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L, AR L TR AL BUE 1S A A
b KBTS TR AR 2 4 DL K ] 7 A RO > 45 )
R, BRI 2 T H a5 " A R L 28
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7 i R BRI I R SN R A AR . IR S S
0 208 G g8 B I R i O FR 0 AR FLE R A
AR BT i S5 R 1 T A T R SRR g K
PR R Yt B P A AN T R T O,
ABiF 5 3 A 2 A0 2R B 5 #0. (Danio rerio) VE RS
XFG ARG nrda ] TEVE 7K H B IR 1 S 14 3R 16 £
JH B 5 A B2 1 v B 4 ] SO e L, B 7R R A
TS A SRR A AE IR AL R AN GO R BT Y
A SRS A o
1 MBEFE
1.1 RIEA 8

T FHEP A B (WT) B S £ 34 8 AB i R EFAE
AL R TR T AR AfOL R K A B B £ TR R 5L
FEHH ANy - 28 CHHIRE PR K & 48, pH 7.5+0.5,
I G 14 hoyGHR/10 h 2465 , 4 H 09:00 1 16:00
3R MEEAR B B f0 I iR BUET 4E (ZF4) 41 il &
4 F American Type Culture Collection, 55 3% 444 -
28 °C.500 CO BTt I7
1.2 WDt nrdal £MEBRZENT

ABIF 5 BT FH 21 0 56 DR RN 24 3 1R 7 91 SO T 2T
NCBI %4 & (www.ncbi.nlm.nih.gov) , 5 & ffi Nrdal
B 2 B 43 i (MWs) 1B 45 | 05 (pD) Al
ExPASy(http://web.expasy.org/compute_pi/ ) Fitiill .
fit FH DNAMAN #4: X5 5 5 £t B2 A6 (Crenopharyn-
godon idella) . W 3k 1 (Megalobrama amblycepha-
la) . N (Homo sapiens) ./INER (Mus musculus) AE I
W& (Xenopus laevis) i) Nrdal #E47 £ 7 31 H X6 IF 118
J¥ 5] — 8t . R MEGA 5 80, i 45 422 15
(neighbour-joining , NJ ) #4  Nrdal i) R GE AL
1.3 WS &Endal Bk R AME

18 1 CRISPR-Cas9 % PR 4 i 45 AR 1) 1 BE 2 £
nrdal FIBRIA . FE NCBI W5k 4845 5 5 10 nrdal 5 A
J¥ 3, BE U CDS X i 2/3 X3 1) 7 51 #E 5% 46 141 BA
CRISPR & i1 ¥ 3 (https: //www. zlab. bio/guide-de-
sign-resources ) FFATHE R TF . VEIRPT- 2385 e ) HE A

JE5I17E NCBI Rl - Blast, #4745 S PR 43 BT , 3k 5 it
PRGN, e 200 5 B SUF 51 R : GAGGGACGCT-
GCGCCGTGTG, X H MEGAscript™ T7(Thermo
Fisher) % 5% i 57 £ 7K 4M % 5% gRNA JF4lifb 1R &
CasO H )5, AT BB a2 A5 00 1 4f 3 i sh
W o SN A AT RS H B AUBE D 10 SR 2 P
5WT B Dt 58, K8 F AV S FRES fa . ik
AR R] 98 A8 0 () F ) A ME I BE 25 fa1 A 7 ) 2S5 5 F,
fRBED 40, N F, Hhiii i i 4l nrda 1 BESh £,
1.4 FEKSBEREBRLRX TR MRE

Bt L 18 2 fat B BE S A LAY o0 O B L L
AR AR RE FFRE s B EZHEY B 6 RO 1 ANIR
B, FE3AEE IRIE nrda ] B FEBE 5t 45 1410 1Y
FekE, KA BRI D 3 H BT £
AR R R R G T B AL e, A R 3
MY ES (B EYFEERE R M) KR IE
KSR T R S T U T mrda 1 0 98 0 IR AR R 26
kA R B9 I F g K SRR B D4 Sl AR
R R 2 K A B B R S VTR A T I R i
i b Y 20 A B2 (CKO) 23 B 5 1 pL kN
2.5X10° CFU/mL (7 5 ¥ B 1 551 5 AR 40 T 4k 46
JE ) Y 7S A S e A R R 2 v MR (PBS) &
TEFES A A9 0.4.8.12.24 .48 h 43| UK Y 241 Fx) HR
IR S, e s Y 24 hJ (i H 2.5<10°
CFU/mlL W 7K 5 B Y A L, A SR 8% % 4 h 4t
FEAS R IT RAE N T 1 kb . FERCREE S, P
BEFRATEIR, AT —80 CrkAT & H.
1.5 B RNAKJIREUKR cDNA &K

PR AFTE —80 “CF By £ A 2URE Bt fifi
Trizol B HEFTRE N B RNA B4R E. R B BE S 10
FE A M RNA JZA% 4 18 TaKaRa 23 7 J2 % 85 & 1
UEBH AT R S L cDNA
1.6 WHXEEPCR(qQPCR)REES

ARWEFE L cDNA MM, B-actin N Z I, 2
HESCHR[16 132647 qPCR. Al X &3k B {27 Ak
PEATTHER  BUE YR A4 (8 = bR i 1% (mean £ SE )
7R 8 Graph Pad Prism 8 21 €13 , i FH 2. H %
22453 M1 5 B (ANOVA ) Fll Duncan’ s #4725 55 3R 3k
A3 AT, P<<0.05 i) Ry 22 5 ik 2 (%) , P<<0.01 i 2 22 57
e 3 o) RN RE R e Ron gl A B 3 2 5
(P<<0.05) . A<WFEpT A5 48 1 Primer Premier 5.0
AR BT I iRV REA FL A L 51 B R B
W1,
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Table 1 Primers used in this study

GlL/ B J¥41(5'-3") iz
Primer name Primer sequence (5'—3") Usage
1L.-22-F TCGACATCGAGGAACAACGG qPCR
1L-22-R CACGAGCACAGCAAAGCAAT qPCR
p65-F ACCTCCTTTTTCTCTCCGCC qPCR
p65-R CATCCCTACCGGTGGAAAC qPCR
IL1B-F ATGGCGAACGTCATCCAAGA qPCR
IL1B-R CTTTCAAGTCGCTGCTTCCG qPCR
TNFo-F TTGCCTTTACCGCTGGTGAT qPCR
TNFo-R TTGTTGATTGCCCTGGGTCT qPCR
NFkB-F CACCTGCGTTCCATTCTT qPCR
NFkB-R GCTCCTTTGCGTCTACAT qPCR
bactin-F CGAGCAGGAGATGGGAACC qPCR
bactin-R CAACGGAAACGCTCATTGC qPCR
nrdal-F AGAGCCCAAACGGATCGAAG qPCR
nrdal-R GGTGGGACCAAGTCTTCCAG qPCR
shai-F ACTCCGCAACATGGTTCT PCR
shai-R AAGCCTTTGCATCCTTCA PCR
pCMV- TCAAGCTTCTGCAGGAATTCAT- PCR
nrdal-F GACCTGTGTTCAAAGTCAACATG
pCMV- CCCACTAGTTCTAGACTCGAGT- PCR
nrdal-R CAGAATGGCAACGTGTCCA

1.7 BLYIFFHELRE

HUBE ) f0 JIF AL 20T 4 96 22 38 H sk 3 FH A 21 21
] W L 24 h DL B A UG 04 I I 4 SR
IOF (R AR 28 T TG SAE PB4 J MU I K B 2 e i
MK . WK SE U IR B, T —20 ‘CHRE 1R A,
U PR [ i e S R DA A TP B OB B T A
IR R, )& 4 pme #E 5 HL40 ‘CJ&F, 60 ClE IR
W RIEHBRANE - geta, BikE s TIEE
WA NS, AT EMECR & 41T
1.8 WS nrdal TRIZHREHEENMEE L

I R] 5 20 08 5 48 i pCMV -N-nrdal £ %

R Ad P 51 4 pCMV-nrdal-F/pCMV -nrdal-R

SERE nrdal 19 CDS J B, ik DNA Rt & alife
[ PCR =49 . K ED1 BN PCR =45 pCMV -
N-Flag #8438 1 7] U5 7 41 3% 42 , % A0 I 0 2o P 4k 5
BEIFI R o B0 1 Y A B RR Y KBS 3%, (#FH TianGen
JECRE AR BGRTR E UE AT R A AR . R Ab TR K
WIB) ZF4 A0 AL 40 = g B 55 32 A b (12 FLARD) L %A%
12~24 hJ5 , 20 s BE S 3K 21 80 %6 LA b i i 47 440 g
Sy HREE YL PR IR S Sk [ 16] . $5 YL pC-
MV -N-nrdal 5k Fl %5 2 pCMV-N-Flag £ I 32 &
KR

1.9 HALFFHENITE

3 1 T R VAR A B A e 7 A R R L S B
Iy 40 JFF T L 2N G per T AT 5T T I K A A A
JEEY 8 h 5 B nrdal™ FNEF A RO BE T f0 T E 2 29, 5
FEAE ST 24U A 1 mL PBS 2% Wi 1) L 4] 5 3¢ 7 B
Jei, B0 pl ¥ 50 e A 78 Mg K B0 M T 1 9 3 0% 5%
16 hJE XA R M s s T 8 st

2 ZEREHH

21 WS&anrdal BEEARNEYERZESH

i NCBI R 255 5 £ nrda 1 35 R A B 3k A48 3
TR 3, X BE S i nrda 1 B R P 50 RRAEIEA T A 015 B
M. G IRN  BEE A0 nrda 1 5 T e e HE e
1 725083, Zitith 1 45 574 N R LR I £ 1K, S i 1)
AR S 5.79, A TN 63.04 ku, #
FH DNAMAN xt &4t [ Sk 65 . N /N BRI B AR R
B 1Y Nrdal #EAT 2 2R 2 )7 9 b X (81 1) . 45503k
W], Nrdal 76 6 A eb 5 91 — Bk ik 31 74.26 %6, 1y
5 BE AR ST, 5 BE L fa 51— BOME A i 0 R A
86.39% , H: ¥k N 1 3k 5 86.06% , fix 1K 1 A /s B
50.89% . it MEGA 5#4 % Nrdal 1) R Gk LR,
WE 2 i, 2 PR s 2L sh 9 45 Bl 14>/
2, HFL S Y A S 1S K S IR R A R A
CRE—i,
22 nrdal EEERERRNDEHLATMBEKS BE
B EFAATHNENREE

i i qPCRAGIN 7or-da 1 H5 R B 1 £ Bl £ oA ]
HAP IR, 45 5 WoR nrda ] (EBE D P HAT —5F
FILH L FRER S . NI 3 BT, TE (e R AR BE 2 1
M Z ML 2L nrda ] FE R 3Rk K- DALIR 41 210
L O ME A R 22, T T A L LA AR I o i)
FOR AL, FERE KRB S BE S £
HFZH R nrda ] FE D] B AN F ik S B0 R a3, 1
12 hBf BB, Z 5 B (E14)
23 WOf&nrdal SR mEBEE

ARG T 31 24 W BG4 nrda 1-KO-FO 5 WT
BE T £ 57 K5 O A 000 20 B, 00 &5 SR G 18] SA B
7N nrda l-KO-FO 76 #8547 B B B 2 | 2848 5%
R 1TY6, R AARBE I LB S 85 AR T AR
RIBE S, nrdal 728464 F1E5E 20 T Ab H 3t
T 7 bp WYL (] 5B) , iZ ik FER B ATk,
JE A ity 574 A~ HE R 1) B 11 03 22 KA Bl e &8 297
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Zebrafish I}E\ESE:EVCSYESSLFSSEF.,,E\P TSRLAMDVIEGREG. . LSAPS[H ITSLV@\ BTV SCI ATGAASTCVGST. . ... ... ... SCQLIJFKLILLGY 94
Wuchang bream M T[V VGTYESSLFSSEF. . . TSRLAMDVIDGLDG. . LSAPSIBNI TSLV! DTYSCIO] ATGAASTCVGGT. . ... ... ... SGQ. DNFKLLCTLGQV 93
Grass carp ;E\‘EiEK-E\CﬂESSLFSSEF TSRLAMDVIDGLDG. . LSAPS[ERI TSLV PTYSC[OI ATGAASTCVGGT. . ... ... ... SCQ. D¥FKLLCLGV 93

Human  MP[eI TPAPSPGPRDHLASTP| TP I KPTMCLASP. . EAAP AAP TAIBNFSTFM DTFLY[LPGTVQPCS SASSSASSTSSSSATSPASAYFKFECFQY 108

House mouse nglgﬁ TPATSPGPRDHLTGCPWALEJGKPTAILASP. ETAPAAPATEFSTFI\ DTFLYOLPGTTQPCS SACSSASSTSSSSSSATSPAJASFKFELF 108
African clawed frog SLSQCAGPCCNYVPLI INSEGKFTMILNS. . AASTSIBNFSTF) ATz conicse  ms ¢ nemens w wwass SNQGSBLKVEEFQV 85

Consensus M ¢ g q g 1 f lps gy gefd q s

Zebrafish ~ YGCYPET. . FALS YLRBTL | \SARICYE NS A. . EDSTE[EPCEDEGCVESEKPLNEAA. ... ... ... .. BEFTFGH. VTADELSPLGGMQS. 185
Wuchang bream YGCYPGT..FALSYII:ET LIPSP STP[63 0 Eger PCRISDEGCVWEGSEKPANGSA. ... ... ... . FTFGH. . .. DELSPRGSLQP. 181
Grasscarp ~ YGCYPGT. . FALSY] AL RVCERP)S A. . EGCVWGSEKPANOSA ... ... ... . FTFGH. . .. DELSPRGSLQP. 181
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gsp s p.pstp q w q sf
. QI PCLQCPF SHTPCHGSPLPF SPISLE CGS REGYGL MBGHLSPKV 287
. QI CEQCPF SCTPCHSSPHPF SPIGLE CGS REGGVMRGHL S PKI 283
. . GLPLQCPF SCTPCHSSPHPF SPIGLE CGSREGCVMBGHLSPKV. 283
. . THCLGEGESYSMPTAFPQBAPTSPHLEGNGI LBTPVTSTK! NKDCPVEKRR JEYES
THCLGEGESYSMPAAFPABAPTSPNRETHCGI LIBAPVTSTKS| 318

A st Moy
HRLDCQL\DTD\FALA(\SSGGFPA\PI!CQAPC\Lnsl\LLESPLSPSLIm b E GRCAVCGLNASCQHYGVRTCEGCKGFFKRTVCKNAKY)ICLE NKDCPVEKRR Y]
rs egrcavcgdnascqhygvrtcegekgffkrtvgk aky cl nkdcpvdkrr

RNRCQFCRFQKCLEVGNMNVKEVVRTDSLKGRR GRL PSKPKERNSPEMERES S PAN S ASAD Y JdS TS GLP IENDIIQCFYDLL [V RKVA ey
RNRCQFCRFQKCLEVGNVKEVVRTDSLK GRR GRL PSK PKURHEIDEISSRES S PR SS ENZASG 4SVSCLS IENDIIQCFYDILL 9 R 393

RNRCQECREQKCLEV \\LE\\ RTDSLKGRRGRLPSKP \'VQDSLS\S \MI@& E Ascm}_ﬁsvsasﬁm DITE.\& 393
NRCQFC JVRTDSLKGRRGRL PSKPK[e)32: I8 ANLL 1| STAl IRUBINFEKE Mte W QCF YCLLEGSIBEVIR 421
RNRCGFCREQKCLEV \\LE\\RID%LI\CRRCRLP%I\P QPPD. . TBLL & GE mELVLPRFEDACE\SLﬂ 424
MVKEVVRTDSLKGRRGRL PSKPKS) -0 s xsu TVPLCLELSSS S VIRV[O[Maenals(esr E\HIQIN 400

rarcqferfqkel vgnvkevvrtdslkgrrgrl pskpk ldysk qe ke d qqfydll gs virkwa
AFCKEEE‘-\EETE\E\ERTEE\ESESE\EECE!HRL\LEI SAGS[E@RATIRGI I 507
503
m}m 503

I}J_IF ;E ESESH\ L\L -Lsss A
lLLIF A NRSFGe VI lI.SSSA ]

GLLIFL SLL\ \ 1§ TDRHGL[® RR\ NRI 531

JAeK L1 SLGVIR LIpenS@ICDIERRVIBEL[ONRI 534

EGQNnS QRN\I IR TDREGLESE I\K‘\ SCI 510

dqllle:af el filrlayrs p k11fcg\1h qcr fg md1 fs cl lv tdrhgl

1 T

1V STSAPEATRP\\ JLLEKLPELRTL CTQGLQRIFMLKLEDLVPPPPI [FMDTLIY 569

IVSTSAPEATRPNY] NKLPELRTL CTQGLQRI[FMLKLEDLVPPPPI [FNDTLIY 569

AS I\ IVAAVAGEPQPAS €KL PELRTL CTQGLQRI[FMLKLEDLVPPPPI}§ [FNDTLIY 597

AS[®RKEINATVAGEPQPAS €KL PELRTL CTQGLQRI[F@LKLEDLVPPPPI [FMDTL 600

I \E!kEIEI PS S\\EC\RP\MIVEE 576

ls klpelrtlctqglqrif lkledlvppppi dki fndtl

Pl v B 0, 0 2 B B R T 91— BURE R 10026, By R — B R T 75%, i 6 FR — U R T 50% . In the figure, black indicates

that the amino acid sequence identity at that position is 100% , pink indicates an identity greater than 75% ,and blue indicates an identity greater

than 50% .
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Fig.1 Mutiple alignments of Nr4al amino acid sequence in six species including zebrafish

]OOI-_ A 3LGifi Megalobrama amblycephala

100 WAL Ctenopharyngodon idella

L BFS4h Danio reriok

|'~)J
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100l IS Micropterus salmoides

Ictalurus punctatus

Bt 51 X
o
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100 ——— /MR Mus musculus
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72 YYFE4 Bos mutus

0.05
B2 Nrial R
Fig.2 Phylogenetic tree of Nrdal
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80 -
70 +
60 ‘
50

HHA ik
Relative expression(Folds)

2 ZH Tissues
ANRNG ERE RN AR B35 2 5 (P<0.05) . T, Different
lowercase letters indicate significant differences (P<<0.05).The same
as below.
B3 nrdal ZEHSEARARTHENRIZE
Fig. 3 Relative expression of nr4at in

different tissues of zebrafish
a
1.0

0.5

AN Fe ik
Relative expression(Folds)

0.0

0 4 8 12 24 48
JEYL I a)/h - Time after infection

B4 WEKSBAEE RS & E S nrdal &
HO&FREPHENREE
Fig.4 Relative expression of nr4at in zebrafish liver at

various time points after A. hydrophila infection

T 1 A 2H 228 i e S v T AR L (E 6C)
R i — B nrda 1 78 5E 7K S 500 TR R e 5| i

FR) BT 2 £ 4 38 SR S P VR B i qPCRAGTN T
FE G 7K AN B R T ) rda D~ BES, 0 WT BE
It v RRE T A A R 1R (al-18) (R IR BE A

T a(mf-a) FEHF kB f~«B) LK A A 2 22 (il
22)WARXT F Ik (7)o Z5 R W, 7E g /K IR i
PR YL , nrdal BRI (0 il-18 nf-kB LA K il-22
fIF A B TR, nrdal S0 imf-a
(2 IR B TRIE =  (HOF RG22 . FEB KA

MU R L J5 8 h, mrdal /B Hy i 4 Fh 48 i AH & B
FHERIERES TEAEMAZSEMHE ., ML

LER R A6 g KM R 5 S 1Y B £ 5
BB nrda ] RY BE ARG 1] B0 SEAE

WT

nr4al-KO-F0

nr4al-KO-F2

WT ---ACAGGAAATGAGGGACGCTGCGCCGTGTGCGGAGACAATG---

nr4al-KO-F2 ---ACAGGAAATGAGGGACGCTGCGC-----=--------GGAGACAATG---

AF-1 ~ DBD LBD/AF-2
¢ WT N AB || © E/F | C
1 574

nr4al-KO-F2 N+ . =
1 297

A:nrdal-KO-FO 5 WT BE o /R0 77 45 8 , 21 (4 4R HE KR %8
AFUENTE . B AP HIIE nrdal LR 0 B 2T BN ER nrdal

Al AR R B IR AE . C: Nrdal 2 S5 IBUR K. A Se
quencing results of zebrafish embryos from experimental (r4al-KO-
F0) and control (WT) groups, red line box indicates the position of
mutation peak; B: Position of the target sequence in the nrdal, red
letters represent the missing bases of the nr4al pure mutant; C: Sche-
matic diagram of the Nrdal protein domain structure.

5 nrdal SBRERBFRMERNRGEREREE
Fig.5 Schematic diagram of nr4a1 knockout

target validity assay and pure mutation

2.5 nrdatlid RiEFT ZF4 4 AE K AE B F R
A

by ik — 2L Bl nrda 1 75 W8 K SRR B RS T &
) 9 RE AR RS Bt ZFA Sl R vh b AT T
nrdal WAL FRIKIKE . WA 8A PR  nrdal 1 F3KRK
R W LT IR 2285

T 7K B T SRR T 3 ek 2 vh R TR T
il-18 . tnf-a .nf-kB LA e il-22 #1% F AR R IB A I To
B S B AE g K R R RS i R Ik g 4
it 28 i PR 3R 3k 5 34 1 AR T R o Rk 4 ()&
8C~F) o [Ali}, 75 Mg 7K S B M 1 L 1 ), i Rk
nrdal I 40 M 2% F kB p65 W3k (p65) 1 335 &
W EBMC(ES8B) . VL RS REW , nrdal W] LI
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Role of zebrafish nr4al in inflammatory response induced by
Aeromonas hydrophila infection

ZHENG Yunpeng,ZHAI Wenya, WANG Zhensheng, WANG Huanling, LIU Hong
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China

Abstract The structure of the nr4al gene in zebrafish ( Danio rerio) was characterized with bioinfor-
matics and a nrdal”’~ zebrafish model was constructed with CRISPR-Cas9 genome editing to study in
depth the mechanism of regulating the resistance to bacterial inflammation in fish. The expression dynamics
of nrdal, levels of inflammatory factors, bacterial clearance capacity, and histopathological changes in
nrdal™’” zebrafish and a nrd4al-overexpressing ZF4 cell line following by the infection with Aeromonas hy-
drophila were systematically evaluated with quantitative real-time PCR (qPCR) , tissue bacterial load as-
sessment, and pathological analysis to elucidate the role and mechanism of nr4al in A. hydrophila-induced
hepatic inflammation in zebrafish. The results showed that the sequence of nr4al gene in zebrafish was high-
ly conserved, with an open reading frame encoding a polypeptide of 574 amino acids. The predicted protein
has an isoelectric point of 5.79 and a relative molecular mass of 63.04. The nr4al gene in zebrafish was
widely expressed across various tissues. In nr4al”’~ zebrafish, a 7 bp deletion in the second exon resulted
in premature termination of translation, truncating the encoded protein from 574 aa to 297 aa. The relative
expression of nrdal in liver tissues of zebrafish initially decreased and then increased after the infection with
A. hydrophila. Compared with wild-type zebrafish, nr4al”’~ mutants exhibited a lower survival rate, with
a significantly higher bacterial loads and more severe hepatic pathological damage in liver tissues. The re-
sults of qPCR analysis showed that the expression level of inflammatory factors including i/-18, tnf-a, nf-
kB and i/-22v was significantly higher in 7r4al”’~ zebrafish than that in wild-type controls. On the contrast,
overexpression of nrdal in ZF4 cells significantly inhibited the infection-induced upregulation of these in-
flammatory factors. It is indicated that Nrdal acts as a negative regulator to inhibit the expression of pro-in-
flammatory factors, thereby playing a crucial role in protecting the immune inflammatory response to A. /iy~
drophila infection in zebrafish.

Keywords zebrafish (Danio rerio) ; Aeromonas hydrophila; nrdal; inflammatory response; gene
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