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Physiological Changes of Juvenile Abalone, Haliotis sieboldii |
Exposed to Acute Water-temperature Stress
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This study was conducted to investigate changes of hemolymph count, antioxidant enzyme activities (catalase:
CAT and superoxide dismutase: SOD) and Heat Shock Protein 70 (HSP70) mRNA in hemolymph, hepatopancreas
and gill of abalone (Haliotis sieboldii) exposed to various water temperatures. Abalones were exposed to 10, 15,
20, 25 or 30°C for 0, 6, 12, 24 or 48 hours. Sufvival rate of abalone was 100% at 10, 15, 20 and 25°C, but 0%
at 30°C. Hemolymph counts increased at lower water temperatures (10 and 15°C) and decreased at 30°C. SOD
activity decreased immediately after exposure to lower or higher water temperatures compared to the control
(20°C) with an exception at 30°C where the activity increased. At lower temperatures, SOD activity rose high after
24 hours, but decreased again at 48 hours. At 25°C, it decreased compared to the control. CAT activity decreased
immediately after exposure to 10 or 25°C compared to the control, and then was recovered to the initial level after
increment. At 15°C, CAT activity was high after 6 hours, and then was recovered to the initial level after increment.
At 30°C, the activity decreased throughout the experiment. The HSP70 mRNA expression in gill increased at lower
temperatures compared to the control (20°C) and 25°C. In this study, rapid change of water temperature caused
stress response in abalone which had been raised at 20°C. At molecular level, HSP70 was expressed rapidly, but
antioxidant enzymes like SOD and CAT were expressed later than HSP70. At 15 and 25°C of water temperatures,
the HSP70, SOD and CAT expression were stable with time. However, at 30°C, all abalone died possibly because
they could not develop resistance to high temperature.
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gAgaraol thate] AWl E st E A< superoxide
dismutase (SOD) 2 catalase (CAT) 52 AAlsle] AE7])%
£48 = Aoz d#A 33 (Chance et al., 1979; Wendel
and Feuerstein, 1981), ©]2]gt Atslade 2% sl 23
A Ao 27t = Ao® HIET Yrk(Parihar et al,
1996; Parihar et al., 1997). =3}, H& 374w} 2 % 2E
2 B2 A EF o] FAYESHA Q] ol o3l AtE o]
A2 ATH(Snyder et al., 2001). 2 H3}e} 2H 97 & F
AL BA W F83 o] 712o 24 BF AT E (Heat Shock
Protein, HSP)YS AAA171A] =32, A E HSPE ME o)A
A9 SAe] g3 33k F2E FAAA Fe AR o
4 ATH(Welch, 1991; Young et al., 1993).

52 EZ7}(Gastropoda), HAE-Z-5(Archaeogastropoda),
A E 7H(Haliotidae)ell &31H AA| A 700dF0] EX&2 U}
I gEA 9o (Lindberg, 1992), ©] & o8 thite] H& o
FEL 20T 02 F2 21 FY9olM Bo] Ak AUt ¢
gvbet dgbell A2 B3 AEFEAME AFE 55 ¢
B o) FollN M &lsk= SRAIQ] B (Haliotis discus hannai)
4 25 m F9 2¢€ B HEFUee] 1207} He $eAE
BARSS P& ATzl MAshs GREA tiEEA AlE
A E-(Haliotis sieboldii), 7V2HAE-(Haliotis discus), &7
(Haliotis giganta) 2B AFE| AAsle £28F L8R
7\(Haliotis diversicolor aquatilisys 55°] &#A dod, A E
Haliotis discus hannaiol M= 5438 42 2EgAe] ) A7t
o] A'¢4E TE AF 7oA SOD7} F7FstaL, CATR! A+
T 2EH2E B AETrt Sk AgS vElE A
2 B3E3S JekKim et al, 2005). ¥ Aol AREE Al EE
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Aol A eE ANEBEANR Haliotis sieboldits AF524A

T4 HARSZATAE A BEEE ek 243 4.3540.03 om,
Z}E 2.9340.02 cm, FFHF 7.95+0.25 go) HAS AR&3I%TE A
g 282 v|g] 20°CoHM 25 B ARSI EAIAT F &%
o377} 7Fs3E 30 L 7129 22 &4 10, 15, 20(hZ2T), 25
g 30°CY & 2EHAE 7 F01, o] if GEFEE
30.04£0.5%0 FAIAIFSL PVCHO)Z(@ 20 cm, L 20 cm)E Al
22 A 2204 (shelter)S BolM &718 =8kt v
ARE7173el Hols ThAnkE Z-E8] FFstaem, 4874 30
njg]e] HES APl ARSI, AEMA F 7 2o ¥
oW AMgE9] fr2o0] BEXAY L3 £7he 0 hE HEk
0, 6, 12, 24 & 48 hxjeoll Ztz} sulE|e] HESZHE F19
oprtu] 22, 7HR9le) 24 AEL AFHst] -70°CE B
o 40| o]-g3l5itt.

Y=g &%

AR F, 0,6, 12, 24 2 48 WAlol A AAE 22t
23T AR} A ASE SAIA (sheltens) F2 He]
Baseo] 97, HPYROE U F4E AFoIE §H8o]

gle MAE e st A,

8 &= (Hemolymph) = 53

P = 2o AFPA F 0, 6, 12, 24 2 48 WAl 2
ol A o oz RE vls 74 26 GX 12 ¢ 1 mIFA}
71& olgste HL AFHT & 0.9% AYHI5E 108 F
Asle] G AGRE o]83te Aol YIS Attt
(Fig. 1).
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Fig. 1. Take a blood sample in abalone.
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SOD<= pyrogallol®] A5 Atshgo] A== F& 43
Marklund and Marklund (1974)9] W o 2 2430,
50 mM phosphate buffer (pH 8.24) 1.3 mloll 7+ @4
25 pl2 ¥e ¥ 45 ;i¢] 3 mM pyrogallol £ H7)ske]
spectrophotometer® ©]8-5t¢] 325 nme] golA =435
I, B8] 199 v 29 pyrogallol®] AFSHE 50%
AABhe B4 Fo = A CATENE 4L H0.E
7142 AME8] spectrophotometerel] 23] 240 nm kel A
H,0.7F &l=o] Zhadhe FRTEA T4 BYEE 46t
£ Nelson and Kiesow (1972)8] ®bdl] 9)&te] &4 5190,
a4 Bz B9 E 18700 1| mge] ©@iFe] whgate §
AAZ H,0,8 nmolE VERASITE. @A 32 Lowry et
al. (1951)9) Wl we} 25 DA 2 BSA (bovine serum
albumin)E AFE-3}d spectrophotometer® ©]-& 540 nmoi|A
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RT-PCR 24

E49 opytu] ZZef|A total RNAZ (5*)Bioneer tissue RNA
prep mate kitE AR&-ste] FE33UTE. FEE total RNAE
-70°Col A B#ste] Aol AHE-st3on, PROMEGAAHS]
cDNAZ kit¢! ImProm-1T™ reverse transcriptase kit A3800
< ol83l cDNAZ FAsITh e cDNAE PROMEGA
AFe] Tag DNA polymerase in storage buffer B kitS A8t
FE3ITE. cDNAS FZA)717] 913t ¢DNA 2 pl, 10xPCR
buffer 5 ul, MgCl, (25 mM) 3 pi, dNTP (10 mM) 1 pl, primer
(sense) 1 pl (50 pmol), antisense 1 pl (50 pmol), Tag DNA
polymerase 0.5 ul ¥ Nuclease-Free water 36.5 plg &3}
94°Col| 4] 587} predenaturation A ASE 5 94°Col| A 187+
denaturation, 50°CoA] 45%7} annealing, 72°Co|lA] 15-7F
extension FALE 303 FE&1, o] & 72°ColA 5E7
HES-ATZITE HSP70 mRNA9 thgk oligonucleotide primerS- Al
2 et aL, FHUER AHSEH7] 913 B-actin mRNAE A
Z+3}ITH(Table 1). PCRE FZH AHE-2 1% agarose gelolA]
100VE 271953k £2l319.2™, 100bp DNA ladderE: size
markerZ ARE3tE UV transilluminatordtoll A Al 2ds)
o olm|R] ¥4 =2 T (Labworks 4.5)% ©]&-3l) mRNAZ
DA TS At

SHMZ|

7} Ao A ofx] Aol g kel f-oAF f-7F= SPSS-
EA #H7)X e 23 ANOVAZ #4935t} Duncan’s multiple
range test® 773t th

2 1

230 2gt WEEo| W}

FAG & 2EH 20 g AJEEAE dRTFQ00)F
v 23 &8 A (10, 15 2 25°Cpllre APEEA] 714 H
AFE AR AR ool 100%2) AEES JUehiloY,
30°C AEolANE 12 h o]F 3nkg]rt HAlste] 90%<] A&
&2 715393, 24 hijolle AF HALele 0% AEES Y

ER Ath(Fig. 2).

F2X130] 2|5 gil= o HEt

FAHG ¢ 2EH 2] i FYZ 9] Wslks 10°C A
oM t2TF20°C)9) Blsssh e vehiglen, 15°C
A7 A AY 0 dlle FoH o Zardke AYs v
ERlicizt 6 WAl e folaos Frlske AS Uehidx
HHAFEA 744 olst F7hele AFS UeplSit. 3
25°C A7 7% 6 Wil o3l F7He YERA o o]
F Aade AEE veiden 43 F8541 48 pAelle
S48 S7kke 43S eI, 30°C AT tole
0 Woll= F43] 71Tt 6 WAT-E HAske BES W
ERflo] 12 h o] & W3 FARsle] T o]ide] &H& ojFox
2] GSkTtH(Table 2).
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Fig. 2. Survival rates of the juvenile abalone, Haliotis sieboldii exposed
to acute Water-temperature stress.

Table 1. Oligonucieotide of primers for heat shock protein70 and f-actin

RNA species Expected size Primer sequence
f-actin mRNA 520bp 5'-GACHCAGATCATGITYGARACC-3'
5'-CCTTCTGCATRCGGTCAGC-3'
HSP70 mRNA 400bp 5'-CAGGACTTCTTCAACGGCAAG-3'

5'-GTGCTCTTGTCSACAGCTGA-3'

bp: base pairs.
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Table 2. Variations of hemolymph factors of juvenile abalone (Haliofis sieboldii) to exposure of acute water temperature

Experimental group

Time (h) 10°C 15°C 20°C 75°C 30°C
0 1.79+0.60 1.5240.20 2.2540.80 2.68+1.45 320+1.05
| 6 1.55+0.55 3.07£0.95 1.80+0.80 2.74£0.75 1.78+1.10
Hemolymph counts 1.95£1.35 2.43+1.85 1.75+0.85 1.90+1.20 1.70£1.05
(x10° cell/mm”)
24 1.98+0.90 2.9240.90 2.20+£0.85 1.71+0.35
43 1.90+0.60 337£1.45 2.43+0.90 3.57+0.75
E 100 S (x10%)
£ =10 —A15T s 5 . .
'qE: 80  -e-20C -o-25C c I 10T 415
5 - 30T 0C Death) z 4 * --20T -o-25T
5 60 f g
o o 3
g 40 1 E
2 20 F £
[m] c 1 F
Q , , [ &
w 0 < [ % q
(&) 0 2 . ! (30|C Death)
0 -6 12 24 48
Time(h) 0 6 12 24 48
Time(h)

Fig. 3. Changes of superoxide dismutase (SOD) activity in juvenile
abalone, Haliotis sieboldii exposed to acute Water-temperature stress.
*P<0.05 as compared to control (20°C).

ghilsl S4 Hst
F43 & ~2Eg 2o ©E SOD 42 44 0 WA=
30°C 4EFE A3 RE AFF(10, 15 E 25°C)ilA th=z

T0C)ET}F A vehdont, 10 2 15°C AP 7llAE 12 h
o] & 24 bRl FA% €4 TV REolthrt 48 hAlel 7
askgth B3 25°C Aol A AE 72kEst g7
(0°C)ET} ¥ 8A4& Jehlle A3E YeEhllen, 30°C
Aol Aolls A Al FRE AP AT A A e
12 b7k S7bshe 7432 Vel Ick(Fig. 3, P<0.05). CAT
A BAY ASLE 0 WollME 10 2 25°C AgTolA] thz
Trrh e 8448 JeRi, Alzke] Ao met 10°C
AT S7ieke A4S JeitZt 24 h o)Flle oAl
2ahs A Yepigith T3, 15°C AP FelMe 6 hat 24 h
Ao 7 EL @48 Yehglen, 25°C A7 A
A8 714 A8 0 hit 6 Wole HERFQ0°C)ET e B4
< e o), Hzat slEshs 43 WEeltZE 48 hejdl
ChA] sk A%E YeEsY. 22, 30°C AEe)
+ 6 WIFE FoFo= Faske A3E vt 12 h o
% A HAletth(Fig. 4, P<0.05).
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Fig. 4. Changes of catalase (CAT) activity in juvenile abalone, Haliotis
sieboldii exposed to acute Water-temperature stress. *P<0.05 as
compared to control (20°C).

L 20°C(HHZRT)OF 25°C 48 h A E A3t B A9
TollA] HSP70 mRNAZ}F 2@ =& Zo] I}t 53], 30°C
oA 713 F=8l3t HSP70 mRNAS) @3o] Yo, 6 h
®71A] W] A veh Tz 12 byl 2¥io] A, o]
% 2% FAapsiddnth 25°C AETY] A 6 hAlzkx] A4
HSP70 mRNA2] 2 YepliF ot 12 el 2ashr] Al
Zted 24 h Aofl= wdo] VERER] k. g AeE &
Ef22] 103 15°C A% 10°CAME A A EE £8A
91 24 W7HA] HSP70 mRNAZ}F Y3 A& Hd=HoH,
15°C AT A 12 Wil 25 Zasled] d8e AgS
VeRN2ITHFig. 5). HSP70 mRNAS] L&A EE B-actin mRNA
£ 71208 vepd A3, AeR 2EgH S AP7 103 15°C
AP oM 15°C AP TR 10°C AP TN & TS
Yeholon = A3y 25 ARNANRE S84 714 43
o S JERT, 258 2EF AR 259 30°C AE Y
7% 30°C AgoA 03} 6 bAol 7 %2 HSP70 mRNA
A ehilon, 25°C A9} 739 12 bl 1A LA
P2 S Yehthzt 24 WAl RE HAp 7hAs] AlLste] 48
= ddo] JehtA ekskth(Fig. 6).
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Fig. 5. Effect of acute Water-temperature stress on B-Actin mRNA and HSP70 mRNA of gill in juvenile abalone (Haliotis sieboldii).
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Fig. 6. Effect of acute Water-temperature stress on HSP70 mRNA of
gill in juvenile abalone (Haliotis sieboldii).
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123 AN 2EH 20} tiate] ARE Bo| A5
ol AZ(Cho et al., 2002; Vijayan and Moon, 1994)2 A
o] A & FHollA FAPIE ol gl AFE H, dY=
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RE Aol SOD B8 F7ske 43S UehH, CAT
g2 sk AT Jepiled], oled A= v]Fo]
E ) 30°Ce}t 22 3| 2E#| 2 Ad3olA= SOD7} superoxide
radical® H;0,9} 0,2 HFA7]7)= AT o] A& H,0.5
CAT7} 0,8 H,0Z E38llste T8 ol oA A falst &
Aarag AASA Bl eS BHAFE At QAT
3, EApE A 9] 2B A AFER de] AMEEo AL
= HSP70 mRNA2] 23L& th2720°C)9} 25°C A8+ 48 hAl
ALt RE A 7ol A SEEUT 53] 30°C AFHolA
0 e} 6 tedlol] ZaiAl wa st 12 wdol] ol2eire E
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ERG 10 E 15°Ce 22 A2 tigh 35 g2 v §
2 Aol Bad 5 dvke A AR BeFe Axet
I AZE
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FH3 2 2B 2 o] TigtehA vk Ao2 R
AW (Kim et al, 2005), AF-2o} A5 SEHL BT A
Aol E4& Az a3E /L 4 AL AolE AR
gy AL 2EHAY Ao e I 2EH AT )X
= AR e 7)) tig YR He dFE F Aolga
A, 25°C o) el A 2EH S =EEHASW e
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Sake Aoz AztEo|AT), T3 25°CY] -2 2EY 29 A
ol A8 FFAIY 48 hAlo] Y= 4, SOD ¥ CATE°]
T3] Hzlshs Zow Bo} 25°Ce] £ AEH A T A
74l =2 E9UE BE 4% 2EG A 99102 28 F 9S
Rolgt AAAT) 18t ol gk Wl gt FHH HES
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2 YelSlT, 30°C A7 A9 daste 43S JER
AT} SODE 7% F43% £ 2EY X A5 BE Ao
A Zraske A VERIOU 30°C AT E AL 2
7¥ehe A4S YERISIE, 12 h o]Felle 2E /A7t FAlst
o o] ojite] #A2 & YAt T 10 £ 15°C AP
79 24 Wol] 25 19 &4 s JeERZ o, 48 A
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YeR ST E, 15°C AT Aol 6 ol 7P &
CAT €4 Uepilen, o] & 2% s&E3h= AgE et
R, 30°C AT ASolle A7k Agel] wlel fo3 e
2 o] wolAle A YR HSP70 mRNAS] 23
2 2 0°C)F Blste 25°C 48 hAl AJ1E A9 =
E AgToM foHoz A4 AL o)t A=,
20°ColA £XE A BEHES G433 2 LE# 2o g3
B 2B 9910 AL AR UEHeH, 52 &
Eg2of tist A2 o] 7)zo] 1A} #l] HSP70 mRNA
M= 243 Y E o] AEH 2o WA SEA R, SODU CAT
o} 72+ ksl G40 UHL ta A Agshe AoE
ERstT), 2, Al7Re] Aol whet 5°C Wi9]e] AE# A9 A
2 2EH 2 ASoe vad QPEstEE A 0T HoRH,
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