
CHARACTERISATION OF

THERMOSTABLE DEXTRANASES

FROM MICRO-ORGANISMS

FOR COMMERCIAL APPLICATION

Thesis submitted by Christine Fay Galea, B. App. Sc.

for the Research Degree of Master of Applied Science

in the Department of Chemistry at the

University of Central Queensland.

CHARACTERISATION OF

THERMOSTABLE DEXTRANASES

FROM MICRO-ORGANISMS

FOR COMMERCIAL APPLICATION

Thesis submitted by Christine Fay Galea, B. App. Sc.

for the Research Degree of Master of Applied Science

in the Department of Chemistry at the

University of Central Queensland.



(i)

CHARACTERISATION OF THERMOSTABLE DEXTRANASES

FROM MICRO·ORGANISMSFOR COMMERCIAL APPLICATION

Contents

Page

ABSTRACT vii

FOREWORD ix

LIST OF TABLES x

LIST OF FIGURES xiv

LIST OF ABBREVIATIONS xxi

DEFINITIONS xxii

ACKNOWLEDGEMENTS xxiii

PUBLICATIONS xxv

CHAPTER 1 General Introduction 1

1.1 DEXTRAN 1

1.1.1 Early History of Dextrans 2

1.1.2 Commercial Dextrans 4

1.1.3 Cane Dextrans 4

1.2 DEXTRAN PROBLEMS IN RAW SUGAR PRODUCTION 6

1.2.1 Viscosity 7

1.2.2 Crystallisation 7

1.2.3 Clarification 9

1.2.4 Polarisation 9

(i)

CHARACTERISATION OF THERMOSTABLE DEXTRANASES

FROM MICRO·ORGANISMSFOR COMMERCIAL APPLICATION

Contents

Page

ABSTRACT vii

FOREWORD ix

LIST OF TABLES x

LIST OF FIGURES xiv

LIST OF ABBREVIATIONS xxi

DEFINITIONS xxii

ACKNOWLEDGEMENTS xxiii

PUBLICATIONS xxv

CHAPTER 1 General Introduction 1

1.1 DEXTRAN 1

1.1.1 Early History of Dextrans 2

1.1.2 Commercial Dextrans 4

1.1.3 Cane Dextrans 4

1.2 DEXTRAN PROBLEMS IN RAW SUGAR PRODUCTION 6

1.2.1 Viscosity 7

1.2.2 Crystallisation 7

1.2.3 Clarification 9

1.2.4 Polarisation 9



(ii)

1.3 DEXTRANASE 10

1.3.1 General Characteristics of Dextranases 11

1.3.2 Commercial Applications for Dextranases 12

1.3.3 Sources of Dextranases 14

1.3.4 Commercial Dextranases 15

1.4 INDUSTRIAL USE OF DEXTRANASES IN THE SUGAR

FACTORY 17

1.4.1 The Australian Experience 17

1.4.2 The Overseas Experience 23

1.5 THERMOSTABLE ENZYMES 26

1.5.1 Sources of Thermostable Enzymes 28

1.5.1.1 Natural Sources 28

1.5.1.2 Induced Thermostability 29

1.6 THERMOPHILES 30

1.6.1 Thermostable Enzymes from Thermophilic

Microorganisms 32

1.6.2 Cloning and Gene Expression 33

1.7 AIMS OFTHE PRESENT STUDY 34

CHAPTER 2 Development of Assays for Assessment

of Dextranase Activity 35

2.1 INTRODUCTION 35

2.2 EXPERIMENTAL

2.2.1 Reagents

2.2.2 Preparation of Deteriorated Juices

2.2.3 Preparation of Crude Extracellular Culture Fluid

2.2.4 Preparation of Dextran Solutions

2.2.5 Preparation of Buffers

2.2.6 Measurement of Dextranase Activity

38

38

40

41

41

42

42

(ii)

1.3 DEXTRANASE 10

1.3.1 General Characteristics of Dextranases 11

1.3.2 Commercial Applications for Dextranases 12

1.3.3 Sources of Dextranases 14

1.3.4 Commercial Dextranases 15

1.4 INDUSTRIAL USE OF DEXTRANASES IN THE SUGAR

FACTORY 17

1.4.1 The Australian Experience 17

1.4.2 The Overseas Experience 23

1.5 THERMOSTABLE ENZYMES 26

1.5.1 Sources of Thermostable Enzymes 28

1.5.1.1 Natural Sources 28

1.5.1.2 Induced Thermostability 29

1.6 THERMOPHILES 30

1.6.1 Thermostable Enzymes from Thermophilic

Microorganisms 32

1.6.2 Cloning and Gene Expression 33

1.7 AIMS OFTHE PRESENT STUDY 34

CHAPTER 2 Development of Assays for Assessment

of Dextranase Activity 35

2.1 INTRODUCTION 35

2.2 EXPERIMENTAL

2.2.1 Reagents

2.2.2 Preparation of Deteriorated Juices

2.2.3 Preparation of Crude Extracellular Culture Fluid

2.2.4 Preparation of Dextran Solutions

2.2.5 Preparation of Buffers

2.2.6 Measurement of Dextranase Activity

38

38

40

41

41

42

42



(iii)

2.3 RESULTS AND DISCUSSION 50

2.3.1 The Alcohol-Haze Test 50

2.3.2 The Blue Dextran Assay 53

2.3.3 The PAHBAH Assay 56

2.3.4 The Micro-Blue Dextran Assay 61

2.3.5 The Micro-Haze Method 62

2.3.6. A comparison of the Methods for Determinatiori

of Dextranase Activity 67

Appendix 2A Laboratory Notes for The

PAHBAH Assay 70

Appendix 28 Laboratory Notes for The

Micro-Haze Method 75

CHAPTER 3 Characterisation of the Chaetomium gracile

Dextranase 79

3.1 INTRODUCTION 79

3.2 EXPERIMENTAL 80

3.2.1 Reagents 80

3.2.2 Preparation of the Commercial C. gracile

Dextranase for Experimentation 82

3.2.3 Measurement of Dextranase Activity 83

3.2.4 Determination of Protein Concentration 83

3.2.5 Detection of Covalently Bound Carbohydrate 84

3.2.6 Detection of Other Catalytic Activity 85

3.2.7 Measurement of the Hydrolytic Products

by the Enzyme-HPLC Method 85

3.2.8 Gel Filtration Chromatography 86

3.2.9 Ion Exchange Chromatography 87

3.2.10 Chromatofocusing (Pharmacia, 1982) 87

3.2.11 Polyacrylamide Gel Electrophoresis (PAGE) 88

3.3 RESULTS AND DISCUSSION 91

3.3.1 Temperature Optimum 91

3.3.2 pHOptimum 95

(iii)

2.3 RESULTS AND DISCUSSION 50

2.3.1 The Alcohol-Haze Test 50

2.3.2 The Blue Dextran Assay 53

2.3.3 The PAHBAH Assay 56

2.3.4 The Micro-Blue Dextran Assay 61

2.3.5 The Micro-Haze Method 62

2.3.6. A comparison of the Methods for Determinatiori

of Dextranase Activity 67

Appendix 2A Laboratory Notes for The

PAHBAH Assay 70

Appendix 28 Laboratory Notes for The

Micro-Haze Method 75

CHAPTER 3 Characterisation of the Chaetomium gracile

Dextranase 79

3.1 INTRODUCTION 79

3.2 EXPERIMENTAL 80

3.2.1 Reagents 80

3.2.2 Preparation of the Commercial C. gracile

Dextranase for Experimentation 82

3.2.3 Measurement of Dextranase Activity 83

3.2.4 Determination of Protein Concentration 83

3.2.5 Detection of Covalently Bound Carbohydrate 84

3.2.6 Detection of Other Catalytic Activity 85

3.2.7 Measurement of the Hydrolytic Products

by the Enzyme-HPLC Method 85

3.2.8 Gel Filtration Chromatography 86

3.2.9 Ion Exchange Chromatography 87

3.2.10 Chromatofocusing (Pharmacia, 1982) 87

3.2.11 Polyacrylamide Gel Electrophoresis (PAGE) 88

3.3 RESULTS AND DISCUSSION 91

3.3.1 Temperature Optimum 91

3.3.2 pHOptimum 95



(iv)

3.3.3 Hydrolytic Products of C. gracile

Dextranase 95

3.3.4 Other Catalytic Activity 95

3.3.5 Electrophoresis of the Commercial

C. gracile Dextranase 100

3.3.6 Electrophoresis of the 'Purified'

C. gracile Dextranase 105

3.3.7 U.V. Absorption Spectrum 107

3.3.8 Gel Filtration Chromatography 110

3.3.9 Covalently Bound Carbohydrate 113

3.3.10 Ion Exchange Chromatography 113

3.3.11 Chromatofocusing of the Commercial

C. gracile Dextranase 118

CHAPTER 4 Sources of Microbial Dextranases 124

ACKNOWLEDGEMENT 124

4.1 INTRODUCTION

4.2 EXPERIMENTAL

4.2.1 Sources of Microbial Dextranases

4.2.2 Screening of Dextranase Producers

4.2.3 Selection and Purification of Isolates

4.2.4 Preparation of Crude Extracellular Culture Fluid

4.3 RESULTS AND DISCUSSION

4.3.1 Isolates from Culture Collections

4.3.2 Isolates from the Factory Process or Environment

4.3.3 Isolates from Thermal Springs and Artesian Bores

124

125

125

126

129

129

130

130

133

135

CHAPTER 5 Characterisation of Thermostable Dextranases 137

5.1 INTRODUCTION 137

(iv)

3.3.3 Hydrolytic Products of C. gracile

Dextranase 95

3.3.4 Other Catalytic Activity 95

3.3.5 Electrophoresis of the Commercial

C. gracile Dextranase 100

3.3.6 Electrophoresis of the 'Purified'

C. gracile Dextranase 105

3.3.7 U.V. Absorption Spectrum 107

3.3.8 Gel Filtration Chromatography 110

3.3.9 Covalently Bound Carbohydrate 113

3.3.10 Ion Exchange Chromatography 113

3.3.11 Chromatofocusing of the Commercial

C. gracile Dextranase 118

CHAPTER 4 Sources of Microbial Dextranases 124

ACKNOWLEDGEMENT 124

4.1 INTRODUCTION

4.2 EXPERIMENTAL

4.2.1 Sources of Microbial Dextranases

4.2.2 Screening of Dextranase Producers

4.2.3 Selection and Purification of Isolates

4.2.4 Preparation of Crude Extracellular Culture Fluid

4.3 RESULTS AND DISCUSSION

4.3.1 Isolates from Culture Collections

4.3.2 Isolates from the Factory Process or Environment

4.3.3 Isolates from Thermal Springs and Artesian Bores

124

125

125

126

129

129

130

130

133

135

CHAPTER 5 Characterisation of Thermostable Dextranases 137

5.1 INTRODUCTION 137



(v)

5.2. EXPERIMENTAL 138

5.2.1 Reagents 138

5..2.2 Preparation of Deteriorated Juices and Syrups 140

5.2.3 Preparation of Concentrated Extracellular Culture Fluid 140

5.2.4 Measurement of Dextranase Activity 141

5.2.5 Measurement of Protein 141

5.2.6 Determination of Impurities 141

5.3 RESULTS AND DISCUSSION 141

5.3.1 Isolates from Culture Collections 141

5.3.2 Isolates from the Factory Process or Environment 148

5.3.3 Isolates from Thermal Springs and Artesian Bores 161

5.3.4 Comparison of Properties of Thermostable

Dextranase(s) 168

CHAPTER 6 Purification of a Crude Cell-Free Extract of a

Thermostable Dextranase

6.1 INTRODUCTION

180

180

6.2 EXPERIMENTAL 181

6.2.1 Reagents 181

6.2.2 Preparation of Crude Extracellular Culture Fluid 182

6.2.3 Measurement of Dextranase Activity 183

6.2.4 Determination of Protein Concentration 183

6.2.5 Detection of Other Catalytic Activity 183

6.2.6 Measurement of Molecular Weight on

Sepharose CL-68 184

6.2.7 Purification of Dextranase 184

6.2.8 Polyacrylamide Gel Electrophoresis (PAGE) .... 186

6.2.9 U.V. Absorption Spectroscopy 188

6.3 RESULTS AND DISCUSSION 188

6.3.1 Large Scale Production of RT364 Dextranase 188

(v)

5.2. EXPERIMENTAL 138

5.2.1 Reagents 138

5..2.2 Preparation of Deteriorated Juices and Syrups 140

5.2.3 Preparation of Concentrated Extracellular Culture Fluid 140

5.2.4 Measurement of Dextranase Activity 141

5.2.5 Measurement of Protein 141

5.2.6 Determination of Impurities 141

5.3 RESULTS AND DISCUSSION 141

5.3.1 Isolates from Culture Collections 141

5.3.2 Isolates from the Factory Process or Environment 148

5.3.3 Isolates from Thermal Springs and Artesian Bores 161

5.3.4 Comparison of Properties of Thermostable

Dextranase(s) 168

CHAPTER 6 Purification of a Crude Cell-Free Extract of a

Thermostable Dextranase

6.1 INTRODUCTION

180

180

6.2 EXPERIMENTAL 181

6.2.1 Reagents 181

6.2.2 Preparation of Crude Extracellular Culture Fluid 182

6.2.3 Measurement of Dextranase Activity 183

6.2.4 Determination of Protein Concentration 183

6.2.5 Detection of Other Catalytic Activity 183

6.2.6 Measurement of Molecular Weight on

Sepharose CL-68 184

6.2.7 Purification of Dextranase 184

6.2.8 Polyacrylamide Gel Electrophoresis (PAGE) .... 186

6.2.9 U.V. Absorption Spectroscopy 188

6.3 RESULTS AND DISCUSSION 188

6.3.1 Large Scale Production of RT364 Dextranase 188



6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

REFERENCES

(vi)

Gel Filtration Chromatography

Affinity Adsorption

Ammonium Sulphate Fractionation

Chromatofocusing of RT364 Dextranase

Polyacrylamide Gel Electrophoresis

Characterisation of Partially Purified RT364

Dextranase

Commercial Potential of a Thermostable

Dextranase

191

193

196

199

201

206

211

215

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

REFERENCES

(vi)

Gel Filtration Chromatography

Affinity Adsorption

Ammonium Sulphate Fractionation

Chromatofocusing of RT364 Dextranase

Polyacrylamide Gel Electrophoresis

Characterisation of Partially Purified RT364

Dextranase

Commercial Potential of a Thermostable

Dextranase

191

193

196

199

201

206

211

215



(vii)

ABSTRACT

Currently, when dextranase is used in the sugar factory, modifications are

required to normal factory operating conditions in order to achieve cost effective

dextran 'removal'. The major change involves the decrease in primary heater

temperature from 75°C to about 60°C. A number of processing problems result from

this temperature change. Therefore, it \vas proposed to develop a thermostable

dextranase which was active and stable at 75°C. The use of a high temperature

dextranase would also overcome the problems associated with operating the primary

heater at the lower temperature.

Existing culture collections, thermal environments and sites within raw sugar

factories were used as the sources of microbial isolates screened for thermostable

dextranase producers. Based on the amount of enzyme produced at elevated

temperatures, five bacterial strains (SRI 2125, SRI 2128, AB11A, RT364 and DP17)

were selected as the most promising sources of thermostable dextranases.. These

isolates were grown to pure strain using standard microbial techniques.. Thereafter,

broth culture of these strains was undertaken to produce sufficient crude extracellular

dextranase for liquid assay. However, compared to fungal isolates, the amount of

dextranase produced by the bacterial isolates was low.

Several assays to measure micro-quantities of dextranase activity were

developed or modified to assess the thermal stabili1y of the enzymes. Temperature

and pH profiles of the crude extracts were determined using the PAHBAH assay to

obtain a rapid and sensitive measure of optimal conditions required for enzymic

activity_ The subsequent development of the micro-haze test allowed the thermal

stability and activity to be reliably assessed under simulated factory conditions ..

Both new and existing enzymic assays were utilised to determine the activity

and thermal stability of the most cost-effective commercial dextranase currently

available i.e. the C. gracile dextranase. This enzyme was found to exhibit optimum

activity at 55-60°C (pH 5.0) under all assay conditions. However, thermal stability

at temperatures above 65°C was very low. A comparative assessment of the

commercial potential of new thermostable dextranases was possible using the C.

gracile dextranase as the 'bench mark'.
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In addition, detailed studies on the C.. gracile dextranase were performed to

determine the physico-chemical characteristics of the enzyme(s) in the commercial

preparation. The dextranase was separated into five distinct components by

electrophoresis of the native enzyme. However, each of these components were

found to possess a similar (if not identical) molecular size. Partial separation of

these components was achieved using chromatofocusing. Each fraction obtained

exhibited endo-dextranase activity ..

Crude preparations of the five bacterial dextranases were found to exhibit

optimal activity between 63 and 75°C (depending on the assay conditions and the

method employed for activity measurement). The specific activities of these crude

dextranase preparations were very low (0.021 to 0.68 J,Lmole min-1 mg-1
) compared

to the crude extracts obtained from fungal sources such as C. gracile. The presence

of endo-dextranase activity was confirmed by determining the activity against cane

dextran under simulated factory conditions.

The dextranase produced by the RT364 isolate was selected for purification

investigations as it was the most active in the crude form. Several standard

techniques for protein purification were utilised and the purity of the resulting

preparations established by electrophoretic analysis. The active dextranase in the

fraction of highest purity and activity was shown to represent in excess of 50 per

cent of the protein in the preparation. Using this estimate, a final specific activity for

the purified thermostable dextranase from RT364 was calculated to be about

20 flmo1e min-1 mg-1
• At this level, the specific activity of the RT364 enzyme is

approximately 150 times less than that of the commercial C..gracile dextranase

measured its optimum at temperature of 55°C. On this basis, the commercial

potential of the thermostable dextranase from the RT364 isolate appears to be

limited.

To date, the specific activities of purified forms of the remaining four

thermostable dextranases have not been determined. It is possible that one of these

isolates may be the source of a thermostable dextranase with greater commercial

potential. However, further investigations with these enzymes to establish their

commercial viability would require high developmental costs in relation to the very

small market (the Australian sugar industry) currently available for these enzymes.
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FOREWORD

The program of study described in this thesis formed an important part of a

Joint project between the Sugar Research Institute, the University of Queensland,

and Griffith University to develop a high-temperature dextranase for use in the sugar

industry.

The initial phases of the project required the development of screening

methods for dextranase producing microorganisms and screening of microbial

isolates from many and varied sources, in particular thermal environs. The

microbiological aspects of the research were carried out by microbiologists and

associated staff at their respective research institutions.

This thesis describes the biochemical characterisation of thermostable

dextranases produced by the microbial isolates identified in the earlier microbial

study. Initial assessment of the temperature optima, thermal stability and pH optima

of the dextranases present in crude fermentation extracts of both aerobic and

anaerobic thermophiles was carried out under defined conditions. Subsequently,

methods were developed to allow micro-scale assessment of the crude dextranases

under simulated factory conditions. A detailed physico-chemical characterisation of

the most promising of the thermostable enzymes was undertaken in conjunction with

a comparative analysis of the best dextranase available commercially. Preliminary

investigations were also carried out to develop a purification scheme for a promising

enzyme. These studies are ongoing in our group.

Future work will be aimed towards selection of dextranase-producing

microorganisms which exhibit the potential for further development to the commercial

stage. The selected enzyme(s) will be purified and characterised prior to cloning and

expression in suitable microbial hosts. These proposed investigations would be

carried out by researchers at the Centre for Molecular Biology and Biotechnology

(UQ).
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peculiar to the technology of the sugar industry, e.g. brix as a measure of solution

concentration. Short definitions of some of these terms follow.

Brix

Mud Filter

An appropriate measure of dissolved solids content derived

from measurement of the density or the refractive index of the

sample expressed as the percentage by weight of sucrose in

a solution which has the same specific gravity (brix or °bx) or

refractive index (Refractometer brix) as the sample.

Mixed cane is clarified to remove suspended or insoluble

impurities prior to evaporation to syrup. The 'mud solids'

obtained are removed from process using a rotary vacuum filter

(the mud filter).
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