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TAK1 (bbnu)sapkmsﬂm] 1.3 TRAF6 TAK1
(Apis cerana cerana)“% [17] GenBank TRAF6
TRAF6  TAKI1 TAK1 cDNA (TRAF6—
, F/TRAF6-R; TAKI-F/TAKI-R)( 1), TRAF6
, TRAF6 TAK1 TAK1 PCR 1%
, TRAF6 s PMD18-T (TaKaRa, Japan)
TAK1 , trans5a ,
BLAST TRAF6
, , TAKI
, RACE
(D, PCR TRAF6  TAKI
[20] 503 ,
(Cynoglossus semilaevis) , trans5a, ,
R BLAST , Seqman
( , TRAF6  TAKI
)
[21-24] 1.4
EditSeq TRAF6  TAKI
TRAF6 TAKI (ORF)
cDNA , SMART (http://smart.embl-heidelberg.de/)  InterPro
, Toll Scan (http://www.ebi.ac.uk/Tool/InterPro
Scan) NCBI
| TRAF6 TAK1
( 2), MEGAS.0 , Neighbor- joining
1.1
1.5 PCR
3 250 ¢g ; TRAF6 TAKI  cDNA
1d, ) ( 1), 18SrRNA (
8 , -80°C ),
(17+1)C PCR Trizol
, 100
13 ; I mL  RNA, M-MLV (TOYOBO,
RNAwait , 4C —80°C Japan) cDNA Roche Light
Cycler480 PCR (Roche, Switzerland)
1.2 RNA c¢DNA TRAF6  TAKI
Trizol , 3 ,
RNA, RNA :95°C, 2 min; 95°C, 15's,
M-MLV (TOYOBO, Japan) 60°C, 45 s, 40 : ,

cDNA
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x 1 K#RPAIBSY
Tab.1 Primers used in this study

primer (5'-3") primer sequence(5'-3") application

TRAF6-F1 TTGGAGGAGGACAGCTATGAW core amplification
TRAF6-R1 TGGGYGTRGTRCCGTTG core amplification
TRAF6. 3-F1 GCCTCAGCCTCAATGGTA 3'RACE 3'RACE amplification
TRAF6. 3-F2 CACGATTGGTGAAGCAGGAC 3'RACE 3'RACE amplification
TRAF6. 5-R1 CAGCAAACTGTCAGCGAAAGAAT S'RACE 5'RACE amplification
TRAF6. 5-R2 TTACAGGCTATGGGTGCTTTGG S'RACE 5'RACE amplification
TRAF6. g—F1 TGCGTTTACATCTTCAGGCTCC RT-PCR

TRAF6. g—R1 AATCCTTTAGGGTTGCGTTGC RT-PCR

TAKI1-F1 GACCTCAAACCACCCAATC core amplification
TAKI-R1 TCTGCTGRTCCTTYTCGTC core amplification

TAKI1. 3-F1 CTGAACTGGACCAAGACGAGAAG 3'RACE 3'RACE amplification
TAKI1. 3-F2 ACCAACGGCTCGGACAACT 3'RACE 3'RACE amplification
TAKI1. 5-R1 TTAGACCAACAGCGAGTCATCAA S'RACE 5'RACE amplification
TAKI1. 5-R2 TGCCAGTGTAGTCCAGGTATGAAC S'RACE 5'RACE amplification
TAK1.g-F1 AACCCTGTCTGTCTTGTAATGG RT-PCR

TAK1.g-R1 GGCATGGGAAGCAGTGTAATA RT-PCR

18S-F1 GGTAACGGGGAATCAGGGT RT-PCR

18S-R1 TGCCTTCCTTGGATGTGGT RT-PCR

%* 2 HATHEFHNHE TRAF6 70 TAKI EE NCBI B3RS
Tab.2 GenBank accession numbers of TRAF6 and TAK1 gene used for phylogenetic trees

Chinese name Latin name NCBI GenBank access no gene symbol
Paralichthys olivaceus KM655804 TRAF6
Oreochromis niloticus XP_003450846.1 TRAF6
Danio rerio AAT37634.1 TRAF6
Pelodiscus sinensis XP_006124531.1 TRAF6
Calypte anna KFO96151.1 TRAF6
Cuculus canorus XP_009555865.1 TRAF6
Chrysemys picta bellii XP_005304573.1 TRAF6
Bos taurus XP_005890975.1 TRAF6
Homo sapiens AAH31052.1 TRAF6
Rattus norvegicus NP_001101224.1 TRAF6
Oreochromis niloticus XP_003456059.1 TAK1
Paralichthys olivaceus KM655803 TAK1
Astyanax mexicanus XP_007254980.1 TAK1
Lepisosteus oculatus XP _006626219.1 TAK1
Danio rerio NP_001018586.1 TAK1
Zonotrichia albicollis XP_005484022.1 TAK1
Xenopus laevis NP_001084359.1 TAK1
Bos taurus NP_001075064.1 TAKI
Homo sapiens AAV38460.1 TAK1
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1.6 TRAF6  TAKI cDNA TRAF6
2AAG TRAF6  TAKI ( D 1956 bp, 72 bp 5
, + (5'-UTR), 153 bp 3 (3'-UTR) 1731 bp
(X+SE) SPSS 17.0 , (ORF) EditSeq
P<0.05 576 , 64.7 kD,
6.10 SMART  InterPro Scan
2 TRAF6 ,
2.1 TRAFG6 TAKI N RING ,
C  TRAF ,
RACE TRAF6 [14-17] C

307
1081
337
1171
367
1261
397
1351
427
1441
457
1531
487
1621
517
1711
547
1801
571
1891

acatgggggggtgacgtttggggaatataaaaaacaggaaattcagaagaaacgcaaaattctacaaggtccATGGTAATGATGGCTAGC

MV MMAS
TTTGAAAGCAAAAAGAGAAGTCTGGAAGAAGACAGTGTTGAAGGAGCTGTTGGTGGAGAGCTGTCCAATTGTGCTTTGGCAATGCTGGAA
FESKZ KR RSLETEDS SVEGAV GGETLSNTCALAMTLE
CAAGAGCGAGAATCCCTTCTCAGCCCATCTGAAGGCTCTGTAACCTTACTAAGCAGCACCTCTAGTAGTCTTCAGACACCCGCCCCTCTC
QERESLLSPSEGSVTLLSSTSSSLQTZ®PAPL
CAGGGCTATGATGTAGAGTTTGACCCACCCCTAGAGAGTAAATATGAGTGCCCCATCTGCCTCATGGCTTTGAGGAATGCAGTTCAAACT
Q GYDVEFDPPLESEKYE[CPTITCLMALT RNAVAQT|
CCATGTGGTCATCGCTTTTGCAAGAACTGCATAGAGAAGTCCATTCGTGATACAGGACAAAGATGCCCAGTGGACAATGTAATCTTGTCA
[P CGHRTFCKNCTIEZKSTTRDTG G QR CPVDINVILS
GAAGATCAGCTGTTTCCAGATAACTTTGCTAAAAGGGAGATTCTTTCGCTGACAGTTTGCTGTCCAAACTCTGGATGTGTTGAAAAAATG
EDQLFPDNTFAKTREI L SEDNTEVECHCNPINISHGICVNENKM
GAGCTAAGGCATTTGGAGAATCATCTGATGGTGTGTGAATTTGCCACAGCCTCTTGCCCACAGTGCCAGCAGTCTGTCAGGAAGAGCAGA
ELRHLENHLMYCEFATASCPQCQQSVREKSHR
CTAGAAGAACACACAACTGTAGAGTGTGCTAGAAGACCAGTTTCATGTCCAGACTGTGTAGCATGTTTTGTTTATGAGGAGAAAGAGCTT
DWEWE™H T T VECARRPVYSCPDCVACFVYZEETZKTETL
CATGAGCAGCAGTGTCCCTTTGCCAATGTAAAGTGTCAATACTGTGGGATGGAGCTCATCAGAGATCAGATGGAATCTCACTGTGATACA
HEQQCPFANYVYKCQYCGMETLTIRD QMESHCDT
GATTGCCCCAAAGCACCCATAGCCTGTAACTTTAGCACTTTTGGATGTAAAGAACAGATGCAGCGTCATAACTTGGCTCAGCACATGCAG
DCPEKAPIACNESTEFGCKE® QMQRHNTLAQHWMQ
GAGTTCACACAGATGCATATGTGGTACATGGCAGAGTTCCTGCGTGGCCTCAGCCTCAATGGTACCACATCTAAATCTCTGAGAGCACAT
EFTQMHMWYMAETFTLRGLSLNGTTSZI KT STELTRAH
GGACCTGCTGCTTCTTGTGATGACCAAGAAGCTGCAGCAACAGAACGTAACTCCAGCGGGGCCCGAAGACCTGTAGGGGGTAACGGCAGC
GPAASCDDAO QEAAATET RNSSGARTRPVGGNGS
AGCAACTGTGCTCCTTCTCAGCCCAGTGAGGGAATGCAGCAGCTCAGAGAGATGGATGCACGATTGGTGAAGCAGGACCACCAAATTCGT
S NCAPSQPSEGMAQQLREMDARTLV KQDHAQQTIR
GAGCTAACTATTTATAAAGAAACACAGGCTGGTCAATTAGCAGAGCTTAGGCGAAGGGTGGTGGTGCTAGAAGAAACTGTTAAGGAGCTG
E_L T 1 Yy K E T @ A G O [, A E [ R R R V V V [[ E E TV K E L
GAGGCCCAGCAGTGTCGTGGTATTTTTATCTGGCGTCTTAAAGGTTTTTCTGCTCTCCTGCGGAACCAAGAAGCAGGACTGCCCGTGGTA
E A Q Q C R G LikbwhalaBulwdababasadadadariaahadiiadalisadanboadhad
GAGCACAGCCCAGGCTTCTACACAGGCTGTCCAGGCTATAAGCTGTGCTTGCGTTTACATCTTCAGGCTCCCAACGCCCTTCGCTGCTCC
SOV DU URI/SVIEYUL:U0N SN VN ESUT VN JUN U0 A0V IOV POV POV POV DV /UV; VUL VUL FUV- VU JUV POV YON GOV - S08 GOV
AACTTCATTTCCCTCTTTGTTCACACAATGCAAGGATCTTTTGACGGGCAGTTAACTTGGCCTTTTCAAGGCACCATCAGGCTTGCCATC
S aS A A AN ATAN AR AL AR AL AT AIAANAABAINARANTEA A DA AR I AN
CTAGACCAGGGACCTGAGGGTCAGCATCACATGGAGGTGATGGAAACCAAACCCGATCTGCAAGCGTTTCAGAAGCCCTCCATGCAACGC
LB GaPA A G AN NN A TN AN ATAAD AL ALADAAARANANTANDAEAARAARANMARAR
AACCCTAAAGGATTTGGCTATGTTACCTTTATGCACCTACAGCAGCTAAGTCAGAAAACCTTTGTCAAAGACGACACCCTCCTGATCCGC
SbabaGabaaSa bbbl S @ K T F V. X D D T L L I R
TGTGACGTTACGCCGCGGTTTGACAGCATGCCTCATCGCGAGGCACCTGTGGTCCAGGCAAGAGGCCTCGAAGCCTCATTTTCAAAAGAC
cCDbDVTPRFDSMPHREAPVVQARGLEHASTFSZKTD
TAAtgtcaaacatgaatagataattattacactgacagaaatgtaactcacatatatcaatgttcctttactgetgttactttttattag
*

tagacaaacaaatatgatttgagattttgtatagtcgagcaaaaaaaaaaaaaaaaaaaaaaaaaa

1 TRAF6 cDNA

, k7 , RING s , — «

, MATH .
Fig. 1 Nucleotide and putative amino acid sequences of TRAF6 cDNA

The start codon (ATG) is in bold font and the stop codon (TAA) is indicated by an asterisk. The RING domain (83-121 aa) and two
zinc fingers (142—190 aa and 217-274 aa) were boxed and shaded, respectively. The coiled-coil region (366—394 aa) and the MATH
domain (404-532 aa) were marked by the single underline and wavy underline, respectively.



5 TRAF6 TAK1 871
— (coiled-coil) a ORF TAK1 576 ,
MATH 64.3 kD, 6.57 TAKI
TAK]I ( 2 2519 bp, 5’ /
UTR 255 bp, ORF 1731 bp 3" UTR 533 bp C - a
1 acatggggacacacttcctgatggagetgecgetgtigegaagaataaaaatacactcetagecacggeagettaatgagttcgaaaaaag
91 ttatgtattgctgtcaggtgaatagagagagagttatttitgacaatggactgeattctecgacgttigtgttcatgaacagtgagaaagaa
181 agctccatgtccagagtgecgecgetgaagacaagtcaactgegaaggtaagttactagetgacattagetggtaATGTCTATAGCCTTA
1 M S I AL
271 CCACCCGCCGATATGCTTGAAACACCCCCTGGATATCCATTTGAGGAAATCAACTATGACAACATTGAAGTGGAGGAGGTGGTGGGTAGA
6 pPPADMLET®PPGY®PFEZETNYDN
361 GGAGCTTTTGGGGTTGTGTGCAAAGCCAAATGGAAAGGCAAAGATGTTGCGATCAAGACCATCGAGAGTGAATCAGAGAGGAAAGCCTTT
36 G AFGVVCKAKWKGEKDVAILIKTIESESEREKATF
451 ATTGTGGAGCTCCGGCAACTTTCACGTGTGAATCACCCCAACATCGTGAAGTTGTATGGTTCTTGCAATAACCCTGTCTGTCTTGTAATG
66 I VELRQLSRVNHPNIVKLYGSCNNPVCLVMN
541 GAATATGCTGAAGGCGGTTCACTGTATAATGTGTTGCATGGTGCTGAACCCCTCCCCTATTACACTGCTTCCCATGCCATGAGCTGGTGT
96 /EYAEGGSLYNVLHGAEPLPYYTASHAMSIWC
631 TTACAGTGCTCCCAAGGCGTCGCCTATCTCCATGGCATGAAACCAAAGGCTCTCATTCACAGAGACCTCAAGCCACCCAATTTGCTTCTA
126 LQCSQGVAYLHGMEKPEKALTIHRDLEKPPNLLL
721 GTGGCAGGCGGCACTGTGCTGAAGATATGTGACTTTGGAACAGCTTGTGACATACAGACCCACATGACCAACAACAAAGGAAGTGCAGCA
15 VAGGTVLKICDEFGTACDIQTHMNTNNEKGSAA
811 TGGATGGCTCCCGAGGTATTTGAAGGCAGCAATTACAGTGAGAAATGTGATGTGTTCAGTTGGGGAATTATTCTTTGGGAAGTCATTACA
18  WMAPEVFEGSNYSEKCDYVFSWGTILWEYVTIT
901 CGCAGAAAACCCTTTGATGAAATCGGAGGACCAGCTTTCCGCATCATGTGGGCTGTGCACAACGGTACTAGACCTCCTTTAATCAAAAAT
216 RREPFDEIGGPAFRIMVWAVHNGTRPPLTIEKN
991 CTGCCAAAGCCCATTGAGAGTTTGATGACTCGCTGTTGGTCTAAAGACCCTTCCCAGCGCCCTTCCATGGAGGAGATAGTAAAGATCATG
246 LPKPIESLMTRCVWSKDPSQRPSMEETIVKIM
1081 ACCCACCTAATGAGGTACTTCCCGGAATCTGATGAGCCCTTGCAATATCCATACCAGTATTCAGACGATGGCCAAAGTAACTCTGCAACT
276 T HLMRYFPESDEPL QYPYQYSDDGQSNSAT
1171 AGCACAGGTTCATACCTGGACTACACTGGCAACAGCACAAGCAACAAAAGCGACGCAAACATGGAGCACAGTGATTCTCAAGGGAGCAGC
306 s TGSYLDYTOGNSTS SNIKSDANMEUHHSDSAQGS S
1261 AACGACACTATCAAGATAACGCCTCAGTTTGCACACCATTTTAAGCCAAAGGGTGACCCCTTGAGGACTCTGCCTTTGTCCAGAGGGGGC
336 NDTTITKTITTPQVFAHHEFIK?PIKSGD®PLRTTLPILSZRGS® G
1351 AGCGTTGAGAGTCTCCCTGCACGGACTCAGTGCCTGGCATCATCTGATAGCAAAAGAATGAGTGCTGACCTGTCAGAGCTGGAGCCCAAG
366 S VESLPARTAQCLASSDSIKTZRMSADTLSTETLETPK
1441 GTGCCATTCGCACCTGCAGCCTCATGTGAGCCACAGAGACGTCGGTCAATGCAGGATCTGCCAGGCATCAGCACAGAGTCCAGCCAGGGA
396 vV PFAPAASCEP QRRRSMQDLPGISTESSA QG
1531 AGCAGGAACAGCAGCCGGTCCTCCAGTCCTAGTGTAAGGATAATGCCACCTGATAAGACAGGCGGCAGAGGATACTTGCCCCCCGATGAC
426 S RNSSRSSSPSVRIMPPDZE KTGSGRGYTLPPDD
1621 CCTGCAGACACCAACGGCTCGGACAACTCCATTCCCATGGCTTATCTGACCCTGGATCACCAGCTGCAGCCCCTTGCTCCCTGTCCTAAC
456 PADTNGSDNSTITPMAYLTILDH QLA QPTLAPTCTPN
1711 TCCAAAGAGTCCATGGCGGTGTTTGAGCAGCACTGTAAAATGGCCCAAGAATATCTGAAGGTGCAAACAGAGATCGCCTTGTTGATCCAG
486 S KESMAVFEQHT CIKMARQQETVYTLZKVQTETATLTLTIQ
1801 AGAAAGAAGGAGCTGATTGCTGAACTGGACCAAGACGAGAAGGACCAGCAGAACACATCCCGTCTGGTGCAGGAGCACAAAAAGCTGCTG
516 [R_K K E L I A E L D QD E KD Q QNTS R LV QE HKKTLL
1891 GAGGAGAACAAGAGTCTGTCCACGTACTACCAGAATTGCAAAAAGCAGCTGGAGCTGATTCGTGTCCAGCAACAAAAGAGGCAGGGGACT
546 [E ENK S L ST Y Y QNG CIKZE K QLELTIRYQQQKTZ RAQGT
1981 TCGTGATGAAGCCGCAGACGAGGGAATCTCCCACCACCACCCACCCCCCCTCCCATCCCTCACCCTGACTTGCCCCCTGCACTATCACAC
576 S
2071 atacccacccacgcacacacaatcacagacacacacacactctgecgggectgtatagagaccttaatteteetgeatggtgtttttaca
2161 gatgegatgtttccageaggacaacctgtgtectetgeacagacatttgeacatcatcactgtgtgtgaagtcactgaccacagaccaaa
2251 caattactgcacccttectgetectectecacectgectetgaaccecatectetactegeagacggecacgtgtgagggecagaccaagaaa
2341 cactgcagggttatccctacgttttttgtttgtttttttgtttttgetectgtggetcacggggetgeteggtcagtgggteggteggty
2431 tgtcctcagecagttgteccacacaatecttcaagaatgtgaaaatceccgacaagactettggagaaaaaaaaaaaaaaaaaaaaaaaaa

2 TAKI cDNA

g
s / > - o

Fig. 2 Nucleotide and putative amino acid sequences of TAKI cDNA

The start codon (ATG) is in bold font and the stop codon (TGA) is indicated by an asterisk. The Serine/Threonine protein kinases
active-site signature (27-275 aa) and a coiled-coil region (500-563 aa) were shaded and boxed, respectively.
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TRAF6 , TRAF6 2.3 TRAF6 TAKI
TRAF6 TRAF6 18S rRNA ,
TRAF6 PCR ( 4), TRAF6
BLASTP , TAK1 8 ,
(Pseudosciaena crocea) , ,
95%, ,
(Maylandia zebra) PCR ( 4), TAKI
94%, TAK1 ,
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, 24 TRAF6 TAKI1
, TAK1 TRAF6
TAK1 ( 95 , TRAF6
A ﬁ'j rhAE¥E Pelodiscus sinensis
100 PHRER 8, Chrrysemys picta bellii
YRS Calpte anna
100 100 KALBY Cyculus canorus
W% B Rattus norvegicus
100 *F Bos taurus
99 N\ Homo sapiens
Bt Danio rerio
B4t Oreochromis niloticus
100 $BEES Cynoglossus semilaevis
£ K Paralichthys olivaceus
A
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B 76 6T Paralichthys olivaceus
%9 _I:ﬂéi%%@g% Cynoglossus semilaevis
100 Bl Oreochromis niloticus
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9 BET 4 Danio rerio
B s 4615 Lepisosteus oculatus
AEYNITEE Xenopus laevis
00 14 Zonotrichia albicollis
94 4= Bos taurus
100 |: A\ Homo sapiens
b
0.02

3 TRAF6(A) TAKI (B)

TRAF6  TAKI

Fig. 3 Phylogenetic trees of TRAF6 (A) and TAK1 (B)
TRAF6 and TAK1 of Cynoglossus semilaevis in this study were in bold font.
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Fig. 4 The relative expression levels of TRAF6 and TAK I TRAF6 TAK1 Toll
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Molecular cloning and expression analysis of TRAF6 and TAKI in
half-smooth tongue sole (Cynoglossus semilaevis)

CHEN Yan, FAN Lin, LIU Tiantian, LIU Yuezhong, LI Zan, ZHANG Quangqi
College of Marine Life Science, Ocean University of China, Qingdao 266003, China

Abstract: Tumor necrosis factor receptor-associated factor 6 (TRAF6) and transforming growth factor-f-activated
kinase 1 (TAK1) are important adaptor molecules in Toll-like receptor (TLR) signaling pathways. To better understand
the biological role of these two genes in immune response, we cloned TRAF6 and TAKI cDNA sequences from
half-smooth tongue sole (Cynoglossus semilaevis) using homologous cloning methods and rapid amplification of cDNA
ends. We also detected the expression patterns of these two genes in different tissues at different developmental stages.
The full-length cDNA sequence of TRAF6 was 1956 bp, including a 1731 bp open reading frame (ORF) that encoded a
putative 576 amino acid protein. TRAF6 contained one RING domain, two zinc fingers, one coiled-coil region, and one
MATH domain; this structure is highly similar to that of TRAF6 in other species. The conserved motifs of TRAF6
likely indicate that its functions are similar to those of other mammal TRAF6s. The full-length 74K/ cDNA sequence
was 2519 bp, including a 1731 bp ORF that encoded a putative 576 amino acid protein. TAK1 contains a conserved
serine/threonine protein kinase catalytic domain and a coiled-coil region. The highly conserved domains indicate that all
TAKI1s have a similar function. Phylogenetic trees showed that both TRAF6 and TAKI1 in C. semilaevis were evolu-
tionarily closest to those in Paralichthys olivaceus. In addition, the expression patterns of these two genes were exam-
ined in different tissues and developmental stages. TRAF6 was expressed in all tested tissues, and the highest expression
was in the gills followed by the intestines. TAKI was highly expressed in the heart and kidney. The high levels of
TRAF6 and TAKI in the gills and kidneys were consistent with the essential role of the two genes in the TLR/Toll-like
receptor signaling pathway, which is pivotal in both innate and adaptive immune responses. TRAF6 and TAKI were
expressed throughout developmental stages, including unfertilized eggs, indicating maternal inheritance of TRAF6 and
TAK1. The expression of maternal mRNA throughout development demonstrates the potential role of TRAF6 and TAKI
in early immune defense and developmental regulation of C. semilaevis. These results indicate that TRAF6 and TAK1
may play crucial roles in immune responses and might be involved in half-smooth tongue sole development. This study
provides a theoretical basis for understanding the roles of these two genes in C. semilaevis immune response.
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