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This study was carried out to investigate the stress response of pacific abalone exposed to
various water temperatures (4, 6, 8, and 10°C) and salinities (26, 30, and 34 psu) for 7 days,
Revised : October 18, 2017 with the aim of finding optimum conditions for long-distance ocean transport of pacific
Accepted: October 23, 2017 abalone. At the end of the experiments, the survival rate was ranged from 98.7~100%
at 8 and 10°C but dropped to 25~55% at 4°C in all salinity levels. The levels of SOD and
glutathione in hemolymph were significantly higher at 4 and 6°C than the control in all
salinity groups, indicating that these temperatures induce severe stress in pacific abalone.
It was found that THC was lowest at 6°C in the 26 psu groups. The study showed that the
hemocyte of pacific abalone populations mostly consisted of blast-like cells and hyalinocytes
with the ratio of hyalinocytes being significantly lower at 4 and 6°C than the other
temperatures in the 26 psu groups. Percentages of apoptotic cells and necrotic cells were
higher in the 26 psu group and 4 and 6°C temperature groups. These results explicit that
pacific abalone was exposed to greater stress at 26 psu and at 4 and 6°C but experienced
no significant higher stress at 30 and 34 psu and 8 and 10°C. It was therefore concluded
that the optimum temperature and salinity for the long distance transport of pacific
abalone range from 8~10°C and 30~34 psu, respectively.
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1 S L§E9| cephalic

arterial sinusOfl Al X{FSHACH HEZmoH4o| A

count (THC), hemocyte population, hemocyte mortality ZAS

8f SAl 240] A8, LA = #H&2((14,000 g, 4°C,
10&) & antioxidant enzyme #4412 2|3l -80°COfl E2SIALE

= total hemocyte

I

3. Antioxidant enzyme 41

YO SOD (Superoxide Dismutase) activity= SOD Assay
Kit (Cayman chemical company, USA)E 0|-83}0] tetrazolium salt
2 xanthine oxidasel hypoxanthinedl| 2|8l X-d&|&= superoxide
radicals& HZEdts oz ZFSIAUCL 7+ HHSIAH,
Standard solutiondt 3|ME HEIZHS X|HEl wellof] 2+t 10 pl
M4 S| MEl radical detectorS 200 I M7KSIALE 0f7|0f
3| M=l xanthine oxidase solutions 20 pi® &7tslo] 3027 gt
SAIZl Z(room temperature, dark), microplate-reader (Bio-Tek,
USA)E O|83liA 440 nmE OD #E HYSIRALCE Standard curve
9| linear regression analysisQ 2£E AT ZA0] s SOD
activityS A LS SH, SOD2| 1 unit superoxide radicalO 50%
dismutation € I Zest A0 o= Ho|s}RiCt

HEZHO| glutathione BHEF2 Glutathione Assay Kit (Cayman
chemical company, USA)E AH&3iA 2M3tAL. Standard solution
I HEDHS wellof 22t 50 pi @2 F| FH|SH assay cocktail

(MES buffer 11.25 ml + reconstituted cofactor mixture 045 ml +

H_rﬂr\l()

0

reconstituted enzyme mixture 2.1 ml + water 2.3 ml + reconstituted
DTNB 045 m)= 150 pl* HIISHAULCE 1022 BHE8AIZ! Z(room
temperature, dark), 405 nmZ OD 2} ZF85l0] standard curve
ERH glutathione BZS ALHStRICE

M
A

M=

&
40
Al

SRZHO| THC, hemocyte population 3 hemocyte mortality
= flow cytometry (Galios flow cytometry, Beckman Coulter, USA)
SERACH 200 pio| HE TS SUSQ| 3% ZEHECE
I¥AIZI =, SYBR green I (Sigma, USA)S 750 20| A
0= 7t HHSAIZACE O|F flow cytometry 2| FL-1 detecterE 0|8
5t0J SYBR green 10| GAE HQHS MENSHO] THCE ZESH
ALt Hemocyte population2 Forward Scatter (FSC) detector®t
Slide Scatter (SSC) detectorE 0| 8310 €| 7|9t L{F L
of et 2F3IACt Hemocyte mortality= PE AnnexinV Apo-
ptosis Detection Kit (BD Pharmingen™, USA)S At83I0 €4S
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PE AnnexinV 2} 7-Amino-Actinomycin (7-AAD)Z O|S M E 810]
EHBIAULE. 725 dHSIAH HA ER=E 10°~107 cells ml*!
2 37| o RS binding buffer (0.1 M Hepes/NaOH
(pH 74), 14 M NaCl, 25 mM CaCl)Z 3|MA|ZACE SN El HEz=
%4 100 plol PE AnnexinVet 7-AADE ZtZt 5 ¥ HItst =
1587t BHSAIZACHdark, room temperature). O|= binding buffer
400 uIE HII5L0 flow cytometry2 1A[ZE O[L{O| M QO E2
245 live cells(B4 HH8 91S), apoptotic cells (AnnexinV Off
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AHHZTE Al 34 psudfA] 10°Cet 8°CY [f MEE2
Al 100%2 LIEFGOD, 6°CQt 4°CY W= 242 915+2.1%, 550+
71%2 LIEFSECE 30 psuGlM= 10°C oF 8°CY I WEE2 95%
O|&0|AoD, 6°Ct 4°CE 22t 83549.2%, 30.0+42%= LIEFRG
Ct. 26 psudf A= 10°Cet 8°CY If 25 MESIFOL}, 6°CY
80.0£00%2 LtEtGD, 4°CY = 250+28%2 LEHLE HEHT
F 71 ZUCKFg. 1).

2. Antioxidant enzyme

26 psuT2| SOD &&+ 30 psuT X 34 psuTELCH |25t
EUCE 30 psuT X 34 psuTOA= 4°Cet 6°C2| SOD =7t
8C W 10°CELE FSHA =UCL 26 psuTOAM= 4°CY If SOD
7t AEEIX] LRUACE 30, 34 psuTe| FS 4, 6°C 2|1 26 psul|
ZE =20|A SOD s&7t CHZEFO| H|sh F2I5HA & UCkFig. 2).

Glutathione =& EET 5 26 psuT0lM 71 EUCH, 4°C
X 6°CY I 8°Cot 10°C H CHZELO)| HIsh F2StA =RUACHFig.
). EE%H SOD®} glutathione2 &, =22 th=xddt F&2ut
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Fig. 1. Change of survival rates in pacific abalone (Haliotis discus

hannaj) exposed across various temperatures (4, 6, 8, 10°C) and

salinities (26, 30, 34 psu) for 7 days. —e—: 10°C, —m—: 8°C,
—&— 6°C, =< 4°C.
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4. Hemocyte population

M E2| hemocyte population2 blast-like celldt hyalinocyte2
TEEIUCE MHFZE Al blastlke cell2] HIE2 26 psuT7t 30
psuT & 34 psuTELH FO5HA %o, BE HETOAM 4°C
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Fig. 2. SOD (A) and glutathione (B) activity in pacific abalone
(Haliotis discus hannaj) exposed across various temperatures (4,
6, 8, 10°C) and salinities (26, 30, 34 psu) at 7 days. Means + S.D.
Different capital letters indicate significant difference between
salinity and small letters between temperature (p<0.05). Signifi-
cant difference between control and experiment group (p<0.05).
ND: Not detected.

Table 1. APvalues from two-way ANOVA of SOD and glutathione
activity in pacific abalone (Haliotis discus hannai) exposed across
various temperatures (4, 6, 8, 10°C) and salinities (26, 30, 34 psu)
at 7 days

Parameters Salinity Temperature TSallnlty *
emperature
SOD 0.006 <0.001 <0.001
Glutathione <0.001 <0.001 <0.001

oM 4°CY mf 7+ REA| LIEFRLCY. Blast-like celldt hyalinocyte
34 psullAE 4°C, 30 psudlAME 4°C, 6°C 2|1 26 psudiA=
4C, 6°C, 8°CY I CHETRE Rol5H XtO|7} LIEFOH, HEdt
T2 hEZANT S = A2 = LIEHGCHTable 2).

o |

5. Hemocyte mortality

MHEZ Al live cell HIE2 26 psuT-7t 30, 34 psuTECH {2
S Zuen, B FET0IM 4°C % 6°CY [ 8°C 10°C X Tf
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Fig. 3. THC in pacific abalone (Haliotis discus hannaj) exposed
across various temperatures (4, 6, 8, 10°C) and salinities (26, 30,
34 psu) at 7 days. Means + S.DDifferent capital letters indicate
significant difference between salinity and small letters between
temperature (p<0.05). p-value from two-way ANOVA (Salinity:
<0.001; temperature: <0.001; salinity X temperature: <0.744).
*Significant difference between control and experiment group
(p<0.05).

ZTELE FOISHA RULE

XX Eo
===

mjo
-0
o
ikl
ox

+

ro
preel
0R
AT
P
]
gm
=
S
w

Apoptotic cell H|E2 26 psu7} 30 psutt X 34 psurELCH
FOISHA =RUACE 30 psuTet 34 psuTHAME 4°C U °CY M

8°C, 10°C & =L RISt

=UOL} 26 psuTo| BE

20| M CiZL0i| HislH F2l5tA =L

Necrotic cell H[Z2 26 psuT-7F 30 psuT-2t 34 psuT=CH FA|
TSt =UACE BE HETFOM 4CY I 7P /U, 34
psuTOlM = 4, 6°C, 30 psuT % 26 psuTOlME ZE 22
Of CHETELDE ROISHA EUCKEL 26 psu-8°C ZHS H Q). £

s, live cell, apoptotic cell 3 necrotic cel E&,
it & Qoo daigerr Jug e A

(Table 3).
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Table 2. Percentage of blast-like cell and hyalinocyte in the hemocyte populations of pacific abalone (Haliotis discus hannai) exposed

across various temperatures (4, 6, 8, 10°C) and salinities (26, 30, 34 psu) at 7 days

Temperature (C) Blast-like cell (%) Hyalinocytes (%)
Control (34 psu, 15C) 133143 86.7+4.3
10 114+£3.2¢ 88.6+3.2
8 12.74£3.0° 87.3+3.0°
34 psu
6 18.7+1.4P 81.3+1.4°
4 31.3+3.8* 68.7+3.8
10 16.5+5.1 83.5+5.12
8 149+6.7° 85.1£6.7°
30 psu
6 22.2+5.1%" 77.8+5.1%"
4 35.8+7.2* 64.2+7.2°"
10 21.6+3.5¢ 784+3.5°
8 27.946.6° 72.1+6.6%"
26 psu
6 36.6+7.4%" 6342745
4 4024517 59.845.1¢
p-value from two-way ANOVA
Salinity <0.001 <0.001
Temperature <0.001 <0.001
Salinity < Temperature 0.240 0.236

Different small letters indicate significant difference between temperatures (p<0.05). *Significant difference between control and experiment

group (p<0.05)
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Table 3. Percentage of live cell, apoptotic cell and necrotic cell in the hemocyte populations of pacific abalone (Haliotis discus hannai)
exposed across various temperatures (4, 6, 8, 10°C) and salinities (26, 30, 34 psu) at 7 days

Temperature (C)

Live cell (%)

Apoptotic cell (%) Necrotic cell (%)

Control (34 psu, 15C) 483+54 49.7+43 0.2+0.1
10 486+11.3° 51.0+11.3° 0.3+0.2°
8 482174 515+7.4° 0.2+0.0°
34 psu
6 34.6£2.6°" 61.6+3.0°" 3.7+0.8"
4 1.5+0.2¢ 71.6+6.7%" 26.8+6.5%"
10 47.7+6.22 50.8+5.6¢ 1.5+0.7%
8 439+4.92 544+5.1¢ 1.6+0.5%"
30 psu
6 33.0+6.0°" 65.045.9°" 20+0.6"
4 1.1£01¢ 753+9.0%" 233188
10 35.2+5.9* 63.8+5.6°" 1.0+0.5¢
8 21.7+7.5°" 78.0+7.7%" 0.2+0.0¢
26 psu
6 1.3+0.2¢ 71.545.1%" 272452
4 03+0.1¢ 66.0+3.9°" 33.6£4.0*
p-value from two-way ANOVA
Salinity <0.001 0.008 <0.001
Temperature <0.001 <0.001 <0.001
Salinity X Temperature <0.001 <0.001 <0.001

Different small letters indicate significant difference between temperatures (p<0.05). *Significant difference between control and experiment

group (p<0.05)
2 42 HAto| 0|2 $ICHBayne et al, 1985; Romo et al, 2010).

Haliotis diversicolar supertexta X|I= X2 L4 HL{7} 35~14.0°C
O|3(Chen and Chen, 1999), Haliotis sieboldi X|T{2| H4=2 Q|
£ 10~25°C2 22X ACHKim et al, 2006). & AN =20t
A0l 8°C, 10°CY M= EHEZO| MEZ0| 987~100%Z LHE
Lt 6°CY M= 80.0~915%2 MES0| ChA 2SI, 4C
Y M= 25~55%77HK| Lot EHE9| L 6°C 0[5te] M ==
-IBI-&I_}

Ao 2 ALREICE

o2 2dAIA HEH 7|5 ool ReleZ ZETHiHAnderson
et al, 1992). oxygen free radical®ll CiSH ML} HHO17|Z 2= anti-
oxidant enzymeO| M4 | O|Z QI8 oxygen free radical0| H|A
EIC}. 0|2{3 antioxidant enzymeZ& SOD, catalase, glutathione
0| UCHRoch, 1999). SODOI| 2|3}l superoxide radicalO| ‘E=0{ F
Bgt 0,2 H0,2 23l 1, H,0,= CHA| catalasedfl 2|8l 0,2t

H02 =37} =X, ol 0| &oHE[X| Xot LHX| H0=
glutathionedll 2|8 237t |0 XS 2 g MATF HALA
EICHNordberg and Arner, 2001). 2t F=MEEE AEHAE
2 Z|™ antioxidant enzyme 20| ZOIX|7| IE0] EF anti-
oxidant enzyme &= AEY A X|EE AR EICHFarombi et al,
2007; Zoysa et al, 2009). South African abalone (Haliotis midae)2|
A2 hyperoxia MEfY M MAEL glutathione peroxidasel| &
MOl = LIEHE S (Vosloo et al, 2013), A E0|A& 25°C O
42 1 SOD 20| =H LIEHHEHKIm et al, 2005).

= AT0ME HHEO[ SODY glutathione =7t ZE F&
TOA 4C 6°Ce [f CH=FELE = LIEIL 4°C X eC [
2EYAE B= AS= LIERRCL SOD R glutathione SE=
26 psuTOIA CHE FE70| Hsh =A LIEHRCE B2 MY
=t M=20| SA|0f ZBF Al 2EYAE O BO| He ARE
LHEFSCY.

—
Uizo2 AEHAS YO

=
Q| H} HIAZ

CET=

SE7F =7 LIELERZ = AF0AM SO

antioxidant enzyme

g3
D 527} gL +20
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7t 22 26 psu/aCOlM 7HE =7 LEHE A2 E OfdioLt
AEE|X| YAUCEL Ol SO 2EAZ Q3| d2| 7|50 Fof
7t LEE[A Z[0] SOD dHol 2H7F M7l A2 siMs = &
RICt. Japanese pearl oyster (Pinctada fucata)2| Z< CHZF HAL7t
2ot ZEHSOD activity 38.8 U mI"0| 4Zst EEHSOD activity
97.7 U mi")0j| H|sH SOD 40| & A LIEHt2 8 (Uchimura
et al, 2003), Scallop (Chlamys farrerj2 5, 17, 25°CE 22 & 2|
5t 37| B =EAZE I ¥ HAEO0| I &2 25°C,
6AIZE W SOD 80| 7+ HAUATHChen et al, 2007). £ H.
19 e HEfOf HISH hypoxia &EHE [} SOD &4
A kLt HF QACHVosloo et al, 2013)
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I:II__| o

F(Oweson and Hernroth,

HH=0| WAR 52 S MH 42 L P2 XU BY 45
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