Immune resistance materials against white spot

syndrome virus (WSSV) of shrimps
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Z(red bean of Phaseolus angularis), & (peanut of Arachis hypogaea) <
T(maize of Zea mays), ¥.¥l(barley, Hordeum vulgare var. hexastichon), 2
(wheat, 7riticum aestivum (vulgare)), &%-(grains of adlay, Coix lachrymajobi
var. mayuen), Z(seed of millet, Setaria italica), ™% (seed of buck wheat,
Fagopyrum esculentum) & =% 93 ZZ=(Glyeyrrhiza uralensis)$t NI
(Cnidium officinale), 5 (Angelica gigas), 12 (Panax ginseng), 1-71AH(Lycium
chinense), 2 V|AH(Schisandraceae chinensis), ~r~r(Cornus officinalis) & 7&
o dtekAl, 1elal v (Undaria pinnatitida), YA vH(Laminaria japonica), S-AFHb
(Sargassum fulvellum), 7Y (Codium fragile), T+HZA3%(Ulva lactuca), 7

(Porphyra tenera), $S-57VA Ve (Gelidium amansii), 17 (Chondria crassicaulis),

S8 Pachymeniopsis elliptica) = |ZF 92L& Aoz MAst] FAbsHS T

2) M-

Feuete] 28 FAIF gash A AR AFFOR BAS 2w
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SUMMARY

[. Title

Immune resistance materials against white spot syndrome virus (WSSV) of

shrimps

II. Objective and significance

Shrimp 1s one of the most important species in aquaculture all over the
world. Total production of penaeid shrimps in the world was approximately
1.48 million metric tonnes in 2002. During the last decade, the worldwide
shrimp culture was greatly puzzled by diseases caused by viruses particularly
by white spot syndrome virus (WSSV) and suffered significant economic
losses.

In Central and South America, shrimp production fell by 17% during the
period 1998~1999, mainly through virus infections. For Asia, a survey of the
shrimp aquaculture industry in Thailand found that approximately 66% of
farmers had experienced at least one disease outbreak per year producing a
financial loss of over US$6000 per hectare per year. The outbreak of virus
disease in Asia from 1994 caused continuing direct losses of approximately
US$ 1 billion per year to the native cultured shrimp industry. In Korea, total
yield of cultured shrimp was 1,533 metric tones in 1997. Since harmful the
outbreak of WSSV disease developed in shrimps farms, the yield of shrimp has
decreased to 998 metric tones in 1998 and to 1,142 metric tones in 1999.

WSSV is extremely virulent, has a wide host range and targets various
tissues. It can induce 100% mortality in infected shrimp within 3—5 days in
infection trials. Due to the extreme virulence of WSSV and a wide host range
covering almost all crustaceans, it is difficult to prevent and inhibit the spread

of the virus. Therefore, the health of shrimp and enhancement of its immunity
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are of primary concern.

Among the polysaccharides, schizophyllan extracted from the fungus
Schizophyllum commune, scleroglucan extracted from the fungus Sclerotium
glucanicum, and yeast glucan extracted from yeast Saccharomyces cerevisiae
have been widely studied to increase the survival of teleosts and penaeid
shrimp, and their non—specific immune system. Sodium alginate extracted from
brown algae Undaria pinnatifida and Lessonia nigrescens have been reported to
increase the resistance of white shrimp, Penaeus vannamer against Vibrio
alginolyticus. It 1s known that extraction from a brown alga, Sargassum
duplicatum, has been reported to enhance the immune resistance of white
shrimp P vannamer. However, there was no finding of compounds or materials

perfectly enhance the immune resistance against WSSV in penaeid shrimps.

[II. Contents and scope

To find suitable compounds with potential immunostimulating properties
against WSSV, this study was screened natural medicines enhance immune
resistance and promote growth of shrimp from 9 cereals, 7 oriental medicinal
herbs and 9 algae. We examined the superoxide anion generation from
hematocyte by NBT staining method, survival rates of shrimp after the WSSV
challenge trial, and daily feeding amount and molting frequency of shrimps,
Penaeus chinensis fed a diet supplemented with extraction from natural
materials. Then, we fractionated the functional substances for the shrimps from
selected materials, and manufacture the feed supplement increase feeding rate

of diet and immune activity.

VI. Results

Production of superoxide anion was high value for shrimps that fed a diet

contain extraction from seed of millet and maize of cereals, Cnidium officinale
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and Angelica gigas of oriental medicinal herbs, and Codium fragile and Ulva
lactuca of algae. The highest value for daily feeding amount was shown In
shrimps fed a diet contains extraction from Cnidium officinale and Angelica
gigas of oriental medicinal herbs. Of cereals and algae, daily feeding amount of
diets was high for the shrimps fed a diet contained extrction from seed of
millet, maize, seed of buck wheat of cereals, Porphyra tenera and
Pachymeniopsis elliptica.

Survival rate of shrimps infected WSSV was high in experimental groups of
shrimps fed a diet contained extraction from Cnidium officinale of oriental
medicinal herbs, Codium fragile of algae, and seed of Setaria italica and
Fagopyrum esculentum of cereals. Positive reaction of WSSV in situ
hybridization was observed in tissues of gill and epidermis, but few observed
in tissue of muscle, hepatopanceras and ovary.

In challenger test on WSSV, survival rate was higher for shrimps fed a diet
supplemented with SP—03, which mostly made from extractions of materials
had efficiency of immune resistances then for the shrimps fed a diet
supplemented with SP—01 and SP—-02 mostly made from extractions of
materials had efficiency of attraction for feeding.

The MeOH extraction of selected medicinal stuff was partitioned into CH2Cly,
EtOAc, n—BuOH, and H:O fractions. To identify the activity principles, we
evaluated the production of superoxide anion from hematocyte, daily feeding
amount and molting frequency of shrimps fed diets supplemented with each
fraction. The H>O fraction of them showed high activity in daily feeding
amount, while the CH:Cl. fraction showed high activity in superoxide anion
production. High value of molting frequency was shown in EtOAc fraction.

Daily feeding amount was 0.25%0.02g, 0.28%+0.03g and 0.30%0.03g for the
0.2g/kg, 0.4g/kg, 0.8g/kg supplemented diets of SP—04, respectively. However,
daily feeding amount was decreased in 2.0g/kg and 4.0g/kg supplemented diets
of SP—04. Trypsin activity in foregut, midgut and hepatopancreas was measured

when the shrimps were fed a diet supplemented with SP—04 Og/kg, 0.1g/kg,
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0.2g/kg, 0.3g/kg, 0.4g/kg, 0.5g/kg and 0.6g/kg. No significant differences in
trypsin activity were observed in hepatopancreas of shrimps. However trypsin
activity in foregut and midgut of shrimps were increased gradually with
increasing concentration of SP—04 supplement. Total length and body weight of
shrimps fed diets supplemented with 0.2¢/kg, 0.4g/kg and 0.8g/kg was
significantly higher than that of control shrimps fed a diet not containing
SP—04. Daily carnivalistic rate was lower in rearing group of shrimps fed a
diets supplemented with SP—04 than that of rearing group of shrimps fed a
nonsupplement diet. Viral challenged shrimps fed a control diet were died
within 6 days. However survival rate was 80% of challenged shrimps fed a
diet supplemented with SP—04 0.4g/kg.

Two commercial farms for £Z. chinensis located in Jido of Cheojnanam
province for experiment and in Daesan of Chungchungnam province for control.
The shrimp culture for expeiment was initiated on May 26 and harvested on
September 1. 75 days after stocking (August 4), the average weight of
shrimps fed a diet supplemented SP—04 was 11.81g, and reached 18.35g by
the time of the harvest, however, the average weight of shrimps fed a
common diet was 6.70£0.96g, and harvested in early on August 18 because
shrimps showed symptoms of the WSSV outbreak.

The culture for P. vannamei was initiated on June 4 and harvested on
September 3 in Imjado of Cheolnanam province. About one month after
stocking (July 11), the average weight of shrimps fed a diet supplemented
SP—04 was 3.70g, and reached 18.81g by the time of the harvest.
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A= T, Q1F =7kl wAIglel A AIAIRLE ] Folshs AE U oA
£ 10,000-15,000%°] °ol2= AAHLR £& ARTF FabEFe] shifolr
1970t 8 A9 Akl o] st AlAle] A -Fa T
oF 88%HE, 19969 927HE, 1998l 100, 20000l 114vtEo 2 wid Z7}
sto] 2002 d o= 148Wk=o o]=i Itk (Briggs et al., 2004). o]#g BAF

T H=, T AEUIAel, QI 5 obAlol Ao Aakre] 2002 kel 1097HE
o8 A AAANZL] oF 74%E AH B 9lom, oS et A Aol A

o

S
e A wRIRAY Fe@ B4 Ao TG AU 4T

r -|~'
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of tiate] FA Aol 517ECIRN Y 1996 FH A - HEkAI g o] A A
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SEBlRE A el A= S
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syndrome disease)?] @A} o] 2 Q13gk AJ9-F2 o] tfFH AL} L ojypH A (Huang
et al., 1994; Inouye et al., 1994; Nakano et al., 1994), H=, J%= 5 Ax3
ofrJo} Mo wm WSSVl g Aol w2 gHiku o] Fobaobet Al A
2bgel =gk s 7P 7] A& th(Flegel, 1997; Huang et al., 1995;

24268 0% 2FH Frbskel AFAA sk ¥

1>,
rlo
>,

Krishna et al., 1997; Lightner, 1999; Park et al., 1998). = % 19953 w|=]
Texasoll Al 5o 2 FE o] 19977 1998Wofi= South Carolina® A% 7= Q]
on, Hodl= Tdotule] 7t} Hotulglgtel A W oA o5 A e w7l
Wssvell ogk FJaf7} wefsiAl vhebtt WSSVell o3k vl d AAIA o G4l
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o] At} (Tang et al., 2000). wpoJefz=e] gk TR o] ofaJofof At wiid 600%F
A/haz AAZ= 3x9o] Fal vk (Smith at al., 2003).
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H 2 =Ule 7[sie se

Aw7hA ezl 2= WSSVell e Al-Fe 1 79 dEed wek 3~10
A el 80~100%7F #HALEH, 204 ool M= #HA == A7 AHAH
Aoz FHT S Mg F dYPEo] H ]
Fel €9l
HE Y

o

w
g

gl (Lightner, 1996). ©]
of tf

i
ST
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s 2] Y 19943 o] FHE AWMy ZT
Q1 WSSVl 32k A do] ursix| A PCRo

A T B AGE] o]Fojx|al AtH(Lo et al., 1997; Nunam and Lightner,
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=
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1997; Supamattaya, et al., 1998; Hossain et al.,, 2001; Soto et al., 2001). =gk
Vibrio®} WSSVel tigt WSF74A1e] 7S 98 Ag-E0] Wol] o]FolA], yeast

e

cell ~walldlAl  F&3%  glucan, Bifidobacterium  thermophilumo\ X %

i

peptidoglycan, HollA F= H2]3 lipopolysaccaride, 199 fucoidan, ZZFF F
= 59 HYSH 2 E Hogs AFEIELE Q9™ (Chang et al., 1999, 2000;
Henning et al., 1998; Itami et al., 1998; Liao et al., 1996; Song et al., 1997; Su
et al., 1995; Sung et al., 1994; Takahashi et al., 1998, 2000), vitamin C7} Ho]

AqFa Brtohe Wl g S ZAdtks Wb 9lo] vitamin Coll gk T4l

1996; Nunan and Lightner 1997; Chang et al., 1998; Nunan et al., 2004; Tang
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52 Schizophyllum commune®}y Sclerotium glucanicumol~l FZ3F thdA|<l
schizophyllan®} scleroglucan, Z1#8]3l &Rl Saccharomyces cerevisiaedl ]
gk yeast glucan & AH&Sto] HE o 7o} HeAl¢-7Fo] H5ol% HAAE
Al7lele Fae® gy ARRH A gith(Yano et al, 1991, Sakai 1999, Song
and Huang 1999, Chang et al., 2000, Park et al., 2001).

qEFolre ZdxFe R Fol Fdadrt dvk= BEark v o] % (Noda et
al., 1989), Z=xFol ITWAS zt7] AZF st Undaria pinnatifida®t Sargassum
autumnale®] VY FEE°] YN (Cyprinus carpio)9t Wl (Seriola quinqueradiata)
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1

o|\

o] HgZE7to aypdolusE Ha7b 9 ow (Fujiki et al.,, 1992), Sargassum
duplicatum® VY F=E= AN -(Litopenaeus vannamer) T ZF7}tol] <
3 &a3E vehlidohs Bk lvk(Yeh et al, 2006). 2al WelA F=
2] %k lipopolysaccaride”} H.2] AW $-(Penaeus japonicus)e] WAF74 a3E Ho
Hiole] o] ZAAZE A5 & AEES EQvke Bt th(Takahashi et

al., 2000). 18 ol EHo a3 whx WA=} NS =43 AyEo)

7F As

(1) oFAle] A4

Fe dAxEow de] o]&sk= E(red bean of Phaseolus angularis), 33

[o

8|

(peanut of Arachis hypogaea) =55 (maize of Zea mays), K. (barley,
Hordeum vulgare var. hexastichon), 2 (wheat, Triticum aestivum (vulgare)), £
Y-(grains of adlay, Coix lachrymajobi var. mayuen), Z(seed of millet, Setaria
italica), M8 (seed of buck wheat, Fagopyrum esculentum) & = 9% &4
AN HEHeR 23Vlss wi AHFe =ostal @Hx FE(Glyeyrrhiza
uralensis) ¢t B8 At ED = d2 AMSEl 9 )& (Caidium officinale),
Wi (Angelica gigas), A4Y(Panax ginseng) 53 =7do] i b 7] Hoe} 7
FaArt Ao geA Ve AFSE AMgEo] ol&HAAL Y= FUIA
(Lycium chinense)$} Q.W|AH(Schisandraceae chinensis), 12l Z+a (5kz), A4
(BR)HT A71(EREZ, T8 59 &Esol dvtar &#Hl A (Cornus

officinalis) &2 TrefAet f-ejuel Agtel E3 & 4 A= MY (Undaria

pinnatifida), YHAvH(Laminaria japonica), Y AAWH(Sargassum fulvellum), 7472}
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R

A (Porphyra tenera)
S8 Pachymeniopsis elliptica)

TH 2T (Ulva lactuca)

(Codium fragile),
(Gelidium amansii), 72 (Chondria crassicaulis)
s Az oz MAsE T
(2) tishAl -5
Aol AL-&3 st Sd HIoke] XS I Haataerd Bk A RA T AlE
| A1 WSSVeol| 2+ 5% 2 Bal=2HEH TASS dof TH A4kste] 0.2hao] of
L)E Ao A FAHFQ AL Egrol ARE-SISITH
. FEH
A7) 2F Fo AEekAEe dlste] ZF2b 100gS F3ko] ethanol® 33 W3 F
=3 B o]Z Ho] volume 200mlE WHEo] o588 T FAR oM, AR
kgd FE=FA 10m1¥ 7k oh
ok AR E
HAZd I 754 A9 fAFATAE A 2 e gslE ot AY
EAMNATAR A oo FR7F Holde 12709 0.7Ton 3 (1m"<1m"x0
Tmh ol A 10uFE Y F8te] £ 25~27 Tl A AFSEFAA 10U 7 ZAEF T
28]ar WSSVl thgh A aka] A3 8o 1z FdAAlete] A =o] = 4070
9] 0.2Ton 524 F£%(0.8m"<0.5m"><0.5m™") el 5uta]® do] 109~13Y47F AH
SFSI T},
g}, Wodgyd A}
M- YA ZHE 1ml syringe (26 gauge needle)E ©]-&3ste] JolS He
[tami et al.(1994)2] S W33 Chang er a/(2000)2 Wioz HASAS
X5 et
i o]-83} superoxide production %
=

k=S
ZAFeh7] fla oA
w2]¥ dF% nitro blue tetrazolium(NBT)-S
7} (Song & Hsieh, 1994)¢] oJsto] WSS FA}
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(Nunes and Parsons, 2000).

vebith  Fi=CF./CF9

Fg)=
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AEE
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2 40709

AZF9 10%7F H 5=
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=
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slell WSSV
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Qs —80CAH &Y= H

=

2R WSSV #ese] #HaE o

btk ARgEel o)
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[e]

q‘

}o] challenger test

challenger test
[e)

FAA AL
ANge 5%7F H=F 35l 33

}

o]
pal

°©

10kg 7
1o 25C~28TC <9
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=
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Sample

MeOH

| MeOH extract l
CH,CIl,: MeOH : H,0

(10:1:9)
[
’ CH,CI, fraction l
!
| EtOAc fraction |
| |

In-BuOH fraction l | H,O fraction l

2% 1-1 BAE ABEd g F520 28 e SAw
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o}. PCRY ol ¢33 WSSV # ZA}

(1) Genomic DNA F=

ZF AAE 22 (pleopod)d] 2524 ¢F 25mgE He]ste] 1.5ml microtubeo] ¥
3L, 180ul 9] lysis buffer (10mM EDTA; 30mM Tris—HCI, pH 8.0; 1% SDS)<}
proteinase K sol. (10 mg/mL) 20ulE #H7}sle] 55Co A 4A]7F digestion ¥
200ul phenols Wil & t& 8,000 rpmelA 1&7F AAEeE A7 g9
TS 343t new microtube® 713l THA] phenol/choloroform/isoamyl
alcohol (25:24:1), chloroform®] A& extractiona A7l & &AX AS N
20ul 9] 3M sodium acetate (pH 5.6)3} 2.5 vol?] ethanols Yil 7PHA &5 &
—20Coll Al 1Az} incubation, 12,000 rpmellA 10&3F A& E st ke 3
HAAZITE dEas 43 M@ thE 70% cold ethanol® DNA pellets Al# g
% microtubed] FES &HAS] AZXRAZ v 100p9 1x TE buffer (pH 8.0)9l
&3lste] PCR ¥h&-2] template® AREE wj7bA] @1 A3}

(2) Polymerase chain reaction

PCR wWk&o] AFEEH primers= 13—20 mer® 2 set (1F/1R: —5'—AATC
TGATGAGACAGCCCAAG—3'—/=5'-GGGAATGTTAAATATGTATCGG—-3'—, 2F/2R
© =5 —CCAAGTTGTTAAACAGGCCG—3'-/=5'-GGCATGGACA GTCAGGTCTT-3'-)
ZA olE F setd® ol&dte] 1xkek 2xkel A A nested PCRE F33k3ith PCR
reaction solution (1.0 unit Taq polymerase, 250uM dNTP, 10mM Tris—HCI,
40mM KCl, 1.5mM MgCls)ol 10 ng/tube®] template DNA®} 2.5 pmol®] primer
S #H7bsle] & wkSoMo] 20 ul/tubert HA 3T
PCR& 1% (pre—reaction 94C 5%, denaturation 94°C 30%, annealing 52C 1
. DNA extension 72C 1%3F 20—30 cycles), 22} (94C 5%, 94C 30%, 55C
45%, 72°C 45%, 30 cycles)® W& AbES 1.2% agarose gelollA] 70~100
voltsoll A 7195 § UV stollA #&eto] Hiolg 2 FHdx SF ofF-E5 <ls

e,
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Ab. WSSVl W& in situ™i

(1) in situg probe A2}

(7}) Ligation

HaE Aol FEE WSSV EHE PCRE S3FHAZ F 1% agarose

geloll A7) E& o] Felsk & gel purification kit (Nucleogen)ZE ©]83lo] DNA
gHs FE% F5E WSSV DNA w2 PCR ®H39 (dNTP, PCR buffer,
r—Taq)d} 7 72Ce|A 10%F WHg-A1Z1 % pBluescript II SK— vectore] T4
DNA ligaseE #H7}3te] 16 Col A overnight ¥+2-38Fe] A A # ).

Vectorel] A%l WSSV DNA ©#H(2F 0.5¢8)2 compentent cell(eF 50nul) 3}

Heat shock & =A] 4& 9o 3%7F 511, SOC 250ul #H7}sle] 37Col A 1A17F
St AR gtk v 50ug/mle] ampicillin®t 0.1mM IPTG, 40ug/mle]
X—Gelo] ¥38t¥ LB agar vlA|9| spreadingsd}e] 37°CeollA overnight B} %3} T},

A | g5 AHLE A colonyE Ts, Ty primere} PCR WHgHS &
st 94Coll A 383 18], 94Coll A 18, 50CoA 30%, 72ColA 30%3F 30
5], 12TCollA Fadje] 2o PCRE F A7|gdeo= st

(t}h) Plasmid DNA ]

WSSV DNA ©@e] FZg 34 colonyE A¥ste] 50ug/mle] ampicillin®]
A7k LB diAl SmlellAd  16A1%F  wiFekgivh. ¥iYFE  plasmid DNA®
AccuPrepTM plasmid extraction kit(Bioneer)E ©]&3to] F=391, F=3
plasmidi= Hind 112} EcoRV AtaAE A 2]3}e] agarose gel A7]19F5 2= vector

of Aol F-2F DNA size #<lstal, 47|42 £4& sh3ith

(2}) Agarose gel electrophoresis
DNA9] £ % o1& Southernd HWHol| we}l agarose gel A7 Fo =7
sttt A719E5e 3 A7) oA deR o™, 1%(w/v)e agarose %
= ALY 9 E bufferi= TAE buffer (40mM Tris—acetate, 1mM EDTA,

0.5¢¢/ml ethidium bromide, pH 8.0)& AFE3}R 3L, H7]9s & UVH slol|A &
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sttt Ex% =4HLE 93 standard mark: Takara AFY] ®X174—Hinc 11
digest (1.057, 770, 612, 495, 392, 345, 341, 335, 297, 291, 210, 162, 79 bp)

& A8t

(7}) DNA sequencing

A7 <82 ABI PRISM 310 Genetic Analyzer (Perkin—Elmer)g A}-83}¢]
X519t Nucleotide®t amino acid sequence #2418 GENETYX-WIN 3.1

software program=- A}-&3}%it}.

(¥}) RNA prove A2}

do] #l¥ plasmid(2¢g)= Hind 1115 A 23te] overnight2 2 WA
A e Arldeez Agasr Ad oRrh glud s3] PClE ¥
vortex & YAl&2] gt} (15,000rpm, 3min). 94 3 A5& A tubeo] &7 &
o] chloroforme ©lsle] 412 & AR ST} (15,000rpm, 3min). 5 A
Al tubedl A 1/10¢] 3M  CH3COONa, 2.5x ethanols H7Fste] 42 H
15,000rpmoll A 203+ Y2 dted DNAE HAAZT). pelletdl 70% ethanol
Iml H7}ste] oAl fAA%2] &k (15,000rpm, 5min). 94 F 435S AAS
evaporation® 2 ethanols %3] A A%ttt DNA pellete B4 20ulo2 =91
o} 10x buffer, NTP mix(DIG-=UTP+dNTP), RNase Inhibitor, T3 polymerase
S X7bste] 37Col A 1AIZE iFsto @4 RNA probes g3ttt A7) 5oz
probe A oFZ 213 F DNase [S H7lslar 37ColA 1587F v she]
DNAE A|A%. vl & 2.5 volume? 100% ethanole A 7}ste] 15,000rpm,
4C, 2027t el skl RNAE AT 5S4 Wi 70%
ethanol 1ml #7}ste] YA+ 2](15,000rpm, 4C, 5min) St} A5 243 4
A3 AAs T HH4(100ng/ule] F=7F HANE FH7lste] Ho] H EFsho
—20Col] B33t}

(2) Hybridization
pre—hybridization®] 4 A% probeE 100TC EoA 1057 HAAZN H

AS o 58 F tS prehybri—solutione] 100ng/mle] =2 713k

_42_



hybri—solutionS %7H=T}.
et DA el
HE silicon ZEE AW S92 E do] 95CoA 53 MAAIZ H, 37T A

overnight &2 WA 71

| 4] prehybri—solutione #| A3t 2 9o hybri—solutiong =

[

Hybridization®] ¥ &glol= ZFEtxE 50% formamid7} F7Fd 4x SSC &
of 2AM AW ZFEAE AAZ FH 4x SSColl BA 37ColA 5837 wh-eA R
Zefol= F#t~E 204g/ml RNase7d H7FE 4x SSCol @A 37Tl 30831
SAI71aL, 4x SSCell 3%-3F Fo] RNaseE AlAETE 1 th3 2x SSColl 1A7Hs
FATE 1x SSCE &AAl 1AIRE WEgAIZITE REZo] 2y Efols FEkae
0.5x SSCell g1 37CelA 30&7F WH3AIZ F AHEE 0.5x SSCE HAA 4

oM 303t = e AT

&3

23

rr

o

}owy 24

ot

S
=

BN

=5, Al B T FEE AFVE A "gdgel A=
Atel7] flslke] 8¢ 309FH Hi Al 10.491+0.63g, AT 110.89+2.99mmY]
ets st S Ao =8A AT Holfle AT R 7}
rovpe ¥ geto] Z+F oA FE=o] HIbE ARE HolstuA 10U ARSE
A3kl NBTS ©]-83%F superoxide production B7FHoll &sle] FAlsle] =7
1

<
z
o At aY 1-20], @epAe ASE 19 1-30) 2en H2FY e
=3
=

o N rr

e

oA Hi=nke} o]l Z(seed of Setaria italica)7t DO 0.34%£0.12% superoxide A
Aol 74 w7 vElgen O ggos 447 0.31+0.122 ¥ UEbgth &
FoF e 27 DOZF 0.224£0.067 0.2240.052 %9} S4FEUE 92 gS
HPou dix AFT 0.1240.01 Hrbes =2 S B

oYy "y mee] FEES weoldr Ad4= DOZF A 0.15+0.039
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0.10£0.01% whxwrat Aol Fd3t d3E Rt -3 Takahashi et al.
(2000)7F H7FF(flour of wheat, Pantoea agglomerans)=5¥] g F33
lipopolysaccharide (LPS)E woldt RS- (P japonicus)®l* phagocytic
activity, phenoloxidase activityolA] ¥ A& HP oW viruso HIAAAS
B¢ LPSE AFAsHA &L tix AP+ sdvte BE5F #Asigl o LPSE

HAD w95 50%0 AERS wdm W

r\:l

b 659 FEEES MG ARl H7lete] distel Fold ¥ superoxide A
ol H 1-39 Yehiith  &3rles FXA7IE fdxe i s
Bt Adanrt dokar gkl 7Rk ewak, aelal A, 217 Bl Er
= AR FEES WU AIRE W g superoxide A4kl 2]dk DO#ES
02 ~0.17£0.04% iz AFT¢ 7o A ofy™ oF HA velbstith

W By A E e e AeS A7 0.29+£0.199 0.33+0.12% i

o
folr
K
il
Id

AF-Foll A dAlE AMES WIS adE AN AFELS 3ol y] FEA
gk ojFol e W A=l FAEHAA skvh. x99 glycyrrhizine Edwardsiella
= b o] ofFoelMe= Hx7F |

AZ7}e] £ A5E Ky ojA il Jvk(Jang et al.,, 1992). 18|31 F7| %9} Q1
3 ol gk Aol o FolA =A yehdtt

= Bz vk (Kim, 1999). 22y 2 AFrol A diste] A9-olA dAs4dasd
o] A|FZ=E ARE38h= superoxide BANAME F2 E3E HolA Fst) of2lg

i
olt MeFRANE dohrE A AololA e FE QAW AR o] Fi

FN
o
e
t
by
N
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0.6

0.5 1

o
N
—

e
[
®
S 0.3 -
5 | T
a)
0.2 -
-
0.1 as
00 T T T T T T T
Cont Coi Hor Zea Set Fag Tri

Diets

18 1-2. W8} (Penaeus chinensis)®| &5 (Coi), X.&(Hor), =5
(Zea), Z(Set), Wl'd(Fag), B (Tri) F=EES 44 A=

of H7bsto] Folstsla wl Al el 0.7 A,
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0.6

0.5

0.4

0.3

DO (630nm)

0.2

0.1

0.0

Cont Gly Lyc Sch  Cor Ang  Cni
Diets

. SH Penaeus chinensis)®l SHeEA, 732 (Glycyrrhiza uralensis,

Gly), T71AH(Lycium chinense, Lyc), V| A(Schisandraceae
chinensis, Sch), AY(Cornus officinalis, Cor), 3
(Angelica gigas, Ang) 18|l A3 (Cnidium officinale, Cni)
FEEES 47 ARl HIbek woldis Wl A2

el 0,9 B4,
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0.6

]

s
[
8 ‘{
8 03 .
> |
0O 52 . .
.
01 - T
0-0 T T T T T T

Cont Por Uv Cod Lam Und Pac Sar
Diets

% 1—4. W3 Penaeus chinensis) #(Porphyra tenera, Por), 77874
s}l (Ulva lactuca, Ulv), 32+ (Codium fragile, Cor), ThA| v}
(Laminaria japonica, Lam), V9 (Undaria pinnatifida, Und),
=W Pachymeniopsis  elliptica, Pac), X ARH(Sargassum
fulvellum , Sar) F=&%5 Z7ts AFsdd H7lste] Folskad

= o A EeA e 0, 2 A
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(=]

|
kol thH-3 superoxide Aol &HAQ HAo= ety Sy duldel A7zt

3}

©] 0.35£0.18%} 0.39£0.28% t}& xFHT =2 #&S YERIA S

[-'E
rlo
N
N
S
=
N
+
o
e
=)
o
o
ﬂ
_I_
=
:
fu
iy
BN
4
¢ o
-
o
i
H
&
S
ot
up)
o
o =

ZRFERYH Vs BEAS Fax ste AdFAE] FHtddl wWol Eolvte FA
o] A|RF Noda et al. (1989)7} Az R Fo] I¢ad7l vk Bt v
T 22752 "9 (Undaria pinnatifida) ¥ 2760l R (Sargassum autumnale) €]

Aet FZHLEo] Yo (Cyprinus carpio)®r ol (Seriola quinqueradiata) 5 ©15< 4
A5l aH oIt Bzt lvk(Fujiki et al, 1992). Z¥]il Itoh et al.
(1993, 1995)7} A]&o|(Sargassum thunbergin) oI~ %3+ polysaccharide ¢}
fucoidano] WHFZ el e FAtaEATE Uvt= AFAIe] RIFOZ Yeh et
al.(2006)> 2 BAEEO| %38} = Sargassum duplicatum® Y% FEES Y
YN - (Litopenaeus vannamen®| TAFSFE S wjof Holo] Hr7isle] #HAS w =
T WY Y5d adE et BaE gl olE Hiad st
7T BEANE £o £t FRES oFe AR WSl we avkd
de HolFa v B dAgtelA
3 T

3 9ol tiatel

FE
)~
mlo
e
o
N
rlr
=
[2u
_|>i
rE
-
for
&
o
i)
AL

$FH  Supamattaya et al. (2005)= Penaeus monotond| HZFe dF<l
Dunaliella %55 A& 1kgel 300mgs H7bste] Woles 24 WALAHS vE
U= phenoloxydase(PO) activityoll &= Wz Ad G2} 2fo]7t §gloy WSSVE 219
ANRE BT 33%Y AEES Hof vio]gy 2o o

JHERE ofyel B—caroteneo] A-5-¢] A= F2 AIE HolFo FEIIAE
T A= RAE ST B AFNAE STl &t A

=4
HolFal lo] g5 o5 mExFo| tis] Be AU}

2
o
i
UV

M ol
e,

N
I
e
iic)
o,
=2
o
rlo
fo
i
Ll
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Feeding amount (g/day)

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Cont  Hor Tri Set Fag Coi Zea
Diets

&} ( Penaeus chinensis)o] ¥.2](Hor), = (Tri), Z(Set),
Wi (Fag), &5 (Coi) 18al SF5(Zea) FE=EES 7

2 W7k RS Folsgle W AY AR HH.
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0.35

0.30 A
B |
©
g 0.25 - -
S 0.20 1 [ T
£
©  0.15 - T Il T
o
=
8 0.10 A
@
L
0.05 A
O-OO T T T L L L L
Cont  Gly Lyc Sch Cor  Ang Cni
Diets
1% 1-6. Wk Penaeus chinensis)®l kA2 7+x(Gly), +71*HLyc),
QW ZH(Sch), 2H(Cor), T (Ang) 1831 H&(Cni) F=
S5 47 AH ARE FOISUS W 4 AR HA,
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0.25

= -
> 020 [
2
b~ [ [ i
2 015 - T
=}
> i
e
©
o 0.0 -
£
©
3
L 0.05
O-OO T T T T T T

Cont Por Ulv Cod Lam Pac Und Sar

Diets

a8 1-7. st Penaeus chinensis)ol alZF<1 7 (Por), Tz 3}
(Ulv), 82 (Cor), ©AvH(Lam), =4 (Pac), "< (Und) 1
23 BAHH(Sar) FEEES 47 HUEE AR E FolskS

& u) ST AR HHZ.
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7] A8 e superoxide WA FALS} 7134 ZALA dEd A¥E Bl AR
NME &, S5, WY, A E xe A, slzfFdAe Y age F7

o] FEES U oez WSSVel gk challenger testE 23] U0 AA|sto]
A3E a7 1-83 1-9° JERfAT

19 1-80 4 Hi=ule}l o] WSSVl 7w %] & tslE (negative control)
S AFSTI 7 HoF BE AESFF o WSSV 7w W) sFE (positive control)S Af
5 8¢ ko A FAAEATE. WSSVE Q1998 =2 A 717l 9 tistEe u
sto] WSSV o7& PCRES=E AAe A3 17 1-10014 vepdutel zhol
- WSSVell o] A 2 AEddnt. 3 7154 =AM 7R g
Aig BPWA Az A5v 79 v HAlste AdE Hof dlolg e tigh A
e A HolA LUt Ve AN S5 AHRE BHAY ST

o] A%Im 94 vbol A7 wAtste] wpole el Wk APAe HolA @ttt

M

gy Vs WY st AvE Bd Ao Aee AN 8Y §

ot & o7 HA MASo] JElgott a1 gSREE HA " ASe]) e

| gkol 20%9) AEEES BT Tela BN FEF A0E vl 2P
out MABAAA Jbg FEs vhebge Fze] 9E A% 7Y B A
AAge] A%H o VehgAn 8AREE 30%9) AEES A% FA5

T A ARolM= 1 1-9014 Henkek o] WSSVel s %] &2 dist=
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O]FHE 10%9 AEES Hol AMAT HAtets S Hol 12 AF W By
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eN
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Neg Cont : WSSVel w3+ negative control, Pos Cont :
WSSVl thst positive control.
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Rearing days

oy 1-9. #9949 (Ulv), " (Fag), *(Set) FEES wold
WSSVl 7=l s P, chinensis) AE%5. Nega Cont
: WSSVel| th3dt negative control, Posi Cont : WSSVol

3+ positive control.
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M NN 1 2 3 4 5 6 7 P P

A B
M 123 4567 8NP M1 23 45¢6 7

" 1-10. WSSVE e AA7IA e tixTe] tak(P,
chinensis)($1)¢F WSSV 215 @Ak ZRA(ofe A) <}
robetS WA (ekel B) o B Aol ek PCREAI H7]9F
AFR. M, molecular weight marker; N, negative control;

P, positive control; 1—38, shrimp sample number.
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7t A oA AES A S tste] WSSVel tsk 7hed o]

kAol FEEE o violg e digk s ay Bohe A9 2AAY AdE &
Aoz uioleixe] FEy WS ojAslal oo Ui AL 79T A&
E Yetd A3ga & 5 9k

AF7HA AR Kol 7|5do] FL& AR Fx
7} WSSVl digh A&dAdelA gogt Aas Helon, WdAdw 7|sd 4% B

FolA Az AE ®Hel HE, Z, WEy e AEo] WSSVl thak # 8k ol A

BoAo A 1xe] Ay 2219 AdoA i Ao MEL Wiy zH)
o2 Yebd & WSSvel gt Za7=rt 747
kA 22 Ao WEy 2 FEES Hold diste] A

30%, 20% = YER} AR WSSVel tiall o A3AL ®Helt)
3l Had FZo] ¥ Aol £& 7sAlo] ok s 4= Q) vlolg ol i3k
AeAdS B ¢ FY F de EES e feiMe Ve R i EAdo] =

o BAS FARE AHSIE Aol wdA sAw AgRye] JHase A7) A9

2}, WSSVell tigt in situol ot A7 x# sk -z

LA}

A7) Ao MAE dste] 713y 22AE WSSVe| 79 dHE 2AgHow
ZAFSE7] 918kl WSSV A= RY i situ§ RNA proves A|ZFsk 3 7} 7]
Bl =4S SR jn situ hybridizationg 718l o}

WSSVell W& in situ® RNA proveE A&7 $3ke] ¢4 5'-—
CCAAGTTGTTAAACAGGCCG—-3'9} 5'-GACCTGACTGTCCATGCC-3" 719
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primer® RCR& o]-&3dte] WSSV ©ilS SEAZow, FFHe A do] WSSV o
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A7 go] &eld plasmid2HE Hind IIIE A g sle] B8 FE%¥ DNAZRE
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A 1AIZE v Fste] RNA probed fH/dekith. H719E 2% probe A AFE &
A% Ax= a3 1-12¢] YERNATE I F ethanol F AW 2 DIG-labeled
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5" - CAAGTTGTTAAACAGGCCGTTGATGAAAAATACGATGAATTATTAGA

AGATAAGGTTGAAGAAATGAGACCGGATATAATCAATGAAGCATCCGAAA
CATATGATAAACTTGCTGCTGATATGATAAGAGAGGTAGACACTAGTAGT

GTTATTGCTCCTGCAATAGCTGGCACAGTGGCAAGAACTATCAATAATTT

AAGAGATAAAAGGAAAGAATATGAAAAGAGGCTATGGACATTAGCCTACA
AACCATGGAGAAGATATGTACAAGCAATTACAGTGATGGAATTTCGTTTAT
CATATAAAGACCTGACTGTCCATGCC -3'

a9 1-11. WSSVl 3t /n situ hybridizationo] A}&% 3= probe?]
Mds gelet7] 91§ DNA A <.
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1ul loading <4 DNA

<4-RNA Probe
(100ng/ulz =3&)

M 21 13 13

19 1-12. DIG labeled RNAS] A &2l 3t A7|d9%F AHA.
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19 1-13. in situ hybridization el ¢]3+ ZF 7|39 WSSV 7793 Abe).

1, epithelial tissue of intestine; 2, gill plate; 3,
hepatopanceas; 4, muscle layer; tissue; 5, oocytes; 6,

eyestalk organ.
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a9 1-14. £%eFA 5% SP-01, SP—-02, SP-03& 7}7} Fo
WSSVell #Zd® tNeH( P, chinensis)2] AE5.
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Survival rate (%)

a9 1-15. SP-03
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(P chinensis)e] BE4.
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A -l A mloleixae] FAS Ao = = EAS 27 93 challenger test
£ 3 A= v sk vibriool Wigh challenger test® g AFE-2 @o] o]FoiA]
Attt (Itami et al., 1994; Su et al., 1995; Liao et al.,, 1996; Chang et al.,
2000). ©]E <dTtol A Vibrioo] tH3F challenger testol A= (-1, 3-glucane] ™%
ayAoleta Hasta Yok ¥ AL Schizophyllum  communedl X wE¥ B
-1,3-glucan®] WSSVell tisl &M E Atge] 1%E5 M7t 4§ 42%9 WES
S Hol= AFgads dus Bix vt (Chang et al, 2003). ZAxFoAA] &
2|3t sodium alginate’} WS &35 £ vibrioodl el AFAES A i
ATEE B3 9Ith(Cheng et al., 2004, 2005). 1} o5 Edo] njelz| 4]
Ael= AFgaanrt Fvhs Bas oy gluh

WSSVES #AAAIZ S| S -(P. monodon) | 5259 Dunaliella F+E%5<
o189 S v 33.3%9 AEES HIUE Bl Qo o] Ao iz 2
ToAE 10%9 AEES YERHIL JlojA  AFrolA Ztobdl ofAj Rt vlo]e] 2~
of tigh Aol HojHE & & AtH(Supamattaya et al,, 2005). HEFH H A

I3
)=

$-(P. japonicus)N A Pantoea agglomeransoll~] =3+ LPSE challenger testd}”]
A 89 & Wl T LPSE 79 < HAdS vl AEE0] 50%vha Hista
At (Takahashi et al., 2000). °]&]dt Hi= AF7HA] Hud AFA3}E 5 7}
dan e Adew dEA ok 2Yy 2 AdPdA e 70%Y BEES Holal
RoJA HgAg-o g AFHY o gayAoleta 3 4 9l

Hh FEE R0 MRy 2 gy wv
AF7HA 2AHE S F ol st MAFY At 25 F B 4B

g o ® o]59 methanol(MeOH)FEES 2§ 1-10] wet Z2& &lvh 7
MeOH F=&o° Wste] HFTAHo= F= #2F dichloromethane (CH:Cly),
ethyle acetate (EtOAc), butanol (BuOH) Z¥]x &E(H.0)¥3& 717} Almol| #H
7veto] Hol® Folakis wf whstol Wid M-S A7 918l superoxide
A, 71585 A7) flal AbsAdol®, 453 a3E xAsh] 98 99 &

5¢ zAbsHen,

J%
)
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85 474 AR kel 0.3g

i

t} mo] Hola#rt -5 ofAl <]
Holatd S u ste] superoxide WA, YUAIEAFHH, ©y&
of W3 AxE a9 1-16, 1-17, 1-189] YR
9 1-160A4 Benkek o] Zb FEmbt} superoxide®] Aol thEk ZAfelA]
DO%te] CH:CliE 9] 0.23+£0.06°14 & &5 0.29£0.01 Apo]2 =3¢
glolom, g9 2fole 719 glolTh

ols BIES HIISE AlRE TS v AlR AFHHS B BIFS HUe
95 w7l 1.55%+0.15go.2 7F¢ @kow, CH.Cl, ®3& H7sidS we
1.0940.01go.2 Wz Ad9F FASE ks 2o, 183 EtOAc 83 BuOH

4.

Uelsth wEld molE wol AFH3 B B HUiE Ad el gy En =

UERY Bol = A7 AR £ 295 YEJA SS BT
T3 EtOAc 88 H7bsk A g ol A

S A7k A@Tek A AR g &A= 7 EA vEhe T olelg A

EtOAc #3dl= A9 A4S FXste= =40 EA4s)

al
3, HolFdE Rt superoxide BAS FEdte] W
5

< F7kste] distel Hol= FolatiS w superoxide A4, AbEAOlR, 1Ea &
&5 FAFSte] 19 1-19, 1-20, 1-210] YRt

a9 1-19914 deldulel o] MeOHFEFES A A E o= DOFLo
0.35£0.030] A%+ CH:Cly %3S #H7het AdFolAE 047+£0.052 7 =2 3
S Hth  EtOAc #Es& HU7beh AgFoAE 0.414£0.012 iz AP
0.25+0.01X Y fF&atA #=& #h= WEr A

A Hol AFFAAM = 19 1-20004 Henpel o] BE F3 5o tix AP
of Hla|A HolE Fol AHsESH st FAEHIE AR eH AFNAE H0%F

= H7M AdTUF 1.34£0.06go2 Ho] AHZFe] 7 BWokth EtOAc w38 <
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Cont CH2Clz EtOAc H20 BuOH MeOH
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a9 1-17. 71345 B kAo 4 £ &S AbRdl HTbete] Hold
&P, chinensis)®] 4L Atz AFH o] W3}
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Molt frequency (%)

Cont CH2Clz EtOAc H20 BuOH MeOH
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a7 1-18. 154G 2l gAY 7t BB At HUlele] Fold
N3H(P. chinensis)] B3 HIES] W3}
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st wgro =2 wjEo] F@vh(Cordova—Murueta et al., 2003). F27F & X
AT Hol 2] Wt & A5 sto] 1A AstasE FAEEal &

# 4 A tH(Le Moullac et al.,, 1997). Heole] AH= o8 7F4] 8%l
o @& o 53] o] HAFH3IFe} AZH(Sick et al., 1973; Sedgwick, 1979),
9] (Hill nd Wassenberg, 1992), HolgF o] ¥ (Sick et al.,, 1973, Nunes and
Parsons, 1999), A5l A % 7]34(Sick and Baptist, 1973; Holland and

Borski, 1993), 9#7]7F(Reymond and Lagardére, 1990; Nunnes et al., 1996), <

(Velasco et al., 1999), B Foll &3t Penaeus merguiensis (Sedgwick,
1979)¢} 54 7FAle] A=l Cherax destructor (Mills and McCloud, 1983)
oA wel FFEo] oW Holdstat Fahgo] vran g oliEnt oy} Astrt
o Fo XA gFL- Aol A Wi ER wEo] Hves VIS T Avtd Ayt B
17| % itk webA 2 Al A A AR HVMAIE A9 HAHES F0
= a7t oA Holg AT AIEES gty S840 E T ASAA F
7V d=T7bE 2ARE e v

AG-Fo] st E oldfistr] gk AmEA AREE diE Eaaae] dFQl
trypsine ¥ E, 53] o7 At 9 ELHE UEhle AR B 9
§0] 50| kth(Ueberschaer 1988, 1995; Hjelmeland et al., 1984).

2 AFoAM = EAERZ o] FoF SP-032] ARES oz S| S uet
A& Gelst] FEokAL ol Fs gElste] Absel HIbste] AS-
APl o ol5 Ay HE

o
of aype} A%, 18]ar WSSV
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7F A=

(1) SP—049] A*x

%
2 Agsle] £t EFE 10g9 100% ethanol 100mlS ¥
% Sp-—

04 sfal, o]5 ¥k AJgg ALR] H7}ste] Al

_1:10
n?L'
=
>~
Rl
ofo
ol
ol

FATAENA FE Aikste] FAE AS AREEltE digke] ovAjg-= 39l

Axx] e AL ALY A o A= ulE Fkelo]e] High
Health Aquaculture IncAFRFE FH(SPR)AI$-S £93% A& AM&sigt. &40
AAE A= AU 10ton 2ol dAEPdon, o5 F Ak ofelo] A3k
0.2ha®] ZA|ollA FAgste] 74 Aol AHEst .

A2

(1) A7) A4 A7 8 AgAEFol Y 24}

At A7 SP-04 H7MES xAFeH7] flste] AFAIZ ok Aol 28 3

5 783 5 3 e A3l 15vkeH 508 A2 (PVC) 37Kl & 45
el s gden & 77hel AT (IRbARCl Og/kg, 0.2g/keg, 0.3g/kg, 0.4g/kg,
0.5g/kg, 0.6g/kg, 0.7g/kg® 7t AF)E FHlstel Af F AT 10%2] HolE
THEkAL g AR Ek Alol7t o] FoAAl g &, A5 30mbE] FABIAAL 2471
T 159t E 78kl EA keI

SP—04 7Pt HA FolgFs FAtet7] fsix = A9 157H¥ 5088 of
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Hol B 1A 243 F 9B A7 FAse] A%, FELE, AFL S

Astar H%, A (foregut), & (midgut)e wF&lste] —20 C o R#Ag &

Uebershaer(1999)¢} Drossou (2004)¢] ol wtel H3-F =W O E trypsing

BHES ZAAATY. 7t ASSRRE AT 3% A% 2T FHELS Tris—

N

HCl &=91(0.1molar Tris(hydroxymethyl) aminomethan, 0.02 molar CaCl, - H»0,
MerckA}, HCl pH8) 500ul& #H7Fste] vl & &far, 0~4 C, 4,000<Go A 60+7F
A E otk s A= 50 WA Fske] microplatedl] 3¥iTrE sho] EFE o
3 7] A89(0.2 mmol® Na-benzoyl-L-arginin-4-methylcoumarinyl-7-amid, Bachem
AL 0.5% Dimethyl-sulfoxide, Merck)< 250 pl® #7}3}e] Fluorescence microplate
reader(Fluoroskan Ascent FL, ThermoAhH)= 30 CollA 203t 7F2S slal 2%
HAoR 5 F4S 3l HA trypsin®] FAHEE SIS a4 A=
DAY 1A A5REE oz %A S THhydrolysed MCA mg 'min™!)

A Al Extinctione 380 nm, Emission< 440 nm$th 5742 (Standard curve)

[

|\

£ 7-amino-4-methylcoumarin (BachemA}) 0.5 mgS 100 pl DMSOe®| =9 Tris

bufferz 34 & stal 7z w2 SAS sl

7} SP—04 A7} s Holfdl &

SP—04 H7}gel wE diste] Ho] FAadsE &7 fste] dukAlE 1kgel
SP—04Z 0.2g, 0.4g, 0
ZApste] 19 2—1¢ YER AT

SP-045 H7behA| @& AWkALERE Fold dix Aol e dd ARAHAT
°] 0.16+0.020]1 21} SP—04 0.2g/kgo.= F7Ie AlRE Holdh AP FeAe= o
A AEAFFC] 0.25%0.02g02 Wiz ATl M Fo3 FUHE B
(p<0.05). SP—04 0.4g/kgo2 H7}3 ALRE Fo|g A o dd ALRA
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F#Fo] 0.2840.03g0.= A F Tl vlaix = K& S7HE BN oH (p<0.01),
SP—-04 0.2g/kgo 2 H7}sk AlRE Foldt AFTHrbeE ot Frlekd o fofst
Apol= HolA] eF9kth SP—04 0.8g/kgl® 7S AFRE Hold Aol s dd
AFEAF &l 0.30+£0.03g0. % SP—04 0.8g/kg o2 FH7I5H AFRE Ho|3l A9
Hsj A= S7Fetl o ok S7ke HolAl @skth ey SP-04 0.2g/kgl %
A7k AFRE Folgh Ag ol nlsiA = ol F7HE Bl

o] A3olA SP-045 7k A ZelskA &2 A Aoyt F4ds] v
Aot SP—049] H7pFo] Frhstel wet 2 g3t gdstA deAAE 22 A
o Kol SP-04¢] H7PF AR AFHE FXsHA st Bo] fAdaart 3
Ao 1 HIFEES AL S-S HoFEh

uwekx SP—049] UM SAE A7) 91k AMR lkgel SP—04F 0.5g,
lg, 2g, 4g& 272 #H7lsto] At s AFHEAE At 29 220 YEfdH

SP—04% H7behA & dwkAbawt Fold iz Agydds dd AsAA

dd AFEAFHFO] 0.24+0.03go 2 tix AT HlaE #Fo3 F7HE B
(p<0.05). 18]3L SP-04 1.0g/kgo 2 H7}st AlEE Folgt AFToAE= 9
AlEAFH#o] 0.261£0.03g02 thFE Aggo SP-04 0.5g/kge 2 H7te AR S
wolgh A3+ Bope Frlst o foldk Afol= HolA| &ttt

a8y SP-04 2.0g/kgl 2 H71E AFRE Fol3 AT dd AR
o] 0.20+0.02g0.2 Wz AT HUE F93 F71E HAOY SP-04
0.5g/kg¥ 1.0g/kgl 2 7} AIRE woldh AATET FosiA HAE A
Tk 183 SP-04 4.0g/kgl 2 7tk AlRE Foldh AT dY ARAF
2Fo] 0.154+0.02g2 2 SP—04 2.0g/kgo® H7}g A}
O #astlom a3 9 FAEE s BT

Aw7hA A3' SP-04v 1.0g/kg7HA = H7bol wet Ats A3 ol 571
AN T1 o)A HE A o35y A TS Adste Ao e, SP-04

(@)
0.4g/kg SP—049] AA HA7}ZFL 0.4g/kgo 2 BHH T,

bt
Ll
i
o
o
>
D U
-
%
o
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Control 0.2 0.4 0.8

Additive amount of SP-04 (g/kg)

a8 2-1. AMALE 1kgol] SP—04Z 0.2g, 0.4g, 0.8g H7}sle] dls}

(P. chinensis)®l wolaRs w dd Al A FH =9 W3l
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Control 0.5 1.0 2.0 4.0
Additive amount of SP-04 (g/KQ)
a9 2-2. ANHALE 1kgol SP-045 0.5g, 1.0g, 2.0g, 4.0g H7}st]

=
WSH P, chinensis)ol wolatals o AU Ats HF=Fe] W3}
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L. SP-04 H7}eFe] Wsle] w2 sl

N

SP—042 Al2d] #7819 S w AP AFESd W8t 23 EE A 9
alol A =o] 6.67+0.34g0) et Agate] SP-042 H7le AlaE Zoldte] 1

Az oz A2 EE AQAFdE 2 fAIESY A (foregut)e] trypsing] 4%
s 439
S ol AMRE A &S ul A T trypsing FHEE EF 10

nmol - mg ' - min '2 YEI} trypsin® B4 =7} 10 nmol - mg ' - min ' ©]3}
NAES Hol& AdFstA & AoRE HFsta 1 NAlFE ZAbste] 19 2-3
o YER AT

SP-045 #7lstA &S AFEE woldh AP TolAe A3y Astas =7}
10 nmol - mg ' - min ' °1&tel AAEL] b AAQ 30.0%% o9, 0.2g/kg] F
=2 7 A= 23.3%, 0.3g/kee] sER UG APTNAE 6.70=
UeEbstth 22y 0.4g/kgl] s o do® HUM ddFelM = @ vhelk yEhy
Aol B AAIEC] AFRE AFASIYL = 4 9o SP-049] UMl
V52 AR 28 as FHE7F 10 nmol - mg ' - min ' o]8F0 AA S £t
1452 A5E AFe JHAIE] S7hskt

A% welFm glold SP-04e] AME Wol A4E AEE Bo| Mtk AL

2
PN
ol
O
£
o
e
o

el
N
OH
mlm
of\
N
S~

rr

e

e

—_—

E3E o]5o] AFHE AR AAl ¥ WstE dotny] flste] AL FolF 2413t
A vg Aol uid dF el HE FAbete] ¥ 2-40] UEHAAH
SP—045 #H7lelA] @& ARMARE wolgh AdTo] ATl gk 1] FAL] A
7} 0.096%°1R o SP—04°] FH7bFo] F7FEGE 1 vl7L FUbste] AR 1kgol
SP-04Z 0.2g/kgS HA71eRS wl 0.103%, 0.4g/kg A71etR S o
0.6g/kg HA71e9S W 0.127%2 S7Feta v AS & F Aok FFdAA
SP—04 0.1g/kges FH7Fele we dix A+ B AFd g vz wo
0.2g/kgo. & H7Feh A Fo|ME= 0.1082 S7F8dk. 2 3 0.3g/kgl & H7}psh
Ao E 0.1072 W3 glgloyt 0.4g/kgo® F7FsE AS 0.10602 =7}
st AN E AR E ST FARE SP-049] M7l S-S A

<ol d T FA vE A vV R Sobeke dde BolFa )tk

o—l?
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Non-feeding frequency (%)

0 T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Additive amount of SP-04 (g/kg)

¥ 2-3. SP-049] #H7}e] & A& trypsin @A %7 10 nmol -

mg ' - min~! 03l Ao wE 4
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0.125 1 —O— Midgut
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Weight ratio (%)

0.100 A

0.095 A

0-090 T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Additive amount of SP-04 (g/kg)

a9 2—4. SP-049] Als FH7FFo] wE A9 A|Fo] 3k AA

e v,
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ol AFeA AT F
weight) 02 At A" ztoz TASGE=dE Wale okale] o] g
U SP—049] #H7te 93 Ho] £l

=
= Aol Fds SHHEnal & 5 ik
+

of
oft
@
=

@

0

=
2
o
)
of
o3
rlo
A
of
oft
o
<

N

et A4 AFRFo sl ko] A8 $hth(Sedgwick, 1979; Robertson et al.,
1993; Jaime et al., 1996). ZL2juy Hol= AlRFOSlg= AlRddaEolY 4
A d #AVE flvkes A7 HREAT (Velasco et al., 19995 Smith
et al., 2002). Cuzon et al., (1982) Al=<9] JY7te] AHE &

Fol7] flaiMe T ALEZE Aol os] drt el HFHEAA =7 7HE
T8sttha sk vk oleldt AFES THeH AR ASEES Fol7] sl
ANE AR Fosige #AVE gloen=z @AY B2 ARE HES fdte
Aol 74 vpgAsiotal o wEbx SP-04E Mo =M Als AdE

olaL Aj-g-ol o]F ALE O] AH|Z} W] o] FolA A Ho] FHueel e FEetA =

A~ S A~
Tt & 3l

g9l Aol A SP-04E ®ol H/EFE AIRE HFHsE do] Bepxe A
S Bt olgA B2 o] ARE AFSNE W o5& FE°] Lsfaivia Sl
=AE Gotry] fste] A7) A 74 MAERFH A4 LstdelA trypsing] &
HEZ zAbete] 29 2-50] YER )

SP—045 F7bebA @2 dWrAlEwE Foldh A ol W%, 7 R Al

A trypsin® BAEE Z7ZF 123.99+31.40, 168.86+31.87 L¥] I 1772.66+
127.47 nmol - mg™ ' - min"'o] Tk, AFel = SP-049] HrlFo] FrtEgE
trypsin®] FAEE F718o] SP-04 0.2g H7FFS wjolE 276.36+51.81
nmol - mg ' - min™!, 0.4g HA7FPS W= 599.07£99.40 nmol - mg ' - min
0.6g% #7138 wollE= 870.57+116.67 nmol - mg™ ' - min ' & & ettt =%
A= SP-04°] H7bsErt S7HEES trypsin® B ETF FUkee A Kol

Ak A3 o] f-23% STk HolA . ol sk AN Aol A trypsind
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e eSSttt oo
000000t OIS TSI I tata At ISt atatetata

R I I I I IR
e eSSt e s
Pttt I AI NI IIIIINIIINIIIIIII A IANILILII ISt

0.6

[ Foregut

RRRRRRIIS

fateteteteteletetetototototetete % %%t

XRRRRRIIIILLLRRK
RRRRRRRIRIRRRKKRRK

B Hepatopancreas

Yz Midgut

2500

2000 A
1500 -
1000 -

500 H

(Uuw/Bw/jowu YON
pasAjoipAy) Auanoe uisdAil

0.3 0.4 0.5

0.2

0.1
Additive amount of SP-04 (g/kg)

7heFol wh

&
ZFo] trypsin &4 =9

. SP-04 A&

a3 2-5

1A 3}
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trypsin®] 4% W= Fog xolE HolA| std Aow AErt

SF9 7HA 4=, Cherax destructor (Mills and McCloud, 1983)cA =
AFA o] FobAH HolHEy Fahgo] wtal thFH oyt ofjel A3yl o] Fo
AA e Aol A BAER sjEe] Hvhe ATE Rusigloy A3 4
2 HW SP-04¢] H7FE A& mobd Alx AH & o3 o3 FshEol
ol &23tE A G2 A ARV MAEAE Bs Aom AZE.

SP—04¢] H7tekel wel g A trypsin®] SGAAEE B 9 2404 LE
dupel o] 0.2¢ A7 Al W] 1607.65+180.51 nmol - mg ' » min ‘o2 F37} A
39 1772.66+£127.47 nmol - mg™' - min~ ' Bt} e FS YE oY 0.3g o4
H7tsle] AR E Folgk AglFo A= trypsin® AT W 7F 1832.06+209.87
~ 2051.27+151.75 nmol - mg ' - min '2 FH7} AF TR F& FS HoF
Tk SP—04¢] 7o) wet Frtets $S HolA| gfol SP—049] AHE 1%

A Adlaiel AAS FXeE ave e Ao

=
A, A FgelA Tl g uw 9 26004 UEhing gol
o

a g AAlel EAeks duE Sl tidk Ao Fetel
ol a3te] &I AAS HEs= oldE A 2k

t}. SP—-04 H7}Fe] Wl weE 3

SP—04% H7HE AEE FUS o dste] 4Pl vAE GFS AR s
o] 8¢ 1YUNE 20uU7F HiE AF 4.3140.29g, A 68.63+1.41mme] olEE
2 Ton 98 FxoIA AFS & A AT Wsts xAbete] 17 2-74 e
R
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60

40 A

Totallength (mm)

20 1

Body weight (g)

Init. Cont. Cont. 0.2 0.4 0.8
Aug.1 Aug. 20

Additive amountof SP-04(g/kg)

% 2-7. SP—04 AFR H7bEEo| w2 209 7F AFSE & oA -9 A3
A Fol W3},
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AR 209 F SP-04E FH7FSHAl @ dWALEE Folg dix AP uiEhe
Age 73.16+2.78mmE AJF8I L ou] AT 5.441+0.69g°]ATE. SP-04 0.2g
= 7K AlRE Hold AdTel dist AES 80.44£2.60mm, AT
7.32£0.72g0 % tx AT BstEthE SISO frodk Apole oA
dth. 1} SP-04 0.4gS H7Fe APFol A= Ao] 82.82+£2.11mm, 5o
7.91£0.47g0® vz Ao Hlgte] oF 69% W S dte] frold SUHE
Btk 283 SP-04 0.8g= H7be AdFolA= Aol 83.63% 2.98mm, |
+°] 8.18%0.86g2% 0.2g H7F AF@Tel valME= Fod S7FHE Blou 0.4g
H7F Aot vlasi s frolek S7ks BolAl Fth
A4 Ao SP-049 H7tES S/MAASFE AT Ao Frtste @
S ®Hth E3] SP-049] H7FEFo] 0.4gol A= A 3k 2po]E Hol=
A7reFo]l 0.4g3 0.8g9] ARG Apololl= Fo| gk Afo]7} HolA| ol AR FH A

—049] AMR H7FES 0.4g/kgo]l AP oz Wt mEka doz WSSV
e A3 AE3 AR AP s SP-049] H7FHS AR 1kgd 0.4g &2 A

.|_4

o
rr
T
)

g}, SP—04 H7HAMRS] HA AR Fol&

SP—045 Absoll 0.4g/kg®] FX= H7Fsto]l Aol Fold wj 7 A Fe A=
FoAFSE Ast7] St A9 & ATl 1%, 3%, 5%, 8% 1¥]il 10%E +
ofstlS W A T 2 widEe e dMARFS ARt 19 2-89)
UER AT, AFR Fof $ 05417 Al & A4 dd 3hke] 10% Fo 23
TollA 582.2 ug/mg, 8% Fo AFPTolA 370.6 ug/mg, 5% T AFFlA
413.5 ug/mg, 3% Fo HAATlAM 5243 ug/mg, 1% Fo APNA 374.7 ng/mg
UEh} Folel] wE did ghke] F5d Wsks HolA gou dnkAow A}

oN



ol &g 2

)

o~

pzs

el

Ton

af

Kl
3

Fod

S

Z7o] ¢F 3599

o}

72%7} A

ok
o}

o

257.1 pug/mg ~ 582.2 ug/mg

=

R

HE
3.6 ug/mg ~ 159.8 ug/mg

T

el

186.4 ug/mg ~ 462.58 ug/mg=

1
9

kel
=

=2
=

Hﬂ{(_:]

-

gﬂ

)
4 ¢l
g

H
=

ke

Aol o
%]
v

1+
=

%

S
A

°

]

\l z

b HW A9 457} o) Fol A

2o o
gatol SgA wad 17iA)

el

J

A
=

ko3
T

el

s

3%

ox

¢
o

el

)

0]
AR

o1

S 2=
T

65% 7t 23}
AH oz SAIZF S7F FHH 70% o]Ato]

ok
o}

PN
-

olm

23}

s

d

ke
T

i

A A gel FAFl w1

-

Stoll A =

°©

e, o

)

[e]
=

A

o 3%E Fo

of AHE FolP
RN

=)

o}

3 A tH(Wyk, 2003).

1 o] A]

e}

=
=
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uh SP—049] 32 Alo] &}

SP—04%5 #H713k A7 F4S AstAl7led driy a7 QEAE 24
el 1mx1mx0.7me] 20| 3.5¢ AF9] Wats 30ovtels da vfd d Azl
5% == SP—-04 0.4g/kgs 748 ALEE FolahdA] 15947 ALgate] SP—04
TR ANk AbRE AR Aok T % Al AAFE Ml 2ALSEY
SP—04 FH7tel &gk T2 Aol el ik 235 192-90] YERlATH

A 29 FHE FAe) ela] A AAlEe] Yehs] Alakshe] SP-04%

Ho] FAEL 16.7%, 99 FAEL 8.3%02 YEYT 28y SP-042 #H7L3H
AR E Fold AT ghutElzh 2ol oa HAALEY FAES 3.3%, €Y
STAES 1.67%= SP—04 77 AT E vl 9A dEbge AR 5A A9
SP—04 F37F AgFolds Al sukelzl g 2lol el At o] 59 A E
33.3%° ol2gon, dA FALEE 6.7%E FS FTAES BT SP-04=
A7 Aol M= 2utE7E o HAbE o] ojwj7kA] FAES 10%, 49 TAHES
2%% ERY} SP-04 F3H7F Ay rt UA veldth AR 7R RE 15U
7hA1 9] SP—04 F37F AdFe] FAEL 46.7%, 50.0%, 63.3%= LEIREoH A}
S713ko] YA FH AFEETE AoAHe dd FHES 6.7%, 3.8%, 4.2%
2 AA FZAasHA &g

e SP-04E H7FEE ATl s ARG TAAFE 15U A7 ] SP-04
A7 AATFY FAEFL 20.0%, 26.7%, 30.0%% LEF O AbS7)7lo] AgdS

2 AU E7E FopA A dd FAES 2.8%, 2.1%, 2.0%%E A3

H1

o

SP—04% FH7IsA @& dnt AAnE Fold A9 AR/ AP 55 AbS
UE7E Aopgel®: & etal SP-04E5 UM ARG dd T E0l A9
~3uly A dEbstth ol@d A= SP-04E HMREe
FHell gk 71340] =of TaAlofdll = B2

-
AR ol E gl Hee Yzw
=

oA Aol Eslyo] ALkAo] dolittar 4 A ghth(Martin et al.,, 1998; Ray
)
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3 —@— Common food
—O— SP-04

—@— Common food
—O— 5P-04

o
=}
L

o~
=
L

20 1

Cannibalistic rate (% ) Daily cannibalistic rate (% )

—@— Common food
201 | =O—sP-04

Survivalrate (%)

oY 2-9. SP-04 HI/HEE folel dF tieke] AAFAE
9 gEge] Wl
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geFolol o% +4 otah, B4 wRoletn AZsta vk Aol 2@ o3}
Azglel Age sde] A

.
150~30072)/m*e] W2 oo S a9k

vl SP—042] WSSV A &4 &3}

SP—045 H7tg At =& Alg-ol Folstgls wf WSSvel digh 43S 2AsH]
flete] tiat 1Ton FRP o 20mte]¥ 8709 2ol vhro] 4749 A= o
i WSSVE Z9AI7171 A 10458 wlg] 7 e ATl SP—04 0.4g/kg
0.2g/kgs H7FH ALRE Holatdlom, 2719 tix HAFol= SP-045 H7bshA &
& AR E Holalgltl. WSSVE QI9jd oz 744 A7l 9 7} Adyo] &S
o] Wigke= a7 2-100] YeEhdne™ AP EE AR PCR A7) 9sARIS 17
2—11] YeRfATE

= A5 WSSV B 7+ A3 (Negative control)o| A HE&LS AMS 3
A7HA 100%9] AEES Holtrt 4dAFEH 96% % &Fo]E57] Al&ste] ALS 74
Aol 85%2 AEES YERH o] FHEE U2 FXSTh AFS 209400 82%,
304 AN = 76%E JERNRATE wbH WSSVE ZAAIZ & SP-045 H7bekA &
3 AHRAR S Foldk A3 (Positive control) ol A= violg] AE ZAAI7 F 2
AFE A e = A Ee] dERT] AlFrete] 39 A= 7% AEES YERRL
A 4R 67%, 647 19%, 74A A= BE NAEC] HAAE AT

eyt SP-04 0.4g/kg H7EgE AFRE wolgt AP (SP 0.4g)oll A= wiole| =
& F9AR 3U97HAE FHAALE JHAEC] YERGA o 4UAFE 64 A7
96%° E= AEES HEHAT. 7TdANE 93%°] BEES e SP-04
7F WSSvell digk Agds vetdla givka & 5 Stk 1 3 AR 1494 AE
£2 85%2 YEd e 2094 82%, 3094 80%9 Ho HEEHS HAEAT.

SP-045 0.2g/kgo® FH7Ie A& Folgt APFANAE AL 294717
100%°] ALEES Y on, A5 39A5E Hibd AEe] YERr] Al AE)

flo
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a3 2-10.

—@— Positive control
—O— Negative control
—w— SP 0.4g
—7/— SP 0.2g

0 5 10 15 20 25 30

Days after challenge

SP—-045 #H7}3k Alg5E 0|38 WS P chinensis)2] WSSV
of ™3 challenger test. SP—04 0.4g: 0.4g/kgS 78 A}
ol A3+, SP-04 0.2g: 0.2g/kgs H7M3H AbR Fol
218 Positive control®} Negative control> WSSVE ¢l
AA o2 ZFAA Aok v AFET
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a9 2-11.

WSSV 7dA1717]1 A AAE
E(B)9 F9Ael gt PCR
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A 4R 89%, 69 86%, 8V 82%= 3] FHAadteIztth. L# Lk A 10
AAMRE = 78%2 AEZ&S AL FAsge™, 2087 76%, 30D Al 72%2
AEES Ho] SP-04 0.4g/kgs H71e AP THTE thh 3o AEES BYo
v A F7kA ®Ba1E lipopolysaccaride (Takahashi et al., 2000), B-1,3-glucan
(Chang et al., 1999; 2003), peptidoglycan (Itami et al., 1998), WSSVol| thst
& IgY (Kim et al., 2004) 59 AFES AFARTGE £ 59 HEES 1B
o] F=3L 9t}

SP—047F AttefAffoll A= WSSVel g AFdaart de=AE H7]9Iste
1Ton FRP FZ°) 2002l 6719 FZ v 3709 AE+2 Uril WSSVE
AAAZI7] A 10U F-E wg] SP-04 0.4g/kgS H7I3 AlRE Foldtlon, 270

o Wz APTel= SP-045 HUISHA w2 dWHARE Holste] AbEsigith

LFERU AT

fx Ad 3% WSSV v 7+ 218 4H(Negative control)ol] A9 AEELS ALS
3Y7HA 100%°] AEES Holtrt 4dATH AEEC] 98%E thh Fo]E59]
AR 7RO 96%2] AES, 994 90%, 11LA 86%, 1494 85%%) AEES
UEHd o] FRH= atE FASAT AR 2094 o 85%, 309l 83%E
e AT

W WSSVE AL § SP-045 H7behAl il WAt E Hold AT
(Positive controlD) ol A= HlolH 25 A7 F 24 AH-H HAtE MAE°]
Ehtr] Alztste] 39AE 80%9] AEES WEMHAAT 44A 77%, 64 26%,
8UA 10%, 1044 E& JfAIEC] HAlE o] AEEC] 0%E HEFH ST

SP—04 0.4g/kg H7ts ARE Folgr AFFoNAE volefaE AR 3¢
MAE wrbd AAEe] YERA ol 100%2 AEES JErdlen 4d#)
98%, 644 96%, 8LA 90%°] H ALES YERATE A 10UA %= 86%
of AEES YEhlY] 1 F AN 149 BEELS 84%E YERNATE AMS 2097
82%, 3044 78%° ¥ ALEHS UEo] dAugAl-olA = SP—-047F WSSVl
g AgdES veErla ok & AATh

weba] o] ke SP-04 AMR HIbAlE ol #Agle]l A2 W
Zste] WSSVell tigh A3de woFe ad7t ik & 5 2

ﬂll

l

olN
">
N
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100 A
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*§ 60
= —@— Negative Cont
= —(O— Positive Cont
S 40+ —W¥— SP-04
=
wn
20 A
O T \_/ T T T T
0 5 10 15 20 25 30

Rearing days

a8 2-12. SP-04 0.4g/kgs H7IS A5E Foldk ATy (~
vannamer)® WSSVl th3st challenger test. Positive
control¥} Negative control& WSSVE <l9jxo=w 7+

AR Aok vzt AT
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A}, WSSV7ZF Ao v x]&= 43

Hlolg] 2o 7+ ® thalel B A thslel A SP-04 HIMAS] &3S W us}
7] 9ate] B ZFAx-oF FAA Sl SP—-04 0.4g/kg? 0.2g/kgS 73 AEE
Folste] AAaIE FASHY] 98t dd gy &S FAMSEe] 29 2-139] e
]

v 2 Aol A SP-04E #H7lskAl 2 AR E Hold AvES 4Y
gy go] 3.3%¢ wWhA SP-04 0.4g/kgs FH7HsE ALRE Foldk Ao 2yl&
13.3%= vi$- =tk 0.2g/kgS H7IS AR E FolsldlS Wk 6.0%% tx4
PR T o Ak gy go] =4 Yl

AAAZ distell A= SP-045 H7belA 2 dWAtRE Folgh A5 dY
g3 go] 1.3%= ¥ 79 A5 GyEEt 1/834E=E asdd. a8y
SP—04 0.4g/kgs H7Mek AlRE Fold AN FAAE Ga&o] 11.3%= ¥ 3
FAFE G AT tfxzTte] v A Bos s vEbsth =3k SP-04

o3t A= SVel el o] 37t dAFH Jrhes AL Gl
S T3 JuE AS vl "dh Y-organe 239} A FQsk WiEn] 7]
o2 WSSVe| ZHdHE 9S4 Y—organ cell® 70% ©]AFo] 7+ %] of

a1 (Vijayan et al., 2003)7F o] wvlo]g] 9] 7o) Y—organl 25 E Ey 52

Ql ecdysone?] A vl FFE F= Aol & 4 ST
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0
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9 2-13. WSSV H] Zadhstel hAdstel SP-04 0.4g/kg¥ 0.2g/kg

& A7 ALRE Holsgls W ddEy e W)

ol
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A3 A SP—04 A7} ALRE ALEF ulskel ke A 9-e)

2 7.3}

o gtbabe] AjSckale 1970Wd e B AlckAle A &eted A vk 19804 o)
Suke] S-gubel Aaer S¢ safour HAletE gstE AsA =5WA 19909
of 257%& ATt o1 & HA FUEeke] 1995Wol 4058-S AYASHA Hof <F

LA HYch owl¥E thEtkale] mRIF Q] kA EE
O Zpgs WrowA 1996 HE] AEfete] wdzlo]

)
QL
o
>
o
o
ol
e
ok
n
o K
t

& FAGEC] MLEEA 1997 FAGS

=
ojuf whate] FABAE 1,633 o2 214999 oIS & At

1,158 =5 0] o]=Zx] Er}. o|F Faae]l WAL 2001 °F 2,600haolAl 2004
Y 2.400ha® T ZFoj=i= AEHolw <okAl AL 2001W 2,081E, 20024
1,403, 20034 2,324, 20040l 2,426% Aato =z st A AAE AE 7}

= At

eHERtE ofyel g-guetE s ey ol FAE sk Teolu Hi=, QlmudlAo}
s EEoprotet odlFEE Fo FHEUdM L HlolH Ay HAHe] A FTUE 7t
2ot = Hde d™Eo] Ha dnk olHd ddEo] H= mpolys AWe
2+ WSSV, HPV(hepatopancreatic parvo—like virus), TSV(Taura syndrome
virus), IHHNV(Infectious hypodermal and hematopoietic necrosis virus),
YHV(Yellow head virus) S°] 4&A o}, ol& T 53] WSSVE 2 #9 %
o wek 3~10 el 100~80% #HAFH AL, 209 ool A& wHALS = A7
M= 7 AW Al Aoz AdelA lrh(Lightner, 1996).
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ofAlofol = 19921 YHVS WSSVel &) Wdzk 1098 (2F 129)9 AH
2ol AL Ao, duo s 19996 WSSVel s dzh of 5989
EAE AT o) Z Qg AAA, A A B vS A FARD S48 A

v o] o2 A "k o2 d o= Q%= Andhra Pradesh ¥ A9
1700071 ot o= Q1 ofwle]

1
e 598d o] gtk Ruold 2

1990t $-wko] Zof9} Wo] o] Folxtt. o3 A5l o WSSVel thsh
WA ESHA B Eo] s wEHon(Lieu et al, 2001; Marlglle et al.,
2001; van Hulten et al., 2001), M=% Family?} Genus’} 2AEo] Family
Nimaviridae, Genus Whispovirus® A 2% FFT°] AAE A (http://www.ncbi.
nlm.nih.gov/ICTVdb/Ictv/index.htm).

o] WSSV Aj-f-ollwt == Zo] ofyet Ak 7hAlet 22 Al o] 9]¢ 7}
#AAdt (Lo et al,, 1996; Maeda et al., 1998). ufo]&] 2 7+ g

2]
7189 FA &gl 93] T2t FAA AATE FAo] o] Fo X (Corsin et al.,

2001; Soto and Lotz, 2001; Wu et al., 2001).

Jm
O
-
o
N
2
o,
jus]
=
o,
i)
[
oy
2
o
il
Lo
ro,
P
X
r o
o
ol
Au
K
ik
A
2L
o,
Ll
,l=}
N
Ho
ot

al

o &= SPF(specific pathogen free) VA $-3H o} FR AL E= SPR(specific
pathogen resistant) Aj-9-o] AAbo] W #AS 71X 31 v} (Fast and Menasveta,
2000; Preston et al., 2004; Hennig et al., 2005; Pantoja et al., 2005). 3}<}o]
9] High Health AquacultureAbell Al TSVel WA S 7FA+= SPF 3littg| A= 7
gko Alatal flom el A Bijh A FATAlEret 1 9 AveAe FEA
AFAIL o] Tt TR S sk Ao

st o 2= HWAf = A5l aE o1} (Namikoshi et al., 2003;
Venegas et al., 2000; Wu et al., 2002), A7 WA HF5E3 o] Ag=

2HYUEL WE= Eol¥ol WYY FS HA I YA &7 wFol (Séderhall and



X
.

;

Thorngvist, 1997; Lee and Séderhill, 2002) @2 AolAE WI=S S22
T AT BHES FaL o]F ol &ote] e AMOoRTEH AFALS v dE
7}A] a1 9JtH(Chang et al., 1999; Itami et al., 1998; Song et al., 1997; Takahashi
et al., 2000).

AF7HA B ATEo] olFolA ol Etstar nlole o] Jej e s
& AL oA gk ol ATt e AF7EA] WSSVl
o ARAES BAWE SP-045 AA= Aol A8ste] WSSVell theh A a et
Fl ot

o
1=}
o
¥
o,
rir
i
z,
L
rlo
(03
£

off

BAEIES AT A el driy 7]od ¢ dEAE 24

7h FA

A et A S8 A-FA dd FA diskel H diske] dAETes W
e TP FAE Amsy] A dAgeae-E dder FAFS sl
thateh Atef g Ak FHAMN JAREH 0.02g9] FHE TU8H] AHSEES]

o, FHA] ALERE ofuA]9-2] EA] Bl mlo]el s o= A}

ol
A
&2
52
)

sk le] A= Al YR E FololiHA S skglor, 2719 A= 6¢
109 5E SP-04Z 0.4g/kg?] sz AwrAlgo #H7F3E Al5E JFolstHA] 8¢

=

3097kA] FAske] 99 1o &3}akith
Atz o] Fo] 34= Velasco et al., (1999)¢} Smith et al.,(2002)° <]s}H
o] Z14=7F Ao BAV vk Bt gojA d-Fo 3~ 532 U

il

2
il
2
ol
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wolel 2
TEE
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b2 ol o o

2.5%= 7
Ao 0.02g77]9] AP = 50”]‘?/]/m29]
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i<

T
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]

<
T

1tk Al& Fo]&(feed rate)>
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xj%
Aol 20L
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(2) vk -
AF=H7EA SP—04
742l

o
o}

]

bl ol skt

713

kom SP—04%F Abmof

oF
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el
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S
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38dAel 7Y 11Y95E AHV|Ho=R 7
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WSSVel el Aol AYE AFES 70%9) F2el mYsH] Folu

SP-04 H7h AR FolFe 944 FRE 9 Fold Amd FHOE do
W, SP-048 Folahx @& HPTO ASE FehbA AFE AR Tl

& 5(200009 ARE Farsto]l 120943 ARSEGlS W 18g7kA] AR Zlow

59 26U%-E 20008 371 A 0.02g=171¢ Wet &= 30vtE]/m e D=
2 A F T FUal AFEL Algo] SP-04Z2 FH7lete] Foldh kAol et
Aol Wsks a9 3-10, AT Wste a1 3-20] YElAT ARETIRE St
o] &3 3-39] YERAAL

HAF 1593FE ANALR S Helstal 1 o] F5H SP-045 H7bste]
om Atge] A7]= AT Wstel] whzb AL 3| AR A AAI G WH R FAT

Ha Aol 0.02g9] HetE A2 F 50440 7Y 146l SP-045 H7H3
ANEE Fold FAA et AFE 74.3mm, AT 5.59+0.37go]loH,
SP—042 H7lekA @& A9 dete] AFe 54.8mm, AFL 2.30+£0.26g0 =
Ul SP-045 718 tiat7t Aol 36%, ATl 143% v Ak
Fau AFRSAF AA ST 9= AEe] dlolE o] vl T 124%LF O AAEEg )
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—@— Nonadditive
100 4 | ~O— sp-04
e
é 80
=
c i
= 60
Q
=)
S 40 +
m
20 A
0 T T T T T
1 5}0 75 83 93
//L/ u/(, (4 &l 57
9 74 ¢, ¢, ¢,
Y2 Zg) 05 925 02y,

Rearing days

b | -
°] A% Wal, Nonadditive: J¥WHALE O] SP—048 #H7}381X
Folek Al§-, SP—04: YukAlE o] SP-04%5 A

=
=
Pk AFRE Folg g

I3 3—1. 59 26UY-E 8¥ 29U7}x 9] kA Y|7F ot thEH P chinensis)
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20

Body weight (g)

[0 Data of Purina Co.
@ Nonadditive
O sP-04

W,
)

. YA 7ZE S WSH( P chinensis) @) ] 9]
Purina Co.: iF8|u AFEEALAA] Al3-gk d)ste

Nonadditive: YLWHALE
wolgh Aj-§-, SP—04:

g 7ol A

50 75 83 93
“, “, @A A,
4 ¢, ¢, ¢,

Rearing days

W3} Date of

A1 %F data,
of SP-04%& @7}s}x] Fe ARE

=) =

dvkalzel] SP-045 #H7bshst Als
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F T 759AI 89 8Yel SP-04E HIFS AIREE Folgr dste] A
95.2mm, #ZFL 11.8140.82g0.2 AA3I9 oL}, SP-045 H71eHA] &e 34
b= Aol 77.6mm, AF0]6.70+£0.96g0 % YEL} SP-042 7o =M A
Aol 23%, AToAM 76% O w2 AHaIAE T AT 83dA H=

8Y 16¥o= SP-04E5 H7IsH AR E ol tste] A2 103.6mm, AT

2 1o

il

15.27+£0.76go.2 A3 om, SP-045 H7letA &L 549 i3t A
87.2mm, AFLE 9.0840.99g0 & Asto] SP-04F HE Al2E AFH T ekt
gl A 18%, Azl 68%7F v A7dst3ith

A2sle] 93U A7} = 8¢9 200 SP-04F 73 AR E Fold uate A

F2 109.5mm, AT 18.35+£0.89go 2 AHsIstt. 218y SP-04E #H7lskA
e w49 vjeh: 89 169%H Holu s Wy F4o] molt AAEe] ekt
7l AAskel 89 189 x7] FuAAT. Felt AR ANFT dE AR

olsti 0.02g9] distE AAste] 93dA e wiete] Arl= Al 98mm, AlFol
13.2g0.2 YERSlolA SP-045 H7bste] ALRE HolsiAl =W AlSolM 39%
o ¥ 2 A%e & 5 v & 5 dnh

AFF7IZE E]F ] W B 20°C~32C2 WY o, u L9
9C~29C A, 7€l Sofje} Awpz 2o 1-2T AR e 74 F
ofF Auprb go] vuA s Aeshy] AlFsien 89 Zecld FEbA
30T oo o]l A&HT. 59 TolA 79 FTEAAE W o] 2= A
o= 2C= A% gtod 79 F& o FHE 9dz/pX = what de] 2xAt 3T
~5CH Hflor] 94 SojM= 2 A7F o AX FA7IRE St v G2

& 27.0CoIlom, 7 Ft 7] 24.9Co|om A Hd7] &L 26.01

FEluErel A ek 3eell A 4l AA W Ffpske] 549 oS A st
FTRAMNE A sk FPAEE AT 0.01g~0.02g9] AsES TR

ju
do
rlr

I A9y gupr|gte] dolo thE

F710e 5ARANA 649 Fele Ao deA 9



A% 719-H E3lsts Aol giAld oz 59 %9 Y2t 99 FoolA 10€E
Zdol FEeta 5] dstd 9dEol 108 T

T AE dutd o R A 100mm~120mm(E 7 A5 18g)7HA] 24k & 4=
stato] Esletar glom, 59 Fool A Tmme AsHE YA F 99 FEUA
4N FAEte] o] e1$t marketing sizeZbA] 71931 A tH(Zhang, 1990).

I 2 FAAA SP-04E HUMRE ALRE wolssle wl ks of 3714
Eis

11

O

18.4g7k4] 7l & Ao, o F5d 5 e s A
712 G 7F AT ol FA 7R peubebe] dnbA Rl k4 7]Zkel] A
=

g7 H08 HEF Flolu, Selnnt £e =

A
o
oZ
fol
r 1
of\
A
2
Y

MY A @5% Aro|r)

FA 7|3 b tieke] WSSVAAES] ®WstE PCRYC oa] XArgh A3 19
3—40]A4 Hi=npe} o] 50A o= SP-04E H7IS AMRE Hold dsh
oA 9] tshyt BT 20%9 &S JEhden 754
A= SP-042 H7VekA] &S 549 sl E 26%, SP-042 73 AR E
wolgh gt e 2299 #HHEES WA 83dA o= SP-045 #H7}sHA
e A9 digtl A= 90%, SP-045 #H7IgH AlRE Folg tistdAE 70%9]
ARES YERNJ D, 93A = SP-042 H7FE ALRE Fol3 st M=
90%° FAES WEtHo] SP-04E H7IgH AFRE Folg distet 1384 €& o
atote] Apol= A9 fle Ao=m yehwtth oelgh AdE Hol SP-049 Holw
WSSVe] #3798 9 7+ §le 3oz Bl

a2y PCRE sted DNA #7195S 3 235 B¥ 1§ 3-50A4 Henke}
%ol band® #717F SP-045 H7Fe AlRE Hold tietEtt SP-045 FH7bst
A e 5A9 thatEoA vERG bande #717F 9 FA vEyY e Axrh
SP—045 #H7tstA &2 sA 9] Ag-Eo] v AstA verdrra & 5 vk o]
AdE BHW SP-049] Fol7F A9dA S Asltete] AdE npoly 2o &F

Aska wge AQAyE Gt Aok & 5 gk,

rlo

SP—045 H7bskA &

# o= real—time PCRMY OS2 wpo]gjso] Al Wles SAT 5 A= WY
Eo] Haxo] glojA(Tang et. al., 2004) o]Hd W& o]&ste] ZAlshd

SP-045 wolatls W WSSVl gk A&dAds Wats] ¥ o e Aotk
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1 Nonadditive
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%t
‘------- -

832 Fo)3 AR NP chinensis)(A)} SP—04
25 wolgt AR Uk P chinensis)(B)el T3]

sk
PCRE 3l WSSV DNA #7|9d% A%, M: marker.
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69 44%E 50009 271 EA 0.02g37]9] Avte|Al$- AeE 507h2]/me]
drg 43 5 FHPALR AF AR SP-042 #Hbele] Foldh Rl Aol A
of Ht AT WstE 19 3-6°] HERNAT

PAF 1097+ WRALRE wolstal 1 o] 5 SP-045 FH7ksto FA2
W At o] 7| AT Wt whel A= 3|ALel A AAEE R S

T 374A¢ 79 110 SP-042 #7}
g ALRE Folg SA A Al it AT 3.70g01 e, 51442 7Y
d 8Yoll= Hat AFo] 9.42g8
2 Ao 7744 89 200l 15.00g0.2 F4
99 1doll= 4t AFol 18.81g7HA st 9€9 3 3] &3tk 3it.
A= Aol mE RAor dE T DEMN (L. monodon)2t A<

SOl M= FF AFEC] 1.0~1.5g/weekZ ATl LH A 3l
At

1599 A=& 6.50g0.2 AAstgct. 65U# < 8Y

7] W] Aokl go Ao WS BRAoR 44T B 4 vk
£ 20~250 ARH 07 ndd 5o Gulxeo Y FAen

AAE Fow Fydoproto] AlE AL 1978 EA T 1996 o] Fol] Fo]

(ot
)
L)
=
o

rlr
o
1>
filo
Y
Lo
ol
N
&2
rlo
ifp
ox,
=)
Mo
-3
BN
rd
-3
rlr
fuj
Hl

0]

U 1=yl Ajo} FollA H-E
a2 FoRA kAo A= 400mHE]/m’Y] HE
2 A% sta e A AAFeR NS e A didEolth(Briggs et al.,

2004).
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Body weight (g)

1 37 51 65
(Jun 4) (ul11)  (Jul 25) (Aug 8)

Rearing days
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g% 3-6. 69 4U4FH 99 3U7AS] FA7|E F

vannamer) 2] Bt Ao W3}
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ok A A
SP-04 AZMAE AHgSte]l UehE FAHAL W haW AFRe) Y Fole] w
s 19 3-70) UEhlATh 44 B AFANE 3 2

3} =
Flom 1 olF 50d7HA = FrEluAbel A AlE g ARG Aol mE AR ol
=

[¢}

5044 W Aol 54.8mm, AFo] 5.59go 2 UElY Alm Folgs
22.1kg/hadll Al 34.5kg/ha= S7HAIA FATH 1 F Als FoRS wd 3~49%4
Z7bste]l F9lom 6594 9l= 53.0kg/ha, 7084 63.6kg/has Folaton 754
A 72.7.6kg/ha® T3 Ukt AR 654 AFH T5UA AFSTIZE Bk W] 2
= o] Bal HFo] oA AR FoFs dAlHow HE 75UA o] &7
HE 92 EHA7F AlGEo AlRe 4 78UANE 86UA A 84.8kg/ha® A
AR AlRE Tttt 87IANH F83t7] d7HA 90kgha® AlRE
Ath AR 387 A 929Uz Fosglon olu7hA] Folg Azl 3
e 3,035kg/hacldet. olu] hele] FgFE 2,850kg/hacl o™ Als HEE
(FCR, feed conversion ratios)< 1.07% YEFWT}

HhE, dubd o ® Eufetel Al A o] AEjllA 47]Ed1E FAlste] distE AL
SRS Wl AlRFoRe] ®Wste a9 3-8 YEhliow ojuf Alm
8kg/hao & YEbRTh olw tiete] AAFES 3,000kgo® S-S Wl FCRE

730 % e

AWt o2 FCRY #ho] 20]stel® AlR g @g&o] Frhal 3t 3lor, 1] H
A FHae AudE g8S Bolvka skal ok (Wyk, 2004). webA SP-04&
A7retal S W AR A%

SP—-04 H7IAIE AHE3le] distdal s 3 A9 duAlRE AMEste] diskE

FAT A A AAFAR FAUGES 2 G5 wel BE waste] E 1

2

} (

[‘E

SP—04 H7HAIE Abgste] dishs FAslS W FA7IRMe B5o® 54 264
AAste] 8d31dt 99 1ol sEatalon ofuf FoxtAl kgol 20,000
=slste] 5,700%H/hal 24UE SRk 2y AWAQL et 2

A

W 1
717kell iAstsl g€ oyt 10d o] #&shA wHaL ojm dFHA EsrAoR
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SP-04 H7} AIZ ALR AT

(1ha)

Ut

A2 A2 2AlE (1ha)

FA(T)

o
¥ & 0 9

F & 0 9

2220 (A $- Z3}) 5,700 2,850 kgx20,000¢ 4,800 3,000kg* 16,000
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