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This study examined the effect of insulin-like growth factor (IGF)-I expression in the liver and muscle on the growth
of Paralichthys olivaceus fed diets low in fish meal. A feeding experiment was conducted at Jeju National Univer-
sity, Jeju Island, Korea. Groups of P. olivaceus (total initial weight: 200 g) were maintained for 20 weeks on one
of five experimental diets containing different proportions of fish meal. Diets containing 0%, 20%, 30%, 40%, and
50% fish meal were labeled FM0, FM20, FM30, FM40, and FM50, respectively. Fish growth was observed every 4
weeks during the feeding experiment, and plasma and liver and muscle tissues were sampled. Plasma IGF-I levels
were analyzed using an ELISA kit. The mechanism of IGF-I receptor signaling was examined using immunoblotting
and reverse transcription-polymerase chain reaction. The greatest total weight increase was observed in the FM30
group. In parallel, plasma levels of IGF-I and IGF-binding protein were highest in the FM30 group, and mRNA and
protein expression were also significantly higher in this group. The first step in the IGF-I signaling pathway, tyrosine-
phosphorylation checking, occurred smoothly until 20 weeks. These results suggest that a dietary ratio of 30% fish
meal best promotes growth in this species. The IGF-I signaling pathway in the liver and muscle is associated with
growth in P, olivaceus.
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5ol AsA FFol thar EQHEEE AdHol flem R, o9
Aol AgHA Y 4=8lo]| 31t Wilson and Halver, 1986; Mc-
Coy, 1990; Rodriguez-Serna et al., 1996; Naylor et al., 2000;
Duarte et al., 2009; Hardy, 2010; FAO, 2017). u}2}A] A= 2]
ZBAIA o)L P ARl TS fllA = AR T2 of & H7H]
= daAd Bart ik

THE LS o] 7ol Ao 7MY & VTS vAE Ee9Ye
otk T A 35-60%7F AR E Foll saE o] oA W A
2A PET SAE 24 8B A7 A A%

b = R L o]

of59] 22 4L 913 WAt TR B, 7], Ao] %
A 3 AR W o | Aol whet th=tR(Oginio, 1980; Lovell,
1984; Wilson and Halver, 1986; Nam et al., 2001).

HARIANE A ) A, B, 2o 9 AR AT 4 9
== 2A YU 0 2 AjszAtolof| A AT Y EAlE 283t
TH(Duan, 1997). 53| Q<9543 %<1 (insulin-like growth
factor, IGF)= A1} AoF thAS st 9 QA= &
4 glon, 53] HEolFolsl AFE2E-IGF Fo] A%
I} FoFfAL 2 A efstkal ltk(Fuentes et al., 2011; Siss-
ener et al., 2013; Coned-Sieira and Soengas, 2017; Velez et al.,
2017). EFFHIGF-IS o] F AL 2 dsH= 223t A F 24 A
of B FAFo] S| % A% U AR BEAS B
5l &85 11 QIth(Castillo J et al., 2004; Bower et al., 2008;
Sissener et al., 2013; Zheng et al., 2012a; 2013b).
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MYBiosoure)2} fish IGFBP-3 ELISA Kit (#MBS017580,
MYBiosoure)E |83t &, microplate reader (EZ Read 400,
Biochrom)& 450 nmoj| A &3 =5 =435}
Reverse transcription polymerase chain reaction
(RT-PCR) 241

8- 7F 22 9] total RNA+= Trans Zol-up (TransGen Bio-
tech, Beijing, China)& o] -3t0] &a}30n], 22 total
RNA<+= NanoDrop 2000 spectrophotometer (Thermo Fisher

Table 1. Ingredients and nutrition composition of the experimental
diets

Ingredients (%) FMO FM20 FM30 FM40 FM50

Sardine FM 3250 26.00 22.75 19.50 16.25
Anchovy FM 32,50 26.00 22.75 19.50 16.25
Soybean meal 12.00 12.00 12.00 12.00 12.00
Wheat flour 14.85 12.85 12.95 12.55 12.55
Wheat gluten 1.00 350 450 550 6.50
SPC 0.00 350 525 7.00 875
Tankage meal 0.00 350 6.25 9.00 11.75
Poultry by-product meal 0.00 3.50 4.00 4.50 5.00
Fish oil 340 4.00 430 510 5.50
Lecithin 0.50 050 050 050 0.50
Betain 0.00 1.00 1.00 1.00 1.00
Taurine 0.00 040 050 0.60 0.70
MCP 0.50 050 050 050 0.50
Mineral Mix 1.00 1.00 1.00 1.00 1.00
Vitamin Mix 0.80 0.80 0.80 0.80 0.80
Vitamin C 030 030 030 0.30 0.30
Vitamin E 030 0.30 030 0.30 0.30
Choline 030 030 030 0.30 0.30
anti-fungal agent 0.05 0.05 005 0.05 0.05
Total 100.00 100.00 100.00 100.00 100.00

FMO, replacement ratio 0% of fish meal diet; FM 20, replacement
ratio 20% of fish meal diet; FM 30, replacement ratio 30% of fish
meal diet; FM 40, replacement ratio 40% of fish meal diet; FM 50,
replacement ratio 50% of fish meal diet; SPC, soy protein concen-
trate; MCP, mono calcium phosphate.
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Fig. 1. The change of total weight, total length and body depth of olive flounder Paralichthys olivaceus fed experiment diets for 20 weeks.
Data are presented as mean+SD. “P<0.001 compared with 0 week groups (n=10). FMO, replacement ratio 0% of fish meal diet; FM20,
replacement ratio 20% of fish meal diet; FM30, replacement ratio 30% of fish meal diet; FM40, replacement ratio 40% of fish meal diet;
FMS50, replacement ratio 50% of fish meal diet.
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Fig. 2. A correlation of IGF-I level and IGFBP-3 level of olive flounder Paralichthys olivaceus fed experimental diets for 20 weeks (n=3).
“P<0.001, ¥*P<0.01 compared with 0 week group. FMO, replacement ratio 0% of fish meal diet; FM20, replacement ratio 20% of fish meal
diet; FM30, replacement ratio 30% of fish meal diet; FM40, replacement ratio 40% of fish meal diet; FM50, replacement ratio 50% of fish
meal diet.
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Fig. 3. RT-PCR results revealed an IGF-I mRNA expression in liver of olive flounder Paralichthys olivaceus fed the experimental diets for

20 weeks. IGF-I mRNA expression for each diet group expressed as a ratio to GAPDH (n=3). Expression of the housekeeping gene GAPDH

served as control. (A) Liver. (B) Muscle. GAPDH, glyceraldehyde-3-phosphate dehydrogenase. *P<0.01 compared with 0 week group.
FMO, replacement ratio 0% of fish meal diet; FM20, replacement ratio 20% of fish meal diet; FM30, replacement ratio 30% of fish meal
diet; FM40, replacement ratio 40% of fish meal diet; FM50, replacement ratio 50% of fish meal diet.

Scientific, Waltham, MA, USA)E o]-8-a}o] A=A 435}
&t} cDNA 342 primescript first strand cDNA synthesis
kit (TaKaRa Bio, Shiga, Japan)& ©]-&3f] 34d3l¢ict. IGF-I
+4A+= PCR thermal cycler dice gradientE o]-&3}o] $Z
392, emeraldamp GT PCR master mix (TaKaRa Bio,
Shiga, Japan)2} A 2He]l Zefo|w S Al-8-51 th(Table 2). PCR
Z71-& initial denaturation, 95C 55 433t 3, denaturation
95T, 30%; annealing 55°C, 30=%; extension 72C, 3022 &
303] RbEsto] 7} AAE SEsTh S5H A2 1.5%
agarose gel AH&-5to] A7 95 & g1ttt

Western blot 241
287 7+2 A W IGF-19] 23S 2k¢15}7] 918 immunob-

lot 242 Agstsict Zkzke] Z2(n=10)2 RIPA buffer 1
<, 12,000 rpmoi| A 15E7F f4=
o & A5 Eelskgict. @il 5= BCA protein as-
say kit (#23225, Thermo)E AM-5}¢] microplate reader (EZ
Read 400, Biochrom)ol|A] 562 nmZ 43131t} w2 (50
pg)= 10-15% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis  (SDS-PAGE)Z #2311, polyvinylidene
fluoride (PVDF) membrane©. = %7 tt. PVDF membrane
2 tris buffered saline with Tween-20 (TBST)ol| 3% 10%
bovine serum albumin (BSA)o| A 1A]7Hs9F Al-2of A HF2-A]
Hrk. 1A} A 2= IGF-L, IGF-I receptor (IGF-IR), tyrosine-
phosphorylation (PY99), a-tubuling ARE-3}$0.0, Ao
AM8-3F 34| Santa Cruz Biotechnology A&o] ™, IGF-I 3¢

T

Table. 2 Oligonucleotide sequences of primers for the real-time qPCR assay

Identification Primer name  Sequence (5™-3") Amplicon size (bp) GenBank#
dehydrogenase GAPDH_R GGTCATTAAGAGCGATGCCA '
Insulin-like IGF-I_F CGGCGCCTGGAGATGTACTG

144 AF016922.2
growth factor-I IGF-l_ R TGTCCTACGCTCTGTGCCCT

PCR, polymerase chain reaction; F, forward; R, reverse.
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Fig. 4. Protein expression in liver of olive flounder Paralichthys olivaceus fed the experimental diets for 20 weeks. (A) Western blot analy-
sis of IGF-I signaling pathway. (B) Expression of IGF-I, IGF-IR and PY99 activity. Each expression level is presented as a ratio against
a-tubulin. ¥*P<0.01 compared with 0 week group. FMO, replacement ratio 0% of fish meal diet; FM20, replacement ratio 20% of fish meal
diet; FM30, replacement ratio 30% of fish meal diet; FM40, replacement ratio 40% of fish meal diet; FM50, replacement ratio 50% of fish

meal diet.

Ale Aol 23 Alztste] 43813At). Densitometry=
Gene Tools version 4.03 (SYNGENE, Cambridge, UK)< ©|
g0l shelslart.

SAXzZ

Alge] B A= SPSS 32 T73(Statistical Package for
Social Science, SPSS Inc, Chicago, IL, USA)S- o|-&5}o] 2]
519]11, one-way ANOVA testS Al A|5}¢] Duncan’s multiple
range test (Duncan, 1955)& 21432 H53IL]

7 2 n3

Mz
oo

2077 AFAR ATHFig. 1), 93] $4010) AFS 1257}
A F&5HA S7IFR W, 0] % 165:9F 20504 = s AY
Tl A -2 SHA 52 3k HERH 212U (P<0.001), o] i+ 7|7t
Afolol] 9] £0) 4 LheRLEA] kALK P>0.001). 31, BT
WA 4% 202 2Apste] Hlws] B, AF FR Ut
A FM30 A&7 (0] & A B]& 30% A& H)ollAl ZZ-ol 57t
s AT o5 S71ohe 222 YERTH(P<0.001).
o] Mz AR o} 0] kS W AR A chl
ol daRelt sETHHE AR YIS Aate Bk
AR of -2 v ghAL R ol ARG = FhHRE = 50 sh
24 FiFel BOR a8 7120l A%aA sk 9]
ool of &S thAlstee= A77F Eds] A3 el QUek(Ki-
kuchi, 1999; Chou et al., 2004; Gomez-Requeni et al., 2004;

Tacchi et al., 2012; Apper-Bossard et al., 2013; Khosravi et al.,
2015; Bu ctal, 2018). 7L Zol A= ZA|H 0] AlEA chul A 9]
BT USSR 52 3T B2 7HHo] EAoH 2FE
Hlo] F-sho] Hojof Friar &l A ltK(Tusche etal., 2012;
Apper-Bossard et al., 2013). t) 4| %'d X|(Hippoglossus hippo-
glissus)@} th 4 9F <1 ol(Salmo salan)ol| A o] Eoi A Y=z U=
FES ARRH A3, d2FH0] oS tAE 4 e BlE
o] 2F 20%7}4] 715314 th(Storebakkena et al., 2000; Helland
and Grisdale-Helland, 2006). & &5 Aijo A= WF2ES
SR BT IR EE B S A
o} oF 30} %0 FM30 A1) ul go] 4 gsirt T,

SZ |GF-I1Z} IGFBP level 24

S229] Ao Fagh AT it ezl 1At

(Wood et al., 2005). IGF-I:= @ ol 4] IGFBP-3} Z}s}
o] EAjataL 9lom, o] At d2 IGFse] W78 A%
A7 Z2tH(Nam et al., 1996). 2 A A3}, 5 IGF-I level=
ol thA| Tl o] Fhefol| whet thE A Urepyitt. g IGF-I
T 7p gol Agste] 2k, Ao] Thl A ah A IA 7t
)= IGFBP-3 level:= 203 AFS7|7HE<H FM30 418717} o
Z ot AR ghS ©%1aL(P<0.01, Fig. 2), o] Ail= FH F
O] IGF-I level®] A&} 9-AF31Itt. 8% IGF-I levely} 8%
IGFBP-3 level:> AYAIAHE AAFTEAIF Q] 205714 H]
23 Ao g do] B= A ERIstglon, B FUsHA
o] & o 4| B]-&o] 30%<] FM300]| 4] =2 Zko] Yelsitt. o]
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Fig. 5. Protein expression in muscle of olive flounder Paralichthys olivaceus fed the experimental diets for 20 weeks. (A) Western blot
analysis of IGF-I signaling pathway. (B) Change of IGF-I, IGF-IR and PY99 expression rate. Each expression level is presented as a ratio
against a-tubulin. *P<0.01 compared with 0 week group. FMO, replacement ratio 0% of fish meal diet; FM20, replacement ratio 20% of fish
meal diet; FM30, replacement ratio 30% of fish meal diet; FM40, replacement ratio 40% of fish meal diet; FM50, replacement ratio 50%

of fish meal diet.
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IGF-I mRNA 9] WA 7tof A o124 0= A Lepyltt
(P<0.01, Fig. 3). ©] A¥}+= IGF-19] S5 AJAto] 7hof| A] o] Fo]
A3 Sk AFE 1A AZETHKumar et al., 2016). 27+
oF vlawal & wf, o} oA 30%9] AE 21 FM309]4] IGF-1
o) drggfo] =tom, o]e|gh Ak 1Ht 5ol A FYsH
LRSI

IGF-1, IGF—IR2} tyrosine-phosphorylation 2| &

gAe] 7hak 282K oA IGFIe] U S Selsh] 9l
western bloto 2 A3t Ay} Fig. 31} Zro] g9 £&%
ZFoll A IGF-T0] B EAstaL Sl 21 Eelstlon, d5
IGF-1 levelZ} 5-AF8HA| FM30 A& tof| A BHal o] 7] ekt
ok AE & A7 20571 ] AR 7|7 52 th A &= 437l
W2 27| THA| Q] 4-85 5ol A IGF-12] Tl 2] Wigsro] i
kom, 71 o] Fofli= 7hak Kol A B|Sgt A kS UER AL §)
= AL o 5= QITh(Fig. 4, 5). IGF-1 Al A|A ] A
7 GA 2l Akl SRE wekslr] Q)8 PY992] BAS sl
stlow, 1 Aul 2057HA] Y5 IGF-1 A% Hdo] 28

< e U 5 S H(Fig. 4, 5). THh = Wl IGF-19] 2
G2 g oF Abe| o} He &l o] 91 2 m(Duan, 1997; Ohlsson et al.,
2009; Fuentes et al., 2013), 1 1710l A &= o] B | &) A& U
IGF-I &/do] th=A Yehyton], 71 Fo Ak of 2thA 30%

70 IGF-T1 /0] 12525 A 9J5kaL =7 vebdt) 125
A FM30 A7 & Il S Bl 21 ag=-2of] ot =2
st gl Ao ofjt ALz FA| k2 Zto|7F 2 ol f A& A
o2 A7t

AlEA] chal 28 0] 235t Torstensen et al. (2008)2] A},
Aeole] gl o tAl 40%2] AdT7F 278,
Zheng et al. (2012) |3 T7eRelES o83l ol
A|5H= A9 11%7}F 2 85FE 2.1, Gomes et al. (1995)- o]
Al 66%E A= T2 A 7F 7Hs sk qAt. ol 2Rt 2
= ofFupet A7 of e A& =AY 2 AT AE
agsto] o} T A Tl E o] RS B 5 Qe AR
2 AR Alojoh

AEAoR, oA 30%7} 71 |2 MidAtES A
T A= Aor FhE, F5of= IGF- signal®] a+91Q1At
S A2l wet A7t JFEofof o Ao A

o] = F-E T 4AHtal1(2019-013) AT ] A Lo o]
af =3y =] olrU o
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