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Sixty-two streptococcal isolates comprising 20 Streptococcus agalactiae, 18 S.
dysgalactiae and 24 S. uberis isolates were recovered from clinical and subclinical
cases of bovine mastitis from different dairy herds jn the Selangor state in Malaysia.
A simple biochemical test scheme formulated on the basis of seven biochemical
reactions allowed the identification of S. agalactiae, S. dysgalactiae and S. uberis
isolates within 24 hours. Streptococcus agalactiae isolates were B-haemolytic,
CAMP positive, utilized hippurate, salicin and raffinose; S. dysgalactiae isolates
were a-haemolytic and fermented only trehalose and raffinose, while S. uberis
isolates showed positive reactions to esculin, inulin and mannitol. The API 20 Strep
System charactenized accurately 100% of S. agalactiae and S. dysgalactiae isolates,
and 96.1% of S. uberis isolates although some variable reactions among the isolates
within the species were observed. Majority of the isolates were susceptible to most of
the antimicrobial agents tested. All S. agalactiae, S. dysgalactiae and S. uberis
isolates were susceptible to oxacillin and nitrofurantoin, while 30% of the isolates

were resistant to tetracycline. Most of the S. dysgalactiae isolates showed resistance
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to kanamycin and cephalexin, and S. agalactiae isolates to knamycin. Streptococcus
dysgalactiae isolates showed higher level of resistance compared to S. agalactiae
and S. ubderis. Serotyping of the streptococcal isplates using monospecific antisera in
agar gel double immunodiffusion revealed that all S. agalactiae isolates were
typeable and demonstrated the type pattems II (60%), Ia (20%), III (15%) and IV
(5%). On the other hand, 17 (94.4%) S. dysgalactiae and 22 (91.6%) S. uberis

isolates were also identified.

The SDS-PAGE and Westem-blotting analyses revealed antigenic
heterogeneity among the isolates of the bovine Streptococcus species examined.
Sodium dodecylsulphate polyacrylamide gel electrophoresis could differentiate the
three streptococcal species on the basis of their characteristic polypeptide bands. The
Western blot analysis also revealed obvious differences in immunogenic proteins
between the streptococcal species. Moreover, isolates within each species produced
variable protein bands on PAGE analysis and variable immunogenic proteins by
Western blotting which let the basis to group them into distinct PAGE and

immunoblot fingerpnint profiles respectively.

Random amplified polymorphic DNA (RAPD) analysis was evaluated for its
capacity to distinguish strains within the species of S. agalactiae, S. dysgalactiae and
S. uberis and for epidemiological subtyping. Three single primers were used for each
species to generate characteristic RAPD fingerprints. The DNA fingerprint patterns
obtained with each primer were distinct and reproducible. The RAPD fingerprints

generated could be useful in delineating the strains of S. agalactiae, S. dysgalactiae
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and S. uberis. The intraspecies typing efficiency was significantly improved by the
parallel use of three primers. The RAPD results showed high level of genetic

diversity within strains of the streptococcal species.

The amplification of the DNA encoding 16S rRNA genes by polymerase chain
reaction with single set of primers complementary to 16S rRNA gene regions
generated characteristic single amplicon that enabled identification and
differentiation of the three streptococcal species. The restriction fragment length
polymorphism (RFLP) analysis of the amplified 16S TRNA gene regions with the
restriction enzymes Mspl and Rsal produced reproducible fingerprint patterns
indicating high level of genetic diversity among the isolates of the streptococcal
species. Higher heterogeneity was observed within S. uberis and S. dysgalactiae
isolates than the S. agalactiae isolates. The discnminatory powers of the two

enzymes were to some extent similar.
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Enam puluh dua pencilan streptokokus terdiri daripada 20 Streptococcus
agalactiae, 18 S. dysgalactiae dan 24 S. uberis telah diperolehi daripada kes klinikal
dan subklinikal mastitis bovin berbagai kelompok lembu tenusu dalam negeri
Selangor, Malaysia. Suatu skema ujian biokimia mudah yang dirumus berasaskan
tujuh tindak balas, telah membolehkan pengenalpastian pencilan S. agalactiae, S.
dysgalactiae, dan S. uberis dalam tempoh 24 jam. Pencilan Streptococcus agalactiae
ialah a-hemolisis, positif pada ujian CAMP, pengguna hipurat, salisin dan rafinosa;
pencilan S. dysgalactiae ialah a-hemolisis dan hanya menapai trehalosa dan rafinosa,
sambil S. uberis menunjukkan tindak balas positif terhadap eskulin, inulin, dan
manitol. API 20 Strep System mencinkan dengan tepat 100% daripada pencilan S.
agalactiae dan S. dysgalactiae, 96.1% daripada pencilan S. uberi, walaupun terdapat
pelbagai tindak balas di kalangan pencilan dalam sesuatu spesies. Sebahagian besar

daripada pencilan ini rentan terhadap kebanyakan agen antimikrob yang diuji.



Kesemua pencilan S. agalactiae, S. dysgalactiae dan S. uberis adalah rentan terhadap
oksasilin dan nitrofurantoin, sambil 30% daripada pencilan tahan tetrasiklin.
Kebanyakan daripada pencilan S. dysgalactiae menunjukkan ketahanan terhadap
kanamisin dan sefaleksin, dan pencilan S. agalactiae pula terhadap kanamisin.
Pencilan Streptococcus dysgalactiae menunjukkan ketahanan lebih tinggi berbanding
S. agalactiae atau S. uberis. Penserotipan pencilan streptokokus mengguna
antiserum monokhusus dalam gel agar-agar pengimunoresapan dedua menunjukkan
pencilan S. agalactiae boleh ditip dan menyatakan pola tip II (60%), III (20%), dan
IV (5%). Disebaliknya, 17 (94,4%) pencilan S. dysgalactiae dan 22 (91.6%)

pencilan S. uberis telah dikenal pasti.

Analisis SDS-PAGE dan pensapan Western menunjukkan keheterogenan antigen
di kalangan pencilan spesies Streptococcus bovin yang dikaji. Elektroforesis gel
poliaktilamida natrium dodesilsulfat boleh membeza tiga spesies streptokokus
berasaskan jalur polipeptida cirian. Analisis sap Western juga menunjukkan kelainan
nyata dalam protein imunogen di antara spesies streptokokus. Tambahan pula
pencilan di dalam sctiap spesies menghasilkan jalur protein pelbagai pada analisis
PAGE dan protein imunogen pelbagai pada pengsapan Western, yang mengsahihkan
asas untuk mengumpulkan pencilan ini masing-masing kepada profil sidikjari PAGE

dan imunosap.

Analisis DNA polimorfik terkuat rawak (RAPD) telah dinilaikan untuk
keupayaannya membeza strain di kalangan spesi¢s S. agalactiae, S. dysgalactiae dan
S. uberis dan untuk pengsubtipan epidemiologi. Pola sidikjari DNA yang diperolehi

daripada setiap primer adalah jelas dan bolch dihasil semula. Sidikjari RAPD yang



dijanakan mungkin berguna dalam membe¢za di antara strain S. agalactiae, S.
dysgalactiae dan S. uberis. Kecekapan pengetipan intraspesies nyata lebih baik
dengan penggunaan tiga pimer. Hasil RAPD menunjukkan yang aras kepelbagaian

genetik di kalangan strain spesies streptokokus adalah tinggi.

Penguatan gen 16S rRNA pengekod DNA melalu tindak balas rangkaian
polimerase mengguna satu set primer pelengkap kepada kawasan gen 16S RNA
menjanakan amplikon tunggal cirian yang membolehkan untuk pengenalpastian dan
pembezaan tiga spesies streptokokus dilakukan. Analisis polimorfosime panjang
fragmen pengehadan (RFLP) terhadap kawasan gen 16S RNA terkuat dengan
mengguna enzim pengehadan Mspl dan Rsal menghasilkan pola sidikjan boleh
dihasil semula, menunjukkan yang adanya kepelbagaian genesk aras tinggi di
kalangan pencilan spesies streptokokus. Keheterogenan lebih tinggi telah dicerap di
kalangan pencilan S. uberis dan S. dysgalactiae berbanding pencilan S. agalactiae.

Kuasa penmbezaan untuk dua enzim ini agak sama.

viil



ACKNOWLEDGEMENTS

All praise to Almighty Allah, the most Merciful and the Benevolent for giving

me the will and strength to complete this study.

I would like to express my deepest gratitude and appreciation to Dr. Abdul
Rahim Mutalib, Chairman of my supervisory Committee, for his invaluable
guidance, constructive comments, advice and valuable suggestions throughout the

course of this study.

My utmost appreciation and sincere gratitude to Associate Professor Dr.
Abdul Aziz Saharee, Associate Professor Dr. Mohd Azmi Mohd Lila and Dr Nadzri
Salim, members of my supervisory committee, for their constructive comments,

constant encouragement and invaluable advice towards the completion of this study.

I wish to express my sincere gratefulness to Professor Dr. Abdul Rani
Bahaman, Director, Institute of Bioscience and Assoc. Prof. Dr. Mohd Azmi Mohd
Lila, Universiti Putra Malaysia for allowing me to use the facilities of their

laboratories to conduct my research works.

My special thanks to Professor Dato’ Dr. Sheikh Omer Abdul Rahman, Dean
of the Faculty of Veternary Medicine and Professor Dr. Aini Ideris, Dean of

Graduate school, Universiti Putra Malaysia for their invaluable advice and moral

supports during the study period.



I would like to express my sincere gratitude to Professor Dr. Christoph
Lammler, Institute of Milk Hygiene, Justus-Liebig University, Germany, and Dr.
James A. Leigh, Compton Lab., UK for providing me with the antisera and reference

streptococcal strains used in this study.

I am greatly indebted to the staff members of the faculty, late Mr. Basri
Kassim, Mr. Hajarath Selamat, Mr. Kamaruddin, Mr. Fauzi Che Yousuf, Mr.
Krishnan and Mr. Saharuddin for their invaluable technical assistance during the
study. I am very grateful to those good friends: Dr. Siti Nor, Mrs Zunita Zakaria, Dr.
Siti Khairani Bejo, Dr. Omer Hassan, Mohamad Grissi, Ms Wei Ooi Ling and to

those who had contnibuted directly or indirectly to the completion of this study.

I am most grateful to the Govemnment of the Peoples Republic of Bangladesh
and the Director General of Bangladesh Livestock Research Institute (BLRI) for

providing me the excellent opportunity with scholarship to accomplish Ph.D.

Last but not least, I wish to express my deepest appreciation to my wife
Masuda, whose late night feeding provided the motivation for ‘burning the midnight
oil’ down the home stretch, and to my daughter Farhin for their endurance, constant

encouragement and moral supports throughout the course of my study.



CHAPTER
I

I

TABLE OF CONTENTS

APPROVAL SHEETS... ... ... e
DECLARATIONFORM.......coooi ittt e

LIST OF TABLES...
LIST OF FIGURES

LIST OF ABBREVIATIONS

INTRODUCTION. .. ... oo e e e e e

Streptococci... e
Streptococcus agalaclzae
Streptococcus dysgalacttae

Streptococcus uberis... ... .................ooooi il

Bovine Streptococcal Mastitis. .. ... ..........

Bacterial Isolation and Identification ..................ccoooeiiiii ...
Isolationand Culture Media... ... .......coooiiee e,

Identification. .. .-
Serological Chamcterlzatlon

Molecular Characterization of Streptococm

DNA-based Molecular Techniques...

Random Amplified Polymorphic DNA-PCR
Restriction Enzyme Analy51s ............................

DNA Hybridizations...

Analysis of 16S IRNA gene

Pulsed-Field Gel Electrophore51s
Protein-based Molecular Techniques.

Sodium Dodecyl-Sulphate Polyacxylam{dé Gel
Electrophoresis (SDS-PAGE) and Western Blottmg

Antimicrobial Sensitivity. .. e
Virulence Factors and Pathogen1c1ty
Pathogenesis. ..
Epndemlology
Clinical and Pathologlcal Mamffstatlons
Clinical Manifestations ..

Pathological Changes.............. J,

Diagnosis...

Chmcal Exammatlon and Detectlon usmg a stnp cup

Xiv

Page

il

11
Vi

X
X1
X1ii
Xviil

XX1V

10
11
11
12
14
14
16
19
22
22
23
25
26
27
29
30

30
33
35
37
40

a4

44
45
46



Leukocyte and Total Cell Counts........................ ol
Indirect Chemical Tests ...................cocoeiiiieirnieeeene

Bacteriological Examination...........................

Serological Diagnosis... ... ..........cooeeiviin et e e
TreatmentofStreptocoocal Mastitis... ..o oot

Prevention and Control...
Dry Cow Therapy...
Pre- and Post mllkmg Teat Dlsmfe\:non
Antimicrobial therapy. .. e
Vaccination .. e

Bovine Streptococcal Mastms in Malaysm

BIOCHEMICAL AND SEROLOGICAL
CHARACTERIZATIONS OF STREPTOCOCCUS SPP.

ISOLATED FROM BOVINE MAMMARY GLANDS........

Introduction. ..
Matenals and Methods
Bacterial Isolatlon

[dentification of Streptococcal 1solates e e e e

API 20 Strep System. ..

Antibiogram. ..

Serological Charactenzatlon
Bacterial Cultures... .
Preparation of Bactenal Antlgens

PreparatlonofMonospemﬁcAntlsera...
SerotypingMethod.................

Results... .
Isolatlon and Identlﬁcatlon
The API 20 Strep System... .
Antimicrobial Susceptiblhty Patterns
Serotyping ..

DISCUSSION. .. ..ot et e e e e e e e e e e e e e

MOLECULAR CHARACTERIZATION
STREPTOCOCCUS SPP. FROM BOVINE MAMMARY
GLANDS BY SDS-PAGE AND WES"‘ERN BLOT

A N S e e e e e e e T e e e e S S e

Introduction...

Materials and Methods
Bacterial isolates. ..
SDS-PAGE... e
Bacterial Protem Sample Preparatnon
Preparation of Hyperimmune Sera in Rabblt

Gel Components and Preparatiof... ........................
Electrophoresis Technique......................coo
GelStaining..........ccoooe e e

47
47
47
48
49
51
52
52
53
53
56

57
57
62

s

62
65
66

.67

67
68
68
69
70
70
73

.. 13
.15

78

86
86

e 90

90
90
90
91
91
92
93



Western Immunoblotting.........................co 93
Protein Transfer to the Nitrocellulose Membrane............ 94
Immunodetection of the Blotted Proteins...................... 95
Results... DRI * | )
PAGE-ProtemPattems PRSP ° ¢
WestemImmunoblottlng... et e e e e e e 104
DISCUSSION ...t it it it e e e e e e eee e e e, 112

MOLECULAR CHARACTERIZATION OF
STREPTOCOCCUS SPP. ISOLATED FROM BOVINE
MAMMARY GLANDS BY RANDOM AMPLIFIED
POLYMORPHIC DNA-PCR ANALYSIS.....cccccecececececceccens 123
Introduction... e e e e, 123
MatenalsandMethods e e e e e 127
Streptococcallsolates et e e, 127
GenomchNAPreparatlon e e 127
Determination of DNA Concentratlon cceeeee e, 128
RAPD-PCRPrimers... ..ot e, 129
RAPD-PCR Conditions..............cccoveveeveeeeeee .. 129
Agarose Gel Electrophoresis ......................cocc....... 130
Results... ..o e e 130
DISCUSSION. .. ... oot e ettt e e e e e et et e e e 148

MOLECULAR CHARACTERIZATION OF
STREPTOCOCCUS SPP. FROM BOVINE UDDEN
INFECTIONS BY ANALYSIS OF 16S rRNA GENE............ 154
Introduction. .. . et eeeaane e et eer e eeeeeeen 154
MatenalsandMethods B RUPIRI 1.
Bactenahsolates et aee e eee e eee e eee e 158
IsolatlonofBactenalDNA ceerieeeeeeeeeeeee e, 158
PCR Amplification of 16S rRNA gene ceveeeeeeen 159
DNA Primers... ettt eee i eee e 159
PCRCondmons .............................................. 159
Gel Electrophoresis. .. ceveeen. 160
Direct Purification of Ampllﬁed 1 6S rRNA gene ceeeee. 160
Enzymatic Digestions... TR UPRRRR (] |
AgaroseGelElectophoresm e e e e e, 162
16SrRNAgene-RFLPAnalysis................................. 162
Results... ceeereeeneee. 163
Ampllﬁcatlon of 16S rRNA gene by PCR ceeeeeen 163
RFLPAnalysnsof16SrRNAgene eeeeeereriiieeen 163
DiISCUSSION. .. ... oee it it eee e e e e e e eae e e 176

GENERAL DISCUSSION ............. OO OO OO OO0 182

BIBLIOGRAPHY............ccccc.... e ee



APPENDICES......ccceveererreosecsvcssecsocccssessossecsessessens Saaees 234
Appendix A: Reagents and Preparations for

Bacteriological Techniques... . oo 235
Appendix B: SDS-PAGE Buffers and Solutlons oo 239
Appendix C: Wester Blotting Buffers and Reagents ...... 245

Appendix D: Reagents and Buffers for DNA Analysis..... 248

BIO-DATA OF THE AUTHOR....cccceeeeermnnniecnncencnncnacnnns 252



Table

3.1

3.2

33

34

4.1

42

43

5.1

52

53

LIST OF TABLES

Streptococcal isolates collected from bovine mammary glands from
different dairy herds in Selangor, Malaysia........................... ...

Conventional biochemical test scheme for characterization of
Streptococcus agalactiae, S. dysgalactiae and S. uberis isolates from

bovine inframammamry infections ... ................ccocooiiiin e ien e,

Biochemical characteristics (% positive) of Streptococcus agalactiae, S.
dysgalactiae and S. uberis isolates utilizing API 20 Strep System... ... ......

Antimicrobial susceptibility patterns of Streptococcus agalactiae, S.
dysgalactiae and S. uberis isolated from bovine IMI...................... ...

Serotype distributions of S. agalactiae, S. dysgalactiae and S. uberis
isolates recovered from bovine mastitis.................... el

Number and molecular weights of Streptococcus agalactiae polypeptide
bands generated by 12% PAGE stained with coomassie blue.

Number and molecular weights of Streptococcus dysgalactiae polypeptide
bands generated by 12% PAGE stained with coomassie blue.................

Number and molecular weights of Streptococcus uberis polypeptide bands
generated by 12% PAGE stained with coomassieblue.........................

The differences among Streptococcus agalactiae isolates in blotted
polypeptide bands 1mmunologlcally detected by rabbit hypenmmune
serum to S. agalactia... e . .

The differences among Streptococcus dysgalactiae isolates in blotted
polypeptide bands 1mmunolog1cally detected with rabbit hypenmmune
serum to S. dysgalactiae... e e e e e

The differences among Streptococcus uberis isolates in blotted

polypeptide bands 1mmuno]og1cally detected with rabbit hypenmmune
serumto S. uberis... . S

Xviil

Page

71

73

74

76

78

98

99

100

106

107

108



6.1

6.2

6.3

RAPD fingerprint profiles among the S. agalactiae isolates generated with
primer OPA-01, 0PA-07and OPA-13............ .ot e

RAPD fingerprint profiles among the Streptococcus dysgalactiae
isolates generated with primers OPA-01, OPA-07 and OPA-13..............

RAPD fingerprinting profiles of Streptococcus uberis isolates generated
with primers OPA-01, OPA-05 and OPA-07.............ccooeeiiv v e e,

133

138

143



Figure

3.1

4.1

4.2

43

5.1

52

53

6.1

LIST OF FIGURES

Double immunodiffusion reactions between antisera against
serotype II and hot acid extracts of Streptococcus agalactiae isolates
(A), and extracts of S. uberis isolates and specific antisera against
the reference strain 0140J (B) (two isolates did not react...............

SDS-PAGE protein patterns of Streptococcus agalactiae isolates
separated on 12% polyacrylamide gels and stained with coomassie
brilliant blue; Lane M: broad range protein molecular standard
(KDa)... ... oot et e et e et e e e e e e e

SDS-PAGE protein patterns of Streptococcus dysgalactiae isolates
separated on 12% polyacrylamide gels and stained with coomassie
brilliant blue; Lane M: broad range protein molecular standard

SDS-PAGE protein pattens of Streptococcus uberis isolates
separated on 12% polyacrylamide gels and stained with coomassie
brilliant blue; Lane M: broad range protein molecular standard

Western immunoblots of whole-cell antigens of Streptococcus
agalactiae isolates electrophoresed on 12% SDS-PAGE gels,
electrotransferred to nitrocellulose membranes and reacted with
rabbit hypenmmune serum to S. agalactiae, Lane M: broad range
protein molecular marker (kDa......................o L

Western immunoblots of whole-cell antigens of Streptococcus
dysgalactiae isolates electrophoresed on 12% SDS-PAGE gels,
electrotransferred to nitrocellulose membranes and reacted with
rabbit hyperimmune serum to S. dysgalactzae Lane M: broad range
protein molecular marker (kDa)... e e e e s

Western immunoblots of whole-cell antigens of Streptococcus
uberis isolates electrophoresed on 12% SDS-PAGE gels,
electrotransferred to nitrocellulose membranes and reacted with
rabbit hyperimmune serum to S. wberis; Lane M: broad range
protein molecular marker (kDa)...............................coo e

RAPD fingerprinting patterns of Streptococcus agalactiae isolates
generated with primer OPA-01 and electrophoresed in 1% agarose
gel;LaneM: 1 KbDNA ladder...... ............cooooiiii i,

Page

77

101

102

103

109

110

111

134



6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

RAPD ﬁngerprinting patterns of Streptococcus agalactiae isolates
generated with primer OPA-07 and electrophorcsed in 1% agarose
gel; Lane M: 1 Kb DNA ladder... e

RAPD fingerprinting patterns of Streptococcus agalactiae isolates
generated with primer OPA-13 and electrophoresed in 1% agarose
gel; LaneM: 1 KbDNAladder................c.coovii i

Dendogram of the cluster analysis based on the RAPD fingerprint
patterns of Streptococcus agalactiae isolates generated with primers
OPA-01,0PA-07and OPA-13..........c oo e e

RAPD fingerprinting patterns of Streptococcus dysgalactiae isolates
generated with primer OPA-01 and electrophoresed in 1% agarose
gel;LaneM: 1 KbDNA ladder...................coo i

RAPD fingerprinting patterns of Streptococcus dysgalactiae isolates
generated with primer OPA-07 and electrophoresed in 1% agarose
gel;LaneM: 1KbDNA ladder................co oo i

RAPD fingerprinting patterns of Streptococcus dysgalactiae isolates
generated with primer OPA-13 and electrophoresed in 1% agarose
gel;LaneM: 1 KbDNA ladder................coooo i

Dendogram of the cluster analysis based on the RAPD fingerprint
patterns of Streptococcus dysgalactiae isolates generated with
primers OPA-01, OPA-07and OPA-13..........c.ccoei e e

RAPD ﬁngerprinting patterns  of Streptococcus uberis isolates
generated with primer OPA-01 and electrophor&sed in 1% agarose
gel; Lane M: 1 Kb DNA ladder... e e e e e e

RAPD fingerprinting patterns of Streptococcus uberis isolates
generated with primer OPA-07 and electrophoresed in 1% agarose
gel;LaneM: 1 KbDNAladder..................ccocoo i

RAPD fingerprinting patterns of Streptococcus uberis isolates
generated with primer OPA-05 and electrophoresed in 1% agarose
gel;LaneM: 1 KbDNA ladder..................cco oo,

Dendogram of the cluster analysis based on the RAPD ﬁngerprint
patterns of Streptococcus uberis 1so]at§ generated with primers
OPA-01, OPA-07 and OPA-05...

135

136

137

139

140

141

142

144

145

146

147



7.1

72

7.3

7.4

1.5

7.6

N

7.8

7.9

The fragments of the PCR amplified 16S rRNA genes of
Streptococcus agalactiae (A), S. afysgalactzae (B) and S. uberis (C)
Lane M: 100 bp plus DNA molecular size marker... .

Schematic representation of PCR amplified 16S rRNA gene-RFLP
patterns of Streptococcus agalactiae isolates generated by digestions
with MspI and Rsal, Lane M: 100 bp plus DNA molecular size
marker... e e ; e ereean e eeB e
The 16S rRNA gene-RFLP fingerprint profiles of Streptococcus
agalactiae isolates produced upon digestion with Mspl and

electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker .. i e

The 16S rRNA gene-RFLP fingerprint profiles of Streptococcus
agalactiae isolates produced upon digestion with Rsal and
electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker... : : e

Schematic representation of PCR amplified 16S rRNA gene-RFLP
patterns of Streptococcus dysgalactiae isolates generated by
digestions with MspI and Rsal;, Lane M: 100 bp plus DNA
molecular size marker. .. e e e e et e e e s

The 16S rRNA gene-RFLP fingerprint prpfiles of Streptococcus
dysgalactiae isolates produced upon digestion with Mspl and
electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker... e e e e et e et e et e e e

The 16S rRNA gene-RFLP fingerprint profiles of Streptococcus
dysgalactiae isolates produced upon digestion with Rsal and
electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker... e e

Schematic representation of PCR amplified 16S rRNA gene-RFLP
patterns of Streptococcus uberis isolates generated by digestions
with MspI and Rsal; Lane M: 100 bp plus DNA molecular size
marker... e e e e et e e et e et e et et e
The 16S rRNA gene-RFLP fingerprint profiles of Streptococcus
uberis isolates produced upon digestion with Mspl and

electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker... . e N

Xxii

166

167

168

169

170

171

172

173

174



7.10 The 16S rRNA gene-RFLP fingerprint profiles of Streptococcus
uberis isolates produced upon digestion with Rsal and
electrophoresed in 2% agarose gels Lane M: 100 bp plus DNA
molecular size marker... PSRRI I

XXiii



LIST OF ABBREVIATIONS

Ab Antibody

AP-PCR Arbitrary Primed-Polymerase Chain Reaction
bp Base pair

BSA Bovine serum albumin

°C Degree Celcius

cfu Colony forming unit

cm Centimeter

CMT California Mastitis Test

DNA Deoxyrnbonucleic acid

dNTP Deoxy-nucleotide triphosphate
Dr. Doctor

e.g. For example

EDTA Ethelene Diamine tetra-acetate
ELISA Enzyme Linked Immunosorbent Assay
g Gram

g/l Gram per litre

G+C Guanine + Cytosine

H,0, Hydrogen peroxide

h/hrs Hour/Hours

HIS Hypenmmune Serum

1e. That is

Lm. [ntramuscular

IgA Immunoblobulin A

IgG Immunoglobulin G

Kbp Killobase pairs

kDa Killodalton

M Molar

Mab Monoclonal Antibody

M.W. Molecular Weight

Mg Milligram

min/mins Minute/Minutes

ml Millilitre

mM Millimolar

nm Nanometer

O.D. Optical Density

PAGE Polyacrylamide Gel Electrophoresis
PBS Phosphate Buffer Saline

PBST Phosphate Buffer Saline Tween 20
PCR Polymerase Chain Reaction

pH Hydrogen ion concentartion
PFGE Pulsed Field Gel Electrophoresis

XX1V



