2 Py = B
T Al e SRS
1: o
A8 H. discus
ml2gd, ofmAl!, A
SHYED SADYSATA UGS D Lo
SmAfED &

Korean J. Malacol. 31(1): 1-8 2015
http://dx.doi.org/10.9710/kjm.2015.31.1.1

, Haliotis discus hannaiz

discus A 2] Az]stx] w3}

27, Mooy, 25

Mo|Et D, PUATRNS UM S
Aba g 0|5t}

Influence of Elevated Temperatures on the Physiological
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ABSTRACT

This study was conducted to investigate the effects of elevated water temperature (WT) on biochemical and
immunological factors in the hemolymph of the abalones, Haliotis discus hannai and H. discus discus. The
abalone were exposed to various WT; 20, 22, 24, 26 and 28C for 4 days. In the control and 20°C, total-protein
(TP), glucose and calcium (Ca) in hemolymph of H. discus discus were higher than the values in H. discus hannai.
The values of magnesium (Mg), alkaline phosphatase (ALP) and lysozyme in H. discus hannai were similar to the
H. discus discus in the control. There were no significant alterations in TP, glucose and Mg levels of hemolymph in
H. discus hannai and H. discus discus by WT increases. The values of Ca, ALP and lysozyme were increased in
H. discus hannai exposed to the high temperature (26 and 28°C) compared to control, while the values in H. discus
discus were not significant difference between the WT groups. The phenoloxidase (PO) activity was increased in
hemolymph of H. discus hannai exposed to high temperature (= 24°C) compared to the control (P < 0.05). These
physiological and immunological parameters were significantly changed in H. discus hannai. However, these
parameters in H. discus discus were barely altered at the high WT (P < 0.05). These results suggested that H.
discus hannai is considered to be more sensitive than H. discus discus at the high WT.
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ABFE SR Bgste] DT 4 G ool @

Guiete) 5 A 9 el 53 4ol A% R A
T 9ty B vt} (Seong et al., 2010). o]dl we}, o=
ATFelA & go] 2EY A~ 9glo® 2A-83le] A f of
AL, Eo A W g 2 AR A Wk 2
g3tdci= 2wt 9t} Ryan, 1995; Chang et al., 2001;
Park et al., 2013; Baeck et al., 2014; Min et al., 2014a,
b). =3}, Yang et al. (2012) & A 95 AE kA4 3
9] sl ek AT, A7t 2HE "Wl 2 5
7HEo] gk sHo] fsfel] wls) 2 Yehd wAE ofsfrt
AE AR HE AAsitia AlAeiglon, AE FAA
o] ol digt A7t o destrka Eugt vl glck 53
olgl AE-o] Q&g Ho] AAlFo] #23} vi¢- 4

7} Qermz AEo QY FiE A E o HEE ol
g H 27} 9t} (Yoo, 1986).

4% & H3lE Q3 AEHAE A shE Hlo]r) o)
ghAloll =gste] FAEo] FAbel o]=7]% 3P (Kim et
al., 2005), AA 4 BAAALF ROS, reactive oxygen
species) WS Z71x71t} (Stohs et al., 2000; Firat et
al., 2009). o]#gk Aol Wk A o7 2E sl 7]
2 7 2 34171 9len, E3 2 (hemolymph) <}
AZ (hemocytes) 7} 1 755 @t 55+ pEd
AR, hemolympht FE 2] Alo]E £381HAM AA 2]+,
Hzk AR, ekt 43t EalE el 5 okt Vs
s, Aldg W AEY H AiEs 33813 9lt} (Cheng,
1981; Ashida and Yamazaki, 1990). = % phenoloxidase
(PO) ¢} lysozyme- ¥]50]4 Wuk-g-o] g Hejz vehd
m, 29} gt 5 9 el weba] 2 BAe] defAl= A
07 4#A it} (Feng and Canzonier, 1970; Anderson
et al., 1981; Siiderhall et al., 1994).
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o] A3t sl A Table 13} 2t} Hol= Ad A7
A AAsle] A7 5k FHEA Aokt = E 3 ¥
2% (hemolymph sinus) °l|4 hemolymphE 3 g F,
A A7k A5dE - 70T Basgict

3. Hemolymph 7] ¥ #7143 & £4

g3 f714+4 glucose= oxidase % peroxidase
(GOD/POD) Wz & WhiA (total protein) = Biuret
S vlee 2 g oA kit (Asan Pharm. Co., Ltd.) & ¥
Astgict. 83 e ZEd vodse 47
ortho-cresol-phthalein-complexone (OCPC) ¥} Xylidyl
bluetell oJal FA3kola, A= ol 9144 kit (Asan
Pharm. Co., Ltd.) & o] &3}3it)

4. Hemolymph &2 ¥4
Hemolymph &4 242 phenoloxidase (PO), alkaline

Table 1. The chemical components of seawater used in this
experiments

Item Value
Room temperature () 20.0 + 1.5
pH 8.2 + 0.1
Salinity (%) 33.2 + 0.2
Dissolved oxygen (mg/L) 7.0 £ 0.3
Chemical oxygen demand (mg/L) 1.3 £ 0.3
Ammonia (zg/L) 8.7+ 0.8
Nitrite (zg/L) 59 + 0.2
Nitrate (zg/L) 15.2 + 0.7




phosphatase (ALP) ¥ lysozyme A< #4319}

PO &4L Asokan et al. (1997) ¢ WS wlelA] #4138}
9}t 0.1M phosphate buffer, pH 6.0°] 2mM L-DOPAE
Hy E31t 5, o] £y AEE YT 490 nmelA 10%
7F FREE 5438k, 4= o] 1l 0.001°] #H3E 1
Unit2 A3ttt ©@¢]+= Unit/min/mg protein ©&& e}
el ALPE Kind-king®H-& ©]83F A|#H$ kit (Asan
Pharmaceutical. Co., Ltd. Korea) & ©|&3}s Z43}3it}.
ofefje] Alef| wie}t Aol ALP gh= -3le] ALP 244
£ Asisic.

A

=
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ALP 344 (A-K &) = x 20

bl | Y

lo| o,

Lysozyme &4 Hutchinson and Manning (1996) <]
whHe) e}, Micrococcus lysodeikticus (0.3 mg/ml 0.05
PBS buffer, pH 6.0, Sigma-Aldrich, St. Louis, MO,
USA) 2 71AR o]&3lgict. 25 3412 hen egg white
lysozyme (Sigma-Aldrich) & ©]&3}] 7+59] 450 nmol|A]
1037 F3=29 H3lds S7433lvh Lysozymeo] 242
Unit/min/mg protein®2 et}

5 94 A4
Ad Axte] A xele SPSS EAZ2 % (version
12.0) & o]83}d ANOVA testE AA3lL, AZAACR

Duncan’s multiple range test® E3l P < 0.05% o] -2
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1. Hemolymph$] #7] 2 714 %

2 7t g SHAET F24E] hemolymphe
714%-4] total-protein (TP) £} glucoses] #3}E Table 2
of uehgch  dETel e 20TelA  EpAEe]
hemolymph TP 5%+ 2.389 + 0.11 g/dLe|¥, T2AE

2 2.802 + 0.18 g/dLo® EAER T} oF 1174 &gt

2 20ClA WAL glucose L 18.297 + 0.95
mg/dLO]MJ_ SIAEL 30.172 + 2.388 mg/dLoE EW
AERT} 1,659 =Stk 2 S7tel WE TP glucose:

T AR B4 ﬂml Hol7k gk @ > 0.05).

F2 St e F AE-2] hemolymphd] F7]A#ql 7
%+ u}ztﬂ o] H3lE Table 3l veRllc) dxzFellA &
P23 £ ZAE-0] hemolymph Y| Pl S5+ 20-23
mg/dL FF22 F ztele] w foJgt alel= §igloy, &
#Er: %i—t}} Fo] 35.97 + 3.05 mg/dL, A0 47 +
2.43 mg/dLoE <F 1.3v] AXE gtk 42 7l wE v}
I FEE T AE ZRoA FoJAQl Ao|E HolA] ok
A2k (P > 0.05), SHAEL] Zg-e x| vls) 28T F
el A e)gt $7H Bk (P < 0.05).

2. Hemolymph$] &4%4
S Z7) e BByl 2429 hemolymph &

Table 2. Changes of organic components in hemolymph of abalone, Haliotis discus hannai and H. discus
discus exposed to various water temperatures for a four-day time period

Temperature (C) Components Haliotis discus hannai Haliotis discus discus
20 2.389 + 0.11° 2.802 + 0.18"
21 2.352 + 0.12* 2.923 + 0.19"
22 Total- 2.352 + 0.13* 2.879 + 0.24°
24 protein (g/dL) 2.364 + 0.06° 2.998 + 0.21°
26 2.407 + 0.09° 2.622 + 0.14%
28 2.402 + 0.07° 2.743 + 0.21°
20 18.297 + 0.95° 30.172 + 2.38"
21 20.108 + 1.04 30.529 + 2.33°
22 Clucose 19.565 + 0.83° 34.452 + 1.75
24 (mg/dL) 19.746 + 0.48° 33.909 + 1.84"
26 20.289 + 0.68 33.761 + 1.95°
28 18.478 + 1.08 33.934 + 1.77°

Values with different superscript are significantly different (P < 0.05) from control according to Duncan's

multiple range test.
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Table 3. Changes of inorganic components in hemolymph of abalone, Haliotis discus hannai and H. discus

discus exposed to various water temperatures for a four-day time period

Temperature (C) Components Haliotis discus hannai Haliotis discus discus
20 35.97 + 3.05" 47.00 + 2.43°
21 35.97 + 3.05% 46.09 + 2.38"
22 Calcium 35.27 + 0.47° 42.56 + 5.34
24 (mg/dL) 35.29 + 3.39* 47.15 + 4.13°
26 39.93 + 3.79% 47.37 + 3.30°
28 42.42 + 3.07° 50.24 + 4.93°
20 23.44 + 1.26° 20.47 £ 3.12°
21 23.23 + 2.122 21.31 £ 2.27%
22 Magnesium 22.89 + 1.45° 20.73 + 3.09°
24 (mg/dL) 22.19 + 1.11° 22.11 + 2.17°
26 21.02 + 2.35% 23.22 + 2.69°
28 20.73 + 2.94% 22.89 + 2.32*

Values with different superscript are significantly different (P < 0.05) from control according to Duncan's

multiple range test.

4%, alkaline phosphatase (ALP), phenoloxidase (PO)
9 lysozyme A4S +4313) (Fig. 1-3).

AR 5% ALP $4E 8384 KAZ 5o
W Aol Ggith +8 Sl 0E BHS FEARAE
Selat o)} BE A Ggkeny, BR8] 28T
Z71819& wl, ALP EXo] 25 =7}818it} (Fig. 1).

PO 42 FARAE 1.42 + 0.27 o]3loy, &
AE-2 0.42 + 0.08 unit/min/mg protein® % 3.38%9)] w2

c
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12 4 [ H. discus discus
ab b
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<
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Fig. 1. Changes of ALP activity in hemolymph of abalone,
Haliotis discus hannai and H. discus discus exposed to
various water temperatures for a four-day time period.
Values with different superscript are significantly different
(P < 0.05) from control according to Duncan's multiple
range test.
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2ot (P < 0.05).

= 57kl wE PO &4
o3t Wb Bk A °]'°]'°‘/} WA
F7bol| w]sle] 24T o)Akl F7bol|A] f-2]8lA] =2 3
Bk (Fig. 2).
FYAEI} 5
protein® 2 Zof & xjol&= ¢iit} (P < 0.05).
o W2 lysozyme A2 EHFAE A= 20T F7F0] 0.50
£ 0.11 unit/min/mg protein®l B]3}o] 26T} 28CllA 2

=
5
2
L=
3}

A E-9] lysozyme 42 0.5 unit/min/mg
__1_7]_

Phenoloxdiase activity (Unit/ min/ mg protein)

M H. discus hannai
3.0 4 [ H.discus discus

Fig.

2. Changes of PO activity in hemolymph of abalone,
Haliotis discus hannai and H. discus discus exposed to
various water temperatures for a four-day time period.
Values with different superscript are significantly different
(P < 0.05) from control according to Duncan's multiple
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Fig. 3. Changes of lysozyme activity in hemolymph of
abalone, Haliotis discus hannai and H. discus discus
exposed to various water temperatures for a four-day
time period. Values with different superscript are
significantly different (P < 0.05) from control according to
Duncan's multiple range test.

7} 0.81 £ 0.12, 1.16 + 0.11 unit/min/mg protein.Z -2
3 & B4S Btk $2AE] lysozyme 242 20T
of wlste] 21°C e} 22TColA 22 0.74 + 0.01, 0.58 + 0.04
unit/min/mg protein® # FJ5HA =& FAE I3 1
2t} 24T o] 77k djmTel nlste] FoA]l A7}
vehtA] sttt (Fig. 3).
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A Qo A #EE HolAd 2B AR <] A=
Ae|dido] WojA 717e kA 4= ¢lek (Barton, 1991).
Sl A AEe] ozt FAAE AT AR A H3)
of It AFE FE 2 P HAF H3le] wE AR 25
E, 2284 w3}, heat shock protein H¥} 4ts) a4
9l SOD ¥ CAT %ol digt 237} 9lt} (Kim et al., 2005,
2006; Park et al., 2011; Shin et al., 2011). o|¢} 72 =
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Aoz ols) sk sk HIE 53] ¢lg A%
FHdozrT olgd t} (Zaccaron da Silva et al.,
2005). 53], k=S 2 9 FAA AZEL ok
2B 2o wpg} o2 A wkgste], FAlEA eEol o3 At
Fofe] s Wdd 4 e F8I AZE A G

T
EA-)

ol

(Shen et al., 1997; Jee et al., 2004). webr] £ o=
IRV FAAER FEDL ol SARY TEAES
Aoz £ Flef uls HAHS 23k dz o] AeH

L e

A3 9 FAFFRN AEdag wonl gisE op)
o] F7}ell w2t TP 4 glucose”} S7kghekar 4344 gltk
(Hontela et al., 1996; Cheng et al., 2004; Baeck et al.,
2014). 2y & Ao F& STt wE TS 52
Z1E-2] TP} glucose &%+ F2A42l Zfo]7} §IAA, iz
T (20C) oA, FZAHEL] glucose FEE FHAHES
glucose FEET FoA o7 E9kt) o] Widdows (1985)
7b #FE ] e T o5 27l wE} ceFsHl
vepdtha gk ukel o] E AFellA F FANEL] F Aol
ak ofye} 27] Apolol] 23t Ao g wukHt), AA|R o] A
ol A5l T2AT] 2 81.32 + 12.0 mm=, FHAE
48.3 + 2.4 mmel| 8|3} oF 29 Ax7} Zich

BAEI) A% nlg BEE Fo WE 0@
Aol7h Qiglont, AR 2 ot bR 2w
o 139 A sk ol T A mAA ] A9 nhariA
FF AR F Y 2] Aol o3k Ao g A=
gt BB gl e ARFIelA fFogt
Zu] 7] oo, AT NA g 28T T2t
T7H 23 (P < 0.05). o FellA E4 o F7148<l v

)
AT AEe W4 ARGE FAE 71%g o, 4

_ﬁ
=2
>

FeuolA g (CaCOy) o Hel= 227 Ao 220
oF & 75| hemolymph el wWo] EAjgth= 712 28T
o] STt e AR =4 Al vl <
g JAs] & 4 v} (Lin and Meyers, 2005). °]&=
isopod, Saduria entomon, purple shore crab,
Leptograpsus variegates W the freshwater crayfish,
Astacus Aaka 2EGAE FS o
hemolymph 4 Zgo] J7kt Aaete  FAkeitt
(Hagerman and Szaniawska, 1991; Nikinmaa et al.,
1985; Morris and Butler, 1996). Byrne et al. (1991) —
2B 27 Qg A S Ashr7]7] Sjste] oA
9] ehakzdgro] Al R A7) il Zolgk

s

astacus=



F23%5E2 hemocyte W hemolymph: 7|WddAZ
o7 dalx o] AAHA HIAAAY F8 75E )
Alkaine phosphatase (ALP) + #3554 At 2gH =
o FleEElE Slishs a4F AF ¥ F] FU1AEE 4
stm, A3)3} A4S SN ARF Al F J’ kg
< gt x4 & ]
A7} 9t} (Bune et al., 2005). % T2 355
= AKPE}ILE_ %89, hemolymphol EAJ3l= FebyAdz

93 lysosomal enzyme % dholn o]F H9lEA] &
i‘r ¥+ phagocytosis®t 2 WS|4 W rl5S g
(Liang et al., 2014). Wang et al. (2004) 2] <d-of|A,
vibrio FAAHe] & 2¥A7] (H.  diversicolor
supertexta) 2 ALP7} $713}c), 3 &2 oo HkA
Ho] 28Tl =ZFHE W, ALPY] #2oj3t 5715 29l A%
FAbsHA, BBt HAE (H. gigantea) ZRAFANAE 1L
F£ (280) of ==HYE o, ALP7} #oJsHAl S71gh B
7} 9t} (Liang et al., 2014).
oF FHF522 "I Ao A+= 53] pro-phenoloxidase
£ WAR sk Aepd A5APE AW Al D 7] A8SeY
71€} o] &Ae tjdt ve] 7155 &t} Pro-phenoloxidase:
% hemolymph WellA A= - e 23iA
phenoloxidase (PO) & &A3}t=lc). POE Abstas & shy
HeA s 9 °]Eﬁ T Al whelell e gt Wl
6]"4 LA i] g-S 3l (Johnson et al., 2003), E3+
3H° FAFEEA s 2 e A A=
Hk=t} (Cheng et al., 2004; Gopalakrishnan et al.,
2011) 2 ATellA] 24 Col o] x| xEE HHPA A
%3]'3]'71] =& PO 42 B3°2H, Day et al. (2010) & <
TFAE dx=F (16T) o vlsle] &= 2EHA (267) &
W w3 A4 o3 POS S Elvka Bt
Fek 2y FEARANA #2J3 PO &4 Alo]E HolA|
&2 7/4\\_ o2 A&} nEAR F Y A 2719 Aol

U‘.

Lysozyme2 "13—’5'—’:15 =9 HAA F23t 7|5E 3
ARA w3t 2 QA wEel oA S evhar A
9lom, pentachlorophenol % benzo[ Jpyrened] ===
mercenaria & lysozymes 73}
(Anderson et al., 1981). ¥} red abalone (H.
rufescens) % black abalone (H. cracherodii) °l|A+
lysozyme©] HEE A QFokrtar 3fn o]= F Aolel oJgt A
o]g}x gt} (Martello and Tjeerdema, 2001). 2 &17-of| A
FRARAE 42 270l W& 5 o)} ggtent, %
SPARAAE 2601 I8 S7E Bk ol %A
Ho) FrARET +-2uslel] o WP e At

Mercenaria

'.”OHOl }\Ha|o|-;(-i ﬁil.

Ak

AZA0Z 26T Ex 28T 2 V= HAE 4 5
2R 22 23102 Agtel el Y WA WE
& % @ A0 BT 53] 24, PO U ALPE: 5241
Bl folat s} glo 2k gel Sl gl
# W5 BRI, ol FEART A BPA%
o] 5ol Hhsl 2} N A0 AmHR, o)1= A% S

2 QAFdME 2 ST e SAE (Haliotis
discus hannai) I TZAE  (H  discus  discus)
hemolymph-‘ﬂ A 4 WA HatE #Asly] $lgke] 9]
T 5520, 22, 24, 26 ¥ 28C 2o 47t 4 AT 2 EA
7zt =% A3, hemolymph®] total-protein (TP),
glucose, ZF (Ca) < AT FUAERT 2 F& B
ey wladls (Mg), alkaline phosphatase (ALP) %
lysozyme2 5 oA AR 3hs _‘E'_°3\:]- & St w2
hemolymph®] TP, glucose ¥ w}1H|52 F AE 2o A
o gt Wzt A kit 1y et Held QA
ol ALP ¥ lysozyme2 SAFIA freldt Afol7h figle
U, SR E 26T Ex 28T 1ol =25E
o), F23H 52 A2 X3t} g phenoloxidase (PO)
EUAEANN L & Bon, o] ES4E FU)8)
A Bolvh 224 AR $EAEY g o
2] A FolA Fof gt W3t gl Ao w Rol ko]
SAERY 14 W) w7k e g Alg

A AL
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