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Technological Development for in vivo Imaging the Dynamics of

Protein Molecules
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In this joint-project, we are developing new methods
and instruments for optical microscopy to be used in bio-
logical research. On one hand, a single molecule analysis
is to be established to measure structural changes of indi-
vidual protein molecules/complexes. On the other hand,
a confocal laser microscopy has been developed in order
to observe directly the motion of lipid vesicles carrying a
small number of protein molecules, in living cell and at
msec time resolution.

In order to establish a system for single fluorophore
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analysis for determining the orientation of a particular he-
lix of a protein: (1) A TIRF (total internal reflection fluo-
rescence) illumination system has been designed and added
to our 4D microscope, with the help of Nikon. (2) Two
species of fluorophores with two reactive groups have been
synthesized. (3) Various methods have been tried to reduce
the Brownian movement of actin filaments, which makes
it impossible to determine the orientation of fluorophores,
on objective glasses without spoiling the functions of actin
filaments. We have not yet found a solution for this prob-
lem.

Using the other TIRF microsope, properties of isolated
actin filaments in the presence of high molecular weight
crowding agents near the surface of a hydrophilic glass sur-
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face. We have found that under such conditions, the rate
of polymerization as well as of annealing are extremely ac-
celerated.

A fluorescence life-time microscope equipped with a
streak camera has also been constructed and tested.

The Nipkow confocal microscope was newly equipped
with a 405-nm laser, whose irradiation could be applied to
a ca. 1-mm diameter spot in the field. This system enabled
us to photoconvert Kaede-labeled proteins from green to
red fluorescence in organelles of living cells and to observe
dynamic membrane fusion processes. We found that (1)
membrane mixing between cognate Golgi cisternae occurs
very rapidly and (2) plant endosomes undergo kiss-and-run
type interaction.
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