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Abstract 

Snapper (Pagrus auratus) are part of a developing marine aquaculture industry in 

Australia. However, little is known about the immune system of this species. This study 

investigated :fundamental aspects of the acquired immune response of snapper. Initially, 

snapper lg was purified by Staphylococcal protein A (SpA)-agarose affmity 

chromatography and polyclonal and monoclonal antisera were produced against the 

purified product then characterised by indirect ELISA, Western blot and flow cytometry. 

The polyclonal anti-snapper lg antisera bound to both heavy (H) and light (L) chains of 

reduced snapper serum while three monoclonal anti-snapper lg antibodies bound to the 

mucosal and/or systemic lg H chain. Both monoclonal and polyclonal anti-snapper lg 

antisera bound to cells with flow cytometric light scattering profiles similar to 

lymphocytes as well as macrophages and granulocytes. It is hypothesised that the 

macrophages and granulocytes do not express mlg but are identified upon binding to 

systemic lg bound to putative Fe-like receptors (FcR). Monoclonal anti-snapper lg was 

also shown to mediate quantitative and qualitative changes in PBL intracellular protein 

tyrosine phosphorylation, indicative of B cell activation. Prominent phosphorylated 

proteins are hypothesised to be mlg accessory molecules as in murine B cells (CD79a 

and CD79(3). 

Other leucocyte differentiation markers were sought and assessed by screening 54 anti

human and anti-murine monoclonal and polyclonal antibodies against snapper PBLs in 

flow cytometry. An anti-human CD3ic: antibody bound to a population ofmlg- PBLs and 

it is hypothesised that the anti-CD3ic: antibody may have identified T cells, since the 
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peptide immunogen used to produce the antibody is conserved in CD3E amino acid 

sequences from humans to sterlet (a Chondrostean). 

Preliminary experiments indicated that snapper may utilise cellular communication as in 

higher vertebrates, although it was not determined if communication was in the form of 

cognate cellular interaction, soluble factor(s) or a combination of both. Activation with 

either B cell or T cell mitogens drove both mlg + and mlg- cells into cycle while activation 

with both mitogens initiated a synergistic proliferative effect, indicative of an interaction 

between directly or indirectly activated cell types. 

Finally, the apparent similarity between teleost B cells and murine B 1 cells was assessed 

using techniques that were originally used to characterise B 1 cell derived lg. Snapper lg 

bound to bromelain treated erythrocytes and binding was inhibited by liposomes of 

phosphatidylcholine, reminiscent of B 1 derived lg. It is hypothesised that the binding to 

this autoantigen together with the binding of other teleost natural lg to autoantigens are a 

product of a teleost B 1-cell like equivalent. 
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List of Figures 

Chapter 1 

Figure 1. Teleost fish showing the distribution of lymphoid organs including the mucosa! 
associated lymphoid tissue (MALT) and gut associated lymphoid tissue (GALT). 

Figure 2. Intracellular activation events after B cell antigen receptor cross-linking are 
similar in mammals and fish. In mammals, tyrosine phosphorylation of the sig accessory 
molecules (CD79a & CD7913) activates tyrosine kinases, phospholipase C (PLC) then the 
bifurcating inositol triphosphate (IP3) and diacylglycerol (DAG) pathways with the 
assistance of phosphaidyl inositol ( 4,5) biphosphate (PIP2). The mitogen activated protein 
kinase (MAPK)/extracellular related kinase (ERK) pathway is either protein kinase C 
(PKC) dependent or independent (adapted from [Male, 1996 #617][Burnett, 1996 #79]). 
In fish, a homodimer and heterodimer are phosphorylated upon sig cross-linking. Both 
the IP3 and PKC pathways are utilised, as is the MAPK/ERK pathway. (Diagram created 
using data from [40-43, 46, 47]) 

Figure 3. A typical systemic immunoglobulin molecule of teleost fish showing the overall 
tetrameric structure composed ofH2L2 repeating subunits. Each of the Hand L chain 
constant (C) and variable (V) domains are indicated as well as the structural 

-characteristics ofL and H chain V regions. The amino terminus (Fab)-is composed of the 
complementarity determining regions (CDRs) and framework regions (FRs). Both the 
amino (Fab) and carboxy (Fe) termini of each H2L2 repeating subunits are indicated (not 
to scale). Adapted from [48, 49]. 

Figure 4. The cytotoxic T (Tc) cell response in fish is homologous to that in mammals. 
Viral antigens are presented on the surface of infected cells (APC) using MH class I 
molecules to CD8 (MH class I receptor) bearing Tc cells. Viral antigen primed Tc cells 
are cytotoxic effector cells to virus infected cells after cell to cell contact. The blue arrow 
represents an effector pathway. Derived from [33]. 

Figure 5. A wild caught, tank housed snapper (Pagrus auratus). 
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Chapter 2 

Figure 1. Elution profile of lg purified using SpA affinity chromatography. Three 
millilitres of snapper serum was placed in an SpA affinity chromatography column and 
allowed to pass through a 2 ml volume of SpA-agarose under gravity control. The column 
was washed until the effluent absorbance (A280) was negligible. Elution buffer was added 
and eluent fractions were assessed by spectrophotometer (A280). 

Figure 2. PAGE analysis (3% gel) of native SpA purified snapper lg (lane 1 ), Southern 
bluefin tuna lg (lane 2), human lgM (lane 3), and barramundi lg (lane 4). 
Immunoglobulins were added to electrophoresis buffer (313 mM Tris-HCl, 50% glycerol, 
0.05% bromophenol blue), electrophoresed through a 3% PAGE gel and silver stained. 
Molecular weight markers are indicated on the left. Gel was silver stained. 

Figure 3. PAGE separation of SDS treated SpA purified snapper lg into three major 
bands (high, medium and low molecular weight). SpA purified snapper lg was added to 
electrophoresis buffer (313 mM Tris-HCl, 50% glycerol, 0.05% bromophenol blue) in the 
presence of SDS, electrophoresed through a 3% PAGE gel and silver stained. Molecular 
weight markers are indicated on the left. Gel was silver stained. 

Figure 4. SDS-PAGE analysis (10%) gel ofreduced snapper lg (lane 3) relative to 
various fish and mammalian lg. Arrowheads indicate two putative H chains (76.0 and 
78.8 kDa) and two putative L chains (31.4 and 28.1 kDa). Samples were reduced by 
boiling in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through a 10% SDS-P AGE gel and silver stained. Molecular weight 
standards (lane 1), whole snapper serum (lane 2), southern bluefin tuna lgM (lane 4), 
human lgM (lane 5), bovine lgG (lane 6), Rabbit IgG (lane 7) and human lgG (lane 8) 
were included for comparison. 

Figure 5. Gel filtration chromatography of SpA purified snapper lg. The molecular 
weight of SpA purified snapper lg (native) was determined to be 766 kDa. Two millilitres 
of SpA purified snapper lg suspended in TBS and 5% glycerol (1 mg/ml) was placed in a 
gel filtration column containing Sephacryl 300 RR and allowed to pass under gravity 
control. Two millilitre fractions were collected and analysed by spectrophotometer (A2so). 
Molecular weight standards (Sigma) including purified human IgM are indicated above. 

Figure 6. Titration ofrabbit 1 (a) and 2 (b) anti-snapper lg serum in an indirect ELISA 
(mean± S.E.M., n = 3). Plates were coated with SpA purified lg or snapper serum in 
carbonate buffer overnight at 4°C. Wells were blocked with 3% casein sodium and 
polyclonal antibodies were two-fold serially diluted into the wells followed by horse 
radish peroxidase conjugated goat anti-rabbit antibody (1 :2000). Incubations were for 90 
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min at 25°C and positive wells were visualised with a-phenylenediamine (OPD) and 
H20 2 and assessed by microplate reader at 492 nm. Values are means of triplicate wells 
including the S.E.M .. Arrows indicate 50% binding titres of each antiserum. 

Figure 7. Western blot analysis of SpA purified snapper lg using rabbit 
antiserum 1 (a) or 2 (b) as a probe. SpA purified snapper lg was reduced by boiling 
sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with two-fold serial dilutions of each antiserum from lane 1 
(1 :500) to lane 8 (1 :64000). Horseradish peroxidase-conjugated goat anti-rabbit antibody 
(1: 1 OOO) was used for detection. Each incubation step was for 90 min at room 
temperature. Membranes were developed using diaminobenzidine (DAB) and 
urea/hydrogen peroxide. Protein molecular weights are indicated on the left in kDa. 
Arrows indicate H chains. 

Figure 8. Western blot analysis ofreduced snapper serum using rabbit antiserum 1 (a) or 
2 (b) as a probe. Snapper serum was reduced by boiling sample in reducing buffer 
containing SDS and 2-mercaptoethanol for 5 min, electrophoresed through 10% SDS-
P AGE gels and transferred to nitrocellulose in semidry conditions (transfer buffer 25 
mM/L tris, 192 mM/L glycine, 20% methanol). Membranes were probed "'."ith two-fold 
serial dilutions of each antiserum (a= rabbit 1, b =rabbit 2) from lane 1 (1 :50) to lane 8 
(1 :6400). A lower dilution of serum (1 :80) resolved two putative L chains in 
supplementary western blots. Horseradish peroxidase-conjugated goat anti-rabbit 

-antibody (1:1000) was-used for detection. Each incubation step was for 90 min at room. 
temperature. Membranes were developed using diaminobenzidine (DAB) and 
urea/hydrogen peroxide. Protein molecular weights are indicated on the left in kDa. 
Arrows indicate L chains. 

Figure 9 Western blot analysis ofheterologous sera using antiserum from rabbit 1 (a) or 
rabbit 2 (b) as a probe. Serum from snapper (lane 1 ), black bream (lane 2), Atlantic 
salmon (lane 3), barramundi (lane 4), rainbow trout (lane 5), flounder (lane 6) and 
common carp (lane 7) were reduced by boiling sample in reducing buff er containing SDS 
and 2-mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 
mM/L glycine, 20% methanol). Membranes were probed with the rabbit antisera (1 :500). 
Horseradish peroxidase-conjugated goat anti-rabbit antibody (1: 1 OOO) was used for 
detection. Each incubation step was for 90 min at room temperature. Membranes were 
developed using diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein 
molecular weights are indicated on the left in kDa. Black and hollow arrows indicate H 
and L chains respectively. 
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Figure 10. Flow cytometric analysis of snapper PBLs showing the forward and side light 
scattering profile (a). PBLs were isolated over Lymphoprep and incubated with normal 
rabbit serum (pre-bleed) (b) or polyclonal antiserum from rabbit 1 ( c) (1: 100) for 30 min 
on ice. FITC conjugated goat anti-rabbit antibody (1:100) was added (30 min on ice) and 
cells were analysed using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, 
Ca, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La 
Jolla, California, USA). 

Chapter 3 

Figure 1. Western blots of snapper serum and SpA purified snapper lg showing 
heavy chains (>-), light chains (>) and putative SpA contamination ( +--). Snapper serum 
or SpA purified snapper lg was reduced by boiling samples in reducing buffer containing 
SDS and mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 
mM/L glycine, 20% methanol). Samples were probed with polyclonal rabbit anti-snapper 
lg (1 :500) (1 ), pre-bleed rabbit serum (anti-snapper lg, 1 :500) (2), polyclonal rabbit anti
snapper lg (1 :500) (3), pre-bleed rabbit serum ( anti-barramundi lg, 1 :500) ( 4), polyclonal 
rabbit anti-barramundi lg (1:500) (5) or no primary antisera (6). Horseradish peroxidase
conjugated goat anti- rabbit antibody (1: 1 OOO) was used for detection. Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 2. Western blot analysis of control eluent showing the contaminating protein 
reacting with both non-immune and immune sera at every elution buffer pH analysed. 
Control eluent was reduced by boiling samples in reducing buffer containing SDS and 
mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 
mM/L glycine, 20% methanol). Control eluent was probed with non-immune rabbit 
serum (lanes 1-5) (anti-snapper lg, 1 :500) and polyclonal rabbit anti-snapper lg (lanes 6-
10) (1 :500) as the primary antisera. Horseradish peroxidase-conjugated goat anti-rabbit 
antibody (1: 1 OOO) was used for detection. Each incubation step was for 90 min at room 
temperature. Membranes were developed using diaminobenzidine (DAB) and 
urea/hydrogen peroxide. Protein molecular weights are indicated on the left in kDa. 

Chapter 4 

Figure 1. Western blot of reduced SpA purified snapper lg, probed with supernatants 
from various hybridoma cell lines. Hybridoma cell lines 4A2, 4C2, 1C6-Hl 1, 2C5 and 
6B6 produced antibodies specific for the H chain. 1D4, 3C4 and 3C3 all failed to produce 
antibodies that bound to reduced lg. SpA purified snapper lg was reduced by boiling 
samples in reducing buffer containing SDS and mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-P AGE gels and transferred to nitrocellulose in 
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semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Neat hybridoma cell line supematants were used to probe the samples and horseradish 
peroxidase-conjugated rabbit anti-mouse antibody (1 :500) was used for detection. Each 
incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 2. Western blot of reduced snapper serum, probed with supematants from various 
hybridoma cell lines. Hybridoma cell lines 4A2, 1D4, 4C2, 1C6-Hl1 and 2C5 produced 
antibodies specific for the H chain. 3C4, 3C3 and 6B6 all failed to produce antibodies 
that reacted with reduced serum. Arrows indicate H chains. Snapper serum was reduced 
by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Hybridoma cell line supematants were used to probe the samples (neat) and horseradish 
peroxidase-conjugated rabbit anti-mouse antibody (1:500) was used for detection. Each 
incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 3. SDS-PAGE analysis of protein G purified monoclonal antibodies. 2C5 (lane 1), 
4A2 (lane 2) and 1 C6 (lane 3) were reduced by boiling in reducing buffer containing SDS 
and 2-mercaptoethanol for 5 min, electrophoresed through a 10% SDS-PAGE gel and 
silver stained. Arrows indicate H and L chains. 

Figure 4. Western blot analyses ofreduced purified snapper lg. SpA purified snapper lg 
was reduced by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol 
for 5 min, electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose 
in semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with two-fold serial dilutions of protein G purified 2C5 (a), 4A2 
(b) and 1 C6 ( c) starting at 1 :200 (2C5 and 4A2) or 1: 10 (1 C6). Horseradish peroxidase
conjugated rabbit anti-mouse antibody (1: 1 OOO) was used for detection. Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 5. Western blot analyses of reduced snapper serum. Snapper serum was reduced 
by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-P AGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with two-fold serial dilutions of protein G purified 2C5 (a), 4A2 
(b) and 1 C6 ( c) starting at 1 :200 (2C5 and 4A2) or 1: 10 (1 C6). Horseradish peroxidase-
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conjugated rabbit anti-mouse antibody (1:1000) was used for detection. Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 6. Western blot analyses ofreduced snapper mucus from 2 individuals probed 
with 1 C6. Arrows indicate binding of 1 C6 with the H chain of reduced mucous lg. Mucus 
was obtained from the skin of several snapper, pooled and lyophilised. Mucus was 
reduced by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 
5 min, electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with protein G purified 1C6 (5 µg/rnl). Horseradish peroxidase
conjugated goat anti-mouse antibody (1 :500) was used for detection. Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 

Figure 7. Two fold serial dilutions of anti-snapper lg MAbs 2C5 and 4A2 in an indirect 
ELISA using purified snapper lg as the coating antigen. Plates were coated with SpA 
purified lg in carbonate buffer overnight at 4 °C. Wells were blocked with 1 % bovine 
casein and MAbs 2C5 or 4A2 were added to the wells followed by horseradish 
peroxidase conjugated rabbit anti-mouse antibody (1 :2000). Incubations were for 60 min 
at room temperature and positive wells were visualised with a-phenylene diamine (OPD) 
and H20 2 and assessed by microplate reader at 492 nm. Values are means of triplicate 
wells including the S.E.M .. Arrows indicate 50% binding titres of each MAb. 

Figure 8. Western blot analysis ofheterologous sera probed with 2C5, 4A2 and 1C6. 
Snapper (lane 1), rainbow trout (lane 2), black bream (lane 3), greenback flounder (lane 
4), common carp (lane 5), barramundi (lane 6), Atlantic salmon (lane 7) and dhufish (lane 
8) serum were reduced by boiling sample in reducing buffer containing SDS and 2-
mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 
mM/L glycine, 20% methanol). Membranes were probed with 2C5, 4A2 or 1C6 (5 
µg/rnl) and horseradish peroxidase-conjugated rabbit anti-mouse antibody (1: 1 OOO) was 
used for detection. Each incubation step was for 90 min at room temperature. Membranes 
were developed using diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein 
molecular weights are indicated on the left in kDa. 

Figure 9. Flow cytometric analysis of PBLs showing the gate used (a) and the 
fluorescence frequency distribution of cells from an individual snapper probed with 2C5, 
4A2 or 1C6. PBLs were isolated over Ficoll and incubated with 2C5, 4A2 or 1C6 (5 
µg/rnl) for 30 min on ice. FITC conjugated goat anti-mouse antibody (1: 100) was added 
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(30 min on ice) and cells were analysed using a Coulter Epics XL-MCL flow cytometer 
(Beckman Coulter, Ca, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps 
Research Institute, La Jolla, California, USA). On each graph the grey area indicates the 
frequency distribution and abundance of control cells. 

Figure 10. Fluorescence microscopy showing lg positive leucocytes isolated from the 
peripheral blood (a) and head kidney (b ). PBLs and head kidney leucocytes were isolated 
over Ficoll and incubated with 2C5 (5 µg/rnl) for 30 min on ice. FITC conjugated goat 
anti-mouse antibody (1:100) was added (30 min on ice). Cells were centrifuged onto 
glass microscope slides, allowed to dry for 10 min and mounted using fluorescence 
mounting media. Cells were observed using a UV microscope and 400x objective. 
Arrows indicate positive cells. 

Figure 11. Typical fluorescence plots (right) demonstrating 2C5 binding with the (gated) 
lymphocytes of various lymphoid organs. Control groups (middle) included cells that 
were stained with an isotype control. Leucocytes were isolated over Lymphoprep and 
incubated with 2C5 (5 µg/rnl) for 30 min on ice. FITC conjugated goat anti-mouse 
antibody (1: 100) was added (30 min on ice) and cells were analysed using a Coulter 
Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 software 
(Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). 

Figure 12. Analysis of phosphorylated tyrosine residues after peripheral blood leucocytes 
(1.65 x 107 cells/well) from two snapper (a and b) were incubated with 2C5 (5 µg/rnl) 
(lane 1 ), 2C5 and goat anti-mouse antibody (1: 100) (lane 2) or goat anti-mouse antibody 
alone (1:100) (lane 3) for 5 min at 20°C. (c) Higher magnified view of the boxed area of 
fish 2 showing the 37 and 40 kDa phosphorylated tyrosine residues. Cells were lysed on 
ice, spun and the supematants removed and boiled in SDS reducing buffer. The samples 
were electrophoresed through a 10% SDS PAGE gel, transferred to nitrocellulose and 
probed with an anti-phosphotyrosine antibody ( 4G 10, 4 µg/rnl). An alkaline phosphatase 
conjugated goat anti-mouse antibody was added and the membrane was developed with 
ECF. The image was taken using a Fluorimager (Flourimager 595, Molecular Dynamics, 
Sunnyvale, Ca, U.S.A.). Protein molecular weights are indicated on the left in kDa. * 
indicates the light chain of 2C5 

Chapter 5 

Figure 1. Flow cytometric analysis of peripheral blood leucocytes stained with anti-CD3c 
(A452) and anti-immunoglobulin (2C5). PBLs were isolated over Lymphoprep and 
probed with anti-CD3c (bold line) and negative control (normal rabbit serum, thin line) 
(a), PBLs stained with anti-immunoglobulin (bold line) and negative control (normal 
mouse serum, thin line) (b) or A452 (horizontal axis) and 2C5 (vertical axis) (c). FITC 
conjugated goat anti-rabbit antibody (1:100) and/or PE conjugated goat anti-mouse 
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antibody (1: 100) was added (30 min on ice) and cells were analysed using a Coulter 
Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 software 
(Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). 

Figure 2. Change in the light scattering profile of permeabilised PB Ls (b) compared with 
normal PBLs (a). Cells were permeabilised by mixing with formal acetone for 15 sec 
followed by washing with PBSB three times and resuspended in FacsFix prior to flow 
cytometric analysis. 

Chapter 6 

Figure 1. Flow cytometric light scattering profile of head kidney cells isolated using 
discontinuous Percoll gradients. The proportion of cells in each gate (Rl, R2 and R3) 
were analysed and are presented in Figure 2. A suspension of head kidney leucocytes was 
placed over a discontinuous gradient of Percoll (40, 41and50%) and centrifuged for 30 
min at 400 x g. Cells were taken from each interface (top, middle and bottom) and 
labelled with monoclonal anti-snapper lg antibody for 30 min at 4°C. FITC conjugated 
goat anti-mquse antibody (1:100) was added (30 min on ice) and cells were analysed 
using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win 
MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). 

Figure 2. Proportions of head kidney leucocyte phenotypes in fractions isolated using a 
discontinuous Percoll gradient. Gates Rl, R2 and R3 correspond to the gates specified in 
Figure 1 ). The figure is representative of three fish. 

Figure 4. Eosinophilic granulocytes (G) and lymphocytes (L) isolated from the middle 
fraction of density gradient separated of head kidney cells. A head kidney leucocyte 
suspension was separated using a discontinuous Percoll gradient, prepared on a cytospin 
slide and stained with haematoxylin and eosin. Magnification= 1000 x, bar= 25 µm. 

Figure 5. Macrophages (M), lymphocytes (L) and an eosinophilic granulocyte (G) 
isolated from the bottom fraction of Percoll density gradient separated head kidney 
leucocytes. A head kidney leucocyte suspension was separated using a discontinuous 
Percoll gradient, prepared on a cytospin slide and stained with haematoxylin and eosin. 
Magnification 1 OOOx, bar = 25 µm. 

Figure 6. Light scattering profile from flow cytometric analysis of head kidney leucocytes 
showing the gates designated lymphocytes (Rl), macrophages (R2) and granulocytes 
(R3) (a). (b) Size distribution (forward scatter) oflg+ head kidney leucocytes after flow 
cytometric analysis (the horizontal line indicates the upper limit of the control 
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fluorescence distribution). Values given are the proportions oflg+ cells from within each 
gate. HKLs were isolated and incubated with 2C5 (5 µg/ml) for 30 min on ice. FITC 
conjugated goat anti-mouse antibody (1:100) was added (30 min on ice) and cells were 
analysed using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA) 
and Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, 
California, USA). The figure is representative of seven fish. 

Figure 7. Fixation of adherent head kidney leucocytes does not affect the proportion of 
anti-lg positive cells (P > 0.05). A suspension of head kidney leucocytes was placed in a 
petri dish and allowed to adhere for 90 min. Adherent cells were collected and labelled 
with monoclonal anti-snapper lg antibody for 30 min at 4°C. FITC conjugated goat anti
mouse antibody (1:100) was added (30 min on ice) and cells were analysed using a 
Coulter Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 
software (Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). The 
figure is representative of three fish. 

Figure 8. (a) Proportion of non-adherent (•) and adherent (D) lg positive leucocytes in 
the lymphocyte, macrophage and granulocyte flow cytometric gates after incubation on 
plastic petri dishes. Head kidney leucocytes were isolated and incubated in supplemented 
L-15 in tissue culture plates for 2 h. Non-adherent and adherent cells were removed 
separately and incubated with 2C5 (5 µg/ml) for 30 min on ice. FITC conjugated goat 
anti-mouse antibody (1: 100) was added (30 min on ice) and cells were analysed using a 
Coulter Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA). (b) Proportion of 
non-adherent lg positive leucocytes in the lymphocyte ( • ), macrophage ( o) and 
granulocyte (T) flow cytometric gates after incubation on plastic petri dishes. Head 
kidney leucocytes were isolated and incubated in supplemented L-15 for 20 h. Non
adherent cells were removed and incubated with 2C5 (5 µg/ml) for 30 min on ice. FITC 
conjugated goat anti-mouse antibody (1:100) was added (30 min on ice) and cells were 
analysed using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA) 
and Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, 
California, USA). Gates used were as specified (Fig. 6) and the figure is representative of 
data from three fish. 

Figure 9. Proportion of head kidney leucocytes that formed rosettes after incubation with 
SRBC labelled with snapper anti-SRBC serum([]) or unlabelled(•). A non
agglutinating dilution of snapper anti-sheep red blood cells (SRBC) was added to SRBC 
(2 x 107 cells/ml) for 30 min at 20°C. Head kidney leucocyte (HKL) suspensions were 
created and cells were mixed 1: 1 with labelled or unlabelled SRBC for 30 min at 4 °C. 
Rosettes were considered leucocytes with one or more SRBC attached. Data are 
presented as mean± S.E.M. (n = 3 fish). 
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Figure 10. Anti immunoglobulin (2C5) immunoperoxidase staining of head kidney 
leucocyte cytospin preparations. Membrane positive lymphocytes and macrophages as 
well as intracytoplasmic positive macrophages and granulocytes are evident. 1 = negative 
macrophage, 2 =negative lymphocyte, 3 =membrane positive macrophage, 4 = 
membrane positive lymphocyte, 5 = cytoplasm positive macrophage, 6 =negative 
granulocyte, 7 = cytoplasm positive granulocyte. (f) isotype control. Bars = 20 µm. Cells 
were cytospun onto microscope slides, dried then rehydrated cells were blocked and 
probed with 2C5. Positive cells were detected with DAB/urea-peroxide after first adding 
a biotinylated anti-mouse IgG antibody and an avidin complex. 

Chapter 7 

Figure 1. Effect of PHA concentration on the proliferation of snapper PB Ls. PB Ls were 
isolated over Ficoll and placed in culture at 2.5 x 105 cells/well with PHA (0, 0.5, 1, 2, 
and 4 µg/ml) for 120 h at 20°C. Each day, cells were pulsed for 18 h with 1 µCi [3H] 
TdR, harvested onto glass fibre with water and analysed by liquid scintillation. (a) Time 
course of the proliferative effect of various concentrations of PHA. (b) Titration of PHA 
concentration during the peak [3H] TdR incorporation. Each value is mean cpm ± SEM of 
triplicate cultures and the figure is representative of 3 fish. ( *) indicates concentrations 
used in further analyses. 

Figure 2. Effect of LPS concentration on the proliferation of snapper PB Ls. PB Ls were 
isolated over Ficoll i;i.nd placed in culture at 2.5 x 105 cells/well with LPS (0, 62.5, 125, 
250, and 500 µg/ml) for 120 hat 20°C. Cells were pulsed for 18 h with 1 µCi [3H] TdR, 
harvested onto glass fibre with water and analysed by liquid scintillation. (a) Time course 
of the proliferative effect of various concentrations of LPS. (b) Titration ofLPS 
concentration during peak [3HJ TdR incorporation. Each value is mean cpm ± SEM of 
triplicate cultures and the figure is representative of 3 fish. ( *) indicates the concentration 
used in further analyses. 

Figure 3. Effect of cell density on the synergistic effect of PHA and LPS. PBLs were 

isolated over Ficoll and placed in culture at 2.5 x 105 
(•), 1.25 x 105 (o), 0.625 x 105 

(T) or 0.3125 x 105 cells/well (V) with PHA (2 µg/ml) and LPS (250 µg/ml) for 104 h. 
Cells were pulsed daily for 18 h with 1 µ Ci [3HJ TdR and harvested onto glass fibre with 
water. Each value is the mean cpm ± SEM of triplicate cultures. 

Figure 4. Time course of the synergistic effect of PHA and LPS on the proliferation of 
snapper PB Ls. PB Ls were isolated over Ficoll and placed in culture at 2.5 x 105 cells/well 
with PHA (1 µg/ml) and LPS (250 µg/ml) (fish 1 & 2) or PHA (2 µg/ml) and LPS (250 
µg/ml) (fish 3 & 4) for 120 hat 20 °C. Fish numbers correspond to those in Table 2. Cells 
were pulsed for 18 h with 1 µCi [3H] TdR, harvested onto glass fibre with water and 
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analysed by liquid scintillation. Each value is the mean cpm ± SEM of triplicate cultures 
and the figure is representative of 3 of 4 fish (see Table 2). 

Figure 5. Mitogen stimulated snapper PBLs showing resting and activated (blasting) 
cells. PBLs were isolated over Ficoll and placed in culture at 2.5 x 1 os cells/well with 
PHA (1 µg/ml) and LPS (250 µg/ml) or PHA (2 µg/ml) and LPS (250 µg/ml) for 120 h at 
20 °C. Cells were harvested, cytospun and stained with haematoxylin and eosin. Images 
were taken using a 400 x objective. (1) erythrocytes, (2) resting lymphocyte, (3) resting 
monocyte, ( 4) resting neutrophil, (5) lymphoblast. 

Figure 6. Snapper leucocytes labeled with carboxyfluorescein diacetate succinimidylester 
(CFSE). Snapper leucocytes (5 x 107 cells/ml) were labelled with CFSE (10 µM) in 
PBS/0.1 % BSA for 10 min at 20°C. Cells were observed using a UV microscope and a 
400 x objective. (L) Resting lymphocyte. 

Figure 7. Analysis of carboxyfluorescein diacetate succinimidylester (CFSE) labelled 
snapper PBLs. (a) CFSE labelling has no effect on cell viability between 0 and 10 µM. 
Snapper PBLs (5 x 107 cells/ml) were labelled with CFSE (2.5-12.5 µM) in PBS/0.1 % 
BSA for 10 min at 20°C then cultured (2.5 x 10s cells/well) without stimulation for 4 d at 
20°C. Cell viability was assessed by trypan blue exclusion. (b) Fluorescence of snapper 
PBLs is linear with respect to CFSE staining concentration. Snapper PBLs (5 x 107 

cells/ml) were labelled with CFSE (2.5-12.5 µM) in PBS/0.1 % BSA for 10 min at 20°C 
and the fluorescence assessed by flow cytometry (Coulter Epics XL-MCL, Beckman 
Coulter, CA, USA) within 6 h of staining. (c) The loss of fluorescence of the undivided 
cell populations is consistent in both resting and activated cell populations. Snapper PBLs 
( 5 x 1O7 cells/ml) were labeled with 10 µM CFSE in PBS/0.1 % BSA for 10 min at 20°C 
and placed in culture (2.5 x 1 as cells/well) with or without 25a µg/ml E. coli LPS for 4 d 
at 20°C. Cells were analysed by flow cytometry (Coulter Epics XL-MCL, Beckman 
Coulter, CA, USA). (d) Division related halving of fluorescence is consistent with the 
mathematically predicted progression of fluorescence loss (corresponding data from Fig 
5d, gate Rl). Snapper PBLs (5 x 107 cells/ml) were labeled with 1a µM CFSE in 
PBS/0.1 % BSA for 1 a min at 2a0 c and placed in culture (2.5 x 1 as cells/well) with 25a 
µg/ml E. coli LPS and 1 µg/ml PHA for 4 d at 20°C. Cells were analysed by flow 
cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA). 

Figure 8. Polyclonal stimulation of PBLs with LPS and/or PHA induces proliferation of 
both mlg- and mlg+ cells. Snapper PBLs (5 x 107 cells/ml) were labeled with 
carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS/0.1 % BSA for 10 min at 
20°C and placed in culture (2.5 x 1as cells/well) with or without 25a µg/ml E. coli LPS 
and/or 1 µg/ml PHA for 4 d at 20°C. Cells were processed by flow cytometry (Coulter 
Epics XL-MCL, Beckman Coulter, CA, USA) and analysed using Win M.D.I 2.8 
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software (Joseph Trotter, Scripps Research Institute, La Jolla, CA, USA). Events in the 
upper (lg+) and lower (lg-) right quadrants are cells that have not divided. Events in the 
upper (lg+) and lower (lg-) left quadrants are cells that have undergone division (arrows 
indicate divisions). The figure is representative of 4 fish. 

Figure 9. Simultaneous stimulation of PBLs with LPS and PHA induces proliferation of 
both mlg- and mlg+ cells. Snapper PBLs (5 x 107 cells/ml) were labelled with 
carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS/0.1 % BSA for 10 min at 
20°C and placed in culture (2.5 x 105 cells/well) for 4 d at 20°C. PBLs were activated 
with 250 µg/ml E. coli LPS and/or 1 µg/ml PHA. Cells were processed by flow 
cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA) and analysed using 
Win M.D.I. 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, CA, USA). 
Upper plots are bivariate dotplots exhibiting cohorts of both lg- and lg+ PBLs that have 
divided (arrows indicate divisions). (Rl) Fluorescence histogram of lg+ PBLs from the 
respective bivariate dotplot shown directly above. (R2) Fluorescence histogram of lg
PBLs from the respective bivariate dotplot shown directly above. Values given indicate 
the proportion of the final population of cells that were in Go (resting) phase. 

Chapter 8 

Figure 1. Haemagglutination ofbromelain treated sheep erythrocytes (BrSRBC). Sheep 
erythrocytes or BrSRBC were incubated with heat inactivated snapper serum for 2 h at 
room temperature (20°C). Controls included erythrocytes incubated in buffer only. 

Figure 2. Haemagglutination of bromelain treated sheep erythrocytes (BrSRBC) is 
partially inhibited by phosphatidylcholine (PtC) liposomes. Heat inactivated snapper 
serum and PtC liposomes were incubated for 4 hat 20°C then BrSRBC were added for a 
further 2 h at 20°C. Controls included erythrocytes incubated with PtC liposomes and 
erythrocytes incubated in buffer only. 

Figure 3. Lysis ofbromelain treated sheep red blood cells (BrSRBC) by normal snapper 
serum and lysis inhibition using phosphatidyl choline (PtC). (a) Red blood cell lysis using 
normal snapper serum (N) was restricted to BrSRBC (P < 0.05) and was abrogated by the 
addition of divalent cation chelators. Both SRBC (•) and BrSRBC (o) (1 x 107 cells/ml) 
were incubated with normal snapper serum in gelatin veronal buffer (GVB) in the 
presence or absence ofEGTA or EDTA. Heat inactivated (HI) serum was also included 
as a control. All treatments were incubated for 90 min at 20°C then the supematants were 
removed and assessed using a microplate reader at 540 nm. Lysis was calculated with 
respect to 100% lysis controls (SRBC and BrSRBC in Milli-Q water). (b) Pre-incubation 
of normal snapper serum with liposomes of PtC partially inhibited lysis of BrSRBC. 
Normal snapper serum was incubated with increasing concentrations of PtC liposomes 
for 60 min at 4°C before the addition of SRBC (•)or BrSRBC ( o) (1 x 107 cells/ml). All 
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treatments were incubated for 90 min at 20°C then the supematants were removed and 
assessed using a microplate reader at 540 nm. ( c) PtC inhibited up to approximately 40% 
oflysis (P < 0.05) (Data from Fig. 2b were used to plot the inhibition graph). * indicates 
a significant difference from the respective control (P < 0.05). 

Figure 4. Snapper IgM binds to phosphatidyl choline (PtC) liposomes. SpA purified 
snapper IgM (1 mg) was incubated with 10 mg PtC liposomes. The liposomes were 
washed three times with 0.9% saline then resuspended in SDS-PAGE reducing buffer 
containing SDS and 2-mercaptoethanol. Samples were reduced by boiling for 5 min, 
electrophoresed through a 12% SDS-PAGE gel and silver stained. Protein molecular 
weights are indicated on the left in kDa. 

Figure 5. Validation of SRBC lysis. SRBC were labelled with either normal snapper 
serum (1:100) (:a), immune snapper anti-SRBC serum (1:100) (11) or no snapper serum 
(•)for 30 min at 4°C. Polyclonal rabbit anti-snapper lg antiserum (1 :50) was added for a 
further 30 min at 4°C. SRBC were resuspended in guinea pig complement (1:50) for 50 
min at 37°C. Cells were spun and supernatants analysed by plate reader at 541 nm. Data 
(mean± SEM, n = 3) are expressed with respect to a 100% lysis control (SRBC in Milli
Q water). 

Figure 6. Plaques in bromelain treated sheep red blood cells (BrSRBC) incubated in 0.5% 
agarose. Snapper head kidney leucocytes were incubated with BrSRBC in agarose overnight at 
20°C. Rabbit anti-snapper lg antiserum was added (1:50) for 30 min at 20°C followed by guinea 
pig complement (1: 100) for 30 min at 37°C. The arrow indicates a plaque. The image was taken 
at 40 x magnification. 

Figure 7. Plaques in bromelain treated sheep red blood cells (BrSRBC). Snapper head kidney 
leucocytes were incubated with BrSRBC (a) or SRBC (b) overnight at 20°C. Rabbit anti-snapper 
lg antiserum was added (1:50) for 30 min at 20°C followed by guinea pig complement (1:100) 
for 30 min at 37°C. Arrows indicate plaques. Images were taken at 4 x magnification. 

Figure 8. Bromelain treated sheep red blood cell (BrSBRC) plaque forming cells (PFC) 
are present in the spleen, head kidney, peripheral blood and the peritoneum of snapper 
and plaque formation is inhibited by phosphatidyl choline (PtC). (a) BrSRBC PFC 
outnumbers the SRBC PFC approximately ten-fold (P < 0.05). Leucocytes from various 
organs were isolated and incubated in a confluent layer of SRBC (•)or BrSRBC (o) 
overnight at 20°C. Rabbit anti-snapper lg (1: 100) was added for 30 min at 20°C then 
guinea pig complement (1:100) was added for 30 min at 37°C. Plaques were considered 
areas ofhemolysis that were round and were detectable using a 40 x objective. BrSRBC 
PFC constitute a small fraction of the B cell population in the spleen, head kidney and 
peripheral blood while over 20% of the B cells in the peritoneum are BrSRBC PFC. 
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Leucocytes from the fish analysed in Fig. 4a were labelled with mouse anti-snapper lg (5 
µg/ml) then goat anti-mouse FITC (1:100) for 30 min at 4°C each. Cells were analysed 
by flow cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA) and the 
proportion ofB cells are presented with respect to the number of PFC shown in Fig. 4a. 
( c) Liposomes of PtC inhibit BrSRBC plaque formation. Leucocytes were isolated and 
incubated in a confluent layer ofBrSRBC with or without liposomes of PtC (5 µg/ml) 
overnight at 20°C. Rabbit anti-snapper lg (1:100) was added for 30 min at 20°C then 
guinea pig complement (1:100) was added for 30 min at 37°C. Plaques were considered 
areas ofhemolysis that were round and were detectable at 40 x magnification. Inhibition 
data were calculated with respect to the control (number of PFC without the addition 
PtC). 

Chapter 9 

Figure 1. Are co-stimulatory signals by T cells required to initiate expansion of the 
memory B cell pool? In mice antigen is recognised by both APC and B cells and is 
presented in peptide form using MHC II molecules to T helper (Th) cells. Th cells 
provide B cells with a co-stimulatory signal via CD40L to rescue B cells from apoptosis 
and initiate clonal expansion. Th cell = T helper cell, APC = antigen presenting cell, TCR 
= T cell receptor, MHC II= major histocompatibility complex class II molecule, BCR = 
B cell receptor. Adapted from [54]. 

Figure 2. The snapper spleen and pronephros lacks the clear cellular demarcation of the 
murine splenic lymphoid follicles (slide courtesy of Dr A.B. Lyons, IMVS, South 
Australia) which may affect snapper B cell selection and thus affinity maturation. (a) 
snapper spleen showing red pulp (RP) and diffuse white pulp. (b) Inset of (a) showing a 
blood vessel (BV) and melanomacrophage centres (MMC). ( c) Snapper head kidney with 
prominent putative lymphohemopoietic tissue (LT) and MMC. ( d) higher magnification 
of the putative LT in (c). (e) low magnification of a mouse spleen showing the 
demarcation of cells forming primary lymphoid follicles. Germinal centres form in the 
centre of the LF after administration of antigen. ( f) high magnification of the LF in ( e ). 
The splenic arteriole (SA) is central in the LF, while the periarteriolar lymphoid sheath 
(PALS) and B cell follicular zone surround the SA. Snapper spleen and pronephros 
stained with H and E and the mouse spleen stained using Voerhoffs/Masson's trichrome 
stain. 
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1.1 Introduction 

Activate or ignore? Respond or disregard? These questions are derived from the oft posed 

question, "how does the immune system recognise self and non-self?" For those who 

embrace semantics, the latter question is intrinsically problematic in that self, in the case 

of autoimmunity can take the form of antigen. Therefore preference is given to the 

proposition that the immune system simply asks (metaphorically) do I respond or 

disregard, or do I activate or ignore? The genesis of an immune response is fundamental 

to the immune system and therefore immunologists. Despite the wealth of knowledge in 

immunology the answers to how an immune response is initiated are ambiguous. 

Two primary models that attempt to explain the initiation of an immune response have 

emerged: Matzinger's "danger model" [1] and Medzhitov and Janeway's "self, non-self 

discrimination (SNSD) model" [2]. The danger model proposes that "damage/danger" 

· rather than "foreignness" instigates an immune response. In contrast, the SNSD model · 

relies on the discrimination of self from non self. Self and non-self have now been 

redefined and are considered to loosely discern host from pathogen which includes non

pathogenic antigens [2]. Each of these models has merit and fits current suites of data 

obtained from the mammalian immune system however both remain conceptual. 

Although concepts and theories in mainstream immunology remain there is still an 

enormous depth of understanding of the mammalian immune system. Given such a large 

resource of knowledge, comparison of the teleost (modem bony fish) immune system 

with that of higher vertebrates (predominantly mammals) is simply a logical and 

powerful approach. This strategy has been embraced by many authors which is prudent. 
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However it can lead to confusion in regard to which elements of the immune system have 

been demonstrated (implied or unequivocal) or which elements of the immune system are 

presumed. Care has been taken in this thesis to attempt to delineate between evidence and 

presumption. 

1.2 Synopsis of the teleost immune system 

All animals possess host defence mechanisms including fish. The "fish" umbrella covers 

an enormously diverse group of animals including the primitive Agnathans (jawless fish), 

Chondrichthyans (cartilaginous fishes-sharks and rays) and Osteichtyans (including 

teleostei and chondrostei) however this introduction and indeed thesis will focus upon the 

teleost class unless specified. Therefore from herein, where the text refers to "fish", it is 

in reference to teleost fish. 

Fish are intimately exposed to the aquatic environment therefore maintenance of integrity 

is imperative to prevent disease. Physical (skin, scales etc.) and chemical (lysins, lectins 

etc.) constituents prevent invasion and when these barriers fail, many immuno-effector 

systems assist in the elimination of the pathogen(s). The fish immune system like that of 

mammals has long been dichotomised into innate and acquired systems simply for 

brevity, however both of these components are extremely integrated and coordinated. 

This is highlighted by the kinetics of an immune response. Typically a primary response 

to pathogenic challenge is characterised by a succession of events that begin with 

upregulation or activation of innate followed by acquired constituents of the immune 

system. By definition, innate immunity refers to humoral and cellular mechanisms that 
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assist with host protection but do not directly induce immunological memory [3]. In fish, 

innate humoral components such as complement, lectins, lysozyme, interferon, C-reactive 

protein, transferrin, anti-microbial peptides [ 4-6] and cellular constituents such as 

phagocytic cells [7] and non-specific cytotoxic cells [8, 9] have all been described. 

The acquired (combinatorial) system is described as the system that elicits immunological 

specificity and memory [3]. Amongst the Gnathostomes Gawed vertebrates), fish are the 

most primitive group to possess an acquired immune system [1 O]. Three basic 

populations of cells participate in the acquired immune system; B lymphocytes, T 

lymphocytes and antigen presenting cells. Early experiments with fish demonstrated 

lymphocyte heterogeneity in regard to membrane immunoglobulin (lg) expression on 

leucocytes [11-14] and a proliferative response to classical T and B cell mitogens [11, 15] 

implying the presence of Band T-like cells. In subsequent studies, acquired immunity in 

fish and in particular the analysis of lymphocyte subsets was described by analogy using 

functional experiments that have parallelled those detailed in mammalian immune 

systems. Whilst this approach may not be definitive, recent molecular data and the 

development of cell lines have corroborated hypotheses generated by functional 

experiments [16]. Together, data strongly suggest the presence of T and B cells within the 

immune system of teleosts and these lymphocyte subsets play an important role in 

acquired immunity. Therefore fish possess an immune system that in the broadest sense, 

displays the same features as higher vertebrates, including mammals. 
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1.3 Lymphoid tissue 

The morphology of the lymphoid system offish is different to that of mammals in that 

fish lack bone marrow, lymph nodes and Peyer's patches. Fish lymphoid tissues include 

the thymus, anterior kidney, spleen, gut associated lymphoid tissue (GALT) and mucosa 

associated lymphoid tissue (MALT) (Figure 1). 

Head Kidney Thymus 

MALT 

GALT 

Figure 1. Teleost fish showing the distribution of lymphoid organs including the mucosa! 
associated lymphoid tissue (MALT) and gut associated lymphoid tissue (GALT). 

Species-specific variations in morphology of the lymphoid organs are common [17] and 

in addition the ontogeny of the lymphoid organs differs between species; some species of 

fish have functional lymphoid tissue at hatching, while many marine pelagic fish larvae 

hatch with almost no lymphoid tissue [18]. The appearance of lymphocytes (B cells) 

expressing surface lg can occur as early as 8 d prior to hatch (18 d post-fertilisati~n) in 

rainbow trout (Oncorhynchus mykiss) [19]. L_ogically, terminal deoxynucleotidyl 

transferase (TdT) and recombination activating gene (RAGl and RAG2) mRNA 
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expression precedes the detection of slg+ B cells [20-22]. In fact, ontogenetic studies of 

the rainbow trout lymphoid organs have shown that TdT, RAGl and RAG2 mRNA 

expression is first detected in thymus, [20-22] suggesting that the thymus is the primary 

lymphoid organ prior to involution. The head kidney and spleen appear to be the major 

secondary lymphoid organs, whereas the GALT and MALT have a predominantly 

localised role in antigen uptake and processing [23-26]. Functionally, the lymphoid 

organs are heterogeneous in terms of their roles. Overall, the lymphoid organs are 

responsible for haematopoiesis ( erythropoiesis, lymphopoiesis and myelopoiesis) and/or 

antigen entrapment and processing. Furthermore, in mammals, lymphocyte selection 

processes are performed in the thymus (T cells) and spleen (B cells) and are presumed to 

also occur in fish. Data are scarce that relate to lymphocyte selection, although, one study 

revealed the presence of apoptotic cells in the thymus of sea bass (Dicentrarchus labrax), 

consistent with deletion (negative selection) of T cells [27]. In terms oflymphopoiesis, 

data suggest that the thymus is the site of early T cell lymphopoiesis [28] although with 

the complete involution of the thymus in some fish species [29], either secondary tissues 

are capable of producing T cells or the T cells self replenish as seen in mammalian B 1 

cell populations [30]. B cell development on the other hand is hypothesised to be 

performed in the head kidney (pronephros) on the basis of morphological appearance [29] 

and data from recent molecular analyses of head kidney tissues have been consistent with 

this early hypothesis [28]. 
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1.4 Antigen presenting cells and antigen presentation 

Antigen presenting cells (APCs) bear cell surface major histocompatibility (MHC) 

molecules. Mammalian MHC receptor genes are located on one chromosome whereas 

fish MHC receptor genes appear to be located on several linkage groups and as such are 

referred to as major histocompatibility receptors (MH receptors) [31]. MH receptor 

bearing cells are responsible for recognition of antigen (presumably by pattern 

recognition receptors), internalisation of antigen, processing of antigen and presentation 

of antigenic peptide fragments in the context of cell surface MH molecules to T cells. In 

general, mammalian phagocytes, including monocytes, macrophages, B cells and 

granulocytes express MHC class II antigens that can present exogenous antigenic peptide 

to the MHC class II receptor (CD4) bearing Th cells while most other somatic cell 

lineages express MHC class I molecules that can present endogenous antigenic peptide to 

MHC class I receptor (CD8) bearing Tc cells. In fish there is evidence for antigen 

presenting function by both MH class II bearing cells (monocytes and B cells) [32] and 

MH class I bearing cells (rainbow trout gonad fibroblast-like cells) [33, 34] however 

"professional" APCs that constitutively express MHC II molecules such as dendritic cells 

have only been identified morphologically [35]. 

1.5 B cells and immunoglobulin (lg) 

B lymphocytes are currently the best understood lymphocyte lineage of fish. The B cell 

nomenclature was assigned after demonstrating the ability of this cell type to express cell 

surface lg (slg) [11, 14, 36], show lg H-chain rearrangements and allelic exclusion [37] 

consistent with mammalian B cells. Functionally, B cells assist in antigen recognition and 
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presentation of processed peptides to T cells [32]. Antigen recognition is mediated by the 

B cell receptor (BCR) which incorporates cell slg. Surface lg has a short intracytoplasmic 

tail [38] suggesting that like mammalian slg, signal transduction is mediated by accessory 

molecules. Furthermore, a conserved antigen receptor transmembrane (CART) motif on 

the transmembrane region of slg implies the presence of such accessory molecules [39]. 

Indeed, in vitro experiments have shown that channel catfish (Ictalurus punctatus) B cells 

possess a 32 kDa homodimer and a 45 and 25 kDa heterodimer with tyrosine residues 

that become phosphorylated upon BCR cross-linking and appear to represent accessory 

molecule homologs seen in mammals (Iga-CD79a and Igl3-CD79b) [ 40]. Intracellular 

tyrosine residue phosphorylation initiates a cascade of events, such as the mobilisation of 

calcium [ 41, 42] and activation of the inositol triphosphate (IP3) and diacylglycerol 

(DAG)/protein kinase C (PKC) biochemical pathways that can lead to activation of 

transcription and cell division [42]. These processes are strikingly similar to those 

described in mammalian B cells (Figure 2). In addition, recent data suggests that the 

mitogen activated protein kinase (MAPK)/extracellular-related kinase (ERK) pathway is 

also activated in either a PKC dependent or independent fashion [43]. 
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Figure 2. Intracellular activation events after B cell antigen receptor cross-linking are 
simi tar in mammals and fish. In mammals, tyrosine phosphorylation of the slg accessory 
molecules (CD79a & CD79~) activates tyrosine kinases, phospholipase C (PLC) then the 
bifurcating inositol triphosphate (IP3) and diacylglycerol (DAG) pathways with the 
assistance of phosphatidyl inositol (4,5) biphosphate (PIP2). The mitogen activated 
protein kinase (MAPK)/extracellu lar related kinase (ERK) pathway is either protein 
kinase C (PKC) dependent or independent (adapted from [44, 45]). In fish , a homodimer 
and heterodimer are phosphorylated upon slg cross-linking. Both the IP3 and PKC 
pathways are utilised , as is the MAPK/ERK pathway. (Diagram created using data from 
[40-43, 46, 47]) 
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1.5.1 Jg and Jg Structure 

Fish B cells differentiate into plasma cells that produce lg (antibody). lg has many 

effector functions that are mediated by the ability to bind antigen with exquisite 

specificity. The lg molecule in fish was originally deemed lgM due to the equivalent 

electrophoretic mobility of the heavy (H) chain with the mammalianµ chain oflgM [10]. 

This nomenclature has been confirmed by genetic analyses where the genomic structure 

of the teleost µ gene was shown to possess similar features to the mammalian µ gene, 

such as the number of exons, gene organisation and nucleotide and inferred amino acid 

sequence identity [ 48]. 

The predominant lg structure isolated from teleost fishes is tetrameric lgM 

(approximately 600-900 kDa) (Figure 3). Teleost lg incorporates four basic H2Lz 

repeating subunits creating eight binding sites and each subunit is composed of H and 

light (L) chains of approximately 70 and 22-25 kDa respectively. Each H chain has three, 

four or five C domains and a single V domain while the L chain has a single C and V 

domain [49]. The N terminus of the Hand L chains is referred to as the Fab or variable 

(V) region. Four framework regions (FRl-4) characterised by conserved and relatively 

invariant sequences are believed to provide structure to the V domains assisting binding 

of the antigen to the complimentarity determining regions (CDRl-3) [49]. Unlike the 

FRs, the CDRs display a high degree of sequence variability, creating a large number of 

antigen binding combinations (see 1.5.2). 
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Each H2L2 subunit is either fully linked by disulfide covalent bonding or by a 

combination of covalent and non-covalent attachment. Under non-denaturing reducing 

conditions during polyacrylamide gel electrophoresis, lg from catfish or rainbow trout 

can be isolated in single H2L2 subunits or even fractions of H2L2 subunits [50]. A 

function for this structural diversity has not been defined, although it was hypothesised 

that the structural diversity may form a prototype for lg isotypes [50]. However isotype 

variation is normally associated with switching of the CH domains of the H chain gene 

and not post-translational processes. 

In addition to the most commonly isolated tetrameric lg, a number oflow molecular 

weight (LMW) Igs (generally monomers) have been isolated from various species. Data 

suggest that these LMW Igs can be dichotomised into either a simple monomeric [51-

53]or dimeric [54] form of the tetrameric lg molecule or a structurally distinct LMW lg 

[55]. 

Polymerisation of mammalian IgM is facilitated by the addition of a joining (J) chain, 

which is linked to the Cµ4 domain of the H chain [3]. Only a small number of species of 

fish (relative to the number of fish that have had lg isolated) have been shown to possess 

a J chain associated with the IgM. In an early study, a J chain from channel catfish was 

isolated by ion exchange chromatography after the purified lg had been subjected to fully 

reducing conditions, however it had little amino acid homology with the human IgM J 

chain [56]. Similarly, a J chain was isolated from the sheepshead (Archosargus 

probatocephalus) [55] however J chains were not detected in pike (Esox lucius), [57] 
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chum salmon (Oncorhynchus keta) [58] or flounder [54] using similar techniques. 

Despite the advances in molecular biology, there have been no recent articles published 

demonstrating the existence of the J chain locus in teleost fishes. 

Figure 3. A typical systemic immunoglobulin molecule ofteleost fish showing the overall 
tetrameric structure composed ofH2L2 repeating subunits. Each of the Hand L chain 
constant (C) and variable (V) domains are indicated as well as the structural 
characteristics ofL and H chain V regions. The amino terminus (Fab) is composed of the 
complementarity determining regions (CDRs) and framework regions (FRs). Both the 
amino (Fab) and carboxy (Fe) termini of each H2L2 repeating subunits are indicated (not 
to scale). Adapted from [48, 49]. 
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Secretary lg has been found in the skin, gut and bile and was probably produced in situ 

rather than a transexudate (discussed later). The cutaneous mucus lg ofteleosts has been 

described as similar to the systemically produced homologue in terms of the molecular 

weights ofH and L chain components [59, 60]. Polymerised Hand L chains appear as 

tetrameric, dimeric and monomeric structures [59, 61]. Dimeric lg from channel catfish 

was dichotomised into non-covalently and covalently bound subunits [61]. The 

covalently bound dimer was associated with a 95-kDa polypeptide that was speculated to 

be a secretary piece as seen in mammalian lgA [ 61]. 

1.5.2 Jg genes 

The H chain gene organisation in fish is similar to that of mammals (translocon 

arrangement) manifesting diversity by rearrangement of the variable (V), diversity (D) 

and joining (J) sectors of the H chain loci whereas the L chain locus is in a multicluster 

arrangement like cartilaginous fishes. The multicluster arrangement is suggested to limit 

the potential diversity of the L chain V region [ 49, 62], however, it remains unclear what 

the functional implications of the multicluster L chain loci are. An important process 

during lg production is generation of diversity amongst the V (predominantly CDR) 

domains, allowing for conformational binding to an infinite number of epitopes. One 

process central to the production of diversity is sequence variation amongst the H and L 

chain loci. That is, the greater the sequence variability, the greater the ability to generate 

a wide lg V region repertoire. Other mechanisms that contribute to CDR diversity include 

N-nucleotide additions [63] and Hand L chain combinations. Other possibilities assisting 
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the generation of diversity (although yet to be demonstrated) are gene conversion and 

somatic hypermutation (see review by [ 49]). 

1. 5. 3 !so type heterogeneity and class switching 

Teleosts are generally limited to a single lg class (IgM) although an lgH chain with some 

sequence homology too of lgD has been identified in channel catfish [64] and Atlantic 

salmon (Salmo salar) [65]. The channel catfish o gene was shown to be downstream of 

the µ gene and like mammals, was co-expressed with µ in some B cells however, the 

functional role for the o-like lgH chains has not been elucidated. 

During a mammalian T-dependent secondary immune response, B cells isotype switch 

CH from Cµ to generally Cy while maintaining the same V8 and L chain domains. Early 

attempts to exhibit isotype variation in teleosts suggested that channel catfish possess 

both Hand L chain isotypes [66, 67]. This was achieved by the production of monoclonal 

antibodies (MAb) that bound specifically to H and L chain antigenic variants however 

two loci encoding separate L chains (F and G) have now been sequenced [68]. In 

addition, up to three lg L chain isotypes [69-72] and two H chain isotypes [73] have been 

identified in various species. It appears that expression of the L chain isotypes may be 

based on the size of the respective gene loci in a similar manner to the expression of K 

and/.... L chain isotypes in mammals [62]. Simultaneous expression of the H chain 

isotypes like that ofL chains may also occur since an isotype switching mechanism may 

be precluded from the secondary response due to the H chain gene structure [ 49]. 
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1.5.4 Affinity Maturation 

Concomitant with class switching during the mammalian secondary response is an 

intrinsic increase in antibody affinity. The mechanisms driving this process are somatic 

mutations and the selective expansion of B cells with high affinity receptors. Somatic 

mutations in rearranged V-D-J sequences have yet to be demonstrated in fish. Regardless 

of whether or not somatic mutations occur, the process of affinity maturation may be 

redundant because of the lack of well-structured germinal centres through which high 

affinity B cell clones may be selected [74, 75]. This hypothesis is supported by evidence 

that secondary humoral responses to immunisation have failed to demonstrate logarithmic 

increases in affinity in teleosts [7 6-79]. Alternatively, the lack of affinity maturation in 

teleosts may be due to more vigorous suppressor mechanisms targeting B cells or the 

affinity has been inappropriately analysed [80]. Whatever the model, little to no increase 

in affinity (compared to mammals) must be effective for teleosts in the context of their 

immune system. 

1.5.5 Memory B cells 

Exposure of na'ive mammalian B cells to T-dependent antigen produces a B cell subset 

that undergoes somatic hypermutation in the gene encoding the lg V region and is 

quiescent until encounter with the same antigen as originally exposed. These are referred 

to as memory B cells. In contrast, T-independent antigen stimulation of na'ive B cells 

does not produce a memory B cell pool. Whilst analysing issues associated with the 

development of immunological memory in fish, Kaattari [80] defined a memory response 

as one that differs in form and function to the primary response. This allows for 
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comparisons between the mammalian and teleost memory B cell systems on the basis that 

both systems are functionally effective. Under this minimalist definition, fish certainly 

possess a memory response to secondary exposure to antigen [78, 81-83]. Rainbow trout 

respond to sub-optimal doses of both T-independent and T-dependent antigen after initial 

priming with the same antigen [78]. Curiously, it took two priming doses for fish to 

respond to the secondary administration of the T-dependent antigen whereas it took only 

one priming dose of the T-independent antigen. Further, whilst eliciting a secondary 

antibody response faster and of greater magnitude than the primary response, the number 

of antigen specific B cells in the spleen was directly proportional to the antigen specific B 

cell precursor frequency. This suggests that the secondary response is due to expansion of 

the B cell memory pool [84] and not an intrinsic difference in the antibody. However, the 

response to sub-optimal levels of antigen suggests that perhaps B cells with high affinity 

receptors were selected as memory B cells. 

1.5.6 Distribution of lg 

lg of teleost fish is found in the skin, [60, 85] gut [86] and gill [87] mucus, bile [86, 88, 

89] and of course systemically in the plasma. The immune response of the skin and gill 

are important as these organs are immediately juxtaposed to the wider environment. 

Specific antibody can be elicited in the skin, [60, 90, 91] gill [87] and gut [86, 92-94] 

mucus while a concurrent systemic response does not necessarily occur. The opposite is 

also observed, suggesting that the systemic and mucosal immune compartments are 

autonomous. Supporting this notion was early work that demonstrated radio iodinated 

purified high or low molecular weight lg administered intravenously to sheepshead had 
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little activity in the mucus [88]. This indicated that the mucosal lg was produced locally, 

exclusive from systemic plasma cells. Despite this apparent autonomy, co-operation 

between the two immune compartments must exist but is perhaps antigen dependent. For 

instance, B cell non-responsiveness in the gut of rainbow trout to the carrier component 

of fluorescein isothiocyanate (FITC) conjugated keyhole limpet hemocyanin (KLH) has 

been described [92]. A significant systemic response to the carrier was detected after 

intraperitoneal injection with either FITC-KLH or KLH alone, suggesting that the lack of 

gut and systemic response after anal in;tubation was due to lymphocyte (Band/or T) non

responsiveness in the gut. 

1. 5. 7 Secondary effector mechanisms of Jg 

Despite extensive work on the structure and gene organisation of teleost lg, the effector 

functions (other than antigen binding) of lg are yet to be resolved. Indeed there has been 

some data to suggest that Fe receptors (FcR) exist in teleost fish [95, 96]. FcR bind the Fe 

region of the lg molecule eliciting a variety of responses including regulation ofB cells, 

increase in phagocytosis and increase in the respiratory burst activity of phagocytes. The 

most recent evidence suggested that all peripheral blood leucocytes (PB Ls) of Atlantic 

salmon had some lg binding capacity [97]. Furthermore, Atlantic salmon PBLs 

preferentially bound complexed antigen in a similar fashion to FcyRll (CD32) and 

FcyRIII (CD16) of, for example mammalian macrophages, granulocytes, lymphocytes 

and platelets [97]. Existence of an Fe receptor for lgM (FcµR) in mammals has been 

postulated for some time and was confirmed when an Fccx/µR was cloned from the 

mouse [98]. This may provide an impetus for further work into the putative teleost FcµR. 
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Recently, an IgE Fe receptor chain (FcERiy) was cloned from carp [99]. This receptor had 

approximately 40% amino acid similarity with the human FcERiy receptor, and contained 

an immunoreceptor tyrosine based activation motif (IT AM) that is common for 

intracellular signal transduction. The FcERiy receptor mRNA was expressed 

constitutively in the head kidney and peritoneal leucocytes however whilst the locus 

encoding the FcERiy chain has been identified, the loci encoding FcERia and FcERif3 

chains of the FcERI have not yet been sequenced. This was a most interesting finding, 

given that fish have not been shown to secrete IgE. 

Another effector role of the lg Fe region (once antigen is complexed) in mammals is 

activation of the complement cascade via the first component of the classical complement 

pathway, Clq. The fish complement system shows close functional similarities to the 

mammalian system [100]. Classical (antibody dependent), and the antibody independent 

alternative pathway have been demonstrated at functional and biochemical levels in 

rainbow trout [101, 102]. Furthermore, cDNA encoding a component of the lectin 

(mannose-binding lectin) pathway has been isolated from fish [103]. Each of these 

cascades converges on a single effector pathway (lytic pathway) at C2/factor B that 

ultimately leads to the formation of the membrane attack complex (MAC) [101]. A 

unique characteristic of teleost fish is C3 gene multiplication to increase the ability to 

recognise foreign molecules [104]. This phenomenon has been postulated as an 

adaptation to the lack of a well-developed acquired immune system [100]. 
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1.6 T cells 

T cells in mammals are defined by cell surface expression of the T cell receptor (TCR) 

complex [3]. TCR expressing cells are subdivided into either a Th (CD4 expressing) or 

Tc (CDS expressing) lineage. T cells in fish are somewhat of an enigma for fish 

immunologists, due to the lack of unequivocal evidence of T cell existence in the face of 

numerous studies that have implied T cell function (Table 1). This lack of unequivocal 

evidence of T cells is in part owing to a lack of well characterised antibodies that bind 

defined cell surface antigens specific for T cells [105, 106]. Antibodies that bind slg- cells 

and thymocytes from channel catfish [107], sea bass [lOS] and carp (Cyprinus carpio) 

[109] have been developed but represent markers of undefined antigens expressed on 

subpopulations of T cells. While these antibodies are useful, results obtained from their 

use do not provide unequivocal evidence of the role of T cells in fish. This situation has 

led to a strategy incorporating genetic molecular based technology to firstly identify 

genes that encode significant immune related T cell surface antigens such as TCR, CD3, 

CD4 and CDS and secondly to produce antibodies using partial gene sequences of 

molecules obtained in the original genetic screening [106]. 
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Table 1. Functional evidence of the presence and role of T cells in the fish immune 
response. 

Experiment Outcome/Implication Reference(s) 

Proliferative response to 
T cell mitogens 

Graft versus host reaction 
(GVHR) 

Delayed type 
hypersensitivity (DTH) 

Hapten-camer effect 

Differential response to T or B cell mitogens, mdicative of 
heterogeneous lymphocyte subsets 

GVHR implied the partic1pat10n of Th and Tc-like T cells m 
the response 

DTH imphed the mdirect mvolvement ofT cells in ehc1ting 
mflammatory reactions 

Hapten earner effect implied cooperation between T and B
like cells m the response 

[11, 15] 

[110] 

[111] 

[112] 

Allograft rejection Graft rejection 1mphed the recognition of foreign MHC 
antigens expressed on the graft and the participat10n of Tc 

and B cells m the response 

[113, 114] 

Antibody response to T 
dependent antigens 

Imphes the role of Th cells m eliciting an antibody response [32, 112, 115] 

Mixed lymphocyte 
reaction (MLR) 

MLR implied the recognition of disparate MHC antigens of 
individuals and the participation of Th and B cells m the 

response 

[116, 117] 

This strategy has been successful with the identification of cDNA sequences of several 

components of the TCR and CDS in various species of fish [106] (Table 2). The inferred 

general structure of the TCRa and 13 chains indicates that both molecules are shorter than 

in higher vertebrates yet the overall structure is comparable. For example, both the fish 

TCRa and 13 chains consist of two extracellular lg-like domains, a transmembrane 

domain and a short intracytoplasmic carboxy terminus [106] consistent with mammals. 

Like slg on B cells, the extracellular domains are either variable and house the 

hypervariable CDRs (1-3) or constant. A CART motif [39] in the transmembrane region 

together with the short intracytoplasmic domain that suggests accessory molecules such 

as those of the CD3 complex in mammals are required for intracellular signalling [106]. 
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Table 2. Molecular evidence of T cell surface markers in fish. 

Cell Surface Marker Species Reference 

TCRa rainbow trout ( Oncorhynchus my kiss) [118] 

TCRl3 rainbow trout ( Oncorhynchus my kiss) [119] 

TCRa & 13 channel catfish (!ctalurus punctatus) [120] 

TCRl3 Atlantic salmon (Salmo salar) [121] 

CD8a rainbow trout (Oncorhynchus mykiss) [122] 

TC Ra Japanese pufferfish (Takifugu rubripes) [123] 

TCRa & 13 Atlantic cod ( Gadus morhua) [124] 

TCRa zebrafish (Dania rerio) [69] 

TCRa/y puffer fish (Tetradon nigroviridis) [125] 

Functional evidence that implicates the role of T cells in fish is almost overwhelming 

(Table 1) although not definitive. Two recent projects have partially resolved the issue of 

T cell involvement in the fish immune system. Firstly, CDR3 sequences of the TCRl3 

chain in rainbow trout were shown to become skewed after both primary and secondary 

challenge with viral hemorrhagic septicaemia virus (VHSV), indicative ofMHC class I 

restricted T cell clonal selection and expansion [126]. Using a different strategy, MH 

class I restricted Tc mediated cellular cytotoxicity was demonstrated in rainbow trout 

[33]. In this study, PBLs from isogenic rainbow trout previously exposed to infectious 

haematopoietic necrosis virus (IHNV) were incubated with IHNV "infected" cell lines 

(DNA immunised) that either expressed the same MH I allele as the host (Onmy-

UBA *501) or was disparate. Only target cells that expressed the same MH I allele were 

lysed, strongly suggesting the role of Tc cells in fish as in mammals (Figure 4). While it 

21 



appears that there are both Th and Tc-like cells present in fish , experiments using culture 

supernatants from channel catfish cell lines that contain T cells suggest the potential for 

further differentiation of Th lymphocytes into subsets akin to mammalian Thl and Th2 

cells [16]. These T cell culture supernatants contain soluble factors that mediate 

proliferative effects on T cells (consistent with the autocrine effect ofIL 2 on mammalian 

T cells) and B cells (consistent with the effect of Th2 derived IL 4 on mammalian B 

cells). The identity of these growth factors is still unknown. 

Figure 4. The cytotoxic T (Tc) cell response in fish is homologous to that in mammals. 
Viral antigens are presented on the surface of infected cells (APC) using MH class I 
molecules to CD8 (MH class I receptor) bearing Tc cells. Viral antigen primed Tc cells 
are cytotoxic effector cells to virus infected cells after cell to cell contact. The blue arrow 
represents an effector pathway. Derived from [33]. 

22 



1.7 Notes on snapper (Pagrus auratus) 

Snapper (Pagrus auratus) (Figure 5) are distributed across sub-tropical to temperate 

waters of the Indo-Pacific region, including Australia, New Zealand, Philippines and 

Indonesia. The northern hemisphere counterpart of snapper, red sea bream (Pagrus 

major) is distributed in almost tropical to temperate waters around Japan, the East China 

Sea and the South China Sea [127]. Questions over the taxonomic relationship between 

snapper and red sea bream have been consistently raised. Snapper were originally 

described by Bloch and Schneider (1801) and red sea bream by Temminck and Schlegel 

(1843) however, Fowler (1933) suggested that the two species were considered disparate 

based largely on geographical dislocation. During the last century, the taxonomy of 

snapper and red sea bream has been re-appraised, leading to the current nomenclature. 

Taxonomists now postulate that the two species should be considered one (Taniguchi et 

al., 1996, cited by [127]) [128]. However the most recent analysis of the two species 

suggests that the relationship is at a sub-species level and P. major be re-named P. 

auratus major and P. auratus, P. auratus auratus [127]. Therefore much of the work 

contained in this thesis may be relevant to both snapper and red sea bream. 
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Figure 5. A wild caught, tank housed snapper (Pagrus auratus). 

1.8 Aim and outline of this thesis 

The fundamental aim of this project was to investigate functional aspects of the acquired 

immune system in a marine teleost, snapper (P. auratus). However there is a paucity of 

immunological tools to use with snapper, therefore antibodies had be 

developed/identified for use in subsequent experiments. B cells express slg (see section 

l.5) and so antibodies to systemic lg bind B cells. Antibodies that bind slg of B cells are 

the only unequivocal leucocyte marker in fish [16] therefore antibodies against systemic 

lg of snapper were produced. Firstly a suitable binding ligand for snapper lg was 

identified to enable purification of systemic lg (chapter 2 and 3). The structural 

characterisation of systemic lg was performed in order to gain some knowledge of the 

molecule itself in the context of other teleost lg molecules as well as to provide some 

information on the immunogen used to produce rabbit polyclonal (chapter 2) and later 

mouse monoclonal antibodies (chapter 4) . Further tools (antibodies) were sought and a 
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panel of 54 monoclonal and polyclonal antibodies raised against murine and human 

leucocyte antigens were tested for binding to snapper peripheral blood leucocytes 

(chapter 5). In the course of characterising monoclonal antibodies against snapper lg by 

flow cytometry, lg positive cells from the head kidney were identified that were 

morphologically heterogeneous. Further experiments were designed to determine if these 

lg+ cells were simply slg bearing B cells or a range of cell types that bound anti-lg 

antibodies by virtue of systemic lg bound to a putative Fe receptor (FcR) (chapter 6). 

A critical role of T cells in the development of a humoral immune response in mammals 

is the delivery of co-stimulatory signals to B cells via CD40. The co-stimulatory signal 

not only drives selection of B cell clones leaving germinal centres, but also induces 

expansion of these clones [129]. Previous experiments demonstrated that concomitant 

stimulation of fish leucocytes with classical B and T cell mitogens elicited a synergistic 

proliferative effect compared to the rate of proliferation in single mi to gen administered 

cultures [130, 131 ], indicative of an interaction between the activated cell populations. 

Therefore identification of a teleost homologue of this model of T-dependent activation 

of B cells would be important in linking the interaction between T and B cells. 

Experiments utilising the classical Band T cell mitogens were recapitulated using a novel 

method of appraising proliferating cells by flow cytometric analysis in order to delineate 

the phenotype of proliferating cells (chapter 7). While reviewing the literature on teleost 

B cells it became clear that teleost B cells share many attributes of mammalian B 1 cells. 

Therefore routine assays that characterise the mammalian B 1 cell lineage and the 

immunoglobulin that they produce were used to determine if fish possess B cells with Bl 
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cell-like attributes (chapter 8). Chapter 9 integrates the results from the previous chapters 

and places the significance of each chapter and indeed the thesis into context. 

Furthermore, the nexus between data presented here and further research is identified and 

outlined. 

1.9 Explanatory notes about this thesis 

The strategy of this PhD candidate was to publish each chapter of work as it was 

completed and for the incorporation of each published manuscript into a separate chapter 

within this thesis. As such, there is overlap in the text, particularly within the introduction 

and bibliography of each chapter. This was unavoidable since the candidate wished to 

present each chapter autonomously almost as published. Chapter 5 was carried out in 

collaboration with another PhD student in our group. Therefore the candidate should be 

regarded as co-first author, as stated on the published manuscript (see appendix 4). The 

majority of this work will be or has been submitted to the journal Developmental and 

Comparative Immunology for publishing and so the referencing style of this journal has 

been adopted throughout. 
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2.1 Abstract 

Immunoglobulins (lg) from tank housed wild caught snapper (Pagrus auratus, Bloch and 

Schneider) were single step purified from serum using staphylococcal protein A (SpA) 

affinity chromatography. Purified protein was analysed using SDS-PAGE under 

reducing, non-reducing denaturing and PAGE under native conditions. Under native 

conditions, a single population of lg was identified and using gel filtration 

chromatography was found to have an approximate molecular weight of 766 kDa. 

Further, using SDS-P AGE under non-denaturing reducing conditions the single 

population oflg was found to be heterogeneous in subunit linkages. lg subjected to fully 

reducing conditions dissociated into heavy (H) and light (L) chain polypeptides. Two H 

and two L chain variants based differences in electrophoretic mobility were detected by 

SDS-PAGE, however evidence of isotypic disparity was not proven. The L chains were 

shown to be approximately 30.2 and 29.0 kDa in molecular weight while the H chains 

were 71.8 and 67.7 kDa, suggesting that the native molecule was likely to be tetr!lmeric 

in structure. Polyclonal antisera against snapper lg were produced in rabbits and screened 

by indirect ELISA, Western blot and flow cytometry. The specificity of the antisera was 

demonstrated by probing against purified lg, whole snapper serum and heterologous 

serum in Western blots. Antisera bound predominantly to the H chains of purified 

snapper lg however antisera bound to both H and L chain variants in reduced snapper 

serum. A lack of cross reactivity with 5 of 6 heterologous sera tested, demonstrated a 

high degree of specificity of both antiserum. In flow cytometry, both antiserum bound to 

the putative B cell population, labelling 40.8% (rabbit 1) and 29.5% (rabbit 2) of the 
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gated lymphocytes in the peripheral blood. Together, these data demonstrate the potential 

of the rabbit anti snapper lg antisera in biochemical and cellular assays. 

2.2 Introduction 

Fish above the level of Agnatha are the lowest phylogenetic group to display acquired 

immunity, that is, fish like birds and mammals have an immune system with specificity 

and memory [1]. Hence a focal component of the teleost immune system is 

immunoglobulin (lg) derived from differentiated B cells (plasma cells). lg molecules 

have been identified in the plasma, gut, skin, bile and mucus of fish [2]. Parity exists 

between the teleost H chain with theµ chain in mammalian lgM molecules [1]. Previous 

studies have shown that teleost fish contain only one class of lg, lgM [3], however, a 

chimeric gene has been sequenced from channel catfish (Ictalurus punctatus Rafinesque) 

that has partial sequence homology with the H (8) chain of mammalian lgD [ 4]. Unlike 

mammalian and chondrichthyean pentameric lgM [5-6], fish lg molecules are 

predominantly tetrameric (H2L,_) 4 in configuration. Considerable heterogeneity in the 

tetrameric subunit assemblage exists with molecules subjected to non-reducing 

denaturing conditions dissociating at non-covalent linkages into various subpopulations 

[7]. Further, monomeric and non-covalent linked dimeric forms of covalent H2L2 subunits 

have been reported in sheepshead (Archosargus probatocephalus Walbaum) [7], 

barramundi ~ates calcarifer Bloch) [8] and flounder (Platichthys flesus L.) [9] but the 

origin and function of the low molecular weight molecules is not fully understood. Fish 

lgM generally lack the J chain associated with mammalian lgM, however J-like chains 
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have been isolated from channel catfish (I punctatus) [10] and sheepshead (A. 

probatocephalus) [7]. 

The purpose of this study was to isolate, purify and partially characterise snapper (P. 

auratus, a senior synonym of P. major (Temmink and Schlegel), [11]) lg in order to 

develop polyclonal and later monoclonal antisera against snapper lgM. 

2.3 Materials and Methods 

2.3.1 Fish 

Wild caught snapper (P. auratus) were housed at the New South Wales Fisheries 

Research Institute at Cronulla, Sydney, Australia in a pen (62.5 m3
) within an outdoor 

tank (1125 m3
) at ambient temperature and 35 %0 salinity. Eleven fish were caught (mean 

weight 4.79 ± 1.17 kg) and placed into a 2001 bin. Fish were anaesthetised using 

benzocaine ( ethyl-p-arninobenzoate, Sigma; 50 mg/I) and blood was withdrawn from the 

caudal vein using a needle and syringe. Blood was placed in ice, and the serum was 

removed, pooled and frozen (-20°C) until required for isolation of lg, Western blot and 

ELISA. For flow cytometric analysis, snapper (approximately 450 g) were obtained from 

the Spencer Gulf Aquaculture hatchery (Port Augusta, South Australia, Australia) and 

held in 600 L flow through tanks at ambient temperature and 35 %0 salinity at the South 

Australian Research and Development Institute (SARDI) facilities, Adelaide. Fish were 

anaesthetised as described and bled from the caudal vein using heparinised syringes. 

Blood was placed in heparinised vacuette tubes and the tubes placed in ice. 
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2.3.2 Purification of snapper lg 

lg was single step purified using an SpA affinity chromatography kit (Bio-Rad; Regents 

Park, NSW, Australia) [12]. The column was pre-packed with 2 ml of affi-gel® SpA 

coupled to agarose beads. Column operation was as specified by the manufacturer with 

modifications. Briefly, 3 ml of serum was prepared using a desalting column previously 

equilibrated with 20 ml of binding buffer (pH 9.0). An SpA column was equilibrated with 

10 ml of binding buffer and the serum applied to the column once or five times to 

increase yield. The column was washed with 20 ml of binding buffer with the effluent 

absorbance (A280) monitored using a spectrophotometer to prevent contamination. lg was 

eluted with 10 ml of elution buffer (pH 3.0) with absorbance (A280) of 1 ml :fractions 

analysed. Fractions with highest absorbance were pooled and buffer exchanged using a 

desalting column equilibrated with sterile 0.1 M phosphate buffered saline (PBS; pH 7.4). 

Purified sample was frozen (-20°C) until required. 

2.3.3 Protein Determination 

Analysis of protein concentration was performed using the Lowry method [13] modified 

for use in rnicroplates. Bovine serum albumin (BSA; Sigma, Castle Hills, NSW, 

Australia) was used as a standard. 

2.3.4 Gel Filtration Chromatography 

Molecular weight estimation of native snapper lg was conducted using gel filtration 

chromatography. A 90 x 1.8 cm glass column was packed with Sephacryl 300 HR 

(Sigma) and equilibrated with tris buffered saline (TBS; 0.05 M tris, 0.15 M NaCl, pH 
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8.0) at 4°C before use. The column was operated at a flow rate of 9.3 ml/hand at 4°C. 

Two millilitre fractions were collected using a Bio-Rad 2128 fraction collector and 

analysed for protein content using a spectrophotometer (Shimadzu, Kyoto, Japan) at an 

absorbance of 280 nm. Molecular weight standards used to calibrate the column were 

BSA (66 kDa) (Sigma), rabbit lgG (150 kDa) (Sigma), thyroglobulin (669 kDa) (Sigma) 

and Human lgM (970 kDa) (donated by the Immunobiology Unit, UTS, Sydney, 

Australia). SpA purified lg was lyophilised and prepared by diluting in TBS and 5% 

glycerol (2 ml). For molecular weight (MW) estimation, the mean of duplicate samples 

was analysed by comparison ofVeNo of samples with a plot ofV eN0 versus log MW of 

known proteins (Ve= elution volume, V0 =void volume). 

2.3.5 Determination of Molecular Weight and Purity 

Molecular weight of lg subunits and purity determination was performed by SDS-P AGE 

[14] using an SE 250 Mighty Small II vertical electrophoresis unit. Proteins were reduced 

by boiling in loading buffer [60 mM tris-HCl (pH 6.8) containing 25% glycerol, 2% SDS, 

14.4 mM 2-mercaptoethanol and 0.1 % bromophenol blue] for 5 min. Samples were 

loaded into wells of a 5% stacking gel over a 10% resolving gel. Native PAGE was 

performed in 3% stacking gels above 3% resolving gels. Under native conditions, 

samples were prepared in 312.5 mM tris-HCl (pH 6.8) loading buffer containing 50% 

glycerol and 0.05% bromophenol blue. Non-reductive denaturation of lg was performed 

as described by [15] using SDS. Loaded samples were electrophoresed in electrophoresis 

buffer (25 mM tris, 192 mM glycine) for approximately 1 h. Under reducing conditions 

0.1 % SDS was added to the electrophoresis buffer. Gels were fixed and stained with 
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neutral silver staining [16]. Low molecular weight standards (Novex, San Diego, CA, 

USA) and high molecular weight standards (Pharmacia, Rydamere, NSW, Australia) 

including human IgM (Sigma), were included on gels under reducing and native 

conditions respectively. Estimation of molecular weights was made from a minimum of 

three gels and expressed as mean ± S.E.M .. 

2.3.6 Polyclonal Antisera Production 

Two male 8 month old New Zealand white semi lop-eared rabbits were inoculated with 

0.5 ml affinity purified snapper lg (1 mg/ml) emulsified in 0.5 ml montanide ISA 50 

(Seppic, Paris, France) intramuscularly at multiple sites. Rabbits were boosted after 14 

days using the procedure described. Blood was sampled via the ear vein prior to 

inoculation and 18 days after re-inoculation. Antibody titres were measured by ELISA 

and once the desired antibody titre had been confirmed, the rabbits were euthanised and 

bled out. Briefly, the ELISA was performed in 96 well flat-bottom high binding ELISA 

microplates (Greiner Labortechnik, Frickenhausen, Germany). Initially, optimum coating 

antigen concentrations were determined by a chequerboard titration method [17]. 

Optimum antigen was considered the least amount that would produce a significant 

optical density. Plates were coated with 50 µI/well of serum (1 :256 OOO) or affinity 

purified lg (protein concentration= 19 ng/ml) diluted in coating buffer (50 mM sodium 

hydrogen carbonate; pH 9 .5) and incubated overnight at 4 °C. Excess antigen was 

discarded and free binding sites blocked with 3% casein sodium in PBS (pH 7.2) (50 

µI/well) for 60 min at 25°C. Plates were then washed 4 times with PBS (pH 7 .2) using a 

Bio-Rad immunowash machine (Regent Park, NSW, Australia). Rabbit anti-snapper lg 
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serum was two-fold serially diluted in 1 % casein sodium in triplicate wells and incubated 

for 90 min at 25°C. Plates were washed as described and horse radish peroxidase 

conjugated goat anti-rabbit antibody (Sigma) (1 :2000 in 1 % casein sodium) was added to 

each well (50 µI/well) for 90 min at 25°C. Again, plates were washed as described, and 

50 µl/wellcolour developing solution [o-phenylenediamine (Sigma) in 100 mM sodium 

citrate phosphate buffer and 0.012% hydrogen peroxide] was added for 10 min. 

Hydrochloric acid (3 M) was used to stop the colour reaction. Optical densities (OD) 

were measured at 492 nm using a Titretek Plus MS212 plate reader. Negative controls 

including triplicate wells where the primary, secondary and both primary and secondary 

antibodies were omitted were included on each plate to eliminate non-specific binding as 

a confounding factor. 

2.3. 7 Immunoblotting 

To confirm specificity of the rabbit antisera, snapper serum, affinity purified snapper lg 

and heterologous sera were electrophoresed under reducing conditions as described and 

electrotransferred (SemiPhor TE70; Hoefer) to 0.45 µm nitrocellulose membrane 

(Pharmacia) under semi-dry conditions [18] (25 mmol/L tris, 192 mmol/L glycine, 20% 

methanol). Transfer success was assessed by the non-specific staining of proteins using 

ponceau stain (Sigma). Membranes were then washed with TBS and blocked with 1 % 

non-fat skimmed milk (SM-TBS; 1 % skimmed milk in TBS) for 60 rnin at room 

temperature (RT). Membranes were washed with TBS, 0.05% tween 20-TBS (TTBS) and 

TBS again (5 min each) and then probed with rabbit anti-snapper lg serum diluted in SM

TBS for 90 rnin at RT. Membranes were washed as described and incubated in 
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conjugated goat anti-rabbit horse radish peroxidase (Sigma) diluted 1: 1 OOO in SM-TBS 

for 90 min at RT. Bands were developed with diaminobenzidine (DAB; Sigma) and 

urea/peroxide (Sigma) for approximately 5 min and the colour reaction stopped with 

sterile distilled water. Initially, negative controls were included on all membranes to 

ensure non-specific binding was not a confounding factor. Negative controls included 

membranes not probed with primary antiserum, secondary antiserum and both primary 

and secondary antiserum. 

2.3.8 Flow Cytometry 

Heparinised blood was removed from the vacuette tubes, and leucocytes isolated by 

density gradient centrifugation. Firstly, blood was layered 1 :2 on Lymphoprep 

(Nycomed) and centrifuged for 5 min at 20°C at 1 OOO x g without using the rotor brake. 

PBLs were drawn from the interface and resuspended in 1.5 ml of media; RPMI (CSL) 

supplemented with 2% foetal calf serum (CSL), 20 mM HEPES (CSL), 300 mg/ml L

glutamine (CSL), 50 U/ml penicillin/streptomycin (CSL) and 40 U/ml gentamicin 

sulphate (DBL). Cells were washed twice in media, erythrocytes lysed (0.15 M NH4Cl, 

1.0 mM KHC03, 0.1 mM Na2EDTA, pH 7.4) for 5 min at RT and washed twice. Cells 

were checked for the correct morphology and viability by Diff Quick staining and trypan 

blue exclusion respectively followed by the addition of 100 µl polyclonal rabbit (1 or 2) 

anti-snapper lg serum (1: 100). Cells were incubated on ice for 30 min. Again, cells were 

washed twice as described and then goat anti-rabbit fluoroscein isothiocyanate (FITC) 

labelled conjugate (1: 100) (F(ab')2 fragment of goat IgG anti-rabbit Hand L chains, 

Immunotech) was added for a further 30 min and cells were incubated on ice. Cells were 
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washed twice and fixed in F ACS fix (1 % formalin, 2 % glucose, and 0.02% NaN3, in 0.1 

M PBS) before analysis using a Coulter Epics XL-MCL flow cytometer (Beckman 

Coulter, CA, USA) and Win M.D.I. 2.8 software (Joseph Trotter, Scripps Research 

Institute, La Jolla, CA, USA). Controls included cells with the primary and both the 

primary and secondary antisera omitted from the staining procedure. Cells labelled with 

non-immune rabbit sera (pre-bleed) were used to calculate the percentage of positive 

cells. 

2.4 Results 

2.4.1 SpApurification of snapper Jg 

lg yield from pooled sera was significantly increased by multiple applications (x 5) of 

sera to the SpA column (Figure 1). Total yield was increased by approximately 73% by 

using multiple applications. Three 1 ml fractions of highest absorbance (A280 > 0.60) 

were pooled. Pooled fractions from single or multiple applications to the SpA column 

yielded approximately 0.85 and 1.47 mg/ml snapper lg respectively. 

2.4.2 Jg structure and purity 

Native PAGE of SpA purified snapper lg revealed a single band of putative snapper lg 

(Figure 2). The molecular weight of snapper lg was similar to that of the southern bluefin 

tuna (Thunnus maccoyi, lane 2) yet marginally lower than the barramundi (L. calcarifer, 

lane 4) and the native human lgM molecule (lane 3) Native PAGE of SpA purified 

snapper lg under the presence of SDS produced three major bands as detected by silver 

staining of gels (Figure 3). Bands were designated low, medium and high with 
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Figure 1. Elution profile of lg purified using SpA affinity chromatography. Three 
millilitres of snapper serum was placed in an SpA affinity chromatography column and 
allowed to pass through a 2 ml volume of SpA-agarose under gravity control. The column 
was washed until the effluent absorbance (A280) was negligible. Elution buffer was added 
and eluent fractions were assessed by spectrophotometer (A280). 

approximate molecular weights of 250, 575 and 880 kDa respectively. The low and high 

bands were minor relative to the medium band. However the medium band was diffuse, 

hence the molecular weight of this band was not definitive and thus results were 

interpreted with caution. 

SOS-PAGE under reducing conditions dissociated the SpA purified native lg molecule 

into Hand L chain constituents (Figure 4). Further, reducing conditions resolved the 

native molecule into two Hand two L chain subunits (lane 3). The two H chain units had 

53 



a molecular weight of approximately 71.8 ± 0.9 k:Da and 67.7 ± 0.8 k:Da respectively with 

electrophoretic mobility similar to that of theµ chain of human lgM (lane 5) . The L 

chains had molecular weights of approximately 30.2 ± 0.9 k:Da and 29.0 ± 0.8 k:Da. Two 

minor bands with molecular weights of 40.7 and 85.8 k:Da were also detected using silver 

staining of gels (Figure 4). 

MW 
(kDa) 

970 ...... 

669 ...... 

440 ...... 

232 ...... 

140 ...... 

1 2 3 4 

Figure 2. PAGE analysis (3% gel) of native SpA purified snapper lg (lane I) , Southern 
bluefin tuna lg (lane 2), human IgM (lane 3), and barramundi lg (lane 4). 
Immunoglobulins were added to electrophoresis buffer (313 mM Tris-HCI , 50% glycerol , 
0.05% bromophenol blue), electrophoresed through a 3% PAGE gel and silver stained. 
Molecular weight markers are indicated on the left. Gel was silver stained. 
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Figure 3. PAGE separation of SDS treated SpA purified snapper lg into three major 
bands (high , medium and low molecular weight). SpA purified snapper lg was added to 
electrophoresis buffer (313 mM Tris-HCI, 50% glycero l, 0.05% bromophenol blue) in the 
presence of SDS, electrophoresed through a 3% PAGE gel and silver stained. Molecular 
weight markers are indicated on the left. Gel was si lver stained. 
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Figure 4. SDS-PAGE analysis (10%) gel of reduced snapper lg (lane 3) relative to 
various fish and mammalian lg. Arrowheads indicate two putative H chains (76.0 and 
78.8 kDa) and two putative L chains (31.4 and 28.1 kDa). Samp les were reduced by 
boiling in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through a 10% SDS-PAGE gel and silver stained. Molecular weight 
standards (lane 1), whole snapper serum (lane 2), southern bluefin tuna lgM (lane 4), 
human IgM (lane 5), bovine lgG (lane 6), Rabbit lgG (lane 7) and human IgG (lane 8) 
were included for comparison . 
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Molecular weight estimation of snapper lg was approximately 766 kDa using gel 

filtration chromatography (Figure 5). Both replicate samples had the same elution volume 

at the maximum absorbance. 

2. 4. 3 Titration of rabbit-anti snapper Jg antis era 

An indirect ELISA was developed to analyse development of the rabbit anti-snapper lg 

antisera (Figure 6). Both rabbit 1 and rabbit 2 responded immunologically to the 

immunisation regime. Optimal ELISA coating concentration was determined to be 19 

ng.ml-1 (protein concentration) and a dilution of 1 :256000 for the pooled serum. Antibody 

titres were slightly higher in rabbit 2, however dilutions over 1 :25000 still gave a 

detectable response in both rabbit sera. The 50% binding dilution was 1:3574 (lg) and 

1:3994 (serum) using rabbit 1and1:4017 (lg) and 1:4641 (serum) using serum from 

rabbit 2 respectively. 

2. 4. 4 Rabbit-anti snapper Jg antis era bind to both the Hand L chains of snapper Jg 

Western blotting of purified snapper lg and probing with rabbit antisera demonstrated 

that the antisera were primarily directed at the heavy chain(s) of the reduced lg molecule 

(Figure 7). H chains remained positive at dilutions beyond 1:8000 using both antisera. 

Bands of unknown proteins were also reactive, particularly at the lower dilutions 

however, most were titrated out with the antisera, whilst the H chains remained positive. 

Probing of reduced serum proteins revealed that the antisera bound to both H and L 

chains oflg (Figure 8). Two L chain variants were evident in blots probed with both 

antisera. Similarly, when reduced serum was diluted further prior to electrophoresis, two 
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H chain variants were detected with both antisera (not shown). A single band of unknown 

protein (125 ± 1.0 kDa) was detected with both antisera at dilutions where both H and L 

chains were positive. A number of unknown protein bands were evident at very low 

serum dilutions however activity diminished at dilutions lower than 1 :200. All negative 

control blots displayed no non-specific reactivity. 

2. 4. 5 Rabbit-anti snapper Jg antis era bind to the putative L chain of black bream Jg 

Rabbit anti-snapper lg antisera were analysed for cross reactivity against serum from 

various teleost fish including black bream (Acanthopagrus butcheri), Atlantic salmon 

(Salmo salar L.), rainbow trout (Oncorhynchus mykiss), common carp (Cyprinus carpio), 

greenback flounder (Rhombosolea tapirina) and barramundi [£. calcarifer) (Figure~). 

After electrotransfer, heterologous sera were probed with both rabbit anti-snapper lg 

antisera (1 :500). Rabbit 1 and 2 antisera were reactive with both Hand L chains in the 

snapper serum as well as the putative L chain of black bream (lane 2), as the band had a 

similar molecular weight to that of the putative L chains from the snapper lg. No other 

cross reactivity was detected in the remaining species of fish indicating the high 

specificity of the polyclonal antisera. 
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Figure 5. Gel filtration chromatography of SpA purified snapper lg. The molecular 
weight of SpA purified snapper lg (native) was determined to be 766 kDa. Two millilitres 
of SpA purified snapper lg suspended in TBS and 5% glycerol (I mg/ml) was placed in a 
gel filtration column containing Sephacryl 300 HR and allowed to pass under gravity 
control. Two millilitre fractions were collected and analysed by spectrophotometer (A280) . 

Molecular weight standards (Sigma) including purified human IgM are indicated above. 
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Figure 6. Titration ofrabbit 1 (a) and 2 (b) anti-snapper lg serum in an indirect ELISA 
(mean± S.E.M., n = 3). Plates were coated with SpA purified lg or snapper serum in 
carbonate buffer overnight at 4°C. Wells were blocked with 3% casein sodium and 
polyclonal antibodies were two-fold serially diluted into the wells followed by horse 
radish peroxidase conjugated goat anti-rabbit antibody (1 :2000). Incubations were for 90 
min at 25°C and positive wells were visualised with a-phenylenediamine (OPD) and 
H20 2 and assessed by microplate reader at 492 nm. Values are means of triplicate wells 
including the S.E.M .. Arrows indicate 50% binding titres of each antisera. 
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Figure 7. Western blot analysis of SpA purified snapper lg using rabbit 

3 4 5 

antiserum 1 (a) or 2 (b) as a probe. SpA purified snapper lg was reduced by boiling 
sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with two-fold serial dilutions of each antisera from lane 1 

6 

(l :500) to lane 8 (1:64000). Horseradish peroxidase-conjugated goat anti-rabbit antibody 
( 1: 1 OOO) was used for detection. Each incubation step was for 90 min at room 
temperature. Membranes were developed using diaminobenzidine (DAB) and 
urea/hydrogen peroxide. Protein molecular weights are indicated on the left in kDa. 
Arrows indicate H chains. 
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Figure 8. Western blot analysis of reduced snapper serum using rabbit antisera 1 (a) or 2 
(b) as a probe. Snapper serum was reduced by boiling sample in reducing buffer 
containing SDS and 2-mercaptoethanol for 5 min, electrophoresed through 10% SDS
PAGE gels and transferred to nitrocellulose in semidry conditions (transfer buffer 25 
mM/L tris, 192 mM/L glycine, 20% methanol). Membranes were probed with two-fold 
serial dilutions of each antisera (a = rabbit 1, b = rabbit 2) from lane 1 (1 :50) to lane 8 
(1 :6400). A lower dilution of serum (1 :80) resolved two putative L chains in 
supplementary Western blots. Horseradish peroxidase-conjugated goat anti-rabbit 
antibody (1 : 1 OOO) was used for detection. Each incubation step was for 90 min at room 
temperature. Membranes were developed using diaminobenzidine (DAB) and 
urea/hydrogen peroxide. Protein molecular weights are indicated on the left in k:Da. 
Arrows indicate L chains. 
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Figure 9 Western blot analysis of heterologous sera using antiserum from rabbit 1 (a) or 
rabbit 2 (b) as a probe. Serum from snapper (lane 1), black bream (lane 2), Atlantic 
salmon (lane 3), barramundi (lane 4), rainbow trout (lane 5), flounder (lane 6) and 
common carp (lane 7) were reduced by boiling sample in reducing buffer containing SDS 
and 2-mercaptoethanol for 5 min , electrophoresed through l 0% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 
mM/L glycine, 20% methanol). Membranes were probed with the rabbit antisera (1 :500). 
Horseradish peroxidase-conjugated goat anti-rabbit antibody (1: 1 OOO) was used for 
detection. Each incubation step was for 90 min at room temperature. Membranes were 
developed using diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein 
molecular weights are indicated on the left in kDa. Black and hollow arrows indicate H 
and L chains respectively. 
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2.4.6 Rabbit anti-snapper Jg antisera bound to a subpopulatwn of PBLs believed to be B 

cells 

The majority of cells isolated by density gradient centrifugation had a large nucleus with 

little cytoplasm, consistent with lymphocyte morphology. In flow cytometry, cells with 

both low forward and side light scattering were gated (Figure lOa). Similar fluorescence 

frequency histograms were observed after cells had not been treated or by omitting either 

the primary or secondary antiserum from the protocol (not shown). Analysis of cells 

labelled with either rabbit 1 or 2 anti-snapper lg antiserum demonstrated a bimodal shift 

in fluorescence, suggesting that both polyclonal antiserum were specific in labelling the B 

cell population via the B cell receptor (BCR) (Figure lOc). Using the control fluorescence 

plots as templates for negative cells, 40.8 ± 6.7% (n = 2) (rabbit 1) and 29.5 ± 4.6% (n = 

2) (rabbit 2) of the gated lymphocytes were positive for surface lg. 

64 



(a) 

. ', ·. 
',: I 

0 
Forward Scatter 

1023 

\C 

~ (b) 

~ 
~ 0.1% > >--~~~~~~-----< 

~ 

102 104 

Fluorescence 1 (Anti-lg) 

(c) 

"""'"""' T""T"TTT-m""T""T"".,....,....,"TI"TI 4 

101 102 103 104 

Fluorescence 1 (Anti-lg) 

Figure 10. Flow cytometric analysis of snapper PBLs showing the forward and side light 
scattering profile (a). PBLs were isolated over Lymphoprep and incubated with normal 
rabbit serum (pre-bleed) (b) or polyclonal antiserum from rabbit 1 ( c) (1: 100) for 30 min 
on ice. FITC conjugated goat anti-rabbit antibody (1: 100) was added (30 min on ice) and 
cells were analysed using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, 
Ca, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La 
Jolla, California, USA). 
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2.5 Discussion 

Single step SpA affinity chromatography purification of snapper lg was successful. An 

increase in the utilisation of the bed capacity was achieved by the multiple application of 

serw.tl to the column. Total yield was increased by approximately 73%, without 

compromising purity of the eluted product (not shown). The molecular weight of the 

native lg was shown to be approximately 766 kDa by gel filtration chromatography. 

Molecular weight determination of the native and reduced snapper lg, suggested that 

snapper lg is tetrameric, assuming a (H2L2) 4 configuration. This is in agreement with 

most studies on teleost lg [3,19] however, in addition to the most commonly isolated 

tetrameric lg, a number of low molecular weight (LMW) lgs have been purified. Data 

suggest that these LMW lgs are either a simple monomeric form of the tetrameric lg 

molecule [15, 20-21] or a structurally distinct form ofLMW lg [7]. Similarly, [9] isolated 

a dimeric LMW lg bound by non-covalent linkages from flounder (Platichthys flesus ), 

suggesting it may have been a catabolite of the tetrameric lg. 

Non-reductive denaturation of the snapper lg suggested that structural heterogeneity 

exists amongst the native lg with covalent and non-covalent bonds linking H2L2 subunit 

components. Under these conditions (in the presence of SDS), there appeared to be 

tetramers and perhaps trimers and monomers however, distinct bands were not obtainable 

(Figure 3). Estimation of molecular weights from native_ PAGE gels is invalid (due to the 

non-linear nature of the protein migration) hence results here should be interpreted 

qualitatively. The presence of high molecular weight lg after incubation in the presence 

of SDS suggests that the incubation time was not sufficient to cleave the non-covalent 
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bonds. However, incubation times of up to 3 times that specified by [15] did not affect lg 

composition (not shown). Variability among H2L2 subunit linkages has been reported in a 

number of species of fish. lg in the presence of SDS dissociated into covalently linked 

constituents from channel catfish (I punctatus) [22], chum salmon (Oncorhynchus keta) 

[23], sheepshead (A. probatocephalus) [7], redfin perch (Percajluviatilis) [15], and 

flounder (P. jlesus) [9]. How this heterogeneity in structure affects functionality of the 

teleost lg is unknown, although it has been hypothesised as an early model of isotypy 

[24]. 

Full reduction of native lg saw the isolation of two H chain and two L chain variants 

based on the differences in molecular weight. Suzuki et al. [12] described the molecular 

weight of SpA purified red sea bream (P. major) Hand L chains to be approximately 71 

and 26 kDa respectively. This is largely in agreement with results obtained here, however 

[12] did not describe molecular weight variants of the Hand L chains. This may reflect 

the method of detection used, as silver staining (used here) is inherently more sensitive 

[25] than Coomassie brilliant blue staining used by [12]. 

H chain isotypes or molecular weight variants have been described from channel catfish 

(I punctatus) [26], rainbow trout (Oncorhynchus mykiss) [27] and redfin perch (P. 

jluviatilis) [ 15]. Similarly, L chain isotypes or molecular weight variants have been 

isolated from channel catfish (1 punctatus) [28], flounder (P. jlesus) [9] and redfin perch 

(P.fluviatilis) [15]. Identification of true isotypic variation in Hor L chain polypeptides 

proved difficult until the development of monoclonal antibodies. Lobb et al [28], 
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developed monoclonal antibodies to catfish lg that reacted preferentially with specific L 

chains and thus demonstrated that molecular weight variability was in fact antigenic 

incongruence. Despite recent advances in molecular techniques, specific gene loci for 

each of these H and L chain isotypes have not been described. Indeed, two lgM H chain 

genes (CttA and CttB) have isolated and sequenced [29] however it remains to be seen if 

these genes encode functionally distinct forms of the H chain, as in the mammalian 

immune repertoire [30]. Interestingly a novel chimeric gene has been identified in 

channel catfish (I punctatus) that has some sequence homology with the H (8) chain of 

lgD [4]. Like the lgM H chain genes of Atlantic salmon, a functional role for the 8-like 

chain gene has not been defined. 

Polyclonal antisera with high specificity and titre were produced and characterised by 

ELISA and W estem blotting. Probing of purified lg in a W estem blot was interesting in 

that the antis era primarily bound to the H chain of the reduced lg, yet in contrast bound to 

both H and L chain variants when used against the whole serum. This suggests that the L 

chain may undergo modification during the preliminary processing. The antisera bound to 

several other proteins in the purified lg however, at lower dilutions these had mostly 

titred out. These proteins were not visible in silver stained gels (Figure 3) and hence may 

have been an lg catabolite as has been described previously [31]. Importantly from a 

pragmatic perspective, the antisera bound specifically to the H and L chains of serum lg 

and only one other minor band. A panel ofheterologous antisera was probed with both 

antisera. Polyclonal antisera were negative against Atlantic salmon (S. salar), common 

carp (C. carpio), greenback flounder (R. tapirina), rainbow trout (0. mykiss) and 
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barramundi (L. calcarifer) serum, whereas the antisera reacted with the putative L chain 

of black bream (A. butcheri). The reactivity with the black bream L chain is probably a 

reflection of the phylogenetic relationship between the snapper and black bream (both 

being of the family Sparidae) and is not unexpected given for instance, cross reactivity of 

antibodies across salmonid species [32-33]. 

Flow cytometric analysis of peripheral blood lymphocytes suggested that both the 

polyclonal antiserum reacted with the putative B cell population. However antiserum 

from rabbit 2 was more specific, reacting with only 29.5% of the gated lymphocytes and 

this proportion of positive cells is comparable to that of monoclonal anti-snapper lg (see 

chapter 4). The proportion ofB cells in the peripheral lymphocyte population was si:qrilar 

to that reported in previous studies using monoclonal antisera in flow cytometty [32,34-

35]. Therefore the polyclonal antisera produced here are .suitable for assays utilising flow 

cytometric analysis. 

In conclusion, a simple one step SpA affinity chromatography technique was used to 

purify lg from snapper. Yield and purity were both adequate to develop polyclonal 

antisera highly specific against H and L chains that are suitable for ELISA, Western 

blotting and flow cytometric techniques. 
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3.1 Abstract 

Staphylococcal protein A (SpA) affinity chromatography was used to purify 

immunoglobulins (lg) from snapper (Pagrus auratus) serum. Elution of lg was 

successful, with analysis of the eluent using SDS-PAGE under fully reducing conditions 

and PAGE under native conditions revealing that the product was of high purity (see 

chapter 2). Polyclonal antisera to SpA purified snapper lg was produced in rabbits. 

Probing ofreduced purified lg with the rabbit-anti-snapper lg antisera in a Western blot 

demonstrated that the antisera bound to the heavy (H) chains but also with an unknown 

protein of approximately 65 kDa in molecular weight. Non-immune rabbit serum (pre

bleed) did not bind to the H chains of the reduced lg however bound to the unknown 

protein (65 kDa). Further, probing of purified lg in a Western blot with a suite of control 

sera and antisera demonstrated that the unknown protein was reactive with all mammalian 

sera and antisera tested. SpA affinity chromatography without prior application of 

snapper serum was performed. Eluent was probed in a Western blot by rabbit-anti

snapper lg antisera and non-immune rabbit sera (pre-bleeds) once more and also bound to 

the unidentified protein. In addition, elution buffer pH (3-5) had no effect on the elution 

of the unknown protein. In contrast, only H and light (L) chains of reduced snapper serum 

were positive when probed with the antisera. It was concluded that due to the non-specific 

binding in the Western blot the unknown protein was SpA contamination. 
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3.2 Introduction 

Purification of teleost systemic lg has been performed using a number of methods 

including ion exchange chromatography [1-2], gel filtration [3-5], ammonium sulphate 

precipitation [6], immuno-affinity chromatography [7-9] and SpA affinity 

chromatography [10-13]. SpA purification ofteleost lg was first described by [14] and is 

a simple one step purification method. SpA has been shown to possess two binding 

receptors and up to four binding sites, to which mammalian lgG binds via the C8 2-C8 3 

domains of the Fe region and lgM via the Fab region respectively [15-16]. However, it 

remains unknown as to how the teleost lg binds to SpA. Here, we aimed to purify snapper 

(P. auratus) lg using SpA affinity chromatography in order to inoculate rabbits and mice 

for polyclonal and monoclonal antibody production respectively. 

3.3 Materials and Methods 

3.3.J Purification of Jg 

lg was single step purified using an SpA affinity chromatography kit (Bio-Rad; Regent 

Park, NSW, Australia) [1 O]. The column was pre-packed with 2 ml of affi-gel® SpA 

coupled to agarose beads. Column operation was as specified by the manufacturer with 

modifications. Briefly, 3 ml of serum was prepared using a desalting column previously 

equilibrated with 20 ml of binding buffer (pH 9.0). An SpA column was equilibrated with 

10 ml of binding buffer and the prepared sample applied to the column 5 times to 

maximise yield oflg. The column was washed with 20 ml of binding buffer with the 

effluent absorbance (A280) monitored to prevent contamination. Protein was eluted with 

10 ml of elution buffer (pH 3.0) and the absorbance (A280) of 1 ml :fractions analysed. 
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Fractions with highest absorbance were pooled and buffer exchanged using a desalting 

column equilibrated with sterile 0.1 M phosphate buffered saline (pH 7.4). Control eluent 

was collected using the technique described without the addition of snapper serum to the 

SpA-agarose column. In this case elution buffer pH was 3.0, 3.5, 4.0, 4.5 or 5.0. 

3.3.2 Native PAGE and Reducing SDS-PAGE 

Snapper lg purity was determined by polyacrylamide gel electrophoresis under both 

reducing (SDS-PAGE) conditions and native (PAGE) conditions [17]. Samples were 

applied to the wells and electrophoresed using an SE 250 Mighty Small II vertical 

electrophoresis unit (Hoefer). Gels were then silver stained [18]. Low molecular weight 

standards (Novex and Bio-Rad) and high molecular weight standards (Pharmacia Biotech, 

Baulkam Hills, NSW, Australia) including human lgM (Sigma, Castle Hills, NSW, 

Australia) were included on gels under reducing and native conditions respectively. 

Molecular weights were estimated as described by [19]. 

3.3.3 Western Blotting 

SpA purified lg, snapper serum or control eluent were electrophoresed under reducing 

conditions as described and electrotransferred (SemiPhor TE70; Hoefer) to 0.45 µm 

nitrocellulose membrane (Pharmacia Biotech) under semi-dry conditions [20]. 

Membranes were washed with tris buffered saline (TBS; pH 7.5) and blocked with 1 % 

non-fat skimmed milk in TBS (SM-TBS) for 1 hat room temperature (RT). Membranes 

were then washed with TBS, 0.05% tween-TBS and TBS and probed with rabbit anti

snapper lg serum diluted in SM-TBS (1 :500) for 1.5 hat RT. Again, membranes were 
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washed as described and incubated with conjugated goat anti-rabbit HRP (Sigma) diluted 

1:1000 in SM-TBS for 1.5 hat RT. After another washing cycle, positive bands were 

visualised using diaminobenzidine and urea-hydrogen peroxide (Sigma) dissolved in 

sterile distilled water. Control probing of transferred reduced lg included; 

(1) Omitting the primary antiserum, 

(2) Omitting the secondary antiserum, 

(3) Omitting both primary and secondary antisera, 

( 4) Substituting the primary antiserum with control rabbit serum (pre-bleed) of rabbits 

immunised with snapper lg, 

(5) Substituting the primary antiserum with control rabbit serum (pre-bleed) ofrabbits 

immunised with barramundi (Lates calcarifer) lg, and 

(6) Substituting the primary antiserum with rabbit anti-barramundi (L. calcarifer) lg 

antiserum. 

3.4 Results 

Snapper lg were successfully purified from serum using an SpA affmity chromatography 

column. Analysis of the purified lg by SDS-PAGE under reducing conditions showed that 

two H and two L chain variants were present with minimal contamination from serum 

proteins. Probing ofreduced lg in Western blot using rabbit anti-snapper lg polyclonal 

antisera elicited a positive reaction with the H chains as well as an unknown protein of 

approximately 65 kDa (Figure 1, lane 3). The pre-bleed rabbit serum did not react with 

the H chain but, was reactive with a similar unknown protein to that described (lane 2). A 
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battery of control sera and antisera including polyclonal antisera from an independent 

project were used to probe the purified lg with the unknown protein positive on all 

occasions when mammalian sera or antisera were added (lanes 4, 5 & 6). Further, a 

controlled elution of the protein A column (without prior application of snapper serum) 

was performed (pH 3-5), with the unknown protein again present in Western blots when 

both pre-bleed and immunised rabbit sera were used as probes (Figure 2). 
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80.0 .... 
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Snapper serum 
28.9 ~ 

SpA purified snapper lg 

Figure l. Western blots of snapper serum and SpA purified snapper lg showing 
heavy chains(>-), light chains(>) and putative SpA contamination(+---). Snapper serum 
or SpA purified snapper lg was reduced by boiling samples in reducing buffer containing 
SDS and mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and 
transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tri , 192 
mM/L glycine, 20% methanol). Samples were probed with polyclonal rabbit anti-snapper 
lg (l :500) (1), pre-bleed rabbit serum (anti-snapper lg, 1 :500) (2), polyclonal rabbit anti
snapper lg (1 :500) (3) pre-bleed rabbit serum (anti-barramundi lg, I :500) (4), polyclonal 
rabbit anti-barramundi Ig (I :500) (5) or no primary antiserum (6). Horseradish 
peroxidase-conjugated goat anti- rabbit antibody (l: I OOO) was used for detection . Each 
incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in k.Da. 
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Figure 2. Western blot analysis of control eluent showing the contaminating protein 
reacting with both non-immune and immune sera at every elution buffer pH analysed. 
Control eluent was reduced by boiling samples in reducing buffer containing SDS and 
mercaptoethanol for 5 min, electrophoresed through 10% SDS-PAGE gels and transferred 
to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 
20% methanol). Control eluent was probed with non-immune rabbit serum (lanes 1-5) 
(anti-snapper lg, 1 :500) and polyclonal rabbit anti-snapper lg (lanes 6-10) (1 :500) as the 
primary antiserum. Horseradish peroxidase-conjugated goat anti-rabbit antibody (1: 1 OOO) 
was used for detection. Each incubation step was for 90 min at room temperature. 
Membranes were developed using diaminobenzidine (DAB) and urea/hydrogen peroxide. 
Protein molecular weights are indicated on the left in kDa. 
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3.5 Discussion 

Successful elution of snapper lg from an SpA affinity chromatography column was 

demonstrated by SDS-PAGE analysis of the eluted product. However, in subsequent 

Western blot analyses, a contaminant that appeared to be SpA from the SpA-agarose 

affinity chromatography column was identified. Since the contaminant was used as part 

of an inoculating emulsion for production of polyclonal antisera, reactivity with the 

contaminant would be expected (if immunogenic ). However, in control Western blot 

assays, it was demonstrated that not only the polyclonal antisera reacted with the 

contaminant, but also a number of other control sera. Further, elution of the affinity 

chromatography column without prior application of snapper serum, was performed. 

Probing of the control eluent in a Western blot demonstrated that the contaminant was 

column borne and also reactive with non-immune rabbit serum. Although definitive 

confirmation of SpA contamination using specific antisera [21-23] was not performed, 

results presented here strongly suggest that the contaminating protein was SpA. 

SpA is a 42 kDa protein, however the contaminating protein identified in this trial was 

approximately 65 kDa, suggesting that the ligand itself did not lose affinity to the support, 

but was cleaved toward the agarose beads. Although the binding arm may not have 

accounted for the difference in the expected molecular weight of SpA ( 42 kDa cf 65 kDa 

seen here), it may have affected the electrophoretic mobility. Alternatively, contaminating 

SpA may have bound with constituent domains of the snapper lg, thus affecting the 

electrophoretic mobility. SpA in the affinity chromatography column used here was 

coupled with N-hydroxysuccinimide esters of a derivatised cross-linked agarose support. 
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According to the manufacturer, the product is resistant to heat, solvents and pH extremes 

(pH 2-11). In an independent control experiment, elution was performed at varying pH 

(3-5), which did not inhibit ligand leakage (Figure 2). This suggests that the leakage 

observed is inherent. 

Contamination from SpA has been reported previously, however quantification has been 

difficult due to the problems associated with competitive binding of the detecting 

antibodies and eluted lgG with the contaminating SpA. SpA purified monoclonal 

antibodies are commonly administered to human patients and since SpA has been shown 

to be potentially toxic [24], quantification of contaminating SpA must be performed. 

Capture ELISA assays to detect SpA in eluent have been developed, using specific 

antisera to SpA [21-23]. These techniques maybe useful to assess the quantity of SpA 

contamination (if required). 

SpA affinity chromatography is widely used to purify teleost lg [10-13], however to the 

best of our knowledge, contamination of eluent with SpA has not been reported 

previously. This suggests that immuno-assays such as ELISA utilising SpA purified lg 

(teleost or mammalian) require visual validation by immunoblotting to prevent SpA as a 

confounding factor. 

3.6 Acknowledgments 

The authors wish to thank S. Fielder and D. Barker at NSW Fisheries for providing 

serum. To P. Crosbie for technical assistance and polyclonal antisera and M. Watts who 

83 



donated MW markers. Dr B. Munday provided valuable discussion on the possible origin 

of the anomalous band in the Western blot. This project was funded by the CRC for 

Aquaculture and R.N.M. was supported by an Australian Postgraduate Award. 

3. 7 References 

[1] Lobb CJ, Clem LW. Phylogeny of immunoglobulin structure and function-X. 

Humoral immunoglobulins of the sheepshead, Archosargus probatocephalus. Dev 

Comp Jmmunol 1981; 5:271-282. 

[2] Sanchez C, Dominguez J, Coll J. Immunoglobulin heterogeneity in the rainbow 

trout, Salmo gairdneri Richardson, J Fish Dis 1989; 12:459-465. 

[3] Glynn PJ, Pulsford AL. Isolation and partial characterisation of the serum 

immunoglobulin of the flounder, Platichthysflesus. J Mar Biol Ass UK 1990; 

70:429-440. 

[4] Israelsson 0, Petersson A, Bengten E, Wiersma BJ, Andersson J, Gezelius G, 

Pilstrom L. Jmmunoglobulin concentration in Atlantic cod, Gadus morhua L. 

serum and cross-reactivity between anti-cod-antibodies and immunoglobulins 

from other species. J Fish Biol 1991; 39:265-278. 

[5] Bourmaud CA-F, Romestand B, Bouix G. Isolation and partial characterization of 

IgM-like seabass (Dicentrarchus labrax L. 1758) immunoglobulins. Aquaculture 

1995; 132:53-58. 

[ 6] Pilstrom L, Peterson A. Isolation and partial characterization of immunoglobulin 

from cod (Gadus morhua L.). Dev Comp Immunol 1991; 15:143-152. 

84 



[7] Bryant MS, Lee RP, Lester RJG, Whittington RJ. Anti-irnmunoglobulin antisera 

used in an ELISA to detect antibodies in barrarrmndi Lates calcarifer to 

Cryptocaryon irritans. Dis Aquat Org 1999; 36:21-28. 

[8] Palenzuela 0, Sitja-Bobadilla A, Alvarez-Pelliteo P. Isolation and partial 

characterization of serum. irnrn.unoglobulins from. sea bass (Dicentrarchus labrax 

L.) and gilthead seabrearn. (Sparus aurata L.). Fish Shellfish Irnrn.unol 1996; 6:81-

94. 

[9] Watts M, Munday BLM, Burke CM. Isolation and partial characterisation of 

irnrn.unoglobulin from. southern bluefin tuna Thunnus maccoyi Castelnau. Fish 

Shellfish Irnrn.unol 2001; 11:491-503. 

[10] Suzuki Y, Tanaka M, Aida K, Hanyu I. Affinity offish irnrn.unoglobulin to protein 

A. Nipp Suis Gakk 1990; 56(5):831. 

[11] Estevez J, Sanchez C, Dominguez J, Leiro J, Sanmartin ML, Ubeira FM. Protein

A binding characteristics of rainbow trout ( Oncorhynchus mykiss) 

irnmunoglobulins. Comp Biochern. Physiol 1993; 106B(l ): 173-180. 

[12] Estevez J, Leiro J, Santamarina MT, Dominguez J, Ubeira FM. Monoclonal 

antibodies to turbot (Scopthalmus maximus) irnmunoglobulins: characterization 

and applicability in irnrn.unoassays. Vet Imrn.unol Imrn.unopath 1994; 41,:353-366. 

[13] Scapigliati G, Romano N, Picchietti S, Mazzini M, Mastrola L, Scalia D, Abelli 

L. l\4onoclonal antibodi~s against sea bass Dicent!"arch'l!_s lab!ax (L.) 

irnrn.unoglobulins: irnrn.unolocalisation of irnrn.unoglobulin-bearing cells and 

applicability in irnrn.unoassays. Fish Shellfish Imrn.unol 1996; 6:383-401. 

85 



[14] Zikan J, Sima P, Prokesova L, Hadge D. Binding of non-mammalian 

immunoglobulins to Staphylococcal protein A. Fol Biol. 1980; 26:261-266. 

[15] Inganas M. Comparison of mechanisms of the interaction between protein A from 

Staphylococcus aureus and human monoclonal lgG, lgA and lgM in relation to 

the classic Fey and the alternative F(ab')2E protein A interactions. Scand J 

Immunol 1981; 13:343-352. 

[16] Ljungberg UK, Jansson B, Niss U, Nilsson R, Sanberg BEB, Nilsson B. The 

interaction between different domains of Staphylococcal protein A and human 

polyclonal IgG, lgA, lgM and F(ab')2: separation of affinity from specificity. Mol 

Immunol 1993; 30(14):1279-1285. 

[ 17] Laemmli UK. Cleavage of structural proteins during the assemblage of the head of 

bacteriophage T4. Nature, 1970; 227:680-685. 

[18] Harlow E, Lane D. Antibodies. A laboratory manual. USA: Cold Spring Harbor 

Laboratory, 1988. 

[19] Bollag DM, Rozycki MD, Edelstein SJ. Protein methods. New York: Wiley-Liss, 

1996. 

[20] Bjerrum OJ, Schafer-Nielsen C. Buffer systems and transfer parameters for 

semidry electroblotting with a horizontal apparatus. In: Dunn MJ, editor. 

Electrophoresis, Weinheim, Germany: VCH, 1986. p 315-327. 

[21] Knicker SM, Profy AT, Immunoassay to measure staphylococcal protein A in the 

presence ofmurine immunoglobulins. J Immunol Methods 1991; 142:53-59. 

86 



[22] Godfrey MAJ, Kwasowski P, Clift R, Marksa V. A sensitive enzyme-linked 

immunosorbent assay (ELISA) for the detection of staphylococcal protein A 

(SpA) present as a trace contaminant of murine immunoglobulins purified on 

immobilized protein A. J Immunol Methods, 1992; 149:21-27. 

[23] Steindl F, Armbuster C, Hahn R, Armbuster C, Katinger HWD. A simple method 

to quantify staphylococcal protein A in the presence of human or animal IgG in 

various samples. J Immunol Methods 2000; 235:61-69. 

[24] Bensinger WI, Buckner CD, Clift RA, Thomas ED. Clinical trials with 

staphylococcal protein A. J Biol Response Modif 1984; 3:347. 

87 



Chapter4 · 

·Anti-immunog/obulin 'bipding and activation of snapper (Pagrus auratus) 

leucocytes 

4.1 Abstract 89 

4.2 Introduction 90 

4.3 Materials and Methods 91 

4.4 Results 100 

4.5 Discussion 11°6 

4.6 Acknowledgements 118 

4.7 References 118 

Published in; 
Morrison RN, Hayball JD, Cook MT, Nowak BF. Anti-immunoglobulin binding and 
activation of snapper (Pagrus auratus) leucocytes. Dev Comp Immunol 2002; 26(3):247-
255. 

88 



4.1 Abstract 
In order to perform specific immunological assays we have produced and characterised 

three monoclonal antibodies (MAbs) that bind snapper (Pagrus auratus, Bloch and 

Schneider) immunoglobulin (lg). Hybridomas were produced and screened for anti-lg 

production using ELISA, W estem blot and flow cytometry. All three MAbs (designated 

2C5, 4A2 and 1C6) bound specifically to the heavy (H) chain of reduced lg in Western 

blot. Furthermore, 1 C6 was shown to bind to reduced skin mucus lg H chain and all three 

MAbs cross-reacted with the H chain of Atlantic salmon and rainbow trout lg. In flow 

cytometric analyses 2C5 and 4A2 bound to B cell populations in the peripheral blood and 

lymphoid organs. Furthermore, cross-linked 2C5 induced an increase in intracellular 

protein tyrosine phosphorylation in pe~pheral blood lymphocytes. Phosphorylated 

proteins exhibited similar molecular weights to those of mammalian lga and lgf3 and may 

represent snapper mlg accessory molecule analogues. These data exhibit the potential use 

of 2C5, 4A2 and 1 C6 in both cellular and biochemical analyses of populations of snapper 

leucocytes. 

89 



4.2 Introduction 

There is increasing interest in fish (teleost) immunology, particularly as worldwide 

aquaculture production expands. Focus on the fish immune system stems from the 

requisite for protection of cultured fishes from infectious pathogens and from 

comparative immunologists. However, in order to develop effective therapeutic regimes, 

a thorough understanding of the immune system must be achieved. Restraint on the 

advance of fish immunology is due in part to the lack of specific leucocyte markers. 

Given that a common species of teleost cannot be utilised as a single model in all 

laboratories, reagents have to be developed for leucocytes of each species used. 

It is well established that teleosts have B and T lymphocyte subsets which are 

characterised as membrane lg+ (B cells) or membrane lg- (T cells) lymphocytes [1]. 

Membrane associated lg, along with the transmembrane co-receptors required for signal 

transduction, forms the B cell receptor complex (BCR). In mammals positive and 

negative B cell signalling is mediated by phosphorylation of intracellular tyrosine motifs 

(ITAMs and ITIMs) in lga and lgf3 heterodimers of the BCR [2]. CD19 and CD21 are 

constituents of the B cell co-receptor complex that are also phosphorylated after BCR 

ligation, enhancing the signal [3]. Positive signalling through the BCR leads to entry into 

cell cycle, proliferation and differentiation [4] whereas negative signalling leads to 

apoptosis [ 5]. 

Teleost B cells exhibit many characteristics of the mammalian equivalent including 

antigen recognition and lg production (reviewed by [6]). Not only are these fundamental 
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mechanisms approximate, but intracellular signal transduction events such as an increase 

in intracellular calcium [7-8], protein tyrosine phosphorylation [8-9] and MAPK and 

IP/DAG (protein kinase C dependent) activation pathways [10-11] similar to that 

observed in mammalian B cells. In this study we describe a panel of MAbs that recognise 

both native and reduced lg of the snapper. These MAbs were used to differentiate B cell 

populations as well as to activate B cells by cross-linking the BCR. 

4.3Materials and Methods 

4.3.1 Fish 

Snapper ( 500 g) were purchased from the Spencer Gulf Aquaculture hatchery at Port 

Augusta, South Australia, Australia. Fish were transported to the South Australian 

Research and Development Institute (SARDI) facility at Adelaide, South Australia and 

held in 600 L tanks under flow through conditions. Water was maintained at 35 %0 

salinity and 19°C. While sampling, fish were anaesthetised with benzocaine (50 mg/l, 

ethyl p-aminobenzoate) or euthanised by an overdose of benzocaine (150 mg/l). 

4.3.2 Sampling 

Blood was taken from the caudal vein by a heparinised (Pharmacia & Upjohn, Rydamere, 

NSW, Australia) or non-heparinised needle and syringe. Non-heparinised blood was 

placed in eppendorftubes in ip~, allowed_to clot a:p.d cEmtrifu.geg at J-270 x g f_or ~ mig. 

Serum was removed and frozen (-20°C) until requited. For flow cytometry, heparinised 

blood was placed into a vacuette tube with an equal volume ofheparinised PBS. Fish 

were then euthanised by an overdose ofbenzocaine (100 mg/l) and mucus was obtained 
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by scraping along the lateral sides of the fish with the blunt edge of a scalpel blade. 

Mucus was frozen (-20°C) and lyophilised until required. All other lymphoid organs were 

removed and placed into RPMI supplemented with 2% foetal calf serum (CSL, Parkville, 

Victoria, Australia), 20 mM HEPES (CSL), 300 mg/ml L-glutamine (CSL), 50 U/ml 

penicillin/streptomycin (CSL) and 40 U/ml gentamicin sulphate (DBL, Adelaide, South 

Australia, Australia) (media). 

4. 3. 3 Leucocyte preparation for flow cytometry and immunofluorescence 

Heparinised blood (3 ml) was diluted to 30 ml with heparinised PBS, layered over Ficoll 

(Pharmacia Biotech, Castle Hill, NSW, Australia) and centrifuged for 30 min at 4°C and 

400 x g. Cells were taken from the interface, washed twice with PBS and erythrocytes 

lysed using alkaline lysis buffer (0.15 M NH4Cl, 1 mM KHC03, 0.1 mM Na2EDTA, pH 

7.2) for 5 min at 20°C. Cells were washed twice with PBS prior to labelling. 

Lymphoid organs (head kidney, posterior kidney, spleen, thymus and gut) were removed 

and placed into RPMI supplemented with 2% foetal calf serum, 20 mM HEPES, 300 

mg/ml L-glutamine, 50 U/ml penicillin/streptomycin and 40 U/ml gentamicin (media). 

Cell suspensions were created by teasing tissue through stainless steel gauze then cells 

were layered over Lymphoprep (Nycomed, Buckinghamshire, UK) and centrifuged for 5 

min-at 4°C and 400 x g. Cells at the interface were remove~, erythrocytes wereJysed as _ 

described and then washed twice with PBS. 
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Monoclonal anti-snapper lg antibody production 

4. 3.4 Immunisation of BALB/c mice for monoclonal anti-snapper Jg antibody production 

Five Balb/c mice were obtained from and kept at the Flinders Medical Centre Animal 

House (Flinders University of South Australia, Adelaide, South Australia). After the mice 

were anaesthetised (75 mg/kg ketamine and 0.3 mg/kg medetamidine and 1 mg/kg 

atipamizole reversing agent), each mouse was immunised with 50 µg SpA purified 

snapper lg [12] and 1 µg of Gerbu (Gerbu Biotechnik Gmb H, Heidelberg, Germany) 

adjuvant emulsified in sterile Dulbecco's phosphate buffered saline (DPBS, pH= 7.6) 

(100 µl) by intraperitoneal (IP) injection. Fifteen days later, mice were administered a 

second immunisation using the same regime as described. After a further 15 d, mice were 

anaesthetised and blood sampled by tail snip. Blood was allowed to clot, centrifuged at 

1000 x g for 3 min and serum taken and frozen (-20°C) until required. Whilst 

anaesthetised, mice were marked for identification by clipping an ear or ears. 

Mouse serum anti-snapper lg antibody titres were assessed by indirect ELISA. Briefly, 96 

well microplate wells (Nunc, Rochester, NY, USA) were coated with 100 µl/well SpA 

purified snapper lg diluted in 50 mM sodium hydrogen carbonate coating buffer (pH 9.5) 

for 3 hat 37°C. Alternatively, wells were coated with buffer only. Wells were then 

washed 4 times with 300 µl/well sterile 0.1 M PBS and 0.05% tween (PBST, pH 7.6). 

Excess available binding sites were blocked by adding 100 µl/well 2 % bovine serum 

albumin (BSA; Sigma, Castle Hill, Sydney, NSW, Australia) in PBST overnight at 4°C. 

Two-fold serial dilutions of mouse sera in DPBS were made in triplicate beginning at 

1:200 (mice 2 and 5) and 1:400 (mice 1, 3 and 4), depending on the amount of serum 
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collected. Non-immune mouse serum. was used as a control. Plates were incubated for 4 h 

at 37°C. Again, plates were washed 6 times as described. Horseradish peroxidase (HRP) 

conjugated rabbit anti-mouse antibodies (DAKO, Carpinteria, CA, USA) diluted 1 :2000 

in PBST and 0.5% BSA were added to the wells (100 µI/well) for 1.5 hat 37°C. Plates 

were washed as described and 50 µI/well of a-phenylene diam.ine (Sigma) and 0.012% 

H20 2 diluted in citrate phosphate buffer (pH 5.0) was added to each well for 30 m.in at 

37°C. The reaction was stopped with 50 µI/well phosphoric acid (0.9 M). Plates were 

read using a Multiskan plate reader at 492 nm.. Once the desired antibody titre had been 

demonstrated, individual m.ice were administered a final immunisation as described 

(without adjuvant), 3 d prior to fusion of splenocytes and myeloma cells. 

4.3.5 Splenic B cell-myelomafusion 

Hybridom.as were produced largely as described [13]. Briefly, prior to fusion, a non-lg 

secreting m.yelom.a cell line (P3-X63-Ag8.653) was cultured to 2-3 x 105 cells/ml. Cells 

were cultured at 37°C and 5% C02 in air in T75 flasks (Iwaki, Tokyo, Japan). Mice were 

euthanised by cervical dislocation, and the spleen removed from the viscera via an 

incision into the peritoneum. The spleen was placed into DPBS and 2% foetal bovine 

serum. (CSL) and injected with the media to flush the cells out. Blood was also taken, and 

the serum. was used as a positive control during the screening process. The spleen was 

then transferred to a tissue homogeniser with 10 ml of DPBS and 2% FBS and mixed 

until a uniform cell suspension was created. All splenocytes were then transferred to a 50 

ml centrifuge tube and centrifuged. The supernatant was discarded and erythrocytes lysed 

by the addition of Gey' s hemolytic medium for 5 min at room. temperature. Cell counts of 
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both splenocytes and myeloma cells were performed and viability tested by trypan blue 

exclusion. A 1: 1 mixture of spleen cells and myeloma cells was created and the cells were 

centrifuged at 100 x g for 5 min. One millilitre of previously equilibrated (37°C) 

polyethylene glycol 1500 (PEG, Boehringer Manheim, Roche, Basel, Switzerland) was 

added to the cell pellet, then 300 µl/min PEG was added for the next 10 min followed by 

the addition of 1 ml/min ofRPMI to solution for a further 10 min. Cells were centrifuged 

at 100 x g for 5 min, the supernatant discarded and the cells resuspended in 130 ml RPMI 

supplemented with 10% FBS (CSL), 2% HT (Sigma), 1% HFCS (Roche), penicillin (40 

U/ml), streptomycin (40 µg/ml) (CSL), gentamycin (40 µg/ml) (DBL), and 0.05% 2-

mercaptoethanol (growth medium). Cells were transferred to 24-well cell culture plates 

(Nunc) and incubated at 37°C with 5% C02 in air. Control wells contained spleen cells or 

myeloma cells in growth medium. 

After primary screening of antibodies (see below) hybridoma cell lines designated 2C5-

Al-E7 (2C5), 4A2-A7 (4A2) and 1C6-Hl 1 (1C6) were grown in T75 tissue culture flasks 

(Iwaki), incubated at 37°C and 5% C02 then seeded (2 x 107 cells) into 500 ml iMAb 

bags (Diagnostic Chemicals, Prince Edward Island, Canada) and incubated as described 

for 21 d. Conditioned medium containing antibodies was harvested and 0.2 µm filtered in 

preparation for affinity chromatography purification. 

4.3.6 Affinity chromatography purification of monoclonal antibodies 

A Streptococcal protein G affinity chromatography column (Amicon, Beverly, MA, USA) 

containing Prosep-G affinity resin (Bioprocessing, Darmstadt, Germany) was used to 
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purify 500 ml of conditioned media. Antibodies were dialysed overnight against PBS at 

4°C and 0.02% sodium azide was added for storage. Analysis of protein concentration 

was performed using the Lowry protocol [14] modified for use in 96-well microplates. 

BSA was used as a standard. MAb isotyping was performed l.l.Sing an lsoStrip ™ (Roche 

Molecular Biochemicals, Castle Hill, NSW, Australia) isotyping kit as specified by the 

supplier. 

Monoclonal anti-snapper lg antibody screening 

4.3. 7 Analysis of monoclonal anti-lg antibody activity by ELISA 

Primary screening of antibodies produced by hybridoma cells was by indirect ELISA as 

described except using neat culture medium as the primary antisera. Positive (mouse 

serum) and non-immune (fresh growth medium) samples were included on each plate. 

Each indirect ELISA was repeated to confirm the original results. Wells containing cells 

producing antibodies positive to SpA purified lg (cell lines designated 2C5, 4A2, 1 C6) 

were cloned by limiting dilution and antibodies produced by these hybridomas were 

screened by ELISA, Western blot and flow cytometric techniques. 

Indirect ELISA of 2C5 and 4A2 MAbs was performed as described previously (see 

chapter 2) with modifications. Briefly, the ELISA was performed in 96-well flat bottom 

ELISA microplates_ (Greiner Labortechnik, :Frtcken):iai1s_en, Germany). firstly, opti~um _ 

coating antigen concentrations were determined by a chequerboard titration method [15]. 

Optimum antigen was considered the least amount that would produce a significant 

optical density. Plates were coated with or without SpA purified lg (312.5 ng/ml) diluted 
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in coating buffer and incubated overnight at 4 °C. Excess antigen was discarded and free 

binding sites were blocked with 0.5% casein sodium in PBS (CS-PBS; pH 7.2) (50 

µI/well) for 60 min at 37 °C. Plates were then washed 4 times with PBS (pH 7.2) using a 

wash bottle. Mouse anti-snapper lg was serially diluted (two-fold) in blocking buffer in 

triplicate wells and incubated for 90 min at 25°C. Plates were washed as described and 

conjugated rabbit anti-mouse HRP (Sigma) (1: 1 OOO) was added to each well (50 µI/well) 

for 90 min at 25 °C. Again, plates were washed as described and 50 µI/well colour 

developing solution [1 o-phenylenediamine tablet (Sigma) in 37.5mlof100 mM sodium 

citrate phosphate buffer and 0.012% H20 2] was added for 10 min. Hydrochloric acid (3 

M) was used to stop the colour reaction. Optical densities (OD) were measured at 492 nm 

using a Tecan plate reader (Reading, Berkshire, UK). Negative controls including 

(triplicate) wells where the primary, secondary and primary and secondary antibodies 

were omitted were included on each plate to eliminate non-specific binding as a 

confounding factor. 

4.3.8 Western blot analysis of systemic and mucosa! lg 

Proteins were reduced by boiling in reducing buffer (60 mM tris-HCI, 50% glycerol, 2% 

SDS, 14.4 mM 2-mercaptoethanol, 1 % bromophenol blue) for 5 min, applied to a 10% 

SDS-PAGE resolving gels below 5% stacking gels [16] electrophoresed, then 

electrotransferred to 0.45 µm nitrocellulose membranes (Pharmacia Biotech) under semi

dry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 

Transfer efficiency was monitored using ponceau S stain (Sigma). Membranes were 

blocked with 1 % non-fat skimmed milk in tris buffered saline (TBS) for 1 hat 20°C. 
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Membranes were washed with 0.05% tween in TBS and probed with 2C5, 4A2 or 1C6 

for 1.5 hat 20°C. Membranes were washed as described and incubated in HRP 

conjugated rabbit anti-mouse (1: 1 OOO, Sigma) antibody for 1.5 hat 20°C. After washing, 

bands were developed with diaminobenzidine (DAB) and urea/H20 2 (Sigma). 

4.3.9 Flow cytometry and immunofluorescence of snapper leucocytes 

Cells were suspended in 100 µl of media containing anti-lg MAbs (5 µg/ml), placed on 

ice for 30 min then washed twice with PBS supplemented with 0.1 % BSA and 0.1 % 

NaN3 prior to labelling with a saturating concentration of fluorescein isothiocyanate 

(FITC) conjugated goat anti-mouse antibody (F(ab') 2 fragment of goat IgG; Sigma) (30 

min on ice). Cells were washed again, fixed in 500 µl of 1 % formalin, 2% glucose, and 

0.02% NaN3 in PBS and analysed using a Coulter Epics XL-MCL flow cytometer 

(Beckman Coulter, Ca, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps 

Research Institute, La Jolla, California, USA). Controls included analyses where the 

primary and primary and secondary antisera were omitted from the protocol. In addition, 

an isotype control (10 µg/ml murine IgG 1) was used as a substitute for the primary 

antibody. Propidium iodide stain was used routinely to eliminate non-viable cells from 

the analyses. A total of 20000 cells were analysed and three fish were used as replicates. 

In order to visualise binding of 2C5 or 4A2 to PBLs, cytospin preparations were created. 

Cells were prepared as described for flow cytometry and three drops of the cell 

suspension and one drop of 30% BSA and 0.1 % NaN3 in PBS were added to each slide. 

Cells were spun using a Shandon Cytospin 2 centrifuge for 5 min at 150 x g and 20°C. 
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Cells were allowed to dry for approximately 10 min and mounted using fluorescence 

mounting media (DAK.O). 

4. 3.10 Western blot analysis of intracellular protein tyrosine phosphorylation after B cell 

receptor cross-linking 

Stimulation and W estem blot protocols used were as described elsewhere [ 17]. Briefly, 

PBLs from two snapper were isolated as described without alkaline lysis, then 

resuspended in serum free medium at 1.65 x 107 cells/lane. The BCR was cross-linked by 

either 5 µg/ml 2C5 and/or 10 µg/ml goat anti-mouse lg (H and L chain specific, Caltag, 

Burlingame, Ca, USA) as an additional cross-linker at 20°C. Where an additional cross

linker was used, the primary antibody was added for 2.5 min then the cross-linker was 

added for a further 2.5 min. Negative (cells only) and positive controls were also 

included. The positive control incorporated receptor independent activation of cells (for 5 

min) using phorbol myristate acetate (PMA, 1 µg/ml) and ionomycin (300 nM/l). After 5 

min post-stimulation, cells were lysed (0.5% triton, 5 mM EDTA, 1 mM sodium 

orthovanadate and protease inhibitor cocktail (Sigma) according to the manufacturers 

instructions in Milli Q H20) on ice for 30 min. Lysates were centrifuged (1 OOO x g for 5 

min) and the supematants removed. Lysates were reduced, electrophoresed and 

transferred to nitrocellulose membranes as described. Membranes were blocked using 1 % 

BSA in TBS overnight at 4°C and probed with mouse anti-phosphotyrosine antibody 

4G10 (4 µg/ml, Upstate Biotechnology, Lake Placid, NY, U.S.A.) overnight at 4°C. Goat 

anti-mouse alkaline phosphatase secondary antibody (1:5000, Sigma) was added and the 

membranes developed by ECF (Amersham Biotech, Baulkam Hill, NSW, Australia). 

99 



Images were taken using a fluorimager (Fluorimager 595, Molecular Dynamics, 

Sunnyvale, CA, USA). Activation and analysis was completed using two snapper as 

replicates. 

4.4 Results 

4.4.1 Monoclonal anti-snapper Jg antibody production 

A total of 8 hybridoma cell lines were selected using ELISA and supernatants from each 

were tested for activity against SpA purified snapper lg and whole snapper serum in a 

Western blot. Five hybridoma cell lines expressed antibody specific for the H chain of 

snapper lg (Figure 1, lanes 1, 3, 4, 7 and 8) and four of these positive hybridoma lines 

were cloned by limiting dilution to create monoclonal cell lines. Three of the monoclonal 

cell lines were re-assayed by ELISA and Western blot (the fourth cell line failed to 

produce antibody once cloned out). Once monoclonal, these hybridoma lines were named 

2C5, 4A2 and 1 C6 respectively. Conditioned medium from iMAb bags was harvested and 

antibodies were protein G affinity purified. Purified product contained protein containing 

reduced bands consistent with lgG (Figure 3). Protein content of each protein G purified 

MAb was 627 ± 15 µg/ml, 785 ± 13 µg/ml and 309 ± 20 µg/ml for MAbs 2C5, 4A2 and 

1 C6 respectively. All three monoclonal antibodies were shown to be of lgG 1 isotype and 

all expressed K L chains. 

4.4.2 Anti-snapper Jg MAbs bind to the H chains of serum and mucosa! Jg 

All three MAbs were shown to bind specifically with the H chain of SpA purified snapper 

lg (Figure 5) and lg in snapper serum (Figure 6). 2C5 and 4A2 did not react with the lg of 
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the skin mucus (not shown), while 1 C6 reacted with the mucosa! lg H chain (Figure 6). 

An indirect ELISA using SpA purified snapper lg as a coating antigen was performed in 

order to determine an approximate working dilution for future ELISA analyses. After 

utilising a strategy that uses a minimal coating antigen concentration, 50% binding titres 

were determined to be over 1: 1 OOO (2C5) and 1: 10000 ( 4A2) (Figure 7). 

4.4.3 Anti-snapper lg MAbs cross-react with lg of different fish species 

In Western blots of heterologous serum from various teleost species, each MAb was 

cross-reactive with the putative rainbow trout ( Oncorhynchus my kiss) (lane 2) and 

Atlantic salmon (Salmo salar) (lane 7) H chains in reduced serum (Figure 7). No cross 

reactivity was observed with any protein in reduced serum from black bream 

(Acanthopagrus butcheri) (lane 3), greenback flounder (Rhombosolea tapirina) (lane 4), 

common carp (Cyprinus carpio) (lane 5), barramundi (!,ates calcarifer) (lane 6) or 

dhufish ( Glaucosoma hebraicum) (lane 8). 
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MW 
(kDa) 

116.3 ~ 

97.4 ~ 

66.2 ~ 

45.0 ~ 

21.5 ~ 

4A2 1D4 4C2 1C6-Hll 3C4 3C3 2C5 6B6 

Figure I. Western blot of reduced SpA purified snapper lg, probed with supernatants 
from various hybridoma cell lines. Hybridoma cell lines 4A2, 4C2, IC6-HI 1, 2C5 and 
6B6 produced antibodies specific for the H chain. I 04, 3C4 and 3C3 all failed to produce 
antibodies that bound to reduced lg. SpA purified snapper lg was reduced by boiling 
samples in reducing buffer containing SOS and mercaptoethanol for 5 min, 
electrophoresed through I 0% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Neat hybridoma cell line supernatants were used to probe the samples and horseradish 
peroxidase-conjugated rabbit anti -mouse antibody (I :500) was used for detection. Each 
incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 
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MW 

(kDa) 

116.3 ...... 
97.4 ...... 
66.2 

45.0 

31.0 

21.5 ...... 

14.4 ...... 

4A2 1D4 4C2 1C6-Hll 

MW 

(kDa) 

..... 

..... 

3C4 3C3 2C5 

Figure 2. Western blot of reduced snapper serum, probed with supematants from various 
hybridoma cell lines. Hybridoma cell lines 4A2, 1D4, 4C2, IC6-Hl 1 and 2C5 produced 
antibodies specific for the H chain. 3C4, 3C3 and 6B6 all failed to produce antibodies 
that reacted with reduced serum. Arrows indicate H chains. Snapper serum was reduced 
by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Hybridoma cell line supematants were used to probe the samples (neat) and horseradish 
peroxidase-conjugated rabbit anti-mouse antibody (1 :500) was used for detection. Each 
incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 
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MW 
(kDa) 2 3 

200.0 .... 

116.3 .... 
97.4 .... 

66.2 .... 

4s.o ..,. 

31.0 .... 

Figure 3. SDS-PAGE analysis of protein G purified monoclonal antibodies. 2C5 (lane 1 ), 
4A2 (lane 2) and 1 C6 (lane 3) were reduced by boiling in reducing buffer containing SDS 
and 2-mercaptoethanol for 5 min , electrophoresed through a 10% SDS-PAGE gel and 
silver stained. Arrows indicate Hand L chains. 
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MW 
(kDa) 1 2 3 4 5 6 7 
200.0 -
1~-~ ~ 

66.2 -
45.0 -

21.5 -
2C5 

MW 1 2 3 4 5 6 7 
(kDa) 

llf;:\ ~ 
66.2 -
45.0 ..... 

31.0 ..... 
21.5 ..... 

4A2 

MW 1 2 3 4 5 6 7 
(kDa) 

116.3 ..... 
97.4 ..... 
66.2 ..... 
45.0 ..... 

21.5 ..... 
1C6 

Figure 4. Western blot analyses of reduced purified snapper lg. SpA purified snapper lg 
was reduced by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol 
for 5 min, electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose 
in semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with two-fold serial dilutions of protein G purified 2C5 (a), 4A2 
(b) and 1C6 (c) starting at 1:200 (2C5 and 4A2) or 1:10 (1C6). Horseradish peroxidase
conjugated rabbit anti-mouse antibody (1 : 1000) was used for detection. Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 
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116.3 ..... 
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66.2 ..... 
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MW 1 2 3 4 5 6 7 
(kDa) 
200.0 ..... 
116.3 ..... 

97.4 ..... 
66.2 ..... 

45.0 ..... 

21.5 ..... 
1C6 

Figure 5. Western blot analyses of reduced snapper serum. Snapper serum was reduced by 
boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellu lose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methano l). 
Membranes were probed with two-fold serial di lutions of protein G purified 2C5 (a), 4A2 
(b) and 1 C6 (c) starting at 1 :200 (2C5 and 4A2) or 1:10 (I C6). Horseradish peroxidase
conjugated rabbit anti-mouse antibody (1: 1000) was used for detection . Each incubation 
step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are 
indicated on the left in kDa. 
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Figure 6. Western blot analyses of reduced snapper mucus from 2 individuals probed with 
1 C6. Arrows indicate binding of I C6 with the H chain of reduced mucous lg. Mucus was 
obtained from the skin of several snapper, pooled and lyophilised. Mucus was reduced by 
boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min , 
electrophoresed through 10% SDS-PAGE gels and transferred to nitrocellulose in 
semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% methanol). 
Membranes were probed with protein G purified 1C6 (5 µg/ml). Horseradish peroxidase
conjugated goat anti-mouse antibody (1 :500) was used for detection. Each incubation step 
was for 90 min at room temperature. Membranes were developed using diaminobenzidine 
(DAB) and urea/hydrogen peroxide. Protein molecular weights are indicated on the left in 
kDa. 
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Figure 7. Two fold serial dilutions of anti-snapper lg MAbs 2C5 and 4A2 in an indirect 
ELISA using purified snapper lg as the coating antigen. Plates were coated with SpA 
purified lg in carbonate buffer overnight at 4°C. Wells were blocked with 1 % bovine 
casein and MAbs 2C5 or 4A2 were added to the wells followed by horseradish 
peroxidase conjugated rabbit anti-mouse antibody ( 1 :2000). Incubations were for 60 min 
at room temperature and positive wells were visualised with a-phenylene diamine (OPD) 
and H20 2 and assessed by microplate reader at 492 nm. Values are means of triplicate 
wells including the S.E.M .. Arrows indicate 50% binding titres of each MAb. 
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MW 1 2 3 4 S 
(kDa) 

116.3 -
97.4_ 

66.2-

45.0-

21.S-

6 7 8 

2C5 

1 2 34 s 6 7 8 1 2 3 4 s 6 7 8 

4A2 1C6 

Figure 8. Western blot analysis of heterologous sera probed with 2C5 , 4A2 and 1C6. Snapper (lane 1), rainbow trout (lane 2), black 
bream (lane 3), greenback flounder (lane 4), common carp (lane 5), barramundi (lane 6), Atlantic salmon (lane 7) and dhufish (lane 8) 
serum were reduced by boiling sample in reducing buffer containing SDS and 2-mercaptoethanol for 5 min, electrophoresed through 
10% SDS-PAGE gels and transferred to nitrocellulose in semidry conditions (transfer buffer 25 mM/L tris, 192 mM/L glycine, 20% 
methanol). Membranes were probed with 2C5 , 4A2 or 1 C6 (5 µg/ml) and horseradish peroxidase-conjugated rabbit anti-mouse 
antibody (1 : 1000) was used for detection. Each incubation step was for 90 min at room temperature. Membranes were developed using 
diaminobenzidine (DAB) and urea/hydrogen peroxide. Protein molecular weights are indicated on the left in kDa. 
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4.4.4 Anti-Jg MAbs stain B cells and stimulate intracellular protein phosphorylation on 

tyrosine residues upon cross-linking the B cell receptor 

Each MAb was used to stain lymphocytes in the peripheral blood. Lymphocytes gated for 

the analyses included a large population of cells with a low forward (FSC) and side (SSC) 

light scattering pattern (Figure 3a). Analysis of 2C5 and 4A2 labelled cells demonstrated 

a bimodal fluorescence frequency distribution however, 1 C6 failed to bind to the 

lymphocytes. 2C5, 4A2 and 1C6 labelled 33.4 ± 9.1, 29.5 ± 8.2 and 2.4 ± 0.7 % of gated 

lymphocytes respectively (n = 3 fish). Therefore 2C5 and 4A2 were used in subsequent 

analyses. Using immunofluorescence of cytocentrifuged cells, 2C5 and 4A2 were 

observed to stain cells with morphology consistent with lymphocytes (Figure 10). Cells 

were fluorescent around the membrane whilst on all control slides, no fluorescence was 

observed. 

The binding of 2C5 to lymphocytes of various organs indicated that there was a distinct 

organ dependent variability in B cell abundance (relative to slg- lymphocytes) (Figure 11). 

B cells constituted over 18% of lymphocytes in the anterior kidney, higher than in any 

other lymphoid organ. The proportion ofB cells in the anterior kidney was followed by 

the spleen, posterior kidney, gut and thymus (Table 1 ). In control experiments, no 

immunostaining could be demonstrated when the primary, the secondary or the primary 

and the secondary antibodies were omitted from the protocol. Likewise, when an i~otype 

control was employed as a primary antibody, no non-specific staining was observed. 
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Snapper peripheral blood leucocytes (PBLs) not stimulated or stimulated with 2C5 and/or 

goat anti-mouse antibody possessed a number of proteins with an elevated level of 

tyrosine phosphorylation ranging from approximately 37 - >250 kDa (Figure 12). 

Comparison of the treatment groups revealed qualitative differences in phosphotyrosine 

bands, including a band of 37 kDa. In addition, quantitative differences in 

phosphotyrosine band intensity were detected. Of note was a band of 40 kDa. Another 

band ( 43 kDa) was also prominent, however the increase in intensity was not 2C5 

dependent as the cells treated with only the goat anti-mouse cross-linking antibody also 

displayed a similar level of phosphorylation (Figure 3a, b & c, lane 3). Receptor-

independent stimulation of PBLs with a protein kinase C agonist (PMA) and calcium 

ionophore (ionomycin) elicited a similar pattern of phosphorylation to that of the 

stimulated cells, including the 37 kDa band (lane +ve). 

Table 1. Flow cytometric analysis of cells isolated from primary and secondary lymphoid 
organs and probed with 2C5. Data are expressed as mean± S.E.M. (n = 3). 

Lymphoid Tissue 

Anterior kidney Posterior kidney Spleen Gut Thymus 

Mean (S.E.M.) 18.7 (3.6) 9.5 (3.6) 13.l (3.9) 3.0 (1.4) 2.0 (0.6) 
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Figure 9. Flow cytometric analysis of PBLs showing the gate used (a) and the 
fluorescence frequency distribution of cells from an individual snapper probed with 2C5 , 
4A2 or 1 C6. PBLs were isolated over Fico II and incubated with 2C5 , 4A2 or 1 C6 (5 
µg/ml) for 30 min on ice. FITC conjugated goat anti-mouse antibody (1: 100) was added 
(30 min on ice) and cells were analysed using a Coulter Epics XL-MCL flow cytometer 
(Beckman Coulter, Ca, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps 
Research Institute, La Jolla, California, USA) . On each graph the grey area indicates the 
frequency distribution and abundance of control cells. 
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Figure 10. Fluorescence microscopy showing lg positive leucocytes isolated from the 
peripheral blood (a) and head kidney (b). PBLs and head kidney leucocytes were isolated 
over Ficoll and incubated with 2C5 (5 µg/ml) for 30 min on ice. FITC conjugated goat 
anti-mouse antibody (1: 100) was added (30 min on ice). Cells were centrifuged onto glass 
microscope slides, allowed to dry for 10 min and mounted using fluorescence mounting 
media. Cells were observed using a UV microscope and images were taken at 400 x 

magnification. Arrows indicate positive cells. Bars= 20 µm . 
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Figure 11 . Typical fluorescence plots (right) demonstrating 2C5 binding with the (gated) 
lymphocytes of various lymphoid organs. Control groups (middle) included cells that 
were stained with an isotype control. Leucocytes were isolated over Lymphoprep and 
incubated with 2C5 (5 µg/ml) for 30 min on ice. FITC conjugated goat anti-mouse 
antibody (1: 100) was added (30 min on ice) and cells were analysed using a Coulter Epics 
XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 software 
(Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). 
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Figure 12. Analysis of phosphorylated tyrosine residues after peripheral blood leucocytes (1.65 x 107 cells/well) from two snapper (a 
and b) were incubated with 2C5 (5 µg/ml) (lane 1), 2C5 and goat anti-mouse antibody (1:100) (lane 2) or goat anti-mouse antibody 
alone (1 : 100) (lane 3) for 5 min at 20°C. (c) Higher magnified view of the boxed area of fish 2 showing the 37 and 40 kDa 
phosphorylated tyrosine residues. Cells were lysed on ice, spun and the supernatants removed and boiled in SDS reducing buffer. The 
samples were electrophoresed through a 10% SDS PAGE gel, transferred to nitrocellulose and probed with an anti-phosphotyrosine 
antibody (4G10, 4 µg/ml). An alkaline phosphatase conjugated goat anti-mouse antibody was added and the membrane was developed 
with ECF . The image was taken using a Fluorimager (Fluorimager 595, Molecular Dynamics, Sunnyvale, Ca, U.S.A.). Protein 
molecular weights are indicated on the left in kDa. * indicates the light chain of 2C5 
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4.5 Discussion 

Here we describe the production of three MAbs recognising the H chains of both reduced 

and native lg of the snapper in Western blot and ELISA respectively. As part of a holistic 

approach to MAb characterisation, 1C6, 2C5 and 4A2 were used as probes against 

snapper mucus in Western blots. Reactivity against the putative mucus lg could only be 

demonstrated with 1C6. Differences between serum and mucus lg ofteleosts have been 

hypothesised [18-19]. For instance intravenously administered radio iodinated serum lg 

did not migrate to the mucus, suggesting that the two compartments are independent [18]. 

Furthermore, a MAb that reacted with mucus lg of carp (C. carpio) did not recognise 

serum lg [ 19]. 

Attempts to identify MAb cross-reactivity with lg (in serum) from various teleost species 

was performed in order to fully appreciate the potential of these MAbs. Cross-reactive 

anti-lg MAbs have been described previously [20-21] and have proved useful in 

subsequent studies. For instance, monoclonal anti-rainbow trout lg has been used to 

detect Atlantic salmon lg in ELISA [22-23]. In Western blot analyses described here, all 

three MAbs cross-reacted with both the Atlantic salmon and rainbow trout putative H 

chains. This result was interesting as these species are more phylogenetically divergent 

from snapper than for example black bream, which belongs to the same family as snapper 

~ (Sp~rid~~ ). A_pqssi:Ql~ expl~nation_is _t4_at tl!e MAb~_ ~re djre_cteq towa:r:d_glyc;_osyJated ____ _ 

regions and differential glycosylation patterns account for the disparity in binding. 
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MAb binding to the gated lymphocyte population of PBLs suggested that both 2C5 and 

4A2 reacted specifically with B cells. The proportions of B cells that were identified by 

the MAbs were in agreement with studies on rainbow trout (0. mykiss) [20] and carp (C. 

carpio) [24] yet were higher than in other studies on channel catfish (Ictalurus punctatus) 

[25] and sea bass (Dicentrarchus labrax) [26]. This most likely represents variability 

amongst the peripheral B cells of teleosts. MAb binding to cells from the primary and 

secondary lymphoid tissues demonstrated a high degree of variability in B cell abundance. 

The highest proportions of B cells were observed in the head and tail kidney as well as in 

the spleen. This concurs with previous studies [26-27] and suggests that the kidney and 

spleen are mammalian bone marrow equivalents in adult snapper. 

After labelling B cells with 2C5 and an additional cross-linker, both qualitative and 

quantitative changes in the tyrosine phosphorylation pattern suggest that 2C5 is able to 

elicit intracellular signal transduction via the B cell receptor (BCR). Teleost membrane 

associated lg (mlg) has been shown to have a short intracytoplasmic tail, similar to that of 

higher vertebrates [28]. Therefore intracellular signalling most likely occurs via accessory 

molecules within the BCR complex. In mammals, lga (CD79a) and lgf3 (CD79b) that 

house intracellular tyrosine activation motifs (ITAMs) are required for signal transduction 

[2]. Indeed data suggest that teleost fish possess a conserved motif on the transmembrane 

region of mlg implying that accessory or signalling mol~cules_may be associated [29] _ 

however, lga and Igf3 molecules have not yet been cloned. Four phosphorylated proteins 

have been identified (32-46 kDa) in channel catfish (Jctalurus punctatus) B cells and 

were thought to be analogous to Iga and lgf3 [8]. A more recent study has shown that the 
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phosphorylated proteins were in fact a 32 kDa covalent homodimer and a 45 and 25 kDa 

heterodimer [9]. Here we describe the phosphorylation of 37 and 40 kDa proteins that too 

may be the lga and lgl3 equivalents of snapper B cells. 

In summary, we have produced and characterised three MAbs that are not only useful for 

detection of native and reduced forms of snapper lg but also rainbow trout and Atlantic 

salmon lg. Binding of 2C5 and 4A2 with PBLs and with cells of the primary and 

secondary lymphoid organs suggests that indeed 2C5 and 4A2 are B cell specific and 2C5 

can stimulate early intracellular signalling events with results supporting earlier work that 

showed phosphorylated proteins were of similar molecular weight to mammalian lga and 

lg(3. 
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5.1 Abstract 
Detailed immunological studies of the teleosts have been hampered by a lack of 

antibodies against cell-specific markers. Furthermore, where antibodies have been raised, 

in many instances they have been found to be species specific. In comparison, many 

monoclonal and polyclonal antibodies exist with specificities for mammalian proteins and 

glycoproteins that effectively differentiate leucocyte sub-populations. In this study, we 

have tested a panel of 54 commercial antibodies against human and murine cell surface 

re~eptors for their ability to bind leucocytes isolated from the peripheral blood of snapper 

(Pagrus auratus). From this panel, one antibody, A452, which is specific for the 

intracytoplasmic tail of the epsilon (E) chain of the T cello receptor-associated CD3 

complex (CD3E) bound to a subpopulation of peripheral blood leucocytes. Mutually 

exclusive counterstaining was observed when this antibody was used in conjunction with 

a monoclonal anti-snapper immunoglobulin antibody. This suggests that A452 may be 

binding to putative snapper T cells. 

5.2 Introduction 

Due to global reductions in wild fish stocks and an associated increase in intensive 

aquaculture, there has been as increasing impetus to gain a fundamental understanding of 

the host defence mechanisms of teleost fish. Intensive farming practices can be stressful, 

potentially compromising immune function, a thorough knowledge of the teleost immune 

___ system will facilitate the development of fish health maintenance strategies. A significant 

impediment to studies of fish immunology is the paucity of specific reagents available to 

identify various teleost leucocyte subpopulations [ 1]. 
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It has been well established that fish possess lymphocyte populations analogous to B and 

T cells [ 1-4], and in recent years a number of antibodies have been generated that 

recognise B cells in various fish species (Reviewed by [5]). These antibodies have been 

very useful in the study of B cell ontogeny, distribution and function. However, despite 

recent attempts to generate specific markers for other teleost leucocyte types there remain 

no commercial reagents available for the study of these cells. For instance, attempts to 

raise monoclonal antibodies against teleost T cell have resulted in reagents that either 

react only with subpopulations of T cells [6] or cross-react with other leucocyte subsets 

[7]. Unfortunately, the epitopes to which these antibodies bind are unknown and these 

cells have thus been designated simply mlg- lymphocytes. Obviously the availability of 

such antibodies would facilitate rapid identification and functional analyses of different 

sub-populations of teleost leucocytes. The purpose of this study was to screen a wide 

range of commercial anti-human and anti-murine antibodies against snapper (Pagrus 

auratus) peripheral blood leucocytes, and determine whether any cross-reacted with these 

cells. 

5.3 Materials and Methods 

5.3.1 Fish 

Fish (approximately 280-600 g) were obtained from a commercial facility (Spencer Gulf 

Aquaculture, Port Augusta, South Australia) and transported to the South Australian 

-·---------- -- ~- ---- - - ---- - - ---- - --- -- - -~-~----- -------- ------ -- ------------~--~~--

Research and Development Institute (Adelaide, South Australia). Fish were held in 600-1 

tanks under flow through conditions. Water was maintained at 35 %0 and at ambient 

temperature. 
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5.3.2 Isolation of peripheral blood leucocytes 

Fish were anesthetised with benzocaine (ethyl-p-aminobenzoate, 50 mg/l) and bled from 

the caudal vein using a heparinised needle and syringe. Blood was diluted 1: 1 with 

heparinised PBS and kept at room temperature (RT). Peripheral blood leucocytes (PBLs) 

were isolated by density gradient centrifugation. Briefly, 3 ml of blood preparation was 

layered on 5 ml of Lymphoprep (Nycomed, Oslo, Norway) and centrifuged at 1 OOO x g 

for 30 min at 4 °C. Cells were collected from the interface and resuspended in RPMI 

media (CSL Ltd., Parkville, Vic) supplemented with 2 % foetal calf serum (FCS) (CSL 

Ltd.), HEPES (20 rnM) (CSL Ltd.), heparin (10 U/ml) (Pharmacia and Upjohn, 

Rydalmere, NSW), L-glutamine (300 mg/ml) (CSL Ltd.), penicillin/streptomycin (50 

U/ml) (CSL Ltd.) and gentamicin (40 U/ml) and washed three times. Erythrocytes were 

lysed using alkaline lysis buffer (0.15 M NH4Cl, 1 rnM KHC03, 0.1 M Na2EDTA, pH 

7.2) for 5 min at RT and subsequently washed three times in PBS supplemented with 

0.2% bovine serum albumin and 0.1 % NaN3, hereto referred to as PBSB. Prior to 

staining, PB Ls were transferred to 96 well tissue culture plates (Nunc) (1 x 106 

cells/well). 

5.3.3 Flow Cytometry 

Primary antibodies used were commercial anti-human and anti-mouse monoclonal and 

polyclonal antibodies, either directly conjugated to fluorescent markers, biotinylated or 

affinity purified (Table 1 ). In order to facilitate binding all primary antibodies were added 

at a dilution of 1: 100 in PBSB, exceeding the saturating concentration used in 
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mammalian studies. Where secondary antibodies were used, either fluorescein 

isothiocyanate (FITC) conjugated goat anti-mouse F(ab')2 :fragment (Sigma, St Louis, 

USA) or FITC conjugated streptavidin (Molecular Probes, Oregon, USA), (1: 100 in 

PBSB) were added to the cells suspended in FacsFix (1 % formaldehyde, 20 gll glucose, 

0.2 gll NaN3 in PBS). All incubation steps were for 30 min and at 4°C and cells were 

washed three times in PBSB between each staining step. 

In preparation for staining using the anti-CD3E antibody (DAKO, Carpinteria, CA, USA) 

cells were permeabilised as described [8]. Briefly, cells were treated with formal acetone 

(0.2 mg/ml NaHP04.2H20, 0.1 mg/ml KH2P04 in 45% acetone, 9.25% formaldehyde in 

distilled water) and then washed three times in ice cold PBSB. Cells were incubated with 

anti-CD3E (1 :50 in PBSB), followed by FITC conjugated goat anti-rabbit antibodies 

(F(ab')2 :fragments of goat lgG anti-rabbit Hand L chains, Immunotech, Marseilles, 

France). 

Cells were dual stained with anti-CD3E antibodies and a mouse anti-snapper lg MAb 

(2C5) (see chapter 4) to differentiate between slg+ and slg· cells. After labelling with 

anti-CD3E antibodies, cells were washed twice in PBSB and incubated with anti-snapper 

lg (1: 100) followed by 
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Table 1. Panel of commercial antibodies tested for binding to pink snapper (Pagrus auratus) peripheral blood leucocytes 
Number Target SEec1es Target Antigen Host Species lsoti'.Ee Label Manufacturer Bmdmg to snapper PBLs 

I Human CDIA Mouse lgGI PE' Immunotech 
2 Human CD3e• Rabbtl Polyclonal None DAKO + 
3 Mouse CD4 Rat lgG2a PE' Pharmmgen 
4 Human CD4 Mouse IgGI FITC' DAKO 
5 Human CD4/CD8 Mouse JgGl/JgGl FITC'IPE' Becton D1ckmson 
6 Mouse CDS Rat lgG2a Btotm Phamungen 
7 Human CD7 Mouse IgG2a FITC' Becton D1ckmson 
8 Human CDS Mouse IgGl PE' Becton D1ckmson 
9 Human CDlla Mouse IgGI PE' Immunotech 
10 Human CDllb Mouse IgGI FITC' Serotec 
11 Mouse CDllc Hamster JgGl B1otm Pharmmgen 
12 Human CD lie Mouse lgGI FITC' DAKO 
13 Mouse CD13 Rat lgGl None Phamungen 
14 Human CD13 Mouse lgGl PE' Becton D1ckmson 
15 Mouse CDl4 Rat lgGl FITC° Pharmmgen 
16 Human CDl4 Mouse IgG2a F!TC' DAKO 
17 Human CDIS Mouse IgM PE' Immunotech 
18 Human CD16 Mouse lgGl PE' Immunotech 
19 Human CDIS Mouse lgGl PE' Immunotech 
20 Human CD19 Mouse lgGI RD!' Coulter 
21 Mouse CD24 Rat lgG2b Bmtm Phamungen 
22 Mouse CD25 Rat lgM B1otm Phanmngen 
23 Mouse CD27 Hampster IgG 810tm Phannmgen 
24 Mouse CD31 Rat IgG2a B1otm Phannmgen 
25 Human CD33 Mouse JgGI PE' Becton D1ckmson 
26 Human CD33 Mouse JgG2b FITC' Coulter 
27 Mouse CD34 Rat lgG2a B1otm Phanmngen 
28 Human CD34 Mouse lgGI FITC' Immunotech 
29 Human CD34 Mouse IgGI None Becton D1ckmson 
30 Human CD38 Mouse lgGI PE' Becton D1ckmson 
31 Human CD40 Mouse lgGI None Pharmmgen 
32 Human CD41 Mouse JgGI FITC' Immunotech 
33 Mouse CD43 Rat lgG2a Btotm Phamungen 
34 Mouse CD45/B220 Rat lgG2a FITC' Phamungen 
35 Human CD45RA Mouse lgGI FITC3 Becton D1ckmson 
36 Mouse CD45RB Rat lgG2a B1otm Pharmmgen 
37 Human CD45RO Mouse lgG2a PE' Immunotech 
38 Mouse CD49D Rat lgG2a B1otm Phannmgen 
39 Human CD56 Mouse lgGl PE' Immunotech 
40 Human CD61 Mouse lgGI FITC' Immunotech 
41 Mouse CD62L Rat IgG2a B1otm Phannmgen 
42 Mouse CD62P Rat JgGl Btotm Pharmmgen 
43 Human CD68 Mouse lgGl FITC3 DAKO 
44 Mouse CD69 Hampster lgGl Btotm Pharmmgen 
45 Human CD71 Mouse IgG2a FITC' Becton D1ckmson 
46 Mouse CDSO Hampster IgG2 Btotm Phannmgen 
47 Human CD83 Mouse JgGI FITC' DAKO 
48 Mouse CD86 Rat JgG2a B1otm Pharmmgen 
49 Human CD90 Mouse JgG2a None Immunotech 
50 Mouse CD106 Rat IgG2a B1otm Pharmmgen 
51 Human Actm Mouse IgG2a None Immunotech 
52 Human Glycophonn A Mouse IgG2b PE' Phannmgen 
53 Mouse MAdCAM-1 Rat IgG2a B1otm Pharmmgen 
54 Mouse V 81,82TCR Mouse IgG2a B1otm Phannmgen 

aPhycoerythrin, intracellular epitope , cFITC: fluoroscein isothiocyanate, Rhodamine, - = < 0.1 % positive 
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phycoerythrin (PE) conjugated goat anti-mouse antibody (Southern Biotechnology, 

Birmingham, Alabama, USA). Controls included cells not stained, stained with normal 

mouse and rabbit serum and single or dual stained with antiCD3E and/or 2C5 using 

permeabilised or non-permeabilised cells. Cells were analysed by flow cytometry using a 

Coulter Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA) and list mode data 

processed using Win M.D.I. 2.8 software (Joseph Trotter, Scripps Research Institute, La 

Jolla, CA, USA). 

5.4 Results 

Only 1 of the panel of 54 commercial antibodies tested bound to the peripheral blood 

leucocytes. This antibody, A452, was a rabbit anti-human polyclonal antibody that binds 

to an intracellular epitope of the E chain of the CD3 receptor complex, which is expressed 

in T cells. A452 bound approximately 20% of peripheral blood leucocytes (Fig la). This 

ranged from 15-22% on three individual fish. No staining was observed when the cells 

were not permeabilised (data not shown). Our monoclonal antibody, 2C5, also bound to 

approximately 20% of cells within the range of 17-21%(n=3, Fig. lb). 

Two colour staining using the A452/FITC and 2C5/PE showed that binding was mutually 

exclusive (Fig. 1 c ). The proportion of cells binding A452 and 2C5 was 16% (lower right 

quadrant) and 17% (upper left quadrant) respectively, and 65% of cell were double 

negative (CD3-/2CS-) (lower left quadrant). 2C5 typically binds approximately 25-35% of 

peripheral blood lymphocytes (see chapter 4) and the lower numbers here are due to the 

permeabilisation process (Fig. 2). Prior to permeabilisation, 
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Figure 1. Flow cytometric analysis of peripheral blood leucocytes stained with anti-CD3E 
(A452) and anti-immunoglobulin (2C5). PBLs were isolated over Lymphoprep and 
probed with anti-CD3E (bold line) and negative control (normal rabbit serum, thin line) 
(a), PBLs stained with anti-immunoglobulin (bold line) and negative control (normal 
mouse serum, thin line) (b) or A452 (horizontal axis) and 2C5 (vertical axis) (c). FITC 
conjugated goat anti-rabbit antibody (1: 100) and/or PE conjugated goat anti-mouse 
antibody (1 :100) was added (30 min on ice) and cells were analysed using a Coulter 
Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 software 
(Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). 
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distinct populations of cells can be identified using light scattering profile (Fig. 2a) with 

lymphocytes typically bearing a low forward and side light scattering effect. After 

permeabilisation, the populations become homogeneous (Fig. 2b) and hence the estimate 

of Band putative T cell populations are with respect to all PB Ls and not simply the 

lymphocyte subset. 

(a)~-----~-~-....,......, 

Forward Scatter 1023 

Forward Scatter 1023 

Figure 2. Change in the light scattering profile of permeabilised PBLs (b) compared with 
normal PBLs (a). Cells were permeabilised by mixing with formal acetone for 15 sec 
followed by washing with PBSB three times and resuspended in FacsFix prior to flow 
cytometric analysis. 
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5.5 Discussion 

Here, we report binding of A452 to an intracellular epitope on a sub-population of 

snapper mlg- peripheral blood leucocytes, which we postulate as T cells. A452 is directed 

against a synthetic peptide corresponding to amino acids 156-168 of the CD3E chain, 

located on the intracytoplasmic tail of this glycoprotein. In mammals the CD3 complex is 

first detectable in early thymocyte development and represents the earliest signs of 

commitment to T cell lineage [9]. Antibodies to CD3 have been shown to be highly 

specific markers for T cells [9-1 OJ. 

Cross reactivity of A452 with snapper leucocytes is not completely unexpected, given 

that A452 has been shown to bind to T cells in a number of different species including 

monkey, pig, horse, cow, guinea-pig, rat, mouse, opossum, chicken [11], koala [8] and 

duck [12]. Intracellular portions of transmembrane leucocyte markers are subjected to 

less genetic drift than their surface regions [13] and a BLAST search using the CD3E 

peptide epitope suggested that this peptide is highly conserved across a diverse range of 

vertebrates (Table 2). Significantly, the CD3E amino acid sequence of a sterlet (Acipenser 

ruthenus), a phylogenetically more primitive fish (a Chondrostean) than the snapper [14] 

also has an intracellular region of CD3E showing significant identity with this peptide 

immunogen [15]. This suggests that the peptide may also be conserved in snapper and 

that A452 binds to their putative T cells. 
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Table 2. Cross-species comparison between CD3E cytoplasmic tail peptide sequences 

Species Peptide Sequence Genebank Accession No. 
Man(Homosapiens) E R P P P V P N P D Y E P 

Pig (Sus scrofa) 
Rabbit (Oryctolagus cuniculus) 

Sheep (Ovzs aries) 
Cattle (Bos taurus) 

Woodchuck (Marmota monax) 
Dog (Canisfamiliaris) Q 

Chicken (Gallus gal/us) K 
Sterlet (Acipenser ruthenus) N R A -

The proportion of T cells in the peripheral blood of snapper (20%) was similar to that 

1345708 
7222063 
115989 
115992 

2118899 
7739674 
115989 
1628376 
5360956 

observed in ducks [12]. In contrast, A452 reacted with approximately 65% of peripheral 

mononuclear cells in koala [8], similar to the proportion of T cells seen in other higher 

vertebrates [16-18] however using peripheral mononuclear cells from koala in two colour 

flow cytometry the B and T cell markers accounted for almost 100% of the cells analysed 

[8]. The proportion of putative T cells described here is likely to be underestimated in 

terms of the peripheral blood lymphocyte population due to the inherent changes in light 

scattering patterns after permeabilisation. Once permeabilised, all the cells are gated for 

fluorescence analysis rather than the lymphocyte subset only. Therefore it is presumed 

that the double negative cells are all other peripheral blood leucocyte lineages. 

Staining of peripheral blood leucocytes with antibodies directed against T cells in other 

teleosts have shown highly variable binding, from 4.9% in sea bass (Dicentrarchus 

labrax) [19] to 80% in yellowtail (Seriola quinqueradiata) [20]. This variability is most 

likely due to the nature of the immunogen used, be it whole cells or semi-purified protein. 

For example, there have been attempts to produce antibodies against T cells in fish using 

thymocytes or mlg-peripheral blood leucocytes as the immunogen [19-24]. However, 
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this could just as easily result in reagents that bind to sub-population of T cells or cross-

react with other lymphocytes such as B cells or NCC. 

In summary, A452 was the only antibody in a panel of 54 to show any reactivity with 

snapper PBLs. A452 appears to react with peripheral T cells and given that the peptide 

sequence to which this antibody is directed is well conserved across species, then A452 

may be useful for marking T cells in other species of teleosts. However, it should be 

noted that due to the need to permeabilised, cells A452 would only be useful as an 

endpoint marker in for example immunohistochemical and flow cytometric analyses. 
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6.1 Abstract 

Previous studies have demonstrated the immunoglobulin (lg) binding capacity ofmyeloid 

cells from teleost fishes. Here, we present data showing that a proportion of snapper 

(Pagrus auratus) head kidney leucocytes bearing light scattering characteristics of 

lymphocytes, macrophages and granulocytes are lg positive. It is believed that the three 

cell populations represent B cells as well as macrophages and granulocytes that were 

labelled by virtue of serum lg binding to a putative Fe receptor (FcR). Fractionation of 

leucocytes via in vitro adherence resulted in a decrease in the proportion of lg positive 

cells in the macrophage and granulocyte flow cytometric gates. Furthermore, 

unfractionated head kidney leucocytes formed rosettes with snapper anti-sheep red blood 

cell (SRBC) serum labelled SRBC. Finally, anti-Ig-immunoperoxidase staining of head 

kidney leucocyte preparations revealed positive cells that displayed morphologies 

consistent with lymphocytes, macrophages and granulocytes. Together, these 

observations provide further evidence of lg-binding to teleost leucocytes, mediated by a 

putative FcR. 

139 



6.2 Introduction 

Receptors that specifically bind the Fe region of lg (FcR) have been well characterised in 

mammals. FcRs, unlike T cell receptors (TCRs) and B cell receptors (BCRs) are not 

expressed clonally and are found on cells of both myeloid and lymphoid lineages. 

Separate FcR bind to each class of antibody, so FcyR binds lgG, FcaR binds lgA, FcsR 

binds lgE, Fc8R binds lgD and FcµR binds lgM [1]. 

Although the FcR do not offer antigen specificity, lg-FcR complexes combine to 

manifest this specificity to cells that may not express antigen recognition molecules [1]. 

FcR-lg complex formation mediates a number of effector mechanisms that connect 

aspects ofhumoral and cell mediated immunity as well as providing a regulatory role. 

These effector mechanisms are initiated by the phosphorylation of intracellular tyrosine 

activation motifs (lTAMs) associated with the FcR [2]. Activation stimulates 

phagocytosis and respiratory burst of neutrophils, antibody dependent cellular 

cytotoxicity (ADCC), mast cell degranulation, cell proliferation and enhancement of 

antigen presentation [1-3]. Conversely, some FcR possess intracellular tyrosine inhibitory 

motifs (ITIMs) that negatively regulate activation. For example, lgG production is 

downregulated after interaction of lgG with FcRylIB [1]. 

In fish, reports of Fe receptors are scarce despite strong evidence from an early study that 

showed that Fe fragments of the lgµ chain could abrogate rosette formation around nurse 

shark ( Ginglymostoma cirratum) leucocytes [ 4]. lg binding to teleost leucocytes has 

provided indirect evidence of FcRs [ 5-8] and functional data suggests a role of FcR in 
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antibody-mediated activation of phagocytes [9-11]. Nevertheless an FcRµ has not been 

cloned and sequenced from fish. Here, we present further indirect evidence of a putative 

FcRµ, by demonstrating that serum lg binds to macrophages and granulocytes of snapper. 

6.3 Materials and Methods 

6.3.l Fish 

Snapper (approximately 500 g) were purchased from the Spencer Gulf Aquaculture 

hatchery at Port Augusta, South Australia, Australia. Fish were transported to the South 

Australian Research and Development Institute (SARDI) facility at Adelaide, South 

Australia and held in 600 L tanks under flow through conditions. Water was maintained 

at 35 %0 salinity and at ambient temperature. For sampling, fish were euthanised by an 

overdose ofbenzocaine (150 mg/I). 

6.3.2 Cell Preparation 

Head kidneys were removed and placed into L-15 (ICN, Seven Hills, NSW, Australia) 

supplemented with 10% human serum, 5% normal snapper serum, 20 mM HEPES (CSL, 

Parkville, Victoria, Australia), 300 mg/ml L-glutamine (CSL), 50 U/ml 

penicillin/streptomycin (CSL), 40 U/ml gentamicin and 50 µM mercaptoethanol. 

Leucocyte suspensions were created by teasing tissue through stainless steel gauze. 

Erythrocytes were lysed using alkaline lysis buffer (0.15 M NH4Cl, 1 mM KHC03, 0.1 

mM Na2EDTA, pH 7.2) for 5 min at 20°C. Cells were washed twice again prior to 

labelling. 
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In order to enrich for non-adherent leucocytes, head kidney cell suspensions (HK.Ls) 

were added to plastic petri dishes with supplemented L-15 and incubated at 20°C in 

atmospheric conditions. These conditions support mitogen-induced proliferation of 

snapper leucocytes (see chapter 7). Non-adherent cells were removed by gently washing 

each dish with supplemented L-15. 

6.3.3 Flow cytometry 

Cells were suspended in supplemented L-15 containing 2C5 (5 µg/ml), placed on ice for 

30 min then washed twice with PBS supplemented with 0.1 % BSA and 0.1 % NaN3 prior 

to labelling with a saturating concentration of fluorescein isothiocyanate (FITC) 

conjugated goat anti-mouse antibody F( ab') 2 fragment of goat IgG (Sigma, Castle Hills, 

Sydney, Australia) (30 min on ice). Cells were washed again, fixed in 1 % formalin, 2% 

glucose, and 0.02% NaN3 in PBS and analysed using a Coulter Epics XL-MCL flow 

cytometer (Beckman Coulter, CA, USA) and Win MDI 2.8 software (Joseph Trotter, 

Scripps Research Institute, La Jolla, CA, USA). Controls included analyses where the 

primary and primary and secondary antisera were omitted from the protocol. In addition, 

an isotype control (5 µg/ml murine IgGl) was used as a substitute for the primary 

antibody. Propidium iodide stain was used routinely to eliminate non-viable cells from 

the analyses. A total of 20000 cells were analysed from each sample. 

6. 3. 4 Rosette formation 

Head kidney leucocytes were prepared as described except using serum free L-15 and 

resuspended to 4 x 106 cells/ml. The rosette assay was performed as described [12]. 
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Briefly, sheep red blood cells (SRBC) were incubated with a sub-agglutinating dilution of 

heat inactivated snapper anti-SRBC serum for 30 min at 20°C. Cells were washed twice 

with L-15 and resuspended to 2 x 10 7 cells/ml. Labelled or unlabelled SRBC were mixed 

with head kidney leucocytes 1:1for30 min at 4°C. The proportion ofrosette forming 

cells was estimated using a haemocytometer. Rosettes were considered leucocytes with 

one or more SRBC attached. 

6.3.5 Immunocytochemical labelling of head kidney cytospin preparations 

In order to visualise binding of 2C5 to HK.Ls, cytospin preparations were made. Cells 

were prepared and fixed as described then three drops of the cell suspension and one drop 

of 30% BSA and 0.1 % NaN3 in PBS were added to each slide. Cells were spun using a 

Shandon Cytospin 2 centrifuge for 5 min at 150 x g and allowed to dry. 

Immunoperoxidase staining (Vectastain, Burlingame, CA, USA) was performed 

according to the manufacturer's instructions with modifications. Briefly, after rehydration 

of cells with PBS, cell preparations were blocked with normal horse serurn/PBS and then 

probed with 2C5 (5 µg/rnl) diluted in normal horse serum/PBS for 30 min. Cell 

preparations were incubated with a biotinylated horse anti-mouse antibody for a further 

30 min and then endogenous peroxidase was quenched by the addition of 5% H20 2 for 60 

min. ABC complex was added for 30 min and the lg positive cells visualised by the 

addition of diaminobenzidine and urea/peroxide (Sigma, Castle Hills, Sydney, Australia). 

All incubations were at 20°C and cells were washed with PBS (5 min) after incubations. 

Controls included analyses where the primary and secondary antisera were omitted from 

the protocol. In addition, an isotype control (5 µg/rnl murine lgGl) was used as a 
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substitute for the primary antibody. Cells were counter stained with Mayer's 

haematoxylin and mounted. Images were taken using a 400 or 1000 x objective. 

6.3.6 Data analysis 

All figures are presented as mean± standard error of the mean (S.E.M.). Data were 

analysed by student's T test using JMP 3.1.6.2 statistical software (SAS Institute Inc., 

Cary, NC, USA) using an a value of 0.05. 

6.4 Results 

6.4.1 Characterisation of snapper head kidney leucocyte populations inflow cytometric 

analyses 

Three populations of head kidney leucocytes were identified based on light scattering 

patterns in flow cytometry (Figure 1 ). Fractionation of cells produced different 

proportions of leucocytes in the respective flow cytometric gates (Figure 2) and enabled 

visual identification of the major cell types by virtue of cell specific predominance in 

each fraction. Leucocyte morphology was consistent with that described by [13] and were 

designated lymphocytes (low forward and low side scatter, Rl ), macrophages (medium 

forward and low side scatter, R2) and granulocytes (high forward and medium side 

scatter, R3). These cell types could be clearly identified in the top (Figure 3), middle 

(Figure 4) and bottom (Figure 5) fraction of the Percoll fractionated leucocytes. 

6.4.2 Identification of snapper head kidney macrophages and granulocytes by nature of 

putative FcR bound serum Jg using flow cytometry 
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In all fish analysed (n = 7) each of the three populations of leucocytes identified by light 

scattering characteristics included lg positive cells (Figure 6). The mean number of lg 

positive leucocytes in the granulocyte gate was highest at 39.3% ± 8.2 (S.E.M.) followed 

by the macrophage gate (25.3% ± 5.1) and the lymphocyte gate (21.8% ± 8.2). However, 

the proportion of lg positive cells in the macrophage and granulocyte gates was highly 

variable, ranging from 3.0 - 40.7% and 3.9 - 65.0% respectively. Cells were fixed and 

labelled with 2C5 to prevent pinocytosis. Labelling of fresh or fixed adherent HKLs with 

2C5 had no significant effect (P > 0.05) on the proportion of lg positive cells in any gate 

(Figure 7). 

6. 4. 3 Adherence of head kzdney leucocytes significantly decreases the proportion of Jg 

positive cells in the lymphocyte, macrophage and granulocyte flow cytometric gates 

In light of the potential for anti-lg binding to large or blasting lymphocytes in the 

macrophage or granulocyte gates or to lg bound to macrophages or granulocytes via an 

Fe receptor (FcR), an adhesion experiment was performed. After 2 h incubation, non

adherent HKLs exhibited a consistent decrease in the proportion of lg positive cells in 

each of the specified gates relative to adherent HKLs (Figure 8a). This suggested that 

cells in the lymphocyte gate were heterogeneous and may have contained significant 

numbers of macrophages, as has been described [14]. The data also suggest that adherent 

cells constitute a proportion of lg positive cells. To observe the temporal effect of 

adhesion on the proportion of lg positive leucocytes, cells were harvested after various 

time periods up to 20 h post-adherence. In this instance, the majority of adherent lg 

expressing cells in the lymphocyte and macrophage gates were eliminated after 4 h 
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(Figure 8b ). lg positive cells in the granulocyte gate significantly decreased between 4 

and 20 h. However, not all the lg positive leucocytes in the macrophage and granulocyte 

gates could be eliminated within this time frame. 

6. 4. 4 Labelling of SRBC with snapper anti-SRBC serum significantly increases the 

number ofleucocyte-SRBC rosettes 

Rosette forming leucocytes were evident in the head kidney of each of three replicate 

fish. Individual leucocytes were observed to bind up to 4 SRBC, however the majority of 

leucocytes bound a single SRBC. Leucocytes bound significantly higher numbers of 

SRBC coated with snapper anti-SRBC serum than the unlabelled SRBC control (P < 

0.05) (Figure 9). 

6.4.5 Immunocytochemical staining demonstrates either membrane or intracytoplasmic 

binding of anti-lg antibody to lymphocytes, macrophages and granulocytes 

Individual leucocytes were identified in HKL preparations that had morphologies 

consistent with lymphocytes, macrophages and granulocytes (Figure 4). The lymphocytes 

were the smallest (approximately 8 µm) and were predominantly membrane positive after 

labelling with 2C5 (Figure lOb & e).The macrophages were larger (approximately 20 

µm) but similarly anti-lg positive around the membrane margins (Figure lOa & d) 

whereas some macrophages and granulocytes (approximately 35 µm) exhibited anti-lg 

positive areas in the intracytoplasmic region (Figure IOb & c).This was not considered a 

product of endogenous peroxidase activity as no cells of this type were observed in the 
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isotype controls. These data are consistent with independent experiments using 

fluorescence microscopy (data not shown). 
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Figure I. Flow cytometric li ght scattering profile of head kidney cells isolated using 
discontinuous Percoll gradients. The proportion of cells in each gate (Rl, R2 and R3) 
were analysed and are presented in Figure 2. A suspension of head kidney leucocytes was 
placed over a discontinuous grad ient of Percoll (40, 41 and 50%) and centrifuged for 30 
min at 400 x g. Cells were taken from each interface (top, middle and bottom) and 
labelled with monoclonal ant i-snapper lg antibody for 30 min at 4°C. FITC conjugated 
goat anti-mouse antibody (I: I 00) was added (30 min on ice) and cells were ana lysed 
using a Coulter Ep ics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win 
MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, Cal ifornia, USA). 
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Figure 2. Proportions of head kidney leucocyte phenotypes in fractions isolated using a 
discontinuous Percoll gradient. Gates Rl, R2 and R3 correspond to the gates specified in 
Figure 1). The figure is representative of three fish. 
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Figure 3. Resting lymphocytes (arrows) isolated from the top fraction of Percoll density 
gradient separated head kidney cells. A head kidney leucocyte suspension was separated 
using a discontinuous Percoll gradient, prepared on a cytospin slide and stained with 
haematoxylin and eosin. Magnification lOOOx , bar= 25 µm . 

Figure 4. Eosinophilic granulocytes (G) and lymphocytes (L) isolated from the middle 
fraction of density gradient separated of head kidney cells. A head kidney leucocyte 
suspension was separated using a discontinuous Percoll gradient, prepared on a cytospin 
slide and stained with haematoxylin and eosin . Magnification= 1000 x, bar= 25 µm. 
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Figure 5. Macrophages (M), lymphocytes (L) and an eosinophilic granulocyte (G) 
isolated from the bottom fraction of Percoll density gradient separated head kidney 
leucocytes. A head kidney leucocyte suspension was separated using a discontinuous 
Percoll gradient, prepared on a cytospin slide and stained with haematoxylin and eosin. 
Magnification IOOOx, bar = 25 µm. 

151 



M 
N 
0 
~ 

-~ ..... ..... 
~ 
~ 

rJl 
~ 

"O ..... 
rJl 

0 

""' 0 ..... ,-., 
ell R l -31 % R~-29c.>/o . R3-43% 
~ . _,._. 

I ... ..... .., ..... 
= 0 ..... .' .. ' : · . 
~ : ,. 

.. : " :...: '-' ·. ~· · . .. 
~ 

M 
.. " . •. 

~ 0 
Cj ..... 

= ~ 
~ 
~ 
~ - 0 

0 
..... 

= R3 -~ 
= 0 

0 
Forward Scatter 

1023 ...-10 
Forward Scatter 

Figure 6. Light scattering profile from flow cytometric analysis of head kid ney 
leucocytes showing the gates designated lymphocytes (Rl), macrophages (R2) and 
granulocytes (R3) (a) . (b) Size distri bution (forward scatter) of mlg+ head kidney 
leucocytes using flow cytometric analys is (the horizontal line ind icates the upper limit of 
the control fl uorescence distribution) . Values given are the proportions of mlg+ cells from 
within each gate. HKLs were isolated and incubated with 2C5 (5 µg/ml) for 30 min on 
ice. FTTC conj ugated goat anti-mouse antibody (1: 100) was added (30 min on ice) and 
cell s were analysed using a Cou lter Ep ics XL-MCL flow cytometer (Beckman Coulter, 
CA, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La 
Jolla, Cali forn ia, USA). The fi gure is representative of seven fish . 
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Figure 7. Fixation of adherent head kidney leucocytes does not affect the proportion of 
anti-lg positive cells (P > 0.05) . A suspension of head kidney leucocytes was placed in a 
petri dish and allowed to adhere for 90 min. Adherent cells were collected and labelled 
with monoclonal anti-snapper lg antibody for 30 min at 4°C. FITC conjugated goat anti
mouse antibody (1: I 00) was added (30 min on ice) and cell s were analysed using a 
Coulter Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA) and Win MDI 2.8 
software (Joseph Trotter, Scripps Research Institute, La Jolla, California, USA). The 
figure is representative of three fish. 
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Figure 8. (a) Proportion of non-adherent (•) and adherent (D) lg positive leucocytes in the lymphocyte, macrophage and granulocyte 
flow cytometric gates after incubation on plastic petri dishes. Head kidney leucocytes were isolated and incubated in supplemented L-
15 in tissue culture plates for 2 h. Non-adherent and adherent cells were removed separately and incubated with 2C5 (5 µg/ml) for 30 
min on ice. FITC conjugated goat anti-mouse antibody (1:100) was added (30 min on ice) and cells were analysed using a Coulter 
Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA). (b) Proportion of non-adherent lg positive leucocytes in the 

lymphocyte (•), macrophage (O) and granulocyte (T) flow cytometric gates after incubation on plastic petri dishes. Head kidney 
leucocytes were isolated and incubated in supplemented L-15 for 20 h. Non-adherent cells were removed and incubated with 2C5 (5 
µg/ml) for 30 min on ice. FITC conjugated goat anti-mouse antibody (1: 100) was added (30 min on ice) and cells were analysed using 
a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, CA, USA) and Win MDI 2.8 software (Joseph Trotter, Scripps Research 
Institute, La Jolla, California, USA). Gates used were as specified (Fig. 6) and the figure is representative of data from three fish. 
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Figure 9. Labelling of SRBC with anti-SRBC serum significantly increases the number of 
head kidney leucocyte-SRBC rosettes (P < 0.05). A non-agglutinating dilution of snapper 
anti-SRBC serum was added to SRBC (2 x 107 cells/ml) for 30 min at 20°C. Head kidney 
leucocyte (HKL) suspensions were created and cells were mixed I: I with labelled (C) or 
unlabelled(•) SRBC for 30 min at 4°C. Rosettes were considered leucocytes with one or 
more SRBC attached. Data are presented as mean± S.E.M. (n = 3 fish). 
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Figure 10. Anti immunoglobulin (2C5) immunoperoxidase staining of head kidney leucocyte cytospin preparations. Membrane 
positive lymphocytes and macrophages as well as intracytoplasrnic positive macrophages and granulocytes are evident. 1 = negative 
macrophage, 2 = negative lymphocyte, 3 = membrane positive macrophage, 4 = membrane positive lymphocyte, 5 = cytoplasm 
positive macrophage, 6 =negative granulocyte, 7 =cytoplasm positive granulocyte. (f) isotype control. Bars= 20 µm. Cells were 
cytospun onto microscope slides, dried then rehydrated cells were blocked and probed with 2C5. Positive cells were detected with 
DAB/urea-peroxide after first adding a biotinylated anti-mouse IgG antibody and an avidin complex. 
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6.5 Discussion 

During the characterisation of our mouse anti-snapper lg monoclonal antibodies (2C5, 

4A2 and 1 C6) [15] we noted that both 2C5 and 4A2 bound to head kidney leucocytes 

bearing light scattering characteristics of macrophages and granulocytes when analysed 

by flow cytometry. It has been hypothesised [5, 12] that this result was not mediated by B 

cell receptor expression but through indirect binding of anti-lg antibody to an Fe-like 

receptor via serum lg. Accordingly, our results suggest that cell surface expression oflg 

is not restricted to B cells and in part supports the notion that an Fe-like receptor is 
" 

expressed on teleost myeloid cells. 

Whilst the results presented here do not eliminate the potential for autoantibody binding 

to head kidney leucocytes, previous studies have independently verified that the Fe 

region of the lg molecule mediates binding to leucocytes [ 4, 5]. For example, abrogation 

of rosette formation with nurse shark ( Ginglymostoma cirratum) macrophages and lg 

coated human erythrocytes was mediated by the addition of purified Fe fragments of the 

µchain [4]. Similarly, Atlantic salmon anti-FITC serum that was complexed with the 

immunogen was capable of binding peripheral blood leucocytes despite occupation of the 

lg Fab regions with FITC [5]. 

FcRs including those for lga, lgy, lgi> [16] and lgµ [17] have been well characterised in 

mammals. The FcRs are differentially expressed on all leucocyte types [16] including 

both B and T cells. Thus, together with the data that suggest fish lg binds heterogeneous 

populations ofleucocytes, it would be reasonable to suggest that a proportion of the anti-
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lg binding to lymphocytes may be FcR derived. Moreover, natural killer (NK) cells in 

mammals express the lgG Fe receptor FcyRIII (CD16) giving rise to the suggestion of 

equivocal expression on teleost NK-like cells. Recent data indicate that this hypothesis 

holds credence as a channel catfish (Ictalurus punctatus) NK-like clonal cell line has 

been shown to express protein for both light chain isotypes (F and G) and yet did not 

express lg mRNA [18]. The intracytoplasmic lgM detected in macrophages and 

granulocytes here was interesting although not surprising given that several FcRs in 

mammals mediate either phagocytosis of complexed particulate antigen or endocytosis in 

the case of soluble immune complexes [1]. In mammals, these processes are dependent 

on the presence ofITAMs on the intracellular region of the FcR and the internalisation 

process is believed to enhance peptide presentation via MHC class II [19]. This is yet to 

be analysed in fish. 

Further evidence of an Fe like receptor in fish is upheld by functional data that clearly 

show a dependence on the presence of lg for successful effector cell function. An opsonic 

effect of specific antisera has been shown to enhance phagocytosis [10-11], while shark 

19s lgM mediates ADCC killing, distinct from spontaneous cytotoxicity [20]. Therefore 

it appears that a link between the humoral and cell mediated arm of the immune system in 

primitive vertebrates exists with some parity to mammals. 

In summary, we were able to show that lg+ head kidney leucocytes of snapper are a 

heterogeneous population of cells. Cells within this population are morphologically 

similar to macrophages, granulocytes and lymphocytes. In vitro adherence of head kidney 
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leucocytes decreased the number of lg+ macrophages and granulocytes, and 

unfractionated head kidney leucocytes formed rosettes in the classic erythrocyte-antibody 

rosette assay. Our results strongly support the hypothesis that teleost lymphoid and 

myleoid cells express a functional FcR. 
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7.1 Abstract 

Important channels of communication between mammalian leucocytes have long been 

recognized. Here, we report data that suggest similar integrations may occur between 

snapper leucocytes upon mitogen stimulation. Cell surface immunoglobulin (IgM) 

expression was used in conjunction with intracellular fluorescence staining and flow 

cytometry to differentiate proliferating peripheral blood leucocyte subsets (PBLs). 

Independent activation using phytohaemagglutinin (PHA) or lipopolysaccharide (LPS) 

drove both mlg- and mlg+ cells into cycle. It is not known if the proliferation of mlg+ 

cells was mediated by a mutually exclusive effect of the mi to gen on each cell population, 

cognate cellular interaction or a soluble growth factor. Simultaneous activation of PB Ls 

with PHA and LPS consistently induced significantly more cells to proliferate than the 

sum of proliferating cells stimulated solely with PHA or LPS. Together, the results 

suggest that different leucocyte subsets have the capability to influence their respective 

responses to mitogenic stimulation. Therefore, like in the mammalian immune system, 

communication may occur between snapper leucocyte subsets. 

7.2 Introduction 

Teleost fish possess lineages of cells analogous to those found within the basic 

framework of the adaptive immune system in mammals (antigen presenting cells or 

APCs, T and B lymphocytes). Cells with antigen presenting ability express mRNA that 

encodes cell surface major histocompatibility receptors (MH class I and/or II) [1, 2] while 

B cells undergo immunoglobulin (lg) H-chain gene rearrangements and express both 

membrane bound and soluble lg (reviewed by) [3]. Only in recent years has there been 
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clarification of the dichotomy between B and T lymphocytes when elements of the T cell 

receptor (TCR) and CDS were cloned and sequenced [ 4-7]. From a functional standpoint, 

the analogy between mammalian and teleost T cells is compelling with the demonstration 

of MH I restricted cytotoxic T cell (CTL) function [8] and evidence of clonal expansion 

of TCR expressing cells after viral infection [9]. While the characterisation of leucocyte 

subsets is becoming clearer; cognate soluble and cellular interactions between different 

cell lineages have not been well documented. Certainly fish cytokine research is 

broadening. Although cytokines such as interleukin-lf3 (IL-lf3) [10], TNFa [11], FGF 

[12], TGFf3 [13] and IL-8 [14] have been cloned and sequenced, functional studies are 

scarce however, IL-1-like activity has been described in several fish species [15-17]. In 

addition other factors have been shown to influence the response of leucocytes in an 

autocrine and/or paracrine fashion. For example, carp (Cyprinus carpio) serum contains 

factors that enhance or inhibit the respiratory burst of macrophages and neutrophilic 

granulocytes [18] and channel catfish (Ictalurus punctatus) T cell culture supematants 

appear to affect both T and B cells in an IL-2 and IL-4-like manner respectively [3]. 

Activation of a specific cell type with, for example rnitogens may assist in partial 

elucidation of the secondary immunoregulatory effects in a mixed leucocyte population. 

Clearly, teleost leucocytes proliferate in response to substances regarded as classical 

mammalian T and B cell rnitogens [19-25]. Using cell separation techniques mlt 

leucocytes proliferate in response to agonists such as Concanavalin A (Con A), PHA artd 

pokeweed rnitogen (PWM) while LPS activates rnlg+ cells [19, 21] consistent with the 

notion ofT and B cell activation respectively. Therefore rnitogen stimulation with either 
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Tor B cell mitogens in fish may assist in identifying the downstream effects of 

lymphocyte activation. 

Here we aimed to provide evidence of T and B cell interaction in our investigations into 

the nature of B cell activation in snapper. Initially, mi to gen-mediated stimulation 

experiments were recapitulated with snapper PBLs. In order to determine the phenotype 

(mlg-/mlg+) of proliferating cells, a novel method of tracking cell proliferation using 

carboxyfluorescein diacetate succinimidyl ester (CFSE) staining, followed by flow 

cytometric analysis was used. Together, the data suggest that primary mitogenic 

stimulation of PBLs has secondary effects that may include T cell dependent activation of 

B cells. 

7.3 Materials and Methods 

7.3.l Fish 

Snapper (approximately 500 g) were purchased from the Spencer Gulf Aquaculture 

hatchery at Port Augusta, South Australia, Australia. Fish were transported to the South 

Australian Research and Development Institute (SARDI) facility at Adelaide, South 

Australia and held in 600 L tanks under flow through conditions. Water was maintained 

at 35 %0 salinity and at ambient temperature. For sampling, fish were anaesthetised with 

benzocaine (50 mg/l). 
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7.3.2 Cell preparation 

Peripheral blood was taken from the caudal vein of snapper using a heparinised 

(Pharmacia & Upjohn, Rydamere, NSW, Australia) needle and syringe. Heparinised 

blood (3 ml) was diluted to 30 ml with PBS, layered over Ficoll (Pharmacia Biotech, 

Castle Hill, NSW, Australia) and centrifuged for 30 min at 20°C and 400 x g. PBLs were 

taken from the interface and washed twice with PBS. 

7.3.3 Intracellular fluorescence labelling 

Intracellular fluorescence labelling of PBLs was performed as described [26] with 

modifications. PBLs were diluted to 5 x107 cells/ml in PBS/0.1% BSA and labelled with 

5 (and-6)-carboxyfluorescein diacetate succinimidyl ester (CFSE) (Molecular Probes, 

Eugene, Oregon, USA) at various concentrations (0-12.5 µM) for 10 min at 20°C. 

7.3.4 Cell culture and analysis of proliferation 

PBLs (2.5 x 105 cells/well) were placed into 96 well round bottom tissue culture plates 

(Nunc) and cultured in 200 µl L-15 (ICN, Seven Hills, NSW, Australia) supplemented 

with 10% pooled human serum, 5% pooled snapper serum, 20 mM HEPES (CSL, 

Parkville, Victoria, Australia), 300 mg/ml L-glutamine (CSL), 50 U/ml 

penicillin/streptomycin (CSL), 40 U/ml gentamicin and 50 µM mercaptoethanol in 

atmospheric conditions and at 20°C. Culture conditions were determined empirically. 

Cells were stimulated with E. coli LPS (serotype 0111 :B4) (Sigma, Castle Hills, NSW, 

Australia), PHA (PHA-P, Wellcome Diagnostics, Dartford, Kent, UK) or LPS and PHA 

at various concentrations. 
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For assessment of cellular proliferation, cells were pulsed with 1 µCi [3H] -thynridine 

(ICN, Costa Mesa, CA, USA) overnight for 18 h before harvest onto filter mats (ICN) 

using a semi-automatic cell harvester (Skatron, Lier, Norway). Filter mats were dried in a 

37°C incubator for approximately 1 hand then analysed using a liquid scintillation 

counter (Packard Tricarb 1900 TR). Receptor independent activation of PBLs with 

phorbol ester (phorbol myristate acetate - PMA) was used as a positive control in each of 

the cultures. Results were expressed as mean ± SEM cpm from triplicate cultures. 

7.3.5 Flow cytometric analysis of proliferating PBLs 

PBLs were suspended in supplemented L-15 containing monoclonal anti-snapper lg 

antibody (2C5, 5 µg/nil) [27], placed on ice for 30 min then washed twice with PBS 

supplemented with 0.1 % BSA and 0.1 % NaN3 prior to labelling with a saturating 

concentration ofphycoerythrin (PE) conjugated rabbit anti-mouse IgGl (PharMingen, 

San Diego, CA, USA) antibody (30 min on ice). Cells were washed again, fixed in 1 % 

formalin, 2% glucose, and 0.02% NaN3 in PBS and analysed by single or two colour flow 

cytometry using a Coulter Epics XL-MCL flow cytometer (Beckman Coulter, Ca, USA), 

Win MDI 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, California, 

USA) and ModFit LT V2.0 software (Topsham, MN, USA). Controls included analyses 

where the primary and/or secondary antisera were omitted from the protocol. In addition, 

an isotype control (5 µg/ml murine IgGl, Sigma, Castle Hill, NSW, Australia) was used 

as a substitute for the primary antibody. For tracking the division of mitogen stimulated 
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PBLs, treatment groups included PBLs that were both normal and CFSE stained. A total 

of 2 x 104 cells were analysed for each treatment group. 

7.3. 6 Data Analysis 

Data were analysed by analysis of variance (ANOVA) using JMP® version 3.2.1 

(S.A.S.) statistical software using an a value of 0.05. lfthe initial analysis was 

significant, data from all treatment groups were compared using a posteriori test (Tukey

Kramer-HSD) to identify individual treatment groups considered statistically significant. 

When LPS and PHA were administered simultaneously, the response was considered 

synergistic when the values exceeded the sum of independent rnitogen stimulation. 

7.4 Results 

7.4.1 PBLs proliferate in response to LPS or PHA while activation with both LPS and 

PHA initiates a synergistic proliferative effect 

PBLs proliferated in response to activation with the T cell rnitogen PHA, although 

substantial fish to fish variation was observed. Typically the peak response occurred after 

72 h of stimulation with a gradual decline in thymidine incorporation thereafter (Figure 

la). The effect of PHA concentration was analysed at the peak ofthyrnidine 

incorporation with a dose-dependent response observed (Figure 1 b ). Maximal 

proliferation occurred at 2 µglrnl and this concentration was used in further experiments. 

PBLs also responded to the B cell rnitogen, LPS and again peak thyrnidine incorporation 

was around 72 h post-stimulation (Figure 2a). The dose-response curve revealed an 
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optimum concentration of 250 µg/ml within the range of concentrations tested (Figure 

2b ). Subsequently, 250 µg/ml LPS was used in further experiments. 

The effect of stimulation with both LPS and PHA on the proliferation of PB Ls was 

marked. Concomitant stimulation with either 1 or 2 µg/ml PHA and 250 µg/ml LPS 

increased the rate of thymidine incorporation beyond that of sum of the thymidine uptake 

by PBLs stimulated with PHA and LPS independently (Table 1). Furthermore, the 

synergistic effect of LPS and PHA on proliferation was cell density dependent with 

synergy in the proliferation of PBLs only occurring at the highest density tested (2.5 x 

106 cells/ml) (Figure 3). At this cell density, time course experiments were conducted that 

demonstrated that the point at which peak proliferation occurred (72 and 120 h post

stimulation) was variable amongst individual fish (Figure 4). Microscopic examination of 

mitogen activated PBLs revealed that activated cells were hypertrophic and displayed 

numerous cytoplasmic vacuoles, characteristic of activation (Figure 5). 

7. 4. 2 Analysis of the technical aspects associated with CFSE labelling of snapper P BLs 

CFSE labelled snapper leucocytes bright green, consistent with mammalian leucocytes 

(Figure 6). CFSE had no detectable effect on cell viability between 0 and 10 µM however 

at 12.5 µM, there was a sharp decrease in the number of viable cells between the time of 

labelling and first counting (Figure 7a). Concentrations of CFSE between 0 and 10 µM 

labelled cells within the upper limits of fluorescence 1 detection (Figure 7b ). On the basis 

of these results, a CFSE concentration of 10 µM was chosen for all further analyses as it 

enabled the greatest number of divisions to be tracked without compromising cell 
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viability. Incidentally, fluorescence of PBLs was linear with respect to CFSE 

concentration (Figure 7b). 

Division analysis by flow cytometry requires that cells in the undivided cell populations, 

irrespective of stimuli retain the same fluorescence intensity. Secondly, the fluorescence 

intensity of dividing cells must match that of a mathematically predicted progression of 

fluorescence loss. This is calculated using a formula based on the undivided cells (Flo) as 

a starting point and the assumption of fluorescence halving with each division; 

Predicted fluorescence progression= Fl0/2n (n =division number) 

Both criteria were satisfied in that fluorescence of undivided cells was consistent despite 

being sourced :from a resting population or a population that had been stimulated with 

LPS (Figure 7c). In addition, the mean fluorescence peaks of dividing cells correlated 

with the mathematically predicted progression of fluorescence loss (Figure 7d). 
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Figure 1. Effect of PHA concentration on the proliferation of snapper PB Ls. PB Ls were 
isolated over Ficoll and placed in culture at 2.5 x 105 cells/well with PHA (0, 0.5, 1, 2, 
and 4 µg/ml) for 120 h at 20°C. Each day, cells were pulsed for 18 h with 1 µCi [3H] 
TdR, harvested onto glass fibre with water and analysed by liquid scintillation. (a) Time 
course of the proliferative effect of various concentrations of PHA. (b) Titration of PHA 
concentration during the peak [3H] TdR incorporation. Each value is mean cpm ± SEM of 
triplicate cultures and the figure is representative of 3 fish. ( *) indicates concentrations 
used in further analyses. 
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Figure 2. Effect of LPS concentration on the proliferation of snapper PBLs. PBLs were 
isolated over Ficoll and placed in culture at 2.5 x 105 cells/well with LPS (0, 62.5, 125, 
250, and 500 µg/ml) for 120 h at 20°C. Cells were pulsed for 18 h with 1 µCi [3H] TdR, 
harvested onto glass fibre with water and analysed by liquid scintillation. (a) Time course 
of the proliferative effect of various concentrations ofLPS. (b) Titration ofLPS 
concentration during peak [3H] TdR incorporation. Each value is mean cpm ± SEM of 
triplicate cultures and the figure is representative of 3 fish. ( *) indicates the concentration 
used in further analyses. 
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Table 1. Synergistic effect of simultaneous stimulation with PHA and LPS on the 
proliferation of snapper PBLs. PBLs were cultured with PHA, LPS, PHA and LPS or 
PMA then [3H] TdR incorporation was analysed between 48 to 120 h post-stimulation at 
24 h intervals. Data are the peak [3H] TdR incorporation values during the culture period 
and the values in brackets are the mitogen concentrations (µg/ml). Each value is the mean 
cpm ± S.E.M. of triplicate cultures. Mean values within replicate fish sharing common 
superscripts are not significantly different (P > 0.05). Values from cells stimulated with 
PMA/ionomycin were excluded from statistical analysis. 

Fish Resting PHA LPS PHA+LPS PMA/ 
No. ionomycin 

1 343 ± 62a 3201±214 (l)b 5301 ± 164 (250t 20357 ± 575d 38514 ± 1363 
2 332 ± 79a 4100 ± 612 ut 7843 ± 1122 (250t 34726 ± 3757b 51452 ± 2567 
3 829 ± 39a 3717 ± 246 (2)ab 5730 ± 494 (250)b 14681±2035c 19758 ± 955 
4 1992 ± 236a 4253 ± 180 (2)b 3645 ± 111 (250)b 7297 ± 160c 15187 ± 339 
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Figure 3. Effect of cell density on the synergistic effect of PHA and LPS. PBLs were 
isolated over Ficoll and placed in culture at 2.5 x 105 

(•), 1.25 x 105 (o), 0.625 x 105 

(T) or 0.3125 x 105 cells/well (V) with PHA (2 µg/ml) and LPS (250 µg/ml) for 104 h. 
Cells were pulsed daily for 18 h with 1 µ Ci [3H] TdR and harvested onto glass fibre with 
water. Each value is the mean cpm ± SEM of triplicate cultures. 
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Figure 4. Time course of the synergistic effect of PHA and LPS on the proliferation of 
snapper PBLs. PBLs were isolated over Ficoll and placed in culture at 2.5 x 105 

cells/well with PHA (1 µg/ml) and LPS (250 µg/ml) (fish 1 & 2) or PHA (2 µg/ml) and 
LPS (250 µg/ml) (fish 3 & 4) for 120 hat 20 °C. Fish numbers correspond to those in 
Table 2. Cells were pulsed for 18 h with 1 µCi [3H] TdR, harvested onto glass fibre with 
water and analysed by liquid scintillation. Each value is the mean cpm ± SEM of 
triplicate cultures and the figure is representative of 3 of 4 fish (see Table 2). 
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Figure 5. Mitogen stimulated snapper PBLs showing resting and activated (blasting) 
cells. PBLs were isolated over Ficoll and placed in culture at 2.5 x 105 cells/well with 
PHA (1 µg/ml) and LPS (250 µg/ml) or PHA (2 µg/ml) and LPS (250 µg/ml) for 120 hat 
20 °C. Cells were harvested , cytospun and stained with haematoxylin and eosin. Images 
were taken at 400 x magnification . (1) erythrocytes, (2) resting lymphocyte, (3) resting 
monocyte, (4) resting neutrophil , (5) lymphoblast. Bars= 100 µm . 
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Figure 6. Snapper leucocytes labelled with carboxyfluorescein diacetate succinimidyl 
ester (CFSE). Snapper leucocytes (5 x 107 cells/ml) were labelled with CFSE (10 µM) in 
PBS/0.1 % BSA for 10 min at 20°C. Cells were observed using a UV microscope and at 
400 x magnification . Bar = 25 µm. (L) Resting lymphocyte. 
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Figure 7. Analysis of carboxyfluorescein diacetate succinimidyl ester (CFSE) labelled 
snapper PBLs. (a) CFSE labelling has no effect on cell viability between 0 and 10 µM. 
Snapper PBLs (5 x 107 cells/ml) were labelled with CFSE (2.5-12.5 µM) in PBS/0.1 % 
BSA for 10 min at 20°C then cultured (2.5 x 105 cells/well) without stimulation for 4 d at 
20°C. Cell viability was assessed by trypan blue exclusion. (b) Fluorescence of snapper 
PBLs is linear with respect to CFSE staining concentration. Snapper PBLs (5 x 107 

cells/ml) were labelled with CFSE (2.5-12.5 µM) in PBS/0.1 % BSA for 10 min at 20°C 
and the fluorescence assessed by flow cytometry (Coulter Epics XL-MCL, Beckman 
Coulter, CA, USA) within 6 h of staining. ( c) The loss of fluorescence of the undivided 
cell populations is consistent in both resting and activated cell populations. Snapper PBLs 
(5 x I 07 cells/ml) were labelled with 10 µM CFSE in PBS/0.1 % BSA for 10 min at 20°C 
and placed in culture (2.5 x 105 cells/well) with or without 250 µg/ml E. coli LPS for 4 d 
at 20°C. Cells were analysed by flow cytometry (Coulter Epics XL-MCL, Beckman 
Coulter, CA, USA). (d) Division related halving of fluorescence is consistent with the 
mathematically predicted progression of fluorescence loss (corresponding data from Fig 
5d, gate Rl). Snapper PBLs (5 x 107 cells/ml) were labelled with 10 µM CFSE in 
PBS/0.1 % BSA for I 0 min at 20°C and placed in culture (2.5 x 105 cells/well) with 250 
µg/ml E. coli LPS and 1 µg/ml PHA for 4 d at 20°C. Cells were analysed by flow 
cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA). 
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7.4.3 Polyclonal stimulation of PBLs with LPS or PHA induces proliferation in both mfg+ 

and mfg- populations while simultaneous stimulation with LPS and PHA initiates a 

synergistic proliferative effect on both mfg+ and mfg populations 

CFSE labelling enables the flow cytometric analysis of the proliferative responses to 

various stimuli in conjunction with secondary labelling to identify the phenotype of 

proliferating cells. When PBLs were labelled with CFSE, they appeared as a 

homogeneous group of cells within the last decade ofFl 1 channel in a bivariate dotplot 

(Figure 8). However, some variation in fluorescence in the undivided cell population was 

observed, probably due to the heterogeneous cellular constituents. Classical B cell and T 

cell mitogens were used as polyclonal activators of cell division (LPS and PHA 

respectively). After activation, cellular divisions appeared as distinct clusters of cells with 

slightly lower fluorescence 1 intensity than the undivided population. 

Time course experiments using PBLs activated with either LPS or PHA showed that the 

majority of division occurred approximately 3 days post-stimulation (Figure 8), 

consistent with data obtained using thymidine incorporation (Figures la and 2a). A 

monoclonal anti-lg antibody was used to delineate the proliferating populations of cells 

into mlg + and mlg- cells. After 4 days in culture a small fraction of unstimulated mli 

PBLs divided, which may have been an effect of leucocyte isolation or the culture 

conditions (Figure 8). Clearly both LPS and PHA facilitated proliferation of mlg- cells 

after 3 days in culture yet both mlg- and mlg+ cells had proliferated after 4 days in 

culture. Stimulation of PB Ls with both LPS and PHA resulted in a similar kinetic pattern 

of division, with mlg- cells proliferating until day 3 post-stimulation and mlg + cells 

dividing thereafter. In this instance, a synergistic proliferative effect using concomitant 
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activation of PB Ls with LPS and PHA was not observed (Figure 8), although in the 

majority of end point analyses (ie. after 96 h culture), a synergistic effect was shown 

(Table 2). Using the criteria for describing a synergistic response, 8 of 8 fish responded to 

simultaneous LPS and PHA administration synergistically. Similarly, this effect was 

exhibited in the mlg- populations (8/8 fish) however synergy of proliferation in the mlg + 

populations was detected in 4 of 8 fish. In end point analyses where a synergistic 

proliferative response occurred, a small fraction of unstimulated mlg+ PBLs divided as 

described earlier (Figure 9a). Clearly LPS or PHA facilitated proliferation of both mlg+ 

and mlg- cells as the proportion of cells in Go phase were less than the resting control 

(Figure 9b & c).It was not determined ifthe effect of the mitogens on each of the mlg+ 

and mlg- populations was mutually exclusive. Stimulation of PBLs with both LPS and 

PHA resulted in a synergistic proliferative effect (Figure 9d). 

Activation of PB Ls with both LPS and PHA induced consistently greater numbers of 

divisions than with single mitogen stimuli (Table 3). Simultaneous stimulation with both 

LPS and PHA induced a mean of 3.1and4.1 divisions ofmlg+ and mlg- cells 

respectively, whereas LPS stimulated PBLs divided an average of 1.6 and 1.4 times 

(mlg +and mlg- respectively) and PHA stimulated cells divided an average of 1.4 and 1.6 

times (mlg+ and mlg- cells respectively). 
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Figure 8. Polyclonal stimu lation of PB Ls with LPS and/or PHA induces proliferation of 
both mlg- and mlg+ cells. Snapper PBLs (5 x 107 cells/ml) were labelled with 
carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS/0.1 % BSA for I 0 min at 
20°C and placed in culture (2.5 x I 05 cells/well) with or without 250 µg/ml E. coli LPS 
and/or I µg/ml PHA for 4 d at 20°C . Cell s were processed by flow cytometry (Coulter 
Epics XL-MCL, Beckman Coulter, CA, USA) and analysed using Win M.D.I 2.8 
software (Joseph Trotter, Scripps Research Institute, La Jolla, CA, USA). Events in the 
upper (Igl and lower (lg-) right quadrants are cells that have not divided. Events in the 
upper (Igl and lower (lg-) left quadrants are cells that have undergone division (arrows 
indicate divisions). The figure is representative of 4 fish. 
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Figure 9. Simultaneous stimulation of PB Ls with LPS and PHA induces proliferation of 
both mlg- and mlg+ cells. Snapper PBLs (5 x 107 cells/ml) were labelled with 
carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS/0.1 % BSA for 10 min at 
20°C and placed in culture (2.5 x 105 cells/well) for 4 d at 20°C. PB Ls were activated 
with 250 µg/ml E. coli LPS and/or 1 µg/ml PHA. Cells were processed by flow 
cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA , USA) and analysed using 
Win M.D.l. 2.8 software (Joseph Trotter, Scripps Research Institute, La Jolla, CA, USA). 
Upper plots are bivariate dotplots exhibiting cohorts of both lg- and lg+ PBLs that have 
divided (arrows indicate divisions). (Rl) Fluorescence distribution histogram oflg+ PBLs 
from the respective bivariate dotplot shown directly above. (R2) Fluorescence 
distribution histogram of lg- PB Ls from the respective bivariate dotplot shown directly 
above. Values given indicate the proportion of the final population of cells that were in 
Go (resting) phase. 
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Table 2. Synergistic effect of simultaneous stimulation with PHA and LPS on the 
proliferation of snapper PBLs. Snapper PB Ls (1 x 10 7 cells/ml) were labelled with 
carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS/0.1 % BSA for 10 min at 
20°C and placed in culture (2.5 x 105 cells/well) for 4 d at 20°C. Cells were processed by 
flow cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA) and analysed 
using Win M.D.I. software (Joseph Trotter, Scripps Research Institute, La Jolla, CA, 
USA). Values given are the percentages of cells that had divided using the various stimuli 
after adjustment for cells that had divided in resting populations. Synergism was 
considered when the number of proliferating cells stimulated with LPS and PHA 
exceeded the sum of cells stimulated with LPS and PHA alone. 

LPS PHA LPS+PHA S~nergism 

Fish Total lg" lg+ Total lg" lg+ Total lg" lg+ Total lg" lg+ 

* ,/ ,/ 1 13.8 9.3 4.5 11.1 8.2 2.9 48.2 41.2 7.0 x 

2 8.0 4.7 3.3 12.9 9.6 3.3 35.0 25.5 9.5 ,/ ,/ ,/ 

3 6.3 3.6 2.7 1.1 0.1 1.0 15.6 9.7 5.9 ,/ ,/ ,/ 

4 6.2 4.7 1.5 8.8 6.4 2.4 18.0 14.5 3.5 ,/ ,/ x 

5 5.1 2.6 2.5 2.4 1.5 0.9 14.2 11.1 3.1 ,/ ,/ x 

6 11.5 7.6 3.9 11.3 8.2 3.1 34.2 29.8 4.3 ,/ ,/ x 

7 23.6 6.5 17.1 2.7 0.9 1.8 34.1 8.6 25.5 ,/ ,/ ,/ 

8 0 0 0 0.4 0.4 0 9.9 4.2 5.7 ,/ ,/ ,/ 

·Corresponding data shown in Figure 9. 

Table 3. Simultaneous stimulation of PBLs with PHA and LPS consistently induces a 
greater number of divisions than using either mi to gen alone. Snapper PBLs (1 x 10 7 

cells/ml) were labelled with carboxyfluorescein diacetate succinimidyl ester (CFSE) in 
PBS/0.1 % BSA for 10 min at 20 °C and placed in culture (2.5 x 105 cells/well) for 4 d at 
20°C. Cells were processed by flow cytometry (Coulter Epics XL-MCL, Beckman 
Coulter, Ca, USA) and analysed using Win M.D.I. software (Joseph Trotter, Scripps 
Research Institute, La Jolla, CA, USA). Division analysis was conducted using integrated 
histograms created by ModFit V2.0 cell cycle software. Fish numbers correspond to those 
in Table 3. 

Fish Resting LPS PHA PHA+LPS 

lg+ lg+ lg" lg- lg+ lg- lg+ lg-
* 2 3 2 1 3 3 5 5 1 

2 1 2 1 0 2 2 5 5 
3 0 2 2 0 2 2 4 4 
4 0 2 2 0 2 2 2 3 

5 0 1 0 0 0 0 2 4 
6 0 1 0 0 0 0 2 4 
7 1 1 0 0 2 2 3 4 
8 1 1 4 2 0 2 2 4 

Corresponding data shown m Figure 9. 

182 



7.5 Discussion 

Mitogenic stimulation of teleost PBLs with classic T and B cell mitogens has long been 

used as a strategy to demonstrate heterogeneous cell lineages, indirectly inferring the 

presence of T and B cells [19]. In conjunction, further molecular and functional 

characterisation of teleost lymphocytes, including the development of long-term T and B 

cell lines [3] suggests that not only do T and B cells exist, but play an important role in 

the teleost immune system. However, integrative signalling mechanisms amongst these 

lineages are not known. Here, we utilised classical B and T cell mitogens in an attempt to 

generate secondary proliferative effects in a mixed cell population, implying putative B 

and T cell-mediated signalling. Initially, it was noted that concomitant stimulation of 

teleost PBLs with classic T and B cell mitogens elicits a synergistic proliferative effect 

when compared to the sum of single mitogen stimuli [20, 22]. These findings are 

indicative of an interaction between activated cells (T and B cells), although analysis by 

tritiated thymidine incorporation does not provide the identity of the proliferating cell 

types. In an attempt to characterise the phenotype of proliferating cells after stimulation 

with LPS and/or PHA, we adopted a method of flow cytometric-based lymphocyte 

proliferation tracking [26]. As this method has not been used with teleost leucocytes we 

conducted empirical experiments to assess the applicability of the procedure. We found 

that snapper PBLs could be stained with CFSE and this did not affect cell viability nor 

their cellular response to mitogens. 

Dual colour flow cytometric analysis using an anti-snapper lg MAb revealed that LPS 

and PHA induced proliferation of both mlg- and mlg+ cells. While bearing in mind the 
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limitations of the experiments described here, mlg- cell proliferation in response to PHA 

was indicative of T cell proliferation. Furthermore, mlg+ cell proliferation after mlg- cell 

activation is consistent with the murine model of polyclonal B cell activation by CD40-

CD154 interaction between Band T cells respectively [28]. This interaction saves B cells 

from negative selection (apoptosis) in germinal centres (GCs) and augments the 

peripheral memory B cell pool. Ostensibly, our results provide preliminary evidence that 

B cell proliferation in snapper may occur as a result of T cell activation. However at this 

stage it is not known if the proliferation of mlg + cells was mediated by independent 

agonistic behaviour of PHA on each cell population, cognate cellular interaction or 

release of soluble growth factors. 

Simultaneous administration of LPS and PHA to PB Ls in culture consistently produced a 

synergistic proliferative response, particularly in the mlg- cell population but also in the 

mlg + cell population. LPS and PHA may target the same cell type and synergy is a result 

of co-stimulation or the cell targets are disparate and the interaction between directly or 

indirectly activated cells results in a synergistic proliferative effect. It is proposed that the 

interactions observed in the cultures stimulated with single mitogens were reproduced by 

simultaneous administration of LPS and PHA and it is the coalescence of these 

interactions between the activated populations that initiates the synergistic proliferation. 

In summary, we have provided preliminary evidence that, like mammals, snapper 

leucocytes communicate upon activation. However, several issues require attention 

before there is confidence in the assertion that different snapper subsets communicate 

with each other. Specifically, it is not known if 2C5 anti-snapper lg MAb binds all B 
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cells. Without dual colour flow cytometric analysis ofB cells using 2C5 and a snapper 

equivalent of a pan-B cell marker such as anti-CD45 (B220) used in murine studies, this 

issue can not be resolved. It is not known if PHA and LPS stimulate disparate cell types 

or if concomitant stimulation that elicits a synergistic proliferative effect is the result of 

co-stimulation by both the mitogens on one cell population. Furthermore, blastogenic B 

cells may lose mlg expression, confounding the flow cytometric analyses. This could be 

overcome by separating the mlg+ and mlg-populations and stimulating each population 

with LPS to observe mlg expression on blasting cells. 
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Abstract 

Natural immunoglobulin (lg) from various teleost sp~cies binds to self and non-self 

antigens such as trinitrophenyl (TNP), thyroglobulin and dsDNA. Here, systemic lg from 

non-immune snapper (Pagrus auratus) was examined for its ability to bind to 

phosphatidylcholine (PtC), an antigen that is a major component of the murine CDS+ Bla 

cell lg repertoire. Staphylococcal protein A (SpA) purified snapper lg bound to PtC 

liposomes and the PtC liposomes partially inhibited bromelain-treated sheep red blood 

cell (BrSRBC) agglutination and haemolytic activity of normal snapper serum. In 

addition, BrSRBC haemolysis was abrogated by heat inactivation of serum and in 

divalent cation-deficient conditions, indicative of lysis mediated by the classical 

complement pathway. BrSRBC specific plaque forming cells (PFC) were detected in the 

peritoneal cavity, spleen, head kidney and peripheral blood and again lysis was inhibited 

by the addition of liposomes of PtC. The greatest proportion of BrSRBC PFC in regard to 

B cells was within the peritoneal cavity followed by the spleen, peripheral blood arid 

head kidney. Together, these data suggest that snapper lg binds to PtC and therefore 

snapper possess B cells with equivalent specificity with the bromelain treated mouse red 

blood cell specific (BrMRBC) murine Bla cell subset. 
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Introduction 

Murine B cells are divided into three populations (B 1 a, B 1 b and B2 cells) based upon 

disparate cell surface marker expression, lg repertoire, distribution and origin [ 1-3]. B 1 

cells are characterised by the lgMh1, lgD10
, CD23-, CD43+ and Ly-1/CD5+ (Bla) or CD5-

(B 1 b) phenotype [2, 4]. Differentiated B 1 cells produce immuno globulin (lg) 

spontaneously without the presence of antigen [5, 6] using germ-line Vtt genes [7] that 

encode multivalent and polyspecific lgM that binds with low affinity to autoantigens such 

as PtC, Thy-1, DNA as well as common microbial epitopes phosphoryl choline (PC) and 

lipopolysaccharide (LPS) [6, 8-12]. In addition, somatic hypermutation and affinity 

maturation are not features in the generation ofBl cell lg [13] yet Bl cell derived lg is 

critical in disease protection [11, 14]. 

Bl cells originate from progenitors in the fetal liver and omentum [4] (although this is a 

point of contention [7, 13]), reside predominantly in the peritoneal cavity (PC) and spleen 

of adults [1] and self-renew as distinct from conventional B2 cells [15]. If the layered 

immune system hypothesis is applied to B cell development [16], then the B 1 cell lineage 

is most primitive as it appears first during ontogeny [16, 17]. Therefore, it is hypothesised 

that B 1 cells are a remnant of a transitional stage between the evolution of the innate and 

acquired immune systems [ 17] and B 1 cells therefore produce "innate antibodies". If this 

theory is adopted then it is speculated that all Gnathostomes should possess B 1 or B 1-like 

B cells [34]. Indeed, teleost fish B cells share many of the characteristics ofmurine Bl 

cells particularly in terms of lg class bias and repertoire. Teleost lg production is 

generally limited to tetrameric lgM [18, 19] that is of modest affinity (105-106 M-1
) 
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throughout an antibody response [20, 21]. Natural teleost lg is polyspecific and binds to 

antigens considered part of the Bl cell repertoire [6] such as trinitrophenyl (TNP), DNA, 

actin, myosin, tubulin and thyroglobulin [22-24]. In fact, anti-TNP and dinitrophenyl 

(DNP) antibodies account for a significant fraction (11-16%) of the natural systemic lg in 

three cyprinid species [23]. Functionally, elevation ofrainbow trout (Oncorhynchus 

my kiss) natural lg has been correlated with a concurrent increase in resistance to bacterial 

infection [25] and natural rainbow trout anti-TNP antibodies protect virus targeted cells 

from infection [26]. Furthermore, Chondrosteans (sturgeons) and Elasmobranchs (sharks) 

have also been shown to possess natural lg that binds to antigens that are also considered 

limited to the Bl cell repertoire. For example, sterlet (Acipenser fulvescens) lg binds to 

PC as the TEPC 15 (Tl 5) idiotype precipitates serum lg [27]. In addition, natural Bhark lg 

binds to thyroglobulin ssDNA, ovalbumin, TNP, actin, myosin and tubulin [22, 28] in a 

polyspecific manner [22]. Here, we demonstrate that snapper (Pagrus auratus) serum lg 

binds PtC, providing further evidence that the natural lg repertoire of fish is similar to 

that ofBl cells. 

Materials and Methods 

Fish 

Snapper (approximately 500 g) were purchased from Navaho Aquaculture, Cowell, South 

Australia, Australia. Fish were transported to the South Australian Research and 

Development Institute (SARDI) facility at Adelaide, South Australia and held in 600 L 

tanks under flow through conditions. Water was maintained at 35 %0 salinity and at 
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ambient temperature. For sampling, fish were anaesthetised with benzocaine (50 mg/I) or 

euthanised with an overdose ofbenzocaine (150 mg/l). 

Preparation of liposomes 

L-a-phosphatidylcholine (PtC) from fresh egg yolk (Sigma, Castle Hill, Sydney, NSW) 

was resuspended in PBS (20 mg/ml) and sonicated (Microson XL, Misonix, Farmingdale, 

NY, USA) for 10 minutes using 30 sec cycles at 8 watts RMS. 

Jg binding to phosphatidylcholine liposomes 

One milligram of Staphylococcal protein A (SpA) purified snapper lg (1 ml) [29] was 

added to 10 mg of PtC liposomes in PBS (2 ml) for 4 hat 4°C. Liposomes were pelleted 

by centrifugation, washed three times with 0.9% saline then resuspended in 60 µI of 

electrophoresis reducing diluent containing SDS and 2-mercaptoethanol. Samples were 

reduced by boiling for 5 min. PtC liposomes ( 10 mg) not incubated with lg and saline 

used to wash the liposomes (equivalent volume of the PtC samples) were included as 

controls. Samples were applied to 12% SDS-PAGE gels, electrophoresed and silver 

stained. 

Haemagglutination assay 

Aliquots of sheep red blood cells (SRBC; Institute of Medical and Veterinary Science, 

Adelaide, South Australia) were washed three times in gelatin veronal buffer (GVB; 

0.1 % gelatin, 0.14 M NaCl, 0.005 M Na barbiturate, 0.2 M HCl, 0.1 M CaClz, 0.2 M 

MgClz), diluted to 1 x 109 cells/ml then resuspended in bromelain (10 mg/ml in PBS) 
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(Calbiochem, San Diego, CA, USA) for 30 min at room temperature. Cells were washed 

with GVB prior to use. Heat inactivated serum ( 45°C for 20 min) or lg was two-fold 

diluted in triplicate wells across round bottom 96-well microtitre plates (Nunc) and an 

equivalent volume of 2% SRBC or bromelain treated sheep red blood cell (BrSRBC) 

suspension was added. Cells were incubated for 2 hat 20°C. For inhibition assays, PtC 

liposomes ( 5 µl/well) were added to double diluted normal snapper serum (1:250-1:1 OOO 

in GVB) for 4 hat 20°C prior to the addition ofBrSRBC. Agglutination inhibition was 

considered a decrease in the size and intensity of the ring of agglutinating erythrocytes. 

Lysis ofbromelain treated sheep red blood cells 

Together, 150 µl normal snapper serum (1:50 in GVB), 45 µl of GVB and 30 µl of the 

SRBC or BrSRBC suspension (5 x 108 cells/ml) were placed in each well of a round

bottom 96-well microtitre plate (Nunc ). Cells were mixed and incubated for 90 min at 

room temperature. Plates were centrifuged for 5 minutes at 1 OOO x g and the supematants 

removed and placed in the wells of a separate flat-bottomed microtitre plate (Nunc, 

Rochester, NY, USA). The degree oflysis was assessed by analysing supematants with a 

spectrophotometer at 541 nm (Beclanan Spectra DU530). Controls included cells that 

were lysed with Milli Q water (100% lysis), cells that were incubated with GVB alone 

(0% lysis) or where the assay was performed in the presence of 10 mM EGTA or 10 mM 

EDTA to chelate Mg2+ or a combination ofMg2+ and Ca2+ cations respectively. Heat 

inactivated serum ( 45°C for 20 min) was also used as a control. For inhibition assays, PtC 

liposomes (20 µl/well) were added to 150 µl normal snapper serum (1 :50) for 60 min at 
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20°C prior to the addition of erythrocytes. In this instance, controls included wells that 

contained GVB and PtC liposomes. 

BrSRBC Plaque Forming Cell (PFC) Assay 

Leucocyte suspensions were created by teasing tissue through stainless steel gauze into 

Leibowitz-15 (CSL, Parkville, Victoria, Australia) supplemented with 10% human 

serum, 5% snapper serum, 20 mM HEPES (CSL), 300 mg/ml L-glutamine (CSL), 50 

U/ml penicillin/streptomycin (CSL) and 40 U/ml gentamicin and 500mM 

mercaptoethanol (L-15). Cells were diluted to 30 ml with supplemented L-15, the cell 

suspension placed on 20 ml of Ficoll and centrifuged for 30 minutes at 400 x g. 

Leucocytes were taken from the interface and washed twice with supplemented L-15 

before being resuspended in supplemented L-15. 

Anti-BrSRBC plaque forming cells (PFC) were analysed as described by [30] with 

modifications. Briefly, leucocytes (50 µI/well) were placed in wells of a 96 well flat

bottomed microtitre plate (Nunc) with 50 µl/well ofBrSRBC (1 x 109 cells/ml) and 

incubated overnight at 20°C. Heat inactivated rabbit anti-snapper lg [29] (50 µl/well) was 

added (1: 100) for 30 min at 20°C and 50 µl/well guinea pig C (1: 100, Gilles Plains, 

Adelaide, South Australia) was then added for a further 30 min at 37°C. Plaques were 

considered areas ofhemolysis that were round and were detectable using 40 x 

magnification. For inhibition assays, PtC liposomes (5 µg/ml) were added to each well 

with the leukocytes. Inhibition data were calculated with respect to the control (number 

of PFC without the addition PtC). 
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Data Analysis 

All figures are presented as mean± standard error of the mean (S.E.M.). Data were 

analysed by student's T test or ANOVA using JMP 3.1.6.2 statistical software (SAS 

Institute Inc., Cary, NC, USA) with an a value of 0.05. Significant results were analysed 

by posteriori test (Tukey's HSD) to determine differences between individual means. 

Results 

Normal snapper serum agglutinates BrSRBC and binding is inhibited by PtC 

No agglutination of normal SRBC was detected using normal heat inactivated snapper 

serum. BrSRBC did not form a cell pellet like SRBC yet agglutination was clearly 

detectable after the addition of heat inactivated serum and significant agglutination titres 

were observed (mean log2 agglutination 7.85 ± 0.61, n = 7) (Figure 1). The addition of 

PtC liposomes affected agglutination at a mean concentration greater than 4.16 µg/ml ± 

1.36 (n = 6) (Figure 2). Similarly, the addition of PtC to SpA purified lg affected 

agglutination but only at PtC concentrations greater than 25 µg/ml (not shown). 

Normal snapper serum lyses BrSRBC and lysis is partially inhibited by PtC 

Normal snapper serum lysed only approximately 11 % of sheep red blood cells (SRBC) 

whereas protease pre-treatment of sheep red blood cells with bromelain (BrSRBC) 

resulted in approximately 42% lysis (Figure 3a) (mean SRBC lysis 13.4% ± 6.7, mean 

BrSRBC lysis 40.2% ± 11.2, n = 3 fish). Lysis was at a basal level after heat inactivation 

of serum or in divalent cation restricted conditions suggesting that lysis was potentially 
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meditated by the classical and not the alternate complement pathway. Lysis inhibition 

was variable amongst replicate samples with little, partial or total inhibition of BrSRBC 

lysis achieved by the addition of PtC liposomes (Figure 3b & c).Mean lysis inhibition 

was approximately 50% (SE= 7.1) with a range of3-100% (n = 18 fish). 

SpA purified snapper Jg binds to PtC liposomes 

To demonstrate that agglutination and haemolysis was mediated by lg binding to 

BrSRBC, SpA purified snapper lg was incubated with PtC liposomes. A subpopulation of 

SpA purified snapper lg that bound to PtC liposomes was detected by SDS-P AGE and 

appeared as single heavy (H chain) and light (L chain) bands corresponding to the 

original SpA purified snapper lg sample (Figure 4). These bands were not detected in any 

wash buffer nor the original PtC liposome sample (not shown). 

BrSRBC specific PFC reside predominantly in the spleen and peritoneum and haemolysis 

is inhibited by liposomes of PtC 

In order to validate the use of the SRBC haemolysis assay, serum from snapper that had 

been intraperitoneally injected with SRBC was used to label normal SRBC. Secondary 

labelling with rabbit anti-snapper lg [29] elicited lysis mediated by guinea pig 

complement. Lysis was shown to be mediated by snapper lg (Figure 5) and justified the 

use of this protocol in further experiments. 
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The PFC assay was developed as described by [31] where leucocytes and erythrocytes 

are mixed 1: 1 in 1 % agarose (Figure 6), incubated, followed by the addition of a 

secondary antibody and complement source. However it was noted that the temperature 

of the agarose (47°C) affected snapper leucocyte viability. Therefore the protocol was 

adapted to overcome this problem by adding a confluent layer of erythrocytes to a culture 

vessel in supplemented L-15 then layering leucocytes over the top of the erythrocytes 

(Figure 7). 

Leucocytes isolated from each site (peripheral blood, head kidney, spleen and 

peritoneum) produced lg that bound to BrSRBC and to a lesser extent, SRBC (Table 1 ). 

There was generally a ten fold greater number ofBrSRBC PFC than SRBC PFC. The 

peritoneum consistently possessed the greatest proportion of BrSRBC PFC/106 

leucocytes followed by the peripheral blood, spleen and head kidney. Similarly, the 

peritoneum (1187 ± 349, n = 3 fish) had the greatest proportion of BrSRBC in terms ofB 

cells followed by the peripheral blood (446 ± 187, n = 3 fish), spleen (309 ± 16, n = 3 

fish) and head kidney (124 ± 6, n = 3 fish). Liposomes of PtC blocked plaque formation 

from leucocytes isolated from each site (Figure 8) although inhibition was variable (Table 

2). 
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Figure 1. Haemagglutination of bromelain treated sheep erythrocytes (BrSRBC). Sheep 
erythrocytes or BrSRBC were incubated with heat inactivated snapper serum for 2 h at 
room temperature (20°C) . Controls included erythrocytes incubated in buffer only. 
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Figure 2. Haemagglutination of bromelain treated sheep erythrocytes (BrSRBC) is 
partially inhibited by phosphatidylcholine (PtC) liposomes. Heat inactivated snapper 
serum and PtC liposomes were incubated for 4 h at 20°C then BrSRBC were added for a 
further 2 hat 20°C. Contro ls included erythrocytes incubated with PtC liposomes and 
erythrocytes incubated in buffer only. 
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Figure 3. Lys1s of bromelain treated sheep red blood cells (BrSRBC) by normal snapper 
serum and lysis inhibition using phosphatidyl choline (PtC). (a) Red blood cell lysis using 
normal snapper serum (N) was restricted to BrSRBC (P < 0.05) and was abrogated by the 
addition of divalent cation chelators. Both SRBC (•) and BrSRBC (o) (1 x 107 cells/ml) 
were incubated with normal snapper serum in gelatin veronal buffer (GVB) in the 
presence or absence of EGT A or EDTA. Heat inactivated (HI) serum was also included 
as a control. All treatments were incubated for 90 min at 20°C then the supematants were 
removed and assessed using a microplate reader at 540 nm. Lysis was calculated with 
respect to 100% lysis controls (SRBC and BrSRBC in Milli-Q water). (b) Pre-incubation 
of normal snapper serum with liposomes of PtC partially inhibited lysis ofBrSRBC. 
Normal snapper serum was incubated with increasing concentrations of PtC liposomes 
for 60 min at 4°C before the addition of SRBC (•)or BrSRBC ( o) (1 x 107 cells/ml). All 
treatments were incubated for 90 min at 20°C then the supernatants were removed and 
assessed using a mi crop late reader at 540 nm. ( c) PtC inhibited up to approximately 40% 
of lysis (P < 0.05) (Data from Fig. 2b were used to plot the inhibition graph). * indicates 
a significant difference from the respective control (P < 0.05). 
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Figure 4. Snapper IgM binds to phosphatidyl choline (PtC) liposomes. SpA purified 
snapper IgM (1 mg) was incubated with 10 mg PtC liposomes. The liposomes were 
washed three times with 0 .9% saline then resuspended in SDS-PAGE reducing buffer 
containing SDS and 2-mercaptoethanol. Samples were reduced by boi ling for 5 min , 
electrophoresed through a 12% SDS-PAGE gel and si lver stained. Protein molecular 
weights are indicated on the left in kDa. 
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Figure 5. Validation of SRBC lysis. SRBC were labelled with either normal snapper 
serum (I :100) (• ), immune snapper anti-SRBC serum (1 :100) (• )or no snapper serum 
(• )for 30 min at 4°C. Polyclonal rabbit anti-snapper lg anti serum (1 :50) was added for a 
further 30 min at 4°C. SRBC were resuspended in guinea pig complement (1 :50) for 50 
min at 37°C. Cells were spun and supematants analysed by plate reader at 541 nm . Data 
(mean ± SEM, n = 3) are expressed with respect to a 100% lysis control (SRBC in Milli
Q water). 
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Figure 6. Plaques in bromelain treated sheep red blood cells (BrSRBC) incubated in 0.5% 
agarose. Snapper head kidney leukocytes were incubated with BrSRBC in agarose overnight at 
20°C. Rabbit anti-snapper lg antiserum was added (1 :50) for 30 min at 20°C followed by guinea 
pig complement (1 :lOO) for 30 min at 37°C. The arrow indicates a plaque. The image was taken 
at 40 x magnification. 

Figure 7. Plaques in bromelain treated sheep red blood cells (BrSRBC). Snapper head kidney 
leukocytes were incubated with BrSRBC (a) or SRBC (b) overnight at 20°C. Rabbit anti-snapper 
lg antiserum was added (1 :50) for 30 min at 20°C followed by guinea pig complement (1: 100) 
for 30 min at 37°C. Arrows indicate plaques. Images were taken at 4 x magnification. 
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Table 1. SRBC and BrSRBC specific PFC are present in the spleen, head kidney, peripheral 
blood and peritoneum of snapper. Values given are the number of SRBC and BrSRBC PFC per 
106 leucocytes. The number of SRBC and BrSRBC PFC with respect to the number of B cells 
expressed as a percentage is in the brackets. 

Fish No. RBC Type Spleen Head Kidney PBL Peritoneum 

1 SRBC 25 (0.05) 8 (0.02) 8 (0.02) 329 (3.7) 
BrSRBC 334 (0.69) 114 (0.27) 108 (0.33) 1880 (21.1) 

2 SRBC 20 (0.03) 8 (0.04) 51 (0:12) 103 (0.54) 
BrSRBC 279 (0.45) 123 (0.65) 476 (1.09) 772 (4.06) 

3 SRBC 41 (0.07) 12 (0.02) 58 (0.20) 100 (0.21) 
BrSRBC 313 (0.50) 135 (0.17) 755 (2.64) 908 (1.87) 

Table 2. BrSRBC plaque formation is inhibited by liposomes of PtC. Values are the 
- percentage plaque forming inhibition (± SEM). 

Fish No. Spleen Head Kidney PBL Peritoneum 

1 77 (15) 50 (29) 96 (4) 80 (20) 

2 100 (0) 33 (33) 25 (25) 56 (29) 

3 11 (11) 78 (15) 44 (29) 22 (22) 
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Figure 8. Bromelain treated sheep red blood cell (BrSBRC) plaque forming cells (PFC) 
are present in the spleen, head kidney, peripheral blood and the peritoneum of snapper 
and plaque formation is inhibited by phosphatidyl choline (PtC). (a) BrSRBC PFC 
outnumbers the SRBC PFC approximately ten-fold (P < 0.05). Leucocytes from various 
organs were isolated and incubated in a confluent layer of SRBC (•)or BrSRBC (o) 
overnight at 20°C. Rabbit anti-snapper lg (1: 100) was added for 30 min at 20°C then 
guinea pig complement (1: 100) was added for 30 min at 37°C. Plaques were considered 
areas of hemolysis that were round and were detectable using a 40 x objective. BrSRBC 
PFC constitute a small fraction of the B cell population in the spleen, head kidney and 
peripheral blood while over 20% of the B cells in the peritoneum are BrSRBC PFC. 
Leukocytes from the fish analysed in Fig. 4a were labelled with mouse anti-snapper lg (5 
µg/ml) then goat anti-mouse FITC (1: 100) for 30 min at 4 °C each. Cells were analysed 
by flow cytometry (Coulter Epics XL-MCL, Beckman Coulter, CA, USA) and the 
proportion ofB cells are presented with respect to the number of PFC shown in Fig. 4a. 
(c) Liposomes of PtC inhibit BrSRBC plaque formation. Leucocytes were isolated and 
incubated in a confluent layer of BrSRBC with or without liposomes of PtC (5 µg/ml) 
overnight at 20°C. Rabbit anti-snapper lg (1: I 00) was added for 30 min at 20°C then 
guinea pig complement (1: 100) was added for 30 min at 37°C. Plaques were considered 
areas of hemolysis that were round and were detectable at 40 x magnification. Inhibition 
data were calculated with respect to the control (number of PFC without the addition 
PtC). 
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Discussion 

The data presented here indicate that snapper possess lg that binds to SRBC after 

proteolytic treatment and binding is partially inhibited by the chicken egg yolk 

phospholipid PtC. Furthermore, the BrSRBC specific lg was functional in that the lg had 

the ability to fix complement. Erythrocyte lysis appeared to be classical complement 

mediated as the presence of either EGTA or EDTA abrogated lysis. EGTA chelates Ca2+, 

inhibiting the classical complement activity but not the alternate complement pathway, 

while EDTA chelates both Mg2+ and Ca2+, inhibiting both complement pathways [32]. 

Only partial complement mediated lysis inhibition was achieved using PtC possibly due 

to C-reactive protein activity which has the ability to activate the classical complement 

cascade in humans [33]. 

Binding of snapper lg to PtC adds to the repertoire of shared antigenic specificity 

between teleost lg and murine Bl lgM. However, there is no evidence that the natural lg 

of fish is produced without antigen exposure. The term natural lg in the context of fish is 

applied to lg of normal unimmunised individuals but this does not preclude the potential 

for prior exposure to the respective antigens. Without antigen free rearing conditions as 

has been used with mice [5, 6], this issue is difficult to resolve although studies of the 

early antibody repertoire prior to antigen exposure may confirm the status of these 

"natural" antibodies [34]. In fact, studies of two poikilothermic vertebrates (Xenopus and 

sharks) have shown both qualitative and quantitative differences between the lg of 

juveniles and adults leading to the hypothesis that early antibody shares functional 

homology with mammalian Bl cell produced antibodies [34]. The lack ofN-region 
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insertions and similarity in germline encoded Vtt genes between shark, frog and 

mammalian lg genes also led to the proposition that these characteristics are primordial 

and not derived from disparate machinery from divergent vertebrate species [34]. 

Similarly, lkaros, RAG, and lg expression precedes TdT expression in rainbow trout [35] 

suggesting that trout may produce early lg without N-region insertions like mice, 

Xenopus and shark. Delayed TdT expression also suggests that fish may possess a subset 

of B cells that produce "innate" antibody and others that have the ability to produce 

"adaptive" antibody. 

BrSRBC specific plasma cells were detected in the peripheral blood, spleen, peritoneum 

and pronephros however in terms of the BrSRBC plasma cell/B cell ratio, the peritoneum 

consistently possessed the greatest number of these cells. The presence of a significant 

number of anti-BrSRBC B cells suggests that these cells must be functionally expedient. 

For all intents and purposes the fish from which these cells were isolated did not show 

any clinical signs of gross pathology and so it is questionable as to whether the anti

BrSRBC antibody represents an autoimmune condition. It is possible that the anti

BrSRBC antibody targets are endogenous self-components [36] and binding aids 

sequestering of cellular debris. Equally, the anti-BrSRBC antibodies may simply 

represent an lg fraction that is cross reactive with a basic membrane component and the 

actual targets are exogenous microbial epitopes. Supporting this notion are data that 

demonstrated that reconstitution of slgM knockout mice with monoclonal anti-PtC 

antibody assisted in protection against bacterial peritonitis in mice [14]. In addition, 
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natural IgM has been shown to protect mice against a variety of bacterial and viral 

pathogens [ 11]. 

In summary, we have shown that snapper harbour B cells that produce antibodies against 

PtC that are functional. These data add to the growing list of teleost B cells and murine 

B 1 cells with shared antigenic specificity and supports the notion that teleosts produce 

natural lg. Furthermore, the shared binding specificity and the proposal that murine B 1 

cells are representative of primitive B cells on the basis of functional and developmental 

criteria suggest that teleosts may possess a B 1 cell equivalent. 
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9.1 Snapper immunoglobulin (lg) 

Native SpA purified snapper lg is approximately 766 kDa in molecular weight and 

dissociates into two H (72 and 68 kDa) and two L chain (29 and 30 kDa) molecular 

weight doublets without evidence of a joining (J) chain. The electrophoretically disparate 

H and L chain subunits were not analysed for an isotypic difference although molecular 

characterisation of L and H chain isotypes has been reported in various teleost species [ 1-

5]. Furthermore, F and G L chain isotypes have been detected serologically on channel 

catfish (Ictalurus punctatus) B cells [6]. 

Snapper lg is most likely to be tetrameric based on the assumption of an (H2L2)n structure 

and using the empirically determined molecular weigl?-ts of the native molecule (766 kDa) 

and the light (L) and heavy (H) chains (Table 1). This supports the notion that teleost lg 

is predominantly tetrameric [7, 8], however the data presented here does not preclude the 

potential for the presence of lg molecules that do not bind SpA. For example, 

experiments in our laboratory have demonstrated that two affinity chromatography 

ligands (SpA and mannan binding protein) isolated either tetrameric or tetrameric and 

monomeric lg of Southern bluefin tuna (Thunnus maccoyi) [9]. This highlights the 

limitation of using single ligands for purification of teleost lgM. Whatever the binding 

ligand, care must be taken to ensure that ligand leakage does not contaminate the purified 

protein (Chapter 3). For instance, contamination of lg preparations may elicit false 

positive results using assays employing the lg preparations and secondary antibodies that 

coincidently bind the affinity ligand. 
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Table 1. Prediction of the native snapper lg configuration based on the assumption of an 
(H2L2)n structure and the empirically determined proximate molecular weights of the 
light (L) and heavy (H) chains. 

L chain MW (kDa) H chain MW (kDa) Total MW (kDa) 
Dimeric lg (n = 2) 30 
Trimeric lg (n = 3) 30 

Tetrameric lg (n = 4) 30 
Pentameric lg (n = 5) 30 

70 
70 
70 
70 

* The most likely structure given a native molecular weight of approximately 766 kDa. 

400 
600 

800* 
1000 

The SpA binding specificity of human lg isotypes is the Fe region in the case oflgG 

however lgM appears to possess a FAb binding site for SpA since only lgM derived from 

clonal B cell lines expressing VH3 elements oflg genes bind SpA [10]. In terms offish 

lgM, SpA binding specificity is species specific [1 l](unpublished observations from our 

laboratory) and when fish lgM does bind, only a small fraction of total systemic fish lgM 

is bound by SpA [11]. Together, these data suggest that like human IgM, SpA binding is 

mediated by the FAb region and thus maybe dependent on VH and/or VL family 

expression by the individual species of fish. 

Structurally, SpA purified snapper lg consists of both covalently (disulphide) and non-

covalently linked subunits. In the presence of SDS these subunits either remain in the 

native tetrameric form or dissociate into what loosely appear to be tetramers, and perhaps 

trimers and/or dimers and monomers. This is in direct contrast to human IgM which is 

fully linked by covalent bonding [12]. Structural incongruence of fish lgM has been 

demonstrated in a number of other species such as channel catfish (Ictalurus punctatus) 

[13, 14], rainbow trout (Oncorhynchus mykiss) [15] and sea bass (Dicentrarchus labrax) 

[16] yet there is interspecies heterogeneity in terms of the subunit populations isolated 
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[12], suggesting that this phenomenon is not a random polymerisation event. Full 

polymerisation probably occurs post-translation just prior to secretion as cell lysates of E. 

coli LPS activated rainbow trout leucocytes contained only dimers and monomers 

whereas culture supematants and serum contain monomers, dimers, trimers and tetramers 

[12]. Such a diversity of structure must endow a functional advantage. One theory is that 

the bonding structure manifests greater molecular flexibility in binding to antigens and 

putative Fe-like receptors [12] although this hypothesis is speculative. 

Together, these data demonstrate that SpA purified snapper lg possesses characteristics 

such as ligand specificity, polymeric structure, subunit structural heterogeneity and Hand 

L chain molecular weights akin to IgM described in other fish. Designation of SpA 

purified snapper lg as IgM based solely on ligand binding and structural analysis may be 

presumptuous without characterisation of the lg H and L chain loci. However previous 

studies justify the IgM nomenclature by virtue of genomic structural similarities of the 

teleost and mammalian µ locus [7]. 

9.2 Production and partial characterisation of anti-snapper lg antibodies 

Immunological studies rely on antibody and molecular based tools to acquire data. One 

drawback is that these tools are most often species specific so reagents need to be 

developed for the species of interest. That was certainly the case in this project where 

antisera that bind lg of snapper had to be produced. Initially it was noted that an overseas 

laboratory had produced a polyclonal anti-red sea bream lg antiserum but an effort to 

procure this reagent was unsuccessful. Therefore a large proportion of this project was 
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dedicated to producing and characterising polyclonal and monoclonal antisera against 

snapper lg. 

Two polyclonal anti-snapper lg antisera were successfully produced that bound native 

and reduced lg as well as surface lg on B cells. This may be fortuitous since early 

attempts to produce polyclonal anti-fish lg antiserum were unsuccessful as these reagents 

cross-reacted with molecules expressed on all lymphocytes and thymocytes [17], most 

likely due to common carbohydrate determinants [18, 19]. Although both rabbit antisera 

produced here reacted with a subpopulation of PB Ls, it is difficult to determine if the 

positive cells were representative of every B cell, a subpopulation ofB cells or B cells 

and other cells that express cross-reactive molecules, including putative FcR bound lg. 

Indeed 2C5 and 4A2 bound to a similar proportion oflymphocytes (cell designation 

based on flow cytometric light scattering profile) as one of the polyclonal anti-snapper lg 

antiserum (approximately 30% ), but without simultaneous use of other B cell markers, 

for example anti-CD45/B220 for murine B cells, the complete characterisation of these 

antibodies and others can not be resolved. 

B cells were detected in mixed leucocyte populations isolated from all noted lymphoid 

organs, although the spleen and pronephros possessed a higher proportion ofB cells than 

the posterior kidney, intestine and thymus. Given a presumption of homology between 

the fundamental mammalian B cell functional paradigm and teleosts, the presence ofB 

cells implies an effector, antigen presentation, B cell selection or B cell lymphopoiesis 

role or roles of/within each organ. While there is no direct evidence of peptide 
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antigen/MHC II cross-presentation by B cells in fish, the development of antiserum to 

MHC II molecules [20] may resolve this issue. Similarly, B cell selection into the 

periphery has not received attention yet is an intriguing topic given the lack of germinal 

centres (GCs) from which B cell clones may be selected (discussed later). B cell 

differentiation into plasma cells manifests an effector functi~n by virtue of lg secretion. 

Specific antibody secreting cells have been detected in all lymphoid organs including the 

spleen [21, 22], pronephros [21-23], gill [23, 24] and intestine [22, 24] as well as the 

peripheral blood [23] suggesting a constitutive effector role of plasma cells in these 

tissues. Furthermore, histological and functional evidence implicates the pronephros in B 

cell lymphopoiesis [18, 21, 25] while lkaros mRNA expression [26] within pronephros 

leucocytes corroborates this hypothesis. Although lkaros expression is not B cell specific, 

non-rearranged lgL mRNA [27] and mRNA co-expression ofrecombinase activating 

gene 1 (RAGl) [28] and terminal deoxynucleotidyl transferase (TdT) [29] that mediate 

VDJ lg gene rearrangement and N-nucleotide additions respectively clearly provides 

evidence of immature B cells (pro/pre B cells) and supports the contention that the teleost 

pronephros is equivalent to the mammalian bone marrow. Interestingly, RAG and TdT 

co-expression is also detected in the thymus, spleen and intestine of rainbow trout 

suggesting a minor B cell lymphopoietic role in each of these organs [29]. 

Panels of polyclonal and monoclonal anti-snapper lg were tested for their ability to bind 

lg of other teleost species. This was performed primarily to appraise each antiserum in 

regard to the utility of these antisera in recognising lg components in other fish species. 

Both rabbit anti-snapper lg bound to a reduced black bream (Acanthopagrus butcheri) 
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serum protein of similar molecular weight to the H chain of snapper, while 2C5, 4A2 and 

1 C6 bound to the putative H chain of rainbow trout and Atlantic salmon. These 

antibodies await further characterisation in terms of their application in assays that detect 

heterologous lg. 

1C6 bound to the H chain of both reduced serum and cutaneous mucus lg. Affinity 

purified channel catfish mucosa! lg has the same fundamental structural characteristics as 

serum lg such as a native tetrameric-organisation-and equivalent molecular weight Hand 

L chains [30] although antigenic differences between serum and mucus lg H chains have 

been detected [31]. This difference was described using monoclonal antibodies and could 

either be a difference in carbohydrate moieties [31] or an intrinsic difference in 

specificity between two anti-FAb fragments or an anti- FAb and anti-Fe fragment. 

Surface lg cross-linking of snapper PBLs elicited intracellular protein tyrosine 

phosphorylation of proteins of comparable molecular weight to those described in 

channel catfish [32, 33]. The 32-46 kDa phosphorylated catfish proteins were speculated 

to represent potential mammalian mlg accessory (CD79a and CD79b) homologues giv~n 

the similarity in molecular weights between the catfish phosphorylated proteins and 

human and mouse mlg accessory molecules [33]. Given a short intracytoplasmic tail of 

mlg in channel catfish [34] and the presence of a conserved antigen receptor 

transmembrane (CART) motif [35] that may mediate mlg signalling, it is likely that 

catfish mlg is associated with accessory molecules in a similar fashion to higher 

vertebrates. Data presented here show two pr<:>minent phosphorylated proteins (37 and 40 
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kDa) that correspond to those described in catfish and indeed humans and mice therefore 

it is likewise speculated that these may represent mlg accessory molecule analogues. 

Despite a lack of evidence from the current study, it is assumed that the protein tyrosine 

phosphorylation upon B cell receptor cross-linking occurs at an intracellular tyrosine 

activation motif (IT AM; YXXL(X)6_8 YXXL) not an intracellular tyrosine inhibition motif 

(ITIM; YXXV /L) since proliferation occurs as a result of mig receptor engagement in 

channel catfish [33]. It is also speculated that since teleost mlg is likely to be associated 

with a conserved tyrosine kinase-associated receptor then tyrosine phosphatases play a 

role in regulating the mlg receptor mediated signals. While intracellular protein 

phosphorylation occurs within minutes of mlg engagement, de-phosphorylation also 

occurs quickly, indicative of tyrosine phosphatase activity [33]. 

9.3 Do A452 anti-human CD3E antibodies recognise snapper T cells? 

With a large number of anti-murine and anti-human leucocyte cluster of differentiation 

(CD) molecule antibodies readily at hand in our laboratory, attempts were made to 

determine if these antis era were useful in terms of snapper leucocyte differentiation. Only 

one of fifty four antibodies bound to snapper leucocytes, yet significantly this was an 

anti-human T cell (CD3E) antibody (A452) that binds amino acids 156-168 of the 

intracytoplasmic region of the CD3 polypeptide. An attempt to cross react two hundred 

and thirteen various antibodies against trout leucocytes was unsuccessful [36], although 

none of the antibody targets were intracellular. Intracellular constituents of 

transmembrane leucocyte markers are more conserved in comparison with the 

extracellular domains [37] a theory supported by amino acid sequence comparison of the 
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peptide immunogen used to produce A452 (Chapter 5, Table 2). In two colour flow 

cytometric analyses A452 bound to a mutually exclusive population of 2C5+ (lg H chain) 

cells and in recent independent studies the A452 antigen was expressed in a greater 

proportion of snapper PBLs after stimulation with PHA (M. Cook pers.com.) suggesting 

that A452 may bind snapper T cells. In addition, A452 bound to an approximately 20-25 

kDa protein from snapper PHA lymphoblast lysates, consistent with the molecular weight 

' 
of human CD3s (19 kDa) (M. Cook pers. corn.). In the initial experiments the proportion 

of A452+ cells was approximately 20% of all PBLs however an estimate of A452+ cells 

relative to the PBL lymphocyte population was impossible given the changes in light 

scattering profile after cellular permeabilisation. In dual labelling experiments a similar 

percentage ofB cells to A452+ cells were stained and in general 2C5 binds 30% of PBL 

lymphocytes (Chapter 4). If this crude B cell ratio is recapitulated using the A452+ 

population then it is speculated that approximately 30% of the PBL lymphocyte 

population may be A452+. If this approximation was correct, there are approximately 

40% double negative cells (A452-nC5) with a lymphocyte light scattering profile. These 

A452-12c5- cells may be representative of non-specific cytotoxic cells (NCC), 

thrombocytes or small monocytes, neutrophils, basophils and eosinophils. Caution is 

warranted here, particularly with the potential for an overestimate ofB cells (Chapter 6) 

but nevertheless, the data highlight the potential (with further characterisation) of A452 

as an endpoint marker of T cells in snapper. Comparison of the estimate of the proportion 

of putative snapper T cells in the periphery with other fish is difficult as in these cases, 

antibodies have been produced against crude preparations and therefore the antigens have 

not been well characterised [38-42]. Much of the work that relates to T cells has involved 

220 



attempts to demonstrate T cell function based on experiments in mammalian systems 

(Chapter 1, Table 1). However, recent elegant experiments strongly suggest the 

integration of both Th [43] and Tc [44] cells into the teleost immune response. With the 

molecular characterisation of molecules associated with key cell surface antigen of T 

cells (Chapter 1, Table 2) the delineation of teleost leucocyte subsets is becoming clearer. 

9.4 Do fish possess leucocyte surface receptors that bind the constant domain of IgM 

(FcµR)? 

Anti-lg binding to snapper myeloid cells can be interpreted as 2C5 binding to serum lg 

that is bound to a putative Fe receptor, 2C5 binding to an lg epitope that is also expressed 

on myeloid cells, 2C5 binding to serum autoantibodies that are bound to myeloid cells or 

a combination of these possibilities. Although these options were neither proven nor 

disproven, lg binding to various cell lineages [ 45-48] and antibody mediated 

enhancement of the cellular responses ofteleosts [49-51] has endorsed the notion that 

fish possess a receptor that binds the Fe region of the lg molecule. In mammals, Fe 

receptors have been well characterised and each bind a specific class of lg H chain. Fe 

receptors are invariant molecules yet they are important in providing antigen specificity 

to cells that may not express antigen recognition molecules, enhancing pathogen 

recognition [52]. The functional status of FcR molecules is related to the class ofH chain 

that they bind and the nature of the intracellular tyrosine motifs present (Table 2). Some 

FcR possess an lTAM that activates the cellular response while FcyRIIB inhibits the 

cellular response using an lTlM. A case in point is the inhibitory feedback effect of lgG

FcRy IIB interaction which mediates down-regulation of IgG synthesis by plasma cells 
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[52]. Another recently characterised receptor Fcµ/aR is not a tyrosine kinase receptor yet 

is involved in both endocytosis and phagocytosis of immune complexes [53]. 

Table 2. Mammalian Fe receptors mediate a number of different functions depending on 
the presence or absence of signalling motifs. Compiled from [ 52, 54]. 

FcR 

FcaR 
FcyRI 

FcR associated 
intracellular 

tyrosine motif 

ITAM1 

ITAM1 

Function 

endocytosis 
ADCC4/inflammation/02 

production/phagocytosis/ endocytosis 
respiratory burst/ endocytosis FcyRIIA 

FcyRIIIA 
Fci>RI 

FcyRIIB 
Fcµ/aR 

FcyRIIIB 

ITAM1 

ITAM1 

ITAM1 

ITIM2 

ADCC4 /inflammation/ endocytosis/phagocytosis/phagocytosis 
inflammation/ endocytosis/phagocytosis 

NA3 

NA3 

lg down-regulation/phagocytosis/endocytosis 
endocytosis/transcytosis 

respiratory burst 

1 Intracellular tyrosme act1vat10n motif, 2 Intracellular tyrosme mh1b1tion motif, 3 No IT AM or ITIM motif present 
4 Antibody dependent cellular cytox1c1ty 

While unequivocal evidence of an FcµR in fish is lacking it is speculated that fish may 

possess an lg regulatory system based on a similar autocrine feedback mechanism in 

mammals. Since lg opsonised antigens enhances cellular responses [50, 51], the data 

would suggest that fish may express two FcµR that house disparate intracellular 

signalling machinery, such as an IT AM and ITIM or no tyrosine activation motif ( eg. 

Fcµ/aR and FcyRIIIB in mammals). 
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9.5 Teleost leucocyte communication in the development of an acquired immune 

response 

Cellular co-operation in the mammalian immune paradigm is critical in generating an 

integrated innate and acquired immune response. Highlighting this phenomenon is the 

cooperation shown by cells participating in the acquired immune response, such as 

antigen peptide/MHC-CD4/CD8 interaction by APC and Th/Tc cells respectively [54]. 

Not only are these cognate cellular interactions important but also soluble growth factors 

such as cytokines [54]. For example lL-4, produced by Th2 cells manifests B cell lg class 

switching and augments proliferation [55, 56]. 

Characterisation of cellular cooperation in the teleost immune system is still in its 

infancy, particularly without well characterised cell lineages and cell lines. Here, 

preliminary experiments that demonstrated the synergistic proliferative effect of 

simultaneous T and B cell mitogen stimulation of teleost PBLs [57, 58] were 

recapitulated using flow cytometry in order to delineate the phenotype (mlg- or mlg+) of 

proliferating cells. Stimulation with either PHA or LPS drove both mlg + and mlg- cells 

into cycle although it is not known if proliferation was mediated by a mutually exclusive 

effect of the mitogen on each cell population, cognate cellular interaction or a soluble 

growth factor. Similarly, when PHA and LPS were used simultaneously to stimulate 

PB Ls, both mlg + and mlg- cells proliferated. Since a mixed population of cells was 

activated it was impossible to determine the exact nature of the mitogen target(s) 

particularly with the potentially confounding effect of lg bound to a putative FcR 

(Chapter 6). However, one is to assume that if a synergistic proliferative effect occurred 
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then cells must interact and was most likely mediated by directly or indirectly activated 

cells. Ostensibly, there is no trivial strategy of overcoming the limitations of these 

experiments without the use of cell lines or suitable antibodies to isolate defined cell 

populations. In the meantime, the logical experimental tactic would be to resolve the 

source of intercellular agonism (other than mitogen mediated agonism or partial 

agonism), be it soluble and/or membrane bound perhaps utilising partitioning techniques 

that divide (although not definitively) cell populations prior to stimulation [59]. 

While not discounting the complex nature of the potential interactions that may occur in 

the experiments described here, attention in this discussion is focussed on the interaction 

of T and B cells in fish in relation to the mammalian paradigm. Priority is dedicated to 

this topic firstly because it is probable that LPS and PHA activate B and T cells 

respectively and secondly the interaction between these cells is critical in the 

development of the mammalian acquired immune response. Despite not implicitly 

demonstrating a T-B cell interaction here, the data raise interesting questions pertinent to 

the acquired immune system of snapper and teleosts in general. In particular, is T cell co

stimulation required in the process ofB cell selection (Figure 1)? If so, where does this 

occur given a lack of GCs (Figure 2)? Before tackling those questions one might consider 

the integration of somatic mutation and affinity maturation associated with B cell 

selection in fish. To summarise briefly, teleosts produce predominantly tetrameric IgM 

using V(D)J genes arranged in either a translocon (H chain) or multicluster arrangement 

(L chain) [7, 8]. The lg genes are derived from multiple V8 and VL families [7, 8] and the 

V region diversity is similar to higher vertebrates [60-62] however the use of somatic 
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mutation to broaden the V region repertoire and the process of affinity maturation are yet 

to be addressed [8]. Evidence from other ectothermic vertebrates (Xenopus and 

Chondrichthyans) 

B cell 
antigen 

Co-stimulation ??--.i 

Th cell APC 

TCR MHCII 

Figure 1. Are co-stimulatory signals by T cells required to initiate expansion of the 
memory B cell pool? In mice antigen is recognised by both APC and B cells and is 
presented in peptide form using MHC II molecules to T helper (Th) cells. Th cells 
provide B cells with a co-stimulatory signal via CD40L to rescue B cells from apoptosis 
and initiate clonal expansion. Th cell= T helper cell , APC =antigen presenting cell , TCR 
= T cell receptor, MHC II= major histocompatibility complex class II molecule, BCR = 
B cell receptor. Adapted from [54] . 
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Figure 2. The snapper spleen and pronephros lacks the clear cellular demarcation of the 
murine splenic lymphoid follicles (slide courtesy of Dr A.B. Lyons, IMVS , South 
Australia) which may affect snapper B cell selection and thus affinity maturation. (a) 
snapper spleen showing red pulp (RP) and diffuse white pulp. (b) Inset of (a) showing a 
blood vessel (BV) and melanomacrophage centres (MMC). (c) Snapper head kidney with 
prominent putative lymphohemopoietic tissue (LT) and MMC. (d) higher magnification 
of the putative LT in (c) . (e) low magnification of a mouse spleen showing the 
demarcation of cells forming primary lymphoid follicles. Germinal centres form in the 
centre of the LF after administration of antigen. (f) high magnification of the LF in ( e ). 
The splenic arteriole (SA) is central in the LF, while the periarteriolar lymphoid sheath 
(PALS) and B cell follicular zone surround the SA. Snapper spleen and pronephros 
stained with Hand E and the mouse spleen stained using Voerhoffs/Masson's trichrome 
stain. 
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suggest that somatic mutations occur during the process of an antibody response and the 

mutation rate is comparable to those in higher vertebrates allowing for differences in the 

rate of cell division [63]. Whilst somatic mutations may occur, these events may be 

redundant ifthere is no selection of appropriate mutants (ie. mutants with a higher 

affinity to antigen). Poor B cell selection would be evident if there was a random 

distribution of mutations amongst the FRs and CD Rs. Some clustering of mutations was 

observed in the CDRs however the replacement to silent mutation ratio was similar in 

both the FRs and CDRs indicative of poor selection [63]. Hence Du Pasquier and 

colleagues [63] hypothesise that selection is poor due to minimal differences in affinity 

between gertnline encoded V H transcripts and those of mutants, together with a primitive 

microenvironment (compared to murine splenic GCs) where mutants maybe selected. 

In mice, splenic GCs are histologically defined territories occupied by follicular dendritic 

cells (FDC) and Th cells that drive positive selection ofB cells [54]. B cells are rescued 

from apoptosis (negative selection) by cognate interaction with Th cells that express 

CD40L (CD154) (positive selection). CD40-CD154 interaction is also critical in 

immunoglobulin class switching as evidenced by the human disorder hyper IgM 

syndrome (HIGMl ), an immunodeficiency disease that is characterised by an inability to 

class switch lg H chains and results from mutations in the gene encoding CD154 [64, 65]. 

This cognate cellular process adds to the primary peripheral B cell pool. GCs also 

provide the apparatus for the selection of high affinity clones (somatic mutants) 

throughout the progression of an antibody response [ 54]. The role of GCs in mice is 

readily apparent in GC deficient mice where B cells do not isotype switch and the 

227 



antibody response is not anamnestic [66]. Recent studies have shown re-expression of 

RAG genes within murine GCs [67]. Preliminary analysis of RAG expression in an adult 

rainbow trout spleen showed small clusters of RAG+ cells in immunised animals and only 

scattered RAG+ cells in the unimmunised control leading to the suggestion that trout may 

possess a primitive microenvironment for B cell selection [67]. It would be interesting to 

determine if apoptotic cells are associated with these clusters, indicative of negative B 

cell selection. Furthermore, the presence of T cells in association with the RAG+ cells 

may provide preliminary evidence to suggest that like mammals, B cell positive selection 

is a T cell dependent process (Figure I). 

9.6 Do murine Bl cells and teleost B cells represent a common link in the evolution 

of the acquired immune system? 

Discussions with a colleague sparked an interest in the shared characteristics between 

teleost B cells and murine BI cells. At first glance there appears to be fundamental 

similarities between these B cells particularly shared unique antigen specificity [68-70]. 

Upon closer inspection of the literature some authors have already speculated that non

mammalian vertebrate (poikilothermic) B cells resemble murine BI cells [66, 7I, 72]. 

Similarly, here it is proposed that fish may produce natural lg and the cells associated 

with natural lg production may be similar to murine BI cells. 

BI-like cells have been identified in cattle [73], sheep [74], rabbits [7S], guinea pigs [76], 

chickens [77] and pigs [78] based upon CDS expression, however CDS is not a 

consummate marker of this lineage. Only a subset ofmurine B cells express CDS (Bib 
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cells) and rat B cells do not bear CD5 [79], yet possess B cells that are the functional 

equivalent ofBl cells [80-82]. Therefore, currently it would appear the best strategy of 

characterising B 1 cells from different species is an integrated approach based on cell 

surface marker expression, lg repertoire and development. It is not currently possible to 

carry out extensive phenotyping and developmental studies on fish due to a lack of 

immunological tools. However, in terms of developmental criteria channel catfish 

(lctalurus punctatus) long term B cell lines were developed using T cell depleted cell 

preparations and did not require exogenous growth factors or addition of accessory cells 

for continuous proliferation, most similar to cloned murine B 1 cell lines [ 6]. 

There appears to be a bilateral association between B cells of primitive vertebrates and 

B 1 cells. Analysis of teleost B cells suggests a link with B 1 cells while B 1 cells are 

hypothesised to be primitive on the basis of development and function [83, 84]. 

Furthermore, the distribution of B 1 cells is reported to be primitive as they do not 

develop GCs [66, 85]. The lack of affinity maturation of B 1 produced lg [86] would 

concur with the inability to form GCs. Indeed unique differences in the repertoire of the 

B 1 a, B 1 b and B2 cell populations suggest different selective and/ or developmental 

processes influence their respective repertoires [87] and may be a reflection of 

compartmentalisation. With the emphasis ofBl cell function on the production of innate, 

polyspecific antibodies, the process of affinity maturation would be functionally 

counterproductive in terms of a loss of antibody polyspecificity. Together, these data are 

in agreement with that of teleosts, specifically the lack of GC formation and detectable lg 

affinity shift. Overall, teleost B cells appear similar to B 1 cells and B 1 cells are similar to 
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teleost B cells. Further investigations are required to substantiate this hypothesised link. 

Priority should be given to analysis of the VH repertoire during ontogeny, the potential 

identification and characterisation of CD5 (including mRNA and cell surface protein 

expression by teleost B cells) and the potential characterisation of the VH family that 

encodes anti-BrSRBC antibodies based on known VH11NK9 and VH12VK4 sequences of 

mice [88]. 

9.7 Conclusion 

Snapper lg has been isolated and antisera that bind both native and reduced lg have been 

produced although it is not clear if these antibodies bind a B cell sub-population, all B 

cells or cross-react with B cells and other leucocytes. Certainly, cross-reactivity is 

proposed in the form oflg binding mediated by serum lg bound to a putative Fe-like 

receptor. Anti-human CD3a antibodies were cross-reactive with a subpopulation ofmlg

leucocytes that may represent T cells. These antibodies may prove useful in future studies 

and further characterisation is ongoing. Evidence that T and/or B cell mitogen stimulation 

of PB Ls elicits a differential or synergistic proliferative response is intriguing in the sense 

that B cell proliferation may be best augmented by a T cell dependent mechanism. Whilst 

the data are preliminary, at the very least, it has been shown that there is possibly 

leucocyte interaction that manifests cellular proliferation. The proliferative cellular 

response to LPS is indicative of receptor ligand interaction and raises the question of 

whether an LPS receptor like the Toll-like receptor 4 (TLR-4) in mice is conserved. 

Finally, it is proposed that murine B 1 cells and teleost B cells may represent a common 

link in the evolution of the acquired immune system. 
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Appendix 1 

Animal Ethics Approval 

All projects and procedures in this thesis have been appraised and approved by animal 

ethics committees as described below; 

Title 

Development of antisera against snapper immunoglobulins 

Development of antisera agamst snapper 1mmunoglobulms 

Characterisation of monoclonal antibodies to snapper (Pagrus 
auratus) IgM 

Investigations of snapper (Pagrus auratus) B cells 

Investigations of the immune response of snapper (Pagrus 
auratus) (independent project but linked by animal ethics) 

Ethics Committee 
UT AS animal ethics 

committee 
NSW Fishenes arnmal 

ethics committee 
UTAS arnmal ethics 

committee 
UTAS animal ethics 

committee 
IMVS animal ethics 

committee 

Approval No. 

A99046 

99/8 

A5684 

A0006101 

9100 
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The Antibody Response of Teleost Fish 
Richard N. Morrison, B.App.S~. (Hons), and Barbara F. Nowak, PhD 

Intensively farmed fish are periodically subjected to 
stressful conditions, and this can lead to outbreaks of 
disease. Historically, disease in farmed fish was man
aged by the administration of chemotherapeutants. 
However, with the increase in antibiotic·resistant 
strains of bacteria, high cost of chemotherapy, short
term nature of protection, and public concerns about 
the use of chemicals, alternatives have been pursued. 
Although the first report of fish vaccination was pub· 
lished in the 1940s, it was not until the late 1970s that 
vaccination as a means of disease prevention became 
economic. Fish possess the ability to produce an anti
body response to most antigens. However, a significant 
antibody response to an antigen does not always cor· 
relate with protection. Conversely, protection can be 
achieved without a significant antibody response. Here, 
we discuss the nature, expression, and distribution of 
fish immunoglobulin, including factors affecting the an
tibody response and uses of antibody in terms of im· 
mune status or exposure to pathogens. 
Copyright© 2002 by W.B. Saunders Company. 

Key words: Antibody, immunoglobulin, fish, teleost, lg. 

F ish are a diverse group of vertebrates that 
contain the agnathans ( eg, lampreys and 

hagfish), chondrichthyes (eg, sharks and rays), 
and osteichthyes ( eg, modem bony fishes, te
leosts); however, this review will concentrate 
only on the antibody response of teleost fishes. 
Over 200 species of teleost fishes and shellfish 
are farmed throughout the world, and produc
tion has more than doubled in the past 2 de
cades.I In aquaculture (particularly finfish farm
ing), the use of chemotherapeutants has been 
the traditional method of controlling disease, 
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however, vaccination is now used against com
mon bacterial pathogens. 

Phylogenetically, fish are the most primitive 
group of vertebrates to possess an adaptive im
mune system, generating an effective antibody 
response to pathogenic challenge.2 The ap
proach to the study of teleost defenses has typi
cally been by comparison with the mammalian 
(predominantly murine) immune system, which 
is a powerful approach given our current depth 
of knowledge. Furthermore, the proposition ofa 
"minimalist theoretical" approach ~eems to be 
expedient.3 This strategy incorporates the most 
fundamental aspects of the immune response as 
a baseline. Only deviation from this basic skele
ton should be considered divergence, allowing 
for species-specific disparities. We have kept this 
minimalist theoretical approach in mind while 
preparing this review. 

Lymphoid Tissue 
The morphology of the lymphoid system of 

fish is different from that of mammals in that 
fish lack bone marrow, lymph nodes, and Peyer's 
patches. Fish lymphoid tissues include the thy
mus, anteriorskidney, spleen, gut-associated lym
phoid tissue, and mucosa-associated lymphoid 
tissue. Species-specific variations in morphology 
of the lymphoid organs are common.4 Addition
ally, ontogeny of the lymphoid organs differs 
between species; some have functional lymphoid 
tissue at hatching, whereas many marine fish 
species with pelagic larvae hatch with almost 
nonexistent lymphoid organs.5 The appearance 
of lymphocytes expressing surface immunoglob
ulin (sig+ B cells) can occur as early as 8 days 
before hatch (18 days after fertilization) in rain
bow trout. 6 Logically, terminal deoxynucleotidyl 
transferase and recombination activating gene 
(RAGI and RAG2) messenger RNA (mRNA) 
expression precedes the detection of slg+ B 
cells.7-9 Indeed, ontogenetic studies of the rain
bow trout lymphoid organs have shown that ter
minal deoxynucleotidyl transferase and RAGI 
and RAG2 mRNA expression is first detected in 

46 Seminars in Avian and Exotic Pet Medicine, Vol 11, No I (January), 2002: pp 46-54 
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the thymus,7-9 suggesting that the thymus is the 
primary lymphoid organ before involution. The 
head kidney and spleen seem to be the major 
secondary lymphoid organs, whereas the gut
associated lymphoid tissue and mucosa-associ
ated lymphoid tissue have a predominantly 
localized role in antigen uptake and process
ing.10-13 

Teleost lg Structure 
The predominant lg structure isolated from 

teleost fishes is tetrameric IgM (approximately 
800 kilodaltons). The molecule was originally 
deemed IgM because of the equivalent electro
phoretic mobility of the heavy (H) chain with 

• the mammalian µ, chain of IgM. 2 This has been 
confirmed by genetic analyses in ·which the 
genomic structure of the teleost µ, gene was 
shown to possess similar features of the mamma
lian µ, gene, such as the number of ~ons, gene 
organization, and nucleotide and inferred 
amino acid sequence identity.14 Teleost lg incor
porates 4 basic H 2L.? repeating subunits, each 
composed of H and light (L) chains of approx
imately 70 and 22 to 25 kilodaltons, respectively. 
Each subunit is either fully linked by covalent 
bonding or by a combination of covalent and 
noncovalent attachment. Under nondenaturing
reducing conditions during polyacrylamide gel 

. electrophoresis, lg from catfish or rainbow trout 
can be isolated in single H2L2 subunits or even 
fractions of H 2L.? subunits.15 A function for this 
structural diversity has not been defined, al
though it has been hypothesized that the struc
tural diversity may form a prototype for lg iso
types.15 However, isotype variation is normally 
associated with switching of the CH domains of 
the H chain gene and not posttranslational pro
cesses. 

In addition to the most commonly isolated 
tetrameric lg, a number of low molecular weight 
Igs (generally monomers) have been isolated 
from various species. Data suggest that these low 
molecular weight Igs can be dichotomized into 
either a simple monomericl6-18 or dimericl9 
form of the tetrameric lg molecule or a structur
ally distinct low molecular weight Ig.20 

Polymerization of mammalian IgM is facili
tated by the addition of a joining (J) chain, 
which is linked to the Cµ,4 domain of the H 
chain. 21 Only a small number of species of fish 

(relative to the number of fish that have had lg 
isolated) have been shown to possess a J chain 
associated with the IgM. In an early study, a J 
chain from channel catfish was isolated by ion 
exchange chromatography after the purified lg 
had been subjected to fully reducing conditions, 
however, it had little amino acid homology with 
the human IgMJ chain.22 Similarly, aJ chain was 
isolated from the sheepshead, 20 however, J 
chains were not detected in pike (Esox lucius), 23 

chum salmon (Oncorhynchus keta),24 or floun
der19 using similar techniques. Despite the ad
vances in molecular biology, to the best of our 
knowledge there have been no recent articles 
published demonstrating the existence of the J 
chain locus in teleost fishes. 

Secretory lg has been found in the skin, gut, 
and bile and was probably produced in situ 
rather than a transexudate (discussed later). 
The cutaneous mucus lg of teleosts has been 
described as similar to the systemically produced 
homologue in terms of the molecular weights of 
Hand L chain components.25·26 Polymerized H 
and L chains appear as tetrameric, dimeric, and 
monomeric structures.25.27 Dimeric lg from 
channel catfish was dichotomized into nonco
valently and covalently bound subunits.27 The 
covalently bound dimer was associated with a 
95-kilodalton polypeptide that was speculated to 
be a secretory piece as seen in mammalian IgA.27 

Generation of Diversity in Teleost lg 

Both the H and L chains of teleost lg possess 
constituent regions that can be assigned as ei
ther variable (V) or constant (C) domains. The 
N-terminal domains belong to the V domain, 
whereas the G-terminal belongs to the C do
main. Each H chain has 3, 4, or 5 C domains and 
a single V domain, whereas the L chain has a 
single C and V domain.28 An important process 
during lg production is generation of diversity 
among the V domains, allowing for conforma
tional binding to an infinite number of epitopes. 
One process central to the production of diver
sity is sequence variation among the H and L 
chain loci. That is, the greater the sequence 
variability, the greater the ability to generate a 
wide lg V region repertoire. Teleost fish, like the 
cartilaginous fishes, possess a rnulticluster L 
chain locus that limits potential diversity.23.29 
However, what the functional implications of the 
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multicluster L chain loci are remains unclear. 
The H chain gene organization in fish is similar 
to that of mammals ( translocon arrangement) 
manifesting diversity by rearrangement of the 
variable (V), diversity (D), and joining (J) sec
tors of the H chain loci. Other mechanisms that 
contribute to diversity at the N-terminal ends of 
H and L chains include N-nucleotide additions 
and H and L chain combinations. Other possi
bilities (although yet to be demonstrated) assist
ing the generation of diversity are gene conver
sion and somatic hypermutations.28 

lsotype Heterogeneity and Class 
Switching 

To our knowledge, teleosts are generally lim
ited to a single lg class (IgM), although an IgH 
chain with some sequence homology. to 8 of IgD 
has been identified in channel catfish3° and At
lantic salmon.31 The channel catfish 8 gene was 
shown to be downstream of the µ, gene and, like 
mammals, was coexpressed with µ, in some B 
cells, however, the functional role for the 0-like 
IgH chains has not been elucidated. 

During a mammalian T-dependent secondary 
immune response, B cells isotype switch the CH 
domains from Cµ to generally Oy while main
taining the same VH and L chain domains. Early 
attempts to exhibit isotype variation in teleosts 
suggested that channel catfish possess both H 
and L chain isotypes.32,33 This was achieved by 
the production of monoclonal antibodies that 
bound specifically to H and L chain antigenic 
variants, however, 2 loci encoding separate L 
chains (F and G) have now been sequenced.34 

Moreover, up to 3 lg L chain isotypes34-38 and 2 
H chain isotypes39 have been identified in vari
ous species, however, the isotype switching 
mechanism may be precluded from the second
ary response because of the H chain gene struc
ture.28 

Affinity Maturation 

Concomitant with class switching during the 
mammalian secondary response is an intrinsic 
increase in antibody affinity. The mechanisms 
driving this process are somatic mutations and 
the selective expansion of B cells with high af
finity receptors. Somatic mutations in rear-

ranged V-D:J sequences have yet to be shown in 
fish. Regardless of whether or not somatic mu
tations occur, the process of affinity maturation 
may be redundant because of the lack of well
structured germinal centers through which high 
affinity B-<:ell clones may be selected. 40 This hy
pothesis is supported by evidence that secondary 
humoral responses to immunization have failed 
to show logarithmic increases in affinity in te
leosts.41-44 Alternatively, the lack of affinity mat
uration in teleosts may be caused by more vigor
ous suppressor mechanisms targeting B cells or 
the affinity has been inappropriately analyzed. 3 

Whatever the model, little to no increase in 
affinity (compared with mammals) must be ef
fective for teleosts in the context of their im
mune system. 

Memory B Cells 

Exposure of naive mammalian B cells to T
dependent antigen produces a B-<:ell subset that 
undergoes somatic hypermutation in the gene 
encoding the lg V region and is quiescent until 
an encounter with the same antigen as originally 
exposed. These are referred to as memory B 
cells. In contrast, T-independent antigen stimu
lation of naive B cells does not produce a mem
ory B-<:ell pool. While analyzing issues associated 
with the development of a paradigm of immu
nologic memory in fish, Kaattari3 defined a 
memory resp~nse as one that differs in form and 
function to the primary response. This allows for 
comparisons between the mammalian and te
leost memory B-<:ell systems on the basis that • 
both systems are functionally effective. Under 
this minimalist definition, fish certainly possess a 
memory response to secondary exposure to an
tigen. 43,45-47 Rainbow trout respond to subopti
mal doses of both T-independent and T-depen
dent antigen after initial priming with the same 
antigen.43 Curiously, it took 2 priming doses for 
fish to respond to the secondary administration 
of the T-dependent antigen, whereas it took only 
1 priming dose of the T-independent antigen. 
Furthermore, while eliciting a secondary anti
body response faster and of greater magnitude 
than the primary response, the number of anti
gen-specific B cells in the spleen was directly 
proportional to the antigen-specific B-<:ell pre
cursor frequency. This suggests that the second-
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ary response was caused by expansion of the 
B-cell memory pool48 and not an intrinsic differ
ence in the antibody. However, the response to 
suboptimal levels of antigen suggests that per
haps B cells with high-affinity receptors were 
selected as memory B cells. 

Distribution of lg 
lg ofteleost fish is found in the skin,26.49 gut,5o 

gill mucus,51 bile,50,52,53 and systemically in the 
plasma. The immune response of the skin and 
gill are important because these organs are 
immediately juxtaposed to the wider environ
ment. Specific antibody can be elicited in the 
skin,26,54,55 gill,51 and gut50.5s.5s while a concur-

• rent systemic response does not necessarily oc
cur. The opposite is also observed, suggesting 
that the systemic and mucosal immune compart
ments are autonomous. Supporting this notion 
was early work that demonstrate~radio iodin
ated purified high- or low-molecular weight lg 
administered intravenously to sheepshead had 
little activity in the mucus.52 This indicated that 
the mucosal lg was produced locally, exclusive 
from systemic plasma cells. Despite this apparent 
autonomy, cooperation between the 2 immune 
compartments must exist but is perhaps antigen
dependent. For instance, B-cell nonresponsive
ness in the gut of rainbow trout to the car
rier component of fluorescein isothiocyanate 
(FITC)-cortjugated keyhole limpet hemocyanin 
(KLH) has been described.56 A significant sys
temic response to the carrier was detected after 
intraperitoneal injection with either FITC-KLH 
or KLH alone, suggesting that the lack of gut 
and systemic response after anal intubation was 
caused by lymphocyte (B and/ or T) nonrespon
siveness in the gut. 

Secondary Effector Mechanisms of lg 
Despite extensive work on the structure and 

gene organization of teleost lg, the effector 
functions (other than antigen binding) oflg are 
yet to be resolved. Indeed, there has been some 
data to suggest that Fe receptors (FcR) exist in 
teleost fish59,6o (R. N. Morrison, unpublished 
data, September, 2001). FcR bind the Fe region 
of the lg molecule, eliciting a variety of re
sponses including regulation of B cells, increase 
in phagocytosis, and increase in the respiratory 

burst acuvity of phagocytes. The most recent 
evidence suggested that all peripheral blood leu
cocytes of Atlantic salmon had some lg binding 
capacity.61 Furthermore, Atlantic salmon periph
eral blood leucocytes preferentially bound com
plexed antigen in a similar fashion to FC'yRll 
(CD32) and FC'yRIII (CD16) of, for example, 
mammalian macrophages, granulocytes, lym
phocytes, and platelets. 61 An Fe receptor for lgM 
(FcµR) in mammals has been postulated for 
some time until recently when an Fca/ µ,R was 
cloned from the mouse.62 This may provide an 
impetus for further work into the putative te
leost Fcµ,R. 

Recently, an lgE Fe receptor chain (Fct:Rly) 
was cloned from carp.63 This receptor had ap
proximately 40% amino acid similarity with the 
human FcERI')' receptor and contained an im
munoreceptor tyrosine-based activation motif 
that is common for intracellular signal transduc
tion. The FcERI')' receptor mRNA was expressed 
constitutively in the head kidney and peritoneal 
leucocytes; however, although the locus encod
ing the Fct:RI')' chain has been identified, the 
loci encoding Fct:Rla and Fct:RI/3 chains of the 
FcERI have not yet been sequenced. This was a 
most interesting finding, given that fish have not 
been shown to secrete lgE. 

Another effector role of the lg Fe region 
(once antigen is complexed) in mammals is ac
tivation of the complement cascade via the first 
component of the classical complement path
way, Clq. The fish complement system shows 
close functional similarities to the mammalian 
system.64 Classical (antibody-dependent) and 
the antibody-independent alternative pathway 
have been shown at functional and biochemical 
levels in rainbow trout.65·66 Furthermore, com
plementary DNA encoding a component of the 
lectin (mannose-binding lectin) pathway has 
been isolated from fish. 67 Each of these cascades 
converges on a single effector pathway (lytic 
pathway) at C2/factor B that ultimately leads to 
the formation of the membrane attack com
plex. 65 A unique characteristic of teleost fish is 
C3 gene multiplication to increase the ability to 
recognize foreign molecules. 68 This phenome
non has been postulated as an adaptation to the 
lack of a well-developed acquired immune sys
tem. 64 
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Factors Affecting the Antibody 
Response 

There are a plethora of variables that can 
affect an antibody response in fish, however, we 

· have chosen antigens, adjuvants, and the route 
of administration as focal points. Other variables 
to consider include water temperature, dose 
(antigen concentration}, antigen and adjuvant 
diluents, age and size of fish, genetic back
ground, and the administration of a booster 
dose or doses. 

Antigens and Adjuvants 
Fish are capable of producing specific anti

bodies against both T-dependent and T-inde
pendent antigens ( eg, soluble and particulate 
antigens). Studies of the ontogeny of the specific 
antibody response to T-dependent and T-inde
pendent antigens in rainbow trout suggest that 
there is a window of unresponsiveness during 
ontogeny that persists longer for fish adminis
tered the T-dependent antigen.45 This period of 
nonresponsiveness is also seen in marine fish. 69 

Once the immune system becomes fully func
tional, teleosts respond to most antigens includ
ing bacterial and viral antigens.7o One notable 
exception is the Atlantic cod ( Gadus marhua), 
which apparently cannot produce specific anti
body to bacterial antigens.71-73 

Although some antigens may be immuno
genic, they can also be poorly protective. A case 
in point is the A-layer protein and lipopolysac
charide antigens of Aeromonas salmonicida, the 
bacteria that cause furunculosis in Atlantic 
salmon. These are the major immunogenic com
ponents74 but do not confer protection. Recent 
data show that under stringent growing condi
tions, iron-regulated outer membrane proteins 
and extracellular polysaccharide elicit signifi
cant antibody titers that correlate with protec
tion. 75 

Concomitant administration of adjuvants with 
antigens has long been known to manifest 
significantly ·superior antibody responses in 
fish.76-78 Adjuvants such as Freund's complete 
adjuvant, incomplete Freund's adjuvant, min
eral oil, yeast glucans, alum, levamisole, quater
nary ammonium compound, and saponin all 
have been tested with various species of fish. 79 

Oil-based adjuvants are the most efficacious 
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when injected intraperitoneally, however, side 
effects such as visceral adhesions46,80 detract 
from their performance. Immunoacljuvants such 
as interleukins have been identified as candi
dates for the "natural" enhancement of the an
tibody response in fish. Recently, recombinant 
carp interleukin 1/3 (rIL-1/3) was shown to elicit 
a significantly higher agglutinating antibody ti
ter when administered with a bacterin.81 A sig
nificant increase in antibody titers was also dem
onstrated in our laboratory when the rIL-1/3 was 
injected with bacterin in a heterologous species 
(A. R. Bridle, unpublished data, November, 
2000), highlighting the potential for immuno
prophylaxis using cytokine molecules. 

Route of Administration 
Antigens are commonly administered to fish 

by intraperitoneal (IP) injection, immersion, or 
via the oral route. In general, IP injection of an 
antigen will evoke an antibody response with the 
greatest magnitude and duration. In respect to 
aquaculture, immersion and oral delivery of 
vaccines remain the most pragmatic for the 
treatment of large groups of fish, however, IP 
injection may be the only means of eliciting 
protection. For example, IP injection of whole 
A. salmonicida bacterin with Freund's complete 
adjuvant is the only method of successful vacci
nation against furunculosis in Atlantic salmon.74 

After immersion and oral vaccination, systemic 
antibodies are not or hardly detectable, but in 

'~ some cases tfie fish are protected.82·83 In fact, an 
increase in antibody inconsistently correlates 
with protection. 

Quantification of Antibody 

Techniques to assess the antibody response of 
various animals have been adequately described 
elsewhere.84 Both quantitative and qualitative 
methods are used to assess the antibody re
sponse in fish, including bacterial agglutination, 
viral neutralization, enzyme-linked immunosor
bent assay (ELISA), enzyme-linked immunospot, 
Western blotting, and plaque-forming assays. 
Each of these assays measures either antigen
specific antibody activity or the number of anti
gen-specific plasma cells. In addition, a pro
cedure using surface plasmon resonance that 
measures antibody-antigen interaction in real 
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time without the need for secondary reagents 
has been described. 55 

ELISA is believed to be the best method to 
measure specific antibody titers in fish. While 
agglutination assays are quick, simple, and inex
pensive, they are less sensitive than ELISA.85,86 

Some limitations for these tests are expected 
given the low specificity and multivalence of 
IgM.87 Although agglutination assay and com
plement fixation tests should not be affected, all 
more sensitive serologic tests will show cross
reactivity. 87 Competitive ELISA may allow for an 
increase of specificity without losing too much 
sensitivity, and it is suggested that this test is the 
best for use in fish serodiagnostic methods. 88 

Application of Antibody 
Measurements in Fish Health 

Detection of specific antibody le'\Tels has been 
used as a health-screening tool to determine 
previous exposure or protection in mammals for 
a long time. Recently, there has been more in
terest in development of standard methods for 
fish using antibody titers to strengthen health
monitoring programs in aquaculture. For exam
ple, detection of serum antibodies against noda
virus could be used in screening of broodstock 
in sea bass (Dicentrarchus labrax) hatcheries.89 

Natural exposure of Atlantic salmon to A. sal11W
nicida resulted in a significant increase of anti
body titer,9o suggesting that at least for some 
pathogens specific antibody level reflects previ
ous exposure. 

Serum antibody titers have also been used as 
an indicator of vaccine efficacy in different fish 
species.46,86,91 In some cases, there was a positive 
correlation between antibody and protec
tion, 92-94 but this was not always the case, partic
ularly with administration of fractions of A. sal
monicida to Atlantic salmon.95 In other cases 
such as immersion vaccination of Atlantic 
salmon with Yersinia ruckeri and Vibrio anguilla
rum, long-term protection was achieved without 
a sustained antibody response.93·96 The mecha
nisms of this protection are not fully under
stood.95 

Protective antibody can be assessed by passive 
immunization and challenge studies in which 
immune serum is introduced into a naive recip
ient, which is then pathogen-challenged. Ad
sorption of antigen-specific antibody can show 

the specific nature of the protective antibody.92 

When specific antibody confers protection, anti
body appraisal by standard methods such as 
ELISA and agglutination are routinely used. 
This is a time- and cost-effective, as well as a 
robust, alternative to pathogen challenge exper
iments. 

Conclusion 
Teleost fish produce a multivalent immuno

globulin that is found in the plasma, mucus, and 
bile. Most fish respond to most primary antigen 
challenges by producing specific antibodies, 
whereas the response to secondary challenge is 
generally faster and of greater magnitude. This 
is mediated by a larger antigen-specific memory 
~ell pool. Although the mechanisms involved 
in eliciting such a response seem less complex 
than higher vertebrates, the generation of anti
body that offers protection against many bacte
rial pathogens provides an important means of 
disease prevention in the aquaculture industry. 
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Abstract 

Irrununoglobulins (lg) from tank housed wild caught snapper (Pagrus auratus, Bloch and 
Schneider) were single step purified from serum using staphylococcal protein A (SpA) affinity 
chromatography. Purified proteins were analysed using SDS-PAGE under reducing, non-reducing 
denaturing and PAGE under native conditions. Under native conditions, a single population of lg 
was identified and using gel filtration chromatography was found to have an approximate 
molecular weight of 766 kDa. Further, using SDS-PAGE under non-denaturing reducing condi
tions the single population of lg was found to be heterogeneous in subunit linkages. lg subjected 
to fully reducing conditions dissociated into heavy (H) and light (L) chain polypeptides. Two H 
and two L chain variants based differences in electrophoretic mobility were detected by SDS
PAGE, however evidence of an isotypic disparity was not proven. The L chains were shown to be 
approximately 30.2 and 29.0 kDa in molecular weight while the H chains were 71.8 and 67.7 kDa, 
suggesting that the native molecule was likely to be tetrameric in structure. Polyclonal antisera 
against snapper lg were produced and screened by indirect ELISA, Western blot and flow 
cytometry. Specificity of the antisera was demonstrated by probing against purified lg, whole 
snapper serum and heterologous serum in Western blots. Antisera reacted predominantly with th~ 
H chains of purified lg however antisera reacted with both H and L chain variants in reduced 
serum. A lack of cross-reactivity with five of six heterologous sera tested, demonstrated a high 
degree of specificity of both antiserum. In flow cytometry, both antiserum bound to the putative B 
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cell population, reacting with 40.8% (rabbit I) and 29.5% (rabbit 2) of the gated lymphocytes in 
the penpheral blood. ©2001 Elsevier Science B.V. All rights reserved. 

Keywords. Immunoglobulm, Polyclonal ant1bod1es, Affinity chromatography; Protein A, Pagrus auratus 

1. Introduction 

Fish above the level of Agnatha are the lowest phylogenetic group to display acquired 
immunity, that is, fish like birds and mammals have an immune system with specificity 
and memory (van Muiswinkel, 1995). Thus, a focal component of the teleost immune 
system is B cell derived. lg molecules have been identified in the plasma, gut, skin, bile 
and mucus of fish (Elhs, 1982). Parity exists between the teleost H chain with the µ. 
chain in mammalian IgM molecules (van Mmswinkel, 1995). Previous studies have 
shown that teleost fish contain only one class of lg, IgM, (Wilson and Warr, 1992) 
however, a chimenc gene has recently been sequenced from channel catfish (/ctalurus 
punctatus Rafinesque) that has partial sequence homology with the H (5) cham of 
mammalian IgD (Wilson et al., 1997). Unlike mammalian and chondrlchthyean pen
tamenc IgM (Johnston et al., 1971; Marchalonis, 1977), fish lg molecules are predomi
nantly tetrameric (H

2
/L

2
)

4 
in configuration. Considerable heterogeneity in the te

trameric subunit assemblage exists with molecules subject to non-reducing denaturing 
conditions dissociating at non-covalent linkages mto various subpopulations (Lobb and 
Clem, 1981). Further, monomeric and non-covalent linked dimeric forms of covalent 
H

2
L

2 
subunits have been reported in sheepshead (Archosargus probatocephalus Wal

baum) (Lobb and Clem, 1981), barramundi (Lates calcarifer Bloch) (Bryal}t et al., 
1999) and flounder (Platichthysflesus L.) (Glynn and Pulsford, 1990) but the origm and 
function of the low molecular weight molecules is not fully understood. Fish IgM 
generally Jack the J chain associated with mammalian IgM, however J-like chains have 
been isolated from channel catfish (J. punctatus) (Mestecky et al., 1975) and sheepshead 
(A. probatocephalus) (Lobb and Clem, 1981). 

The purpose of this study was to isolate, punfy and partially characterise snapper 
[Pagrus auratus (Bloch and Schneider), a senior synonym of P. major (Temmink and 
Schlegel); Paulin, 1990)] lg in order to develop polyclonal and later monoclonal antisera 

against snapper IgM. 

2. Materials and methods 

2.1. Fish 

Wild caught snapper (P. auratus) were housed at the New South Wales Fisheries 
Research Institute at Cronulla, Sydney, Australia in a pen (62.5 m3

) within an outdoor 
tank (1125 m3) at ambient temperature and 35%0 salinity. Eleven fish were caught (mean 
weight, 4.79 ± 1.17 kg) and placed into a 200 I bin. Fish were anaesthetised using 
benzocaine (ethyl-p-aminobenzoate, Sigma; 50 mg I - 1

) and blood was withdrawn from 
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the caudal vein using a needle and syringe. Blood was placed in ice, and serum wa 
removed, pooled and frozen ( - 20°C) until required for isolation of lg, Western blot ani 
ELISA. For flow cytometric analysis, snapper (approximately 450 g) were obtaine• 
from the Spencer Gulf Aquaculture hatchery (Port Augusta, South Australia) and' held i 
600 I flow through tanks at ambient temperature and 35%0 salmity at the Sout 
Australian Research and Development Institute (SARDI) facilities, Adelaide. Fish wer 
anaesthetised as described and bled from the caudal vein usmg hepannised syringe! 
Blood was placed in heparinised vacuette tubes and the tubes placed in ice. 

2.2. Purification of snapper lg 

lg was single step punfied using an SpA affinity chromatography kit (Bio-Rae 
732-2020) (Suzuki et al., 1990). The column was pre-packed with 2 ml of affi-gel® Sp1 
coupled to agarose beads. Column operation was as specified by the manufacturer wit 
modifications. Briefly, 3 ml of serum was prepared using a desalting column previous! 
equilibrated with 20 ml of binding buffer (pH 9.0). An SpA column was equilibrate 
with 10 ml of binding buffer and the prepared sample applied to the column once or fiv 
times to increase yield. The column was washed with 20 ml of binding buffer with th 
effluent absorbance (A280 ) monitored usmg a spectrophotometer (Shimadzu) to prever 
contamination. lg was eluted with 10 ml of elution buffer (pH 3.0) with absorbanc 
(A280 ) of 1 ml fractions analysed. Fractions with highest absorbance were pooled an 
buffer exchanged using a desalting column equilibrated with sterile 0.1 M phosphat 
buffered saline (PBS; pH 7.4). Purified sample was frozen (-20°C) until required. 

2.3. Protein determination 

Analysis of protein concentration was performed using the Lowry method (Lowry < 

al., 1951) mod1f1ed for use in microplates. Bovine serum albumin (BSA; Sigma) wa 
used as a standard. 

2.4. Gel filtration chromatography 

Molecular weight estimation of native snapper lg was conducted using gel filtratio 
chromatography. A 90 X 1.8 cm glass column was packed with Sephacryl 300 H 
(Sigma) and equilibrated with Tris buffered salme (TBS; 0.05 M Tns, 0.15 M NaCl, pl 
8.0) at 4°C before use. The column was operated at a flow rate of 9.3 ml h- 1 and at 4°( 
Two millilitre fractions were collected using a Bio-Rad 2128 fraction collector an 
analysed for protein content using a spectrophotometer at an absorbance of 280 nn 
Molecular weight standards used to calibrate the column were BSA (66 kDa) (Sigma 
rabbit IgG (150 kDa) (Sigma), thyroglobulm (669 kDa) (Sigma) and human IgM (97 
kDa) (donated by the Immunobiology Unit, UTS, Sydney, Australia). SpA purified l 
was Jyophilised and prepared by diluting in TBS and 5% glycerol (v v- 1

) (volume,. 
ml). For molecular weight (MW) estimation, the mean of duplicate samples wi 
analysed by comparison of V

0 
• v0-

1 of samples with a plot of V0 • v0-
1 versus log 11' 

of known proteins (V., =elution volume, V0 =void volume). 
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2.5. Determination of molecular weight and purity 

Molecular weight of lg subunits and purity determination was performed by SDS
PAGE (Laemmli, 1970) using an SE 250 Mighty Small II vertical electrophoresis unit. 
Proteins were reduced by boiling in loading buffer (60 mM Tris-HCl (pH 6.8) 
containmg 25% (v v- 1) glycerol, 2% (w v- 1) SDS, 14.4 mM 2-mercaptoethanol and 
0.1 % (w.v- 1

) bromophenol blue) for 5 min. Samples were loaded into wells of a 5% 
stackmg gel over a 10% resolving gel. Native PAGE was performed in 3% stackmg gels 
above 3% resolving gels. Under native conditions, samples were prepared in 312.5 mM 
Tris-HCl (pH 6.8) loading buffer containing 50% (v v- 1) glycerol and 0.05% (w v- 1) 

bromophenol blue. Non-reductive denaturation of lg was performed as described by 
Whittington (1993) using SDS. Loaded samples were electrophoresed in electrophoresis 
buffer (25 mM Tris, 192 mM glycine) for approximately 1 h. Under reducing conditions 
0.1 % (w v- 1) SDS was added to the electrophoresis buffer. Gels were fixed and stained 
with neutral silver staining (Harlow and Lane, 1988). Low molecular weight standards 
(Novex) and high molecular weight standards (Pharmacia) including human IgM 
(Sigma) were included on gels under reducing and native conditions, respectively. 
Estimation of mqlecular weights was made from a minimum of three gels and expressed 
as mean ± standard error of the mean. 

2.6. Polyclonal antisera production 

Two male 8-month-old New Zealand white semi lop-eared rabbits were inoculated 
with 0.5 ml affinity purified snapper lg (1.0 mg m1- 1 ) emulsified in 0.5 ml montanide 
intramuscularly at multiple sites. Rabbits were boosted after 14 days using the procedure 
described. Blood was sampled via the ear vein prior to inoculation and 18 days after 
re-inoculation. Antibody titres were checked by ELISA and once the desired antibody 
titre had been confirmed, the rabbits were euthanased and bled out. Briefly, the ELISA 
was performed in 96 well flat-bottomed high binding ELISA microplates (Greiner 
Labortechnik). Imtially, optimum coating antigen concentrations were determined by a 
checkerboard titration method (Crowther, 1995). Optimum antigen was considered the 
least amount that would produce a significant optical density Plates were coated with 50 
µl well- 1 of serum (1 :256 OOO) or affinity purified lg (protein concentration = 19 ng 
m1- 1

) diluted in coatmg buffer (50 mM sodium hydrogen carbonate; pH 9.5) and 
mcubated overnight at 4°C. Excess antigen was discarded and free binding sites blocked 
with 3% casein sodium in PBS (pH 7.2) (50 µl wen- 1

) for 60 min at 25°C. Plates were 
then washed four times with PBS (pH 7.2) using a Bio-Rad immunowash machine 
(1250). Rabbit anti-snapper lg serum was serially diluted (twofold) in 1 % casein sodium 
m triplicate wells and incubated for 90 min at 25°C. Plates were washed as described 
and conjugated goat anti-rabbit horse radish peroxidase (HRP; Sigma) (1 :2000 in 1 % 
casein sodium) was added to each well (50 µl well- 1) for 90 min at 25°C. Again, plates 
were washed as described, and 50 µl well- 1 colour developmg solution [ o-phenylen
ediamine (Sigma) in 100 mM sodium citrate phosphate buffer and 0.012% (v v- 1

) 

hydrogen peroxide] was added for 10 min. Hydrochloric acid (3 M) was used to stop the 
colour reaction. Optical densities (OD) were measured at 492 nm using a Titretek Plus 
MS212 plate reader. Negative controls including (triplicate) wells where the primary, 
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secondary and both primary and secondary antibodies were omitted were included 
each plate to eliminate non-specific binding as a confounding factor. 

2. 7. Immunoblotting 

To confirm specificity of the rabbit antisera, snapper serum, affinity purified snap] 
lg and heterologous sera were electrophoresed under reducing conditions as descrit 
and electrotransferred (SemiPhor TE70; Hoefer) to 0.45 µm nitrocellulose membn 
(Pharmacia Biotech) under semi-dry conditions (Bjerrum and Schafer-Nielsen, 198 
Transfer success was assessed by the non-specific staining of proteins using ponci 
stain (Sigma). Membranes were then washed with TBS and blocked with 1 % non
skimmed milk (SM-TBS; 1% skimmed milk w v- 1 in TBS) for 60 min at ro• 
temperature (RT). Membranes were washed with TBS, tween 20-TBS (TIBS; 500 
tween 1 TBS- 1) and TBS again (5 min each) and then probed with rabbit anti-snapper 
serum diluted in SM-TBS for 90 min at RT. Membranes were washed as described i 

incubated in conjugated goat anti-rabbit horse radish peroxidase (Sigma) diluted 1:1( 
in SM-TBS for 90 min at RT. Bands were developed with diaminobenzidine (DP 
Sigma) and urea/peroxide (Sigma) for approximately 5 min and the colour react 
stopped with sterile distilled water. Initially, negative controls were included on 
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Fig. 1. EluUon profile of lg purified usmg SpA affinity chromatography. 
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membranes to ensure non-specific binding was not a confounding factor. Negative 
controls included membranes not probed with primary antiserum, secondary antiserum 
and both primary and secondary antiserum. 

2.8. Flow cytometry 

Heparinised blood was removed from the vacuette tubes, and leucocytes isolated by 
densi ty gradient centrifugation. Firstly, blood was layered 1 :2 on Lymphoprep (Nycomed) 
and centrifuged for 5 min at 20°C at 1 OOO x g without using the rotor brake. PB Ls were 
drawn from the interface and resuspended in 1.5 ml cell media; RPM! (CSL) supple
mented wi th 2% foetal calf serum (CSL), 20 mM HEPES (CSL), 300 mg m1- 1 

L-glutamine (CSL), 50 U m1 - 1 penicillin/ streptomycin (CSL) and 40 U ml - 1 gentam
icin sulphate (DBL). Cells were washed twice in cell media, erythrocytes Jysed (0.15 M 

MW 
(kDa) 

970 ..... 

669 ..... 

440 ..... 

232 ..... 

140 ..... 

1 2 4 

-Fig. 2. PAGE analysis (3% gel) of native snapper lg (lane 1) relative to Southern bluefin tuna lg (lane 2), 
human lgM (lane 3). and barramundi lg (lane 4). High molecular weight markers were included on the gel. Gel 
was si lver stai ned. 
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NH 4Cl, 1.0 mM KHC03 , 0.1 mM Na2 EDTA, pH 7.4) for 5 min at room temperat 
and washed twice. Cells were checked for the correct morphology and viability by I 
Quick staining and trypan blue exclusion respectively followed by the addition of I 
µ.l polyclonal rabbit (1 or 2) anti-snapper lg serum (1: 100; whole serum v v- 1 in c 
media). Cells were incubated on ice for 30 min. Again, cells were washed twice 
described and then goat anti-rabbit fluoroscein isothiocyanate (FITC) labeled conjug 
(1 :100 in cell media) (F(ab')2 fragment of goat IgG anti-rabbit H and L chai 
Immunotech) was added for a further 30 min and cells were incubated on ice. Cells w 
washed twice and fixed in FACS fix (1 % v v- 1 formalin, 2 % v v- 1 glucose, ~ 
0.02% w v- 1 NaN3, in 0.1 M PBS) before analysis using a Coulter flow cytome 
(Epics XL-MCL) and Win M.D.l. software. Controls included cells with the primary a 
both the primary and secondary antisera omitted from the staining procedure. Non-i 
mune rabbit sera (pre-bleed) were used to calculate the percentage of positive cells. 

MW 
(KDa) 

970 ...... 

669 ...... 

440 ...... 

232 ...... 

140 ...... 

.....high 

...... medium 

. ..... low 

Fi g. 3. PAGE separation of SDS treated snapper lg. Three major bands are evident (high. medium and le 
molecular weight). 
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3. Results 

3. 1. SpA purification of snapper lg 

lg yield from pooled sera was significantly increased by multiple applications ( X 5) 
of sera to the SpA column (Fig. l). Total yield was increased by approximately 73% by 
using multiple applications. Three l ml fractions of highest absorbance ( A 280 > 0.60) 
were pooled (Fig. 1). Pooled fractions from single or multiple applications to the SpA 
column yielded approximately 0.85 and 1.47 mg ml - 1 snapper lg, respectively 

3.2. lg structure and purity 

Native PAGE of SpA purified snapper lg revealed a single band of putative snapper 
lg (Fig. 2). The molecular weight of the snapper lg was similar to that of the southern 

l\1W 
(kDa) 1 2 3 4 5 6 7 8 
200 ...... 

116.3 ~ 
W.4 
66.3 ..... 

55.4 ..... 

36.5 ..... 

310 ..... .._. 

21.5 ..... ..... 

--
Fig. 4. SDS·PAGE analysis (10%) gel of reduced snapper lg (lane 3) relative to various fish and mammalian 
lg. Arrowheads indicate two putative H chains (76.0 and 78.8 kDa) and two putative L chains (31.4 and 28. l 
kDa). Molecular weight standards (lane I), whole snapper serum (lane 2), southern bluefin tuna lgM (lane 4), 
human lgM (lane 5). bovine lgG (lane 6), Rabbit IgG (lane 7) and human lgG (lane 8) were included for 
comparison. Gel was silver stained. 
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bluefin tuna (Thunnus maccoyi Castelnau) yet marginally lower than the barramundi 
calcarifer) and the native human IgM molecule (Fig. 2). Native PAGE of SpA purif 
snapper lg under the presence of SDS produced three major bands as detected by sil 
staining of gels (Fig. 3). Bands were designated low, medium and high with approxim 
molecular weights of 250, 575 and 880 kDa, respectively. The low and high bands w 
minor relative to the medium band. However, the medium band was diffuse, hence 
molecular weight of this band was not definitive and thus results were interpreted ~ 
caution. 

SDS-PAGE under reducing conditions dissociated the SpA purified native lg molec 
into H and L chain constituents. Further, reducing conditions resolved the nat 
molecule into two H and two L chain subunits (Fig. 4). The two H chain units ha1 
molecular weight of approximately 71.8 ± 0.9 and 67.7 ± 0.8 kDa, respectively v. 
electrophoretic mobility similar to that of the µ chain of human lgM (Fig. 4). The 
chains had molecular weights of approximately 30.2 ± 0.9 and 29.0 ± 0.8 kDa. T 
minor bands with molecular weights of 40.7 and 85.8 kDa were also detected usi 
silver staining of gels (Fig. 4). 
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Fig. 5. Gel filtration chromatography of SpA purified snapper lg. The molecular weight of SpA purifi 
snapper lg (native) was determined to be 766 kDa. 
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3.3. Gel filtration chromatography 

Molecular weight estimation of snapper lg was approximately 766 kDa using gel 
filtration chromatography (Fig. 5). Both replicate samples had the same volume at the 
maximum absorbance. 
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and snapper serum as the coatmg antigen (mean± SE M., n = 3). Arrows mdicate 50% bindmg tttres. 
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3.4. Titration of rabbit-anti snapper lg ant1sera 

An indirect ELISA was developed to analyse development of the rabbit anti-sna 
lg antisera (Fig. 6). Both rabbit 1 and rabbit 2 responded immunologically to 
immunisation regime. Optimal ELISA coating concentration was determined to be 1' 
ml- 1 (protein concentration) and a dilution of 1 :256 OOO for the pooled serum. Antit 
titres were slightly higher in rabbit 2, however dilutJons over 1 :25 OOO still ga' 
detectable response in both rabbit sera. The 50% binding dilution was 1 :3574 (lg) 
1:3994 (serum) using rabbit 1 and 1:4017 (lg) and 1:4641 (serum) using serum 1 
rabbit 2, respectively. 

4. Immunoblotting 

4.1. Specificity of rabbit-snapper lg antisera 

Western blotting of purified snapper lg and probing with rabbit antisera demonstr 
that the antisera was primarily directed at the heavy chain(s) of the reduced lg mole 
(Fig. 7). H chains remained positive at dilutions beyond 1 :8000 usmg both anti! 
Bands of unknown proteins were also reactive, particularly at the lower dilut 
however, most were titrated out with the antisera, whilst the H chains remained posit 
Probing of reduced serum proteins revealed that the antisera reacted with both the hf 
and the light chains (Fig. 8). Two L chain variants were evident in blots probed ' 
both antisera. Similarly, when reduced serum was diluted further prior to e 
trophoresing, two H chain variants were detected with both antisera (not shown: 
single band of unknown protein (82.0 ± 1.0 kDa) was detected with both antiser 
dilutions where both H and L chains were positive. A number of unknown protein bi 
were evident at very low serum dilutions, however activity diminished at dilutions lo 
than 1:200. All negative control blots displayed no non-specific reactivity. 

4.2. Cross-reactivity of polyclonal antisera with heterologous sera 

Rabbit anti-snapper lg antisera were analysed for cross-reacl!v1ty against serum f 
various teleost fish including black bream ( Acanthopagrus butcheri Munro), At!a 
salmon (Salmo salar L.), rainbow trout (Oncorhynchus mykiss Walbaum), com1 
carp (Cyprmus carpio L.), greenback flounder (Rhombosolea tapirina Gunther) 
barramundi ( L. calcarifer ). After electrotransfer, heterologous sera were probed ' 
both rabbit anl!-snapper lg antisera (1 :500). Rabbit 1 and 2 antJsera were reactive ' 
both H and L chains in the snapper serum as well as the putative L cham of bi 
bream, as the band had a similar molecular weight to that of the putative L chains fi 
the snapper lg (not shown). No other cross-reactivity was detected m the remair 
species of fish indicating the high specificity of the polyc!onal antisera. 
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Fig. 7. Western blot analysis of protein A purified snapper Ig (a and b) or snapper serum (c and d) using rabbit 
antiserum 1 (a and c) and 2 (b and d) as a probe. Twofold serial dilutions of antisera were used to probe each 
lane from lane 1 ( I :500) to lane 8 (1:64000). Arrows indicate H chains. A lower dilution of serum ( I :80) 
resolved two putative L chains in supplementary Western blots (c l and di). 

4.3. Flow cytometry 

The majority of cells isolated by density gradient centrifugation had a large nucleus 
with little cytoplasm, consistent with lymphocyte morphology. In flow cytometry, cells 
with both low forward and side light scattering were gated (Fig. 8a). Similar fluores
cence frequency histograms were observed after cells had not been treated or by 
omitting either the primary or secondary antiserum from the protocol (not shown). 
Analysis of cells labeled with either rabbit 1 or 2 anti-snapper lg antiserum demon
strated a bimodal shift in fluorescence, suggesting that both polyclonal antisera were 
specific in labeling the B cell population via the B cell receptor (BCR) (Fig. 8). Using 
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Fig. 8. Flow cytometric analysis of peripheral blood Jeucocytes showing the forward scatter / si< 
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lymphocytes showing cells stained with a negative control (rabbit 1 pre-bleed) and polyclonal antiseru 
rabbi t I, respectively. 
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the control fluorescence plots as templates for negative cells, 40.8 ± 6.7% (n = 2) 
(rabbit 1) and 29.5 ± 4.6% (n = 2) (rabbit 2) of the gated lymphocytes were positive for 
surface lg. 

5. Discussion 

Single step SpA affinity chromatography purification of snapper Ig was successful. 
An increase in the utilisation of the bed capacity was achieved by the multiple 
application of serum to the column. Total yield was increased by approximately 73%, 
without compromising purity of the eluted product (not shown). The molecular weight
of the native lg was shown to be approximately 766 kDa by gel filtration chromatogra
phy. Molecular weight determination of the native and reduced snapper lg, suggested 
that snapper lg 1s tetrameric, assuming a (H 2 L 2 ) 4 configuration. This is in agreement 
with most studies on teleost lg (Wilson and Warr, 1992; Pilstrom and Bengten, 1996) 
however, in addition to the most commonly isolated tetramenc lg, a number of low 
molecular weight (LMW) Igs have been purified. Data suggest that these LMW Igs are 
either a simple monomeric form of the tetrameric lg molecule (Clem and Mclean, 1975; 
Warr, 1982; Whittington, 1993) or a structurally distinct form of LMW lg (Lobb and 
Clem, 1981). Similarly, Glynn and Pulsford, (1990) isolated a dimeric LMW lg bound 
by non-covalent linkages from flounder (Pla. flesus), suggesting it may have been a 
catabolite of the tetramenc Ig. 

Non-reductive denaturation of the snapper Ig suggested that structural heterogeneity 
exists amongst the native lg with covalent and non-covalent bonds linking H 2 L 2 subunit 
components. Under these conditions (in the presence of SDS), there appeared to be 
tetramers and perhaps tr1mers and monomers however, distinct bands were not obtain
able (Fig. 2). Estimation of molecular weights from native PAGE gels is invalid (due to 
the non-lmear nature of the protein migration) hence results here should be interpreted 
quahtatively. The presence of high molecular weight lg after incubation in the presence 
of SDS suggests that the incubation time was not sufficient to cleave the non-covalent 
bonds However, incubation times of up to three times that specified by Whittington 
(1993) did not affect lg composit10n (not shown). Variabihty among H 2 L 2 subunit 
lmkages has been reported in a number of species of fish. lg in the presence of SDS 
dissociated into covalently linked constituents from channel catfish(/. punctatus) (Lobb 
and Clem, 1983), chum salmon (0. keta Walbaum) (Kobayashi et al., 1982), sheepshead 
(A. probatocephalus) (Lobb and Clem, 1981), redfin perch (Perea fluviatilis L.) 
(Whittington, 1993), and flounder (Pla. flesus) (Glynn and Pulsford, 1990). How this 
heterogeneity in structure affects functionality of the teleost lg is unknown, although it 
has been hypothesized as an early model of isotypy (Kaattari et al., 1998). 

Full reduction of native lg saw the isolation of two H chain and two L chain variants 
based on the differences in molecular weight. Suzuki et al. (1990) described the 
molecular weight of SpA purified red sea bream ( P. major) H and L chains to be 
approximately 71 and 26 kDa, respectively. This 1s largely m agreement with results 
obtained here, however Suzuki et al. (1990) did not describe molecular weight variants 
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of the H and L chains. This may reflect the method of detection used, as silver stainin 
(used here) is inherently more sensitive (Bollag et al., 1996) than Coomassie brillim 
blue staining used by Suzuki et al., (1990). 

H chain isotypes or molecular weight variants have been described from chann• 
catfish(/. punctatus) (Lobb and Olson, 1988), rainbow trout (0. mykiss) (Sanchez et al 
1989) and redfin perch (P. fluuiatilis) (Whittmgton, 1993). Similarly, L chain isotyp1 
or molecular weight variants have been isolated from channel catfish (I. punctatu. 
(Lobb et al, 1984), flounder (Pla. flesus) (Glynn and Pulsford, 1990) and redfin perc 
(P. fluviatilis) (Whittington, 1993). Identification of true isotypic variation in H or 
chain polypeptides proved difficult until the development of monoclonal antibodie 
Lobb et al. (1984) developed monoclonal antibodies to catfish lg that reacted prefere1 
tially with specific L chains and thus demonstrated that molecular weight variability w; 
in fact antigenic incongruence. Despite recent advances in molecular techniques, specif 
gene loci for each of these H and L chain isotypes have not been descnbed. Indee 
Hordvik et al. (1992) have isolated and sequenced two IgM H chain genes (CHA ar 
CHB), however it remains to be seen if these genes encode functionally distinct forms• 
the H chain, as in the mammalian immune repertoire (Roitt et al., 1998). Interestingly 
novel chimeric gene has been identified in channel catfish(/. punctatus) that has son 
sequence homology with the H ( 8) chain of IgD. Like the lgM H cham genes of Atlant 
salmon, a functional role for the 8-like chain gene has not been defined (Wilson et a 
1997). 

Polyclonal antisera with high specificity and titre were produced and characterised 1 
ELISA and Western blotting. Probing of purified lg in a Western blot was interesting 
that the antisera reacted primarily with the H chain of the reduced lg, yet in contr~ 
reacted with both H and L chain variants when used against the whole serum. Tt 
suggests that the L chain may undergo antigenic modification during the prelimina 
processing. The antisera reacted with several other proteins in the purified lg, howev1 
at lower dilutions these had mostly titred out. These proteins were not visible in sih 
stained gels (Fig. 3) and hence may have been an lg catabolite as has been describ 
previously (Palenzuela et al., 1996). Importantly from a pragmatic perspective, t 
antisera reacted specifically with the H and L chains and only one other minor band. 
panel of heterologous antisera was probed with both antisera. Polyclonal antisera we 
negative against Atlantic salmon (S. salar), common carp (C. carpio), greenba 
flounder (R tapirina), rambow trout (0. mykiss) and barramundi (L calcarifer) seru 
whereas the antisera reacted with the putative L chain of black bream ( Aca. butcher 
The reactivity with the black bream L chain is probably a reflection of the phylogene 
relationship between the snapper and black bream (both being of the family Sparidi 
and is not unexpected (Thuvander et al., 1990; Israelsson et al., 1991). 

Flow cytometric analysis of peripheral blood lymphocytes suggested that both t 

polyclonal antisera reacted with the putative B cell population. However antiserum frc 
rabbit 2 was more specific, reacting with only 29.5% of the gated lymphocytes. T 
proportion of B cells in the peripheral lymphocyte population was similar to t1 
reported m previous studies usmg monoclonal antisera in flow cytometry (Thuvander 
al., 1990; Scapighati et al., 1996; dos Santos et al., 1997). Therefore, the polyclo1 
antisera produced here are suitable for assays utilising flow cytometric analysis. 
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In conclusion, a simple one step SpA affinity chromatography technique was used to 
purify lg from snapper. Yield and purity were both adequate to develop polyclonal 
antisera highly specific against H and L chains that are suitable for ELISA, Western 
blotting and flow cytometric techmques. 
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Elution of snapper, Pagrus auratus (Bloch and 
Schneider) lg from a protein A affinity 

chromatography column yields contamination 
from the binding ligand 

Richard N. Morrison and Barbara F. Nowak 

Sclwol 1f l\qu11rn//111t• 1111d CRC fiir Aq1111cult11rc, U11ii•crsity of Tas111a11i11, Tas111111111111Aquaculture1111d 
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Abstract 
Staphylococcal protein A (SpA) affinity chromatography was used to single step purify 
immunoglobulin!> (lg) from snapper (Pagrus aura/us) serum. Elution of lg was successful, with 
analysis of the eluent u..,ing SOS-PAGE under fully reducing conditions and PAGE under native 
conditions rcvealmg that the product was of high purity. Polyclonal antisera to SpA purified 
snapper lg was produced 111 rabbit~. Probing of reduced purified lg with the rabbit-anti-snapper 
lg anti<;era in a Western blot demonstrated that the antisera were most reactive with the heavy 
(H) chains but al.:;o with an unknown protein of approximately 65 kDa in molecular weight. 
Non-immune rabbit ... erum (pre-bleed) was not reactive with the H chains of the reduced lg 
however, reaction with the unknown protein (65 kDa) occurred. Further, probing of purified [g 
in a Western blot with a suite of control sera and antisera demonstrated that the unknown pro
tein wa:-. reactive with all m,1mmalian sera and antisera tested. SpA affinity chromatography 
without prior application tif ~napper !>Crum was performed. Eluent was probed in a We:-.tern 
blot by rabbit-anti-:-.napper lg antisera and non-immune rabbit sera (pre-bleed) once more and 
were also reactive. In addition, elution buffer pH (3-5) had no effect on the elution of the un
known protein. ln contrast, only Hand light (L) chains of reduced snapper serum were positive 
when probed with the antisera. lt was concluded that due to the non-specific binding in the 
Western blot the unknown protein was SpA contamination. 

Introduction 

Purification of teleost !>ystemic [g has been 

performed using a number of methods includ

ing mn exchange chromatography (Lobb and 

Clem, 1981; SancheL t'l 11/, 1989), gel filtration 

(Glynn and l'ubford, 1990; [<;raelsson cl al., 

1991; Bourmaud cl al., 1995), ammonium sul

phate precipitation (l'ibtrom and Peterson, 

1991). immuno-affinity chromatography 

(Bryant cl al, 1999; l'aknzucla cl al., 1996) and 

SpA affinity chromatography (Suzuki et al., 

1990; Estevez cl al. 1993; Estevez et al. 1994; 

Scapigliati cl al., 1996). SpA purification of 

teleost lg was first described by Zikan et al., 

(1980) and is a simple one step purification 

method. SpA has been shown to possess two 

binding receptors and up to four binding sites, 

to which mammalian IgG binds via the C 112-

C113 domains of the fc region and lgM via the 

fab region respectively (Inganas, 1981; 

Ljungberg et al., 1993). However, it remain!> 

unknown as to how the tcleost lg binds to 

SpA. Here, we aimed to purify snapper (P. 

auralus) lg using SpA affinity chromatogra-
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phy in order to inoculate rabbits and mice for 

polyclonal and monoclonal antibody produc

tion respectively. 

Materials and Methods 

P11r~ficatio11 of lg 

lg wa~ ~mglc step purified using an SpA af

finity chromatography kit (Bio-Rad; 732-2020) 

(Suzuki cl 11/., 1990). The column was prc

packed with 2 ml of affi-gel® SpA coupled to 

agarose beads. Column operation was as 

.,pecified by the manufacturer with modifi

cation.,_ Briefly, 3 ml of scrum was prepared 

u~ing a de~altmg column previously equili

brated with 20 ml of binding buffer (pH 9.0). 

An SpA column was equilibrated with 10 ml 

of binding buffer and the prepared sample 

applied to the column 5 times' to maxim1~c 

yield of lg. The column was washed with 20 

ml of bmding buffer with the effluent absorb

ance (A!,.,) monitored to prevent contamina

tion. Protein was eluted with 10 ml of elution 

buffer (pH 3.0) with absorbance (A!,.,) of 1 ml 

fractions analysed. Fractions with highest 

absorbance were pooled and desalted using 

a dcsaltmg column equilibrated with sterile 

O 1 M phosphate buffered saline (pH 7.4). 

Control eluent was collected using the tech

nique described without the addition of snap

per scrum to the protein A column. In this case 

elution buffer pH was 3.0, 3.5, 4.0, 4.5 or 5.0. 

Native PAGE and Reducing SOS-PAGE 

Snapper Ig purity was determined by poly

acrylamide gel electrophoresis under both 

reducing (SDS-PAGE) conditions and native 

(PAGE) conditions (Laemmli, 1970). Samples 

were applied to the wells and electrophoresed 

using an SE 250 Mighty Small II vertical elec

trophoresis unit. Gels were then silver stained 

Bull Eur. A<;s. Fi"h Pathol, 20(5) 2000, 175 

(Harlow and Lane, 1988) Low molecular 

weight ~tandards (Novex and Bio-Rad) and 

high molecular weight standards (Pharmacia) 

includmg human lgM (Sigma) were included 

on geb under reducing and native conditions 

respectively Molecular weights were esti

mated as dc~cribed by Bollag et al., (1996). 

Wcsta11 B/ott111g 
SpA purified lg, snapper scrum or control elu

ent were electrophoresed under reducing con

dition., a~ dc<;cribed and electrotransferred 

(Semi Phor l E70, Hoefer) to 0.45 mm nitrocel

lulo~e membrane (Pharmacia B1otech) under 

<;emi-drv condition~ (Bjcrrum and Schafer

Nicl<;cn.' 1986) Membranes were washed with 

tris buffered ~aline (TBS, pl-17.5) and blocked 

with l'.~;. non-fat skimmed milk (w.v-1) in TBS 

(SM-TBS) tor 1 hour at room temperature 

(RT) Membranes were then washed with TBS, 

twl'en-TBS (O.OS'i;,, v.\' 1
) and TBS and probed 

with rabbit anti-~napper lg serum diluted in 

SM-TBS (1-500) for 1.5 hours at RT. Again, 

membrane .. were wa<>hed as described and 

incubated in nm1ugatcd goat anti-rabbit HRP 

(Sigma) ~iiluted 1:1000 in SM-TBS for 1.5 hours 

at RT. After another washing cycle, positive 

band~ were visualised using 

d1aminobenL1dine and urea-peroxide (Sigma) 

dissol vcd 111 sterile distilled water. Control 

probing of transferred reduced Ig included; 

(1) Omitting the primary antiserum, 

(2) Omittmg the secondary antiserum, 

(3) Omitting both primary and secondary 

ant1sera, 

(4) Substituting the primary antiserum with 

control rabbit serum (pre-bleed) of rabbits 

immumscd with snapper lg, 

(S) Substituting the primary antiserum with 
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1 
(kDa) 
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124.0 .... 
124.0 .... i.'~ • ... 

80.0 .... ~ 
80.0 ... 

49.1 ... 
49.1 ... 

34.8 ... 
34.8 ... 

28.9 .... ...:!{ 

28.9 ... 
Figurl' I. Wl'stnn blots o l s napper serum and SpA purified snapper lg showing lwavy ch.1ins (solid 
arrowhl'ad) and light chains (open arrowhead) and putative SpA contamination (arrow). L.1nc•s:( I) Sn.1pper 
serum probl•d with pol yclon;il rabbit anti snapper Jg(l :500). (2) SpA purified snappt•r lg probed with 
polyclonal rabbit .1nti ·sn.1ppc•r lg (I :500). (3) SpA purified snapper lg probed with prc·-bl l'ed rabbit scrum 
(anti · b;irr.1mundi IM- 1500)_ (.J) SpA purified snapper Jg probed with pre·blet•d rabbit ,...·rum (.1nti ·b.ur.1mundi 
lg, 1: :"00). (S) SpA purified snapper lg probed with polyclonal r;ibbit anti barramund i lg ( J: '.'00)_ (6) SpA 
purifi,·d sn.1ppcr lg probc•d with no p~imary antisera. 

control r;ibbit Sl'rum (pre-bleed) of rabbits 

immunised with b;irr;imundi (Late~ 

mlcarifcr) lg, ,ind 

(6) Substiluling the primary antiserum with 

r;ibbit ;inti -barr;imundi (L. calcarifcr) lg 

;intiserum . 

Results 

Sn;ipper lg were successfully purified from 

serum using ;in Sp/\ ;iffinity chromatography 

column. /\n.1lysis of the purified lg by SDS

PAGE under rt•ducing conditions showed that 

two Hand two L ch;iin variants were present 

with minimal contamination from serum pro

teins. Probing of reduced lg in Western blot 

using r;ibbit ;inti -snapper lg polyclonal antis

era l'licil ed .i positive reaction with the H 

ch;iins as well ;is an unknown protein of ap

proximately 65 kDa (Figure 1 ). The pre-bleed 

rabbit serum did not react with the H chain 

but, was rc.ictive with a s imilar unknown pro

tein to that described . I\ battery of control sera 

and anti se ra including polyclon;il anti sera 

from an indepe ndent projcft were used to 

probe the purified lg with the unknown pro

tein positive on all occasions when mamma

lian sera or antisera were added (Figure 1). 

Further, a controlled elution of the protein A 

column (without prior <1pplic;ition of snapper 

serum) w<1s performed (pH J -5), with the un

known protein <1g<1in present in Wes tern blots 

when both pre-bleed and immunised r<1bbit 

sera were used ;is probes (Figurl' 2). 

Discussion 
Successful elution of snapper lg from an SpA 

affinity chromatography column was demon

strated by SOS-PAGE an;ilysis of the eluted 

product. However, in s ubsequent Wes tern 

blot analyses, a cont;imin;int that appt•ared to 

be SpA from the ag;irose-Sp/\ ;iffinity chro

matography column w<1s identified . Since the 

contaminant w<1s used ;is p;irt of ;in inoculat

ing emulsion for produ ction of polyclonal 
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MW 
(kOa) 1 2 3 4 5 6 7 8 9 10 

- . 
116.3 .,. 
97.4 .,. 

66.3 ... ji't\. 

55.4 .,. 

36.5 .,. 
31.0 .,. 

3.0 3.5 4.0 4.5 5.0 3.0 3.5 4.0 4.5 5.0 

Elution Butter pH 
Figure 2. Western blot analysis of control cluent (without prior application of snapper serun'i· to column), 
using non-immune rabbit S<'rum (Lanes 1-S )( anti -snapper lg, I :SOO) and polyclonal rabbit anti-snapper 
lg(lanes 6-10)(1 :500) as the primary antiserum. The cont.1minating protein reacted with both immune and 
non-immune sera at every elution buffer pH analysed. 

antisera, reactivity with th e contaminant 

would be expected (if immunogeni c). How

ever, in control Western blo t assays, it was 

demonstrated that not only the po lycl o nal 

antisera reacted with the contaminant , but 

also a number of other control se ra . Further, 

elution of the affinity chromatog raphy col 

umn without prior application of snappe r se

rum, was performed . Probing o f the control 

eluent in a Western blot demons trated that the 

contaminant was column borne and al so re

active with non-immune rabbit serum. Al 

though definitive confirmation o f SpA con

tamination using specific anti se ra (Knicke r 

and Profy, 1991; Godfrey et al ., 1992; Ste indl 

et al ., 2000) was not performed, results dem 

onstrated here strongly suggest that the con

taminating protein was SpA . 

SpA is a 42 kDa protein, howeve r the cont ami-

nating protein identified in this trial was ap

p rox ima te ly 65 kDa, sugges ting that the li g

and it self did not lose affinity to the support, 

but was cleaved toward the agarose beads. 

Although the binding arm may not have ac

counted for the difference in the expected 

molecular weight of SpA (42 kDa cf 65 kDa 

seen here ), it may have affected the electro

phore tic mobility, thus producing the ob

served anomalous result. Alternatively, con

tamina ting SpA may have bound with con

stitu ent domains of the snapper lg, thus a f

fecting the electrophoretic mobility. SpA in the 

a ffinity chromatography column used here 

was coupled with N-hydroxysuccinimide es

te rs of a de rivatised cross-linked agarose sup

port. According to the manufacturer, the prod

uct is res is tant to heat, solvents and pH ex

tremes (pH 2-11). In an independent control 

ex pe rime nt, elution was pe rformed at va ry-
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ing pH (3-5), which did nothing to inhibit lig

and leakage (Figure 2). This suggests that the 

leakage observed 1s inherent. 

Contamination from SpA has been reported 

previously, however quantification has been 

difficult due to the problems associated with 

competitive binding of the detecting antibod

ieo; and eluted IgG with the contaminating 

SpA. SpA purified monoclonal antibodies are 

commonly administered to human patients 

and since SpA has been shown to be poten

tially toxic (Bensinger et al., 1984), requisite 

quantification of contaminating SpA must be 

performed. Capture ELISA assays to detect 

SpA m eluent have been developed, using 

!-pec1iic ant1o;1.•ra to SpA in a capture ELISA 

(Kn1cker and Profy, 1991; Godfrey et nl., 1992; 

Steindl t'I al., 2000). These techniques maybe 

useful to as-;e-.s the quantity of SpA contami

nation (if requ 1 red). 

SpA affinity chromatography is widely used 

to punfy teleost lg (Suzuki et al., 1990; Estevez 

t'/ al 1993; Estevez rt al. 1994; Scapigliati et al., 

1996), however to the best of our knowledge, 

contamination of eluent with SpA has not 

been reported previously. This suggests that 

immuno-as~ay~ such as ELISA utilising SpA 

purified lg (teleost or mammalian) require 

vi~ual validation by immunoblotting to pre

vent SpA as a confounding factor. 
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Abstract 

In order to perform specific immunological assays we have produced and characterised three monoclonal antibodies (MAbs) 
that bind snapper (Pagrus auratus, Bloch and Schneider) immunoglobulin (lg). Hybridomas were produced and screened for 
anti-lg production using ELISA, Western blot and flow cytometry. All three MAbs (designated 2C5, 4A2 and 1C6) bound 
specifically to the heavy (H) chain of reduced lg in Western blot. Furthermore, 1 C6 was shown to bind to reduced skin mucus lg 
H chain and all three MAbs cross-reacted with the H chain of Atlantic salmon and rainbow trout lg. In flow cytometric analyses 
2C5 and 4A2 bound to B cell populations in the peripheral blood and lymphoid organs. Furthermore, cross-linked 2C5 induced 
an increase m intracellular protein tyrosine phosphorylation in peripheral blood lymphocytes. Phosphorylated proteins exhib
ited similar molecular weights to those of mammalian lgcx. and lg~ and may represent snapper mlg accessory molecule 
analogues. These data exhibit the potential use of 2C5, 4A2 and 1 C6 in both cellular and biochemical analyses of populations . 
of snapper leucocytes. © 20Q2 Elsevier Science Ltd. All rights reserved. 

Keywords: Fish; Immunoglobulins; Monoclonal; Antibodies; Pagrus auratus 

1. Introduction 

There is increasing interest in fish (teleost) 
immunology, particularly as worldwide aquaculture 
production expands. Focus on the fish immune system 
stems from the requisite for protection of cultured 
fishes from infectious pathogens and from compara
tive immunologists. However, in order to develop 
effective therapeutic regimes, a thorough understand-

* Corresponding author. Tel.: +61-3-63243862; fax: +61-3-
63243804. 

E~l!Ylil_addr~~.§: rrne>_ffi~o@utas.~du.a!!.IB_,N,.~o.rrison). 

ing of the immune system must be achieved. Restraint 
on the advance of fish immunology is due in part to the 
lack of specific leucocyte markers. Given that a 
common species of teleost cannot be utilised as a 
single model in all laboratories, reagents have to be 
developed for leucocytes of each species used. 

It is well established that teleosts have B and T 
lymphocyte subsets and these are characterised as 
membrane lg+ (B cells) or membrane lg- (T cells) 
lymphocytes [1]. Membrane associated lg, along with 
the transmembrane co-receptors required for signal 
transduction, forms the B cell receptor complex 
(BCR). In mammals positive and negative B cell 

0145-305X/02/$ - see front matter© 2002 Elsevier Science Ltd. All rights reserved. 
PII: SO 145-305X(O 1)00070-2 
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signalling is mediated by phosphorylation of 
intracellular tyrosine activation motifs in lgu and 
lgf3 heterodimers of the BCR [2]. CD19 and CD21 
are constituents of the B cell co-receptor complex that 
are also phosphorylated after BCR ligation, enhancing 
the signal [3]. Positive signalling through the BCR 
leads to entry into cell cycle, proliferation and differ
entiation [4] whereas negative signalling leads to 
apoptosis [5]. 

Teleost B cells exhibit many characteristics of the 
mammalian equivalent incl~ding antigen recognition 
and lg production [6]. Not only are these fundamental 
mechanisms approximate, but intracellular signal 
transduction events such as an increase in intracellular 
calcium [7,8], protein tyrosine phosphorylation [8,9] 
and MAPK and IP/DAG (protein kinase C dependent) 
activation pathways [10,11] similar to that observed in 
mammalian B cells. In this study we describe a panel 
of MAbs that recognise both native and reduced lg of 
the snapper. These MAbs were used to differentiate B 
cell populations as well as to activate B cells by 
cross-linking the BCR. 

2. Materials and methods 

2.1. Fish 

Snapper (500 g) were purchased from the Spencer 
Gulf Aquaculture hatchery at Port Augusta, South 
Australia, Australia. Fish were transported to the 
South Australian Research and Development Institute 
facility at Adelaide, South Australia and held in 600 1 
tanks under flow through conditions. Water was main
tained at 35%0 salinity and 19°C. While sampling, fish 
were anaesthetised with benzocaine (50 mg/I, ethyl 
p-aminobenzoate) or euthanised by an overdose of 
benzocaine (150 mg/I). 

2.2. MAb production 

Five Balb/c mice were obtained from and kept at 
the Flinders Medical Centre Animal House (Flinders 
University of South Australia). Each mouse was 
immunised with 50 µg protein A-agarose (SpA) puri
fied snapper lg [12] and 1 µg of Gerbu (Gerbu 
Biotechnik Gmb H, Gaiberg, Germany) adjuvant by 
intraperitoneal injection. Fifteen days later, mice were 
administered a second dose using the same regime as 

described followed by another dose at 30 days post
initial treatment. Mice were euthanised 3 days later 
and hybridomas were produced as described by ref. 
[13]. 

A total of eight hybridoma cell lines were selected 
using ELISA, and supernatants from each cell line 
were tested for activity against SpA purified snapper 
lg and whole snapper serum in Western blots (as 
described below). Five hybridoma cell lines expressed 
antibody specific for the H chain of snapper lg and 
four of these positive hybridoma lines were cloned out 
by limiting dilution to create monoclonal cell lines. 
Three of the monoclonal cell lines were re-assayed by 
ELISA and Western blot. These hybridoma clones, 
termed 2C5, 4A2 and 1C6 were protein G-agarose 
purified providing a total of 627 ± 15 µg/ml, 
785 ± 13 µg/ml and 309 ± 20 µg/ml (mean ± S.E.M. 
protein concentration) lg respectively. All three 
monoclonal antibodies were shown to be of IgGl 
isotype and all expressed K L chains, determined 
by an IsoStrip ™ (Roche Molecular Biochemicals, 
Indianapolis, USA) isotyping kit, as specified by the 
supplier. 

2.3. EUSA 

Ninety-six well microplates (Nunc) were coated 
with SpA purified snapper lg for 3 h at 37°C. Excess 
available binding sites were blocked by adding 2% 
bovine serum albumin overnight at 4°C. Two-fold 
serial dilutions of mouse sera or hybridoma super
natants were added and plates were incubated for 
4 hat 37°C. Horseradish peroxidase-conjugated rabbit 
anti-mouse antibody (DAKO, Carpinteria, CA, USA) 
diluted 1 :2000 were added to the wells for 1.5 h at 
37°C. Wells were washed with 0.05% tween in PBS 
between each step. Colour was developed using 
o-phenylene diamine (Sigma, Castle Hill, NSW, 
Australia) and 0.012% H20 2 for 10 min at 20°C. The 
reaction was stopped with phosphoric acid (0.9 M) 
then plates were read using a Multiskan plate reader 
at 492nm. 

2.4. Western blotting 

Proteins were reduced by boiling in reducing buffer 
containing SDS and 2-mercaptoethanol for 5 min, 
applied to a 10% SDS-PAGE resolving gels below 
5% stacking gels [14] then electrotransferred to 
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0.45 µ.m nitrocellulose membranes (Pharmacia 
Biotech, Castle Hill, NSW, Australia) under semi-dry 
conditions (transfer buffer 25 mM tris, 192 mM 
glycine, 20% methanol). Transfer efficiency was 
monitored using ponceau S stain (Sigma). Membranes 
were blocked with 1 % non-fat skimmed milk in tris 
buffered saline (TBS) for 1 h at 20°C. Membranes 
were washed with 0.05% tween in TBS and probed 
with 2C5, 4A2 or 1C6 for 1.5 hat 20°C. Membranes 
were washed as described and incubated in HRP 
conjugated rabbit anti-mouse (1:1000, Sigma) anti
body for 1.5 h at 20°C. After washing, bands were 
developed with diaminobenzidine and urea/H20 2 

(Sigma). 

2.5. Cell preparation 

2.6. Flow cytometry and immunofluorescence 

Cells were suspended in 100 µ.l of media con
taining anti-lg MAbs (5 µ.g/ml), placed on ice for 
30 min then washed twice with PBS supplemented 
with 0.1 % BSA and 0.1 % NaN3 prior to labelling 
with a saturating concentration of fluorescein isothio
cyanate (FITC) conjugated goat anti-mouse antibody 
(F(ab1

) 2 fragment of goat IgG; Sigma) (30 min on ice). 
Cells were washed again, fixed in 500 µ.l of 1 % 
formalin, 2% glucose, and 0.02% NaN3 in PBS and 
analysed using a Coulter Epics XL-MCL flow 
cytometer (Beckman Coulter, Ca, USA) and Win 
MDI 2.8 software (Joseph Trotter, Scripps Research 
Institute, La Jolla, CA, USA). Controls includ,ed 
analyses where the primary and primary ana second
ary antisera were omitted from the protocol. In. addi-

Blood was taken from the caudal vein of snapper tion, an isotype control (10 µ.g/ml murine IgGl) was 
using either a heparinised (Pharmacia & Upjohn, used as a substitute for the primary antibody. Propi-
Rydamere, NSW, Australia) or non-heparinised dium iodide stain was used routinely to eliminate non-
needle and-syringe;-.Serum-was-remeved--from-non- __ _yiable cells _frmn the analyses. A total of 20,000 cells 
heparinised blood and frozen (-20°C) until required. were analysed and three fish were used as replicates. 
For flow cytometry, heparinised blood (3 ml) was In order to visualise binding of 2C5 or 4A2 to 
diluted to 3Q ml with heparinised PBS, layered over PBLs, cytospin prepai:ations were created. Cells 
Ficoll (Pharmacia Biotech) and centrifuged for were prepared as descnbed for flow cytometry and 
30 min at 4°C and 400 x g. Cells were taken from three drops of the cell suspension ~d one drop of 
the interface, washed twice with PBS and erythrocytes 30% BSA and 0.1 % NaN3 in PBS were- added to 
lysed using alkaline lysis buffer (0.15 M NH.iCl, each slide. Cells were spun using a Shandon Cytospin 
1 mM KHC03, 0.1 mM Na

2
EDTA, pH 7.2) for 2 centrifuge for 5 min at 150 X g and 20°C. Cells were 

5 min at 20°C. Cells were washed twice again prior allowed to dry for approximately 10 min and mounted 
to labelling. using fluorescence mounting media (DAKO). 

Lymphoid organs (head kidney, posterior kidney, 
spleen, thymus and gut) were removed and placed into 
RPMI (CSL, Parkville, Vic, Australia) supplemented 
with 2% foetal calf serum (CSL), 20 mM HEPES 
(CSL), 300 mg/ml L-glutamine (CSL}, 50 U/ml 
penicillin/streptomycin (CSL) and 40 U/ml gentami
cin (media). Cell suspensions were created by teasing 
tissue through stainless steel gauze then cells were 
layered over Lymphoprep (Nycomed, Buckingham
shire, UK) and centrifuged for 5 min at 4°C and 
400 X g. Cells at the interface were removed, erythro
cytes were lysed as described and then washed twice 
withPBS. 

Mucus was obtained by scraping along the lateral 
sides of the fish with the blunt edge of a scalpel blade. 
Mucus was frozen ( -80°C), lyophilised and stored 
lyophilised until required. 

2.7. Western blot analysis of intracellular protein 
tyrosine phosphorylation after B cell receptor cross
linking 

Stimulation and Western blot protocols used were 
described elsewhere [15]. Briefly, PBLs from two 
snapper were isolated as described without alkaline 
lysis, then resuspended in serum free medium at 
1.65 x 107 cells/lane. The BCR was cross-linked by 
either 5 µ.g/ml 2C5 and/or 10 µ.g/ml goat anti-mouse 
lg (H and L chain specific, Caltag, Burlingame, CA, 
USA) as an additional cross-linker at 20°C. Where an 
additional cross-linker was used, the primary anti
body was added for 2.5 miri then the cross-linker 
was added for a further 2.5 min. Negative (cells 
only) and positive controls were also included. The 
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Fig. I. Western blot analysis of purified snapper lg (lanes 1-3), 
snapper serum (lanes 4-6) and skin mucus (lane 7) probed with 
2C5 (lanes I and 4), 4A2 (lanes 2 and 5) and IC6 (lanes 3, 6 and 
7). Proteins were reduced, run through 10% SOS-PAGE gels and 
transferred to nitrocellulose. Anti-lg MAbs were used to probe the 
samples and horseradish peroxidase-conjugated goat anti-mouse 
antibody was used for detection. Membranes were developed using 
DAB. Protein molecular weights are indicated on the left in kDa. 

positive control incorporated receptor independent 
activation of cells (for 5 rnin) using phorbol myris
tate acetate (PMA, 1 µg/ml) and ionomycin 
(300 nM/l). After 5 min post-stimulation, cells were 
lysed (0.5% triton, 5 mM EDTA, 1 mM sodium 
orthovanadate and protease inhibitor cocktail 
(Sigma) according to the manufacturers instructions 
in Milli Q H20) on ice for 30 min. Lysates were 
centrifuged (1000 X g for 5 min) and the superna
tants removed. Lysates were reduced, electrophor
esed and transferred to nitrocellulose membranes as 
described. Membranes were blocked using 1 % BSA 
in TBS overnight at 4°C and probed with mouse anti
phosphotyrosine antibody 4G 10 ( 4 µg/ml , Upstate 
Biotechnology, Lake Placid, NY, USA) overnight 
at 4°C. Goat anti-mouse alkaline phosphatase 
secondary antibody (1 :5000, Sigma) was added and 
the membranes developed by ECF (Amersham 
Biotech). Images were taken using a fluorimager 
(Fluorimager 595 , Molecular Dynamics, Sunnyvale, 
CA, USA). Activation and analysis was completed 
using two snapper as replicates . 

3. Results 

3.1. Anti-snapper lg MAbs bind to the H chains of 
serum and mucosa/ lg 

All three MAbs were shown to bind specifically 
with the H chain of SpA purified snapper lg (lanes 
1-3) and lg in snapper serum (lanes 4-6) (Fig. 1). 
2C5 and 4A2 did not react with the lg of the skin 
mucus (not shown), while 1C6 reacted with the 
mucosa! lg H chain (lane 7). 

3.2. Anti-snapper lg MAbs cross-react with lg of 
different fish species 

In Western blots of heterologous serum from 
various teleost species, each MAb was cross-reactive 
with the putative rainbow trout (Oncorhynchus 
mykiss) (lane 2) and Atlantic salmon (Salmo salar) 
(lane 7) H chains in reduced serum (Fig. 2). No 
cross reactivity was observed with any protein in 
reduced serum from black bream (Acanthopagrus 
butcheri) (lane 3), greenback flounder (Rhombosolea 
tapirina) (lane 4), common carp (Cyprinus carpio) 
(lane 5), barramundi (Lates calcarifer) (lane 6) or 
dhufish (Glaucosoma hebraicum) (lane 8). 

3.3. Anti-lg MAbs stain B cells and stimulate 
intracellular protein phosphorylation on tyrosine 
residues upon cross-linking the B cell receptor 

Each MAb was used to stain lymphocytes in the 
peripheral blood. Lymphocytes gated for the analyses 
included a large population of cells with a low 
forward (FSC) and side (SSC) light scattering pattern 
(Fig. 3a). Analysis of 2C5 and 4A2 labelled cells 
demonstrated a bimodal fluorescence frequency 
distribution however, 1C6 failed to stain the lympho
cytes adequately (Fig. 3). 2C5, 4A2 and 1C6 labelled 
33.4 ± 9.1, 29.5 ± 8.2 and 2.4 ± 0.7% of gated 
lymphocytes respectively (n = 3 fish) . Therefore 
2C5 and 4A2 were used in subsequent analyses. 
Using immunofluorescence of cytocentrifuged cells, 
2C5 and 4A2 were observed to stain cells with 
morphology consistent with lymphocytes (not 
shown). Cells were fluorescent around the membrane 
whilst on all control slides, no fluorescence was 
observed. 

2C5 labelled lymphocytes of various organs 
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Fig. 2 . Western blot analysis of heterologous sera probed with 2C5 , 4A2 and 1C6. Snapper (lane 1), rainbow trout (lane 2), black bream (lane 3), 
greenback flounder (lane 4), common carp (lane 5), barramundi (lane 6), Atlantic sl)lmon (lane 7) and dhufish (lane 8) serum were reduced, run 
on 10% SDS-PAGE gels and transferred to nitrocellulose. Anti-lg MAbs were used to probe the samples and horseradish permlidase 
conjugated goat anti-mouse antibody was used for detection. Membranes were developed using DAB. Protein molecular weights are indicated 

on the left in kDa. 

indicated that there was a distinct organ dependent 
variability in B cell abundance (relative to slg -
lymphocytes). B cells constituted over 18% of 
lymphocytes in the anterior kidney, higher than in 
any other lymphoid organ. The proportion of B cells 
in the anterior kidney was followed by the spleen, 
posterior kidney, gut and thymus (Table 1). 

In control experiments, no immunostaining could 
be demonstrated when the primary, the secondary or 
the primary and the secondary antibodies were 
omitted from the protocol. Likewise, when an isotype 
control was employed as a primary antibody, no non
specific staining was observed (data not shown). 

Snapper peripheral blood leucocytes (PBLs) not 
stimulated or stimulated with 2C5 and/or goat 
anti-mouse antibody possessed a number proteins 
with an elevated level of tyrosine phosphorylation 
ranging from approximately 37- > 250 kDa (Fig. 4) . 
Comparison of the treatment groups revealed qualita
tive differences in phosphotyrosine bands, including a 
band of 37 kDa. In addition, quantitative differences 
in phosphotyrosine band intensity were detected. Of 
note was a band of 40 kDa. Another band (43 kDa) 
was also prominent, however the increase in intensity 
was not 2C5 dependent as the cells treated with only 
the goat anti-mouse cross-linking antibody also 

displayed a similar level of phosphorylation (lane 
3). Receptor-independent stimulation of PBLs with a 
protein kinase C agonist (PMA) and calcium 
ionophore (ionomycin) elicited a similar pattern of 
phosphorylation to that of the stimulated cells, 
including the 37 kDa band (lane+ ve) . 

4. Discussion 

Here we describe the production of three MAbs 
recognising the H chains of both reduced and native 
lg of the snapper in Western blot and ELISA respec
tively. As part of a holistic approach to MAb charac
terisation, 1C6, 2C5 and 4A2 were used as probes 
against snapper mucus in Western blots. Reactivity 
against the putative mucus lg could only be demon
strated with 1C6. Differences between serum and 
mucus lg of teleosts have been hypothesised 
[16, 17]. For instance intravenously administered 
radio iodinated serum lg did not migrate to the 
mucus, suggesting that the two compartments are 
independent [16]. Furthermore, a MAb that reacted 
with mucus lg of carp (C. carpio) did not recognise 
serum lg [17] . 

Attempts to identify MAb cross-reactivity with lg 
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Fig. 3 . Flow cytometric analysis of PBLs showing the gate used (a) and the fluorescence frequency distribution of cells from an individual 
snapper probed with 2C5, 4A2 or 1C6. PBLs were isolated over Ficoll and incubated with 2C5, 4A2 or IC6 (5 µ.g/ml) for 30 min on ice. FITC 
conjugated goat anti-mouse antibody (1; 100) was added (30 min on ice) and cells were analysed using a Coulter Epics XL-MCL flow cytometer 
(Beckman Coulter, CA, USA). On each graph the grey area indicates the frequency distribution and abundance of control cells. 

(in serum) from various teleost species was per
formed in order to fully appreciate the potential of 
these MAbs. Cross-reactive anti-lg MAbs have been 
described previously [18,19] and have proved useful 
in subsequent studies. For instance, monoclonal 
anti-rainbow trout lg has been used to detect Atlantic 
salmon lg in ELISA [20,21]. In Western blot 
analyses described here, all three MAbs cross
reacted with both the Atlantic salmon and rainbow 
trout putative H chains. This result was interesting 

Table 1 

as these species are more phylogenetically diver
gent from snapper than for example black bream, 
which belongs to the same family as snapper 
(Sparidae). A possible explanation is that the 
MAbs are directed toward glycosylated regions 
and differential glycosylation patterns account for 
the disparity in binding. 

MAb binding to the gated lymphocyte population 
of PBLs suggested that both 2C5 and 4A2 reacted 
specifically with B cells. The proportions of B cells 

Flow cytometric analysis of cells isolated from primary and secondary lymphoid organs and probed with 2C5. Data are expressed as mean ± 
S.E.M. (n = 3) 

Lymphoid tissue 
Anterior kidney Posterior kidney Spleen Gut Thymus 

Mean (S.E.M.) 18.7 (3.6) 9.5 (3.6) 13.1 (3.9) 3.0 (1.4) 2.0 (0.6) 
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Fig. 4. Analysis of phosphorylated tyrosine residues after peripheral blood leucocytes (J.65 x 107 cells/well) from two snapper (a and b) were 
incubated with 2C5 (5 µg/ml) (lane I), 2C5 and goal anti-mouse antibody (I : 100) (lane 2) or goat anti-mouse antibody alone (I : 100) (lane 3) 
for 5 min at 20°C. (c) Higher magnified view of the boxed area of fish two showing the 37 and 40 kDa phosphorylated tyrosine residues. Cells 
were lysed on ice, spun and the supernatants removed and boiled in SOS reducing buffer. The samples were electrophoresed through a 10% 
SOS PAGE gel, transferred to nitrocellulose and probed with an anti-phosphotyrosine antibody (4010, 4 µg/ml). An alkaline phosphatase 
conjugated goat anti-mouse antibody was added and the membrane was developed with ECF. The image was taken using a fluorimager 
(Flourimager 595, Molecular Dynamics, Sunnyvale, CA, USA). Protein molecular weights are indicated on the left in kDa. *indicates the light 
chain of 2C5. 

that were identified by the MAbs were in agreement 
with studies on rainbow trout (0. mykiss) [18) and 
carp (C. carpio) [22) yet were higher than in other 
studies on channel catfish (lctalurus punctatus) [23) 
and sea bass (Dicentrarchus labrax) [24). This most 
likely represents variability amongst the peripheral 
B cells of teleosts. MAb binding to cells from the 
primary and secondary lymphoid tissues demon
strated a high degree of variability in B cell 
abundance. The highest proportions of B cells 
were observed in the head and tail kidney as well as 
in the spleen. This concurs with previous studies 
[24,25) and suggests that the kidney and spleen 
are mammalian bone marrow equivalents in adult 
snapper. 

After labelling B cells with 2C5 and an addi
tional cross-linker, both qualitative and quantitative 
changes in the tyrosine phosphorylation pattern 
suggest that 2C5 is able to elicit intracellular signal 
transduction via the B cell receptor (BCR). Teleost 
membrane associated lg (rnlg) has been shown to 
have a short intracytoplasmic tail, similar to that 
of higher vertebrates [26). Therefore intracellular 
signalling most likely occurs via accessory mole-

cules within the BCR complex. In mammals, Igo. 
(CD79a) and lgl3 (CD79b) that house intracellular 
tyrosine activation motifs (ITAMs) are required for 
signal transduction [2) . Indeed data suggest that 
teleost fish possess a conserved motif on the trans
membrane region of mlg implying that accessory or 
signalling molecules may be associated [27) 
however, Igo. and Igl3 molecules have not yet 
been cloned. Four phosphorylated proteins have 
been identified (32-46 kDa) in channel catfish 
(lctalurus punctatus) B cells and were thought to 
be analogous to Igo. and lgl3 [8]. A more recent 
study has shown that the phosphorylated proteins 
were in fact a 32 kDa covalent homodimer and a 45 
and 25 kDa heterodimer [9]. Here we describe the 
phosphorylation of 37 and 40 kDa proteins that too 
may be the Igo. and Igl3 equivalents of snapper B 
cells. 

In summary, we have produced and characterised 
three MAbs that are not only useful for detection of 
native and reduced forms of snapper lg but also 
rainbow trout and Atlantic salmon lg. Binding of 
2C5 and 4A2 with PB Ls and with cells of the primary 
and secondary lymphoid organs suggests that indeed 
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2C5 and 4A2 are B cell specific and 2C5 can stimulate 
early intracellular signalling events with results 
supporting earlier work that showed phosphorylated 
proteins were of similar molecular weight to 
mammalian Igcx. and Ig(3. 
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Abstract 

Detailed immunological studies of the teleosts have been hampered by a lack of antibodies against cell-specific markers. 
Furthermore, where antibodies have been raised, in many instances they have been found to be species-specific. In comparison, 
many monoclonal and polyclonal antibodies exist with specificities for mammalian proteins and glycoproteins that effectively 
differentiate leukocyte sub-populations. In this study, we have tested a panel of 54 commercial antibodies against human and 
murine cell surface receptors for their ability to bind leukocytes isolated from the peripheral blood of snapper (Pagrus auratus). 
From this panel, one antibody, A452, which is specific for the intracytoplasmic tail of the epsilon (E) chain of the T cell 
receptor-associated CD3 complex (CD3E) bound to a subpopulation of peripheral blood leukocytes. Mutually exclusive 
counterstaining was observed when this antibody was used in conjunction with a monoclonal anti-snapper immunoglobulin 
antibody. This suggests that A452 may be binding to putative snapper T cells. © 2001 Elsevier Science Ltd. All rights reserved. 

Keywords: T cell; T cell receptor; CD3; Flow cytometry; Teleost, Snapper; Pagrus auratus 

1. Introduction 

Due to global reductions in wild fish stocks and an 
associated increase in intensive aquaculture, there has 
been an increasing impetus to gain a fundamental 
understanding of the host defence mechanisms of tele
ost fish. Intensive farming practices can be stressful, 

* Corresponding author. Tel.: +61-8-8222-3590; fax: +61-8-
8222-3262. 

E-mail address: john.hayball@imvs.sa.gov.au (J.D. Hayball). 
1 These two authors contributed equally to this work. 

potentially comprom1smg immune function, and a 
thorough knowledge of the teleost immune system 
will facilitate the development of fish health mainte
nance strategies. A significant impediment to studies 
of fish immunology is the paucity of specific reagents 
available to identify various teleost leukocyte sub
populations [1]. 

It has been well established that fish possess 
lymphocyte populations analogous to B and T cells 
[1-4], and in recent years a number of antibodies have 
b~en generated that recognise B cells in various fish 
species (reviewed by Scapigliati et al. [5]). These 

0145-305X/Ol/$ - see front matter© 2001 Elsevier Science Ltd. All rights reserved. 
PII: S0145-305X(01)00024-6 
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antibodies have been very useful m the study of B cell 
ontogeny, distribution and function. However, despite 
recent attempts to generate specific markers for other 
teleost leukocyte types there remam no commercial 
reagents available for the study of these cells. For 
instance, attempts to raise monoclonal antibodies 
agamst teleost T cells have resulted m reagents that 
either react only with subpopulations ofTcells (6], or 
cross-react with other leukocyte subsets [7]. Unfortu
nately, the epitopes to which these antibodies bind are 
unknown and these cells have thus been designated 
simply mlg- lymphocytes. Obv10usly, the avallabi11ty 
of such ant1bod1es would fac1htate rapid identification 
and functional analyses of different sub-populations 
of teleost leukocytes The pu!pose of this study was 
to screen a wide range of commercial anti-human and 
ant1-munne antibodies against snapper (Pagrus aura
tus) peripheral blood leukocytes, and determme 
whether any cross-reacted with these cells. 

2. Materials and methods 

2 1. Fish 

Fish (approximately 280'-600 g) were obtained 
from a commercial facility (Spencer Gulf Aquacul
ture, Port Augusta, South Australia) and transported 
to the South Australian Research and Development 
Institute (Adelaide, South Australia). Fish were held 
in 600-1 tanks under flow through conditions at ainb1-
ent temperature 

2.2 Isolation of peripheral blood leukocytes 

Fish were anaesthetised with benzocaine (ethyl-p
ainmobenzoate, 50 mg/I) and bled from the caudal 
vem usmg a heparimsed needle and syringe Blood 
was diluted 1 :1 with heparinised PBS and kept at 
room temperature (RT). Peripheral blood leukocytes 
(PBLs) were isolated by density gradient centnfuga
tion. Briefly, 3 ml of blood preparation was layered on 
5 ml of Lymphoprep (Nycomed, Oslo, Norway) and 
centnfuged at 1000 X g for 30 min at 4°C. Cells were 
collected from the mterface and resuspended m RPMI 
media (CSL Ltd., Parkv1lle, Vic) supplemented with 
2% foetal calf serum (PCS) (CSL Ltd.), HEPES 
(20 mM) (CSL Ltd ), hepann (10 U/ml) (Pharmacia 
& Upjohn, Rydalmere, NSW), L-glutamme (300 mg/ 

ml) (CSL Ltd ), pemc1llm/streptomycm (50 U/ml) 
(CSL Ltd) and gentamicin (40 U/ml) and washed 
three times. Erythrocytes were lysed usmg alkaline 
lys1s buffer (0.15 M NH,Cl, 1 mM KHC03, 0 1 mM 
Na2EDTA, pH 7 2) for 5 min at RT and subsequently 
washed three times m phosphate buffered saline (PBS) 
supplemented with 0 2% bovme serum albumm and 
0 1 % NaN3, hereto referred to as PBSB. Prior to stam
mg, PBLs were transferred to 96 well tissue culture 
plates (Nunc) (1 X 106 cells/well). 

2.3. Flow cytometry 

Pnmary antibodies used were commercial anti
human and anti-mouse monoclonal and polyclonal 
antibodies, either d1rectly conjugated to fluorescent 
markers, biotiny)at~d or affinity punfied (Table 1). 
In order to facilitate bmdmg all primary antibodies 
were added at a dilution of 1.100 m PBSB, exceedmg 
the saturating concentration used m mammalian 
studies Where secondary antibodies were used, either 
fluorescem 1soth!ocyanate (FITC) conjugated goat 
anti-mouse F(ab1

), fragment (Sigma, St Loms, USA) 
or FITC conjugated streptav1dm (Molecular Probes, 
Oregon, USA), (1:100 m PBSB) were added to the 
cells suspended in FacsF1x (1 % formaldehyde, 20 g/l 
glucose, 0 2 g/I NaN3 m PBS). All incubation steps 
were for 30 mm and at 4 °C and cells were washed 
three times m PBSB between each staming step. 

In preparat10n for stammg usmg the anti-CD3e 
antibody (DAKO, Ca!pintena, CA, USA) cells were 
permeabilised as descnbed [8]. Bnefly, cells were 
treated with formal acetone (0 2 mg/ml Na2HP04 • 2 
H20, 0.1 mg/mi KH2P04 m 45% acetone, 9.25% 
formaldehyde in distilled water) and then washed 
three times m ice cold PBSB. Cells were incubated 
With anti-CD3e (1:50), followed by FITC conjugated 
goat ant1-rabb1t antibodies (F(ab1

), fragments of goat 
lgG anti-rabbit H and L chams, Immunotech, 
Marseilles, France). 

Cells were also dual stained with ant1-CD3e anti
bodies and a mouse anti-snapper lg MAb (2C5) (R N. 
Momson, unpublished data) After labelling with 
antl-CD3e antibodies, cells were washed twice m 
PBSB and mcubated with anti-snapper lg (1:100) 
followed by phycoerythnn (PE) conjugated goat 
anti-mouse antibody (Southern B10technology, 
Birmingham, Alabaina, USA). Controls mclnded 
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Table I 
Panel of commerc1al anuboches tested for bmdmg to snapper (Pagrus auratus) penpheral blood leukocytes 

Number Target species Target antigen 
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Human 
Human 
Mouse 
Human 
Human 
Mouse 
Human 
Human 
Human 
Human 
Mouse 
Human 
Mouse 
Human 
Mouse 
Human 
Human 
Human 
Human 
Human 
Mouse 
Mouse 
Mouse 
Mouse 
Human 
Human 
Mouse 
Human 
Human 
Human 
Human 
Human 
Mouse 
Mouse 
Human 
Mouse 
Human 
Mouse 
Human 
Human 
Mouse 
Mouse 
Human 
Mouse 
Human 
Mouse 
Human 
Mouse 
Human 
Mouse 
Human 
Human 

CDlA 
CD3E:4 

CD4 
CD4 
CD4/CD8 
CD5 
CD7 
CDS 
CD Ila 
CDllb 
COiie 
COiie 
CD13 
CD13 
CD14 
CD14 
CD15 
CDl6 
CD18 
CD19 
CD24 
CD~ 
CD27 
CD31 
CD33 
CD33 
CD34 
CD34 
CD34 
CD38 
CD40 
CD41 
CD43 
CD45/B220 
CD45RA 
CD45RB 
CD45RO 
CD49D 
CD56 
CD61 
CD62L 
CD62P 
CD68 
CD69 
CD71 
CD80 
CD83 
CD86 
CD90 
CD106 
Act.Jn 
Glyeophonn A 

Host species Isotype 

Mouse 
Rabbll 
Rat 
Mouse 
Mouse 
Rat 
Mouse 
Mouse 
Mouse 
Mouse 
Hamster 
Mouse 
Rat 
Mouse 
Rat 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Rat 
Rat 
Hampster 
Rat 
Mouse 
Mouse 
Rat 
Mouse 
Mouse 
Mouse 
Mouse 
Mouse 
Rat 
Rat 
Mouse 
Rat 
Mouse 
Rat 
Mouse 
Mouse 
Rat 
Rat 
Mouse 
Hampster 
Mouse 
Hampster 
Mouse 
Rat 
Mouse 
Rat 
Mouse 
Mouse 

JgGI 
Polyclonal 
lgG2a 
IgGl 
lgGl/lgGI 
!gG2a 
lgG2a 
IgGt 
IgGl 
IgGI 
lgGI 
lgGI 
!gGI 
lgGI 
lgGI 
lgG2a 
lgM 
lgGI 
lgGI 
lgGI 
lgG2b 
lgM 
IgG 
lgG2a 
!gGI 
lgG2b 
lgG2a 
IgGl 
lgGI 
lgGI 
lgGl 
lgGl 
lgG2a 
lgG2a 
IgGI 
lgG2a 
lgG2a 
lgG2a 
!gGI 
lgGI 
!gG2a 
lgGl 
lgGI 
lgGI 
!gG2a 
lgG2 
lgGl 
!gG2a 
!gG2a 
lgG2a 
IgG2a 
!gG2b 

Label 

PE1 

None 
PE1 

FITC2 

FITC2/PE 1 

B1otm 
FITC2 

PE1 

PE1 

me' 
Btotm 
FITC1 

None 
PE1 

FITC1 

me' 
PE1 

PE1 

PE' 
RDl 3 

B1otm 
Baotm 
B1otm 
B10hn 
PE1 

me' 
Biotm 
FITC1 

None 
PE1 

None 
FITC2 

B1otJn 
FlTC2 

me' 
B10t1n 
PE1 

B1otm 
PE1 

FITC2 

B1otm 
B1otm 
FITC2 

B1otm 
FITC' 
B1otm 
me' 
Btotm 
None 
B1obn 
None 
PE1 

Manufacturer 

Immunotech 
DAKO 
Phann mg en 
DAKO 
Becton D1ckmson 
Phannmgen 
Becton D1ck.mson 
Becton D1ckmson 
Immunotech 
Serotec 
Pharmmgen 
DAKO 
Pharmmgen 
Becton D1ck.mson 
Phamungen 
DAKO 
Immunotech 
Immunotech 
Immunotech 
Coulter 
Pharmmgen 
Phanmngen 
Pharmmgen 
Pharmmgen 
Becton D1ckmson 
Coulter 
Phamungcn 
Immunotech 
Becton Dickmson 
Becton D1ckmson 
Pharmmgen 
Immunotech 
Phamungen 
Phanmngen 
Becton D1ckmson 
Phamungen 
Immunotech 
Pharmmgen 
Immunotech 
Jmmunotech 
Phanmngen 
Phanrungen 
DAKO 
Pharmingen 
Becton D1ckmson 
Pharmmgen 
DAKO 
Phanrungen 
Immunotech 
Pharmmgen 
Immunotcch 
Pharmingen 
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Table 1 (conrinuetf) 

Number Target species Target an1igcn Hose species lsotype Label Manufacturer Binding to snapper PBLs 

53 Mouse MAdCAM-1 
54 Mouse VJl8. l ,8.2TCR 

• Phycocrythrin. 
d lnlracellular epitopc. - = < 0.1 % positive. 
,. Auoroscein isothyocyanatc. 
c Rhodamine. 

Rat IgG2a 
Mouse IgG2a 

cells not stained, stained with normal mouse and 
rabbit serum and single or dual siaioed with anti
CD3e and/or 2C5 using perrneabilised or non-perrnea
bilised cells. Cells were analysed by flow cytometry 
using a Coulter Epics XL-MCL flow cytometer 
(Beckman Coulter, CA, USA) and list mode data 
processed using Win M.D.l. 2.8 software (Joseph 
Trotter, Scripps Research Institute, La Jolla, CA, 
USA). 

3. Results 

Only 1 of the panel of 54 commercial antibodies 
tested bound to the peripheral blood leukocytes. This 
antibody, A452, was a rabbit anti-human polyclonal 
antibody that binds to an intracellular epitope of the E 

chain of the CD3 receptor complex, which is 
expressed in T cells. A452 bound approximately 
20% of peripheral blood leukocytes (Fig. l (a)). This 
ranged from 15 to 22% on three individual fi sh. No 
staining was observed when the cells were not 
perrneabilised (data not shown). Our monoclonal 
anti-snapper immunoglobulin antibody, 2C5, also 
bound to approximately 20% of cells within the 
range of 17-21% [n = 3, Fig. l(b)]. 

Two colour staining using A452/FITC and 2C5/PE 
showed that binding was mutually exclusive [Fig. 
l (c)]. The proportion of cells binding A452 and 2C5 
was 16% (lower right quadrant) and 17% (upper left 
quadrant) respectively, and 65% of cells were double 
negative (CD3; /2CS-) (lower left quadrant). 2C5 
typically binds approximately 25-35% of peripheral 
blood lymphocytes (R.N. Morrison, unpublished data) 
and the lower numbers reported here are due to the 
permeabilisation process (Fig. 2). Prior to perrneabi
lisation, distinct popu lations of cells can be identified 
using light scattering profiles [Fig. 2(a)) with lympho-

Biotin Pharmingen 
Biotin Phanningen 

cytes typically bearing a low fotward and side light 
scattering effect. After perrneabilisation, the popula
tions become homogeneous [Fig. 2(b)) and hence the 
estimate of B and putative T cell proportions are with 
respect to all PBLs and not simply the lymphocyte 
subset. 

4. Discussion 

Here, we report binding of A452 to an intracellular 
epitope on a sub-population of snapper mlg - periph
eral blood leukocytes, which we postulate are T cells. 
A452 is directed against a synthetic peptide corre
sponding to amino acids 156- 168 of the human 
CD3e chain, located on the intracytoplasrnic tail of 
this glycoprotein. In mammals the CD3 complex is 
first detectable in early thymocyte development and 
represents the earliest signs of commitment to T cell 
lineage [9). Antibodies to CD3 have been shown to be 
highly specific markers for T cells [9,10). 

Cross reactivi ty of A452 with snapper leukocytes is 
not completely unexpected, given that A452 has been 
shown to bind to T cells in a number of different 
species including monkey, pig, horse, cow, guinea
pig, rat, mouse, opossum, chicken [11), koala [8) 
and duck (12). Intracellular portions of transmem
brane leukocyte markers are subjected to less genetic 
drift than their surface regions (13) and a BLAST 
search using the CD3e peptide epitope suggests that 
this peptide is highly conserved across a diverse range 
of vertebrates (Table 2). Significantly, the CD3e 
amino acid sequence of the sterlet (Acipenser ruthe
nus), a phylogenetically more primitive fish (a chon
drostean) than the snapper [14) also has an 
intracellular region of CD3e showing significant iden
tity with this peptide immunogen [15). This suggests 
that this sequence may also be conserved in snapper, 

I 
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Fig. 1. Flow cytometric analysis of peripheral blood leukocytes stained with anti-CD3t (A452) and anti-immunoglobulin (2C5). (a) PBLs 
slained wilh anti-CD3E (bold line) and negative control (normal rabbit scrum, thin line), (b) PBLs stained with anti -immunoglobulin (bold line) 
and negative control (normal mouse serum. thin line) and (c) dual colour immunoftuorcsccncc data from PBLs sta ined with A452 (horiz.onta\ 

axis) and 2C5 (vertical axis). 

and that A452 binds to their putative peripheral T 
cells. 

The proportion of T cells in the peripheral blood of 
snapper (20%) was similar to that observed in ducks 
[ 12). In contrast, A452 reacted with approximately 
65% of peripheral mononuclear cells in koala [8), 
similar to the proportion ofT cells seen in other higher 
vertebrates [16-1 8). However using peripheral mono-

nuclear cells from koala in two colour flow cytometry 
the B and T cell markers accounted for almost 100% 
of the cells analysed [8). The proportion of putative T 
cells described here is likely to be underestimated in 
terms of the peripheral blood lymphocyte population 
due to the inherent changes in light scattering patterns 
after perrneabilisation. Once permeabilised, all the 
cells are gated for fluorescence analysis rather than 
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Fig. 2. Change in the light scattering profile of pcrmeabiliscd PBLs 
(b) compared wilh nonnal PBLs (a). Cells were pcnncabiliscd by 
mixing with formal acetone for 15 s followed by washing with 
PBSB three times and rcsuspended in FacsFix prior to How cyto-

me1ric analysis. 

the lymphocyte subset only. Therefore it is presumed 
that the double negative cells are all other peripheral 
blood leukocyte lineages. 

Staining of peripheral blood leukocytes with anti
bodies directed against T cells in other teleosts have 
shown highly variable binding, from 4.9% in sea bass 
(Dicentrarchus /abrax) [ 19] to 80% in yellowtail 
(Serio/a quinqueradiata) [20]. This variability is 

most likely due to the nature of the immunogen 
used, be it whole cells or semi-purified protein. For 
example, there have been attempts to produce antibo
dies against T cells in fish using thymocytes or mlg 
peripheral blood leukocytes as the immunogen (19-
24]. However, this could just as easily result in 
reagents that bind to sub-population of T cells or 
cross-react with other lymphocytes such as B cells 
or NCC. 

In summary, A452 was the only antibody in a panel 
of 54 to show any reactivity with snapper PBL's. 
A452 appears to react with peripheral T cells and 
given that the peptide sequence to which this antibody 
is directed is well conserved across species, then A452 
may be useful for identifying T cells in other species 
of teleosts. However, it should be noted that due to the 
need to permeabilise cells, A452 would only be useful 
as an endpoint marker in for example immunohisto
chemical and How cytometric analyses. 
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Table 2 
Cross - species comparison between C03E cytoplasmic tail peptide sequences 

Source 

Man (Homo sapien) 
Pig (Sus scrofa) 
Rabbit (Oryctolagus cuniculus) 
Sheep (Ovis ari~s) 
Cattle (Bos raurus) 
Woodchuck (Marmo/a monax) 
Dog (Canis familiaris) 
Chicken (Gallus gallus) 
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