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By reaching atomic resolution, single particle cryo-electron microscopy (Cryo-EM) has emerged as a 
powerful tool for structural biology. As the 3D structure of a protein obtained from single particle 
imaging technique is synthesized from its many projections representing different views, some 
properties of the protein are critical for atomic resolution. For instance, the protein must be of 
considerable size to be still visible under imaging conditions that preserve high resolution information 
but not the low resolution. On the other hand, a relatively rigid protein that is not dynamic in 
conformation as in the case of capsid protein of virus would serve as warrantee that different projections 
are actually derived from the same unique structure.  
 
The difficulty of seeing small protein by cryo-EM comes from low efficiency in contrast transfer by the 
microscopy; worsen by the low electron dose for reducing radiation damage of protein. Low contrast 
transfer is due to the suppression of low spatial frequency by the microscope objective lens. The keeping 
of low spatial frequency signal was made possible by the implementation of a Zernike phase plate below 
the specimen stage [1]. With the objective lens operated in-focus in the presence of the phase plate that 
causes additional 90 degrees between the direct beam and the scattered beam, superior contrast could be 
obtained, by which RNA polymerase II of 12 nm and the small protrusion domain of 4 nm on DGNNV 
that is usually hard to be seen can be revealed [2]. Con-current theoretic study as to the benefit from 
increase in contrast has suggested that single particle images from an ideal phase plate cryo-EM would 
require fewer data for 3D reconstruction of a protein with unique conformation and allow mixed data 
representing different conformations to be separated in silico. Indeed, recognition of virus in different 
states merely based on the low resolution features was enabled by phase plate cryo-EM tomography [3]. 
Nevertheless, the schemes as to separate various conformations existing in experimental phase plate 
single particle cryo-EM data has remained to be established.  
 
Here, we studied the processing of Zernike phase plate cryo-EM (ZEM) images using two protein 
particles whose 3D structures are most known. The first is DGNNV, a small virus (~30 nm) with 
icosahedral symmetry, by which the near atomic resolution structure of the shell domain of the capsid 
protein has been recently obtained in our laboratory. The DGNNV capsid protein is consisted of two 
parts: the shell is rigid to stabilize the virus architecture while the protrusion on the virus surface is 
obscure due to its small size but become pronounced by ZEM [2]. As to DGNNV, we studied the number 
of ZEM images required toward a target resolution to test the notion of higher data efficiency by ZEM 
for 3D reconstruction suggested by a previous study. RNA polymerase II (~12 nm), half of the size of 
ribosome, is also a multi-subunit protein complex that does not have symmetry and its compact and 
roundish appearance has presented great challenges on processing its CEM images [4]. In addition, RNA 



polymerase II is rich in conformations but its small size has hindered the separation of its conformations 
without using staining. In this study, we compared the efficiency of separating conformation information 
recorded in CEM images with that in ZEM images. To this end, we were able to sort the closed and the 
open form of RNA polymerase II and performed 3D refinement on each subset of ~20,000 ZEM particle 
images. 
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Figure 1. A section of DGNNV 3D reconstruction obtained by filtration of the data with various 
high-pass filter of Gaussian shape. From (a) to (d) are no-filtering, filtering with increase of the width of 
the Gaussian. The left column represents the one dimensional power spectra and the right column shows 
the section of the resultant 3D reconstruction.  
 

 
Figure 2. 3D classification analysis of the yeast RNAPII and separation of conformations. All the 
density maps are displayed at similar threshold for just comparison of different classes. The four maps 
were obtained from ZEM images and they can be divided into two classes based on the major 
difference of the size of the stalk of RNA polymerase II and the apparent occupancy in the cleft 
between lobe and clamp. In Class I the cleft is wider but stalk is obscure while Class II shows opposite 
characters. 


