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Fluorescence Correlation Spectroscopic
Microscopy based on Electron Multiplying
CCD*

Masayoshi Matsumoto

Abstract

Fluorescence correlation spectroscopy (FCS) is a widely used tool to detect in-
teractions and to investigate dynamics of molecules in living cells noninvasively.
In a conventional FCS, whole-cell information is hardly achieved because single-
point detectors are used to detect fluorescence intensity from a molecule due to
their high sensibility. Recently several groups have reported about an imaging
method of fluorescence correlation spectroscopy imaging method based on an
electron-multiplying charge-coupled device (EM-CCD) camera. The advantages
of FCS with an EM-CCD are simultaneous detection in whole image and large
number of measurement points. In this thesis I developed an imaging FCS appa-
ratus with EM-CCD and tested its capability. With this apparatus I can measure
images of 32 x 32 pixels with a frame rate of 3ms/frame.

However, the penetration depth of evanescent field (typically 50 ~ 200nm) is
too short to investigate transverse movement in a cell, in comparison with the
transverse width of detection volume (1 ~ 2um)for FCS imaging. Then I devel-

oped a novel illumination method called critical-angle illumination method and

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of
Information Science, Nara Institute of Science and Technology, NAIST-IS-DD0661023, July
21, 2010.
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investigated properties of critical-angle illumination. In the critical-angle illumi-
nation a Gaussian beam is irradiated on a substrate surface at the angle of slightly
smaller than the critical angle. In this case the refracted beam travels along the
substrate surface and generates electromagnetic field within a few micrometers
on the surface. In case of a water-glass boundary (critical angle:61.7°) and a blue
laser (488 nm wavelength), the penetration depth of illumination is measured as
about 0.5 ~ 2um from the boundary. With critical-angle illumination method,
the penetration depth is similar to the transverse width of detection volume, and
it’s capable for EM-CCD based FCS imaging. Through experiments I also con-
firmed that the illumination decays exponentially in case of larger incident angle
than 59.5°.

Keywords:

FCS, image processing, FDTD, illumination method, optics
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