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The data provided and described here give insight into
the solution dynamics of the dimer of human EpCAM
ectodomain (EpEX). As the starting point, crystal structure of
EpEX non-covalent dimer was used (PDB ID 4MZV). The co-
ordinates of solvent-embedded dimer were used to generate
a topology file, which was in turn used for all-atom molecu-
lar dynamics (MD) simulation run of 20 ns length using full-
system periodic electrostatics at a constant temperature of
310 K and a constant pressure of 1 atm. The MD trajectory
file (part of this dataset) contains 4000 frames corresponding
to recording/sampling atom positions every 5 ps. The simu-
lation run was then analyzed in terms of root mean square
deviations (RMSD) of protein atoms, and non-covalent inter-
subunit interactions. The MD trajectory and analyzed data
enable—in contrast to the static crystal structure—detailed
analysis of solution-like protein structural dynamics and sup-
port design of EpCAM-targetting binders and structure-based
analysis of EpCAM interactome.
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Specifications Table

Subject Structural Biology
Specific subject area Computational molecular biophysics
Type of data Structure
Molecular dynamics trajectory
Table
Interaction network
How data were acquired The data were acquired by molecular dynamics (MD) simulations using

program NAMD 2.11 [1] running on a NVIDIA GF110 graphical processing unit
(GPU). Input data were prepared using VMD 1.9.3 [2]. Data were analyzed
using UCSG Chimera [3] and Cytoscape 3.8.2 [4].

Data format Raw input: structure (pdb) and topology file (psf).
Raw output: trajectory file (dcd), sampled structure snapshots (pdb).
Analyzed: rmsd values (xIsx), residue-residue contact networks (pdf), network
on non-covalent interactions (cys).

Parameters for data collection Protein model (EpCAM ectodomain dimer) was embedded in a water cube
with periodic boundary conditions, system was electro-neutral. For simulation
CHARMM?22 force field was used, and simulation was run at 1 atm and 310 K.

Description of data collection Molecular dynamics simulation of the EpCAM ectodomain dimer was
performed using NAMD 2.11 [1]. The resulting trajectory file was used to
prepare structure snapshots in pdb format, as well as to calculate frequency of
inter-subunit interactions involving specific residues during the timecourse of
the simulation and RMSD values of C, atoms of the simulated prorein model.

Data source location Institution: University of Ljubljana, Faculty of Chemistry and Chemical
Technology
City: Ljubljana
Country: Slovenia

Data accessibility Repository name: Mendeley Data
Data identification number: 10.17632/44p89zc67y.1
Direct URL to data: http://dx.doi.org/10.17632/44p89zc67y.1

Related research article T. Zagar, M. Pavsic, A. Gaber, Destabilization of EpCAM dimer is associated with
increased susceptibility towards cleavage by TACE, Peer]. 9 (2021) e11484.
10.7717/peerj.11484.

Value of the Data

» The data are useful for detailed structural analysis of tumor marker EpCAM ectodomain
dimer. In contrast to the static crystal structure, the data mimick structural dynamics of pro-
tein in the solution.

« All-atom protein molecular dynamics simulations in nanosecond scale are inherently time-
consuming to calculate. This dataset enables structural biologists to use a pre-calculated
molecular dynamics trajectory of EpCAM ectodomain dimer.

- Data provide insight into which regions of the EpCAM ectodomain dimer are more struc-
turally flexible than the others, and which inter-subunit interactions are pivotal for dimer
stability.

- Data can be used to extract intra-subunit residue-residue interactions at atomic resolution
providing information on EpCAM molecular biophysics and protein biophysics in general.

» Ensemble of structure snaphots can be used as a model for phasing by molecular replace-
ment during crystal structure solution of EpCAM ectodomain from other species or EpCAM-
related molecules, and as models in structural studies by other methods.

+ This dataset can be used in the design of molecules specifically targetting EpCAM (poten-
tial therapeutics), or to devise mutations aimed at interfering with EpCAM function, stability
and/or oligomeric state (research purpose).

1. Data Description

The data described here are derived from molecular dynamics (MD) simulation of a native-
like dimer of ectodomain of epithelial cell adhesion molecule (EpCAM). The MD trajectory file,
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Table 1
Data files provided for the MD simulation.
Sub-folder name File name Description
input EpEX_x4mzv.pdb input protein dimer structure
EpEX_x4mzv_wbi.pdb coordinates of simulated system including
water molecules and sodium ions
EpEX_x4mzv_wbi.psf topology file for the simulated system
output EpEX_x4mzv_eq.xst energies
EpEX_x4mzv_eq-wrapped.dcd trajectory file (centered on protein)
output/ pdb_snapshots_dimer EpEX_x4mzv-frame_$i.pdb snapshots of dimer coordinates ($i = frame
number, starting at 0)
output/ pdb_snapshots_subunit EpEX_x4mzv-segA-frame_$i.pdb snapshots of subunit coordinates
EpEX_x4mzv-segB-frame_$i.pdb ($i = frame number, starting at 0; segA,
segB = segment ID)
analysis EpEX_x4mzv-subunit_rmsd.xlsx RMSD values (per residue)

EpEX_x4mzv-subunit_interactions.cys ~ Cytoscape file containing non-covalent
inter-subunit interactions

EpEX_x4mzv-subunit_interactions.pdf ~ PDF output of Cytoscape file containing
non-covalent inter-subunit interactions

which is part of this dataset, corresponds to a 20 ns all-atom simulation and is an extension
of the MD simulation described in Ref. [5]. Supplied are initial coordinates and topology of the
simulated system, output energies (frequency of 0.2 ps) and trajectory with atom coordinates
(frequency of 5 ps), and structure snaphots in pdb format of the dimer and subunits (frequency
of 200 ps). The dataset also includes a file listing root mean square deviation (rmsd) values
for each residue, and a non-covalent inter-subunit interactions network (Cytoscape format). The
Cytoscape file containing residue-residue interaction network contains several rows describing
the nodes (residues), including shared name (three-letter residue code with residue number and
chain ID), SS (secondary structure), and kdHydrophobicity (hydrophobicity assigned according to
Kyte-Doolittle scale). The weight in the edge table (table of residue-residue interactions) corre-
sponds to the frequency of the observed contact during the simulation (in the range from 0 to
1, with 1 corresponding to contact in 100% of simulation frames).

All mentioned files are listed in Table 1. The inter-subunit interactions are depicted as
residue-residue interaction network in the Fig. 1, and RMSD values mapped to the initial struc-
ture are shown in Fig. 2.

2. Experimental Design, Materials and Methods

Directories and file described below are part of the master file EpEX_4mzv-MD_dataset.zip
deposited at Mendeley Data.

2.1. Preparation of input topology files

As the starting structure EpEX crystal structure was used (PDB ID 4MZV) [6]. The struc-
ture contains one polypeptide chain in the asymmetric unit, and the EpEX dimer was con-
structed by applying a symmetry operation (rotation around C2 axis) using UCSF Chimera [3].
Chains were labeled A and B, respectively, and from both of them the N-terminal pyroglutamate
residue (pyroGlu24) was removed. This initial dimer structure (file: input/EpEX_x4mzv.pdb)
was used to generate the all-atom pdb (file: input/EpEX_x4mzv_wbi.pdb) and topology (file:
input/EpEX_x4mzv_wbi.psf) using VMD 1.8.3 (http://www.ks.uiuc.edu/Research/vmd/) and the
psfgen plugin [2]. During this procedure, histidine residues were listed as HSE (neutral His,
proton on NE2), 20 A water margin was added on each side of the dimer (giving a box of
approximately 100 x 100 x 100 A), and the system was neutralized by adding sodium ions.
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Fig. 1. Residue interaction network. Shown are non-covalent interactions between the two subunits of the EpEX ectodomain dimer during MD simulation. Edge thickness and color
coresponds to observed frequency of the interaction during trajectory—thicker and darker line corresponds to higher frequency. Node color corresponds to charge: positively charged
residues as blue (Lys, Arg), negatively charged residues as red (Glu, Asp), polar residues as light green, and hydrophobic as grey. Node size corresponds to degree (number of different
interactions). Modified from [5] by including data from extended simulation time and manually rearranging the residue nodes for better readability.
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Fig. 2. RMSD of C, atoms mapped to initial structure of EpCAM (a) subunit, and (b) ecotodomain dimer (PDB ID 4MZV). Broader tube and red color corresponds to large RMSD values
while narrower tube and blue color corresponds to lower RMSD values. In the dimer one subunit is colored as in gray-black gradient which corresponds to red-blue of the other subunit.
Labeled are N- and C-termini, plus the first loop of the thyroglobulin type 1 (TY) of EpCAM.
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The all-atom pdb file contains 7608 protein atoms (segments SEGA and SEGB, corresponding
to the two subunits), 89,688 water atoms (29,896 water molecules) and 4 sodium ions giving
together a total of 97,300 atoms/ions.

2.2. Molecular dynamics simulation

MD simulation runs were performed using NAMD 2.11 [1] (http://www.ks.uiuc.edu/Research/
namd/) running on a NVIDIA GF110 graphical processing unit (GPU) on a 64-bit Linux system.
Following initial minimization (1000 steps of 2 fs), the water molecules and ions were allowed
to move freely for 5000 steps (each 2 fs) while the protein atoms were kept at fixed positions.
This step allowed water molecules to enter small cavities and to rearrange themselves in a real
solution-like manner, thereby preventing introduction of artefacts during the production run. Af-
ter this step the system was remeasured, and the new dimensions used to define the size of the
production system. The production run of 20 ns length was performed under periodic boundary
conditions where full-system periodic electrostatics were used, again using a timestep of 2 fs
for recalculation of energy and forces. Simulations of similar length were already shown to be
relevant to explore local structure fluctuations or conformational changes in other dimers with
similar a dimer-to-monomer dissociation constant in (sub)nanomolar range, for example of the
human prion protein dimer [7] and tubulin dimer [8]. For both initial minimization and final
production run CHARMM?22 forcefield parameters [9,10] were used. Temperature was kept con-
stant at 310 K using Langevin dynamics, and pressure at 1 atm using Langevin piston. The atom
positions were recorded with a frequency of 5 ps giving a final trajectory file of 4000 frames,
and the energy was recorded with a frequency of 0.2 ps (file: output/EpEX_x4mzv_eq.xst). The
trajectory file was wrapped using PBCTools 2.8 (part of VMD) to center on the protein part of
the system (file: output/EpEX_x4mzv_eq-wrapped.dcd).

2.3. Generation of structure snaphots from MD trajectory

The wrapped trajectory and corresponding topology file were loaded in VMD 1.8.3 and used
to generate structure snapshots of the dimer and separate subunits; for each, 100 snapshots
were generated corresponding to every 40th frame of the trajectory. The files are collected in
separate folders: output/pdb_snapshots_dimer/EpEX_x4mzv-frame_$i.pdb for the dimer ($i cor-
respondis to frame number starting from 0), and output/pdb_snapshots_dimer/EpEX_x4mzv-
segX-frame_$i.pdb for the subunits (X corresponds to A or B, and $i correspondis to frame num-
ber starting from 0).

2.4. Calculation of RMSD values

Root mean square deviation of backbone atoms C, was calculated by using pdb structure
snapshots of the two subunits, and superimposing them using Theseus 3.3.0 [11,12]. The per
residue RMSD values are listed in the file analysis/EpEX_x4mzv-subunit_rmsd.xlsx.

2.5. Inter-subunit contacts analysis

Non-covalent contacts between the subunits of the EpEX dimer were analyzed using UCSF
Chimera [3] connected to Cytoscape 3.8.2 [4] with the StructureViz2 plugin [13]. Each 10th frame
of the MD trajectory was analyzed, and to each observed residue-residue interaction a fraction
of frames in which it was present was assigned. For contact detection default parameters were
used (VAW overlap > -0.4 A).
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