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Abstract

The lawae of ascidianStyela cangpus Savigny were treated w ih epinephrng norepnephrng L-DOPA, GABA and thyroxin to

test the ability of these compounds to nduce or inhbit larval settlan ent and metanophosis The results shov ed that epnephring

norep nephrne and L-DOPA at the concen tration of 1Hmol/dn’ nduced lawal settlement and metamorphos & nS. cangpus w ih
short exposure (1 h) to 1 bmol/dn’ of LDOPA nducing mpil setilan ent In contrasy GABA at the concenrations of O 1~

100 0 Hmol/dn’ signifcantly inhbited he setlement and metanomphosis of S. cangpus larvae Tn additbn  hywxin at 1~ 50

Ug/dm’ had no effect on larval setilement and metan ophosis n S cangus These results suggest the i portance of neumtrans-

m itters n the settlanent and metam ophosis of S canopus larvae

Key words Styela cangpus larvag settlbmen{ metamorphosi neurotransm itter thyroxn

1 Introduction

A's mportant steps in the life cycles ofmostma-
rne benthos settleament and metanophosis of their
planktonic larvae influence directly the population
distribution and flictuation of benthos R esearch on
larval settlanent and metanorphosis of marne ben-
thos related to aquaculiure (Ke et al, 2000 Lu
1998)
Feng etal, 2003),

The influences of various chem icals on larval settle-

et al, and marine antifoulng ( Huang

is popular in marne biology.

m ent and m etan orphosis have been studied n m any

*  Correponding author E—-mail chké@ jingcian xmu edu cn

species of marne benthos Among these nvestiga
tions the inductive effects of various neurotranan it
ters on the settlan ent and m etam orphosis of larvae
have been found n m any m arine benthos ofwhich
the most outstand ng ones were choline on Phestilla
stbogae (H irata and H adfeld 1986), L-DOPA on
Crassostrea gigas (Coon et al, 1985) and GABA
onH aliotis rufescen (Morse etal, 1979).

A scidians (U rochordata) are an mportantma-
rne benthic organisn and have special significance
in ani al evolution and classification because the as
cdian larva is consiered a basicm odel of vertebrate
2003). To
date,  the mechanisn s regulatng, the settlement. and

morphogenesis (Huang Ke et al,
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m etan orphosis of ascidian larvae ramain largely un-
known Documentation on the effects of neurotrans
m itters on larval settlen ent and m etanorphosis n as
cdians is few. So far onlyH erdmaniam anus ( De
1997), Ascidia malaca (Patricolo et
al, 1981) and Ciona savignyi (Kmura et al,

2003) have been nvestgated for the infliences of

gnan et al,

san e neurotransgn itters on larval settlanent and met
anorphosis  Since these nvestgations show differ
ences in the responses of larval settlen ent and meta
morphosis to neurotransm itters anong the three as
ciian species it is necessary to exan ne and can-
pare more species to further clarify the significance
of the differences n the effects of neurotransm itters
on larval settlem ent and m etan orphosis in ascd ians
In the presentwork we exanined the effects of
the neurotransm itters epinephrne norep nephring
L-DOPA, GABA and the hom one thyroxin on settle-
ment and metanorphosis of tadpole larvae in Siyela
canopus Savigny an mportant macrofouling organ-
ims on the southeast coast of China to better un-
derstand the specific behavbral and morphogenetic
responses of ascidian larvae to these neurotransn it

ters and provide san e data for antifouling

2 Materiak and m ethods

2.1 Anmals and larval culture

Adults of Siyela canopus were collected fran
subm erged rafis at a fish fam nearH uoshao Island
Xiamen and kept n aquariawith little aeratbn and
certain light Adults ofStyela cangus w ere nduced
to spawn eggs and spem by the artifichl method of
intensive aeration A fter fertilization eggs were
rnsed three to four tmes usng amesh of 120 pores
per 23 4mm. Larvae were hatched after 10 h of cut
ure n seawater at 25 C. After haiching for 3 h
larvae attaned can petency to settle and metamor

phose  and w ere used for subsequent testing

2 2 Treament of neurotransn itters and thyrox n

A ll expermentswere conducted n Petri dishes
each 6 an n diameter At(25 £Q 5) C in tan-
perature and 27 0 in salnity seawater ism illpore-
filtered (0. 22 Hm).
norep nephrine were prepared at the concentratbns
of @ 001, 0. 010, 0. 100 and 1 000 mm ol/dm’,
while solutions L-DAPA and GABA w ere prepared at
the concentrations of @ 1 1. Q 1Q O and 10Q O
Umol/dm’. Thyroxn w as prepared at I, § 1Q 30
and 50 Hg/dm’. Filtered seawater (FSW ) w ithout
added substance was served as the control Three

Solutions of epnephrine and

rep licates were monitored n each treatment and in
each expermental replicate 30~ 80 canpetent lar
vae of S. amnopus were introduced nio each Petri
dish contaimng 10 mL of test solutbn or FSW.

H atched larvae three hours old were exposed to varr
ous concentrations of epnephring norepinephrine
and L-DOPA for 1 h ( fran prelin inary experr
ment), then renoved and placed in fresh seawater

A fter another 48 h of exposure to FSW, the num ber
of larvae having settled and the number of larvae
having can pleted metamorphosisw ere counted O th-
er larvae ofS.  canopus were exposed to various con-
centrations of GABA and thyroxin respectively and

after 48 h of continuous exposurg the number of lar
vae having settled and the number of larvae having

canpleted m etanorphosis w ere counted

2 3 Effects of L-DOPA on larval settlan ent and

m etan orphosis varyngwith tine

A ccoding to the results of Section 2 2 L-DO-
PA at the concentrations of 1 and 100 Hmol/dm’
both had sgnificant influences on larval settlam ent
and m etanorphosis n S canopus So we nvestiga-
ted the variation of settlanent/ m etan orphosis over
tme Styela cangus larvae were exposed to 1 and
100 Bmol/dm® of L-DOPA for 1 h, then removed
and placed in FSW. The number of larvae having

settled and hatof larvae having can pleted metanor
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phosiswere counted atq 12 24 32 and 48 h afier

exposure o seawater
2 4 The biological indices

Accordng to the nterrelated article (Svane and
Young 1989) and the biological characteristics ofS
cangus larvag  the biological ndices applied in this
study are defined as follovs Larval settlament is con
fimed by adheswe papillae of tadpole larvae adherng
pemanently to substratum. Canp leted m etanorphosis
is confim ed by the whole tail being resorbed

2 5 Statistical analysis

Differences n the settlment and canpleted
m etan orphosis percentages of expermental and con-
ol treatn ents were assessed for sgnificance by -

test and oneway analysis of variance (ANOVA).
3 Results

3. 1 Epinephrne

As shovn mFigs 1 and 2 whenS. anopus lar
vaewere exposed to 1 10 and 100 Bmol/dm’ of ept
nephrine for 1 h and then transferred to fresh seawa-

ter for 48 h,

morphosis rates were obvbusly hgher than those n

settlen ent rates and canp leted meta

the control Thiswas especially rue n the larvae ex
posed 1o 1 Hmol/dn® of epnephrine Significant -
creases n the rates of settlment (36. 2% vs 24
% in the control) and can pleted m etam orphosis
(57. Po vs45 4%
(P< 0 05),

nephrine induces S. anopus larvae to settle and

n the control) were observed
indicating that 1 Hmol/dm’ of epr
m etan orphose  In contrast when the concentration
of epinephrine reached 1 mmol/dm’, larval settle-
mentwas nhbited (3 7% larvae settled vs 24 P
in the control) and metanophosisw as significan tly
suppressed 0o (3 1% vs 45 4% 1 the contro] P
<0 01).
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Fig 1  Percentage of seitlam ent inS. cangus hivae
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Fig 2 Perentage of canpkted metanorphosis in S.
cangpus larvae after exposure to varying concen trations of
ephephring norep nephrine and L-DOPA respectively br
1 h and transference to fresh seawater for 48 h D ata are
avemges of trplicates w ith standard deviations ndicated
ndicates significant difference from
the control P < 0. 05; * * ndiatesvery s nifant
difference fran the contro] P < 0 01

by vertral bars *

3. 2 Norepnephrine

As shown nFigs 1 and2 treatment of norepr
nephrine at 1 Hmol/dm’ markedly increased the
rates of settlament (53 6% vs 38 3%
tol) and canpleted metanorphosis ( 69. 3% vs

in the con-
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45.1% i the control), show ng an inductive effect
ofnorepnephrie at 1 Mmol/dm’ on larval settlem ent
On the other

hand there were no significant differences n the

and metanorphosis in S.  cangus

rates of settlen ent and canp leted m etamorphosis be-
ween the treaim ent of norepinephrne at 10 Hmol/
dn® and the control A lthough treament with Q 1
mmol/dn’ norepnephrine ncreased the rate of can-
pleted metanophosis no marked difference in the
rate of larval settlement was noted Low mnciences

of settlement (3 4% ) and canp leted m etan orphosis
(2 1% ) were observed at the level of 1 mmol/dm’

ind icating the inh-

ibitive effect of high concentrations of norepinephrne

for norepinephrne (P < Q 01),

on the settlan ent and metanorphosis of S.  anopus

larvae
3 3 L-DOPA

nunber of settled larvae
(70. %% vs16 o n the control) and that ofmeta
mortphosed larvae (69 3% vs 36 9 %
trol) were both observed i the treamment with 1
Umol/dn’ L-DOPA ( see Figs 1 and 2). W hen at
treaments with Q 1 10. 0 and 100 0 Bmol/dm’ L-
DOPA,
rates show ed no marked differences fran the control

The maxmum

n the con-

settlment and canpleted m etan orphosis
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except that the can pleted m etamorphosis rate n the
tream ent of L-DOPA at Q 1 mmol/dn® was lover
than that in the control 1 Pmol/dm® is the optinal
concentration of L-DOPA to nduceS. canopus tad-
pole larvae to settle and metanorphose

As shovn n Fig 3 when S wnopus larvae
were exposed to 1 Mmol/dn” of L-DOPA for 1 h and
then transferred to fresh seawater for 6 h, settlem ent
and canp leted metanorphosis rates both had no sig
nificant differences fran the control but after 12 h
showed m arked increases above the control (P <
0. 01). We detected sgenificant ncreases in the
number of settled larvae and m etan orphosed larvae
fran the control only when S.
transferred to fresh seawater for at least 12 h afier ex
posure to 1 Bmol/dn’ L-DOPA for I b On the other
hand when S. wnopus larvae were exposed to Q 1
mmol/dn® L-DOPA for 1 h and then transferred to
fresh seawater for24 32 and 48 h, canpletedmeta

morphosis rates were all obviously lower than those

canopus larvae w ere

in the control but the settlam ent rates showed no sig
nificant differences fran the control We conclude
that L-DOPA at Q 1 mmol/dm® inhibited S. aznopus
larval metanoiphosis onk, without affectng settle

m ent rates
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ndicates sgnificantdifference friom the conr

ndicates very significant difference from the contro] P< Q OL
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34 GABA

The response of & canopus larvae to the n-
creased extemmal GABA 1 natural seawater was
shown in Figs 4 and § Canpared with the control
significant reductions in larval settlment and can-
pleted m etan orphosis rates were observed at the con-
centrationsof @ L 1 Q 10. O and 100. O Hmol/
dm’, showing an nhibiory effect of GABA on larval

settlment and m etan orphosis in S.  anopus. Fur

themore, no significant differences n settlan ent
100
~ 80
3
£ 60
£
o
= 40
A
0
control 10.0 100.0
Concentration / tmol - dm™
Fig 4  Percentage of settlment nS. cangpus larvae n

response to continuous exposure to varying concentratons of
GABA for48h Dat are averages of trp licates w ih stand-
an deviatons nd caied by vertcal bars *  ind cates signif-
icant diference fran the contw] P<Q 03 * *

ind cates

very sinfificant diference fran the conto] P < Q 01
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Fig 5 Pemrentage of canpleted metanomphosis n S.

canopus larvae m response © conthnuous exposure to var

ying concen trations of GABA for 48 h D ata are averages

of riplicates with standard deviations ndicated by vertr

cal bars * ndiates sinificant difference from the con-

tro] P<Q 05 * * idicates very significant difference
from the contw] P < O Ol

and canp leted metanorphosis rates beween concen-
trationsof @ 1, 1L Q 10 0 and 100. 0 Hmol/dm’
were detected ndicatng thatS. anopus larvae are
inh bited to settle and m etanorphose w ih the s ilar
intensity by GABA at the concentratbns over a range
of @ 1~ 100 0 Hm ol/dm’.

35 Thyroxin

Fiures 6 and 7 showed respectwely the per
centages of S ainopus larvae having settled and met

anorphosed after 48 h of continuous exposure to vari
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canopus laivae n response to continuous exposure to var
ying concentratbns of thyraxn for48 h Data are averages
of riplicates wih standard deviations indicated by vertr
cal bars * ndiates sinificant difference from the con-
tro] P< Q05 * * idicates very significant difference

fiom the contw] P<Q Ol
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ous concentrations of hyroxin Canpared to the con-
tro] neithermarked increasesnor decreases of larval
settlment or canpleted m etan orphosis rates w ere
found at the thyroxin concentrations of 1 ~ 50 Hg/
dm’, mndicatng that thyroxin at the concentratbns of
1~ 50 Bg/dn® had no sinificant effecton the settle-

m ent and m etan orphosis ofS. canopus larvae

4 Discussion

A behavioral settlem ent process and a morpho-
log ical metanorphosis process are required for plank-
tonic larvae ofmostmarne benthos to progress to the
benthic adult phase Durng these wo processes the
nervous systam plays an mportant role A scidians
are amajor group of benthic m arine organisns and
it is thought that the adheswe papillae of its plank-
tonic larvae recewve stimuli fran the env ironm ent or
chem ical inductive cues for settlanent of larvae (H
raj 1964). There is evidence suggestng that the
adhesive papillae and the bran vesicle are connected
w ith neurons i asciian planktonic larvae and these
nervous structures n ascidian adhesive papillae con
rbute toward recognition of the substratum and the
initation of m etan orphosis ( Takanura 1998). It
has also been suggested that neurotransm itter signa-
ling through the nervous systen is an ntegral step n
signal pathways for ascidian m etan orphosis (K mura
et al, 2003). W ith regard to the effects of neuro-
trangm itters on the settlen ent and metanophosis of
ascdian larvag epinephrne norepnephrine and
acetylcholine have been reported to induce larval set
tlement and m etan orphosis n wo ascdian species
Ascidia malaca ( Patricolo et al, 1981) and Ciwona
Savgnyt (K mura et al, 2003).

In the present woik, we exan ned the infl-
L-DOPA,
GABA and thyroxn on the settlam ent and metanor
phosis of tadpole larvae n Styela canopus. 1-DOPA,

ences of epmephrng norepnephrng

epinephrne and norepnephrine are tyrosne derwa:

tivesw ith a variety of biological functbns they act
as homones neurotrangm itters pign ents and adhe
sive and structural protens ( Rodriguez et al,
1993). Because the ox dation of epnephrne nor
epinephrine and L-DOPA occur readily n seawatex
the expermental results we obtained are not the
effects of epinephrne norepnephrine or L-DOPA
but the effects of am ixture of them and their oxda
ted products at varbus concenftratbns n the course
of the experment (48 h) on the larval settlem ent
and m etanorphosis ofS. canopus A ccording to our
prelin inary experiments them nmum tin e required
forS  anopus larvae to be irreversibly affected by
each of the three neurotransn itters is 1 h There
fore, I our experments larvaew ere exposed to va
rbus concentrations of ephnephring norepinephrne
and L-DOPA for 1 h then removed and placed in
fresh seawater for 48 h

The results of our work showed that ep neph-
rne norepinephrine and L-DOPA at the concentra-
tion of 1 Bmol/dm® nduced larval settlment and
m etam orphosis 1 S. canopus. The nhbitory effects
of the three canpounds athigh concentratbns on lar
val settlement and m etan orphosis w ere also found
However epinephrne and norep inephrine had little
effect on the m etan orphosis of H alocynthia roreizi
(Kmura etal, 2003). And L-DOPA did not pro-
mote larvalmetamorphosis mH erdnania manus and
Ciona savignyi too ( Degnan etal, 1997 Kimnura et
al, 2003). These findngs suggest that the effects
of epnephring norepinephrne and L-DOPA on lar
val settlem ent and m etan orphosis n ascid ians varies
w ith species mndicatng that the evolition of settle
m ent/m etanorphosis m echanisns in the ascidian is
not fully conservatve On the other hand according
to he resulis of the presentwork whenS  anopus
larvae were exposed to 1 Bmol/dm® of L-DOPA for a
short tme (1 h) and then transferred to fresh seawa-

ter foronly 12 h, settlament and canpletedmetanor

phosis rates show ed significant increases above the
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contro] mndicatng that larvae of S cangus can be
rapilly nduced to settle and m etan orphose by short
exposure to 1 Hmol/dn® of L-DOPA. This may re-
sult fran rapd binding of L-DOPA and its corre
spond ng receptor  which m ediates the processes of
settlment and m etan orphosis Furthem ore, L-DO-
PA at Q 1 mmol/dn’ nhibited the larval metanor
phosis mS. canopus only not the settlanent This
mplies that settlan ent and metan opphosis of S ca-
nopus larvae are wo processes controlled by different
m echanisn s and the settlen ent process exh bits lower
sensitivity to high concentrations ofL-DOPA. W heth-
er settlan ent and metan ophosis of S. awnopus larvae
are induced by epmnephrine norepmnephrne L-DO-
PA or their structural analogs in the field ren ans to
be nvestiated

GABA is an inhbitory neurotrangm itter and -
duces hyperpolarizatbn of postsynaptic m enbranes
by means of an increase nm enbrane pem eability to
chlorde ions (Kuffler et al, 1984 Baloun and
Mowse 1984). As far as the influience of GABA on
ascidian larval settlan ent and m etamorphosis is con-
cemed Degnan et al (1997) found that GABA dd
not pranote larvalm etan orphosis ofH erdmania mo-
mus and K mura et al (2003) reported that GABA
had little effect on metanorphosis in Ciona savignyi
larvae  In the presentwork GABA at the concentra
tions of Q@ 1~ 100. 0 Bmol/dn® significantly nhbr
ted larval settlen ent and metanorphosis n S ano-
pus These fndings mply that he response ofascidt
an larvae to GABA is also species-specific

Thyroxin one of the iodnhated hom ones pro-
duced has been reported to nduce and mediate
m any physiobgical and biochem ical functions espe-
cially the developm ent of nervous systamn. W ith re-
gard 1o the nflence of thyroxin on the settlam ent
and metanorphosis of ascidian tadpole larvag Patrr
colo et al (1981) and Patricolo et al (2001) repor
ted that thyrox n nduced larvae to metanophose not

only nAsciliam alaca but also n C iona intestinalis

ButK mura et al (2003) den onstrated that thyroxin
did not pranote larvalmetanorphosis of Ciona savig-
nyi Our data provided evidence that thyrox n has
little effect on the settlan ent and m etan orphosis of
S. canopus larvae On the basis of these fndngs it
is suggested that the response of larvae to thyroxin
varies w ih ascidian species which may result fran
the differences in the mechanisans of m etan orphosis

betv een ascidian species (Cloney etal, 1971).
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