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Result: Refractive index measurement of cells
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Background:  Cell cycle

A. Sakaue-Sawano, H. Kurokawa, T. Morimura, A. Hanyu, H. Hama, H. Osawa, S. Kashiwagi, 
K. Fukami, T. Miyata, H. MIyoshi, T. Imamura, M. Ogawa, H. Masai, and A. Miyawaki, 
“Visualizing Spatiotemporal Dynamics of Multicellular Cell-Cycle Progression,” Cell, 132, 487-
498 (2008)

Sensing principle w/ a WGM microcavity

Result: Adhesion & Cell division

Experimental setup

Summary
 NIH3T3 cells are adhered and cultivated on a silica toroid 

microcavity.
 The refractive index of living cells is obtained by measuring 

the shift of the cavity resonance.

Cavity resonance shifts when nanoparticles attach to a microcavity. 

After 24 hoursBefore cultivation

After incubating for 24 hours, 
cell division observed

Seeding cells on 
microcavities

Incubating 8 h in 
37℃, CO2 5%

Replace with new 
liquid

Cultivate about 24 h 
in 37℃, CO2 5%

Microcavity packaging

Department of Electronics and Electrical Engineering, Faculty of Science and Technology, Keio University, Japan
ryu-saito@phot.elec.keio.ac.jp

Transmittance spectrum of a microcavity 
in the  medium w/ cells is measured.

L. Wang, L. Wang, H. Yin, W. Xing, Z. Yu, M. Guo, J. Cheng Biosensors and 
Bioelectronics 25, 990-995 (2010)

The Leading Graduate School program for “Science for Development of Super 
Mature Society” from the Ministry of Education, Culture, Sports, Science and 
Technology of Japan

Acknowledgement:

cavity1
reference

cavity2
sensor

LD PD

ࣅࢤ ܖࢤ Q factor (Typ.)
In air - - 1.0×105

In water 0 0 8.3×103

In medium (w/o cell) 165.1±50.0 pm (3.3±0.4)×10-4 5.4×103

In medium (w/ cell) 588.3±3.5 pm (1.1±0.4)×10-3 1.5×104
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Fabrication of a toroidal microcavity
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Q = 1.0×105

Coating UV curing resin Alignment Irradiation UV
(~30 min)
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Cells on a toroidal microcavity

Toroidal microcavity

Nanoparticles
attached

Optical 
microsphere 

2/3 of the microcavity 
is covered w/ cells.
(i.e. the effects is 
multiplied by 3/2.)

Illustrations are from: F. Vollmer & S. Arnold, Nat. Methods 5, 591 (2008).

Q = 1.5×104

air

water

medium

w/ cell

A microcavity is packaged and used for a reference.
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