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c¢DNA microarray analysis of viral hemorrhagic septicemia infected
olive flounder, Paralichthys olivaceus: immune gene
expression at different water temperature

Jin-Ung Kim and Sung-Ju Jung*’

Yeosu center, Ocean & Fishery Science Institute, JeollaNamdo, Yeosu 550-705, Korea
"Department of Aqualife Medicine, College of Fisheries and Ocean Science,
Chonnam National University, Yeosu 550-749, Korea

The olive flounder, Paralichthys olivaceus is susceptible to viral hemorrhagic septicaemia virus
(VHSV) at 15T but no mortality at 20°C even though the virus can grow well in vitro at 20C.
Thus, we designed an experiment to know immune response of olive flounder against VHSV when
the host reared at 15C or 20°C. ¢cDNA microarray analysis was performed to compare the gene
expression patterns of the kidney cells between the host reared at 15°C or 20°C. The expression
of MHC class I, IL-8, myeloperoxidae and endonuclease G-like having function for the antigen
presentation and chemokine-factor were up-regulted both the 15°C and 20C during VHSV infection.
MHC class II gene existing on antigen-presenting cells and B cell lymphocytes, immunoglobulin
(Ig) genes and phagocytosis related genes were down-regulated at 15C but highly expressed at 20C.
It can be thought that innate immune related antigen presentation by MHC class I and phagocytosis
reaction against VHSV are efficiently occur both the temperature but macrophage or B cell related
antigen presentation via MHC class II fails to induce downstream immune reactions (adaptive
immunity) to make antibody, and it can be one of the reason that causes high mortality only at 15C.
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¢F 500 AHS {3 (Mortensen et al., 1999;
Smail, 1999), -gltehe} 2] XA A4
Z1oll st kA AF Y AAH E4S 4o
3 AT} (Takano et al., 2000; Issiki et al., 2001; Kim
et al., 2003).
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T
I EdHA dok vl A =84
JHQZ«] 1y 712kl s A= ol & A A
grom nlo|H A A AHPF vlel# 2 (viral
hemorrhagic septicemia virus: VHSV)oll 2]3] %=
He Weukgo) tiste] 22 B 7} Utk (Avunje
et al., 2011, 2012, 2013). vpolH =4 EdA ¥
Z2 10-15CHE 1ol A tHZFH AZE A sEA RE 20
Tolde] FoA= A5 HAVE douA] =
Ao g Fgo] AWEy T HAE FEFE 7
83 AAZE 283t} (Sano et al., 2009).
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15, 20CollA vtol2j 2~ SEA3 P35 ntol ]
2 HF 5393 108 A0l v NS A =3t
% T} FHM (fathead minnow) Al E o A 50% tissue
culture infectious dose (TCIDsp)' o2 H71E =
A3t A3, RNAE ol me} 23+ Miller et
al.(1998)°] glycoprotein®l| A T A1 g PCR primer
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AE3,10,20¢ A & 7F 25 AZo A%
ol A Trizol (Gibco, USA)S AM&3}a] RNAS £
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2) cDNA EA]

cDNA probe= 3417 &<t 6 pge] random primer
(Invirtogen, USA)<} amioally-dUTP7} 2 &3¢k RNA
(50 pg)E HHAAAIA FHl8HA T cDNA probe=
YM-30 column (Millipore, USA)E o] &3l g A|3}
of o] wret &43 shhybridized) A A Th. S o]
E9] £43} o]u|A] (hybridization image)= Scanar-
ray lite (Packard Bioscience, USA)Z =743}t &
43} oln| A= FA W HlE (Y AERs

oA thzToll ek vpe]H =4 E 79 HIE)E B
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7] 9138 GenePix Pro 3.0 software (Axon Instrument,
USA)Z EA 34t

3) dlolg £4

A2 ¥ H] &2 GenePix Pro 3.0 softwareol]
23 LOWESS (locally weighted regression and
smoothing) 3 3H(normalization) 3+t EF3}HgH
T2 o= FdFoH T 22
As Hole A& 0, hxTol vste] 219 w2
B EFe Bole AL 1, 28 W& dEFS Kol
= AL 12 YRS

a4 o

HALE

T 15ColA= T2AE T 11YAFE HAL
7h 2SR Ad T8 AR 20284 7HA 55%
o o2& HAES YERAT & 20CellA =
209 BHY HF A HAEO] 5%E WESAL,
zb 2 2T HAPE AE dojubA] sk

o} (Fig. 1).
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Table 1. Titers of viral hemorrhagic septicemia virus
from the kidney of experimentally infected olive flound-
er, Paralichthys olivaceus at 15°C and 20°C.

Virus titer (TCID/g" tissue)

15T 20T
3 day 10 day 3 day 10 day
1.0x10%3 - -
- 1.0x10%3 - -
1.0x10*3 1.0x10%3 - -
1.0x10%3 1.0x10°3 - -

-: under detection limit of 1.0x10%*3

Aol A8 BE FA oA vpelE 27} Eel s
A gkt
RT-PCR

WA AW ©] vho] 2] 27} FHM Al 3Z ol A Hl ¢F s
A F2 METES 57 B £ nested-PCRE 1}
olf 2o FHAE HE3 E 2, 15T 3¢A
3uke] T 2 w4 vlel =7 HEEHAAL, 15C
o] 10LA oA vl A e 3 mig]ol| A Hlolz
27 AEHJT A ZujFo 2 vto| g 27t HE
HA gUd 20C A@FoAE= 394 svke] 5
2ul2]o A PCRE F712 AEF AL 20T 10€ A
AP FAAE srte] BFolA AEHA Ut
(Fig. 2).
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Fig. 1.

Pathogenicity of viral hemorrhagic septicemia virus to the olive flounder, Paralichthys olivaceus by

intramuscularly injection with 10° TCIDs/fish at 15C and 20C.



Fig. 2. Agarose gel electrophoresis of PCR products of viral hemorrhagic septicemia virus genome at 20°C. M, molec-
ular weight marker; N, Negative; lane 1-5, 3 days of 20°C; lane 6-10, 10 days of 20C; P, Positive.

3 EAoA 15T, 20C ] 7l AZEFo 52
2 dHg o] 715+ 24 A+ MHC class [, IL-8,
myeloperoxidase % endonuclease G-like A} &
o7 BE MXE W A5t FAE& AAEHA
b EFT zﬁ]-/“—o‘ Z}iﬁ}h ARSI AT
(Table 2). &9 742 9 Ao B AL, &4
343 4 apoptosis 2] 7] < 7FA= MHC class 1T,
immunoglobulin (Ig)¥} retinoblastoma 52| &7 A}
7} 15C, 20C F 2=l A A Aol7} Wit
15C+E MHC class [T 59 8271 &do] ZHa
H A3 (Table 3), A E £5& 53+ granzyme

o FAA7E S7HE AT (Table 4). o]l ¥H3)

20CAAM = A "9 B3dF= rhamnose-bind-
ing lectin STL2 &9 FAA7F &d A Aa
MHC class I, immunoglobulin 5 #-8 W&o &
o3t FRAAEC] F7HE AT (Table. 5).
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Table 2. Up-regulated gene (>1.0-fold) in the kidney of olive flounder infected by viral hemorrhagic septicemia

virus at 15°C and 207C.

Simil 20C 15C

milar o 3 1od  20d 3 1od  20d
MHC class [ a chain 0.9 1.1 0.1 0.8 0.2 1.5
MHC class [ a chain 1.2 1.3 0.2 0.9 0.4 1.6
MHC class [ a chain 1.2 1.1 0.2 0.8 0.4 14
Beta-2 microglobulin 14 0.8 0.0 1.1 0.4 1.2
Myeloperoxidase 2.6 1.6 0.1 2.1 1.6 1.8
Interleukine-8 0.2 1.9 -0.3 2.3 2.6 0.5
Lysosome-associated membrane glycoprotein 1 precursor 1.7 0.5 0.0 1.6 0.7 0.5
Complement component Clq 0.2 1.0 -0.3 -0.3 -0.5 1.2
Spi-1/Pu.l transcription factor 1.1 0.8 -0.1 0.3 0.3 1.1
Endonuclease G-like 2.1 0.8 0.1 1.4 1.1 1.3
Hemoglobin subunit beta-A 1.1 -0.7 0.5 0.0 -0.9 1.1
Proliferating cell nuclear antigen 1.8 0.7 -0.3 1.3 1.6 0.6
Putitive FK506-binding protein 1.9 1.3 -0.1 1.0 14 1.3
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Table 3. Down-regulated gene (>1.0-fold) in the kidney of olive flounder infected by viral hemorrhagic septicemia
virus at 15°C (shown with expressions in 20C as reference)

20C 15C

Similar to

3d 10d 20d 3d 10d 20d
MHC class II o antigen -0.8 1.0 0.3 -0.9 -0.9 0.6
MHC class II B antigen -0.8 0.7 0.4 -1.1 -0.9 0.3
MHC class II invariant chain-like protein 2 -0.9 0.3 -0.1 -1.2 -1.5 0.3
Immunoglobulin light chain T2b constant region -0.3 1.6 0.3 -1.5 -1.4 -0.1
Immunoglobulin light chain VJC region -0.1 1.7 0.3 -1.8 -1.4 0.0
Immunoglobulin light chain -0.1 0.2 0.4 -0.3 -1.3 0.5
Gelatinase -0.6 0.1 -0.6 24 -2.1 -1.6
Gelatinase -0.5 -0.1 -0.6 -14 -14 -14
Collagenase -0.4 0.5 -0.4 -2.1 -1.0 -1.4
Matrix metalloproteinase 9 -0.7 0.1 -0.6 -2.4 -2.3 -1.6
Serine protease 1.1 -0.1 -0.1 -1.0 -0.3 0.3
Nephrosin 1.2 0.0 0.4 -2.9 -0.7 0.3
Complement factor D -0.3 0.6 -0.4 -1.1 -0.9 -0.3
Retinoblastoma 1.3 -0.1 0.5 -1.8 -0.7 0.2

Table 4. Up-regulated gene (>1.0-fold) in the kidney of olive flounder infected by viral hemorrhagic septicemia
virus at 15°C (shown with expressions in 20C as reference).

20C 15C
Similar to
3d 10d 20d 3d 10d 20d
Granzyme 1[I 0.7 0.2 -0.1 1.5 14 0.7
Rab40c, member RAS oncogene family isoform 1 1.5 0.9 0.0 1.1 0.6 1.2
SAM-domain protein 0.3 0.4 -0.1 1.1 0.6 0.7
ATPase, H+ transporting, lysosomal 70kDa 0.8 0.7 0.2 1.3 0.9 1.0

Table 5. Up-regulated gene (>1.0-fold) in the kidney of olive flounder infected by VHS at 20°C (shown with ex-
pressions in 15 as reference)

20C 15C

Similar to

3d 10d 20d 3d 10d 20d
MHC class II o antigen -0.8 1.0 0.3 -0.9 -0.9 0.6
Immunoglobulin D 0.5 14 0.7 -0.8 -0.8 0.5
Immunoglobulin M 0.4 1.3 0.7 -0.8 -0.8 0.6
Immunoglobulin M precursor 0.4 1.5 0.3 -0.7 -0.5 0.4
Immunoglobulin light chain T2b constant region  -0.3 1.6 0.3 -1.5 -1.4 -0.1
Immunoglobulin light chain VJC region -0.1 1.7 0.3 -1.8 -1.4 0.0
Tissue inhibitor of metalloproteinase 2 0.6 1.0 0.0 -0.1 -0.2 0.8
Nephrosin 1.2 0.0 0.4 -2.9 -0.7 0.3
Serine protease 1.1 -0.1 -0.1 -1.0 -0.3 0.3
Retinoblastoma 1.3 -0.1 0.5 -1.8 -1.0 0.2
Progranulin 0.8 1.2 0.3 0.7 0.1 0.3

Thymosin beta-4 1.3 0.8 0.4 0.0 0.2 0.9
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AN = 5% #HAFEo] YEtwgt. e F 3937
1090l vpo] 22 &2f ok PCRA &J3) 15C oA =
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oA vlol 2~ FE & A= & Z3 VHSVIE &
2] A ool 20T ] HA= VHSO o7 #H AL
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cDNA microarray+= Northern blotting®] 1} Southern
blottings thtEE WH3sI= WHOE, th& A
std zhstollA FAA EH L WM3lE g2 =
g F&3 =70l FAA T FE I, /A
A 75 dE 29l B g4 w4 Ay
#d FAA dE 5o AT 5ol AFEEHI )
3, HIZdE ofF ¥dA dFdE HEHAT
(Byon et al., 2005; Dang et al., 2007). ¥ Ao A=
dx)9] F2A7F &87] cDNA chipe ©]-&3te u}
olg 24 A HEF vlol 2ol HEHE HA
N AHHE FHAES] TS A AE
2 BN RN 15CoAE 52 HAES 1A
T 20ColA = A HASHA e Fdol Ho3t
+ 92 Aq#d FAATY $FEE oAt
sttt

dlolg] o g AA WY W-g2 HEE A=
Z 2 interferon (IFN) o2} BE A43te] vlo]#H 2
o] 24 AAISIAY natural killer (NK) A 0|
o) 7E MEE AAT =3 FA-3FA 5
A 2] phagocytosis®ll ]3] Hlo]H =& A ASH, Al
Z ojy) A WSO Z cytotoxic cell NK A E7}
7 AELE AASTT (Hwang et al., 2004). 2 &
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TN T AY vreol g 29 3 S-S T
i ghet. 15T 20C oA TF oz Bdd FHA
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globulin % spi-1/pu.1 transcription factorE X33t
FHAAEE 15C 2009 F 2x0A &= vtoly
24 284 Q8 F vtol = ol tiEete &
A AANG ZFT AT T A WYl o3
o] AR o] FF AL FAA T} B-2 micro-
globulin> M3 3%
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= AL2 AZtHEAY. Myeloperoxidase= hypo-
chlorous acid (HOCI)E AJ4HstH AtsiA| 2 4ts)
T42E5 AFESHY] tyrosyl radicaloll Th3) tyrosine=
4+38}3kt}. Hypochlorous acid®} tyrosyl radical Al
SAEARAN ST o) Aldd e ¥
£ Zol=dl o] 8Ht (Heinecke et al., 1993). TF
Ao R B, AEstA E43lE sFTE
superoxideE WE3t7] wiwol 1 AFAE A=xA
&2do] dgle] =k 20Tl 1) 15Cell A VHS
ZdE 919 AFZE AYAA F=E L8
myeloperoxidase®l &J3l Al X &£4o] g E F=
NS Aolth

Spi-1/Pu.1 transcription factor= =8 289 %=
Aol F 23, BH X2} macrophageol| A EHHTH
3 B S AT 3 BHIE S} TH 2, macrophage
4 537 A5E 550 o] e F 2=
oA BF Ido] FrtE oy, 20C A= 24
z7100, 15CoM= 4 T2l S7tetin &
A5 T3l 20C A4 += VHSO th3ll macrophage
9} BMZ7}F s o] 3 AA, A A4 28
2|2p-go] o] FojA H Z7|o] A B g HY
HEEo] fFEE AT 15CAA = AR dd o)
a9 37)dd dojde=Ex VHSO Wi | w3
o] AAHAY AdA=H= A Ao

15CollA 74" FHAELS MHC class 1T a,
B antigen, immunoglobulin light chain 2TB 2 serine
proteases Z33 HY Al2~® AW FHAEo|T

T
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ZfrFollA, major histocompatibility complex
(MHC) class II o, p antigen 5 MHC class I £Al+=
HA A28 YollA AEsd AZ, 53] macro-
phage®} dendritic cell?} 22 & AA| A2 3F
ol Ak 223t (Levine et al., 1991). 15C ol A
VHSS] Z+ge]l dx Ao &A3= MHC class
I A HdE JAAA A 95 A AAZA
A, S A 2004 dHHoE e thAt
2 FAAANAES FHE GolH S THsdol A
ZFE ok 9] ztolol o3 AAAIMEZY &
ol tigk A7 o B8 Ao R AZHT.
Serine protease™= W A 2H oA AEETHQI
7152 dF, 23 AFA, 4B chemokine
o] &Adsloelt} (Scheriber et al., 2004; Uehara et al.,
2003). Al #H A= vlolgi 24 Ao FA
oA 53], Wo] 7|Ztel| Fastthal &l o
™, serine protease= O] Foll A A A Lol FHH
EAZ d#H A ot (Hwang et al., 2004; Praveen
et al., 2004). Nephrosin< astacin®}2] endopeptidase
24 of7im], A&, T4 9 ¥ =2 EA%
o} Foll 1Al nephrosine W} 28 FA4 18]
1! extracellular matrix®] AP 715& 7FA 1 9
T} (Hung et al., 1997). 15Coll A vlolel 2~ =¥
4 EF vpole] 29 ZHdol o3 ARt Ty
e Axd vYe 233 1Y A" 7)F
AtE zY sl Ao Z AR HT Retinoblastoma
T TYE 9A FHAAe EAS UL
(Friend et al., 1986), apoptosisS ZA3t= T 23
& 8hg 3} (Hass-Kogan et al., 1995), 15Coll A=
vlolel =4 284 |5 nlol 29| el 9o
g Al A4 215e] AR 13| apoptosis7} ©]F
oA A gFol M|EZte] VHSY Aol A= A
o2 AZETh Gellatinase, collagense®t matrix
metalloproteinase%-‘i] a4 GNAREALAER
Mxze] F2], B3}, 5578019} apoptosisel] T 3}
= AoE dEHA At} Apoptosise= FFH QA EE
I 22 AL ) a3k AyeEerE FAo|th
Apoptosis®] 24 2T 4174 WA, 27F Wd 9
%S 3t AW Aele A BEd A
e FFS vH 4 UATh (Thompson, 1995).
Granzyme2 §74 vlolg] =9 7 == ¥4 34
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) 479 cDNA microarray E4: 520 WHE WO} §A4 WA Ho] 7

MNZ7F AAE A8l BAEJS o exocytosiss 7
HS WEII= cytotoxix T lymphocyte®} natural
killer cell®] cytotoxic HH<= A ME =5
5 &40t} Granzyme2 A 2 5 WY killer
cell®] cytotoxic FH-& X33t serine proteases=,
Hlolgj 2ot T AZ AAE S8 AZ S5
FE3l= 71%5< 7FRY =3 granzymeS &4 3t
H lymphocyted] A& FAlol o3l W =d3} A
29 71de] Aol o) dF 2HE 3= T8
9 %-& 3t} (Dipanjan and Lieberman 2008). Apop-
tosisell A= AR F granzyme= 15CAA =
2 43S B O gellatinase, collagense2} matrix
metalloproteinases &) E4E 15CHI oA 3Y
104, 209 =& ATt oA Hlo] & 20 =]
2 ZRAlell Blgte] BAS] wE BHAS B 15C
o A o] ufo]e 2o o] gt H Ao} gk A o] Q)
Tl Bofxing,

20CANA+= 15T €8] MHC class II o, p anti-
gen, retinoblastoma, nephrosing X33t thymosin-f
4 9 progranulin ¢ FHAAEC] LA
Thymosin-p4+= apoptosis Al 2| ©4128 o o=
ZA9 F83% 98 3 progranuline B2 F
Fo] g QoA W A Aol HEd
a2 44 AR, macrophage®] F417 &3}
o] 3od gttt (Hanington et al., 2006). 20T ol A
=% thymosin-p4 3} progranulini= HFo]E 24 &8
A WEF vlolE 2ol o3 A A, B4 AT
5 2AE st 2o E AsdH

ol 2~ ol mE s W o 2 T4 3
‘?4_ Foll= AH HYRkgo] FEEH™, 108+ 2

Hel ghgol, 22 a 20dell= W wh-go]
o2 35 He= A2 BuHAY (Roitt ef al.,
1998). Hiol|H 243 S84 P35 vlolg e 7
d AAYol W FAA T HHe FA 2
A3 MHC class I o, p antigen2 15C2] 3¢ 3}

10404 ZHaEo] 2 57190 209 0= A7
A2 IEHAJG. olHs Aifes A=x
MHC class 11 #2447} &A1t 3+ 743 9 A A
ol #33}= macrophage”} 4 Z7]9l VHSO 7+
A== 2L ou)stw =3 macrophaged] T Al
Al AR A Aikel] Ak Ig BAEC] T4
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Z718F SHkel] WHo] AEE A gelst
oJof wtal] 20 C ol A== MHC class 17} Z7]
2E ARG, AlZEeo] Z|dol] mhe}t F7hE o] &
Al o M Whgo] o] Foj 1, E3 A
o] A= FAH= AFQ 10oll= Ig ¥ 4
ol F7t= o VHSE F3A71AY 559 &4
< Walst, - E3A 9 phagocytosis HE
o8 Hpolg 2N A HEF vlolg =g Al
Asle A2 Asd

£ AF = cDNA microarray s AH8-3to] Hlo]
23 F8A HEF vtolef 2ol ZEE JA AR
9] Transcriptome §H-3-< AE3IATH 15C9 20T
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do] BT o] FolHth. 3k, 15C ol 4= macro-
phageoll °Jg+ 3l 7Hg & A4 A3, 8] VHS
of thgk BAZ 2] A A4 5ol AAE AT VHS
7} M-S ¥)dlE 714 © &2 macrophaget ol A =
2]-& o]F1 E3], macrophager= VHSS| Z7] Z4]
S AYdtta BauE Hl= Q)3 (Brudeseth ef al.,
2002), =3+ macrophage?] A& &4 5 WS
Wdo] HoJst= FAXQA spi-1/pu.l transcription
factor®] L& o] 7+ Frlo) Z7FE 22X macro-
phageol] &3 &g A F=7t HE 7]l o]
FoIAA e AT F AAYT 20C A=
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