Index

A
Acidification, 44, 444, 448, 458, 470, 471,
480, 482
Adsorption, 23, 85, 260-265, 499, 501, 503,
511, 513, 521, 593, 623, 683, 689, 698
AFM. See Atomic force microscopy (AFM)
Aggregation, 129, 186, 347, 353, 364, 432,
454, 569-571, 573
Aggresome, 419, 431-433
Amplitude, 84, 92, 96, 97, 99, 103, 124,
134-136, 138, 182, 183, 208, 220,
229, 253, 256, 257, 267
Animal virus, 11, 14, 15, 17, 18, 26, 27, 35,
37, 43-45, 47, 65, 68, 70, 106, 126,
133, 376, 389, 433, 443, 588, 670,
672, 684, 697-699
Anomalous dispersion/scattering, 102
Antibody
binding, 40-42, 462, 694
escape mutant, 42
neutralizing, 216, 234, 468
recognition, 39-42, 229
Antigen
display, 238, 642, 648-661
self, 653-654, 657
Antigen-binding fragment (Fab), 40, 42,
101, 217, 612
Antigenic drift, 41, 42
Antigenic shift, 41, 42
Antigenic site, 42, 447, 462
Antigenic variation, 41
Antigen-presenting cell (APC), 635-640, 650
Anti-HIV drug, 612, 613
Antiretroviral drug, 159, 405, 599, 607
Antiviral drug, 47, 58, 120, 141, 235, 600, 601,
603, 605-614, 618-621, 626

M.G. Mateu (ed.), Structure and Physics of Viruses: An Integrated Textbook,

APC. See Antigen-presenting cell (APC)
Archeal virus, 11
Assembly
assisted, 31, 33, 34
building block, 55, 333, 396, 412, 539-540,
554, 565, 571, 573, 669
capsid, 8, 27, 28, 30-37, 46, 58, 64, 68,
102, 161, 162, 164, 168, 186, 188,
189, 194, 195, 217, 308-313, 315,
318-321, 325, 330, 333, 352, 368,
382, 390, 398, 401, 493, 539, 565-569,
590, 623, 624, 633, 655
hierarchical, 673, 681-683
intermediate, 32, 71, 127, 194, 198, 309,
312-320, 325, 352-354, 421, 422,
539, 547
kinetics, 568-570, 588
lag phase, 313
macromolecular, 81, 82, 127, 261, 342
nucleation, 33, 318, 352, 367
nucleic acid-assisted, 31, 37, 575
nucleus, 309, 315, 318, 319, 321, 323,
324, 350, 401, 418, 432, 571
pathway, 31, 32, 192, 194, 195, 217, 313,
318, 320, 342, 352, 353, 355, 397,
421, 564, 565, 573, 575
scaffold protein-assisted, 31, 33-34
self-, 5, 6, 15, 28, 31-33, 47, 48, 57, 59,
312, 313, 555, 562, 564, 565, 568, 579,
582, 643, 649, 652, 656, 669, 671, 676,
680, 681, 683, 699
sites, 165, 419, 420, 422-424, 427, 431,
432, 604
virion, 162, 321, 405, 604
Assignment, 108, 133, 139, 155-157, 171, 210,
214, 219, 229

703

Subcellular Biochemistry 68, DOI 10.1007/978-94-007-6552-8,
© Springer Science+Business Media Dordrecht 2013



704

Asymmetric unit, 59, 63, 65-67, 72, 95,
97-100, 122-125, 133-135, 137, 140,
219, 220, 229, 234, 319, 372
Atomic coordinates, 8, 135, 311, 315, 333,
338, 381, 383
Atomic force microscopy (AFM), 6, 23, 24, 38,
46, 50, 247-267, 289, 290, 295, 298,
347, 515, 520-525, 528-531, 534, 535,
538, 539, 544, 545, 578-580, 582, 585,
590, 591, 682-684, 696
Attachment
covalent, 38, 671
non-covalent, 450, 468, 657

B
Bacteriophage
baseplate, 87, 343-345, 350, 351,
506-512, 514
cell receptor recognition, 45
connector, 379
DNA packaging, 25, 68, 296, 299, 355, 372,
376, 533
fiber/fibre, 87, 339, 340, 342, 344, 345,
350-352
filamentous, 169, 495, 676, 678
head, 67, 69
internal pressure, 45, 354, 385, 529-531,
542,578, 581
maturation, 188, 325, 354, 370, 570, 579
nucleic acid injection, 35
nucleic acid transfer, 45, 489-515
prohead, 69, 296, 363, 382, 529, 531,
533-535
RNA packaging, 368, 370, 371
tail(ed), 8, 29, 90, 104, 111, 342-345, 348,
350, 352, 355, 377, 496
Baltimore classification, 16
Baseplate, 87, 343-345, 350, 351,
506-512, 514
B-cell, 632, 634, 636, 638-640, 650, 651,
653, 654
Beam deflection, 250, 251
B-barrel, 57, 58, 64, 65, 67, 102, 214, 311,
313, 318, 333, 334, 355, 382, 478
Binding
antibody, 40-42, 462, 694
co-receptor, 444, 450, 451
ligand, 48, 165, 172, 181, 188-189, 447,
589, 616, 654
receptor, 4042, 44, 223, 224, 341,
445, 447453, 455-458, 460462,
468, 475, 477, 478, 480, 482,
493498, 500, 501, 504-509, 511-515,
618, 623

Index

Biological material, 85, 86, 88, 208, 220,
256, 546, 547

Biomedicine, 7, 4648, 218

Biomolecular complex, 15, 21, 22, 47, 102,
146, 185, 250, 259-261, 298, 520

Biomolecule, 6, 7, 22, 23, 124, 146, 147,
155-159, 165, 171, 178, 179, 181,
183-185, 188, 192, 196-198, 235,
256, 257, 260, 261, 602, 669, 670,
674, 681

Biophysics, 17, 23-25, 38, 127, 168, 187,
189, 217, 218, 220-226, 352, 364,
385-386, 391, 520, 529, 546

Biosensor, 672, 679, 692

Biotechnology, 7, 4648, 657, 674

Boltzmann distribution, 147, 152

Bottom-up approach, 147, 160, 171, 669

Breakage, 84, 267, 524, 529-530, 535

Breathing, 24, 25, 37-39, 195, 198, 459

Brillouin light scattering, 579

Brittleness, 521, 529, 535-536

Brownian ratchet, 278

Buckling, 524, 560, 561, 579, 582-584, 590

Budding, 71, 72, 111, 159, 163, 237, 324,
404, 427, 433, 434, 454, 478, 585,
588-590, 604-606, 609-610

C
Calorimetry
differential scanning, 24, 226, 1887
isothermal titration, 226
Cantilever, calibration, 252, 255, 522
Canyon, 40, 42, 119, 120, 445448,
459, 460
Capsid
architecture, 14, 46, 55, 60-65, 338, 355
assembly, 8, 27, 28, 30-37, 46, 58, 64, 68,
102, 161, 162, 164, 168, 186, 188, 189,
194, 195, 217, 308-313, 315, 318-321,
325, 330, 333, 352, 368, 382, 390, 398,
401, 493, 539, 565-569, 590, 623, 624,
633, 655
brittleness, 521, 529, 535, 536
building block (CBB), 32-34, 36, 40, 54,
55, 63, 186, 198, 309, 312-320, 325,
446, 539, 540, 561, 562, 565, 568, 571,
572, 582, 591
conical, 160, 171, 560, 591
disassembly, 35, 194, 226, 389, 390, 448,
585, 587-588
dynamics, 40, 195, 459, 460, 545
elasticity, 547
empty, 320, 324, 565
expansion, 35, 372, 458-461, 583



Index

fracture, 538-540

helical, 9, 15, 45, 68-70, 193, 368

icosahedral, 9-10, 15, 32, 35, 45, 55, 57,
60-68, 70, 72, 104-106, 123, 140, 193,
309-312, 320, 333, 336, 337, 341, 342,
355, 363, 366, 367, 369, 400, 448, 493,
494, 541, 544, 557, 622

immature, 31, 33, 37, 121, 162, 186, 196,
345, 390, 404, 529

mature, 58, 72, 159, 160, 196, 347, 390,
397, 400-402, 560, 581, 623, 626

mechanics, 537-540

prolate icosahedral, 68, 87

properties, 559

protein (CP), 8-10, 23, 27, 28, 31-38, 40,
43,54, 55, 57, 58, 60, 61, 63-66, 68,
70, 71, 100, 102, 106, 119, 121, 127,
159-160, 168-170, 185-189, 193-197,
207, 214, 216, 217, 220, 221, 223, 224,
226, 229, 234, 235, 237, 308, 309,
311-313, 315-317, 319, 321-325,
330-334, 336, 337, 341, 343, 347, 349,
350, 352-356, 364, 367-369, 371, 376,
390, 398, 400, 401, 403, 445, 493-495,
497, 509, 528, 533, 536, 538-541,
554-556, 559, 560, 562, 564-569,
572-576, 582, 587-590, 609, 622, 623,
640, 641, 643, 645-647, 651, 652, 654,
655, 657, 658, 660, 669, 671, 673-678,
680-683, 692, 694, 696, 698

purification, 126-127

quasispherical, 560, 563, 567, 571

resistance to material fatigue, 535, 536,
546, 547

spherical, 159, 535, 558, 560, 567, 582, 584

stability, 37, 38, 41

stiffness, 529-530, 545, 546

structure, 17, 54, 61, 140, 171, 235, 313,
317, 449, 528, 535, 538, 565, 574, 584,
625, 698

subunit, 35-37, 170, 196, 309-312, 316,
317, 321, 323, 325, 364, 367, 368, 528,
529, 538-540, 543, 546, 547, 557, 560,
566, 576, 633, 657

symmetry, 8, 9, 59-60, 70, 129, 309-312

thermal stability, 187, 188

vibration, 584-585

Capsid-nucleic acid condensation, 28, 31, 34,
390
Capsomer, 55, 57, 61-63, 66, 67, 120, 205,

207, 221, 228, 229, 235, 311, 319, 320,
331, 333, 334, 339, 340, 342, 343, 345,
350, 353, 355, 401, 402, 448, 528, 540,
546, 558, 560, 562, 563, 575, 582, 584,
585, 609

705

Carbohydrate, 43, 406, 408, 409, 411, 444, 445,
449, 452, 454-456, 612, 673
Caspar and Klug theory, 60, 118, 205, 309
Cavity, 38, 85, 168, 315, 334, 364, 366, 411,
452, 546, 612, 613, 617, 670, 672, 673,
683, 688—689, 697
CBB. See Capsid building block (CBB)
CCD. See Charge-coupled device (CCD)
CD spectroscopy. See Circular dichroism (CD)
spectroscopy
Cell
adhesion, 261, 449
antigen-presenting, 635-640, 650
B-cell, 632, 634, 636, 638—640, 650, 651,
653, 654
culture, 126, 601, 621, 632, 633, 641, 676,
678, 698
cytotoxic T-cell, 635-639, 650, 654, 655
death, 71
dendritic, 450452, 636-640, 655
effector, 636, 638
entry, 67, 104,217, 235,317, 405, 443, 444,
447-450, 456, 458, 460
fusion, 451, 468, 470, 473474, 477, 483
helper T-cell, 636
host, 4, 6, 11-15, 19, 26-29, 35-36, 38,
39, 41, 4345, 47, 54, 67, 71, 109,
159, 160, 169, 186, 197, 213, 231,
262,298, 312, 317, 321, 322, 325,
336, 337, 339, 349, 354, 389, 396-398,
403, 405, 408, 410, 412, 435, 441-462,
467-484, 491, 494, 496, 498, 502,
504, 506-510, 512, 513, 515, 520,
543, 544, 555, 585, 590, 600, 601,
604, 605, 608, 612, 613, 622, 636, 641
infection, 120, 457
lysis, 604
membrane, 43, 44, 71, 72, 159, 169,
231, 335, 343, 346, 363, 398, 403,
412, 428, 431, 443-445, 449-452,
456, 457, 459-461, 468-470, 4754717,
483, 484, 510, 543, 548, 589, 609,
612, 613, 623
metabolism, 30, 496
nucleus, 27, 30, 230, 319, 419, 420, 432,
483, 543
receptor, 27, 38, 4147, 71, 101, 109, 298,
336, 397, 398, 405, 412, 447, 450-453,
494, 500, 512, 622, 634, 639, 649
signalling, 431-433, 443, 461
surface, 11, 26, 27, 45, 427, 443445,
448-450, 452, 454, 456458, 460462,
468-471, 475, 476, 478, 480, 482,
491, 496-500, 503, 504, 508-510,
512, 609, 637



706

Cell (cont.)
surface molecules, 443-445, 448450,
460, 461, 482
T-cell, 450, 451, 632, 634-636, 639, 640,
649, 650, 652-655
wall, 43, 45, 342, 496, 498, 502, 503, 506,
508, 513, 514, 586, 636
Cementing protein, 37, 331-334, 337, 356, 543
Channel, 44, 45, 71, 109, 277, 290, 324, 341,
368, 375, 376, 378, 379, 381-384,
387-390, 401, 495, 501, 505, 506,
514, 606, 613, 689
Chaperone, 33, 36, 55, 320, 350, 363, 367, 406,
408, 432, 503, 504, 509, 510
Charge-coupled device (CCD), 82, 91, 96, 107,
108, 112, 248, 283
Chemical conjugation, 648, 650, 655-657
Chemical denaturant, 185
Chemical library, 614
Chemical modification, 38, 372, 616, 619, 623,
624, 672-674, 693, 699
Chemical shift, 149-150, 154, 157, 167, 168,
170, 171
Chemokine, 450, 475, 604
Chimeric VLP, 48, 648-656, 662
Chirality, 182
Circular dichroism (CD) spectroscopy,
24, 178-189
Clamp model, 477
Classical nucleation theory (CNT), 570-573,
575, 585, 587, 588, 590, 591
Click chemistry, 674, 675
Clonable tag, 429431, 435
CM. See Contact mode (CM)
CNT. See Classical nucleation theory (CNT)
Co-assembly, 33, 34, 349, 363, 390, 566,
574-576, 590, 645
Coat, 7, 86, 160, 170, 189, 398-400, 639,
647, 660, 671
Coiled coil, 473-475, 477, 504, 613
Computational methods, 103-104, 112, 616
Condensation, 28, 31, 34, 160, 293, 301, 323,
325, 389, 390, 530, 543, 674
Condenser, 82, 276, 281-284
Conformational change, 25, 33, 35, 37, 44, 56,
58,64, 82,109, 167, 185, 186, 189, 192,
196, 197, 214, 261, 266, 299, 318, 319,
336, 341, 342, 353, 370-372, 375, 376,
379, 382, 384-390, 398401, 450, 461,
469, 471, 477, 480, 497, 503, 504, 506,
507, 510-512, 521, 544, 582-586, 588,
618, 623
Conformational dynamics, 25, 38, 147, 171,
172, 178, 185-187, 189, 194-195, 198,
223, 226, 293, 542, 544-546, 626

Index

Conformational polymorphism, 54, 61
Conformational rearrangement, 17, 19, 24,
35, 38, 39, 41, 44, 47, 162, 181, 186,
198, 226, 266, 319, 396, 538, 542,
544-546
Conformational stability, 24, 48, 185, 189,
195-197, 567, 633
Conformational switch, 33, 120, 506
Conformational transition, 24, 33, 37, 39, 41,
163, 196, 226, 545, 604, 621
Conjugation, 376, 384, 648, 650, 655-657,
673, 674, 696
Connector, electrical, 692
Constant force mode, 294
Contact
Hertzian, 523, 524
hydrophobic, 168, 308
linear, 523
mode (CM), 254-257, 260, 262
van der Waals, 536
Continuum elasticity theory, 531, 532, 558
Contractile tail, 344, 350, 509, 511, 585
Contrast transfer function (CTF), 92-96, 98,
103, 108, 112
Core, 36, 45, 64, 65, 67, 104, 109, 110, 118,
121, 132, 160, 163-166, 188, 194, 224,
225,229, 231, 251, 311, 313, 317, 323,
324, 334, 337-339, 343-347, 349, 350,
368, 369, 372, 373, 376, 377, 379, 397,
403, 405, 411, 473, 474, 477, 482, 484,
495, 496, 500, 501, 507, 510, 624, 645,
647, 651, 652, 683, 690
Co-receptor, 26, 41, 44, 444, 450, 451,
475, 495
Correlative microscopy, 231-233, 238, 434
Coupling constant, 148, 150, 153, 157
CP. See Capsid protein (CP)
Cross-linking, 58, 197, 315, 372, 374, 585
Cryo-crystallography, 130-131
Cryo-electron microscopy (Cryo-EM), 21-23,
40, 55, 56, 58, 65, 68, 69, 79-112, 133,
135-137, 168, 171, 172, 208, 213, 217,
220, 224, 225, 228, 229, 231, 235-238,
261, 262, 266, 331, 336, 340, 341, 347,
353, 401, 404, 427, 445, 447, 459, 492,
494, 499, 503, 527, 528, 534, 563, 584,
649, 660, 661
Cryo-electron tomography (Cryo-ET), 21-23,
56, 79-112, 169, 227, 229, 331, 336,
346, 511, 512
Cryo-EM. See Cryo-electron microscopy
(Cryo-EM)
Cryo-ET. See Cryo—electron tomography
(Cryo-ET)
Cryo-protectant, 88, 130, 131



Index

Crystal
contacts, 131, 140
structure, 22, 118, 120, 122, 126, 133, 135,
137, 139, 207, 215, 217, 223, 228, 229,
234,235, 315, 334, 341, 353, 376, 381,
383, 400, 446, 448, 451, 453455, 459,
492, 497, 499, 500, 502-504, 507, 605,
607-609, 618-623
Crystallization robotics, 120
Crystallographic symmetry, 122, 124, 126, 219
Crystallography, 104, 118, 122, 124, 126,
130-139, 206, 208, 213, 218-220, 223,
230, 233, 334, 511, 514
CTF. See Contrast transfer function (CTF)
CTL. See Cell, cytotoxic T-cell
Cycle
infectious, 4, 339
life, 4, 5, 15, 25-45, 54, 56, 109-111, 120,
141, 169, 172, 188, 230, 238, 259, 308,
311, 312, 366, 396, 397, 420, 460, 533,
537, 540, 542, 554, 555, 564, 591,
601-604, 606, 624
viral, 5, 10, 14, 26, 27, 30, 35, 38, 41, 46,
54,171, 331, 334, 354, 368, 385, 390,
443, 520
Cytoplasm, 27, 30, 44, 71, 88, 231, 237, 309,
312, 315-317, 321, 323, 372, 397, 443,
444,448, 450, 457, 458, 460, 461, 483,
484, 496, 500, 501, 505, 514, 604,
612-614, 622
Cytoskeleton, 419, 422, 431, 433, 484
Cytosol, 159, 335, 343, 346, 350, 420, 432, 483

D
Debye-Hiickel (DH) theory, 567
Debye length, 261, 523, 567
Deformation
Density
map, 8, 58, 81, 97, 99, 101, 104, 107, 120,
126, 133, 135, 136, 138-140, 213-215,
217,221, 225
nucleic acid, 71
Deoxyvirus, 11
DEP. See Dielectrophoresis (DEP)
DH theory. See Debye-Hiickel (DH) theory
Dielectrophoresis (DEP), 686
Differential scanning calorimetry (DSC), 24,
187, 226
Diffraction
pattern, 92, 94, 95, 124, 126, 133, 205, 211,
212, 233, 236
spot, 124, 132, 133, 208
Dilation, 258-259, 262, 263

707

Dimer, 55, 63, 65-67, 71, 72, 160, 161, 165,
166, 187, 193-195, 315, 337, 338, 352,
372, 383, 384, 474, 478, 479, 494, 565,
573, 625, 651, 652
Dip-pen nanolithography, 684
Disassembly, 17, 19, 24, 25, 29, 32, 37,47, 81,
106, 120, 162, 194, 198, 211, 223, 226,
261, 262, 266, 267, 366, 389, 478, 482,
529, 539, 541, 547, 562, 567, 569, 570,
572, 573, 587, 588, 590, 604, 606, 633
Disclination, 559, 560
Disruption, 28, 86, 166, 346, 460, 525, 529,
530, 533, 539, 542, 546, 548, 612
Dissociation, 33, 35, 37, 38, 181, 186-188,
220, 223-226, 294, 479, 481, 525,
538, 540, 547, 570, 661
Distance restraints, 158
DM. See Dynamic mode (DM)
DNA
double-stranded, 11-13, 16, 29, 30, 34, 35,
45, 46, 57, 65, 68, 71, 87, 88, 93, 99,
104, 185, 207, 215, 222, 225, 291-294,
309, 324, 331, 333, 335, 337, 339, 342,
343, 345, 347, 348, 354, 355, 363,
368-370, 372, 374, 376-385, 387-390,
400, 410, 491, 492, 498, 504, 511, 512,
530, 533, 540-543, 548, 555, 565, 574,
576-581, 583, 585-587, 590, 604, 607
integration, 484, 604, 608
packaging, 25, 35, 37, 68, 109, 296, 299,
355, 369, 370, 372-374, 376, 379, 380,
383, 384, 386-389, 521, 530, 533
polymerases, 30, 141, 491, 587, 601,
602, 605, 607, 608
replication, 324, 355, 484, 493, 496
single-stranded, 11, 12, 16, 30, 34, 37, 63,
264, 309, 324, 348, 363, 368, 384, 390,
493, 495, 541, 544, 576, 581, 649
transcription, 403, 484, 496, 498
virus, 11, 65, 312, 355, 368-370, 420, 432,
484, 604
Docking, 58, 101, 160, 162, 163, 214, 235,
379-381, 386, 388, 390, 411, 616-618,
623, 649, 660
Domain, transmembrane, 451, 482
Drug
antiviral, 47, 58, 120, 141, 235, 454, 600,
601, 603, 605-614, 618-621, 626
delivery, 5, 546, 683, 693-699
development, 601, 618-621, 626
discovery, 233, 601-605, 614, 619, 626
inhibitor, 454, 601, 606, 609, 613, 614,
619, 624
resistance, 601, 621, 626



708

DSC. See Differential scanning
calorimetry (DSC)
Dynamic mode (DM), 136, 256-257,
260-262, 266
Dynamics
conformational, 25, 38, 147, 171, 172, 178,
185-187, 189, 194195, 198, 223, 226,
293, 542, 544-546, 626
equilibrium, 24, 25
intrinsic, 171, 633
theory, 537, 553-591

E

eBL. See Electron beam lithography (eBL)

Eclipse phase, 27

Ectodomain, 71, 408, 456, 474, 476478,
480, 481, 483, 613, 650

EDL. See Electrostatic double-layer (EDL)

Egress, 111, 396, 397, 405-407, 491, 554,
555, 585-589, 591

Ejection, 91, 297, 342, 369, 370, 379, 389-390,
497, 500, 501, 506, 511, 578, 586, 590

Electromagnetic lens, 82, 248

Electromagnetic radiation, 148, 150, 151, 179,
182, 183, 275

Electron beam lithography (eBL), 680,
685-687

Electron density

map, 101, 120, 126, 133, 135, 136, 138,
139, 215, 217, 221, 225
map interpretation, 139

Electron emission source, 82

Electron microscopy (EM), 20, 21, 23, 56,
79-112, 129, 137, 140, 162, 168, 178,
186, 192, 197, 198, 206-211, 214-222,
226,227, 231, 233-235, 237, 238, 248,
261, 262, 265, 266, 323, 324, 345, 356,
378, 383, 422, 426, 429, 431, 432, 434,
435, 480, 505, 529, 643

Electron microscopy Data Bank (EMDB), 8,
97, 336, 341, 354, 492, 499, 505

Electron tomography (ET), 36, 107, 210,
226-229, 231-233, 237, 347, 427, 428,
431, 434, 435

Electrospray ionization 32, 190-192, 195

Electrostatic double-layer (EDL), 260

Electrostatic field, 189

Electrostatics, 566, 578

Embedding, 85-88, 90, 91, 411, 422

EM. See Electron microscopy (EM)

EMDB. See Electron microscopy Data Bank
(EMDB)

Index

Encapsidation, 34, 46, 54, 165, 166, 196,
308, 309, 321-325, 345, 356, 365,
367, 544
Endocytosis, 44, 355, 443, 444, 449, 458, 461,
468, 470, 471, 478, 480, 482, 484, 585,
588-590, 604
Endoplasmyc reticulum (ER), 71, 72,237, 405,
406, 408, 418, 419, 475, 478
Endosomal sorting complex required for
transport (ESCRT), 403, 421, 433
Endosome, 44, 418, 419, 444, 448, 458-461,
468, 470, 471, 478482
Energy
free, 38, 55, 278, 469, 472, 545, 566-568,
570-572, 574, 577, 578, 580, 581, 586,
589, 590, 616-618
minimization, 555, 556, 558, 560, 562,
564, 590
Enthalpy, 187
Entropy, 37, 586, 589
Entry
cell, 67, 104, 217, 235, 317, 405, 443,
444, 447450, 456, 458, 460
viral, 227, 339, 371, 372, 604-606,
612-613
Envelope, 7, 10, 14, 15, 39-41, 43, 44, 70, 72,
92, 93, 102, 107, 109-111, 138, 159,
162, 168, 197, 220, 227, 229, 236, 316,
336, 337, 346, 347, 349, 363, 365-367,
381, 384, 397, 398, 400, 403, 405-408,
412, 428, 450452, 454, 456, 460, 468,
472, 475, 477, 484, 497, 501, 507, 534,
541, 588, 590, 604, 612, 613, 640,
645-647, 649-651, 683
Enveloped virus, 7-8, 39-41, 44, 56, 70-72,
86, 106, 109, 118, 217, 238, 335, 336,
347, 349, 355, 397, 398, 403, 406, 412,
421, 426, 443445, 449-453, 455-457,
460, 461, 467484, 541, 543, 544, 586,
588, 589, 604, 643, 698
Episome, 26
Epitope
conformation-dependent, 638
contact, 40-42
continuous, 40, 648, 654
discontinuous, 40, 313, 319, 648, 649
energetic, 41, 42
functional, 41, 616
neutralization, 40, 42
Equilibrium, 24, 25, 32, 38, 39, 129, 147,
151-153, 166, 195, 220, 322, 352, 527,
560, 568, 570, 586-588
ER. See Endoplasmyc reticulum (ER)



Index

ESCRT. See Endosomal sorting complex
required for transport (ESCRT)
ESI. See Electrospray ionization (ESI)
ET. See Electron tomography (ET)
Eukaryote, 11, 15, 71, 88, 104, 109, 210,
337, 342, 363, 424, 491, 655
Eukaryotic virus, 11, 348, 354, 494, 587
Euler’s polyhedral formula, 61
Expression system, 19, 48, 320, 321, 398,
635, 640, 645-646, 660

F
Fab. See Antigen-binding fragment (Fab)
Factor
cell, 35-36, 159, 418, 420422, 434,
435, 461
pocket, 37, 120, 458, 459
viral, 427, 604
virulence, 490, 491
FEA. See Finite element analysis (FEA)
Fiber/Fibre, 87, 106, 122, 127, 130, 170, 172,
211, 276, 279, 290, 339-345, 349-352,
364, 368, 534, 682, 688
FID. See Free-induction decay (FID)
Field
electric, 82, 182, 183, 191, 192, 286,
297, 686
electromagnetic, 286, 697
isolate, 42
magnetic, 147-151, 153, 156, 179, 183,
190, 282, 285, 288, 679, 686-687,
690, 698
Filamentous virus, 211, 330, 681, 689, 691
Film, 82, 85, 89, 90, 92, 93, 96, 248, 681,
683, 685, 686, 692, 693
Finite element analysis (FEA), 525, 527-531,
582, 590
Fitting, 96, 101, 137, 213-215, 217, 234,
381, 384, 397, 506, 582
Fixation agent, 257, 262
Flagellum, 275, 278, 639
Flexibility, 38, 55, 57, 61, 64, 68, 102-104,
160, 162, 171, 188, 196, 205, 334, 341,
342, 352, 365, 366, 499, 544, 545, 548,
654, 657, 693
Fluidics chamber, 276, 277, 282284,
288, 290
Fluorescence spectroscopy, 24, 178, 179,
185-187, 198, 226
Fluorophore, 181, 300
Foppl-von Karman number (FvK), 559-561,
582, 583

709

Force
adhesion, 255, 256, 258
attractive, 257, 260
electrostatic double-layer, 260, 523
Hertzian, 527, 528
hydration, 540, 541
map, 258
measurement, 282-283
mechanical, 38, 548
repulsive, 386, 469, 473, 684
Force-distance (FZ) curve, 258, 264, 539
Force-extension, 291, 301
Force-jump mode, 291
Forster resonant energy transfer (FRET), 300
Fourier
methods, 124
transform (FT), 92-98, 106, 107, 124,
126, 136, 154, 205, 208, 211, 212,
400, 618
FP. See Fusion peptide (FP)
Free-induction decay (FID), 152—-154
Free radical, 84, 130
Freeze-fracture, 86, 422, 426
Freeze-substitution, 88—89, 422
Freezing, high-pressure, 88-89, 109, 422
Frequency modulation, 266
FT. See Fourier transform (FT)
Fullerene, 72, 171, 333, 346, 347, 403
Fungal virus, 11, 99, 100, 367
Fusion
inhibitor, 606, 613
peptide (FP), 470-473, 475-477, 482, 483
pore, 469473, 476, 479, 481
Fusion protein, 41, 44, 449, 450, 452, 460,
461, 471, 472, 474483, 586, 588,
613, 694
class I, 474-480, 482
class II, 474, 478-482
class III, 474, 480—482
Fusogen, 468, 469, 471-475, 483, 484
FvK. See Foppl-von Karman number (FvK)
FZ curve. See Force-distance (FZ) curve

G
Gene
delivery, 48
expression, 15, 28-30, 312, 335, 420,
421, 608
therapy, 5, 48, 50, 546, 699
transfer, 16, 493, 513
Genetic engineering, 223, 633, 646, 672-679
Genetic variation, 513, 678



710

Genome
ejection, 342, 352, 355, 390
expression, 29-30, 44
replication, 10, 28, 29, 43, 49, 54, 324, 363,
418, 432, 498, 605-608
segmented, 365
sequence comparison, 16
transcription, 29, 67
translocation, 339, 384, 443, 444, 461
uncoating, 26, 27, 37-39, 44-45, 54, 120,
390, 443, 444, 457, 461, 567, 621, 623
Genomics, 81, 141, 213, 420, 435, 602
GFP. See Green fluorescent protein (GFP)
G/GP. See Glycoprotein (G/GP)
Glycan, 406408, 450-452, 454456, 462,
505, 506, 657
Glycolipid, 43, 444, 454, 471, 609
Glycoprotein (G/GP), 39, 71, 108, 120,
159, 197, 217, 336, 397, 445, 468,
609, 645
Golgi, 71, 346, 406, 418, 419, 423, 425, 430,
432, 480
Gram-negative, 217, 223, 491, 492, 498,
501-503, 514
Gram-positive, 491, 492, 498, 502, 506,
511,514
Green fluorescent protein (GFP), 223, 422,
429, 431, 651, 652, 694
Groove, 103, 105, 165, 166, 168, 341, 381, 450,
452, 453, 482

H

HA. See Hemagglutinin (HA)

Hairpin, 164, 165, 292, 293, 315, 324, 472,
474, 477, 651, 652

Handedness, 63, 93, 182

Head, 67, 69, 87, 88, 93, 164, 183, 207, 208,
237, 251, 262, 295, 296, 342-345, 350,
352, 369, 370, 372-374, 376, 377, 379,
385, 387, 408, 470, 475, 477, 501-506,
508-510, 512, 530, 534, 562, 585

Helical

capsid, 9, 15, 45, 68-70, 193, 368
symmetry, 68-70, 87, 106, 205, 345,

364, 365

Hemagglutinin (HA), 58, 72, 109, 110, 120,
229, 408-410, 452, 470-475, 477, 609,
610, 613, 645, 647

Heptad, 473, 476, 613

Hertz theory, 255

Hexamer, 55, 59-68, 72, 160, 171, 207, 216,
346, 347, 350, 375, 376, 384, 401, 506,
562, 563, 565, 573, 584, 624-626

Index

Hexon, 61, 65, 120, 122, 137, 207, 216,
331-335, 350, 401, 402, 448

High-pressure freezing, 88—89, 109, 422

High-throughput screening (HTS), 167, 226,
421, 614, 615

Host range, 11, 456, 492, 493, 500, 501, 645

HTS. See High throughput screening (HTS)

HX. See Hydrogen-exchange (HX)

Hybrid methods, 101-103, 206-207, 214, 216,
217, 231-233, 367

Hydrogen bond, 36, 40, 55, 155, 157, 158, 188,
318, 453, 455, 536, 615, 680

Hydrogen-exchange (HX), 25, 156, 158,
195-197, 226

Hydrophobic effect, 36, 40, 260, 469, 536, 566

Hysteresis, 33, 35, 37, 90, 258, 569, 572, 573,
590, 690

1
Icosahedral
capsid, 9-10, 15, 32, 35, 45, 55, 57, 60-68,
70, 72, 104-106, 123, 140, 193,
309-312, 320, 333, 336, 337, 341, 342,
355, 363, 366, 367, 369, 400, 448, 493,
494, 541, 544, 557, 622
symmetry, 9, 37, 58, 61, 67, 97, 98, 100,
104, 105, 119, 124, 126, 134, 205, 209,
212,219, 221, 229, 237, 263, 309, 331,
338, 339, 342, 343, 345, 352, 363, 366,
368, 478, 557, 562, 575, 582, 583, 585,
590, 658, 660
virus, 15, 17, 33, 57, 60, 61, 63-66, 68, 93,
97, 98, 103, 106, 109, 111, 123, 124,
134-137, 219, 262-264, 307-325, 331,
336, 347, 348, 366, 390, 404, 478, 492,
524, 535, 583, 636, 646
Icosahedron, prolate, 8, 65-69, 87, 262,
343, 345
ICTV. See International Committee on
Taxonomy of Viruses (ICTV)
IEM. See Immunoelectron microscopy (IEM)
IF. See Immunofluorescence (IF)
Image processing, 81, 82, 90, 91, 93-103, 424
Immune defense, 28, 39, 636
Immune response, 39, 405, 461, 462, 601,
632-637, 639, 640, 646, 648, 649, 651,
657, 658, 661, 662, 697
Immune system, 28, 64, 408, 461, 635, 636,
638-640, 651, 653, 654
Immunity, 606, 636, 637, 639, 640,
654-655, 659
Immunization, 641, 654, 661, 698
Immunoelectron microscopy (IEM), 429



Index

Immunofluorescence (IF), 422424, 429,
431, 433
Immunogen, 633, 648, 651, 658
Immunoglobulin, 508, 509, 612
Immunogold, 222, 429, 430
Indentation, 46, 262, 266, 295, 521-525,
527-532, 539, 580-582
Indexing, 133
Infection
latent, 26, 28, 71
Iytic, 26, 30
persistent, 26
Inhibitor
assembly, 168, 609, 619, 623, 624
drug, 454, 601, 606, 609, 613, 614,
619, 624
entry, 606, 611-613, 624, 625
fusion, 606, 613
maturation, 610-611
nonnucleoside, 608
nucleoside, 605-608
receptor recognition, 612
Integration, 28, 29, 81, 120, 231, 350, 435,
436, 484, 604, 606, 608, 646, 674,
680, 687, 688, 693
Integrin, 447, 449
Interaction
apolar, 566
capsid-nucleic acid, 546, 547
charge-charge, 41, 381
equivalent, 205
hydrogen bond, 36, 40, 55, 453, 536,
621, 670
hydrophobic, 55, 160, 315, 334, 341, 411,
521, 566, 567, 670
ionic, 37, 536, 619
polar, 461
protein-nucleic acid, 223
protein-protein, 33, 34, 216, 223, 313,
404, 420, 421, 566, 617, 671
quasi-equivalent, 120, 309
tip-sample, 23, 254, 257, 524
van der Waals, 40, 260, 523, 567
virus-antibody, 40, 42, 213
virus-cell, 112, 208, 231, 420427, 435,
436, 456
virus-ligand, 179, 197
virus-receptor, 120, 441462
Interface, 36, 101, 128, 160, 161, 168—170,
187, 196, 315, 322, 330, 341, 350,
352, 367, 372, 400, 539, 540, 564,
566, 617, 618, 624-626, 670, 671,
679, 680

711

Intermediate, 19, 24, 30, 32, 34, 40, 49, 58, 67,
71, 82, 101, 106, 111, 121, 127, 181,
186, 187, 194-196, 198, 262, 277, 309,
312-320, 324, 325, 338, 352-354, 376,
401, 405, 421-424, 432, 433, 457461,
470475, 477, 479, 482, 484, 491, 492,
539, 547, 565, 568-573, 590, 607, 621,
670, 673-675
International Committee on Taxonomy
of Viruses (ICTV), 13, 16, 237
Ionization
electrospray, 32, 190-192, 195
matrix-assisted laser desorption,
191, 192
Isometric virus, 68, 208, 643
Isomorphous replacement, 134
Isotopic labelling, 23

J

Jelly-roll, 57, 237, 311, 319, 333, 651, 658
JM. See Jumping mode (JM)

Jumping mode (JM), 257-258, 262, 521, 684

K

Kinetics, 32, 33, 197, 291, 385, 420, 435, 445,
568-570, 586, 588-590, 694

Kinetic trapping, 24

L
Labeling, 222, 225, 673
Lag phase, 33, 266, 313
Laser
beam, 191, 192, 251, 276, 280, 281, 283,
285, 289, 296, 299, 684
tweezers, 275
Lattice, 59-63, 66, 67, 69, 72, 111, 119-124,
131, 133, 137, 151, 160, 163, 171,
208, 212, 229, 311, 320, 337, 347,
372, 401, 402, 404, 482, 536, 556,
557, 575, 625, 644
LBVS. See Ligand-based virtual screening
(LBVS)
Lennard-Jones potential, 253, 528
Ligand-based virtual screening (LBVS),
614, 615
Ligand docking, 214, 616-618
Light
microscopy, 80, 85, 230-232, 422, 429,
431,434
scattering, 129, 568, 579



712

Lipid bilayer, 7, 67, 71, 110, 211, 212, 216,
342, 372, 468, 469, 504

Lipopolysaccharide (LPS), 495, 496, 498-501,
503, 509, 510, 514, 636

Liposome, 46, 109, 227, 469-472, 483, 637,
640, 645

Liquids, 23, 88-90, 94, 128, 130, 198, 249,
256-258, 260-262, 266, 276, 286-289,
300, 301, 347, 521, 547, 571, 679, 682,
686, 689, 693, 695

Lithography, 680, 685

LM. See Microscopy, light (LM)

LPS. See Lipopolysaccharide (LPS)

Lymphocyte, 452, 634-636

Lysis, 44, 382, 491, 493, 604, 636

M
Machine
molecular, 105
transcriptional, 118
Macromolecular complex, 4, 39, 81, 99, 101,
111, 125, 132, 274, 307, 429, 614, 670
Macromolecular crowding, 35, 230
Macromolecule, 7, 31, 32, 81, 91, 128-130,
146, 151, 158, 159, 169, 181, 192, 210,
211, 219, 260, 274, 316, 434, 435, 555,
574, 602, 661
Macropinocytosis, 482
Magnet, 276, 288, 690, 691
Magnetic dipole, 147, 148, 152
Magnetic field, 147-151, 153, 156, 179, 183,
190, 282, 285, 288, 679, 686, 690, 698
Magnetic moment, 147, 288, 679
Magnetic tweezers, 276, 287-289, 293, 297,
300, 683
Magnification, 90-91
Major histocompatibility complex (MHC),
635, 637, 638
MALDI. See Matrix-assisted laser desorption
ionization (MALDI)
Manipulation, 5, 220, 222, 277, 279, 281-282,
285, 288, 289, 292, 294, 297-301, 484,
491, 546, 649, 668, 672, 680, 683687,
700
Map electron density, 101, 120, 126, 133,
135, 136, 138, 139, 215, 217, 221, 225
Mass-and-spring model, 560
Mass spectrometry (MS)
electrospray ionization, 32, 190-192, 195
hydrogen exchange, 25, 195-197
ion-mobility, 32
limited proteolysis, 25, 295-197, 545

Index

Materials
brittleness, 521, 529, 535-536
elasticity, 252, 520, 521, 529, 534, 536
fatigue, 521, 529, 535-536, 546, 547
Mating, 473
Matrix, 10, 70-72, 86, 91, 110, 154, 159,
162, 192, 214, 400, 403, 411, 412,
541, 618, 645, 698
Matrix-assisted desorption ionization
(MALDI), 191, 192
Maturation, 10, 27, 28, 30, 32, 34-38, 40,
46, 64,99, 111, 159, 161, 162, 188,
195, 196, 217, 229, 230, 238, 309,
311, 313, 322-325, 335, 349-356,
369, 370, 373, 395-412, 420, 422,
424, 426, 427, 493495, 536, 541,
543, 546-548, 560, 569, 570, 579,
580, 582-585, 587, 588, 590, 604,
605, 610-611, 623, 624, 638,
639, 655
MD. See Molecular dynamics (MD)
Mechanical properties, 249, 262, 264, 266,
293, 294, 297, 519-548, 555, 562,
579, 580, 582, 684
Mechanical stress, 38, 267, 274, 294, 300,
529-533, 542, 546, 579
Mechanics, virus, 38, 46, 521, 522, 525-527,
533, 537, 538, 542, 547
Mechanochemical action, 6, 46, 47, 521
Mechanochemistry, 275
Membrane
fusion, 71, 72, 121, 397, 444, 445,
450, 451, 456, 461, 467484,
548, 613
fusion intermediate, 121
penetration, 343, 443, 457, 460, 497, 508
proteins, 71, 72, 169, 172, 197, 224, 225,
336, 405, 408, 445, 450, 451, 472, 506,
509, 658
remodeling, 432433
Metal
ion, 37, 63, 194, 574, 576, 679
shadowing, 85-88, 426
Metastability, 29, 47
MHC. See Major histocompatibility
complex (MHC)
Microarrays, 420, 695, 696
Microfabrication, 669
Microscope/Microscopy
atomic force, 6, 23, 247-267, 289, 347,
515, 520, 579, 683
confocal, 284, 285
correlative, 231-233, 238, 434



Index

cryo-electron, 21-23, 40, 55, 56, 58, 65, 66,
68,69, 79-112, 133, 135-137, 168, 171,
172, 208, 213, 217, 220, 224, 225, 228,
229, 231, 235-238, 261, 262, 266, 331,
336, 340, 341, 347, 353, 364-366, 369,
370, 373, 381, 382, 384, 401, 404, 427,
445, 447, 459, 492, 494, 499, 503, 511,
5217, 528, 534, 563, 584, 649, 660, 661
electron, 7, 20-21, 36, 55,71, 79-112, 129,
134, 178, 204-210, 212-220, 226-229,
248, 277, 323, 324, 336, 364-367, 378,
383, 411, 422-424, 427, 429, 434, 435,
472, 480, 505, 506, 514, 568, 616, 643
fluorescence, 232, 300, 431, 434
immunoelectron, 429
light (LM), 80, 85, 208, 230-232, 422,
429, 431, 434
scanning electron, 82, 83, 87, 411, 424427
scanning probe, 249, 683, 684
scanning tunneling, 249, 250, 684
super-resolution, 434
MD. See Molecular dynamics (MD)
Microtubule, 432, 521
Model(ing)
atomic, 81, 104-106, 111, 124, 135, 140,
207, 214, 375, 381
building, 56, 103, 104, 125, 139, 212
molecular, 317, 555
quasi-atomic, 40, 135-137, 211,
213-218, 235
refinement, 140
system, 15, 139, 217, 230, 363, 435,
504, 601
viral, 301, 566
Molecular assembly, 20
Molecular construct, 285, 290-293
Molecular dynamics, 25, 158, 298, 537, 563
Molecular interactions, 101, 213, 218,
538-540, 560, 581
Molecular machine, 49, 81, 105, 261
Molecular mapping, 427431
Molecular motor, 34, 46, 47, 197, 291,
299, 335, 370, 374, 390, 555, 557,
578, 681
Molecular recognition, 15, 46, 47, 159, 323,
325, 604, 680
Molecular replacement (MR), 102, 125, 126,
134-137, 219-221
Molecular structure, 6, 25, 84, 124, 135, 152,
155, 207, 521, 534, 536-537, 561
Molecular switch, 64, 67, 331, 367
Molecular virology, 5, 11, 20, 29, 48
Monte Carlo simulation, 562

713

Morphogenesis, 15, 27-36, 39, 47, 64, 71, 162,
164, 171, 217, 229, 235, 325, 331, 334,
349, 351, 352, 356, 379, 396, 412,
417-436, 626

Motif, 42, 57, 122, 123, 163, 165, 166, 214,
333, 368, 380, 431, 444, 447, 449, 454,
460, 473, 636

Motor, 34, 46, 47, 111, 197, 274, 275, 291,
294-300, 324, 335, 342, 345, 370,
374, 375, 379, 382, 384-387, 389-391,
432,501, 520, 521, 555, 577, 578,
586, 681

MR. See Molecular replacement (MR)

MS. See Mass spectrometry (MS)

Multimer, 8, 9, 31, 377, 382, 696

Multimerization, 31, 186, 473, 604, 624

Multiplication, 4, 14, 25, 54, 509

Mutagenesis, site-directed, 222, 312, 406,
538, 676

Mycovirus, 11

N

NA. See Neuraminidase (NA)

Nanocarrier, 48

Nanocontainer, 48, 673, 679, 697-698

Nanodevice, 6, 47, 48, 680

Nanoindentation, 264, 522, 524, 528, 530,
531, 539, 684

Nanomachine, 6, 81, 294

Nanomaterial, 7, 47, 48, 546, 670

Nanoparticle, 5, 47, 281-282, 286, 288, 491,
537, 538, 545-548, 576, 637, 640, 650,
669-672, 676-680, 682, 683, 688, 690,
692, 694, 695, 697, 698

Nanoscale, 274-275, 298, 300, 363, 520,
555, 667-700

Nanoscience, 6, 565

Nanotechnology, 6, 7, 46-48, 547, 548,
668-670, 677-679, 681, 683, 685,
690, 698, 699

Nanowire, 672, 681, 683, 688, 692

NCS. See Non-crystallographic symmetry
(NCS)

Negative staining, 20-21, 56, 84-90

Neuraminidase (NA), 58, 72, 109, 110, 229,
454, 606, 610, 619-620, 645, 647

Neutralization, 28, 39-43, 217, 235, 238,
447, 471, 660

NLM. See Nuclear localization motif (NLM)

NLS. See Nuclear localization signal (NLS)

NMA. See Normal mode analysis (NMA)

NMR. See Nuclear magnetic resonance (NMR)



714

Non-crystallographic redundancy, 126, 138
Non-crystallographic symmetry (NCS), 102,
122, 126, 133-140, 216, 219, 220
Normal mode analysis (NMA), 101, 214, 584,
585, 590
NPC. See Nuclear pore complex (NPC)
Nuclear localization motif (NLM), 315-317
Nuclear localization signal (NLS), 316, 317,
321, 323,483
Nuclear magnetic resonance (NMR), 22-23,
25,58,81, 101, 103, 111, 145-172, 178,
179, 192, 194, 196, 198, 204, 207, 214,
2717, 300, 352, 382, 616
COSY, 153, 154, 156
monodimensional, 153-155
multidimensional, 152156
NOESY, 156-158
pulse, 152-155, 157
solid-state (SSNMR), 147, 151, 155, 169-172
solution, 146, 147, 156, 160, 162-164, 169,
171, 172
spectroscopy, 145-172
spectrum, 148-154
spectrum assignment, 155-157
TOCSY, 156
Nuclear Overhauser effect (NOE), 151-152,
154, 157, 158, 161, 163
Nuclear pore complex (NPC), 316, 317
Nuclear spin, 147, 148, 150, 151, 179
Nucleation
in assembly, 33, 195, 318, 352, 367
in crystallization, 128
Nucleic acid
charge, 335
condensation, 28, 31, 34, 301, 389, 390
conduit, 111
ejection, 389-390
encapsidation, 34, 196, 365
injection, 35, 47
packaging, 389-390
polarity, 11
transfer, 45, 489-515
Nucleocapsid (NC), 10, 44, 70-72, 106, 159,
163, 195, 197, 217, 227, 228, 336, 347,
363, 364, 366, 397, 400-403, 405, 406,
483, 565, 574, 588, 608, 623, 651, 652
Nucleolus, 318, 321
Nucleoside analogues, 605, 607

(0]

Objective, 82, 84,90, 92,94, 98, 215, 276, 277,
281-285, 288, 602

Occlusion body, 397, 410412

Index

Oligomer, 8, 63, 315, 330, 565
Oligomerization, 8, 31, 34, 54, 187, 210, 313,
317, 325, 339, 341, 345, 347, 382
Open reading frame (ORF), 312, 321, 406, 494,
675, 676
Optical trap, 276, 277, 279-285, 287, 289-292,
294,297, 299
Optical tweezers
double-beam, 281, 284
single-beam, 281, 284
Optics, 205, 287, 386, 681
OREF. See Open reading frame (ORF)
Osmotic force, 577, 578
Osmotic pressure, 541, 577, 578
Outbreak, 82, 456

P
Packaging
DNA, 25, 35, 37, 68, 109, 296, 299, 355,
369, 370, 372-374, 376, 379, 380, 383,
384, 386-389, 521, 530, 533
dsDNA, 34, 335, 376-384, 387-389,
576-579
dsRNA, 34, 324, 335, 371, 374-376,
386, 387
genome, 34, 68, 111, 163, 222, 323, 342,
343, 350, 352, 354-356, 385, 389, 391
nucleic acid, 10, 27, 28, 30, 31, 34, 36, 47,
59, 70, 197, 293, 342, 361-391, 555
rate, 292, 294-296
RNA, 166, 169, 368, 370-372, 374, 376,
380, 386, 660, 683
signal, 165, 194, 367, 683
Paratope, 40
Passive mode, 291, 294
Pathogen, 5, 48, 67, 131, 229, 347, 366, 405,
451, 454, 456, 490, 501, 600, 622, 626,
632, 633, 635-638, 648, 649, 651, 652,
657, 697
Pathway
assembly, 31, 32, 192, 194, 195, 217, 313,
318, 320, 342, 352, 353, 355, 397, 421,
564, 565, 573, 575
degradation, 82
disassembly, 31, 32, 192, 194, 195, 217,
313, 318, 320, 342, 352, 353, 355, 397,
421, 564, 565, 573, 575
entry, 443, 444
exit, 389
lysogenic, 491
lytic, 491
secretory, 406, 418, 419, 432
signalling, 321, 431-433



Index

Pentamer, 32, 55, 59-69, 72, 100, 120, 123,
137, 171, 194, 225, 310, 311, 313-315,
318-320, 322, 331, 333, 339, 341,
345-347, 350, 353, 372, 381, 401,
445, 557, 562, 563, 565, 573, 583,
584, 643

Penton, 61, 122, 127, 137, 331-334, 339-343,
350, 401, 402, 448, 449

Peptide, 35, 38, 40, 48, 155, 163, 168, 183, 186,
195, 309, 335, 340, 341, 350, 403, 405,
406, 477, 484, 544, 574, 610, 611, 613,
621, 623, 624, 633, 639, 648-659, 670,
674, 675, 6717, 678, 694, 698

Peptidoglycan, 497, 503, 508, 510, 514

Persistence length, 293, 369, 540, 574,

576, 577
Phage
display, 48, 491, 678, 699
Group, 4
Phase
angle, 124
contrast, 84, 92, 103
determination, 133-139, 212
diagram, 128, 560, 561, 564
extracellular, 3543, 54
intracellular, 27, 308, 418, 460
problem, 22, 102, 124, 133, 134, 142, 208,
209, 218, 219, 233
refinement, 138-139, 219, 221

Phosphorylation, 188, 319, 321, 605

Photodetector, 276, 281-284, 289, 290

Photodiode, 251, 253

Photolithography, 685-686

Phylogenetic relationship, 16

Physical virology, 5-7, 20, 45-50, 293, 547,
555, 591

Piezo-tube, 251, 254, 257, 258

Pilin protein, 494, 495

Pilus, 493495

Planck equation, 148

Plant virus, 11, 15, 43, 45,57, 69, 70, 106, 118,
205, 211, 366, 410, 433, 564, 565,
658-660, 667-700

Plasmodesmata, 45, 433

Pleomorphic/Pleiomorphic, 10, 19, 21, 22, 56,
72, 106, 109-111, 225-227, 330,
346-348, 355, 645, 647

Pocket factor, 37, 120, 458, 459

Poisson ratio, 256, 525-528, 559, 580, 684

Polarization, 284, 285, 686

Polyamine, 37

Polycation, 293, 574, 576

Polyhedra, 59, 61, 110, 397, 410-412, 573,
579, 583, 584, 681

715

Polymer, 291, 293, 297, 502, 506, 510, 525,
555, 574-576, 623, 639, 669, 670, 680,
685, 687, 692, 695, 697
Polymerase, 374, 375, 590, 607, 608
Polymorphism, 33, 54, 55, 61, 64, 67, 106
Polypeptide, 8, 21, 54, 156, 165, 184, 196,
311, 316, 317, 331, 333-335, 397,
398, 400, 401, 403, 404, 406, 408,
411, 412, 450, 459, 471, 474, 478,
479, 483, 536, 607, 609, 610, 649,
651, 652, 655, 656, 678, 693
Polyprotein, 64, 111, 159, 160, 163, 164, 186,
217, 229, 312-314, 320, 403, 404, 474,
478, 483, 604, 606, 611, 623, 646
Polysaccharide, 495, 496
Porin, 509, 514
Portal, 34, 65, 68, 109, 197, 294, 295, 300, 324,
339, 342-345, 350, 352, 356, 369, 370,
372, 376-380, 382, 389, 401, 500, 503,
505, 506
Post-entry events, 483-484
Power stroke, 278
Precipitant, 127, 128, 130
Precursor, 31, 33, 64, 68, 72, 160, 312-314,
320, 322, 391, 401, 403, 404, 406, 408,
450, 474, 475, 478, 480, 604, 609-611,
623, 624, 646, 673, 680
Pressure
internal, 45, 91, 296, 297, 354, 385, 389,
396, 529-531, 540-543, 548, 555, 578,
580, 581, 583, 586
osmotic, 541, 577, 578
Prestress, 533, 543, 581
Procapsid
expansion, 295
maturation, 401
Prohead, 35, 69, 293, 296, 345, 350, 363,
369-374, 376, 377, 379-382, 384-387,
390, 529-531, 533-536
Prokaryote, 11, 109
Prokaryotic virus, 11
Prolate capsid, 68, 69
Propagation, 4, 14, 25, 54, 138, 182, 280, 362,
420, 600, 602, 603, 625, 641, 670, 676
Protease, 33, 58, 68, 72, 120, 159, 223,
312-314, 335, 350, 352-355, 396, 401,
403, 404, 459, 606, 609-611, 618-621,
623, 646
Protein
cementing, 37, 331-334, 337, 356, 543
conformation, 141, 186
Data Bank, 9, 140, 212, 311, 333,
613, 642
dynamics, 58, 147, 159, 172, 605



716

Protein (cont.)
engineering, 47, 196, 546, 547
fold(ed), 58, 217, 225, 237, 356
folding, 146, 187, 261, 292, 405, 408, 521
fusion, 41, 44, 449, 450, 452, 460, 461,471,
472, 474483, 586, 588, 613, 694
intrinsically unfolded, 163—-165
loop, 40, 389
protein-ligand, 22, 40, 166169, 181, 214,
262, 621
protein-lipid interaction, 167-168
protein-nucleic-acid interaction,
166-167, 223
protein-protein interaction, 33, 34, 216,
313, 404, 420, 421, 566, 617, 671
scaffolding, 31-35, 37, 68, 189, 194, 350,
353, 354, 373, 379, 397, 422, 430, 431,
524, 533, 564, 604
stability, 158, 185, 226
structural, 34, 35, 57, 64, 81, 104, 120,
140, 159, 160, 170, 171, 185, 186,
213, 214, 225, 235, 312, 317, 320,
324, 335, 352, 353, 375, 423, 483,
610, 616, 623, 633, 640, 643-645,
649, 655, 661, 662, 671, 673
unfolded, 163-165, 188
viral, 16, 17, 25, 27-30, 34, 40, 43, 44, 58,
71, 81, 127, 140, 146, 147, 159-169,
171, 172, 178, 185-189, 197, 198, 213,
214, 223, 235, 237, 309, 311, 317, 337,
350, 352, 363, 364, 371, 377, 421, 422,
431, 433, 455, 461, 483, 536, 557, 569,
576, 590, 602, 604-606, 609, 610, 641,
645, 673, 674, 697
Proteolysis, limited, 25, 195-197, 226, 545
Proteolytic processing, 67, 159, 322, 397, 398,
400, 412, 474, 480, 483, 604, 610
Proteomics, 197, 198, 213, 217, 420, 421, 435
Protist virus, 11
Protomer, 54, 55, 59, 66, 119, 120, 309, 313,
314, 318, 319, 445, 446, 459, 460, 609
Provocateur model, 477
Pseudo-triangulation number, 229, 583
Pulse, 142, 152-155, 157, 230, 257-258,
282,472
Purification, 89, 120, 124-127, 141, 208,
421, 546, 672

Q

Quasi-atomic model, 40, 135-137, 211,
213-218, 235

Quasi-equivalence theory, 60-65, 205

Quasispecies, 41

Index

R
Radiation
damage, 84, 91, 93, 108, 130-132, 142,
208, 212
electromagnetic, 148, 150, 151, 179, 182,
183, 275
intensity, 132
Radiofrequency pulse, 152
Reactive group, 657, 672-674
Real space, 95, 96, 106, 107, 138, 140, 208,
209, 214, 218, 219
Real-time imaging, 283
Receptor, 11, 23, 26, 27, 38, 4045, 47,
67,71, 72,101, 109, 120, 121, 215,
216, 223, 224, 227, 229, 235, 249,
341, 342, 355, 397, 400, 408, 433,
441-462, 468, 472, 473, 475, 4717,
478, 480, 482, 489-515, 589, 604,
609, 612, 616, 618, 622, 623, 637,
649, 654, 660
Reciprocal space, 132, 133, 138, 140, 208, 209,
214, 215, 218, 233
Recombination, 16, 29
Refinement, 97-98, 103, 135-140, 167, 212,
214, 215, 218, 219, 221, 570
Reflection, 124-126, 132, 133, 136-139, 280,
290, 685
Refraction, 280, 685
Refractive index, 182, 280, 282, 283, 299
Relaxation
spin-lattice, 151
spin-spin, 151
time, 151, 152, 157, 161-163, 167,
169, 171
Replacement
isomorphous, 134
molecular, 102, 125, 126, 135, 137,
219, 220
Replicase, 30, 432, 433, 493, 608
Replication
in the cytoplasm, 30
in the nucleus, 316, 483, 484
Resolution
atomic, 21-23, 57, 64, 102, 103, 118, 137,
138, 142, 146, 178, 209, 238, 249, 256,
300, 323, 326, 386, 566, 670
near-atomic, 22, 56, 81, 89, 103—-104, 111,
135, 140, 141, 208, 364, 616
Resonance, frequency, 149, 266
Reverse transcriptase (RT), 13, 16, 30, 58, 403,
514, 607, 608, 610, 618
Ribonucleoprotein particles, 10, 45
Ribovirus, 11
Rigidity, 31, 363, 540, 559, 576, 589



Index

RNA

condensation, 543

double-stranded, 11, 12, 16, 30, 34, 63, 65,
67,95, 104, 118, 196, 197, 324, 335,
337, 339, 356, 367, 368, 370, 371,
374-376, 386, 387, 389, 390, 636, 639

messenger, 11, 28-30, 312, 368, 371,
375, 390, 420, 480, 483, 501, 604,
606, 608, 646

packaging, 166, 169, 368, 370-372, 374,
376, 379-384, 386, 660, 663

replication, 366, 368

single-stranded, 11-13, 30, 34, 35, 37,
57, 63, 70-72, 193, 330, 335, 339,
347, 363, 375, 376, 386, 390, 445,
493, 541, 543, 554, 555, 565, 574-576,
585, 590, 643-368

translation, 312

virus, 11, 41, 57, 65, 160, 309, 363-368,
370, 398, 420, 432-433, 451, 483,
564, 575, 576, 604, 608, 622, 649

RT. See Reverse transcriptase (RT)

S

Salt bridge, 55, 160, 318, 455

SANS. See Small-angle neutron scattering
(SANS)

SAXS. See Small-angle X-ray scattering
(SAXS)

SBVS. See Structure-based virtual screening
(SBVS)

Scaffold, 33, 64, 324, 352-356, 372, 390, 401,
478, 533, 615, 624, 648, 650, 693

Scaffolding protein, 31-35, 37, 68, 194, 199,
350, 353, 354, 373, 374, 379, 397, 422,
430, 431, 524, 533, 564, 604

Scanning electron microscopy (SEM), 82, 83,
87,411, 424, 427

Scanning probe microscopy (SPM), 249,
683, 684

Scanning tunneling microscopy (STM),
249, 250, 684

Scattering, 84, 86, 91-93, 99, 102, 108, 121,
124, 129, 132, 142, 205, 206, 208-211,
233,280, 281, 287, 568, 579, 685, 686

Secretion, 406, 433, 638

Selection, 41, 42, 520, 542, 545

Selenomethionine, 22, 220

Self-assembly, 5, 6, 15, 28, 31-33, 47, 48, 57,
59, 312, 313, 383, 555, 562, 564, 568,
579, 582, 643, 649, 652, 659, 665, 669,
671, 676, 680, 681, 699

717

SEM. See Scanning electron microscopy (SEM)
Sensor, 83, 279, 377, 379, 391, 679, 695, 696
Sequence, 11, 16, 57, 64, 65, 99, 104, 139, 153,
168, 169, 194, 225, 299, 309, 311,
316-318, 323, 331, 349, 355, 356, 366,
368, 376-378, 380, 382, 406, 408-411,
480, 482, 498, 504, 513, 524, 554, 558,
575, 607, 608, 613, 614, 650, 651,
657-660, 674, 676
Sialic acid, 72, 407, 448-456, 462, 470472,
475, 501, 513, 609, 610, 619, 620
Simulation, 25, 32, 50, 101, 298, 532, 537, 538,
540, 556, 560-564, 570, 573-576, 580,
582, 585-587, 589-591
Single-molecule
approach, 277-278, 292
technique, 23, 46, 142, 261, 391, 515,
521, 530
Small-angle neutron scattering (SANS),
206, 210, 211
Small-angle X-ray scattering (SAXS),
24, 205-213, 220, 686
Solid-state, 6, 56, 84, 396, 535, 542, 669
Solution structure, 132, 160, 207
Space
group, 122, 129, 132
real, 95, 96, 106, 107, 138, 140, 208, 209,
214, 218, 219
reciprocal, 132, 133, 138, 140, 208, 209,
214, 215, 218, 233
Spectrometer, 149, 152, 158, 189, 190, 196
Spectrum
assignment, 157
circular dichroism, 182—-186
COSY, 153
fluorescence, 181, 188
heteronuclear, 154
homonuclear, 154
mass, 190
NOESY, 153, 154, 156
nuclear m148agnetic resonance, 148—154
TOCSY, 156
Spike, 67, 71, 72, 109, 110, 137, 224, 225,
227,229, 309, 336-339, 341-343,
353, 450, 451, 455, 456, 470, 471,
475, 480, 496498, 508, 510-512,
588, 589, 645, 652
SPM. See Scanning probe microscopy (SPM)
Spring constant, 252-255, 287, 521, 522,
524, 525, 527, 529-535, 541, 543-547,
580, 581
SSNMR. See Nuclear magnetic resonance,
solid-state (SSNMR)



718

Stability
chemical, 226, 538, 546
conformational, 24, 37, 48, 61, 63, 99,
121, 185, 189, 195-197, 535, 536,
538, 567, 633
mechanical, 38, 94, 281, 546, 548, 555,
579-580, 591
physical, 553-591
thermal, 187, 188, 226
Staining
agent, 21, 92
negative, 20-21, 56, 84-90, 102
Stalk, 451, 469-473, 479
Statistical Mechanics, 590
Stem, 165, 166, 194, 366, 367, 378, 379, 403,
408, 475, 478, 479, 612, 659
Stiffness, 38, 46, 252, 261, 264, 266, 283,
521-525, 529-531, 533-536, 538, 540,
541, 543-546, 548, 559, 580, 589
STM. See Scanning tunneling microscopy
(STM)
Strain, 310, 408, 409, 450, 452, 456, 470, 482,
483, 490, 502, 504, 513, 525, 529, 609,
613, 621, 652
Stress, 38, 255, 256, 267, 274, 287, 293, 294,
300, 400, 525, 529-533, 536, 542, 546,
5417, 559, 560, 577-579, 581, 584, 692
Structural determination, 22, 24, 157, 376
Structural protein, 34, 35, 57, 64, 104, 120,
140, 159, 186, 225, 312, 317, 320,
324, 335, 352, 353, 375, 423, 483,
610, 623, 633, 640, 643-645, 649,
655, 661, 662, 671
Structural rearrangement, 325, 350, 355, 373,
387, 399, 457, 471, 473, 475, 506, 511,
512, 543, 546
Structural virology, 5-7, 17-19, 23, 25, 45, 86,
101, 111, 112, 121, 140, 141, 146, 159,
172, 179, 186, 192, 198, 204-213, 216,
217, 225, 233, 235, 238, 267
Structure
crystal, 22, 118, 120, 122, 126, 133, 135,
137, 139, 207, 215, 217, 223, 228, 229,
234, 235, 315, 334, 341, 353, 376, 381,
383, 400, 446, 448, 451, 453-455, 459,
492, 497, 499, 500, 502-504, 507, 605,
607-609, 618-623
factor, 124, 134-136, 139, 140, 211, 220,
229
macromolecular, 81, 614
molecular, 6, 25, 84, 124, 135, 152, 155,
207, 521, 534, 536-537, 561
primary, 156

Index

quaternary, 8, 24, 33, 63, 185, 187, 195
secondary, 34, 56, 99, 150, 157, 184-187,
226, 229, 366, 367, 383, 400
solution, 132, 207
tertiary, 16, 34, 55, 156, 157, 186-188,
196, 557
three-dimensional, 118, 140, 146, 151, 157,
158, 162, 406, 527, 615, 650, 658
Structure-activity relationships, 615, 618
Structure-based virtual screening (SBVS),
614-617
Structure-function relationships, 5, 25, 227,
537, 623
Stylus, 23, 249, 250
Super-resolution microscopy, 434
Supersaturation, 127-129
Surface
plasmon resonance, 695
science, 669
Symmetry
axis, 119, 121, 219, 263-265, 334,
338, 402
crystallographic, 122, 124, 126, 219
helical, 68-70, 87, 106, 205, 345, 364, 365
icosahedral, 9, 37, 58, 61, 67, 97, 98, 100,
104, 105, 119, 124, 126, 134, 205, 209,
212,219, 221, 229, 237, 263, 275, 309,
331, 338, 339, 342, 343, 345, 352, 363,
366, 368, 478, 557, 562, 582, 583, 585,
590, 658, 660
mismatch, 105, 227, 330, 337, 339-343,
345, 352, 379, 386, 387, 494
non-crystallographic, 102, 122, 126,
133-140, 216, 219, 220
Synchrotron beamline, 120, 130, 132
Syncytium, 474

T
Tail
contractile, 87, 344, 345, 350, 491,
509, 511, 585
fiber/fibre, 87, 341, 344, 345, 350-352,
500, 503-510, 512-514, 534
non-contractile, 344, 345, 352, 491
spike, 345, 498-503, 506, 508, 510-513
T-cell, 450, 451, 632, 634-636, 639, 640,
649, 650, 652-655
Tegument, 10, 72, 109, 110, 197, 227, 336,
337, 400
Teichoic acid, 502, 503, 514
TEM. See Transmission electron
microscopy (TEM)



Index

Temperature
factor, 99, 140
transition, 170
Template, 16, 30, 33, 214, 229, 231, 371,
607, 608, 619, 669, 672-674, 676,
678-680, 687-699
Tensile strength, 46, 520, 524, 525
Terminase, 345, 376, 377, 379-384, 386-391
Tessellation, 557
Thermal
dissociation, 187, 188
fluctuation, 274, 278, 289, 565, 576, 586,
588, 589
inactivation, 544
resistance, 412
Thermodynamic-kinetic model, 540
Thermodynamics, 32, 185, 187, 301, 313, 554,
562, 568-570, 574, 575, 578, 624
Thin shell theory (TST), 525, 526, 556,
558-560, 580-583, 585, 590
Three-dimensional (3D) electron
microscopy, 219
Three-dimensional (image) reconstruction
(3DR), 21, 22, 89, 90, 93-103, 106,
108, 109, 111, 366, 383, 401, 660
Time
of flight (TOF), 192
relaxation, 151, 152, 157, 161-163,
167, 169, 171
Tip, 23, 46, 160, 248, 252-259, 263, 267,
345, 474, 478, 495, 499, 501, 504-506,
508-511, 513, 515, 521-524, 528,
534, 535, 538, 684
Tip-sample (geometrical) dilation, 258-259
TM. See Transmembrane (TM)
TOF. See Time of flight (TOF)
Tomogram, 107-110, 227, 229, 231, 237,
404, 427
Top-down approach, 670
Topographic profile, 250, 255, 259
Topography, 21, 23, 254, 258-260, 263-265,
267, 522, 531, 696
Torque, 277, 279, 288, 300, 301
Trafficking, 26-28, 39, 44, 54, 71, 330,
404, 433, 483
Transcription, 29, 30, 70, 71, 164, 293, 298,
335, 339, 363, 366, 368, 403, 420, 421,
483, 484, 496, 498, 501, 514, 604, 607,
608, 624
Transition
buckling, 560, 561, 579, 583
conformational, 24, 33, 37, 39, 41, 163,
196, 226, 545, 604, 621

719

Translation, 29, 100, 123, 165, 214, 215,
299-300, 321, 374, 406, 512, 608

Translocation, 186, 196, 227, 294, 297, 299,
300, 316, 317, 335, 342, 372, 374, 376,
378-380, 382, 384-390, 460, 461, 501,
530, 543, 544, 585-587, 590, 612

Transmembrane (TM), 71, 72, 169, 170, 403,
406, 450, 451, 471, 473, 476, 482, 483,
505, 608, 612-614

Transmission electron microscopy (TEM),
20-21, 82-89, 92, 208, 212, 222, 232,
422428, 431, 433-435, 690, 691

Transport, 39, 54, 85, 111, 291, 316, 317,
335, 384, 390, 403, 408, 410, 420,
432,433, 448, 450, 476, 484, 501,
505, 514, 637, 659, 684

nuclear, 317, 319, 321

Triangulation number, 10, 61-63, 69, 118, 139,
229, 309, 331, 333, 337, 339, 355, 582,
583, 590, 652

Trimer, 55, 63, 65-68, 72, 102, 105, 109, 121,
122, 137, 162, 193, 220, 221, 225, 234,
315, 317-319, 321, 323, 331, 333, 334,
337, 339, 341, 350, 352, 403, 411, 449,
470, 474476, 479-482, 499, 501-503,
506, 507, 509, 510, 539

Tropism, 11, 443, 449, 453, 454, 456, 461

TST. See Thin shell theory (TST)

Turbidimetry, 568

U

Ultracentrifugation, 89, 126, 209, 384, 457

Ultramicrotomy, 85-89

Ultraviolet (UV), 183-188, 226

Uncoating, 26-29, 37-39, 41, 43-45, 54, 120,
121, 160, 235, 330, 341, 355, 390, 443,
444, 457460, 544, 604-606, 613-614,
623, 624

Unfolded protein, 163-165, 188

Unit cell, 102, 120, 122-124, 131-134,
136-138, 212, 219, 220

UV. See Ultraviolet (UV)

\'%
Vaccine, 5, 40, 47, 48, 233-235, 447, 465,
546, 631-662, 670, 698, 699
van der Waals
force, 55, 260, 523, 680
interaction, 40, 260, 523, 567
Vapor diffusion, 129, 131
Vibration, 84, 94, 283, 299, 580, 584, 690



720

VIPERdbD, 8, 10, 534
Viral assembly, 112, 127, 316, 334, 350, 363,

367, 420-422, 427, 565, 568-570, 590,

609, 676

Viral entry, 227, 339, 371, 372, 604-606,
612-613

Viral fusogen, 468, 469, 471475, 483, 484

Viral genome, 7, 10, 12-13, 26-30, 35, 36, 38,

39, 43, 44, 49, 54, 110, 120, 127, 160,

312, 316, 320, 321, 323, 324, 330, 337,
343, 345, 350, 353, 355, 362, 363, 370,
371, 380, 385, 389, 391, 396, 410, 427,
431, 433, 443, 457, 460, 461, 483, 484,
520, 554, 556, 565, 579, 581, 585, 586,
590, 604-608, 622, 641, 658, 672,
676, 699

Viral nanoparticle, 546, 547, 650, 678, 697
Viral protein

early, 30
late, 30
structural, 16, 28, 30, 58, 159-165, 557, 641

Viral replication, 436, 587, 601, 603, 605, 626

Viral vector, 50, 645
Virion. See virus
Virology

physical, 5-7, 20, 45-48, 293, 547,
555, 591

structural, 5-7, 17-19, 23, 25, 45, 86,
101, 111, 112, 121, 140, 141, 146,
159, 172, 179, 186, 192, 198, 204-213,
216, 217, 225, 233, 235, 238, 267

Virtual screening

ligand-based (LBVS), 614, 615
structure-based, 614-617

Virulence, 490, 491, 632
Virus

animal, 11, 14, 15, 17, 18, 26, 27, 35, 37,
43-45, 47, 65, 68, 70, 106, 126, 133,
376, 389, 433, 443, 588, 670, 672, 684,
697-699

archeal, 11

architecture, 70, 555

assembly, 36, 47, 101, 164, 165, 169, 171,
192, 211, 212, 238, 262, 266, 267, 311,
313, 321, 329-356, 367, 405407, 418,
420431, 433-435

attachment, 262, 445, 461

budding, 163, 433

capsid, 8-10, 17,27, 28, 31-36, 40, 46, 124,
137, 140, 141, 169, 181, 186-189,
193-195, 198, 235, 312, 313, 318,
402-405, 521, 524-528, 533-540, 544,
547, 561, 573, 633, 642-644, 657, 658,
660, 669, 675, 694

Index

classification, 13, 16, 237
complex, 8, 10, 15, 31, 34, 54, 64, 105, 118,
133, 206, 207, 223, 225-227, 238, 275,
322, 329-356, 363, 397, 528, 681
crystallization, 22, 57, 120, 124, 125,
127-130, 132, 141, 205, 212, 226, 230,
291, 556, 659
cycle, 5, 6, 25-29
egress, 555, 585-589
engineering, 551, 665
entry, 45, 46, 160, 441-462, 468, 482484,
543, 544, 589, 609
enveloped, 7-8, 3941, 44, 56, 70-72, 86,
106, 109, 118, 217, 238, 335, 336, 347,
349, 355, 397, 398, 403, 406, 412, 421,
426, 443445, 449-453, 455-457, 460,
461, 467484, 541, 543, 544, 586, 588,
589, 604, 643, 698
evolution, 235-237, 356, 461
factory, 36, 324, 418-420, 424,
426428, 432
family, 9, 10, 12-13, 16-18, 35, 229, 237,
238, 309, 366, 445, 449, 456, 475, 533,
610, 643, 647, 660
fungal, 11, 99, 100, 367
genus, 12, 13, 16, 217, 309, 408, 411
inactivation, 28, 38, 480, 482, 544-546,
548, 632, 633, 660
infectious cycle, 4, 339
internalization, 26, 44, 335, 336, 397, 448,
468, 480, 482
life cycle, 4, 2545, 111, 120, 141, 188,
230, 259, 311, 396, 397, 420, 537,
540, 554, 602
maturation, 36, 40, 99, 162, 217, 230,
322-324, 370, 395-412, 543, 583
mechanics, 38, 46, 521, 522, 525-527,
537, 538, 547
morphogenesis, 29, 30, 35-36, 39, 47,
235, 331, 396, 412, 417436
multiplication, 4
neutralization, 28, 41
non-enveloped, 7, 8, 10, 35, 3944, 343,
444-449, 455, 457-461, 588, 604
order, 12—-13
particle, 5, 6, 8, 10, 11, 17, 19-49, 57, 58,
86, 89, 90, 99, 109, 111, 118, 121, 122,
124-127, 134, 137, 140, 142, 146, 147,
159, 165, 179, 185, 187, 192-198, 210,
212, 213, 220, 222-226, 230, 231, 238,
249, 256-259, 261-267, 277, 289, 298,
309, 310, 330, 345-349, 362, 363,
396-398, 404, 411, 412, 424, 426, 429,
431, 434, 443445, 447, 454, 456,



Index

459461, 468-470, 472, 474, 477, 478,
480, 506, 520-525, 529, 531, 532, 534,
536, 537, 540-542, 544-548, 576, 605,
623, 633, 641, 643, 644, 658, 660, 670,
671, 684, 685, 687, 698, 699
plant, 11, 15, 43, 45, 57, 69, 70, 106, 118,
205, 211, 366, 410, 433, 565, 658-660,
667-700
pleomorphic/pleiomorphic, 21, 22,
109-111, 171, 225, 226, 346, 347
production, 127
propagation, 4, 14, 25, 54, 138, 280, 362,
420, 600, 603, 641, 670, 676
protein (VP), 186, 188, 312, 452-454,
461, 482
protist, 11
purification, 89, 120, 124127, 141, 208,
546, 672
small, 43
species, 11-13, 16, 17, 26-28, 43, 670
spherical, 57, 59, 99, 109, 126, 141, 521,
534, 535, 547, 557, 558, 562, 581, 584,
589, 590, 679, 683, 689, 690
structure, 5, 6, 15, 17, 19, 20, 25, 46, 47, 49,
55-58, 60, 81, 103-104, 111, 125, 133,
139, 140, 142, 145-172, 177-198,
203-238, 266, 323, 362, 538, 583, 633,
635, 669
taxon, 16
taxonomy, 16, 237
trafficking, 26-28, 39, 44, 54, 71, 330,
433, 483
tropism, 11, 443, 449, 453, 454, 456,
461, 468
Virus-host, 4345, 213, 238, 421, 441-462
Virus-ligand, 19, 21, 46, 179, 197, 213, 215
Virus-like particle (VLP), 19, 40, 48, 127, 237,
398, 631-662, 669, 671, 674, 683

721

Virus-receptor recognition, 40, 461
Vitrification, 88, 208

VLP. See Virus-like particle (VLP)
VP. See Virus protein (VP)

w
Wavelength, 82, 84, 121, 131, 133, 150,
152, 180, 181, 183-185, 208, 210,
230, 2438, 276, 279, 280, 282, 284-286
Wrapping, 345, 432, 557, 588, 589

X
X-ray
beam, 22, 124, 131, 209, 212
crystallography, 7, 9, 21-23, 37, 40, 55,
58, 81, 82, 96, 98, 101-104, 112,
117-142, 146, 160, 168, 169, 171,
172, 178, 186, 192, 198, 204, 206209,
211-220, 224-227, 229, 231, 235,
237, 261, 266, 277, 331, 347, 366,
378, 380-382, 390, 463, 472, 474,
475, 478, 480, 527, 534, 613, 616,
619, 626, 649, 659, 661
detector, 126
diffraction, 56, 57, 111, 124, 205, 211-213,
291, 300, 366, 367
free electron laser, 142, 213, 230
intensity, 124, 126, 208
source, 126, 213

Y

Yeast two-hybrid (Y2H), 421

Young’s modulus, 46, 252, 256, 521, 525-530,
535, 536, 541, 543, 546, 547, 559, 580,
585, 684



Index of virus species cited in the text

A

Acanthamoeba polyphaga mimivirus, 12, 337

Acidianus bottle-shaped virus (ABV),
12, 13, 349

Acidianus filamentous virus-1 (AFV-1),
12, 13, 348

Acidianus two-tailed virus (ATV), 348, 349

Adeno-associated virus (AAV) (several
species), 1214, 308, 317, 318, 321,
324, 544, 672

Adenovirus (Ad) (several species), 12, 14,
30, 56, 57, 65, 67, 104, 120, 122,
127, 137, 141, 188, 207, 212, 215-217,
235, 237, 250, 262, 264, 265, 267,
331-335, 337, 339-343, 350, 354,
355, 363, 445, 448-449, 454, 539,
540, 577

African swine fever virus (ASFV), 12, 13, 337,
419, 420, 432, 433

Alfalfa mosaic virus (AMV), 12, 13, 57,
68, 658

Alphavirus (frequently cited genus of the
Togaviridae), 13, 67,71, 72, 217, 336,
472,478, 479, 645

8a phage, 498, 511-512

Atkinsonella hypoxylon virus, 12

Autographa californica nuclear polyhedrosis
virus (AcNPV), 12, 13

B

Barley yellow mosaic virus (BYMV), 12, 13

Bean gold yellow mosaic virus (BGYMYV),
12, 13

Bean pod mottle virus (BPMV), 12, 13,
365-367

M.G. Mateu (ed.), Structure and Physics of Viruses: An Integrated Textbook,

Bluetongue virus (BTV), 12, 13, 65, 118,

121, 132, 136, 141, 235, 237, 642,

644, 647, 648
Bovine leukemia virus (BLV), 13, 159, 162
Bovine papillomavirus (BPV), 12, 13, 104, 650
BPP-1 phage, 12, 513-514
Brome mosaic virus (BMV), 12, 13, 565,

570, 673
Bunyamwera virus, 13, 56

C

Canine parvovirus (CPV), 12, 14, 316, 317,
368, 650, 658

Cauliflower mosaic virus (CaMV), 12, 13

Chikungunya virus, 13, 217

Cowpea chlorotic mosaic virus (CCMV), 12, 13

Cowpea mosaic virus (CPMV), 12, 14, 642,
650, 657-659, 671, 673, 686, 688,
694, 696

Coxsackievirus (CV), 13, 445

Cucumber mosaic virus (CMV), 12, 13,
211, 658

Cytoplasmic polyhedrosis virus, 12, 104

D
Dengue virus, 13,217,237, 427, 428, 475, 478,
479, 626, 650, 651

E

Ebola virus, 13, 475, 641

Echovirus (EV), 13, 447, 448

Equine infectious anemia virus (EIAV),
13, 14, 167

723

Subcellular Biochemistry 68, DOI 10.1007/978-94-007-6552-8,
© Springer Science+Business Media Dordrecht 2013



724

F

fd phage, 680

Feline parvovirus (FPV), 14, 316, 408, 409

Flock house virus (FHV), 12-14, 70, 195, 366,
367, 642, 650, 660, 661

Foot-and-mouth disease virus (FMDV), 13, 14,
39-44, 56, 216, 219, 223, 447

Frog virus 3, 12, 432

H

Hantaan virus, 13

Hendra virus (HeV), 14, 452

Hepatitis A virus (HAV), 13, 14

Hepatitis B virus (HBV), 13, 14, 58, 64,
137, 186189, 193-195, 405407,
534, 535, 543, 565, 567-570, 582,
588, 600, 601, 605, 606, 608, 609,
621, 623, 641, 645-647, 649, 651,
652, 661

Hepatitis C virus (HCV), 13, 14, 233,237,238,
421, 433, 600, 605, 606, 608-610, 618,
626, 641, 645, 647, 650, 652

Hepatitis E virus (HEV), 13, 14, 644

Herpes simplex virus type 1 (HSV-1), 9, 10, 12,
14, 26, 109-111, 197, 377, 378, 400,
401, 534, 538-540, 542, 543

HK97 phage, 57, 65, 104, 188, 196, 229, 353,
356, 534-536, 546, 585

Human adenovirus (hAd) (several species), 12,
14, 104, 120, 122, 127, 207, 250, 264,
265, 267, 339

Human cytomegalovirus (HCMV), 12, 14, 380,
381, 419, 433, 600, 605-608

Human immunodeficiency virus type
1 (HIV-1), 13, 14, 16, 26, 40, 41, 44, 45,
120, 159-169, 171, 186, 187, 194, 196,
234,235, 298, 403, 404, 421, 434, 450,
451, 456, 475, 541, 543, 560, 604,
607-613, 618-621, 623-625

Human immunodeficiency virus type
2 (HIV-2), 13, 167, 168

Human metapneumovirus (hMPV),
13, 14, 477

Human papillomavirus (HPV), 14, 67, 111,
188, 564, 565, 569, 570, 639, 641-644,
647-650, 652, 654, 655, 661

Human parainfluenza virus (hPIV), 13, 14

Human polyoma virus, 12, 565

Human rhinovirus (HRV), 13, 14, 37, 38, 40,
42,44, 118, 119, 195, 196, 235, 313,
445, 447, 457-460, 462

Human T-lymphotropic virus-I (HTLV-I), 13,
14, 161

Index of virus species cited in the text

|

Infectious bursal disease virus (IBDV), 12, 14,
56, 66, 95, 102, 642, 647, 648

Influenza virus, 8, 10, 11, 13, 21, 30, 40, 45,
58,70, 72, 106, 109, 120, 223, 229, 235,
336, 365, 366, 408, 409, 462, 470472,
475, 476, 478, 480, 483, 543, 586, 600,
604-606, 608, 609, 613, 614, 619, 620,
626, 645

Insect larvae iridovirus, 68

K
K1F phage, 12, 501

L

Lymphochoriomeningitis virus (LCMV),
13, 14, 650

M

Mamastrovirus 1, 13

Marburg virus, 13, 106

Mason-Pfizer monkey virus (MPMV),
13, 14, 186

Measles virus (MV), 13, 70, 163, 365, 452,
453, 461, 462

Mink enteritis virus (MEV), 12, 14, 316,
647, 658

Minute virus of mice (MVM), 8,9, 12, 14, 186,
187, 250, 263-265, 308-312, 315-319,
321, 324, 534-536, 538-541, 544-546,
548, 581

Moloney murine leukemia virus (MoMuLV),
13, 163-166, 250

Mouse mammary tumor virus (MMTV),
13, 14, 163

M13 phage, 70, 365, 492, 494, 690

MS?2 phage, 194, 492, 494, 564, 647

Mumps virus, 13, 452

Murine leukemia virus (MLV), 13, 14, 164,

541, 543

N

Newcastle disease virus (NDV), 13, 14, 452,
647, 648

Nipah virus (NiV), 13, 14, 452

Norwalk virus (NV) (Norovirus), 13, 14, 194,
235, 456, 535, 538, 539, 544, 642,
647, 648

Nudaurelia capensis o virus NoV), 13, 14,
195, 398-400, 564, 585



Index of virus species cited in the text

P

Papaya mosaic virus (PapMV), 12, 14, 658

Paramecium bursaria Chlorella virus-1
(PBCV-1), 12, 14, 57, 68, 235,
341-343, 348

Pariacoto virus (PaV), 13, 14, 365, 367, 564

Parvovirus H1 (H1-PV), 12, 14, 316

Penicillium chrysogenum virus (PcV), 12, 66,
99, 100, 565

Phaeocystis pouchetii virus, 68

@ 6 phage, 335, 339, 356, 375

@ 12 phage, 375

@ 15 phage, 12, 502

@ 29 phage, 12, 377, 378, 380-382, 384, 385

@ 92 phage, 12

A phage, 12, 164, 226, 294, 295, 344, 383,
385, 491, 492, 504-505, 513, 535,
540, 542, 546, 578

p phage, 12, 513

Physalis mottle virus (PhMV), 12, 14

PM2 phage, 12, 206, 211, 217, 220, 221,
223-225, 234

Poliovirus (PV), 13, 14, 37, 38, 40, 42, 44, 55,
57,101, 109, 118, 195, 212, 223, 227,
233,309-311, 313, 314, 318-320, 322,
323, 325, 366, 445-447, 457-460, 462,
608, 609, 622, 623, 633

Polyomavirus (several species), 12, 65, 141,
309, 311, 312, 314-317, 320-325, 454,
455, 557, 558, 562, 565, 577, 639

Porcine circovirus 2 (PCV2), 12, 647, 648, 661

Porcine parvovirus (PPV), 12, 14, 316, 647,
648, 650

P1 phage, 12

P2 phage, 12, 353, 354, 510

p2 phage, 12, 506, 507

P4 phage, 12, 354, 375

P22 phage, 12, 104, 187, 189, 196, 352, 377,
378, 380, 383, 492, 498-500

P23-77 phage, 12, 225

PRD1 phage, 12, 57, 65, 131, 137, 141, 206,
212,217, 222, 223, 234, 235, 334, 336,
337, 340-343, 348, 355, 492, 496, 497

Q
QP phage, 12, 194, 493, 642, 644, 646,
650, 655, 657

R
Rabbit haemorrhagic disease virus (RHDV),
13, 14, 56, 66

725

Rabies virus, 13, 365

Red clover necrosis mosaic virus (RCNMYV),
12, 14

Respiratory syncytial virus (RSV), 13, 14, 365,
452, 476, 477, 484, 613

Rice yellow mottle virus (RYMYV), 12, 14, 193

Rift valley fever virus (RVFV), 13, 14, 204,
229, 647, 648, 650

Rotavirus (several species), 12, 65, 67,99, 104,
105, 337-339, 370, 455, 642, 644, 645,
647, 648, 671

Rous sarcoma virus (RSV), 13, 14, 110, 161

44RR phage, 12, 383

S

Salisaeta icosahedral phage 1 (SSIP-1), 348

Satellite tobacco mosaic virus (STMV), 14, 70,
365-367, 558, 564

Satellite tobacco necrosis virus (STNV),
12, 14, 63, 135

Semliki forest virus (SFV), 13, 475, 478, 480

Sendai virus, 13, 365, 452, 475

Severe acute respiratory syndrome virus
(SARS virus), 13, 14, 347, 433,
475, 641

SF6 phage, 12, 383

Sf6 phage, 12, 197, 383

SHI1 virus, 225

Simian immunodeficiency virus (SIV),
13, 14, 109, 162, 227, 229

Simian virus 40 (SV40), 12, 14, 309-311,
315-317, 319-322, 324, 335, 454

Sindbis virus, 13, 67

Sobemovirus (genus unassigned to any
family), 12

Southern bean mosaic virus (SBMV), 12, 14,
135, 206, 211, 237

SPO1 phage, 12, 498, 511

SPP1 phage, 12, 377, 378, 380, 381, 383,
505, 506

Sputnik virus, 68, 431

Sulfolobus islandicus rod-shaped virus-2
(SIRV-2), 12, 14

Sulfolobus neozelandicus droplet-shaped virus
(SNDV), 12, 14, 349

Sulfolobus turreted icosahedral virus (STIV),
57, 65, 348

T
Tick-borne encephalitis virus (TBEV),
13, 14, 478



726

Tobacco mosaic virus (TMV), 9, 12, 14, 15,
69, 70, 106, 193, 205, 206, 211, 297,
364, 365, 534, 542, 554, 565, 567,
658, 672-673, 675, 676, 680-682,
685688, 690-692, 695, 696

Tobacco necrosis virus A (TNV A), 12, 14

Tomato bushy stunt virus (TBSV), 12, 14, 57,
64, 111, 135, 205, 206, 211, 212, 235

T4 phage, 12, 68, 69, 87, 90, 91, 93, 105,
296, 344, 350, 351, 380, 381, 383,
385, 397, 491, 492, 494, 508-510,
512, 513, 578, 585

TS5 phage, 12, 491, 494, 503-505

T7 phage, 12, 67,250, 343, 344,373, 378, 491,
498, 500-502, 514, 578

TP901-1 phage, 12, 506, 507

Turnip yellow mosaic virus (TYMV),
12, 14, 211

\%

Vaccinia virus (VV), 12, 57, 72, 109, 110,
223, 230, 345, 363, 421, 427-429,
482, 484, 601

Index of virus species cited in the text

Varicella-zoster virus (VZV), 12, 14, 600,
605, 606

Variola virus, 12

Vesicular stomatitis virus (VSV), 13, 14, 70,
106, 217, 365, 475, 480, 481

w
Wiseana nuclear polyhedrosis virus (WNPV),
12, 14, 411

X
®X174 phage, 12, 15, 63, 353, 368, 492,
496, 558

Y
Yellow fever virus, 13



Index of virus families cited in the text

A

Adenoviridae | adenoviruses, 12, 65, 369
Ampullaviridae | ampullaviruses, 12, 349
Arenaviridae [ arenaviruses, 13
Astroviridae [ astroviruses, 13

B

Baculoviridae | baculoviruses, 12, 369, 410,
411, 475

Birnaviridae [/ birnaviruses, 12, 367, 647

Bromoviridae | bromoviruses, 12

Bunyaviridae [ bunyaviruses, 13, 238, 647

C
Caliciviridae [ caliciviruses, 13, 647
Caulimoviridae | caulimoviruses, 12
Chrysoviridae [ chrysoviruses, 12
Circoviridae | circoviruses, 12, 647
Coronaviridae [ coronaviruses, 13, 475
Corticoviridae [ corticoviruses, 12
Cystoviridae [ cystoviruses, 12, 339, 367, 372,
374, 375

F

Filoviridae [/ filoviruses, 13, 475

Flaviviridae [ flaviviruses, 13, 217, 238, 366,
475, 647

Flexiviridae [ flexiviruses (currently
subdivided), 12, 13

G
Geminiviridae | geminiviruses, 12
Guttaviridae | guttaviruses, 12, 349

H
Hepadnaviridae | hepadnaviruses, 13, 405, 647
Hepeviridae | hepeviruses, 13
Herpesviridae [ herpesviruses, 12, 400,
475, 482

I
Inoviridae | inoviruses, 12, 70, 368
Iridoviridae / iridoviruses, 12, 369

L
Leviviridae [ leviviruses, 12
Lipothrixviridae / lipothrixviruses, 12, 349, 369

M

Microviridae [ microviruses, 12

Mimiviridae /| mimiviruses, 12

Mpyoviridae [ myoviruses, 12, 87, 344, 350,
353, 491, 498, 508

N
Nodaviridae [ nodaviruses, 13, 647

(0]

Orthomyxoviridae | orthomixoviruses, 13, 365,
408, 475, 647

P

Papillomaviridae | papillomaviruses, 12, 647
Paramyxoviridae | paramixoviruses, 13, 365,
475, 647

M.G. Mateu (ed.), Structure and Physics of Viruses: An Integrated Textbook, 727
Subcellular Biochemistry 68, DOI 10.1007/978-94-007-6552-8,
© Springer Science+Business Media Dordrecht 2013



728

Partitiviridae / partitiviruses, 12

Parvoviridae | parvoviruses, 12, 309, 317,
318, 647

Phycodnaviridae |
phycodnaviruses, 12

Picornaviridae | picornaviruses, 13, 65,
309, 622

Podoviridae | podoviruses, 12, 344, 352,
491, 498

Polyomaviridae | polyomaviruses,
12, 309

Potyviridae [ potyviruses, 12

Poxviridae | poxviruses, 12

R

Reoviridae | reoviruses, 12, 13, 67, 337, 367,
370, 375, 644, 647

Retroviridae [ retroviruses, 13, 16, 475

Rhabdoviridae |/ rhabdoviruses, 13, 70, 217,
365, 475

Rudiviridae / rudiviruses,
12, 349

Index of virus families cited in the text

S

Secoviridae | secoviruses, 12

Siphoviridae [ siphoviruses, 12, 344, 353,
491, 498, 503

Sobemovirus (genus unassigned to any
family), 12

T
Tectiviridae |/ tectiviruses, 12, 492, 496
Tetraviridae | tetraviruses

(currently subdivided), 13
Togaviridae | togaviruses, 13, 71,

217, 366
Tombusviridae [ tombusviruses, 12
Tymoviridae | tymoviruses, 12

v
Virgaviridae [ virgaviruses, 12



