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BE: MBREANFUIELTREFEANBIN ERiEZ, MAEE G £4 (clathrin heavy chain, CLTC) 2 % & M %% &
N EMNERMRI S A3 CLTC & B 6 4 35 A 3545 5 A28 Sus scrofa CLTC % miRNA B AT &8 R K F#
AHFR G RAEE CLTC 32 W45 miRNA, A A A2 8 %5 EFal$ 6 Med s CLTC L B o9 miRNA, #
¥ CLTC /W 3'UTR 56 F& £ 3k & B i 25 W 46 psiCHECK, ' 3543 W & B4R 25 A B & 41 3 4k psiCHECK-
CLTC-3'UTR, ¥ i m 1% %) 49 miRNA % 7| #= & 8 4k psiCHECK,-CLTC-3'UTR % #: £ 3] tm o b, vL3L 5 5 50 4F A W
PEXF R (NC), #ml miRNA *F &40 4 % 8 B & e % e, 4 R & I miR-205, miR-1, miR-129-5p = miR-206 #
Ae 45 2 A k) b E R E A (P<0.05), ¥ 'F Lk mpn A PKIS %46 F A& & & miR-1 ## miR-129-5p /&, & & PCR
(¢-PCR)ZR 2 F: # CLTC XMt 25 32 %5 T, £% 7 psiCHECK,-CLTC-3'UTR # /& ¥ ix 4 /> miRNA &4 # F
Bl s8I : miR-1 FREFA P RAFTHAZZwHEN, £ miR-1 55 CLTC AR A A0 fq
£ F, BT EATHI 4 CLTC AB £k, B 6 £ 2423
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Prediction and validation of miRNA targeting the porcine CLTC gene

WANG Yali, HE Ke, YU Jing, YANG Songbai, ZHAO Ayong
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Abstract: Clathrin heavy chain (CLTC), an important component of clathrin-coated pits, plays an important
role with virus invasion of cells; however, post-transcriptional gene regulation of the CLTC gene, especially
porcine CLTC gene regulation by miRNA has not yet been clearly elucidated. This study aimed to screen
miRNAs that target the CLTC gene. First, bioinformatics predicted that miR-205, miR-1, miR-129-5p, miR-
206, miR-19a, and miR-19b targeted the porcine CLTC gene. Then porcine CLTC 3"UTR was cloned into the
psiCHECK, vector, and the dual luciferase reporter recombinant vector psiCHECK,-3' UTR was constructed.
The prediction of miRNA and the recombinant vector psiCHECK,-3" UTR were co-transfected into cells,
respectively, with the scramble sequence of miRNA as a negative control (NC); then the luciferase activity was
detected. A quantitative PCR (q-PCR) was also used to determine the expression of CLTC mRNA levels. Then
to verify whether miRNA regulated the porcine CLTC gene through seed sequences, binding sites of
psiCHECK,-3"UTR with seed sequence were mutated. Results showed that miR-205, miR-1, miR-129-5p, and
miR-206 were able to significantly inhibit luciferase activity (P <<0.05). At the same time there was an
overexpression of miR-1 and miR-129-5p in PK15 cells, and the q-PCR showed that the expression of CLTC
mRNA level was significantly reduced (P<<0.05). Verification of whether the four miRNA (miR-205, miR-1,
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miR-129-5p, and miR-206) regulated the porcine CLTC gene through seed sequences showed that miR-1
mutant plasmid did not inhibit the luciferase activity. Thus, the results demonstrated that miR-1 inhibited
porcine CLTC gene expression through its seed sequence binding with CLTC 3'UTR. [Ch, 6 fig. 2 tab. 23 ref.]
Key words: porcine; CLTC; miRNA; endocylosis; dual luciferase reporter gene vector

miRNA & — /N R AR G A MR AZ IR T 5], KBy 22~24 DR IR , it 5L 3'UTR X s
S5 45 T T A R L DR A R, miRNA BT & AR SV L I PE RN VR S, RS TR 45 AR ) IRy
A BLIIRE, (EAEIRAR | BB RGN KA R b R BT A% 2 E (clathrin) £ &
ARG o0 THAGIER EE R, WRRTIEANEEE RS TR A0S0 750 5 5o
KHERY—2, T RS 2 A A M A 2 T 5 A AT e 2 e i g MR Y — i 40 i AT R AR AR R
F X FRERE RS, H PEARSE 76 1975 45 R 43 8545 2 0Fdr 41, A% 1Y 1 A4 (clathrin heavy
chain, CLTC) #1 1 MREELH BL— > K, 3 D ZRIRA N AR B 28450, 2 =04 ZR 45 1 41 A
TN TG 8N T8 WA S5 48 I A A5, 5 5 3 4 A T KR A S 22 T AR 174 T 2 A 1Y B Y A5 A - )
B, W EE AR A /NS B R EE S ARG G AT, W B 7 (dengue virus, DNV) S ff
H I #4% 7% (simian hemorrhagic fever virus, SHFV) "' 75 &1 AT % 9% 7% (hepatitis C virus, HCV) =131 7 &I
ki & 9 7% (japanese encephalitis virus, JEV) ™/ 5 B i 5 (porcine reproductive and respiratory syndrome,
PRRSV)™', Jifi# %7 71 B (enterovirus 71, EV-71)"%% o i 42 (9 40 i e 05 A5 R B 1k s 75 1 gk s,
siRNA Gk CLTC 3L 1M, BEGEAT ST £ Wiifs B X3 5% Sus scrofa B 1 5z 4 PK15 By ™, AR0F5% B 7E
i 126t —HEREAE AL 1m) $% CLTC KEP miRNA, DATAT O 0 26 ) 350 2 I T (LR Al o 48 T 050 3R Wil Ay
Gy BT R RN B0 RE, ABERAE G 2 oy, DAk R g AT SR R IREOE R
B AR 45 R GRS W) 45 CLTC 3£ H ) miRNA: miR-205, miR-1, miR-129-5p il miR-206, Jf L) 55 5875 51
06 205 Y miR-1 8 5 A1 XA A R VR T CLTC 29 3'UTR.,

1 #EE57%

1.1 EFEKFFE M

/NG Bl Mesocricetus auratus & 401 22 (BHK-21) f15E'E F 40 &2 (PK15) Ity 5 H [ #8075 4 44
JECH L 5 X 2 B AG I 350 2 A psiCHECK, A 2518 B Promega; miRNA B84 (miRNA mimics ) H
i E GG ARG R Lipofectamine 2000 I H Invitrogen; T4 DNA i 220, DNA FBt, BRI
WY Xhol I F1 Not 1 ) /| Fermentas 28 7] ; SYBR Green i#57 ) § TOYOBO /A #) ; HiFiScript cDNA 2§
— 5 AR & A AR LA MR A BRA W] 51 b T AR R IR BB
1.2 LBWHZE
1.2.1 ¥ CLTC % B miRNA 69 7@ R IE miRBase (hitp://www.mirbase.org) U3 % /A 4 #) 3% miRNA
(Release 21, 2014), #]f Targetscan (http://www.targetscan.org) , BioGps (http://www.biogps.org) ¥ 1 #F 17
miRNA FJ§ ] 20475 i miRNAMap (http:/mirnamap.mbe.nctu.edu.tw ) #4425 5 miRNA ) 6 ik e 2 0,
fifi e th B 1) f% CLTC 3£ 3"UTR J5 41 (9 miRNA, & A B A9 5% miRNA B804 (b o 5 3 25 HR A
FRAT)
122 FamkegdE  FIHEEAYEARMEE .0 (NCBD)EEEd s CLTC JEHF 5], witsI 9ty
k% CLTC K215 3'UTR J¥ 415 K] Xhol 1 1 Not 1 BV 5, 5 psiCHECK, #5844 % 2 4815 W2 2 i 4
HEE, w4k Wild Type(WT), #11 miRNA #F X Fi4E CLTC 3L 3'UTR 454 KI5 (£ 1),
51 Y SR AN (PCRYW ¥, L% CLTC 514 3'UTR H B i, ¥ i858 CLTC H: K
3'UTR 0y Bl B LA BT U RV IR S W AE i, PCR &7 1159 2 & 288 45 & A iy CLTC
KW 3'UTR Hi B, 5 psiCHECK, A& #z, 205 30Uk 5 515 CLTC ¥047 55 5 8 i 80k, 4
Mutant Type(MT),
1.23 MR AZFHRELAR LR HE 10%8G 45 1ME (ERFE4 %0 /) MEM (minimum essential media) 5% %7
FEFRBD BN 5% ALk, 37 CRIEEA I T 597 BHK-21 4, JFJEAT AL AC. e G pil— K
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®1 HMESHE CLTC-3UTR REF MK AR AR RESY

Table 1 Primers for constructing luciferase reporter gene vectors containing porcine CLTC mutation 3'UTR area

519 %4 B S (5'—3") X Bz 9 miRNA
MT1-R CGAAAAGTAGTCCAAGTAGAAATAAAGGTTACAAGAACA miR-205
MT1-F TTTCTACTTGGACTACTTTTCGTTTCTAACTGTAAAACTTGGA

MT2-F TCTGTAACCGTATCATTTTAGAATTTATTTTCAAAGGG miR-1/206
MT2-R TAAAATGATACGGTTACAGAAATAAGCTTTTAACATAGGT

MT3-F TAAACGTTTAATATTGGTATGTGACCATGCAAGACTGT miR-129-5p
MT3-R CATACCAATATTAAACGTTTAGCTTTTCTTTGAATAAAAG

Xhol 1 -F CCCTCGAGGACGGGAAGCTGATCCTGTAGT

Not 1 -R ATTTGCGGCCGCTTCCACAAACAAAACTGAAGAACAG

MR 2 24 fLAk, RPN 2.5x10° > fL7, KR 5 4% B Lipofectamine 2000 14156 B 5 i 17 20
MuWrmt gy . B8 ANkl : DK miRNA JoHE Y ik 7 19 45 (o0 ;. QBAEX BE(NC),, WT; ) miR-
205, WT; @ miR-1, WT; ®miR-129-5p, WT; ©®miR-206, WT; @DmiR-19a, WT; @miR-19b, WT,
gL 24 h 5, WoSEANML, R BRI EA IR R & U B AT SOBAR I, IR R S B A
JEFR IS T 0 LUAE 0 AN TR i 22 TR 5 DR A G 2 B o [ NP0 7 2 3 AP AT L =2 ] A X 0t
FR (RLU), IMREPRMERZE, St AR RAZ N ES
124 ®RH&ZF PCR LIM cDNA BB 3G CLTC 0@ 519, 12 fLikss 5% PKIS 40, %
Tl BE hy 5x10° AL, B SRad e b A M A T g . 0 8 gl (DNC, WT; @miR-205, WT;
@miR-1, WT; @miR-129-5p, WT; GmiR-206, WT; @miR-19a, WT; @miR-19b, WT; @I miRNA
o Gk R 1 25 0 R B 48 h S WCAR 0, Trizol 1050 $2 M40 i B RNA, I S % Sk it ¢cDNA, JE &
PCR ¥l CLTC FEH ) mRNA (3572840, Geitfdl CLTC B Rk % R .
125 &R ERRAZEERE LR AR I ZR A DL G R T miRNA X 5 58748 55 41 442
EEEE TR s, SCI AR E T . OJE miRNA JofE Yk #) i 25 ;I et ;. @NC, WT; 3miR-205,
WT; @miR-205, MT; ®miR-1, WT; ®miR-1, MT; @DmiR-206, WT; @miR-206, MT; @O miR-129-
5p, WT; OmiR-129-5p, MT. $# M 1.2.3 PEFTXUHE G 2 R A 3 DA I S 56
1.3 BIEHW

Fr A BRI UL SRR HE 2R Ron o BRI o M 7 ok T SAS 8.0 1Y ¢ K 56 A GLM T 22 43 #r
P<0.05 FRn R, P<0.01 XpRzEmk E. NHRIEZE, EERE 3 )-LmA”, BorsE.

2 HR 547

21 EYEEFMNIEEE CLTC EE K miRNA
I AE Y5 B A i, 028 W 5 %% CLTC 3L 1H 3’ UTR A H 4h 45 4 17 5 6 45 miRNA .
miR-205, miR-1, miR-129-5p, miR-206, miR-19a, miR-19b(F£ 2), #1755 500E
22 B CLTC #EE SUTR WK ARBREERHESRTHENLE
4% CLTC % [/ 3" UTR J Wi Al CLTC-3" UTR xi 2% 78 K W 23 1) o F 8 00 % O Il 41 1t 2k R 41K
psiCHECK, v, ZRA% 84 FikL psiCHECK,-CLTC-3"UTR (& 1), JF LA E 51 W47 I PCR %5E o kil
KR 1200 bp B9 % CLTC %
3"UTR 9 WL 5 o % i 2 1k
([ 2)F1¥% CLTC % 3'UTR

Fz2 5 CLTC EF 3'UTR "TaE4 &/ miRNA
Table 2 Potential miRNA targeting 3'UTR of porcine CLTC gene

miRNA #4014 CLTC-3'UTR 5L E Rk FEF 1k miRNA 2551 (5'—3")
F L 3t 3 i b 5 2 AR miR-205 111~119 Wit UCCUUCAUUCCACCGGAGUCUG
psiCHECK;-3"UTR-MT (] 3), g 173~181 LA UGGAAUGUAAAGAAGUAUGUA
) Py 96 ke 4 USR5 miR-206 173~181 WA UGGAAUGUAAGGAAGUGUGUGA
23 #E¥ CLTC-3'UTR B miR-129-5p 437~443 WA  CUUUUUGCGGUCUGGGCUUGC
miRNA ) % 1% miR-19a 303~310 i e UGUGCAAAUCUAUGCAAAACUGA

W5 G il HR 45 3 R 2k 4k miR-19b 303~310 B 5 UGUGCAAAUCCAUGCAAAACUGA
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Xho 1 (1)
CLTC-3' UTR
Not 1 (887)

(WT) 451 5 6 F miRNA B4 4 3 4% 4« BHK-21 46 jg, LA
NC KB PEXTBE, 40555 24 h LUJG, WU 2 A 3t )
SR SOCR G (K 4) . 5] PR : miR-205, miR-1,
miR-206 F miR-129-5p fig W % [ 1% 2¢Ot R B 16 PEMH
miRNA )4 % ¢ PK1S 4 i D) J5 , 9% % & & PCR 4 U
CLTC 3Ly ik & (K 5), 4553 %% miR-1 Al miR-129-
Sp A% 1 W% CLTC P mRNA 5 35K -, i miR- 7128bp
205 il miR-206 5 X AL, 2R AEE.

2.4 §m{E%E CLTC-3'UTR # miRNA f3 — 5 8k %ﬁa

BT B F 4 miRNA 5% CLTC-3'UTR %54 1ty i
Bras, AT L 1) miR-205, miR-1, miR-206, miR- &\ | CLTC-3'UTR w3 % #6530 2 & B 2

psiCHECK,-CLTC-3" UTR

129-5p i & — 2 1) s A2 5280 . ¥ miRNA %45 CLTC 52 ol My i B
3'UTR $EA7 s AT 5278, Horp miR-206 Al miR-1 1§87 53 Figure 1  Constructing of luciferase reporter gene
*H IEJ s F)T LA % Q ﬁ’ﬁx *B Iﬂ . ﬁj\ }:']IJ ﬂj 3\% miR-205 S miR-129- vectors or porcine CLTC-3"UTR vectors

5p, miR-1/ssc-miR-206 %J )i CLTC #2548 A& . miRNA 15 548 B (MT) 305 it 5 4k [N 28k 1A
(WT) 4% e BHK-21 40 i /5 K 9t R B 1 . 25 R B RAEFURL psiCHECK,-CLTC-3"UTR Al miR-1
SRR YL AN fS , SX IR L, HPOE R B M IR (181 6), BEW] miR-1 3 3 b3~ XA T T 4
CLTC 3[R Y 3"UTR i H ik

M 0 1 2 3 M 0 1 2 3 0 5 6 7 8 0 9 1011 12
2000 bp 2000 bp
1000 bp 1000 bp

750 bp 750 bp

500 bp 500 bp

250 bp 250 bp

100 bp 100 bp

M. DNA FRic#) M. DNA $5ic#7; 0. psiCHECK, 75 % ;

0. psiCHECK, 75 % ; 1~3. psiCHECK,-CLTC-3"UTR-MT-miR-205 # % ;

1~3. psiCHECK,-CLTC-3"UTR # /4 . 5~8. psiCHECK,-CLTC-3'UTR-MT-miR-1/206 #§ /4 ;

9~12. psiCHECK,-CLTC-3"UTR-MT-miR-129-5p 44 .
B2 #i& PCR%iEs CLTC-3'UTR B 3 & PCR % & # CLTC-3'UTR 83 S % By fefi 5 %
A5 F B AR AR B AR T AR
Figure 2 Microbial validation of luciferase Figure 3  Microbial validation of porcine CLTC-3"UTR mutation vectors

reporter gene veclors

3 kGt

miRNA JVZAAAE T AW, X AR W AR 1 e S I i TR e iR TR s e 2 DG st g /R Y7 FE e 4t e v
A miRNA SE 5 —FFR o RNA 15 S UTER &2 & 1K (RNA-induced silencing complex, RISC) )& & %) 4%
A, PRSP S H AR mRNA 454, 51 mRNA BFEA%; s diidr, K401 miRNA 5 HH mRNA
AGEAH AN, miRNA D F 5 60 58 59 mRNA (% 3" 3 E ##3 X (3"UTR ) 25 4 FH 1R 5% 5% 5 1 B3, B2 314
PR R ME RN, Aok A 2 A BT5EIESE, miRNA — B i 2 Fh oy =0 08 450 52 70 1 32 40 M N i 18 7
—Fh 2 miRNA B 4280 ) 95 5 19 mRNA JP 51, 30600 5 A0 DG BRI 35K, X 28 miRNA & A A1 3¢ (9 fF 52
iE, 4 miR-323, miR-491, miR-654 4 [ B %Y HINT ¥ /&% 7 (HIN1 subtype influenza A virus) ',
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SS 254 8¢ S §e 848
w2 E o2 T & o H O E 2 T 2
= E £ E E = E E £ E E
= & g z g E = z
bl b B
N P<001, ZRWEFE; *F£x P<0.05, ZFEH. * R P<0.05, ZEFRFE.
A 4 miRNA #m# 5 psiCHECK,-CLTC-3'UTR B 5 = % PCR #% # miRNA # #. 4 4% %
F 4 2 BHK-21 2m i 649 A8 2 58 b & 8 75 1 PK15 @ fejé CLTC X B 8 & ik &
Figure 4  Relative luciferase activity of psiCHECK,-CLTC-3" Figure 5 CLTC gene expression was detected by q-PCR
UTR reporter cotransfected with miRNA mimics in method after transfecting with miRNA mimics in
BHK-21 cells PK15 cells

- . N g ) o i
miR-24 F1 miR-93 i) /K 2 1T 4% %% BF (vesicular stomatitis virus, 3 O [ 4% 4+ WT

VSV)PY, 53— miRNA Gl 808 1) 75 AL AT AN 915 =2 | E miRNABIY +WT
B0 L L BB, K miRNA BRI NRR S o | W MIRNABULA AT
PR, A miR-27a 58 20§ 16 42 1 R BT 13 101 i f) ik (K] 24 §

HIR X Z Ka(RXRa) Fl ATP 254 frf4is + AT(ABCAD) IR 4« L %
AR WA AT S S REH A, J:§ %
miRBase 4l 2 H01F i C %€ A9 2R miRNA 47 1 881 Ff, /) n

BLEGAT 1103 R, BHHG 47 382 F, HXERE miRNA MIAEHI O o e miR206 miR-129-5p
IRE 1 AT 2 o AR TS AT A W0 15 4 JPF 00 o BE 8 5 0 Jisi

CLTC %:[H 3"UTR #[n) 455 1) 6 2% miRNA: miR-205, miR-1, * R P<0.05, %2RE%.
miR-206, miR-129-5p, miR-19a, miR-19b, MMBFICHEHN B 6 #F K % L35 4 # miRNA £
R E RSO €t PCR 3% o — 25 Ui 1t ) B 5 #E 1i) fiC X /9 I it 5k B ALK 09 R
miRNA, 2550 878 : miR-129-5p, miR-1 £ W e 5 FE I SC Figure 6 Relative luciferase activity of different
B MZOLE i PCR AP ARRERS W FEAR CLTC MRk i, T reporters in the presence or absence of
miR-205, miR-206 TE W56 e 3 45 5k [ sz 06 P RE % R % B%z: 1% miRNA seed sequence in BHK-21 cell

CLTC BN XE, HEYOLE & PCR P ERARFE . A PRIEL RS CLTC ZEH) miRNA, 3
BT 7 R R A B, B miRNA OGS B i 5 748 M 3 5 2 4 0 AG 00 22t 3R Al 2 K 6 1 . 45 2R R
miR-1 38 i ol DK% 25 4 T 0 o R CLTC SR ik, miR-129-5p BER il CLTC 3N ) £k,
(RS AZ AR DTGP I BeA A BIKA, BEWT miR-129-5p AT BEAS & D Dy #L4E DY fft 1 DX 19 45 5 T 400 ol
CLTC JER 31k, AT REAF 7 A A 30/ AL . B H AT, A 5% miR-129-5p Xk 5 1= A 4 /it i 0F
FEEEAIRIE , BUIIAESE A BUIF miR-1 38 40 CLTC JE IR B 2 1K V8 12 40 M 0 A5 W/ PR 20, i 0 AS ik 7
52 H 9 miR-129-5p ] fE£E T 1 1 A A1 A2 v % B 2R o

ARSI T 40 5 4% CLTC FE X 3"UTR {9 B¢ ' Tl 4 15 256 D 28 (A F A [a] miRNA Foft - X3y %o
IOLF) S AR S A, R O e R 1) 5% CLTC BEP Y miR-1 F1 miR-129-5p,  F1J T i 58 A8 592 56 fie 28 1y i
miR-1 il i Ff 7 DR ) 25 5 4 CLTC JE PRI R 1k, WF 5845 R O8 #58 miRNA-CLTC % A -clathrin Jifg
1 B AE AR PO 2 1R A EA MR WEFEFT T BEA, o D O o 1B 2k X 1 i e 4R 4L T T Y B AL

4 5 ik
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