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ABSTRACT: Protein functions result from local and collective atomic motions that span a wide range of time scales. An integrated analysis of experimental and simulation data can shed light on the
detailed mechanism of these motions. Applying a high electric field to protein crystals enables conformational changes that can be captured by time-resolved X-ray crystallography. Such an experiment
(referred to as EF-X) carried out on a human PDZ domain obtained a series of atomistic “snapshots” of ensemble averages protein dynamics at 50 to 100 ns time intervals. Here, we present a molecular
dynamics (MD) study of the same system and provide a detailed picture of the protein dynamics in between the experimental “snapshots”. We replicated the experimental conditions and system geometry
In the presence and absence of an electric field. By constructing a model of the protein crystal as a 3x3x3 supercell with a total of 108 individual proteins, we achieved extensive sampling of the protein
conformational ensemble at the sub-millisecond time scale. In the study, we quantify the effects of the electric field on the protein structure and crystal symmetry. This work demonstrates how MD
simulations can complement information obtained in EF-X experiments by providing the higher spatial and temporal resolution of underlying dynamical processes.

MD simulation flowchart

Electric Field-stimulated X-ray Crystallography (EF-X)
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o An experiment to determine time-dependent protein
dynamics at the atomic level.

o A protein crystal is subjected to an electric field along one of
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Fig. 2: Experimental protocol and principles of EF-X'. (a) E-field is applied along the | | o Two force fields: AMBER14sb and CHARMM36m (not shown) with TIP3P and | | _ setup is equivalent to E-field OFF MD simulation
crystal axis perpendicular to the X-ray pulses. (b) The protocol is repeated for a series CHARMM-modified TIP3P water models. respectivel P g '
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o A strong electric field induces conformational changes in a protein crystal: | |, Eqyilibrate the supercell to reach a structural convergence before the o Simulate the equilibrated crystal for 500 ns in the presence of E Field.
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Fig. 3: Crystal symmetry breaking in the EF-X experiment. (a) PDZ domain crystallizes in the C2 space 0 1 2 time ( 35) 4 3 '
group — four molecules per unit cell and one molecule per asymmetric unit. (b) E-field E (applied along C | | g | | d N Fig. 6: Results of E-field ON MD simulations. (a) Average pairwise RMSD between all +E and —E chains in a
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