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Heme proteins play diverse and pivotal biological roles, and therefore clarifying the functional
mechanism of heme proteins is a crucial scientific topic. Heme distortion is a key factor regulating
the chemical properties of heme. Here, we analyzed the fluctuation in heme distortion in hemoglobin
and myoglobin using molecular simulations and quantum mechanical calculations as well as statistical
analysis of their structures stored in PDB. Our analyses showed that the protein environment
prominently affects the distortion correlating with the oxygen affinity, and that the magnitude of
distortion is different between two proteins, suggesting that the regulation by the protein
environment leads to chemical properties of heme appropriate for protein functions. In addition, we
analyzed the correlations between the heme distortion and tertiary structures of heme-binding pocket
using a deep learning method. As a result, a correlation was detected in the three lowest vibrational
modes. The assessment of the correlation between the cavity shape and heme structure demonstrated
that hemes in protein pockets with similar structures exhibit near-identical structures. These
analyses indicate that the protein environment is a major factor impacting the heme distortion

thereby controlling the chemical properties of heme relevant to the protein function. Our findings
imply a structure-function correlation in heme proteins
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