B = B g S

7V (Haliotis discus discus)®] 713
A 54 1A B AR A Fofol

o} ejsty walel Tk A

L TIPNC PN
K PE Ay B EL R}

e O

2009 = 2 A



7VAE (Haliotis discus discus)®] 71z
Aa)eka Ex] B 2 A1z 271 Fodo)

whe Aefals] el viek oty

EYN = 61:1_
o] Fmi= HEL AHLEMY Gmro= RN

2009 & 2 A
VA= ’Q‘ EI/Lx %6]-
EHXZ:H:A 1@ '%{inﬂﬁjza
FhELEAKR o 4+ ()
% = ZA I I M CE D)
E<S =

% A 9 9 5 (D)

VKB KB

2009 4F 2 /]



Studies on physiology of disk abalone
(Haliotis discus discus): Basic characteristics
of physiology and their changes by

different food supplements

Min-Seok Jwa
(Supervised by professor In-Kyu Yeo)

A thesis submitted in partial fulfillment
of the requirement for the degree of

Master of Science

Department of Aquatic life medicine
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

February, 2009



List of Figures

J N ] 1 o Lo TN
1.4 B R LA e U NN
I. gWst 2z w2 719Hd 5 (Haliotis discus discus)®)

A A HHFoll TFBF G i
U U T U0 RTRRRRRUIURRIRTITIRIRRRRRRRIIY oAy, 1
2. M 2 U e oM,
91, A8 AT T AFS TFE] et
e ANES =F ... S ... ... T
2-3. Y X (Hemolymph) & S 7 oot
D4, BPAFBLE A 2 oo et et
D=5, RT-PCR A ittt e et et eeeaees
926, SDS—PAGE B-Ad wmieeieeeeeeeeeeeeeeeeeeeeeeseo e o aeetst et e reeereeereee B
2— 6. Western blofi AT - ccceerreeeaior it O L
A-8} Respiratory bufst activity= occoveveevee.. S ................... 0.
20 Phenoloxidasefactivity S oo . ................. % &
2-10. Lysozyme activity %@ ..................................................................
2-11. EAAT oo e ol Bl el N
< = SOOI . S SOOI 1 . | . TNIT /SR
3-1. §4% d& wisgld w2 7tvbdEe] 27 Ay WSk
3-1-1. ASARHSE T il
310, ETIE 22 BB oo ere e e e e
3-1-3. FALAGP- e e i T T
3-1-4. HSP 70 mRNA Z-&EFS] B} oottt
3215, TFIA HEE O] BIBE .. oooeeosns eeeeeeeeesetee et eeeeeeeeeeeeee e e eeeeeees
3-1-6. Respiratory burst activity B3} ..o
3-1-7. Phenoloxidase activity B3} ...
3-1-8. Lysozyme activity BB} .coooiimiiiiiiiiice e
3-2. AARE G99 Male] mE 7 Eol 7] AE] Wi,
30T, AZES B oo e
3-2-2. FEIT 5 BB
3208, BFAFBFE S HIBH oo
3-2-4. HSP 70 mRNA HFEEES] BBl oo



3-0-5. TFIIE HEE O] BB oo 34
3-2-6. Respiratory burst activity 3} ..o 35
3-2-7. Phenoloxidase activity B3} ... 36
3-2-8. Lysozyme activity BB} .coooieiiiiiiiiice e 37
A LA et 38
. AEH7FA 5 w2 719 d & (Haliotis discus discus) ) "
A SFA HBFOll ZFBF O3 i e
1. AZ v R R AR W 44
9. Az 2 2 W AN, AN A 47
2-1. A AT T AFE FFE] it ste e e st e A7
2-2. AEEBITAZ i S R R 48
2-3 WIS E LB 51
O XM ZA B N 51
255, 2 BB T b e 51
Vo, topy o R S N T . S 51
O-MEEIAS G4 =7 B B e 52
O3B SDS-PAGE 241 0. B sl 53
2=0. WeStern DlOt S AT ittt et ettt e 53
9-10. ZAXT] oo . . e 53
B T oo L . e . ............... - 54
3-1. Alegodo] W2 AR 0] AlE] Bl 54
3-1-1. AE& He B . 54
3-1-2. A8 HELEE SN ... D .. 55
-85 HAAe] BB NG 61
89T—4, 712 Ee AHIAR W3l . 62
2 szwo Ad ws . 4111 ... N 66
3-1-6. Bld 23 eiAsl Al WA N 68
3-2. A}E Fo] T AAR ~Ey A 3 A2 AdulHol WE........ 70
3-2-1. AZE HB ool ..o 70
3-2-2. FBVIEFZ20] HBh ..o i 71
3-2-3. BAFE} F A9 T BB oo 79
3-2-4. SDSAPMGE Do ... . 74
3-2-5. Respiratory burst activity B3} ....cccoooeiiiiiiiiiii 75
3-2-6. Phenoloxidase activity B3} ... 76
3-2-7. Lysozyme activity BB} .ooiiiiiiioriiiice e 77
A, TLZE 78
IV. ZTF JLZF e 83
V. OF ettt 88
VL. AL 8] e 90



List of tables

Table 1 Oligonucleotide Of primers for RT_PCR ........................................................... 16
Table 2 Compositions Of reagents related tO SDS gel ................................................ 17
Table 3 Regents fOr preparing fOr SDS_PAGE .............................................................. 18
Table 4. Variations of hemolymph factors of abalone (H. discus discus) exposed

to acute Water_sahnity SEFESS, srrerereerrnseseeeettrtiuiitiiiiiiiiiitii ittt sttt 23
Table 5. Ingredients and proximate alalysis of the experimental diets for

dlSk abalone ................................................................................................................. 49
Table 6. Sources of dietary survival rate(%) of disk abalone(H. discus discus) 54
Table 7. Variations of moisture content in disk abalone (H. discus discus)

reared Wlth different dose diets ............................................................................ 62
Table 8. Variations of crude ash content in disk abalones (/. discus discus)

reared Wlth different dose dietS ........................................................................... 63
Table 9. Variations of crude protein content in disk abalones (/. discus discus)

reared Wlth different dose diets ............................................................................. 64
Table 10. Variations of crude lipid content in disk abalone (/. discus discus)

reared Wlth different dose diets' ...................................................................... 65

Table 11. Variations of the number of hemolymph of disk abalone (H. discus

d]'SCUS) to sources Of dietary additives ............................................................ 67
Table 12. Survival rate(%) of the disk abalone (/L discus discus) exposed to

acute Water_salinity P B T R TR L P P PP PP UP L L TP PPRL 70

Table 13. Variations of the number of hemolymph of the disk abalone

(H. discus discus) exposed to acute water—salinity stress s 71



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of figures

1' Take a blood Sample in abalone' ............................................................................. 10
2' Procedures for eXtraCtion Of protein' .................................................................... 12
3' Procedures for protein assay by LOWery method' ............................................ 13
4. Procedures for measurment of catalase activity. e, 14
5. Procedures for measurment Of SOD aCth]ty ...................................................... 14
6. Set up of Whatman paper (blotting paper), gel and PVDF between the
plate electrodes. Blotting paper and PVDF areused in the same size as
TRE GEL,  erresersesess et e 19
7. Survival rates of the abalone (H discus discus) exposed to acute
WALEr—SAlINILY SEFESS, sreerrrrsssseesessstseessitetsiit sttt s 29
8. Change of superoxide dismutase (SOD) and catalase (CAT) activity in
abalone (H. discus discus) exposed to acute water—salinity stress. s 24
9. Effect of acute water—salinity stress on P-actin mRNA and HSP 70 mRNA
of gill in abalone (H. diSCUS dISCUS). w+rerererrssresesessssentsestiniiststii st 25

10. Effect of acute water—salinity stress on HSP 70 mRNA of gill in abalone
(H d]’SCUS d]’SCUS). ......................................................................................................... 25
11. Protein expression of abalone (H. discus discus) exposed to acute
Water—salinity Stress. ................................................................................................. 26
12. Effect of acute water—salinity stress on Resparatory burst activity in
abalone (H d]’SCUS d]’SCUS). ...................................................................................... 27
13. Phenoloxidase activity of abalone (. discus discus) exposed to acute
Water—salinity Stl"eSS. ................................................................................................. 28
14. Effects of acute water—salinity stress on Lysozyme activity in abalone
(H d]’SCUS dI'SCLIS). ......................................................................................................... 29

15. Survival rates of the abalone (H. discus discus) exposed to low salinity
P T LT P T TSP PP TP U PPETPPPITD 30
16. Variations of hemolymph factors of abalone (/. discus discus) exposed
to 1OW—Salil’lity 0 & T TR LR P PP TSP PP UPPRITPPPID 31
17. Change of superoxide dismutase (SOD) and catalase (CAT) activity in
abalone (H. discus discus) exposed to low—salinity stress. e 32
18. Effect of low-salinity stress on B-actin mRNA and HSP 70 mRNA of gill
in abalone (H dI'SCUS dI'SCUS). ................................................................................ 33
19. Effect of low-salinity stress on HSP 70 mRNA of gill in abalone
(H d]’SCUS dI'SCLIS). ......................................................................................................... 33

20. Protein expression of abalone (. discus discus) exposed to low-salinity

P & o R TR T P O P TP U PP O PPPP OO 34

_iv_



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

21. Effect of low—salinity stress on respiratory burst activity in abalone
(H d]’SCUS dI'SCLIS). ......................................................................................................... 35

22. Phenoloxidase activity of abalone (H discus discus) exposed to
1OW_SaHnity 0 o 1o TR T T P TP P TSP PP UPPTTETPPPED 36
23. Effects of low—salinity stress on lysozyme activity in abalone
(H d]’SCUS dI'SCLIS). ....................................................................................................... 37
24. The external form of manufactured feedl for disk abalone. «eeeeeeeeeees 50
25. Variations of shell length for disk abalone (/. discus discus) reared with
different dose diets' ................................................................................................... 56
26. Variations of shell width for disk abalone (/1 discus discus) reared with
different dose diets' ................................................................................................... 58
27. Variations of total weight for disk abalone (H. discus discus) reared with
differel’lt dose diets' ................................................................................................... 60
28. The change of shell color as time passes with different dose diets in
dlSk abalone (H d]'scus d]’SCUS). .......................................................................... 61
29. Phase of SDS-PAGE in gill of disk abalone (H. discus discus) reared
Wlth different dose diets' ......................................................................................... 69
30. Immuno—-detection of heat shock protein 70(HSP 70) in gill of disk
abalone (H. discus discus) reared with different dose diets. e 69
31. Change of superoxide dismutase (SOD) activity in disk abalone
(H. discus discus) exposed to acute water—salinity stress. e 72
32. Change of catalase (CAT) activity in disk abalone (/. discus discus)
eXposed to acute Water_salinity SEFESS, sreeeerrrrmmeesennentrtiuiiiiiiiiiiiiiiiiiiiteieseenes 73
33. Phase of SDS-PAGE in gill of disk abalone (F. discus discus) exposed
to acute Water_salinity I g = TR TR LT P TP P PP PP TP PP PP CPPPTON 74

34. Effect of acute water—salinity stress on respiratory burst activity in
H d]’SCUS d]’SCUS. ............................................................................................................ 75
35. Phenoloxidase activity of H. discus discus exposed to acute
Water_salinity StreSS. ................................................................................................. 76

36. Effect of acute water—salinity stress on lysozyme activity in H. discus



Abstract

The primary purpose of these studies was to develop feed additives in
producing a way of safe abalone farming. In conducting this experiment,
Haliotis discus discus was used to represent how the levels of saline
stress affect the survival rate of H. discus discus. First, the changes of
Super Oxide Dismutase (SOD), an antioxidant enzyme activity, Catalase
(CAT), manifestation of HSP 70 mRNA and protein, and the immune
reaction were measured based on the saline stress of H. discus discus. A
physiological index of the stress levels, then, was established. In
additory, Citrus pomace powder (CP) and Ecklonia cava by—-product
powder (ECR), which are additives of abalone’s assorted feed in Korea,
were fermented in high temperature. After performing these processes,
the feed additives were added to abalones and did evaluate how it has an
effect on growth and production of the abalones and the levels of saline
stress.

The survival rate of H. discus discus affected by the saline stress
represented that the standard model of this experiment (33psu) showed
100% survival. The test models in 25 psu and 30 psu of salinity had
some dead abalones in 48 hours, but the models showed each 93% and
97% survivals. Most experiments injected low salinity into represented
100% survival mostly in 24 hours.

The changes of Hemolymph of Haliotis discus discus affected by the
saline stress had no differences at first, but as time went by, the model
with 25 psu of salinity showed decreasing rate of Hemolymph. On the
other hand, the model with 30 psu of salinity had increasing numbers of
Hemolymph. After 6 hours, there was declining in the model with 25psu
of salinity. In addition, after 24 hours, the model with 30psu of salinity
decreased in rate of Hemolymph in process.

The protein synthesis in the saline stress was also verified. Since the

experiments that control the saline stress to H. discus discus were

_Vi_



initiated, most test models proved that there was clearly a protein
synthesis around 21 kDa in 12 hours. However, after 48 hours, all of the
test models except the standard model did not have any symptom of the
protein synthesis.

The respiratory burst activity in this experiment which was conducted
with inputting low salinity showed no significant change in the process.
The activity of phenoloxidase of H. discus discus had a uniform numerical
value until the saline stress increasing to become 31 psu. But later on, it
changed in decrease and increase.

By-product of CP and ECR that were a carbohydrate in the experiment
were used as feed additives. The main consistency was 2%, 4%, and 6%.
In combining CP with ECR that the proportion ratewas 1:1, the mixture
was added to feeds in 2%, 4%, and 6%. The standard model, ECR 2%,
CP+ECRZ2%, and CP+ECR6% demonstrated low survival rate in adding the
feed additives to H. discus discus.

The shell of abalone added the feed additives in presented light green
which 1s greatly close to the natural color of abalones compared to the
abalones that rose with raw feed.

Because the highest value of the crude protein is found in ECR 6%, we
could assume that if ECR is added to an abalone, it would increase an
amount of protein; therefore, to add ECR contribute to make abalone
taste better, and eventually it could double the value of this commodity.
In addition, ECR 6% had the greatest effect in this experiment.

In conclusion, ECR has proven to be a better additive as a feed additive to
decrease the stress of H discus discus compared with the different test models
in the experiments. The main point of this experiment was that applying ECR to

abalones will be able to decrease the deleterious effects of the saline stress.
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L
rlo
)

2

A 2
24

5

Maule et al., 1989; Pedro et al., 2004; Tsuchiya, 1983; Cheng et al.,
2004). 12 ol2fgt At FAAHS AT VAo AL Slo] sl
JojM o] 2EH Xz ek 7= AYshHQl vk R AHS WAYUSS ols]
o= REg ol Brh mEA oldF s AN AA He 84 2=
A2 S3 ge wustel oal opyEt A W Fel wnd A7 Al

=

dutd o g AES 2EY2E W W A A4 (superoxide, hydrogen
peroxide, peroxyl radical, hydroxyl radical 5)7}F @Ast= Aoz AdHA 9
o | &L AE AN vE =23 ddstE = 3}43H4 AbstE o] As)A
Az 71#e] s FAste] ME 7S AU (Ferraris et al., 2002).
ol gt &datie] diste] AuUoA = FAFsta Al superoxide dismutase
(SOD)¢} catalase (CAT) & AAste] Ax7]s 44 Ye 2oz deA
2™ (Chance et al., 1979; Wendel and feuerstein, 1981), ©]&3 3itsla
A 2% WEk o8 4 FAo] T e Fo® By vH(Parihar et
al., 1996; Parihar et al., 1997). B3k o]¢} A A#=E Aol /el HA
(Paralichthy solivaceus)| A %= =% ¥slo]| we} 2ho| A 4h7F#A] SOD % CAT
7F SRt A+ 23 7F ti(Yang and Yeo, 2004). o] ® ksl g Ao
2 AANEY 2Ed2 vk 2R3 BAVE e Adem delA



WB3537] 9lete] dFA9M A (Heat Shock Protein, HSP)ES X &3k ofe] 7}

A ~EF s gl wy g d4o] st 3log WA ASE e ~Ed

29 ANE YERA He &

Asel A% s9 A%4E &

g Ao dEFAGME 70(HSP70)S & & Utk o] wmAl
Ao A= apoptosis?

Ag A3 5 oE o 7HA AstEH 7)ol #

molecular chaperone #2 285 T2 SHA| T FH&

oA, greldg, aelm @

Goldsworthy, 2003). WHFe-o] %7] WA= &L dEHAd U=
phagocytic activity® ©] w, A3 A H O
A3t (Pipe, 1992). Phagocytosis®t #ho]axted SS9 3 2ol WY

A0 A= dFe SAS] AL £ =2 F85] stk (Anderson et

uj ofell o3k Wephdel gy FA He Aol T8I ¢S Ao &
22 2ltH(Jonhson et al., 2003).

uebs, &AM e AFERAM AAE = AR5 (Haliotis discus discus)
o] 7= At ARE g5sto] AHAHQ A BHES ST VIx AYeHH
AEE AT 2B 2AHES AF g A YEbeE AdES ol
g3te] G 2E# = i Fkstassl SOD R CATS Wskel HSP 70

mRNAS) 3, WANLS 5% 4] 2Edzel UF AUSHY AXE HF



Ao ALgH 7V AE ) Haliotis discus discusS ZZFol A 424 20~30
mol| o2& vp7F B2 ol AMAsiH, 2 A&, vt A Akl

o FA% 9% 2Edzd 93 sty wsle] By Aol AHsE AR
3

gatden A3 AELe W 18£04 TolA 1~2F Fe AFsH FAA7
T £&AI}It THsd FERE AASte] Fxo S 2o ARSI o] o
AELS 33.04£0.41 psu ~ 33.52+0.56 psu= FA8ISa PVC IolX (@ 20
em, L 20 em)E A22 Addk 2AX(shelter) S YWolA ¥7]E 33t} 4
H] ARS7]7be] Hol= AoprutE F838 Tasilen, 43+ 5009 A
& Addd Agatglon, AAse A =l 33 psudlAl 2t 25 psu, 30
psu, 33 psu, 35 psuZ B3 =& AL ¥ 293} 33 psudlA A AT
1 psu¥ w30l 25 psuZkA S3At7E thAl 33 psu® ARET He A4S
stolomn ARWstE 7hek Al7hS Oh& A3k 0, 8, 6, 12, 24 2 48h Ao 7}
Zkbutel o] I omAE e opypml A 1t ROE A MES AN
-70C= BystH EAd ALgsitt. AdET FYo e AFY HdE 5
3

o 4=
= Hsh Ad4

M

o

el 9



2-2. AE& 54

A WAl F 0, 3, 6, 12, 24 2 48 hAlo] HAS

AR ARG AGE A A (shelter)sh #2 WHle] B3 o] g, felBo

2w %58 AFstel wgol gl AAE Aestol

2-3. @9 Z(Hemolymph) & =4

UL = FAHL ANA] T 0, 3, 6, 12, 24 L 48 hAlol AE9 A

Ao =RY vhs 114 26GX 1/29] 1 m FAE o] &
0.9% AeA 4= 108 gXste] 7 AxtRe ol &
oA tH(Fig. 1).

Fig. 1. Take a blood sample in abalone.
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L
O

Frtslasts S HESY SOD 9 CATE ZHzh 438tk 915
A& 5 9 0.1 g& 0.9% NaClel 33] Al%3 th5 KCI (1.17%)2 FH#3F 100
mM phosphate buffer (pH 7.4)& H7lst] d2 3} 3431, 4 8E A5+ ¢
AE2(1,000 rpm, 15 min, 4C)el o3 A 2 AHAES AAS Ut 74
& Al FAEE(13,000 rpm, 20 min, 4T)3F = A5 NS A3 a4 A
£ A5 Z A3 (Fig. 2). 99 2 Lowry et al. (1951)9] W
g xT  99EA=A BSA(bovine  serum  albumin)E  AFE-3}]
spectrophptometer® ©]-& 750 nmolA] F4 3 tHFig. 3). SODi pyrogallol
o] A5 AbstEeo] gAEE &S 5438k Marklund and Marklund (1974)¢]
o g =A-39 om 50 mM phosphate buffer (pH 8.24) 1.3 méell 7+ o

o
I

{0

A4H 25 wEs ¥e F 45 we 3mM progallol £9&  H7lEe
spectrophotometerZ ©]83}o] 325 nme H}FoA =AHsA 1, a40849 1
G = vkl 9] pyrogallol®] AtSHE 50% AAGhE EA] dow A
(Fig. 4). CATZAHE =AL H,0.= 7122 AFE3}l4] sectrophotometero] <]
& 240 nmIpPFoll A H:0.7F gHedso] HAshs FHERA a4 SHEE 574
sl+= Nelson and kiesow (1972)¢] %ol olsto] S oM, a4

@l 137 1 mge @ do] wkgete] A HyO5 nmol= UERH AT

(Fig. 5).
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Hepatopancreas or gill

Homogenizing

l

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

Centrifugal seperation(4T, 1,000 rpm, Smin)

—
Y

Upper phase

vortexing

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

Upper phase

sample for protein assay

Fig. 2. Procedures for extraction of protein.
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sample for protein assay BSA standard soln.
(100ul ) (100w )

|

Adding ml of diluted dve reagent

¥

Incubation at room temperature
(5min;

Measuring O.D. , ; of sample

Fig. 3. Procedures for protein assay by Lowery method.
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Adding desired volume of sample(20 ul of PMS)

Adding 1ml
(87 mM phosphate buffer pH7.0)

Adjusting total volume to 2 ml

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

|

Measuring O.D. ,_,,; of sample

Fig. 4. Procedures for measurment of catalase activity.

Adding 1.3ml (50mM phosphate buffer pHS.24)
+ zample Z2Hul

l

Zero Base

Adding 45ul of 3mk Pyrogallol

L

Measuring O.D. ,_5.; of sample

Fig. 5. Procedures for measurment of SOD activity.
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2-5. RT-PCR #4]

W2 & AAEE](13,000 rpm, 4°C, 10 min) ok A NS A AL 2}7hE
5% ethanols 1 mé FolA =3 & ¥441&2(13,000 rpm, 4C, 5 min)gt}. ]
£ 33 RbEetal A NS AAS L Ao 1As <t WA EEe] ethanols &
WA} 71tk o 719 DEPC 254 ¥olA total RNAE E9lth. &% total RNAE
—70CoN A Bytsto] Aol ARgEFl o™, PROMEGAARS] cDNARHE kitQl Im
Prom reverse transcriptase kit A3800<= o]&3}e] cDNA = A3}, &
d¥ cDNAE ZFA17]7] 91814 cDNA 2 p, 10x PCR buffer 5 p¢ , MgCl 3
w, dNTP 1 @0, primer (sence) 1 ul (50 pmol), antisence 1 wl, Tag DNA p
olymerase 0.5 ¢ % Nuclease-Free water 36.5 W= =313le] 94T A 5%
7t predenaturation AlAE §F 94Tl A 1#%F denaturation, 50CollA] 45%3t
annealing, 72ColAl 13t extension 272 308 FTE3sta, o] § 72T
A5t O Wk A2

=

HSP 70 mRNA®] th3k oligonucleotide primerE A2 4313, FAN=
2 Ag37] 98 B-actin mRNAS A Zst ti(Table 1). PCR® &4 4
S 1% agarose geldlA 100VE #H7]9% sl F2]sllen, 100 bp DNA la
dderE size marker® A}83}od UV transilluminatorshel A ARz
ojm x| £4 Tz (Labworks 4.5)& ©]-&3sko] mRNAS] TEHHFS A=k
=

o
i
o2
ofr
ol
&
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Table 1. Oligonucleotide of primers for RT-PCR

Frimer sequence

RNA species Expected size
[B-actin mRNA h20bp
H5P70 mENA 400bp

5'-GACHCAGATCATGTTYGARACC-3
5'-CCTTCTGCATRCGGTCAGL-3'

5'-CAGGACTTCTTCAACGGCAAG-T
5 -GTGCTCTTGTCSACAGCTGA-T

bp: base pairs
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2-6. SDS-PAGE &4

Ao oprtul & AF ko] F4 €589 100 mM phosphate bufferel] A &
Avtel A=z Hafste] 941%2(12,000 rpm, 15 min, 4C) 3tk A AL 2:1
H] S % 2 X Laemmli sample buffer (80 mM Tris-HCl (pH 6.8), 2% SDS, 1
2% B-mercaptoethanol, 15% glycerol 2 0.012% bromphenol blue)ol] &3l
AlA 90T o]/de] %A 33t boiling ¢ & Laemmli (1970)2] el u}
2} SDS-PAGES A A)3}3tE 7.5~10% polyarylamide gel & AF&3}e] 250V,
55mA=E 4AZF §k A7 ss AAG F, GAA (0.136% coomassie brilian
t blue R-250, 45% methanol % 10% acetic acid)olA 4083+ I3}
5% methanol, 7.5% acetic acidol|A] 223} tHTable 2, 3). A= A&
S myosin (200 kD), B-galacosigase (116 kD), phospholylase b
(97 kD), bovine serum albumin (66 kD), ovalbumin (45kD) % carbonic anh

ydrase (31kD)& A}-&3}At}.

Table 2. Compositions of reagents related to SDS gel

solution Component
Acryvlamide A Acrylamide 22.28
Methylene-bis-Acrylamide 0.6g
Adjust to 100 ml
Lower gel buffer 18.15g Tris base adjusted to pH 8.8 Final volume 100ml
(4X concentrated) with 6N HC1 Tris 1.5M
Upper gel buffer 6g Tris base adjusted to pH 8.8 Final volume 100ml
(4% concentrated) with 6N L1 Trig 0.5M
10% 5D3 SD5(sodium dodecyl sulfate) 10g
Distilled water Adjust to 100 ml
10% APS Ammenium persulfate( APS) 0.1g
Distilled water lml
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Table 3. Regents for preparing for SDS-PAGE

Lower gell 7.5% 10% Upper gel 39,
Acrylamide A 12.12 ml 16.2 ml Acrylamide A 2.7 ml
Water 14.16 ml 10.08 ml Water 12 ml
Lower gal 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 ml 0.36 ml 10% 505 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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2-7. Western blot &4

Western blot< Towbin et al. (1979)2] W& WMdsto] A8kl (Fig. 6).
SDS-PAGE®] 9J3] #&j® ©ulds 15VelA]l 4413+ &<t nitrocellulose (NC)
o 2 HAAMAIZ] £ ponceau S &N (0.2% ponceaus, 3% trichloroacetic aci
d ¥ 3% sulfosalicyclic acid)o.Z A AMES glslgley. 1 3 A9 v 5]
S 9] 98 3% bovin serum albumin®} 0.05% Tween 20°] %
.IM Tris buffered saline (TTBS, pH7.4)< ©|&3le] 40% “F=olA <FalA
E9WA] blocking AlZ . Blockingo] #% 9 HSP70 (Sigma, H5147)° thgt
FAE NCHoll H7bste] 1AZF 9 A-LollA wig &, TBS-T (0.05% Twe

i)
i

O

[k

en 20 in TBS)Z 5&2 33] %3} t). Alkaline phosphjatase—conjugated g
oat antimonuse [gGZE 1AIZF &t A20 4 wjdstar TBS-T SHo & 5 A
3k & DAB(0.1%)%} 0.03% H:0:7} 3% PBS (pH7.2)Z S {313
1=

Plate slectrode. Cathode(-) |

Whatman paper ' '

SDS—polvacrvamide gel ||I II|
FPVDF membrane 1

Whatman paper '
Flate electrode. Cathodel +) ]

Fig. 6. 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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2-8. Respiratory burst activity=74

Respiratory burst &/J2(Song and Hsieh et al., 1994; Anderson, 1998),
o] WS $839 ZHHsY. Hamocyte?] Z444FA F  Intracellular
superoxide anion (02)2] #41S f& I3 5002t NBT €94 (2mg NBT, 1
rg PMA/ml in 50Mm Tris=HCL buffer, pH 7.5) 5005 &3t3to] 10C i<
71914 30% et WHE Al F, 120 xg, 4TE 1083 94 28 4
NS W2la, MEE TBS buffer (pH 7.5)Z AHste IS F

100% methanol® A¥XE 1435ttt 50% methanol® oJ2] WH A|F 3, &
715 SHMA A AAG AT 5717 flojAE vl Zheeke: pelletel] 2M
KOH 6002t DMSO 700405 #7}8to] pellets &3|A| AT F27 SAH &
NS 3 620nmol A SH AT

Hm

2-9. Phenoloxidase activity =74

phenoloxidase?] &4-& Ashida®} Dohke (1980)8] WH S 283t SA35A
t}. 96 well platee] 0.1M phosphate buffer (pH 6.0) 1500 &4 15uE
Yz =23 ¢ H 0.01M L-DAPA 150m= i
5

S
g A7 F 490nmelA] EHEER SASAY. ma) HE S FRE

S
i)
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o] wa} Turbimetric assay®
e 90uLe}
= Al

ok

2-10. Lysozyme activity =74
kol 0.001/ml

=

Il‘.

g4 W lysozyme 42 Parry (1965)9]
ZAFSFA Y. Micrococcuslysodeikticus(0.1mg/ml PBS, pH6.8)

g7
F3 100iE 96 well plated] &gslo] 25T wjL7]|o A 55
=39t Lysozyme &4

= =
== =

.

32

o
3 530nmolA] EFE=
A Z= lunite® EA|sh

ZA o
i SPSS BA #71A]e] <
olslrtar FA 3 o)

ruim

Ao A dojxl zkmol digh ghe] KAk F
3 ANOVAZ EAslod, pgro]l 0.05RT e #AS-
Az} P o2 Ve

pas
9ol Ane PTLEZD

2-11. BAA

II
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3. A3

oI
=

3-1. ¥4

rot

Wste] we slubdRe] 7] A wal

Al

3-1-1. =4 W3}

FAG 9B 2Ed 2o 02 AR JEEHE YETE3 pswE ME
3 35 psudl A AW B2 A A A AV BASHA 2ok 10099 A
2 wehiglet), 25, 30 psu A@TFOIM 48h Aol HALR AT wA

5y
H9a, AFZEF Al 25 psu 93%, 30 psud 97%¢9 AMEES YLt

—8—ohpsy —*+—30psu —— 33psu ¢ 3psu

100% r L L B B

| 3

9% r

0% r

Survival rate (%)

86%

50%

Time (0)

Fig. 7. Survival rates of the abalone (/. discus discus) exposed to acute

water—salinity stress.
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343 A5 2Edsd nE 7tgd e Y2 4290 WMsl= Oholle oAt
A om 3hAo thE2l 33 psudl H]Ee] 25 psud FoFHoz i
30 psux Foldoz F7hsk AL Flsdti(Tabel 4, P<0.05). 3FAIRE 6holl

a9

+ 25 psutt oA oz FFAastdlom YA e FojAQl Aol SAE A &%
TH(P<0.05). 3HAIRF 12, 24holE= 30 psuRt Fodoz 743 AL el
48ho+= 259 30 psuellAl HET(33 pswETF Fo&el #AAE ol s 4= ¢l

ATHPL0.05)

Table 4. Variations of hemolymph factors of abalone (/. discus

discus) exposed to acute water-salinity stress.

Salility

Oh 3h 6h 12h 24h 48h
(psw)

25 psu 1.58+0.32 1.44#+0.28+ 1.38+0.38+* 1.33+0.40 1.33+0.42 1.23%£0.10%*

30 psu 1.55%0.65 1.90%+0.54x 1.46%£0.26 1.28+£0.156% 1.25+£0.21* 1.23%0.42+*

33 psu  1.58+£0.32 1.60£0.18 1.63£0.31 = 1.40£0.35 1.38+0.35 1.38%+0.13

35 psu 1.58+0.47 1.61+£0.45 1.45+£0.38 = 1.44£0.12 1.38+0.44 1.28%+0.38

The values are mean®S.D. (n=3). *F<0.05
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F43% 98 W3l & g3t a4¢ SODY CAT 42 s vt(Fig.

8-A, B). @EMW3lo] ©}E SODEAE 23 /A & 25 psud 3hA ] F7}135}

Aoyt AasteE eSS Jehgoloen BE AE7lo] 24h7bA = A A ST}
sl F8 48A7h+= 25, 30 psuollA F71sleE AS el tHFig. 8-A). &
i =

sol we CATEAE AW AN ¥ 24h7AE A4S 29 F2 48
z=

(33 psw7t BIE® 45 ey =

——oPpsy T 30psu T *— 33psu T 35psu

100
{A)
90
g .80
=
= 70
§ B0
=
an 50
£
= 40
=
= 30
=
& 20
10
Q
0 3 B 12 24 48
Time (h)
— B sEpoy —*— 30psu % — 33psu  — 75— 3Spsu
+)
(B) (<10
1.4 F
< 1z | i
@
=1
B o8
g
= 06
=
— 0.4 F
o
[ 0.2 F
o]
8] 3 & 12 24 48

Time (h)

Fig. 8. Change of superoxide dismutase (SOD) and catalase (CAT)

activity in abalone (H. discus discus) exposed to acute

water—salinity stress.
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3-1-4. HSP 70 mRNA w3 eko] W3}

A Wsbo] wE HSP 709 ®3tE #Eslr] flste] vz Alztg) HE o}
7ha) A A AMES AEsHY RT-PCRE A8t 1 23 RT-PCRE &
3 HSP 70 mRNA®] #&L x=7(33 pswst A oA AR Jehts AL
13 th(Fig. 9). Z1elA HSP 70 mRNA @&#S B-actin mRNAE 7]F2
UeEld A7E Felstith(Fig. 10). 4% ¥t A8 A & oji-ite] HSP 7
mRNAZ} S7F8F3lal, 33 psuollA+= 3hAIZHAS] HSP 70 mRNAZF #H4ste= A
S s AFFELS 2 12A477HA4] HSP 70 mRNAS 712 2Helats)
| =1

5 48A|Ftoll = EE Ag oA HSP 70 mRNA7Z} #ast= A

=

B—actin (520bp) HSP70 (400bp)

3h 6h 12h 24h 48h 0Oh 3h  6h 12h  24h  48h

M=
oy Al ]
g0 [ ] )

Fig. 9. Effect of acute water—salinity stress on -actin mRNA and

HSP 70 mRNA of gill in abalone(/{ discus discus)

— & oG, *— 305%. *— 33%, 35%,

40
35
30
25 r
20
1B r
10

mRNA Expression (%)

Relative HSP 70/B-actin

Ok 3h B 12h 241 A8
Time (h)

Fig. 10. Effect of acute water—salinity stress on HSP 70 mRNA of gill in

abalone (H. discus discus)
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& e HAPFlA 31kDa F-*

aFStk(Fig. 11-B, D). f&Wste] m& HSP 709 @84 s 2Qlsty] 9
sto] western blots AAISATE SFAIRE A& Wsto] thgk HSP 70 Wz
Ay T8 7 AT EANA UEA S tH(Data not shown).

kD= 12h  24h 12h  24h
200
1
45
(5151
31
21
kD= 12h 24k 12H 24k

200
116
97
BB
31
21

Fig. 11. Protein expression of abalone (/. discus discus) exposed to
acute water—salinity stress.

A 25 psu, B 30 psu, C : 33 psu, D : 35 psu
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3-1-6. Respiratory burst activity™ 3}

A B H3lo] wE Respiratory burst activity W3}E 2olr 7] §3le] = H-9]
gAS AF o] BT GE W3t JjA] 3 0, 3h e FolArt glloed

6h& ol 30, 35 psuellA FoAo=z =rtetdchr astes 74

A T8 A dAZ FAE e A vHFig. 12).

e Felsheln

—B— 2tpen % 30psu & 33psu —F— Epou

T80 [
2
> 75 ¢
§ 70t
= 65| *
N *
Lé B0
- -
aQr
S B0t
2
=
ORI
G T
& 30
0 3 B 12 24 A8
Time(h)

Fig. 12. Effect of acute water—salinity stress on Resparatory burst

activity in abalone (H. discus discus)
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3-1-7. Phenoloxidase activity ¥ 3}

HAE-Wste] mE Phenoloxidase activity Wste &olr 7] fste] Eo] Fd
= A8kl FAEAH. 9% W3t A F Oh ol FoAbvE gilew vz
(33 pswE ALg =] AP oA = 3hAoll S7 ettt A S &9l
&t th(Fig. 13). 34"k 35 psud tix7et A3 F& 48hAlel H=e FAE
HER Rl on v AgTollAs folAdl Zas g9 &+ Ak

—®—Jhpsy ¥ 30psu T* 33psu T 35psu

40
SIS
3 30 T
-
g 25 F
i
= 20 1
= *
5
g 15 r
g 10 F
*
5 L
0
0 5 B 12 24 45

Time (h)

Fig. 13. Phenoloxidase activity of abalone (/. discus discus) exposed to

acute water—salinity stress.
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3-1-8. Lysozyme activity 3}

AEWgted & Lysozyme activity W3tE dolR 7] flste] i dAs A

btk @ W A F Oh ol fFelArt giglem 6hAbA =

L,

S|

ol

at)
ol
o
s
M

A
dAs X5 YeEpglom 12hAe] thx74(33 pswell Hlste] 25 psud {9
qow ZhaAtl A9 £ 4shlo] FelHel 7aE FARKFg. 14)
U X Ao = thZ27H(33 pswel HEe] {942 AAE 15T
—B-95psu ~*30psu —*33psu T 36psu
a5 r *
o }
2 35 f
& T
g awp
@ 2001
Es G T
o
.

Time (h)

Fig. 14. Effects of acute water—salinity stress on Lysozyme activity in

abalone (H. discus discus)
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3-2. AQEa FY Wkl wE ZAvpdne] 7] A Wt

3-2-1. A=S A3

AQPET FY Azt g 7perdEe] AEES Qs Ad A & A
7= ET(33 pswet 5Y% 100%9] =SS 23 T8 A9 24h7HA &

913} A tH(Fig. 15).

00 r W i i B i B n L |
a0 b —&—33psu
= —*—31psu
& —4— 29psu
% BO ——=27psu
= —*— 25psu
; a0 | —=—27psu
% —&=29psu

W —A—
o0 F 3lpsu
—S— 33psu
0
0 3 6 9 12 15 18 21 24
Time (h)

Fig. 15. Survival rates of the abalone (F. discus discus) exposed to low

salinity stress.
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o
=

2733 pswoll A

1
s

o W3}

TH

il
BR

O

ATHFig. 16).

FRem t=:1(33 psu)

d|

5

o)
1 1=

ERslom 25 psuollAd Fodeoz A AS

gl

S
=

q_mo

=
= 7

bt

N
Njo
b
A

M)
i
e

W
<
o
e

H

(x10%

(nsdy ARG
e [F'y) o™ — ) R Lo
[ap] [ap] (a5 g (&N ] (o] (e}
r
L L L 1 1
e = . 3 g
N — S

(y WUL/TT22) $3Un0d yduwAjousy

15 18 21 24

12
Time (h)

(H. discus

abalone

hemolymph factors of

Variations of

S .

Fig.

discus) exposed to low—salinity stress.
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3-2-3. IAtsta s W}

AP fFrdel mE ks a4l SODeF CAT aas &8 thFig.
17-A, B). AGEF #90 w2 SODEAE A8 A F F979¢ #2422 &
AdstRom 25 psudlAl fFoHoz Frhsittr Aashe AEFS B2leal
(Fig. 17-A). AAET F49 %

ST 29 psudlM #elH L

(Fig. 17-B).
(A)
a0 r - 37
g 35 4 35
2 {3
= =
g b ] sz
g - 129 &
s T e
fau} -
e 10 27 )
- 1%
[#3]
0 73
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Time th)
(B) (x104)
1 - 4 37
o
@ 1 35
b= 33
o B —
: :
£ 13
g 2
£ {298
2 &
= 4 2f
= 125
&
23

Time (h)

Fig. 17. Change of superoxide dismutase (SOD) and catalase (CAT)
activity in abalone (H. discus discus) exposed to low-—salinity

stress.
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3-2-4. HSP 70 mRNA 23 eko] W3}

AQdEs Fedo WE HSP 709 WHE A7) faie] FrE} A0 A
2 ol7hn] 2Ad A BEE AEs] RT-PCRE 44159

A 1=
S %3k HSP 70 mRNA9 23S th%x(33 psw)ot A& oA AR e}
B

2 24A1%rell &= HSP 70 mRNAZE Ak 21& g<lsial

33psu 3lpsu 29=u 2Tpsu 29psu 2¥psu 29psu 3lpsu 33psu

R S S o - — - > -
rer7o ooy [

Fig. 18. Effect of low-—salinity stress on P-actin mRNA and HSP 70
mRNA of gill in abalone(H. discus discus)
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Fig. 19. Effect of low-salinity stress on HSP 70 mRNA of gill in

abalone (H. discus discus)
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ADET el e hid B JEFS dolry] fste] dE oprtvE
AZ&5ko] 10% SDS-PAGE=Z 48ttt A wst 29 /A 2E A3 oA
31kDa F-foll 1A &8 dide] Yehve AS gl th(Fig. 20).
ERistel] wE HSP 709 @wd S gRlslr] 9138kl western blots A A|
STk AT A ARG f-dell digk HSP 70 ©udLe AY F3 7% Ayt

Sol A Yeh}A] gt (Data not shown).

M 33psu 31psu 29psu 27psu 25psu  27psu 29psu  31psu 33psu

kDa
200

116
97

66
45

31

Fig. 20. Protein expression of abalone (/. discus discus) exposed to

low-salinity stress.
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3-2-6. Respiratory burst activity H3}

AT 4o wE Respiratory burst activity W3S 2olH 7] 95k &
Aokl AT A A 9F HY TR AIZMA] Fe A

sk gl ok (Fig. 21).

e
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S 31 i
g 0 ks
N 29 3
2 20 4]
2 27
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4 10 o
=

ks

§ 0 23

0 3 B 9 i 15 18 21 24
Time th)

Fig. 21. Effect of low-salinity stress on respiratory burst activity in

abalone (H. discus discus)
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3-2-7. Phenoloxidase activity ¥ 3}

A A ES f-9o] WE Phenoloxidase activity H3tE 2dolr 7] 9dte] A&
gdas AFHste] FAsIAY. AF VA - AR s%E 3lpsuZbAle= dAZE A
S YEM Tt o4 AAE g1 tA] SrkekeE B3-S g1t

(Fig. 22).

30 1 37
s | 36
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E 20 & rg
E 81y
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= 29 &
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g 10 27
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0 23

0 3 6 9 12 15 18 o1 24
Time (h)

Fig. 22. Phenoloxidase activity of abalone (/. discus discus) exposed to

low—salinity stress.
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3-2-8. Lysozyme activity 3}

AAET Yol ME Lysozyme activity H&E dolr 7] 9Jsto] Aol HH
S AFHE] BASGTE AF A F 29 psutAE A X2 YeE 9Tt

7 25 psul A O PaE FAsGm B FUHoR ABHE FFL

120 1 57
. 100 35
pia |
& B
z &0 2
= 31 &
= e IS
© &
E 29 ‘%:

40
- a7
2
o o

0 23

0 3 6 g 7 15 18 7 24
Time (h)

Fig. 23. Effects of low-salinity stress on lysozyme activity in

abalone (H. discus discus)
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A AR A A GG dolns] fste] 7%

]_
A S wEE @7zt ARSgste] dEEkglt 22 A& ARl 9l

YERNa, 25 2 30 psu A FoAATE 48h Aol HALE AAZE FHAEHAS
o, A¥EF Al 25 psud 93%, 30 psud 97% ¢ AEES HITHFig. 7).
o3

Wzl g AFSLEY RS Hal 58S W], T3 AEE AolE
ol gktt) Tek AARE FY W3t dig 7ubd R AESS TRl
=g Ad fA T AFTE 233 pswe FUd 10099 AEES AY

=
T8 ARQI 24h7b#] ER1SFATHFig. 15).
Ty JEWHIlE EE=H(Gastropoda)e] A A S 7xE= FQ3F 84
(Chen et al.,, 1984)24 S-glvtebxdd AldH<Ql WAstZ lsle] oFH Hupr

2 Eek AR @il Yt Aot ARl lold Be FA} A

Wase] ARRE EFFE FAEEo) A

59l Edvtal =AREHE Y (AIFE, 1996). A A0S AFEH g

_|_,
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rlr
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uv
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-3

UolA AEE
& 4 oAt =3 mEdss gt Axe THE
Ho] o] &5 9= Aol FM(Cho et al., 2002; Vijayan and Moon, 1994)°]
th g2 A9 2 o] Fox dye Ady, e, ga danoew
Lo Xt mebs & AddolA s A5 A% o daedA FAIE o] &35t
AF 7 5, dHZ(Hemolymph)E Aol 4% A 2EH 2 we g1
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[H

SO WSE ARG, AR FHZE FA 53, o)

she} 5%, W) 2 AAtolo] Fo] skn A Yok

T2 7F gllem 3hAlell thx-Q1 33 psudl Hldte] 25 psud FoAoE F
231913 30 psud §oH oz Zrksk AL el th(Tabel 4, P<0.05). 84

¥ 6holE 25 psuth el Mo gastgor HuAE fo49 Holt &<

AR THFK0.05).

AeoAde 4% 2Ed 2z os) Add dditis od 73 2]
ol ==HAS wl A AT ol5o] HuietA ABAHE ZH e XA
1 =4S 948 4 AHGoldberg and stern, 1977; Simon et al., 1981;
Moody and Hassan, 1982). ol&lgt &/dikAe] thslo] Aol M= aHaksta i
2l superoxide dismutase (SOD)®} catalase(CAT) &= AAdste] Ax7]s &
e g AoeE degA den, 1 5 SODE superoxide radical (O )&
Hp029F Oz (202 + 2H" —>H:0:+ 0p) = M EA7]H, o] A3kd H,0. Hy05 CAT
7F 029} HoO (2H20o—2H0+ Q) 2 Haflsle] SAAAE 3 AE7] Aol AAA|
Tt 2252 HA¥A M (Forman and Fridovich, 1973). 183 343 4
°

Hste] wE A EOA SOD| WakzE Algko]l Aol wet 543 Sk

11t
ot
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>,
ol
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(o)
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rlo
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oyl
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rlr
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|

ff

[e)
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U] SODEAE A9 A F KA gaR HAstgdon 25 psudlA
ROz TANAGL gas I
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CATEZA= A9 /WA F wFoldez Fasisivrt 29psudl A Folxoz 7t



psud} ZL A 2EF 2 3= SOD7} superoxide radicalE Hx0:9F O»
2 HAEA717]5= AN o] AZkE H0.5 CAT7F 029 H02 E3lehs 5
o] "Wold AU Fallsk SPAAE AANA KA J5S HAFE A
L oA AXIT
RT-PCRE &3¢k HSP 70 mRNAS] &S djx=+(33 pswet Agd oA A
el = AL Bl v (Fig. 9). 184 HSP 70 mRNA 23S B-actin
mRNAE 7]E2o &2 Yetd 235 ettt (Fig. 10). A& W3t A3 A 5
tjF-io] HSP 70 mRNA7Z} Z71etelar, 33 psuollAE 3hAZHAje] HSP 70
mRNA7} Zrasts As gelsigivh. A¥8752 A3 12X43714] HSP 70
mRNAS] 712 Folstut. agla $8 4847 s BE A oA HSP 70
3 3} ukE o] HSP 70
mRNA 22 AF /A F F7lsidoir as s @de] ey, 2 A3+
A Il

2
=
|t
_ﬁ

3ol E) QItH(Fig. 11-A, B, D). 9% W3} 23 7fA] 3 48hAo hx+<9F 25
psus AL RE AF oA 31kDa F-o] FelEx] e walgo] e}
3Ll tHFig. 11-B, D). o= & w3}

= = L
do] Aol7t Flol= FEEA = FAR, A Wste d¥ow dEe] ¥

KB 3537] 9)ete] dEA @M A (Heat Shock Protein, HSP) &S X33k ojz] 7}

=
A zEdZ N 0 9 B4l Aeshs Ao WA A%HE 2=
zo) Avtz Uehpl e sEds dudse W@ o 4w, g
Age] A ol AnE gIHoR doArn wuHw gk fEHQ AE



o

T

gl g dFAdEd 70HSP70)S = 5 Ak o]

i

molecular chaperone #& #&S F2 X HZ AT A+E= apoptosisy
AA|, oAy, agla WA F G 5 oS oy 7hx] st 7)ol

oJslar gtlE Aol oy AFHES] BuE i QtHSeo, 1997). A& A3}

Respiratory bursto] @t A A7} 2128 &t 28 & EdAE i &=
kS W Ak AH|Ro] SR FAlel O, OH', Hp0.9F &2 Ataeityz
(reactive oxygen intermediates, ROIs)S Yoz WEsh= ddS s,
ol213k ROIs= WHAES =ol=d v 23 &5 I (Siwicki, 1994).
o3t THEUS =Ast= WHOoE NBTWHo| Bo| AlgHold gon, H

= —
chemiluminescence (CL)¥Ho] UF A&FH 1 gt} H AdojxE= NBTHS A}

o,

wW
h @]
w
(an
B
rd
i)
ok
o2
FL
off
H
=2
>
1>
=t
)
ofo
ftlo
nj
i
©,

o WA= ARAE WAV FE& olFAZ Ao, pro-

w72 Sk ded A=Al o] FuelA  Fastt)h
Phenoloxidase= hemolymph W hemocyteo] &3l A=W, Z7]d+= pro-
phenoloxidase® A= ATH7 Aol Altolvt 7| WF3 2 nAEo|y 7]E
o]Zdo] Y3t phenoloxidase® &/dst Hrh 2 AP = i ¥t
w2 phenoloxidase activity ¥3& &elslitt. & W3l /Al & Oh o=
oJA7F gllem thx7+(33 pswE AL ymA AAFl = 3hAlel F7Fst

A} s A HAAUTFg. 13). ST 35 psul 2T} 4F FR

phenoloxidase&
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2
2

o

¥ #4142 phenoloxidase activity 9177} 2 3}tha Abg ¥ o] AT},

Lysozyme 4t 2 & d5A4 A42S AYxn

&, 3 vto]g A g B oA=L AL Foll BHATOoEN AH 9 W] %o

thge ks wadets Ao® delA Atk (Mohandas, 1985). & A#elA=
3

AE W3l 2 Lysozyme &4 W3S FQlsit). & A3l 7/fA] 3 Oh o

© 7927 AN 6hAMA = dA8E S YEhdl e 12h Ao i
T(33 pswell H3te] 25 psu freldeow Frtelivrt A4 S5 48h Al
FIA FAE st YA AFFME gl2T(33 pswell HEte]
gAHQ TIAE FQsIgloy ALET FYol wE 7HHA &9 Lysozyme 4
of Wl Ad A F 29 psuZtAE dAS FHE HEIN AT 25 psulA
FAAA FAE FRIGAL A FoHo g Frteske S A5 o
A3 E HYS uf dEEE A 2E#HE 8R18® ZE5te] lysozyme
o] wrolxlttal AAAZI) FA|RE I WEL ZHE EoA A3 TS/
FAA A9 T/ BRlE F o FAAQ Lysozyme 4 A7 8

shhal Abs w0 X

Fisher et al.(1986)2 American oyster (Crassostrea virginica)ol* GE%=
7b doldas dare &L SR Bavb AT 2Eal Haliotis
refescensoll Al 9&5% 35 psu®t 45 psuolA phagocytic activityZ} 74384
Tk 25 psuoll A= AR et Bl (Martello et al., 2000)% 4

A% A Wstel AdET Fdol wE ALY vz AeHd 5S4
Wl Yoo Wl ol e st ksl g4ao WEk, HSP 70
mRNA®] W3},  Respiratory burst @/J¥3}, phenoloxidase /W3l

Lysozyme &4 W3lE 2213}t W77 AMSS 53] 25 psue Z&29] A
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. Ab2 A 7HA Folel whe 7he

(Haliotis discus discus)® €]
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=
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olo Toriya and Suzuke (1987), Norman-Boudrean et al.,
(1991),

(1986), Ohgai et al.



Hol2 AbgEte] 71 lem 7H7ke] 71 Fole FpubolA] EbElste]  F3t
SASAY vt WREa vk WE FEE divbe] WA AEEY 50%
|et=2 AN 32

Ao 4z vk AR HEY SAE Holrs FE WY, ATy,
Arpalutel Ze A HolE AREsITIE o Fee dAmGoly AT AInLE
T HolZ Apgsta e AAelth oy e HAHolE Fge] B
oluel 7HA e WFo]l Asta, A &% A #AERE AMFEE AR W
Aoz HuHE(Kim et al, 1998; Lee et al., 1998a, b, c; viana et al.,
1993), AAAQD M g2 e AgkHA alo] Hil Qrf. olo] M Alm
Aol #3F AFEo] on] &xoA X FHo] gow(Mai et al, 1995a,
b: Uki et al., 1985a, b: Uki et al., 1986a, b), Il = = AAo] =
BAARJA MFAIEE L] AsiA due A5 FAHAYT(Lee et
al., 1997; Lee et al., 1998a, b, c; Lee, 1998; Lee and Pa”}, 1998; Cho et
al.,, 2006; Cho et al., 2007). o]&1st A o|9o &, Ho| A F& ¥t

AR FlEY 2doly A, A B A JiAaE A% ARATH

o

o
et
HE

AFES] Fa 1AM AABS BE, g7 gen oud QB
eqggel == Rk e HE oW

71 =AY FE T S A7t olFoiXa vkl H,

s e A2 oF 660,000=01M,

o3
)=
olF a & T ANE st e AEE g e 9F 120,000E0=2

1A Yo a FAEQ ZEEe oF 60,000=0 o211 3}
A Aws, #7142 Fd9d 58 Il AR F¢ s 4
9T T AYRAR ARSEHI dod, I o] 5000% mvteR =3
u)u) 3t G=Fo|t}h.7]50] 43+ carotenoids % flavonoids7} T HE o]
o] AEFE Y= o]Fom oF HIT, FAAIE FokollA fEubs

=
o] &3li= AleEl7} EolHo®EA oF 20,0008 AHE7F AR 2 EHH|E F8¥
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2-1. 49 A= % A 2

Ao AVgH 7V A E(Halioits  discus  discus)& AFEHAALE A|FA]

B Gl TUske] Ak AR A BT 23 3.8£0.2m,
‘]

A 2psto] ARESSAE. ol ¢
20cmE A=z ZAdd  &A1H(Shelten)E YoM 7|5 FFskth
AW AHG 7R Hel= A AEAFTY 295 THEeH, A Fxrit
gomtEle] 7tubdang dol AFsGa, ARE THE AFE 052 Aot O,
1,2, 3, 4, 8 % 1254 22k 3vie]e] 7tedE o2RE d9h ofriv]
Z4, 2t 595 AF k] -70CE mystEA F4o] ARe-shs

A G2 2EdZC O ZbdEe] el waks dopuy]
glsle] 125F3F AFe 2 AgwolA] s50vteld s FAgle HEsEte] 33 psu
A4 Ar2TE dieE7 25 psudl FEE &4 A¥S AAESY 0, 3, 6,

12, 243 48AIZACl 7zt 3viele] dEC=RE @y oprtn 24, T
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AR E & 10879 Als7E 4] Holen, 7 AdgE 3 WEE
Fol AAEtE T8 dMALOR caseing AHREP o, BRIEYoR =
dextrin A AYOoZE  fishoil¥} soybean oil& ©o|&3te] ZHE3FF o,
HEFEE A BEEECRY ZAFHCPol wE WEsls wggEe
WstE x24dst7] 9lste] wheat flours 7kt 24dsiqlth A3+ ECR 4
CPe =7t 247k 2%, 4% X 6%7F H=% H7bsa £ H7F Adtole
ECR¥ CPE 1:19 ®l&= T4 5 7424 2%, 4%, 6%7F A== H7lste F
107018 A9 AmE AFsvh. A3AE9 ECR, CP 2 CP+ECRE A&
(Tabel 5)&F ot A@AIRS AFe 449 AlmdssE #F £33
=%=100g9 = 100gs 7Fste] opA] & =3d
lcm, ¥7] 0.15cm7F HEE AdAR

B "7 SR EFES ZEEeE A3AZH. Al
PE HUke Al A$de CPAXEY AZo] nguls wo] o)A
zatoll Haja m=gkddle] Asla, CRY A $-olE ECR AxEe ZAuls
ol HojA dixate] Hls] ZAUS =Hvh(Fig. 24). Ax®E AFAF

C

Sgd A 36417 AXAZ T BEIL(-20°

d

O
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Table 5. Ingredients and proximate alalysis of the experimental diets for

disk abalone

Diets (%)
ECR' Cp* ECR+ CP
Ingredients Control
2% 4% 6% 2% A% 6% 2% 4% 6%
ECR 2 4 6
CP o pt 6
ECR+ CP 2 4 6
Fish meal 155 155 155 155 155 155 155 155 155 155
Dextrin 25 25 25 25 25 25 25 25 25 25
Wheat flour 65 45 25 05 45 25 05 45 25 05
Casein 200 20 20 20 20 20 20 20 20 20
;‘g’?;l‘;g 23 23 23 23 23 23 23 23 23 23
Mineral 4 4 4 4 4 4 4 4 4 4
Vitamin 2 2 2 F o 2 2 2 2 el
Choline 05 05 05 05 05 05 05 05 05 05
Soybean oil 1.8 95 15 .15 15 s 15 15 _15
Fish oil 2 2 2 U d 12 2 2 2 M D
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Proximate
analysis(%)

Crude protein

Crude lipid

Crude
carbohydrate

28.8 28.8 28.8 28.8 28.7 28.6 285 287 28.7 28.6
147 172 197 2.22 157 167 1.77 1.64 1.82 1.99
497 522 547 572 507 517 527 514 532 549

'"ECR : Fermented Ecklonia cava by-product powder

2CP : High temperature and speed time-dried citrus pomace powder
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Fig. 24. The external form of manufactured feed' for disk abalone.

!CP : High temperature and speed time-dried citrus pomace powder
ECR : Fermented Ecklonia cava by-product powder

A : Control, B: CP 2%, C : CP 4%, D : CP 6%, E : ECR 2%,

F : ECR 4%, G : ECR 6%, H : CP+ECR 2%, 1 : CP+ECR 4%,

L : CP+ECR 6%
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2-3. =8 =4
AEMA = 0, 1, 2, 3, 4, 8 L 12FA ] HAS MAZS ZHz 2A}E
Uehls=d), #x iRl A SAlA(shelter)$) =% ¥Ho] R2seo] glar,

FeRoR Wi 2508 Aeeln whge] gl AR Aesie] 2Asst:

Anel AL FAA7) Asel QAN AT, 4F, 87, 12FARA A7)

H3E Ay ZFZ S Digimatic  cliper(0.0lmm)Z, SH&  o]%4

A% dzhae] wske ole] FRel whek wshels] W] FH AL
Bapzdl 47 olgHE FEo|th o A= AR Fol

12574 724 FxellA FASZ 3utEle] AEE AWEsto A

'
)

N

¥
©

3
2

ggmpse] 24 AN F 1,208 4, 8 2 12 FAdl A% 4% @
drtonel v #7 GX1/2 9 lml FAVIE oledel els AHT F

0.9% ANAGFE 100 34 ste] AT ALBE olgste] Mol ATES
A58t
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H7Fse] #43)t Y. 723 d AlgEs dAEE(1,000rpm, 15min, 47T)9
oaf A W HAHES AAsIeH, dENE vl 44E2](13,000rpm,
20min, 4C)% F A4S st g4 SAHL ARE ARSIt o
FdFE Lowry 9 WHd mgt EF @WAEA BSAE  AFEEA
spectrophptometer® 750nmolA FF =& =A 35}
SOD+= pyrogallol®] AFs Abslgo] A= & F748k= Marklund and Marklund®]
HhHo g =43t & 50mM phosphate buffer(pH 8.24) 1.3meol] 7 2N
20uS ¥e & 45w 3mM progallol 84S #H7}5le]  spectrophotometer &
325nme] wgellA FFEE S, G 1 unit ¥ 9] pyrogallol®]

A 50% oAl &4 ko g Ak

\i

Ho0o7} g Eo] ZHAhstes S3E=24 84 FAEES =A== Nelson and

Kiesow & B ol )3l =A3HTE. a4 A9 unite 157 1mge dHlz o]
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2-8. SDS-PAGE 4]
A& opriulE AFHF FH &584 100mM phosphate bufferol A
Srzlele] AR Hste] 4% (12,000rpm, 15min, 4C)3klch 4SS
2:1 H]& 22X Laemmli sample buffer(80mM Tris-HCl (pH6.8), 2% SDS,
12% B-mercaptoethanol, 15% glycerol 2 0.012% bromphenol blue)l
S3AA 90T o9l LA 3#3F boiling ¥ ¢ Laemmlie] ol whet
SDS-PAGES 2A3%th. 7.5~10% polyarylamide gelS Al&3fe] 250V,
55mAR 4A|7tEet A7 9

o

AT & AMA(0.136% coomassie briliant
blue R-250, 45% methanol ¥ 10% acetuc acid)ollA 40&83F A3}, 7.5%

methanol, 7.5% acetic acidolA &3} t}.

2-9. Western blot 4

Western blot< Towbin 9] ®WHS WIste] AASIGItt. SDS-PAGE]
oaf FojE @S 15V A 4A]7F B¢t nitrocellulose(NC)9o 2 HAFAIZ]
% ponceau S EN(0.2% ponceaus, 3% trichloroacetic acid % 3%
sulfosalicyclic acid)22 HAMES Elstgitt. 1 F Ao v 503 Ajts
271 Y& 3% bovin serum albumin® 0.005% Tween 20°] g3 0.1M
Tris buffered saline(TTBS, pH7.4)& o]&3te] 408 2olx <FaA
EEWA blocking AlFTh Blockingel £ § HSP700] wigh A ENCH ]
HA7sle]l 1A Eo Ao mjokst & TBS-T(0.05% Tween 20 in
TBS)= 5&EX 33 AA3 Y. Alkaline phosphjatase—conjugated goat
antimonuse I1gG= 1A17F &9t A2 widksial TBS-T 8oz 51 AFsk £

DAB(0.1%)9} 0.03% H.0.7F 3t4-% PBS(pH7.2)2 WAL S35t
2-10. SAA g

AFolA dojxl A= SPSSe] ANOVA tests o] &ate] #ieAd §
Duncan® t=9 A2 HA 9% p<0.05 oA A AT

_53_



3. 4 ¥

3-1. Abgigeld] whe hubdne] 4 v

3-1-1. =4S W3}

b B PEE WHEE AuEd AR wE AEL WIET e X
eFdtt. 0~25714 100%2] AE&S Holthrl 3FAdl djZEa 7} ECR 2% A]
HArsE AMAZE AT 1 85 CP+ECR 2% CP+ECR 6%¢°A]
A bE A7 TSR, 1250 A = dE27 3 ECR 2%94 F712 # b
MA7F WA TH(Table 6). §HH, CPRF @5 o= H7isk W A¥ay ECR
4% 2 6% 7t AdFNAE HAZE AF dojuA Fdkuh wElA,

HE2TFH ECR 2% &9 AgdwolA #HAb AAZE &3 A A= {F9A4 o

AAHA ol Aztd APAEC o3 HAIR dAEEV= = o=

AAR

Table 6. Sources of dietary survival rate(%) of disk abalone(H. discus

discus)

o CP ECR CP+ECR

Week contre! 2% 4% 6% 2% 4% 6% 2% 4% 6%
0 100 100 100 100 100 100 100 100 100 100
1 100 100 100 100 100 100 100 100 100 100
2 100 100 100 100 100 100 100 100 100 100
3 94 100 100 100 94 100 100 100 100 100
4 94 100 100 100 94 100 100 100 100 100
8 94 100 100 100 94 100 100 96 100 98
12 92 100 100 100 92 100 100 96 94 98

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava by—-product
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3-1-2-1. A& 7o st

12577 9] 74l A7]& ECR 6%°4 HAQl 39.99mmE e o, CP
41%ANA FHAaAQ 39.18mmE YERNAT. iR TdA = AR 125 Fo 74
=717F 39.11lmmE Yelt Ao wE HEF A7]E ECR 6%(39.99 mm),
ECR+ CP4%(39.97mm), CP 2%(39.91mm), ECR+ CP6%(39.74mm), ECR
2%(39.47mm), ECR4%(39.38mm), ECR+CP2%(39.26mm)olA oz 5t}
=2 A4S 1 Ao yehgth(Fig. 25).
Pasts JERRE 4 71e71e] Wishe oifRe] Adelr diEaho &2 e
YeRhdet A7 71271¢] W3lE AR BCR+CP 4%(y= 0.4883x+ 38.116)°1 4 717
2 7NN E YERH AL, CP 6%(y=0.0631x+ 38.679)=
&2 (y=0.1461x+ 38.672) B0t @2 AA7&7]1E HeEAT 371714
A dEs AEEd dREe AT gxvEg 22 AFES HolA|ut
ECR+CP 2%9 ZA$d+= dxarnt ¢ A45S B

kA, ECR 2 CPE H7bst AlRE o] &3 WEAIGLE A3EE dukAla
I £ 44a3s Uehge Aog #dEY, ECR+CP 2% A3 oA
Ueldes AgAE ddd disixe Al BAS FE 1 dlarE ol

o] Aol 3t o= JhE )

Y
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40.00 r

39.75

3950 t

39.25 r

39.00 r

Shell length(mm)

38.75

38.50

= * Control —CP2% - CP4%
—CP6% ECRZ2% = ECR4%
ToeeEeRARo, 0 T CP+ECR2%  ====CP+ECR4%
===CP+ECR6%

Fig. 25. Variations of shell length for disk abalone(/1 discus discus) reared

with different dose diets.

*CP : High temperature and speed time—dried citrus pomace powder,
ECR : Fermented Ecklonia cava by—product

Control : y = 0.1461x + 38.672, R® = 0.7347

CP 2% : y = 0.3699x + 38.519, R* = 0.859

CP 4% :y = 0.1514x + 38.639, = 0.8396

CP 6% :y = 0.0631x + 38.679, = 0.8526

o)
v e
| |

ECR 2% : y = 0.237x + 38.444, R* = 0.9291
ECR 4% : y = 0.2123x + 38.573, R® = 0.9191
ECR 6% : y = 0.3929x + 38.551, R® = 0.8066

CP+ECR 2% : vy = 0.176x + 38.432, R? = 0.7305
CP+ECR 4% : y = 0.4883x + 38.116, R = 0.8515
CP+ECR 6% : y = 0.3699x + 38.519, R® = 0.9067
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125419 Z+Zo] F7]2 ECR 6%(26.97mm)olA HHXE yeplow, CP
6%(25.65mm)el A HAaAE YERNATE diZzTeME AN 127 $o] 7F
A717F 26.50mm= Ve Aol wE HEF A7]= ECR 6%(26.97mm)el A]
fxza BHu & A4S we Aow yeluthFig. 26). AW £22
UellE AZ71e71¢ Wsxe ECR 6%(y=0.4217x+25.48)7F 7V w2
AdWsts HYem, ECR  2%(y= 0.2161x+25.371) 2 ECR+CP
6%(y=0.2507x+ 25.543)%= H|W A AJ7Fo] u} = YERA R 2o}
a4l BECR 6% (y=0.4217x+25.48)% A9 RE o] tlxzart
< S YER AT

A

o

ru
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2700 r

26,75
E 2650
£
z
T 2625 ¢
2
E
& 26.00 |
2575 -
25.50
0 4 8 12
— * Control —CP2% —CP4%
_—CP6% ECRZ% = ECR4%
— =-ECRG6%  — CP+ECRZESN ——88EP - CR4%
===CP+ECRG%

Fig. 26. Variations of shell width for disk abalone(#1 discus discus) reared with

different dose diets.

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava by—product

Control : y = 0.3376x + 25.173, R® = 0.8974

CP 2% : y = 0.2161x + 25.371, R® = 0.9546

CP 4% : y = 0.0654x + 25.523, R* = 0.9689

CP 6% : y = 0.0181x + 25.577, R = 0.9856

ECR 2% : y = 0.0815x + 25.522, R* = 0.9862
ECR 4% :y = 0.1647x + 25.445, R® = 0.9831
ECR 6% :y = 0.4217x + 25.48, R* = 0.7423
CP+ECR 2% : y = 0.1211x + 25.484, R* = 0.9959
CP+ECR 4% : y = 0.0881x + 25.536, R* = 0.9234
CP+ECR 6% : y = 0.2507x + 25.543, R* = 0.7081

_58_



3-1-2-3. FA ®s}

Fig. 1104 R upe} o] ALS 125 & 7h9dRe] FHF FAl= ECR+CP
6%7} 7.66g, ECR+CP 4%7} 7.45g, ECR 2%7}7.40g, CP 2%7} 7.28g, ECR
4%7} 7.24g, ECR 6%7} 7.20g o2 UEY xR 7.156g Buf =& #S
UehQleh g, CP 4%, CP 6% 2 ECR+CP 2%A4& Agint e
e Hetd AT (Fig. 27)

A7 W3E Jehis A471e7]9] W3ke ECR+CP 6%(y=0.3761x+ 6.3741)7} 7%
=2 712712 YehlRE, ECR+CP  4%(y= 0.3131x+6.3434), ECR
2%(y=0.2501x+6.3467), CP 2%(y=0.2621x+6.3344), ECR 4%(y=0.2501x
+6.3467), ECR 6%(y=0.2381x+6.2874)%= Hlu 2 w2 Hels el
a2y CP 6%(y=0.1721x+6.3044), ECR+CP 2%(y=0.3131x+6.3434), CP
4%(y=0.1181x+ 6.3527)& th2w-9] Hlste] W gs vehfidch
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765
740
o> 115t
=
D
o
2 690t
B
)
)_
665
6.40 ' '
0 4 8 12
= * Control —CP2% —CP4%
-—CP6% ECR2% — -ECR4%
=== CCR6%  —— CP+ECR2% ===°CP+ECR4%
===CP+ECR6%

Fig. 27. Variations of total weight for disk abalone(FL discus discus) reared

with different dose diets.

*CP : High temperature and speed time—dried citrus pomace powder,
ECR : Fermented Ecklonia cava by—product

Control : y = 0.2231x + 6.3512, R® = 0.8044

CP 2% :y = 0.2621x + 6.3344, R* = 0.8073

CP 4% : y = 0.1181x + 6.3527 ,R* = 0.9543

CP 6% : y = 0.1721x + 6.3044, R* = 0.9651

ECR 2% : y = 0.2981x + 6.3299, R® = 0.7897
ECR 4% : y = 0.2501x + 6.3467, R?> = 0.7917
ECR 6% : v = 0.2381x + 6.2874, R = 0.9148

0.1701x + 6.3748, R* = 0.7931
0.3131x + 6.3434, R* = 0.7578
0.3761x + 6.3741, R* = 0.6871

CP+ECR 2% vy
CP+ECR 4% : vy
CP+ECR 6% : vy
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A9 A A BE AR dgae AF mogiot A9 TR F ONE
ARze] wzMe de Faax e wgae] WeE JeiAtHFig 28).
=z
T

ECRZ2%

ECR4%

ECR6%

CP+ECR2%

CP+ECR4%

CP+ECR6% |

Week

Fig. 28. The change of shell color as time passes with different dose
diets in disk abalone(/1 discus discus).

*CP : High temperature and speed time—dried citrus pomace powder,
ECR : Fermented Ecklonia cava
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7P s AR RS ALS 25 Fo diEdte] HlEte] ECR 6%7)
80.17%, CP+ECR 2%7} 80.33%Z W& F2E Yeydch 45 Fo=
23 Hlaste] CP+ECR 2%7F 79.62%% Skom, 8F Fol= dza3)
Hluste] CP 2%7F 79.76%, CP 4%7F 80.11%, CP 6%7F 80.50%, ECR 2%7}
79.51%, ECR 4%7} 79.43%, ECR 6%7} 80.47%, CP+ECR 6%7} 79.98%=
¥ S YErAATHTable. 7).

APEFAd wWe fEgEe WIE Avry, AAE7Zro] Frbdel uwhe

o
gAY F4% #aE dehiaon, CPe ECRY wE %845

Table 7. Variations of moisture content in disk abalone(H. discus

discus) reared with different dose diets

Diet CP ECR CP+ECR

Control
2% 4% 6% 2% 4% 6% 2% 4% 6%
Week

81.61 80.00 81.53 80.76 80.51 80.46 80.51 79.90 81.06 81.21
+ + + + + + + + + +

0.61 043 046 073 0.39 067 0.67 1.13 038  0.44

81.48 81.67 81.20 81.22 80.87 81.94 80.17 80.33 81.54 80.51
2 + + + + + + + + + +

0.15 1.30 0.12 0.02 0.21 0.84 0.03* 0.11* 033 050

80.30 80.58 80.35 81.42 80.66 80.15 80.55 79.62 80.09 80.64
+ + + + + + + + +

4 + + + + = i Ht + + +
0.04 052 0.87 0.54 1.44 1.07 0.12 0.03«  0.08 1.12
78.22 79.76 80.11 80.50 79.51 79.43 80.47 78.77 79.71 79.98

8 + + + + + + + + + +

0.08 0.15% 0.05¢ 0.60« 0.08% 0.38+ 0.28%  0.43 0.66 0.31%

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are mean=xS.D., *P<0.05 for each control.
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TP AR 23E e AARE Fold AF HHo| ofF 2.29% HFqom,
ECR 2 CPE #H7lste] AZE Atz AMS3 Advass & 2o]S Yehf A
Aottt AFS 8F F o 23 E L g HE 2.16%°]9 o CP 2943
T Ag- M w2 2.40%F YERO] dixwtel HlE w2 X5 YERATH
AR A S AE d, 237 e A7 7Y At FaskA A9
A3 A5 YJeEhflen, dwAlRE Folgk gzl Wl ECR 2 CPE
H7hek BE ATdA =& FXE YERIATHTable 8).

(o

Table 8. Variations of crude ash content in disk abalones(H. discus

discus) reared with different dose diets

Diet CP ECR CP+ECR
Control
Week 2% 4% 6% 2% 4% 6% 2% 4% 6%

2.16 2.4 23184 02.26 2.30 2.39 2.2 221 223 228
8 + (0= + - 3 + e + + +

0.05 0.01= 0.02 0.03 0.056 0.07 0.02 0.01 001 0.06

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are mean®S.D., *P<0.05 for each control.
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3-1-4-3. o] W3}

bRl e 9 A9 A dele 1242~16.15%5 WERS )
Azre] zpol7b Qe Ao Z iyl ECR 2 CP7F A7t AdA s 2 ot
AR E HT7Fee] ARS SR A, deld SRS ARS7I7Re] A et A St
AR 8% tixdolA = 16.19%5 WEHA S, ECR 6% JA2 20.03%

Table 9. Variations of crude protein content in disk abalones(H discus

discus) reared with different dose diets

Diet CP ECR CP+ECR
Control
Week 2% 4% 6% 2% 4% 6% 2% 4% 6%
13.02 15.81 16.15 13.62 13.93 12.42 15.14 14.67 14.14 14.34
0 + + + + + + + + + +
1.05 0.34 0.46 1.00 0.63 1.22 0.88 0.27 0.38 0.08
14.12 14.74 14.50 14.12 13.59 15.58 16.08 14.92 15.16 14.85
2 + + a5 + = + + + + +
0.76 1.17 246 0.44 0.44 0.90 1.44 1.07 1.91 0.43
15.23 16.04 16.36 15.12 14.12 18.80 16.73 16.81 16.88 16.30
4 £ + + + + + i + £ +
0.19 1.05 0.21% 0.30 2.67 2.80  0.33% 0.63 047+ 0.79
16.19 15.22 16.87 16.39 16.48 17.29 20.03 17.90 17.44 17.44
8 + + + + # + + + + +
0.50 3.35 0.08 0.84 0.81 0.08 4.50 0.28 0.58 0.31

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are meanxS.D., *P<0.05 for each control.
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3-1-4-4. =A% ¥s}

bt o] 2 e AY AR FAE 0.04~0.217%C] HHE wS-
& FAE YEen, AR Afolx wig- F o ® yEbwtth ECR 3

CP7} Z7bel A@A=E wold AdwoA® A 24 e vg o

S & vEho] CPXECR 2%°14 0.002%= 7Fg w3ktem, ECR 4%¢°lA

0.54%= 7} =2 F25 YENATHTable 10). 18y} o]#fdt Aye Ax

o] A"}k dFgFo] w$- e Ayl A 7FY] o]z} Att:= HoA AFERH 7}

e 2ol & s strlel= tha oy ol = ALeE deEE Y

Table. 10. Variations of crude lipid content in disk abalone(/1 discus

discus) reared with different dose diets.

Diet
CP ECR CP+ECR

Control

2% 4% 6% 2% 4% 6% 2% 4% 6%
Week

0.05 021 0.13 0.21 0.17 0.04  0.19 0.02 0.16 0.04
0 + + 1 £t an + Eis + + +

001 007 008 005 006 004 004« 001x 0.12  0.06

0.63 0.03 0.06 0.20 0.32 0.06 0.32 0.53 0.66  0.53
+ + + + + + + + +

0.03 0.02¢+ 0.03%* 0.03* 0.02% 0.03% 0.04%x 005 0.22 0.09

0.12 0.38 0.43 0.17 0.25 0.12 0.18 0.37 0.24 034
- + + + + + + +

0.03 0.10 0.04* 007 00l* 001 010 006+ 005 0.02%

0.07 0.19 0.06 0.18 0.19 0.54 0.03 0.02 0.22 0.10
8 + + + + + + + +

0.03 002+ 002 004 007 007+ 001 0.01 0.04x 0.03

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are meanxS.D., *P<0.05 for each control.
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ECR % CP7F A7 A9Abs e sgelel whE 7hepse] dydxyiaof W)

= APAITR 0FA 2 1FoAE FoAR] ApolE HolA FAIR, 25749
= tixatel Hlale] CP 6%7F oA o m Zrlslg o, 35A o= kol Bls}
of CP 2%7F th& Aol vlate] 1.59%= = vetsteh &4, 47400 = tix

T3 & AT dEEZ Y {94 W BoiXA] Estth. 8F Aol =

CP 4% =47}t 1.49%, CP 6%7} 1.40%, ECR 2%7} 1.42%, ECR 6%7}
1.41%, CP+ECR 2%7} 1.46%, CP+ECR 4%7} 1.40%% CP 4%°] 73X 44=7}
71 = dEEHT 12749 de gt WskE Y izl Hlste] CP 4%7F
1.42%, CP 6%7} 1.36%, ECR 2%7} 1.38%, ECR 6%7} 1.35%, CP+ECR 2%7}
1.42%, CP+ECR 4%7} 1.37%, CP+ECR 6%7} 1.44%% A Uelgow o] F
CP+ECR 6% d¥2+7} 7P =4 Yetsten CP 2%7F 7V @2 #& U
WAt EE Aol AR Fold met FyEFEE HARbAoR FHAs)
S YeEhen, dukAals Foftl tixtel] HlEl ECR 2 CP7F X7 A
FroA 2 2745 YeERSITh ol= ECR B CP7F 7tebd 5o A 84

< %Y T = 7154 AARATHAIRA o8] Thestte S ovti(Table

rlr
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Table 11. Variations of the number of hemolymph of disk abalone(/. discus

discus) to sources of dietary additives

Diet CP ECR CP+ECR
Control
2% A% 6% 2% 4% 6% 2% 4% 6%
Week
153 153 159 1.53 1.49 155 1.58 159 15 154
0 + ¥ ¥ i T ¥ T T T T
0.14 0.16 0.16 0.18 0.14 012 007 0.07 0.05 0.07
159 1.62 1.6415 1.6 165 17 174 1.64 156 1.61
1 ¥ ¥ + + + T + T T T
0.16 0.20 0.2 0.39 0.42 005 0.07 0.16 0.15 0.11
1.5 151 155 1.63 159 | 1.6 _ 155 159 157 1.53
2 + + + + + + + + + +

0.13 0.5 0.07 0.05+ 0.12 042  0.39 0.20 020 0.14

1.49 1.55 1.59 1.55 1.55 1.58 1.50 1.54 1.50 1.57
3 + + + + + + + -+ + +

0.05 0.07 0.14* 0.05 0.05 0.05%+ 0.11 0.14 007 0.05%

150 152 1.57 15 155 145  1.56 185 $L.3% 153
4 + + + £ = + + + + +
0.24 020 013 013 013 002 0.12 0.7 0.0 0.10
1.34  1.37 149 140 142 140 141 1.46 140 145
8 + + + + + + + + + +
0.07 0.10 0.23+ 0.02¢+ 010+ 0.07 002+ 012+ 0.2« 0.08x
129 132 142 1.36 138 135 1.35 142 1.37 1.44
e + + + + + + + + + +

0.07 0.10 0.23% 0.02¢+ 0.10¢+ 0.07 0.02%* 0.12¢+ 0.02« 0.08%

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are mean®S.D., *P<0.05 for each control.
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Aol ofrin] F-9l= oFe 2Ed
protein 70(HSP 70)¢] wdo] 714 F
A F S A e

FoI3l F ~Ey 2 wE &3

At Zh Adady ARde] mE 7] oirinlE A =8)e
SDS-PAGEZ &g :

groly %] F9rth(data not shown).

AEANS @ 295 S8 B, AFEdA] d7|Ee 2 s iatEs 3
s ol &gk AAAR AEL wFAES NES {8 FoR ATEHT
| & ECR 6% d@aelr 7HE 2 asrt yehd 35 7tardE5e] 4%
HASAE 71548 ARHZIAIEZA et 2o gy 7t FatEe] H s

Z Aoz ARHIH(Fig. 26, 27).

O
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o
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control cCP E

P+ECH control CP ECR CP+ECR
B b

294 A% %4

KDa 2 week 3 week

E0Q
11a
ar |
55
a5
a

4 week 8 week

Fig. 29. Phase of SDS-PAGE in gill of disk abalone(/l discus discus)
reared with different dose diets.

*CP : High temperature and speed time-dried citrus pomace powder

ECR : Fermented Ecklonia cava

Control CP ECR CP+ECR Control CP ECR CP+ECR

2% 4% 6% 2% 4% 6% 2% 4% 6%

200
5
66
45

31

B
Fig. 30. Immuno-detection of heat shock protein 70(HSP 70) in gill of
disk abalone(f discus discus) reared with different dose diets.

*CP : High temperature and speed time-dried citrus pomace powder
ECR : Fermented Ecklonia cava
A  SDS-PAGE B : Western blot
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4A A o] ECR+CP 4% A& oA A
AAZE dA =HAow, 71 F 48X A HAAMES Bt M S b
AHES BRIl ECR 4%% 70.4%°9 AEES Ve oY, ECR 6%+ 96.3%<] 7}
= A7) AEe 2Ed 2~ YA ls

7= yelfo] ECR 6% A3wto] -

Table 12. Survival rate(%) of the disk abalone(H. discus discus)

exposed to acute water—salinity stress

Diet €P ECR CP+ECR
Control

Time(h) 2% 4% 6% 2% 4% 6% 2% 4% 6%
0 100 100 100 100 100 100 100 100 100 100
3] 100 100 100 100 100 100 100 100 100 100
6 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100
24 100 100 100 100 100 100 100 100  96.3 100
48 74.1 85.2 =8l ™ 88.9 7@ S aroe W 96.3 88.9 815 704

*CP : High temperature and speed time-dried citrus pomace powder,

ECR : Fermented Ecklonia cava
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5 B, dExzaoAs 3
AR A% S7He 1ol & Aste AEe Yehlen, CP 2 ECRo|
o= H7bE AFTdAE fFAREE sES BHIth(Table 13). 184 CP 2%,
CP 4%, ECR 4%, ECR 6% 2 CP+ECR 4% TZtlldE 3AHA ] thztol
HE F243% F7HE YRRl EtHP<0.05). @RI P40 WEE TE Ay
oA AR A= F 48AzFe] A ek AJHNA dE2T T fAMSE A5 UHE
WAtk 8 CP+ECR 4% % 6% wol A wolAs I 571 48A174HA]
A&EH o2 F78ke FAS ERRIT ol#d Ao Yl e EE T
alo] o]F F7HA QA ZAMZL o] FojF ol & Fo® AT

Table 13. Variations of the number of hemolymph of the disk abalone

(H discus discus) exposed to acute water—salinity stress

Diet
CP ECR CP+ECR
Control
2% 4% 6% 2% 4% 6% 2% 4% 6%
Time(h)

1.37 1.38 143 1.39 1.4 1.43 1.39 1.4 1.42 1.42

0 + + + 3 5 + + + + o
0.10 0.10 0.13 0.20 0.10 0.05 0.05 0.13 0.10 0.07

1.96 1.69 1.8 1.98 1.88 1.78 1.65 1.86 1.79 1.92

3 + + L + + + E: + + +
0.23 0.20+ 0.05% 0.01 0.13  0.10%  0.13% 0.16 0.10« 0.20

1.66 1.59 158 1.65 1.59 1.6 1.54 1.59 1.56 1.6

6 + + + + + " + + + +
0.07 0.05 0.08+ 0.18 0.10 0.13  0.02% 0.15 0.07+= 0.08

1.64 1.52 154 1.58 1.57 1.53 1.46 1.3 1.58 1.63

12 + a5 Al + + + + + + +
0.16 0.07« 0.12 0.12 0.10 0.02  0.05% 0.08 0.13 0.10

1.59 1.71 e 1.69 ES | 7 1.56 1.87 1.67 1.82

24 + + + £ E + + + + +
040 0.07 0.21 0.17 0.16 0.21 0.24 0.50 0.16 0.10%

1.6 1.7 1.66 1.7 1.65 1.63 1.58 1.56 1.73 1.83

48 + + + + + + + + + +
0.08 0.25 0.20 0.18 0.31 0.10 0.16 0.40 0.23 0.05%

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

The values are meanxS.D., *P<0.05 for each control.
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2% Jbal7) A9 0AREAY 3 vlawskel dawg MEd wE AgelA
Z ZolE YEr A FUth(Fig. 31). o] vk (Fig. 32)°lA Hi= v}
CATS stz A3 /A4 29 vud o ECRE @50z H7ta

w A S eI, dees ool ddwdre frelshl e
A4S eI olel @ Az ECR] H7bel ofs) 9% 2Ees agol o
S A Ue] Fus Ea B4 W} QoA Hn oR 76 @ 9

Mgstel AP HoE AP ARS ARG £ I Row e

%

) O =R G O BN ECO

SOD (unit/mg protein min)

Oh 48h

Fig. 31. Change of superoxide dismutase(SOD) activity in disk

abalone(F1 discus discus) exposed to acute water—salinity stress.

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava

¥ . Vehicle, A : Control, B : CP2%, C : CP4%, D : CP6%, E : ECR2%,
F : ECR4%, G : ECR6%, H : CP+ECR2%, 1 : CP+ECR4%, J : CP+ECR6%
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(x10%

g

CAT (nmol/mg protein se

Oh 48h

Fig. 32. Change of catalase(CAT) activity in disk abalone(L discus
discus) exposed to acute water—salinity stress.
*CP : High temperature and speed time-—dried citrus pomace powder,
ECR : Fermented Ecklonia cava
% : Vehicle, A : Control, B : CP2%, C : CP4%, D : CP6%, E : ECR2%,
F : ECR4%, G : ECR6%, H : CP+ECR2%, 1 : CP+ECR4%, J : CP+ECR6%
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3-2-4. SDS-PAGE &4

AT 2EF 2] wE HSP 709 2d AR5 doliy] fste] 7t Agad
I AZE AR et e obrtuE A &3dte] SDS-PAGER #4181 8lth 1
Ay} HSP 70 wl=eo] AMgds sheld 4= ¢lgl o (Fig. 33), western blot&

= ¢l9ltH(data not shown).

o,
oo
rot
4
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2
>
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.
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v
\]
(@)
=
[d
il
fo
r (o]
ok

control __LCE ECR CP+ECR control __CP. ECR CP+ECR
M 2% 4% 6% 2% 4% B% 2% 4% B% M 2% 4% E% 2% A% E% 2% 4% G%

200

116
ar

L]
4E

a1

KD A Oh 3h

E00
116
BT

L]
45

1

KkDa Gh 12h

200
116
Br

5]

45

a1

24h 48 h

Fig. 33. Phase of SDS-PAGE in gill of disk abalone(/{ discus discus)

exposed to acute water—salinity stress.

*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava
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3-2-5. Respiratory burst activity W3}

AR Fo & G443 dEHI ~Ed Ao wE Respiratory burst activity ®
st5 dolr 7] 9fste] HdEe s AFHste] EA skt A3 WA A OhA
of 7Rt AAFTH 48hAe 3 Husgls wf s HET BRe AF

oA o]l ApolE FH]l & 4 gl vH(Fig. 34).

A E -

Optical density {(per 10° cell hemocytes)
r
(&}

Oh 48h

Fig. 34. Effect of acute water—salinity stress on respiratory burst activity
in H. discus discus
*CP : High temperature and speed time-dried citrus pomace powder,
ECR : Fermented Ecklonia cava
¥¢ : Vehicle, A : Control, B : CP2%, C : CP4%, D : CP6%, E : ECR2%,
F : ECR4%, G : ECR6%, H : CP+ECR2%, I : CP+ECR4%, J : CP+ECR6%

_75_



3-2-6. Phenoloxidase activity ¥ 3}

AbR 3o F 3243 AEWE ~Eg s wE Phenoloxidase activity W3}
dotr 7] 98t A& Hls AFH st EAsAT Ad AA H OhA o
o AAFR 48hA e 3t wlnE S W thEgek ECRE6%C M= AR
TFAE YA T8 AT e dase 4FS HeErddtk(Fig. 35).

i

4

b4 G

PO activity (units/mL)

Oh 48h

Fig. 35. Phenoloxidase activity of H. discus discus exposed to acute

water—salinity stress

*CP : High temperature and speed time-—dried citrus pomace powder,
ECR : Fermented Ecklonia cava

Y ¢ Vehicle, A : Control, B : CP2%, C : CP4%, D : CP6%, E : ECR2%,
F : ECR4%, G : ECR6%, H : CP+ECR2%, 1 : CP+ECR4%, J : CP+ECR6%
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3-2-7. Lysozyme activity ¥3}

At Fo] 3 FA43 dEWE ~Ed 20 uE Lysozyme activity W3S &
ol® 7] st & s AFH st EA AT A JHA A ohA el 3b
W AAFER 48hA el 3k HE S W Rtk ECR6%2F CP+ECR2%E
A7FE A= AR FAE e e AT e dade 4

Fe HEATH(Fig. 36).

o

Lysczyme (units/mL)

Oh 43h

Fig. 36. Effect of acute water—salinity stress on lysozyme activity in FH.
discus discus
*CP . High temperature and speed time-dried citrus pomace powder,

ECR : Fermented Ecklonia cava
v - Vehicle, A : Control, B : CP2%, C : CP4%, D : CP6%, E : ECR2%,
F : ECR4%, G : ECR6%, H : CP+ECR2%, I : CP+ECR4%, J : CP+ECR6%

_77_



Blshe] FR ALY %ol

el

ne @ el

s

wof of

DA Fa Arbdrke] 30~60%

=
=

-
T

3 AlgH7} oW R 2ol

il

S THINRC, 1993).

= =
o

2l et A=

L2,

MAALZ 10091F o] 4fo]

-
T

AR
A9l

1E-(Haliotis giganta), 7274

sl
o] A

AE(H.discus hannad¥} 719

e

=
[e)

(H.discus Reeve), A =EHE(H silboldii)

&l

olt}. 1970t ¥

FHE bl

B
=

Aol Frhsk SR 7]

}‘\_]__

ZuA
o] o]Fo]x 20004 ol

=k
=

%

4l

H

274,980z wl&]7}h

-
T

1 mhg], 20014

Kl

89,931

1
j

Ho

N
No

Ho

H A5 AAEEe] 50%7t 4d § AEAvIE dva vt

7}7Y el =

=
[}

Z] o)
-1

4

A 7F o

=1
L

&7 <E

3

el

. AT

™
\A.O

20059 ell= 274,000+,

=
-y

20kg °]E® 20049e= 90,000

372,000& ¢

CRENE
200613 <]

fex]
1

Seluhet mels than

1
R

g ol&s7= staL 9=

o1} ThAln}

A gk B

R I

3
H

1A% A% )

9]

_78_



dastrh A& Al el w3 A5l on| fmol H FEEo glont
(Harada and Akishima, 1985; Ogino and Kato, 1964; Ogino and Ohta,
1963; Mai et al., 1994, 1995a,b; Uki et al., 1985a,b; Uki et al,
1986a,b,c), 1E5°] AFAFARIeRE= AR wigARE AAS7]7E ol e

ol g

ol

5, 1997b; Uki et al.,,1985a, 1986a), ©ild 2@ x&d &:(Uki et al, 1986b;

Mai et al, 1995a,b)ell thdt <A77t Fa o] o dH &F3ts o] &4

obd ATHA Yt FrsES AR 49 RoFE 48 & ® oy

Aol Fast duxdez 283517 wio] Ats duds dokd ¢ gl o

Fiolth Eok ghrslEde] A7k thE Fdadded v o) ol
X

o] oAl dAFHH AREVIE HAAE 5 Ue Lol A
=
T

O

olz AFet7] el vdtE o84l xS Ao ddHY, A

™
-
g a7

<
L

A= A7 E3EYd o R dextring =2 H7FsHY a2 (Furuichi
and Yone, 1980; Mai et al., 1995a,b; Uki et al., 1985a,b; Uki et al.,

1986a,b), ol thgk A7 Ut olo wel Fel= A2 =¥ (phaeophyta)

222 57 phaeophyceae) TFAwlE-(laminariales) YA vt (laminariaceae)©l
ol thdA ZxRFE BEANE &3 87 2y A 7 2 dlxoly, dE
2 -yl dAtelwt FtEo] R xSt AFE AAX & wHigal 7

(Ecklonia cava kjellum)ol| thal 1@k ZAFSE A3} chil gl 1~490] 12.7
= Hua 8~94= HAA o FHE X574 3 H alginic acid, &
A gFe 343 #ASke WA manitol ¥ liminarin €2 5243 Sk
BaFo] dtk 3 @ aglinic acid % AldH W3t AT 23] SH7I7F A
o] 3 FIFL 12~29, 6~74, alginic acid 1~3€, 6~7¥€e] Frj7jelH,
AA A= BEF 8~100=2 FA4" w5stEY A HQ]  laminarin®}

o S deErEn. e gstEo] 40~65%F AFA St
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Fo i A3t
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Rk AlE] wEl YEELS tZwt, ECR2%, CP+ECR2% 2 CP+ECR6%

oA W& FAE YERNLeH, o] AT AtETel 3575 HSP709
o] vebgtth olelg A= B ARdA e AFRHTMA ] o AN
$t BF, ARl mhE 2Eg 2 gigk o] TAstel AFEURAI 7Y YRR %
2 Ao gorHET

7V AR o] 2ol A7)0 WEE B CP6%t dlZwtol Hlshe] o] Az
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B3

il
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4 e A 712719 AUAE Yehie] 429 4gd sloldE Bz Yl
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CATEZ &9 49= A3 7IAd3 Blastd ECR A7bolAwt folgh Af
o]& UEtA ggtem, dxae W v AdwolMe FeolstA Sk
o oled Aate #AT AEd s Aol oste] A A s ditew &
AstE izt S7FsHAl Hal olZle] F:mshAl HW Abge] o= Aem UdEA
slerne ECRe A7bel s A W g #Hgo] Fate] 9 2Ed el of
g zhgo] & wizkshAl A8 Aol 791 Aom dAckEn. o] wel ECR6%
o] A& 4AE] BA Yede dde] HE o= dddn.

o] ATZAAE Tl & o, 7 Ee] A

r[m

Atg A7 e ECR A7) 2 Adto] H|g] ¥%53] £ ZAo=w I
Hojxom, ECRS M Al H7HAIZ &89S o d& =E
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N

AR BEgo] Salt FAAER R0 $4 5-50m HE 9% A A

Prol Majste} vlskmol AlE slxfvb ol wAste AdelA
278 79 dolx dlo] A8 ow ded Atk Axe @A 10001%F
o deld Qo gl B AR

=
=
discus hannai), 7V A E(Haliotis discus), %A E(Haliotis giganta) “18]3l A

o

= SHFAIRD FAE(Haliotis

—

Fro] MAsteE 7V A8 EQ S BX 7| (Haliotis diversicolor aquatilis)s 5%
o] A8t so® LA Urh(Ryu, 1989).
2 AF= 95 dgdA st vttt
F¥S Til(Rho, 1985), AF%E P HZFol= 3= ot A7t dF=
X H(Choi, 1989) 181 SAZEFTS 12 2 AHAE] Txu5EA
=

& W=tH(Kim and Rho, 1994). o] A& A+

H
)
£
:(I)LL

2

A7F @3t olE old FH9 AAG A wmet Hiheh s detA Ao
UEHTHYang et al., 1998). ®& dt= @Als] @ sT=al H5 g =&
e F2AAE A s dntdi 2 SedR, el e wJAE] Ak
o] Edstn, sAdE 12 AYY FIUFALTIE X3S HAAHEA T
- ASolle F8 AT ¥, = FAs A, drbdRa Tol Edste] o

213 oA Eo]l AlZ|eh AdER Az Axste] Hidl s I

(Nakao, 1977; Kim and Rho, 1994; Rho, 1985; Kim, 1995; Zhang et al.,

1996; Yoon and Byun, 2004).

53] 53 AFE FHd Fdste A AdeEre A

e FaE 71A=d 53], 19961 AFdE AFE A58
= stopxlony o] At ARt AFads S3ste] Avrbas A

T AR A FAES T HAAA oF 609l o2 #ud &4 4

gl 19989 A Lo % HaFRE 1996 d %0 vl AYAR AF=
=€

3|7 =
T2kl A E Aok A, B AP A= AT A ALkE = 7hbA
E(H. discus discus)®] 71% Aystd A5E dA5do] x&HFQ] Y HES
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A 71z Aty AgS SISl 2Ed s giabe] A RE 7HE Wol o]
|53 A& Aol A (Cho et al., 2002; Vijayan and Moon, 1994)o]t}. &
< @3 42 ol FojA doe Ady, WdA, gl dAdoR ol
Aok, 4% d 2Bz i 7Audse] d924 59 ¥3l= Ohel=
27 gllem 3hAlel thiaxT-Ql 33 psudl Hlte] 25 psud FoAHo® 3
28213l 30 psu> frolH o Sk e SHQlskslith(Tabel 4, P<0.05). 8}~
Rk 6helli= 25 psuRt oA e Ao umA= o)Al Aol=
94 FHTHP0.05). AT 12, 24hol = 30 psutt folHow AT AL
ekelsbglar, 48hell= 259k 30 psucllA tx=7(33 pswri ot o] A< 2

Oft

et
2

ftllo

H

=
=

gt

i

AEdAde 2tE 2Ed 29 o A" &dias od faflEdely oF
ol ==HAE W BH AEdAes ol5o] HAustA APEH xH e A A
ol £48 38 4= 9 Goldberg and stern, 1977; Simon et al, 1981;
Moody and Hassan, 1982). o]g|gt & d4taol djste] Aol A= Abstass
2 superoxide dismutase (SOD)®} catalase(CAT) &= AAdste] Ax7]s &
AE He oz d#HA dem, 7 F SODE superoxide radical (0z)E
H2029F Oz (202 + 2H  —Hz02+ O2)2 241719, o] A2ked H.0. H:0:5 CAT
7F 0:9F HoO (2H:0.—2H.0+ Ox) =2 Eafiste] A4S A7) el Aol
et BE2 AsA 71tk (Forman and Fridovich, 1973).

43 97 WH3lo] g 7pdEe SODS CATEA W3kE gelagitt. o
i EE 33 psudllA] AH AES FA WS AR sk 25 psuR SAS
u A ol 7]Ze] 7tA = dAE do] SOD #4S Trkehe A4S uE
uislon, CAT 4L #adte AF8S Yehlgled], ojgfs Axz njFo] &

Wl 25 psud L A 2Ed2: A3t A= SOD7F superoxide radicalE
Hp029F 0,2 AZA| 7171 AT o] [Ee H,0.5 CATZF 029 H.02 #3

s o] Wold AAY KT BANEET AASRA RHL eT nelF

Respiratory bursto]gk A M7} A28 ¢ 52 o 2245 9slA A=

woke W kA AanjEFo] S SAldl O, OH, H0.9F #2 Abasitz

alf



(reactive oxygen intermediates, ROIs)S Uso w2 WE3d= dAgS Wb,
o] gt ROIs+= WHAE Fol=d m$ Fag 9&S v} (Siwicki, 1994).
B A% 4= NBT AbEElol o IR WSl wE Respiratory burst &
4 WSS sl 9% W3t JhAl F 0, 3h o= FelAE gllew 6hAl
A Aoz Skt adte AEe Elsdla AY

=
F2 A 43T FAE UEIom A9EF F9d mE ARAaRe

| A
o] &el HolE Bl & F §ITH )& 33 psud ZHT AR FEolA AL
485 o & deA of F4d g FAAHJA AFHe] o £S5 FOE AR
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Lysozymes Atet 2 &+
&, & dpojzx ZEg W o 3
o}
& Lysozyme &4 W3tE F<lekaint. i W3t 7§14 5 Oh
9] FAE YEl e 12nAdd tix=T
T3 48hAel 9
2ol 7t Fosde. YA A o= thE(33 pswell Hlste] £2]7
¢l FAE FAelon AR Yol WE 75 S] Lysozyme 2739 ®
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. I -

2 AFoXM e AFZolA A== 7hed S (Haliotis discus discus)®] 7] %
At A5 5 g5ste] A4 A BHES A d3wsted g 7= A
o4 WstE &<l stazr dof Bl kst g4 ol wish AEE WggA
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43 HAHGT AP FR A AT £ Jehhdon 4GRS

Qlo wE 71uhAE- o] Respiratory burst activity@/igel W3l Ad A &

H
S 29 B2 A FAH Aol Hel & 5 Qv
AR HAIE A se] Felste] AEge WaE vngron Amol

g =S 2T, ECR2%, CP+ECR2% 2 CP+ECR6%°1A W& X2 1}
EPUISATh Zhebd Ee] Zhge] =719 WetE B CP6% dlZkatol Hlste] A
i, CP2%, ECR6%, CP+ECR4%, CP+ECR6%2 Z$-ole H&
t}. 53] ECR6%° 71 =2 A3 7179 HUAE vE

Aol aart Qe Aew uyeigd. dH, ZhEo A7)0 W lojM
ECR6%° 7V =& A3 71&71¢ AtiAE yetdo] Z24E9 Adgel] dolA=

w9t g oz Budrh FAY Afels 7Y L 2% A

AR 2EHAE ARAA e AR 7R M = ECR H7HE
of th2 g7l v 453 £ A2 Ak HojAH, ECRS WF AL #
7HA
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