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1.1 AFRDEH

Mg pE A DR AR PE T, 1960 EUHTHIC, < 5 A (Pagrus major),
7 O % A (Acanthopagrus schlegeli) . bt 5 X (Paralichthys
olivaceus) D XD BN ETEINLEHF LT WA ZRD,
MNE T EI T B 7 U (Seriola quinqueradiata) . 51 > )N F
(S.dumerili)., & 5 <H(S. lalandi)B L KNP Y 7 ¥ (Pscedocaranx
dentex)/3 E3 P ENTEZOEMAHLIINE V. AHIEITHBL
THRAFE LA A1, 1967 IEHERKFTHO TR EE
AfTHh P 1970 FRTRICIE, SHOKERRSG THBEE SN
HEOWmoiz, LML, 1975 FHiETIZTOEEICHEOD
L Fr/rnn7 oA (BKORETLTHEI DL S) THRE
MALLZDONHAVSERN Y, SFEE BT REMOEEICHEE -
TWiz, BHOKREBEEENITREICEZ>ZORT LT Z2HIEREE T3
EBHRALT D HEDBHBINTHLLTHD, Y EHZOHBHT S EK
MARKELZZY—IZBVWTHIDOHERKID, TNETOEGRBEN
ODEERKEEZ 10 TREMICETHETSZEE2R/EICL 2,

B4 O AT OR YA EICO T LT, B A E I oW R HERITH
K[MFEIET DRI R0, TOHEN 1970 ERN SR EINTE .
LAL, ENAMAEELLTROMENZDIIT 1980 FERITA > TH
5EThol Y. UL T, 1986 4 10 AT, WF1 61 4F B H A fUE 2%
XYORYTLARBNT THBEAOFHAMICBT 2RBHME] ©
PEROHTEN, CNVARPVPECBIIFEEHEEBRETRIKT 2K
[JUILETHHOTOL R TALATH> . EDOFR TIEIL, Table
1-1-2 TRTEKIOBBEFREFRKRBLTENSOFERRERLE, T
SIEVWTNOFICZORERRNAFERLD D2 VWITMEEICLZ2DBDOTH



Table 1-1-1.

Disease in larval stage of red sea bream

Species . Disease name Size of onset (mm) note

Red sea bream
abnomal egg

Germ body aberratio in egg

Abnormal larval fish 2-3

Bladder stone 4-10
Abdomen distension disease 5-13
Intestimum nebula 6-13
Abnormal gill §-15
Epitheliocystis 1550
Gliding bacterial disease ~~ 9-30
Vibriosis 15-60
White spot disease 1040
Ichthyobodoosis 10-40
Trichodinosis 30-60
Thermal shock 2-15
Pesticide poisoning 415
Dietetic disease 10-60
Nephrocalcinosis 30-50

Caused by abnormality of oil globule fecundation abnormality
and thermal contorol

Abnormality of oophoron envelope,chromosomal abnormality
Mz Kupper cell bulla abnormality

Stomatal opening deficiency, Fin anlage ahsence, Tarve tunica
abnormality

High salinity seawater culture

Caused by heart, Kidney or fiver

Catarrh, Lipid droplet Epithelium reforming

No air bladder,Foreign matter in air bladder, Transformation

Hypodynamia, Tail fin white terbidness
Onset i high density culture

Including pesticide poisoning by artemia

Unknown




Table 1-1-2.
Disease in larval stage of Japanease flounder

Species Disease name Stze of onset (mm) note

Japanese flounder and others

Bladder stone 590 High salimty seawater culture
Abdomen distension disease 79 Gastrectasia Digestive tract distension
Intestinum nebula 8.90  Catarrh Lipid droplet
Rhabdovirus symptom ~~ all larval fish Fin rednessMuscle iternal bleeding,Air bladder
inland
Ascites 5.0  waters stagnation
Vibriosis 1530 Digestive tract atrophy
Streptococcicosis 1540 BrainNerve spime Vascular wall bleeding
Gliding bacterial disease 20-60
Fdwardsiellosis 2030 Seratch,Gill omission, Tail fin bleeding
Bacterical gill disease 30-50
Trichodinosis 2050  Unknown difference with gliding hacterial disease
Ichtyobodo disease 50-60
Oodiniosis 2050 Mucosa hypersecretion
Scuticocilliatidosis 30-50
White spot disease 4060 Unknown difference with gliding bacterical disease
Muscle internal bleeding 1540~ Anorexia
Themal shock 530
Spine aberratio 2040  Heating culture
Color abnormelity 4060 Chlorosis, Melanism, Moiety chlorosis




o S

—F. 1985 FFEN S 1 O F A HAICHER A O K &5 0% M
THFELEZ, EHEOEBHKEL Y-V THZTOHICTH R
Molz, TORWIEZ, ORCERKNE 2D, QFHhERL, RE
BEXRTHANLHBRL, QNS OERNFEEZRKLA TLRED
FREFBETCLE.OEZESTZABDBBODIBIZEA AL /2,
EBIZZORROEHZIT oD, HAERCHEHMEICL DB TIIHF
ERHICEZ2REEZADT, MERETOREHEOBHRBEEEHR
Mok, BERRKZEEEBRAKERRGICEKRELEZKERTIE, &
THME L RNV OFEZRD, TOREMIIBR, FHHPRH L
IR 5N, KRCHBHERE CIFZEIRELLEZRDBNHEND
R TH o, Eio. 528 O MR, ek ki B OV #8122 40 g
WWIEEZEOIAIN AR FRRBDO LN, 651, ZTOT 1)V Ak
FTREZTHEHAEATLOR=-T 2RI, HEED 34nm E/NRTH
o7, MEXKD, ZOWKOREKE, A1 IV AR (Viral
Nervous Necrosis: VN N) IZ X2 #EMBRED LT D 5 VI L
WWEDIDLS b D THhHDdEMmI Nk, TOHART., ¥EEMR R A& E
TUAINWVAENFEETHETHIWDTCORETH -2 ¥ BT
FSAREEREITIZOTAINALDENER > 2,

ORI, O, F)\¥ (Epinephelus akaara), <

7 ¥ (Pseudocaranxdentex), ~ T(E. moara), b 3 7 Z (Takifugu
rudripes), ¥ 5 U (Verasper moseri), &kt 5 A(Paralichthys
olivaceus), OMFRICBVWTOHEEINTZ, £, £ —A TV
7. YEFBXIXUOHEREY Y ® barramundi (Lates calcarifer),

75 > A D sea-bass (Dicentrarchus labrax)B LU/ U xz—®
turbot (Scophthalmus maximus), OfFHAICH VNN 2 & <



RWRIRAFEELRE YV, Y42 HR— I ®/)\Y FEH(Epinephelus
malabaricus,E. tauvina) DRI B W TV B FEERICED 5., XK
ME TN IOHRRKRABER TN T B HITEFTNFE,
septemfasciatus) . 5 > /N F (S.dumerili), 1 > H F ¥
(O.punctatus)i®H 3 Y, TNFETIKHRINTWS VNN 71 I A
BRI, 3 B 8 B 15 fi(Table 1-2)&E 3N, 1 51 DHAKRS
FTIAHBHOMABMIIBILATYS YV, LENST, ZOEKIE, BE
HOWBHLAEOHEAFEOERB TR DEREEZETLIEINTVS Y,
VNN T ANV AEREO ELFERICE, BAM»SIIZ&EH L THFA
BRI REBREN DTN TS 7, TOFHAEEL T, &
Y POHITIE VNN TA IV AICBEEL TR WHAORNNTD
ntTw 3 ® ., % #1d . ELISA ( Enzyme Linked-
immunosorbentassay) IZ&X 5 # VNN HiiEOME 2 H W, FERME
HRAZENTL25OTHLZD, THREBIETHICETEES 2N
> J2 . T, FE N W A 0 Bl 45l IR I PCR 7% (Polymerase Chain
Reaction:PCR)T VNN DAV A@EETERB L. BT 55 EN
WMo, FOHHREZHT WD 29, LarL, TOHETEINYE
FICIE VNN DA NV ARBETH > 7 PHAOPRIIT, EINEMY
B C2EEMEE L. TORRIZDWT, TO%%LIE E
IE, BEOREERE BRI E LN, BESFELZLEOA ML AICLD VNN
TANAZHT WP DPE T LRSS ZENERS N WY,
CORHFELT, BANDODA NV AR, EWNHICERT S
Bl BERKOEABBHRSCAY CUABICLBHEFEREN I NTNV S,
o, FRAOEFTICRHEHFELEKZH Y, TOHEBICIET LR S
200 T ADKEKOHEBET>T2bDEH5 A5 EDHE
NEHEINTWE, LHL, £ OMEEE KD TR, HAOWHE



Table 1-2.
Fish species affected by viral nervous necrosis (VINN)

Order Perciforms
Family Centropomatidae
Barramundi (Lates calcarifer)*1
Family Percichthidae
Sea bass (Dicentrarchus labrax)*1
Family Serranidae
Redspotted grouper (Epinephelus akaara)
Kelp grouper. moara)
Sevenband grouper(E.septemfasciatus)™®2
Brownspotted grouper(E.malabaricus)*1
Greasy reefcod(E.tauvina)™1
Family Carangidae
Striped jack (Pseudocaranx dentex)
Purplish amberjack (Seriola dumerii)*2
Family Oplegnathidae
Japanese parrotfish (Oplegnathus fasciatus)
Spotted parrotfish (O.punctatus)*?2
Order Pleuronectiformes
Family Pleuronectidae
Barfin flounder (Verasper mosert)
Family Bothidae
Japanese flouner (Paralichthys olivaceus)
Turbot (Scophthalmus maximus)*1
Oder Tetraodontiformes
Family Triodontidae
Tiger puffer (Takifugu rubripes)
*1Reported outside Japan,*20bserved but not reported yet.
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EIRXVONBERTH 5,

—H UAINABBEIEL., DAIVADPMEERREDO XD ITHAEY
Biok U THEZEEZRE RV, BAICL2EBEHEI MO THL W
EXINTWB P, ffoT, EPMZBWVWTIR, 2O IR EFE
tHB2VEEHRLLZVWDOZTIZFORHVWENTEBD, 127
WL RRBREFOTAINABRIEOHEEL TL<ALEN TN
L W, F, EMEFOWABETIE, YN ARU Ty FT . M
WX EDRRIEZ TH T2 LTHEEERIFORENEEZ DD
CEMMHD THEERIEDALENTVS, ZDD BT ) AERIE
WRT 58 EREHEEIZOVWTIE, ENZ2EOWABYN DD
ANVACERT S E, UDNEKPHLAOMBEAH YA IVARFEL
TA >y —7xB> (IFN) ZRE/RL, 1IN ADOEMEEZINZ S
BRI EC D EINTNWS W, 512, 20O IFN OERITT
VaNY MNEEBME(EY I ARKRTFRIU N UE)ck> TL
B¥zrzebbonTng B9, £RI5IT, 7VaNy MG
MEOEYI> AR, RBEFO—-DTHD LA, TOKREHK
GRETEOMLOREHEELILEIELIEINTWS T, 20O
TOEYI> A ThEB-HOF 2 RRKERGITLSBEEDNR
<, BERIEDRZETAHATYPaNnNREEMWEELTEDOHZE
DM|EINTNVDS B9, 25D ELD, REIZBNTDH, 8-
AOATF>OREHRGDN, DANAZIBICD ET SR L ORGP IZ*t
THREVHEZED2DOTREVNAEZEZI OGNS,
FITEMETIH, CoMzHLNICL, AEO, BT 251
FRIZBIBZ A NVABRECHTEL-IOF O REBERFITKLD
AR EEBBICOWTHREL &,



12ARAMRICHET DRROMR

ABIC IFN 2 U 72 50 B i B s 7 A2 1T B9 9 2 pF 98 1 L e By A
72 <, Graham 5 0 NI 2ADY > /SERD IFN 2T 2 TH
A9EMELTVIREETH D, KEEAYMIIHT S L-IO0TF VIR
MR K A2HEETE, 707 JEOHEEADB-A O T > OHRM
THEBENMLELEEORERNZEINTNWS 2V, hoF /14 RO
—HTHL2T7AIFHFOEBMAGEANORMTIE, Y51
22 oy MW OERBRHEHRND D EME SN, BETY 1 EM
BRETHKBREDHWTIASFIHEINTWV SN, A O RED A8
EOBEIZOWTRE<SKRFIN TRV, d, FRABOEY®
REHEREONEEIBMOTH L WEINTWD,

1.3 AHROME

AP, MBIV TOWAEEFAMKZ IFN 20 L ERED
WA TEETSINENTOVWTHRHL, TOREZSE A T, INF
ERIEHNTETaNy FEEYMETH S L- AT T AYF
B OFOOHEBINOERMMN R HEZITEIE S I LR SN
BEMIZDOWTHRHELE, TheORMICE> T, BEABEOER &
UCTRENBBEEZ STV A )V ABPIEIL® & &0 MEBRRI
HUTEARNOEWRBEBZRAOERICKILTCLIETEIHDTH S,
B-ETHE, AMEOENERRONIE, FMFEOHEXTDONT
ALk U 7z

BT, VNN BRESCAT Y RUAINAENBEITR > TW
LEMBA YL BN, ABICBITS INF 240 L KB HNEE
DHEZRITL 2,

BEWTE, B-AOTFTYREBERMEE T A —FRZHFE



U, PikESER, 7077 —2YOARAE, IFN 25 L 7z %R
MENEDIDLREBREZZTHENITDODVWTHH L,

BUETE, INETBOTHLWEEINEFANOBERE (2
8mm F£8) D o0 K2 B B BE o0 T E J7 vk 2 R I O B AL SO 2
WTHT D B 5 W GE 1 O B FE 2 MG L Tz

BHBETHE, MEEECBILIHNMERENTHZ A IXYR
TALYLAT TOLY] ERTHINDOB-HOFT Db 1 51,
ATHFY A OB AEFETEFERB O LH M E TR U 7= M5
BONERICKITEZEECTDOVWTHRFL .

BANBETHE, DAZRZB-HOF2>ETAYFYF 2Ll ,
RIAENT T T ORBE EEZRA, LELCHEN OLEKRR, HIE
ML O E LRI K IETREBICDWTHFHL 2.
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28 AvIVAEIEMBOIYAFINY Y AEELSTICKDE
w077 —2(me) DOFEMHEADKS

2.1 H#

REOBIBE T, BFELXOBRPENZHEL TS, VRITT >
FAE AV ARIZH < FHE AR RE TIE D A )V A 1R 858 5E Y,
B TIEEAY RUAINANRKEL, BHEECHEBIIBVWTEREL
TWBORBRTHS Y. LAL, AEKBIBEBIIHL T, B
EDOEZA, MBERBRPEIEFAM L O AEMELERIEF 2 E DO
FTERRDED 5NTWBEHN P, T A ) AEREICIIRE 5 7205
MEDFENTVWARWY, ft> T, WARAORBFER LW LITITL?
iR ITONTWEIONBIRTH L. U1 ABBRE T T 2
FER R & 725 St TAHR W, |
fh 5, WABIIBTITAINAEPERECET 2058, BITH <
nefrbil, VIVFCRAESCEROHEMO —DTHL1 25—
7O ONF)OAMEZTLEI T LT N REEWE E O
ARmehnTnsd, 20 INF 3, U4V ARPTHEL T 1 IV A
EAEALT D EINTVWDS Y, £/, INF CREEOY T &1 7
HFEL, PTHr-INF BHFIDANAEZEZRTOALS T, L0
HRERRE2EKzORETS EEINTVS »7, 20 INF 20 L7
BRI EERIEIE 4 O INF RER TICK-> THBEN, EFI >
AV ZORIBEMETH BB —haF > "% NniIFEY I > D, EY
SV E FOREREDYRZRTIENANSLGNTHO, FKITH —
AdFrRRRERGCIIBREEZE S AWE TN P, BIE
ErZ2REUCOHELXOHABYEIRICRAAZINN S,
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FIT, AETIE, 1 >F 1 UBAZEZA L, ABEICBNVW TS INF
MU RBERERNEETINENIDWVWTHRH L =,

2.2 RER 7k

2.2.1 s L UEE

AR, EELYBITLIRBHAKEL Y —THLEEN 6
~12 » HHMB®Y OB (EA A MLy MTHELEAY A
(Oplegnathus fasciatus){Ffa % iz,

2.2.2 A 2% A B gl B2 O R ER & 3R E
AT A DOEERN 6~12 »y HZF a2 s TIRELOIMKE 2170,
TERCHMESEL, ZHNIZXD, BERCMEDOEAZGWE. X
W OB EHEER 0%y ) — IV THBEIT >, L OBRE
ETCHTYU—NFRNTEEMIZITWY, HLZSZETWHHEL L
bOEHWE, AZRAEMIANTIZHNTHEL, AALGME O
HMHRZMINY I TN zHIDTURL, Bz >y T
oMW ULlLE, 2NZHERAOEBLZICREDS XDICHBL &
FRPMI1640 X% H#h(LAME ., FRPMI £ #h)5ml 20 MWL /=2 v — L
(FALCON #h., fifsEBR)PICANZ, TORTE LY ME 2
AAWERBHG&ZZISLEEZE, chzkelizrR) 7oL "o
L& (SUMILON CENTRIFUGETUBE 15mD) iz FRPMI £ i
THVWHLTEL, EOMT, 1500rpm. 15min) L TH M 2 7o
Joo WL EWEERET, WKZRET S 5%FBS 2R L 7z FRPMI
B (CFRPMI ¥:#i)4ml 22 K <@L THFEXE, 27G YA
V27U 8N ZBELT bml HERNICEII L, ZnZzKe Lzl
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ORYTOEL >HOBELEECKRA AT THENREIREL L,
Single Cell il & L. TOWD U > /N BRE 2 ifn 3k 5 5% %
WTEFRI L, U 2 SERE A 4X 10%ell/ml &725 &5 CFRPMI K
HTHEL 2.

A>HFNY 2 A7y —RA 4B(100uy g/mDO%EfFIZ O > 5
TN A7 yno— A 4B(SIGMA # #HB#E#H 1ml %720
15mg A2 F/)NU > A% 0.33ml v, 15ml #ORY oL L
CHRIOELE AN, BB L2 FRPMI 2 2.5ml #0 L TiED
(2000rpm 15min)L ., LB ZHIWMLIEHZIT o0, [FEk O W #IE
Z FRPMI B5#h T 3 WM OIR L, BHEAORAFOY —)LZE 0 RV
oo TNEAZHFTNY AT 7O -A 4B E—-AHBKE LT
AWwiz,

2.2.2-1 RPMI 1640 #Z#h D {ERL

RPMI 1640 K% H(H 7K S SK 4 %) 10.4¢g
REEAKIZ ST UL 1.0g

8 K 1000 ml
RZY 2 GAU D LNIERELR) 10 J5 B AL
AN LT R RA T (RS AL A 0.1g

RIBXKFEFT P T LAZRW LR ZEABRE L EAENTERS L,
CO, T pH6.0 fiETIC L ARG OADRFAN S PRHENRER
KRDZETHHEERY b2HWT CO, ZHEALZ. ). KEKHKETF
MDA EMAZRCEMREIEL, TO% 0450um DA T I >
TANE—ZBL, ABBEEZITo . Tab, AL ZEMKIE,
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®“BiRdT 2 LPS OREZ<EDHDICHWE, ZT® RPMI 1640 5
A OMHMEECTHVWSENESDOTHO, AERTEBRAET S
RUZADEBROGHFITHWEZ, FEBROBEAFEOLAICIE., BE
JEZFHE LU LRI X% FRPMI B #b 2 [ iz,

2.2.2-2  FRPMI 1640 £ ith @ F 5§

REROWHERDOLE OMMEEEICIE, Lo RPMI 1640 55 ih
WL OB EE(NaCl 0.82%)TH 5720 . AE OB IE L I H
THEDIT, HLF MU A0.35%-0.82%=0.53%)5.3g ZiRML
THWE., Z 0% FRPMI #H# & IER,

2.2.2-3 CFRPMI 1640 £ i#h @ /£ &%

FBS(FR BRI 7% . Fetal Bovine Serum GIBCO #:&)% 56 C®
BARPT 40 HMMEL, MEPIKTEND@MELE RE/LL. M
THET-T0OCTHMMRELE. T EHKD RPMI b L O
FRPMI £5#iC 5%% 0 L. CFRPMI K & L CH W /=,

223 AVHAIRBMRBROEE

JolZ 4X 10%ell/m]l W E L ZRIEMBIZERZ > v — L
(FALCON #:, #LEEK 2 )i 2.6ml AR, EO¥%E 2T/~ 2
SHFNY Y AT yHE—A 4B E— X (ConA.S.4B.) DK 14 & /N
100 g/ml E7BRRICHBELAEDBDZ 2.5mlimmML 7z LN T,
NI S D AR PR EE 1E 2 X 10%¢cell/m] &7 o7z, ZTRE CO 1 > Fa
N—%(25C 5% CO,)NT 48 R EE L2, T OMEIE, HEI
Mzl vy — L %D, ConA.S4B.OE — X L THJH
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LMzl EiEsy, SO OMBMZERL 2. K& 48 IFHE,
H#EWE 15ml 20X oL HoREECEL, #2LAT
2000rpm 15min)U E{EZ WM U, 2O E{EZ 0.45um O 7T 1)
4% —(ADVANTEC TOYO #: DISMIC— 2 5)TA %, #F L T
EBRICETSIETHHRAAEL L, £/, W E LT, ConA.S.4B.
EWRMUAEN o ZBRBEMBREE LSO RRICU TIERL 2. 728,
Ai# % ConA.S.4B. HiE FERF 2R OA LIEL TERD Lz,

224 ATHAERIIOT77—-Y(mo)DHE
2.2.4-1 ALY AIEREZ RO IR

1AM OEREMOBEZ D LURBEL., & 50Uk z L < UM
LTBWEENZAWF AU L — bR LS EDK
5ml ZARMMZESGDOTRVWKRICERL TERANICESLZ, HhRZK
iecHdEl, N 5 A%, WAORETEREMICHEEL., BHEN
ZWEHEERY CmDZEHAWTHK 20CIKERL T WA K
E1~2ml AL TEEHL, TOERBZKGEL THWZ 16ml HO
AU TOoEL CEBELECERL, TORBOKREN 1 BHZD
15ml MEEAZDETHRZOMALE, EOLMAT. 1500rpm,
10min) L, TOWKE LBEZHETCMBEBZEINL T, Nz EKEE
HiimE L, adp, FAZ7U2 L — FEHOERIT, #AK 100ml
FA U Al — MBI EE)3g WML, g T
B OERNZEREMLEZOZERLTOHS, A7 Y a—NA
YV EG,10mDHL, F—~Z LA 7T 121C2 EWE L 2.

£/, —#ic LPS [JRNZ B (Lipopolysaccharide)] &, 75
LBMEORNBERELT, A0 mo WREZIHEE(T 2 &NA

17



LENTWd, £ZT LPS OXEBEZWMOR ZOICAERICTHEM T
HHIAHMOENR Y ~(1,2,5,10ml), E—H—, 752, K,
E2%HDONT A8 180C, 4 WML M ET WEE T 5 & Hk
I LPS ZhEARiE{k L 7,

2.2.4-2 A A MEHEZ LR E 6K O E

JEIZEREL L 2 I i CFRPMI 54b % 2ml #pnl ., #—
BB EIDICELKEMLTEBESE, 2OFIE®R 1000l Z27H L T
MNHBRENICID 2%MHBE®KR 1000l Z2MATEIBEEEZ, 20
Botk, —HEMKGERBICEORBEPDO meizMHELEZ, 20O
BT D me$ A 1X10%ell/ml T2 kS ICMBEL, ZnzEk
B IR & U CERICA W,

22.4-3 ATHTAIEEZHMBORIENSHE
FETHRWMUZEREBHMRZRERICHEL, FHT 5720 I
B ik WER AW T T o2, BB, MalE e m I A &= 0Ny MOk
ST, RR)ZzHL, F9HMAMEZ - NVRO LITERBR AT A
RTIA, A, SN—=2—FDEIZOFTET. NXTv bOHE DA
By MEE L. &0 LIS THIE U 72 S H I 2 i i
Z 1~2 WK sEl, ThiC) UEBEHEEEREKPBS)® % Wid 4
HAeKAK 200ul 2IMA8., ZONT Yy b Z2E0(800rpm 4min)
Lice BONT Y hZ2WODHL, BERFHIZAMERATARATA
EMSRMEEESEZ, TaB, TOBATART I A LI BL 2
NN ST+ EEEL-> k. X914 RH TR &R,
AAHWAIN T w82 200l %EL, ZOHD v — LINIZHE
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LT 30 WEIBEZ o/, TNICHEROMAKZIRMLBULEZ L
T 14 30 BiEERAEIT>Z, TOBRMAKTAIARNTATIALE
W L. HE 21T Wa AR, FBEMEE Nikon OPTIPHOT) %
WTBHSEBE L 2

224-4 ATEGABERZBEBRADODO md DER

4 D 88 IR T i 2 0 7 oy — D LLA O ML O IR 1E A
Holle, TO 200ul 2 v — L (FALCON #L. A5 2 AW
WBWEWNAIN—HI A EITHEEL, 2N%E CO, 1T >FarR—%
—(25C 5%)T 1 KEEEL I V-T2 2T Lk, TDE. AN
—HIA L aABAEKTHRL, IN—HTIA LITHBFLEL>
HREREL, AIN—AIALIZE S ZMBZERE met /LA
Y—& LU/,

22.4-5 ALFAETIOT 77—V DHER
—RICAZZTOHAEO mo FFEFRW T AT I — LI %A &
BEWICHRBETHDI I EINTWVWS, T2 TCa—FT7FINVTFL—
PEHBEEUREERRYNIAT I —ERA2TV, VEALLREBGE
RISEYNALNTZMEZ m¢ THHEL THRLELZ, BIB, %
DAN—HIA L0777y —EUTHEBLEMBE 2.5%27 )
YNWTITEeE RBHETEEL., PBS TH¥zEfroRkE., a«—F7
FIVTFL— NEEOREBEBRBPIBL 37CT 45~180 4 MKk
SR, TOB, WHETV, 20AFI T -2 TRELREA L,
BOW®HLTM «- XHAFTHALBEEBRR L, RAICHWVWE
O DAERIE LT DR D TH - 7z,
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HPR & AR /NS>0 — X7 =Y V(SIGMA t&)1g & 20ml @
MiAKICEM L, BEE Sml 2B NITMRE, BH, A28L
7z o

B : 4%WAEEE T b U D L KIEBEHK

HPR B : g1l ® AW, B Z 0.5ml §DOEALROEYE. 1IN
NaOH %# W T pH5.0 IZFHEE L /=,

Hrl HPR %W - HPR W 1 ml I O.1IM EEEE - MU W LB IR
% 2N Mg C pH5.0 IR L 2% 10ml I0 A /=,
HEE:a—F7FINVTF L — b(SIGMA 8) % f iz,
SR W 1/156M ) > B #E K pH6.3, 9.5ml I ¥ i HPR # 0.05ml
EIMA, BEo—-FI7FINVITFL—b 10mg 2N LEZFL Y
VA=V B/ AFINIT—F)IV05ml ZMA., PBBEEBICHEML
7z

225 AT AIBIEMHEPD ConASABIEELFEDA T AEIE m
dEMADRE

225-1 AV ABEE M DEREDAUE

IRz 2.2.4-4 THEFLZ mdE/ L1V —% 2.2.3 THE
ConA.S.4B.55 % L1 CFRPMI M TORARE T THRELLE, £
DEFEIL, CO 1 > F aX—=F(25.0C 5%CO,)NT 4 i 1T > 7=,
BEs, FHARKTHEERLZE, TNIRAEAED(H 4 85
RI 44 —RAN)%Z 4.6X10%ell/ml E/ 5 LD ICHBH S E =
CFRPMI #5#h % 4ml ML, 30 2K 60 HKE#E L, md ITHEE
EFARRIEZ, TOB% 1/156M U > BB HK(pHT.2)T 2 B¥%EH L.
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AL —FLAPREAZMHL, HFEBHE(X1000Z AW T md 2 200
LU EBRL, md DBE mOIRARINTVAIEROKZFHL
o 2B, TENETND ConASABIEELETHEELE moDAER
I RICAVWSNTWS, TRIRRTHAELSTHEHLZARERK
(Phagocyto Index) T% L 7z,

ARHEHE=-0X0

O (molTABINTEATEHEOKE) /BELZ mnd DERE)
@: (FELMEBHZABLTYS md DKRE) /(B LE md DR
#)x100

2.2.5-2 AETABEMDRINFF LI —EEFEEHEDORNE
IR RTz 2.2.4-2 THBLZEREBHMRZFEKRZ 96 /(7 T
WD A4 105 A NI T L — F(FALCON £)® & /%I 200 11 A
L., COy T >FarR—%(25.0C 5% CO,)NT 1 Rk a L 7=,
ZTD®H, TV DEDTTINELEOAN—TSAEHEKIC, £HE
WAKT 2 BIgEHRLEZ, B HR., DI OKFIC 2.2.3 THEZ
ConA.S4B. K& LEOH L OREDOHMZE AL, CO, 1 > F aN—
5 (25.0C 5% CO,)NT 24 KB EZIT o2, BER, £ T
A AR T 3 B L. 1/15M MEER 4% % (& 5mM EGTA)100
ul ZMA, -40CICL A HMEEBRMITK AU RMMZ 3 B[ 0K
U, mo DRI ZRKEL, MIBANORNVAF T —-EEiERSE
7me HUTIVICHE O ABTS W ZE, 100l A, 37CTH 20
AMEIEEE, BBIZET LI ® 405nm R FEEZI 1707 L —
MY —&— (Y —##® <4707 —rJ—%— MPR-A4D)T

HELRZ,
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HE ABTS B (200mD) DM LITLL F DR TH o 72,
ABTS[2,27 2/ —EAB-ZF NN XF TV Y >-6-2IViK )
=7 EZTLK0.1096g

T 4.2g

BRI LR 2IEA L2 10ml 12 30%H,0, I3k 1001 20X
BEPoOBEBIHERL 2,

226 ALY AIRIBHMIEED ConA.SABIEELFTOEB LUV

pH & E % DR &

2.2.6-1 ATHAEEMIZD ConASAB.EELFOBLTEM
Jo0 2.2.3 THIE L2 ConA.S4B.J#E LED 56 CTIlZBIT 5 £

LZEMEIUTDOXLDICIT>7%, ConA.SAB.EE Fi5%E2 79 XA 5«

P8F a—T(A—= T8, 25118 HhEL. UF—F — )N

FD 56 CT300MBMLUBMLE, EBIZKPTRABAL., %

2.2.5 ® ConA.S4B.55%E FEORDDICHWTHERDEE %17 -

7z,

2.2.6-2 ALY AIRIEMIZD ConASABRIMIEZEELEFD pH &F
i3

Hd 2.2.3 THE L ConA.S.4B. 153 EiE D pH 2.0 ITHB T 5%
EFHEEFUTOXLD o, ConA.S.4B. ¥ %% £ 10ml Z4H L
100 58D 0.1M 7 & 2-HEEEHEK pH2 125 LT 4 FHIEN 2
1o/, TO® 0.1M OV VEEHK pH 7 T 24 KHENKR., £
N % CFRPMI ¥Hi T 10ml KEALE, 5T, IN%E 0.45um
DATS5T 4NV —THlLEHZEINE 22,5 @ ConA.S.4B.
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BREIHEORDODICHWTHEKEDOERZT> 72,

227 AV AIRIBHEDO ConASABIEEELFFTOEME mo &%
bl 2EBEEOAE

2.2.7-1 (HEAZHY
HAZ L7 #® C57/6] <™ A 10 4 4KHEH 24~26g &I
BARZBIEA 1 (EFEmKkEEL>Y—) E2RWE,

2.2.7-2 I U RBFEMIZD ConA.S4AB.FIHIZE L FDEK
XTIV (7R NIRRT MU — X8 X2 RN
¥y =) UL 50g/mD FE:T T, BHEARZ M L. i
FEEE, EEZYHRLUBENMICHRBEZHBLL, E012 51054
ERBRICHAIE L ConA.SAB. K& LB 2L 2. 7ab. MR
EIHHLETREBLEN RS-0, 2.2.2-1 THR~N/z RPMI 1640
Bz R nwi,

22.7-3 XUREETI/OT77—CMo)DAE

YA Iml FA U AL — M Iml 2EENTEHL. 2O
SHRBRERIZ—FIVHE T THEIIRZNY I TUWHLRMLIES B,
B ERIENY 22 ANTHELUBEBRERNIC3 7 CIIHRRFLZEKEE
A (0.82% NaCl @#ixkER) 2EFLTHERL., Thz
BE<OMNZ bf?ﬁ‘ﬁ?@f‘@@f{ﬁﬁﬁf 1%z 0 16ml /s LD ITE
WMLz. TOROBFEROABB IO/ 0T 7 — D O HHE & HR
A1 OBRE LK 2,
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22.7-4 A LHAREHAIR ConASABIEELFDOT Y XIEE m
¢ EMEDRE

A5 1 BEME ConASAB.BE FEZHW, R 5HON Y
AW mP I T IEEMADOREZE, D 2.2.5 LR EETT
o7,
BB, ABEAURNTF I —-—FOHELELD COy 1 > F aX—
YEIL 3TCERIZ -,

2.27-5 T YURENE ConASAB.BEELEFDASA LT AIEMHE moiE
DR E

D 2.2.7-4 LiF, YRUALWEEA YA mo EHFITL T, H
BRICHEBRZIT 2B . ZOED CO 1 > FaN—FiRERF 25 T
THB ko,

227-6 YUREEmoHEEDATE

RUAMELIORABLE mo ODHBEZAEECBER IR TS A
BEERNVAF Y -—EFOEETHE L, BRUEEFLDO1 5
A EFEBOWEEZITVRBREIX 3 7C, B3 NaCl &M
® CPRPMI ¥ #h % JH 7z,

2.3 R

231 ALY ARBHRBOIAFTNY Y ALI70-24B RNBE
SME 6~12 »y HAOA T F A L OB L MM Z D > 75

NY Y ADRELEE T 70— 2 4B( ConA.S.4B.) & 48 I [H] 5% &
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Zifrol. TO—HWE2L0MMERRITSIE, 770 —X 4B @
E— X O BRI M O B AR L8 A S Nz (Fig. 2-1-A),

—F ., WO ConA.SAB.IEIRMOGE TIE. 4 OMNEIE 2 A
S5N5B0OOWIMBEITBRINT . MRHED ConA.S.4AB.EHIN DS
BL0bIEFITDNo k(Fig. 2-1-B), ZNS5ORIT. 15
A WS ConA.SABIRIMIC X - T, 2 O ERE B T4 &L 281
HEITBHZEEZRLTY S,

232 ATHYAIERBEMBOKS

AT ABEBERNCFF )AL — MM ERALUTCHEEL >
FAEBEBHMBOY A PAERICAS —FLFRAET > 2H
HWHER, 208 60N 7077y =) THAD Mg
N7z (Fig. 2-2)
ZTZT.ZoEBEBEMREIN-HSA LT V—F 4 2L,
Wl EfToE. IN—HIALTa-FT7FNTFL—FE2HE
ELT, IERENIATF S —ERAEZT >k, TORRIEHIE DK
5% MUV EAEDOHRBATROAINERE mod THDEHTEINE
(Fig. 2-3) TNHOHRED, A 51 MK mo i3 IEFE B H M
EAN—HAIA LT V=T 273252 EL0&k>T, /1Y
—&ELTHELNDS T ENHPEL &,
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ConASepharose

Splenocytes

Fig.2-1 Photographs of Japanese parrotfish splenocytes with or
without Con A Sepharose 4B

A: Splenocytes were cultured with Con A Sepharose 4B for 48hr.

Arrow shows blastogenesis of splenocytes on Con A Sepharose 4B.
B: Splenocytes were cultured without Con A Sepharose 4B for 48hr.
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Fig.2-2 Photograph of peritoneal exudate cell

Peritoneal exudate cells were obtained by peritoneal lavage with
physiological saline at 5days after induction by thioglycollate medium.
The cells stained by the method of May-Giemsa after cytospin. Pm¢
were >60% in the peritoneal exudate cell.
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Fig.2-3 Photograph of cytochemical a-Naphthyl butyrate esterase activity
of adherent cell.

Peritoneal exudate cells were adhered for 1hr in RPMI 1640 medium, then
washed 3 times with physiological saline. Adherent cells were analyzed
histochemically by the staining of o -Naphthyl butyrate esterase. Pm¢
were >95% in the adherent cells.
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2.3.2-1 AYFAIBEE Mo DEREE

HTHEREATTIEE moll1 T REMRBZEZREET IR
Beih & 0 2 T(ConA.SAB.MEE I TLA BB M O A & I ) 5% & % 17
27, TDO mo R AEEENE 1| NMARITLZLARERK
(Phagocte Index)id 20.43 T. E#DHA D 150 FHK. 100 &
HW,0MBHARNTH, ABKEIFIFT -COETH-~=. Lo L.
A XA MEMEZ ConA.SABARIIL THE LWEZ2MA THEEH
MICKET S E, mo OABHEHIT, 150 AN 76.02, 100 57
B 96.03, 50 f5FHF W 80.35 & 100 A MzZzE—r &Lz —&ED
ZlLZER LU, MO A E ConA.SABKEELBERMOBAE D md
DEAREKIT 150 BEHRRTIIBEHOADOH 4 12, 100 HEHRT
W3 4.6 f51, £ 50 FHERTIEP 44 fflcenEnLH L, 1
DA REMIEE ConA.SABIRMTHEE LA LEIR. 12518
PERN Mo DEABREZRD S EE X LN (Fig. 2-4),
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Phagocyte Index

Fig.2-4

150

100

U1
o
T

0 L | 1 I )
Medium 1/150 1/100 1/50

Dilution of NR Sup. or Con A-Stimulated Sup.

Augmentation of phagocytic capacity of Pm¢ by Con A
stimulated supernatants

Pm¢ monolayers were incubated for 4 h with the indicated
dilutions of Con A-stimulated supernatants (&) or normal
supernatants (NR sup. : (O). Phagocytosis assay was
terminated after 60 min. Each pointindicates the mean

+ SD for triplicate cultures in 3 independent experiments.
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23.2-2 A HAIBEmMDRINFF 5 —EEMN

A AERE me 2RO ERAMKICLTEELLE 1 KEZOD
RNWFFTF-EEREET, RHEETHEBOADEHEEZ 1006& T 5
& . ConA.S.AB. 5 FiE DM 150 £57 M 140%. 100 57 W 134 %,
50 fEA M 130% & ConA.SAB.KE®E LWEOHRMICELD LR LAE. U
MU, BHDOAD 1650 fFHKR. 100 FHW. 50 FHRTOMEMEI,
FIE—EDOMETH o = (Fig. 2-5), HIB ., 1 &1 MIEMEIZ. 5
HALDILEIC K> T, 1 F1THEEN mde DRIV A F2 5 —EE
HrEmOLIXIBYEDOERNEGEDLIEZEZA SN,
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Peroxidase Activity (%)

Fig.2-5

150

100 ~

Ui
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O - L L 1 1
Medium 1/150 17100 1/50

Dilution of NR Sup. or Con A-Stimulated Sup.

Augmentation of peroxidase activity of Pm¢ by Con A
stimulated supernatants

Pm¢ monolayers were incubated for 4 h with the
indicated dilutions of Con A-stimulated supernatants (@)
or normal supernatants (NR sup. : ), then peroxidase

activity was measured. Each point indicates the mean
+ SD for triplicate cultures in 3 independent
experiments.
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2.3.3 A5 AEEMAEED ConA.S.A4B.RINEE LFDE(S6 C)
BLUE(PH 2)CHTI2RHREMN

WL B O DM B I BN TTET S BICEEN mdé DA E
PRIV F Y —EEREZEDD -1 27— T 2O NEKRS
Ns&EEIN, £ ZOr-A42F 7202 EFRCRIIHT DL
EENENWEEINTVWDS, 2T, 1 %1 HIEMIIEZEZ ConA.S.4B.
WML THEELEZ EEEZ 56 CORUMB LY pH2.0 O HE %
ToT. 1 1EBN mo DABRSCRIVFTFF-EEER
T HIEEMAICH L TR ZTo 2.

2.3.3-1 AVIAMIEEmMODEREE

AL AIENEN mo DEBRBEICH T DEMCERITT 41 M
g ¥ i 2 ConA.S4B. Z N L CHEL /- LD 150 5% W 82.31,
100 {57 W 79.57, 50 f5A M 84.01 K H DA D 42.64 L0 EFH L
DR LT, 56 CRAUMZIToEHBETIIENETN 41.32, 39.47,
29.56 E N L. £/, pH2.0 OBAUAM 2T HH T, 1
Z 1 43.52, 38.15, 30.&{K N &R L 7z (Fig. 2-6), T 5 D FE R
ATHE A EMEONBELDOTEIZ L > TEREI NI T F 1B
Mmoo BREZGEEALZHEDN 56 TN pH2.0 BT
COEMEAERMNHEELEZOTEHAYMEEZONZ, LML, £
DIEEACHERNBACHR UL > THERMBED EAITHE> THFRL
TRIZDWTEHARPTH - 2,
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Phagocyte Index

Fig.2-6

100

w1
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O - 1 i 1 |
Medium 1/150 1/100 1/50

Dilution of Con A-Stimulated Sup.

Effects of acid (pH 2) or heat (56°C) treatment of Con A
stimulated supernatants on phagocytic activity of Pm¢
Acid treatment of Con A stimulated supernatants was
carried out by dialysis against O.1 M glycine-hydrochloric
acid buffer (pH 2) for 24 h. Heat treatment of Con A
stimulated supernatants was carried out by heating at 56
C for 30 min. Pm¢ monolayers were incubated for 4 h
with the indicated dilutions of non-(@®), acid-(A) or heat-
(O) treated Con A-stimulated supernatants. The
phagocytic activity was assayed in the same way as
described in Fig. 2 Each pointindicates the mean + SD
for triplicate cultures in 2 independent experiments.
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23.3-2 AVIAIBEMODRINAFLF—EiEMN

AT AEEN md DN A F2 5 —EIHEHITHT 2 EMEME
M3 (Fig. 2-7), AU OHENEW DO A 0.D.=100%. 150
BEAR 137%, 100 AW 141%E EF L7205, 50 57 M Tld 54%
EE<< o, ZTNITH LT, 56 CRUMZIT > ZHE T
D H 100%. 150 57 W 68%. 100 57 W T 93%. 50 57 W T 65%
2L, HOBUBOHEEXOBEMZEZRL L, £/, pH2.0 U
BEIToZHEHRMO A 100%, 150 57K 88%. 100 577 91%,
50 fEHM 67 EEAUEOL AL BREZRI L. Z0H6 OFER
E. A A EMEONBEDITEICL > TERSI NI YA
BN mo DR AF2F—CiEEEEE/LZWEDN 56 C Bl
M pH2.0 BMUAH TEZOEMEMMEHIIWHEL LD TRZVWN ES
AbNle, LML, MUAMOEED 50 EHMNTOEEDO TREIZD
WTORKIEHSNTRN,
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Dilution of Con A-Stimulated Sup.

Fig.2-7 Effects of acid (pH 2) or heat (56°C) treatment of Con A
stimulated supernatants on peroxidase activity of Pm¢
Pm¢ monolayers were incubated for 4 h with the indicated
dilutions of non-(@®), acid-(A) or heat-((J) treated Con A
stimulated supernatants, and then peroxidase activity
was measured. Each pointindicates the mean + SD for
triplicate cultures in 2 independent experiments.
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234 AT AIREMEDO ConAS4BIBELFOEREM
LBV O MRS B DT EETNSIBICEREN md DA
BRCAXINATF I -—FEEREZED DS v 25— 7 0> RERK
INBHEEINTVEDN, ZODr-f>F—7x0 2 EFRB5HEMT
T olEEAEARZVEEFDNTWS, 22T, MIEMEZ
ConA.SABIRIIMU THELZ LEOBEEN mo T 5 IEE(LE
MEAH ALY AMTHEREREZKREG L Z,

2.3.4-1 XDUREEAN mo NDEEE

RUABEEN mé DABRICHBT 21EHEIIER T (Fig. 2-8) .
o H 71.58(Phagocyte Index), Y7 AMIEMNE ConA.S.4B.5
% LYE 150 57 R 96.79. 100 f57 W 133.20. 50 5 M 51.82 &
150, 100 EHMTLEHFL 50 FRARTHETLAEDITH LT, SR
THBEA T 1TIMEMIE ConA.SAB.KE LIEO LA TEZTNEN
46.88. 11.58, 34.69 L& CORMMBEMTHEMOA LD KEZRL
oo THROBITVAEE moDARRKRZ LASEI DT, H
FETH DT AMEMIE Con A BEFEENKRETHD, 151
PRIEAINE ConA.SA4ABJEH LEIIY T A mo DARREICH L TIRY
LAMHEFENEMZRL 2,
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Fig.2-8  Effect of a different splenocyte source of Con A-stimulated
supernatants on the phagocytic activity of mouse Pmg¢
Mouse Pm¢ were incubated for 4 h with the indicated
dilutions of Con A-stimulated syngeneic (mouse:() ) or
heterogenic (Japanese parrotfish : @) splenocytes
supernatants for 4 h. The phagocytosis assay was
terminated after 120 min. Each point indicates the mean
+ SD for triplicate cultures in 2 independent experiments.
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2.3.4-2 TOREEmDORINFF & —HEiFlH
NOUABEEN md ORI A F2F —EEEITHT 5 EMEIEH
13 (Fig. 2-10). 5 D & 0.100 (100%), % 7 Z g M il ConA.S.4B,
B BYE 150 5 M 0.149(149%). 50 fB5H M TIE 0.163(163%) &
ERLUE, 2HEHFLT, 151 BIEME ConA.S.AB. & iF
150 575 0.109(109%). 50 AR T 0.102(102%) K5 #h @ A & 0
FWHREILERSI AN oTe, TROBETERNEAGR EFAEL, <
A meOARNTF I -—VFEEE LR EEHEDICIE. A
FTHET AMEMIE Con ARE LERLETH -,
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Fig.2-9
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Effect of a different splenocyte source of Con A-stimulated
supernatants on peroxidase activity of mouse Pm¢

Mouse Pm¢ were incubated for 4 h with the indicated
dilutions of Con A-stimulated syngeneic (mouse: () or
heterogenic (Japanese parrotfish : @) splenocytes
supernatants for 4 h and then peroxidase activity was
measured. Each point indicates the mean + SD for

triplicate cultures in 2 independent experiments.
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24 E=

MBEOA T AT TBNTOMAE LK D INF 29 U 7z 90% %
EQAMZEZRTT S0, 151 MEMIIEE ConA.S.4B. & 5%
LizsZ s, filBoBEBEAENE, ZOFE LG5 1E
e me EREEBLEZEIA MOOABRBIEEAL, XA F 57—
TEEIZBOWTOHEFREE LA ALONTZ, TNH65DTELD, T
VEF A MBS EDOTNEICL > T 1 md DABRE®
RNVAF I -—CFEEZEODDLRIDBMWEDOERINGELEE RS
Nz,
ErMZ2EUDETI2MABMTIE, UKz T NY > A
PEMNATY TN F OB EOHENLFBEYETHEET S N
Ko T UREAGELEVWDNIHRHZEIL, TOBET
B EEBEPRICr-f>%—7x0> (y-INF) 280U KA1 >
EEETLHIENHONTWVWDS, £k, HEby XK 0 EES
N7z v -INF IZ invitro Tm¢ Z{EH L. £ O fEM(spreading)
DA, FERFRRMEIVIZ, 7V Uz (FiRBEMAE) Hlw ek
MER7Z TR TH2R/FEROAREO LR EEMERICET 2 M E5GE
EROERBENBRENINTVDE, TNHEDOZENLAL TF A
moé DEBRRELARXINAF I —EELEZRDOLIIDIBRYMEN v -
INF TidlsnwhEHRaNE, EIAT, WALEBHHO v -INF 132
(56 CHHWIEFM(PH 2DRXHLUTHEFRALETHD I ENMS
N, INH5OUMZEFTS EmeEELEZHERTLIEINTWV DS,
£/, v-INF CRERRESFEL, E by -INF BEMZ, ¥
A r-INF BT ARCUNMERA LW ENAMSsN TS, A
WWHBWTH, Graham & Secombes FZIYAZHNVWTmoIE
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LR F %2 60CEWid pH 2 W5 I LK DEHENMHEL
el &S, ZUORA U NRKRLEFE P OmM ¢ IEFEALK Ty -INF
TiEWMNEHREL TV D,

TIT, AMATEEOHERLZ ConA.SAB.EE LEEH (5
6 C) BtWidE(pH 2)TUBLZOEMREZNELLE A,
WHPERRIBHELLE, 512, 151 MIEMIE ConA.S.4B.5; % -
BT Amo Z2IENEATT, YUZAmo DFEMEATIITT X v -
INFWRBEBETHoTZEXD . ZOERCIIHEEEENBO 5N,
Dbz Ene®EMA YA DY 2NERIF in vitro T ConA.S.4B.
FIBMREETDEWCED y-INF Z2EATDHIESAZAONTZ, TR2D
B4 A DOEN Ty -INF, m ¢ O 55O EENRRS
N7z,
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BZE BEAIALETZB-HOTFRERMEMD R
(CRIET MR

3.1 B

A, BETETIE, ANV ABPEEMEMLTNVDS YV, 25
AIRBVTH, 76 H AL ORE L ERSR T IV 2O E
SEMMZFE LBERZMEIZ>TWS P, LML, TOREITHR) R
HERDBWOBRBERTHS Y, E2A5T, WABETRIAIL ALK
RT HE INF ZEALIAINVAZRAET LS X HEN, 0
INF 20 L2 R @EEMEEImD CEERERHHETDH 2 Z &2
5N TS,
ZZTREOAHFAIIBWVWTS I O LD %% 02N EE
THENGHOMSEHAE _ETHRIELEZ. TORR, REOA1 >
FAWBWTHHABERKICY >N kE 707 v — 2 ORERHE
WHROGENRHREI N, 2B, WAETIE INF 28472520
REHEHBBIIEYI Ol ORBRFTHEEILINDS Z &AM
5 Y, FTHTOEFYIC A ELTHLRTWE B —HhOF >
W, WHEBHIIH L TRERGZIT>THBEYI > A OXD i
FEZEZET, 2R3 UDHAOWATBMERNRIHRND S
EINTVND, TITIOETHE, 11 OHEEBOEA AR
vy hiZp—=AoFrEaREBIENL, ThzEHBELTTI 51D
FHEZTV, BRUEA YA OREBENTLET 2060 E2 KR
L7z,
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3.2 Ak
3.2.1 #HEMA

AL, SMEEK 34 HDA % 1 (Oplegnathus fasciatus)
(BIGHKELZ>Y—) HAZHW,

3.2.2 fEBELEMBEHN

1A HAOEETIL, SMEK 3 » HOMMZ, # Lo & EH
(4.5m X 4.5mX4.0m)ITPRAEL, HEIZEASAA MLy PEHWT
fAE Lz, ABRX OB MKRIE Table 3-1 RLAEZEA A NN
Ly bE2RHW, BHIEIESIA NPy bOAEL, B-HOT >
RERGSBIZEIEAANRLy MIZB-HDOF > 25,0001 g/100g %
wmL7zdb0zHKEL 2,

IR BRI AKREICG L THIMEEK 4 % TREHICEDE TH
WL, 125 HHUESHEEFELTCUFORRIIHWE,

Table 3-1 Composition of experimental diets

Ingredients Normal group b- C arotene enriched group
Dry mixture 46.50% -
Sardine 46.50% <«
_ Feedoil _ _ _ _ _ w% __ _ _ _ _ _ o __
Vitamin C 47mg -
Vitamin E 28mg <«
b-C arotene 0ug 25,000mg

Normal groups diet contained 3,4901IU of vitamin A (retinol potency),
did not contained b-carotene
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3.2.3 B D v ~INF BE 4 Bt 0 % &

3.2.3-1 AL FAIIEMAIZD ConA.S.4B.1EE LIF DAY &
AL MEMRE, fF 12 »y HBOWREEEB- IO T > KRE
5 O RO RAR DN SRR 2.2.2 & [F kO kT E B IR
ZEHRILT, 22308 ECTHEMRZRERELUMREL Z,

3.2.3-2 WMBDOALIARIEMIED ConASABIBE LFPICHT
% r-INF FEMHEORE

I 2.2.4-4 OFETHHEDOA 5 1 BIEMIEO ConA.S.4B. &
EEHEEHIMEL, 2.24-40HFHET, SBEORENLSEMM ¢ E
JVAY—%PBLE, ZTNICHBHEOMIEMIE O ConA.S.AB. K&
FiEERFEMEBEL, SRHEOEREM ¢ ORTEERERICH T 5 A &
ERNFF Y -—CEEEZAUE L, BBABRENIN T F2 5 —
THMEOWNEBATE 2.2.5 T Tiro 2,

3.2.3-3 MEBEDOATAIEEM O DEREDIRS

SHARE, B-HOT U RKERGHOMBEORENSHTE 2.2.4-4 &
MCHET, BEmeE/ LAV —%2fEL, ConA.S4B. K%
BeRNETICEBIC, AEMBEZEMNML CTAREZHTE 2.2.5-
1 EREETRERICHE U,

3.2.4 WBEOEYPHRMEK(SRBCO)ICHM T B EELEDKE
3.2.4-1 EYIHRIMEK(SRBC)D i #

PR ELTCEY PHRER (AENA AT 2 MR 20, ##
GHRTHBTNEN—RBEERLS 72D 8.02% DAEMMAE KT 3 [
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=0 (1500rpm, 15min)¥E ¥ U 72, Y%, bW Dk ik (SRBC)
M, 2X10°%°cell/ml &5 XDICAERAHKTHRL BV PRk ER

DRBEHEL Tz,

3.2.4-2 EYVZHME(SRBC)ICLDA I AL DRIE

BREDA VI TICRT S SRBC 2L B MEIL, AKE 508 H7-
D SRBC % 2X10°%cell/ml BEHNEFNLAE Lz, 15 111G
ORI, FER2EMBELLA Y120 RBHIRESN X ORI
BTV, BE®, BO00MLUCRILZ, 2BINEHOmMMERS O
AL 45°C, 30 2 Tiro 7=,

3.2.4-3 SRBC[CXMT DA ¥ A MliF DT DR E

VLA O W E X AL U5 SRBC £ % O i Bk (SRBC)§E 4k X
IETUTFTOMLSBI o7z,

TabB, 96 ROTL—h V F4 AR (ZHME) 2HVED
TV CEBEHLEMAEKPB)THRLAZETRERDO L V4
AM{EZ SOuLMAZ, EHRRETITIVICHIR EL THW/Z SRBC
M (1X10°%cell/ml) % 50uL I DIRML, 2% 25T, 2 IF
RS S B RERICBEEORD SN DR RKFRMGERE P& LT
ZUllk. 2y, FiBEOHRITTL — M ET 50ul BY 1Y a—
F— (ZHE) ZHW T -k,

3.3 #R
3.3.1 XRE, F-HDOTVAREREHOAKDEIRLLEK
MNERBE, B-AOTFTRERGEO Y -INF EERBOBRMICH W
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A OB s, TNEEMNITEESITERRL, WEZBIR-
W DMK %2 Fig. 3-1 WaR Lz, MEOKE - FREICIIFZET A
SNlamolz. 2B, WEL 6y B BEIZHT DM E OISR S %
Table 3-2 iT/rL &,
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Table 3-2 Haematological char acteristies and number of splenocyte

MNormal group b.-C arotene enriched group
Ht (%) 40,3 =+ £1 ~* 378 + 09
Serum protem (gi dl) T73 =+ 1.15 T46 + 0.36
Hb (gidl) 655 =+ 1.45 500 + 0.aa
Number of splenocyte 291 =+ 0.0 DRO + n7e

(x106 100g body weight)

Pixteen months old fish were used for each assays.
*: Mean + SD of b fish



3.3.2 WEOMEEMHAID ConA.SAB.HIHMICLS v -INF EAL

il i Al ML @ ConA.S.4B.HITRIC K % v -INF A& Z %t X O
BEm ¢ % 30 AR THIZKR%Z Fig. 3-2 12, 60 5D H D % Fig.
3-3 IWARLZ, HMOATHEMEM ¢ ZHEERE, FTELENZARS
Tl I saaRHE 30 2 TARBERIT 664 Tho/z. WHRHOD
ConA.S4B.B % L THEROARBERIL 150 5/ M T 11.89, 100
EHMT 12.29, 50 AR T 7.98, 25 BHKT 8.61 LW\WTFhno
WRBERIZBVWTS, HHOAHALD EHL, 100 EHFREeE -2 &
Liz—EozE{bezxrLiz, —Fh, B-IaF 2 REREHOD
ConA.S4B. 1 #E LW CTWHA NG RO EITHE > THIEE &ML D
ZlZEZRLZ, SRBEEB-ITOTFREEGHOLBETIIARE
BWE—2 0 100 EHNTZOEMELETN 2 22, 2TOH
MERTR-IOT > REEGHEISVWERHE K EZRL, 7-INF E
N oTe, £ 60 7T, BHhoAsDOREETIT 12.61 ThH o
oo B D ConA.S4B.Ki%E FIETHEROA BRI 150 45
T 16.36, 100 AWM T 20.96, 50 HBHWRT 11.17, 25 FH R
T 8.22 & 100, 150 FHFRICBVWT, HHOHALD EH L, 100
FHEMzE— v &L - EDOEERLE, —F, B-hDOFT >
KEF 5RO ConA.SABIEE LETEVITNORmRBRITB WV T
LREMOAID EHL 100 AR EZ2E -2 &L —KEDOEILZE
AU, BB EB-IRTF > RERSHOLLBTEIABERENE
— 27 ® 100 fEHMTEOEMEAITH 1.6 fF2E2L, 2 TOHRMG
BTR-HaTFREaE&ksGHEIGVWARBEREZ-RL, 7v-INF ELEN
ZInoT.
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Fig. 3-2 Augmentation of phagocytic capacity of
fish Pm¢ by Con A stimulated supernatants

Pm¢ monolayers were incubated for 4 h with the
indicated dilutions of Con A-stimulated supernatants
(@: p-Carotene enriched dietary group, (O):Normal
dietary group) or medium alone([]). Phagocytosis
assay was terminated after 30 min. Each point
indicates the mean * SDfor triplicate cultures in 3
independent experiments.

53



40 —

30
]
a
e
=
QO
.
. u
= 20
&
s —4$
[
10
0 ! | l l |
Medium 150 100 50 25
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Fig. 3-3 Augmentation of phagocytic capacity of fish Pm¢
by Con A stimulated supernatants

Pm¢ monolayers were incubated for 4 h with the indicated
dilutions of Con A-stimulated supernatants (@: p-Carotene
enriched dietary group, O:Normal dietary group) or medium
alone([1). Phagocytosis assay was terminated after 60 min.
Each point indicates the mean * SD for triplicate cultures in 3
independent experiments.
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Fh, BEMGORINFF 2 —EIE M T AW E M NEMRED
Con.A ¥z k% v -INF 4 % Fig. 3-4 2R L 7=,
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Fig. 3-4 Augmentation of peroxidase activity of fish Pm¢ by
Con A stimulated supernatants

Pme¢ monolayers were incubated for 4 h with the indicated
dilutions of Con A-stimulated(@®: p-Carotene enriched dietary
group, O:Normal dietary group) or medium alone([]), then
peroxidase activity was measured. Each point indicates the mean
+ SD for triplicate cultures in 3 independent experiments.
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B DA THEEM O Z2EEZORIN A F 4 —EEEDN 0.041 T
HolDITHLT, WAEED ConA.S4B.K#E LFEOHRMIC L 2
Mix 150 EFWTIE 0.066(161% MDA THIEL Zm d O K,
% 100% & U 72HxtfE), 100 AN Tid 0.033(81%), 50 f&5dm
RT3 0.135(329%), 25 AW TIX 0.042(120%), & 100 57|
EHROWTETOFRERTM DRIV A F ¥ —EEEIT LA L &,

—%F, B-AOTFRKREKRGHD ConA.S.4B. ¥ %k L TRA R
OB THBEEEFAKOELZEZRLE, WHRFEEB-P O
TOREEGSHOLEBRTRERIVAF Y -CEEERAE—-T D 50 5%
HWRTZOWEEN 14 220, BRBETHD 25 BFHRERN
TETOHMRBRTR-IOTF > RERSHEIGVWARBERZRL,
v -INF EENEZ N> 2,

3.3.3 WRH, B-NOTFUVKREREHODAIAIEEmM ¢ DEEE
o & &
Con.A 153 LIEZIRME T, WHELASHBELELmOE/ L1V —
B, AEEHEZARBIELMERE Fig. 3-5 KxRLZ, R
BEOA Y AEEMS OBERICH T 5 A A (Phagocte Index)
A A/ 30 5T 1.2, 60 T 5.8, 120 /0T 4.5 72 D KEERFH O
FimE s AR SNE, —F, B-HOTF RBEEHOE
P mo TIHAR 30 7 TREUZABEBO LRENALGN, UED T
DL R)OARBEEMEFL 2.
WM E - NOT O RERSHORARKEZLKT 2L, B-H O
TOREBHGHOARBHMEINRBHEOARKBERI DT RTOA BR
B TwMEZERL, BR300 TIEKN 7, 6055 T 1.3, 120 %
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Fig. 3-5 Influence of p-Carotene on phagocytic activity of
Pm¢ against inactivated yest

Pm¢ monolayers were incubated with inactivated yest.
Assays were terminated at the indicated times.

@: p-Carotene enriched dietary group

(O:Normal dietary group
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3.3.4 XEBE, B-NOTVKEHRERHD SRBC CHT HMBGELE
D 15 &

MDA 1 MEPO Y DRI T 5 EEE 37 M
T 40 Thol, —F, B-HOT U RERGHTIIEHMET 80 T
K 2 fEEhol, B-AOFT Y RERGH OPREEITSRELD
BNz, (Fig. 3-6)
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Fig.3-6  Influence of g-Carotene on antibody production
Haemagglutination titer were assayed using inactivated
serum 4 days after Immunization with SRBC. Antibody titer
showed positive reciprocalserum dilution fold.

@: p-Carotene enriched dietary group

(O:Normal dietary group

Each point indicates the mean + SD
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3.4 E%R

SR, -0 F > RBEGROBEMILE ConA.S.4B. Tl
L, TN r-INF EAZHNOBEALF A BEKEM ¢ O A KR
ERNVFFOHF-—EERETHRFLEEZA, B-IOT kB
GHTIIHBBEEILERLTEEOS Y TOm 2EELL T
Thbbp-HaF RERGHNLED v -INF 2EEL 2,
Tachibana 5135 v T, Rhodes i3 hT, E¥I > A B-74
OF>2RKREHRGTHIETEENIIM G NIEEILETE, E5Tr
-INF OAEZ ERHIEL2EMEL, Hof BRIV ARCKREREGT
52&IE-T in vitro TT UZNREKZNL Tm o ZIEMHEALT

HERBRRTWND,
AMEERO NS HABMERE, B-IOF2NAKNTT
RO Y NEROBEZTIE L TWB EERINE, £, *IE

B, B-IOFr 2 RKRERGHOZNTND Pmd DARREZ LT
5LEB-HOTFORERGHOARENNEEOZNLDBE N>
&, BT OoORERSGN, EFEmO 2EEMLLL, S0
& 7 -INF EANEERNTERL, I Pmd ODARREZIEE/LL
TWEWNREENRBR TN/, §I SRBC X9 % Hi T, *xtH
HEop-horREaERGHEAEVWAHIGZRL 2,

EZATHEM MmO IL-1 2L BITHWL, Zo0 IL-1 &, Y »
NERZEMILL, 7-INF A0 1 NS>0 WwdT 5, 5
IINBLOYA MAALE B U REKDT I XXMM DDk
Rzfgl, PikEELEZHENIELEINTV S,

AL TRD 5N/ SRBC T H2HBEENB-IOT > KE
BHERETEN R IENL NS AERNORERE, Tabba%
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Fy b= 2ENEELEINTVWS EHE R 5N,
LOALENSARERTREGLEZB-IOT N, MEZITITIC
ERERWITARRNTESY I > A I L T %502 E %L
LMEBHETELZW., &bdbi, XK -IoF > REaRS
HORKEOMKGHBEOITNENARD SN, £/, ERICHWE
REDOEBIZOWTHFIREENE NN XD, B-7
07 RKRERECIDEBRNOEBIZASNEL LD HIES T,
AL BB OB BRD 5NN Tz,

kol Ens -0 > RERMNERETA Y1 28MET S
E, UANABREETTRABLAOBRPEICH L TEIHOD 5
MY HBMADOEEZWVNRIZTZ2EEAONL, B-IOT NEE
XTHOIEDPOSMOPEMESLHEAOL ST, HARNDEKY
REOMESHZERTIHLEN R, ZOPENLEDEBA DMK
KWETHRIIRTHLSEHEA SN,
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WA, BIEEETIE, BLAOBBRENLIEL, FEAESCEM
WMECHEKREEEZEA TS, VY

TOMBEELT, BEXOAFENBEIALNTVWDINHAEYEPH
WA TOMWITORADNH O, KA TR W e B 78 Fl ¥ D L E DV R O
BN TWVWS, T THEORERESCHIFEEDOMEMALETD BN,
RHEOREHBEONE HIETREDONEZR, BTk Icm LMD
HEAT R 30 D Bt FRE BE L T 6 1 O FEA WD THL WORBERTDH 5.

EIATHREOREREZIET 2HKE, —REITHAED
REBELZWET 2 HENHVWLEN TS, £ OH THl M %%
RETHARAMR TR IFPHROT 7Oy -V EAVWEARRE, Y
FRRUINERENRREEYETEELZEEONELRBEREL T
HuwshtTtnsg, »°

— 7, BREERAERETEIEORMRCMEREZYIH ELT
RICBELZEEOREEENMEEE L THENTWVWS, "9C
NS OREEEDOWE D P TEERECHUEESEONE T —KOF
BETITADN, VNEKROMNBLIZDODWTIIHHERILTETH S
PHIFID>OWMDAARZHWEFENBRHYUTHE, YLLK
ME, ZOHFETERRBBHDLETHO, ELBEDOUMROD
HRODHD —ROMEBETHTIDIIELRFERFCRETHS, £z, —
T, UsNnosEkiFicHBoTEe ROy F—EEEN LS
THZIEEMALEMITZHAWEFEB BHVWENTWVWS, Y20
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EZAN, BE, WRLEBYMOY NS EONE DTz DIZ B
FEINZHBBEUNELETHE2 7 I T3 TNHEEEHEK
WIRMUEAEZBETE2RETEWSEHELEEBIETITA, INET
DWPWEBICHER—BROHAALETRENDEMICITAD LN SR
ShFlfsh->2H5, ©

ZTZTABMETIE, TOTIIN—TI—% W THEHE O 44K H

EQ—D& L THEMIEDOIERONUE Z —ROPEETITD L
D O H BRI DN TR L7z,

4.2 REBAE
4.2.1 it a

EIRHTKELZ>Y —-THELEZET A 1 FRAAKE 200~
300@) oA (8T OMABLTAI TS (4 BS), b5 7
7 (4AH4%) ODfFAZAWE,

4.2.2 B2 A 1 5 A fe o 3R 2

i B D S AL E Ahmed 5 YO FEICECTITFo2. BT
A TFROBME zOBRLESE, MIKZBEERICHL L2,
INZWERORERE LIRS XD, 0.63%NaCl Zz#mL &
RPMI1640 #:#h (FRPMI £#h) #TE> vy b2 AWVWHBEZIES
LDyl (1,5600rpm, 15min) Uk, HOEOWEE 5%+
Wi, R=Z>U> G, AV T MIYA 22U E FRPMI
B (CFRPMI £H#h) THEBEZ®E 27G ORI I Y &1 %5
Wk < Wil S ¥, Single Cell #ilf# & L, Percoll 38 & &) iE O T
FRIMER 2 PR K%, B O FRPMI KiHh 2 Al W RS Rl & L 7z,
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B, HREOWUEITZERD AL « TLTRGAERNY XTI —
BHROMBE O TIT> 2,

4.2.3 MEALE O E

96 X4 705 A MITL— bk (FALCON, No.3072) IZ [}
MM E®R 1000l &84 M= 2BW 0L (220 FNY >
A @ ConA C-0412, SIGMA %, R—2 U A4 R—< A h—4F >
PWML-9379, SIGMA tt, UARAXU Y wHh I K :LPS, E. coli
SIGMA ) ZINA, RETAKEEER (25C, 5%C0O,) WNT 48
BRI R L, BBRE, 7
) 200l ZHRMUT 24 BHBERELEZ, chzx1t 207 L — b
U—%— (JEWKE 570nm K OEHEE 600nm) THE L &,

5<% — 7 ) —(Alamar Biosciences %k

4.2.4 HAEOREMBORELENEL

MEAFAOMBEMBOFEIL, EITSHIAAIEREKSEFT
BEOENSZH W THMEBEZME L, 2% FRPMI i T 4 |4
LEHHEL, EI XA 1 #FREEKICE Y bTESL, 276 &
etz Ei S, Single Cell B EBRZMREBEL, IR 1 £AEH
BRICHE 2 U 7z,

B, HE AR F O PR NE R I D W TR B ) B E O I KB AR I R
DEREBIEEZTDIIRMN S T2,

4.3 R .
4.3.1 BRA =S VTEELEFEBARBKOERNE L
B Ol iR $h & e e FE D RS (%
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EI AR ZERE T M= 2 BRMEBRMTEEZTV,
FERBRICH B OBz ELZEZ S, 1 b—F VEEMTI
S HHoRKEZEL CTHREOEHEFLREZMEIRD O N /Z, —
Ji, AR =S RN TV RS 2% W R 0D 4T IR R U R 4 S S
L, TOHEMOEEIX ConA100u g /mL, PWM 10 g /mL, LPS
lu g /mL QNETE N> & (Fig.4-1),

BRI T2 M BOMBERETY I TN —HmMIT XD HIEED
B AR, Ml B OIS L T O W EIZIFITERKIC LS L,
W E DORICITABRIEOCHBEBFA (r=0.9914 , n=9 , p<0.001)
WD 6N/ (Fig.4-2),
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—i— ConA
—4— PWM
0.2 |- —§- LPS

—0— Medium alone

Number of splenocytes ( x105¢ells/ well)

0 24 48 72

Incubation time (h)

Fig. 4-1 Kinetics of mitogen stimulated splenocyte proliferation of
Japanese flounder

Splenocytes (5 X 10° cells /well) were incubated with or without ConA
(100pg/ml), PWM (10ug/ml), or LPS(1ug/ml). The cells were then
incubated at 25°Cfor each incubation time in a humidified atmosphere
with 5% CO2 in air. Results are mean £SD for triplicate cultures.
Representative data obtained in 3 independent experiments.
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Fig. 4-2 Relationship between cell number and specific absorbance
Each point shows number of splenocytes and specific absorlance
after 72 h incubation.
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4.3.2 RBYA =T VRE

MM EzE L O A b—4— VIRETE®EL KR % Tabled-1
W UL7z, ConA Tid, 10~260pug/mLTHEELEEZAT IV
=TI =ML B2WHERT, ConA DRED LAHITHEVWEBRPIZ
FEHU, 100ueg/mL THERAOWIEE 0.166 Z:x L, 260 g/mL
TRETFLZ, PWM T, 1~100ug/mLTHEHELELZEZ S, K
JEEW 10pneg/mL THRRXOBINE 0.178 Z22 L, TORREOD L
FEEBDIMRACKTLE, SR RKOENEZE L 10 g/mL
DMEIFEHRMOBEDOK 2.1 5 THo7z., LPS T, 0.01~10u
g/mL THELEEIS, WHEIRLPS DREOD EFHITHEVRES
M EH LU, LPS1lug/mL THRADOWINEE 0.128 2R L7z, TN
WA M= BRI OBE MDA DOWINED 1.5 FTH o7z, LPS
10ug/mL TRENHERFIEFLE, EXAA -T2 THEELLE
FAMEMBO Y SR —TN—ILLDBRBEOFKBEELEZIA h—
7Y, ConA 100 g/mL, PWM 104 g/mL, LPS1uxg/mL
ThHoTz.
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Tabled-1.

Dose-tesponse effects of ConA, PW, and LPS on
splenocyte proliferation of Japanese flounder

Specific absorbance = SD
Dose (me/mi)a Cond PWM LPS
Medfum aloge 0.085+0.0028
0.01 ND¢ ND 0.092:+0.001
(. ND ND 0.101:0.003
1 ND 0.138:0.011 0.128::0.004
10 009120007 017820007 0.105:20.010
25 0.10810005  0.05620.003 ND
50 002510006 0.12220012 ND
100 0.166£0016  0.0980.001 ND
20 0.1220.02) ND ND

asplenocytes cells(3 x 103 cels fwell) were incubated with or without different

amovnts of Cond, PWM. or LPS. The cells wete then incubated a 25
for 72 b in a homidified atmosphere with 3% COy in ar. Alamar Blve was

added 1o 24 b post culture set up. The optical density was measured with

a Tttestec Multiskan plate reader at 570 nm and 600 nm,

b MeanSD of tiplicate cultures. Representative a obtained n 3 or

more independent experiments.

eNot done,
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4.3.3 B 55 & A AR

REEEMEEZRET A2, BLxOBBMBETSE< 1
M= MR L KR % Fig4-3 KR L 2,

JEL B A B 8% 1 X 10°~10 X 10°cells/well T A b —7%47 > iRk MN
BHWOATHEELEZEZIAST I — T )V —EN

RN EFMBMEO ERICHEVWESNMNICER L, 1X
10°cells/well TOW I EIEX 0.072 2R L0l L, 10X
10°cells/well TIEWIHEEIF 0.087 TH ok, ConAlO0u g/mL T
i, MR OB U TWOEER EA L, 10X 10°cells/well
TRENXREREFETLE. AFRETERROEINEE (0.1567) 2R
U 7= B T A0 MR 213 5 X 10%cells/well T, B UMBRBEMREKICB T 3
B OATORBIZIDZHRIEEDOKN 1.8 f2 2Lk, PWMIO 1
g/mL T, MK A 5X10°cells/well & T3l AL & © 8 hn iz f
S TR HEIFER L, 10X 10°%cells/well T EIIELTFTL =,
IO EEDOHRRNOKINE (0.182) & 2 LU & MIEAMAEIE 65X
10%cells/well T, M OATORBIZLARNEDR 2.1 ETH
o/, LPS1Ipug/mL T, MBEOBINICTHER L THROGER LA
L, 10X 10°%cells/well TRHEHNEIZIERTLE, ZOLEDHRKRD
W Y68 &R U 7= RS AT IR 8013 5 X 10°cells/well T, HEMHOATO
BECIODUNAEDON LAMBTH>Z. XA =T THEL L
Fix OMREMBEEICLDBAEDOELLEZR L THD E, TTOM
BETIA b= 2HEMICE > TRAERIERLEDR, TOLERD
EE 5X10°%cells/well TIHROES BB TH o 2,
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Fig. 4-3 Effect of splenocyte number on mitogen stimulated
proliferation of Japanese flounder

Mononuclear cells (6x105 cells /well) were incubated with or
without ConA (100 ug/ml), PWM (10 ug/ml), or LPS (1 pg/ml).
The cells were then incubated at 25C for 72 h in a humidified
atmosphere with 5% CO» in air. Alamar Blue was added to 24 h

post culture set up. The optical density was measured with a
Titertec Multiskan plate reader at 570 nm and 600 nm. Results are
means +SD for triplicate cultures. Representative data obtained in
3 independent experiments.
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fFHEfA D o Mgz F|ET 256, BREUAT 68 22 e £ 2w
TRV EDRIMHKOBREEZLIBD CRETH S, T2 THEM
MM L O RMERZBRE LB o R MRTFETE, RELZIERE
ETFTHEMORNEZT > LR E Figd-4 TRLE. BHLO A
DRi#E, ConAlOOug/mL RN E E BIZ, KRMEREFEET (FRil
HREIGA 50%) WIEHFHAET (FMEREEG 6% Ki) Tl TH
Fm WK 2R LAY, RS R o8Izt D WL B 028k
AR RZEH EFEFRETH o 7z,
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Fig. 4-4 Effect of presence of erythrocytes on mytogen stimulated
splenocyte proliferation of Japanese frounder

Indicated numbers of splenocytes with or without erythrocytes were
incubated with or without Con A(100 mg/ml). The cells were then
incubated at 25°C for 72 h in a humidified atmosphere with 5% CO, in air.

Alamar Blue was added to 24 h post culture set up. The optical density
was measured with added to 24 h post culture set up. The optical density
was measured with a Titertec Multiskan plate reader at 570 nm and 600
nm. Results are means = SD for triplicate cultures in three independent

experiments.
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4.3.4 FEAF D R e 4 R 2%

REDONSBHTATOWUNEDOREEZRFTEH2D, EIF A (8
WE), 1254 (48 ), NI 75 (4 BEF) O&HTMAD S H
B U 7z Mg iR 2 Table 4-2 Z/;Rx Lk, SAFMIODERINZM
MR &0id, & o A 11.5X10°cells/&E, 1 %1 3.3X10°cells/
B, NI 77 4.6X10°%ells/BTH -7z,

435 HEMITERBHBEOYA F—4YVICkdHEL

EIRA (8 BEF), 151 AHASY), NIT7FT 4 BEs) O%
MEFROMBHEEZSASTA F—F > THELEMEREEZ Tabled-3 I
AU, ConA(100png/m)THREE L EZ A, WHEITEFIMNOD
BB L TESATH 296, 12514 TR 2.7/, vho 770
TH 2.2 fZOWMNEEE L, PVMUI0 g/ mL) T, BT ATHK
3.0, 1 ATH2.7H, NI TH2AMBORNEEZEL
7Zo LPS(Ipng/mL)TIH, EIATH 1.6, 151 THK 1.4 £
DWINHETH > T,

Table 4-2.
Total body length and number of splenocytes
Specimen n Total body length Splenocytes
(am) (105cells/larva)
Japanese flounder 9 3.7+0.4a 11.5
Japanese parrotfish 48 0.7+0.1 3.3
Tiger pu ffer 23 0.8+0.1 4.6

aMean + SD of total larvae
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Table 4-3 Mitogen induced splenocyte proliferation

Mitogen * Japanese flounder Japanese parrotfish Tiger puffer
Medium alone 0.097+0.015° 0.099+0.005 0.091%0.032
ConA(100ug/ml) 0.288%0.042 0.267%0.006 0.217%0.062
PWM(10ug/ml) 0.295+0.086 0.273+0.003 0.242+0.028
LPS(1pg/ml) 0.155%0.035 0.142+0.003 ND*

*Splenocytes (5 x 10° cells /well) from each larva were incubated with or without
Con A, PWM, or LPS. The cells were then incubated at 25 C

for 72 h in a humidified atmosphere with 5% CO, in air. Alamar Blue was

added to 24 h post culture set up. The optical density was measured with
a Titertec Multiskan plate reader at 570 nm and 600 nm.

® Mean £SD of triplicate cultures. Representative data obtained in 2 or
more independent experiments.

‘Not done.



4.4 EZR

HEAF AR OB R O bz — O FEE THRIMEICHET 2 51k
ZWMNT 50, MBEBMEANERART S —TJI—2R 0 hik
TOMESL R ATz,

ConA, PWM, LPS & YA b—F > THBMIEZEZRELLE L Z
A, RAM—FOFBITL> TRB DB LORMENRD 51
o ENUNEKZE ConARIT % & THIMA, PWM TiE T #il
& B MRS #HATdLan, LPS TEY T AU >/NRD B #like
BHEAALT D EINTWDS 'V, RPFFEL TR WE &5 A B EH
T MifeE B MilRARECAHMMEL T2 ENIHETIERN. &b
Hbi, YA =T OBBEICID2HNEILOENRREINTZ, £z,
BEXKTRICBI2MEKEBEEOMICITEREOR WA BARIE
DHBEEBEIRDEN, 7IIY—TI—ITLBFHEBTE T X KM
ROMELRBZRETRTH D EEZE X SN,

FITTYIR=—TN—BWTE I AMIEMRDSEZWET
LD 0FWEHERHFLEEZAS, 1 b —F REIR
ConA100 4 g/mL, PWM10x g/mL, LPS1pug/mL, B g
B 65X 10°cells/well DFRENFEMEE X SNz, T DM THIE
MM % 5 X 10°cells/well & 10X 10°cells/well THE L2 E T 5,
Wt B 10 X 10°cell/mL MK o 7z, TR IE MBI X U TH
WP ORERDOARFOERNT 72 KM O R ZE TIEMETEEN 2N
FEEER LB THAD EEEL 2,

T 5 R =T )b % A o R i IR B AL o JE VO IR @ Fr D B R
HHEICKDWAETRET D0, BBBRPICKRIMKMEET 2 &
WAEREOWHTICRBDEEZASNL, TITEIT A 1 FAHDOM
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MEDFMAT TOHEETRELIFZEFAKOINELLTRNED 51,
TRWMENFRTDH S EHE X B NI,

KEZHWTREOMBMIEA S F—F7 2RBITE > TY
HILT B ENROLNTZ, TN EXD, AHEEMNDZ
ETEITA, AVFAR T T T OHATR T S # AL O R E A 7 e
ThdEEALNIZ,
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FHE B-HOTFTVHEUETASOHRENAGA - A2 HFEA
BHOEBRELHEBHMBOMNECRISICRIZT R

5.1 B

BIZOBRMLS A 25 A OFEEAEFETIISEBREEEMICE D
THMMH UK ETIZT VNN A4V ATk 2 ERGE 2 38 L K= BT
ZEIT. CORBBEREOWBEE LT, IBOWECHEE KON H
HOBERENEBENTVSD, WHBMEZTIREALLE DM
TIHZOEICHREND D EHEZX BN,

—h., EbZELCHETLHREAGHY T, 16 FEORED#EAEDIHE
TR Eefl A DBRPIEN S RBIEZH WD T LE@EMETL > T
W2, ZOEFOREHBRIT EFYICHFOERERFT VALK
REWMEFOHRGTHETZZE AN TWDS, PTHHESE
RO—DOO7DEYI A ELLTHAGNEB-HOTVITEDODKRE
BHECRX o> THRREOTFTH R VMR OBAETLE VWS
NTVWB0OHAZLT, KEHKGKIZBFEORES KN Y&
T3, INHDRNE ZORRIED A IV ABBPAIE TN L TEDL I D
HAHEMHEEET D01, B2ETEHABECHIAHY ERKD
REHEENEETEINENIDOVNTHRFATZEEDIT, B3 E
TAYH A DORBEYEHBICKITT LD OT > OREMIEZRRIC
DWTHRHEL., TOHREMRL 2.

EZAT, VNN DA INARCKDBEREZHET 5 LETSLER
DIFRNHB-ITOTFZ2RERETILBEENEZ SN, T
TABETHE, IhSs0MAEEEOREEEERKICTHHAT D,
AFARATHFIARBEEELIBYTCOANMEYMEE TH % >
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F I AW AR T L ¥ (Brachionus plicatilis OJF,Muller, LT 7 4
o T /A RRKFIZB- AT EMDAERETHILL, 124
A EATHF A OB EREEMNA, EEL LG OERE, RE,
RER BRI KIETEECIOVWTHRAL .

12) #MHEEAFE

521 BBM DAL EEDREM

BN, DAYOLEERWEZ, UAYOREMRKEEIL, 30L
N> T4 FARRIZHAK 1OL It L TRME S F > TEIV(A— N1
=R 7RI A1 7OV TEMENFER 1.5mL ZiFML, 3K
TEELEZ, TOBOEEREIL, 1000 A/ mL &LE. 1B,
WREIZIFZARMESF T IloAaZzZEMNL, B-hoF > KiZ
WHRMESF AT NICB-IOFT > 540 ug/mL ZIHEMLEZ® O
ZH W,

5.2.2 DA wohOF/ A4 FORE

B-AaF itz {ToEEK 10 FOULTET T2 N 2R
vy hTREINL, HEGZERELE, RWT, HEHBRICHEY LAY 1g
2D, AWM —F) bmL ZA THKRE L, 1500rpm,3min O
LoBtEfTY, Aoy /1 FoMitiz2T-ok. LEOAMIT—F)b
D 450nm B TFHENEEZMELZ. 2B, VAR OT /A
RoWMBIIp-IOF > SBELCHMEL, WBRERHEZDTEL
7z,

5.2.3 #HE&

AR ERTKEL Y - THAREWBSMEI A5 A
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FRAKOERSRBREHREL Y -—THRENBRERTT KELE >
—ETHEEHKEL, MBI AFITAFRAEZH VI,

524 HEHAOWME

A O BFIREFIRNVE I THHZE > 1,000 B/N> T4
AR ZH W, BB K Z EICBIEE DI (40W, 2 &)
ZHW, 9:00~17: 00 HMETHRI L., 12540, 12HF5A
DIPpZEENTN 2 KEBIZAEL, SMesEk., S, WTFAZE
FEERIX Z & 20,000 B DWCHMBELE, &b, WEHMMESMEE
ORMNS® 24 HREITdH o 7z,

flEFKICE, BABRBHRA B KRKEZHY, BKEIF 0.3 m®H»
LHFAOREICHOLET 256 M BETHEMSE, TOMOKIEIZ
21~25CTH o7,

EFRBRIT, 20:00 IWEITKRETEKEORLD 5 #5110
TORKL, TNTNOWAKPIZBTBFAEGFHL, 1,000 bz
DDOEFRRBEICHEREL .

R, ERBROWERITHWEZEKN S KX 20 BT D% EHE
RZITEWML, MARBREBZAVTHEL &,

525 A4 - ALHAFYAORBHBHELCRLSDRE

WM D EITENBETHRFN LA ETT >R, Tabb,
HEM K D MR E AR M EE T TR L. B L 7 M i E L
BBETLEL D8, ML FRPMI1640 o TE >y b & H
WTTODH®L, KELERVHEOAHBREIZAN, HELHUT,
1500rpm, 15min) Lk H 2oz . mO0% LIERZ# T, 5%FBS(4
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fe VR ¥E )& s hn U 7z FRPMI1640 55 4h % hil 2 T Single Cell # i i
L, MIEMIREZE 1X10%cell/mL IZFH%E L /=, FE L 7= 19 N i
% 5X10°ell/mL &£725%5 &9 96 R"<¥1 171l — h(FALCON,
Microtest III plates)iZ 707 L, Poke weed mitogen (PWM L-
9379,SIGMA )20 1 g/mL & % Wi, Concanavalin A(Con A C-
0412, SIGMA #:) 100 £ g/mL & & HIZ CO, 1 > F a2 N —F —(25C,
5% CO)NT 72 FifiEE L2, O EL, BEKT 24K
Maic 7L —hO& T )VIZY 57— 7 )—(Alamar Biosciences
thEhH20u L Z2HRML, BEKTER, (/707 —h)—F—T
WS 2 WE LA, a3, WIEWRIEEW R 570nm, ##E 600nm
THo7z,

1) #R
12)  BERBIZES LN IOT /1 8Oz

DAY OBERMOBBICESKNADT /1 ROZELE Fig.s-
1iZRL &,

BEERBMICHEDI LA IOT /A4 ROEE, KEHBEIC
120pg/g THo LN, ¥BE IRMBETLEAL, AR OT )/
14 REIIH 400ug/g 270, DUBE —FEMEEHR> .

Fio, B-haTFribairok U A% UV EERECHEMEE ( =
a2 HHEEOLEME OPTIPHOT-2) FTHRIT 2L, MIEMAEO®
HTHEERZT D TVREBALIMICEKELTY AT OMLERNZ R LI
M WIRAEIEER D (Fig.5-2),

INHLOHBID, MBFICHWAER-IOT (LT AT DRE
il id 4 RFR] & L 7z,
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A -Carotene content in rotifer

500 1
400 |
5
2 300}
g
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Lo
fwia) L.
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I | | | | ]
0 1 2 3 4 5 6

Incubation time (h)

Fig. 5-1 The uptake of B-carotenein rotifer

Rotifers were incubated with B-carotene enclosed gelatin
capsule, then, were measured f-carotene concentration in
rotifers at indicated time.
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Fig.5-2 Light and fluorescence microscope photographs of 3-carotene
supplemented and unsupplemented rotifer

A: B-Carotene supplemented rotifer (Light microscope)

B: Unsupplemented rotifer (Fluorescence microscope)

C: B-Carotene supplemented rotifer (Fluorescence microscope)
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5-3-2 42854, AVHFIADERKRELER
fEMEPICBTIA T AEA T TFIAOAEBRRORE L
% Fig.5-3, 5-4 I HEK TRITB T 5 AEERELEE Tables-1 TR
Lz, MAREEBITEKRREIFHFHBERICTIEL TRIL, HF
RTRIZPBITHEERRET, 1251 TRABX 39.1%, B-hoTF
HRALIX 53.5%DHEFRRERL, 1 HFFA TR, FEX 21.1%,
B-A BT ALK 29.9%D EKRE R LTz, WA E S ITHE M
MEBUCTCR-IHOFVBIEROAEBRNANBRICEBKL TEM -
oo BIBKRTRICPBITIZEEE, 151 TRWHRKX 84+0.3 mm,
B-AAoF iitX 8.3£0.2 mm, 1 HFF1 TIE, HFHRX 9.8
+0.6mm , B-A 07 VLK 99+£0.7 mm ZRL, MAFEE D
B-AOF 2 HRILOERMICEDET2RICARRBREZRD LN T,
F/, MaRULiah-okd, MEHNMZzBEC THAREBIZB-A O
TUMALOARICEDLS TEEZRD T, XEREBLCAEDIHFELZLED
BRERAEE O RO T,
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Fig.5-3 Survival of Japanese parrotfish larvae during the
experiment
Larvae were divided into p- carotene supplemented group
(@) and un- supplemented group (O).
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Fig. 5-4 Survival of Spotted parrotfish larvae (B) during the
experiment

Larvae were divided into - carotene supplemented group
(®) and un- supplemented group (O).
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Table 5-1

Final percent survival and body length

Experimental group Survival® (%) Body length (mm)

Japanese parrotfish
Control 39.5 8.4+0.3°
B8 -carotene supplemented 53.3 8.3%+0.2

Spotted parrotfish
Control 21.1 9.8%0.6

B -carotene supplemented 29.9 9.9%£0.7

a: Final percent survival calculated from initial and final number of lava.

b: Mean = SD for 10 specimens.
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5.3.3 B-A0OFTHEALT ALK DFROIENEMARLSELRG

125 ADERE Figh5 1 HEY 1 OB % Fig5-6 17 L
7z

B-H1oF it X &KX DA 5 1 1NN 2 50 AT
BLLEZA, MROMBEMHBIZIEEAENELET, RLEIZE
BRI Mo, —FH, XA =% >0 ConA (10ug/mL Kk 8
100pg/mL), PWM (10pg/mL KT 50ug/mL) & & biTHEEL &
Z %, ConA 10ug/mL KX PWM 10ug/mL, 50ug/mL Tx K
HKELTB- I F bR ®mZRTHE TH > k. £/2, ConA
100pg/mL TR A IEK 0.195+0.017, B-H 0O F 2 MLK 0.224+
0.018 & B - 107 » il KAV I X IZ fhe U T AL IZ 1\ W (p<0.05)
sz xR LTz,

AHFET A OIHERRE OFERTIE, MM Z O A TH
BLREEZA, ZOAVHF A LHEATRXORIEMHBITIZEEALESHE
b9, BWAEICEZRDEN>Z. —F, YA =5 > ConA

(10ug/mL KT 100ug/mL), PWM (10ug/mL K& TF 50ug/mL) &
EDHBRIHELEZEEIZA, TNTTHEMRBICKSEINAED LFMN
s B2 ConA 10pug/mL TIEMRICAEEBEZRD RN > 7z,
—7, ConA 100pug/mL TIIHMEKX 0.151+0.0128 -5 1 75 > 51k
X 0.205+£0.012, PWM 10pg/mL TIIH X 0.141£0.0073 -4
05 > ib K 0.220+0.011, PWM 50pg/mL TIIMIEKX 0.154+
0.011, B-A o7 2i{bX 0.192+0.017 & B -7 05 > 50{b X A%t
X T i U CTHEALIZE W (p<0.05 K TN p<0.05)5h #H b KR & R L
7z
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Specific Absorbance £ SD

Fig. 5- 5

Control

. B -carotene

Medium 10 100 10 50
Alone ConA (ug ml-1) PWM (g ml-1 )

Effect of - carotene on in vitro splenocy te
proliferation of Japanese parrotfish

Bars indicate the mean * SDfor triplicate cultures in
2 independent experiments. (*P<0.05)
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Fig. 5-6 Effect of g-carotene on in vitro lymphocyte proliferation
of Spotted parrotfish larvae
Bars indicate the mean * SD for triplicate cultures in 2
independent  experiments.  (*P<0.05, **p<0.01)
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5.4 EZ%8

KBEOMILT, B-HOTFT2METLTEZMERLTA Y11
HFEFAOREEEZITToRELA, MATOEERREORENRD
LN, RERSGCHEITHELREOEEDRDENBENL>TZ. TOR
ZoOWT, WAEBY T, B- AT OREHGVNLZAY —IT
PUDZKELLEE P2 XOMMATE 0 EKREOYE D,
Ty PR TBIHARFEEREZAET ESN PTnws, 26
RiFp-hoFoo/oEy I AOEH PIERT S EINTWN
5, £z, -7 >OREBEREEIEBREEY I ZENLND S
TErMOHABHCBREEZEZISRANVWESIN P, s ORI
THREHRLGEIEYIY A OKEBELHLIORETHAI EEADL
Nniz,

e, B-HOF2HMIAELLITALASTHELES VAR T AF
AR OBBEMRET A b7 R T B E O KR E
mOTWiz, AEOMRZ, Daniel® %D P Bk bY 2 Xk%E
AW/ in vitro ® -T2 ESYI 2 ABRMERTHSEL TW
%5, 7, Tachibana 5 Y3, E43I> ADOKERGNS v M
v rno7y—YORBEMKEZSD S EHE L, Alexander 5 ¥
W, B-hoFoREHE5 (180ug/H, 2HM) &5Vt b >
NERPOANIL)X— T #lilAEmEEsLHELTVDS, 51T,
Coodley » " I, E hIT A XA N ABPFEOEZFICL- I DT > &
BehHL7zEZ AU 2P CD4 OEMARDENTZEREL TW
5o FETHRHZTDRATHIARAHFIAOREEN T V>
NERZEN L REHHEBEZES TV 2 EN TR TRV, &
BTROOENEZZOEIBHEN, p-AorFo7OoEy > A
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ELTOMESITERT S, H520WIERTNEHENEDHLERLTE I
ERTL2NEHSMTHERY, E6dhN, B-hDOF ViYL
ERWTA HFARATHFIAOHUAEEEZTOET, BED
MlgAl R Z2 - L - e Bl ez tEs e B 5Nk,

LEosmRed e, BIEEENYHEL TV ERMTKELE >
—TIE VNN DAV AR D KEYEIE O FE A4 U M od T 5l i A 2
DELWEEINDIA T EATHFIYAOHEE ZB-HOFT >R
O LTERWTREEELTBO, ZN5 OME OREHE N
RR/RTROEM - OB EERR SR >TWD,

INsOlEXD, B-AO0F @ik AT ERAWTA Y AR
AHFIAORBEBEEEZEZTOIET, VANABRREZIZILD
iz OBRPEIEICKH LTI O H 2 RERTEE OLE Lzt na
BEIC/ia D &EBE ANk,
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ERE HOF/AREBLEITLLOBRENTSYA - FST75EBED
ERELY ONKODBCRIGICRIET R

6.1 B

D 4 BETT, ABEICHIEALEIY & R Bk O 5B 8N 7E
L, TOREGHEHBNLB-IOT > OHRMTILET 5 &0 H
BHL 7z, %8 5 BT, N6 QM Z B OR & EE IR IR
THRD, 1 VFAEAVHFIAORBEEETB T AEDE
BTH B3I XYRY AL (Brachionus plicatilis  O,F,Muller,
UFDLINNADTF /A RBRB-IHOTFERMORAEE THALL,
T EATHF YA OB AEERATL. TORHR, £EL L
FEH OEBRBREATENHBEOTBIIHRZER L, E2ATH
OF /A RO—FTHHTAYFHF > OmMAHEENDHRMI
R4 W 7o W oA EYDREND DL EREIN, BE,
RIABMEBETHRAUEFEOBMNTIELFAINTWV S,
FIT, AETIE, OHEBTHIYLYICHDT A REBKT
AEFYHF2, B-AOTEREFEML, X¥LENTTTOREE
RS, EELZEEOAEKRE, REHHBERECKITTRET
DNWTHRE L 2,

6.2 RERT&

6.2.1 HEBBLIUEE
HHAICRERTKEL > - TSI 2SI A (Pagurs

major) & & 5 7 J(Takifugu rubripes) DT % iz,

I OEEFIR, RRAZEZREVEZ ) THEZEE > 7= 10001 &N
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I A MR SHICWAL, & 20000 BV O2MIEK, B-hoF
DR, VAYFYOFIUOROD 3 RIIH/TT, ERNTEHEL ., &
HHIEE, SM® OB (PR 114 48 15 H) 50 20 HHT
Holz. FEKICIE, UV BREA EHEKEZH Y, #UOKEEF 0.3 m®/
ANSFAORECODLET 2.5 m*/AETHMEER. 2B, &
BREORAEELL T, BHOWK pH, KR, BHFBREROWE Z
frolze AERE, K 10 RICEJXREBTHERKEORES 5 &
Fims 100 §28KL, TNENOHEKFPIIBITLHFMAZRIATT
BPEL, 1000 B0 QEKRBERICHELNEL L, 2K, &K
ROBPERICHWZHEANS &KX 20 BT DeEWMAERITHRILL, $4
RBEEBEZRHOTHAEL 2.

NS TTDOEESD, RYIHEKEL, MHEX, p-AoF 2K, O
2 XIZHTTHE L, WEMME, Sk 08 (CFEk 11 4F 3 H
24 H) 5D 28 HEITH o 7z

6.2.2 BTV LEFOREM

fH BTV, U A 2 (Brachionus plicatilis OF,Muller)® L % %
Aw, H 2B#FEEToZ. TAHATORERGE, WK 101 I1Zx
LTCRMESIF ATV —=NN—HTE) A-1 7oL 5T ¥4
EOFEEW 1.5ml ZHEML, JAZEETH 4 KHAKELRZ. £
DB OREEZEEIT, 1000 @BAE/ml THol, 1B, FHRXITITM
MESFo A TN OAZRML, B-HOFRICEAMES F
ATV B-ET > 540 g/ml BHRM, T AYFHF UK
i, Mt F 0TIV AFZ FH 2 F 2 540 n g/ml &I
m, LZzbozHWnk,
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6.23 XA - bST7TDRIE) NRKOHMELDEE

PR > N O EIEEHRICH > Tiro Tz, P Tiabb, v& 1
WAL 20 HHOFARKXD , M 773516 28 HEHOHEMA X
ONMNEZ RBEBEBET TR L. B LZRBEZEERADREL
LR B kk, #WEL = FRPMIL640 O P TE >y FEAWTT
DEL, KELERYKHO/NLBRE AN, #OHAT, 1500rpm,

15min) LEH Zziro, BOLOREBEKRZIE T, 5%FBS(HIBJE ML
B)ZE I L 72 FRPMI1640 554 2 il 2 T Single Cell il IZ L,

Mg U > /NEREZE 1X 10%cell/ml ICFAE L7z, FEE Y )Nk E 5X
10°cell/ml & 725 &5 96 "Y1 717 L — h(FALCON, Microtest
IIT plates)iZ ¥ L, Poke weed mitogen (PWM L-9379,SIGMA
#)20 4 g/ml & % Wi, Concanavalin A(Con A C-0412, SIGMA
) 100w g/ml & &EHIZ CO 1 > F aX—%—(25T, 5% CO,)NT
72 RHBELLE, SEOWEIE, BEKT 24 KHET T L —
FDFEDT ZIIVIZT I — T )V (Alamar Biosciences tH&)20ul %
mmU, BEKRTHR, 14707 —b) =¥ TWHEZNEL T,
2B, WEWKEEIFEWEE 570nm, [l E 600nm TH o7z,

6.3 ¥R

6.3.1 WEER

RYADEEBERER, WMBEKOKE, pH, IMHEREEOVHHEK
N iTZEN TN 23.0C(21.6~24.4C), 8.05(7.72~ 8.55),
7.19ppm(6.22~8.08ppm)T, b IT T OMEREIL, fFKDK
i, pH, WHERRBOFLHMEECTHE TN TN 17.9TC (15.4~
20.1C), 8.07(7.96~8.18), 6.91ppm(6.12~7.83ppm) T H o 7=,
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ERBEIL, YA TR, EXEBSEE 5 HEE TIZHHBEN
RO LA, XTI 5 HHBED&E WM OERICHER L TAE
BERMNMETL, ERETO 20 HBETIE 54.5 &>/, B-A O
T ALK, YA FTF UMK TIEAEE 5 HHLURIEE
WHERBFEDZRL, RERBEAZREDT, EHRKTO 20 HEOAE
BRI B-HOT EILK 80.83%, Y AYFYF UMLK 78.7%
ERMER LD EMEERLE (Fige-1), NI 77 TRB-hBF >
ALK , WX ES, SME®E 14 HEHETICHUBEENRD 51,
MR TIE 14 HEUESHEEFHM OE IR U TEBERMNMET
L, ZMKETO 28 HE T 328 &Mooz, —F, B-HAF >
MALR TS 14 DAUBEIEWEAEE02RL, ERKTO
286 HHDAERIL 59.8% MBI D EmMERL Tz (Fig.6-2),

YA FAOEER, AEHMOEEICIFRLTRKELRD, &
BRI IC 2R 2.840.1 mm OfFAA, ¥ TRICHEX 10.9+£1.2
mm, B-A0OF 2 #{EX 10.83+£1.0 mm, VA& FH > F kX
10,8+ 1.0 mm LD BFERORERCARLEAEARTIRDENBZN > 2
(Fig.6-3)., £/, I 7 7{FAO2EIT, HBRMEKBIFICEE 3.23
+0.07 mm DOFAA, KTRICHEX 10.8+0.8 mm, A-HOF
EREX 11.4+£0.7 mm ERDOMRORERCARRETIRD 5N
Moz (Fig.6-4), £/, 107 /A Rt D &KX O AT HKE
EECHED TR EOREBEREREIRD 5NN ok,
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Fig.6-1. Survival of red sea bream larvae during the
experiment.

Larvae were divided into 3 groups. Then, they were fedg-
carotene supplemented, astaxanthin supplemented or
unsupplemented (control) rotifers twice a day for 20 days.
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Fig.6-2. Survival of Tiger puffer larvae during the

ex periment.

Larvae were divided into 2 groups. Then, they were fed
B - carotene supplemented or unsupplemented (control)
rotifers twice a day for 28 days.
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Day after hatching

Fig.6- 3. Growth of red sea bream larvae during the
experiment .

Bars indicate the mean + SD of 10 fish.
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Fig.6-4. Growth of Tiger puffer larvae during the
experiment .
Bars indicate the mean + SD of 10 fish.

106



6.3.2 A - NI T TMIEAE O E K

RYATE, MERTROLERALOMIE 2RI L B MDA TE
FElLizEl A, TRXOEBNKELLBELTR-hOTFT >l{bX, 7
AZFHFUORAEREDCARBREZIRD SN N>z, PWM
20 0 g/m] FIPL T, MR IO S LT 1.830 5D Wt E
ZaR LM, B-hoF riEbXid 1.62 5, YA ¥ FH 2 F ik
Xid 166 fEEARBIREWEICEZZEL, 7O F /1 Mgl o X
MAIBICHBEL THABICEWVWY O NEROYELKIEE R L. Con
A100 1 g/ml F TIE, MBRIEIFEHOAICHEBEL T 1.35 FOK
HEZRLEZD, -7 bR TIE 2.11 &, V7RI FH 2 F
XL 1.88 O REBD, T /A Rk Ol XA R IT L
BLTARIREWIHEILZRLZ (Fig.6-5).

b TTTE, BERTROMARMEID MIEZ R L MO AT
BRELEEZA, SREXOWEGESLLKRLTR-IOT ik
FEREZRDEN 2. PWM 201 g/ml I3 Tid, xMXIEE
WOAZHEL T 130 FORGERZRLERN, -T2k
g 1.83 BEEARICEWVWEIEEZE L/, Con A100u g/ml HIIW T
W, X IIERO AL T 1.35 FOWRNEZRLZD, B-
AT AR T 2.21 f5&E420, FEXICEBRLTHEARICEV
D2NERDOHEALZRL 72 (Fig.6-6),
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Fig.6-5. Effect of B-carotene and astaxanthin on in vitro
splenocyte proliferation of red sea bream.

5 x 10scells/well of splenocytes from each group were
incubated with or without Con A (100xg/mL) or PWM (20 u
g/mL) for 72 h. Alamer Blue was added to 24 h post culture set
up. The optical density was measured with a Titertec
Multiskan plate reader at 570 nm and 600 nm. Bars indicate
the mean +=SD of triplicate cultures in 3 independent
experiments. (*p<0.01)
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Fig.6-6. Effect of B-carotene in vitrosplenocyte
proliferation of Tiger puffer.

Experimental conditions were same as shown in Fig.6-5.
Bars indicate the mean =SD of triplicate cultures in 3
independent experiments. (*p<0.01)
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6.4 ER

T /4 RMILTD LA EZRWTIYY A (B-HOF>BXUT X
YFYF), VST (B-HOFr) OfBEEZTY, AO
T4 RO FEHEOFEmRERF L. 5MEE 20 HEOY S A
DRFERTIE, EEETEADOT /1 FoR{L O WX O 4 5% R 2050 R IX
LoEmmozh, Il OEENSATRERCIAEEBREZTRD S
Nizhorz, SMitg 28 HO NS 77 TH, AERTEIOT /A1
Ragfb s X K D @h o2, iAok A R EITIEA
o7 /4 RO BImMAEb IR N>z, £/,
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