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Abstract

In mammals the IL-13 peptide 163-172 is known to exert immunostimulatory effects in
vivo. Therefore it may be used as an adjuvant. To find out whether a part of the IL-i 3 peptide
also stimulates the immune system in teleosts a synthetic fragment of rainbow trout IL-1 was
produced. The activity of this fragment was tested in vivo in rainbow trout Oncorhynchus
mykiss. The effects of immunisation with different concentrations of the fragment together
with a weak antigen, human gamma globulin, were monitored. In addition the effects of the
IL-i ( peptide on the non-specific immune system were tested. No significantly enhanced
antibody production was apparent in the immunisation experiment. Complement activity was
also unaffected after peptide administration. However IL-i expression was clearly induced
two days after peptide stimulation. This can be explained by the fact that IL-i is known to
stimulate the expression of its own gene. The lack of effects on antibody production and
complement activity may suggest the fragment may not have been powerful enough.
Experiments with the whole IL-i protein may however reveal its immunostimulatory effects
and is certainly worth testing in future.
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1. Introduction

During the last decade much research on the immune responses of fish has been carried
out. The need to vaccinate cultured species initiated these studies and resulted in more
knowledge about the defence against infectious agents in fish. Several vaccines against
infectious diseases such as furunculosis, (coidwater) vibnosis and enteric redmouth disease
have been developed. The action of these vaccines is based on the importance of protective
antibody for resistance (Hirst and Ellis, 1994; Midtlyng, 1996b). The production of antibody,
resulting from the proliferation of primary effector cells and their differentiation into specific
antibody secreting and specific memory cells (Abbas, 1994), is a complex process which
requires cell co-operation and the production of many different cytokines. Cytokines, protein
hormones that act between cells, can mediate natural immunity, regulate lymphocyte
activation, growth and differentiation, immune mediated inflammation and can also stimulate
immature leukocyte growth and differentiation (Abbas, 1994). Their important role in
immune response makes them interesting for use in vaccines.

Vaccines contain, besides the antigen to elicit an immune response, adjuvants. Adjuvants
are mixed and administered with the antigen to make the antigen more effective by
magnifying the immune pathways. Frequently used adjuvants are light oils and aluminium
salts which are thought to act as reservoirs, holding the antigens in globules at the site of
injection, allowing prolonged dosage of antigen and therefore eliciting a long-lasting immune
response (Andersson, 1997). There are however also disadvantages to the use of oil adjuvants.
Firstly adhesions in the gut can occur, which can cause growth inhibitory effects. Secondly
numbers of eggs produced can be reduced, which is a disadvantage for fish used as
broodstock. Thirdly, misinjection (injection into muscular tissue instead of the peritoneal
cavity) of these vaccines can cause muscle lesions. A disadvantage of the use of aluminium
salts are the often occurring granulomas at the site of injection (Lin, 1995). Recent research
reveals that also substances such as beta-i ,3 glucans, chitosan and levamisole can enhance
specific immune responses when added to immunogens and administered orally or by
injection or bath. (Andersson, 1997). Adverse effects are however still present. Substances
like chemokines and cytokines, produced by immune cells themselves, may be more
interesting for use in vaccines. Cytokines are natural products of the organism itself and may
be accepted more readily than unnatural products. Besides this, the modes of action of potent
non-cytokine adjuvants are most likely mediated by these cytokines (Lin, 1995).

Interleukin-1 (IL-i) was the first cytokine to be used as an adjuvant (Staruch, 1983). It
enhances antigen-specific activity of T-helper cells and T-cell proliferation. IL-i (together
with B-cell growth and differentiation factors) also increases proliferation of B-cells and
antibody formation (Lin, 1995). IL-i consists of two forms, IL-la and IL-i . The latter, when
administered in a slow-release form, enhanced both humoral and cell-mediated responses to
avidin in mice and sheep (Andrews, 1994). In mice, IL-1 stimulated the non-specific
immune system. The whole IL1- molecule as well as a short peptide fragment of IL-113 was
injected in vivo and appeared to have an immunostimulatory capacity (Antoni et a!. 1981,
Nencioni et al 1987; Boraschi, 1989).

In teleosts the effect of IL1- has never been tested before. Recently the complete coding
sequence of trout IL1- has been revealed (Zou, in press), which allowed the production of
two interleukin synthetic peptide fragments. These fragments are thought to be similar to
surface parts of the IL-i protein that can bind to the IL-l type I receptor. The synthetic
peptide that is comparable to 163-171 peptide in mammals (Antoni et al. 1981) is called P1.
The second fragment (P2) is thought to bind another part of the IL-l n-receptor. Both
fragments may be vigorous enough to induce signal transduction and eventually lead to
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among others stimulation of B-cells and therefore enhanced antibody-production. P1 will only
be used in this project.

Thus, the present study was undertaken to test the potential of using a fragment of the trout
interleukin-1 molecule (P1) as a suitable adjuvant in fish vaccines. The effects of four
different concentrations ofPl were monitored in vivo in trout Oncorhynchus mykiss. In the
first place it was tested whether P1 administered with a weak antigen (Human gamma
Globulin) enhanced the specific immune response (antibody production). Secondly, the
influence of P1 alone on the non-specific immune system, including expression of the IL-i 13
gene itself, was monitored.
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2. Materials and methods

2.1 Fish

Mature rainbow trout Oncorhynchus mykiss, weighing 100-400 g, were obtained from
Rothiemurchus Fish Farm (Aviemore, U.K). Fish were kept in aerated fresh water tanks (18
°C) of 400 1 with continuous flow and fed ad libitum daily with commercial pellets (Ewos).
Fish were acclimatised for 5 days prior to use.

2.2 Antigen preparations

Two types of antigens were prepared for immunisation: (1) a solution of 2 mg/ml human
gamma globulin (HgG) (2) a suspension of formalin inactivated Aeromonas salmonicida
strain MTOO4, an avirulent strain lacking an A-layer. A. salmonicida was cultured in 3 %
tryptic soy broth (TSB, Gibco) and incubated at 20 °C. 1 % formalin was added for a period
of 24 h and the culture was washed three times in phosphate buffered saline (PBS, Gibco).
Subsequently the culture was adjusted to a concentration of 1 x iO bacteria per ml PBS.

2.3 Interleukin-1 synthetic peptide fragment

The protein which was injected (P1) has the following aminoacid sequence: Tyr-Val-Thr-
Pro-Val-Pro-Ile-Glu-Thr-Glu-Ala-Arg. P1 was produced by the Proteome Facility of the
University of Aberdeen.

2.4 Immunisation

Rainbow trout were anaesthetised in water with benzocaine (4 mg/mi ethyl-4-
aminobenzoate in ethanol). Five groups often fish were injected intraperitoneally (i.p.) with
0.4 ml of 0.15 M phosphate buffered saline pH 7,2 (PBS, Gibco) containing HgG and varying
concentrations ofPl. The different concentrations of injected P1 were based on previous
mammalian studies (Antoni et al., 1986; Nencioni et al., 1987; Boraschi et al., 1988). Control
group fish received 0.4 ml PBS. The composition of different solutions administered to the
fish are shown in Table 1.

Table 1. Amount of HgG and P1 administered per fish for the different groups.

Group n HgG per fish P1 per fish
1 10 control - -

2 10 HgG 0.4mg -

3 10 HgG + P1 0.4mg 1.62 x iO mg
4 10 HgG + P1 0.4 mg 1.62 x 102 mg
5 10 HgG + P1 0.4mg 1.62 x 101 mg
6 10 HgG+P1 0.4mg 1.62mg

The different groups were kept in two tanks and identified by pan-jet marks. Fish were bled
at two week intervals for eight weeks, sera were collected and analysed by enzyme linked
immunosorbent assay (ELISA). A second identical experiment was performed with the
formalin inactivated A. salmonicida. Fish received 1 x 108 formalin killed bacteria instead of
HgG.
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In a third experiment three groups of fish were injected i.p. with 0.4 ml PBS containing
varying concentrations ofPl according to Table 2. Control fish received an equal volume of
PBS.

Table 2. Number of fish in each group that are injected
with various doses of P1.

Group n P1 per fish
1 8 control -

2 8 P1 1.62x102mg
3 8 P1 1.62x10'mg
4 8 P1 1.62mg

The different groups were kept in one tank and identified by pan-jet marks. Fish were
sacrificed after 2 days following anaesthesia with benzocaine. Blood, head kidney and spleen
were collected and different assays were performed to analyse innate immune responses.

2.5 Determination of immune parameters

Isolation of head kidney macrophages

Head kidney from trout was dissected out sterilely and pushed through a 100 tm nylon
mesh with 5 ml Leibovitz medium (L-15) containing 2% Fetal Calf Serum (FCS, Gibco), 100
u/mi Penicillin/Streptomycin (P/S. Gibco) and 10 u/mi heparin (Sigma). Headkidney
leukocyte suspension (3.5 ml) was loaded on a 34%51% Percoll density gradient (8 ml) and
centrifuged for 30 mm at 400 g and 4 °C. The phagocyte-enriched fraction at the interface was
collected and resuspended in approximately 5 ml L-1 5. The resuspension was centrifuged at
400 g and 4 °C for 5 mm. The supernatant was discarded and the pellet resuspended in 2 ml
L-15.

White Blood cell Count (WBC)

Blood samples were diluted 1:5 in L-15 medium with L-glutamine containing 2 % FCS
and 10 units per ml heparin. 3.5 ml of this mixture was layered onto 3.5 ml 51% Percoll. The
cells at the Percoll/medium interface were removed after centrifuging at 400 g for 30 mm at 4
°C. Cells were resuspended in approximately 2 ml L-15 and centrifuged for 10 mm at 400g
and
4 °C. The pellet was resuspended in 2 ml L-15 and the macrophages were counted following
staining with trypan blue.

Respiratory Burst Assay

Macrophage respiratory burst activity was assessed by the detection of released superoxide
anion (02) via the reduction of ferricytochrome c.

Cells of the headkidney macrophage-suspension were counted in trypan blue and the
suspension was adjusted to 2 x iO cells/mi L-15 containing 0.1% FCS and 100 u/ml (1%)
P/S. One hundred t1 of this suspension was added to each well of a 96 well tissue culture
plate. Following an adherence period of 2 h at 18 °C the cells were washed and incubated
overnight at 18 °C in L-1 5 medium containing 5% FCS and 1% P/S. Afterwards the
macrophages were washed three times with Hanks Balanced Salt Solution (HBSS, lx without
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phenol red). One hundred p.! of cytochrome C (2 mg/mi HBSS) solution containing 1 mg/mi
Phorbol Myristate Acetate (PMA) was added to cells to stimulate the respiratory burst. One
hundred p.! of this solution containing 300 units per ml Super Oxide Dismutase (SOD), to
confirm the specificity of the reaction, was added to wells acting as blanks. Immediately
afterwards the plate was read with a microplate reader (Thermomax, MDC) at 550 nm every
minute for half an hour.

RNA extraction

The spleen from trout was dissected out sterilely and stored in RNAzo1 B (Biogenesis) at
-70°C. RNA was isolated as described by Laing (1996) following sonication in 500 p.1
RNAzo1 and was finally stored at -70°C.

Reverse transcription

Five p.g RNA was used from stocks and resuspended in 11 p.1 DEPC treated water. Oligo
dT primer (0.5 p.g, Stratagene) was added and the reaction incubated at 70°C for 10 mm. After
cooling on ice the following reagents were added to the reaction: 4 p.! reaction buffer (x5),
2 p.1 dNTP mix (10 mM, Boehringer), 2 p.1 DTT (0.1 M, Stratagene) and 1 p.! Superscript
MuMLV reverse transcriptase (50 U, Gibco). Reactions were incubated at 42°C for 50 mm in
a thermocycler, following a 10 mm incubation at room temperature. The reaction was
terminated by heating to 95°C for 5 mm. DEPC-treated water was added to make the reaction
volume up to 100 p.1 and the cDNA was stored at 4°C.

Polvmerase chain reaction (PCR)

cDNA was used for PCR and the following primers designed to be IL-i 3 specific were
used: F7 (5'-TCTGAGAACAAGTGC-3') and R3 (5'-TTCACCATCCAGCGCCACAAC-
3'). PCR amplification was performed in 50 p.1 reactions containing the following
components: 2 p.! forward and reverse primers (each 10 p.M), 1 p.1 dNTP mix (2.5 mM each),
0.25 p.1 Taq polymerase (5 units/p.l, Promega), 5 p.1 PCR buffer (lOx, Promega), 1.5 p.1 MgC12
buffer (25 mM, Promega), 35.25 p.1 sterile distilled water and 3 p.1 of cDNA template. Control
reactions were set up in the absence of cDNA, sterile water was used in substitute to ensure
that products did not arise due to contamination or from primer dimer effects. The cycling
protocol was 1 cycle of 94 °C for 5 mm, 35 cycles of 94 °C for 45 sec,
58 °C for 45 sec and 72°C for 45 sec, followed by 1 cycle of 72°C for 10 mm. PCR products
were visualised on 1% agarose gels containing ethidium bromide (100 ng/ml) using a 100 bp
DNA ladder (Gibco) as a size marker.

Primers for trout 13-actin (5'-ATCGTGGGGCGCCCCAGGCACC-3' and 5'-
CTCCTTAATGTCACGCACGATTTC-3') were used as a positive control for RT-PCR since
the gene is expressed constitutively in the spleen (Secombes et al., 1998). The primers are
designed to amplify a product of 541 bp. Reactions with no added cDNA were used as
control. Reactions were prepared as for the PCR described above, but 2p.l of DNA was used in
stead of 3 p.! of cDNA.
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Antibody detection

Serum antibody levels were measured using an enzyme-linked immunosorbant assay
(ELISA). 96 well imniuno plates (Nunc) were coated overnight at 4°C with 10 tg/ml HgG in
0.05 M carbonate-bicarbonate buffer, pH 9.6, 100 tl per well. Plates were washed three times
with PBS containing 0.05% poiyoxyethylene-sorbitan monolaurate (Tween 20, Sigma) (PBS-
Tween) and blocked for 2 h at room temperature with 10 mg/mi bovine serum albumin (BSA,
Sigma) in carbonate-bicarbonate buffer, 100 tl per well. After washing three times in PBS-
Tween, plates were incubated with 50 .tl per well of experimental serum, which had been
serially diluted in PBS-Tween + 0.5 mg BSA per ml from a concentration of 1:4. After 2 h
incubation at room temperature plates were washed again and 100 j.tl monoclonal mouse anti-
trout immunoglobin/horseradish peroxidase conjugate (anti IgIHRP) at a dilution of 1:2000 in
PBS-Tween + 0.5 mg BSA per ml was added per well for a further 2 h period. Following
washing, the plates were incubated for 30 mm at roomtemperature with 200 ti per well 0-
phenylenediamine (OPD) at 0.4 mg/mi in 0.1 M citrate buffer, pH 5.0, containing 0.005%
H202. Plates were then read immediately on a muitiscan spectrophotometer at 450 nm. An
absorbence of� 0.5 was taken as negative, for this was the highest value recorded using serum
from control fish on antigen coated wells. The highest serum dilution giving a positive result
was recorded as the titre of that serum. Antibody titres were analysed by one-way analyses of
variance and Tukey-tests with the program Mimtab 1 for Windows.

Complement Assay

Complement activity in trout plasma was measured by the use of antiserum raised in trout
to sheep red blood cells to trigger the complement system.

Sheep red blood cells (SRBC, Sapu) were centrifuged at 400 g for 10 mi supernatant was
removed and the pellet resuspended in PBS (Gibco). This was repeated 3 times. The pellet
was finally resuspended in Hanks Balanced Salt Solution (HBSS, Gibco) phenol red free at
3% volume to volume. SRBC were sensitised with heat inactivated trout anti-SRBC serum
(diluted 1:2000) for 30 mm. One hundred .tI sensitised SRBC was added to each well on a 96
well round-bottomed plate. Overall concentrations of 0.5%, 1%, 2%, 3% plasma were
obtained by adding 100 jii of plasma in HBBS to the sample. The blank contained HBSS and
100% haemolysis was obtained by adding distilled water instead of plasma sample to the
SRBC. All samples were incubated for 1 h at room temperature and centrifuged at 300 g for
10 mm. Hundred p.! of supernatant was transferred to wells of a 96 well flat-bottomed plate
and the absorbance was measured on a multiscan spectrophotometer at 450 nm. To calculate
the volume of plasma necessary to cause 50% lysis (CH50 unit), the 50% O.D. value (half of
the O.D. measured in the well with 100% haemolysis) was introduced in the curves that were
plotted of the 4 different dilutions of each sample. The number of CH50 units per ml of plasma
were then calculated. CH50 units were analysed by one-way analyses of variance with the
program Minitab 1 for Windows.
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3. Results

INTERLEUKIN- 1 1 EXPRESSION

Fig. 1 shows an ethidium bromide stained agarose gel visualising products of 541 bp (the
predicted size for 13-actin) in all lanes containing samples but for lane 4, 16 and 17. This
indicates that except for one sample from the control group, one of the 1.62 x 102 and 1.62
mg P1 primed group, which do not show specific bands, there was no problem with reverse
transcription.

Fig. 1. Amplification of products from rainbow trout spleen by reverse transcription-
polymerase chain reaction (RT-PCR). Products were amplified using 3-actin specific primers.
Lane 1 is a 100 bp molecular weight marker indicating products of 541 bp for 3-actin. Lanes
2, 5, 11 and 16 represent samples from the control group (PBS). Lanes 3, 4, 7 and 15 represent
samples from the group that received 1.62 x 102 mg P1. Lanes 6, 8, 12 and 14 are samples
from the group that received 1.62 x 10' mg P1. Lanes 9, 10, 13 and 17 represent samples
from the group that received 1.62 mg P1. Lane 18 is a negative control (water). In lane 19 a
positive control (head kidney library) was added.

9



Expression of IL-i 3 in trout spleen was detected by PCR using R3 and F7 primers. As
can be seen in Fig. 2, products visualised on an ethidium bromide stained agarose gel show
bands of 457 bp, the predicted size for IL-1. Only the 8th and 9th lane show specific bands of
457 bp. Other bands that can be seen are non specific. The 8th , 9th and 12th lane are samples
from the group that received the highest concentration of P1. Thus two of the three fish from
the - 1.62 mg P1 per fish - group that were tested had the IL-i gene switched on. The control
using primers without cDNA was negative. The PCR was run twice and in both cases the
result was the same.

Fig. 2. PCR with cDNA from spleen of trout primed with different concentrations of P1.
Lanes 2, 4, 10 represent samples from the control group (PBS); lanes 3, 6, 14 represent
samples from the group that received 1.62 x 10-2 mg P1; lanes 5, 7, 11, 13 are samples from
the group that received 1.62 x 10-1 mg P1; lanes 8, 9, 12 represent samples from the group
that received 1.62 mg P1. Lane 1 is a 100 bp molecular weight marker. Lane 15 represents a
negative control (water).
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ANTIBODY PRODUCTION

HgG primed fish

As can be seen in Fig. 3 an increase in antibody production against HgG during eight
weeks is observed in all groups that were injected with HgG. Six weeks post-imrnunisation all
groups injected with HgG (except for the group with the highest dose P1) developed antibody
levels significantly higher than the controls (PBS) (J)czO.05). Eight weeks post-immunisation
only the antibody production of HgG primed fish and fish that were immunised with HgG
plus the highest dose P1 were significantly higher than the controls (p<O.O5). No significant
differences (p>O.05) were detected between HgG primed fish and groups that were
additionally injected with different concentrations of P1 as adjuvant. Neither were there
significant differences in the responses to the four different doses ofPl (p>O.05).

Fig. 3. Anti HgG serum antibody titres at varying times following immunisation with PBS,
HgG and HgG combined with various concentrations of P1. Data are presented as means (±
S.E.) of titres. The n ranges from 6 to 10.

Aeromonas salmonicida primed fish

There was no time left to analyse these blood samples.

NON SPECIFIC RESPONSES

Complement assay

The complement system is an important antimicrobial defence. It's activity can be
monitored by the lysis of antibody coated erythrocytes following addition of experimental
plasma as a complement source. Blood cell lysis leading to haemoglobin release is measured
by absorbence; thus the higher the optical density the more erythrocytes have been lysed. The
volume of plasma (in .t1) necessary to lyse 50% of the erythrocytes in the sample is called a
CH50 unit. Fig. 4. shows that no significant differences (p>O.O5) in complement activity in
plasma of fish immunised with various concentrations ofPl were observed.
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Fig. 4. Plasma complement activity 2 days post-injection with different concentrations ofPl.
Data are presented as mean (±S.E.) of CH50 units per ml plasma. N=8 for each group.

Respiratory burst assay and white bloodcell counts

No data were obtained from the respiratory burst assay since no macrophages were
obtained from at least 30% of the samples due to the use of wrong percoll gradients. It was
decided not to continue this assay because too little data would be left to be able to draw
significant conclusions. No time was left for analysis of white blood cell counts.
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4. Discussion and conclusions

The present results demonstrate clearly that the interleukin synthetic peptide fragment P1
stimulates the expression of the interleukin- 1 [3 gene in trout within two days, as evidenced by
the presence of the IL-i [3 gene in two of three fish injected with a high concentration ofPl
(1.62 mg per fish). This was expected since it is known that IL-i is a stimulus of its own gene
expression and synthesis (Dinarello, 1991). The fact that not all fish in this group were
positive may be due to differences in genetic background between individuals. Therefore the
primers used may not always work correct in all individuals and the (possibly) present gene
may not be made visible. It is also possible that the fish, which did not show IL-i [3
expression, did not receive enough P1 in the first place due to misinjection of the vaccine.

Failure of reverse transcription in some samples (as evidenced by the inability to generate
products with primers to [3-actin) may have been be due to addition of inadvertent
insufficiently mRNA. Therefore the n was not the same in the different groups tested for IL-

1 [3 expression. More fish that were injected with 1.62 mg P1 will be tested for IL-i [3
expression in the near future to make sure that IL-i [3 expression is present in most individuals
of this group. Also it should be tested whether a control peptide which contains the same
amino acids (but in a random order) as the P1 peptide affects IL-i [3 expression in trout.

In the past interleukin-i has been found to activate T and B-lymphocytes in immune
responses (Dinarello, 1989). The adjuvant effect of the IL-I [3 peptide fragment in vivo in
previous studies (Nencioni et al., 1987; Boraschi et al., 1988; McCune and Marquis, 1990) is
suspected to be due to this effect on immune cells.

With respect to antibody responses after immunisation in this study, an influence of
vaccination was present, but there was no effect of using P1 as an adjuvant. The fragment of
Il-i [3 used may not have been large enough, or the concentration not high enough. It is

possible that no complex could be formed with the IL-i [3 receptor type I, which was supposed
to bind to the IL-1R accessory protein to result in a high-affinity binding, leading to signal
transduction (Dinarello, 1991 and 1996; Auron, 1998). In this case no extra stimulation of B-
cells would occur and therefore no extra antibody production would take place. In future it
may be useful to test: (1) the activity of the whole recombinant IL-i [3 molecule (2) a
combination of two IL-l[3 fragments, since an increase in surface for binding the IL-1R type I
may increase the change for signal transduction (3) higher doses of P1.

The fact that no increase of antibody production was observed in the group immunised
with 1.62 mg P1 was not expected because these fish showed IL-i [3 expression, indicating

that it was immunostimulatory at this dose. It is however known that the IL-i [3 mRNA is

sometimes degraded and no significant translation into pro IL-i [3 takes place (Dinarello,
1997). Therefore it may be very useful to produce a specific antibody in future to detect the
presence of the IL-i [3 protein itself.

With respect to the measurements of antibody titres, it can be mentioned that
measurements of samples 4 weeks post-immunisation were left out because titres were much
higher due to erythrocyte contamination (Fig 5). Blood cells were lysed following inadvertent
freezing of the samples prior to serum removal.
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immunisation.

Complement activity was expected to be affected by P1 since cytokines (specifically:
macrophage activating factors) have been demonstrated previously to affect non specific
killing mechanisms (Marsden et at., 1994). But as can be seen in Fig. 4. P1 did not cause a
significant increase in complement activity. The activity of the complement system was
measured by haemolysis, which means that only the formation of a membrane attack complex
inserting into the plasma membrane causing cell lysis was measured. Pt may have influenced
the production of opsonins and leukocyte chemoattractants, which are also a result of
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Not all ELISA measurements were performed at the same day. Samples of all groups at a
certain time post-immunisation (p.i.) were measured at the same day. To check whether
differences in titre during the eight weeks were caused by variation between the
measurements at the different days, dilution curves of positive controls were plotted in Fig. 6.
As can be seen there were no significant differences observed, therefore it is unlikely that
differences in titres are caused by variation in measurements.
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activation of the complement system. This was however not measured specifically by the
assay used in this study.

Since complement consists of functionally linked proteins, it is possible that the
complement serum proteins which were measured in this assay were not regulated specifically
by P1. Another factor that may have influenced the results was the weight differences between
the individual fish. Bigger fish may be less influenced by the same dose ofPl than smaller
ones and this may hide a possible effect ofPl on complement activity. Furthermore, the IL-1
fragment may have been insufficiently large or administered in too small quantities to affect
the complement system.

The fact that no significant enhancement of complement activity was demonstrated may
also be due to wrong timing. The protein fragment may have needed more time to affect
expressing complement proteins. In previous experiments however, non-specific defences in
trout were already heightened after br 2 days following injection with an immunostimulant
(Kitao and Yoshida,1986; Anderson and Jeney, 1992; Kodama et al., 1993; Anderson and
Siwicki, 1994).

In conclusion it is clear that in fish the IL-lf3 fragment as described causes IL-I 3
expression within two days post-injection. However, it remains to be proven whether it
stimulates the specific or the non-specific immune system. It is certainly interesting to find
out in future studies what the effect of the whole IL-i molecule on the immune system will
be and whether IL-i may yet serve as an effective adjuvant in fish vaccines.
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Appendix 1. (Statistical analyses):

Table 1 a. Results of a one-way analysis of variance to test whether the anti HgG serum
antibody titres of the various groups differed significantly zero weeks post-immunisation.

Source DF SS MS F p
group 5 1.088 0.218 0.23 0.946
Error 47 43.931 0.935
Total 52 45.019

Table lb. Results of a one-way analysis of variance to test whether the anti HgG serum
antibody titres of the various groups differed significantly two weeks post-immunisation.

Source DF SS MS F p
Ab 3 8.80 2.93 0.94 0.428
Error 42 130.36 3.10
Total 45 139.15

Table ic. Results of a one-way analysis of variance to test whether the anti HgG serum
antibody titres of the various groups differed significantly from each other 6 weeks post-
immunisation.

Source DF SS MS F p
group 5 83.93 16.79 4.02 0.004
Error 48 200.66 4.18
Total 53 284.59
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Table id. Results of Tukey's pairwise comparisons to find out which groups differed
significantly from each other 6 weeks post-immunisation. Bold figures indicate the groups
that differed significantly from each other.

1 2 3 4 5

2 -6.790
-1.210

3 -5.751 -1.679
-0.026 3.901

4 -5.690 -1.616 -2.801
-0.110 3.816 2.779

5 -5.951 -1.880 -3.062 -2.980
-0.049 3.880 2.839 2.780

6 -5.826 -1.755 -2.937 -2.855 -2.911
0.076 4.005 2.964 2.905 3.161

Table le. Results of a one-way analysis of variance to test whether the anti HgG serum
antibody titres of the various groups differed significantly from each other 8 weeks post-
immunisation.

Source DF SS MS F p
group 5 104.12 20.82 4.93 0.001
Error 43 181.51 4.22
Total 48 285.63
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Table if. Results of Tukey's pairwise comparisons to find out which groups differed
significantly from each other 8 weeks post-immunisation. Bold figures indicate the groups
that differed significantly from each other.

1 2 3 4 5

2 -7.940
-1.810

3 -5.440 -0.565
0.690 5.565

4 -5.090 -0.215 -2.715
0.868 5.743 3.243

5 -6.065 -1.190 -3.690 -3.868
0.065 4.940 2.440 2.090

6 -6.440 -1.565 -4.065 -4.243 -3.440
-0.310 4.565 2.065 1.715 2.690

Table 1g. Results of a one-way analysis of variance to test whether the complement activity
differed significantly for the different treatments.

Source DF SS MS F p
Var(1) 3 7716 2572 0.37 0.772
Error 28 192421 6872

Total 31 200137
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Appendix 2. (Data antibody detection and complement assay):

Table 2a. Average (AVG) and standard error of mean (SEM) of the anti HgG serum antibody
titres for each group at different intervals post-immunisation. Number of individuals used in
each group is indicated as n. Italic figures are left out during further analysis.

Weeks post- Groups
immunisation 1 2 3 4 5 6

AVG 0 1.50 1.63 1.33 1.50 1.67 1.78
SEM 0 0.45 0.26 0.15 0.28 0.39 0.38
n 0 10.00 8.00 9.00 8.00 9.00 9.00
AVG 2 1.25 1.44 1.63 1.33 1.00 2.25
SEM 2 0.25 0.12 0.26 0.33 0.00 0.37
n 2 8.00 9.00 8.00 6.00 7.00 8.00
AVG 4 2.00 7.33 3.00 3.75 5.50 7.00
SEM 4 0.41 1.33 0.41 1.03 0.65
n 4 4.00 3.00 4.00 4.00 4.00 1.00
AVG 6 1.00 5.00 3.89 3.90 4.00 3.88
SEM 6 9.00 10.00 9.00 10.00 8.00 8.00
n 6 0.00 0.77 0.63 0.75 0.63 0.90
AVG 8 1.00 5.89 3.38 3.11 4.00 4.38
SEM 8 8.00 8.00 8.00 9.00 8.00 8.00
n 8 0.00 0.76 0.50 0.82 0.50 1.08

Table 2b. Average (AVG) and standard error of mean (SEM) of CH50 units measured in
complement assay. Numbers of individuals used is indicated as n.

Treatment AVG SEM n

saline 285.69 35.24 8
0.Ol62mgPl 244.20 19.86 8
0.162 mg P1 264.52 23.39 8
1.62 mg P1 276.57 35.39 8
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