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1.1 ##

S T B (B R A BT EE 10 g R A
Bl 7K 7 B 2 B 28 e YT K ™ 0t 5% Bir g 1 % 7K £ i
gk, —RT-PCRIAFI & . rTaglf . pMDIS-T
simple Vector JZ RIR ] 4 P U0 i 241 R % A= ) D
i s DNAZE A0 ) & M RNA$E BOR ) & A
Promega/A H ; kL3I ) & 14 B AxygenA H] ;
F IR BAR pSH AR AL AR K27 i 25 B b &= 2R AL
AT EMG ;TR AR KT I (Escherichia coli)
DH5afl1 33k - A FRE. coli RosettafE A4s 52 56 &5 {4
7y RS A KW F-IAGF-1)ELISAL 7 &
W E EifEE AR RHA BR 2 Al 5 MEM (minimum
essential medium)Z HI 35 FR 5L . AR A . G210
¥ HHyclone/s 7] ; WEM: ¥ (MTT)IH H
Sigma; I Kz 4 fI(EPC) . KJBE W5 £0 iR I 40 Y
(CHSE-214) 71T 5 P i3t 41 ffd (RTG-2) i Hp [ K 7=
BRI BE K LK 7 WF 5T T f0 280 R &=
A IR I

1.2 Sl 546K

X GenBank I 53 ) 2 4% fik 6 55 G F- 13 [H I
IS HE e B R AT L X, 8K i kR b A 41 a5 fek:
1Y IGF -1 A FF 75 15 132 4 15 51 (NC BB 55 2
GU933431.1) A#ifk,, FFHPrimer 5.0 31 H T
7 % #EORF)F 51 (1) 5| Y P-FAIP-R, R4 pSzk 4
2R s HES RS, A OAE B RS
VI SR IN T Bsa TR BamH 1G] 07 5 (B 57 45
IR RIZEFRIH) . P-F:5'GGTCTCATGGAAA
CCCAGAAAAGACACGAAT3', P-R:5'GGAT
CCTCAATTGTGGCTGACGTAGTTGTCC 3', B
KRR 55 °C,

1.3 IGF-IEER 7 [E

AR RN A4 B 551 & (PromegaZy ®)) A 7 %
PRHUET B T SRNA, I 1% 6 W 6 it H
PRRIN L B AR . AR A RT-PCRIR | €5 (TaKaRa)
() 77 %5 RAF I RNASEFTRT-PCR— 25 [ b 47 3
IGF-15: K . ¥ PCRY™ 3 7 1y 1% 350 A Wl ek e v
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PRIEATAGI , JEVIR A, % 3 pMD18-T simple
Vectortt £ & 21 ik . i B R L B E.coli
DHSwEZ &AM, ALBY-fE Bt E, Bk
WA TR P B 5 T EATPCRYE SE . R FEFH I T b 1%
W IR A A W AR A B /) I o
1.4 IGF-IUpSEHRFIEFRRLE

{5 P R AP 9 ) i Bsa TR BamH 1% 2% 35 3%
A pS B % 5 11 ) 8 41 5 B IGF-1/pMD18-THEA T
XUREGEY), P FH T4 DNAE 32 BERe ELAT A1 [FDRG R
Ui (1) R 3 DR BEE B, R4S T 41 3% 3K R IGF -
IpS, ¥ALZEE. coli DH5aH, 48 Fi ki #4TPCRAN
B U0 S e, S I A A 6 A K U TR A B R
A BR 2 FF

1.5 ZHIGF-IZEAMNRIE

50 &85 SR 1E #f 1) B 40 UK IGF-1/pSHE ik &
FRIRHMRE. coli Rosetta, kIR 1A 78 E 4T A
PCRYE, W46 58 45 T IR 4R T3 Ampfiy 10 mL
LB AR #2 3 . 37 °CRERKT IR . WK H %
1 : 100642 % T & Amply 500 mL LB 14 15 77
PP KB FR EODgH M0.674 47, MA125 uL
He 1 mmol/LIWIPTGHEATIGF-12E F i 5 %
ik, rBIFE0. 1. 2. 3. 4. ShETHUEE, 4 °C,
11 000 r/min® 0> 10 mindC i, PBSUEA HE UL
TE . IV (R LU 1 mg/mL)JE 4 °CHEH
l1h, -80 °CHUE i . K H ¥ B A Uk i J5 78 0K
W B, RS P24 °CL 11 000 r/min
10 min, 43 HIECEE AU, #E47SDS-PAGE
HLPKAEIN ,  DARA 2 B B X S e AR R ]
1.6 FLHIGF-IERAMLL

FEERBSNEWAIE, W76 A
afifb . TR AR B RS R L TE B oA ik,
EHEWORZE . Tris-buffer, WEI. FHELE. H
R . AACTIS B HBK . 38 B R AR bR HORK )Pk %
2~3WK, VEMJE AL RIS TAS R (R R . Tris-
HCIBE R A8, 4°Cidik ., w7tk r=4 iz
TIMAVORF IR B Z W, & F4°CKFi12h
J&, FIPBSY W (pH 8.0) T4 °CUkAH Fh i #7112 h,
HEHE REW T4 °C. 11 000 r/ming5.(>10 min,
B3, JFE4TSDS-PAGERL UK A6 .

1.7 IGF-IEBREFHKN
FI g 5 Z AR R K -1 ELISAIKF &
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(¥R T A YRR RS /)X IGF-IEE H #1750
PEFRGI . 393548, 24, 12, 6. 3 pg/LIHkE
BRIE, XTIGF-IE H#H T MBS, & MELISAIR
AR UL BT A . R E s (XYL,
A A o IR & FL o in A S0 wL# B S 9 1GF-
ET, 37 °ClLE30 min, VEHRMPERSIK. Bl
A BEFRIR 50 pL, 37 °CHFHE 30 min)5, Ve
S, R EALINA B EFIA S0 uL, Fn i a5
B50uL, BEZEGIRA, 37 °ChEYE 15 min,
B Ja BEFLINA LR TS50 pLZe 1k [ o #E 15 mink)
DAL Tt s A SC A 10 4

1.8 IGF-IEBE45E M

fdf FIMT T A I IGF-175 14 i A= W 16 M . 52
B H A IGF-T8E vk B O e A7 o ok 08, %
IGF-IZE 1R BE MO IRZH) . 0.5, 1, 2. 4. 8,
16. 32 ug/mL5y 84, HA6NEHE , BUEKIR
SBEIGHWEPC, CHSE-214HIRTG-241 i, LI
4x10* /mLEEFLAEFP 100 pLF96fL M, CO, 8%
FR A 8 % L A AR N BE R i ACK R ik
FEBS R IGF-TEE (A, XF B AU A SR B T
PBS. #4kZ:Ri3R24~48 him, HEFLINIA20 uL MTT
(5mg/mL), WE4h, Mok, GHLMA

1 2 M

2000 bp

1000 bp
750 bp

500 bp

250 bp

100 bp

(a)

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

100 pL— 1 37 A (DMSO), 37 °CH IR AL 3 2 %
10 min, AR {UKE 490 nmAb 1 W e . 52560 %k
P12 FSPSS 13.08 44474347 o

2 4R

2.1 IGFI1EFER/ 7%

P W i i E SO RNAZ G RT-PCRY 18, =4
2 1% N RE IS FEL UK A DU 4347, & IAE 500~750 bp
Z A — W kA, 50 H Ak R/E
(573 bp)([El1-a)., H#4PCR™H)2lifk [R5 5 pMD18-T
simple#Z A& E 2, - F H Bsa /BamH D4} 8 41 Uk
pMD18-T-IGF-T#E 47 fi ) %5 7 (81 1-b) . #4545 1E
i ) pMD18-T-1GF-13% I )37, 45 21 55 5] 132 A
(ORF)K J& }y573 bpAYIGF-15: K F Bt , 7ENCBI L
BLAST M7 J5 & B0 3k IR | B 5 b 1 o5 feke 1)
IGF-IDERORFK BEAH A, HLIR] M R i599%,  F
Wt O A R A B e IGR-TRE (R, % A B
32 2 GenBank U5 i, B %5 : KR106990,

2.2 IGF-I/pSE4HFR I E

H4 58 5E IE A 9 pMD18-T-1GF-1J5t bz i7E 17 XU il
Yl(Bsa UBamH 1), Jf# 4% EpSEikakikrh ., F&E

M 1 2

(b)

1 IGF-IEREY =¥ % E 40 B A pMDI18-T-IGF-IE§ 1 £ &
(a) 1. IGF-T%[R 7 B 2. BIEXH 8 ; M. DL2000 DNA (b)1. XA V) J& 9 2 40 5 ki pMD18-T-1GF-1; 2. & 41 i ipMD18-T-IGF-1;

M.DL2000% ¥ & h5 #E

Fig.1 Agrose gel analysis of IGF-I PCR products and identification of IGF-I by dual-digestion

(a) 1. PCR products of IGF-I; 2. Negative control; M. DL2000DNA marker. (b) 1. Dual-digestion of recombinant plasmid pMD18-T-IGF-I; 2.

Recombinant plastmid pMD18-T-IGF-I; M. DL2000 DNA marker.
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21 5B IGF-1/pSH4 4k 2 6 IA T AR E. coli Rosetta']T,
PREAR VR 1555, IR PCRE ES 2 5 WU A5 &
(2% (K2) o E— 0 % 41 BORLIGF-1/pSHEAT A
fit U) % 5€ (Bsa 1/BamH 1), 4538 Wos 5 WUBAST,
HW P45 Rl s B0, S E MR B C )
HAFIRBEAR

2000 bp

1000 bp
750 bp

500 bp

250 bp

2 FHRKIGF-I/pS PCREE
M. DL 20004 F & brdfk; 1. BIHEXS I 2. IGF-THE X B
Fig.2 Agrose gel analysis of IGF-1/p PCR products
M. DL2000 DNA marker; 1. Negative control; 2. PCR product of /GF-I

2.3 FELHIGF-1E A £ E.coli Rosettad fY R 1A

F4 5 4 iUk IGF-1/pS¥% A E.coli Rosetta ', ]
FHIPTGH#EATIA S 3R 5, 23 il Wi = i) (] J % &
WBEEFEAT R IS8, i RAEH AN BT

M1 2 3 4 5 6 7

(@)

S T TR VR 7 R, A AR I N DOTE o
fTSDS-PAGEHL KA, Z5HR7R, 37°C. IPTG
(0.25 mmol/L)if5 F:3 hR AR e, HELIGF-
T A LA AR 19 A7 7 (B 3-a)

24 ELHHIGF-IEARE K

2 3R X # 4 IGF-14E [ B SDS-PAGE H, JK K5
D, AT 20 IGF -8R 1 DA AL A 1 T A AE
R, RGBS I DTTE , R MR PET 3 e,
IMAZE MW, 4 °Cibi, PR 10f5 B2 il 22
B AFEAWTE R, )5 4 PBSIE #1153 H 41 IGF-
Il A . 4 2lifb )5 1Y B A IGF-TRl & 2 kAT
SDS-PAGEHLUK 43T, & BLA 5 U AR AT (Y 7 =
PEZR (K13-b).

25 IGFIZEANREFLE

P IGF-TRl G 25 11 A 9 8 8 3 AN [l ok B2
iR, WRIEELISAI I &8 AE 7, A BAR
PR SIGF-IE PR Ss &, &) A B b5 it
A, ARSI, 25 EIR, A/ FEIGF-18
IV BE R T e B ok, HXT R 550 Az
B S Bt 35 25 5 (P<0.01)(K14), IR S256 8
AR T RN A Y
i IGF-TRh A & M -

2.6 IGF-IZEBEMEYEMEE
iz I MTTEE R I AS [a] e B8 i 7 2 ek TG F -1

9 10 1 M

(b)

E 3 IGF-IZBMARENE,. REFSHEIMURGLENEBR DT
@M: EAS FERAE: 1. RiFEFEEERE LE: 2. RESFEEBEEFIOE: 3. 5. 7. 9: %FS$2h. 3h. 4h. ShEEEBR -
W 2+ 4. 6. 8y 10: ¥5F2hy 3hy 4h. ShEWEBEUUE (b)1: 2ifL/E M EMAIGF-IEA: M: EAS TFEmE

Fig.3 Analysis of the solubility and optimal induction time of IGF-I protein and the analysis of the purified protein

(a)M: Protein marker; 1: Supernatant of uninduced bacteria; 2: Sediment of uninduced bacteria; 3. 5. 7. 9: Supernatant of induced bacteria of 2 h. 3
h. 4hand5h;2. 4. 6. 8. 10: Sediment of induced bacteria of 2h. 3 h. 4 hand 5 h. (b) 1: Purified IGF-I protein; M: Standard protein marker
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0.10 1 oL
0.05 1 |—|
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0 3 6 12 24 4
IGF-155 FRFE/(ug/L)
IGF-I protein concentration

8

4 IGF-IZE HHIELISA# 5 R
R 5 X A 2E B R #E (P<0.01)
Fig. 4 ELISA detection results of IGF-I protein

** indicated extremely significant difference with the control group

A EEXTEPC, CHSE-214HIRTG-240 ifd (1 1 5 5%
Mo B IGF-T8 FIV 934 %, EPC. CHSE-214
FIRTG-240 ff ¥ 52 B0 ih A 65800, HO 5 X B4
AH HAT 3 M 25 7 (P<0.01)(IK15).

1.00 1o CHSE-214
0.90 { = EPC -
* RTG-2 B
»

)
DI
[elen)

A490
SO

COLCCOOo0o

OSO=IWhn

0 05 1 2 4 8 16 32

IGF-148t I 5 /(ug/mL)
1GF-I protein concentration

Bl 5 IGF-IERHIMTTHRUER
R gy ROR 5 & B B2 R R R R (P<0.05)
Fig. 5 MTT detection results of IGF-I protein

*, *'and *" indicated significant difference with the control group
(P<0.05)

3 iR

3.1 EBWMFSRESH

IR R IE R I H R I . Rs i m A
AR AE AR Z L8, B2z 0 TR 2 4= Wy il
R RIS, MR H R R G SRR IR
RGP REZVBHINEEARIE RS, HRYE
HTE R ATE h By Rk 32 Z 80 KR 152,
WA SRR EE | 755 BB ] A B SR 3 461,
AR5 1% B Bsa TR BamH 1BV 7 5, P IGF-1%:
R B R pSRIBFAM T, 5 A FRIKE K
E.coli Rosettatt, F|HIPTGHATIA S HKIA, &5L
¥k, 37°C, IPTG(0.25 mmol/L)iE53 h, H

A 8 A R AT 18 T A RO Bt
32 ERMEMREMEE ST

IGF-IfEfE i & . b i kES
HAEUE A B EEH, (ACTF 1 281GF-
FEA MG Z YR A FFRAM ., T H
AL Ak B 0 2R IGF-TP iR B, X 0 R 1IGF-1/4:
YT RE MBI E A T 2 . AR O DR A ik iR
P97 % BEIGF-TRL G B 1, 48 H 5 0 P S 30 A U
R LB PR SRR RE . UL RS
FLAT G g2 30 M 1) S SR 25 K 1 3 B e IGF-1EE 11

IGF-THE 5 5 P 15 31 41 2040 i Bt 1 1% 32 1k
It 5 Z 456 DL 4 i A% 9 R R DNARY IS 3l
T, MNTAR A0 o 2 S AT AR R,
A U B IGF-D0 /) BRUBCET 4 40 A 2 1 5 A
BB AN AR R B, 2 KSR BEIGF-TRE ML iff K
F2 61 F R4 B 5% . A 9236 A FHCHSE-214. EPC
DL Je RTG-2% 2 4 97 & 6 IGF-18 & 1 £ 90 1%
Mo MTTIRZE R WoR, B A E X3R4 i 35 4
0 E RSB N, R B AR B 5 R R R A R
SRR T HA R E YA T 2 i IGF-1
G E N

IGF-IYE N GHI A, e I8 7 #0284 AR
W ERZOCER . BRI TP & IGF- TR 1Y)
R AR & D, AW B B IGE-THE A 1Y)
ek R RIB U LEA YRtk ia, 4k
197 HAT e i MR AE W24 16 Y IGF-ER 1, K
R BMTIGF-TFE 3 & ik A= K e & v i o 8 AL 1
T g €8 12 RUAIE A A T R0 A 0T B ki
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Prokaryotic expression and bioactivity analysis of
insulin-like growth factor-I from Hucho taimen

WANG Xiaoyu'?, XU Liming', LIU Miao', ZHAO Jingzhuang',
LU Tongyan', CAO Yongsheng', YIN Jiasheng'"

(1. Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China,
2. College of Fishery and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract: Insulin-like growth factor-I (IGF-I) plays a major role in the control of growth and development in fish.
Total RNA was isolated from H. taimen liver tissue. The cDNA encoding insulin-like growth factor I (IGF-I)
peptide was amplified by reverse transcription polymerase chain reaction (RT-PCR) strategy using isolated total
RNA as template. Recombinant expression plasmid (IGF-1/pS) was constructed by prokaryotic expression vector
pS and transformed into E. coli Rosetta. The expression of recombinant IGF-I protein of H. taimen was induced by
IPTG. There was a clear target band with expected size between 35~50 kD in SDS-PAGE electrophoresis, and the
recombinant protein existed in the form of inclusion body. Purified IGF-I protein was obtained after the inclusion
body was denatured/renatured. ELISA results showed that target protein can identify commercial fish IGF-I
antibody, indicating that H. salmon IGF-I protein with immune activity was obtained. Cell proliferation assay
(MTT) results showed that recombinant IGF-I protein can significantly promote the propagation of CHSE-214,
EPC and RTG-2, indicating that the recombinant IGF-I protein had biological activity. The study has laid a
foundation for the research of IGF-I function in the growth and development of H. taimen.

Key words: Hucho taimen; insulin-like growth factors-I; prokaryotic expression; bioactivity
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