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| nnate immune responses of common carp, CyprinuscarpioL.
againgt antiviral activity inducers
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To investigate the innate immune response involved in early stage of anti-viral defence, carps were inject-
ed with UV-inactivated spring viraemia of carp virus (SVCV), poly inosinic:cytidylic acid (Poly I:C) and
concanavalin A (Con A), respectively and examined lysozyme activity, serum complement activity and
chemiluminescent (CL) response of leucocytes isolated from head kidney at 3 days post-injection. There
was no significant difference in plasma lysozyme activities among all experimental groups. However,
lysozyme activities of head kidney in the groups injected with antiviral activity inducers were significantly
higher than those of the control injected with physiological saline. Bactericidal activities of serum of the
groups injected with antiviral activity inducers were not significantly different from control group. Howev-
er, the CL responses were significantly higher at lower dose of Poly 1:C and Con A, whilst dose-dependent
increase was shown in UV-inactivated SV CV-injected group. In the challenge test with 1x 10* TCIDso/fish
of SVCV at 4 days post-injection, UV-inactivated SV CV- and Poly |:C-injected groups showed higher rela
tive percent survival (RPS) than Con A-injected group. Furthermore, strong protection was observed in the
group injected higher dose of Poly I:C athough showed lower activities in lysozyme and CL response.
These results suggested that Poly 1:C might stimulate other factors belonging to non-specific immune sys
tem have induced protective immunity against the SVCV challenged.
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glo] 2o theh 0 ® A=
A Y whge] FetEo] dom (Fjan et al.,

1977; Ahne, 1986; Trsarcik and Macura, 1988;
Matasin et al., 1988; Ronen et al., 2003), 1] 5] 4]
Q1 A Wk =2 wpole i Al EA ol A
FrEE utola 2 EAo tial BarE Aol 9
t} (Baudouy, 1978; = 5, 2004).
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Hlol2i 2 &5 ZAFs] flEl AL A
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(Svev)el 4% dsRNAR! poly inosinic :
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= UV-inactivated SVCV, synthetic dsRNA poly-
mer$] Poly I:C (Sigma, USA) ¥ T cell mitogens!
Con A (Sigma, USA)E A3t SVCV VR-
1390 = yFAtet WA HolA Fgt
o} epithelioma papulosum cyprini (EPC) celloll A
97t SASACT. F, 1x10° B 1x10°
TCIDsffish =& ¥ SVCVE 1AZHERt
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st F EPC cdloll HE3te] cytopathic effect
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AA Aol WskE Stk WA, 7 Al
FE gdatin verond buffer* (GVB)°ll 1.42 3]4]
atom, E coli 7 EHAHAETE Lug/ml
Tt HA 24 & AN 118 E9s)
ATk o] EFAL 27ColA XNy 2 HhS-
AI71TA 0,1, 3,6 2 9AIZ A }e wimjct T
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CL response®. 2 EAPS}%D}. =, Al@ole 1]
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HElste] Wy S5 FEasit B9 0¥

£ L-15 medium©. 2 33] AlZ3l3L 0.3% try-
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0054 Wl A<l 27t e A= dAk

Lo

g

1. 2f0[2X

UV-inactivated SVCV (1x10® ¥ 1x10°
TCIDs/fish), Poly I:C (5, 50, 100 ugffish) 2 Con
A (5 50, 100 weffish) S Qo] o] H7tel zbzp FA}

T 3gAel A 9 FA A W gela
9491 DS APt T A B Al el
Al AL A 9] ol Al EAdo] =A YR
th & AAATE FARE gz 4 9
A 2 T2 A golhad EAe] zhzt
541 + 94,900 = 36 unitym¢= ERF ¥,
UV-inactivated SVCVE FA18E A9 1x10° 2
1X10° TCIDsffish®] FAF F5= AT A0
A 2+7} 69.6 & 14, 140.7 + 781 unitsmlE ek

o FAl ZZ o AE 1466 + 17.6,173.3 &
46.6 unitym¢= EFSTE (Fig. 1).
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Fig. 1. Lysozymeactivity in the plasmaand the heed kidney
of common carp, Cyprinus carpio injected intraperitonedly
with different concentrations of UV-inactiveted SVCV.
Contral fish was injected with physiological sdline. Vaues
aremeans = SE. * Significant difference from control (P
<0.05).
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Fg. 2. Lysozymeactivity in the plasmaand the head kidney
of carp, Cyprinus carpio injected intraperitonedly with dif-
ferent concentrations of Poly 1:C. Control fish was injected
with physiologicd sdine. Vaues are means + SE. * Sg-
nificant differencefrom control (P{0.05).

- Inasctrvated vanam -
T4 o Pt /
- - LIy-nactvated SVCV (12107 TCIDgy S
g 72 = Uv-nactvated SVCV (1210 TCiDgyBen)
o
S
2 ;
g a8 _,-'
£
g e¢ > -
E P T
& 64 ’ e T -
i+ i ;_ e } ¥
-1 o [+]
62 o o
60
o 2 4 & B it

Time {hours)

Fig. 4. Bactericidd activity of the serum complement of
common carp, Cyprinus carpio injected intraperitonedly
with different concentrations of UV-inactiveted SVCV.
Control fishwasinjected with physiologica sdine.
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Fg. 6. Bactericidd activity of serum complement of com-
mon carp, Cyprinus carpio injected intrgperitoneally with
different concentrations of Con A. Control fish wasinjected
with physiologica sdine
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Fig. 3. Lysozymeactivity in the plasmaand the heed kidney
of common carp, Cyprinus carpio injected intraperitonedly
with different concentrations of Con A. Control fish was
injected with physiologicd sdine. Vauesare means + SE.
* Significant difference from control (P<0.05).
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Fg. 5. Bactericidd activity of serum complement of com-
mon carp, Cyprinus carpio injected intraperitoneally with
different concentrations of Poly I:C. Control fish wasinject-
ed with physiologicd sdine.

TS Poly IC F=d AE7e g4 9 T4l
Z2 9] ol Azt B 5 ueffish FEollA] 7}
7} 96.8 + 59.9, 153.3 & 7.8 unitymlE JEFEO
™, 50 weffish oA E= 616 + 27.8, 1466 +
7.8 unitsm, 100 wgffish S EoX= 415 + 56,
106.6 + 10.7 unitym¢Z LeR} HH o M= A
%9 Poly :.CollA =2 498 VeI AT
o]l AFol= YAATh g T2l A AT
At Ago T Yehtou, 5-50 weffish A1+
ANtz F49 2ol YeR AT
(Fig. 2).
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Fig. 7. Chemiluminescent responses of leucocytes isolated
from head kidney of common carp, Cyprinus carpio inject-
ed intraperitonedly with different concentrations of UV-
inectivated SVCV. Control fish was injected with physio-
logicd sdline. Vduesaremeans + SE. * Significant differ-
encefrom control (P<0.05).
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Fig. 9. Chemiluminescent responses of leucocytes isolated
from head kidney of common carp, Cyprinus carpio inject-
ed intraperitonedly with different concentrations of Con A.
Control fish was injected with physiologicd sdine. Vaues
aremeans + SE. * Significant difference from control (P
<0.05).

o= A} FA A oA 71z} 485 + 156,
133.3 + 37.1unitymlE }EF O M, 50 wgffish &
Lol e 74zt 1186 + 84.2,166.6 + 37.1 unity
mf, 100 wgffish TN = Z2F 725 + 192,160
+ 20 unitdml= YERG A3 FA 22 BF
Con A =7} 50~100 weffish & o }o]A}d
of tigt 2= &37F =A YErsT (Fig. 3).
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Fig. 8. Chemiluminescent responses of leucocytes isolated
from head kidney of common carp, Cyprinus carpio inject-
ed intraperitonedly with different concentrations of Poly
I:C. Control fish was injected with physiologica saline.
Vaduesaemeans + SE. * Sgnificant difference from con-
trol (P<0.05).
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UV-inactivated SVCV, Poly I:C 2 Con AZ 7}

Algofo] FALgE & 394 T4l WL E e
aled CL responses ZAFSH A3, Fig. 761 UEr
W ouke} o] 9] 73 2,980 &= 33mMVE
Uehd ¥bE UV-inactivated SVCVE A3 7
< =5 F 3164 + 1,031 2 6476 = 620 mV
2 Ueh} 1X10° TCIDsfish A1 &8 ol 4] T2
Y] Aol fojFor Zvle AL U F
AT} (P.05). Poly I:C 5= (Fig. )2+ 7
7} 9,565 + 1,180, 7,117 + 2,506, 4,163.7 =+
1437 mVZ eSO H, 5 ygffish Al A TH
1421 S7He JERi AT (K0.05). B¢ Con
A ANETE (Fig. 9oIME FEERE 17,1427 +
4,490, 4,128 + 174 2 3892 + 820 V= L}E}
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Table 1. Cumulative mortdities and relative percent surviva (RPS) against SVCV of common carp, Cyprinus carpio inject-
ed intrgperitonedly with different concentrations of UV-inactivated SVCV

SVCV (TCIDsffish) (n=20)

PS* 1x10° 1x10°
Cumulative mortaity (%) 85 65 30
RPS (%)** - 24 64.8

* Physiologicd sdine,
** Relaive percent surviva (%) = [1- (% mortality of UV-inectivated SVCV injected group) / (% mortdity of contral)] x
100.

Table 2. Cumulative mortdities and relative percent surviva (RPS) against SVCV of common carp, Cyprinus carpio inject-
ed intrgperitonedly with different concentrations of Poly |:.C

Poly I:C (ug/fish) (n=20)

PS* 5 50 100
Cumulative mortality (%) 80 45 25 25
RPS (%)** - 43.7 68.7 68.7

* Physologica sdine,
** Relative percent surviva (%) =[1- (%o mortdity of Poly I:C injected group) / (%o mortdity of control)] x 100.

Table 3. Cumulative mortdities and relative percent surviva (RPS) against SVCV of common carp, Cyprinuscarpio inject-
ed intraperitonedlly with different concentrationsof Con A

Con A (ugffish) (n=20)

PS* 5 50 100
Cumulative mortality (%) 80 70 65 65
RPS (%0)** 125 187 187

* Physologica sdine,
** Reative percent surviva (%) =[1- (% mortality of Con A injected group) / (% mortdity of control)] x 100.

o] 5 ugffish AlFAAARE §-92Q0 S71He L AIFFllA] diz7oll vlsl 60% o)) Al
R 2} (P<0.05). Z&5 Yehidd (Table 2). 12y Con AS
FAR ARTAE folHQ wolde] 7

4, SVCVO| CHSt & mAlE 2 AL MEE 2= SRIE F gl (Tabled).

UV-inactivated SVCV, Poly I:.C % ConAE 7+
AElolo] ZALE T 4R 1x10° TCIDwffishe] o
SVCVZ <919 #g3 Az} UV-inactivated

SVCVE FASH A9 1x10° TCIDsffish A& ARG | whe2 T3 F e whgo] A
X 648%S] AUAEES Uit (Tale  H71 A mleleize] FAS AAshe 2.8 8
1). 534, Poly 1:C FAFFol A= 50 weffish o 4ye] o 71%e= A Qink & AFelE Uv-
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inactivated SVCVE FAFSEe] mlolg| A 7 %
Z1e FAEE AR WY o EA gola
A9, BA 2 AN E 5o B4 52 A
o} I3k nlo]2i 2] dsRNA T3¢+ A Poly
I:C 2 T cedl mitogene! ConAE Joje] E7o
FARGE $ npolef ol thgk W Wk st
At 1 A3} UV-inactivated SVCV 7 521
o] gho]Axe] 9 AA|xe] S A5
& & Ao, Pdy I:.CE AFEE FA
ol FAl 22 9] goliaty] B AAEL
dol FrelHo g U1k 2o E vEstth
gho] Ak A WY S8 JIAEA]
FE WAAZ, 57 B 9714 ATl &
X3P (Hetcher and White, 1976; Sveinbj grnsson
etal, 199), % FolAE= F2 2H o] plasma
lysozyme®] F8 ¥Fd FAE #A Uk
(Paulsen et al., 2002). o] 79] glo]artd At
2 d5A AF (Alexander and Ingram, 1992),
Tad B ATAE 2R ofuE) dto) e
2 2 SOl #Ago g A A 2] Hlo] 7]z}
A oFgl A8 "BYshe A0E duEA ok
(Jolles and Jolles, 1984). & A-FollA] UV-inacti-
vaied SVCV ¥ ulo]g| 9] 7237 {A} B9
Poly I:CE Foist A3 33 F4l
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2]
7heteiTh ol 9k fFARE AFEA] Jofol] vird
systemic necrosis of carp virus (VSNCV)2| 2%
st WA1S Tt A9 7] whgelA E3 8
oAzt e B B FA W7o gAdo] F7t
stATL HArgk vb Qlok (& 5, 2003). Desvi-
gnes 5 (2002)% Atlantic sdmonell samon pan-
cress disease virus (SPDV) 2 919 73t A3}
tztol Blsl M 2T, golaatdd 3 HA 9
o] BF FUtstkal Haskch & AT
oA Con AR A=F3tls Wolle fFAMS A3t
7 Uepsk=T olelg A Jole] 74 AlE
£ 3t ConAZ A= A3 lysozyme}
dAE Ao wdo] FUHHATIL sk
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Savan and Sekai (2002)9] H.W.9}% frAFSlTh 1
Hu} ole} ] o] (1999 U gl ol
ConAE FASH A3 FAF 5 254 HA 9 4
5ol T F7hsiaR o, ghelaxke] 24l
nR= Y e AoE BISISTh meEkA
glolaztglo] npolg o) gk Z7|ukgo]
osh= Ao ®E FAHEL, ofFol wet ConA9
lysozyme A= &l thax 2pel7t = Ao ®
v o

2 Ao A UV-inactivated SVCV, Poly I:C &
Con Ag] T2 <l HAe] &4 WH3lE E
coliell that A+t T = At 1 A3
HE=FE 233 EE AT Al 3 lA
BAIZEA] A7t tha Al s = 7= B
Oup hETFet F4F Q1 Aol 7 UERA] 942
th wEbA ol A= EEEC] HA €4 o
A FE S0 Itk EfREEelA
+ HA7} vlolg s g vloly o) A E M E
o] Al W F3 AgelA FoT 9T
3= AoZ HIFEIY Qth (Cooper and Ne-
merow, 1986). EF-SEoA HAo] T+ Poly
l:Col A= A= ot 23R Usht e
d], guinea pigs (Li e al., 2000) 2 rabbit (Kimura
etal., 1994)2 Poly I:CE A3t A3 HA| &4
of JTS FA LAtk T o]9} HE
Riches et al. (1988)2 Poly I:CE mouse?]
macrophages AF=A171 23 BA 4721 factor
B ¢ C39] o] T7H=E ATl SF3ATh of /ol
A vtole 2 Al BHA o] Z-gel sl AT
7t Aol glo, FAEIS VHSV S
of A 7 A=} HAtty HIEAT
(Lorenzen et al., 1999). L&y} E A-Fol A UV-
inactivated SVCV 2 Poly I:Coll ]38t BA|e] =}
= &9 e Ao2 YegTh B Aol
HA o Aol BA YeRd o= o|2]gh vhe-
o] FAF £ 3¢ ol o] @77k YERSE v
22X 2EH 2 o A ghEo s FAE
T vt (Sadj et al., 2003). 7 (1995) Jofol
A 2] 24 9 4=, formalin-killed cell (FKC) %

n
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=20 tig BAle] 24 EAR& Az A2
s AR S EﬂH g2go] dAsHA A
skl o 3UAIRH A 282 Uittt
5UA At A= YERIASH, FKCE FAF
g 73 7Y olF HA 24o) 3E5H v
LPSE FAFE 7% 144l = v o At
P—%ﬁ »}E}LH“EH shalth. B A2l A e
FAFE 7ol Hls FKC 2 LPSE FAts)
& W BA @] Ast @gel mEA e
4 olviﬂ AR pel s ols =3l B
Aol AR RE 243k A7l 2ol Al Al
Ak o] BAZE wEA 26E7] gEe s F
ekt & A7alME folHQl Aol glst
ot AelAdeE FARE Bl vs) uv-
inactivated SVCV, Poly I:C 2 Con A A 370l A
A o] @] tha B vehstth webA gtol
el B Az Hlel] HAle] E4do] ~EH
2ol B ARk 2oz FAE g A
T 1 AR 2EH 2 AR A8 S
Aths SHellA] Eobd BA7}F vpole| 2 2
o] 7] Aol oAl Wl FEF Wl
xohs AoR FAHE

& mlm I

A|g-ap=

= Al A vehd A me

2ol thgk wWolHol me IS XAk
l

AN

sl 2t A= =2 E5S FARE 5 44A A ™
o] & SVCVE <l] sty JHAEES
ZAVeItE 1 A3 Con A A E ol A= o

e ZRAIT F o) goliae] B AAE
AN =& AF &35 e Poly 1:Cot
UV-inactivated SVCV 71 SVCV el thgh o g
M 2 dAEES YERIITE ConAE T
cellsmitogen® 24| *Ef-5=2] Con A system=-
leukocyte proliferationol] #ojsh= ofz) A
of thgk ArellA vl F&3 R ARE I
Ao (Yin et al., 1999), o] FANME HZF9]
proliferationel] #Jsl= ZAoZ HIHI Stk
(& < =} 1996; Capi et al., 2002; Liewes et al.,
2002). o1 Foll4 Con A7} blo]ef 2ol tf gk Hiof

Hol| mR]= Gl thali M= Aol A% vt
oL}, 2 Ao Aol FARE A e EA o]
o] ConAE FAMSH A3 @9 47} F7tst
%0}, Edwardsidla tardaol] o gk At Al =82
10%= vebt wolddle g3k wIXA] %k
oy B3k vp ok (& ¢ 4l 1996). wheba
g7 uvlel 7o) Con A7 Yojeo] Y=FE 2
ot Ao ® dAdtE Y o] H g = &I vt
ojg el gk 27] WolHol= FF= HH|A
sk= Ao Z detHE) Con Ask= €8] Poly
LC A@FollA YeRd 52 Wojg2 JoiRF
910140%%01]*1 H¥ vk 91, Masyche
= (1995)& 9Jojo] Poly I:.CE FAME &
Rhabdovirus carpio® <1$ #Zd3 ZAz}
78.8~100%°] %2 o] &7} JERTHAL 3f
Qo = = (2004)% Jolol] 50~100 ugffish 5
E9] paly :.CE FAH ¥ SVCVE Q19 st
A izl HlEl 60% o)/de] dilEES
UEPAATHY B sk Th doj3t o] FoAx
Poly I:.C ¥4} ¥ IHNV % Erythrocytic Necrosis
Virus (ENV)ell gt 4 #ALSo] ZHastdtt
(Eaton, 1990). Jensen 5 (2002) %= Atlantic sdimon
9] pre-smolt (25~35 g)°ll 400 weffish F=2] Poly
S FAFSH 23 infectious sdmon anemiavirus
(ISAV)ell tigt woled& Vep i Atkar akich
Poly I:C= synthetic dsRNA polymer 24 u}o]
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