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QM/MM Molecular Dynamics Simulation for the MHC class I Molecule In—
teracting with Antigen Peptide
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Abstract In the process of antigen presenting of major histocompatibility complex (MHC) class I molecule, antigen pro-
tein, which is in the cytoplasm of antigen-presenting cells (APC), is cleaved into short peptide fragments by proteasome, and
the short peptide fragments will be transferred from the cytoplasm to the endoplasmic reticulum lumen by transporter associ-
ated with antigen processing (TAP). The peptide will combine with the MHC class I molecule, and the forming pMHC com-
plex will be presented to the surface of APC cells, and it will be recognized by T cell receptor (TCR). And then, the CTL
cells will be activated, and it will begin to proliferate and differentiate, and it will kill the tumor cells. The mechanisms how
does the CTL cell recognize the peptide-MHC complex and how does the MHC molecule interact with the peptide are not
clear. In traditional method, electronic structure changes is not considered during the peptide binding to the MHC molecules.
The electronic structure changes need to use the method of Quantum Mechanics to deal with. In this paper, we use QM/MM
multi-scale molecular dynamics simulation of biological macromolecules, and take the crystal structure of TAX-HLA-
A*0201 molecules complex as template. We would replace the anchor amino acid of the peptide, and use the electric multi-
pole moment component to present the electrostatic potential formed by the atomic polarization charge of pocket amino acid
residues. We analyze the electrostatic potential changes and the functions of each pocket amino acid by box plots, we would
consider that Glu63 and Lys66 of Pocket B are primary anchoring amino acids and fine recognition amino acid, Asp77 and
Tyr84 of Pocket F are the fine recognition amino acid, Asp77 and Lys146 are the primary anchoring amino acids. It shows
that QM/MM method is very effective in extracting the specific information of antigen peptide binding to MHC class I
molecules. And it possesses some guiding significance to understand the mechanism of immune recognition and the devel-
opment of tumor vaccine.
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Figure 1 Crystal structure of TAX-HLA-A*0201 complex molecules
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Table 1 Residues on HLA molecule nonbonding contact with each anchor amino acids of peptide

[15]

Anchor amino acid Pocket Pocket amino acid (Chain A)
Leu Pocket A Tyr7, TyrS9, Glu63, Tyr159, Thr163, Trp167, Tyrl71
Leu Pocket B Tyr7, Phe9, Met45, Glu63, Lys66, Val67, Tyr99, Tyr159
Phe Pocket D Lys66, His70, Tyr99, GIn155, Leul56, Tyr159
Pro Pocket C His70, Thr73
Val Pocket E Arg97, Trpl147, Vall52, GInl55
Val Pocket F Asp77, Thr80, Leu81, Tyr84, Tyr116, Thr143, Lys146, Trp147
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Figure 2 The example of box plot
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Figure 3 The boxplot of the electrostatic field change of the pocket amino acid
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Figure 4 Boxplot of the IQR values of each pocket amino acid about
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Figure 6 The total change of the electrostatic field of each pocket about
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Figure 7 The electrostatic field changes compared with the original anchor amino acid
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