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= &tigfbp-1 #0 igfbp-2 EE=E. K&
EEAKARIER

x#E Y AL BEE? F OoE? £ K FAA? HABE?’
(1. WL R E R G IR I T AR AR ZE Rl Wi SRl 3160225 2. s EVKFERIERGT B B K FE 5 T
FH AR SRS BRI EEER TRESSRE ILE HE  266071)

WE B EF4EKEF 4 A% A(insulin-like growth factor binding proteins, IGFBPs)7E 1 %7 % &
EHAKETFNAEDFEEMEKBABEYREEZXREEZNAEER, KAAR TR T & F80(Seriola
aureovittata) igfbp-1. igfbp-2a f igfbp-2b % 3 /N FEH cDNA %85 By 7 # A 3 AE(ORF) F 7, 247 7
P ATRAE, R Y )T R B SR8 % T % A IE 54 A [ igfbp-1.igfbp-2a.igfbp-2b.
igf-1 7 igf-2 %t A K By B 4516 F . 4 R B 7%, igfbp-1 & ORF K % 741 bp, £ 47 45 246 4 & 2 B ;igfop-2a
i ORF K £ % 882 bp, Ft44# 293 /% 4% ; igfbp-2b 87 ORF K J& % 810 bp, 44 269 M4 It
B CMHER ZNARRARNE, HYEFEYTERETERLA, EEAUMN _SHERFHME, T
AR AGT, KEEH LR & £ K3# &b igbp-1. igfbop-2a, igfop-2b, igf-1 = igf-2 ki
EHRE, 5. R EAELENERP<0.05), B5m% IGF-1, GH Rk &% HE, 541 FE
GEREERRENEIMI; TF . &5 EHEE &M E KK igp-1, igfbp-2a. igfop-2b, igf-1
frigha kh BEH TR EE R, A% LY, igiop-1. igfop-2a #1igfbp-2b 5 5 7 AR R % E T #
FHiE KW REEE, BE ighl, igfl-2 A KNERABREFAERBERNL, ARERLEBEE
S K FALFI LR T & T E TR T ENRERMET BLKE,

X% cDNA % %; igfbp-1; igfbp-2; # 44f; AH £k, £KAE

FESES S9653 XHEFRIAEE A XEHS  2095-9869(2023)04-0084-15

Ji% & & ¥ 4= K [H F (insulin-like growth factor, FJti(IGFBP1~6) (Hwa et al, 1999; Duan et al, 2005),
IGF)TEB MR A K A B AREHE R ER&E X IGF AREMNEM T, IGFBP it 5 IGF M HZ
YEAT, FZALFE IGFs (IGF-1. IGF-2 1 IGF-3). 48 (R AHH AR IGF M2 . fae e A2
F MM 5Z /R (IGF-1R fil IGF-2R) Ml IGF 45 & # F1(IGFBP)  {ifPE LI R AERIE IR (0l | B%is, Wi SE B0 HE
GRHENF O IGFBP 2 —~H 6 MU AR E AT A K. B, ERL s BB 6 Fh
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FAI igfbp, BE— Pl AR — DA IR PDE R,
I 75 3 I ff1 (Danio rerio) . KP4 ¥ (Salmo salar )55
S igfbp WA 2 N8k 4 SR, BEATRIATE
S5 1w B TRR , R A R A 25 F D e fn il 4133k
FePE(Allard et al, 2018), WFFE s, MR- 2
igfbp =20 G 7 T (BRAR 4%, 2014), igfbp-1 #0A K
SRR AR . BRI R B R 4 T (Wood
et al, 2005a; Garcia de la Serrana et al, 2018), {I7EK
P4 o b igfbp-1 AT DL R 5 AR 4 Ol A 4%
H K (Breves et al, 2020). 7E#H £1 K (Epinephelus
coioides) &AM E 1 JEAC AT AL, igfop-1 vl T 5
g 5 2% A LA B i S B 40 A AR RN AR K Y IR
(Yang et al, 2019), fEMiEfH, igfbp-2 HFT 124
ZIFRIKRHEME, X igf AV W] R It 1 43Il # 55 4y
WA B EAT o ANEBE St KIAE A S T IFIE
i igfbp-2 FE A M(Duan et al, 1999), % 4, igfbp-2
23 5 igf A v S R R B i off BC AR 4 35 1 AT X
B £ A K g e A 0 ) 919 4 T (Wood et al, 2005b).
Chen %5(2014)7E 4> ffi (Carassius auratus) igfbp-2 178
BE . o FRAE L FIR R R, 2EE 5 & ANk
igfbp-2 ik i i 3 1, FF7E IR 9% 5 i sk A $) 1E H
K, KB igfbp-2 19FRIE AR5 4 A o)
A C,  Haz BRI 7

W 25 Wii(Seriola aureovittata) & — i HL A 1 IH 25
TR B B IR K 2 B a2 oA T AR
T R, B R A T I (EURN A IR (B (R AR VLA,
2019), EEIEREE T LIEFRK . KA. Bl
DL R S8 TS 2 AT SR (1 2 5 55, 2022),
BARBROR R | A HURE P, FRATT A I B v 4 ) R
MIRIFTE e B, 2SI AR K A2 B 2 Fh R BT I ZE 152,
NS5 %5 BE . I BF 45 (Ndandala et al, 2022; il 5% 5545,
2020), [Alfs Az 2 R AR K R TS R KT
(GH-IGFs)fl 945 . igfop-1 1 igfbp-2 J& il 5 1 257k
KA E 2R T, el igfs XLz kPR
VEF S a2 i A K & B g SRR, (0 A 5 2k
AR ) T AR S VR E I R WLAE

7SI 55 5 T O R B AR bR A 4 i IR L
TIAEEHFZE, JEke T gh. igf-1. igf-2. ghr 254 KA
KUpe R, IR T HA R A KR E 5T
¥ IIHE(Wang et al, 2019, 2020), AitE—F R4 K
e BRI R TP TRV E T AR S S R A 3 4%
Wi igfbp-1.igfbp-2a Fil igfbp-2b FE K IT7ik 15 52 4E (ORF)
X3, A HLas MR AE R ek e, IR RS AP p
igfbp-1. igfbp-2 5AEKHICHE N+ igf-1, igf-2 XA

[F) IR A BE T B AR WA R R T, Dk — 20 B e
BARIA KRB 55 0T R TR AR S PR SR AL S HE

1 #RE5FE
1.1 SEIgHE

SCE FHE AR A RIEE A ERARAR T
RFEFEAN], 78 6 DAL 3 m® {7 B B G kAl
B HLB LS, SRR IRE R 2, H oK
F400% LA I FEIKIRARFEAE 22~27 C, FHEH
29~32, %iff%A>6 mg/L. $Z AR 3%~5% %Mk
fif 7 iy 1L (Ammodytes personatus), P, Ak
FEMEJE | h W ERIRAEOKAE , DREFIER G i . LRI R
ZHT, ALt 7R B RS G KR rP R SR 14 do B
RGBT R 1 i 0 PR S (33.1240.83) cm, °F
PR 49(565.83+70.22) @) |HHRENL MG, IR IR
ey, PEEREREEA(10 B/m®) . B EELL(20 FB/m®)
(30 FB/m’) 3 LR A, B SR B 2
7o W R T 60 d JGHEE ., B F4s
T BEDLOMEHE A 4 3 B2, JH 120 mg/L (9 MS222 ik
FRALER, FEUK B PR O | A B8 OE . FFAE
JEE . CEFAE. Sk H L LA PERSEHSF 1.5 mL
oMK E B DB, BETFRE TR, FiA-80C
UKFEHRAE, FHT igfbp-1. igfbp-2a il igfbp-2b LA
Ao AR T TR e s i W & g Nt ol |
REE 6 KL AT LT 1.5 mL TG IR 250
B, B TWRA PR A-80 CHEAT, AT
DUAS [6) 3558 % N IFAE 412 igfbp-1. igfbp-2a.
igfbp-2b., igf-1 1 igf-2 3k PR X 8 A 1 10 28 1 4%
YER 397 o

12 #E&Hfigfop-1. igfbp-2 EEEE

PRI NEZHZUE RNA, ffi 1] RNAiso Plus 87 &
(TaKaRa); Bl b e kAl RNA e, D
NanoDrop2000C 43t 5% B it (Thermo, 35 )l &
RNA ¥ it F PrimeScript™ RT reagent kit with
gDNAEraser (Perfect Real-Time)/s ¥4 5%185f| & (TaKaRa)
A cDNA 25—k,

M4 GenBank %4 & 3% 25 igfbp 3k A 1) Fil
WFF s iho P (3 1), #%EE 2 i) PCRIKR K&
FEFFY 1 igfop-1. igfop-2a. igfbp-2b 3 A3 [H 1Y
ORF X,

PCR ¥ #4/ W2 1.0%H A ks, ¥ H
By 45 DI . Wl B o™= ¥ pEASY-T1
Simple #{A&(TransGene Biotech, "'[#). Transl-T1
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Tab.1 Primer sequences used for gene cloning and quantitative expression analysis

3|4 Primer 5|97 %] Primer sequence (5'~3") H ) Purpose

igfbp-1 F: ATGCTTCTGTATTTAAACATCCTGGTG ORF §"##% ORF amplification
R: TCAGTGTGTGACTTCTTGATGACACTC

igfbp-2a F: ATGATAATGACCAAAAACCTCATGCCTA ORF §"##% ORF amplification
R: CTATATCTGGGCCATGTCAGGGA

igfbp-2b F: ATGGTCATACATTTTACATACGGATGGC ORF §"##% ORF amplification
R: TCAGCGGGACGTTGATGCA

qigfbp-1 F: TGAGAAGACATTTGTGGCAGGAGTG SERF9¢ 68 7 PCR qRT-PCR
R: CGGGATGGCAGGACAGTTGTTC

qigfbp-2a F: GACACCGAGACGACCACTTTCAG SERF9¢ 62 7 PCR qRT-PCR
R: ATCTCACTCACGCCCTGCTCAG

qigfbp-2b F: CACCAAGAGACCAGCCATAGATGC SERF9¢ 62 7 PCR qRT-PCR
R: ACTCCGTCTGACAGGCACTCTG

qigf-1 F: TTGTGTGTGGAGAGAGAGGCTTT SIS E B PCR qRT-PCR
R: GAAGCAGCATTCGTCAACAATG

qigf-2 F: GCAAAGATACGGACACCACTCACT SIS E B PCR qRT-PCR
R: CGCAGGACTGGACGAAGACAT

arp F: TGCCATTGTCATACACTTGCTG NZH A Reference gene
R: GGGGAACCATTGAAATCTTGAG

R 2 HEEHiigfop-1. igfbp-2a. igfbp-2b PCR{E &R ¥ L2
Tab.2 PCR system and amplification procedure for Seriola aureovittata igfbp-1, igfbp-2a and igfbp-2b
A PCR {A £ PCR 9" # 54
Gene PCR system PCR amplification conditions
igfbp-1 25 uL Premix Tag™ (TaKaRa Tag™ Version 2.0 plus dye) . IE/X 95 °C 5 min, 38 MEFR(O5 C 30 s, 58 C
M5 #1451 uL, cDNA BAT 2 pL . ddH,0 #MFELAREA 50 uL 30s, 72°C 45s), 72°C 5 min, 4 CHRAF
igfbp-2a 25 ul Premix Tag™, IESL M 514145 1 uL, cDNA M 2 uL, 95 °C 5 min, 38 &IOS C 30 s, 56 C
ddH,0 #hFELARF Ny 50 pL 30s, 72°C 1min), 72 °C 5 min, 4 CIRAE,
igfbp-2b 0.5 uL Q5 High-Fidelity DNA Polymerase (New England 98 °C 305,50 MEF (98 C 105,57 °C 30s,

BioLabs) . IEJZ [0 5144% 2.5 uL . 10 uL 5xQ5 reaction buffer. 1 pL

72°C 90s), 72°C 10 min, 4 CI#FF,

10 mmol/L dNTP .cDNA 4% 3 pL,ddH,0 b Fe ZAKFH 50 ul

Phage Resistant J&2 2541 ifd(TransGene Biotech, ' [%)
AT A . Z JEPRUAPE ks, k2R TAEY T
PR (o) B A BR 2 vl o

1.3 R34

FIHI BLAST 27 L X 5 cDNA K HZ BT
515 FFH DNAMAN #4722 )37 91 e X K il 4 1 43+
= 45 HL 5 Al SignalP 5.0 Server (https://services.
healthtech.dtu.dk/service.php?SignalP-5.0) 7E £& 4% 1} 7l
W2 H {5 5 ks FIJH NetPhos 3.1 Server
(https://services.healthtech.dtu.dk/service.php?NetPhos
3 TR AL AL A5 s I NCBI 4l 4 (https://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 73 H7 it

5 R 38 ; A1 FH SWISS-MODEL #/f:(https://swissmodel.

expasy.org/interactive) TN 25 [ 3D 54y, #Hi /AR

FIFH MEGA 7 8 #4 R G LB
14 ERRIEESESH

Kl 7 igfbp-1. igfbp-2a F1 igfbp-2b FE K ) 2H 21
FRFME, LT RS [R5 56 25 BT S50 o i rh
igfbp-1. igfbp-2a, igfbp-2b, igf-1 A1 igf-2 3£ mRNA
AAX Kb, BIMTFIIILER 1,

FERE AT SYBR Premix Ex Tag™(TaKaRa)
&, 8 PCRIKZEN 10 uL: cDNA £t 1 uL, TB
Green Premix Ex Taq'™ Il (TaKaRa) 5 uL, F Fii#5[4)
£ 0.4 L, KKK 3.2uL, iz LightCycler480 %)t
FE 5 PCR U (EE)IEFT qRT-PCR, RPN,
PCR #"3¥8 5514: 95 CHiAEM: 305,95 C 55,60 °C 20s,
Ht 40 MEFR, AAEERIE 3 AEE, i 2T
I A F ik i, AT arp SERIVE NS (R 1),
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15 SitaH

B TR N P EpR1fE 1R (Mean+SE), | SPSS
26.0 BAF X 5 DR FEAS [l L 41T . A ) 331 T g 6 3k 7K
22 Sl AT BRI 2R U7 2250 B (one-way ANOVA), iz H
Duncan £ & WA T i AL 59 o R H Pearson 75
IR R IR e 5 AN R R0 2 B T A K AR DM 73 A o
Ph P<0.05 10 25 55 0 VbRt

2 #R

2.1 HEEHfigfop-1 0 igfbp-2 A E E L HI4F1E

450 igfop-1 ZE X ORF K& Jy 741 bp, Lg%
246 MEIEIR , H IS 8 (A W 4> 754 26.558 kDa,
GHLS R 6.55; TGS I 23 NEAER, A%
P 18 Ik E sk, RELE N KMl C
A 1),

igfbp-2a JE X ORF {274 882 bp, 4ifith 293 4
e, WIES KR 33 AR, H4gihS & [
M 4yFH&M 32.850 kDa, S5 K 7.42, MEAE ATE
HN KMl C KA 18 2B e B vk = (F 2),

igfbp-2b JL K ORF £ 4 810 bp, Zwtt 269 T~
FERR, BNAES N 23 MR, HAEmBAE A
M 5rF1 R 29.774 kDa, %ML N 7.19, WAE HTE
HON R C K& 18 ARk I (A 3).

3R S R 1 3D 2SS TN 4 s
IGFBP 75 [A] 254 N A i A AE 5 ZAE AR K 145
HEAREYABYRFE L, C Kimdy & A FR IR
BREM [ B EE (Ty-DIRTriE, H¥YEAEAM
fitg A I C % EE 1A T R 200 R 00 3 A0 0 2 F e S
WEFR L7 5 o IGFBP-1 [ N 55 /38 F 32~109, C
U ZS LT 165~240, ZIMEA 3 A ik,
fiiF 165~195. 206~217. 219~240; HA DNA K
PEZR [ I W W R A7 5 o-BBE [ 26.83%, TE{HEE 5
7.72%. IGFBP-2A [ N S5 T 37~114, C %
GERIAL T 197~276, %3, 3 A ZEREE BIT
197~231. 242~253 . 255~276, BFFAE—A> N-HiLAL
ST 275, DA P38 MM . DNA Ktk
FIURA . 22 SR - 00 2 TR AR U 40 L 58 ) 4 33
Wit 2. B G BERR L7 A5 o-12E Y 29.69%, %E
%% 5 6.83%,IGFBP-2B (1) N Ui 45 ¥4 38 37 T 26~102,
C ImesEHIA; T 173~252, %, 3 A wikd o5
T 173~207. 218~229., 231~252, WIETEREIF G K
Mg P -3 WRIRALA AT o-BRAE N 25.65%, FEfHE 5
9.67%.

1 ATGCOTGGATTATATGAGAAGACATTTGTGGCAGGAGTGGCTCTGGCTGTCTTAGTCATG
1 MPGLYEKTFUVAGVALAVLVM
signal peptide
61 GTGAGATCCTCCCCAGTGGTGGGACCGGAGCCAATCCGCTGTGCCCCCTGCACGCAGGAG
20 VRS SPVVGPEPIRGCAPCTA QE
IB domain
121 AAACAGAACAACTGTCCTGCCATCCCGGCAGAGTGCAAGCAGGTGCTGAGGGAGCCTGGC
41 K Q NNCPAIPAECK QVLRETPGEG
181 TGCGGCTGCTGCATGGCCTGCGCTCTGGACAAAGGTGCATCCTGTGGAGTTCACACAGCC
61 C G CCMACALTDTEKGASCGVHTA
241 CACTGTGGTGAGGGTCTCCGCTGCACTGCCAGGCCGGGTGAGGCCAGACCTCTCCATGCT
8 HCGEGLRGCTARPGEARTPLHA
301 CTGACCAGGGGGCAAGGGGTCTGCACTGAAGACTTGGGCCAAGAGGAAACTGAAGGACTC
101 L TR G6QGVCTEDLGR QETETESGTL
361 CCTGACCACGGCTCCCTGCACTACCTGTTGGGCCTCAACCTTCCCTTTGACCACCATGAC
121 P D H G SLHYLLGLNTLPFDHIHD
421 ACTGCTGAGGGCCAAGAGAGCATCAAGGCCAAGGTCAACGCTATCCGCAACAAACTGGAA
141 T A E G QE ST KAKVNATIRNEKTLE
481 CAACAGGGACCCTGTCACATTGAACTGCACAACGCACTGGACATGATAGCCAGCTCTCAG
161 Q Q 6 P C HI ELHNALTDMTIASSZQ
Thyroglobulin_1 domain
541 CAGAAACTAGGAGAGAAGTTCACAACTTTCTACCTCCCCAACTGTGACAAGTACGGCTTC
181 Q K L 6 EKFTTFYLPNGCDEKTYGTF
601 TACAAGCCCAAGCAGTGTGAGTCCTCTCTGGTTGGGCCGCCCGCTCGCTGCTGGTGTGTG
2001 Yy X P K QCESSLVGPPARCUWC CV
661 TCTCCCTGGAATGGGAAGAAGATCCCAGGATCGAGCGACCTGCTGGGTGATTCAGAGTGT
221 s P W NGEKEKIPGSSDLLGDSTESC
721 CATCAAGAAGTCACACACTGA
241 H Q E VT H *

B 1 #4WEigfop-1 3£ K ORF J3 41 Atk 5 ) 2 S L 7 41
Fig.1 ORF sequence and the deduced amino acid sequence
of igfbp-1 gene from Seriola aureovittata

ORF X HIRE FREERR . BIRE T IHE . {5 5 Bom 4]
2k T RIS Y IR R Fr 1) 227 DR ST 45 K S (IB. 45 K4 3
Ty 1 S5880) . KBS RSP PRk ;
FRARLALEW T T
The ORF domain is indicated by capital letters. The start
codon is boxed. The signal peptide is underlined. The
underlined and bold amino acid sequence represent the
conserved domains (IB domain and Ty 1 domain). The gray
shadow shows cysteine residues. The stop codon is indicated
by an asterisk. The same as below.

22 SEBFIIEEESREHLSHT

[F)JEPE 5> BT R W], #4500 IGFBP-1 23R )7 51 5
T 4k Wifi(Seriola quinqueradiata) . &} 47 BE A, B4
(Perca flavescens) () IGFBP-1 [w] 144351 4 98.37% .
84.08%. 83.20%, HWiFLzh¥HY IGFBP-1 [A]E1EA
41%~46% (& 5), IGFBP-2A 5 & {A#ii(Seriola
dumerili). i #fi(Perca fluviatilis). #Hr {15
(Epinephelus lanceolatus). kZZff(Scophthalmus
maxi mus) i [ PESS 38 100% ., 95.90% . 96.59% .
93.01%, S HHENYRIFEEE R 50%~51%.
igfbop-2b Z FE /R ¥ 515 i (Paralichthys olivaceus) , B
o gr i (Oncorhynchus mykiss) ) [&] 5 M 43 51 ok
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1 ATGATAATGACCAAAAACCTCATGCCTATAACGATGCTGTCGTACGTGGGCTGCAGCTTG
1 M I M T KNILMPTITMLSYUVGCS L
signal peptide
61 CTGATCCTCTCCGCGTCTTTCGCCGGCGCCTCCCTGGCCGAGATGGTGTTCCGCTGCCCG
20 L I L S ASFAGASLAEMMVTFRTECTEP
IB domain
121 GGCTGCACCGCGGAGCGCCAGGCGCTGTGCCCAAAGCTCACCGAGACTTGCGCGGAGATA
4 G C T A ERQALCPZEKTLTETT CAETI
181 GTGCGCGAACCGGGCTGCGGGTGCTGCCCCGTGTGCGCCCGGCAAGAGGGCGAGATGTGC
61 VR EPGCGCCPVCARA QETGEMRC
241 GGCGTGTACACCCCGAGGTGTTCCACCGGTCTCCGATGCTACCCCACGCCCGATTCGGAG
81 G VY TPRCSTGLURTG CYZPTZPDSE
301 CTTCCCCTGGAGCAACTGGTGCAGGGCCAGGGGCAGTGCCGGCGCAAAGTGGACACCGAG
101 L P L E Q L V Q G Q G Q CRURIKVDTE
361 ACGACCACTTTCAGCCAGGAGCACCGGGAGCAAACCAGCGGTGAGGCCGTGGAGCCGCTG
121 T T T F S Q EHREAQTSGEAVETPTL
421 CCTGAGCAGGGCGTGAGTGAGATCCCGGCCGTCCGGAAGCCCAGTAAAGAGACCCCCTGG
141 P E Q GV S ETIPAVREKTPSTEKTETTPUW
481 CTGGGACCCAAAGAGAGCGCAGTGCGCCAGCATAGACAGGAGATGAAGACCAAGATGAAG
161 L G P K ES AV R QHRG QEMEKTZEKMEK
541 ACCAACAAGGTGGAAGAGGTCAAACCTACTCGGCCCAAGCAGACTCAGTGTCAGCAGGAG
181 T N K VE E V K P T RPKOQTQLC Q QE
601 CTTGACCAGGTCCTGGAGCGGATATCCAAGATGCCCTTCAGAGATAACCGAGGTCCCCTG
200 L D Q VL ERTISIEKMPTFRIDNTR RGEPTL
Thyroglobulin_1 domain
661 GAAGACCTGTATGCCCTGCACATCCCCAACTGTGACAAGAGGGGGCAGTATAACCTCAAA
221 E DL YA LHTIZPNGCDTE KT RGA QYNTLK
721 CAGTGCAAGATGTCTCTCCACGGCCAGAGGGGCGAGTGCTGGTGCGTCAACCCTCACACC
241 Q C X M S L H G QR GE CWCVNZPHT
781 GGCCGACCTATCCCATCAGCCCCCACCGTGAGGGGCGACCCCAACTGCAGCCAGTACCTC
2601 6 R P I PSAPTVRGDZPNTC CSA QYL
841 AGAGAGCTGGAGCTGGAGCTCCCTGACATGGCCCAGATATAG
281 R EL ELELPDMAG QTI *

Pl 2 H AW igfop-2a JE K ORF J7 41 Rt S ) & LR 7 571
Fig.2 ORF sequence and the deduced amino acid sequence
of igfbp-2a gene from Seriola aureovittata

1 [ATGGTCATACATTTTACATACGGATGGCTGTTTGCATACATTGCTTTGCCTGGAATCTTA
1 MV I HFTYGWILFAYTALPGTITL
signal peptide
61 CTCGGGGATTTAGCTTTCCGATGCCCAAGTTGCACCGCGGCGCGTTTAGCTGCGTGCCCC
21 L. GDLAFRG CPSGCTAARTLAATCETE
IB domain
121  AAAGTCACCACAGTATGTGCAGAGATCGTGAGAGAGCCAGGCTGTGGTTGCTGTCCAATG
41 X VT TVCAETIVREPGCECGGCCEPM
181 TGTGCCAGGCTGGAGGGGGAGCTTTGCGGGGTCTACACGCCGAGGTGCTCCACTGGCCTG
61 ¢ ARLEGETLTCGVYVYTPRGCSTGTL
241 AGATGCTACCCGAGCGCAGAGGCTGAGTTACCTTTGCAACAGCTCATCCAGGGTTTAGGT
8 R CYPSAEAELTPLUQQLTIQQGLG
301 CGATGTGGGCAAAAAGTGGAAATAGATTCGACAAGTTTGGACCACCAGGCAACAAATGAG
101 R ¢ 6 @ KV EIDSTSLDIH® QATNE
361 GTGCATGGGACTGAGAATCCACTCACCAAGAGACCAGCCATAGATGCTGCGTTATGGCAG
121 v H 6 TE NP L T KU RPATIDAATLVWQ
421 GAGTCGGCCAGGCAGCAGTACTTGAACGAGCGCAAAACCAAGATGAAGACAAATCAACTG
141 E S ARQQYLNETRTEKTTEKMMEKTNRQ QL
481 GAGGACCCCCGAACCCCGAAAGCTCCTCAGAGTGCCTGTCAGACGGAGTTGGACAAGGTC
161 E D P RTPIKAPIQSACQTETLTDZKV
Thyroglobulin 1 domain
541 TTAGAGGAGATCTCCAAAATGACCTCTGAGGATAACAGAGGCCCGCTGGAGAACCTGTAT
181 L E E I S K M TS EDNTRGPTLENTLY
601 GGGCTCAAATTTCCAAACTGTGACAGACATGGATTGTACAACCTCAAACAGTGCAACATG
200 ¢ L X FPNCDRHGLYDNTLTEKG QCNM
661 TCCACCCACGGCCAGAGGGGCGAGTGCTGGTGCGTTAACCCCTTAACTGGGATCCAGATA
221 S T H 6 Q R GECWOCVNPLTGTIG QQTI
721 CCGGCGACACCTAAAGTCAGAGGGGATCCCAACTGTAACCAGTTTCAAGAGGAGCTCAGG
241 P A TP KVRGDPNCNG QTFQ QETETLTR
781 GCAATGCCCACTGCATCAACGTCCCGCTGA
261 A M P T ASTS R *

B3 #4&Miigfbp-2b LK ORF /74 I 5 19 & 3R )7 5
Fig.3 ORF sequence and the deduced amino acid sequence
of igfbp-2b gene from Seriola aureovittata

IGFBP-2A IGFBP-2B

7
\

%

/
LY
K4 #i40H IGFBP-1. IGFBP-2A . IGFBP-2B & 145

Fig.4 3D structure of Seriola aureovittata IGFBP-1,
IGFBP-2A, and IGFBP-2B

84.39% . 60.08% . 56.93%, 5% HESh Y R IR
PEH 45%~47%., 5 5585 IGFBP-2A 1 IGFBP-2B 44
FeMig Fr 5 RPN 55.22% (& 6).

RGN R, B AWTIGFBP-1 5 140
IGFBP-1 N — /5332, 5 8 4 6 R RHE A 5
I HMERA AN RS, WA
IGFBP-1 5l —/43 3 . IGFBP-2A 5 &5 {4 IGFBP-2
RA—A/IN G 3, 5T R T A B0 S R B G
2% IGFBP-2A N—3, N 5HKZEHE IGFBP-2A. F
i IGFBP-2A #JF H 1 285 iy K1) — 3 . Ifi IGFBP-2B
5 6% IGFBP-2B S50 E H KR —/N L, R H
BEhf IGFBP-2B #JE H 2 RN —3, WILshyy
IGFBP-2 & h—3%, FWI 44 IGFBP-2B 7 R 4tiff
b PRSP RAR (B 7))

23 HAHT

W 44Wif igfbp-1. igfbp-2a. igfbp-2b K&K 78 BT s
ML 545 5 A5 (E] 8). igfbp-1 7 gk £ I A H 34
TR (P<0.05), fEMERR A mERL, HifEfm
Fik i T MEML(P<0.05), At 2H 21 a] (Y R 35 S ARG
HICW 25 igfbp-2a 78 BEE i 7E Tk a5 2 ik it
R (P<0.05), HUOATERR(P<0.05), 7EH A2
FE IR AR AR, W £0 T IE v i) 83K i v T £ P R
K (P<0.05), igfbp-2b 7 Mt I Hh 242 38 o d
1 (P<0.05), 7EH A2 41 F 5k B AR H G 35 2=
S, AR b e 3k i v T E 4R (P<0.05)

2.4 PBFRE igfbp M AR FRETE TEKHREFE

AR SR RIS ORI, FER TR Tk IRgm %
FEAMETT, SR A R PR RE U 2 25 5« IR
St AR TR AR B E S T e g
(P<0.05), MERMFEERERER TP, mEE
4 (P<0.05), MMith . mEEHALBALERKESF A RE
(%, 2022),
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BE D48 Danio rerio IGFBP-1 .. MNRLLLNFF WVAAF S AL AAP GLRAS PVVGQEP RSP
#844 Cyprinus carpio IGFBP-1 .. MNRLLLNFF WVAAF S AL S AP GLRAS P VVGQER[ RSP '®S P BRI AE ®3AVHAGE E VL
BB Perca flavescens IGFBP. - MPGLYEELTS VAAV. ABAVE AVVRS SPYVGP EP I RIGTRTQRKE NNGHAT PADRR OV

S . .. 1. . AINCINOE!
gﬁﬁmﬁ%ﬁ’?jzﬁﬁﬁa‘g’I"é’fﬁ;;_GlFBP 1 MpGLyEK. TEVAGY. AAVLVMVRs SPYVGPERT RISNET Ok ONN AT P AR K QVL
T 87 Seriola qui Giar IGFRP.1 - MPGLYEK. TEVAGV. AMAVLVMVRS SPVVGPEPT RISNP ST QEKQNNSHAI P ADSKQVL
W Seriola quinqueradiata -1 MNCMRTLLSRCWLPPL. L{PALLGPLLVAAASLQPLHG®MP ®TQIBKLAL®JP VEPGEPETA

&S P|IJRL AE @JAVDAG®EE VL

VXS Gallus gallus IGFBP-1 .. MSEVPVARVWLVLL. LIJTVQVG. . . VTAGAP. . WQ[/AP'®S AISKL AL @4P VS AS ®SEVT
A Homo sapiens IGFBP-1 .. MPEVLAVRAWPLLL. SI§AVQLG. . . ATVGAP QP WR{®E\ (@S AR MAL [®l§P VP AS @P EL T
4 Bos taurus IGFBP-1 mp 1 wva alavl g r spvvgpepircapctqekla cpavpa ¢ evl
BELL 44 Danio rerio IGFBP-1 133 3GCGCCIWACALIGIGNICGIRY AV[TE. . SPEP
#47 Cyprinus carpio IGFBP-1 [ GAIGCGCCINCALISGIRICGIRY AV@®TE. . TPEP
#4485 Perca flavescens IGFBP-1 RE PO 1A KIES 5 SV H GVSTE. . DLG.
g ; 2 REP @@ eVAWINIE R €AS ¥e1 H GV@TE. . DVG.
AP FI DR Epinephelus coioides IGFBP-1pp o bty Ry B o pot. .. oVETE  DLG
B2l Seriola aureovittata IGFBP-1 REP CALISGIN H GVTE  DLG.
T1.458i Seriola quinqueradiata IGFBP-1 RQP R EQT 8INIGP Rop " GKALP ASEAGG
JEXY Gallus gallus IGFBP-1 RS AlGeC@ep MeINTP 1 [€A A WV A GA/SVQESDAS A
AldevA GASMTSP CDEA

N Homo sapiens IGFBP-1 RS Alelelclo/op Me/NIP L

4 Bos taurus IGFBP-1 rep gascgv ta cg glre pgearplhaltrgqgvete d g

P88 Danio rerio IGEBP-1 D QNQSDNTHDHPES HNGP TAVNEGS S AVEVTGHGKPF TAKHS MEAKVN
21 Cyprinus carpio IGFBP-1 ... . QDGAGGV{JDHGSLH............. YLUGLNLPL{BHQDSA. . . EGQETI K. . VN
#4 Perca flavescens IGFBP-1 calbHs § L D! Golls ) K
R 7 BEf Epinephelus coioides IGFBP-1- -~ QEETDGARDHSSLE ... YLLDLNLPLBHQDT. . . . EGQESI KAKVN
S i Seriol e GFSP] ....QEETEGLDHGSLH. ............ YLLGLNLPFBHHDTA. . . EGQESI KAKVN
YN Seriola aureovitiata - ....QEETEGLYDHGSLH. .. .......... YLLGLNLPFSHHDTA. . . EGQEST KAKVN
TigkWi Seriola quinqueradiata IGFBP-1 TR AEP AESTE[JEDLPLESSEI TQDQMLN. . YQLMFP1 S QIKSI PWNFETVYENMKAKRI
JF3 Gallus gallus IGFBP-1 P... HAAEAGSIE. . SPESTEI TEEELLDN. FHLMAPSEE[RHSI P WDAI S TYDGS KALHV
N Homo sapiens IGFBP-1 T...DTKDTTSHENVSPESSEI TQEQLLDN. FHLMAES SESLPI LWNAI SNYESLRALEI
2k Bos taurus IGFBP-1 q g pdh slh y lg p dh es kakvn
e I . AT RKKL VEQG[J®HI BT AUDKI TKS QQKLEDKL TREFPRREDKH 1 KeEs §p
ﬁg%yffiﬁﬁfﬁziﬁgié_l Al RKKL VEQGIg'®HI [§QT ALDKI TKS QQRLEDKMNR KMIINODKH A% 4QCEYSI)
# 4 4F Porcaflavescons IGFBP-1 VI RNNLGQE Glg'®HI [B§HAAMDMI S S SRQTLEEKF TTHMIINODRH I34QCEY I
- ! B AT NNKMGE QGIg'®HI [S§HAALDMI S DAQQKQEEKF TTMIINODKH INGQCEY ST
#Hi £ BLAE Epinephelus coioides IGFBP-1 1 RNKI EQQGIZ8HI [BIHNAL DM AS § QQKLIEE KF TT NeNgNeDK Y €F PP KI8eIS L V
B2k Wi Seriola aureovittata IGFBP-1 Al RNKLE QQGIJ®HI BUHNALDMI ANS QQKL €EKF TT[JN0INODK Y AKOES S LV
FL2kHi Seriola quinqueradiata IGFBP-1  § EHKKWKE QGI38QKEWYRAL YKL AKAQQRS €GDI YKIINUINENKN SK®BTNLD
S Gallus gallus IGFBP-1 TNI KKWKE. . [g®RT B#YRVVESLAKAQETS[EEET S KIMIINONKN S RO®ITMD
A\ Homo sapiens IGFBP-1 SDVKKWKE. . [J8QR[BYKVLDRLARE QQKA/EDKL YK JR¢0gNENKN S K@BTRLE
4 Bos taurus IGFBP-1 airkkl eqgpchiel ald ia sqqklgek t fylpncdk gfyk kqcessl g
RGK S S WN[EKKI P[€SS DLP AWAESP EELNH.
P44 Danio rerio IGFBP-1 RGK S S WNJEKKI P (€8S DLP AINAE 8P EEL NH.
#8844 Cyprinus carpio IGFBP-1 PAR S S WNEKKL'S €8S DL E@HQEVTH.
#H4&1 Perca flavescens IGFBP-1 P AR@II®YS s WNEKKL P(€R's DL E®HQEATH.

E@HQEVTH.
E@HQEVTH.
D®QQYLRSE

PUH A BREH Epinephelus coioides IGFBP-1P AR S P WN€KKI P(€N S DL
B 2%l Seriola aureovittata IGFBP-1 PAR S P WS [€KKI P€x'S DL
Fi. 44 Seriola quinqueradiata IGFBP-1 ~ SAG YPKN€I KI P&SPEV
JE Gallus gallus IGFBP-1 AGL P WNIGKRI PI&SPEI N{®QI YFNVQ
A\ Homo sapiens IGFBP-1 PGL (YP WS [€KRI L{€§ VAV K[®QQYFNLQ

 Bos taurus IGFBP-1 pa cwevspwngkkipgssdl| gdsec qe h

K5 B IGFBP-1 5 H AWy Fh & B2 7 41 Xt
Fig.5 Amino acid sequence alignment of Seriola aureovittata IGFBP-1 with other species

LLEHERIR (GCGCCXXO) A, T ARERI/R(CWCV)EEH, SREHERR RGD 4514, T,
The red box represents the (GCGCCXXC) structure, the blue box the (CWCV) structure,
and the green box the RGD structure. The same as below.

58
58
57
57
56
56
59
52
54

116
116
114
114
113
113
119
112
114

169
169
152
153
153
153
177
166
170

229
229
212
213
213
213
237
224
228

262
262
245
246
246
246
271
258
262

8 Paralichthys olivaceus IGFBP-2B. . . EVHGTENPL. ... VRRPAID. . AWHWQ. . lISARKQHLNERKTKMGI NQLEDVRTQ 168
B 25T Seriola aureovittata IGFBP-2B .. EVHGTENPL. ... TKRPAID. . AALWQ. . tlSARQQYLNERKTKMKTNQLEDPRTP 166
Bt Danio rerio IGFBP-2B. ... EVNGTRSPP. ... MKKPGKD. . YQYIK. . i AVNKHENNKRTRM. YNTQDDPKTP 162
Bt Dario rerio IGFBP-2A QD. PLDIGLTEVPP. ... I RKPTKD..SPWK. .. #ASAVLQHRQQLKSKMKYHKVEDPKAP 173
i Cyprinus carpio IGFBP-2A QD. SLDIGLTEVPP. ... I RKPTKD.. SPWK. .. #ASAVLQHRQQLKTKMKYNKVEDPKAP 173
YT Oncorhynchus mykiss IGFBP-2 VD. ILDTSLTEIPP. ... VRKATKD. . NP WLGP KFINAMRQHRQEMKTKMKS NKPEDPKTP 80
KPPEEE Salmo salar IGFBP-2 VD. LLDTSLTEIPP. ... VRKATKD. . NPWLGPKNAMRQHRQEMKTKMKS NKPEDPKTP |77
AVE T Cynoglossus semilaevis IGFBP-2 VEPIPDRGVSEIPV. ... LRKPTKE. . TTWLGPKES AVRQHRQEMKTKMKTNKVEEVKPP [g(
ﬂ:ﬂParalichthysolivaceusIGFBP-ZA VEPLPEQGVSEVPA. ... VRKPTKE. . ATWLGPKi#ASAVRQHRQELKTKMKTNKVEEVKPT 188
KZ26F Scophthalmus maximus IGFBP-2A AEPLPEQGVSDIPA. ... VRKPISKE. . ATWLGPKZSAVRQHRQEMKTKMKTNKVEEVKPT |oq
B IR Seriola dumerili IGFBP-2 VEPLPEQGVSEIPA. ... VRKPSKE. . TPWLGPKZSAVRQHRQEMKTKMKTNKVEEVKPT (o0
# 2% Seriola aureovittata IGFBP-2A VEPLPEQGVSEIBA. ... VRKESKE. . TP WLGPKLS AVRQHROQEMKTKMKTNKVEEVKPT |00
YAt Perca fluviatilis IGFBP-2A FElLrEoGvsEr §a. .. . 1 SEHs Be . . 7T WEGR KQS BVRGEIRE M QT NEVEE R 4 oo
BB Epinephelus lanceolatus IGFBP-2A VEPLPEQGVSEIRA. .. IRKPSKE. . TTWLGPKASAVRQHRQEMKTKMKTNKVEE VKP A 207
N Homo sapiens IGFBP-2 VENHVDS TMNMLGGGGS AGRKPLKS GMKELAVFRIEKVTEQHRQMGKGGKHHLGLEEP KKL 1
7B Mus musculus IGFBP-2 VENHVDGTMNMLGGGS S AGRKPLKS GMKELAVFREJKVNEQHRQMGKG. AKHLSLEEPKKL

% Bos taurus IGFBP-2 VENHVDGNVNLMGGGGGAGRKPLKS GMKELAVERIJKVTEQHRQMGKGGKHHLGLEER KKL 198
JEX Gallus gallus IGFBP-2 AENHVDSTGGMLSG. . ASSRKPLKTGMKEMAVMRIFKVNEQQRQMGKVGKAHHNHEDs kks 210

ve d g e p rkp k wlgpkesavrghrqe ktkmk nkveepk 203
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8 Paralichthys olivaceus IGFBP-2B
44 Seriola aureovittata IGFBP-2B
L4f1 Danio rerio IGFBP-2B

BET 8 Dario rerio IGFBP-2A

45 Cyprinus carpio IGFBP-2A

UT84 Oncorhynchus mykiss IGFBP-2

KPaFEeE Salmo salar IGFBP-2

5 Cynoglossus semilaevis IGFBP-2

246} Paralichthys olivaceus IGFBP-2A

KZEF Scophthalmus maximus IGFBP-2A

B Seriola dumerili IGFBP-2

WOk Seriola aureovittata IGFBP-2A

{055 Perca fluviatilis IGFBP-2A

BEA A1 B4 Epinephelus lanceolatus IGFBP-2A

N Homo sapiens IGFBP-2

/N Mus musculus IGFBP-2

4 Bos taurus IGFBP-2

JE3Y Gallus gallus IGFBP-2

¥ Paralichthys olivaceus IGFBP-2B
%4l Seriola aureovittata IGFBP-2B

BE 1 Danio rerio IGFBP-2B

B4 Dario rerio IGFBP-2A

##i4ts Cyprinus carpio IGFBP-2A

WT#% Oncorhynchus mykiss IGFBP-2

KL Salmo salar IGFBP-2

B85 Cynoglossus semilaevis IGFBP-2

ZF8E Paralichthys olivaceus IGFBP-2A

KEZE Scophthalmus maximus IGFBP-2A

L Seriola dumerili IGFBP-2

#2&Wili Seriola aureovittata IGFBP-2A

ggg Perca fluviatilis IGFBP-2A

f13848 Epinephelus lanceolatus IGFBP-2A b

N Homo sapiens IGFBP-2
/N Mus musculus IGFBP-2
4 Bos taurus IGFBP-2

JEXY Gallus gallus IGFBP-2

ZFT Paralichthys olivaceus IGFBP-2B
B 25 Seriola aureovittata IGFBP-2B
BEI 1 Danio rerio IGFBP-2B
PELL 4 Dario rerio IGFBP-2A
#8455 Cyprinus carpio IGFBP-2A
WTE% Oncorhynchus mykiss IGFBP-2
KT Salmo salar IGFBP-2
W55 Cynoglossus semilaevis IGFBP-2
ZF8F Paralichthys olivaceus igfbp-2a

1 Scophthalmus maximus IGFBP-2A
EiR Wi Seriola dumerili IGFBP-2
2%l Seriola aureovittata IGFBP-2A
Wi Perca fluviatilis IGFBP-2A

WA BEEa Epinephelus lanceolatus IGFBP-2A

N\ Homo sapiens IGFBP-2
/N Mus musculus IGFBP-2
4 Bos taurus IGFBP-2
JERY Gallus gallus IGFBP-2

ZFT. Paralichthys olivaceus IGFBP-2B
#2510 Seriola aureovittata IGFBP-2B
BRELL 4 Danio rerio IGFBP-2B
PEIL 1 Dario rerio IGFBP-2A
#8455 Cyprinus carpio IGFBP-2A
W 8% Oncorhynchus mykiss IGFBP-2
Kt Salmo salar IGFBP-2
E3is Cynoglossus semilaevis IGFBP-2
H‘% Paralichthys olivaceus IGFBP-2A
KZFF Scophthalmus maximus IGFBP-2A
EVA N Seriola dumerili IGFBP-2
2%l Seriola aureovittata IGFBP-2A
i Perca fluviatilis IGFBP-2A

WA BEE Epinephelus lanceolatus IGFBP-2A
N\ Homo sapiens IGFBP-2
/N Mus musculus IGFBP-2
4 Bos taurus IGFBP-2
JERY Gallus gallus IGFBP-2

ZFF Paralichthys olivaceus IGFBP-2B

258 Seriola aureovittata IGFBP-2B
Bt Danio rerio IGFBP-2B
BELL a1 Dario rerio IGFBP-2A
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HT8# Oncorhynchus mykiss IGFBP-2
K Pyt Salmo salar IGFBP-2
E¥ 85 Cynoglossus semilaevis IGFBP-2
ﬂ:g Paralichthys olivaceus IGFBP-2A
KZ=6F Scophthalmus maximus IGFBP-2A
A8l Seriola dumerili IGFBP-2
FE 5% Seriola aureovittata IGFBP-2A
JA[%5 Perca fluviatilis IGFBP-2A
¥ A BEAA Epinephelus lanceolatus IGFBP-2A
A\ Homo sapiens IGFBP-2
JNE. Mus musculus IGFBP-2
4 Bos taurus IGFBP-2
JE3Y Gallus gallus IGFBP-2
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HAK. . Qs Q%01 R s LET
HAK. . Qs Q geQ AR s MET
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RPR. . QT A ofeJ0 iR LHI
RPK. . QT Qoso! iR LHI
RPK. . QT QofeJo i E 13 LHI
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RPK. . QT QdsJo E |8 LHI
RPK. . QT Qosfo! iR LHI
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RPPPARTP d E |8 S LHI
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................................ MS .. LALMCSLL...LVHGS. LGEI V
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................. MIKSSSSIATTMLSYVG. ... CSLBVLSA. .. SLAGASLAEVV
................... MSTSLQPAAMPSSVR. ... CSLBILCA...SLAGASLAEI V
........................ MPTTMLSYVL. ... CSLBILSA. .. TLAGASLAEI V
................. MI MTKNLMPI TMLSYVG. ... CSLBMILSA. .. SFAGASLAEMV
................. MI MTKNLMPI TMLSYVG. .. . CSLMILSA... SFAGASLAEMV
................. MI MTKNLMPLTMLS YAG. .. . CSLMI LGA. .. SLAGASLAEMV

MHI SFPFFHLELPSI APMI MTQNLMPLTMLSYAG. ... CSLBILSA. .. SLAGASLAEMV
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LDVTTS. LDNQAATN. . .
IDSTS. . LDHQATN. . . .
LEPTMTNQESAAHSG. . .

JGRKVD. . . . . TEPTG. SAEPRE. VSGEV
IGRKVD. . . . . TEPTG. SAEPRE. VSGEV
IGHKVV. . . .. TEPTG. SQEHREKFSGEV
IGHKVV. . . .. TEPTG. SQEHREQFSGEV

PETI ASSQEQREQSSGEV
PETSTHSQEHREQTS GEV
TETSAYSQEQREPASGEA
TETTTFSQEHREQTSGEA
TETTTFSQEHREQTSGEA
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EKRRD. AEYGASPEQVADNGDDHSEGGL
EKRR. ... VGTTPQQVADSDDDHSEGGL
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RRRDTAEYGASAERPADNGDDRSESIL
rcyp pdsclpleqlvgg g ¢ rkvd te t

sqe Te sge

B ZEW IGFBP-2 5 HAB ) Fh S SR Fr 4] L Xof

Fig.6 Amino acid sequence alignment of Seriola aureovittata IGFBP-2 with other species
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TROCHERSE: ¥ 45 igfbp-1 Al igfbp-
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98 | At Seriola dumerili IGFBP-2(XP_022617343.1)
73 | ATE S0 Seriola aureovittata IGFBP-2A
15t Perca fluviatilis IGFBP-2A(XP_039648782.1)

BT PLE Epinephe Iuslanceolatus IGFBP-2A(XP_033471455.1)
KZEEE Scophthalmus maximus IGFBP-2A(XP 035485868.1)

¥ Paralichthys olivaceus IGFBP-2A(AHL84195.1)

WG E 85 Cynoglossus semilaevis IGFBP-2(XP_008323245.1)
¥651% Salmo trutta IGFBP-2(XP_029596458.1)

WT 84 Oncorhynchus mykiss IGFBP-2(NP_001118121.1)

KFGEERE Salmo salar IGFBP-2(AB036532.1)

BE Ly f8 Danio rerio IGFBP-2A(NP_571533.1)
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—
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100 F8F Paralichthys olivaceus IGFBP-2B(AHL84196.1)
|; A 5551 Seriolala aureovittata IGFBP-2B
JFXY Gallus gallus IGFBP-2(NP_990690.2)

oo B W Rat tusrattus IGFBP-2(XP_032757213.1)
L/INB, Mus musculus IGFBP-2(AAH54473.1)

Homo sapiens IGFBP-1(AAHS57806.1)

99 A
4 Bo staurus IGFBP-1(CAA38723.1)

JFXS Gallus gallus IGFBP-1(NP_001001294.2)

1007 BEE 4 Danio rerio IGFBP-1(AAM83038.1)
#45 Cyprinus carpio IGFBP-1(ACV72066.1)

99 [ﬂ%ﬁﬂm Seriola quinqueradiata IGFBP-1 (ACD10797.1)

IGFBP-2

nus carpio IGFBP-2A(XP_042581671.1)
i1 Danio rerio IGFBP-2B(NP_001119936.1)

IGFBP-2(AAA36048.1)
GFBP-2(NP_776980.1)

IGFBP-1

RV HBEA Epinephelus coioides IGFBP-1QDA77069.1
485 Perca flavescens IGFBP-1(AC082021.1)
AT Seriola aureovittata IGFBP-1

BP-2 &R 75 1Y 2 Gtk AL w

Fig.7 Phylogenetic tree of Seriola aureovittata IGFBP-1 and IGFBP-2 amino acid sequences

R T AN 7] 5% 58 %5 B 4 8 AR WA AIE h igfbp-1.
-2a. -2b LUK igf-1 Fl igf-2 JE P =ik K251k (&] 9)
Bt 2 B RS AN, igfbp-1. -2a, -2b (UFRAH R T
Rash, N8 B4 Rk 1 i i (P<0.05), . BB
HFRRRMHTC W E V2R igf-1 F igf-2 d 2 BUK
R 2 FRR A e 1Y R IR R (P<0.05) (B 9). G
PEOAT R, 25 FE R e 1k /K724 S5 IR B 4 S s fa A
KL 3 IE A 56 (igfbp-1 r=0.836, P<0.05; igfbp-2a
r=0.443, P<0.05; igfbp-2b r=0.549, P<0.05; igf-1
r=0.500, P<0.05; igf-2 r=0.925, P<0.05;), {H5 . &
WA K I E ML LR,

3 it
3.1 E&Hfigfbp-1. igfbp-2 BEE %5 Rt S
AHFFEE R ARAR T #4580 igfbp-1. igfbp-2a #il

igfbp-2b JE K () ORF 41l . 45 s, 5 H Al A A £
HKEAR 3, igfbp-1 Fl igfbp-2 T ITEAE N AR Si4h i
B 12 AR ERRFR FE N C R Smas A 6 A2t
RAIRFEH: , XL A RIS 5 N i e L
DL R S BRI N RS C R S 25 A e i R 45 4

HAEHEAL F& RS (Hwa et al, 1999; Zhou et al,
2008), AWK, LHRAMRZES S T HMA
(Ctenopharyngodon idellus) igfbp-2 25 [a] 45 ¥4 B i
(Yang et al, 2020), JF5 EXTE5 R B, 16 N K i
Fdrh, #4505 3 4 igfbp 2 AL AR 7E — L [m] f fi
SFHIEEF(GCGCCXXC), T 4 L 77 e 5 A5 il
(Pedroso et al, 2009), IIEFAES igf WA EAE I H &
% A ] (Kamangar et al, 2006). A [F4Fh igfbp
B N Rl C AR B A = B BRI . ) nl AR 2
PRSP RAR, BHRRJE B, Qs LAk 07 o5 A
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A, B, and C stand for low, medium, and high density culture group, respectively.

A 5, 7R R ] X 38 & B(Zhou et al, 2008).
B2 igfbp-1 A1 igfbp-2 AY C 2 i 25 440 3uk 35 BE AR
Hr & —MESFI CWCV 451, 45w Fr sk i
ARIRERE B T 805 A2 45 M (BRI 25, 2014), WTRETE
igfbp 1 igf 5 4H A &0 3 5 1) 285 45 Hh e B 224 I (Bach,
2018) S5 & B, IrA i #Lsh ¥ igfop-1 i igfbp-2
1) C Kim#lh 3 A RGD 454 (Rodgers et al, 2008), A
% igfbp-1 7] LU it RGD 455 aSpl A RLEA>
8 40 MO T #% (Feng et al, 2015) , {H 75 5% 4580 5 H At i
B igfbp-1 H, H C R Xk RGD 4544, B
M Z 549 LGD., B ffi(Maures et al, 2002)
A6 (Lateolabrax japonicus)(Zk %5, 2014), KZE6F
(%5, 2012) igfbp-1 Hn ¥k & B RGD 4544, i
WFLBY . SICRH AL E A AE 1T f igfop-2 H ) RGD
SE R e v S5 igfbp-2 HhoA kB, 4B KGR T igfbp-2
s 2N, W igfbp-1 76 28 50 E a2 R 15
A BRI REMI B AFE 25 5

A 5T N T S0 E R e 2 Rh IS Y
igtbp-2, 4344 igfbp-2a. igfbp-2b. # 45Hifi igfbp-2a
il igfbp-2b JE A T AR 7332 . igfbp-2a 5 & (R
ZEin, MBS fn igfbp-2a B h—%; 1 igfbp-2b 5
FE R i, B igfbp-2b B h— %, RGiH
Ak o3 B4 S 5% I #5450 i gfbp-2a il igfbp-2b K& P I
Tl —MHFN, 20 T aRIEHRANE S, BAE
S HABFLEh Y igfbp-2 Y RIVEIEA o A i A py

KT 2 FpEIE N igfbp-2 (BME4E, 2014), Hirh—Fif
IHIRAN 44 A igfbp-3 (Maures et al, 2002), JiiH & H:
Sk 5 H A Y igfbp S5 A8 AL EEARAR . AT & 3,
AT igfbp-2b FEL A L ARSF IR, RGBT
% W H 5 @ £ H (Pleuronectiformes) . ## £ H
(Cypriniformes) RN —37, FIHHAE R G A LR
PEAN G o TEREL i S HoA i rp B & B, igfbp-2 A7 7E2E
RUFIE M B EA AR RE, 7T HE A2 2 P 20 42 il 5 |k
IREE AL R R AR T AE BRI RE I U (Allard. et al,
2018), AHFSR BN HI RS AT 05, (B & B
S KR b Y igfbp-2a Fik g —E, KIHRLEH
ARSF, (HIJRE ARSI

32 HASTHEFFE

CANFE RN, TR igfbp-1 A 3
P37 Hi (Pedroso et al, 2009), AHF5T7E 85 48l 6
3 igfbop-1 mRNA TEATIE ik i fe, 7R AP R
A R, (A A2 igfbp-1 mRNA ik
A L2V A R E S 125 8if(Pedroso et al, 2009) .
FEEFRITES, 2012)20 . (HW AR, M
FQOINFER M mm . AL, MR 6. JBEAE. M.
i P iR R 2 G T 3] igfbp-1 mRNA %k, Lk
gERSRI, AN 4125 igfbp-1 mRNA £ B AEHFAEoh %
ik, TERRIFIE LA A 2 58 00 A1 26 S 0K, X AT
RE SR T b () 4 S e o
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Zhou(2008) %5 XF BE Tt Aff 75 K BR, BRE T FE R 4
35 2 > igfbp-2, igfbp-2a il igfbp-2b 4 11 H A 2
ARG AE PG, (HIX 2 3 PR A0 80 10 AN [R] ) B 28
e, AT 40 igfbp-2 mRNA 7EATIE4 4L
W FEE A, 54 (Cyprinus carpio) (Chen et al,
2009) . A} A7 BE fA (Chen et al, 2010) . T & Wi
(Pedroso et al, 2009) T 57 25 2 —2L . igfbp-2a mRNA
Tk B E NHLUE L, Rz, TE6E O
BE, kP ARERIBEILEEES . igfbp-2b
mRNA IS FAFH U s, AL A
I3AE, (BEE R HIC R E 2R, Xyl LR,
B T IESS AR R Gk ik B 22 3040, B Ak Wifigfbp-2
() 2 FhAEALSE R e AR BT RE L T Rt AR, FLTIRE Y
25 SRR K0T RE RO VR F R B A R T A R HE— 2 RIE .
TIA, ARBEFEIR KB, B igfbp-2a mRNA 761
A B Rk, ATREUE IR T s AR K 22 4b,
WHETZ A I6e, X arhdg L8, o
TEHH £ (Chen et al, 2009) 1T 6 (ERAR 25, 2014) 1 i
WG4 Feik, FW igfbp-2 X T tER & B d
A e A 5 45 4E H (Chen et al, 2010), 1H
igfbp-2 Xt % AWt iR & B 2 75 A AR B R R
e E— I

ARHIFFE IR B0, e I £ A ) 20 20 e ) — JE IR A 35
SR Z A AETE 22 5, Ll An e £ BT v 5 I B e 5k
igfbp-1 A1 igfbp-2b I 3 & T OME A, if A DE
igfbp-2a &3 5 ) i 3 5 Tl fa . b i) = ) J A
LA 22 TRk, ULH igfbp % 4% A4 BRIh AE R n] g
AR 254, R840 hsp70 3% P F2 k5 20
RIOTBESE, 2023), (H RN EME2E 509 R e LA SE
20k DL RT RE YA 5 38 I o R TE 28 (AR A I IR
ABFFE

3.3 |IGFBPs 3 & &fifid K W RIZFI=ER

Bk L BT IESE, IGFBP 3 i A4 K5l (GH/
IGF-1 axis)®f 0284 K AR & 5 2 0y A= R 2 /E
(Reinecke, 2010), HfE4E(2012)%F KEEBE R4 K &
B R AR AL ) BF5E B, IGFBP-1 # IGFBP-2
XTAMAIIETE | A B L R B AR A
B ARSI R A T Al R0 2 X A%
WA A S A I R B, AT R A S A K R
T U (S, 2022), ARFRHE—L LM, ¢
T AR BEFRFE AT, B ARWEI e igfbp-1.
igfbp-2. igf-1 Fl igf-2 mRNA FiAK L &R T
R SR A, [T, st A O N R IA 5T
FMEETMIREARKEREFEMXCR, £H

IGFBPs 5 IGFs %54 4 A -3 i A= 4 A v 2 25 i A=
KREEmBREEEERN. CAFREN, igbp-1
FEAE T AR, HR RN 5 b 37 2] 43 AR R 7
FBCER 0 BE R, WA igfbp-1 ik ACF- L |
B 580 RN N 38 5 BE 15 5 (Maures et al, 2002; Kajimura
etal, 2006), Breves %:(2016)AFF LT, 7EVLE
MR, KRPUPEEERIRTIE igfbplal W2 FiERk, 5
IR UL P igfL 0 25 9 3k , 3 I A AT UL PR 21 21
ARG IR AR RS 5 TAK
PR . X H AR IS R B, e g YUkt
PRIG M5 AR R e, [FIRs, AR igfbp-1.
igfbp-2. igfop-3. igfbp-5 Fl igf-1 ik w47, KM
ARG F igf-1 5 igfops RIS 5 TOUR)E IR
ML K 45 (Pedroso et al, 2009), J34h, Xkl
AL ff1(Scor paenichthys marmoratus) (Strobel et al, 2020)
R, SCE AU A T A K sz 2, [H
B IUE igf-1 A1 igfbp-1 23K 7KF- T, 1T igfbop-2b
TR TR 7K A, HEN R igf-1 3833 5 igfop MIZ5 &
FEV AT 225y AR R, s AR KT A
BRI OR 35 HLA A K (Qian et al, 2016; Hack et al,
2019). TEMRSMAMIIEEKE |, A28t TAEK
PO i SRR 7R T A b igfbp-1a Y FRak 2
SRR A KB T T AN b igfop-1a b Kk,
HEME 1 MAPK 1= A e P il £ - 4 f SE 3 1 %)
A i AE K 845 (Chen et al, 2018), ASBFFR45 2201,
1R FE AR T SRR igfbps 5 igfs FER YR IA,
HENHEAE R 78 O 1F [ P [l a4 4

AL AT STIR R B, T TR IR B 525
FAF T o PG A A B AR VS T IGF-1. GH 1)
KO- 357 4 35 8 v 4 R AL R T A K W R 1 S
A0, T R T P e R A R R T
WU (A, 2022). ARFFTIRA DI LB, (K%
JE TR P A K G AR AR igfbp-1. igfbp-2. igf-1
fligf-2 mRNA &% &£k, HIE IGF-1. GH Hf
FHIF B RS, 5 B I 8 S o) 28 A R ik
FAI, FB AR A OCHE R 7 5 BRI A S 5 T
ANTR) T AR A K o B R IS R AR ) g
PHCTR AR B 1) E B PR 7, T 2 0 U LA L R 1 B
BN LA B o Xof P45 Jolp A0 1) B LA B AR A . LA DR
T, PR ENTREAL igfbp-1 MRk, MR E AT
WahNH: 3k (O'brien et al, 1995), XA HLHEIA BY
T igfbp-1 FEPUHR AR A5 R R,
F5 R B S A B4 (McLellan et al, 1992), 7EAF 24
KM, igfbp-1 D) Rg 28 3 5 igf 256 I iof
T PE R R AIC & & A A K 3 R (Maures et al, 2002;
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A Wi A PG P ek &0y £ () A K TS 1715 (Breves et al,
2020), [AIAF, Yang %5(2020) 75 o T 20 A A 4R &b
BB R B, FFANIE igfbp-2 Y 2348 52 51 4 A
it 5% 25 R MM R R o R, ARHIRAR R B
S5WfITE IGFBP-1. IGFBP-2., IGF-1 fil IGF-2 454K
DA F- 5 1ML 75 B SR I L 8 7 M =2 IR A A A O R 8 1A
7, SR AR o R A ML G K S LAGE R R 5% A
IMARAFAN R 25 BT PR A AR A T IR ARG
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Molecular Cloning, Expression Profiles of I nsulin-Like Growth Factor-Binding
Protein-1 (igfbp-1) and igfbp-2 and their regulation effects on growth of
Yellowtail Kingfish (Seriola aureovittata)

ZHANG Wenjing'?, XU Yongjiang®", CUI Aijun’, WANG Bin?,
JIANG Yan®, WANG Kaijie’, ZHOU Heting’

(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Joint Laboratory for Deep Blue Fishery
Engineering, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Insulin-like growth factor binding proteins (IGFBPs) play crucial roles in regulating
biological activities of insulin-like growth factors (IGFs) and growth performance in vertebrates.
IGFBP is a six-member protein family (IGFBP1-6) with a high affinity for IGF. It affects the
distribution, stability, and biological activity of IGF by regulating the interaction between IGF
ligands and receptors. Recently, IGFBP-1 was identified as a regulator of growth, reproduction, and
development in bony fish, such as juvenile Atlantic salmon, where IGFBP-1 interacts with cortisol to
regulate growth. IGFBP-1 regulates cell metabolism and growth through interaction with insulin in
primary hepatocytes incubated in vitro in orange-spotted grouper (Epinephelus coioides). IGFBP-2
has a wide range of tissue expression characteristics in bony fish, and IGF regulation may occur
through autocrine or paracrine pathways. For example, long-term fasting induced increased igfbp-2
mRNA expression in the liver of zebrafish. In addition, IGFBP-2 can inhibit the activity of IGF
ligand through its high affinity with IGF to play an inhibitory and regulatory role in zebrafish growth.
igfbp-2 mRNA expression was significantly up-regulated in Carassius auratus (goldfish) liver after
fasting, and quickly recovered to normal levels after feeding. This indicated that igfbp-2 mRNA
expression may be related to the anabolism and catabolism of goldfish, and is regulated by metabolic
factors.

Yellowtail kingfish (Seriola aureovittata) of the Carangidae family has high economic value and
nutrition value. It is a warm and temperate oceanic fish with long distance migration characteristics
that is distributed in the middle and upper oceans globally. This species is large with a fast growth
rate, and is a promising candidate for aquaculture in land-based industrial circulating water system,
deep-water cages, net pen systems, and aquaculture craft, etc. Our laboratory studied the regulatory
mechanism of the rapid growth of yellowtail kingfish and cloned gh, igf-1, igf-2, ghr, and other
growth-related functional genes to reveal their molecular regulation in early growth and development.
igfbp genes regulate the growth, development, and nutrient metabolism of fish through their
interaction with growth axis. The mechanism of IGFBP and how it influences the regulation of
yellowtail kingfish growth is unreported. This paper further studied the growth of yellowtail kingfish
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by analyzing the key growth axis factors.

RNAiso Plus reagent (TaKaRa) was used to extract total RNA from tissues. RNA integrity was
detected by agarose gel electrophoresis, and RNA quality was determined by a NanoDrop 2000C
spectrophotometer (Thermo Fisher Scientific, USA). First, cDNA strand was synthesized using a
PrimeScript™ RT reagent kit with a gDNA Eraser (Perfect Real-Time) reverse transcription kit
(TaKaRa). Primers were designed to clone the predicted sequence of yellowtail kingfish igfbp gene
according to the NCBI GenBank database. The product was amplified by polymerase chain reaction,
purified from agarose gel electrophoresis, linked with T4 Ligases, transformed into Trans1-T1 Phage
Resistant Chemically Competent Cell, and positive clones were selected and tested. Quantitative real
time polymerase chain reaction (QRT-PCR) was used to analyze the distribution of yellowtail kingfish
tissues and the expression patterns of liver tissues under different densities of industrial culture.

The lengths of igfbp-1, igfbp-2a, igfbp-2b open reading frame (ORF) domains were 741 bp,
882 bp, and 801 bp, and encoded 246 amino acids, 293 amino acids, and 269 amino acids,
respectively. The conserved domain of insulin growth factor-binding protein homologues (IB) was
present in the N-terminus of the three igfbps, and the conserved domain of thyroglobulin type-1
repeat (Ty-1) was present in the C-terminus. They had a wide range of tissue expression
characteristics and were highly expressed in the liver. There were differences between the expression
of the same gene in the same tissues of male and female fish. For example, the expression of igfbp-1
and igfbp-2b genes was significantly higher in the liver of male fish compared with female fish, while
igfbp-2a expression was significantly higher in the liver of female fish compared with male fish. The
tissue differential expression of genes between sexes indicates that igfbp may have sex dimorphism
when it plays a physiological role. However, the specific characteristics of this difference between
males and females and the possible signaling pathway are unclear. The fish in the low-density group
showed the greatest growth rate and the highest expression levels of igfbp-1, igfbp-2a, igfbp-2b, igf-1,
and igf-2 under industrial culture conditions. These expression levels were significantly different
from those of the medium and high-density groups (P<0.05). However, there were no significant
differences in the expression levels of growth and liver genes between the middle and high-density
groups.

igfbp-1, igfbp-2a, and igfbp-2b participated in the growth regulation of yellowtail kingfish. The
expression regulation of igf-1 and igf-2 had a positive synergistic effect with growth regulation of
yellowtail kingfish. The ORF regions of igfbp-1, igfbp-2a, and igfbp-2b genes of yellowtail kingfish were
cloned, and the structural characteristics, tissue expression characteristics, and relationships with growth
performance were analyzed under different culture densities. The content of serum IGF-1, GH, cortisol,
and glucose concentration was detected in the early stage. The expression trend of igfbp-1, igfbp-2, igf-1,
and igf-2 was the same as that of serum IGF-1 and GH in the liver of yellowtail kingfish rapidly growing
at the low-density group, but contrary to the expression trend of cortisol content and glucose
concentration. This indicated that the key factors of growth axis, cortisol, and glucose participated in the
growth regulation of yellowtail kingfish at different densities. However, the specific regulatory
mechanism requires further study. The results provide a theoretical basis for interpreting the molecular
mechanism of the growth of yellowtail kingfish and the regulation of suitable culture densities under
industrial conditions.
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