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ABSTRACT-Melatonin  binding sites in the goldtish retLna were  characterized  by radioreceptoi  assay  vsing

2-[i25]]iodomelatonin as  the radioligand,  The  specific  binding to goldfish retinal  membranes  is rapid, stable,
saturable  and  reversible, Saturation studies  demonstrated that 2-[t!5I]iodomelatonin binds to a single class  of

sLtes with  an  affinity constant  (l<k} ot 6t ,9±5.7 pM, a  total binding capacity  <B.,,) of 6,52±O,79 fmol/mg

protein and  Hi11 coefficients  (nH) of 1 ,07 ± O.03 <mean ± SEM, n=6).  Competition experiments  with  various

indo)es and  neurotransmitters  revealed  the foliowlng order  ot affinities: 2-iodomelatonin >  melatonin  >  6-
hyd roxymelatonin  >  5-methoxytryptamine =  AS-acetylserotonin >  5-methoxytryptophoi, The other  indoles and
neurotransmitters  tested were  much  Iess etiective. The order  resembles  with those reported  for the  goldfish
brain and  the ML-1 subtype  melatonin  receptor$  in vertebrates.  Co-incubation of retinal  membranes  with  a

non-hydrotyzable  GTP  anaiog,  guanosine  5b-O-(3-thiotripho$phate), significantly reduced  the specific  bind-

ing, These results suggest  that in the goldfish, ocular  melatonin  plays neuromodueatory  roles in tlte retina via

G protein-coupled meiatonin  receptors  with  picomolar affinity,

INTRODUCTION

   Melatonin is synthesized  in the pineal organ  and  the retina

of vertebrates  in a  rhythmic  fashion with peak production dur-
ing the dark pha$e  ot  light-dark (LD) cycles,  Melatonin pro-
duced  in the pineal organ  is secreted  into the blood andforthe
cerebro-spinaMuid  and  acts  as  a  time keeping hormone  that

regulates  circadian  and  seasonal  rhythms  (for review,  see

Underwood and  Goldman, 1 987), Melatonin produced in the
retina, on  the other  hand, is considered  to act  wethin the retina

itself. Melatonin is known to affect several  aspects  of retina[

physio]ogical processes such  as  dopamine  release,

retinomotor  movements,  dlsc sheddlng  ot  photoreceptor outer

segments,  aggregation  of the retinal pigment epithelium  and

sensitivity ot horizontal cells (tor review,  see  Pang  and  Ailen,

1986; Cahill et aL, 1991).

   The actions  of melatonin  are  thought to be mediated
through its speeific receptors.  Although several  attempts  have
been  made  to characterize  them  using  l2H]melatonin as  a

radloligand,  only  the binding sites with  iow <nanomoiar> affin-

ity were  labe)ed (Cohen et at., 1978; Cardinall et aL, 1979;

Niles etai., 1979; Gern et aL, 1980; Wiechmann etaL,  1986),

The physiological functions ot these sites st-  remain  unclear.

However, introduction of a melatonin  agonist,  2-["2511-

'
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iodomelatonin with  high specific  radioactMty  (Vakkuri et al,,

1984), enables  us  tQ characterize  melatonin  binding sites vvith

picomolar afinity by radioreceptor  assay  and  in vitfo autorad-
iography, These sites are considered  as  functional melatonin

receptors  in vari ous  tissues including the centrai  nervous  sys-

tem and  peripheral tissues (for review,  see  Dubocovich,

1988,1995;  Pang  et  ai., 1993; Morgan  et aL, 1994). In the

vertebrate  retina,  melatonin  binding sites with  picomoiar af-
finity were  identified in mammals,  birds, reptiles and  amphib-

ians (Dubocovich and  Takahashi, 1987; Vanecek, 1988;
Laltinen and  Saavedra, 1990; Blazynski and  Dubocovich,
,1  991; Chong and  Sugden, t99t: Lu etat,, 1991; Wiechmann
and  Wirsig-Wiechmann. 1991, 1994; Skene et al., 1993;

Failace et  aL  1995; James  et  at., 1995).

   In teleosts, melatonin  is produced in the retina (Quay,
1965; Gern and  Ralph, 1979; Wiechmann and  Hellyfield, 1988;
Nowak  et aL, l989; Falc6n and  Cotlin, 1991; Grace et aL,

1991; Cahnl, 1996; lige et at., 1997a) and  known to atfect
retinal  rhythmic  processes <Chbze and  Ali, 1976; Mangel  and

Wong,  1996) as  wel)  as  in other  ve  rtebrate classes.  Thus, it is

probable that melatonin  receptors  exist im the teleostean retina,
However,  to our  knowledge,  me)atonin  binding sites with

pLcomolar affinity have not yet identitied in the retina of fishes,

   1n order  to obtain more  insights on  the physiological func-
tions of melatonin  in the fLsh retina, in the present study, me-
Iatonln binding sites in the retina of the goldfish <Carassius
auratus)  were  characterized  by radloreceptor  assay  using  2-
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[i251]iodomelatonin as  the radioligand,  This fish was  selected

as  our  experjmental  model  because we  have studied  the regu-
lation of melatonin  production in the pineal organ  and  eye,

and  characteristics  and  regulation  of melatonin  binding sites
in the brain in this species  (Kezuka et at,, 1992; ligo et aL,

1994a,b, 1995, 1997a,b).

MATERIALS  AND  METHODS

Chemicals

   2-Pzai],lodomelatonin{specificradioactMty,2,OOO-2,200Cifmmol}
was  obtained  from Amersham  CBuckinghamshire, England} or  New
Eng]and Nuclear CBoston, MA). Unlabeled 2-iodomelatonin was  ob-

tained from Research Biochemical$  lnc, (Natick, MA}, The other in-
dole derivatives, norepinephrine,  polyethlenimine, amd  guanosine 5i-
0(3-thlotrjphosphate) {GTPvS; tetralithium salt) were  obtained  trom

Sigma (St, Louis, MO).  Acetylcholine was  obtained  from Nacalai
Tesque, lnc. (Kyote, Japan). Ordinary chem]calswere  ebtained kom
commercial  sources.

Gotdfish

   The galdfish (61-164 g in body weight)  purchased from a local

dealer were  maintained  in experlmental  aquaria  under  LD  cycles of
12 h:12  hr (iights on 06,Oor18,OO) with  controlled  temperature  at

24-250C for at  least two  weeks.  I)lumination (300-500 lx at the water
su  rface) was  supplied  by a white  fluorescent burb {1O W)  torthe iFght

pha$e. Fish were  ted commercjal  trout pellets.
   The goldtish were  anesthetized with  2-phenoxyethanol {O,6 mlll)
and  decap]tated during the light phase (1 1 .00-16.00) when  ocular

melatonin  contents  are  lovv (ligo et ai., 1994a, 1997a).  The  retina

(neurat retina  wlth the pigment epithelium) was  djssected out, imme-
diate]y frozen on  dry ice, and  stored  at -80CC until used,

Membrane  prepa ration and  binding assay

   Membrane  preparation and  binding as$ay  were  pe riormed ac-
cording  to the procedure as  previovsly described (ligo et aL, 1994b}

vnless otherwise  stated, Brlef[y, the retina  was  homogen[zed in 50
mM  Tris-HCI buffer <pH 7.5), centrifuged (40,eOO x  g for 20 min  at

4"C}, The pellet was  resuspended  in the butter and  centrifuged for
the second  time. The pellet was  used  tor binding assay. Incubation
was  pertormed in a totat velume  of  200 pl and  the binding of  2-

[i!S)]iodomelatonin was  routine)y  measured  tn duplicate after incuba-
tion at 250C tor 1.5 hr with  the exception  of kinetic studies where

incubation duration and  temperature  varied.  Protein contents  in the

incubation mixture  were  determined by the method  of Bradtord (1976}
with  bovine v-globulin as  a  standard,  NonspecifFc binding was  de-
tined as the binding jn the presence of  10 uM  melatonin.  SpecHic

binding was  calculated  by subtracting  nonspecMc  bi nding  from total
binding and  expressed  as fmoVmg  protein,

ldentification of  bound  radioligand

   Stability ol 2-["2Sl]iodomelatonin during the incubation period was
examined  since  melatonin  is known to be metabolized  in the eye  of

nonmammalLan  ve  rtebrates including the goldfish {Grace etaL,  1991).

After fiitration ot a  binding assay, filters were  removed  and  extracted

with  methanol  (2 ml),  The methanol  extract  was  evapo[ated  under

reduced  pressure to a  volume  ot 1OO ul. A" aliquot  of this extract  {50
yl) was  applied  to a silica gel plate for thLn layer chromatography

(TLC) (Whatman LK6F,  Whatman  lnlernatjonal Ltd., Maidstone, En-

gland). Melatonin OO pg) and  2-iodome]atonin  (1O ptg) were  also  ap-

plied as tracers. Chrematograms were  developed with  ethyl  acetate

ier 1O cm,  The  position of melatonFn  and  2-iodomelatonin on  the TLC

plate was  determined by fluorescence during exposure  to UV  lights
and  the Rf values  were  calculated.  Radioactlvity of sections  of silica

gel (1 cm)  were  counted  in a vLcounter. The peak radioactivity  In the

extracts of the bound radioligand was  compared  with  the posltion of

2-iodomelatonin.

Characterization and  GTPrs  modulation  of melatonin  binding
sites in the goldtish retina

   Saturation stvdies  

'were
 performed using  a  range  ot 2-

V251]jodomelatenLn concentrat]on  ffom  4,4 to 269,9 pM,  Kinetic and
competjtionstudieswereperformedusinga2-V?5I]jodomelatonincon-

centratlon  of  49,9 and  49,6 pM, respectively.  To study  the effects of

GTPTS  on meiatonin binding sjte$ in the goldfish retina, the specific

bindjng of 2-["2Sl]Lodemelatonin (68.9 pM) was  determined jn the pres-
ence  or  absence  of  GTPTS  (1 O'  ̀M>.

Dataanalysis
   Data obtained  from kinetic, saturation and  competitien experi-

ments  were  analyzed  as  previously described Oigo et aJ,, l994b} te
calculate associatien rate  constants  (k", djssociation rate  constants

{k.i), tQ, B.ax, nH  and K values. Correlation between the specific  bind-
ing and  the piotein concentration in the incubatlon mixtvre,  and  be-
tween  log K  values  of  some  indoles obtalned  in the present study
and  those  repo  rted for the goldfish brain (lige etar,,  1 994b) was  ana-

lyzedbylinear-regressienanalysis,ThespeciflcbjndingintheGTPTS-
treatedgroupwascomparedwiththevehicle-treatedcontrolbypaired

t-test,

RESULTS

Bindingconditions

    At first, the time course  of the association  of 2-[i251]-

iodomelatonin (50.0 pM) to goldfish retinal  membranes  at O,
25 and  370C was  compared  (data not  shown).  The specific

binding at equiiibrlum  was  similar at O and  250C  but the equl-
librium was  reached  faster at 250C {1 hr) than at O"C  O2 hr>.

At 370C, the specific  binding did not show  a steady  state.

Therefore, further experiments  were  pertormed at 250C.

    Inapreliminarystudy,retinalhomogenateswereprepared
in 50 mM  Tris-HCI buffer (pH 7,5) containlng  O.32 M  sucrose

and  fractionated by difterential centrifugation at  4eC  to yield a
crude  nuclear  pel)et (Fl , 1,OOO × g for 1O min), a crude  mito-

chondrial  pellet (B, 40,OOO  ×  g for 1O m[n), and  a crude  mi-

crosomal  peliet {Ri, t OO,OOO × g for 60 min)  to study  the intra-
cerlular distribution of  melatonin  binding sltes, The specitic

binding of 2-I"251]iodomelatonin (50.0 pM> in these membrane

fractions was  found to be greatest in the B  fraction (7,35 tmol/
mg  pretein, 42%  of the $pecifLc  binding in the total retinal

membranes)  as  compared  to the P, fraction (2.01 tmolVmg

protein, 28%)  and  the R] fraction (4.40 fmol!mg protein, 30%),

These  results  indicate that the 40,OOO  x  g pellet used  in the

present study  contained  70%  of  the  specific  binding in the
total retinal membranes.

    Linear regression  analysis  revealed  that there was  a sig-

nMcant  relationship  between the specMc  binding of 2-

[i25I]iodomelatonin (50.0 pM) and  the protein concentration  in

the incubation mixture  at least up  to O.35 mg  protein/tube
<r=O.999, P<O.OOI, n=6;  Fig. 1>,

ldentificatien ot bound radioligand

    Radioactivlty ot the bound radiollgand,  extracted  from fll-

ters after  a  binding assay  wlth methanol,  comigrated  wlth  syn-

thetic 2-iodomelatonin, The  R  values  for synthetic  melatonin
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Fig. 1, The relationshlp  between  the specific  binding  ot  2-

[i251}iodomelatonin (50.0 pM) te goldt]sh retinal membranes  ana  the

protein concentration  [n the incubation mixture.  Values  shovvn  are

means  from a experiment  performed  in dupHcate. A significant  reia-

tionship was  obtained  between  the two at least up  to O,35 mg  proteln/
tube  (r=O.999, RO,OOI, n=6),
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and  2-iodeme[atonin was  O.32 and  O,55, respectively,  Peak

radioactMty  (>96% of total) recovered  between  B  values  of

O.5 and  O.6.

Kinetic study

   At 25aC, the specitic  binding was  raptd,  stable  and  re-

versible  (Fig. 2), The ki determined trom the pseudo-fjrst-or-
der plot was  4,69 × 1OS±O.74 x  1Oe M'i min'i (n=6), The  spe-

citic binding was  stable from 1-3 hr of incubation, Aiter t ,5 hr
of  Incubation with 2-[i2511jodomelatonin, dissociation was  initi-

ated  by addition  of melatonin  (8 stM> to some  tubes, The ici

calculated  from the first-order regression  analysis  was  1.05

× 1 O'2± O,08 ×  1O'2 min'i  <n=6), The kinetLc dissociation con-

stant  calculated  from the ratio  lcVki was  24,2±3,O pM.

o306090120  150 180

TIME  (min)

Fig, 2, The time course  of the association  (clesed circles) and  jis-
sociation  (epen circles)  of 2-["?51]iodomelatonin (49.9 pM) to goldfish
retjnal membra  nes  at 25tC, Vaiues representthe  means  ±SEM  (n=6).
A $teady  state  was  reached  at 1 hr and  stabFe durjng 1-3 hr, The
specific  bindiRg was  reversible  upon  the additlon  ot 8 yM  melatcnin

{arrow).

Saturation study

   Saturation experjments  usjng  a  range  of 2-[i2SI]-

iodomelatonin concentrations  from 4,4 to 269,9 pM demon-

strated  that the specific binding reached  a plateau at approxi-
mately  1 30 pM  <Fig. 3A). Scatchard analysis  ot the data {Fig,
3B) revealed  that 2-[i2Sl]Lodomelatonjn binds to a single cla$s

of sltes with  the KL of 61,9 ±5.7 pM, the B.,, of 6,52 ±O,79
fmoLXmg protein, the nH of t,07 ± O,03 (n=6).

SpecMcity

   Specifi6ity of melatonin  binding sites in the goldiish retina

is shown  in Fig. 4 and  Table 1. Competition experiments  car-

rLed out using  a  concentration  of 2-['2Sl]iodomelatonln (49,6
pM ) with  several  lndole compounds  and  neurotransmitters

revealed  the foliowing order  of potency to inhibit the speclflc
binding: 2-iodomelatonin >  melatonin  >  6-hydroxymelatonln

>  5-methoxytryptamine =  N-acetylserotonin >  5-melhoxy-

tryptophol. Even  at a concentration  of 1O'  ̀ M, 5-methoxyin-

dole-3-acetic acld  and  serotonin  exhiblted  less than 50%  inhj-

bitlon,and5-hydroxytryptophoj,5-hydroxyindele-3-aceticacid,

norepinephrine  and  acetylcholine  showed  no  jnhibjtion (data
not$hown).

   Linear regression  analysis  demonstrated  a  sLgnificant

correlation  between  the log K values  obtained  in the present

25T'g.
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Fig, 3, (A) A  saturation eufve  af 2-[i2Sl]iodemelatonin (4,4-269.9 pM) bindjng to go[dfish retlnal  membranes,  Each pojnt represents  the mean  of

dupiicate determinations trom a representative experjment  of slx such  studies.  Nonspecific binding (NSB) was  measured  in the presence  of 1O
uM  melatonin, Specific bindimg (SB) is defined as  total binding (TB) mjnus  nonspecilic  binding. (B) A Scatchard plot of the data shown  in (A). In
thjs case,  the Kl, B.,., and  nH  values  were  53,1 pM, 5.71 fmollmg protein and  1.03, respectively,
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Fig. 4. Competition curves  for inhlbition of 2-["2Sl]jodomelatonin (49.6
pM) blndlng to goldfish retinal  membranes  by various  indole deriva-

tives.Valuesrepresenttherneans±SEM<n=3),Themembraneprepa-
rations  were  incubatea with  2-[i25i]iodornelatonin (49.6 pM>  and  vari-

ous  concentrations  ot 2-iodomelatonin (IMEL), melatonin  {MEL), 6-
hydroxymelatonin {60HMEL), 5-methoxytryptophol (5MTOL), N-
acetylserotonin  (NAS), and  5-methoxytryptamine  (5MT). The i< val-
ues  were  calculated  from these data aTe  shown  in Table i.

sexzaecmvg-eoJ

1OOOO

1OOO

1oo

10

  
O,1 

O,Ol
  O,Ol O,1

5MT

110  1co tOOOIOOOO

LOG  EKt (RETINA}l (nM)

Fig, 5, Correlatlon betweefi the afflnities of melatenin  analogs  for
melatonin  binding sites in the retina and  brain of the goldfish, The K
value$  fer the goldfbsh btain are  taken  from  ligo et  aL  {1 994b), Linear
regresslon  anaLysis  atter  logarithmlc transfoFmatien of  the  data re-
vealed  a  signiileant  correlation  {sbpe=1.038, r=O.965,  P<O.Ol , n=6).
Abbreviations of the cempounds  are the $ame  a$ in Fig, 4.

Table 1. Specificity of meiatonin  binding sites  in the goldfish retina

Drug aK(nM) bAffinity
 ratio

tomelatonln

2"odomeiaton[n
Melatonin

6-Hydroxymelatonin

5-Methoxyttyptamine
At-Acetylserotonin
5-Methoxytryptophol

5-Methoxyindole-3-acetlcacid
Serotonin
5-Hydroxytryptophel

5-Hydroxyindole-3-aceticacid
Acetylcholine
Norepinephrjne

e.o43± o,ot4
 3.12± 123
 234 ± 17
2140  ± 320

2370 ± 700
4830 ± 100
  >79000

  >79000

  >79000

  >79000

  >79000

  >79ooO

    O,O14

    1
    75
   690

   760
  1550>141000>141000>141000>141000>141000>141000

T3:.g

e,2
:/
li
2'o

tt

SRelative
 inhibition forthe binding of 2-["'5i]iodomelatonin (49.6 pM)

to fetLnal membfanes  was  determined foF3-5 concentrations  ef com-

peting drugs, The K values  were  calcu]ated  from the ICso values ob-

tained frem the competition studies as  previously described <ljgo et

al., 1994b>, Results are  the mean ±SEM  (n=3),
bThe

 ratio of the K value  of  competing  drug versus  the K  vabue of

melatonin.

study  and  those reported  for the goldtish brain (slope=1.038,
r=O,965,  Pc:O,Ol , n=6;  Fig, 5),

Effegts ot GTPvS

   Effects of GTPyS  (1O'4 M) on  the specitic  bLnding of 2-

['25tliodemelatonln <68,9 pM) to goldfjsh retinal membranes

are exhibited  in Fig, 6, The specific  bindlng of the GTPyS-
treated group was  significantiy reduced  as  compared  with  the

vehicle-treated  control <P<O.Ol}.

CONTROLGTPyS

Fig, 6, Eifect$ of  GTPyS  (10'` M) on  the specific  bindlng of 2-

[i251]iodomelatonin (68,9 pM) to goldfish retinal membfanes,  Values
representthemeans ±SEM(n=5).Thecontfolgroupwastreatedwith
vehicle  (distilled water).  Signiticance/ 

",
 P<O.Ol compared  with  the

control  values  (paired Ftest}.

DISCUSSION

   Presence of melatonin  and  its syRthesizing  enzymes  have
been demonstrated in the eye  of several  teleost species  <Quay,
1 965: GeFn aRd  Ralph, t979; Wiechmann and  Hollyfield, 1 988;
Nowak  et al,, 1989; Falc6n and  Co]lin, 1991; Grace et al,,

1991; Cahill, 1996; ligo etaL,  1997a,c,d; Sanchez-Vdizquez
et al., t997). To  investigate the sites of melatonin  action  in
the fish retina, in the present study,  existence  of melatonin

binding sites  in the goldfish retina  was  investigated by
radioreceptor  assay  using  2-['25I]iodomelatonin as  the

radioligand.

   We  successtuHy  detected the specific  binding of 2-

[i251]iodomelatonin to the goldfish retinal membranes  as  in the

goldfish brain membranes  (ligo et aL, 1 994b). The nonspe-

citic bindjng was  relatively high as  compared  with those in the
brain, This might  be caused  by the binding of the radioligand
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to the melanosome$  in the retinal pigmented epithellum  (James
et aL, 1995).

   The  specitic binding ot 2-["'51)odomelatonin to goidfi$h
retinal membranes  fu lfjHs all the criteria for binding to a  recep-

tor site] the binding was  rapid,  stable, saturable,  reversible,

and  of high specificity, low capacity,  and  high affinity. The
radioligand  was  stable during the incubation period and  ap-

peared to label a sing)e  class  of  binding sites as  is evident
from linear Scatchard plots, monophasic  inhibition curves  and

the nH cPose  to unity. The 1<L values  obtained  from the kinetic

and  saturation  experiments  and  the }<1 values  obtained  trom

the competition  study  were  consistent  with picomolar atfinity
as  those in the goldtish brain (Martinoli etai., l991; ligo et aL,
1994b, 1995), These  values  are  also  well within the physi-
ological range  of ocular  melatonin  contents  in the goldfish (O,1-
2,5 ngleye)  <ligo et aL,  1 994a, 1997a), suggesting  that the

sites )abeled with  2-V251]iodomelatonin are  physiologica[ me-
latonin receptors  as  [n the retina  of chicken  and  rabbit

(Dubocovich and  Takahashi, 1 987; Blazynskl and  Dubocovich,

1991>,

   Pharmacobgical  specMcity  of meiatonin  binding sites in
the goldfish retina  was  determined uslng  several  indoles and
neurotransmitters.  The  results  indicate that the blnding sites
are  highly specitic for 2-iodomelatonin and  melatonin.  Pre-
cursors  and  metabolltes  of melatonln  were  much  less effec-
tive. Furthermore, compounds  known  to act at serotonergic,

adrenergic  or cholinergic  sites were  ineffective. The  specitic-

ity of melatonjn  bincting sites in the retina and  brain of the

go}dfish are  highly correlated,  and  resembles  wLth those of

the ML-1 but not wjth  the ML-2  meiatonin  receptor  subtype

(Dubocovich, 1988, 1995>. These  resuLts  indLcate that mela-
tonin  blnding sttes in the goldfish retlna and  brain belong to
the ML-1 subtype,

   Duri ng  the course  of this study, cDNAs  encoding  melato-

nin receptors  with  picomolar affinity were  cloned,  The results

indicate that there are  at  least three  subtypes  ot melatonin

receptors  among  the ML-1 subtype,  namely  Meli., Metit, and

Meli. subtypes  (for revlew,  see  Reppert and  Weaver, 1995),
However,  no  melatonin  analogue  is available  to distinguish
differences in the pharmacological propertjes among  these

three subtype$  <Pickering et al., 1996), Thus, molecular  bio-

logical studies  are  necessary  to characterize  the subtype(s>

ot melatonin  receptors  expressed  in a  given tissue. As iar as
teieost fish are  concerned,  5 different DNA  fragments of puta-
tive melatenjn  receptors  (2 clones  belong to the Meli,, 2 to
the Melib and  1 to the Mel,, subtype)  were  isolated trom ge-
nomic  DNA  of the zebrafLsh  (Reppert etaL,  1995, 1996>. How-
ever, it is still controversial  whether  these are  functional me)a-

tonin receptors  and  in which  tissues they are  expressed,  Thus,
further molecular  blological approach  will be required  to de-
termine whlch  subtype  is expressed  in the goldfish retina,

   Sn the present study, the nature  of melatonin  binding sites-
G  protein coupling  was  examined  in the goldfish retinal mem-

branes by the use  of a non-hydrolyzable  GTP  analog,  GTPvS,
because  severa)  authors  have  iailed to detect the effects of

GTP  and  its analogues  on  2-["251]iodomelatonin binding to reti-

nal membranes  {Dubocovjch and  Takahashi, 1987; Chong
and  Sugden, 1991). The treatment of GTPIS  significantly re-

duced the specific binding of  2-[i 251]iodomelatonjn  to the gold-
fish retinat membranes,  indicating that melatonin  binding sites
in the goldflsh retina are coupled to G protein as  those in the

go)dfish brain (ligo et al., 1997b) and  in the retina, brain and

pars tuberalis of other  vertebrate  species  (Skene et aL, 1993;

Morgan et aL, 1994; James  et al,, 1995). These  results are

also  consistent  with the recent  results of cDNA  cloning: mela-

ton[n receptors  are  members  of the G protein-coupled recep-

tor superfamily  that contain  seven  hydrophobic segments

<Reppert and  Weaver, i995}, Further studies  to identify the

type(s) of G protein and  the effector enzyme  associated  with

melatonin  receptor-G  protein complex  wilj help to elucidate

the function of melatonin  in the goldfish retina.

   In the retina of rabbit, chicken,  lizard and  frog, me)atonin

binding sites were  localjzed majnly  in the inner plexiform Iayer
as  revealed  by in vitro autoradiography  (Laitinen and

Saavedra, 1990; Blazynski and  Dubocovich, 1991:
Wiechmann  and  Wjrsig-Wiechmann,  1991, 1994), Further-
more,  localization of functional melatonin  receptors  are re-

ported in the iris-c-ary processes of  rabbit  and  in the retinal

pigmented epithelium  of human  and  rat {Osborne and  Chldlow,

1994; Nash and  Osborne, 1995). These structures  may  be

possible sites of melatonin  action in the goldfish retina, By the

use  of an in vitro autoradiographic  technique, we  have local-
ized the specific  binding in the neural  retina of the goldfish
<eur unpublished  results),  However,  precise localization was

not  apparent  because  oflow  resolution  caused  by high non-
specMc  binding in the retinal pigrnented epithelium,  FurtheT

studies  should  be required  to elucldate  this subject,

   ln the goldtish, melatonin  preduced in the retlna does not
contribute to its blood levels and  is metabolized  in the eye

(Quay, 1965; Grace  etaL,  1991; Kezuka  et at,, 1992; ligo et
aL,  1997a), suggesting  that melatonin  may  have  local

neuromodulatoty  roles  in the retina.  Visual sensitlvity and  in-

puts trom photereceptor to horizontai cells have  been  reported

to exhibit circadian  rhythms  in the goldtish CBassi and  Pow-
ers, 1987; Wang  and  Mangel, 1996) and  melatonin  is consid-
ered to be invoived in the regulation  of these retinal events

(Igo et a/,, 1997a). Recently, me[atonin  is proved to increase
rod  lnput but decrease cone  input to the L-type cone  horizon-
tal cells in the goldfish (Mangel and  Wong,  1996>. These  pro-
cesses  may  be  mediated  by  high-affinity melatonin  binding

sites characterized  in the pFesent study.
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