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Intracellular signaling pathways for vitellogenin synthesis in the
ovary of the kuruma prawn, Penaeus (Marsupenaeus) japonicus

Takuji OKUMURA

Abstract In penaeid shrimp species, vitellogenin (Vg) synthesis in the ovary is under the inhibitory

regulation of vitellogenesis—inhibiting hormone (VIH) secreted from a neuroendocrine system, the

X-organ/sinus gland complex in the eyestalks. In this manuscript, | review my work on intracellular

signaling pathways for vitellogenin synthesis in the ovary of the kuruma prawn, Penacus (Marsupenaeus)

Japonicus. The effects of pharmacological agents on Vg mRNA levels in incubated shrimp ovarian

fragments indicate that cyclic nucleotides, Ca®, and protein kinase C are involved in the signaling

pathways for vitellogenin synthesis in the ovary. Furthermore, previtellogenic ovaries showed larger

inhibitory effects of pharmacological agents than vitellogenic ovaries. This result suggests that the

responsiveness of signaling pathways for vitellogenin synthesis changes during ovarian development.
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EREBENENRRT T RBTFEIEL (Yang er a/l., 1997;
Nagasawa ef a/., 1999), ZOH|Z|{ZvTn = H
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S OARFERE I DR EIXIN B O R RE TR E A
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Fig. 1. Suppression of vitellogenin expression in ovarian follicle cells by pharmacological agents, dibutyl—
cAMP (dibutyryladenosine 3°,5  —cyclic monophosphate sodium salt, analog of cAMP), dibutyl-cGMP
(dibutyrylguanosine 3’,5° -cyclic monophosphate sodium salt, analog of cGMP), forskolin (activator
of adenylate cyclase), IBMX (3-isobutyl-1-methylxanthine, non-specific inhibitor of cAMP and cGMP
phosphodiesterases), calcium ionophore (A23187), and PMA (phorbol 12-myristate 13-acetate, activator of

« »

protein kinase C). “+” and “~” indicate stimulatory effects and inhibitory effects, respectively. PKC: protein
kinase C. (From Okumura in press)
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Fig. 2. Effects of (a) sinus gland extract (0.001 gland/mL), (b) dibutyl-cGMP (1 mM) (c) forskolin (0.1 mM),
and (d) IBMX (1 mM) on vitellogenin mRNA levels in previtellogenic and vitellogenic ovarian fragments in 24
h incubations. Bars indicate the mean and SD of four samples.
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Fig. 3. Effects of (a) calcium ionophore (A23187, 0.001 mM) and (b) PMA (0.01
mM) on vitellogenin mRNA levels in previtellogenic and vitellogenic ovarian
fragments in 24 h incubations. Bars indicate the mean and SD of four samples.

SRE R AN HIR LB D R IKIEAE

R TTF FARAE O OFENE, ff
NDEBTZT TR ZFE L~V OEF T HITHILT
WL Z N D, HBETIE, Wb LA RLE %
NTF OO E D Th DB AR VE  DOZEE
FEARENH STV 5 (Chung and Webster, 2003;
Asazuma et al., 2005), HRIVE UVZRIKOLEE 2 L
SHARDTEDITITZHIR S 7 E ORISR R
BF-D I m—=2 TPRETZN, ETERII L TR,
LinL, BECOERIZ cGMP 235 LTnD 2 b
NG, T =Ny 77— (guanylyl cyclase) 7375
VR VZFREROBEH OO ESEZEZBND L HITko
7= (Zheng et al., 2006), &< FHIZE NV E LV Z KR
Brou—=2 7352 CIIEFICRETES Dk
BRANGIEZRDN, IT=VRYy 7 7 —E5 5 Rk
HeghilofETcr/ra—=v 73Ty, £
OB TESNIERZFIHTE D720, AFEREETDH
IN<ZEDTT =Ny ) 7—BEa 7 a—= 74
2 Z L SATRE &l LTIV A AT,

T =N 7 T =B EE R O S Xy

BThHY, Uy RiEGEAL, M EEmar, ¥ —
B, RO 7 T —BEHAAD N A A Z&F-D 1000
~ 1500 R FE=D X XV ETH D, FlebD L LT
MU O ARRRTF RNV OZRIERD 5, 2K
DOWEEDHRTY 7 T —F KA A OEHIN L RIF
INTWABTYD, ZOEMLZFIA LT degenerate PCR
R I7rolz, EORE, BRIOY A XTIV 240bp
DN RRT )V~ T EIIE cDNA DR LT, 514,
ZOWASEANE S LI DNARREE 7 n—= 7L,
FEBUEALCRBLE B /2 E O 21T 9 TPETH B,

FeH  ETOO =V SRR

PRELENAIIC BT A BT B Y = = s T3
BT < v 7 F MR ER % Figs. 4,5 1CF & oz, B
B RANH AR ORIBIE R A v Yy —T
HOERX 7 VAT ROEMAEGIZEZ L, cAMP &
cGMP{EFEMED a7 4 % —+F (PKA & PKG)
DOIFEHALEZRTET B8 Y = VBT ORI A I
% (Fig. ), O 7 FIHBERDOKRINE B %
T DRI OB IBIC Lo TE(LT 5 L& %



OND, EIBIS, IV sAF T aTA X —
ECEN LIV T T MRERBENTWD (Fig. 5),
DV T FIRERITINE O RRBIRREIC L > TR &<
AL L72NE D ThD, ARSI XY, INEIEMm
BT ey = BB T IREFREICE< v 7T
IBIERND LI VLN D L Ebis, V7T niE
FROEZMEOIANET 0y = = AR S L
TWD Z EWRENT, BRI T, Figs. 4,5 108”0
723 7 F NABER DI TE RN HI A V& - OIE 215
Z BB LRELTWDN, £EENZ BN
T DRI STV R, BUTE, JREEZ A A v
T2k VT IRER OBLER % R R INH T R
WA, BB R R LVE » OE 2 ST B HE
FlaEBE L TWD, ZOENET = & T, IIHIERK
PR NVE L DY 7T NARERD L0 A2 D,
F7-, IIETERIEIAR LT O REFEME LTS
T oNEY Y TGOy a—= T ERRT, Bl
TSN ERD L9 ETHERETE TV LN
PR OEERINZRD D DOFA5HOELE 72> T
5o XTI F RAFVE  OIF AR Z T 5 7o 12,
SR DFENT AR I, HERSE O NS Bl A
B THRZEROHENET = LRI D,
AWFFETIE, IO ET 0y == ARAINEK
PHIF VBN Lo THREI SN TS Z & ZRHEIC L
THIZE 2Dz, ZHETOMRICLY, FREO
Tu Yo = CERIFHIICETEI S TVnW b EB D

Ovarian
follicle
cells

139

ATV D, B BSHFHEEN) ClI IR ERIFRE =
NTNWD, FRBEZTNED OT, ARG LR LVE
SNIRNDD, EWV S EERDDWTL D, FHEEMW &
FEEIC AT A RARLEVNET Y 2 = S E R
HEFTHLEVIWELH DD, FREOMPICITAT
A FARVEIE L Sy, pEREE &
AT aA FEOBEZ 7R Y CIEEBRISE T
29 THD (Okumura and Sakiyama, 2004), L 2>
L, REOFRNLE S MEENEN TS AEEME S B
O, IR AR ALE LTI E BT, HiLn
TRIVECERBZT LS HBMLIETES I,
AMFFENL D N B AT OB 2 B 5 L Tt
W HNT, BEPETEH LN HFEER TIE, IREOIER
128D AEMIEEIZ R 58T LD AN 2 BRI 2 BRFE ©
XHLICRDETEREY, UL, HEAGHEiHHE
DEMRI SN RIIUE, RE L PHEH D5 K
FRIVE V72 EOBIB T 72 S L o TALMITHK
B FEIR S CHE 25 0 HINABE SN D Z LA
FFC&E D, ZNA~TEORNARERE T, KIROk
AL ORI X - TR O AL PERIA
PERDRBEIN TN D, WA THE I A\ il
MDEFE S hiug, BIEE IR AORM 2= %
flio CTERINL, ME/EENRTEDLIITD, T I
NIZBZEATICME SND Z L3l b, WELTE
R AEPEDT-DIT, Atk b IEBEIFTE 2 1D T LB
»H5,

Protein phospholylation

Vitellogenin expression

Fig. 4. Schematic diagram of signaling pathways for vitellogenin gene expression via cyclic nucleotides
in the ovary. G, G protein; PDE, phosphodiesterase; PKA, protein kinase A; PKG, protein kainase G,
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VIH, vitellogenesis—inhibiting hormone. “+” and “~” indicate stimulatory effects and inhibitory effects,

respectively.
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Fig. 5. Schematic diagram of signaling pathways for vitellogenin gene expression via calcium
ion and protein kinase C (PKC) in the ovary. DAG, diacylglycerol; G, G protein; IP3, inositol
1,4,5-triphosphate; PIP2, phosphatidylinositol bisphosphate; VIH, vitellogenesis—inhibiting hormone.
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+” and “-=” indicate stimulatory effects and inhibitory effects, respectively.

X # kuruma prawn Marsupenaeus japonicus. Gen. Comp.

Asazuma, H., Nagata, S., Katayama, H., Ohira, T.,
Nagasawa, H., 2005: Characterization of a molt—
inhibiting hormone (MIH) receptor in the Y-organ
of the kuruma prawn, Marsupenaeus japonicus. Ann.
N.Y. Acad. Sci., 1040, 215-218.

Chung, J.S., Webster, S.G., 2003: Moult cycle-related
changes in biological activity of moult—inhibiting
hormone (MIH) and crustacean hyperglycaemic
hormone (CHH) in the crab, Carcinus maenas. Eur. J.
Biochem ., 270, 3280—-3288.

Kawazoe, I., Jasmani, S., Shih, T.W., Suzuki, Y., Aida,
K., 2000: Purification and characterization of vitellin
from the ovary of kuruma prawn, Penaeus japonicus.
Fisheries Sci., 66, 390-396.

Nagasawa, H., Yang, W.J., Aida, K., Sonobe, H.,
1999: Chemical and biological characterization of
neuropeptides in the sinus glands of the kuruma
prawn, Penaeus japonicus. in “Peptide Science —
Present and Future” (ed. by Shimonishi, Y.), Kluwer
Academic Publishers, London, pp. 453-454.

Okumura, T., 2006: Effects of cyclic nucleotides,
calcium ionophore, and phorbol ester on vitellogenin

mRNA levels in incubated ovarian fragments of the

Endocrinol., 148, 245-251.

Okumura, T., 2007: Effects of bilateral and unilateral
eyestalk ablation on vitellogenin synthesis in
immature female kuruma prawn, Marsupenaeus
Japonicus. Zool. Sci., 24, 233-240.

R FIRIY . 2 L~ E DI LR D
A & A LR BRI LT N 2 MR o J
L. KW v Z — .

Okumura, T., Kim, Y.K., Kawazoe, I., Yamano,
K., Tsutsui, N., Aida, K., 2006: Expression of
vitellogenin and cortical rod proteins during induced
ovarian development by eyestalk ablation in the
kuruma prawn, Marsupenaeus japonicus. Comp.
Biochem. Physiol. A, 143, 246-253.

Okumura, T., Sakiyama, K., 2004: Hemolymph levels
of vertebrate—type steroid hormones in female
kuruma prawn Marsupenaeus japonicus (Crustacea:
Decapoda: Penaeidae) during natural reproductive
cycle and induced ovarian development by eyestalk
ablation. Fisheries Sci., 70, 372-380.

Spaziani, E., Mattson, M.P., Wang, W.L., McDougall,
H.E., 1999: Signaling pathways for ecdysteroid
hormone synthesis in crustacean Y-organs. Am.
Zool., 39, 496-512.



Tsutsui, N., Kim, Y.K., Jasmani, S., Ohira, T., Wilder,
M.N., Aida, K., 2005a: The dynamics of vitellogenin
gene expression differs between intact and eyestalk
ablated kuruma prawn Penaeus (Marsupenaeus)
Japonicus. Fisheries Sci., 71, 249-256.

Tsutsui, N., Katayama, H., Ohira, T., Nagasawa, H.,
Wilder, M.N., Aida, K., 2005b: The effects of
crustacean hyperglycemic hormone—family peptides
on vitellogenin gene expression in the kuruma prawn,
Marsupenaeus japonicus. Gen. Comp. Endocrinol.,
144, 232-239.

Yang, W.J., Aida, K., Nagasawa, H., 1997: Amino acid
sequences and activities of multiple hyperglycemic
hormones from the kuruma prawn, Penaeus
Japonicus. Peptides, 148, 479-485.

Zheng, J., Lee, C.Y., Watson, R.D., 2006: Molecular
cloning of a putative receptor guanylyl cyclase from
Y-organs of the blue crab, Callinectes sapidus. Gen.
Comp. Endocrinol., 146, 329-336.

141





