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R, B4 IGF1 2 5 MK FE RS ENER,
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34 LA B 515 AL S M R0 A R P4S0 55
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i Ta R IGF-1 Sk A B B RIS T
IGF-1 R B 41 3235 , It BB M HEAT T M50
%o

1 wRETk

1.1 ##

PR ) R ZE B ( Scophthalmus maximus ) (R
25750 g) W) B WGP SL I AL, SR T
ik pMDI8-T Wy H AW (KiE) AF; RER
Pk pGEXAT-1 . 5[ R Mk E. coli DH5o FIFRIEH
¥ E. coli BL21 (DE3)plysS H AL =R 5,

RNA 2B 7| Trizol ¥y B Invitrogen /A 7],
RT-PCR 857 & . BR il 4 9 V) B 4 0 I B £ 4
Y(Ki&E) A F] , anti-GST antibody FIHAR it &4k
YIBERICH) EHL R [eG 1 B R oAU A R, HAts
WG B P s O 4l
1.2 KZEESPATREE RNA 2EX

B0.1 g HFRA R RA I 0 T 1R B
RNA, J5#: 2 B8 Trizol Regent ( Invitrogen) — 3
LU, Bkt RNA G&, ZREANE
1 & RNA YRJE
1.3 ¥R cDNA E—HHEHK

cDNA 4 B %k i M-MLV [ % F @§
(Promega) , #% i/ Chen 25" 73R 77 ¥k #E47, B
1 ~2 ug & RNA,jn DEPC 4 ¥ ) ddH,0 £ 9.5
pL, A SR AE 75 CAB 4 5 min, 37 BPZE vk VB
¥ 5 min,#RJ5 9 000 r/min B.L> 30 s, ¥ SV
WIRA, ZHEM 10 min /5 42 CTHEF 60 min, F

7£ 85 T/ HIE 10 min LUKTE S F 78, 0
A 180 pL DEPC 4b¥Hf ddH,O, & ZE 200 pL,
YB57,9 000 t/min B.0> 30 s, 2FET -20 T,

1.4 IGF-I B &Rk F BRI EIREE

IR T S4B HAL Y #h 8 IGF-1 B ERF
B3 THE 354 dIGF-F( 5'-GCGGGMCCDGA
GACSCTGTG-3') #1 dIGF-R(5'-TTCKGAYSGTTC
CGNMGRGCBAGRC-3') 7F JF JE ¢cDNA 3™ 3¢
IGF-1 B[, PCR [ &AL T #17:95 C
AE M 5 min;94 T 30 5,54 T 30s, 72 T 35 s,
3t 35 MEF; BJG 72 CIEM 5 min, Fj DNA %
Ji I i) & ( QTAGEN) [l 5 Fl R/ INAE T Y
PCR /=4, TA Ti[# % pMD-18T # fk3f5% 1L E.
coli DH5 o, 1545 5 100 pg/mL Amp ) LB SR,
37 CHmIEFF, W% PCR Mt HMRE, % -
B A ERE AR
1.5 pGEX-IGF-1 E4A ke

AR FIRY 1 Frig i K22 6F IGF-1 BURABK T
&I — X R BT Y GEX _I5 (5'-
ATAGAATTCGGACCGGAGACCCTGTGC-3') #0
GEX_I3(5’-ATACTCGAGAGAGCGAGCTGCCIT
GCT-3') , ¥ 1% IGF-I Bk v Bt 73 A B Tl
FIA EcoR 11 Xho 1 BYI7 &5, 8 T E A BRI
.

Bai 4k 19 IGF-I J 2K Jr B Al 2R 35 AL
pGEX4T-1 F§ Eco RU/Xho I BG4 ,16 TG
4L E. coli DH5o, B 51 W HETHIE
PCR #2501 16 PP E i , 1% R BK & 2R 2w
o
1.6 BUEEBKBESRIZR SDS-PAGE 431

FA Py £ 3% B R 4H AL pGEX-IGF-I #54k K
FatF B BL21 ( DE3) plysS , $k B FH 4 5 5 [ 5
F& Amp(100 pg/mL) K 5 mL LB Bz HEd 37
CHRGIEFRAR. WHE1:100 ¥ KIEFF,37 C
PG IR 2 ODgyy N 0.4 ~0.6, /1 IPTG A IKE
1 mmol/L #47%F, B 1 h B 1 mL FF -
20 C, WENBE® 4 T,8000 r/min B.[> 5 min,
ULYEFH 200 pL T KE R, IMA S 2 x SDS
_#F Buffer Z 3 5 min, #% IR 5> F o # M7
1T SDS-PAGE 'R 3% 423 H B 3K, R I B[R] X 2R
HZRBHIR MW, i BandScan TR EEHE &,
1.7 Western-blotting &R & FER

SDS-PAGE R#ESEH K 4R )G , M B %k
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¥ E OB E PVDF & 134 1% BSA i, L
anti-GST Jfy —#i. HRP R0 B9 ¥ 5L Bl 1gG =
Bi, KR 5 PVDF [RE &, &G RPZEH A
Fi DAB B A& TR A,
1.8 BMAZEAMAY

37 CRERFHBEHEZE ODy 4 0.4 ~
0.6, IPTG( 4% 1 mmol/L) %S 4 h, 8 000
t/min,4 CE.0> 10 min g £ 54, B 1710 kR
PBS(& 7 1% Triton-X100,1 mmol/L PMSF) &
=, —80 C/37 CREVRR 3 K, VKB HE 75 i
4 C,12 000 r/min B.0»> 30 min JEGRE, FHE
W Ee W (1% Triton-X100,1% DOC,50 mmol/
L Tris-HC1 pH 8.0,10 mmol/L EDTA) $£#% 3 &,
SR EIp AR IRl

FRGERNEREE TORERBE (6
mol/L £HEZ K, 50 mmol/L Tris-HC1 pH 8. 0,0. 2
mmol/L EDTA ,50 mmol/L DTT)4 CH#zshit#,
BOo R EWE KRB KWIE (puse
renaturation ) * ' BATRRRE M. IR /NI
AR R SRR 2 T A B B P28 b (50 mmol/
L Tris-HCI1, 0. 5 mmol/L EDTA. 50 mmol/L
NaCl.10% H#.0.5 mol/L L-¥5& 8 .1 mol/L iR
JREIA BEH AR 0. 2 mol/L SHAL A48 BEH k.1
mol/L R, pH 8.0) &b, IR A#t 5 mL, 4
CHishiRS. M 24 h 54 CHEBRLRE L

%, GSTrap FF R ERAENED, 4
AR R BT, BEBENEOREA
BT 4 CRHBLKFE BN . BITEREY
HTER, EOERRET -80 T,
1.9 BEHAZAMNEDEEST
BorBEddENELAEALTRER,
Bradford p&iUI¥E R , tLURBR B JF H PBS #ifg, R
FAAR SCIE 2 T I KSR 6T B IR e R TE AR
F AR E e 258 . SR AL ¥ 7E 50 mL
HREIE IR R TR ROSE6T T IE40 fe, X440
A= 2 90% KB, BREEIE 4L , i R 4 fe ,
% 2.5%FBS 1) DMEM 355 ¥ il L 40 BB, 24
JEEERT 48 FLATME AR, BALEF Y 1 x10*
A4, B 3 A~ F1T,24 THEFF 24 h |5FE#HR
BAEE RERNARKENAGLED, FRAE
H LR 5378 0.25 F12.5 pg/mL, 4RE23E 5
48 h AT M, o & X IR A0 BE 4 Xt

2 4R

2.1 IGF-I Rk BEIFF SIS 4

DAKEZE BF i I 4R BUHY B RNA 1 [ 3% i
M, % RT-PCR 3R IGF-I £ H B# kA Bro T
FPa4s BRI B/ oy 210 bp, 58HHEAT
(B 1),

1 COACCECAGACCCTGTGCEGEECGRACC TGO TCCACAC GO TECAGT TTCT TG T GRAGAD
1 @ r E T L C ¢ A E L ¥ I T L Q@ F ¥ © & E
61 ACAGGCTTTTAT TICAGTALACCAACCEGC TAT CEECCCAACGCACGECGETCACGT GEC
21 L & F Y F &8 K PP T G ¥ G P N A R R =2 R
121 ATCGTOGACGAGTGC TGO TTCCAGAGLTGCGAGCTETGEOGCCTECARAT ZTACTGTCLG
41 I vy » E - C F Qg 8 c E L ™R L E M ¥ C &
181 CCTGCCARGACTAGCAAGGCAGCTCGCTCT

61 P A K T & K A i =

E1 AESEBEFEKETF1 DNA PEHREIFENNSERFES
Fig.1 Nucleotide and predicted amino acid sequence of mature IGF-I cDNA from turbot

VAR 514 Genbank BLAST, 78 K2
&Y IGF-1 AR BERIFF| 5 F 6. ¢ 47 &
X5 N B A LA 3 5 D 100% , 98%  86%
79% \16% , 8 IGF-1 B\ ERTHEH, X1
fE5 IGF EHRRELEYEN AT BRI ER
TR R, MK 2 FraJ LA YIFE B A X453
A 2.4 A EARGEEE, B EN] 25 H 14
2-6.3-5 FEXt, 4 3 M i

2.2 FSREMNBMEEARENYIE

FB IPTG 55 #6571 35 4 S s 19 35 4 o A7
2 B IR, B 1 h YR 1 mL B 51T
SDS-PAGE ([ 3, 4) . Xt HEBE7E K2 26 ku 4b
A—&RFE QW , X2 pGEXAT-1 ik g 5%
WA REH BR-S-F B (GST) EH; BARAEKR
234 ku b EWBERANREEOLT, XL
GST # IGF-1 JE iR A B H o
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human GPETLCGAELVDALQFVCGDRGEYENKPT GYGSSSRRAPQT GTVDECCFRSCDIRRLEMYCA PLKPAKSARS
rabbit e e AL

chicken ... ...l Soon ool LHHK ... ..., Qv . L.booo..
xenopus laevis  ............ T S... ... NN.USINR ooaa s Q... Fo o Ao
russian sturgeon .S.......... To..... | D PAT..PHHR ... N.... Q. ... ........ . V... AS..
colo salmon  ............ Tooo.. E..... Soooo... P SHNR cLLLl Q. .E........ . V. SG. A
japanese eel B L Seoooaa SHNR ... ... L V..G A
channel catfish ............ Toooooooo Soeooo PN..VLINR ol s Q..L.K V. SG. AP
COMMON CAYP v vvvvvvnnn- N Soooo PooooSHNR ool olt Q .Eo....oo o V..G. TP
zebrafish ... ...... B Soooo PooooSHNR Lo oLt [ V.16, . P
Grass CATP  c«rvvereeons Toooooooo Soeooo P....SINR ool t Q.Co..oovvin V.TG. . P
scabream Se T .. L.... S..— ...PNA..—SR ........ A0 U ATS. A ..
perch  ceeeeiieeenn T E ... S...o... PMAL . —SR ........ Q .E ... ATS. A ..
flounder = ceeceeeeiien Tooooo. Lo.... Soeooo PNA..—SR ........ Q. .C.W. CACTSOAL L
turbot  eeeeeeeeeen T...... m.... So..o... PNA..—SR ........ Q... W.. TS AL
< > ———> <4 > )
domain B domain C domain A domain D

H2 XEFSHGNIADHEBRFERKET -1 BRKEHSERFTI LK
R REEMR S A IGF -1 FEM—3; -FonRAEEREER; frfond 6 MERERBRER RN 3 1~ —hng
Fig.2 Amino acid alignment of turbot mature IGF-I with that of other species

residues conserved in all species are indicated with a dot ; missing residues are indicated with -; The three disulfide bounds formed by the six

cysteine residues are shown
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B3 SDS-PAGE 43 #7i% SifiE 3t
AEEAREENFN
M:BREAS TR 1. #S 4 h WX HE (FF KPR
26 ku iy GST 2B H ) ;2 ~ 12: /735 F 0.1.2.3.4.5.6.7.8,

18.24 h WE AT (HLPTHE0 34 u WS ER)
Fig.3 SDS-PAGE analysis of protein expression

M prestained protein molecular weight markers ;

1:4 h post induction of control ( the arrow indicates the location
of GST) ;2-12 ; expression of recombinant pGEX-IGF-1 at 0,1,
2,3,4,5,6,7,8,18,24 h post induction respectively ( the arrow
indicates the location of fusion protein GST-IGF-I)
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HEERBEAR 59% . KA RIFAER N B
HEANRB R, X Re5 Mk AR B 4h
BE A ERENE EErF-EBERNE X,
2.3 EEZE AR Western-blotting 384F

Western-blotting 58 [l il K B, B 4 T =
RHIRLAE E T AR R M gk anti-GST HikiR
A, BB EA GST R E(E 5) ; sk, RiaE
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FE R A TR GST BEAB K, STREH
Marker #§ t K294 34 ku, BIE T WA W IHEHA
IGF-I BBk Bt . X UERH GST-IGF-I Bt A& H
RGBT PRI,

T gm 1 2
459 ku

3 hu

-
o

-

25

Bl 5 EHFEA GST-IGF-I ) Western-blotting 381iF
1. BHEH GST-IGF-I; 2. XtHE(GST)
Fig .5 Western-blotting analysis of
recombinant GST-IGF-I
M prestained protein molecular weight markers; 1. recombinant
GST-IGF-I; 2. control( GST)

2.4 BMEEAHN4L

HF 4 hWEHAESESRE,4 CT.12 000
r/min B0, 70 FIB I AMPLREHTT SDS-PAGE,
ERMEEAETEUGREEAFE; LETE
LCETHEEENER, BARUSESL, S8
Reyedk JBmE  RkPERTRER S, Zi
JaH B % GSTrap FF KM BUERAELEML, 5
ﬁ(ﬁﬁ?ﬁEEﬁEﬁAEE( &l 6) 0

38k =
2B ]ﬂl ®
20 K

E 6 SDS-PAGE Sy#iEAZEAM
BRMRSEEANGE

M. ZEQSTEIFE; 1. AENE; 2. REEHRED: 3. 8
PR LR L, 4. BEBRHR LTI 5. RN
BRI EER; 6. SRAEERT LRI 7. 55 1 HEtRls
W 8. 55 HUBIE AT LT v 41 L) GST-IGF-I
Fig.6 SDS-PAGE analysis of the purified GST-IGF-I
M. protein molecular weight markers; 1. control; 2. total
protein from recombinant bacteria; 3. supernatant after
centrifugation step; 4. precipitation after centrifugation step; 5.
flow-through from GSTrap column; 6. effluent after wash step;
7. the first pipe of eluant; 8. the fifth pipe of eluant. The arrow
in lane 8 indicates the location of purified GST-IGF-I

2.5 EHAZEA GST-IGE-1 fIiEES#F
REEET B R0 B TG 5% 24 b 5 ¥ B & IR VK
¥ FBS M3EE, MAGLWES IGF-1EH, #
HAWE X 0.25 F12.5 pg/mL, 43 B0 5 H 5t
M RIEEE, SRWE 7 fin, BHEA
HREN SRR A REEANER. SANE
HR AR SRR BE(P<0.01),H2.5 pg/

mL FE R AR EEERENE.
.07

5 o 25f

ZE_E a0t

%%*:5 15t I

SELof

= 05f .

U GST 025 ng"'m]_..:.ﬁug.-"mL
IGF-1  IGF-T

B7 E4IGF ZEAMEMERESH
Fig.7 Activity of recombinant IGF-I protein
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% B3 IGF-1 K55 ik (48 MRAER) e
SRR EYA IGF-I {4 Y16, ALk 5Bk
FSRFS, RIBEEMENTESA B3 AFY
TP IGF-1 UK 3 IR 51 4, L Zh e
FEF R 36T IGF-T Bk A B o

SR EAH A GST 15286 pGEXAT-1 Jit%
FRBE, LW IGF-I MBS R E LKL
BREATIEUGRAREAFETREN, T
BRETHEEAMOREEERN. THENRETE
RS NE RS E R A R R
ERREFREERSFEEAES. FHTE
BB PRI AR B 92 B A4k 5 8 P i A
HEE LR R AR B E A, T LR g
R B BEAIRG LET . ERERE
i, T LA SRR SR X R - R B TV M R
H, UGB GRS EENERTRF.

IGF-I Bk i Be & 6 BRI, v AP
B3 AEEN T ERER, EXTTEkZ R A B
AHFBRBRE, “mBHERINKTEAR
EERTB KT ek, AR R AR, EXIE
TR BRI S IER & H AR ETHI 3R , B
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B RAEYEENE QLSS SRR RN
B ITHIE B PR . AR
Ve T, B WA REEHRBOR, K3
FEVE YW %I 1% Triton-X100 1 1% DOC B %
BURERE, R TENGRE. ETRRBRRE
Jre HAEAE R R B BRI R R i A 2 S
HEARRAREATIM B, AL 5K 6 mol/
L E:MNA ik . 7ER AR REETE
AR M, SRR e R R R R E A AR B
AR R IR TR 539 S AGE R IR0 & R T
BELIEFCERAE T B A M A W T
LA/ NV B A O B4R VR 5 5 RIS 1 b W] AR 2]
A S B e Eir g, BIE LA E 5 3R
£, WA EEHRE T INA LA ER M 1 mol/L
EBRNCE By T3 B 4 b 18] P ) B T AR R,
WHIBEERE, FEARETBIEBIERASR

IGE-IZEfRAER RBMMERESEERETH
MThRER BE " XM EANBRTRIREE
W RA HAME RN ALY, KEFEA—
HEWKETAR, A RKEEN™EEERERT,
Jt A5 e R AR SR B A K R T B B TR A
B, AP EREH T KZE6Y IGF-1 AR E
HFIA AL, I8 2 40 e g A A I I P E
IGF 28 H BA IO SE 6T B IR 20 B 53 R (B F)
&M, MR AR #2K IGF Ky ZhBE & HAE 2R 57
FE Y A e BB RE T A
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Cloning, recombinant expression and purification of
turbot ( Scophthalmus maximus) mature IGF-I

ZHAO Xiao-jie"*, CHEN Song-lin®** , WANG Na’, WANG Xian-li’, XING Shi-chao®
(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China;
2. Key Lab for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture ,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. The E-Institute of Shanghai Municipal Education Commission, Shanghai Ocean University, Shanghai 201306, China)

Abstract ; Insulin-like growth factor-I (IGF-1) is a conserved peptide expressed ubiquitously, which shows
highly homologous diverse effects on development, growth, and metabolism. With RT-PCR, the fragment
encoding the turbot ( Scophthalmus maximus) mature IGF-I peptide was amplified. It was predicted that the
mature peptide was composed of 70 amino acids including 6 cysteines which may form 3 disulfide bonds.
The target fragment was then successfully subcloned into the express vector pGEX-4T-1 and was highly
expressed in E. coli BL21 ( DE3 ) plysS. The result of SDS-PAGE showed that the fusion protein expressed in
the form of inclusion bodies with molecular weight of 34 ku and maximally amounted to 59 % of the whole
protein in the E. coli cell 4 hours after being induced with IPTG. The western blotting indicated that
recombinant protein had the antigenicity to anti-GST antibody. The inclusion bodies were dissolved in 6
mol/Lguanidine chloride followed by pulse renaturation in refolding buffer containing 0. 5 mol/L L-
Arginine, 1.0 mol/L GSH and 0.2 mol/L GSSG. Then the renatured recombinant protein was purified by
GSTrap FF affinity chromatography. The effect of purified GST-IGF-I on turbot kidney cells was analysed
and it indicated that the recombinant GST-IGF-I can stimulate the proliferation of the cells.
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