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Effects of Salinity Stress on the Composition of Free Amino Acids of the
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Changes in 13 free amino acids (FAA) of Haliotis discus discus exposed to various salinities were investigated
using a high performance liquid chromatography (HPLC). Taurine, glycine and alanine are three major con-
tributors to the total FAA in the gill tissues of H. discus discus. Concentration of taurine was 114 imol/g dry tissue
weights 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 h decreased dramatically. Taurine concentration was slightly increased in the sam-
ples exposed to 20 psu and 25 psu for 48 h, and greatly increased after 120 h exposure. After 48 hrs exposure
to 20 psu, 25 psu, 30 psu and 40 psu, methionine in H. discus discus was not detected; no methionine was detected
in the sample exposed to 20 psu, 25 psu, 30 psu and 40 psu after 120 h of exposure. Taurine:glycine 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 H. discus discus. This study suggesting
that FAA analysis is a useful tool to diagnose osmotic stress to . discus discus.
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ARe] A" BLAEL AFE sk d T AolA
Ao, Bt 721 54.43£0.17 mm, EF 11.95+0.61 g°|
At Aol 201 AL AFRA] AL T UEFH AP A
2 A7RA] L 16.8~17.5°C, G- 32~33 pswollA] F5-8F #ol (8
tAet, ARl yE 336 60 LAZE FRP (600x400x300 mm)
Fzof] X381 ABFALS (1) YT 35 psu, (2) A stress
15 psu, 20 psu, 25 psu, 30 psu, (3) 1LY stress 40 psu™ 27}
AARE, 7 w29 20k 9] ARS T AR o
FAFE AFREI T, G 2EE S FYEE ol 8st
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Free amino acid (FAA)2| &4

i Wale] mkE AJEO] FAA ¥4 gsle] AgAE A
(Day 0), 4312 & 24X]7KDay 1), 48A17H(Day 2), 120A]7F
(Day 5) Pict A g Z1zh selely] F-249) AheiSitt. FAA
BAS Q&) 2|79 o) E HEs9 e, s/ A& of
71SE Bol 3 AFTR vrEe] APl AL FAA 5
22 Yslo] ARl opylu] 2AE 4°C oA g3 7S
ARgEt} A3 A7l & AR SiGith 9z DNAS

Table 1. Water quality in each rearing tank.

2AAAIF77] )8 AZHell 10% trichloroacetic acid (TCAYE
A7pslgich. 9aEe 3, FAAS B53t e st
E2]9 FAAL® Ether & 3] AJA3Io] TCAZ AIAT -, HPLC
(Vintage 2000, Oromtech)E ©]-§-310] opu| At #4182 A8t
ek FAA B4 95te] AAPTERE 49 AR 1mLs
100 pLe] O-phthaldialdehyde-acetyl-L-cystein (OPA)/N-acetyl
L-cystein (NAC)E 283t wHksle] REAlst ¢ &, 20 uLE
HPLC®Y F4lstgien) olu o] %Ak mobile phaseyZ sodium
acetate buffer?} methanol& ©]-83}t}. ofmjiAte] 440 #-4
5 9)sto] T ofu|Ab A2k 13F:(Aspartic acid, Glutamic
acid, Serine, Threonine, Glycine, Taurine, Alanine, Tyrosine,
Valine, Methionine, Phenolic acid, Isoluecine, Leucineye HPLC
T o] g3lo] F-Aaka, 93714 dolZl retention timeol Wt
oJgt B4 27ol|A el AJ82] peakE BIEFOEA olu]
AR BB, ofn| Al RS opu| At EFE MRS 0.25,
1.25, 2.5, 10 nmolE 34 3+ 3 2o srolA] A2 peak
Wz o] g Tk 7)o AlEe] HES dTOEA
& A3 ohulAl 5 (umol/g dry tissueYs JH3ISITT.

¢

~

Aol AREE ARFRS] FEEAE Slelo] A F 244
7F Yol Mgk FARE =2 (15 psuyE A g VpeA] 2200 T
3] 22, P, §EALFE Table 10 HERHSITE F2-2
15.9~18.1°C M92 F4HoH, §E2E 6.4~8.52 9]
Z JeERfle] 22 A VIR B AR £ 238 vE
Woleh, Erase] AEES R 15 psuel =2 HIIE A
o] 9]l & 2447} o]u] A A7} AFDEIECH, GF 20 psu

Salinity Water quality Day 0 Day 1 Day 2 Day 5 Remark
15 psu Temp. 17.6 All samples died after 1 day
Sal. 15.1
D.O. 7.4
20 psu Temp. 17.6 17.6 17.2 15.9 8 samples died after 2 days
Sal. 19.7 20.0 20.1 20.3
D.O. 7.4 7.2 7.9 7.9
25 psu Temp. 17.7 17.6 17.0 15.9
Sal. 24.9 25.0 25.0 25.0
D.O. 7.1 7.2 8.4 7.7
30 psu Temp. 17.9 17.7 17.0 15.9
Sal. 29.9 30.0 30.0 30.2
D.O. 7.1 6.7 8.1 7.1
35 psu Temp. 18.0 17.8 17.3 159
Sal. 35.0 352 35.0 35.2
D.O. 7.0 6.7 7.9 7.0
40 psu Temp. 18.1 17.8 17.0 16.0
Sal. 39.7 39.8 39.7 40.3
D.O. 6.5 6.4 72 6.7
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o] AEFoIME 487t o)) /A7 AFgBlGITE zeu o
T Y AddTeME A8 F8 A Y T 100%
AEES B3I

SRS YUl FAA =Y

Al dA BAE FTHE opyju] FAAE H] IS o
2RI Aspartic acid (Asp), Glutamic acid (Glu), Serine (Ser),
Glycine (Gly), Taurine (Tau), Alanine (Ala), Tyrosine (Tyr) 3},
g4 ou] =4kl Threonine (Thr), Valine (Val), Methionine
(Met), Phenylalanine (Phe), Isoleucine (Lie), Leucine (Leu) 5
02, 0]F H] P op| AR Tauine®] 114.1 umol/g dry tissue
o2 4 5 S YehWlon Glutamic acid, Alanine,
Aspartic acid 5°] Z+Z} 8.4, 7.4, 7.1 umol/g dry tissue®] 3tk
< B3 olF 4559 H] g oju)ake BAR] &
FAA 77342 F oF 90% °1°-& A3t At W, 4=
ofu)i=qke] $HRE 0.2 umol/g dry tissue (Methionine)~1.6 pmol/
g dry tissue (Valine) o] & Uellon, F FAAS ¢F 3%
£ 748k Ak Table 2).

HEH30| (E FAA 7Y Bis}

1) L= (35 psu)

APV T Y 2T AR FAA sk 48
A)Z Day 1 ©|% H] B4 o}u] A1) Taurine (131.8 umol/g dry
tissue), Alanine (43.3 umol/g dry tissue), Glycine (31.1 umol/g
dry tissue) 5°] & FAA &F F 70% °)& X8 713
FA Welste ™, Glutamic acid®}t Serine $°] 2}2} 18.4 pmol/
g dry tissue &t 16.9 pmol/g dry tissue 2.2 A JeEPHT}
(Table 3). 358 B oA Threonine®] 11.4 umol/g dry
tissue® ThE I opv|ate] St AJrjd oz #okon),
ANk 0 2 H] J obn|ieAtel] vlsle] e kg Bivh A

Table 2. The composition of free amino acid of the abalone
Haliotis discus discus before the experiment. Unit= imol /g dry
tissue weight (mg/100g)

Amino acids Day 0

Aspartic acid 7.1(94.5)
Glutamic acid 8.4 (123.6)
Serine 1.9 (20.0)
Threonine 1.2 (14.3)
Glycine 4.7 (35.3)
Taurine 114.1 (1427.4)
Alanine 7.4 (65.9)
Tyrosine 0.8 (14.5)
Valine 1.6 (18.7)
Methionine 0.2(3.0)
Phenylalanine 0.3 (5.0)
Isoleucine 0.3(3.9)
Leucine 0.7 (9.2)

Y, O3, ¥53, FH3A

& A2 Day 5 ©]% Aspartic acid ¥ Tyrosine2 2] 3 v
A opu| Ak gego] 43| AAdhe AL BAE F Y91,
% FAA 3% X3 286.0 umol/g dry tissueollA 111.1 pmol/g
dry tissueZ HA3] ZAdl= Zlo] AA Q).

2) 20 psu H& M2+

% Day | ©|% Taurine®] FE& 86.0 umol/g dry tissue,
Glutamic acid 45.6 umol/g dry tissue ~12] 17 Alanine®] 25.5 umol/
g dry tissue® UhE AR TE9 "RIVIRIE F FAAY 70%S
RS QU F Ajzto] AR el wet 2hzhe) ofn) At
TE F FAA T Padhe BEE BY2Y Taurine?]
7% 1% Day 2 7} Day 5 | 100.8 umol/g dry tissue, 122.3 umol/
g dry tissue® 2 F%7} 1o Day 1 ol v]3) S7lekes A2 o
7 Q3drh. 53] Methionine?] 3% =% Day 2 o] Z
SEA U3 TH(Table 3).

3) 25 psu Y& XHezl+

=% Day 1 ¥ Taurine®] %2 93.4 umol/g dry tissue
F FAA &F9 °F 70%E 243819 29, Glutamic acid¥}
Alanine®] 77} 10.7 pmol/g dry tissue ¥} 8.2 pmol/g dry tissue
olgit}. e QF Azl Teke AUHOR, o) APTIAE
% Day 5 oI ¥ FAA T/} 7181k, reiy 7} obn)x
Ate] 739~ Taurine (93.4 umol/g dry tissue~124.8 pmol/g dry
tissue)?} Aspartic acid (4.5 umol/g dry tissue~5.0 umol/g dry
tissue)t F7ISIG, TR opu|Abe AR Akl $E
B4 otv] 4t F Methionine, Phenylalanine, Isoleucine 18]
I Leucine 5~ xZ Day 2 | &% A ¢k, Isoleucine
9] B¢ & Day 5 5 v]Eo] 35 K(Table 3).

4) 30 psu H& A+

30 psuellA] viFE AEL A 7|7 Fd BE FAA
o] ZAdH= Zo] BEEUY & Day 5 & Taurine©] 48.5
umol/g dry tissue® F FAA T 80%S X}A|31%9.2 ™, Alanine
3 Glycine©] 27} 3.6 umol/g dry tissue 3} 2.9 umol/g dry
tissue® WERGTE 33 MethionineS =% Day 5 & A& HA
WAt o] Mol v Ag AT 22 Taurineo]
zT-9} o] F Alzto] Xdef| me} Zashs A4S et
WEk(Table 3).

5) 40 psu HE X7

F ARIO] Aol ule} F FAAE 30 psu BE AT}
VR E §43] dadke 28 B2 = 9l olE o}
]2 3 Taurine ©] 103.5 pmol/g dry tissueoll %] 36.8 pmol/
g dry tissue? H43] ZAdI T, o]Edt FigS thE o)
A2l BS-oME #EAH ) =F Day 5 F Taurine, Glycine
)31 Alanine®] F FAAS] 95%% AA|31% T} Methionine,



Table 3. Concentration of amino acids in the FAA pool in controlled and treated Pacific abalone at Day 1, Day 2 and Day 5. Unit=imol /g

dry tissue weight (mg/100g)

S AEF AL

R flolelnt

=

20 psu 25 psu 30 psu 35 psu 40 psu
Day 1
Aspartic acid 5.1(67.9) 4.5 (59.9) 2.1(28) 2.7(35.9) 2.3 (30.6)
Glutamic acid 45.6 (670.8) 10.7 (157.4) 15.6 (229.5) 18.4 (270.7) 13.7 (201.5)
Serine 13 (136.6) 4.3 (45.2) 14.4 (151.3) 16.9 (177.6) 10.4 (109.3)
Threonine 8.5(101.2) 2.7(32.2) 8.3(98.9) 11.4 (135.8) 5.4 (64.3)
Glycine 14.7 (110.4) 6.3 (47.3) 9.1(68.3) 31.1(233.5) 14.6 (109.6)
Taurine 86 (1075.9) 93.4 (1168.4) 82.6 (1033.3) 131.8 (1648.8) 103.5 (1294.8)
Alanine 25.5(227.2) 8.2(73.1) 28.8 (256.6) 43.3 (385.8) 16.1 (143.4)
Tyrosine 4.4(79.7) 1.4 (25.4) 3.7(67) 4.2 (76.1) 2.6 (47.1)
Valine 10.9 (127.6) 3.3(38.6) 7.9(92.5) 8.8 (103) 6.1(71.4)
Methionine 1(14.9) 0.03 (0.4) 2(29.8) 1.8 (26.9) 0.7 (10.4)
Phenylalanine 2.7(44.6) 0.6 (9.9) 2.4 (39.6) 3.4(56.2) 1.7 (28.1)
Isoleucine 4.2 (55.1) 1.1(14.4) 3.5(45.9) 4.1(53.8) 2.5(32.8)
Leucine 6.1 (80) 1.2 (15.7) 6.6 (86.6) 8.1(106.3) 4.8 (63)
Day 2
Aspartic acid 7.2(95.8) 2.2(29.3) 0.7(9.3) 1.5 (20) 1.5 (20)
Glutamic acid 11.2 (164.8) 4.9(72.1) 3.7(54.4) 7.3 (107.4) 2.5(36.8)
Serine 1.6 (16.8) 1.3 (13.7) 3.5(36.8) 6.1 (64.1) 0.8 (8.4)
Threonine 1.5(17.9) 0.7 (8.3) 3.6(42.9) 4.3(51.2) 0.5 (6)
Glycine 6.1(45.8) 3.9(29.3) 9.5(71.3) 13.4 (100.6) 7 (52.5)
Taurine 100.8 (1261) 81.5(1019.6) 58.8 (735.6) 68.2 (853.2) 76.1 (952)
Alanine 11.4 (101.6) 7.6 (67.7) 19.3(171.9) 15.6 (139) 5.1(454)
Tyrosine 1.1 (19.9) 0.2 (3.6) 0.7 (12.7) 1.5(27.2) 0.2 (3.6)
Valine 1.7 (19.9) 0.7 (8.2) 1.6 (18.7) 3.1(36.3) 0.3(3.5)
Methionine 0 0 0.3(4.5) 1.1(16.4) 0
Phenylalanine 0.2(3.3) 0 0.4 (6.6) 0.5(8.3) 0
Isoleucine 04(5.2) 0 0.6 (7.9) 1.3(17.1) 0
Leucine 0.5 (6.6) 0 1.6 (21) 3.3(433) 0
Day 5
Aspartic acid 3.3(43.9) 5 (66.6) 1.5 (20) 3(39.9) 034
Glutamic acid 7(103) 7.7 (113.3) 2(29.4) 6.5(95.6) 0.9 (13.2)
Serine 1.6 (16.8) 2.2 (23.1) 0.8(8.4) 3(31.5) 03(3.2)
Threonine 0.8(9.5) 1.4 (16.7) 0.4 (4.8) 3.2(38.1) 0.3 (3.6)
Glycine 4 (30) 4.1 (30.8) 2.9(21.8) 13.1(98.3) 2.8(21)
Taurine 122.3 (1530) 124.8 (1561.2) 48.5 (606.7) 47.2 (590.5) 36.8 (460.4)
Alanine 7.6 (67.7) 7.6 (67.7) 3.6(32.1) 16.5 (147) 24(21.4)
Tyrosine 0.7 (12.7) 0.6 (10.9) 0.2(3.6) 7.3 (132.3) 0.1(1.8)
Valine 1.2 (14.1) 1.6 (18.7) 0.4 4.7) 3.7(43.3) 0.2 (2.3)
Methionine 0 0 0 0.9(13.4) 0
Phenylalanine 0.1 (1.7) 0 0.1 (1.7) 1.4 (23.1) 0
Isoleucine 0.3(3.9) 0.2 (2.6) 0.1(1.3) 1.6 (21) 0.1(1.3)
Leucine 0.2 (2.6) 0 0.1(1.3) 3.7 (48.5) 0

Phenylalanine “12] 1 Leucine®] A% & Day 2 ©]°] Day 5
o]Fe = o] ATz HEHA] LUTH(Table 3).

T:G ratio
T:G ratio = A€ A& A 2248 vePgon, 7= Alg L
oA Day 1 )% F43] 43I0 TG ratio= thZ74) 35

psus] =2 E AEToIM ABAE Day 1 F 428 eI,

Day 2 ©]% 5.12 57FsIAth SHAIRE =& Day 5 § 3622
Day 1 2] =8 A8 7R} @3S veRict. 318, 20 psu,
25 psue] APTolM= =F Day 5 F TG ratio’t 22 30.5
9} 30308 ol AfelX 71 A veh= A8 #AT &
AL, thzT2} Bl=E 8] 30 psu, 40 psull M= 17.03}
13.4%2 2780 4 Jehle 2g #4238 5 IARckFig.
1. ol A A3} AlZto] A7l wet TG ratio?} #| Fiell
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Fig. 1. T:G ratio in the abalone Haliotis discus discus exposed to
various salinities at different times.

H7elN Felo] Zvjeke AL BAT £ QAT T
T

ck:
FRME eF AZE) A& HF
I E

3l 24 Yol QT HEA AU FHF &
$}7 (external environment) W3}l T]3}od

intracellular environment)S +%|3}7] $

2w

o
O

, B3], A9

3k vhakst Al o Be]d RESE 2HAA $itH(Davenport,
1985). 71 = AFES Wish= AE ) FAA (Free Amino Acid)
WS oy & dlos duA] for, 34 sl o
E A5 o R Qs AR 53 WS WAE] 5t
A Ul FAAE S35 24 537 A3 gth(Davenport,
1985; Cornet, 2006; Yancey, 2005). %3}, FAAE ©hid 414
gH-oly, o1x] #E A} Z(energy-yielding metabolic
pathway)2] 717, 48} 28 AN AFAZA 2 7|5
ddl= Aoz d#A Slv(Sokolowski et al, 2003).
Livingstone (1985x> FAAS} & Agtetd] x|47} £73o] 3¢
Wi, BHAEHA Fol| Bolzew whgap| wie] AE
gl2el gl ARHARQ 2|4 SO R [-831A ARt
B3} v} gk, o] 2 A3, ojulsliFel glo] M3 W) FAA W
e A% 2] i WSl e A3 AEE olalske ATl
o] &% o™ (Lee et al., 2004; Powell et al., 1982 ), 7L ol
wWo|FF(Mai et al., 1998; Viana et al., 2007), 718% 24
(Soniat and Koenig, 1982), ¥2](Kube et al., 2007), %3 2
(Babarro et al., 2006; Hummel et al., 1996; Neff et al., 1987,
Soini and Rantamaki, 1985) 5 U<t 73 WslE Q1% AE
HAE olallshs Aol 2oisit). ol2jdt BESE FACR
Q& 124 s AAlsEe] B4 WMEE S| A% Fa
AEEo7Z o] g5 9rHRittschof and McClellan-Green,
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Fig. 2. Fluctuation of the change each free amino acid in the abalone Haliotis discus discus exposed to various salinities at different times.
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2005; Zaccaron da Silva et al., 2005).

Aol oA AP FTLAE obn|g) FAA 7S v
4= o] -AkQl Aspartic acid, Glutamic acid, Serine, Glycine,
Taurine, Alanine, Tyrosine 753} = o}u|=4?] Threonine,

Valine, Methionine, Phenylalanine, Isoleucine, Leucine 6% %

oeto] = ARES FAH0Z £ 13%W B4 A, o]
S olu)izAt 5 Taurineo] A oF 77%F A8k QLo

o]oJA Glutamic acid, Aspatic acid, Alanine, Glycine 52| <
At} 015 v] A= ofuiAat 5%2 obn| Al SRS A o}
7h) 3 FAAS] 96%Z o153 Ao, B ofp| ik =

3] ko g Zglo] 20l ©|QJr}. Hatae et al. (1995)y> Hariltis
discusS] FZFolx] FAAS AZER £33 27, Taurine?|
7V =4 vEltor & oo} Arginine, Glycme Glutamic
acid®] o2 FRsIcha Bugh vl Qirt. =3, Hwang et al.
(1997)% Chiou et al. (2001 LFA7|(A. dtverszcolor)«l bl
ZFLFAAS B3 A Taurine, Arginine, Glycine, Glutamic
acid®} Alanine $°] & FAAY 81~94%E A8l Qlvjal B
a3 om, o= o] AFela] Poj FAAS] Wl FARSH A
g A2 FAA TS AQEe] =58
gl vt ANHA o g thE7(35
T-9} B)528F AE(30 psu, 40 psupll wFH AE
TR} molA| = Fgo] TATIQIL) o] AGE AEqe] A
% Taurine §Hgo] A|7lo] S7FGE Fvlstar, i 9 @

B gero] u]s=dt AHAT(30 psu, 40 psw)2] Aol wolx
Ao 71218}, TaurineS A28k ThE FAA AAEF-SE A|710]

2GS A HolHs A%E BAL Taurme?—] e
Tollx] slato] 7131 vkt o] AE Bivh ot EHZ“F"’H
ME FAAZ} A)7tel] W W3S Rolo ZAshs o]fis Ho|

=

TF Fdol mE vl Bajol 7]sk A0 Al o

9} 28 A= Viana et al. (2007)2} Mai et al. 1998) o] A
ojA] ER18F 4= Q1= Viana et al. (2007)2 o) TF3}
2| k& Haliotis fulgens®] FAA ¥3}5 #aer Az} 16{‘ %
B 3 RE FAATY ZAshE 2L gad 5 ddlar, vkl

Haliotis discus hannaiz “JHE BHolZ F33 Mai et al. (1998)
9} A efxi= TaurineS A|L]$ BE FAAZL 5718k AHE

Table 4. Responses of the T:G ratio to stress in bivalve mollusks

o frelolnlnat 22 223

o} 2= 9}t

Taurine> ThH-E-2] At oufullF2] %2 FAACIH, AZuj
=4 AA, AT Qs 2F flux 28, 2EHA e, A
7 9 7] Qi AeE EEA %E}(Walther, 2002). A
o AEF A et FAAL] W3lel| glo] HFe] ¥hg-& Frtth
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Haliotis discus discus  gill salinity 3.6~5.1 5.8~30.5 The present study
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