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Recent developments of cryo—electron microscopy experiments allow us to achieve four—dimensional
imaging of biomolecules, in which the structural change of a biomolecule is visualized. To achieve
four—dimensional imaging, it is necessary to classify two-dimensional electron density maps of a
biomolecule in accordance with its structural polymorphism. The purpose of the present study is to
establish a method for four-dimensional imaging by developing our program suite “"EMMA” for the
classification of two—dimensional electron density maps.

The following developments were achieved:

1. A low signal-to-noise ratio of the two-dimensional electron density maps obtained through
cryo—electron microscopy experiment would lead to the failure of the classification using EMMA.
Here, we have proposed a protocol for the classification of the maps of a biomolecule with a low
signal-to-noise ratio in accordance with its structural polymorphism. A simulation for a
cryo—electron microscopy experiment has been shown the usefulness of the protocol.

2.  An assumption required for the reconstruction of the three-dimensional electron density map is that
the orientation of the biomolecules in the vitreous ice is isotropic. However, this is not always
the case, and maps are often sampled using preferred biomolecular orientations. Here we propose
a measure of whether cryo—electron microscopy data is obtained from the biomolecules adopting a
preferred orientation. A simulation for a cryo—electron microscopy experiment suggests the
usefulness of the measure.

We are now developing a four—dimensional imaging technique. After a test usingasimulation cryo—electron
microscopy experiment, we will apply the technique to experimental data.




