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Immune gene expression and protection effect against VHSV by
injection of interferon regulatory factor 10 in zebrafish (Danio rerio)
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Interferon regulatory factors (IRFs) are a family of transcription factors essential to the control
of antiviral immune response, cell growth, differentiation and apoptosis. IRF10 of zebrafish (Danio
rerio) was negative regulation of the interferon®1 and 3 response in vitro. In this study, we analyze
the induction of in vivo immune response activation from the IRF10 gene of zebrafish and the protective
effect against VHSV. As the results, the group inoculated with IRF10 expression vectors, there was
no expression of IFN®1, suggestion that IRF10 may function as a negative regulator of IRF3, which
binds to the IFN®1 promoter. And other types of interferon genes (IFN®2—4) are thought to have
been activated, inducing to the expression of pro-inflammatory cytokine and Mx genes. As the results
of challenge test performed at 14 days after inoculation of the expression vectors, the maximum
survival rate [50% (1pg DNA) and 42.5% (10pug DNA)] for IRF10 group were recorded. Meanwhile,
the survival rates of pcDNA3.1 and PBS as the control groups were 10% and 15%, respectively.
This study suggests that the possibility that activation of IRF10 molecule could be exploited as a
VHS control method.

Key words: viral haemorrhagic septicaemia virus (VHSV), zebrafish (Danio rerio), interferon
regulatory factor 10, IRF10, interferon, IFN
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(Park, 2018).
o] Foll A 9] interferon (IFN)©] * 3 31(Kinkelin
& Dorson et al.,1973)% 0] B2 AF7F D3P
gon ABgIHANMAE L7 interferon 1,
33 & 5H F&A Asol dFH °1F in-
terferon® 231 ™ ™ 3} Th(Stein et al., 2007). H}o]
g 2ol o8 f=F & IFNOE g #9] cysteine>
Zr= groupl (IFN®1, 4)3} 5 29| cysteineS Zr+=
group2 (IFN®2, 3)2 M| &3}5 ATH(Aggad et al,
2009). ol =2 AA W FulelH = A= YERY
o dH o} ol A E sFE BT
ATk B 315} TH(Lopez-Muiioz et al., 2009).
gufol g2 WS FE35l= interferonS | E
2l 78| (PAMP)E B3l <A 327} vlol g 2
28l ahF Als g TS GASAA
B & 9 interferon-stimulated genes (ISGs)2|
AHE WA BlolE 27t 5 2 ZAsHA H
™ retinoic acid-inducible gene 1 like receptors
(RLRs) A& &2 5 retinoic acid-inducible gene 1
(RIG-1) 2 melanoma differentiation-associated gene
5 (MDAS5)l 2]3l mitochondrial antiviral-signaling
protein (MAVS)©] &/ 815 0] mediator of IRF3 ac-
tivation (MITA)®] TANK-binding kinase 1 (TBK1)
S #5314 interferon regulatory factor (IRF)3, 72
A4ikslsta JIEHAE IdS A 3A I Th(Seth
et al., 2005; Stark, 2007; Loo et al., 2008; ).
IRF family:= DNA-binding domain (DBD)°ll A 3%
HLAG e S 2he A A 7o E, AHF
2 ASA HAnkZoA AHHE FAA ¢
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dof Fod)h THFAAME 97FA 9] IRFo] &
H W ol] o] Fol A= 107FA1 9] IRF7} 21 &
d 8= A TH(Ozato et al., 2007; Huang et al., 2010).
71 vpol ¥ 2~ & Wolsty] $13l 4= RLRs
Bajol ols) A3t Qe HE AYato] vtEA I
[3kA R QJIEFH £ AEd dd HME 547
A7 A EH 8-S faksly H SFA A
g 4 Ak mERA] 2 3o BEFg
gk QIS 2 E48E BAS7] 9% RLR A5
9 S-S B o g zHstE Bal A 2Eo] g
TH(Komuro et al., 2008). Xu et al. (2016)= IRF10°]
interferon 18 2] 55 A AA 712 MHC class [ 2
HdS A3 24dste] ol W& FES
i Bustd o, O F A Heta 4 9 IRFI0-2
RIG-19] 37 A2 MITAS XF3skA U inter-
feron®1 promoters &4 3}A|7]= IRF3e} A3zt
&< 3t IFNol & 4 xdse A=
& HoHLi et al., 2014).

IRF10 879 7|58 S sl e A+
7} F Y= S (L et al,, 2014; Huang et al., 2020),
AN lA Y B Wh-go thE ATE & U A
AR ek wEk B AFo s AHetus e
IRF10 A &R & AAA L THHAE Y
pcDNA3.19] 4tqiste] HHAME] S F53+9 01,
ol& AlBetdqo] HF3t ThFdt WY KA
o] W3lE EAsla VHSV 2ol disf wol® S
Fost=A glstaa A
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S, 5% fetal bovine serum (FBS, Gibco)2} 1% an-
tibiotic-antimycotic agent (Gibco)”} 712 mini-
mum essential medium (MEM, Gibco)2. 2 FH|H
epithelioma papulosum cyprinid (EPC) A EZ ol %
ste] 15Coll A wj sttt vtelg 2 SA o2 <l
3l cytopathic effect (CPE)7} T2 E 0-& off wjj
S 47T, 3000xgZ 158 B¢ AL A5
< FASAH.

FAE wlolg 29 ZHE FAHET] S8l
EPC A3 trypsin-EDTA (Gibco) % 2] & 53 =2}
2304 ggA7131 MEM v X|ol] dEAIZ] &
96 well plate'-"ﬂ 100l EF31e] 15T A TA)
W F3HAth. VHSVE FBS7F R 7HE Al &2 MEM
Hj 2 & ALE-8Ee] 107'~10"71A] 108)] @A 84
96 well plateol] =R1E EPC A3l 25 ul¥ HZE3}h
Atk HE¥ EPC MEE 15ColA 14937t CPES
T3 2™ 50% tissue culture infectious does

(TCIDsp) & ©]-&3}o] npolgj 29| 772 =43}
At

WYY 15

A Bty 4ol A z2 o 2 RE TRizol (Mol-

ecular Research Center)S A}8-3}9] total RNAE 5
Z3AT 29 1 pg9 total RNAE TOPscript RT
Dry Mix (dT18 plus, Enzynomics)E ©]-&3}4] cDNA
g FAsA Tk A Beku4] IRFI10 F3#+2] ORF
2} Nhe I (5-GCTAGCATGGAGGACAGGTCCAG
ACA-3"), Xho I (5’-CTCGAGTCATTGGTTTTCCT
GTGCGAGG-3")0] E3E primerS A 2-8}5) 0.
FH]E cDNAZE templateE AF-8-3}o] PCRES 713)
34tk PCR A3 E-S pGEM-T Easy VectorS &3l
cloning&} 31, competent cell (E. coli, DH5a)®! trans-
formationd} Ak, A2} A AF-E glstr] 9
3 AVIAES BN & AFELE AHEst] ™
A 32 IEME|Q] pcDNA3.19] ligationd}e] Z|F &t
FHEE 7538 21, ©]F pelRF10°]2Hal
skt

Zg A
A7 6ot o] ABeaHE AHEEES
€ AT 2 EFE Akt Ful

Fojmat 25

3H UM E| (peIRF10)E oA & 1 pg/10 ul == 10
pg/10 w# &5 FAEEG o, Eﬂi:r"b ‘:"k/]
pcDNA3.1 == B AP A dE T

2 FARIAT A 722 2T E A }
o 4w o o3k v FHA dES
k7] A8l AE 31, 39, 7Y, 4A 2
F 4ntE] o] A@ojollA A1 HIAS A EsHAT

VHSV zrgell gk "o Eﬂre glstr] flsf
Hho| 25 HEF3H7] 39 HEEH AMS 8 A
A3] gl 15C= iﬂo} 3, ey HE
4G40 ZE AT XHEE}JHOH VHSV
10° TCIDsy/10 pl/fish B7 FAsG ) 2+ A8
4ovk Y FAbskl o, A9 E F 2193t
HAES ZASFAT

4 —H
2 ol Hllﬂl ot

{& HI

A ol FFste] =9 A
AFAA T OO}:)\O]—% 7] 8] real-time
PCRE A3t 48ttt Al B et 4 & e
A 1 pugs HASE F 1Y, 3¢, 7€ 182
1447 o 2 15T 4vte] ¥ SHTO]"’# M7t v
A& 2 E3H 3L, TRizol S AFE-3}9] total RNAE
FE39t =2 1 pg? total RNAE TOPscript
RT Dry MixE ©]-&3}l ¢cDNA ¥4 3§ $ DEPC
g2 108 31431 template DNAZ A}-&-3}
G A zAF el wel Topreal™ qPCR 2X
PreMIX (SYBR Green with high ROX) (Enzyno-
mics) 10 pl, ZFZ+2] primer2} template DNAE 1 pl
A A718E 3 DEPCE &% 20 pl9] volume®] =%
E Az3gen As T 3HtEocR £33t
(Table 1). Real-time PCR< Step One Plus (Applied
Biosystems)= F3 P H 0o, g =1L 95
CollA 1583 W-&3F F, 95C 10%, 60T 15%,
72C 20%9] HH-&-& 1 cycleZ 3} F 40 cycles=
HES AT 2 E cycle?] tlR| THA A A melting
curve £S5 AA 3% 2 H, real-time PCR 23+
reference - AFQ1 EF-1a° Tt o] FFS vin
o] 224 method 2 B4 319t}

Al HH

=Y

=4 B
%—ﬁ];ﬁ. 9] 442 SPSS version 23.0 (SPSS Inc.)
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Table 1. Primers for real-time PCR used in this study 2SS ALESke] 489 T Real-time PCR
Target < T AYFAA Td £4 AFdA e viEA
gene Sequence (5'-3") 9] 2] &}+= One-way analysis of vaccine (ANOVA)
=2 AASF & '« ttet= B3 AXS o
Inpq F AAGGAGAGTTGCCTTTACCG = UM% ¥ Student's tiest S T3 AR,
™ R ATTGCCCTGGGTCTTATGG P<0.05E BAHOE Fo@ o7 Tk
L1 F TGGACTTCGCAGCACAAAATG _
R CACTTCACGCTCTTGGATGA dat & oF
F GAGAGGCTGGCACATGTTCA -
i gulde SHHE SHAR A %
IEN-y R CCCATAGCGTTTCTGCATACG IRF 74 42 Bl e A Ee e
Hol| Bodatm, AHAd | g Bo] Ao &
F AGTCCTGACATTGGATCACATC o] A3+o B} .
49l = UTH(Ozato et al., 2007; L t
IFN®L R TGCTGGCTTTGCGTATCTTG T3] GEE FTHOzto et & aheevin ©
al,, 2013). & A3 NA = IFNO1-S 54 =H3t=
PNy |oCo T TICCAACUACAGTT A Be} el IRFI0 fate] o g A Aeyr
R CGGTTCCTTGAGCTCTCATC
< <13t A}F IRF10 ‘rrﬂ = FEVH gk W E
[ ACOMCIOMIAGEAMCIET & . Aagaa 15259 Ao
¥4 9l ‘?i 1;*}%01 %/‘éiﬂ'ﬂ_l_ VHSV 7zl o
o [ pECCTOTIIONTOR g £ s A
‘%?ﬂ”—‘]ﬂg xﬂtla]-_L]-AOH HES & ‘34_ 34,
IFN® 1 IFN® 2 IFN-y
5 2 * < 44
’ Days :‘ter immur::zalion N : Days;:ier inumm:zation - Days after vaccination
Mx TNF-a IL-1p
é 3 . g g 10
* < ¢
c;; 1 5 X g 4

Days after immunization

Days after immunization

u k) 14d

Days after immunization

Fig. 1. The expression of immune genes (IFN®1, IFN®2, IFN-y, Mx, IL-1B, TNF-a) in zebrafish (Danio rerio)
injected with each plasmid. Fish were sampled at various points (1, 3, 7, 14d) and the level of expression of each
gene was measured by real-time PCR. The error bars represent SD (standard deviation) and the asterisk indicates
significant differences between groups at P<(.05.
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d 2 4LdA AA WA w3 S FAATE
F & A=A real-time PCRE 53la] A=} &
< XA THFIg. 1). &vtelE 2 7S 7t
A& Al 71A AEIH E(IFN®1, IFN®2, TFN-

2o} AHdAd Ho FHA(TNF-a, 1L-1B,
Mx)%] &S vluste] A3 A, IFNO1<t
TNF-a f+32h= 28 AF 7|3t A ddo] e}
WA kokth IFN®2 3 A= 19AHR-E $2444
o7 3 2HE BRE 7IZHAA FoHORE =
o] YEEom(6.9, 4.5, 3.4 2 5.690), IFN-y
A7 39 9 14 A 43 2dE o HES
Z7F5FR 22 UeElET3.9 2 6.14)). =3 Mx
A= 3Y 7%1 2 147 2.7, 1.8 L 2.1
F 24 aigﬂ%, 1494 IL-1p F-A A= 10.64]
ol Ao F F2lF Yt} IRFI0 F A= IFND
promoter?] 43S F=A7]= IRF3 A A9}t
9] AgAg-o o8] promoterd] &S Aottt
(Li et al, 2014). B AT A IRFI10 FHAS HE
3 2§ ZE 7|7t IFINO19] B3o] fFE5A|
FgE HhHO [FNG22 R E 7|3t Edo] 4=

3
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~ o ox do o :[o flo

Hol gNtd ARt =EH AT =3 FHAY |

A Aol BdEtE= [FN-y A £33 %o 3

FAFS BYth o]= IRFI0 FA A7 IFNO19] 2

A Aegd o2 A5t ¥t 2 H =29 IFN

TE S FETS AT o8& IEHE [/

HY BEES oA vlolg 2~ BAE A|e=
1ug of plasmid

80 4

o
X
<
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2
&
=
2
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=
wv
o X
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o PCDNA3.L V—v—v-v
—— %—— PBS 00000
—_— Naive

o+~ """
01 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21

Days post challenge

Yojayt 27

gutole] 2~ AHgoll FastH Tt ISGo 4 S
¥k}, Pro-inflammatory cytokine?l IL-18%}
TNF-o F82= Al wf 7] 8 wkg-of] #od st
BESREH S5 ool A A FAAfo]H
(Turner et al., 2014), Interferon A& AG9] 37
A1 Mx A RS vlolE 2 A F719] %7]
GAE A 7= 18 interferon 7% A Aot
(Haller et al., 2015). & Aol A= 1484 IL-1
FrRAte] W o] Eobi Ok TNF-a Aol
do] FEHA ¥ ASE Ho} IRFI0 FH A=
NK-kB 74 20| #{3}A] °}ht}1 Atm Tk =3
H AFolA Mx 32 2 3GAFE e
ow 14LA7MA FAE AT o= A Bt o
IRF10 -+ 27} o+ 78 9] interferon -+ 2HIFN
D2~4)E ASIAA oA 93] Mx FHAT}
S8 A0 AREHM, Lu et al. (2008) AFNA =
IFNo2} H& o] YehA] gigtout IFN shi /1A
¢l Mx A Bo] FEEISS B vt
p=g

DAY HZFol o ¥
Holl s gojgo] AdH
HAEE 1 pg B 10 pge
10° TCIDs; VHSVE &7 }é}oq 2197 =7
HARES A3 ATHFig. 2). A8 A3 2E F2
oA 4L A FE HH o= J—HAW]' UrE]r""o‘I] 1
pge] HEWEE HE3) pelRFI10 152 50% (RPS

fr 12

g o= VHSV 7+
| &A3t7] $138hd
“ZI"

5 FAF 5 1450l

A

—N Fl-l

10x8 of plasmid

—A A DA DDA A A A

e
=
<
Q60
L
s
=
2
g 04
=
72
o X
20{ —e—— peRFI0 \
-y pcDNA3.1 Y Y—g—y—y
——-y-—- PBS OO 00O

—=f:—:  Naive

e s e e e e e B s B B B B B
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21

Days post challenge

Fig. 2. Survival rates of zebrafish (Danio rerio) after intraperitoneal injection with expression vector harboring IRF10
of zebrafish. Fish were challenged with VHSV of 10° TCIDsy/fish at 14 day after administration with 1 pg and

10 pg of plasmid.
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