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Abstract

Given the increasing importance of Platichthys stellatus in the aquaculture industry, basic research on
the immune response is needed. Therefore, we analyzed the molecular biology and expression of the
Nuclear factor interleukin 3 regulated protein (NFIL3) gene, which plays an important role in innate
immunity. Tissue-specific expression analysis of healthy P. stellatus showed that NFIL3 mRNA had the
highest expression in gill, followed by skin and trunk kidney. In the Viral Hemorrhagic Septicemia Virus
(VHSV) infection group, the tissues that were significantly expressed after infection were the trunk kidney,
spleen, gills, and heart, and the strongest expression was observed in the trunk kidney. In the
Streptococcus parauberis PHO710 infection group, high expression was observed in the liver on day 1, and
in the intestine and brain on day 7.
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<Table 1> List of primer sets used for RT-qPCR
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Usage Primer Primer sequence (5’-3°)
) EF-1a (F) GTGGCAAGTCCACCACCA
Housekeeping gene
EF-1a (R) GCTTGTCCAGCACCCAGG
NFIL3 (F) GCTATGCACAGGAGAGGAGT
Target gene
NFIL3 (R) TGAAGCTGGCTGGGAGTAAA
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nucleotide and amino acid sequences. bZIP domain are boxed.

bZIP domain

sapiens AD:

3£5: TBAVADEREVE
2631 7 EEY: TEARTIGTRY
269 TPSVRDERSVIV

ema ——

RLATRARTICTRVEAIDPETEFSGRBESPYIITECGCY R ~CPLE:

[Fig. 2] Multiple alignments of PsNFIL3 with other species NFIL3 amino acid sequences. NCBI accession
numbers of dicentracinare as follows: Platichthys stellatus WOS60109.1; Hippoglossus hippoglossus
XP_034458719.1; Hippoglossus stenolepis XP_035040155.1; Lates calcarifer XP_018557465.1;
Paralichthys olivaceus XP_019938052.1; Pleuronectes platessa XP_053266820.1; Seriola dumerili
XP_022600333.1; Seriola lalandi dorsalis XP_023253646.1; Toxotes jaculatrix XP_040915196.1;
Xenopus tropicalis NP_001015710.1; Gallus gallus NP_001383370.1; Mus musculus NP_059069.1;
Homo sapiens ADK11690.1.
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[Fig. 3]

300 -
250 -
200 -
150 -
10 -

50 -

NFIL3 expression level relative EF.-1a (fold)

0.20

Phylogenetic analysis of deduced PsNFIL3 amino acid sequences with NFIL3 other species. The
phylogenetic tree was constructed using the neighbour-joining method within MEGA 4 software.
Bootstrap sampling was performed with 1,000 replicates. The scale bar is equal to 0.2 change per
amino acid position.

Liver  Spleen Infestine

Ski  Stomack Muscle

PBLs RBC  Head Trupk Heart  Brain

kidney  Kidney

Gill Eve

[Fig. 4] Expression analysis of PsNFIL3 genes in different tissues of healthy Platichthys stellatus by

real-time PCR. EF-la was used for normalizing the real-time PCR results. Data are presented as
the mean + SD from three independent cDNA samples with three replicates from each sample.
Asterisks indicate significant differences (*p < 0.05, **p < 0.01) versus the intestine.
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(A) YHSY
10.00 mCont. mihr mi2hr mlday  3day m5day m7 day
2,00 -
800
7.00
6.00
5.00
4.00
3.60
2.8
1.84

Fold change relative to control

.00

Trunk Spleen Gill Liver Brain Intestine Heart
kidney

(B) 8. parauberis PHO710

10.00 - ECont, mlhr m12he W]l day 3 day m5day m7 day
9.46 -
8.8 -
7.66 -
6.88 -
5.8 -
4.8 - ]

3.8 N

2686 - 7

Foeld change relative to control

1.44

0.80

Trunk Spleen Gill Liver Brain Intestine Heasrt
kidniey

[Fig. 5] Gene expression of PsNFIL3 in the trunk kidey, spleen, gill, liver, brain, intestine and heart after
infection with VHSV (A), Streptococcus parauberis PH0710 (B). Levels of PsNFIL3
transciptswere quantified relative to that of EF-la levels. Data are presented as the mean = SD
from three independent cDNA samples with three replicates for each sample. Asterisks represent
significant differences compared to the control (PBS) group by ANOVA (*p< 0.05, **p< 0.01).
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e s I1E 5 ASUTK(Fig 4.). olF

op7tul e} 3= A5 WAt Fdske A
22 WA HIFelA 7 vigteta Bhe o}
of AHAeRE wEHE 7 o] #HAYUEFY
FToe Fo2 deAsY obrtvgl HF-E F
3 WAL 55 el So7hd A Alazel ¢
d AHelso] ddoz HdA HkETiy Ko
LI et al., 2012; Li et al., 2018). HAlo|A
Feh d dys olFY HAAA T =9
7138l Ao e Bdo] YEhbs FoE
Kol PNFIL3ZF WS whgof Qlojd T3t 9
s & Z10= AY7beE th(Lieschke et al., 2009).

FEre] kA AbglelA Fash HAAR Al
7} wpolef A Zhdel| wE AErheE] 9] PsNFIL3
A, v, okrbul, 2h M, A, Al 24
W B Ay VHSV 72 F 12417 ol A
A, v, olrtn], Aol A up-regulation ¥ Sl
FoXeE #E & 127749 up-regulation =t
7} thAl  down-regulation = SITE S, parauberis
PHO7109] Q1917 Foli= zrellAl 1A ]l
up-regulation E 1, FI} oM 7UA ]
oA 0 2 up-regulation = T},

VHSVE =l 2 o[l P stellatus S}
Paralichthys olivaceus®| =2 HALE 4o7]= v
olfA~® A AQTHKim et al, 2009). o] <
Tl w=9 VHSV Hpole|Avt 7 FRe
A= A%, AR, vFes deA tk(Smail,
1999). o]¥ <ol VHSV 7 F 12417
of AL w, oprtm], AAgell A PsNFIL39
up-regulation®] YEFRLTE QAUL7H - 12A17F A

c

10 of

1o X,

- 1111 =



o ZZAY PsNFIL3Y
2L PsNFIL37F o5 AolA VHSVE &Aike
AR &7 Yal FAFRo T HAd Ro7 Z

W] 73]

o], o] PSNFIL37} Hlolel~ 7hele] x&s ¢
ety =93 dde 3= AL JERdL 2
Aol VHSV 97 5 A, A%, obrhn

oA 2] up-regulation®] PsNFIL39} #H&do] Sli= A
o7 FEHYY. 17t P stellatus®)
PsNFIL3 22 iAol 4] ofrfu], 415, A
o] e FFEoR Wy Ay Add F 9le
m,  o}7ju] g 14 Aol w=™ P
olivaceus?|<] VHSV 79 & oprtulz} %7]
VHSV &5l Ta3k 925 v, VHSVZE 5
E 12AIZF o] Fe] o}7hu] lamella®] Zd¥e} Hu
o HAlE= Aot fFARSHTHQadiri et al,
2020). VHSV <1917+ 5 v]7gell A €] PsNFIL3
up-regulation<= VHSV %2 A7]e] gt o]d A
Tl web VHSV 7§ ulgelA W whgE
el 70w A7HE K Smail, 1999).

5 VHSV #9 § &elA PsNFIL37F 12A13F
A up-regulation ¥ ATH7}F TFA] down-regulation’!
AL 01763] NFIL3 7+ mouse®l#] NFIL37} %
WY Hgo| H4AQ innate lymphoid cell (ILC)
=g akal, A3 WY
A 3E
H
=

ol=

A 98
x9
91
A= JTE Uli

o whel o]
oA o

et al.,, 1997, Kashiwada et al.,

al.,, 2011;

2013; Seillet et al., 2014).

PHO710 <1917k AR
[e]

~2Z O

2010; Kobayashi et
Motomura et al.,, 2011; Seillet et al.,
S.  parauberis
PsNFIL3S] g
up-regulation¥| ) 17,
20 2 up-regulation |
9] PsNFIL3S =

oA kG 7 22 o] E‘re
Wt fFolujsh WS Hel
9} FAFSICHGu et al., 2019; Yu et al., 2014a). 7}
/] 7]—qu;<1—0 /\-1,4 C';d ._/\g]_ xi;(]—_oa
He F2 7|#ola Fo3 W oz
b ol AT Al 2 AT AE E
2 oA PNFIL37}F 2 23S Hel A&
=] A=l tigels 9% Ves
7HA Rolghal Ko thXu et al., 2014). 3}
ol 7dAlell PsNFIL3S] w2 &S Wl 7
A 5 AR 55 1 upel gt e 9 2
HxA oA Wl WS Bl Aol A7t
o, Zelxe] 7d4 ] PsNFILM up-regulation--
VHSV Q1974 Ad Ay v R
PSNFIL37F & @9 ®n3o] zdxzA st
Ao Holt} F7HH o= oA 2 PsNFIL3S]

up-regulation<

0

OFO%SLJ

473

Aul r10 Mo &2 e oF

Schizopygopsis pylzovi, Oreochromis
niloticus®ll 4] Streptococcuss AUATA A7l F
T FE3 e AL FF, Axe] WAy
s Az glgd = ASATHDeng et
al., 2017; Yang et al., 2018). NFIL37} &4 5
o] A7 RIS Rolz TAIA 7HL oA
U A A FkAIRE, NFIL3:= AIE Wl Ca™ ¥ %
of A% cAMP Mg @24 A wude] B4
sloll &J3l  Trans-activating® Ch(Nishimura Y and
Tanaka T, 2001; MacGillavry et al., 2009). t}oF3t
=]

%) 0. O
B

=

A7 AgelA et e dHe iy
Aol A doju, Ap, AFst AEH A, 9914
54 5 kst AA & A=l A AEY
AEZ U ca F% 57}%— FEIh R =
FEHO|E, AkstrA, e o] HHAe] »
=% oA NFIL37} A 2dE A& 19
g w, ca¥o Hmd fdo] FHelA NFIL3Q

A 2AE faety B3 th(Bossy-Wetzel
et al., 2004; Tamai et al., 2014). 0|49 A+ 24
s uige®w ol AFONAM S parauberis

PHO710 79 & 794l oA PsNFIL3°]

T
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up-regulation® > S. parauberis PHO710 1913+
AT H A AMEY EgoR e FrElelA
PsNFIL3®] 33 xdo] el A ox HolAul,
Streptococcus A @Ol WS oA S PsNFIL3 =
Aol B g F7HAR1 A97F Fasira Az

oM Zwrie 237E PNFILZE &

=] B3 O 2~
At HHEHS

I =
5 ZA 3} Alat-npo]e A
A Ao a97dd AEvee AN
z4 RoH, ol Ea
I

PsNFIL37} ©f ol el chu

Ju
10,
ok
o,

AZY 7ss FPE F U5S AAMSITh o] F
PsNFIL3 WYu-g-o] Agst 7|5 4o dagh
Zow Yztdct
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