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Structures related to the photo- transduction from 
the outer segments to synapses

Spatial structure of actin cytoskeletons from 
membrane undercoat  to peri- nucleus
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Fine structure of rod outer segments

Freeze fracture replica

Freeze- substituted 
thin section



Supra molecular organization of  rod 
outer segments

PDE Tb



Freeze- etched replicas of rod outer 
segments of photoreceptor cells



Localization of anti- opsinantibodies Difference 
in fixation 



Immuno- localization of anti- opsin
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Morphogenesis of rod outer segments
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Polarity of actin filaments that are found at the 
tip of the connecting cilium : S1 decoration



Electron micrographs of synaptic ribbons
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Synaptic ribbons observed from 
various points of view at mesoscale



Anti- Caveolin1 antibodies are found on 
the synaptic ribbon



Elastic and inelastic scattered electrons



Optical pass way in 
the electron 

microscope equipped 
with Ȃ type energy 

filter
(co- worked with Taya

and Taniguchi in 
Hitachi)



EELS imaging of Ca in cone synaptic pedicle

Merged Image

Calculated CaImage

High contrast
transmission image

Cais foundon the synaptic 
ribbon predominantly.

300nm



Ca localization determined by 
EELS imaging

300 nm



Spatial structure and specificity of actin 
cytoskeleton



We investigate spatial structure of actin 

filaments on the membrane and in cytoplasm 

by various methods including cryo-electron 

microscope, immuno-freeze-etching, scanning 

electron microscope and atomic force 

microscope.

We are shedding the light on real actin 

filaments within cells from various points of 

view.

Purpose



Membrane cytoskeleton
or membrane undercoat

Cytoplasmic cytoskeleton

Membrane and cytoplasmic cytoskeleton



Spatial distribution of membrane actin 
filaments



Live cell imaging of GFP- actin in NRK cells



Cytoplasmic surface of cell membrane 
covered with many actin filaments

500 nm



Clathrinand actin filaments



Few membrane 
cytoskeletons are 
detected even in grazing 
thin section, 

but observed in 
unroofed freeze-
etched samples.



Tomography of membrane cytoskeleton



Actin filaments are classified into three types 
based on spatial distribution

Stress fibersActin filaments loosely attached 
on the membrane t

Actin filaments attached firmly 
onto the membrane



AFM imaging of membrane cytoskeleton in 
water



AFM imaging of membrane cytoskeleton in 
water



AFM imaging of clathrin coats in water



Whole cell observation

It is difficult to observe fine 
structures due to thick 
cytoplasm.



Cryo- electron micrograph of native cytoskeleton 
beneath the cell membrane



Cryo- electron micrograph of native 
cytoskeleton beneath the cell membrane



Cryo- electron micrograph of native cytoskeleton beneath 
the cell membrane



Spatial Specificity of Actin Cytoskeletons 
found by immuno- labeling



Protocol of immuno- freeze- etching 



Actin filaments are identified by labeling with 
colloidal gold conjugated antibody

Colloidal gold particles are shown here as white dots because 
of reversal contrast.
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Rac5nm gold / Sla 110nm gold



N WASP10nm gold / IQGAP 15 nm gold


