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Effect of water temperature on the immune response and

the VHSV infection in olive flounder, Paralichtlys olivaceus

Eun Jeon KIM

Department of fish pathology, Graduate School,

Pukyong National University

Abstract

Viral haemorrhagic septicemia (VHS) is a serious viral disease of farmed
olive flounder, Paralichthys olivaceus when the water temperature is low
(10~127C). Clinical signs of VHSV-diseased fish are darkened body color,
extended abdomen with ascites. VHSV isolated from olive flounder,
replicated optimally at 10 to 20C but not 25C. VHSV showed high
pathogenicity (100% mortality) when VHSV were injected 10° TCIDso/fish to
interperineal cavity of olive flounder at below 15C but not at 187T.
Viability of VHSV maintained in sea water at 4 to 20T but rapidly
decreased at 25C. When VHSV were injected 10° TCIDso/ fish, viability of
VHSV was 10° TCIDso/fish from olive flounder at 12°C but VHSV wasn't

detected at 20C



Common immune genes such as IL 8, lysozyme C and galectin are
expressed in the head kidney of olive flounder at 12 and 20°C. When olive
flounder was injected with Poly I:C, antiviral immune genes such as Nk cell
receptor, IFN, IRF, IFN a inducible protein and Mx protein are expressed at
20C but not at 12°C. Lymphocyte-like cells, isolated on Percoll density
gradients from head kidney of olive flounder, appeared to be responsible for
the in ovitro cytotoxic activity.

In this study the spontaneous 7in ovifro cytotoxic activity fo tumour cell
lines (L1210) by wunstimulated and Poly L:C-stimulated olive flounder
leucocytes at 12°C and 20C were examined by lactate dehydrogenase release
assay. When E:T ratio was 100:1, cytotoxic activity of olive flounder was
detected higher represented 15.29+6.12% at 20°C than 1.24+0.45% at 12°C.

VHSV showed increased pathogenicity to olive flounder below 12C but
the activity of the non-specific immune system of olive flounder was

weakened at lower water temperature around 10~12°C.
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2 vt A gANM AHe BF we, 24, 3 FE 5o S W
Bl #HALS= Viral hemorrhagic septicemia virus (VHSV) A® o] A3t
Atk A7l |9 HojolA Foj7A A7]d FHgle] T £ 1
5C olate] A&Et A AAH E&4do] AZstth. Kim (2004)¢ o8t
o] AW 9~13TCo F=2 LW £ 12C IFAM= #HAEol w3 2
o Y £rx wE W F20] 15T Hox FHAl&o] F43] HolAa 1

8CE F&o] Asstd AW A d¥S 82T & g HA= ez By

VHSV< Family Rhabdoviridae, Genus Novirhabdovirusol| &3t= ufolegj~=
single-stranded RNAE Ztal itk FAVREOE IR it dojdt o7
A bR AR weleay AW ofrlste AoE Z A oy Hd

pud

A Jae F2 dlg ofF EFd AWE fEstes HAdAZe Al wEAd

2RI 22 FIF A% 4SS vEde g, A% 2 W Fo S W

¥ 242 vheh 9 th(Kim, 2003).
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AA7E mpolg 29 A Ao Foste Aoe=Z HuEI QIuk(Ellis, 2001;
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Christopher (2005)= WX F3AZ] AHAE F

oy

ol type 1 JIE#IEo] EATHE HuFv. g3 g F3 AEZE Poly

o
o
O
ol
2

L.CZ #A=3te polyclonal antibodys 3 < 71 kDa Mx protein
1 H Mx mRNA ZHApeh wwld wrde 48413F Fo dEgton, Mx
mRNAZ AR g o] 72212074 2] A d k. B oh(Lin et al., 2005).

BEo FAAA leucocyte®] cytolytic activity= NCCs® THF3E effector cells©]
#oste Ao Z BAY(Bvans et al., 1998). NCCse] ME 54 5L THF

o] natural killer (NK) cells® Bl 4 gl=d], NCCse X

do
il
o,
Z
A
(o)
o
3

el s}t er AgAEoln s HFFEe A 2 xdL F Ao
(Evans et al.,, 1984; Jaso-Friedmann et al., 2001). NCCse= 2@ ¥ 7] (Graves et
al., 1985), A2l & (Mckinney et al., 1994), F A7) % 0] (Greenlee et al., 1991)%}
YA Suzumura et al, 1994 I} oA ofFA HudE u U
Nonspecific cytotoxic activity= o1F HoldA T3 IS S}, o] S

EHF7F9 NK cells?} §AF 7152 3= NCCsol 93k Aelth(Bvans et al.,
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O. As 2 %

o

Aol A& R, Paralichthys olivacenss= EES F4 FX2 FojFozH

H wgngon N@e ad me 2712 delsidvh A 4d® 3ol

2. vlo) & 29} cell line

Aol AFE3 VHSV F& 20019 12€FE 2002 4€71A] A5 58 A9
o] YA FAFZNA VHSV ZEZ 98 GANEZRE g 222 A3

4 wpolg 2o g HHRE Table 101 YEFHJATHKim and Park, 2004).
©F wdE EPCOl wtold 2 FFAE 20004 HFEsta A2oA 302 FF

AlZl %, 5% FBS®} 1% antibiotic- antimycotic (GibcoBRL)

tlo

A7ves MEM<
B 15T A 743t v et npol e 2ol 3k cytopathic effect (CPE)E @
23tk EPC cell lineol # ol frefe] nielsjx HFAS T8k CPEZF
gelxgm 80T A3l o2 t}A] =31 & 0.45um membrane filterE 3}

sho] th&F ol AbgstAdh

i

3. whol e 2 g7t Z 4

viol @} 2 titer= 96 well microplate©l] 1x10°cell/mle] ©= W] %¥® EPCZ



50% tissue culture infectious dose (TCIDs))Z ZSA3 AT HWLAAZ A FPoll= F
% 998 FBS7F H7ME A ¢4 MEMOZ 10fold @A 8 438te] AME-3F3th,

o] 22 AETFT AlFNAME End point WHOZ 96 well microplate©l

1x10°cell/mle] ©% ®j%¥® EPCE TCIDsS ZA3 . 2t AF d9<
MEMS. 2 10fold @A 338t AL-831S

4. RT-PCRS E3 nlolgl= #&

41. Total RNA £

gxe 7, v, A%, A HE FaHos HEde FHFY v, dF T

ko v}3f 3} A . Total RNA 9| 2= acid guanidium

thiocyanate-phenol-chloroform  F% Wl  71x3to  A|#st=  Trizol

o
4
>
o
-
=l

(GibcoBRL)S AF&3F3dth. Al g ofe o8 HFH3 v, 20-30mg
A Yo T Ao wEl RNAES EIste HEAI7] 15402l RNase free

water (0.1% DEPC treated HyO)ol = RT-PCRel| AF&-3} %t}

4.2. RT-PCR

Total RNAES RNase free waterol]l 1008] 3 2)3}e] spectrophotometerZ &%
£ 8t 5ugF} 0.5pg  Oligo(dT)is primer, 1ul PowerScript'” Reverse
Transcriptase (Clontech)E AF83to] ¢cDNAE #/43tAth. ¢cDNA FZAl Al¢k

Z/2 Table 29} 2T.

Hholg 2~ HES 93] Kim (2003)¢] A& VHSV AZE primers AM&3t
Table 49} 22 22 PCReAY. Foward primere 5'-geactgtcegtacttctet-3’
o reverse primere 5-aagagattccatgcacaga-3’ Z Product sizex= 567bp©]|T}.

PCROE Accupower PCR primix" (Bioneer)E A3t olo] g ARE



Table 391 YeElH A3} 2o} Thermal cycler (Perkin-Elmer 2400)5 A}-8-3}4
FAAE FFAZHG. PCR 5F AEE 1.5% agarose gel (in TBE buffer,
0.045M  Tris-borate, 0.001M EDTA)EZE AFRElY A7) 9=E3I F uv

transilluminator 74 olA A7) d5A4E& QA3 A

5. VHSVS| 2= 77

5.1. Cell linedl ¢ A F4 2% A ¥

EPC cell lineS 25cm” tissue culture (T/C) flaskol @& ®jFdt th-g nlo] g
25 HFMOI=0.01)dt3 10, 15, 20, 25Tl HFsHEA, HFE F 797 W

Mg FANE FHAH R dojfol wtolg X titer (TCIDs)E =788k

52. 314 = nlolgla AESF AY

—

) w3t KVHS02-19] 0.2pum membrane filter® o33 d|+E 192 ¢

4, 10, 20, 25T incubatord] HZ 0, 1, 3, 5, 797+ v & HA vlo]H 2 titersS
TCID endpointZ ZA3AT. 2 AFE& virusHS 96 well microplatell
1x10°cell/ml¢] ©Z ujk® EPCOl 10fold @A 3A3ste] 20T A 787+ wj<k
ot M GHS A Ast HBSSE MAE & 1% crystal violet (in 50% ethanol)

S 2 well B 100x0% 538kl 2023 WASGAT 7 welll A A A4E A

=

A F FEEE 33 AHst AR AN S BT AASL Ad AxEA
o 2 well B 70% ethanol< 100pl? EF3ste] A Xl A= ol A= crystal
violets &EAA ELISA readers ©]&3te] 595nmolA OD @& A3

2o} vlaste] 80% o]/ CPE7F UEhd welld] 3|4 G AE Log TCIDE %

A3



53. 22 dx o th3k VHSVY oAy A& 717

&k v kgt KVHS 02-15 12TC¢ 20Co 22 &4

ATl
il
=2
ox
o
fu
—_
(]

TCIDso/fish® E7FFAsE At FAF A, FAF 2%, 1, 3, 5, 7, 142

e
o
5
ol
AN

Al 80T Yol 52 RastHA AP A& 4 A& 7, ¥ g, A4,
AFA HE FdHoz HESY AHI} U3 Eagle’s minimum essential
medium (EMEM, Sigma)< 1:209] HI&=Z Yol npst &, 4TelA 1,500xg, 15
B 2ok 94 BEstgdrh. vol ¥ titere 96 well microplate®] 1x10°cell/ml

o] &= wjkd EPCE TCIDsoS T3t th.

54. == YA o g VHSVE FAHAH

AHE S 10, 12, 15, 18CTE AT AME Fxd 9@A (BT AF
37.5¢7.5¢)% 10vg4 91 Zzte] £ AjFold 10°, 10° TCIDsy/fishZ 2
7t B FAek otz MEMT B3 FAbe ik s me Wgdi o

WElE FAMAEE 24

A4 APele FF A 16.6+1.2cm, H AF 37.5:7.5g2 X

g AHgstanh A88 WAL 48 AN A, 47 1205 20T BF Feo

6.2. Y9 3uloly A WA =

1209 20CoA 247 452 A2 qA 6] 272k AFGTE Fof Poly I.C

(Sigma) 100ug/fish B73FALstAth. hExFolE MEMS FAlet gt F41 3¢
=]

o
Fo] BE AHEdte] FA 80T Qo T HAsEA



Al el Abg-sk sl

6.3. RT-PCRY & | &3 W A 2dTF XA
A gAe] FAL ol &3t 429 22 WY RT-PCRS HAI8ATH Table

59 HIEo] WY {ZA primers 7FA3 Table 47 2 2702 PCR3}I AT

S
ot

|xe T4 W83 E Kamenade et al.(1995)0] wsith, & F4L& 3 =
5% FBS, 100ug/ml penicillin, 1000/ ml streptomycin 2 heparin 10 units/ml

o] H7}® RPMI-1640 Bl Ao A teasingdt TS nylon mesholl T IHA|A AHE

s

E} ol
i |

tlo

U=
=

4

ot o] M=z dEgNS 34% 2 51% percoll gradientdl] F 33+

500xg, 4C, 303t 94 E=2H HFFLFS FHtAoh

7.2. W12 A Z o} FE A L] FH

Balg wdFE 2% FBS7F H7HE RPMI-1640 #j A2 23] A3 oS 01%
trypan blueZ A& AE F& AL F 95% o AE7F Aol A& A5 Al
HS A P3FATE 2x10° cells/mle] =2 ZA3t microculture welld] 3
& T 20ToA 2413 FFA A FRstde. 23 F, R AEXE £AS
o 1000xg, 5%t A4 23 F AFI Fo ALRSIAT B2 AEe v RH
AZE FA% ©e 10% FBS7 H71E RPMI-164020.2 3 A H3 3o

scrapper® o] FHAMEE FAZ TS 1000xg, 583 A4 st A& st

A



73. FA W 24
7t el gxe FadA de B uREH AEE 1x10° cells/mlZ2 ZF

shed 150u# Cytocentrifuge® 1000rpm, 10%3F 4] E238t slide glassol

Al

bl

S FZFAIA May-Giemsa stain®} PAS stains A 334

74, ¥ 2 A E e} KA AL Nk cell receptor gene W XA}
BAEe} HRER NEEZ 1x10° cells/mle] F=Z A3t 1000xg, 587

LA B3t pellets e FA N HE 4.29 22 WHOE RT-PCRS

re

A A AT, Nk cell receptor primer sets= GenBank A A8E& 7|2=2

AT A AH design@‘l— Aol I AHE= Table 63 2T},

7.5. Trypan blue exclusion Al 3
7.5.1. Bffector cells®] ¥l

A X9 effector cells 8= 713 7.29F 21 v Z A

bl
il
o
ofo
e
v

7.5.2. Target cells®] T4l

Target cellsv = MiEZF 23 (KCLB, Korean Cell Line Bank)S Z F-E]
L1210 cell line (mouse leukaemia-derived cell line, lymphoblast)s &¢o}
37CAAM 5% CO2 AWM fAstdth. 438 L, 49 641z Mol 10%

FBS7} #71¥ RPMI-1640 v Ao Aths & AL-83}3t.

7.5.3. Cytotoxic activity M E FA}
Cytotoxic activity AME &AL 3 Effector cellS 1x10" cells/miF 11210

target cells 1x10° cells/mlS 12x75mm glass tubeol #F3sko] 200xg, 583+ ¢



A et 4TCAA 1A WSt Pellet> A F-AIA cytocentrifuge =

1000rpmell A 1023t A4 E2J8te slide glassoll Al FZAA Giemsa 9

e
il

A} May-Giemsa B4-& 3. Target cell?] A3 E &3t 7] Yl ET ratio
g 512 Fol WANEY target cellSs EF3F 208 A3 F, trypan blues
Aol 0.01%7F HESE EF3tATh WA MEL slide glassol =2t &

MAos WA

8. X cytotoxic activity ZA}
8.1. Effector cells®} target cellsS] FHI

A 2] 9] effector cells ¥ 7.13 7.29F Z3 BIFEZ A

b

g olgdch EF ¥

e

2 Aol T2 BE L 1x10° cells/mloll Poly 1:C 50ug/ml, 25ug/ml, 5ug/ml, 2.5
pg/ml= FE7h TE  H/MAA  2AEd AFAHT. UERTERE

RPMI-1640 vj A& A}-&3t AT Target cell> 7.5.29 &Y 3}Th.

8.2. Cytotoxicity 3
Cytotoxicity assay< lysed target cellsZ2H¥ WZE %= lactate dehydrogenase
(LDH) activity®] 7 Zo] 71%3 cytotoxic detection Kit (Promega)E Al-&3}4

Al Ptk (Korzeniewski & Callewaert, 1983). Lactate dehydrogenase (LDH)T

il

EFEE AEH ESAsts Eaolw AEe damage’t e W WE

I

i
*

Effector:target cell ratio (E:T ratio)= 200:1, 100:1, 50:1 % 2512 3} T} 96
wells microplate (U-shaped plate)S A}&3F] effector cellS 2x107 cells/ml,
1x10” cells/ml, 5%10° cells/mI2 Z A3t 50ul/well2 7} 6well® FF3}9th.

target cells 5% FBS7} % 7}¥ RPMI-1640 ¥j A1 £ 1000xg, 3%-7+ A4 £33
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o 2x10° cells/mli2 ZA 3+ 7} 3welldl] 5002 23319 c). target cellso] &
o] 71A] E& welldl= BIAE 50 EF3F total volume©] 100xl7F H =

sttt plates 250xg, 4% 3F 4 Estal 20T A 4A12F s Fat Aok wi &
S 3 F cytotoxicityE Holw welldle LDH7F W& Ho ZAro]l pyruvate=
Hl# 31 NADH7F ARG vk & ZA2HA 2 well B 5048 FAs)A 96

wells microplate (flat-bottom plate)oll &53F3l Reconstitute Substrate MixE

=

Zy owelld 50 H7bg & WS AGEAIA 30EZF A2 WA s
Reconstitute Substrate Mixl+ diaphorase’} 3% o] NADHE NAD+Z
BAA HS A formazans BT 30% Fol Stop solutions 5002
welldll H7beted W85 AAAA 490nmol A gS A8

ODo A YEld FXZHE cytotoxicity (%)= B3 2 Hoz 4l

o}.

o
o
X8

(%) Cytotoxicity

_ _Experimental-Effector Spontancous-Target Spontaneous 100
Target Maximum - Target Spontaneous

BE ATy "HAAMEEs A A 95% ol AEZE dop S wW A

ot

o
=

>

AlEtA T Poly 1:C & A=3F effector cellse E:T ratios 50:12 o™ o

9. B4 A=
A HAZFL Student's t-testS o) L3ty em, ZE Ao sl P<0.05 &

W Rt Qe RO HHRAH

_11_



Table 1. Source of the wviral isolates from
Paralichthys olivaceus in Korea

the diseased olive flounder,

Virus isolates Location Date S.ample Ty.pzcal Wateor CPE
size (g) signs temp(C)
KVHS01-1 Pohang  Dec. 2001 12 D,E,AR 13 +
KVHS02-1 Pohang  Mar. 2002 28 D,E A 10 +

Virus isolates were obtained by Kim and Park (2004).

D, darkened body coloration; E, extended abdomen; A, ascites; R, rectal

hernia.

_12_



Table 2. Reagents for reverse transcription

Reagent Concentration Working concentration
Oligo(dT)1s primer 500 ng 1w
RNA sample 500 ng/ b 1 ul

RNase free water -

5x First-Strand Buffer - 4 0
dANTP mix each 10 mM 2 ul
DTT 100 mM 2w
PowerScript RTase - 1

Table 3. Reagents for PCR

Reagent Concentration Working concentration
Template DNA 1 pg/ul 1wl
Primer(forward, reverse) 10 pmol/ ul each 1 Wl
Taq polymerase 1u
dNTP mix each 0.25 mM
Tris-HCI 10 mM ‘

premix
KCI 40 mM
MgCI2 1.5 mM

stabilized dye -

DNA free water to 20 b

_13_



Table 4. Condition of reaction steps and PCR cycles

PCR step Temperature(C) Reaction Time Cycle(s)
Pre-denaturation 94 5 min 1
Denaturation 94 30 sec
Annealing 55 30 sec 30
Extention 72 30 sec
Post-extension 72 7 min 1

_14_



Table 5. Primer sets used

olivaceus

for non-specific immune gene of Paralichthys

Non-specific immune gene

Primer sequence (name)

Products size (bp)

5-ggaactggagcggtgactac-3’

Coagulation factor XIII 550
5-acgtgagtgeggttcacttt-3’
5-gcgcttctgtgttgttttca-3’

Interleukin 1 receptor, type 1II _, 58 8IE8 , 553
5-gagttgaggctggtigtcgt-3

I_ _3Ib

Interlenkin 8 5, atgatgagcagcagagtcatcgtt,b 305
5-ttaaacggcttctgaccccatctc-3
5 -ctctggtggtictgetccte-3’

Lysozyme C ’ ctctggtggttctgetecte , 550
5-gcaggaacaggttgaactcag-3

Lysozyme G 5:-ctgtaccaaucctgccacct-3” 564
5-ccactcccteataggaatge-3
5'-tgaaactccagcacaaggtg-3’

Complement 3 , & 8 88’8 , 550
5-gtaggacggageaggtcttg-3

I_ _3/

Galectin 5, aaggtcggacagaccatgac , 551
5-aggcaccttcaagaggaaca-3

Transferrin 5,-gacaccctacggtggaaaga—,3 551
5-gatgagacccattgggatg-3
5- taact -3

NK, Kupffer cell receptor _, nagarcacggraac gguguu’ca 550
5-atgacacaatggctgaggteg-3

Tumor necrosis factor 5’-tccaccgactggatgtgtau-3’ 558
5-cccgggctaacacacttcta-3

I_ _3/

Interferon 5, tccatgatcagaagtactaactccclt 404

5 -aaaactaccgaagcaacacca-3
I_ _3/

Interferon a-inducible protein 5, ggcagatgagaggagcagalc 550
5 -gagcctegtcgatggaaat-3
5-tgtgtccaggatgaggatga-3’

IFN regulatory factor 1 , , 551
5-caggggtggaaagttcaaaa-3
5-ct t-3

Mx 1 protein , ‘ gccuugugguuuaggca’ 550
5 -cttcttcaggtggatgacct-3
5-actaccteatgaagatectg-3""

B-actin 818 ; 510

5'-ttgctgatcccacatetgectg-3"

a, According to Katagiri et al. (1997).
b, According to Lee et al. (2001).
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Table 6. Non-specific immune gene of olive flounder, Paralichthys olivacens from

NCBI
Classification Gene name Locus
Coagulation factor XIII A U090807
Interleukin-1 receptor, type II AU091129
Interleukin 8 AF216646
Common
Lysozyme C AB050469
immune
Lysozyme G ABO050590
gene
Complement 3 AB021653
Non-specific
Galectin AF220550
immune
Transferrin AF219997
related genes
NK, Kupffer cell receptor AU050783
Tumor necrosis factor AU040449
Antiviral
Interferon D13040
immune
Interferon a-inducible protein AB076708
gene
IFN regulatory factor 1 AB005883
Mx 1 protein AB110446
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Fig. 1. Replication of VHSV isolate (KVHS01-1) in EPC cell line incubated

under the different temperature conditions.
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1.3. 259 Y|xo) i3 VHSVY oA W A= 7|7t

VHSVE dAlo st A9 AE AFo 2 AMS 2o mE ofF U VHSVY

oz
i

S 2AE ATE Fig. 58 20 £ 20CAAE oA 9 10° TCID5 9 &

l
i

B A

st 3, A7ko] o] wet 77 ZAadE AL BAY 5+ 9
At 3L A7 A = ECP cell lineol CPES #Z & & oy 584 o] Fof A
£ CPE7F #&EHA &gtk 12ToAME VHSV HE 3 1¢€ Ao 9717 24

stgout, 39 A olF meldzst FAsel 4 A/huT EE TCIDHS el

oo e 774 d& VHSV HE2S Y3l RT-PCRS A A3 A3 20T ol A
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Fig. 5. Replication of VHSV isolate (KVHS01-2) in EPC cell line of olive

5

flounder,  Paralichthys  olivaceus infected by VHSV 10" TCIDso/fish

intraperitoneally injection under different temperature conditions.
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14. &= YXd gk VHSVeY FAAY

GFg s £A 3%

ATl

AE HFez A9 Y AFF ZHAE Fig. 40 o
B ATt 10° TCIDsy/fish® FAE 23 10, 12, 15Col A 14 oo =&
AT 15CHT %S £ 10, 12CAME F4o HH3] Jetwoh. 10
TCIDso/fish2 27+ FAE A3}, 219 A 742 10T E 90%, 12TCAME 80%
aga 15CAAME 40%] HAFS YErlTh #Atolol A oy S A 7t
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High dosage (10° TCIDso fish™)
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Fig. 4. Pathogenicity of VHSV (KVHS01-1) on the olive flounder,
Paralichthys — olivaceus under the wvarious temperature conditions by
intraperitoneal injection with 10° and 10° TCIDso/fish. No mortality occurred

in control groups of each experimented temperature conditions.
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2. 258 gA9 Mg wd 24

12°C9F 20C A F7-9] HISo] W FHx ddS =AY 2= Fig. 63 2

ok 12T 20T Ag Tl 2 Algel AR BlSo]

(2

o AR Interferon
(IFN) a-inducible protien, IFN regulatory factor (IRF) 1, IL 8, Lysozyme,
Galectin, Transferrine] W&3 Yt 12T A B FoAeE TI3A ¢S NK,
Kupffer cell receptor7} 20T Al@FAe T& 3T

gulolg 2 WS FE87] Yl Poly L.C 100ug/mIE E7F FALE dA]olA
20C Al@FolA HdsA @2 Coagulation XIIZ IL 1 receptor, type 29
Tumor necrosis factor (TNF), IFN, C3, Mx 1 protein®] #&83H 2™ Poly L.C
Fo S o IL 85 Al Lstar AFol AR FHA WHGo] BF F7HA

th 12°Col A Poly I.C T ¢} 9 HdZFES 2ozt gl
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Fig. 6. Detection of non-specific immune gene from head kidney of olive

flounder, Paralichthys olivacenus for 3 day after injection by RT-PCR using
Table 5 primer.

(A), MEM injection at 20C; (B), Poly I.C 100xg/ml injection at 20C; (C),
MEM injection at 12°C; (D), Poly I.C 100pg/ml injection at 12°C

M, 100bp Iadder; lane 1, Coagulation factor XIII, lane 2, NK, Kupffer cell
receptor; Lane 3, TNF; Lane 4, IFN; Lane 5, IFN a-inducible protein; lane 6,
IL 1 receptor, type 1I; Lane 7, IL 8; Lane 8, IRF 1; Lane 9, Mx 1 protein;
Lane 10, Complement 3; Lane 11, Lysozyme C; land 12, Lysozyme G; Lane

13, Galectin; Lane 14, Transferrin; Lane 15, B-actin.
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Table 7. Detection of non-specific immune gene from head kidney of olive

flounder, Paralichtlys olivaceus

Expression
Classification Gene name 20C 12T
Control" Poly I.C" Control" Poly IC
Coagulation factor XIII - + - -
Interleukin-1 receptor, type II - + - _
Interleukin 8 ++ + + +
Common Lysozyme C + it n +
immune gene Lysozyme G + ++ + +
Complement 3 - +" ++ ++
Galectin + " Y )
Transferrin +" + + +
NK, Kupffer cell receptor +7 ++ - -
Tumor necrosis factor - +% - -
Antiviral Interferon - + i} )
immune gene Interferon a-inducible protein  +" ++ + +
IEN regulatory factor 1 + + + +
Mx 1 protein - + - -

a, MEM 10040 LP. injection

b, Poly I:C 100ug LP. injection
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3. WX 9] Nonspecific cytotoxic cells(NCCs) &4

31. T4 NPT A

B
o,

o

A

jus)
==
o2

Ao T4 METE Belsiel 242 Fotm REAIM MPH AT

UF0] May-Giemsa 3 PAS E4S& FalA A4S 23 tith47} monocyte©]

W lymphocyte®t neutrophil= 252 EASF AL (Fig. 7). = @A F=
I oWl RE W o] 242 Table 83 ZTh 12T 20T HIF 2 B3 F
monocyte-like ME7F ¢ 80%E ©lF™ Ilymphocyte-like MEZF 20T Al @ Tl

A 141%°1H 12C ATl 7.9% 5 A5} ).

3.2. M3z & NK cell receptor gene T3
FA MEFE Feste] 24 A wiG F, FFRF HRF NG FE ol
1x10° cells/ml¢] =2 A3 NCC A4S A3 23}, Fig. 83 2o

HIE 2 A E2 20C AP E 5 Fd314

10

U 12T A@FAAMe Td
ol i HAJth. 2 Mxe TE AP S A Nk cell receptor f+A<]

W2 BolA gt
3.3. Trypan blue exclusion A3
Cytoxicity AME& T3l cytotoxic activity’s K o|E effector cellss AT F

NAo™ target cell FHZE effector cells®] T+ & A3t At} (Fig. 9).

3.4. Cytotoxic F44<& Hole ME 3

b

o el

i
|\
o,
o

Conjugations T3l target celldl contactS 3t Y= Al

i)
o
o,

Az Hqt Aozt 8.71um o] AT} Cytotoxic activity observation®] A3

A AH}E EWE lymphocyte ALY AZAS FAL F AATH(Fig. 9).
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(A) (B)

Fig. 7. Leucocyte population of head kidney from olive flounder, Paralicht/iys
olivacens used for NCC activity assay. Olive flounders were kept at 20C for
4 weeks.

(A), Monocyte and lymphocyte from non-adherent leucocyte. May-Giemsa
stain, x1000.

(B), Monocyte and Ilymphocyte from non-adherent leucocyte. PAS stain,

x1000.
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Table. 8. Head kidney leucocyte population of olive flounder, Paralichtirys

olivacens at 12°C and 20T

20C 12°C

Non-adherent  Adherent Non-adherent  Adherent

Monocyte-like cells 431 (81.6%) 401 (80.2%) 429 (82.3%) 448 (92.1%)

Lymphocyte-like cells 52 (14.1%) 45 (9%) 41 (7.9%) 22 (4.6%)
Others 30 (4.25%) 54 (10.8%) 51 (9.8%) 16 (3.3%)
Total cells 513 500 521 486
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®M12345 6M1 2 3 4 5 6

Fig. 8. Detection of NK cell receptor gene from head kidney of olive
flounder, Paralichtiiys olivacens by RT-PCR using NK cell receptor primer (550
bp).

(A), 1x10° cells/ml of mnon-adherent leucocytes; (B), 1x10° cells/ml of
adherent leucocytes. M, 100bp Iladder; lane 1~3, olive flounder was kept 2
0C. lane 4~6, olive flounder was kept 12°C. lane 1 and 4, injection MEM
medium; lane 2 and 5, Poly I:C 100ug/fish; lane 3 and 6, injection VHSV

10°” TCIDso/ml; lane 7, positive control using a B-actin primer (510 bp).
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Fig. 9. Microscopic observation of cytotoxic activity of olive flounder,
Paralichthys olivaceus effector cells against L1210 tumor cell. E:T ratio=5:1

(A) Living cells observed through Nomarski differential interference contrast
optics. Arrow, Effector cells forming conjuate with L1210 cell. x400

(B)~(C), Cells observed through light microscopy.

(B), Effector/target close contact (30min), x400.

(C), Effector/target close contact in the presence of trypan blue (2hr). Dead

target cell is stained blue, x1000.
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Fig. 10. Microscopic observation of cyfotoxic activity of olive flounder,
Paralichtliys olivaceus effector cells against L1210 tumor cell. E:T ratio=1:10.
(A), Lymphocyte-like cell forming conjugate with L1210 cells; stained with
Giemsa, x1000.

(B), stained with May-Giemsa stain, x1000.
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4. 5 Cytotoxic activity ZA}

4.1. Effector : Target cells ratio®] WE cytotoxic activity

20Co] &8 |29 Fa M2 2x10° cells/well, 1x10° cells/well, 5x10°
cells/well, 25x10° cells/well®] TEZ ZAs oS ET ratio7} 200:1, 100:1,
50:1, 25:12 3t target cells¥®}t WH-&AlA lactate dehydrogenase release WO Z

ZA}e A3} Fig. 116 Jebd ube} o] zhzh 6.5140.55, 15.296.12, 6.70+2.60,

2.00£0.43% ©.2 YEY ET ratio7} 100:1 1 A 718 ax4A Ao = e
gk 12T «=X3 Jdx9 AS$ ET ratio’} 200:1, 100:1, 50:1, 25:12 AS$ Z+

7} 0.20+0.10, 4.8+2.23, 1.24+0.45, 1.4%1.27% 2.2 Y¥EY 12TC HA] 10010 7

T b E3AQ o= et Effector cell®] F7F BEFE cytotoxic

activity 7} FOFA A RE 200:1 M= 238 AT

4.2. & WE cytotoxic activity
12CeF 20Tl =23 gA FAle] vz Bd35 223 F ET mtic =
cytotoxic activityS FAF A= Fig. 99 109 YeEMHA T ET ratiod =&

Al 3ol 12CHT 20Tl A F2 3 (P<0.05)0.2 EA UEtsth

Hr
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Fig. 11. Effect of water temperatures on the cytotoxic activity by olive
flounder, Paralichthys olivacens head-kidney leucocytes against L1210 tumor
target cells. Olive flounders were kept at 12°C and 20°C, respectively for 4
weeks. Asterisks showed all tested groups at 20C were significantly different

from all tested groups at 12°C.
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4.3. Poly I.C x| W& cytotoxic activity

dxle Fal viiz wdps Bste] poly .CE 0, 2.5, 5, 25 2 50ug/ml
FTEZ A3t target cellsol Wt cytotoxic activity’s ZAS A3}, 20C &
2 @ e Fig. 119 2ol 27 6.2941.29%, 11.44+0.19, 11.58+0.25, 17.39+1.26
2 542+1.67% 2 YEY Poly I.C 25pg/mio]l 7H3 &332 Aoz Yeyon,
Poly I.C 2.5, 5, 25ug/ml T 37} 2FRTG F94 (P<0.05)°o.2 %4 e
Wtk 12C X% 9A & Fig. 129 #o] Poly I.C 0, 2.5, 5, 25 % 50ug/ml A&
T A cytotoxic  activitye]  ZFZ 1.2, 3.75+1.06, 7.0+0.57, 4.24+0.90,
1.24+0.37% 2 YEFY Poly I:C 5ug/mio]l 7}4 &2 o]t} Poly 1.C 5, 25ug

/mIFATF7F HEF R F93 (P<0.05) 22 A UERT

44. Poly I.C A= Al F2o] WE cytotoxic activity
Poly IC A7 3 3 x99 EE AF FelAM 20C7 12TCHRG
cytotoxic activity7t =Skt Poly L:C 50pg/ml A2 TE ALsta Yo F3t

o4 20C7F 12CR Y {93 (P<0.05)°.2 EA Uetstoh
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Fig. 12. Cytotoxic activity of leucocytes from head kidney of olive flounder,
Paralichthys olivacens stimulated with different concentrations of Poly 1:C by
LDH assay

Olive flounders were kept at 20C for 4 weeks. Results are shown as means

of triplicate reading results (E:T=50:1). Asterisks showed significant difference

from the untreated control.
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Fig. 13. Cytotoxic activity of leucocytes from head kidney of olive flounder,
Paralichthys olivacens stimulated with different concentrations of Poly I1:C by
LDH assay.

Olive flounders were kept at 12°C for 4 weeks. Results are shown as means
t SE of triplicate reading (E:T=50:1). Asterisks showed significant difference

from the untreated control.
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VHSVE 9 ueh 434 sttt AL Ao dehie 8oz A9 =

710l ZFaglol wHste] AAAdS Hojxy B FAH E4E b S

T WMo wel VHSVEY SA4S AR 23 10~20C B9 delAes w

24 2A8AT BCANE 2484 2= AL % & AN Ken (1988)L

<
T
)
<
o
o\
1>
i
o
)
=
N
(e}
@)
o,
e g

10~15CE #H&olzta Hug v glen 2
ol T E v oA 4T 52 o ¥ 2%
AMZ FeE B FddEHe] FAETY Rudd. @49 F2 rainbow trout,
tench®} white breamol A & H VHSVZ} F=EENME 14Tl A 24413 o] A
10CAME 45 olFollx= ZFHS 7HAM AX AwF wiAAA 30CAM= 24
AIZE ool ZEa 4TCoAME /hE ¢ HEES g g b o
(Jorgensen, 1974; Ahne, 1982).

2 AT E sigel VHSVE wjef 2= wE uols s CPES AR
!

A 25CANE 0UA o F2 5UANA 47t ARHoR Pgasgon 7Y

A3 4C, 10C 2 20C9 AS sigdd BHE F

ol

795 7} 2] CPE7} Y EFwETh

ANE okstA BHS UEATh 30T F9E

(e}

A ol F 3AAA FAA
Dbt Brsigom 3AM o FREE AEAA olatz JERT. A%, 4-2

0C7HA= ol A wheolgf& F24o] 7he ARt &0] sl 26T &2 I
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ool Fgo] FAFHH HIHS HAT AL=E AAZY. MacAllister and
Wanger (1977)= VHSVe] 2o Q3 RNA-dependent RNA polymerases
ZFA ™, o] EAE in vitrodl A BlolE A~ AA FA 2=V 15TCo|H o] =&
T vlolelx HAAY] AA ety R v ok oy AAe =7 vl
olel2 FAlo] A ARl glom 20T o] 2 ute]ly =7t EA3)
Ak &go] okt Aoz AT

2 £AANZ gAd VHSVE 10°
TCIDso/fish2 FAFHS W 15C ©]3te] Fdres Azte] Ao uwhet
100% HAL7F YEstow 18Tl A E #A7E 19t 10° TCIDsy/ fish 2 AL
< e 10~12ColA 100% #HAFE GEFUAIRE 15T AT 40% #HARF 24
atrl AARSE Zolxth 18T AP RE Hlely 2 HES A= ou nioly
27 AEHA FRoem npolgzrt AAAE Aog2 FZHHE 15Tl 29
Me JA 9 Futolej2g Bl 5ol WHo] W&t uHioly g A A= O
Z o] AZTh VHSVY oA W A&7zt thd A 23, 10° TCIDso/ fish Z
E2FA S o 12T AFT 29 FA 19 o|FHEH VHSVZE 24 Z7]el A

detuel 149 o] F4A FHsgo 20T AGFANE  FA 1937 394

il

EPCell CPE7} 45 Aoy 544 o]|F2& HE @A olstZ CPEZ 45 A

2o RT-PCR A= Hlo]H27F AEHA &gt o] VHSV FAF & 20T

~

ATl A 193 394 nlolgas EAsty Zadge] fle o= Als €
Ahne (1973) and Bachmann (1974)= #%-& rhabdovirus®e] SVCE 20T 9
FHMel FAAE Wl 4~6A7F Wl progeny virus7t @735 8~10A17F Wil
one growth cycle©] Qo™ 10~22A1ZF Atolol| cell#} cell-free virus7} peak
titerol =289t B @tk Bjorklund et al. (1997)% 36A17 o] SVCV

of 74 ¥ EPColA apoptotic bodiesE F/d3te] 40A17F Fol= SVCVe] 74
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H 70% o]’ MEZAAM apoptosis7t FAAE o vlo]H 7} ME HroZ oA
9o AP G BuFoh AT Z AFolA 20T AP 7z ATl A
&)

= CPE7} ¥4 A &gkew RT-PCR 2ol

w
©
)
0N
=
™
rfr
e
oX,
3%
o
i
w1
e
)
=2

M= Zp A7) A wpolel 27t HEHA Gt 2 EE {A o] Fupojg s H]
ol "o wrgol o3 virus S virus FF AEZ AALD F dE M8 S

AAEE Aow AztHET,

A7F 1~35CH e AXHE A= 50471 &

qoz GHA Atk PR, Paralichthys olivacens = A F0]

gt o) (Bayne, 1986; Kurobe et al, 2005), 22 ©Z7]#e 93-S o

(Press et al., 1999).

Hholelz 9 Al WY Ao #Aste FHAS} i AS SASAA AE
=

W R4S wtole 29 F4e) H3eA 2F A

[>

FE 2716 AdEol AEZRE T w2 FAS JAste Gl A S
F4eA st= cytokine & E TENO o8 F=d Fupojejs FAHL oY FF
o wpolg 2o WA WolHS Uetle ReE dElA Atk(Eaton, 1990).
IFN& utolel, Al 2 7]A8F o A=l os] A =En VHSV, Poly I.C
ol JHHE Ee JHARZFH FAT AIEZIY BAHS ASsie dow
BaE3 dth(Lampson et al., 1981). Poly .CZ FA}3| A 24h o] ol IFN

=7} 7V 3tH IFN2 Mx protein A4-& F=3F32(Lin et al, 2005) Mx protein



< o2l ol WEstva B s o] Uth(Stacheli, 1990). =3+ IRF= IFN
A4S -3t dH A JtH(Collet and Secombes., 2002). & Ao A 12T
¢} 20ColA IL 82 AatAl LA Fo FFS ¥A @1 FAHE=
Aoz oA 2 W Fulolzglx W fAA Se® Iysozyme C 2
Galectin®] 20C A @FollA ZAstAl P ed Poly LC7F F&FE F= HE
Ao g Bt folad e AHA WY Fad AAEA FE HAAE,
T 2 34974 AFF  EE3(Fletcher and  White, 1976;
Sveinbj@rnsson et al.,, 1996), =2 ZFodAx = F4l XA plasma lysozyme]
Fo FF ZA42E ¢HA dvhH(Paulsen et al.,, 2002). Cho (2005)0] w== <o
o Poly I.CE TS W A Holaad &40l

=

olN

Zhetvtar Bag vk 9l

Ainsworth et al. (1991)2 10C¥ channel catfishe T2 2z F71 4
dgoen AAgw fogHon 7FAisgdtta Eud e, Bly and Clem (1991)
2 'winter kill' syndromee} EE HAE=Z
A= e Bagk vp ok @ F22 o FolA A AN WA (Avtalion et
al., 1970) M EZ/JAH S (Cuchens and Clem, 1977; Verlhac et al., 1990)2] t©} ¢
g W ¥9E s JAANTIE AR & Uth(Bly and Clem, 1992). G
ok Wy w39l XA AEjol utolgl 2= FA e wet Ao dHol #
2 4 At (Avtalion et al., 1970; Morvan et al., 1998).

B Ao e wE HSe] WY #FdAe S Wl

=

< W, NK

¢

kupffer cell receptor, IRF 1, lysozyme, galectin® -F A7} 12°C Al@F Rt
20C ATl B Fe] F7HATh Poly LCE Fupolelx HHZ F=dS
W, 20C Al@FolA Futold 2z FHAS T F7HAL 20Tl +Ag |

Aol Poly LCE Fos W ©Fd Futelgfs WY x| B Fo] 7t
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stk o13le Futolyj s AFEI7} cytokines FIHA MEAA FFE F=

S

oz gAY, FAW 12C ABFE hz2Te BAFAA o7t §AT. A

FEAME Poly LCE Futel s HI5o] Mol fFEHA Formg uolgx

N

P A93ls "ol 292 F S AR AN

EF7F9 NK cellse large granular lymphocyte2 A Jow Algh

o
o
o

and Herberman, 1983; Yoder, 2004). o] 72 NCCsw= F4l, v, dd, B7F
AEEA ESAstH FAAA leucocyte® 15-20% 8= EAFFTEL B iE ub 3l
THEvans et al., 1984). o179 NCCs® typeo] olFwtth th2th. Jof FAlS
percoll 1.09g/ml destinyoll Al 90% ©1/&°] neutrophilic granulocyteZ ©]F A
RO (Kurata et al., 1995) channel catfish= small agranular lymphocyte©] L,
sea bass®t sea bream agranular monocyte-like?} lymphocyte-like e 2] Al
E7} cytotoxic activity’s BATGIL G A QTh(Shen et al., 2002; Mulero et
al., 1994). & AFolA X9 FA #EF Fo b7t monocyte 2 T35
o AAS Y target cellZ conjugations ©|F ™ cytotoxic acitivityS Hole Al
37} lymphocyte-like cell2 2= AT,

Cytotoxic activityw & ¥ oYzt ALFE(Kiron et al, 1993), &<
(Lemorvan-Rocher et al., 1995), fish strain (Ristow et al., 1995), ZEd X
(Cuesta et al., 2003)l %= FEF& Wetvh 53] Fo] LAY v AAANA

s

Eo] Aso] dAHoR % W Cytotoxic acitivity= 53]

ofy
fo

Ce ZAFo 3ol type I interferons®] AAHS F=3te] WA NK
cells9] &4& Z7MA 2t (Collier & Pruette, 2000; Djeu, 1979). & Poly
LCE IL- 129 £& UE cytokineS FE3A NK cellse] 84S S7HA717%

St (Manetti et al, 1995; Verdijk et al, 1999). Xf 72 macrophage™ in
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vitrodl Al Poly I:CEZ %3 NK cells®] &A4o] ¥t=A] B8 =2 drh(Reynolds
et al., 1981). Poly L.CE FXE38 NK cells®] cytotoxic activityol| X 27}A] F8
cell typeol A=t stvh= NK cellse]i T2 cell> macrophage <=1,
macrophage= NK cell& &3 A7] cytokines ARt Bug v ok
(Hebert & Pruett, 2002). 152 NCCs7} target cellse Ad|st= 7122 o4
2 dHA AA Fou ETHFY NK cellso]l @2, WA conjugations 374
Stal target cell® 3 F9ol Golgi apparatus$t cytoplasm®  granule
exocytosis= Q13N cytolytic acitivity7} LA s h(Iwana & Nakanishi,
1996). °1 72 NCCs¢t EHFF NK cellsste Fejgdgog 207t 9lom o
T A Z cytotoxic acitivityE Hol= AMEZE Zo|7F OB Z cytotoxic
activity o] 7120l Zoie & & gley fFARS patterns 7FAI 1S Ao=
AL E T

Morvan-Rocher et al. (1995)°] W= Jojo] AL 20CTHT 12T A
cytotoxic activity7t EARF peripheral blood leukocytes 52 BE+ 20Tl A
o =A Udegon 43 AAERG 2824 FHog2 A ey 2 F
oA HSo] Wss AU Bug uw o a2y B AFA
cytotoxic activity A3, 20CoA A ET ratio7} 5019 ® 6.7%< €4S e
™ Poly I.C 25pg/miZ AL W of 17%2 FoHe2 4 Uetxoen 1

2CAAME 12%2 &Aoo ml$ wska Poly I.C 25ug/mlZ A& o

2

42%% HEzTEY FoFes A UeldAR 20C Ex7EYG 32 FAS
Yetith. g A9 cytotoxic activity7} Ao Ristow et al., 1995), 21 v
71(Graves et al., 1984), @} ¢} (Jaso-Friedmann & Evans, 1999) 5 ¥4 o
Zo) Hls) Yomn, gilthead sea bream (Cuesta et al, 2002), sea bass

(Cammarata et al., 2000), sea bream (Cuesta et al., 2002)%} = FAFSFAY 3k
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o AF7]o0 vholel 2 7 Al cytotoxic cells®] &/do] kgt o2 o747
o wpelelz 7 A, o]l mEol Wede &7 wWoelol A NCCs7h mhole s
S AN TIA Fa w3 ajlo] B ASE AlgHTh
o] 49 AE F3s] B, VHSVE in vitrodl A 4~20C 2 F&U uw Z2]0]
7bs 3k AR in vivooll A 15C o]}e] FoX e FEH o] WojA1 18TAN=
wpolzi o] Wel ol AT ® ATelA AER Ao WS Wl #7
A7F 12CHT 20T w@AZFo] S743en 20T e 12T 22 JA|o] niol
92 2w 44 FHE 93 Poly IC Tl B W, Fulolgs WY 4
A7} 20C NP FAAT BEFPon 535 %o 2 Nk cell receptor?] %3
o] F33Al YelwTh vlelgl s 7] WA 9§ cytotoxic activityZ} 12°C A
PFollA dEtou 20C A @ FRT &40 FoHo =7 vopth

A4&7] VHS7F ¥H3ste 21& VHSVZE b F2¢ niste duzoz &

e qgYe D dH e mEe] WMesoel ekalA 7] WEI Ao AR
Hv VHSV 49l He oy A e mok sty Qo] g A7t ol

ook & Aolth @ B ATNA At AT HSo] WY fAAE
AT in vivoo] ] HBE WS JEE % H5e] WY FA4E B

|9l WAA screeningol]l AlE 7hsE Aoz AR ET

_43_



VHSE 480] 10-12C9 A479 ALs Bol 24 Jehs vo]# x4

2R g, 943 2 R F4e

Bt VHS7 A4e7d deEgEs 998 $Har] 98 VHSVE o)
h=3

HA, F2d gAEIE R FAAE Hela dFS AT 71x A

!:1

agoz AN 53, BF AR AW

kv

34

VHSV<E EPC cell lineol A 10~20CelA F24gtth. VHSVY Fd @& 3
el AE 717hE 2ARGE A 4~20TCel A AESH 25T o3 slFolAe A
T Fo S48 HlE o] Ao oA E4S et dAd 74
S Yo JE VHSVZE 15T ©]38te] FLoAe zdgo] ZstAv 18CA A&
Fagol YetuA ggkon nloldax AEHA FUTh. £l oA HE

1t 24 A1 23, 20CAMe 344 o2 CPEZF #2HA F%en, 1

N

2CAAME 1¢A2E CPE/F YeU 3UA:= A2

12

7hRY =& TCIDses Y
P oAzl 7LA o] F 7R ¥ virus titerS YEFW U

F& gt wE gAe nEo] "WgHs xAey] S 5ol W fHAA
£ RT-PCRE &3] dZFS vlwstal Polyinosinic polycytidylic acid (Poly
IC) T2 &utold s W9S =8t Poly LCE FAIAS Wl NK cell
receptor, TNF, IFN, IFN a-inducible protein, IRF 1 @ Mx 1 protein®} Z-2
Fupolej 2z Bl Eo] W {FHA] WH@o] F7stH 2™, Nk cell receptor 7
A7 o FFES ol FIg zolE HATh

YA A wyg el Ry wRA gz 24LE fFAMOU RERAEA H

& ¥R A EZo] lymphocyte-like WP F7F i Bo] EAYT. 218 ¥



A2 oA Nk cell receptor @ o] g} vl FZA Lo A BT Target cell
7 conjugations YO 7= effector celle lymphocyte-like cell2 P X 2] NCCs
7} lymphocyte-like cell2 377t}

holg &~ el Al PJX & HIEo] WS F cytotoxic activity?t effector:target
cell ratio7} 1001 w 20C Al@FolA 15.29+6.12%°19 12T AP+
4.8+2.23%°]™ 12CHET 20C7F FJH 22 F7tstdch

olde ZAxE FHAM EHH, 58 Uk VHSV #ETS AFL271(10-127T)e

olr

A LS HEhdY, olekes 2 |AE Bl50lA MYeo] A= Ao

o
N
ol

A<d 9N VHSV 493 B4} Bl 22 Aow YAaq
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