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Objectives

Species-specific differences in amino acid sequence 
influence myoglobin redox properties. Previous studies 
reported that the number and location of histidine resi-
dues can influence myoglobin redox stability. However, 
limited knowledge is currently available on the species-
specific differences in the distances between the proxi-
mal (His 93) and distal (His 64) histidines and the heme 
iron in myoglobin. The objective of the current research 
was to utilize homology-based modeling to determine 
the distances between the proximal and distal histidines 
and the heme iron in the myoglobins from beef, pork, 
goat, bison, sheep, water-buffalo, venison, and emu.

Materials and Methods

The homology-based modeling was conducted us-
ing the Iterative Threading Assembly Refinement server 
(I-TASSER), which identifies the homologous structure 
models of myoglobins (beef, pork, goat, bison, sheep, 
water-buffalo, venison, and emu) from Protein Data 
Bank (PDB) using an algorithm named Local Meta-
Threading-Server. The secondary structure of the target 
protein was predicted based on sequence information 
from the Protein Secondary Structure PREDiction al-
gorithm. The lowest free energy conformations of the 
proteins were determined by SPICKER (a clustering ap-

proach to identify near-native protein folds). Refinement 
of the low free energy conformations were done by using 
Fragment Guided Molecular Dynamics simulations and 
ModRefiner. Prediction of the ligand-binding site of the 
target proteins were made by COACH algorithm. The 
distances between histidines (His 64 and His 93) and the 
iron in the heme group in the predicted structure of eight 
different species were determined using PyMOL, a com-
puter software used for molecular visualization.

Results

The homology-based modeling has shown that de-
spite having 80% sequence similarity and conserved his-
tidine residues (His 64 and His 93), the distance between 
the distal histidine (His 64) and heme iron varied be-
tween 4.3–5.5 Angstrom. Pork myoglobin has the short-
est distance, and beef myoglobin has the longest distance. 
The distance between the proximal histidine (His 93) to 
the heme varied between 1.9 to 3 Angstrom; sheep myo-
globin had the shortest and bison had the longest.

Conclusion

The results suggest that in addition to the inherent 
differences in muscle biochemistry, variations in myo-
globin structure also contributes to species-specific dif-
ferences in meat color.
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