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BRA, FRE

WE: F R RS AREA MRS E Y& | T4 M (Ctenopharyngodon idella kidney, CIK)
miR-23a &y i = AL H|, 5250 18 o 52 B K Ot 2 & PCR (QPCR) Ml & 7 %6 /K R % fi B & % CIK
41 Jig, J& miR-23a #y & 3k & % 4, /1 RNAhybrid 2 #F U miR-23a &y 3 5 & F A W& G &
B & HERN RS HATLEE, KELH miR-23a xtEEFE K Tt B EEEH. %
A, E%*’Lﬁﬂ@%ﬁ“al{ 40 fo A R B ] 5, miR-23a RAEF AR EFLMN; KKK
% B A & 35 52 30 Fr miRNA-23a #2440 4 /40 %] 7 42 4 L 30 3 ¥ 36 B R 1 i 45, % € bkl
Fo glurl & miR-23a # 3£ F ; it & 3k miR-23a 1 #| T T g £ B Idha. ldhba. pdhala Fo
pdhalb W] KK KTF. LI RF R, miR-23a 5 5 F 58 KR 2 M E K% 5 CIK 40 0 F &
9 B . thkl F glutl 2 miR-23a ¥ 3 &, miR-23a & 4% ¥ 14 glutl % “I’JT/J??EE]E’]%%LO
DESERy miR23a R H & X P R N EALEAR T ERET W EEZE, Fohit

¥ 7 f# miRNA /3 ZANEHEE T &
K ##17]: miR-23a;
FESHES: S941.42

¥ Af (Ctenopharyngodon idella) =1 7 I 3754
7o e P K T FRBE X G B A0 R AR Y
TR, WRERA KL, KK BMEE (deromonas
hydrophila) JB4x 75 | 2 ) L0505 8U™ 5 1Y 2 5F
h%moﬁﬁmﬁﬂﬁ — 2822 R B IK A 2
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Gy R H A RIE A 21 > miRNAs = 4F 22 5
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e E M, AR ERE; 7IERM

MERARERD: A

FEPH 3'ERHPE X (3'-untranslated regions, 3’-UTR)
455 DT 410 1) A 56 R 1) 0 R i R A O R PR 0 A
T AL R 2R A 4553, miRNA 2 5
FEAML oM . P SRR A 2R A s AR
SAE e AL . AR . B YRR
B2 40 IR 1 AN s 228 (LPS) S5 AN [ 385 | kS 1Y

SR AR, R, 4 miRNAs 5
o B PN 200 A SR i V18 Al £ 174 B2 B 81 2 DD AH
KM B, FERINE (Vibrio anguillarum) &Y
T i1 (Plecoglossus altivelis) J][E] , miR-155 7] fi¢
PR AR T RETT 1 5 A% 40 /5 e 200 e R T2 ot
fh, — 25T & B miRNAsH miR-148"", miR-
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214" F1 miR-19a" 3, 0] L4 1) ] MyD88 1Y % ik ,
MyD88 1] LGP I 15 4 B 5 R 19 R AE R g o R4S
O A £ Fh 25 (9 miRNAs 8% BF 5%, (H 55 5
miRNAs 7E 53 H (9 7 FH A1 43 AL A A 15 afE—

IS B AE R T Mg 7K B R R Y B £ CIK 2
fiflJ5 miR-23a Rk ARk, I XLEE ' 2 il i
I RS E miR-23a HEIE, Hf4E /R miR-
23a X R EE R A REEAE AT, IR ABEFY miRNAs
Xof 5 PR ) 8 e AL ) R 4 v 1 R BRI R 22
FI A

1 MESIHE

1.1 SCIEMRI 5

Medium 199 }57:3E | Opti-MEM #4Je 15 373k |
G4 175 (Fetal bovine serum, FBS). %7 1 55 % -
BEEE R L) VAN 0.25% [ B Trypsin-EDTA
(1) 4 H Gibco 23 #]; Lipofectamine 3000 Il H 5%
[£] Thermo Fisher Scientific /A %] ; miR-23a agomir
(BEH) . antagomir (FP 4l 5]) FIEAPEXS B (NC) 1y
B i TR 25 H R A BR A W] 5 Jos v R &
T H 3= RKAEYH AR ; RNAiso Plus 7] |
Script™ RT reagent Kit with gDNA Eraser [ % 5% i
7 £ . TB Green™ Premix Ex Tag™ II 7% )¢ & &
PCR X7 & . Quick Cut™ Sac T FR#l /i . DNA %
Jig SR & B H AR TaKaRa A H]; miRNA 2
SR 3 £ miScript 1T RT Kit 1% % % ft PCR iR
7 & miScript SYBR” Green PCR Kit Iy F 4 [F Qia-
gen 2\ F) ;PR BRI IR 6 A1 DHS o 852 8548
Ml A RARA AR db ) ARRA R pGEM®-
TEasy #4& . pmirGLO X% % ilf miRNA $E 5L K
IR BTN ' F AR 5 5 RS D300 40
Promega A ] ;  CO, 4 IIH IR 35 F7 46 W A F il —
B A R /AF];  Centrifuge 5424 R ¥ IR
LML H 1% [ Eppendorf /A 7] 3 Nanodrop 2000c
43 N6 T4 H Thermo Scientific; CFX96 Real-
Time System 5 i} 2¢ )t % 5t PCR Y [ 3 [F Bio-
Rad A .

1.2 ZBAEIE T A R SR

M WE 40 L R (Ctenopharyngodon idella
kideny, CIK) Ml BEAE K AR, My [ v [ R RS 33
YRR O o RN TEA 10% FAOCTE AR 2R 138
100 U/mL 7 75 % Fl 100 pg/mL 4% 55 2 #Y M199 54
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Prime

FeRE, AR T 5%C0,. 28 °C 18 i 40 M 15 5%
FEPOE . AMAL TR KINIE TR, A 3~4d
AT 1 IRAEAR

21 T JEk e S 56 BT FH g /KPR TR A AHLO TR
PR, PR AE T 3B 2 T Bl DR o (PR
AB2014155), FHKESSF PR N B, L5
HI, ¥ 50 mL 35 5= ML A9 CIK i (2x10° /~/mL)
BRp R 24 fLbH, RN AE KR E] 70%~80%
I, FHBERR 92 vp 3h 1 WK (PBS) 1 PE4H A 1~2 ¥,
INAR ST E ) M199 55 35 5 (5 10% PR E
G4 ), BEJS A 100 pl g K < B (10°
CFU/mL) 3% 4™, %8 0.5 h e A4t & il
T M199 BrFR 56 BB YL Y CTIK 240 o i & AH 1
FYRTE] (0. 6. 12, 24 Fil 36 h) JG 41, FT
A3 HT miR-23a Fl bkl . glurl Fo B[] 46 36 PE 6 35
RS AT 3 DAY

1.3 BOASL A T30 AN BRI M)

FIH RNAhybrid 2 {4 FU miR-23a 1)1 7
HH, et PCR Y1 &8 T Wl miR-23a 454517
SUARIEH 3'UTR F B, ARG 174 A pmir-
GLO &% 6 Z Bi i 45 36 R 3K AY Sac T 45, FIH
JesE AR & G RAEYEAR) A R E LR
T A B 4 TR 4738 1 0 B IE

14 MR ZEREEELR

¥ pmirGLO-tbkl . pmirGLO-glutl %% Yt 2 i
45 2K 5 miR-23a agomir 5%, NC JL 5% 4t 3] CIK
Y., Y36 h )5, (ARG R BER & 5L KA
D7) 8 24 i CIK 4 A 117 2¢ ' 2K 06 Pk o it
KL BHEL 3R BB K PO R G
PE (FL) A% T B 9 R BREG ME (RL) Froffbok iR
AR OC K WIS P (FL/RL), FUFSREE 3'UTR
5 miR-23a (55 RE ST .
1.5 FERII

H 5 B4 K3 CIK 40 i 3 Fh = 24 LA A
W, TRATMRLA B R B 70%~80% B, H A &40
Mok 3R3E, JFMRHE Lipofectamine 3000 3274 F 15d
B K & A miR-23a agomir, antagomir £ NC %%
P CIK i, WALWITT 3N EY¥EL,
EEYY 36 h JT SCHE A AR A
1.6 RNA REUFIERTRK X EE PCR (QPCR)

Fiz B TRIzol 12X 771 158 W 45 2 A3 A 5 & 19 L
RNA. fdi [} NanoDrop 2000¢ 733t 6 11 H1 Byt g b
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46 &

T JRE P VK 0 AR S RNA B VR R & {8
RNA Sz %% 585 & 1 miRNA 2% 5870 & 20 0l
X RNA #F17 [ f% 5% 3% cDNA. & RNAFRYJ gPCR
FN . 95°C30s; 95°C5s, 60°C30s, 40
AMEFR ., miRNA [ qPCR JZJW 25 95 °C 15 min;
94°C15s, 55°C30s, 70°C30s, 40 MEH, 7E
BERIE Z 5 AT I f i e b, DA UE =49~
B AR S . miRNA Fl mRNA 8 A7 X 26 1k 7K
43 9d H miR-101a A1 18S rRNA fE A NS, B4
FEAh 3 AT T qPCR RIS 1 L2 1,

%=1 PCR FTAMISI#IFS)
Tab.1 Sequences of primer used for qPCR

a , ERFHIS"—3") R FFI(5—3")

sl B f d

rimers name orward sequences reverse sequences

p (5'—3") (5'—3")

miR-23a ATCACATTGCCAGGG
ATTTCCA

miR-101a TACAGTACTGTGATAA
CTGAAG

bkl TTGGCACAGTTTGTCT CCTGTCTGGGTTTACT
TATCG GTGA

glutl GCATCGTTATTGGCAT GCAAGGCAAGAGCAA
CCTC TGGTC

Idha ACAAGATAGTGGCGG GTAACGGAAACGAGC
ATAA AGA

Idhba ATCGGCACAGATAAA CACAGGGCAGACTCA
GACG GGTA

pdhala GGTGGTATCTGCCAGG GATCTCACGAACAGT
AC GCC

pdhalb GGGACATCAGTGGAA CTAATCATGCGGTCCT
CGA TC

18S rRNA GGACACGGAAAGGAT CGGAGTCTCGTTCGTT
TGACAG ATCGG

L7 SitFESR

JI G LR 3 AN EE . TR OCE R
BB L2 AR kA, il R R T 20
AR K2 & ik il ) 2 2. ra it
i B 5 R F Y {H 4R 1 2% (mean + SD), * P<
0.05 NZEFTE, ** P<0.01 HERWTE,

2 4

2.1 REKS EPE AN CIK 40/ miR-23a BY

N

FIH qPCR A ) i 7K A5 A J8% 4% CIK 41 il
J& miR-23a (YF RN . 458 PR, miR-23a YK
kRIS LS TR R (P<0.01, E 1),
J&YL IS 6 A1 12 h, miR-23a YA 3% & Txt
HRZH (P<0.01); YL R4 24 F1 36 h fOF KA T
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EARTXT R4 (P<0.01), Z5RFH, 7ERE/KSH
Jif P R e CIK i Ay B2 P, miR-23a B IAZ
NS AN
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JEYLJE I []/h
time post infection
1 MEKSBMRERSR CIK MG

miR-23a FIFRIAKF
B b B8 R R B R R (n=3), o REMEEFEER,
P<0.01

Fig. 1 Expression profiling of miR-23a in CIK cells
upon A. hydrophila infection

Error bars indicate the mean and standard deviation (n = 3); “**” repres-

ents very significant difference, P <0.01

2.2 miR-23a $EEFMNEE
YRR B2H A ) miRNA-mRNA i #3556
ZRE A 045 B 2F 34 RNAhybrid, TR bkl
F glur1h miR-23a Y HE LK . miR-23a 7 bkl I
glurl 1 3'UTR MY Z5E AL LA 2,
thk1 5 U A3
UCUCUG GUGA
AR RN
AGGGAC UUACACU
miR-23a 3’ ACCUUU CG A5

glutl 5" A GACA U G Cc3

GAAAUC UG C AAUGUGA

L1111 | [LEEET

CUUUAG  AC G UUACACU
miR-23a 3’ AC GG C AS

2 miR-23a ¥0EE TN
miR-23a 5 tbkl. glutl 3'-UTR 4540 s 2
Fig.2 Prediction of miR-23a target genes

Schematic diagram of the binding site of miR-23a to 3'-UTR of tbkl
and glutl

qPCR KB 260, CIK 40ME7E 23K <
PO RS R, bkl RN glutl RIS T M
Ja B, 5 miR-23a i F 3515 O A 26 (] 3),
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[E 3 tbkl and glutl 7EFEK S BRI CIK AR+ HIRIL
WE 7K S TR R G 5 CIK 40 P bkl (a) AT glurl (b) RIATE ML BB R R NP EAREE (n=3), “*"RRBEFER, P<0.05;

o fRERBEER, P<0.01

Fig. 3 Expression profiling of tbkl and glutl in CIK cells upon A. hydrophila infection

Expression profiles of tbkl (a) and glutl (b) in CIK cells following A. hydrophila infection; error bars indicate the mean and standard deviation (n = 3);

“*” represents significant difference, P < 0.05, “**” represents very significant difference, P <0.01

¥ o A miR-23a 45 & £ 501 bkl F1 glutl
3'UTR oo R B 98 0 28 il 4 R DR 3 Ak i i, 15
F| 925 i 7% pmirGLO i 2 B :  pmirGLO- bkl
Al pmirGLO- glutl . % 4% miR-23a agomir SEH0 4
PR BTG B T, SXTIRA R, pmir-
GLO-tbk1 F pmirGLO-glutl 114 %% 5 2% ilf 1% 14 23 51
T2y 63.5% F154.4% (P<0.01, &l 4), i %k
W] miR-23a ] LU [ 45 T tbk1 Fl gluel 3'UTR
HAM A, IR E

EjXTHRAL (1.00 +0.06) AHEL, #7615 miR-23a
J&i, miR-23a A X%F A (119.68 + 16.92) & & Tt
5 (P<0.01, [&] 5-a), FREIBIHIYAF G B2,
BERS 4 5Pk LM CIK 40 o miR-23a 1Y Rk =
FIF 18S rRNAAE RN S 3L K, DN s B0 35 (] ebk1
I glurl BIARXT 8 & (K 5-b), M T XA,
miR-23a agomir 7% Y 20 #U LA tbk1 T glurl 3R IK
HYmE, 2914 (0.46 £ 0.03) Al (0.32 + 0.02),
9 7] miR-23a J5, miR-23a Al X} Fik & (0.03 +
0.00), I LT H0 i % B4 (1.00 £ 0.06)(P<0.01,
5-c), RUIMHHAF LA, RBRERET
) CIK 4 g miR-23a BRIk TE . DL 18S rRNA K
NS FEH, 02 S0 3 R bkl AT glurl F9AH R 223K
i (&l 5-d), ML TXTHEZ4], miR-23a antagomir %
Yo WL IE A bkl BN gluel RO FRIR R LR, 20 5R
(1.78 £0.21) #l (1.74 £ 0.15).,
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different target genes
El 4 WECEERERFWIE miR-23a X thk1
glutl BYEBE{ER

1. thkl, 2.glutl; miR-23a agomir A1 & 20 i ki pmirGLO-tbkl. pmir-
GLO-ghur1 ¥ 4 CIK 2 ffl 5 1) X5t 3K B E 4 e s B Bdls &
RAFEELIRHETE (n=3); “RRFER, P<0.05,
KWEEZSR, P<0.01
Fig. 4 Dual luciferase reporter system validates the tar-

geting of miR-23a on tbk1 and glutl

FRR 5 e 2R g i B
relative luciferase activity
o it
(9] (o=}

1. thkl, 2. glutl; dual luciferase activity assay after miR-23a agomir and
recombinant plasmid (pmirGLO-#bk1, pmirGLO-glut1) were transfected
to CIK cells; error bars indicate the mean and standard deviation (n = 3);
“*” represents significant difference, P < 0.05, “**” represents very

significant difference, P <0.01
2.3 miR-23a HIE TR E

Idha . ldhba. pdhala F pdhalb J& glutl 1 Jif
R E T T RN . qPCR R TR 2%
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.8 g I miR-23a agomir
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Koo X 8
K 5 ®e 10y I +
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SE S5 o0s| s
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h h l
- -
0 0 ) \
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AR LA ENE[ELE s
different treatment groups different target genes
(a) (b)
1.2 2.5 r CONC
” g i % [ miR-23a antagomir
'& 8 By 2 2.0 ¢ = #k
! R
2o EZo1st
= < fanng <C .
£g =2
= G =
I <& 10t E =
< B 04} Ei
1 O =
&2 E= L
E % s 05
0 A_ 0 . .
NC 2 3 4
ANTR] ) Ak 2 ZH ANTFI T FESE R
different treatment groups different target genes
©) (d)

E 5 miR-23a 0[] thk1 1 glutl
miR-23a agomir # 4% CIK 41 J5, qPCR 4% miR-23a (a) FEEIER bkl glurl (b) L miR-23a antagomir % 4t CIK 405, qPCR il
miR-23a (c) FIHEIE R bkl Al glutl (d) 35 1. miR-23a agomir, 2. miR-23a antagomir, 3. tbkl, 4.glutl; P F $¥E F 7R NP EE bR 2
(n=3); “ORELEER, P<0.05 o REMBEZER, P<0.01

Fig. 5 miR-23a targets tbkl and glutl

Expression of miR-23a (a) and target genes tbk1 and glutl (b) by qPCR after miR-23a agomir was transfected to CIK cells; expression of miR-23a (c)
and target genes tbk1 and glutl (d) by qPCR after miR-23a antagomir was transfected to CIK cells; 1. miR-23a agomir, 2. miR-23a antagomir, 3. tbk1, 4.
glutl; error bars indicate the mean and standard deviation (n= 3); “*” represents significant difference, P < 0.05, “**” represents very significant dif-
ference, P <0.01

B, 735 miR-23a AEMS S WRAR FWEIEE Idha,  1EH SAE ROV ZEFLY A6 IR 5 58 AE I I B8 AT B g
ldhba . pdhala Fl pdhalb FIFkEE (P<0.01, B 6).  KAEN. HICHIEIRSHRYT, 3L 0] S AE K

37 ARG 8 E PR - B 36 A KPP, BB A% I ER e
3 ik X BILAAR R B TR U, O e LA X 4 T D it

R RERTI 7. BRI S 408 i
ORI T RGN -BAIREI o s BRI AT Ik S 3 0 3

WV HEUS VR R SRR IR  SURTRIE e FUAH O e P T 883 5 A ik e I S )
AR EMZGHIR, AT ERUOKMII ek, REHE TS R miRNA 2 5Lk
Pl MR R R, B XS AT DABIGRAERT ko R i R . FESURE IR (Arabidopsis) (A
N R T 57 R 1 S OIS 6 K B IO T SeBRgeeh, 45—k BB 1EmiRNA 2 57 T4
RS B, (R RS — ST RO . miR-3O3AEMEIIEIAL K 2 (5 2l
rhR T, I A A TR I T BB ) R R R %, MWTAEH T T F R M IS (Pseudomonas syr-
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23 MR, % W0 miR-23a 7E R /KoM IR YL

SR P A RS AL 285

L5

[ CaNe
g [ miR-23a agomir

i 2
X8
®E L0 HE -f I T
z ©
23 -
2 &
;Eos- o
~ & . *
- iR

0 1 L 1 L

1 2 3 4

NGO
different downstream genes
E 6 miR-23a X TiHFE EREE/ER
miR-23a agomir £ 4 CIK 4l Jfd J5 , qPCR & Wl '~ %% 3 (A 1.idha.
2.ldhba 3.pdhala ¥ 4.pdhalb W13i%; R 2R N F I E LR
WE (n=3); “REBEER, P<0.05; " REMEEER,
P<0.01

Fig. 6 Regulatory effect of miR-23a on
downstream genes

Expression of downstream genes Ildha, Idhba, pdhala and pdhalb by
qPCR after miR-23a agomir was transfected to CIK cells; 1. Idha,
2. ldhba, 3.pdhala, 4.pdhalb; error bars indicate the mean and stand-
ard deviation (n = 3); *” represents significant difference, P < 0.05,

**” represents very significant difference, P <0.01

ingae) YA R IT IO L FE . B AR miRNA
P 200 A 12 25 R M R 5 D e o R PV R WL AT A
PR AT o (H 5T & I miRNA & o # )
mRNA JHFEHUA G KON, & BERE A3 fin 98 5 L
I LA R X5} 5 B ) AAR P, A R D A E S I DA AR
PR,

AR NF-«B V. 3E P65 5 miR-23a)5 3 1 X 44
A AT LA ) SR R B E ™Y, H 2 EF miR-
23a QAT T e R B W R E A £ L. miR-23a
R A E W20 i P A AR AR S Rk i, SR
FH], 1E LPS. CpG 5% poly(I: C) H# )5, miR-
23a FIA KT BET AR PR T 9, B miR-23a
Z 5 TLR /- e R fE ROV F2, #8878 T miR-
23a TERBEA M TIRE™ . FEE EANAE ., miR-
23a J& 1 TLR fitl A& 14 56 K G 33 SO0 9 I 1] 875 A
T 2440 M A2 3 TLR BCAR 40 LPS. CpG &%
poly(I: C) H| ¥4} miR-23a Y F ik F M., HT
miR-23a [k BRI, M 5] NF-«B {55
BB R R A20 R IR BN, NF-xB 16 P
TR REUE RILR R R EZEH . Kk, miR-
23a 1] BB 45 il RAE SR ) — A BT IR T HE A o
MRAE RS H Ao & B, miR-4620 3 i 7 4%
ex32.2. slc9a3.1 F thkl, miR-21"" 3@ st M 4% jnk
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Ml cer7, miR-731%% 5@ 4845 Gadd45aa. miR-23a-
3p™, miR-23a-5p™" i i {5 CiGadda5ab, VI
I 7KL D B L I A 1Y) SRE R 2 i
Too TEABGE T, WEK MR IRY CIK 45,
miR-23a (Y Rk H B EA, RHHS 54
FESLIV VR . AE AN L CIK 40 i #h, miR-
23a B EIAKFEAE 6. 12h BF M, &Y 36 h
Ji miR-23a AR A K- B2 T8 i I FRATHEN
miR-23a W] i8S 15 B A0 20 TR R e 1y LD R 42 S o
TEH A A 2E P A AL LB, T A0 R
miRNA 23k #2207 4 @ F AR, HJE, miR-
23a Xof e £ AR L B KR R S R e Y A 92 I 2B
SR i AR AARIT

R4 A= W45 B A B RNAhybrid T @ 7w
thk1 F1 glutl W] fE J& miR-23a 1Y ¥ 76 8 2L A
TBK1 J&3K A T 1B J i 515 1) — 25 22 5 R /95
MR EE M, S5ty W g gt
G — RN RMEGRPENZE . GLUTI 25—
BER R A B IS B, BOE R T AR T
2 B 3 GLUT Al 3 436 B 1) T 440 e 5 250 AR
W, DA R AE RV, AR TR 32 P R G i Y
TEARWEFEH, bkl Fl glutl 1) F KB 5 miR-23a
AR A A O o 3 SO 2R M A S R G2 4
M, BN bkl Fl glutl J&= miR-23a (9B KL . miR-
23a BADLY) AR S Qe SE g 25 R o, BTl
FER A miR-23a Y FRIKIKF-, bkl F glurl (¥
FR BB KA R L, Eau P EZ
[T R, AR bkl A glutl j& miR-
23a MR AL o 3 8h, F% Ot miR-23a B )
glutl W T UiF 3 N Idha . ldhba. pdhala I pdhalb
)2k B M Hl, 2B miR-23a BEUSHE ) glutl
S0 R F LR A9 F5A . LDHA . LDHBA J& T3
Jiit &, 40 LDHA A SR /EH], LDHA AJ Lk
3 ) AR A A T R A RO B B S
P9 I AR IR YT L5 YY, PDHALA . PDHAIB J&
TR R i U, RRAS IR R ALC IE AMPK
fFEmp, ez nlmE.olgmie k. RAE ML
Ae4pP, P, miR-23a 38 i W NI Idha
ldhba. pdhala Rl pdhalb {335 KF, Wik —
AR AT SN )RR

zi b, ARWFFEEM, miR-23a ()3 A X 7E
g K AL P R Y CIK 4l )5 & A4 B & Ak, 1
NHSH T RENZ; %8 T bkl Fl glurl J& miR-
23a YHREER ;5 4, miR-23a AERSHR ] glurl 52
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Koo R

46 &

Wi T Y P B 308 o SEER 45 RO miR-23a 7B A
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Regulation mechanism of miR-23a in Ctenopharyngodon idella during
Aeromonas hydrophila infection

BAO Tianjie !, BAO Shengcheng', FANKun', SHEN Yubang "*’, XU Xiaoyan "**", LI Jiale **
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Grass carp (Ctenopharyngodon idella) is the most productive aquaculture fish in the world. With the
development of C. idella culture, diseases have occurred from time to time, and the disease caused by Aeromonas
hydrophila infection lead to serious economic losses. miRNA is a kind of endogenous non-coding small
molecule RNA with a length of about 22 nt, which can bind to 3’-UTR (3'-untranslated regions) of target
mRNA to inhibit the translation of target mRNA or degrade target mRNA. As a new type of gene expression
regulation molecule, miRNA can participate in the regulation of different types of biological processes such as
cancer occurrence, immunity, development, cell differentiation, apoptosis and immune defense. The degree of
complementarity corresponds to different forms of action. When miRNA and target mRNA 3’'-UTR have
incomplete complementary binding, protein production is inhibited at the translation level. When miRNA
completely complements the target mRNA 3 '-UTR, degradation generally occurs after transcription. At
present, more than 30 000 miRNA molecules have been found in more than 200 species. In all kinds of aquatic
animals, miRNAs perform a variety of biological functions in their bodies. For example, some miRNAs are
closely related to the regulation of immune response in bony fish after virus or bacterial infection. During
Vibrio anguillarum infection in ayu, miR-155 promotes pro-inflammatory functions and augments apoptosis of
monocytes/macrophages. In addition, some studies have found that miRNAs such as miR-148, miR-214 and miR-
19a can also inhibit the expression of MyD88, which can negatively regulate the inflammatory response caused by
bacteria. In this study, the target genes of miR-23a were screened and determined to study its mechanism after 4.
hydrophila infection. In order to explore the regulatory mechanism of miR-23a in C. idella kidney (CIK) cells
infected with A. hydrophila, the expression of miR-23a in CIK cells infected with A. hydrophila was determined by
real-time quantitative PCR(qPCR). The target genes of miR-23a were predicted by RNAhybrid software and iden-
tified by dual-luciferase reporter assay system. Finally, the regulation of miR-23a on downstream genes was ana-
lyzed. The study found that the expression of miR-23a changed significantly at different time points of infection.
In the dual-luciferase reporter assay and experiments of miR-23a agomir/antagomir transfection, the target genes
were reversely regulated, and tbk1, glutl were identified as the target genes of miR-23a. The expression of ldha,
ldhba, pdhala and pdhalb were suppressed after overexpression of miR-23a. These results showed that miR-23a
was involved in the regulation of immune response in CIK cells after 4. hydrophila infection. tbk1 and glutl are
the target genes of miR-23a. miR-23a can affect the expression of downstream genes by targeting GLUT1. The
above results provide important ideas for the role of miR-23a in the regulation of immune response in bony fishes,
and provide more theoretical basis for further understanding of miRNA-mediated multiple target genes to regulate
the innate immunity of fish.
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