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ABSTRACT-Melatonin  synthesis  in the retina  as  well  as  in the pineal gland exhibits  daily variations  with

higher levels during the dark phase of light-dark cycjes.  To  analyze  the molecular  mechanism  ot rnelatonin

synthesi$ in the retina, we  have cloned,  sequenced  and  characterized  a putative cDNA  for arylaikylamine  N-
acetyltransterase  {AANAT; EC 2,3,1.87), a rate-limiting enzyme  in melatonjn  production, from the retina of
the rainbow  trout <Oncorhynchus mykiss),  The trout AANAT  cDNA  (1,585 bp) contains  an open  reading

frame encoding  240 amino  acid  protein (predicted mofecular  weight,  27,420) that is 51-65%  identical to avjan

and  mammailan  AANAT,  The  trout retinaF  AANAT  protein contains  motifs  A and  B that are conserved  among

the N-acetyltransferase superfam[Iy  and  eight  potentiaF phosphorylation sites. Southern blot anaiysis  dem-
onstrated  that the protein is expressed  by a slngle copy  gene, A slngle  AANAT  transcript (1.6 kb} was
detected in the retina but not in the Iiver by Norihern btot analysis,  The  levels ot AANAT  mRNA  in the retjna
exhibited  day-night changes  with  3.3-fold lncrease at night. These results indicate that in the rainbow  trout
retina, the activity of AANAT  and  thus mefatonin  synthesis  are regulated  atieast  in part at the transcriptlonal
level,

INTRODUCTION

   ln almost  all vertebrates,  melatonin  production in the pi-
neai  giand and  retlna is controlled  by both Iight and  a  circa-

dian clock  as  reveaied  by in vivo and  jn vitro experiments  (Yu
and  Reiter, 1 992; ligo etal. , 1 994, 1 997: CahHl and  Besharse,
1 995; Tosini and  Menaker, f 996). Melatonin production in the

pineal gland ot mammals  is regulated  by a  cjrcadian  clock

located in the suprachiasmatic  nucfeus  which  is entrained  to

environmentallight-dark(LD)cyclesviaamulti-synapticpath-

way  from the retina (Yu and  Reiter, 1992), while  in a !arge

number  ot nonmammalian  ve  rtebrates, the pineal gland itself
contains  both a  cireadian  clock  and  the lightinput pathway
responsbletorentraLnmentoftheclock(ligoetal,,1994,1997),

Melatonin production in the retina, on  the other hand, is gov-
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erned  by an  ocular  circadian  dock entrained  to LD cyc)es  via

its )ocal photoreceptors in some  vertebrate  species  (Cahil1 and

Besharse, 1995; Tosini and  Menaker,  1996; tigo etaJ,, 1 997).

   In the rainbow  trout (Oncorhynchus mykiss),  melatonjn

is known to be produced  in both the pineal gland and  retina

(Gern and  Ralph, 1979; Morton and  Forbes, 1988; Gern et

aL,  1992; Max and  Menaker, 1992; Meissl and  Brandstatter,
1992), However,  the circadian  regulation  of melatonin  syn-

thesis is )acking, i,e, only  iight and darkness regulate  melato-

nin production (Gern et aL, 1992; Max  and  Menaker,  1992:

Meissl and  Brandstatter, 1 992). Thus, the rainbow  trout is an

usetul modei  to investigate the photic reguiation  of melatonin

production, Comparison of the reguiatory  mechanisms  of

melatonin  productlon in the rainbow  trout with  the clock-regu-
lated one  might  be a  possible way  to reveal  the circadian  clock

mechanlsm,

   A rate iimiting step  in melatonin  synthesis  is N-acetyla-

tion of  serotonin  by aryialkylamine  N-acetyitransferase

(AANAT; EC  2,3.1.87} (Yu and  Reiter, 1992). Thus, it is im-

portant to investigate the regu)atory  mechanism  of AANAT
for a better understanding  of the cycFjc  synthesis  of melato-
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njn. Recent cloning  of cDNAs  encoding  AANAT  in the pineal
glands ot rat and  sheep  (Borjigin et aL, 1995; Coon et aL,

1995) opened  a way  to study  the ;egulation  of AANAT  ex-

pfession at the mo)ecu)ar  )evel. Slnce then cDNAs  encoding

AANAT  were  also  cloned  in human and  chicken  (Coon et aL,
1996; Bernard et  aL,  1997), However,  to our  knowledge, the

structure  of AANAT  in ectothermLe  ve  rtebrates has not  been

publLshed,
   Toward  the molecular  analysis  ot melatonin  production
in the rainbow  trout, jn the present study, we  have isotated
andcharacterizedaputativecDNAencodingAANATffomthe

retina and  examined  day-night changes  in its mRNA  Ievels by
Northern blot analysis,

MATERIALS  AND  METHODS

RNA  preparation
   The rajnbow  trout (1 30 ± 20 g in body weight)  purchased  from a
iocal dealer were  maintalned  under  LD  cycies  of  14 hr/1O hr (LD 14/
1O; light on  06/OO - 20/Oe) at 14:C for at ieast a week,  Fish were
anesthetizedwithO.06%2-phenoxyethanelandsacrificedbydecapF

tation at mid-day  (12:30 - 13/3e) or mid-night (DO/30 - Ol /30}, After
djssection, the retina was  used  tor total RNA  extraction immediately,
wh]le  the liver was  frozen jn liquid nitrogen  and  sto  red  at -80'C unti1
RNA  preparation. Total RNA  was  extracted  with  an  RNA  extraction

solulion, lsogen (Nippongene, Toyama, Japan) accordLng  to ihe
manufacture's  protocol. Poly{A)' RNA  was  prepared frem total RNA
using  OIigotex dT30<Super> (TakaFa, Tokyo, Japan) according  te
instructions of the manufacture.

Primers

   The fo[lowing ollgonucleotide  primers were  chemically synthe-

s[zed: primer 1, 5"-TG(Cfi)CCIGA(AiG)(CAF)Tl{TfA)(CIG)l(CtT)
TiGGITGG-3'/primer2,5'-GGIACIA(AtG)IGC(AIG)T(CA')(Cn}TC<A,'
G}CACAT-3'l primer 3, 5LCTCACACATGAGCACTGCAC-3i;  prlmer
4, 5i-CATCAGGATAGGGCCCTTG-3':  primer 5, 5LTTGAGGA-
GGGGAGACTAGTAGC-3i/primer6,5'-CCAAGAGAGAAGACTrGT-

GC-3i;primer7,5LGGTGTGCACJTT'AGACTACC-3';anchorpr4mer,
5i-CUACUACUACUAGGCCACGCGTCGACTAGTACGGGIIGGG
11GGGIIG-3i;AUAPprimer,5'-GGCCACGCGTCGACTAGTAC-3i/Not

) d(T) primer, 5i-AACTGGAAGAATCGCGGCCGCAGGAATie-3':
RTG  primer, 5i-AACTGGAAGAAVCGCGG-3',

Polymerase chain  reaction  (PCR)
   EachPCRamplificationwasperiormedbyusingGeneAmpPCR
System 2400 (Perkin Elmer, Norwalk, CT, USA) in a  total volume  of

20 pl with  Taq  DNA  polymerase (Takara) and  primers (25e nM  each}.

Amplitieation ot  a  treut AANAT  cDNA  fragment by PCR

   PCR  was  first petiormed with  degenerated prjmers (the primers
land2>deducediromiheconservedaminoacidsequencesofAANAT
ot rat (GenBank Accessjon number  U40803), ovime  CU29663) and

human  (U40347). The  primers 1 and  2 cerrespond  to the amino  acid

positions 7ss2  (CPELSLGW) and  157-1  64 {MCENALVP) oHhe  rat

AANAT,  respectively.  First strand  cDNA  was  synthes[zed  from the
retinaltotalRNAoftherainbowtreutcollectedatmid-nLghtwithReady-

To-GoT"TprimedfirststrandcDNAsynthesiskit(PhafmaciaBiotech,
Tokyo, Japan) and  subjected  to 30 cycles  of  PCR  amplitication  wjth

the primers 1 and 2, Each reaction  cycle consisted of [ncubations at

94LC fer 1 min,  50['C for 1 mln  and  720C  for 1 min.  The final elonga-

tion step  wa$  carried  out  at 72'C  for 7 min.

5'-Rapid amplMcatlons  ot cDNA  ends  CRACE)
   Fir$t strand  cDNA  was  synthesjzed  trom the retinal total RNA  of

the rainbow  trout cel)ected at m[d-night using  5'-RACE PCR  kit

{GIBCOIBRL,Gaitherburg,MD,USA)accordingtothemanufacture's
instructions, The prjmer 3 was  used  to prime cDNA  synthesis. Sub-
sequentty,adCtailwasaddedtothe3'-endofthesynthesizedsingle-

stranded  cDNA  and  PCR  amplLfication  tor 35 cyc)es  was  periormed
with  the pnmer 4 and  5Lanchor primer {GIBCOIBRL), Each reaction
cycle  consisted  of incubations at 940C for 30 sec, 55'C for 30 sec
and  72C'C for 1 min.  The final elongation  step  was  carried  out  at  72:C

for7min.

3'-RACE

   FirststrandcDNAwassynthesizedwithReady-To-GoT"Tprimed
first strand  cDNA  synthesis  kit as  described above  and  used  as  a

template  for 30 cycles  of  PCR  amplificatton  with  the primer 5 and

RTGprimercontainingthecemplementarysequencetotheNotld(T)

primer for 3i-RACE, Each feaction cycle consisted  o"ncubations  at

940Cfor30sec,55eCfor30secand72'Cfar2min.Theflnaleionga-

tlon step  was  carried  out  at 72"C for 7 min,

Confirmation ofthe  obtained  sequence  by PCR

   The obtained  nucleetide  seq  uence  by 5i- and  3'-RACE over  the
coding regbn  (nucleotide position 29-915 of the trout AANAT  se-

quence) was  reconfirmed  by PCR  amplHication  using  the primers 6
and7.

DNA  sequencing

   ThecDNAftagmentsamplifiedbythePCRdescrLbedabovewere
separated  by  agarose  gel electrophoresis  and  purifled using  Prep-A-

Gene  DNA  Purit,cation Kit (Bio Rad, Richmond,  CA, USA),  The  puri-
fjed cDNA  fragments were  then subcloned  into pBiuescrLpNi SK(->
vector  (Stratagene, La Jo[la, CA, USA), Beth sirand$ of  the plasmld
DNA  were  sequenced  with  a  Model 373A  DNA  sequencer  using dye
terminator cycLe sequencing  kits (Applied Biosystems, Foster City,
CA,USA).Thenucleotidesequencewasdeterminedfromtwotofour
clones  obtained  by independent  reverse  transcriptions and  amplifjca-

tions to avoid  PCR  errors.

Sequenceanalysis

   Sequence analysis was  performed with  the GeneWorks  2.45

(lntelllGenetics, MountaLn  View, CA, USA).  A  phylogenetic tree of

vertebrate  AANAT  was  constructed  by the neighbor-ioining  methQd

(Saitou and  Nei, 1987) based on  the amlno  acid  identities by the
PHYLIP  program (Fetsenstein, t989)  using Drosophila  AANAT

(Hintermann etat,,  1996) as  an  outgroup,

lsoletion ot  genomic DNAand  Southern blot analysis

   Genomic DNA  (1O pg) isolated from the trout liveF was  digested
with  the restrictFon  enzymes  (EcoR 1, Pst 1, or  Xba l) and  used  for
Southern blot analysis  according  to the method  as  described (Kikuchi
et  al., 1995}. A  partial AANAT  cDNA  (nucLeotide position 9-570 of the
trout sequence)  labeled with  [or-32P}dCTP <Amersham Japan, Tokye,
Japan) by Random  prjmer DNA  labeling kit ver. 2 {Takara> was  used

a$  a  probe (5 x  1Og cpmtml).

Northernblotanalvsis

   Poly(A>' RNA  {5 pg) prepared from  the pooled retina  of 1O indi-
viduals  and  the liver of a  jndMdual was  separated  on  a formalde-
hyde-agarose gel and  blotted onto  a  nyion  membrane  (Hybond-N',
Amersham  Japan}. The  membrame  was  UV  cresslinked using

SpectrolinkerT" XL-1500 (Spectronics Corporation, Westburg, NY,
USA) for 30 sec,  The membrane  was  prehybrLdized in 6 x  SSC  cen-

taining 5e%  tormamide,  1 x  DenhardVs solutjon, O.5%  sodium

dodecylsulphate {SDS) and  calf thymus  DNA  (1OO ng'mO  at 42]C  for
12hrandthenhybridizedwiththerandomly[a-eeP]dCTP-1abeeedprobe

(the same  cDNA  probe as  in the Southern blot analysis,  5 x109  cpm/

ml)  in the hybr]dizatjon butfer (6 x  SSC  containing 50%  formamide, 1
x  Denharch's solution  and  O.5%  SDS) at 420C  overnight.  The mem-
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brane was  washed  in 2 x  SSC  containing  O.5% SDS  at room  tem-

perature tor 1O min, and  then washed  at 65"C for 1O min  in 1 x  SSC
contajning O,5e,e SDS  and  exposed  to Fujj X-ray tilm (FuP Fem, To-
kyo, japan)  at -80CC for 2 weeks,  The hybredized membrane  was

also scanned  by FUJIX BAS  IOOD Mac  Bio-lmaging Anaiyzer (Fuji
Fllm) lo count  the hybridization signal.  The  hybridized probe on  the

membrane  was  washea  out in the washing  buffer <5 mM  Tris-HCI
containing 2 mM  EDTA  and  O.1 x  DenhardVs solution)  at  65"C ior 2
hr. Then the membrane  was  rehybridized  with  the [a-32P]dCTP-la･
beled B-actin probe of masu  salmon,  O. masou,  (4,OOO cpmlml;  444
bp: Gen et  ai,, in preparation) corresponding  to the nucleotide  posi-
tion 499-942  of mouse  S-actin (GenBank acce$$ion  number  X03672)
to confirm  the jntegrity ot the mRNA  ioading and  transfer efficiency.

The membrane  was  washed,  exposed  and  scanned  as  descrlbed

above.

RESULTS

Molecular cloning  ef trout AANAT

   A trout retinal AANAT  cDNA  tragment (222 bp) was  tLrst
obtained  by PCR  using  degenerate primers (the primers ri
and  2) de6igned from the conserved  amino  acid sequences

of mammaiian  AANAT.  This cDNA  fragment is 73 and  72%
identicatto the corresponding  region  of the rat sequence  at

the nucleotide  and  amino  acid leveis, respective)y.  Based on
this sequence,  we  designed trout AANAT  specific primers (the
primers 3-5) and  isolated several  clones  including 5'- and  3b-

tranking regions  by RACE  methods,  A  pair of primers (the
primers 6 and  7) was  aiso  synthesized  and  used  in reverse

transcription-PCR to ampEity  a  cDNA  (888 bp) covering  the

entire codLng  region  ef the trout AANAT.  The overlapping

cDNAs  for the trout AANAT  spanned  1,585 bp (Fig. 1). The

1
      -trtmerS
TGTALCAGCCAAGAGAGAAGACTTGTGCAAACmaCMCAATAGAP.GGAILCAGAAGAATATCGAAGTAAT･ ¢ CAACTGGAGTTATAARAGTTGTAAA
                                                       +

96

97 ATG
 IMTCT  sC?A

 GTG
 LVOSC

 GCT  CTG  CCT  TTC

 G A  L P FCTG  LAAA

 CCG  CGC
 KPRTTC

 TCC  CCT  I℃ T  GTVT  TCT  CCT  GGG  CGC  CAA  AGA  AGA  r71

 F S p  s  V  S p  G  R  Q R  P. 2S

172

 26247

 Sl

rAc  AcA
 HTGCC

 TTT
 AF

CTG  CCA
 LPATC

 !

GCA  AGC  GAG  TTC  CGA
 ASEFR

TCr  GTG
 sv

.

TCA  GGA  GAC
 SGD
 Primer5TGC

 c

CCG
 PC:G

 P

CTC  AAC  ACG
 1 l" T

CTC

 L

CAA  GAC  GCr  ATC  AGC  GTG  TTC  GAA  AT ¢

 QDArSVFEI

eAC  CTT  GAT  GAG

 HL)E

-

GTG  CGT  CAT  TTC  CTC  ACG  :･rc
 VRHFLTL

GAG  AAA  GAC
 EKE

Primer 1-TGT

 CCA  GAG

 CPE

122
 7fiCTG

 TCC
 LsATG

 GGC
 MGTGG

 TT･T GAG  GAG  GOG

 WFEEGAGA  F.CTA

 GTA
 LVGCC

 TTC

 AFATC

 ATT  GGG  TCC  CAA  TGG  GAC  CA:  GAC  AGA  CTC
 IIGSQ  V; DQDRL

24E

 se]21

 75396loe

1971014T2126Acc  eTA
 TLGAC  DGeC

 CTA  ACT
 A L T･CTT

 CAC  AAG

 LHK

-

eCC  AAA  GGT
 PKG
Primer4TCC

 ACA
 STGTT

 CAT  ATC  CAT  GTG  CTG  GCG  GTC  CAC  CGG  ACC  471
 V  H 1 H V  L A  V  H R  T 125

TTC  CGG
 FRCAGoCAG

 GGC  AAG
 QGKGG:

 CCT
 GFAT:

 CTG
 IL

S47ISIN

ATG  TGG  CGC  TAC  CTG
 Y. Z,J R Y L
Primer2

CAG  TAC  CTA  CG/: TGC  CTG  CCC  TAT  GTG  CGC  S46

 QYLRCLPVVR  150

C･GT GCA
 RAGTI]

 .CTC
 VLATG

 TGC  GA･:. GAC  TTC  CTG
 MCEDFLGT"r

 ccc  TTc  TAc
 VPFYCAG

 anG  TCT  GGC  TT,C AAG  GTG  CAG  GSC  CGC  TGT  621

 QKSGF  i[ VgGRC  17S

622  TCC17S

 SATe  ]ACG

 GTG  GCA
 T V ATCA

 CTC. ACC
 SLTTTC

 ACA  GAG  ATG

 FTEMCAGqTAC

 CCT  G･TG AGG  GGC  CAT  GCA  Crc  ATG  CGG  CGC  MC  69S
 VPVRGHAL  l{ RRN  2eO

6972CIAGT  GAA

 SEGCT  AATT

 GGT  TTT  CCT
 IGFPCAG

 ACT
 QTGTG  vT[TA

 TTA
 LLTTG

 GAG
 LEGM

 CCG  ATT  CAG  AGG  AGT  GAG  ･TCT GCA  TTG  TTA  771

 E P I Q R S E S  A  L L  225

772 TTG  GAG  GAA  CAG  ACT  CAG  AGG  ACT  GAG  CCT  GAG  CCT  GCT  GAT  GTG  TAA  S19

226  L  E  E Q  T  Q R  T  E p E  p A D  V  k  240

                                                                                  
-<-

a20 ATCTTTTwrACTCAGTAAGATATTAGAMCCTGTTGTACATATCtsCTATGATSTAAAATAAAGrcATGTma:Ar.TACATTTATA･ec-TMGATosT  918
            Primef 1    -9]9

 AGTCTrmGTGCACACCATACACGCATGAGCATGACCATGAGTCT7TAAGCTTTAT"PACAP,rcTTTVrAILTTTAA:GTTAGTTAATATG･TCIAATATTTCA  IO17

1018ACGTTAACTAGGTACArcCTAATGAATGTTAGanCAAATATTGTGTGACpmCTGTCTGTGTGAGATTATATTTTTACT/GCAAArcTTCCCGTTTTATTT1116

1117ATJrGTAAGTTTTGTCT(]Al{GGTTTGGG7VrGCAAGCCCCCTCCTCTCTGACGGTATATVGACTGACGTCA:TGACTACCAGGCTTTAGCAGCT:AACCGT121S

1216GCCTCTTTATCTCTArrAGTGGGCATVrAGGTATACTGTAAACGTCTGAGGArrTACAAGAGP.ATCCTTTCATTGGACTGCCAGTAGATCTAGTGACTTA1314

1]IS1414IS13ACAAGCCCGM･T"rCATACGATGAGAhlIAGTAGGCTACAT･CCACACCAATww"TTACTGTTTGTCTATTCArTTCCCTTncGGTCACAT(]TGCAGAGC

GTTAATCAAACCATGTAATATCTTCT･CTTACTCCACCAGAACCTGTCTTACCCTTGma:CAATCATATATTTAATrmTATGrrrTTGTAC･TGrTT7T

GTTAT･TAAAkAATApmATGATAATGTATTw w A/4Lun4AAPLmm

1413ISIZ158S

Fig. 1. The  nuc)eotide  and  deduced amlno  acid  sequences  ol the trout ret[na[ AANAT,  Nucleotide and  amine  acid  sequences  are  numbered

frorn the first and  indicated in the lefi and  right of each  Iine, Arrows indicate the regions  used  as  the primers  jn PCR. The stop  codon  is indicated
bytheasteriskandaconsensussequenceforpoLyadenylatiofistgnalisboxed,Thesequencehasbeendepos[tedinDDBJ,EMBLandGenBank
nucleot[dedatabasesunderaccesionnumberABO07294,
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trout retinal AANAT  cDNA  contains  a  723 bp open  reading

frame encoding  240 amino  acids  with a predicted molecular

weight  of 27,420 and  an  isoelectric point of 7.78. The 5'- and

3Luntranslated regions  were  96 and  766 bp long, respectively,

Analysis  of deduced  protein

   The  deduced  amino  acid  sequence  ot the trout AANAT  is

aligned  with  those of the chicken,  rat, bovine, ovine  and  hu-

man  (Bo rjigin et at,, 1 995; Coon et al. , 1 995, 1 996; Bernard et

at., 1997) (Fig, 2), The sequence  ot trout retinal AANAT  is

very  similar in amino  acid  sequences  to those ot other  verte-

brate$ <65, 54, 54, 53 and  51%  identical to chicken,  rat, ovine,

bovine and  human  AANAT,  respectively)  but shows  Iower iden-
tlty (1 4%)  to the Drosophila AANAT  (Hintermann etat, , 1996),

The  carboxy  tail of the trout AANAT  ls 37 amino  acid  longer
than the avian  and  mammalian  AANAT,

   A  phylogenetic tree of  ve  rtebrate AANAT  is shown  in Fig,
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Fig, 2, AIignment  ef amine  acid  sequences  of AANAT  of rainbow

trout, chicken,  rat, bov]ne, ovine  and  human. The sequences  in

chicken, rat, bovine, ovine,  and  human  were  obtained  trom Gen  Bank

{access]on number$  are U46502, U40803, ADOO0742  
,
 U29663, and

U40347, respectively),  To maximize  homologies, gaps represented
by hyphns have been introduced in the sequences.  PotentLal phos-
phorylation sites are  shaded:  cnpk, cyciic nucleotide-dependent  pro-
tein kinase; ck2,  casein  kinase 11; and  pkc, protein kinase C. The  con･

sensussequencecontainsmoietiesconservedinaHsixspecies.The

two  conserved  motifs  (A and  B) for N-acetyltransferase superfamily

{Tercero et  af., 1992: Coleman et al,, 1996; Lu et aL  1996) are
vnderlined,

[S rTreut

FrvitFLv

         

Fig.3. AphylogenetictreeofAANATinvertebratesbasedonamino
acid  Identities, The tree was  constFucted  by the neighbor-joining

method  (Sajtovand Nei, 1987) using  PHYUP  software  (Felsenstein,
1989). The values  at the nodes  are  bootstrap probabiljties (%) esti-
mated  by 1 ,OOO times rep]ications,  and  the length of the horizontal
[ines are evolutionaty distances.

3, The  branching patterns are  high)y reliable and  the tree to-

pology agreed  well with phylogeny,
   The trout AANAT  sequence  contains  putative motifs for

acetyl coenzyme  A binding, motifs  A  and  B  (Tercero et aL,

1 992; Coleman et al, , 1996; Lu etaL  , 1 996), at the amino  acid

positbns ot "7-136  and  161-173,  respectively, The trout

AANATalsocontainseightputativephosphory]ationsites;two

consensus  sites tor cyclic nucleotide-dependent  protein ki-
nase  at The7 and  SeeC'i, foursites for casein kinase ll at Ser"3,
see3, Thri8S and  Thess, and  two sites for protein kinase C  at

Thri25 and  The30,

Southern blot analysis

   Southern blot analysis  was  carrted out to analyze  the

genomic  organization  of thetrout retinal AANAT. Probing the
liver genomic DNA  with  labeled cDNA  probe produced one
band each  of I9, 2,9, and  14 kbp after digestion with  EcoR  1,

Pst 1, and  Xba 1, respectively  {Fig, 4}, These results suggest
the trout retinal AANAT  ls encoded  by a  singie copy  gene,

Northern  blot analysis

   Expression of  the AANAT  gene  in the retina and  Mver was
surveyed  by Northern blot analysis  (Fjg, 5A). A  single tran-
script <a,6 kb) was  detected in the retina at both mid-day  and

mid-night,  but not in the liver. The mRNA  level ot the retinal
AANAT  exhibited  3,3-fo)d inc{ease at night under  LD cycles

<Fig,5B),Asimllarresultwasobtalnedinanotherexperiment,

DISCUSSION

   ln the present study, we  have determined the primary
structure  of  the  retinal  AANAT  of the rainbow  trout. The ob-

taLned clone  contains  an  open  reading  frame that codes  a

240aminoacidprotein.TheoverlappingcDNAspanned1,585
bp (Fig. t), be[ng consistent  with  the size of mRNA  (1,6 kb)

estimated  by Northem blot analysis  (Fig. 5A>. The AANAT
seems  to be coded  by a single copy  gene in the trout ge-
nome,

   Comparison  of  thededuced  amino  acid  sequence  of trout

AANAT  with those from other  vertebrate  species  shows  a high

degree o"dentity  (51 -65%). There are  two motifs termed  A

and  B <also called regions  A and  B or domains I and  li) that

are  conserved  among  the N-acetyltransferase superfamily

(Tercero et  aL,  1992; Borjigin et al., 1995; Coon et aL, 1 995,
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Fig.4. Southern blot analysls  of thetrout retinal  AANAT  gene. When
the trout 1iver genomic DNA  (1O pg) was  digested with Et oRl, Psn, or
>CZ)al, hybridization with the labeled cDNA  probe produced a single
band in each  lane (EeoR 1, 19 kbp; Flst], 2,9 kbp; Xba  1, 14 kbp),

indicating that the trout retinal AANAT  is encoded  by a  single  copy

gene, Molecular weight  markers  are Ecal-141 digests ot lambda ph-
age  DNA,

1996; Hintermann etal., 1 996; Coleman  etaL,  1996; Lu et al.,

t996; Bernard et aL, 1 997). Site directed mutagenesis  in yeast
MAK3  and  human  spermidine/spermine  AF-acetyltransferases
revealed  that these motifs  are  important to maintain  enzyme

activities as  acetyl  coenzyme  A binding sites (Tercero et al.,

1992; Coleman etal., 1996; Lu etaL,  1996). The  amino  acid

stretch  of the trout AANAT  at the amino  acid  position 45-96
might  contain  the ary[alkylamine  {substrate) binding domain,
which  is highly conserved  among  AANAT  sequences  of ver-

tebrates (Coon et aL, 1995, 1996; Klein et al., 1996). How-

ever,  further site djrected mutagenesi$  studies  will be required
to test whetherthese  regions  are the binding domajns foracetyl
coenzymeAandarylalkylamine$ubstratesinAANATproteins.

   In all known  vertebrate  AANAT  sequences,  two potential
phosphorylationsitesforcyclicnucleotide-dependentpfotein
kinase (The' and  SeeOi of  the trout sequence)  and  one  for

casein  kinase 11 (Ser93) are  conserved,  suggesting  that phos-
phorylation at these sites is functionally important in the regu-
Iation of AANAT  activity. This is consistent  with the important
roles  of cAMP  in the induction and  maintenance  of AANAT

actMty  (Yu and  Reiter, 1992; Thibault etaL,  1993; Klein etaL,
1996).Theotherputativephosphorylationsites,especiallytwo

sites in the carboxyl  tail of the trout sequence  (The30 and

Thr233), might  be involved in species-specific  regu]ation  of

AANAT.  Isolatlon of the trout AANAT  cDNA  now  allow$  us  to

studythefunctionals[gnificanceofthesephosphotylations[tes.

   It is widely  accepted  that cysteine  residues  mediate  the
formatjon of  intramolecular disulphide bridge. In all known

AANAT  in vertebrates,  four cysteine  residues  are  conserved
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Fig. 5. Northern blot analysis  for AANAT  mRNA  in the retina  and  liver. (A) The rainbow  trout reared  under  LD  14:tO Oight on  06:OO-20:OO) were
sacrificed at mid-day  (Day, 13:OO) or at mid-night (Night, Ol :OO).  Northern blot anaiysis  was  performed on  Poly(A)i RNA  {5 pg) obtained  from the
retina  and  :iver. Arrowheads on  the right mark  the positions of  28S  (top) and  18S  (bottom) rRNA  bands. Blots were  $tripped  and  reprobed  with  P-
actin ot masu  salmon  to allow normalization of lane$. (B) Day-night changes  in the AANAT  mRNA  in the rainbow  trout retina. The abundance  of,

the AANAT  transcript has been normalized  to P-actin mRNA,  to correct for variation$ in the mRNA  loadlng and  transfer efficiency.  Data are
expressed  relative  to the mid-day  value.  The trout retinal AANAT  mRNA  increased 3,3-told at mid-night  as  compared  with  the mid-day value,
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at the amino  acid  positiens of 59, 73, 156 and  1 75 of the trout
sequence,  These residues  might  be involved jn the proper
folding of the AANAT  protein,
    Northern blot analysis  revea[ed  the presence of AANAT
mRNA  in the retina but not in the liver, This i$ consistent  with

findings in chicken,  rat, ovine  and  human (Boriigin et aL, 1995;
Coon etat., 1995, 1996; Bernard etat,, 1997), A recent study

in a teleost (the pike Esox  lucius) has demonstrated  that the

retinal and  pineal AANAT  enzymes  have the significant differ-
ences  in the effects of temperature, sub$trate  concentration,

pH and  molarity  (Falc6n et aL, 1996), This suggests  the pres-
ence  of at least two types of AANAT  molecules  in a teleost
species.  Thus, it is of great interest to see  whetherthe  retinai

and  pineal AANAT  molecules  are  products of two distinct

genesorvariantsofthesamegene,TheretinaLAANATcDNA
jsolated in the present study  is avaiiab]e  as  a hopefuI probe ta
clone  the pineal homologues  or variants.

    In the present study, we  investigated day-night changes

Ln AANAT  mRNA  levels in the trout retina, The results dem-
onstrated  daily variations  in steady  state ievels of AANAT
mRNA  in the trout retina with higher values  at night under  LD
cycle, Similar daiiy variations  have  been  reported  in the pineal

glands of chicken,  rat and  ovine  and  in the retina of chtcken

(Boijigin et aL  1995; Coon  et al., 1995, 1996; Roseboom  et

aL, 1996; Bernard et aL, 1997), This is also  consistent  with

the ocular  melatonin  data (high levels at night) in the rainbow
trout {Gern and  Karn, 1983; Yamamoto  etaL,  1992), These
results indicate that melatonjn  production in the trout retina is
regulated  at least in part by transcrjption of AANAT  mRNA.

Since melatonin  production in the rainbow  trout is regulated

by light and  darkness, it is interesting to determine how light
and  darkness regulate  AANAT  transcription, Further analysis
ot the promotor region  of the AANAT  gene and  the transcrip-
tion factors involved would  help us  to identify 

t`light-respon-

sive" element<s), a possib)e ubiquitous input tor light-depen-
dent events  such  as  melatonin  syntheis  and  photic entrain-
ment  of the cLrcadian  c]ock,
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NOTE  ADDED  INPROOF

   Fo[Fowing acceptance  of this manuscript,  a  partia) cDNA  $equence  encocting the treut pineal AANAT  was  published (GenBank accession

number  AF033500: Begay V, FaLc6n J, Cahill GM, Klein DC, Coon SL (1998} Transcripts encoding  tvve melatanin  synthesis  enzymes  in the
teleo$t pineal organ/ circadian regulation in pike and  zebrafish but not in trout, Endocrinology 139: 905-912), The amino  acid  sequence  is only
66%  jdentical with  the {elevant  regien  of the trout retinal AANAT, ln addition, they tound that the pinea]-type AANAT  transcri pt was  not detected
in the retina. Thus, there are  two  ctifferent AANAT  genes in the rainbow  trout,
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