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A variety of bacteriocins have been discovered, however there is limited information
on their physico-chemical, biochemical and genetic characteristics. This study was
carried out to isolate bacteriocinogenic lactic acid bacteria (LAB) from local
fermented foods (Tempeh, Tapai Ubi and Tapai Pulut) and food condiment (Chili
Bo). Selected bacteriocinogenic isolates and the bacteriocins produced were then
characterized. The bacteriocins were purified using Fast Protein Liquid
Chromatography (FPLC). Among 55 isolates isolated from the fermented foods, 20 of
the isolates were able to produce bacteriocins in the range of 200-800 AU/ml
inhibitory activity. Bacteriocins produced by UL4, UB6 and GB5 were tested against

selected gram-positive and —negative pathogens. Isolate UL4, which produced the



highest antagonistic activity against Pediococcus acidilactici, Enterococcus faecalis,
Enterococcus faecium and Listeria monocytogenes was selected for further
characterization. The isolate UL4 was identified as Lactobacillus plantarum 1 using
API 50 CHL test kit. Lb. plantarum 1-ULA4 is a gram-positive cocco-bacilli facultative
anaerobe. The maximum bacteriocin production of 800 AU/ml was achieved after 12
h incubation at 30 °C in neutralized MRS medium. The bacteriocin UL4 was
characterized physico-chemically and classified as Class II, heat stable bacteriocin,
since it was able to maintain 200 AU/ml bacteriocin activity after being autoclaved at
121 °C for 15 min. Bacteriocin UL4 was also able to tolerate a broad pH range, from
acidic pH 2-5 to basic pH 7-8. Bactetiocin UL4 was suitable to be applied in
refrigerated foods due to its stability at temperature below 15 °C for 45 days.
However, bacteriocin UL4 was inactivated by proteolytic enzymes such as trypsin, a-
and B-chymotrypsin, proteinase K and papain, inferring the proteinaceous nature of
bacteriocin UL4. A four-step purification procedure, involving precipitation with 40-
80 % ammonium sulphate, Mono-S cation-exchange chromatography, Superose-12
packed and prepacked gel-filtration chromatography, successfully purified the
bacteriocin UL4 to apparent homogeneity, with a yield of 0.10 %. Tricine-SDS-
PAGE was conducted to determine the molecular mass of the purified bacteriocin.
The estimated molecular mass of unbound bacteriocin fraction of Mono-S cation-
exchange chromatography was 7.0 kDa. However, the estimated molecular mass has
to be confirmed by other techniques, such as MALDI-TOF spectromewy. Two groups
of inhibitory compounds with difterent pl values, ranging from 6.55-7.35 and 3.5-5.2,
were separated by IEF-PAGE. The results of IEF-PAGE analysis further confirmed

the result of pH stability, inferring that the bacteriocin might not only consists of

1



cationic compound, but also consists of anionic compound. Further study needs to be
carried out to increase the yield of bacteriocin prior to application by the food

industry.
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Pelbagai jenis bakteriosin telah ditemui, walaubagaimanapun keterangan berkaitan
dengan ciri-ciri kimia-fizik, bio-kimia dan genetik adalah amat terhad. Dengan
demikian, kajian ini telah dijalankan untuk memencilkan bacteria asid laktik (BAL)
yang bakteriosinogenik daripada sumber makanan tempatan seperti tempeh, tapai ubi
dan tapat pulut serta daripada perisa makanan seperti Chili Bo. Kajian pencirian telah
dijalankan ke atas pencilan-pencilan BAL yang terpilih dan bakteriosin-bakteriosin
yang dihasilkan. Proses penulenan bakteriosin diteruskan dengan menggunakan
kromatografi cecair khas untuk protein (FPLC). Dalam proses pemencilan BAL yang
bakteriosinogenik, 50 BAL telah dipencilkan, dimana 20 BAL diantaranya telah

menunjukkan aktiviti perencatan sebanyak 200-800 AU/ml. Kajian anti-mikrob ke
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atas bacteria gram-positif dan gram-negatif telah dijalankan untuk bakteriosin-
bakteriosin yang dihasilkan oleh pencilan-pencilan UL4, UB6 dan GBS. Pencilan
ULA4 yang menghasilkan activiti perencatan optima ke atas Pediococcus acidilactici,
FEnterococcus faecium, Enterococcus faecalis dan Listeria monocytogenes telah
dipilih untuk kajian berikutnya. Pencilan UL4 telah dikenalpastikan sebagai
Lactobacillus plantarum 1 melalui wjian identifikasi yang telah dijanlankan dan juga
dengan menggunakan unit identifikasi API 50 CHL. Lactobacillus plantarum 1-UL4
merupakan bacteria Gram-positif yang bersifat anaerot;ik dan mempunyai sel
berbentuk cocco-bacilli. Bakteria ini dapat menghasilkan bakteriosin yang optima,
iaitu 800 AU/ml, selepas incubasi selama 12 jam pada suhu 30 °C dalam media MRS
(pH 7-7.5). Bakteriosin UL4 yang terhasil telah dikategorikan sebagai Kelas II,
bakteriosin yeng tahan haba, dimana setelah diautoklafkan pada suhu 121 °C, selama
15 minit, aktiviti bakteriosin UL4 masih dikekalkan pada 200 AU/ml. Bakteriosin
UL4 juga dapat mengekalkan aktivitinya dalam julat pH yang besar, iaitu dari pH 2-5
yang berasid sehingga pH 7-8 yang berbes. Bakteriosin UL4 adalah stabil pada suhu
dibawah 15 °C untuk penyimpanan selama 45 hari, maka ia amat berpotensi untuk
penggunaan dalam makanan bersuhu rendah. Dalam kajian tindakbalas enzim
terhadap kestabilan bakteriosin, bakteriosin UL4 telah direncatkan oleh enzim
proteolitik, seperti trypsin, a- dan P-chymowypsin, proteinase-K dan papain.
Keputusan ini juga menunjukkan bahawa bakteriosin bersifat protein. Satu proses
penulenan yang mengandungi empat langkah, iaitu pemendakan dengan
menggunakan 40-80 % ammonium sulfat, kromatografi penukar kation Mono-S dan 2
jenis kromatografi penurasan gel Superose-12 (jenis kolum prepacked dan packed).

Proses penulenan ini telah berjaya menulenkan bakteriosin UL4, walaupun dengan



hasil yang rendah, iaitu 0.10 %. TRICINE-SDS-PAGE telah dijalankan untuk
mengenalpastikan berat molekul bagi bakteriosin yang telah ditulenkan. Berat
molekul sebanyak 7 kDa telah dianggarkan bagi bakteriosin tulen (jenis bakteriosin
yang tidak terikat dengan kolum) dari kromatografi penukar kation Mono-S.
Anggaran berat molekul ini memerlukan pengesahan lanjutan dengan meggunakan
teknik-teknik yang lain, misalnya MALDI-TOF spektrometri. 2 komponen yang
mempunyai julat nilai pl yand berbeza, iaitu dar1 6.55-7.35 dan dar 3.5-5.2 telah
dipisahkan oleh IEF-PAGE. Keputusan yang diperolehi ini juga seiras dengan
keputusan yang diperolehi dalam kajian pengaruh pH terhadap kestabilan bakteriosin
yang telah dijalankan. Keputusan ini juga sahkan bahawa bakteriosin UL4 bukan
sahaja mengandungi komponen bersifat kationik, bahkan ia juga mengandungi
komponen yang bersifat anionic. Kajian lanjutan perlu dijalankan untuk

meningkatkan penghasilan bakteriosin demi applikasi dalam industri makanan.

Vi



ACKNOWLEDGEMENTS

I would like to express my most sincere gratitude and appreciation to my
supervisor, Dr. Foo Hooi Ling for her invaluable guidance, patience and constant
encouragement throughout my study. | am also immensely grateful for the advice and
support given by the members of my supervisory committee, Prof. Dr. Gulam Rusul

Rahmat Ali and Assoc. Prof. Dr. Norihan Mohd. Saleh.

I would like to convey my warm thanks to Kwan Kit, Yock Ann, Sia Yen,

Apinya, Wanna, Manichanh and friends in the Faculty of Food Science and

Biotechnology, UPM. Thanks for struggle through the good and bad times with me. I

also wish to express enormous gratitude to Mr. Halim, Mr. Rosli and Mrs. Aluyah for

their technical assistance.

Last but not least, love and appreciation to my family.

Thanks God for everything!

Vil



TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK v
ACKNOWLEDGEMENTS vil
APPROVAL viii
DECLARATION X
LIST OF TABLES XV1
LIST OF FIGURES XVill
LIST OF ABBREVIATIONS XXIV
CHAPTER
1 INTRODUCTION 1
2 LITERATURE REVIEW 3
2.1 Lactic Acid Bacteria (LAB) 3
2.1.1 Introduction 3
2.12 Definition of Lactic Acid Bacteria 4
2.13 The Genera of Lactic Acid Bacteria 5
2.2.3.1 Lactococcus 5
2.2.3.2 Lactobacillus 7
2.2.3.3 Pediococcus 9
2.2.3.4 Carnobacterium 10
2.2.3.5 Leuconostoc 11
2.23.6 Streptococcus 13
2.2.3.7 Enterococcus 15
2.14 The Antimicrobial Potential of LAB 17
Metabolites
2.1.41 Organic Acids 18
2.1.42 Hydrogen Peroxide 23
2.14.3 Diacetyl 26
2.1.44 Acetaldehyde 28
2.2 Bacteriocins of LAB 29
221 Definition of Bacteriocins 29
222 Bacteriocin Mode of Action 30
223 Classification of Bacteriocins 32
2.2.3.1 Class [ Bacteriocins: Lantibiotics 32
2.2.3.2 Class Il Bacteriocins: Small Hydrophobic Heat 34
Stable Bacteriocins
2.23.3 Class Il Bacteriocins: Larger Heat Labile 35
Bacteriocins
2.2.3.4 Class IV Bacteriocins: Complex Bacteriocins 36
224 Bacteriocins Produced by Different LAB 36

Genera
2241 Lactococcus 38

X1



23

24

2.5

2242
2243
2244
2245
2246
2247

Lactobacillus
Pediococcus
Carnobacterium
Leuconostoc
Streptococcus
Enterococcus

The Potential Applications of Bacteriocinogenic Lactic Acid

Bacteria

231
2.3.1.1
2.3.12
2313
23.14
2.3.15
2.3.1.6

The Need of Bacteriocins in Foods
Dairy Products

Vegetables Products

Meat Products

Canned Products

Wine and Beer

Seafood Products

Purification of Bacteriocins

24.1 Purification of LAB Bacteriocins

242 Factors Affecting Purification of Bacteriocins

Future Challenges

251 Regulatory Aspects of Bacteriocin Use.

252 Consumer Acceptance of Bacteriocin or LAB
Added Food.

253 Future Prospects for The Uses of Bacteriocins

as Biopreservatives

3 ISOLATION AND SCREENING OF LAB

3.1
3.2

33

Introduction
Methodology
321
322
3221
3222
323
3231
3232
324
3241
3242

325
3.2.6

Origin of Bacterial Isolates

Isolation of LAB

Sandwich-Overlay Method

Bacterial Cultures and Media

Screening of Bacteriocin Producing LAB
Flip-Streak Method

Agar-Well Diffusion Method

Quantitative Measurement of Bacteriocin UL4
Critical Dilution Method

Modification of Quantitative Measurement of
Bacteriocin Activity

Antimicrobial Spectrum of Bacteriocin
Identification of Selected Bacteria Strain

Results and Discussion

331
33.1.1

Isolation of LAB
Sandwich-Overlay Method

X11

Page
45
52
54
55
57
58

60

60
61
62
64
65
66
67
67
67
70
74
74
76

78

80
80
80
80
81
81
81
82
82
82
83
83
84

86
86
87
87
87



332
33.2.1
3322
333
334
3.35

34 Conclusion

Screening of Bacteriocin Producing LAB
Flip-Streak Method

Agar-Well Diffusion Method

The Bacteriocin Activity Assay
Antimicrobial Spectrum of Bacteriocin
Identification of Selected Bacteriocinogenic
Isolate

4 CHARACTERISATION OF LACTOBACILLUS PLANTARUM I-
UL4 AND BACTERIOCIN UL4

4.1 Introduction
42 Methodology
421
421.1

4212

4213
422

422.1

4222

4223

4224

Characterisation of Growth and Bacteriocin
Production of Lb. plantarum 1-UL4

Growth and Bacteriocin Production by Lb.
plantarum 1-UL4

Effect of Incubation Temperature on Growth
and Bacteriocin Production by Lb. plantarum 1-
UL4

Effect of Initial pH on Growth and Bacteriocin
Production of Lb. plantarum 1-UL4

Stability of Bacteriocin

Stability of Bacteriocin UL4 at Different pH
Stability of Bacteriocin UL4 at Different
Temperatures

Stability of Bacteriocin UL 4 During Storage at
Different Temperatures

Stability of Bacteriocin UL4 in The Presence of
Different Enzymes

4.3 Results and Discussion

43.1
43.1.1

4312

43.1.3

432
432.1
4322
4323
4324

4.4 Conclusion

Characterisation of Growth and Bacteriocin
Production of Lb. plantarum 1-UL4

Growth and Bacteriocin Production of Lb.
plantarum 1-UL4

Effect of Incubation Temperatures on Growth
and Bacteriocin Production of Lb. plantarum 1-
ULA4

Effect of Initial pH on Growth and Bacteriocin
Production by Lb. plantarum I-UL4

The Stability of Bacteriocin

Stability of Bacteriocin UL4 at Different pH
Stability of Bacteriocin UL4 at Different
Temperatures

Stability of Bacteriocin UL4 During Storage at
Different Temperatures

Stability of Bacteriocin UL4 in the Presence of
Different Enzymes

Xiti

Page
90
90
94
97
102
106
111

112
112
112
112
112

113

113
114
114
114
115
115

116
116

116

119

120
121
121
122
124
125

127



S PURIFICATION AND CHARACTERISATION OF PURIFIED

BACTERIOCIN UL4

5.1 Introduction

5.2 Methodology
52.1

522

523
5.2.3.1
5232

524
5241
5242
525
5251
5252
5253

5254

Preparation of Cell-Free Supematant
Bacteriocin

Ammonium Sulphate Precipitation

Fast Protein Liquid Chromatography
Choice of Mobile Phases
Chromatography Materials

5.2.3.2.1 Gel Filtration Chromatography
5.2.3.2.2 Jon-Exchange Chromatography
Determination of Protein Content
Bradford Method

UV Spectrophotometry
Characterisation of purified Bacteriocin
Non-Denaturing IEF-PAGE

Denaturing Tricine-SDS-PAGE
Western Blotting

5.2.5.3.1 Capillary Press Blotting
5.2.5.3.2 Electroblotting

Gel Staining Method

5.2.5.4.1 Commassie Brilliant Blue Staining
Method

5.2.5.4.2 Silver Staining Method

5.3 Results and Discussion

531

532

5321

5322
5323

5.4 Conclusion

Ammonium  Sulphate  Precipitation  of
Bacteriocin UL4

Purification and Characterisation of Purified
Bacteriocin UL4

Procedure |

5.3.2.1.1 Strategy A

5.3.2.1.2 Strategy B

5.3.2.1.3 Strategy C

5.3.2.1.4 Strategy D

Procedure 11

Procedure II1

5.3.2.3.1 Strategy F

5.3.2.3.2 Strategy G

5.3.2.3.3 Strategy H

5.3.2.3.4 Strategy |

X1V

Page
128

128
128
128

129
129
130
131
131
131
132
132
132
133
133
134
136
136
136
137
137

138
139
139

143

143
143
148
156
158
161
170
171
178
183
185
197



Page
6 GENERAL DISCUSSION AND SUMMARY 198
6.1 Isolation and Screening of LAB 198
6.2  Characterisation of Lb. plantarum 1-ULA and Bacteriocin UL4 199
6.3  Purification and Characterisation of Purified Bacteriocin UL4 202

6.4 Future Work 209
BIBLIOGRAPHY 211
APPENDICES 229

BIODATA OF THE AUTHOR 233

XV



Table

2.1

22

23

3.1

32

33

34

35

3.6

3.7

5.1

5.2

53

54

55

5.6

5.7

LIST OF TABLES

Enzymes of LAB involved in oxygen metabolism.
Summary of bacteriocins produced by different genera of LAB
Different types of lactostrepcins.

Isolation of presumptive bacteriocinogenic LAB from local
traditional food products using Sandwich-Overlay Method.

Deterinination of bacteriocin production by LAB using the Flip-
Streak Method.

Detection of bacteriocinogenic LAB using Agar-Well-Diffusion
Method.

Bacteriocinogenic LAB obtained from Chili Bo, Tempeh, Tapai Ubi
and Tapai Pulut.

Antagonistic activity of selected bacteriocinogenic LAB against
selected gram-positive and gram-negative organisms.

Phenotypic and physical characteristic of UL4.

Identification of isolate UL4 using API 50 CHL (V. 5.0) test kit.

Bacteriocin activity and protein content of (NH4)2SO4 precipitation
of 150 ml CFS.

Bacteriocin activity and protein content of (NH,),SO4 precipitation
of 1 L CFS.

Purification of bacteriocin UL4 using Strategy A of Procedure I
Punfication of bacteriocin UL4 using Strategy B of Procedure I

The clear and false inhibition zones of different combination of
Resource-S cation-exchange chromatography resolved fraction, Sa,
Sb, Sc and Sd of Strategy B (Procedure I).

Punfication of bacteriocin UL4 using Strategy C of Procedure I

Purification of bacteriocin UL4 using Strategy D of Procedure I

X1

Page
24
37

42

88

92

96

97

105

108
110

140

140

146

150

153

158

161



Table

58

59

5.10

5.11

5.12

5.13

6.1

Purification of bacteriocin UL4 using Strategy E of Procedure II.

Purification of bacteriocin UL4 using Strategy F of Procedure III

Purification of bacteriocin UL4 using Strategy G of Procedure III.

Punfication of bacteriocin UL4 using Strategy H of Procedure III.

Punfication of bacteriocin UL4 using Strategy I of Procedure III.

Purification procedure of CFS-bacteriocin of Lactobacillus

plgntarum 1-UL4 (Strategy I, Procedure III).

Tp;ee categories of inhibitory effect from the combination of

ﬁraptions resolved from  Resource-S
c¢hromatography of Strategy B (Procedure I).

Xvil

cation-exchange

168

177

182

185

196

197

204



LIST OF FIGURES

Figure Page
21 Carbohydrate metabolism in homofermentative lactic acid 19
’ bacteria.
29 Carbohydrate metabolism in heterofermentative lactic acid 20
' bacteria.
23 Citrate metabolism in Lactococcus lactis subsp. lactis var. 27

diacetylactis and Leuconostoc spp.
Isolation of presumptive bacteriocinogenic LAB using Sandwich-
3.1  Overlay Method against 3 different indicators: Pd. acidilatici, Lb. 88

pentosus and Lb. plantarum.

Representative clear inhibition zone produced by presumptive

— bacteriocinogenic LAB by using Sandwich-Overlay Method. 89
33 Representative clear inhibition zone produced by presumptive 91
' bacteriocinogenic LAB by using Flip-Streak Method.
3.4 Representative clear inhibition zone produced by presumptive 95
' bacteriocinogenic LAB by using Agar-Well Diffusion Method.
Representative clear inhibition zone by using Critical Dilution
3.5 99
Method.
36 Bacteriocin activity (AU/ml) of LAB isolated from food products 97
' using Critical Dilution Method.
3.7 Modified bacteriocin activity (MAU/ml) of LAB isolated from 98
' food products using Critical Dilution Method.
3.8  Representative of antimicrobial spectrum assay. 104
The diameter of inhibition zone produced by selected
3.9 o : : U : 104
bacteriocinogenic LAB against gram-positive bacteria.
3.10  The cell morphology of Lactobaciilus plantarum 1-UL4. 107

3.11 APICHL 50 test kit. 109

XVIii



Figure

4.1

42

43

44

4.5

4.6

4.7

4.8

5.1

5.2

53

54

55

5.6

5.7

Changes in pH, cell mass (OD ¢ om) and total viable bacterial
count due to the growth of 1b. plantarum 1-UL4 during
incubation at 30 °C for 32 h.

Changes in cell mass (OD g o) and bacteriocin activity (AU/ml
and MAU/ml) due to the growth of Lb. plantarum 1-ULA during
incubation at 30 °C for 32h.

Effect of incubation temperature on growth, pH and bacteriocin
production by Lb. plantarum 1-UL4.

Effect of initial pH of the growth medium on cell biomass,
medium final pH and bacteriocin production of Lb. plantarum 1-
ULA4.

The effect of pH on bacteriocin ULA.

The effect of temperatures on bacteriocin UL4.

Stability of bacteriocin UL4 at different storage temperatures and
duration.

The effect of hydrolytic enzymes on the stability of bacteriocin
ULA.

Rig for Capillary-Press Western Blotting
Rig for Semi-Dry Electroblotting.

Bacteriocin activity of different (NH,4),SO, suspension obtained
in preliminary study.

Bacteriocin activity of 040 % and 40-80 % (NH,;),SO,4
suspension of 1 L CFS ULA4.

IEF-PAGE of desalted (NH4),SO,4 suspension. (A) Bacteriocin
activity gel; (B) Silver stained gel, Lane M, marker;, Lane 1,
desalted 40-80 % (NH4),SO, suspension (DSI); Lane 2,
concentrated DS/ fraction.

Purification of crude bacteriocin UL4 by using NaH,PO,4, pH 7
buffer as the mobile phase (Procedure I).

Desalting Hiprep 26/10 gel filtration chromatography of 0-40 %
(NH4),SO4 suspension (Strategy A, Procedure I).

X1X

Page

116

117

119

121

122

124

125

127

136

137

140

141

142

144

145



Figure Page
58 Resource-S cation-exchange chromatography of desalted 0-40 %

(NH4),SO4 suspension (Strategy A, Procedure | e

59 Desalting Hiprep 26/10 gel filtration chromatography of 40-80 % 147
' NH4),SO; suspension (Strategy B, Procedure I).

510 Resource-S cation-exchange chromatography of desalted 40-80 148

% (NH4),SO4 fraction, DS! of Strategy B (Procedure I).

Resource-Q anion-exchange chromatography of unbound
5.11 bacteriocin fraction, Sa, pooled from Resource-S cation-exchange 149
chromatography of Strategy B (Procedure I).

The clear and false inhibition zones of the combination of
5.12  Resource-S cation-exchange chromatography resolved fraction 153
Sa, Sb, Sc and Sd of Strategy B (Procedure I).

Tricine-SDS-PAGE of purified bacteriocin fractions of Strategy

>13 A and B (Procedure I). LoR

514 Resource-Q anion-exchange chromatography of desalted 40-80 % 157
' (NH4),SOy4 fraction, DS/ (Strategy C, Procedure I).

515 Sartobind S15 cation-exchange chromatography of desalted 40- 159

80 % (NH,),SO4 fraction, DS (Strategy D, Procedure I).
Sartobind Q15 anion-exchange chromatography of unbound
5.16  bacteriocin fraction, S/5a from Sartobind S15 cation-exchange 160

chromatography of Strategy D (Procedure I).

Purification of crude bacteriocin UL4 by using NaH,PO, , pH 5.8

5Ll buffer as the mobile phase (Procedure II). 7

518 Desalting Hiprep 26/10 gel filtration chromatography of 40-80 % 163
' (NH,4),SO4 suspension (Strategy E, Procedure II).

519 Resource-S cation-exchange chromatography of desalted 40-80 164

% (NH,4),SO, fraction, DS/ (Strategy E, Procedure II).

Superose 12 HR 10/30 gel filtration chromatography of bound
520 bacteriocin fraction, RSa from Resource-S cation-exchange 165
chromatography of Strategy E (Procedure II).

Superose 12 HR 10/30 gel filtration chromatography of bound
5.21 bacteriocin fraction, RSbh from cation-exchange chromatography 166
of Strategy E (Procedure II).



Figure

522

5.23

5.24

5.25

5.26

5.27

5.28

5.29

5.30

5.31

5.32

533

Superose 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, RSc from Resource-S cation-exchange
chromatography of Strategy E (Procedure II).

Superose 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, Pal pooled after Superose 12 HR 10/30 gel
filtration chromatography of Strategy E (Procedure II).
Superose 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, Pa2 pooled after Superose 12 HR 10/30 gel
filtration chromatography of Strategy E (Procedure II).

Superose™ 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, Pb pooled after Superose 12 HR 10/30 gel
filtration chromatography of Strategy E (Procedure 11

Superose 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, Pc, pooled after Superose 12 HR 10/30 gel
filtration chromatography of Strategy E (Procedure I1

Purification of crude bacteriocin UL4 by using NaH, PO, pH 8
buffer as the mobile phase (Procedure III).

Desalting Hiprep 26/10 gel filtration chromatography of 40-80 %
(NH,)2SO,4 fraction (Strategy F, Procedure III).

Resource-S cation-exchange chromatography of desalted 40-80%
(NH,4)2SO4 fraction, DS/ (Strategy F, Procedure III).

Resource-Q anion-exchange chromatography of unbound
bacteriocin fraction, RS/ from Resource-S cation-exchange
chromatography of Strategy F (Procedure III).

Superose 12 HR 10/30 gel filtration chromatography of unbound
bacteriocin fraction, RS/ pooled after Resource-S cation-
exchange chromatography of Strategy F (Procedure III).

Superose 12 HR 10/30 gel filtration chromatography of bound
bacteriocin fraction, RS4 pooled after Resource-S cation-
exchange chromatography of Strategy F (Procedure III).

Superose 12 HR 10/30 gel filtration chromatography of bound

bacteriocin fraction, RS5 pooled after Resource-S cation-
exchange chromatography of Strategy F (Procedure III).

XX1

Page

166

168

169

169

170

172

173

173

174

175

176

176



Figure

5.34

5.35

5.36

5.37

5.38

5.39

5.40

5.41

5.42

5.43

5.44

5.45

Mono-S HR 5/5 cation-exchange chromatography of desalted 40-
80 % (NH;),SO; fraction, DSI (Strategy G, Procedure III).

Superose 12 XK-16/70 packed gel filtration chromatography of
unbound bacteriocin fraction, MS! pooled after Mono-S cation-
exchange chromatography of Strategy G (Procedure III).

Superose 12 HR 10/30 prepacked gel filtration chromatography
of fraction, PK/ from Superose 12 XK-16/70 packed gel filtration
chromatography of Strategy G (Procedure III).

Superose 12 HR 10/30 packed gel filtration chromatography of
unbound bacteriocin fraction, MS1 from Mono-S cation-exchange
chromatography of Strategy G (Procedure III).

Superose 12 XK 16/70 packed gel filtration chromatography of
40-80 % (NH4),SO4 suspension, eluted with 0.2 M (NH;),SO;4
added NaH,PO,, pH 8 buffer (Strategy H, Procedure III).

Superose 12 XK 16/70 packed gel filtration chromatography of
40-80 % (NH4),SO;4 suspension, eluted with 0.2 M NaCl added
NaH,PO,, pH 8 buffer (Strategy H, Procedure III

Mono-S HR 5/5 cation-exchange chromatography of desalted 40-
80 % (NH,),SO, fraction, DS] (Strategy I, Procedure III).

Superose 12 XK-16/70 packed gel filtration chromatography of
unbound bacteriocin fraction, MU/ from Mono-S cation-
exchange chromatography of Strategy I (Procedure III).

Superose 12 HR 10/30 prepacked gel filtration chromatography
of bacteriocin fraction, S/2abc from Superose 12 XK 16/70 gel
filtration chromatography of Strategy I (Procedure III).

Tricine-SDS-PAGE of purified bacteriocin fractions of Strategy I
(Procedure III). (a) Silver stained gel; (b) Bacteriocin activity gel;
(c¢) and (d) Coomassie stained gel; (e) Electroblotted PVDF
membrane; (f) Capillary press blotted PVDF membrane.

Tricine-SDS-PAGE of purified bacteriocin fractions of Strategy I
(Procedure III). (a) Silver stained gel; (b) Bacteriocin activity
gel.

TRICINE-SDS-PAGE of purified bacteriocin fractions of

Strategy I (Procedure III). (a) Silver stained gel; (b) Bacteriocin
activity gel.
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