
Contents 

1. 	 BIOGENESIS 

Chapter I 


A Cytological Model of Cellulose Biogenesis in the Alga Oocystis 

apiculata 

DAVID MONTEZINOS 

1. 	 Introduction ................................................... . 3 

2. 	 Microfibril Assembly .... .. ........ .. ........................... . 4 

3. 	 Microfibril Orientation ......................................... . 13 

4. 	 Discussion ..................................................... 16 

5. 	 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 


Chapter 2 


Organized Microfibril Assembly in Higher Plant Cells 

BRIGITTE VIAN 

l. 	IntroducLÍon.................................................... 23 

2. 	Evolution of Ideas about the Organization of Ce)) Wa))s . . . . . . . . . . . .. 24 

3. 	 Positioning and Ordering of Wa)) SubunÍls . . . . . . . . . . . . . . . . . . . . . . . . 32 

4. 	 Conduding Remarks . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 


Chapter 3 


Cell-Wall Formation in Fucus Zygotes: A Model System to Study 

the Assembly and Localization of Wall Polymers 

RALPH S. QUATRANO 

1. 	 Introduction.................................................... 45 

2. 	 Experimental System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46 

3. 	 Experimental Framework and Questions . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 


References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 


Xl 



Xll 	 Contents 

Chapter 4 


Cell-Wall Regeneration by Protoplasts Isolated from Higher 

Plants 

J. 	H. M. WILLISON and A. S. KLEIN 

l. 	Introduction.................................................... 61 

2. 	 Studies of the Regenerated WalI: Perspective ....................... 63 

3. 	 CelIulose Microfibrils. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

4. 	 Cell- WalI Constituents Other Than CelIulose ...................... 78 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 


Chapter 5 


Cellulose-Microfibril Assembly and Orientation in Higher Plant 

Cells with Particular Reference to Seedlings of Zea mays 

SUSETTE C. MUELLER 

1. 	 Introduction.................................................... 87 

2. 	 Factors That Affect the Visualization of Terminal Complexes ........ 90 

3. 	 Oriented Microfibril Deposition .................................. 91 

4. 	 Unidirectional Microfibril Deposition . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 91 

5. 	 Experimental Procedures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

6. 	 Influence of Cytoplasmic Structures on Microfibril Deposition ....... 97 

7. 	 Concl usions ................. ~ ................................ , 102 


References .................................................... " 102 


Chapter 6 


Microfibril-Tip Growth and the Development of Pauern in Cell 

Walls 

J. H. M. WILLISON 

l. 	Introduction.............................. . ..................... 105 

2. 	 Glaucocystis nosíochinearum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 106 

3. 	 Cotton Fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 116 

4. 	 Conclusions ... " ........................ , ...................... 123 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. 123 


Chapter 7 


The Role of the Golgi Apparatus in the Biosynthesis of Natural 

Polymer Systems with Particular Reference to Cellulose 

DWIGHT K. ROMANOVICZ 

l. 	Introduction.................................................... 127 

2. 	 Pleurochrysis: A Model System for Golgi-Derived CelIulose .......... 129 

3. 	 Relationship of Pleurochrysis to Other Systems . . . . . . . . . . . . . . . . . . . .. 140 

4. 	 Concluding Remarks ............................................ 143 


References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 143 




ConlenlS 	 XlII 

Chapter 8 


Interaction of Cell-Wall Formation and Cell Division in Higher 

Plant CelIs 

YVES MEYER and WERNEk HERTH 

1. 	 Introduction.................................................... 149 

2. 	 Experimental Data with Tobacco MesophyIl Protoplasts. . . . . . . . . . . .. 151 

3. 	 Discussion ..................................................... 159 

4. 	 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 162 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 163 


Chapter 9 


Callose-Deposit Formation in Radish Root Hairs 

KAY M. COOPER 

1. 	 Introduction.................................................... 167 

2. 	 UDP-Glucose-Incubated Root Hairs ............................... 169 

3. 	 Discussion ..................................................... 177 

4. 	 Summary .......................... . ........................... 181 


References ...................................................... 182 


Chapter 10 


Chitin-Fibril Formation in AIgae 

WERNER HERTH and EBERHARD SCHNEPF 

1. 	 Introduction. . .................................................. 185 

2. 	 ~-Chitin-Fibril Formation of the Centric Diatoms Cyclotella and 


Thalassiosira .................................................. 186 

3. 	 Lorica Microfibrils of Poterioochromonas . . . . . . . . . . . . . . . . . . . . . . . . .. 194 

4. 	 Conclusions ......... . .......................................... 204 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 205 


Chapter 11 


Synthesis of Chitin Microfibrils in Vitro 

JosÉ RUIZ-HERRERA 


l . 	Introduction................................................... 207 

2. 	 General Properties of Chitin Synthetase. . . . . . . . . . . . . . . . . . . . . . . . . .. 208 

3. 	 EHect of Nucleosides and Nucleotides ............................ 209 

4. 	 Polyoxins .................. . .................................. 210 

5. 	 Activation and Inactivation of Chitin Synthetase ................... 210 

6. 	 Autogenous Inhibitors of Chitin Synthetase . . . . . . . . . . . . . . . . . . . . . .. 211 

7. 	 Biosynthesis of Chitin Microfibrils ............................... 212 

8. 	 Chitosomes and Chitin Biosynthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 213 

9. 	Dissociated Forms of Chitin Synthetase ........................... 217 




XIV 	 Contents 

10. 	 On the Mechanism of Chitin-Chain Formation .................... 218 

11. 	 Perspectives and Future Developments ............................ 219 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 220 


Chapter 12 


Cellulose Synthesis in Detached Cotton Fibers 

NICHOLAS C. CARPITA 

l. 	Introduction.................................................... 225 

2. 	 Criteria for Cell-Free Synthesis of Cellulose ........................ 227 

3. 	 Why Is Cellulose Synthesis Lost on Homogenization of Plant 


Tissues? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 227 

4. 	 Protection of Cellulose Synthesis in Detached Cotton Fibers .......... 228 

5. 	 Role of Polyethylene Clycol in the Protection of Cellulose 


Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 233 

6. 	 Does CelIutose Synthesis Require a Membrane Potential? ............ 236 

7. 	 Where Do We Co from Here? ..................................... 238 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 238 


Chapter 13 


The Control of Molecular Weight and Molecular- Weight 

Distribution in the Biogenesis of Cellulose 

MARIANNE MARX-FIGINI 

1. 	 Introduction to the Concepts of Molecular Weight and Molecular­

Weight Distribution and Their Relationships to the Polymerization 

Mechanism ..................................................... 243 


2. 	 Molecular Weight and Molecular- Weight Distribution in the 

Biogenesis of Cellulose .......................................... 252 


3. 	 Discussion ..................................................... 265 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 268 


Chapter 14 

Biogenesis of Cellulose 1 Microfibrils Occurs by Cell-Directed 

Self-Assembly in Acetobacter xylinum 

CANDACE H. HA1GLER and MOSHE BENZIMAN 

l. 	Introduction.................................................... 273 

2. 	 Acetobacter xylinum as a Model System for Cellulose Biogenesis. . . . .. 275 

3. 	 EHect of CalcoHuor White ST on Cellulose Biogenesis ............... 275 

4. 	 EHect of CarboxymethylcelIulose on CeHulose Biogenesis ............ 285 

5. Cellulose Microfibrils Are Synthesized by Cell-Directed 


Self-Assembly in Acetobacter xylinum ............................. 287 

6. 	 Does Cell-Directed Crystallization Occur in Other Orgar...sms? ....... 293 

7. 	 Theoretical Implications of Cell-Directed Self-Assembly ............. 294 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 295 




Contents 	 xv 


Chapter 15 

A 	Study of the Polymerization Kinetics of Bacterial Cellulose 
through Gel-Permeation Chromatography 
CERARD J. F. RING 

l. 	Introduction.................................................... 299 

2. 	 Bacterial-Cellulose Production .................................... 301 

3. 	 Theoretical and Experimental Objeclives .......................... 304 

4. 	 Poisson Polymerizalion Funclion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 305 

5. 	 Experimental Procedures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 308 

6. 	 Resulls and Discussion .......................................... 311 

7. 	 Conclusions .................................................... 322 

8. 	 Nomenclature .................................................. 322 


References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 324 


Chapter 16 


Does ~-Glucan Synthesis Need a Primer? 

CORDON A. MACLACHLAN 

1. 	 Introduclion.................................................... 327 

2. 	 ResuIts ....... . ................................................. 328 

3. 	 Discussion and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 335 


References ....................................................... , 337 


Chapter 17 

Intermediates of Cellulose Synthesis in A cetobacter 

YEHOSHUA ALONI and MOSHE BENZIMAN 

l. 	Introduction............................................... . .... 341 

2. 	 Swdies wilh Whole Cells. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 342 

3. 	 Studies wilh Cell-Free Preparalions ............................... 349 

4. 	 Inhibilors of Cellulose Synthesis .................................. 354 

5. 	 General Assessment ............................................. 356 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 359 


Chapter 18 

Protein Glycosylation in Higher Plants: Recent Developments 
H. 	MAELOR DAVIES and DEBORAH P. DELMER 

l. 	Introduclion.................................................... 363 

2. 	 In Vitro Glycosylation Systems from Higher Plants ................. 364 

3. 	 The Evidence for Core Glycosylation in Vitro ..................... 366 

4. 	 Glycosylation by Pathways Other Than Oligosaccharide Transfer 


from Lipid-Oligosaccharide ..................................... 373 

5. 	 Glycoprotein Products of the in Vitro Systems . . . . . . . . . . . . . . . . . . . . .. 373 

6. 	 Subcellular Localizalion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 374 




XVI 	 Contents Contents 

7. 	 Other Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 376 2. ,81,3-Gluca 
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 377 3. ,81,4-G 1 uca 

4. 
II. STRUCTURE 

Chapter 19 
Chapter 23

The Structure of Cellulose Microfibrils in Valonia 
Visualization 

HIROSHI HARADA and TOSHIYUKI GOTO 

l. 	Introduction .................................................... 383 l. Introduction. 

2. 	 Dimensions of Cellulose Microfibrils .............................. 383 2. High-Resolu 

3. 	 Cross-Sectional View of Cellulose Microfibrils ...................... 385 3. CeIlulose 

4. 	Internal Structure of Cellulose Microfibrils ......................... 394 4. CeIlulose 


References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 399 

5. 

Chapter 20 References .... 

The Macromolecular Organization of Cellulose and Chitin 
JOHN BLACKWELL Index ....... . 

l. 	Introduction.................................................... 403 

2. 	 X-Ray Diffraction of Fibrous Polymers ............................ 405 

3. 	 Polymorphic Structures of CeIlulose ............................... 408 

4. 	 X-Ray Studies of the Structures of CeIlulose ........................ 408 

5. 	 Chitin ......................................................... 417 


References ...................................................... 427 


Chapter 21 
Comparisons between Synthetic and Natural Microfiber Systems 
L. 	H. SAWYER and W. GEORGE 

1. 	 Introduction: Fibers, Fibrils, and the Ultimate Fibril ........... . .... 429 

2. 	 Synthetic Fiber-Forming Technologies: Common Characteristics ..... 431 

3. 	 Specific Fiber-Forming Processes ................................. , 435 

4. 	 Direct Fibril-Forming Processes ................................... 439 

5. 	 Fibrils in Natural Fibers-Comparison and Integration with 


Synthetic Systems .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 442 

6. 	 Fibril Formation: Anisotropic Fluids and Solidification ............. 447 

7. 	 Discussion: Nonequilibrium Thermodynamics .................... 451 


References ...................................................... 453 


III. DEGRADATION 

Chapter 22 

,B-Glucanases in Higher Plants: Localization, Potential Functions, 

and Regulation 

DESH PAL S. VERMA, VISHNU KUMAR, and GORDON A. MACLACHLAN 


l. 	Introduction .................................................... 459 




COnlenlS 	 XVll 

2. 	 ,BI,3-Glucanases ................................................. 461 

3. 	 ,BI,4-Glucanase (CelIulase) ....................................... 465 

4. 	Regulation oC ,B-Glucanases ...................................... 477 


ReCerences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 480 


Chapter 23 


Visualization of Cellulases and Cellulose Degradation 

ALAN R. WHITE 


l. 	Introduction.................................................... 489 

2. 	 High-Resolution Electron Microscopy oC CelIulase Components ...... 497 

3. 	 Cellulose Degradation by the Complete Cellulase Enzyme System ... " 498 

4. 	CelIulose Degradation by PuriCied and Reconstituted Cellulase 


Components .................................................... 502 

5. 	 Conclusions and Future Perspectives .... . . . . . . . . . . . . . . . . . . . . . . . . .. 505 


ReCerences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 506 


Index ........................................................... 511 



