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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, Penaeus (Marsupenaeus)

Jjaponicus. 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.

Key words : hormone, Kuruma prawn, signaling, vitellogenin

J N T PREEOBE AL, RBROMAL
TRERE L CEIILEZY, IIL T AE AR L
THELEE2EZD LTOAEEBIEEALETHD,
FOT0, WEORFIC LY, HERBICESED
PRERER T E 2 EBREIZ > T3, ZOMME
ERRRT 2712012, ANBRICfER U CREDR &8 5 Bl
BRARDLNATWS, LaL, RS TERLENn
TN D DIEIRIBEREIC & 2 - EEIMRES T TH D,
BETHOLNTHA L) AT EFH L7 -
BEIROREFMTELEREEIN TR, ABHER
RNV E L ERIBT A70120F, £9RE - EIOHR
HELH O NI ARERH D . F LT, AV
7 MZBMUT 24 (ERk 18 ~ 194E) FELH
B, Vv B ETINESY /7 BRiBRE (2
7| Y= =, vitellogenin) D& FFREIREZ T ~T,
AR TEOBMELHENT 5 (FEHIX Okumura 2006 %
B,

J N T ETHMOIAEEY & RIS, ZHEZO

JRFE AR IS LR BAIINICE R D, IINICERK
SNDEBERFEDEITINE S L VE (T Vv,
vitellin) T s, 7V A XEECHEL S R& 2
VO (7~ B TR T & 530 kDa, Kawazoe
et al., 2000) THD, £©F Y OEBMBARTIE, £7T
A ThAET Y = b UCINE BB TA
RS, MY 8% U CIRREaIC i, B
DIAENTET 0 Y= = U5y TR IR N CRESE
Ba 50 TET Y BIEGNS,
FEIEOIRMZ YIBRT 5 & INEE R T = & D
b, IRFAOMHREIZH DN WEE XBE -~V
AT APRFB) BAAE L (IIHEFEIH R LT,
vitellogenesis—inhibiting hormone, VIH) %% L CHpE
FEREZRE L TV AHEBZLNTNS, 7~ T
HRATELSIRNIRIC L Y XBE -5 A4 F 2R
FEBETILETFu Y o OARMRFEIND
(Tsutsui er a/., 2005a; Okumura et a/., 2006; Okumura
2007), 7 v EDY A F APUTIE T FEEH O M
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FERLE VEESNTF RBEEL (Yang e a/., 1997;
Nagasawa ef a/., 1999), FOHIZZEETFa =&
R AEMEIT 27 F N GREEEMEIRE L) NE
FTWA (Tsutsui ef a/., 2005b)

— RIS T T RRVE U, EZRREOMEELED
FRAEHEEL, TRA By — EOMNY
TFNREREN UTERT5, FRZETYH, bR
BARNE AT F FOOEDTH B BRI & LE
TN S TP NAREZRDES L, BRX I vt
FREZRA v Dy =& LTE T EY VERE
BEEOEEAEN L THER L CWA Z ERBA LM X
NTV 5 (Spaziani ef /., 1999), & b HEFEOMLE
TSN DN TR, BEEEIFRLE o
EOEEZT TR, BHRE (YHRE) OflThE
N ZEBEDORERRE L MERN S T R ER O
PEREE) U TRAE AT B SHENEL L, B
BHEARRAFT SN THB Z EBA LT/ -7 (Chung
and Webster, 2003), JRBEEANEIAR € b dfE -
ARV NERTF FICET D720, FFICmF Ry
TBOEYIZT TR, BERNREOMTHRLEY
T BRISENREIL L TE T v ¥ = AR TR
SNTWDHBEEYH D, AR THE, MEorTm
V= ARSI E < MRaN O TV EER ORGE
DL & INE R R T R B EEHICOWT
P, IR EOET RY = = A RFEIERE O —
ti % A B L,

EFAz=UABICEBHEBRS T FILEERDER
iy

I T EDEZRIIBFAOET oY == BT
FEEBPE L CHRAT L OEREFRD HIENESY S
T3 (Tsutsui ef al., 2005b), Z D FEEMHE, #
RN 7 AR EERICER T 2 EAE RO N2
vy Ye = VBRETRREOEER AT FORE,
BIRX 7 LAF FTHLYA 27T w7 AMP (cAMP)
LAY w7 GMP (cGMP) ROV T bA A
NZWAvEy P —E LTHETRZE, &5
TuTFA X CILLBZ LRI EY BN
BETAZEEFHELMILE (Fig. 1, Okumura 2006;
R HIRIH), ZoFREoIe Y NFET
TolbDTHHN, AXuPxy FMFFETE HITH
RERBIE, MIENT S IVRERERAT LK
Fhr v L T LA,

7 v CYNR/N R ORI A T APRO AR

WaMAZT 24 BRI A % a— F L7=%%, JIELF A
DErTFulz= mRNABZBELE, 125

DA DN TIRE R RIE R LT REENTVD
e, BERBEICENT LT u 2= mRNA &
PO SEAHREHE O LB TV (Tsutsui
et al., 2005b), REGMET B E D ELIRE (7
PRE IR, previtellogenic stage) Tix, W4 F AR
HHOEBTES 0P x = mRNA B8 22% £ T
WAL, IRAEKRL CIERREHER Lo
TEMNLEDELINE (PIEEAEA, vitellogenic
stage) T, YA T R IEHIHBTINC & 2 45 62%
(& EFE o7 (Fig. 2a, Okumura 2006), Z OFEEIL,
GHE D PRI ALENE AR VE IS5t B K 3 p ek
HIZE > TELMT DI & 2RT, RALFEHIIINER
AR AT NC L 2T T u Ve = ARSI &
NTWBTZDRAE ACHT HEEENE WD, JIE
FRMWNIRE D L RAT AT L DMFIDBME TR D
TeOBEMEPMEL 2B EZBND,

BT, MRNOBRIZ VAT RE#EREE5
LK 3FESH (cGMP DEBNFE TH D ¥ 7 F /L cGMP,
cAMP @ & Al B¢ % % & £ 1L 9 % forskolin, cAMP &
cGMP D3R %M %2 % IBMX) ML TETF Y=
= VBIEFRBICHT BRI, EORES, IF
HRRE RO T IR TIER BB RN 2 n 2 L
Wpinotz (Fig. 2b-d), BRIRX 7 VAT FIEZIRA v
BV =L LTCH RO E Y VERMEEEE (T A
YEF-EARDG) OFEMELEENLTETFrRY =
S UBBETREBRIENE TN A EB X BN TV AR
(Fig. 1), 25 LIV 7 FAEEROBRZNLIIED
BRI L > CEbT B¢ EZ N D,

—J7, ZRA vy —ThoLHMBERI LYY
S A BN E DA (calcium ionophore) &
TuTFA b —Y CHEEEED B EA| (phorbol
12-myristate 13-acetate, PMA) ZHRM LB SO ET
7Y s = CRETRBICKTAEEY, RERIIE T
b A E AR D T IR T b BB R IT K Z 2E
Rbohigdoiz (Fig. 3)e ANV T AAF L T 0T
A F—FChbrrund=rBRFRAEAMAGD
HIAN S 7T ARERICBES LTV S 2 (Fig. 1), 2
VO DIRERIE OREEITIPREORRBRE TREE
LN EEZ NS,
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Pharmacological agents

Dibutyl-cAMP
Dibutyl-cGMP | Calcium
Forskolin lonophore  PMA
l B M X S — ;

CCAMP , |
- cGMP

Ovarian  Protein phospholylation ?
follicle + -
cells

Vitellogenin expression é

Fig. 1. Suppression of vitellogenin expression in ovarian follicle cells by pharmacological agents, dibutyl—-
c¢AMP (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.
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— R TF FHRAE o OERORENIE, WP L~
NOEENE T Ch ZEREL-ADOEGHTHLITORT
WAHZ ERBD, BBRETIE, MELARLVEVR
RTF ROOE D TH DI R NE - DFEMRE
AN LN TWA (Chung and Webster, 2003;
Asazuma et al., 2005), KT ZREOEEFNEFEL
STARDT=DITZRHE L X307 B OB RN E
BFOI a—= TRLBETER, FEETLTHRNY,
UL, BAEOERIC cCMP RS LTNAZ &
b, IT=VERY 7 T —F (guanylyl cyclase) 2578
VR VRFRBROBEHOOEDEEBELZBND L DT
7z (Zheng et al., 2006), &< FHIZHFNVE L ZHE
Bro—= U357 LIRERICEETEOR DL
BRABMLEILRDN, JT7 VBV T—V b Rk
Harah i< OB T/ u—=0 7 8nTEBY, *
DBEFEIIEREZFIRCTE A7, AUEEETYH
INwZEDT T NBY T Tk sa—= 0 0F
DT ENEEE LT L TRYHMAT,

TT ENEEY 7 T —BIIE—EE B OES Ry

BFTHY, VU FESEA, MEBEEBEN, 70—
BEAL, RO 7 7 —EEHMD KA A & F-D 1000
~ 1600 BEDZ NI ETH D, EpbD L LTT
F U O ARIRALTF RRAE L DZFRERD D, &I
DREEDRTY I T—F F AL OEFIN L REF
S TWABEYD, ZOEMZFIH L T degenerate PCR
BRBIMols, FORKE, BRIOY A XITHV 240bp
DAY FR 7 L= UIRE cDNA D BB L, 5%,
T OEWSEFIE L LICcDNASER I u—= T L,
FRIBFIMAILRBLEE R E O AT FETH 5,

Feoh  ETFOC I USRS

PREIEIMIAIC BT AT e U = VR FREH
il < & 7T NVRER F Figs. 4,5 1ICF L Oz, 0
BRIV ORI R A v Py —T
HAWMIKX 7 LAF FOEIMESEEZ L, cAMP &
COMP M D 7 5 £ % F—+ (PKA & PKG)
DIEMLERCET 2 Yo = VBT OB 2 5
% (Fig. 4) Z DOV T FNBRERDFRAE IS5
T HREMILIVRORARRBIZ L > TELT B EE X
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ECEN LIV T A EEZRBENTWD (Fig. 5),
DOV TFIARERITIVEORRBIRAEIC Lo TRE <
BLLBWE S Thod, AFEICLY, SIRIERME
WKHBTHET Y = = VEEFREFASIOE 7
MRBZRN L VLB & LB, VIR
FROBZMHEOBNET 1 Ve = A RFHEICE S L
TNB I EPRENT, BHEFATIE, Figs. 4,5 IZ/RL
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F oS T DI a—m S BRL, BEE
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AL TIL, JIEO T a ¥ = AR EIEAR
PR e AL > THREI S TWD Z & ZRRICL
TR, TRETOWEICLY, BEOY
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NTWAR, BESHEHESY T EITRENIZTHE =
NCW5B, HRBEIZTNREDS OT, RYIEESRLVE
ERROOD, EW O RMNDWTL B, FHEEMW L
FfRIZAT oA RRALVEVRET B Y 2 = VAR ER
ETHENHIRELHAD, BREOMFIZIIEAT 0
A FHRMEATHELUMRE ST, BERES AP
AF A REOMEERRERY CIEERICE T
2k ) TH D (Okumura and Sakiyama, 2004), L 7>
L, SEMOBNE L PMEEIZE DT D HERENE S &
n, SRERAIERLE LTI E ST, HLwy
RAEVEBRETHHRLEHNETEA S,
AT R READ N BRI OB R E BR L T
Wb, BEMTCHLNIHERETIE, RFET%
12 & BRRBREIZ D A8 LW A AN 2 BT
EHLIICRDBETERSEN, L, RIS
DEERDSEA SN2 UL, BLE RPER O E K
HRIE V7 EOREBFREEREICL > TABIICAK
B BN THEHEZGHEENRBIND Z &2
BTED, 7NV EOEEAERE TIX, RKIERDK
B Lol ORISR K o TR O£ ERA
FEENFEIN TN D, VR THEER N AR
BEREINNE, BEETHRMBEORM ok
o CEIIL, BEEENRTEDL IR, TH704
B EAFTITMESNA Z 830 hd, BELE
TEEAEDT- DI, 5% bR L ED T < BN
HD,

Protein ph}pspﬁgﬁcﬂ)lylation

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,
VIH, vitellogenesis—inhibiting hormone. “+” and “~” indicate stimulatory effects and inhibitory effects,

respectively.



140

Ovarian
follicle
cells

Protein phospholylation cAMP
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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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