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Issue in manipulation

 Succeeded in manipulation of selective nanosensor using zeta potential control.
 Succeeded in low-invasive injection of selective nanosensor into living cell by local laser heating.

Conclusions
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Conventional cell injection method

 MDCK cell
 Stained by Calcein-AM

 1064 nm
 28 mW
 1.4 μm focus point

Measurement of virus-infected cell

Background

Methods

Concept

Injection method Nanopipette Electroporation Endocytosis Laser heating

Schematic image

Damage to cell Yes Yes No No

Single cell injection Yes Yes Yes Yes
Injection time Short Short Long Short

Temp. calibration of nanosensor

y = -0.024x + 1.5571
R² = 0.959
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To achieve effective manipulation

Nucleus-
- -

-
--+

++

+

+ +

--
-

-

-
- +

+
+

+
+--- -

-

-

Glass

-
-
- -

- -

+

+

+

+
+
+

Nanosensor
- --

- - --

- - -

UV-light

Culture medium

Glass 

Nanoprobe
Cell membrane

Near-infrared laser① ②

③

(a) Before pick-up (b) After pick-up

(c) Before immobilization (d) After immobilization

(b) Before injection

(c) After injection

Success rate of injection 

and cell viability

 Low throughput

Nanoparticle

Nanopipette Nanoparticle
Marker

Nanoparticle
Laser  Iron oxide nanoparticles absorbs laser

 SMX, Sensapex
 30 nm resolution

Manipulation and injection process
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Transport and injection
of nanosensor precisely
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 3D fluorescent images
 488 nm and 561 nm

Nanosensor

Temp. and pH change

1,3,3-Trimethylindolino-6'-nitrobenzopyrylospiran

① Pick-up of the nanosensor using
optical control of zeta potential.

② Immobilization of the nanosensor on the
cell membrane.

③ Laser irradiation to the nanosensor for
injection into cell.

J. Zhong et al. (2016)H. Liu et al. (2015)

 Laser power : 28 mW
 Irradiation time : < 1 s

 Manipulation of nanosensor using zeta potential
control

 Injection of selected nanosensor at desired
position of cell

(a) Optical image (b) Fluorescence image

Results
Pick-up success rate

Solution Without UV With UV

PBS
10 %

(n = 20)
75 %

(n = 28)

DMEM+FBS
5 %

(n = 40)
43 %

(n = 37)

Immobilization success rate
Solution Without UV With UV

PBS
42 %

(n = 12)
64 %

(n = 11)

Pick-up : 75% , Immobilization : 64% with optical charge control

Percentage

Injection
80 %
(n = 5)

Survival rate
100 %
(n = 4)(a) Optical and fluorescence images
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Nanosensor Nanosensor

 Ave. size : ø1089 ± 197 nm
 σ : 197 nm

 Concentration :
1.4x107 particles/ml5 min
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 Sensitivity : 2.4 %/°C


