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©id Y R PS-K7} Edwardsiella tarda®] 9] ¥ Y Q5K Oreochromis niloti-
cus)®] A¥Y F7 Hde] iy SHEHE 43 PSKE 0.1 mg/g MY sx2 NP
vl gtyole] sty o) Fx9 E farde® T2 APE #RL AEEQ2X107 23T 12X10°
cfu/getdob) 9] FZd i3l PSK MIYFE 100% AEEE JYshiddn dz7Fe Z42 50% 9
100% ] MAHEE B Aok 28y LFEY E terda(1.2X10° 223 1.2X10° cfu/detHo})
T3 WM e 9 AFAFHE URLW diETFe Hol 100% 9 IAHEE B FUt
E. tarda(12X10° cfu/ge9o}) 34 15¢Y ¥ PS-KE 27 5§ U delvoh= 100% &) Y&ES
Jepligioy dix7e 50% A&&E vehlo] PSK7F 7N gl ARARA e AA4EE By
31k, 28] PSK %9 13Y ¥ FALE E terda FKCOl hétd BojE vY @avols] e
YA WL PS-K71 olf9 Ho] A4 wukgo] Bzl o]F/l M FHA ¥ AYHE #A
3 FE Aoz Yehgr)
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A9 dY & Fse BAE AF9
FAEE 3E ReEo U2 olg9] A} A
FE] dHME B 77 Ho Uk o]Fo A
BCG(Bacillus Calmette-Guerin) & A} v Bo| &l
HY 57 Ago] e Hoez AN IF
dael] 83 HAFH FI 4% FF 34
AA A @ YA oy Fol ¥ ¥o &
H5¢ 2 71Fez Busdtn JcHMathe of al,
1969). = U|AES My 74 JEL2A B,
33 B-1, 6 linkage® AFE B84 IdIHFY glu-
can®] A AF= o] Hoj itk o] EAL Duf-
fus 5(1982) &) Birel 2| #1A Saccharomyces cere-
visigeZhe AR AXY FA HJERorA 1F
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T8 W] 71RE I A ¥ A
% anti-bacterial activity -18]3l antifungal activity
9 713E 7 o9 fAMY EJES IR
(Ikekawa et al,, 1968), %] ] #(Shibata et al., 1968),
A% (Bradner et al, 1958), %|#(Tanaka e al,
1965) oM + glo] ®eol Eu=HAed 1 F
B HEE uEoly 4AM Woly 57 ATE
73 Qe O3f Ade] niEA 83lo] AL
Uct.

g Adel 1EA §3E 9 3l PS-KE
Basidiomycetes A9 2] Coriolus versicolor2%E @
Bog 229 protein-bound polysaccharide2 4]
Bol# A& o8] F9] moused] A 2] Bol
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A= B A3HE YeEpis $o gyl gely
E37t deA vyehhs $0)9le #d0lcHTsuka-
goshi & Ohashi, 1974). Yoshikumi $(1975)°
o3 ol ¥FY AFde $579 o] 73,
B8 WY 9§ FZo] MM Yok Aoz
Bo Xed 2 olfE PS-K A7 3% ME
F A" cytotoxic effect® LFERRA] @k
FE X9 F9 Ao Rt o AR} YUY
W&ot £ ICR micedl A T4 AXE &9 T4
©]3}] heterologous erythrocytes T hapten-ery-
throcyte conjugate®} Z£ 4 o]& 4o} g
&M A Yol JAHUAE o PS-K& Fo3d
AAE YA A FYo| NE HAL VY ol
sarcoma-1809} &2 FY¥ M E FAE A=
E9E 2339 Tsukagoshi et al, 1974). £ No-
moto $(1975) % Ehrlich 3% HX9 F4& 9
AP 25, Nakano F(1973)2 2%
AE FHof o8 JAg NAY Y v =9
PS-K $oqo) 3 F4 £3 o2 HEEe Ao
Bastgch ol in vivo 4¥H ¥4 Ohno &
(1976)& Atgtel Fx79} PS-K& 24 well plate
ol X EY39-E&d ’H-thymidineol 54¥ g
®o] ol&se Aoz Yehd PS-Kel mitogenic
IR in vito AP BAME 13 o9} Zo)
PS-K& Ef79 B kg MA dsxe 23]
g9¥ 57 23E Jehie Fo] #Uso] ey
el 84 9 Eolgke 4 B3 1Yxn Ay
HAYo] ERFh= 4FH AHol7t st oJFol W
Ak A3 BasHe] A g4 a3es B d
F+o| A= muramyl dipeptide, glucan 53 84 &
Hy F3Az g8 e PS-K7t E/AE o
dog 3o ¥t AATHE FHY A7 BIelN
gloju} Fhojghe B4@goA AR Z Rl
Hj3te 2 8337 230 9 HeF BYo] vjy thE
ojfte] Wil oju¥ WY 27 AR} AeAE
W37 93t @ R o] BFoA ojg B
H3yoe WYHE Noln Sl E terda #FAE

@ golge F2RFG A= 2 71%e A
AFoz Wado] ERFoA Wl 717 37 &
& Hole &Aool ofdHe i3t X8 &
302 AHEY) A8 A7 AR Bk

AR 2 3y

cX:L

FAAGR §& Fojgolr B MFo] 10~50
gl HEol Qv YAFem AAY ¢+ U
€2}y oL (Oreochromis niloticus) & ¥-Fdol 428
25CE fAE 300 L 8ol &8 oAxy] FxofA
el & 1% oj¥F AR E T3t ARSEHA
Yol AHg-3 s

AYEF

kel A SN M R M TR Ed-
wardstella tarda C-1, H-4, S-1& BHI wjX]o}A|
WS F B AF 50 gol Y EolE 44
6vlEl Y ¥ HYTZE 3o 4 FFE 1.2X10, 12X
10°, 12X10° cfu/fish o ¥=E2 FF Ay
6U3t 73 MAREE BAY F M B4 A
58 49 IF2 J9sit. A4 ¥ Edwardsie-
lia tarda H-4& BHI WA oA 25T, 184]3F vkt
¥ 50 g9 v dEtyolollA 3 FAAAH EAHE
Fdigl A2l ¥ A BHI brotholl A wisin 9
Aiedly 1 #3%¢ 33T # dFEAPI
20E kit& AMS-3te] 1 A3eA BAE THE ¥
1% TF o9 FAo] 4850 v FY &
4 ¥ ATCCe APl identification program$&
AMg-8le] A28 W identification possibility
2Me 98% o4, T-test o1& 096 oldog
E. tardad-§& U3 #20¥E B FFE broth
Wl ¥ 27 microtubes] &7 ¥ 30% glyce-
rol& 7F8E — 70T A HEIHAAN Eay o}
A4 AWM ALE3c)
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A4 @59 WeA

Foete] gR FHFolM R M FHY E
tarda TFE2 WY& ¥R 7] Yo 1.2X10
cfu/fish F£2 Ztzte] #F& B74FAF Hed
C-1% H-4 #Fc€ 54Tl 100% 2 WAEE B
oli S-1 FFE 17% & WAL TS UYEplRlenz
B d7dye e #FEd s Heygel 2
H-48 Y732 HY3ch(Table 1.

Table 1. Pathogenicity of E. farda isolated from
different farms of flounder against nile tiliapia

Injected Cumulative mortality

during 5 days after
dose Cfu/ﬁsh) cha}lenge %)‘

E. tarda
isolates

C-1 1.2x108 100
H-4 1.2X10° 100
S-1 1.2X10° 17

*Six fish were challenged for each experimental

group.

PS-Ke] 4]

A 4B oM gH o2 AHEHI e PS-K
(A F4HHE TFAHA HPFY BE
750 A ¥ WA BHHAA AP =4
B4 ARSI

gee =4

BHI x|l A 25T, 18AI1HE<t WiY¥€ E. tarda
H-4& 10,000 g4 4823t 29 Y g2
A M3 Q). Pelletd thAl A2)2dsol A
¥ 06% formalin(v/v)& 24A1r Xeldte] Pz
Atk o184 Ae)¥ FKC(Formalin Killed Cell)
 AYHYFE ANF ¥ 1 &F%E 333
20 mg/ml AAdse sz AME-3

olftel MTH el U@ PSKS Folmw
24

B MF 30~50 g8l Yd€tvoHE 4oz
ARREII x| A BAHAEA AMR-SY HA
AYol evlei N & & APTE o] FH|E PS-KE
B7}og 01 mi¥ FYsH nl2T2A Ad+ 01
ml& Z348k5ich o)ul PS-KE 0.1 mg/g? AA¥Z9)
FEE AHs9T 159 Fol BHI viAoA] 25T,
1843t %S E. tarda H-4& 12X10°~1.2X10°
clu/fish ¥E2 34 4¥& P94 6¢ T4
3 mAHEE #¥ %tk PS-K& RAAY
E tarda H-42 37 48 & 37] 98 82 FA&
g A9e 4¥old 200 ppm FYEFIO
sl A7l F AREEA

PS-Kel & &A% ¥4

E. tarda® 12X10° cfu/fish®] FE=2M Y
galyjojol] EAFAIE AHo2 PN F 24
Azt %o PS-K& 247 0.1, ¥ 0.2 mg/g A5
FEE BY FAY F ZHe AYTSY 2ETE
0.1 ml 27 FAL 27 o 3] 9 Fte] HAHE
g3 ¥ sAMEE vasid. 4 d97E
Aol 4z grielyo s s HAlEiath

PS-Kel &4 44 A7 ¥4

el detvjolg gviziy ¥ A¥TFE 8o 01
mg/g 7 9AF 59 PS-KE BZ FAIEA
So3tn 15de] AAIE AN 4¥TE 10
mg/kgd ©lAF ¥x9 Y &E E terda FKC 0.1
mi#} Freund’s complete adjuvant 0.1 ml& &%
sto] Brto] FAlElL FHA Y7 E tarda
FKC 0.1 ml7+g 87 FARIG Fo 79, 149,
284 ¥ Z1Z 3viEld APt dYeis) my ¥

o2 RE g A 4ToA 3HF A
NZF g3 Baso. #2d 93L& —70THA
B3l Aol 5 mg/ml A2lA949] E. tarda
FKCZ €3 Aldg st ¥ gAML 53
&t
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4 3

olfe ATH Aol WY PS-Ke Woig 37
a3}

N HolE F3 AAE RT3 fstd 01
mg/g? olMFe] PS-K& H7 FAIE B4 H
U] By 274 A% f= NN F R E
tarda H-48 12X107, 1.2X10%, 1.2X10°, 12X 10"
cfu/fish TE2 33 dYste 6d Tl ¥3
A& BAFAL 1.2X 107 1.2X 10° cfu/fishe]
STE T4 H4Y¥ A (Table 2), PS-K& 5o ¢
AYTFAAE AL A8 dojuA FRAT o
ZT7AMe 42zt 6dF 50%, 597 100% 9
74 HAE& B FolA PS-Ke Wold F7%
FL 5971 &€ AAE + YAk 2y 12X
10° cfuffish 9] ¥=Y Afde =T vz}
A2 %At 25 sARStY ZTlo] nFEEe]
A FdAlele AFHE JYehiA £33t 1.2X10°
CFU/fish ¢ ¥=44+e PS-K F477} HE 5
Uit BF sApEgAIRE 3YRte)l 2% sjALg
2TFof 8 o= Hxo £9 AF A YA
E. tarda Zge] o AE ML HAFZ
3.

PS-K¢| A& A%

E. tarda H-4& 12X10" cfu/fish 8] FE=24
Aoz FPANL ¥ XN EAZM9 PS-KE& 0.1
a3 02 mg/gd AAMF FEE FAH 4Y
TFoAXME A3 AL dojubA] 8o} PS-K7F 34
Axel offol Wi Mg AR} YLS E F
Ut (Table 3). h27FE 34 HEFE 3 YALEH
HAZE dejur] Alzkstn 9dAe] F& wAREo)
50% ] =e3|ct. 4¥77t 100% MAEke B
=9 12X10° cfuffish 9 E. tarda H-42 Z4A7
A%de ¥4 4¥F 39874 PS-K F4979
7 2% 3utEly sjabstgich o] 01 1Ex
02 mg/g? oAF9 PS-K 7€ 6Yd 4z
1nhe]H o) sjAbete] oA 2T AE Al
A RS 9UA BF #AFS T Table 3).
afeg x7d 1¥x9 E tarda A PS-KE
FogtA ol F7t Aol A ol AHx o=
7Ie AT 9A XEg ZA%E Jehlie Aoz
M=

PS-K7} v ©eidole] Moy W] mxe
Ll

E. tarda H-4 FKC2 VYA ojfe] A A

Table 2, Effect of PS-K administration on nile tilapia on the protection of different dosage of E. tarda
H-4 challenge, expressed as cumulative mortality

Injected Experimental group Days after challenge*
dose(cfu/fish) (mg/g body weight) 1 2 3 4 5 6
PS-K(0.1 100 - - - - -
1.2X10" _( )
Saline 100 - - - - -
PS-K(0.1) 0 17 33 67 100 -
1.2X10° .
Saline 50 87 100 - - -
PS-K(0.1) 0 0 0 0 0 0
1.2X10° .
Saline 17 33 67 87 100 -
PS-K(0.1) 0 0 0 0 0 0
1.2X10° .
Saline 0 17 17 33 50 50

*Six fish were challenged for each experimental group.
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Table 3. Therapeutic effect of PS-K administration on nile tilapia challenged with 1.2X10" E. larda

expressed as cumulative mortality

Expeimental Injected Days after treatment with PS-K
group* dose(cfu/fish) 1 2 3 4 5 6 7 8 9
] 1.2X10° 0 0 13 13 25 38 38 38 50
Saline
1.2X10° 25 38 38 50 50 75 75 75 100
1.2X10 0 0 0 0 0 0 0 0 0
PS-K(0.1)
1.2X 108 25 38 38 38 38 50 50 50 50
1.2X 10’ 0 0 0 0 0 0 0 0 0
PS-K(0.2)
1.2X 108 25 38 38 38 38 50 50 50 50

*E. terda H-4(12X10 or 10°) was 1 day prior to injection of 0.1 or 02 mg PS-K/g body weight.

de] biXe PS-Ko Fo AAE 7E 3
HA7HE B8t AL PS-K& E3FY
3 1373 FKCH& BAFAIE dYFdAxe
A7kt 256, 22l FKColl adjuvant2A FCAE
Egse EF FAE AgTelAe 10249 A
7HE BjFo] PS-K ¥]FTF2A] 1289 ¥M7HE
HQl gizFd Hsld PS-K Fo d¥+7e 27|
A Y g F& I F= AL ¢ F
Uitk 3F ¥ PSK FA4ETE 42 2048,
10249 83 AR B wE gxTFE 2569
3 FA7HE BAFo PS-K7} AF9 F ¥A
YR F& FEE VAL QU= RE & F
AU (Table 4).

Table 4. Effect of PS-K as an adjuvant on humoral
immunity of nile tilapia
Weeks afier immunization of FKC

Experimental group* —— 2 3

PSK+FKCHFCA 104 248 2048
PS-K+FKC 256 04 1024
Saline-+FKC 128 18 25

*Fish received PS-K 0.1 mg/g body weight one
week prior to intraperitonial injection of 10 mg/kg
body weight E. tarda H-4 FKC antigen. **aggluti-
nation titer with 5 mg/ml of E. tarda H-4 FKC
cells in 96 well plate.

o

Coriolus versicolor2 %E ¥% +&¥ protein-
bound polysaccharide(PS-K)& 7189 o3 &
23E #e¥ polysaccharide & FAHY By $7%
£ 53 ¥ At Aok Aol EAAE W
Aoz A AANY o] 4YE B YFH
Ak 28y o] ko] dig FHY 7FL
o}z ¢hA3] ol =R R o E3I| ojfF
HEE 2 A glong JoFMFEA Al
¥ PS-Ke Aag 48t R PS-K #4
oijel #AMY #72 M ¥4 EIEY AYE
2353 34 HHE Qe s a0 JEE
A3 4+ A& Aol

v gelujolel] Q101A E. tardad] Fdel i3t
PS-K7} duje] Wold 374 AE Jeilie A&
0.1 mg/gd oMF9 F=9 PS-K& 87 FA2
FoE #H 790 Ad ¥ ¢ ¢ & U (data
not shown) °ol#¥ AFE glucan F& Qo
A dEEE @ 3 ~ 8UF e WY 37
237} ke B (Robertsen ef al, 1990)¢}
Ao Eg B dFAME o] TEF JHFER
gk olm I¥Ee PS-KE B3 FAR A¢
acizl Hojd Wold 7 AAE BAFR e
A& ¥ PS-K JAHEZE A%o &2 2E
28 UAY Ee HEFHoE A9 AAX
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o] Xt el Hojwa 1 7t L Fol
AYAA =" FAAQ Fo] 71Fe] o) fox]|
X3 Ao ¥ o] € = Utk ==
IFES PS-K §o ¥ Huje] oy 57 Anr}
velgr] flsiMe 33 71te] AHse pS-K7t
B Ul 4 3§ 3ol GlucanME o]}
fAME Adsl BHasle] Uti(Robertsen e al,
1990).

HHF9 PS-K&} A9 AGFH 7 157:Y
33 F Z7) O J9 E lorda2 U8 FALAEE
& 1.2X10° cfu/fish ¥ 5714 PS-K7t £ €
getyolr}t WolAaE el o] FxET W
FroA Sz A g ddtdMe Y
Wolgg Uehds g Aoz A dd a2hd
7% Wolge #A7Ie] IdFHoAE @&
Rolzz old diF Aelde A7 Uolor &
Rojt}t. 1gla € dAFolixe EFHE JehlAle
B3EA1G PS-K¢ WHE o ATE Yoliy] 98]
0.1 mg/gd AAMF PS-K& HZoz Fo3in
3YF, 7Y, YT ZZe] A PSK FFHE
AFq 159& 71 F 1¥%9] E tarda
(12X 10° cfu/fish) 2 34 AY¥3#AD. 22y boo-
stingg 19 8 A, 28 & R 2z 39 @ A
2% o] 49 A% AR dole FRAY AAE
RoFA gigir), ofvl A& EHE B4 FAR Q8o
ojfcl HAE 2EH2V IA FERoTH A
Ztg| oAt

£ dFdMe ofe AFA Zdl uig o
idogle oE #HeeA PS-KO X8 ARE
ZABREY 2R3 @A g oF ¥ U9
ol AW dutrcke AW NE8Jt B
Fa8A 5o lermz PS-Ke AR AF 94
g £ §i7) BFoick. 1 A LDyl 7P
Fx9 U939 F N8A 29 PS-K& FEE
WAL doluAl @e 438 #& X8 AdE
¥ 4 U (Table 3). 2322 3¥3 TA&
#28 F e 59 AF FH dido F&

A8 AZE /AT LE PS-KE oF ¥4 Agddl
AolM AeA2ME PP ol8E + e
FAEE 7t Qi & & A& Aot a2y
B AdA AR Aug axxe Aoz F
AY F 33 @ol HopHA oJFo] ARARAY
PS-K& Fo3d wolg FaAA7} 383 Ue
YA gol ARAT] £E YA @& F Ao,
¥ PS-Ke WY $7a%7 383 vehied
Aldo] ZYotd o] Ay} Yedy] Ao 0§t
WA = A& Helth

PS-K¢ AYute Z7&d] U 7FdTE
283 =Hof UAXNRAT B miced] PS-K& F
o33 < AYTFE AGA YD dxFd vlE 2o
B2 hemolytic plaque-forming cells® 37 ¥3
el %71% hemoagglutinin® 1L u]F oA
THE sl ¥99 $4 5& Holi(Nomoto
et al, 1975), B JAE micedlHEe ¥ A
59, A9y A9 g & AN mice FELE
AeAA 2o AL Buso] 3ck(Nakano ef
al, 1973). 21H B & o]FME PS-K& HY ¥Hg-ol
Bodhe gy gx o J¥& vH FAY Ay
HEQA BMES g4 HHEY =z Aoz
#A3A € Fold, B dAFME olfF o
d¥os vehte HE BAEY Ay Wy &
o] g g 44 FE€HE 2HE 9 PSK
Ra] 13 ¥l E tarda FKCE RQAZ A¥F7E
157 uto] 2g49} FKCRte 2 WA g7
Bt 2~419) &3 ¥A7PL vEhd PSK 7H B
MES g4 I8 AE Aoz JYegeh(Ta
ble 4). B3] ¥4 £o 1574 ¥H & 3
BAHE HAE PS-K Fov $F9 BHAZE
48} € wHg Fy] DA U 3t Al Bt
w27 vhgsd ke Ads S-S FAEA &
&t

ZEF o2 ojfe Aol sty I Woiy
Z7 Ads} A ARE /I e AeE £49
PS-Kt EARFAAN FFUHY ¥eH2 Jehie
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e @/go] AR Aol FAISHA el bk
g & domz oY PS-K& NMEF AR 3
7HAg 94l oA adjuvant o224 o7 F/e
M2, vtolg &g Teln 9 #He] FE4 AW
ozt XEef FyA FEY F A& Holdh

A} A}

o] =F& 1996dx V=ttadEAEs T
A Q7 (AT EJAD A oj3td AFSAFY
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Effect of PS-K on nile tilapia, Oreochromis niloticus,
as an adjuvant and prophylactic agent

Kyun Hyun Park, Jai Yi Ha, Sung-Hoi Huh*, Min-Do Huh
and Hyun Do Jeong

Department of fish pathology, Colleage of Fisheries Sciences, Pukyong National Universify, Pusan 608-737
*Division of Oceanography, Collesge of Marine Sciences and Technology, Pukyong National University, Pusan 608-737

A protein-bound polysaccharide preparation, PS-K, isolated from Coriolus versicolor was evaluated
for its ability to enhance resistance against Edwardsiella tarda, causal agent of classical edwardsiellosis
in tilapia, Oreochromis niloticus. Fish treated with a dose rate of 0.1 mg PS-K g™' body weight
were challenged by intraperitoneal injection of E. tarda with different concentrations. Against low
burdens of injections(1.2X 107 and 1.2X10° cfu/fish), PS-K treated fish did not show any mortality
compared to 50% and 100% mortality of control groups, respectively. However there was no
increase of resistance against challenge with high concentrations of E. tarda(1.2X10° and 1.2X10%
/fish) except few days delaying of death. Tilapia injected with PS-K one day after intraperitoneal
inoculation of E. tarda(12X10" cfu/fish) showed 100% survival rate compared to control group
of 50% survival rate. The result indicates the potential of PS-K as a prophylactic agent in aquaculture.
The increased antibody response in fish received PS-K one week prior to FKC administration
suggested the influence of PS-K on the specific humoral immunity and increased resistance against
bacterial infection.

Key words : Protein-bound polysaccharide, PS-K, E. tards, Prophylactic agent, Humoral immunity,
Resistance



