Contents

I. Membrane Structure

Plant Membranes
R.H. FALK and C.R. STOCKING (With 25 Figures)

1. Introduction 3
2. Isolation of Membranes 3
2.1 Choice of Tissue C e e e 4
2.2 Identification of Specific Membranes .... e e e e 4
2.2.1 Microscopy . 4

2.2.2 Histochemical Stalnmg 5

2.2.3 Marker Enzymes . . . 5

2.2.4 Antibodies . 8

2.3 Tissue Disruption 8
2.4 Membrane Isolation . 9

3. Membrane Composition . 10
3.1 Membrane Carbohydrates 10
3.2 Membrane Lipids 11
3.3 Membrane Proteins e e e I

4. Specific Membranes . . . . . . . . e e 13
4.1 The Plasmalemma (Plasma Membrane) 13
4.1.1 Morphology . 13

4.1.2 Chemical Composition 14

4.2 The Nuclear Envelope 16
4.2.1 Morphology . . . 16

4.2.2 Chemical Composition 17

4.3 Plastid Membranes . 19
4.3.1 Morphology . . . 19
4.3.1.1 General. 19

4.3.1.2 Proplastids 20

4.3.1.3 Etioplasts . . . 20

4.3.1.4 Amyloplasts . 21

4.3.1.5 Chromoplasts . 21

4.3.1.6 The Higher Plant Chloroplasts 21

4.3.2 Chemical Composition of the Chloroplast Envelope 22

4.4 Mitochondrial Membranes 26
4.4.1 Morphology . . 26

4.4.2 Chemical Composition . 27

4.5 Other Membranes in Plant Cells . . . 29
4.5.1 The Microbody Membrane 29



IL. Intracellular Interactions

1.

Interactions between Nucleus and Cytoplasm

J. BrRacHET (With 7 Figures)

. Old Theories and Present Ideas about the Biochemical Role of the Cell

Nucleus

. Experimental Approaches to the Study of Nucleocytoplasm1c Interactlons

2.1 Work on Intact Cells
2.1.1 Autoradiography . .
2.1.2 Studies on Chromatin and DNA in Intact Cells .
2.2 Work on Anucleate Fragments of Unicellular Organisms, Eggs, and
Cells
2.3 Biochemical Work on Isolated Organelles

. Discussion of Some Recent Experimental Results

3.1 Work on Intact Cells
3.1.1 Autoradiography . .
3.1.2 Role of the Nuclear Membrane in Nucleocytoplasmlc Interactlons
3.1.3 Choice by the Cytoplasm between DNA Replication and Tran-
scription
3.1.4 Effects of the Plasma Membrane on Nuclear Actrvrty .
3.2 Studies on Anucleate Fragments of Unicellular Organisms, Eggs, and
Cells . e
321 Acetabularla A
3.2.1.1 Introduction
3.2.1.2 Productionand sttrxbunon of Morphogenetlc Substances
3.2.1.3 Energy Production, Circadian Rhythms
3.2.1.4 Chloroplastic and Cytoplasmic Protein Synthesrs
3.2.1.5 Nucleic Acid Synthesis . . . ..
3.2.1.6 Cytoplasmic Effects on the Nucleus
3.2.2 Protozoa
3.2.3 Eggs

X Contents
4.5.2 The Endoplasmic Reticulum Membranes 29

4.5.3 The Golgi Apparatus Membranes . 29

4.5.4 The Vacuolar Membrane 31

4.5.5 The Spherosome Membrane . 31

5. Membrane Models . 31
5.1 The Lipid Bilayer Model . 32
5.2 The Unit Membrane Model 32
5.3 Subunit Models . 33
5.4 The Lipid-Globular Protem Mosarc Model 35

6. Membrane Structure and Solute Transport . 37
6.1 Membranes with Hydrophilic Pores 37
6.2 Carriers and Ionophores . 38
6.3 Bridging Proteins Acting as Channels through Membranes 38
References C e e e 40

53
54
54
54
55

56
58
58
58
58
60

62
63

64
64
64
65
66
67
69
70
71
73




Contents

4.

3.2.3.1 Sea Urchin Eggs .
3.2.3.2 Other Eggs
3.2.4 Mammalian Cells .
3.2.4.1 Reticulocytes
3.2.4.2 Cells Enucleated with Cytochdlasm B
Conclusions .

References

2. Plastids and Intracellular Transport

I.
2.

3.

.‘°.°°.\'t°\§-":'>

10.
I1.

12

13.
14.
15.

D.A. WALKER (With 24 Figures)

Introduction . . . . . . . . . L. Lo Lo
The Development of the Experlmental Study of Metabollte Translocatlon
in Chloroplasts . . . . . . . . . . . .. e e e e
Methods . . . . . . . . . .. e e e e e
3.1 Distribution in vivo .
3.1.1 Nonaqueous Techmques
3.1.2 Aqueous Separation .
3.2 Distribution in vitro .
3.2.1 Centrifugal Filtration
3.2.2 Chromatographic Analysis
3.3 Indirect Methods .
3.3.1 Shortening of Inducuon and Reversal of Orthophosphate In—
hibition .
3.3.2 Catalysis by Intact dnd Ruplured Chloroplasts
‘5 3.3 Osmotic Volume Changes . .
3.4 Other Aspects of Work with Functional Chloropldsts .
The Site of Sucrose Synthesis . . . . . . . . . . . . ...
Starch Synthesis . .
The Stimulation of Starch Synthesxs in 1he L1ght by Exogenous Sugars
Starch Prints . . . C e e e e .
The Transport of Metabohtes and Coenzymes e e e e
The Transport of Cycle Intermediates . . . C e e e
9.1 3-Phosphoglycerate and the Triose Phosphates e e e
9.2 Pentose Monophosphates e
9.3 Hexose and Heptose Monophosphates e
9.4 Sugar Bisphosphates . . . s
9.4.1 Ribulose-1,5- blsphosphate (RBP)
9.4.2 Fructose-1,6- b1sphosphate(FBP) and Sedoheptulose l 7 blsphos-
phate (SBP) . Ce e Ce e
Free Sugars . . .
CO,/Bicarbonate
Carboxylic Acids
12.1 Glycollate and Glyoxylate
12.2 Malate and Oxaloacetate . .
Amino Acids
Orthophosphate
[norganic Pyrophosphate

X1

73
74
75
75
76
77
79

85

85
87
87
87
88
88
89
89
89

89
90
92
93
93
95
96
99

. 101
. 102
. 102
. 104
. 105
. 105

105

. 105
. 106
. 106
. 109
. 109
. 109
. 109
.11
. 113



XII Contents
16. ADP and ATP . 116
16.1 Direct Transfer . . . . . . . . . . . . . .. C e e 116
16.2 The Evidence in Favour of Rapld D1rect Transfer . . . . . . .. 117
16.3 The Evidence against Rapid Direct Transfer . . . . . . . . . . 118
17. NADP . . . . . e e e 121
18. Shuttles e e e e 122
18.1 The PGA/DHAP Shuttle e e . 122
18.2 The Malate/Oxaloacetate Shuttle . 123
19. Specific Transport . . . . . . . . . . . ... ... 124
19.1 ATP Transport e e e 124
19.2 Dicarboxylate Transport ..... .. 124
19.3 Phosphate Transport . . . . . . . . . . .. Co . 124
20. The Movement of Metabolites in C4 Photosynthesw e 125
21. The Movement of Protons and Magnesium . . . . . . . . . . . . . 126
22. Concluding Remarks . . . . . . . . . . . . . ... 126
References . . . . . . . . . . .. ..o . 127
3. Metabolite Carriers of Chloroplasts
H.W. HeLDT (With 4 Figures)
1. Specific Transport into the Chloroplast . . . . . . . . 137
2. The Phosphate Translocator . . . . . . . . . . . . . . . . . ... 137
3. The Dicarboxylate Translocator e e e e 141
4. ATP Transport in Chloroplasts . . . . . . . . . . . . 142
References . . . . . . . . . . . .. oL Lo oL 142
4, Compartmentation and Transport in C4 Photosynthesis
M.D. HatcH and C.B. OsmonD (With 7 Figures)
1. Introduction . . . . . . . e e e e e e 144
2. Radiotracer Kinetics and Compartmems e e .. 144
3. Inter- and Intracellular Compartmentation of Reactions . . . . 148
3.1 Methods . . . . . . . . . . . . ... . 148
3.2 Activities of Isolated Mesophyll and Bundle Sheath Cells ...... 149
3.3 C, Pathway Enzymes and Their Intercellular Distribution .. 15t
3.4 Intracellular Location of Enzymes . . e e e . 157
3.5 Detailed Schemes for C, Photosynthesis . . . . . . . . . . . . . 158
4. Intercellular Transport in C, Photosynthesis . . . . . . . . . . . . . 160
4.1 Structural Features of the Mesophyll-Bundle Sheath Cell Interface 161
4.2 Intercellular Transport of Metabolite Solutes . . . . . . . . . . . 161
4.3 Intercellular Transport of CO,+HCO35: the CO, Concentrating
Mechanism . . . . . . . . . . .. . ... .. le4
4.4 Amino Group and Charge Balance durmg Intercel]ular Trdnsport . . 166
5. Intracellular Transport in C, Photosynthesis . . . . . . . . . . . . . 167
5.1 Intracellular Transport in Mesophyll Cells .. 167
5.2 Intracellular Transport in Bundle Sheath Cells . . . . . .. 168
5.3 Organelle Ultrastructure in Relation to Intracellular Transport . 170
6. Metabolite Transport in Relation to Chioroplast Photochemical Activities 170



Contents X111

7. Physiological Function of Compartmentation and Transport in C, Photo-
synthesis . . . . . . . . . . . .. . ... . .o 174
References . . . . . . . . . . . . . . . . ... .01

5. Interactions among Organelles Involved in Photorespiration
C. SCHNARRENBERGER and H. Fock (With 12 Figures)

1. Introduction . . . . . . . . . . . . . . . . . . ... .. ... .185
2. Methodology . . . . e B0
2.1 Measurement of Photoresplranon O -1
2.1.1 Definitions . . . . . . . . . . . . . . .. ... ... .186
2.1.2 CO, Gas Exchange . . . . B £ v
2.1.3 Estimates of Photorespxratlon by Leaf Models e .. . 188
2.1.4 Estimates of Carbon Flux through the Glycolate Pathway ... 190
2.2 Isolation of Leaf Peroxisomes and Other Cell Organelles . . . . . . 191
3. Glycolate Metabolism and Its Intracellular Compartmentation . . . . . 193
3.1 Biosynthesis of Glycolate in Chloroplasts . . . . . . . . . . . . . 193
3.2 The Glycolate Pathway and Peroxisomes . . . .. 197
3.3 The Interconversion of Glycine and Serine in the Mltochondrla ... 200
3.4 Glycerate and Its Relationship to Phosphoglycerate . . . . . . . . 20l
4. Glycolate Metabolism in C,-plants, CAM Plants, and Algae . . . . . . 202
4.1 Glycolate Metabolism in Cy-plants. . . . . . . . . . . . . . . .202
4.2 Glycolate Metabolism in CAM Plants . . . . . . . . . . . . . .203
4.3 Glycolate Metabolism in Algae . . . P O X
4.4 Glycolate Metabolism in Blue-Green Algde Ce 206

5. The Transport of Metabolites between Cell Organelles durmg G]VCOld(C
Metabolism . . . . 206

5.1 Transport of Glycolate Pathway Intermedlates bctween Peroxmomes
Chloroplasts, and Mitochondria . . . . ... 2006
5.2 Sites of CO, Evolution and O, Uptake durmg Photorcsplratlon .. 207
5.3 Insignificance of the Glycolate-Glyoxylate Shuttle . . . . . . . . . 208
5.4 The Malate-Aspartate Shuttle . . . . 209

6. The Magnitude of Photorespiration with Respect to the Glycoldte Pathway
Metabolism and Metabolite Transfer . . . . . . . . . . . . . . . .21
6.1 Gas Exchange . . Ce e 21
6.1.1 Effects of Oxygen and Carbon D10x1de A B |
6.1.2 Effects of Light and Temperature . . . . 213

6.1.3 Effects of External Factors on the Gas Exchange of C4 pldnts 214
6.1.4 The Specific Activity of the '*CO, Evolved in the Light and in

the Dark . . . e e oo 214

6.2 Carbon Flux through the Glycolate Pathway S |
6.2.1 Cs-plantsin Air . . . S )

6.2.2 Cs-plants in a Medium \nth Low Oxygen e e o220

6.2.3 C,-plants in Normal and Low Oxygen. . . . . . . . . . . . 220

6.2.4 Carbon Fluxes and Enzyme Activities . . . . . . . . . . . . 220

6.3 The Function of Light Respiration . . . . . . . . . . . . . . .222

7. Concluding Remarks . . . . . . . . . . . . . ... .. ... ..0223

References . . . . . . . . . . . . . . . . . . .. ... ...223



X1V

6.

10.
11.
12.
13.

bl A ol e

Transport of Metabolites between Cytoplasm and the Mitochondrial
Matrix

H.W. HELDT (With 7 Figures)

Introduction .

Structure of Mltochondrla .

Functional Organization of Mltochondrlal Metabohsm
Transport of Adenine Nucleotides

Transport of Inorganic Phosphate

Transport of the Intermediates of the Trlcarboxyllc Ac1d Cycle
Transport of Glutamate and Aspartate

Transport of Pyruvate

Uptake of Fatty Acids
Oxidation of Extramltochondrlal NADH by MltOChOIldI'la

On a Possible Role of Mitochondrial Transport in Lipogenesis
Conclusion

References

7.

1.
2.

3.

Interactions between Cytoplasm and Vacuole
PH. MATILE and A. WIEMKEN (With 7 Figures)

Introduction
Vacuoles as Rep051t0r1es of Substances
2 l The Internal Environment of the Cytoplasm

Transport of Phosphate and of Carboxylates in Plant Mltochondrla

Contents

. 235
. 235
.. 236
. 238
. 242
.. 242
. 245
. . 246
. 246
. 246
. . 248
. 250
. 250
. 250

. 255
. 257
. 257

2 Methods Used for Evaluating Vacuolar Compartmentatlon of Sub-

stances . . .

2.2.1 Isolation of Vdcuoles . .

2.2.2 Stepwise Extraction of Cells . )
2.2.3 Indirect Evidence from Isotope Kinetics .

2.2.4 Electron Microscopy, Autoradiography, Electron Mlcroprobe 259

2.2.5 Direct Microscopic Observations .
2.3 Substances Present in Vacuoles
2.3.1 Metabolic Intermediates .
2.3.2 Reserve Substances .
2.3.3 Secondary Product of Metabohsm
2.3.4 Inorganic Substances
2.4 Mechanisms of Transport in Vacuoles
2.4.1 Transport of lons .
2.4.2 Accumulation of Products of Secondary Metabohsm
Vacuoles as Digestive Compartments
3.1 Hydrolases Localized in Vacuoles
3.1.1 Remarks on Methods Employed
3.1.2 Vacuoles as Lysosomes
3.2 Autophagy
3.2.1 Turnover
3.2.2 Mechanisms of Autophazy
3.2.3 Heterophagy .
3.2.4 Autolysis . ..
3.2.5 Digestive Processes in Plant Development .

. 257
. 258
. 258

258

.. 259
. 260
. 260
.. 206l
. 261
. 263
. 264
. 264
.. 266
. 268
. 268
. 268
. 269
. 272
. 272
. 273
. 2717
.. 278
. 279



Contents

4.
References

8.

6.

7

References

. Introduction .
. Cell Surfaces and Expansmn Growth .
. Role of the Soluble Cytoplasm (Cytosol) . .

. Role of the Cell Surface

Concluding Remarks

Interactions among Cytoplasm, Endomembranes. and the Cell Surface
D.J. MorrE and H.H. MOLLENHAUER (With 15 Figures)

3.1 Biosynthetic Role of the Cytosol
3.2 Guide Elements of the Cytosol .o
3.3 Milieu for Biosynthesis and Transformation (Zones of Exclusron)

. Role of Internal Membranes

4.1 Role in the Biosynthesis, Assembly Transformatlon and Transport
of Membranes .
4.1.1 The Endomembrane System .
4.1.2 Membrane Differentiation . .
4.1.3 Membrane Flow .

4.2 Role in the Biosynthesis, Assembly, Transformdtlon and Transport
of Products for Secretion to the Cell's Exterior
4.2.1 Cell Walls . -

4.2.2 Slimes and Mucilages .

4.2.3 Essential Oils

4.2.4 Encrusting Materials .

4.2.5 Dilute Secretions Containing prlds Sugars Mumldges and Salts
4.2.6 Digestive Enzymes Ce Coe

4.2.7 Water Expulsion .

4.3 Role in the Biosynthesis, Assembly Trdnsformduon and Trdnsport
of Products among Internal Compartments
4.3.1 Vacuoles .

4.3.2 Vacuole Membranes
4.3.3 Vacuole Contents . .

5.1 Role of the Plasma Membrane in Cell Wall Formatlon .
5.2 Plasmodesmata

5.3 Role of Cell Walls in Cell Wal] Formatron
Specializations in the Formation of Plant Cell Surfaces
Summary

IIL. Intracellular Transport in Relation to Energy Conservation

1.

—

. Introduction
. Mechanisms of H” Uptake in Chloropldsts

Ion Transport and Energy Conservation in Chloroplasts
R.E. McCartY (With 5 Figures)

2.1 H* Uptake in the Absence of Permeating Electron Donors or Acceptors
2.2 H™ Uptake in the Presence of Permeating Electron Donors or Acceptors

XV

. 280
. 281

. 288
. 288
. 289
. 290
. 291
. 292

. 295

. 295
.. 297
. 303

304

. 306
. 307
.. 314
. 314

315
315

. 35

316

. 316
.. 317
. 317
.. 319
. 319
.. 319
L322
. 322
..323
..325
. 326

. 347

. 348
349
354



XVI Contents

w

Counter Ton Fluxes
4. The Magnitude of the Electrochem1cal Gradlent

4.1 The H* Concentration Gradient

4.2 The Membrane Potential . . .
5. Relation of H* Movements to Phosphorylat1on . .
6. Relation of the Rate of Electron Flow to H* Movements
7. Conclusion .
References

2. Ton Transport in Plant Mitochondria
R.H. WiLsoN and R.J. GraEesser (With 2 Figures)

—

. Introduction .

2. Monovalent Salt Transport . .
2.1 Monovalent Cation and Anion Transport in Plant Mltochondna
2.2 Chemiosmotic Theory of Ion Transport
2.3 Mechanism of Salt Flux
2.4 Monovalent Cation Transport with Ionophorous Ant1b10t1cs
2.5 Substrate Transport into Mitochondria .

3. Divalent Cation Transport . .

3.1 Divalent Cation Transport in Plant Mltochondna

3.2 Theories of Ca** Transport in Animal Mitochondria

3.3 Regulation of Ca?* Flux .

3.4 Role for Mitochondria in the Transport and Regulanon of Ca

References

3. Energy Transfer between Cell Compartments
H. STROTMANN and S. Murakami (With 3 Figures)

1. Introduction .
2. Exchange of Energy between Mltochondrla and Cytoplasm .
3. Exchange of Energy between Chloroplasts and Cytoplasm
3.1 Evidence for Energy Exchange between Chloroplasts and Cytoplasm
3.1.1 Active Uptake of Sugars and lons
3.1.2 Transient Changes of Intracellular Adenme Nucleotlde Levels
3.2 Direct Translocation of Adenine Nucleotides across the Chloroplast
Envelope via Adenine Nucleotide Translocator
3.3 Indirect Transport of Energy across the Chloroplast Envelope via Shut-
tle Systems S ..
4. Conclusion .
References

IV. Theory of Membrane Transport

Mass Transport across Membranes
D. WoerMANN (With 5 Figures)

1. Nonequilibrium Thermodynamics of Membrane Transport .
1.1 Introduction

.. 357
.. 358
. 358
.. 364
.. 365
. 368
. 370
. 370

. .37
. . 378
.. 378
. 379
. 380
. 381
.. 383
. . 384
. 384
.. 387
. 389

391

. 394

.. 398
. 400

401
401
. 401
402

. 403

. 405
. 411
. 412

. . 419
. 419



Contents XV

1.2 Transport of Nonelectrolytes .
1.2.1 Description of the Membrane System .
1.2.2 Entropy Balance .
1.2.3 Energy Balance .
1.2.4 Mass Balance e
1.2.5 Entropy Production. . . . . . .
1.2.6 Linear Laws . . .
1.2.7 Linear Laws for Dllute Solutlons . .
1.2.8 Influence of Nonpermeable Components .
1.3 Transport of Nonelectrolytes with Chemical Reaction
1.3.1 Description of the Membrane System .
1.3.2 Mass Balance
1.3.3 Entropy Production .
1.3.4 Linear Laws .
1.3.5 Active Transport .
1.4 Transport of Electrolytes . .
1.4.1 Description of the Membrane System .
1.4.2 Entropy Balance . . .
1.4.3 Energy Balance . .
1.4.4 Mass Balance
1.4.5 Entropy Production .
1.4.6 Generalization . . . .
1.4.7 Linear Laws for D1lute Solutlons Specml Cdse .
1.5 Summary .
2. Transport Processes across Membranes wnh Narrow Pores .
2 l Introduction S
2 Transport Equations . . .
2 3 Equilibrium at the Phase Boundary Membrane/Soluuon
2.4 Integration of the Transport Equations . .
2.4.1 Bulk Phases of Equal Composition .
2.4.1.1 Electroosmotic Volume Flow
2.4.1.2 Electric Conductivity .
2.4.1.3 Electric Transference .
2.4.1.4 Streaming Potential .
2.4.2 Bulk Phases of Different Composmon
2.4.2.1 Approximate Integration of the Trdnsport Equatlons
(Constant Field Assumption) .
2.4.2.2 Unidirectional Flows and Flow Rauo
2.4.2.3 Membrane Potential .
2.4.2.4 Osmotic Properties .
2.5 Summary
List of Symbols . .
References

Author Index

Subject Index

. 419
. 419
. 420
. 421
.. 422
. 422
. 423
. 425
. 428
. 429
. 429
.. 429
. 430
. 430
. 431
. 432
. 432
. 433
. 433
. 434
. 434
. 436
.. 437
. 440
. 440
. 440
. 442
. 444
. 446
. 447
. 448
. 449
.. 449
. 450

. 450

.. 450
. 453
. 455
.. 456
. 459
. 459
. 462

. 507



