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[22]

(interferon regulatory factors, IRFS)[23—24]

(major histocompatibility

complex, MHC)® " pyD88  TLR9™!
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, 80T ,
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[31]
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2x107 CFU/mL 48
2, 0.1 mL/100 g,
PBS Oh 6h
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B >

1.2 RNA cDNA
9
4 50~100 mg RNAase
) , Trizol
(Invitrogen) RNA
RNA  DNase I (Invitrogen) ,
RNA DNA ,
(TaKaRa) cDNA
1.3 Cs.TLRSS cDNA
Cs.TLR5S
(ORF) (Cse_R013586), Primer Premier
5.0 RACE (D SMARTer™
RACE c¢cDNA Amplification Kit (Clontech) ,
RNA 3'RACE  5'RACE
, PCR PCR 3
5 UPM(Long: Short=1: 4)
NUP PCR PCR PCR
:94°C 305s,72°C 3 min, 5 ;94°C

30 s, 70C 30 s, 72°C 3 min, 5 ; 94°C 30 s,
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Tab.1 Primers and their sequences used in this study.
primer (5'-3") primer sequence (5'-3") utilization
TLR5S-F ATGGCCTTTGTTGCTCAAA degenerate primer
TLR5S-R AACAGGAATGAACGTTTTCTTCC degenerate primer
TLR5S.3-F1 ACAACTTCATAGCCTCTCCAGACCCC 5'or 3' RACE
TLR5S.3-F2 GCTCAATCAGACTCACGTACACC 5'or 3' RACE
TLR5S.5-R1 AAGGTGTTGAAATGCTTCCCCCG 5'or 3' RACE
TLR5S.5-R2 ATTGATTCGTTGAGAGAACAGTG 5"or 3’ RACE
NUP_S AAGCAGTGGTATCAACGCAGAGT 5'or 3’ RACE
UPM_S CTAATACGACTCACTATAGGGC 5"or 3' RACE
UPM_L CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 5'or 3' RACE
TLR5S.q-F CCAGCGTCTCTCCCCAGTTTACAT Real-time PCR
TLR5S.q-R GTCACTCTGTTGTCACTGATGTCCA Real-time PCR
TLR5S-S1-F AAACATCAGGCAAATACTT Real-time PCR
TLRSS-S1-R TCAAGATAAAGAGGGAGTT Real-time PCR
TLR5S-S2-F CAAACTGCTGGAAGAAAACG Real-time PCR
TLR5S-S2-R ATGCTCCAATGTTTTGTATG Real-time PCR
TLR5S-S3-F ATAACAGCAGGGGGCAGCA Real-time PCR
TLR5S-S3-R TGATGAAATCGTAATGGTA Real-time PCR
B-Actin-s CCAACAGGGAAAAGATGACC Real-time PCR
B-Actin-a TTCTCCTTGATGTCACGCAC Real-time PCR

:F R

Note: F represents forward primer; and R represents reverse primer.

67°C 30 s, 72°C 3 min, 28 ; 72°C 7 min

PCR :94°C 5 min; 94°C 30 s, 57°C 30 s,

72°C 2 min, 35 ; 72°C 10 min PCR
pMDI18-T : 10

DNAStar
14 RT-PCR
Cs.TLRSS cDNA
TLR5S.q-F/TLR5S.q-R,
Cs.TLRSS
TLRS5S-S1-F/TLRS5S-S1-R
TLRS5S-S2-F/TLRS5S-S2-R TLR5S-S3-F/TLRS5S-
S3-R Cs.TLR5S x1
Cs.TLR5S x2  Cs.TLR5S x3 mRNA (D,
f-actin-a/s( 1) , SYBR Premix Ex
Taq (TaKaRa), ABI 7500
PCR (Applied Biosystems, USA) PCR
: SYBR Premix Ex Taq(2x)10 pL,

ROX Reference Dye I[(50%) 0.4 pL,

0.4 uL, ¢cDNA 1puL, 20uL PCR
:95C 30 s; 95C 55, 60C 34 s, 40 ;
95C 155,60°C 1 min,95C 155 3
C 7-BAC
+ (x+SE) ;
SPSS 18.0
(One-Way ANOVA), P<0.05
1.5

ExPASy(http://www.expasy.ch/tools/dna. html)
: SMART
(http://smart.embl-heidelberg.de/);  TMHMM server,

v.2.0
dk/services/TMHMM-2.0/);
ClustalW 2 (http://www. ebi.ac.uk/Tools/msa/
clustalw?2/) MEGAS.0 NJ
SignalP4.1(http://www.cbs.
dtu.dk/services/SignalP/)

(http://www.cbs.dtu.
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64.03 kD, 8.49, 16.6%
SMART Cs.TLR5S 11 LRRs

2.1 Cs.TLR5S cDNA N 5 LRR

B

DNAstar [Leucine-rich repeats, typical (most populated)
Cs.TLR5S 3 cDNA subfamily, LRR-TYP], 11 C LRR

Cs.TLR5S x1 Cs.TLR5S x2 Cs.TLR5S (Leucine rich repeat C-terminal domain,
x3(GenBank : KP714714 KP714715 LRR-CT)( 1)
KP714716) Cs.TLR5S cDNA 1068 bp

308 bp 5’ (Untranslated ( 2), , Cs. TLR5S

region, UTR), 3' UTR 138 bp (Cs.TLR5S x1), fif
364 bp(Cs.TLR5S x2) 637 bp (Cs.TLR5S x3) fil  TLRS5S
Cs.TLR5S 567 , 61% 60% 58% 47%

GGGAGATCAGGCGGTTGTTGTTTTTGTTCAGAGGAGAAGAAGAAGAGAGAAGTGTGAGG
ATGAGGCTGCTGTGTCTTCAGCTGCTGTCCATCTGTGTTGTCCTACAGGTGAACTTGAGTCACTCAAAGTGCTACATATCTGGCTCTAGGGCTCAGTGTCTGTTCCTTTCCAACACATGG
CTCCCTCTTCTCCCTCCTGGTCTCACCTACCTGTACGTGTCTGTGAGGCACCTCCCTGAGATCAACTCCACATACCTGTCAGGACTCACACAGCTGGAGGAGTTGTACCTTGATAGAATT
CACAGGTCGAIGSTGATTAGAAACGACGCCTTTGTTGCTCARAGTCGCCTARAGAAGCTGGTGCTCAGCGGGARCCGGGATCTTCAGCTGGAGCCCAGGGCCTTCGTGGEE

M Vv I R N DA VF V A Q S R L KK UL VL S G NRUDU L QUL E P RATF V G

GCCAACATGAGCAGTTTCAAATATCTGGATCTGCGCTTGAACAGAATCGTACAGCTGTGTGARTCGGATCTCACAGCTTTTCGGGGGARGCATTTCAACACC
A NM S S F K Y L DJILURTUILNZ ERTIJTYVSOEQEZLOCESDTLTATFT®RTGTZ KUHTFNT
TTGAATTTAGAATCCGGACTTCGTCCCGGCGGCCTGAGTAATCGAAGTTTGGACTGGARARCATGTGGCAATCCTTTCAGAGARATGTCCTTTCAGAGCATTGACCTGTCARACAACGGG
L N L E S G L R P G G L S NI RSTLUDTWIE KTTCGNZ& ®?TFIRTEHMSTFTUGQSTITDTILSNN G
CTGAGCATGAGTCARATARAGCACTTCCTCAGAGCCATCGAGGGGACARAGATCTCCCACCTCARACTGTCAGGGCACGTGGGCAAAGGGTTCTCATTCAATAATCTCCCTGATCCTGAC
L s M S ¢ I KH F L RATITETGTT KTISHTULI KTLSGHTYV G K GTF S F NNTILPDP D
AACAGCACATTTGAAGGCTTAAGGAACAGTACTCTTCAGATT‘I‘TGGATCTGTCCAAGAA'I‘AGAATATTTGCGTTGCGACACGGGGTTTTTAATCC_
N §s T F E G L RN S TIL I L DL S KNJZ RTITFA ATLTERIUEHETGT YV F NP

_TTACATGATCTCCGTTTGAATGACAACAGGTTGACGCMcGGTTCATGAGCAACGMGCTCAATTT

L HD LR LNDNU RTUILTUHTI RTFEFMSNV A Q F
TGGTGTCTCAGCTCCATCATCTCCAGCACTTTARCTTTGGAGGGARCGCAATCAACTTGTGCTCTCGACATTCATCC

GTCGGTCCCAATCGTTTGCAGGTCCTGGATCTTCACGGCARCTCCCTGCAGTCAATTTGGTCTCAGCACAGATGCCAGGCTGTGTTTGACGA

v ¢ P NR L Q VL DILHGNSTILGESTIWS QH®RTCOQATVTF DD

CTTGAACT
L E L

Cs.TLR5S x1
Cs. TLR5S x2
Cs.TLR5S X3

Cs. TLR5S x1
Cs.TLR5S x2
Cs.TLR5S x3

Cs.TLR5S x2
Cs. TLR5S x3

CSTIR3S NS
Cs TLR5S X3

CTGCTGGAAGAAAACGTTCATCCTGTTTAA
L L EE NV H P V%
ARACATCAGGCARATACTTAGAATAAACAARAAATAGTTCTACTGAGTTTCTGCAGTATTGTACTACTACCATATACTATATTTAACTCCCTCTTTATCTTGAAATTGCCAAARRAAARARAR
AARCATCAGGCAAATACTTAGAATAAACAAAAATAGTTCTACTGAGTATTCTGCAGTATTGTACTACTACCATATACTATCTTTTTGGCAGAGARGTCTGATCCATACARARCATTGGAG
AARCATCAGGCAAATACTTAGAATAAACAAAAATAGTTCTACTGAGTATTCTGCAGTATTGTACTACTACCATATACTATCTTTTTGGCAGAGAAGTCTGATCCATACAAARCATTGGAG

!

CATTTTGAGTTTTTACACT TARAGATAGATACTACTGCAGTARTACTGGATACTATTTAAAAATATTTTAGT TARRRAACTTTAATGAGACAGTGTCGTGATATTAGGAGATACGATAATA
CATTTTGAGTTTTTACACT TAAAGATAGATACTACTGCAGTARTACTGGATACTAT TTARAAATATTTTAGT TAARAACTTTAATGAGACAGTGTCGTGATATTAGGAGATACGATAATA

TTGAATTCCTATGAGATACAACCATGTGAT TATTAGAARACACTCGTAAATGTCT TAATATTGT TCATAATTATTARATTGTTTCTCAARATGCAAARRARARARARRAARARAARRARARRAR
TTGAATTCCTATGAGATACAACCATGTGATTATTAGAAACACTCGTARATGTCTTAATATTGTTCATAATTATTARAATTGTTTCTCARAATGCATTTATTTGCACTCCTCATTTATAACA

AARR
GCAGGGGGCAGCATCGCCATTATATTTTTTTATTCATCGTTTATTTGCACGGCATTTATATCACTAACATATAACCATGATACCATTACGATTTCATCAAACTAAAATATTTTTTGTTTT
GGCTATTTATAAAAAAGTGTTTTAAAAAGCTCAATATTAATTTTTTTAGTCTAATTAGTGGCTCTGTCTTTTTTTATTTTACCAAATTTGTAACATTTGGAGAAGGTACATTTGATTAAT
AAASCGAATTAACTTCAAAGTAARAAAAAAAAARARA

1 Cs.TLR5S cDNA
ATG TAA, PolyA , 11 LRR (
35-60aa, 61—82aa, 230—253aa, 257—278aa, 279—302aa, 303—327aa, 350—371aa, 429—452aa, 453—476aa, 475-501aa,

507-557aa).
Fig.1 Full-length cDNA of Cynoglossus semilaevis TLR5S with the predicated amino acid sequence

The initiation codon(ATG) and the termination codon(TAA) are bold underlined(==}. The termination signals (AATAAA) in the
3’-untranslated region(UTR) are double underlined(==}. The LRR domain are marked by shadow (35—60aa, 61—82aa, 230—253aa,

257-278aa, 279-302aa,303—-327aa, 350—371aa, 429-452aa, 453—476aa, 475-501aa, 507-557aa).
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St Takifugu rubripes ITKLKFI NLKLNSI DRI S§. ARFLGLSSKGF F 229
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i Salmo salar FNVDKAKL KH. ST GI KI TL 155
alichthys olivaceus FNVNRLR S. . GHI SVL DVS 348
11 Lpinephelus coioides LSVSKSK SL. GL DvS 348
i 43 )yl Takifugu rubripes FNAAKS Q A. . GY Dvs 347
17l Cynoglossus semilaevis LSNSQIK S.. G 266
T A5 XM Tetalurus punctatus FSVDVAVLI INRSGS 352
(L Oncorhynchus mykiss Qi ST RQL! 475
YVEE: Salmo salar Q SIRQL : 273
Paralichthys olivaceus LRELG. . . RLI HSSVRST TER 465
A1 BE(G Epinephelus coioides HDS SLRDI G. KLI DSPGRSI HREE 465
& 43 )5 60 Takifigu rubripes GS SLSRLG. KLSSAS. . SLA 462
i85 Cynoglossus semilaevis i LRDLG. 383
lﬁﬁm”ly/aa/um punctatus 11| R1 [KEs ES| SLQYVH. .. 467
Oncorhynchus mykiss [ FSSNI SVPAVESLKL] 595
HEAiE: Salmo salar | FSNNI SVPAVTSLKL 393
alichthys olivaceus TLSAQV. . . GPNDLQ HRS SE@S VIAQGE] 582
1 REfG Epinephelus coioides INLGREVRFI DSNNVT’ HGS SEQS VMs QW 585
7l Takifugu rubripes TLS QNGS AAVWNKL QVIEDIRHGS S EQAVMAQG 582
il Cynoglossus semilaevis SRHSSVG. . . P HGNSEQS1 500
i Tﬁﬁl“fllcla/umx punctatus VLNAKYS VS PLINKVQFIADIEHVTGEQNLML QG 587
W8S Oncorhynchus mykiss YR [INYS KVI TEKYPKPSLTK 663
KVUEERE Salmo salar YR IINYS KVI MEKYPKPSLTK 461
alichthys olivaceus LELDIK IINY1 AQVT] 641
1 BEAG Epinephelus coioides SN WRE S DDI T| 644
)8l Takifugu rubripes s WEYAAQF A 641
15 Cynoglossus semilaevis FLE@N WRY AAQAKLLEENVHPV. 566
s SR Ietalurus punctatus EflF [WHAALCKDKKY. . .. . .. 647
2 TLRSS
, 100%, 75% :
50%~75%. : BAJ16368, : ACV04459, fifi: AAW69378, :ND_001117680,
: AEE38254, fill: NP0O01187158.1. TLR5S

Fig.2 Multiple alignment of the deduced amino acid sequence among different species’ TLR5S
Shaded regions indicate residues sharing homology, black region is 100% homologous sequence, gray region is higher than 75%, light
gray region is 50%—75%. Boxes indicate the sequence of conserved domain of TLRSS protein. Paralichthys olivaceus: BAJ16368,
Epinephelus coioides: ACV04459, Takifugu rubripes: AAW69378, Oncorhynchus mykiss: ND_001117680, Salmo salar: AEE38254,
Ictalurus punctatus: NP0O01187158.1.
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( 3
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(4 , , 6h  Cs.TLR5S ,
, 175 15 (P<0.05),
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2.3 Cs.TLR5S 6 h ,
38 (P<0.05), 12 h 42
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Fig.3 Phylogenetic tree based on the homologous of the TLR5S amino acid sequences
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Fig. 5 Real-time PCR analysis of Cs.TLR5S x1 and Cs.TLR5S
x3 expression in immune tissues of Cynoglossus semiliaevis
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Fig. 4 Real-time PCR analysis of TLRSS expression in different 3
tissues of Cynoglossus semiliaevis
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Fig. 6 Real-time PCR analysis of 7LR5S expression in different tissues of Cynoglossus semiliaevis after challenging with Vibrio anguillarum
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mRNA 3 , APA



1 : TLR5S

17

3'UTRs ,

Cs.TLR5S ,

, Cs.TLR5S
3 2

, Cs.TLR5S x3 ,

Cs.TLR5S x2

TLRs ,

TLR4a  TLR4b ,
TLR4a , TLR4b
B8, yao [ TLR9
TLR94 TLR9B mRNA
TLR9A ,
TLR9B

TLRs s

TLR5S
, TLR5M

[14]

Hwang TLR5S

, ;
TLR5S

[18]; Oshiumi 1% fiify R

TLRS5S
, Cs.TLRSS

[45-46]

[47] [48]

[49] [50]

, Cs.TLR5S

6h Cs.TLR5S

Tsujita [ ,

(RTH-149)  TLRS5S ,

, Cs.TLR5S
, 6h 24h ,
filn
TLRS5S (13],

Cs.TLR5S cDNA

Cs.TLR5S

Cs.TLR5S

Sk

[1] Takeda K, Kaisho T, Akira S. Toll-like receptors[J]. Annu
Rev Immunol, 2003, 21(1): 335-376.

[2] Kumar H, Kawai T, Akira S. Toll-like receptors and innate
immunity[J]. Biochem Biophys Res Commun, 2009, 388(4):
621-625.

[3] Kawai T, Akira S. The roles of TLRs, RLRs and NLRs in
pathogen recognition ARTICLE[J]. Int Immunol, 2009,
21(4): 317-337.

[4] Bell ] K, Mullen G E D, Leifer C A, et al. Leucine-rich re-
peats and pathogen recognition in Toll-like receptors[J].
Trends Immunol, 2003, 24(10): 528—533.

[5] Jault C, Pichon L, Chluba J. Toll-like receptor gene family
and TIR-domain adapters in Danio rerio[J]. Mol Immunol,
2004, 40(11): 759-771.

[6] Takeda K, Akira S. TLR signaling pathways[J]. Semin Im-
munol, 2004, 16(1): 3-9.

[7] Akira S, Hoshino K, Kaisho T. The role of Toll-like recep-
tors and MyD88 in innate immune responses[J]. J Endotoxin
Res, 2000, 6(5): 383—387.

[8] Kawai T, Akira S. TLR signaling[J]. Semin Immunol, 2007,
19(1): 24-32.

[91 Hayashi F, Smith K D, Ozinsky A, et al.The innate immune
response to bacterial flagellin is mediated by Toll-like re-
ceptor 5[J]. Nature, 2001, 410(6832): 1099—-1103.

[10] HeY, Xu T, Fossheim L E, et al. FliC, a flagellin protein, is
essential for the growth and virulence of fish pathogen Ed-
wardsiella tarda[J]. PLoS One, 2012, 7(9): e45070.

[11] Mizel S B, Honko A N, Moors M A, el al. Induction of



18

23

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

macrophage nitric oxide production by Gram-negetive flag-
ellin involves signaling via heteromeric Toll-like receptor
5/Toll-like receptor 4 complexes[J]. J Immunol, 2003,
170(12): 6217-6223.
Means T K, Hayashi F, Smith K D, et al. The Toll-like re-
ceptor 5 stimulus bacterial flagellin induces maturation and
chemokine production in human dendritic cells[J]. J Immu-
nol, 2003, 170(10): 5165-5175.
Tsujita T, Ishii A, Tsukada H, et al. Fish soluble Toll-like
receptor (TLR) 5 amplifies human TLRS response via
physical binding to flagellin[J]. Vaccine, 2006, 24(12):
2193-2199.
Tsujita T, Tsukada H, Nakao M, et al. Sensing bacterial
flagellin by membrane and soluble orthologs of Toll-like re-
ceptor 5 in rainbow trout (Onchorhynchus mikiss)[J]. J Biol
Chem, 2004, 279(47): 48588—48597.
Oshiumi H, Tsujita T, Shida K, et al. Prediction of the pro-
totype of the human Toll-like receptor gene family from the
pufferfish, Fugu rubripes, genome[J]. Immunogenetics, 2003,
54(11): 791-800.
Tsoi S, Park K C, Kay H H, et al. Identification of a tran-
script encoding a soluble form of toll-like receptor 5 (TLRS5)
in Atlantic salmon during Aeromonas salmonicida infec-
tion[J]. Vet Immunol Immunopathol, 2006, 109(1): 183—187.
Baoprasertkul P, Xu P, Peatman E, et al. Divergent Toll-like
receptors in catfish (Ictalurus punctatus): TLRSS, TLR20,
TLR21[J]. Fish Shellfish Immunol, 2007, 23(6): 1218—1230.
Li M, Li Q, Wang Q L, et al. Gene expression of TLR5 and
TLRS5S in channel catfish Ictalurus punctatus induced by
different pathogens[J]. Progress in Fishery Sciences, 2012,
33(5): 30-38.[ , , ;. TLR5

TLRS5S 3.

,2012, 33(5): 30-38.]

Lin K B, Ge H, Lin Q, et al. Characterization and analysis of
TLR5S gene from Epinephelus coioides[J]. Journal of

Xiamen University: Natural Science, 2013, 52(1):
109-115.[ , , , TLR5S
1. : , 2013,

52(1): 109-115.]

Hwang S D, Asahi T, Kondo H, et al. Molecular cloning and
expression study on Toll-like receptor 5 paralogs in Japanese
flounder, Paralichthys olivaceus[J]. Fish Shellfish Immunol,
2010, 29(4): 630—638.

Moon J Y, Nam B H, Kong H J, et al. Maximal transcrip-
tional activation of piscine soluble Toll-like receptor 5 by the
NF-kB subunit p65 and flagellin[J]. Fish Shellfish Immunol,
2011, 31(6): 881-886.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(33]

Liu X Z, Zhuang Z M, Ma A J, et al. Reproductive biology
and breeding technology of Cynoglossus semilaevis Giin-
ther[J]. Marine Fisheries Research, 2005, 20(5): 7-14. [

1. , 2005, 20(5): 7-14.]
LuY, WangQ, LiuY, etal. Gene cloningand expression
analysis of IRF1 in half-smooth tongue sole (Cynoglossus se-
milaevis)[J]. Mol Biol Reports, 2014, 41(6): 4093—4101.
Zhang J, Li Y, Hu Y. Molecular characterization and expres-
sion analysis of eleven interferon regulatory factors in
half-smooth tongue sole (Cynoglossus semilaevis)[J]. Fish
Shellfish Immunol, 2015, 44(1): 272-282.
Du M, Chen S, Liu Y, et al. MHC polymorphism and disease
resistance to Vibrio anguillarum in 8 families of half-smooth
tongue sole (Cynoglossus semilaevis)[J]. BMC Genet, 2011,
12(1): 78.
Xu T, Chen S, Ji X, et al. Molecular cloning, genomic struc-
ture, polymorphism and expression analysis of major histo-
IIA and
half-smooth tongue sole (Cynoglossus semilaevis)[J]. Fish
Shellfish Immunol, 2009, 27(2): 192-201.

Xu T, Chen S. Molecular cloning, genomic structure and

compatibility complex class IIB genes of

expression analysis of major histocompatibility complex
class o gene of half-smooth tongue sole (Cynoglossus semi-
laevis)[J]. Fish Physiol Biochem, 2011, 37(1): 85-90.

Yu Y, Zhong Q W, Zhang Q Q, et al. Full-length sequence
and expression analysis of a myeloid differentiation factor 88
(MyD88) in half-smooth tongue sole Cynoglossus semi-
laevis[J]. Int ] Immunogenet, 2009, 36(3): 173—182.

Yu 'Y, Zhong Q, Li C, et al. Isolation and characterization of
Toll-like receptor 9 in half-smooth tongue sole Cynoglossus
semilaevis[J]. Fish Shellfish Immunol, 2009, 26(3):
492-499.

Wang Y, Liu X, Ma L, et al. Identification and characteriza-
tion of a hepcidin from half-smooth tongue sole Cynoglossus
semilaevis[J]. Fish Shellfish Immunol, 2012, 33(2):
213-219.

Chen S L, Li W, Meng L, et al. Molecular cloning and ex-
pression analysis of a hepcidin antimicrobial peptide gene
from turbot (Scophthalmus maximus)[J]. Fish Shellfish Im-
munol, 2007, 22(3): 172-181.

Sha Z X, Wang Q L, Liu Y. Identification and expression
analysis of goose-type lysozyme in half-smooth tongue sole
(Cynoglossus semilaevis)[J]. Fish Shellfish Immunol, 2012,
32(5): 914-921.

Palti Y. Toll-like receptors in bony fish: from genomics to

function[J]. Dev Comp Immunol, 2011, 35(12): 1263—1272.



TLR5S

19

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

FanZJ, Zou P F, Yao C L. Toll-like receptors(TLR) and ITS
signaling pathway in teleost[J]. Acta Hydrobiologica Sinica,
2015, 39(1): 173—184.[ , , Toll
[J1. , 2015,
39(1): 173—184.]
Gewirtz A T, Navas T A, Lyons S, et al. Cutting edge: bacte-
rial flagellin activates basolaterally expressed TLRS to in-
duce epithelial proinflammatory gene expression[J]. J Im-
munol, 2001, 167(4): 1882—1885.
Sullivan C, Charette J, Catchen J, et al. The gene history of
zebrafish tlrda and tlrdb is predictive of their divergent func-
tions[J]. J Immunol, 2009, 183(9): 5896—5908.
Sepulcre M P, Alcaraz-Pérez F, Lopez-Muiioz A, et al. Evo-
lution of lipopolysaccharide (LPS) recognition and signaling:
fish TLR4 does not recognize LPS and negatively regulates
NF-«B activation[J]. J] Immunol, 2009, 182(4): 1836—1845.
Meijer A H, Gabby Krens S F, Medina Rodriguez I A, et al.
Expression analysis of the Toll-like receptor and TIR domain
adaptor families of zebrafish[J]. Mol Immunol, 2004, 40(11):
773-783.
Jault C, Pichon L, Chluba J. Toll-like receptor gene family
and TIR-domain adapters in Danio rerio[J]. Mol Immunol,
2004, 40(11): 759-771.
Skjeeveland 1, Iliev D B, Zou J, et al. A TLR9 homolog that

is up-regulated by IFN- y in Atlantic salmon (Salmo salar)[J].

Dev Comp Immunol, 2008, 32(6): 603—607.

Franch R, Cardazzo B, Antonello J, et al. Full-length se-
quence and expression analysis of Toll-like receptor 9 in the
gilthead seabream (Sparus aurata L.)[J]. Gene, 2006, 378:
42-51.

Yao C L, Kong P, Wang Z Y, et al. Cloning and expression
analysis of two alternative splicing toll-like receptor 9 iso-
forms A and B in large yellow croaker, Pseudosciaena cro-

ceal[J]. Fish Shellfish Immunol, 2008, 25(5): 648—656.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Hibino T, Loza-Coll M, Messier C, et al. The immune gene
repertoire encoded in the purple sea urchin genome[J]. Dev
Biol, 2006, 300(1): 349-365.
Elkon R, Ugalde A P, Agami R. Alternative cleavage and
polyadenylation: extent, regulation and function[J]. Nat Rev
Genet, 2013, 14(7): 496—506.
SulJQ, Chu X L, Liu W Q, et al. The cause and treatment of
fish liver disease[J]. Shandong Fisheries, 2009, (12):
29-31.[ , , ,
[J]. ,2009, (12): 29-31.]
Jin S, Zhang D Z, Chen Y X. Toll-like recptor and liver dis-
eases[J]. Chinese Journal of Internal Medicine, 2005, 44(1):
68—69. [ s , . Toll [J1.
, 2005, 44(1): 68—69.]
Egidius E. Vibriosis: pathogenicity and pathology. A re-
view[J]. Aquaculture, 1987, 67(1): 15-28.
Sha Z X, Wang N, Wang Q L, et al. Cloning, characteriza-
tion and expression of a myeloid differentiation factor
88(MyDS88) gene in half smooth tongue sole, Cynoglossus
semilaevis[J]. Journal of Fishery Sciences of China, 2010,
17(4): 659-670. [ , , ,
[J1. , 2010,
17(4): 659-670.]
Mo Z L, Mao Y X, Chen S Y, et al. Classification for one
pathogenic Vibrio anguillarum strain isolated from skin-ulcer
flounder[J]. Acta Microbiologica Sinica, 2002, 42(3): 263—269.
[ , , ,
IR ,2002, 42(3): 263—269.]
Li Q L, Chen Q. Identification of bacterial pathogen and
treatment after infection of Pseudosclaena crocar in marine
cage culture[J]. Chinese Journal of Applied and Enviro-
nmental Biology, 2001, 7(5): 489—493.[ S
[J1.
, 2001, 7(5): 489-493.]



20 23

Molecular cloning, characterization, and expression of three TLRS5S
splicing variants in half-smooth tongue sole

ZHANG Wenting" 23 XIANG Jinsongz’ 4 LI Hailongz’ 3 ZHANG Ningz’ >, DONG Zhongdian2’3,
GAO Fengtao™*, CHEN Songlin**

1. College of Fisheries and Life Science, Dalian Ocean University, Dalian, Liaoning 116023, China;

2. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

3. Laboratory for Marine Fishery, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237,

China;

4. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Toll-like receptor (TLR) 5 plays a vital role in bacterial flagellin recognition and immune response
alerts in vertebrates. In the present study, the synergistic role of the TLR5 membrane form and the TLRS soluble
form (TLRS5S) are reported in a bony fish. The full-length TLR5S cDNA was cloned using homologous cloning
and rapid amplification of cDNA ends techniques to study the regulatory role of TLRS5S in the innate immune re-
sponse of half-smooth tongue sole, Cynoglossus semilaevis, (designated Cs.TLRS5S). Three alternative splicing
variants (Cs.TLR5S x1, Cs.TLR5S x2, and Cs.TLR5S x3) of the Cs.TLR5S cDNA sequence were found in C. semi-
laevis. The full-length CsTLR5S cDNA included a 308 bp 5'-untranslated region (UTR), a 1701 bp open reading
frame, and 138 bp, 364 bp, and 637 bp 3’-UTRs, respectively. The cDNA encoded a polypeptide of 567 amino
acids, with a molecular mass of 64.03 kD and an isoelectric point of 8.49. Multiple sequence alignment revealed
that the Cs.TLRSS proteins are well conserved with a typical modular architecture and identical active sites
throughout vertebrates, and shared the highest identity with Paralichthys olivaceus TLR5S (61%), suggesting a
conserved function for 7LR5S. A phylogenetic analysis indicated that Cs.7LRS5S and homologous TLRSS se-
quences from teleosts were clustered into a clade, and Cs.TLR5S was separated from another clade with amphibi-
ans, mammals, and other vertebrates. A tissue expression profile analysis using the quantitative real-time poly-
merase chain reaction (QRT-PCR) showed that Cs.TLR5S mRNA was constitutively expressed in all tested tissues,
with predominant expression in liver and the lowest expression in spleen. Alternative splicing of the 3'-UTR using
qRT-PCR showed that Cs.TLR5S x3 was only expressed in liver, whereas Cs.TLR5S x1 was expressed in liver and
intestine. In addition, Cs. TLR5S was expressed at different levels in liver, spleen, intestine, and head kidney after a
Vibrio anguillarum challenge. These results suggest that expression of the C. semilaevis Cs.TLR5S variants are
differentially regulated in different tissues and play important roles in the immune response against bacterial
pathogens.
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