






replicable.

A.6 Generating data with the “factory”

The factory joins the simulator and calculator codes into a single web-based interface
which the user can deploy privately on a workstation or laptop. It makes it easy for
relative novices to generate simulation data, and it also makes it easy to organize the
production and analysis of new simulations. The codes can be cloned from githubgithub at
http://github.com/bradleyrphttp://github.com/bradleyrp. The user starts with a basic project displayed in
figure A.2A.2.

Figure A.2: Start a simulation from a “bundle” — a pre-packaged protocol. In this demonstration,
the user is creating a new simulation of the villin headpiece.

The factory detects all of the parameters — even if the user has customized their
own simulation protocols — and serves them in a form that can be easily tweaked
to e.g. induce a mutation in a protein, make a larger bilayer, or use a different lipid
composition. After running the simulation, the codes can produce some basic visual-
izations automatically. See figure A.3A.3 for an example of a short protein simulation of
the villin headpiece.

The factory codes are designed to automatically detect the settings for new “bun-
dles”, which means that any protocol written in automacs can be used in the factory.
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Figure A.3: Some simulation protocols can automatically create images of the data using VMD [142142].
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Batch calculations. Calculations can be deployed en masse using the factory de-
scribed in the next section. The web interface for the calculations is shown in figure
A.4A.4, but it can be deployed entirely from the terminal as well.

Figure A.4: The calculator web page can be used to apply calculations to many new simulations at
once. For example, you can see the results from the protein RMSD calculation in the bottom left.

A.7 Ongoing Development

The three codes described in this chapter are under active development. To date they
have been used to train several new students from high school interns to post-docs
in order to answer increasingly technical modeling questions. Codes are shared on
github and it is our sincere hope that even if these codes are not widely adopted,
that they make it easy to extend the work described in this dissertation to more
biomolecular systems.

123



Bibliography

[1] Adcock, S., J. McCammon (2006). Molecular dynamics: survey of methods
for simulating the activity of proteins. Chem. Rev. 106(5), 1589.

[2] Agrawal, N. J., J. Nukpezah, R. Radhakrishnan (2010). Minimal
Mesoscale Model for Protein-Mediated Vesiculation in Clathrin-Dependent En-
docytosis. PLoS Comput. Biol. 6(9), e1000926.

[3] Agrawal, N. J., R. Radhakrishnan (2009). Calculation of free energies in
fluid membranes subject to heterogeneous curvature fields. Phys. Rev. E 80(1),
011925.

[4] Agrawal, N. J., R. Radhakrishnan (2009). Calculation of free energies in
fluid membranes subject to heterogeneous curvature fields. Phys. Rev. E 80(1),
011925.

[5] Ahrens, J., B. Geveci, C. Law, Visualization Handbook, chapter ParaView:
An End-User Tool for Large Data Visualization (Elsevier, 2005).

[6] Ala, A., A. Dhillon, H. Hodgson (2002). Role of cell adhesion molecules in
leukocyte recruitment in the liver and gut. Int. J. Exp. Pathol. 84(1), 1.

[7] Amadei, A., A. B. M. Linssen, H. J. C. Berendsen (1993). Essential
dynamics of proteins. Proteins 17(4), 412.

[8] Amaya, J., D. Rana, V. Hornof (2002). Dynamic Interfacial Tension Be-
havior of Water/Oil Systems Containing In situ-Formed Surfactants. J. Solution
Chem. 31, 139.

[9] Arkhipov, A., Y. Yin, K. Schulten (2008). Four-Scale Description of Mem-
brane Sculpting by BAR Domains. Biophys. J. 95(6), 2806.

[10] Arkhipov, A., Y. Yin, K. Schulten (2009). Membrane-Bending Mechanism
of Amphiphysin N-BAR Domains. Biophys. J. 97(10), 2727.

[11] Ash, W. L., M. R. Zlomislic, E. O. Oloo, D. P. Tieleman (2004). Com-
puter simulations of membrane proteins. Biochim. Biophys. Acta, Biomembr.
1666(1–2), 158.

124



[12] Ayton, G. S., P. D. Blood, G. A. Voth (2007). Membrane Remodeling from
N-BAR Domain Interactions: Insights from Multi-Scale Simulation. Biophys. J.
92(10), 3595.

[13] Ayton, G. S., E. Lyman, G. A. Voth (2010). Hierarchical coarse-graining
strategy for protein-membrane systems to access mesoscopic scales. Faraday
Discuss. 144, 347.

[14] Ayton, G. S., J. L. McWhirter, P. McMurtry, G. A. Voth (2005). Cou-
pling Field Theory with Continuum Mechanics: A Simulation of Domain For-
mation in Giant Unilamellar Vesicles. Biophys. J. 88(6), 3855.

[15] Ayton, G. S., J. L. McWhirter, G. A. Voth (2006). A second genera-
tion mesoscopic lipid bilayer model: Connections to field-theory descriptions of
membranes and nonlocal hydrodynamics. J. Chem. Phys. 124, 064906.

[16] Ayton, G. S.,G. A. Voth (2009). Hybrid Coarse-Graining Approach for Lipid
Bilayers at Large Length and Time Scales. J. Phys. Chem. B 113(13), 4413.

[17] Ayton, G. S., G. A. Voth (2009). Systematic multiscale simulation of mem-
brane protein systems. Curr. Opin. Struct. Biol. 19(2), 138.

[18] Ayton, G. S., G. A. Voth (2010). Multiscale Computer Simulation of the
Immature HIV-1 Virion. Biophys. J. 99(9), 2757.

[19] Bahar, I., T. R. Lezon, L.-W. Yang, E. Eyal (2010). Global Dynamics
of Proteins: Bridging Between Structure and Function. Annu. Rev. Biophys.
39(1), 23.

[20] Bahar, I., A. Rader (2005). Coarse-grained normal mode analysis in struc-
tural biology. Curr. Opin. Struct. Biol. 15(5), 586.

[21] Balabin, I. A., W. Yang, D. N. Beratan (2009). Coarse-grained modeling
of allosteric regulation in protein receptors. Proc. Natl. Acad. Sci. U. S. A.
106(34), 14253.

[22] Baoukina, S., L. Monticelli, S. J. Marrink, D. P. Tieleman (2007).
Pressure-Area Isotherm of a Lipid Monolayer from Molecular Dynamics Simu-
lations. Langmuir 23(25), 12617.

[23] Baoukina, S., L. Monticelli,H. J. Risselada, S. J. Marrink, D. P. Tiele-
man (2008). The molecular mechanism of lipid monolayer collapse. Proc. Natl.
Acad. Sci. U.S.A. 105(31), 10803.

[24] Baoukina, S., D. P. Tieleman (2010). Direct Simulation of Protein-Mediated
Vesicle Fusion: Lung Surfactant Protein B. Biophys. J. 99(7), 2134.

[25] Baron, R., D. Trzesniak, A. H. de Vries, A. Elsener, S. J. Marrink,
W. F. van Gunsteren (2007). Comparison of Thermodynamic Properties of
Coarse-Grained and Atomic-Level Simulation Models. ChemPhysChem 8(3),
452.

125



[26] Basdevant, N.,D. Borgis, T. Ha-Duong (2007). A Coarse-Grained Protein-
Protein Potential Derived from an All-Atom Force Field. J. Phys. Chem. B
111(31), 9390.

[27] Baumgart, T., B. R. Capraro, C. Zhu, S. L. Das (2011). Thermodynamics
and mechanics of membrane curvature generation and sensing by proteins and
lipids. Annu. Rev. Phys. Chem. 62, 483.

[28] Baumgart, T., S. T. Hess, W. W. Webb (2003). Imaging coexisting fluid
domains in biomembrane models coupling curvature and line tension. Nature
425(6960), 821.

[29] Bayer, M. (2016), SQLAlchemy. Accessed at http://www.sqlalchemy.org/.

[30] Beauchamp, K. A., Y.-S. Lin, R. Das, V. S. Pande (2012). Are Protein
Force Fields Getting Better? A Systematic Benchmark on 524 Diverse NMR
Measurements. J. Chem. Theory Comput. 8(4), 1409.

[31] Beers, K. J., Numerical methods for chemical engineering: applications in
Matlab (Cambridge University Press Cambridge, UK, 2007).

[32] Bell, G. I., M. Dembo, P. Bongrand (1984). Cell-Adhesion - Competition
between Nonspecific Repulsion and Specific Bonding. Biophys.J. 45(6), 1051.

[33] Ben-Naim, A., Solvation Thermodynamics (Plenum Press, NY, 1987).

[34] Berendsen, H. J. C., J. P. M. Postma, W. F. van Gunsteren, A. Di-
Nola, J. R. Haak (1984). Molecular dynamics with coupling to an external
bath. J. Chem. Phys. 81(8), 3684.

[35] Berendsen, H. J., S. Hayward (2000). Collective protein dynamics in rela-
tion to function. Curr. Opin. Struct. Biol. 10(2), 165.

[36] Bezkorovaynaya, O., A. Lukyanov, K. Kremer, C. Peter (2012). Multi-
scale simulation of small peptides: Consistent conformational sampling in atom-
istic and coarse-grained models. J. Comput. Chem. 33(9), 937.

[37] Bjelkmar, P., P. Larsson, M. A. Cuendet, B. Hess, E. Lindahl (2010).
Implementation of the CHARMM Force Field in GROMACS: Analysis of Pro-
tein Stability Effects from Correction Maps, Virtual Interaction Sites, andWater
Models. J. Chem. Theory Comput. 6(2), 459.

[38] Bond, P. J., M. S. P. Sansom (2006). Insertion and Assembly of Membrane
Proteins via Simulation. J. Am. Chem. Soc. 128(8), 2697.

[39] Bond, P. J., M. S. P. Sansom (2007). Bilayer deformation by the Kv channel
voltage sensor domain revealed by self-assembly simulations. Proc. Natl. Acad.
Sci. U.S.A. 104(8), 2631.

126



[40] Bond, P. J., C. L. Wee,M. S. P. Sansom (2008). Coarse-Grained Molecular
Dynamics Simulations of the Energetics of Helix Insertion into a Lipid Bilayer.
Biochemistry 47(43), 11321.

[41] Boucrot, E.,A. Pick,G. Camdere,N. Liska, E. Evergren,H. T. McMa-
hon, M. M. Kozlov (2012). Membrane Fission Is Promoted by Insertion of
Amphipathic Helices and Is Restricted by Crescent BAR Domains. Cell 149(1),
124.

[42] Box, G. E. P. (1976). Science and Statistics. J. Am. Stat. Assoc. 71(356), 791.

[43] Bradley, R., R. Radhakrishnan (2013). Coarse-Grained Models for Protein-
Cell Membrane Interactions. Polymers 5(3), 890.

[44] Bradley, R. P., R. Radhakrishnan (2016). Curvature-undulation coupling
as a basis for curvature sensing and generation in bilayer membranes. Proc.
Natl. Acad. Sci. U. S. A. In press.

[45] Brandt, E. G.,A. R. Braun, J. N. Sachs, J. F. Nagle, O. Edholm (2011).
Interpretation of Fluctuation Spectra in Lipid Bilayer Simulations. Biophys. J.
100(9), 2104.

[46] Brannigan, G., F. L. Brown (2006). A Consistent Model for Thermal Fluc-
tuations and Protein-Induced Deformations in Lipid Bilayers. Biophys. J. 90(5),
1501.

[47] Brannigan, G., L.-L. Lin, F. Brown (2006). Implicit solvent simulation
models for biomembranes. Eur. Biophys. J. 35(2), 104.

[48] Braun, A. R., E. Sevcsik, P. Chin, E. Rhoades, S. Tristram-Nagle,
J. N. Sachs (2012). α-Synuclein Induces Both Positive Mean Curvature and
Negative Gaussian Curvature in Membranes. J. Am. Chem. Soc. 134(5), 2613.

[49] Brewster, R., S. A. Safran (2009). Line Active Hybrid Lipids Determine
Domain Size in Phase Separation of Saturated and Unsaturated Lipids. Biophys.
J. 98(6), L21.

[50] Brooks, B. R., R. E. Bruccoleri, B. D. Olafson, D. J. States, S. Swami-
nathan, M. Karplus (1983). CHARMM: A program for macromolecular en-
ergy, minimization, and dynamics calculations. J. Comput. Chem. 4(2), 187.

[51] Buch, I., T. Giorgino, G. De Fabritiis (2011). Complete reconstruction of
an enzyme-inhibitor binding process by molecular dynamics simulations. Proc.
Natl. Acad. Sci. U.S.A. 108(25), 10184.

[52] Bunney, T. D., M. Katan (2010). Phosphoinositide signalling in cancer:
beyond PI3K and PTEN. Nat. Rev. Cancer 10(5), 342.

[53] Bussi, G., D. Donadio, M. Parrinello (2007). Canonical sampling through
velocity rescaling. J. Chem. Phys. 126(1), 014101.

127



[54] Canham, P. (1970). The minimum energy of bending as a possible explanation
of the biconcave shape of the human red blood cell. J. Theor. Biol. 26(1), 61.

[55] Cellmer, T., M. Buscaglia, E. R. Henry, J. Hofrichter, W. A. Eaton
(2011). Making connections between ultrafast protein folding kinetics and
molecular dynamics simulations. Proc. Natl. Acad. Sci. U.S.A. 108(15), 6103.

[56] Chang, R., G. S. Ayton, G. A. Voth (2005). Multiscale coupling of
mesoscopic-and atomistic-level lipid bilayer simulations. J. Chem. Phys. 122,
244716.

[57] Cheung, D. L. (2012). Molecular Simulation of Hydrophobin Adsorption at
an Oil-Water Interface. Langmuir 28(23), 8730.

[58] Chodera, J. D., D. L. Mobley, M. R. Shirts, R. W. Dixon, K. Bran-
son, V. S. Pande (2011). Alchemical free energy methods for drug discovery:
progress and challenges. Curr. Opin. Struct. Biol. 21(2), 150.

[59] Christen, M., P. H. Hünenberger, D. Bakowies, R. Baron, R. Bürgi,
D. P. Geerke, T. N. Heinz, M. A. Kastenholz, V. Kräutler, C. Oosten-
brink, C. Peter, D. Trzesniak, W. F. van Gunsteren (2005). The GRO-
MOS software for biomolecular simulation: GROMOS05. J. Comput. Chem.
26(16), 1719.

[60] Coluzza, I. (2011). A Coarse-Grained Approach to Protein Design: Learning
from Design to Understand Folding. PLoS One 6(7), e20853.

[61] Cooke, I. R., M. Deserno (2006). Coupling between lipid shape and mem-
brane curvature. Biophys. J. 91(2), 487.

[62] Cooke, I. R., K. Kremer, M. Deserno (2005). Tunable generic model for
fluid bilayer membranes. Phys. Rev. E 72(1), 011506.

[63] Copestake, A. P., G. W. Neilson, J. E. Enderby (1985). The structure
of a highly concentrated aqueous solution of lithium chloride. J. Phys. C: Solid
State Phys. 18(22), 4211.

[64] Corsi, J., R. W. Hawtin, O. Ces, G. S. Attard, S. Khalid (2010). DNA
Lipoplexes: Formation of the Inverse Hexagonal Phase Observed by Coarse-
Grained Molecular Dynamics Simulation. Langmuir 26(14), 12119.

[65] Csermely, P., K. Singh Sandhu, E. Hazai, Z. Hoksza, H. J. M. Kiss,
F. Miozzo, D. V. Veres, F. Piazza, R. Nussinov (2011). Disordered pro-
teins and network disorder in network descriptions of protein structure, dynam-
ics and function. Hypotheses and a comprehensive review. Curr. Protein Pept.
Sci. 13, 19.

[66] Cui, H., C. Mim, F. Vázquez, E. Lyman, V. Unger, G. Voth (2013). Un-
derstanding the Role of Amphipathic Helices in N-BAR Domain Driven Mem-
brane Remodeling. Biophys. J. 104(2), 404.

128



[67] De Almeida, R. F., A. Fedorov, M. Prieto (2003). Sphin-
gomyelin/phosphatidylcholine/cholesterol phase diagram: boundaries and com-
position of lipid rafts. Biophys. J. 85(4), 2406.

[68] de Haas, K. H., C. Blom,D. van den Ende,M. H. G. Duits, J. Mellema
(1997). Deformation of giant lipid bilayer vesicles in shear flow. Phys. Rev. E
56(6), 7132.

[69] de Jong, D. H., X. Periole, S. J. Marrink (2012). Dimerization of Amino
Acid Side Chains: Lessons from the Comparison of Different Force Fields. J.
Chem. Theory Comput. 8(3), 1003.

[70] de Jong, D. H., G. Singh, W. F. D. Bennett, C. Arnarez, T. A. Wasse-
naar, L. V. Schäfer, X. Periole, D. P. Tieleman, S. J. Marrink (2012).
Improved Parameters for the Martini Coarse-Grained Protein Force Field. J.
Chem. Theory Comput. 9(1), 687.

[71] De Meyer, F. J.-M., M. Venturoli, B. Smit (2008). Molecular simulations
of lipid-mediated protein-protein interactions. Biophys. J. 95(4), 1851.

[72] de Meyer, F. J.-M., J. M. Rodgers, T. F. Willems, B. Smit (2010).
Molecular Simulation of the Effect of Cholesterol on Lipid-Mediated Protein-
Protein Interactions. Biophys. J. 99(11), 3629.

[73] de Ruiter, A., C. Oostenbrink (2011). Free energy calculations of protein-
ligand interactions. Curr. Opin. Chem. Biol. 15(4), 547.

[74] Demond, A. H., A. S. Lindner (1993). Estimation of interfacial tension
between organic liquids and water. Environ. Sci. Technol. 27(12), 2318.

[75] DeVane, R., W. Shinoda, P. B. Moore, M. L. Klein (2009). Transferable
Coarse Grain Nonbonded Interaction Model for Amino Acids. J. Chem. Theory
Comput. 5(8), 2115.

[76] Devaux, P. F., A. Herrmann, N. Ohlwein, M. M. Kozlov (2008). How
lipid flippases can modulate membrane structure. Biochim. Biophys. Acta,
Biomembr. 1778(7-8), 1591.

[77] Dill, K. A., S. Bromberg, Molecular Driving Forces (Garland Science, New
York, 2011), 2nd edition.

[78] Dill, K. A., J. L. MacCallum (2012). The Protein-Folding Problem, 50 Years
On. Science 338(6110), 1042.

[79] Doherty, G. J., H. T. McMahon (2008). Mediation, Modulation, and Con-
sequences of Membrane-Cytoskeleton Interactions. Annu. Rev. Biophys. 37(1),
65.

[80] Dong, G., A. H. Hutagalung, C. M. Fu, P. Novick, K. M. Reinisch
(2005). The structures of exocyst subunit Exo70p and the Exo84p C-terminal
domains reveal a common motif. Nat. Struct. Mol. Biol. 12(12), 1094.

129



[81] Douglass, D. C., D. W. McCall (1958). Diffusion in Paraffin Hydrocarbons.
J. Phys. Chem. 62(9), 1102.

[82] Drin, G., B. Antonny (2010). Amphipathic helices and membrane curvature.
FEBS Lett. 584(9), 1840.

[83] Dror, R. O., R. M. Dirks, J. P. Grossman, H. Xu, D. E. Shaw (2012).
Biomolecular Simulation: A Computational Microscope for Molecular Biology.
Annu. Rev. Biophys. 41(1), 429.

[84] Duffy, E. M., W. L. Jorgensen (2000). Prediction of Properties from Simu-
lations: Free Energies of Solvation in Hexadecane, Octanol, and Water. J. Am.
Chem. Soc. 122(12), 2878.

[85] Duncan, S. L., R. G. Larson (2010). Folding of lipid monolayers contain-
ing lung surfactant proteins SP −B1−25 and SP-C studied via coarse-grained
molecular dynamics simulations. Biochim. Biophys. Acta, Biomembr. 1798(9),
1632.

[86] Durrant, J., J. A. McCammon (2011). Molecular dynamics simulations and
drug discovery. BMC Biology 9(1), 71.

[87] Edeling, M. A., C. Smith, D. Owen (2006). Life of a clathrin coat: insights
from clathrin and AP structures. Nat. Rev. Mol. Cell Biol. 7(1), 32.

[88] Ehrlich, M., W. Boll, A. van Oijen, R. Hariharan, K. Chandran, M. L.
Nibert, T. Kirchhausen (2004). Endocytosis by random initiation and sta-
bilization of clathrin-coated pits. Cell 118(5), 591.

[89] Elcock, A. H. (2003). Atomic-level observation of macromolecular crowding
effects: Escape of a protein from the GroEL cage. Proc. Natl. Acad. Sci. U.S.A.
100(5), 2340.

[90] Emperador, A., O. Carrillo, M. Rueda, M. Orozco (2008). Exploring
the Suitability of Coarse-Grained Techniques for the Representation of Protein
Dynamics. Biophys. J. 95(5), 2127.

[91] Engelman, D. M. (2005). Membranes are more mosaic than fluid. Nature
438(7068), 578.

[92] Engin, O., A. Villa, C. Peter, M. Sayar (2011). A Challenge for Peptide
Coarse Graining: Transferability of Fragment-Based Models. Macromol. Theory
Simul. 20(7), 451.

[93] Ercolessi, F., J. B. Adams (1994). Interatomic Potentials from First-
Principles Calculations: The Force-Matching Method. Europhys. Lett. 26(8),
583.

[94] Español, P., P. Warren (1995). Statistical Mechanics of Dissipative Particle
Dynamics. Europhys. Lett. 30(4), 191.

130



[95] Faiderbe, S., J. Chagnaud, M. Geffard (1992). Anti-phosphoinositide auto-
antibodies in sera of cancer patients: isotypic and immunochemical characteri-
zation. Cancer Lett. 66(1), 35.

[96] Faller, R., S.-J. Marrink (2004). Simulation of Domain Formation in Mixed
DLPC-DSPC Bilayers. Langmuir 20(18), 7686.

[97] Feller, S. E., A. D. MacKerell (2000). An Improved Empirical Potential
Energy Function for Molecular Simulations of Phospholipids. J. Phys. Chem. B
104(31), 7510.

[98] Feller, S. E., R. W. Pastor (1999). Constant surface tension simulations of
lipid bilayers: the sensitivity of surface areas and compressibilities. J. Chem.
Phys. 111, 1281.

[99] Filippov, A., G. Orädd, G. Lindblom (2003). Influence of Cholesterol and
Water Content on Phospholipid Lateral Diffusion in Bilayers. Langmuir 19(16),
6397.

[100] Fischer, H. E., A. C. Barnes, P. S. Salmon (2006). Neutron and x-ray
diffraction studies of liquids and glasses. Rep. Prog. Phys. 69(1), 233.

[101] Ford, M. G. J., I. G. Mills, B. J. Peter, Y. Vallis, G. J. K. Praefcke,
P. R. Evans, H. T. McMahon (2002). Curvature of clathrin-coated pits
driven by epsin. Nature 419(6905), 361.

[102] Föster, D. (1986). On the scale dependence, due to thermal fluctuations, of
the elastic properties of membranes. Phys. Lett. A 114(3), 115.

[103] Fotin, A., Y. Cheng, P. Sliz, N. Grigorieff, S. C. Harrison, T. Kirch-
hausen, T. Walz (2004). Molecular model for a complete clathrin lattice from
electron cryomicroscopy. Nature 432(7017), 573.

[104] Freddolino, P. L., C. B. Harrison, Y. Liu, K. Schulten (2010). Challenges
in protein-folding simulations. Nat. Phys. 6(10), 751.

[105] Freddolino, P. L., A. Y. Shih, A. Arkhipov, Y. Ying, Z. Chen,
K. Schulten, Application of Residue-Based and Shape-Based Coarse-Graining
to Biomolecular Simulations. Coarse-graining of condensed phase and biomolec-
ular systems (CRC Press, 2009), p. 299.

[106] Friedrichs, M. S., P. Eastman, V. Vaidyanathan, M. Houston,
S. Legrand, A. L. Beberg, D. L. Ensign, C. M. Bruns, V. S. Pande
(2009). Accelerating molecular dynamic simulation on graphics processing units.
J. Comput. Chem. 30(6), 864.

[107] Frost, A., V. M. Unger, P. De Camilli (2009). The BAR Domain Super-
family: Membrane-Molding Macromolecules. Cell 137(2), 191.

[108] Fuhrmans, M., V. Knecht, S. J. Marrink (2009). A Single Bicontinuous
Cubic Phase Induced by Fusion Peptides. J. Am. Chem. Soc. 131(26), 9166.

131



[109] Gamper, N., M. S. Shapiro (2007). Target-specific PIP(2) signalling: how
might it work? J. Physiol. 582(Pt 3), 967.

[110] Genchev, G. Z., M. Källberg, G. Gürsoy, A. Mittal, L. Dubey,
O. Perisic, G. Feng, R. Langlois, H. Lu (2009). Mechanical Signaling on the
Single Protein Level Studied Using Steered Molecular Dynamics. Cell Biochem.
Biophys. 55(3), 141.

[111] Gest, H. (2004). The discovery of microorganisms by Robert Hooke and Antoni
van Leeuwenhoek, Fellows of The Royal Society. Notes Rec. R. Soc. Lond. 58(2),
187.

[112] Gipson, B., D. Hsu, L. E. Kavraki, J.-C. Latombe (2012). Computational
Models of Protein Kinematics and Dynamics: Beyond Simulation. Annu. Rev.
Anal. Chem. 5(1), 273.

[113] Gittes, F., B. Mickey, J. Nettleton, J. Howard (1993). Flexural Rigidity
of Microtubules and Actin-Filaments Measured from Thermal Fluctuations in
Shape. J. Cell Biol. 120(4), 923.

[114] Goetz, R., R. Lipowsky (1998). Computer simulations of bilayer membranes:
Self-assembly and interfacial tension. J. Chem. Phys. 108, 7397.

[115] Goetz, R., G. Gompper, R. Lipowsky (1999). Mobility and Elasticity of
Self-Assembled Membranes. Phys. Rev. Lett. 82(1), 221.

[116] Goga, N., A. J. Rzepiela, A. H. de Vries, S. J. Marrink, H. J. C.
Berendsen (2012). Efficient Algorithms for Langevin and DPD Dynamics. J.
Chem. Theory Comput. 8(10), 3637.

[117] Gopal, S. M., S. Mukherjee, Y.-M. Cheng, M. Feig (2010).
PRIMO/PRIMONA: A coarse-grained model for proteins and nucleic acids that
preserves near-atomistic accuracy. Proteins 78(5), 1266.

[118] Grafmüller, A., J. Shillcock, R. Lipowsky (2007). Pathway of Membrane
Fusion with Two Tension-Dependent Energy Barriers. Phys. Rev. Lett. 98(21),
218101.

[119] Grant, B. J., A. A. Gorfe, J. A. McCammon (2010). Large conformational
changes in proteins: signaling and other functions. Curr. Opin. Struct. Biol.
20(2), 142.

[120] Groot, R. D., P. B. Warren (1997). Dissipative particle dynamics: Bridging
the gap between atomistic and mesoscopic simulation. J. Chem. Phys. 107,
4423.

[121] Groot, R.,K. Rabone (2001). Mesoscopic Simulation of Cell Membrane Dam-
age, Morphology Change and Rupture by Nonionic Surfactants. Biophys. J.
81(2), 725.

132



[122] Guerrier, S., J. Coutinho-Budd, T. Sassa, A. Gresset, N. V. Jordan,
K. Chen, W.-L. Jin, A. Frost, F. Polleux (2009). The F-BAR Domain of
srGAP2 Induces Membrane Protrusions Required for Neuronal Migration and
Morphogenesis. Cell 138(5), 990.

[123] Guvench, O., J. MacKerell, Alexander D., Comparison of Protein Force
Fields for Molecular Dynamics Simulations. Methods Molecular Biology (edited
by A. Kukol), volume 443 (Humana Press, 2008), pp. 63–88.

[124] Hamai, C., T. Yang, S. Kataoka, P. S. Cremer, S. M. Musser (2006).
Effect of Average Phospholipid Curvature on Supported Bilayer Formation on
Glass by Vesicle Fusion. Biophys. J. 90(4), 1241.

[125] Hamburger, Z. A., A. E. Hamburger, A. P. West, W. I. Weis (2006).
Crystal structure of the S-cerevisiae exocyst component Exo70p. J. Mol. Biol.
356(1), 9.

[126] Han, W., C.-K. Wan, Y.-D. Wu (2008). Toward a Coarse-Grained Protein
Model Coupled with a Coarse-Grained Solvent Model: Solvation Free Energies
of Amino Acid Side Chains. J. Chem. Theory Comput. 4(11), 1891.

[127] Harmandaris, V. A., M. Deserno (2006). A novel method for measuring
the bending rigidity of model lipid membranes by simulating tethers. J. Chem.
Phys. 125, 204905.

[128] Hatakeyama, M., R. Faller (2007). Coarse-grained simulations of ABA am-
phiphilic triblock copolymer solutions in thin films. Phys. Chem. Chem. Phys.
9(33), 4662.

[129] He, B., W. Guo (2009). The exocyst complex in polarized exocytosis.
Curr.Opin.Cell Biol. 21(4), 537.

[130] Head-Gordon, T., S. Brown (2003). Minimalist models for protein folding
and design. Curr. Opin. Struct. Biol. 13(2), 160.

[131] Helfrich, W. (1973). Elastic properties of lipid bilayers: theory and possible
experiments. Z. Naturforsch., C: Biosci. 28(11), 693.

[132] Helfrich, W. (1985). Effect of thermal undulations on the rigidity of fluid
membranes and interfaces. J. Phys. France 46(7), 1263.

[133] Henderson, D., D. Boda (2009). Insights from theory and simulation on the
electrical double layer. Phys. Chem. Chem. Phys. 11(20), 3822.

[134] Hendrickson, H., J. Fullington (1965). Stabilities of metal complexes of
phospholipids: Ca(II), Mg(II), and Ni(II) complexes of phosphatidylserine and
triphosphoinositide. Biochemistry 4(8), 1599.

[135] Hintzenstern, U., W. Schwarz, M. Goerig, H. Petermann (2002). Devel-
opment of the “lipoid theory of narcosis” in German-speaking countries in the

133



19th century: from Bibra/Harless to Meyer/Overton. Int. Congr. Ser. 1242,
609.

[136] Hirst, J., J. R. Edgar, G. H. H. Borner, S. Li, D. A. Sahlender,
R. Antrobus, M. S. Robinson (2015). Contributions of epsinR and gadkin
to clathrin-mediated intracellular trafficking. Mol. Biol. Cell 26(17), 3085.

[137] Hom, R. A., M. Vora, M. Regner, O. M. Subach, W. Cho, V. V.
Verkhusha, R. V. Stahelin, T. G. Kutateladze (2007). pH-dependent
Binding of the Epsin ENTH Domain and the AP180 ANTH Domain to
PI(4,5)P2-containing Bilayers. J. Mol. Biol. 373(2), 412.

[138] Hoogerbrugge, P. J., J. M. V. A. Koelman (1992). Simulating Microscopic
Hydrodynamic Phenomena with Dissipative Particle Dynamics. EPL 19(3),
155.

[139] Hsieh, W.-T., C.-J. Hsu, B. R. Capraro, T. Wu, C.-M. Chen, S. Yang,
T. Baumgart (2012). Curvature Sorting of Peripheral Proteins on Solid-
Supported Wavy Membranes. Langmuir 28(35), 12838.

[140] Hsin, J., J. Gumbart, L. G. Trabuco, E. Villa, P. Qian, C. N.
Hunter, K. Schulten (2009). Protein-Induced Membrane Curvature Inves-
tigated through Molecular Dynamics Flexible Fitting. Biophys. J. 97(1), 321.

[141] Hsu, S. C., D. TerBush, M. Abraham, W. Guo (2004). The exocyst
complex in polarized exocytosis. International Review of Cytology - a Survey of
Cell Biology, Vol.233 233, 243.

[142] Humphrey, W., A. Dalke, K. Schulten (1996). VMD: Visual molecular
dynamics. J. Mol. Graphics 14(1), 33.

[143] Hunter, J. D. (2007). Matplotlib: A 2D graphics environment. Comput. Sci.
Eng. 9(3), 90.

[144] Ilya, L., D. A. Christian, Y.-H. Wang, J. J. Madara, D. E. Dis-
cher, P. A. Janmey (2009). Calcium-dependent lateral organization in phos-
phatidylinositol (4,5) bisphosphate (PIP2)- and cholesterol-containing mono-
layers. Biochemistry 48(34), 8241.

[145] Im, W., C. L. Brooks (2005). Interfacial folding and membrane insertion of
designed peptides studied by molecular dynamics simulations. Proc. Natl. Acad.
Sci. U. S. A. 102(19), 6771.

[146] Inoue, M., L. Chang, J. Hwang, S. H. Chiang, A. R. Saltiel (2003). The
exocyst complex is required for targeting of Glut4 to the plasma membrane by
insulin. Nature 422(6932), 629.

[147] Itoh, T., K. S. Erdmann, A. Roux, B. Habermann, H. Werner,
P. De Camilli (2005). Dynamin and the Actin Cytoskeleton Cooperatively
Regulate Plasma Membrane Invagination by BAR and F-BAR Proteins. Dev.
Cell 9(6), 791.

134



[148] IUPAC, Compendium of Chemical Terminology, 2nd ed. (Blackwell Scientific
Publications, Oxford, 1997), ISBN 978-0865426849.

[149] Izvekov, S., P. W. Chung, B. M. Rice (2010). The multiscale coarse-
graining method: Assessing its accuracy and introducing density dependent
coarse-grain potentials. J. Chem. Phys. 133(6), 064109.

[150] Izvekov, S., A. Violi, G. A. Voth (2005). Systematic Coarse-Graining of
Nanoparticle Interactions in Molecular Dynamics Simulation. J. Phys. Chem.
B 109(36), 17019.

[151] Izvekov, S., G. A. Voth (2005). A Multiscale Coarse-Graining Method for
Biomolecular Systems. J. Phys. Chem. B 109(7), 2469.

[152] Jähnig, F. (1996). What is the surface tension of a lipid bilayer membrane?
Biophys. J. 71(3), 1348.

[153] Jensen, M. B., V. K. Bhatia, C. C. Jao, J. E. Rasmussen, S. L. Ped-
ersen, K. J. Jensen, R. Langen, D. Stamou (2011). Membrane Curvature
Sensing by Amphipathic Helices: A single liposome studying using α-synuclein
and annexin B12. J. Biol. Chem. 286(49), 42603.

[154] Jones, E., T. Oliphant, P. Peterson, et al. (2001), SciPy: Open source
scientific tools for Python. Http://www.scipy.org/.

[155] Jónsson, S. Æ., I. Staneva, S. Mohanty, A. Irbäck (2012). Monte Carlo
Studies of Protein Aggregation. Phys. Procedia 34(0), 49.

[156] Kabsch, W., C. Sander (1983). Dictionary of protein secondary structure:
Pattern recognition of hydrogen-bonded and geometrical features. Biopolymers
22(12), 2577.

[157] Karplus, M., J. Kuriyan (2005). Molecular dynamics and protein function.
Proc. Natl. Acad. Sci. U.S.A. 102(19), 6679.

[158] Karplus, M., J. A. McCammon (2002). Molecular dynamics simulations of
biomolecules. Nat. Struct. Mol. Biol. 9(9), 646.

[159] Kasson, P. M., N. W. Kelley, N. Singhal, M. Vrljic, A. T. Brunger,
V. S. Pande (2006). Ensemble molecular dynamics yields submillisecond ki-
netics and intermediates of membrane fusion. Proc. Natl. Acad. Sci. U.S.A.
103(32), 11916.

[160] Katso, R., K. Okkenhaug, K. Ahmadi, S. White, J. Timms, M. D.
Waterfield (2001). Cellular Function of Phosphoinositide 3-Kinases: Implica-
tions for Development, Immunity, Homeostasis, and Cancer. Annu. Rev. Cell
Dev. Biol. 17(1), 615.

[161] Khalfa, A., M. Tarek (2010). On the Antibacterial Action of Cyclic Peptides:
Insights from Coarse-Grained MD Simulations. J. Phys. Chem. B 114(8), 2676.

135



[162] Kharakoz, D. P., E. A. Shlyapnikova (2000). Thermodynamics and Kinetics
of the Early Steps of Solid-State Nucleation in the Fluid Lipid Bilayer. J. Phys.
Chem. B 104(44), 10368.

[163] Khurana, E., R. H. DeVane, A. Kohlmeyer, M. L. Klein (2008). Prob-
ing Peptide Nanotube Self-Assembly at a Liquid-Liquid Interface with Coarse-
Grained Molecular Dynamics. Nano Lett. 8(11), 3626.

[164] Kim, H., J. Hsin, Y. Liu, P. R. Selvin, K. Schulten (2010). Formation of
Salt Bridges Mediates Internal Dimerization of Myosin VI Medial Tail Domain.
Structure 18(11), 1443.

[165] Kirchhausen, T. (2000). Three ways to make a vesicle. Nat. Rev. Mol. Cell
Biol. 1(3), 187.

[166] Klauda, J. B., R. M. Venable, J. A. Freites, J. W. O’Connor, D. J.
Tobias, C. Mondragon-Ramirez, I. Vorobyov, A. D. MacKerell, R. W.
Pastor (2010). Update of the CHARMM All-Atom Additive Force Field for
Lipids: Validation on Six Lipid Types. J. Phys. Chem. B 114(23), 7830.

[167] Klepeis, J. L., K. Lindorff-Larsen, R. O. Dror, D. E. Shaw (2009). Long-
timescale molecular dynamics simulations of protein structure and function.
Curr. Opin. Struct. Biol. 19(2), 120.

[168] Kollman, P. A., I. Massova, C. Reyes, B. Kuhn, S. Huo, L. Chong,
M. Lee, T. Lee, Y. Duan, W. Wang, O. Donini, P. Cieplak, J. Srini-
vasan, D. A. Case, T. E. Cheatham (2000). Calculating Structures and Free
Energies of Complex Molecules: Combining Molecular Mechanics and Contin-
uum Models. Acc. Chem. Res. 33(12), 889.

[169] Krynicki, K., C. D. Green, D. W. Sawyer (1978). Pressure and tempera-
ture dependence of self-diffusion in water. Faraday Discuss. Chem. Soc. 66(0),
199.

[170] Kučerka, N., J. F. Nagle, J. N. Sachs, S. E. Feller, J. Pencer, A. Jack-
son, J. Katsaras (2008). Lipid Bilayer Structure Determined by the Simul-
taneous Analysis of Neutron and X-Ray Scattering Data. Biophys. J. 95(5),
2356.

[171] Kumar, S., J. M. Rosenberg, D. Bouzida, R. H. Swendsen, P. A. Koll-
man (1992). THE weighted histogram analysis method for free-energy calcula-
tions on biomolecules. I. The method. J. Comput. Chem. 13(8), 1011.

[172] Kweon, D., Y. Shin, J. Shin, J. Lee, J. Lee, J. Seo, Y. Kim (2006).
Membrane topology of helix 0 of the Epsin N-terminal homology domain. Mol.
Cells 21(3), 428.

136



[173] Lai, C.-L., C. C. Jao, E. Lyman, J. L. Gallop, B. J. Peter, H. T.
McMahon, R. Langen, G. A. Voth (2012). Membrane Binding and Self-
Association of the Epsin N-Terminal Homology Domain. J. Mol. Biol. 423(5),
800.

[174] Laio, A., F. L. Gervasio (2008). Metadynamics: a method to simulate rare
events and reconstruct the free energy in biophysics, chemistry and material
science. Rep. Prog. Phys. 71(12), 126601.

[175] Lange, O. F., H. Grubmüller (2006). Collective Langevin dynamics of con-
formational motions in proteins. J. Chem. Phys. 124(21), 214903.

[176] Larson, R. (1988). Monte Carlo lattice simulation of amphiphilic systems in
two and three dimensions. J. Chem. Phys. 89, 1642.

[177] Laughton, C. A., S. A. Harris (2011). The atomistic simulation of DNA.
WIREs Comput. Mol. Sci. 1(4), 590.

[178] Lee, E., J. Hsin, M. Sotomayor, G. Comellas, K. Schulten (2009). Dis-
covery Through the Computational Microscope. Structure 17(10), 1295.

[179] Lee, H., R. G. Larson (2006). Molecular Dynamics Simulations of PAMAM
Dendrimer-Induced Pore Formation in DPPC Bilayers with a Coarse-Grained
Model. J. Phys. Chem. B 110(37), 18204.

[180] Lee, H., R. G. Larson (2008). Coarse-Grained Molecular Dynamics Studies
of the Concentration and Size Dependence of Fifth- and Seventh-Generation
PAMAM Dendrimers on Pore Formation in DMPC Bilayer. J. Phys. Chem. B
112(26), 7778.

[181] Lee, H., R. G. Larson (2008). Lipid Bilayer Curvature and Pore Formation
Induced by Charged Linear Polymers and Dendrimers: The Effect of Molecular
Shape. J. Phys. Chem. B 112(39), 12279.

[182] Leguèbe, M.,C. Nguyen, L. Capece, Z. Hoang,A. Giorgetti, P. Carloni
(2012). Hybrid Molecular Mechanics/Coarse-Grained Simulations for Structural
Prediction of G-Protein Coupled Receptor/Ligand Complexes. PLoS One 7(10),
e47332.

[183] Lemmon, M. A. (2008). Membrane recognition by phospholipid-binding do-
mains. Nat. Rev. Mol. Cell Biol. 9(2), 99.

[184] Levy, Y., P. G. Wolynes, J. N. Onuchic (2004). Protein topology deter-
mines binding mechanism. Proc. Natl. Acad. Sci. U.S.A. 101(2), 511.

[185] Lewis, J. I., D. J. Moss, T. A. Knotts (2012). Multiple molecule effects on
the cooperativity of protein folding transitions in simulations. J. Chem. Phys.
136(24), 245101.

[186] Li, H., Y. Cao (2010). Protein Mechanics: From Single Molecules to Func-
tional Biomaterials. Acc. Chem. Res. 43(10), 1331.

137



[187] Lide, D., CRC Handbook of Chemistry and Physics (CRC press, Boca Raton,
FL, 1992).

[188] Lill, M. A. (2011). Efficient Incorporation of Protein Flexibility and Dynamics
into Molecular Docking Simulations. Biochemistry 50(28), 6157.

[189] Lindahl, E., O. Edholm (2000). Mesoscopic undulations and thickness fluctu-
ations in lipid bilayers from molecular dynamics simulations. Biophys. J. 79(1),
426.

[190] Lindahl, E., O. Edholm (2000). Spatial and energetic-entropic decomposition
of surface tension in lipid bilayers from molecular dynamics simulations. J.
Chem. Phys. 113, 3882.

[191] Lindahl, E., M. S. Sansom (2008). Membrane proteins: molecular dynamics
simulations. Curr. Opin. Struct. Biol. 18(4), 425.

[192] Lindorff-Larsen, K., P. Maragakis, S. Piana, M. P. Eastwood, R. O.
Dror, D. E. Shaw (2012). Systematic Validation of Protein Force Fields
against Experimental Data. PLoS One 7(2), e32131.

[193] Liu, J., Y. Sun, D. G. Drubin, G. F. Oster (2009). The Mechanochemistry
of Endocytosis. PLoS Biol. 7(9), e1000204.

[194] Liu, J., X. Zuo, P. Yue, W. Guo (2007). Phosphatidylinositol 4,5-
bisphosphate mediates the targeting of the exocyst to the plasma membrane
for exocytosis in mammalian cells. Mol. Biol. Cell 18(11), 4483.

[195] Liu, J., R. Bradley, D. M. Eckmann, P. S. Ayyaswamy, R. Radhakr-
ishnan (2011). Multiscale Modeling of Functionalized Nanocarriers in Targeted
Drug Delivery. Curr. Nanosci. 7(5), 727.

[196] Liu, J., R. Tourdot, V. Ramanan, N. J. Agrawal, R. Radhakrishanan
(2012). Mesoscale simulations of curvature-inducing protein partitioning on lipid
bilayer membranes in the presence of mean curvature fields. Mol. Phys. 110(11-
12), 1127.

[197] Liu, L. A., P. Bradley (2012). Atomistic modeling of protein-DNA interaction
specificity: progress and applications. Curr. Opin. Struct. Biol. 22(4), 397.

[198] Livesay, D. R. (2010). Protein dynamics: dancing on an ever-changing free
energy stage. Curr. Opin. Pharmacol. 10(6), 706.

[199] Louhivuori, M., H. J. Risselada, E. van der Giessen, S. J. Marrink
(2010). Release of content through mechano-sensitive gates in pressurized lipo-
somes. Proc. Natl. Acad. Sci. U.S.A. 107(46), 19856.

[200] Lucent, D., C. D. Snow, C. E. Aitken, V. S. Pande (2010). Non-Bulk-
Like Solvent Behavior in the Ribosome Exit Tunnel. PLoS Comput. Biol. 6(10),
e1000963.

138



[201] Lycklama a Nijeholt, J. A., M. Bulacu, S. J. Marrink, A. J. M.
Driessen (2010). Immobilization of the Plug Domain Inside the SecY Channel
Allows Unrestricted Protein Translocation. J. Biol. Chem. 285(31), 23747.

[202] Lyman, E., J. Pfaendtner, G. Voth (2008). Systematic Multiscale Param-
eterization of Heterogeneous Elastic Network Models of Proteins. Biophys. J.
95, 4183.

[203] Lyubartsev, A. P., A. Laaksonen (1995). Calculation of effective interaction
potentials from radial distribution functions: A reverse Monte Carlo approach.
Phys. Rev. E 52(4), 3730.

[204] MacCallum, J. L.,W. F. D. Bennett,D. P. Tieleman (2008). Distribution
of Amino Acids in a Lipid Bilayer from Computer Simulations. Biophys. J.
94(9), 3393.

[205] Machnicka, B., R. Grochowalska, D. M. Bogusławska, A. F. Sikorski,
M. C. Lecomte (2011). Spectrin-based skeleton as an actor in cell signaling.
Cell. Mol. Life Sci. 69(2), 191.

[206] MacKenzie, K. R., K. G. Fleming (2008). Association energetics of mem-
brane spanning α-helices. Curr. Opin. Struct. Biol. 18(4), 412.

[207] Mackerell, A. D., M. Feig, C. L. Brooks (2004). Extending the treatment
of backbone energetics in protein force fields: Limitations of gas-phase quan-
tum mechanics in reproducing protein conformational distributions in molecular
dynamics simulations. J. Comput. Chem. 25(11), 1400.

[208] Maragliano, L., E. Vanden-Eijnden (2006). A temperature accelerated
method for sampling free energy and determining reaction pathways in rare
events simulations. Chem. Phys. Lett. 426(1–3), 168.

[209] Marrink, S. J., A. E. Mark (2001). Effect of Undulations on Surface Tension
in Simulated Bilayers. J. Phys. Chem. B 105(26), 6122.

[210] Marrink, S. J., A. H. de Vries, A. E. Mark (2004). Coarse Grained Model
for Semiquantitative Lipid Simulations. J. Phys. Chem. B 108(2), 750.

[211] Marrink, S. J., A. E. Mark (2003). The Mechanism of Vesicle Fusion as
Revealed by Molecular Dynamics Simulations. J. Am. Chem. Soc. 125(37),
11144.

[212] Marrink, S. J., H. J. Risselada, S. Yefimov, D. P. Tieleman, A. H.
de Vries (2007). The MARTINI Force Field: Coarse Grained Model for
Biomolecular Simulations. J. Phys. Chem. B 111(27), 7812.

[213] Marrink, S. J., J. Risselada, A. E. Mark (2005). Simulation of gel phase
formation and melting in lipid bilayers using a coarse grained model. Chem.
Phys. Lipids 135(2), 223.

139



[214] Marrink, S.-J., A. E. Mark (2004). Molecular View of Hexagonal Phase
Formation in Phospholipid Membranes. Biophys. J. 87(6), 3894.

[215] Marsh, D. (2009). Cholesterol-induced fluid membrane domains: A com-
pendium of lipid-raft ternary phase diagrams. Biochim. Biophys. Acta,
Biomembr. 1788(10), 2114.

[216] Mattila, P. K., P. Lappalainen (2008). Filopodia: molecular architecture
and cellular functions. Nat. Rev. Mol. Cell Biol. 9(6), 446.

[217] Mattila, P. K., A. Pykalainen, J. Saarikangas, V. O. Paavilainen,
H. Vihinen, E. Jokitalo, P. Lappalainen (2007). Missing-in-metastasis
and IRSp53 deform PI(4,5)P-2-rich membranes by an inverse BAR domain-like
mechanism. J.Cell Biol. 176(7), 953.

[218] McCammon, J. A., B. R. Gelin, M. Karplus (1977). Dynamics of folded
proteins. Nature 267(5612), 585.

[219] McConnell, H. M. (1991). Structures and Transitions in Lipid Monolayers at
the Air-Water Interface. Annu. Rev. Phys. Chem. 42(1), 171.

[220] McMahon, H. T., E. Boucrot (2011). Molecular mechanism and physiologi-
cal functions of clathrin-mediated endocytosis. Nat. Rev. Mol. Cell Biol. 12(8),
517.

[221] McMahon, H. T., E. Boucrot (2015). Membrane curvature at a glance. J.
Cell Sci. 128(6), 1065.

[222] McMahon, H. T., J. L. Gallop (2005). Membrane curvature and mechanisms
of dynamic cell membrane remodelling. Nature 438(7068), 590.

[223] McMullen, T. P., R. N. Lewis, R. N. McElhaney (2004). Cholesterol-
phospholipid interactions, the liquid-ordered phase and lipid rafts in model and
biological membranes. Curr. Opin. Colloid Interface Sci. 8(6), 459.

[224] Michaud-Agrawal, N., E. J. Denning, T. B. Woolf, O. Beckstein (2011).
MDAnalysis: A Toolkit for the Analysis of Molecular Dynamics Simulations. J.
Comput. Chem. 32(10), 2319.

[225] Mills, T. T., S. Tristram-Nagle, F. A. Heberle, N. F. Morales, J. Zhao,
J. Wu, G. E. Toombes, J. F. Nagle, G. W. Feigenson (2008). Liquid-
Liquid Domains in Bilayers Detected by Wide Angle X-Ray Scattering. Biophys.
J. 95(2), 682.

[226] Mim, C., H. Cui, J. Gawronski-Salerno, A. Frost, E. Lyman, G. Voth,
V. Unger (2012). Structural Basis of Membrane Bending by the N-BAR Pro-
tein Endophilin. Cell 149(1), 137.

[227] Miyazawa, S., R. L. Jernigan (1996). Residue-Residue Potentials with a
Favorable Contact Pair Term and an Unfavorable High Packing Density Term,
for Simulation and Threading. J. Mol. Biol. 256(3), 623.

140



[228] Monticelli, L., S. K. Kandasamy, X. Periole, R. G. Larson, D. P. Tiele-
man, S.-J. Marrink (2008). The MARTINI Coarse-Grained Force Field: Ex-
tension to Proteins. J. Chem. Theory Comput. 4(5), 819.

[229] Moore, B. A., H. H. Robinson, Z. Xu (2007). The crystal structure of
mouse Exo70 reveals unique features of the mammalian exocyst. J. Mol. Biol.
371(2), 410.

[230] Müller, M., K. Katsov, M. Schick (2003). Coarse-grained models and col-
lective phenomena in membranes: Computer simulation of membrane fusion. J.
Polym. Sci. B Polym. Phys. 41(13), 1441.

[231] Munson, M., P. Novick (2006). The exocyst defrocked, a framework of rods
revealed. Nat. Struct. Mol. Biol. 13(7), 577.

[232] Nagle, J. F., S. Tristram-Nagle (2000). Structure of lipid bilayers. Biochim.
Biophys. Acta, Biomembr. 1469(3), 159.

[233] Neri, M., C. Anselmi, V. Carnevale, A. V. Vargiu, P. Carloni (2006).
Molecular dynamics simulations of outer-membrane protease T from E. coli
based on a hybrid coarse-grained/atomistic potential. J. Phys. Condens. Matter
18(14), S347.

[234] Neri, M., C. Anselmi, M. Cascella, A. Maritan, P. Carloni (2005).
Coarse-Grained Model of Proteins Incorporating Atomistic Detail of the Ac-
tive Site. Phys. Rev. Lett. 95(21), 218102.

[235] Netz, R. R., P. Pincus (1995). Inhomogeneous fluid membranes: Segregation,
ordering, and effective rigidity. Phys. Rev. E 52(4), 4114.

[236] Nguyen, H. D., C. K. Hall (2004). Molecular dynamics simulations of spon-
taneous fibril formation by random-coil peptides. Proc. Natl. Acad. Sci. U.S.A.
101(46), 16180.

[237] Nielsen, S. O., B. Ensing, V. Ortiz, P. B. Moore, M. L. Klein (2005).
Lipid Bilayer Perturbations around a Transmembrane Nanotube: A Coarse
Grain Molecular Dynamics Study. Biophys. J. 88(6), 3822.

[238] Nielsen, S. O., C. F. Lopez, I. Ivanov, P. B. Moore, J. C. Shelley,M. L.
Klein (2004). Transmembrane Peptide-Induced Lipid Sorting and Mechanism
of Lα-to-Inverted Phase Transition Using Coarse-Grain Molecular Dynamics.
Biophys. J. 87(4), 2107.

[239] Niggemann, G., M. Kummrow, W. Helfrich (1995). The Bending Rigidity
of Phosphatidylcholine Bilayers: Dependences on Experimental Method, Sam-
ple Cell Sealing and Temperature. J. Phys. II France 5(3), 413.

[240] Noid, W. G., J.-W. Chu, G. S. Ayton, V. Krishna, S. Izvekov, G. A.
Voth, A. Das, H. C. Andersen (2008). The multiscale coarse-graining
method. I. A rigorous bridge between atomistic and coarse-grained models. J.
Chem. Phys. 128(24), 244114.

141



[241] Oh, H.-M., M.-S. Kwon, H.-J. Kim, B.-H. Jeon, H.-R. Kim, H.-O.
Choi, B.-R. Na, S.-H. Eom, N. W. Song, C.-D. Jun (2011). Intermedi-
ate monomer-dimer equilibrium structure of native ICAM-1: Implication for
enhanced cell adhesion. Exp. Cell Res. 317(2), 163.

[242] Ollila, O. H. S., H. J. Risselada, M. Louhivuori, E. Lindahl, I. Vat-
tulainen, S. J. Marrink (2009). 3D Pressure Field in Lipid Membranes and
Membrane-Protein Complexes. Phys. Rev. Lett. 102(7), 078101.

[243] Orsi, M., D. Y. Haubertin, W. E. Sanderson, J. W. Essex (2008). A
Quantitative Coarse-Grain Model for Lipid Bilayers. J. Phys. Chem. B 112(3),
802.

[244] Ouberai, M. M., J. Wang, M. J. Swann, C. Galvagnion, T. Guilliams,
C. M. Dobson, M. E. Welland (2013). α-Synuclein Senses Lipid Packing De-
fects and Induces Lateral Expansion of Lipids Leading to Membrane Remodelin.
J. Biol. Chem. 288(29), 20883.

[245] Pantano, D. A., P. B. Moore, M. L. Klein, D. E. Discher (2011). Raft
registration across bilayers in a molecularly detailed model. Soft Matter 7(18),
8182.

[246] Parton, D., J. Klingelhoefer, M. Sansom (2011). Aggregation of Model
Membrane Proteins, Modulated by Hydrophobic Mismatch, Membrane Curva-
ture, and Protein Class. Biophys. J. 101(3), 691.

[247] Periole, X., M. Cavalli, S.-J. Marrink, M. A. Ceruso (2009). Combining
an Elastic Network With a Coarse-Grained Molecular Force Field: Structure,
Dynamics, and Intermolecular Recognition. J. Chem. Theory Comput. 5(9),
2531.

[248] Periole, X., T. Huber, S.-J. Marrink, T. P. Sakmar (2007). G Protein-
Coupled Receptors Self-Assemble in Dynamics Simulations of Model Bilayers.
J. Am. Chem. Soc. 129(33), 10126.

[249] Perlmutter, J. D., W. J. Drasler, W. Xie, J. Gao, J.-L. Popot, J. N.
Sachs (2011). All-Atom and Coarse-Grained Molecular Dynamics Simulations
of a Membrane Protein Stabilizing Polymer. Langmuir 27(17), 10523.

[250] Perlmutter, J. D., J. N. Sachs (2009). Experimental verification of
lipid bilayer structure through multi-scale modeling. Biochim. Biophys. Acta,
Biomembr. 1788(10), 2284.

[251] Phillips, J. C., R. Braun, W. Wang, J. Gumbart, E. Tajkhorshid,
E. Villa, C. Chipot, R. D. Skeel, L. Kalé, K. Schulten (2005). Scalable
molecular dynamics with NAMD. J. Comput. Chem. 26(16), 1781.

[252] Piana, S., K. Lindorff-Larsen, D. Shaw (2011). How Robust Are Protein
Folding Simulations with Respect to Force Field Parameterization? Biophys. J.
100(9), L47.

142



[253] Piggot, T. J., Á. Piñeiro, S. Khalid (2012). Molecular Dynamics Simula-
tions of Phosphatidylcholine Membranes: A Comparative Force Field Study. J.
Chem. Theory Comput. 8(11), 4593.

[254] Polyansky, A. A., R. Ramaswamy, P. E. Volynsky, I. F. Sbalzarini,
S. J. Marrink,R. G. Efremov (2010). Antimicrobial Peptides Induce Growth
of Phosphatidylglycerol Domains in a Model Bacterial Membrane. J. Phys.
Chem. Lett. 1(20), 3108.

[255] Powathil, G. G., K. E. Gordon, L. A. Hill, M. A. Chaplain (2012). Mod-
elling the effects of cell-cycle heterogeneity on the response of a solid tumour to
chemotherapy: Biological insights from a hybrid multiscale cellular automaton
model. J. Theor. Biol. 308, 1.

[256] Psachoulia, E., P. W. Fowler, P. J. Bond, M. S. P. Sansom (2008).
Helix-Helix Interactions in Membrane Proteins: Coarse-Grained Simulations of
Glycophorin A Helix Dimerization. Biochemistry 47(40), 10503.

[257] Radzicka, A., R. Wolfenden (1988). Comparing the polarities of the amino
acids: side-chain distribution coefficients between the vapor phase, cyclohexane,
1-octanol, and neutral aqueous solution. Biochemistry 27(5), 1664.

[258] Ramachandran, P., G. Varoquaux (2011). Mayavi: 3D Visualization of
Scientific Data. Comput. Sci. Eng. 13(2), 40.

[259] Ramadurai, S., A. Holt, L. V. Schäfer, V. V. Krasnikov, D. T. Rijkers,
S. J. Marrink, J. A. Killian, B. Poolman (2010). Influence of Hydrophobic
Mismatch and Amino Acid Composition on the Lateral Diffusion of Transmem-
brane Peptides. Biophys. J. 99(5), 1447.

[260] Ramakrishnan, N., P. B. Sunil Kumar, J. H. Ipsen (2010). Monte Carlo
simulations of fluid vesicles with in-plane orientational ordering. Phys. Rev. E
81(4), 041922.

[261] Ramakrishnan, N., P. Sunil Kumar, R. Radhakrishnan (2014).
Mesoscale computational studies of membrane bilayer remodeling by curvature-
inducing proteins. Phys. Rep. 543(1), 1.

[262] Ramanan, V., N. J. Agrawal, J. Liu, S. Engles, R. Toy, R. Radhakr-
ishnan (2011). Systems biology and physical biology of clathrin-mediated en-
docytosis. Integrative Biology 3(8), 803.

[263] Rand, R.,N. Fuller (1994). Structural dimensions and their changes in a reen-
trant hexagonal-lamellar transition of phospholipids. Biophys. J. 66(6), 2127.

[264] Rawicz, W., K. Olbrich, T. McIntosh, D. Needham, E. Evans (2000).
Effect of chain length and unsaturation on elasticity of lipid bilayers. Biophys.
J. 79(1), 328.

143



[265] Ren, J., W. Guo (2012). ERK1/2 Regulate Exocytosis through Direct Phos-
phorylation of the Exocyst Component Exo70. Dev. Cell 22(5), 967.

[266] Resendis-Antonio, O., C. González-Torres, G. Jaime-Muñoz, C. E.
Hernandez-Patiño, C. F. Salgado-Muñoz (2015). Modeling metabolism:
A window toward a comprehensive interpretation of networks in cancer. Semin.
Cancer Biol. 30, 79.

[267] Reynwar, B. J., G. Illya, V. A. Harmandaris, M. M. Muller, K. Kre-
mer, M. Deserno (2007). Aggregation and vesiculation of membrane proteins
by curvature-mediated interactions. Nature 447(7143), 461.

[268] Ribeiro, A. A., R. B. de Alencastro (2013). Mixed Monte Carlo-Molecular
Dynamics Simulations of the Prion Protein. J. Mol. Graphics Modell. (0), In
Press.

[269] Risselada, H. J., S. J. Marrink (2008). The molecular face of lipid rafts in
model membranes. Proc. Natl. Acad. Sci. U.S.A. 105(45), 17367.

[270] Rocha-Perugini, V., M. Gordon-Alonso, F. SÃąnchez-Madrid (2014).
PIP2: choreographer of actin-adaptor proteins in the HIV-1 dance. Trends Mi-
crobiol. 22(7), 379.

[271] Rosse, C., A. Hatzoglou, M. C. Parrini, M. A. White, P. Chavrier,
J. Camonis (2006). RalB mobilizes the exocyst to drive cell migration. Mol.
Biol. Cell 26(2), 727.

[272] Rowe, E. S., F. Zhang, T. W. Leung, J. S. Parr, P. T. Guy (1998). Ther-
modynamics of Membrane Partitioning for a Series of n-Alcohols Determined by
Titration Calorimetry: Role of Hydrophobic Effects. Biochemistry 37(8), 2430.

[273] Rozovsky, S., M. B. Forstner, H. Sondermann, J. T. Groves (2012).
Single Molecule Kinetics of ENTH Binding to Lipid Membranes. J. Phys. Chem.
B 116(17), 5122.

[274] Ryu, Y.-S., I.-H. Lee, J.-H. Suh, S. C. Park, S. Oh, L. R. Jordan,
N. J. Wittenberg, S.-H. Oh, N. L. Jeon, B. Lee, A. N. Parikh, S.-D.
Lee (2014). Reconstituting ring-rafts in bud-mimicking topography of model
membranes. Nat. Commun. 5, .

[275] Rzepiela, A. J., M. Louhivuori, C. Peter, S. J. Marrink (2011). Hybrid
simulations: combining atomistic and coarse-grained force fields using virtual
sites. Physical Chemistry Chemical Physics 13(22), 10437.

[276] Rzepiela, A. J., L. V. SchÃďfer, N. Goga, H. J. Risselada, A. H.
De Vries, S. J. Marrink (2010). Reconstruction of atomistic details from
coarse-grained structures. J. Comput. Chem. 31(6), 1333.

[277] Sadiq, S., R. Guixa-Gonzalez, E. Dainese, M. Pastor, G. De Fabri-
tiis, J. Selent (2013). Molecular Modeling and Simulation of Membrane Lipid-
Mediated Effects on GPCRs. Curr. Med. Chem. 20(1), 22.

144



[278] Saleem, M., S. Morlot, A. Hohendahl, J. Manzi, M. Lenz, A. Roux
(2015). A balance between membrane elasticity and polymerization energy sets
the shape of spherical clathrin coats. Nat. Commun. 6, .

[279] Salsbury Jr., F. R. (2010). Molecular dynamics simulations of protein dy-
namics and their relevance to drug discovery. Curr. Opin. Pharmacol. 10(6),
738.

[280] Sapienza, P. J., A. L. Lee (2010). Using NMR to study fast dynamics in
proteins: methods and applications. Curr. Opin. Pharmacol. 10(6), 723.

[281] Schäfer, L. V., S. J. Marrink (2010). Partitioning of Lipids at Domain
Boundaries in Model Membranes. Biophys. J. 99(12), L91.

[282] Schatzberg, P. (1963). Solubilities of Water in Several Normal Alkanes from
C7 to C161. J. Phys. Chem. 67(4), 776.

[283] Scheraga, H. A., M. Khalili, A. Liwo (2007). Protein-Folding Dynamics:
Overview of Molecular Simulation Techniques. Annu. Rev. Phys. Chem. 58(1),
57.

[284] Schmick, M., P. Bastiaens (2014). The Interdependence of Membrane Shape
and Cellular Signal Processing. Cell 156(6), 1132.

[285] Scita, G., S. Confalonieri, P. Lappalainen, S. Suetsugu (2008). IRSp53:
crossing the road of membrane and actin dynamics in the formation of mem-
brane protrusions. Trends Cell Biol. 18(2), 52.

[286] Seddon, J. M., A. M. Squires, C. E. Conn, O. Ces, A. J. Heron,
X. Mulet, G. C. Shearman, R. H. Templer (2006). Pressure-jump X-ray
studies of liquid crystal transitions in lipids. Philos. Trans. R. Soc. London, Ser.
A 364(1847), 2635.

[287] Seelig, A., J. Seelig (1974). Dynamic structure of fatty acyl chains in a
phospholipid bilayer measured by deuterium magnetic resonance. Biochemistry
13(23), 4839.

[288] Seifert, U. (1997). Configurations of fluid membranes and vesicles. Adv. Phys.
46(1), 13.

[289] Sengupta, D., S. J. Marrink (2010). Lipid-mediated interactions tune the
association of glycophorin A helix and its disruptive mutants in membranes.
Phys. Chem. Chem. Phys. 12(40), 12987.

[290] Seo, M., S. Rauscher, R. Pomès, D. P. Tieleman (2012). Improving Inter-
nal Peptide Dynamics in the Coarse-Grained MARTINI Model: Toward Large-
Scale Simulations of Amyloid- and Elastin-like Peptides. J. Chem. Theory Com-
put. 8(5), 1774.

145



[291] Sergei Izvekov, C. J. B., Michele Parrinello,G. A. Voth (2004). Effective
force fields for condensed phase systems from ab initio molecular dynamics
simulation: A new method for force-matching. J. Chem. Phys. 120, 10896.

[292] Sheetz, M. P. (2001). Cell control by membrane-cytoskeleton adhesion. Nat.
Rev. Mol. Cell Biol. 2(5), 392.

[293] Shell, M. S. (2008). The relative entropy is fundamental to multiscale and
inverse thermodynamic problems. J. Chem. Phys. 129(14), 144108.

[294] Shelley, J. C., M. Y. Shelley (2000). Computer simulation of surfactant
solutions. Curr. Opin. Colloid Interface Sci. 5(1–2), 101.

[295] Shelley, J. C., M. Y. Shelley, R. C. Reeder, S. Bandyopadhyay, M. L.
Klein (2001). A Coarse Grain Model for Phospholipid Simulations. J. Phys.
Chem. B 105(19), 4464.

[296] Shi, J., A. R. Votruba, O. C. Farokhzad, R. Langer (2010). Nanotechnol-
ogy in Drug Delivery and Tissue Engineering: From Discovery to Applications.
Nano Lett. 10(9), 3223.

[297] Shi, Z., T. Baumgart (2015). Membrane tension and peripheral protein den-
sity mediate membrane shape transitions. Nat. Commun. 6, .

[298] Shih, A. Y., A. Arkhipov, P. L. Freddolino, K. Schulten (2006). Coarse
Grained Protein-Lipid Model with Application to Lipoprotein Particles. J. Phys.
Chem. B 110(8), 3674.

[299] Shih, A. Y., P. L. Freddolino, A. Arkhipov, K. Schulten (2007). As-
sembly of lipoprotein particles revealed by coarse-grained molecular dynamics
simulations. J. Struct. Biol. 157(3), 579.

[300] Shillcock, J., Vesicles and Vesicle Fusion: Coarse-Grained Simulations. Meth-
ods in Molecular Biology (edited by L. Monticelli, E. Salonen), volume 924
(Humana Press, 2013), pp. 659–697.

[301] Shinoda, W., R. DeVane, M. L. Klein (2010). Zwitterionic Lipid Assem-
blies: Molecular Dynamics Studies of Monolayers, Bilayers, and Vesicles Using
a New Coarse Grain Force Field. J. Phys. Chem. B 114(20), 6836.

[302] Shirts, M., J. Chodera (2008). Statistically optimal analysis of samples from
multiple equilibrium states. J. Chem. Phys. 129(12), 124105.

[303] Siegel, D., R. Epand (1997). The mechanism of lamellar-to-inverted hexago-
nal phase transitions in phosphatidylethanolamine: implications for membrane
fusion mechanisms. Biophys. J. 73(6), 3089.

[304] Simunovic, M., A. Srivastava, G. A. Voth (2013). Linear aggregation of
proteins on the membrane as a prelude to membrane remodeling. Proc. Natl.
Acad. Sci. U. S. A. 110(51), 20396.

146



[305] Singh, G., D. P. Tieleman (2011). Using the Wimley-White Hydrophobicity
Scale as a Direct Quantitative Test of Force Fields: The MARTINI Coarse-
Grained Model. J. Chem. Theory Comput. 7(7), 2316.

[306] Slochower, D. R., P. J. Huwe, R. Radhakrishnan, P. A. Janmey (2013).
Quantum and All-Atom Molecular Dynamics Simulations of Protonation and
Divalent Ion Binding to Phosphatidylinositol 4,5-Bisphosphate (PIP(2)). J.
Phys. Chem. B 117(28), 8322.

[307] Slochower, D. R., Y.-H. Wang, R. Radhakrishnan, P. A. Janmey
(2015). Physical chemistry and membrane properties of two phosphatidylinosi-
tol bisphosphate isomers(). Phys. Chem. Chem. Phys. 17(19), 12608.

[308] Slochower, D. R., Y.-H. Wang, R. W. Tourdot, R. Radhakrishnan,
P. A. Janmey (2014). Counterion-mediated pattern formation in membranes
containing anionic lipids. Adv. Colloid Interface Sci. 208, 177.

[309] Smirnova, Y. G., S.-J. Marrink,R. Lipowsky,V. Knecht (2010). Solvent-
Exposed Tails as Prestalk Transition States for Membrane Fusion at Low Hy-
dration. J. Am. Chem. Soc. 132(19), 6710.

[310] Smit, B., P. A. J. Hilbers, K. Esselink, L. A. M. Rupert, N. M. van
Os, A. G. Schlijper (1990). Computer simulations of a water/oil interface in
the presence of micelles. Nature 348(6302), 624.

[311] Snow, C. D., H. Nguyen, V. S. Pande, M. Gruebele (2002). Absolute
comparison of simulated and experimental protein-folding dynamics. Nature
420(6911), 102.

[312] Sodt, A. J., T. Head-Gordon (2010). An implicit solvent coarse-grained lipid
model with correct stress profile. J. Chem. Phys. 132(20), 205103.

[313] Sommer, B. (2013). Membrane Packing Problems: A short Review on compu-
tational Membrane Modeling Methods and Tools. Comput. Struct. Biotechnol.
J. 5, e201302014.

[314] Sonne, J., F. Y. Hansen, G. H. Peters (2005). Methodological problems in
pressure profile calculations for lipid bilayers. J. Chem. Phys. 122, 124903.

[315] Sonne, J., M. Ø. Jensen, F. Y. Hansen, L. Hemmingsen, G. H. Peters
(2007). Reparameterization of All-Atom Dipalmitoylphosphatidylcholine Lipid
Parameters Enables Simulation of Fluid Bilayers at Zero Tension. Biophys. J.
92(12), 4157.

[316] Sorre, B., A. Callan-Jones, J. Manzi, B. Goud, J. Prost, P. Bassereau,
A. Roux (2012). Nature of curvature coupling of amphiphysin with membranes
depends on its bound density. Proc. Natl. Acad. Sci. U. S. A. 109(1), 173.

[317] Sousa, S. F., P. A. Fernandes,M. J. Ramos (2006). Protein-ligand docking:
Current status and future challenges. Proteins 65(1), 15.

147



[318] Spiczka, K. S., C. Yeaman (2008). Ral-regulated interaction between Sec5
and paxillin targets Exocyst to focal complexes during cell migration. J. Cell.
Sci. 121(17), 2880.

[319] Srinivas, G., M. L. Klein (2004). Computational approaches to nanobiotech-
nology: probing the interaction of synthetic molecules with phospholipid bilay-
ers via a coarse grain model. Nanotechnology 15(9), 1289.

[320] Sriswasdi, S., S. L. Harper, H.-Y. Tang, P. G. Gallagher, D. W. Spe-
icher (2014). Probing large conformational rearrangements in wild-type and
mutant spectrin using structural mass spectrometry. Proc. Natl. Acad. Sci. U.
S. A. 111(5), 1801.

[321] Sriswasdi, S., S. L. Harper, H.-Y. Tang, D. W. Speicher (2014). En-
hanced Identification of Zero-Length Chemical Cross-Links Using Label-Free
Quantitation and High-Resolution Fragment Ion Spectra. J. Proteome Res.
13(2), 898.

[322] Srivastava, A., G. A. Voth (2012). Hybrid Approach for Highly Coarse-
Grained Lipid Bilayer Models. J. Chem. Theory Comput. 9(1), 750.

[323] Stachowiak, J. C., F. M. Brodsky, E. A. Miller (2013). A cost-benefit
analysis of the physical mechanisms of membrane curvature. Nat. Cell Biol.
15(9), 1019.

[324] Stachowiak, J. C., E. M. Schmid, C. J. Ryan, H. S. Ann, D. Y. Sasaki,
M. B. Sherman, P. L. Geissler, D. A. Fletcher, C. C. Hayden (2012).
Membrane bending by protein-protein crowding. Nat. Cell Biol. 14(9), 944.

[325] Sugita, Y., Y. Okamoto (1999). Replica-exchange molecular dynamics
method for protein folding. Chem. Phys. Lett. 314(1–2), 141.

[326] Sumagin, R., I. H. Sarelius (2007). A role for ICAM-1 in maintenance
of leukocyte-endothelial cell rolling interactions in inflamed arterioles. Am. J.
Physiol. Heart Circ. Physiol. 293(5), H2786.

[327] Tang, Y., J. Yoo, A. Yethiraj, Q. Cui, X. Chen (2008). Mechanosensitive
Channels: Insights from Continuum-Based Simulations 52(1), 1.

[328] Thapa, N., Y. Sun, M. Schramp, S. Choi, K. Ling, R. A. Anderson
(2012). Phosphoinositide Signaling Regulates the Exocyst Complex and Polar-
ized Integrin Trafficking in Directionally Migrating Cells. Dev. Cell 22(1), 116.

[329] Thøgersen, L., B. Schiøtt, T. Vosegaard, N. C. Nielsen, E. Tajkhor-
shid (2008). Peptide Aggregation and Pore Formation in a Lipid Bilayer: A
Combined Coarse-Grained and All Atom Molecular Dynamics Study. Biophys.
J. 95(9), 4337.

[330] Thorpe, I. F., D. P. Goldenberg, G. A. Voth (2011). Exploration of
Transferability in Multiscale Coarse-Grained Peptide Models. J. Phys. Chem.
B 115(41), 11911.

148



[331] Tian, A., T. Baumgart (2009). Sorting of lipids and proteins in membrane
curvature gradients. Biophys. J. 96(7), 2676.

[332] Tian, A., C. Johnson, W. Wang, T. Baumgart (2007). Line Tension at
Fluid Membrane Domain Boundaries Measured by Micropipette Aspiration.
Phys. Rev. Lett. 98(20), 208102.

[333] Tourdot, R. W., R. P. Bradley, N. Ramakrishnan, R. Radhakrish-
nan (2014). Multiscale computational models in physical systems biology of
intracellular trafficking. IET Syst. Biol. 8(5), 198.

[334] Tourdot, R. W., N. Ramakrishnan, T. Baumgart, R. Radhakrish-
nan (2015). Application of a free-energy-landscape approach to study tension-
dependent bilayer tubulation mediated by curvature-inducing proteins. Phys.
Rev. E 92(4), 042715.

[335] Tourdot, R. W., N. Ramakrishnan, R. Radhakrishnan (2014). Defining
the free-energy landscape of curvature-inducing proteins on membrane bilayers.
Phys. Rev. E 90(2), 022717.

[336] Treptow, W., S.-J. Marrink, M. Tarek (2008). Gating Motions in Voltage-
Gated Potassium Channels Revealed by Coarse-Grained Molecular Dynamics
Simulations. J. Phys. Chem. B 112(11), 3277.

[337] Tsujita, K., T. Takenawa, T. Itoh (2015). Feedback regulation between
plasma membrane tension and membrane-bending proteins organizes cell polar-
ity during leading edge formation. Nat. Cell Biol. 17, 749.

[338] Ulmschneider, J. P., M. Andersson, M. B. Ulmschneider (2011). De-
termining Peptide Partitioning Properties via Computer Simulation. J. Membr.
Biol. 239(1-2), 15.

[339] Ulmschneider, M. B., J. P. F. Doux, J. A. Killian, J. C. Smith,
J. P. Ulmschneider (2010). Mechanism and Kinetics of Peptide Partition-
ing into Membranes from All-Atom Simulations of Thermostable Peptides. J.
Am. Chem. Soc. 132(10), 3452.

[340] van den Bogaart, G., K. Meyenberg, H. J. Risselada, H. Amin,
K. I. Willig, B. E. Hubrich, M. Dier, S. W. Hell, H. Grubmueller,
U. Diederichsen, R. Jahn (2011). Membrane protein sequestering by ionic
protein-lipid interactions. Nature 479(7374), 552.

[341] van der Spoel, D., E. Lindahl, B. Hess, A. van Buuren, E. Apol,
P. Meulenhoff, D. Tieleman, A. Sijbers, K. Feenstra, R. van Drunen,
H. Berendsen, Gromacs User Manual version 4.0 (2005).

[342] van der Spoel, D., E. Lindahl, B. Hess, G. Groenhof, A. E. Mark,
H. J. C. Berendsen (2005). GROMACS: Fast, flexible, and free. J. Comput.
Chem. 26(16), 1701.

149



[343] van der Walt, S., S. Colbert, G. Varoquaux (2011). The NumPy Array:
A Structure for Efficient Numerical Computation. Comput. Sci. Eng. 13(2), 22.

[344] van Gunsteren, W. F., J. Dolenc,A. E. Mark (2008). Molecular simulation
as an aid to experimentalists. Curr. Opin. Struct. Biol. 18(2), 149.

[345] van Meer, G., A. I. P. M. de Kroon (2010). Lipid map of the mammalian
cell. J. Cell Sci. 124(1), 5.

[346] van Meer, G., D. R. Voelker, G. W. Feigenson (2008). Membrane lipids:
where they are and how they behave. Nat. Rev. Mol. Cell Biol. 9(2), 112.

[347] Van Rossum, G., F. L. Drake Jr, Python reference manual (Centrum voor
Wiskunde en Informatica Amsterdam, 1995).

[348] Venturoli, M. (2005). Simulation Studies of Protein-Induced Bilayer Defor-
mations, and Lipid-Induced Protein Tilting, on a Mesoscopic Model for Lipid
Bilayers with Embedded Proteins. Biophys. J. 88, 1778.

[349] Venturoli, M., M. Maddalena Sperotto, M. Kranenburg, B. Smit
(2006). Mesoscopic models of biological membranes. Phys. Rep. 437(1–2), 1.

[350] Venturoli, M., B. Smit (1999). Simulating the self-assembly of model mem-
branes. PhysChemComm 2, 45.

[351] Villa, A., C. Peter, N. F. A. van der Vegt (2009). Self-assembling dipep-
tides: conformational sampling in solvent-free coarse-grained simulation. Physi-
cal Chemistry Chemical Physics (Incorporating Faraday Transactions) 11, 2077.

[352] Viswanadhan, V. N., A. K. Ghose, U. C. Singh, J. J. Wendoloski
(1999). Prediction of Solvation Free Energies of Small Organic Molecules
Additive-Constitutive Models Based on Molecular Fingerprints and Atomic
Constants. J. Chem. Inf. Comput. Sci. 39(2), 405.

[353] Šali, A., T. L. Blundell (1993). Comparative Protein Modelling by Satisfac-
tion of Spatial Restraints. J. Mol. Biol. 234(3), 779.

[354] Vuorela, T., A. Catte, P. S. Niemelä, A. Hall, M. T. Hyvönen, S.-J.
Marrink,M. Karttunen, I. Vattulainen (2010). Role of Lipids in Spheroidal
High Density Lipoproteins. PLoS Comput. Biol. 6(10), e1000964.

[355] Wallace, E. J., M. S. P. Sansom (2008). Blocking of Carbon Nanotube
Based Nanoinjectors by Lipids: A Simulation Study. Nano Lett. 8(9), 2751.

[356] Wang, J., R. M. Wolf, J. W. Caldwell, P. A. Kollman, D. A. Case
(2004). Development and testing of a general amber force field. J. Comput.
Chem. 25(9), 1157.

[357] Wang, Y.-H., A. Collins, L. Guo, K. B. Smith-Dupont, F. Gai,
T. Svitkina, P. A. Janmey (2012). Divalent Cation-Induced Cluster Forma-
tion by Polyphosphoinositides in Model Membranes. J. Am. Chem. Soc. 134(7),
3387.

150



[358] Wang, Z., J. D. Butner, R. Kerketta, V. Cristini, T. S. Deisboeck
(2015). Simulating cancer growth with multiscale agent-based modeling. Semin.
Cancer Biol. 30, 70.

[359] Wee, C. L., K. Balali-Mood, D. Gavaghan, M. S. Sansom (2008). The
Interaction of Phospholipase A2 with a Phospholipid Bilayer: Coarse-Grained
Molecular Dynamics Simulations. Biophys. J. 95(4), 1649.

[360] Werner, T., M. B. Morris, S. Dastmalchi, W. B. Church (2012). Struc-
tural modelling and dynamics of proteins for insights into drug interactions.
Adv. Drug Delivery Rev. 64(4), 323.

[361] West, B., F. L. Brown, F. Schmid (2009). Membrane-Protein Interactions
in a Generic Coarse-Grained Model for Lipid Bilayers. Biophys. J. 96(1), 101.

[362] Wimley, W. C., S. H. White (1996). Experimentally determined hydropho-
bicity scale for proteins at membrane interfaces. Nat. Struct. Mol. Biol. 3(10),
842.

[363] Wolfenden, R., L. Andersson, P. M. Cullis, C. C. B. Southgate (1981).
Affinities of amino acid side chains for solvent water. Biochemistry 20(4), 849.

[364] Wolfram Research, Inc. (2010), Mathematica 8.0.

[365] Wong-Ekkabut, J., S. Baoukina, W. Triampo, I.-M. Tang, D. P. Tiele-
man, L. Monticelli (2008). Computer simulation study of fullerene transloca-
tion through lipid membranes. Nat. Nano. 3(6), 363.

[366] Yang, C., M. Hoelzle, A. Disanza, G. Scita, T. Svitkina (2009). Co-
ordination of Membrane and Actin Cytoskeleton Dynamics during Filopodia
Protrusion. PLoS One 4(5), e5678.

[367] Yang, L., L. Ding, H. W. Huang (2003). New Phases of Phospholipids and
Implications to the Membrane Fusion Problem. Biochemistry 42(22), 6631.

[368] Yang, Y. T., C. D. Jun, J. H. Liu, R. G. Zhang, A. Joachimiak, T. A.
Springer, J. H. Wang (2004). Structural basis for dimerization of ICAM-1
on the cell surface. Mol.Cell 14(2), 269.

[369] Yarar, D., C. M. Waterman-Storer, S. L. Schmid (2005). A Dynamic
Actin Cytoskeleton Functions at Multiple Stages of Clathrin-mediated Endocy-
tosis. Mol. Biol. Cell 16(2), 964.

[370] Yefimov, S., E. van der Giessen, P. R. Onck, S. J. Marrink (2008).
Mechanosensitive Membrane Channels in Action. Biophys. J. 94(8), 2994.

[371] Yesylevskyy, S., L. Schäfer, D. Sengupta, S. Marrink (2010). Polarizable
water model for the coarse-grained MARTINI force field. PLoS Comput. Biol.
6(6), e1000810.

151



[372] Yin, F., J. T. Kindt (2010). Atomistic Simulation of Hydrophobic Matching
Effects on Lipid Composition near a Helical Peptide Embedded in Mixed-Lipid
Bilayers. J. Phys. Chem. B 114(24), 8076.

[373] Yin, Y., A. Arkhipov, K. Schulten (2009). Simulations of Membrane Tubu-
lation by Lattices of Amphiphysin N-BAR Domains. Structure 17(6), 882.

[374] Yu, H.,K. Schulten (2013). Membrane Sculpting by F-BAR Domains Studied
by Molecular Dynamics Simulations. PLoS Comput. Biol. 9(1), e1002892.

[375] Yu, H.-Y., D. M. Eckmann, P. S. Ayyaswamy, R. Radhakrishnan
(2015). Composite generalized Langevin equation for Brownian motion in dif-
ferent hydrodynamic and adhesion regimes. Phys. Rev. E 91(5), 052303.

[376] Zhang, L., Y. Sun (2010). Molecular simulation of adsorption and its impli-
cations to protein chromatography: A review. Biochem. Eng. J. 48(3), 408.

[377] Zhang, L., S. Bouguet-Bonnet, M. Buck, Combining NMR and Molecular
Dynamics Studies for Insights into the Allostery of Small GTPase-Protein In-
teractions. Methods in Molecular Biology (edited by A. W. Fenton), volume
796 (Springer New York, 2012), pp. 235–259–.

[378] Zhang, Z., J. Pfaendtner, A. Grafmüller, G. A. Voth (2009). Defining
Coarse-Grained Representations of Large Biomolecules and Biomolecular Com-
plexes from Elastic Network Models. Biophys. J. 97, 2327.

[379] Zhao, H., A. Pykäläinen, P. Lappalainen (2011). I-BAR domain proteins:
linking actin and plasma membrane dynamics. Curr. Opin. Cell Biol. 23(1),
14.

[380] Zhao, Y., J. Liu, C. Yang, B. R. Capraro, T. Baumgart, R. P. Bradley,
N. Ramakrishnan, X. Xu, R. Radhakrishnan, T. Svitkina, W. Guo
(2013). Exo70 Generates Membrane Curvature for Morphogenesis and Cell Mi-
gration. Dev. Cell 26(3), 266.

[381] Zimmerberg, J., M. M. Kozlov (2006). How proteins produce cellular mem-
brane curvature. Nat. Rev. Mol. Cell Biol. 7(1), 9.

[382] Zuo, X., J. Zhang, Y. Zhang, S.-C. Hsu, D. Zhou, W. Guo (2006). Exo70
interacts with the Arp2/3 complex and regulates cell migration. Nat.Cell Biol.
8(12), 1383.

[383] Zwier, M. C., L. T. Chong (2010). Reaching biological timescales with all-
atom molecular dynamics simulations. Curr. Opin. Pharmacol. 10(6), 745.

152


