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Studies on Cellular Immune Response of Yellowtail Seriola
quinqueradiata against Pseudotuberculosis

Masami HaMaGucH

Pseudotuberculosis, caused by the bacterium Pasteurella piscicida, occurs every year in cultured yel-
lowtail, Seriola quinqueradiata, in Japan resulting in great economic losses to marine fish farms. Va-
rious drugs have been used to control this disease, but resistant strains of the bacterium have recently
appeared. A vaccine using formalin-killed bacterin (FKB) has been developed. However, the efficacy
of this vaccine is low and thus its use for yellowtail culture is impractical. The reason for this is that
the bacterium is capable of intracellular growth in the phagocytic cells of yellowtail. This suggests that
the cellular immune response, consisting of an interaction between lymphocytes and phagocytic cells,
may play an important role in controlling this disease. Thus, a killed bacterin vaccine like FKB would
not be expected to be effective against such intracellular pathogens because it does not activate the
cellular immune response. The aim of the present study was to investigate the cellular immune re-
sponse of yellowtail in order to develop a practical vaccine against pseudotuberculosis in yellowtail.

Yellowtail lymphocytes were identified by fluorescent antibody techniques, and their reactivity to va-
rious mitogenic substances, their distribution in yellowtail and their function in controlling the disease
were examined. Two types of lymphocytes were found. One type possessed surface membrane im-
munoglobulin (smlg) and the cell surface antigens of thymic lymphocytes (CATL). These cells were
capable of cap formation at 4°C with an optimum at 18-25°C.  Antigen-bound smlg disappeared within 3
to 4.5 hrs at 25°C, and reappeared after 6 to 24 hrs in RPMI 1640 medium without anti-yellowtail im-
munoglobulin M rabbit IgG. However, it did not reappear in an excess of anti-yellowtail immunoglobulin
M rabbit IgG. Cap formation was inhibited by iodoacetamide, sodium azide, dinitrophenol and potas-
sium cyanide. Cap formation did not occur with monovalent antibody. The smlg cells had a mitogenic
reactivity against pokeweed mitogen (PWM) and bacterial lipopolysaccharide (LPS). The data show
that the smlg cells of yellowtail are similar to mammalian B lymphocytes. The other type of lympho-
cyte possessed CATL, but no smlg, and showed mitogenic reactivity against concanavarin A (Con A)
and phytohemagglutinin (PHA). These lymphocytes did not cross react with mouse la antigen. The
first type of lymphocyte occurred mainly in the spleen and liver, whereas the second type occurred in
the thymus and kidney. In the blood, the first type constituted 60.5 + 8.3% of the lymphocytes, the
second type 36.6 £4.2%. In the kidney, antibody producing cells were mainly observed. Both types
of lymphocytes were present in the thymus. However, the different functions of these lymphocytes
developed upon maturation after leaving the thymus. The immune response against the bacterium was
controlled by these lymphocytes. The first type of lymphocyte was capable of antigen recognition, im-
munological memory and antibody-production. In vivo tests showed that the second type was very im-
portant in reducing mortalities from the disease.

Yellowtail phagocyte cells were prepared and observed, and their killing of the intracellular bacteria
was examined. To prepare neutrophils and macrophages that were phagocytic, the changes in number
and composition of peritoneal exudate cells (PEC) were followed after injection of yellowtail with P. pis-
cicida FKB or proteose-peptone (PP). The increase of PEC after injection of FKB was greater than af-
ter injection of PP. Most of the cells in the peritoneal cavity of healthy fish were lymphocytes. After
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injection of either of the two substances, neutrophils, eosinophils and basophils appeared first, followed
by macrophages. The percentage of lymphocytes gradually decreased. Macrophages appeared earlier
in fish injected with FKB than in fish injected with PP. The peak number of neutrophils in PEC was
observed 6 hrs after injection of FKB and 12 hrs after injection of PP. The peak number of mac-
rophages in PEC was observed 48 hrs after injection of FKB and 192 hrs after injection of PP.  Accor-
dingly, neutrophil and macrophage preparations were made at these times. Phagocytosis of the bacter-
jum by neutrophils required opsonization of the serum, but phagocytosis by macrophages did not.
However, specific antibody significantly increased the phagocytic activity and phagocytic index of both
cells. After addition of complement, in both cells neither phagocytic activity nor phagocytic index
changed. In the presence of specific antibody and complement, phagocytic activity and phagocytic index
were significantly higher than in the control, and higher than in the previously mentioned tests. These
results suggest that in yellowtail the activation of the classical pathway of complement by antigen-
antibody reaction is important in opsonization of the bacteria. Moreover, phagocytosis of macrophages
was induced by the supernatant of a lymphocyte culture. This indicates that an interaction between
macrophages and lymphocytes occurs in yellowtail. ~ After phagocytosis, the bacterial pathogen grows
gradually inside the phagocytic cells and the disease develops. The fate of the bacterium after phagocy-
tosis and the interactions between the phagocytic cells and the bacterium were studied. In addition,
methods for assessing the amount of killing of intracellular bacteria by yellowtail phagocytic cells were
investigated. The following method was found applicable. A mixture of phagocytic cells from yellow-
tail kidney, a suspension of viable bacteria and normal yellowtail serum was prepared and incubated at
25°C for 30 min. Then, 100 zg/ml streptomycin and 1,500 units/ml penicilin G were added to the
mixture, which was incubated again at 25°C for 15min. The phagocytic cells and the remaining ex-
tracellular bacteria were separated by centrifugation at 5,900 X g for 5 min on Percoll at 1.070 specific
gravity. Phagocytic cells were washed three times by modified L-15, and resuspended in modified L-
15 at a density of 1 X107 cells/ml.  After incubation at 25°C for 60 min, the phagocytic cells were des-
troyed by exposure to 15% sodium chloride solution containing 0.2% non-ionic detergent, BL-25, at 0°C
for 15min. The number of viable bacteria in the destroyed phagocytic cells was counted by the pour
plate method using BHI agar containing 1.0% sodium chloride. ~Avirulent and low virulent strains of the
bacterium were killed by neutrophils and macrophages. However, high virulent strains of the bacterium
were killed only by macrophages obtained from fish surviving the disease. In addition, killing of in-
tracellular bacteria by macrophages was induced by the supernatant of a culture of lymphocytes obtained
from fish surviving the disease and from fish immunized by the live bacterium. The data indicate that
the function of macrophages was controlled by lymphocytes products. Moreover, the lymphocytes
obtained from fish surviving the disease and from fish immunized by the live bacterium produced subst-
ances effective in controlling the disease, and the cellular immune response, that is, the interaction be-
tween lymphocytes and macrophages, was stimulated by the live bacterium.

The efficacy of vaccines and substances in activating the cellular immune response was examined in
vivo. Because the virulent live bacterium has a high risk for practical use as a vaccine, attenuated live
bacterin (ALB) was tested instead. ALB, as well as FKB and heat-killed bacterins (HKB) were pre-
pared from the bacterium and their efficacy in immersion vaccination against pseudotuberculosis in yel-
lowtail was compared. The ALB preparation stimulated the highest phagocytic activity in the fish and
was the most effective in protecting the fish. The results suggest that the efficacy of ALB vaccination
is based on the activation of phagocytic cells. In general, ribosomal vaccines have a high capability of
stimulating the cellular immune response. Therefore, the efficacy of ribosomal and other antigens pre-
pared from the bacterium was compared. Yellowtail were immunized twice by intraperitoneal injection
using these antigens to determine the effects on exposure to the virulent bacterium. The antigen pre-
parations used were ribosomal antigen P and S (RBP and RBS), outer membrane fraction (OMF), lipo-
polysaccharide (LPS), precipitated antigens (PCA), and extracellular products (ECP), with FKB as a
control. Three weeks after the last immunization, RBP resulted in the highest level of phagocytic
activity among the immunized groups, although it resulted in the lowest level of specific antibody against
the bacterium LPS and in the lowest level of serum opsonization. The RBP preparation was the most
effective of the antigen preparations. Levamisole has a immunostimulant effects on tumor immunity,
based on cellular immune response, in animals. Yellowtail injected levamisole before exposing the bac-
terium was enhanced resistance to the disease. The date indicate that the resistance to the disease in
yellowtail was based on cellular immune response.
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In summary, vaccines prepared from attenuated live bacterin and from RBP of the bacterium were
more effective than various killed bacterins of the bacterium because they have a high capability of acti-
vating mature lymphocytes. The results suggest that yellowtail has a cellular immune system consist-
ing of lymphocytes and macrophages like mammals and that the control of pseudotuberculosis in yellow-
tail may be possible based on the activation of the cellular immune response with ALB and RBP pre-
pared from P. piscicida.

Key word Yellowtail, Seriola quinqueradiata, Pasteurella piscicida, pseudotuberculosis in yellowtail,
cellular immune response
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) U SERICIZFOFRE LICHEYPHFET LI LML TED, FhERETHILIZL - TH
ENfFbR TS (Ey 1973, Warner 1974, Kumacar et al. 1975, BJiRflE 1975, ZfRftt 1975,
AR 1975 A 1977; Goray, 1986), F B2 BT b, ELus and Parknouse (1975),
EMMERICH et al. (1975), WaRrr et al. (1976), Capsi et al. (1980), LosB etal. (1982) IZ& »TH >~
¥xA, a4, TAYAFTARED) LSERKICKENUE (smlp) 2FRETHLO0HH LN
Twb,

22T, KB TR TIDY Y REROFTRYE 2 L~ a Y OFEETH 72012, BtHkE
(2 & MR E LA DORBEIZD W TR L7,

B /&

HEA BHEHONBETHE SN TV AKE T-T80g D1 BLUF2EHDT ) EHW,

FEEAE HEkHiL 800! DHARX T I AF v 7 KHIIEL T, AKEDL2%BIZHTHA7
FTIVFICNTFI—-FS (RHEHERLE) tN/-d0%, $#F2EIIDITERS LTHE
L7:. Zed, REBRHBTOME KR 23.8~24.9°C Tho7

B8 T U BEDER  Pasteurella piscicida F V<) > AELEKRT 2 BB XIZ3MAEL TR
-7 ) OIED S, FEEIENT, Sepharose CN-4B (Pharmacia) & P. piscicida 7% WESTPHOL and
Jann (1965) DHEC X o THIH LMY KEHE (LPS) 2UF Y FELALT I 7274 —207
N %5 7 4 —, Sepharose 6B (Pharmacia) {2 X 5% )L %13, DEAE Sephadex A-50 (Pharmacia)
WZEBA A mBruc b ST 74 Il ko THIRE R L,

IV FHMEOER SAHMAEAKEAVT Img/ml DBEE 25 L) ICHKEL
BTNk E 704 Y FOEET Y a8 b (Difco) ¥ FRBELIZBDOEVHFOETIC
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B, CONBHMI1IABEZC3ET27206, E5I22ABEIZ2ET 72, BREDE
o 4 BEEZIGEIEELTY, 1ABMBICHSR, ORI LA, M@ 4£C TIHREL
7-0hH, 400Xg T305MOBELHRIEIC L - TiEZTHEL, 7)) Puler+FHuE & L7z,

FITCEZ®#M 7 UV MAET Y FHEDOMER L7 i 4 FHMiE 5 & DEAE Affi-Gel Blue
(Bio-rad) 12X 0 IgG M5 % EYX L, Banner et al. (1983) O HEIZ L ) FITC £ %17 - 72

TN EEDORR ~N) B L) r YRRV TLREREICE DL L2277 ) 1
Wk, 5% REIRME (FBS) 340 0.01M 7 21t+ F U 4% &t RPMI 1640 (MRPMI
1640) ¥EH T 2EFN L7205, HEL 0779 Ficol-Hypaque % H W THEKk % & & B MMEk = 758k
L7 CHODMEKE RT3 MIBEEH LzDBIZ, 1X107 cells/ml & 725 & HITFRRL, #IK
*EUHMEFER (AmEREER 2ERL,

smlg REMBORBEEDLE smlg Ot E LT, EESEYURE & R SRAE e
W L7, EEERCEEERICHE L/ FITC it 7 VP74 ¥ 1gG &£ 0.02M 7 21k
F kY A% G T MRPMI 1640 3537, 1X107 cells/m! IR L/- AMIKFER TS ERSL,
25°C T4 BIIE 8872, FLT, 400Xg THHEOEREIZ L o T3 REkELI-OL, %
GHRIH L BAMEE (Nikon) THSE L € smlg RAMBBKZAE L7z, HBEEIR7)REY & F
IgG & 0.02M 7 2{bF b 7 &% & MRPMI 16405531 T 1X107 cells/mil (2 FR% L 7z M Ekid
BT ERRAL, 25°C TOTMRIC S/, £L T, HEHEHWTHIlRE 400X 5 7H
OFROEFIZE D 3EZEH L. S 512 FITC bt 4 ¥ IgG ¥ & Fab Mz, 25°C T304
BIRE SE7-0b, widko kil TRl i L, SOLBEREE T smig RRAMBEEZFRL, «
B, MBI P. piscicida 7 FHUME & TEE 7 FilE 2 A7z,

smlIgi@D R HiEOFEICL Y smig BAEMBRLHEE L, BESIRELZIZE - T smig
HEMRE Y 4 TI25F L,

smIgfE DRI MRPMI 164055 #C 1 X107 cells/mi & 7% 5 & 5 (8L L 7= MR i3 85 K
&, Filirs o FITC it 7 ) Ptk 45 1gG 22, 0, 4, 18, 25, 30, 37°C TRIE 3¢ 7z,
0,0.25 0.5 1,2 3 4.5, 6, 12Befi2Ic—TEOHMEREZI D H L C smig 2 BIZEL, 0FRMH
@ smlg WAHMPEEIFT 55 4 THHBOBERILESL KD 72,

smlgil & BB EDRET BRAAYURICIE, M7 UHUE7HF 1gG A7z, 7)) HMLER
FHEEEM TV X 1gG #REL, 0°C TIRERIGEE/-DOBIZ25°CITEL, 0
0.25 0.5 1,2, 3, 4.5, 6, 12, 4B 887, £LT, 0.01M 74+ P L HFET T
FITC #3347 % 1gG v ¥ Fab 3 X U FITC £t 7 ) k7 ¥ IgG 2 Fh T Us S 4,
smlg fRAMEE N L7

cap BRICRIZTEBAMBESTHOIE AFHEEMNELLTOLOIMI-FT7EbTIF,
0.0IM 734+ ™A, 0.006MY=bra27 /=0, 0.001M > 7 A U7 4, 0.01M
T2 T ALY Y A% Et MRPMI 16405584, 25°C TISHMRIC S 72D 51T, smig
OB EIT o720 TNHEDH L, cap BEOED LR SHMBED LT ERDH,

smlg BICRIZT smlig BEIMADEEDORS BHEICL WIS F 1gG 55 Flab), 8LV




7) ORBLE RIEEAE

Fab Wi4r % FEL L, BmOHHEC L > T FITC ik 47720 2L T, BEHEEICL - T smig fk
Al a s L, cap B DR 5 bl OLEZ KD 72,

& ES

EEROEAREIC £ - T 7)) OXREHARAMIL 2 B L7221 Fig 1L IDRTEBNTH
%o FITC B 7 ) $ikiZ & 5 T 7)) Omfid i i dREHA L RE T 2Milas580 bz,

BB & BB HOEHUAEEC & 5 smlg OBRME % H# L 782813, Tablel IZ7RT &
BY)THb, WHEL bIRME L OREIERD SN, FREEED - 72, Bk Mz
W 5 &, SR BB DT AEA o 22205, RIS AMRBICIIERED b L
o7,

71 @ smlg A MO E NI Fig. 2A-D IIRTEBN THbH, INHDHEHKBED S smig
RAMILIE 3 DD Y A TOMBLIZHE SN AL BEFLYATT7+—HAEFHLID
DTHb, SNOHOMIIZVTARICET > TH Y, AP MREREICBIEL TV, E7,
T4 —H ADMBEIZL > CIAESEL ) ¥ FROEKEERLZZ, ChoDMilae s 1 71LL

Fig. 1. Profiles of yellowtail blood cells under phase contrast microscope (A; X400) and surface
membrane immunoglobulin (smlg) on the cells marked with FITC labeled anti-yellowtail-

immunoglobulin M rabbit IgG (B; X 200).
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Table 1. Detection of surface immunoglobulin on yelowtail blood cells using the fluorescent antibody
technique (FAT)

Aoty Meanporcentof - otensy of

Direct FAT

FITC labeled anti-YIgM-RIgG 24.8 ++

FITC labeled anti-P. piscicida-RlgG 0 —

FITC labeled normal RIgG 0 —_
Indirect FAT

Anti-YIgM-RIgG + FITC labeled anti-RIgG-GIgG 25.2 +++

RIgG+FITC labeled anti-RIgG-GIgG 0 —

Normal rabbit serum+ FITC labeled anti-RIgG-GIgG 0 —
YIgM, Yellowtail immunoglobulin M; RIgG, Rabbit immunoglobulin G; GlgG, Goat immunoglobulin G.
Fluorescence: + + +, intense; + +, moderate; —, negative.

Fig. 2. Various types of surface membrane immunoglobulin (smlg) on yellowtail blood cells marked
with FITC labeled anti-yellowtail-immunoglobulin M rabbit IgG (X 400, A; Type-la, B;
Type-1b, C; Type-2, D; Type-3).

720 Cit /2 cap BEAEDONLELDT, CRODHBET 74 72 & L. DIZESITHEN
RO LRI L, 0T OHC Cap BEAFEDLNLLDOT, ThoDHfasr ¥4 73
EL7

smlg RA MR OENIEORIFMNEIIE, Fig. 3I1TRTLEBN ThH B, 0°C TIRGIERMZ T
TIATIDHETHo72, £CTIRFA T 155 3 T TOEIIED S N/-A5, smig MEIERKIC
ELIBED LN 572, 18~30°C DRETIE S 4 T 1 ~ 3~OBpFERLH IR Y, Kk
6 RERI R IZIEIZ & A L O smlg BATHE L7z, 37°C TR A 71 ~ 3~DEALIZED L 7-hs,
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Fig. 3. Changes in percent composition of various types of smlg on yellowtail blood cells detected
at various temperature. Symbols: @, Type 1; A, Type 2; [, Type 3; O, Type 1
+Type 2+Type 3.

18~30°C L B L TR BN L@ T /R L7z, /2, 18~30°C Tid smlg frAMNAEAT6 FER T
TIZHE L7,

25°C TO smig 12 L APMFE OB %L Fig 4 \IRTEBY TH b, smlg frAMIE & O F
VB PR G EIZIE, smlg EES LHUE L smlg & & 123 —4. 5B CIEE L 2,
Z D%, smlg DAH6 ~ 120 MBI AT THERFAIZE I L7z, smig RAHINE % & Li5
VBB PR S A AL, smlg S LRI smlg & & H 123 ~4. 5B CE L7,
FOHiE, smig idBHUFHEBEAL h o7,
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Fig. 4. Transportation of anti-yellowtail-immunoglobulin M rabbit IgG bound smlg by movement of
smlg on yellowtail blood cells in RPMI 1640 mediurn without (A) and with excessive amount
of anti-yellowtail immunoglobulin rabbit IgG (B). Symbols: (O, smlg of vellowtail, @,
anti-yellowtail-immunoglobulin M rabbit IgG.

Table 2. Inhibition of cap formation of smlg cells in yellowtail blood by various compounds
Compounds Concentration (M) Inhibition (%)
Iodoacetamide 0.01 100
Sodium azide 0.01 100
Dinitrophenol 0.005 100
Potassium cyanate 0.001 100
Potassium ferricyanide 0.001 40
Not added 0 0
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cap AR i 8 L1 KRB HER ORBIL, Table2 (Z7RT B0 ThHbH, cap BHIIHIEIE
I—F7E+7 3 FH100, 7I4EF b UTLAHN00, D= ba 7= UB%100, T AL AY
TLHL00, 72T LI T AHM0%TH -7,

smlg B PLARORERE L S HBICKITTHEE, Table3 12T EBYW TH D, Ig6 BLUF
(ab), TR SN B ENEIR Fig 2 IIRTHDLFE L TH o7, Fab TR ShBHABEIE,
Fig. 5 (1R &80T, MBELIERE LY v 7 R#EE %R L7z, IgG, Flab), 3 & U Fab (2
Lo THMEKFIZHRBM SN S smig REMREENEN27.8,29.7, 28.4% L %2 1), HEZEIIFE
HHNGH o7z, cap FBLFHIEAEIZ Fab, F(ab) ey 8 £ O IgG OIEIZE 2o 720 T 72, smlg BIH
HHifk e LT IgG v 5 &, Fig. 6 \IRT & B ) OMBLOBREEZEIBDD LR,

Fig. 5. Surface membrane immunoglobulin (smlg) on yellowtail blood cells marked with FITC
labeled anti-yellowtail-immunoglobutin M rabbit Fab fraction (X 400).

Fig. 6. Surface membrane immunoglobulin (smlg) on yellowtail blood cells marked with FITC
labeled anti-yellowtail-immunoglobulin M rabbit IgG (X 400; Agglutination).

Table 3. Comparison of reactivity of various FITC labeled rabbit immunoglobulin fractions

Fraction Mean percent of Inhibition of Agglutination
smlg cells cap formation smlg cells
IgG 27.8 0 +
F(ab), 29.7 12 —
Fab 28.4 100 —
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UNANUE et al. (1972) (377 2D smlg DBRHBIZTRTO 2 F20REFOT) it 5>
HFIgG FHTW A, WV old), MBREIZIZHEDIINIE Fo V75 — % B O SR
BT H I EHBMON TV S (MACKENZIE and PoTTER 1979) . T & OIE & O % XiF
LIOW, FARTEEIIBETILENSL LB b5, EH - #E (1981 7)) o%Esn
TNR MO a7 ) v 01 ERETHLE LTS, £2T, KFFETIEIO [gM
HHUEZ P. piscicida BRE <=7 — L LTHEECHRLZ7UHRKCET 299X g6 v
T7) D smlg THEB L7z, FOE, 7BV TIRIMEDIZ smig IR EMBATEIE L, 5%
PRETES IR TE L edbh o7z, ZOMBELE LT, BEEELHAE & BEEETE
FEERLBT D L, dOLMERMBEOF I S - 72205, RBHARKICEERSEZD LN 5Tz,
CDEH, HMEEOHEMTH 7225, BIEOHELI S, @EO smlg BAMBOHIZIEE
BELHOWIFRLIwEBRDbRS,

cap Foiiid 0°C TRRBO LML o724, 4°C U EDBRETIZZAD SN, cap L 18
~30°C L F-C 4£°C BLU3TC TRENABEMER LA, ALY, 70D smlg fRE
AL L cap FERBEZ AT BT LAHL DI H 5720 ZFLEDB ) ¥ /3ERD cap Iz 4°C Tit
I HAWVEENTVDHAY (TAYLOR et al. 1971, UNANUE et al. 1972), FUETIHEIE T cap BB
PRI D EENTVv 5 (ELs and PARKHOUSE 1975) , cap TERLIZIZFLE C it il ot & BG+
LI ENMBENT 5 (UNaNE et al. 1973) . 777) @ smlg {RAMALD cap FomiAs 4°C % 37°C ¢
Bho01E, ZOFHEBKETHL 18~25C DEHFALZ 25L, 7)) ORBHESEIBET T2
PHETEZVWIEEZ NS,

smlg {2 L DB OEX S MBORBER L FHICERLTHLDT, RBENTFORIEY
Raf 4 57201208, REREBESOBELR EFEEL Sns, BEETCIC7) OMBEERICE
LAKHIZHT 2HBAS D50 T, REBRTIE 25°C T RPMI 1640853 % BV C smig 12 & 5
PTIROBEZIZDWTHN ., ZOHRE, T VIEIHFIge EHETAHIEICL 5T, smlg
DR TD O, 3 ~45BMFZICE, YHF1gG 7D OMIE L olE L, HE
®IZ, BUBRITEF 2T VIR Y 3 F 1gG SFET 5 L 51218, M LI smlg OEAERD
LRV, BRIGHAEIHFEELZVE 2L, 6 ~ 128 #1388 12 smlg A5H4 L7,

YT ATRIORBMIAOE NI 37°C TLEME»SED SN, FRLEITEER IR
THIENFRESNTVS (Loor et al. 1972) , 70 TIREFBIASEN S b DD smlg DFHEHBAE
o, FFLBELFAROERIB/ ORI, smlg ) F > FOMHEZ, IAETCEHABEA~OR
NIARZL S TRIAZENFHLNTWEDS (Tavior 1971, UNANUE et al. 1972), 7V i2Bi1T5
smlg DiH%IE smlg DHBEANOE D AARIZL BDD, BBV T smlg PSHIIAE D S BT 20
PEIPEELIIRFTTHLENSLERDIL,

7O smlg WHEMILO cap R FUTT ERAHEEH OFLEIZOWTIE, IFIHTHE S
N TV 5E (UNANUE et al. 1973, Loor et al. 1972) CREIBDEESBOLN T2, T4bb,




7)) DML IR

G=F7Eb7IF, 7UMFMNIYL, V2072 ABEPYT AT LAIZLDHE
EEINTzo 1TAED cap BBUIERER L) VU MBELROBRERICE VHEENE L Eh TV
A5 (UNANUE et al. 1973), 7NIIBWTRED LI LYWHIZL > CHESINS D, S5IIRHT
LUENSHLEEDNRL, L L, SAHVWZAHBEERNOBESNRS,S, smlg OBEYIZET
HRHEBIEZAEE I YUTVEDOTREVWIEELIONS, T2, BED smig £H LD
BRHCIE, @REERBCT LT P Y208 ) cap R ZFT ) DMLV EE L LR S,

smlg BHEHARIZIL T Hidk Y 4 F 1gG 8 L U F(ab), Tid cap AT D S /zA%, Fab T
3RO LN, (IFLE (Loor et al. 1972) L [EIEEGERIBBONIZ, DT LS, 7Y D smig
RAEMBLD cap XK b R OEBRHEIC L V@IS hbDTREVWNEELIONRDL, T,
cap BB DML, 7 IMbF b T AR EORBHER L FERTE 2L 218, FITC 3% Fab
PHOWLONIWEEDbIRS,

FAFICB VTR, RKEARAFEDB) Y /BRICKEICFETHI LS, ThEBRETLI LI
& -T, HBMICBY Y NBRORIEMTTHIL TV S (WANNER 1975), B Y > 7¥ERD smlg I3
Rz &l -T, BY YA EOBEHESEILL, FRICE 5T cap BEITRT S
E XN TW5D (TavLor et al. 1971, Loor et al. 1972) . AEIZBWTH, Y o 3 EkOFEE FIZH K
Db Z LAFER ENTWS (ELus and PARKHOUSE 1975, EMMERICH et al. 1975, WaRR et al. 1976) .
ELLIs and PARKHOUSE (1975) itV > /38kdb ) smig RAMBOLENB W L5, REOY »
INERD T THsmlg # 520D Tt #HELTWS, 7, EMMERRICH et al. (1975) (X
1 ORI D smlg RAEZFIZ65-68%TH N, BA LI TLRLEFABLEEL THL, Wi
HRMAED smlg #BAL TCOEHEMEL T2, INHDZ EHS, AKICBEWTE smig @
HREDL, EBICBY YSRICAETELZWERDLNLY, ZORHBIZY OB RE
BERHTHAEEEZOND, T/, MED) YR~ A PP RIGR EPSIIHLEDOT Y %
BB U NEREOBEZ IO EIFHNS T WD (ETLINGER et al. 1976, CucHens and CLEM
1977, ETLINGER 1978, Sakar 1981, BraxHaLL 1985), # D7:%, AEHOD Y NI HET smig *
BETHDE, TY KO IE) LTy —¢ L Tsmlg #F|HALTVLDOTLWVH
ERbhs,

EEERDSS, 7 O smlg RAMILIE cap B RERLSEABHENOEELLEDEL DA
TIEABEOBY Y SR EBAUL T A EED SN,

F£21 JUOD pre-B L URKELHBOKRY

—R/%S, (3FLEDOB Y SERITEHPICESH SN S pre-B HIf A S BB U 2 SERA L 2L
U CHRARIIIAEE M L 2525, ZOB) ¥ NEROBRIKEOENO AT, smig #1F
FTD2O0RBHAB) N KOATHDLZ EHI LN T A (Burrows et al. 1978, PEARL et al.
1978, OsMOND et al. 1984) , \» 5 (T, pre-B HifZCHiAEA ML smlg 2 5/F L WA, il
MICHIR A RAT AL HORTEY, ChERBETAHILICL ST, ThSOHKBOMESIHE
EXfFbh T2 (Hymans 1969, Rarr 1977) . RIFI Tid, #AHUEHEIZL 57 O smig A




s ]

B (smlg) O E ZOMBOMEIIOWTRNAE A, cap BHEELR &0 5, 3FLEDOBY
COSERICEWHIBETH LI AL AL B oz, L, 71O pre-B MR R P EE A MR I
DVTOHRIZZ Ly,

ZT, RETIE 7Y DOBY Y AEROBBIE ) EEHS 2T 572000, dEHAFRIZ X
27 OHBNPUEORE 24TV pre-B B & UPUAEEMBLOFEE 217 - 72,

B F K

s BHBELEHEENFEORBMEE,OCHEA L/ THREL.Tg D7) HEAZH
A

REHZ HRAAMIEAR00IDTTAF » 2 KEIINE LT, BREHLDI12%DHHA
HFTEHICE Y I U (RHEES) 2 00%, $F 2EIIHTTHRS L, &8, A%E
BRI R DKL 23.4~24.7°C TH - 72,

BESE AEMWEERKTEHVT 2mg/ml AR LAYHF g6 RIgG) &, 7a/ D
Fsesr7 U250 b (Difco) ¥FFRAGL-b0%, 7UMAOEBENICIABEIIIEEEL
THIEL

WEESZHL T VREI Y XHEORRY 7 bk FHME» &5 DEAE Affi-gel Blue
(Bio-rad) 12 X ¥ IgG W% % MY LT, Banner et al. (1983) @K ikiZ & 1 FITC BE#%iT -7
F7, BHEICLoTO— %3 v (TRITC) IR ER L7,

smlg O smig OHRHEICIE, BEEEEEELHV, T4bb, RSEHREICH
# 7> TRITC bt 7 ) k4 ¥ IgG & 0.02M 7 J1{bF bV 7 A% &t MRPMI 1640 5
T, 1X107 cells/mi B L -HMIKFER*EERAL, 25°C TOOHMRIL S/, £L
T, 400X g T 5 5B OELIRIEIC & o T3 BB Lznb, FHIRFOLHEBE (Nikon) THIE
L7

smlgfE AR HED S smlg OIS BB (CF% L 72 FITC 2/ 7) Hifk
THE IgG £ 0.02M 7 UfbF b)) 7 4% &T MRPMI 1640 55T, 1 X107 cells/m{ (2B L
7-EMER R S ERA L, 25°C TOHMBIL&E7/2, £LT, 400Xg T5 HEOELEE
Ik - T3EBEEL0L, #HOLEMECERE L/,

EEMEBERDAR A~/ L3 ) 2V R RO COREREC X b BRI L A
o, ELICHASHBE A L, EEEIZ0.15% NaCl i~ 7 2 (AK, HBSS) H1 T/
FIFAVTHAELZOBEAE A » ¥ 2 TRER I v/, 2L T, Mld & BRI
B i 2 e E L. 09542 38l L 7= Percoll iF#EI2HEB LT, 1,500Xg T5 5 MO LEIELRTIV,
AMEkE Bk L7z, ZO0fk, M X OFEEMIRIE HBSS % AT 400X g T 5 5 DLk
% 3EMENELZ-DE, HBSS 12 1X107 cells/mi & 7 % & 9 (28E L CHEB MR 8K &
L7

WMBEARMAEORY  JHEHRLTER % BT, Soviny and Kusupa (1987) OB EICEK - TR
AT HPER L7, AATIE —20°C D% Ty /) — L TI05MEE L7=DH, HBSS TR L7,




7' 1) DM SRS

P, BT - RE (1974) OFECL o TRVAF Ty —ERBBLIUAT 32 VR
FFo-Db R FITC B 7)) Ptk 4 ¥ 1gG * EE LT, 37°C T1RHRLS 27,
KE#, HBSS 2 HIWVWTA AT Rk Lz0b, #bHME (AALY) TBEL, Mlaniik
TR L7z,

MR RAAEORE  REfa) O/ LM s L O SRaaie izl 2 A TRk o 75k
TAATHERLCEE - #faL720b, 1mg/m! OWEEICHAR L7 RIgG #EERE L, 25°C
T2 BRI X872, A X 73 HBSS TH#H L7-0 b, FITC LY ¥+ IgG v ¥ IgG *
B LT 37°C T 1EBG 47, JL#E, AX7id HBSS TikELzDDL, HOGBEREE  FHV
THIR A RIUARA Ml i L7z,

1% e

EEER O MR I HU AR R A MR D B 1E B & ORI Fig. 7 A-D B X UF Table 4 (2R &8
THb, MEEHTAEA M EEEOM®ES B L RS S Fig. 4A-D (IR L7z 4 FEIZTHE
N7mo A KRR OMEE TEEAS 10-15 pm, HEHT 8-12 pm THIRE AV HEEZ /R L, M
Hay OBV E S O HEAE DB O LT O b DT, Type 1 & L7z, B2z oML TEE
#%12-17 pm THIBLE P2 Type 1 & 0 385V EE 2R L, MM ERS O AR O-F
SLUTOLDT Type 2 & L7z, C3#F S HOMBT, MlENOELAHES C, MEADE:
3 OEREDSHIL DL FED & DT Type 3 & L7z, D M OMAET, MIBEANOELN

C

Fig. 7. Various types of appearance of immunoglobulin in cytoplasm of yellowtail head kidney cells
marked with FITC labeled anti-yellowtail-immunoglobulin M rabbit IgG (X 1,000, A;
Type-1, B; Type-2, C; Type-3, D; Type-4).
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Table 4. Characteristics of head kidney cells with immunoglobulin in cytoplasm (clg) of

yellowtail
Type of clg cells

Characteristics

Type 1 Type 2 Type 3 Type 4
Size (¢m) 10-15 12-17 10-15 12-17

x8-12 X 8-10
Peroxidase — — — _
smig — — — —
Fluorescence +++ +++ +++ +

Fluorescence: + + +, intense; +, distinct.

§5 ¢, MBEAOBVERSOEEIMBEO0%LU L EDDL LD T, Typed & L1z, 74, WT
D Type DHIFLE &, N A FL 5V PEET, smlg 2HREL T Ld o7, HFASE
PLARRA MR 2 BRI L7728 R, Type 1~3 Mg MlE R RIA L RE L TVv722%, Type 4
BHRAE LTV EP oz,

% =

— R, MRRPPARE MR pre-B ML L A EAMRIFH2 2 XML ATW S,
Rarr (1977) & Hymans (1969) (ZMIlE ABTARA Ml & SEHNEIZ & » TR L7245 R, pre-
B MR IS ENICHUED 87200505, £/, TOREELDZVIZDITENAMEE(, K
BOKBOBIKEVHRTHD L L TWA, Val®), HEEEMRIGHRENIZSEDOHAE
DFERELTVATOIZRRWEEB TR, BEENLZFBIIHBEOREOMER TS 55, ¥
HAEWELTWS, L2L, WTFhofMiad smig i3RF L2WwE LT A,

SEIOEBERD S, 7)) OMBATARAMILIZELRICL > TLEED Type IZ5HTE
2o THOOHIBOTBREYLET AL, Type 4 ORI SITRIREVI L, HiBNICEHSRE
HEERELRV ERS, HiRO pre-B #ifAISEVOTRE 2R EEILND, ValT),
Type 1~3 OMfLIE 7)) 2 %E T2 &, MEAICKERIGL KEIIRET A s, HUkES
MW TRAEWwhEZEZOND, IFLETIE, B /%KX pre-B 5B Y Y NERERTHL
AR 3T 5 Z LIS TV S (Burrows et al. 1978) . ARE DR, S, 7TU BV
Th pre-B J v/ sEkikHlifE, R AREMERES L UREEEAMBITFET A I EFHL ML
h, B ERERMRIZIZABEFRIZTEL T HDTREZVWHEEZ GRS, ITFEICE
WTRHINSOMBBOHRIIFHTHSL L3N TVv:SH (Burrows et al. 1978), LA2L, 7Vl
BHAR\OTB Y ¥ 7 EARMALI I E BB 2 > LI TEAB L USMET 5D Td RV
EEZOND, FRIIINOOMIED 7)) DEATOSAREZFAN, B ¥/ Bkl 0Bk
WKDOWTHREHTRETHDH L BDbN 5,

E3IE HAMEEICSLZT)ORRY L /BRRERRREMEORE

BHBECLEETRT) VS ROEAB LU LOEHAPWBR TH LI LPHLEN TV A




7 ORI RIE R

(WEIssMAN 1972, WEISsMAN et al. 1975, WEKERLE et al. 1980) . Rifi & T2, 71U D ¥ 8EFKD 5
HrEDD7-010, BEHAEIZE D7) O smlg RAMRS L CHBARLARERRORKRE %
ToT&, FOKE, BIHEOBY v/ BICEUNT 2RO LN, VolE), 7B
WT SRS 50T, MBRHSROIZAEOT) ¥ BRICEM S 2 MIR3A 5 5D TR %
LEZLNAS,

FZT, KECIEBEREICL S 7 ) ORBHERE OB 217572,

E B H K

HEA SHEHOHBTHAT SN TWAAKE3-T80g D1 BLU2FADT) T HV,

AEHZE HRAZS0IOTIAF » 7 KEIZNE LT, BEEDILZBEDA H+ TN~
FI—FS (REERTE) tMib0kx, $iF 2D THRS L, 28, FERUIBS
DKigIZ 23.9~25.8°C TH o7

Balg ) L NIRRERORE BEOTIHAL LEM LR E YAV a0 CEEEHER
K (HXK, PBS) I TFAFNMHILLADL, A% A » > 2 THBLTHEREREL, 5
B OMABIZFAET 400Xg THABORLBEICL > T3IM@MPEHEL-OL, LELOITTO
Ficoll-paque #(ZF & LT 1000Xg 5 FH ORLRIELAT, U 2 SBRB 2 ML 72, ) /3B
it PBS T3 [EEk#H L7DL, FHIC 1X108cells/ml & 7425 & HITHRE L -CHIRR Y > 7 SERIFHER
L7

AR » NHRERERE (CATL) OB 7)) WigHkEER - 10mM © EDTA Kif# L %
SEEREL, 37°C T2 HMKIE S, Kk, 400Xg T55MOBLRIELIT-> TLEZN
WL7 kil Lowry 510X o TH v 237 BRME LD HIZ, PBS T ¥ /87 REHT 50
pg/ml &% B EHICHAKL, 7 CATL BEm L LT, HAKEET —80°C THRIF L7

i CATL 4 ¥MBEOER 07 CATL BB L 70 v POEERT V2NV RS
BILRATIMLLZDE, I FOETICERLA, REG1IABXIIIIOIT-720b, 352
QBB EIZ2MEAT o7 BEREDD 4 HMBIEMGEZTY, HERBICHSRA S L
7o M#EIZ 4°C TLlHKE L7-0b, 400Xg TI05MOEREIC L o Tk % T8 L7205,
56°C T304 DIEMIL 1TV, HL7 ) CATL »HFHMiE L L7z,

i CATL MiF & 7'V OFMER, MiFH L CMEEDRICHEDRRET ~3) CRELZI) »
TERCT, LBERHEIZL o CRIALL 72 M % PBS T2MMML7A0b, HELL 095IIFHE
L7 Percoll IZE@ LT, 400Xg CTI0HFMOECERIELAT - 70 &K, RIMIEKES 2 BYXL T,
PBS T3 Eft# L720b, RIS 1X107 cells/ml & % % & ) 1ME Lo & OARIMERIREIIC
IMEBEOE-KEMA THEMLIE-0L, 400Xg TS5 5O LBEIZL > TREFEXRRL,
Z)ARMERPUER E L7z 7V MEB L UHMAORBMIIREE 1 HE 1 HOBEIZL - UT o7
i CATL »# ¥lluig & 7)) OFmEk, MmES L bk oo EIE ELISA &iZ& - T
fTote Thbt, PBS THWTEFRFNDY /378D 100 ug/ml E 725 L HICHEL, #
D 100 d 96RO LF 7L — bk (Nunc) (ML T, 4°C CISKERIRIC S ¥ /2. RIS, &
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% x L% PBS T3 [, 0.05% Tween 2081 PBS T 1 E&k&H L7z2DH, 1%y L IMET7TVTI >
I PBS 100 zd %ML 720 37°C T 1 BRHIRIG S 7, RIGHE, RIBROHETEY = L EBEL
720b, PBS T2 EERRAR L -H CATL 7 ¥MmiE* 7ML T, 37°C T2HBKIE 347,
RO HETY o VERELAOL, MEM (1985) OFEICL > TER LAV F ¥ —¥
Ty FHUR Y FHAR RSN L 2, 37°C C2HERE S0 BIY o R PEL, 0.005%
-7 Ly TTIMY yEREEEERMLT 25°C TIOFTMIIEE L7058, B 2 VDR
fEEY 7 0= b AF v+ — (B CS-900) T 492nm OWEREE % Hl%E LT, ELISA ¥ 1 ¥ — %
BHL7,

FITC =384 CATL 74 XHADMER 31 CATL v H ¥HmE* 7t b Y EBFEG R, 7
VRMERB L ORBE ) AR TEREFNZEIRP L2006, KEHE 1HOFHEIZL - T IgG H
SEERT B & & b2 FITC Bl %47 - 720

FITC {234 CATL 74 XA AORISHAMORE 7 1) M hgHl b i 5 & 10, 50, 100, 200,
400, 800, 160015 =AU 7z FITC #Za#it CATL 7 H FHifkd L OF FITC E#IEH 7 4 ¥4k %
SBRALT, 25°C TlHERKE S8/, Rinfk, SOLEEME (HAL%) THRRYEEL
72

JUNKFEEDRAYN ~o) B LAD) y Ve AOCOREEIECL W ERM L7 m
W%, 5% BRMmiE (FBS) & U MRPMI 164055 T2 AN L -0L, KELTTOL
b XERS B Ficoll-Hypaque (Pharmacia) # AW TR+ SO AMBES#H L7, Zhoo
MEK % BT 3 EHE L7205, 1X107cells/ml & 75 X 3 ISR L, BERE SO OMERT
B (HIMERFER) 2R 7

T BRIRRMBROBRY ) MR A MLERE 5§ & 80045 ISR L /- FITC #2a#k4t CATL 74
FHARB L U FITC BEIEE Y+ FHAELSZREESL T, 25°C TIRHBRIC S €2, RIGE,
HOLSEMEE TR E B L7,

¥ S

P77 ) BBREUE 7 3 FHUME & 7)) OFRIMER, M B & ORERBUE L O SUETER Table 5 (127R
TEBYTHDH, I ELISA ¥ A ¥ —(IFRMERAT] : 64, MiFEAT] D512, FERIUAEAT 1 256,
CATL A1 032,768, %2 57z

FITC #E3&#H CATL ¥+ FHho Blaila 1234 5 KOS DO LB Table 6 1R § & B D TH

Table 5. ELISA titer of anti-cells suraface antigen of yellowtail thymic lymphocytes
rabbit IgG against yellowtail erythrocytes, serum and purified immunoglo-

bulin M
Substances ELISA titer (1:)
Erythrocytes 64
Serum 512
Immunoglobulin M 256
CATL 32768
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Table 6. Reactivity of FITC labeled anti-cell surface antigens of yellowtail thymic lymphocytes (CATL) and
normal rabbit IgG against yellowtail thymic lymphocytes

Dilution of FITC labeled rabbit IgG

Rabbit serum
10 50 100 200 400 800 1600
Anti-CATL ++4* 4+ +++ H++ HE+E A+ At
Normal +++ + + — — — —

* Fluorescence: + -+ -+, intense; + +, moderate; +, distinct; —, negative.

C

Fig. 8. Profiles of yellowtail blood lymphocytes under phase contrast microscope (X 200, A) and cell
surface antigens on yellowtail thymic lynphocytes (CATL) on yellowtail blood cells marked
with FITC labeled anti-CATL rabbit IgG (B; X 200, C; X 1,000).
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5o HNRHIAE 2160065, MERMEIZIZI008EE & 72,
FITC AB#3T CATL 74 FHAEIZ L » TR SR 78K Fig. BA-C IR T&B ) Th 5,
7Y QMg mEkEIZ CATL 2488 L T A IR D S0, cap ERIEZERO L h o5
A

£ £

TYTIE, BEER T 7 7RI REREELEVD, WREHFELTWAEDT, T ¥ 35k
R ATFAET A RMYSH 5 & Bbh b, EMMERICH et al. (1975) 132 1 OBBRAI D smlg RE
HMBOBE -7 25, MEMABEO smlg REXRIFVELTWS, »olT), ELus and
PARKHOUSE (1975) & &M DY ¥ /58K smig DRAESFH N E LTV D, TOTLHhsH, BED
T SRR E 3R 2D, smig 2RAL TSNS L LB bbb, LaL,
KRS S, 7)) O CATL THRE LY FOHME D 7 ) ik B & CHAKIIHE T 5 RIE
AN T &5, BWIRPIOMBLIERRESORERI D ZVDOTR WA LEILND,
F 7=, FITC #i CATL 4 FHARIZ & o THRIB S Wz HIla X cap B Z T W 25, Rl
MAREMRE 2R 2TV EERI LN,

F28 TYORAAKREMEES JUEIRY /I BERERRREREORTE

Hifi F T, 77 @ FITC 23847 ) itk B X UHMR Y > SBREmBUE (CATL) 74 FH
BERWIEAIFEICL T, 7900 R Ml 4 FBRICHBTELI LWL E L 5
oo FNHDH L, 2HHIL pre-B Ml B L UMK EAMRICHE SN L EEDbN LA, smig
AN B & O CATL RAMBEOSEIEH LA TiER Vv,

ZIT, KEITIHING 2EEOMBOBELRADL LI, ZOREXT-7,

x B H &

HEA SHETETFEENFEOEMEEDLSHBALFEHEKES.7g D7) Mz A
A

RERE HRAAIBHEAKK 800! 77 A F v 2 KEIINELT, BEEDN12%DGHEA &
FIPHIZE S I A (RAER) FMALL0Z8Y 2T TRS L, &b, AERE
oKz 24.1~25.9°C Th - 72,

MAAMBZHERDRY ~ ) MBL ) DRAWT, LBEERNZEICX DR L 7-Mm
% HBSS T2fEMML-0h, HEL 0SITHE L2 EREA Percoll (Sigma) A i- ERE
LT, 1.500Xg T5 45 MOBLRELITY, HRMERE RS L2, £0%, miMieid HBSS #
H\T 400X g T5 5 M@ L okE % 3EED R LD, HBSS i 1X107 cells/ml & % 5 &
B L7,

FARRY > NERFEEBRORE 7 VHASSEMNL72WIRE YLy 30 PBS #CERZENM
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FiEL7zob, B2y 22 THALTURERZRE L, AP OMALIEFET 400Xg TH
FEORLBEIZL - TIEH®EL-OL, E]L 0770 Ficoll-Hypaque #IZERE LT 1,000Xg
5 5B OB LIREERAT, VOB R BN L7z, V) »/%3kid PBS C3 H#k#H L-0b, il
12 1X10% cells/ml & 7% 5 & A (ZFHELL THaRR ) >/ SERIFBEE & L7,

smlg REMPEOBRHEOLE  smlg ORI RULFEERE IR L7 FITC Zakbi 7 ) ik
T F IgG & 0.02M 7 U{bF MU v A% E D MRPMI 1640 ¥ T, 1X107 cells/m/ (2T L
ToHMERFEHER T ERBRA L, 25°C TOFBRIG &7, £L T, 400Xg T 5 5ME D& L#EE
W&o T3MPEH LAnL, HEHEMFETHEL,

7 CATL REMIEORE ') M O MR F#E 7 & 800%% (2 FR L 7= FITC £Fa%#1 CATL
v FHAB LU FITC BRREE 7 FHAZERREL T, 25°C TLHHRIC S €72, RIE
%, EABEMBETHLGYBE L,

Percoll # WA= DBELLEDS: HE%1.053, 1.058, 1.064, 1.068, 1.073, 1.078, 1.084 i
FBLL 7 Percoll B#E(Z, M HIMERFHEB B L BRIl Z &R *ERB LT, 1,500Xg TH4
BORLRIER T o7 £LT, SLHERICER S W7-MlRE % B L T HBSS T L7-D
b, EEPUAREIC L - T smig RAMIES L O CATL fREMRE 2R L7z,

smlg REMEEE &L U CATL REMIROEREMS SUOMEBZWRE MBHMERFEERS X
Ul e EE 7 VMEBL00.5% 77 v 7 ABWEY, ThEFNR5 41 DHEET
BE&ELEDL, 25°C T1IBEKD S/, KD, M mEREHERICIE FITC ki7" i
Ry FHUK, BB HIR 7% I 1t FITC 23850 CATL v 4 FHAE L RIE SE7-05, BT
ARAT RVEBL L7, HASEMBEEH VTR AT Lo smig IREMIEE L O° CATL R4E Ml 2 Bl
Liz0b, A7 —-JVHEDTHVWTEREROMRBONE LA L2, 20K, AAT %%H%L
¥ )—VTHELEODL, "V F ¥ —EEFLFO2ELRBLYIT, ThFhofilio&R
UBLURBEEEZHREL .

FAO - OFRBEMEOLE A mEkT R & MRARRE RO smig B & O CATL &
FHkE, A0y Vi EBIEAFEICRE LT, Zhthofiaor 1oy — il
ERCANE AR g G RO

smlg RE#MAL & CATL REMREOMRREMBEOLLER DmBFE#EHE L FITC HE21T-
TV W CATL w4 FHik s 2BA L, 25°C CHOFMRG S7-0Hiz, A% k%L,
FLC, ®REHMmMEKIC O — 5 3 LRSI FHUEY FHE (E-Y Laboratory) % UG &7z,
BUBHMERERFL-OLI, smig RAMBOBLEIT-72, £L T, HIHEMBETHELT,
CATL f#A#il & smig RAEMIBOINE L B L 72,

smlg BE#BEE LU CATL FHEMEO 2B Mk HIMERD 5 Fluorescent active cell sorter
(z— N % —%k, FACS) # AT, smig (RAEMIEE LU CATL R 78 L. #LC,
FREFNO#ME% 5mM, HEPES, 0.15% NaCl, 20% 7 V) IfiLi& i1 RPMI 1640 X531 (HK) 121X
107 cells/ml &% B L HICHE LA, ZOFMBFERIZT 4+ F~NET ZVF = (Difco, PHA),
arHF8) A FIEHE, ConA), K—27 71— <4 b5 (Difco, PWM), Escherichia




i 1
coli LPS (Difco) B X UHL7 UHMAE Y 4 FHik %, REREENZLER 0.1, 1, 10, 100, 1000
pg/ml £ B X HTEMLzDL, 25°C TR E L7z, R 400X g T5 5H O®.L#
E%470, BEZERESARNLZOL, L3 —XCTFA My b (FEME) 2AWCEREo
Fua—-ARRlE L,
= 3

Percoll % Fiv:7- smlg R B MALE £ O CATL RA MO 558 E % g U 785513 Table 7 {2
RTEBHTHD, smig RAEMEIZILEDT. 068~1.078, CATL fRAMMIZ1. 053~1. 064D H
SHROIEPR &2,

Table 7. Seperation of lymphocytes with discontinuous layer of Percoll

Specific gravity of

Percoll solution Lymphocytes Cells with smlg* Cells with CATL**
1.053 e — T
1.058 o+ + F4+
1.064 ++ + ++
1.068 - e 4
1.073 +++ 4+ +
1.078 i s N
1.084 + n N

*  Surface membrane immunoglobulin on lymphocytes.
**  Cell surface antigens of yellowtail thymic lymphocytes.
*x#  Percent of lymphocytes and cells: + + +, >50%; ++, 25-50%; +5-25%; —, <5%.

Table 8. Characteristics of the cells with cell surface membrane immunoglobulin (smig)
and cell surface antigens of thymic lymphocytes (CATL) of yellowtail

Characteristics Cell with smlg Cell with CATL
Size (xm) 3-6 3-6
Shape round round
Peroxidase —_ —
Phagocytosis — —
Cap formation + —
Adherence against nylon wool + —
smlg + _
CATL + +

smlg [RAMELE L OF CATL iR MlanfaiiE, &8l +/ o0y -V ofEEs L UM
N ETIE 4 Hat L7 8 1L Table 8 IRT & B Y TH S, WML bBEEH 3~6 zm O
O TH LI TH 7m0 FLAFREIIL - THRERFREICRESH, HEIR IO F
CHETABE SN, UG F ISP ERET, AARMLED LN LD o o cap AU
smlg RAMIIZOATH 5N, T2, T4 00y — L O@#HIE CATL REMRIZED R
7275, smlg RAMRIZRRO SN G Doz, T 72, smig RAMAIZFEREIZH CATL 74 F4
fh& U L7zAs, CATL ZU AT ML O b7z,




7)) Ot R

BRL 7 F T HREME Fig 9 SRTE BV TH B, 7 OMEF® smlg HAKIZ
PWM, LPS B X L7 ) R 74 FHk L Kb L7z, BOCEEREEZEEN0, 1, 100, 1000
wpg/ml & 7% o7z, CATL REMLIE PHA, Con A 8L U PWM & BB L7, RICEMIBE 22
nENL L Lug/ml THotz,

100 r .
\ 0—0—°
50 } I \‘\0/
A D
O Y L A 1 i L 1 L 1 i
100 i oO—0—0—C—o0
@V/o/‘:’o .
e 50} i
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0 b foand L J A 1 b e i 1 I 3
100 ¢ — 01 1 10 100 1000
—Q
50 F
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O #,‘ 'l ] 1 ]
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Concentration (ug/mi )
Fig. 9. Responsibility of yellowtail B-like and T-like lymphocytes against various mitogenic rea-
gents. Symbols: @, B-like lymphocytes; (O, T-like lymphocytes; A, PHA; B, Con
A; C,PWM; D, LPS; E, anti-yellowtail immunoglobulin rabbit IgG.

z =

smlg fRAMME S & O CATL REMB L L ERLFICL > CHBELAE 2 A, smig RE MR
T HEAT.068~1.078, CATL A MALIZ1. 053~ 1. 064 DE > DHEAE b & - 7-. LEWS
etal (1979) 37 AV A+ XD L FRO smlg FHEMEL T v NERMEO>EILE 4 5
N7-EZ A, smlg BRAMALIZIEEAT. 068, T¥ o FEEMAZIZL. 070 EOESIZE T A &
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LTwh, KHOMELINLORELFAKTH -7,

7)) O smlg REMILE X U CATL REMI IS HELMBREDOK R, BEEH 3~6m DMK
OMFET, BOAETH -7, FLFREIL - THIREIIFREIIRESh, BEIZEI0v
FUBLABEISN, 85610, RUFAFIF-—YEREL LT, EERIZEDOOA D 57,
NN ENS, 7O smig FAEMMEE LU CATL RAEMIZGVFRL Y » 1 BkiCEE S
Lh0LBbhb, T/, FAR Y- LOEBHIE CATL REMB TIIED HN/25, smig
RAEMBEIZEED O o7, —8IC, BIETIETY U KEFf oy — V2 @R T 55,
BYU Y EIEEBEBLZVOT, COWEEFHLT) Y ROGHSTTbRTwD (RAkfh
1976) s 7N @D ¥ SERIZB VT H, smlg fRAMIE L CATL rEMBEOF 107 — L D@8
PIZERFROONLZ S, ThoOMlB0s#RELE LTHEATEL2TRENS S LED
Nb, 37, smlg RAMBIEERICH 7 ) MBEHUE 74 Fhihk & e L, smlg fRA MR
CATL 3B L TWAB I EMNBEL b 570 WoiE), CATL RAEMRIZIT 2RO 20
5177, Secomses et al. (1983) X2/ OHAS L UHWBMBEIEIINT 5% 7 o—Fidik
PERLT, 2/ OEECHEY ) v BRREMEOELERF L Tnb, FRIZLBE, T/ D
1 U %EKIZIE smlg & CATL 2R T50®, smlg DA RET L LD, CATL OARET
53HED) BB EELTEY, REL DI smlg DATRATL) VN BROLENE T
HELTWAE, 7Y Tid, smig DAFRATH ) Y FKIZBRH ST, smlg & CATL O H
YIRAET ARSI EAETH Y, ScoMmses et al. (1983) DL L HESRD SN, LaL,
ARFRTIIHE) 70— FAHEEHELTW A0, ZOERMICHESDLLEbNE, 4
Bz, 70—FAHEKEAWT, 70 LRREREOBIT EOLLENFH L EBbh
Bh%, CATL RAMBD 1 HATsmlg #RELTWAI ENELZLN, Zh6 2ODMBEEORE
BEHEELTVWLIDOTERZOREEI LN S,

)RR MRS B, BHETRET ) 7u—F AR WA FACS 1L - TiThbh 3
Z A% v (WHITE et al. 1978, Tanaka al. 1981, LokeN and StalL 1982), # 2 T, FE T
FACS % i\ T smlg A ML & CATL REMBRORBEE 1T 7. £ORKR, ThEhoMiial
BHE—DE -7 %R, MIBOKXIZIIEEFBDLONL N A6, HEMROEENSF LT
HEIENELI LN, Wol®), FHEL I F L REDY VBRFERCATFIT 5 KSR
YEKOREDFERELTHVWORTWD, —#&IZ, FHIEFE LTI, TU Y 2t5kT)
PHA, ConA, FfERIMERAS, BY >/ 3k ClLEiRE PPD, LPS, Staphylococcus protein A, HithiE o
O MES, MEICKETEL0E LTI PWM SIS TWE, 72, U EROFIR
bR L CIBEBEN LB L2BET 2 5k (Waft 1970), BETHEWEORY Ak
X B h: (LB 1979, Bach et al. 1966), EHF OISV a—- AHEBEEICL L HE
(MacHAFFIE 1967, DEcoDE 1980, i #rfih  1980) %2 KO AEVHONTwbh, KETIIEFNLLD
3L TEEWMAE, THEEOBELIVI-AEBEICL ST, TUDY Y EROEIRILD
HEET o7z ZOHKEE, 7V O smlg RAEMIZILZ PWM, E. coli LPS B X UHL7T ) HlE T HF
Pkl UCRS L7245, PHA B X0 Con AT 2 RIEH KL 720 VnlED, TUD
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CATL A %A T AMEE PHA, Con A BL U PWM IZL BT A EVBHONE L 572,
INLDZENG, 7)) D smig RAMBIZIZEDOB Y > 733kI2, CATL OA& 2 %A T 5 Hif
BT RICEDT A8 B L UERr - R TH L LIPS 7, BED) &
NREROZTEL 7 F 0 0 EOFHRALRFIO$ 5 Ketk1d Etuncer (1976), Cucuens and CLEM
(1977), CuiLmonczyk (1978), ETLiNGer (1978), Sakal (1981), BraxuaLL (1985) iZ & - TEFHFh,
TW=FN, ZV<R, IA, 777 I M RETRRONTEY, BBLUTY #7330
WEFRPIIRIET 2 U Y BROFEPHONIZENRT VD, ZDXHIZ, BEDY /93RS FEK
RIS & > TEFLVB L EIRRIC, BBLUT) v/ SBRICHETEL I EAHMON TV 5, REO
EBRERDDL, 7TUOY VSERS 2HEED) VSEIPOBRENDL I EPHAL ML o, 85
12, 70N R 2EHEOMBE,rOCHEE I NS, FALOMBBOXKEIEOKREREE,S,
smlg RAMALIE CATL 2 RE L CTWBH I LI2L Y, CATL A, SRELCELDTIE 2
Wik EZONDL, BIBIZBVTHREFICBY YRR MRS HFET AL 3NTS
O (Jentz 1979), 7V OBY v NERIZMIRICHET A0 TR VR ERbRE, L2L, 7U®
2HEHO) NI FNFNBELUT) v SBROBRER b b, EWIHITE L CHETHLED
NBHOT, Dk smig REMEL B /38, CATL Zi32RATAMREEZ T v /585kE T 5,
F/, TUON KR EAHAEILL > THETHE ZE, AETHVZ 2ERBEEN LIV E
Bbhd, 5%IB7IVERIIBITS NS OMROSHIKEZ AN O 2 BHE MBS LIZD
WTHRETALENSH L RS,

FIH TUVOREY I/, pre-B #ilad S UHGAESMRBOKAS T

BIEGE CIT, #HARKICE A7)0 vk il B E £ ENOMBOEE %17 - 72
FOER, TVOY NEMBIEB) 58k, TV 38, pre-B MRS 3 & OHLRE A MR
HTELIENHLNE L7, FNOHDI L, BY X 238kIE CATL 2B LT 5 I &hb,
AR IZHRT 2R, OEL TE DTV LEIONS, L2L, FOG3{LOSEHRHA
FHIZDOWTIEHL A Tid %W,

ZFIT, FEH TR 7Y OEM) 235k, pre-B fifad L Ui ELMBE ORI S  F, £
NEhOMREDSLS & EREILIZOWTRET L7z,

B A&

#HEa FNEIAEATFEEFEORBEEEIOBA L TFHEREL.7g0 7 A+ HW
72

AEAE MHABRHEANB0! 77 AF v 7 KBIIREL T, BAEREH-D12%DGEHEA
FIYHFICE S I (REER) 2N 0%HF 2B TS L7z,

REES JUCMBEMBFERORE ~A0Y VB LAY Y OEHOCTLEERNEIC L ViR
mL7-0%, 72726125, 8, KiE, SaFFR, BT, BRI, BREE, R, BB
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DBE LR L7, Thb D HBSS FTHREIE N I THRtLAZOL, BEXA v a
THBLTHREFZIIBRV 2, FLT, ZhoORMEBSMREFEERS L O HBSS T 2 {5
L7 %, HEL 095(2F % L7 Percoll ##fIZER LT, 1,500xXg TI55M D& LEIERAT
W, RIOERDAAOMALE %4748 L7z, M8 HBSS % HVW T 400X g C5 S oE.LkE % 3 [
BRLTHBELZODL, HBSS 142 1X107cells/mi & %25 & H 2B L, SESEE LMK
MR e L7,

ERBSLUMRY) > BZEAORN KMEFDS L Mg EERIZ HBSS #1121
mg/mi DEEL LD EIICHR LS VR VERBHEEMA T, 25°C T 1 B MRUG S 872,
RIef, HEL 0772 L 72 Percoll B ICERE LT, 1,500Xg TI54H O LBIEE TV,
U SERE R IRE Lz, ) 3Bk HBSS £ VT 400X g TS M O&ELoeH % 3EEY &L
THEL-ObH, HBSS 2 1X107cells/m! & %5 &5 2B L, SRR E L Mm@ /53R
FlER s L7

EEE S L CMAMBZERDO U D /NEBOBTE 100 x OXRBSE S & MLl TE g %
400X g T5EOFLREFTV, MREZENRN L, COMIE 10 O KR MmEIZHE
L=, BEIZLDAATRER LA, AATRBBDTY ) —LTHELLDOL, bt
VY -—BEFLFO2ERBEIT o7, FBEEBICHREL TLO0EL LOMBEESEL, )8
HoEL KD, ZOHEICHEREEL T v/ BROES BE KD,

FUDOBY L NERORE  smlg ORI R EREE ISR L/ FITC #8307 ) Hik s
FIgG £ 0.02M 7 V4kF b ) 7 A% &t MRPMI 1640 35#C, 1X107 cells/m! [ZFAB L 724
BB X O Y L SERIRE SR A S REIRA L, 25°C TI0OMIKIE &7z, #LT, 400Xg T5
SEOELRIFIZE o T3EkGE Lz0D, #XEMETHRE L,

FUDOTU L BOBRYE 7 O&ESE L UM >/ 8k & 8006512 L 7= FITC 2kt
7 CATL REHUR 7 FHifk % 25°C T 1 BRBAIG & 8708, #BEHEMECHLETBELT
CATL MtEfa ik k72 COEMPHEITKD/B ) VSBREE O WTT ) v 38k & L7z,

A AOR Y S EE R % B\ C, Sovenyt and Kusupa (1987) D4 iEIZ L - TA
AT HEER U720 AXATIE —20°C D95% L% 7 — L T305HEE L7220, HBSS Tt L7z,
B tg, BT - 2 (1974) OFHEICLE o TRAAF L F— VRO B I~ 32 Vi E
To-ObLRERED FITCAZF#IM 7V AT HF 1gG #EE LT, 37°C T1RMRIE €72,
I #, HBSS # IV TA AT 2k L7-0b, SREEME (AANLT) THEL, #Miamiik
B L7,

MRS RAFORY GEA> SER LIRS L SRR ER L BV CERRO Ak
TRATHERLTEE - #EBL/0L, Img/ml OBEICRARL/- RIgGHEEERL, 25°C
T2MMRIE S84/, XA 713 HBSS T L7-0 b, FITC I 74 ¥ IgG Y ¥ IgG v &
BLT37°C TlHERE S/, Kok, A A7i3d HBSS THigL/-0b, #EERMEYHV
THERL P R LA IRA ML 2 4R L 720
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HEE B L ORI RO ) SR R R Table 9 IZRTEB N TH B,
10° A0 EBes B L MR O ) oo SEREUL AT 1029, 8555 1035, Maisss 103°, sEEERAS
1031, BFBERTEL AT 103!, B A% 10%], B EEAT 1032, FEEAT 10%°, MiAS 1035, B
10°! & L OB fL AT 10%6 8 & 7 5 72

Table 9. Distribution of lymphocytes in yellowtail various organs

Log number of Mean percent in lymphocyte
Organs lymphocytes
(10 cells) smlg*! CATL*? NM*3
Brain 2.9(0.3)* 22.1( 5.8) 74.8( 9.2) 3.000.9)
Gill 3.5(0.2) 41.5( 3.2) 53.8( 5.7) 5.7(1.0)
Thymus 3.900.1) 0.4( 0.2) 88.6(10.3) 11.02.7)
Head kidney 3.1(0.2) 28.6( 3.2) 70.4( 5.7) 0.9(0.1)
Kidney 1 3.1(0.1) 37.0( 2.1) 61.2( 2.1) 1.8(0.1)
Kidney 2 3.1(0.3) 36.6( 4.8) 62.8( 6.2) 0.6(0.1)
Kidney 3 3.2(0.1) 42.2( 3.3) 54.2( 2.9) 3.6(0.3)
Liver 2.9(0.2) 81.4( 5.6) 18.0( 7.8) 0.6(1.0)
Spleen 3.5(0.3) 91.1(10.3) 5.5( 2.1) 3.4(0.8)
Intestine 3.1(0.2) 44.9( 4.6) 50.4( 6.3) 5.7(0.6)
Blood 3.6(0.3) 60.5( 8.3) 36.6( 4.2) 2.9(0.4)

*! Surface membrane immunoglobulin.

*2 Cell surface antigens of yellowtail thymic lymphocytes only.

*3 Not marked with FITC labeled anti-smlg and anti-CATL rabbit IgG
*4 Standard deviation

FhAR B & CMEHFERFOBE LT Y /R ERO R % F 745 £12 Table 9 (2RT &
BYTHb, FWEBBLVPMBEHETOBB LT v /38O HERIFRENNAR2. 1274, 8%,
825541.5&53.8%, MRRA0.4L88.6%, FHEEA28.6L70.4%, BEILEANT.0£61.2%, &
B ERA536. 6% £ 62. 8%, BBIEERA2. 24 54.2%, FFBEAT8L. 4X18.0%, MEA91.1&5.5%,
B H144.9& 50. 4% 3 & DMLTEHIAE60. 5 & 36. 6% & 72 o 72,

FlH AR B & OV i L v i P DB AR R 2 % B2 AS 213 Table 10 ISRTE B9 TH
%o 10* MO & AR B & UMM P OTUREA MBI MAT0, 854519, 4, BIRAT0, FEEE
73832, BWATASAT4.8, BRAIATI. 4, BEWAIWA6T. 1, FFEA9.3, BEA26.6, KBS
4.8, MEHREA9. 28 & 7 5 72,

HEAr B & O AR R O pre-B MiRE & BUAE A B o0 HE R A B4 213 Table 10
R EBOThD, M, B8, Wi, BB, BEPs L OB 3R A e 72
13 TdH o720 Pre-B MIRZIZ ST EA%0. 1%, BWEEEA0. 4%, FFEAST. 1%, FEA39.5% 8 &
I A%0. 9% & 72 - 72,
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Table 10. Distribution of yellowtail cell with immunoglobulin in cytoplasm (clg)
Number of cells Mean percent in cell with clg
Organs with clg
(/10* cells) APC* pre-B cell NI*
Brain 0 —* 0 () 0 ) 0 =
Gill 19.4( 9.3) 95.2( 2.3) 0 (—) 4.8(1.1)
Thymus 0 (=) 0 ) 0 > 0 (=)
Head kidney 83.2(11.9) 84.6(11.4) 0.1(0.1) 15.3(2.5)
Kidney 1 74.8(12.4) 90.2( 2.9) 0 (—) 9.8(1.6)
Kidney 2 73.4(21.6) 85.2( 2.4) 0 (— 14.8(3.2)
Kidney 3 67.1(11.4) 89.6( 0.4) 0.4(0.1) 10.0(2.8)
Liver 9.3( 2.2) 43.5( 2.8) 37.1(9.8) 19.4(2.6)
Spleen 26.6(15.6) 50.4( 2.5) 39.5(2.6) 10.1(8.5)
Intesitne 4.8( 0.6) 100.0(—) 0 (— 0 (—)
Blood 9.2( 1.1) 79.6( 8.2) 0.9(0.1) 19.5(2.9)
*1 Antibody producing cells.
*2 Standard deviation.
*3 Not identified.
3 =

EEREIIED) U REBHBLIUO 7 7 7V F I 2B ERBR LD 200N E L b,
EMABHEROBEMREASZNLDOWTRLIIBITL, BBLUTHBIZAEL T 52 &85
T 5% (CoopeR et al. 1966) , D 7ziZ, T ¥ XEROLEBALTdH B BMRAIZIEB Y ¢
RiIEALZBOONL, LAL, 7V AREOHEAECRWRITETENEHC 7 7 7Y
FYZRIFELLZVOT, EERPEBL LS ZORDY ERLOTERVHEEZLRT VS,
BIEIIZBWT, 7Y DB Y SERIAEIRICERIE L o2 &5 5, MIRBRME, S5 L T
ElDTRLZHIEEZONS, REIZBVT, BESS X UNEBRFERFOBBLUTY
YOOI ZRENIAFER, IhoD 2 OOMBOERASHICIZERSED S, Bk, MKs
L UMHEHIZIZB ) /38R, MR, BB L OTHE R T VS EROBEREF NI EPHL ML
2o TNHLOIENG, BY Y NRRICEFBPLBBAEELFEERLTVLEDOTRZVAE
E2Z bbb, EMMERICH et al. (1975) 1337 4 @ smlg RAMB i L2458, M, EEs
UHEHRICEWEETRE SN, 2512, MIRMEO65~68%DMIAS smlg 2134 LTz &
LTwv5h, Warretal (1979) 3= v XDMIRY > /38D smlg #RBTHLELTVD, s
(¥, PasQUER et al. (1972) WM D smig DRI F 1T - 72458, MO smig RARMBEO
FRIFERICHE Y BILRERO SN h o 7225, BRI TIRAERIZIZT0% TH B DI L, Bk
TR9I%ERS72ELTD, ZDLIIZ, MIROBEEIZRMAER - FELZEESH L L Bbh
bo —fIZ, ¥ NTRMROBRIIHABEZRIRIE, TRUBRIETTLZ Em5RTW
bo AERIIHWA 7V HRABRHAHOBRKICH L7720, (2 EORKREERL LTHER D
HEBbhb, T/, BA (1985) MBI SE¥LE 7/ ¥4 TOMBSEEL, Zho0
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I LRI T ARG 1T THEELTVA, TDLHIZ, 7)) ORIRA® smig &
HHBOHENEL 572D, 7UORRAEIZLLZDOTRRNDEZEILONDLY, SHSLIIR
FHTALENHLEREDLNL, WolTH, Elusetal (1975) &Y /2 # L A ORIEHRROENTE
BEBSAER, BEROV CEREBRANCL &L L%, FDITE A ED B IEE 2
EILEEALLEELTWE, ZOZers, BEAORREED/Y R ROENIE L FETH D,
iR~ i~ R B L ORI E RN A DTk A v b ELONA, THIZE ST, 7Y OHN
BB ¥R EEZL DL E, B L /38kd CATL B L TWwA Z &%, pre-B #Mifghs
BRI SV 8, BIUOKESLHOKRELIS, WIRD OB, MRS FEA & BT
508, HEPSEBEFRRAIZZA>THUT DD 2DIX0PN5DTRZVHIEEZDL
hb, ZLT, WEVBRECHBETCROIAZRAT 5 &) 28H LPS 126 5 s+ #
BTrOTREVIEEZONS, LA L, Jentz (1979) (3 H FORIRPIC S BY) ¥ /8EkIZEHK
Y3 ZMBEATFELTWEELTWS, ZOZEhS, 7UOB) » IR ME*RAET S
DZDEIBRBHAOB Y S8R LB L) ZHMBESHEREL, WRET TLZOLIZEDBES
PP TRBET2OTREVWNEEZONS, 5T, pre-B ML IZBRR R AFRICE W
Brhot, BETIE pre-B fIIBOEKNSHIZINT TIZANSL R TV RWA, IFLETIE
B EBY U NEROEESME SN TV AENIZEWI LML TV 5 (HumawN 1969), =
D EHS, 7D pre-B BB ATBECIMIZE {, T, TVICREESEELZVI L
2o, TNODEERNBY) VSRHBOEEICES L THhWADTIdhWnWhbEZ HN L,

7 OPAREA ML ERSEEMICE A LT b I EMBEL I E L 57z, UEEEMR
3=V~ ATIIMRIZE < (CHLLER 1969), 24 TREBFIZZWVWI &AM S5 N T 5 (RUKERS
and MUISWINKEL 1977), 7 V334 LA TH LI LBl L b oo 720 PLAEEAMAZIE pre-B
WA S smlg #F OB ) v EREFRTHELTLCAZ ENLSN TS (HyMann 1969), La»
L, 2hod) b preBMIaEBY v S BRIEBRES S UFRICEZ(aH LT, 2L %
SABOERIZOVTIE, BY YO 1 EOMEDFfinsEZ 5L, BRICTAILIZTE R
otz Vol®), BYUVSEISHEELAMBADOBITIZEAT) Y /3P HE5 322 L9805
NTwb, TOZ NG, BRBICHEEEMBIDLZVWORTY Vg b vk s Tld vy
EEZOEND, FRIZHLT, EHRTY O EROKENE L, B Y38y SHEREL M~
DBRITHFTRLZDOTE WD EEZONL, LEOERL2L, 7VOEAD) V) BROBH %%
AhE, TUD) v SHOTNTH CATL xRAELCwh 2 e0s, I THMREEHTLILR
bbb, 20#%, FWEATHMELTERRIZTLLDE, MEBRHRIIBITLTBY v 35kE L
TOREFZRETLLDIIGPNLDOTId LR EEZLND, LT, BB TRAL
BY U/3kiEHEORAL LB, EEBLIUVERICERLAZTY Y3 ROBNIZE T, 20
BCHAEAERIIMET 20 TEhvrbEL 6N,




FAH REICHSZE)NBOEIL

B TIZ, 7000 8BkiZIIsLEEFBICBBIUT Y > k0 2 BETHBR I AT &
DS ER o7z, FAEOHMBHAERBBEII ML 2BEOMBIZL > TREERTWA S
EXHMLNTWA (B 1976, WO 1979), 7V IZB W TH MEEVERESE I8 & Rk
12, ShHo2BREOMBIZL > TREShEZ D LEbRE, LiL, #NFhoMizoiiie
PEREREIC RITTREREEII DV TEBELAILER TRV,

FIT, AETIEEMBRKEMECRELZHOINSL O 2 HE M OB % #H~L L &
b2, MR REEEICRITT BRI OV TR L,

X B A &

s SHELENFENFEEOBMEE, CHEA LS EFHEKE 24.8g 07 ) AT HY
72

BHEAE MBI 800! DHAR TS AF v 7 KHIZNAEL T, BAEDRYBIZH-B4H
FTIVFIIATFI-FS (REERTE) #MA-30%8MY 2HIHITTHRS L, &8,
AEBHI P OKIEIX 23.4~24.9C TH o720

SEHREOER REREICIZI M)t —0 (INP) {LL2EFISHAANEL T
(TNP-KLH), 74 ¥ IgG (TNP-IgG) BX U7 > miE7 N7 3 » (TNP-BSA) % flv7z, BHLE
D TNPALIZRD L H L TIiT o720 BHUE 100mg % 10ml @ 0.2M = ER#E& i (pH 9.0)
I L7705, 10~50mg R = baRyEr ANKRVEEF MY ARRINL CI8EHERE
THRIG&® 7, Risfk, PBS L7zdDbh, EHAMIZPBS M2 T20ml &L, ¥/ 7&8&
UHBA SN/ TNP #EEEWE L. ¥ v/ BOREE I Lowry DFEIZL o Tir o 72, TNP
EBOBEIZENAH % PBS COFICHFR L2012, 348mm OWkE AT L, FAESFTT
@D ~TNP-") ¥ > DOFENVENFEEKLT. 4002 H T, TNP OELVETELE L7, 2@ TNP D€L
Br EFMARPOSHEDOELVETE - T, FME 1 FH/-0 O TNP BEFEH L, &8
HHUEO TNP 23108012 & 2% X H TR L 72,

®EAHE HHAOEENIZ 2mg/ml OREDOEIIEE 704V FORREET Vany bk
PEREICRAELZOO% 0.5ml $o8EL 2,

MBEDIFER KFENOL, 1HEBI L IZZKI0ROMAA T I BiFCLOBEREIC L - TR
L7 fE s 6 4°C, 1,500X g T305E D LEBRIFIZ & - TlHE Z R L 72,

M) > NBRFWERDAR ®REOODL | AT L ICEXKIVBORAATID Bif, ~/9)
M L-2) P EHWT, LEEREICL VRM L /-Mm# % HBSS T2/ AMLz0L, b
#0951 EL L 72 Percoll A#MICERB LT, 1,500Xg T5 5B OR.IRIERIT, FRMEk% B
F L7, #0#, MiEMEIE HBSS 2 HWVT 400Xg TS5 SMOmLEHFE 3IEHE D EL-0h,
HBSS #i2 1X107 cells/ml & 7% 5 & 5 IZ8& L7,
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MEROREBOBRE o7 UK FhikE AT, BES (1985) 7)) OmFEHAFR
ER® ELISA #:12 & - TiT - 72

MAEEMBEORE HENOMBASRITERA M A RE L7, HERREEROBEIE
0.39% NaCl, 5 mM HEPES, 100 zg/ml ® X b L 7 b= 4 >, 150 units/mi D=3 1) Y G B
I 1°20% @1k, 7 ) fiLiE % & € L-15 (Flow Laboratory, ML-15) % BV CRIEID HiEIZL - T
Toto MMIERE L 2X107 cells/ml & L7z, RMEROPEEIEIX € Y VAR (SRBC) & &
JE & BV CHIEF (1972) 38 & UF Hosono and Muramatsyu (1972) DL L o T o2 ZOHUR
BofE SRBC 1d ML-15 iZ~A< b2 1 » MEMI5% E %5 & HIC8BE L7z, 20 SRBC B&EWl

CEHBMBAR R SEEREGLODE HBSS # HW C0.6%iBEICRE L7 A0 — A%
EBEALIOL, HOPLHTHI-AXWBELIATA FF I RIER L, EMHT
25°C, BRGS0 HIZAT A F7 5 213 ML-15 # W CEBBREICAR L7277 LK
WIEICEE L. FLT, 25°C TIBMEIC SIS TTI - 7 FEiti L.

MEESMEBEOBE SRERBEZHVTIVILTILTE FEICL > TERERLEREL ¥
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Weeks after Immunization

Fig. 10. Changes in levels of serum antibody levels against various antigens after immunization
intraperitoneally. Symbols; A. (O, TNP-keyhole iympet hemocyanin (TNP-KLH); B,
2, TNP-rabbit IgG (TNP-RIgG); C, [0, TNP-bovine serum albumin (TNP-BSA); D,
control (no immunized fish); P, pre-immunization.
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URMEEESR L, 5mM HEPES, 0.15% NaCl 3 £ 085 % S B5 2 M0iE A0 RPMI 1640 541 1
X10% cells/m! DBEEL 5 L H IZBEB L7z ZORMEKBEHE L M) ~ ¥k E 2RELT,
25°C T2HRMIRIG S/ RIBt., 0.5% 7)) 7 Y oL VT A—MO. 1% NI LT VT
ENEEETMR /205, MEREHES (Thoma, Erma) (ZFHRML CHEEL, 3MLLEORMER%
L) vk EER L.

EFRESMBEORIE TNP-KLH REXOED O KB T EIRIL MY v 735k 27 U
EHFHRETREL 7205, BidOBETHIESSHERELNE LT, ROEBRE L HEL 7,

* S

SHEBEOMB OB EBOEILIL Fig. 10 IR LB TH o, SRIEXTIIRER 1AM,
SMEFOMARIHEML, B3 ~ 4 BEKRICERKE L -7, BREERDME S ORATIKE
(& TNP-K-LH XT3 1: 2%, TNP-RIgG XT3 1:2%!, TNP-BSA X T 1: 240, $BX Tidv»
FTHOFFEICH LTS 11228 T Eh o7z,

100 ( r

10* organic cells)

{
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Fig. 11. Changes in number of hemolytic plaque forming cells in head kidney against various antigen
coated sheep red blood cells. Symbols: A, O, TNP-KLH; B, O, TNP-RIgG; C, &,
TNP-BSA; D, control (no immunized fish); P, pre-immunization.
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REZRDOEFE P OPFELEMIBHE ORI Fig. 11 IIRTE B0 THH, ERIERK TIIRIEH
1BE» CEHBhOFAE MM, REZ] ~ 288 TRRE L -7, FREXOEE
K210, 00018 v o e K IR EE A HIHa 3513 TNP-KLH [X Ti378, TNP-RIgG [X Ti168, TNP-BSA
XTid39, HEXTEVTFRONEIF L TH SELTE L 7,

RIEBOHEBPOFEESMBEOZEILIE Fig. 12 IRTEBNTH B, RRERKTIZHRER
1 ~ 2B L SBELRZIC2OOE -7 2R LA, MBXCIMEESEMBE®REShE
Mo fze M) v SHREIIH T 2 HEK B EOE G K REX OFRE D Y~ 7 Tid TNP-
KLH [X#%4.8, TNP-RIgG [X#%2.0, TNP-BSA X Ci30.6% & % 572 2FB DY — 7 Tid TNP-
KLH [X#16.7, TNP-RIgG X#%16.4, TNP-BSA [XTI39.3% & 7% » 7=,

TNP-KLH %3 X OHUEH SHRE O 7 ) Uik 4 FHRRE%Z 0%/bE Fig 13 1SRT &
BYTHb, RERDIESEGHBEO2ODE—205 5, BIAIOY — 7 BOPUERE S ML
B 7 UK FRAABEIC L s TEIL L 2D o725 2FBOE - 713 Z00EIZE - T
B SRBEEITEA Lz, ShS0RDE 1 BUTORRETHEENED SN,

Antigen binding cells

Weeks

Fig. 12. Changes in percent composition of various antigen binding cells (open symbols) and smlg
cells (closed symbols) in yellowtail blood lymphocytes. Symbols; A, O, TNP-KLH; B,
2, TNP-RIgG; C, O, TNP-BSA; D, <7, control (no immunized fish); P, pre-
immunization.
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Weeks after Immunization

Fig. 13. Inhibition of antigen binding of yellowtail lymphocytes appeared after immunization with
TNP-KLH by anti-yellowtail immunoglobulin M rabbit IgG. Symbols: @, treated by the
IgG; O, control (no immunized fish); P, pre-immunization.
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PSRRI A L TL 5 EWIRKERREOBEIZE, $¥vru7 -V CARRESH
T, FO#MMFEE Lo [ reageon associated antigen (Ia) HLUE R % B U TT D) ¥/ BRICHERR X
Nb, #OM%, FERTFEZIFZT) V88KIEB Y V8RB L, EELEMBA~OMEE {2
ET 5, Vol WRFEKFENREOLEIVEAARIBY) v ABRRELOL LTy — LGS
L, PUEEEHEEAO L2 IRET L2 LM 6N TS (Scawartz et al. 1978, &1L 1978) .
COEHIC, BAEORERETIR2EED) ke s 07y = VIE s TRESRTWS
ZENG, MBEKIFEIUREZFV2 & 2o OB OREIHE ) BEOKRFAPES TEL VD
EEbNDL, WolE), 7VIEBVTH 2HEDY) Y NROFENFHER NI LMD, DX
H7) vSEROMEMERIZ L - TREBESBR I N TV HDOTR RV LEbIRL, £ T,
AAFFE TR IRAFIEDUR & VT 7)) OEEEICRIT 2 E D) » /7 SROBZEIZDO W TR
g L7,

ZOMRE, ZEREROMBEFORAREIRERI ~4HMTRARE 27, HH - #H
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(1981) 2 Pasteurella piscicida OV~ ") > ANELHEECTHRIE L7270 O iE S O Jrkqfid sk
%3~ 4BETHERARELBLELTBY, AFRICBVTLRBLEENEONL, T72, A3
PUBIZ & o TIRAMMERICERI RO OND, SHOERTRENEORGEL —EII LA
B, UEHOERIZIZLDTE 2V LEZLND,

71) OEEROHAEEMEVThORERIZBVWTY, RER2EBTRERE -7 £
7o, MBI MEFOPAE L AT AEm AR L, AELAMROLBEDE GHRERK Tidim
HROMAERED S h otz BEOPKEAMIICET 2% T F TIZ Svir et al. (1967),
CHILLER et al. {1969), PonTius and AMBROSIUS (1972), SAILENDRI and MUTHUKKAPPAN (1975), WARR
et al. (1977), Rukers and MuiswingeL (1977), &7 (1982), GINKEL et al. (1985), INGram (1985)
WEoTTN—F, V2R, N—F, 7457, Fr¥3, a4, #HITTRALLTW
BHo BULAMIZL - THMMNERIFED NG, WTNLIIMAESAMBEIEHAL-OLIZE
DEDHAT HE» S MFEPORAELS LA T HHANRED SN TV E, 7)IIBVWTYH, FF
PUARBEEMIESHB L T, 2O®RICNFEFOFAENREKRE 2D, FEREZERSEL M,

) 2 SEROPUEHE S, RIEELEE OEATRESIN T B Y, FERUEORBRIIHEZ > Tw
LEEZLNTWED, 7)) OYUERGHIZARER 1 ~ 280 & 5 BHELUED 2 2128 -2 %R
L7zo U7 VRS H FHAEORBIZE > TRUIDE -7 IR EA LB EX T ah o285, 2
EFHOY — 7 3PUSRAGHIBEIIEA L, CoZEhs, 7 ORERORVHIIZENLI
FRE AR L B ORISR 2P SR TIMEORSHARE LY, RUEICELS
DEFFERDAHOL T Y -, BUBHICEND ORIAL 7y — Ik > THIRERETHD
TRV EEIOND, T/, EHE5B K THLIENHALNE R ST, TALDI E
M6, 7Y OMEKESHRIGEEEECBETATY v S REENTHITABY) v YHRO 2
FIZLBLDTRRVWAEELIOND, $72, JO2HEOMBONEREAHRAVEL 0TI
GuwhkEions, BHEOVEESMMIZ OV TIE Rusen et al. (1977), ANDERSON et al.
(1979), GosTING et al. (1981), Sakar et al. (1984), BaLzer et al. (1984) D¥EAH 5, RUBEN et

al. (1977) W% o F 3 ORERHEMIIZ OV TH~ZER, F 0¥ oFEKGEMREE 2
NWHEORL S 2EEOMBIZSEINLD, WIFNOMROIELS S L F o~ Fa bifkic
Lo THHIEND Z Do, MAERTHHVEENIIEVGTEEET L 27y —-1l8 T
HETHOTERPELTY A, LAL, 7UDRINF L Fa L) RAMBEZNIIHAE
ZHoLDT, )y EKOGEOBENRELD, VLT Ot #EA T B EEENH L DT
BhVuhLEZOND, 5HEITY Y SHKOREKG LTS5 — D0 TE LITHE B LEM
bortBEbhbs, $72, HIHiTITICTYOBY v sBidiR® TTERBICHY, 2 CHIBRER
AR &ML 7 F Lo A REE 2 ERET 2O TR L Bbhi, KEOEE,PSBY »
PRERIC X AYURRE SR O BBEAIIE R OHAED LAKIZER 2 s, BY Y EKROMR
FKAMEIIMBFEFOINEICHR T 50TRLEVWINLEEZOND, LI ->T, BEE L UHET
O smlg (FEMARBAT L L E, METOHEAD 15 smlg LD TidhwhbELLNS,
PLtoiERs T boHThLE, 7)DENTIIRER]L ~2HBTT Y v K00 % 5SS




L

D SEROBRMOY — 7 R, DT 2HAMTHAEEMBARKE LD, 3~ 4EBTLE
FOMBEIRRE LD, UEEICKFILTBY Y 2Ll AEEGMRDO 2HEBEOY -2
BENLE V) BREPETREBEMERHT20TRZVWALEZLND,

ESET UINHBAILLSTYORBEEOTIL

REE TICT) D) Y IROGEEREXATV, 7V DY 8BRS TFLE & RBIC 2 EHIZH
FTohbIZeRHLIEL 70 LT, LI2F G THROHECHEERELENSBBLY
T USBRICEMT 2HIB T2V EEZ SR, RECIVERBEE ST 5 ) ¥ 7SBROER
WKOWTHRET 472012, RIECH L TERGEEZ 27 ) DY) »38k & 58 LT, REICRBRSE
D7) OMENICEA L THREIIH T 5REBBOLILIZOVTIRET L7,

B /A

A EMREEHFEETTEEOEMEE D, OSBA L EEEE 80.8g 7 AL, [
HHEONBETHE SN TV FHRE 1482g D7) 2HATH,

WEAE TVHERIZS00!I OHAR TS AF v 2 KEIZIELT, ARENI2%IZH 51
HFPTIvFIINTFI-FS (RAEMTH) MASOXES 2EIITIT TG L7z, 24
BlI2.5mUEOHENITTINAEL TEAKEOHIOBIIS A< F - FSeM2/27TB
FPA T OGEHRYFEHS 2B HTTRE L, b, REBRHBPOKERI 22.8~
26.7°C Th o7,

HMEE 194EIZKTETEE 7 ) HAOFRA S 58 L 72 Pasteurella piscicida OT-8447 54
FEHhETAV, ARIAKERY 2ERVELOL, BHEEEYIToT4AC THRIELZLD
AL,

MEOMEN #HEE%1.5% NaCl 0 BHI 71 3 AZEFEL, 25°C CT24REMRE YR LW
WISFNV) Y %0.5%BEL A LI ITRML, WHEFTIC4SHREE L/-0h, 1,000Xg T15
GEORLCERECL > THAZER L, BELHRE L2 PBS T3@#HEELAOL, 100
mg/ml DB L %5 X 5 FEHIZEE L T Pasteurella piscicida V<) ¥ ANiG L8 R
(P-FKB) & L7, 372, BARLWHE LY ¥ —DSBA LHEREMET H 5 RIER % 58
LT, W& PBS C3ME#H L-0L, RFHEIZ 1X108cells/m! £ %5 & 5129 % L, SRBC L&
L7,

RIEHE BEENBEERLBEEICL > TRIEL, AiEIZEE PBS THORICAR L 4R
WET794 2 FNOFRRET V230 FEDFRREHE 1ml 2 HAOEBENICEEL TiT-72
HEEPEREMABHEKEHCTLO0SICARLOL, 27— a ¥ e fTnia i bfitiEia
*5OBBEL T -7 WTFhOKHES 1ABAC2EAEB 0L, 14 AICENREY
1ol ok, BEERESSL L VERPEEARAIZIIEREES,S 3BBED 7)) 2B
A
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WIMAEDRE 7 H FIARMERE H v T Prarr-Muces and Isizaka (1974) OB FEIZ L - T 770

EEROVRAHREE  1.5% NaCl I BHI EART 25°C, 24BRIRE3E L7- OT-8447 %@ PBS (2%
WL, BRKEACTHRL CEREAEEESE Lz ERHERERREMLEOAERKICIE 1.8X103
CFU/mi, BRgPAEMEDHE I 5.8 X103 CFU/ml & U7z, EERMELEIT Z OEERICHtH A%
ITT7 L= a YEITVLENFL S THREL TIT- 7. 28, BEmbAaid =g 3 BAl%o
T BV,

DI NEFEEROARN SHEEEA, BERILE, 2EAB X USEKEERRE T ) #ED S
AN VBB LAY ) LV ERBVTLREREICL > TRILL DL, 72775 10 E & U
TRE L, M50 SRS MR LEL 07712308 L 72 Ficoll-Hypaque |2 &3
LT 4C T 400Xg, 0505MOBELBIEIS L - T o 720 #EAME, U > 73508 % BT L T HBSS
TI3EPEFLADD, FHEIC 1X10%cells/ml & %5 L HICEE L, BEB LUCEE SO Y
OGBS A T HBSS O THHANS I 2 AVTHRILLAZDL, AEAy v a
TS BB/, Fak (1973) OFEIZ L 5 T0.83% D NH,C-Tris #CiRA L 710 £k
YHEL0L, HEL0TTICHRE L7 Ficoll-Hypaque #IZER LT 4°C T 400X g, 307 B o
LDBIEZ T 72, #lfk, VU /3EkEB4mILL T HBSS T3 EEE L-m0b, FEIC 1x108
cells/ml ERBEHITHEB L. 8615, TNFROBEHR S HBSS T lmg/ml DEEE L2
IVIHBRLAANFZ N HBER RS LT 25°C T BRI S &7, Bk, 50Xg TH
FHROBRLCBEELT > TEED) Y 5kBx EIL LT, HBSS 2 1X10%cells/ml & %5 L 9 iC
BB LT ooSBRiEl e L7

Y BOBA FA-100 (HERE) CRE L ZEEHERSE 7 OB OMBENIZE/EY
YOSERFHEWRE 0. 1ml A LT,

BAD)NBOGHEBEOERICLINAEEROT(L EHEHERREO 7Y OEEPICE
BNEREIZ L > TRELZT) O »SBRFERE B A LERIS, BHE PBS T50f5I2H
LR E 1md 38 L7z, 3508 LEMZICSEARLID B, CEEREICL - TRILL 72,
Mmi#id 4°C T1BRWME L7-Db, 400Xg TISHEOEMRIEICL > TliE* 78 L7, #LC,
WH PBS T30f5ICAM L7 P-FKB BRI FlV T~ 4 27 0% A & — 3 CIi i B Ak %
WE L7,

BAVCNNHBOZRICIZNFETBOET BEEHERBREOOBENICIEREANREAD
SHE Y Y/ SEREEROFEE L 10~ 10 RFE 2 BA L2 E#%IZ, #HE PBS TS0 IZFR
L7 P-FKB fUR# % 1 ml R L7, #hZh, B 1AMBZCEAEKZIY B, fitos
& T LA P OBHEHURM % E L7z,

DNBBARRBOER CLZMBELREOETL 7 OBERIZEY VI SRkiZiEREA 3,
6, 12, 24, 48, 72, 96, 120, 144, 168k %I PBS TH0f%I2A R L 72 SRBC HiE# % 1 m! 3
M7z, ZhEh, HHE 1 BMEICSRELID BV, ko k@ ¢l s oS £ % il
L7z

BT OEAEEE IS T 3 BEABEMEO e Bk H 3 Tl L cRIEEREA, BEA
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A E G h, BRER LR, 2E0 8 X ORREERBRL 7 ) #E ARG T ATV R
a7,

gB7)OMERORKMS S OMBEEOLE BEERES, BREANERERGES, BRI
b, 2 FEfp L EHEEERRE 7 )RR OMES O P-FKB 1263 5 Hifkflis L O (i %
AR 77 CilllsE LTI L 72

)L NERIB S & BB DL 7 OBEEANICTEE ) >/ SEREE A4 £ (2K X202
OHRAIEBWBREET-7200, 10HMEHE L TERBORILEBRE L/, 4B, ~itfh
LD O B 2 ATV ETEIC L ANWIETH S Z L AL 12,

2EAMOMBS LURHEY > /NBHOBAIL L SBECHEENEIL B bEAD SRIE DY
CMiES L OB ¥ 5Bk 5 L CHBEERBEEICBA L, UEHZICERNERERY
T TR S DB L 2 72,

& ®

BAY 2 REROS B ORI X B IMiE P OBESFM O Table 11 1IR3 BN T
b5, MiEHOFIGEEMBMILEEROWE, HES IOMmHE) > REBALZKTELR
Fh 11285, 11295 11270 Lpo e, FRREBOIER, HEBLUMB) L SEREBALL
KTid, ZRFN1:250 1:2%8 1:242 b5/, HBSS DA R BA LK TiEL! 246 L
Botre REHOERE) VS EREBALLR EFGIELDY) ¥ EREBA LK OEEEHALM I
W, fabfdg l % THEE D LN,

Table 11. Chenges in serum antibody levels of yellowtail injected lymphocytes isolated

from various organs and blood of immunized yelllowtail and control with sheep
red blood cells, unimmunized and PBS as control.

Agglutination antibody

Fish Source of lymphocytes titer (1:2%)
Immunized Spleen 8.5(1.9)*
Head kidney 9.5(1.5)
Blood 7.0(0.6)
Unimmunized Spleen 5.0(1.1)
Head kidney 4.8(1.3)
Blood 4.2(0.4)
Control - 4.6(0.2)

* Standard deviation.

A v SERBOERIC K B MiET OBEIAMOZE(LE Table 12 1IR$EBY TH D, I
OV EE M I S E R OFEE ) 8Bk % 105, 107, 105, 10°, 10* cells/ml A L 72X T
3, FRERL 297, 101280, 11271 1:280 11248 ke /e, FERIZADITE ) L85k E
108, 107, 10°, 10%, 10%cells/m! B A LK T, #hFh1:2%8 1:250 11202 1124,
1:92%2 7572, HBSS D& %A LXK TIZ 11240 & % o 7 MLIFHR OEEIUAM S RIE
mO%FE) 2Rk E 100~ 108 cells/ml A L2 X L FEREAD Y 3k EBALZKIZE, f&
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Table 12. Changes in serum agglutination antibody titer of yellowtail injected lympho-
cytes isolated from head kidney of immunized and unimmunized yellowtail at
various density

Fih Log ourbes o Agahuiaten syody
Immunized 8 9.7(2.3)*
8.0(1.9)
7.1(0.8)
6.0(1.0)
4.8(0.5)
4.8(1.1)
5.000.2)
4.2(0.1)
4.1(0.3)
4.2(0.4)
4.6(0.1)

Unimmunized

a0 B = R e RS ) B = NN

Control

* Standard deviation

Fesl 5 %L L THEEIRD LI,

SEE ) B AROREREREOZERIC L 28EREMOEIE Fig 4 I0RTEBLHT
bho FIRETMKMIL) » /S ERBAEED SUBEHR T TR T L7225, BAULSTER T T
BRSO d oz, L L, ZRUOBIIREMICIRT T 2EMA4A S 17,

K7 ) OFREERE S B BRAHEVE % 8 L 725813 Fig 15 IORTEBY ThH D, £B
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Fig. 14. Changes in serum antibody levels of yellowtail immunized with Sheep red blood cells
(SRBC) at various days after injecting lymphocytes isolated from head kidney of immunized
yellowtail with SRBC.
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Fig. 15. Changes in percent survival of various yellowtail groups after experimental challenge with
Pasteurella piscicida. Symbols: 2, fish immunized twice by immersion method with P.
piscicida formalin killed bacterin (P-FKB); [J, fish immunized intraperitoneally with
P-FKB; O, survivors after experimental challenge with P. piscicida; <7, fish reared for
2 years; @, normal unimmunized fish.
REgA S 108 B ORBERE IR EEREATIIZ.6%, BEREAEEEGERTII65.7%, &
b B L U2 £HTI100.0% B L VEEEHERRETVHATIZI0O%E 2 o7
7)) oMmER oAb E L CHAMEAE L7 RIE Table 13 1ZRTEB)TH 5B, Il
EHOPAMHIIEEEREATIE] 223 BENEEEREATIE1 258 REmbaTit
1:2%° 24ATIH1 225 BLUEREERBRE7VHATIE I 2UT L2 o7, WEFOH
PG 1 2 i R SRR 5 T IE658. 4, RSP EEIEIL R A TI3642. 8, B LA TIX622.8, 2 A
TI3635. 83 L MRS ERER RS 7)) #E A T3 656. 8 units/mi & 7 5 72,

Table 13. Mean serum antibody levels and complement activity of various yellowtail

. Atibody Complement
Yellowtail 1:2%) (units /m)
Fish immunized twice by immersion method with 2.3 658.4
with P. piscicida FKB* (P-FKB)
Fish immunized intraperitoneally with P-FKB 5.8 642.8
Survivors after experimental challenge with 3.9 622.8
P. piscicida
Fish reared for 2 years 2.6 635.8
<1.0 656.8

Normal unimmunized fish

* Formalin killed bacterin

BEEGREA, BERENEMGES, BERLE, 268 L UEERERREAOEETY L8
B AR ORI HME O Fig 16 (T3 B0 THoH, REI0H HO T E R S ERENT
{bfa, 24EM, MEEMEEGEA, BiMEAELAD L CEEFERBEAOETY v REHBA
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Changes in percent survival of yellowtail which were injected homologous lymphocytes
intravenously after challenge with Pasteurella piscicida. Lymphocytes isolated from: A,
fish immunized twice by immersion method with P. piscicida formalin killed bacterin
(P-FKB); [, fish immunized intraperitoneally with P-FKB; (O, survivors after ex-
perimental challenge with P. piscicida; <7, fish reared for 2 years; @, normal unimmu-
nized fish.
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Changes in percent survival of yellowtail which were injected lymphocytes isolated from
spleen, head kidney and blood of yellowtail after challenge with Pasteurella piscicida.
Lymphocytes isolated from: <7, spleen; (O, head kidney; [J, blood: &, serum of
survivors of yellowtail after experimetal challenge with P. piscicida; @, control.
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L7zECizFn£h65, 55, 45, 10, 5% L7z,

BT bR oMM, MR, EE) B LUME R BA L 2R OB 0% Fig
17WRTEBY THD, BPEIOH HORMATREIZMA, B, HE) >/ BRBLUMEZH
ALK B L UOMBR £ ZEN40, 45, 90, 20, 5% L% o7

% =

BEEICB O TIRREREICB T A Y o BROBENIHUR R, PURIERR, figslE, fin
BORBIZ ENHMON TV, VWold), AEIIBVTHRIEBEIZBITLY ¥/ ROFEIZ =
TRARIA THRLNTE Y, BELESLIUESRRERESIZABR L RRICFET S 2 L5
NTw 5B (Sakar 1981) . 7Y DY » SEROFENZOWCIEEE  TIZHGMIT A Z M TE .
F2T, AR TIIABBARIZL D) v BRBREONEE LRI T2 & & b1, 7)) OFHEE
SELIA T B BRI B LIFT ) L SIROBEEIZ OV TRET LTz. £ D#ER, P. piscicida T
wIELADY 3Bk EFRRERICBAT S HAEAEL LEBUPISEEILL, T OERL
OBREIBATAY VFBIZL > TE LTI LN E R o7, RIEICBWT, 7B
VT b 2 RBIEGENRO LN, 1 BERHTHAEMD EEWEO LN, 202 ehb, T
ORFEIEO 13T L ERICEFELTB Y, T2, V) v SRIEBA S BEEAN TG 2 £
FTHEDTRAVALEZOLND, LA L, BAETIHMROBAS L OBIEIZI T EMBESH
B (MHC) BREDSH ), LIEUITERKILA &A%, ThE T 570113 kik# o
VBETHLIEFHONTWE (B 1985), Wol¥), A TIIEENIZHEY SNRED
FELZVWOT, MHC 0B R THE L Bbhb, LirL, BIEEROKEE, [
FERERER CIHIEMITRE T 5 wds, BEBEAR TR I A2 &40 5 (KaLuManN 1958, HILDEMAN
1958, FINSTAD et al. 1966), 4 MHC #HMZEEL VTR 2LV TR W LE
2 5ND, 2512, Sakar (1982) 3= Y <A T Y ISEBADERIT-TEY, BASKA=
T2 ADEKATY v SEROBEEDFIE S N2 L2, MO MHC R MIZIIFLE & RTE
VOTIREWRE LTWA, RERIZBWTIZ T OFBAY ¥ SEROBEGE I AZITERY K
FTTHIEND, HBAMHC HEEICL o THREN TV LITEERIESH DA, U 2/ SERBA3
HE#% T Ca+ o8t RET LI EFHL L o7, 2O ERS, 7)) DEATIRRED
R A ERALR TS, VS EBA3IAEBUNTIIRBALLY VS EROBRPHIFTEL LR
bbb, £2°T, EEHEICHT 2BEHHEIEVIEPHNONTVLEEMA, B AL
S ORI RIS A D) VSR EPIERIEAICEA LT, BREHEICRITTY v ROEE Y
Fro, EBRREGEARBILY) L SERBAIED) A P L AFKE DT, BAURRKRIIIT 72
FORER, BEBEEIRER RO L SREBA LK TROBWELZRLZ, DWT, 2
FRDIEEZY, VTR EEEEOERBEMEL T2 L BbN B AR ) ¥/ BRHIERGRh I
BN THDLZ EDBEDE R o7z, —AZIZ, 7 OEHEE R 2 FAUBEOREI /NS VI EHH
LRTWah, HH - EA (1980) XFFEEERITEO 7 O MLt OEEIUHM % HE L72ER,
AIEFATIRIC P. piscicida |23 T APMEMA LR T B &b, 2ELLUBEOREIINT LKL
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PAHME D ERMERORAEIZL 2O TR AL LTWwa, LA L, flfh (1988) 3 A%
WY BNKRS— LT 5 F o OFENEE TR, AEI T B B mE OB S
E20i2, EMBOFEELS SRR RIEREOEH L LETH L L LT b, T/, P. pisci-
cida SHIENBEEELY b o TR A I EMOENT W LAY (EHM  1970b), Mycobacterium, Lys-
teria 35 & UF Salmonella % & ORI FAMEMBE 120 2 BRERABNIZIZISTE T ) v BRI2 X B0
Rtk WAL ETHH I L SN TWDH (FAR 1978, Haun and KaurMany 1981, O’'MALLEY
et al. 1982, OrME and CoLLINS 1983, OrME 1988), & 62, {FMHT Y » N E L -~ 1
7 7= YV OREERETE A OMBEBEIEICS LTERTH A Z A4S T 5 (BLANDEN et al.
1975, PowDERLY et al. 1986) o AHi(Z BT, EBMHM LA OF > BEREBEME EHE ) » Rk TE
<, METRHREWFERI{BONSZ EhS, KEST 5 BREHEMERERLAB L 24EH
DY RKIHFETHDOTE VI EEZOND, VWalT), EIFHOKE,S T OFEE) &
INERIZIET ) 78IRS S W S E S e otz SHOED T E NS, HFEHBIET) DR
BRI R BT Y L SRICSHE TN AT ) v SRR B S CERL Lo Tid s
WarkEZONL, fRH - M (1981) 15k MiE OBAEIZ L BRI T 5 Z B RIE ALY
ELTEBY, KEIIHTLMETOHEOFIUIRO LN TS, LL, KEFIZBVWTI
& DOHAEIZIREEH LA L D b BEENEEE L > TRIELZ T DT ) TREOEERIES
N7z, VioiT, MAcGrREGOR and KosTer (1971) (3MBBAEFEMER > 1 B TH 4 Listeria monocy-
togenes DHEBR TRIELIZTTAD) 23Rk GREL, FERETRACBRAL-OLIZ, BER
B a AT o 7oA R, REMMIE LR LELTwD, 2D E05, L. monocytogenes |25 5
RGP EMEIL Y L SERICHRT B E LTV b, KEOKENS, REIKT 5B HM AR
BAEIZE o TEMALEN D) VS ERAEE L TwAD TR VAL ELZLNS, LA L, Mac
GREGOR and KosTER (1971) {ZEEMEY) ¥ /SEROD RGP L) v Bk EF B S Wz 2AD~w s 0
TV OERETRTIHALROONLL b EhG, Vv su 7 »— U OdEE
Al ->TRATLOTUEZVHE LTS, DX, BEHHMEE) > SEREMTHRERT
BOTIEHRL, v o077 —JREQOREMBRREDR » VI -2 LTHETHLEBDND, L
ML, 7 OEMBO P. piscicida 1233 A SIEINE TIEAHE SSL VO TSERETT S
VENH L EBbI S,

B6E B & E B

EEOFHERPLEGENDL T YO v EROFLERE B L OFAEE I T 28 5EICD> VT
Fig. 18BIIR"TLEBNTHA, 7VD) KT T EORE L LMD HEE 2 Lo MMKT
EAEIN, FRAPMIRICEEL TFITHRIAT S L L 512, CATL % SO EmTE R % #E
L ChaBREIRY) > 793k e L COMBEE RO L I IC L2 L Bbhd, MRE&0L, ) v /3ko
WAL 2 o, A EOF MR ANETTRE, B ORTTEIBREBICEBITTS, W
BABITLZ) /S IR E T - 55, BETOMEizBLIcZhETIZT YD
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Fig. 18. Scheme of lymphocytes maturation and functions in yellowtail.

BELTEASHEREICNT S smlg THRESNLARMED 75 —0EBTHY, I 2T%
SR L8R E LTMHFICH TS b DL Bbh b, MEHRIC TR &/ BRidshEH
BAEE LS, BIRICETID, CCTHECERYXIT-oTHh, HEORRE & ICHkES
MIEADGLDERLRETIODEEZ N D, 3613, B V1 BITER L & OSEPUE
WCHEMTHZLIZE -0, BHRETFEEALC EEREHHICEST20TII 2L S
nas,

ZDIHZ, TV NRFEAFEDOL ICBBEIUOTY » HOMESRETIH AL, T
HOBEEEDLER 7L DEL > TWBEEILND, 2D P REOMEDRBRE X, ZHR
AFRICEREPIIFABEL DO TRICHL-0IRMETHLOTIERL, B ARELIZERY,
BROBEFRECKFIATF L TWL BT TREVWHLEES RS, BFE (1987) 113708
T, FESROVHEEL ) S EREA LA 70— U HEEOREREBOREE > DAL L L
THEHYIM THE)3 5 Primitive T cell response (PT response) DFEEFIIL TV B, 7D ¥
NERIZZ D & ) 7% PT response (ZHEVEA2RL, $4BBIUTHIIROBELERELES
ZEILE ST, KRTOBEBREOL I IZHRPIHBTEL I ko TVAD TRV EE
ZbNb, I/, HELOMSTHEMA) BRI EOFERBEEEMT L1255, 12
LED) 74400407 =720 VST IRTEEET L LI EDOTIE VR E
Ezo6h5,
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£33 JUOERMIOMEAEICET MR

FHLEOEMRIC 3R eSO E LASERBNERE, w707y — Uk EOBBAMRA
HY, ThFNEELHRERICEEIH LI EFHNON TS (kI 1988, B4 1988), &
FEROFRERMETOWERSOMERAPSLETH Y, REICHBERLLETFEIObDRERT
295, LRV ORERETALZWEINTWS, £/, w707 7 — JCIEREIIHEEHE L
AF%b20bDTH, HRICAETLZLEEATVDS (FE 1988), £L T, ThHDAR
I IEERPICBALTELHEREEMY AATHIET A LI2L - T, ERBHICAS T LS
nTwa (BA 1982), LA L, ThHOAEMICL 2 REEEHEMBOERICL - T
bl EAHGN TS, Pseudomonas aeruginosa 3 & U Escherichia coli 7z & DR/ va5att
MEIZASOEAEMIICERYATINTES ICRBE S A5 (Austrian 1977, LEUH et al. 1979,
LIEBERMAN 1979, & 6 1983), Mycobacterium tuberculosis, Listeria monocytogenes 3 & UF Sal-
monella typhimurium 7% ¥ OFBEPIEEME ¥ S OMF IV THOAEEMICH D AT N THRRE
Kz wv e sTv A (LEFFORD et al. 1973, MAackaness 1962, BLANDEN et al. 1966), % 7-,
Legionella prneumophile (PayNe 1987, Horwitz et al. 1987, F it  1987) 3 & UF Leishmania dono-
vani (BACCARNI et al. 1988) 7 &' & ) IZEHAMIANIZRBIMNICRAL, €I THMETIMED
Mo Thbh, ZhbOMKPMEEMEME ST 5 &M oMiamRENENIC I, MatkRE
BB bLLESET) v AP EETHAHZ EDH STV A (VENEMANN and BERRY, 1970;
Takeva et al. 1977), EHTY v 3 Bfid~ 7077 — V% @EMILTHY o7 h A V2 EEL,
THICE s TIERIL SN 07 7 — DM NBEEHR IS T AREEEAS LA T A L B
hTwa (B - BE 1978), F7:, U EIlE - TEA ST ANABEEREEY LA TS
HMEEL-TVBEENTVA, TDLHII, EEMKIZY /3R e B L CHilat sz
HRLL, AR HIZ- T b,

Visl®d), BETHFRPHRBIOY 07y - UMHEL, BAELARIIAEEBIUREY
O eSS TWVA (AL 1932, #ME 1937, ELus 1977, FErcusoN 1976, 1984, MCKINNEY
et al. 1977, Lester and Bupp 1979, # 1981, Suzuki 1984, Ikepa and Kusuba 1986), — 5D
P, BREB LUV LOSEKRICL AERITED LN T3 (FurcusoN 1976, MCKINNEY et al.
1977, #& 1981, Suzuxi 1984, Kusupa and IkeDa 1986), L2°L, ThoHOMBOERGEEIHE <,
HER) v BRITERUNOEELEEEY b > T 5D T (Warnte 1961), BB ORAMALILIE
L EREIIFRRE 2o 07 7 — U ERELTOTREVWALEEZ b D, T/, HANELE
E R Pasteurella piscicida \SHIFAPIEHEME 2 b2 Z LA LN TWw 5 (EHME 1970a), S 512,
RIEZIZBWT, TV AL S - 72 ) Y S ERPFRET L LWL o7z
S DD, AERREICHET AMBAREGEEIIE L ERIEET ) » S BROBB L E L
% U EEMEA R,

FIT, ABTR7)OHFHREv 07— JOEEBLURRRETRHATH L &I, M
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Rathsu e bt (B3 B BARIC D W THRET L 72,

ELE 7)) OERERREMED 5 OERMBEORNEORE

FEDHBLOEIELRET 5720101, HEOHVHII Y KEIIRIMTA2LENH 5, IMiEs
s CAFE DM E RS 5 &, BIEIHEMEE 257 OIHBEORIEIE L 2 b L Bbh 2,
EALFTEREAR LA (PEC) AV ARIMHOBEHIZL - T, Bo5NsMOMEECIENE
BICERPROLNLY, HHRPL< 07 7 - Il KEIRIT A HiEE L UL CHWS
NTVL, 7BV THHPRS <707 7 - DORECEYTHB LEBEbNID, WWolF),
WK 2 EBRE RS L0 BIIRE SN S PEC i3, MBMHASERICELT L SnTw
bo TDI:HIZ, BELTHMRELEHERL CHRET 720020, HV 2 EBRENM 0O K HEH8FH 12
*95 PEC MBMHOHERNEILEH O, LOMBUENH L EBbD, LAL, ZhETic
7)) OEREAR MR ORRNEIZET 253 E A X Tbh T n,

ZIT, AMETR T DOEBERII 7O 74— X7+ > B XU Pasteurella piscicida V<
) AELE A (P-FKB) 2 L7-0 5 0 PEC O#MIFKS L CHBAHOBRBIHZE/LIZOWT
Bt L, ke ~2 07 7~ VORERFBICOVLTH~N,

£ B F &

MR SHELEHTFENORMEEE»OSBA LT IHATHV, B, AkOW 1 X
WL AEEAOBREOERE Y £ T 7-OIEED 17.910.5cm, FEAS83.721.0g Dffk% 3
L CTEBICHER L

HEROEEFARE MRAHIE 800! DFHAXTI AF v Z KBEICNE LT, AKEDRL2%ED
NI FI-FS REEMTE) 2R/MLAHFTI o F %28y 2 IChITCHS L. Ly
L, BEERIEENEEMRORINAHEE: 2 50T, Y L3128 FiRE s 21k L
720 B, AEBRHIBPOKIEIL 25.8~26.7C THh o7z,

HEE 1984FIIKGECEM T ) REDOER A S 58 L 72 Pasteurella piscicida OT-8447%%
TR AW, AR AABRAY 2EEYVELOL, HHEERET-TLC TRELZLD
EHEAL,

P. piscicida %)V %) > E{LEE (P-FKB) OfF&  #t3%i#%1.5% NaCl it BHI 7’1 3 &
IR L, 25°C CURRHRE KB LIS EL ) Y 20.5%BEE 1 5 X)L, &
BERTICASEE#E L 72D b, 1.000Xg TISH MO LRIEIC L » THAZEILL 72, BiE2 R
W L7 PBS CT3RIZEELA-DL, 100mg/ml DIEREE %5 & 5 ICFEWICHE LT P-FKB HLE
e L7,

ERENEHMR (PEC) DI #AAOEKEMNIC Iml OBHE L710% 7074 — XR_F h
YKEW, BLUPFKB % 2mg/ml DigEE 25 X 528 L7 PBS & L /-, HfE
BT, TR 3, 6, 12, 24, 48, 96, 192, 384RERI MR IZ MR A% 5 BELY) BT, OBEERIEIC X - TR




7)) DA R

MUZOHICERIC L - TR L7z BEAREKE270% 7 VI - Ve HWTHELZOD, 2
ml ® ML-15 % BEMICERE Lz, 2L C, Eilxr vy -YLobil, BEZWHALTE
RO ML-15 2L, 22 BT - 727 7 AEBRE IR L 72,

MR OBIFE UL L 7 BRI R % Thoma O MUEREHESIZRML T, AMmEK%
W < MRa g & e L7z,

MEEOEIE [ L7 PEC ##EHIE>) 2 VLEB LT - 7oE L E T VT 400Xg, 59
OBELBEL T, BORAEEE 10 OFBHILY S REBMFICBELLOL, FHEIZL-T
ARATHER LT, AATIES% LY/ —VTEELTET - ABEOAHE (1974) 12X - T
FEIY—ERBEIT - OLIIFLFRE LT R o /2, Jefafh, A X 7 EORMIKDSOHl
#2000fE LL LHEE L CiF ik, w07 7 — P, MR, FEEERB LUV Y SERO VTR
S LT, BREMNERAROERLETE ROz, I OBERENE ORI RIZHIETRD /2
Ml AR LT, SHEMBEOMEE RO, kB, RMKIEMILD50% % #8 2 5 HEFIZO
Tid, EBRIOBRIMNL

= S

PEC MR OBEIEILIE Fig. 19 1RT & BY Thb, FUF+—AXT | v 2 FH LK
# PEC MU iEMEE A & BN M% 2 CABITHM L, BHUBEERICRBLE o7 TR
PO ZbaA S (EIEARME T TIE X A B TLIED 5 N 2o 720 PEC MBI
1053 cells/ml & 7% » 720 P-FKB % #M L 7- X0 PEC 3L EAME % 5128 5% £ T L,
AR 12BE R I T o 7o Z ORISR 3 TR 4 1D L7, PEC OB
107  cells/m! & 72 - 726
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Fig.19. Change in the numbers of peritoneal exudate cells after injection of proteose-peptone (@)
and Pasteurella piscicida formalin killed bacterin (P-FKB, O).
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Fig. 20. Change in the numbers of peritoneal exudate neutrophils after injection of proteose
peptone (@) and Pasteurella piscicida formalin killed bacterin (P-FKB, (). Symbols: 4,
peroxidase positive neutrophils in group injected proteose peptone; A, peroxidase positive
neutrophils in group injected P-FKB.

PEC H1 DIFhERE DRI Fig. 20 IIRTEBY TH A, iFhERBIE 7057 4+ — X7
FOBRER TIREREEZ»OHML, BRIEBZIIREL L o7, FORRELOLEHIED
LATzAS, BEAE3SAREMITE T TR A IS L7z, iFRERBROBREME IR 1053 cells/ml &% o7, ¥
7z, NVAF LY — BB ERBUI EEIES8ARE R F TOS% L ETH ) BB TS S
N%ehol. P-FKB 5B L X TREEEZR,»OHML, BE6HMBCES -7 %
DIRGHEEIBAFE % T THRAICERD Lz, FHREREOREMIZ 10%%cells/ml &5 7. $7-,
NNVF F D ¥ — CET R BUI RIS Z £ THRULETH Y, BENLELIITZDON
Lol

PEC #1077 07 7 — VHOBKHNEILIR Fig 21 ISRTEBY THB, v 2707 7 — Vit
TOT A - AT CEEXTIIREE R S HRMEI2MM % E THIML, F0M%ki, EE48EERH
HITHALABFORML, SEEI2EMEBICRES LR -7, 2O®RITBAL L, HE5EIZ 1052
cells/m! &% o7z, 72, RAAF LY -EHE~rO7 »— DI EEEE> SHEEMENET
THML7A, £0#%i3, EEGEMEE TR Lz, Lo L, HEMEO6KR#%A 5384k %
TIEHBUEML 7z, "UVFF 2 ¥ —VYEH~r0 7y — VBOBREMIZ 1045 cells/ml & 772,
P-FKB % ## L 7: X TIIHME R O HE4SREHA F THINL, BEE4SEMBICRS L 57,
FDOKITEMEIBBFH % TRACHD L, BEEI 1008 cells/ml & 572 £72, ~NFF
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Fig. 21. Change in numbers of peritoneal exudate macrophages after injection of proteose peptone
(@) and Pasteurella piscicida formalin killed bacterin (P-FKB, O). Symbols: 4, perox-
idase positive macrophages in group injected proteose peptone; A, peroxidase positive
macrophages in group injected P-FKB.

y— Yt~ 07 7 — VI EEE G S EEMEEE % T TRINL TREMEIE 10° cells/m! &
o tzhs, FOBRRED L,

PEC DI ERRBOBRENEILIE Fig. 22 ISR$TEB N TH o, HEEKKI o7+ - X
N7 EBXTREEER,OEINL, EEOBMRICET LR -1, £ORIEISLOLEN
W 7Y, HEHEIRAREIE F TR A DA LTz, IFERERE OB & EIX 104 cells/ml L 7% -
720 P-FKB # B L =X CREEESZ,OMINL, BE6RBMRIIRES ko7, TORIIHE
TEOGEER % T TR A ITHA L7zo IFPERBO B S EIX 10> cells/ml & 72 » 726

PEC ' DIFBEER B ORI E(LIE Fig. 23 KR T LB Th L, HFEERERB 7074 - AT
FoEBRCHEEEESSHEINL, ERIREEETREL L >, £ORIBELORHHED
& N7 A BB % 3 TR A4 WA L, REfEIE 10*8 cells/ml & % - 72, P-FKB 2L
PETREREE,OBINL, EE6BMETRE L 2 ) ESMEIE 104 cells/ml L &7 £
D% HEFE3R4BE MR £ TR 4 1ZWA L7

PEC B o BRI OGEHNZEILIE Fig. 24 IRTEBNTH B, Vv HKEBE7o74—-X
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Fig. 22. Change in the numbers of peritoneal exudate basophils after injection of proteose peptone
(@) and Pasteurella piscicida formalin killed bacterin (P-FKB, O).
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Fig. 23. Change in the numbers of peritoneal exudate eosinophils after injection of proteose
peptone (@) and Pasteurella piscicida formarin killed bacterin (P-FKB, ().
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Fig. 24. Change in the numbers of peritoneal exudate lymphocytes after injection of proteose
peptone (@) and Pasteurella piscicida formalin killed bacterin (P-FKB, Q).

TN R TR AL S L, EHE 6 BERICRIKE & o, £ ORISEE4SR K
TR L 7o, JEFEOGRER 21T IE B UL L72AY, Z O%EME38E M4 £ TiRAZHmML, &
EfliE 105 cells/m! & 72 -7, P-FKB ##H L 2 [X TidEEEREH O HME 3 RME T THIML
125, FOM%, HAEIEEE T TR L, B2 ES S SR RR I TIHURMmL,
FOHIT IR E TIREA LB L&D o /2o BEiEIL 109 cells/ml & 72 5 72,

£ =

HFEOBEMEKS £ CHEOSE IOV T4 OFFE2Tb T 545, AEHOMROSE
PITKERERITADOLNTEY, H-HETEE LTV EV, %8, 7 DOHMERDOTHIZ
M4 oHRAIRZ LV, £2C, KETR 7 OEEAREMBEOGEHII VA F L ¥yF—ELF
LD 2 BB EIT-C, M (1956), i (1986) L %A (1988) D#MEIZEI VT, 4F
ik, w07 -, WFEEER GRRERB LU L NBRICHE L, EOHER, 7)) OREN
BRI, vy a7y — Y, WHEREK, OEEERB L) Y EREOH LN, T O
BN B 7O T 4 — AT o2 P-FKB ¥ L-0bEHHh, s O
I EILT 5 2 EBHe I E B 572,

FOFA—ART Ny R L7 O PEC ORBMZ(LIZIFPIROBHATED & WEH%
128E R TR & 72 o 720 BFHERIE PEC D70% A E DR TH o 72, GFHEILIR O FEEIR b BAE R
HRE TR L, 6 ~I2BIcmKE R o/ LR LT 707 7 — VOEMOEIE 3/
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S, HAEIOBEME TRAR L 2o/ ) YV EREUIERER T b 2 CRA L, FRDlkid 384
BRI T Clas i2md AME R LA, WolZ), PFKB # 8B LA X T EEEL) ST
RERDSHEIN LR I2R R TR AL R o/, MFEEIRE L UMFEEER & S ICHIEEZ ML T,
FREFNEEORNBZ TRRE L o7, w707 7 — V3G RA ICHINL, BEQEMEZT

BKEG ol V) SERGEMERICIIRA L2t 0%, BHESNGMZE TIR4ICER L,

F7:, P-FKB 2B L X D3 »RE L T Al E 0 - 720 — &I, BEEA~OH
OBRBRFERIGE LTESLZEPHLNT VS, (IO RETMN~OHBORLIZoVTIE

A% (1983), Havasur (1984), & (1987), FELS (1988) O#FEHSH ), RAEFMIZITLAEFIRL
%5~ 6METIML £ 5 DRHAEED LN, & & LITHFRERINRE L, DV T24EeR LR

2707 7 VREUEBROBHIZEOLND L LTV 5, BEORIES~OMEZOR T IE

BHAELARTHAEREIBONTBY, FHRILCHRDOIIEZAZ EPHLEN TV S

(WEINREB 1958, FINN and NIELSEN 1971a,b, PHaromsuTHIRAK 1977, SumMmEeR and Bartos 1981,

MACARTHUR et al. 1984, ZZH 1984, Suzuki 1988), AEERIZBVTH O T+ - AT+ B

LU P-FKB # 85 L7271 OEE~, £ 3FHIR FEEKS X CHHEEROIRIROE L AHE
Boh, FOHTrO7 7= ORIENEBILT 2EmMAHR LN, IO DS L FEHOERN
Bohs, wolZ)H, FREFROMBOREEERIZ D Tid MacarTHUR et al. (1984) & 7/ #
LA OBEBRIZYY) 2— 47 2B XU Vibrio algynolyticus % BR L7 L X O DEROBRH 33 ER
48~T2REMICBRAN L 2B E LT, Sk - B4 4 (1988) i3 1 DERMBA~T 77 T2 %8
BLADLOBRBMIBNELET T 5, TOMR, REILADIFPIROER I BERER245F
BITRAKELAELTVD, BMIFKERLRKERHAIREZ LA, WFNOBRELBELTL 7Y

DRIEBULADIFRERDOBH G BRI ON, Vol), v2u 77— JOBRKMIEZTOF
F=ART P FEELABAELD L P-FKB 2 @834 LB AHMER L, iFHEROK
FEERLI ORI ME RS O RIEMEA ORI & TEMAL L - MEHRO#EE S AE 5§
LIEFHLNTVE, SHIINLT, w207 7 - YR IORPIIFPHBROTOT 7 ¥
2T REOEAETLY Y7+ H A4 Lo THEINL I EDH SN TS (Havash et al.
1984, %A& 1987), SBIOEBRICBNT, w2707 7—JORENTOF+ - X728
BLBELN S, PFKB #8425 LR 2 2MAZRL2DIE, P. piscicida 123 L TR
BERFMERA LD TR W LEIOND, FEBRICAVW 707y —UFEWED I b,
FEFESNHLOIETY VN RICE - TEEEINE) 7404 0 ThBERDNL, G
Lo THEEINDLENY) VVRIITUR LI TH 2 LICL T v 7 A4 VR EETHEZN
T (HfE 1978, ¥IFE 1982, & 1987), AEBRICHOHRBIL T OBEEEHEISH
BLAEBIIBALLZLDTHHDT, BHTHEHERICKERNFICEIES R -OTRZVWA LR
bh b, HH - BE (1980) (FHEHEEERITAROBREE O 7)) OMLE R ORE IS T 2 UMD
FATHELTVWD, 2O, RERICHGA 7 ) IIEABEHEPICEREEORITIZL - T
BRBERZIIRAET ) v NP FE I/ -OTE 2w eE2LONS, 4Kk~ r
77— VOBRBEGEOHRBIIOVTHLMITHLEN DL LEEbN S,



7)) ORI

¥7:, PECOHEIZ7OF A AT L0 PFKB 5B L/ L 3OHPE T EHHS
e ot, ZOEREE L TIZ Nacamura and Wakasavasui (1985) I3HFEREIC L - Ty F+F0
O BBEUAENTHE LT A, T7:, HKIRERRYHEE 2L 0L, 7T
F—ZART M EYREENBVOTREZVNEEZ OGNS, PEC DD TOT 4 — AT b
>tk PFKB %8B L E0HPE DR IOREMOERIZLLZDTE LWL LEZD
No, E6i0, FIMOFRBEICLAIRELHLERDNA,

VLEo#ERD»S, 70 OEEREHMES S DIFFROSBIE 7O 74 —ARTEyBL Y
P-FKB ¥ FEEICE L -0 b I2BEMAI £ T, <2707 7 — U348~ 1928 1B L 7= PEC
PHITIOHN L wEEbhb,

E28 TVOARMBOLFELES L UEILHORE

HIEZB VT, 7)) OEBRRNREHBORENELIZOWTRE Lz, £20&%, 7 OKRE
Wiz 7O 574 — XR_T F X9 b, P. piscicida FKB THE L 7213 ) 52 B S
CESH, Lid, w2707y —VORHBHEAFR 252800, MlaORMMMICIZFHFREE
PEETLZOTRWHLEZ R,

FIT, AHTRERMBOLHEES T Ab5E bR L OEIERFIZOWTRET L7,

R FH &

it SR LETFANOBBEE»OBA L PHERE 8.7g D7 VATV,

HEEGE 1984FEICKRTEO 7 ) HAD S 578 L7z Pasteurella piscicida OT-8447 #EH 5 8
L7863, 595 L OESKRE Vo, ki agmat 2mgn R L CHENERILL, 5958
BIUVESHRIEIBALEVELTENEERT S8, FRFLOKOREED L OBREIERBIC
L A10HM @ LDs 13 Table 14 12753 & 8 ) TH b, LDg idiHE KRR B & CHEEERE
£ 412 10° CFU/mi LU, §93MANR BRI T3 10° CFU/ml DLk, #MEHE Tt 10%* CFU/m,
EHEROREED L R 312 10°CFU/ml LR L %2 - 72,

R U RE(LEE (P-FKB) OER XM %1.5% NaCl it BHI 71 3 > (Z#HHEL,
25°C TSR L S L HEITRL <) > 20.5%BEE 25 X ) IRML, HREATIC48EE
FH#E L7-0b, 1,000Xg TISHHEORLEREC X - THEAZER L7, ®WAEZEE L7 PBS
T3mEEEL-DL, 100mg/ml ORE L %2 X ) IZFEHIZEE LT P-FKB fulil & L7z,

FUFRIRFEAOAY TUOERS L UERENE BRSO PR EREER L, B
S OAFREROF BT ORI IC X o TIRIM L - S E HICEEH el Lz, Y
i3 ML-15 F CREB I 2HVWTHR{LLEZDL, AE&A » 22 TAHABLT, BT
B\ 7z, AT OMIELIE ML-15 2 FvWvT 400Xg TS5 DB ORELEEIC L - TR LD L,
MR MY T4 v 2 AR LT 25°C TIOFMIBUE 8872, Bk, JEfh5 e % myg
LT, ML-15 42 1X107 cells/mi & % % & 9 (2888 L THFREREHR & L7z, IERAER HAR 2




T ]

SOHFEROFEIZN%D 7O FF - ATy lml 7)) ORBEAICHEREL, 6REHE&ICH
HALED B, GREEREICL S TR L7205 ICRHERNIIC X - TR L, AR
0% 72— hVERWTHEEZELLZOSL, 2ml © ML-156 P EEMICEE L. 21T, ETx
2o =Y L0 bIC, EEEWEE L CERNO ML-15 2BIIL, >Vl ET o700 T
ARBEIZHEIN L 72 Z® PEC 13 ML-15 # H\WT 400X g T5 MO LIEEIZL - T3 [
T L7z0L, MBREERSNY T4 9 ¥ 2 ML T 25°C T MG S 87, GE, ¢
3 B L T, ML-15 2 1X107 cells/ml &7 % & 5 1ZHE L ChFhERkizfEm & L7z

270A7 7 —UREEORY TVUOEEL L VEEAFEMRN S s a7 - DFERE
REL/, HE»OO= 707 75— VORBILBEEREIZL > TR LB, SE L ICH
BES RGN L 2o, BEENE ML-15 R TREHB AT I 2 AV THIREL72DL, BEX 92 aTA
BLT, BEBEEFZI)BW, AHEPOMABIE ML-15 2 VT 400X g T 5 FH D& LRIEIC
LoThiEL7-0b, MEEERSN T4 v ¥ 228U T 25°C T30 B IS S 872, TS
%, FRFEMBEFRIBRCZOL, FEMRTERy F 4y 7L o TR LA, BURLA< >
077 — 31k ML-15 42 1X107 cells/ml & %2 L HICBB LT r 07 »— Vgl s Lz, B
BEREHMAR,> SO 2707 7 - VORABIN%O TOT A - AT 2 Il &7 OEREA
IR L, 9GEFRIARICHEAT D B, OEERIEIC L o TR L 72D BIZRERNI & - TH]
FL7, BHAERZT0% 7T V- L EHWTHEELEZDD, 2ml O ML-15 ZBEEMICER L
2o LT, EEE~ v H—JL720bIZ, B2 L CEREANO ML-15 ZBIRL, 3 )2
DA AT o7 T ARG IR L2, Z® PEC i ML-15 ¥ W T 400X g T5 5l E
DRI > T3MBEEL-OL, MEEERARM) T4 v ¥ 223U T 25°C T30 MRS
BT, BB, JEFEMIBELEYBRVW0L, fEMRE YRy 74 X7k o THIRL7Z,
EUX L7207 57 —31F ML-15 {2 1X107 cells/m{ & %A L HICBB LT rn 7 7 — JiFk
e L7,

BEMEOES 7)) OEFAIC lmg ® PFKB # 1 BB EIC2mMEREL T, REOEED
5 3GEMBICEY BiF, DRERIEI L - TR L7z, 72725102, 400X g T304 MO0 R1E
WEoTmiErm8EL T, —80°C TIRTE L7,

HAAEOBE P-FKB 2HWT, w4 270% 4% —KiZLoTiTo 7%

WISMEORIFE 4 FHRMEk % BV T PraTT-MiLEs and IsHizaka (1974) O FEIZ L - Tl 72,

{EZ2EAMORTE 7 oFhkB s 07 v — Y ofbEE{bE, Boypen (1962) @4
FEIFIAF N —FIILSTHEL Y EIF TV RAF 23— (BHEPA LX) OTE
WELARET#EMLZ0L, FPERICERTH A X 3m D, =207 7—Vi2iEd S5pm D
Za—ZLRT 714 F— (Nuclepore) # %% L7z EEIZ0.2ml OfFhHBI T~ 0
Ty —VREHEEREMLO0L, 25°C TOTEEL S, sk, 7405y —-DLE%
ML-15 C##L-0L, 7405 —%OHL, TEILALAZEI 2 LIILTAIA NI R
LBt 740 —13B5% TS ) — LV THEELDOBIZ, FAFREEFIT, BEIC
oT74 Vs —TH® 1 EEBEPICEELMRBELEE L. &8, ZicMond and HirsH
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(1973) @ Checkerboerd assay #9117 TC, ¥ EHA R TV AR T Y ¥ Av 4 7L -3 IIL b
AL LT,

ESmEDLFEILMEICRIZT P. piscicida FKB Z2EOFE FHEEEREEOEE 730

BRI -miES 7 — L, P-FKB # 0.02, 0.2, 2, 20, 200 mg/m! & %5 X HICBE L
PBS # %8R4 LT, 25°C T BIE Sz, FIBHIZ, 5,000Xg T5 5 O&ELIEE
Lo ThExEILL, ftFEEZAE L TEBEHE~NT,

EFEMICRIZTMABIEORHE RidOHEIZ L - T, EEMFEOLAELEICRITI
BULE O % 7, MIEDMELIRIE 50°C T 5 SR L TIT 5 720 T OIMBLEILE %
A Tie# etz lE L TREZ RN,

IEFFEMCRIETHES SURBERBOEE  MiAEMHE U CHAMAE 2 505 & HLEML
6] U TR o F 5 I % B CRiR O B3 Tl b T HE L7z,

FEMOR L AERCHT S TUMBEDEFELY PBS I P. piscicida OT-8447 PO,
§9ES L OCEEKRFY IXI0°CFU/ml L %5 L5 IZBE L, ZOBERE 7)) OEFEHAD LR
LM 2% 2I2BE LT 25°C T05MKe S8/, 5 000Xg TS5 5B O=.LRIER
1T, #Bohs Lot EE L illE L.

EREATHE L EENRHEREEOTL 7)) OREEMES, ERNEERES, &
geifittf, 2 EM B L CEEEDEIENIC 2mg @ Streptococcus sp. Pasteurella piscicida, Vibrio
anguillarum, Edwardsiella tarda, Escherichia coli 3 X 1" PBS %8 L7z, £ LT, 12BMZIZE

FHIET & RO HET PEC FEE L UERNR IMREOEL e #H~T,

MiEN LS EMICE S PEC OFE LEHMiEL PBS t VT 2mg/ml DREL 2D L9
IR 7- FKC AL 2 S ®:IZEAL, 25°C TR sE7-0h, 5000Xg T55HD
BMRER T o 700 B O NI LK I ml 2 BHEEERB LD 7)) OREMICEREL, 128m1%1C
AREFIE & RO T PEC $a#lsE LTk 2~/

L ISEGZEERORAN B s~ VB L) DR FHOTGLIBERIEIZ L 5
TRIMLZDH, 72ELICHEE R L, HE»L0Y) v 3 5Ko 5 # i3 & Kd: 2 HBSS D%
PTHREAAY I FHVTHRELZ0L, B&A y ¥ 2 TREH R RV 72 FHk (1973)
OFE L - T0.83% DONH,CI-Tris #i CRA LA RMERL IR L /205, WELOTTISHEREL
7> Ficoll-Hypaque #(ZE/B L T 4°C T 400X g, 303 M ORLEMEL T - 720 EL R, ) ¥ 735K
% [ LC HBSS T3 HEH LAz0b, Rl 1X10%cells/ml £ 25X IZB L7, &5
12, FRENOBBN S HBSS T lmg/ml DE L 25 L) ICHB LA NVEZ VHBEEE %
BALT2°C T1HERESEZ, Rt 50Xg T55MOEMEMELIT > TLED) 3
HEAEN LT, 1X107cells/ml & 7% 55512 ML-15 (Z%& L CIHE ) v/ BRgfEm & L7,
DB P-FKB % 0.0lmg/ml &2 A X 1ZBB LT, 25°C TOHRFMNEL /2, HERIZ
400X g DFAIREIC L o THON EFEEFRTHAX0.2m DA TV T4V =ThHE
Ltze 20 1ml % HREEHERELO 7)) OBEREAICEE L, 128 &ICKRERE & 0k
T PEC ## e L CEEM 2~/




EFEMEOLFEEMEICRITT P-FKB BEDORLER Fig. 5 IZR-TE&8H ThHb, EEILE
12K 5 b E IR BULEF R ER Tt F-KB 847 0.01 mg Ti31.95, 0.1mg Ti32.59, 1mg
Ti33.08, 10mg Tik4.45, 100mg Tix4.65¢ o7z, v 27 17 7— 3 Tid P-FKB iR 4%
0.01 mg Tix1.90, 0.1mg Tix2.15, 1 mg Tidx2.35, 10mg TiE3.85, 100mg Tix3.90& % -
720
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Fig. 25. Effect of concentration of Pasteurella piscicida formalin killed
bactrrins on chemotactic effect of yellowtail normal serum.
3, neutrophils; §, macrophages.

b b IS RIZT NI O EIE Fig. 26 LIRT BN Th D, FHLEEBBIES
1% & P-FKB ORGHE TidaFHEkA%4.49, =207 7 — U H53.80% 7 o 72 INBLILE & P-FKB
BT EkA%0.91, =207 7 —UHL05L % o7, IEHIEE P-FKB O RIEHKIC N
WLIR % AT o 72 W T HERA0.89, =207 7 —VH1.00& % 572,

(b RIZTHAR S L ORI OZEIE Fig. 27 IORTEB Y Th 5, Mk 625.4
units/ml CHUEMIAT 1 © 256 DMLIEIZ & B ML-15 123t § 5 i#E5E 2100 & L 7-BE o {bezE b ig B
FHEEA3.78, w207 7 — U3 428 % o7z, PiARMASL/212% B LIFPERTIE3.62, v 7
07 7= T3.31% % o700 PUARAAS 1/3127% 5 EMFHPERTIZ3.49, =207 57— Y Tid
3.218 2 oo BMFELFEIBBIZITAERZIRD SN L b 5 72, HAEMIAT 625. 4 units/ml
THAMAY ] 2 AT ol & 2 E bR BIEIFRERAM. 40, =207 7 - 93.80L %2
oo WAMIAS1/2 L7 LIFHERA2.68, w207 7 — U329k %o 7z, R 1/3 L%
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Fig. 26. Effect of incubation at various temperatures on chemotactic
effect of normal yellowtail serum. [7], neutrophils; &, mac-
rophages; A, normal serum+ Pasteurella piscicida formalin
killed bacterin (P-FKB); B, heat inactive serum+ P-FKB;
C, heating after reacting normal serum and P-FKB; D,
normal serum; E, heat inactive serum.

B EMFHRERAS). 92, w07 7 —INB 428 B otz WREOBILICHE 5 TIFPERD L E LG
B2k 1 %OERETHEEENBD LN,

RIEME DR 72 2 WA 218 7)) MiEO{LFELMIE Fig. 28 127378 B) TH D, MFHE
BRI IEHE 7 ) MiEIC £ B F9bFE L iasf hEkTi30.89, =207 7 — I Ti20.91&
o7, BRI AIER 7 UMK IC & 5P EBERIFPERTII3 A, v 70T 7 -
VT2 8L e o7z, EHRIOH T HIEE 7 MIFIZ & 5 FHbEELEBITIFF IR TI34. 95,
w707y —Y T4 082 57,

BT ) OBREHRIZEKRIIT 2 BENREHRKOEIR Fig. 29 R TEB) Th o, B
BEEREROFE PEC $3 Streptococcus sp. Tl 1082, P. piscicida TiZ 105, V. anguillarum
Tt 10°%, E. tarda Tix 10°%, E. coli Tid 10%* 3 X 0 PBS 10°% & % 5 72, MBEAEREE
%95 O PEC Bt Streptococcus sp. Tid 10522, P. piscicida Tid 109, V. anguillarum it
108%, E. tarda Tix 10%%, E. coli Ti& 1052 35 X 1UF PBS 108% cells/m! & 7% » 72, BREEW{LA
DFH PEC 343 Streptococcus sp. T 10810, P. piscicida T 10°%, V. anguillarum Tix 105%,
E. tarda Tl 105%, E. coli Tl 105%® 5 X 1 PBS 105% & cells/mi % -7z, 2 #££DFH PEC
¥i3 Streptococcus sp. TiE 10578, P, piscicida T3 106%, V. anguillarum Ti3 1052, E. tarda T
13 1082, E. coli Ti3 1052 B L UF PBS Tid 108%B cells/ml & % » 72, IEH B DOTFY PEC $ud
Streptococcus sp. T3 10%%, P, piscicida T3 105, V. anguillarum Ti1x 10%% E. tarda it
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Dilution piscicida, respectively. A, high virulent;
Fig. 27. Relationship between chemotactic effect of B, low virulent; C, avirulent; D, control;
serum antibody levels and complement O, neutrophils; §, macrophages.

activity. 1, group of diluting antibody and
complement 625.4 units/m!; 2, group of
diluting complement and antibody titer 1:
256: Dilution: A, 1:1; B, 1:2; C,1:3;
D, 1:4; [J, neutrophils; #, macrophages.

105%, E. coli T3 1054 3 X 0F PBS T2 10%® cells/m! & 7% - 72, P. piscicida 1231+ % PEC
BIEFH LB L CUEENEEERER, BREMEABLIV2EETI HORRETHEEN
FHohi,

MEFDLFAEEIZL S PEC #FE L7221t Fig. 30 I2R"T & B8Y TH D, 3 PEC i
P-FKB #LERI & Tid 1089, KRB T 105%, PBS T3 109% cells/m! & % - 7. P-FKB
RLER MK & RALEIME D PEC BUICRAFEIRD ML -7z,

RAM LR DY) VSEROEFELFICL A PEC # B E L AHR I Fig 3l LRTEBY TH B,
PEC ZU3 Bt B OEE ) v /S IROBEE LiE T3 105%, SIEHERBRREOEFAOET) ~
ISEROHEFE FFETIE 10928, PBS Tl 105 cells/ml & & o 720 AWM ALADTE ) /RO
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Fig. 29. Changes in the numbers of peritoneal exudate cells of various yellowtails after injection of
various pathogenic bacteria. Symbols: Ss; Streptococcus sp.; P, Pasteurella piscicida;
V, Vibrio anguillarum; ET, Edwardsiella tarda; Ec, Escherichia coli; C, control (PBS
injection); A, fish immunized twice by immersion method with P. piscicida formalin killed
bacterins (P-FKB); B, fish immunized by intraperitoneally injection with P-FKB; C,
survivors after experimental challenge with P. piscicida; D, fish reared for 2 years; E,
normal unimmunized fith.
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Fig. 30. Mean numbers of peritoneal exudate cells Fig.31. Mean numbers of peritoneal exudate cells
after injection of chemotactic factor of yel- after injection of supernatant of cultured
lowtail serum (A), normal serum (B) and lymphocytes isolated from the yellowtail,
PBS as control (C). immunized with Pasteurella piscicida forma-

lin kilied bacterins The lymphocytes isolated
from survivors after experimental challenge
with P. piscicida (A), normal fish (B) and
PBS as control (C).

N7zZ enn, MEROHEMEMESTLRFTERVLEELLND,

P77y - VR EOREMBIZER LT ORI, ARNICBALTELREARE
FERALICEI D> THREIT AN E LD EAMONBY, COBHOI LI EHFMIIA») D
AL LT 5 (KeLLereller 1977), AREMBEOEMMRTIZOWTIRBHEESI TH 2
C3b % Coa, MEMEEIERE T, M MY, ML r H8E o3 Lodr, Yr7a
A, TANIHRAFFHONTHWD (IR 1978), NSO TH Cha % EDikdIR
BHFREVEEEZ LI EAHNONTED, ZOHERTIIHAEEILEEL L OREDOER
BELZEICL > TEMIL SN TEEL, ARMBELELLEELLENTWED (FEM 1982),
INHLDZERG, 7YDMFOECHERTFIHEICHRT2OTREVALELLND, MM
DAEAMBOILFEELIEIZE T 2877814 Griffin (1984), MacaRTHUR et al. (1985), Suzukr (1986),
IinE and WakaBavastr (1988) %% %, Suzuki (1986) i3 2 4 OMiEF OILFELMBEE T IIHEO
HRBEBIIHETHELTVD, KEHOER,S L 7)) OILFE(EMR T AR IR R CF
HEINTLIEDL, HEORBERBIIL > TEESRTHIDTRZVAEEILNS, £
7o, CoMmMEOEHRT OEEMZ P. piscicida DIFFEMIC L - TEREPEDSND = LA
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Lk ol, SO LG, BEROHMBERTICEHAREEROEHLEREZ SV 0N
HFELTWEO»E Lk, &6, BERIESEMMERTOEERIL L2V ERS, AR
MADENIMZONDZ LIZL - THEHRIIFFEHRSL 727 7 - VOEEL RIS WOT
BRBVIEZEZIONE, ZOLHIC, 7)) OmMERS M bS5 B MR TFAHFEET
HIENEHLNEE ST, Vo), BIHTIRTOF A —X~RT bk P-FKB % fi\vT PEC
YFHEL/-L A, PFKB 2HW/3) 25 PEC B0% <, w2707 7 - VORUEPEDP 72
75, PEC ORIBEREBEBOMFEIRE IR, 22T, AECRRESCKFELERO 7D
PEC BOB L2 W~/- & 25, BEAEEETRIER, REMLAB L U2EHT PEC KoM
mAyBOSEN, ThEDIEH s, 71D PEC ORISR ERBESEHLTWAD TR
WirkEZbNE, F7:, WEARMFEMERFIZL > TPEC #3EL L ad 7295, 2
EHOEZ ) v /8kE P-FKB #BAE L TEE L/ LFEICE - TPEC Bl 7, 2ozt
M, 7O PEC ODRHIZIIBAEY) v BROEAYELESTHI EPHALD L2 572, FH
fi (1989) 27 1) MBI IEM E SR T B Nocardia kampachi DEEEIEIC B WT, BER
~ERLAZBERERCST20RMBOEELRE LA L 25, R TRIELA 7Y CHilao
BIMIBET oL LTE, 2O ERD, 7VIIBWTH, EHBEEICL - TEMEHED
EAMSEILNOTR VW EEZOLNRL, VWolT), U o EoREREPICEEEMROE
LR LM LB THIWENTFET LI EPFHON TS (WarD et al. 1970, Hanpa et al.
1987) FD%DD) T+ A4 Y REMESNAEERT ) v SBICE > TEESNB I ENLS
hT8y, wr7u7y—VOEMERCERICESTAZI LML TS (U 1978),
Wl ), RIETIZEBVT P. piscicida FKB X Tid=s 07 7 — VORBRMAFREL B 5722
Ed, V7 x A4 YOS EZONS, T2, MESSHOKEEDS 7 OBRER{LAD
GEE ) O SERKICEm WVIERES AR ST, BT VS EW I LR RS, &
it b B ORI HVE I TEE R OE BT ) v SBRICL 20 TR 2V LEEZI LN,

E£38 TYVOEBEMID Pasteurella piscida (2313 2 EBREMN

P07 7 — Y OREEBIIAKRPICBA LHEEROBREED 1 DL LTHET
HHZENFHNONT VD, FHIREITAERHE L OXFEERAIC L - TREALEREL, w708
77— VAR HESELE L CTY, BERRLEROERY L L MtEWE L ER L TRE
THIEBHONTWES, TREDEREMKIC L 2RERORBIZKNIZEALIREEADE D
DIEALTEAEL, REIIZEMBRATHILERE T2 LICE > UThhb L ENTW A, i
Tz, 7 OAEAHAROILEEIEREBIZOVWTRETL, TS OO P. piscicida 12
MY AEAULTHO ML,
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H#HEA SHEHONBOEMEE,OHBALLTFHAAKESR 6g 07 ) HALTHGV,

RESE HARIXE0IDTTIAF v 7 KEBIZWELT, AREDLRBIIHIHA T T
NTFI—FSEMALLOFHY 2MITOITTHRE L, &8, 2ERHMSPOKIEZ 23.8
~24.4°C ThH o7,

HEEN  1984EICKGED 7 ) KA S 58k U7 Pasteurella piscicida OT-8447 ¥R O F 3
L7-0hdE, s9EB L UERERT AV, MERIAKRERT 2 EBVELTENEBILL, 55
BIUOESHIIHALHRVELTENFERT 3874, ThPhokoRiFEES X CEELRERIC
X 2108 @ LDy 1& Table 14 (Z7RT & B D TH b, LDsy iLBERIRIELE S L ERHELIE
L 412 13CFU/ml LLF, §58iRARIEELE Tid 10°CFU/ml Lk, BAEE T 1054 CFU/mI,
WHERAREEDS L UL L 312 108CFU/ml LB & & o7,

Table 14. Lethal dose of high and low virulent and avirulent strains prepared from Pasteurella

piscicida OT-8447 against yellowtail
Strains Methodsd(l);ng)r(lggnmental LD against yellowtail

High virulent Intraperitoneal injection <3.0*
Immersion <3.0

Low virulent Intraperitoneal injection 51
Immersion >6.0

Avirulent Intraperitoneal injection >6.0
Immersion >6.0

* Log;o number of viable Pasteurella piscicida;

P-FKB B D/ER X% % 1.5% NaCl i1 BHI 71 3 Y IZH#H# L, 25°C TR E 5 5%
BLAEBISEV) Y %0.5%REE %5 L5 RML, SEEATIC4SHEIAE L/-0b, 1,000
Xg CTISHEOELEBRFEIZL - THEERERIL L 72, BEEZHEE L7/ PBS T3RBEFL-OL,
100 mg/ml DIEEE L % % & 9 I FEHICHE L C P-FKB HURM & L7,

REHE BEENEEEEBEREIZL > TRE LA, WEITHE PBS TS0EIZARL 72 P-
FKB MBI & 704 ¥ FDRRET YV aNy M EOHRREAT Iml 2 HABOEERICEREL
TiT o7 BEFEIMEREHEABEAEZHCTLIMEIZFHRLOL, T7L -3 ¥ &ifnik
ALMRMAET S FMBRBEBL T T o, WTROKFES LABXIZ2EMEL-DL, 1 H7AIE
I %17 o 72, 2B, REFEREAL L UVEREAEEEREAICIREEED»L SHEMED T
&R,

TVFREEEORE 7)) OFRE L UEENREARD O R R ER L2,
B b O FRORBILOEEREIC L - TR L - H A CE L ICETH +HH L, |5
i3 ML-15 fCREHAN Y I FHVTHRLLZOL, AEA 22 TABLT, BERFTILY
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Brva7z, Al oOMARIE ML-15 FRVT400X g T5 5 OBLERIEIC L - Tkl L7zD%,
ML A Y 74 2 2 2 (Coaster) 1IN LT 25°C TI0HMKIG S0 RISk, 4%
Al & B L T, ML-1542 1X107 cells/ml & % % & 5 12868 L CIF P ERIZEER & L7y BEREP
R 5 DU HRORRIZN%BD 7O 74— 2T b Iml 7 OWEEMIEEL, 6
R BRI B BRI BF, DRI L o TR L 2205 ISR & - CHISE L7, Pz
WREET0%7 VI-NERCTHFELZOL, 2ml O ML-15 2 EBARICER L7, 2L,
Bz~ o d—YLobis, WHBEOMLTEEN® ML-15 2@ L, U2 0%
7277 ARBE IR L 720 2@ PEC & ML-15 % A\ C 400X g T 5 M O LI & -
TIEBEFLZOL, MREEANRN) 714 v 2 210U T 25°C TSRS 247, K
%, FEAHEMRL % UL T, ML-15 {2 1X107 cells/ml &7 5 & ) ICHEB L TIFPERTERE L
72

Y7A77—JVFEROAH T OEEL L UEENREMRAL IO T 7 — Uik %
MELZ, AEPLD=07 7 -~ DORBISLEEREICL - TRIOL LR85BS 120
bzt L7z, BB ML-15 F CHREANY I 2 HOTHR L L0, HEA 3 2Th
BLT, BRIy Rz, AP OMFLIE ML-15 2 HWT 400X g T 5 5 O3 LMRIEIC
Lo THFLZOL, MIBEMRANN) 71 » ¥ 2 ML T 25°C T4 BRIE S €720 KIG
%, FMTEMRETIYBRV-0b, FEMEEEXy 74 v 70k > CTELZ:, EURL7< 2
077 =Y ML-15 42 I1X107cells/ml £ A& ) ICBE LT r 07 7 — JiREile L7, 1§
EARKMIE, OO0 7 7 - VORBIZ0%D T 05T+~ X7 > 1ml 7)) OEERN
CEREL, 96HFMIRICHNALEY LiF, LBERIEIC X 5 THRIM L 220 B ICRRERIC & 5 TE]
LT BMARIETO% TV I - LERCTHEELLDL, 2ml @ ML-15 % JEEEP 5/ L
2o LT, BEe <o - La0bil, WA ZIM L TEERO ML-15 2L, U3
YIVB AT 5 724 T ARBRE IR L 720 2@ PEC i ML-15 # v T 400X g TH4rE D&
LERIEICL > TIEBE Lz0b, MEAEEARN) 74 02 2 10BN LT 25°C T4 B KE
ST RUBE, FNEMBERDRZZOL, HEMBEENRY 710 710k o TEIL 72,
B L7227 7—24d ML-15 42 1X107cells/ml &7 5 L5 ICBBL T2 07 7 — V%l
e L7z,

FHREELUTYI/077 - COBREMOME HPRBLOvr 07 7 — Uil 0.5ml
EIRFEZTVME 0.4ml & ML-15 % Fwv T 1X10° cells/m! (25881 L 7 P-FKB i # 184 L ¢,
30, 60, 180, 360531%(2 0. 1m! DRATEEX Y H L, 400Xg T5 5RO ELBEICL - Tl %
B L 720 #MARBIE 10l O L HERMFEIZEBLDOD, AXATHER LI & A Ti295%T 4
= WTREELLDL, "VAF L5 -V EFLFD2EREBETo7 LT, BRELTER
mME L TEREEEERE L,

FHhBHLUY 077 - VOARICRIEITERIERAOTE BiEEasa, ERANERE
ERIEM, BRELA, 2FEAB L E-EERBESD S ORERIEIC L - TRMm L2 ik %
4£°C TISRHRIC S €720, 400Xg TISHBOFLIREICL > TMER2 S L. SR6D
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EHEEHE L7

FhBELU~7077—V0BRICELEITSEVEBONE REEREA, BEENEMEE
iR, RRERILAE, 2EABJVEENERRERACOCHAE L -EEAFSHRB LU~
77— VRERETBCTERMEBS LVECMEL A 7V = L LTHIBROFETHEAEREZH
E L7

Yo NRBOBRELEY T)OFPHELF 707 77— COEREFSICRITIZE BRIl
ALY B LD ) YV ERCTOBENEICL s TRILL 205, 2 6ICHEEYH
WL EELOLDY YRGBT LM% HBSS O THEIBNY I 2 HWTHAEL
7m0h, AEA v T 2 TRER R Bz, Fk (1973) OFHIZ X 5 TO.83% D NH,Cl-Tris
WTRAL-FRLEKEEIEL-0L, WEL 077(2F$ L 72 Ficoll-Hypaque #IZEB LT 4°C T
400X g, 305 E DR CIIEEIT - 720 FHolofR, V) ERELEUILL T HBSS T3 mE%k&E L0,
FHIZ 1X108cells/ml £ % B EHIZBE L. 3515, FRFNOEEHR L HBSS T 1 mg/mi
DBRFELERDEHIICRAB LI AR VSBERLES LT 25°C TLBERKE S, Kok,
50Xg TSSO EIRIEEZIT o TLEED ) VBB HEULL T, 1X107cells/ml & %5 & H i
ML-15 i28:& L CBEE Y w3kl e L7z, COBERIZP-FKB % 0.0lmg/ml &% 5 &9
IR LT, 25°C T 6 BEMIHERE 7. HEEEMIT 400X g DRI £ o TR LN LFRET
HFAX0.22pm DAY TV 74N —TAHBLIZ, TOEEY »/3BREEE 1iE L HE TP
BIUwsu7-—Y%FhFN1:1,1:2,1:41:80HATRELT2°C T1 BB
BR800, ZMEE 400Xg TSSEORLRIEIZL > THEL-OL, FIiOFETEE
& #E L7

¥ 3

HHRERBIUO< 07— VOREFEERTHE L-EREIFg 2 IRTEBHNTH B, P-
FKB (23t 3 247 FEROAAER I A RMGBZ LB TRAL 2 Y, BRAEAENMH329.8%L
Bol, 2077V TRARENHIIIHMTRAL LY, BRKARENEII.1%E % 57,

FhRBL P07 7 - COERIIRITTRENGE S & CIEFEMEDZEIL Table 15 (IR
TEBNTHE, A7V =L LTHRENE, EELESLVCLEERNOE EDOFHROEE
HEHIXEFNEFND3A4, 42.7, 3.6 otze CNOEXMBARELRZIZEZFNFNI2 8.7,
3.6% Lotz BIFERMK & ERME S L OIEMBMEX & MBLE ORIz 1 %LU TOfE
BRETHEENZOON, REMNFL EFNFOMICOAEEZEIRDON, A7V =0 LT
FUEIMNE, EHmMiES L CMLEERMOL EDT 07 7 -V OEAFERIZFNFNGG. 9, 50.9,
38.6% & %ol THOEMBME L /ZHBIZIEFNFNA.9, 39.2, 38.6% & % o 72, ShIEMIE
FNX & ERMEOBICIE 1 BT ORKRECHEEHNRO SN/, RIEMEE EFEMES &
OFEMBNIEX & MBMBOMICIIAFEZIFO O L o7,

HHRBLI P07 s —VOFEEICRIZTEE T ) MFEDOEEIE Table 16 IZ/RT LB H T
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Fig. 32. Phagocytic activity of yellowtail peritoneal exudate neutrophils (O) and macrophages (@)
against Pasteurella piscicida formalin killed bacterin.

Table 15. Effect of serum of immunized and unimmunized yellowtail to phagocytosis of neutrophils
and macrophages of normal yellowtail

Heat treatment at

Phagocytic cell Source of serum 50°C for 5 min Phagocytic activity (%)
Neutrophils Immunized - 53.4(2.6)*
+ 9.2(3.4)
Unimmunized — 42.7(5.6)
+ 8.7(3.9)
Not added e 3.6(1.2)
Macrophages Immunized — 56.9(2.8)
+ 49.9(6.9)
Unimmunized — 50.909.2)
+ 39.2(4.6)
Not added — 38.6(2.9)

* Standard deviation.

bb, BiEERER, BEENEEEGES, BEMEE, 26846, BEHEIERKEAOMES X
Uiid A 7V = v & L2k SOMHREROARFE R ZNEN, 41.7, 43.6, 42.7, 46.9, 41.3,
9.2%k % o 120 HULIERMKX EEEHOMIZIE 1 %OEBRBTHELENRD bh2A, &iLED
BICXABEEIRO N d o7, RIEERER, EREAEMEEGES, BEm LR, 2548,
B EERREAROMEB L O E L TV v L&D~ 07—V OERGERIZEFN
#N51.6, 49.8, 49.2, 48.6, 46.4, 39.8% & 12 572,

HH7) OFHERB L7007 7 - VOERENI Table 17 ISR T EB Y TH D, RiKiE
g, MENEED GRS, BREMLE, 2468, BEEHERBREAOTPROFEGEEIZE
nEN, 41.6,42.3,49.3,50.4, 39.8% & o720 BEEXOBIZIIABENBOONE o7, B
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Table 16. Effect of serum of various yellowtail to phagocytosis of neutrophils and macrophages of

normal yellowtail
Source of serum Phagocytic cells Phagocytic activity (%)

Fish immunized twice by immersion method Neutrophils 41,7(5.1)**
with P. piscicida FKB*!' (P-FKB) Macrophages 51.6(2.3)
Fish immunized with intraperitoneally Neutrophils - 43.6(2.2)
with P-FKB Macrophages 49.8(4.1)
Survivors after experimental challenge Neutrophils 42.7(1.9)
with P. piscicida Macrophages 49.2(2.2)
Fish reared for 2 years Neutrophils 46.9(3.3)
Macrophages 48.6(1.2)
Normal unimmunized fish Neutrophils 41.3(4.0)
Macrophages 46.4(2.5)
Control Neutrophils 9.2(0.2)
Macrophages 39.8(2.5)

*! Formalin killed bacterin.
*2 Standard deviation.

Table 17. Phagocytic activity of neutrophils and macrophages of various yellowtails

Yellowtail Phagocytic cells Phagocytic activity (%)

Fish immunized twice by immersion method Neutrophils 41.6(2.5)**
with Pasteurella piscicida FKB*' (P-FKB) Macrophages 46.3(5.8)
Fish immunized with intraperitoneally Neutrophils 42.3(2.8)
with P-FKB Macrophages 45.3(3.4)
Survivors after experimental challenge Neutrophils 49.3(2.2)
with P. piscictda Macrophages 59.8(1.8)
Fish reared for 2 years Neutrophils 50.4(2.2)
Macrophages 61.3(3.1)
Normal unimmunized fish Neutrophils 39.8(2.9)
Macrophages 41.5(3.3)

*! Formalin killed bacterins.
*2 Standard deviation.

Bk s, BENEEEREA, BRERLE, 26848, HENERREAOZIOT7r -0 D
HEEMHITFNZN46.3, 45.3,59.8, 61.3, 41.5% & & 572,
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NWiadolds, =20 77— Tl 4REREMOREDBIZ] BORBERTHEEENRD
Lz,
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MBI L > THBERE EICHER SN Ch L OBEBLUTHHRERLO Fc L 74 —
CHIBEEHES LM Fe o THBT A L ENTVA, T LI IZHFPFEROMBEDIY
AT IMFRES & AR L UTARSES T 52 EAFM5N TV 5 (Conn 1959, GHEBRE-
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Fig. 33. Phagocytic activity of head kidney phagocytic cells activated with supernatant of culture of
lymphocytes from survivors after experimental challenge with Pasteurella piscicida mixed
with P. piscicida formalin killed bacterins. [, Neutroohils; g%, macrophages.

HIWET and MILLER-EBERHARD 1979, T )i 1979, MILLER 1985), # D 7:8, tFhrkiIFE@mICHE S
EMSELIBEDLVT T v 7 AT L EDRERTELRVE IR TV, wsiF), w270
77— VIRMBEEICCh LT YR Fc bt 79 —%boTWwaEH, ThoERIGLEW
FTT v AR —FHFOLICABT A LA LORTV S (B 1988), F 7z, #FEkid
B & 12 Pseudomonas aeruginosa X° Escherichia coli 7z & DALIEME, v~ 2707 -—JixB iz
Listeria monocytogenes 72 EDMIBRANMMEERHOBERAREICHS T2 06N T3 (HH -
EN1974), 2D X HIiFhEkE 207 » — DOFEAFERICIERSED LN LA, WTh
b A RBEIC S TH D 2 LN TS (BA 1088),

ZIT, KETET) OIS DERHROREMIIOWTRE Lz, 208E, 7Y Ol
ARBHHEB X O~ 27 107 7 — 213 Kusupa and Hamacucui (1988), AHft (1988) OIEER
LML AEMBOBRSLEEB L TERLTWAZ EXBEL LR oz, BTS2
U7y —VIEEFRWREIZS ), Bl s0 7 - JdEESERE L TWAZEHFLS
nTwn (AR 1988), COEKE LTI, w707y —JidMLoBRENELICONT, &
PriEtE A LA B L ENTW A (Conn 1968) . —ARIC, 27 07 7 — VO bIki i HER ~ 23
vou7r—Y~RIEMT /0T s - IANEHEL I ERS, SET)OEENR 0T 5 —
VOEMN LR L7-ORZOBRIZLZD00 G Lk, Wsld), BEKOITPROFEEA L
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B2 E W) EEERS O LV, RO ERIEE LD HEOLEELERTIC L - THEK
LEns o EAHSNTWD (BFA 1982), 20T ehs, BHERFOREEZIIZLED
N BT RO BRIV ERE L TRADTREVALELOND, DEIL, 7Y OFHIRS
YU raT - VOEBRICRIITIEOEELRI LA, HHROAREIMFEIAFE
L&w&ﬁaAE%b%n&w:tﬁ%%#t&otoit,#ﬁmm%f%ﬁwﬁﬁﬁﬁ%i
T:k#%,TU®ﬂ¢ﬁ®§ﬁﬂum%¢®ﬁ¢ﬁﬁ§waémfu&w#&%i%n%o
EHEOFRROEATRMFEROMKIKEL TR A I EAHMEN TS (AR 1982). 7
JIBWC LR THEZVRERDRD, VWol), TVOvrE7 7 — Y ORRITEMEDR
MEERNTEK X LSRR E 7 o720 LA L, Hiflio®mVRELFEE A7 = L
42 & AR ERT AN %R L 72, Sakar (1984) x4 7 HAMORENE ik % AT,
ED+ 7 = AR e RE LS, HERREAROFREERRA 7Y = 08> TERAT
BELTWVE, FOEHOBIETL MBFRTIZEL A& Mk oA i Fun (1981), O'NELL
(1985) 1=k » THE SN T VA, AEOKRES Sho LEKTH Y, HHEHORVREZNLR I
WEB L s 07 7 —VOREENE LRSELIEFHALh L L o7, DEL, HHETY)
DIED A 7Y = VBB L UFHERB L~ r 07 7 -~ VOEREEZERE LT, L L
AR S, EEAEEEGES, RER{CR, 248, BEEEERBRREONEOS T
o BRI EENBEO LMD o1, Vol lE), IRO 0N LHERLEEMR BT
RBLUOw 07 7 — Y OEEFEEEHE LR, AEEERO SN Rh o708, BN
St RGBS X 02 ERTHE R AMMER L, TS ORORIEITH T 5 EHitE
BEG I EAD, AEEHERO ERSEERHECEEZOTRRCNLEEZ LMD, MM
(1988) AR ST AU A =27 2 F Y OFEPERE LTS Y, FECH L TIEEME
DEALALE R D TIREVAE LT, REOHKRS S & AEICH L TIARMROERL
FEELOTRAEVAEELOND, T/, HETIRIEREHLADETE ) ¥/ FRORELHAV
paT = OEME FRESELI LD, Uy T A A A VEDESTVICBVTHIFET S
DTV EEL LN, 22T, A TIRINY ¥/ EROE RE L EEAERCIREICS 5
EEHTRERB L v s 07 r — VIEA SER0L, AEEREIELCL ZAHRROARE
ﬁuiﬁttﬁﬁ%%ﬁ%b%ﬂ&#otﬁ,77U77—§®§ﬁﬁﬁwiﬁuﬁﬁﬁwuv
NR%EL%%%wt&%bkﬁbfﬁﬁﬁﬁ%b%ﬂto77U77—?%ﬁﬁméﬁéuy
NEOEERTF L LTREMAF, /¥ 9=-7208yBLFY Y7174 7 FHGRTVS
(MELTZER 1981, O'MALLEY 1982, ffizk 1983, A ill - 7¢Il 1984, Esparza et al. 1987), 2o d
WFRSAER LTV A E B b, RTESS HTRO 5 IERIELAD ) ¥/ BKBAIZL S
A MO RIS ) ¥ RO ARABIEHER FICL 20 TR EWREEI LN D,

Z4g 7 ARMBOMBRAREEEOME AR

77D77—VPﬂ¢ﬁu$%WKEXLT<5ﬁﬁﬁ%§ﬁtt®gt,ﬂﬁmfﬁﬂﬁl
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U LT, ERBHERIEFSTHLI LM TYE (A 1982, BA 1988), LA L,
Mpycobacterium tuberculosis 7 & DPLEEH B, Listeria monocytogenes 1 X U Salmonella typhimurium
L COERMBBOFRREEE IS LT R b oW T A AEM0E L - RELEIZIZE
REETHFEINDEET ) v B OB LETH L E SN TS (Hann and KAUFMANN
1981, OrME and CoLLiNs 1983, Orma 1988, € 1975), M (1970b) (37" OEEEAEIZB
WTRFEADEEHBNT, KEEKE TH 5 Pasteurella piscicida DIGFEEIFRDO ML & L
TEY, AELEEMENTREGEICERLL TEMT2EHETHSL L Bbh b, 7, Kusu-
pa and HamacucH! (1988) & & UMt (1988) 137 ) BEEIE IS L CIXESEBAR R VRV —
L EOMBEARIEOFENEIHOONTVE T 7 F v OFIEIFEE LTS, ZhEHD
e, TVEKEECHTIAEIEORE VT 7 F Ly RRRET A 00, 7)) OaEMRRIC
P. piscicida Y AENT-OLOREHIRETHARLLENHLEEDNRE, LrL, ThET
12 P. piscicida |23t 457 ) OFEMBEAORE B HE L BFEAS 500,

FIT, AMETR 7 OBBHROERMILE M T, P. piscicida * ARSI E DL OM
RN EIEEOBE FEIC >V TREN L 72,

X B A &

R SMBELEHFEEFAEORMELE»OMA LARE S0~180g O 7 Uiz V72,

HEEE 19844 KB 7 I{E OBIED 5 558 S L7 Pasteurella pisicicida OT-8447 ¥k
PR, ARG, AANERY 20EVEL-0L, FEERYTY, £CIRFLT
fEH L7 RICE LT, 1.5%&5E M BHI ks (Difco) (&M LT, 25°C T 1 ity
L7=Db, 2 %EENM BHI FEXRFESE M I ZHR L, 25°C C20RFMIRE L TERICHAL 7

BRMREEROFAY BIREKSEHEICL DERM L7 ) AL S, HEERTSUCHERI ]
DB L7, BRBIRKRRZTON Y 7 —VTREBL, B L1 %EEKTHRELZZOHIZ ML-
15 8T, MEBOWESATHOTHRAILLZ, K T TIOGESE L2ObIZEELHREL,
150X g T5 A MOELRET 2 BT - THIRLZ BB L7z, BRISHRIZTA Y 0 Y # W TAHR
HAFHL, ML-15 12 1X107 cells/ml &% % & 5 (2MEH L, BRMAEERE L7,

EEERMARZEROAY iAo FETHEL -ERARZFHERICIVI VT LTFE FE
0.1% Nk LD L RML, £°C TFEKE S/, KIEH%IZ ML-15 2 HvCHifa %
150X g TS5 MDFLHEHFZ ST o 72D b, ML-15 42 1X107 cells/ml &7 5 & 5 ICHRE L,
[ B A e & L7z,

MBINEEDRREEDRET A ML P A 2 dRm D) U GREIGEEOLIEE DX
LSEERFTI HikE, AMLT b= A 2R VG ERIEEEDHIC Percoll # VT
HEFE LT HEICOWTHE L, BiE O3 E e BRI i P. piscicida ETH %
100°CFU/ml £ 4B LB E L0, AL A 2 0 210BL U100 wg/ml, —=3i)
> G %1508 L 08 1,500 unit/ml & %5 L 5I2@mML, 25°C TISABRIG S 72, RIL#&IC ML-
15 2 AWT 150X g T 5 GO LEEE TV, BTG 2 L 72, BRARE SIS L-
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15 £ W, 150Xg TH4MOELEEY 3ET-720bH, 1ml ® ML-15 (CFEE LA, £

T, BFEHREICL > THREEREERTYIE L. BEOFRIIE T ERATEHEEIC P. pisci-
cida £ % 3.8X107CFU/ml DRFEL %A LHIEHL-DL, APV =A% 100
pg/ml, =) G% 1,500uit/ml &% 5 & HIEML, 25°C TISHBRIe &7, sk
I ER1.07002 T8 U7 Percoll A# 1mi 12, FORIGHE 400 ! # ERB L7201, 3,500Xg
T5 5O LRIELITY, BRMARES % B L 7, BEMRESE ML-15 2 v T 150X
g THAMOELGEE Y 3AIT-7205, Imi O ML-15 IZBE&E L7z £ LT, BRFAREIC
Lo THREFARBTME L.

BEEMFICL 2 7 OEEMEROBREDRET £h£h0.2%9 BL-9EX, BL-21, BL-25,
BC-25TX, BC-30TX, BC-40TX, BS-20, BO-50, BB-20, BB-30, HCO-60, Triton X-100 %* &r
1,7 11, BXU15%DEEKE, 1X107 cells/ml OMfLF#EHR* FR2REG LT, KET TISHH
s, #LTC, RO ECcEMa e ilE L gt s L7z, £/, SRAMRIZD
WTIRAATRERL, FLaFRAELT-70bICHMEFE L.

REEMRILSAO T ERMROBRAOKRS 7)) OFRMRIIHT2REEDEL, TF
BLUOELVEY POREKIZL HUHEB L UREEELRIEC L 2HEFEZRE L2, REEOE
(LR AL L U8 Btk L Ml EH 2 SRBREEG L, KETTIHHRIC S /0L, il
OFFEIL D EMBE T IE L TSR LB L2y YFBIVPELE Y PEHRIZE 27 FR
MR OMELL, 2%EIRAPIZTYFBLIFELEy MR (Cappel) 2 ZNFN1 BLTI0% &
BBHXIICEBL, MBEZERESERALT, 25°C THOBMESE0L, FBROFEI
LA EREL, BERkEIE L, SEE RIS MR8 O BRIR IS E &R %
1,500Xg, 5oMOBIMEERTT o725, BIROFERIC L ) AMBEERE L, BREZILE
L7e $£7:, BAEMBIIOWTIIAATRERL, FLFLRBEIT-20LICHREZFE L7,

T OBRMBEOWIESESED P. piscicida DEFRMICRIZTHE WA OMRKEEMORK
SHOEEE, BIEREOE - 720.2% D BL-9EX, BL-21, BL-25, BC-25TX, Triton X-100 /113

X U 15% ek & P. piscicida HEEHEEAT 105~10"CFU/ml &% A L HICHRE L/ L-15 2 %&
BaL, K&ETTO 15 603HIIESE7z0h, BHREREICE > TERRZIRL

ERMIAEA P. piscicida EEBOEBFLTIL L-15 # H\WTC 1X10°CFU/mi AR L2 P
piscicida EHEBBW & FHEHERBEOT UL HRELCMELR 1 L4 DEEFTRAEL, 25°CT
05 BRG S €7, RIBH%IC7 ) #AOERD Sah 4 TR L - Minsin t S2RE L,
15, 20, 25, 30°C T 2rpm DREIEIEE* 1T o7z #L T, 0, 7.5, 15, 30, 60, 07 &IZENENRK
G AL, AL P24 20 % 100 ug/ml £ =21 »G% 1,500 unit/ml & 725 L9
WL, 25°C TS MG ¥/ 0b, Percoll ¥ AW WER.LE1T) HiETHRNER %
B L7ze WiBZi: ML-15 (CHEE L720b, 0.2% BL-25015%&E K L S8R E L, KET
TISHMRIE S THIE L 720 RUCRICBRIBIEIZ L - THERKZHEL 2.

HMEAREEEOATE FI0ROEEHERBELAS L U2 F£A0 0 R EREZFRL,
B OHET 25°C THOFTBER R E-0L, AL T A L RV VG RAROBE
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7Y ORI RIE R

E B EHIZEmML, 25°C TR MG 87z, #OREH % HE%1. 07012 TR L /- Percoll
BWIZER LT, 1,000Xg T5 MO LRELITY, BRMBES 2RI L7, BRI
ML-15 2 Fv2T 150X g T 5 FHOZLHSEF 3 04T o705, ML-15 H1iZ 1X107 cells/mi &
HBHLHIHEE Lz, ZOBEIIE 25°C TO, 60, 120, 1807 RIKEL-DL, |EBFWIHH
LT0.2% BL-25 MN15% &3 KA S BREA L, KET CISHBRIE S %7, RIGHEIZRFER
ECTHERBZNEL, MBRAREEEL RO,

* g

ARV Th=A 00 eRZVN YGERICERDOHIS, BEHOELEIEL Percoll % H\ 72
HEELCEI L RN DER OBRER IR LRI Table 18 (RTEHB N TH B, &l
BIEDRNIZIE 2.4X10°CFU/ml Tdh - 7288, mOEBEEO FiFid 1.3X10° CFU/ml & 7% n, A
ML 72420 % 10pg/ml BLUPFRZDY G % 150unit/ml &7 5 L HITHEMLEE 5
LYIXI0*CFU/mi £ %2, ZPL b4 2% 100pg/ml BLUOR=Z2 > G% 1,500
unit/ml &£ 7% 5 X HHEM LA E 213 7.8X10° CFU/m! 48 F L7 Percoll % V7> & 3.0
ET, EOBIEDRTE 5.3X10°CFU/ml T - 7225, Percoll % A 7= HEZELOEEFEIZ L Y
8.9X10*CFU/ml £ %57z 851, AMLT R4 0% 100 pug/ml BLUOR=ZI ) LG %
1,500 unit/ml £ %A XML& i3 2.9X 102 CFU/ml & 7 » 7=,

Table 18. Seperation of yellowtail phagocytic cells and Pasteurella piscicida by a combination of antibiotics
and centrifugation without and with Percoll

Centrifugation Concentration of antibiotics Viable P. piscicida

Percoll gravity streptomycin penicillin G (CFU/ml)

— 150 xg 100* 1,500%* 3.9%**

— 150 xg 10 150 5.1

— 150 xg 0 0 6.2

- - 0 0 7.0

+ 3,500 xg 100 1,500 1.1

+ 3,500 xg 1] 0 6.8

* - 0 0 7.1

* mg/ml; ** units/ml;
*** Log,o number of viable P. piscicida.

FHEREEEAIZ L 5 7)) OBRMIE OB ¥ B L 228 R 13 Table 19 (RTEBY TH
%, 0.2% BL-9EX M1l & '15% &K, 0.2% BL-21 inl13 & F15% &5k, 0.2% BL-25
s & O15%EIEK, 0.2% Triton X-100 Hn11d & OF15% BRI &V HIRBEEERE A3 S h
720 E72, BREMRIIOVW IO L h oS hEh ol

FEEHRLUANOFIRIZ L B 7)) OB MK OB IERE % B L& R Table 20 1232 B
NThb, MIBREREIEGKIZLDZHFEIORIIFZDOON, FRUSND 8 %At kME, vF
BIOPELEY MERLES L UOEEE MBETIRED SN D 512,
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Table 19. Desruction of Yellowtail phagocytic cells by 0.2% detergents in hyper-
osmotic solution using sodium chloride at 0°C

Concentrations of sodium chloride (%)

7 11

Surface activator

—
o

BL-9EX
BL-21
BL-25
BC-25TX
BC-30TX
BC-40TX
BS-20
BO-50
BB-20
BB-30
HCO-60
Triton X-100

OO0 0O00 0000
OO0 00 e wmw
o000 0w w> B>
O0O0O000WR W W P P

=]
o]
o

Percent of disruction of phagocytic cells; A, <5%; B, 5-30%; C, >30%.

Table 20. Destruction of yellowtail phagocytic cells by complement of guinea pig
and goat, osmotic shock and centrifugaiton at 1,500 X g for 5 min

Rate of destruption of
Method phagocytic cells

1% goat complement C*
10% goat complement

1% guinea pig complement

10% guinea pig complement

0% sodium choloride

8% sodium choloride

Centrifugation at 1,500 X g for 5 min.

GO 000

* Percent of disruction of phagocytic cells: A, <5%; 5-30%; C, >30%.

i vk DF IR DBIRGEE DR D 72HEIZBT B P piscicida DAEFZRMEIIRITTHE 2R L
T AERIT Fig 34 IORTEB N THh b, P. piscicida DEFRMEIZRITTHEI30.2% BL-25 M15%
BIEAPRLANS L, EDEHLOHETIIEREPERT L7

HMREA P. piscicida X BB OFREM LT HRET LRI Fig. 35 IRTEBYV TH D, Mg
MARREVINOREIZBWTS, 15300 IcKRICEFUIEM L7225, ZhEOELiZ/h
Ehot. FIHMBAAREIL 25°C TS RIEHIC 2.9X10° CFU/107 cells & % » 72, FHH
Ra P A R BUIREFERAE A% 25°C TR <, 2V T 30°C, 20°C, 15°C DL %2 5 72,

T EEBIU2EADCHRL-BRMILD P. piscicida LR IZA$ 5 MBARBEEZ
WELAZRITFig 36 1R TEB0THL, | FHROERMALD P. piscicida FIFIP A EIL
PRI B AR bR, 2 REMRUGLIRIEBHICHML 72, 2 FAOERMIED P.
piscicida MRAAEEEIZ60~ 900 HEE £ TRIRT T M50 61, 605 B RICH%IZIET
1A —RBERT L7z, UL, #RUBEARESMT 2M8m %2R L7,
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Fig. 34. Effect of disruption of yellowtail pha-
gocytic cells by various non-ionic deter-
gents in 11 (A) and 15 (B) % sodium
chloride solution on viability of Pas-
tewrella piscicida. Symbols: O, BL-
9EX; @, BL-21; [3J, BL-25 A,
Triton X-100.

Survival index of the bacteria

Minutes

% S

EEMBAOFHEEOWNE IAEMB L AT LRELTERSEOL, MEZTHELLZV
THEEBTHET A HEL, WELSH L CAEMRBNOLRBOALNE S S HEDPH 5,
ZIREIHECTH L2, AEMRATHIBRERE SN TS, AV HkOBEEFEVSE
I FnE BNl T LT, MEI/HEBEIC 22 EBbNb, £2T, KHETIET ) OFEM
BEARFRELTEESEL0OL, Miltsosm B L CHIBBARERE L MET 5 HiEC
DVTHE L7z, SOMBAOEREOBREREL L CHESECELHBNICGREL WA ML T
ATy, REVYLGEBIPIIRT T 4 EOFEANZL 5T, HBRAOER O % H
ZHFENMSN TS (HouMmes 1966, TaN et al. 1972, QUIE et al. 1969), L& L, #hFho
HEFHERTHWCY, 7 OEEMBLE P. piscicida %522 BT AT LR TELd o7
FIT, KFETIHA ML b4 v BIURZDY VGERIDSEOL, BEOELHRE
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Fig. 35. Change in the numbers of viable Pasteurella piscicida in yellowtail phagocytic cells at
various temperature. A, 30C; B, 25C; C,20C; D, 15C.

IT) AL, Percoll # V2 HERLGERIT) HEIZOWTKRET L. 20O#FE, AL T
FA Ty BIURZIY YGERIDERTZDL, Percoll FRIWEELESFRDLRIERL L
HWEBRETELIENTES, LL, ZRUAOFETIEFOBRENART5THY, Ha

LGN T L VO TIREWrERbRh D,

—f%iZ, MIBAEEEREOHEEIT) 20101, AEHROBESRG L RO LLENH D, (3
FHOE M OBEEIS AT K, RERUEE, BEEHELEES LU Triton X-100 7% &£ O RE
EHAIC L > TEEHEOMB 2HIET 22 LA ST v a (Mivata et al. 1984, BF A4 1981,
BUCHMEIER and SCHREIBER 1985, ZeLiGs 1981, #4431l 1986), LA L, ZAWK, #iERMFLEE LU

BHEREEIZ TG P. piscicida DEBRMIZEEYRIITOT, 7)) OELHED P. piscici-
da (R HMRHBREEEOUEEICEAE L TH S L BbNhD, 22T, P. piscicida \2xF L
T, RBHEEFRCEEDNLIEA + v RRTERSR, #hs L UBEELETRHV:ZTYO
BREMBOBIES EIZOWTRE L. AT 5 REEEH OB ZAF 1M (1986) #F Triton
X-100  HWTw 7 2OBEBEAMROMAREEE L UE T 2BICZOEIRE F R/
F,0.2%%H0ELT, 0.03~ 1 %DOHADEESTHROBIERYIE L, T/, HBEALERHD
ENEAE o728 LTWh, 22T, AME TR TN TORMEEERORKREES0.1%E L
7o ZOFER, MBEOBEDFIIFEFESEHA BL-25 ¥ REAEEBEN8 %L V) ERALEND
ETRFLEDVOMEBE S L HFENRDE {, P. piscicida D4R IZRIZTTEENRLAE
ol b, TOHEFTY OFBMBOMENREFEEONEIELTWEEEbNE,
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°
5}
E L
?: 0
- 5rp
[=}
E Fig. 36.  Intracellular bacterial killing
g’ activity of head kidney pha-
e 47 gocytic cells of yellowtail.
§ Symbols: A, survivors after
experimental challenge with P.
* T piscicida; B, normal unimmu-
nized fish.
2 F
TF B
0 1 2 k]
Hours

HMRAREEELTHET 57201213, HEZ2EEHRICTSICERSE LML RODLEN
Hb, AETIH T OEEMBED P. piscicida 12333 2 EEME, WTFhoBEIIBENTY,
30~605 M OIS TERKXE %o 7, Kusupa and Hamacucur (1988) , Hamacucur and Kusupa
(1988) 137 OFEEMILD P. piscicida =< ¥ AELEF I T L ERBR* 3EMELT
Wk, £/, fHH - H (1988) X7 ) DOF 7 AftE N~ s0 7 7 - O7) EHEEKE O AN <
U ARE LRI T A ARRBY 1EBEELTYwS, LaL, #IlROARERIZE > TERH
FMET LI EIAELEEL IEEL D, HMIICE 2EOBIC L 2EBROBL LHBEATO
BOMMBIZL BME EPEZONLDT, HFETETIRLIONLWERDRSL, £2T,
MEHNAFEEE 2 BIET 57200 P. piscicida =R 23135 7)) MO & KFEEIIZ3050H, Kie
BT 25°CHmb L Bbhs,

UEDOEGEEZHVT, 7)D 1 F4HL 258 OFRMAID P. piscicida 126 T 2R EEME LW
FEL72EZH, 1HEAL) L 2HEHOHBMBOIE ) PREFEHIE I AEMER L. 72,
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2EBORBETEL | FREREIRE T, TSN AT 2@ 557 L7,
i, EEMREET AWBOHARF L EBEL TERIIBVWEEDbREDT, ASMED
WBRREN R Z -T2 | LRI 230 L Bbh s, ZOZ bhs, 7 oaREED
P. piscicida 233§ 5 HIBEPIR B G OBIE X 1 BREIERBIITI ORI VERbLRLL, L L,

AL 2EHOMBNBERERICEHLZ2EESTD SN, —RIC, 2 E6 TIIEEDEC
ATLEES L LT ErH, ZOMEARKEDOEZEVHEBEEICH TS 7)) OEHME L RE
TLOTELVIAEEbRL,

AFEOHR,S, 7)) DABMROMBARAEMEOHEHEEROFEFLVWEBbRA,
FTihbbh, ML-15 # VT 1 X108 CFU/mi iR L 72 P. piscicida T B8 M & AT R IK
B 7 hoHELMEL 1 4 DFETREL, 25°C TIOHMRIE S€ 5, FIS#IZT)H
BOBRD>HOHMOFETHERE L MRFEREEERE L, 25°C THOTHMERSE-0b,
AML T2 A % 100 pg/ml, =) G% 1500uwmit/ml & %5 %95 EmML, 25°C T
155 MRSt 5, FORIGHE % LES 1. 070138 L 72 Percoll IFIZER L, 3,500Xg T5
SO CERER T, BEMEE S % HRIT 5, BRI L-15 2 AT 150Xg T5 4
DFE LG EF 3MIT o205, ML-15 32 1X107 cells/m! £ %25 & ICBET L, ZOBBHE
12 25°C TO, 60, 120, 1807 HIEELZ-OL, 1 EEFHYH B L T0.2% BL-25 mNl5% &iE k%
FEREL, KETTISHMEESE5, RINEICRRFERECL > CTEFRRZHE L, #Mim
RAFEHN LT KO HETH L, SEOMAETIHBRALERE 2 ZOOEEELTCRAELY, 0k
ECHARHBEIIELOEPROON:, #2C, HABRIEFEELAEL-DL, —80°C
TRIFLZZADEHRAT IO L WEE b,

E58 7 EBMID Pasteurella piscicida |23 3 MR FEEEM

HIEITix, 7V ORAMBO P. piscicida % GRS 0OH OMBBHNFEIEE QW E T EIZ
WURES L7z, ZOMR, 7)) OFEMIBO P. piscicida 123§ 5 BN EHEEOBIEIX
FTRHEFIOL VRETITILELH L LB IR 572,

ZIC, RECTREHOFEESHIIRRBRLTTI D220 TH iFhHkB L U~
U757 —TVDENEFNRD P, piscicida (23T HHBRARREESEOFFEIZOWTIRE L,

=B A &

R BHELENTFENFEOEBESED? HBA L/FE 50~180g o7 ) #fA v 7z,

B  19844E (KD ED 7)) S5 D 5 45 8E U 72 Pasteurella piscicida OT—-8447 ¥k & FH %L
U725, 39E8 L UESHRTAV, MERIAKRBEET 2EEVELTHEDLMILL, 55
BIUESKRISKEFRVELTENTRT S, THPROEKRO 7 )12+ 5 5% %10H
M LDy 13 FHHIRZEES L BRI L 12 10° CFU/mI DT, 593k RIEERET
12 10°CFU/mi L b, T2 10°CFU/ml, BHEXRISBEES L CBEE L LIz 108
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CFU/ml DLk &7 572, MIBBRZEEEOMED /D12, TR FNOEMKIL 2 %AEIE M BHI i
EE M CURERIBE R LD E, 1X10°CFU/ml OfEL %5 L5110, WEFRELEFCHBL,
HREE T—80°C THRAF L7

TVIFREEEEORAY 7 OBES L OEENE LR S HFRIRREERTERL 2, E
B O O PEROREILLBEREICL - TRIL L7 HEA>SES ICHER M Lz, 5%
i ML-15 TS AN I 2 HOTHAELZ0L, AEX v 22 TAHBLT, BiEh %I
Bz, AR OMRIE ML-15 % BV T 400X g TS5 OB LREIC L - THRIFEL- OB,
MBIERANR MY 74 » ¥ 2RI LT 25°C TG RMEE 8872, Btk JEfT5HRa % My
LT, ML-15 12 1 X107 cells/ml & 7% % & 5 1Z88& L Chf BRIz & L 72, BEREAIE IR
SOIFHEROFEIFNND 7O T A—X_RT >y Iml 27 OBBERICERL, 6REZICH4
RALFEY B, LBEMNEICL > THELLAOBIIREHIIZ L - TR L7, EEEERm%
0% 7NhI— Ve HCTHEELZOL, 2ml @ ML-15 * BEEWNICERE L, 2L T, Hil%
o= L0bhiz, BEEUR L CEENO ML-15 #EIXL, 22 Y UEBET /207
ARBRE IR L7z, 20 PEC i& ML-15 # v C 400X g TS5 0B OELRIEIZE - T3 E
B L7-0h, MBEERAN) T 0 @Ml T 25°C T ML s, Rk, 3F
ft e 2 mIL LT, ML-15 12 1X107 cells/m! & 7 % & 5 (208 U TR ER E L7z,

TI077—UBEAOAY TV OEBB I UEEARBER S 0T 7 - ViREREY
R, FEEPLOT IO 7 7 — VOFBIT OB X o THRIL L7 A0 5 EHIZ5HE
R ARE L2, B ML-15 b CHEEANY I A RGTHBEL-0bL, B84y 2 TH
BLT, BEAEZRIBRV, AT OMAZIE ML-15 % BT 400X g T 5 4B O LEREIC
SoTHiE L-0h, MlEERM) 74 v 3 22HEMLT 25°C T ERIS 3872, RIS
%, FFBEMBEEIRYBRVOL, FEMREZERY 74 v 22X o TEIR L7z, YL L7z< 2
77— 213 ML-15 2 1X107cells/ml & %25 L) BE L Cvr a7 - JF#ERE LT, BB
BRELHERLS D07 7y - POREZI%DOTUT A — AT M 1ml 7)) OFEEA
IR L, 0GR BIAICHAB I i, (LEERARICL > TR L 2O B IR X - TH]
MU BEAFEE70% T LI LVERWCHELZOL, 2ml & ML-15 % EREPICHERE L
72 FLG, BEEz< ¥ —ILA0bIl, BHEUHELTEREAO ML-15 ZzEXL, ¥U2
VLB R T o T ARSI L7 @ PEC i3 ML-15 # T 400Xg T5 SH R
DERECE - T3EBKEL-0L, MRBEERHANY 74 » ¥ 228 ML T 25°C T30 B e
Bg7, Rk, EMNBEMRERIKRCZO0L, FEREEERY 71 2 70k 5 TEIRL .
EUL L7277 7 — 213 ML-15 42 1X107 cells/ml & 25 X H BB LT r 07 7 - VT
we L,

B RIRIEA P. piscicide £EHROFRNELL 2L T, 0, 7.5 15, 30, 60, 0F&%IZELEH
RIsH O HEL, AL TR 0% 100 ug/ml £=31) »G% 1,500 unit/ml & 7% 5 X
JTEML, 25°C TISH MBS &S&7:D5, Percoll % V> 7 EEL %47 ) HECHRAAER
hEL, M ML-15 ICHEBE L-0b, 0.2% BL-25M15%A1EK L F&RE L, K
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TCISHHERIC S THIE L. BUBBISRIEREIC & - TERRZIE L,

FRIFOMIBAREFEDOME ML-15 2 H\VT 1X10° CFU/m! \2FA8L L 7: P. piscicida 4
HBEIE L BEEREARREO T ) P ORELMEL 1 14 OEEGTREL, 25°C TL05H RS
S/, RISk, 020K, ORMB L FPRFERESEBRAL, 25°C TOHMERLS
B2DL, APLTRIA T ERZVY YGRRBDBOBEEL LB LI IZHML, 25°C TS
BRIG S 872, £ORIBHZILEE 1. 070(Z 7% L 7= Percoll A#IZER LT, 1,000Xg T5%
B OB LRIEZ TV, HFPIREISG 2RI L 72 dFERIE ML-15 2 H\ T 150X g TS5 5B 0&E
LEEHEE 3MAfTooDh, L-15 A2 1 X107 cells/ml & 2 A LD ICEEB L. ZOBEIRIZ
25°C TO, 60, 120, 1805 MEEL/-0L, 1EEXE D H L T0.2% BL-25 M15% &6k % %
ERAEL, KETTISHHRGE S €7, RICRICRRFARECHEEREZIE L, HFHERAREE
(X LoVAN

TIO7 7= OMBARBREEEORE 50 D707 7 — VRiERYIGRDOMBLIEER
A4 70 7L —F (Nunc) (ZIFEMIL T, 25°C TI55MBEE L7, ¥%E, &7 ML-15 &
12 1X10°CFU/mi & 7% % & 5 IZFABL L 72 P.pisicicida DVEHERE 50 pd %R ML, 25°C T304 fLE
ElL7, 208, F7IV% 0.05mg/ml DA LT <A rE 10uits/ml D=1 G
&t ML-15 T1 [, ML-15 T2 @E#H LADb, &Y 12 ML-15 % 50 xl T2%ML T
25°C THE L7, SERMGEK 608 L 120598125 7 T V2K L7-0. 2% BL-25 IN15% &
/K% S0 ML, ZRTISHBRICE 705, BREREICL > TEERENE L T2
07y — JPREEE L HIE L7

BEWILAB LU 2EHL LR L FBOFECIFPERFERFER LT, MBAREEEL R
E L7

SEITULPSHAN L7707 7 - OMBAREIHOLE RiEkhEs, BEEAEEDE
RIEL, BEMLABLIP2EADLHROLETY O 7 7 - VBEBERTERLT, MEAR
BiiE S x flE L7z,

EETUVPSENLANERD OMBAREIMICRIITHE BiEEREs, BHEANEEE
REA, BREMLABLU2EAPSRIL72ME T 10%RE & 25 X 512 ML-15 (ZiEm LT,
MR E BT L HE L7,

REMEY7O77 - VOMBAREETMEICRIZTT VU O BOEEFEOTE B tas
FUEERPOA?R) VB L7220 v PG TOBEREICE s TR L7-0L, 7275512
FHEZHHE L7, HEDPLD ) Y /SRROGHITEMAZ % HBSS O THHAN Y I ZHVT
MALLZzDDL, B&2 v ¥ 2 TREBR T By, FHk (1973) OF I L 5 T0.83%0
NH,CI-Tris #{ THRA L7-RIMIKREZHIE L 72D H, HEL 077127 B L 72 Ficoll-hypaque (2 EE
LT 4°C T 400X g, 305 B Dm LR EEAT o 720 WL, V) > /8RB % [ LT HBSS T3 [
g L7zob, FEIZ1X10%cels/ml L %25 L HICBB L, S5, FhELOBBIHK L
HBSS T 1mg/mi DEFEEL 2 HL AR LAV K VBBERTES LT 25°C T1BER
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7\ DRt R

&, KB, 50Xg THHMOELRELIT- TEED Y v/SBRBEEULL T, 1X107
cells/ml & 725 X HIZ ML-15 (2BE L CHEB Y LB RB#H L L, ZOBEWIC P-FKB %
0.0lmg/ml £ %5 LHICHEL T, 25°C TORFRIKE L, FEERIZ A00Xg OFELBRIEIC
Lo TEBORE EEERTHAL0.22m DAY TL Y TANS—CHBL e ZOFEY >
SEEEEFECETFPHBI P07y -V 5 FRENL I 20HAETRELT25°C 18
ML SE720%, %t 400Xg TSDHOEMRMEIL - THELZOD, FIRDOHET
MRENHEEEE T E L7,

5 g

FHET) OB L7 PROMBNAEGEE L LB L 28R 1T Fig. 37T IORTEBY TH D,
BEEBHRII T A0, 1, 2 B MR O P ERAA T BULRIE R RE A T 1026, 10%2, 106, 8
PR g AT 1055, 1077, 10%8, RRgEm LA T 1077, 1074, 102, 2 &£/ TiE 1074,
1029, 1032 B X UEREETAE R R GA Tik 1028, 103, 103 CFU/ml & 7% o 7o, 898 HRICH T 5
B0, |, 2B B0 FIRAARRIREEREATIE 100, 1025 10*°, BENEEERE
T3 1034, 10%°, 1020, et & Cid 10%% 10%5, 108, 2 4E Tk 1029, 10%3 106, B
& U E A RS T 1035, 1078, 10M2 CFU/mi & %2 » 72,
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Fig. 37. Intracellular bacterial killing activity of peritoneal exudate neutrophils of yellowtail against
high (A) and low (B) virulent strains of Pasteurella piscicida. Symbols: @, fish immu-
nized twice by immersion method with Pasfeurella piscicida formalin killed bacterin
(P-FKB); (O, fish immunized by intraperitoneally injection with P-FKB; A, survivors
after experimental challenge with P. piscicida; A, fish reared for 2 years; [J, normal
unimmunized fish.

EETVHPOHAP LT r 07 7 -V OMRNREEE L B L 2R Fig. 38 IRTLB
D CThb, BBEKICHTAREE L 2BMEOY 707y - VHEARBRRERRELATE
1019, 1071, 10%2, REREPHEREEGIE#TIZ 1015, 1016, 1034, gt {bAa Tl 104, 1042 10%°,
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Fig. 38. Interacellular bacterial killing activity of peritoneal exudate macrophages of yellowtails
against high (A) and Low (B) virulent, and avirulent strains of Pasteurella piscicida.
Symbols: @, fish immunized twice by immersion method with Pasteurella piscicida
formalin killed bacterin (P-FKB); (O, fish immunized intraperitoneal injection method with
P-FKB; &, survivors after experimental challenge with P. piscicida: A, fish reared for
2 years; [, normal unimmunized fish.

2 4R TIE 1047, 1012, 10%2 35 X UNHRAE B ARG Tt 1008, 109, 10%° CFU/ml & % - 72,
EMICAHT AREO, |, 2O~ 07 7 — VHABEBIIBEHREREATIE 1028, 1024,
1020, BERE 4R Gn g £ T3 1028, 1025, 1020, megmtbfTix 1037, 1022 10'8, 24/ T
1076, 107, 10%8, B X USERSEE RS S AT 1029, 1078, 102 CFU/mi & % - 72, #HK
AT AREREO, L 2EEMEBO s 07 v — A RRITBEERIERTIX 103, 1075 10",
P S PR Sa S A T 1032, 1072, 100, Rt b A Tk 1035, 1078, 10M%, 2 AT 10°°,
1021, 10%° 5 & OEREEAE R Tl 1033, 1024, 10"° CFU/mi & % 572,

B 2 SR L 22 ME RS OF FEROMBARE G ISR TRE L /AT HE R Fig
VIRTEBNTHD, EFMEEA TV e L2 SMERICHTHIEE, |, 2EHED
BT v ER P AR T RO R E R R A T 1073, 1025, 103, BRI RE A T 1052, 1024,
1032, et & Tz 1020, 1028, 1037, 2 44T 102, 1022, 1032, B X U HihE R g
BT 1028, 1031, 104 CFU/ml & % 72, FBbMiFE L+ 7= & Lce &, MEki
TAHEEO, 1, 2 BRE% O PERNAREITREEGEARTE 104, 1072, 1027, BENEEERE
SeiEMTIE 105°, 10%8, 1022, meFm{bfcix 104, 1017, 1028, 2 AT 10%4, 10°¢, 10
B X OB S T 1008, 1000, 1023, # 7y =y Avv e ik 10%% 104, 10!
CFU/mi &7 72,

FHET)ASER L MERS O~ 707 7 -V OMBAZEEE CRITTREL A ER
2 Fig 40 IZRTEBVTH L, EFMERA TV b L2k SHERITT AR, 1, 28
Bgo~wro7 » — SHABRIIREERELTIE 1022, 1023, 10*°, EREASEERGREL T’
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Fig. 39.

Fig. 40.

7)) ORI

0 1 20 1 2
Hours
Effect of various yellowtail sera on intracellular killing activity of peritoneal exudate
neutrophils of normal unimmunized yellowtail against high virulent strains of Pasteurella
piscicida. Symbols: @, fish immunized twice by immersion method with Pasteurella
piscicida formalin killed bacterin (P-FKB); (O, fish immunized intraperitoneally with
P-FKB; A, survivors after experimental challenge with P. piscicida; A, fish reared for 2
years; [, normal unimmunized fish; W, PBS as control; A, normal serum; B, heat

inactive serum.

2 0 1
Hours

Effect of various yellowtail sera on intracellular killing activity of peritoneal exudate
macrophages of normal unimmunized yellowtail against high virulent strain of Pasteurella
piscicida. Symbols: @, fish immunized twice by immersion method with Pasteurella
piscicida formalin killed bacterin (P-FKB); (O, fish immunized with intraperitoneally with
P-FKB; A, survivors after experimental challenge with P. piscicida; A, fish reared for
2 years; [, normal unimmunized fish; [, PBS as control; A, normal serum; B, heat
inactive serum.

Logye Numbers of the bacteria

Logy number of the bacteria
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1046, 10%!, 10*9, Bifmtfbm Tid 1025, 1031, 1046, 2 44 T3 1010, 102, 10%% B L MR
ERE R R G A T 1022, 1023, 10%° 388 T3 1021, 107, 1031 CFU/ml & 72 » 72, FEM{LILiE
XA TV vl Ll EHMBRIHTAEE, 1, 2EEKEO~ I 0T » — PHERNIIRIEE
RIEHTIX 1022 1024, 10%%, FERAEEERREA T 1029 10%6, 10*°, BEm LA Tk 1076,
10%2, 10*4, 2 ATk 10%4, 1027, 10 B X EREIERBAMA T 102, 1021, 10%° + 7y
SRRV GE EF10%9 1029, 1031 CFU/ml & % - 72,

EEAREEMROMBAREEEICRITT ) RO E LFEOEE W Fig. 41 (3788
NTHb, MBWICHTHHERO, |, 2HHEOY »/ EREE EFLBTPERMNERBL 2 E4
Tid 1073, 109, 10**, HE&EEfE R g A T 1021, 1031, 10*5 388 T 1071, 1075, 1034
CFU/mil &% o7z, WHHERICHTLHEEO, L, 2HMREO) V1 HREEFELE~ 0Ty -
MA R 2 F£4 Tk 1023, 1018, 10>, HEEEE R R LA Tk 1018, 1024, 104 B T3
104, 1019, 10*° CFU/ml & %2 5 72,

5 r -

eusloeq ayl Jo Jagqunu %607

0 1 20 1 2
Hours

Fig. 41. Effect of supernatant of cultured lymphocytes isolated from yellowtail to intracellular killing
of head kidney phagocytic cells against high virulent strain of Pasteurella piscicida. The
lymphocytes isolated from: A, survivors after experimental challenge with P. piscicida;
J, normal unimmunized fish; @8, PBS as control; A, neutrophils; B, macrophages.

E =

BIEHCBWT, 7Y OB LU~ 7 07 7 — VOARERIIERERNE BRI ) 2T
HEMBELY S LRTHZ L, HPHROEEERRMFOMEENIEKETL L, w20
77 =VOERFERRBEKFELZVI L, BRI > TOThoOMBOERENE S FRT LI L 48
HOEhEhole 6L, =207y —VOAATHE2EHQHEE Y VN HROKELFEICL 5
TERLIZZEDD, 2EADEF) /BRI v 7+ 04 VPR EEATLOTEwhE
EZoNTz, LIz T, 7UVOHPRBIFv s 07 » - VLB L AL EEELT LD
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7)) OB R

DT LnwheEZLNSL, 22T, KETIE, AIEHOMRE L &L TT D P. piscicida =
4 HHENEEEE L BE L,

Y, B OBEBENREGFFERBL <07 7 — VOMBASREESTRE LA,
BRI T AR EROMBARER IO ThO 7V IIB W THBREMICER L, #RNEEIZ
RBOONLD 572, FHEROE L TIVTRO 7T IIZEWT HEEAIZED L, MRS EE
DO, VolE), BEKRICHTAY IO 7 7 -V OMBBNERBIIREM AL L U 2E4
Dz 77— YV TIEE | BRZRICED T 5EM50 5 Wl BRIl S heas, £
DIIPDT) TREBDONLE o7z T, FHBLTEFERIT L TRVTAD 7 JIZENT
b AR A BRI A L, SilBARERSRO oW, L L, BN L2EBORL®E
REFHROIIINEL, HOFBIWETTEIIo00T, BHIIBRBESKLZ EFEI L 572,
— 2l LBEE L S OMB BRI LTI aFSR IR, Mycobacterium tuberculosis, Lister-
iamonocytogenes B & U Salmonella typhimurium 7 & OMBNEREE Y L Cid~wroy -3
DEERERPETTHLZ EHFMON TV A (AusTRIAN 1977, LEUH et al. 1979, LIEBERMAN
1979, Mackaness 1962, BLANDEN et al. 1966, LEFFORD et al. 1973), \» 519, P. piscicida ZHIR
PEEME TH L I LMo TS (BHAE, 1970b), ST Ehs, 7Y OEEHED
REPEIZ IR RE D =207 7 =P ORI ERLEOTEEV R EEZOND, T/, <
707 7 — Y ORBEHR IS L MBAREEIRER LA 2 FRATORED Hhiz, K
S LA EERN Y, 2FBIHERRE L2 LOTRERERIRELLY, 60T iV
NLABEBIEE D T T A I Ens, MERICHT LMBAREEEIE ) osick - TER
T20THEHLLT, FRBMECL - TERTHOTR VR EELLNS,

P. piscicida FEOW Y AAB B PR TIIHEKOMERIC LD ERIEBLALROONE
Hotzh, U7y -V TEREROBEEN LR TLIIONTRT T A2 HANAL N, ¥ b
DEGMRIEE TdH B Acinetobacter calcoaceticus, Pseudomonas aeruginosa $ X U Staphylococcus
epidermidis DFFFHRIZI R AR ICEEMBOFEE L IH T LR F % slime RALTWE I L
DI STV B (ScHwarZMANN and BORING 1971, JoHNSON et al. 1986, BfEfh 1987), ch oD
Lh 6, P. piscicida DMRAERE LIZS ERER LTI T IR DBHEHET 2O TII LV
EEZOND, Tz, KEE2HOMEND, P. piscicida EHOREMIE L 251200 T,
1MiE DECER T OEENFIH SND T EHFEDH LN TS, BOREUNFL B HIIONT,
707y - VOERISHTAEEGEESET L20E, ThodBRIES (TR eE
Ez6NM5,

MREABEES CRITTMER S RMOEZE LR ER, MFEFONSELNS VERAERE
fiEh B L ORI L AL S B2 mMEE AV A LPEROARERIENS X CHEAREFEEAS,
LAY BEHDNRO NI, WV olR), 207 7 — I TRIMETOHKED S CEBENERES
EAB L OBEM RSB MEE AL LERRS LR T 505, MIBARREEEIET L,
COZEph, HHRERTRIERORAREDOEMIIE 24 7Y = OERICL > THEERES &
CHIBPREER TS 2 b5, <207 7 — VY TREARBFEUEOLFICL - THIRBAOAR &
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T ]

BEMLUTHEHOWEEZARBITLOTIR 2w LEZOND, FFROHKME LH 257207
T, FHEROMBAREEERPIFETE S, w2707 7=V TUEPZ » THRATOREDHE
MEBHIITAEBRDbN S, BIZEESHIZE VW CEEHE T T 2 REHHET VTR M P
DFARIATE IR E SR A LR LA LT 5 &, BEMEADIIIAE, HE
ELEDLNI, TOZEERBOINT TOKENS, FHEAEIIA T 2 EGRR #1310 A
Ok LA SBLZTTREL, w7077 - POMBARFEEELFRICERSELLE
FEHHOTERWIPERDNE, WalR), w2707 7 — P OMBBAIRE G S RERE L B
BhHBLIENHOLE R o TOERBIEIE S~ 07 7 -V OFMHILIZOWTIE, FIET
EMDPMRVIKBIC D 2B v 7 07 7 — POFRREWEAEREM LA DHE ) » / EROHE LFI
Lo ThERETAZENBOLRTWVE, F2C, RETIIREBICHBAREEEICRIITEEY
sl 2 A, BREMCAOEE) L XROBELFETRET LI LI T, H¥ <O
77— OMBRREEHA L L7, Esparza 5 (1987) 13V v EROBEEYEICL -T2
077 —JOMBESIUCRBEEEFERELZELTHE, 2O &ML, £RBEES T
DA77y —YOEAEE L CHIAREEEO LA GEE ) Y BROEEWRIZL LD TIER
WL EZRBND, —HRIC, MFREEEMEICE LT, R 2 F Y EDERT S U0E
WTHDLHI EMHSN TS (HanN and Kaurmann 1981, OrME and CoLrins 1983) o AR 7 7 F
OAEERERBEICL 5 TEEET Y SR FE ST, ZRICL - TEESNDEY X747
Ay, MAF BIUM vy —70aribilloTeruryr—IEHILLTEBYD, Zhoo
M I O PR IC X - THIR PSR I3 A BB A . A L 2 h T b (R
1982, MivaTa et al. 1982, NomoTo et al. 1983) . 7)) OREFEEIE I § A RGP HERE b (3708
CEIBCH Y, REOTEHITEIOL D RS REENE 2 EET A7 7 F Y ARELROTIR
BuhEEZLGNS,

E6E M & T E

KEOEREILEESINE T ) OEEMILO Pasteurella piscicida (254 5 BUE i3 Fig. 42 (278
FTEBNTHB, 7 OEAMK TS BiFHERET 707 7 — JTidEFNER P. pisicicda (24}
T2 SIS OFERH & BRI IR AR SN, HFRERIEME SIS T AU B L ORI ORF
YERIZ & 5 T P. piscicida \23t 3 AL EBEAEREL, ChoOBERFIFELRVE
FOBREIMET LS, Wald¥), w207 7 —YRINLORTIFET H L ELCLAROBEEE
B HELD, HHELEL TOBEODERTEROOW ko7, £/, w207 7 — JI3H#
1) 2 SERDS P. piscicida R E EBT A LIS TEHEATIRTICE - TEMELE N, BED
REETIHRETE A\ P, piscicida DEFHHRICTT ARBEEATERTLIS L7, o
DI EHRS, TUIBOWTHIIABEE MBI v SHKPERBEC L > T YR 1 “HET %
AT LLOEEDLNL, L7 T, BIZEIZBWT 7Y OB v R S EE 23T B85
EERTFOFEEDSTBEEINSD, CORTEFRETHOh LR ov 707 v — VIEHLEF &
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' ‘ . ‘ ‘ ‘ ' Chemotac‘nc Yy "ODSOanatIOI'\
factor AR A of serum

“) B— X
\\*"\Armed macrophage)

Fig. 17, Scheme of phagocyteic function of neutrophils and macrophages against Pasteurella piscicida.

BEXHLEEBLNDL, LLEOKER®S, 7 OBEEEICS T AT EHEEIZ L - TR
) R EEEALL, w07 VoY LR ESLIRTFEEET LRV ERTAS L
Lo TRETADTREVWRLEZ LNRS,

F48  TVERBEECHT 2 REFNFIECL 3 FHENKRE

7 OEREEHIE IS T ARIBEMHFELL D FHEORKETE Kusupa (1977) 12k - TE T
REMEAURIE S N TLLK, MR EO LN TS, il - EHE (1980) 27 OBEEAIC Pas-
tewrella piscicida Ir SHB L /2R V<) VAREILEEE 704 0 FORFEET Va0 bl b
WERY S L, 7)) ORI FRA%800, 000U EOHARIZ L 2& KM EETAE LT
Whe £7z, fEH - FH (1980) (ZHMEEIERITHR OISO 7)) OMLiE b OPUEE T Tz &
I 5, FRERATHRICEEENREZ LHE T LTWE, $72, KEOHEEI 7D 1 FH TR
b4, 2HEAMUETRIREALALREVI EDS, RERTHROME T OHMAEMO L F A7
FEDTEHIR T > TV BDTIILZ WL LTWE, Zh6DZ ENS, U2 F il ns7 )0
MHFE DT ORISR SN, £ LT, fHH - Al (1981) &R FEICL HEE 7Y
DHFEEET 7 F > OFMW TR Lo, TOME, BlEE, BUEBIURBEROVTRIZY
HEMHEABRDONZE LTWh, LrL, FREFROVEEETRMOEV D S ERBETRILES
DHEAN, BOES L PREETIRNRPORENFEOFHICEEGT 50 TR E LTy
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% (Fuxkupa and Kusupa 1981), f&H - #iH (1982) x31 P. piscicida 7 ¥MiE*HWT7 ) %
FEREL CEORMELBHR, ERIEO L, 12, 4RMENICRBREEITI L AP
FETLHI LS, REOFHEIMAEVFEELBHEEZ L TnEDOTRAZWALELTWAS, 7D
MEFOHARICE T AHEIEEE - #EH (1982a, 1982b) 12X » TiThh T %, Al - fiH
(1982a) 13, 7V OMBEHOBRERKLHERL CZOENERNLER, 4Bkowsraso7
Ny ThHbreELTwA, VWolT), TRH - HEH (1982b) i3 7) OMLE DELBEFEKIZDOWTER
L, KERASEERECED L2 bov 007 ) vy THb ELTA, ZDEH
127 OFEREEE IO T A MFERFICO W THREPED bh, EREPBRH EINE LIk o7
EWADT 7 F 2 OEREO-OITRIERPICERT ARMIRON, T8O TELENE
REB LT A0, WGEIBETHLIENERENL, TOEBMII R HIESELLT,
BT CIo8OE (Durr 1942), Bi&1E (AMEND and FENDER 1976) B L U %% (Gouwb 1980,
ITami and Kusupa 1980) % & 2SBE I N TV, FhoD) HTh, BRIEEIBRESHEED FIZ,
Do FDFERENLHELTTEOT, EREOHTENL TV 5 L ERX HTWw5, Fukupa and
Kusuba (1985) I3AEIZH T ABiEET 7 F > OERLEED L7012, RIFEICHE LB O
Bt 21T o720, FOKER, REETZF VIZENEEOINENEHTHLLELTWA, LiL,
KM - 20 (1987) BAEO RV =) Y ARECEEETUR E LAREETRE, REERZHELL
THEREOEBRHBRE I TAEHHO LRI E»TH-72 LTWA, T/2, HAMAGUCH
and Kusupa (1989) (ZBFSMI BV T HRFEDO R L <) Y RiFfLEAE IR E L-BEETIIED
PR 572 LT, SOLHII, FECHT LRV U AHECEEEHVGRERICE
AARIEDTFPHIZEMBS TIREETHL LWL ENTV S, &5, fEHEf (1988) X
7)) DESETIEICN T L )R- LT 7 F L OME, S, RECINFEFRORAMHEO LR LD D
B OERLPLETH L E LTEY, RECTEENLR T 7 F L ORBOLHIZ7) DM
Rtk R ORI AR S M,

FIT, RETIR7) OMBEERERBOBELEICLT, 7 OBREEEICHS T 5 TR
DWTHRE L7z,

B1E TYERBEICHT IHEELERT I F OB

BIE T TOMEICENT 7)) OBEBEEICN L CEET ) v BROF#EIC L bwra7 7 —
TOEMABLETH LI EPVHL L E R oz TOFEHT ) ¥ N BRIBRELER 2EAR L
HEEBEEZI L TVCHETLHI LN S, FEDOFRHICIERT 7 F VI BBENERTIZ
ruhkEibhb, LiLl, REHOBVERYHWTERBELITI) &, BEIZL > THRN
ANWEET AENDH B, BIE, EF - BREFHERTREICY MV AERBeHKIT L TERY
F AR EINTVED, WTFRL LA LPOHETHFLLEHESHVLR TV,

F2T, KB TRABMICARBELIT) HEL LTHBLELCERYHCERTT 75 12
FoTT) R RELTHEDELEEY 7 F v LB LT
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7)) DMV RIERRE

B 5 &

HEm SHE L EHFENFTEORBEE,» SHEA L/FYEE 28g 7 VY V7o,

AEFE HRAIIZ 800! OHARTIAF v 7 KEIZAEL, AKREDI2%IZHI2H4 7 )
TIVFIINTFI-FS (REERLH) 2MA-60EHS 2EIIHITTHRS L, &8,
REBRB T OKERIE 23.4~24.3C Th o720

HEEM 194EICKTEO TV IRE DO 5578 U/ Pasteurella piscicida OT-8447 ¥R 5 FHEL
L7, 59%8 L ESEKYHV, wEkEaKERY 2RV ELTHENTRILL, 55
BIUESHIMAERVELTCENERT S, FNFLOKROBELS L OBREEREIC
L B10HH D LDg 3MEHRIRHED L CBEERE L 412 10°CFU/ml LT, 5@k R2E
T T 108 CFU/mi ULk, #EE Tt 1054 CFU/ml, BHEMIRIEEB L UEBEEL LIS
108 CFU/ml LLE & % 572,

BHELRS JUEBLROAFREBERICL 3BRHOTL ARNEBIEIEERB LY
BEAHTZ2F W0 1ml 2 7)) OEENICERELZOL, 8HHMEZICER,SES#LTT -
2o BOEESN/HIBUORLCFECTAERNEBEZHIEL, B3IEFL2EHLEARIIT)HA
125t 5 LDgo 2 IE L7z, .

BEVIFODOER $HBHAR (ALB) BXUES4EH (AVB) ORBEFTEROFEICL-T
Tole A=) Y RELEAE (FKB) &, #tili%1.5% NaCl N BHI 71 3V iIZHME L,
25°C CREMIIRE YRR LEHICAN ) Y 20.5%RE L 25 L HITHEML, I 481
MgE L7-0b, 1,000Xg TI55 O MREIC L - THEAZ B L7, BAE%#EE L7 PBS
TI3EFEHLZZOL, 100mg/ml DBEE %2 LS ICFBEICHE L THERE Lz, MAKLR
(HKB) i3 BHI X4 % FivC 25°C T4BREMIREE L 72 OT-8447 Bk % PBS B L 72D b,
75°C T 1 BRI OMBZ T THER L WTROPURS PBS 12 100 mg/m! DgEL %5 L5
BB LTI F & LT

GREHE GBEGRBEEICL > UTo/ ¥, SHEIUFEEZ MK A 8K HVvT1, 000852
FRLOL, T7L -2 a v ETVRFLERAL S PHEEL TIT-742. WThoFkd 18
BEIZ2mpEL .

FERAOMEE  1.5% NaCl il BHI SFAT 25°C, 24B5[EIH53 L /-t 50 H k% 38 PBS 128
B, BAETHVT 2.3X103CFU/ml DigE L %25 X ICHR L CEEAERR S Lz, 8]
MREIT I DEFRICHREF T L -2 9 Y EITOLRYS 5 5MEEL TiT- 72,

MEFOMARBOBE FKB 2 VT4 2705 45 —FEilL o TUT o7

MEROMAMOBE ~HFRMHKEHACTERH - BH (1976) OFEIZL > Tiro 72,

EEMBEOEREMORE HEHSOREHRORRIL GCBEREIZ L - TRM L 72t A
PHEBICHESFEZHIE L, BEIE ML-15 hTHREANT I AV L L7-0b, A%
Ay aTHBLT, BEBH LTI BV, AP OMAE ML-15 2 FWT 400X g T 5 7+
OBAAREIZ L 5 THE LD, ML-1512 1X107cells/ml & 2% & 5 (B L CHETAREM
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Rz & L7z

GEEMOMNTE EEEAMEERO0.5ml L EF )M 0.4ml & ML-15 # T 1X
108 cells/m! ZFEL L 7- FKB # % B4 LT, 30, 60, 180, 360512 0. 1 ml DiRAWEEIM O KL,
400X g T5 M OREIRIEIC L - TG Z R L 720 MERZI 10 d D7 SRR ILE (CHEB L 72
DY, AATHER LI, AATIRBBLY ) —VTHEHELLZOL, UG F I ¥F—EBL XLy
D2BERBEIT-72, 2LC, BELTHREEBLUPERBRTAE L2,

o077 - UREROAR TVOEEB I UEEARLEMBrOv 0T » - URiERY
R, HENSOT U7 7 — VORMBILLRERIEIC L - TRIL L 72t B2 SE B IZH
B AR L. BB ML-15 R CHE AN I AW THIAfEL7zDb, BEA Y2 TH
BLT, BB EZRYBW, AT OMEI ML-15 ¥ H T 400X g T 5 5B OBORER
FoTHELEDL, MEREFHNNYF 4 v 2 223 NLT 25°C TIOHFMRG & 87, e
%, FABEMBEEIIOBV-0L, FEMIEEERY T4 270k o THEIL A, BUL7z2 2
U7 57— ML-15 12 1X107 cells/m!l &% B X H5ICBELTera 7y »—VFiERE Lz, B
RS, D s a7 7 - VORBIZIN%D 7O T A - AT Ly 1ml &7 OEEA
CHEAE L, O6RFRIAICHtAAEELY RUF, LBRERNEIZ L o TRIL L 72D B IZHMERIC & 5 TRI
BUTo, EEAREZ70% TV —- L AVTHBELZOL, 2ml © ML-15 % JEEPICHAME L
oo FLT, ERE2 o —J L0bIC, BHE0HELTEENO ML-15 2EIXL, ¥
VIVE R (T o7 AT ARBE R L2 Z® PEC id ML-15 # F\2C 400X g T5 M ox
DB Y 5 T3EBEH L-OB, MREEHSN) 74 v 2 2@ T 25°C T30S
Bz, MIEE, FAEHBETEDBRW0L, AEMRE YRy 74 7 E 5 THEIRL 72,
AR L7220 77— 213 ML-15 12 1X107 cells/ml £ 25 L H BB LT~ a7 v — Vigi
wE L,

v 7A77— YOMBRBREEEORE 50x O 207 7 — JIFHER % 96X OMBEREER
<4707 —1 (Nunc) (2L T, 25°C CIOomMIRE Lz, B8R, F7INMIIML-15
12 1X108CFU/mi & 72 5 & 5 W ZEABL L 72 P.pisicicida DiFHEIE 50 pd 23RML, 25°C T304 fa%:
B, FO®K, £ L% 0.05mg/ml DA ML 724 & 10units/ml D=3 VG
% &t ML-15 T1 [, ML-15 T2 m#&EH L7205, &7 TVl ML-15 % 50 $72@ML T
25°C TR L 7o, WEEBMAEEL L60B & 1205125 7 T ViTkis L7:0.2% BL-25 IN1S% &
WK% 50 pd FINL, BRTHASHERIGE 706, BREREICL > TEBRBLEEL T2
077 - YRREEEZRE L7,

3 £

WEARB L CHESEEOAKNERMNEIC L 5RO ELIE Table 21 ISR BN TH
B BARPNE B RO ) BIREESIZ L 5 LD50 (3553 AE R T3l 1 3 X073 [
10 BAF, 5 MEAT 10%2 7 [@lA 104, 10/ Tt 103 CFU/ml & 7% » 72, EHAERTIRBRREH D
FEREZBOLR L h 5T
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Table 21. Changes in virulence of attenuated live bacterins (ALB) and avilurent
live bacterins (AVB) prepared from Pasteurella piscicida with repeating
passage in yellowtail

Log;o number of LD
Number of passage 1 ®

ALB AVB

1 >6.0 >6.0
3 >6.0 >6.0
5 5.2 >6.0
7 4.1 >6.0
10 3.1 >6.0

FEERI R GEEOEFRFEORIFNEIE Fig 43 IR T80 Th b, EBRIELEI08 BEOMK
FAETRRIIGEHE AR A100. 0%, HMBBAEFXA3B7.3%, K~ <) > NE{bEKXA522. 2%, N
BOLIHIXA®17. 7%, WBIXH18.3% & % -7z, s9#FER, EHFERB LRIV P ANHLE K
FIEXRDEFRRIIBEDEREIZN LTS5 %LU EDGBREBETHEENRD LIPS, AL E
RIX TIRIMHEX EHEEIED LN D7,

100
g
:
3
2]
- S0F
3
c
&
L
0 1

Days

Fig. 43. Changes in percent survivals of yellowtail immunized with attenuated live bacterin (ALB,
@), avirulent live bacterin (AVB, A), formalin killed bacterin (FKB, ) and heat killed
bacterin (HKB, A) prepared from Pasteurella piscicida and PBS as control (O) after
experimental challenge with the bacteria.

KEDMESD P. piscicida LPS FrBIUAE, #HkMH L CEBMROERIEE L ME LR
i3 Table 22 2R T LB N TH 5, MIEPOREIAKREIZI9FERKXA18.8, EFHAEFIXAY. 4,
R AECRERXATI7.5, MMAFER K A%14.5, WHBEA 8.2 ug/ml & 7% - 770 HHRIER
EABEOMICIE ] %OfRETHEEEIEDOONY, BREROBICIEEZIZDLNE
Moz, MEPOWMKMIZHEERKA672. 4, EHERKAGSL.2, K<) NFLHKK DS
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675.7, MR X A649.7, AFBEX A% 672. Lunits/ml & % - 72, FREX EMBXOMB L
BREXOMIZIHEEZIRD LN h o7z, HEMBOEAEERHHFERKX 9.2, EH4E
BXA9. 1R N =) AELEEXA8.0, MASERXH.8, WHBRI4. 7% &R -7, KHHRIEX
ERBBXDMIZIZE BOBRETHEEIROLN, S5, HFARHEEREXOMIZLAEE
ZEROLN T, HEIBLIPFIEHROBEEN27 07 7 -V OMBRNARKIIGHEERRK £
neEh 1075, 107, EHERK AT 1022, 10°°, A=) » AELRKR AT 1024, 10*), INHITHE
X A% 10%%, 10%°, *BEE AT 10%1, 1027 CFU/ml & % 9, HBHEARKX TOAMBAREI DD 5
hiz.
Table 22. Mean serum antibody levels, complement activity, phagocytic activity and intracellular
bacterial killing of yellowtail immunized with attenuated live bacterins (ALB), avilurent live

bacterins (AVB), formalin-killed bacterins (FKB) and heat inactive bacterins (HKB)
prepared from Pasteurella piscicida

Amigens fosbods Complement Prageyts  Nugher of sl
ALB 18.8 672.4 19.2 2.5-1.7*%
AVB 9.4 681.2 9.1 2.3-3.0
FKB 17.5 675.5 8.0 2.4-3.1
HKB 14.5 649.7 4.8 2.4-2.9

Control 8.2 672.1 4.7 2.1-2.7

* Log,o number of intracellular bacteria for 0 h-1h.

£ &=

IHETICARE T 7 ) OBMEEE T2 7 OBt B ta B L U244 T
BV ENHLPELR o7, FOBEBEELTE, ThoDBBIWTROERBBMELZ ST TED,
FRIZE S THEHED) Y8 BY 7+ 04 VHDE Y EATLREN T ES L, BUEARNIC
P. piscicida PREAL-L Zi, HReNIZOMEFELL, vru7r—J0#E{l, EEBL
UHRAREEEY LA SY PO TERRVWHEEZLNE, T/, FO—EDOREIIEET &
F U TIIFETELWIEPEL N E L 572, RHEM (1989) 127 @ Nocardia kampachi %3
JETHEETRE LAHBA LY AW TRIELZIZI A, FEREICHT 2 EEHMBROEMENS
ToeLTEY), 7VEBWTHLERRELERRETEIRE T A 0EEBIIEErTFDHoh
TWwh, T/, BIEKF L TIERET 7 F I 2BBET 7 F o OEBILIZR#ETH L 2 L oS
b2 Ehs, ZOFHERABHIIT) 2AFBET2HENIRL I VOTIEI v L E
Abhb, Lirl, H2EESHTIT - BREMRLBITREEORB AR ) 72012, LB
FRICERRELTRD LIILALOHRAITHATLE ) BEIID Y, ERLICIZAIVTL W
EBbND, ViR, AFETHVZ-HEEREAGNESS O T T oBRENMEL, &2
HEEVWEEbNhL, £2T, AETR#REBIET I LI - THOBEBEZET $27255
FEHBLIUVEBEFEARERL, 2L T, ThEhOFIELRLV<) U REELE B £ Uz
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FE LB LT, ZFOME, BMEHHMEIHHFERTIT, - /205, BEEE, FL<) CAE
{bBiths & OMBIEH TI3EAD o 72, BHFAE TRIE LAX TIiofEX & L TlFEF O
HiAfiizZENRO SN h o724, HEMROEREES L MREARL~ 07 7 — Y O#
FEASREESESWVERZ L L, SOREE LT, SRFEFTIIRNTCELLIC, ERBRE
WX BFEBY oKD ) T+ A VM EOEAGE ZOERICLIALDTRE VAL ERD
No, BT 7F  OBEIMIEREMECL > TEET Y v P FEINT, TICL-oTE
EENBY T4y, w207 = VEMIEETFT (MAF) BXUPSM v —70 0% El
LoT=z7u77—JANEHELTEY, Iho MM RERBOERIC X - THilaM g%
o TAREBHEASKTITAESRTWA (BFA 1982, Mivara et al. 1982, NoMoTo et al.
1983) . 7'V OEEAEHEAE (xS A RGBS O IIAB LK TH D, RIEOTFHITEZINL )
M R L ERL T AT I F UNEN TH L EELONE, Vi, MLERTLE
BB CIREFERE LB LT, AWHEY o2 TR (1982) 13 A KB & RGO 2 h
b HnohhT, MFEGFPHFERICL > TESILE SN EWITH L TR REIEL L2
WELTWa, SO EHhs, EBEERIE 7 MECST 2EAMAR , MERDICE > TH
2P RE IS D, HEE L TOHBMESECOTERwrEEROND, 72, ERHK
%47 72124, EE7 7 F Y OREEIZEIIEDRTL L ZvaTR Vb s,
LA L, REOERLS, BEREY 75 OERLIZE, BFEERT 7 F /8- TT %R
BT AHENRED IVEEDbR S,

B8 7V OMEBEHIEICKT B Pasteurella piscicida ') K — LT 7 F L DEME

YRS — LT 7 F L ESB L URESEETIE, SEYAVAB L HEERRIIELTH
WTHDESH TS (GREGORY 1986), T 72, A7 27 F Y IAELT 7 F ¥ TRAEDHEE
FERTOAMBAMBEEAEICS L TLAERTH ), FRtrRuE shTnwb, 21
(1970b) &7V A E R A OREAR T RE LR, FRACEEMRAEEIFED LN D
LLTBY, RGP ERAEDOTEEIH L EEbNDE, IO kb, 7))
I L TRANE(L T 2 F v &0 b EE T 7 F U DEIVWEHTREVIEZEZ LD, LAL,
BHBOTIF LT, £HT 7 F LV IEERICHESH L LBRDbIW L, K7 7 F i3tk
VEDEMETH 25, MBPIREEMEIREE ST L, @7 7 F v EAROBRIHFEINTS
h, Zettidguntibhis,

ZFC, FFETEHEDIEOEG V7Y ERFEHEY 2 F L 2T 570010, RERRER»S )
K- AESBLOMBOSEGEEZRABL, BERAEERICI > T7) 2REL, A
FHE L

E BR A&
Wt SHEHEHFENOEMEE»CHBA L PAKE 8. 8g DT AT AV,
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WEAHE HEALE 800! D FRP KFEIZINAEL, 7L -2 a » 3 iTWhdLEF L, B
F1HL Y BEREDISRICE LA HF TS 3 4 (REES) ¥RAL, #4205 L
AR

YRV —LESOHREE 1984FEICKGE D7) {5 578 & W7z Pasteurella piscicida OT-
8447 B> KRB EMR %, 1.5% NaCl il BHI 7 1 3 ~ (Difco) (HEfE L, 25°C T24BERHR
EEEFELOBIERL, BE L7 PBS T3EESH LA-EELTHAY, db (1975) oFFEICL -
TYKRY— L PHES (PBP) BLUSHS (PBS) #HWH L7, T4bDb, RGEEL 0.01M
MgCl, 0.025% SDS 1 pg/mi RNase-1, 0.5 ug/ml RNase-2 # & pH7.1 @ 0.01 M Y > E&infl
# (PB) IZBELZDD, 0.02mm OHF 5 A - X2 MATHIRAED F A F—THRELF A
AL7=0HIZ PB T L7z, TOMili# % 27,000X g TI5 M B & U 45, 000X g TI55- M D
EDEBERITY, RESEOWHEAZIND 05, LiET 3512 100,000Xg T 3 B O #.L
L7z BONkE%0.5% SDS M PB (2B L7200 b, 1 RHZRCTRE S, 4°C T1#K
EL7. D%, 0.1mM MgClLin PB iZ8& L, RBP & L7z, 7/, E#F% 270,000Xg T3
BEEOL, Boh/zikEs PBICEE L TRBS & L7z,

MEBREHFEORY HMEAEIHES LT, dEsERS (OMF), LPS, HikH iR
(PCA), WfkyLEEA (ECP) B & UF N~ ¥ Ai&{LEA (FKB) % Fv>7:, OMF i Rick and
Kasper (1982) & MurpHy and APICELLA (1985) D HEXWEL TiTo7. Thb b, HigERK%
300ml @ 0.01 M EDTA, 0.05M Na,HPO,, 2% NaCl * 5 pH7.1 @ EDTA SBEHIZEH L,
37°C T 3B 3870, HIBBICBERLIE YTV, 80,000X g TR LIBEL 1T 5 720
BoNHELZAGKIEBLLOL, £°C TIHRKE ST OMF & L7z, LPS I3 WESTPHAL
and JanN (1965) @7 =/ — b — K3 L - THRE L7/, PCA IIEH  #EH (1985) o Fik
W& - TR L7, ECP Bk % 25°C T2ARFRIEERE L /B EBHIC0.5% & R b L ik <)
YEMZ, 25°C CASESEIEH &€ 7/-? %, Amicon cassette system (Millipore) T 3 [E#%:8 L5F
=10, 000LL L DM 5 #RE L, HEEEE L THR L7/, FKB 12fEH - #H (1981) OH kL -
TR L,

BEHE BVELDL, lmg ORELILHRYUTELEY I EBEIC20, HAAOERNAIC
Pl L7z AR A H IR K & Rk ICETE L /2,

EEROBEHER F2EHOPVRERESS 3BMBICERMBEEZITVASME T AE L, %
3, 1.5% NaCl fil BHI 34T 25°C, 48HEMIXEFE L 7= P. piscicida OT-8447 #k % i PBS (C8:5

L, #KEACTHEEBEAD 5. 2X103CFU/ml &% 5 L) IZH R L7z, RFEEOER BB IEA
BB BEIEOHAALY, ZT7L—2 a2y LAYV SGMREL, EBRMEYEI0E M
RE L TAEREOTL 2, BHAEERA CHIBEL TV, T P. piscicida 7% % AWT,
FEEIC L A2 BIETH DL L WAL,

RBP O 52K EFMEDEIL RBP i 1.6, 16, 160, 1600 g RNA, FKB it 0.01, 0.1, 1,
10mg DG RETHRXRIFELZOL, FlkoHETERBE 8.2X10° CFU/mi D FEERAY K
ATV, AR e L7, %d, WA Ilmg ik 16 xg RNA @ RBP (2FY L 72,

—122 —




7)) ORI AR

MEQFE %2 0B OPFEEEL S 3AMKICEKIVBOA LI LT, LBENEIIL -
THE L 72 % 4°C T1HRKE L-0b, ®OBELT - TliE %2 58 L, SEIAEO R
EB L OHERMOMEIZER L 7200

REFKMOBE FKB B L UOSHELBMES ey UkMmEk (SRBC) it LT, <
A28 47 —FIZEVPE L. UEOBSEE 7V V7 V7 FLELSRBC AT, H
HEIZE o TiT o7,

MEOBEMOBITE v HFHRIMEEE AT, Saat & (1987) OFEIZ L o THIAM %z
L7z,

ERMEOSEEMORE RO L AL BICHEELRO ML, ML-15 8Bt
NEIFAWTHYL-0h, B4 4y P2 Tl LT 1X107 cells/ml DigFE D H Ml BRiF i i
PR 7o GEFRTFITIIAPE 2 B4E L7 Latex (0.81 gm) & FKB % fiv 72, 1&{E Latex
OfERLTEAR - HH (1982) D HEIZL - TiT - 72, BAEGMALIFEER 0.5m! & HCMF 0.4
ml 1 X108 cells/m! I[ZHRAB L2 E&ARF 0. 1ml 2BEL 25°C T3BHEIL S/, RIGHEIZE
G x 100 . BUH H L, 400Xg T553EORLBELT - THRLN/ZIEE E 10 o OFREEM
BICHBL, AATERERLZ, AATRERBLO0%ENV=) Vil y /=L TRIE LD
L, RAAF LY —PREEFLAFEREFIT -0 ICHME LT, 1000gaMRICR) AL
N RFEEEE L7z,

MEOF TV %R FEREAOEBMTFERLERL, QEADMEEHVTHHRO N
FCEAEETHE L,

¥ 3
BB CHIE LB ORI Fig. 44 | IR E BN TH D, 5.2X10° CFU/ml DAERR

100

50

Percent Survival

0

Days after Challenge

Fig. 44. Changes in percent survival of yellowtail immunized with various Pasteurella piscicida
antigens and experimental challenged by immersion in the bacteria OT-8447 strain
suspension at a concentration of 52x10° CFU/ml. O; RPB, @; RBS, [; OMF,
W; LPS, 2;PCA, aA;ECP, <; FKC, w; PBS as control
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FETid RBP %%85.3%, RBS #°13.8% & % 1), *fBE® OMF »%63.3%, LPS #374.29%, PCA #%
43.8%, ECP %%25.0%, FKB %%45.7% & e 57z, 72, FREHBBRI OB TH o7 T
DHRER DAEFEE & I RITMRX L LB L CHEZE (P<0.01) HRH LN, HEHETH
% FKB & FEZE (P<0.05) #@dHN72DiE, RBP D& TH -7,

RBP & FKB DR GBERN OAREDLEIL Fig. 45 IIRTEB N TH b, ABEIT
8.2X10° CFU/ml DA HREE Tid 1.6 g RNA #526.7%, 16 ug RNA 7540.0%, 160 ug RNA %5
56.7%, 1600 ug RNA #%50.0% & 7% 5720 ZTh6I2xt L, FKB %X Tt 0.01 mg, #923.3%,
0.1mg #%40.0%, 1mg »26.7%, 10mg 7323.3% & % 577,

100
A
50
E
s 0
< 100
3 B
k3
50

0 1 2 3 4 5 6 7 8 g 10
Days after Challenge

Fig.45. Changes in percent survival of yellowtail immunized with various amount of RBP (A) and
FKC (B), and challenged by immersion in a Pasteurella piscicida OT-8447 strain suspension
at a concentration of 8.2%10° CFU/m/. Concentration (A) #g RNA/fish: (O; 1.6,
16, &4; 160, v; 1,600, (B) mg/fish: @; 0.01, m; 0.1, A;1, w;10, (; PBSas
control.
£ 2B OVEEED S 3EMBEOSXOMAL DM FEOHAMIZ Table 23 ISRTEB YT
H5, FNRENOPE % EME SRBC (2§ 2 P EH kMMt RBP 71 ; 13, RBS #¥1:10&

%Y, BB OMF #%1 121, LPS #°1:18, PCA #71:31, ECP #51:8, FKC %1 :31&
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Table 23. Agglutination antibody titer of yellowtail sera immunized by various
Pasteurella piscicida antigen preparations

Immunization Homologous P. piscicida
gruop antigens FKC
RBP 13*%( 8- 16)** <4(<4)
RBP 10 ( 4~ 16) <4H<4)
OMF 21 ( 4- 649 12( 4-32)
LPS 18 ( 8- 32) 6( 4- 8)
PCA 31 (16-128) 29(16- 64)
ECP 8 (4- 16) 5(<4- 8)
FKC 31 (16-128) 31(16-128)

Control*** <4 (K4) <4(<4)

* Geometric mean.
** Range of data.
*** Data from fish injected PBS.

ot £77, JERIEMEEEAN L 14T Th o7, P. piscicida FKC (233 5 P RER P 12
RBP A1 :4 AT &4, B8O RBS #51 14 LUF, OMF #¥1:12, LPS %1 :6, PCA%¥1 .
29, ECP #51:5, FKC #'1:31¢ % o7ze $7:, FEREMEHIEZL I AUTTH7

KGIEADOMEORMKMIZ Table 24 ISR T LB N THD, FREXDOTIHEMIE RBP »°
68.7, RBS #571.6& %2 1), *tH&® OMF #%62.3, LPS #%78.4, PCA #%71.2, ECP %%6.7, FKC
H69.7& e o1z, T/, FERBEXBHIZ 67 8unit/ml TH o7

Table 24. Complement activity of yellowtail sera immunized by various Pasteurella

piscicida antigen preparations
Immunization Complement
group activity
RBP 68.7(4.8)*
RBS 71.6(2.4)
OMF 62.3(1.9)
LPS 78.4(5.2)
PCA 71.2(4.1)
ECP 66.7(3.4)
FKC 69.7(4.6)
Control** 67.8(4.6)

* Standard deviaton.
** Data from fish injected PBS.

BN EIEMIE Table 25 (2R T LB ) THH, FHIFEZEIMEL L latex KT ¥ HH
SEAHINEI00ME &7 h OFHEEKRTHIE, RBP #%47.3, RBS #519.2& %2 1), D OMF #°
24.1, LPS #%29.4, PCA #%22.1, ECP #%%22.0, FKC #°21.4& %2 » 7z, 72, FEBIEI I
15.2Cd » 720 P. piscicida FKC 12X+ 2B A LMALI0018 & 72 ) OF I E KT L, RBP
A524.1, RBS #9.2& 72 0, #3488 OMF #516.2, LPS #%20.5, PCA #%17.4, ECP #'9.4, FKC
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Table 25. Phagocytic index of head kidney cells isolated from yellowtail immunized
by various Pasteurella piscicida antigen preparations

Phagocytic index

Immunization Homologous antigen P. %iscicida
group coated Latex KC
RBP 47.3(4.2)* 24.1(3.0)
RBS 19.2(2.8) 9.2(1.0)
OMF 24.1(1.4) 16.2(2.4)
LPS 29.4(2.6) 20.5(1.1)
PCA 22.1(1.4) 17.4(0.8)
ECP 22.0(2.5) 9.4(1.1)
FKC 21.4(1.2) 19.4(0.3)

Control** 15.2(1.8) 8.4(1.0)

* Standard deviation.
** Data from fish injected with PBS

Table 26. Changes in phagocytic index opsonized by sera of yellowtail immunized
with various Pasteurella piscicida antigen preparations

Immunization Phagocytic
group index
RBP 7.2(1.4)*
RBS 6.1(0.8)
OMF : 9.2(1.0)
LPS 8.4(0.6)
PCA 18.4(1.2)
ECP 6.4(1.1)
FKC 16.2(0.9)
Control** 6.2(0.3)

* Standard deviation.
** Data shows phagocytic index opsonized by PBS.

A19.4  hote, 72, FREMBEHRHIISATH 57

BEEEOMFON 7V = 51T Table 26 IZRT BV TH L, FREROMF 2 7
S ELTHBALEE AOEHERERN T%02 RBP 537.2, RBS #%6.1& %0, xEB® OMF 7%
9.2, LPS #%8.4, PCA #'18.4, ECP #%.4, FKC #%16.2¢ 7% 572 F 72, FERMEIFEBIL6.2T
Ho7

% =

7 BRI A &R E PR o A% RBP, OMF, LPS, PCA, FKB, ECP B X ¥
RBS DIz &4~ 72, Fukupa and Kusupa (1985) & LPS % PCA O & MiEA RN~ 1) ¥ IiE1k
AL OEWE LTwED, KERHEE,S RN P RNELEEOAN & FEEI D
SENDIERBP DATH o7z, T2, ALK/ LES TS, RBP & RBS (XA #hECE
BPFOONT, VRV -T2 F  OFMERFIUIKEILEINS RNA BT Z 257 b
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7)) AR

BA L0 EAHM SN T B (JacHErTs and DrescHER 1970, MEiss and FisiManN 1972, GUMBINER
1973), RBP & RBS OF#EMD =R 2 RBP iX RNA 4%, RBS &% v X EHBER S THY, 7
TanNy MEAE LD RNADRBP S HENL7-O TR EVHEEDNL, Wald),

RBP CTfd L 72 7V # O B ESU A /AL, E-hOR LB L THEENRD SN
o 72, Sawatt ftt (1983) 77 + ¥ D Edwardsiella tarda (23t A 0EEME, MFOBRER
M EFEERFRLEZVELTYE, 2O Ehh, MEOEEIEMmEREHHOEESE T2
DIZHETH 555, RBP THRIE L 7B OBEHAMO EASRNIZE 25T, SVAERIME
PROLNDLDOE, BRECTHELNORTHPEG L Twi-d TRt Ebhd, 352,

RBP CHE L/ TiE, MiEDA TV = Y HRGENIZL 22 b5T, HEMROAREMS
BRLEVHRFEOLNS, SThODZ ENS, RBP THRETH L HEEMBOERFTEE DT

IhVhEELHND, LPS EARMNOEH Y LA 552 MR TV (LEE et al
1981), % 7:, Saratiand Kusuba (1986) X7 + ¥ D E. tarda |33 B RIEH#IMTE L LPS HURIZ
Lo THTNSNLERMEROERILIZCE A2DTE LWL LTWS, 7)IZBWTYH, LPS %

EXTREEMAOEREEA LS L7725, RBP Tid£hLl Lo ERAGED H 7, GONGGRIP
et al. (1981) % Pseudomonas aeruginosa EFSEICH L Tit, LPS L H VKR - LI 7 F - DF
HPEATHNZ E2s, VRV =LA77 F AR RFEDREEEMHADPE TN TV EDTE W
e LTv5, RBP REAOEAGEHO LA X, ThSOWEAFRE L TWa0h kv,
F7, VARV LT s F MR RIELEELT A Z EATHIS TV B (VENNEMAN and BERRY
1971a, 1971b, Smrta and BicLEY 1972) . RBP A Cidfilatt eai@iiimtib s i, St
HWERTLOTE WM EEbRS,

RBP W holEEiZ8\vT3 FKB L ) b BRIV E -7, F7-, FKB OFMMZES
EHETIIONTET LA, 610, RA—E&06METES RBP 136 LD FKB LD LA
D E ot INHEDI L HS, FKBIZIX 7 ) RIERELHIRIT A2 L) 2WESEINT
WAEDTIEL W& EbNs, Satam and Kusupa (1986) (3 E. tarda @ lipid 550 344 % I ]
LTwaEHREL T4, RBP OFMUIB ORI 0L ) ZREMGMEIEIA TR,
7o Tk wnrtBEbhs,

M (1970b) (FEEFSEIAE ORI MARET 21T - 72468, KEH 7)) oGRMRN TH
L TWARESBEAN/L L THD, 2O &6, KEIMEMEEEELDLEZ LN
L, SRR RE TR R 3 T A BRI ISR I B O E M L L E TR D E ST
% (Haun and KAUFFMAN 1983) o 47 7 F v idMIREER@E 2GS L, SO OREARIZH LT
HRTHAIEFHMSRNT VS, Kusupa and Hamacuchr (1988) 3 77V 3EAESSIE IS L, §984E
BRI 72 F o BEHEITH-ELTnh, RBP 7 ofilatteZsiEHibL, #hiltl-TH
AREO EASRID, FEIS L THIMIEL 250 TREZWIEEZLNS,

ARIFFEI BT, TYEERESS L TREFEREED LT RBP OB IR LS
ZEDbh ol ARIBEERCEOE L EOBELFEICL>TRBP 27 JIIEKS LT, &
SRR L, K77 F L OERLETEPLLENHL EEDN L,
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EIE AUV RNELCEEERWZEET 7 F L BRI REREH
LN V= ILOHERR

BB T CIo7 ) OBERBEREICH T AR ) VRGBT AVEBBRET 7 F V2oV THR
L, MEEKOHEM, SERSELOHAL I UHEOERLZ LOBREIIL - T, AREE
BOLIENTELILETHLNMIL, L2L, BAKRBRIIBVWTEELOBELEAES DY
Th, EANLHRIFBONRVWI EPHLE 2 o7, ERANLHEIBEONLVEBIZDOW
T, RED L) ZHMBEAFESREMEIC L 2BREHGEBVTE, NELEERICLED 7500
AT REBEOBHILITCE LW DI, BUWESELIMEOREZVOTERRVHLEE
217

2T, KE TR GESEE L EM LT A MO N TV B RERAMAI L NI~ %,
AN YRECEELAVBEET 2 F VAL, AN ErEOLAI LN TELNE S B
WwET L7,

EBR F &

HEA SAREETFENTEORMESE D SHWA LLFIIRE 19g 07 VHRAEAV,

FHEAE AESIHEABOFETHET L, o8, AEBRYWMPOKRIT 24.6~26.8°C
TdH o720

HEEH  1984FEICKFRD 7 ) A D5 558 L 72 Pasteurella piscicida OT-8447 k7 H A%
L7k E Al 7s, mEkEAaER T 2o E L CENLBILL0L, FHERLER
I CHREL,

A=) PECEEOES 3B % 1.5% NaCl it BHI 74 3 AZEME L, 25°C T24EH
REIERLABERIIANT) Y 20.5%BEE 25 L ITHML, GHEPTICASKEHE L0
t, 1,000Xg TISFBORLRIEIC L o TRAEEZ I 72, BAEZEE LS Ly 2D PBS
T3EEkELDL, 100mg/ml DEEL %5 L) ICFBEICEE L TRV<) Y AELERES
wE L,

REHE PBEHETH >BEKEHCTLOMEICEHERLOL, T7 V-2 a3 ¥ 2fTW&RAH
il S HHREL TT- 7

LINIV—LOHBE LIy — L 0 lmg/ml ORELLD L) ICHE PBS IZERL-D
5, 7)) OB 0. 1ml ¥ORE L TS L7,

FEROVRRHEEE  1.5% NaCl i BHI PR T 25°C, 24BFRXE3E L 7> OT-8447 %W PBS (I%
WL, wBKEHCTEERED 2.8X10°CFU/m! B XU 3.5X10°CFU/ml DigFE L %5 £ 51
FRUCHEEAERERE Lz, SOBICHABEZITL -2 3 V2TV ENS 5 5HBREL, £
ERpyRRg & L7z,

MEROHAERDOBRE P. piscicida  HLRE L V<) VAEHELE®RTHWT, w470
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7)) ORI R

Ay —FEIZL o TiTo70

mEPOWEAMOBE 4 FHRMEE BV CTEE - SH (1976) OHFEIZE - TH - 72,
EEARMBROAY LEEHEICL - CRIL L8R A2 5B HICTHE R L2, B
i ML-15 I CRERANAY I 2 HOTHAE LD, B4 v P2 THBLT, BEK Y
v, BT OMKIE ML-15 # VT 400Xg TS M OERMEIC L s THIBE LD,
MREE AN Y T ¢ v ¥ 2 (Coaster) (ZIRML T 25°C TI0HBRIC 3872, M, JETHE
ML % UL LT, ML-15 42 1X107 cells/ml &% % & 9 (2% L CHHE EAMBLTEERE L7,
BREMOANE FEEEMBFER 0.5ml, E% 7)) MiE 0.4 ml, ML-15 2 F\C 1x10®
cells/m/ IZFHB L7 FKB #ZRA LT, 6052 0.1ml ORAEHEIY H L, 400Xg T54
OB S > TR Z BN L 720 MR 10 2 O S BRIBIMIEICEEL-0L, AXT%
fEBLL 72 ZAATRBBLY /) —VTHEHELEZDL, A FI F—PEFr¥0 258t %
fTo70 2L T, BELTEEGEEB L CERBERLNE L2,
KEEREDBARFEMICRIZTL NI V- L OBSEEOEE FrEHERBEED 7 1) (ki
D6, 12, 24, 48R RART, BRYERTE L KRG D 6, 12, 24, 48BREIHBIZ LI V= W% # 5 L7,
EERHRGIIFHR O F P TITV, 10HBEE L TABREOR b s B3 L7,
RREITIFELNIV-LOHABR REEY 7 F UE ORI B L 0REET 2
F B HEEBRYEEOUBBEN, FRERL NI V-V ERS L0, EERIEREITRER3
B TIT o 720 MBBRIZIZRBEGUE EIT 5 72,

& £

HERFEOBYEHEEICRITT VLIV LOBSERORBE L Fig. 46 (23T B0 TH B,
EBRWEEOOL, 100 HOREEREIIRYEOBRHRNZIRS L RA10%, 24BEMTI2%S
L72RA%40%, 120BIATICHS L7z XA%20%, 6 BREIRTIC RS Lz XA%10%, REDEBIHES
L7:X2510%, 1RG0 6 BMEICRS LAzKA%10%, 12, 24, 48BFEI#ICIRS L/2XA%0 %, *t
BXEWITNGE 0%E % o7, BRYED128 & U24EEBFNIIIRSG L KOABREINEE S L N
POHEEROEBREICH LT, 5BUTOERETHEEEIRD LN,

R D24FEERIZ LS V= W kG L-aADMiET D P. piscicida LPS HEFAR, #EMH
BIUHBHRROAREEE T HE LRI Table 27 IORT EB ) TH B, MiFTH ORI
BN VIS EA 8.3 pg/mi, ABEAT8.6 ug/mi &7 o7z, MEPORHRMIEL NI
V= WE S X AT 659. 2 units/ml, EEX AT 649. 8 units/ml & 7 5 72, EEMBOEEFEEIZ L N
IV NG X12.8%, MFBXAE.9% L R o7, HBEMBOERBEREIL NI V-SSR &
MK EDHIZIE S BOBBRETHEEENROLND, MEB L UHAEMICEEERIEDS
Nahots,

REETZF L ELNI T VOHBEMREL Fig 47 IRTEBYVTH A, EBHREOD DL,
108 O REAEREILIZELY 7 F VB OUBFRRNIC L NI V- V3RS LK Tid42. 4%,
BiEET 7 F B GREBRBREOUBERRNIC L NI V- VR LK TI56.8%, RigE7
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Fig. 46. Effect of levamisole treatment on the control of peudotuberculosis in yellowtail. Symbols:
< and @, levamisole treatment; 4, challenge with Pasteurella piscicida; (O, PBS as

control.
Table 27. Mean levels of serum antibody, complement activity and phagocytic activity of
yellowtail injected with levamisole (LMS) before 24 h and PBS as control
- Antibody Complement Phagocytic
Yellowtail (pg/ml) (units/mi) activity (%)
LMS injected 8.3 659.2 12.8
Control 8.6 649.8 8.9

o F o BRX TIE42.0%, #HXIEFREFN8.0%8 L 10.0% & 7% 572,

S EK O % OPLEM, HEfis £ CEBE MO & LIEN Table 28 | IURTE BN TH
B USSR ILEEE T 7 F VB OMEEMETNIC L NI V- L B RS L2XAR27.7,
T 7 F L R ERR R ORI L NI - VRS L X A8, 2, REET T
v HMX A527.9, WRERAFNFN 8.0, 8.9 ug/ml & %2 o 72, MUEPOHKRMIZRERT 7 F
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Fig. 47. Changes in percent survival after experimental challenge with Pasteurella piscicida on
yellowtail treated by various methods. Symbols: @, group A; &, group B; O,
group C; [, group D; W, group E; <, levamisole treatment; W, vaccination; &,
challenge with P. piscicida.

YL OBERIEIZ L NI V- L ERRG LXA625.7, BEET 2 F BB ERNERED24
RERIRTIC LS IV — W %855 L2 [XA%638. 2, RiEEY 7 F Y BMXA%643. 2, WHEERPZFhFh
648.2, 651. 4 units/ml & 72 » 72, BHEMBO ARG EILRELT 7 F VB OB L N3
Vo BRES L7IXA9.6, RIEET 7 F BB ERNBEOUBFENIIL NI V- VRS
L72XA12.6, BEET 7 F B9, HBXIZWENS.6, 10.4% & % 72, MiFEHD
AR RER L AR & ORI 5 %LU T ORRETHEESRD LA, FRLSEER
Yo% (R RO A

Table 28. Mean levels of serum antibody, complement activity and phagocytic activity of
cels in head kidney on yellowtail of various groups

Gruop (Antibody Complement Phjagocytic
pg/ml) (units/ml) activity (%)

A 27.7 625.7 9.6

B 28/2 638.2 12.6

C 27.9 643.2 9.9

D 8.0 648.2 8.6

E 9.9 651.4 10.5

A-E correspond with the letters in Fig. 47.
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% =

GERSHITERORERESERTREICH S & S ITEHBMIC, JHOBKRIIHS L &IZG
BB A, REBESESZREBICHA L JIIEELEGI VNI TS, HET
i, BOBEOREREL SICHA STV A, MUEHARR 25T 5L, BEEMRICHY S
RO REREISRIL S N T, BEMEOHRICEDERATAZ LMo TwD, b
NIV — AZEREREH & LTRSS, OLICRERABMENAVZIN, RIERERO
12 LTHWwWLRT WD,

MEEICBWTYH, SHEERGYEIIH LTL Y3 V=, FK-565, B-7 7 v iz K OREHREH
WERTHA L ESNTWS (Kama et al 1990, Siwickl 1987, Yano et al. 1989, Kitano and YosH!-
DA 1986) o IRt (1983) 32 4 AW TREABHH CTHH L /NI V=B LU FK-565 DEE
PRNSEER, CRALEHS L4 O THRROMBEBOBEL L~ r 07 7 — VORI Z
34 L, Aeromonas hydrophila (23T BEEEHHEAS LR LI2ELTWD, 2D LI, LI
Ve i EORIERGEFOEE I L 5T, AHEOMBERERENEE LT IOTI2VALE
ZENTWVA, 7TUIBWT b EREERE IS 2 BEB M R D4R MBI L NI — L &
BS54 hELRTBIENBEONE Lol T2, BREUBMATIZL NIV — VRS L72AD
(i OHARI R AR L TR G A BB & i L CERNBD SN h o 7225, HEMROAR
EMIE ER L7, Kanraetal (1990) 2= <20 b3y — Ve %5935 L Ak FgEMIC
MAT, MiEHOWEMS LR L2 LTEBH, SHOMKEL MFEOHKED EROSTERS
D OIS, VTR EREMBOEESED SN TS, BIET TORKRN S, HEEEIS
T 5 RERA M S E AR OB L SOMBERERBALETRIZVWNEEILNS, 20O
DG, BRYHIABERIC L NI =L R4R S Lo B OB oo b BEE AR O | it
DERIZIBDTREVLEEZLND, \olE), BREETZF L OFPHEICRITT LN
V-5 ORBRRRIE A, BREET IF /O EMX L TY 7 F MBS L
X TR IC 2RO LN h 5 7205, BIEET 7 F LB OBRBEO2URHE X5
L7 R CdBgp A LR A ZR Lz, Sh5EDIEHD, LIV —VIREAET 7
F 2 O AR RLEENED FH ISR A0S, BREOUBMETNIIRGTAILIZI ST,
BEFEHO LR L SRR SEEE O | HANEEIL SRR ERERTOTE VWAL ER
End,

EHETHILNI V- VOFTEIMOTEOKG THHESH BRI 2, BRER
B IBEORSPThITwb, 7 OBEEEIT T ARIEET 7 F ¥ OFNFEBIIB VT
AKX L i U THIEASE NS 2 EOMENRD LA, EREOS L TFHHREFELRTY
7evy (Hamacucht and Kusuba 1989), LLEDZ &2 5, Fl =) Y ARiE(LEEEHW-REET
yF v TRELBLOL, EEFEOTITHAO LIV - LVERBOKG L, REETZF
DR ETH LA R EEEOFERLRRNORMEARH ) ZLI2L T, FHHREHITLI LN
TELOTUEZVIEEZ LN,
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7 DM Rk

2

FAE M & & B

(54

R X COHBAS, 7)) OBAEEE I 5 BB P 4 BIRIEIC & BRY & SBROiE
ik EMIZE b 2) <207 7 - DIEHICHFOEEICL DD LIRS, KETIE, =
DEBEFRR L TABNAEICL 2EETEOFHHEL LT, B2 F 2, VKV —LT S
FrBLURBGEHROERIC X2 7 ) OMRLME REBEOEML A RF L, 2088, ik
RSN TEFRL=) Y ANELB L UNMBTERE 2 EORE T 7 F > EHBELT, WThLHE
PRV EDPHODPELR 572, TOZEDE, 7)) OHEMEFFREOFHICIZRMY » SBRDEHAL
GEOHRMARERELFRT A ENEETHLEVI I EIHO Lot L L, 4H
T F Y IERICEMBISTHAT A0, HRERZEEFREL2WEAERNBEIZL 5%
B EOMBEESH L, T/, VRV - L7 2 F BREESEETTI 752 & LTEMITH
5 I L EORFENLMBEND S D, REEEANITZOFHICE L CHAEWE L &k FRE
HEZABRPFITON D LENNH Y, BHIMERATEZVWEEDR L, 20X, WFhD
FTESERICE S SITREMITb R R IT IR 520, BAESROBEIRELTVETY
DEREEISS S 5EE FHETH L L EbN A,

HOE # ET

FSEAE A O TV IZHIT L TR ELHEE 52TV A MBEHOERTH 5, BE, A%
DERIIEFBRER OB EPT DN TV LD, WUEOEEIZ L > THEBEFREEEL 25T 2,
ZDIDIL, T F VL DFHRROHI DV BBEFETLLIDE L 5TV B, ERLIZIE
Eo TR, REDEKE TH S Pasteurella piscicida D X > % MBI RFEEORD & 0 55
WIS BT 7 F Y OEREO7ZHI2E, MM GREEELHO T2 LENSHL L Bhb,
ek, BEOT 7 F L OBRBIIIAEEREREICE DTV HIETBI LA TELOT, Ml
HREBREOBBLZNLAA LT 7 F  OBRBICZ LV OLBIKTH L, 2T, KT
7)) OFREEE I S MM RIESRBEF BB L, REOTHIEICOWTKRE L7,

AR R RE OB ) > /S BRB L OB MO T TRNDL & LI FOMEEA
WZOWTREF L7z 9, U /S RICDWTREZOY TR 2L — 2 a YOS EFF-70h
FEREEIZ D WTHRET L7z 77 @) L /SERO 5813 FITC AZ# 7 ) Bk 3 5B L 07
URIBR ) 2 SERKREHUE (CATL) 74 FHAEZ B8 ARAEICE > TiTo7 $72, 2H
LOHKERNT, BHY VRO T) ORRGH B L OREROBN % /<7, U L SERIREE
DPEIIRBREARTRE LAV, SBL 2 F T ARBE LU0 SO BHERERIZ L -
TN Z7VOEAMIBIZOWTR T IHPERB LU~ 07 7 — 0 P. piscicida O,
9% B L EBRIOT T ALFEEY, BEH, ARB L HRPREEEORIEICE) 2%
ATz BRIZ, THODHIRDPSRIEOTHiEE LT, MBMEREEE ST 25058
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& 0O

WEEESKHAERET I F Y, VRV = L7 7F 0B REERROEDE T,
TUDY) RIS REAA T RE L, cap BREESLKEL 2 F IS A RIEHL S, (3
FLEOB ) v SERICEMT ML T Y >SSk EUT 2 e o 2 BRIIC B s N, ZDOBY)
v SEREEMIRE IS CATL Hifk & OFRUEMES L U7 VRN O S IRIE B X OB N B 2Bk
Bho, KRBT L, 22 CREVAERL PWM BL LIPS L7y -4 LD
B v/ SERICHMMI LIRS LT, META0OTHZV AL EbRE, ZRISHLT, TV
v SEREEHIR BRI T L T Con A B L USPHA IS ARG 2 E L, £0F RS
M7 BT HOTE RV EBDbRSE, LAL, wIhofMilas CATL 2 RETHI L
5, BEOL ) ICBBLUTHROGITITEETHELEBbI, LT, 7D
YOSERIET Y v SERIEVB ) YRR ER TR ZWHEELLNR L, 7VIHRERFTH L,
FPHPUEESRET L0 T v/ SEREMI L, DWW TBY v skikMifa A8 in 3 % M1h % R
L7:e 2512, IhHOMBITIAEAMBOBEMCIOESTHIEH,5, 7 ORERELZ
NoSD2HED) VHBEOHMEMERICL s TRESATWEDTEZVWRLEDbRS, wal),
ARAE Nt U TR R ASER s P, piscicida OBREMH LA B X 2 FEHBOEM) /RO S WIH
) 2 ERE RBPEO T VIBIET B &, BEEESBIT LI LA D, AEDBERHIZIZ
BRI & » TIEMIL L 720 SRS T2 b0 L Bhbhs, $72, %k, Bgatas s
C2HEAD) y3FEv 07 7 —TDE2EMALB L UEILT ART2EATD AL E
otz LoL, ZOHRERTOEERIIBEMILAB LV 2EALR EOEREEE ) IF/2HT
HBWHI LR L. W olES, P piscicida 12357 OERGEHE 7)) OFRERB LYy
077 —JIEDLNLH, WTFRLBEOHEMNR LI O TRT T AMER L2, £
72, P. piscicida 7, $FP L CBHERIOHTT 24P PEROMIBARE G 22V T ROBEKIC
WLTH, KETRIELAT)VBLY7) 2HE0MELH 7V = ELTHERLAL Z2ILED
LI, FRISHLT, v 27a7 7 - TRA 7V =V iECEGRR (, 8§FB L RSk
TAREERADDOND, EHERIH L TEROLNT, SICHBRNTHEESRE S T2,
LAL, BBHRINT 207 7 - OMBANREIERIEER LA S X2 FEA T, RE
BB L UORERERAIIHESNTECRAEAIRDO LN, ShH6DI ERS, RECHTET
D EEMBOBERIRERILT A LI > TERTHOTE R EZEZ LN L, KRIZ, UV
SERE BAEMBOMEARII OV THRE LR, AERELZIA7) 0l#Y) v R ER
MIADE, BEEBLUHMBAREFEE 2 LA SEIRTYEETLZ LWL ML LT
P OB I OB D S, AREICH LTI Rl * S L 29 2 AT
bHrrBbhb, TNODHRED LICKEHTEFH T 7 F L OMBELRE LIS, &
V) RNELEETIRRAEARIIE o 708, BEHHDRIE, -7 waol), 59FE
W o Fr, URY =470 F 0B LR RERBEE LR TERMAELRIINZ TAERE
HbERL, BVEEHHDRIZD SN,

AEBERLSEBOLNT T OBREEHEIN T AR HER G Fig. 48 IIRTEBHITHS
tE2LNE, Thbh, NNELHEHEPSAB LT/ F /IlEoTRESRAZTIICBWTIE,
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Fig. 48. Cellular immune systems of yellowtail against Pasteurella piscicida.

MiE RGP ~DIEEAEDR Y, BASNIERICL 2 7Y = VRIZE - THHEROF
HiEHB L CHBAREEESSE b0 Ebhb, LirL, w2077 — VTIRAREL
FRT LD, MENSEEHRES L2V T, #lilivrary—YHATIRIROATIALP
piscicida DYFEIMREE S NS, 2072010, DELB LI UREEY 7 F » OMRIGEFER L %5
EEZONSL, FAUIH LT, BHEEESOGRB LT 7 FI2L B89, 2408 X OGN
b COAERBAEEZ L7 TET ) v BkOFEHL R Y, v ra7 7 - Yok
IERFAEAESINSL LIS, CORTIZEEMIEO P. piscicida (235§ 56 LR S
Bo T, MEILT 2 F v EFREICHEEBARIZL o T, M B L TR P~ OHR S X h,
ZOMEIC L A TV Z VR B EEMBOERARI B, 5T, vruT7 VD
AL FIZ & - T P. piscicida (233 2HBABERFE RV LA L, + 7V = A HEIZL - THD
AFTHEEPFESICUBEINDL LR D, ZOLHIILT, 7V IEFERE ST 5 RYE)
A ERTL2OTERVALEbRE, INHOZERS, KIEOFHT 77 OEH{EICI
HREREBEOER I LETH ), KEOTFHICWEAERT 2 F RV R~ LT 0 F 5K
MTE LW ERbRS,

B6E E %

1. FITC #a#HL 7V Ptk 7 4 FHAE T A CEIPREIC L - T, 7)) D) Y osskaiilask
Ptk ettt L7c#ER, 7)o » Rz il Rmk 2 RE ¥ oo o hi, £72,
ZOFEIARAMALIL cap LA L UK RAHER O cap BHEIIHIERA S, 13780
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BY iU LTI vt EZ oD,

2. FITC #E#EIL 7 VPR F FHAE A 8ERAE X - T, 7)) OMBAHRES H
DB AT - 286K, MIRPIURREARGERE» S 4BEO S £ FI25iT o b Z LA
bk ol, ZNLOREHEOKETIZL - T, 4FEFHOMBED S 5 1 51T pre-B #lAa,
O OIHEEIAREEAMBIZAES NSO TEhnwheEILND,

3. FITC fZa&HT7 ) MR ) >/ BREFEMEPUR 7 3 FHUR & F W7 # o hiiREIc L - T, Mgy
YSERREPURRAMBOBRIB 21T - 78R, 700U vz b WIR ) » S BREKERE 2 A
TAHMBEPFET A ETHL L 5T,

4. 7)) OXKEIAREEHRE S L OWIR ) » SRR EERAMRORORE ‘A, T4
07— NOEENS L UEEY) »/SBRF IR F IS T A RIEH LKL L 25, 7Y%k
EFAEREMIIIIFLEDOB U > 38KIC, MR o SIREHETURRAEMBIZIIIEO T ) v 38k
WKHESNALZ LR EL T, 7, REFARAHIEMEE Y » S BRKREPE 2 RE L
TW57%%, KRy o Rl EEREZGERAE LT A2l B LT, #EREZ > TW5
CEFHLRELR ST,

5. TUDORIEY R, pre-B BLUMBEAHBOKASH BRI LIZEZA, BY ooy
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