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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, I1L-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 (3004 50g) were purchased from a fish
farm in Hangzhou city, Zhejiang Province, China, and kept
under laboratory conditions at 26 + 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,
and muscle, 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 the Manage-
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.
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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-la, Efla) was designed to serve as a control for
c¢DNA quantity and quality. The qPCR was performed using
Hieff UNICON® g-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 (1x10* colony-forming units
(CFU)/mL), lipopolysaccharide (LPS, 1 mg/mL), or phosphate-
buffered saline (PBS) as control was injected with 300 uL into the
intraperitoneal of the spotted sea bass, and challenge tests were
performed as previously mentioned by Li et al. [31] and Sun et al.
[36]. Then, tissues were taken at 6, 12, 24, and 48 hr 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 5"-untranslated region
(UTR), 400 bp of 3-UTR, and 564 bp of open reading frame
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TaBLE 1: Primers used in this study.

Primer name

Sequence (5-3")

Purpose

LmIL-10-F
LmIL-10-R
LmIL-20L-F
LmIL-20L-R
LmIL-22-F
LmIL-22-R
LmIL-26-F
LmIL-26-R
LmIL-10-5R1
LmIL-10-5R2
LmIL-10-5R3
LmIL-10-3F1
LmIL-10-3F2
LmIL-10-3F3
LmIL-20L-5R1
LmIL-20L-5R2
LmIL-20L-5R3
LmIL-20L-3F1
LmIL-20L-3F2
LmIL-20L-3F3
LmIL-22-5R1
LmIL-22-5R2
LmIL-22-5R3
LmlIL-22-3F1
LmIL-22-3F2
LmIL-22-3F3
LmIL-26-5R1
LmIL-26-5R2
LmIL-26-5R3
LmIL-26-3F1
LmIL-26-3F2
LmIL-26-3F3

UPM-long

UPM-short
NUP

APG

AP
LmIL-10FL-F
LmIL-10FL-R
LmIL-20LFL-F
LmIL-20LFL-R
LmIL-22FL-F
LmIL-22FL-R
LmIL-26FL-F
LmIL-26FL-R
LmIL-10-qF
LmIL-10-qR
LmIL-20L-qF
LmIL-20L-qR
LmIL-22-qF
LmIL-22-qR

ATGACTCCTCGGTCTCTCCTCC
GAAGCCAGATATGTCTCAATGTAGT
GCTGCTTGGCTGCTCTCTCTG
TGATAAACTCAGCATGCAGGGAG
ACTCCTGCCGCTGCTTCTGA
TGCAGGTACGTGAACAGGATGTC
CGAGCTGATCCGAGACCTGTG
GCTGTGCCAGTTCATCAATCCA
AATGCTGTTCATGGCGTGGC
GGTTGTCGTTTGCCTCGTAGA
CCAGGACGGACAGGAGGAGA
CTCCTTCAAAACTCCGTTCGC
CTCAAGAGTGATGTCACCGACTGT
ATGGGCGAACTGGATCTGCT
CATAGAAACGCAGCACAAGACG
CGTATGGCGGAGTAATGTTTGC
CATTTGATCGTATGGCGGAGTA
CTCCGCCATACGATCAAATGC
GCGTCTTGTGCTGCGTTTCT
TCTCAGCCAGAGCAGCAACG
CGTGGTGATGATCGTGGTAGTG
TCAGGTAGTAGTCGAGGATGTTGG
GGCATCAGTCTGGTGCTGGA
GAGGACGACTCCAGCACCAGAC
CACGCCAACATCCTCGACTAC
TGACAACACCCATCCCAGCAT
GCTGTGCCAGTTCATCAATCCA
AGCAGGTCATTGTAGTGGAGGG
GCATCTCCAGCCAGCCAATC
GATTGGCTGGCTGGAGATGC
CAATGACCTGCTGTACCGACTG
AGGTGGATTGATGAACTGGCACA

CTAATACGACTCACTATAGGGCAAG
CAGTGGTATCAACGCAGAGT

CTAATACGACTCACTATAGGGC
AAGCAGTGGTATCAACGCAGAGT
CCAGACTCGTGGCTGATGCA(G)16

CCAGACTCGTGGCTGATGCA

ATGACTCCTCGGTCTCTCCTCC
CGGTCACATTTGGATTAGGGTCA

CAGTGATGAAGATGCTGCTTGG
TGGGATTGATTCTGAGTGTCTTTG

CTGAACCATGAAGCCCAACG
AAAAGTTGTTGGTATAAAAGGTGAT
ACTTGAAGATGTTTCTCCTCCTCG
GATGATGCCGGTGGAGGTGA

CTCCTTCAAAACTCCGTTCGCC
CAGTCGGTGACATCACTCTTGAGC

ATGAAGGACGTTCAGGAGGGG
CTTGATAAACTCAGCATGCAGGG

GTCAACACGGACCAGGACCAC
CCCATCTTGGCGAGCTTCCT

Partial cloning
Partial cloning
Partial cloning
Partial cloning
Partial cloning
Partial cloning
Partial cloning
Partial cloning
5-RACE
5-RACE
5-RACE
3-RACE
3-RACE
3-RACE
5-RACE
5-RACE
5-RACE
3-RACE
3-RACE
3-RACE
5-RACE
5-RACE
5-RACE
3-RACE
3-RACE
3-RACE
5-RACE
5-RACE
5-RACE
3-RACE
3-RACE
3-RACE

3-RACE

3-RACE
3-RACE
5-RACE
5-RACE
Verify the full length
Verify the full length
Verify the full length
Verify the full length
Verify the full length
Verify the full length
Verify the full length
Verify the full length
qPCR
qPCR
qPCR
qPCR
qPCR
qPCR
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TasLe 1: Continued.

Primer name Sequence (5-3") Purpose
LmIL-26-qF GCACCAAATGTCCTGAGCGTAC qPCR
LmIL-26-qR GGGTTTAGAGGAAGAAACGCAGT qPCR
Lmef-1a-qF AAGGGATGGAAGGTCGAGCGC qPCR
Lmef-1a-qR CGTTCACGGGAGCAAAGGTCAC qPCR

(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
125bp of 5-UTR, 428bp of 3-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
136bp of 5-UTR, 381bp of 3-UTR, and 579bp 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
5-UTR, 615bp of 3-UTR, and 534 bp of ORF encoding 177
aa (Figure 1(d)). The polyadenylation signal (AATAAA) was
identified in the 3-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 MDMI 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 24hr
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
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atatgcacttttctcttttgagctcttcagcaagatccggeccgagaagacctetecctetcagaagecagagagecteccgtacgaccgetg
agccagcatcatcaccatcatcatcctcatctcctectgeccteccacaagacccgagcagetcgtccgecagcaATGACTCCTCGGTCTCTC
M T P R S L
CTCCTGTCCGTCCTGGTCCTCTCGTCTTTCTTCATCACAGTCTGCTGCCTCCCCACGTGCAATAACAAGTGCTGCCGTTTCGTGGAGGGC
L LS VLVLSSFFTITVC CLZ®PTTZ CNNIE KT ECT CRTFVESG
TTCCCCGTCAGGCTCAAGAAGCTCAGAGAGGACTATTCGCAGATCCGGGATTTCTACGAGGCAAACGACAACCTGGACACGGCGCTGCTC
FPVRLIKIKLREDYSOQTIRDTFYEANDNLTUDTALIL
GACCAGAGCGTGGAGGACTCCTTCAAAACTCCGTTCGCCTGCCACGCCATGAACAGCATTCTGGCGTTTTATCTGGACACGGTGCTGCCC
D QSVEDSF KT®PFACHAMNSOSTILAFYLDTUWVLTEP
ACAGCCCTGGCCGGAGTGACCGAGGACATCCGGAGCTTGAAGCCTCACATGGAGTCCATACAGCAGATCTTCGACGAGCTCAAGAGTGAT
T ALAGVYTET DTIR RS STILI KPHMMET STIOQQTITFDTETLTIKTSTD
GTCACCGACTGTAGAAATTACTTCTCATGCAAGAAAGAGTTTGACATAAAAACCCTAAACTCTACTTACACACAGATGGAGAGTAGAGGT
VT DCRNYT FSCKZ KETFDTII KTILNSTYTA QMMES ST RSG
CTATATAAGGCCATGGGCGAACTGGATCTGCTGTTTAACTACATTGAGACATATCTGGCTTCTAAACGGCACAGAAACCATGTGCCCTCT
LYKAMGETLODVLLTFNYTIZETYULASI KR RHRNUHYVPS
GTTTGAagaccggctgaccctaatccaaatgtgaccgtgttcatttcaggaaaaataattgagtgctgcaatcttttgcattcaagecat
Vs
tatttatttacagtggtatgagtgttgctagatgctgattttattttatgagettgttgagcagatgtetttgttgttttgagacttete
tgtacattttttgtcctgaggacaagtttetgttttaggaccatattgagtcctacatatacaaagttacaactaaaactgtcacttagg
aagatgtgatatttattttttatcataaatatatattttctatatatttttatatttattatgacttttgtattgttacagatgaataaa
ggactttttgatattgtaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

(a)

tcaactaatccttagatgaacccttacctacatgtaataactgattctcagtaatttatctggagagatttcaacaaccaaaatatttct
gttagttttcctaccagataaccacagtgATGAAGATGCTGCTTGGCTGCTCTCTCTGCCTGCTCCTCCTGCTTAGCTGTCTGAGGGAAC
M KMULLSGT CSLOCLTLTLTLTLSTECTLRE
TTGTGGAGAGCCGAACTCTGCATCTGGACAGCTGCTCGGTCAATGTTCACACGCACGAACTGCGCAAACATTACTCCGCCATACGATCAA
L VvVESRTLHLDS ST CSVNVHTHETILARIEKUHYSATIHRS
ATGCGATAGCAGGAGACAGTGTGATTGGAGTGAAATTTCTGGACAAATCATTGATGAAGGACGTTCAGGAGGGGCAGACATGCTGTTTCC
NAIAGDS SVIGV KT FLDJ K SLMKTUDVQESGH~ QTTECTCF
TGCGTCTTGTGCTGCGTTTCTATGTTGAGAGAGTGTTCAGCAACTACGCCTCTTCTCAGCCAGAGCAGCAACGCTGCTCCAGCGCCCTGG
L RLVLRFYVERVFSNYASSAOQPEU QQRT CSSAIL
CCAACTCTTTTGTCAGCATCAGGAAAGATATACATAAATGTCACTGCAACTGTGCAGAAGAGACGCAGAGAAGAATTGACTCCCTGCATG
A NS FVSIRIKDTIMHIKT CHTC CNTGAETETI QRRTIDSTLH
CTGAGTTTATCAAGCTAGAAATAAACCAGGCAGCACAGAAGGCTGTAGGAGAACTGGACACCGTGCTGGAGTGGCTGGAAGGAATCAGCC
AEFTIKTLETINOQAAQKAVGELTUDTVLEWTLTESGTIS
TGAAAACACAACCATGAtcacaaagacactcagaatcaatcccaaggtgcctgcagttgatgagtecctgatctaacatctaagatgtca
L KT Q P =«
ttcttgacctcacattacttatacgcatagtgaagcttagaaatgtgttgactttacttetgtgecategtgecatttetetattttgtac
ttgaattgacttaatgtgtgcgttagccactaacatgtggactggattttttttaataaagtatttatatttaatatgacataaatgtat
ttatatttatcaaaaatagaatgttgttaaggtattgtatgtgtgcttcaactgtaaggttattatgtagcctaaagaaattatttaaat
tcaattttataattttatcgatggttcaatttcaacatc@ataagaaaaaatactcttacccaaaaaaaaaaaaaaaaaaaaaaa

(b)

tgctttaaagttttctgactgaagattattttactactttgttataatttgtcatetgtttctgtectgcaggtgaaaaaacacacgact
ctctcctcattctgcaaggactaagatcgtttcatctacctgaaccATGAAGCCCAACGCCGCCGCAGTCGTCTCCTTCCTCCGTCCAGC
M K P NAAAVV S FLRPA
CGCCACCGCCGCCATGCTGGTACTCCTGCCGCTGCTTCTGATTGGCTGGGCCGAGCTTGCGGCGTCGCACCCTGTGAACCGAGCGCTCAG
AT AAMLVLL®PLULTILTISGMWATETLAASUHPVNHIRATLS
CCAGCCGCTGCAGGACCAGGACACGTACAAGGCTGTCCAGGAAGTGTCAAAACACGCTCAGAGTTTGCAGACGGAGGACGACTCCAGCAC
Q PLQDQDTYIKAVQEV SKHAQSULAO QTETDTDS ST ST
CAGACTGATGCCCAGAGTCAACACGGACCAGGACCACCTGAAGATCTGCTGCCTCCACGCCAACATCCTCGACTACTACCTGAACAACGT
R LM PRVNTDU QDU HLJIKTIZ GCC CLHANTILTIDYYLNNWVYV
ACTGCGTTACCGTGACAACACCCATCCCAGCATGCACCGGCTGAAGACCGACCTCACCCGCGTCAGCGAGGACCTGCAGACTCAAGGATG
L RYRDNTHPSMHARLI KTDULTRVSEVDTLU QTZ QS®GSTC
TAATGTGACTCACTACCACGATCATCACCACGCTGTGGAGTTTCGCAGGAAGCTCGCCAAGATGGGGGGCGAGCGAGGTCTGAACAAAGC
NV THYHDHUHMHAY EFARRIKILAIKMMGS GTEHRTGTLNTKA
TGTGGGAGAGATCGACATCCTGTTCACGTACCTGCAGGACTTCTGCCTCCAGCCCAGGAACGCCAGCACTGCTGCTTTCTGAcgcctcga
vV ¢ E I DTIULFTYLQDFT CLU QPRNASTAATF =
ctgtttctactgaacactgagcaaacagccgecttectatttatcatatttatcaccttttataccaacaacttttatacttectatttat
tcatctatttaatttgattaaatttgatgattttatttttatataaacttaaaatatttatattgacttgagtatgacttattagttatt
gatctatttatttatcagaatgttttgatacctgagttgaaggtgttgatcatgttgccatgttatggctgattattattaaggttacag
gttacagtatttaaatgttacactcggaaaaaaatgtgtcacacaatttacttgaaaataaataaagtttggtttgaatatcaaaaaaaa
aaaaaaaaaaaaa

()

FiGure 1: Continued.
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cacttgaagATGTTTCTCCTCCTCGTCAGGACGTCTGTTCTCATTCTGCTCATCAGCCTCGCCGGTGGGCTCGTCGCCGTGGCAACCGCC
M F LLLVRTSVLTIULTULTISLAGGTLVAVATA
GAGCGCGGCATCACCTGCCGGCAGGAGATCCCCGCCGAGCTGATCCGAGACCTGTGGAGCCGGACCACACAGCTGATCAACAAGCTGCCG
ERGITT CROQETIWPAETLTIRDTLMWSRTTA QLTINTZKTLP
AAAGAAGAAAAATTCTCCGGGCGAGTCAGACTGCTGCCCAAATTCTGCACCAAATGTCCTGAGCGTACGATTGGCTGGCTGGAGATGCGG
K EEKF S GRVRLLZPIKTFT CTH KT CPERTTIGMWTLTEMR
CAACTGCTTGATGTTTATCAGAGGAGTGTGTTCAGCAGAGAGCTCGTCCAGGAGCTCCTCCCCCTCCACTACAATGACCTGCTGTACCGA
L LD VY R SV F S RETLV ELLPLUHYNTDTLTLYR
CTGCAACACACACTGCAGCACTGCGTTTCTTCCTCTAAACCCTCAAAATGGTTCAAAATCATCAAGAAACTGGAGAGAAAAATTAAAAAG
L Q HTWL HCVSS S KPS KWFIKTITIIKIKTLTETRIEKTIKK
AGGAGGAGAGACGTAGGAGCGCTGAAGGCCGTCGGAGAGTTCACCTTCATCCTCAGGTGGATTGATGAACTGGCACAGCACCACGTCCTG
R RRDVGALIKAVGETFTTFTIULRWTIUDTETLA AR QHUHUVL
TAActcatcatcctcatcctcatcatcatcatcatcagtattgtgatcatcacctccaccggcatcatcagcaaaattagggetegtttt
*
tagcagcacaaacatgtactttagacatttattatttaattaatttatctgagggaaaatctgaatattttcaaaatgtttacctccagt
gtttgatgtgtttggacccaaaatttacactttaaaatctgttcaaactgatctactttggcagaaaaaaaatgtaaaaactgaaaatag
atctaatcatcctgatcttccacagctgtctgagcatctcaagaggtcttgaatctatttttttttaaagtattgattactgttttgaat
gttttgataaatgtagctttatttacaaaataagttattttcagaaaatatttattgtatttgagtattcacttaagattccagtgttaa
aagtacttgaaacattaatatatattattgttatatatattttctaacaatatgaaggaaaatatttttatatgaattgttgttgctgta
tttacgtgaatttgttgatcagattcttagtga@ataaactagatttgtatccaaaaaaaaaaaaaaaaaaaaaaaaa

(d)

FiGURE 1: Nucleotide and predicted amino acid sequence of (a) LmlIL-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.

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].
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Ficure 2: Continued.
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IL-22 M. salmoides : ==--==-=--=s----csm-mcoooo s MKLVAAEVVSFLRP - - - - AMEVIELP[SLL IGWVGQAATLP VDRPLSQPLRNPETYEAVRDYSKHAQRY : 63
IL-22  S.chuatsi @ === === MKLFAAKVVSFLRPAA - - AMEVELP[ILL IGWAEQAAALP VDRPLSQPLRNPETYQAVRENSQHRQSY : 65
IL-22  L.omaculatus : ===========sceceemmmn cmmam e MKPNAAAVVSFLRPAATAAMEV|ELPELL IGWAELAASHP VNRALSQPLQDQDTYKAVQEWSKHIMQSL : 67
IL-22  D. labrax MKL - -ATLVSVLCPAA - - AMEV/ELPELL IGCGEQVAALP VDQPLSKPLRDPETYQAVRNUSQHAQ- - : 61
IL-22  O. mykiss MKFSTVQLVA - - - - - - -- V{UMSUCLL - - - RESVAHSTHRPLSAPLHSADTDTMVQQUAQHAQ - - : 54
IL-22  C. carpio T/AFAMCCCCFLRGQAMH LSRPRPKPLDSSATWNDLFMTKHAQ- - : 48
IL-22  C.idella T/ZLAMCCWCFLCGQAMH LMRPRPKPLDSPVTWNNLYVITEHAQ- - : 48

IL-22  D. rerio : MGDYAKGEKTTTVTYRHDIKAPEPQDALQVSTSRNNGVHKRTDTRIHSSTC DMKCFT|SIAFLCS-CFLSG------ CARPTPLDSSATWNDLAANTDTRR- - : 93
IL-22  H. sapiens MAALQKSVSSFLMGTLATSC - - - - - LIALITALIEVQGGAAAPISSH - - CRLDKSNFQQPYITNRTFMEBAKERS - - : 64
IL-22 M. musculus : MAVLQKSMSFSLMGTLAASC - - - - - LIELIJALWAQEANALPVNTR - - CKLEVSNFQQPYIVNRTFMEAKERS - - : 64
IL-22  G. gallus MATLHT -LTRSFSGWVVFCCCCCFP LIELTSP|UPPKGTGVVSNAHQACRLRKINFQQPYIRNRTYT[RAEMAR- - : 70
IL-22 X laevis MAALFLQMRKFAAFWILFCCCYLSD I|ELCAP|IDPQENHPVSKQH - LCTIRKTFFLQTFMKKN IFABAEQAR- - : 70

IL-22 M. salmoides : QTED[SSTEIEPRVNTDQDHLK - ICHHANE I/ YENNEEPHR - - - NQHEK HQEKND=T:[JSEDEQTQGCNVTHYHDHHHAVEFRKLATMG - - - - GERG : 157

IL22 S.chuatsi  : QTEDSSTEINEPRVNANQDHLK - TCEHANK| =)= YENNRRHHH - - - NQH[EK |HREK TDIE T;: lISEDIEQTQGCNVTHYHDHHHAVEF ;RKL TKMG- - - - GERG : 159
1L-22 L maculatus : QTEDSSTEINIPRVNTDQDHLK - T®CEHANM )/ YENNWERYR - - - NTH]gS [HR K TD T;:\SED[NQTQGCNVTHYHDHHHAVEF;RKLAKNG - - - - GERG : 161
IL-22 D.labrax  : QTDDGSSAZINIPRVKADQDHLK - IECIHANE™ = YENNMEHHR - - - ANAHZS |HREK TDET|; \jSEDMQTHGCNVTHYHDHHHAVEF RKLARMG- - - - GEQG : 155
IL-22 O.mykiss  : SSDTUTDTMHIPDIDTKKNHRD - ICHHANI - YSNUET TKEK Q[ KHHEK IPAKED A WSRDEKEHGCATKHYNDHHHS TAF I KKL SEME - - - - EGKG : 151
IL22 Ccarpio  : MEDT)HETEINEPVLSEVMLKEESSECINANEE™ !\ YEKHMEHADEHV UKK Y[gN (RF|\/RSDIEQ;: AH I[EKPH - CETSDFVDHVRVKEFEKNYK TASEKEF -EKT : 148
IL-22 C.idella - KEDKHETEINZPVF SEVMLKEEGTGCHNTNM= )/ Y{RKHUEHADDHV JK - Y[g0! [RF /RSDIZH; [MAQD[EKPY - CSNS - - AEHAQVKKY[{DRYSAYERKSLTLEA : 146
IL-22 D. rerio - NED- JHETEINEPYF SHDMLQE EGS[§CHNARM K /YNHWEE SDEHT MK Y{ghL{RN/RE GI=H; [JEQE[NQNH - CKHD - YSSHPLVKQF{RNYHASATMDL - AAA : 191
IL-22 H.sapiens  : LADNITDVEINIGEKLFHGVSMSEREYEMKQY ™= THE EMEFPQS - - LRFQ[FY.QE /VPF A [SNRESTCHIEGDDLHIQRN VQKLI{DTVKKLG- - - - - ESG : 159
IL-22 M. musculus : LADN)TDVEINGEKLFRGVSAKDQEYEMKQY™ = THEDMELPQS - - bIRF QY IQE /VPF 5T {ESNQIESSCHISGDDQNIQKN VRRLI{ETVKKLG- - - - - ESG : 159
IL22 G.gallus  : LSDQUTDNEINIGQQIYVNIRENNREYIMKRMTEI I KDYNL TEA - - KERY[@YAED|JAQF EASET SEMSRCKYSGNREHIEKN LEEMSKMKELG:- - - - - ENG : 165
IL-22 X. laevis . IMDK TANWFGSYLFFGVKEKDH%MKNW SFAYENUEH - ES - - SKKY[gH DNAIAFFVNHEKDEAGCKREEGDQ-IQRNVEQMINKIKMMG ----- PDG : 163
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IL-22 C. carpio KAVGE]M 1 171
IL-22 C. idella KAVGE LS ;169
IL-22 D. rerio A LNLY ;213
IL-22 H. sapiens IKATGEN 2 179
IL-22 M. musculus IKATGEN 2 179
IL-22 G. gallus KAIGE YHENATDAPKKGGNKKKN - - - - - - - - . 197
IL-22 X. laevis KAIGE® HERKCILQRMKPHANK ----------- . 192
(c)
IL-26 S. scrofa . MQUNCILRSGMEFITLSLATARRKQSSFAESCYPRGTLSQANDTYVKAARMKATIEZERRIKN - - TQMEKEK THKLFM - - KNCRFQE QMSFEMEDIEGRLQLYQ : 100
IL-26 B. indicus . MWVSCILRCGEEFITLSLATAKHKQSSFAERCYPRGTLSQANDTYVKAASTRATIEZERRIKN - - TEMUKEK THKLFM - - KNCRFQE QMSFEMEDITEGQLQLYQ : 100
IL-26 H. sapiens . MLVNFILRCGEELNTLSLATAKHKQSSFTKSCYPRGTLSQATIDAMY IKAAWNKATIEZERRTKN - - TEMUKMEK THKQFM - - KNCQF QE QMMSFEMEDIEGQLQLQ : 100
IL-26 G. gallus : MKVYSIFRSGHMLILLCLFTVEGKKSPTGKHTCRKGLLSQVTENMY TKASSEKSSIEKGIL IKN - - TEMAKETTEMLEM - - THCNVRDQESFMMKNITESHLGME : 100
IL-26 C. Idella Do MRERTELAL CALLCCSQGHKEEE CLNHNTQLPLEKDMINTSELMQKPEDRENRPF - - HERTMGHL - K CYK - KLVADLKRITNE INEEHITHLKMWKN - 92
IL-26 L. rohita Do MRIEY TLAL CAAL CCSQGHKQEE CLSRHIPL TMIIKDIIME TSEHIIQK SHEREDEPF - - QHTNGHL SHRCSR - KLVADFKRIME INDEHIEQKLWKN : 93
IL-26 D. rerio Do MRETRIPFTLCALLCWSEGHKQEE CLKREIRLPMIRENL SMSQDEHKSERMNKPF - - HEFMMGHL - [AKCK - - ELNVPDFKRNME INDEHIEEKMWD - : 90

IL-26 O. melastigma = MSPIILRTLCHSLMVSFISGAVITTTARLTLNCSERVHPKLEIQDMWNWTKQEKEKME - EDKSP - - VEMRYPEF CVSCSKRVIGWME IR EMIDVNQAHIIESSKALE : 101
1L-26 L. maculatus  : MFLLLVRTSVISILMISLAGGLVAVATAERGITCRQE IPAELERDMWSRT TQEINKIEEKEEKF SGRVEMIPAF CTKCPERTIGWLENR QMMDVRIQRSITESRELVQ : 104

IL-26 X. laevis ;- -MKFCNSLLSIIVYLTSLYVFTCETKIFHPKHCQRAQLEKNTE DYNKTVSFKRLFEKANITD - - ToMETRQLEEDFMAQKNCNLRNNMMSFMINTFLENTLVK : 100
IL-26 S. scrofa . A--CKETDEVEDFHSMRQKMSREBISCASSPR - - - EMKSHTRIKRIFYGIGNK - E1YNISEL 0 1 MUSTHKQF MESFK - - - - - - 171
IL-26 B. indicus : V- -CKEMHEVEDFHSRQKMSREISCASSAR - - - EMKSHTRIIKRTF YE 1GKK - € TY[iSEL D [MUSTRKQFMES IK - - - - - - 2171
IL-26 H. sapiens : G- -CKKIREVEDFHSRQKMSH®ISCASSAR - - - EMKSHTRIIKRIF YRIGNK - [ IY[@iSEL D IMUSTRKKLEESSQ - - - - - - 2171
IL-26 G. gallus ;- --SEKLFVISAFRVEQENINABLPCAPSTR - - - LTSAUKNIKKTFLKLGEK - €V Y[INELD IMUPTROAYRIQTIV - - - - - - 2170
IL-26 C. Idella . DTHHSTKKEMDSFMREKNVIE IBEPKGQK TLSICARENEK THEDTLMTDEPG - VHI[@AUREFRSMMVIESLATDRSRTHEKIQ : 174
IL-26 L. rohita . NTHQHLKMETDSFARMKDMNE IME TKGKQTLSLCARENEK THEDTFKTLQPK - ELFI@AQSEFRNMMSIESSATIDKRRTHE IH - : 174
IL-26 D. rerio . ---ELPTQEIDYFKRAKGITQNBATEGKPTQSRCAKEKEKKFEQTLMKLQPD - EX TINISEF SIS SGIDRRKTYKKIH : 169
1L-26 O.melastigma - K- -LLHVHUNDVLHREQNVQNEVSSSEPSK - - - FAEERQENGTKIKKKHH - - EAWRAASEF TFNMGHRISELK - - - - - - - - - - 1167
1L-26 L maculatus  : E--LLPLHUNDLLYRMQHTMQHEBVSSSKPSK - - - WFK TRKKMERK TKKRRRDV AL @AY GEF TFIMBRIEDELAQHHVL - - - - - 177
IL-26 X. laevis . EK-AKKFKITIDKLMVEQDLAL HBKK SHCDQKE - TESKSF REMKKKTCQIHGKRVLW@NISEMD TMYETRQE YEIEEML - - - - - - S 175

(d)

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.
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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),
chicken (Gallus gallus), tropical clawed frog (Xenopus tropicalis), zebrafish (Danio rerio), grass carp (Ctenopharyngodon idella), and spotted
sea bass (Lateolabrax maculatus). (b) Gene synteny analysis of IL-22 and IL-26 genes in H. sapiens, M. musculus, G. gallus, X. tropicalis,
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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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 Efla gene was used as the internal reference gene.

The results are shown as mean + SEM (N=4).

Also, frog (Xenopus tropicalis) IL-26 could be induced in spleen
after Poly (I:C) stimulation [55]. These results confirmed that the
IL-10 family members 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-1f, IL-8, and tumor
necrosis factor (TNF)-a, 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 the mucosa-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 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 uL of E. tarda (1 X 10* 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 Efla gene was used as the internal reference gene. The results
are shown as mean + SEM (N=4), * for 0.01< P<0.05, ** for P<0.01.
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