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The structure of hCx26 derived from the X-ray analysis was used to
generate a homology model for hCx46. Interacting connexin molecules
were used as starting model for the molecular dynamics (MD) simulation using NAMD and allowed us to predict the dynamic behavior of
hCx46wt and the cataract related mutant hCx46N188T as well as two
artiﬁcial mutants hCx46N188Q and hCx46N188D. Within the 50 ns
simulation time the docked complex composed of the mutants dissociate while hCx46wt remains stable. The data indicates that one
hCx46 molecule forms 5–7 hydrogen bonds (HBs) with the counterpart
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connexin of the opposing connexon. These HBs appear essential for a
stable docking of the connexons as shown by the simulation of an
entire gap junction channel and were lost for all the tested mutants.
The data described here are related to the research article entitled “The cataract related mutation N188T in human connexin46
(hCx46) revealed a critical role for residue N188 in the docking
process of gap junction channels” (Schadzek et al., 2015) [1].
& 2016 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Computational Biology
Molecular dynamics simulation of the connexin docking interface
Figure, diagram, videos
Homology modelling using MODELLER [2] and the crystal structure of hCx26
(PDB ID: 2ZW3) [3]; hCx46 connexins were superimposed on the hCx26 connexins chains in the connexon derived from the X-ray structure [3]. The molecular dynamics simulation of interacting hCx46 connexins was performed using
NAMD 2.9 [4] and the CHARMM27 force ﬁeld [5]
Analyzed
The interacting hCx46 connexins were placed in a cubic box ﬁlled with TIP3P
water [6] and Na þ -Ions; the disulﬁde bridges were created by patches. Temperature (310 K) and pressure (101.3 kPa) were maintained constant. The system
was equilibrated for 5 ns and the dynamic was followed for 50 ns at steps of 1 fs
Simulation of connexin-connexin docking interaction
Institute for Biophysical Chemistry, Hannover Medical School (MHH),
Hannover, Germany; Center for Structural Systems Biology, German Electron
Synchrotron (DESY), Hamburg, Germany
The data is with this article

Value of the data

 The data allow a prediction of the dynamic behavior of hCx46 molecules during docking process by
molecular dynamics simulation.

 The hydrogen bonds formed by N188 of hCx46 within a connexon with residues R180, T189 and



D191 of the counterpart connexin in the connexon of the adjacent cell appear to be crucial for the
interacting connexin molecules to form a stable complex.
hCx46 formed 5–7 HBs with the opposing connexins in the counterpart connexon of the adjacent
cell, which stabilize the docked complex and the formation of a gap junction channel.
Crystallization of connexins is still very difﬁcult. However, the presented data for hCx46 shows that
the structure of hCx26 derived from the X-ray analysis can be used to predict the molecular
dynamic behaviors of other connexins.

1. Data
In this Data article we share molecular dynamics simulation data of Cx46 molecules. In our data
we simulated the inﬂuence of different N188 mutation of hCx46.
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2. Experimental design, materials and methods
2.1. Structural modeling and molecular dynamics simulations
To produce the data, a structural model of hCx46 was generated using MODELLER [2], and the
high-resolution crystal structure of hCx26 (PDB ID: 2ZW3) [3] was taken as a template. Both connexins belong to the K/R-N group [7] and have a high sequence homology in the second extracellular
loop E2, the essential region for connexon docking. Therefore the usage of hCx26 as template for this
region seems to be acceptable. The MODELLER objective function and the discrete optimized protein
energy (DOPE) were used for the evaluation and selection of the models. The CL loop conformation,
which is missing in the template structure, was subsequently optimized. The gap junction channel of
hCx46 was constructed by superposition of the hCx46 connexins on the hCx26 connexin chains in the
connexon derived from the X-ray structure [3]. A two-fold symmetry operation was used to build the
second hemichannel. A pair of interacting hCx46 molecules of opposing hemichannels was selected as
the model system for molecular dynamics simulations, and for the different mutants in which the
aspargine residue at position 188 was replaced by either threonine, glutamine or aspartic acid. The
four simulations – hCx46wt, hCx46N188T, hCx46N188Q and hCx46N188D – were immersed individually in a cubic box ﬁlled with explicit TIP3P water molecules [6], and the net charge was neutralized
by adding Na þ counter ions. To keep disulﬁde bridges stable, patches were implemented between
residues C54 - C192, C61 - C186, and C65 - C181 of hCx46, which correlate with the disulﬁde bridges
C53 - C180, C60 - C174, and C64 - C169 in hCx26. All molecular dynamics simulations were conducted
Â
using NAMD 2.9 [4] and the CHARMM27 force ﬁeld [5]. A 12 e cutoff was used for non-bonded short-

Fig. 1. Binding interface and HBs network of the wild type (A) and the three mutants, hCx46N188T (B), hCx46N188Q (C) and
hCx46N188D (D). The three N188 mutations disturb the HB network to varying degrees.

96

P. Schadzek et al. / Data in Brief 7 (2016) 93–99

Fig. 2. Snapshots from the molecular dynamics simulations of hCx46wt and the three mutants.
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range interactions, and long-range electrostatics were treated with the particle-mesh Ewald method
[8]. Temperature and pressure were maintained at 310 K and 101.3 kPa using Langevin dynamics and
the Langevin piston method. The simulation time step was 1 fs. Each simulation system was ﬁrst
energy minimized and subsequently equilibrated for approximately 5 ns – during which the systems
Â
converged towards a backbone RMSD of 5–7 e - prior to production runs. Molecular dynamics (MD)
simulations were conducted for 50 ns each at the Computer Cluster of the Norddeutscher Verbund für
Hoch- und Höchstleistungsrechnen (HLRN). Simulations of the entire hCx46wt and hCx46N188Q gap
junction channels were prepared and treated analogously to the above described procedure.
2.2. Molecular dynamics simulation of interacting hCx46 connexins
The data shows the inﬂuence of the N188T mutation compared to the wild type, molecular
dynamics simulations were performed over 50 ns simulation time. The artiﬁcial mutation N188Q
reintroduces a carboxamide group at position 188 but is bulkier. In the second artiﬁcial mutation
N188D, the asparagine residue is replaced by the equally sized aspartic acid residue. Fig. 1 shows the
data of the HB network surrounding residues N188, T188, Q188 and D188, [1] which got disrupted in
all the mutants, leading to a destabilization of the complex during the MD simulation (Fig. 2, movies
of the molecular dynamics simulation: supplementary material S1–S4). Furthermore, monitoring the
angles between the interacting connexins along the simulation time for the wild type and the N188T
mutant showed a stable angle of about 170° between the hCx46wt monomers, while the hCx46N188T
monomers bent relative to each other, reducing the angle to about 60° during the trajectory (Fig. 3).
Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/j.
dib.2016.01.067.
2.3. N188D introduces a negative charge
The data of the artiﬁcial mutation N188D introduces a negative charge that seems to cause an
electrostatic repulsion. Fig. 4 shows the electrostatic surface potential of the molecules of wild type
connexin compared to the N188D mutation (blue areas symbolize positive charges, white areas
indicate neutral regions and red colored areas represent negatively charged regions) as well as the
repulsion after 20 ns simulation time (long arrows).
Furthermore, we tested the effect of reciprocal charge mutations N188D and D191N on our Cx46
model system during MD simulations (see supplementary video S5) since our data shows that the
residue N188 forms a hydrogen bond with D191. Despite the reported rescue function of such reciprocal charge mutations for the Cx32/Cx26 complex [4,9], the Cx46 complex dissociated within 50 ns
in our simulations.

Fig. 3. Diagram depicting the angle between the interacting connexins along the simulation time for hCx46wt (black) and
hCx46N188T (gold). While the N188T mutation leads to a kinking of the connexins relative to each other and ﬁnally to the
dissociation of the complex, hCx46wt connexins remain rather constant with an angle around 170°.
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Fig. 4. The snapshot sequence shows the electrostatic repulsion of the hCx46N188D mutation with D191 (long arrows). Blue
areas symbolize a positive charge, white a neutral charge and the red colored area is negatively charged.

Fig. 5. The number of HBs between the hemichannels composed of hCx46wt (black) and hCx46N188Q (red). According to Gong
et al. [9], the stability of a gap junction channel is achieved if an average of 18 HBs is achieved. For the hCx46N188Q channel the
number of HBs is reduced to less than 10 within the ﬁrst 3 ns leading to the dissociation of the complex. The supplemental
movie S7 shows the dissociation. In comparison, movie S6 shows that hCx46wt hemichannels form a stable complex.

Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/j.
dib.2016.01.067.

2.4. Data from a model of whole gap junction channels
Simulations were performed for the entire hCx46wt and hCx46N188Q gap junction channels (see
movies in the supplementary material S6 and S7). The data shows that hCx46wt connexons interact
through an average of 40 HBs in the simulations. These HBs stabilize the whole gap junction channel
complex along the trajectory (movie S6). For the hCx46N188Q connexins, the connexons formed also
about 40 HBs at the beginning of the simulation. However, the number of HBs decreased rapidly
within the ﬁrst 3–4 ns of simulation and the channel complex started to dissociate (Fig. 5 and movie
S7). Nevertheless, after 10 ns complete dissociation of the channel was not achieved and an average of
5 HBs were still detectable.
Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/j.
dib.2016.01.067.

P. Schadzek et al. / Data in Brief 7 (2016) 93–99

99

Acknowledgments
This work was supported by Transregio TR37. We are grateful to Holger Naundorf and the staff of
the HLRN supercomputer for providing computational resources and support.

Appendix A. Supplementary material
Supplementary data associated with this article can be found in the online version at http://dx.doi.
org/10.1016/j.dib.2016.01.067.

References
[1] P. Schadzek, B. Schlingmann, F. Schaarschmidt, J. Lindner, M. Koval, A. Heisterkamp, M. Preller, A. Ngezahayo, The cataract
related mutation N188T in human connexin46 (hCx46) revealed a critical role for residue N188 in the docking process of
gap junction channels, Biochim. Biophys. Acta (2015), http://dx.doi.org/10.1016/j.bbamem.2015.10.001.
[2] A. Sali, T.L. Blundell, Comparative protein modelling by satisfaction of spatial restraints, J Mol. Biol. 234 (1993) 779–815.
[3] S. Maeda, S. Nakagawa, M. Suga, E. Yamashita, A. Oshima, Y. Fujiyoshi, T. Tsukihara, Structure of the connexin 26 gap
junction channel at 35 A resolution, Nature 458 (2009) 597–602.
[4] J.C. Phillips, R. Braun, W. Wang, J. Gumbart, E. Tajkhorshid, E. Villa, C. Chipot, R.D. Skeel, L. Kalé, K. Schulten, Scalable
molecular dynamics with NAMD, J Comput. Chem. 26 (2005) 1781–1802.
[5] A.D. MacKerell, D. Bashford, M. Bellott, R.L. Dunbrack, J.D. Evanseck, M.J. Field, S. Fischer, J. Gao, H. Guo, S. Ha, D. JosephMcCarthy, L. Kuchnir, K. Kuczera, F.T. Lau, C. Mattos, S. Michnick, T. Ngo, D.T. Nguyen, B. Prodhom, W.E. Reiher, et al., Allatom empirical potential for molecular modeling and dynamics studies of proteins, J Phys. Chem. B 102 (1998) 3586–3616.
[6] W.L. Jorgensen, J. Chandrasekhar, J.D. Madura, R.W. Impey, M.L. Klein, Comparison of simple potential functions for
simulating liquid water, J. Chem. Phys. 79 (1983) 926–935.
[7] M. Koval, S.A. Molina, J.M. Burt, Mix and match: investigating heteromeric and heterotypic gap junction channels in model
systems and native tissues, FBBS Lett. (2014).
[8] T.A. Darden, L.G. Pedersen, Molecular modeling: an experimental tool, Environ. Health Perspect. 101 (1993) 410–412.
[9] X.-Q. Gong, S. Nakagawa, T. Tsukihara, D. Bai, A mechanism of gap junction docking revealed by functional rescue of a
human-disease-linked connexin mutant, J Cell Sci. 126 (2013) 3113–3120.

