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Typically, lower-resolution experimental maps from single-particle cryogenic electron microscopy or 3D electron diffraction 
contain less detail compared to higher-resolution maps. However, charged moieties tend to be easier to recognize at lower 
resolutions. To investigate this issue, we studied how truncating high-resolution data affects Fourier images of protein crystal 
electrostatic potential. To do this, we used both the common independent atom model (IAM) and the more precise transferable 
aspherical atom model (TAAM), combined with the Multipolar Atom Types from Theory and Statistical clustering (MATTS) 
data bank [1,2] (successor of UBDB). The detailed procedure was described in [3]. MATTS data bank gathers all aspherical 
atom types necessary to model the electron density of proteins and other macromolecules. One can also model the electrostatic 
potential of macromolecules, not only at their surface, but within their entire volume. It is a more accurate approach than 
using simple point charge models but also less computationally-demanding than the conventional quantum mechanics 
methods.  

Our results indicate that the theoretical electrostatic potential maps of proteins calculated with TAAM and IAM approach at 
resolutions close to 4 Å, shown in the upper panel in Figure 1, are strikingly different at the charged residues positions. In 
particular, the TAAM electrostatic potential of Asp residues presented at 2 sigma contour has literally vanished from the map 
due to the negative scattering of charged carboxylate oxygen atoms. This effect is much less pronounced in the IAM map. A 
reverse pattern is observed for the positively charged Lys residues. At 4 Å resolution, the TAAM map contour covers a larger 
volume compared to IAM, while the positive electrostatic potential of the ammonium group is entirely absent in the IAM 
map. If we compare those electrostatic potential maps with the electron density maps generated with TAAM and IAM, we 
would notice a remarkable similarity not only between both electron density maps but also between those electron density 
maps and the electrostatic potential maps modeled with IAM. It stems from the fact that both the X-ray diffraction and the 
IAM are almost insensitive to a change of the partial charge that is frequently observed in protein functional groups. Moreover, 
if we truncate also the low-resolution reflections in the procedure for generating the electrostatic potential maps at 4 Å 
resolution, as presented in the lower panel of Figure 1, it is clear that the information about the sensitivity to charged moieties 
is hidden in the lowest resolution data range. This result underlines the importance of careful modeling of the low-resolution 
signal in single-particle cryogenic electron microscopy and 3D electron diffraction. 

 
Figure 1. 3D Fourier electrostatic potential maps calculated using TAAM/IAM with thermal smearing effects and the data resolution 

ranges ∞ – 4 Å and 8 – 4 Å for lysozyme residues. The maps are shown at 2 sigma contour. 
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