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Abstract

Study on insulin-like growth factor-1 (IGF-1) which plays a role in regulating proliferation,
differentiation, growth, and survival in vertebrates, has been reported mainly in fish and a correlation
between IGF-1 activity and growth has been described in some bivalves. In Korea, the Pacific oyster
Crassostrea gigas is an important species, and its growth and reproduction were dependent on the condition
index (CI) and tissue weight rate (TWR). Therefore, we investigated effects of the expression of IGF-1
signal in mantle edge, gill, labial palp and digestive gland of C. gigas during about 1 year, using
immunoblot analysis to assess the relationship between IGF-1 receptor (IGF-1R) activity and CI. The
activation of the IGF-1 signaling pathway, including the IGF-1R B-subunit, could be detected high in May
when CI and TWR were high. IGF-1R was activated and regulated the downstream IGF-1 signaling in
tissues of C. gigas. However, the level of each factors of IGF family expression was depended on tissues
and month. These results suggest that the increased activation of IGF-1 signal could be related to the
condition index of C. gigas.
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[Fig. 1] Measurements of Pacific oyster, Crassostrea
gigas used in the experiments.
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[Fig. 2] Condition index and tissue weight rate of
Pacific oyster,
the experiments.
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[Fig. 3] Expression of (a) IGF-1, (b) IGF-1R, (c¢) phospho-tyrosine (PY99) and (d) PI3Kp85 in mantle
edge, gill, labial palp and digestive gland of Pacific oyster Crassostrea gigas. Cell lysate was
resolved using SDS-PAGE, and analyzed by western blotting. Me, mantle edge; GI, gill; LP, lavial
palp; DG, digestive gland.
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[Fig. 4] Expression of (a) growth factor receptor-bound protein 2 (Grb2), (b) Ras, (c¢) Raf, (d)
anti-mitogen-activited protein kinase (MEK) and (e) phospho-extracellular signal-regulated kinase
(p-ERK) in mantle edge, gill, labial palp and digestive gland of Pacific oyster Crassostrea gigas.
Cell lysate was resolved using SDS-PAGE, and analyzed by western blotting. Me, mantle edge;
GI, gill; LP, lavial palp; DG, digestive gland.

- 529 -



IGF-1¢] #&o] =} O m([Fig. 3a]), °]F IGF-1
signal?] AZE A3 Agd Z Ao A

35 YEbstth 94, IGF-1, IGF-IRS H
=i ] S 3 S I o PG I e =] i o i
9 10dol Hls) T Fo] =SITH([Fig. 3b]). =
g =29 o R opytmlo A HIRETE £E 5
2ol p-Trye] Bdo] &7 e AL 3
RO M([Fig. 3c]), PI3Kp8s52l A
o] F o H th([Fig. 3d]).

3+, mitogen activated protein kinase (MAPK)
AEe Mze A%, B3 T g Az gk
S-S ZZ3KGarrington and Johnson., 1999). A
ZAAARD IGF-19] gk MAPKe| Alsxdge
Ras-Raf-MEK®| ]3| ERK7} QlI4FstE o] Ao
AER 32, 49 2 E3}5 =439, ERKY
J4IE F7HN71 L AZF2A 0l IS vt
(Zhang and Liu.,, 2002). IGF-1 signal & °©|E€9Y
39 AEZHY HARoE ou JFS
glst7] sl Grb29} Ras-Raf-MEK-ERK 7 Z&

=
B2

o

¢

L
S -
7)\'@‘ 'l(?_l_]—
- =)
S

H 2 =4

FI5HATE RasE EA 3t AAFE Gib2e 9 F
LU B R s ii}ﬂg%oﬂfﬂ s59RT 1040]

2 BAS BYoY foAeE UEUA &gk
©([Fig. 4a; P<0.05]), Ras®} RafT H]5=3F g
2 e AS sk TH([Fig. 4b, c]).
MEK 9} pERKS| @& mE ZZ oA HvH=9}
AAF FZFH7F Mg =2 5€o] @2 10¥€0
Hlal &4do] 2 AS IRl ATh([Fig. 4d, e€]).
olgigt  Ayes FF9  HIREo|  Rasvt
Raf-MEK-ERK Z=Z¢| #oste] h=e] AAol
FFE HA= o2 HedEn,

v.gd =2

= F oprfv|, &, Ashde] 7t x
Ao A IGF-1RY 43} Ras/Raf/ MAPK A E2E
A A Al A-gsto] HFHOFE |l

FEFE VA= Zlor wddnh v, 35

transcription factor®] Wd-& T3kl & W A}
o] e 1T Favt e Ao AlsdHh
References

Ande SR and Mishra S(2009). Prohibitin interacts
with phosphatidylinositol 3, 4, 5-triphosphate (PIP3)
and modulates insulin signaling. Biochemical and
biophysical research communications, 390(3), 1023~1028.
https://doi.org/10.1016/j.bbrc.2009.10.101.

Canesi L, Ciacci C, Betti M, Malatesta M, Gazzanelli
G and Gallo G(1999). Growth factors stimulate the
activity of key glycolytic enzymes in isolated
digestive gland cells from mussels (Mytilus
galloprovincialis  Lam.) through tyrosine kinase
mediated signal transduction. General and comparative
endocrinology, 116(2), 241~248.
https://doi.org/10.1006/gcen.1999.7366.

Choi YH, Chang YJ(2003). Gametogenic cycle of the
transplanted-cultured pearl oyster, Pinctada fucata
martensii ~ (Bivalvia:  Pteriidae)  in
Aquaculture 220:781~790.
https://doi.org/10.1016/S0044-8486(02)00304-6.

Choi YH, Kim EY and Nam TJ(2018). Involvement
of insulin-like growth factor in intraspecific
variation in growth of Pacific oyster Crassostrea
gigas during winter. Fisheries science, 84(6),
1017~1024.
https://doi.org/10.1007/s12562-018-1232-3.

Delaporte M, Soudant P, Lambert C, Moal 1J,
Pouvreau S and Samain JF(2006). Impact of food
availability on energy storage and defense related
hemocyte parameters of the Pacific oyster
Crassostrea  gigas  during  an  experimental
reproductive cycle. Aquaculture, 254(1-4), 571~582.
https://doi.org/10.1016/j.aquaculture.2005.10.006.

Duan C(1997). The insulin-like growth factor system
and its biological actions in fish. American
Zoologist, 37(6), 491~503.
https://doi.org/10.1093/icb/37.6.491.

Feng L, Li X, Yu Q, Ning X, Dou J, Zou J, Zhang
L, Wang S, Hu X and Bao Z(2014). A scallop
IGF binding protein gene: molecular characterization
and association of variants with growth traits.
PLoS One, 9(2), ¢89039.

Korea.

- 530 -



https://doi.org/10.1371/journal.pone.0089039.

Gabbott PA(1976). Energy metabolism.
mussels, 293~355.

Garrington TP and Johnson GL(1999). Organization
and regulation of mitogen-activated protein kinase
signaling pathways. Current opinion in cell biology,
11(2), 211~218.
https://doi.org/10.1016/S0955-0674(99)80028-3.

Gricourt L, Bonnec G, Boujard D, Mathieu M and
Kellner K(2003). Insulin-like system and growth
regulation in the Pacific oyster Crassostrea gigas:
hrIGF-1 effect on protein synthesis of mantle edge
cells and expression of an homologous insulin
receptor-related receptor. General and comparative
endocrinology, 134(1), 44~56.
https://doi.org/10.1016/S0016-6480(03)00217-X.

Helm MM and Bourne N(2015). Hatchery culture of
bivalves: A practical manual. Aqualnfo Appendix
to Magazine No. 3. Aqualnfo Co., Ltd, Seoul,
Korea. 171 pp.

Hernandez-Sanchez C, Blakesley V, Kalebic T,
Helman L and LeRoith D(1995). The role of the
tyrosine kinase domain of the insulin-like growth
factor-I receptor in intracellular signaling, cellular
proliferation, and  tumorigenesis. Journal  of
Biological Chemistry, 270(49), 29176~2918]1.
https://doi.org/10.1074/jbc.270.49.29176.

Kim EY and Choi YH(2019). Regulation of adductor
muscle growth by the IGF-1/AKT pathway in the
triploid Pacific oyster, Crassostrea gigas. Fisheries
and Aquatic Sciences, 22(1), 1~10.
https://doi.org/10.1186/s41240-019-0134-3.

Kim SY, Choi EH, Han HS and Lim HJ(2012).
Ecophysiological ~characteristics changes in the
Pacific oyster, Crassostrea gigas, after spawning
season in off-bottom culture. Korean Journal of
Malacology, 28(3), 215~223.
http://dx.doi.org/10.9710/kjm.2012.28.3.215.

Leibush B, Parrizas M, Navarro I, Lappova Y,
Maestro MA, Encinas M, Plisetskaya EM and
Gutiérrez J(1996). Insulin and insulin-like growth
factor-1 receptors in fish brain. Regulatory peptides,
61(2), 155~161.
https://doi.org/10.1016/0167-0115(95)00154-9.

Lim DB, Cho CH and Kwon WS(1975). On the
oceanogrphic conditions of oyster farming area near

Marine

&2 (Crassostrea gigas)2| H|2tzol| o|x|l= ¥&t

Chungmu. Korean Journal of Fisheries and Aquatic
Sciences, 8(2), 61~67.

Lim HJ, Lim MS, Lee WY, Choi EH, Yoon JH,
Park SY, Lee SM and Kim SK(2014). Condition
index and hemocyte apoptosis as a health indicator
for the Pacific oyster, Crassostrea gigas cultured
in the western coastal waters of Korea. Journal of
Malacology, 30(3), 189~196.
http://dx.doi.org/10.9710/kjm.2014.30.3.189.

Min KS, Kim BS, Kim TI, Hur YB and Cung E
Y(2004). Reproduction cycle and induced sexual
maturation of the Pacific oyster, Crassostrea gigas.
Korean Journal of Malacology, 20(1), 75~84.

Park SJ and Choi YH(2019). Activity of Insulin-like
Growth Factor System During the Embryogenesis
of Pacific Oyster (Crassostrea gigas). The Korea
Society for fisheries and Marine Science Education.
31(5), 1424~1431.

Rajalingam K, Wunder C, Brinkmann V, Churin Y,
Hekman M, Sievers C, Rapp UR and Rudel
T(2005). Prohibitin is required for Ras-induced Raf
-MEK - ERK activation and epithelial cell
migration. Nature cell biology, 7(8), 837~843.
https://doi.org/10.1038/ncb1283.

Ruiz C, Abad M, Sedano F, Garcia-Martin LO and
Lopez JS(1992). Influence of seasonal environmental
changes on the gamete production and biochemical
composition of Crassostrea gigas (Thunberg) in
suspended culture in El Grove, Galicia, Spain.
Journal of Experimental Biology and
Ecology, 155(2), 249~262.

Shi Y, Guan Y and He M(2013). Molecular
identification of insulin-related peptide receptor and
its potential role in regulating development in
Pinctada fucata. Aquaculture, 408, 118~127.
https://doi.org/10.1016/j.aquaculture.2013.05.038.

Zhang W and Liu HT(2002). MAPK signal pathways
in the regulation of cell proliferation in mammalian
cells. Cell research, 12(1), 9~18.
https://doi.org/10.1038/sj.cr.7290105.

Marine

® Received : 16 February, 2021
® Revised : 12 March, 2021
® Accepted : 19 March, 2021

- 531 -



	인슐린유사성장인자 신호전달이 참굴(Crassostrea gigas)의 비만도에 미치는 영향
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과 및 고찰
	Ⅳ. 결론
	References


