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ABSTRACT

This study was conducted to examine the effects of alterations in water temperature (WT) on biochemical and
immunological factors in the hemolymph of the abalones, Haliotis gigantea and H. discus discus. The abalone
were exposed to various WT; 18, 20, 22, 24, 26 and 28C for 96 hours. In biochemical factors, total-protein (TP),
glucose, magnesium (Mg), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were not
significant changes in hemolymph of H. gigantea and H. discus discus. But calcium was significantly increased by
high WT (= 247C). In immunological factor, The phenoloxidase (PO) activity was decreased in hemolymph of H.
gigantea and H. discus discus exposed to high temperature (= 22°C) compared to the control (P < 0.05). Whereas
alkaline phosphatase (ALP) was not significantly changed. These results suggested that high temperature
adversely affects the immunity of H. gigantea and H. discus discus.
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Foll ool AlA 298] A% ANToE FES wwm gled,  ® ieklA AT YIF (KNSO, 2011; Jang et al,
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=2 TSIl e Y N=, Haliotis gigantealt s28 5,

2o wel 9 A7 W5 zesioh 20} 9o Kim
et al,. 2005; Baeck et al., 2014; Chang et al., 2001; Min
et al., 2014a,b; Park et al., 2013; Ryan, 1995).

A% $2H3lE Q3 2EHAE A W @R
(ROS, reactive oxygen species) W& 57} A7It} (Stohs
et al., 2000; Firat et al., 2009). ©]2& ROS]| &t "o
713 R 9 S B olFolAM, rdx
(hemolymph) ¢} EFAE (hemocytes) 7} I 7]5S B
gth BE5Re MERAR, dEd= % BE 24 AblE

et A A A, s AR, ekt 4k gl g e
5 7124 AFEE Y9} 22 7]%—% 53 3, A
A 2 AEA dg AEE 233l 9t} (Cheng, 1981;
Ashida et al., 1990). L %A% phenoloxidase (PO) +
Hj5o] A Monkg-elA Fagh S Py, £xef

5 @wstel hebd] 1 B4o] debAt 2o elA gk

(Anderson et al., 1981; Feng and Canzonier, 1970;
Siiderhall et al., 1994).
Aspartate aminotransferase (AST) <} alanine

aminotransferase (ALT) + L-o}x3}2EALe] O]-H]JJ]E
o-AEZFEEAIC R Adsle], SA7 oA EAN} L2F
A RSk ks Svliske &4l o] Ei%%
non-plasma-specific enzymes 2.2 7+ A%, v]3z} 2o
2 AEdel] 2A5 53] ko) ghafo] Wt 7+ &Adoy 7t
A Al Aol =557] wiel] 7F &4 ARE AF o]
$¥t}. Alkaline phosphatase (ALP) + SlAb7lis]as
2 HY F FrE Zholu W 5o] Ao ofsf Hslsly| Wi
o slAAALe] djrte] =t} (Shahsavani et al., 2010;
Smutna M et al., 2002; Yang and Chen., 2003).

A g egow g #4 A Astel dia ke
2 YA o] =& EE g 93 37} Eds) A3
Toﬂ oh;]. _'_E}:E._L 7HH1—__. _Az‘;H/q“ 71— Z-]E“I‘::'I“/] }\Ha]?ﬂﬂ
Jolg olsie Bado] gt ¥ A AFE] F2 A4
5 5 PAED FTAY wole] B £257)) me 6
Rz o] e, welehd elake] wskg ulw, Aws
ST S AT AEART BESA ok

P

>4,
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1. 234 E

2 Ao Ahgst WAE Haliotis gigantea (27 113.61
+12.18 mm, A% 73.31 + 25.76 g) < AFaFrAAd T
oA Eeofitel RAYSmlA A¥sgly, FIAE, H
discus discus (7 100.68 + 16.27 mm, A% 88.91 =+

Haliotis discus discus hemolymphQl Me|std H35|

A ABe 18ToA 15 ot
24, 26 4 28T 9 2 2EHAE
3 R LE ARt AP B 354 1
shgla, el A3 s 582 Table 134 2tk ol

AY AR A Akl AR S B 99

A7 F, 18, 20, 22,
b o, 9647t o]
ez A

= = ll‘—
% % €3 =% (hemolymph sinus) oA FZHZE A
g F, A A7k Aede -70Cell 2askglth

3.9 28= fr) 2 AR B

YT Fr)AdEal glucosef oxidase % peroxidase
(GOD/POD) Moz, & WhlA (total protein) < BiuretH
S vlEe® 3t %V:J'o kit (Asan Pharm. Co., Ltd.) & ¥
A}, FRT 274 8q 24 (Ca) T vk1vlE (Mg)
& 77 ortho—cresol—phthaleln—complexone (OCPC) Wz}
xylidyl blue'fell 3l #4311, A= gl -8 kit
(Asan Pharm. Co., Ltd.) & o]&3}3it}.

4.3 RYE 53 74

SEY=E g4 AL aspartate transaminase (AST),
alanine transaminase (ALT), phenoloxidase (PO) %
alkaline phosphatase (ALP) & #A4J3}%it}

AST, ALT+ Reitman-FrankelH-& vlgo 2 3 A
kt (Asan Pharm. Co., Ltd.) 2 ¥A3}3it}.

PO #A4& Asokan et al. (1997) & Wi ueld 443}
sit}. 0.1M phosphate buffer, pH 6.0°] 2 mM L-DOPA

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

Item Value
Room temperature () 18.0 £ 1.3
pH 8.1+ 0.3
Salinity (%) 33.2 £ 0.5
Dissolved oxygen (mg/L) 7.2 £0.2
Chemical oxygen demand (mg/L) 1.2 £ 0.3
Ammonia (zg/L) 8.4 + 0.6
Nitrite (zg/L) 54 + 0.6
Nitrate (prg/L) 13.2 £ 0.4
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ALP:  Kind-kingHe ©]43 ¥4 ZE  (Asan
Pharmaceutical. Co., Ltd. Korea) & ©|-$3} 433t}
olefje] Alej| wle} Aol M ALP L& 73t ALP 244
£ Absisl

AA el 3w
ALP 847 (AK ) = —l EBE g,
FETET S

5. <14 A7

Ae Azle] A Age SPSS FAZEZ I (version
12.0) & ©]83l] ANOVA testE A3}, AFAAe =
Duncan’s multiple range test® 53 P < 0.05 < = 2]

Aol gle ALz sl

2

1. A 2g =] {7 € 57138

& Sl W WA (Haliotis gigantea) ¥ A5
(H. discus discus) & |22 §7]4d8a] total-protein
(TP) ¢} glucose2] W3}E Table 20 Yelic) ozl 4
£ 18TollA WAL (H. gigantea) 2 F|ZHZ TP FE+=
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2.68 + 0.10 g/dLe|™, TZAE (H. discus discus) <
3.44 + 0.18 g/dLZ TAE B} oF 1284 9k 2 1
8TColA WAHE (H. gigantea) & glucose F%+ 31.05 +
3.26 mg/dLe| 1, TZAE (H. discus discus) = 33.18 +
4.19 mg/dLoE Fof v oS vehdA ootk a2
S7tel w2 TP W3k 75 25 #F9Ao] vehal ost
3, glucoses F2ouf FeluE o)Al W37l e
i

T 7 |BE F AEY dRgze TR ZE
(Ca) # ml2vls Mg) ] ¥H3HE Table 3l Yebigict. of
7oA WAL (H gigantea) F FTIAE H.
discusdiscus) & F|EHZ Ca FE+ 35-39 mg/dL 52
2 F Aololl W FoJ3t zbol= e, F F BF L
o] F7MEFE FoJHer FBlE AFE 2o P <
0.05). Hx=7-2] Mg sx=+ ZAE (H. gigantea) ©| 33.44
+ 2.63 mg/dL, TZAE (H. discus discus) ©] 28.93 =
1.23 mg/dLeZ oF 1.15v] AXE Egtth £ Zlof o=
Mg sx¥H3l= Yeluba] okl

2. 3| xP=e] a23A

F2 Sl w2 DAY (H gigantead) I 545 (H.
discus) & HEIT  FAEF,
transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP) % phenoloxidase (PO) 24
< Table 49} Figure 1¢] YeSict

discus aspartate

Table. 2. Changes of organic components in hemolymph of abalone, Haliotis gigantea and Haliotis discus
discus exposed to various water temperatures for a four-day time period. Each point represents a
mean value * S.D. of two replicates (n = 4). Values with different superscript are significantly different
(P < 0.05) from control according to Duncan's multiple range test

Temperature (C) Components Haliotis gigantea Haliotis discus discus
18 2.68 + 0.10% 3.44 £ 0.18
20 2.89 £ 0.51*% 3.22 + 0.11%
22 Total- 2.66 + 0.32° 3.53 + 0.15"
24 protein (g/dL) 2.61 + 0.22° 3.42 + 0.14°
26 2.87 £ 0.40% 3.48 + 0.11%
28 2.77 £ 0.32% 3.50 + 0.21?%
18 31.05 + 3.26% 33.18 + 4.19%
20 34.11 + 3.60% 33.67 + 3.36%
22 33.49 + 4.56% 33.82 + 3.39%
24 Glucose (mg/dL) 29.48 + 4.87* 33.19 + 3.19%
26 34.50 + 2.03* 31.94 + 4.07*
28 36.80 + 3.33% 31.94 + 3.87%
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Table. 3. Changes of inorganic components in hemolymph of abalone, Haliotis gigantea and Haliotis discus
discus exposed to various water temperatures for a four-day time period. Each point represents a
mean value * S.D. of two replicates (n = 4). Values with different superscript are significantly different

(P < 0.05) from control according to Duncan's multiple range test

Temperature (C) Components Haliotis gigantea Haliotis discus discus
18 39.62 + 3.56* 35.50 + 3.05%
20 42.45 + 2.00° 35.50 £ 3.05*
22 Calcium 43.83 + 1.65° 34.82 £ 2.48°
24 (mg/dL) 4851 + 2.29 34.83 + 3.40°
26 46.93 + 2.91° 39.41 + 3.79°
28 49.46 + 2.14° 41.88 + 3.08"
18 33.44 + 2.63" 28.93 + 1.23%
20 33.22 + 1.85% 28.66 £ 2.45%
22 Magnesium 32.89 + 2.02° 28.24 + 1.62°
24 (mg/dL) 32.11 + 1.51° 27.29 + 2.11°
26 31.00 + 1.94% 26.91 + 2.54%
28 30.73 + 2.50° 26.59 + 2.10%

Table. 4. Change of enzymes in hemolymph of abalone, Haliotis gigantea and Haliotis discus discus
exposed to various water temperatures for a four-day time period. Each point represents a mean value
+ S.D. of two replicates (n = 4). Values with different superscript are significantly different (P < 0.05)
from control according to Duncan's multiple range test

Temperature (C) Components Haliotis gigantea Haliotis discus discus
18 56.87 + 6.35" 53.36 + 6.36%
20 59.88 + 4.20° 52.20 + 6.24%
22 AST 51.54 + 7.11° 50.32 + 4.72%
24 (Karmen/mL) 49.71 + 4.87° 47.22 + 7.02°
26 49.19 + 4.44* 49.81 + 4.50*
28 55.94 + 6.37% 49.18 + 5.84*
18 40.37 + 4.59° 27.36 + 4.37"
20 42.67 + 6.81° 32.74 + 6.38%
22 ALT 40.87 + 3.17% 31.00 + 4.68*
24 (Karmen/mL) 39.93 + 4.10° 33.44 + 6.45°
26 41.59 + 4.35% 30.83 + 4.84%
28 42.73 + 3.75% 31.54 + 5.12°%

274 AST+= WAL (H. gigantea) ©| 56.87 + 6.35
Kalmen/mL, 545 (H. discus discus) ©| 53.36 + 6.36
Kalmen/mLE F7Fe] Alol& veubA] dopon 4257}
w2 H3le gleh (Table 4).

2ol A ALTE= WAL (H. gigantea) ©] 40.37 + 4.59
Kalmen/mL, 5ZA% (H. discus discus) ©| 27.36 + 4.37
Kalmen/mL% wAEo] 1.47v] =9t ASTe} w7 iA =
ol whE W3k ¢t (Table 4).
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Fig. 1. Changes of ALP and Phenoloxidase activity in
hemolymph of abalone, Haliotis gigantea and H. discus
discus exposed to various water temperatures for a
four-day time period. Each point represents a mean
value + S.D. of two replicates (n = 4). Values with
different superscript are significantly different (P < 0.05)
in Haliotis gigantea and H. discus discus as determind
by Duncan's multiple range test.

HE=TollA ALP 842 dAE (H. gigantea) ©] 10.14 +
1.35 K-A, 5245 (H. discus discus) ©] 8.38 + 0.65 K-A
2 WAE (H. gigantea) ©] 1.219] 54 Yoy & 5
7tel w2 Fo4 H3ke 9ol (Fig. 1).

PO°| &4Wsl= dixTolA, BAE (H gigantea) ©]
0.34 + 0.04 unit/min/mg protein, 5ZAE (H. discus
discus) ©] 0.50 £ 0.02 unit/min/mg protein®Z A%
(H. gigantea) ©] 1.47v] ¥ A& B9} (P < 0.05).
= 57t wE PO 4L 7 F T 29 7)) wet 3t
Sohe A BolA 53] 26T o) delA w A4S B

At (Fig. 1).
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Fol At AFeMs I Akl £
P itk R 3l 9lt}l (Seong et

al, 2010). ol 229 FA1e A=A AEef, S
AEI} 722 3AAEL oY 34 H3E 9 = U] Wi
o AT 913 87 sl cheje] PAEE FA5] A9 o

F Qs 29 A7)
2o] A%AE Aol

R

o3t Aeld W& ®oltd Min et al, 2015). A A&
Az W 2EYAE A 5 9le 58S A 9o
v AA =525 YoM 2B A= Ay s ¢

wE A7E 3 4 9ot (Barton, 1991). FujellA o
7 H ARss B a2 W sl o AR, 223
2 W3}, heat shock protein®] gene 3, ksl a4 #H3}
Sl sl B3 =l vl glt} (Kim et al., 2005, 2006; Park
et al., 2011; Shin et al., 2011). °]8|3 AT5 |37
H3E SA] 93 ARE o] F 2 § 9T, o] FolAM=E
ol 9 WA ARES o AEe|0] gt oz w
SRR FHEA wEolv 3 Hs e gk Ak Fel) =F
< Hogt 4 9= F23 AxF A #v} (Zaccaron da

Silva et al., 2005; Jee et al., 2004). We}x £ dFoA=
BRI AR AFES FL S BHE (I
gigantea) ¥ 545 (H. discus discus) = tAeE 14
2ollA gz o] AefA ukg-2 ARl

FeF AEolA 37 2EHAIL FojAH dsE At
S7kkdA TP 9} glucose’t F7Kehar oA ik
(Cheng et al., 2004a; Baeck et al., 2014). L&} &
AM TP 5x+ 5245 (H. discus discus) ©] WAL (H.
gigantea) Xt} 1.28% =A et $74e] Aol ®glon)
F& Skl wE Fo)A sl vehA] skt Glucose
55 A $227k B Aol e, Fol w Aol
b shsiel.

1514 B3 Ul Cash Mge] 555 AHRehe fA5he 7]

52 S A4FEd W ol 24 59 £4vs
=

hannai) 9] Ca 5% 24ColAo|N FZAE (H. discus
discus) 9] Ca EE+ 26Col oA 24 S71& 9l
2, Mg 5=% 94 "3t yehdA] gl 725

E3] HFolH Care CaCOs9 HelZ sz Aol o]
o olgg A W Ca 5= SV $23577) 9F4 A4l
Je-g w|x]7] wFolz} A=} (Lin and Meyers, 2005).
Nikinmaa et al. (1985) & #AtA 2EF2)A purple
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=2 TSIl e Y N=, Haliotis gigantealt S2& S, Haliotis discus discus hemolymph2l A2|&t& B35}

shore crab (L. Variegates) 2] ¥4 Ca ¥=7} $713kt}x
X3 3} 1, Morris and Butler (1996) A #A4t4 AEF|
220 =% = Asian freshwater clam (C. fluminea) 2] &
7% Ca sE7b S7RIML Rusigieh & AFtelre] A o
Al 2B 2R QI AU AHAsE F3bAz]E FAedlA 9
=7 (Shell) ¢ gtAbZ4 (calcium carbonate) = F&HAFY
(bicarbonate) HelE AFAZ7] wjEd Zloz Ao}
(Byrne et al., 1991).

Transaminase ¢! aspartate transaminase (AST) <}
alanine  transaminase (ALT) 2e8]x2  alkaline
phosphatases (ALP) = 29| ATyl ZA5]=d] AZ2
4 A A UE R Wl 2] A RE o] 8F
I e} (Agrahari et al., 2007). 4 4l ASTS} ALTS] &
4 vk e Ao & 53] 7F &l o8| S
2 d#A 9ot Sastry$} Sharma (1980) + mercuric
chloride®l =% % Ophiocephalus (Channa) punctatus©l
A oldt 715 Easkgich ARk & AFellA= AST &
/ge] Wzhe ws]A] gk, ALT 4] 20l w24
W3k UepubA] ekoket

soF T4 FF A ALPE 523 lysosomal enzyme
% ofutolv] 9 F-24 9] 23}t phagocytosist 22 5
old ML Tt Fekilo|tt (Liang et al., 2014). ©]
A AFedAxE 257t cadmiume| =3 EAE,
Haliotis discus hannai (Ino, 1953) o4 ALPY] wH3l=
B A 9k (Min et al., 2014c), Park and Kang
(2012) 9] dAFolA = T8 xFol wE F4AEe ALP
7 4F3F o] F oA E Yehd Zlo g Hol i e
A ALP| o4 S7b7F dehuA] b A el 1
2ol =% = 7|7bo] grol 2 Ax ] 43
7 Ao

F TE2 HIA A= F2 prophenoloxidase
s e Zp=A7) Fefste AAA dgel o&3
t} (Cong et al., 2005). Pro-phenoloxidasex & EZ3HZ
Weld  gdse] oF o4 2 vAE Y A
phenoloxidase (PO) & &A3}t5lc} PO+ A3la 4 5 3}
vz g4 mAE 9 oA FY A wolel] ek A
e 34 % AH AF 9FE gt (Johnson et al,
2003). ¢]&|g POS] &AL AE, 27 22 A a4
w2} W3t 2uE0] 3t} (Cheng et al, 2004b;
Johnson et al., 2003). Cheng et al., (2004b) < %4
ol x=%3% Taiwan abalone (Haliotis diversicolor
supertexta) |4 2E#H2F 9ld)] granular celld 74 ZE
qlsll POY #AJo] ZAaslgrty R 1uslg 1, Travers et
al., (2008) A (Haliotis

T

=153

r
o

rlo
pa)
|o
y

- ol

==
r% oo
i o
i

2 B

European abalone

tuberculata) oA T4 AE#H 29 A= PO A9
HAE RIsgit & dAFelA DAE (H. gigantea)<
26T o] oA POZAe] fofHoz Frarsigl,
FTZAE (H. discus discus) & 22°ColAe] 294 PO
Fol oAz Aasigled ol F2AEHAE 9
3 Wy Ao Azlzr Holw FIZAE (H discus
discus) ©] $& 2EH 2o 6 w3 oz s
AgAow 26C EL 28T o9 & AR (H.
gigantea) ¥ TAE (H. discus discus) 9 2~
o Agste] WA e il ¥ Aorg ®alrh 53
POE= FZAE (H discus discus) °A LAE (A
gigantea) °l| w3 v W2 polA] f-o3 W3y} A=
o} ol AE $FEET NS AT | 2ARE 28 5 9
= Zlolth

w drelMe 2 Tkl W wAE (Haliotis
gigantea) I} A5 (H. discus discus) | EH T Alg]
9 HshA wslE sy 98l 9 F AES 20, 22,
24, 26 4 28°C ol A7 4 A =FAZ

X% A3, 2 Z totalo-protein (TP), glucose,
calcium (Ca) & TZA4E (H. discus discus)®] WA= (H.
gigantea) Bt} =& & H3ou magnesium (Mg),
alkaline phosphatase (ALP) ¥ A& A A1 k& B3
o 8]z "¢zl POoAME T2AE (H. discus
discus) ©] o =7 etk £ STl wE drgLe
TP, glucose, Mg, AST, ALT % ALPE £-°4q] Wz}lr} 1}
epubA] okgteh. SAIRt HREES Ca TEE THAE (H
discus discus) A 24C oA, TAE- (H. gigantea) A
26T oo oA oA 715 Eolvh 281 WY
912}4] phenoloxidase (PO) + 5ZAE (H. discus discus)
2 22T oA WAHE (H. gigantea) A= 26T o|Ate] &
A oA FAaE Jedgich AEAeE WAHE (H
gigantea) = 24°C o]4ox dAstd HIE ¥y, 26T
oA wAEA wWIE Btk FTAE (H discus
discus) < 26T o]Aol|A daeha WsE By, 22T ¢
oA Hgskd HalE veRdgic
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