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A review on the mechanism of attachment and metamorphosis in barnacle cyprids

RAO Xiaozhen” , LIN Gang, XU Yougqin
College of Life Sciences, Fujian Normal University, Fujian Key Laboratory of Developmental and Neuro Biology, Fuzhou 350108, China

Abstract: Barnacles are the most successful group of fouling organisms in the marine environment because of their
morphology, life history and population ecology. Like many benthic marine organisms, barnacles have a complex life cycle.
In general, the larval phase includes six planktotrophic naupliar stages followed by one non-feeding cypris larval stage. The
lecithotrophic cyprids are specialized for locating suitable attachment sites and commencing metamorphosis ( both processes
are often referred to as “settlement” ) to juvenile barnacles.

It is believed that pelagic cyprids have active behavioral responses to the physical, chemical and biological properties
of a substratum surface, which lead to their gregarious settlement. Furthermore, endogenous factors, such as the
physiological condition of the cyprids, determine how their attachment and metamorphosis is affected by exogenous stimuli.
Thus, this article reviews recent discoveries on the physiological and molecular mechanisms of attachment and
metamorphosis in barnacle cyprids.

A wide variety of chemical and biological exogenous factors ( adult conspecific extract, waterborne pheromones,
footprints, neurotransmitters, hormones and biofilms) affect the attachment and metamorphosis of barnacle cyprids. For
example, adult conspecific extract is a water-soluble glycoprotein that induces conspecific cypris settlement in its
substratum-bound conformation. This adult conspecific extract, which was previously known as arthropodin, is now known
as the settlement-inducing protein complex (SIPC). This complex has been isolated from the adult extract, biochemically
characterized, genetically cloned, and its expression pattern has been examined during barnacle larval development,
attachment and metamorphosis. Similarly, waterborne pheromone is released into the water column by adults and can be

detected by cyprids in solution. The waterborne pheromone is a small peptide with a basic carboxy terminus and a neutral
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or basic amino terminus, which induces cypris settlement. Cyprids also secrete an antennular footprint, which acts as a
secondary cue in larval-larval interactions during settlement. The material basis of footprints for inducing settlement either
contains, or is equivalent to SIPC. Neurotransmitters (e. g. acetylcholine, dopamine, serotonin, catecholamines, and
noradrenaline ) stimulate the secretion of adhesive granules from the cement glands, and the attachment and (or)
metamorphosis of cyprids. Likewise, hormones (e. g. methyl farnesoate, juvenile hormone III, 20-hydroxyecdysone and
ecdysone mimic RH5849) are reported to induce attachment and (or) metamorphosis of cyprids. Finally, biofilms, which
are assemblages of microorganisms and organic molecules, play a key role in the cypris settlement process. Biofilms can
facilitate, inhibit or have no effect on attachment and metamorphosis of cyprids, with their role determined by density,
composition, physiological condition, and growth phase of the bacteria.

The physiological condition of cyprids is mainly controlled by their energy reserves and age, with their energy reserves
a major determinant of their physiological quality. A cyprids energy status is measured as an index of their lipid, nucleic
acid and protein content. Additionally, the age and ageing temperature of cyprids significantly affects their settlement
ability. For example, newly molted cyprids would not yet have gained their settlement ability, but cyprids progressively lose
their settlement ability with age.

This review provides new insights into the attachment and metamorphosis mechanisms of barnacle cyprids, providing a

foundation for developing new, efficient, and less environmentally damaging antifoulants.

Key Words: barnacle; cyprid; attachment; metamorphosis
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HEFR R

R L I S R 2 TR TE 1Y 6 W TCHT 4 (naupliar)  REE R4 B4 L (cyprid) | 1Y
HER R LA & BB 1015100 SR 4 40 R % 3 B0 [ 25 O FE PRI B, HOB A5 2 M e A0 S M T
RIS, 4 4N IR 8 JE A 0 s v 19— A T S B, M — 9040 T J e PR 7 B2 10 35 0 O 52 28
AT YR AR A R D 4 LN TR SR M R B, LA 1 A5 4 FE S R SR TR AT L 3 1o — fh
SRR B 25 I3, 43 DOAING I P T 0 A2 35 5 21 R 5 4 348 B, i 2 40 ok B3 A A R B 265, 9 T 28 745 S e
T AMAREAEZ B BE Y Lagersson 254042 B 4H BB 47 040K 5 A4 BB B vk SRR 4R )
IR BRI IR 5 W S K AT B RIRES T 4 R 4D s i [ 4T O AL WA T 4 1 ok
T, BB RS ZS 1100 PR , VR0 14 4 2 0 ok B 5 708 7 1 25 1 A S o 2 R A e R b B — A G B R
A A A R RS A A B AT

— B FT FR K I 4 B 4 M s R R A T BRI T A DR T A 0 PR 1 S 7 A — R 0 1
SR, SR 2 1 S 1010202 R B B ST 2 B T4 R B R T 4 L 40 e R R S R I Y
PR R e AR SRR Sy R R 2 e Y A G R AR 4 R 4
MR FEASSS , HE— 2B MTFST R, 5 B A LU A2 R 4 DR T3 4 40 ok B 25 A 2 1 0 B g
AEAE e [ SN 22 (58 4 TP 7 A S R A A R T 1010 20T e 4 AL 40y 7 A S s R e ke A
T 110 S5 R TR M TG P R T, BV BIOIR A (R R A RIAR S ) PV AR SOMRSE T AR SR e B 5 A
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1.1 ks

TR () SR AR [ 25 47 0 E AT AR A, St 35 FIEF A1 14 S 360 #0246 W 4 2 40 Hh ek [ 36 76 () A £ )
il X — AT R R AE DY FLEE 20 HHh4d 50—60 AEAR AT S5 2% B B AE ( Semibalanus balanoides ) g% S Hi 4
B4 R AR, AT PR A S IR PR W IR A (S A FZMEER) Y % NP R fl i i 2k
WIFWBIE A, E— ok P8 1, AR K R A BE S S 4 B ARG A S, A5 R e &1
Larman Z53F—248 1 S, balanoides 755742 1 5000—6000 Da F1 18000 Da IV J:4H i 1Y £ A% 115 | bifi
Jei B 22 (I 5% 2 A e A L MBI S 3 4 B 4l RO BRE AR 28220 R TR A 45 IR 7 0 4 2 0y S R 2
AR SR R )4 22 52 50 AT S AE AR B i S R kAT g 101

AR NGO H oy B A i i B R EE A E G (SIPC) " & — P s o B AR 1, F 8o+ o
4176 88 98 kDa (1 3 AN KL 1, BN W IE 594 SIPC —REEAG S 4 B 4 iU B 1S 10l ik
R4 sk SIPC 73" dr E5 /N FSEAE 3R 205 4 IR PR Ml e 7 4 52 &0 SR A B 6 A8 25 v e E A
F, AEBREE 2% b B R 0 4 S 40t B 25 73 25 A B A BB ke T A R e 10T STPC R 7 R At G 15 40
& B iR b A BB B A 4 AL R P, T 4 B 4 R il SIPC Z 58— fl A A fE 5 4 L SIPC & —Fil
%5 5 8 &, SIPC (33 SIPC & 1) 1E S0 a7 [ 3% W 2 5 17 8K 5 4 duin) & & d 5 4 s a] #9415
PEFST,

FEGI i BB SIPC 5 o, - BREE 14 (o, -macroglobulin ) A 30% RYARRIEE , H: cDNA (5.2 kb) %
405 1547 DR IEMR AR A AT, 7T RE R 1 — 1 o, - ELBREE 1 25 X AR S 52 il R AR T 5 5 STPC Y mRNA A
ITE R £ A2 B 220k, WAEHEAR RIS B BE 92 63k L Fe g iR A £ 2 h Rk B B 1 5 STPC
() mRNA [ H B S0 SIPC Fh b 38 B2 4N s A 3120 81 £ 52, STPC 78 4 2 4 B 10 B 25 A8 25 v A 2 fi
HREEMEAD BUE, — A R Ay 4 001 B AR B B STPC, B R — Rl JUZ R

FREAT AN R (FMFE A B ) SR U 1375 3 P AT TS [, — B R SR U HE A58 0 A0 0 R i
PRI FIGER 0 AR Bl g A A4 R U ELAT A SR, SR A A R U R B A AR T
SIPC HF WS R [ 7EHE A T £A7E , (HJ2 SR BE A (6] SIPC (9 S IG PEA BT AR SR AR $2  Fnaf
ey STPC' ) BEAT 1) S8 349 22 B 4 S5 &0y H A 255 728 25 v o [ b 12 UMD 1) 7 G S b S RO 5 B DRIk, T
5[5 5 5 05 B R TG PE5R 55 vl LU B EA T R G R 12T
1.2 KEHMEER

BT LA SIPC AR A BE M5 B 2 (J S 3L R R 454 ) AEXT 4 4 B A1 AR FH AN, T 6 1l 72 24 ik
AR 4 BN MUAT KR EAR BLE DY, Rittschof ZRAGIESE T /K MEAR B EMELED A NS0 A ) 3000—
5000 Da i) Z KRR T 4 B LR AGE " — oK B R IL 8 MR IR N B B0 BB 5 4 B 4 il
BB AT R RIS S 43T/ T 500 Da BYZZREMS) BT & A A — B P 2 20 ity R — A v ek sl ol e 2 3 o o L
AP E B LA B X ARG AE ) R B = ki H & R - H A RS AR (GGR) BA 2B
WESEES Y BARAEETSL GOR REIA S 4 B4 A5 BAE LI E N IFAFEIESE GGR YT, it
VEZ ROIIE WK MR A (5 B 2 7E 4 B 4l BUAY [ 2 Pl J BV ) e A A 25 A o ol 2 3 o of 9 42 2
4y R BRE AT A a0 T O TR B B 1) 25 B B R AR AN S 5 STPC — B ELHEA T 4 B2 &0y SR B0 7 K B 25
ARZSOT NG B B AR AR B R Ak s 5 — R R, H5r T8O (316002500 ) Da, {H 5 SIPC J6 3%
EREMR A T & B RHERIT N, XA S E AN T iR —FoKEENGFER R AXRKREREE
F SR RUR LA B B AR S 1 22 TARELA
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Walker S KB 8. balanoides 145 24 A PRI SR TN , 76 2 T 3R it 2 B i A 20 A ) —— B 3 P o 2
7 Nott FEIA R ORI 2 4 B 4y A I Bt S A Pl BP0 R 7 2 O 0 0 2 50— Mk A B 4T A
SR 1 4 R A RO IR SE T R AR R TR I AR VR FH A A 55 — Fh D g B AT i 5 5
FRRMMER . I R A AEAE AT LA i BT 2 18 I | 7, A TR TN A [ R 1 15 1
T, e Bt n] DU AR R S gk R B A IR <RI 5 SIPC, 4 4l HURK ik s
HAUE AR IR 25 AR T 4 B4R A B 5 SIPC Z B Agfk2E R Wi I 4 2 4 By« L3~ £t
AN LA S B R Y B SIPC Y N-3it 5 C-i 22 B i 46 14 22 s e e A4 G T 4 2 0 sl (i = J
[FIREUE R SIPC J2 2 300 2 11— 0y s 2 2 [ R R B 0

R WA R AR W] 4 B Al e R R B 28 A 17 SR W B BERliT5 2 SIPC,
1.4 PR BomsR

A A3 FORR S5 o 8 Y e B2 MEE 2 S P E ] — B2 BT E A, Clare F5IAN
AR (cAMP) 25 & B R AES MRS . ZBEARBIR £ B L 2 5 SOl 4 5 4 SRR IR
B VS A I 4 3000 30 5 4 Ry A B AR S S TR LR e A 2 R R S S AL E R A
( Megabalanus rosa ) 4 52 %11 HL {2 S (AR 40 ¢ A1) 43 0 v S J B 36075 SR E AR S A & AR DY . ZERE A S 4L
TR A 4 Rl P A YA B AR 2 T i o 4 5yt B AR A5 - 0 1) A SR T 4 R &0y s R
0 B A R 4 B Al R A AR AR X R 53 T R B A (B improvisu ) BN W IR AN , £
B RE A R A A R G T SR ORI G e B4 iy 5D, AW E LIRERS ST 4R
gl U A A R RS ARSI R T BRI BRI K 2, LR LS FIR R GE T4 B 4 U R 1
PRI 530 , T BT R AR A T A T AN RERG B 2 T, 17 P 7 28 O REAR T — S5 il — 25 DA
S FKTUE I P A B S-F e il 22 B e /0 2 5 T 4 R4 AR S i 1 Y

HABME C(PKC) 7EQUE R 4 B4 MBS Pl feR mZAEH (M A S 5 HM BT R . Itk
fi ( methyl farnesoate ) A1 {& 4l % ( juvenile hormone I11) £ 175 5 4 B2 4 d 7= A= W A5 [t & B9 722 25 B H 38R
A H T REE I R I C R SR T REAE T A R AR A s 7E 4 R 4l AR PR ARG ER 1
PEFMY S 20-52 5L 15 2 i ( 20-hydroxyecdysone ) 75 IRV B i BE A 2F 42 B2 &y o A BAE 6 AR 285 (L7 G v vk B A 7
TR AR HEEEHIARAE A B R RH5849 WAEiA G4 B4R IE R MRS SIHEA
(CaM) J2—Fh FZ WM N FSEE S8 A, 7T LAY A5 IR 515 SR A 7E 4 B4 BTG A2 28 b 2 5 S LR
R P AR A TR S 8 B S P T AR SN, s 4l R SR A — T 7
1.5 AP

A WG 2 e Al 2 &0y HRTE B AT 28 A5 Y e DR S, 70 46 2 40 RO JE 118 30 43 AR [ o o A
028036 IR A Ay RN et B 2 A 4 B M) L oL BRI R RS R [ AR 2B B R R B S8 A
FIEPVFZ TAERGE TN B SRA W b 20 85 A A N T 58 T b 355 3% 1) S 440 D RS X} 4 AL &) o 2 AR 28 1 5
Mg 2146700 B2 BRSSO TR AR O e A B R S RS [ AT DU AR T 0T T R
PHEARRTR

TEEAFP AN G R SERE b, AR — 25098 T 2R N TR B [ SR A W AR B A 250 70 7 7 i A
Y 200 SO T 4 B S AR IS SE I, AR WIS £ B &y B AR S s et R 2R AT
ISR PO SRV 2 oA s R ) A O R A TRV 4 P T e A I X 4 R 4 AU IR B |
T 1T S AR OO I A R A AT O D i EL A B RO B Al Y | A BOIR B KR K B
P00 BB e S SR I, — MR T A R 4 R &y TR [ A R VR T LR K A R A
TEIEFH 3300 F A0 T B SN A0 TR R 38 D R RS A R T AR A S R A R e 4
FERZ R0, 212 35 e A W B A4 SR 1R 7 3 A 9K A BB A R Y BRBE A% A (K TR R R
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FE R BRRERY ) A (BEVE A AR A i R SRR D AN [R]) O SRR A W R RN, B AR
TV R A ) R A 2 A 4 B 0 SR 1 3 3 A Pk SRRV T (EASIS AR MR A 3 i o Ak
(A PRI BRI T 4 B 4 SR A0 [ 25, D6 2 IR0V B DR RN BERICAE AR A I ISEAE 4 L &0y ol [ 36 PP R L

bR T AW AR B VR FR AN, A0 ER 20 W6 A BN e RE S i 4 B 4 B AT R T T B s Y
NG 3% LR O RN S T 7T A G B A HURRE AR A R A Rt T Z AR AT (B ARE sk
A 52 B F 22 HA R R A SR, AR RIS AG AT 7 R [R5 32 3L 155 2 0 [ AR 40 B >0 0 4 B 41 = 1 5k
AT 5 AN TR A B8 27 AR B U AT A 5 157 ] — A0 0 A 2 A BT AR ) 5 ) ol 40 B 7 A A 2 T 4
B SRR EPERE SO RO AR T S AN BEAE R BUNE TR 40 B B AU 4 & A AR AL AR R
REMBIAN 7 AR M55 7 AR M ad 5 M A0 7= 2 (W 431 52 7 8 9 1 A0 A R A R8T, 7651 5 4
B4y s ) [ 5 B TR Y R 0N e R A 22 LT 400 TR A A 4R T T 0 4 T A A
M A= vl BE & A —Fh ST e LA SR B STPC RRIE Rk 7

PAAEXS A= M B B RIF 5T 22 45 PP T 40 i, U AR AT — Se T 57 S V8 A Wy B b i FE 2 2R W S Bt (ke ) 1T
TR Ay Tk %ot 4 2 4l R KON R T, A A AR R A A B AR T BSR4 R A ik
[P 25 AR A A FH A0 Tk B 5 S/ i AR R A5 A RORERE | DI RE e P B S5/ R AE R4S A R TL A T
fiE5 DA M R A B Atk B STPC BFE R LT
2 SEHHRPERERRS

& B4 O AP AR s A 1) BN AR B A O AR B AS (N RE A R RAR RS ), & B 4h ik
HHCER A R 0 T X I A 20 R B AR A A Iy 5T
2.1 SRR

4 B4 U e g R R BUIRAS I — NP B LR AR S AR R A RIE , BT IE T A ik
ARG DI A CREI R B s (B AT ) Tl R IR 28 R R R A AR & B4 U
BT, 6 & R4 e ER L, & B4 HUKAE A BB 1Y 38% —58% H T8 4%, Hoh R 28 1 55% —
65% K A 7 34% —44% BRAKIE Y <2% ™,

RS A B 0 = B i/ [ B ( TAG/ST) A9 L 30T 578 42 B 4 A e IR 0, = IR 3oh 25 120 A% oo 1R e ke
T4 B A HUE LI ATREYE . JCW AR (B2 MRS ( = BEHTh TAG) & R4 AL 4h HUR Y fE
fit A A7 B E IO IEARSE T 4 B4R TAG/ DNA 4 FER ATV Ry e 19 o9 — M8 b X AN bn AT 68
& B4 AR BE SRR/ MR Y TAG/DNA [ L3R DK 4 B 4 4y Jy i o AR 3 B RS TR = Al
I TR, B RS RE  & R AR SR TS R SR & B i 78

12 RNA/DNA 19 FE 3 W a] VR 8 SRR FE bR . TC5 9 IARY 25 T i 3 RNA/DNA 3% — R A Ik,
A 4 B AN R R AR AR BE T s TERIRE ST 20 C 53R 0 TE 1 4R RNA 198 & HLTE 30 C 3533 1 B
BAR, TEITLIR RNA S8 R/NISE T & B LIRAE S C B TG BE T M E AR SEE /10,

S RYHEHERELS S B2 FEEH" (cyprid major protein, CMP) A %, 754 4 U E AL
i REF, CMP JE TR B BE IR SUBEAE CMP 194 FHER 170 kDa, 5 00 # 8 (1 55090 F R AR, e
A E R 5 U0 B AR LS fEHUR T R CMP 2 B O AR Y & B AN IR, 304 B 4 By
B CMP & Bk 2 s, M5 W25 42 52 401 s R s pO 38 RO A B i 3 NI
2.2 44 A PRAT IS FRAE IR B 4

G 5L 0y SRR AR FHUIR 50 AS S FR G AR A0 4 B AR ph A BEAE S RER B A E T e sE . Harder
SOV N 4 B A ARG AT I R e LR AR A BE T, B AR R R SR A 3 MEIRE (0.3 d AT 6 d) YA A4 HU
[ R A S 3 25 5 5 AR A0 4 B 4 o [ 0 5 L g 5 ek (DA S 3 1 LA DG TTAF 2 19 4 L 4 o 7 35 1) 1Y)
KRBT, 7620 CHRIFEM 4 B4 T SCIRATE 2—4 d BERLINZEZS | 1T 30 CHEFRA0 4 B 40 HAE 5CIRAF KA
8—16 d AEMINAER & B4R N I CMP & B8 b 5B % VI OE 76 25 .20 15 C 4 24l
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CMP & Bl RS (] () K 0 35 R R 76 5 CHb 4 B4l CMP 19 & i RRe R s (BN ISZE MR EE 48, #R A 3 K
A 1Y 42 B 4 s AR S St By | 22 S I A R gy R 3 R AR S SRR T PR b L 0y ) (AR T i L
Efe ., KIWLIRZIANEIER (5,15 °C) LR (20.25 C) A T4 f5 HE ERE N A 45 R XV EIR
(23 C) HARIR (6°C) A FI FARFFILE A RE S . — M MR A i 4 B 4 (0d) R EA M &AL/,
S A ARG AR AN BE T S AR IR B 0GR O < T DT R ) 3G BT AR AN B T 1B W, S 0 0 B 1
FHAFRRESIAHORES " A0 0—3 d A L LA 3 K&l B [ 2 SR 0 v S I R 1 3 K 2 SR
517 50—10 d (4 A B LIS 10 K &) HUid [ 36 5 e, B [ R FEAR, 2 14—15 d e AR S i
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