v R
X, MRS HIAE AT L7289 1 um DL R Ok %
B0 AR E D —>TH B[5]. VAR T =7
a i, BATHIWEEEE L N TAREOR
BT & MR O@AIZ X 0 W & iaN ~E AT
LZFETHD[6]. MTPEEBRICE—FEMER
T DHMAEASE S BB OICIEOY — X ENE
HT DT RBACLIND. RERIIBob 7O Hy
BARIE AR ICHIE9 2 Hff s 20, B
N OVHEE_E O AT O BRI BRI R - % [
ETDHZ LIRS -7, oo R A b—
ARV R T 27 v a AMMERETH DR, A
B I SHAATEE ISR AE LTz

AR TIE, pH RIREZEDOELOMILOIKFE % F
HIFTRE 7o s ekl 72> &, K 1 IRTH DI
AR IR IR o E I8 AT 5 Bk
RETDH. MiE~OBRMEEIZE, RO
FlZ X o TEB—Z BT B E 0T % E AR
IZEAL, [ERICE—XBMOTEAZEIVEZT
AR EE RIS, MlaNEAIZIE > Y
A P—YRFERIFZVRT 27 arZ2A050,
vty MREICX DEE LIz o8
PRENT L 2 MR~ I X 0 s 5 A
EERTDL. BETEEZAWVT, Ml~DKRE
7RI E & K OV A Rk L 72
TWET .

3. WHEDTTik

EEBRL AT A

AWFFETIE, BISEEMEIAX-71, AU /R 2)Z
warI7 74y rty MEERO 3 Koy
— PR S HOMEBI R EE A HISANTE Y AT L%

FAWiz[7]. vty MR — BN
P14 © 100 FoEm L X e v, L—
PO EIL 1064 nm, HI713HR K 10W TRIZTH
%. 1064 nm DR DICITAM KL VIK~DRIL D
D AERBEICE L TV D, Au T 7AERIC
IRZERDE SR (X10468-03, EHAK h=2 X) %
FVY, 80 ms DJSEHE T 60 Hz THhr /o7 754
B L 30 AL EDRIREZ SHAED ATRE T d 5 [8].

ATF = VEREN O XYZ 2T — (P-563,
Physik Instrumente GmbH co.) Z#H\7z. ZDORAT
— 21300 pm X300 pm X 130 pm OB VEHH 2 A
T5., wAEBBIIEILV—FHEL2=y
(CSU-X1, HERE) &Mz, L—F ORI
488 nm X 561 nm TH 5. x> AFEHHOE
=Y 27— (P-E662, Physik Instrumente GmbH
Co.) 1% 40 mm OERENFIFAZ H 9 5. WREHIC
1L E1 CCD (iXon Ultra 7> K—/L) &z,
A0 YT ONEMACOHIE D 2 8 DRI IR
FHIAET o T2 M. 2T — Lo
a3 7 v v 3 (Zilcos, L v MO H TR
37 C, ZBLIRFEDRE 5% OB THEFFS NS,

pH « It

BEE L pH OEEOIRIER FHAIT 2 A e ok 1
oY EERLEZ. 7 EREARIICETHRY
AZF L (PS) B —XRIZ, RERZMEAT SH
FaFEOT—4 I B ENEICEA L, pH K ONE
B E AT et FITC % £ ME B
L72[9]. PS E—XOJEHTHITA 1.5 Lok (B
#11.33) LV EL, ke ty Mok v HilRA (F
Prag - 49 1.38) ICBWTHEMETZ A[10]. BV
VERL 7 1 22O W Tk 5.

1. PS E—XEHK L Rhodamine B D% J —)L
R (100 mmol/l) % 1:1 DEE TRAT 5.

2. 1M, S OBELE— X2 RET 5.

3. DIKZEMZ=%ELoEEETTO, BERIRE
FRET 5.

4,  PS tB'—X% FITC OfF/KIAIKICEA L 1
M#FE L, PS E—XRHDOT I /& & FITC
DANRF U NEEFEE SHEMT 5.

1 pm OE—X%AWTER L4t v o®
YeHE# A X 3 12779, Rhodamine B 1% 561 nm D
£ Clibk L 580 nm @)%, FITC I3 488 nm D
ETH# L 515 nm O®AEEFTNEFNIHKTS.
Rhodamine B & FITC O hitt i F 1+ (2B T
72T WITE U, St IL—#icX 1 T
Kanabd.

It)=1',C-®-c-exp(—¢-x-C)-exp(—t/7)
(1)

I Wl T J6oREE, Iy [Wm3I XS SYeimeEE, C
[g/m3IXHABOFEORE, @ ITE T, dIWt
FREC x [ TRLTF- VA R, ¢ [sPEeFE . ¢ [s]ifh
R, oIXEEaROREHAICIL U T pH, HE,
AFUREIRGFT 5% ThD. ML
BWT, C, & x ITEHTHD. Iy OFMES &



&Ui%ﬁf@ﬁ%%ﬁd_owfiﬁtﬁ%m
V7Aoo YEREL, HEHESY
e&&#é_kfﬁﬁf%,mt%FTMb%¢
DOEIKIET D ERBEA LB HTN T 5. £z,
BEOI A XD — X% FRFFIAL A ETHD.
Rhodamine B IZ{REE 25T LC, FITC [XiBE LD
W25, X212 38°C, pHS 2B
DHOEBRE A L UE L U MR EEERRE & pH KON
R OB ERE R 4777, Rhodmaine B OH iR E
IR EIZRWAEBIMEZ A L, FTIC |IRE & O pH

WRVFRBIME 2R Lz, #OERER 2 2 KU 3
2R
AFR(Rho.B) =-0.034-AT 2
f(T)=-0.047-T +1.93 (3)
AFR( FITC) = f(T)*ApH 4)

AFrmioplI 7 —4 2 > B OAExta a2 L, AT
[‘CHHIREEZEAL, AT)E FITC @ pH EE (EE DR
), T[CURIBEE, AFrrEmold FITC OFExtd iR
JEZAL, ApHIXpH & b%E 7. u—4I B
FITC OHNIRE & FRIFFICEGT 52 & C, m—4
2 B OFHAIRE R & WIHINEEE 2 & FITC O pH R
FHIETE, pH CIREORKFFHINFREE 72 5.

Rhodamine B— FITC

Was

— —
.
AL/

Amino-
PS bead Stained bead
a
E
. s G

%' 12 o pH6 H

225
H 4 pH7 =
g 10 . v pHS -
E . € 20
= 1 @
€ 08 . o
8 215
2 os 5
s E}
E " A
[ ° ng of 34°C
Loz 208 ing of 36°C
s ] 0
30 T o ing of 38°C
0T m C m s, ® @ & 50 55 60 65 70 75 80

Temperature/ °C pH
(d) (e)

Fig. 2 Multi-fluorescence sensor. (a) A Schematic of
fabrication process (b) Fluorescence from FITC
(excited at 488nm). (c) Fluorescence from Rhodamine
B (excited at 561nm). (d) Calibration t of relative
fluorescence intensity of Rhodamine B with pH and
temperature. (e) Calibration of relative fluorescence
intensity of FITC with pH and temperature.
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Fig. 3 Fabrication of artificial biomembrane (a)

Fabrication process. (b) TEM image of sensor (100
nm). (b) TEM image of biomembrane (4 lipid bilayers)
encapsulating sensor.
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Fig. 4 Optical zeta potential control using SP (a) A
schematic of photoisomerization of SP. (b) Zeta
potential of materials. (c) Calibration result of duration
with zeta potential.
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Fig. 5 Selective adhesion of the sensor. (a) Transport of
sensor by optical tweezers. (b) After adhesion with UV
illumination. (c¢) Adhesion rate of sensor with and
without zeta potential control.

(b)
Figure 6. Cell injection of the sensor. (a) 3D image of
cell injection of 1 um¢ sensor without mechanical
stimulus. (b) 3D image of cell injection of 0.5 uméd
sensor.
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Fig. 7. High throughput injection of the sensor by
mechanical stimulus. (a) A schematic diagram of
mechanical stimulus. (b) Before mechanical stimulus.
(¢) 10 minutes after (Upper optical microscope image,
under: 3D slice image, green; sensor, red: cell
membrane) (d) 30 minutes after. (¢) Comparisons of
average time and rate on sensor injection.
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