
                                                                                                                                  

vi 

CONTENTS 

 

                     Page 

CONTENTS                                    vi 
LIST OF TABLES              viii 
LIST OF DIAGRAMS/ FIGURES                                                                                               ix 
LIST OF ABBREVIATIONS AND SYMBOLS                                                                         xi 
CHAPTER  
1.  INTRODUCTION 

1.1   Background, Rationale and Objective     1 
             1.2   Lactobacillus         

1.2.1 Background of Lactobacillus     8 
1.2.2 Classification of lactobacilli      11 
1.2.3 Role of Lactobacillus in oral cavity     15 
1.2.4 Bioactive components produced by Lactobacillus   17 

1.3   Bacteriocins 
1.3.1 Bacteriocin definition      26 
1.3.2 Differences between bacteriocins and antibiotics    27 
1.3.3 Bacteriocin classification      28 
1.3.4 Mode of action       30 
1.3.5 Structure ~activity relationship     34 

1.4   Role of P. gingivalis in periodontal diseases 
 1.4.1 Dental bioflim deveolpment     38 
1.4.2 Characteristic of P. gingivalis     40 
1.4.3 Bacterial membrane composition s of P. gingivalis   41 
1.4.4 Periodontal diseases(s)      44 
1.4.5 Pharmacotherapy in periodontal diseases    46 

 

 



                                                                                                                                  

vii 

 CONTENTS (CONTINUTED)  
 

Page 

2. Materials and Methods 
 2.1 Production and isolation of bacteriocin from L. paracasei HL32 55 

    2.2 Purification protocol       57 
    2.3 Antibacterial activity tests      60 
    2.4 Characterisation and identification of the bacteriocin   65 
    2.5 Cytotoxicity        73 
   2.6 Collection of biological sample      76 
    2.7 Stability studies       77 
    2.8 Statistical method       79 
3.     Results and Discussions 
   3.1 Purification of antimicrobial protein(s) from L. paracasei HL32  80 
   3.2 Antibacterial activity of bacteriocin from L. paracasei HL32  85 
   3.3 Characterization and identification the bacteriocin   98 
  3.4 Evaluation of the pH, temperature, and biological fluids on antibacterial  116 
                                  activity  
                           3.5 Evaluation of cytotoxicity                124 
4 .    Conclusions                       127 
BIBLIOGRAPHY         130 
APPENDICES 

   APPENDIX A:  Microbiological Media     149 
   APPENDIX B:  Experimental microorganism    151 
   APPENDIX C:  Reagents      154 
   APPENDIX D:  Protocols for proteonomics    156 
   APPENDIX E:  Periodontitis classification    160 
   APPENDIX f:   Invitation letter, Consent form, Questionnaires,  164 

                                                      and Letter from Ethical Committee  
VITAE           168 



                                                                                                                                  

viii 

LIST OF TABLES 

 
Table                       Page 

1-1   Summary of microorganism commonly used in susceptibility tests of bacteriocin    19 
1-2   Classification of bacteriocins from Gram-positive bacteria               29 
2-1   Bacterial strains and growth conditions                 61 
3-1   Antibacterial screening of biosynthetic substance(s) of L. paracasei HL32                      87 
                 culture, tetracycline, and metronidazole against several bacterial strains 
3-2   Antibacterial activity spectrum of bacteriocin produced by L. paracasei HL32               88 
                  compared with metronidazole as a reference 
3-3 Matching peptide between fragment masses obtained from MALDI-TOF and              105 
                  database from peptide mass fingerprints 
3-4   Relationship between protein sequence obtained from Edman degradation and the         106 
                   calculated masses 
3-5   Hemolysis assay and the effect of heat, pH, and biological fluid on the activity              117 
                   of bacteriocin 
3-6    Pretreatment and storage of whole saliva for enzyme analyses               119
  
  
 
 
 

 
 
 
 



                                                                                                                                  

ix 

LISTS OF DIAGRAMS/ FIGURES 

 
Page 

Diagram 1-1   Transfer pathway of organisms in environment    9 
Diagram 2-1    Diagram of experimentations      56  
Figure 1-1    The homofermentative pathway of lactic acid bacteria    13 
Figure 1-2    The heterofermentative pathway of lactic acid bacteria    14 
Figure 1-3    Chemical structure of (a) reuterin, (b) reutericyclin, and (c) tenuazonic acid 24 
Figure 1-4    Barrel-stave/wormhole mechanism of pore formation by cationic peptides 32 
                          which do not require a receptor 
Figure 1-5    Structural conformation of antimicrobial peptides    35 
Figure 1-6    Transmission electron micrographs of negatively stained cell surfaces of             42 
                           Porphyromonas gingivalis strain ATCC 33277 
Figure 1-7    A Gram-negative cell wall       42 
Figure 1-8    Plasma membrane        44 
Figure 1-9    Healthy  gingival and periodontal diseases                                                              45    
Figure 1-10  The reduction and recolonization pattern in subgingival debridement  46 
Figure 1-11  Mean range of penetration depths of toothbrushes & interdental hygiene devices 47 

Figure 1-12  PerioChipTM and Actisite  Periodontal Fiber     49 
Figure 3-1    Elution trace profile from GPC, TLC and SDS-PAGE of each sample from   81 
                          purification steps of L. paracasei HL32 
Figure 3-2    UV study, (A) Sample 3 (pure) 2 mg/ml; (B) impurity protein 5 mg/ml   82 
Figure 3-3    Partially purified bacteriocin on anion exchange resin     83 
Figure 3-4    Kinetic death rate of bacteriocin produced from L. paracasei HL32 culture  89 
Figure 3-5     Potassium efflux from P. gingivalis ATCC 33277 and WP 50 induced by   89 
                          bacteriocin at MIC 
Figure 3-6    Cell wall deformations. SEM of P. gingivalis treated with                              92 
                          each agent at bactericidal concentration 
Figure 3-7    TEM of P. gingivalis         93 
 



                                                                                                                                  

x 

LISTS OF DIAGRAMS/ FIGURES (CONT.) 
 

Page 

Figure 3-8    TLC chromatogram of non-binding product from AnIEx at 220 and 280 nm 98 
Figure 3-9     Mass spectrum of Sample 3 (pure) from recorded on ESI-MS                           101 
Figure 3-10   RP-HPLC Chromatogram of the blank (0.1% TFA), sample 1 (crude),   103 

sample 2 (semi-pure), sample 3 (pure) obtained from RP-HPLC  
Figure 3-11   MALDI-TOF obtained from tryptic digestion of purified bacteriocin  104 
Figure 3-12   Random coil structure from CD analysis of bacteriocin   107 
Figure 3-13   Secondary structure prediction of bacteriocin     108  
Figure 3-14   Proposed mechanism of interaction of bacteriocin with the cell envelope of  114 
  Gram-negative bacteria 
Figure 3-15  The effect of bacteriocin (upper) and mellitin (lower) on the viability of               124 

human periodontal ligament cells 
Figure 3-16  The effect of bacteriocin (upper) and mellitin (lower) on the viability of   125 

Fibroblasts from gingival tissue 
 
 

 
 
 



                                                                                                                                  

xi 

LISTS OF ABBREVIATIONS AND SYMBOLS 

 

Symbols of Amino Acids 

 

A    Ala     =  Alanine 
C    Cys    =  Cysteine 
D    Asp    =  Aspartic Acid 
E    Glu    = Glutamic Acid 
F    Phe    = Phenylalanine 
G   Gly     = Glycine 
H   His      = Histidine 
I     Ile       = Isoleucine 
K    Lys     = Lysine 
L    Leu     = Leucine 
M   Met     = Methionine 
N   Asn     = Asparagine 
P    Pro     = Proline 
Q   Gln     = Glutamine 
R   Arg     = Arginine 
S   Ser     = Serine 
T   Thr     = Threonine 
V   Val     = Valine 
W  Trp      = Tryptophan 
Y   Tyr     = Tyrosine 

 

Symbols of Common Terms 

 

 Å  = angstorm 
aa  =  Amino acids  
ATCC   = American Type Culture Collection 



                                                                                                                                  

xii

LISTS OF ABBREVIATIONS AND SYMBOLS (CONT.) 
 

oC   = Degree Celsius 
CD   = Circular dichroism  
cm  =  centimeter 
Da   = Dalton 
DNA   = Deoxyribonucleic acid 
DSM  = Deutrsche Sammlung fÜr Mikroorganismen 
DTT   = Dithiothreitol 
EDTA   = Ethylenediamine tetraacetic acid 
e.g.   = For example 
EM   = Electron microscope 
ESI-MS  = electrospray ionisation mass spectrometry 
Fig.   = Figure 
FFL  = US Food Fermentation Laboratory 
FPLC  = Fast performance liquid chromatography 
g  = gram 
GPC  = gel permeation chromatography 
h   = Hours 
HPLC   = High pressure liquid chromatography 
IgA  = immunoglobulin A 
IgG   = immunoglobulin G 
kDa   = KiloDalton 
kg   = Kilogram 
λ  = Wavelength 
L  =  liter 
LMG  = Laboratorium voor Microbiologie 
LJP   = localized juvenile periodontitis 
LPS   = lipopolysaccharide 
MALDI  = Matrix-assisted laser desorption/ionization 



                                                                                                                                  

xiii 

 
LISTS OF ABBREVIATIONS AND SYMBOLS (CONT.) 

 
MALDI-MS  = Matrix-assisted laser desorption/ionization mass  

                                           spectrometry 
MALDI-TOF  = matrix-assisted laser desorption ionization time-of-flight 
mg  = milligram 
MBC  = minimum bactericidal concentration 
MIC   = minimum inhibitory concentration 
MIC50   = MIC at which 50% of isolates are inhibited 
MIC90   = MIC at which 90% of isolates are inhibited 
mcM  = micromolar 
min  = minute 
mL  =   milliliter 
mm  = millimeter 
mU  = milliunit 
NCTC  = National Collection of Type Cultures 
NRRL  = Northern Regional Research Laboratory 
OMP   = outer membrane protein 
PBS   = phosphate-buffered saline 
PCR    = polymerase chain reaction 
pIs  = isoelectric points 
PITC   = Phenylisothiocyanate 
PDL   = periodontal ligament cells 
PMN   = polymorphonuclear leukocyte  
PTH   = phenylthiohydantoin  
RP-HPLC = reversed-phase high performance liquid chromatography 
RT  = retention time  
SDS   = sodium dodecyl sulphate 
SDS-PAGE  = sodium dodecyl sulphate-polyacrylamide gel electrophoresis 



                                                                                                                                  

xiv 

LISTS OF ABBREVIATIONS AND SYMBOLS (CONT.) 

 
SEM  = scanning electron microscopy 
sIgA   = secretory immunoglobulin A 
SOD   = superoxide dismutase 
TEM  = transmission electron microscopy 
Tris   = tris(hydroxymethyl)aminomethane  
TFA  =  trifluoroacetic acid 
w/v  = weight by volume 
v/v  = volume by volume 
µg  =  microgram 
µL  = microliter 
µm  = micrometer 
%  = percent 


