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Yellowtail, Seriola quinqueradiata, and Japanese flounder, Paralichthys olivaceus, are popular
cultured marine fish in Japan. The enterococcicosis of yellowtail and edwardsiellosis of Japanese
flounder are serious problems for fish culture. Antibiotics are effective for treating these bacterial
diseases, but the easy use of these chemicals has led to the appearance of drug-resistant bacteria
and the persistence of the drugs in the fish. In this study, more effective techniques for preventing
these diseases involving the use of immunostimulants and a vaccine, which will prevent the
appearance of antibiotic-resistant bacteria and harm to our health, were developed.

First, the effects of quillaja and beet saponins on the resistance against enterococcicosis of
yellowtail was examined. The survival of infected fish was monitored for 9 days after immersion
challenge. The results showed that all fish in the control (without saponin) for the challenge groups
had died by day 6 after the challenge, whereas the rate of survival of fish in the saponin-fed groups
were 40%. Thus, the feeding of saponins was found to elevate the survival rate after bacterial
challenge. In these experiments the amount of lipid peroxide (LPO) in the liver increased after the

enterococcicosis, however, those in the liver of saponin-fed fish did not increase after the infection.
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On the other hand, the activities of superoxide dismutase (SOD) and glutathioneperoxidases
(GPxs), which are active oxygen-scavenging enzymes, increased in the kidney and spleen of yellowtail
after the challenge, and saponin feeding resulted in progressive increases in the activities following
the challenge. The activation of these enzymes was thought to reduce the oxidative stress caused by
the enterococcicosis. Infection and oxidative stress induce a serious stress response to organisms,
resulting in the acquisition of stress resistance to the organisms. Chaperone proteins, hsps, whose
function is to prevent.the improper aggregation or association of partially folded proteins, prevent the
denaturation of proteins due to various forms of stress such as heat and infection. In the kidney and
spleen, hsp60 and hsp32 were produced continuously at high levels in the saponin-fed fish. These
results showed that saponins seem to promote hsp induction. The promotion of active oxygen-
scavenging enzymes and hsp induction on pre-feeding of saponins may help to reduce the bacterial
infection stress more effectively, and the reduced infection stress may increase the survival rate after
entérococcicosis of yellowtail.

Next, the effect of quillaja saponin feeding on edwardsiellosis of Japanese flounder was studied,
however, the effect was low. Therefore, we investigated the effect of bacterial S -1,3-glucan (curdlan)
on this disease, because some 3 -glucans are known to increase the non-specific immune response of
a host. In a short period (1, 2, 3 and 4 weeks) feeding test, the phagocytic activity of Japanese
flounder increased until 2 weeks with everyday feeding of curdlan, and the superoxide generation in
fish fed curdlan every day for 8 weeks was enhanced from 10 to 20% with the low concentrations of
curdlan (in vitro). When fish were fed every 2 days for 4 months (long period feeding test) their
phagocytic activity increased, however, levels were lower than in the short period feeding test,
whereas the superoxide generation did not increase. Thus, the feeding period and feeding mode
influenced the effect of curdlan.

Then, the effect of a vaccine (formalin-killed Edwardsiella tarda) on activation of the specific
immune defense mechanism in Japanese flounder was studied. The agglutination titer of Japanese
flounder fed diets containing the vaccine was higher than that in the vaccine-unsupplemented diet
group, however, the survival rate of the vaccine group (30%) was not notably higher than that in the
curdlan or quillaja saponin-fed fish, or the control (without an immunostimulant) after immersion
challenge. For effective treatment, we examined the combined effects of these immunostimulants
and the vaccine. When the vaccine was fed with curdlan and quillaja saponin, the survival rates of E.
tarda-infected fish (42%) increased significantly compared to the control group. In these fish, the
phagocytic activity of leucocytes and the antibody titers in serum were higher than in vaccine only fed
fish, however, the combinations of the immunostimulants and vaccine were not effective for the
superoxide generation by leucocytes.

Finally, the influence of oral administration of quillaja saponin, curdlan and vaccine on the hsp60

expression levels in the intestine, kidney and spleen of Japanese flounder was examined. In the
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immunostimulants and vaccine-fed fish, the hsp60 expression pattern in the intestine was found to
be different from those in the kidney and spleen, i.e. the hsp60 level in the intestine increased more
highly compared to the control (no feeding of an immunostimulants or the vaccine), but did not
increase significantly with the levels in the kidney and spleen. It was suggested that the surfaces of
mucosal tissues such as the intestine, and respiratory and urbgenital tracts develop a special
immune defense system: M cells which exist in the intestinal epithelium transport antigens for
efficient endocytosis and transcytosis; the antigens transported by M cells are processed and
presented by macrophages, and then the macrophages activater, § -T cells in the intraepithelial
pocket. The activation of the mucosal immune defense system is thought to be caused by hsps
recognized by 7,6 -T cells. Thus, hsp60 seems to regulate the T cell response against this disease
as an important function in the activation of the mucosal immune system, and the
immunostimulants and vaccine we used seem to stimulate the expression of hsp60. However, after
infection the hsp60 level in the intestine decreased. The reason for this is that cells of the intestine
were disrupted or the mucosal immune system was damaged by edwardsiellosis.

On the other hand, the hsp60 levels in the kidney and spleen of the control group increased after
infection. These results showed previously that hsp60 increased in the kidney of yellowtail on
enterococcicosis. The abnormal expression of such stress proteins has been widely observed in a
number of infection conditions including oxidant injury, ischemia and inflammation. The hsp60
induced in these organs may have protected them from the oxidative stress caused by bacterial
infection. Thus, it seems thathsp 60 induction is an important event induced by bacterial infection
stress in the kidney or other organs. As the hsp60 level in the intestine decreased with
edwardsiellosis, probably through damage to the mucosal immune system, as mentioned above, we
will be able to determine the extent of infection stress in‘ fish by measuring the hsp60 levels in
organs.

In conclusion, the feeding of saponins elevated the hsp60 levels in some organs of yellowtail,
which led to a higher survival rate of yellowtail after s enterococcicosis. In Japanese flounder, the
single feeding of saponin, curdlan or the vaccine was not effective against edwardsiellosis. However,
the combination of these immunostimulants and vaccine raised the agglutination antibody titers in
serum and triggered the phagocytic activity of leucocytes, which enhanced the ultimate survival rate
of fish after infection és a result. The method of oral administration of immunostimulants and
vaccine used here was better than intraperitoneal injection, spraying and immersion, since with this
method a mass of fish is immunized with very little handling stress.

Key words : yellowtail, enterococcicosis, immunostimulant, active oxygens, heat shock protein,

Japanese flounder, edwardsiellosis, oral vaccine, agglutination titer, phagocytosis
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PR DKERR, FBINOREEERBEARECL > TEEROGEAM LBBOEANKENTE .
LML, BEOEEEERIZ 1989 4 ¥—7 CBERROMET, ERRIBIHEICKS 200 BEERFK
BT L DBIBOBIR ECLST, BAD—BEELE>TVS, ZHCHLT, BRICKDEEE
EEIHEEERIHEMLTHY, 21 K285 /EARE L TEEINTVS, BHKERDEE -
BEEOEBEENCL D &, 1996 FEDOBERBAOEERIIN 26 7 tITEL TN, TOHFTTY
Seriola quinqueradiata 7] 60% % 5%, Y%A Pagrus major , ¥ >4 Oncorhynchus kisutch ,
t 5 A Paralichthys olivaceus DJEE 72> T3,

LHL, TOXRSITKERBEEOBERFEEICH>T, B4 OMENPREIILTEILITR> /. Bh
ThH, FHAORRIIEZ HEOHMMSKEZREE 2> TS, BEADIKERICKDHEEOHEMI,
BRARETTEBRL TWAABELERL T, BEECHEBOBRICKZKEREDEL, RonHE
KEBEBEFHFTOFRAFTREDABMERICEL> T, BRPENFERINDIDEEILNTNS, KE
ITOEHMEFRICHTET > r—bAEick 5L, KEBEECBT2ARKERT, GHEBBEEER

(# 3,000 HEEM) OK TXTHBLTWB LI TS, Lirl, ARIZTOMEEL, REEHT
BEENDNRIND &3 PRL, EROBHBHICBNTIEHINS OFHE 2 RE LEISHENR £
LTW2bOEHHENTNS, REREERBAMIITHS &, BMEEROLVT U, 240K 50%,
IYTADHK 10%, ETANK 65X EEHD TVWD, £z, AROEER THATHSDE, HEEERRBNKN
40%, TAINAERRNK 30%, FEEERFNH 10%, TOMDKEENH 20% &3> THD, #M
BICKDRFORENKERFBEER> TN, MIBEICKZEFRDI S, BERHEADTEIEAETDH S
TU TIRBREED, EFATRIRUIIIEN, HRODEERRRFER>TND,

7)) OIBFREEIL, 1974 FICHHARLEFKTOT)EEBRO 1 FABLY 2 FRAICBNWTREN

RIN, WAL VK- T, Streptococcus sp. ICLBHFHLWEFHE L THES N, SREEFREE
ERERNT ENBEIN=. T D Streptococcus sp. 1, Enterococcus BIZH I N Enterococcus
seriolicida sp. nov. IRAFEEAENREIN?Y, TORLEBREELFEHRINZ &Ik, BF,
ABld Lactococcus garvieae SR TH 25 Z ENHASLMNCIN?, ABOFEEBEOELICIE L. garvieae
OELENMHANSNDXLIITR-7, LML, FEDHKBEBREEELL T, TOEEAVSNTNS,
RIS, SEMICEZENRIORR SIRIROZEHAS, BHMCHROBES KM, BEORR, LAE
DHIMMAERD 55 9, BIE, FEZTVEREICBN TR BN DEEORZRFHRD—D LAL>T
Wb, £z, UENEOLRICKSTEEDOEMA, FECLSIAFEETELATIERO—DEL T
EFSNTVS, -

ESADIT RUPTIER, 1982 FixHt)ll k- TEBEBOBEFRATBVWTHET S
Edwardsiella tarda \C &k %A & U THE S Nz WA, SBEONCIEROER, BKOE, Bils
A, FEEANCATRE, BRORENBDSND 9, BETIE, EIAFHEIBVTRODEEFORZRARE
LTHBLIE> TS, £k, BERELLTRDSNTVBEEAF I F N IH1 ) T 5tk
ROZHREMBBEEINTNS,
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TUDBREEPETADIRIPIIEZIICDHETS, &< OMIERLEAITIE, MIHMICEER,
JEDRENRD 5ND, RERISITEFRICBAL ZBYEHRL, BEHICK> TELCEREREH
LEDETD2—BDERRIETH D, £z, RIEIC K> TEESINDEER RIL, HEEOIRKE DML IC
HULTH, FixDOEMHNA NV AZEEX S IEMASNTINTNS 2, £, L¥EWE, KEEER
EDRBTREBERIIHL T, ANV AEHE (heat shock protein, hsp) LIEIN 2 —HOEHYEZ
FEL, EEEOHRZEINSZENMOENTNS, /o, hsp BREMBICBVTHHEIN, ME
LB T SEGIMEEMETHEINTNDS Y, Lizh> T, MERREDEIO hsp L)V, HlfE
DRIEBEZZBIGMET 2—DDFEERZIBOLERINS, v

TIT, MK TREERBEREATHZT) LT ATHRET SMERBRPEDCLNT, HENK
E<HREVRETHIHHRBELIRTVPLIECHTIHHEHOFEELT, RERENREZFDODER
EEMEBIVCT I F 2R OBEL THEDREFANRD LEBIT, INE OREHREBBRICHEE
$5 hsp URINIZEK > TEHMEL 7=,
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7' Seriola quinqueradiata @ JEREEIL 1974 FICHEE T Y TEORENHERI N, BEEEHIZ
Streptococcus JEDH L WIEIRE Streptococcus sp. ICRIEEN, K% TV HEEKREEENKRTEIE
MREINF Y, OBIZ, XREE Enterococcus BIZE SN, Enterococcus seriolicida sp. nov. 725 ¥
L, TORBEBIREERRIEVREIND, FEIIES5< E. serolicdda ELTHEINTE
7=. %, AL Lactococcus garvieae E[FFETH DT EMPSMNTEIN Y, FEDRKHDOHEAIL L.
garvieae MAWVNSNB LI o7z, LML, FREDREGREBKEREEL T, TOEEFHANLNTNVS,
FIEGHEN SN T T ORKBHICHAN S RAZTARZBOTRE L, BRERIRMMBICH
O TCEIFENRFET D LR ENS, TUEREMETS L TEERMBEBRRED —DELTHEES > TY
%,

BEICHTHHEFEREL T, EREBLARILTIE sodium nifurstyrenate, macrolide RHIAEMHE,
lincomycin 72 ED{LEFERIOBRENEH TH B ERESNTLR 29, 7 4 —)V R T macrolide %
MEME ORI DEEMENEENTERL, LAL, BETRNEYE OLAICKDMERE O R
R, RREREREONREE LOMBENREEL R TS, £z, 1997 FHEICEFEICHTHZROT Y
Fr(EXNy I LY, £IEH BHEE, fiRSNTVNSEY, PREEHE0DIE. ZEREOTIF >
ENBEETHIEREOHBENZRINTNS,

FIT, AR TIREAMEE O HRBFESAREE LOMBENL <, YURX Musmusculus IZH1
THREBIEFNRENAD S5NTNWS, ¥V Quillaja saponaria ISl L 7= quillaja saponin &8 k™
44 1> Beta vulgaris "SI L7~ beet saponin @ 2 fEOAMEEYEZFEOREL, 7Y DG
BREAE ICM T BBEZIRICOWTREL .
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#—f81 Saponin DOFEENE

KBEMHE LU AE

A HEABREBRENREREXRLNSH522, HBICHR 75 X TRILKFENIGEYEIR T
FAMOEAFEKMIZBNWTHE LIZFEHKRE 1560g 0T U EfH e,

HEEG SHRZFEZN GIRLUKETIEE) HEHE-BRLD25%2% 7 L. garvieae ( E.
seriolicida S-2433 £ ) #HW/=,

Saponin ZEWFFXTHV/Z quillaja saponin & beet saponin I3, KB{LFEREFENERRELD 2
EXijz. Quillaja saponin (&, >V OELDHHBEINZNY FIVR/ A BICHENES U= BEURE RS
%HD saponin T#HB, F/=, beetsaponin i, FhIF a2 s OEMBEZTH S,

RERELG(CXHT D saponin EME 2001 FYA T bk 4 #iZiEK 3.6 /min DS &8
K 8 Imin ZITWANS, #iAEzENTh RINAELE. ZhSOHRAICAAFTII O FE2EE
LTHZ, RBRET 1 EAMTMEIE L7z, Saponin OFREZFHMT B0, Fig. 1 ITRTEI72 4 &

omve W Gt o=
Qulllajia Beet No ‘ fNo |
saponin saponin saponin nfection
(smg/kg B.W,) (5mg/kg B.W.)

l |
Infection groups ( 4x 10° CFU/fish)

days
0 2 4 6 8 10 12 14 16 18

I .
W W W HAWH H‘fH

'H:Feedlng %W@ﬁﬂ%ﬂﬁﬂ

ks Sampling

%: Infection

Fig. 1. Experimental conditions.
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BRX %5 1F7=. Quillaja saponin 3L beet saponin HERXIZIE, KAE 1kg Y720 FNEFN 5mg %
AHFIIFIRET, BYO S AMIIIHEAT 1 H 1 =a 4 @, K0 3 HEidEH 1 @& 3 M@,

HEF TEERE Lz, MBI 2 RERT, 1 AT T2 o FOHEREBICHRS Uk, ERERIE, RE5HE 11
HERICIEENESHEIC K > TITo /. 7205, brain heart infusion (BHI, Difco) B\ THEE
L7=xt¥O8mlicd 2 L. garvieae 7Y 1 BY/=0 4x105CFU 5L, BREE O HEIOAREZ
PRz, 2B, WO 2 KITIXERIC U TERESE U /-BREMEX (no saponin) & EEREREL L7z v 1kt

BBX (noinjection) %R/, &z, EBEYE 9 HED saponin 5K ERKB IR X DRAKEETEER N
SENBEERD,

7 R

Quillaja saponin BL TN beet saponin 5K DERBREZEOERELEIL, Fig 2 ITRLE,

Survival rate (%)

Fig. 2. Changes in survival of yellowtail after injection with Lactococcus garvieae.

Saponin %5 U7 BX TIdWT NS 3 HRICEIENHER S N, quillaja saponin %5 X T,

G 6 HBICAEREN 4 0% E TR T LA, TOREEEIIHA S NN o7, Beet saponin % 5X Tid
B 7T HBET 60%OFEWEREERLZL, 8 HRICHE 40%ETERT L/, ZHiTH LT, BRI
XTI, B 6 QBRICTRTOTUNEFERL . 28, MBEOEIEIIHSNRNo7z. B 9 BE
DERIL Table 1 IZRT EB DT, quillaja saponin BXL U beet saponin &H 40% TH-o 7=,
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Table 1. Relative percentage survival of yellowtail

fed on saponins 9 days after injection

.. Specific .
Exp. condition . Mortality (%

P mortality or v (%) RPS
Q. saponin 2 60 40
B. saponin 2 60 40
No saponin 5 100 -

Y% mortality in the saponin group
Relative percent survival (RPS)= 1- X 100%
% mortality in the no saponin group

£ &

TR R T ) T BN THREREDIRN DS LINTNS saponin 27 JIC 2HEMBELZED
%, L. garvieae EERES 9 BBROADRIL, 40%Th-o/=. LHL, TV DOISEREREIC L 5 EEIEITR
RBEHEICOE > THEINS Z M5, saponin 25X THRBRTRICEIET D TUNEEL 2
AREENH B, Lehi> T, saponin ORGERERKRPIIHTIEMREZED D LFHSHITETN
J=7%, saponin DEIMEIDNTIHRHOAMAREI NTNBEEZISNS, UL, BEAEHICX
HERREE, EEENCRREZERT 20 SN BIT 5 HARRGE & i L Tida 0 ICBE 2
STV THDHDEHRBIND, CNSDIEEEERT S L, saponin #E51ET Y OIFEREE
T BEFERE U THIRMMHFTE 2 EBbN S,
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S5_F1 Saponin DHFEGIT X HIEMERERIHEREOHR

B &

IEEREARBAEZFR L= 7V T, SMEMICIEER ORE, BBERNEOBML WRKRA, MFHFD
SIEDERIEE, FE»S Oif, BOWMLWRE, BREVEEBOBMZENZDSNTNS ¥, T
DOESBFEHAN S TV QG EREEITERE. FROL D RERBROEESMEMICH L TRELZSIERIT
REBTHDEEZISND, BPMATIE L garvieae DBEAICK > THMERANEME/LEH, BEUHEES T
EAEESNDELEHIC, BREBERICK > TREN S DEEERESFIREELEEN, EBAOIEE O
BECARESNTARLIEEEN LA T D EEA NS,

HIEIICBNT, T U DIFEREEICN L T saponin ORENEMNRERT ZENHASHITRoT2, £
ZT, FEITIXT VI saponin 2R OG5 Lz0bBIC, ERERET-> T, RAMCEBEZHBHL TR
BADBELIEER S, IEHEEFRZEET S superoxide dismutase (SOD), glutathione peroxidase
(GPx) DIEMEZBEL, TNSOHEBEMN S saponin HEDOH DL Z A7z,

KEMHBELUVAHE

{’iﬁtﬁ HABERER REBEREN 5252 X, HBRICHT 2 X TRILKFNBEMEIR
FrDEEARZBNWTHE LI FGKE 200g 0T U AN,

HEEH SAXRFERREN GERUKRFIEEH) WRE—-HRLD 5%/ L. garvieae ( E.
seriolicida S-2433 #) ZHW/=,

Saponin KR LERABLEMIENRX D 253Nz quillaja saponin - BK N beet saponin % B
[2VAR

SOD & GPx EHICXT S saponin IREME 2001 &Y T hKHE 4 f#iZiEK 3.6 I/min
DHtFE LA 3 Vmin & LAMNSHHAEENTN 6 BIAE L. INSOHBAIAIAFITICF%
FHELTHX, BBRET 1 EMTMHEAE L=, Saponin OFREFMT 57/-HIZ, Fig. 1 ITRTELIMR
4 ABX &%)z, Quillaja saponin  BXL N beet saponin EEKICIE, HKE 1 kg Y/=DFNFN 5
mg ZANFIIDCFICRYE, B0 8 HENRMAT 18 1HE 4 B, KO 3 HEEER 1 HEF 3
|, &8 7EFES L. MBIX 2 K&, 1HFTI0FOREAKICKRE Lz, EREGRIT, &56H
i 11 BRICIEENESHEICEK > TITo /. 725, BHI (Difeo) BEHhZEFWTHE Lo 0§ #l
IC#H 3 L.garvieae =7 1 B47=D 4x10°CFU #F§L, B 9 AMOAERREZFANE, 128,

10
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MO 2 KITIEHERICL TERESE 2 BREWBE (no saponin) &EEETHORVWHEE (no
infection) Zi&iI7=,

[#28A L. garvieae BEABODAE HEBBRERHZROTYHSHIE, BEBICMEEHELTF 7O
REDFAP -0 9 FEBD 0.85% NaCl #mx, FEZSFI X270, Boh=FRE
Ux— k% 0.85% NaCl T 1,000 fEFRMLZ=DBIC, ZD 100p] % BHI (Difco) FREEZHI LI
TLTETR. LT, 25 CT—HiERLAZ0BI0 K2 A > MU, £/, KEEZEMETT
B/,

BELIEEEATE » RBRERIBLICRE 4 ABOTUNSIFREREL, F70 KREDF A
P—lnWni=Db 9 EED 1.15% KCl #MA, FEZFHA RET27. BoNEFEDR—b 0.5ml
I 1% phosphoric acid 0.3 mI LY 0.67 % 2-thiobarbituric acid 1 ml ZHRML THEAKB T T
45 mEL77=0b, BHILT 4 ml @ nbutanol TREIHHELE. 2h% i,600xg, 10 B Ox
LETS7ZOB6IC, LEZR->T, 535 LW 520 nm OWHE (Ass - Asw) THIELZ. 10 nM
1,1,3,8-tetramethoxypropane ZfEEH & L THY, FEHROBIEZIT- T, BT O@EELIEE (lipid
hydroperoxide, LPO) ?féfﬁéﬁibf:n

BEEEICRAORE EUHBRRSMAREORBERRETEEDI, saponin 2 GL7=D5,
ERBPRET T UMNS, BREEA, BE 1H, 2H, 3H, 48, 7HRBIIE BEDIOME
i L, 1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM phenylmethylsulfonyl fluoride
(PMSF) #&% 9{EA 8O 10 mM potassium phosphate buffer (pH 7.4) Zi0%, 2 N OBITHEL
B (Tomy, UD-201) ZE L7z, ZDR&EHK % 100,000x g 'C"iﬁiﬁlll\b, LiE%E 4CO 0.1 Mpotassium
phosphate buffer (pH 7.4) HT—8uEHR L THEIERRE &L,

Superoxide dismutase (SOD) ;EMERIE ©9 SOD #lFld, sxanthine-xanthine oxidase %
IZ& % superoxide EEEEI A 74 (F1X) #HE /AL, 0.4 mM xanthine & 0.24 mM nitroblue
tetrazolium %&%? 0.1 M potassium phosphate buffer (pH 8.0) IZ&EEED 100,000 x g LEEH
¥, 0.049 U/ml xanthine oxidase #fiZ, 37CT 20 3[4 >FaX—~bhL7ZDOBE 69 mM sodium
dodecyl sulfate (SDS) Z#HML, 560 nm DWHNEZERE Lz, BIEEMN S sample D superoxide i%
HIAERERD, £ SOD EMEE Lk, Mo-SOD EHIZRIGAIKIC 1 mM KON 2L, Lo
BIEERIC L > THSN/EMME Mn-SOD OiEMEEE Lz, £72, CuZn-SOD #EHIZE SOD {EiE(E
M5 Mn-SOD DIEHEEEELSIEREH L=

Glutathione peroxidase (GPx) ;EMHE ® HEMA sample # 1mM EDTA, 1 mM NaNj, 1
mM glutathione (GSH), 0.2 mM NADPH, 0.2 U/ml glutathione reductase %% ¢ 10 mM potassium

phosphate buffer (pH 7.0) T 25CTA > FaxX— kL7056, 17.5 mM H0, ZFHEML T 340 nm

11
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DRHEDNELERMEL, NADPH BIEE LD glutathione peroxidase (GPx) iEHEEEHL .
% 7=, phospholipid hydroxyperoside glutathione peroxidase (PHGPx) &3, HEEH &L T H0: D
£HDIZ 0.15% t-butyl hydroperoxide Z#nL TRIEL /=,
% R

Saponin Z#%5HIRHBRBEEET =T O, BEBIUCHEAN 12815 L garvieae £HK
& Fig. 8 IT/RU 7z, B 1 HEIKE, AELATRTOBSRICBWTEE MR, BEE 2 HEIC

Cells/mg organ weight

0 2 4
Days after injection

Fig. 8. Distributions of Lactococcus garvieae in three organs after injection.

O, liver; @, kidney; A, spleen.

I& 10% /M5 107 cells/mg organ weight IE L7z, & 51, B 3 HEICBWTIE 3 IREBF TEROA
HEMBBROEBWMEEZRLE, ¥z, o010 —2EMBTTHRELE LIS, EHEIRETH»S Z
EWHERE N, |

TUNFHO LPO REMEL /MR, Fig 4 1ORLZE. TUNFB® LPO &3, saponin %5
LTHLARLSTH, ZRIIBOSNTEVETHHo%. LML, saponin 2R EBICEREREETH> =
BE 4 HEOT U LPO Bid, BEMEZRMRD SNANOIIH U T, BENBR TIEERTO
34 &7z o7-. 7=, quillaja saponin & beet saponin %5 L /2B ICERBPZEIT> =7V OFE
O LPO i3, WEBLELERSLM oI, |

12



Fig. 4.

Tabie 2.

RYTEBVTH B,

TYUDBREELE I ADI R YT IEOHEICET 5%

0.50

025 |

LPO contents (n mol/mg protein)

OL.:.- )

Q. saponin B. saponin No
saponin

after injection with Lactococcus garvieae.

@4, before injection; W, 4 days after injection.

without feeding of saponins before injection

1

2zl

N
infection

Lipid hydroperoxide contents in the liver of yellowtail 4 days

SODs and GPss activities in three organs of yellowtail

Acti\r;ity (unit / mg protein)

Organ

CuZn-SOD Mn-SOD GPx* PHGPx**
Liver 7.2 2.1 0.032 0.011
Kidney 54 0.7 0.035 0.013
Spleen 49 0.02 0.030 0.015

* The activity was measured with HyO, as a subsrtate.

** The activity was measured with t-BtOOH as a substrate.

13

Saponin &#%5 U2V BOMFIE, BES I OMBOEESRRZHET HEBREOEME, Table 2 T
INSZMHEOMBBITH VT GPx BXY, PHGPx FHEICKSHRERERD SN
2 oiz. LML, CuZn-SOD HBLY Mn-SOD FEHEIZWINDFBICB N THIBEMEL D bEWE
ZiRUTz. E£/z, L. garvieae ERBRBOHENHEBAHEBRRBIEOHESIL, IS OIEEEZ 100%
EUTHMEMEE TR LU, CuZn-SOD iEMDHERIL Fig. 5 IKRTEBOT, MELLZTRTOTY
DB BN THRBBRRBOKRERETIIRD s5Niah o7z, L L, Mn-SOD IEHDHER L Fig. 6 12
RTEBOT, B 3 HRUBRITNTORBEMICBNWTLERL, FET 2 &, BET 2.5, N
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Fig. 5. CuZn-SOD activity in three organs of yellowtail fed on saponins
after injection with Lactococcus garvieae. »

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.

T 2.5 fE&o7. FDOMEMAIZL quillaja saponin HE5ADFIEE LZUOERE & beet saponin &5HD
FIRICBNWTEHETH >/ WolFS, GPx EEOHBIL Fig 7 IKRTEBD T, BBRITB VTR
RATELBRLU T, 2BICER LU/, £/, PHGPx &3 Fig. 8 ITRTEBV T, HRITBNTIE
B 4 AT quillaja saponin & beet saponin %58, BLVEREMBRICBWVTIIRAITHEML T
L5 fBICia o 72, BBRZTHORVHBIZBNWTREVN LERUMRD Sk o>/, BIBIZBWB Tk
v 1 HELBRIZ EH L, quillaja saponin & beet saponin 5.8, BIUBEMEBR TIIHK 2 &I
EFALEZDITHL, BRZTORVHBR TIHEWLERLMRD SN o7,
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Fig. 6.  Mn-SOD activity in three organs of yellowtail fed on saponins
after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.
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Days after Injection
Fig. 7. GPx activity in three organs of yellowtail fed on saponins

after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.
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Fig. 8. PHGPx activity in three organs of yellowtail fed on saponins
after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.

zZ B

fHiR, BEP XOMES T2 BRBEREOERR EZRREI S, IXRTORHFICTBNWTHIEOHEE
NEDEN=. LED>T, INSOBEBICBNTIIHENESE L THEBEL TNS3HDEEZ 5N, ik
DEBBFEEBNEELI N TNE b LHERIN S, RBEICBWTIE, M REAEEEITRIERE B
LD BEMICEH EENTVD, MR EiE T, EERROEENEYOHRICH—FT,
BECHLTHEEZEZA2LINTNS, BRI, BEBROEERTIIREICHE > TREL LEER R
ZHET S SOD, GPx, catalase /R EDEEENFEE, B h, BEEBRCIGEZEH TS L
INTND, ARICBVWTHRER 6 BOBEADYF T/ OIZBNT SOD, GPx MNEETSHI L
PBHERINTVS 2, KFFE T, RRERFZOT U D Mn-SOD EMMNERLTHD, FiE, BES
FUOMBOIFIARYT7OBIELEA MLV ANBREINTWVNSE I ENREEINS., Werns and
Lucchesi® &, BMIRICK > TEASNDEREEZEIMEBRICEEEEADLLTNS, T, FERHE
BB LUBBICENTEMARD SN, Bl S5ITEROBIEICED B ICE > TEEXEDOREEICEL
ARV ANGEZISNPTVWREBTHZEEZ SNS, LA > T, saponin DFOFKEGITL > TIHIE
@ SOD &ML, .F%__b\ Oy WMBEENMFEINOTIERNNEHEINS, WoIiED, GPx &
GSH 12k T Hi0: Bk UHi% DBRE(LH 27T L TEBERALAIA R L AN S RIET 2 EERMH &
EHOBETHD P EREVMOMIRERI MO RUTICRET S 27, BED LIS, HIREIZRE
3% cGPx®, plasma GPx®3”, PHGPx*®, gastrointestinal GPx*3 0 4 DD 7 -V YA LDFF
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HETBHIENHASNIIEINTVS, FHRICBWTIE, MIEKRED GPx NEEFICHEEIN, TOEE
{& saponin BHIZL DR TN/, GPx FBRBRRBIIBNT, FIEHREL L TEERES FOWEER
B, MREBLMARNLADSRETHHENDH D EINTND ¥, BYATO saponin 512k o
TR, GPx DEME I NEMLA ML A2 BT 5EA 2RO LRI NS, £/, PHGPx 38
{LEIZA RV AR K> THEUZEBELIEE 20U T, EREOFREDREERT I &3, 15lipoxygenase
EHEEISIL T, BEOBBELERILT S ZEMHASHIIINTNS 7, Lizho T, HEBREMO T
JIZ saponin 2% 5L, MIEKREZO PHGPx EHZFE2RET DI &1, REICKDEBOAE
e <ERBRFETHA5.
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FH, WHE BN

%=H1 Saponin OFEIZL BN hsp DR

B B

BETIIMERRICH L THL ORBFEEENMEELINT, iECEEBREZEETSILINTNS,
BERERBOEE/MIE, BRLUEMEOHRET O —FT, KENECTWSETHEMKICESEZS A
5. BEREEICEBR LT YU T, @MBEBAACTFR OHM, OABEORE, 3L EMIBOEX M
BRINTVS 0, %k, HECREZAENED SNAITE, BibI MBSV TEERS 2
HETS Mn-SOD BXU GPxs MiEE{LENn, LPO ENLEENTIZEMNBEENIIR>TE. b
DT EMNS, RESBEDBBICEENA N AZ2E5XA0TVWERTHDHEEZI NS,

F T, BE— OB I U TEMZEDRD 5 NJ- saponin DI SR ERET TH5201Z,
FlaDABRLAL->TiFE N, HMEEICHT2EIEZNETIHNREFE DEENTNEAMNVAE
F'H (heat shock protein, hsp) DH T, & < IZEE{LEIA M L X EBH D DIFEW hspB0 BXLW hsp32 @
HER &R Tz,

KRBRMHBLUVAE

#HEE HEABRBEEBGEBRSEESNSHEERT, BBRICHT 5 X TRILKZENEEY BRI
DEFERMIZBNWTEHE L/ FIEE 200g 0TV EAWE,

HEEG SHAREEFEN GREBLUXRFEIZN HEHE-B8RE XD 55 2%1)/- L. garvieae (E.
seriolicida S-2433 #) =AW=, '

Saponin KBBLERERZEWEFR LD 5 SN/ quillaja saponin - BX W beet saponin % F
7o

Hsp DREICXT D saponin DIFSHE 2001 BFY A 741 bAK#E 4 /K 3.6 /min O
LK 3 lU/min ZLANSERAZENTN 5 BNAELE. INSOHRAICA AFTITIDFEHEEL
TE5Z, HBRET 1 BEFMEAE L. Saponin OFREZFMT 2/=DIT, Fig. 1 IKRTED 4 &
BRX %%} 7=, Quillaja saponin 3K beet saponin {SXIZiE, KE 1kg UV FNTN 5mg
EAAFTIICFIRET KBYO 8 HEIZWA T 1 H 1[G 4 B, XD 3 HEWEER 1 EE 3 @,
&E T EIRSG U, MBIE 2 RERW, 1A FTIFOBRERKICES L. ERERI, R5HE 1
HBICIEERNEREIC L > TiTo /2. $72bH 5, BHI (Difco) il & AV THEE L /= Budmiiicd 3 L.
garvieae &7V 1 E%/0 4x10°CFU #HHLE, 23, MRBITIIFERICLU TR L ZBREMRR &
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TYOBREELES ALK T EQOHENCET 205
BELUROWHRED 2 K&E&IT-,

EasloiE Hsp OLN)VEFANDZDIT, saponin ZISH OB ER, Y 3 MR, 2
H, 4 BRICT U O, BiEs I OMEEME L, 1 mM ethylenediaminetetraacetic acid (EDTA),
1 mM phenylmethylsulfonyl fluoride (PMSF) Z&% 9{5&&® 10 mM potassium phosphate buffer

(pH7.4) #MA, 2 AHOBFRLEEIT o/, TONEIEZE 100,000x g THRLLEODS, ki
% 4C® 0.1 M sodium phosphate buffer (pH 7.4) P T—BFEHL T, RE&ELE,

Hsp60 LARIVDBIE HEIOY >NV EBEL, BCAY NV BIEF Y b (Pierce) ZHWNT, 0.2
mg/ml IZHHE L, ZOY 2 AN/ LT 0.2% SDS, 0.02% B-mercaptoethanol, 60% glycerol,
0.01% bromphenol blue Z&% 0.5 M Tris-HCl (pH 6.8) ZZ%EMZ, /Kt T 3 HRImeEsL /=,
IDEIICLT SDS LU= N7 E (20 pliwell) #, 10% acrylamide gel 2T pH 6.8 &
8.8 ® pH AE#H SDS-PAGE Ikl 7z, 7BEL /=% > /N7 &% Multiphor I electrophoresis
system (Pharmacia) {2 & > T polyvinyliden difluoride membrane IZIZEL T, 0.85% NaCl &N
0.02% Tween 20 %j0Z 40 mM imidazol buffer (pH 7.4) ZHWNTHMEL, milk FiK (7F3)
ZRANWTEET—K blocking L7z, TOIRERIL, hsp60 ORBMEFHA B0, —Kiik&L T
mouse anti Yerainia enterocolitica hsp60 mAb (73 23) ZHNWT, ERT 1 RERRET k. :ﬂ
EZHRBFR TR L-05, Z&k¥ifk& LT peroxidase-labeled goat anti-mouse IgG mAb (75 233)
ZRAWT, BIRT 1 BFHRIEEI &, REETHESREL 205, TMB, 3,3,5,5-tetramethylbenzine
membrane peroxidase substrate system(7 I ) EFHWNWTRAI /=, £/, hsp #EIX NIH-image
software ZAWTHIEL, EEEMN (AU.) TRLUE.

Hsp32 UANNDBEE HBOF NV HEIL, EdOFEERBRIC SDS {EL T 12% acrylamide gel
IZ#t L, Western blot #{T> 7. 723, hsp32 DOFEZEZFHRD-DHDO—KHEIZIE, rabbit anti rat
hsp32 (heme oxygenase-1) mAb (7F33), ZRHUKICTIE peroxidase-labeled goat anti rabbit IgG
mAb (7F a3 ZERAW.

BELKREFEETICHIFSD L. garvieae 2%, L. garvieae IZHLIWA NV A EE X529, 0,
0.02, 0.2, 2 mM &7&25K5ITBRLKFERM L/ BHI 5 2HML, NEEMMICH2 L
garvieae % 104 cells/ml &722 K DICHEM U=, &S 3, 6, 24 R OEERZ 1 ml REL,
1,000 {EHR U AHK 100 nl % BHI BREMICH T LA, £L T, 25 CT—HEELTIDZ -
AU U, E£io, HEEMAGR 24 MREARAL ZEEKE 7,000x g T 10 4FOELET-
Tzo ZORECKSTHESNHEEEZ, BEY D TIVERKKC 2 5EOBERLUEL T, SDS-PAGE i
fitL, Bl&EH T Western blot #f7o 7z,

FJUOEI bay RUTZHR® fHHLUAFREL 70 R8EDF A H—IZ AN, 0.25 M sucrose,
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5 mM Tris-HCl, 0.1 mM EDTA #&% medium A (pH 7.4) % 10 FEFEMLTRES FI1 XL,
BoN/-FEIR—h%® 80x g T bl Ll, LiE# 0.33 M sucrose, 5 mM Tris-HCl, 0.1 mM
EDTA, 1% bovine serum albumin #&¢ mediumB (pH7.4) ICEEL/=, T#N%E 700x g T 10
3, 51 EHNT 7,000 g T 104 MEL L EBIE medium A THE L 72D B, 0.256 M sucrose,
5 mM Tris-HCl, 0.1 mM EDTA, 1% BSA 28 medium C (pH7.4) IZ#&L, 7,000x g T 10
SEOELEITY, BoNlBEEZI NI RYTHES LUK,

B R

Saponin ZRFOKE L7 OEBRELEEZIZHBITD hspb0 RBIIBMOATRD SN, Il & Mg
TIERD SNIEM o o BEEZRO T BIED hsp60 FIRIL, Fig. 9 ICRTERBD TH D, BIED hspb0

1200 T L

Hsp60 content (A.U.)

0 1 2 3 4 5
Days after injection
Fig. 9. Effect of saponin feeding on heat shock protein 60 (hsp60) expression
in the kidney of yellowtail after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.

1%, BEEZEITNTORBRRIZBWTERL. Quillaja saponin #5X® hsp60 i, BH 1 HEICE
bE <7D, ZO®RIIFA L. Beet saponin 45X O hsp60 i, BHE 3 HEMSRENRD SN,
TOBITHEML 7z, o IED, BEMBR TIIEY: 2 ARICR®IEL, TO%IZHA L7z, Saponin #
BEXOBE 4 BED hspb0 LA)UE, BEMBR &L TEWEEZRLU /. BRE I Eiah o xR
X T, ARHBZEL TRWMES Lo 7.

2 uM M5 2mM O HO. ZFMUJ BHI Bl THE#E LUz L. garvieae DEFEIL, Fig. 10 i
RYEBDT, 20 oM BLED HO, IRIMTHEEYNOHMAEE S Nic. Z0BHMEIE, 2 mMm O HO,
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TUDBKREELETADT KT Y T IEDHEICET 2H5E

RINLABAICROESICENE. LU, 24 BETEERICE L0, BMOEZEE, Boshknoik,
TYOMKI b3 K7 EEERES U EO hspb0 B U458, Fig 1L ITRLE. T
DIFES 2> R 7IZH®RTS hsp0 /N> Rid, 71 OBBICHRKT S hsp60 N> K ER—DBH
EERUK, LinL, L. garvieae ICHIET % hspb0 13, ZhdERBIBHEERL .

Cell number (CFU/ml)

1] 10 20 30
Incubation time (h)

Fig. 10. Effect of H;O; on growth of Lactococcus garvieae.
O,0mM; @, 2uM A20uM, A0.2mM; 0,2 mM.

H,0; Conc.

Lactococcus
garvieae

Fig. 11. Detection of hsp60 in the mitochondria from liver of yellowtail

and in Lactococcus garvieae cells.
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Hsp32 content (A.U.)

0 1 2 3 4 5
Days after injection

Fig. 12.  Effect of saponin feeding on heat shock protein 32 (hsp32) expression
in the kidney of yellowtail after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.

100

Hsp32 content (A.U.)

0 1 2 3 4
Days after injection

Fig. 13. - Effect of saponin feeding on heat shock protein 32 (hsp32) expression

in the spleen of yellowtail after injection with Lactococcus garvieae.

A, quillaja saponin ; A, beet saponin; @, no saponin; O, no injection.
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TUDBREESE T ADLI RY P T IEOHICHET 2H%

ERBELZOTY OB hsp32 (heme oxygenase-1) (&, Fig. 12 IZ;RL 7=, Quillaja saponin %
EROBREFDOT) D hsp32 LRI, BEPEMBX & beet saponin 5K DFNEN 2 fE& 1.6 %
EWEZRLUE. UL, BRBIENORER EREBICHED Lz, £/, beet saponin 5K & B
MBEICBNTIE, B3 3 BRRICRBIC LR LR, ToRITEI LK,

i D hsp32 X Fig. 13 IZRTEBDTHS, Quillaja saponin BL U beet saponin %5 X DJE
B0 hsp32 i, B 3 MMEICIE, LSTBHERIERD 5Nz, Quillaja saponin %5A TIXEY: 4
BRIITEAD L7ZDIZx UT, beet saponin #5X TlLEGARIEML 7, Hsp32 &, Btk 4 BHE
@ beet saponin FERIZBNTIE, BREMBR LN 1.6 FEWEERLUZ, MBXB I ORGSR
X® beet saponin HERIZHBNTIE, BEMBR LR L6 FEWEERL 2. RS KRR
BX®D hsp32 DLW, RERELEZRED SN2ho T,

Z B

MEICBNTT Y OBREETIE, BRICL-> TEERIINI—HOAERSEERT 2201,
FxDENHEFEEBEETOIBEOEENLATEZ LEHSMILE, £, £BTEEL4DOI ML X
KL T hep NERFHEEIN, A FVARHTSEIMEZFET B ENHASMITENT NG 249,
Thomas et al.® IZMEEEEREICD hsp BHEEL, BT av /o THIBNICHEEI NS LE2H
S5MILTNS, RFRTRAEICHESIEN, BERICK > TEEBREZENRETSI A RUTIIE
FELTWBEENTWNS hspb0 &, AHEYNEEBRBRUEICEHEGTHLENTNS hspd2 &ITEH
LT, saponin DIXEMNT OIFIRBEAEICK TS hsp REIWCEADEEERFTL.

Saponin ZFEOHRE LT ORBRBEEICHITSD hsp60 HIRIIFRD A TRD 53, I &ME T
D SN o7 @, BIEICBN T, FiE, BES I OBBIZE T DERED L. gaivieae EHK
i, BECBVWTESEVWEEZRLEZ, NS0T M5, BRICBISIABEICEIEEA N XD L
FBizk->T, hspb0 DFEENRBEL DO EHEBINDG, F/z, BEEODO hsp60 LANIVDEFIL beet
saponin FERIZBWNW T, Y 3 HFREZ OB WEHICED 5 /z. Quillaja saponin BXL U beet
saponin f¥EXDOREEE D hsp60 LU, BEMBRIDBEWEZERLE. LM T, saponin
IR U T hspb0 DFEEHRFT AR ENHH 2D EEDLNSD, £/, beet saponin IZIXZ
DFEZRETIHREDH D EMNHERIND, :

Hsp60 {3+ RO EBHIEEN, FLDA RV AWK > TEMLEY NNV EEBHERTSEED
I, BELEY O NIVEONRERETIHNREREDEINTVNDS, £, EENREHETTHHL <
BRENEEABOBLIMEERCRAREICHEE L TNS 849, Lizh> T, saponin DFKEITLD
MEBBRZO 7Y OB hsp60 FEIZ, REMRBORELERICESTIDOEHERINS., £k,
saponin ¥ 5K DEPEEDIEMRIT, MERPICL>TELSZ A MLAN, FEIN/ hspb0 1T &
S TREIND D TR MEHEINS,
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L. garvieae 13, BHLETVICHADBEEEABDDEEL5NS, LHL, TV OREFICEA
UZ= L. garvieae 13 7Y Q4B EBHOEELICE > T, MAOX ML AZRT SO LHREINS.
72T, TUOEKTRES L hspb0 2%, 7V ORIIICH KT BHEINERSMTTBEDIT,
L. garvieae DFEALEIA b L AT T 2IEE 2Nz, LhL, TUOBRRFTOERE hspb0 OFRREIL
JEHITIES, BHH 5 hsp60 ET 2OREMTHS EEA Sz, Hspb0 I hAZKUTH >
INT B DIEREITHBEDY )T ETHD 470, I hALRUTFIZEBETHEELTWA I ENHS M
KENTNWE 80, 22T, AMATITUOFEI ha> FUTH5, hepb0 £HAMT S Z LERD
oo TNHDI M2 RY 7 EXREHEKREZE Western blot IZ&k-> THITLAER, 7UOHEI b
> RFUTZHRD hsp60 ¥ >NV HEIE, 7Y DOBIEHEED hsp60 LR—OBBEERLE. LML, 7
J® hsp60 & >NIHEIN2 RIL L. garvieae MSFRAML b D ERBZ2BHEEZR L. LENST,
Fig. 9 TRD SN/ hsp60 ORBIL, FAHOBRICL > THEINLZTVICHKTIHDOTHDZ &
MHASNTH S, .

WolXS, BEED hspd2 L NIVIEIETRA, Mg THNT 2R Shic, Hspd2 1d8
av’, BECKEBLIVESBRECK > THEINZHTE 32kDa OF 2 /SVHTHY *, heme
oxygenase JEMEZFDEEINTWVS %, £/-, heme oxygenase Id heme BHEMS CO & Fe2* &I
Hi U T, heme @ biliverdin NDE{LZ il 5 &E X 5N 5. Heme oxygenase IZ1X heme
oxygenase-l & heme oxygenase-2 ® 2 D7 A VYA LANEETZIEINTNS %, Heme
oxygenase-1 1, FFEPMIEOEL S RBNRMIICHH TS ZEMNHRINTNS 9, oiES, heme
oxygenase-2 I BICHHTHHFE 36 kDa DIEFEEEETHIEINTNSE®, /-, —i%
KARICPWTHERNR ZESIBETHD L DI, EMRDOBERTHD, BT, EMRORKE T
HBHELHIT, MBMEFTWETHD VSN TND, BPWEITBNT, L. garvieae BEHeR D
hsp32 DRBIL, BREMB TR SEBEMERT I ENASNE o7, LM > T, BRIk 5 hsp32
DEEOHER, ZOEEHEEOBNCLDbOTIRNMEHEINS, £k, hspd2 DOFEEIIR
EXLBBILHIA MLV ADLRICEZHDOTIIRWMNEBDONS, Hsp32 OFEIIFE L DILEMAICK
HAMLVAZBRFETDHEE DI, REMRICIIZO07 7= EAINSIEREBRICK D EARDOELRY
ARVAEBRBRTBEEINTVS ¥, /-, hspd2 1K 5T heme M SR EN/=  Dbilirubin ®
biliverdin {3, HELIERAZFHF O EBHENT NS 578, Li=h5 T, saponin OFOHEIL hsp32
DFEEREL, TORFEAMERREOBEBOREILHA ML ANTEE N, BRICHTIEMIRICEHT
ET5HDELHEREINS,
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BIMET f E

AEIEMME TH S saponin OFEOKREITE 3 T OFREEICH T S HEZE 2RI L .
Quillaja saponin & beet saponin 2% 5 U/ZiBRE T, BREMBE & iU TEBIEMEND Z &0
BYHOENT. /-, saponin ZREOLE LTV ORBYE: 9 AROFHRIZ, 40 % THor/=. Li=hio
T, saponin TIET Y OFREEICHT 2 EMEIREBED B I LHHkT-,

Saponin DREFNREZBMEROBENOBELIEEE (LPO &) LIEMEERIHEEROBEL D FE
U7z, 7V OFFE® LPO B3, 2 M) saponin 5K TIEBRE O LRSS N/, Bt EK
T ER Uz, 7z, IEEEE R EHET S SOD & GPxs DIEH, BEIC quillaja saponin & beet
saponin HE5X TIISEEIC LR Uiz, L7=A5 T, saponin D SITRERED T Y DEEAND Mn-SOD
& GPx, PHGPx EHEFEZEEL, LPO BO LR ZMH T 38R EZH OO TN EEZ SN,

ABRERROTVBENTIE, MEEECEEERENETIBROEE LABKY LPO B0 LR
MOBRBITHEIBILAIA PV AZE LR TWB EEAOND, ERTIE, L DX ML RIZXHL T hsp
AT S AR - BHETD ZEAHBNTVS, 2IT, 2 FED saponin OIS ABHED
TUD hsp RBRICEZDHRITOVTHRILE. TOHR, saponin I[ZIFERE ORENEEITRAD
SNDFRICBNT, BIEA ML ADBEEEADODDHS hspb0 BLUMIEICTHBNWT, hsp32 DiF
BRRHET D Z ENRD 5N, ,

7 QIBEREREIC T S B2 ED 27201003, MEBRREOMMEME ICBWTELERRIEEE S
DiEEZEED, LPO BOLAZIMKTHIENEETH S LHERIN/L, £z, BRRIC hsp OFEE
EEORBENMHEFFEI N 281, BRICHTIRBORENRETD, EaZEETIERDNO—D &
BolebDEWREIN, LeMoT, 7Y DBIREEICHT S saponin DS ITFABRBREED T VIR
#&MN Mn-SOD, GPxs DIEHLZ{EEL, LA DRERCICL > TEELEENS LPO EO LR ZHH
THIEMNERENI=, £z, saponin [THBEHHICHNT hsp60, hsp32 DFEHEEEHEL, IHEED
RENFEEED L. garvieae RBBREICH T 2EMREDZS LEDDOLHREINL,
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FBE bEIAQOTIRUTPIIEOHEICET M

< 1

[l

Edwardsiella tarda 1%, 1973 27 3% Anguillajaponicus ®/NT7 IOFORERAFE L THEEE T
7259, AEIIBERICBVTD, 1976 F£ITHR S Mugil cephalus® DDWT 1977 £EITF ¥ 1 Evynnis
japonicusViZ BN TIREDOIEENRD SNARTHROBREEE L THEhk, 517, @l 2 ick
> TEEWHERMA TH B T A Paralichthys olivaceus DHITHOBEREE L THBEEI N, b
DFFFROFLELTIE, BAKRADODFFTIINT 20FED, BEATHARICI > TETFERNE X
5ZEHHH>T, TRIDIFENMANSNTNS, ETADIRY DI I EISHEN SBRBATMT T
OEKIRHIC, BHZBOTRET S, FATIINBEICIETOEER, BKOEB I UBIEA, 73
BYICHFIR S BB ORKIENED 5D 9, KFOFEIT 1995 FLIRICRBITEMT 2 LD/, BET
BT ABBEICBNTEROEFEORZRERLZ>TNS,

FEEICH T BIFEEL T, BEAFIT RS9 27U2 (OTC) BEHWSRNTWS, LML,
FOLZRICE > THEEAHRT 2L5ik2D, KERMELR->TWS, £z, OTC HEOMERE
LTIIBREGRODRDOENDONENT &, HE5&TH 1, 2 AFFEET 5 EHVEEEMT5Z &,
RBWRESTHSDOIRMENT EEBRTE2ONEL NI L ENBITFE NS, LiENoT, kD%
REYRTR - BEIEOHELNEEN TS, BEOREERELZEDSEAZREDEABREEYEIL, N4E
WMEADO K D RMHEEOHE CENZEREOHEN Dz, BRICHT2EUBBAFELLZZHDE
ALY g

WolED, REEREEE TRESAOIKI VI SEERLDETHEY ORFICHLT, ARKE
ZRBT DD DHENEATITODN TS, ZOBETARABEORDAEE HIEDHELBEAITED 5
N, @k @ PEEERE © NEETIERENEERBII OV THREEINTVS, i, BENGE
BRICEL TIIARIIBN TS, T BLU B HBHRENEETDE I & o, FEEEEBIIANNS—T
MRSEEL TWB I EAHALMAICEINTVS ©, 0L, ARICIIHAEICSE SRV REHREN
BELTWS EEZSNTNS,

BRI I7F L, BLADRARBIH U THRNMERINTEY, UVFORENEALITDODND LS
Ko7z, REICHT 200 F %51, BEREHE Y, BOKREES®, BilEE® BXUATL—#%
O ARFEINTVS, 5055, EORSKEEHEND—EICKBROAICHL THRETEZAT I F
COBREETHD. LML, BOZSIKRIEEAEFELERL TEZOFDEMNMES, —HoEsh 7=
BRICH U THEIESRE S TR OIBEERW, £k, TaRBHREEEZIE, ZEOVIF ¥
BELEELTDIELREOMBENEINTWS, £ T, FETIHFETTY OBREEICHL T
ENED 5N/ quillaja saponin & B-1,3-glucan (curdlan) Zb T XK E5 L, TR T IEICH
THFHAMRICOWTRE Lz, £z, REICHT 2ROV FCORREERADEEHIT, RERE
PRERHED 2EEOEEEEMEET IV F 2 EOAMRIZI DOV THRIT L.
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E—E EEEEMEBRIVTUIFCONE
|. Saponin DEEME

B &

RIEICBNT, saponin 2#5.L 7= 7V I& Lactococcus garvieae DRRBRICPNWT, EHEEEEYE
F¥#& & hspb0 REOFHEEEL, EMEEDIHRDHZ ZEE2HSMILE. TTT, EWET
BESADIRIIIIREICHT S saponin DFEHRICDOVWTRHF L. A TR TV ICHREG LR 2
fE D saponin @35, KEESVWNEL, IVACBNWTT VanNy MIRMRD STV
quillaja saponin %W /=,

REMRBELUAE

BEE OAREERHAMESBEEEN SN RS THINE, BILKLME Y ERPIER T
Frcte, HBICHT DR TUREROAEKEICBNTHE L FHHE 100g DI AERNE,

HEEHE BAOREEER GRELRELEYN) MHEBE—-2ZX025%%}/- E. tarda IF-1 #%
Az,

Saponin KB LFERERZEMERNL D55 I N/z quillaja saponin 2 f Wz,

REREZEICXT D saponin DIREHR 2001 FY 1T hkiE 2 EITHEK 3.6 /min O E
WSR3 Umin 2LEMNS, #iAzThEh 10 BNALEZ. IhsotRAICEMER 25X, #BR
FT 18 FHEEAE L7z, saponin O¥RZFMT 57/=9DIZ, quillaja saponin H#5KIZiE, AE 1kg
WD bmg FEEICHEMLT 2 EMER%RS Uiz, MBRICIE, BRERZRKICES Uiz, BSg
1d, 5B 2 AMBICEBEIEICEK > TiTo 7z, BEICiE BHI (Difeo) 85z HWT 25°CT 16
BEELZDBIZ 9,000xg TELLTESNE E. tarda % 2.4x 108 cells/m] &725 K D1iT#EK 10 1
IEEIRINL 72, A Z Z ORI 10 2RRIEL TERBRIEZ0BIZ, 2001 AKEICHBL
T, 0% 8 HMBR L. £L T, BH 8 HE® saponin #E5K & FBFs R DEEILRMN SHEIE
ERDI=,
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B R

E. tarda ERBEREOERBOLEILIE, Fig 14 ISRTEBDTH S, 83IL quillaja saponin %5
KBLOBEAMREX & bR 3 HRK DRI Nz, TORIL, quillaja saponin 5K TIERAZ IZHE
FEL, BEH 8 BRICITARRBMN 10%I2/o7, ZIUIHL, BEMEBR TIIERE 3 HBUBEaBICE
FEL, BRE 7 ABICIXERRN 0%/ INH5DEXDIZ, quillaja saponin 5K DAEFREIIRK
AR E R LT, RERZERIBDS N Mo ENEEEIMNENSHEAER Uiz, £72, quillaja
saponin #HE5XDEE 8 HEDEZIHRIZ, Table 3 ITRTEBN T 10% THo7=,

Survival rate (%)

Fig. 14. Effect of orally administered quillaja saponin on the resistance

of Japanese flounder against edwardsiellosis.

Table 3. Relative percentage survival of Japanese flounder fed on saponin

8 days after immersion with Edwardsiella tarda

- Specific ;

Exp. condition Mortality (%

P mortality y (%) RPS
Q. saponin 1 90 10
No saponin 10 100 -
% mortality in the saponin group
Relative percent survival RPS)= 1- X 100%.
% mortality in the no saponin group
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T OBEREEEE T ADT RY ST IEONEICET %
# B

Quillaja saponin #$5 L=t S5 AD E. tarda FERERPITHTHEHEZEIT, HHE 10%THY
BDHTEWEERL . LzdioT, quillaja saponin QRS TIILDOEMPHRIBDH 5NB b
OD, BIEICKERENTERVDBDLEEZIOND,

II. B-1,3-glucan DHFELHE

B &

RIEICBNTE I AD E. tarda BRI T % quillaja saponin DREGERIZIEEAERD SN
Bhodz. TIT, FEICH L THEMHERT 2 EHIEEME ORI £ A7,

HAEIZB WV TIE, biological response modifier (BRM) & U TR RMAEMRHEELZ SO 5 £
EEENMSNTHD, INSREXOBRPEICHLTENTHD LEN TS, AEICBVWTY,
EIEHEYE Z AW TS ENEANEBEZED T, B ORPEICHT 2Bt ZEDLIET S
RAMTON TS, ABEIRNTIEMENRD S N TS EBEEMEOLNT, HELEADENRN
REEOMENE &% 2 SNBWEO— DI SHENET 515, SHRO—ETH3 B-glucan 1,
BRI BN THEREE CIERENAERE L E LT 2ERAZRS, MIECHEBIXTUVA I AR
PICH LU TEMHERTDZENHSMZENTVS W2, =, AEIZBVWTD B-glucan FINS
DRI L THEDCERTH ZEMFENTWS, bbb, B-glucan ZEERICENLE J1
Cyprinus carpino ™ % 7'\) Seriola quinqueradiata™ TIZAREOMEINEEIN, MEBRPICHT
SEHENLER TS, LL, glucan ZRAIMBES T2 EEHENRETTS 50, Lo T, K0
RV glucan HEHEOMNVBHETHDEELSNS,

F T, AETIIMEHENRD B-1,3-glucan (curdlan)?Z AN THEREOH/GIEICL>TET ATKREL,
I ARMBROAREB KD superoxide (07) OELEREHARBERICLSEMEZRT L.

KBRMHELUAE

fEE AU TKRENSBAL, HBRICHET S E TRILKENIBEYERAEFMOEEAEITENT
BB LTEHEE 200g DI AZANVE,

Curdlan BHESZTELVEMHINS curdlan ZHWNE, BHEKICH W= curdlan 1E, SFEN
300,000, DMSO ZH[{E7 B-1,3-glycoside FERDH%EFHFD B-1,3-glucan TH 5,

29



FH, wWE, WA

Curdlan D#5% 2001 BFY A1 51 bkl 4 #i2#E/K 3.6 Vmin O EES 3/min 2L 712
Ne, HRAEZENTN 12 BNALE., ZhoofiAERER 25X, HRET 1 BETHES
L7, Curdlan OHFEXNREZFHET 20, EHFHOEGRSBLIVENMORAREZT>. &
MR OERIRS5121E, cwrdlan Z2F OB EAKRE 1 kg L4720 110 mg 2EAKE L, £k, HBK
WIZEHEE R 2 RIS Lz, WolED, EHBORBERSICE curdlan ZETEEIZAE 1kg ¥4
OZENTN 110 mg % 1 BBEIC 4 MAMKS Uz, £, ¥BRRICIIERER % FKRICEES U,

BIEKDOSEE ® Curdlan 53R T 2 HERZIC, £I ADERE, KHLBIUHEENS 3 HEE
DORMmERZFHYL THAL 2. BEEABEE MR, T AEERIC 1 BH7ZD 2% casein (Acros
Organics) Z#HMU7=, 0.14 M NaCl, 27 mM KCl, 1.5 mM KH;PO,, 8.1 mM Na;HPO, #&%> PBS %
10m! 7ESL T 15 FMBICIEERNICBE L-aiMmEks PBS Tk L TEINL /z. Foh/-HiMmikz
RPMI 1640 15 (Bio Whittaker) 128 L T, % polymorphonuclear leucocytes (PMNs) & L
THWE . KPP AMmERE, Ficoll-Paque (Pharmacia Biotech) #fW/=E MEEAEIEICX> TH
BEL 7=, 97205, Mik%ERBHIKN S heparin UL Y > PEHAWTEML, heparin 25T PBS
T 2 {&FML7=DB, Ficoll-Paque ICEE L/, LT, 450xg T 30 £ff, 20CTHEL L. 8
S EEoBmMERES ZEIX L, RPMI 1640 55 (2%E L TH W=, BB B MmMEKIE, Ficoll-Paque
(Pharmacia Biotech) ZAWEELEEARIEICEI>THEEL . Tabb, BEENTITHEN Y
BrL7=dD5iz 10% fetal bovine serum (Gibco Laboratories) Z& 3 RPMI 1640 medium 2% L 7=,
INEHRT 1EEAT o FaX— 7205, 0.5x05 mm ODXF U LVAAY a2 THRIBL A, Bk
WM B ek & F4RIZ, Ficoll-Paque AW TEER, BMmEKE~>ZEIXL, RPMI 1640 55l i
BB L THWE,

HREMDOAE ™ RPMI 1640 HHUCHEL = 3EEOL I AHMIRIC, £ I AMEEANTE S
VY AEMEE L 7= Bodpy #)t zymosanA $iF (Molecular Probes) #2314 20 pug/ml ML
oo WBIRIE 1 BRZIRTT > FaX—bFLEDBIZ, Ficoll-Paque %AW THMERZESFEEEIRL /.
% LT, Hemacolor (Merck) #%17> THABIOIEHICHEMEE T TRE L, b, HOCHEMER
213 BP 490 & EY 455 D7 4 V¥ — DI EHLETITo 7. AREEIIK 600 AilEM~0D&RHAM
HREEREL, KRICKDAREEZHELL,

AREE (%) =@ER/LAMREK) ~ GHRILZ£ToBmEKE) X 100

PMNs @ O, E&BIFE® PMNs ® O.” 4L cytochrome ¢ (cyte) BRLiEICK-> T, 20C
T 550 nm QEREEOHMASTEH U B, MR EEEEORIEICANE D LEKRD PMNs %
FRLE. RISERICIE 154 mMNaCl, 6 mMKCl, 1 mM MgCl, 3L 10 mM Na, HPO 4 #inZ
7= Krebs-Ringer phosphate buffer, KRP buffer (pH 7.4) ZHW/=. KIGIRIZ 256 uMcyt c (FAX0),
PMNs (108 cells/ml ), 10 mM glucose, 0.25 mM CaCl,, curdlan 3L X phorbol-12-myristate 13-
acetate (PMA, Sigma) ZJERBEML TRIGEH, 02" EEZPEL 2. 0.- EAEIL PMA OFME 1
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NS 4 HERETO 3 2D eyt ¢ BLELDEH Lz, 512, RIS 6 2&IZIL superoxide
dismutase (SOD) ZBKEE 35 Uml L5 EDITHEML, eyt ¢ BITHEBICL2RAEDELE
HEL 72,

F7=, BIER 4 51213 PMA DSt D NADPH oxidase {EM{L#E & LT, formyl-methionyl-
leucyl-phenylalanine ((IMLP, Sigma) & Salmonella typhimurium B XU\ Escherichia coli /7% il
&7z lipopolysaccharide (LPS, Difco) ML, BAEOE(LEZREL 2. EMEE PMA, IMLP,
LPS O 38 HEORNEOE{LIVEHL, curdlan ZHEMLABVEEE 100% &L THM Oy
FEARERHU,

EMERRO 0. EX(CHZXS curdlan OFE 50 uM xanthine 287 50 mM potassium
phosphate buffer (pH 7.4)1Z 25 uMcytec ZMMAZD5H,DMSO % L <Iid DMSO izajia{k L 7= 100
nM @ curdlan & 2ul MIATA >Fa—bhUk, KA 1 2121, 8 mU/ml xanthine oxidase

(F156) ZHML, cyte #itE 256CT 550 nm OEAED EFITL > THIEL =,

Xanthine oxidase DEZEFIAICE XS curdlan OFE 50 mM xanthine 25 50 mM
potassium phosphate buffer (pH 7.4) IZ, 'DMSO %L <i& DMSO IZHA{E L 7= 100 nM curdlan
241 MAT 25 CT 2 AMT VA >FaxX—rLT, KM 2 £%IC 8 mU/m! xanthine
oxidase (FI3%) ZHEML=DG, BHFEEZEOBADZE oxymeter 2 HAWVW/-EEEBMIEICL > THEL =,

RERRRZICH TS curdlan DIREHE FEBRERBICHEALAHHAT BERBISRERREAEE
EBN S5 ERT RN Z RLURENEEYE R TIMEE, BRICHT X TEENIEBEY
BRMEFRORABKEIIBWTHBLEEHERE 60 g DS A2AWE, HRABKRCIE, BHORERE
B RBILKFTHER) MHE—ZRKODEERWTL E. tarda IF-1 $RZE Wz, Curdlan ((i,fEﬁEﬂﬁv
MITEXORBHINA curdlan ZAWVWz., 200 1 &Y 5 bk 2 #ic#/K 8.6 Vmin ##5&
HS 3 /min ZL7A5, #iAzENTh 26 BINALZ. InsoiiAICERERE5X, Rk
£ T 1 EMETFHEAE L7z, curdlan OFRERZEZFFMTE7/20IZ, curdlan HERXIZIE, KE 1 kg ¥4
720 130 mg #&A 2@EFKRE LU, HRRICE, BEREREZRRICRS Uk, ERERE RS
% BHI (Difco) i WT 256CT 16 FRE&EL/ZDBIZ, 9,000xg TELLTHSNZ E
tarda ZifE/K 101 1Z 3 x 107 cells/ml &72B K DITHML TiTo /2. HiA%E Z OE/AKHPIZ 10 731
BiEL, BY% 19 AMEBZR L. TU T, BE 19 BEO curdlan 5K &R RR DEIFERN S
BHEERD.
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E T A curdlan ZH #ﬁ%bf;ﬁ%ﬁ MOEGRGDARIEMIL, Fig 15A IKRTEBVTH B,

10

(A)

(3]

Phagocytic activity (%)

L
Circulating Head kidney
leucocytes leucocytes

o

[
]
=
=
n

10

)]

(3}

*2

Phagocytic activity (%)

PMNs Circulating Head kidney
leucocytes leucocytes

Fig. 15. Phagocytic activities of leucocytes isolated from Japanese flounder
fed on curdlan-containing diets for different feeding periods.
(A) The fish were fed on the diets everyday for:
], 0 weeks; , 1week; [ ,2weeks; |, 3weeks; .4 weeks.
-Vertical bars represent standard deviation (N = 3).
*1Significantly different from O weeks with t-test (p<0.05).

(B) The fish were fed on the diets every 2 days for 4 months.

[ ], control; JJ, curdlan-administered fish.
*2Significantly different from the control with t-test (p<0.05).

Vertical bars represent standard deviation (N = 3).
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PMNs, MiEHZUHBELORUL =AMMROA R, cwrdlan HE5HENS 2 BERETIEIHBR
U THEE (p<0.05) LR LA, 4 AMBICIRSMOBEETEA LR, 28, 4 HRBOR
BHMEKERE MR h o/, e, BRUMORBEZSEOE 5 ARMEBROAREEL, Fig. 15B IRT &
BOTH3. 3 BMEOHMRAREIVNTNLHBR ELBRLTHEE (p<0.05) ITLHRLE. LiL,
ZOEMIE 2 M cwdlan 25 LEESALDEE (p<0.05) IKEWETH S 7,

Curdlan Db F ARMED Oy EEICEASEENZIRIL, Fig 16 IKRTEBDTHS, T A

1.
0 B
SOD(-)
,//
2
o
o
g PMNs 4 ) SOD(+)
g v
Q +
Cyt c(Fe®") Cyt c(Fe?*)
s 14 ¥ WP § o7
5 § ' 2 02
8 .
3 f * SOD /
Ca f PMA NADPH
Glc -oxidase
H2°2+02
ol I N I (S R R

0 2 4 6 8 10 12

Incubation time (min)

Fig. 16. Effect of superoxide dismutase on the cytochrome ¢ reduction

with superoxide from the stimulated PMNs with PMA.

DOHEIMERD O EAIL, PMA ZHVWTHIH TS Z&ick- TR ONZ. £, BERICBWTRIGHE
6 73121 SOD ML 7=&Z 5, 550 nm OERAED EANEESNZ. LML, IMLP BXU LPS
DOFRMTIIRAED LEBRD SNaho .

F7z, curdlan A% O, ZEATIBERINICEGZSEEIL, Fig 17 ITRLE, EO#E, curdlan
DHEEOHFEICEDS TRROEALEDOE(LNED 5z, £/, curdlan O X-XOD (xanthine-
xanthine oxidase) DEMRICE>TEELE 0,7 D cytc BILICHTIEZEIT, FDHE5N/ho
7zo E7z, curdlan @ XOD DEFHBICEX 2HEBI, Fig 18 ITRTEBVTHS. TOHR, XOD
DEEFEHEL curdlan OFEETEEEFEETT, ZRVRD NN T,

Curdlan ZHERE LT ALEE Laho/2E T AN TFhb, PMA EFETICBWTHMIR
MEETSD O LD cyte BRIEBD 5NN o/, Curdlan % invitro THIMERBEEIRIZIRN
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DMSO

Cyt. c. . //

SuM

5
g N
o 100nM
5 Curdlan
o Curdlan
o A
2 XOD
3 ICurdla 0z + Xanthine —3-Uric acid + 0y’ o,
P X0D
[
o
03’ Cyt. ¢ (Fe® / Cyt. c (Fe?")
‘2
Curdian

0 2 4 6 8 10 12 14 16 18

Time (min)

Fig. 17. Effect of curdlan on superoxide production by cell -free system (X-XOD).

DMSO
iCurdlan

DMSO
Curdian
e

100nM
Curdian

Oxygen consumption

1 1 1 i 1 1 1 L 1 1 1

Time (min)

Fig. 18. Effect of curdlan on X-XOD reaction.
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U, BERICERDAEN- curdlan WEMIKRD O, EAIZEZ Z2HEEZMREL, Fig 19A IZ;RLU=,
Curdlan % 1 LY 2 B curdlan ZEFHEHRELEZE T AT, 0.0 EADEMHCIZZRD SNLH
o7, LML, SHEMEGKREL/-E S AJMERTIE, KIEE (<10 0M) © curdlan HEMick->T 0Oy

130

(A)

8

110

Relative activity ( O, generation)

8
I

Curdlan conc. (nM)
130

120

110

100 W

Relative activity ( O2" generation)

0 1 10 100 * 1000
Curdlan conc. (nM)

Fig. 19.  Effect of the feeding period of curdlan-containing diets to Japanese flounder
on superoxide generation from peritoneal PMNs by the stimulation with PMA in the
presence of different concentrations of curdlan.

(A) The fish were fed on the diets everyday for :

O, 0 weeks ; @ , 1 week; A , 2 weeks; A , 3weeks; O, 4 weeks.
Vertical bars represent standard deviation (N = 2).
*Significantly different from the control with t-test (p<0.05).

B) The fish were fed on the diets every 2 days for 4 months.

O, control fish; M , curdlan-administered fish.

Vertical bars represent standard deviation (N = 2).
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FEEDQLEENBED SNz, LML, 10 nM UEDHREMTIE, 0.° EAREEIRDSNRM-7. F
7=, EHEIOREZGICBITSE T ARMIEKD O," E4AIL, Fig 2-19BITRTEBO T, curdlan &
mck22EIEBD SNl o7k,

S

Survival rate (%)
g

SO
.’

Fig. 20. Effect of orally administered curdlan on the resistance

of Japanese flounder against edwardsiellosis.

Table 4. Relative percentage survival of Japanese flounder
fed on curdlan 19 days after immersion with

Edwardsiella tarda

Specific

" DN

Exp. condition mortality Mortality (%) RPS
Curdlan 17 71 17
No curdlan 20 85 -

%mortality in the saponin group

Relative percent survival (RPS) = ( 1- ) X 100%

% mortality in the no saponin group

E. tarda OEBRBHEOFERIZ, Fig. 20 ITRL7Z. Curdlan H5X T, B 4 HRICUWIENAE
D, ZORIIRAICEENFE VW, JHUTHL, BRMBR TR 5 HRICEENBED, TO%RA
WICERBEMET L, ZN50EIK curdlan 5K T, BPENRREE L TRBEZOERE
DFPITBEFNENBD Sz, B 19 HED cwrdlan BEDOFEZEIZ, Table4 TRLEEBOT
17%TH o7z,
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z B

flix ORBEICHT2EHMENRD SNTNS glucan DE T ADIRY T IEIIH T HRGEIRIC
DWTHE Lz, RIFFETIE, RRNSE—RICANSNTEREEAREFEICRD- T, KOEE

ZE< DAICH L TUETE2ROBGEEZAVE, LML, glucan IEMMEREL TROKSTS L,
| ERBRICKT AE AR TS C EAMRE I N TV S B0, 2T, glucan DFEIEEHKEHEH
LI ARMROARELRERICSADZEENMEL /. ;

Curdlan ZEHIMOERRS Lk S ADARIENL, &5#% 2 BRI 3 AMETIHEENLAL
Jeo ULINL, EOEHEIIREMMAN 4 BREIZR2 EET L. £, EHBORERS T, curdlan #&
ERTIIHBR &R TR REMEEEI N, LML, ZOMEEIEHME OBEHRS S HBELTHE

(p<0.05) IZ{EWEZRLE, LEM>T, curdlan OEHIBORARE TR, BhROAREDE K
LEZ, TaBsNRnbOEHRINS,

HmERIZEENITBALZEYEZARL 0.7, H0; OXS/MEMEMBELZEAL T, REBMINEMHE
txNns, WMABETIXAMERDEEKFICEET S NADPH oxidase DIEMHALICE>T 0,7 MEAX
N, BEEINCEEBEREIREICEHL . £/, NADPH oxidase Z{EWALT 22V FIVRERKZE A
BENCHT A L LT PMAR,  MLPS LN LPSH® BHIoN TS, AFEICBWTIZ=Y
RADI 707 7—Y% PMA TRIFL, cyt. ¢ BIRIKZA NS LY O7 7— D ORERENFMIK S
TEMREINTNDS O, KK TIE, ETAD PMNs XL T invitro T PMA 2Lz &3,
cytec BIUMBD SN, £z, TOEILIL, superoxide dismutase (SOD) OFMTEILL =, LA
2T, RERIZBWTRD 5N/ eyt ¢ BITITH D ROLEZ(LIE, PMA FIBUC K > THMmMIRDEEL =
O I&LB2HDTHS,

DEL, AEBRRTHEMLUZ curdlan & PMA fiic k> THMIKD SEESNZ 0,7 HFFEMN
BEEMNICRIGT DAEEICDWTHRIT Lz, TO#RE, XOD OEFEFIAICEAS curdlan DEER,
curdlan FMMICE2 0y EEHEEBIY XOD OREZFMHEBFHEBICEEEZEZX o/, LENST,
curdlan 3EZERIGICHTIEERNRICHEZEXRNDHD EHEEI NS, Sveinbjornsson et al. |
Hrizik5 L7 B-1,3-D-polyglucose A%, JEEMN SN I /NNHEBICOEETHIEEZHSMITL
TWw3, £/, B-1,3glucan ITHERKBIVT 5+ RUBRHABRKOEELICK> T hEMEK &
REEDOEELZSIZRITHOLERINTNS 029, LEA>T, ETARBWTHROKG LB
dﬁ@wmxﬁ%ﬁi@%ﬂéﬂ,t%@%ﬁtﬁﬁﬁ#ﬁﬂ%ﬁﬁ%%%%ﬁﬁbt%@tﬁ%éﬂéo

Matsuo et al.™ {3, =TT AIZxT D peptidoglycan DOFEOHESFIRICOVWTHRETL, 28 HREIDE
Fiik 5 T3 Vibrio BYMEICKH T IEFUENE £22%, 60 AMOELKE TRHPREREIZNELTY
%, ¥£7-, Yoshida et al.™ %, oligosaccharide D EHIRGNERPIEICH U TEDRZRGHRERI I
NZEEHASMIL TS, ETRAIC cwrdlan ZFPICRAKET DT L1, £ ABMROAREE,
O EADEMELZZEL, AMROARBEIREENEELTEIOTHS S, LL, FHEICBN
TH curdlan 25 L7 PMNs @ O," KXY, 3EMOEGHRETIIEWEEEZRLE. LML,
curdlan OB EHEIL BEHEINES LB EETLE. LML, ZO%RIT curdlan DFEGHIF &S
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FEICE - THEINSZENHSMIIR o7z # , LizAo T, curdlan ORXE5HEEZFHDB0HITIER
SHEORENEETH S,

X5, ARMIEOIEHESRBEETH o7~ curdlan % 2 BEMHELEREGLZETACHLT, E
tarda WX BHBBEEZITo . TORIL, FE 17% TH D quillaja saponin B E &bkl
THhIMNZEWEZRLUE. LML, TOEMEIED TELS, S AT RUJTIEIIHT B #
FEBRELUTERELEZBETORIATATHEEEZILNS,

M. 97F20R5HE

B 8

APHE TOREBTIL, quillaja saponin BLY curdlan © 2 BREOEBEEMEOREICLDE S
ADLETPTHEHTHHENRIIEZE L ENSDTH o/, £IT E. tarda MEIKERNR
PrERE 2iEH LT 5 & THEHEOMEEZRS I EE2R A, EFADIRYPIIEICHTIVIF>
DHBEIIDNWTREI LTz, BRTHICHT 277 F o HE5OHAMMIT L Plecoglossus altiveis™, 7 FF
9, EIRX NEFUDHETHEERBERACBNTREMTONATWS, LML, 77F>oR0O%S5
ZOWTiE, —HOARIZBNTERALINTHRIEE W, FIT, AT IF 2RO 5
L, DUFE5%OMTHFHRMERARTE I AOHIKEESBICSA 2B BERHLE. 51T, &
FADIRY P ITIEICT BB HZIRE BRI K > THEL 7=, '

RBEMHELVAE

#HE8 BEABRBARGRESEEXERN SN EERT 2L, BUXERNEBEYERWERN T
FHER, MBRICHT 3 ETUNRMOEAFKEICB W THEL/AEFEAFE 100g DI AZH N,

HEEH SHRFEREN REUXKETEN) WRE—-8RLD55%%37- E. tarda IF-1 3%
Az,

DOFORE TIF U Fig. 21 KRTHIETHBL Iz, E. tarda % 0.85% NaCl 2Nz
BHI & T 25C, 48 MrfiiEE L=, JOEIRIC, REKEE 0.5% &85 K 51T formalin ZHEML,
4CT 48 Ffflf > F 2 X= ML TAHRIE L /=, ZORELHKE 0.85% NaCl TELEHRLEZDS,
4°C® 10 mM sodium phosphate buffer (pH 7.4) 12X L 24 FFEIENH Uz, BB ORIELER % RS
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#i L, 72 F > (formalin-killed cells, FKC) &L THEHRRICHW=,

Stocked bacteria (Edwardsiella tarda)

Y

Preculture (48hrs)

Y

Culture (24hrs)

:I :‘ (7,000 rpm, 4°C, 10 min)
ppt
‘jz—' 0.85% NaCl (500ml)

ppt  (4ml)

0.85% NaCl (195ml)

Formalin (1 ml)

'

Cell count Incubation (48 hrs, 4C)

(total 200 ml)

Dialysis to 10 mM NaPi (pH7.4)
+ (overnight, 4°C)

Freeze drying

Fig. 21. Preparation of formalin-killed Edwardsiella tarda.

DOF0‘kEE 2001 B A T b 2{EiZ#K 3.6 Vmin i EBER 3 /min & L72N5,
Az EnTn 6 BNALL. INsofHAICERER 58X, BRET 1 BETHEFL .
TIF > DRENRETMMT B0, FE 1 kg %720 34 mg OV FUE2EICHRMLTERD 28
kG U, E£/z, FRRICIIEMEE ZFRICRES L.

MAAEEOME 77T RERBETRIEHIRE VROL, FRT 1 HMBELEDS, 4T
Tt > a~—hUTHES SR, ThE 1800x g T 30 SMOMLET> T ElE $=0.22
um O7ANF—ERMWTEBREL, JROEELTROE, X510, MilE 45CT 20 HRA >
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FaN—hLl, EERNEEELEZbOEFFRERIEROY > TV E Lz, RFEEOREIMEDOE %
BERICE > TiIro . TOHIER Fig 22 TRTEBDTH S, MiFL 68 R 7051 5—TL
—hMZMA7Z=0BIZ, 0.14 M NaCl, 2.7 mM KCl, 1.5 mM KH,PO,, 8.1 mM Na.HPO, 28T
phosphate - buffered saline (PBS, pH 7.4) ZHWT, 2 EHR{FI2ER Lz, TN 3 ul @
FKC (10% cells/ml) Z#HML,26CT 1EMEL . 2OXM /0515 —TL—r% 4CT—H) 1
>FaR—bLT, EWMETTHREOHFEZFANTHEL log. TRLUE.

Addition of buffer (50 ££1) to each hole
50ul -

1 22 23 2% =+ 2" Dilution

t— FKC (3X 10 cells/well)

Shaking

Incubation at 25°C for 1 hr

Incubation at 4°C overnight

L

Measurement of serum titer
with microscope

Fig. 22. Assay of agglutination titer in antiserum.

REBEICHTEITVIF O OREHNRE 2001 BFY 1 I bk 2 ficifik 3.6 Vmin QLG EER
3 lJmin ZLA5, fiAZzThen 10 BNALE. IS ORACEMEREZ5X, HRET 1
BRFHEAT L. 77 FOMREFET B0, 77 F U HE5RICIE, AE 1kg %720 34 mg
EEICHEMLU 2 BAME RS L. £/, MBRRICEERER2RKICZEL . ERERICIE BHI
(Difeo) $5HiZWT 25C T 16 RHREEELZOBIZ 9,000x g TELLTHSLNL E. tarda %
K 101 12 2.4 x 10% cells/m] &722 KD ICHRML 7=, B Z Z Dk Pic 10 HHEIEHEL TERRS
H0BIZ200 1 ZKEIIBL, TO% 8 HEBIZR LA, 2L T, B¥E 8 HE® curdlan H5K &%
R BRRE DEEFERN S FRRERD Iz,
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= R

ESARZXMT BT I F L OROHKEMN E. tarda XS 2 MEFHHFEICE X 282814, Fig 23 i
RTEBOTHD. TIFARERTH, P OEEFUKED log.5.9 ETERLE, T/ F 0RO

Fig. 23. Agglutination titer of serum in Japanese flounder

fed on vaccine for 2 weeks.

Vertical bars represent standard deviation (N = 2).

Survival rate (%)

Fig. 24. Effect of orally administered vaccine on the resistance

of Japanese flounder against edwardsiellosis.
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BEICE> T, MAFSEOEEIRD SNET I FUEERBEIUHBROL T ADNT, E. tarda
BRBRICL DRBEBREET o7z, TOHBR, Fig 24 IRTEBNTH 2, TIF U HEROERR
i, B% 3 BEL DAL, JRUTHLT, BRMBEOEREIER 8 BRI VAMITIETL, &
B 7T BBICETRTOE T ANBIEL . £z, B 8 HEOT Y FUREROHEHE, Tabel 5 1R
TEBDT 30%ThHo,

Table 5. Relative percentage survival of Japanese flounder
fed on vaccine 8 days after immersion with

Edwardsiella tarda

Specific

o MY . 0,
Exp. condition mortality Mortality (%) RPS
Vaccine 7 70 30
No vaccine 10 100 -

%mortality in the vaccine group
X100%.

Relative percent survival (RPS) = ( 1.
P ®FS) % mortality in the no addition group

Z B

DOFEZORELZE T ATIE, E tarda HTHMMPHEMNERL, HiAEEEBOEEL
MED SN, UL, BEKICKS E. tarda EBRERICHL T, ZOFHERN 30% LENELR
o7z, BAHIS V3, EIADIRUPISERHTIIIFLOPHRERFNL TS, THhiZLD &,
BOPBLOCBRIKIC L 2P, BEEMAESHE S B L TENWI EE2RLTWS, 7=, E tarda ldE
SADLRUVISEORRETHBLEDIL, TFFONTIADKOREETHS I EAMSNT Y
%. Songand Koud, TFFOREIINT BT I F L OREFRICDOVWTHRIIL, E. tarda K D FHE
L 7= lipopolysaccharide ZHW/=BEIEOHEMENEGENWEL TS, LML, Salati etal IRV >
NELEE FKC) OIEEMERICE > TREL T FF T, il L7 202 DEMZ)RITE L
&L T3,

AEEICX LT, quillaja saponin, curdlan BXUT 7 F > OBEMKZETIE, +aRBEDNRZESZ
CHELWHOEHEIND. Lo T, BEPREED BT, REOREREE SRS
HAETEEBNETHDEER S,
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B EEEMMEET T OHAYR

B #

BEZSUEHDYOLEERHEREIL, /707 r—CRFFREEEL ARMIRIC L 2R
FHEE, FIAEEICKDRMERERBBLICKIIENS. FIFIICBNT, EIARMTS quillaja
saponin BL U curdlan OREOFEHRERAZED S, EAPRNRD SN, ZORRITEN >
Too Elz, ETARUIF O 2BMTREU/2EZ A, MFOHFMEMIEER Ud, BEERTFHIRIT
ROSENBM-TE. LEL, TV F 2 OEFERHEL, quillaja saponin BL T curdlan 25 LEA &
el TEholz,

BEORERMTIE, AR XS0 GREEEITUREEIC K DIRE RS L 0 HELITH
LTEBFAENTND, L7di>T, RMECHTIHHMEEEDZ-DIZIE, T A0MlEEizs
ICHRHE R O E 2B LT 2 R ENH B EEZ END,

ZTITT, RHTRAEICHTHHEREED S 2D, MEOE—HITBNTT U OBREEIC
T AHEMBROED SN/ quillaja saponin &, HIFHZBWTE T ABRMIREIFEELT 2R DED S
N7z B-1,3glucan (curdlan) @ 2 BEOAEBEEME LTI F 2 LE2HAKEGL, TNSOHEDRE
ERE L. o, REROES AQMPHEMG, BLROAREEBLN O BEEE2HETHEED
I, RBRERATEROBE, BRBIVMERED hsp60 LXINEBEL, IS O E[E» SRR
DWTEEL,

KRBEMRELUVAE

e OFREREHLEFBEERN S5 2RI BHINE, BILKENEEWRFEIIZER T
LR, BRICHT S XTEHEEABEYEFRFRFTOABTAKEICBWTHELLES AZANV .,

#HERK SAOXEERE EBUKEIEN) HHE—-#IRL0V D 5%2%)/- E. tardalF-1 %% H
W=, :

DOFORE T FOFMILHIE &F, Fig 21 \RTHIETITo 7. E. tarda % 0.8% NaCl
ZINA 7 BHI 8T 25C, 48 Rl L. TOBIRIC, BMKIBE 0.6% L7235 L ST formalin
ZEML, 4CT 48 Bl > FaxX— ML THKZARE L. ZORELER%EZ 0.856% NaCl T
DR L7205, 4C O 10 mM sodium phosphate buffer (pH 7.4) OHT 24 FelENT L7z, EHZED
RIGLE R & HiEE%R L, U2 F > (formalin-killed cells, FKC) & U THREGHBRICHA W=,
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Curdlan HHEEZRTEIDRHEINE curdlan ZH0NE,
Saponin KB {LFRERZEMERLD 753N/ quillaja saponin - Z Wz,

74 F & quillaja saponin DREBBFICHT ZHAIREHE 2001 BY 171 bKE 2 #
IC#EK 3.6 min DS EEK 3 Vmin ZLAEAS, #KE 170 g OfHAZENEN 16 BNALI.
LT, BEREREEZ, BRET 1 BMTHERT L. 77 F > BXY quillaja saponin DOFFA K
53R ETMET 70T, KE 1kg HU/=D TV F % 34 mg, quillaja saponin % 5mg ffFL T
ML, #H 2@ERS Uk, £, MBRIGIERER 2FABICRE L. ERBREE, R50H%
2 ERIRICERBEEICE > TITo . EREFICIE, BHI (Difco) HEHiERWT 25C T 16 BfgEL
7=DOBIZ 9,000x g TELOLTESNE E. tarda % 5x108 cells/ml &£725 K5 IZH/KICEEL TH
Wiz, iz Zoikic 10 SFBEEL TRRESEZ0OBIZ, 200 1 AKEIIBELT, £0O% 18
HE@BE L, £LT, &E§E 18 HREOV I F 2 LAHEEMER EX EREHBEOEIERNSF R
ReRDT.

D4 F >, quillaja saponin, curdlan DRERREZE(ICMTHHBIRSEHR 2001 BYA 51
hkit 2 @EIC#EK 8.6 Vmin DOHEREESR 8 Umin 2 L7AN5, KE 60 g OitiAaZZENTEN 25
BINELE, £UT, BREREZEZL, BBRET 1 ARTHEET L. 77 F 0 BIUEREEYED
ORGSR EZFFMT D72DITEE 1kg U0 TU U F % 34 mg, quillaja saponin & 5 mg LN
curdlan % 110 mg ZfHICHMML TEH 3 AMRE Lz, £/, MREICIIEMERZRKRICRE L.
ARBRER L, 5 2 EMBICBEIEICL > TTo 2. B ERICIE BHI (Difeo) EHiZ AWNWT 25T
T 16 R LZ=DBIZ 9,000x g TELLTHESNAZ E. tarda % 3x 107 cells/ml L7835 L DI
wmKICERL TROWE. #HEAZ Ioifkdic 10 2MEBEEL TRRSE05IZ, 2001 AKEICH
LT, Z0% 19 HEBERL .,

ikfl, AREMN, O EEEICMTIVIFUOELUVEEEEMEAOKREMR T7/F068LU04E
EEMMEOREE © 2001 BYA 7 bk 5 @iCiEK 3.6 Vmin R LESK 8 Ymin LgAt
5, KE 100 g OftEAZENETN 5 BNALE. INSOHEAIERERZE5A, HRET 18
FTPwEAELZ. T F L BROEBEEYEOREDHREIET 57201, KE 1kg HEDTIIF
> % 34 mg, quillaja saponin % 5 mg BXN curdlan % 110 mg ZEHICHEML TEHEHE 2 BFKkE
UZze &7z, MBXICIIEFERZEKICERS L, UTICRRSHETHEM, AREE Oy EAHE
ZHREL

mApREEORE V7/F RERIIBHIREVRML, ZRT 1 HREBELZDOS, 4CT—BA
>FaN—bULTHEEZE. ZNhE 1,800xg T 30 2MOELZITH>TLEZ ¢=022 um D7
AW —ERAWTHEBREL, #mEs L THW:, 2512, miEE 45CT 20 M1 > Fax—h
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L, MiEEREELELED OZFURMEBIER OV > 7L & Uiz, FEMmOE Ei3HE O EEEERIC &
> TITo 7. EDHIE Fig. 22 ITRLZEBOTH S, MmiEid 96 R4/ 08545 —TL— M
Z=DBiZ, 0.14 M NaCl, 2.7 mM KCl, 1.5 mM KH,PO,, 8.1 mM Na,HPO, %#&% phosphate-
buffered saline (PBS, pH7.4) ZHWT, 2 {EHRRFIEERL . TNETNIT 3 £l @ FKC (10
cells/ml) ZiFEML, 25CT 1 KRIHE LS. 2O 709149 —TL—r%E ACT—MH 1 >Fax
— LT, EHMBETTHEEOAELZFARNTHEL log: TRLZ.

BIEROREE U7 F RGHEABRKTER, 2 BRRICES ADERE, RKHMBIVHEEMNSD 3 il
OEMEREZRBL THEK L, BEEABHE ML, EIAEERNIC 1 B%/=D 2% casein (Acros
Organics) Zf0A 7z PBS % 10 ml 4L T 15 BRHIRICIEENICBELZHDZEINL &, Fo5i/z
HifiEk % PBS T¥if L 7% RPMI 1640 #%Hl(Bio Whittaker) IZ#%i#& L T, Z#1% polymorphonuclear
leucocytes (PMNs) & L THW/E .

KPP E Bk, Ficoll-Paque (Pharmacia Biotech) ZfAW/=& L BENEEICL > THEEL -,
Tizbh, mkERENRD S heparin RBLE YU PERAWTEIML, 0.02% heparin &% PBS
T 2EHFRL/=DB, Ficoll-Paque ICERB L, €L T, 450x g T 30 438, 20CTEL L7z, 8
SN EEORMmMEKES 2B L, RPMI 1640 35 ICB& L THW:.

BB A MERIL, Ficoll-Paque (Pharmacia Biotech) ZHAW/-BROEELAEREICL > THEEL -, 7z
HE, EEENTITH» YL 7=OBIT 10% fetal bovine serum (Gibco Laboratories) %% &
RPMI 1640 medium IZ#EE L=, CNEFEBET 1EFHA > FaX—rLEDB, 0.5 x0.5 mm DX
TV AAY aTlRiEBL Tz, BIRISRHEL B fERE R, Ficoll-Paque ZBW T/ EER, HiMEK
mrEEN L, RPMI 1640 il i28i& L THWE,

AREHORE RPMI 1640 SHCiRBL 7z 3 BEOL S ABMIRIC, 5 AMEEZRNWTE 7Y
Z AL L 7= Bodpy #Y zymosan A KT (Molecular Probes) ZZFNZ# 20 upg/ml #HMML
oo WRBHRIZ 1 BERIEIRTA > FaX— b LEDBIZ, Ficoll-Paque &AW THMEKZSFHEEILL 7=,
% LT, Hemacolor (Merck) Hefa%fT> THABIIEHLEME T THEL /=, 2P, SLHEMER
2213 BP490 & EY455 D7 4 N — DA EHLETIT-o/-. AREILH 600 Mk 0&ARHM
BEERAEL, XRNCKVAREEZFRE L.

BRIEE (%)= (ARLZAMKRE + GHIL 22 TOEMERE) X100

PMNs @ O, EE&BFE PMNs @ O;" E4IL cytochromec, Cytc BTiEICK > T, 20°CT 550
nm OEHEDOEENSEH Lz, KEEIKRIZIE 164 mM NaCl, 6 mM KCl, 1mM MgCl, B&U 10
mM NaHPO, #/lZ7- Krebs-Ringer phosphate buffer (KRP , pH 7.4) ERWE, RS 25 oM
Cytc (f16), PMNs (10¢ " cells/ml), 10 mM glucose, 0.25 mM CaCl; E/22IEED curdlan L
U* PMA (Sigma) ZIERHFMLTRIGSE, 0, - EEZWELL. 0. EAIX PMA OFM 1455
5 4 PFETO 37MD Cyte BEVEHL, curdlan ZEMUBWVESZE 100% & UTHI O ELE
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REREHLU.

I#E8AD hsp 60 RRICHTITVIF U SLUVEREHMEDIRENRE 2001 F51 51 bkl
5 @ik 3.6 /min DR &ER 3 /min 2 L7AaA5, #FE 60 g OfiAEETNEN 26 BREL
Jeo INSOHKAICIIERERZEELTER, BRET 1AMFHABT L. 7/ FBLU 2
HOERIEMYME OUAR SR ZHMET 272012, k& 1 kg ¥20DTUJ F % 34 mg, quillaja
saponin % 5mg BEW curdlan % 110 mg ZHITHEML TEE 2 BAMKRE Lz, £z, HBRRICE
EEEE 2 FARICR S Uz, EREREIL, R5H5 2 AMBICBEIECK>TiTo /. $72b 5, BHI 1%
HiZERAWTHEELUEUEMENICH S E tarda % 9,000xg TELL TERARE/KEHANWTIHIEL,
WK 101 IZHREL 1ml %70 3x107cells/rml &7 XDIHRARLUE, il %z ZDE/KPIC 10
SEREL TRBRSEL0BIC 2001 BAKEICEL, 20% 19 HEEABL, UTFICRRSHFIETHE
AOESZEZFBL, hsp60 LIV ERIE L.

EEREEORES Hsp LANNEFARD DI, saponin 5B OBPEERNB IO 19 Ik
FADE, BB IUMBEREL, 1 mM ethylenediaminetetraacetic acid (EDTA) B&L T 1 mM
phenylmethylsulfonyl fluoride (PMSF) ##0Z 7= 10 mM potassium phosphate buffer (pH 7.4) % 9
ERBEERDEIKTMAT=D5, 2 FEOBEFRLE (Tomy, UD-201) 217> 7. Z DIEKZ 100,000
xg Tl L, EiE% 4C® 0.1 M sodium phosphate buffer (pH 7.4) IZx L T—BeEH L T, hsp il
ERDHEE LT,

Hsp60 UANIDBAIE B0y >N EEEIR, BCAFYNIHEIEFY b (Pierce) ZHWNT, 0.2
mg/ml IZRABL/=, ZOY IR LT 0.2% SDS, 0.02% B-mercaptoethanol, 60% glycerol,
0.01% bromphenol blue #&% 0.5M Tris-HCl (pH 6.8) #%EMNA, /KB HRT 3 #RMEAL &,
ZDEDITLT SDS L=y X08F (20 ullwell) %, 10% acryamide gel #fH\\WT pH6.8 &
8.8 @ pH A HE#Kt SDS-PAGE ic#L7=, 778EL /=% > /%2 H*% polyvinyliden difluoride membrane
ICERE LT, 0.85% NaCl BLW 0.02% Tween 20 Zi1X 40 mM imidazol buffer (pH 7.4) ZHW
THHE L, milk BK (73 32) ZAVWT—B B|IRT blocking L7z, ZOEEKIE, hsp60 DFIE %
PARDB=DIZ, —XPifkE LT mouse anti human hsp60 mAb (77 33) ZHWNWT, |IET 1 BEK
INEEE. CNERFRTHRSE LZ0OS, ZK¥ifk & L T peroxidase-labeled goat anti mouse IgG mADb
(7Fa2) 2AWT, BRT 1 RIS EE. BFRTHELZDOS, TMB, 3,3,5,5-tetramethyl
benzine membrane peroxidase substrate system (73 23) ZHWTHAIE/Z., £/, hsp BEX
NIH-image software ZHWTHIEL, {EEEM (AU) TrUL.
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Survival rate (%)
8

Fig. 25.  Effect of orally administered quillaja saponin and vaccine

on the resistance of Japanese flounder against edwardsiellosis.

Table 6. Relative percentage survival of Japanese flounder
fed on quillaja saponin and vaccine 18 days

after immersion with Edwardsiella tarda

- Specific N
Exp. condition mortality Mortality (%) RPS
Q. saponin 6 60 18
Vaccine '
No addition 8 73 -

% mortality in the vaccine group

Relative percent survival (RPS) = ( 1- ) X 100%.

% mortality in the no addition group

HRRE U F & quillaja saponin G LB A& ORRBBEEDERELE(IL, Fig 25 07T
LBDTHD. JUF L quillaja saponin AKX TIE, EERER 10 HRICHEAHKR I, Z0%
BIFEA L e TNITHL T, BRYESHBE TIIRG: 5 BRICEENHREIN, TOBBEENENT,
ZDOXDIIZ, TUF & quillaja saponin HFRRDERROFBE, BRETREK & kL TEBNS
NRH SNz, £z, TUF & quillaja saponin AR OEG: 18 BIEEOELRIL, Table 8 175
TEBDT 18% &0 7=,

WolES, 7 F & curdlan BEU quillaja saponin & B L7z B A O EBREIRE D B DR
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Survival rate (%)
8

Fig. 26. Effect of orally administered quillaja saponin, curdlan and vaccine

on the resistance of Japanese flounder against edwardsiellosis.

Table 7. Relative percentage survival of Japanese flounder
fed on quillaja saponin, curdlan and vaccine

19 days after immersion with Edwardsiella tarda

- Specific . o
Exp. condition mortality Mortgllty (%) RPS
Curdlan
Vaccine 15 62 27
Q. saponin
Curdlan 11 50" 42
Vaccine
No addition 20 85 -

% mortality in the vaccinen group

Relative percent survival (RPS) = ( 1- ) X 100%.

% mortality in the no saponin group

*Significantly different from the control of immersion with Fisher's exact
probability test (p< 0.05).

&, Fig. 26 ICRTEBDTH B, TZ/F >, quillaja saponin BL curdlan AR ETZVF o BX
W curdlan AR TIHENTIRSE 7 HiEE 6 BRICEEMMA I N, FBEMRBR TR 5
HRRICEEEM RSN, DI F O LEBEEMEEZMHALE 2 KT, £ERRORIONEN, £,

DHFE 2 MEOEBEEYEOMHARORY: 19 AEOERRIT 50% L0, BEMEBRD 15%
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J

Phagocytic activity (%)

\

N\

W

4

Curdlan Q.saponin Q.saponin  Vaccine  No additi
Vaccine  Vaccine Curdlan
Vaccine

o

n

Fig. 29. Phagocytic activities of Japanese flounder circulating
leucocytes fed on immunostimulant-containing diets
supplemented with vaccine for 2 weeks.

Vertical bars represent standard deviation (N = 3).
*1Significantly different from the control with t-test (p<0.05).
*2Significantly different from the vaccine with t-test (p<0.05).

%/ 7 7 % %—
HREE

Vaccine

Fig. 30. Phagocytic activities of Japanese flounder head kidney
leucocytes fed on immunostimulant-containing diets
supplemented with vaccine for 2 weeks.

Vertical bars represent standard deviation (N = 3).
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EHBUTHEE (p<0.05) 1T, &</aolz, 51T, BY 19 AR OAELEIT Table 7 ICRTEB D T,
JOF L curdlan OHFRRN 27%, 97 F & 2BBEOSEMYEOMHBEMN 42% &7o 7=,

Mkl HBRERZEELEES AD E. tarda KT BMAFHEMIL, Fig 27 ITRTEBD
Thd., 77 F 2 BUEBESEXOFEMIL, logb.9 2R, MBED log2.4 L THEE (p<0.05)
KEANBO SN, £z, 7 F 2 & curdlan QAR OHFAEMIL logb.9 ZRL, MER EHEL
THE (p<0.05) KERAMNRD LN/, LML, T7F 2L curdlan OHERIC K DHURMED LFIZFED
SNIRM DTz,

WolEd, 72U F & quillaja saponin OFFRXTIL log,7.4 &RL, T/ F UV EMBER EHEL
THURMER LR Uiz, &I, T F & 2 BEOERBEEMEOHAR T log,8.1 ZRL, 77F
VEMRER EHBRUTHER (p<0.05) KEWEZRLZ,

AREM PMNs ORRIEGEHEIT Fig 28 ITRTEBOTHS, VIV F L 2 BEOABEEMEDH
AR TIE, 58%M5 6.7%DIEHEEZRLE. 6 OIEHEIE, MBED 46% & HBLTHE
(p<0.05) ITEWETH 7. LML, DI F U EABEEYMEOHRICL2RIZRD SNBhoiz,
X7z, RMMPEMKROERIEREL Fig. 29 IKRTEBV T, 7I/F > & 2 MEOEEIEEWEOHH
KT 6.3%ThHok. TIUIMBRD 4.2% LU THEE (p<0.05) K\, 77/ F OB S
XD 4.0%EHBRLTHER (p<0.08) KEWETH 7. UL, HELDAML ZAMROARIE
i, Fig. 30 ITRTEBDT, U F U EABEEMEOHRAICLSHEIRD SNRM - .

Oy EHE: HIMIRD Oy EAWR Fig. 31 ITRT EBVTH D, VI F 2 EEBEEMEOKREX T
3.4%Mn5 3.8%DEAEERL, MBRTIX 3.6%&4D, UIF 2 LABEEYEDKSR TIE, *xt
BRI &L LT O EAEDERINRD SN o7,

Hsp60 IR FERBPEOEAME 19 HEOEZADHEED hsp60 LANJLIL Fig. 32 IIRTEBD
THd, BREEFD hsp60 377 F 2 EEMEEYEEHALE 2 RIZBVLWTIE, MER &KL T
ERBL, &LIT, PVF & curdlan DHARIZBNTIE, MBR ELBEL THE (p<0.05) @0
EERLUIZ. WolED, BREED hspb0 LN, DI F 2 EAEBEEYEZHFALLE 2 KT
RELBLUTRAD U ZAERETRD S Niaho 7z, BEFIH%O hspb0 &, 77 Fo EABEEME
EHALE 2 RTIIARZRED SNAM o722, MBR TIIBREEE (p<0.05) IKEWEEZRL &,
B hsp60 id, Fig. 33 ITRT LB THS, BPEAOTIF L& 2 MOEBEEMEOHARIC
BT, FEREEKL TERFLE, LML, ¥ERRICHLUTAREIR DN, -7, £, &
R D hspb0 LNIIVRT I F o EEBEEMEEHALE 2 BT, WBRE &KL TRS LianE
BEIRD SN oIz, BPERED hsp60 LAIVE, TIF L EAHEMYHEEHALE 2 KT
BEEEED SN -2, MBRTIIREREAEER (p<0.05) IKEALX.

51



FH, il N

AN

Curdlan  Q.saponin Q.saponin  Vaccine  No addition

Fig. 31. Superoxide generation activities of Japanese flounder
PMNs fed on immunostimulant-containing diets
supplemented with vaccine for 2 weeks.

Vertical bars represent standard deviation (N = 3).

2500 T
*1
2000 ]
3
< 1500 — *
€
2
c
S 1000 |
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(7]
T
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0
Curdlan Q. saponin No addition
Vaccine Curdlan
Vaccine

Fig. 32. Heat shock protein 60 (hsp60) expression in intestine

before and after immersion with Edwardsiella tarda.
‘A , before immersion (N=6); M, after immersion (N=4~38).

*1Sjgnificantly different from the no addition with t-test (p< 0.095).
*2Gjgnificantly different from the before immersion with t-test (p< 0.05).
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1200 T
~ 800
2
<
E -
2
=
Q
(4]
Q 400
Q. -
(7]
T
0 Curdlan Q. saponin No addition
Vaccine Curdlan
Vaccine

Fig. 33. Heat shock protein 60 (hsp60) expression in kidney

Hsp60 content (A.U.)

before and after immersion with Edwardsiella tarda.
, before immersion (N=6); M, after immersion (N=4~8).

* Significantly different from the before immersion

with t-test (p< 0.05).

1000
800 .
6001
400¢f
200}
° Curdlan Q. saponin No addition
Vaccine Curdlan
Vaccine

Fig. 34. Heat shock protein 60 (hsp60) expression in spleen
before and after immersion with Edwardsiella tarda.
, before immersion (N=6); W, after immersion (N=4~8).
* Significantly different from the before immersion

with t-test (p< 0.05).
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WolXD, MIED hspb0 13 Fig. 84 ITRTEBD TH D, BERTDT 7 F > & quillaja saponin &
curdlan OHFREIZBNTIE, MBXICHEL TERETHEMEZRLED, T F & curdlan OFFA
EKTRHETI2HAZRLE, LAL, WINORRR EBMBRICH L THEEZEIRD S Nah o7z,
Fi-, EEED hspb0 LINETIF & curdlan OHAR ET 7 F >, quillaja saponin , curdlan
DHARNWTN S HREKICTHBL TETLED, FEZE (p<0.05) E3BD S o/, BEEFE D
hsp60 L NIVDFEEZE (p<0.05) 1, 77F > & curdlan AR BIOHBR TIIRD SN, U
45> & quillaja saponin & curdlan GFFIR TIAERD 513> . |

z B

EIADIRYPLIE, CORBICBNTRDEEFOKRERAFETH . TIT, FEICKT S
B THEOHALNEEN TN S, Fifi TIHRERIESDIREZRFD quillaja saponin & curdlan @ 2
BEOABEEYE ZBEM RS UTHERIREZHAN A, HERVREIEZD shleh o7, £ZT, 7
O F 5 LU T E tarda ICHT H55RRSHEEZEER LS ETHHEOMLEEZRS Z L2 A
2o BEORPEICHTI VI F O OBREHRIIDONTE, Hs0ABTEEOREEITLDIEHMEMN
BMifEh TN o0, ZNS5ORMNT, BOKREICE D FHIERZ—EICE < DRICHT 2% E5M0FET,
BEFORICEZABDA N ANDRNEREETHEIEZALNTNDS, £l NI B REFHREEICN T
DRET I F ORI GBI DEHEOERITOVTIREHL, B0k EBEEICLDHHEZIR T
HEHFREICHB L TERWELTWS, BAHS ORBESADTI R TIEIIHLTHEKTHBEL T
Wb, £z, AIEHRBNWTHROTIF O OBEERMDRIIRD SNAAM /. £IT, FHTIEET A
DLRUPIIEIHTEHRAVI F L OBHDREEDZ/DIT, TIF 2 EABEEMEOHRIC
DNWTHRE L=,

TOF o EAEBEMME EHRL TROKS LI I AOERRERI, BPEUREKICHEL TE<S LD
7o E, AHRIHEOBMB G LB THEL Aok 10, Lo T, #OTIF > ORRITHE
mFETERD SN TH, AL TEDLSNDZLEALNS, £IT, EIRAIHTBZTIF
CEEBEEMEOMHAZR SN, EOLIRBERICL> TAENED SNZONE, FFEHROmLFH
W, BMIROBAREEE Oy EAEEBIVEEND hsp60 L)L ERIE L THRET L.

GEEDOE S ADMBPHEMEL, 727 F & quillaja saponin & OHARTIE, 77 FEMRER
EHBRLTERTA2HANED SN, &<, 7I/F2E QROEBEEMEOHARTIE, mWE
xR, A quillaja saponin ZHIREE EBITT U AIEBRRNEHFT 3 &, FEOEERENRE
ENB I, £, IUARTIF > L EBHIT quillaja saponin ZRFOF/ETEHET I 2N FHIRNE
D5, RERENMEEIND 11010, n5FS5, channel catfish!®® BL U4 1040109 DIGRERIC B
-1,8-glucan #EHT 2 L&, mAHFEMEN LR L THUEREEBBNEELLI NS, FARKICBNTDH, k
5 AZT 7 F > & quillaja saponin HBWE curdlan ZHARET S &, mPHEMIET 7 F > Bt
BERICHEBEL TEENASN LENST, T ATV F 2 & quillaja saponin &5 Wi curdlan
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T DBREEL LT ADT RT YT SO 1%

ZHAHRETDE, 7VaANY MIREFDEBONS, £/, 7V aNY ’MIRIZT 7 F 212 quillaja
saponin & curdlan ZHHAL THRE LB ECEEICRDOND 2 EMNS, 2 BREOEEEEME OH
REoT, HRBRVPHMFTESDOLEEIND, HEIIIBNT, EFARTIFU2BEMTROKE
T5&, MPHFUMEIELER U, FPRIME<EERDRERIBED SN o7z, Lizato T, ALK
BNTRETIFLOBREGICLDMHPHEMEDO LEEFHEER, HTLHB—BLARVWOTEEWNEE
Z5N5, ZOXSRBREFNITFF 10007 1 08T BN TH|EINTND, I T, EFRATHTS
DOF D EABEEMEOHANREAMROARIES O EERMNSTML .

BRAEL, PMNs TRYU JF 2 BMESK, TJF & quilaja saponin ff fIRER, TI/F > &
curdlan FRKREX, 77 F LN 2 BOEBEEYEOHBRERDOTNTH, dRRICHEL
TEWEZRLUZ. REOPEIRTEITZF > &Ins 2 MOEBEEVEOMHRAKRSKD, MEK
L TEWERRLAE, LML, BB TIIMRR & ZRAR® SNizh o7z, Jorgensen et al.
%, glucan MY ADOAMIRZFEMALT DT & 19, %=, Jeney and Anderson!?® %, Z¥YAD
IBEMICHIR & glucan &&EFEHTD &, FERENAERBNERILENDGI LERELTNS, X
7=,Newman et al.!'V { k% & T F & quillajasaponin EZ&HFALTHRET S L, CD8+ U /38K
IEMHALT 3, Zh5DXDIZ, D7 F 2 & quillaja saponin BE curdlan ZHFH L THRETS &,
IR RMRERBNEEC IND ZENASMCTNTN D, FHEICBNTY, EIRAITIFL
SHEEMEEZHARS LT AT, BOEMNEELCINTARENE RS Z ENHEMTR- .
LiedioT, UIF 2 LEBEEYEOHARSIE, EIADARAREEZED ZOIAEEDND, 7
DFEEBEEYEEFALTRETS &, BHREICHKRL THPHIAEMEiARENEDONT,
ERERICHTIANENLRTZ2OTHA .

Fz, BMERO Oy BARIVI/FOBMBESRBLIVOEEEEYE EOMAKRERTIE, HREX
EERMRBOSNRN oz, TNEOIENS, TIF U LEBEEYEO BB IOHARER, B
MIRD Oy FELRICHE LM oI, |
FEICHBNT, 7YIT saponin 2% 59 5 LEMMRMNED 5N, TOZRIT hsp60 DFENEE L
TWAZEWRBEINZ. ETADITRTYPLIE T, SHEREITIIEHD R, EAKOHFEBLUH
IBAS, MEIIICIIFRCERICKENRD5NS ¥, £, MEKRICEBRIKETI, ARk
XN LABELSRBRBEENTNS Y, TIT, FETRESRICHTHTIF > & 2 BOERENEY
BEHRRE L, BRMBOBE, BRBIVEREO hsp60 L X)VOELEHN, fHAZIRIC hsp60
NEBERITTHEDINIIDVWTRE Liz. TOHER, BED hsp60 X7 F> & curdlan, 77 F
> & curdlan BLY quillaja saponin Z AL Lz 2 KT, MREICHERL TEREMICERTS
HENERED SNz, BER, BRYOELERNETBETH DL, REERZEORYVEEBAT S
ZEMNS, HBEHRICHE ORRAEEENTEEL TWAEEA5NTNS, MEREEET #O8
IBENNRA L B, BEXHA TS U D NEMTH /31 TIMKICFEEL TS M flaic R
DRAENT, BELRMKEMICEETSY N THS 7,0 T HROEERILEZFEL T, BEiElEh
2EEZLNTND W, Lo T, ETARKRE LTV F U RIGE OMEREHEEZEE(LLIZL
ZA5N5. HEGERBEOIEME/IE hspb0 ZRH#TZ 7,0 T Mldick> THREI I N 100, fHE
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RIEFHERE O FE L IBEHBICB W TS hsp60 NHEEL T, BATGREHBEZEEL T EEL 5N 2.
INSOTEDNS, DIFEEREEYELOHAREROBFETIE, HEED hspb0 ALEFL T
HIERERENEE L IN TN LR INS, £z, HBROIFED hsp60 M7 7 F > & ARIE K
WMEZREG L2 KICHELT, BRBICERTD2HEAEZRLZ, U, 77 FPHIEREDORY)
MNIBERNICERA LRI, HMIEGREREEZIEME(LT 272012 hspb0 MFBE/ZLEZ 5N D,
INSDTEMNS, DIFUEEBEEMEEZHARGTDEBED hspb0 LNV E LR EHE,
REZERDIEELER L TEGIRVES D EHERINSD,

WolES, BREMBICBWTIEMAREL TS, BEO XD BRIZEHD hsp60 L NIILD EFITER
oMoz, LAL, BRTIIHRBROERBEED hsp60 LA ERL 2, Tz, BT
T U F & curdlan OHARERBLICHBR OBEGEED hsp60 LIVA, BWEERLZ. GIED
7 DIBREEOHBRBREIZBNTD, BRO hsp60 L RIVITEPERTTIHELS, BEZICEL ko7,
BMETRULELDIZ, BRIZE>T hspb0 LARNAEMNT 52 &3, BE, BREBIUMECSW

BOLNDEFOHERTH D, LML, HEREEBOEKELLBE LR IOMETIE, B
DIIF 2 EEBEEYE OHAREICHTIRE DRV, SHRAITS L, TOFEKRLNRLELLE
bz, 2P, BREBED hsp60 OFEHRKXDOZERIIDONTIE, HEMITEIENTERN o7,
Schwan and Goebel "WIIHIEDERICE > T, ARMIED hsp EHENFEINDHEL TS, £/,
hsp60 [ E—EDRIERILMLEFLT D DI > TR L, RERGIKRT T2 EFEF I N5, L
7=o T, BlEBL UMD hsp60 L XILBEWRATIE, RENEMEINTEST, MEKREIC
KBDA PV ADREWREICH B LHERIN D, ZHITHLT, 77F > & quillaja saponin L K
curdlan OHAKEX T, BBFEBREEBOFAOERE MEO hspb0 LXIVICEEREITRD SN
Bpolz. Lo T, HHAREROHATH, BRPICLSFRERIBIVEBOA ML AIENDHD LR
b, ERVREBE LN 2hHBNRAREEMICH -0 Tdanh EHEBIND, 1B, BREel
D hspb0 @+ RO ELT, RIEMBORELBEICHEGFTEHEEAS5NS, TIT, hspb0 1
REENZTTNDBA L ADEREZRL TS EEZ SN,

T F o BIOCEREEYEOBEMEE T, RBERICHL TRWHEMRZGSNah->7. L
ML, INSZHAREGLIZES AT PHEM SLROBREBSIVERIIHTHHEMNENE L,
BRBICEKDA MV AMBEWIRECH - EEZLEND, LIENoT, DIF D EEBEEMEEHAL
EROZEER, I AOREICHT 2ENRBEFEERS D,
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TUDBHREEE T ADL R T IEDENCET 2545
=H W =

FEBEXRBATHIEIADTRYPIIER, 1982 FENSGRETILIKARD., TORRE&
LT Edwardsiellatarda W8S Nz, €O%, FAERBIED SBRKICHT TORKEICARZ M
DTRETHLOITRD, 1995 FLBIZIIZRTHL DI o7z, BETIH, EIAEBEIBVWTED
WEOKRERFEREIR>T WD, FEICHTHEBRELL T, BEAFTFRIHAI7UHHANS
NTW3D, EROLAICK > THEENMHRTALDI1ITR0, KERBELEZ> TS, LENST,
KOOSR TR - WL ZELT A ENEERRELR>TEEL, £I T, FETIIFHICBNT
7 OISEREEICKH U THIRNED 517z quillaja saponin &, BIED RSB EIEELT IR0
BEEINTNVS B-1,3-glucan (curdlan) @ 2 FHEOEEEMYHE, BIUOUIF 2L IATKELT,
IR PITEICHT DGR ERETL 7=,

NS 2HOEMHEEYHE S B, quillaja saponin Db T XADI R Y LIEICKT DEFEZIRIL,
ZLOEMNENRDSND S OOFEHHITIIRERMENTERNI ENHA ST/ o7z, Curdlan
IZDWTI, £ AQEKMHEICEZ 2R SHMMBLOREHROZEZAMROARIESE PMA #i#4
K&kB O BEERMSANTRIT LIz, TOHR, curdlan FEHEHRE L I ABMROARER,
R 5BAATE 2 AR E TIIMBRICHEL TERA LN, 3 BEEMULEET S EEENED L TR
RIDKEETET U, £z, curdlan 513 Oy BEICEEB LMo/, LML, curdlan % 3 AR
#5 LT AD PMN {Z, invirto T curdlan ZiMLAc &5, Oy EERNERLZ. WolED,
4 MAFM curdlan ZRBAKEG Lz ABMKOAREL, MERICHKRLTEL&Z->7/k. LML, £
DIEHIZENEOEGER S HBRLTET L, Zhe0Z e, S, curdlan HENE T ADIFFRD
GIEHEMIC S X DRI, TORSEKEZSHEIC Lo THEBINDE L ENHSMATRSE, LT,
B ER A AT T BIEM LRI R ASEEE TR0 5 Nz curdlan %, 2 ERMEFERS L7051, E. tarda
TEBRRBRREET > TEDIMEZTME L& 25, curdlan RE5ICKBEEREMDRIIRD 5NN 72,

£, E. tarda OFINTY SRIECERET 2 F L & LTROBES L, HREZBEEHE2EMEL
LTOIFOHMRERT Lz, TOHKE, 77 F OB TROERT HUEGO LARRD SN,
AHNRHEEEEDHEZEMRS LZEEICHRL TEWEE o720, EEREMIRIZDSNR
Mo,

L7=M> T, RIZT 7 F > & quillaja saponin BX W curdlan @ 2 FIEDOEEEEMEOHAKRS
ERE U, TOF D EABEEWHEFRRELEE I AT, 77 F 2 28MEE L Baic ik
LTHIRMMEEREN LR U, Lo T, quillaja saponin BELN curdlan (2137 P2 /N > bR
MHBIENREEIN, Fiz, TIF LTINS 2BOEEEYWEENARSE TS L, E tarda
BREBRICHTAEDENED SNz, TOKIKR, 77 F 0L BIEHENE ORGIEIEMTII A E
SR GESNEho =M, HHTZE, HEIRENBDSNDIENHSMN IR/, LML, NS
OHFAHZREIEEMmMIRD O EEIIIZELRM o7,

b5 A2 7 F > & quillaja saponin & curdlan @ 2 fEQEMIEMHE #HHRE L, KRERTEO
58, BB LMK O hsp60 OZELZHRN, HAREH, hspb0 OREBICEOL I BREELZRIET
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MIZDONTHEI L. ZOHKE, BEEBERBLOMEE T hsp60 OFEHRAICERNTED SN,
b5, BED hsp60 (377 F > EABEEYEOARKEX T, BRI B U TRERNIC L
AT HHEEMNED SN, LAL, Bl EMBICBOWTIEMAREL TH, IBEDL 5735 51%D hsp60
LRIVOERIZRD SN oz, BEIFREELZ EOBARKTHS I 05, HIEHASICHE M
JREERBNFEEL TS EEINTVS, HIEREHEIL, HE LR ICEET S INKTH D
7,0 T HIREAY hspb0 ZFBEL T, BHEELINBIEZEZSNTVNDS, INHDTENS, TIFEE
HIEEME EOHFARESEOBE T, HEHD hspb0 LANH LR U THESEBHBNEELS h
TWBDOTIERRWD EHREIN, VI F U LEMEEYELEHRZRETS &, HED hsp60 LN
IWISER U, HIEREROEEERLE L TEMIENE L RDOTidRWnh & Bbiiz,

WolES, BRTIIHBROBREEZD hsp60 L EF U7, BRO hsp60 1Z1ED T U D5
EE QR IC BN T ORI TIE<, BREBICE <Rk, /-, MBTIET /7 F> & curdlan ©
PR EEB LN BROBEREED hspb0 LARLD, BWMEZERLE. Lizdto T, BlEd LW
D hspB0 IIHIERBERBORZELLIFEL IZRZD, RMEABORELEECEET S vROZ >
ELTHEEL TWS EBbniz. BEBIOMED hspb0 L NILAEWHRATIE, RENLELE N
THELT, MEREICIES A FLABREWREICH 52O TR0 EHRET Nz, ZUTHLT, 77
Fr& 2 MOEBEEYEOHARER TIE, BRI &BREOERADEREMIED hsp60 L)L
KEBZRRO oMoz, LT, HARSEOFAOERD IUVMBOBRBICIDA N A
i1, BWEBbhk, Cho0IeEns, UIVF 2 CAEREEDMEEOHRARSE TR, BEEOET A
ICBNWTIERPRE LMo 72h, H2WAERHEEMICH > e LRI N,

70 F 2 EAEEEYE OB O%KEGE, BT HaaESREE SRV, AKX Thd
P, BMEROBARMED KOCRBBERIIHTIEDROES B0/, i, BRREEROFHATIHERMN
FELZWD, RELTHENSIIBEERIICH - RNz, LENR>T, UIF 2 CABENE
WHZHRLROREER, I AOKRECHTHEHRFEHFELBRZDOTIERWN EEDNT.

58



TYDRREEE LT ADI R 7Y T IEDHEICEET 20158

1Y

S i1

(52

b

TUDBRBEELEIADI R TIER, MERBAOEEAMTHEZTILEIATBNTH
ETHMEEDRAROPT, TORENKEL, WENERTHL2IENSHBELEENTVIAFTD
5, CNETIZ, INSOARFITHTHRBHEE L THEYHERBR EDLEFRERNANWSNTERE, L
#L,ﬁETﬁﬁi%E@%%Ki%ﬁﬁ%@&ﬁ%;%W%%Eﬁ@ﬁ%ﬁit@%ﬁﬁ%ﬁtmo
TWs, £IT, FMATRINS OEWICH LT, ERIRERE O HBREE SARE £ LOBBEND 72
<, RUARBWTHREMEDRENMESI N TS EHEEME 2 AW R HFERIC DO W TR
L7z,

T YDIBKEEICH TS saponin DIREHR

Saponin OROHREGIZL DT ) OIFREEICH T 20HHZIREE2E L7z, Quillaja saponin & beet
saponin Z#%5 Lz BE Tid, BEMBX &b U TEEINEN/Z. Saponin &5 0%, IBEKE
FEDRKNE TdH S Lactococcus garvieae & EPRERFP I B/EE O HEDENRIL, 40%Th-o7,
D& HIZ, saponin F 5TV OBREEICHTIEMNREZED S ZEMNREI N/, £ I T, saponin
DRENRE B RBROBENDOBELIEE (LPO 8B) CEMHBREHERACHBI DT, 7Y OIF
ko> LPO &3, 2 D saponin 5K THRHEREZD LASIH ENLA, BEHREX TR LR L.
¥, EMEEFHEEREF TS Mn-SOD & GPxs DIEMIL, B #EIZ quillaja saponin & beet
saponin HEX TIREEEICELER L, LzM> T, saponin DFEITELRED T OEEAD Mn-SOD
& GPxs EMFEZERL, LPO BEOLAZIIHTZ EEZ X 5N,

RYIZ OBERNICHIE DO ZE L WD, #5607z, TR BROEEBBHEBZEOEEB LT
LPO BO LFIE, BIITL>TRILMA DL ANEE > ke THD EEASND, EETE, ML D
APV AIKMUT hsp MFEHEIN, HBORE - BEZAOI ZEMASNTNVWS, £IT, 2 @EOD
saponin DIFENEEBZDT U D hsp RBICEZABMBEICOVWTHRE L., TOHSE, saponin &5
ATIIRERRORENHEICRD S NAERBICBNWT, BIELMA ML ADRREBEHDDH S hspb0 B
&K hspd2 DFEHEHE S N/,

7)) OIBEREEICH T3 KT EED 37201008, MERREEOUAERM ICBNWTEEERHEEE R
DEEZEED, LPO BEOLAZMHI T2 ENEETHD EHESIN/Z, £z, BREIC hsp OFE
EZORBEEMSHERIN &M, BPICHT2RBOREDREZED, EMERELLEZDDOELHERE
Niee Lo T, TYDIBREEICKT S saponin ORGIIRBELEE OTV BEA  Mn-SOD,
GPxs DOEMHLEREL, X ORERIBICE > TEELEIND LPO BO LR ZHHTHEEZ 5N
F /-, saponin IXEBEMHICHBNWT hsp60, hsp32 DFEZEMEL, WBOREYRZED, EBK
B HEMPREDS LIedbDEHRI N,

ESADIRIPISHEICT S quillaja saponin & curdlan DFREHRE
ETADL R P LIEICHT D EIEEME ORI OV THRET L. £7, quillaja saponin
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DHEGHBRIZODNTIREGT 2017, BREBIIKFEDOFERETHS Edwardsiella tarda ZHWTER
WG EITo/. TORE, SLOEMIENRD S NDDOOFMEITIIR ERMHENTERNI LN
BHEMIEo/m. £ T, B-1,3-glucan (curdlan) DREFRICDONWTHRE L, £7, curdlan D%
SR EBEEDN, £ I AOEEKHHEICEZ 2EBICDONT, BMKOARAES PMA JBICE 5 Of
FEERM S L7z, TOKE, curdlan FEEHES Ltk 5 A MMROARASL, B5HEE 2 HR
ETIIHBRICHKL TERLED, 3 EMULERST S EEENED U TR OKEETET
L7z, ¥£7z, curdlan D% 5, O, OELIMOLFEEZESARMo/z. LML, curdlan % 3 BERR
L7 APMN T, curdlan 22X 5T invitro THEMULEETS OF OEAERNERL. o
D, 4 7AM curdlan ZFEHFRE LT ABMBROARERDR, HREICHBLTEWEERLEZ,
ULnL, ZOEHIIENMOESGERSICHEL TERWEZRLEZ. TN5D0ZEM5, curdlan D5
METADARRELE O BEREICGADZHNREIL, TORGEHEEBGHEICL > THESNDZEMHS
MR o7, £IT, BMRAREICHT 2EEIENEEZ RO 5Nz curdlan #, 2 EREERHR
SLEOBICERBREZTo THEDMEEZIOL /=& 23, curdlan #5IZXK 2 BHERRIIBOD SN
Mmool

ESADIRDPISEICHTEZIVIFDREHR

E. tarda ORIV ORELCEHKE T 7 F L UTHROKRS L, FRORGEEEZEELCTHE
EiEt Ui, TOHE, 77 F 2 OBEMLESICE > TREPHREMEO LFNED 5N, ERBRICH T
SEVDELEREEYEE BMZE LU LHEIC B U TEWEZR LA, HERBREEHZRIIR
SNEMNho7,.

FIT. 77 F > & quillaja saponin BLNX curdlan O 2 FEBEOERFEEYMEOFAKREICIDONT
e L7z, DOF O EEBERYEEZHARS LEEEIATIE, 97 F 2 BMBELERERICHEL
THiAli AR LA Uz, L7zA> T, quillaja saponin & curdlan (37 2 a/N> MIREFHEDZ
EWRBRENT=. Fiz, DI F LTINS 2HOEBEEMEZ ARG T2 EERBRICHTEER)
RB®OONIz. ZDXDIK, T F o PEBEEYEOEMZE TS REYERGS N>
M, AT 5 EHEEDRMVBDESNDE T EMNHSMIRo 7. LML, NS OHFAKREIXEMERD Oy
EECRZELRM T
E I ACT U F L quillaja saponin & curdlan @ 2 EOEEEEYEEHFHEKZEEL, BREMEDIG
E, BB LOMIEO hsp60 ORHEZEAN, fHHREM hepb0 REL NV IKEFEERIZTNEDI N
KOWTHRE L7z, TOHE, BE BRI LOMEEE T hspb0 OFERKICERANTD SN,
Jiabb, BFED hsp60 137 7 F > EABEEYEOHAKREGX T, BRI L TRERIC L
FTBEANRD SN, LHL, BREBBICBWTIIHREZRSG L TH, BEDOL 572 5%0 hsp60
D EFERDSNLN o/, BERFREREDRMOBARB THD I NS, HEHAMICRHE RS
JERERMNREZEL T5, MERZEREL, BELRAREICEET DY 2R THD v 6-T Hilg
A hsp60 ZFBIEKL T, EHEILEINDEEZAOSND, INLDIENSE, TIF U EEHERNE LD
HRBRSEOBETIE, #EHD hsp60 M ER LU THIRGERBIAER (LI N TS LRI N,
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TUDIFRBE LS T ADL RY P LI EQPEICBET 2B

DOF L EAEEME L EHARET B E, BED hspb0 ZED THIEGER OIEMHILEEL TE
MEIRNEL<I2B EBbNTz,

Vo IED, B TIIHBROBIED hsp60 N LR Lz, BlED hsp60 137 OIFEREE DEREK
BICBNTHRERITIHES, BRRICE Ao/, £, MRBTEU I F 2 & curdlan OPFHEER S
KUK BR OREEH O hspb0 A3, BWHEZERLUZ. Lzdis T, BEB L UMED hsp60 @%\iﬁ,%&i
IR OREL -G E SIZRRY, REARORBLERCHETS >y RO & UTH#AE
T EBbNnz, BRBIVMIED hsp60 ORBFEMNENWHATIE, REMLIMELINTEST,
HEBREICED AN ANEWIREICH B R E N ZHIIHMLT, DIF & 2 BOERENEY
HOMRBZREX T, BRATEERROEZRAOBREMIED hspb0 ORRBICHREZIIRED SN
Moz, LEN>T, HABREROFAOERBBL UMBORREICZEISZ AN LA, KhEEbh/,
IN5DITEMNS, DIF D EEREEYHE O ARETIE, BPREOE SATBVWTERMNFER L
IR0z, HEINWITBEEMICH - RSN,

DU F 2 EAEBEEYE ORDORSE, BEMTRT2RBESREEG SNV, fHAT S EBE B
IZ E. tarda R SMPREMALRELT, £BEEYEDOTY Do MR, BOROAREDE
HEAENRBO SN TEOMRR, RBRERRICHT2HED RGO EHERIND, £, BRRROEZRAT
WERVBREBE Lo 72h, HE2NEREBEL THENSRIBEEMICH > R INZ. LMo T,
TOF L EEBEEMEE A LEROKREEDL, I AOREIIHTHHE R EHFEELRSERD
Nz, BOFSEZEERNEFE, BEEBICA T —EIHRL T, RAIKA N RAEEATY, —F
WKEBDAIRETELILENS, FEICHTHIEMZHHFEE L THHEHRSEEZS5NS,

&

RBREHR D5 EAROBEIKER S NCH SR E 2B > /=, FRETFMMGEEY TEFR FHE
—ERICENB L LY,

FHRZEEDDICHDHEE, HPSE2ENWCREMNENZERRER BTHRERK, BERGRE
e BRE—K, BUKFIFHREEMTFR REBFTNFRS RTITHFREL T,

iz, EYRHBELRELDOEELE > EAZTEMAREMTERMAR K& BHERBR, F
THRBEMT AR MHRERER, ATEREMTEHE REECSR, RISAEDRER BNERR
ICEMBLET,

KT D - - NIBEMBRMEFNEEO Y T EREEMEEITERHNELET,
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