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Regulation effects of microRNA-128S and its target DDX3X on
Senecavirus A infected PK-15 cells
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(College of Animal Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To explore the regulation roles of microRNA-1285 (miR-1285) and its target DDX3X
in Senecavirus A (SVA) infected PK-15 cells. [Method] By qRT-PCR, double luciferase activity and Western
blot, the effects of miR-1285 and its target DDX3X on IFN-B secretion and the RIG-I signaling pathway were
studied, and their effects on the expression of SVA 3C protein gene were analyzed. [Result] In SVA infected
PK-15 cells, the expression of miR-1285 increased significantly, and there was a negative targeting relationship
between miR-1285 and DDX3X. Both miR-1285 and DDX3X promoted the transcription and protein expression
of IFN-B. MiR-1285 regulated MAVS and TRAF3 signaling molecules in the RIG-I signaling pathway by
targeting DDX3X. For SVA 3C protein, DDX3X significantly inhibited the transcription of 3C and reversed the
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up-regulation trend induced by miR-1285. [ Conclusion] After infecting PK-15 cells with SVA, host miR-1285

and its target DDX3X can regulate the expression of IFN-$ and the viral 3C protein, which will lay a foundation

for clarifying the molecular mechanism of miRNAs regulating SVA infection, and provide a new scientific basis

for the prevention, control and diagnosis of SVA.
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F1 IFN ()£ isP3, MiRNA-1285 (miR-1285) T
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ZAEFREESEHI T SVA %1, Aaksmglid
T B KA TRk . SVA RYLEIR FHEm, &
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. A& SVA MR 5T £ ZE R T IR AR A&
B KM T o TIRATIR SN, AR SVA 5
5 £ miRNAs B AE 0506 WARTE . PR, AHF 72
M miRNAs i B2, 85T miR-1285 J¢ H AR
DDX3X 7EHT SVA &G R IR G & E T,

SVA I G112 WrRI B 12 Pk B B 4 o

1 RS

1.1 ##
1.1.1  @afe Rk JRERAR KRBT

FEAEAUE A PK-15 B R Ol K@ R IR 5
LR AT UE (KSR E) RAF, SVA CH-01-
2015 43 B ¥k (KT321458) 1A LI 5 40 25 4 5 13
1%. pmirGLO #fk. pET-32a(+) #ifk. Kpas i
J& 52 S0 DHSo. BL21(DE3) HIAS S2 50 = (747
pMD®19-T # A& 5 ) M LAV ARG R AT .
112 £2RXA 5 A% S E IR
#: Ba2F M7 . DMEM. 0.25%(w) J 5 A g H
GIBCO A ], #:4i{7 jetPRIME"J H Polyplus 2
7], miRNA mimics A inhibitor. siRNA H I 73
YNGR 95

A FEMKKF: RNAiso Plus.
PrimeScript™ RT reagent Kit with gDNA
Eraser(Perfect Real Time). 2xEx Taq”. dNTP
Mixture. 10x Loading Buffer. T4 DNA & . &
1 Marker %5014 | TaKaRa 2 &5 BRI 14N I Xho
I. Sal 1. EcoR 1 % Jl§ & NEB A #; Dual-Glo®
Luciferase Assay System. GoTaq"” Probe qPCR
Master Mix 2xJlJ  Promega A #]; E.Z.N.A." Gel
Extraction Kit. E.Z.N.A." Plasmid Mini Kit I J§ 5
Omega /A ) ; ReverTra Ace® qPCR RT Kit i H
TOYOBO ‘A 7l; Zero Background TA TOPO Cloning
Kit 24 Clone Smarter /=i, 14 H ER A A
A7]; Ni-NTA Beads Il H % JH R AV RHLA
FR /2 7] ; 2x RealStar Green Fast Mixture. RIPA 4y
ZF RN BCA ¥ 6 8 E Mg wR & B db st
GenStar A &; SDS-PAGE # BBt il iR 71 & 40/
W15 20 M R A R S B R RAEI R
FR 2~ %] ; Bulge-Loop™ miRNA qRT-PCR Starter
Kit, Bulge-Loop™ miRNA Forward Primer 4 |~ /1|
BUHAMRH AR A A .

B APA S IFN-B Kl 7 & Anti-
His(mouse). Anti-f-actin(rabbit) ¥. 57 FEH /A Goat-
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anti-mouse(HRP) lfbr —H1¥ H Proteintech 2 ],
Goat-anti-mouse(Alexa Fluor 594) %t il H
abcam A 7, Anti-DDX3X(pig) £ ik E -
R T EMRHE R A IR A .

1.2 75k

1.2.1  @mpasdc DAL 1x10° A4 1 25 1 F
PK-15 4l Fh 20 A B R L, £ 10%(p)
g 4= g ) DMEM ¥ =W T 37 C. 5%(9)
CO, %M TR %, B PK-15 B EHEEKRT
90% o FEAT LA, W B IR 5 - TG pH 7.2 1)
PBS &G TE 2 #, TIAE 0.25%((w) i H
(") EDTA, B FRFEHIHA 2 min /245, £ S04
TEE, GHMAR B oy O 7 2 AR PR T AL,
TINE 10%(p) 64 MLIE 40 B % 7 4k B85 75 .
1.2.2 SVA &% YIRS % E KT 80%~
90%- A KRAS R AP 40, Wt 35 723, PBS 22
WIEVE 2 36, SVA CH-01-2015 55 B35, IR E
#( (Multiplicity of infection, MOI)=1.5, 2 h J5
PBS 2 MG eI HHAEH 2%(p) M54 LG
FE IR, AN [E] I 18] A5 20 WSO A i RNA 5 28
Rt BIEWL BEREYE SVA 4 NFAYERT IR 4L (CK),
B 3 IER, 34T, A 2mL H0E T80 C
RAE o

1.2.3  #% DUAL 1x10° AN 4H M %5 K PK-
15 Ao 2 6 FLANMLES 724K, 7515 10%(p) iR
L% i) DMEM 8573234 T 37 'C. 5%(p)CO, 51+
TR, MAMMR G F IR 50%~60% B #5754 100
pmol miR-1285mimics. inhibitor 5 pEGFP-DDX3X-
p. si-DDX3X Jii ki & PK-15 4/, # 4 24 h
J5 LA 1 MOI 7 & SVA #F0 PK-15 40/, 24 h J5
SN RNA, 48 h IELIILE R A, 72 h ER
Bl FTHEZER)T S5 5 4 : miR - 1285
mimics IE5% 5' - CUGGGCAACAUAGCGAGA
CCCCGU - 3’ 1% 5' - GGGGUCUCGCUAUG
UUGCCCAGUU - 3’/ miR - 1285 inhibitor 5’ -
ACGGGGUCUCGCUAUGUUGCCCAG - 3';
DDX3X 1E4# 5' - ACAGCAGTTTTGGATCC
CGT - 3'. %1% 5' - GTCACTTCGTCCACGGT
CAT - 3"/ si-DDX3X IE% 5' - GCUGAU
GGAUGUUGGAUATT - 3', fi%% 5’ - UAUCCA
ACAUCCGAUCAGCTT - 3's

1.2.4 RNA ##8 % qRT-PCR */ RNAiso
Plus #i#2& PK-15 4ot &t RNA. 78 L8R,
1 PBS Zeiviiis veAi L, 4% 0.1~0.2 mL/em® ()55 &
JIN RNAiso Plus J5 #5058 30, ¥ N 7 40 fa 0 24

W EELEY, ERFHE S min FIRKKIMA=
S kEsE, BAKTVEZ I RNAIso Plus RNA $2HUR
FUVEIA Ao B Hh B2 A RNA A @0 30 il
DEPC 7K fif, IR & B Wl E A 5E 5 RNA i
B, 103 RNA FTEIR R Dagy nn/Dagonms Daeo
D330 nmy 7736580 C IRAFELE T IR 5%
miRNA qRT-PCR X% 2 miRNA 1st Strand
cDNA Synthesis Kit (J127%) v 45, BAR S NAE T
95 ‘C T4 10 min, LA 95 ‘C A2 2 5. 60 C iB Kk
20 s, 70 C EAH 10 s FEAT 40 MEH . AN
B3 RES, HELB X (CK). mRNA qRT-
PCR /¥ : Z & HiScript” III 1st Strand cDNA
Synthesis Kit (+gDNA wiper) ¥t 8] 51417, qRT-
PCR R MAE/F: 95 ‘C TiAZE 2 min, LA 95 °C Ak
15 s. BIRJEIR K 20 s, 72 °C ZE4H 30 s HE4T 40 ME
Wo BARMNEHE 3 XRES, 3 % 0B xR
(CK). &EHFGYIFHINZE 1.

1.2.5 &R EEFEAEN  7E 6 FLANMIES IR
TS TR, £ AR & RIS B 60%~80% I i
17 Gk Be o MR4R IS0 75 24 7E 1.5 mL B0 hon
A 2 ng DNA F1 80 pmol miR-1285 mimics B3
inhibitor DL & 200 uL jetPRIME® buffer, it i€ & ¥ /&
5o FEIRAWRFIF I 4~6 pL jetPRIME®, % jiE iZ
% 10s, FiREE 10 min. B GRS YZ I
T 2%(p) G 4F IS 4 B KT 77 2L 0 A0 e % 7% 6 FLAR
W, BRI TR EAAR Y 4 h 5T
4 5x Passive Lysis Buffer (PLB) X 7% /K% kg N
1x PLB, 4 ‘C 4 Fiffr. MG 24 h J5, W%
YIRS B iF, FITA R PBS J5 ¥4 3 i,
W )X PBS I 500 uL PLB. = FEREAR 2%
4HH 15 min. £ 96 fLHRHHESLINA 20 uL PLB £
RV, B8 S AN\ 100 uL LAR II, K305 K th5¢ 6 25
By A ZE o5, In 100 pL Stop & Glo®
Reagent, I &1 5 7O RS

1.2.6  Western blot ¥ 4% 48 h J5 #& HU 4 iy & 2K
M, BARD RS RIPA SRR UL Bk T . (8
H BCA V58 8 H R 2B, SR 5 KRR o 3,
20 C %M FIRAF. HAEEKIEE, I K,
PL 70 V HLJK 40 min, FFLAE R 140 V HLIK, A
T . AT 100 g/L + ke IR IR
BB FL YK (SDS-PAGE) 43 85, #6552 5
Immobilon-P £ (EMD Millipore, USA) L. £
0.1%(p) M35 20 ) TBST(10 mmol/L Tris-HCI. pH
8.0~ 150 mmol/L NaCl) "1 F 50 g/L Jii Jlg @k 3 P41
2he BHHEMHAMBELEN —PWE 1 h 5K
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Table 1 Primer sequences of genes

LA AR SIREFH(5'—3") Opy/ C P=H R/ bp SCHR
Gene name Primer/Probe sequence Annealing temperature Product size Reference

RIG-I F: ATCCCAGCAACGAGAA 60 188 [36]
R: GCCACGTCCAGTCAAT

MDAS5 F: GAGGAATCAGCACGAGGAA 58 73 [37]
R: GTCAGTAATCCACTGGGA

MAVS F: ATAGCCAGCCTTTCTCGG 60 237 [36]
R: TAGCCTCAGTCTTGACCTCTTC

TRAF3 F: GTGTCAAGAAGGCATCG 60 164 [36]
R: CCTCAAACTGGCAATCA

TANK F: GGACGCCTTGAACTACCTGT 60 119
R: GCCTGCCGAAAGGCTTCATA

TBK1 F: GCCTTTCTCGGGGTCTTCAA 60 74
R: ACACTTTTCCTGATCCGCCT

IRF3 F: CCAGTGGTGCCTACACTCCT 61 191 [38]
R: AGAGGTGTCTGGCTCAGGAA

IRF7 F: CGCCTCCTGGAAAACCAA 60 76 [37]
R: CCCTGAGTTGTCCTGCAACA

IFN-§ F: GCTAACAAGTGCATCCTCCAAA 60 77 [39]
R:AGCACATCATAGCTCATGGAAAGA

GAPDH F: ACATGGCCTCCAAGGAGTAAGA 60 106 [40]
R: GATCGAGTTGGGGCTGTGACT

SVA-3C F: GAGCTTCAATCTCCTAGA 59 115
R: GTGTCATCATTCTCGTTAG

% Probe CAGACATTCGAGCCAAGCAACAA 69

TBST 2 MR BE% 5 IR, &K 5 min. ¥ PVDF JEji%
AR I —PiP I E 30 min 5 ¥E%E 3 W, BRI
5 min. BEGIECHIAOGH, K KM E PVDF ik
TS TN 25 R R 5

1.2.7 &G FoH R80T EEE R St
4 SPSS 19.0 AT 43 #T - 45T TR I8 A ) 3 415K
AT R R T Z oW, 5 2 5 B3, W 4 ek
1T Duncan’s % 5 0 HAREdE < (a3 47 0 57 F
At RS, P <0.05 o2 7 B, B - E+
PRAEIRTR IR -

2 ERESTH

2.1 SVA B PK-15 Affif5 miR-1285 RiAEE
i
AT T B S M KB, SVA RS

PK-15 4l J5 miR-1285 &3 F . N T #i %€ miR-
1285 7£ SVA IR GL b 3 A2 A H, A 78 1 Ja
F qRT-PCR £ ill 7 miR-1285 7£ SVA & #: ] PK-
15 AP £ . A 1A FioR, 1.5 MOI SVA %
e PK-15 400 5, miR-1285 F 31k [t 35 B[] () 4iE
KB W 1 0, 7R IR YL 24 h R E BN (P<
0.01)s 24 SVA 435I LL 0.1 MOI. 1.0 MOI. 5.0
MOI F1 10.0 MOI 71 & /& 4% PK-15 4 i 5 , miR-
1285 F: K #% UL EAE 1.0 MOT W 1A B e g K7 2
Je, B A 0 B 4 E 5T = A 3 0, miR-1285 R IA
EEIR D, (H2 SVA IR YL &N 5.0 MOL B, % 7
198 B35 (P<0.05)( 1B). LR &5 REH, £
SVA J&JL (1) PK-15 4 g o miR-1285 FI3RIA i,
I H IR IEAE — & Y0 B A B A5 s B 771 5 A0S L i)
V) F%) 388 o vy 44 0
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“*” and “**” represented statistical difference in comparison with control group at P < 0.05 and P < 0.01 levels respectively (Duncan’s method)
1 T[E) SVA REATE] (A) FIRERTIE (B) &4 T PK-15 4+ miR-1285 fRiL =
Fig.1 Expression of miR-1285 in PK-15 cells infected by SVA at different infection time (A) and dosages (B)

2.2 miR-1285 L E X 7N & 36 iE

N T T miR-1285 78 SVA B 4
F, # A MiRanda #4 F PK-15 48 & miR-
1285 [ {E#E i o 2 T A5 B %0 #, miR-
1285 #£ DDX3X f#) 3'-UTR H BAG 5L 47 A (B 2).
N T BRAE TR ZE B, ¥ miR-1285 mimics. inhibitor
gy g PK-15 4/, A48 g DDX3X 1Y
mRNA Fl2E H KA. Western blot 45 R BoR, #
miR-1285 mimics )40 M 5 BA 4 6k 18 2H A5t
DDX3X & [ R IAE A L1k ; (A% 4 miR-1285
inhibitor [{] PK-15 2/, DDX3X & [ I IA 8%
Hhn (# 3), H5700 e ERillgs R (P < 0.01)(&l 4)
—F. AT HE—PHiE miR-1285 il DDX3X 2 |A]
(R R 2 &R, F DDX3X BFA ROk, Bk K S48
RL 5 9 5 Ye 3 PK-15 4. XU 6 KB BT R,
Ext A, 5545 DDX3X A 7Y kL 40 g
o, miR-1285 mimics MAHXT 2 ' 2 B PE A 2 2 410
#il (P <0.05) (K 5). FiR4E R Ui, miR-1285 @it

ssc-miR-1285: 3" ugccccagagcGAUACAACGGGUc 5

DDX3X: 5" aaccgcagcatTTCTTTTGCCCAt 3’

B2 miR-1285 5 DDX3X RIEEELE A LS
Fig.2 Targeted binding site between miR-1285 and
DDX3X

Mimics Inhibitor

T

Practin |G| 2 000

& b & O
RPN
&S' &S'

3 %% miR-1285 mimics. inhibitor & PK-15 fiff1f5
DDX3X ERKFRIL
Fig.3 DDX3X protein expression after the transfection of
miR-1285 mimics, inhibitor into PK-15 cells

0 0.1 1.0 5.0 10.0
J&YLFE/MOI Infection dosage

54 PK-15 40l i) 3'-UTR #£ 16 DDX3X, 3 H
miR-1285 F1 DDX3X Z [BfELE T8l M) 5% & o

8-
OCK
3 miR-1285 ks
£ o =
1% 3
X &
K S 4
r 2
o =
=
2 2r

[T [ ]

Inhibitor
Qb3 Treatment
“Hx” FORMILEIIRAE P<0.01 /KFZ 783 (Duncan’s %)

“** represented statistical difference in comparison with control group at
P <0.01 level (Duncan’s method)

4 %%% miR-1285 mimics. inhibitor & PK-15 {5
DDX3X AJ mRNA 3 RiLE
Fig. 4 The relative expression of DDX3X mRNA after
transfection of miR-1285 mimics and inhibitor into
PK-15 cells
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- OcK

O miR-1285 mimics
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= |
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HARE G 2R B
Relative luciferase activity

DT B A
Wild Deletion Mutation

Jiiki Plasmid

“x7 RORATL S XHRLE P < 0.05 /KT % 57 5.2 (Duncan’s %)
“*” represented statistical difference in comparison with control group at
P <0.05 level (Duncan’s method)

5 HFA[FE DDX3X EEHFMKRKE PK-15 /G
miR-1285 ML REGIE M
Fig. 5 The relative dual-luciferase activity of miR-1285
after transfection of different DDX3X recombinant
vector plasmids into PK-15 cells
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2.3 miR-1285 X H#0%r DDX3X {&i# IFN-B FRik

T RF miR-1285 5 SVA. IFN-B [ % &,
# miR-1285 mimics. inhibitor ¥ 4% PK-15 4,
24 h J5/& % 1 MOI SVA. qRT-PCR % H n
6A Fion, 5XFIAM L, i RiE miR-1285 )5
IFN-B mRNA ¥ 3/KF 83 N, T# miR-
1285 I} IFN-B I &2 Eif (P < 0.05); 4R 24 PK-
15 %23 SVA Wi 4L 5, 1 3R1A miR-1285 ] Ak i
AR HE IFN-B %5 (P < 0.01), T3 miR-1285 It}
IFN-B mRNA #3%/KF 822 N iff (P <0.05). [FFf,
AT HE7E DDX3X Xt SVA e PK-15 4l 5 IFN-
B Ak 5, K DDX3X i 235 M5 ki 2 1
HYLYHM, 24 h J5 LA 1 MOI SVA T2 4 i, A6

A: miR-1285
60

D CK s
50+ 3 Mimics
8 == Inhibitor CK
Z 40}
I 3 == [nhibitor *
KB
'
£F | N
< 6
& N I—I
| r‘u
0

0 24
t/h

IFN-B FKiE ML, 450 anE 6B fi, ik Ri& DDX3X
AJ AR AR 3 TFN-B 1§45 57K 1 (P<0.01), T3t
DDX3X A B & #l ] IEN-p B K& (P < 0.05).
Western blot 5 R 5 R e mLE R —2, &
SVA & 48 h ) PK-15 4 Jfig rfr, it %X miR-
1285 Al i TFN-B & H AIFRIA, 4 miR-1285 #& 4]
T, TFN-B 1125 [ 7K P 5 560 JE 2 40 A Hh ) 2 1K
FAHAL (B 7A); [FIFE R 1A DDX3X et (i ik
IFN-B £ A MK IE, TP DDX3X [ INF-p Kik &
ExtIRARMLL (B 7B). LiRgs BEH], SVA K
PK-15 41/l J5 miR-1285 M H#kr DDX3X #AEE
HE TFN-B 73

|5 B:DDX3X
—CK
- == FN-
i £ 10}
X &
H% é ok
EE st
Q
] !“i *
0 I;b
TRk TR TR FHREKGE
pEGF-DDX3X-p si-DDX3X il
poly (I:C)

JFRL Plasmid

xSRI FTRAEBE G HTIRAE P < 0.05 M1 P<0.01 K F R (Duncan’s %)
“*” and “**” represented statistical difference in comparison with control group at P < 0.05 and P < 0.01 levels respectively (Duncan’s method)
6 miR-1285 X H#I4R DDX3X XJ IFN-p mRNA FRiAHIiEE1ER
Fig. 6 Regulation effects of miR-1285 and its target DDX3X on the mRNA expression of IFN-

D . (&
R, “up %%
I R OO %
b, B o, %, %
KT Q. e
% /’bﬁ ’?J,C:P g i + o -/

B: DDX3X

A: miR-1285
&7 miR-1285 & H#L4R DDX3X Xf IFN-p EHFRIARIAE
=1ER

Fig. 7 Regulation effects of miR-1285 and its target
DDX3X on the protein expression of IFN-f

2.4 miR-1285 K& HELFR DDX3X Xf RIG-1 (5 S1&
B XBES S TR
N TR miR-1285 K HAEFR DDX3X 5 RIG-
L& B MKR R, 77 0% % miR-1285 mimics.
inhibitor B si-DDX3X 4«4 PK-15 4y, qRT-
PCR il RIG-1 15 5 1@ % X 84S 54>+ mRNA A

XfRIEE, SR 8.9 Fin. ML TXTIEA, &%
J% miR-1285 mimics 5 MAVS. TRAF3. IRF3. IRF7
FKikE B ERIK (P <0.05), HAh TR B2
5o Yt miR-1285 inhibitor J5 IRF3 #% /K1 5%
EI (P <0.05), HAd 537 1 sfoK-F 0 8 B B AR
o MPLER DDX3X B, Hxf AL, Bk a7
MDAS. TANK. TBK1 *isfEE % Ll (P<0.05. P<
0.05. P <0.01), T MAVS. TRAF3#F A & &2 i
(P<0.05. P<0.05), HAhnT IR (K 9).
2.5 miR-1285 & H#l#x DDX3X ¥t SVA 3C &Ki&

HIEE
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