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Physiological function of the insulin-related peptides in molluscs.
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Abstract Peptides structurally related to vertebrate insulin have been identified in invertebrates including
mollusks. In the pond snail, Lymnaea stagnalis, clusters of neurons called light green cells in the cerebral
ganglia produce and release molluscan insulin-related peptides (MIPs) which are suggested to stimulate
the use of hemolymph glucose as an energy source by growing tissues. In the sea hare, Aplysia californica,
Aplysia insulin (Al) is produced in the central region of the cerebral ganglia. The expression of Al mRNA
decreases when the animal is deprived of food, and injections of Al reduce hemolymph glucose levels.
These results suggest that the gastropod insulin—related peptides play important roles in growth control
and carbohydrate homeostasis. In bivalves, the structure and gene expression of the insulin—related peptide
are detailed only in the Pacific oyster, Crassostrea gigas. The expression of the oyster insulin—related
peptide (0IRP) mRNA increases in March prior to growth and germ cell development, and decreases in July
after active spawning. To gain insight into the physiological function of oIRP, changes in the olRP mRNA

levels under food deprivation or glucose administration were examined, but significant changes in the gene

expression were not detected.

Key words : insulin, Lymnaea, Aplysia, Crassostrea, Mollusca

WEHEI & 5Tk 2 R T A A Y U EHEBIL
TG RORTF R (R T 7Y =TT
R) DEFEET D2 EnmbnTng, BHEIZHA A
Vo770 —=_TFE (L2 VEEXTTFR)
DDV, TOEBERO—EE LTI O R E
EHEFF T DM REAFF O L B X 5TV S (Smit et al.,
1988), HUEAD R E I3 /KIE 72 & O WL ER 5T 2K il
BRRIFIC R o TEIb L, RS 2 B 2 B+
DT EITNRN IR ED D LML 72D, 2
TIEA A Y BT T NI &0 BIEOERER5%
DREENHERES N D2 s, MR CREE) .
R (CHEE) TOMADOBURE TR A~ OBFIERE
HEDTHENT 5,

EI/TS5HAF Lymnaea stagnalis 0 MIP

WE S S A I LER OD L. stagnalis 13 TP RX A8 SR 2 Ak
T D AP S SRS T CREBNICHER TE 51T L
K&, RAEMFoETAEYE L TRHHESRT
WD, HHEAR R R ORI IZ Y < D2 O R R A
BRI T &, R UMM N ER 2 E-> T 5,
Geraerts(1976) (X5 E O AR MIL AL DBR 23 B D A& H
WHEBIZ E D X 5 7B % RITT 2R L. iE
@ Light Green Cells (LGC, FHIIRE) &9 fhifk
MIBAREA PRET D & Howdk S IR RIR O E D E L
<HEL 720, LGC % & To AR 1R i 2 fth 15 (K 7> & B Al
T5HE, LGCHRELIZMEEORENIEHEE L F T
VAYLIZIEE T 2 2 L 2B 6T LTz, ZORERMNG
LGC 5% & W DR R & MR 3 DR & Fr DR L
TUENWTDHEEZLND,
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Geraerts(1992) 1L LGC BREICAE S IRk D281k
B, R OIS Y R 7L 3 — AR
N EH L, BIEEAEO 7Y a—7F o Ea&ngnd s
ZLERLE, . BOBEICE LTI, LGC Bk
BIZKVAERR GRHERENL) DI T LSS H
R G DY (Dogterom and Doderer, 1981), #%F7IF
A D] (Dogterom and Jentjens, 1980a), #%ifx~D &1
L AOELT O] (Dogterom et al., 1979) 23 =
52 &L LCGCEEMINAN =T VT HNRF LT —
BIEMEZ & 5 2 & 3R & 47= (Dogterom and Robles,
1980b), % L CHLAE X 4172 LGC IXRF#E&AF T CThiH
D73 — APREPNERFEAN T EF T 5DIK5 0
TR L CHETEL 36 Z &AM E STV 5 (Kits
et al,, 1991), TN BDKIRNS LGC b3S LD
RE T, NG o NRITRIN S fLie 7 v = —
A2z IAERE, =X —FHE LTRIAT 2
T A RE L TR SR O E AR T A B 2 B
Ao MY TNV A= ZRED BRI D AvES
DOoWBMEtES 5 & THEIND,

LGC 7 B3 W &SN 5 A8 /L8 » O AE 3L R B 72 R BB
DMEEVNTZ 23, Smit et al.(1988) (2 L Y LGC TlkA > A
U B E 7 F K (Molluscan Insulin—related peptide,
MIP) AR FDNRFERAYIZHEE L TV D Z &R B2

IRESTERZ - FRILEIT

SR, BETOBERICESERTF RAKLFEAR L
R X — RS D ERE S 4v7 (L et al., 1992), Bl
fED L ZASFEDOMIP (MIP 1, 0., I, V., VI)
MNLGC CTEASINDZ ENMBATEY, AWIHE
BILET 2 BEHZ2F > TW5 (Fig. 1)y 7/ LIS
XN BIZMATMIP IV, VIE W) BT HFEET
L0, TR D IEAELG T CHEAEN 2 mRNA (23RS
SN2 (Smit et al., 1998), MIP L& 7 & —|% 1 fiid
DMESHTEBY., PR R & B TOEG R
MR STV 5 (Roovers et al., 1995), LGC T
HIZPEAE SN D RILVE V23 MIP DB T 5 23 A
Tho, BLZMP % LGCHRELEZAEICKET S
FER G E 7 LTV AR WA, MIP 12 LGC TREAE &
NARE OHFFICHNEDKRALE L Th 5 ATREMENE
WV, 7272 L. MIP &GS 1E LGC Dl b e i i T 12
@ Lateral lobe (LL) & U 9 #54 @ Canopy cell TH
FEHL LT 5 (Smit e a/., 1988), LL #FRET S LAk
ENKIBIREES LD Z ENHHNTEY (Geraerts,
1976). Canopy cell ® MIP 23 7= 3 FHEREIC DWW Tt &
B STV eV, F 72 MIP VINEEE T8 2 =2 o
b — 5 NERMREE CH R L T, B LT
SO0 ZRFOFHREME L R S LTV A (Smit
et al., 1996),

A chain

oIRP --YGDINI SVAEFEDYCAE---------

MIP I --QGTTNI TLSELRQY¥YCP----------

MIP II --QRTTNL TPDVVRKYCY - - - - - - - - - -

MIP III --ESRPSTI TVQELLANC-----------

MIP V --QRTTNL TVDVFYE¥CY----------

MIP VII EVMAEPSL SVRKLAT¥NC-----------

AT --EASGSITCE RIFELAQ RLPDHFFSRIS

Human - ----- SLYQLENYEN - - - - - ===~

B chain ';

OoIRP ~-FEKVCTFETYRRGVHQQ DMLRLVCRKYKRSGGTRPDKTYDVL
MIP I -QFSA INDRP- - -HRR DLVDFACSSSNQPAMV--=- ===~~~
MIP II --QSSCSLSSRP---HPRGI GFRAFICSNQNSPSMV---------
MIP III TTQHTCSILSRP---HPRGL NMVQWLCSTYTTSSKV----=-----
MIP V -QFSACSFSSRP---HPRGI DLRAFICSRRNQPAMV--=--=-----
MIP VII QQVNTCTMFSRQ---HPRGL RAHANLCFLLRNTYPDIFPR-----
AT NFEHS GYMRP---HPRGL HVIISNLCSSLGGNRRFLAKYMV- - -
Human = = = = =-=--==-=-==-==- F---VNQHL EALYLVCGERGFFYTPKT----~- -~
Fig. 1.  Amino acid sequence comparison of the insulin—related peptides of mollusks with human insulin. The

positions that have an identical residue or similar amino acids are shaded with dark or light grey respectively.
Arrows indicate the extra cystein residues of the molluscan insulin. olRP, Pacific oyster insulin—related
peptide; MIP, molluscan insulin—related peptide of Lymnaea stagnalis; Al, Aplysia insulin; Human, human

insulin.
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T HAITSU8 Aplysia californica @ Al

NG B0 1% A8 D A. californica TIXA v AU B
HATF R (Aplysia insulin, Al) 2SR ETIOF 7 Z
AB— C U TAL—EMTN MR CREE &
. D cDNA L X7 TF RO (Fig. 1) 23 5002
ENTWS (Floyd et al., 1999), Al DEx T8I
BICEVIETL, BRLAZAIORGICLVMY 3
W7 N a—A&NME T 5 (Horn et al., 1998; Floyd et
al., 1999), Z DOFEEIL MIP & FEAEIC Al 2SI~ 7
= ADEY iAF L =L F =R E L TORMAEZRE
HELTNWDZEZREL, BB RIS LMK
FTHZLZRLTCWD, —J7. A californica DA >
AV LT E IR, FRICEIIRVE S (Egg
laying hormone, ELH) % PFEA. 4yWwid 2 &40 (Bag
cell neuron) IZE K HFHETHZ ERBEINTND
(Jonas et al., 1996), ZEMIIIIESHSLF R TR b« AV
2V OERICEY BELH 235 Z &3 mbh T
B9 (Jonas et al., 1997), Al BEEIIZ 030D DAL
BB S L CHHERET 2 R A TR LTV D, filf#
I Al californica #1185 O EST fEMTIZ IV TA
VA AT TF R AL 2 AT D 2
EMIB LT | cDNA 3G I TV S (Accession
number: DQ479392, DQ479393), fHAH. HEUHT. pEON
WZHI2 DA A Y BT T RABEE LTV 5 AThE
HRH 5,

“HEDIVR)VEERTFR

“HBICHRLIED A A Y ER T D R K
HOMMm oA 20 ARTEEZ2 B 5 BRI
1960, 70 fERADATDI, ML) KTV 3 — 28D
B Z Y a—r U Sl ORERENRE ST D
(Kasinathan, 1963; Davidson et a/., 1971), HLBEMEEI) A
YA PR E W TSR LI L DA R Y
PEAMIE OB E S 1970 R AT DAL, HALE O
FRETZHUAR & BSOS T 2 Ml 2388 H & 41T % (Fritsch
et al., 1976; Kellner-Cousin et a/., 1994), £7-t bk « fi
a2 IGF 23~ 4 % Crassostrea gigas O EFEANND D P 5E
ANERFRTOX R GRRERET S EHEIRT
W% (Gricourt et a/., 2003; Gricourt et a/., 2006), L7>L
THREIZHA R VEEAST T RRFET D 2 LR
IR AT A Patinopecten yessoensis DA > A V) L BHH
~7'F R cDNA 73 Naraoka (Z £ ¥ GenBank (Z 8% S 4
(Accession number: AB125891), ~ # %231} % Hamano
et al.(2005) OFFAIZRBESA B S THID TH H I
72 > 72, Hamano et a/.(2005) X~ ¥ A1 A Y B

ARTF R (0IRP) D cDNAZ 7 n—=7 1L, #ET
2 EAECSI D AB SIS AT A LR ENEHEE ) X
D—oFTOL BV, HEEEFKEORKEER-OZ L
%o L7= (Fig. 1, %&F1), olRP ® mRNA (% 3 Fl a7 1E
L. WIEFRE TR LTS, £ L THIgTFRRAD
B R LTRSS, SR DR ORI, %
DRERNELRICERFRIANEE DL Z L2 BN
Uiz, AETHE DR IR, O E I ITEER DR
NEVHREEGT D L TRINDD, ZDOH T oIRP A3—
TEDOMBRER Riz L TV A ATREMEDS B 5,

JERFE ORI D, A VAU VEERTF R
X THEIZB O THHIENA~D 7L 3 —ZADELY JAH
AKX —JHE LCORAEREL , ZOBLETH
Bl RVE OGRS R Ty a3 — R
BICX VBT HAENEZ NS, & 2 Tl
RoML Y LN T Y 3 — R BT U G TR R AN
~ X THBEEIN DI ARG LT, HBEEEE Lz~
%% 2 BEC0 T T L BRTAGAR 2T, oD 1 BRI
B EH T, NIRRT TO olRP M5 B L i U o3
W7 Na—2g, BIRE 7Y 2 —5 v &0k g
L7 FOFEE, MEXIZMY > 5E 7 a— 2 &)
FERBAAARE X D BT 508, oIRP Mn TR RITIX
HEREND D L3S 22 - 7= (Fig. 2), £72 20mM
TN a—AGHEEKICY T X 2RETDH LMY 8K
TN — Z BN D 10 fFIELICAEIC LTS
23, olRP BB T RBUCITM MR L FERAZNH D L 1X
SxhVELRENTE Fig 3), 2SO RIT~T*
olPR DBAR T EL R0 Y o iR 7 a2 — A
BETHMICHE SN2 bOTIERNWZ LA RBL TN
Do

BhYic

THBIZBI A A A VEEAT T R A EEEE
WERFERHTE TORWA, < H % olRP s 368
DZEFELDRY — D JEEHE & RN~
DTN aT—ADY AR & =R F—E L TOF
MAEREL TWHALAREENREZ NS, SK~TF
olRP 72 ¥ "M H A v 2 Y VBE#ERT T ROREH, %
LU CHU X T T ROPEAZH#ED, BEEEM T oL
HHERE DR ATCIRN TORTF RFUWDOENHE & fif i 4
D2 LM EBRERIIICARI R TH D, FloA R
VEEAR T T RPN A~D 7 )V 3 — A DL AH &
TRAXF—JRE L COFHZRET DEEL AT 572
HIE, Mz 7T M2 BEOMBERICHAT 2 2
LT, BUED L ZAREETH AR MIAR OB L
WZFEO D AIEEMER & 5,
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Fig. 2. Effects of food deprivation on the hemolymph glucose concentration (A), glycogen content of
the dry meat (B), and the olRP mRNA level in the visceral ganglion (C) of the Pacific oyster. Each
column with a vertical bar represents the mean £ SEM. Groups sharing a common letter do not differ
significantly (p>0.05).
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Fig. 3. Effects of glucose administration on the hemolymph glucose concentration (A) and the olRP mRNA
level in the visceral ganglion (B) of the Pacific oyster. Oysters were immersed in the seawater containing
20 mM glucose or 10 mM NaCl for 90 min at 14 °C . Each column with a vertical bar represents the
mean = SEM. Groups sharing a common letter do not differ significantly (p>0.05).
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