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Insulin-like growth factor-I (IGF-I) is a mitogenic peptide with a molecular mass of 7 kDa. It is produced mainly in the liver and
has important functions in the regulation of development and somatic growth. Moreover, Serum IGF-1I concentration is regulated by
the quantity and the nutritional quality of dietary protein. To determine the IGF-I level in Korean rockfish, Sabastes schlegeli, were
fed four experiment diets that contained different protein quantities, namely 30%, 40%, 50% and 60% for 70 days. Weight gain
of the fish increased depending dietary protein quantity. Also, IGF-1 concentrations increased according to dietary protein quantity.
Feeding experiments were conducted to examine the effects of dietary protein sources on the serum IGF-TI level in Korean rockfish.
Fish meal (CO), soybean meal (SM), corn-gluten meal (CGM), meat meal (MM) and feather meal (FM) were used as variable
protein sources of the formulated diet. IGF-I concentrations of the CO and MM groups (277.7+23.2, 291.5+41.2 ng/mL) were
higher than those of the CGM and FM groups (208.9 + 21.3, 217.2+38.2 ng/mL). And IGFBP-3 levels by western blot analysis increased
in good protein diets such as in the CO and MM groups. In conclusion, IGF-I may be a sensitive indicator the protein metabolism in fish

as well as mammalian.
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o7t 8%3ta AAde de B& IF9YLg oAz}t
Zasirt o] FollM GHAL ofFo] HAd /A E 4TS
Ae @5gEsoltt. ¥4 g9 35~60% F=7 RS F
3 AE3) TEHA AR N2 27E UEL £4E 2
AL HEANA AFsA Hed, 439 448 93 gag 9y
AFe F, A7), Holz, 281 Ao oux e wet gz
o} A o] JHojR S WAer FE AgdWde] u o
Fo 44E& #FE3}Z (Ogino, 1980; Tkehara and Nagahara,
1980; Beamishi and Medland, 1986), T & € wi§Alg Azo] &
g A7 dREQ vhE Al g o] o] {9 dlAte HAe 9
o B8 A= =&Y (Gallagher and Matthews, 1987; Kim
and Chin, 1995; Lee and Lee, 1996; Kim and Santoshi, 1999).

Insulin-like growth factor-I (IGF-D)2 70719 o}n|=ito.2 o]
F017] polypeptides2 proinsulin® F2Ho2 FA8Y (Froe-
sch and Zapf, 1985). IGF-1& #3535 &4 4Zz2 89 vj/j2
AAH FE AR T8 4TS st glom AXe F,
T3, diatel BgE ERE BF3 v} (Baxter, 1993; Cohich
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and Clemmons, 1993). Insulin® #AF3F djALERE S3 s A
T {(Caro et al, 1988) insulin@e 28 IGFst FE 7o A
A RuEn 19 HalgA, vh, W 5 2L & JBdAE
AAE 283 AT o3 ARz #HE 4A
o JAFZTEEY FEE FAGE didx FLF A4S I
(Thissen et al, 1994). =8 ARZE 7H&8HA7) 2 o] 239
AE Adddoz 58 B ol in vivodl M B AY §
AHE& Z2AANY, AT R 9o oz HHste ¢
7 g Eo] gAYy X3s o} gl BHobu et v)E T IGF-I
T 24 93ty ZRHY EFF FRAA ot 24
£ & BFH Aol AFH3A HH B¥AR RS
838 AFHAE grt 45 IGF-19 45 &l 39 (sley
et al, 1984). 222 ©9H¥AL AFHstzT 5 ofnieity
vjgof wiel g2y, gud Addeld I o its Ao
9 FAHYLe AMEY. Y IGF-1 24 JAA ¥F of
ol=Atel A48 Z714)7]7] 98 Clemmons et al. (1985)2 &
A AL ez 597 A F 997 low protein-
adequate energy dietS AF 3L 4 80% o] I opu]to]
38 HolFM 8F IGF-1 %7t 3A A53gtin 213}

=
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AT oA waA BARYEL KA AT D4 ohulxe F
2, % 949 wudo) IGF-19) 4SERE FAFL ¢ 4 9
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olct. = g del ZYA4R Y Yoz FF IGF-19 &7t 2
a8=d (Isley et al, 1984; Maiter et al, 1988), Maes et al.
(1988)9) Bao) &8 HaFAE AT oA APy oS
AANINE 4P Fo Fqx 8F IGF-19 ¥%€ 7}
A gttt A AFo 717HE<H IGF-19) H3ts AaHY 9
Hste WS F9352 AAE Y, ol EF IGF-1 329
w37k 243 9ud dAddg e WstE Wy =¥ IGF-19|
dald AL £XA77] g F IGF-1 5% Fae @id
A9 #HAE v dd. gy XA Z2g Iy 43
€ 8% IGF-1 ¥=& A4z fA%er] Bad3 IGF-I
Tl FAYYD 4BBAE YEPFoZA IGF-1 TF gl
At A E HA4E 4 gle e AEYS ¢ 4 AT (Maes et
al., 1988; Baxter and Martin, 1989; Manson and Wilmore, 1986).

et £ dfdMe A F2U44 F 2IEFE 4
ol2 st Algd @A FF F A5 dHMAd 27& 2o
3ta] 8% IGF-1 2 IGFBP-3 358 £330 24 Algg® o)
A% IGF-13% IGFBP-39 &9 o= A& JFE& nAw,
I Az7h Alsuddy FARNL MR E HESAL

ol dibd
[=N=]
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411

1. AsAENz ¢ Ago A=z

ojfel v oF# WA 30~55%F FLE (NRC, 1993)
E AgdNe daoly (WFM)Z Z4ol2 (BFM)E 3:12 o
¢ A guAdez AMgstgon dude) S 30%, 40%,
50% 4 60%2 ZAAHL, APAIE 2L Table 17 2t}
T A¥ME T dYALE Deldle d¥dAe Baojg ¢
g 1012 s oS dzdog do gFue, §2
FUE, $RRE 22 FHoz FPAA 2AHAY 22
e g gaste (20, 30, 40%) AT FHA
& 84 ZESHG AR TwRd a9 50%E A
oy, AdPArge ZAL Table 28 2ol & Y48E £
T HPAZ/NZ ¢%, AF3Fen HdAA7IE I mm sieveR
124 A F 23 -20CAAN WERANEA AL

£ Ao A8 dge), 2088 (Sebastes schlegel) o
2RE 43" 2HES X g FYFAREFY (RAA 7132
27)9) 2ton FRP AbZtgzoll A o v|AL&stctrl 1723 230
£ s APargnig R oz wiXE Azt PSR
GooL) ol somta)¥ 43R ngrdy HFAE o5 =}
Adr+E 4 485420t 10L/mind F5AAY ARTEE
4 13 o AHEE FTFIUA F 7042 AHEE T

}.

< MS222 100 ppmell A vFHAZ F FAL

2E A A A& o 08T ¥
Aol WAE F P4E2] (890g, 20 min) 3t BHE Hel3H
o Bgd g3 -75Cd H#se Ay ALgsg

=
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3. IGF-1 £¥g %% RIAY

4] 3 MEEL Breier et al. (1990)8] W we} &
3tk ¥ 100uLE 1:49) ¥ &2 acid-ethanol (87.5% etha-
nol# 125% 2N HCL, vv) ol §238] EFAIZ F A2AA 308
7t AN S AREL 4T AL (3,000X g, 20 min) 3o
A3AE A AFELR &713L, 0.885M Tris base$t 02N NaOH
(v, 51D F3AHT AEEL 4CA 1A BX3 F 4C
ol A 2087t 3,000Xg2 AAMEE G dojW FEFHE IGF-1 £
HE&o2 AHE3sith

RIA assay buffers 140 mM NaCl, 1% BSA, 005% (v/v) Tri-
ton X-100, 0.05% (v/v) sodium azide® &+3te pH 7.59
20 mM phosphate buffered saline (PBS)-& AH&-3t <l th. Standard,
test hormones, plasmaE %557} 100 uL7t = A PBS bufferZ
sl Asta 1:1000A 1:20744 B4 E standards (0.012~12.5ng/
100 mL)4} plasma samples2 polyethylene tubes (12X75 mm)el
%72 Anti-sIGF-1 8% (assay buffer2 1:500022 34g
)9 100 yLE assay bufferol] H7}ated 24417 gt § o]
318 rsIGF-T1 100 L (thF 6,000~7,000 cpm) & H7}34o] 244171
o wWadsa A AgE T2 EFAEL 05% Pansorbin
(Calbiochemn Behring Corp., La Jolla, CA) 100 uL2] H7}2 free
tracer25H 2 H 9, pansorbin® 2 24417 M} ¥ assay
buffer (250 uL)E 2 Algde) Azbstd A& (3000Xg,
20 min) 3tk BE G A48 YE 4CAA FaATt G
& F4, AAANF T AAE TAE Autometic gammma counter
(1470 WIZARD™, Pharmacia Biotech)Z 33t

4. A30o| €UZ IGF binding proteins (IGFBPs) 24
IGFBPs®] ¥4& Hossenlopp et al.2 W (1986)% o] &3
o &, A8 A oF 1uLE A%t W79 F & sample buffer
(glycerol ol £33 F 125% SDS-polyacrylamide gel$ ©]
23] AV|YES AT A9 F ¥ B dH¥AE Immo-
bilon filter (Millipore Corp.,, MA, USA)Z semidry electroblot-
terS o] &3o AT ol FFE EA#FHS Rainbow marker
(Amersham, UK.)E ©[ 43 At} Membranes HEH ¥ -
IGF-1 ¥ ZI-IGF-II (500,000 cpm)& incubation (A4,
overnight) 2121 ¥ ligand blot buffer (LBB, 10 mM Tris, 150 mM
NaCl, 0.5 mg/mL Na azide; pH 74)%} LBB+0.1% Tween 2022
NHga AzZAHY. UZ¥ membraned autoradiography®
IGF binding proteins®] WE=E A3t
2o o 1%
1. AEARe Gt
ol A5 ojRe Hriwe upel AladdAe] A4S el
o (30%, 40%, 50%, 60%) ZAHF AP E YLPES BT
A%, zawdo] 47 31.1%, 41.1%, 51.1% 18T 595% %
e (Table 1), AR A ALT dide ¢t A
Hl3tiY, 8 AtRuwA e Y-S G AlR Y 9nky

-
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EHAFANE (Table 2) @A $FE oF 50%2 AANY
o8z 3t EAZAHeG & o7} gt

Table 1. Composition of the experimental diets
(% of dry matter)

Dietary protein levels (%)
30 40 50 60
WFM+BFM (3.1 mixture)* 38 53 67 81

Ingredients

Wheat flour 20 14 8 2
Dextrin 20 14.9 9.8 4.7
Squid liver oil 7 51 33 13
Soybean oil 3 23 2 1.8
Vitamin mix (+choline 0.5) 3 3 3 3
Mineral mix 3 3 3 3
Binder (CMC) 3 3 3 3
Cellulose 3 1.7 09 0.2
Proximate analysis (% in dry matter)

Protein 31,1 414 511 59.5

Lipid C141 0 131 121 107

Ash 88 112 135 158

*WFM: White fish meal, BFM: Brown fish meals.

Table 2. Composition of experimental diets
(% of dry matter)

Diet groups*
Ingredient

White fish meal 34 2 2 18 23 23 2
Brown fish meal 34 26 22 18 23 23 21

Soybean meal 20 30 40
Com gluten meal 20
Meat meal 20
Feather meal 20
Dextrin 20 13 10 7 165 20 20
Squid liver oil 3 45 52 6 5 5 55
Soybean oil 4 35 33 3 35 35 26
Vitamin mix

(+Choline 05) > 2 2 2 2 2 1
Mineral mix 3 3 3 3 3 3 3
a-Cellulose 2 2.5 3 4 05 49

Proximate analysis (% in dry matter)

Protein 497 469 461 457 479 498 463
Lipid 16 124 126 128 122 148 120
Ash 129 116 111 104 95 99 93

Wl A & e - uAY

Table 3. Body weight of Korean rockfish fed diets containing
various dietary protein levels

Dietary protein

levels Final weight (g)

Initial weight (g)

30% 800+ 02 (n=104) 1044216 (n=97)
40% 80.0£0.1 (n=100) 1127£194 (n=93)
50% 80.1+ 0.0 (n=100) 1103 £ 236 (n=95)
60% 800+ 0.0 (n=100) 11221225 (n=95)

CO SM20 SM30 -SM40 CGM MM FM

*CO, Fish meal; SM20, 20% Soybean meal; SM30, 30% Soy-
bean meal, SM40, 40% Soybean meal; CGM, Corn-gluten
meal; MM, Meat meal; FM, Feather meal

2. AlRS) CHMA BiEF U chZiRlol) M2 MEED
AARTY AFFHE Hgdte=d YN A 3aE
AFHEEE APEE Rolth AFS7ee A4 gz Y #H3
A oRE Bdste de oFe 4%F L AREEE 53
wHo gy AMEE 3 gtk Table 3& AlEedo) ¢k o2

ol ot rlo

Values are mean+S.E. (n), number of samples.

29 B9 YAAEE 4WE Aoz 70979 ASF ZE 2
Aol A AFo] Z7atgh &, AlE A 40~60% FFTAME
oAl Fo] APMAWET 30g o] sl o, 30% i
ZAME 30gol & RrAE FUMEE BEAG gtz g
TF ol dilAg QAAY AFANL Ad Al A4
ol o o4 AXHA g MM fAHT g2 HAd 4%
ARt tha golAe A Horlx 3 ged (Yone, 1976),
z29E%9 7] AFo) 80g AFAcE A A ddA g+
olal7} o]7 B Aoz A4au

$H Alsdwde FAFH oo wE HFHE AuEd
(Table 4), 432 U3 & dHoz $53 o8 SF 2 dFy
< F9% IF (593486, 6044118, 546+109g 0] FFF
Bolu 58S g 1E (507485, 539+109g) Tt ¢
TE ¢ 5 AU AEA gAY B3 dFgS o
duddog Po] ALgsted, o TuWASFEY ofnxit
24 % dYE] vy F 2344 A7) dFeold (NRC,
1983, 1993). & 7140l 41 FFo] AAHo|7] W] o
HA d¥ddoes 7b% gol d7sn gled, 292 Aoy
34 (Lee et al, 1996b)= W54 10% o4 H7HA AA &7}
Hoix elojEze g 5wy ojf4do) Wle v Aoz
Byt 28 oA arld wHME oj&Ao] ZHA (Lee
and Jean, 1996) 1A 7|7t ARl we} diFehE 20% 744 A
2o A7t A5 Aoz WHAD Table 591 Uehd ulegl 2o
2 d7oME d5e 20% HA7EAAME ol& (Table 4) H7HT
T Z A7t S A=Y ARE BHYou T 30% 9 40%
AT E 4FEE7 2oAE & & AU

H
b
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Table 4. Body weight of Korean rockfish fed diets containing
different plant or animal protein sources

Body weight (g)

Diet groups”

Initial Final
Co 189+29 593+ 86*
SM20 18928 54.6 £ 10.0*
CGM 194+3.1 507+ 85*
MM 203134 604+ 11.8*
FM 193+£33 5391 109*

Values are means+ S.E. (n=40).
*p<0.05 vs. initial group.
Y Refer to footnote in Table 2.
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Table 5. Body weight of Korean rockfish fed diets containing
different soybean protein

Body weight (g)

Diet groups”

Initial Final
SM20 189+238 54.5+10.0*
SM30 19230 483+ 8.2*
SM40 188+32 455+ 7.6*

Values are means = S.E. (n=40).
*p<0.05 vs. initial group.
D Refer to footnote in Table 2.

3. AlZ CieiEo| sato| HME IGF-198 5o 0[X= Hg

AU dld e durxoeg vwdo BEFY 7hdle
o IGF-1 £% @94 Z¥94e Y o 2480 (Clemmons et al,
1981; Maes et al, 1988). Th& HFFEH w37tA 2 Alg 2Y
A& &990]9 immunoreactive IGF-1 ¥E7F 2483 A8 &
A7 AFY A AR R IGF-1 o3 AZH A
Zo] 3] oA A58ttt (Moriyama et al, 1994). F-A74 0]
NME 45709 H2o g A3 ¥ IGF-1 %0 #93og
2898 % ohvg}t (Niu et al, 1993) 0 E 4¥olz o @
T8 AFMT Atg g d #Fo) we BF IGF-1 27} 4
%8te Ao & ettt (Perez-Sanchez et al, 1995). £33 Y&
Aol 2 AHEEA 1597 AR ohg A 2087 AFAFH
dd3F EA%e IGF1 28 E3T 43 A4 3 E$ 4
22 M3 Ao vla) o 15% AE FAasATE A AZF
o8 o7k HBHATG (Nam et al, 1996). &, HFEE7 w37t
Az o]Fe ¥AF IGF-1 =& 9¥d 9% L R ZA
s v YSE ¢+ dth

Atgd Ao #3g gad AR (30%~60%)E ZHE
A FE F Y F IGF-] §3¢ 4% A7, Asaddd =9
Z7toh wel A4S IGF-19 F%E 2052ng/mL, 2589 ng/mlL,
288.0 ng/mL, 3162 ng/mLE e} Tt (Table 6). A veld A
27183 vtz Agddd o] FigLE A3
IGF-19 ¥5% Frtstgen, Algd¥o] 50%, 0% o ¥
FEEH 98 T 79T v 24 JeEREE ¢ F Ut
OJAL ojF & AVHZ ZFH Foje Yo HRE Alzuy
Y FFE 4 5022 2Hde AL 1Y3E 9, 5 IGF-I
TF =3 HAE, AREE, 9 AFES FH AR
Aagude AYLRFE FFE & gle Yy A¢z A4S
Vs vl g

Table 6. Serum IGF-I levels of Korean rockfish fed diets con-
taining various dietary protein levels

Dietary protein levels Serum IGF-I (ng/mL)

30% 2052£229
40% 2589+%194
50% 288.1+31.1
60% 3162298

Values are mean+ S.E. (n=20).

. A2 ChE S0l TEt HUE IGF-10 OlXE 2%
o2 do) A7 wHd 9 BE YHAEE

AF A3 g7 4§82 398 48Tl 4%
A7t B R, BSFUES FRES B dETAA

E £ Utk Table 72 Al2e93d 9%
g3t 28-S ASF YA Fo] EAste IGFI ¥FE &
3 Aot} Alg A §FFo g ARG uRsHAR ofn|:
Ab et opy gl Y4 opmjie At Ed TR (Lee et al, 1993)
JE77 S8 olF (CO)T S2 (MM)E F9& AFTA
2z} 2777 ng/mL, 2915 ng/mLE TE FoIeluls] dF F=7}
QT 28 @A AP uke) go] AEA W Adels Bl
By GYgRol ¢33 UFuES 3¢ 4T (SM20) A E
% IGF-1 327} 2812 ng/mLE ¥}tk &, Algg¥de] A3
02 448 o ¥AEAE 3 HYF IGFT §F= &4 v
Ue Aoz Hol AAAE (Table 4% ol Alzgwidey 2
A Aol7} IGF-1 &%l 4% vAE ¢ + AN

oX mut rir

Table 7. Serum IGF-I levels of Korean rockfish fed various
experimental diets

Diet groups” Serum IGF-1 (ng/mL)

COo 2717+232
SM20 2812+29.1
SM30 2599+157
SM40 2395+£278
CGM 2089213
MM 291.5+412

M 2172+ 382

Values are means +S.E. (n=20).
D Refer to footnote in Table 2.

5. AlZTE Zelof m2l @HE IGFBP-30| oiX|l= dg

IGFst ¥9WelA IGFBPsst 23 3te] 43tz ot EA7
A ZHFAA 6279 4D RuH gled, ol 2F
g AL IGFse W78 9RAA F1, IGFsE EHH XA
ka2 2 (Baxter, 1993; Rechler, 1993), IGFs7t A &3H3 al
A4E 7] HiMe MEEEY FEART ol IGFs% &
& Fg¥S AT IGFBPs7 L3t o]¥% IGF-1 &4
Qg 7] W Eo tFed FFFeol @E IGFBPsY ¥l
fd A%e 53] duAdga ZeFgd Aol wWig Fastt o
% 80% 2 AAIL Yt IGFBP-3¢ 53 9w ¢ #zy A
Addol b} 83 F=st 20 (Clemmons and Under-
wood, 1991), 4 AZ 222 FHAY (Jan Oscarsson et al., 1997)
g g 2e ol e IGF-19 4 (Hossenlopp et
al, 1990; Guidice et al, 1990), |2 oyx Aoz AT
IGF-T resistance 59 99l 93 ¥FFxst #4asA €9
(Clemmons et al, 1989). o]F oA & human IGF-I¥ ligand2
AHg-3te] 37hA] IGFBPse] RS RAE4 (Anderson et al., 1993;
Fukuzawa et al, 1995; Siharath et al, 1996), ©} 3 ©}&9 x4
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AESH FAd BelMe FEHA G Aotk Tt o) F
IGFBP-3& &7 rl7tA =2 HF3 2l o S A
oA Agoeg s #aHE Aoz BaHUTD (Kelley et
al, 1992). Fig. 1% western ligand blotd o2 znjEge] ¥F
IGFBPsE AHE A, of& (CO), 5 (SM) 2 $&
(MM)& 42 20%8 233 A48T oMM 40kDa F2°) IGFBP-
37} 2% =g A veld s B 5 UG ol A¥TdM e
G4 e vl gol ARAFEE S48 BF IGF1 FE £
g Ared Ao 2 Hol Kelley et al. (1992)9 A7 Az} vzt
A2 8F IGF-1 ¥E57H7F 9949 Aoz 44,

MW 10 3

46 -

. | < IGFBP-3
30 -

21 -

12 3 4 5

Fig. 1. Serum insulin-like growth factor binding proteins of
Korean rockfish.
Following 12.5% SDS-PAGE and transfer to immo-
bilon-PSQ membrane, IGFBPs were detected by in-
cubation with ["*I)-IGF-1 to identify the different
forms of IGFBP. Molecular markers are indicated
on the Jeft.
Lane 1; Fish meal, Lane 2; Soybean meal, Lane 3;
Comn-gluten meal, Lane 4; Meat meal, Lane 5; Fea-
ther meal.

ol 4e ATFAINAN ojF L AFDAEL IR A Jgol 2A
JFg e A IGF-1 &3 FHNEEHN AFH 34 4
ARER opz} AAHY tEo] AW 9dF dAE 33,
a3 Agddde FHg $F 2 A FolE Wik
Ro g dadt

(@] ok
- =

2 2SS AYolg dof Alg duiA I ddHLS
geisle 338 F 529 AAUA F FU Insulin-like gro-
wth factorl (IGF-D# IGFBP-39 8335 & ZE3S Al
gl ol ko] 50%~60% FHTAM ARl XA, YF
IGF-1 $5% ¥/ Jeigdh 123 227da ¢ 4
Aoz 94§ o UTHE KEE W ARR ASE £
Heege ¥d4%F IGF-13 IGFBP-37 52 A2 YRR,
o F A Yial¢EE Foshe AR 840 7HeA

4 -G A & BeE - AAY

dAatel =

B =R #YFARAM APE 1995~1999d FAERAT
ALY A Qo) o3 AdFATe] R,

HO
rok

%
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