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GABA Z {3515 & 4 FHE AN CGP52432 X
[EENG D4 A M E T SRR 00

EHES, 2 BY, WK, IWH
P OH2, HEAE, B—ig"
(1. bl K%, B RKigEAERRE ERRB A 7 b0, il 201306;
2. RIGETERY:, KPR IR R IR SR A T SR E, i 201306
3.EUTHRAER S TR RERIRE, TR MH 511458)

FE: H K GABA K H % R4 fi 7 fir & A+ 9 (GABA, % 1) F2 CGP52432 (GABAg %
B)ERRE Ny M ERSTOREEER, LREISNERE N AR KT N &4 24
4 K A5 GABA % fhA48 X & & % B (GABARAP) %1 GABAg, % 1k # I (GABAgR), %
N GABAp R E X S AWM A M BERTHMM RS AREF TR, BL LRI
& E PCR I IEMAFE AU KRAMR, DR GABAp R T 5 5 FER T BN 4 RS K
Ho AEFTLHLERL TR, 10" mol/L GABA Xt E 7% b L 4 sty & A B A H S M (27.2%+
3.0%)o ZEFRFA LI F, 10°~10" mol/L 77 & 4k J+ 3 Fn CGP52432 @ £ 404 T E 7% % I
YRS, HWHERAMREA T E. LT K GABA R EZERFEHRAMBIFE T
B 5% W DL 4 m i kAT Ao HER KW, GABA, 2 GABAg % k4% 371 77 34 3 2 7% 6 I 4h s fff
EESEAMH R, GABA XK 55 FEE 76 I 4 M &L S A2

K§EE: Emlle I ; GABA 1k 4 &; M&ELE

FESES:S9174 SHRFR SRS A

MG U1 T B T A 5 DL S, 2019 AEFRE T D24l i 25 AR AR5 S B 5 T2 DL 2%
WUy Bk 87 77 ¢, RARELAG . WARUE DUS 0% RS LRI
USRI D12, T KR B AS S A 0 2 3 % T8 TR TG A S P 40 ERL S I 2 A o R T2 oy
o O Tk PN g ey M PIRSIT RIS TR, JC A
FEA AR TR IR s RS 3 PRI ER AP
corweus) [FRABRIVAA ER A= - i 0 2 T SV 5P T 2
FATR R P R A AR g s, WAL AW IR
1 VP T G0 T AR T RO AR gt A v TR (GABA) RUBAE I 2.t
EN LA B B R 20 G AR MRS B B, IR0, bl 8 T AR [ 2 O 5 34
HAHUBET TR, ERERE TR 0, 4 AW A I A R, B, 2 A
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B RE 75 5 J5 7 T DRSS TR DU (M. edulis) %)) LUK &
ARZSICN G P 22 S (Panopea zelandica) .
KAF Z FEIFRG WS (Cyrtopleura costata) F1E[) FE 4 i
(Crassostrea madrasensis) 4] B A5 175 SR U

GABA J2 HH 4 2 R 62 LB i 1Y) — 24 il 1 2
FERR A 223 S, AR AL 8 2o R T 58
fie i ARl G AR b 8 o 4 T S 1) 3
M Y GABA REA RUMIA S 400 (Hali-
otis rufescens). MG D1 (M. galloprovincialis) .
4 B8NS (Venerupis pullastra). FE 8 52 5 4
(Ruditapes philippinarum). B M - 41 W5 (Ostrea
edulis) FJKZTHZ (Rapana venosa) 4 HFHE ARSI,
XK 405 (C. gigas). #ivE 288G W (Perna
canaliculus). ¥ ¥k U (Pteria penguin) 1 E[ J& 41 1
LN TG R ROR 0, R R R DT, GABA
REA A5 S 4 R, ARSI A H GABA 21K
FEPURIDETE GABA 32 AATE RS i U1 &)y He B 48 25
HIFER, MY GABA fE(E 518 B e JE 52 IR D
o) BB AR A R B LR R S

1 MRS

L1 SEIus

S0 T R 18 JRE 58 6 DL &)y B 1 i VT A Uy
S NEW . BRYIE, KEESFE 18 °C, R
Hige, JoOLME, R 2 R¥K 1R, #hhfR#%
M1 YR S5 M 4 (Isochrysis zhanjiangensis) o
1.2 2 RNA 2K cDNA &%

BT IESE IR L4 HURTR] R & B Bl sk 4 5080
J% (NCBI %375 PRINA689255), fiikf33] GABA
ZARM TR I FE (GABARAP) Ml GABAg, Z 1A%t
X (GABAg,R) I¥+%) . i | Primer Premier 5.0 41
BT EFE NG DL Y GABARAP Fll GABAR,R 3 51 %)
(D), HLGIEFS M IERME. /8 1.5 mL G
il 25O R RS DL AN R B B4 R (45
R BCE . HE LR 3000 5 DIE4LH 2 000

Hy 5elighd 1000 H; MR A4)H 600 2 #ED
300 H), HT B RNAHEC, 208 9 A RNA
Later Jf- T—80 °C 17, Al RNA $#EHUffi ] RNAiso
Plus $2 IR 76 i DUAS R & 8 B Be gl B 5 RNA,
I S AN EE R E RNA 28 Fve i, 38 5 Bl
JIE M B 2 FL UK A0 AT L RNA S8 M SR ] TaKaRa
cDNA 355 SRR & E RNA #1738 5%, cDNA
PRAETF-80 °C, HTIELLmkmHT.

1.3 SERSCHEE = PCR (RT-qPCR)

SCHGARE Li 60 Frid gt e By kit ., Al
JH PCR 14 i H By PRI AL I BR o i, R bm o i
i B B AN TRl He FE (107~10" #% DL /uL), #E4T9¢ 06 5E
i PCR N, BN RNIE 2 M HOREE A S A
MR, W AE Light Cycler 96 System %¢
SE i PCRA (P IK, Fid) #£4T. RT-qPCR )i
R Z M 10.0 uL, 145 5.0 uL 2xFastStart Essential
DNA Green Master (¥ [G, %it:), 0.6 uL - FiE5]
#) (10 pmol/L), 1.0 uL cDNA, 3.4 pL ddH,0., RT-
qQPCROV B IEY 38, OB Y . TAEHE 95 °C 10
min; 95°C 10s, 53°C 10s, 45 ME#F. 45
IR AR A v it 2S4S B R I AR A H A AR
P LK, HT IMP™ B4 X Kt AT 0 25 1 22 S
I3 ¥,

1.4 X FIECH

SER R IS Sl RS AL S W ads S AR
. y-BET (GABA). fifutFHdf CGP52432,
EWE B WE 2. w4 PH (GABA, 32 1A+
YL Al CGP52432 (GABAg SZAAKSHLI ) £ 1
fic B LS T R AR (DMSO,  Sigma) ¥ i,
- e FE K U8 (FLAR . 0.22 pm) 7K (Auto-
claved filtered sea water, AFSW) i B 25 I 32 o 2
WEXF 'S IR & (Epinephrine, EPI) fl GABA
W, B ERERFHIF R 1 mol/L HCI B,
TR 3V YR B A SR A 2 R HEAT R, 0.2% AN

%= 1 GABARAP i GABAg,R E & 35|45 % K% RT-qPCR 3 #E3 =

Tab.1 Primers and RT-qPCR efficiency of GABARAP and GABAg,R genes

B SRS SIS (5—3") H ¥ )7 Bt/bp PRI % HRERE ()
gene name primer sequence amplicon size efficiency correlation coefficient
GABARAP F: GCACCAAAGGCCAGAGTAGGA 161 97 0.99
R: GCACTTGTTGGAGGGATCACG
GABAgR F: CGTCTGGGCTTTAGCACTAG 176 91 0.99

R: CTATACGCCTTCCATCCTTG

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries
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F2 TWARAMKEMR. £ R SRRE AR ERE

Tab.2 Chemical compounds used in the present study and their respective manufacturers and

the concentrations of stock and tested concentrations

e o

chemical compound

il 7
manufacturer

5 Ei®E  epinephrine
y-BETMR y-aminobutyric acid
i EL4L P bicuculline
CGP52432

Selleck (Texas, USA)

Sigma (St Louis, MO)
Sigma (St Louis, MO)

MCE (New Jersey, USA)

R JE/(mol/L)
concentration
BRI W B
stock solution test concentration
107 — — 10
107 — — 10
107 10° 107 10
107 10°° 107° 107

TE: R IR AR IR B

Notes: the symbol ‘— indicates that chemicals of this concentration was not used

0.8% — 3L NV R 7 W 4 il A M fmf 0 4L P B A
CGP52432 ZbFRAL A T BR (2 2),

L5 ZHEESLE

4R G AR S SLER N 96 h fFEE R FBELK, &X
SIS A FAE A A 20 mL IV VR G SRS SR 1L (o
90 mm x 15 mm) P #F7, EAEEFEILFE 20 4>
MRS, W& I NEYRESE . £ GABA Z{K
PR B R SR b, W A4l OB R [R) R 3 0 7]
KR ¥ R0 52 82 15 min, JH AFSW ik 3 1%,
5 K 4l U RS B 24U 2 107 mol/L 1Y) GABA
VW EH 2 96 ho T WA FE R A 10 mol/L ¥
GABA I 2175 5 72 M ULHR 5,40 AR A5 % b5 i
MR . SCIRTFIR I, 76 R TSI e AR
W) IF 6] 5, (24 48, 72 F11 96 h) M4 AT A (i
JeF5Mgk) . ST MMAS, 20 mL AFSW
F1 20 mL DMSO 431 Jhy 52 5 20 1% 8 1 25 1% B2
Ff R IEZH, 20 mL 10 mol/L ¥ I i 25 1 20 mL
107 mol/L GABA fE MIEXTHAL . 4 AR AR A%
HATREE ik . TCAT . FrEFBET-) Jeb T
EBZHEAL, 22 )5 R IMP™ B4 HEAT 1E 2840 A A
5o PIEHE AN 2 IES 5310, SR A Kruskal-Wal-
lis Test K 35 477347 o

2 4

21 EEWRILRBLEMEYIH+S GABARAP
1 GABAp,R IFRILIE MR

JEFENG VUK & 8 B Bt 4l HLUR % S 41 Fl RT-
qPCR 43 A7 45 3 52 30 s AH LA 3Rk i X (8T 1),
GABARAP FE7E T 4] U ik i B Z LT DB 4
W (P<0.05, Ell-a,c). S5elighdiAfitt, GABARAP

https://www.china-fishery.cn

RS RR A I LT, (B EEER
(P>0.05, &l 1-a, c). GABAg,R TEIR &5 40 B 1y 235
3 T HA R Begh ik (P<0.05, [ 1-b, d).

2.2 GABA Z{FHEII BRI N4 R &2
SRR

REIE GABA Z KRN S5 T x4 R &
AR, LUk A PRI (GABA, Z iR #5471
#) F1 CGP52432 (GABAR Z K5 P ) W 52 )8 7%
i D1 4y da o AR AR s (1] 2) . JEFEIR DUIR s %)
B2 96 h BFE G, 25 R IR 6700 IR 20 o 34 2 00
FLH L h A, 107 mol/L B AR ZEF1 107 mol/L
GABA 5 54 U AZ R0 5 R (51.7%+4.0%) Fl
(27.2%+3.0%) (Kl 2). S5 X FE4H 10 mol/L GABA
AHEE, Ao 4L PRI CGP52432 Xif 4y it (1 75 25 1
BB FEMHVER (P<0.05, & 2), fffd 4t P58 A
CGP52432 X 4y AR S (1 4 il V5 B G T B2 1 T i
Mi3E5E (& 2). 107 mol/L faf 4t FHE Al CGP52432
X4l B ) AR A B i E M HIAE R (P < 0.05), 4
W AAR SR BN 1.1%+0.7% F1 0.6%+0.6%.

2.3 GABA ZAIEIFIXHIGI SR T TIES
SOEEPSEAL

GEIL R, TEAS XTI, 30% DL A%
BRI SIR A, 76 107 mol/L & R ZE 1 107
mol/L GABA 2 /EH T, GABA IR
A E LTS B R AAA (P <0.05), HER
AR R HE DL 4l AN, IS A4 AT Ak 1k
IRZS . Bt A 4L FH Al CGP52432 Ab 35, 4hd
T 10 mol/L GABA 5 55 [ Fil 7 % B8 20 4 kb
2 BN T KRS 4 U (P < 0.05), FEALL
T RIRE (B 3), BH5 GABA AL, 2 FP
GABA Z/RAEHUHI W2 006 T4 AR (P < 0.05),

R E K224 F 7/ sponsored by China Society of Fisheries
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1 %34 (a,b) 5 RT-qPCR (¢, d) FHTEFENE Il GABARAP 1 GABAg,R E R EI4hiF & B M ER PRV FRILHER
L4RER g h, 2. D JE4h, 3. %Tghd, 4. RAghd, 5. M. ARG FRERZREE (P<0.05), TH
Fig. 1 Expression analysis of GABARAP and GABAg,R by transcriptome (a, b) and RT-qPCR (¢, d) in

different larval developmental stages of M. coruscus

1. trochophore, 2. D-veliger, 3. umbo, 4. pediveliger, 5. juvenile. Columns with different letters above them are significantly different (P < 0.05). The

same below
3 Wik

T VE TG HE B W) P 28 22 e A TR0 AN 1 40y
] R N U e K7 B = B E X () R R A o L |
BN GABA, B LR &R . L-Z 2 (L-DOPA)
1 572 00 e BB 8% A7 R0T5 - sl Vi TS B HESh )
YR ERER, RS NESIEROAETE
i 22 S5 U RS I S 28 JO X6 &0 o ) AR S
BEOAT ZBE, BRI .

GABA 1E NP 28 22 2 Hh — i 82 2 (0 400 1) 14 o
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203 T, 1R HE S R TC B MESh P AR N R R
P25 PE RO 2, GABA 3% P 2 5 45 &
ZUESZI, 72N GABA, B T RS2 1A F1 GABA
RFRIZAR . GABA, 2RI 505 FEiE T
AN R A AL, A0 202445, GABAg %
RJE G EARBAZ R, M s s A5 A5
AT R S i, L5 4% Ca™ i K 13l
A K, GABA FEJE5EIR VP TS 540 AR,
1EHABXGE L2, GABA BEASGAE S 206,
IR UL . SR BEEUG . AEEEIAAT . BRI E4
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2 A%

80
N
@_ 2 60 a
ﬁg 40 b
X2
2. 20 d
SN (T O B I T =
1 2 3 4 5 6 7
AR AL EEZH
different treatment
(@)

80
2 60 a
g
= 40 b
g 20
= ND ND ’—_r_‘ c d d
o LN . . P O s B
1 2 3 4 5 6 7
AR b PR 2H
different treatment

(b)

2 GABA ZREMFIFEH AR (a) 1 CGP52432 (b) XEFHEME N4 TZSAIEN
(a) 1. AFSW, 2.02% —FFETHM, 3.10° mol/L B LR 2, 4. 10 mol/L GABA, 5. 10™* mol/L fij &4t FF 8, 6. 10™° mol/L 7af £ 4k FF Bl ,
7.10° mol/L faf £l FHi&: (b) 1. AFSW, 2.0.8% —FHFEETEM, 3.107 mol/L ¥ LARZ, 4.10™ mol/L GABA, 5.10™ mol/L CGP52432, 6.107°
mol/L CGP52432, 7.10° mol/L CGP52432, “ND” /NI HI4h HABKREA 0%; ANENGFRERRGMTIAANEREE (P<0.05),

THE

Fig. 2 Effect of bicuculline (a) and CGP52432 (b) on larval metamorphosis of M. coruscus

(a) 1. AFSW, 2. 0.2% DMSO, 3. 10 mol/L EPI, 4. 10 mol/L GABA, 5. 10™* mol/L bicuculline, 6. 10~° mol/L bicuculline, 7. 10"° mol/L bicuculline; (b)
1. AFSW, 2. 0.8% DMSO, 3. 10 * mol/L EPL 4. 10* mol/L GABA, 5. 10 * mol/L CGP52432, 6. 10"° mol/L CGP52432, 7. 10 ® mol/L CGP52432. “ND”

means no post-larvae was observed; Letters indicate significant differences between each behavior group (P < 0.05), the same below
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GABA TE— S8 fh i & 4% T i 4V ERKH
W VE o 7E 8% 35 6 85 (Ciona intestinalis) H

GABA ifi i3 5 GABAg 3Z IR 45 & fie BE T Ui fe 15 it
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@

lying =2 4T dead = Dl post-larvae

R TR
AN NN g

SRR RNNRNNNNNY,

4 5 6 7
ENGE 2N

different treatment

(b)
3 GABA ZAFEMFITR S (a) F1 CGP52432 (b) Xt EF G AR 1T R KIS
Fig.3 Effect of bicuculline (a) and CGP52432 (b) on the behavior of M. coruscus larvae

T RS S R T A M, TEAIR
&% (Nematostella vectensis) 1, F|F GABAg %
TR S M Bl R TR O R R OIS GABAR 2 1K
A 390 BE 1 R i 4l AR 2 S [ TR
o, H GABAg 32 M B OIS d 30 il 1 B AR i 25
e R R RS TR R R DURR R F
Wy Be gy B Sk R T GABARAP Fl GABAR,R
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FEN, GABARAP JEHAE R H D I 4 ik &
e, e g U IR R RAL, KU GABARAP
ST REFE R R B B BRI TR A KB AR
o GABAgR FERTER sS4 B B =y ik, R
HOTRE7E AR S H A # B A i 3
YEF, 454 GABA RERSA RUIE U IR 52 I D1 4 e AF
Y KU GABA ZIREHFES 5EE LT .
TEADFGE S, 2 Flt GABASZ VR 540 7 7 A0 4 11 i
(GABA, 3% 1&) il CGP52432 (GABAg % 14 ) ¥4 fig
AR H R I DAR 4 S LT, ®Y
GABA R85 HZ KM A, S5 BN RS E
Hid . HIIE GABA, 5 GABARSZ IA4E I HI 1y
Xif 5T G DL 4l AR S B AR, %I GABA
2 Tz R AIER S 5 R IR TR DL 4h iU AR S e

T TCBHESh 4 O T2 R S A RS
Ry W) 10 S B TG B, AN TR T AR AS OB, i DR
FAT R —Fh &l BN RCIRZS R T i 15>
KB, Bonar 6% & B L-DOPA JIr fish & 11 K 4t
W5 40y B 2 2 7 R 6% 1 L-DOPA Jlid 42 it 41 i 70 7
BELIRT , i 2 2 B 8 80 20 300 T LA JB0S B 26 1A 10 4k
SE, F UGG RO 5 AT R S £ T R RE A
FTRE . AWK I GABA AL FRAL I H] T 5206
DUl B KAT R o X — & IS ATE A 95 45
A, Alfaro 6% % Bl GABA [#AIX T 2B 8 (4.
iris) 4l BURWETKIG 2, IR IA X ARG 5 &) U 4F
FBizdh MDA K. 75 D20 (Hemicentrotus
pulcherrimus) W1, G4 FHIAN ] T 40 B8 E K
i, #W GABA fef5 5 R4S 5 T4
Werk AT JC0, [RIRE, GABA X35k 35 o B A 21 1 4))
HOFKAT R BAT BRI RIVE Y TEAR T
Tr G4 FHR T CGP52432 b L A 1 J5E 5%
T DL 4l BTk AT A, 1 HLS GABA X BRZHAH LE
BERRAR T AR AES R, R GABAZIKFEHH
AR T GABA 5HZ R4 &I RS E S
ML A, SR, 2T GABA 2R3 5 4 th s
B FUHRAEYEAE R, TEiE—2 5.

g Lrid, AR5 TEIRSE IR DR & F B B
W S Y 619 5] GABARAP R GABAg,R , FIFIZ4
P2 TR T GABA 2K S 58 ¥ E& G 11 4)
ARSI, NI# GABA {55 RS IHERE
FENE UL AR A S YL T B % Fnt, &
el Ul GABAg ZRVE N G & (IR Z &, HT
oy F VRN Rt — 355 .

(3 7 WA A SUT 52 B s 42 B Al 22 )
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Effects of GABA receptor antagonists bicuculline and CGP52432 on larval
settlement and metamorphosis of the mussel (Mytilus coruscus)
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Abstract: y-aminobutyric acid (GABA) is an important inhibitory neurotransmitter in the central nervous system
in mammals. In marine invertebrates, GABA has been reported to induce larval settlement and metamorphosis in
many species. The pharmacological experiment was conducted to study the effects of GABA and its receptor
inhibitors Bicuculline (GABA, receptor) and CGP52432 (GABAg receptor) on larval settlement and metamorph-
osis of M. coruscus. GABA receptor-associated protein (GABARAP) and GABAg, receptor (GABAg,R) genes have
been found in the transcriptome data of different developmental stages of M. coruscus. GABAg,R was significantly
highly expressed in the pediveliger stage than in other development stages. A similar expression pattern was also
observed using the real-time fluorescent quantitative PCR experiment, suggesting that GABAg,R may be involved
in the larval metamorphosis. The results showed that 10* mol/L GABA induced 27.2%+3.0% of the pediveliger
larvae metamorphosis. Bicuculline and CGP52432 significantly inhibited larval metamorphosis compared to the
control larvae. The higher concentrations of antagonists showed more pronounced effects than lower concentra-
tions. In addition, both GABA and its receptor antagonists inhibited the swimming behavior of mussel larvae. Both
GABA, and GABAg receptor antagonists inhibited the larval settlement and metamorphosis of M. coruscus, sug-
gesting GABA receptors may be involved in mediating larval settlement and metamorphosis of M. coruscus. The
present study contributes to further exploring the mechanism of the GABAergic signaling system regulating larval

settlement and metamorphosis of M. coruscus.
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