il
UNIVERSITI PUTRA MALAYSIA

PROFILING IMMUNE MARKERS FOR IDENTIFICATION OF
LEUKOCYTES IN BROWN-MARBLED GROUPER
Epinephelus fuscoguttatus FORSSKAL

CHONG CHOU MIN

IB 2014 7




U[P|M

UNIVERSITI PUTRA MALAYSIA
[BERILMU BERBAKTI]

1111

PROFILING IMMUNE MARKERS FOR IDENTIFICATION OF
LEUKOCYTES IN BROWN-MARBLED GROUPER
Epinephelus fuscoguttatus FORSSKAL

By

CHONG CHOU MIN

Thesis Submitted to the School of Graduate Studies, Universiti Putra
Malaysia, in Fulfilment of the Requirements for the Degree of Doctor of
Philosophy

August 2014



COPYRIGHT

All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti
Putra Malaysia unless otherwise stated. Use may be made of any material
contained within the thesis for non-commercial purposes from the copyright
holder. Commercial use of material may only be made with the express, prior,
written permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Specially dedicated to my beloved parents and both of my beloved late
grandfathers
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By
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The high market value of grouper has encouraged a greater impetus for its
development in aquaculture. Rapid expansion of mariculture of grouper
however has been hampered by serious outbreaks of infectious diseases in
the industry which poses a pressing need for disease prevention programs and
supportive input from immunological studies on this premium fish. However,
fundamental difficulties such as rapid blood clotting during blood collection,
unsuitability of standard reagents for isolating leukocytes and paucity in
monoclonal antibody (MAb) markers for identifying leukocyte subsets has
hindered the progress of immunological studies in this field. The general aim
of this study was to develop methodologies to isolate and identify leukocyte
subpopulations in  grouper. Various methodologies were used.
Experimentation with different combinations of anticoagulants identified a new
preparation which effectively prevented the remarkably rapid blood clotting
capabilities of grouper (Epinephelus fuscoguttatus). This anticoagulant also
prevented the blood coagulation in other tropical fish. Isopycnic density
gradient showed that all of the grouper peripheral leukocytes possess
heterogeneous densities and were hardly able to be purified using this method.
Cytological assessment via microscopic observations of Romanowsky stained
grouper blood cells revealed the five major cell components present, namely
lymphocyte, thrombocyte, erythrocyte, monocyte, and granulocyte.
Cytochemical stainings were also useful to characterise these cells. Putt’s
Eosin staining was found to differentiate grouper leukocytes into five clusters
in flow cytometry and each was shown to correlate significantly with the
aforementioned main cell types. Distinct flow cytometric light scattering
characteristics of these subsets with eosin mirrored the biophysics of the cells
in microscopic studies. The utilisation of flow cytometric eosin profile in cell
subset identification is novel and applicable on other fish species. The profile
was used to indicate granulocyte: lymphocyte ratio, whereby the index reflects
inflammation status in fish groups treated with Vibrio parahaemolyticus relative
to the control group. A panel of MAbs was developed against various blood
cells of E. fuscoguttatus using the hybridoma fusion technique. Four (EF118,
EF124, EF353 and EF512) were further characterised. With a combination of



immunochemistry assessments, flow cytometric analyses, and mitogen-
induced leukocyte proliferation assays. EF118 was identified as a general
marker for grouper lymphocytes, EF512 was identified a subset of lymphocyte,
EF124 appeared to be specific for monocytes/macrophages, while EF353
stained mature blood cells (haematocytes). These markers were also used to
profile changes in cellular compositions in grouper blood and spleen of controls
and 4 hours acute infection with V. parahaemolyticus. Results showed
modulation in percentage of EF118 and EF124 positive cells in these
tissue/organ. Immunopanning with the EF118 monoclonal antibody was also
tested to isolate specific cells from peripheral blood of grouper and
successfully purified more than 95% of lymphocyte. With the successfully
establishment of the methodologies and reagents in isolation and
characterisation of leukocytes subsets in grouper blood and lymphoid organs,
in addition to the development of MAB and non-MAb markers, immune
responses of the grouper could be monitored against various environmental or
biotic stressors and immunoprophylactic treatments that will lead to
improvement of programs in aquaculture of brown-marbled grouper.
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fuscoguttatus (FORSSKAL, 1775)
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Pengerusi : Maha Abdullah, PhD
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Harga pasaran bagi ikan kerapu yang tinggi telah mendorong perkembangan
akulkultur ikan tersebut di seluruh dunia. Namun begitu, pembanguan
marikultur kerapu telah dilarang oleh penyebaran pelbagai penyakit berjangkit
yang serius dalam industri tersebut. Senario ini merangsang dan mendorong
pengajian immunologi dan pencegahan penyakit bagi ikan kerapu. Tetapi,
maklumat mengenai sistem imun dalam ikan tropika yang sedia ada adalah
terhad. Pembekuan darah yang cepat semasa proses pengumpulan darah
dan kesukaran pengasingan leukosit adalah antara masalah yang dihadapi
dalam pengajian imun ikan tropika. Kekurangan antibodi monoklonal untuk
membezakan jenis leukosit adalah faktor lain yang menghalang kajian
imunologi dalam bidang ini. Tujuan umum kajian ini adalah untuk mencipta
kaedah berkesan bagi mengasingan dan mengenal pasti jenis leukosit ikan
kerapu harimau. Pengujikajian pelbagai kombinasi antikoagulan telah
mendorong penciptaan antikoagulan yang baru dan berkesan dalam
pencegahan darah ikan kerapu harimau (Epinephelus fuscoguttatus) daripada
membeku. Anticoagulan tersebut menyelesaikan isu pembekuan darah yang
cepat yang dihadapi oleh ikan tropika. Pengemparan kadar zon yang
berasalkan isopiknik cerun ketumpatan menunjukan bahawa semua jenis
leukosit yang terdapat dalam darah perifera kerapu memiliki ketumpatan yang
bertindih dan sama. Ini menyebakan sel-sel tersebut tidak dapat dipisahkan
kepada subset individunya dengan mengunakan pendekatan kaedah
pengemparan kadar zon semata-mata. Pemeriksaan sitologi menunjukan
kehadiran lima jenis sel utama dalam darah perifera ikan kerapu, iaitu limfosit,
trombosit, eritrosit, monosit dan granulosit. Teknik pewarnaan enzimatik telah
digunakan untuk mengambarkan sifat sitokimia sel-sel ini. Putt’s eosin didapati
berjaya membezakan leukosit kerapu kepada dalam lima kelompok melalui
analisis sitometri aliran. Setiap kelompat yang diperhati dalam simetri aliran
didapati berkait rapat secara ketara dengan kelima-lima leukosit dalam darah.
Prinsip asas kaedah baru ini adalah berdasarkan perbezaan afiniti terhadap
eosin Y bagi sel-sel yang keterterapan sel membrannya telah diubahsuaikan
oleh pengawet. Gambar rajah serakan cahaya sitometri aliran yang berbeza



mengambarkan ciri-ciri biofizik sebenar sel-sel leukosit tersebut. Pengunaan
eosin profil dalam sitometri adalah inovasi yang baru untuk mengenal pasti
subset sel dan kaedah ini didapati boleh diaplikasikan oleh ikan tropika yang
lain. Profil eosin ini telah digunakan untuk menunjuk nisbah limfosit kepada
granulosit dalam darah ikan. Nisbah ini adalah indeks yang menunjukkan
status keradangan bagi sesuatu vertebrat. Pembezaan nisbah ini telah
dikesan dalam kumpulan ikan yang telah dijangkiti dengan Vibrio
parahaemolyticus berbanding dengan kumpulan kawalan. Empat antibodi
monoklonal telah dihasilkan dengan teknik fusi hibridoma. Melalui penilaian
imunokimia, analisasi sitometri aliran, dan ujian proliferasi limfosit, keempat-
empat antibodi ini telah dikenal pasti sebagai penanda sel ikan kerapu. Mereka
masing-masing merupakan penanda sel kepada limfosit, limfosit subset,
monosit/ makrofaj, atau sel-sel darah matang. Penanda-penanda ini telah
digunakan untuk mengaji ketukaran komposisi sel dalam darah dan limpa di
kalangan kerapu yang disuntik V. parahaemolyticus berbanding dengan
kumpulan kawalan. Aplikasi teknik panning dengan menggunakan piring petri
yang dilapisi penanda limfosit (antibodi monoklonal EF118) telah berjaya
mengasingkan limfosit dengan perolehan sel dan ketulenan pengasingan yang
lebih tinggi berbanding dengan teknik pendekatan kaedah pengemparan
kadar zon. Penciptaan antikoagulan dan penanda-penanda sel yang baru ini
dijangka akan memberi rangsangan positif kepada pengajian imunologi ikan
kerapu. Pelbagai teknik, pendekatan dan rekabentuk eksperimen baru dapat
dicapai dengan mengaplikasikan perciptaan ini.



ACKNOWLEDGEMENTS

During the write up of this thesis, it brought me back to the days of research in
PhD. There are a few people that | would like to give my appreciation. Firstly |
would like to thank my supervisor Assoc. Prof. Dr. Maha Abdullah for the
constant guidance, support and tolerance to my occasional absurd ideas. She
was a light that draws me back to track whenever | strayed off. Despite her
busy schedule, she always spares time to conduct our progress meeting and
help smooth out the knots during our course of research.

Next in line is my co-supervisor Prof. Dr. Mariana Nor Shamsudin. | would like
to thank her for sharing her research grant. Enabling me to purchase the much
needed reagents and chemicals for the research. Even in her moments of
sickness, she continuously cared and supported my research. | am forever
grateful. | would also like to express my gratitude to another co-supervisor Prof.
Dr. Fatimah Md Yusoff, who graciously taught me how to write a good journal
and what it's like to be a researcher. The advice is priceless. Not forgetting Dr.
Leslie Than Thian Lung, relentlessly guiding me on producing monoclonal
antibody. Throughout the monoclonal antibody production, he has been
indispensable in guidance and advice especially during the trying times.

| would also like to thank my parents and my sister. Although they do not fully
comprehend the work I'm doing, they have been a source of continuous
support. They respected my desire to continue with my studies and have never
expected me to contribute to the home financially, despite social pressure. |
would also like to thank my close friends who have been there for me, namely
Tan Cher Kuang, Kelvin Tan, Lim Hui Ki, Ang Chai Ling, Yeo Kwok Shien,
Chew Weiyun, Joey Ee Uli, Catherine Chieng, Hong Chia Yean, Yau Sook Kun
and Tong Chih Kong. Ungrudgingly, some of them has been willing to ferry my
fish around, putting up with unpleasant smell. Not forgetting my immunology
lab mates and MARSIab staffs, seniors and juniors, who made my life in
research colourful. They have always been there to give a helping hand.

| would like to thank Dr. Leong Pooi Pooi, Sammy Cheang and See Hui Shien
who taught me on the technique of flow cytometry.

This research would not have been possible without the said people and every
single one around me.



This thesis was submitted to the Senate of Universiti Putra Malaysia and has
been accepted as fulfilment of the requirement for the degree of Doctor of
Philosophy. The members of the Supervisory Committee were as follows:

Maha Abdullah, PhD

Associate Professor

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Chairman)

Mariana Nor Shamsudin, PhD
Professor

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Member)

Fatimah Md Yusoff, PhD
Professor

Faculty of Agriculture
Universiti Putra Malaysia
(Member)

Leslie Than Thian Lung, PhD

Lecturer

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Member)

BUJANG BIN KIM HUAT, PhD.
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our
supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: Signature:
Name of Name of
Chairman of Member of
Supervisory Supervisory

Committee: Maha Abdullah PhD  Committee: Mariana Nor Shamsudin, PhD

Signature: Signature:
Name of Name of
Member of Member of
Supervisory Supervisory

Committee:  Eatimah Md Yusoff PhD Committee: Leslie Than Thian |l ung PhD



TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK iii
ACKNOWLEDGEMENTS Y
APPROVAL vi
DECLARATION viii
LIST OF TABLES Xiii
LIST OF FIGURES Xiv
LIST OF ABBREVIATIONS XVii
CHAPTER
1 INTRODUCTION 1
2 LITERATURE REVIEW 4
2.1 Brown-marbled grouper 4
2.1.1 Taxonomy and nomenclature 4
2.1.2 Morphology 6
2.1.3 Biological, ecological and geographical 7
distribution
2.1.4 Economic importance and mariculture of grouper 9
2.1.5 Diseases in brown-marbled grouper mariculture 9
in Malaysia
2.2 Piscine cellular immunology 11
2.2.1 Monocytes and macrophages 12
2.2.2 Granulocytes and eosinophilic granular cells 13
2.2.3 Non-specific cytotoxic cells 14
2.2.4 Thrombocyte 15
2.2.5 B-lymphocytes 16
2.2.6 T-lymphocytes 17

2.2.7 The implications of knowledge of piscine cellular 18
immunology on aquaculture

2.3 Monoclonal antibody production 19

2.3.1 History and principle 19

2.3.2 Application of monoclonal antibody in aquaculture 20

3 MATERIALS AND METHODS 26
3.1 Isolation, identification and characterisation of leukocyte 26
subpopulations through physical-chemical approaches

3.1.1 Animal ethics statement 26
3.1.2 Experimental fish 26
3.1.3 The anticoagulant 26
3.1.4 Collection of fish blood 27

3.3.5 Effectiveness of anticoagulant on blood of other 27
tropical fishes

3.1.6 Isolation of peripheral blood leukocytes by 27
hypotonic lysis of erythrocytes



3.1.7 Isopycnic centrifugation of discontinuous Percoll
gradient
3.1.8 Flow cytometric analysis for scatter profile
3.1.9 Eosin staining analysis on flow cytometry
3.1.10 Screening of human antibodies on grouper
leukocytes
3.1.11 MGG staining and leukocyte differential cell
count
3.1.12 Cytochemical characterisation of leukocytes
3.2 Production of monoclonal antibody
3.2.1 Preparation of antigen
3.2.2 Immunisation of mice
3.2.3 Preparation of feeder cells
3.2.4 Cell fusion to form hybridoma
3.2.5 Preliminary screening and selection of hybridoma
through Cell-ELISA
3.2.6 Screening and selection of hybridoma through
flow cytometric immunofluorescence
3.2.7 Cloning of hybridoma by limiting dilution
3.2.8 Detection system
3.2.8 Determination of hybridoma isotypes/classes
and subclasses
3.3 Double staining with eosin and selected MAb using flow
cytometry
3.4 Immunopanning
3.5 Monoclonal antibody screening on immune-modulated
leukocytes
3.5.1 In vitro experiments
3.5.2 Invivo experiment (acute Vibrio infection of brown
marbled grouper)
3.6 Statistical analysis

RESULTS
4.1 Isolation, identification and characterisation of leukocyte
subpopulations through physical-chemical approaches
4.1.1 Species identification through morphology
4.1.2 Effectiveness of anticoagulants
4.1.3 Effectiveness of optimized anticoagulant on
other tropical fishes
4.1.4 Morphology and cytochemical characterisation of
blood cell subpopulations
4.1.5 Grouper leukocyte separation using
discontinuous Percoll gradient
4.1.6 Grouper leukocyte subpopulation scatter with
eosin fluorescent staining
4.1.7 Flow cytometric eosin profile on other fish
species
4.1.8 Immunophenotyping of grouper leukocytes with
human immune-related antibodies
4.2 Production of Monoclonal Antibodies

Xi

28
28
29
29
30
32
33
35
35
36
37
38
40
41
42
43
45

45
46

46
47

48

50
50

50
52
55
56
61
65
72
72

73



4.2.1 Generation, selection, and cloning of
hybridomas
4.2.2 Characterisation of monoclonal antibodies
4.2.3 Double staining with eosin and monoclonal
antibody
4.2.4 Immunopanning
4.3 In vivo modulation of immune cells by Vibrio infection
4.3.1 Blood granulocyte to lymphocyte ratio after
acute Vibrio infection of brown marbled grouper
using eosin-staining via flow cytometry
4.3.2 Screening of MAb on leukocytes after in vivo
acute infection with Vibrio
4.4 MAD screening on leukocytes after in vitro mitogen
treatment
4.5 Phagocytosis assay
4.6 Summary of characteristics and profiling of grouper
peripheral blood cell subpopulations

5 DISCUSSION

5.1 Anticoagulant

5.2 Morphology and cytochemical characterisation of blood
cell subpopulations

5.3 Separation of grouper leukocytes using Isopycnic
centrifugation of discontinuous Percoll gradient

5.4 Differentiation of grouper peripheral blood leukocytes in
flow cytometry with eosin fluorescent staining and
applications

5.5 Production characterisation of Monoclonal Antibodies
to grouper leukocytes

5.6 Immunopurification of grouper lymphocytes using
Immunopanning with EF118 MADb

5.7 Phagocytosis

5.8 Immunophenotyping with established markers on
grouper leukocytes activated in vitro with mitogens

5.9 Immunophenotyping with the established markers on
leukocytes from in vivo acute bacterial infected grouper

6 CONCLUSION AND FUTURE RECOMMENDATIONS
6.1 Conclusion
6.2 Future recommendations

REFERENCES
APPENDICES
BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xii

73

77
86

86
88
88
92
95
97
101

102
102
104
112

113

115

119

120
121

122

124
124
126

128
147
157
158



Table

2.1
2.2
4.1
4.2

4.3
4.4

4.5
4.6
4.7

4.8

4.9

5.1

5.2

5.3

LIST OF TABLES

Vernacular names for Epinephelus fuscoguttatus

Cell lineage MADs in aquaculture

Comparison between commercial anticoagulants

Effectiveness of various combinations of EDTA, heparin and/or
sodium citrate

Cross reactivity of human CD markers on grouper leukocytes
Summary of number of positive hybridoma identified in the study
Characteristics of surface monoclonal antibodies

Characteristics of intracellular monoclonal antibodies
Percentage of bead-engulfed phagocyte MAb-reactive cells from
grouper splenocytes

The distribution of phagocytes with phagocytised beads in
EF124* and EF124- cells

Summary of characterisation and profiling of grouper peripheral
blood cell subpopulations

Comparisons of Periodic Acid Schiff (PAS) staining of blood cell
types among different piscine species

Comparisons of the B-glucuronidase staining of blood cell types
among different piscine species

Comparisons of the a-naphthyl butyrate esterase staining of
blood cell types among different piscine species.

Xiii

Page

22
53
54

73
76
78
83
98

100
101
106
108

110



LIST OF FIGURES

Discontinuous gradient of isotonic Percoll solution and fractions

Principle for hybridoma isotype determination using an ELISA

Percentage of cell yield in each Percoll fraction from four

Representative flow cytometric side scatter (SSC) vs. eosin

fluorescence dot plots for unfractionated and fractonated grouper

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for whole peripheral blood before and after 30 seconds of

Flow cytometric side scatter (SSC) vs. forward scatter (FSC) dot

Mean percentages of cells in the various regions of the eosin

leukocyte

subpopulations determined under light microscopy in fish blood

Comparison of blood cell differential counts by microscopic cell

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for peripheral blood collected from Mahseer and Tilapia

Figure
2.1 Key characteristics of E. fuscoguttatus.
2.2 Natural distribution of Epinephelus fuscoguttatus
3.1

after centrifugation
3.2  Adhesive principle of Poly-L-Lysine coating
3.3  Monoclonal antibody production procedure
3.4  Principle of the Cell-ELISA assay
3.5

assay
4.1  Appearance of unsedated adult E. fuscoguttatus
4.2  Distinctive characteristics of E. fuscoguttatus
4.3 MGG staining of grouper blood cells showing intact morphology
4.4  The application of ICE anticoagulant
4.5 Microscopic observation of grouper lymphocytes
4.6  Microscopic observation of grouper thrombocytes
4.7 MGG of grouper erythrocytes
4.8  Microscopic observation of grouper granulocytes
4.9  Microscopic observation of grouper monocytes
4.10 MGG staining of grouper blood cells in fraction
4.11

independent experiments
4.12 MGG staining of grouper blood cells in fraction Il
4.13 MGG staining of grouper blood cells in fraction I
4.14 MGG staining of grouper blood cells in fraction 1V
4.15

blood
4.16

hypotonic lysis with distilled water
417

plots for respective R1, R2, R3, R4 and R5 cell populations
4.18

scatter plots compared with percentages of

samples (N=4)
4.19

count and flow cytometry
4.20

stained with 10% eosin staining solution
4.21

Grouper splenocytes used as whole-cell antigens to immunise

mouse

Xiv

Page

31

34
39
44

50
51
95
50
57
58
59
60
61
62
63

64
64
65
66

67

72

74



4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

5.1

Grouper peripheral blood leukocytes used as whole-cell antigens
to immunise mice

Phase-contrast microscopy of poly-I-lysine-coated microplate well
showing grouper peripheral blood leukocytes firmly attached at
the end of the ELISA assay

Inverted microscopic observation showing a hybridoma clone
from limiting dilution cloning

Immunofluorescent and immunoperoxidase characterisations of
EF118 MAb

Immunofluorescent and immunoperoxidase characterisations of
EF512 MAb

Representative flow cytometric histograms of unpermeablised
and permeabilised grouper leukocytes stained with EF124 MAb
Representative flow cytometric histograms of unpermeablised
and permeabilised grouper leukocytes stained with EF353 MADb
Immunofluorescent and immunoperoxidase characterisations of
EF124 MAb

Immunofluorescent and immunoperoxidase characterisations of
EF353 MADb

Flow cytometric dual staining of leukocytes with EF118 MAb and
eosin

MGG staining of cells isolated from grouper peripheral whole
blood using immunopanning with EF118 MAD. Isolated cells were
mostly lymphocytes

Purity of lymphocyte isolated using immunopanning with EF118
MAb compared to Percoll separated fractions

Number of cells isolated per every millions of peripheral whole
blood used via immunopanning of EF118 MAb versus Percoll
separation fractions

Representative flow cytometric side scatter (SSC) vs. eosin
fluorescence dot plots for lysed blood cells of both the control and
challenged experimental groups treated with 10% eosin staining
solution

Bart chart showing that G:L ratio of both control and Vibrio-
challenged groups

Relative percentages of respective MAb-reactive cells in pooled
splenocytes acquired from fish 4 hours after injection with PBS or
Vibrio intramuscularly

The relative percentages of the respective MAb-reactive cells in
pooled blood sample acquired from fish 4 hours after injection
with PBS or Vibrio intramuscularly

The relative percentages of the respective MAb-reactive cells in
leukocyte cultures of different treatments

Representative fluorescence histograms of EF118-stained and
EF123-stained sample in leukocyte culture of different treatment
Evaluation of phagocytosis ability of EF353*, EF124* and EF124-
cells by flow cytometry

The coagulation mechanism in teleost fish and possible mode of
anticoagulation by the ICE anticoagulant

XV

74

75

75

79

80

82

82

84

85

87

88

89

90

91

92

93

94

96

97

99

103



A1

A2

A3

A4

A5

A.6

A7

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for different isolation fractions of the peripheral blood
collected from fish sample #1 treated with 10% eosin staining
solution

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for different isolation fractions of the peripheral blood
acquired from fish sample #2 treated with 10% eosin staining
solution

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for different isolation fractions of the peripheral blood
acquired from fish sample #3 treated with 10% eosin staining
solution

Flow cytometric side scatter (SSC) vs. eosin fluorescence dot
plots for different isolation fractions of the peripheral blood
acquired from fish sample #4 treated with 10% eosin staining
solution

Representative flow cytometric histogram overlays demonstrate
no cross-reactivity of the selected human CD markers on grouper
reactivity (blue curves) relative to negative controls (red curves)
Representative flow cytometric histogram overlays demonstrate
the respective MAb-stained cells of various lymphoid organs
(filled curves) in relative to their corresponding negative controls
(unfilled curves)

Flow cytometric phagocytosis assay on splenic leukocytes using
FITC microspheres and MAb immunostaining

XVi

149

150

151

152

153

154

155



LIST OF ABBREVIATIONS

Aaso Optical density reading measured at 450 nm
wavelength

APC Allophycocyanin

ATCC American Type Culture Collection

BCR B-cell receptor

BG R-glucuronidase

BSA Bovine serum albumin

CAF Citrate-acetone formaldehyde

CFU Colony-forming unit

COz2 Carbon dioxide

DAB 3,3'-diaminobenzidine

DAPI 4'.6-diamidino-2-phenylindole

DMEM Dulbecco's Modified Eagle's medium

DNA Deoxyribonucleic acid

EDTA Ethylenediaminetetraacetic acid

EGC Eosinophilic granular cell

ELISA Enzyme-linked immunosorbent assay

FACS Fluorescence-activated cell sorter

FBS Foetal bovine serum

FITC Fluorescein isothiocyanate

FL1 First fluorescence detector in flow cytometry

G:L ratio Granulocyte to lymphocyte ratio

GIFT Genetically improved farmed tilapia

HAT Hypoxanthine, Aminopterin and Thymidine

HBSS Hank's balanced salt solution

Hpf Hours post-fertilisation

HPRT Hypoxanthine phosphoribosyltransferase

HRP Horseradish peroxidase

i.m. Intramascularly

i.p. Intraperitoneally

ICE Isotonic citrate EDTA

IgA Immunoglobulin A

IgD Immunoglobulin D

lgG Immunoglobulin G

IgM Immunoglobulin M

IgT Immunoglobulin T

IUPAC International Union of Pure and Applied Chemistry

I-15 Leibovitz-15

LPS Lipopolysaccharide

MADb Monoclonal antibody

MADb Monoclonal antibody

MGG May-Grinwald Giemsa staining

MHC Major histocompatibility complex

MS222 Tricaine methane sulfonate

Na2 Sodium

NBE a-naphthyl butyrate esterase

NCC Non-specific cytotoxic cell

XVii



NK cells
PAMPs
PAS
PBL
PBS
PCR
PE
PEG
PHA
PMMA
ppt
PRP/R
RNA
SIP

Sp.
TCR
TLR
TRITC
USA

Natural killer cell

Pathogen associated molecular patterns
Periodic acid Schiff

Peripheral blood leukocyte

Phosphate buffered saline

Polymerase chain reaction
R-phycoerythrin

Polyethylene glycol
Phytohaemagglutinin
Polymethylmethacrylate
Parts-per-trillion

Pattern recognition proteins or receptors
Ribonucleic acid

Stock isotonic Percoll

Species

T-cell receptor

Toll-like receptor

Tetramethylrhodamine isothiocyanate
United states of America

XViii



CHAPTER 1

INTRODUCTION

The brown-marbled grouper (Epinephelus fuscoguttatus) of the Serranidae
family or Tiger grouper as it is known in South-East Asia is a species of
warmwater marine finfish (Unsworth et al., 2007). Groupers are the most
rigorously exploited live fish group (Pierre et al., 2008) due to the remarkable
quality of its flesh and high demand in the Asian market with an estimated cost
ranging from USD 15-50 kg™ with fluctuations in the price and increased
demand during the festive seasons (Harikrishnan et al., 2010; Othman, 2008;
Pierre et al., 2008; Parameswaran et al., 2007; Zhou et al., 2007; Antoro et al.,
2006). Habitat loss and commercial fishery (Cornish, 2004 ; Zatcoff et al., 2004)
however, have led to the development of mariculture of grouper in many
countries including Malaysia, with a two-fold increase in the wholesale value
of reared grouper from the year 2002 to 2004 (Othman, 2008).

Unfortunately, the mariculture industry is susceptible to diseases such as
vibriosis which occurs at various stages of grouper cultivation (Sivaram et al.,
2004) and serious infections which are potentially capable of wiping out entire
fish stocks (Oh et al., 2012; Gong et al., 2011; Parameswaran et al., 2007; Chi
et al., 2003). Immunology-based strategies such as vaccination and
investigations on the susceptibility of infections may improve management and
increase productivity of fish culture.

Insufficient knowledge is currently available on tropical warmwater fish
compared to coldwater fish species (Bowater et al., 2012; Lin et al., 2005). One
of the main differences between cold and warm water fish is the amount of
time it takes for blood clotting to occur (Kawatsu, 1986; Feeney et al., 1972),
which is more rapid in fish living in warmer temperature (Huss, 1993).

The rapid blood clotting mechanism in warm marine finfish is an evolutionary
feature that prevents infections of open wounds which are more susceptible to
pathogenic infections in warmer water systems. Apart from pathogenic
infections, bleeding poses a lethal threat to fish as they possess a blood
volume of relatively a fifth to a quarter of that of mammalian blood (Wolf, 1959),
and the bleeding could also potentially attract aquatic predators with strong
olfactory capabilities. Although the effective blood clotting has been beneficial
for the warm water fish, it has hampered blood collection essential for
downstream uses needed by fish farmers and researchers, such as sex
determination assay, serological and health assessment, disease identification,
assessment of vaccine, biomarker production as well as various endocrinology
tests. Close to 60% of the world’s aquaculture production is contributed by
warm subtropical and tropical countries in Asia (De Silva and Soto, 2009).
Thus, the development of an effective anticoagulant will significantly contribute
to fundamental researches in disease prevention and management.



Like mammals, fish have various types of white blood cells, or leukocytes,
which constitute a sophisticated defense mechanism called cellular immunity.
These leukocytes encompass lymphocytes, monocytes, thrombocytes and
granulocytes. The separation of blood cells into their respective cell lineages
is often the first and crucial step for many immunological studies. Isolation of
leukocytes into their respective cell lineages have been confined to the usage
of buoyant centrifugation methods, for example, density gradient centrifugation
as well as sedimentation (Rowley, 1990).

With the monoclonal antibody approach, great strides have been made in the
identification, isolation, and characterisation of leukocyte subpopulations of
some fish species. The availability of basic reagents and methodologies
encourages the progress of immunological based studies including
understanding mechanisms of immunity to infections and importance of
abiotic/biotic stressors that may have immunomodulatory effect on boosting or
suppressing immune response. Furthermore, MAbs enable comprehend
evaluation of immune status in fish. Through this marker-assisted selective
breeding approach, broodstock of strong immunity could be identified. With
available supportive evidence for vaccine identification and production, along
with selective breeding, establishment of culture programs for rearing of
healthy and disease resistant fish can be conducted.

Despite immense applications of monoclonal antibodies, developed
monoclonal antibodies tend to be limited to several cultured fish species, such
as salmon, rainbow trout, carp, and catfish, due to complications and
difficulties in MAb production. Since bony fish are the vertebrate group with the
most abundant species and possess a wider diversity among the species of
fish (Shigdar et al., 2009), the applicability of these MAbs are limited to their
corresponding species and there is no cross-reactivity with other fish species.

The lack of lineage specific antibodies has hindered progress in the study of
the immune cells in many other fish species of high commercial values,
including brown-marbled grouper. Without specific MAbs to recognise cell
lineages, the classifications of leukocytes in these fish are based mainly on
morphology, ultrastructure, and differential cytochemical staining (Katzenback
and Belosevic, 2009; Shigdar et al., 2009; Slierendrecht et al., 1995).

In light of the paucity of MAbs, basic methods to study the immunology of
grouper are limited. Neither cytochemical assessment of grouper leukocytes,
nor investigation of the effectiveness of the density centrifugation approach on
grouper leukocyte subtypes have been described in scientific literatures as of
yet. No studies to date have reported on the flow cytometric profile of grouper
or its related species.



Thus, the current project was carried out to answer and accentuate the
aforementioned issues on brown-marbled grouper with the following objectives:

i. To develop an effective anticoagulant suitable for the rapid blood clotting
nature of grouper blood

i. To isolate various leukocyte subpopulations through physical-chemical
methods.

iii. To characterise cytochemical staining and flow cytometric profiling of
grouper leukocytes

iv. To establish monoclonal antibodies against the grouper’s leukocyte
subpopulations.

v. To demonstrate the applicability of the developed monoclonal antibodies
on immunological study of grouper.
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