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P Y, mIEAFE AR AP2. C/IEBPa. FASN. LPL &k K-F# 2 ¥ FiH(P<0.01), C/EBPS.
DGAT2. GLUT4 #= PPARy #9 & ik /K-F 2 % FA(P<0.05). F4L miR-23b-3p &ik/E, LFMAMEH
mip s EmE %, ACC. ATGL. AP2. DGAT2. GLUT4. FASN #= SREBP1 & iAK-PMEF +
if(P<0.01), C/EBPB. LPL #= PPARy #9&AK-F R F Lif(P<0.05). i@id4 M1z & 5 o547 Fm,
PDE4B T % % miR-23b-3p #9¥e4r LR, Hit & X miR-23b-3p /G AR 2 % 4% PDE4B #9 mRNA & ik
7KF(P<0.01), -F#miR-23b-3p /& PDE4B #) mRNA /K-F133] T 8 F32H(P<0.05). M % A FBEIRE
A EXI 2 R A, miR-23b-3p 5 PDE4B A F A £ ¥/ X £, miR-23b-3p id i fei) PDE4B 3 F
F2 Ly F LA AT AR 5 fm B 64 AL
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miR-23b-3p regulates the differentiation of goat intramuscular
preadipocytes by targeting the PDE4B gene
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Abstract: This study aimed to explore the effect of miR-23b-3p on the differentiation of goat
intramuscular preadipocytes, and to confirm whether miR-23b-3p plays its roles via targeting
the PDE4B gene. Based on the pre-transcriptome sequencing data obtained previously, the
miR-23b-3p, which was differentially expressed in goat intramuscular adipocytes before and
after differentiation, was used as an entry point. real-time quantitative-polymerase chain reaction
(qPCR) was used to detect the expression pattern of miR-23b-3p during the differentiation of
goat intramuscular preadipocytes. The effects of miR-23b-3p on adipose differentiation and
adipose differentiation marker genes were determined at the morphological and molecular
levels. The downstream target genes of miR-23b-3p were determined using bioinformatics
prediction as well as dual luciferase reporter assay to clarify the targeting relationship between
miR-23b-3p and the predicted target genes. The results indicated that overexpression of
miR-23b-3p reduced lipid droplet accumulation in goat intramuscular adipocytes, significantly
down-regulated the expression levels of adipogenic marker genes AP2, C/EBPa, FASN, and
LPL (P<0.01). In addition, the expressions of C/EBPS, DGAT2, GLUT4 and PPARy were
significantly downregulated (P<0.05). After interfering with the expression of miR-23b-3p,
lipid droplet accumulation was increased in goat intramuscular adipocytes. The expression
levels of ACC, ATGL, AP2, DGAT2, GLUT4, FASN and SREBP1 were extremely significantly
up-regulated (P<0.01), and the expression levels of C/EBPfS, LPL and PPARy were significantly
up-regulated (P<0.05). It was predicted that PDE4B might be a target gene of miR-23b-3p. The
mRNA expression level of PDE4B was significantly decreased after overexpression of
miR-23b-3p (P<0.01), and the interference with miR-23b-3p significantly increased the mRNA
level of PDE4B (P<0.05). The dual luciferase reporter assay indicated that miR-23b-3p had a
targeting relationship with PDE4B gene. MiR-23b-3p regulates the differentiation of goat
intramuscular preadipocytes by targeting the PDE4B gene.

Keywords: goat; miR-23b-3p; PDE4B; intramuscular adipocyte differentiation; dual luciferase
reporter assay

MicroRNAs (miRNAs)ZYFIEILRSFIIPNTE (9 34E B IX (3" untranslated regions, 3'UTR)%;
PEFRIEAEGIS/NGF RNA, KE—BAE 22 nt G400 ] 035 D8] 3R 3 b (o LI A , DAL T 552 i) 4 [R)
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untranslated regions, 5’UTR)%E G vl LAAE i7F H:
PR WEE R, miRNAs 2B S Ag
) i B B P R T . Ouyang 5PVE B,
miR-125b-5p RGP 3T3-L1 Fi{Ag s 4 s
Bti; Ling %%, miR-375 fEME{LdE 3T3-L1
ARG T 40 AR 4k s Ma SEVI0F5E R
miR-25 i 2 H R bR ST I A BT 2
Ky # I IE Y 1 (peroxisome proliferation
activates receptors y coactivatorsl, PGC-Ibeta)ilfl
il — L i 177 T 1l TR A 3R 3 4 T A 9 5 11 A 3L
i - B A e i oA

miR-23b-3p It - F 2009 41 Rogler 51
if  microRNA £ [H 5 F (microRNA gene
microarray) % 5 & P, miR-23b & &N T/
9 S @A LE, PFFEN miR-23b FEE S
I 7Y 32 (A8 92 s 41 Jitd )i 25 11 (drosophila mothers
against decapentaplegic protein, Smads) i i 17
TGF-B/BMP 15 Sl I A4, 20, 5
A C I BF 58 K B0, A B RT O
miR-23b-3p B3k, miR-23b-3p i ITER(E
VE#EHF 1 (silent information regulator 1, SIRTI)
P A7 5300 2 A 15 3 W R R o g 28 v ey
BEr A CHCZ, F H miR-23b-3p R DL
gh4 SIRTIMY; 7B HepG2 4B, miR-23b-3p
it SIRTL LU0 A7 i S8 A8 hn 20 i iy
BRBA RN e WS, miR-23b-3p H.
Ak 3T3-L1 4o AergfEH, [REE sk bras
JL[F FABP4 il PPARy 435 7E mRNA I 2 F1/K
V- B R A A, (HOREEE miR-23b-3p (HEAR
S . Wang 55U 53R 41 4 BT & B
miR-23b-3p 7ER A ILANE NG A Rk, Hi R
LI = R NS 5 K O N a1 7 S D
RNA-Seq & ¥ miR-23b-3p 7 1L 2FE LA IG5 41 i
ST G WAFAERTR 22 5, HEMHXT L =E LN g
05 20 H A B B AR E

&: 010-64807509

AR 58 R RT-PCR ., SE I 2 3
PCR (real-time quantitative-polymerase chain
reaction, RT-qPCR) . MG SR . NRFUIRGE Y | &of
FiE . RNA THUHIEE R iR i 5 R 5 45
Sr Yy, B miR-23b-3p RikFEE,
I P B HCRE 1L 2 U P B A 240 e o0 A Fe R 44
L r RERIAE FHMILA o

P

1.1 ##
111 REPIMERRE

ABIFELL 7-10 H MR EAF(AF, n=3)
DRI XS, B DU R AR Y TR IR ITE S
EE7 N T EuN Y SR AR R E IR AMIIE S
WHTATE T A0ME , AR A A2 . shfe
P A U g RGO SR S e PR B it
EHEHES . No. 2020086).
112 EERKF

TRIzol . RevertAid First Strand cDNA
Synthesis Kit #1 Bodipy 4 H Thermo Fisher
Scientific; TB Green® Premix Ex Taq™ II.
PrimerSTAR® Max DNA Polymerase. Nhe I Fil
Xba Iy H TaKaRa 23wl ; DNA 4l [al sG] & |
RO & A DHSo B2 A 410 B RAR
AR (AL A PR Al 5 TIRY Jise it it A1 R e
H Sigma Zy#]; DMEM/F12., W2 %% ohih i
(phosphate buffered saline, PBS)HIfi#i & H I H
Hyclone 2 ] ; i 2F- IfiL# (fetal bovine serum, FBS)
4 B Gemini 2 7] ; Opti-MEM FIXXFL I [ Gibeos;
RNAIMAX Reagent [J H
Invitrogen ; Dual-Luciferase Reporter Assay
System W4 [ B 5T v MEDE A W BB A BR A
Hl; pmirGLO MG R M2 A A Promega
Al Bl E A AR TR (R R A R
ikEy 2

Lipofectamine®
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1.2 73
1.2.1 WA AFTARBER AR 15 7+

37 °CKIR MR SE RS RAF I AR L 2R UL
HIARE AL, FH& 10% FBS 1 0.1%XU 1
P& (bispecific antibody)fy5¢ 557 IEEF5 . 4
M AR K B EE EZ) 80%-90%E4X, AL i
g TH AL 20 o 7 LU 2 F3 AR AN Al & B 3k 80%H
56 42 1 5 5L T 4 A Tl R 1755 771 (50 pmol/L), 4351l
TEIES)G 00 12, 24, 36, 48, 60 h I UsCAE 40 i
o
1.2.2 YHpmsE 4

el I 3R A5 A9 11 2 miR-23b-3p 741,
MR I A5 5 51 43 531135 11 miR-23b-3p AL
(mimics) A #l 5] (inhibitor), FH GenePharma
INSEA R, 43345 4 mimics NC. inhibitor
NC . mimics miR-23b-3p #/ inhibitor miR-23b-3p
(F 1o # F3AILE NN AT U7 240 B s8] 42
F 12 fUAR, FRAMEAEKE S0%I i THE Y . #;
Yt 6 hJ5 A 50 pmol/L JMER S T, BT
1k 48 h 5 AR AU i o AR 3 N E A
1.2.3 B4 O (oil red O)FNE M AL MG E

(Bodipy)
T ny At 7 24 Ltk 037X

[F]1.2.2” £ O 1 Bodipy 40, 57 ] SCiHk[14]
/AN
1.2.4 qPCR #&0

Kl TRIzol 12 AN AL S FR HUEL RNA,
% #8 RevertAid First Strand cDNA Synthesis Kit
ULHH 454 RNA Fei S % s8 cDNA, T4

= 1 miRNA mimics 0 inhibitor £ %
Table 1

FEZ AL AIRE A (cDNA) S SEIINA oligo (dT),
1A F AR miRNA 2480 55 10 ) %0% 19 FF
(cDNA-1) S EE SRR AN 22385190, 519
FF %1 g . 5-GTCGTATCCAGTGCAGGGTCCG
AGGTATTCGCACTGGATACGACGGTAATCC-
3" S SRR 5 AR RIS T-20 °C#AfE . UXT]
1 U6 23 5I4E A R Al miRNAs N2 LI IE H:
FRAKF-, I qPCR H AR KM miRNAs B
TR G Rk . qPCR BVA R
(20 uL)>~ : TB Green® Premix Ex Taq™ I1 10 uL,
10 umol/L FFiET #1451 pL, cDNA 1 pL,
ddH,O 7 uL. qPCR W% : 95 °C 3 min; 95 °C
30s, Ty 15s, 72 °C 2 min, 3t 38 MEHR; 72 °C
5 min; 4 °C{RAF. B NFEMIRE 3 MEY=H
o T qPCR W RS MES 115 B L% 2.
1.2.5 miR-23b-3p $ERFMALFE PDE4IB
3'UTR %f&

F| H miRDataBase .miRWalk , TargetScan 8.0
SR FRREIEAT miR-23b-3p T IR L PR T
55 A Venny 2.1 2l F R . 45 A S0 = A
FELEL, R PILPR PDE4B A iy miR-23b-3p [
BEUARIED, AR 1L PDE4B L F 41 (NCBI
B RS N XM 005678304.3) , F) J Primer
Premier 5.0 31 111°F PDE4B 3'UTR el B F
HE1YER 2). FIAFESE 0 h B9ILE LN g
U5 240 L, RNA Ji % 5745 3] cDNA B AR i1 T PCR
Py, EaE 1%Z 0 BEEE I F UK O R E SR
i, BRSP4 4% 2 pClone007 A4

The sequences of mimics and inhibitor for miRNA

miRNA Classification Sequence (5"—3%)

NC Mimics UUCUCCGAACGUGUCACGUTTACGUGACACGUUCGGAGAATT
Inhibitor CAGUACUUUUGUGUAGUACAA

miR-23b-3p Mimics AUCACAUUGCCAGGGAUUACCUAAUCCCUGGCAAUGUGAUUU
Inhibitor GGUAAUCCCUGGCAAUGUGAU

http://journals.im.ac.cn/cjben
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*2 AWMREMRSIY

Table 2 Primers used in this study

Gene/miRNA  Sequence (5—3") T, (°C) GenBank accession No.

ACC GGAGACAAACAGGGACCATT 60 XM _018064169.1
ATCAGGGACTGCCGAAAC

ATGL GGTGCCAATATCATCGAGGT 64 NM 001285739.1
CACACCCGTGGCAGTCAG

AP2 TGAAGTCACTCCAGATGACAGG 58 NM 001285623.1
TGACACATTCCAGCACCAGC

C/EBPq CCGTGGACAAGAACAGCAAC 58 XM 018062278.1
AGGCGGTCATTGTCACTGGT

C/EBPS CAAGAAGACGGTGGACAAGC 66 XM _018058020.1
AACAAGTTCCGCAGGGTG

DGAT2 CAATAGGTCCAAGGTAGAGAAGC 64 NM _001314305.1
ACCAGCCAGGTGAAGTAGAGC

GLUT4 TGCTCATTCTTGGACGGTTCT 60 NM 001314227.1
CATGGATTCCAAGCCTAGCAC

FASN TGTGCAACTGTGCCCTAG 57 NM 001285629.1
GTCCTCTGAGCAGCGTGT

HSL AGGGTCATTGCCGACTTCC 60 XM 018062484.1
GTCTCGTTGCGTTTGTAGTGC

LPL TCCTGGAGTGACGGAATCTGT 60 NM _001285607.1
GACAGCCAGTCCACCACGAT

PPARy AAGCGTCAGGGTTCCACTATG 60 NM _001285658.1
GAACCTGATGGCGTTATGAGAC

SREBP1 AAGTGGTGGGCCTCTCTGA 58 NM_001285755.1
GCAGGGGTTTCTCGGACT

KLF8 GACTACAGCAAGAACCAGCAGC 62 KX247671
CTCCTGTATGGATTCTGCGGT

UXT GCAAGTGGATTTGGGCTGTAAC 60 XP_005700899.1
ATGGAGTCCTTGGTGAGGTTGT

O]) TGGAACGCTTCACGAATTTGCG 60 NR 138085.1
GGAACGATACAGAGAAGATTAGC

miR-23b-3p CATTCTATCACATTGCCAGGGA 58
GTGCAGGGTCCGAGGT

3'UTR-F TGCTGAAGAGATGTCCCCCT 62

3'UTR-R AAACCCATTGGTCATGCACA

PDE4B WT-F CTAGCTAGCTAGTGCTGAAGAGATGTCCCCCT 62

PDE4B WT-R GCTCTAGAGCAAACCCATTGGTCATGCACA

MTI1-F AACTTACACTATTTTACAATGAAATGTGAACTGACATAG 62

MTI1-R GTAAAATAGTGTAAGTTTTTATTGTTTTCTTTAGTAATTAATCGG

MT2-F CAATGATTACACTACTGACATAGTAAATTATGCAAATGTGAA 62

MT2-R CAGTAGTGTAATCATTGTAAAATTCACATTGTTTTTATTG

MT3-F CAATGATTACACTACTGACATAGTAAATTATGCATTACACTA 62

MT3-R CAGTAGTGTAATCATTGTAAAATAGTGTAAGTTTTTATTG

&: 010-64807509 B<: cjb@im.ac.cn
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(25 °Ci%#% 5 min), ¥k Z)RZ 8 41M DHSa,
37 cCal K 5%, & W& R it (ampicillin, Amp)
Pk e 5 HEA T R I PCR K58, |5 2% 2 Ul
LRA YA PR /1T o R I 6 0 TR
PEHUTTRL, —20 °CIRAE, JUkifi44 A pClone007-
PDE4B 3'UTR.
1.2.6 PDE4B 3'UTR R ERT R WK N ZEGIR
HEE

H A5 3545 () PDE4B 3"UTR J37 41 #l pmirGLO
A&, ¥ Nhe T F1 Xba T /NI AT
PDE4B-WT 5|#)(# 2). Ll pClone007- PDE4B
3'UTR JFoki it , PDE4AB-WT 1 F #1 R 514
#E4T RT-PCR "% , RT-PCR EfAZ (20 uL) W :
B E PCR Ji(Primer star max) 12.5 pL, 10 umol/L
FRUWESI9I45 1 ul, ¢cDNA1 pL, ddH,O 7 uL,
RT-PCR Wi #/7: 98°C 10s, T, 30s, 72°C
20s, 35 MME; 4 °CLRAF. # B YR Bl 1Tk
FEFER A3 BE ARSI [mTe™ Wvik BE , B
HEATRUEEY] . WY SOWAR R : 1 pg B mhii™
Y1(a% 1 pg pmirGLO J§ifr), 1 pL Q.cut Nhel, 1 pL
Q.cut Xba I, 2 puL 10xQ.cut Buffer, #F7¢ ddH,O
% 20 pL. 37 °CE§YI | h J5#kfr4ifh. ffifH T4
DNA EH:BEI 4tk J5 H 09 7 BeAl pmiGLO #E47
HEHE(16 °Ci%EHE 16 h) 5 AL T2 841l DHS .,
Bl K A PR S R 1.2.5 AR RN IR A4 R
K44 N pmirGLO-PDE4B WT,,

%} miR-23b-3p 1£ PDE4B 3’UTR MY 45 &1
R, 3 XA R IE S MT1-3 (3% 2). LA
R IREPAE RV, e RS PDE4B 2878
RPN, WY AR R b A )
FR) B AR kLA 4 4 pClone007-PDE4B-MT ., ¥
PDE4B 3'UTR %45 B 751 % #% 2 pmiGLO 2 {4,
valbE WD) GERERAE AL ik A] pmirGLO-PDE4B
WT HaE, A E 2R SR A 45 4 pmirGLO-

http://journals.im.ac.cn/cjben

PDE4B MT,
1.2.7 HRAEIEFR AL

FH WU 22 Tl 4 4 25 DR A I 2 49 3K 1Y)
F3 RIS WA TS 105 20 B0 T 48 £Lk, ¢
MHENGEESS , A FH TurboFect Transfection Reagent
M7 pmirGLO-PDE4B WT Hl pmirGLO-PDE4B
MT 55 A2, #5045 18 h BkIE IR AL, 4%
& mimics NC F1 miR-23b-3p mimics, ¥444)5 16 h
MRS T, dRSEEE SR 48 ho T AL HEA X
H3NAEYEEL,
1.2.8 R REEN RS

Bifs 54040 48 h (9 41 L F1) FH Dual Luciferase
Reporter Assay Kit 67044 2 R A U8 3R il
PR, FEETARH S I, TH PBS SR TETE 2 1K,
48 FLEEFLIA 50 pL 1xCell Lysis Buffer, =&
T8 R B IR 5 min, AN 2R, I
SEIEZYH YR 1.5 mL 08T, 12 000xg
WIRED 2 min, BC10 pL ERFRINA BEHTL
b, BFLEINA 50 pL 286 R FHE Y (luciferase
substrate), MR IR A) JE 7 B B AR ORI 28
KN W (firefly luciferase) i 5 LR 16 M: . #F
IR A 50 puL Renilla Substrate T /E7
(#+ Stop & Reaction Buffer Fl Renilla Substrate 1A
50:1 B9 He iR 2)458) Renilla Substrate T AEW , B
FHERRC), R 1R 5 J5 37 BRI Bibr A SR 0 v Y
G E M (Renilla luciferase) i 45 LR 1574
1.2.9 FHiFFESH

FIF 272 b F qPCR $icdls . SA{E bR E
ZH“X+s”F, {#F GraphPad Prism 8.0 {4
I B B K 5 22 4 M7 (one-way  analysis of
variance, one-way ANOVA) /7 i Mds 2= 7 W
FIE, P<0.05 FR A BFEESR, P<0.01 IR
SR 2 . IR F) F GraphPad Prism 8.0 224 111
2 miR-23b-3p AU PRk,
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2 BER540

2.1 miR-23b-3p MWFERLABIARAERG 4R
vaR i opA
2.1.1 miR-23b-3p FELFERLAFIREE RS
i 2R BT FRIE

FERSE miR-23b-3p X 1112 UL DA Hi 1A B 15 40
A PR PR, R QPCR B ARG miR-23b-3p
FE LS WLPS R 195 40 M A3 A AS ] B B 1) 2R 36 A8 1k
g5 B R, miR-23b-3p 7E5 5404k 0-60 h LY
eI A A F e Gk, 1F 0-48 h B IRFKEK
S5 BT, TTE 48-60 h HiZE ik K 14 ik
ik, HAESHE 48 h BIREA o, WinE
=T 0 h FEEEP<0.01) (Bl 1),
2.1.2 T XRIA miR-23b-3p X LLERL A RIS A
i ab R A A

FIFH qPCR B A I 1L = WL P i A4 B s 20
L% Y& miR-23b-3p mimics FIECR, 25 BN,

b=
w

0.5 r

Relative expression level of miR-23b-3

0.0

Bodipy

NC MiR-23b-3p

ARETF X R, miR-23b-3p mimics 41 H miR-23b-3p
FIE TR 3 054 £5(P<0.01) (K 2A), @ L ihZL

0 1 1 1 1 1 1
0 12 24 36 48 60

Time (h)

Relative expression level of miR-23b-3p

1 miR-23b-3p ZEWFHAAEERS LR
M ERRIETWL

Figure 1 The expression change of miR-23b-3p in
different differentiation stage of goats intramuscular

adipocytes. Different lowercase letters indicate
extremely significant difference (P<0.01).
025
20| 1
020 689
<015k area
Qﬁf
« "Co.10f
0.05F
0.00 ,
NC MiR-23b-3p
140
&
Z130F
2
8 8.24% *
8 120 | Farea -
=
2 110
(]
5 60
4N
= %0

NC MiR-23b-3p

2 1Rl miR-23b-3p FJEHFILLFER RS AAE 1L

Figure 2 Mimicking the expression of miR-23b-3p inhibits the differentiation of intramuscular adipocytes in
goats. A: The mimicking efficiency of miR-23b-3p. B: Oil red O and bodipy staining analysis (x400). **: The
difference was extremely significant, compared with the control group (P<0.01); *: The difference was
significant, compared with the control group (P<0.05). The same below.

&: 010-64807509

B<: cjb@im.ac.cn



4894 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

O F1 Bodipy 4Lt k3, i FRik miR-23b-3p J51li
LN RE 7 4 M RE R AR SR b s JhEL O Yefiim
A5 B8, miR-23b-3p 4H ODyg fH B Z KT
NC 4 (P<0.05); Bodipy & 1k %5 % &/~ ,
miR-23b-3p 41 Y %< o B B 3 & F NC 41
(P<0.05) (X1 2B).
2.1.3 Tt miR-23b-3p Xt LLU=FEAL A B A 4RAE 5>
Gd:0pA0

¥ miR-23b-3p inhibitor £5 4 A1l WL F
BRI Z0M, qPCR A % K, miR-23b-3p (K3
IRBEANE], APHIBCRIK 86% (P<0.01) (Kl 3A).
WMZL O # Bodipy # o Z5 R IBRWT,
miR-23b-3p FRINAE LA B 7 40 B PN i v R 2R
(# 3B); EAbZE R, OD.g (AR E 5
WITFE 115 f5H 1.08 5, WBFEET NC 4
(P<0.05) (X1 3B).

2.1.4 FH I FRIE miR-23b-3p XFLLEA A BE
Br4RRa 7 AR R B E RIE R =20
qPCR KM z5 R B 7s, 5 NC 4At, ok

A B

In NC
o oy -
o 15+
£ »
o oB
= 3
: T =
ERTIE ©B
5
- 5
5 .
g .
2 .
w
& 05K
g
H
by o
> - - )
N
< 0.0 : : g
P InNC InmiR-23b-3p =2

ik miR-23b-3p J&, AP2, C/EBPa, FASN #l LPL
AT ek K P ik 2 R (P<0.01), C/EBPA.
DGAT2. GLUT4 FI PPARy HAH X223k K - i 2%
R (P<0.05), ACC MAHEXT FRIR KA T A
#(P=0.074), #RTii ATGL 1 SREBP1 [{)3ik %
IH(P<0.05) (Kl 4A); #Hil miR-23b-3p £k,
ACC. ATGL. AP2. DGAT2. GLUT4. FASN #i
SREBP1 1 & ik /K °F- #) & 2 | 94 (P<0.01) ,
C/EBPS. LPL #1 PPARy {23 1 (P<0.05), #Rfi
C/EBPa 1 HSL A X FKIA KoK K AR i PR AR
fb(F 4B).
2.2 miR-23b-3p RYFEE[E TN & FR1B KT
ol

i A TargetScan. microSeq 1 miRDB %§7E
LRFEF U miR-23b-3p AUSEAREED, Ffad
Veeny 2.1 il B, 45K ER, 4 107 4
TETERR L, Horp 3% PDE4B . KLF3, SEMAGD .
MAP3K5,FAM126B ., CXCL12 Fll RBL2 % (&l 5A).
XoF T R R BE R 25 A M AR, A 22 M
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Figure 3

Inhibition the expression of miR-23b-3p promotes the differentiation of intramuscular

adipocytes in goats. A: The inhibiting efficiency of miR-23b-3p. B: Oil red O staining and bodipy staining

analysis (x400).
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Figure 4 Expression levels of adipocyte differentiation marker genes and lipid metabolism genes. A: The

*
* *

i

effect of miR-23b-3p mimicking on adipocytes differentiation marker genes and lipid metabolism genes. B:

The effect of miR-23b-3p inhibiting on adipocytes differentiation marker genes and lipid metabolism genes.
**: Extremely significant difference (P<0.01); *: Significant difference (P<0.05).

DXL 4 78 A I 4 B Ak R0 B 5 4 g AH DG i 2%
(B 5B), 7EZEM 454 miR-23b-3p Hy¥EE
W26 AT B AT, RS DAVID B bt
A DR B A 2 PR TR A, T 1 4 SR SEA
43 5lJ& CXCL12., PDE4B. RBL2. MAP3K5,
WL qPCR A i 3 4 56 DX 7 o) A T4k
miR-23b-3p JE MR X HE O AW, LKL
miR-23b-3p A] LIt i 2 1%(I% PDE4B /) mRNA %
RKF(P<0.01) (I 5C), i T4 miR-23b-3p )&,
PDE4B ) mRNA /K %75 3| T & % & 7+
(P<0.05), H 7 f ik #8 5L A 1 {L PDE4B 5
miR-23b-3p Fik#aFAH (Kl 5D), KILEH
PDE4B & miR-23b-3p fi kI[N
2.3 LU% miR-23b-3p 1 PDE4B #ffrkFH
£

I RT-PCR J7ik4 353545115 PDE4B
FEH 3'UTR JPAIKEN 591 bp, & 3 4

&: 010-64807509

miR-23b-3p 5 7a, 5 F0 41 45 1 — 3L
(Kl 6A). TEILIERE [ #)%: PDE4B 3'UTR AL
B¢ 6 Z k45 254K (pmirGLO-PDE4B WT #
pmirGLO-PDE4B MT), Jf43%l7E miR-23b-3p
[ 000 45 G s Ab #EA T 98 AE , 3 PDE4B
3UTR % 78 #Y (mutant type, MT) # 1K
(pmirGLO-PDE4B MT) ( & 6B) . #| i
TargetScan #X{F il miR-23b-3p AIZE A7 A,

I 4E 5 R 7E PDE4B 3'UTR X M7 7E 3 4>
Y PDE4B E:PAHEAEAA miRNA 45507 51
(K 6C). AR BRI R G L R TR,

TE LU= LD A D77 200 B v 2 e B A R (wild type,
WT) pmirGLO-PDE4B WT J&i %i J5 & 4
miR-23b-3p #ik, PDE4B 3'UTR fif %
F%AR(P<0.05); Ak 48l miR-23b-3p F kX AF
%l PDE4B 3'UTR 115 ¥4 JC & 3 14 52 i (&
6D).
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Figure 5 Prediction and detection of the expression level of the miR-23b-3p target gene. A: Venn diagram for
the predicted target gene of miR-23b-3p. B: Regulatory network of predicted target genes of miR-23b-3p
enriched to the pathways related to adipocyte differentiation and lipid metabolism. C: PDE4B expression level
after simulating the expression of miR-23b-3p. D: PDE4B expression level after interfering with the expression
of miR-23b-3p. **: Extremely significant difference (P<0.01); *: Significant difference (P<0.05).
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A B ppE4B3UTR 5 ....AGAAAACAAUAAAACAAUGUGAA.....3'

PDE4B 3'UTR-MT 5'.....AGAAAACAAUAAAACTTACACTA.....3'

b ] ; . S COACCCTTTTACAC ,
P MiR23b3p  3'+rCCAUUAGGGACCGUUACACUA.....5
C
Human PDE4B ENST00000371045.5 3'UTR length: 1901 ENST00000571045.5
127 |
+ + + + + + l
01K 02K 03k0AK05K06K0TKOBK 09K LOK LIk 12K 3K 14K 15k L6k L7k 18k 19K
2000 Conserved sites for niRNA families broadly conserved among vertebrates
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Figure 6 Identification of the relationship between miR-23b-3p and PDE4B targets in goats. A: Amplification
of the PDE4B 3'UTR in goat. M: DL2000 marker; Lane 1 and 2: PDE4B 3'UTR. B: The wild-type and mutant
PDE4B 3'UTRs. C: Bioinformatics prediction of binding sites of miR-23b-3p and PDEA4B. D: The result of
dual-luciferase report assay. * indicated significant difference (P<0.05); ns indicated no significant difference.
33tk R
n S miR-23b-3p JEAN S S Hir U 1 256 114 A 11
RPN FIEAR = A ERT ORIy e s i 19 2 R T HLTAES)
e 1 B N J = P2 2 JESIEN 12
il FUPAPRBESS BRI S g e o OO . P . IFAERLVLIA B
SWZ L RPERE . KRS OUBIEIR T g, 34T miR-23b-3p ZENII4HNE 51k
MU, R PSRRI BRI, T o ek, AL AR . L,
Bef AT I =E IR W DU ALE A R T E M TS AR E 1 2F miR-23b-3p WLPYAS ;21 4>
Mo FRCFRENR B R MTSCE B SIPIIE AR RYR PRI b, JE—25 I A 24 B iU
J5 e B2 MG i AR oAk B B AT AR W2 d . miR-23b-3p mimics/inhibitor #R5FHRT1LPEALA NG
ISZIR, miRNAs 7EIZ FEh R PG M5 WP EFEE T . 452 R38W1, miR-23b-3p
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A0 N BR AR, R AT BRI AP2
C/EBPS. DGAT2, GLUT4, FASN, LPL f1 PPARy
) FeIk Rk R AEVE . 38 H PPARy il C/EBPS 13
KA 25| G SR BT A, DTS S
J1i F05 440 6 160 O s L 4 434, 33085 S 28 R R i g
7 240 1 79 g 105 A BT ARG PPARy il
CIEBPB )33k /K- 1. 2% T 4 7] BB J& miR-23b-3p
I AL PN B 05 40 P f) = 2 D A g O R 5
fiff(fatt synthase, FASN)J& 8RN 3kE A Yo%

SRR, BT ARG A BN R R R,
55 M g Wi B (lipoprotein lipase, LPL)J2H il =

Tt 7K A B B i, 3 B JHF O S o 4 e o 5
FENG AR N 2 R fE AR AP BRI R
tE 5 HEI1(APETALA2, AP2)JEAG iR /Y
TR RIS B T -5 A bR RN A 3 I 2
A, J& PPARy B ML A b s &
1 4 (glucose transporter 4, GLUT4)J&JLIA FIfg
5 4 41 i B A A A R AR IS 2R 1, PPARY A
) GLUT4 EiEX7 T BMP 5|8 05 5 U &
SEE S A BN 3T3-L1 JIR 5 40 4t 4 W B )
TIEHHERLAL AL 2 (diacylglycerol acyltransferase
2, DGAT2) & —Fi Al s sl B 11, & DAk
AR IIBESE CoA MKW, AL =B H ilim)
AP, Pk, AP2. DGAT2, GLUT4. FASN
F1LPL /9 i Al BB AU miR-23b-3p 5 IR TN
R JE R . SeF/NR 3T3-L1 4 A5
KB, B miR-23b-3p FIkIESEAR 40 71k
AR = BRI R, B3 HiE PPARy F1
AP2 kM S AT S5 RAR I o X Fh 22 5
1E KLF4PIR KLF13POSE 3L R Th g b tofire,
TP R 2 FR A0 2 S5 sl A 200 L S ) o
MiRNAs 1R — A5 5% 53¢ g 7K F- ] o i 5
B ARG 5/ RNA 43T, FEshfik i) 352
SRR AEAREL Y 3'UTR RHEEM .. iR
miR-23b-3p R 1113 LD R 5 20 2 1) T
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YEFBLE], 1 5el LR K /X% miR-23b-3p 1Y
TRTERE R UEA T 0N, & B0 PDE4B Rk Y
miR-23b-3p FiEBHEA A, LT ER
miR-23b-3p VAL N . PDE4B & 1V RIIARE
2 —Fis M (cyclic phosphodiesterase enzymes,
c AMP)FE 5 Pk B 9T W wE R — g i
(phosphodiesterase, PDE)ZR K AL 51 o dmh 1) &
PSR T IR (A A0 IV B, AT AR 5 5%
HOREAEH . AU A B8 T 53 5w
PDE4A. PDE4B #il PDEAD [N/,
PDE4A Fl1 PDE4D k2K T3 cAMP KF-FH i,
(BASEN G D5 531 o B U4l PDEAB 23k Hh ik
Ey = ALy At [a) e, HAIRA) PDE4B /K
FHOB-H ERRFESEFHINGX, KR T
PDE4B 7EfE Wi v i e AE R, ek, T8
K5 A B JHE g 1D 728 1 v R B A 2R R 5 1 kS 75
K3 AR PDEAB #ik I A cAMP 7K
AN cAMP/PKA/CREB {5 5K, #1H
PDEAB &35 1] b7 1 IPA -5 NS I 76 1 v HE
PR Wi AR RS Xu 2% B Y i i A
PDE4B ik T, Ll B0E & H s A JHdit
PGC-la Wik, ARG RAH .

FiRWFSE R PDE4B 7E MR B b HoA
FH, A SCR T R4 T a3 o i — 2%t
PDE4B 5 miR-23b-3p M VLECEE 47508, 153
D7 5 2R k<8 mer”, H:H HA B G (monomeric
unit, mer)Z&/n M XIS A VCECFREE . 1 miRNA
5 i 35 0 R DRI DG B fh G 55 7 mer-1A<7
mer—8 mer<8 mer”, “8 mer’3<Hf miR-23b-3p 5
foE e L JE K PDEAB VU AE 4P, [T
TN 455 %) PDE4B 3'UTR 5 miR-23b-3p A 3 1
TETESS A 005, #EM miR-23b-3p Ak 5 PDE4B
3'UTR A HAEMAHEAE o R A SCiE— 20
WS CR MR S BN R AT H GG KRW
Y, RI miR-23b-3p AI{EH T PDE4B L [H 1)
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SR RO, B FRIRTOGIE T, (BXT T 58748
TR AT s AN AR T, DG 2k 5 % B AR L
A B, IFSE T miR-23b-3p 5#E PDE4B Jit:
LA KRR . e miR-23b-3p i1 #[n]
PDEAB 45 1L = LA g 15 40 At 431

4 i

AWFFE G T 1L E miR-23b-3p 7EALN G i
Yt B R, e e 48 h
FihE e 1 #F A miR-23b-3p 5 K PUIRTH AL
BymEl, AP2. CIEBPS. DGAT2, FASN, LPL .
PPARy bR LR A F5 K- & AR AR s ikl
miR-23b-3p JE e AIM N BRI AR, HEE AP2
C/EBPS. DGAT2. FASN, LPL. PPARy Zfrik
LRI AT IR K BB T miR-23b-3p HA
AR L= UL BE W 40 4 AR R A T, O FLIX A
il V5 FH AT e 2l o ¥ ) PDE4B SEERRY, 9T 4h
FON 2 B miR-23b-3p 78 L2 LN i 15 40 it
AL TR AL BRI T S B AR
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