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Tab.1 Primer sequences and their application
(53
primer sequence (5'-3") purpose
DF1 GAYCTGGRNTGGAARTGGAT TGF-B1
TGF-p1 partial cDNA amplification
DF2 GARGCBATTMGRRGHCAGAT TGF-B1
TGF-p1 partial cDNA amplification
DRI GCMGAKGCWCCDGGRTTGTG TGF-p1
TGF-p1 partial cDNA amplification
GR2 GTTTTCAGCATTCCAGATGTAGGTG TGF-B1
TGF-p1 partial cDNA amplification
3GF1 GACCTGGGGTGGAAGTGGAT TGF-p1 3'-RACE
TGF-p1 3'-RACE cDNA cloning
3GF2 CACCTACATCTGGAATGCTGAAAAC TGF-p13'-RACE
TGF-p1 3'-RACE cDNA cloning
5GR1 GGGCTCTTTGGGCAGACGCAGTT TGF-p1 5'-RACE
TGF-p1 5'-RACE cDNA cloning
ORF-F1 CCTGAACCTGCAAGACTCTCCACACTGC TGF-p10RF
TGF-p1 open reading frame cloning
ORF-R1 CAGCGATGGGTGACTTCCTAGAG TGF-p1 ORF
TGF-p1 open reading frame cloning
TF1 CACCTACATCTGGAATGCTGAAAAC
real-time PCR
TR2 CTGCTCCACCTTGTGTTGCCTGC
real-time PCR
Oligo dT CGACUGGAGCACGAGGACACUGGA
GUGAAGAGUAGAAAGCTGTCAACG general primers
ATACGTACGTAACGGCATGACAGTG(T)18
NUPA AAGCAGTGGTATCAACGCAGAGT
3'-CDS AAGCAGTGGTATCAACGCAGAGTA C(T)30(AGC)
UPMA-S CTAATACGACTCACTATAGGGC
UPMA-L CTAATACGACTCACTATAGGGCAAGCAGTGG
TATCAACGCAGAGT
5'-CDS AAGCAGTGGTATCAACGCAGAGTACGCGGG
P-F CGT|IGTCGACITCTACAGACAACCGAGACAC
P-R CGTICTCGAGGCTACACTTGCAAGACTTGAC protein mature peptide primers
Smad3F GACGACTACAGCCATTCCATCCCC HeLa
Smad3R GAATTGGAGGGGTCGGTGAAGCC
partial cDNA cloning of HeLa cells
Smad4F ATACACCAACAAGTAATGATGCCTG
Smad4R CTCGTTCGTAGTGATATGGATTC
Smad7F ACTGTCCAGATGCTGTGCCTTCC
Smad7R GTGTACCAACAGCGTCCTGGAGTC
B-actinF CTCCATCCTGGCCTCGCTGT
B-actinR GCTGTCACCTTCACCGTTCC
Note: The restriction endonuclease sites are indicated by the boxes.
) , BS*(Pierce, Hela (
) His-tag ), PCR Smad3
(Novagen, , HRP- Smad4  Smad7
1gG( 1.7
), SDS-PAGE
, Western Blot , pET22b (+)
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TNT® / ,
3 , PCR Gel Doc 2000
3
2
2.1 TGF-$1 cDNA
RACE
, TGF-f1 cDNA
(GenBank : HM564035), 1 941 bp,
5 210 bp, 3’ 570 bp,
(open reading frame, ORF) 1 161 bp,
1 386 ,
112 3’
polyA mRNA ATTTA,
(AATAAA)( 1)
2.2 TGF-$1
, TGF-p1
KEX-Furin
(RKRR); 36 46
9
“ ”? , (RGD)
( 2
TGF-B1 ( 2),
, 79.3%,
(77.3%) (73.1%)
; (58.5%) (58.3%)
(56.7%) (52.9%)
(51.5%) (50.6%) ;
(38.2%) (43.7%) (43.9%)
MEGA3.1 TGF-B1
«C 3
2.3 TGF-p1
Real-time PCR , TGF-p1

GGOGGGTCTTCGAGACCCAATGTTTGGAGCTATTCACAGTCCTGAACCTGCAAGACTCTC 60
61 CACACTGCTTTAATTGTTCTCCCCGAGGGTARACACCTTGCG TCAGTCRCACCTTTOCGE 120

121 CTGTGATTCACT TCATCCGAGCTCTCCAGGOCTACCAGGAGAGAAGCGCGGAGGCAGGAC 180

181 TCAGCCGAGECACATCTCCAGCGRTGOGCCATGAAGCTROCCCTCCTRATCGCTGTROCC 240

1 MK L AL L 1 AVvaA 10
241 GIATACATGGTORCCCGAGTGAGCAGCA TG TCCACGTGUAAGACCCTAGACTTEGAMTG 300
11 v.¥y M v A RV S SMSTCKTLDLEM 30

301 GTGAAGAAGAAGCGCATCGAAGCCATCAGGAGTCAGATCCTCAGCAAACTGCGTCTGEOC 360
3IVEKEKRITEAMIRSQILSKLERLEP 50
361 AMMGAGCOCGAGGAGGACCAGGAGGGAGACGAGGAGGAGATCOCCTCTACGETGATGTCG 420
SIKE EPEEDQEGDE ETPSTLMS 70

421 CTCTACAMCAGCACCAAGGAGATGCTAMGGGAGCAGCAAGCCCAGG TOCAGACGGAMTC 480
LYy NS TEKEMLRERQQAQVYQTETT 90

481 TCCACCGAGCAMGCGGAGGAGGAGTACT TCGOCANGG TGCTGOACAAGTTTAACATGACC 540

91s T E QA EEEYFAKVYLHIEKFENMYT 110
541 AMGAAAAACTACTCTGAGACCACCAAGAACTCCAAMMAGCGTCTCGTTATCCTTCGACATC 600
Ik K ¥ Y S ETTKNSEKSVSLSFDI1 130

601 TCAGAGATTCOOGECAACGTORGTEACTATCRGCTGTTGACCTCCGCCEAGTTGOGGATA 660
131s E T RGNV GDYRLLTSAETLERT 150
661 CTCATCAAGCAGCCCACCATACCCACCGAGGAGCGGG TCOAGCTCTACCGCOGCATGRGE 720
151 1 K@ P TIPTEERVYELYRGMWG 170
721 CCGACAGCTCGATACCTGGCATCTOGCTTCATCACCAACCAGTGGAATAACAAGTGGCTC 780
170 T A RY L ASRKRF LT NGQWNNEKWL 190
781 TCGTTTGATGTAACGGAGACCT TACAGGACTGECTCCAAGGCAMGAGGACGAGCAGGGA 840
9ls FDVTETL®@DWLGQGEKETDES® QG 210
841 TTCAACTTCGTCTCTTCTGCRAMTGCAGCCAGAGEAGLGOCGACGCCACTTTCAGCTTT 900
200F E LR LFCECSQRSGDATFSFE 230
Q01 TCCATCTCTGOEATCOATAGCGACCOGAGCGACATCOGAATCCTAMGCAGCAGACCCAG 960
2315 1 S 6 1D S DRSDIG I LEKE®®a@Taa 25

961 CAGCCGCCCTTCATCCTGACCAAGTCCATCOCACAMAG TGCCAG TRGCCAGCTTAGCTCG - 1020
25l P P F 1 LT K ST POQSASGR LS s 270
1021 COGAAMAGGCGCTCTACAGACAACCGAGACACCTGCACTGCCCAGACAGAGACTTGETGE 1080
271 R Kk R R S T DN RDTCTAGQTETCC 290

1081 GTAAGGAGCCTCTACATTGACTTCAGGAAGGACTTGGGCTGGAAGTGRATCCACCGCCCG 1140
291 v R S LY I DFREKDLGWEKWTIHREP 310

1141 ACCGGTTACCATGCCAACTACTGCATGGGTTCCTGCACCTACATCTGRAATGCTGARAC 1200
311 T 6 Y HANYCMGSCTY I WNAEN 33

1201 AMATATTCTCAGATTCTGGCACTGTACAAGCACCACAACCCOGGAGCGTCGGOCCAGCCG 1260
331l K Y S Q1 LALYEKHHNPGASAQGEP 35

1261 TGCTGCGTCCOGCAGGOGCTGEAGCCOCTTCCGATTCTATAT TACG TCGGCAGGCAACAC 1320
35l ccvPQALEPLPILYYVYGRQQH 370

1321 AAGGTGGAGCAGCTTTCCAATATGATTGTCAAGTCTTGCAAGTGTAGCTAANTGATGACG 1380
37 KV E QL S NMIVEKSTCEKT CS= 386
1381 AGGCTTGGACATGACGAAGAATCCCACTTTGGGAACACCGATGGTGAAMAGGAGATCCGA 1440
1441 GCAGGAGCTCTAGGAAGTCACCCATCGCTG TGTTGGAATCAAACTGTGATTCACCTTCCA 1500
1501 TTIGATGTCATTAATAATAGTGTATATAATGTTT TAGTCACGATTTTTGAAMMAG 1560

1561 ATTAATTTATTTTG TGCAAGTGTCACATCAGGACCCAAGTGATGG 1620
1621 CCAATGGACGATAC TCATGTAGCTGGAGGCATGGAAACAGCTG 1680
1681 G TTGCAMGGACGACAGGCL cace 1740
1741 AGGGATGCTTCGCTCCRCGGAAACTCCCTCCCACTGAGAGC cane 1800
1801 cca A ACGTGTTTTTATGTTTGTT CGAA | ceranoes 1860
1861 AACTGAAGCTTTTTTTTCATGCTGTCAMAATAGACTTATTTGCCACCATCAAAAAAAAA 1920
1921 AAMAAAAMAAAAAAAAAAAAA 1941
1 TGF-p1 cDNA

3'"UTR (ATTTA);

5 5

Fig. 1 Full-length seahorse TGF-f1 cDNA sequence and de-
duced amino acid sequence
Features in bold mark the start and stop codons and RNA stability
motif (ATTTA) in the 3'UTR; the single underline marks mature
peptide strat site (RKRR); the double underline marks signal peptide;
the mature peptide is marked with shadow.
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Bttt Danio rerio

MRAVCLMLTALLMLEYVCRSDTMSTCKSLDLELVKRKRTEATRGQILSKLRLPKEPEIDQ 60

MRAECLTLVVLLALEYMCRSEAMSTCKSLDLELMKRKRTEATRGQILSKLRLPKEPETDQ
MELTEMMLMVVYMVGNVS———GMSTCKTLDLEMVKKKR TEATRSQILSKLRLPKEPEPDQ
MRLAFLMLVVVYTVGNVS—=-GMSTCKTLDLEMVKKKR IEATRSQILSKLRLPKEPEPDQ
MELVELMEMVAYTVGKVS——-GMSTCKTLDLEMVKKKRIEATRSQILSKLRLPTESP--Q
MKLALLTAVAVYMVARVS——-SMSTCKTLDLEMVKKKRIEATRSQILGKLRLPKEPEEDQ
MRLVCLVLTALCLVTGTG---SMSTCKTLDLEVVRKKRTEATRGQTLSKLRMAKEPESGA

60
57
57
55
57
57

MRVESLLLALQCLLGFVHYSGALSTCSPLDLELIKRKRTEATRGQILSKLRLSKEPEVDE 60
MRVESLLLALQCLLGFVHYGGGLSTCSSLDLELIKRKRTEATRGQILSKLRLYKEPEVDE 60
MRAESLFLVLQCLLGLVLYSEALSTCNPLDLELTKRKRTEATRGQILSKLRLPKEPEVDD 60

*: : : sk | dekekek o sdelelelokedok ckelek, ek |k,

EGDTEEVPASLMSTYNSTVELSEEQVHTYIPS-TQDAEEEAYFAKEVHKFNMKQSENT-S
EGDFEKVPTSLISTYNSTVELSEEQVHTCIPP-TQDTEEEAYFAKEVHKFNMKQSENN-T
AGDEEETPSTLLSLYNSTKEMLKEQQTEVQTDISTEQEEEEYFAKVLHKENMTAKNDTGT
NGDEEETPTPLLSLYNSTKEMLKEQQTEVQTDISTEQEEEEYFAKVLHKFNMTRENNTDT
AGDEEETPSSLLSLYNSTKEMLKEQQTEVQTDIFTEQEEEEYFATRVHKENTTNPVRTPQ
EGDEEETPSTIMSLENSTKEMLREQQAQVQTETSTEQAEEEYFAKVLHKFNMTKKNYSET
DDDGQKTPDSLLSLYNSTVELSEEMKTK IVP=~=VQDEDEDYFGKEVHKFVFQRAQNN-T
EKESQNTPAELTSVYNSTVELNEEQ-AAPPEQPKEDPVEEEY YAKEVHKFT TKLMEKNPD
EEELQNVPAELISVYNSTVELNEEQ-AAPLEQPREDPMEEEY YAKEVHKF T TKLKQGTPD
EKELINTPAELISLYNTTVELNQEQLADPVHQHVEDPTEEDY YAKEVHKFTMKRMTDNPG
Dok kpkrkRk ok % N
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TENSKSVSLSFDISETRGNVGDYRLLTSAELRILIKQPT IPT-~EERVELYRGMGPTARY
KHQ————-MFFNVSEMKRS IPDYRLLSQAELRLRITKNPTMDQ——EQRLELYRGVGDQARY
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E SN M = S ok sk E I =
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LASRFITNEWKNKWLSFDVTEALONWLKGNEDERSFQLRLFCECGQISD-DRGESFTISG
LASRFITNEWKDKEWLSFDVTKTLQDWLKGTDDEQGFQLRLFCECNKVSAGET IFKFGISG
LASRFITNELRDEWLSFDVTETLONWLKGNDDVQVFQLRLYCDCGRSSD-VSTESFGISG
LASRFITNQWNNKWLSFDVTETLQDWLQGKEDEQGFELRLFCECSQRSG-DATFSFSISG
LGTRFVSKDLSNRWLSFDVKQTMIEWLQGSEDEETLELRLYCDCKANQQSTDKFLETISG
LESRFIPN——QRKWLSFDVTQTLEDWLQRSEAEQGFQLEMADNCDPQKT-———FQLKIPG
LESRFISDEMASKWLTFDVTQTLEDWLQRNEAEQGFQMEMADNCDPSTT-——FPLKIAG
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L H e R Lot * L
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MNK-L @TETLAMKMPSKPHILLMSLPVERIISQLSS REKH QTTTEEICSDKSESCCVRK 289
MNK-P [RGD |KETLFMNMP-KPHILLMSLPVERHSQLSS [RKKH QTTTEEICSDKSESCCVRK 288
INT-G [RGD [TGLIQTMTQQPPY ILTMSTPQNVSSHLTS [RKKN STDVKDTCTAQTETCCVRS 293
IDP-G [RGD [TGPMQLLTQQPPY ILTMSTPQNISSPSTS [RKKN STETKDVCTAQTETCCVRS 289
MTA=G |RGD [KAVLDDMTKQPPYTLTMSTPENVSSHLTS |RKKH STETKDTCTAQTETCCVRS 286
IDS-D [RSD [ IGTLKQUTQRPPFILTKSTPQSASGQLSS [RKRN STDNRDTCTAQTETCCVRS 293
LDK-Q [RGD |TAGLADMMVKP-YTLALSLPSNGNSLASV [RKRH AVGTDETCDEKTETCCMRK 284
LVL-V |RGD [TETLAVNMPRP-HILVMSLPLDGNNSSKS |RRKH QTETDQVCTDKSDGCCVRS 283
LST-T [RGD |TETLADHMPKP-HILVMSLPFEGRSSSKS |RRKH QTETEQVCTDKSDSCCVRS 284
LAVSS |RGD [KATLEEQEPKP-HLLVMSLPVDGHSPSKS |RIKH ——QTDGVCTEKSEGCCVRS 284
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WL Oncorhynchus mykiss LY IDFRKDLGWKWIHEPTGYFANYCIGPCTY IWNTENKY SQVLALYKHHNPGASAQPCCY 349
KIGEsE Salmo salar LYIDFRKDLGWKWIHEPTGYFANYCMGPCTY IWNTENKYSQVLALYKHHNPGASAQPCCY 348
BHFAIBEG Epinephelus coioides LYIDFREDLGWKWIHKPTGYNANYCMGSCTY TWNAENKYSQILALYKHHNPGASAQPCCY 353
ikEif Morone chrysops » Morone saxatilis — LYTDFRKDLGWKWIHKPTGYNANYCMGSCTY TWNAENKYSQILALYKHHNPGASAQPCCV 349
L8 Sparus aurata LY IDFRKDLGWKWIHKPTRYHANYCMGSCTY TWNAENKYSQILALYKHHNPGASAQPCCY 346
KiE Ty Hippocampus kuda LY IDFRKDLGWKWIHRPTGYHANYCMGSCTY IWNAENKYSQILALYKHHNPGASAQPCCV 353
B0 Danio rerio LYIDFRKDLGWKWIHKPKGYFANYCMGSCTY IWNAENKYSQILALYKHHNPGASAQPCCY 344
Wl Cyprinus carpio LYIDFRKDLGWKWIHEPSGYYANYCTGSCSFVWTSENKYSQVLALYKHHNPGASAQPCRY 343
4t Carassius auratus LYTDFRKDLGWKWIHEPSGYYANYCTGSCSFVWTSENKYSQVLALYRHHNPGASAQPCCY 344
Ki4i Crenopharyngodon idella LY IDFRKDLDWKWMHEPSGYFANYCIGSCSFVWISEKKYSQV IALSKHHNPGASAQPCRY 344

sepcoldoioksok, dolok ok, sk ok sokelek sk ko osk skosckeloleks ok seloioleloioleloloksk ok
WY Oncorhynchus mykiss PQVLEPLPTIYYVGRQHKVEQLSNMIVKSCRCS 382
KV Salmo salar PQVLEPLPILYYVGRQHKVEQLSNMIVKSCKCS 381
Rl AR Epinephelus coioides PQALEPLPILYYVGRQHKVEQLSNMIVKSCKCS 386
i Morone chrysops * Morone saxatilis  PQALEPLPILYYVGRQHKVEQLSNMIVKSCKCS 382
TLE Sparus aurata PQALEPLPILYYVGRQHKVEQLSNMIVKSCKCS 379
Kty Hippocampus kuda PQALEPLPILYYVGRQHKVEQLSNMIVKSCKCS 386
BESh 48 Danio rerio PAILDPLPILYYVGRQHKVEQLSNMVVRNCKCS 377
1 Cyprinus carpio PQVLNPLPIFYYVGRQUKVEQLSNMIVKTCKCC 376
Gt Carassius auratus PQVLDPLPILYYVGRQHKVEQLSNMIVKTCKCC 377
Kt Crenopharyngodon idella PQVLDPLPIFYYVGGQHKVEQLSNMIVKNCKCS 377
s sk skefolok sololok shelolololololololek s sk,
2 TGF-pl
o1 ,2 , TGF-B1 RGD
“RKRR” | 9 , 36 46

Fig. 2 Amino acid alignment of TGF-f1
Conserved residues are marked with asterisks. Residues that differ in one base are represented with dots and those that differ in two
bases are represented with colons. The integrin binding site (RGD) and the RKKR fragment signifying the beginning of the mature
peptide are both boxed. Conserved nine cysteine residues in the TGF-B1 mature peptide are in shadow. In addition, a conserved
proline at position 36 and a glycine at position 46 of the mature peptide are in bold.

*2 KBS EHMEENY TGF-p1 [ER RAZEHEFFIHIMHEELYE

Tab.2 Amino acid and nucleotide sequence similarity of TGF-B1 between Hippocampus kuda and selected species

GenBank 1% 1%

species GenBank access. no. amino acid identity nucleotide identity
Epinephelus coioides ACV96791 79.3 78.6
Morone chrysops x Morone saxatilis AAD46997 773 76.2
Sparus aurata AANO03842 73.1 74.5
Salmo salar ACN11294 58.3 53.9
Oncorhynchus mykiss CAA67685 58.5 66.3
Danio rerio AAI62361 56.7 64.3
Ctenopharyngodon idella ABURg4814 51.5 60.2
Carassius auratus ABUS55371 50.6 60.7
Cyprinus carpio AAF22573 52.9 61.2
Ambystoma mexicanum ABX24523 45.1 54.7
Canis lupus familiaris AAAS51458 44.7 60.7
Equus caballus AADA49431 45.4 58.9
Sus scrofa AAC83807 44.4 59.0
Ovis aries CAA54242 44.2 59.2
Bos taurus AAA30778 44.4 45.2
Rattus norvegicus AAH76380 38.2 58.5
Mus musculus AAH13738 44.7 58.9
Chlorocebus aethiops AAA35369 43.7 46.1
Homo sapiens AAHO01180 43.9 58.0
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2.4 TGF-p1 Western- « 9
blot 2.5 TGF-p1
pET22b (+)-TGF- TGF-B1
Bl TNT® / , ,
Western-blot s 14 kD Smad
, BS’ , Western-blot rTGF-p1 HeLa ,
28 kD 50ng/mL, Smad
,  14kD : BS’ : TGF-B1
J: AT Oncorhynchus mykiss
61 K V6L Salmo salar
55 i Cyprinus carpio
44 ith Ctenopharyngodon idella
88 4t Carassius auratus
96 Bt Danio rerio
ELE) Sparus aurata
7 {ipliss Morone chrysops » Morone saxatilis
99 A ity Hippocampus kuda
100 Pl BEG Epinephelus coivides
S8 Ambystoma mexicanum
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¥4 Canis lupus familiaris
100 100 WU Rattus norvegicus
75 F I Mus musculus
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98 1. Ovis aries
3 TGF-p1

Fig.3 Neighbor-joining phylogenetic tree of Hippocampus kuda and other species based on TGF-B1 amino acid sequence
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Fig.4 Real-time PCR analysis of TGF-f£1 expression in various tissues of healthy seahorse
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, N 112
R HeLa rTGF- s
B1 30h , Smad3 Smad4 , ,
s Smad4 TGF-B1 [5]
;. Smad7 TGF-B1
( 6 ; rTGF-p1 KEX-Furin
Smad , rTGF-pl  (RKRR), TGF-B1
14201 KEX-Furin
kD
, C
3 TGF-B e TGF-B1
25
(RGD), RGD :
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Molecular cloning and primary functional analysis of seahorse (Hip-
pocampus kuda) transforming growth factor-p1 (TGF-f1) gene

PING Hailin, WU Jinying, XU Shengwei, HU Kaishun, DUAN Zhigang

Institute of Aquatic Economic Animals and Guangdong Provincial Key Laboratory for Aquatic Economic Animals, School of
Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China

Abstract: Transforming growth factor-f1 (TGF-B1) is a pleiotropic cytokine. In the immune system, the mature
TGF-B1 peptide is a potent differentiation modulator and immunomodulator, with the ability to down-regulate the
expression of many cytokines. In this study, we have cloned the full-length cDNA of TGF-$I from seahorse
(Hippocampus kuda) using homology cloning approach combined with RACE method. The full length cDNA is
1 941 bp, which contains an ORF of 1 161 bp, encoding a 386 amino acid protein. Homology analysis showed that
the seahorse TGF-f1 had the closest relationship with the TGF-B1 of the orange-spotted grouper (Epinephelus
coioides). Real-time PCR results showed that the highest expression of seahorse TGF-f1 mRNA was found in the
kidney, followed by the liver, cerebrum, cerebellum, skin, midbrain, ovary, and the expression level were low in
the gill and intestine, while no expression was detected in the heart and muscle. Recombinant seahorse TGF-f1
(rTGF-B1) was expressed in the TNT® Quick Coupled Transcription/Translation Systems, then cross-linked using
bis (sulfosuccinimidyl) subetate (BS®) and formed a large number of soluble dimeric rTGF-p1. Western-blot test
results showed that the recombinant protein has a good immunological activity. The acquired rTGF-B1 protein was
used to stimulate HeLa cells. Expression level of Smad signaling pathway downstream genes showed Smad3,
Smad4 were markedly expressed, Smad7 was weakly expressed. The results indicate that the function of TGF-p1
protein of H. kuda is conserved as other TGF-B1 and that TGF-B1 of H. kuda has a specific biological activity
which can induce the activation of Smad signaling pathway in human cells.
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