Contents

Preface

1 Description of Systems Composed of a Large Number of
Constituents
1.1 Short Survey of the Relevant Physics
1.1.1 Field and Potential
1.1.2 Description of Events
1.1.2.1 Classical mechanics and
electrodynamics
1.1.2.2 Quantum mechanics
1.2 Systems Composed of a Large Number of Constituents
1.2.1 Classical Thermodynamics
1.2.2 Statistical Thermodynamics
1.2.2.1 Canonical ensemble
1.2.2.2 Correspondence between statistical
and classical thermodynamics
1.2.2.3 System composed of independent
constituents
1.2.2.4 Predictability and permutability
1.2.2.5 Configurational free energy and
entropy of indistinguishable particles
in the lattice model
1.2.2.6 A simple example: equation of state of
an ideal gas
1.3 Thermodynamic Description of Living Systems
1.3.1 Thermedynamic Potentials
1.3.2 Chemical Potential
1.3.2.1 Chemical potential of one-component
system

X

L) = =

11
11
16
17

21
25
26
28
30
31
32
34

35



vi | Contents

1.3.2.2 Chemical potential of a
multicompaonent system

1.3.2.3 Equality of chemical potential as a
conditon for thermodynamic
equilibrium: a simple example

2 From Lipid Bilayers to Biological Membranes

21
2.2
2.3
24
2.5
2.6
2.7

2.8
29

Lipid Bilayers

Lipid Vesicles

Biological Membranes and their Composition
Intracellular Membranous Structures
Transmembrane Transport

Cell Shape

Differences in the Membranes of Eukaryotes and
Prokaryotes

Consequences of Membrane Damage

Cell Membrane Repair

3 Lipid Vesicles as Experimental Tools

3.1
3.2
3.3
3.4

3.5

36

4 Some Experimental Technigues for Studying the Structure

Types of Lipid Vesicles and Their Applications
Vesicles as Cell Membrane Models
Computational Modelling of Lipid Membranes

Preparation of Lipid Vesicles to Serve as Experimental

Tools

Examples of Nanoparticle-Membrane Interactions

Studies

3.5.1 Morphological Dynamics of Lipid Vesicles

3.5.2 Examples of Nanoparticle-Membrane
Interactions: Studies with Artificial Lipid
Membranes

3.5.3 Cell Membrane-Nanoparticle Interactions and

Internalization
Conclusions

and Properties of Lipid Vesicles and Other Lipid
Self-Assembled Structures

4.1

Light Microscopy

36

ag

41
41
41
45
48
49
51

33
35
58

59
il
61
62

63

2

63

b6
68

71
72




Contents | wii

4.2  Atomic Force Microscopy 74
4.3 Small-Angle X-Ray Scattering 75

Mathematical Description of the Curvature of Biological

Nanostructures 77
Lipid Nanostructures 83
6.1 Polymorphism of Lipid Nanostructures and Intrinsic
Shapes of Lipid Molecules 83
6.2 Relevance of Some Non-Lamellar Phases in Biological
Systems 88
6.3 Inverted Hexagonal Phase 89
6.4 Phospholipid Nanotubes 90
6.4.1 Nanotubes of Giant Phospholipid Vesicles 92
6.4.2 Shape Transformation of the Vesicle with
Tubular Protrusion 97
Physics of Lipid Micro- and Nanostructures a9
7.1 Single-Lipid Molecule Energy 99

7.2 Bending Energy of the Anisotropic Lipid Monolayer 104
7.3 Comparison between Planar, Inverted Spherical and

Inverted Cylindrical Monolayer Nanostructures 107
7.4 A Detailed Study of the Stability of the Inverted

Hexagonal Phase 112
7.5 Mucleation in the Lamellar (L, to Inverted Hexagonal

[Hy) Phase Transition 126
7.6 Bending Energy of the Anisotropic Lipid Bilayer 135
7.7 Stability of Phospholipid Nanotubes Determined by

the Anisotropic Properties of Lipid Molecules 137
7.8 Shape Equation and Budding Transition of

Phospholipid Vesicles 146
Membrane Nanodomains 155
8.1 Phenomenological Expression for the Energy of a

Flexible Membrane Nanodomain 156

8.2 Membrane Nanodomains Induced by Rigid Proteins 161
8.2.1 Perturbation of Lipid Molecules around Rigid
Membrane Embedded Proteins 161



wiii

Contents

10

11

12

13

B8.2.2 Energy of a Membrane Nanodomain Induced
by a Single Rigid Membrane Protein
8.3 Estimation of Model Parameters
8.3.1 Basic Model
832 Advanced model

Tubular Budding of Biological Membranes

9.1 Bilayer Membrane with Nanodomains

9.2 Accumulation of Anisotropic Nanodomains and the
Stability of Tubular Membrane Protrusions

9.3 Tubular Budding of the Erythrocyte Membrane

9.4 Possible Limiting Shapes of Released Vesicles

9.5 Theoretical Description of Self-Assembly of
Anisotropic Nanodomains into Tubular Membrane
Protrusions

Spherical Budding of Biological Membranes
Fusion of Vesicles with a Target Plasma Membrane

Exogenous Membrane-Attached Nanoparticles
12.1 Rod-Like Attached Nanoparticles
12.2 Plate-Like Attached Nanoparticles

Electric Double Layer Theory
131 Charged Biological Systems
13.2 Electrostatic Energy
13.3 Entropy
13.3.1 Solution of Counterions
13.3.2 Solution of Counterions and Coions
13.4 Functional Density Theory of Electric Double Layer
for Constant Dielectric Permittivity
13.4.1 Sclution of Counterions Only
13.4.1.1 Single double layer
13.4.2 Sclution of Counterions and Coions: The
Bikerman Equation
13.5 Gouv-Chapman Model: Poisson-Boltzmann
Equation

165
169
169
171

181
182

187
1595
200

204

209

219

231
231
240

245
245
249
2530
2530
253

256
258
258

261

265



14

16

17

Contents | ix

13.6 Langevin Poisson-Boltzmann Model
13.7 Generalized Langevin-Bikerman Model
13.8 Differential Capacitance

Attraction between Like-Charged Surfaces
14.1 Aftraction between Like-Charged Surfaces
Mediated by Spherical Macro-lons
14.1.1 Counterions Only
14.1.2 Counterions and Coions
14.2 Attraction between Negatively Charged Membrane
Surfaces Mediated by Bound-Charged Proteins
14.3 Attraction between a Negatively Charged
Nanostructured Implant Surface and Osteoblasts
14.3.1 Adhesion of Proteins to a Charged Surface
14.3.2 Electric Field Strength at Highly Curved
Edges of the Implant Surface
14.3.3 Clustering of Integrin Malecules in
Manorough Surface Regions with Highly
Curved Edges

Encapsulation of Charged Manoparticles (Macro-lons)
Electrostatics and Mechanics of Hydrophilic Pores

Membranous Nanostructures as in vive Cell-to-Cell
Transport Mechanisms

Biological Impact of Membranous Nanostructures
18.1 MNanovesiculation and Nanovesicles
18.1.1 MNanovesicles Isolated from Blood
18.1.2 Nanovesicles Isolated from other Body
Fluids
18.2 Isolated Nanovesicles: Clinically Relevant Artefacts
18.2.1 The Effect of Temperature on Isolates from
Blood
18.2.2 Origin of Micro- and Nanovesicles in Blood
[solates

268
275
285

289
289
293
309
320

325
328

332

335

341

347

in

385
390
392

397
404

406

411



X | Contents

18.3

18.4
18.5

18.6

18.7

18.8

18.9

Post-Prandial Increase in Concentration of
MNanovesicles in lsolates from Blood

Mediated Interaction between Membranes
Mediated Interaction between Membranes as a
Vesiculation-Suppression Mechanism

The Role of the Stability of Narrow Necks in
Suppression of Membrane Vesiculation

Clinical Validation of the Hypothesis of
Manovesiculation Suppression

Concentration of Nanovesicles in Isolates from
Blood of Patients with Gastrointestinal Diseases
Perspectives in the Biophysics of Membranous
MNanostructures

Ribliography

Index

417
421

427

436

444

446

448

449
507




