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2. REZETLRBHEZHARAF LT KiE  116023)

wEHE, (R
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MAELTATENEEER. %KX %2 r,GPCRs i& 147 Gpp[ NH]p 5 #1 %| 7 GDP-B-S & H %
SAH ER, KA THEGPCRs WA A MBS L TERNYEREWEL S, BT
BIAEE/ I H R (AC/CAMP) 5@ A x HE b L EAFSERM 6 B ERRA, B
TAEER AR BT H R (IBMX) 4, 107" ~10 " MR E T 4872 h EH R A EM, FEH
RETRAN RGN EMEEEE, BMXNAEIO'MEKE2hEEAE —FWiFFE
M EREMANEShHEAEF W ERMLEEREERARERE. #EBRNLE/ =
Bt A /% & #% 5 (PI/DAG/PKC) 5 S B A0 x 1 2 FiE L7 48 72 h K K1 R M, € 2
HEH I HT A 10 MWK ET48h GRIAN T EHEMH KR, 72h EREE K, WH
W EFF 107 M, DL EEMIKE 51 R w2 A7 @4 £ & W 7 PI/DAG/PKC & 5 #
BTSSR LB N YR ELA,TAC/CAMP £ 2@ B THENAEAL KL 0T
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R R Y BN R R KR R B L
Lo DU S A A B 2 78 285 119 3 B R AR R T, ™ A
Rl =R (S P Bt 37 A I~ B S i B U R UL O
SO TR PN AR G B 55 1 B R 4 R B R
AR DRI, R G B e R

W #s B 8 :2015-04-25 &8 B #9:2015-05-21

HMRAL 27 A5 5 B N TE A5 38 3% 0 4 (AR B 25 2 25 AL
BN T B TR AR A A SRS T2 LK
MR LB AW E Mg B A E R
B

PATE 24 B 2 B S RUE W IR m A R PR 5 21
JCEE ) Bl 6 AT 1 A ) b ™ A 1 2 1 5 A
AT T REVER RS 4l A B 3 A5 25 P 22 DL
ABIETEAR X G o A HESh AR SE TS R W], G 3R
F 1K 52 /A ( GPCRs ) J2 f5 K 114 2 M0 26 THT 32 1% 52
RV 2 A5 SR S . AR ICEHES Y 4h
PRI E AR SR PSS e, VP 2O TR 4 T E A 1
5 HE S W A5 5 30 B A SR IR, DA 22 2 B~ A 2

FHBUE : [H 5 A AR EE4 (31201976) 5 VT34 /K7 =8 TH (Y2013 - 40 ,D2014 - 17 -2) 5 {LJ4 A AP 55 4 (BK20141276) 5
TLIRAE 2 A SE B BB I 2571 K1 (201311117088X) 5 47 JH K 24} 1] 3k 4 (2014CXJ032)

BIE1EE .4 11V, E-mail ; baowy@ yzu. edu. cn

http : // www. scxuebao. cn



1334 K=

39 &

EE

MHE B2 ARG (E S m AT T E s
Hr GPCRs {465 (41 4 Gpp[ NH | p) 541 il 55 ( 3
U GDP-B-S ) A48 i 4y 4 Bt 5 A2 25 (9 52w 7 A
UESE T GPCRs [Al #8055 S AE T, i) o ) 25
& W ( Bugula stolonifera ) . 2L J# 4v ( Balanus
amphitrite) | 1. #1 ( Haliotis rufescens) F1 %% ¥ H
( Lytechinus pictus) ™', i i %% J1 55 GPCRs #f
SRR T8 A A ) 5 0 R, A B R B A
g/ ¥ Ji 1 R ( AC/cAMP) 5 i i ot L P/ — i ik
Hh /2 B (PL/DAG/PKC) 4515 5 il % 75 4l
PR A A8 25 b 3] 7 R A AR AT, T A O AR
cAMP IP3 DAG it Ca’ " %4l 45 — {5 i 58 1%
TSGR AR IRE" " o Ik 2 25 B 2% £
JE A A B T L R W] T M & R GETE AR
ARSNGB R T AR g
BLIE R CERE FRE ZEKRES - 26
Jiic 45 58 o 45 % GPCRs 5 5 T 4 1k i % 25
T [ N T [E 41 N I e N i
G55 G A 2 KP4 5 ( Crassostrea gigas) &)y
TR 2 EAT Ry i 42 R 1 IR R B TE 2 i 42 LA
PR, LD A Y AT R A5 B (L cAMP FiI
DAG/1P3 43 51| 55 A5 1 L 28 Kk A i 4 A 4%
w) .

20 01 ( Mytilus galloprovincialis) J& F %4k
¥ 17 (Mollusca ) | 3 5% 44 ( Bivalvia) | iy D1 H
( Mytiloida ) , Jtg DI B ( Mytilidae ) , Jt§ U1 J&
(Mytilus) , 73 A1 36 B Tz, HoAe 40 & 36 1= 78 N 1)
TR 2 16 50 42 5 WLe DL 26, () I s J2 K 5 I R A
HAWER I EEZK IR, 55— Jrm, £h
DUAE T KON 38Tt 0 A4 45 R R, o PR S 75
1 P2 87/ R o I 0 3 - e B R N ] T et
BLIEXT 32 5t ol (14 384 S 58 R0 By 3 A= 0 75 40 AT AR R
FREIE 50 A E . FB IR, R IR L4
TR A2 25 32 AR W s 5, LA o v ) 2
P T RSN 2R 2 U B R A
SRR o A I A B Ak 2 S 1 i
&, AT AR — R4y F /T 3 000 u [ 7K M
50 M A SR B 2R .
TG DR Bt B AR A 0 N AE DL B, B 58 R B —
S 22 5 R AN B IR A, LA R I AN A S
GENLIHEFYHABREHFE S, LFWAEANL
B YA R T X5 0 S IR R S AR DL S B
W TSN (R KRS R

— TR Y AEAE B B0 R, GPCRs 540 £ W15 5
I i X 56 TR DL 4y 1A B 25 8 25 0 IR 4 AR T IR 1)
Wi, S84k T GPCRs Ay 1% Ak 700 F1 40 i 57,
AC/cAMP Fll PI/DAG/PKC {3 5 38 I 1 1% 1k 51
500 700X Sy A B A S S, DA R 55 TR D
20 A B 2 A 25 P AR ML BIF 9 4 14 B AR B

AR ik

1.1 AIEB59%EE

SR B Bao 45 A Iy, R L
WOEAT S M DU N TH2KE, BT 13 D B 4 ik e 1
A~/mL (4% B DL A B ¥ ( Chaetoceros sp. ) Ik
WE. MEREREHAE 18 CAA,H2 dfKl
Wo SRR E 27 U BLIR s, R 220 7 d
Ja B A B AR A RE 7, AT Ok BEAT &) 1A B 3 AR
B,

1.2 fEWMEREK

A BUTE e 12 L ARORS I [ 2 72 PVC i
FLEBH T TS L E T R DB A R
T3 (Ab 45 39°207, AR 48 122°207) 2 ~ 3 JE i %
AW TR 12 FLAR N o 55 6 i K 2R ) M B
H 7 ]S 06 5, A K g K (sterilized seawater,
SSW ) 245 o Uk A 2E W BT, 2% o ol A 0y B 3K T R
ERNEBENED .

1.3 L=t 70 By i )

AU S50 Fir f i GPCRs 5 {5 5 38 % AH 5 Y
A2 3R] AR S X &) AR B 3 AR 25 B 3 M S
(V5 S B A ) LA SR o i 765 % Tran 25171y
BLfili |, % T PI/DAG/PKC {5 5 3 # AH DG 1 2
FAl 75, JF R W VS B R AT TR (K 1),
ML) o, 5 GPCRs #H5C 4 Gpp [ NH ] p,
GDP-B-S; 5 AC/cAMP {55 5 il & AH ¢ (1 A 2 38
Bi% ( papavarine ) | # R — JIig /i #0 fh % (IBMX) | %
7 ( theophylline ) , Ro-20-1724 . ¥ T 2 £ JIf 1 R
(db-cAMP) . F£Mx % (forkolin) ; 5 PI/DAG/PKC
3 PR RH O 1 A 0 IR (TPA) (H-7, BT A Ak
iR B F Sigma (St Louis, Mo) , Xf F /K ¥
26 BUE AT TR R i BRI B SE R 1 %
9 — W 5L K (DMSO) ¥ it I, FF AT e il
1.4 HEMELTEILE

KRB A2 25 90 30 2 IR Bao %5 i1 ik it
17,76 12 FLAR I AL i A 2 mL ) 42575 A
8 ~10 414,48 5 72 h J5 W45 T WALk 1
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Wf A R G IETo NG B0 5 803 16 B 3 A fol 2 )
1 12 fLARc, A fLE I 2 mL 50 A 8 ~
10 gl B SR e v, [R] I DL A= 9y I A

SSW {0 IE | fa %) B 4l 44 B 2 72 25 LA T 4% T
R K HBT 0 DL SE O bR o

# 1 GPCRs 5SS @ BMAXHLFRF UK RE GEERN 5 0 RE
Tab.1 Compounds related to GPCRs and the signal transduction pathways, test basis,

predicted activity and test concentrations

ey LK 4 TP T 3 3 & (mol/L)

compound test basis activity prediction test concentration
Gpp[ NH]p G EH IS LA 7T 107710710 .10 * 10 ~*
GDP--S G 25 1 1 57 e 10°7.10°°.107° 10 ~* 103
5% papavarine A TR T 4 o 7 Vi 107%.10°710°¢.107° 10 "* 10 ~*
ST RL B IR S IBMX A TR T 40 1 54 Vis 107%.10°710°°.107° 10 "* 10 *
%509 theophylline W R TR 4T 11 75 Vins 1078107710 ° 10 ° 10 ™* 10 3
R0-20-1724 5 R TR 4T 11 75 Vis 1078107710 7° 10 ° 10 * 103
XUT BRFF I H R db-cAMP JiE P A 0 1 R 3 5 Ui 10°*.1077 10 °* 10 .10 ~* ;10 ~*
BB H forkolin Ji T R B Ak T A 7R Vines 107*.1077,10°° 10 ° ;10 ~* .10 *
do - Y HE - 12,13 - — T PDBu & O C AL ik 10°*.1077,10°° 10 ° .10 ~* .10 *
b Ui TPA & OB C AL Uik 10°*.1077,10°° 10 ° .10 ~* .10 *
H-7 B AW A/C I ek 107%.1077,107° 10 7° .10 ~* ;10 ~*

1.5 HIERITEHH

GE 43 AT i 6 T A B0 E AT OE S A A A 5
WG 2 IEAS o A By 22 AR W4T B DR 3R Oy 25
30T e WA R IE A 43, Wl 33 Kruskal-Wallis
Test K K170 Hr o 23 M1 R SPSS 13.0 Giif#k
4 ,P <0.05 Fy 25 3

2 4
2.1 G ZBFELH S 0S4 4 M5 LB

A1)

FETRAE W) B SR A AE IS DL, 48 h 5 4l ik
HIR G AE S % ik 81.25 % +6.29 % ,G K 1%
fE5) Gpp[ NH]p 7£ 1077 ~ 10 ™" M i i 35 [l 4 %
A E LEBRRAEHEFIEE(P >0.05) (& 1-
a) . WAEYEAATERAE O T W G & E Y
7l GDP-B-S( GDP-B-S + ff /L # %) v )i g 107
~107" M ,48 h J5 ,GDP-B-S + {4 ¥ L 1) 15 5 %
PEN 73.63 % ~78.75 % , GG E Y R IAFAET
HY 5 S0 A H R 3 B (P >0.05) (& 1-
a), 72 h Jg, flCAE W IR Bk A O S O M T e
94.95 % +5.89 % ,Gpp[NH]p 7Z£ 107 ~ 10 °M
W B B N RIS PEIROA A F (BT 1-b) , 548 h
MI45 R, GDP-B-S + ff A= ¥y 4 16 14 5 Bl 2R
YIRS AE e B )i UG MEAH LI A B 2 =
(P>0.05) (K& 1-b),

2.2 AC/cAMP 1% 538 B 5 1L 7 5 # %I 50 % 45
R & AN

48 h 5 Fir R Y 4 Fhekig — ms e a0 60 ), Bp
SEBH 5T O 8 I (IBMIX) M 255 5 Ro-20-
1724 FEWE R 107° ~ 107" My 9 3A 5 T8
(P>0.05) (£ 2), 7EFFEMEET , M P 20 0 R
AR, BIXSUT BRI BR 12 (db-cAMP) 5 B 11 12
FRALHE G AL, BB X Wi SRR, H
1 IBMX Fil Ro-20-1724 1M EE K 10°M i, 4
FET-F 58 100 % F119.77 % +0.64 % .

548 h {3 PRI, 72 hJE, X 6 Fl AC/
cAMP {555 38 A ¢ B il F 5 s A A (B T
IBMX) (il AR % (2 3) o JLvh, BESERm vk i
910 7 H10 7 MO A ABE TS R A3 5k 70.37 % +
0.71 % F1 69.17 % +0.58 % ; IBMX 5 Ro-20-
1724 fHe 9 10 M I SE TR ¥ 100 % . {5
& IBMX ZEMREE A 10 ™" M I, 4l 1A 1) Jf 5 A 25 %
HF22.5 % +£10.9 % . BAN,FIH 1 % B DMSO
ATV e ) 0 3aK5R0 , X A AS [R] ik B2 DMISO 1175
SIEENE B ARR)

2.3 PI/DAG/PKC {5518 B iE L 7 5 40 40 7 ¢
o 1 Bt B 2 RS E B0

EEHWMM C ISR, 4o — Wb BEE - 12,13 -
— TR (PDBu) Ff# I g (TPA) £ 10™° ~10° M
WEN G IR TE 48 h |5 B & AR &R & (E 2-
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Eild 39 %

a,PDBu 5 TPA), H: i 4j{A7E PDBu [y 10 ° M
WEN R BT (B R B ) o Tl Wi
FEAE R O0 T % a8 B s A/C #fil 57 H-7 (H-
7+ WUEYIIRE) 24 H-7 W BEAE 10 R 1077 M B,
41 1 B A 0 25 58 5 A W B B A A B ) A
WA W EZH(P>0.05), HZ, H7 Wk JETE
107° M iF, H-7 + fif A4 9 8 A 05 v 2 3% F [ 2
42.48 % +8.67 % (P <0.05) ,H-7 ¥k fF 7 10 ~°
~107° M B, &N E (F 2-a), Hd,107° M
WRET Wik 2 (B kR /R). 72 h )5,

100

A PRI P BT 100 %, H-T + ffc Ak P A
H-7 (ki 107° 1077 M IHIE P 8 B¢ T) 5
100 % 7 H-7 (A BEAE 10 °° M B, 35 4 M 48 h
JE I 42.48 % +£8.67 % - F+%] 100 % (& 2-b)
H-7 + SUE YR AE H-7 U 107 MR, 3% 4
A48 hJ50 EFHRI 72 h J511 47.78 % +11.85
% B2, 55 W A W) JEE B A A I %) T 1 AR AT 4K
WEMETRE(P <0.05,K 2-b) . A, H-7 + i 4

PR G IRTE H-T 107 MR B BT

b b b b .
80 | us T 4L 1T T 3
60 |-
é 40 |-
NS g 20
Qfg oL a a a a L
¥ & [1 I I I O
g ()
*ggmo b b b b b b
ﬁg B L T £ M1 I T
O
"631; 80 L
=
g 60 -
40 |-
20 |-
0 4 a .a . a_ . a ]
[T TTTT 1T 11
MEYE =A 19‘7 10 107 107 1|0'3 107 10 10° 10™ 107
Gpp[NH]p GDP- B -SHg AR

Bl 1 GPCRs &L # Gpp[NH]p 5 #I5 GDP-B-S S A4 hMELESHNIFFSMHBR
(a) 48 h JFA AR MEA R (b) 72 h R4 RAII B 22558 MUEYIES SSW 23 545 4 1E X B 5 28 1 X 1

Fig. 1

Inductive effects of Gpp[ NH]p ( GPCRs activator) and inhibitive effects of GDP-B-S

( GPCRs inhibitor) for larval settlement and metamorphosis

(a) larval settlement and metamorphosis rates after 48 h; (b) larval settlement and metamorphosis rates after 72 h; biofilms and SSW

were set as positive and blank controls

®2 AC/cAMP FSEBELF 48 h EX KM ELETHNIFIHR

Tab.2 Inductive effects of activators related to AC/cAMP signal pathways for larval
settlement and metamorphosis after 48 h

latx?] /M PG % FET= %/ %

compound concentration inductive activity death rate
B4, papavarine 10°%.10°7.107%.10° .10 "* 10 ~* BAUTE N O HAHE O

10 > M ¥ i 9 100
5T 3L AL RS IBMX 10°*.1077.10°° 107 10 ~* 10 ? ANHEE R O
S e Hhio v B % 0
250§ theophylline 10-*10°7.10°°.10 "> 10"* 103 BAMEE RO BAUEE RO
" 10 M ¥ JEH 19.77 £0. 64

Ro-20-1724 1078107710 %,10 7 .10 * 10 °° AW 0 mg{h\ﬁ
HoAb e 0
BT FRH AT R db-cAMP 107%.1077.107° 10 7> .10 ~* 10 HAWRIEH O HAWEER 0
L% forkolin 1078107710 7° 10 ° .10 ~* ,10 * BAMWE RO BAUE N O
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&3 AC/cAMP FESBEEELN 72 h BXHEHMELTSNFEISHR

Tab.3 Inductive effects of activators related to AC/cAMP signal pathways
for larval settlement and metamorphosis after 72 h
& e /M 7 iE M % T2/ %
compound concentration inducing activity death rate
10 *M ¥R JE K 69. 17 £0. 58
B 55K papavarine 1078107710 ,10 ° .10 * 10 * B RO 10 > M ¥ JiE Jy 70. 37 £0. 71
oA v B2 R 0
—ANT Yk RE =31 Ve
SBT3 B R I IBMX 10°%.10°7.10°°.107° .10 * 103 10 MYN;,}] 2?'5 £10.9 10 AM%E\}] 100
HoAt v B2 0 HA e B A 0
257 theophylline 10°*10°7.10°°.10 "> 10"* 103 BAMEE RO BAUEE RO
10 °M ¥k i Jy 100
R0-20-1724 107%.1077 107 %10 ;10 "* .10 * KAWL O .
HAb e B R 0
BT BRI 2 db-cAMP 107%.1077,107° 10 ° ;10 7* (10 ~* FAUSER O FAUEER O
FE Mk 2% forkolin 10°%.10°7 .10 ¢ 10 " ;10 * |10 * BANUE g 0 B AU Jg 0
100
Cc C
c 1
80 T —L
60 b
& w} u
. &
SE wf
M O
Tjé-.g 0 a a a a a a a a a a
il (1 [Tl rl [1 [ ][]
z 8
€5 100 o @ A e S
q3
= 80
g
— 60t b
40 +
20 +
ok a a a a a a a a a
(1 [T I T[T [ [1[]
WA a0 10 107 10 107 10 107 10 107 10 1075 107 107
| | E !

PDBu5TPA

2 PI/DAG/PKC {5 Si@ & iE % PDBu 71 TPA

H-7+H AW
(b)

SHEF HT S 4 M ERSHESSMHBR

(a) 48 h JFL IR ME A ZAR; (b) 72 h S HRMIIE Z S5 BEAEYES SSW 4 5 4E A 1E %) 5 28 11 X
Fig.2 Inductive effects of PDBu and TPA ( PI/DAG/PKC signal pathway activators) and inhibitive effects of H-7

(PI/DAG/PKC signal pathway inhibitor) for larval settlement and metamorphosis

(a) larval settlement and metamorphosis rates after 48 h; (b) larval settlement and metamorphosis rates after 72 h; biofilms and SSW

were set as positive and blank controls

3 3t

AR PRET R, T G5 HE 3 1 4 TR 11 2 A2
SRR A S E T2 W52 RS
P, A P9 AR T B T B R S SR I — R

BN

FIE e T R A RS 5 2 R S A Sl
HER N AEPL B E B 28 A R FIOT & TR Z 058 T
fRE T R BB YR & R B T
L E R R R VR 7/ RN 7oA 7 B X p A
) 2 A By B A 2 T 22 W ARCAE W R A R R

XTBN
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SYREFVEATRS S N THESWA A,
AT R R AR A= W e 5 e 2 P30 45 8 1 O
BB EHD T RS2 RS E @ EN, h A
SR IR vp 4 AR B 2 722 25 N A HL R ) 1 W SR 1A
MEME R -

AL 45T W%, GDP-B-S R 5 A= 9y I 11 3%
PEBA M HI AR, R Gpp [ NH Jp (937 S35 1
%, W] GPCRs "] iE A2 5 50 UL )y 14 B 45 28 25
M5 5 M F. X5 & E 8L dU( Polychaete
hydroides elegans) . Ji& fi & JE 3 ¥ ( Pocillopora
damicornis ) . B B = % 2% WM W ( Montipora
capitata) S5 AH G A B A R, BP4E GPCRs 1y A
AN P/ R HE T AR T 52 R Y
J&,GPCRs 2 5 [ H 22K & L LU A7 2060 15 4
R IIEL 5 40y 4 () B 2 A A0 i R VR R
HE S W) 41 1A B A2 S (5 5 2 AR — > B R i A
020G D15 206 W] Sy D12, 4 IG5 2 R S
BRI 1R s LG 5 52 I B b 1) 20 28 B AT
KR [FE, L EROE RS R R YR FE S %2
PR T AR WD 1 R G0 A R AT 4 2

VIR Bt 58 £ B, AC/cAMP L) M PI/DAG/
PKC {551 8 4% 1 ) 25 55 L S0k A | 21 6
e IR R g R R R AR Sk ACY
cAMP {553 s W 5T 5, A WE ST BT IR A Y 6 Fh
5 AR O S RIS T A IR E RS
PR L BR T IBMX Z 4k, 7E 48 F1 72 h J5 4R
BRI o 263 500 78 B my vk B2 I, g iR A
FETBG R T — Wt 2i e te, 72
h J5 , IBMX YA FE 10 ™" M 58— 22 (9 76 1,
B2 SRR ETEA L 22 5 B3, HAEY
NRAE 48 h 5l 52 B s 3R 8w 13 1k, R B AC/
cAMP 55 BT RES 5 T 5Nk DL AR B 5 48 25
PR R X NE Sl A S EEW, B30E 2
H T IBMX 7E 10~ M B B — & M #2259
B SEN —FB R, W oy H A 107" ~
10 ™M B B2 [l N B T 5 X g Btk — 2B
Wk, 5Z XN A PI/DAG/PKC {5 5 i # 1 1k
28 5 7R 2 Fis AL RITE 48 F1 72 h J5#OA
T, AR 2050 B A 4 i R AE 1070 MRV B
T,48 h iR I 7R W TS MR ROCR , B
X A ROCR B B B SE A ) 72 h s AR Y
TR i A e B TR 1070 M, R
PI/DAG/PKC {55 il & 1 W #4E 0. G

e B2 AR B[R 2 S5 T g AC/cAMP 5 PL/
DAG/PKC {55 53 B (1) 5L B 25 5 5 107 M,
72h,j5% 0 10°° M. 48 h, i —# F£H T P/
DAG/PKC {5 5 % 2 5 I8 45 25 T DL 4l Ak i) i &

i bk AR E R T GPCRs 24k 5
15l B AE S TR DL YRR B 2SR i 2 5
BEEM. XKAlT ATiHESY, LRt ps AT
KRG G I - AW, 45 R )8 ek 7 B 48
BT YR & A2 S B N AENLEE, JF IR
Wit 1 PL/DAG/PKC {5 5 i f& iy M &=/ . A<
WEFE Ry 46 78 28 T DL R B 26 742 285 0 9 e AL 3 2 1t
THIAESE A B TR R R E A o b
T LA K 3k U1 W {5 5 3 g% S B0 AR W3 45 B VA O T
B I % o

[1] Eckman J E. Closing the larval loop: linking larval
ecology to the population dynamics of marine benthic
invertebrates [ J ]. Journal of Experimental Marine
Biology and Ecology,1996,200(1 -2) :207 —237.

[2] Ke CH,Feng D Q. Researches on larval settlement
and metamorphosis of marine benthos[ J |. Journal of
Xiamen University ; Natural Science,2006,45 (2) .
TT =82 [T A M W FE 1A I A S W I i 4l 1
Wb & FIAS AS BT 5. B TT R 2 4l A AR B R,
2006,45 (2):77 -82. ]

[3] Pawlik J R. Chemical ecology of the settlement of
benthic marine invertebrates [ J ]. Oceanography and
Marine Biology Annually Review [ J]. 1992, 30.
273 -335.

[4] QianP Y,Lau S C K, Dahms H U, er al. Marine
biofilms as mediatior of colonization by marine
macroorganisms; implications for antifouling and
aquaculture[ J]. Marine Biotechnology,2007,9 (4) :
399 -410.

[ 5] Hadfield M G,Paul V J. Natural chemical cues for
settlement and metamorphosis of marine invertebrate
larvae [ M |//Mc Clintock J B, Baker J B. Marine
Chemical Ecology. Boca Raton; CRC Press, 2001,
431 -460.

[ 6] Morse D E. Recent progress in larval settlement and
metamorphosis; closing the gaps between molecular
biology and ecology[ J]. Bulletin of Marine Science,
1990,46(2) :465 —483.

[ 7] Zhang T. Advancements in research of settlement and

http : / www. scxuebao. cn



9 I B E 55 G - B I R 5 05 5 30 e 506 DLl UK B 36 748 25 1 R 454 1339
metamorphosis of marine invertebrate larvae. [ . LRI 5 78 25 W WF 58 W8 PR R 22, 2011,35 (8) .
Impact factor [ J ]. Marine Science, 2000,24 (1) 102 -107. ]

25 =29, [ 9K V5. F VE TG HESh B 4 R 3 AR S [14] Yang J L, Satuito C G,Bao W Y, et al. Induction of
R T . 2K . R S,2000,24 (1) metamorphosis of pediveliger larvae of the mussel
25 -29. ] Mpytilus  galloprovincialis Lamarck, 1819 using

[8] Morse D E, Hooker N, Duncan H, et al. Ggr- neuroactive compounds, KCl, NH,Cl and organic
aminobutyric acid, a neurotransmitter, induces solvents[ J]. Biofouling ,2008 ,24(6) :461 —470.
planktonic abalone larvae to settle and begin [15] Bao W Y, Satuito C G, Yang J L, et al. Larval
metamorphosis [ J ]. Science, 1979, 204 ( 4391 ). settlement and metamorphosis of the mussel Mytilus
407 -410. galloprovincialis in response to biofilms[ J]. Marine

[9] Clare A S, Thomas R F, Rittschof D. Evidence for Biology,2007,150(4) :565 —574.
the involvement of cyclic AMP in the pheromonal [16] Yang J L, Satuito C G, Bao W Y, et al. Larval
modulation of barnacle settlement [ J ]. Journal settlement and metamorphosis of the mussel Mytilus
Experiment Biology,1995,198(3) ,655 — 664. galloprovincialis on different macroalgae[ J|. Marine

[10] Bertrand J F, Woollacott R M. G protein-linked Biology,2007,152(5) ;1121 - 1132.
receptors and induction of metamorphosis in Bugula [17] Bao W Y, Yang J L, Satuito C G, er al. Larval
stolonifera ( Bryozoa) [ J]. Invertebrate Biology, metamorphosis of the mussel Mytilus
2003,122 (4):380 —-385. galloprovincialis in response to Alteromonas sp. 1.

[11] Bishop C D,Brandhorst B P. Development of nitric evidence for two chemical cues? [ J ]. Marine
oxide synthase-defined neurons in the sea urchin Biology,2007,152(3) :657 - 666.
larval ciliary band and evidence for a chemosensory [18] Yang JL,Li S H,Bao W Y et al. Effect of different
function during metamorphosis [ J ]. Developmental ions on larval metamorphosis of the mussel Mytilus
Dynamics,2007,236(6) :1535 - 1546. galloprovincialis[ J]. Aquaculture Research,2015,46

[12] Amador C G, Carpizo 1 E, Cristino J D. Role of (1):155 -162.
protein kinase C, G-Protein coupled receptors, and [19] Tran C, Hadfield M G. Are g-protein-coupled
calcium flux during metamorphosis of the sea urchin receptors involved in mediating larval Settlement and
Strongylocentrotus  purpuratus [ J ]. Biological metamorphosis of coral planulae? [ J]. Biological
Bulletin,2006,210(2) :121 - 131. Bulletin,2012,4,222(2) :128 - 136.

[13] LiYF,Yang J L,Bao W Y, et al. A review on [20] Holm ER, Nedved B T, Carpizo I E, et al.

artificial inducers influencing larval settlement and
metamorphosis of marine invertebrates [ J ]. Marine
Sciences,2011,35 (8):102 - 107. [ Z=— %, ¥ &
Je AT, 5. N A5 S W 5 i VE T M S )

Metamorphic-signal  transduction in  Hydroides
elegans ( Polychaeta. serpulidae) is not mediated by
a G-protein[ J . Biological Bulletin, 1998 ,195:212 -

219.

http : / www. scxuebao. cn



1340 Ko 39 %

Primary study on the regulation of G-protein coupled receptors and signal
pathways in the larval settlement and metamorphosis of the blue mussel

Mpytilus galloprovincialis

YANG Meiyuan', CHEN Haibing' , HUANG Yanchao', MIAO Dong', WANG Jungi',
HOU Yingxue’, BAO Weiyang'"
(1. Environmental Science and Engineering College ,Yangzhou University , Yangzhou 225127 ,China;
2. Dalian Xinyulong Seafood Limited Company ,Dalian 116023, China)

Abstract; To investigate the internal mechanism of the larval settlement and metamorphosis of the blue
mussel Mytilus galloprovincialis , the roles of G-protein coupled receptors ( GPCRs) and signal pathways
were primarily studied by using their activators and inhibitors together with the inducing control of natural
inducer-biofilms. The results showed that the activator of GPCRs (Gpp[ NH]p) and the inhibitor ( GDP-3-
S) did not have inductive and inhibitive activities, respectively. This indicated that other cellular action or
processes not related to GPCRs may be involved in the larval settlement and metamorphosis of the blue
mussel M. galloprovincialis. Six kinds of neuro-pharmaceutical agents except IBMX, which are related to the
AC/cAMP pathways and theoretically have inductive activities, did not have active effects at the
concentrations of 10 * =10 > M after 48 and 72 h and even presented relatively high neuro-pharmaceutical
toxicities. IBMX presented certain inductive activity at the concentration of 10 *M after 72 h, whereas this
was significantly lower and hysteretic compared to that of biofilms which had very high activity after 48 h.
Two kinds of activators related to PI/DAG/PKC pathway did not have inductive activity after 48 h and 72
h,but the inhibitor, H-7 showed significant inhibitive effect at the low concentration of 10 ° M. This
inhibitive effect of H-7 disappeared after 72 h and the inhibitive concentration increased to 10 ° M. By
comparing the effective concentrations and time,PI/DAG/PKC signal pathway was confirmed to involve in
and regulated the larval settlement and metamorphosis of M. galloprovincialis, whereas AC/cAMP signal
pathway may be the minor pathway or just the experimental false result due to the toxicity of the agents.
Moreover, the present study utilized biofilms but not artificial inducers which can demonstrate the internal
mechanism of larval settlement and metamorphosis under natural conditions. This can also benefit the study
of the developmental biology of this species and realize the technique development of anti-biofouling by
cutting the signal pathway.

Key words: Mytilus galloprovincialis; G-protein coupled receptors; signal pathway; larval settlement
and metamorphosis
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