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Effects of alternative polyadenylation and microRNAs on
ACSL1 gene expression in sheep

CAO Yang'?, ZHANG Lichun', YU Yongsheng', MA Huihai', LIU Yu', CAO Yang'’
(1. Institute of Animal Biotechnology, Jilin Academy of Agricultural Science, Gongzhuling 136100, China;

2. |Institute of Animal Husbandry and Veterinary, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract In order to investigate the expression of long-chain acyl-CoA synthetase (ACSLs) in sheep adipose tissue,
cDNA end rapid amplification technology (RACE) and dual luciferase activity detection system were used. The results
showed that: 1) There were two different length 3'"UTRs in sheep ACSL1 due to alternative polyadenylation (APA).
2) The shorter 3'"UTR was more active in the early differentiation of sheep preadipocytes, and was more conducive to
the expression of ACSL1 protein. 3) MiR-202, miR-449a, miR-124a and miR-218 can combine with ACSL1 3'UTR to
reduce dual luciferase activity. MiR-218 can significantly reduce ACSL1 expression by binding to the longer 3"UTR of
ACSL1 at 1 264 — 1 271 bp. In general, ACSL1 gene contains 3" UTRs of different lengths due to alternative
polyadenylation. The short 3"UTR has a positive effect in the process of gene expression; miR-218 plays an important
role in regulating ACSL1 gene expression. This study provides more theoretical basis for the study of sheep ACSL1
gene.
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miR-22  miR-335") | miR-122M% Fil miR-155M1 4
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TG A7 B 6 R & BIR B CoA ¥4 IF 51 3 345 2 1Y
e B bt ACSLT 5 HE 24 B 7. 8%
ACSLI fF1E 24 S A ANl e S AR HE N [ L 2 rp
HA RN INAE™ . 2 microRNAs 2l it 5
ACSLI FEH 45 4 ok 52w g Wi DR . A BF 58 & ]
miR-205 AEH i ¥ [5] ACSLI JE [R5 3 35 JFF 98 20 it £
FE A, AR 98 40 B 1 B 7 ZE 1 . Bta-miR-181a
WL ACSLYT 3 A 9F 4 3L & 4n i
TAG 6 B, T 7 4= L6 07 i & k. B
6 6 M 10 U B F 9 b % B miR-19b-3P RE % #t
W] ACSLI &R i ACSLI PR ¥ I 42 o 5 15 40
M A3 AL PRI, microRNAs XF 45 22 ACSLI %
K 2% 3k 09 5% ) [A) A (B 75 R 98 . A O 5% b X
ACSLI P 3" UTR B F X% o 2K I aff o2
microRNAs Xt ACSL1 H [R 28 3k i 52 i, B 4 43 2
ACSLI 3N KRB R, LI 7381 ACSLI FEHAE
45 2 B 7 A Y VR T 4 B LR AR

1 #Rl57F*®

1.1 KGR

56 T 4 2w AR S D5 40 B L 293 T 4 Bt ARG iy
AU A7 T 35 MR AR B 24 BE s 0 A= W 3 R wiF
I

1.2 REFHZE
1.2.1 cDNA Kssbek A K

Y8 Genbank 23 A 9 ACSLI %1 ¥ 51 5 K&
(&S5 :XM_015104562. 2) K I RACE 51 #1411
JE W), i ] Primer Premier 6. 0 %1154 SP1.SP2,
SP3 fil SP4, ffi /] RACE & 7 & ( Takara) # 47
P,

1.2.2 RT-PCR

HR A5 v B D 5 Je 45 08 7 50 B 3 5 1 0, s DU A [
KEER 3" UTR 7645 5 40 fh i B2 v 26 3k & 19 A8 1k
SIFFIN TR 1R,

PG i PCR R AR &R B 4514 : 2 X PCR Mix
10 pL, EF# 51 %4 10 mmol/L, cDNA 1 plL,
ddH, O #h 5% & 20 pL. 95 C5 min, 95 C 10 s,
60 °C 155,72 °C 20 s, N5 =20 FF 4R 40 TE A,
95 °C 5 5,65 C1 min, SRJGIREELL 5 °C /s (3 2 A
65 CHEME] 97 °C . BT RS 40 C.

1.2.3 #HhHhE

microRNAs B AN P 7 F 5 35 2
BARABRA A, e # A FKER 3'UTR,
A3k pmiR-GLO 44, 2 Ak 2y b 75 39
i R A BR A A SE . 7 ACSLI 3 3" UTR
1 264~1 271 bp AbE s AE, 548 7 5 i 175 35
258 AR A WA G AW G oM, JF % 3
pmiR-GLO # &k |,

ACSL1 K& PR i 33k #A e - LA = Ji (A5 1l
HLUBM . RT-PCR ¥ 14 H W R B, 5 pbi-CMV3
AR W B VI 5 (BamHI il Notl), & T4 % 3% B
(Transgen) ¥ , 7% A0 5 PR HCH P 0 fE , PCR %7€
P T A TR C ) A7 BR2S J1I R
1.2.4 WK F 8 E AN

microRNAs B ¥ 5 - i 3= K 8 K 5] FH g R
L AT N LR YL 5 293°T 400, 4N IS5 YL I 24 ho Il
A5 41 A A T A1 B P9 XL O 2K i 15 PE (Promega) . 22
BRIHRE 7235 . PBS Wk 2 LA 250 pL 6 B 4 1)
1 X Passive lysis buffer, & F/KFEREKZHR T R
15 min, fff 40 i 9% 2h 24 % . 7 & T im A 100 pL
Luciferase assay buffer II . il A 20 pL 40 i 24 fi
WS TR A S A D K T R A T . A
o AE JR A P iR B i A 100 pL Stop&.Glo®
Reagent, 5] £ 0 g & 2¢ 0% 2R Bl i& 1. 1153 tL (B
(i K U986 F W0 3% P RULsL/ i B 966 & il 1%
P RULs2)
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1.2.5 Western blot

i FH 24 4% 2% v W (RIPA, Thermo Scientific) It
A5 A0 B 1 T, O R 4 5 R BCA AR o 7 ik
) & (Beyotime) Wl & £ 1 J5t BT & ¥k i . &K B B A
ERTE 95 °C 784 10 min, 7E 12 % SDS-PAGE #t i
e, I TE 200 mA B I (PVDF) 90 min, Hf i
FH TBST Wi 3 W R G FE = T 5% 0 s 5L 3
M2 h, A — Bt (H B, ACSL1, Bioss, 5% 5 .
bs5022R,1 1 0007 4 C P& L&, I 5 H M

B = BU C3F 3L %, anti-rabbit, CST, % 5. 14708,
1:2000)7E 1R FWEE 1.5 h, B TBST ¥
% 3 K, I 12 ECL-Plus i 57 & ( Beyotime) 4b 3
JE AR
1.2.6 %44

HEAT 3 YA ST B AR W) 2 S5, O TS AR N Y
YA . BT Bl ¥ DL 8 £ s o R 22 098 At
BOMA G T AT c R g, P<<0.05 ERH
BEER.P<0.01 AR BELS,

R1 FAHRFREWSIMES

Table 1 Information of primers used in the study
5194 575 (5'-3") H Yy R Bk B2 /bp
Primer name Sequence (5'-3") Product size

SP1 CCTTGGCAGCCAGATAATTCA
SP2 GGACAAGCAAACACCACGCTGA 450
SP3 CTGGCACAAGGGGAGTACATAGCTCC 750
SP4 TTCGGAATTATTTCAGGTCACAGATCGATG 1570
ACSLI-as-F CAGTGAAGCAAAGGGCAG 160
ACSL1-as-R AGGCGACAGATGGAGGAA
ACSLI-al-F AACTGTCCACTTTTCCTTTG ’1

5
ACSLI-al-R GCATTTATTTATCACCATCC

Bk 1579 A1 748 bp (A 1(a)) 2 A A [A] 5 5 A H
2 ZHRESM

2.1 FESUAFEHE ACSLI EFE 3'RACE ¥ i

Wit 3'RACE ¥l ACSLI 3'UTR 1£1i% 5 4>
O ) B 30 g 3k, JF s B 3" UTR J¥ 41, & B
ACSLI B 1ETE 2 DARK E W 3" UTR, K B 4>

()

ATG el
1 579 bp

748 bp

HHIERHMASIX ., ACSLI %K 2 MR ER 3'UTR
PN IR 7R o I R = VO 0 G 7 N T N ]
3'UTR WA B IT 4, Wi & 2% 831 bp. i A A [l
K BEAY 3'UTR B ACSLI 3K 5 5l 65 4 1 ACSLI-al
M ACSLI-as(E 1(b)),

CDS 3'UTR ACSLI-al

CDS 3'UTR

|—> TAA

ACSLI1-as

Lane M:DL2000 Plus DNA Marker; Lane 1.2.3:1%540€ 0.4 1 8 d 4 3£ J5 I 40l 514 SP4 3'RACE
Lane M: DL2000 Plus DNA Marker; Lane 1.2.3: Sheep adipocyte primer SP4 3'RACE after induction of differentiation 0, 4, and 8 days
1 FESURERY ACSLI #E 3'RACE # i (a) 1 ACSLI ER TR REE (b)

Fig. 1

3'RACE PCR result of sheep ACSLI gene at different stages of induced

differentiation (a) and schematic illustration of ACSLI (b)
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Fig. 2 The expression of ACSLI 3'UTR (a) and the ratio of ACSLI-al

and ACSLI-as (b) at different stages of induced differentiation

2.2 ACSL1 AEKE 3'UTR X4 & F &% § &0

o E AR K R 3’ UTR XF ACSL1 & 1%
KR m, f ot % 38 ACSLI-al #1 ACSLI-as
3'UTR #9 pmiR-GLO Z R YL & 293T 411,24 h
J5 R DU XL O R S Pk, 45 R R 5 ACSLI-al
3'UTR ML, ACSLI-as 3'UTR B EH R HEER
il 35 1 (P 3Ca))

=
)
=

()

ACSLIANF K JE 3 UTR
The different length of 3"UTR of ACSLI

* RN FE SR FE (P<L0.05) 5 ¢ FoR 22 M 3% (P<<0. 01),

* indicates significant difference (P<Z0.05);

Bl 3 ACSLI 7[E 3'UTR X ¥ £ HFE LN =

(o] (o]
a2 3 o 2 1.5
:g:j & N gz
= R \/} A_xg
£72 N N o L3710
25 oo N et
Piifa Y r f=iilaed
1*?5? | AGSL1 e o <78.16 ku %%5? 05
= —aclin  — <37k =
R3 B —_—— u RE
2o , Rz o

= ACSLI-a ACSLI-as =

#*% indicates extremely significant difference (P<C0.01).

TEARK R 3'UTR ) ACSLI #H,CDS X
M 3'UTR BKEEHIN 3 670 F1 2 848 bp, I % 1%
#| pBI-CMV3 A& b, 5% Je 20K 22 293T 4fi i v,
Western blotting ¥zl 40 i N ACSL1 % H Y =ik
5 W R, ACSL1-as 1% 5 & = T ACSL1-al
(F 3(b)F1(e)) . FWHE APA Frr=A M 3’ UTR
5K 3'UTR LA B T ACSL1 M £k

f~
~

ACSLIANAK JE Y3 UTR
The different length of 3"UTR of ACSLI

T,
The same below.

%M (a) F1 Western blot 4 ill

APA %t ACSL1 BiZEE &0 (b) RIKEEHE N (c)

Fig. 3

Luciferase activity of different ACSLI 3'UTRs (a) and the detection of translational

efficiency of different ACSL1 isoforms (b) and gray value detection (c)

2.3 BFSSUARE R microRNAs RiZE R @
Wi Targetscan Fi ] ACSLI 3'UTR nJ fig 4%

A1 microRNAs, #ki% 5 4~ microRNAs #1756 iF

(K 4(a)), HH miR-202, miR-449a 1 miR-124a
£ ACSLI-as 3 UTR.ACSLI-al 3'UTR ¥ 1 1E &%
A7 5, miR-218 . miR-205 H 7E ACSLI-al 3' UTR
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@

L

Position 109-115 of ACSL1 3'UTR

Position 85-91 of ACSL1 3'UTR '...UGUCCAGAUUCUCGUCAUAGGAG.

miR-202 UUUCUUCAUAUACGUAUCCUU

J

|
miR-449a

'...CUGGAGGGAAUGGAACACUGCCU.
' UGGUCGAUUGUUAUGUGACGGU

Position 112-118 of ACSL1 3UTR ...GAGGGAAUGGAACACUGCCUUAC.

miR-124a ' GAACCGUAAGUGGCGCACGGAAU

Position 1264-1271 of ACSL1 3'UTR ...GUACCUGUAUUAUAC - AAGCACAA...
miR-218

(" Position 1448-1454 of ACSL1 3UTR

|
GUGUACCAAUCUAGUUCGUGUU
...UGUCCAGAUUCUCGUCAUAGGAGAA.. J

| miR-205 GUCUGAGGCCACCUUACUUCCU

_
=51
=

microRNA A HE
The expression of microRNAs

FF,miR-218 #1 miR-205 £ExEETHE LF.5
ACSLI mRNA £iLEFEAMR (F 4(b)), #HRiXxL
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48 048 048 048
[5FA]/d Time

4 microRNAs 5 ACSLI 3’UIR il & &L & (a) FAIFE S H L

7 &) Bt 2 48 £ B B 4B B ) microRNAs RiZE X (b)
Fig. 4 Prediction of binding sites between microRNAs and ACSLI 3'UTR (a) and MicroRNAs

expression in sheep adipocytes at different stages of differentiation (b)
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¥ miR-202 mimics. miR-449a mimics. miR-124a
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218 mimics HLFE YL 293T , 28748 J5 98 )6 K W I 1 AS F-
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Detection of luciferase activity co-transfected with ACSLI-al (a), ACSLI-as (b) 3'UTR and microRNAs
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Fig. 6

miR-218 predicted binding site (a) and detection of luciferase activity

co-transfected with miR-218 and ACSLI-al 3'UTR MUT (b)
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Fig. 7 miR-218 effects on ACSLI mRNA expression (a) and miR-218 effects on

protein expression of ACSL1 (b) and gray value detection (¢)
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APA il £7 76 T FAZA Y b, JF H e 6% 8 45 3k
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KEEM 3" UTR, KBS 3124 1 570 A1 748 bp, kil
ACSLI 3'UTR £/ 5 o bl #2 vh 263k 2 19 28 1k
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ACSL1 8 P £k i m L Ul 4 3" UTR W fig 2 ik
ACSLI PRk IF H7E 45 26 08 5 4l % 5 2 1k i
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TG EFH, 5 ACSLI £k BHMa 4, 3 A
miR-218 (Y3 KA T BE R 4R - ACSLI Fikit. Hi
WIRFFE W, 458 ¢ ACSLI FE N i3 %38 J5 5 7 44
FPCH Y R R R AR DU R S R
I miR-218 A GEIE iF ACSLI i [K 2% ik 5% 1 40 jg 9
T R R AR DU TR ) e AE AR — RS

ACSLI ) APA WL B UE LA ik h A
Bk ThBE . A WF 9% £ W ACSLI FE X AT B3 1 fig 1
WHE 45 % B . ACSLI JE[H 3" UTR £ kel
REAE MG A G 2 A& T REME AR s, R AL TT 1Y
BEREAE - CHBEERSE R, XEH
APA HA ] DIAE Ky —Ff 43 F bR ic i T4 4> S
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L 3G 5 S ACSLI JEH A 3'UTR &K, i
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SLIFHAUE R A B K 3'UTR By B
EMAE WG . W FE A K 3'UTR
ACSLI-al 3% — ¥ ¢ AR BRGE 7845 F /i 7R N5 17 41 g
VSl i 3k B b B E R S . T LURI A ACSLI
HE DRI — R A LA G 14 i AR 45 5 5 2 A1 vy
B o o 45 2 1 AR B 19 7 FhRac .
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E ACSLI JEH [ APA 215 2 D AR K
B 3'UTR. ACSLI-as 78 4 3 1 74 I 15 40 i 35 5 4
AL RTI B IG BR L OF H 8 3'UTR A B F ACSL1 &
M % i5. miR-218 i@ i3 5 ACSLI 3'UTR H
1264~1 271 bp Ab 454 W& AR ACSLI 3K %
k. W, APA fil miR-218 A JH 445 ¢ ACSL1 %
ik, JE AT g F ACSL 5% Wi 45 2 B8 107 AL 5
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