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absolute permittivity, see dielectric constant
activity coefficient, 230
advection-diffusion equation, see Nernst—Planck
equation
nondimensionalization, 397
amino acids
polypeptide, 16
side-chain, 17
anomalous diffusion, 330, 339, 340
antimicrobial peptide
gramicidin A, 22
antimicrobial peptides, 196
alamethicin, 123
coarse-grained molecular dynamics, 341-348
diffusion, 344-345
dynamics, 196
generalized reaction-diffusion equation, 197-200
oligomerization, 196
PGLa, 104
surface binding, 196
transmembrane orientation, 198
apolar molecules, 303
archaebacteria, 14
archaebacteria lipids, 14
area per lipid, 324
Arrhenius reaction rate, 308
artificial neural networks, 55
autoregressive Gaussian process, 169

barostats, 364
Berendsen, 364
Parrinello-Rahman, 364
bioelectronic interface, 26,
coarse-grained molecular dynamics, 310
density profile of water, 315
hydration ion size, 269
Percus—Yevick equation, 311
capacitance, 275-279
constant-phase element, 143—144
dielectric constant, 238-242, 271-275
double-layer impedance, 242, 243
faradic impedance, 242
faradic reactions, 242247

generalized Poisson—Nernst—Planck, 229-232,
238
ionic correlation effects, 238-242
kinetic impedance, 242
Poisson—Fermi—Nernst-Planck, 232-235, 238
biological neural networks, 54
biological parameters
aliphatic chain deuterium order parameter,
298
area per lipid, 324, 373
defect density, 325
diffusion tensor, 317
intrinsic membrane dipole potential, 377
line tension, 326
lipid diffusion, 329
ballistic, 339
Fickian diffusion, 339
subdiffusion, 339
lipid flip-flop energy, 324
membrane capacitance, 376
membrane thickness, 330
number of aqueous pores, 324
radial distribution function, 300
surface tension, 327
biomimetic, 31
biomolecules
amino acids, 16
nonpolar, 18
polar, 18
weak acid, 18
weak base, 18
C-terminus, 171
N-terminus, 17f
peptides, 16
proteins, 16
integral monotopic, 19
integral polytopic, 19
peripheral membrane, 19
structure, 19
primary structure, 19
quaternary structure, 20
secondary structure, 19
tertiary structure, 20
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biosensor
analyte detection, 87
arrays, 97-100, 187-195
design, 89-91
hidden Markov Model, 168-171
ICS biosensor, 83—-102
influenza A, 95-97
macroscopic model, 162—-165
membrane conductance, 163—-165
mesoscopic model, 178-185
multianalyte, 97-100
nanomachine conductance, 378-383
nanomachine dynamics, 383-387
singular perturbation approximation, 165-166
specificity, 94-95
surface reactions, 163-165
Bjerrum length, 233, 241
black-box model, 48
Boltzmann distribution, 312
Brownian dynamics, 311, 379
Brownian motion, 305
Butler—Volmer equation, 206

canonical ensemble, 312
cell lysis, 74
cell membrane, 30
cytoskeletal filaments, 31
cytosol, 30
CGMD, see coarse-grained molecular dynamics
charge accumulation, 50
charge distribution, 11
chemical bond, 9
coordinate covalent bond, 10
covalent bond, 9
ionic bond, 11
van der Waals, 11
chemical potential
Widom insertion method, 231
chirality, 20
cholesterol
effect on membrane, 333
coarse-grained molecule dynamics, 332-335
coarse-grained representation, 304
electric measurements, 267-269
electroporation, 267-269
fractional-order macroscopic model, 154-156
heterogeneous membranes, 267-269
impedance measurements, 156—157
lateral diffusion, 333-334
line tension, 335
membrane thickness, 334-335
surface tension, 335
coarse-grained molecular dynamics, 295-352
bioelectronic interface, 304
coarse graining
Boltzmann inversion, 300

force matching, 301
inverse Monte Carlo, 300
relative entropy matching, 301
COMSOL, 401, 403
configurational phase space, 301
construction, see coarse graining
deuterium order parameter, 327, 328
diffusion tensor, 317-321
DphPC lipids, 304
electrode, 304
line tension, 325-327
lipid desorption, 323
lipid diffusion, 328-330
lipid energetics, 322-325
lipid flip-flop, 322
MARTINI force field, 303
membrane structure, 330-331
PGLa pore formation, 341-348
round-trip time, 319
setup, 299-300
sterol effects, 332-335
sterols, 304
surface tension, 325-327
tethers and spacers, 304
water density, 315-317
continuum models
Fokker—Planck equation, 305-310, 317-319
generalized Poisson—Nernst—Planck, 229-232
generalized reaction-diffusion equation,
197-200
Navier—Stokes equation, 182
Nernst—Planck equation, 181, 182
Poisson’s equation, 180
Poisson—Boltzmann equation, 240242
Poisson—Fermi—Nernst—Planck, 232-235
Poisson—Nernst-Planck, 182, 185
Smoluchowski—Einstein equation, 217-222
Coulomb correlation length, 233
Coulomb correlations, 49
cubic packing structure, 230, 239

Damkohler number, 161, 177-178, 399
mass-transport influenced regime, 177
reaction-rate-influenced regime, 177

de Broglie wavelength, 230

Debye length, 205, 241

defect density, 325

density profile, 311

depolarization, 290

Deuterium order parameter, 328

dielectric constant
bioelectronic interface, 271-275
coarse-grained molecular dynamics, 324
effective dielectric constant, 356
ionic correlation effects, 238-242
Maxwell-Garnett equation, 239-240
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molecular dynamics, 356, 375-378
Poisson—Boltzmann equation, 240242
Poisson—Fermi—Nernst-Planck, 232-235
pure hydrocarbon, 154
diffusion process, 305
Arrhenius reaction rate, 308
Fokker—Planck equation, 306
Kolmogorov equation, 306
mean first passage time, 308
stationary distribution, 307
diffusion tensor
bioelectronic interface, 320-321
coarse-grained molecular dynamics, 317-321
Fokker—Planck equation, 317-319
round-trip time, 319
water, 320-321
distal layer, 330
double-layer charging, 224
Coulomb correlations, 228
polarization, 228
screening effects, 223
Stern and diffuse layers, 224
double-layer impedance, 242, 243
DphPC bilayers, 14, 262
aqueous pore formation, 373-375
archaebacteria lipids, 14
area per lipid, 128
capacitance, 375-378
coarse-grained representation, 304
deuterium order parameter, 327-328
fluorescence recovery after photobleaching,
129-131
line tension, 325-327
lipid diffusion, 129-131, 328-330
lipid energetics, 322-325
membrane structure, 330-331
molecular dynamics, 373-378
neutron reflectometry, 131-133
reaction-rate model, 142
surface tension, 325-327
tether density, 262
thickness, 131-133
X-ray reflectometry, 128

electric permittivity, see dielectric constant
electrochemotherapy, 213
electrodesorption, 71
electrolyte dynamics
charge accumulation, 50
Coulomb correlations, 49
diffusion-limited charge transfer, 50
ionic adsorption dynamics, 50
polarization effects, 50
reaction-limited charge transfer, 50
screening effects, 50
steric effect, 49

Index 449

electroneutrality, 142
electrophysiological response , 282
electrophysiological response platform, see ERP
electroporation, 212
aqueous pore energy model, 220
aqueous pores, 214
toroidal pore, 231
continuum model, 227-235
hydrophilic pore, 214
hydrophobic pore, 214
irreversible, 213
mesoscopic model, 214-215, 222-227
multiphysics model, 222
reversible, 213
electroporation measurement platform, see EMP
electrostatic pressure, see Maxwell stress tensor
ELISA, 53, 87, 95, 97
embedded ion channel, 103
EMP, 107-110
aqueous pore capacitance, 259
aqueous pore conductance, 254-256
cholesterol, 267-269
continuum model, 227-235
formation, 108—109
heterogeneous membrane, 265-267
mesoscopic model, 214-215, 222-227
operation, 109-110
tether density, 262-265
energy minimization principle, 226
engineered artificial membranes, 32
bioelectronic interface, 26
cushioned membranes, 34
freestanding lipid bilayer, 34
hybrid bilayer lipid membrane, 33
laboratory construction, 76-81
spacers, 25, 67
supported lipid bilayer, 33
tethered bilayer lipid membranes, 35
tethers, 25, 67
engineered tethered membrane, 39-45
bioelectronic interface, 26
electrophysiological response platform,
44
electroporation measurement platform, 43
ion-channel switch biosensor, 41
laboratory construction, 76-81
multiphysics models, 45-49
pore formation measurement platform, 42
ensemble average, 359
equilibrium electrode potential, 206
equipartition theorem, 361
ergodic hypothesis (law of large numbers), 361
ERP, 110-115
formation, 112-114
fractional-order macroscopic model, 284285,
286-290
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ERP (cont.)
noninvasive screening of cells, 293
operation, 114-115
skeletal myoblasts, 290291
systems biology, 283
voltage-gated ion channel, 285-286
excess chemical potential, 230

faradic flux, 244
faradic impedance, 242
faradic reactions, 242247
absolute chemical activity, 246
Butler—Volmer equation, 206
frequency prefactor, 245
Frumkin—Butler—Volmer equation, 244
Fick’s laws
Fick’s first law, 181
Fick’s second law, 319
finite-length Warburg impedance, 207
fluctuation-dissipation theorem, 311, 337
fluorescence recovery after photobleaching, 129
Fokker—Planck equation, 305-310, 317-319
fractional Fokker—Planck equation, 340
fractional Langevin equations, 340
fractional-order differential equation, 143
fractional-order macroscopic model, 140-144
charge accumulation, 143
constant-phase element, 143—144
diffusion-limited charge transfer, 143
electrode double-layer capacitance, 143—144
electrolyte resistance, 142
fractional derivatives, 144—147
ionic adsorption dynamics, 143
membrane capacitance, 142
membrane conductance, 142
reaction-limited charge transfer, 143
transmembrane potential, 140/
fractional transport processes, 340
frequency prefactor, 245
friction kernel, 382
Frumkin—Butler—Volmer equation, 244

gamma function, 144

gene electrotransfer, 213

generalized Poisson—Nernst—Planck, 229-232
chemical potential, 230
equilibrium concentration, 241
steric constraint, 230

gramicidin A, 22,
conductance, 381-383
dimer dissociation, 383-384
ICS biosensor, 87
ion permeation models, 378-381
molecular dynamics, 383-387
nuclear magnetic resonance, 128—129
spontaneous insertion, 76—81

hard-sphere potential, 313
hard-wall potential, 315
hidden Markov Model, 168

maximum likelihood estimate, 170

parameter estimator, 170

state estimation filter, 170
Hill-type approximation, 198
Hodgkin—Huxley models, 291
hydration ion size, 269
hydrophilic, 12
hydrophobic effect, 15
hyperpolarization, 290

ICS biosensor, 83-102
arrays, 97-100, 187-195
clinical evaluation, 95-97

construction and formation, 85-87

ferritin, 186187

hCG, 186-187

hidden Markov model, 168
least-squares estimation, 185
macroscopic model, 162—165
mass-transport regime, 177

membrane conductance, 163-165

mesoscopic model, 178-185
microscopic model, 378-387
multianalyte, 97-100
multicompartment model, 208

nanomachine conductance, 378-383
nanomachine dynamics, 383-387
reaction-rate-limited regime, 177

singular perturbation approximation, 165-166

stochastic model, 168
streptavidin, 186—187
surface reactions, 163—165
TSH, 186-187
implantable devices, 51
cochlear and retinal, 51
in vitro medical diagnostics, 52
instantaneous temperature, 361
ion-channels, 21-24
ligand-gated, 23
light-gated, 24
mechanosensitive, 24
peptide, 22
protomers, 22
transient receptor potential, 24
voltage-gated, 22
ion permeation, 378-381
Brownian dynamics, 379
continuum theories, 380
Fokker—Planck equation, 379
gramicidin, 381
reaction-rate model, 380
ion-channel gating models, 282
ion-channel shot noise, 168
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ionic conductance noise, 168
ionic transport
diffusive flux, 181
electrical-migration flux, 181
velocity field flux, 181
ionophores, 116

Johnson—Nyquist noise, 168

kinetic impedance, 242

Kolmogorov equation, 306
Arrhenius reaction rate, 308
mean first-passage time, 308

laminar flow, 185
Langevin equation, 318, 336-339, 381
Brownian dynamics, 336, 380
large molecules, 336, 380
lipid diffusion, 336
Langmuir binding kinetics, 398
Langmuir-Hinshelwood equation, 198
lateral diffusion, 330
law of large numbers, 336, 361
least-squares estimation, 185
Lennard-Jones potential, 314
Levenberg—Marquardt algorithm, 186
line tension, 322, 325, 326
linear Poisson—Boltzmann equation, 241
lipid bilayers, 14—-16
DphPC, see DphPC bilayers
molecules, see lipids
phospholipids, 12—-13
lipid desorption, 323, 332
lipid flip-flop, 322, 324, 332
lipid structures
lipid bilayer, 12
liposomes, 12
micelles, 12
vesicles, 12
lipids, 12
cholesterol, 12
glycolipids, 12
lipid domain, 155
lipid rafts, 13
phospholipids, 12
tethered, 67
local packing fraction, 230
Lorentz force, 180

macroscopic models, see reaction-rate models
macroscopic reaction-rate model

tethered transmembrane potential, 163/
MARTINI force field, see coarse-grained

bioelectronic interface, 304

electrode, 304

lipids, 304

Index

sterol, 304
tethers and spacers, 304
mass conservations equations, 230
chemical potential, 230
excess chemical potential, 230
mass-transport regime, 177
maximum likelihood estimate, 170
Maxwell stress tensor, 237
Maxwell’s equations, 180
Maxwell-Boltzmann distribution, 354
Maxwell-Garnett equation, 239
mean first-passage time, 305
Arrhenius reaction rate, 308
partial differential equation, 308
mean-square displacement, 329
Measurement techniques
electrical response, 118-127
fluorescence recovery after photobleaching,
129-131
impedance, 120
neutron reflectometry, 131-133
nuclear magnetic resonance, 129
X-ray reflectometry, 128
membrane
geometric properties, 330
membrane permanent surface charge density,
202
mesoscopic models, see continuum models
microscopic model, see coarse-grained
mode-coupling theory, 339
Models
ab initio molecular dynamics, 46
black-box, 48
coarse-grained molecular dynamics, 47
continuum theories, 48
molecular dynamics, 47
reaction-rate theory, 48
molecular dynamics
aqueous pore formation, 373-375
bioelectronic interface, 356, 366367
bond angle, 357
bond length, 357
bonded interactions, 356358
boundary conditions, 367
degrees of freedom, 362
energy, 361
improper dihedral, 358
initial conditions, 368
membrane capacitance, 375-378
membrane dipole potential, 375-378
non-bonded interactions, 355
NPT, 364
numerical integration, 369-370
NVE, 364
NVT, 364
potential energy function, 355
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molecular dynamics (cont.)
pressure, 362
proper dihedral, 358
temperature, 361
triclinic unit cell, 367
umbrella sampling, 322
molecular therapeutics, 54
multicompartment model, 208
multicellular communication, 55
multiphysics model, 45

Navier—Stokes equation, 182
Nernst—Planck equation, 181, 182
boundary conditions, 183—184
Dirichlet boundary conditions, 183-184
mobility, 182
neutron reflectometry, 131
noise
1/f, 169
nuclear magnetic resonance, 129
numerical integration
cutoff approximation
shift, 370
switch, 370
truncation, 369
particle-mesh Ewald summation, 370

Ohmic contacts, 52
organism

eukaryotes, 13

prokaryotes, 13
Ornstein—Zernike equation, 313, 314
overdamped Langevin equation, 318
oxidation potential, 243

packing coefficient, 239

pair-correlation function, 312

patch microelectrodes, 282

patch-clamp electrophysiology, 282

Pauli repulsion force, 316

PDEs
nondimensionalization, 397
Dirichlet boundary condition, 397
Fokker—Planck equation, 305-310, 317-319
generalized Poisson—Nernst—Planck, 229-232
generalized reaction-diffusion equation,

197-200

mixed boundary condition, 397
Navier—Stokes equation, 182
Nernst—Planck equation, 181, 182
Neumann boundary condition, 397
Poisson’s equation, 180
Poisson—Boltzmann equation, 240242
Poisson-Fermi—Nernst-Planck, 232-235
Poisson—Nernst—Planck, 182, 185
Robin boundary condition, 397
Smoluchowski—Einstein equation, 217-222

Percus—Yevick equation, 311, 313
density profile, 311
Fredholm integral equation, 313
perturbation analysis, 203, 224
double-layer impedance, 203
Smoluchowski—Einstein equation, 224
PFMP, 104-107
construction, 105
generalized reaction-diffusion equation, 197-200
operation, 106—-107
PGLa dynamics, 200-203
PGLa
coarse-grained molecular dynamics, 345-348
coarse-grained representation, 344
diffusion, 344-345
experimental measurements, 105, 200-203
generalized reaction-diffusion equation, 197-200
oligomerization, 347
reaction mechanism, 348
surface binding, 346
translocation, 347
point-of-care diagnostic, 53
Poisson’s equation, 180
boundary conditions, 183—184
dielectric permittivity, 180
Neumann boundary conditions, 183—184
polarization charge density, 240
Poisson—Boltzmann equation, 240-242
Poisson—-Fermi—Nernst-Planck, 232-235
Bjerrum length, 241
Coulomb correlation length, 233
dielectric permittivity operator, 233
equilibrium concentration, 241
Poisson—Fermi equation, 233
Poisson—Nernst—Planck, 182, 185
asymptotic model, 203, 207
double-layer capacitance, 206, 207
polar molecule, 303
polarization, 50
polarization charge density, 240
pore density, 322
pore formation measurement platform, see PFMP
potential energy function
bonded interactions, 357
bond angle, 357
bond length, 357
improper dihedral, 358
proper dihedral, 358
nonbonded interactions, 356
Coulomb’s potential, 356
Lennard-Jones potential, 356
van der Waals forces, 356
potential of mean force, 322
Prandtl number, 399
protein
chirality, 20
conformation change, 18
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gramicidin A, 22 steric interactions, 230
ion channels, 21-24 Stern layer, 244
structure, 19-21 sterol, see cholesterol
visualization, 27-29 stochastic averaging theory, 380
proximal layer, 330 stochastic differential equation, 380
Péclet number, 161, 177-178, 399 stochastic model, 168, 336
advection-transport-influenced regime, stoichiometry matrix, 164
177 substrate-integrated microelectrode arrays, 282
mass-transport-influenced regime, 178 surface tension, 322, 325, 327
radial distribution function, 312 tethered bilayer lipid membranes, 35-39
Ramachandran plot, 344 avidin/biotin tethered membrane, 38
reaction rates, 161 cholesterol tethered membrane, 38
reaction-rate-limited regime, 177 engineered tethered membrane, 38
reaction-rate models peptide tethered membrane, 37
fractional derivatives, 144—147 polymer tethered membrane, 38
fractional-order macroscopic model, 140-144 protein tethered membrane, 37
repolarization, 290 thermostats, 363
resting potential, 290 Berendsen, 363
Reynolds number, 399 Nosé-Hoover, 363
round-trip time, 319 velocity rescaling, 363
Tikhonov’s theorem, 166, 400
Singer—Nicolson model, 81 transmembrane potential, 213
singular perturbation approximation triclinic unit cell, 367
ICS biosensor, 165 two-compartment model, 208
nondimensionalization, 400
Smoluchowski—Einstein equation, 225 umbrella sampling, 322
Smoluchowski-Einstein equation, 217-222
boundary conditions, 218 voltage-gated ion channel, 285
homogeneous, 218 voltage-gated ion channels, 22-23
nonhomogenous, 218 depolarization, 290
source term, 219 Hodgkin—Huxley, 291
solvent interaction hyperpolarization, 290
amphiphilic, 12 repolarization, 290
hydrophilic, 12 resting potential, 290
hydrophobic, 12
spreading conductance, 254 Warburg impedance, 144, 207
stationary distribution, 307 water
statistical ensemble, 355 density profile, 311
canonical ensemble (NVT), 364 diffusion tensor, 320
constant energy, 363 spreading conductance, 254, 256
constant pressure, 364 weighted histogram analysis method, 322
constant temperature, 363 Widom insertion method, 231
isothermal—isobaric ensemble (NPT), 364
microcanonical ensemble (NVE), 364 X-ray reflectometry, 128
NVT, 312
steric effects, 49 zwitterions, 202
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