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Communications within the cell are accomplished by the coordinated interactions of
molecular components. Observation of such molecular interactions in living cells is essen-
tial in understanding cellular communications. Toward this end, we have developed micro-
scope systems for imaging intracellular molecular components in living cells. Here we intro-
duce unique features of these microscope systems and their applications.
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1 Preface

Since modalities of communication in the
modern society are changing rapidly, it
becomes necessary to develop a flexible and
dynamic communication system which
replaces the traditional static communication
system. In the natural world, such flexible
and dynamic communication system has
already been realized and operated in living
organisms. To learn such excellent functions
of living organisms, it is essentia to study and
understand their communication system. For
this purpose, our Cell Biology Group has
developed fluorescence microscope systems
which are capable of observing molecular
behaviors within the living cells. By using the
different instruments and methods, it becomes
possible to follow dynamics of particular
intracellular molecular components in the liv-
ing state. It is also possible to observe multi-
ple components when they are stained with
different colors. In this report, we will intro-
duce these imaging instruments and methods
which were developed as our research projects
in Cell Biology Group.

2 Live cell imaging by fluores-
cence microscopy

As a high-resolution microscopy, €lectron
microscope would be a choice in general.
Although the electron microscope provide
high resolution, it will only allow us to
observe fixed specimens. To continuously
observe the changes of the particular mole-
culesin living cells, we have adopted fluores-
cence microscopy. By using fluorescent stain-
ing, the particular molecules with high molec-
ular specificity can be stained with different
colors. Since their cytotoxicity are relatively
mild, there is merit on the use of fluorescence
microscopy to enable us to observe the living
biological specimen. This is in contrast with
electron microscopy which requires the speci-
men to be fixed and dehydrated. Even though
the cytotoxicity are relatively mild during flu-
orescence staining and observation, there were
quite different problems to keep the cells alive
and to continuously observe them in compari-
son with handling the fixed specimens.
Therefore, it is necessary to develop imaging
methods for fluorescence microscopy which
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are capable of observing living cells. To solve
various problems associated with fluorescence
staining and observation, we have developed
several different instruments, and succeeded
in continuously observing the molecular
behaviors within living cells. We will further
discuss instrumentations and applications of
these microscope systems.

2.1 Multi-color three-dimensional fluo-
rescence microscope system

This imaging apparatus was developed to
enable three-dimensional observation of living
cells with a maximum of four-color staining as
a three-dimensional specimen for several
days. To do three-dimensiona observation of
multi-color fluorescent stains for long periods,
their cytotoxicity to cells and the focal plane
drift due to temperature changes become
major problems in imaging. To solve these
problems, we introduced special considera-
tions in instrumentations with accurate tem-
perature control, as well as considerations in
observation conditions optimized for living
cells. Main hardware consists of wide-field
fluorescence microscope, cooled CCD image
detector, computer for image capture and
equipment control, and a custom-made tem-
perature control room that contains the whole
microscope (Fig.1). Furthermore, the fluores-
cence microscope is equipped with a comput-
erized filter exchanger for multi-color stains, a
focus controller for three-dimensional obser-
vation, an XY-motorized stage for specimen
movement, and shutters for fluorescent illumi-
nation and the CCD detector. For more details
of this apparatus, refer to the literatures (132).
This microscope system is user-friendly for
fluorescence observation of living cells (Fig.
2). Furthermore, it is also possible to obtain
images with high resolution by computational
deconvol ution image processing [3].

2.2 Spectral imaging fluorescence
microscope system
The main feature of this apparatus is its
ability to measure fluorescence spectrum of
theimage. By using this apparatus, it is possi-
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ble to continuously observe the fluorescence
spectrum of the image of living cells (41. By
using a fluorescent probe which can detect
chemical changes within the biological speci-
men as fluorescence spectrum, it is possible to
image chemical reactions within living cells.
As a fluorescent probe that measures calcium
concentration within the biological specimen
using FRET (Fluorescence Resonance Energy
Transfer) which occurs between CFP and Y FP,
for example, the so-called “Cameleon” has
been developed (51. With this probe, it is pos-
sible to measure calcium concentration within
cells as the fluorescence spectrum changes
6171. As a hardware, a confocal microscope
with spectroscopy is provided with tempera-
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ture control devices for live cell observation.
Water-cooling Kr laser (413 nm) is equipped
to effectively excite CFP without exciting
YFP. Therefore, FRET can be measured using
CFP and YFP. When two fluorescent mole-
cules exist within a distance of less than sever-
al nanometer and with their dipole moments
aligned, FRET occurs and can be useful in
measuring molecular interactions (Fig. 4). In
addtion to FRET, this apparatus can be used
for FRAP (Fluorescence Recovery After Pho-
tobleaching). In this method, protein mole-
cules stained with the fluorescent dye are pho-
tobleached in a small area of the cell; by
measuring recovery of fluorescence in the
bleached area, mobility of the fluorescent pro-
tein can be measured (8).

7l e N Spectral imaging fluorescence micro-
scope system

No FRET FRET

CFP, Energy Transfer
—_n
413 nm 475 nm n
—_

—
. l
sy
—NANP
YEP 527 nm

7] ‘B Principle of FRET

2.3 Spinning-disk confocal fluores-
cence microscope system with a
dual view detector

This apparatus was developed as an imag-
ing system specialized for measurement of

FRET which occurs between CFPand YFP. A

commercial fluorescence microscope is

equipped with a spinning-disk confocal unit of
the Nipkow disk type (Yokogawa Electric,

Inc). The emitted fluorescence are split into

two light paths for CFP and Y FP through a

dual-view spectroscopy unit and simultane-

ously detected on split areas of a single CCD.

As an excitation light source, a semiconductor

laser of 430 nm optimum to excite CFP is

used. Theratio of CFP and Y FP fluorescence
intensities is computed for measuring FRET.

This apparatus is suitable for time-lapse meas-

urement of FRET change within living cells.

FRET measurements can detect within living

cells, providing an opportunity of imaging

molecular communications within the living
cell.

[Z[e BB Spinning-disk confocal fluorescence
microscope system

3 Conclusion

The development of live cell imaging
technology is atop priority for the 21st centu-
ry. The live cell imaging technology devel-
oped by Cell Biology Group has been highly
appreciated in the world because of its high
level of technology. Through this technology,
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we can promote understanding of living cells
and bio-molecular communications. With
those understandings as premises, new com-
munication media can be developed by fol-
lowing the examples of living orgasnisms. In
this report, we introduced the imaging tech-
nology developed by Cell Biology Group with
a focus on instruments. For the detailed aca-
demic achievements, refer to our Web page of
Cell Biology Group (9.

This study was initiated as Telecommuni-
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