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RRRF e — KA IR T RRR RS20k, A2 ORI, AN T 8 1 4
2. RPN E Y. AR A ORI (1 — 22/ Ny AL S Wt B AR T T K
IR 3R 2, MR A A IS DR RR 3% o AR TG MEBN P b VR I KRR 32 A R I HL T
RN LR (Mytilus edulis). 7% 7K/KHE (Hydra vulgaris) 25 FR$2E 2 N-784=
VU7 I £ BE % Cananadamide, AEAD . 2-164 DU I I H i I ( 2-arachidonoylglyerol,
2-AG) ZEPUETE KR ZE (Sepe et al., 1998). JfH, 7E3E Sl U1 (Dreissena
polymorpha) H{IHF T B, AEA J AU RENS H0HIBE 5505 DLIBH G, JF HixX
AMER TG, U6 IR KRR R AR AT A2 5 58 i ULPN 25 (¥ 4% (Angarano
et al., 2009). F5=NG UL (Perna viridis) 1N E G —Fh EE RS HM I, K
T BB A ML, AR . AR, ARHECL BRI, WEBRET T
U KRR 25 7E 55 2200 DU T I VE o A9 30 R 25 R AT
(1) AEA. 2-AG. AA XI52EN6 INE A —E iR ER . ez
T 520G DUBH A B RAE . KRR 3R 2 A Eh 71 AM1241. HU308 DL A MAGL
Bee fpe g 9ZL184 X 55 22000 DLIK B 5 A — e IO4MIPE T . UEHH AEA. 2-AG
A RE S i S5 ARG DLCRR 3 32 AR L B A 2R AT R4 . CBL 2 AAFSE Bl
SR141716A 5 AM251 XF AEA 135505 DU th B AF F HF A B e 4+
PEIMHIVE , CB2 SZAKTEHiH SR144528 X 2-AG £ 15 22t UL th g 4
VG B SRR . 10 B S5 2R DUk BRSR AR P REAEAE KRR 24k, H
G E MBIV KR ER Z A TE A . AEA FI 2-AG X532 DL &
RARIBMRLIG SRR, AEA WJREZMIT N T FPIV-1 [M&KIE,
M AIH] 1 5238060 DU G . 2-AG AT R IEid fm | FPIV-1. FP1V-2,
FP2. FPAV-1 1 FPAV-2 H)ZIk T4 1 515 220 UL B
(2) LC-MS/MS 2553k, 5206 NP AisifF /£ AEA. 2-AG. OEA. PEA [
Pt PR R R o B AN B 35 200 DL R KRR 3R & T L, 45 Rk
AN B & F5 22006 Db 2-AG & B s, Ui 2-AG FTRE S5 T 3522016 DUA
P52
(3) ¥4 Unigene IR, 78 Nr HoHs P2 hidoBe 3] — > CB1 K524k, 1EH]
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Abstract

Abstract

Cannabinoids are compounds that modulate neurotransmitter, immune, and other
functions by acting on cannabinoid receptors and modulating neurotransmitter release.
Some small molecules synthesized and secreted in the body can act on cannabinoid
receptors, also known as endocannabinoid. Endogenous cannabinoids have been
found in invertebrates. At present, AEA, 2-AG and other endogenous cannabinoids
have been extracted from Mytilus edulis and Hydra vulgaris. Moreover, studies in
Dreissena polymorpha show that AEA and its analogues can inhibit the attachment of
mussels in the Dreissena polymorpha, and this process is reversible.It suggests that
endocannabinoids may be involved in the regulation of Dreissena polymorpha
attachment. As one of the main fouling shellfish in the coastal area of China, the
attachment mechanism of Perna viridis is really less studied. Based on the results of
this study, the role of endocannabinoids in the attachment of Perna viridis was
preliminarily discussed. The main results obtained are as follows:

(1) Effects of AEA, 2-AG, OEA, PEA and AA on the adhesion of Perna viridis
shows that AEA, 2-AG and AA had some inhibitory effects on the adhesion of
Perna viridis .Experiments In vitro showed that AM1241, HU308 and 2-AG
degrading enzyme inhibitor JZL184 had some inhibitory effects on the adhesion
of Perna viridis. These results suggest that AEA and 2-AG may regulate the
attachment of Perna viridis by cannabinoid receptors.Effect of CB1 receptor
antagonist SR141716A and AMZ251 on AEA have no obviously competitive
inhibition in the attachment of Perna viridis. The effects of AEA and 2-AG on
the expression of adhesion proteins in Perna viridis showed that AEA might
affect the expression of FP1V-1, which could inhibit the adhesion of Perna
viridis.While 2-AG may affect the expression of FP1V-1, FP1V-2, FP2, FP4V-1
and FP4V-2, which could inhibit the adhesion of Perna viridis.

(2) The LC-MS/MS results showed that Perna viridis do contain four kinds of endo-
genous AEA, 2-AG, OEA, PEA. Moreover, the content of 2-AG in unattached
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(3)

mussles was higher than that in attached mussles, indicating that 2-AG might be
involved in the regulation of unattachment in Perna viridis.

In the annotation of the transcriptome Unigene, a CB1-like receptor is annotated
in the Nr database which proved that there are cannabinoid receptors in Perna
viridis.The results of transcriptome showed that the content of 2-AG in unatta-
ched mussles was higher than that in attached. Differential expression analysis
was performed between the two groups. The results showed that On the one hand,
2-AG may act on the TRP ion channel on the presynaptic membrane, which can
reduce the concentration of Ca* in cell, cause the DSE phenomenon, and lead to
the reduce of NO .While NO was reported to be involved in the attachment of
Bivalves. On the other hand, 2-AG may act on the CB receptor on the mitochon-
drial membrane, affecting the energy metabolism in the cell, thus inhibiting the

attachment of Perna viridis.

Key words: Perna viridis; endocannabinoid; attachment; transcriptome; mechanism



KFEZE (Cannabinoid) J&—381ER T RRRER 2K, WIHTRHEIB UL M
1M1 72 A4 — FR A B AR B2 BSOS AL &) (Didier et al., 2005) . FE 4714 KRR H it
Fi 85 %2 (1152 AS-DU S KR ( a®-tetrahydrocannabinol, a®-THC), ‘& HE& @I
JRCRAVE FIRRIR I, IR AT . T OGHR . BRI S R GRS HT A
FITRG ARG EAEEZERIE- . 546, AERA G RSO 73k (- L8/ 4
WEYIWRENEH T RIRR 24K, BRI KB Z (endocannabinoids, eCB)
(Mechoulam et al., 2000). HHi#f 7L 2 A N-Te4 VUL L RE% (ananadamide,
AEA). 2-164: TUMsEEH MEE (2-arachidonoylglyerol, 2-AG) 125 Py KRR
M Bt 2 B & ( N-Oleoylethanolamide , OEA ) . &% #idl Bt 2 B i
(N-Palmitoylethano-lamide, PEA) %% (Evans et al., 1992; Fu et al., 2003; Costa et
al., 2008). KFRESZARLELEME A A+ o0 32, W Vg, k. HikE2
MRG. HETHFARRZ KA WMRRRRZE: KRERZE 1 1 (CB1) MIKFRER
AR AL (CB2) (Howlett et al., 2002). MIEME KM ER K ILZARTETF 2 T EHE
NP A KL, AR A R R PR PR E AR, a0 BRI A AR
ALK A2 ATE . FEIRGE B, PIRFIFEIMA L1555 (Salzet & Stefano,
2002),

1.1 ARMAXRERS

WIETE KRR 21 B 5 & B W I 2R -E 4, BRAMEME KRR — 1
EATHERAE T CB ik, H W 7t & 2 e AR IRIATAEY), £252 AEA
#12-AG (Devane et al., 1992). AERILAEE—L/ N FHERMEY), A
AAEA: NG ER AL ThEE, W OEA. PEA %5, FRATHEEAIFAZEP M KRR
% (Rodrguez et al, 2005).
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1.1.1 N-EE Bt 2B (ananadamide, AEA)

AEA JE 5 H ORI RIRTE R, X CBL/ICB2 Z A EH . AEA B
A9-VUE KRR AL 22 25 AN JR], (P2 FX CBL 244 1 EN Rk 7 DA K 24 B 22 AIE 5
A9-DUZURFRERRAHAL (Hill et al., 2009).

AEA ({14 R EE R Ca* ki NAPE-PLD & U TR M &A% 1 ) ik F v,
G ARG LB RS, AN R A Ak S8 Catt R, WS N-BESL R
i ( N-acyhransferase , NAT D, M 1fi f# {6 40 M0 B b 89 8% A5 Bt 12 B

(Phospha-tidylcholine, PC) 5i§fg: £ E% (Phosphatidy- lethanolamide, PE)
2, R N-Fik R fa ik 2.2 2 (N-AcylPhosphatidyletha- nolamilles, NAPES).
NAPE 8 5 D (NAPE-phospholipase D, NAPE-PLD) /Kf#4: ik AEA. (Ueda
et al, 20100 AEA BRI R AR B A AEAHNAE G, il gy = ) AEA
iz (FAAH-like anandamide transporter, FLAT) F¥EEUHE NI, (ENE
15 Tk K fid il (Fatty Acid Amide Hydrolase, FAAH) IVEF T & A4 4 fi# .

NAPE-PLD &AM &R AEA [ MREZERIEESE, A5 396 MK,
J& T B- PN Bt g 4 S 5k ( B-lactamase fold family ) (Okamoto et al., 2004) . 7 4h,
EABAE G AL OEA. PEA. AEA &M FAAH fL 575 580 MM 2LME, J& T amidase
signature (AS) B i (Ueda N &Yamamoto S, 2000), HmiERMI& AEA,

2



A

B ik

RE/Kfift OEAPEA ZZ Mg I BRBE% (Giang & Cravatt, 1997). AEA ¥z H

(FAAH-like anandamide transporter, FLAT) fl& 512 MR IERE, w44
& AEA, JEH AEA ik BESIA 3% BRIR EE SO0, IXFhiEia AN 2k, Rl
MM 21 it Py R AT LA Y BS 24k (Fu et al., 2012). FLAT F1 FAAH Hi[F—
A~ Faah ZERIZhD, MR BIR R EJEME. 24581k, 28RN T
1RZ FAAH I, 32 B0 MR Cln: AASHT, Seierstad & Breitenbucher,
2009) . o-F A2 (AN A6 DU = U RE D | 05 FR IR IR 25 (11 URB524,
Kathuria et al., 2007) 5. H Bl & ILATIEFENE FLAT 401554 AM404 (Glaser et al,
2003). ARN272. UCM707 (Ldpez-Rodr juez et al, 2003) %%,

1.1.2 2-E4 UJEBLH MBS (2-arachidonoylglyerol, 2-AG)

2-AG AEN A —Fh LB E E N IEPE KRBT, B AEA —HE, X
CB1/CB2 M F1EH . BT 2-AG fEMA L h SR B % ST AEA (Mangieri
& Piomelli, 2007), T HAWFF LI 2-AG Xt G & FEESZ /R 1 sh E FH 28 T
AEA (Lutz, 2009). fE/NERISKEEHARIL, 7N AEA KIIBRIFA XS/ R
(W IEH AEFEThREF= A M, (HAE 2-AG HIKIIER KR H &/ NR — R AT R AT
2-AG B TAEMAHZGE T IXI RG R h & B BS LA, R il B, E
AN E S TP A gkl 2] (Leung et al,2006) .

S f5 & ez RS . 4 - s RERS C (Phospholipase C, PLC)
Wik, FEW) PLC JK AR M bRkl e LI — @R EE  (Phosphoatidylinositol
Bisphosphate, PIP2) J&H i —fiE (Diacylglycerol, DAG), DAG w4 it H
TR (Diacylglycerol Lipase, DAGL) Z4f#r= E 2-AG. 2-AG HREJEE 5 fist ]
B SR — RN G, S s A R ZIAIRE N CH AT 2-AG
(PR R B LA 9T I8 M AR M B, E BRI H i EERS (Monoacylglycerol Lipase,
MAGL) HIfEH T RAEREME, B aie A= VU s e (Arachidonic, AA) FItH
1 (Labar G et al., 2010).

DAGL 4% 2 fili %!, DAGLa fl DAGLB, % [RIN LA /K AFEG, - BB
e H, B 4 MERIX, AR AT LUK &A1 H s (Diacylglycerol,
DG) R B H WS (Mono Diacylglycerol, MG). DAGLao 3 F 4 Afi 78 K Al
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