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Atomic force microscopy (AFM) displays structures by tracing the surface of a sample with the sharp 

needle of a cantilever. The vertical movement following lateral scanning with the cantilever is not stable 

for long periods of time. Thus, the practical resolution is reduced compared to the theoretical potential 

resolution. However, recent improvement in scanning speed and stability has increased the practical 

resolution of the technique. Surprisingly, the movements of motor proteins and molecular shapes were 

captured using recent high-speed AFM, although they were detected in a reconstituted system using 

purified molecules. Nevertheless, AFM has not been widely used in cell biology, perhaps because 

intracellular structures are not usually observed directly in AFM. This limitation is because the cell 

membrane prevents access for the cantilever. Only the external surfaces of native or fixed cells had been 

observed using AFM until the development of the unroofing technique to prepare AFM samples. This 

technique was a breakthrough for the use of AFM because it enabled the direct visualization of part of 

the cytoskeleton at EM resolution in cultured cells. However, the unroofing technique is effective only 

in cultured cells and does not work in tissues. For AFM to become a key type of microscopy in cell 

biology, it will need to achieve similar imaging capabilities as EM in terms of being able to display fine 

intracellular structures in tissues and having the capacity to be used to identify constituent proteins. This 

study focused on cryosections prepared using the Tokuyasu method to solve this problem.  
 

As expected, sucrose could be dissolved and dispersed over time by immersing a section in phosphate-

buffered saline (PBS). This removal enabled the cantilever to make direct contact with both the inside 

and outside surfaces of the cell membrane, organelles and cytoplasm in cells of tissues. After removing 

the embedding media, AFM provided unique structural information different from that obtained from 

conventional thin-section EM. As this study used a frog retina as a sample, several findings concerning 

the fine structures have been obtained from analysis of the constituent cells in the retina. However, the 

present study evaluated only the fine structures of photoreceptor cells, especially in the outer segments, 

the connecting cilium, and the synaptic regions. 

 

In general, the images resembled those obtained from freeze-etching replica electron microscopy (EM) 

rather than from thin-section EM. The AFM images showed disks stacked and enveloped by the cell 

membrane in rod photoreceptor outer segments (ROS) at EM resolution. In addition, ciliary necklaces 

on the surfaces of connecting cilium, synaptic ribbons containing elementary particles (approximately 4 

nm in diameter), and the surface of the post-synaptic membrane facing the active site were revealed, 

which were not apparent using thin-section EM. AFM could depict the molecular binding of anti-opsin 

antibodies conjugated to a secondary fluorescent antibody bound to the disk membrane. The specific 

localization of the anti-opsin binding sites was verified through correlation with immunofluorescence 

signals in AFM combined with confocal laser scanning microscopy. 

  



The structural information provided by AFM is different in principle from the information obtained by 

both EM and light microscopy (LM). Images that are obtained using LM and EM are formed by the 

scattering, interference and absorption of electrons or photons, but AFM produces an image by touching 

the surface of the specimen with a scanning needle. Therefore, AFM provides a different quality of 

structural information that is important for understanding true fine structures. 

 

The AFM images resembled freeze-etching EM images because both techniques provide the topography 

of the surface structure. In freeze-etching EM, ice in the tissue is sublimated in a vacuum to expose fine 

structures after the frozen samples are cut. Then platinum and carbon are evaporated to replicate the 

surface structure. Thus, the observation of a freeze-etching replica by transmission EM means 

visualizing the cutting surface. In our AFM technique, a cantilever scanning with a needle recorded the 

undulations of the surface of the cryosections after the embedding sucrose was removed. Removal of 

sucrose corresponds to etching (freeze dry). The major point of difference is whether the observation is 

performed in a vacuum with a transmission electron microscope after metal shadowing or in water with 

AFM without a metal deposit. Accordingly, the practical resolution of AFM seems to be higher than 

freeze-etching EM, as described in a previous study. 

 

Another important aspect of this study is that immunocytochemistry is also possible for cryosectioned 

tissues and can be observed by using AFM combined with CLSM. AFM showed many irregularly 

shaped blobs covering ROS in cryosections labelled with the anti-opsin antibody. Such blobs were 

judged to be antibody binding only in AFM by comparing the images of control samples (compare Fig. 

5B with Fig. 5C). In a strict sense, however, this is not conclusive evidence of the structure of an 

antibody, even if such blobs observed in labelled samples were not found in control samples. AFM 

cannot detect signals directly from the mark tagged to the antibody, such as fluorescence in LM 

immunocytochemistry or immuno-gold in EM. Therefore, the specific localization of antibody labelling 

cannot be evaluated with AFM only. Correlative analysis with CLSM and control experiments was 

necessary to verify the specific localization of the antibody. 
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AFM immunocytochemistry identifying anti-

opsin antibody binding (A, B). C: Control AFM 

image incubated with non-immune IgG. 

 

Atomic force micrographs of the synaptic 

active zone of photoreceptor cells (A, B, C). 


