Contents

1.1
111
1.1.1.1
1.1.1.2
1.1.1.3
11.2
1.1.21
1.1.2.2

1.2
1.21
1.2.2

1.3
131
1.3.2

1.4

1.4.1
1.4.2
143
144
145
1.4.6

2

21
2141
21141
2112
2113
2114
2115

Bibliografische Informationen
http://d-nb.info/870577921

An Introduction to Electron Microscopy (EM) . . . . . .. ... ..

1
Imaging Methods in Electron Microscopy . . .. ... ... ... 1
Conventional Transmission Electron Microscopy (TEM) . . . . . 1
Bright Field Electron Microscopy . . . . . .. .. ... ... ... 1
Low Dose Transmission Electron Microscopy . . . . . ... ... 2
Dark Field Electron Microscopy . . . . .. ... ... .. .... 3
Conventional Scanning Electron Microscopy (SEM) . . . .. .. 5
Imaging with Secondary and Back-Scattered Electrons . . . . . . 5

8
0
0

Scanning Electron Microscopy at Low Accelerating Voltages . . .
Preparation Proceduresin TEM . . . . . .. ... ......... 1
OVEIVIEW . . . . o ot et e e e e e e e 1
Structural Preservation During Fixation, Dehydration and

Embedding of Biological Objects . . . ... .. .. ........ 12
Imaging Problems . . . . ... ... ... .. ... . ..., 13
Onthe Interpretationof TEMImages . . . . . .. ... ... ... 13
On the Interpretationof SEM Images . . . . .. ... .. .. ... 15
SupportFilms . . . . ... .. ... ... oo 16
Grids for TEM and Their Pretreatment . . . ... ... ... ... 16
FormvarFilms . .. ... .. ... .. ... . .. . .. ... ... 16
CollodionFilms . . ... .. ... .. ... ... . . ... 17
Hydrophilisationof Films . . . . . . ................ 18
Support FilmswithHoles . . . . ... ... ............ 18
CarbonFilms . . . . ... .. .. .. . ... . 19
MethodsforTEM . . . . . . . ... ... ... . ... .. 23
Fixation, Dehydrationand Embedding . . . . .. ... ... ... 23
Chemical Fixations . . . . ... ... ... ............ 23
GeneralComments . . . . .. ... ... ... ... ... 23
Fixatives: Properties and Preparation . . . . ... ... ... ... 24
Composition of Fixation Solutions . . . . . ... ... ... ... 27
The Fixationof AnimalCells . . . ... .............. 31
The Fixation of Plants and Microorganisms . . . .. ... .. .. 38

HE
digitalisiert durch | L
E'Eﬂg’%‘iu


http://d-nb.info/870577921

X1v

2.1.1.6
21.1.7
21.2

213

21341
2132
2133
2134
2.13.5
21.3.6

22
2241
22141
2212

222

2.2.21
2222
2223
2224
2225
2226
223

224

2.2.41
2242
2243
2244
2245
225

2251
225.2
2253
226

2.2.6.1
2262
2263

2264
2.2.6.5

23
231
2311
2342

Contents
The Fixation of Isolated Organelles . . . . . . ... ... ..... 41
Fixing for Immunocytochemistry . . . . ... ... ... .. ... 42
Dehydration . ... ... ... ... 43
Embedding .. ... ... .. . . . . i .43
Embedding Media: General Usage and Precautions . . . . . . .. 44
Conventional Embedding . . . . ... ... ............ 44
Water-Soluble EmbeddingMedia . . . . ... ... ........ 46
Embedding for Immunocytochemistry . . .. ... ........ 47
Embedding Moulds and Specimen Orientation . . . ... .. .. 51
Embedding of Monolayer Cell Cultures . . . ... ........ 52
Ultramicrotomy . . . . . . . . v o v v et e e e e e 53
Trimmingof Blocks . . . . ... ... ... ... .. ........ 53
General . ... ... .. 53
Controlled Trimming: Production and Staining of Semi-Thin
Sections . ... .... T 53
PreparingGlassKnives . . . . ... ... ... ... ....... 55
Preparation ofthe GlassStrips . . . . .. ... ... ........ 55
Breaking GlassSquares . . . . .. ... ... ... 57
MakingKnives . . . ... ... ... .. ... . . .. 57
Judging the Qualityof aGlass Knife ... ............. 58
AttachingTroughs . . . . . .. ... ... .. ... .. ...... 58
StoringGlassKnives . . . . ... .. .. ... ... ... ... 59
Diamond Knivesand TheirCare . . ... ............. 60
Conventional Sectioning . . . . . . . .. . .. 61
Trough Liquids ... . . .. ... ... ... .. ... . ... 61
Using an Ultramicrotome ... . . . . .. ... ... ........ 61
SectionThickness . . . . . ... ... .. ... . ... .. 62
PickingUpSections . . . ... ... ... .. ... . ... 62
Sectioning Problems . . . . ... .. .. ... ... ... 64
Cryo-ultramicrotomy . . . . . . . . . . ..ot 66
FreezingtheSample . ... ... ... .. ... .......... 66
Sectioning the FrozenSample . . .. .. ... .. ......... 66
Pickingup Frozen Sections . . . .. .. .... .. ... ..... 67
Staining Sections . . . . . . .. . e 67
Staining Solutions . . . ... ... ... . o e 67
Procedure for Double Staining Sections . . . . . . ... ... .. 70
Staining Sections of Material Embedded for
Immunocytochemical Purposes . . . . . ... ... .. ...... gl
Staining Cryosections . . . . . . . . ... oot i e 72
Block Staining . . . . ... .. Lo 74
MacromolecularEM . . . . ... ... ... ... 0oL, 75
Isolated Proteins and Protein Aggregates . . . . . . ... .. ... 75
Preparationof Specimens . . . . ... .. ... . ... .. ... 75

Negative Staining Techniques . . . . .. .............. 76



Contents

2313
2314
23.15
232

2321
2322
23.23

2324
2325
233

23.31
2332

24
241
24141
241.2
242
2424
2422
243
2431

25
251
25141
2512
252
25.21
2522
253
254

2.5.5

2.5.51
2.5.5.2
2.5.53
2554
2.5.5.5
2.5.6

2.5.6.1
256.2
25.63

26
2.6.1

High Resolution Metal Shadowing . . . .. ... ... .. .. ..
Preparation and Imaging of Two-Dimensional Protein Crystals .
Making a “Tilt Series” . . .. .. ... ... ... ... ......
Isolated NucleicAcids . . . . ... ... ... ...........
ProblemsandAims . . . . . ... ... .. ... . ..
Specimen Preparation . . .. . ... ...... ... . ... ...
Spreading and Diffusion Techniques Which Employ

Cytochromec . . . . .. ... ... .. .
“BAC” Technique . . ... ... .. ...
Partial Denaturating, Heteroduplex and R-Loop Techniques . . .
Nucleic Acid-Protein Complexes . . . .. ... ... ... ....
Specimen Preparation . . . ... ... ... ... .. ... . ...
Production and Staining of NA-Protein Complexes . . . . . . ..

Immunoelectron Microscopy IEM) . . ... ... ... .. ....
Principle Requirements . . . . .. ... ... ... ........
Antigens . . . .. Lo
Antibodies . .. ... ... ...
Labelling of Antigens in Cells and Cell Fractions . .. ... ...
Ferritin-Labelled Antibodies . . . . . . ... ... ... .. ....
Immunolabelling with Protein A-Gold . . . . . . ... .. ....
Localization of Protein Subunits with Specific IgG Antibodies . .
Preparation and Visualization of the Protein-Antibody Complex .

Autoradiography . . . . . . ... o oo
General Background . . . . ... ... ... ... . oL,
Physical Basis . . . . . . . . . . v i i
ChemicalBasis . . . ... ... .. ...
Choice and Dosis of Radioactive Compounds . . . .. ... ...
Choosing a Radioactive Precursor . . . . . ... ... .......
Dosage . .. .. . .. e e
Working with Isotopes-Radiation Protection . . . . ... ... ..
Preparation of Radio-Labelled Cells/Tissues for Electron

MICIOSCOPY « « « v v o o e et e e e e e
Photographic Emulsions and Autoradiography . . .. ... ...
Apparatus Required . . . . . ... ... ... L 0o
Choice of Emulsion; Consequences for Resolution . . ... ...
Preparationof Sections . . . . . .. ... ... ... ...
LM Autoradiography . . . . ... .. ... oL
Emulsion, Coating Techniques . . . . ... ... ... ......
Exposing, Developingand Fixing . . . .. ... ... ... ....
Exposing . . ... ... ... ...
DevelopingandFixing . . . . . ... ... ... ... .......
Future Developments in Autoradiography . . . . ... ... ...

Freeze (Fracturing) Etching . . . . . ... .. ... ........
Introduction . . . . . . . . .. ... e



XVI

26.2
2.6.2.1
2622
2.6.2.3
2624
26.2.5
263
2631
2632
2.6.3.3
264
2641
2642
2.6.5
2.6.5.1
26.5.2
26.5.3
2.6.6
267
2.6.8

3

31
3141
31.2
3.1.21
313
3131
3132
314
315
31.51
3152
3.1.6
317
3.1.74
31.7.2

32
33
34

3.5

Contents
Freezing . .. . . . . . . ... e 125
Theoretical Background . . .. ... ... .. ........... 125
Cyroprotectants . . . . . . . . v v v v v e e e e 126
SUpPports . . . . . . . e e e 127
Cryogens and FreezingMethods . . . . ... ........... 128
Storage of FrozenSpecimens . . . . . ... ... ... ... ... 130
Fracturing . . . . . . . . . . . . . e 130
Transfer of the Object into the Vacuum Recipient . . . ... . .. 130
The Fracturing Process . . . . . ... ... ... ... ...... 132
Fracture Planes in Biological Material . . ... .......... 133
Etching . . . . . . . .. . . . e e e 135
The Purposeof Etching . . . ... ... .............. 135
Theoryand Practice . ... ..................... 135
Shadowing and Replica Formation . . .. .. ........... 137
Resistance-Heating Evaporation . . ... .. ... ... ..... 138
Electron Beam Evaporation . . . . ... ... ........... 139
Measurement of Replica Thickness . . . . . ... .. ... ... .. 139
CleaningtheReplica . . . . .. ... ... .. ..... . ..... 140
Artifactsin Freeze Etching . . . . . ... ... .. ... ...... 140
Using a Freeze-Etch Machine: a Practical Description . . . . . . 141
MethodsforSEM . . . . . ... ... ... ... . . ... .. ... 145
Conventional Methods of Preparation . . . ... ......... 146
Introduction . . . .. e e 146
Specimen Size ; Handling Specimens and Exposing Surfaces . . . 148
CleaningSurfaces . . . . . . . . . . it 148
Stabilization . . . . . . ... ... ... 151
Chemical Fixations . . . . ... ... ... .. ........... 151
Cryofixation . .. ... ... ... . . . .. 154
Dehydration . . ... ... ... ... ... .. ... . .. 154
Drying . . . . . . . e 155
Critical Point Drying . . . . .. ... .. .. ... ... ... 155
FreezeDrying . . . . . . . . .. . . e 159
Mounting Specimens . . . . . . ... ..o 160
Increasing Conductivity . . ... ... ... .. ... ....... 162
Sputtering . . . . . . ... e 163
Evaporating . . . .. .. ... ... ... ... 164
Storage of SPECimens . . . . . . . ..o 164
Demonstration of Surfaces via Replicasand Casts . . . . ... .. 164

Visualization of Internal Surfaces Through Sectioning and
Dry-Fracturing (Dry-Cleaving) . . . .. ... ........... 166

Element Analysis . . . . . . .. ... ..., 167



Contents XVII

4 Evaluation of Micrographs . . . . . ... ... ... ........ 173
41 Morphometry . . . . . e e e e e e e e e e e e 173
411 ProblemsandSolutions .. ... .................. 173
412 Measurement: Some GeneralPoints . . .. ... ......... 173
4.1.3 Stereology: General Principles. . . ... .............. 174
414 Collection and Evaluation of Data; Statistical Treatments . . . . . 174
4.2 Averaging and Image Reconstruction . . . . . ... ... .. ... 176
421 General . ... .. ... e e e 176
422 Markham Rotation . . ... ...... e 176
4.2.3 Principles of Light Optical Diffraction . ... ... ... ..... 177
42.4 Principles of Computer-Assisted Image Reconstruction . . . . . . 179
Appendix: Buffers in Electron Microscopy . . . . ... ... ... ..... 181

SubjectIndex . . ... ... ... . ... .. e 183



