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Expression and purification of korea rock recombinant
IGF-I on basis of

GST gene fusion system

Yo-Han Choi

Department of Food and Lite Science, Graduate Schoof,

Pukyong Natronal University

Abstract

Mature insulin-like growth factor-I(IGF-1) is a single chain polypeptide
with 70 amino acid residues. It plays a central role in regulating somatic
growth in all vertebrates via the modulation of growth hormone(GH). The
IGF-I prepropeptide consists of a singal peptide, B, C, A, D and E domains.
Also, the signal peptide and E domains are cleaved from the other domains
during post-translational processing of the propeptide, prior to the secretion
of the mature 1GF-1 into serum. In vertebrates, the effects of IGF-I on
somatic growth and cell differentiation are regulated by GH and nutritional

conditions,



The biological actions of IGFs in fish are diverse. Also, IGF-1 has shown
to  stimulate DNA  synthesis, cartilage sulfation and protein  synthesis,
enhance seawater adaptability, stimulate spermatogenesis and induce final
vocyte maturation in fish,

The ¢DNA sequence for B to D domains of korean rockfish IGF-1 was
already elucidated by Kwon. The mature IGF-T nucleotide sequence is
amplified by PCR primers, IGF-1 B and D domains. PCR products from B to
[ domains with glutathione-S-transferase were cloned into the pGEX-27T
expression vector containing thrombin digestion sequence and three cloning
site on based the GST gene fusion system. This system uses a tac
promoter for chemical inducibility and induces high levels of expression.
The recombinant KR IGF-1 fusion protein, produced following induction of £
cofi with IPTG and digestion with thrombin, appeared as g major protein

hand with a molecular mass of 7kDa.
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l&ioF A4 I nsulin-like growth factors I; IGF-D<& 19579 Salmon i}
Daughadaysell la] BAs9l=d Jabrds AA Ao AL wjuaxzo] 44
T2 2&(Growth Hormone; GH)E #4 FHYstddd e Q7149 F2o] ¢l i
A g FAa AZv)de F4o] ol Eelatnal GHIY vlAls
AT =S JHAEA H95 GH dependent somatomedin® ® W askA] €90
o Foll 1IGF-14 22 B4 Zls ),

Aw ddzere 488 FAste AT ALge] dFo ZAsith= slo] <
AARKDaughaday, 1972), Fo] 8 ddo] oajsx o= o= 2284
(Froesch. 1966) non-suppressible insulin-like activity soluble(NSILA-S)#} o}
Pliedt wfdoe] FAsthE s ggton], 1ootrial wWido] QlH iy Mg A}
ol IGFs (IGF-17} IGF-IHE Bel A3 9dthRinderknee®t Humbel 1978).
IGF-12 70709) opvjnibo® A g Bab o] 3749 S-SAFS 714 ofun
A4 Fdeln TOKD Axe]l RAHE A3 gdofA] oAl e 677 ofwl eakg
BIGE-TTok: b2 Ae Rnorh B8 IGF-12 GHel  wesl=(GH
dependent) WMl IGF-1I4+= GHeE F@35FA(GIH independent) 341315 = 3 o)
TowATe v 2 Aolfelvh ey o] ¥ BAeEs FxA Gl 9l
NAIGF-17F TAFe)ol = 9F 70%, proinsulin@= 9F 50%9 722 =

A7) ofFel Ql<edl, IGF-1, IGF-T 71¢]7 o]&7 = oF7b tbix ek relaxing F
FAA Insulin Gene Familyetz H24 90 Blundell and Humbel, 1980).
A 1GFsT 7049 op¥)%iHB domain 2970, C domain 1270, A domain 21
A D domain 87D o2 A 2l Frkel chekdolE BEsa obn|n.Ale)
5ol e o] AF5E FolA 7bd @& wEGo] oo} IGFse] Ctdel= D
ok £ domaing XSt A4A IGF Brlol=rF AAE of S5 wdd o

A7 cHDaughaday ® Rotwein, 1989 & Lund, 1994). 1GFss F2 7oA a4



Hol A 2k (Daughaday 2t Reeder, 1966 : Uthne, 1971), #|44, DNA,
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At ol IGE-19] P3eh AEed Ago] @8 Ay} 2o AR QYo o
AoAE v Fatel FA7F, ool w71 F, wr] TEjn o] SolA IGF-1 cDHNA
@I Dol A A5iBern 5 1991 5 Cao 5 , 1989 : Nagamatsu % , 1991
McCormick <&, 1992 ; McRory9 Sherwood, 1994 ; Daguay % . 1995 :

Liang 5, 1996), AbaE WESd 77 IGF-19 < 80%2] 4EA4& Wi 9

£

OFFF IGI-19] AEehs, 74 9 weletdel ATE glelAs B o IGF-I
= e slo] st AF7A salmon, trout® hagfish®] AZFA) IGF HEpo]
=8 el A AAYTH Morivama %, 1993 ; Gentil 5, 1996 ; Upton =,
1997). shA gk i o] HESol s uo)§ duldst P& Albste] AL =
gtz -85S offie] Aad e A7 so] grhMadsen and Bern, 1993
- McCormick &, 1992). @7 ztel A o] F42)ets oA [GFs 18 98
qi IGE-19] FelHElo) =g chgo g do] gaaly Az 2 tpodl o] Fol Ed
atef ojeh wld AAYUFES Wl ol g Fedith el GAlel A
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polyhistidine tags(E. Hochulig 1988), FLAG-tags(B.L.. BrizzardS, 1994),
thioredoxin{li.R. LaVallies ,1993), Protein A(J. Nilsson%-, 1994), Strep-tag(l.
Nilsson%-, 1996), Maltose-binding protein(H. Bedouelle, 1988)% @7 §atdl

AR LHEAG o)1 recombinant coho slmon IGF-IMoriyamas. 1993),



recombinant barramundi IGF-1(Brian G. Degger, 1999)3} & ] okalo] &
ol FulEeEhe] A xghA) 1GF-1 Z2HEfel =7} polyhistidine tago. & el A7)
= pET vector(Novagen, USA)E S8 28 2 AA o] o)) HESH 4o
sy stk oty G S i) g4 guldo|ly] oo B
TEd EMEE refolding A1717] Ae) ZFEHE AAAE AL Ea, o @A)
At og e Ak wE@E a7addrt ode BAAL FHEEI]) 95
o Gene fusion system(Glutathione-S-trnasferase)& WO 2 ) 78}k
=0l BT GST gene fusion systeme G& Aol 7hekals] 234 o
45 “native"FJEHZ AAT = = whdolth pGEX vector® vlE o g AzulE
=2 =S tac promoterg 7RG QoA vluE Apxe] sta Hrd
PTGl o8 A=A gFEMAE over-expressionr] 7] 2L, FACHA = 7rchst
=5 S HDonald B, Smiths, 1988 : John Hartman$, 1991), olv) A %% 4
tilapia 1GF-10] GST gene fusion system-% %8l "native"8 8] 2 W& w]o] A 7
Aol Fo) HuHUyh-Yih Chen, 2000).

2y Ee IGE-19] IA=dol B, C, A% D & X335} cDNAE pGEX-2THE
gl HA17A glutathione=S-tranferase(GST)9 &4 §3 5o 28 s 2= &9
bt gRhdd e 5848 Baaae b feigon e oo
Fegado] warh s 84 aamAs GSTel AFAR affinity Zdos o
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1. A%

L1 Ak 2 73

Aol A 255 cloning$ %9 £ co IM109(Promega, USA)9} 8l .9l
£ cofi BLZHDE3)E  Pharmacia  Biotech(USAYNA,  cloning®  vector=
PGEM-T easy vector(Promega, USAY9} W8 vectorss pGEX-2T(Pharmacia
Biotech, USAYE 7918t AFE3FGICE DNA %o Al89 &4 = EcoR [, Bamli
[, Tag DNA polvmerase, T4 DNA Ligase(TaKaRa, Japan)ol™ FFujcko] Al&3
i %] = baclo-agar, bacto—tryptone, yeast extract, bacto—agar(Difco. USA)S!
o Cloning S ##l d4dgd #438e] AH49 chemicals& 5-bromo-4-chloro
-3-indolyl-B-D-galactopynoside(X~gal), isopropyl thio-B-D-galactoside(IP T
oampicilline(Sigma, USA)ol1th DNA9F RNA A 7] % oll&= agarose gel(BMA,
USA)a AHEadYt. DNA preparationoli= plasmid purification kit(Nucleogen.
Korea)&. AoiAl DNA &&= gel extraction kit(Qiagen, USA)E A}£ 3}
Choowrdd 9mds AHAS ) Hal AFEE affinity columne  Redipack
Purification  Column(Pharmacia Biotech)o]$li2 §3dwde] 2231 @i
GSH(L-glutathione reduced)2t bovine plasma thrombin(Sigma, USA)S A}&3}
Ack T SolHe) 9ilA S &5 9ata] Western bloto] 4 Al&H )22
d 12 @Al anti-barramundi IGF-1(Gropep, Australia)ol® 23 a}#) =
alkaline phosphatase conjugate$) anit-rabbit [gG(Sigam, USA)SIth  Alkaline
phosphataseo] g FAA %2 NBT(nitro blue tetrazolium)® BCIP(5-hromo-
d-chloro=-3-indolyl-phosphate) 2 Promega(USAYel Al 8180} DNASF RNA
4719 %ol AF8E mini gel migration systemol® Mupid-2(Cosmo Bio Co.
LTD,  Japamd®t  RunOne™  Electrophoresis  celllAmbiTec,  USA)o| it}

SDS-PAGEAel eyl vhil 2o PYDE membraneo]  #Ao]Al7]7] 98] 4]



semi=dry blotting system(The W.E.P. comapny, USA)S AF&35}9ic}, 942 q)
7] micro 17R(Hanil, Korea) Ultra centrifuge(Beckman, USAYE A}&519ic},
PCR(Polymerase chain reaction)™ RT-PCR(Reverse transcriptase-PCR) 2!
sequencingol AFEHE primersE2  genotech(Korea)oll o5&t 34519 ALk,
Novagen(USA)el A sttt a2ln wadste] AAA7 gdadwded dls o

A Koma Biotechell ol#|ste] Al 2aradny. 1 9] 7EbA| ok A7 g5 8ojL} &

ERE RS Fc)



2. AYy
2.1 e awEHdHE §4

LAl F2E total RNAS Abgsto] zugete] sauoolute gahsl

N

;

-
IGF-T DNAS %387 938, PCR primersE genotech(Korea)oll 2 & #&ho] 84
ot Primerse 2322 IGF-19] B, C, A, D domain® B D A7) g o

ForURe uhgon G4 rHre 1.

B domain primer 5' - CGGAATTCATATGGGACCGGAGACCCTGTGGGGA 3
D domam primer 5 - CGGAATTCCTCATGCTTTGCTAGTCTTGGCAGG - 3

B domain primer
gl
5 ——

B £ A 0

4+— 3
D domain primer

Fig. 1. Oligonucleotides for RT-PCR
The PCR cloning primers were designed for obtaining the
mature tilapia IGF-1 nucleotide scquence based on known
tapial IGF-I B and D domains.
718 5 primerst 22 B D domain o] A2 Qi EeoR (o] wlE )

Agtas AlelEE 2343l 9o, D domain primerol %t EcoR | AT A A}o]

EoHi2 Qo] 2 m=(TCGAYS A A7)



ol kgl xvEete Sag2 MEsa 3-Amminobenzoic acid ethy!
ester(Sigma)ell vRHATA 3 4E F R A ao] JLHEAS D -70T o] A RNAZ
E A7 RS RNA 54 ALEE 227 7SS -180TolA] 247 79
Fr ghal BT A EE DEPC HelE obo] RNase #4% wxaiqich hzzo
2HE total RNAZ  guanidium  thiocyanate homogenated o}z pHoll A
S WS S cHChomezynski & Sacchi).

phenol?} chloroformo.2 FEsp=
o] b 500mgel GT F&4994M Guanidinium

BAl Ao F4 FZ2E =9
thiocyanate,  25mM  Sodium  citrate pH 7.0, 0.5% Sarcosyl, 0.1M
Z2-Mercaptoethanol) 2ml& ¥30 2AFA7[(Wheaton Co. USA)E Ao Lo}
g stk g N 700uE FHH 2ml EHof w0 %, 0,199 2M Sodium
acetate(pH 1.0) 708, wAF Y-mjo] e - FLRIE(G:1, pH 4.7) 7004, 0.2

Sl EREEE ¢ oo]aopUUE(49:1) 140 SR} Edst o oo 15271 s
A7 12,000rpmel X 4T 2 1583 YARe &kt RNAY EEH Azauks

el Hslar 2A7bE o)A 2 ubEl RNA precipitation S90S 317 Z 3t}
2E0A 1083 BA F 12000rpm o2 4T A 1037 A Baste] 4=ae

AASEL A RNA A 765% olebe i 28 428 1he, oeteo] 943 7

o
ol
,”J o

ARRE FAzAE A7 9ds w2z @wE o g9tk 0.1% Diethyl
pyrocarbonate(DEPC)7F 28d 2574 100ute] RNA FA}E 20)31 RNAR L&
ARFSHATE RNA AZe 2FF oAz 260 2 280nmolA g L= }o
RNAGE B =58 Albg Agd707 -70Co waado).

i

&
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=
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2.3 ZvlBa IGF-1 §4x 2%

) ZE cDNARE 2 PCR7ZAA & onestep RT-PCR kit(Qiagen, USA)E Alg
aAth Ha¥® PCR HFEHO) onestep RT-PCR enzyme mix 2ul, HX onestep
RT=-PCR buffer 10ul, dNTP mix 2, RNase inhibitor 1wl, B domain primer 2

#M20pmol). DD domain primer 2/0(20pmol), RNase-free water 3040, 52|38



total RNA 10pgE E33te] 50= AHEST, mineral oile 03 wo] walsL
thermal cyclerZ71 o8 Whg-& AAEAY onestep RT-PCR 27& 50T o) A
307 GAstel AL wEgo] SdejubAl g F, 95T eA 1587 A A Fte] Taq
DNA polymerase”} el o|gk whg & Al#sla A as= 0243 54 &6
Atk FAAH cDNAS FHOR 94TolA 187k ¥4, 62Tl A 187 annealing,
BT 18 FA7IE HHE % FAZ 353 BEeia, s go R 7270
10wk AAstel wbEE FEAA vl DR oilg AAF AEAAA -20Te]
watolTh

2.4 PCR 49 2884

PCR &S 1.5% op7baizde] A7l9d% F. gel extraction kit(Qiagen, USA)
= AHEske] DNAE 8F A7 d719% % PCR AES Az 2796
A AR} 3uf B39 solubilization buffer®t 240 suspension beads2 7}sta] 5
SToA 534 WgAl7 AL 32l F 12,000rpmel A 10527 94122 3)o]
DNAZE  A3d beads®  Soth 4598 AAS: @& Fale) 500
solubilization buffers WAl Qi1 a4l vortexingdte] F Ao]v2 &1
12,000rpmoll A 10237 fQAEe]sdrh. oAl HE RS A A3 Wash buffer
00 E AHESHA 9o FYe R os QAR E B 23 AH F, 308 For
AEAM dzAeh AxE dAbE g 10uol FHolal 287 94 B she
« 2 Bskodnt. BleE DNAY d71d%
ot g H Y FRE Fglshdvh, 29 ¥ IGF-] ¢DNAS subcloningdhr] ¢4}

rEl

beads?F §ol#] 2% A5

o] pGEM-T easy vector(Promega, USA) 1u£(100ng), T4 DNA ligase(Takara,
Japan) 1ut, 2X Rapid ligation Buffer 5u09F PCR product® & Edksla] 104
AL AR 16TAA 16AE B3 A o] HES £ colf IM10Y
competent cell 20089} FolA] g 30587 AAANT T 42T 90x7T 4

Aglabal dFolA 283 A2 A7 vhE 2X YT(1.6% bacto-trypton. 1% yeast



extract, 0.5% NaCDHA] 200405 7bsled 37TolA 127 59k wiokaleict, q
—complementationell  °|g FRUE M Hake] 0M PTG L9 20409
Xogaul &N 30pF AlolA ampicilline]l  S0pg/mt S5 E  luria broth  agar
plate(LB agar plate ; 1% bacto-tryptone, 0.5% veast extract, 0.5% NaCl,
1.5% NaCl bacto-agar)o] =%t 37Told 124)7F wjeksldc),

Wokd  EHyA ey 34 ZEUE ampiciline] @48 LRMA(1%
bacto-tryptone, 0.5% yeast extract, 0.5% NaClDell HZ3& F 37T, 270rpmo
MI6-18AIZE F ok g A MEds 15ml FRo] yo] ddialsie] #AE
gpetar Eeb<u= DNA2l 22l modified alkaline lysis method(Birnboim}
Doly, 1979 | Ish-Horowicz®} Burke, 1981)& Al&sl9ict &, 9ARglske] 3
A Al 14049 solution 1(50mM  glucose, 25mM  Tris-HCl. 10mM
EDTA, plI8.0)o.2 eI 7]51, 2404 2] solution I(0.2 NaOH, 1% SDS)E 4 Aol
qoAdE AolA 5EG Fajel MEEre gEA F

potassium acetate, ZM acetic acid, pH 4.8)8 91 A& YoA 587 wx1 A7)

GE. 4T, 12000mmel A 537 QAR s 4E0g Harh WE ;- Faa

21040 solution (4M

E%w&)%ﬁﬂ-giigﬁ-rﬂiﬂ%%§M&U«%ﬂﬂi.%£€%-ﬂﬂi ¥
Ul gagelelel 43as Aaolth Agdel Fue] oAXewss Arlad

wbEh - -20TAA 1AZE HAF ok, 12,000rpmel A 15R(4T)7H A E R
sbed gebane DNAE AAAAL 249 Z92:0 5 DNAS 70% o eh-g = 4
At o, dEAIA 100 TE bufferol]l =9vh o7l 100428 RNase AS U
o 37CelN 1A ZE WAElel RNAS AAElm, 07w R
polyethyleneglycollPEG @ #8000, Sigma co., USA)ENRE s}ale] mwlals oo

AT TAIZE A g vk, 12,000rpmoll A 1557 A elste] Zalzue DNAZ
gAY Y et DNAS 70% olges AAsk oS 20 dis
-?%éit}. o 2uE FEkY AGER EcoR 139} wEAA 29 the 1.5% ofr)
iz Aol W7l 538kl UV transilluminatorol A 23 58 [GF-1 cDNAo| 3)w3



= DNAZHE dlsgle) w3t &9 pGEM-T easy/KR IGF-] Zglzv==
of a2} A-p A #H)el sequencing® 7 8] vectorel] AF¢l®E ZaEEk [GE-] DNA
o 171A o} ol Wiaig FdEE [GF-1 DNA 97193 A28 g@olslel

T}

AzRA GRS £ ocofi A RdA7 7] S8 RT-PCRE G4 Z£3 27
2 IGF-1  DNAZ  pGEX-2T(Pharmacia Biotech, U.S.A)l|  AFQl&}o]
PGEX-2T/KR IGF-1 Zelzvn=s 2¥3s9 ). pGEX-2T wvector 1pgd} EcoR T

WHI

AR A 15units, 10X ARES WS S48 1WE 97 9443 AF yy=
102 RbE F 37°Col A 241 7F F 9 Whg A7 okZetol EcoR lo] =%H LR &
o 922 IGF-1 DNAZF 2388 4 2z AdE 950 etk 60°
7hoAEske] Al f4E AEAE A F 10X loading@EE AL H)Eke] A
1.2% agarose gel®l] A7|9T& 2AAE9 pGEX-2T vector?} linear formo. &
Foy B = dlskdv). T3 pGEM-T easy vector®l subcloning® KR IGE-1
DNAE FeoR [ Algta42 A dwelo] agarose gelol A719 5 E gelollA] gel
extraction kitE AR&ste] 358l EcoR | A EA AlolE7 w-ZW zhzho)
PGEX-2T vector®t KR IGF-I DNA 389 749 10X T4 DNA ligase
buffer(TaKalka, Japan) 1/, T4 Ligase(TaKaRa, Japan) 148 Z38l1 16T
4 16A%E 59 WES-AA ligation ®1%E 19 w2 B L £ cofi JM 109¢] &
dA8M 712 dHAARE E cofi 2REH plasmidE AEHb 24004 A8l E
plasmid preparation ¥ o & Felslal, KR IGF-1 DNA7F pGEX-2T vectorol
FHSATA ] AFE glet el FUF WP eE Ecok | AFa et LA A

7 DNA Z71ol didsls wler) =g gdelstolnl, w8 289 pGEX-2T/KR

O

IGF-1 #2429 = % purification plasmid kit(Genotech, Korea)& A Asto] 23}

A QlTael sequencing @ Bl EAE AV EE g en 2yEe GF-

,13_



DNAZF GSTRE Wk Zobe] vpg 4 ¥l 289l o,

2.6 A=A =¥ EE IGF-1 A9 ¢4

pGEX-2T/KR IGF-1 Zeb=u =& 71 #& 2X YTAuWA Suloll #HEate] 2|
% A7 Z, ampicillin®] 50pg/ufe} 58 49 2X YTANA 500mie] 1/1000.
2 FAste 600nmollA FFE7F 1.101 9 wWi7bA] 37°C, 270rpmo. 2 Fehu kst
B IPTGE O1mM F52 d7hslted e GeAglth PTG #7F § 22T
A 32wkt o 6,000rpme & 4Tl A 1587 daRese] wAE 325
stk w#AlE 1X PBSU10X PBS; 1.4M NaCl, 27mM KCI, 101mM NasHPO,.
18mM KHoPO«[pH7.31) 25mlel dEAZ o tfdao] AXWS a3 7]7) 93}
of ~70TCel FEA7]5L 30T Mg EolA ssdts HHL 338 W2 F oo
o7 2 FA 2] chromosal DNASE RNA7ZF 13 wo] HAdo] #7= o7}
Ao, HEFFE 1%7F 9%F Triton X-1002 93 30587 2L oka)
Al WAl A F 8] 2R LT stk #A AL 5.000rpmolA 10827H4T) YA
el F AEANAN G AAD AFHL a3 12.000rpmol Al 153(4C)7F o)
AR skel hgA ) B84 gmdn Belste AA AR 70T Ras)

Bon HEE §3% HNAL GST/KR IGF-183 udole aisAn,

ol wMAEL SDS-Polyacrylamide gel electrophoresis(SDS-PAGE)Z o)
abdon, H719% FA+= mighty small 2(ofer Co., USA)E Apgsloiv)
Seperating gel®] FREE 15%°)51, =84 whalzal 10pE 2X Sample buffer
125mM Tris-HCIl, pH 6.8, 4% SDS, 20% glycerol, 10% 2-mercaptoethanol,
0.2% bromophenol blue) 10pe}l M3 657ColA 1083 229 & Ao zrlsla
J0mAR A71gEedt A719Eel v 3083 uA(7% aceti acid, 40%
methanol, 53% ddH0}F 9(0.025% coomassie brilliant blue R 250, 40%
methanol, 7% acetic acid)®t2l & (10% methanol, 10% acetic acid)s}g ok,

ot FUT

WHoE HYYGEF, FAE o83 western immunoblota 2Hé =



GST/KR O IGE-T 3te A8 @lsheint. SDS-PAGEAl  Hald vwae
smi=dry Transfer Unitell Al 70mA, 90%7F immobilon PS® membrane(Millipore,
pore size: O.Lim, USA)l  blotting Al 20k oldf XFE2ES rainbow  low
molecular marker(Pharmacia Biotech)& AF&8F9th blottiing® Membrane & 1X
TBS(0mM Tris, 200mM NaCl, pH7.4)ol Al &3, 3% bovine serum albumin
(BSA)e.® 3033 blockingAlZl &, 1:150022 34 A17)  anti-barramundi
IGE-1(12F &ADE Yo 12A7hEer Ao wgalzith 1X TBS + 0.1%
IGEPALCA-630 + 0.03% Triton X-10022 10237 33 A3t oA, 1X
Bs= 13 AEZE 1:15008% 3)XA71 22 shA(anti-rabbit 1gG  alkaline
phosphatase conjugate, Sigma Co., USA)E Yol 3417 wF2A1ZTH vhA] 1X
TBS + 0.1% IGEPALCA-630 + 0.03% Triton X-10022 10E37F 33 4d%F
IX TBSE 13 A#Hsk3 AP buffer(100mM  Tris-base, 100mM NaCl, 5mM
MgCl) 2 membranes 3338 A7l o}g. NBT/BCIP(Promega Co., USA)E R o
oA welsle] WnE BelS stop huffer(20mM Tris. 5mM EDTA,

pHB.O)= W-g-& FHA ZA

2.7 Fusion protein{GST/KR IGF-1)¢] A}

GST/KR 1GF-1 §3aWdo] xge 584 vhlla oF 95m1S 0.45um 28
OHE o MAZl & Redipack Purification Module(Pharmacia Biotech)S o] &
ato] A Astedc)l.  Redipack Purification Columng 1X PBS(10X PBS; 1.4M

NaCl, 27mM KCI, 101mM NagHP0O;, 18mM KILPO4 [pH 7.3]) 50mt=E A 23}

of HEsl A7 F, 045m 2= DET A7l ey g e Boz 7
Aetdrk thA]l 1X PBS 50m 2 F83] #o] HEo)He dwAdES A7 E1

reduced glutathione(10mM Glutathione, 50mM Tris-HCl, pH8.0) 2m¢s Zralo)
1083 FHAA E28c 348 22004 33 wrEEgct 343 GST/KR
1GF-1 &3hehapa 1A Biotech(Korea)ol| o]#&te} gt GST/KR 1GF-1 A&

HIIAR
o
>
.~
p—
=



Q253 o) 8 Abgste] GST/KR IGF-T §3heh A

dol Holdow Agla=4 &
?1at7] Qsle] AEubH 252 % western immunoblot® A A&}l T)
28 A=A 292 IGF-1 Z&|¥9elol= A
IR 267 Fol GST/KR IGF-1 84 $F9MEL  RediPack

Purification columnell A AEle] 4=xo] ZFaAj7] & 1X PRSE

el =r5ES AASA Thrombin €% 100500 cleavage units/Tml [1,0)9}

IX PBS 1900gxt2] £3tNL Zho] A A7)

8 Mol 2

HEoA 124 7HESE WA 7))
Thrombinel ¢l8] Ad® KR IGF-1 polypeptide® 1X PBS 3mls

BFA 7
reduced glutathione S AR&-38lo] 24

—lo[s

AW 2647 Zdo F2E GSTE A4 AE)

A4

(Mevers, 19Y65),

ol

boavt
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A 2423 2 1%

1. 29 &2 IGF-1 cDNA §4 ¢ 3=
IGF=-1= GH{growth hormone)7t A& HUAIZISE = ojzidleln 7oA
dapqdom AiEe] #3857 g&o)(Duan, 1997 : Kellys, 2000 ; leRoith%,
2001), o729 715 FollAl tatal RNA %2 93] 8 Mz, 2%¢
total RNAE RT-PCRell Ab&sl7]1d, Bal5 A =4S @917 93] 1.2 Y29
el m-ol7k iz Ao] A9 Eata] 2859 188 RNA W=7} $80] vrepu)s

rir
i,
o

AT FelF A @e Aow FuEgdrl FE2H = RNAS onestep RT-PCRZ
At FRom Apgatel xdBE IGF-1 @42 B C, A, DWHE Tds=
¢cDNAE @dstd SE2)7]7] 98, ¢4 ddve dxneg yaha= B} |
e dell HE AL primersE o] €8kl one step RT-PCRE A A8+ tHChen J.
V.. 2000). 59 PCR AbEol x9&e 1GE-1 DNAZF EA18h=x @elstz] 94
1.2% o}7h2 = ol dv]dgstel 200bpe] wIM =B glatolckFig. 2). 23 2
) Lane 13} 20 ol A7) ofn] wad Zu &2 [GF-1 cDNA® 24 %wl
bl wissk 2719018 v @9l ckMorivamas 1993, Kwon, M. .
2002). mEbr] FEE zu] ek |GF-] DNAlE @A %l B, C, A, D domain¥
vhoohuel, gEwtel EcoR 1 AFAEA A9 D domaino] Tu= RRo|= x4

SE(TGAYOl 2859 cloningg A17]17]) 948k =7Ao] zrao] A},
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J00bp —
200bp —

Fig. 1. KR IGF-I DNA on 1.2% agarose gel
KR IGF-I DNA products of about 200bp

size was amplified by one step RT-PCR.

A D 100bp DNA ladder

Lane 1, 2 ¢ PCR product containing KR IGF-T DNA

._18_



2. 4HHE 15
Zagel IGE-T cDNA®] dA 97194 7122 dto] 849 Sulqd B, C, A, D
RS Ul Aol A vl A7) 7] 8kl onestep RT-PCRE =23 F3 &2 1GF-1
DNAE pGEM-T Easy vector(Promega., USA)l ligationdhe] cloning$ E2}=
VEgE 753 G&Zhou M-YS, 1995), £ co/i IM 109e] @A A3 A7t A
AL EcoR 128 Hgste] pGEM-T Easy vector9 Z3Ee2r [GE-1 DNAY 7}
b el gsle 3Kbpsk 200bpE A7lGE o2 SRAIBAN, 2 279 ¢)# DNAZL
A EE 7hesdE 9lem@ T7 RNA polymerase promoter® AR&sfo] o] u}ah
AT a(dels G198 e Ayt Sdedawtes ¥ za e [GE-]
DNA7F A A= 958 B18 chFig. 3).
GST gene fusion systemS WP 2R A 2EEA vhdde wygaz 5= g
E 587 Aske] olnl Z2¥W pGEM-T easy/KR IGF-1 Zalzn= 7175 Q)
= e #gEkel DNA preperationd A3 A#EL EcoR 1€ # e
el Zam= IGE-1 DNAE #478ka, olv] A& &4 EcoR 197 # )% o
linear form®l pGEX-2T vector®} ligationS A A&t §3htaia.o ubs 1)z 2
A= pGEX-2T/KR IGF-1ME & F&5190HFig. 4). 299 pGEX-2T/KR 1GF-1
FERVE AFAEA EcoR 108 FwAA o 51kb ¢l pGEX-2T9 200bpe] KR
[GF-1 DNAE =<218t5(Fig. 5) sequencing® pGEX-2T 3'9} 5 primersZ Al&
shed elstal Apsold A7 EdL ¥4E A3 thrombino]l <1As 4 gl
proteolytic site® Abololl il GSTE ) ligation™ & & 21849t}
At 742 AZFA olF IGF-1& GST gene fusion system2 & & A7 =
A= T8 =8 musdth BE We 4o IGF-12 Qo] A ATy 9
AL Ay AbgEy] HslA o)W wwAS HgF(MoksE, 1987a
Wong et al, 1985 ; Forsberg%, 1990014} & X (GellerforsS 1989, Elliotts
1990) #22 the AAE 7Hd #5E AFRS 5 97 wEo] A2FA DNAY &S

el A F ASA W) shivl stk ¥ ATE £yl BT Az



IGE-1 o] sl Ael syt A Ad E colidlA o]FoA= AL
da el sk AT wjoko]l g7 wiitoln], & ol B oFo] Az
e E S e g ) Wiweldh A del A AAE o8 FHe AzA 1GF-
= secretion leader scquences?} AgFs)o] 205 A Y (WongE, 1988), affinity
tagdt H3EO WdEr o)d PHES GHPUWMAS] viE RolA galan
DAE =S oto] Hejirlol=o] PalE WS 4 A FukSaitos, 1987). aFA W
e 3 leader sequence®t AT tags A 2= PA(PetersS, 1985 © Mokss,
1987 A=atdql A& M LF refoldingTd & 2784 B GST gene
fusion system®= A719] affinity tags WEX9F o)v] tilapia IGF-1 Z2]%Eglo]
T "native” HWE 2pg2 HAG Aol "mE o] 7] wWEol(Chen J.-Y., 2000)
oleb B systemE ol §a BFSE o F 9] xR A G B So] o)RojF A

aje},
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GGA CCG GAG ACC CTG TGT GGG GCG GAG CTG

GTC GAC ACA TTG CAG TTT GTG TGT GGA GAG

AGA GGC TTT TAT TTC AGT AAA CCA GGC TAT

GGC CCC AAC GCA CGG CGG TCA CGT GGC ATC

GTG GAC GAG TGC TGC TTC CAA AGC TGT GAG

CTG CGG CGC CTG GAG ATG TAC TGT GCA CCT

GCC AAG ACT AGC AAA GCA

Fig. 3. Korea rockfish IGF-I ¢cDNA containing B to D domains.
The KR IGF-I ¢DNA was constructed with pGEM-T easy
vector. Then this was sequenced by T7 polymerase

promoter primer.
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Ptac -~:GST

S|B|CIA|[D|E

B domain primer - *

pGEX -27T
4.9Kb
lac 4

<— D domain primer

Onestep RT-PCR
amp’ 0.2Kb PCR products

% S—

GST

pGEX -2T/IGF-I

5 1Kb IGF-1Bto D

domain
lac Ia

amp’

Fig. 4. Construction of the expression plasmid for korea

rockfish IGF-1 mature peptide(from B to D
domain.

The IGF-1 B to D domains were ligated with the

histidine gene, and this produced a fusion protein.

,22,



O kb -

H00bp —

2000p —

M 1

Fig. 5. The construction of expression vector haboring
KR IGF-1 c¢DNA(down) was cleavaged from
ligated pGEX-2T vector(up).

M D 100bp DNA ladder

[Lane 1 @ KR [GF-1 and pGEX-27T
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Wl EH, ofF [GFslInsulin-like growth factors)?} 4l

A-rgh g vl FEahel Ao ofF A x3hA
IGF-I9r2 Abgate] ddo] ol fo ki Morivama’s, 1993, 1995). 2]} njo] &
IGF-1 Agrte 2 IGF-10] o] folAl Fasitte 2ol F3 waxa o) M4
W, ovivo?] Aol Al GH-IGE axis7F ol folld 2AEgon L §ESoa wa
a0 IGE-19] Qs el offoMn @A cKMcCormicks, 1991 ;
Moriyama, 1995). #5713 o], o}, =g} deldo} zy|Belte] %34
IGF-Te]l thgaeoll A Wasfo] ofe] Ae)gs, 48t ol A7r} ool
“HMorivamas, 1993 :Gentil’s, 1996 ; Uptons 1997 : Chen I.-J., 2000 :
Kwon, 2002). atAsh 2l o520 A=A IGF-1 gadsol B584 e
= 7FAH A guanidineoltt urea?@d WA AIE AR5 refoldingAl ZAn e A
o AA ARG Aol &t

GST gene fusion systems Y o2 9élH A2 dWAse $a040] 5

£% FEBORA “native'JEE A Ak o] Aol Zule A5y Ao
®AAE 2 5 des

A g 58498 S A oltHDonald B.
Smith, 1988). pGEX 2d M= 71X 9 helminth Schistosoma japonicum o)
23l encoding® 26kDa?l GST(glutathione~S—transfersase)?} 9] ejgrs 2} g
ot delR dErE vhEolA plasmid expression vecotorolth wElg ulH
W FHYEMEES 7849 9HE F=A8Y affinity columnelYt immobilised
glutathione & AREFOo 24 HHA Az AL F ori o] wHE GST
carrier7} thrombin®| 4 factor Xa 9 #& 54 98 Sol8oz alsly Aot
o gl Fefade] o §HuAdsie duE £ dRE pEEejx 9o
oo aae] os AdEs wdE carrierdt HEA 29 gHuwgze
glutathione—agarosel} sepharoseo] SZFEZE &9v) F2d GSTU &8vhu

#A2 reduced glutathioneol 98] &5 5= galrh wela] o)#s E48 201

- 04 -



Wdvectors AH&ete] AzFhA 29 B2 IGE-10] SR E =2 st

F e IGF-1 DNAT 4719 dawe] 22018 208 pGEX-2T vectorel 3] 5
Aok @ pGEX-2T vectory® thrombino Zvl &%
carrierl GST7F WS EE sl 542 7R3 gk 7589 pGEX-2T/KR
IGF-1 Sef=veg 7hx Fo R wjokdely 84 duwAgo Balga 7+
doll argdy SHdMEg 4247 F 9= GSH(-reduced glutathione) & 2

e} (Simons%, 1977 5 Mannervik, 1985) €235 g3amadL 150 SDS-PAGE

of A71d%38 A3, oF 33kDae] W7 e rHFig. 6). A" M=s} Az
FA 29EE IGF-I EFEolBE sxa d=A gl Ysty
anti-barramundi  [GF-1ZAIE A5l western immunobloto 2 @olsl A}

SDS~PAGE| A @elg Fdsgt F7]2 33kDaol @A ATHFig. 7). ol#igt A}
= 9 E IGF-1 A71da iR dxets "debol [GE-1 DNAZF Al s
pPGEX=2T vectorel ] wd=d ggdwdy 22 =79 cHChen 1.-J., 2000). %
49 g del dsk s Azl 9sl KOMA Biotech(Korea)ol ¢ 8 &t
rabbitoll 4] whole serum®H = AZ 0 £ AA67 98 FYoz AL
A S Aol sk westerrn immunoblot® A A&he] 33kDacl swE

M7k s AS @olatdthFig 8). o] A s EAe GSTe zulE

ZIGE-T sepolo] HolHow Agslr] ool GST9 a8 2 2 oj%
ol 1GF-1& Wgstaql o #dad ¢ 98 Aog xadr)
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tokDa—

4 —33kDa
30kDa— 1

21.0kDa - 3

Fig. 6. The expression protein with the pGEX-2T
ligated KR IGF-I insert.
Fusion protem was purificd by RedPack
Module, This protein of about 33kd  size

was analvzed by SDS-PAGE on 10% gel.

M : Low Rainbow marker

1+ GST/KR [GF-I fusion protein
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LGkDa —

J3kDa
J0kDa -

205k = 7

Fig. 7. Western immunoblot analysis of fusion protein
The expressed fusion proteins were submited
to  1o% SDS-PAGE  and  translerred (o a
immobilon-PS" membrane, The membrane was
incubated with anti—barramundi 1GE-T antibody
and the protein WS detected by

mmunocnzymetic reaction.

Al S Low Rainbow marker

Lane 1 @ GST/KR [GE-1 fusion protein
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R RIN Y
30kDa— kba

21.0kDa—

| 1.3kDa—

Fig. 8. Western immunoblot analysis of fusion protein
by anti-GST/KR IGF-I anitbody
The expressed fusion proteins were submitedto
15% SDS-PAGE  and  iransferred 1o &
immobilon-PS” membranc. The membrane was
incubated with anti—GST/KR 1GE-T antibody and
the protein was detected by Immunocnzymetic

reaction.

Lanc 1 0 GST/KR IGE-1 fusion protein on 15% SDS-PAGE

Lance 2 @ GST/KR IGEF-1 fusion protein on moembrane

—_ 28,



4. AZGA =y Ee IGF-1 ZEWElol=9] By 2@ A
pGEX-2T/KR IGE-1 &¢=us &8 7130 ellA] wiokso] Felsd 84 gz

=

1l

& Redipack Purification column(Pharmacial Biotech, USA)S 38} A Asloic)
o] ZFE & sepharosel glutathione©] A@ 5 o] GST(glutathione-S-trnasferase)
S Este s@u o] A E AxEo) ¢}

Zaldel n4d e A AEgH 29 g2 IGF-] Z2]glEle)=nts B
71 A A GSTok AEFA WAL AFdEE ok ALE G Fo] Folof g
ok g@Agae] #@ddt= 229 Plasma  bovine  thrombin(Sigam, USA)E
Arginine#} Lysine®] FEZno)g So]|z o g < Aste] HEst) 484 vz
= AAF 1X PBSE F83] HF 3 thrombing 2NIH(unit)’b sS4 1X PBSe}
Zgbate] Zrddol FAAITIAL 12413 Bob 2o A9 £k ohA]l IX PBSE &

#8k SDS-PAGE % western immunoblol®® 7kDa9 @dwi= g 2913519 o

M{Fig. 9), A9 A=234) F=982 [GF-1 ZaWelol=(o}5F rKR IGF-I)¢| =
15 olv] BaiH rsIGRE-I(recombinant coho salmon IGF-1), recombinant tilapia

IGE-13} =] s
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21.5kDa— §
14.3kDa—

B.5kDa ] s KR IGF-]

M

Fig. 9. The expression protein after thrombin digestion and

appearing as a single band 7kDa.

The mature KR IGE-1 polvpeptide was analyzed by
SDS-PAGE  on 15%  geltleft),  then  the  gel  was
ransferred 1o a immobilon-PSY membrane(right). The
membrane  was  incubated with anti-barramundi {GF-1
antibody and the protein wWas detected by

immunoenzymetic reaclion.

M o Low Rainbow marker
Lane 1 0 GST/KR IGF-T [usion protein on 15% SDS-PAGLE

Lance 2 @ GST/KR IGF-I fusion protein on membrane
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A4 & %

A GST gene fusion system BB o 2 2382 [GF-] cDNAS 234

shat MU LSIA7 AEFA LB (GE-1S ¥ 2 AAEE by

i

Lo Z29es B, CA DO 3 EHUe 86l cloning vector® F&akd] o)

Fol IGE-1 DNAS & 4 A ¥}

i

N

LANHQ pGEX-2Tel 2dste] Az =a 2 [GF-] Hejo]=s ¥

ot

}
= owauAs FEAD 5 dA Hodrh suk GST/F gl g
TR R SRt B8 el des wo] wrE ool

3. Onestep affinity column& AHE3Ma ‘native’ 69l 484 vhalag zlckst

A AAE 5 AA Hdc)

A£TE oA f IGP-1& gAehs 7ol wastd 7] volf IGF-12 AMg

bl dEe dA diAe Aok AAlE &4 wE e g3y IGF-1e) 55

4% ¢ % RlA(radioimmunoassay)®¥ 2 MuA|#A cheksl o] 5o zpah ook
dH B GEre] wae) B2 Ae)E wste wE IGF-1 £F& =AHT 5 9l
o Zloln, HAlg Adste] offfe) WAt WS AR - ogle FAw s
DOWRE AWND Aol £ FALA o1 §50) F07 £%0E FRYY

W oolfel AAE Faw & 9t widl W Aew A

_31,



A5% F1Ed

Ballard. F. J., Read L. C., Francis G. L., & Wallace J. C. 1986. Binding
properties and biological potencies of insulin-like growth factors in L6
myoblasts. Biochemical Journal. 233:223-230

Bern . A, McCormic S. D., Kelley K. M., Gray E. S.. Nishioka R. S,
Madsen 5. S, & Tasi P. 1. 1991, Insulin-like growth factors 'under water'
role in growth and function of fish and other poiklothermic vertebrates. In
Morden Concept of Insulin-like Growth Factors, pp85-96, Ed. E. M.
Spencer, New York: Eisevier

Blundell TL & Humbel RE. 1980. Hormone families: Pancreatic hormones
and  homologuous growth factors. Nature 287:781-787

Bolton I. P., Collie N. L., Kawauchi H. & Hirano T. 1987, Osmoreguratory
actions  of growth hormone in rainbow trout(Saimon gairdnery). .
Endocrinol 112:63-68

Brian (. Degger, Neil Richardson, Chris Collet, F. John Ballard & Zec
Upton. 1999, In Vitro characterization and in vivo clearance of recombinant
barramundi{Lates calcarifer)iGF-1. Aquaculture. 177:153-160

Cao Q. P., Duguay S. J., Plisctsxava E., Steiner D. F. & Chan S. J. 1989,
Nucleotide sequence and growth hormone-regulated expression of salmon
Insulin-like growth factor-1 mRNA. Molecular Endocrinology 3:2005-2010

Chomcezynski P.oand  Sacchi N. 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform  extraction. Anal.
Biochem. 162:156-159

Daughaday WH. & Rotwein P. 1989, Insulin-like growth factor-1 and 1I,

peplide, messenger  ribonucleic  acid  tissue  concentrations.  Endocrine

- 32



Review. 10:68-91

Donald B. Smith and Kevin S, Johnson. 1988. Single-step purification of
polvpeptides  expressed in Escherichial coli as fusion with glutathione
S—transferase. Gene. 67:31-40

Duan C. & llirano T. 1992, Effects of Insuiin-like growth factor-I and
msulin on the in vitro uptake of sulfate by eel branchial cartilage
sulphation factors. Journal of Endocrinology 133:211-219

Duan C. & Inui Y. 1990. Evidence for the presence of a somatomdein-iike
plasma factor(s) in the Japanese eel, Anguilla japonica Gen. Comp.
Endocrinel. 79:326-331

Duan C. & Plisetskaya E. M. 1993, Nutrition regulation of insulin-like
growth factor-I mRNA expression in salmon tissue. J. Endocrinol.
139:243-252

Duan C. and lIlirano T. 1990. Effects of insulin-like growth factor-I and
insulinon the in vitro uptake of sulfate by eel branchial cartilage : evidence
for the presence of independent hepatic and pancreatic sulphation factors.
J. Endocrinol. 133:211-219

Duan, C. 1997. The insulin-like growth factor system and its biological
actions in fish. Amer. Zool. 37:491-503

Elliott 5., Fagin K. D., Narhi L. O., Miller J. A., Jones M., Koski R.L. Peters
M., Hsieh P., Sachdev R., Rosenfeld R. D)., Rohde M. F. and structural
characterization. J. Protein Chem. 9:95-104

Forsberg G., Palm G., Ekebacke A., Jasephson 8. and Hartmanis M. 1990.
Separation and characterization of modified varients of recombinant human
msulin-like growth factor I derived from a fusion protein secreted from

Eschericfia coll, Biochem. ], 271:357-363

— 83 —_



Grellerfors P, Axelssion K., Helander A., Johanssson S., Kenne L., Lingist S.,
Pavlu B., Skottner A. and Fryklund 1. 1989 Isolation and characterization of
a glycosylated form of human insulin-like growth factor I produced in
Saccharomyces cerevisiage. J. Biol. Chem. 264:11444-11449

Gentil V., Martin P., Smal J. Le-Bail P. Y. 1996. Production of recombinant
msulin-like growth factor-1 in the development of a radiommunoassay in
rainbow trout(Oncorfivnchus mykiss). Gen. Comp. Endocrinol. 104:156-167
Gray E. 5. Kelley K. M., Law S. Tase R, Yung G. & Bern H. A. 1992
Regulation of hepatic growth hormone receptors n coho
salmon{Oncorhynchus  kisutch). General and Comparative Endocrinology
88:243-252

Guler 1P., Zapf J. Scheiwiller E. & Froeschm E. R. 1Y988. Recombinant
human insulin-like growth factor-1 stimulates growth and has distinct
effects on organ size in hypophysectomized rats. Proc. Natl. Acad. Sci.
USA 85:4889-4843

John hartman, Paru Daram, Raymond A. Frizzell, Thomas Rado, Date J.
Benos, and Eric J. Sorscher. 1992, Affinity Purification of Insoluble
Recombinant  Fusion Proteins Containing  Glutathione-S-Transferase.
Biotechnology and Bioengineering, 39:828-832

Jyh=Yih Chen, Jian-Chyi Chen, Chi-Yao Chang, Shih—Chieh Shen, Meng—Shu
Chen and Jen-Leith Wu. 2000, Expression of recombinant tilapia
nsulin—like growth factor-I and stimulation of juvenile tilapial growth by
injection of recombinant IGFs polvpeptides. Aquaculture. 181:347-360

Kelly K. M., Desai P., Roth J.T. Haigwood J.T., Arope S. A., Flores R.M.. et
al. 2000. Evolution of endocrine growth regulation: the insulin like growth

growth factors(lzI's), their regulatory binding proteins(IGFBPs) and IGI

,34,



receptors in fishes and other ectothermic vertebrates. In: Fingerrman, M.,
Nagabhushanam R. Recent Advances in Marine Biotechnology, Science
Publishers, Enfield. 4:189-228

LeRoith ., Bondy C., Yakar S., Liu J.-L., Butler A. 2001. The somatomedin
hypothesis. Endo. Rev. 22:53-74

Maden 5. 5. & Bern H. A. 1993, In vitro effects of insulin-like growth
factor=1 on gill Na® K' ATPase in coho salmon, Oncorhynchus Kisutch. .
Endocrinol, 138:23-30

Mannervik 3. 1985, The isoenzymes of glutathione S-transferase. Adv.
Enzvmol. 57 @ 357-417

McCormick S. D). Effects of growth hormone and insulin-like growth factor-I
on salinity tolerance and gill Na' K' ATPase in Atlantic salmon(Sa/mo
salar) © interaction with cortisol. Gen. Copm. Endocrinel. 101:3-11
McCormick S, D., Tsai P. I, Kelley K. M., Young (.. Nishioka R. S. and
Bern, H. A, 1991. Stimulatation of coho salmon growth by insulin-like
growth factor-1. Gen. Comp. Endocrinol. 86:398-409

McRory J. E. & Sherwood N. M. 1994. Catfish express two form of
insulin~like growth factor-I(1GF-1) in the brain. Ubiquitous IGF-1 and
brain-specific 1GF-1. J. Biol. Chem. 269:18588-18592

Moks T., Abrahmsen L., Osterlof B., Josephson S., Ostling M., Enfors S.
-0., Persson J., Nilsson B. and Uhlen M. 1987a. Large-scale affinity
purification of human insulin like growth factor | from culture medium of
Escherichia cofi. BioTechnology 5:379-382

Morivama S. 1995, Increased plasma insulin-like growth factor-1IGF-1)
following oral and intraperitoneal administration of growth hormone to

rainhow trout, Crncorfvnchus mykiss. Gen. Comp. Endocrinol, 99;221-229

_85_



Mortyama S. D., Duguay S. 1., Conlon J. M., Duan C., Dickhoff W. W. 1993,
Recombinant ¢oho  salmon  insulin-iike growth factor L Expression in
Eschericahia  coli, purification and characterization Eur. J. Biochem.
218:2056-211

Morivama 5., Swanson P., Nishi M., Takahashi A., Kawauchi H., Dickhoff W.
W. & Plisetakata  E. M. 1994. Development of a homologus
radioimmunosassay for coho salmon insulin-like growth factor-1. Gen. Comp.
Endocrinol. 96:149-161

Niu P-D. & Le DBail P-Y. 1993. Presence of insulin~like growth factor
binding protein(IGFBP) in rainbow trout(Oncorfivunchus mykiss) serum. J.
Exp. Zool. 265:627-636

Peters M. A., Lau E. P., Snitman D. .., Van Wyk J. J., Underwood L. E.
Russel W. k. and Svoboda M. E. 1985. Expression of a biologically active
analogue of somatomedin~C insulin-like growth factor 1. Gene. 35:83-80
Rinderknecht E. and Humbel R. E. 1978. The amino acid sequence of human
msulin-like growth factor | and its structural homology with proinsulin. J.
Biol. Chem. 2563:2769-2776

Saito Y., Yamada 11, Niwa M. and Ueda 1. 1987. Production and isolation of
recombinant somatomedin. Chin. J. Biochem. 101;123-134

Sakamoto T, & Hirano. T. 1993, Expression of insulin-like growth factor—|
gene in osmoregulatory organs during seawater adaptation of the salmonid
fish © Possible mode of somoregulatory action of growth hormone.
Proceedings of the National Academy of Science of the U.S.A.
90:1912-1916

Salmon Ir. WD & Daughaday WH. 1957. A hormonally controlied serum

factor which stimulates sulfate incorporation by cartilage in vitro. J Lab

- 36,



and Clin Med 49:825-83
Shamblott M. .. Cheng C. M., Bolt D. & Chen T. T. 1995. Appearance of
insulin-like growth factor mRNA in the liver and pyloricera of a teleost in
exogenous growth hormone. Proc. Natl, Acad. Sci. U.S.A. 92:6943-6946
Simons P. C. and Vander Jagt D. 1. 1981. Purification of glutathione
S—transferase by glutathione-affinity chromatography. Methods Enzymol. 77
D 2356-237
Upton Z., Francis G. 1., Chan S. J., Steiner D. F., Wallace J. C., Ballard F. J.
1997. Evolution of insulin-like growth factor(IGF) function:production and
characterization of recombinant hagfish IGF. Gen. Comp. Endocrinol.
105:79-90
Wong E. Y., Seetharam R., Kotts C. E., Heeren R. A., Klein B.K., Bradford
S. R, Mathis K, I, Bishop B. F.. Siegel N.R., Smith C.E. and Tacon W.C.
1988. Expression of secreted insulin-like growth factor-1 in Escherichia
cofi. (zene 68:193-203
Zhou M.-Y., Clark S.E. and Gomez-Sanchez C. E. 1995. Universal cloning
method by TA strategy. BioTechniques 19:34
Meyer T. S. and Lamberts B. 1.. 1965, Use of Coomassie brilliant blue R250
for the electrophoresis of microgram quantities of parotid saliva proteins on

acrylamide gel srips. Biochim. Biophys. Acta 107:144-145

,87,



	표지
	목차
	초록
	1. 서론
	2. 실험방법
	2.1 재료
	2.2 실험방법

	3. 결과 및 고찰
	3.1 조피볼락 IGF-1 cDNA 합성 및 증폭
	3.2 발현벡터 구축
	3.3 대장균 내 융합단백질의 발현 및 정제
	3.4 제조합체 조피볼락 IGF-I 폴리펩타이드의 분리 및 정제

	4. 요약
	5. 참고무헌

