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[ EH ] # % & % RNA £ 4 & &5 AUFI 3 % i B F mRNA % ik #
TEA

[ 757 ] R Bl cDNA A3tk 4 8 K 7% 8 X % 2 AUF1 mRNA # &
K cDNA 77|, &4 %4 LcAUFL, 3% Jf| 5 it % ot € & PCR & A (RT-
qPCR) £l Leaufl LMW AR Kkt KEETEREEE WK
A0 G BE Leaufl 2 5k 35 3t @) 8 i\ i S o Bt o oL, DA RGR AR 2
9 3R & 48 Kk H R 3t K 3k LcAUF1, #F % LcAUF1 3t TNF-o mRNA
FIR AT IEA

[ 455 | LcAUF1 mRNA 4 & cDNA g 266 bp #y 5'-4E #1% X . 954 bp
t T Ak 2 AEFn 193 bp 89 37 - BIF X 4R, TFR AR 4D 317 A
BEBRKRL;, TAMFIANME xR, Wil AUFl @28 77 F1 1)
f6 45 M7 LcAUFL 9 & EARF; AR XKERN K Leaufl T K E &
MARF S Z ki, XENINARFHKRME| Leaufl 2 F A, HFA
WHARAEFHIAKFxE; BlBALNEFREF2hf 2h BEU XS EF 240
JE B P Leaufl &3k AF 2% TH; RAW264.7 40 fi 3t & 3k Leaufl § %
T LPS 42 0.5, 3.0 #1 6.0 h Bf Tnfra kik AF; #—FHARX L Fit
%3k LcAUF1 {2 3 RAW264.7 %0 i, Tnf-o mRNA [ ## .

[ 4510 ] AUF1 A& Mo st (bR S5 Ao ch 8 5 R, LcAUF1 i
1112 3 mRNA & #% T 38 TNF-a mRNA %3k A F, #75 LcAUF] 7 4 2
AREARERNTRANELZRATEE, 25 AT AREAATELE RER
FREFH. RARHNENKT LCAUF] £ K & & 514 RIE BE T %
K PEREFHERARAEEREER LSRR ETEFH N ANE
RWETEHHE

K K#EHE; RNAGZLER; AUEETHRNAZ A& A 1;
mRNA [ ; K E F T

FRIERK = IRIARNE, A TR AR, 78 K SR A ™
Y 50% AL, it B 2SR A R Y 70%, T 2R TR A A D
A5 R 1) SR B 35 L — U ™ b et B A JRE M SR S R HILAAR
TPERGARMERIFANR IR — BB, WS RIBA TNF-a, IL-1B %%
R PR 380 48 55 4R MLV A e A TR L S AR A S S I
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EZHWERAREE, BEHER, IKEHL
PRSP 5 17k e 38 B SRE PR - i F B 4
M, SECHLSEREERAL, 5 & WU E 55 R
REPEBERRE, R, B Gs RAE R RIKTER
SRANGG S 5 AR SZ B A5 45T, RNA 454
e — 2455 kR RNA =E Tk, &
5 RNANNT., ¥z, EAL. B BiEse
AT, TR SR KR T B s R
¥, WFL MRS s, RNA 45/ E A7
(%% 5% J5 AP #E TNF-a, IL-1., IL-10 %Ki %
i R 3R 1 T O OCHEVE T, R RE MR
P TEIRIT LAY, 78 RNA 456 8 1M Al hE
S A0 ST IREL HENE PR - 3R 38 - A 1 925 11%) G 5 2
Fo Ik, W52 RNA 456 & A5 ROAE R F
FIR RIS VE FANAIL , AT oA S R M SR
o T B A B LR AR AL

AU & #£ 50 RNAZ5 4 % 1 1 (AU-rich
element RNA-binding factor 1, AUF1), X FA
) — W 4% 25 H DO (heterogeneous nuclear ribo-
nucleoprotein DO, hnRNPDO), & fix ' % % 19
RNA Z5 &z 1", L3 AUF! ik
mRNA (pre-mRNA) 28 ¥E £ 1 57 # %% 15 4 41
AUFL SR, % 0 1 Joi o 22 5 00 il fm 44 K
p37AUF1\ p40AUF1‘ p42AUF1 Fl p45AUF1; AUF1 524y
R N i — RAIRASS B . 2 > B RNA
TR 45 F B, (RRM1 F1 RRM2) FlEE i RRM2 Ay
C s 45 2 Wt Ji & 4 45 A8 B (Q-rich domin)™”,
AUF1 S A (8 LA — R AR T2 X 45 G #EF5 mRNA
B AU & %0 (AU-rich element, ARE), {HY
ARE JTIF 2 M AEAE 22 5%, p37"" 5 ARE
TCPFRERU e, HARUUCh p42™™ | pds™™t |
p40AUFl [13]O p4_2AUFI iFn p45AUFl ig%{jﬁzmg@&,
p37*T FN pA0™UT TR 2 MR RN BT A A A At
AN A% AUF 38 3o 80 s il 530 1 5
e 5 bl BB P AN A5 A T, S 5 Y kL 45
P RS S 5 4 AUFL 3= 2238 5 52 i HE A
mRNA faE e, TR RE, S 5R0ER
WU ERRET . et AR P B R A

T E R AUF1 #48 mRNA H 445 TNF-o,
IL-1B. IL-3. IL-6. IL-10 %% K& R E B F /9
mRNA, il id (2 #E4EFF mRNA Fff, AUF1
T RAE P T 2RIBIKF, A SRE SO P ]
m, wFR/AN (Mus musculus) Aufl £, Aufl™
/NER N B R EHUR, IR 2B (LPS) B5- Y IfiL

5 RAE N F I3 Tnfo F1 1-18 38K F EH,
I E N ERER IR R w1/ NRURIRE
Wi 20 L Tnfoo A1 1I-18 mRNA £ 58 PE 1 58
LPS %5 & i TNF-a Fl IL-1p 4 B¢ & b 34 21,
Sadri 5% #E— S HGE Au1 /N A YK 5
SRR MR e, T 40 A I I 40 A v R RE IR T
IL-2. TNF-a. IL-1B LA K #afk K ¥ CCL2 3R ik
K JH . H Gargani 5 $E 2514 R mBR /N
FUBE 2R 1M Aufl SERIXT LPS i T 10 40 H 734
kLI DSS S REA BEH W,
A i A5 E A8 AH DG R - 2R3k KT ol i ke i
WP 0% 3E 40 A B, R 28 K G 5% 40 i h
AUFlI AMUBHLRE T, W2 d L0
AERREAH LR Rk TR B 1 . BARSE
Tk o e A e I T I A S SRR e M
S DA HLI™Y , (R0 AUFL IDI6E, H¢
Bl AUF1 X 98 4 PR - 28 15 1 98 49 1/ FH 8 K I
H2if

K E A (Larimichthys crocea) +&= 3% [E #7587
KA K A, Bl SRR YR, I8
YeVE RGN E B H 2o i, PP E B K
I W A NS - M N 0
cDNA At 18 (RACE) $ A MK 5% 1 9L
AP T SE T — AL 819 AUFL RS
mRNA )4 K ¢cDNA (ft % N Leaufl), F5FH
SERFRE R R G & AR ST 0BT 5 (RIS SR SR
PN E FEH AR (RT-gPCR) Kl Leaufl FeH A9 2H
BUF IR R S DL SR 1 K& (Vibrio parahae-
molyticus) YUEE F G RE RS B WLIEFN B JIE Leauf1
FE P R IB W e B 5 I i — 20 7E RAW264.7
41 M T 5 %635 LcAUF1, #£%% LcAUF1 %} LPS
7S 19 Tnf-o mRNA 3K 198 154 B B HAE H
ML o AT IR ARV LeAUF1 78 K 35 a4t
JERYL i PR -2 35 -l 18 9 v B VR A R LR R
B0 B YL PR SR B B A N (AR T
S

R VRS RS WIRE
11 SRR RIRIE AR AR E

fR R FRAE K v £ [ TR (186.7+21.4) g]
W WA SR IL T B K= R A B AR o
FHRL B 2 PRI IK SR R 58, K 24~
25°C, FRFH 1 JA3E N PREE S U e . T WA
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IR R AR T 050 . AR RS T WL
TER PR 2 S0 B W) A B A RS 30 2 B St v
(LT . 2024162), BT FE A N 517 HE
TENT W VLV K SE 00 sl W A BRI R e B
PSS FRRYE , I3 AT VLR R 2R SL 1 sh )
AV AR T2 51 2 r R B B A T o
KESEMEREAMNINALHT
Leaufl BERP L3RR 5008, BUARTRE .
0.02% MS-222 (E 254 A, HiE) = R R B
i, SRAEMNE, i, §. WA, OIE, D,
BFAE . BEANAE O DNHLIHEARE T 1.5 mL Bl
% SEBPANA 1 mL RNALater™ #4041 RNA
R G a R, ), —80 °C s H.
AR A £ R IE Leauf1 R ik
XoF R I I IR B B R R N, 50 R KB fa gy
AT HR L M2 2 40 (25 Fe/d) . X REEH Fnak
B2 KB AR5 0 I IR T 5 500 L A= BEER K
FE BB (B RHE 1x10° CFU/mL), 1
JEH 2. 4. 8. 12 F1 24 h B4 4r HL 5 fa,

0.02% MS-222 (254 M, A IE) = i R 5 R
AE LR FE IEZH 2, S 1 mL RNALater™ 4
HA RNARERMFW X, TH)EK,
—80 °C RA7E4 H -

1.2 £ cDNA 7|

fi il BLASTP 7 NCBI JE U A 8 1 BE0s
J£ (non-redundant protein sequence database)
¥ & N (Homo sapiens) pd5"™" (£ 1 & 35 .
NP_112738.1) B K 2% f (NCBL ) #4325 5 .
215358) [AlIF 5, AR B 64 [R) PR 0 Bk T R
0 BE D AL R TN 9 £ R 9, LR EIR 7 )
— SR R R E f AUFL RVEEE 1 (R 5%
. XP_019134259.1; 2 H g — 2 79.80%)
I mRNA (GEFE RS XM _019278714.2) HZ
%, fii ] NCBI 7451 )% 11 T. H Primer-Blast
Wi LeAUF1 mRNA 4: 1 cDNA 3% 5'-RACE,
3'-RACE Fl JF i [ 132 #E (open reading frame,
ORF) PCR ¥ #7519y (3% 1),

%=1 FT Leauf1 BEERTREFMBTIESHTHIS|H

Tab.1 Primers used for Lcauf1 gene cloning and expression analysis

ElE A

primers name

el

sequences

514

application of primers

LcAUFIFL ACTCAACGGAAAGGTCATCG 3-RACE, RT-qgPCR
LcAUF1F2 ACCAGGGTTACGGCAACTAC 3-RACE

LcAUFIRI1 CGCCGGACTGATCGTTGTAA 5"-RACE

LcAUFIR2 GCTCCTCCTCTTTGAACGTG 5"-RACE, RT-qPCR
LcAUF10RFF ATGGCGGACGACTACGAG ORFi[%
LcAUF10RFR ATACGGCTTGTAACTGTTG ORF 3%
LEAUFIF ATCGATCGGCCGGATATCACGCGTGCCACCATGGCGGACGACTACGAG JUESSEN

LEAUFIR AGCAGGCTGAAGTTGGTGGCGAATTCATACGGCTTGTAACTGTTG JUE PN

LeactinF CCTTCACCACCACAGCCGAG RT-qPCR

LeactinR ATTCCGCAAGATTCCATACCGA RT-gPCR
MmTNF-oF CAAAATTCGAGTGACAAGCCTG RT-qPCR
MmTNF-aR GAGATCCATGCCGTTGGC RT-gPCR

MmactinF TGTTACCAACTGGGACGACA RT-qPCR

MmactinR GGGGTGTTGAAGGTCTCAAA RT-qPCR

B 50~100 mg fif fF 20 21, {#i F TaKaRa
RNAiso Plus TRIzol i{ 7 (TaKaRa, H 74%) $£H
RNA, 1.2% Bt JIE 4 #E i H1 UK #1 NanoDrop ONE
B L 58 A1 -1T IO 43 )6 )6 B 3 (Thermo Sci-
entific, 3%[H) K& RNA Jfits, 5-RACE fil 3’
-RACE f#i H{ TaKaRa SMARTer” RACE 5'/3" Kit

A& (TaKaRa, HA), EAEHUE A5 T, 3'-
RACE 51 G : % —% PCR 5|%) LcAUFIF1/
3'-RACE UPM long primer, 2 " #2435 PCR 5|
¥ LcAUF1F2/3'-RACE Universal Primer Short;
5-RACE 546 : %% PCR 514 LcAUFIR2/
5'-RACE UPM long primer, & % 85 PCR 5|
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¥ LcAUF1R1/5'-RACE Universal Primer Short,
PCR #"# LcAUF1 mRNA [#) ORF [X{#i[f] TaKaRa
Ex Taq® DNA Polymerase (TaKaRa, H A%), #=tk
M 5'/3'-RACE & B cDNA 5 — 4, 5140
LcAUF1ORFF / LeAUF1ORFR (3 1), JUWFET
95°C3 min; 95°C 15s, 56°C30s, 72°C1
min, 35 KAE¥; 72 °C 5 min. PCR ¥ 34 =4)
Jig s gtk H A9 7 B, 42 A simple pMD-19T
vector (TaKaRa, H A%) ¥ 1k K I #T 6 (Escheri-
chia coli) DH50 J&5Z 2541l (TaKaRa, H A), #k
PHPE B e R R 37 5 a6 28 TAEY) TR (1)
JB A A BR A /]I P, PF4% 5-RACE. 3'-RACE
1 ORF X751 4k 1% LcAUF1 mRNA 41 ¢cDNA
¥4,
1.3 EMERFESH

PR 73 Jor i A5 L s 900 4 1] ExPASy
T2 T H Compute pI/MW (https://www.expasy.org/
resources/compute-pi-mw)™>"; {5 5 K T FH 7E
2§ T.H.SignalP 6.0 (https:/services.healthtech.dtu.dk/
services/SignalP-6.0/)*"; #ZE M55 (NLS) Fiill
i FH#EZE T 2 NLStradamus 1.8 (http://www.mose-
slab.csb.utoronto.ca/NLStradamus/)*”; #% % H 15
5 (NES) il f#fi F§ NetNES 1.1 (https:/services.
healthtech.dtu.dk/services/NetNES-1.1/)*";  NCBI
AR T & O A rh R & [ E 3 41 i 1 NCBI
BLASTPPY; A7 25 58 R ] NCBI 764k 1.
HAJ CD-Search; Z 55 e ClustalW1.83
BAFARY; RG Kk E W EfH ] MEGA version
7 AR,

1.4 RT-qPCR

B 1 pg & RNA #% TaKaRa PrimeScript™
RT reagent Kit with gDNA Eraser & #| &
(TaKaRa, H A%) #:/E 56 B & i cDNA %5 — %% .
RT-qPCR JZ W& & (20 pL): SYBR Green qPCR
Mix G4z K, E)10puL, @4k 6ul. T
W54 1 pL, cDNA 2 uL, BI¥FHIWE 1;
FVARF: 95°C 2 min; 95°C 155, 60°C30s,
40 MEA; Y IGTRIT AR s T i th o A
FEF: 95°C15s, 60°C15s, 95°C 15, PFAl
RT-qPCR ¥ 3 7= ¥y 19 %% 5+ ¥ . Jx [ 7 ABI
QuantStudio 1 3£ A £ il & 4¢ (Applied Biosys-
tems, £ [E) Fidf7. RAH274C L5 H i3

B A X ik &, NS LN B-acting T
mRNA FE M, DU R D 4h# 0
min f} TNF-o mRNA £ikE S, K272
e 7 AN [ A B ] 25 TNF-a mRNA %3
KR,

1.5 MBEEHFIEFH A pTRE3G-MCS-EGFP-
3XFLAG-Tetone-Puro-LcAUF1

R 51 P D MIu 1R EcoR T XUt 1) PY 2R
% i ¥ # K pTRE3G-MCS-EGFP-3xFLAG-
Tetone-Puro (] FX pTRE3G; i #% R 4= ¥Rk
HIRAT, HE), 1.2% B L IK 2 B )
B i B R BESE . ek
cDNA o7 [ &8 43 Il 1§ 5 4k 1F 1 79 & LcAUF1
ORF X BThi Wit , M pfu REW GEa R,
[E) PCR ¥4 LcAUF1 mRNA i) ORF X, 5|
W) b JC5E v B E 259 LEAUFIF Ml LEAUFIR
(F 1), RMFRF: 95°C 3 min; 95°C 15 s,
56°C30s, 72°C 120s, 35KAE#H; 72°C5
min; PCR 4" 34 7= i [al i 4tk . i FH TG 4% e
Pl & R x K, T HE) R LcAUF1 ORF IX
PCR =¥ 5 pTRE3G # AR M V) i B ik 4%, #%51k
KIWH#TF i DHSa SR A2 5400 (TaKaRa, HAS), $k
VERRPE B R Ras %, IR TAEY TR (1
V) IR A7 RN BN, D0 56 I 1% B B B TRV
¥ K B 3% , Endo-free Plasmid Mini Kit 1
(Omega, 3 [%]) $&HUIC 4 75 2 5 41 iU kL pTRE3G-
LcAUFL % H, %8k 3Rk LcAUF1-EGFP fili &
EH.

1.6 ZRAREE RFNFREE 4HAR AR IF I

/NELRAW264.7 4l GE =K, HE) ff
10 % M4 1% (Fetal Bovine Serum , FBS, #f
LR RO A BRAR, $E). 100
U/mL H 8 RAEHR (E¥XE, THE) K DMEM
SeatiF5E (Hyclone, 3EH) 7E 37 °C. 5% CO,
1 ALK 246 (Thermo Fisher Scientific, 3¢
) s

pTRE3G #il pTRE3G-LcAUF1 & N 7 & Jii
hr % g RAW264.7 4ii it ffi | GP-transfect-Mate
YRR GE LI, PE), gl 2x10° 40
H/FLIERD 6 LA 35 24 h, 3 pg Bk DNA 5 6
uL GP-transfect-Mate 1ot 7| /& &5 J& LA £ 400 pL
JC FBS ) DMEM ¥ 555, ## ¥ 20 min J5 5%
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U RAW264.7 4Hfifl, %Yk 24 h J5 B8R A 1L,
FERNT 10 em BESRI0L, % 5 pg/mL IEIRE R (R
=K, ) DMEM S8R 5% 48 h 5
#e 7 2.5 pg/mL RIS 8 R 1Y) DMEM 5% 4 15 57 5t
WFR B EIE AL, 7B S s AN MRl T 24 AL
M 35 EICHEE 80%~90%, JHEAE (B 1k 5 B
A AR RN T 96 FLARIS I E AN NGRE , 55 )
% 2 (Doxycycline, Dox; 100 ng/mL; 3K,
W) A BE 48~72 h i F AN R A EAHEH, &K
DR (PR, TEE) WLZHE SR A A SO
(EGFP) ik, HU 24 FLAR A XF 107 B B 4% 4 il ik
PR TS5,

1.7 A Z LcAUF1 X RAW264.7 28 i LPS i%
S8 Tnf-a EE B FRIAH R0

pTRE3G #2 % 4fl }fi 1 pTRE3G-LcAUF1 £
e 20 A 2x10° A ML AL o A T 6 fLMk, B
F5 40 I AE T E 80%~90%; IR )1 F % (100
ng/mL) 2P 48 h i FANMI LB EAE A, FHI
A LPS (100 ng/mL) i § Tnf-a £ ik, 435I 7E
LPS Zb¥E 0, 0.5, 1.0, 2.0, 3.0 il 6.0 h i} 4&F4H
W3 L (n=3) WO R ML CEL RNA, 4% “RT-
qPCR7HB 43 K Ml LPS 4b 3 A [A] B[] 25 TNF-o
mRNA X R E

1.8 AZE LcAUFI1 X} TNF-o0 mRNA 2 E 14 /Y
A

pTRE3G f& %% 41 Jfi A1 pTRE3G-LcAUF1 &
AN MIAE 2x10° 40 B /AL A B3Rl T 6 LAk, +%
FEAMMI B2 % 80%~90%; LPS (100 ng/mL) &Zb¥H
05 hifEF TnfaRik, MIMAMZLRE R D (5
ng/mL; K, ) H RAW264.7 40 5%
S, TEARTE X DAL 0, 20, 40, 60 F1 80
min B & 20 £5 B 3 L (n=3) W 4 $2 B RNA;
DI 2 DAL TR 0 min i S 2 18, #2“RT-
qPCR”¥ 43 K M T 2 T 2 D A [] B[] 55 TNF-a
mRNA Fl f-actin mRNA A% T 0 min () 4H X %
ki,
1.9 HUIBRSHR

Bt A 04 2 2% A GraphPad Prism 9.0 %X {4
(GraphPad software Inc., 3¢ [® ) #4743 #, LL#Y
E+brifE 2 (SD) Fom o M gETH 22 5% 4R
Bic %J ¢ K55 (unpaired student’s ¢ test), P {H/NTF
0.05 N A GEit i Lo

4+
2 fix

2.1 LcAUF1 mRNA £ ¢DNA B 5 fE X F 5
I

AT 5% 7 B ) K ¥ £ LeAUF1 mRNA 4K
cDNA 1 413 bp [ A L#E poly(A)], HiHr 5'-IE#H
PE[X (5" untranslated region, 5'UTR) 266 bp. 3'-
JEFIPEIX (3" untranslated region, 3'UTR) 193 bp.,
ORF [X 954 bp, ORF X %ifih 317 MR ILFRIR I,
R 0 SEPR A I 0 9 AUF L (GBS
XP_019134259.1 F1 XP_019134260.1) % F& iz J¥
I —2ME R 100% (F 1), S 89 LceAUF1 B
Al 35.67 ku, FEISAFHE A (pl) 5.6; Sin-
galP 6.0 7 #T W n N A 55 IKF S (5 58k
HE K 0.000 7); NLStradamus 1.8 Tl (4 4% &
£ % 5 A D;,,PKKAKAMKSKEPVK,,, (#f %
0.793; ¥l 1); NetNES 1.1 FUill 4% 4 15 5 M
L,sSKCEIKVAM,,, (& 1), f#i H] BLASTP 7£
NCBI 3BT H R8s e rh A R R JE P51,
/R LcAUF1 Z 5L R 7 5 5 i Sk Mg 25 f4. (Collich-
thys lucidus) AUF1 (& 5% . TKS85014.1) [A] Ui
Phefsr, &IERTFH—EEN 99. 37%; HKH
43K (Sparus aurata) AUF1 (&S5 XP_0302918
11.1), @EEMRITH|—3 1R 98.74%; HEE D
(Danio rerio) AUF1 (& 3¢5 : XP_005155601.1)
)R R 75— BUME o 85.58%; 16 AN )
4~ AUF1 Sk, LeAUF1S pd2tV (g At
W2 Fp 5 — B fc . 430k 83.15% (B SR
NP _112737.1) F11 83.51% (& 55 : NP_001070-
734.1),

A AUF1 pre-mRNA %% X B 8 >4 i+
(exon) 4 A%, HA 4R g+ 2 FIAh i+ 7 J& 0] AR
SRS T, 2 M R R Y 4R g 15 p37T
p40AUF1 . p42AUF1 jﬁ] p45AUF1 4 ;FEP E_ 1;/@ erlﬁ [12]O ){%‘
LeAUFL 5 A 44 AUFL 5 09 14 DL K2 /s B
pa2*V AT Z ¥ 5 FL X R, LeAUF1 #k S
W2, BEANEF 7, 5 AN pa2t ! g
) — 8 (B 2). BRAM T 1 4 55 19 X 38 A5,
AUF1 2T HEN « /NEURIR B i by B
57, I H RN AUFL B 5 2 2 fig B 45 4
5. CBFNT (CARG %A HF A& N g4
¥ 3 )., RRM1, RRM2., Q-rich domain %5 7£
LeAUF1 i BEGR ST (18] 2)0 DL RSS2SR,
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1 ACATGGGACACACGAAGAAGAAAACGCGATGAAAACAAACCGTCGCTCCTCAAATTACAGCGACTAATTAATATTTATGTAATTATCCTC
91 ATTACCGAGGCTCGGTTTAACGTCACAGCTCGACTCGCGCACACTCATTTAACAGCTCAGCTGTGAATTGGCGCCAAAAAGCAGCTGCAC
181 AGCTCGCGACAGAGCGTTAGCCGGTTAGCTTAGCTTCCACAGTGTTGACGTAGTTTGTTTAAAAACAAACAAACACACAAACAAACATGT
1 M
271 CGGACGACTACGAGTTCAGCGACGACACCACCATGATGAGGATGGAGGAGGACGGAGAGGCCAACAGCGACGACCCGATGTCCGCGGCCG
2 s bbpPYEFSDDTTMM~RMETEDG GEANSDIDPMSAA

361 GGGACTGCGGCCTGATGGGGGGCGAGGCCGAGGGGTCGCGGATCGACGCCAGCAAGAACGAGGAGGACGAGGGGAAGATGTTTGTAGGAG
32 ¢GDbCGLMGGEAEGSI RTIDASI KNETEDTEG GI KMFEUVG
CBFNT
451 GACTCAGCTGGGACACGACCAAGAAGGATCTCAAAGATTACTTCTCCAAGTACGGGGAGGTCGTGGACTGCACGTTAAAGCTGGACCCCA
62 GLSWDTTI KIKDTI LTI KDYZFSZKYGEVVDTCTTLTIKTLTDP
RRMI1
541 TGACAGGTCGATCCAGAGGGTTCGGCTTCGTGCTCTTCAAAGACCCGGAGAGTGTTGACAAGGTCGCCTCACAGAAGGAACACAAACTCA
92 M TGRS RGEFGEFVLFIKTDPESVDIKVASQKEHIKL

631 ACGGAAAGGTCATCGACCCCAAAAAAGCCAAGGCCATGAAGAGCAAGGAGCCCGTGAAGAAGATCTTTGTGGGCGGCCTCTCTCCAGACA
122 NG KV IDPIKT KA AKAMEKTSTZ KE®PVKI KTITFUVGGLSPD
NLS
721 CGCCCGAGGAGAAAGTCAGAGAGTACTTTGGTGCCTTCGGAGAGGTGGAGTCGATCGAACTCCCCATGGAGAACAAAACAAACAAAAGAC
152 T pPEEZ KVREYTFGAFGEVESTETLZPMENI KTNTK KR
RRM2

811 GAGGCTTCTGCTTCATCACGTTCAAAGAGGAGGAGCCGGTGAAGAGCATCATGGAGAAAAAGTACCACAACATTGGACTCAGCAAGTGTG

182 R GGFCFTITTFZ KETETEPVKSTMETZ KTI KYHNTIGTLSZKC
TONES

901 AAATCAAAGTGGCCATGTCAAAGGAGCAGTACCAGCAGCAGCAGTACTGGGGAGGCAGAGGAGGACACTCGTCCAGGTCTCGAGGCAGAG

212 E'IT KV AMSI KT EIRQYQQQQYWGGRGGHSSRSRGR

_____ Q-rich domain

991 GCGGCGGTCCAAAT CAAAACTGGAACCAGGGTTACGGCAACTACTGGAATCAAGGCTACGGCAACTACGGCAACTACGGTTACAATAATC

242 G GGPNIQNWNQGYGNYWNQGYGNYGNYGYNN

1081  AAGGCTACGGAGGCTACGGTGGCTATGATTACCCAAGTTACAACAACTATTACGGATACGGCGATTACAACGATCAGTCCGGCGGATACG

272 Q G Y GGYGGYDYPSYNNY Y GY GDVYNDAQSG GG Y

1171 GCAAGTCGCCACGTCGTGGTGGTCACACCAACAGTTACAAGCCGTATTAACGGGGGGGTGGGGACAAACCGTCGTCTTCAACGGAGCTTC

302 G K SPRRGGHTNSYKP Y *

1261  CTTGCAGGCCATCATGAGCTGACTCCCCAGATACTCTCACAGGGCCCGCTCAATGCGGACCGGGTACGAGAAGCATACACGCTCTCGAAT

1351 GCTGCCATTTGGTATGGTCTTACAACATCCTGTATCAGCATTTCTAAACTAAAAAAACAAAACAAAAAAAAAAA

1 LcAUF1 cDNA #ZEZF5IFHE SR EERF 5
* &IEE T 41 FRIZ. CBENT ZiMsk: M FRIZ. ENES: SRR BitE S B RNA RAEWE: . BE Bk E %
45 #y38; CBFNT. CARG 45 & T A FEEE A N 345 #43%; RRMI1. RNA R 5145135 1; RRM2. RNA i 3145 44 2;  Q-rich domain. 4+ % 9 fi%
ARG NES. iS5 NLS. ENE 5,

Fig.1 cDNA and deduced amino acid sequence of LcAUF1 gene from L. crocea

*_ stop codon; thin underline. CBFNT domain; bold underline. nuclear localization signal; dot underline. nuclear export signal; shadow. RNA recogni-
tion motif; box. Q-rich domain; CBFNT. CARG-binding factor A-like proteins N terminal domain; RRM1. RNA recognition motif 1; RRM2. RNA

recognition motif 2; Q-rich domain. glutamine-rich domain; NES. nuclear export signal; NLS. nuclear localization signal.

AWFFE VLI LeAUFL J& T p42iU,
2.2 LcAUF1 BB &% Dth
R LcAUF1 125 HESIY) AUF1 Z kb

BRH—F (BEE 100%; K 3), LI g5 REH
AWFFETERER LeAUF] 2k AUFL ZEM G .

2.3  Lcaufl EEMELREFZFM

R G LA, ECEHMESh YA R 2R R
P Fl AUF1 5 LeAUF1 3T 4B 3592 (neighbor-
joining method, NJ) #4 2 A HE %) AUF1 R4 &
A, B ER, BHESIY AUFL #8BE 45 R
H—; LcAUF1 5 H A28 AUF1 R — 3L
(BAFE 100%), HEEfmib e, 5E i
H (Perciformes) [ il 3k #f 2 £ Fl 45 3k AUF1

FERIH A R GR e S S AR B i BT
REZF VIR R, AW ] RT-qPCR H ARG
Kt n=5) LA . H . M. OBE. ML, &
Ak SR OBFE . BESE 9 FPALZIH Leaufl A
XRE R, BRI, RRPFFCREN I
22U P BRI B Leaufl e AR Hoh LA
(208.37+117.31) ' Leaufl 32 ik & f &, i ik

https://www.china-fishery.cn

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

Ty, & IKPA 4R, 2025, 49(1): 019406

ST 1 exon | A} 2 exon 2
N H. sapiens pA0AUF1 MSEE-QFGGDGAAAAATAAVGGSAGEQEGAMVAAT-QGARAAAGSGAGTGGGTASGGTEGGSAESEGAKIDASKNEEDEGHSNSSPRHSE 88
N H. sapiens p37AUF1 MSEE-QFGGDGAAAAATAAVGGSAGEQEGAMVAAT-QGAAAAAGSGAGTGGGTASGGTEGGSAESEGAKIDASKNEEDEG-—-——-——-—-— 78
N H. sapiens pASAUF1 MSEE-QFGGDGAAAAATAAVGGSAGEQEGAMVAAT-QGAAAAAGSGAGTGGGTASGGTEGGSAESEGAKIDASKNEEDEGHSNSSPRHSE 88
N H. sapiens p42AUF1 MSEE-QFGGDGAAAAATAAVGGSAGEQEGAMVAAT-QGAAAAAGSGAGTGGGTASGGTEGGSAESEGAKIDASKNEEDEG-——-—-—-—— 78
NG M. musculus p42AUF1 MSEE-QFGGDGAAAAATAAVGGSAGEQEGAMVAAAAQGPAAAAGSGS G-GGGSAAGGTEGGSAEAEGAKIDASKNEEDEG--- 78
)\}I‘Eﬁ L. crocea LcAUF1 MSDDYEFSDD--TTMMRMEEDGEANSDD PMSRAG DCGLMGG=-EAEGSRIDASKNEEDEG---------— 56
wox - * o w kR R RE REERREERRER
Hb T 3 exon 3 4h 21 4 exon 4
N H. sapiens pA0AUF1 AATAQREEWKMFIGGLSWDTTKKDLKDYFSKFGEVVDCTLKLDPITGRSRGFGFVLFKESESVDKVMDOKEHKLNGKVIDPKRAKAMKTK 178
N H. sapiens p3TAUFl ~ ———-—---- KMFIGGLSWDTTKKDLKDYFSKFGEVVDCTLKLDPITGRSRGFGFVLFKESESVDKVMDQKEHKLNGKVIDPKRAKAMKTK 159
N H. sapiens pA4SAUF1 AATAQREEWKMFIGGLSWDTTKKDLKDYFSKFGEVVDCTLKLDPITGRSRGFGFVLFKESESVDKVMDQKEHKLNGKVIDPKRAKAMKTK 178
N H. sapiens pA2AUFl ~ ————---—- KMFIGGLSWDTTKKDLKDYFSKFGEVVDCTLKLDPITGRSRGFGFVLFKESESVDKVMDQKEHKLNGKVIDPKRAKAMKTK 159
/N M. musculus p42AUF1 - —--KMFIGGLSWDTTKKDLKDYFSKFGEVVDCTLKLDPITGRSRGFGFVLFKESESVDKVMDQKEHKLNGKVIDPKRAKAMKTK 159
K#§th L. crocea LcAUFl ~ ——-——-——— KMFVGGLSWDTTKKDLKDYFSKYGEVVDCTLKLDPMTGRSRGFGFVLFKDPESVDKVASQKEHKLNGKVIDPKKAKAMKSK 137
B e
Hh i+ 5 exon 5 Hh 2+ 6 exon 6

N H. sapiens pA0OAUF1 EPVKKIFVGGLSPDTPEEKIREYFGGFGEVESIELPMDNKTNKRRGFCFITFKEEEPVKKIMEKKYHNVGLSKCEIKVAMSKEQYQQQ0Q 268

N H. sapiens p37AUF1 EPVKKIFVGGLSPDTPEEKIREYFGGFGEVESIELPMDNKTNKRRGFCFITFKEEEPVKKIMEKKYHNVGLSKCEIKVAMSKEQYQQQQQ 249

N\ H. sapiens p4SAUF1 EPVKKIFVGGLSPDTPEEKIREYFGGFGEVESIELPMDNKTNKRRGFCFITFKEEEPVKKIMEKKYHNVGLSKCEIKVAMSKEQYQQQ00 268

N H. sapiens p42AUF1 EPVKKIFVGGLSPDTPEEKIREYFGGFGEVESIELPMDNKTNKRRGFCFITFKEEEPVKKIMEKKYHNVGLSKCEIKVAMSKEQYQQQQQ 249

/NEL M. musculus pA2AUF1 EPVKKIFVGGLSPDTPEEKIREYFGGFGEVESIELPMDNKTNKRRGFCFITFKEEEPVKKIMEKKYHNVGLSKCEIKVAMSKEQYQQQQQ 249

Kt L. crocea LeAUF1 EPVKKIFVGGLSPDTPEEKVREYFGAFGEVESIELPMENKTNKRRGFCFITFKEEEPVKSIMEKKYHNIGLSKCEIKVAMSKEQYQQQQY 227
kKRR R R R KRR R R R R R KRR KRR R R R R KRR KRR R R R KRR R R R Rk R R KRR R R R R R KRR Rk R R KRRk

Hh A2 7 exon 7 HPE T 8 exon 8
N H. sapiens pAOAUF1 WGSRGGFAGRARGRGG -DQQSGYGKVSRRGGHQONSYKPY 306
N H. sapiens p37AUF1 WGSRGGFAGRARGRGG -DQQSGYGKVSRRGGHQNSYKPY 287

N H. sapiens pASAUF1 ~ WGSRGGFAGRARGRGGGPSONWNQGY SNYWNQGYGN Y---GYNSQGYGGYGGYDYTGYNNYYGYGDYSNQOSGYGKVSRRGGHONSYKPY 355
N H. sapiens pA2AUF1 ~ WGSRGGFAGRARGRGGGPSONWNQGYSNYWNQGYGNY---GYNSQGYGGYGGYDYTGYNNYYGYGDYSNQOSGYGKVSRRGGHONSYKPY 336
/NEL M. musculus pA2AUF1  WGSRGGFAGRARGRGGGPSONWNQGYSNYWNQGYGNY---GYNSQGYGGYGGYDYTGYNNYYGYGDYSNQQSGYGKVSRRGGHONSYKPY 336

Kt L. crocea LcAUF1 WGGRGGHSSRSRGRGGGPNONWNQGYGNYWNQGYGNYGNYGYNNQGYGGYGGYDYPSYNNYYGYGDYNDQSGGYGKSPRRGGHTNSYKPY 317
sk ook ® ok ok ok d o kokokok kokkokok ok ok okok

2 LcAUF1 5 AFU/NR AUF1 F5IEE 3
* AHFE IR A - BIERRBA S B RIS N AUFL AMGF R H ik B, 2 €I X . CBENT 4 #3k; 15 B 541X . RNA 13 4544
e GEPTMIX. AR R

Fig.2 Multiple sequence alignment of the AUF1 amino acid sequences of L. crocea, H. sapiens and M. musculus

*. identical residues; -. alignment gaps; overlines. the exons and their coding peptide segments of H. sapiens AUF1; red shadow. CBFNT domain; blue
shadow. RRM1 and RRM2 domain; green shadow. Q-rich domain.

41 N\ H. sapiens (NP_001003810.1)

43| 50 Felis catus (XP_023108758.1) -
ST /NBL M. musculus (NP_001070734.1) I8 7. 2% AUF1 mammal AUF1

100|[  Bos taurus (XP_005208227.1)

JKE g Myotis daubentonii (XP_059523299.1)
K%Y Calypte anna (XP_030306432.1)

K3 Gallus gallus (NP_001384722.1) 19,%% AUFI bird AUF1
HEXS Phasianus colchicus (XP_031452553.1)
A Y Lagopus muta (XP_048797366. 1)
FEBE RN Crotalus tigrisi (XP_039206812.1)
4iifa)igE Python bivittatus (XP_015743644.1)

BEREAE LW Podarcis muralis (XP_028599621.1)

TOOL {85 Lacerta agilis (XP_033016688.1)

45 Pt I Xenopus tropicalis (NP_001025523.1)
PSR4 Spea bombifions (XP_053319113.1) |2k AUF1 amphibi AUF1
100|_'——“§-'|—i 1% Nanorana parkeri (XP_018414509.1)
54 BT W E Hyla sarda (XP_056424907.1)
Bt D. rerio (XP_005155601.1)

100 ' ——— N8 Oryzias javanicus (RVE66120.1)
100 43k Sparus aurata (XP_030291811.1)

97|~ KM L. crocea (LcAUF1)

0.020 WESLMEE A C. fucidus (TKS85014.1)

3 LcAUF1 IRGIAE S
15 B MEGA 7.0 B EA R B NI S R4 R B 40 8089 1000 AT 5 bootstrap fl:  HL B NACE 4 K JEF . %53k R LeAUFI
£ NT e i £

€473 AUF1 reptilia AUF1

#4125 AUF1 fish AUF1

Fig. 3 Phylogenetic analysis of LcAUF1

The phylogenetic tree was constructed by neighbor-joining methods using MEGA 7.0 and bootstrapped 1 000 times; the scale bar indicated a branch
length of 0.020; the arrow indicated the site of LcAUF1.

(7.16x2.77) . UME (6.04£2.90) . UL (5.19£2.40),  JHIE (2.65+1.26). B JIE (1.13+0.54) H' Leaufl &
f1(5.1042.01), H (4.40£1.36), k¥ (3.67£1.51),  KEAHMEAK (K 4).
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1 2 3 4 5 6 7 8 9
ARAREE
different tissues and organs
4 BERAEETREHERAP Leaun FETRILE
LOENE, 2. fFRE, 3.5k, 408, 5 8, 6 MU, 7.0, 8.,
9. LA

Fig. 4 Relative expression levels of Lcaufl transcripts

Leaufl mRNA FEX}FRIA &
relative expression level of Leaufl mRNA

in different tissues of healthy L. crocea

1. kidney, 2. liver, 3. head kidney, 4. stomach, 5. gill, 6. spleen, 7. heart,

8. brain, 9. muscle.

24 KEGEPEMNEIE Leauf1 EERIEXT &
% M5B 55 B9 B Tl 2

F A LeAUF1 5K v 4T B s S e 78 e
3 B A0 s IO =2 I ) DG IR, AR 5 1 K £
F AR B A E IR Leauf1 35X @)% i
SN LT B I R SR s, R I
W 24 hig & T W B AE Leaut £ 35 K F
(0.39 1%, P<0.001; [&l5-a); TWXCHE: 2 h(0.51 i,
P<0.01) 1 12 h (0.58 %%, P<0.001) i} i 1

§ 25
S T C X2 control
H-Ig B 207 I X E4l  infection
i %
w215 ek
Z 8
=2 1.0
e
S 905 1
5 0 . .

2 4 8 12 24
I [H]/h
hours post infection
(a)

WE Leaufl 335 K F- 0 38 3 F 97 (& 5-b), DL L
SRR, K AT E R AE LcAUFL 7] GBS
SR B N B 755 ) RAE Rk

2.5 LcAUF1 1835 RAW264.7 4B LPS i &
B Tnfa FRiA

R FL o B v Al M T RE AR RN, AR
o JE AN A8 32338 A R 1 = B A e 2
HY T 0 2 A0 B A Qe sSOR AR, R, ACBIFSE
TE /N B RAW264.7 20 fifd it R 35 LcAUFL, 8
VI LeAUF1 Xt Tnfo ZRTHTER . B NR R
(100 ng/mL) 4t B 48 hif5 F LcAUF1 £ ik 5,
100 ng/mL LPS 55 Tnf-a 23k, RT-qPCR #:illl
LPS Kb B[R] 18] 5 Thfoo AN FE 3500 . 4550 10
7N, RAW264.7 i il i %35 LcAUFL, X AEZR
(0 h; P>0.05) LA 2 LPS 4L #H 1 h (P>0.05) #1 2 h
(P>0.05) B} Tnf-a FKIL/KF-TC W Em, (A5 E
T # LPS 4 ¥ 0.5 (0.84 5, P<0.01). 3.0 (0.70
¥, P<0.001) 1 6.0 h (0.77 1%, P<0.01) i} Tnf-
o FIKIKF (K 6).

2.6 LcAUF1 {8i# TNF-a mRNA [&f2

4545 #8 mRNA 3'-UTR (% ARE JIi=4E o6
PEIEE mRNA Fff# 2 AUF1 #8755 TNF-o 25 R IE
T mRNA FiEHFZH A, Bl LeAUFL
X} TNF-o mRNA F2E M5 EH, AUFR7E
LPS (100 ng/mL) 4- ¥ RAW264.7 41 Jfl 0.5 hi%
T Tnfa W FKIG, PIRZ R E D (5 pg/mL)

<
§20 COXHE4L  control
i) :]‘ B AR infection
ﬁglj en
K&
= o
23510
£7
[}
< B
SE 05
S e
s 0 :
- 2 4 8 12 24
T EE I 6] /h

hours post infection

(b)

5 BIAMIMEREXNEGEIEFMEIES Leaur1 EE BT FRIA
(a) R Leaufl I FFRIE:  (0) B Leaufl KN PRI, «+*” P<0.01, “***” P<0.001; [,

Fig.5 Temporal expression of Lcauf1 in the spleen and kidney after V. parahaemolyticus challenge

(a) temporal expression of Lcauf1 in the spleen; (b) temporal expression of Lcauf1 in the kidney; "**" P<0.01, "***" P<0.001; the same below.
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<20 ek
2 = pTRE3G
IH g h =pTRE3G-LcAUF1
035t
B3
1? G sk sk
210t
< 8
QZ{‘ ] Kk
(9]
Ee 5| T
)
3 o LOM@ .
o
ot

0 0.5 1.0 20 30 6.0

LPS 5 T [A]/h
hours post LPS treatment

6 LcAUF1 75 RAW264.7 ZHB8 LPS iI5S /0
Tnfa B F3RIE

Fig. 6 The overexpression of LcAUF1 regulated
LPS-induced Tnf-a expression in RAW264.7 cells

6 RAW264.7 2 ffif% 5%, RT-qPCR ka1 3%
ik LcAUF1 % TNF-o mRNA [5 fi# 3 3R 10 52 Wi
R R, iF Rk LeAUF1 2 ¥ TNF-0 mRNA
R, 5 T IR 2R D Ml S5 40 (0.40
¥, P<0.01). 60 (0.39 1%, P<0.01)F1 80 min
(0.52 f5, P<0.05) B} TNF-0 mRNA [{)23i57KF-,
pTRE3G %5 3 %f B 41 il LcAUF1 i3 354 TNF-
o mRNA 2 5 W] (1,,) 57 % & 46.3 F1 27.4 min
( 7-a); [RIEfid# 3K LeAUFL % f-actin mRNA
FIRIKBA BEFLW (K 7-b). LA ESERE],
LcAUF1 AliEt gt mRNARKSHIETY TNF-o mRNA
Tk,

< 37 - pTRE3G
g E T @ pTRE3G-LcAUF1
9E
K3
= < 1.0
S
= =

o
ﬁé % 0.5
g >

0 20 40 60 80 100

TR F & D ALFRIN 8] /min

minutes post actinomycin D treatment

(a)

B-actin mRNA FHX X &
relative level of f-actin mRNA

4

3 Wik

SN PR -3 18 1o PR ARORE S5 A H
VU Il i A £ 25 Rk G M 57 5 s T 1 OC B R s Bl
e Flhn, 4k KRR (deromonas ver-
onii) # B Ak 2% Y 75 5 B AL B (Lateolabrax
maculatus) WIEE TR 1 AAE R 7 3R /KPR
HOEE 5 & S WO E I 5 SO R T
RNA 4548 1 AUF1 7E M L sh 4 v o] 38 1o 4
AT K F mRNA FEff, TR N FRik,
Tl R AE SN, B A K SR RAE PRI TR YT I T A
PO (H A2 AUFL B SDRE MR WLRGE . AR
5 KB v S e T — A AUF1 S0 5 i 5
LcAUF1 mRNA ({41 cDNA, 45 A RE - Hr
WoR, TEEHESI AL B AUFL 194544 Fil
e m BEARST, LeAUF] 7] 5@ i 412 #F TNF-a
mRNA [%f#, T TNF-o mRNA ik, #R
LeAUF1 7] (8 J& K ¥ fa 4 E R 3 3k - 5 1
FIWEA . 74, HRRIESHT BRI I
SN TR T 7 K B A 2 A G INE R U oh
Leaufl ik K AR PN, $#7~ LcAUF1 7] fig
Z 5 KRB APURYe RAE N T Fak P, 2
R B i RSV E TR T F B A BT TS A5

A WF 58 75 B B LcAUF1 mRNA i 4 K
cDNA 4t 317 2 LRk 5, S5kt
430 . BETh 8 AUF1 S5 B 1) & 3L R 7 51
— B PR Ik 85.58%~99.37%, H.7F 258k A= #
H LeAUF1 5 HAth 128 AUF1 K% 8 51 % —

1.5 ns

- pTRE3G
& pTRE3G-LcAUF1

0 20 40 60 80 100
TR # & D AL PRI ] /min

minutes post actinomycin D treatment

(b)

7 LcAUF1 {2i# Tnf-a mRNA [&fi2

(a) Tnf-o mRNA BEfRHIZE;  (b) f-actin mRNA FEfif #h 25 .

Fig.7 LcAUF1 promotes Tnf-a mRNA decay

(a) degradation curve of Tnf-a mRNA;

(b) degradation curve of f-actin mRNA.
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%, FW LcAUFI & K # i AUF1 Z % 51 o
I FL3h ¥ AUF1 ZKE 415 4 4> pre-mRNA £
WEREPE ST YR W A i, B 8 AAh i+ G i
() pas*Ut, BUR AN BT 2 1Y pa2ttt, RSN
+ 7 1 pa0*T LU AN 2 RSN F T B
() p37°V U3, 5 HI/INEL AUFL ZR05 B B it 47
FE3 X s, LeAUFL B2k 4h i 2 4 il i
JKBL, —R&ES5iFLshd pa2™ ™ #ilH; 3 H
LeAUF1 5 AF/N B p42° & 52 2 50 i) B T
U5, P — 2tk 5r 51 R 83.15% (NP_112737.1)
H1 83.51% (NP_001070734.1), B LcAUF1 &
Tl sh®y p42*" [RIEY) . WiFL s AUF1 H
B RELE I TE LeAUF] Wi BEAR S . it
N Ui RAARAZE RS . AR IBERY RNA PRI S5 44 55
(RRM1 Fll RRM2)., 4+ S BERK & AR 450 445 3 A~
5zl AUFL 151456 ARE X 16 R oo
5 R, RRM1., RRM2 R4 & ek
&SI AE LeAUF] WP BEAR ST N 23R
AL I B AR 5 AUF1 — BAKIE Uk C 1 TN
AR F B IXTE LeAUF] ik, {H5 RNA 254
FHOCHY) CBFNT Z5# 3 BE LR ~F (18 2), DA 4%
R, BEHEh Wb AUFL 23R )7
HFN ) e 25 1 1l s BE AR SF . $27R8 AUFL /92
RETT REth & FE AR, B LeAUF1 1] fEt 76 5% 5%
J& K SF 8 i # AR mRNA 3' UTR ARE S04 &
ff2 mRNA FEfEVE T IR R R Rk

B R FRR A AR T e 25 D) AH
K, WA I DR 2 AU SR G T S 3k R ) e AT
FPEHEL R, Lafon 55™ 4238 76 /N BRI E |
Wapg . Al R, BAE. Wi . AEAZihYy
R 2 Aufl e A, G 2% LR R i i v
Aufl FikK V-t o Lu %5 iR AUF1 2
Iz AR T /NEEAE . BORE . PR . M. N
FGF AL v, L IRRE A NG 0 e i 2 5K
KFHE, I EEAE R E ik,
N AUF1 JEH I AR BTN, IF
FERPE R G R KRR, SHLIRBHRA
XN, THEMrs R, ARU/NR AUFL 25
RIE . MR BF R RMAERE . &
| ERAE S 2 REAL G A HE B AR R P, AR
F 5% R 5 1Y KB £ 9 AN 4L SURE AR o 2446 N 3]
Leaufl 55524, R Leaufl 78 K E ML T
ZERIL, #E8 LeAUFL Al g2 5 SRk A4 B

FeHLT AR . 1B Leaufl HAFEFHES A
FNBRAFEZE R, Leaufl 18R LN 420
TR KV semr, SRR DG A B MELNE ANk 1 R A
KOF &5, B IR R A KOF e fIK (] 4). Abbadi
U 3B /N LA 4120 AUFT 38 2 412 2 G 05
1 mRNA BERRRTTILR &4, B, K
WL HE Leaufl 7K FRik R LcAUFL 1] fig
MR ENEZEHTEN ., RE Leau 1F
it SR R B0 B 28 AH OC 2% B v 3 38 KT AH X 38
ik, (HEIAIMINE K 2 h (P<0.01) F1 12 h (P<
0.001) FYJELAE LA K THE 24 h (P<0.001) FY'B A
Leaufl kKPR 2 T (K1 5), $#8 LcAUFL
Al BB 5 18 4T R A b @I i R R g ARE [
TRk, BRI E IR R B iR HTHOR
TER PR

254 6K mRNA 3’ UTR X ARE JCi- {2 i
mRNA [ JE I 7L sh 4 AUF1 8 5 #0356 [H 30k
f) 3= ZE B ML HI DY, AUFL B % 2 /Y 0 g
mRNA F433% K 3" UTR & ARE TG4 4 4
[AF mRNA, 41 TNF-o, IL-1, IL-2, IL-3, IL-
6. IL-10 55 & JE [ T mRNA, AUFI1 i i {2 i
mRNAPEfE, T IR SAE R+ mRNA Fik,
P RAE R NP Bilan, AEBkRALHE RAW264.7
9 M5 5 AUF1 & kK F L, AUF1 {2 it
LPS %5 TNF-a. IL-1B. IL-6. IL-18 %54 4F
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6.0 h i} Tnf-a mRNA 3£ ik &t (P<0.05), $27/x
LcAUF1 7] fig 02 38 i {2 i mRNA [, T
Tnf-a mRNA % ik & . DLt 28 i K D
RAW264.7 i il 5% 5k Jm , 1 %358 LeAUF1 Jin i
Tnf-a. mRNA [%f# , Tnf-a mRNA 2 75 ] 45 %4
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LPS #5514 Tnf-a mRNA FEik/KF, FH AUFI
1E B ME B Wy 1 Ak 25 4 RN D Re R R R R ST
LeAUF1 1] 3 1+ 412 iF mRNA [ fi R 18 2 58 N
T mRNA Fik . HALURKERE ST 2N,
Leaufl TE RFE AL 23R8, H R M F
B B RN AR Leauf) IR T 532
RIS M N K RE 52, #5878 LeAUF1 A RE 2 R
w PR RIAEN T RB P EZ A,
TE R A0 R VE SR 5 FH PR R AR T R
AR A E

S E Rk (References):
[1] Wang Q C, Ji W, Xu Z. Current use and development of fish
vaccines in China[J]. Fish & Shellfish Immunology, 2020, 96:
223-234,

AR B, K= E IR G % A BT i U R (3], K
PEREFAAR, 2023, 38(4): 553-563,

Deng Y Q. Progress in research on vibriosis and biological con-
trol in animals in aquaculture: a review[J]. Journal of Dalian
Ocean University, 2023, 38(4): 553-563 (in Chinese).
Medzhitov R. Origin and physiological roles of inflammation
[J]. Nature, 2008, 454(7203): 428-435,

[4]

Murray P J, Wynn T A. Protective and pathogenic functions of

[81]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

macrophage subsets[J]. Nature Reviews Immunology, 2011,
11(11): 723-737,

Huang M, Cai S L, Su J Q. The pathogenesis of sepsis and
potential therapeutic targets[J]. International Journal of Molecu-
lar Sciences, 2019, 20(21): 5376,

Smale S T, Natoli G. Transcriptional control of inflammatory
responses[J]. Cold Spring Harbor Perspectives in Biology,
2014, 6(11): a016261,

Priester J, Dreute J, Kracht M, et al. Post-transcriptional con-
trol of mRNA metabolism and protein secretion: the third level
of regulation within the NF-kB system[J]. Biomedicines, 2022,
10(9): 2108,

Guillemin A, Kumar A, Wencker M, et al. Shaping the innate
immune response through post-transcriptional regulation of
gene expression mediated by RNA-binding proteins[J]. Fronti-
ers in Immunology, 2022, 12: 796012,

Uchida Y, Chiba T, Kurimoto R, ef al. Post-transcriptional reg-
ulation of inflammation by RNA-binding proteins via cis-ele-
ments of mRNAs[J]. The Journal of Biochemistry, 2019,
166(5): 375-382,

Brewer G. An A+U-rich element RNA-binding factor regulates
c-myc mRNA stability in vitro[J]. Molecular and Cellular Bio-
logy, 1991, 11(5): 2460-2466,

Zhang W, Wagner B J, Ehrenman K, et al. Purification, charac-
terization, and ¢cDNA cloning of an AU-rich element RNA-
binding protein, AUF1[J]. Molecular and Cellular Biology,
1993, 13(12): 7652-7665,

Wagner B J, DeMaria C T, Sun Y, et al. Structure and genomic
organization of the human AUF1 gene: alternative pre-mRNA
splicing generates four protein isoforms[J]. Genomics, 1998,
48(2): 195-202,

DeMaria C T, Sun Y, Long L, et al. Structural determinants in
AUF1 required for high affinity binding to A + U-rich ele-
ments[J]. Journal of Biological Chemistry, 1997, 272(44):
27635-27643,

Sarkar B, Xi Q R, He C, et al. Selective degradation of AU-rich
mRNAs promoted by the p37 AUF1 protein isoform[J].
Molecular and Cellular Biology, 2003, 23(18): 6685-6693,

Pont A R, Sadri N, Hsiao S J, et al. mRNA decay factor AUF1
maintains normal aging, telomere maintenance, and suppres-
sion of senescence by activation of telomerase transcription[J].
Molecular Cell, 2012, 47(1): 5-15,

Eversole A, Maizels N. In vitro properties of the conserved

R E K7 2: 2 E /) sponsored by China Society of Fisheries

11

https://www.china-fishery.cn


https://doi.org/10.1016/j.fsi.2019.12.010
https://doi.org/10.16535/j.cnki.dlhyxb.2023-156
https://doi.org/10.16535/j.cnki.dlhyxb.2023-156
https://doi.org/10.16535/j.cnki.dlhyxb.2023-156
https://doi.org/10.16535/j.cnki.dlhyxb.2023-156
https://doi.org/10.1038/nature07201
https://doi.org/10.1038/nri3073
https://doi.org/10.3390/ijms20215376
https://doi.org/10.3390/ijms20215376
https://doi.org/10.3390/ijms20215376
https://doi.org/10.1101/cshperspect.a016261
https://doi.org/10.3390/biomedicines10092108
https://doi.org/10.3389/fimmu.2021.796012
https://doi.org/10.3389/fimmu.2021.796012
https://doi.org/10.1093/jb/mvz067
https://doi.org/10.1128/mcb.11.5.2460-2466.1991
https://doi.org/10.1128/mcb.11.5.2460-2466.1991
https://doi.org/10.1128/mcb.11.5.2460-2466.1991
https://doi.org/10.1128/mcb.13.12.7652-7665.1993
https://doi.org/10.1006/geno.1997.5142
https://doi.org/10.1074/jbc.272.44.27635
https://doi.org/10.1128/MCB.23.18.6685-6693.2003
https://doi.org/10.1016/j.molcel.2012.04.019
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

575, &

IKPA 4R, 2025, 49(1): 019406

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

mammalian protein hnRNP D suggest a role in telomere main-
tenance[J]. Molecular and Cellular Biology, 2000, 20(15): 5425-
5432,

Enokizono Y, Konishi Y, Nagata K, et al. Structure of hnRNP
D complexed with single-stranded telomere DNA and unfold-
ing of the quadruplex by heterogeneous nuclear ribonucleopro-
tein D[J]. Journal of Biological Chemistry, 2005, 280(19):
18862-18870,

Yu H, Sun Y H, Haycraft C, et al. MKP-1 regulates cytokine
mRNA stability through selectively modulation subcellular
translocation of AUF1[J]. Cytokine, 2011, 56(2): 245-255,
Gouble A, Grazide S, Meggetto F, e al. A new player in onco-
genesis: AUF1/hnRNPD overexpression leads to tumorigenesis
in transgenic mice[J]. Cancer Research, 2002, 62(5): 1489-
1495.

Gratacos F M, Brewer G. The role of AUF1 in regulated mRNA
decay[J]. Wiley Interdisciplinary Reviews: RNA, 2010, 1(3):
457-473,

Lu J Y, Sadri N, Schneider R J. Endotoxic shock in AUF1
knockout mice mediated by failure to degrade proinflammatory
cytokine mRNAs[J]. Genes & Development, 2006, 20(22):
3174-3184,

Sadri N, Schneider R J. Aufl/Hnrnpd-deficient mice develop
pruritic inflammatory skin disease[J]. Journal of Investigative
Dermatology, 2009, 129(3): 657-670,

Gargani S, Lourou N, Arapatzi C, ef al. Inactivation of AUF1 in
myeloid cells protects from allergic airway and tumor infiltra-
tion and impairs the adenosine-induced polarization of pro-
angiogenic macrophages[J]. Frontiers in Immunology, 2022,
13: 752215,

Hernandez-Cabanyero C, Sanjuan E, Mercado L, et al. Evid-
ence that fish death after Vibrio vulnificus infection is due to an
acute inflammatory response triggered by a toxin of the
MARTX family[J]. Fish & Shellfish Immunology, 2023, 142:
109131,

RN R il i b vt WA B R, A R R R A, o
KT SE. 2022 AL GRS (M. JEaG: drER AL
#t, 2022: 22.

The Bureau of Fisheries and Fishery Administration, The Min-
istry of Agriculture, National Fisheries Technology Extension
Center, China Society of Fisheries. 2022 China fishery statist-
ical yearbook[M]. Beijing: China Agricultural Press, 2022: 22

(in Chinese).

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

B, SRHET, VORAR, 5. 2020 4F AP E KB L IR 43
M I S Rl [0]. WL 7T, 2022, 44(4): 395-406,

Han C Y, Wu X F, Xu B F, et al. Analysis and development
suggestions of Larimichthys crocea industry of China in
2020[J]. Journal of Fisheries Research, 2022, 44(4): 395-406 (in
Chinese).

Bjellqvist B, Basse B, Olsen E, et al. Reference points for com-
parisons of two-dimensional maps of proteins from different
human cell types defined in a pH scale where isoelectric points
correlate with polypeptide compositions[J]. Electrophoresis,
1994, 15(1): 529-539,

Teufel F, Almagro Armenteros J J, Johansen A R, et al. Sig-
nalP 6.0 predicts all five types of signal peptides using protein
language models[J]. Nature Biotechnology, 2022, 40(7): 1023-
1025,

Nguyen Ba A N, Pogoutse A, Provart N, et al. NLStradamus: a
simple Hidden Markov Model for nuclear localization signal
prediction[J]. BMC Bioinformatics, 2009, 10(1): 202,

Fu S C, Imai K, Horton P. Prediction of leucine-rich nuclear
export signal containing proteins with NESsential[J]. Nucleic
Acids Research, 2011, 39(16): el11,

Johnson M, Zaretskaya I, Raytselis Y, et al. NCBI BLAST: a
better web interface[J]. Nucleic Acids Research, 2008, 36(S2):
W5-W9,

Marchler-Bauer A, Bo Y, Han L Y, et al. CDD/SPARCLE:
functional classification of proteins via subfamily domain archi-
tectures[J]. Nucleic Acids Research, 2017, 45(D1): D200-D203,
Larkin M A, Blackshields G, Brown N P, ef al. Clustal W and
Clustal X version 2.0[J]. Bioinformatics, 2007, 23(21): 2947-
2948,

Kumar S, Stecher G, Tamura K. MEGA7: molecular evolution-
ary genetics analysis version 7.0 for bigger datasets[J]. Molecu-
lar Biology and Evolution, 2016, 33(7): 1870-1874,

Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 272A€7
Method[J]. Methods, 2001, 25(4): 402-408,

XU, PR, WAL T B 5 4 2R AR ST TR (7). AR
Wz S R LR, 2016, 43(1): 5-13,

Liu W, Sun Z Q, Xie H W. The progress of gene tissue spe-
cificity researches[J]. Progress in Biochemistry and Biophysics,
2016, 43(1): 5-13,

Grayfer L, Kerimoglu B, Yaparla A, et al. Mechanisms of fish

macrophage antimicrobial immunity[J]. Frontiers in Immuno-

https://www.china-fishery.cn

12

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1128/MCB.20.15.5425-5432.2000
https://doi.org/10.1074/jbc.M411822200
https://doi.org/10.1016/j.cyto.2011.06.006
https://doi.org/10.1002/wrna.26
https://doi.org/10.1101/gad.1467606
https://doi.org/10.1038/jid.2008.298
https://doi.org/10.1038/jid.2008.298
https://doi.org/10.3389/fimmu.2022.752215
https://doi.org/10.1016/j.fsi.2023.109131
https://doi.org/10.14012/j.cnki.fjsc.2022.04.011
https://doi.org/10.14012/j.cnki.fjsc.2022.04.011
https://doi.org/10.1002/elps.1150150171
https://doi.org/10.1038/s41587-021-01156-3
https://doi.org/10.1186/1471-2105-10-202
https://doi.org/10.1093/nar/gkr493
https://doi.org/10.1093/nar/gkr493
https://doi.org/10.1093/nar/gkn201
https://doi.org/10.1093/nar/gkw1129
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.16476/j.pibb.2015.0268
https://doi.org/10.16476/j.pibb.2015.0268
https://doi.org/10.16476/j.pibb.2015.0268
https://doi.org/10.3389/fimmu.2018.01105
https://doi.org/10.3389/fimmu.2018.01105
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

575, &

IKPA 4R, 2025, 49(1): 019406

[38]

[39]

[40]

[41]

[42]

[43]

logy, 2018, 9: 1105,
TRFAE, AEb0 O, R, S5 B R4 R N 2 ST 5 X E
[0). BN A A 2EHR, 2020, 28(2): 360-368.
Zhang H X, Li K M, Wang N, et al. Establishment and charac-
terization of a liver cell line from spotted knifejaw (Opleg-
nathus punctatus)[J]. Journal of Agricultural Biotechnology,
2020, 28(2): 360-368 (in Chinese).

TR, BN, AICHORE. R Sk B A R BRI B G TV
BB RARAL [T]. EER, 2023, 33(3): 287-292,321.
Wang X H, Mu P F, Ao J Q. Selection and optimization for
transient transfection method of large yellow croaker head kid-
ney cells (LYCK)[J]. Biotechnology, 2023, 33(3): 287-292,321
(in Chinese).
Torraca V, Mostowy S. Zebrafish infection: from pathogenesis
to cell biology[J]. Trends in Cell Biology, 2018, 28(2): 143-
156,
Gomes M C, Mostowy S. The case for modeling human infecti-
on in zebrafish[J]. Trends in Microbiology, 2020, 28(1): 10-18.
Wang B T, HuJ M, Feng J, et al. Acute septicemia and immune
response of spotted sea bass (Lateolabrax maculatus) to
Aeromonas veronii infection[J]. Fish & Shellfish Immunology,
2022, 124: 47-55,
Lafon I, Carballés F, Brewer G, et al. Developmental expres-

sion of AUF1 and HuR, two c-myc mRNA binding proteins[J].

[44]

[45]

[46]

[47]

(48]

[49]

Oncogene, 1998, 16(26): 3413-3421,

Lu J Y, Schneider R J. Tissue distribution of AU-rich mRNA-
binding proteins involved in regulation of mRNA decay[J].
Journal of Biological Chemistry, 2004, 279(13): 12974-12979,
Masuda K, Marasa B, Martindale J L, et al. Tissue- and age-
dependent expression of RNA-binding proteins that influence
mRNA turnover and translation[J]. Aging, 2009, 1(8): 681-698,
Moore A E, Chenette D M, Larkin L C, et al. Physiological net-
works and disease functions of RNA-binding protein AUFI[J].
Wiley Interdisciplinary Reviews: RNA, 2014, 5(4): 549-564,
Abbadi D, Yang M, Chenette D M, et al. Muscle development
and regeneration controlled by AUFI1-mediated stage-specific
degradation of fate-determining checkpoint mRNAs[J]. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 2019, 116(23): 11285-11290,

Shrestha A, Pun N T, Park P H. ZFP36L1 and AUF1 induction
contribute to the suppression of inflammatory mediators expres-
sion by globular adiponectin via autophagy induction in macro-
phages[J]. Biomolecules & Therapeutics (Seoul), 2018, 26(5):
446-457,

Roca F J, Cayuela M L, Secombes C J, et al. Post-transcrip-
tional regulation of cytokine genes in fish: a role for conserved
AU-rich elements located in the 3'-untranslated region of their

mRNAs[J]. Molecular Immunology, 2007, 44(4): 472-478.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

13

https://www.china-fishery.cn


https://doi.org/10.3389/fimmu.2018.01105
https://doi.org/10.1016/j.tcb.2017.10.002
https://doi.org/10.1016/j.tim.2019.08.005
https://doi.org/10.1016/j.fsi.2022.03.030
https://doi.org/10.1038/sj.onc.1201895
https://doi.org/10.1074/jbc.M310433200
https://doi.org/10.18632/aging.100073
https://doi.org/10.1002/wrna.1230
https://doi.org/10.1073/pnas.1901165116
https://doi.org/10.1073/pnas.1901165116
https://doi.org/10.1073/pnas.1901165116
https://doi.org/10.4062/biomolther.2018.078
https://doi.org/10.1016/j.molimm.2006.02.015
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

ATy, % KP4, 2025, 49(1): 019406

Molecular cloning of AUF1 gene from large yellow croaker (Larimichthys
crocea) and analysis of its TNF-o mRNA decay-promoting activity

HE Zhigiao, WANG Huijjuan, GUO Shengquan, ZHANG Xiaolin,
YAN Xiaojun, SHEN Wang *

Marine Science and Technical College, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: Hyperinflammation, induced by the overproduction of inflammatory cytokines, is a key pathogenesis in infectious
diseases of cultured fish, such as hemorrhagic septicemia. Therefore, the biosynthesis of inflammatory cytokines is precisely
regulated by transcriptional and post-transcriptional mechanisms to ensure tight control of the production. The importance of
AU-rich element-binding factor 1 (AUF1), a ubiquitously expressed mRNA binding protein also known as heterogeneous nuc-
lear ribonucleoprotein DO (hnRNPDO0), in maintaining the balance of inflammatory response has been well demonstrated in
mammals, which it decreases the production of inflammatory cytokines by promoting mRNA decay. However, the regulatory
effect of AUF1 on the expression of inflammatory factor mRNA in teleost fish remains unknown. To investigate the regulation
of fish AUF1 on the mRNA expression of inflammatory factors, the full-length cDNA of an AUF1 homologue, LcAUF1, was
cloned by rapid amplification of cDNA ends (RACE) from large yellow croaker (Larimichthys crocea), and its tissue-specific
expression pattern and temporal expression in the spleen and kidney following Vibrio parahaemolyticus infection were invest-
igated by real-time quantitative polymerase chain reaction (RT-qPCR). Additionally, the regulatory effect of LcAUF1 on TNF-
o mRNA expression was detected by overexpression of LcAUF1 in RAW264.7 cells using a tetracycline-regulated expression
system. The full-length cDNA of LcAUF1 was 1 413 bp in length, containing a 266 bp 5' untranslated region (5'UTR), a
294 bp 3'UTR, and a 954 bp open reading frame (ORF) encoding a polypeptide of 317 amino acids. Multiple alignment
revealed that the amino acid sequences and typical functional domains of mammalian AUF1s are highly conserved in
LcAUF1, and LcAUF1 clusters with its homologues from other teleost fishes in the phylogenetic tree. In healthy large yellow
croaker, Lcauf] transcripts were detected in all 9 tested tissues, with the highest level found in the muscle tissue. Upon V. para-
haemolyticus challenge, the expression levels of Lcaufl were significantly down-regulated at 2 h (0.51-fold, P<0.01) and 12 h
(0.58-fold, P<0.001) post-infection in the kidney, and at 24 h (0.39-fold, P<0.001) in the spleen. In RAW264.7 cells, overex-
pression of LcAUF1 significantly decreased the expression level of TNF-a mRNA at 0.5 (0.84-fold, P<0.01), 3.0 (0.70-fold,
P<0.001) and 6.0 h (0.77-fold, P<0.01) post LPS challenge. After inhibition of transcription by actinomycin D, overexpression
of LcAUF1 in RAW264.7 cells significantly increased the degradation rate of TNF-a mRNA, but had no significant effect on
the degradation rate of B-Actin mRNA. These results collectively indicated the structure and function of AUF1 are highly con-
served in vertebrates, and LcAUF1 decreases the mRNA expression levels of inflammatory cytokine by promoting mRNA
decay, suggesting that LcAUF1 may be an important regulator of inflammatory responses during infection. This study provides
reference data for further exploring the role of LcAUF1 in the regulation of inflammatory cytokine expression and the applica-
tion of LcAUF1 in the prevention and control of infectious diseases in the large yellow croaker industry.

Key words: Larimichthys crocea; RNA binding protein; AU-rich element-binding factor 1, AUF1; mRNA decay; inflammat-
ory cytokine
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