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Study on the Production and Management of Aquatic Animal :
Application of ELISPOT-Assay for the Detection of Antibody
Secreting Cells in Flounder, Paralichthys olivaceus
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We examined the immune response in flounder, Paralichthys olivaceus, with immunization of formalin killed Edwardsiella tarda as
an antigen. The ELISPOT-assay (enzyme-linked immunospot assay) was optimized technically and applied to count the number of
total and specific antibody secreting cells (TASC and SASC) in lymphocytes of different lymphatic organs. Incubation of lymphocytes
on 96 well plate for more than 2.5hrs came out enough time in ELISPOT-assay for counting the antibody secreting cells in the
anterior kidney and spleen. However, too much of plate-coated antigen or rabbit anti-flounder immunoglobulin for SASC or TASC
counting, respectively, was appeared to decrease the sensitivity of the assay system. Specificity of the system was also confirmed by
the absence of TASC in lymphocytes treated with cycloheximide to prevent protein synthesis. The peak numbers of SASC appeared
at wk 3 post immunization after that there was a sharp decrease and reached to almost zero at wk 7. In the spleen and kidney,
the timing and numbers of SASC on peak response were concurrent without preferential organ distribution. The specific antibody
level in the sera increased rapidly between wk 2 and 3 after immunization, i.e. like the specific cellular response found with
ELISPOT-assay on that period. However, the remained high level of specific serum antibody from wk 5 after immunization until the
end of experiment was clearly distinguishable from the kinetics of SASC response decreased sharply.
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ASE o7 dGAEE B39 FHogde ddy FAHL A
AEA HEHog A FAE A0 ¥ F e FARHA
¥ (antibody secreting cell, ASC)ZA °1F9 Qa3 71o} &3
A 8 ¢A o 2R F
noglobulin 50]3 WA WSS o]Fo] yrted olA
g F2% 75 g JAe Aoz BuHY H9A0AEd
i Sol3 dguhg]Ze] @¢ A7 oA Biering (197)2 At-
lantic halibut& WA 2R infectious pancreatic necrosis virus
(IPNV) 9] 9] ZgA] 33U Solgdd A4 e d9% 3
S #3td B389 20 Hoglund 5 (1994)2 F 84 WAold
7|8 8< Anguillicola crassus® TAFEELY 99 Ao o
€ 50|34 AS9 BE AAY HAEE Bud. ojg 7
o] o}F 9] A7 2 7|4%, wholgla ZFd A AYA @Y ut
& d9dted oM FaF UE A oA HE
WogMe 84 F4-FH AFES ol 43T enzyme-linked
immosorbent assay (ELISA) o] 42 AH§5 3 gt} ELISAY &
ojde] SR uiste] AAAG o A&A WHA, <A
A 59 olPez g g4 A¥E F2 ol&de ¥4 4¥A
o] da $&HI Aot olHF AW By, #FHA Ye
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g d4& 2 A4 kineticsd] #F d7+= & S 9 Yols}
9 £ 9y 718 A% 2 uF 2 EAste A 49
AX 7hed AW FAo A Zujo JH @9 ASCE
GUAHE FEAA EAFo2ZA AA AP HGNE9 A
Eg ARy Ag¢ FEE ATY F U Holdh

ASCE A& HozAe Y EAshe HAE o 43
& Jerne™ Nordin (1963) 8] haemolytic plaque assay8o] U¥H3
o2 gEF oy, o] W Ly slolA %9 HPy
A 7e g4 249 A2 A (Hardie et al, 1990)
122 9)F EAW natural haemolysin®] £A4) #5F9 &9 "o
(Pourreau et al., 1990, Secombes et al., 1991 ) 5 og 7}#] ¢
#A&ol BAAUL. Sedgwick F (1983)2 ol & £HETE /M
3t7] 98le] ELISA #4¥9] 7|2 dg& $&, 2344 solid-
phase immunoenzymatic technique® 7%, B3¢} #9&
ZFANN 49 HAETF A YL coating AT solid-phase
plate® g1 wEAIIA, in vito] X AAE AT solid
phase o coating® F¥ol ZFHN o] FI-IA EFA
A ye oste HFFo2 LA spoteE AEHA 3
At o2 enzyme-linked immunospot assay (ELISPOT) &
EFFS AAFAMe RHFOE g AHEHIA fou ofF
e HZe olzgMot HEHIIH o=t} (Secombes et
al,, 1991, Waterstrat et al., 1991). Secombes ¥ (1991)2 dab
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(Limanda limanda (L)% 43371Ue] 243 ASCE HE
#4129 Davidson 5 (1992)& FAMN Fojo] HE43 & Bu
a9t =& Bovine gammaglobulin (BGG)o] FAE roach
(Rutilus rutilus)lX AW FAFH JAYHNHNEE 47
ELISAS ELISPOT 71 & o] 43t #4% Aaltonen % (1994)
9 AFdqME "YgAgd 719 YN FAF wast By
Z|Bdle] EAste FARZAEY 3 Azt 4ABA} U
& 2udgd. 28y daA7nA olHd /M ol&dd I
A FH81 e R "9 AA 2 99 Add gH 44
AXY 53 sl #¢ 93 Ho JA g

£ dFqAe dA oF9 vguhs B4 AMS-H7T AFstn
€ ELISPOT 7IH& S 44 4o FF5& olF€ A7
dxo Aestd a9 7ad EA4de F FAVLAX (total
antibody secreting cells, TASC) @ 5o ZA B XE (specific
antibody secreting cells, SASC)E A&, ¥4 nA At what
A 7129 ELISPOT7IHE % 2 HAFgozA 3 oF
Ho vhg 4o thstA FEA77] A4 FHskE Y &
A dxF oF AT 3HQA edwardsiellosis® #ATA E
tarda®l FKCEA WY A g o7y WY 7| Exldte YE
tarda FHE AA8= SASCY FEHEGAQ WIE FAFORA
FF o] Fo AW 3 Bt g YA Awd Q2 G
0y $go 8% JEE AF FA.
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1. A&

A% 200~300g2) W] gle JAT A& TG A &
Ao g By FFglel £& 20CY HAHA FEAN 2F o)
#AA7 F A8 e

2. HAAXg|

A4 (Itami et al, 1989)°] W} 0.5% formalin A2 2J3o
B 8347 formalin killed cell (FKC)E phosphate buffered sa-
line (PBS), pH 729 €3 &%4& AH&-3t9 8,000rpmolA 33 A
H8 I freund’s complete adjuvant (FCA)S}H 1112 £33t
oA B 10mg/kgd FTEEA 44 EZFAE 4A3G B
31,35 7 FAd 4 2§AA oFE AHs}L vy S
5ot AAEE AA s WY Mo gE& P SolFA A
AL BAsgon FARRAE BN A&dA J2d 1%
D ez E Y MESEHS AR

3. S 5H

o3 @2 53 AP AL 4ColA 1243 ol F
ANY F 44 £ (8,000 rpm, 10 min) 3] EHE F3
g3 ¥AY ¥E tarda Bdk2 A Y FHL 96 well plaeE
o] 23t A& oz A3 microtiterd& AHEHor 4
F&710A A3t o)A WA F S A7 FAHE Hd Y
W4E 33 #A72 ZAsAST

4. % flounder immunoglobuling| A&

Bovine serum albumin (BSA)2 24 WY Agd Yx9 ¥4
of Z3tE (NH.).S0s € 7Hete] 50%9) TxoA AAE dwd
4 BSA coupled Sepharose 4B9] affinity columnE $#HAI o2
A &BSA immunoglobuling ¥ 0| ¢4 ¥&¥ ¥4 (Aoun-
der immunoglobulin) .2 A3t #eld #4943 FF9
FCAE &3t E7o AAT 2~ 10 mgkgd SE2A 24 10
2o ol Xo] HHRFA AP 3FF FFY Loz A
A5¢ AAEE AT 27F Aoty AAEE A%
o & By #8302 HH Protein A-Sepharose CL-4B affinity
chromatography (FPLC, Pharmacia) & &3¢ E79 & 99
Z28d& 91 oZ flounder immunoglobuling £}t &4
2 AH&E9 ) Biotinel 23%¥ E7 ¥Hlounder immunoglobu-
lin& Guesdon % (1979)3 Bayer$} Wilchek (1980)9] wiol ot
g Az 2 EAson —20Cd BastdA oA A A
43kt

5. dmav|e M Est

a9 AAH ug 238 3% FCS (Fetal Calf Serum, Sigma)
s} 100 ug/mé] penicillin, 100 L U/més) streptomycin®] &7 3
7hel RPMI-1640 (Sigma)l M nylon meshE ©]4-3te] GUAX
2 8¢ AHon 1,000 rpmol A 5E3F 38 AH I haemocyto-
meterE A28t 0.1% tryphan blue §92 2 g43te] AE A
X7} 95% o) 3YE AT F AFPd AE3}A

6. ELISPOT

Nitrocellulose membrane® A% 6mm¢ YFLE e F
PBS ¢35 8ol F£3] AN th 96well plates] 7 well]
vieto] ¥-&A)7 ELISPOTS 1% plate2A EH 350 TASCH
A2 L 939 47 94 ¥ 59 anti-flounder immunoglobulin
(2.5, 100, 400 pg/mé) 100 peAE welloll 7FeE TS 37CAHIA 242
9 WS AZT 005% 9 Tween20°] d7+8 PBS (PBS-T)ZA
Zzte] wellE 33 AHE F 3%9 BSAZA 242§ mas-
kingZ A&t HSold A¥E JANAL. dX HFAH A
A zHosRe 228 MEE weldl #7hE713 RPMI-1640 ¥
Az 33 AR g FF 10° 10° 10° cells/0.1 mé/well¥ 713t
2T F&710A 7247k 05, 25, SAITE B¢ AN st B4 € AL
Z92 42E2 3Qch PBS-TEA ZA2YA membrane s Al
EES AAT F e AEd AX2RE AHRE € F memb-
ranedl LAH Qe E79 A 2RE ¥ AL A
37 93t 20 pg/mée) biotinconjugated rabbit anti-flounder im-
munoglobuling 75yl 7}3ke] 37ColA 4583 wheA AT 44
Aoz AWE T Y& ExtrAvidin labeled alkaline phosphatase (Si-
gma)E 1100022 A5t Zb welle] 75 ul4 713t 37CAH A 45
B W8N F 5271424 BCIP/NBTEY (Sigma)$ 4
wellol 100 ué¥ 713t AoA 1087 AL FHFE A
HE g PAEY spot® stercomicroscope® FHBGTE £
SASCE A&37] HstdNE 471 g F= (02, 20, 200 mg/me)
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9 E. tarda Edk-2 FKC 100 p2& 7 wellol 713 ¥ 60T A2
71N AN 2 vigte] & membraned) FYE HFA)
1T 107, 105, 10° cellymde) ¥ 52 FAQ Yutz3 AL ded
S 10048 B & wellel 7hste] AAwrE A7 F TASC A%
549% biotin conjugated rabbit antiflounder immunoglobulin®
Extravidin labelled alkaline phosphataseE * 2]3}o] ELISPOTS
A

2 ot

1. 9I8AJZIo] ELISPOTY Zxof O|X|= ¥gt

HAAY F 5FA He 49 AFH v 2F AxE o
YNEZ 9 82 o] AL FAE anti-flounder immunoglobulin
100 pg/mé2] FEA  overnight®Qt coating*]Z nitrocellulose
membrane el 7}t 22T 9] 96 well platedi X 22t 0.5, 2.5, 5
AlZE B3 HEAITIEA AZPER YElE ASCE RARIYY.
BEAZEE 25 AL S W AF2HA &€ TASCE ¥
T 836 spots/10°cells o] 2™ o] F 5A]Z WA TFIME
ok 28% E7FE L1531 spotsel BEHAD (Fig. 1. 8]% 24
A= 254 THFH S B9t B AT Aol 835708} 755
el spote] BEHALHW o] HAYE E. tardas BE3AZ
ZA 29 100 pf (20 mg/né) & nitrocellulose membraned] F2HA]
A AT SASCY WM fAE AAE BA9FUY (Fig
2). 849 spot AR FOR AFA A As T F U
Az B33 A#g 24 A9 (Fig. 3).

2. Solid-phase 0 CiEt &8 = &ael XelsT7t ELIS-
POT?| ZTof 0|x= H&t

TASC 45 48t 2.5, 100, 400 ug/mé<] rabbit anti-flounder
immunoglobulin® 222 SASC £4& dstadNE 02, 20,
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Fig. 1. Effect of incubation times on the relative numbers of
total antibody secreting cells in the anterior kidney
(—@-) and the spleen (—O—). The mean number
of TASC on 100% response was 836 spots/10°cells/
well.

200 mg/mée] E. tarda Edk-2 FKCE 77} 100 uf A A48 nit-
rocellulose membranedl] coatingAlZl & 22ColA 2542 B X3}
o] solid-phase®] A AzAL FYstnx g dY A
F 534 He 94X A% 234 AE TASC B4 iMe
10 ug/well¥] anti-flounder immunoglobulin FX=)A 812~1,140
spots/10°cellse] BEHRA 2L} 40 yg/welly] LEZNE ¥4 H
spotd] FEA7} BEEA =R got AFA 3 FAHE
272 ey (Fig 4). SASC 9 A% E. tarda Edk-2 FKC7}
2mg/well2 coating ¥ TEA 61~146 spots/10%ellso} HZ
Hom o £ Tk AHEME BF FAE AFAE BHgRQ
o (Fig. 5). 281 o) 3 AL AAH vF 2HM 25 5
U3HA ES

3. WY A7 ASCHZE Y cycloheximide 2| 23}

HAsd ELISPOTS ©) &3ty & 2CAM ¢X AL @
XA e dAY A7l E3e TASC 2&4 24
dto] B o) BolA BAE AAFAY (Table 1), 94 @8
AEE d8d YYAAAU cycloheximideZ A G&olA 2417
S HEste Axd a9 AFL AN T 10%ells/well S
E7 & YA 22 (100 yym) &2 coating® nitrocellu-
lose membrane®] 7}8te] 22Ce| A 2543 E< incubationdle
ELISPOTH S 4A&9E W spot& A3 veluz] ggton, cy-
cloheximide THAl¢] PBSZ X %A dl27Y AF2F AX
olAE 307~432/10°cells, 2L HIFZAMEME 243~333
spots/10°cellse] #& o] FAMAZLMolgE= ELISPOT 719
Bo] Yol F£3] JFHA

4. & E. tarda Edk-2 &H[9} B9 &7 SASC| #A
39 A gAY A% 2 upg 2o So)FJ YA L
AT o3 AXZEE QA= FdudA £EHIT e
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Fig. 2. Effect of incubation times on the relative numbers of
specific antibody secreting cells in the anterior kidney
(~@-) and the spleen (~(O—). The mean number
of llSASC on 100% response was 104 spots/10°cells/
well.
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Fig. 3. Detection of antibody secretmg cells with ELISPOT-assay.

A: TASC in the kidney, 10* cells/well
B: SASC in the kidney, 10° cells/well
C: control wells for TASC counting, 10° cells/well
D: control wells for TASC counting, 10° cells/well

Ao " E FAA vlu EANFoZA 348 FL9 d3to
Uehde 83U A3y wale o A43e BAXY 3
At i FABAES BAHFUT (Fig. 6). SASCE H 9 A3
334 8 239 WHEZLE {0cells/well 552 E. tarda
FKCZ4Y (2 mg/well) &2 coating ¥ nitrocellulose membrane
o] 1 96 well plateol 7}3ked 22T A 2,541t incubation 3t
9L o 1,020~1,836 spots/10%ellse] AEHR LM v x 2
ME 1,163~1325 spots/10°%ells®] AEZHAN o) F FHIA

3(—‘4
2.
e
1%
e

N1BFAE
AW #E. tarda Edk-2 $A =
Bl 334 51209 agglutination titerS YERW T i}

thA] F7ste A Eo) YEA ¢
SASC ¥4 A1

3@ (U 2 30 dd
R U
OINL ta
rok
e

7tatg e (Fig. 6) ol ¥ 75714 & 822 fAH
L2382 W9 270d JEvE AF 2 o329 3
/lg}dkni,] ;:-z_i H:]:g].‘__ gi—h,ﬂ E.o]ﬁ’]-iﬂ Agk]jq. )\]-3":]-.7‘:]—7,1]7]- 9}
o WA s|o] wE SASC o Ao F3e Aol &
AHA Fstet
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B Ao olfe B A BAS dao g2 /e
ELISPOTH & $8 uel F%401F59 dAd F43e 43
3 o5 Edlo] HAG B Yo FHYHAL s F
YA E FEAM 7 B8 Yotz g%, ¥4 ELISPOTYE
g Eo)48 A7l 939 608 ribosomet A9 BB A trans-
location W3l 715 & 7hd cycloheximide® HAT F A3 ¢
X EAFT TASCY T8 A4 A5 FAART (oye-
loheximide BlH e F)AME 307~432 spots/10cells®] A&
2y cycloheximide® AH T SAREZFAAHE spoto] F4H
# %%k (Table 1. 2322 ELISPOT7IYM A solid-phase
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Fig. 4. Effect of rabbit anti-flounder immunoglobulin antibody
concentration on the relative aumbers { + SE) of total
antibody secreting cells in the anterior kidney (—@—)
and the spleen (—(O~). The mean number of TASC
on 100% response was 976 spots/10°cells/well,
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the anterior kidney (—@~—) and the spleen f-—O*).
The mean number of TASC on 100% response was
104 spots/10°cells/well.

Fig. 5.

Table 1. Effect of cycloheximide on the detection of TASC in
Iymphoid organs

Numbers of spot per [0°cells

Organs

Untreated group Treated group*
kidney 7 ~432 0
spleen 243~333 0

*: treated with cycloheximide (100 pg/nl} on ice for 2 hours.

2000 10000

1000 - 5000

Numbers of SASC per 10°%cells
Agglutination tter(t: }

[}
0 1 2 3 4 & ] 7 8

Weeks after immunization

Fig. 6. Anti-E. farda antibodies in the serum (W) and num-
bers of specific antibody secreting cells in the anterior
kidney (—@—) and the spleen (—O~) following im-
munisation of flounder with E. tarda FKC. Each point
represents the mean value * S.E. of 5 fishes.

membrane?} A AEH < spotd well ZH4e) FU 8 €79 su-
rface-bound molecule o= BHEA1 7 B9 in vitrool A A 4HE of
e gAe st HAY AYS Y ¥ &+ ¥

HHY A4 20 A7 B89 membranes] coating® ¥
99 g eIk W E spotd WE FALEY In vitro
FAEAE A3 M Azte) B gpotd) FEFEE ANY 24
A B 22T oA 25 AR Frsta ol FdME Filde
RE BAE + 4T 813 23U F$ 25 AT g nigho
SATE HEYA Y spote] F71t ok Ax vEhde] #3gYd
(Fig. 1&2). 284} background® F7H7h 2547 A 2)po) vt
o B2 AE¥E He U Sedgwick T (1983)2 E45EY
rat®] $I-7E AEEA 37CHM 1~2 AL XY in vitro §
AR Aol NE Z83 £4 7M5gE 2d59ed wa-
terstrat & (1991)% channel catfish® o228t 27CaA 4
A AEolA B 48Y 3AE 2RE 213992 Secombes
(19913 Boesen ¥ (19978} APl W&kl X7t HF
7t HFolgte BHurt dled 2R ofg AFMg dia of
Fo] F2 RANEe £ WFA odAFold &Y in vitro W
$EEE 16C AFE Al&8o] o]F3 wexA9 ol YPck
a3 12C e X Joie] ANz A R dFTE
25T WA g 12Tl widt] © B¢ &9 plaquert
S FAE ol RuE o (Rijkers et al, 1980), tilapiadi A%
A 47 137t 99T (Mohan, 1977). 28122 ELISPOT 4
A in vioo§ A9 SAS A EE Bule A WA
L£57 B54E Z71ER 8488 Rog Agd™



FAREY A3 g2l 748 71z

TASC AZ&NA 40 ug/well®] TFE £5+288 347} coa-
ting® membrane® 233 spotd] AL FAANAY & A
22 AFAde Aoz vehdo (Fig 4) SASCY A% E. ta-
rda FKCY coating®ll & 20 mg/well®] T EME TASCY 2&
Za d4e JeguA @3d (Fig 5).

3 A7) ELISPOTE WET X9 A% uFzHd 3
43 A7 TASCY 4%, A A 307~432 spots/10°cell, H]
Zoll A 243~333 spots/10°cell®] ASCE 7HAle Aoz el
o} (Table 1). Z2& 1} Secombes 5 (1991)& dabe) AAZF A
TASCE 3~27/10%ells® RI3ES™ Aaltonen < (1994)&
roacholl A 200~300/10°cellsE 7FA ALZ2 HusYo 1=
2 of W9 /|3 EA 3= TASCSY AEL 4F Uy A%
A, 4 & 23 AEde 9 FLE ELISPOT 7Y
ARZQA el el Ade ezt deld £ gl F3 7t
534 (Aaltone, 1994, Nakanishi, 1987). &3 A X8 ¥ 5 F
Z7E 94X daz2F A9 TASC 4 (812~1,140 spots/10°cell)
294852 &2 A (307~432/spots/10°celD ot Bl SHe & 2~
39 & £%2 e} Aaltonen 5 (1994)9 23 = bo-
vine gamma globulin (BGG) 22 WA ¥ ¢, 2, 3, 45 ¥4
TASCY F+ @iyl gdube BageE Hol& Kelx g o
g olfE B AYdM FPo2 AHEE E tarda® X3P UE
LPS7} H|Eo]H o2 BAXE BA4FA7]E mitogenZ 243}
o ¢49BAQd BGGE AT 979 dE AFs JERAY
EE Secombes & (191)% o] F AX9 1~2%7to] TASCE
EAHE £ 979 dde FAEY 20~30% 7t TASCE £4€
Aaltonen % (1994)9) Eiiof vl3] HAH e F F7}8 SASCY
F7F TASC 59) 84 Mg} 28 938 F37] f&#d + 98
Aolth, 2# B2 TASCY #3 W3 Adze A4 349 a9
SASCS} TASC #zt¢] ELISPOT 24 71 §& u|Z3uA £
M8 vrtol & Rolth

FLF oo @& SASCY F3 ¥WFIAE Davison F (1992)
9] Aeromonas salmonicida® FAVF FANEold N FAFE 35
A SASCY ¥FAo] AnAo] 23T ol F 434 A HFFA
B3 ZAHE ‘switch off AFS EJOoL Boesen & (19
97)2 Vibrio anguillarum®] outer membrane protein (OMP) %}
FKCE FAIG FAMEAN FALE 854 SASC7F LA
g3td o}F 1234 7HA MM Zade AR 2L AN E
BIER glo} AHE & e g¥e SASC 79 §3F Wt
vebd £ gl Aoz EMEA E Rijkers F (1980, 1981)¢]
haemolytic plaque assayE ©]83 4 sheep red blood cell
(SRBO)2ZA Wy Aeld Yol9 SASC 5 #4T ZF +¢
20TAME 10~1294 SASC HAo] HLAE Holm 42 16T
ol A% 2794 HuA e TEIE HI9 van Muiswinkel 5
(1985)0] 4+& 23Te) &X 8 Jojel A SRBC thdt plaque for-
ming cell (PFC)-& ¥4 4 9~114A HuA]of o]Ette 4
3, 282 Williams® Hoole (1992)°) cestode parasite (Ligula
intestinalis)®] whole cell homogenateE FAMEF & 20T £
H roacholM FALE 4~1194 H1Ad Tedgte BL F
oA gt o] ALEE FLH A, ol F, B4 W, o7 A

AT D ELISPOT 71H& ol 8¢ 9X9 YA AXEY 425

87 Fo o4HM T SASC #¢ T Wde UL F AT ¢
AT B9 F SASC 49 Wale g9y A FE dzie o
&g B FA9 (Fig 6). 5, SN2 E4E gduy

o] FAFL 3FAX weA Filste 7 AYANE 2 ¥
AL TFANA FYF FEE FAFFY 18 SASC &
3FAC) AYAE B F 55Ad FF3 24 Holn 734
A= A9 vehA] o} Davison 5 (1992)9) sl FAs 7
gL Ho Fodoh adx o)y g AL dugrie] Adn wF
25 F9&A Je FAYHAAES 3 daes
A 3 wdde AL olyd du7e A4 Frige &
7o 93t W37} He AL olldge AL Yehid o)A
roachd] BGGE FAMta) BA4E Aaltonen 5 (19949 A+
% ZEA Y AGuteS $AE Williams$t Hoole (1992)
o AFAA AT HFe] T wtgo] fASYGE AR 2
A7ARE FUHL B FRou g oFF g F42 A
£ 3 Nakanishi 5 (1987), Rijkers 5 (1980)¢] ZF} oA Ao]7}
Aee Budn glof ofFe £F, AL 44 Fol wt FAA
HAEY B3 W3t A7E 2¥7 U8 £ Ued FHE £
b=

&% o AEIL AAste Al Ze WE EYoy 23 Ay
oA Yede SolFA4AAEY dg 5 #3te 47 o
2 A9z43 o o2 g QAo 3o A UstEA 2o
Aol Yt ol FY WS B4 o]Fo|A o7 A F
o 71d & = Ue AR Fyo] o]Fo] Aof F Aot}

An onl 4> Ho

o [e]
I =

3 FA Rl A F2E 1€ QA (Paralichthys olivaceus)
of x2adoz 'NeY E tarda® F9L2 FHE we Hygnt
$ 4% iste] ELISPOT 71¥¢ ALY F ¥A 4 &
71 Ae F FALLAES So] FAMHAEE At
&3zt ek AN v FAYGAEE 2543 o)
96 well plateo] H]F3H FE3) EAo] stFAT. 2L F
T Eo] FANLAT E4E Hte AF E7] & YA |
HEZ2EYU X E tarda €< plated] coatingdte 2L 23]8
ELISPOTH ¢ #EE Z&A7le A2z velkth ELISPOTH
9 Eojge dilld F4 AAAQ cycloheximide® M ¢ o
AL F FAPBAEZ} $AHA G A0ZA 438 +
Akt

Eo) FANRNAE 9 HdXe B9 3574 Jeed
ol F A4 WA Fadtd 1FAe A HAHA FUt oy
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