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Physiological function of the insulin-related peptides in molluscs.

Masahiko AWAJI™ and Shunsuke MORIYAMA™
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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,
Aplvsia 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.
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FITSHAFE Lymnaea stagnalis @) MIP

TBEERHORNTFR (AT 7Y —_XTF
R) BIEETDHIZERMeNTN5, BEIZLA R
Vo772 —_RTF R (2 BEESTSF N
NHY, FOEBERAO—EHE U TCHRETRHROBRE
FHERF T OMBE RO LB Z LTS (Smit er al.,
1988), BIEOEIIKIRR ¥ OYBENREE R/
BHRIFIC & > T8 b L, BEPE(GT D8 2 1
DL IIBENREIEE DD EORB LB, T
THA VA Y VEBEAT T FIZ L0 BEOBRIKERR%
OREENHEF SN A A DI, BERE CRRE).
#RE (CKEE) CTOMROIRIREFK 2 ORFFERE
LEDTRENT 5.

I8 A AR O L. stagnalis T3 PAHEM R TR & A AL
D PRI HIAA A EARBEIMEE T AR TE D13 L
KEL, MREMFOETAEHE L TRIBENRT
WD, PR R ORI O < Db O RE M
BICERN X, RUEEOHMBANER Z{E-> T3,
Geraerts(1976) |25 E D MEAIEHE ORENH O EHE
REEZEO L 5 BB E RITTERE L, iR
@ Light Green Cells (LGC, #HEHIOEE) &) ik
MR BT 5 & HOR L IR ORENE L
<ELRY, LGC 2 &M E 2 M@ iE) & B
T5 &, LCCHRELEEADRENEFEER LR L
LAVIZEIE S S Z 2B LTs, ZORRND
LGC 11k ¥ SO E 2 R D2 FFoRL
ELUEHWTHEBILLND,
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Geraerts(1992) 1 LGC BREIZE S5 RIS OB
BN R OEFICHONI Y RS 3 — AR
WEH L. MIEHEHmo s ) a—F rE'mngnds
TEEFRLE, —H. BOWRICE L TIE, LGC K
IRV AEEREE GREREMD) Oh vy AfEE Y
R E DR (Dogterom and Doderer, 1981), ¥/ E
B O#nH (Dogterom and Jentjens, 1980a), #%ig&~0 7
v L OEAT O] (Dogterom er al., 1979) 234 =
Bl LGCEAMNPRAN=F L FINREL T—
CEMEZED D Z EMNREI N7 (Dogterom and Robles,
1980b), # L CHLEE X7z LGC 18538 4o T Cls b
DYV A — R PREPEEBFEN T LA 5000
TSR L TERET 5 Z B3 HE &N TS (Kits
et al.,, 1991), TN HDFRENL LCGCnbaWEND
$W%/i\@#bMJ/ﬂﬁ IR sl o
ARSI A, =X —RE LTRIBTA
ZEREEL TRERHORORE SR TAEE 206
Ao, MY TN a—2AREDO FRIZZY Rae s

UMBRES LD ETREENRS,

=t

LGC 2 B4 E N5 AR VFE o Ok I R Ak hE
MEEVNTZ A, Smit et al.(1988) 12 L Y LGC TlEA > A

U BBE T K (Molluscan Insulin-—related peptide,
MIP) BRFOARERMIIREL THhD Z B LM

A chain
OIRP

MIP I
MIP IX
MIP III
MIP V
MIP VII
AT
Human

B chain
oIRP

MIP T
MIP ITI
MIP IIZI
MIP V
MIP VII
AT

Human

Fig. 1.
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En, BEFOBERICESETF FRKLERL
R xh—REEDHER IR e al, 1992), W
EOELZASEEOMP MIP I, O, M, V., VI)
DLGC TEAINDZ ENMONTEY, BEWIE
PLL727 2V BERSI % FF > T\ 5 (Fig. 1), 7/ A
HINBIZMATMP IV, VIEW S EETF bEET
B, TSR EEE T CHEEN 2 mRNA ICITRE
S0 (Smit ef af., 1998), MIP L& 7 & —% 1 F5H
DREINTEY, FEMRREETOEGTRR
MHER T T 5 (Roovers ef al., 1995), LGC THE
BICEAENARNLE VR MP ORTH D INTIAH
ThHy, BELAEMPZLGCKHRELEHICERSE TS
ERBEEHII L Ty, MIP 1T LGC TREA X
NARE ORI ULEDORILE L THD FTEEMN S
W, 7272 L. MIP BE T 13 LGC Ol bk i 15
@ Lateral lobe (LL) & W9 #B4> @ Canopy cell T
FH LTV D (Smit er af., 1988), LL ZHRETH &AL
ENRKIBICEEIND Z ENHLNTEY (Geraerts,
1976), Canopy cell ¢ MIP 23872 4 HEAEIC >\ Tl &
CHUMBE SN TWARY, £ MPVIITEETEHZ 2
hE— A ORI CHLRAL TR Y, BEEMA
SO0 0 BEFOEFREME LB SN TS (Smit
et al., 1996),

MLRL@%RKYKRSGGTRPDKTYDVL

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. oIRP, Pacific oyster insulin—related
peptide; MIP, molluscan insulin—related peptide of Lymnpaea stagnalis; Al, Aplysia insulin, Human, human

insulin.
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T A58 Aplysia californica @ Al

8 1% SRS D A, californica TIEA > A ) B8
AT F R (Aplysia insulin, A) DEHREEIOF 75
AL —, C U TAE—LIPEN DRI CREA S
L. £ D cDNA &ATF RO (Fig. 1) 3 b I
ATV 2 (Floyd e al., 1999), Al OBEEFHBLILHE
BICEVIETL, BRLZAIOREIZEIVMY >3
7N 2— 2R T 45 (Horn et al., 1998; Floyd er
al., 1999), T OFERIIMIP & FRRIZ Al BSHIfa~D 7
A —ADOI Y AR L = FVF—RE LCOFAER
HELTWDHZ EAEREL, BEETRADSERMEICK
FTAZEER/RLTWA, —H. A californica DA >
2V e T A TR R, BRI EIRAR L E - (Bgg
laying hormone, ELH) %4, HWd %0 (Bag
cell neuron) WEZ L HFETHZ EPWEEINLTWVD
(Jonas et al., 1996), ZEMUIIIREREHFT TR b - A >
A2V OERIZEY ELH AT A2Z ERmbonT
59 (Jonas et al., 1997). Al BEIFIZ 2Dy B s
BB E L TCHMET AFEENE R L TWA, L
B E N AL californica PSR @ EST BEHTIZ R W T A
YA AT RH AL 2 EEET S 2
EMBHBINT/A Y | cDNA DAEEE N T D (Accession
number: DQA479392, DQ479393), {EAK, HEFLHI. PESD
WZHIR DA A CREAT T NS LT 2 TR
MR H B,

ZHREOAVRUEERTFR

THECHHED A A Y ERET B ERP K
EoM@myhoa 2 Y CEREEE R D ERRIT
1960, 70 BT, MY KT a—AED
TR Y a—5 o AROEEEENRE SN TND
(Kasinathan, 1963; Davidson e/ a/., 1971), PUEHEEIY A
YA Y R RO T R ERR LRI L DA A Y
PEAEMIBORET & 1970 £ R 1T i, HLE
BEICHUE & BT DaA 3 S /0T 2 (Fritsch
et al., 1976; Kellner-Cousin et /., 1994), F£7-t ~ « #
M4 2 1GF M~ 1 & Crassostrea gigas O/ FHHNIR O HEFE
RHEBRGTOF T ERERET D EHESNT
W5 (Gricourt et al., 2003; Gricourt et al., 2006), L7L
THARLA CRY VEENTS FRFEETDH I 8T
R & T I A Patinopecten yessoensis O A 2 A1) oo B E
X F R cDNA 23 Naraoka (2 & V) GenBank [Z 88 X4
(Accession number: AB125891), < W 2%{Z31F %5 Hamano
et a/.(2005) DFEM7ZRRE N EHE S THH THH NI
72 o 7=, Hamano et a/.(2005) (Z<=H¥ A L AV L [HE

~NTF K (OIRP) M cDNAZ 7 a—=2 7 L, {H#ET
3 EBRERHIOD A B ST AT A LR EREEIY &
D—2F2%< Hv, BRELFHEOBEMER>ZL
o L7z (Fig. 1, &E1), oflRP  mRNA X 3 HEFE
L. ARSI TRR LTV, 2 L TEREFREHD
FEWEAERE Lo R, A O R RN, 2
DOREPEDERICBBEFRANESEZZ L FHLMNC
L7z, ATHBROFERLEMEE, BOMREICITEREO KR
WNEUREET AL TIRINAN, FOHFToRP HA—
EOMRER B~ L TWA BN & 5,
ERBCOWRMENDS, A AU VHEESTF R
TR BB THHEN~D 73— 2O Y AL
Lz pAF—FHE L TORBAREEL , TOEETR
B & FNE L DRWBPEELEERMmY LR T — R
I L D BIET A HEREM A E X DD, £ I TG
R Y v R T N 2= ARIIS U B E T RERA L)
T HETHEE SN DI ERE Lz, BHEEE Lz~
TR 2RI T L BRI EE A, fhoo 1 BRI
B XET, NIERETO oRPIEETFRAL MY /8
W7 NVva—2g WEHS) a—7 rBoRE L% g
Lize FOFE, MAERIIMY 27 Vo —2 &R
EBRBLARE L 0 DT B3, olRP BIRTRIEITIX
TEIRERD D EWLE A>T (Fig. 2, £7- 20mM
Tha— 2AEHEEKICT TR ERIBETA MY N
TN a—ABERHRED 0FEIZSICAEEICLEE TS
7, olRP BB TRILUITHBEX EFEREND D 1T
EZRVELRENT (Fig. 3), TNHOFRRT- VX
olPR DA FRBID ARG tRRol Y i 7 L 2 — R
BTHMIZHAS SN A O TEARNI EATELTWY
e

BhUlz

THBIEBITHA R BT F N s R
LRI TE T d, = 7% olRP BEFEH
DFEHEALO/ N —inh . ERIE & BRI~
DINaZ—ZAOTWYABEZRZNALF—JRE L TOF|
HERELTWIFEENEZOND, S X
OIRP 72 & ZHH A A Y VBT F FORR, £
L THfZ T F FOEEZED, BEEHFTCOE
HHERE DI ETR(EN TORTF FAM OB HE & fif i 4
DI NSRRI RAI R TH D, AR
VEREA T RAHIMEN D Lo — A DR Y A &
TRAF—IRE L TORBERET AL AT 572
HIE, M7 FEREEOMESERICHATS 2
LT, BEO L Z AR TH DRI R OB Y
ICREO > WREMED B B,
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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 oIRP 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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