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Multicanonical MD sampling of CDR-H3 loop structures in antibodies

— H. Shirai, N. Nakajima, J. Higo, A. Kidera, and H. Nakamura, J. Mol. Biol. 278, 481 (1998).
— S. T. Kim, H. Shirai, N. Nakajima, J. Higo, and H. Nakamura, Proteins 37, 683 (1999).
GPCR-nanobody binding by accelerated MD simulations.

— Y. Miao and J. A. McCammon, PNAS 115, 3036 (2018).

Metadynamics simulations for sampling CDR-H3 loops in antibodies.

— M. L. Fernandez-Quintero, J. R. Loeffler, J. Kraml, U. Kahler, A. S. Kamenik, and K. R. LiedI,
Front Immunol. 9, (2019).

Thermal stabilities of VHH investigated by MD simulations
— G. Bekker, B. Ma, and N. Kamiya, Protein Science 28, 429 (2019).

Binding affinity estimations by MD simulations
— M. A. Soler, S. Fortuna, A. de Marco, and A. Laio, Phys. Chem. Chem. Phys. 20, 3438 (2018).
— M. A. Soler, A. de Marco, and S. Fortuna, Scientific Reports 6, 1 (2016).

— X. Cheng, J. Wang, G. Kang, M. Hu, B. Yuan, Y.Zhang, and H. Huang, International Journal of
Molecular Science 20, 17 (2019)

Response of antibody to antigen binding wanybenhancecln! sdamp::ing methods
— K. Shinoda and H. Fuijitani, Scientific Reports 7,1 (2017).  L-orc 2SN APPIEC SO TaF




Replica Exchange method

Sugita and Okamoto, Chem. Phys. Lett. 314, 141-151 (1999)
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This study proposes to use gREST for enhanced sampling of H3 loop structure
Kamiya and Sugita, J. Chem. Phys. 149, 72304 (2018)
gREST can change the “temperatures” of both local specific residues and potential energy terms
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Purpose and computational protocols

Test systems (PDB ID: 4KRN, 4IDL)

[Problem we address ]

gREST can selectively change the "temperature” of H3
loop region. But which potential energy terms should
be selected for efficient sampling?

Computational Protocols

Homology modeling Sampling of H3 loop

from sequence with structure by gREST
SWISS-MODEL simulations

We apply gREST method to CDR H3 loop and examine the combinations of potential energy terms,
ALL, DIHEDRAL, CHARGE, LJ, to evaluate which terms are effective for efficient sampling.

SWISS-MODEL used for homology modeling. GENESIS of RIKEN used for gREST simulation with 8 replicas.
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RMSDs from experimental H3 loop structure

Simulation results (PDB ID: 4KR
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gREST with DIHEDRAL terms rapidly found the experimental structure

Higashida and Matsunaga, in preparation
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Simulation results (PDB ID: 41DL)

RMSDs from experimental H3 loop structure

8 Homology modeling MD snapshot
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G. Bekker, B. Ma, and N. Kamiya, “Thermal stability of single-domain
antibodies estimated by molecular dynamics simulations,”
Protein Science, vol. 28, no. 2, pp. 429-438, 2019
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Ramadoss, V., Dehez, F. & Chipot, C. AlaScan: A Graphical User Interface for Alanine
Scanning Free-Energy Calculations. J. Chem. Inf. Model. 56, 1122-1126 (2016).



Alchemical free energy perturbation (FEP)

AG(A — B) =G — Gp = —kgTIn <exp(— B — VA)>
kgT A

V=2,+(1-2V;

https://www.cresset-group.com/about/news/flare-
alchemical-fep/
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