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Flatfish are economicaly important in European fisheries and are becoming
increasingly significant in aquaculture. Turbot have been identified as the most
suitable species of flatfish for rearing in aquaculture in Northern Europe because
of its ease of growth and high market value (Munro, 1995). The growth of
aquaculture has clearly shown that infectious disease is an important limiting
factor in the production of flatfish. Prior to metamorphosis larvae are extremely
susceptible to a number of viral and bacterial diseases, particularly Vibrio and
Aeromonas sp., which are frequently associated with turbot larvae (Bergh, 1997;
Novoa and Figueras, 1996). One of the problems of intensive culture of turbot
isthe variation in the survival rate of the larvae during early rearing stages. This
is characterised by high, though variable mortality rates which make fina
survival rates unpredictable (Padros, 1996; Munro 1995).

Increased knowledge of the turbot immune system, and the effects of
environmental conditions such as temperature and nutritional effects, on the
appearance of defence mechanisms during ontogeny will aid the introduction of
new strategies to cope with the problem of high mortality. It may also have a
major impact on the recruitment of turbot in the natural environment and in



fisheries. Despite recent advances in salmonid immunology there is relatively
little information available on the immune system of flatfish a a molecular
level. Since turbot larvae are very small, a molecular approach is ideal to
monitor early gene expression of non-specific and specific defences.

In order, to determine the effects of environmental conditions on the ontogeny
of non-specific and specific defences in turbot larvae, probes are being
developed to genes of the turbot immune system, concentrating on genes already
characterised in other fish species, where the immunological relevance is very
apparent.

The main approach which has been taken, in order to develop probes and obtain
partial sequences of the turbot immune genes is PCR based homology cloning.
Known sequences are aligned to reveal sites of conservation for primer design.
Following PCR with degenerate primers based on these regions, products of the
correct predicted size are cloned and sequenced and analysed for homology.
However, the cDNA used as a template is also an important consideration, and
must be from tissues or cells likely to express the gene of interest, as gene
expression can be tissue specific and many immune genes are not expressed
congtitutively. For example, transferrin and Rag-1 are expressed predominantly
in the liver and expression of IL-1b requires induction. Stimulation can be easily
achieved in vivo by bacterial challenge, as with an attenuated (aroA-) strain of
the Gram negative bacterium Aeromonas salmonicida, or in vitro by incubation
of head kidney leucocytes with lipopolysaccharide (LPS).

To date partia sequences have been obtained for turbot interleukin 1 beta (IL-
1b), transforming growth factor beta 1 (TGFb1), recombinase activating gene 1
(Rag-1) and Transferrin. The nucleotide identity of these sequences to other fish
speciesisshown in Table 1.

Preliminary expression studies looking at immune gene development in turbot
eggs and newly hatched larvae have been carried out using probesto IL-1b,
TGFb1 and Rag-1. The results showed that TGFb1 was expressed in eggs (day
1 —day 4 post-fertilisation) but not in the early larval stages (day 5 at hatching —
day 7). Therewasno IL-1b or Rag-1 expression detectable at any stage over
this early period of development.



TABLE 1: Percent nucleotide identity of partial sequences of immune genes in
turbot to those of other fish species.

Gene Length Sequenced % Nucleotide Identity
IL-1b 197bp 80% Plaice

72% Rainbow Trout
TGFb1 185bp 94% Plaice

81% Rainbow Trout
79% Goldfish

Rag-1 552bp 82% Rainbow Trout
74% Goldfish

74% Zebrafish
Transferrin  {871bp 72% Japanese Flounder
67% Rainbow Trout
66% Atlantic salmon

In a second larval rearing study, larval turbot were reared at 10°C, 14°C and
18°C under (largely) bacterial free conditions. Larvae reared at 10°C were
incubated in LPS 24 hours prior to sampling. Expression of IL-1b was detected
from 1-4 days after hatching in larvae stimulated with LPS but not in
unstimulated samples. Thisis consistent with our previous work which showed
that turbot IL-1b required induction by in vitro stimulation of head kidney
leucocytes with LPS or by chalenge (intraperitoneal) with Aeromonas
salmonicida. Expression of the Rag-1 gene was not detected at this stage of
development and is presumably a later event.

Probe development is currently on-going for other turbot immune genes.
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