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Abstract

This study was conducted to investigate hemolymph, antioxidant enzyme
activity (catalase and superoxide dismutase), Heat Shock Protein 70 (HSP70)
and HSP70 mRNA variation in hemolymph, hepatopancreas and gill of abalone
(Haliotis discus hannai, Haliotis sieboldii and Haliotis diversicolor aquatilis)
cultured under several acute water temperatures. Abalones were cultured at
10, 15, 20, 25 and 30T, for 0, 6, 12, 24 and 48 hours, respectively. Survival
rate of Haliotis discus hannai, Haliotis sieboldii and Haliotis diversicolor
aquatilis were 100% at 10, 15, 20 and 25°C. However, that were 90% in
Haliotis discus hannai, 0% in Haliotis sieboldii and 6% in Haliotis
diversicolor aquatilis at 30C. Hemolymph counts of Haliotis discus hannai
and Haliotis sieboldii were not a significant difference. However, Haliotis
diversicolor aquatilis was a tended to be decreased at 24 hours in 25C and
at 12, 24 and 48 hours in 30TC. Also, Hemolymph counts of Haliotis discus
hannai according to acute water temperature stress were not presents a visible
change. Acute water temperatures was shown as many stress factors at
primary in Haliotis sieboldii. Hemolymph counts were inhibited by low water
temperatures (10 and 15C) and induced by high water temperatures (25 and
30C) compare to control (20C). However, at high water temperatures were
recovered in length of time. Hemolymph counts of Haliotis diversicolor
aquatilis were increased at 15 and 25C, and decreased at 10 and 30T
compare to control (207C).

The superoxide dismutase (SOD) activity was increased in hepatopancreas
of Haliotis discus hannai at all water temperature conditions compared to the
control (20C). The SOD activity at high water temperature (25 and 307T)
tended to be increased after 12 hours, and was increased immediately after
exposure to low water temperature (10 and 15C), and then was recovered to
starting level after the increase. Also, catalase (CAT) activity in
hepatopancreas was increased in all the groups except for at 10C than the
control (20C). The SOD activity in Haliotis sieboldii was a tended to be
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decreased immediately after exposure to water temperature at all water
temperature conditions compared to the control (20C). Also, Low water
temperature (10 and 15C) was high activity at 24 hours, but a tended to be
decreased at 48 hours. 25C experiment was a tended to be decreased
compared to the control. Catalase activity was decreased immediately after
exposure to water temperature at 10 and 25°C water temperature conditions
compared to the control, and then was recovered to the initial level after
increment. Also, 15C experiment was high activity at 6 hours, and then was
recovered to the initial level after increment. 30°C experiment was observed to
a tended to be decreased as culture time. The SOD activity in Haliotis
diversicolor aquatilis was a tended to be increased immediately after
exposure to water temperature at 10, 15 and 30C water temperature
conditions compared to the control (20C). After exposure to water
temperature at 10 and 15C water temperature conditions were decreased to
the control level, and then were tended to be increased at 48 hours. 30T
experiment was a tended to be increased by 6 hours and to be decreased
since 12 hours. 25 C experiment was not a significant difference. Catalase
(CAT) activity was increased immediately = after exposure to water
temperature at 10 and 15C water temperature conditions compared to the
control, and then was recovered to the initial level after increment at 48
hours. 30C experiment was a tended to be increased by 6 hours and to be
decreased since then that low activity at 24 and 48 hours.

Gill sample of Haliotis discus hannai was a normal reaction to HSP 70
antibody. Western blot result of 30C experiment was present to HSP 67 and
HSP 74 in addition to HSP 70.

The HSP70 mRNA expression in Haliotis discus hannai was more
increased at 30C compared to those at 10, 15, 20 (control) and 25°C. Haliotis
sieboldii was more increased at all water temperature conditions compared to
the control (20C) and at 48 hours of 25°C. Haliotis diversicolor aquatilis was
more increased at all water temperature conditions compared to the control
(20C), at 6 and 12 hours of 10C, at 6 hours of 15T, at 6, 12, 24 and 48
hours of 25°C and at 48 hours of 30C.

As a result, it was observed that rapid change of water temperature
caused stress in Haliotis sieboldii and Haliotis diversicolor aquatilis than

Haliotis discus hannai which were raised in 20C. Also, low water
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temperature and high water temperature stress were a competitive effect on a

living body activity.
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(Drew et al, 2001; Holliday et al, 1993; Jung et al, 2004; Mgaya, Y.D. and ].P.
Mereer, 1995; Shin et al, 2002)¢9} dF 384 2Eg2(Han et al, 2003; Kim,
1997)ll 3 A7 o] Folx slow, o3 AE A= AW i WS A
Al71aL, BES AA, Bl AAHeS A B IF AR HstE fEdva o
# A Adti(Agnar and Albert, 2003; Brown et al., 1995; Harris et al., 1998, 1999;
Chen and Chen, 2000; Laughlin and Linden, 1983; Laughlin and Neff, 1980, 1981;
Maule et al., 1989; Pedro et al., 2004; Tsuchiya, 1983; Cheng et al., 2004). 1&{1}
olelgh A= FAMYS A% 712 Aol 2 o] FHFed ojA e ~EH A
of tigk AelgtAel v g A wIUSES ol F-53 Aol gwrh wel
A olelgh {7 AN Al He 3 2Eds 53 2 Wstel o) ofr]
He A Wt Sl #ek A7 AAs A aqtE oK

adutdog ~EHAE WA A AW A4 (superoxide, hydrogen peroxide,
peroxyl radical, hydroxy radical 5)7} #Ast= Aoz dHA o SAMNAE A
A el A ve 243 2dstds 3484 Abstg o]l e AlEu 71de] o
Aslo] NEe] 715& &4 Ferraris et al, 2002). o]&je &kl st A
ol A= &Aksta490 superoxide dismutase (SOD) % catalase (CAT) &< A4t

tjo
of{

o Ax7ls &4& oHe ez 4HA di(Chance et al, 1979, Wendel and
Feuerstein, 1981), o]&dt &tslt g s 2% Walo od) a4 Ao 71 = A
o7 BuE 1 ¢t (Parihar et al, 1996; Parihar et al., 1997). &3k o]¢} #-A}gk Ay}
2 ) Ako) 7l WX (Paralichthys olivaceus)o| = 2% W3lo] wal 2 hollA 4 h7hA|
SOD % CAT7F Z7tetaithe A7 Z237F 2ith(Yang and Yeo, 2004). o] A% a4kst

aae] A AAYe e v 2R AAV = Aew dejA gl

) Atwoixa 9th(Snyder et al, 2001). & W3} & Qo d =AL A
U o W 7jge2A dF AW A (Heat Shock Protein, HSP)S A A7) Al &
i, ARE HSP= AMEUelA 49 dade] Agd 34 725 FAAA F+ A
o2 d4#HA JvhH(Welch, 1991; Young et al, 1993). o]&e HSP+= #AF 32 =7
of wet o F/H7E dow, of FolA HE &dke] AFEojAa e slo] EAE



70 kDa¢] HSP70 ©|t},
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Fig. 1. Experiment abalone, A: Haliotis discuse hannai, B: Haliotis sieboldli,
C: Haliotis diversicolor aquatilis.
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serum albumin)Z AF&3lo] spectrophotometerE o€ 750 nmolA =743 tHFig.
4). SOD+= pyrogallol®] A& Abst&o] JAH= &Fs FHee= Marklund and
Marklund (1974)¢] W o g Z=43}9 2™ 50 mM phosphate buffer (pH 8.24) 1.3 ml
o 7+ wAN 25 ulg Y& F 45 ul9 3 mM pyrogallol &HES H71EHY
spectrophotometerE ©]-&3F4 325 nm¢ IFoA =AU, T

HkS-ol F o] pyrogallol® 4FstE 50% A= &49 Yoz H3AtHFig. 5).
CATEAE 542 H0.E 7182 AL&3}e] spectrophotometere] 93] 240 nm 37
A H:0.7F #HeEo] Faste FHEEA &4 S4EE F57435k= Nelson and
Kiesow (1972)2] o] <Jste] FAHsIH oM, a4 459 &9+ 123 1 mg
o gl Aol ukg-3le] 2IA 7 H0.5 nmolZ e A THFig. 6).



Hepatopancreas or gill

Adding 100mM
y Phosphate buffer(pH7.4) 4ml

Homogenizing

A4

Centrifugal seperation(4C, 1,000 rpm, 5min)
<«— vortexing

v
Upper phase

A\ 4

Centrifugal seperation(4C, 13,000 rpm, 20min)

v

Upper phase

\ 4
Sample for protein assay

Fig. 3. Extraction of protein.



Sample for protein assay
(100ul )

BSA standard soln.
(100ul )

'

Adding 5ml of diluted dye reagent

'

Incubation at room temperature

(5min)

I

Measuring O.D. ,_;5, Of sample

Fig. 4. Procedures for protein assay by Lowery method.




Adding 1.3ml (50mM phosphate buffer pH8.24)
+ sample 25ul

\ 4
Zero Base

\ 4
Adding 45ul of 3mM Pyrogallol

\ 4
Measuring O.D. ,_3,5 of sample

Fig. 5. Procedures for measurment of SOD activity.

Adding desired volume of sample(20 ul of PMS)

Adding 1 ml
v (6 mM phosphate buffer pH7.0)

Adjusting total volume to 2 ml

A4
Adding 2 ul of H,0,(30%)

v
Measuring O.D. ;.49 Of sample

Fig. 6. Procedures for measurment of catalase activity.



5. SDS-PAGE &4

HAE o olrtnE AFHse] B &4E89 100 mM phosphate bufferol A T &
Avpol A= Zaeted 12000 GolAd A AT. FFds FFY 2 x
Laemmli sample buffer (80 mM Tris-HCl (pH 6.8), 2% SDS, 12% @
-mercaptoethanol, 15% glycerol 2 0.012% bromophenol blue)ol &3jA|# 10
0CelA 33t boilingdt ¥ Laemmli (1970)°] el wel SDS-PAGES A
3T 75~10% polyacrylamide gelS AF&£3}e] 250 V 55 mA=E 443+ &<t
A71d%S AN T A H (0.136% coomassie brilliant blue R-250, 45%
methanol ® 10% acetic acid)l A 40&3F G2 slaL, 7.5% methanol, 7.5% acetic

acidel Al gAY, BA4E %4

=

op
B

ZUWA LS myosin (200 kD), [
—galactosidase (116 kD), phospholylase b (97 kD), bovine serum albumin (66
kD), ovalbumin (45 kD) % carbonic anhydrase (31 kD)& A}&3}

Table 1. Compositions of reagents related to SDS gel

Solution Component
Acrylamide A Acrylamide 2229
Methylene—bis—Acrylamide 0.6g
Adjust to 100 ml
Lower gel buffer 18.15g Tris base adjusted to pH 8.8 Final volume 100ml
(4xconcentrated) with 6N HCI Tris 1.5M
Upper gel buffer 6g Tris base adjusted to pH 8.8 Final volume 100ml
(4xconcentrated) with 6N HCI Tris 0.5M
10% SDS SDS(sodium dodecyl sulfate) 10
Distilled water Adjust to 100 ml
10% APS Ammonium persulfate(APS) 0.1g
Distilled water 1 ml

_‘IO_



Table 2. Regents for preparaing gel for SDS-PAGE

Lower gell 7.5% 10% Upper gel 7.5%
Acrylamide A 12.12ml 16.2 ml Acrylamide A 2.7ml
Water 14.16 ml 10.08 ml Water 12 ml
Lower gel buffer 9 ml 9 ml Lower gel buffer 5ml
10% APS 0.36 ml 0.36 ml 10% APS 0.2 ml
10% SDS 0.36 mi 0.36 ml 10% SDS 0.2 ml
TEMED 0.036 ml 0.036 ml TEMED 0.02 ml

Total volume 36.036ml 36.036ml Total volume 20.12ml
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6. Western blot

Western blot2 Towhbin et al. (1979)¢] wWHS WHEgsle] AHAsH
SDS-PAGE®] ¢l&] Ea]¥ wwlzaS 15 VoA 4A17F F<t nitrocellulose (NC)
wo g HARAZ] & ponceau S £ (0.2% ponceaus, 3% trichloroacetic acid 2

3% sulfosalicyclic acid)o.2 HALES &Rl 1 & Ao v 5o]4 At

S 27 98 3% bovin serum albumin® 0.05% Tween 20°] 3% 01 M
Tris buffered saline (TTBS, pH 7.4)S o]&3Fo] 408 A20A] oFstA &5

] blocking Al# t}. Blocking®e] &% % HSP-70 (Sigma, H5147)°] tigt &A=
NCuell H7Fste] 1A% EqF 2ol M widdt §, TBS-T (0.05% Tween20 in
TBS)Z 582 33 &3ttt Alkaline phosphatase—conjugated goat anti-
mouse [gGE 1A & A2oA wjgstar TBS-T &do= 58 AHg &

DAB(0.19%)¢} 0.03% H.0.7} % PBS (pH 7.2)2 TS F% & tHFig. 7).

Plate electrode. Cathode(—)  m———————
Whatman paper ' '
SDS-polyacryarride gel
PVDF membrane | ]
Whatman paper ' '
Plate electrode. Cathode(+) I

Fig. 7. Set up of Whatman paper (blotting paper), gel and PVDF between the plate
electrodes. Blotting paper and PVDF are used in the same Size as the gel.
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7. RT-PCR #4

A% ol7pn] ZZ A total RNAZS (5)Bioneer tissue RNA prep mate kitS A&
ste] FEaAh. FE9 total RNAE -70TolA Hyste] Age] Agstglon,
PROMEGAAL®] ¢DNAZA kitel ImProm-I1™ reverse transcriptase kit A3800% ©]
&3to] cDNAE #7443ttt 4% cDNAE PROMEGAAFS] Taq DNA polymerase
in storage buffer B kitS AF&3te] %3ttt cDNAE S3%A17]7] 9138kl ¢cDNA 2
ul, 10xPCR buffer 5 ul, MgCl, (25 mM) 3 ul, ANTP (10 mM) 1 ul, primer (sense) 1
ul (50 pmol), antisense 1 ul (50 pmol), Tag DNA polymerase 05 ul %
Nuclease-Free water 365 ulE& £33l 94TColA 587t predenaturation A AF %
MATCAM 187+ denaturation, 50T A 45%%t annealing, 72 ColA 183t extension

o= 303 T, of § 72T 57 ¥ vSA Hth HSP70 mRNA®| o g
oligonucleotide primers A%t A, FHhx=2 AH8st7] 918l [i-actin mRNA
=2 A& tHTable 1). PCRE £Z ¥ AHEL 1% agarose gelolA 100VE A719%
ko] E2]8kl o™, 100bp DNA ladderE size marker® AF83te] UV transilluminator
stoll Al ARE #Zosle] olm ] F4 X2 (Labworks 45)& ©]83te] mRNAS]
s e

o =2

Table 3. Oligonucleotide of primers for heat shock protein70 and B—actin

RNA species Expected size Primer sequence

5'-GACHCAGATCATGTTYGARACC-3'
5'-CCTTCTGCATRCGGTCAGC-3'

5'-CAGGACTTCTTCAACGGCAAG-3'
5'-GTGCTCTTGTCSACAGCTGA-3'

B—actin mRNA 520bp

HSP70 mRNA 400bp

bp: base pairs
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2t AdlM dojxl Agel tid kel frelAk fri= SPSS-EA HT7IACl o7
ANOVA X

fr
M
it

3l Duncan’s multiple range test® 743}tk

_14_



L F22A5d o3 &L W3

TAY T 2EY2 mE FHR AEEAME HE2FQ0T)E HIEET HE
AP0, 15 R 25C0)lM= AFFEA 744 dAbE HAZE A E A ol 100%9]
BEES vetdilo, 30T A@FolAwt 12 h o5 #HAE ZHAI7F A H AL, F
TH o7 2ute] 7} HAbsko] 92%9 AEES YEb ATH(Fig. 8).

o

105

100 [ = & = ' = 10T
Q —4—15T
:(5 95 r --20T
= -e—-25T
S 90 —x-30C
=}
N

85

80

0 6 12 24 48
Time(h)

Fig. 8. Survival rates of the juvenile abalone, Haliotis discus hannai exposed
to acute Water—temperature stress.
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2. F2AT T FHZ Fo] W

HA% F2 2EY 2 g FAE Yz o WMiE 10T At s gz
T(20C) 9t 2=

=
=
N
By
rir
olN
~
ol
ol
rlr
o
o2
o
°
fuj
=

Table 4. Variations of hemolymph factors of juvenile abalone (Haliotis discus hannai) to
exposure of acute water temperature

Experimental group
10C 15C 20C 25C 30°C

0 2.09£0.45 2.23+0.40 2.35+0.80 2.68+1.25 2.92+1.05
6 2.56+0.556 2.67+0.75 2.20+0.80 2.74+0.65 3.08+0.80
12 2.35£0.35 2.53+0.85 2.27+0.85 2.30+1.10 3.70+0.95
24 2.02£0.60 2.12+0.90 2.29+0.85 2.21+0.55 2.62+1.00
48 1.87£0.45 2.08+1.05 2.31+0.90 2.57+0.45 1.99+0.65

Time(h)

Hemolymph counts
(%105 cell/mm3)
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FAS & 2Ef 2o w2 SOD &AL Azte] Asle wel 2E AF 710, 15,
25 3 30T)oA E=20C)ET =4 vEtEem, 53], 10 2 15T A FoA =
12 hWA7ZHA w48 &4 S7HE Holthrt 24 hAol Astal 48 hAlol & tAl &
Vb AEFE Bt 25T Ao E 12 hAl 7iXE & Z49 S5 HolX
kgtor} 12 h o]F FZA3] F7bste] 48 hajol RE A9} maste] 71 w2
FAE YeERAa, 30T AgFolME 24 hal 71 Feld &g wMalE Holx
@izt 24 h o]F wAS A9 FUHE JERATHFig. 9, P<0.05). CATE
o A% 0 bl mE APE0, 15, 25 2 0T)7H dEPRo e
Ueplon, Alzte] A agte] wiel 10T APFE AL BE Y715 25 2 3

el Al ok Hludls o Ee A4S YERTE 15T 25 6 hAl7bA &
Agk &9 T7HE Bow 6 hAl o]Fos & Fo WEg YEhAE &%, 25
¢t 30T Ag-ollx= Algto]l Akl weba &do] FE8] Frhske AdS HE
WA, 53] 30T AfelAe 24 hAl o= F24% 49 F7HE el
(Fig. 10, P<0.05).

o
2,
o

e

o
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Fig. 9. Changes of superoxide dismutase (SOD) activity in juvenile abalone,
Haliotis discus hannai exposed to acute Water—temperature stress.
*/%0.05 as compared to control (20C).
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Fig. 10. Changes of catalase (CAT) activity in juvenile abalone, Haliotis
discus hannai exposed to acute Water—temperature stress.
*/X0.05 as compared to control (20C).
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4. SDS-PAGE #4431

F43% F& 2EY 2o wWE HSP0S RS dolury] 9ate] 7 L3 A
ol W FAE olrtulE AHEFe SDS-PAGEEZ EA&¥ A3 30T 2T
A WET(R0C)E HEF 2 2E AF(10, 15 2 25T)ET ZE A oA
=e 3 HSP70 W=7} 3ol ¥ 9l th(Fig. 11).
10c 15C 25¢C 30T

[ [ | 20c | [ |
kD M Ohr 6hr 12hr 24hr 48hr Ohr 6hr 12hr24hr 48hr M Ohr Ohr 6hr 12hr 24hr 48hr Ohr Bhr 12hr 24hr 48hr

200
116
97

HSP70
66

45

31

21

Fig. 11. Heat shock protein 70(HSP-70) in gill of juvenile abalone(Haliotis discus
hannal) exposed to acute Water—temperature stress. 10% SDS
polyacrylamide gels.
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5. Western Blot ¥4 A3}

Feldt HSP70 M=7F veEld 30C Ad 59 25C 2 gx27(20C)E SDS #7195

ot

]

4

iyl

3

hud

¥ Western BlotS AAI18 A3 30T A9 7ol HSP 703 W33 HSP67% HSP

MEs el & = itk aEu, 25T AT 2 iz Tl s 83 HSP
£ # F F qlglen, 25T 48 hAl A TelA sngk HSP70 W= #91d
A oHFig. 12).

Be 0T B 30%

Ohr 6hr 12hr24hr48hr

20t |
KD M Ohr Ohr 6hr 12hr24hr 48hr Ohr 6hr 12hr24hr 48hr

200
116
97

HSP70
66

HSP74
HSP70
HSP67

45

31

21

Fig. 12. Immunodetection of heat shock protein 70(HSP-70) in gill of juvenile
abalone(Haliotis discus hanai) exposed to acute Water—temperature
stress. 10% SDS polyacrylamide gels (A) and Western blots (B).
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6. T2W3 A 7ke] W2 HSP70 mRNAS 4% ®3}

T4 2 2E# 2o wE HSPI0S Wets ##st7] fste] 23 Ay |
2 7HR9)el Ao AES AHEFS RT-PCRS AA8%th. 7 23 RT-PCRE
&% HSP70 mRNA® TdE 30CeA = tjx7d Hste] 2E AE7|3HE<t HSPT0
mRNA7ZF ZetA s s Aol Fludr. gy 25TAM= S8 HSP0
mRNAS] H& o] YeA] ke, 10T 4% 0 hal2 12 halel HSP70 mRNAZ}
okatA HEEon, 15C9 4% 0 h#lol HSP70 mRNA7} okatAl e 5 Q) oh(Fig.

7b¢ FElek HSP70 mRNAS ZdS yebd 30TAA e LdAHEE [i-actin
mRNAZ 7]Eo2 vebd 43 HSP70 mRNA 2&8 %S 12 hal 744 A5zt 12
hAl o] el = S7HE A ¢k A&HA R FAHE ZFS et Sth(Fig. 14).

l

B—Actin (590bp) HSP70. mRNA (400bp)
Oh 6 h 12 h 24h 48h Oh 6 h 12 h 24h 48h

Fig. 13. Effect of acute Water—temperature stress on B—Actin mBNA and HSP-70
mRNA of hepatopancreas in juvenile abalone (Haliotis discus hannai).
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Time(h)

Fig. 14. Effect of acute Water—temperature (30C) stress on HSP-70 mRNA of
hepatopancreas in juvenile abalone (Haliotis discus hannai).
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O. N EEAE(Haliotis sieboldii)

L #2AT 9% JEEY W
FAG & 2Ed2d BE PEEAAE PRTEOE MEF BE AFT,
159 50)AE ABFEA A4 AAE AN} BARA ol 100%] JEES

et o, 30T Adrell Rt 12 h ofF 3vte]7t HAbste] 90%9) AE&S 7=
ataL, 24 hAell = A% HAbsto] 0% BE&S Yt AtH(Fig. 15).

100 r = u
¥ 80 -=10C
@ —4—15C
£ 60 | -e—20C
= —-e-25C
S 40 —307C
=
S5 20
%)

0 X
0 6 12 24 48

Time(h)

Fig. 15. Survival rates of the juvenile abalone, Haliotis sieboldii exposed
to acute Water—temperature stress.
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2. F2AF T dHYZ S W

F2A A olU% Bk 4G et B3, 5T 237 2%

#1490 348 dehigon of ¥ gasts 43S teigen 28 FEA9

of f o]e] FH2 olFo|AA & UrHTable 5).

Table 5. Variations of hemolymph factors of juvenile abalone (Haliotis sieboldii) to
exposure of acute water temperature

Experimental group

Time(h)
10%C 15% 20C 25 30T

0 1.79+0.60 1.5240.20 2.25+0.80 2.68+1.45 3.20+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 5y 951 35 243+1.85 1.75+0.85 1.90+1.20 1.70%1.05
(%105 cell/mm3)

24 1.98+0.90 2.92+0.90 2.20+0.85 1.71+0.35

48 1.90+0.60 3.37+1.45 2.43+0.90 3.57+0.75
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w43 2 2E# Lo mE SOD €42 AF 0 hAd+= 30C Ad4E5 A9
TE AFE10, 15 2 25C)olA HEF20C) R B A e oy 10 2 15T 29
Fol A= 12 h o] & 24 hAldl= F43% &4 S7HE Boltprt 48 hAlol FhAaskdtt
b 25C AdodAdes d A 713 27200 20 2 €4S Yede=
&S Yo, 30T Agre AdE 49 AA FRY A AA) A%
A 12 W74 S7bske A3S Wbl th(Fig. 16, P<0.05). CATEA €42
A9 0 hAldlAE 10 9 25T AgFolA dxzFr B2 @48 Jeudla,
kol Aol wet 10C AT+ S7hete AFS UEhlitrl 24 h o] Foll= thA
Aasts A4S eIt =3 15T 28T olAE 6 h 24 hAodl A 7MY =&
A4S delt e, 25T A3 A5 A3 A A 0 hit 6 hAlols =+
20C) Rt w2 B vehddlov, Ha d5sts 4FS Hehtrh 48 haldl o

lo

>

=100
E *
£ 80 r %
% % \(30°C Death) I]gg
& 60 -8-20C
(o)} . --25C
§ 40 | , | 30T
5
5 20 -
@)
2 0

0 6 12 24 48

Time(h)

Fig. 16. Changes of superoxide dismutase (SOD) activity in juvenile abalone,
Haliotis sieboldii exposed to acute Water—temperature stress.
*/X0.05 as compared to control (20C).
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©
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Time(h)

Fig. 17. Changes of catalase (CAT) activity in juvenile abalone, Haliotis
sieboldii exposed to acute Water—temperature stress.
*/0.05 as compared to control (20TC).
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4. SDS-PAGE #4431

FAHR 42 2Bz WE HSP0 WdoRE Folny] gJate] z+ £33} A
of W AJBEAE olrfu]E AFEFste] SDS-PAGEZ &A1& A7 30T A

AF(10, 15 % 2BC)EYG F=
om Azke] Ao wt WMEE FEskA et

i

ot

10T 15C 25T
20c | [ I

kD M Ohr Ohr 6hr 12hr24hr 48hr Ohr 6hr 12hr24hr 48hr M Ohr 6hr 12hr 24hr 48hr Ohr  6hr 12hr

200

116
97

HSP70

66

45

Fig. 18. Heat shock protein 70(HSP-70) in gill of juvenile abalone(Haliotis
sleboldi)) exposed to acute Water—temperature stress. 7.5% SDS
polyacrylamide gels.
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5. &2 W3t A 7te] W& HSP70 mRNAS 4% ® 3}

FA% F& ~Edso wp2 HSP709 WE s ##sy] st Fe3 Aziy 9
2 olztu] A oA WES 2 Edte] RT-PCRS AA8t3th. 2 23 RT-PCRE %
3k HSP70 mRNA®] &2 20C(HET)9F 25C 48 h AAE Ae BE AP+
oA HSP70 mRNAZ} = zlo] gRlEfdtt. 53], 30CAAE 7 FElg
HSP70 mRNAS] wdo] vpepytom 6 ha7bA] wdo] A ezt 12 ha) ¢d
o] Fxdtqlar, olF B% HARY Y 25TAA T S 6 hAzkx L3 HSPT0
mRNA®] #dS Yepil oy 12 hale] #4st7] Al&ste] 24 h Aol Ldo] 1
BhuA] ekokth mE A5 2E#H 2 103 15T A4S 10TAAE 248 AR
Bl F8AI% 24 h7bA] HSP70 mRNA7ZE dA3hA Al @ =glon, 15C 2379
A5 12 hAol 25 FHaste] BdE s 43S HeERAtH(Fig. 19). HSP70 mRNA9
BHFEE firactin mRNAE 7|02 el A3, A5 2Ef2= A<l 109
1I5CAETANAE I5CHATETG 10CHETAA =& FdS Ydelon F 29
T ORT AIMATE F8A A dF HES Yeuglal, 15 2Ed A
ok 30CAEFe 4% 0THAFAA 0% 6 halol 7H = HSP70 mRNA & o
S vehpden, 5CadFe] A4S 12 hAl 71X 4AF $dE YeEhitsl 24 hAl
HE AR A7) AAete] 48 halol= 2dlo] vehA] $¢kth(Fig. 20).

B—Actin (590bp) HSP70 mRNA (400bp)
Oh 6 h 12 h 24h 48h 0Oh 6 h 12 h 24h 48h

Fig. 19. Effect of acute Water—temperature stress on B—Actin mBNA and HSP70
mRNA of gill in juvenile abalone (Haliotis sieboldli).
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Fig. 20. Effect of acute Water—temperature stress on HSP70 mRNA of gill in
juvenile abalone (Haliotis sieboldi).
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M. & ¥27)(Haliotis diversicolor aquatilis)

L FeAZe] g8 4229 W

HAY 7 2EGL mE eFA Y] AEEAME HETFQ0T)E VT HE
A0, 15 R 250)elM = AFFEA 744 dHAbg HAZE A H A ol 100%9]
BEES Yo, 30C Aol A% 12 h ol 5 3ukg] 7k FAAbske] 90%¢] A&
&2 7158, 24 hAldl= 4vkel7t o dAbeke] 76%9 AEES VIS8 o, vt

A9 48 hAel= 2ukEwt AEeta A7 #HAbste] 6% AEES e A THFig.

100 r =

60
40 |

Survival(%)

0 6 12 24 48
Time(h)

Fig. 21. Survival rates of the abalone, Haliotis diversicolor aquatilis
exposed to acute Water—temperature stress.
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2. F2AF T dHYZ S W

Go Mate 100 AAFANE A
AN F 0 hAolE Aass 43S Yoy, Ade 1AL5E 44 F7)5)
o 0 FFOE 3EHOH 48 h o] FoE ThA

ZasE AFL GEAT 15C AdTe Agels AWM F 0 hAdE GzT
wrh Bopdt AL yeRon, Azl AUSE A pastd oo
Qow, 55T AdTe 4% 6 hAl

F& Ve, 24 hAde el Yol 48 h o F

2

rlo
o]

Jgow 6 hAZAE Frhshe 39 dehiglon, Ade] AaRss A%

astel AL E AAZL e Ageke A4el 12 AR EE ETu 47
4

o v RasE A% Yehie, 47 F2A9 8 WA dass 38
ER A tH(Table 6, P<0.05).

Table 6. Variations of hemolymph factors of abalone (Haliotis diversicolor aquatilis ) to
exposure of acute water temperature

Experimental group

Time(h)
10C 15T 20C 25C 30C
0 1.05£0.30 1.82+0.40 1.45+0.40 1.85+0.45 1.09+0.15
6 1.26£0.25 1.06+0.35 1.54+0.40 1.99+0.35 1.96+0.40
Hemolymph counts
(x 105 cell/mm3) 12 0.99£0.35 0.95+0.45 1.55+0.45 1.22+0.35 %.52+0.35
24 1.52+0.15 1.32+£0.25 1.80+0.35 %0.86+0.55 %0.50+0.35

48 0.92+0.30 1.17+0.35 1.40+0.50 1.32+0.25 %.44+0.30

* Asterisks indicate significant difference from the control (£<0.05)

_81_



wAS T 2EH 2 mE 27279 SOD €42 A3 0 hAdloe 25C A3+
g A9 B AE(10, 15 2 300)elA dEF20C0)Bet =A dERG o, 10 2
15C A@FeAM= 6 h o] & 24 ha7kA 543 &4 7as Boltrt 48 hjol o
2 F7rekgdh mE 30T ATl 6 hAZbA F7hske S Uehl ot
AAbE A7 GERE AR 6 h o] F 12 hAlHH
Bhiglom, 25C Ad7e A5 d A3 71Ed dE2+20C)9% H
Bl 43S Uehi A th(Fig. 22, P<0.05). CATEZ 249 3¢+
2 15T AgFolM dzTFr =& A4S Jehlla, Algke] Bl wk 10T

rlr
il
)
ol

Stk w3, 15C AFTFAAE 12 A gadte 3% dehiglon 24 h ol F
HEE YT usd FEOR H¥dE 4% Uehigl, 55T A97el 4
A% AN A9 0 hATE A% FheE 4TS UEhiool 24 b o] Felt

s Age dgglod gETT)S foled W He mxd X e
olth 223, 30C AWTe A 6 hAZAE S7hske AR deiglon, o ¥
ol st %S Getsl s A7 YEdE 12 h ol F fodew e
s %S dHigon, % h o F felHow Be A2 /1S39rHFig. 23,
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Fig. 22. Changes of superoxide dismutase (SOD) activity in abalone, Haliotis
diversicolor aquatilis exposed to acute Water—temperature stress.
*/<0.05 as compared to control (20°C).
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Fig. 23. Changes of catalase (CAT) activity in abalone, Haliotis diversicolor
aquatifis exposed to acute Water—temperature stress.
*/X(0.05 as compared to control (20C).

_33_



. SDS-PAGE #4723

e wE QA oprbulE A Edte] SDS-PAGEZ #A&E Ay B
Y ZT-(20C)R. e} Feld HSP70 W=7t el = 9l oh(Fig. 24).

10T 15T 25¢C 30T
[ | [ | 20

kD M Ohr 6hr 12hr 24hr 48hr Ohr 6hr 12hr 24hr 48hr M Ohr Ohr 6hr 12hr 24hr 48hr Ohr 6hr 12hr 24hr 48hr
200

116
97

HSP70
66

45

Fig. 24. Heat shock protein 70(HSP-70) in gill of juvenile abalone(Haliotis
diversicolor aguatilis) exposed to acute Water—temperature stress. 7.5%
SDS polyacrylamide gels.
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5. #¥3 Azte] @& HSP70 mRNAY %3 w3}

HAG F& 2~EHzo wE HSPI09 WsE #Hsls] fjste] F Azt ¥
2 o A oprinl 7 AES AEste] RT-PCRE A&t 1 A7
RT-PCRE %3 HSP70 mRNAC @&2 10C A&7 6 h3} 12h, 15C 2T 6 h,
20C(HEF) 2P A3, 25T AE+ 6 h o] F A #7k3 30T A+ 48 h Azt
AZS AQE RE A To]A HSP70 mRNAZF H& = Aol Foxint 53], 30T
oM 7bg F81g HSP70 mRNASl Zdo] vepgow, 0 halolA wdo] 7M1 =
A YGERUTE 6 hAl R Sdo] HAastE A ES YERTIL 48 hAlolE wde
EpubA] oFokar, 25T AT 4F 0 hAlel F2lsk HSP70 mRNA®] &S e
o 6 hAl R E o] YelA ggkth E=e A5 ~2EF 290 107 15T 7
S 10CelA = A3 AAARJD 0 halol Zde] el o o] % 6 h# 12 hAdls &
ol e Frhrt 24 hAFE @dolwe] 48 hAlel %<& HSP7T0 mRNAZE
et a, 15C 2d5e 49 10C Ageh vsd 2d 43S Jehuglony
5C Ad79e 9 12 W58 wdol Yey A FaAHA A3 S7h8hes ¢
S YR I tH(Fig. 25). HSP70 mRNAS] 2@ A =2 fi-actin mRNAZ 7]&o2 1
Bt A3 A4 2Ed 2 A 109 5CAFE T s 15CAI TR 10CH
oA tha = Hds dehdigdlen F A8 BF AFMAIAR 0 hAdE
W o] YER oy 6 h o] F5E 12 hAl7hA = wd o] YelhyA] thrt thA] ol
S7hetH FEA 7HA 4R TS Yol e 2E# 2l 259 30TAH T

6 halol 74 =2 HSP70 mRNA #& %S el
b i fade R4S veEhiien, 5TAE T S 0 hAol Ee ES y
EfUth7h o] % 48 hAl7hA] wtd ko]l vEREA] 2 Skth(Fig. 26).
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B—Actin (590bp) HSP70 mRNA (400bp)
12h  24h 12h  24h

o ] R
Fig. 25. Effect of acute Water—temperature stress on B—Actin mRNA and HSP-70
mRNA of hepatopancreas in abalone (Haliotis diversicolor aquatilis ).
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Fig. 26. Effect of acute Water—temperature stress on HSP70 mRNA of qill in
abalone (Haliotis diversicolor aquatilis).
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oA 2Lt AN T F&2-A0, 15, 20(H 3T, 25 2 30T)el
A A7)0, 6, 12, 24 2 48 h2 F7¢ obrbv] R A=E AH e
zEY 20 g@ AP Wals At FARAN AEEe 24D
C Aol Mwt 12 h o] 2vke] 7k HAAbste], 30C Aol 12 hol 5 HAZL o]
FolA7] Al&ate] 24 hAlel A FALE AJEEARI 12 h o] F FAL Al#bs of
48 hAjoll= 2vbe]7t HFA o2 AES LAV |RY §4% F2 2E# 2 g
Ageo] w7/ YEET o) 30T my2oAE 20TAA £x¥ A= 12 hA
FE A dAH Egsta 5 HHACRE HAFeE JloR #eyy,

gt Faligt 2 AFE oM MARva 4o AEsEAERI eEar|Eu

2002; Vijayan and Moon, 1994)& A59] A% o d#olM FA7IE o]&sto] A3

@ 5, UL Hemolymph) & AFstel F4F & AEdze] BE YL 4o
MekE ZASQE, AR BT GA F8, kel AY, FTAY Lste
S, A W Al geldtha elA Arh 1 s FARI} AREA R

Ae AR folAR Folt GEGA gkn 2 BAY] 25T 48T 24 hAs)
30T AWTF 12 h )% 48 hAelW frelHel FAE et Lok A6

L A% 5 amdad g qYzel walsh Ad A ggten 0T A
A9 A% U WA FAse A%e deitt olF $43 gass 4%

9
BllEd, ol FAENM FA3 F2iaEd s et HAAE YElY] Al ZE)

T



g9 49 FYZ AP wAl s e 240 Bah vehdd S, 158
sEdz) B9 A4 Azrel Aol wet AYE Aol oAl Hol YT AAT
Q0T YT FEOR ABe AR dehlgion, 5T 49T A9 A
h ol¥ol BT Aol F43 T dow Uehgn, A5 2Edx

Z7] A8 HYd FPYZ Ay o] A 7to] Aol wg} =7}

d¥e Heplen, e Ay 543

e sEds QYE S0 B70] GRE WAL Aoz degrh 53, At

o%
3
N
X
°

')
&
xo
rir
[
Im
=
>
o

2EY 2o o3 BAEE G ae i fIlEdoly oE ol =&Y
A el AE olse] dHArksiAl AAH %

(Goldberg and Stern, 1977; Simon et al., 1981; Moody and Hassan, 1982). o] A
oA EASs Gl o @ud, Sk 2 gAY &2 SOD R CAT 5 &
AstE o] ojel] Woldth. Farstase] ol 7#E B SOD % CAT= 244t

22 Bt} A" EAz gY9Ar7)=dH, 2 5 SODE superoxide radical (Oq)E
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Hy009F 02 (205 +2H —Ho02+02) 2 A 8A 711 o] H3E H.0.5 CAT7F 0.9 H
(2H20,—>2H20+00) & Eallsto] &AL E A et7] ol A Fald Bas= A
A1 Z1tH(Forman and Fridovich, 1973). 2 ofFeA ot FqstasE o
, 23 g Ade upet ksl dAdo] WatstE Aoz 4 th(Aksnes and
Njaa, 1981; Gabryelak et al, 1983; Wdzieczak et al, 1981). T3+ Parihar et al. (1996,

l\)o

=
(<]
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