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BE: RAARARUFRARF R ARERARN I AR T Ex e WA R R4kt 2 &
FHRAUREATARBAWEABEHE oA, EERBINZEFEEERNNENK I
KA ER HARKAFMRFB L R A BEESMS-RER A RBEEE T, WERWH K
TH®Y LB, BIT FMRFB X X ERE T S-RE K XM %EREF,36 hpf i, &
% ) FMRF Bt % % &% % [ 15 5 B A 4y o U0 K3k 2 4 WO, i i o P M 4F 8 € 10 5 0 %
EEWET S A EWEEERFNFRIARE., ATREAAMEERGST . £ -1 ki
THRENTRS CERREL L, DRYEHBEHE RSN FMRFBI X AR HERE 5 2
FETRBENINATHEEEST MB2AHUEFTURRRB RG22 AMERSES, WHE
FHETEME AR EETENRERWE TS, IShpf i, F I AS-BEREREEES
HAEFHERY A TEET W m. EFEH DB 2N &, HEET WY —ANE /D E R
BUHE FERERRAXERATVBEEHEFENBML,42hpf , ELS-AEHHEREETH
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1.1 LW HIEF

JEE 76 i DL 25 DL SR ) 7 VL A8 g B A A B B O
R AR KR Yang 45 T 7 kAT AT
ALY BT o JE5E NG DRI ) th (48 hpf) 8
BHS M % PR 7k AT . S IR
JER S A/mL BB KIE Dy 2 Lo By i Wi,
SEME AR, IRMEE O 5 x 10°/mL, A K FE 1
Wo BEFRER (18 £1)TC, AR F WM,
TG, BERR 1 R HOK 1k, SE5 BT i K 2 4
1.2 wmiE R g, ER S 30,
1.2 EUEEE

AL T 4R 2 48 h, A 6 /NEFHURE 1 ¥k, B
FET, BB, (A 5 2 A X 5 o ) 9 26 T
N R A N S O E PO /R (530 7 R SN = I AN
7.5% MgCl, %, B3| 4 058 2 W, R
1) 4% 22 5 W IR &)y ] 7€ 7 PBS 28 vp i ( pH
7.4), Zik 2 h 5, PBS Rt REHR® R
70% 1) CFEH  FAARTE - 20 C &A1
1.3 SZEHBALEMRTAEEE

H5 IR i 2 %)) IRRE A AR PBS 2 P il P Bk 3
W BRR 15 min, J5 i A B P (0. 25% 2 1L 2
[1.1% triton-100,0. 03% 2= F k.4l ., PBS) .4 C 1t
o 53l S-BR ARtk CRIE T %+, W T
ImmunoStar /&), 55 5 & 924005 ) 5 FMRF [ i
Ryiik CRIEF =T, F ImmunoStar A F] , 1% %
7 831001) I o S8 2 A (M4 T Sigma 24 W],
t25 R T6793,; K IE T/ B, 7E PBS ¥ Wi H
1:1 000 B +1.0% IEH 2413 + 1. 0% tritonX -
100) 255 hrid, 8 F 4 CTFWHHE 1 ~2d,8R)57
PBST Pt 3 W, &K 1 h, I 20 A& 1
Pi e Alexa568 (g T Jackson Lab A&, i B &
1:1 000) A1 1L 2F-$1 . Alexa 488 (Il -+ Jackson Lab
AH L HEREZE 1:1000) 1) PBS 4 CTilk, £
P E Z 5 A IR M 4 BU7E PBS sk i
T, 8K J5 11 80% 1y H il /PBS 3 f o 78 755
IF,3 Fh— 40 X B E A [A) M B LE B (0, 12 500,
1:1.000) , i € o WUE & E 50 8 5 £E 6 R
1:1 .000,5-%% €4 i 470 14 /Y d5c A Lo B Dy 121 000,
FMRF [t e 28 Bt 1A 19 d5c A B 491 S 1: 1 000, B 14
X BRI, NS —40, BRI 40,

FIF A4S FE & 7E 966 2 f 8% Nikon ECLIPSE 90i

A S R AR I ) A B B AN A T
N IR R B4 A ey ok T o100 A4, A
Photoshop CS ( Adobe System ) 347 i 18 2 i F1 I8
FEE 7 iR b BE R S R

2 4
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JEFR A I/ L B, 12 hpf B, BB A H
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KLU E, KA — NGB TL B, Hd gk
KA 1 HRE 2 RO B E . IALPAA X
YR SR NG, I BT T, b B SR R A 4
FETCFE MY B AR Y, &) HU AR K 2 R T . 30
hpf B, & & 2 48 &) UG 0, W44 22 4 g 28
- R S, T g AR P, K 3 W B D 5E . 36
hpf B, & & 2= H W D B4, S 5e AN K A= K JF 4
LT A, [ i A1 42 152, P 7 UL R 348 0, 38 ¥ B
B 48 hpf I, SR 52 58 A Fl 4 AL, AT 55 2
BRI A7 B Y 2 BE & o, ) i W R IR D
B, DIEY ., BB — T HLEGH,
N BELB AR, DIE4) i m g B A A,
HY R A0 ML AT 21 B, g RS T A AT S D
e & I8 T E A 5E LA S PSS L, BT LG
e,
2.2 FMRF Ep% 2 ( FMRFamide-like) %2 9% i& 14

[ ¢ %F B8 2 tp FMRF 9 fi% 2% ( FMRFamide-
like ) 38 FHME {5 5 A B, 70 )R 58 15 DN 32 8
T BRI B IRIG & T B, Bk
M FMRF P iz 2 e e BH PR 5 (B [-1 ~3)
18 hpf i, %5 1 /> FMRF [ Jiie 38 %0 9% B P15 5 s
PLAE R P56 4 R AR R B TS (al R [ 4)
e LA A 1 AT M, A7 T 2F B B9 o K e A .
24 hpf i}, #1484 L) FMRF [ i 28 o 58 B 1
ShmE 2 A4S (B L-5) . 30 hpf i), B 2 0 4¢
| FMRF [ file 285 e 98 BH VA5 5 (42 MFn Al 4
A ol A ) B G & 2 A, B 3445 A1 7E T8 i
X al TR0 A F M ST e B (B L -6) o
36 hpf [, 81 2 1) FMRF [t i 25 4 55 336 14 FH 15
5 BAE 4 TS DX A A A W (IETRR T -7)
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X A P A S HE 1 BH M 1 4 A o )5 TR B3 O
LY I B IEAE KB MR BT AE KB, FE T
iy DX BT A 4 A e, al OO0 JfD G 2 A0 T IR, 407 R
RHAAE

£ D JE 4 dL B Bt (48 hpf) , FMRF Jif i 25 4
PEBAPENS 5, TE L T — A4~ B % 19 IR 25 44 (14 hie
[ -8) , HE DU FL v] B J2& #i 28 JC T B I P 2 27 2
XA P28 21 2 I L R H: T ] % 3 e ) A 40 P
BT AR E L WA E 5 Z AR E B B R — 2
FRVEAS = o1l A0 10 {75 9K 55 1000 2 B 19 448 L A 53
B BRI 0B AE S T 2R AT 4 A R 4
HIF A T4 K A TR 4% 41 4 i AU 3R E A2
KOEXA 1 X HEGES R —A 5 S
A M55, rpl Fl Ipl) .

D JE 4 Ht [y Bt (48 hpf) 1 22 £ 4t i) FMRF [t
e 2t B g BHVE AR 5 23 ol 2 ToL& B 00T 3 AN P15
SZEMAA S 1A FRYEF S (0l L) 2L &
JEDIE R 2 A BAYEAE & (rpl #1 1pl) o TiARE
FR I BH A A 5 2 i HE 1 0 8 0 R 1 4B TR R IS
LY, BLEE B I BN AR AF S
W) pf 2 2T AESE A B IEAE KB R P TT .

2.3 5-32fa % (serotonin) % & iF %

BH T BEZH v 5-%% 8 i ( serotonin-like ) #2322
FHPESS & AR BB, 2R 5¢ I DN SZRS I Ih 2 48 i
IR ARG A B o R, ¥ T R B S-S
PEPHPESS 5 (B L-1 ~3) ., 18 hpf B, 55 1 4> 5-
P20 i G PR AR 55 Hh IR SR 0 P 5 4 e ) T 2%
BT (BRI -4) . 24 hpf I, 5-58 €5 Jie 4 % [
PGS HmZE 2 A~ (E R T-5) . 30 hpf £ 36 hpf
F, BD R D B 4 do B Be, g B AE S i —
AL/ B A 2 27 4, G i 25 R B ) T
anE LT YE AR AL (B IL-6,7) o 42 hpf I,
W2 S-FR i e FHPE (S 5 1 B0 78 0 DX 3, L4
HIME2 ~3 MR D-8) ., i iXef5 5 i
TE Y 240 M 2 2 T B, Hoax S8 5L I8 2F 45 8 i %
AT gEM, iR kE 2 D IE L) fBr B (48
hpf) ,5-%5 (0 Jie f 3 B RS 5 B 3 i &2 4 4> (1
JiIL-9) , 3 S A5 5 43 A T Wil pt 22 79 1 ) 1, L R
HE 1) R PG 2 4 A A 2 B 1 ToU A 22 4 4

3 e

KT DU 2 R G K ST C U 2
J& , B4R P e T 2 2 (Gastropods ) ' I 22 4 K

(Mollusca) ™', A 78 & W ARV 15 76 Ik DU iR
BRI A S K L, R TS A A
I A0 MR I 23 3 A o AR IR DU AN IR iR
KE Wt ¥ I8 & B FMRF P i 26 4 95 FH %
F5 RS- A FHEAE o AEFRER 4 ik
W B, J5 5¢ G DL 28 JF B JE i, 3 B T EMRF
T JHe 248 B 92 B A5 5 CIRTRRCIIL-10) D 5058 €0 fie 92
FIYEE S (BRI -7) o fEfRsEgh s, 224 M
4% 1 4~ FMRF [ iz 26 40 0% BH 45 5 TF 4 3,
I 5 2GR (B AR T-2,5), £ D
JE 4l R B BL, FMRF [ 1 25 G 8 BHAE A7 5 2 ft 4
I 3 AN, i A A PG 5 At A 28 2T 4E AT
2 AR TR B 2 A (R TT-3,6) , #fE
HTRe N e A A A R A . HH AR ) dUs R
B Z DIEY HUb B, 5-58 € i 5 g B {5 5 1 4K
EIINE 4 A, BT & 5 (B R -8 ~
9).

FMRF Pt Rtk e & T M E RE K E
FE H A B E Y . HETEESS KB R
NG D1 &)y e /4 #i 22 T )8 46 T 1T 47 & %6 1) FMRF
T g 28 S e G PR A B, HLZ JS i & | 5 Il A AR
BEONHTEN 5 J7 10 Bilan, 7e ol F1 1L 4 22 2 4 4
ERE R R & Z 00, WA TE G X R
PG RETE PR M B AR 4k . X A RS i ) G D
( Mytilus trossulus) %fj 1114 Py FMRF Bt 28 iR b
SRR o= X 1R G N T e B
K K S22 ( Lymnaea stagnalis) (A 4 % B &
W) b T 4y IS E AU o, £ B 4 5 Bl FMRF it
¥ 2 B 5 1 M A0 D 1) TS S, 3% A S A O R 1Y
JERENGEE TR URZ o OB 91k B N |
(Antalis entalis) 1 5100 26 % WU FF46 - T 35 97
RNV NE NS ATY SE R

S-FR AN T AFAE TR HE S W) A TS HE S )
A, H RS 1 21 L HE S Y %)
HU M E AR, SR A Z TR W R A &
WM 2R K T A A sRiey .
WFE AR, 5-52 €0 Jii 4 92 BH M A5 5 Je w0 s B AE XL
T LG U1 ( Mytilus edulis)30 ~32 hpf, RI$H %5 4)
o SR AN R BT 7E 35 8 I 0L &) o
e, SR 0 i A B A 5 e w) i B 27 hpf 4
K4 B B, 2 A A HS A0 i EGHE — 8 1
S A RO R I, 5H O S P A
) H AR JEE 5 i DL AR 48 4 e 9 B 489 (18 hpf)
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BIPEAE S ALAE 7 T I 2 X . g B/
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Primary study on neuronal development of the embryo and

early larvae of the mussel Mytilus coruscus

YANG Jinlong'** | LI Shuheng'*, LIU Zhiwei', LI Wushuang',
LIANG Xiao', CHEN Yuru'”, XU Chan', LI Jiale'
(1. College of Fisheries and Life Sciences,Shanghai Ocean University ,Shanghai 201306, China;
2. Institute of Marine Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: In the present study,the development of FMRFamide - , serotonin-containing cells in the mussel
Mytilus coruscus was examined using immunocytochemical and histofluorescent techniques. During the
embryonic development,no FMRFamide-like immunoreactive ( /ir) and serotonin-l/ir sensory cell appeared.
Neurogenesis started during the trochophore stage at the apical extreme with the appearance of one
FMRFamide-/ir cell and one serotonin-/ir sensory cell. The numbers of FMRFamide-/ir cell increased at 36
hours postfertilization ( hpf ) and appeared on the two sides of apical extreme. Fibres of two lateral
FMRFamide-/ir apical cells projected posteriorly and reached developing foot. The location of the first
FMRFamide-/ir apical cells in the most ventral apical region did not change during early development. At 48
hpf, three FMRFamide-/ir apical cells, two lateral FMRFamide-/ir apical cells and two cells of developing
foot appeared. The FMRFamide-lir fibres projected and the basal neuropil formed. The earliest serotonin-/ir
cell appeared at 18 hpf at the anterior extreme of the apical region of developing apical organ. At 30 hpf and
36 hpf,the serotonin-/ir cell extended a short basal fibre into the region of the developing neuropil of the
apical organ. The numbers of the serotonin-/ir cell increased to 2 — 3 at 42 hpf and appeared in the apical
region of the D-shaped larvae. Four serotonin-lir cells were detected at 48 hpf and these cells projected basal
fibres into the compact apical neuropil.

Key words:; Mytilus coruscus; embryo; early larvae; FMRFamide; serotonin
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BT ExEIAEREEHESBMERN FMRF B ik

RRMAEES(L4B)MoNEEB(REB)WEML
1S AEO0 B B s 2. BRI (6 hpf) , JF UG H B o BCIFAR E15 3. SR RN (12 hpf) , J6 FMRF [k K B 5 5 1 95 4. 70
HI4E ) 8 (18 hpf) , 57—~/ FMRE [k 5 608 16 4 400 Cal ) et B AE 40 sk U 0 U3 BB 5. 4FL 0 60 51U/ 191 (24 hpf ), FMIRF Joe i K 6
B P55 5 MO 3 2 45 6. 50 D 408 (30 hpf) TUMHZ815 (G 3 3 A BIRER ) LR BESF 4 el (A 5 ) 10 (e
)5 7 T D B4 (36 hpf) , S {5 HOREAESE I, EL O 8 T £ 4 O 1o R T 4, 1 5 A R 2 T 0 A2 DR
mo( 1) st E) . ve( FTAE) rpl (£ R f5 ) an (L) 5 8. D T8 4 50 0 (48 hpf) 0 1S THT . 2 7 4 T 00 0 B 55 25 1 B o 22 0
i 2R 00 % 1 0 22 27 S HE A S AN O 2 e B cg R 2299) Ip1 (2 157 5 9. D JE B 6040 54 (48 hpf) 3 BT L pe (2
2).

Plate I FMRFamide-like ( red) and acetylated tubulin-like ( green ) immuoreactivity in

embryo and early larvae of M. coruscus

1. Fertilized egg,release of the first polar lobe; 2. Morula stage(6 hpf) ; 3. Blastula stage(12 h) ; 4. Early trochophore stage (18 hpf). The
first FMRFamide-like immunoreactive cell( al ) appears in the apical region; 5. Late trochophore stage(24 hpf). Numbers of FMRFamide-
like immunoreactive cell increased to 2; 6. Early D-shaped veliger larvae(30 hpf) ,rll (right lateral cell) ,111 (left lateral cell). Three cells
and a few fibres appeared in the apical ganglion; 7. Early D-shaped veliger larvae (36 hpf) , st( stomach ), ve( velum ) , rpl ( right pedal
cell) ,an( anus). Cells increased,extended anteriorly and posteriorly the fibres and projected into the region of developing foot; 8. Ventral
review of D-shaped veliger larvae (48 hpf). Left(1pl)-and right(rpl ) -pedal cells appeared and the fibres projected into the region of
developing foot; 9. Lateral review of D-shaped veliger larvae (48 hpf).
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BRI EXKNEREREHRSIBERNS-BEEER
FHEES(4e8)MaeREEQ(FE)NEM

L SZAE 00, IS — M fA s 2. BENERI (6 hpf) ,FFIR 3 o U (15 3. JFB I (12 hpf) , 0 5-R @R HMEE S M, 4. BRI
4 HU (18 hpf) 55—~ 5-F 4 e e PR A5 5 85 5. #4840 HUG 0 (24 hpf) |, 5-52 64 R S PRV S S8R I & 2 4, /3 fi 7E &) s
PR T3 5 6. 30 hpf D JB I & 4h e, TR BAMEAE 5 i 4/ 9 TBUsG 2F B 7% 5 7. 540 D B 4h 1L (36 hpf) |, B W4 3 H 1 45 5 Aot 1
i, G g B AE 5 i P A5 R e IR AE A 5 8. D &) (42 hpf) | 5-52 4 G PV (5 S8R I & 2 ~3 A4, 0 BAR AR, A A
T A2 DI T EL R AT A T A A A R 2209 SR L, stC R ), ve (T AL ) ,mo () ,an (L) 5 9. D JE 4 (48 hpf) ,5-%%
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Plate I Serotonin-like ( red ) and acetylated tubulin-like ( green ) immuoreactivity in

embryo and early larvae of M. coruscus
1. Fertilized egg,release of the first polar lobe; 2. Morula stage(6 hpf) ; 3. Blastula stage(12 hpf) ; 4. Early trochophore stage( 18 hpf).
The first serotonin-like immunoreactive cell( al ) appears in the apical region; 5. Late trochophore stage (24 hpf). Numbers of serotonin-like
immunoreactive cell increased to 2 ; 6. Early D-shaped veliger larvae (30 hpf) . The serotonin-like immunoreactive cell extended faint apical
tuft of cilia; 7. Early D-shaped veliger larvae(36 hpf). Cells extended two fibres and projected anteriorly; 8. D-shaped veliger larvae (42
hpf) . Numbers of serotonin-like immunoreactive cell increased to 2 —3,located in the apical ganglion and projected fibres surrounding on
the cerebral ganglion(cg) ,st( stomach) ,ve( velum), mo( mouth) ,an(anus); 9. D-shaped veliger larvae (48 hpf). Four serotonin-like

immunoreactive cell were observed and these cell were restricted to locate in the apical region,cg( cerebral ganglion cell) .
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Plate I Summary diagram of the ontogeny of FMRFamidergic and

serotonergic transmitter phenotypes in early larvae of M. coruscus
1. The right lateral view, the first FMRFamide-like immunoreactive apical cell (al ) appears at the early trochophore stage; 2. The right
lateral view,in late trochophores,the apical cell(al ) and a right lateral cell(rll ) are present; 3. The right lateral view,in D-shaped larval
stage, the rll cell project in the developing foot,and the first right pedal neurons appears(rpl) ; 4. The ventral view, the first FMRFamide-
like immunoreactive apical cell( al ) appears at the trochophore stage; 5. The ventral view,in late trochophores, the apical cell(al ) and two
lateral cells(rll :right lateral cell; 111 :left lateral cell) are present; 6. The ventral view,in D-shaped larval stage,the rll and 111 cells project
in the developing foot,and the first pair of pedal neurons appears(rpl :right pedal cell; Ipl :left pedal cell) ; 7. The right lateral view, the
first serotonin-like immunoreactive apical cell appears at the trochophore stage; 8. The right lateral view, the number of serotonin-like
immunoreactive cells increases to two; 9. The right lateral view ,D-shaped veliger larvae, the number of serotonin-like immunoreactive cells

gradually increases to four and locate inside the developing cerebral ganglion.
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