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Interleukin (IL)-10 family members play important roles in regulating the immune responses during host defense. In the present
study, four IL-10 family members (IL-10, IL-20L, IL-22, and IL-26) were identified from spotted sea bass (Lateolabrax maculatus)
and their expression patterns were investigated following Edwardsiella tarda and lipopolysaccharide (LPS) challenge. The four ILs
of spotted sea bass shared conserved features of IL-10 family and were well clustered with the IL-10 family of fish, respectively. The
expressions of these four ILs in normal tissues were different, but all were highly expressed in gills, indicating their roles in mucosal
immunity. After E. tarda and LPS challenge, the four ILs were upregulated in several immune-related tissues (gills, head kidney,
intestine, and spleen). These results indicated that these four ILs involved in the antibacterial immune responses of spotted sea bass,
providing basis for understanding the function and networks of IL-10 family members in fish.

1. Introduction

Cytokines are small and widespread peptides that play
important roles in the cell signaling [1]. However, cytokines
cannot directly cross the lipid bilayer into the cytoplasm and
they must rely on binding with their receptors on the mem-
brane to transmit signals from the cell membrane to the
nucleus [2]. Cytokines can be secreted by immune or nonim-
mune cells upon stimulation and involve in life processes,
such as immune response, inflammatory reaction, cell prolif-
eration, and growth [3, 4]. Interleukins (ILs) are leukocytes-
produced cytokines and affect a variety of biological processes
in an autocrine or paracrine manner, including tissue growth
and repair, the dynamic balance of hematopoiesis, and the
multilayered defense of the host against pathogens [5].
Among these cytokines, IL-10 is an immunomodulatory fac-
tor with multiple biological functions. A number of IL-10
family cytokines have been gradually identified that share

similar genetic structure, similar primary and secondary pro-
tein structures, and share similar receptor complexes, with
IL-10 [6]. Accordingly, the members of the IL-10 family
include IL-10, IL-19, IL-20, IL-22, IL-24, and IL-26 [7, 8].

Until now, the IL-10 family has been identified in some
fish species, such as IL-10 of Nile tilapia (Oreochromis nilo-
ticus), spotted knifejaw (Oplegnathus punctatus) and puffer
fish (Fugu rubripes) [9–11], IL-20 like (IL-20L) of snakehead
(Channa argus) and grass carp (Ctenopharyngodon idella)
[12, 13], IL-22 of rainbow trout (Oncorhynchus mykiss)
[14], and IL-26 of grass carp [15]. Overall, current studies
mainly focus on the fish IL-10, and little on other members
in the IL-10 family [9, 10, 12, 15, 16]. Fish seems to lack
IL-19. Among these reported IL-10 family cytokines, the
naming of IL-20L seems to be controversial, as IL-20L was
originally named as IL-34 in zebrafish [17], and was referred
to IL-20L in the latter studies [12, 13, 18, 19]. Also, in some
gene databases, IL-20L was named as IL-19L.
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Spotted sea bass (Lateolabrax maculatus), as an eco-
nomic fish with the characteristics of eurythermic and eur-
yhalic, has become one of the most common culture fishes in
the north and south coastal areas of China [20]. With the
expansion of the cultivation scale of this species, the eco-
nomic losses that caused by some bacterial diseases are
becoming more and more serious, which hinder the devel-
opment of the culture industry of spotted sea bass [21–23].
Edwardsiella tarda, a common pathogen that can cause
edwardsiellosis, is a Gram-negative bacterium that can affect
a wide range of hosts, including aquatic animals, amphibians,
reptiles, and mammals [24–26]. The IL-10 family members
are essential for maintaining creaturely homeostasis and pro-
vide effective protection against microbial infection [27–30].
However, studies on these immune-related genes of spotted
sea bass are not enough. Exploring the IL-10 family members
of spotted sea bass can not only enrich the data on the
immune mechanism of fish, but also provide the basis for
developing the strategies for disease control in fish.

2. Materials and Methods

2.1. Experimental Animals and Sample Collection. Healthy
spotted sea bass (300Æ 50 g) were purchased from a fish
farm in Hangzhou city, Zhejiang Province, China, and kept
under laboratory conditions at 26Æ 2°C for at least 7 days
before the start of the experiment. To investigate the expres-
sion of IL-10 family in healthy spotted sea bass, eight tissues
representative in the pathophysiology of vertebrates, includ-
ing head kidney (HK), spleen, skin, gills, intestine, brain, liver,
andmuscle, were collected, quickly placed in dry ice, and then
stored in −80°C refrigerator until use. All experiments were
conducted in accordance with the Regulation for theManage-
ment of Laboratory Animals and the Guidelines for the Use of
Research Animals of Shanghai Ocean University.

2.2. RNA Extraction and cDNA Acquisition. Total RNA was
extracted from each tissue of spotted sea bass by using Trizol
reagent (Invitrogen, USA). Then, the cDNA template was
synthesized by reverse transcription kit (Takara, China) fol-
lowed by the protocol as described previously [31, 32].

2.3. Cloning of IL-10, IL-20L, IL-22, and IL-26 from Spotted
Sea Bass. Based on the homologous genes of IL-10 and
IL-20L of Perciformes, gene-specific primer (GSP) of the
IL-10 and IL-20L for spotted sea bass was designed by using
the Primer 5.0 program, and the full length of the genes was
subsequently obtained using the previous method [31]. Par-
tial gene sequences of IL-22 and IL-26 of spotted sea bass
were obtained from the transcriptomic data of spotted sea
bass (unpublished). The cloning method is consistent with
the other two genes. All primers used in gene cloning have
been categorized in Table 1.

2.4. Sequence Analysis. Nucleotide and protein sequence
analysis of the IL-10 family of spotted sea bass was per-
formed through the NCBI website (https://www.ncbi.nlm.

nih.gov/). The phylogenetic tree and multiple sequence
alignment of the IL-10 family genes of spotted sea bass
were analyzed using the Clustal W, GeneDoc, and MEGA
5.1 programs, following the methods as described previously
by Li et al. [31]. Signal peptides of protein sequence were
predicted by the SignalP 5.0 (https://services.healthtech.dtu.
dk/services/SignalP-5.0/). Gene syntenic relationships were
analyzed using the Ensembl website (https://asia.ensembl.
org/index.html) as previous studies on the IL-10 family
[15, 33–35]. The NCBI genome databases, BioEdit and Ultra-
Edit-32 programs, were used to analyze IL-10 family gene
organizations in spotted sea bass.

2.5. Collection of Tissue Samples from Healthy Spotted Sea
Bass. Total RNA from eight tissues was extracted and it was
reversed into cDNA for quantitative real-time PCR (qPCR)
by using Hifair™ II First Strand cDNA Synthesis SuperMix
for qPCR (Yeasen, China). GSP was designed based on the
highly conserved region of the IL-10 family nucleobase
sequence, with amplification products ranging from 100 to
300 bp. A pair of primers for the housekeeping gene (elonga-
tion factor-1α, Ef1α) was designed to serve as a control for
cDNA quantity and quality. The qPCR was performed using
Hieff UNICON® q-PCR SYBR Green Master Mix (Yeasen,
China) according to the product instructions. All primers are
summarized in Table 1.

2.6. Challenge with Stimulation In Vivo. For the challenge
experiment, 105 healthy spotted sea bass were equally divided
into three groups. E. tarda (1× 104 colony-forming units
(CFU)/mL), lipopolysaccharide (LPS, 1mg/mL), or phosphate-
buffered saline (PBS) as control was injectedwith 300μL into the
intraperitoneal of the spotted sea bass, and challenge tests were
performed as previouslymentioned by Li et al. [31] and Sun et al.
[36]. Then, tissues were taken at 6, 12, 24, and 48hr after injec-
tion. At each time point, five test fishes were taken from each
group to collect tissue samples. Total RNA was reverse-
transcribed into cDNA for qPCR analysis. LPS was purchased
from Sigma-Aldrich (USA), and E. tarda was prepared accord-
ing to the previous study [31].

2.7. Statistics Analysis. Data from this study were analyzed
using the independent samples t-test in the SPSS package 20.0
(SPSS Inc., Chicago, IL, USA). ∗P<0:05 and ∗∗P<0:01 were
considered statistically significant. The figures in this study
were made by GraphPad Prism 5 software.

3. Results

3.1. Sequence Analysis of IL-10 Family Members of Spotted
Sea Bass. The four sequences of IL-10 family in spotted sea
bass were submitted to the GenBank database: OR051039
(IL-10), OR051040 (IL-20L), OR051041 (IL-22), and OR051042
(IL-26).

The full cDNA sequence of IL-10 of spotted sea bass was
1,126 base pair (bp), containing 162 of 5ʹ-untranslated region
(UTR), 400 bp of 3ʹ-UTR, and 564 bp of open reading frame
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TABLE 1: Primers used in this study.

Primer name Sequence (5ʹ-3ʹ) Purpose

LmIL-10-F ATGACTCCTCGGTCTCTCCTCC Partial cloning
LmIL-10-R GAAGCCAGATATGTCTCAATGTAGT Partial cloning
LmIL-20L-F GCTGCTTGGCTGCTCTCTCTG Partial cloning
LmIL-20L-R TGATAAACTCAGCATGCAGGGAG Partial cloning
LmIL-22-F ACTCCTGCCGCTGCTTCTGA Partial cloning
LmIL-22-R TGCAGGTACGTGAACAGGATGTC Partial cloning
LmIL-26-F CGAGCTGATCCGAGACCTGTG Partial cloning
LmIL-26-R GCTGTGCCAGTTCATCAATCCA Partial cloning
LmIL-10-5R1 AATGCTGTTCATGGCGTGGC 5ʹ-RACE
LmIL-10-5R2 GGTTGTCGTTTGCCTCGTAGA 5ʹ-RACE
LmIL-10-5R3 CCAGGACGGACAGGAGGAGA 5ʹ-RACE
LmIL-10-3F1 CTCCTTCAAAACTCCGTTCGC 3ʹ-RACE
LmIL-10-3F2 CTCAAGAGTGATGTCACCGACTGT 3ʹ-RACE
LmIL-10-3F3 ATGGGCGAACTGGATCTGCT 3ʹ-RACE
LmIL-20L-5R1 CATAGAAACGCAGCACAAGACG 5ʹ-RACE
LmIL-20L-5R2 CGTATGGCGGAGTAATGTTTGC 5ʹ-RACE
LmIL-20L-5R3 CATTTGATCGTATGGCGGAGTA 5ʹ-RACE
LmIL-20L-3F1 CTCCGCCATACGATCAAATGC 3ʹ-RACE
LmIL-20L-3F2 GCGTCTTGTGCTGCGTTTCT 3ʹ-RACE
LmIL-20L-3F3 TCTCAGCCAGAGCAGCAACG 3ʹ-RACE
LmIL-22-5R1 CGTGGTGATGATCGTGGTAGTG 5ʹ-RACE
LmIL-22-5R2 TCAGGTAGTAGTCGAGGATGTTGG 5ʹ-RACE
LmIL-22-5R3 GGCATCAGTCTGGTGCTGGA 5ʹ-RACE
LmIL-22-3F1 GAGGACGACTCCAGCACCAGAC 3ʹ-RACE
LmIL-22-3F2 CACGCCAACATCCTCGACTAC 3ʹ-RACE
LmIL-22-3F3 TGACAACACCCATCCCAGCAT 3ʹ-RACE
LmIL-26-5R1 GCTGTGCCAGTTCATCAATCCA 5ʹ-RACE
LmIL-26-5R2 AGCAGGTCATTGTAGTGGAGGG 5ʹ-RACE
LmIL-26-5R3 GCATCTCCAGCCAGCCAATC 5ʹ-RACE
LmIL-26-3F1 GATTGGCTGGCTGGAGATGC 3ʹ-RACE
LmIL-26-3F2 CAATGACCTGCTGTACCGACTG 3ʹ-RACE
LmIL-26-3F3 AGGTGGATTGATGAACTGGCACA 3ʹ-RACE

UPM-long
CTAATACGACTCACTATAGGGCAAG

CAGTGGTATCAACGCAGAGT
3ʹ-RACE

UPM-short CTAATACGACTCACTATAGGGC 3ʹ-RACE
NUP AAGCAGTGGTATCAACGCAGAGT 3ʹ-RACE
APG CCAGACTCGTGGCTGATGCA(G)16 5ʹ-RACE
AP CCAGACTCGTGGCTGATGCA 5ʹ-RACE
LmIL-10FL-F ATGACTCCTCGGTCTCTCCTCC Verify the full length
LmIL-10FL-R CGGTCACATTTGGATTAGGGTCA Verify the full length
LmIL-20LFL-F CAGTGATGAAGATGCTGCTTGG Verify the full length
LmIL-20LFL-R TGGGATTGATTCTGAGTGTCTTTG Verify the full length
LmIL-22FL-F CTGAACCATGAAGCCCAACG Verify the full length
LmIL-22FL-R AAAAGTTGTTGGTATAAAAGGTGAT Verify the full length
LmIL-26FL-F ACTTGAAGATGTTTCTCCTCCTCG Verify the full length
LmIL-26FL-R GATGATGCCGGTGGAGGTGA Verify the full length
LmIL-10-qF CTCCTTCAAAACTCCGTTCGCC qPCR
LmIL-10-qR CAGTCGGTGACATCACTCTTGAGC qPCR
LmIL-20L-qF ATGAAGGACGTTCAGGAGGGG qPCR
LmIL-20L-qR CTTGATAAACTCAGCATGCAGGG qPCR
LmIL-22-qF GTCAACACGGACCAGGACCAC qPCR
LmIL-22-qR CCCATCTTGGCGAGCTTCCT qPCR
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(ORF) encoding 187 amino acids (aa) (Figure 1(a)). The full-
length cDNA of IL-20L of spotted sea bass was 1,075 bp, with
125 bp of 5ʹ-UTR, 428 bp of 3ʹ-UTR, and 528 bp of ORF
encoding 176 aa (Figure 1(b)). The full-length cDNA of
IL-22 of spotted sea bass was 1,093 bp in length, containing
136 bp of 5ʹ-UTR, 381 bp of 3ʹ-UTR, and 579 bp of ORF
encoding 191 aa (Figure 1(c)). The cDNA length of IL-26
of spotted sea bass was 1,158 bp in length, including 9 bp of
5ʹ-UTR, 615 bp of 3ʹ-UTR, and 534 bp of ORF encoding 177
aa (Figure 1(d)). The polyadenylation signal (AATAAA) was
identified in the 3ʹ-UTR of the four genes of spotted sea bass
(Figure 1). Multiple sequence alignment revealed that the
obtained four ILs contained conserved cysteine residues
and motifs of IL-10 family members (Figure 2).

3.2. Evolutionary Tree and Syntenic Analysis of IL-10 Family
Members. Phylogenetic analysis showed that IL-10 family
members formed four main branches, including IL-19/IL-
20/IL-24 branch, IL-10 branch, IL-22 branch, and IL-26
branch (Figure 3). Among the IL-19/IL-20/IL-24 branch,
IL-20L of spotted sea bass was well clustered with IL-19L
of hybrid striped bass (Morone saxatilis) and IL-20L of large
yellow croaker (Larimichthys crocea), supported with 99%
bootstrap value. In the branch of IL-10, IL-10 of spotted
sea bass was clustered together with IL-10 of European sea
bass (Dicentrarchus labrax) and large yellow croaker, sup-
ported with 96% bootstrap value. IL-22 of spotted sea bass
fell in the IL-22 branch and clustered with IL-22 of European
sea bass, mandarin fish (Siniperca chuatsi), and largemouth
bass (Micropterus salmoides). In the IL-26 branch, IL-26 of
spotted sea bass was clustered with IL-26 of medaka (Oryzias
latipes).

Further, gene synteny analysis found that the gene loci of
the IL-10 family members of spotted sea bass were similar to
other vertebrates. IL-10 and IL-20L were found to exist in the
same locus, and highly linked to DYRK3 gene. Interestingly,
we found that IL-22 and IL-26 located in the same locus, and
always linked with MDM1 gene (Figures 4(a) and 4(b)).
Notably, the genomic organization of all four genes consisted
of five exons and four introns (Figure 4(c)).

3.3. Tissue Expressions of IL-10 Family Members in Healthy
Spotted Sea Bass. Results on the tissue distributions of IL-10
family members by using the qPCR quantification showed
that the four genes were constitutively expressed in all
selected tissues from spotted sea bass (Figure 5). However,
their expressional patterns were different. IL-10 was highly

expressed in spleen, followed in gills and HK (Figure 5(a)).
IL-20L, IL-22, and IL-26 were highly expressed in gills
(Figure 5). In addition, IL-20L and IL-26 were moderate
expressed in skin and intestine (Figures 5(b) and 5(d)).
The four genes were lowest expressed in liver (Figure 5).

3.4. Expression Analysis of IL-10 Family Members in Spotted
Sea Bass after E. tarda and LPS Challenge. It was found that
the expressions of IL-10 family members of spotted sea bass
were induced after E. tarda infection (Figure 6). The expres-
sions of IL-10 and IL-20L in gills increased at 48 hr postin-
fection, the expression of IL-26 in HK increased significantly
between 24 and 48 hr postinfection, the expression of IL-22
and IL-26 in intestine increased at 24 hr postinfection, and
the expression of IL-22 in spleen increased at 24 hr
postinfection.

Similarly, the expressions of the four members in the
IL-10 family were also induced by LPS challenge in spotted
sea bass (Figure 6). In gills, IL-10 was induced from 6 to 12 hr
and IL-20L was upregulated at 12 hr post LPS challenge. In
the HKs, IL-10 was upregulated from 6 to 12 hr and IL-22
was upregulated at 24 hr after LPS challenge. In the intestine,
only IL-10 was upregulated from 6 to 24 hr after LPS chal-
lenge. In the spleen, IL-10, IL-20L, and IL-26 were upregu-
lated at 6 hr and IL-22 was upregulated from 6 to 12 hr after
LPS challenge.

4. Discussion

In the present study, four members (IL-10, IL-20L, IL-22,
and IL-26) of IL-10 family were identified in spotted sea
bass, providing basis for revealing the functions of these
ILs in fish. Multiple sequence alignment showed that the
four ILs had the signature motifs of IL-10 family (Figures 1
and 2). Also, several conserved cysteines that are important
for the structural and functional stability of ILs were
observed in IL-10, IL-20L, and IL-22 of spotted sea bass.
However, conserved cysteines were found in IL-26 of spotted
sea bass, being similar to that of grass carp IL-26 [15]. Fur-
ther, in the constructed phylogenetic tree in the present
study, IL-10, IL-22, and IL-26 of spotted sea bass were
well clustered with their counterparts of fish and mammals
(Figure 3). Fish IL-20L was clustered with IL-19, IL-20, and
IL-24 of higher vertebrates, suggesting that fish IL-20L might
share same ancestor gene with IL-19/20/24 of higher verte-
brates. Similar results were also found in rainbow trout [37]
and grass carp [13]. Further gene location provided some

TABLE 1: Continued.

Primer name Sequence (5ʹ-3ʹ) Purpose

LmIL-26-qF GCACCAAATGTCCTGAGCGTAC qPCR
LmIL-26-qR GGGTTTAGAGGAAGAAACGCAGT qPCR
Lmef-1α-qF AAGGGATGGAAGGTCGAGCGC qPCR
Lmef-1α-qR CGTTCACGGGAGCAAAGGTCAC qPCR
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atatgcacttttctcttttgagctcttcagcaagatccggccgagaagacctctcctctcagaagccagagagcctccgtacgaccgctg1
91
1
181

agccagcatcatcaccatcatcatcctcatctcctctgcctccacaagacccgagcagctcgtccgccagcaATGACTCCTCGGTCTCTC
LSRPTM

CTCCTGTCCGTCCTGGTCCTCTCGTCTTTCTTCATCACAGTCTGCTGCCTCCCCACGTGCAATAACAAGTGCTGCCGTTTCGTGGAGGGC
7
271

GEVFRCCKNNCTPLCCVTIFF SSLVLVSLL
TTCCCCGTCAGGCTCAAGAAGCTCAGAGAGGACTATTCGCAGATCCGGGATTTCTACGAGGCAAACGACAACCTGGACACGGCGCTGCTC

37
361
67
451
97

LLATDLNDNAEYFDRIQSYDERLKKLRVPF
GACCAGAGCGTGGAGGACTCCTTCAAAACTCCGTTCGCCTGCCACGCCATGAACAGCATTCTGGCGTTTTATCTGGACACGGTGCTGCCC

PLVTDLYFALISNMAHCAFPTKFSDEVSQD
ACAGCCCTGGCCGGAGTGACCGAGGACATCCGGAGCTTGAAGCCTCACATGGAGTCCATACAGCAGATCTTCGACGAGCTCAAGAGTGAT

DSKLEDFIQQISEMHPKLSRIDETVGALAT
541 GTCACCGACTGTAGAAATTACTTCTCATGCAAGAAAGAGTTTGACATAAAAACCCTAAACTCTACTTACACACAGATGGAGAGTAGAGGT
127 GRSEMQTYTSNLTKIDFEKKCSFYNRCDTV
631 CTATATAAGGCCATGGGCGAACTGGATCTGCTGTTTAACTACATTGAGACATATCTGGCTTCTAAACGGCACAGAAACCATGTGCCCTCT
157 SPVHNRHRKSALYTEIYNFLLDLEGMAKYL
721 GTTTGAagaccggctgaccctaatccaaatgtgaccgtgttcatttcaggaaaaataattgagtgctgcaatcttttgcattcaagccat
187 V
811 tatttatttacagtggtatgagtgttgctagatgctgattttattttatgagcttgttgagcagatgtctttgttgttttgagacttctc
901 tgtacattttttgtcctgaggacaagtttctgttttaggaccatattgagtcctacatatacaaagttacaactaaaactgtcacttagg
991 aagatgtgatatttattttttatcataaatatatattttctatatatttttatatttattatgacttttgtattgttacagatgaataaa
1081 ggactttttgatattgtaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

∗

ðaÞ
1 tcaactaatccttagatgaacccttacctacatgtaataactgattctcagtaatttatctggagagatttcaacaaccaaaatatttct
91 gttagttttcctaccagataaccacagtgATGAAGATGCTGCTTGGCTGCTCTCTCTGCCTGCTCCTCCTGCTTAGCTGTCTGAGGGAAC
1  ERLCSLLLLLCLSCGLLMKM
181 TTGTGGAGAGCCGAACTCTGCATCTGGACAGCTGCTCGGTCAATGTTCACACGCACGAACTGCGCAAACATTACTCCGCCATACGATCAA
21 SRIASYHKRLEHTHVNVSCSDLHLTRSEVL
271 ATGCGATAGCAGGAGACAGTGTGATTGGAGTGAAATTTCTGGACAAATCATTGATGAAGGACGTTCAGGAGGGGCAGACATGCTGTTTCC
51 FCCTQGEQVDKMLSKDLFKVGIVSDGAIAN
361 TGCGTCTTGTGCTGCGTTTCTATGTTGAGAGAGTGTTCAGCAACTACGCCTCTTCTCAGCCAGAGCAGCAACGCTGCTCCAGCGCCCTGG
81 LASSCRQQEPQSSAYNSFVREVYFRLVLRL
451 CCAACTCTTTTGTCAGCATCAGGAAAGATATACATAAATGTCACTGCAACTGTGCAGAAGAGACGCAGAGAAGAATTGACTCCCTGCATG
111 HLSDIRRQTEEACNCHCKHIDKRISVFSNA
541 CTGAGTTTATCAAGCTAGAAATAAACCAGGCAGCACAGAAGGCTGTAGGAGAACTGGACACCGTGCTGGAGTGGCTGGAAGGAATCAGCC
141 SIGELWELVTDLEGVAKQAAQNIELKIFEA
631 TGAAAACACAACCATGAtcacaaagacactcagaatcaatcccaaggtgcctgcagttgatgagtccctgatctaacatctaagatgtca
171 PQTKL
721 ttcttgacctcacattacttatacgcatagtgaagcttagaaatgtgttgactttacttctgtgccatcgtgcatttctctattttgtac
811 ttgaattgacttaatgtgtgcgttagccactaacatgtggactggattttttttaataaagtatttatatttaatatgacataaatgtat
901 ttatatttatcaaaaatagaatgttgttaaggtattgtatgtgtgcttcaactgtaaggttattatgtagcctaaagaaattatttaaat
991 tcaattttataattttatcgatggttcaatttcaacatcaataaaaaaaaatactcttacccaaaaaaaaaaaaaaaaaaaaaaa

∗

ðbÞ
1 tgctttaaagttttctgactgaagattattttactactttgttataatttgtcatctgtttctgtcctgcaggtgaaaaaacacacgact
91 ctctcctcattctgcaaggactaagatcgtttcatctacctgaaccATGAAGCCCAACGCCGCCGCAGTCGTCTCCTTCCTCCGTCCAGC
1 APRLFSVVAAANPKM
181 CGCCACCGCCGCCATGCTGGTACTCCTGCCGCTGCTTCTGATTGGCTGGGCCGAGCTTGCGGCGTCGCACCCTGTGAACCGAGCGCTCAG
16 S LARNVPHSAALEAWGILLLPLLVLMAATA
271 CCAGCCGCTGCAGGACCAGGACACGTACAAGGCTGTCCAGGAAGTGTCAAAACACGCTCAGAGTTTGCAGACGGAGGACGACTCCAGCAC
46 TSSDDETQLSQAHKSVEQVAKYTDQDQLPQ
361 CAGACTGATGCCCAGAGTCAACACGGACCAGGACCACCTGAAGATCTGCTGCCTCCACGCCAACATCCTCGACTACTACCTGAACAACGT
76 VNNLYYDLINAHLCCIKLHDQDTNVRPMLR
451 ACTGCGTTACCGTGACAACACCCATCCCAGCATGCACCGGCTGAAGACCGACCTCACCCGCGTCAGCGAGGACCTGCAGACTCAAGGATG
106 C GQTQLDESVRTLDTKLRHMSPHTNDRYRL
541 TAATGTGACTCACTACCACGATCATCACCACGCTGTGGAGTTTCGCAGGAAGCTCGCCAAGATGGGGGGCGAGCGAGGTCTGAACAAAGC
136 A KNLGREGGMKALKRRFEVAHHHDHYHTVN
631 TGTGGGAGAGATCGACATCCTGTTCACGTACCTGCAGGACTTCTGCCTCCAGCCCAGGAACGCCAGCACTGCTGCTTTCTGAcgcctcga
166 FAATSANRPQLCFDQLYTFLIDIEGV
721 ctgtttctactgaacactgagcaaacagccgccttcctatttatcatatttatcaccttttataccaacaacttttatacttctatttat
811 tcatctatttaatttgattaaatttgatgattttatttttatataaacttaaaatatttatattgacttgagtatgacttattagttatt
901 gatctatttatttatcagaatgttttgatacctgagttgaaggtgttgatcatgttgccatgttatggctgattattattaaggttacag
991 gttacagtatttaaatgttacactcggaaaaaaatgtgtcacacaatttacttgaaaataaataaagtttggtttgaatatcaaaaaaaa
1081 aaaaaaaaaaaaa

∗

ðcÞ
FIGURE 1: Continued.
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information for us to understand the evolutions of the mem-
bers of IL-10 family in fish. Fish IL-10 loci contained IL-10
and IL-20L, while mammalian IL-10 loci had IL-10, IL-19,
IL-20, and IL-24 (Figure 4). Fish seems to lack IL-19 and
IL-24 [38]. It was, thus, speculated that the divergence
of IL-19 and IL-20 might occur during the evolutionary pro-
cess after fish appearance [13, 33]. Moreover, the gene orga-
nization also reflects the evolutionary conservation of the four
IL-10 family members in spotted sea bass. They all have a five
exons/four introns structure, as observed for the IL-10 family
coding region in mammals and other fish species [19, 39, 40].
These results confirmed that the genes we cloned in spotted
sea bass were exactly the members of IL-10 family.

We found that the IL-10 family members of spotted sea
bass were prevalent in all tested tissues, but they were
expressed at different levels (Figure 5). IL-10 of spotted sea
bass was highly expressed in spleen and gills, similar to that
of IL-10 of goldfish (Carassius auratus L.) [41], swamp eel
(Monopterus albus) [19], and Oreochromis niloticus [9],
while other three ILs were highly expressed in gills. Also,
the expression levels of IL-20L, IL-22, and IL-26 were relative
lower than that of IL-10. IL-20L of grass carp [13] and snake-
head (C. argus) [12] was highly expressed in the HK and
liver, while IL-20L of spotted sea bass was lowest expressed
in liver. These results indicated that the expressions of IL-10
family members of fish might be species specific and tissue
specific. Except for IL-20L, the expression of the other mem-
bers was also lowest in the liver. Previous studies have shown
that IL-10 family is closely related to liver-related diseases,
but whether it is the same in fish that needs further investi-
gation [42–45]. Gills are important mucosal organ of fish,
which are able to mount immune response to protect the fish
from pathogens [27, 46]. Highly expression of ILs might
involve in the regulation of mucosal immunity of spotted

sea bass. It had been found that zebrafish IL-10 was essential
for maintaining gills homeostasis [27].

E. tarda causes hemorrhagic septicemia in fish, leading to
mass mortality [47]. Following E. tarda infection, the IL-10
family members of spotted sea bass were induced in several
immune-related organs (Figure 6). Similarly, IL-10 of Nile
tilapia was dramatically increased in HK and spleen follow-
ing Streptococcus agalactiae infection [9]. IL-20L of rainbow
trout was upregulated after Yersinia ruckeri infection [18],
IL-20L of grass carp was increased in HK after Flavobacter-
ium columnare challenge [13], and IL-20L of snakehead was
induced in the HK and spleen after Aeromonas schubertii
and Nocardia seriolae stimulation [12]. It had been found
that fish IL-22 could be upregulated by several bacterial
pathogens, such as Aeromonas salmonicida [48] and
Edwardsiella ictaluri [49]. IL-26 is thought to be a novel
antimicrobial peptide, and the T cells that can produce
IL-26 take part in the immune response against enterotoxin
produced by Staphylococcus aureus [50]. It had been found
that IL-10 could promote the immunoglobulin (Ig) M anti-
body production in Nile tilapia [9]. These results indicated
that the IL-10 family members involve in the host immunity
against bacterial pathogens.

LPS is the main component of the outer membrane of
Gram-negative bacteria [51]. We found that the IL-10 family
members of spotted sea bass were also upregulated by LPS in
the immune-related organs (Figure 6). Our results were in line
with previous studies [9, 18, 52]. LPS could induce the inflam-
matory responses in fish [53]. These results suggested that fish
IL-10 family members involve in the immune regulation of
inflammatory responses. In addition, fish IL-10 family members
also involve in the immune response to other pathogens. Man-
darin fish IL-10 was significantly increased in spleen after infec-
tious spleen and kidney necrosis virus (ISKNV) infection [54].

1 cacttgaagATGTTTCTCCTCCTCGTCAGGACGTCTGTTCTCATTCTGCTCATCAGCCTCGCCGGTGGGCTCGTCGCCGTGGCAACCGCC
1 ATAVAVLGGALSILLILVSTRVLLLFM
91 GAGCGCGGCATCACCTGCCGGCAGGAGATCCCCGCCGAGCTGATCCGAGACCTGTGGAGCCGGACCACACAGCTGATCAACAAGCTGCCG
28 PLKNILQTTRSWLDRILEAPIEQRCTIGRE
181 AAAGAAGAAAAATTCTCCGGGCGAGTCAGACTGCTGCCCAAATTCTGCACCAAATGTCCTGAGCGTACGATTGGCTGGCTGGAGATGCGG
58 RMELWGITREPCKTCFKPLLRVRGSFKEEK
271 CAACTGCTTGATGTTTATCAGAGGAGTGTGTTCAGCAGAGAGCTCGTCCAGGAGCTCCTCCCCCTCCACTACAATGACCTGCTGTACCGA
88 RYLLDNYHLPLLEQVLERSFVSRQYVDLLQ
361 CTGCAACACACACTGCAGCACTGCGTTTCTTCCTCTAAACCCTCAAAATGGTTCAAAATCATCAAGAAACTGGAGAGAAAAATTAAAAAG
118 KKIKRELKKIIKFWKSPKSSSVCHQLTHQL
451 AGGAGGAGAGACGTAGGAGCGCTGAAGGCCGTCGGAGAGTTCACCTTCATCCTCAGGTGGATTGATGAACTGGCACAGCACCACGTCCTG
148 LVHHQALEDIWRLIFTFEGVAKLAGVDRRR
541 TAActcatcatcctcatcctcatcatcatcatcatcagtattgtgatcatcacctccaccggcatcatcagcaaaattagggctcgtttt
178
631 tagcagcacaaacatgtactttagacatttattatttaattaatttatctgagggaaaatctgaatattttcaaaatgtttacctccagt
721 gtttgatgtgtttggacccaaaatttacactttaaaatctgttcaaactgatctactttggcagaaaaaaaatgtaaaaactgaaaatag
811 atctaatcatcctgatcttccacagctgtctgagcatctcaagaggtcttgaatctatttttttttaaagtattgattactgttttgaat
901 gttttgataaatgtagctttatttacaaaataagttattttcagaaaatatttattgtatttgagtattcacttaagattccagtgttaa
991 aagtacttgaaacattaatatatattattgttatatatattttctaacaatatgaaggaaaatatttttatatgaattgttgttgctgta
1081 tttacgtgaatttgttgatcagattcttagtgaaataaactagatttgtatccaaaaaaaaaaaaaaaaaaaaaaaaa

∗

ðdÞ
FIGURE 1: Nucleotide and predicted amino acid sequence of (a) LmIL-10, (b) LmIL-20L, (c) LmIL-22, and (d) LmIL-26 in spotted sea bass. The
start codon (ATG) and the stop codon (TAA) of each sequence are shown in bold red. The gray-shaded parts are signal peptides.
Polyadenylation signals (AATAAA) were boxed.
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IL-10 D. labrax : MTPRSLLLSILVV--LSFFCTVWCSPMCNNQCCRFVEGFPGMLRQLRADFTEIQDFYEAND-DLDAALLDQTVEDTLKTPFACHAINSILEFYLSTVLPTAM
IL-10 L. crocea : MTPRSLLLCALVL--LSFFITVWTSPVCVNKCCRFVEDFPVRLKTLRLNYAEIRDFYEAND-DLDTALLDQSVEETFKTPFACHAINSILDFYLATVLPGAL
IL-10 L. maculatus : MTPRSLLLSVLVL--SSFFITVCCLPTCNNKCCRFVEGFPVRLKKLREDYSQIRDFYEAND-NLDTALLDQSVEDSFKTPFACHAMNSILAFYLDTVLPTAL
IL-10 T. rubripes : MTPGS-LLSVLLL--LCCACTVWCAALCNNRCCSFVEGFPARLKMLRENYSQIRDYYEAND-DLDIVLLDQSIVDTFKTPFACHLMDGILRFYLDSVLPRAL
IL-10 C. carpio : MIFTGVILSALVM-LLLTDSAQCRRVDCKSDCCTFVEGFPVRLKELRSAYREIQRFYESND-DLEP-LLNENVQQNINSPYGCNVMNEILHFYLDTILPTAV
IL-10 C. idella : MIFSRVIFSALVM-LLLSESAQCKKVDCQSECCSFVEGFPVRLKELRSAYREIQRFYESND-DLEP-LLNENVQQNINSPYGCHVMNEILRFYLETILPTAV
IL-10 D. rerio : MIFSGVILSALLT-LLLCDCAQSRRVECKTDCCSFVEGFPLRLRELRSAYKEIQKFYESND-DLEP-LLNEDIKHNINSPYGCHVMNEILHFYLETILPTAL
IL-10 O. mykiss : MSPCSLLLSLLLAAALQCEHAQCRRVPCSDRCCSFVEGFPVRLKELRTAFSTIRDYYEAND-ELETSLLDEGILHHLKSPVGCHAMDSILKFYLDTVLPTAM
IL-10 H. sapiens : --MHSSALLCCLVLLTGVRASPGQGTQSENSCTHFPGNLPNMLRDLRDAFSRVKTFFQMKD-QLDNLLLKESLLEDFKGYLGCQALSEMIQFYLEEVMPQAEN-
IL-10 M. musculus : --MPGSALLCCLLLLTGMRISRGQYSREDNNCTHFPVGQSHMLLELRTAFSQVKTFFQTKD-QLDNILLTDSLMQDFKGYLGCQALSEMIQFYLVEVMPQAEK-
IL-10 X. laevis : --MK-FCLLLTLFFFT-CKTVRCQSGDAEGSCHRVVNIFPAKLKELRATFQKLKNFFQMKDNNLETVLLQNDLLQEFKGNMGCRSVSETIRFYLEDVLPQAN--
IL-10 G. gallus :

:
:
:
:
:
:
:
:
:
:
:
:

:

:

:
:
:
:
:
:
:
:

--MQTCCQALLLLLAACTLPAHCL----EPTCLHFSELLPARLRELRVKFEEIKDYFQSRDDELNIQLLSSELLDEFKGTFGCQSVSEMLRFYTDEVLPRAMQ-

AG
AG
AG
AT
QK
QK
QK
NN

101
101
101
100
101
101
101
103
100
100
98
97

IL-10 D. labrax KPHMESIQQIFDQLKSDVTRCRHYFKCKH-HFDINTLNSTYTQMESKGLYKAMGELGLLFNYIETYMASKQHRNHAASV
IL-10 L. crocea KPHMESIQQIFDQLKNDVTACRHYFHCKN-QFDITNLNSTYTQMQSKGLYKAMGELNLLFNYIETYLASKRHRNHV--- 184

: 187

IL-10 L. maculatus KPHMESIQQIFDELKSDVTDCRNYFSCKK-EFDIKTLNSTYTQMESRGLYKAMGELDLLFNYIETYLAFKRHRNHVPSV
IL-10 T. rubripes KPHVESIQQIFDQLKIEVTNCKHYFACKN-RFDINVLNSTYTKMEDKGLYKAMGELDLLFNYIENYLASKRRRNVA--- 183

:
:

:

:
:
:
:
:
:
:
:

:

: 187

IL-10 C. carpio ---RSTTPIDSIGNIFQDLKRDMRKCRNYFSCQN-PFEIASIKNSYEKMKEKGVSKAMGELDILFKYIEQYLASKRVKHL---- 180
IL-10 C. idella ---HPKTPIDSIGSIFQDLKRDMVKCRKYFSCKN-PFEFATIKNSYEKMKEKGVYKAMGELDMLFKYIEQYLASKREKH----- 179
IL-10 D. rerio --HSTTPIDSIGNIFQELKRDMVKCKRYFSCQN-PFEVNSLKNSYEKMKEKGVYKAMGELDLLFRYIEQYLASKRVKH----- 180
IL-10 O. mykiss KSPIDSIGNIFHELKKEIVQCRNYFSCKK-PFDINEFISSYEKMQDKGLYKAMGELDLLFNYIEEYLVSKRRKH----- 184
IL-10 H. sapiens ---QDPDIKAHVNSLGENLKTLRLRLRRCHRFLPCENKSKAVEQVKNAFNKLQEKGIYKAMSEFDIFINYIEAYMTMKIRN------ 178
IL-10 M. musculus ---HGPEIKEHLNSLGEKLKTLRMRLRRCHRFLPCENKSKAVEQVKSDFNKLQDQGVYKAMNEFDIFINCIEAYMMIKMKS------ 178
IL-10 X. laevis ------HYKMNVNFLQDKLLDLKHTLRRCHNFLPCERKSKAIKEIKQTYNKMREQGLYKAMGEFDILIDYIEEYLMSRKK------- 172
IL-10 G. gallus

VTEDTKDL
VTEDTKSM
VTEDIRSL
VTAETRNL
NHL
NHL
NPLK
RTQNNNDF

---TSTSHQQSMGDLGNMLLGLKATMRRCHRFFTCEKRSKAIKQIKETFEKMDENGIYKAMGEFDIFINYIEEYLLMRRRK------ 175

ðaÞ
IL-24 H. sapiens : ----------------------- MNFQQRLQSLWTLASRPFCPPLLATASQM --QMVVLPCLGFTLLLWSQVSGAQGQEFHFGP CQVKGVVPQKLWEAFWAV 77
IL-24 M. musculus : ------------MLTEPAQLFVHKKNQPPSHSSLRLHFRTLAGALALSSTQMSWGLQILPC LSLILLLWNQVPGLEGQEFRFG SCQVTGVVLPELWEAFWTV 90
IL-19 H. sapiens : --------------------- ------------------------------- MKLQCVSLWLLGTILILCSVDNHG-----LRRCLIS-TDMHHIEESFQEI 44
IL-19 B. taurus : ---------------------------------------------------- MKAPCVSLCLLGAGLFLCSVHARG-----LRRCLIS-MNLHRVEESFRGI 44
IL-19 M. musculus : ---------------------------------------------------- MKTQCASTWLLGMTLILCSVHIYS-----LRRCLIS-VDMRLIEKSFHEI 44
IL-20L G. gallus : ---------------------------------------------------- MLGSRVLLCLCSMTCCLTMLPAAGNTI LHFGPCRIS-MSMSEIRAGFTAI 49
IL-20 H. sapiens : ---------------------------------------------------- MKASSLAFSLLSAAFYLLWTPSTGLKTLNLGSCVIA-TNLQEIRNGFSEI 49
IL-20 M. musculus : ---------------------------------------------------- MKGFGLAFGLFSAVGFLLWTPLTGLKTLHLGSCVIT-ANLQAIQKEFSEI 49
IL-19L D. rerio : ------------------------------------------------------------- MFICIVLSGLWDAAQGRRLHLGSCKVN-IHTHELRHHFQYV 40
IL-20L C. Idella : ---------------------------------------------------- MKDLFIIYSMFVCIMLCGLWDKAHGRRLHLGSCKVN-IHTHELRHHFQHI 49
IL-19L M. saxatilis :

:
---------------------------------------------------- MKMILS-RSICLVLLLSCLSELIESRTLHLNSCSVN-VHTHELRKYYSTI 48

IL-20L L. crocea MWLRELCNTREKSPSVHYKRSLHGDTEAHLSQDSSSEEHTQTHSSPTRHQEM MKMLLG-HSLCLLLLLSRLGELVESRALHLDSCSVN-VHTQELRKYYSTM 100
IL-20L L. maculatus : ---------------------------------------------------- MKMLLG-CSLCLLLLLSCLRELVESRTLHLDSCSVN-VHTHELRKHYSAI 48
IL-20L T. rubripes : ---------------------------------------------------- MKTLSSLCLLFLFLLLCCLTKPARSQTLLLNSCSVN-VNLEELRKHYYSI 49
IL-19L O. mykiss : ---------------------------------------------------- MKLLLSPTIPRLLFLLACLSGCGLGHGIHLGTCSVT-VHTHELRKHYTEI 49
IL-20L X. laevis :

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:------------------------------------------------------- MVALSALVSTVLVCILMMKIKIIESSGHH CPVS-LDIQEFKKYHESV 46

IL-24 H. sapiens : KDTMQAQDNITSARLLQ-QEVLQNVSDAESCYLVHTLLEFYLKTVFKNYHNRTVEVRTLKSFSTLANNFVLIVSQLQPSQENEMFSIRDSAHRRFLLFRRAF 178
IL-24 M. musculus : KNTVQTQDDITSIRLLK-PQVLRNVSGAESCYLAHSLLKFYLNTVFKNYHSKIAKFKVLRSFSTLANNFIVIMSQLQPSKDNSMLPISESAHQRFLLFRRAF 191
IL-19 H. sapiens : KRAIQAKDTFPNVTILSTLETLQIIKPLDVCCVTKNLLAFYVDRVFKDHQ--EPNPKILRKISSIANSFLYMQKTLRQCQEQRQCHCRQEATNATRVIHDNY 144
IL-19 B. taurus : KTAIQAKDTFQNVTILSPSETLHGIKPLDVCCVTKNLLAFYVDRVFKDHQ--ELNPQIMRKISSLANSFLYMQKTLQQCQN--LCHCRQEATNATRIIHDNY 142
IL-19 M. musculus : KRAMQTKDTFKNVTILS-LENLRSIKPGDVCCMTNNLLTFYRDRVFQDHQ--ERSLEVLRRISSIANSFLCVQKSLERCQVHRQCNCSQEATNATRIIHDNY 143
IL-20L G. gallus : KTNIQARDPIRTLSILSHPHSLHRVQPSDKCCIVHKVFNFYVDKVFKHCQ--TENSYINRKISSIANSFLSIKRKLEQCHDENKCLCGQEPTERFKQILVNY 149
IL-20 H. sapiens : RGSVQAKDGNIDIRILRRTESLQDTKPANRCCLLRHLLRLYLDRVFKNYQ--TPDHYTLRKISSLANSFLTIKKDLRLCHAHMTCHCGEEAMKKYSQILSHF 149
IL-20 M. musculus : RDSVQAEDTNIDIRILRTTESLKDIKSLDRCCFLRHLVRFYLDRVFKVYQ--TPDHHTLRKISSLANSFLIIKKDLSVCHSHMACHCGEEAMEKYNQILSHF 149
IL-19L D. rerio : RQGMISGDDHKGIRLLR-KDVMSSLQATESCCFLSQLLHFYMDTVFISYT--SSHSLHRRTTSVLANSFLSISKDLRVCHANAHCECGENTRLQLKSIQTAY 139
IL-20L C. Idella : RHGMISGDDHKGIRLLR-KDVMNSLQATDSCCFLRQLLHFYMDKVFISYT--SSQSLHRRTTSVLANSFLSITKDLRVCHANAHCECSEDARLKLTSIQTTY 148
IL-19L M. saxatilis : RSNAIAGDTVIGVKFLK-KSLITDVQDGQTCCFLRLVLQFYVERVFSNYA--SAQPQDQRCSSALANAFVSIRKDIHKCH----CHCTEETQRTVDSLHAEF 143
IL-20L L. crocea : RSNVIAADGEVAVKIVS-KSLIKNVQDGQMCCFLRLVLRFYVERVFSNYA--SAQPQDQRCSSALANAFVSIRKEINKCH----CHCAEETQRTVDSLHAEF 195
IL-20L L. maculatus : RSNAIAGDSVIGVKFLD-KSLMKDVQEGQTCCFLRLVLRFYVERVFSNYA--SSQPEQQRCSSALANSFVSIRKDIHKCH----CNCAEETQRRIDSLHAEF 143
IL-20L T. rubripes : RLNAITGDDEIGVKFLD-KSLIEDVQDGQRCCFLRLVLRFYVERVFRSYT--SSQPQDERILSSLANTFIIIRKDMHKCH----CLCEEPTQKRVDALHQAF 144
IL-19L O. mykiss : RSSVIAADSQMGVRLLR-GDVMRNIQEGEYCCFLRLLLRFYVERVFVSHG--MSQPLHRRSTSALANSFLTINKNLRQCH----CHCGEDTRRKMDSLQAQF 144
IL-20L X. laevis :

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:KEVLHKKDVITDVSLLK-AKVLNQIHPSEQCCFLLKLGRFYMNNIFPKLE--ISSIKEQKGLNHLANSVLGLKIELKHCHSSMRCPCGDQSHKIMEDFRETF 145

IL-24 H. sapiens KQLDVEAALTKALGEVDILLTWMQKFYKL-------- 207
IL-24 M. musculus KQLDTEVALVKAFGEVDILLTWMQKFYHL-------- 220
IL-19 H. sapiens DQLEVHAAAIKSLGELDVFLAWINKNHEVMSSA---- 177
IL-19 B. taurus DQLEVRSAAVKSLGELDVFLAWIDKHHRGTSAASR-- 177
IL-19 M. musculus NQLEVSSAALKSLGELNILLAWIDRNHLETPAA---- 176
IL-20L G. gallus EGLNVTSAAMKSLGELDILLDWMEKSP---------- 176
IL-20 H. sapiens EKLEPQAAVVKALGELDILLQWMEETE---------- 176
IL-20 M. musculus IELELQAAVVKALGELGILLRWMEEML---------- 176
IL-19L D. rerio EKLDQAAGTVKAIGELDSLLEWIESFQQQ-------- 168
IL-20L C. Idella DKLDQAAGAVKAIGELDSLIEWLESFQHH-------- 177
IL-19L M. saxatilis IKLEIKQAAQKAVGELDTVLDWLEGLTHDQTHT---- 176
IL-20L L. crocea IRLETNQAAQKAMGELDTVLEWLEGLGQNSLR----- 227
IL-20L L. maculatus IKLEINQAAQKAVGELDTVLEWLEGISLKTQP----- 175
IL-20L T. rubripes NQLEIGKAARKAVGELDIILGWLQDSEQKSPN----- 176

181IL-19L O. mykiss DKLEIYQAAVKAIGELDSLLDWLEELKHNSHTTHTDR
IL-20L X. laevis YQ

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:METEAAIIKAIGDLNILIRWLEKNYQG-------- 174

ðbÞ
FIGURE 2: Continued.
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IL-22 M. salmoides : ----------------------------------- MKLVAAEVVSFLRP----AMLVLLPLLLIGWVGQAATLPVDRPLSQPLRNPETYEAVRDVSKHAQRV
IL-22 S. chuatsi : ----------------------------------- MKLFAAKVVSFLRPAA--AMLVLLPLLLIGWAEQAAALPVDRPLSQPLRNPETYQAVREVSQHAQSV
IL-22 L. maculatus : --------------------- --------------MKPNAAAVVSFLRPAATAA MLVLLPLLLIGWAELAASHPVNRALSQPLQDQDTYKAVQEVSKHAQSL

63
65
67

IL-22 D. labrax : ----------------------------------- MKL--ATLVSVLCPAA--AMLVLLPLLLIGCGEQVAALPVDQPLSKPLRDPETYQAVRNVSQHAQ-- 61
IL-22 O. mykiss : ----------------------------------- MKFSTVQLVA--------AVVVVMSVCLL---RESVAHSIHRPLSAPLHSADTDTMVQQVAQHAQ-- 54
IL-22 C. carpio : ---------------------------------------------------- MKFLTLFAVMCCCCFLRGQAMHLSRPRPKPLDSSATWNDLFMMTKHAQ-- 48
IL-22 C. idella :

:
---------------------------------------------------- MKFLTLLAVMCCWCFLCGQAMHLMRPRPKPLDSPVTWNNLYVMTEHAQ-- 48

IL-22 D. rerio MGDYAKGEKTTTVTYRHDIKAPEPQDALQVSTSRNNGVHKRTDTRIHSSTC DMKCFTLIALLCS-CFLSG------CARPTPLDSSATWNDLAAMTDTAR-- 93
IL-22 H. sapiens : ----------------------------- MAALQKSVSSFLMGTLATSC -----LLLLALLVQGGAAAPISSH--CRLDKSNFQQPYITNRTFMLAKEAS-- 64
IL-22 M. musculus : ----------------------------- MAVLQKSMSFSLMGTLAASC -----LLLIALWAQEANALPVNTR--CKLEVSNFQQPYIVNRTFMLAKEAS-- 64
IL-22 G. gallus : ----------------------------- MATLHT-LTRSFSGWVVFCCCCCFP LLLTSPLPPKGTGVVSNAHQACRLRKINFQQPYIRNRTYTLAEMAR-- 70
IL-22 X. laevis :

:
:
:
:
:
:
:
:
:
:
:
:----------------------------- MAALFLQMRKFAAFWILFCCCYLSD ILLCAPMDPQENHPVSKQH-LCTIRKTFFLQTFMKKNIFALAEQAR-- 70

QTEDDSSTRLLPRVNTDQDHLK-ICCLHANILNYYLNNILPHR---DNQHPKMHQLKNDLTRVSEDLQTQGCNVTHYHDHHHAVEFRRKLATMG----GERG
QTEDDSSTRLLPRVNANQDHLK-ICCLHANILDFYLNNILHHH---DNQHPKMHRLKTDLTRVSEDLQTQGCNVTHYHDHHHAVEFRRKLTKMG----GERG
QTEDDSSTRLMPRVNTDQDHLK-ICCLHANILDYYLNNVLRYR---DNTHPSMHRLKTDLTRVSEDLQTQGCNVTHYHDHHHAVEFRRKLAKMG----GERG
QTDDGSSARLMPRVKADQDHLK-ICCLHANILDFYLNNILHHR---DNAHPSMHRLKTDLTRVSEDLQTHGCNVTHYHDHHHAVEFRRKLARMG----GEQG
SSDTDTDTKLMPDIDTKKNHRD-ICCLHANILDFYLSNILTTKEKQDKHHPKLPALKEDLARVSRDLKEHGCAIKHYNDHHHSIAFRKKLSEME----EGKG
MEDTDHETRLLPVLSEVMLKEESSCCVNAMILNYYLKHILHADEHVDKKYPNIRFVRSDLQRIAHILKPH-CETSDFVDHVRVKEFEKNYKTASEKEF-EKT
KEDKDHETRLLPVFSEVMLKEEGTCCINTMILDYYLKHILHADDHVDK-YPQIRFVRSDLHRLAQDLKPY-CSNS--AEHAQVKKYKDRYSAYERKSLTLEA
NED-DHETRLLPYFSHDMLQEEGSCCINARILKYYVNHVLESDEHTDMKYPMIRNVREGLHRVEQELQNH-CKHD-YSSHPLVKQFKRNYHASAIMDL-AAA
LADNNTDVRLIGEKLFHGVSMSERCYLMKQVLNFTLEEVLFPQS--DRFQPYMQEVVPFLARLSNRLSTCHIEGDDLHIQRNVQKLKDTVKKLG-----ESG
LADNNTDVRLIGEKLFRGVSAKDQCYLMKQVLNFTLEDVLLPQS--DRFQPYMQEVVPFLTKLSNQLSSCHISGDDQNIQKNVRRLKETVKKLG-----ESG
LSDQDTDNRLIGQQIYVNIRENNRCYMMKRITEIIVKDILLTEA--KERYPYAEDVAQFLASLTSELSRCKYSGNREHIEKNLEEMKSKMKELG-----ENG
IM

:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:
:
:
:
:
:DKDTANKIFGSYLFFGVKEKDHCYLMKNVVNSFVENVLH-ES--SKKYPHIDNAIAFFVNIEKDLAGCKSEEGDQ-IQRNVEQMINKIKMMG-----PDG

157
159
161
155
151
148
146
191
159
159
165
163

INKAVGEIDILFTYLQDFCLQLKNSTATLAAAH-------
INKAVGEIDILFTYLQDFCLQPKNSTA--AAAH-------
LNKAVGEIDILFTYLQDFCLQPRNAST---AAF-------
INKAVGEIDILFTYLQDFCLHPRNSTAAATANTSAVSTEQ
IKKAIGEIDILFTFLKDFCVHA------------------
RNKAVGETIILFHYLFESCNPRI-----------------
RNKAVGETIILFHYLFESCSARM-----------------
RNKAIGETNTLYHYLFESCTPK------------------
EIKAIGELDLLFMSLRNACI--------------------
EIKAIGELDLLFMSLRNACV--------------------
KNKAIGELDLLFDYIENACTDAPKKGGNKKKN--------

IL-22 M. salmoides
IL-22 S. chuatsi
IL-22 L. maculatus
IL-22 D. labrax
IL-22 O. mykiss
IL-22 C. carpio
IL-22 C. idella
IL-22 D. rerio
IL-22 H. sapiens
IL-22 M. musculus
IL-22 G. gallus
IL-22 X. laevis

IL-22 M. salmoides
IL-22 S. chuatsi
IL-22 L. maculatus
IL-22 D. labrax
IL-22 O. mykiss
IL-22 C. carpio
IL-22 C. idella
IL-22 D. rerio
IL-22 H. sapiens
IL-22 M. musculus
IL-22 G. gallus
IL-22 X. laevis K

:
:
:
:
:
:
:
:
:
:
:
:

:
:
:
:
:
:
:
:
:
:
:
:NKAIGELDLLFAHLRKCTLQRMKPHANK-----------

190
190
191
195
173
171
169
213
179
179
197
192

ðcÞ
IL-26 S. scrofa MQVNCILRSGLLFVTLSLAIARRKQSSFAESCYPRGTLSQAVDTLYVKAARLKATIPEDRIKN--IQLLKKKTKKLFM--KNCRFQEQLLSFFMEDVFGRLQLQ 100
IL-26 B. indicus MWVSCILRCGLLFVTLSLAIAKHKQSSFAERCYPRGTLSQAVDTLYVKAASLRATIPEDRIKN--IRLLKKKTKKLFM--KNCRFQEQLLSFFMEDVFGQLQLQ 100
IL-26 H. sapiens MLVNFILRCGLLLVTLSLAIAKHKQSSFTKSCYPRGTLSQAVDALYIKAAWLKATIPEDRIKN--IRLLKKKTKKQFM--KNCQFQEQLLSFFMEDVFGQLQLQ 100
IL-26 G. gallus MKVYSIFRSGHLLVLLCLFTVEGKKSPTGKHTCRKGLLSQVTENLYTKASSLKSSVPKDLIKN--TRLLKKTTKMLFM--TNCNVRDQLLSFYMKNVFSHLGME 100

92
93

IL-26 C. Idella --------MRIVTLLALCALLCCSQGHKEEECLNHNIQLPLIKDMINTSELLQKPLDRDNRPF--HRILGKL-KKCYK-KLNVADLKRILEIYEEHVFLKMWKN
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FIGURE 2: Multiple sequence alignment analysis of (a) LmIL-10, (b) LmIL-20L, (c) LmIL-22, and (d) LmIL-26. The conserved cysteine residues
in the mature peptide are marked by black triangles. Red boxes indicate IL-10 family signature motifs.
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FIGURE 3: Based on amino acid sequences of the vertebrate IL-10 family homologues, phylogenetic trees were constructed by neighbor-joining
method using MEGA 5.1 software.

Aquaculture Research 9



IL-20

IL-24

PIGR

H. sapiens
chromosome 1

IL-20

IL-24

PIGR

M. musculus
chromosome 1

IL-20

PIGR

G. gallus
primary assembly 26

PRELP

X. tropicalis
scaffold 629

IL-20L

PRELP

D. rerio
chromosome 11

IL

IL-20L

PRELP

C. idella
CI01000058

IL-20L

PRELP

L. maculatus
linkage group 4

IL-24

IL-20L

IL-10IL-10IL-10IL-10 IL-10IL-10IL-10

DYRK3DYRK3DYRK3DYRK3 DYRK3DYRK3DYRK3

IL-19IL-19

ðaÞ

IFN- IFN- IFN- IFN- IFN-

IFN-rel IFN-rel IFN-rel

IFN- IFN-

IL-26

IL-22

MDM1

IL-22

MDM1

IL-26

MDM1MDM1

DYRK2

MDM1MDM1

DYRK2

MDM1

IL-22 IL-22

IL-26

IL-22

IL-26

IL-22

IL-26

IL-22

IL-26

DYRK2 DYRK2

H. sapiens
chromosome 12

M. musculus
chromosome 10

G. gallus
primary assembly 1

X. tropicalis
scaffold 380

D. rerio
chromosome 4

C. idella
CI01000020

L. maculatus
linkage group 22

ðbÞ

1116316560 695162200 107165

936315363236 193 88 355150

1116015066683 121 301 822189

9366141631296 213977 935171

IL-10

IL-20L

IL-22

IL-26

ðcÞ
FIGURE 4: (a) Gene synteny analysis of IL-10 and IL-20L (or IL-19, IL-20, and IL-24) genes in human (Homo sapiens), mouse (Mus musculus),
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D. rerio, C. idella, and L. maculatus. (c) The gene organizations of IL-10, IL-20L, IL-22, and IL-26 in spotted sea bass. The blank boxes indicate
coding exons, and the numbers indicate the size (bp) of exons and introns.
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Also, frog (Xenopus tropicalis) IL-26 could be induced in spleen
after Poly (I:C) stimulation [55]. These results confirmed that the
IL-10 familymembers involve in immune response to pathogens
invasion.

The studies on the IL-10 family cytokines in fish, espe-
cially their biological functions, are limited. Fish IL-10 has
typical anti-inflammatory function similar to mammalian
IL-10, and is a potential target for teleosts to resist microbial
invasion and viral infection [10, 41]. Besides, it had been
found that mandarin fish IL-10 could induce the proinflam-
matory cytokines, such as IL-6, IL-1β, IL-8, and tumor
necrosis factor (TNF)-α, indicating the anti-inflammatory
role of fish [54]. Furthermore, IL-10 of Nile tilapia could
promote the IgM antibody production in B cells [9]. Fish
IL-20L also plays a vital role in the inflammatory response
involving in regulating the immune response and promoting
the proliferation of HK leukocytes [12, 13]. Fish IL-22 had

roles in maintaining intestinal homeostasis and regulating the
expression of antimicrobial peptides in themucosa-associated
tissues [49, 56–59]. Fish IL-26 might be proinflammatory
cytokine and involved in regulating T-cell-related immune
response [15, 55]. The roles and functional network of fish
IL-10 family members need further investigation. Our results
provide a good starting point for further studies on the bio-
logical functions of the IL-10 family and their expression
patterns after viral infection in spotted sea bass.

In conclusion, four members of the IL-10 family were
identified from spotted sea bass and their expression patterns
in normal tissues and immune-related tissues following
E. tarda and LPS challenge were investigated. To our knowl-
edge, this is the IL-20L and IL-26 genes that have been
reported for the first time in Perciformes. Our results con-
firmed that these four genes involve in the antimicrobial
immune response of spotted sea bass.
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FIGURE 5: Expression of (a) LmIL-10, (b) LmIL-20L, (c) LmIL-22, and (d) LmIL-26 in the tissues of spotted sea bass. Transcripts of IL-10
family cytokines were examined by qPCR in eight healthy tissues of spotted sea bass. The Ef1α gene was used as the internal reference gene.
The results are shown as meanÆ SEM (N= 4).
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FIGURE 6: Continued.
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FIGURE 6: Analysis of (a) LmIL-10, (b) LmIL-20L, (c) LmIL-22, and (d) LmIL-26 expression after infection of E. tarda and LPS. Spotted sea
bass were injected with 300 μL of E. tarda (1× 104 CFU/mL in PBS) or equal volume of LPS and PBS (control). The gills, head kidney,
intestine, and spleen were collected at 6, 12, 24, and 48 hr after injection. The Ef1α gene was used as the internal reference gene. The results
are shown as meanÆ SEM (N= 4), ∗ for 0.01< P<0:05, ∗∗ for P<0:01.
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