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Abstract

In this paper we investigate the interleukin-10 (IL-10) expression and 3D modelling of the European sea bass (Dicentrarchus
labrax L.). IL-10 is a regulatory cytokine that has been intensively studied in mammals and has been found mainly involved in the
suppression or deactivation of activated immune responses. The full-length sea bass IL-10 cDNA consists of 1015 bp and is
translated in a predicted molecule of 187 amino acids. A multiple alignment of this peptide with other known sequences showed
the conservation of fundamental IL-10 family characteristics. Expression analysis by real-time PCR in control fish showed a high
basal expression in the head kidney (HK), followed by gut and brain. In vitro treatment of HK leucocytes with LPS showed an
intense increase of IL-10 expression at 4 h and a significant decrease at 24 h, with PHA-L no differences were evidenced. A 3D
model for sea bass IL-10 was obtained by accurate homology procedures and putative interaction residues with the IL-10 receptor
described. The results suggested that sea bass IL-10 could be involved in anti-inflammatory responses, but further experiments are
needed to assess its importance in response to pathogenic agents, vaccinations and immunostimulants.
© 2007 Published by Elsevier B.V.
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OR1. Introduction

Cytokines are potent mediators of immune responses
in jawed vertebrates, and in recent years a number of
teleost cytokine genes with homology to mammalian
genes have been discovered (Scapigliati et al., 2006a,b).
Interleukin-10 (IL-10) is a regulatory cytokine, exten-
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sively studied in mammals, mainly involved in the sup-
pression or deactivation of activated immune responses
(Moore et al., 1993, 2001; Mosmann, 1994). IL-10 is
produced by macrophages (Barnes et al., 1992) and by
the T-helper 2 (Th2) and T-regulatory (TR) cell subsets
(Mosmann andMoore, 1991; Street andMosmann, 1991;
Ding et al., 2003). It plays an important role in in-
flammation (Bogdan et al., 1991) by inhibiting some
activities of macrophages (Fiorentino et al., 1991; Cunha
et al., 1992), and certain cytokine production (de Waal
Malefyt et al., 1993). IL-10 exerts its biological activity as
an homodimer formed by two non-covalently linked
real-time PCR and homology modelling analysis in the European sea
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monomers (Tan et al., 1993) and each IL-10 subunit is
stabilised by two intra-chain disulfides bonds (Windsor
et al., 1993). The IL-10 gene has been recently discovered
in the Fugu genome (Fugu rubripes) (Zou et al., 2003)
and the cDNA cloned in different fish species (Savan
et al., 2003; Inoue et al., 2005; Zhang et al., 2005; Pinto
et al., 2006). From these studies it has emerged that IL-10
in fish is an α-helical polypeptide with a deduced mole-
cular size of 18 kDa, derived from a gene composed of
5 exons and with significant structural similarities with its
homologs in mammals (Zou et al., 2003). Moreover, its
expression was up-regulated following intra-peritoneal
injection of UV-killed Photobacterium damselae ssp.
piscicida and seems involved in the resolution of in-
flammatory responses (Pinto et al., 2006). Therefore, it is
interesting to determine if we have in sea bass the pre-
sence of an IL-10 dependent signal pathway to counteract
the actions of pro-inflammatory factors, especially for its
implication in response to pathogenic agents, vaccinations
and immunostimulants.

In this work we studied the IL-10 expression by real-
time PCR in sea bass (Dicentrarchus labrax) to further
assess its implication and important role during anti-
inflammatory processes. Moreover, we investigated sea
bass IL-10 3D structure by homology modelling and
analysed the putative interaction residues with the IL-10
receptor.

2. Materials and methods

2.1. Fish and leucocytes

Outbred mixed sex sea bass (178±37 g) used in this
work were purchased from a local fish farm (Nuova
Azzurro, Civitavecchia, RM). All buffers and solutions
used in handling fish cells were brought to 355 mOsm/kg
with 2 M NaCl. Fish were lethally anaesthetised with 1 g/
l of benzocaine (Sigma), and 2 ml of blood per fish was
UN
COTable 1

Oligonucleotides and primers used for cDNA cloning and real-time PCR

Primer Sequence

IL10FR 5′-TGCTGCTCCTTCGTGGAGGG
IL10RV 5′-CCAGCTCCCCCATGGCTTTA
Oligo-dT adaptor primer 5′-CTCGAGATCGATGCGGCCG
SB10FR 5′-CAGATGGAGAGTAAAGGTC
Oligo-dG 5′-GGGGGGIGGGIIGGGIIG-3′
SB10RV 5′-GAGTGATGTCACCAGATG-3
RTACTFR2 5′-ATGTACGTTGCCATCC-3′
RTACTRV2 5′-GAGATGCCACGCTCTC-3′
RTIL10SBAFR 5′-ACCCCGTTCGCTTGCCA-3′
RTIL10SBARV 5′-CATCTGGTGACATCACTC-3′

I in the oligo-dG primer is referred to inosine.
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drawn from the caudal vein using HBSS-heparin. Whole
blood from individual fish was washed twice in HBSS-
heparin (Gibco), resuspended in 8 ml of the same solution
and loaded over 1.04 and 1.07 g/cm3 Percoll gradients as
previously described (Scapigliati et al., 2001) to obtain
peripheral blood leucocytes (PBL). After centrifugation
(30min at 840 g) at 4 °C, cells at the interface between the
two densities were collected, washed twice with HBSS
(10 min at 680 g) at 4 °C, and used. The following organs
and tissues were removed and placed in cold HBSS: head
kidney (HK), spleen, liver, gills, gut, thymus and brain.
Cells were obtained by teasing organs (excluding HK,
gills and gut) through a 100-μm nylon mesh in HBSS and
collecting the pelleted cells after two washes at 680 g in
cold PBS. For HK, gills and gut cells were loaded and
centrifuged over Percoll gradients as above to obtain the
leukocyte enriched fraction. Cell viability of leukocytes
was determined by counting in a haemocytometer with
Trypan blue.

2.2. Sea bass IL-10 cloning

Two primers (IL10FR and IL10RV, see Table 1) cor-
responding to highly conserved regions of known IL-10
genes were used for RT-PCR on total RNA extracted with
Tripure (Roche) solution from juvenile sea bass (150 g of
weight) gut cells obtained following the procedures de-
scribed above. For cDNA synthesis, 1 μg of total RNA
and 0.5 μg of random primers [pd(N)6] were used in each
reverse transcription reaction in a total volume of 50 μl.
Reactions were conducted using the Mastercycler per-
sonal (Eppendorf). The cycling protocol was one cycle of
94 °C for 5min, 35 cycles of 94 °C for 45 s, 55 °C for 45 s,
72 °C for 45 s, followed by one cycle of 72 °C for 10min.
PCR products (15 μl) were visualised on 1% (w/v) aga-
rose gels containing ethidium bromide (10 ng/ml) using
hyperladder IV (Bioline) as size marker. Controls for the
presence of DNA contamination were performed using
Function

CTTCCC-3′ Cloning initial sea bass IL-10 sequence
TA-3′ “
CT15-3′ 3′ RACE-PCR
-3′ “

5′ RACE-PCR
′ “

Real-time PCR for sea bass β-actin
“
Real-time PCR for sea bass IL-10
“

real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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the RNA samples as template. DNA amplified by PCR
was purified using the QIAquick Gel Extraction Kit
(QIAgen), inserted into the pGEM-T Easy vector (Pro-
mega) and transfected into competent JM109 Escherichia
coli cells. Plasmid DNA from at least four independent
clones was purified using the Wizard Plus SV Minipreps
DNA Purification System (Promega) and sequenced
using MWG DNA Sequencing Services. Sequences gen-
erated were analysed for similarity with other known
sequences using the FASTA (Pearson and Lipman, 1988)
and BLAST (Altschul et al., 1990) programs and multiple
alignments were made with CLUSTAL W (Thompson
et al., 1994).

Further primers were designed against the initial sea
bass IL-10 sequence for 5′- and 3′-rapid amplification of
cDNA ends (RACE)-PCR (SB10FR and SB10RV, see
Table 1 ). cDNA was synthesised from total gut RNA
with the First-strand cDNA Synthesis kit (Amersham
Pharmacia) following the manufacturer's instructions.
For 3′ RACE-PCR, cDNA was transcribed using an
oligo-dT adaptor primer (see Table 1). PCR was per-
formed with the SB10FR primer and the oligo-dTadaptor
primer. For 5′ RACE-PCR, cDNAwas transcribed from
total RNA using the oligo-dT primer, treated with E. coli
RNase H (Promega), purified using a PCR Purification
Kit (QIagen), and tailed with poly(C) at the 5′ end with
terminal deoxynucleotidyl transferase (TdT, Promega).
PCR was performed with SB10RV primer and an oligo-
dG primer (see Table 1). Sequencing and similarity sear-
ches were as described above.

The obtained cDNA sequences were analysed for
the presence of a signal peptide, using SignalP software
(Nielsen et al., 1997), and for N- (with the NetNGlyc
1.0 Server) and O-linked glycosylation sites (Julenius
et al., 2005). A phylogenetic tree was constructed by the
“neighbour-joining”method usingCLUSTALW(Thomp-
son et al., 1994) andPHYLIPpackages (Felsenstein, 1985;
Saitou and Nei, 1987) on full-length amino acid sequences
and bootstrapped 10000 times (Felsenstein, 1985).

2.3. Basal IL-10 expression analysis

To study the IL-10 basal expression, five sea bass (178±
37 g) were sampled and leucocytes from different tissues
obtained as described above. Total RNAwas isolated from
each tissue separately with Tripure (Roche) following the
manufacturer's instructions, resuspended in DEPC treated
water and used for real-time quantitative PCR without
pooling the samples coming from the different fishes.
Controls for the presence of DNA contamination were
performed using the RNA samples as template and using
β-actin primers that bracket an intron.
Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
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For reverse transcription, the BioScript RNase H
minus (Bioline) enzyme was used with the following
protocol: 2 μg of total RNA was mixed with 1 μl of
random hexamer (0.2 μg/μl; Amersham Pharmacia) and
nuclease free water was added to a final volume of 12 μl.
This mixture was incubated at 70 °C for 5 min and then
cooled on ice. Successively, 0.4 μl of a reaction mix
containing 100 mM dNTPs (25 mM each; Promega),
4 μl of 5X Reaction buffer, nuclease free water to a final
volume of 19.75 μl and 0.25 μl of BioScript at 200 u/μl
were added and the solution incubated at 25 °C for
10 min and then at 37 °C for 60 min. Finally, the
reaction was stopped by heating at 70 °C for 10 min.

The expression level of IL-10 was determined with a
Mx3000P™ real-time PCR system (Stratagene) equip-
ped with version 2.02 software and using the Brilliant
SYBR Green Q-PCR Master Mix (Stratagene) follow-
ing the manufacturer's instructions, with ROX as in-
ternal passive reference dye. The reference dye is not
reactive during real-time PCR and therefore can be
used to normalize slight differences in the volume of the
added real-time PCR reaction, transparency of the plas-
tic caps and other sources of well-to-well differences.
Specific PCR primers were designed for the amplifica-
tion of about 200 bp products from both IL-10 and
β-actin, used as a house-keeping gene. The primers were:
RTIL10SBAFR and RTIL10SBARV, RTACTFR2 and
RTACTRV2, respectively (see Table 1). Approximately
20 ng of cDNA template was used in each PCR reaction.
The PCR conditions were 95 °C for 10 min, followed by
35 cycles of 95 °C for 45 s, 52 °C for 45 s and 72 °C for
45 s. Triplicate reactions were performed for each tem-
plate cDNA and the template was replaced with water in
all blank control reactions. Each runwas terminatedwith a
melting curve analysis which resulted in a melting peak
profile specific for the amplified target DNA. The analysis
was carried out using the endpoints method option of the
Mx3000P™ software that causes the collection of the
fluorescence data at the end of each extension stage of
amplification. A relative quantitation has been performed,
comparing the levels of the target transcript (IL-10) to a
reference transcript (calibrator, the tissue with the lowest
IL-10 expression, in this case the thymus). The expression
level of the gene of interest (IL-10) in the calibrator is
defined as 1.0. A normalizer target (β-actin) is included to
correct for differences in total cDNA input between sam-
ples. The quantitative experiment is based on threshold
cycle (Ct) determination, defined as the cycle at which a
statistically-significant increase in fluorescence (above
background signal) is detected. The results are expressed
as the mean±SD of the results obtained from the five
considered fishes. The real-time PCR products from the
real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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different tissues were examined successively by agarose
gel electrophoresis to investigate their specificity and size.

2.4. In vitro expression analysis

The in vitro expression of IL-10 was studied using
different stimulating conditions on HK leucocytes from
five fishes as above.

In the first stimulation, HK leucocytes were adjusted
to 1×105 cells/ml and incubated at 18 °C for 4 h and
24 h with 5 μg/ml of lipopolysaccharide (LPS from
E. coli 0127:B8, Sigma) in PBS or with PBS for the
same time points (control).

In the second stimulation, HK leucocytes were ad-
justed to 1×105 cells/ml and incubated at 18 °C for 4 h
and 24 h with 1 μg/ml of lectin from Phaseolus vulgaris
Leucoagglutinin (PHA-L from Sigma) in PBS or with
PBS for the same time points (control).

Total RNAwas isolated with Tripure (Roche) follow-
ing themanufacturer's instructions, resuspended inDEPC
treated water and used for real-time quantitative PCR
without pooling the samples coming from the different
fishes. The primers used are described in Table 1. Real-
time PCR conditions were as described above, except that
the calibrator for this experiment was the 0 h control.

Data were expressed as the mean±SD of the results
obtained from the five considered fishes and the dif-
ferences from the control at the same time have been
considered significant if pb0.05 using the standard stud-
ent t test to analyse the significance.

2.5. Protein modeling

Protein sequences used in modelling refer to the
following EMBL entries: seabass IL-10, AM268529;
human IL-10, M57627 (UniProt: P22301). The three-
dimensional model of the sea bass IL-10 was created
according to the homology modelling strategy and using
the template model of human IL-10 (PDB code: 1ILK)
(Zdanov et al., 1995).

As the sequence identities between the sea bass protein
and the human homologous template were lower than
30%, we used an accurate procedure to search for the best
alignment of sequences, already used and described in our
previous works (Facchiano et al., 2001; Marabotti et al.,
2004; Scapigliati et al., 2004; Costantini et al., 2005;
Buonocore et al., 2006; Facchiano et al., 2006) and also in
agreement with the rules recently reviewed (Wallner and
Elofsson, 2005) to improve the quality of the modeling
results. The search for sequence similarity within data-
bases was performed with the BLAST program (Altschul
et al., 1990). The alignment of the protein sequences was
Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
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madewithCLUSTALWprogram (Thompson et al., 1994)
and a few manual refinements were added to account
for the position of secondary structures. The program
MODELLER (Sali and Blundell, 1993) implemented in
the Quanta molecular simulation package (Accelrys, San
Diego, CA) was used to build 10 full-atom models by
setting 4.0 Angstrom as RMS deviation among the struc-
tures of the templates and fully optimized models, with
multiple cycles of refinement with conjugate gradient
minimization and molecular dynamics with simulated
annealing. To select the bestmodel among those obtained,
PROCHECK program (Laskowski et al., 1993) was used
to evaluate the stereochemical quality of the models
and their structural packing quality and ProsaII program
(Sippl, 1993) to check the fitness of sequence to structure
and to assign a scoring function. Secondary structures
were assigned by the DSSP program (Kabsch and Sander,
1983). Search for structural classification was performed
on CATH database (Orengo et al., 1997; Pearl et al.,
2000).

The atomic coordinates of the human dimer were built
operating the symmetry transformations on the atoms of
monomer reported in the PDB file by using the tool “Build
Crystallographic Symmetry” implemented in SwissPdb-
Viewer software (Guex and Peitsch, 1997). The “Protein–
Protein Interaction Server” (Jones and Thornton, 1996)
and the program NACCESS (Hubbard et al., 1991) were
used to identify the amino acids at the protein–receptor
interface in the crystallographic complexes. Molecular
superimposition, RMSDvalues and figures were obtained
with the InsightII package (Accelrys, Inc., San Diego,
CA, USA).

3. Results

3.1. Sea bass IL-10 cloning

PCRwith primers IL10FR and IL10RV gave a product
of the expected size (406 bp) that when sequenced had
good homology for other known IL-10 sequences (data
not shown). 5′-RACE-PCR performed with SB10RV
(based on the initial 406 bp sequence) and oligo-dGprimer
gave a product of about 530 bp that contained the 5′-end of
the gene. 3′-RACE-PCR performed with SB10FR (based
on the initial 406 bp sequence) and oligo-dT adaptor
primer gave a product of about 400 bp that contained the
3′-end of the gene. The full-length nucleotide sequence
(EMBL accession number AM268529) is comprised of
1015 bp obtained from the three overlapping products. It
was translated in one reading frame to give the entire IL-10
molecule containing 187 amino acids, with a predicted 22
amino acid signal peptide, a 143 bp 5′-UTR and a 313 bp
real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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three mRNA instability motifs (ATTTA).
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Fig. 1. Alignment of the predicted sea bass IL-10 amino acid sequence with
identified by CLUSTALWare indicated. The conserved cysteine residues and
domains (A–F) predicted in human IL-10 are marked by hyphens. In the sea
putative N-glycosilation site is underlined and bolded. Accession numbers: H
Sus scrofa (pig) L20001; Bos bovis (cow) AY186733; Gallus gallus (chicke
AJ544898; Takifugu rubripes (Fugu rubripes) AJ539537; Hypophthalmichth
AB110780; Danio rerio (zebrafish) AY887900; Oncorhynchus mykiss (rainb

Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
bass (Dicentrarchus Labrax L.). Aquaculture (2007), doi:10.1016/j.aquac
A multiple alignment of the predicted translation of the
IL-10 sea bassmoleculewith other known IL-10 sequences
was assembled (Fig. 1) to investigate the conservation of
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other known IL-10 molecules. Identical (*) and similar (. or :) residues
the IL-10 family signature motifs are gray and bolded. The six α-helical
bass IL-10 sequence the predicted signal peptide is in italics and the

omo sapiens (human) U16720;Mus musculus (house mouse) M37897;
n) NP_001004414; Tetraodon nigroviridis (spotted green puffer fish)
ys molitrix (silver carp) DQ058295; Cyprinus carpio (common carp)
ow trout) AB118099.

real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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amino acid residues involved in the structural domains
found within IL-10s. The putative crystal structure de-
duced from human recombinant IL-10 showed the pre-
sence of six helices (A–F, Fig. 1) with approximately 85%
of the residues in α-helical conformation (Zdanov et al.,
1995) and revealed that the molecule is likely to exist in
solution as a tight dimer made of two inter-penetrating
subunits. The heliceswith the highest degree of homology
between the human and fish sequences are the C-helix and
the F-helix that contain the IL-10 family signature motifs
(Inoue et al., 2005). Moreover, it is noteworthy to observe
that some of the amino acid residues found in helices are
well conserved only between the fish sequences, espe-
cially in the A, C and F stretches.

The sea bass IL-10 molecule contains four cysteine
residues (Cys-30, 80, 130 and 136) that are conserved in
all IL-10 vertebrate sequences showed in the alignment,
although two extra-cysteine residues (Cys-26 and 31) are
present in the N-terminal region and conserved in all fish
sequences but not in mammals. The structure of human
IL-10 is stabilized by two intra-molecular disulfide
bridges that join helices A and C to helix D (Windsor
et al., 1993; Zdanov et al., 1995) and the involved cysteine
residues are the ones conserved in all IL-10 sequences. A
unique putativeN-glycosylation site has been found in the
sea bass IL-10 sequence (Asn146, Ser147, Thr148) in the
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sea bass IL-10 with other known IL-10 molecules. The tree was
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Osame position found in the Fugu molecule but different
from the one found in trout, although glycosylation seems
not to be required for biological activity.

Phylogenetic analysis (Fig. 2) conducted using amino
acid sequences showed that sea bass IL-10 grouped with
other known teleost sequences close to Tetraodon and
Fugu. Moreover, the presence of three different clusters
formed by the mammalian, the avian and the fish IL-10
sequences was quite evident. The positions in the tree
were all supported by high bootstrapping values.

3.2. IL-10 basal expression levels

The expression analysis of IL-10 in organs and tis-
sues of un-stimulated sea bass is shown in Fig. 3. Real-
time PCR products were loaded on agarose gels to
exclude the formation of non-specific amplicons and
single bands of the expected sizes were obtained. More-
over, to take into consideration the individual genetic
variability five different fish were sampled and analysed
separately. The highest IL-10 expression was detected
in HK, followed by gut. Lower IL-10 mRNA levels
were observed in brain, liver, gills, and spleen. PBL and
thymus showed the lowest expression levels.

3.3. In vitro expression analysis

To investigate whether IL-10 expression level could
be modulated with LPS and PHA-L, in vitro stimulation
of HK leucocytes for a short (4 h) and a longer (24 h)
time was studied, RNA was extracted from the HK
leucocytes of five individuals analysed separately. Real-
time PCR products were loaded on agarose gels and
single bands of the expected sizes were obtained as
above. The results are shown in Fig. 4. Using LPS
(Fig. 4A), a dramatic increase of IL-10 expression was
detected at 4 h ( pb0.05), whereas at 24 h ( pb0.05) it
real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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Fig. 4. In vitro sea bass IL-10 expression analysis. (A) LPS: IL-10
mRNA levels expressed as a ratio relative to β-actin levels in the same
samples after real-time PCR analysis of HK leucocytes stimulated with
PBS (control) and with 5 μg/ml LPS for 4 and 24 h and normalised
against the non-stimulated controls. (B) PHA: IL-10 mRNA levels
expressed as a ratio relative to β-actin levels in the same samples after
real-time PCR analysis of HK leucocytes stimulated with PBS (con-
trol) and with 1 μg/ml PHA-L for 4 and 24 h and normalised against
the non-stimulated controls. Controls for 4 and 24 h of incubation
without LPS and PHA-L are also shown in the graphs. Data were
expressed as the mean±SD and asterisks indicates when p≤0.05 with
respect to their control.

Fig. 5. Primary and secondary structures of sea bass IL-10, aligned with hu
interaction residues of IL-10 with IL-10R are reported in bold. The cysteine is
are marked with arrows. Alpha helices are indicated with continuous line bo

7F. Buonocore et al. / Aquaculture xx (2007) xxx–xxx

ARTICLE IN PRESS

Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
bass (Dicentrarchus Labrax L.). Aquaculture (2007), doi:10.1016/j.aquac
TE
D
PR

OO
F

was lower than the control. When using PHA for in vitro
treatment (Fig. 4B), a decrease was observed both at 4 h
and 24 h, although being not statistically significant.

3.4. 3D modelling of sea bass IL-10

The sequence of sea bass IL-10 has been analyzed
with the BLAST program to find similar sequences in
databases and perform structure predictions. The search
in the non-redundant database has evidenced that this
protein is significantly similar (E-value less than 10−12)
to 34 protein sequences, from different organisms, de-
fined as “IL-10” (data not shown). The percentage of
sequence identity between IL-10 in sea bass and the other
sequences ranged from 67% to 44% for teleost fish
sequences, and from 30% to 27% for mammal se-
quences. The search also found the experimental three-
dimensional structure of human IL-10 (PDB code: 1ILK)
(Zdanov et al., 1995), that could be used for comparative
modeling. The BLAST pairwise alignment between sea
bass and human sequences evidenced amino acid iden-
tity lower than the threshold value of 30%. This level of
sequence identity requires a careful procedure to build a
3D model of the protein by comparative modeling.

Multiple alignment of the IL-10 sequences was per-
formed with the CLUSTALW program and starting from
this alignment (Fig. 5), we created ten structural models
for the sea bass IL-10 28–187 region. The best model was
chosen evaluating the scoring functions with ProsaII
program (Sippl, 1993). The stereo chemical quality in
human and sea bass models was evaluated using the
PROCHECK program (Laskowski et al., 1993) and the
percentage of residues in most favoured regions was
95.0% in human structure and 94.6% in the chosen model
for sea bass IL-10. The quaternary structure of IL-10
dimer was assembled by superimposing two equal sea
bass (monomers) chains to those in human dimer. In Fig. 6
man IL-10 as for the modelling procedure using CLUSTAL W. The
evidenced in bold/italics. The six helices found in the IL-10 structures
xes and 310 helices with dashed line boxes.
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Fig. 6. The monomer and the dimer of seabass IL-10. (a) Backbone
ribbon of monomer of sea bass IL-10 obtained by homology modelling
with evidenced the secondary structure topology (i.e. red cylinders
represent alpha helices). Amino and carboxy terminal ends are indicated.
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sea bass IL-10 (PDB code 2IFK). About 70% of the
residues in each monomer assumes an alpha-helical
conformation. Each chain consists of two separate
domains, one in the N-terminal region composed of
four α-helices (A–D), and the other in the C-terminal
region composed of two α-helices (E and F) in
agreement to the structural classification reported by
CATH database (Orengo et al., 1997; Pearl et al., 2000)
for the reference structure of human IL-10. The internal
structure of two domains is quite rigid but the inter-
domain junction between helices D and E, bringing the
two domains together, is potentially flexible. Two intra-
molecular disulfide bridges, Cys30-Cys130 and Cys79-
Cys136 stabilize each monomer. A potential N-linked
glycosylation site, that in human IL-10 is located in the
loop between helices D and E and is conserved in all
mammalian and also in carp, is not present in sea bass.

4. Discussion

Our knowledge of cytokines present in teleost fish
has dramatically increased in recent years and this
Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
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animal group is becoming an excellent model among
ectothermic vertebrates for studies of their effects on the
immune system (Bird et al., 2006; Scapigliati et al.,
2006a,b). Despite this impressive advancement, the
knowledge on the in vivo and in vitro biological activity
of fish cytokines is still meager, mainly due to the lack
of recombinant peptides or antibodies. To further
investigate the evolutionary biology of cytokines in
teleost fish, and having molecular probes for some im-
munoregulatory genes of sea bass, in this work we
considered IL-10 as a putative good candidate to study
T-cell activities.

Sea bass IL-10 molecule is not highly homologous to
its mammalian counterparts (30% amino acid identity
with human IL-10), although the residues and motifs
essential for the secondary and tertiary structures are
well conserved. The four cysteine residues involved in
the formation of intra-molecular disulphide bridges in
human IL-10 are conserved, whereas two additional
cysteines in the N-terminal region of the molecule are
present only in fish sequences. Whether these two
residues are important for the IL-10 structure remains to
be elucidated. The nucleotide sequence of sea bass IL-
10 contains three mRNA instability motifs (ATTTA)
which are known to influence mRNA half-life and
translational efficiency. This motif, that is believed to
play a role in IL-10 regulation (Brown et al., 1996), is
present in all vertebrate IL-10 3′-UTR except in rainbow
trout (Inoue et al., 2005). The obtained phylogenetic tree
shows that sea bass IL-10 grouped in a branch with other
teleost sequences, with Tetraodon and Fugu as the most
closely related.

Real-time PCR analysis detected high levels of
constitutive IL-10 expression in HK and gut, as already
observed in common carp (Savan et al., 2003). However,
this feature appears to be quite variable between fish
species, since a very low constitutive expression in all
tissues sampled was found in Fugu (Zou et al., 2003) and
zebrafish (Zhang et al., 2005), whereas in rainbow trout an
intense expression is only in the gills (Inoue et al., 2005).
It should be noted that expression of IL-10 is notably
elevated in the gut, and we have previously shown this
mucosal tissue be particularly rich in T-cells (Abelli et al.,
1997).Moreover, the IL-10 expression level is very low in
the thymus and this could resemble what happens in
rodents and human where the naturally occurring CD4+
CD25+ T regulatory cells (Tregs) that emerge directly
from this organ do not produce high IL-10 levels, whereas
the T regulatory type 1 (Tr1) cells, induced by antigen
stimulation via an IL-10 dependent process, show high
IL-10 and transforming growth factor β (TGF-β)
(Roncarolo et al., 2006). These observations could be
real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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Table 2 t2:1

Solvent exposure of IL-10 amino acids interacting with IL-10R in sea
bass and human t2:2

t2:3Amino acids % Solvent exposure
in sea bass IL-10

Amino
acids

% Solvent exposure
in human IL-10

t2:4Helix A Helix A
t2:5PHE 37 28.4 LEU 37 14.9
t2:6PRO 38 67.1 PRO 38 62.6
t2:7GLY 39 43.9 ASN 39 60.3
t2:8LEU 41 34.6 LEU 41 42.4
t2:9ARG 42 69.9 ARG 42 55.9
t2:10ARG 45 63.5 ARG 45 67.5
t2:11ALA 46 37 ASP 46 31.2
t2:12PHE 48 47.9 PHE 48 48.4
t2:13THR 49 48.8 SER 49 58.6
t2:14GLN 52 45 LYS 52 40.9
t2:15ASP 53 62.3 THR 53 58.2
t2:16GLU 56 63.3 GLN 56 60.6
t2:17ALA 57 65.7 MET 57 72.3
t2:18

t2:19Loop AB Loop AB
t2:20ASP 59 55.3 ASP 59 63.2
t2:21ASP 60 92.4 GLN 60 90.8
t2:22LEU 61 78.5 LEU 61 72.2
t2:23ASP 62 100.9 ASP 62 105
t2:24ALA 63 65.1 ASN 63 71.8
t2:25ALA 64 74.1 LEU 64 61.2
t2:26LEU 65 93.6 LEU 65 78
t2:27

t2:28Helix F Helix F
t2:29LYS 159 52.7 LYS 156 53
t2:30GLY 162 81.4 SER 159 70.8
t2:31GLU 163 50 GLU 160 41
t2:32GLY 165 53.3 ASP 162 61.5
t2:33LEU 166 49 ILE 163 40.2
t2:34ASN 169 49.8 ASN 166 57.6
t2:35TYR 170 64.5 TYR 167 69.8
t2:36GLU 172 44.4 GLU 169 56.1
t2:37MET 175 55.8 MET 172 47.9
t2:38ALA 176 45.3 THR 173 30.9
t2:39GLN 179 73.1 ILE 176 69.8
t2:40HIS 180 56.7 ARG 177 66

The amino acid in bold showed significant percentage differences. t2:41
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particularly important when sea bass recombinant IL-10
will become available to investigate in fish its activities,
such as the potent effects this cytokine has on human
intestinal T-cells (Braunstein et al., 1997).

In close agreement with previous studies, the in vitro
stimulation with LPS induced in sea bass HK a high IL-
10 expression after 4 h, as observed in trout (Inoue et al.,
2005), zebrafish (Zhang et al., 2005), carp (Savan et al.,
2003), and in human monocytes (Gallagher et al., 2000).
After 24 h of LPS stimulation, a dramatic decrease was
observed in sea bass in agreement with results in com-
mon carp (Savan et al., 2003), and may suggest that
teleost IL-10 may also play a role in the fast processes
related to inflammation. However, in a recently pub-
lished paper, Gonzales et al. (2007) analysed the carp
skin inflammatory response after a mechanical injury
that mimic infection with ectoparasites and found that
no up-regulation of IL-10 was found at time points post-
up-regulation of IL-1β even if they have data only until
24 h post-injury.

On the other hand, the in vitro treatment of HK
leucocytes with the cell mitogen agent PHA-L showed a
decrease in IL-10 expression both at 4 h and 24 h post-
stimulation although being not statistically significant.
This first observation is in contrast to data in PHA-
activated chicken thymocytes (Rothwell et al., 2004)
and human PBL (Lagrelius et al., 2006). It remains to be
elucidated if this difference could be attributable to the
anatomical difference between examined tissues, or to
different capability of IL-10 regulation between fishes
and other vertebrates.

Sea bass IL-10 3D structure has been predicted by
homology modelling procedures and it is resulted as a
symmetric homodimer, topologically similar to the struc-
ture of interferon-γ Each alpha-helical domain is made
of two inter-penetrating subunits, forming a V-shaped
structure. In fact, the chains of each subunit contribute to
both halves of the dimer: helices E and F of one monomer
form a distinctive six-helix domain with helices A′–D′ of
the symmetry-related monomer. In addition, helices A, C,
D, F′ andA′, C′, D′, F of each domain form a classical left-
handed four-helix bundle, found in all crystal structures of
the helical cytokine family. The presence of gaps in the
alignment made it difficult a complete structural compar-
ison of sea bass IL-10 with the human template. Anyway,
superimposition of structurally conserved regions of two
structures gives RMSD values of 1.07 Å. This value in-
dicates that, despite the low sequence identities, sea bass
sequence is well compatible with human IL-10 structure,
according with the energy profiles obtained with ProsaII
program (data not shown). The comparison of secondary
structures suggests that all helices are well conserved
Please cite this article as: Buonocore, F. et al. Interleukin-10 expression by
bass (Dicentrarchus Labrax L.). Aquaculture (2007), doi:10.1016/j.aquac
OF

among two species, although few external residues can
result added or excluded from the helices (see Fig. 5). The
short 310 helix, observed in human IL-10 between the
helices D and E is present also in the sea bass protein. Also
the bends, located in helices A, C and F, in the human
structure, are conserved even if these are shorter in the sea
bass model.

Moreover, we investigated the possible residues of
interaction of sea bass IL-10 with its receptor on the basis
of the complex between human IL-10 dimer and its
receptor molecule (PDB code: 1J7V) (Josephson et al.,
2001). The crystal structure of this complex consists of
one IL-10 homodimer and two IL-10R1 molecules. Each
receptor binds the identical two-fold related surfaces of
real-time PCR and homology modelling analysis in the European sea
ulture.2007.05.040
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IL-10. Residues in the interface are donated from two
peptide segments. Moreover, they cluster in two struc-
turally distinct interaction surface, Ia and Ib. Site Ia is
centered on the bend in the helix F′ and includes the AB
loop, while the site Ib is located near the N terminus of
helix A and the C terminus of helix F′. Being the residues
of interaction located in the bends present in helices A
and F, their different length in human and sea bass
models could indicate a possible difference in the com-
plex between this two species. The percentage of solvent
exposure for each residue of interaction in human IL-10
and for the related sea bass residues identified on the
basis of the alignment was evaluated and the results are
reported in Table 2. Some differences can be appreciated
in the solvent exposure values of various amino acids
(shown in bold during the table) and this should strength-
en the possibility that the complex is stabilised in a slight
different way in sea bass with respect to human. The
knowledge of the putative interaction residues between
IL-10 and its receptor could be useful to produce syn-
thetic peptides that, designed on the basis of the struc-
tural prediction, should block the site of interaction and
provide the possibility to study what happens when the
IL-10 signal could not be transduced.

In conclusion, the results we obtained in this work
could be useful to increase the knowledge about fish IL-10
even if, so far, a clear anti-inflammatory function remains
to be demonstrated.
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