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PREFACE

-

Polysaccharides are ubiquitous - they are by far the most
abundant biopolymers on earth. They show a wide variety of
chemical composition, and we can now begin to understand
how these give rise to the wide variety of physical and
biochemical properties shown by polysaccharides.

Polysaccharides are renewable resources, and present a
wide range of potential products of use to man. Some, such
as cellulose, have been prepared and used by man for
centuries; others, such as the bacterial xanthans, are
recent products of microbial technology. It is amongst the
microbial polysaccharides that we can look for the greatest
potential production of useful polysaccharides. The
techniques and equipment for the selection and industrial
mass culture of microbes are at our disposal.

Hand in hand with the production of polysaccharides must
go an understanding of their degradation. Microbes are of
paramount importance in the enzymic breakdown of poly-
saccharides. For man this is doubled-edged, with proper-
ties such as cellulolysis and amylolysis leading to great
commercial benefit or great commercial loss according to
circumstances.

This book is an outcome of the 83rd Ordinary Meeting of
the Society for General Microbiology, at the University of
Aberdeen, September 1978. It combines the Society
Symposium, 'The Microbial Degradation of Polysaccharides'
and the Microbial Cell Surfaces and Membranes Group
Symposium 'Microbial Extracellular Polysaccharides'. Our
intention has been to provide a timely compilation of the
current academic and industrial achievements in these
topics, and to point to future developments.



ACKNOWLEDGEMENTS

We wish to thank Georges Ware, Cyd van Hemel and Helen
Parker for their considerable assistance in compiling the
index by computer, Renate Majumdar for the excellence of
her typing and Judy Sibley and Sue Corbett of Academic
Press for their unfailing helpfulness.



CONTENTS

Contributors
Preface
Acknowledgements

1

Microbial Exopolysaccharides: Control
of Synthesis and Acylation
I.W. SUTHERLAND

INTRODUCTION

CONTROL OF SUBSTRATE UPTAKE

CONTROL OF POLYSACCHARIDE YIELD AND SYNTHESIS
Heteropolysaccharides
Dextran

CONTROL OF POLYMER RELEASE AND OF PHYSICAL
PROPERTIES

CONTROL OF ACYLATION AND KETALATION

CONCLUSIONS

Bacterial Alginate Synthesis
T.R. JARMAN

INTRODUCTION
ALGINATE PRODUCING BACTERIA
Azotobacter vinelandii
Pseudomonas aeruginosa
STRUCTURE AND BIOSYNTHESIS
Biosynthetic pathways
Azotobacter alginate lyase
PHYSIOLOGICAL STUDIES ON BACTERIAL ALGINATE
SYNTHESIS
Effect of oxygen availability
Effect of growth rate
Effect of growth-limiting nutrient
Metabolic control of alginate biosynthesis
in Azotobacter vinelandii
POSSIBLE FUNCTIONS OF BACTERIAL ALGINATE

Continuous Culture Studies on the

Production of Extracellular Polysaccharides

by Xanthomonas juglandis
C.G.T. EVANS, R.G. YEO and D.C. ELLWOOD

INTRODUCTION

vii
viii

35
35
35

37
38
40
41
a2
42

45
45

51



CONTENTS

GROWTH EXPERIMENTS

Polysaccharide production in complex
nitrogen-limited medium

Polysaccharide production in defined salts
nitrogen-limited medium

Polysaccharide production in defined salts
carbon-limited medium

Polysaccharide production in defined salts
potassium-limited medium

Polysaccharide production in defined salts
magnesium-limited medium

Polysaccharide production in defined salts
phosphorus-1limited medium

Polysaccharide production in defined salts
sulphur-limited medium

The effect of oxygen availability

The effect of sulphur-limitation upon
polysaccharide production and the stability
of other strains of Xanthomonas juglandis

The effect of dilution rate upon the
production of polysaccharide

The effect of dilution rate upon the
physical properties of polysaccharide samples
The effect of growth limitation upon the
chemical composition of polysaccharide samples
CONCLUSION )

Pullulan Synthesis by Aureobasidium
pullulans
B.J. CATLEY

INTRODUCTION

Pullulan structure

Nomenclature of producer organism
PULLULAN PRODUCTION, CELL MORPHOLOGY AND THE
ENVIRONMENT
CONCLUSIONS

Electron Microscopy of the Dextrans
Produced by Lactic Acid Bacteria
B.E. BROOKER

INTRODUCTION

METHODS OF PREPARATION

DEXTRANS PRODUCED BY STREPTOCOCCUS MUTANS
INSOLUBLE DEXTRANS PRODUCED BY LEUCONOSTOC
MESENTEROIDES

SURFACE COAT FORMATION

CELL WALL GROWTH

INSOLUBLE DEXTRAN

52

53
55
55
56
56
57
57
58
58
60
62

63
64

69
73

74
80

85
89

90
91
98
102



CONTENTS

Structure, Solution Properties and
Biological Interactions of some
Microbial Extracellular Polysaccharides
D,A. POWELL

INTRODUCTION
LEVELS OF POLYSACCHARIDE STRUCTURE
PRIMARY STRUCTURE OF BACTERIAL
EXTRACELLULAR POLYSACCHARIDES
Composition
Homopolysaccharides
Heteropolysaccharides
DETERMINANTS OF POLYSACCHARIDE SHAPE
Building blocks
Chain types
Linkage conformation
Order versus disorder
Conformational families
SOLUTION PROPERTIES OF BACTERIAL
EXTRACELLULAR POLYSACCHARIDES
Rigid rod type polysaccharides
Curdlan - a triple helical ordered
polysaccharide
Alginate - an ion mediated ordered
conformation
Dextran - a random coil polysaccharide
BIOLOGICAL INTERACTIONS

Conformations of Microbial Extracellular
Polysaccharides by X-ray Diffraction:
Progress on the Klebsiella Serotypes
E.D.T. ATKINS, D.H. ISAAC and H.F. ELLOWAY

INTRODUCTION
Methodology

SEROTYPES
Serotype K5
Serotype K8
Serotype K9
Serotype K16
Serotype K25
Serotype K54
Serotype K57
Serotype K63

DISCUSSION

Economic Value of Biopolymers and their
Use in Enhanced 0il Recovery
A. GABRIEL

INTRODUCTION

TERMINOLOGY

TYPES OF ENHANCED RECOVERY SYSTEMS
Polymer flooding

xi

117
118

119
119
120
122
127
127
128
128
129
130

133
133

142

145
148
150

161
162
163
163
165
168
172
173
178
180
183
185

191
192
193
194



10

CONTENTS

Microemulsion or micellar systems
REQUIREMENTS OF A THICKENING AGENT OR
VISCOSIFIER
MAJOR TYPES OF THICKENING AGENTS
Polyacrylamides
Polysaccharides
DETERMINING FACTORS IN ENHANCED OIL RECOVERY
ESTIMATES OF FUTURE PRODUCTION BY ENHANCED
RECOVERY
REQUIREMENTS FOR POLYMERS FOR ENHANCED OIL
RECOVERY
FUTURE OF CHEMICAL POLYMERS IN ENHANCED OIL
RECOVERY
FUTURE OF BIOPOLYMERS IN ENHANCED OIL

RECOVERY a
Chitin, Chitosan and their Degradative
Enzymes
R.C.W. BERKELEY
INTRODUCTION

CHITIN AND CHITOSAN
POSSIBLE USES FOR CHITIN AND CHITOSAN
SUPPLY OF RAW MATERIALS

Chitosan

Chitin
FABRICATION OF CHITIN AND CHITOSAN ARTEFACTS
BIODETERIORATION
ENZYMES DEGRADING CHITIN
ENZYMES DEGRADING CHITOSAN
PHYSIOLOGICAL ROLE OF CHITINASE AND
CHITOSANASE

Scavenging activity

Heterolytic activity

Autolytic activity
CONCLUSIONS

The Function of Bacterial Autolysins
H.J. ROGERS

INTRODUCTION

THE SUBSTRATES
The nature of the substrates
Bacterial peptidoglycans

THE ENZYMES
Bond specificity and distribution
Purification
Properties of the isolated autolysins
Specificity
Location

FUNCTIONS
Autolysins and the growth of

microbial cells

Cell separation and motility

Xii

195

195
196
197
197
198

199

199

)
(=]
(]

ro
(=]
wn

216

oo
——
O >

1919 NN
[N SN NN
0w = O



CONTENTS

Turnover of bacterial wall polymers 254
Autolysins in transformation 256
AUTOLYSINS AND THE ACTION OF ANTIBIOTICS 257
SUMMARY 259

11 Factors Limiting the Action of
Polysaccharide Degrading Enzymes

J.S.D. BACON
INTRODUCTION 269
THE GLYCOSIDIC BOND 270
THE NON-REDUCING ENDS OF POLYSACCHARIDE CHAINS -
EXO-POLYSACCHARASES 271
A SPECIAL CASE OF CHAIN-END MODIFICATION 272
ANOTHER UNUSUAL ENZYME 273
MULTIPLE BINDING SITES ON POLYSACCHARASES 273
POLYSACCHARIDE SOLUBILITY 274
CELL WALL POLYSACCHARIDES 275
SUBSTITUENT GROUPS 277
POLYSACCHARIDE INTERACTIONS 278
SOME PRACTICAL CONSIDERATIONS 279
SOME GENERAL REMARKS AND CONCLUSIONS 280

12 Biosynthesis of Polysaccharases
K-E. ERIKSSON

INTRODUCTION 285
INDUCTION AND CATABOLITE REPRESSION OF THE
ENDO-GLUCANASES 288
REPRESSION OF ENDO-GLUCANASES BY PHENOLS 292
APPEARANCE OF B-GLUCOSIDASE ACTIVITY AND
ITS REGULATION BY GLUCONOLACTONE 293
13 Technology of Microbial Polysaccharase
Production
D.E. BROWN
INTRODUCTION 297
POLYSACCHARIDES OF COMMERCIAL IMPORTANCE 298
BIOSYNTHESIS OF ENZYMES 298
ENZYME PROCESS DEVELOPMENT 299
Choice of suitable microorganism 300
Genetic selection of the microorganism 300
Addition of specific chemicals 300
Reduction of metabolic repression 300
POLYSACCHARASES OF COMMERCIAL IMPORTANCE 302
KINETICS OF POLYSACCHARASE BIOSYNTHESIS 305
FERMENTER CONFIGURATION 309
PROCESS DESIGN AND AERATION CAPACITY 310
PROCESS DESIGN FOR CELLULASE PRODUCTION 315
CONCLUSIONS 318

NOMENCLATURE 319

Xiii



CONTENTS

14 Mechanisms Controlling the Synthesis of

15

16

17

the Trichoderma Reesei Cellulase System
B.S. MONTENECOURT, D.H.J. SCHAMHART and
D.E. EVELEIGH

INTRODUCTION

CATABOLITE REPRESSION RESISTANT MUTANTS
ANTIMETABOLITE RESISTANT MUTANTS

FERMENTER MUTANTS

MUTANTS WITH PERTURBED CONTROL OF CELLULASE
SYNTHESIS DERIVED FROM CELLULASE-NEGATIVE
STRAINS

DISCUSSION

The Application of Polysaccharide
Degrading Enzymes in the Starch Industry
B.E. NORMAN

INTRODUCTION
ENDO-AMYLASES
Thermostable a-amylases
Thermolabile a-amylases
EXO-AMYLASES
Glucogenic exo-amylases (gluco-amylases)
Maltogenic exo-amylases (B-amylases)
Other exo-amylases
DEBRANCHING ENZYMES
Pullulanase
Other debranching enzymes
CONCLUSION

Polysaccharide Degradation in the Rumen
P.N. HOBSON

THE RUMINANT
THE POLYSACCHARIDES AVAILABLE TO THE RUMEN
MICROORGANISMS
THE RUMEN MICROORGANISMS
FACTORS INVOLVED IN BREAKDOWN OF
POLYSACCHARIDES IN THE RUMEN
Colonization of solid feedstuffs
Sequential degradation of substrates
Nutritional factors affecting growth of
the bacteria
Multipile substrates, removal of
fermentation products
Effects of growth conditions and growth rate
CONCLUSION

Polysaccharide Degradation in Estuaries
N.J. POOLE and D.J. WILDISH

INTRODUCTION
THE ESTUARINE ENVIRONMENT
ORIGIN OF POLYSACCHARIDES IN AN ESTUARY

xiv

327
330
332
332

334
334

339
340
340
348
354
355
366
367
367
368
371
373

377

380
381

384
384
387

389

391
392
393

399
399
401



18

19

CONTENTS

POLYSACCHARIDE DEGRADATION

INTERACTIONS OF MICROBES AND MICROFAUNA

THE ROLE OF ANAEROBIC MICROBES
POLLUTION RESULTING FROM POLYSACCHARIDE
DEGRADATION

CONCLUSIONS

Role of Polysaccharide-Degrading Enzymes

in Microbial Pathogenicity
R.J.W. BYRDE

INTRODUCTION v
INVOLVEMENT IN PATHOGENICITY TOWARDS PLANTS
Composition of the higher plant cell wall
Enzymes involved in pathogenicity to plants
Criteria for assessing a role in
pathogenicity
The role of multiplicity of enzyme forms
Damage caused by polysaccharide-degrading
enzymes
Binding of polysaccharases to plant tissue
Involvement of polysaccharases in various
types of disease
INVOLVEMENT IN PATHOGENICITY TOWARDS ANIMALS
CONCLUSIONS

A Survey of Polysaccharase Production:
A Search for Phylogenetic Implications
G.W. GOODAY

INTRODUCTION

CELLULASES

GLUCANASES OTHER THAN CELLULASE
HEMICELLULASES

CHITINASES

CHITOSANASES

BACTERIOLYTIC POLYSACCHARASES
AGARASES AND ALGINASES
PECTINASES

CONCLUSIONS

Organisms Index
Subject Index

XV

401
402
405

408
413

417
417
418
419

419
422

423
426
426
427
429

437
437
441
442
443
446
447
448
449
450

461
465



Chapter 1

MICROBIAL EXOPOLYSACCHARIDES:
CONTROL OF SYNTHESIS AND ACYLATION

1.W. SUTHERLAND

lepartment of Microtiology, University of Edinburgh,
West Maine Road, Edinburgh, U.K.

Introduction

Microbial extracellular polysaccharides (exopolysaccha-
rides) range in the complexity of their chemical structures
from homopolysaccharides with one or more type of linkage
to heteropolysaccharides containing several different mono-
saccharides, some of which may be present in more than one
molar equivalent. In addition, various acyl groups may be
present, the most common being acetate as O-acetyl groups
and pyruvate in the form of ketals attached to the 3 and 4
or 4 and 6 positions of one of the neutral sugar residues,
or more rarely, to a uronic acid (Figure 1). Although the
gross structure of a number of exopolysaccharides has now
been determined, only two of these can currently be consi-
dered to be of industrial importance - alginates [see
Jarman, Chapter 2] and the exopolysaccharide of the plant
pathogen Xanthomonas campestris [Jansson et al., 1975;
Melton et aql., 1976; Evans et al., Chapter 3; Gabriel,
Chapter 8]. Detailed structures of several other poly-
saccharides produced industrially have not yet been repor-
ted. Alginates can be considered essentially as homo-
polymers of D-mannuronic acid subsequently modified by an
extracellular epimerase converting some of the D-mannuronic
acid residues to L-guluronic acid [Deavin et al., 1977].
Most heteropolysaccharides are however, composed of repeat-
ing units varying in size from disaccharides to hexasaccha-
rides or even larger oligosaccharides. In this respect,
Xanthomonas campestris polysaccharide (Figure 2) resembles
a number of other exopolysaccharides, the structures of
which have been elucidated and examples of which are shown
in Table 1. Where it differs from these other polymers is
that the backbone is a cellulose molecule substituted on
alternating glucose units by an acylated trisaccharide (or
possibly occasionally smaller oligosaccharide) which may
also be pyruvylated.



2 I.W. SUTHERLAND
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Fig. 1 Ketals attached to the terminal reducing galactose residues of
colanic acids from different strains of Eseherichia coli and
Salmonella typhimurium. From Garegg et al. [1971a, b].
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Fig. 2 Structure of extracellular polysaccharide of Xanthomonas
campestris, according to Jansson et al. [1975].
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