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SRR BRI S S TR RS L B LIS FR P B R RRR « N7 858 ) i e 5
=Herasegh s (Oreochromis mossambicus) ¥EE7EAREINERERRIE T - HIAANEEIZE (glutamate) / %%
Wil (glutamine) FHERACHHEH]ZER - A5 REUR - /EER R 10 psu J/KEER - JUAHEARRIE
& kNS (Glutamine synthetase, GLUL) EAZAZFERTES (Glutamate dehydrogenase, GLUD) FJRE[A]
KB BHRE T - RN RARR IR B Mt i B & G LT - e R T NN RS =
B TREREES o RILEATHER] © 7 10 psu J/KEHIERIE (6 hr) £% - SePFAUL P e fE ml R Ak I e Bl
ST RGO A ORI - W BRI - DL E R = Hr R I s B R B BRI T ER

A BRI - EEOVLARE RS PR AL > FTRER GRS E R FIWRSE AR T AR | K

HIRIRZ — »

FESREE - R0 A BRES - RIRE / BERIREAH

T

Hij

FERKIRER ST AR R W~ SRfe B
N2 PR R SR IR (Weslawski
etal., 1993; Satheeshkumar and Khan, 2012) - #i[4[] :
EEILE% /K (Tanshui River) FARLREAALE R —
fEERHIBLAE PR RIS 4.2 - 33.1 psu HYBRE
7= (Tzeng and Wang, 1992) - {7 AEREEIN 1%
B KIEIREE T - BEER YU EA R E
YA BRI A - DU BSERBESR S L (Elliott
and Quintino, 2007; McLusky and Elliott, 2007;
Lombardi, 2012) °
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ST E S B Ry ELA R I s A I A ME
B LA BRI RR TR E AR RIS B R
o 7Yk B ELE BRI K o DUESEEME AR
M5 = I 5e LB 4 (Oreochromis mossambicus)
Rl = Bl BAE B K R IFRY M A 22 3B REAT By 285
mOsm/kg > #g7K FHIKI Ry 325 - 350 mOsm/kg 2 [
(Hwan et al., 1989; Inokuchi et al., 2008) - ‘& f 2
BB KIS R 0.5 psu » BB
Ry 1 -25mOsm/kg) - BLIRE/K & FENRZETIfAEE
A BTS2 B R RREAR » R b i Rl 1 R RO R
S ERHMEAYE SRR (mitochondria-rich
cells, MR cells) #E1T - Bl 7 2R MEHEERE -
(] PR 310 5 T Wk PR VR R P R IS 1 S Fr e 2
BEERSEA#T (Evans, 1980; Bradley, 2009) ; [ E1E
M7k CPYIEERER TRy 35 psu > BZREKIAE 1000
mOsm/kg) [Kf » FERGBERME R BRE /K I 17
DN A SRS B AR - KIE RS TR R &
SRR [FRIRFE M ~ 1508 2 aR e B+
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HE H & 4 (Evans, 1980; Hwang et al., 1989;
Bradley, 2009; Zikos etal., 2014) - k%) » FEE =L
SELRERFAEE B MR cells 55& (HEBEZE & 2 ST
fd (glycogen-rich cells) » m]f2 it F-HHNHET T2
IR FTREHURER (Tseng etal, 2007) -

RIS - AR Ry T ZEIRER 2K
JEY)'E (Moon and Johnston, 1981; Jayaram and
Beamish, 1992) - SETEIEIGELL R - 58 PE
DURG B 1 R A2 R B H AT R IVRE & (Fyhn,
1989; Rennestad and Fyhn, 1993; Ohkubo and
Matsubara, 2002) » [fi] HA#XEH AR EREERE S K%
B KL LIMHERE (ERE) fFR-Rsaa kK
I —fE T 2 HE AR A BR (Furuichi and
Yone, 1982; Wilson, 1994) - FECEESEH » FEELRE
AR SLE R R R M E LR B A B =
HREELR (tricarboxylic acid cycle, TCA cycle) &
ey EYA R ER = BRI E  (adenosine
triphosphate, ATP) » FIAIPAZES (alanine) EdH %
W% (glycine) & vk HiE ! 5 & (MRS BS £ R i
FRE R PNIAER (pyruvate) - ZkZH% (glutamate)
RIR #E R s &6 (glutamate dehydrogenase,
GLUD) HYfEALHUIS I BL i Ry oK % (a-
ketoglutaric acid, o-KG) T A =FEMEI5ERE L
AEHE o LA - BARRICER N v] 35 A MR R & 1
(glutamine synthetase, GLUL) FIER - fig{bE B §x
it SR S O SRR I e 5 BB R kg e
BEGEE S EKES (glutamate synthase, GLS) HY{EM »
(AR MR R L R SR e 2R - BR T iR
S e R B - A B R AR ER
ROV Ak I I B A R R Y TR E  [RIIEG
TGRS [ - BRI T 1E 2 T m] A B U AR
FeRe A -

HN LRI RIS - HEBEEREK 60%
DA _E g L P 2 1R R e PR e 5 P o A T B2 U AL AR
(Halver and Hardy, 2002; Ayala et al., 2010) » &
FEBE 2 DA 5 =Bk o3 RAFAE LR R - 12
A BB FE RTRIET 22 B 1 O B 5 FE A T
FEER LR - WLA PRI SR e
Hys#EL (Assem and Hanke, 1983) - DIAEAFELFIEIE
M EfE (Monopterusalbus) Kol : RIAZRFRIF
YR S LA RN RE R ~ BRICEE (serine) -
5k Wik e Wz 555 2 JEL i W Ve ARk e 2 B &y W B

(Tok et al., 2009) ; JbAMEEL BNl {4 (T i
(Oncorhynchus mykiss) (Kaushik and Luquet, 1979) -
W 37 3l 3% 1k B BN 48 8 (Anguilla anguilla)
(Huggins and Colley, 1971) ~ A={ iR B #E e A A
BRI % (Platichthys flesus) (Lange and Fugelli,
1965) DU A7 A L EL B Bl M W e U ry s =Lk
Ta 5l (Venkatachari, 1974; Fiess et al., 2007)
5 EEEEB BRI L EE BB LA
RELASR A T i BB B & SR B S - SISME
BRI POKAYSESE (Cyprinus carpio) ZAHERTE
g > EHERN 15 psu MHE/KEE > JLATIHA
Mm% ~ HIERE ~ A wilg (taurine) DL #H % B&
(histidine) & & #H EFA MW ETE (Hegab and
Hanke, 1983) - [K|L ¥R 2Bl E S S - 7Kk
RS AT Ry FA R LN & i I B 2 S
R CHIRREIR Tl — ©

B = Pl SRR AR A Y FE N e B PR IR A Ui
(Philippart and Ruwet, 1982) » 7F 20 {40 #2350
SR H ARG ~ BBV ELR AT I (Pillay and
Kutty, 2005) » 5[MERHNZ 2 F R e
VL ~ PRITSE ~ PERIARE A R DU e - K=
Here RER R B S B EE ) - ARIBRT AT
FEAR ¢ =P RN R IR
£& 27 psu (Al-Amoudi, 1987) » F A {EFLEERT Y _-[R
T[] =3E 120 psu (Whitfield and Blaber, 1979) - J&
= b U3 S0 A0 L S BR R i e B ) v 3 EE
71 URA G2 B I3 i 8 (i s LA
A RSED R =B EHR AR (feed conversion rate,
FCR) 8% (Olvera-Novaetal., 2002) - ;5464
PR MRS 5E = PEra LR BR AR Ry BT i B
At — o TR LER TRk B /K A
Gh o A —RH AR R R I RO AR B T SR
BREH : SeAr /K TR AR - I ERT =8 H
TSRS B/ th B TR IR B BRI -

P E S8 AT AR BB T MR
(umami) fERE o Hh—AREHI A B HERR 1908
a4 (Ikeda, 2002) » T7EmERER © IERMEZ S
H 2 A R 0 S A B S - (H RS —
T SETUH AR 2 Ae e MR BRI I B 1 7R
R AR B 1 P 2 AR IR B3R SR (Chaudhari et al.,
2000; Lindemann, 2000; Nelson et al., 2002;
Chandrashekar et al., 2006) » FEFY{IE {5 1 98 50 WAall7
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R A M B 1 o NGVl R B AR Y IR GE
(Beauchamp, 2009) - {18 fis7K FEFELI SR Sl 32
BGH ELVE R 2SI S SR HE R © R85~ 18
KBRS - BHIPOK AR AANE
BOR HEHETCR - BERR AR R R
TRHEFESE - IR Rk 2R T A S0 A T ey B
WK FEAREL - R AT B 7 PR 2R T S S i B
i REFT R - BB B S MK SR By 2icgs - R
Tl 1 S T A L Ay ok g e TR e AR 1 5 S A
b » B A ELBE R A FIRF R RE B AR B PR
bt > SEEUILAII RS SRR P A A L - ST
PAAMTRFIRE RIS TR, AURIER R -

FRHEEL /5 ik

— ~ HEREYIAE

R T SR A B AR IR R 27+ 1°C Y 8 L
TR /KEL T > HIGEBEE RER 12 hr SER /
12 hr B - BREVKELIRCE S - 7 BREfH - B E
TR AR E Fe R AR SR /K - MBS T R
K hEe > B H R RERR LSRR (R
VRHE (BB GRSl AT R 7k M B B M 2
KEEE -

=~ HEREIYIRVEE LR

Frigip g sl ReER 5 - 6 g A/ HEME
) > BCEBLRIFETY 5 - 7 E e B —iR
T ER /KL > =HH3L 60 EEHE - AR — K-
B EEFALGRTR E B AL /K LT A 0 psu Y%
RV R B IR (FW) - B FJ A T9%8# (Taikong,
Taipei, Taiwan) FoE HEERE /3R 10 psu (SW10)
120 psu (SW20) HY A TiE7KVE Ry B BaR - B
BB B AH A /KL B CE T S P /K s 4 -
BEFAIOR R 2L A e /K A ES R ' H
PR /KL - ARBEE L IR ST 5 = Hu S B A
WA R RS SO A R Y B BT (Tseng et al,
2007) - EEUI A B TS N TR
73 AR EEREERS 21 6 ~ 24 Bl 72 hr - {EHgHHIES
ZKELEY 20 S HE & HEL 6 EE e TR EL LA
AR R E R -

— ~ RNA ZHY

BRI ER R [ E R — IS
HIALATBCERE L > A 0.5 ml Trizol FA
(Invitrogen, Carlsbad, CA, USA) - FI|FI#H R EEfE
DUR Y S WP EE % (Retsch, Haan, Germany) &L
ARG/ #EMA 0.1 ml =& H L
(chloroform) JEARFELEFE T 3 min > &K
BELE TR OB A L 12,000 x g #EFT 30 min L
4°C FEITHIEC » B HIFRES B LB AR
HELAEE (ispropanol) HENRERERN -20°C - #F
EHREH L 13,000 x g #4730 min 000 EiE
WERE > DL 1 ml By 75% ZEE (ethanol) JEYETE
HIECVE TR AR LY - 3597 13,000 % g
10 min ~ 4°C §t0s - EHEMDEERXEBRIE
KHELE ZFTH - BT ZE RNase 351 37°C
BERE PURRI GBI RLEZ - BETRINA RNase-free i
Tk RNA pallet [FPASIE Y 60°C fJIE4 10 min -
B0 1 pl DNase I (Promega, Madison, W1, USA) »
JCERY 37°C HEFREPISE 1 hr - &L 70°C finzk
10 min #%(F)fE - HU 1 pl #9 RNA JFRHT 4 pl
RNase-free water BUE 1Y 5 fEMERIK » (200
B Ef (ND-2000, NanoDrop Technol, Wilmington,
DE, USA) #fT RNA SE& - 1T RNA BykfE
EHAE - HERN RNA FURER -20°C fR1FHE%
TEESERTH

VY ~ S S e S
(reverse transcription polymerase chain
reaction, RT-PCR)

HY 5 pgtotal RNA > fjil A 1 ul Oligo (dT) 18 5|
FE1 1 pl 10 mM dNTP mix > 3 [ DEPC
(diethyl pyrocarbonate) /KiNZEHEHERE 13 pl > LA
65°C N2 5 min fiF RNA P H7fE » Oligo (dT)18
FIFHRA > RFIIEE R AR YL AVE R K B
Al 1 min DL {15 RNA AJEd Oligo (dT)18 5[+
&5 PN 4 ul 5X First Strand BF~1 pl 0.IM DTT~
1 ul RNase Out (40 U/ul) LAJz 1 ul Super Script I
RT (200 U/ul) (Invitrogen, Carlsbad, CA, USA) » #
AP ERE AR L 50°C [ 1 hr FREETHE 70°C
oL 15 min > FERBER VK EIIA 180 ul /Y
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Table 1  Oreochromis mossambicus primers used for gPCR analysis

Protein name nG:r:E Primer sequence /:TZ]EI(IES)F' Ar:frgilciif:éiyon Accession number
thet

@I, FSSGIGGATIGEICGCTICAICETT Y 500 onicoosononsnso
glsta E 55 éTT%ggiéTGCAATTCGCTA%TCTTGT%TTﬂE é 146 1.92 ENSONIG00000012207

Clutamate gls1b 255 ?g;g%:ggéﬁgfgﬁgﬁ%\/%g, 111 1.97 ENSONIG00000016812

el aa 3 CCACTGGACAGGGTIGAMIAGY 14 500 EnsONIGO0000DI 7025
gls2b Ef;ETGCGTQTGT?TC?ég?gg?gfgﬁé?? ¥ 114 1.90 ENSONIG00000006844

dehyd

OO gy FITGACCAMGAGIARCGECMCA 5 10 s sonarosonooossss

Reference gene

F: forward primer; R: reverse primer

Elution buffer #fgRk 10 % - BEE&HIHOERER
(ND-2000, NanoDrop Technol, Wilmington, DE,
USA) 17 cDNA Ei - HIfF R EEVIRERER
-20°C RIFHR TSR -

A~ EEHNRRE SR E
(quantitative real time polymerase
chain reaction, QRT-PCR)

K cDNA SR EFREEZE 10 - 20 ng » B4 pl
cDNA {EFs S FEREAR > FEIIA 5 pl2x SYBR Green I
Master Mix (Roche, Penzberg, Germany) Eil 0.5 ul
10 uM HAFERZ 5| IR G AR Ry 10 nl 1Y
< FEW) 5 DL light cycler real-time PCR system
(Roche) FETTECIEMTH] - B EEHRG RERAUHES
ribosomal protein L7 (rpl7) ZKEBHENW TE
B 7 S RN A A g b S E B B R A P Y rpl 7
Bl H AR5 724140 Table 1 Fiis -

N~ LR R A B B e 55

HUfgE#% -80°C (@ iR ERAFHI SRR VL AR A%
#7110 - 15 mg FRAZIEECE - MIA 2.5 ml iy Z e
12.5 nmole MYIFRAIZES (norvaline) » DAFo/E T Ettas
P21 TRE - 1T 4300 x g 10 min L1 4°C ST THELS -
HY B35 2 ml 28 2.5 ml Q80 s 46 DU 22 i
2% (Concentrator 5301) JERZEE » #20A 100 pl
1 8 mM &{L&. (hydrogen chloride, HC1) 185 Rk
R ELDUTE B IEZE Millipore syringe filters,
Millipore Mlllex, France) {7588 > A AccQ
Tag Ultra Reagent Kit (186003836, Waters, Milford,
MA, USA) Z3BEHEERA o BB L r BT E A Z]
4&3% BEH C18 B :EE TUV {eifllZs i SuitH (2
2L 4% (Ultra-Performance Liquid Chromatography,
UPLC) (ACQUITY UPLC H-Class System, Waters,
Milford, MA, USA) gAY 2 Bl AL &
5 o FEE G ATIEI 3 B R IR ] B ARSI TR A 2
F Il EL BRI KRR E &AL -
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Fig. 1  Qualitative realtime PCR % I e S G A e
(QPCR) analysis results of mMRNA e Ty
. . ag )
expressions of glutamine synthase 14 H\!’/’ﬂ
homologues in muscle of Oreochromis A
mossambicus. Relative mRNA 0 {l) 2'4 ?'2
expression levels of glula (A) and glulb Time after transfer (hr)
(B) in muscle during salinity- and FW- () glulb
transferred  were normalized by 16 -
ribosomal protein L7 (rpl?) and are —&— W
presented as mean + standard deviation 144 —O=5SW10
(SD) (n=4 - 6). *: p<0.05, **: p<0.01, e SW20 o
and ***: p<0.005, indicate significant 3; 12 4 L
differences between the FW control FQ'QQ } c
group and the SW transfer counterparts 2 =710
at the same transferring time point gfj
(Student’s t-test). Different capital letters giﬁ 8
and overlapping letters indicate 3 g
significant ~ differences and  non- <Z< e 6
significant  differences, respectively, % 4 s
among treatment time points within the 8 _
same salinity. (A, B, and C are presented ) :__.-"ly I*y S o i = .
in square for FW; x, y, and z are < dj:. = """ :
presented in round for 10 psu SW; a, b, 0 AB/TET , B = AB
and c are presented in triangle for 20 0 24 72
psu SW). Time after transfer (hr)

L~ Mt

HERBIBLCPIIEIESARNEZ (meantSD)
For 0 BEMEZEFRIHE Student’s t-test 2% one-
way analysis of variance Jz Tukey’s multiple-

comparison Rt iR /2t -

o R

— ~ BRSSP PRI 1 R
IRESie-Z

SRR I RS glula FENLARYESRIRL &
SW10 EEsHHEL FW S HGRHAREL » 75 2 EBRSIRF AT G
YRAgEM BT 1.8 -2 £% 5 SW20 #HAIHAEE F7F
%724 - 38 % (Fig. 1A)  [fij glulb pyRLRIFH & -
SW10 #HAEFEFS 2 10 psu yig7K EE BEA 5 RFTATRG » L
BRI AT AR A S R B AR BT 1.8 - 2.3 %5
il SW20 #HETEERS 21y 6 Bl 24 hr 43 JI[BHER 7t
#J2.2 552 10.7 £5 - 72 hr 2B ¥ HERH 2~ [ FITAREEA
HH7=5 (Fig. 1B) -
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Table 2 Free amino acid concentrations (pmoles/ug) in the muscle of Oreochromis mossambicus kept in freshwater

(FW) and directly transferred to 10 psu (SW10) and 20 psu (SW20) seawater for 6, 24, and 72 hours

Native FW SW10 SW20
gI‘OUp
0 hr 6 hr 24 hr 72 hr 6 hr 24 hr 72 hr 6 hr 24 hr 72 hr
Alanine 0195 0.140x  0.250x 0.340x 0.224x 0.248+ 0.256x 0.461x 0341x 0375x
0.055 0.054 0.043 0.057 0.089 0.082 0.086 0.106™ 0.118 0.119
Glutamate 0-024%  0.028+  0.018+ 0.025x 0.022x 0026+ 0.024x 0025+ 0.030+ 0.017%
0.008 0.008 0.008 0.004 0.004 0.004 0.008 0.005 0.002°  0.001"
Glutamine 0-122%  0.039x  0.141x 0191+ 0.184x 0102+ 0.110+ 0270+ 0.128x 0.113=
0.031 0.006 0.021 0.056 0.058™ 0.036"  0.064 0.091"  0.049 0.055
Givcine 0394+ 0284+ 0528+ 0713+ 059%= 058+ 0495+ 0761+ 0372+ 0.450%
4 0.093 0.174 0.084 0.158 0.147°  0.250 0.155 0.275"  0.045™ 0.159
Histidine 0-042% 0017+ 0057+ 0.049x 0.067+ 0.081x 0.028+ 0.106x 0.034x 0.047x
0.015 0.001 0.012 0.007 0.025™  0.048 0.003 0.030™ 0.013°  0.012
Serine 0.131+ 0.186+ 0.023+ 0.043+ 0.029+ 0.037+ 0.034x 0.044+ 0.036x 0.050+
0.022 0.044 0.002 0.008 0.007™  0.016 0.005 0.010™  0.005™ 0.022
, 1.934+ 2221+ 1.584x 1.011+ 1984+ 1.958+ 1.717+ 2.119x 1.104+ 0.784+
Taurine ¢ 189 0.554 0.393 0.303 0.925 0.394 0.380™ 0.516 0.381 0.260
~0.025+  0.021+ 0.037+ 0.029+ 0.049+ 0.043= 0.037+ 0.067+ 0.033x 0.043%
Threonine ( o713 0.003 0.013 0.009 0.017°  0.026 0.021 0.016™  0.012 0.023

Free amino acid concentrations are presented as pmole pug”' muscle weight

Results represent means + standard deviations (n = 4 - 6).

*: p<0.05, **: p<0.01, and ***: p<0.005, indicate significant differences between the control and transfer groups (Student’s t-

test).

=~ BEPERS B TP AR B B AN
KL

RANGIR SRS olsla TENLAIRYEENZRIE & -
SW10 #HAE 6 hr IRFE A IRGHHEERE TNk 47% 5 SW20
RHAERES 2 20 psu BRI FRBIIRAY 6 Bd 72 hr » Bil¥
kAR S T BE 51% B 81% (Fig. 2A)-gls2a 1y
FRFILEATERS 2 20 psu BEESpRBHLIT 6 hr o
BRI AR NSk 1 69% (Fig. 2B) - 1fij gls2b
(RN FE B HRAERRE 2 20 psu BEE R BRI
24 hr EREHIGHHAHEERS BT T 64% (Fig. 2C)

= ~ BEPERS B A - A IR B AL N
KL

BEREERIT S gludla TEHLNRYERRIRE &
SWI10 fHAEHERE 2 10 psu BERTFRIHEGHY 24 hr - [
EHIHHAARE BT T 76% 5 SW20 AHTE SRS IR B
HIJHA S B IRAH T IRERY 53 - 78% (Fig. 3A) © M
gludlal FYEERIZREI R - SWI10 7 24 hr 1% - KR

FHEHEH EFFT 91% > SW20 FHHIEZE TRET 68%
(Fig. 3B) -

VY ~ BEEEERS S PR A B R

=L e
V-

RSB FREERS 2E 20 psu B (SW20) pEFHfR
1y 24 hr > HILAE TSR E0REFRR K
(FW) EHHHE IR MEERY 35% 5 AR
LUk SW10 AHRIERE i & FISEHAIRE A 2 (Fig. 4)

st - ERE SRR (UPLC) 34T
5= e SRR AL ARH R A 2 2R AR e
DIA-raBRIAHE & Bk (Table 2) » MfESREIE
FEIR /KRS 10 psu BRGEIFRIRAEH - MORARRIA L
B EFERARIY 6 hr BAIGGHHIARA E7HR 3.76 4%
{H 24 hr B HIBAE NRERT 28% - 10 SW20 FHAERRS
2 20 psu BEFELRIY 6 hr - SEEREJILA TR IR e
SRR o BRI 0 BB BT 2.3 £ 6
fif RS ENITEERE AR 24 hr SCAIRGHHER
141 69% > 72 hr 2 HIBASH Y 32% (Table 2) -



5= LTl SR A e R A AL ) LA TR AR A IR R Gl 2 T e 39

(A) glsTa
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el pite
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Fig. 2  Qualitative real-time PCR %'TE“ 08}
(gPCR) analysis results of mRNA % é 06}
expression of glutamate synthase % X
homologues in muscle of Oreochromis 0.4T
mossambicus. Relative mRNA 0.2 *i‘b
expression levels of gls7a (A), gls2a (B), 0.0 b=— ) ) .
and gls2b (C) in muscle during salinity- 0 6 24 48 72
and FW-transferred were normalized by Time after transfer (hr)
ribosomal protein L7 (rpl7) and are
presented as mean =+ standard deviation (©) gls2b
(SD) (n=4 - 6). *: p<0.05, **: p<0.01, 257 =W
and ***: p<0.005, indicate significant =0=5W10
differences between the FW control < 20k el SW20
group and the SW transfer counterparts %o N
at the same transferring time point “5\9. .....................
(Student’s t-test). Different capital letters SEASE | X 2 S b
and overlapping letters indicate g _qz """"" 2
significant  differences and  non- %—Té 10k _l
significant  differences, respectively, < 5
among treatment time points within the Z = ——
same salinity. (A, B, and C are presented E 05F K, 3
in square for FW; x, y, and z are Y
presented in round for 10 psu SW; a, b, o , : ,
and c are presented in triangle for 20 0.0 0 6 24 48 72

psu SW). Time after transfer (hr)
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(A) gludia

2.0
—a— FW =
1.8 =—0=5W10 :,L

o ek maeswao g .

~— ~

S 14t " N

03 ~

° I 12f i =
Fig. 3  Qualitative real-time PCR ,é% 10k & —EB
(qPCR) analysis results of mMmRNA g N T
expression of glutamate %’ g el ~
dehydrogenase  homologues in <Z( 2 06 b b \:’.‘)Z
muscle of Oreochromis % 0.4k g il
mossambicus. Relative mRNA b B ai
expression levels of gludla (A) and G2 ﬁ'c
gludial (B) in muscle during salinity- DEBE—L—L = e s
and FW-transferred were normalized Time after transfer (hr)
by ribosomal protein L7 (rpl7) and
a:/e presented pas mean =+ I(s)tandard (B) gludial
deviation (SD) (n=4-6). *: p<0.05, **: 2 —a— W
p<0.01, and ***: p<0.005, indicate 1.8F =0=5W10
significant differences between the = 1.6F b SW20 oY y
FW control group and the SW =
transfer counterparts at the same ?fo?'\l =i
transferring time point (Student’s t- E % 1.2}k
test). Different capital letters and oz Rl
overlapping letters indicate g
significant differences and non- g’ g 0.8
significant differences, respectively, <Z( e 0.6k
among treatment time points within %
the same salinity. (A, B, and C are B
presented in square for FW; x, y, and 0.2F b
z are presented in round for 10 psu i . T‘ . .
SW; a, b, and c are presented in 0 6 24 48 72

triangle for 20 psu SW).

T

o o AN R B i 1 A { L B B S P P A
1% — kRN PR A QR O AH B B BB R T EREE
e PR T - FRPZEEARRIZFRE S glula AR
BERRRKAIIG DL RS RBATRT HEH] - EE
JEE i By B S T T LA A IR BRIV A 5 ke - S
—J3Hl > B PRGN S RGO A AR R A
FRAHRRZE RIS o Hr ey DL RARLIR - BRI R
FREH B IKREAE LA R R AR SR - BAPIHE
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Fig. 4 Ammonia concentrations in Oreochromis mossambicus muscle in different salinities of 10 psu and 20 psu.

Ammonia (NHs) concentrations were detected by a spectrophotometric multiwell plate reader. Values are presented

as mean = standard deviation (SD) (n=4 - 6). **: p<0.0l, indicates a significant difference between the FW control

group and the SW transfer counterparts at the same transferring time point (Student’s t-test). Different capital letters

and overlapping letters indicate significant differences and non-significant differences, respectively, among treatment

time points within the same salinity. (A, B, and C are presented in square for FW; x, y, and z are presented in round
for 10 psu SW; a, b, and c are presented in triangle for 20 psu SW).
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Glutamate-glutamine Metabolism in Euryhaline Tilapia
(Oreochromis mossambicus) Muscle Under Salinity Challenges

Hong-Yuan Wang', Yu-Chun Wang?®, Pou-Long Kuan® and Yung-Che Tseng?
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ABSTRACT

In tilapia aquaculture, the transfer of the fish to hyperosmotic seawater (SW) is one of the essential steps for
diminishing undesirable flavor in muscle. In this study, Mozambique tilapia (Oreochromis mossambicus) was
utilized to investigate glutamate/glutamine-related metabolism in muscle under various salinity treatments.
Transcript expressions of glutamate-ammonia ligase (GLUL) and glutamate dehydrogenase (GLUD) in muscle
were found to be significantly increased in 10 psu SW. In addition, the contents of glutamine and other amino
acids in muscle were found to be increased in both 10 and 20 psu SW. In contrast, the ammonia contents in muscle
were not affected by different SW conditions. These results indicated that the glutamine accumulated in muscle
may be generated by the coupling of glutamate with ammonia following 10 psu SW treatment. These physiological
strategy utilized by aquaculture tilapia muscle under hyperosmotic stress would cause the accumulation of amino

acids and further induce the “umami” flavor of human taste.
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