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th EK PR R B B KRG S 2660715 3. FHFIEVERFOKT S5 4 A FIE 201306)

E  microRNAMIRNA)E — K WIRME . KEA N 22 MEH B ESD /N B RNA 27,
EH R KA 70-90 /Mo FE 0y 5% RNA BT Z L Dicer B An T o ABF R KO SL o 2 &
PCR (Quantitative Real-Time PCR, qRT-PCR) 7% i, #F % 7 miRNA-223(miR-223)7% ¥ & & 45
(Cynoglossus semilaevis)&-1& F 4 4. . #2351 (Vibrio anguillarum)& % J& % i 18] 58 %02 40 8 DL KR
FlmBEEMHR G E L E RPN EAER, FRET, mR22Z AFFEHL AL T HHREL,
EREFRREAERS, ENfAMK PR EAERMK, BINFELE 3 A& 4 FHEZA4, miR-223
FATHMEE, BEE20 h W, BNEFS miR-223 L k%, BUNFRALELEETHERAL
miR-223 FAZ WAL T, RINEAL 2, 6. 12, 24, 48, 72, 96 77 168 h /&, miR-223 % if .
fo. . KEAMARFEAZRERAK, HF, mR223EFBHEFHF. B, LBEvRE LH, £
fif o &3k T . A LPS. poly I:C. PGN, RGNNV j& % 2 i+ 5 3k ' 40 i /5, A 34 LPS, RGNNV
%% /& miR-223 L%k, poly .C. PGN % % J miR-223 T k%, FAELE R LW, miR-223 &
ETHBEREENELE, AFRERAIHT T H miRNA 78 £ 77 & 865 0w B 5%z &t 12

W B PR R DLR T E R S R R AR AR o miRNA £ 5 = L4

ES ek

FESEE Q522 XHIFIRFE A

miRNA J&—2H 22 M TR A Y A i
/NHEE RNA 73, BES HEEIE A 3'-UTR ¥ w456 )5
SIE mRNA FEAESCRIPEIIG], 5 o JE N R 17 5%
SE 5 225 PR ¥ (Carrington et al, 2003), miRNA | {Z ff
TE TS | eaEsE Z A MU, TE&Fh i A
YA BAEEAEH], Blan 40/ 73 fb(Bushati et al,
2007). #¥E & B IGFE (Bartel, 2004) . fuy% 1 25 (Teleman
et al, 2006)F1#% £ i (Han et al, 2013)%
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miRNA & i & fS B aF 5, B85 452 Fh
miRNA(Sha et al, 2014), 34 99 > miRNA 7E88 51 B
YL T P 22 R K 3K (Gong et al, 2015), Hip
miRNA-223 Fik 2= 75 % . miR-223 &% — 1 7Ed
Y B2 RN i 2R S 45 BN miRNA . H AT,
KT miR-223 TEHIE Ty T IR FE AN 0T IR L 3h A AH
KWFIE (=845, 2012; F T4, 2011; k8%,
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O 2 PR R — b A I K 4 T R A
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S50 I 7 B R, o A IR R L R AR Y
JkRZ — o] DL SO #5028 & AR IR (Sha et al,
2012), M T HFZE miR-223 e fe 2] 21 b i ek pi ot
[ T 98 miR-223 7EGuE O H a] (g 2 AT A R
AR, AT R qRT-PCR J5 % miR-223 1E
e Y G {5 21 2R B8 oI TR R YL i S e R AL SR

W o ML Sk B FRIRAEAE ; [RIRSIFSY miR-223 FEfRSL
BSR4 i 28 LPS. poly I:.C. PGN
1RGNNV HIUE R 2 YRI5, DA T f# miR-223
FEF T SR R e vy A R AR R B A LA,
77 miRNA 5 243 7 65 G028 () AH DG PR R LR 22K A0

1 MRS
1.1 SEIE#

W E I AR BB S KA RAA, il
15 @74, PR E 227 g, EEAK 31.5 cm, &
YR ATE 25°COKFETPRIFR 15 d, & H S BUHEE R
WK, MR AL TR, BEMLIEIR 5 2% 1 3 i
TR 2O, A RIRESL . M. #E
F. BRE. WL, B OMF. BRR. . Ml 11 FRgig,
Fr A SR E B A A TR %, RIERBE
—80°CIR-1F, L% RNA #HL,

1.2 K'BpakEsE

T TSk B A0 M 2R (TSHKC) Sl A S5 8 i 2t
(Zheng et al, 2012), R PTHMERZES 6 K1
TSHKC. #AES 1% 55 % -85 % & (Invitrogen, 3
EDA 5% 11 (L15) (Invitrogen, 35 [E)AY 1% 9% 3
H125°C iR

1.3 HmR&E

85 9N R YL S I Sha 25(2014) ;S8 9 G A 5256
FEARLE, SEH A 3.18%10° CFU/g fafkCEESER &,
LDso) 1y 853 5 G X 24 18 5 S A7 1 s e B, TR A ]
k20 h, XF HRA 0 2 HR S 6 20 3 )5 0 A 1 R 1Y)
PBS. SCEAI WAL, 43 AR 20 h 5 0 AR
ZH(NOSG)FEHL 20 h J54 W] W AiE R Z4H(HOSG) o 15t
PBS 1 X BRAL(CG), BEALIEEL 8 S it 4k
o WA BIRENNE . S5 M 4 Feped
21, BT A REMALTE R A TR URIAE , L4 RNA
FEHL,

WA, TE2. 6. 12, 24, 48, 72, 96 1 168 h It
8 ANHFT] a5, WSO 8 ) T SRR % J AN [ B ] S B0
F1 PBS X HRAL MO IFIE . S . NIRRT 4 a2l

BEANIF R S 3 S50 BT A SR ERAY 20 2157 BRI A VRA
AR, RIGHER 280 CIETE, LIF RNA 2L,

I A BE AP 2 IR BE 0% B (RGNNV) 7 8 [ H 2R
PR 40 H A0 5 8340, 437 50 ng/ml
i LPS. 100 pg/ml ) PGN. 50 pg/ml f¥) poly I:C.
10 TCIDs, ¥ JE ) RGNNV, 8% 6 FLAH R Y i
TS B AN, A ER 3 K, YL 30 min 5
LR EGIR IR 5L, (] PBS A whik i
RS B AN, SR RS FR S IR IR R A . 4y
FCSEIRYL 0. 2. 6. 12 Al 24 h J5 A9k B 40 240
o7 1) O A8 T o IR 0 5 B A B0 P I R R
FEIFIA 1 ml Trizol 357 (Invitrogen, 32 &)X J5 it A7
TE-80°CUKAET, Lhss RNA $2HL,

1.4 RNARBEE#EZR

&L RNA #2HU ] Trizol(Invitrogen)il¥l, %
UL B #E . HIJC RNA EEAY DNA B JBRIEH 4
DNACKHR, dtat). i H Agilent 2100 A= 4150 Hr 4K
I RNA Ay BT AR EE , SR A KA )7 R0 RNA
1524 o 2 I8 miRcute miRNA cDNA 55— & sk
RGO, ) Ul A cDNA: (1) miRNA 3’
KImHATINZ % A B Poly(A)ALBE; (2) Poly(A)f& i
A9 miRNA #E17350%% 520 - i [ oligo(dT)-universal tag
i S | AT 1 R S OV, B4R L miRNA
XFIE Y cDNA 85—, —20 CIRAFE .

1.5 %EBEE miR-223 BIEF SIS [E

B miR-223 BUAVARIT IR A A S g %
3 A 0 A9 $H (Sha et al, 2014), 4 BLEVA F 81 e X
FI 29 5 LN ZH (Chen er al, 2014), 15%] miR-223
HHA BRI P 5, AR BT 3145 5 910 5 i S Pk 5 |
¥ miR-223-primer(#£ 1), FATH H miR-223 Wik
JEA , Se AT 2 T 455 BN S R R B, 1% 4 pMD19-T
HAR(EAEY, KiE), b2 BZE4NE Toplo FICR
M, JEIT), PREC FE R , 280 50k As 2 B M R e iy
B 725 S AE miRBase (http:/www.mirbase.org/) [ 71T
BLAST Z3#r, J548 ] miRNA Fi{& — 454 e £k il
44 The mfold Web Server (http://mfold.rna.albany.edu/?q=
mfold/RNA-Folding-Form)X} miR-223 Rif&i1T 2%
SRR

1.6 FiBEH MiR-223 LR EE S

ffi | qRT-PCR J5 A5 miR-223 A HFFE .
qRT-PCR SEHRIEM G Y%E T miRNA WBUAFF 1%
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Tab.1 Primers and their sequences in qRT-PCR

5|4 Primer

J¥31 Sequence (5'-3")

NZ519 U6

miR-223 FHE5 1Y)
miR-223-RiiA5 |4

R: CGCTTCACGAATTTGCGTGTCAT
F: GCTTCGGCAGCACATATACTAAAAT

F: CGGTGTCAGTTTGTCAAATACCC
F: TATTTAGGGTTTTTTTTTCTCCTGTCTTT

R: CAATTCAACTATTTCTGATGTCTATGTAC

i1, s w5196 Al miRcute miRNA qPCRCEAR, dLaT)
e MR & A B W, FHR S e Ue JERE A N
Z(Andersen et al, 2004; Sha et al, 2014), 5|#)F 5 L
# 1, qRT-PCR #%# /% miRcute miRNA qPCR(KAR, dt
SO ) G U I S R T4 A, 20 pl IR R
2xmiRcute miRNA Premix 10 pl, 1IEH5|#9) 0.4 ul, J2
M504 0.4 ul, miRNA 55 —4% cDNA 2.0 pl, ddH,0
7.2 ulo IEM BN miR-223 514)(F 1), IA519 4
WA E&T14 ., 76 ABI PRISM 7500 S2if & 54144
#EAT QRT-PCR W PR P E : 55— A0 e fn sl AR 1«
94°C, 2 min, ¥ 1K, %44 94°C, 20s; 60°C,
34s, JHI 40 Ko SCEREFIPEXTIE, ARSI E
3AAT . BRIF IS AT 58 BUGE AR I i h 42 73 A i 5 |
YRR SR R Rk, il 270 T A X Rk
i, CtHI 3 NEZNTHME.

1.7 FBEE miR-223 B gRT-PCR #iES it 447

8 SPSS 17.0 B ik 4%+ qRT-PCR A& 2% S 1)
BAEIEAT AT, SR R A 3 A E TR
WEIR(SE)F/R ;s 45K ¢ 5, RSN R 20
HriZi(ANOVA)H ) LSD X} 22 41 A AR I %5 0] 1) 19 1
FeAHEAT A0 HT, P<0.01 25 S0 i 3

2 HFR

2.1 FBEH miR-223 AIA T &

X2 5 miR-223 BiRZE T PCR 4738 ALY
W3 25 5 BRI 5 WoR B BE K/ R 330 bp, %7
% £ miRBase(http://www.mirbase.org/) % # J& ¥t 17
BLAST 43#7, S53W/RiZF5 5050 . 55 Gk
WK HARRK . AL /DS AR miR-223 BA [R5
P i 11F The mfold Web Server 23 Hr2£ 3 1 i miR-223
R 00 &5 (B 1), ] LLE 2
miR-223 A7 51 90 45 ke HL A7 B 780 (%) 350 B4 45 44 oy
fE, f/hFE A M EE(AG) H—46.20 kI/mol, 4 24k
¥4 43 Bl miRBase FIA T 5 R 23047, IF B AE T4
FEH b 2 BT 2 15 5 miR-223 By BUEVA RS, ik
SaREAS 2 Y751 2 1 B miR-223 AR5 .
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Fig.1 Hairpin structures formed by precursor
sequences of miR-223

2.2 FBEH miR-223 BIRIA

KH qRT-PCR J7 £ Kl RNA #5445 3R 8w,
miR-223 KNS U6 FE MY 31, Ia i it 234 i —
W, B SPEEE, H miR-223 514 % U6 51411 PCR
Fe R 5 I TE 95%—103%2 ], T LISRH 2744
DA Rk ar, PR I SERE i PCR J7 & AT
PIAERf S miRNA RikEO . Sl St adrifiis 17
miR-223 [ R IRFFE
2.2.1 miR-223 EFF-E R AR P oy R L

miR-223 7EMEFE M B80S B M. B8 B
URE . LA H LB Rk . RS I KRR
(K 2), FxEHEIME, miR-223 KA R A
7E3K B 4H21(35.90), HIRJEN(14.96) . 6(5.24), TF
i it H A FR 3k BRI 0.002 . 1l 0.021), miR-223
TEARFRHL PRI ETE R E 25
2.2.2 miR-223 /£ CG, NOSG. HOSG #f 41 5. 9% 28
@iy £k 5H miR-223 £ CG. NOSG F1 HOSG
B 4 FhipEH ARy qQRT-PCR Z5 R WA 3 Fiw,
miR-223 7€ 3 Z4LFE i i Rk I (34t BAE L B
HYGEWRAEF 7, TERFIE i RIB AR, HRA R
PO & 25 5% . miR-223 £ CG. NOSG Ml HOSG
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o [RIRFAAAE VIS S, ANFE C-L il H-L kg 22
B SRR RN 9.8 18 fElm . WERISK B b B 22 AR AL
R Jo 3745 20 AEAN 18 A WRFEARARN], BRI ]
93 o0l DL miR-223 7 4 FUR R AL ZUrp BRI, XF AT
L% 35— TG S P 3
=20 223 ¥ k508K SR G B miR-223 §9 8 E R A
3 4t ,, J TR miR-223 7ESRIL R 5 A ]
eI | | | | | || | / ] ARG E ML, KT miR-223 78 PBS X HHZH
b sobostom oo ¢ sp hk RV LR 2. 6. 12, 24, 48, 72, 96 Fl 168 h )5

241 Tissues

% 2 qRT-PCR J5iE 460 miR-223 754 #y 7
fa AL ZUrh A AR X s B
Fig.2 The expressions of miR-223 in normal tissues of
Cynoglossus semilaevis

FhEea, b, ¢, d”f0FK SPSS ZH /T AR 441
‘a, b, c, d, and e’ indicated the Duncan grouping in SPSS
b. % Brain; bl. Ifl. Blood, s. JZJk Skin; L. JFHE Liver;
st. B Stomach; m. JJLIAl Muscle; o. BFHL Ovary; In. %
Intestine; g. f Gill; sp. % Spleen; hk. 3k'% Head kidney
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Fig.3 Relative expression levels of miRNA-223 in CG,
NOSG, and HOSG

“rrfQR 5 CG 4L A 22 5 .3 (P<0.01)
Significant differences (P<0.01) compared with CG were
marked by “**”. C. CG; N. NOSG; H. HOSG; L. HFli Liver;

In. 1% Intestine; sp. J}§ Spleen; hk. k' Head kidney

Sk B P R T IR (R 43 ) R 37.52 ., 46.35 1 67.62,
miR-223 7 HOSG 4 MLk i 33k & fe i , {H7E NOSG
ZH ML () 26 35 BB AG . miR-223 7RI F th 0 265k
A A S5 TR R AR [R], 2235 5 i s BRI
HOSG. CG fil NOSG., [A]—#H A A A2 miR-223
IR e/ IME A i RAB A AE W 5 22 5, 4 miR-223
£ NOSG 4 HE ISk 5 1) e Kk 22 A5 HGE 96
%, miR-223 7£ N-L X} ik &~ 0.48, FE N-hk H
A 46.35, miR-223 BYFRIATER] —HLUREREA L] F

FERFIE . B Sk'BRUE RGBT (E 4), KA
A EFA] AU miRNA R f S (] — ] ) 5 2% 28 AR G
PBS & A, 450 BN, miR-223 7EATFIEp kg
{8 HE PRAE B8 N L 5 72 h, R Rk a3 bl
L] ) R IR BT R R TR, e R IR S e Tt
W, TE 12 h JFERRE, 72 h i S 2 S T A
miR-223 7 e il R L B[] 3R 3k 1t 3R R ST R R,
TE 72 h BICHEAE, REREFAE, 77 dARK
Fihtt . miR-223 75k B v bl G R YL i [A] SE R A
FREERRAG . DA BRI, B89N A S miR-223 7EHT
. RSk B R s R, E TR IR T

2.2.4 R REBRD R G F R E 5K K 4950 miR-223
89 R ik TERG ALY LPS. poly I:C. PGN,
RGNNV 435834 J5 , it SCrt @ & PCR WF5Y T
miR-223 7610 & 85k W b Rk, 25 niE 5
JIi7R o LPS X i R iR A Ny . 16 2 h ik HIE(E,
RIGIFIR TR, 2] 12 h B RIR R AR, )5 &k
BT 2 h #BFA9/KF. Poly I:.C HiEFRIL
5 LPS HARKMIAFE, STk, 762 h HIERACE,
BIbEZEE TR, 2 12 h iBEEE, 25208 TR,
PGN E S FRBBEN . BV TR, REFGHTHS,
BIGTA TR, RGNNV i RIABEN . BTt
1, FE 6 hikFNE(E, SRISFFIA FRE, 76 12 h Bf Rk
AR, BGRATHE . B4R E, LPS il RGNNV Xf
miR-223 Wi RN HAEF AL, E RZEIEN T,
FE LPS 55 T & R KK 25 TR ik
JKF, T RGNNV 5HAARL, poly L:C 53 T m & 1)
TR A ZAL TR G B B RIK K-, PGN AL
W, Mz, LPS Ml RGNNV %5 miR-223 753k B4
Mo FiEF5K, poly I:C A1 PGN 5% miR-223 fE3k'S
YAl R RS

3 it

miRNA 2 5T 30%0 B EEH , R
G FITE M G2 D il i 5 224 FH (Berezikov et al,
2005). miRNA 7E s 842 Fl G e 40 M i & & v i
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HIXT ik it Relative expression level

AHXS % 3k 1 Relative expression level
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Fig.4 Relative expression levels of miRNA-223 in four tissues (liver, intestine, spleen, and head kidney) at different time points

F I A miRNA 350 050 AU X T 5 PBS M IRALFR A, vl 3 55— b 1 2 1) 2 2 4% 58 (P<0.01)
Data of miRNA at each time point was presented by the tissues at different value of its mean relative level in infected group
divided by that in PBS group. Significant differences (P<0.01) compared with the first time point were marked by “**”

L. JFE; In. %; sp. J; hk. 3k'S L. Liver; In. Intestine; sp. Spleen; hk. Head kidney

EWHEEN MO, T miRNA 257 [EA4G PEG5E
V728 AR A S R A9, R — 2T ) B e R 4 IR 7
PE&, miR-223 F 2003 A fu il A Y AE B2 ik
S PR T IR A AL, ok 2 i L BAA% 20 B % 1 4
REAS (2 7 1 40 M 1) s 20 i o346 5 0, miR-223 ¥ £
Pl A1 T i 22 3Rk . AFTUER, miR-223
18 5 2k B A % V1O R (R = 8155, 2012),
Volinia %5(2006)#F 53 IESE, miR-223 7EFTS AR . H
I SF AN [ By b Bz M i 338 M . Stamatopoulos
4:2009)0F5% & B, miR-223 5 miR-29c 7E18 PRk
20 B A M9 (CLL) AR 3 A0 8] I 36 38 8 3% T .
Gottardo F£(2007)WF5¢ & B, miR-223 7E b5 i i 41
BOE R BN gh 5k Bl . B /NEZ(2009)BF5T
HESE, miR-223 X HuiE R G0 1 e K e sie 43 3L i D Fl
REARE K, S 5000, IFXF SR I i
HIF A EEE L,

TEZ BB 5 H (Sha et al, 2014; Gong et al,

2015), f#i solexa o i il FF i A XS 76 1E W 444
8 I B R I ARG W R A e R 4 R
PER S AU LY 3 2H/)y RNA SCESE T, %58
33 452 B miRNA, FF4A 99 1~ miRNA # & L 7E 62
IG5 R 8 35 25 S 30k, miR-223 i —
HEFE miRNA 7E 8351 5 B YL J5 %235 1 28 fk . miR-223
SRR s FE AR S, 28 NS BRI B i 4t i rp
Y S#PE 255 (Chen et al, 2004; Fukao et al, 2007),

Chen %:(2004)0F 758 & B, miR-223 JL-F-& — M HifE
F B A B BE ek, 7R TR L b A D
ERIE, MAERMR LT oA . miR-223 #HIFEL S
S s i e mT oine, R HREE AP, A
WA A RGN R & iy miR-223 (WIF5E AR
KT AWFFEHE Jo e eS8 h 65 miR-223 FifA,
%4 The mfold Web Server X} HjARSEAT — g 2544 TR,

miR-223 AEIY B (1) SR LG R . X220 7 45 41 20
miR-223 R BTEHATHH, 2R ER, MiR-223
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The Expression Pattern of miR-223 in Different Tissues of Cynoglossus
semilaevis and the Regulation of Expression in Response to Infections
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Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
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Abstract MicroRNAs (miRNAs) are a type of endogenous small single-stranded noncoding RNAs
that contain approximately 22 nucleotides (nt). miRNAs are the products of single-stranded pre-mRNAs
which have 70-90 nt and a stem-loop structure, and spliced by dicer enzyme. Half-smooth tongue sole
(Cynoglossus semilaevis) is an important economic marine fish species. The cloning of C. semilaevis
miR-223 precursor was predicted to have a typical hairpin structure, which suggested that the precursor
sequence we obtained was reliable. To investigate the role of immune related miRNAs in C. semilaevis,
we applied quantitative real-time PCR (qRT-PCR) and studied the expression patterns of miR-223 in
different tissues of healthy C. semilaevis. miR-223 was expressed in all tested tissues including head
kidney, spleen, gill, intestine, ovary, muscle, stomach, liver, skin, blood, and brain. The expression was the
highest in head kidney and weak in brain and blood. We also performed qRT-PCR on three small RNA
libraries (CG, NOSG and HOSG) prepared from C. semilaevis immune tissues. The results showed that
the expression of miR-223 was very diverse, depending on different tissues and samples. In response to
the infection of V. anguillarum at different time-points, there was a great difference in the expression of
miR-223 between the control and the challenged group, in tissues including head kidney, intestine, liver
and spleen. miR-223 was up-regulated in liver, spleen, and head kidney, and down-regulated in intestine.
We infected head-kidney cells with LPS, poly I:C, PGN and RGNNV. It was found that the expression of
miR-223 was up-regulated in response to LPS and RGNNYV, and was down-regulated in response to PGN
and poly I:C. The sequence of miR-223 precursor was obtained through gene cloning and expression
profile analysis after infection with bacteria or virus, and it was proved that miR-223 might play a key
role in the innate immune response to pathogens. Our study shed lights on the molecular functions of
miRNAs in the host-pathogen interaction in C. semilaevis.

Key words Cynoglossus semilaevis; micro RNA; Vibrio anguillarum; qRT-PCR; Expression;
Immunity
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