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Abstract

Changes in 13 free amino acids of A discus discus exposed to
various salinities were investigated using HPLC. Taurine, glycine and
alanine are three major contributors to the total FAA in the gill tissues
of H. discus discus. Concentration of taurine was 114 pmol/g dry tissue
weight accounting for 76.64% of total FAA in H. discus discus. Levels of
most FAAs in H. discus discus exposed to low and high salinities for 24
hrs decreased dramatically. Taurine concentration was slightly increased
in the samples exposed to 20% and 25% for 48 hrs, and greatly
increased after 120 hrs exposure. After 48 hrs exposure to 20%, 25%
and 40%, methionine in H. discus discus was not detected, no
methionine was detected in the samples exposed to 20%, 25%, 30% and
40% after 120 hrs of exposure. Taurineiglycine ratio increased
depending upon hyper-hypoosmotic condition as well as period of
osmotic stress. These data indicate that taurine, glycine and methionine
play important role in regulating osmotic stress in /. discus discus. This
study suggest that FAA analysis is a useful tool to diagnose osmotic

stress to H. discus discus.
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Figure 1. Flow chart of the FAA analysis.



Table 1. Conditions for analysis of FAA.

Condition or property

O-phthaldialdehyde-acetyl-L-cystein, N-acetyl
L-cysteine

Mobil phase A 50 mM sodium acetate buffer pH 6.8
Mobil phase B methanol

Derivatives

Column Rexchrom ODS C-18 250x4.6 mm
Flow rate 0.8 ml/min
Detection Florescent, Ex: 342 nm, Em:452
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Figure 2. HPLC chromatogram for standard amino acids analyzed

in the present study.



FAA #4& 9389 HAAF== 49 A5 1 mle 100 x9]
O-phthaldialdehyde-acetyl-L-cystein (OPA)/N-acetyl L-cysteine (NAC)E 2%
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(mobile phase)< sodium acetate buffer®t methanols ©] &3}t ofw] x=4k9]
A BMS fste] ®FE ofulxAt AleF 13F (aspartic acid, glutamic acid,
serine, threonine, glycine, taurine, alanine, tyrosine, valine, methionine, phenolic
acid, isoluecine, leucine)s HPLCE °]-&3to] &A3tal (Figure 3), ¢17]A] Lo
A retention timeo] Wl TUd A FAdA UEMG AlE9 peakE H|ulE o
=H obW At ettt obv A A obv At EFE AIFS 0.25 nmol,
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2b F% (umol/g dry tissue)E A H3ATH B AL 479 FAA FEE5

&3 (pool)ste] EA 3T



12
Y =0.0032x — 0.1849

R?= 0.9981

1: /
6 /
4 e

o

2

0 500 1000 1500 2000 2500 3000 3500

Concentration (umol)

Area

Figure 3. A typical external standard curve for ‘estimation of FAA

concentration in the present study.
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Table 2. Water quality in each rearing tank.

Salinity  Water quality Day 0 Day 1 Day 2 Day 5 Remark
Temp. 17.6 all samples
15%o Sal. 15.1 died after 1
D.O. 7.4 day
Temp. 17.6 176 17.2 15.9 8 samples died
20%o Sal. 19.7 20.0 20.1 20.3 ftor 2 d
D.O. 74 7.2 85 79 arer e days
Temp. 17.7 17.6 17.0 15.9
25%o Sal. 24.9 25.0 25.0 25.0
D.O. 7.1 7.2 8.4 7.7
Temp. 17.9 17.7 17.0 15.9
30%o Sal. 29.9 30.0 30.0 30.2
D.O. 7.1 6.7 8.1 7.1
Temp. 18.0 17.8 17.3 15.9
35%o Sal. 35.0 35.2 35.0 35.2
D.O. 7.0 6.7 79 7.0
Temp. 18.1 17.8 17.0 16.0
40%o Sal. 39.7 39.8 39.7 40.3
D.O. 6.5 6.4 7.2 6.7

Temp.; Temperature(C), Sal.; Salinity(%0), D.O.; Dissolved Oxygen(mg/ /)
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7heb A E ol7lul o] FAA %AS Figure 4-5°] YEWTh A& of7fn]
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76.64%

O Aspartic acid
H Glutamic
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O Threonine
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M Alanine

B Tyrosine
Valine

E Leucine
others

Figure 5. Pie chart to indicate percent composition of FAA in the gill tissue

of H. discus under normal rearing condition. Others include isoleucine, leucine

and methionine.
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3. @B #ato 2 FAL T4 HEE

1) 2473 B3 %
A& 15%, 20%0, 25%0, 30%, 40%0 1 24A3tEt =FE A 7S FAA =

e 35kl Ze AE Eot =EFE ARS FAA 43 Hlugk 23%E Figure
63 Table 3o YEFSITH FAA A& H| A4 oln| =4kl aspartic acid (Asp),
glutamic acid (Glu), serine (Ser), glycine (Gly), taurine (Tau), alanine (Ala),
tyrosine (Tyr) S°] HAEFHYoW, HFolu|=AL2 threonine (Thr), valine
(Val), methionine (Met), phenylalanine (Phe), isoleucine (Iie), leucine (Leu)©]
AZHAct. vFg ofu A= taurine F%7F 7P =9koew glutamic acid,
serine, glycine, alanine 59 &#o] AH o2 Egkx Lgoln| Al H 9=
threonine, valine, leucine 52| &&o] Wtow AWty oz H|FAF ofw] =4t
Hlgto] Fx7F WA AEHEAT. ol wE FAA 249 Wsts Q242 o
€9 3BY%ET o]l EAY =2 AT B 719 e opfpxat v

=
7b wobo]l #AHAT 53] T dREF IR A3 (16%)9 E+ FAA
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Table 3. Concentration of amino acids in the FAA pool in the abalone H.
discus exposed to various salinities for 24 hrs.(unit=nmol/g dry tissue)

Amino acids 15%0 20%o 25%o 30%o 35%o 40%o
Aspartic acid 1,139 5,063 4,541 2,116 2,708 2,313
Glutamic acid 5,416 45,611 10,740 15,670 18,389 13,654

Serine 2,936 13,015 4,346 14,357 16,924 10,422
Threonine 1,882 8,523 2,727 8,349 11,362 5,380
Glycine 2,891 14,724 6,282 9,071 31,124 14,573
Taurine 26,314 86,035 93,447 82,582 131,775 103,475
Alanine 5,069 25,452 8,239 28,819 43,259 16,085
Tyrosine 967 4,360 1,388 3,651 4,263 2,551
Valine 2,186 10,868 3,286 7,913 8,824 6,054
Methionine 460 1,022 37 1,990 1,761 727
Phenylalanine 687 2,739 574 2,371 3,446 1,746
Isoleucine 896 4242 1,079 3,514 4,085 2,545
Leucine 1,621 6,092 1,192 6,556 8,080 4,789
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2) 4813 A3 F

A 15%, 20%0, 25%0, 30%, 40%°1 48*3t&<t =¥ A &2 FA
AL ZT(35%)0 e A7 Tot =& A7 FAA A vl
Figure 7% Table 40 YEFAATE. =F 48A17Fo] ALpWH A taurine T2 30%

>

z=

rot

2

o
i

=3

o =%FdH ASE At d APFolA dAd] Frisol #HF HATH dE=A
(35%0)2] taurine TE+ 68,176 nmol/gol oy 25%0° =E:H AR HE

81,498 nmol/g, 20%°1 =¥ A =% 100,759 nmol/g& eI, AL 40% ]
=&9 A8 9A taurine ¥Fel 76,121 nmol/go® F7F3H T Aspartic acid
AA] ohzob Hlaste] 20%, 25%, 40% 1 =E® A8 FE=7F S7Rge]
= ey glycinel A9 dlZ& ol A= 13432 nmol/ge 71 =59 ot

30%°1 =% A&+ 9,547 nmol/g, 25%° ==%F A& & 3,882 nmol/g, 20%°l
EEH AREE 6,098 nmol/g= st o, dd 40%° =¥ AlsE E=3

6,987 nmol/g 2.2 743t sth E 4 obv] =4kl valine, methionine, phenylalanine,

isoleucine, leucine®| 3 JA] A G el =FHAS W ofr|=2be] ool
Ahste Aol #&EAF AT, 53] methionine, phenylalanine, leucines L@ =
595 A9 A HEHA Fkom, methionined 4% 20% <k 25% 01 =
HAS Aol AEHA FuT
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Table 4. Concentration of amino acids in the FAA pool in the abalone H.
discus exposed to various salinities for 48 hrs. (unit=nmol/g dry tissue)

Amino acids 20%o 25%o 30%o 35%o 40%o

Aspartic acid 7,203 2,156 728 1,517 1,521
Glutamic acid 11,182 4,912 3,729 7,276 2,513
Serin 1,583 1,342 3,460 6,113 793
Threonine 1,535 665 3,590 4,311 532
Glycine 6,098 3,882 9,547 13,432 6,987
Taurine 100,759 81,498 58,805 68,176 76,121
Alanine 11,385 7,624 19,314 15,637 5,103
Tyrosine 1,138 157 657 1,451 182
Valine 1,720 709 1,563 3,092 315
Methionine 0 0 304 1,084 0
Phenylalanine 162 0 447 504 0
Isoleucine 400 5 573 1,263 12
Leucine 539 0 1,645 3,297 0
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3) 120A17F A3 5 (69 +
AT 15%0, 20%, 25%, 30%, 40%. ol 120417t GY)&F ==

FAA 4% 35%° 22 Az ¢t =F9 Als9 FAA =43 vast 4345
Figure 83 Table 59 YeElA . =& 120 A7+o] AUAA taurine HHEFS 2
0% <t 25%0ll =¥ A5 A9 tx7 (47,237 nmol/g)9} vlulste] §43] F
7¥ate] Zh7b 122,264 nmol/g, 124,845 nmol/g .2 <1 [t} o] & 48A13+E <
EE2HAE FA (20%-100,759 nmol/g, 25%-81,498 nmol/g)Z} Blu st % 4
sl S7keE Aot 2yt ok diEol HISzRE 30%0 9k 40% 0 =E=H AR
o] S Z}ZF 48513 nmol/g, 36,799 nmol/gZA I =Fol7} H| A w|u|sFH T}
AA QL ol it vt B AT olA @A FAE YERIT 484 HE

o} wEH Aol FAMSA "olm] Akl valine, methionine, phenylalanine,

isoleucine, leucine®] % AA] AFy} ade] =E2HAUE W ofn|=ibe] FhEfFol
A4 8l= Aol WA E QT E3] methionined] A9 20% <+ 25%, wk oly g} 3

%ol =ZH e Well= A=A SATh
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Table 5. Concentration of amino acids in the FAA pool in the abalone H.
discus exposed to various salinities for 5 days (120 hrs). (unit=nmol/g dry

tissue)

Amino acids 20%o 25%o 30%o 35%0 40%o
Aspartic acid 3,336 4,997 1,482 2,998 317
Glutamic acid 7,037 7,652 2,028 6,459 931
Serine 1,594 2,150 838 2,956 340
Threonine 840 1,361 382 3,242 317
Glycine 4,013 4,117 2,861 13,055 2,755
Taurine 122,264 124,845 48,513 47,237 36,799
Alanine 7,554 7,570 3,637 16,487 2,433
Tyrosine 659 624 225 7,275 100
Valine 1,245 1,589 408 3,695 196
Methionine 0 0 0 871 0
Phenylalanine 58 0 62 1,389 0
Isoleucine 269 246 112 1,606 63
Leucine 150 9 110 3,735 40
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AEFE desHom nF77hA 9 ik AAlsEolm AF A9 F
of mA= gEFe] Ank 2 AF FHW ol AA
A2 o o] dFem FTH dFY FFS LA LLoEM AF
A 7o rFH wdate AQTE A dEFo ui= HAF d@4do] wAst
%, 1996; Pang and Hyun, 1998; Hyun and Pang, 1988). ©]¢} 3

sto] 9 5 (20012 7hHd R, e2A7], sk AH & ATl =EAAES
W b E Asle a2 32T 4% 9& 30 %ol Ae 134 3kRtel] gk ALS
Boda, A& 25 % o= 4r3F ool REFAAE ®Wasiith i HT &

of %o Apdel fEHUA o2 AP SN W Az A FHA

3o gEAe Wl vg EAE A8 B Ak (HFFAE, 2004). W AR
A% F5e o Foo) AR AR olojAm o PR HHo olo]d
Aow Segel ug AF Foel Adsis ABRE A4S B opye 19

frejopr ke wE St Aol oux g5 AR
(energy-yielding metabolic pathway)e] 7|14, 4% 2, AN FA| 2 A
o] 715 wets Aoz e ) (Sokolowski et al, 2003). H=g d& W
3toll 3te] F=F (Crassostrea gigas)¥ Bx (Mytilus galloprovincialis)= -

gotr it EHlE Ao AFEds FPITL LA A (Lee et
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al., 2004; Cornet, in press).

Aol ok =HE HE o}lrln o] FAA F4 L chromatograme] & 19
Mol peak7} EA TN = 13F 71 FHIESULH olE 13F2 #]EG ofn =4kl
aspartic acid, glutamic acid, serine, glycine, taurine, alanine, tyrosine, taurine¥}
I 4 o} =4kl threonine, valine, methionine, phenylalanine, isoleucine, leucine
To8 FAE QAT ol & ofn x4t F taurineo] A °F T7%E A 5L
glow o]olA glutamic acid, aspartic acid, alanine, glycine ¢ <A %t} o]
5 "5 oAt 5F 9 ot wEe A& olrtm] WA frEohr] =ite
96%% °lFa ATt
HHH A opu| ke S8 Ao w EAgte] gl HYlom o= 7

_rC_Jr_

Ak A3kgit}t (Hatae et a., 1995; Chiou et al., 2001).

Y =F 24470 A S WE A =% A& 2taurine?]

FE7F Ulx2aek Hlaske] sk Ao AN, =FE bYA= L Aol

W QEE7E 29k AR A @ ol A= taurine w9 AF7F =A
gt taurinee -9 4 ojmiI{Fo Fa fEoprwmitoln, AEZ Y =
A AA, AEY QbASE Ze flux 24, 2EY S A
= Ao R 4¥A Ut (Walther, 2002). =3+ 1149 (hyperosmotic condition)ell
Al EL FEE YEta B aEa Qo) (Sokolowski et al., 2003).

Lee et al. (2005) HA] FFol 2¢3 =& FZolA =2 FE9
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g2 A9 A% mot AR Qi A7t aFEh

taurine, glycine, alanine & H|Z 4 olv|:=Atdt= gid o=z HS4 o

ofrl
S
>
m
rl

ZAd dgt taurine?

=2FQ1 threonine, valine, methionine, phenylalanine, isoleucine, leucine 5<

ol guglol Ady nde FA4oNA dixzoF vaste] dAs] Akt

£3] methionine® 4% 93 ndFo =EFH F 2445E A3 FIA|A
Sl e AE HAEE A FSkth Litaayet al. (2001)0] 2]shd b o] o)
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