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Prolactin (PRL) plays an important role in freshwater (FW) osmoregulation by preventing the loss of ions
and the uptake of water in fish. Growth hormone (GH) promotes acclimation to seawater (SW) in several
teleosts. We acclimated rainbow trout Oncorhynchus mykiss weighting 68.2+16.6, 138.3+24, and 287.5+42.1
g in separate experiments to SW under slow-acclimation (SSW) or acute-acclimation (ASW) conditions,
and then examined the PRL and GH mRNA levels using the real-time quantitative polymerase chain reaction.
The PRL mRNA levels in all three experimental groups decreased significantly with both the SSW and
ASW treatments, as compared to a control group kept in FW for 30 days. The GH mRNA levels increased
with ASW in the largest fish, whereas the levels in the other groups did not change significantly. The
mortality rate of the largest fish was lower than for the other groups, whereas the growth rate among
the three experimental groups did not differ significantly. The growth rate of the ASW group was highest
for the smallest fish. These results suggest that SW acclimation is associated with the gene expression
levels of PRL and GH in relatively large rainbow trout. In addition, the fish mortality and growth rate
on FW-SW transfer seem to be related to body weight, and the SW acclimation method may be applied

to the hatcheries industry.
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ol i By, A4AA € Hit Y EORA 2
A S FABA = Eeta = AA oY (Tsuzuki et al.,

2001; Partridge and Jenkins, 2002).

offiv= A, AERG HEsy] fske] A
(homeostasis) A& ¢+ A5 £ (osmoregulation)”]
£ 7FA3 Qo™ (Morgan and Iwama, 1991; Jarvis and
Ballantyne, 2003), & =olF9] A5 28 F2 of7bn],
28t 9 Ao A o] YTl (Maina 1990). AF<F 22
Hofete AR TEELS WA A EY)EE e
gl (prolactin, PRL)¥} A% Z& (growth hormone, GH) .=
A EEES AR AR JEe] = o] Sdst AR 25
¥3F3kal 9t} (Kawauchi and Sower, 2006). 7 =] 52| PRL
o wzloA, GHE szl EA Ly
s o R AHEEde Hosith F SRS
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frAabeh HElol = 25 278 T89 Az fFAx=5Y
3} 5 91X 7+ (Kawauchi and Sower, 2006), 7152431 Z ol
A a9 dste] B9E A gokn F45w Ao
(Madsen and Bern, 1992; Manzon, 2002). =V (Sparus auratus),
5 (Acanthopagrus schlegeli)® 2 FAA 740 F7<
344 PRL mRNAT H7 4 Z 71004 =4 T = o)A
™, GH mRNA+ o]9} i3 oz W utg s yepdn
(Laiz-Carrion et al., 2009; Tomy et al., 2009). 3|5 ZFE E
2 =2 & A, g2l o} (Oreochromis mossambicus)2] &7
W PRL ‘s oA AL, RS2 AstEH, gow g
A iR A AL 8 W GHSF AR wolithal Bate
B} At} (Seale et al., 2002). In vitro A F o= AAHF<t
Hj <ol Al FE o sk A Al A F7hHE PRLE 4] <}
AAHEQE wlx] ZHAA GHO EuH|7F SUbEE Aol
radioimmunoassay (RIA) WH o2 FHE AT} (Seale et al.,
2002). GH 5+ ofv g} 1719] 1Akl IEd G341}
(insulin-like growth factor 1, IGF-1) T3t 334 o] F €glyjo}
(O. mossambicus) (Fruchtman et al., 2000)2} $A2] (Fundulus
heteroclitus) (Mancera and McCormick, 1998) “12] 3L F-X] 7)<
o] (McCormick et al,, 1991)2] 35~ 4-5S 230 @3t
o= Bt gtk
AT BAe FAUREe ] A 2 J304 s
Ao g BEE] v AR 24 5
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FA EE Astel JHA Y el WE ARAEE
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A3 FA S 5 sty flete], 47t 12} A3 (3
18.1+1.7 cm, FHAF 68.2+16.6 g, n=282, F-3}3 <F
5709, 23 A (HE A 223+1.5cm, BEAF 1383+
24 g, n=207, 35 °F 7704, 32k AP (A 269+13
cm, A% 287.5£42.1 g, n=102, 315 ok 97 ) 2 1}
Fo] WEsHTE A A 12¢ Bk ATH AFE Fol
A rgst A7l F SR E AlESISITE ol /e W7t
-2l 370 ] ARZFE A (140%80%60 cm)oll A Aped 7 Bl
15C W92 A% 202 AS315om, 353)/d=2 5Y
Sk &) AlRE FHSITh 7T A2 T (FW, freshwater),
AR d|=5==] (SSW, slow-acclimation in seawater), ~12] 1L
=314 84 (ASW, acute-acclimation in seawater) ~Li5 2.
2 o] 73kl ssSwE 5 5o HA A (20% — 40%
— 60% — 80% — 100%) 2.2 H52 A7 o, ASWE
29 Fok F1H (50% — 100%) .2 S A7 FW

=Y

A= AH

A 7 30§, A AEe FAAEAE 0.1%
2-phenoloxyethanol = v} Al A A3 A|FS FA3S T
Beatel AR WaRAE 54 ARzl 35 BAHY
o, total RNAE FE3}7] A7kA] -80CollA Katst3iet
(n=6-8). 3} total RNA(Z} 0.5ug)= RNeasy Mini Kit
(QIAGEN, Valencia, CA, USA)Z FZ3}9 21, cDNAE
QuantiTect Reverse Transcription Kit (QIAGEN)Z 14515 th.

Real—time Polymerase Chain Reaction (real—time PCR)
dg=x]o] wE PRLY} GH 22 & 412 Real-time
PCR W o & ALt AFEH oligo primersi= GenBankll
5% FA7IMEE vE S F Primer Express v3.0 software
(Applied Biosystems, Boston, MA, USA)E ©]-&3}o] #|2+5}%]
t} (Table 1). =34 cDNA (0.5p2)2 3 S 2 oligo primers
(10uM) 2x SYBR primix Ex-Taq, 50x ROX Referance Dye
11, oligo primer (10uM)$} &7 F% 20uLZE real-time PCR
(Applied Biosystems 7500)& =33}t PCR Z71-2 50°C el
A 232, 95ColA 102 WHg -, two-step PCR " 2= 95C ]|
A 15%, 60ColA 1722 % 40 cycles2 33t}

Table 1. Oligo primers used in the Real-Time PCR

primer direction sequence

rtPRL-F Forward 5'- CCA ATG GGA CGA GTG ATG ATG -3'
rtPRL-R Reverse 5'- TGA CAA GAC CTC CCG CCT C -3'
rtGH-F Forward 5'- CAT CAA CCT GCT CAT CAC GG -3'
nGH-R Reverse 5'- CCT GAC CGT CGC CAA GTG -3'
r3-actin-F  Forward 5'- CTT CCT CGG TAT GGA GTC TTG C -3'

ri3-actin-R Reverse 5'- CTG GGG GGG CGA TGA T -3'

*
Zhzte] AP AR ol AR gk Aole] Froly WA

2 SPSS FA A (VIDE ol Este] ARA
Neuman-Keuls test$} t-test, )¢ test® #2138} TH (P<0.05).

el 3}

H AR

AF7EE Aol HAMES AF oo FAS sl
2] el wel zpol & HGTh 13}, 22k AF el A FW
(=75 0-5.8%)9F Wlalste] SSW (20.2-39.7%)k ASW
(47.1-58.5%) 52 HARES WAITh 53], 9314 saA
= A= ASWILE S HAREO] A R okttt (P<0.05,
o test). 3HA, 32} A ¥ O] SSWILE (11.8%) 2 ASWILE
(17.6%)2] #AFES 12}, 22 A7 v wslte] 7had e
S BT (P<0.05, i test) (Table 2).
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Table 2. The mortalities of three experimental groups during
30 days (%)

FW SSW ASW p
1% experiment 0 20.2 58.5
2" experiment 5.8 39.7 471 :8gg1t
3 experiment 0 11.8 17.6 0,045+
P 0.023: 0.003+ <0.001x ’

Note. FW, control group in freshwater; SSW, slow-
acclimation in seawater; ASW, acute-acclimation in seawater
(P<0.05). *,  test.

Al PRL mRNA9] Wdo] 2 FFo = FU/iy e HE&S
Qom, ols} hxAH o SSW, ASW A= Atz o s
Y SEs Beon, dlaaa 79 $oF 30d F ko] &
2l 2ol & YERNA] 29T (P<0.05) (Fig. 1A). 22 A8
o A%, WA 7Y F SSW, ASW 152 PRL mRNA
Wy FES FW 15 vlalste] fo)Ho R vhe vy
S Bojom, o)g} e AL 4 30Y 7HA X E5E
o} (P<0.05) (Fig. 1B). 32k A3+ 4§ 7 7157k PRL
mRNA &S o2l Ao 7} A ergkont, dg=A]
79 B 309 A ssw A elE oAl PRL R o]
Ha fFodoz Fe =S Yelddth (P<0.05, t-test)
(Fig. 10C).

344 GH mRNA @& #H3}

12} gl A sgeA] 74 - ASW A F]F9] GH mRNA
W& o] Z716k9 U} (P<0.05), 30 5 a3 £
oAl d Hpol= THAE A Uttt (Fig. 2A). 22 A @I
FW, SSW, ASW ZL& Alololl GH mRNA2] f2] 49l xlo|&=
HAE A It} (Fig. 2B). 38, 33} A3te] A9, sl
79 2 302 Ao] ASWelA GH mRNAQ| ¥Hdo] f-oz o=
78k AEs Bt (P<0.05) (Fig. 20).

o%m
o rlo [T

p

12 AEare] ASW 152 dleA]| 309 Al oF 2500 ke
AAES BYon, o= FW L (¢ 1.54]) ¢ vlwslo]
Aqo 2 F7H AEES YR (P<0.05) (Fig. 3A).
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Abelel] Fre] A ]l Apol= FEH A eFUdT) (Fig. 3B, 30).
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Fig. 1. Expression levels of prolactin (PRL) mRNA in the
pituitary of rainbow trout that were exposed to SSW and
ASW at 7 or 30 days after transfer. The relative PRL mRNA
levels were nomalized by [Factin values. Data were
represented by the mean+S.E.M of six independent samples
(P<0.05). *, t-test; (A) 1" experiment; (B) 2™ experiment;
(C) 3™ experiment.

FE THA7I7] 18k Adgk o R A E = slARSo]
7}5 gk o]& <]t} (Chen and Lin, 1994). 72| 7 &01 2] 3l<=AL
Fo| tig A7 45 AAFHIL QLo AFSolo] HAREA
2 sty A83lEx] Fals 3t dHsta do) olggh
AT o7 FEWAAT gt do] o, 53] Ao
I} o] F= oAl AV E MALSF dEWAH] =2
Rnoz dHA AT} (Parry, 1958; Houston, 1961; Heifetz et

al., 1989; Dempson, 1993). ¥ Aol = /WA FAE (1},
22}, 32k AR S e FANE ] HAAES
zAbel A7, Sl Al AREH O R ofHFo] W o] {7}
F2 HARES UEhlen, 53] §304 e ie
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Fig. 2. Expression levels of growth hormone (GH) mRNA
in the pituitary of rainbow trout that were exposed to SSW
and ASW at 7 or 30 days after transfer. The relative GH
mRNA levels were nomalized by [3-actin values. Data were
represented by the mean+S.E.M of six independent samples
(P<0.05). (A) 1" experiment; (B) 2™ experiment; (C) 3"
experiment.
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Fig. 3. Rates of increased body weight of rainbow trout that
were exposed to SSW or ASW during 30 days after transfer.
Data were represented by the mean+S.E.M. of six
independent samples (P<0.05). (A) 1% experiment; (B) 2™
experiment; (C) 3¢ experiment.

and Ballantyne, 2003; Morgan and Iwama, 1991; Maina, 1990;
Shin and Sohn, 2008)Z 7}A|aL glow, o)== AHEer 24 52
21 PRL¥} GHO] #H-&-o ¢Ja o] Fojxivhar <& =] vt
74 =09 PRLY Mot =B AAEH] H 1, sk AR
o Al 2S5 Al EH7F ST F9Ad ol F "detylo}
(O. mossambicus)’= ©}7]=7]9] ol =2t =7} ThE F 7}X] 9]
PRL (PRL177%} PRL188)S AAtstH, oo <3 dF
9 At A U F PRLO] A2 A diRl o2 Frhgket
(Yamaguchi et al., 1988). oA 0= vre FHHES A et
o} (0. niloticus)2] F PRLS W& ¢ Aol QoY
TEH o HeEeA o) =&

PRL177¢] 'Fdo] AAsA S7tets 74
(Ayson et al., 1993). o]} Wit 2 139
2 getyjote] ¥4 PRL &
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(Auperin et al.,, 1994). PRL o2 ©44-5
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AN G o] et

A wE olFo] 1ejd
(Anguilla japonica), 1013}
591 (Carassius auratus)2)]

AL e AR nelrh Y], 2ol o] a4
W PRL mRNA &2 dleAlol ofsf fhas]= feE Bl
U, o] T1Ae s0% G F1SEAGIA ol 29l Aol
UehiA 2om EASS FES 49, A AL 2R
HAFS = Bar7) QU (Park et al., 2008). - G- A=
FANEIE Fate] Aol o F4AS T 2E PRL
Wo] FoHow Wt = AS BEsgith A rEds
A% PRL 22 ANA ] ko] zbo] E]ar aiEeA] el
upet goldt Bd Fde Uitk AR 52 oAlT
o] A 2k, 32F A3yl A PRLE: H2goll whet 214
o A BE S vheS Blo, W AT Ad
(12 A2 FEAE 309 Foll vl =4 S7he PRLE
WS eI =3 5304 s o] uhE PRLO] HE

e rlo

al
Fe abol & VERIA] ekt (Fig. 1). olefdt Al gt ke
PRL & Apol&= /AL Figoll M AHFde] apolat Als
o} AAR 150 g AF2] A3} o] F= 23} (smoltification)
LT LR PR e Aol wol
W, olfiel 5% 9 <leel wel AR AN S Ws | -
2T} (Boeuf, 1993).

BEolFol GHE ol 79 AHFxdy gEo] A4, Al
A g B Fo thFdt e g8l o]ttt (Bem
and Madsen, 1992; Donaldson et al., 1979; McLean and
Donaldson, 1993; Shepherd et al., 1997). GHS] A 1%}l
IGF Hgk o] /9] 3¢ A8& # &S 3l o= 747
Z=0] (McCormick et al., 1991)9} gl g}y o} (0. mossambicus)
(Fruchtman et al., 2000) 12| 32 H}T}ALE] (F. heteroclitus)
(Mancera and McCormick, 1998)°| 4] R 31% v} it} FHA
detgo} Fol A AdjH oz v FALS Ad oF (0.
niloticus)®] 73-9- L= 2] B4l gk GHOl 4R =4
FFo] YelUA a1, 2 FAd4S Ad "Hekge} (0.
mossambicus)T= ¥ 3H<7A W GHO| FF} A2 o] d A
3| FolxAl =&l ol A=E Auperin et al. (1995)2 GH2|
drae s A4S A ofFollA AdH oz el
ot ARbstith & AT E iAoz aAF 34k
AT A A E A H3kA GH mRNA Edo] &
7He = AEE Gtk 53] S8 o8 sfgro] 254
7 25 @ dEx2a ) vlaste] folF o2 FrheE GH
mRNA Zd o] B} g, 12 3l 22 A3a 2
=2l 28 GH mRNA2] & W 3lo)] {2929 Xfo] &
Holx] ottt (Fig. 2). LelB & ofF3} A ] Ffol| uhet
gl Agel tigk GHO| 1] W32 tE AEFS Hole
Aoz AlrHET FAA Aol Tu] (S auratus)St E A
(Paralichthys olivaceus)®] 7% 3Gl gk GH 2& )
Ho] o]dAQl Ads Hol7| % gt =r= 35 (38 ppy)ell
»] PRL mRNA®] '@l o] 7H4-3Fal, GH mRNAS] 2§ 57}
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Z®l-& KAt} (Laiz-Carrion et al., 2009). 3FX] 5+ {X] 2]
A5, sllgroll ti$k PRLE W o2 Hd o)XY GHY
W WshE ol HQl Aol E HeolA] o m A Fof upgh
GH®| AHFzdubgol ot 2pol7} lvkar & 4= 3ltt (Cho
et al, 2006). & AollA ARk oz F4 s = g
GH mRNAS] Tdo] Frlehe 43S vehdle=], o= A
Pdg A5 A AFRETSoV|E s =2 3
Fo] G g Re T ATH
2EF 2R A% oYX
qAke} ERA R Addo] AT} (Pickering et al., 1991;
Wendelaar Bonga, 1997). 3t 23}y Aol w& A AdL
ko] AHEREEel digk 7heAd o] Apolot® HAE & QT
3] Aol 23 HA T F2EEI GHO #H7F w4 3]
7¥stH, o] oprtm] AFAES] o S FUHAA Al
T B S TEHoE wEAYIE 298 Y
it} (Bjornsson et al., 2010). ©] &3k AFHH-S-of w}2 GH2

FAAL AH R aAFo] FA NG oA WZFEHA
Ehdrhal Als Hoh

QA7 chpar ol o] sjmARgo] A v 9lTk B
o] o] (C. carpio), Z°1 (Ctenopharyngodon idella), & *] o}
Aol (Acipenser gueldenstaedtin) e 715 (2 ppt)oll A AR
e AL AL AolEH BEC] AAT] SUtE e AdE
19l oH (Konstantinow and Martynova, 1993), F 94 A=
(Chanos chanos)®] 73-$-ol%= A& (55 ppyoll Al A53td
AFEol A3 Frkete A%ds vETE Bt 9
(Swanson, 1998). gt & Aol X = 12} AP A FFE
Al eJal FAREAL] Aol FrtHEE As S
ARAA T Aoz AT 2}, 34 AT AFES
freolz el zpol 7} @IQ1T). (Fig. 3A). wWebA, LG & GH¢]
wElo] o] 7o AHAES SV EH HA 0w AAFHA =
St AtsEt 394 5o (Mugil cephalus) (13 g 5<
20g HADS] A, 719 25% SW)E Fr=d Al EE
Z2 Fgof wls] wE A B S™ (Chang and Hur,
1999), 744 & (4. schlegeli) |4 & G20 5
Aol el oz Srhstts ®Havh AUk (Min et al, 2005).
4k, De}5o} (0. niloticus)®) HFALES B AT
Qo] FoldFF MAY AAainZE F538Ha, ol ARE
Aol Waak NuiA Aol 2o} ke A4EE ] GOz
& 4] AT} (Farmer and Beamish, 1969). WehA], s 4=AFS- S
2 Qg Al AT 1 AEEY Aole A TR wE
WFEA oA Are) Foldol fald Aoz 245
A, #7149 A7k Aed Ao A,

ool AxE AEletd £ ATE FAUMEY dleeA
A, HBkA ) PRLE: Rk GHE: Z7bohe 43S 919)
Fom, F oEE o|HAQ A e o] FA]Eo] e

< gk @a3ARl MR- ZldddrteE AS AAE
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