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Activity of Insulin-like Growth Factor System During the Embryogenesis
of Pacific Oyster(Crassostrea gigas)
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Abstract

Insulin-like growth factors(IGFs) are important in vertebrate embryogenesis and fetal growth of mammals
and fish. The Pacific oyster(Crassostrea gigas) is one of the most important aquaculture species in Asia.
However, the production of nature seed fluctuates widely year to year. One recent cause of this decrease
is increasing seawater pollution to deal with this problem, superior seed production is needed. In particular,
early seed production, which is determined by embryogenesis, is vital for aquaculture success. Therefore,
this study examined the role of growth factor IGF-I activity during C. gigas embryogenesis. One-year-old
cultured C. gigas obtained from Gyeongsangnam-do, Jaranman, Korea(34°51" 32.34” N, 128°12" 23.44”
E) were used to collect eggs and sperm. The eggs were maintained in three 20L tanks at 23C. Each
development stage was classified as being reached when more than 80% of the embryos reached that step.
C. gigas larvaec were sampled at the unfertilized egg, fertilized egg, blastula, gastrula, trochophore, and
D-shaped larva stages. The activity of IGF-I was high in the blastula, and IGF-I receptors decreased as
development progressed. Tyrosine-phosphorylation was also similar to the expression of IGF-I. Based on
these results, we confirmed that the embryonic development of C. gigas is associated with IGF-I activity.
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I.M 2 Az 24 delA wddy s FH8ke o
&5 ©d3ch(Duan, 1997; Louvi A et al., 1997).
Ql & A A3 Q1 AK(insulin  like growth fator, A IGF7} Ao A v 714 o] 1) X

IGh= AFg=zel g el IGRATENE © gge gae zebrafish, Danio rerio®] Wit
(IGF-Binding Proteins, IGFBPs)*} A §3l°] EASE 4y ot 1GF signalingel #H8F 27(Schlueter et
u%, AdE2 2 UH7HE /Kg/\éﬂoi Ay AE al., 2007), “EILXI7H%\‘01, Oncorhynchus mykissoﬂf\ﬂ
of 9F= vAs Ao AEA UK Wood et = |Grel wawE Sdte fd AT(Li et al,

R

al, 2005). 53] IGF-17} IGF-II= 24579} o2 2010), |, Paralichthys olivaceus®| = 1GF 9}
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2] g oko] W 3k(Kim et al, 2018)$} H|EE
Aol A7 9] kAol w3 A (Park
et al, 2019) & oFolA F=E A7} P E o]
gtk 28d, FEFsECdAE Sl IGF,
IGFBP7} EAsk=Alof gt g5t 7= g
T the] Qe -AFEE] E(insulin-related peptide,
IRP)7} & ¥ 11 ) Th(Smit et al., 1998). 53],
A5 E 2] Adedddsyige MIP(molluscan
insulin-related  peptide), CIR(Crassostrea  gigas
insulin-related peptide receptor)s°] R 1¥ 1 Qlt}
2003).

=, Crassostrea gigassS G-Z20] 13| 5

(Gricourt et al.,

7VeHE F F2F O R (FAO, 2018), A%<l
FAE fEAE HYA FHERIE FolET
L Fosith = AAFTEAAANS e W
ol wet FH A Wso] Heta -y A
oj#] xg Wk ofyel, AA o] Askd
AU wAFe] lom, oy wAlE aﬁéa}ﬂ
A&l AFFHAA ] Ae A77F K 9l

ro

(NIFS, 2016). 53] o] #Aolx F43 F44
g 27 FHAANGE AdEo] me T4
sp, o] Wl IGF-I- Z7] vy S 46t
T T2 AAE -GS (Chandra et al., 2011).
weba] 2 AFelA e FEe] v s Bl
TR WAl WYPHE Fe WA DAl w
£ IGF-13} IGF-IR(IGF-I receptor)®] thulz -3
3} MIP, CIR, IGFBP-ALS(Insulin-like
factor-binding protein complex acid labile submit)
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Sl e ISBARAMTIRIN AlAgle] Wl

OJ%?XJ—% et AkAPE oAl FF A
32347 N, 128°12° 23.44” E)°l|A]
Z9 Fa RS A TH<Table 1>). %
de Gz gy ojdo = FAo] rHeEtE
o A5 AL HLE dAlst 4
: &2 7247t 49 AAE AdAYs &
vlg] F=ulE F oFe=23 T Wl ke
Al gkt

2. HjEH
AP 23C03)E FAsEem, 20 L
FEO=3) FEF v, AR, FH7), )

7], EEFxol W DYFA| st AZHS
Ay 2 A Alo] wEF Motic  Tmage
Plus 2.0(Motic Instruments Inc, China)S ©]-&3}¢]
0.1 ym7HA] S3 etk FAARE A 1 ZA7)
wEd dx wdeglon, A S
Zh gHAlo A 80% o]de] o] X E S

sHaL, 3719 FzelA ZF @A 500 uL(ml
A oF 700£10, A= 75045, En)7l;
65010, Bl7]; 65010, EZ I Eo}; 550+10, D
A, 450570 AR A F 8T

3. Western blot £4

FZo 7z A o] wE IGF-19] 4

3
Q15}7] $13 immunoblot assayS Al SF3ATH

<Table 1> Adult shells of Crassostrea gigas used for the collection of eggs and sperm

Sex No. Shell length(mm) Shell height(mm) Shell width(mm) Total Weight(g)
Female 45 51.145.2 111.4+18.9 30.9+408 77.5+20.8

Male 9 54.7+£7.1 118.5£13.8 33.0+£3.2 86.8+34.4
Average 52.9+14 115.0£3.6 31.9+1.2 82.1+9.6

- 1425 -



AL
g2l

=| ©
- E7

ok

<Table 2> Oligonucleotide sequences of primers for the real time qPCR assay

Primer name Sequence(5°-3°) Amplicon size(bp) GenBank#
EFl g (F) GAAGGAAGCTGAGATGGG 776 AB122066.1
(R)GCCTCTGGGAGAGATTCGTG
(F)CAAGACAGGGGAGGTGATCG 537 AJS535669.1
cIr (R)TACAGGTCCCTAGCAACCCC
IGFBP-ALS (F)AGATGCAGCCTAGGAGGGTC 380 XM _011417921.2
(R)CTGAACGTGATGGACACCGGA
MIP (F)CAAGATCCGCTCCCTGGAAG 198 NM_001308866.1

(R)CCTCAAACTCCGCCACACTG

PCR polymerase chain reaction. F, forward; R, reverse; EFla, Elongation factor 1 alpha;

CIR, Crassostrea gigas

insulin-related peptide receptor; IGFBP-ALS, Insulin-like growth factor-binding protein complex acid labile submit; MIP,

Molluscan insulin-related peptide 3-like.

HATAE 500 pLA (BT 625487HA]) RIPA
buffer(50 mM Tris, 1 mM EGTA, 150 mM Nacl,
1% NP-40, 0.25% Na-deoxycholate) 1 mLol|] YL
A 3E o, 12000 rpmollA 1587 AR
sto] AT Ae stk

assay  kit(Thermo,

O -1
#23225)5 AH&-3ko
microplate reader(EZ Read 400, Biochrom, UK)°]
A 562 nmE S0t 50 pgd WHAS
8-15% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis(SDS-PAGE) % =23k,
polyvinylidene fluoride(PVDF) membrane® = &
t}. PVDF membrane<
Tween-20(TBST)®ll  &3E  10%
albumin(BSA)ell A 1A[7FE_F A2ollx HEEAIA
}. 12k A= IGF-I, IGF-IR,
tyrosine-phosphorylation(P-Tyr)¥} S -actin2 1:1000
o ulgw fAste] ALgargon, AP AHS
st &A= =5 Santa Cruz Biotechnology(Santa
Cruz, CA, USA)S A&3k3itt 22k &A1& Goat
IgG,

conjugated(Thermo,

\;l—lﬂybﬂ T BCA

protein

tris buffered saline with

bovine serum

anti-mouse (H+L) horceradish peroxidase
#31430)2  1:10,0009] H]&=
3| Aste] AMESI T Densitometry= Gene Tools
version 4.03(SYNGENE, Cambridge, UK)= ©]-&-3}
o] slair).

4. Total RNA =& 2 cDNA &y

RNA
Biotech, Beijing, China)=
cDNA 42 total RNAS F3 S F Prime Script

cDNA Synthesis Kit(TaKaRa Bio, Shiga,
Ag3tol Tgskelet.

Total Trans Zol UP(TransGen

ol g3l Felagl

FEe
First
Japan)=

5. Real time quantitative polymerase chain
reaction(Real time gPCR)

7t §AAES] BHLS real time qPCRE A
sto] AHFEASTE 42 TB Green Premix

ExTaq II(TaKaRa Bio, Shiga, Japen)S AF2-3}1 0
| Thermal Cycler Dice Real Time System= A&
st PCRS F3y38F3Ith PCRO| AME-¥ primeris
Moon and Choi(2019)°l] w2} <Table 1> YERY
AUTh PCREFHE 95T 30%, 60C 30 % 72C
3022 F 303 FRHEE d3loH, Hx WA
HEg-& 95 < AAlEkeleh mEgk 7} cDNAY

|
C 5%
38 W 3% YL AN 2 F44
1=

=

22
@ (Elongation factor 1 alpha)®] 7
= sl A8k
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6. 54 =4

Ao ®AAF= Spss
Package for Social Science, SPSS Inc, Chicago, IL,
USA)e ©]&3to] A 383lal, one-way ANOVA
A A8t
test(Duncan, 1955)Z #+2]d& A53I Tk

32 2 77 3(Statistical

testE Duncan’s  multiple  range

m. o4+ Za 3 nE

—

. 2= A
Aol A BHAYFS Chang et al.(2000)°]
AFA oA AAE A0 20~25T 2
ekl 23C@03)2 Akt F=e] 574
2 60.1+3.2 pm, ¥W|7] 56.3+3.5 pm, ‘FHI7]
49.8£33 um, EEZF X0} 540+11.2 ym % DF
AL 2 46.542.6 pm, ZFI 50.9+10.5 pmQITh
([Fig 1]). s 23C0.3)°14, 222 24 &9
AR el Eufjzle] o= 7|7HA] AR
308, FHl7lolE 14A17F 358, ER T XA
22717k 304, DY FA7HAI= 28A4]%10] AQE =
Ao e & AT Hrp 9 521 21T
1014 F=S LAAZ] Hur and Hur(2000)2]
ATA el FATAA Zujzle] o] A
Zrol 5AIZE 7ol o] =&

Fo }01] 012” Al7Fo] 10747}, DE

9

bz

)
o

T Alzto]l AT ER
A7 23

AlZE 55Eo 2 uERgTE E3 FEE 20T9
5C°ﬂ/\1 ztzk vk AIZ] Chang et al. (2000)9]
ATAHNA = TN ERF o} o]2

Algbo] ZbzZE 12417F 5032 9417 133, D E

1753 17417 35802 ek
= ?9} H] 23 291 23249 F&9
A AT Li et al(2019)8] AFAIo| = E
ZFEolo] o2 Al7ro] 12417, DEFAIIA
24412102 UERTE 2 dAFRelA] ARER AR
429] 42&o] 20C(Hur and Hur, 2000)$} 21C
(Chang et al, 2000)R.CT} 32 237TC(20.3)°]1,
23~24C(Li et al, 2019)¢}= B 2%

(a) || (b) m

(c) — || (d)

[Fig. 1] Developmental stages in Pacific oyster
(Crassostrea  gigas). Developmental
stages: (a) Unfertilized egg, (b) Fertilized
egg, (c) Blastula, (d) Gastrula, (e)
Trochophore, (f) D-shaped larva. Scale
bar=20 pm.

P LgAtel gel Leds, old
olfrt fraol Wekske A7l Hol el A
9 el wE Az ARdt wde He
HA A S DART ohe 1 olF why
Aol Aga A= 4= 7A7] wEolt

(Wilson et al., 1996; Duan, 1997).

o

il

2. IGF A[ARIS| &5

IGF Al2~¥l2 g 7=(ligand), IGF &A1
IGF-IR, IGF-ZA gzl IGFBPsZ T 013
O ™(Duan, 1997), IGF-I:= A Z L FHZIAZA] o

o Feo Azl AH AEIAE AFeh,
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[Fig. 2] Changes in protein expression  during
development in Pacific oyster(Crassostrea
gigas). Western blot of (a) IGF-I, (b)
IGF-I receptor and (c)
Tyrosine-phosphorylation(PY99). UE,
unfertilized egg; FE, fertilized egg; B,
blastula; G, gastrula; T, trochophore; D,
D-shaped larva. *P<0.05 compared with

unfertilized egg(n=3).

. 5|23
A Fgkel AETES Ede] Fofgitt
(Maures et al., 2002). & AF-o|A], =] nv]¢H
FHE DHFA7HA IGFT HelS gelatr] 94
western blot®. 2 A5 A3, v gdR 4
oA FostA =2 #s FAT 5 SgleH
(P<0.05), ZujtAolA 7HE & Fs B F

oA
@)

mRNA expression / EFla

B

~—

mRINA expression / EFla

[Fig.
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3] Expression of molluscan insulin -related
peptide 3-like(MIP), insulin-like growth
factor-binding  protein  complex  acid
labile submit (IGFBP-ALS) and
Crassostrea gigas insulin-related peptide
receptor(CIR) mRNA in Pacific
oyster(Crassostrea  gigas). The mRNA

of elongation factor 1

alpha(EF1 a). MG, male gonad; FG,

female gonad; FE, fertilized egg; B,

blastula; G, gastrula; T, trochophore; D,

D-shaped larva. *P<0.05(n=3).
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oy Ade Platichthys
stellatus®] LN E FL3A B =H,
Ea71 74 IGF-12] WHEo] =2 FFEoE f4
A F oA A9 HXu et al, 2015). $HA, B
AA¥} IGF-IRY WEE IGF-19] &3} fAF
ot AgE RS OW([Fig. 2. a, b]), real time
gqPCRS %3+ MIP, IGFBP-ALS, IGF-IR mRNAZ]
WEE IGFI Y vlet AEE Hlth(Fig
3. a, b]). MIP mRNA Z=50] Ao =4
AR AL R AR T AR
dAae JERSTE o] gilthead
Sparus aurata(Perrot et al., 1999)¥} zebrafish, D.
rerio(Schlueter et al., 2007)°14 &2 IGF-I
mRNAZF 74 A b A28 £ A AR
e fAEATE A7 E et Akt et
gilthead seabream, S. aurata®|*] = mRNASo]A]
IGF-17} IGF-IR®] wdo] FdshA vepe
SFz71°l IGF-I°] 3% 3 9aS st Jox
Bug vl QtkPerrot et al, 1999). Starry
flounder, P. stellatus®] &4 IGF-I mRNA
T Xu7IAA =A FAEE Gl elA
YA sk thXu et al, 2015). # -]
M Zuj7leA = FFEoE YeEE RS
5 4 ooelon, 540 YEhe ERFNEo}
SAA Foe =2 Fe Hth IGF-IRY
Agkel ot A7k REg- v Ad-S 314
7)™ (Duan and Xu, 2005), IGF-IR®] QlAt3}= &}
A 1E A&l WSS oF7] st (Jones and
Clemmons, 1995). & <15 A4 IGF-IRS &
dstE #<lsl7] 93l phospho-tyrosined] &
ZAFsE A3, o] o] o= FH AN DI
FAZA RS 5 Ao, T ]
N froshAl S s HITHP<0.05)([Fig. 2.
c]). IGF-19] A& o] zebrafish, D. rerio®] vt
R A el AXAQl ATS k=
% WiEIl QItH(Zou et al, 2009). = A7
o, Zuj7]el A IGF19] #&

|

o=
AN
o)
=

starry  flounder,

seabream,

A
2
2 o e
ojub= A7)

QI RIRAIMTIOIR AlAEo| Wl

—

of IGF-I°] A|3EF3}o] 2+8-3}7] w]Z-°]th(Pozios
et al, 2001). +& ATrol|x] Fr=e] WAo] Xy

FAGA e o]Z%& w IGF-17} IGF-IRS 2
dol FAasHdEd, ol WALLAZ AA

e 4 g fARARE FEEE o

ok Abeflo] oJsk Ro= BATE IGF-19 wd oF
& 9 IS o] 91O ™ (Duan, 1998), 8
7ol wWsle] uwhet Zdekd £ Q7] wEolth

(Wilson et al., 1996; Duan, 1997).

| =

AT I wpe] o] FoAlE et
A IGFA 2] 8] kS vlwstr] 914
TA™, TR, 2], dirl, EXFEok D
TS Ao AFE-3FA T Western blots 53l
2] IGF-I, IGF-IR, phospho-tyrosine®] &S 3
AFSFR 2™ real time qPCR=S ©]&3}o] MIP,
IGFBP-ALS, IGF-IR®] mRNA F%& 2H13holt).
sl FA"el =S wel  IGF-L
IGF-IR%} phospho-tyrosine®] ¥r&o] F27s] F7}
st o, o]gi3t A¥= MIP mRNA FFoH %
FrAFHAl YEbstth 22y DERACR AS5F
Haehs Aol vehdth webs, F= A
o] o]Fojx|= TAFE DIFAZHA IGF Al
go] gAo] el deFs HA= FOE AlR
Hw, &5 Hol¥w= A&t DIFA ol FH
7HA ZF GAME IGF Al AE ]
ol et Ay 2 Zlow Alsdnh
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