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Abies homolepis 304 Blepharisma japonicum 122, 127
vetchii 304 Boreogadus saida 340

Acholeplasma laidlawii 84, 85,99, 100  Brassica 395

Acmaea digitalis 339 napus 398, 399

Aerobacter aerogenes 126, 129 oleracea 84

Ammospermophilus leucurus 370 rapa 286

Amoeba 121, 122, 126, 128 Brugia 423

Amphiprion sebea 325 malayi 420

Anabaena variabilis 85 pahangi 420

Anacystis nidulans 85, 87, 122, 130 Bufo marinus 328

Anaplasma 412
Ancylostoma 421

caninum 415 Capillaria 412
Anisakis marina 415 Carassius auratus 318, 326
Ascaris 412 carassius 322, 325, 326
Carya ovata 304
Babesia 412 Cellana tramoserica 337
bigemina 418 Chaenocephalus aceratus 323
bovis 417 Champsocephalus gunnari 324
rodhaini 418 Chlamydomonas nivalis 153, 218
Bacillus 87 reinhardii 86, 96-8,
amyloliquefaciens 126 122, 123, 160
cereus 85 Chlorosarcinopsis gelatinosa 103
megaterium 85, 93 Citrus limon 402
staerothermophillus 100 Clostridium perfringens 129
subtilis 22, 85 Coccidia 412
Balantidium 412 Coenorhabditis elegans 414
Biophytum sensitivum 284 Cooperia 412, 421
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Cornus officinalis 304
Cucumis sativus 84, 286

Daucus carota 392, 394, 400
Dictyocaulus 412

filaria 415

viviparus 415, 421, 422
Dipetalonema viteae 420
Dissostichus mawsoni 327
Dirofilaria immitis 420
Drosophila 206

Echinococcus 412

Eimeria 412

Eldeis guineensis 400, 402

Eleginus gracilis 340

Entamoeba 412, 414

Enterobius 410, 412

Episcia reptans 272, 274, 275, 284-6

Eptesicus fuscus 363

Escherichia coli 75, 84, 85, 91, 92, 99,
100, 103, 106, 126, 129

Esox niger 326, 327

Euglena 186

Fasciola 412

Fasciolopsis 412

Fragaria 398

Fundulus heteroclitus 317, 323, 326, 331
Fusarium 309

Gadus morhua 325
ogac 340
virens 325
Giardia 412
Glyptonus antarcticus 327
Gymnocanthus tricuspis 340

Haemonchus 412
contortus 421
Hordeum sativum 285, 286

Icelus spatula 340
Todamoeba 412

Larix leptolepis 304

Leishmania 412, 414

Lepomis cyanellus 318, 322, 324
Liparus koefoedi 340
Litomosoides carinii 420
Littorina littorea 339

Lobelia telekii 32

Lycopersicon esculentum 84, 402

Malus pumila 304

Manihot esculenta 392, 398, 401

Mesocricetus auratus 350

Metridium senile 323, 324, 331

Modiolus demiosus 339

Morone saxatilis 326, 331

Mpyotis lucifugus 362

Myoxocephalus octodecemspinosus 340
scorpius 327

Mpytilus edulis 339, 340

Naegleria 412

Nassarius obsoletus 339

Nematodirus 412, 421

Neoaplectana 417, 424

Nicotiana tabacum 392

Notothenia kempii 340
rossii 325

Oesophagostomum 421

Onchocerca 423
volvulus 414, 420, 424

Opisthorchis 412

Oryza sativa 397

Ostertagia 412, 421

Papaver somniferum 401
Paraliparus devriesii 340
Passiflora 287
Phaseolus vulgaris 274, 281-6
Phoenix dactylifera 397
Picea abies 297
Pisum sativum 281, 282
Plasmodium 412
berghei 418
chabaudi 415, 418, 419
JSalciparum 418
galinaceum 418
knowlesi 418
Prunus nigra 304
Pseudemys scripta 328
Pseudomonas 125, 309
aeruginosa 94, 129
Pseudopleuronectes americanus 340
Pseudotsuga menziesii 304
Pyrus caucasia 304

Quercus velutina 304
Rhigophila dearborni 340

Rhododendron ferrigeneum 296
Japonicum 304
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Saccharomyces cerevisiae 94, 100, 122,

153

Salmo gaidneri 323, 328
Salvelinus fontinalis 323, 326
Schistosoma 412, 414, 421

bovis 415, 416

Japonicum 416, 417

mansoni 414, 416, 425
Secale cereale 279
Setaria lutescens 401
Simulium 413
Solanum 398

acaule 86, 216

tuberosum 392
Spermophilus richardsonii 357
Spirogyra 258, 259

Staphylococcus aureus 84, 85, 87
Streptomyces hydrogenans 129

Synechococcus 85
lividis 85

Taenia 412
crassiceps 413

Tetrahymena pyriformis 74, 87, 92-5,

122, 124-6, 131, 216

Species index 493

Theileria 412, 417
Theobroma cacao 400
Tilapia grahami 324, 325
nigra 325
Toxoplasma 412
Trichinella 412, 414, 415, 424
annulata 417
Trichomonas 412
Sfoetus 415
Trichonema 421
Trichostrongylus 412, 421
Trichuris 412
Trypanosoma 412, 418

Vaccinium smallii 304
Vibrio cholerae 125

Vicia faba 275

Vigna radiata 278, 286
Wuchereria bancrofti 424
Xenopus 121

Yersinia enterocolitica 84

Zea mays 86
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Abscisic acid (ABA) 282, 283
Acclimation—definition 317, 318
Acclimatization—definition 317, 318
Acclimatization of higher plants 303-
308
avoidance of freezing 303-305
role of photosynthesis 306-308
role of respiration 306-308
Acetylcholine 358
Acetylcholinesterase 323, 324
Adaptation—definition 316-18
Adaptation of enzymes to temperature
increase in concentration 322, 323
new variants 323-7
Antifreeze peptides 340-41
Arabitol 22
Arrhenius law 7, 320, 321
Arrhenius plot 7, 88, 97, 131, 276-9,
284, 366-9

Betaine 308

Biological membranes
asymmetry 76
composition 74
elasticity 156
fatty acid composition 74
fluidity 76
hibernation 365-9

intramembraneous particles 75
lipid composition and temperature

90-95
membrane associated enzymes 97,
276-9, 329

phase separation 216

proteins 76

structure 75

surface tension 156, 160

thermotropic behaviour 83-8, 97

and function 95-9

viscosity see fluidity (above)
Black flashing see Intracellular freezing
Bone cryopreservation 444
Bone marrow cryopreservation 443
Bound water 18-20
Brown adipose tissue 361, 362

Calcium 104, 126, 129, 434, 435
Carnivorean lethargy 354, 356
Cell shrinkage see Cellular dehydration
Cell walls and freezing injury 158-9
Cellular dehydration 152, 154-9, 178,
216, 217
observed by cryomicroscopy 253, 259,
260-62
observed by freeze-fracture electron
microscopy 178. 179, 216-19
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Chilling injury in higher plants 271-88
changes in membrane permeability
274, 275
cold lability of proteins 279, 280
cytoskeleton 284
Lyons—Raison hypothesis 272-6, 280
measurement 287, 288
metabolic inbalance 275, 276
microtubules 284
photo-oxidation 272, 286
respiration 284, 285
stomata 274, 282, 283
thermotropic behaviour as a cause
272-9
water relations 280-84
Chloroplasts 160
Cholesterol 82, 204, 205
Clathrates 11
Cold denaturation of proteins see Pro-
teins, effect of low temperatures
Cold hardening 148
Cold osmotic shock 121, 134
Cold shock
effect of final temperature 123-4
effect on plasmalemma selective per-
meability 123
effect of rate of cooling 121-3
mechanisms 130-34
morphology 127
observed by cryomicroscopy 263
protective additives 126
Cold shock haemolysis
effect of composition of hypertonic
solution 136-7
effect of final temperature attained
138
effect of hypertonicity 135-6
effect of rate of cooling 138
mechanisms 140-41
morphology 139-40
protective compounds 138-9
Cold shortening of meat 484
Compatible solutes 22
Compensation 318-20, 336, 337
Conduction 6
Conduction cryomicroscope stage 239-
41
Contractile proteins 104-105
Convection 6
Convection cryomicroscope stage 239-
41
Cornea cryopreservation 444

Cryofixation 177, 179, 180
Cryomicroscopy 36, 234-63

cell shrinkage 253, 259, 260-62

cold shock 263

conduction stage 239-41

convection stage 239-41

gas bubble formation 258

heat transfer 238-43

intracellular ice formation 253-8

observation of cells duyring cold

shock 263
observation of cells during freezing
163

temperature control 244-8, 251
vitrification 61
Cryopreservation
bone 44
bone marrow 443
cornea 444
embryo 61, 442, 443
erythrocytes 442
Islet of Langerhans 441
ova 442, 443
parasitic organisms 418-24
plant germplasm 389-409 (see also
Plant germplasm preservation)
platelet 442
seed 391, 401, 402
skin 443, 444
spermatozoa 442
vaccines 415-17
Cryoprotectants (see also Glycerol,
Dimethylsulphoxide, Methyl al-
cohol, Polyvinylpyrrolidone, etc)
13, 440
Cryoprotection 168-9
to protect ultrastructure 181-4
to retain cellular viability 168, 169,
392-402, 414-24, 442-4
Cryosurgery see Cryotherapy
Cryotherapy 451-71
cryoanalgesia 469, 470
cryolesion 458, 459
dermatology 462
immunological factors 459-61
neurosurgery 463-5
oral surgery 466
plastic surgery 462
veterinary application 470
Cytoplasmic streaming 104, 127
Cytoskeleton (see also Intermediate
filaments, Microfilaments and
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Microtubules) 97, 98, 102, 190,
214

chilling injury 284

cold shock 141

freezing injury 168

Devitrification 44

Dextran 183

Differential Scanning  Calorimetry
(DSC) 34, 40, 61, 83, 84, 123, 140,
263, 273, 274, 366

Differential Thermal Analysis (DTA)
34, 39-41, 43

Dimethylsulphoxide 13, 31, 41, 47, 49,
51-4, 58-61, 83, 126, 139, 140,
181, 189, 256, 257, 393, 395-400,
402, 410, 420, 443, 444

Electron Spin Resonance (ESR) 89, 273,
366
Embryo cryopreservation 442-3
Emulsion 34, 188
Environmental freezing 296-310
Epiphytic bacteria and nucleation of ice
298
Erythrocytes 75
calcium flux 7
cold shock haemolysis see above
cryopreservation 45, 442
intracellular parasites 418, 419
potassium flux 7
response to hypertonic solutions 158
Estivation 350
Ethanediol 420, 422, 423
Ethyl alcohol 139, 181, 190
Eutectic temperature 27, 33, 150
Expansion induced lysis 165
Extracellular freezing 30-32,
297-9, 453

149-62,

Filipin 204, 205
Fluorescence polarization 366, 367
Food freezing 480-87

blanching 482

fish 485

fruits 480-81

meat 484

vegetables 481-2
Free radicals 441, 442, 454
Freeze-drying 189-90, 394
Freeze-fracture electron microscopy 83,

85-8, 131, 180, 189, 191-214

Subject index 497

Freeze-substitution 189-91
Freezing
alterations in pH 49-51, 54-61, 148,
161
cellular viability 153
effects of dissolved gases 150, 166
electrical effects 162
increase in solute concentration 149-
52
mechanical stress 154, 297-9
Freezing of higher plants
cell wall 297-8
freezing of solutions within the plant
297-9
frost drought 296-7
photosynthesis 299
recovery from injury 308-309
respiration 301-302
Freezing injury
dehydration sites 152,
216, 217
intracellular ice 30-32, 148, 152, 153,
163, 166, 183, 218, 453, 485, 486
Freezing resistance
aquatic animals 339-41
plant distribution 294-5

154-9, 178,

Gas bubble formation—observation by
cryomicroscopy 258, 259

Glass transformation see Vitrification

Glass transition 164

Glycerol 13, 22, 33, 35, 39-45, 47, 49,
51, 83, 126, 139, 159, 169, 180,
182, 256-8, 396, 418, 419, 420,
442, 443

Glycine betaine 22, 169

Heat capacity 5
Heat energy 4-6
Heat transfer 6
cryomicroscope stage 238-43
Helminths 412-14, 420-24
Hepatocytes 436, 437, 441
Heterogeneous ice nucleation 28, 29,
31
Hibernation 349-85
acetylcholine 358
adrenal gland 372
arousal 353, 354
biochemical adaptation (see below
intermediary metabolism, ionic
regulation and membrane aspects)
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Hibernation continued
cardiovascular adaptations 360
energetics 356, 357
intermediary metabolism 351, 362-4
ionic regulation 364, 365
membrane aspects 365-9
neuroendocrine regulation 351, 369-
73
norepinephrine 358, 359, 361
pancreas activity 371
physiological adaptations 357-60
respiratory adaptations 360
serotonin 358, 359
thermotropic behaviour 366-9
thyroid activity 371
torpor 371, 372
Hibernation induction trigger 373
High pressure freezing 185, 188
Homeoviscous adaptation 91
Homogeneous ice nucleation 28, 29, 31
Hookworm 411, 412, 421
Hydrogen bonding 11-13, 16, 17
Hydrophobic interactions 15, 17, 159
Hydroxyethyl starch (HES) 41, 183, 420
5-Hydroxytryptamine see Serotonin
Hypothermic storage of organs 433,
436, 438

Ice crystal growth 29-32, 182
Indirect chilling injury 120
Intermediate filaments 102, 104
Intracellular freezing 30-32, 148, 152,
153, 163, 166, 183, 218, 453, 485,
486
observed by cryomicroscopy 253-8
observed by freeze-fracture electron
microscopy 178, 180, 181, 183,
184, 216-19
Intracellular pH and temperature 327-
30, 332
Ischaemia 432, 433, 435, 436, 438, 453,
454
Islet of Langerhans 436, 441

Jet freezing 185, 187

Kidney storage 433-9
ionic fluxes 433-7

Latent heat 5, 188

Leishmaniasis 417

Lipid thermotropism see Thermotropic
behaviour

Liposomes, as a model system to study
freezing injury 262, 263

Liver 435

Lungworms 415

Lyons-Raison hypothesis of chilling
injury 272-6, 280

Malaria 410, 411, 414, 415
Mannitol 396
Mechanical effects of ice 154, 297-9
Melting 46, 47
Membrane see Biological membranes
Mesophiles, definition of 73
Metabolism and temperature 331-9
basal metabolism 337-9
metabolic cold adaptation 337-8
oxygen consumption 334-7
protein synthesis 333, 334
temperature compensation 335-7
Methyl alcohol 13, 181, 420, 422
Microfilaments 102, 104
Microtubules 99, 102, 104, 284
Microwave heating 441
Minimum temperature for growth 73
Minimum volume hypothesis 155, 156

Natural freezing resistance see
Acclimatization
Nematodes 410, 412, 421
Non-shivering thermogenesis 353, 361
Norepinephrine  (noradrenaline) 358,
359, 361
Nuclear magnetic resonance (NMR) 18,
19
Nucleation
ice 28-42, 149, 180
intracellular ice 257
lipid bilayers 77, 132-4
plant surfaces 298

Optimal rates of cooling 153
Osmotic stress 148
Ova cryopreservation 442-3

pH, changes during freezing see Freezing

Phase diagrams 23-7, 38-42

Phase transition see Thermotropic
behaviour

Phosphatidylcholine 76, 79, 80

Phosphatidylethanolamine 76, 79, 80

Phosphatidylserine 76

Phosphoenolpyruvate (PEP) carboxy-
lase 279, 280
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Plant germplasm preservation 389-409
anthers 395
callus cultures 397
plant suspension cultures 396
in vitro cultured embryos 400
moss protonemal cultures 396, 397
orthodox seeds 401, 402
pollen 394, 395
protoplasts 393, 394
recalcitrant seeds 402
shoot-tips 397-401
Platelet cryopreservation 442
Plasmalemma
site of chilling injury 274-6
site of freezing injury 156, 158, 159,
163, 165-7
Plunge freezing 185
Pollen 391
Pressure freezing 185, 188
Polyvinylpyrrolidone (PVP) 22, 33, 35,
41, 42, 169, 183, 209, 420
Polywater 11
Proline 22, 169, 308
Propanediol 41, 45
Proteins
cold lability 20, 21, 100, 101, 279-80
solvation 18
effects of concentrated solutions 159
effect of low temperatures 20, 100~
105
synthesis effect of temperature 105-
109, 322-7
Protoplasts 156, 158

Recrystallization of ice 29, 30, 45, 46,
164-6, 188, 189, 193
Red cells see Erythrocytes
Ribosomes
minimal temperature for growth 105
freezing injury 159
Roundworms see Nematodes

Schistosomiasis 410, 411, 413, 415
Seed
banking 391, 401, 402
orthodox 295, 391, 401, 402
recalcitrant 295, 391, 402
Serotonin 358, 359
Shivering thermogenesis 353, 361
Sites of freezing injury
chloroplast 167, 300-301
cytoskeleton 168

Subject index 499

DNA 167-8
mitochondria 301
plasmalemma 156,
165-7
vacuoles 167
Skin cryopreservation 443-4
Slam freezing 185, 187
Smooth muscle 161
Solubility in water 14, 15
Solution effects 153
Specific heat 6
Spermatozoa
cryopreservation 442
Sphingomyelin 76
Spray freezing 185
Sublimation of ice 189
Supercooling see Undercooling
Superoxide dismutase 286

158, 159, 163,

Thawing 164-6
Thermal conductivity 6, 188
Thermal shock see Cold
heamolysis
Thermophiles, definition of 73
Thermotropic behaviour (see also Arrhe-
nius plot)
chilling injury 272-9
cold shock 130-34
effect on membrane protein activity
97
effect of mixtures of phospholipids 81
effect of proteins 82
effect of sterols 81
effect of unsaturation 79
hibernation 366-9
lipid phase separation 158
Torpidity 349-53
Transplantation 433
Trehalose 83, 308
Trimethylglycine see Glycine betaine
Trypanosomiasis 410, 411, 414, 417
Two-factor hypothesis of freezing injury
253

shock

Ultrarapid freezing (see also Spray,
Slam, Jet, Plunge and Pressure
freezing) 180

Undercooling 28, 303-305

Unfreezable water see Bound water

van’t Hoff relationship 20, 320, 321
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Vicinal water 17 Water structure 8-13
Vitrification 35, 42-4, 180, 443 in aqueous solutions 13-16
inice 8-11
Water activity 15 in liquid 11-13
Water stress 21 Workman-Reynolds effect 30, 61, 162
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