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Chick miR-49a and miR-49b Promote Chicken Preadipocyte
Proliferation by Targeting LIN9
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Abstract The miR47-92 gene cluster codes for at least 6 microRNAs including miR-49a and miR-49b
and plays roles in a variety of biological processes such as cellular proliferation differentiation apoptosis
and development. However the mechanisms remain to be elucidated. Bioinformatics analysis showed
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that miR49a and miR-19b might target LIN9
whether LINO is a target of miR49a and miR-49b
and its substitution mutant ( psi-CHECK2-LIN93"-UTR-MUT)

UTR-WT)

an important modulator for cell-cycle progress. To test

luciferase reporter vector ( psi-CHECK2-.IN9-3"—

Co-

were constructed.

transfection and reporter enzyme assays showed that compared with control ( without miR49a and miR-

19b transfection)

transfection/over-expression of miR-49a and miR-49b significantly inhibited the

reporter luciferase activities expressed by psi-CHECK2-LIN9-3"-UTR-WT while transfection of miRNA-
19a and miR-49b inhibitors increased reporter enzyme activities. RT-¢PCR analysis found that miR-49a

and miR-9b inhibitors had no effect on the endogenous LIN9 mRNA expression

indicating that the

regulation of LIN9 expression by both microRNAs may not depend on the degradation of LIN9 mRNA.
Transfection and CCK-8 assay showed that over-expression of LIN9 in chicken preadipocytes significantly

blocked cellular proliferation.

proliferation-promoting proteins such as CyclinD1
LIN9+ransfected the preadipocytes. These data demonstrate that LINO is a target of miR49a and miR-
19b and LIN9 inhibits chicken preadipocyte proliferation. Whether other members of miR-47-92 may
also target LINO is presently unknown and under investigation in our laboratory.
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o DREAM DMEM Gibco ( ) ; FastStartUniversal
o DREAM SYBR Green Master( ROx) Roche ( )
A DREAM Dual-Luciferase Reporter Assay System.ImProm— I ™
LINC G,/M Reverse Transcription System Promega
( Ubch10. Birc5Bubl cdc2) ®, ( ) myc Clontech
DREAM E2F4 ( ) ; RIPA N B-actin
p130 ; S N « ECL N
DREAM  E2F4/p130 ( HRP) ( A0208)  HRP
B-MYB o ( A0216)
DREAM-B-MYB ( ) ; CCK-8 o
1.2
., LIN9 NCBI LIN9 ( NM _
N 001031042. 1) CyclinD1 ( NM_205381) c-Myc
( M20006. 1) PCNA ( NM_204170)  Ki67
7, LIN9 ( NM_205505)
G,/M Real+ime qPCR o NONO
G, M ; ( NM_001031532) o LIN9
LIN9 G,/M 3°UTR LIN9
G, ®, LIN9 LIN9 3°UTR RT-PCR LIN9¥2
LIN9 DNA LINOR2 . Not T Xho 1
LIN9 ; LIN9
( NIH3T3) . N . LIN9 CDS LIN9-¥3  LIN9-R3
N Sal 1 - Kpn 1 o
LIN9 Primer Premier 5. 0
P, Table 1
LIN9 o
o miR4792 1.3 miRNA
miR-49a miR-49b LIN9 o miRBase ( miRBase database
miR-47-92 http: //www. mirbase. org) gga-miR-49a gga-miR-
miR19a miR-49b 19b miR-9a ( miR49a
LIN9 o inhibitor) miR-49b ( miRH9b inhibitor)
NC
1
1.1 1.4
pEasy-T1 simple vector Topl0 DF1
( ) ; psiCHECK=2 vector 10% 100 U/mL <100
Promega ( ) ( DF1) mg/L DMEM 37C 5% CO,
; 90% o
s 1.5 RNA Real-time RT-PCR
T4 DNA NEB miR-49a ~miR-49b
( ) ; DNA N NC 30% ~50% DF1
Axygen ( ) ; PureLink™ RNA Lipofectamine 2000 48 h
MicroKit. Opti-MEM. Trizol Reagent. Lipofectamine Trizol RNA Promega Improm—

2000

Invitrogen ( ) N

Il ( Promega USA)
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RNA c¢DNA. Real-time PCR 60 s 40 o ABI 7500
: FastStart Universal SYBR Green Master( ROX) PCR Real-time RT-PCR o
5 pL ¢DNA 1 pl . (10 wmol/L) NONO 272¢ Ct
0.2 . 3.6 pL 10 pL. . 3
:95°C 10 min; 95C 15 s 60°C o

Table 1 Primers used in this study

Primer Usage Primer sequence (5°37) Product size ( bp)
LIN9¥1 Real-time RT-PCR AAACCGCTATTTGAAGGAGACA

LIN9-RI CAAAGAACGCAGAGGAGCAC 148
CyclinD1¥ Real-time RT-PCR CTCGGAGCTACCTGCATGTTTCT 237
CyclinD1 R TTTACGGATGATCTGTTTGGTGT

Aes Realtime RT-PCR CTICTGCCACACCACCTICTCE 15
PCNA-F Real+ime RT-PCR GTGCTGGGACCTGGGTT 217
PCNAR CGTATCCGCATTGTCTTCT

Ki67F Real-ime RT-PCR AGGTCCGTTCCCTCGTT 270
Ki67R CATTGTGGTCTGGGTCATC

NONO-F Real-time RT-PCR AGAAGCAGCAGCAAGAAC 115
NONO-R TCCTCCATCCTCCTCAGT

LIN942 Amplification of 3"UTR CTCGAGCCGAGTCGTAAGGAACC 046
LIN9-R2 GCGGCCGCCAAAACAACCAAAGCCA

LIN9-F3 Amplification of CDS GTCGACGAGGTTGTGATGGTTCCACAG | 440
LIN9-R3 GGTACCGGATTTTCCAGAACTACTTGCT

Underlined sequences indicate restriction sites

1.6 LIN9 3°UTR
c¢DNA LIN9 -
F2 LIN9-R2 ( Table 1) PCR LIN9
3°UTR 946 bp
psiCHECK=2 vector LIN9 3°UTR
psi-CHECK=2-LIN9-WT ( ) o
DNA LIN9 3°UTR miR-
19a/miR-49b 6
(  TTGCAC ACATGT)
LIN9
psi-CHECK2-LIN93"-UTR-MUT.
LIN9+¥3  LIN9-R3( Table 1) LIN9
CDS . PCR :94°C 5 min; 94°C 30
s 55C 30 s 72°C 30 s 30 ;72°C 7 min,
LIN9 ATG
TAG 1 440 bp,
pCMV-myc
vector( Clontech ) LIN9
pCMV-myc-LIN9 .

o

1.7
DF1 12
30% ~50%
( psiCHECK-2-LIN9-WT)

(2.5x10° /)

( psiCHECK2-LIN9-MUT) pcDNA-3. 1-
miR-17-92 miRNA
DF1 Opti-
MEM medium 4~6h 10%
DMEM 48 h Dual-
Luciferase Reporter Assay System( Promega)
o PBS
3 100 L/ RIPA
15 min 20 pL
100 pL LAR T
100 wL.  Stop & Glo
o /
3 o

1.8 Western
DF1 6
70% ~80% Lipofectamine 2000
pCMV-myc-LIN9

LIN9
pCMV-myc
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DF1 48 h PBS 450 nm o 24
RIPA PMSF h48 h.72 h 96 h Real4ime RT-PCR
100:1 30 ~40 min ( CyclinD1  c-Myc+ PCNA
pCMV-myc pCMV-myc-LIN9 Ki67) o
o 10% SDS-PAGE 1.10
Mini Trans-Blot ( BIO-RAD) SAS 9.2 ( SAS Institute Inc)
0.45 um NC + t
. 5% PBST( 0.05% P <0.05 P <0.01 o
PBS) 2 h PBST (5
min/ x3 ) 2
( ) Boactin | 2.1 LIN9 3'UTR miRNA
1:1 000) mye ( Clontech 1:1 000)
4°C o PBST 3 Targetscan ~ miRanda LIN9
5 min. (NM_001031042. 1) mRNA  3°UTR o
( HRP) ( 1:5000)  PBST LIN9 miR47-92 miR49a
1 he PBST 3 miR-19b LIN9S 3°UTR
5 min ECL o 742 ~748 bp  miR49a  miR49b
1.9 2 ~8 bp (Fig. 1) (NM_
24 001270410.1) . ( NM_001103182.2) .  ( XM _
5x10"  / pCMV-  008268645.1) . ( XM _013143535.1) (NM_
myc pCMV-myc-.IN9 3 001031042. 1) LIN9 3°UTR
CCK-8 LIN9 3°UTR miR—
CCKS8 . 19a/miR49b ( Fig. 1) LIN9
(24h 48 h 72 h 96 h) 3°UTR miR-19a miR-49b
CCK-8 100 pL 37°C.5% CO, miR47-92 LIN9
2~3h o

Fig. 1 The binding site of miR-19a and miR-49b in 3"'UTR of chicken LIN9 mRNA

The results showed that the potential

binding site of miR49a and miR-49b in the 3°UTR of chicken LIN9 mRNA was highly conserved in various species. The miRNA

binding site was predicted by TargetScan and miRanda software

2.2 miR19a miR-19b LIN9 3°-
UTR

LIN9 miR47-92
miR-49a  miR-49b LIN9 3’

UTR psi-CHECK2-LIN93"-UTR-WT
( ) psi-CHECK2-LIN9-3"-UTR-MUT(
) (Fig.2A  2B) .,

pcDNA3. 1-miR47-92
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pcDNA3. 1 DF1 . psi-CHECK2-LIN9 -
pcDNA-3. 1 3°UTR-WT (P <0.01) 34.2%
pcDNA3. 1-miR47-92 22.0% ( Fig.2D) . DF1
(P < 0.01) miR47-92 . LINO
28. 5% ( Fig. 2C) miR-17-92 3°UTR  miR49a/b miR-
LIN9 . 19a  miR49b  LIN9 3-UTR
miR-47-92 miR-19a psi-CHECK2-LIN9-3"-UTR-MUT
miR49b LIN9 psi-CHECK2— . psi-CHECK2-LIN9 3"~
LIN93"-UTR-WT  psi-CHECK2-LIN93"-UTR-MUT ~ UTR-MUT NC
miR49a.miR-49b psi-CHECK2-LIN9-3"-UTR-WT ~ NC
DF1 . miRNA- (P <0.01) ( Fig. 2D) , miR-19a
NC miR49a  miR-9b miR49b LIN9 .

Fig.2 Identification of LIN9 as a target of miR49a and miR-49b by luciferase reporter assays

(A) Partial

sequence alignment of miR-49a/b and the 3’UTR and the mutated 3"UTR of LIN9 mRNA. The figure showed miR-49a/b

sequence ( top)

the wild<type 3"UTR ( middle) and the mutated 3°UTR ( bottom) of chicken LIN9 mRNA. The boxed

sequences were the seed sequence and its complementary sequence of miR-49a/b. The complementary sequence was mutated
in the mutated 3"UTR of LIN9 ( LIN93"UTR-MUT) . ( B) Sequencing chromatogram of the wild-type and the mutant-type of
LIN9 3°UTR. The figure showed sequencing results of the wild-type 3"UTR ( top) and the mutant-type 3°UTR ( bottom) of
chicken LIN9. The boxed sequences were the potential miR49a/b binding sequence and its mutated sequence. ( C) The
effect of transfection of pcDNA-3. 1-miR-47-92 cluster on the reporter activity of psi-CHECK2-LIN93"-UTR-WT. DF1 cells

were seeded in twelve-well plates

and transfected with psi-CHECK2-LIN93"-UTR-WT ( 0.5 ug/well)

and either

pcDNA3. 1-miR47-92 cluster (0.5 pg/well) or pcDNA-3. 1 vector (0.5 ug/well) . Cell lysates were harvested 48 hours

after transfection and luciferase activity was measured according to the manufacturer’s instructions. Values are the mean =+

SD of three determinations from separate experiments. ™ P < 0.01

compared with the cells transfected with pCDNA3. 1

vector. (D) Effects of miR-49a and miR-9b inhibitors on the reporter activity of wild type ( open columns) and mutant type

(filled column) LIN9 3°UTR reporters. DF1 cells were seeded in twelve-well plates and contransfected with 0.5 pg/well of
psi-CHECK2-LIN93"-UTR-MUT or psi-CHECK2-LIN9-3"-UTR-WT and either 100 nmol/L of miR — NC miR-9a inhibitor
or miR-9b inhibitors. Cell lysates were harvested 48 hours after transfection and luciferase activity was measured. Values are

the mean + SD of three determinations from separate experiments. P < 0.01 compared with the cells contransfected with
psi-CHECK2-LIN93"UTR-MUT/WT and miR-NC at the same concentration. ( E) Effect of miR49a/b inhibitor on the
activity of mutant LIN9 reporters. DF1 cells were seeded in twelve-well plates and contransfected with psi-CHECK2-LIN9-3"—
UTR-MUT (0.5 pg/well) and either 100 nmol/L of miR-49a/b inhibitor or miR-NC. Cell lysates were harvested 48 hours
after transfection and luciferase activity was measured. Values are the mean = SD of three determinations from separate

experiments. ™ P < 0.01 compared with the cells cotransfected with psi-CHECK2-LIN93"UTR-MUT and miR-NC
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NC miR-19a miR-49b
psi-CHECK2-LIN93“-UTR-MUT

50.7%  29.7%/( Fig. 2E) .
2.3 miR49a miR49b
LIN9
miR-49a  miR-49b LIN9
miR49a  miR-49b
LIN9 o miR-19a
miR-49b miRNA NC DF1
48h RNA Real+ime RT-
PCR LIN9 mRNA o
NC miR49a  miR49b
LIN9 mRNA
( Fig. 3) miR49a  miR49b
mRNA LIN9 o

Fig.3 The effect of miR49a and miR-49b inhibitors on
the endogenous LIN9 gene expression in DF1 cells DF1
cells were transfectd with 100 nmol/L of miR49a miR-49b
inhibitors or miR-NC  respectively. After 48 hours total RNA
was isolated and LIN9 expression was analyzed by real-time
RT-PCR. The NONO gene was used as an internal control.
Values are the mean =+ SD of three determinations from

separate experiments. P > 0.05

transfected with miR-NC

compared with the cells

2.4 LIN9
LIN9
* LIN9
RT-PCR
LIN9 CDS LIN9
pCMV-mycLIN9 . myc
Western pCMV-myc—
LIN9 1 60 kD
pCMV-myc vector
LIN9 (Fig.4) -
pCMV-mycLIN9  pCMV-myc vector
CCK-8 LIN9

Fig. 4  Identification of the expression of the LIN9
eukaryotic expression vector ( pCMV-mycdLIN9) by
Western blot analysis with an anti-myc antibody
1: Lysate of pCMV-myc-vectorransfected cells;
Lysate of pCMV-myc-LIN9- transfected cells

Lane

Lane 2:

o CCK-8
24 h LIN9
(P<0.05
22.7%) ; 48 h\72h 96 h LIN9
(P<0.01 59.1% 62.0% 62.3%) ( Fig.
5A) LIN9 o
( PCNA)
( Ki67)
o c-Myc D1( ¢yclinD1)
o o Real4ime RT-
PCR LIN9
c-Myc Cyclin D1 PCNA  Ki67
48 h\72 h.96 h (P<0.05)

0.01) ( Fig. 5B) .

24 h.
(P<

3

LIN9
miRNA LIN9 o
LIN9 mRNA 3°UTR
miR-49a/b ( Fig. 1)
3°UTR
miR-47-92
LIN9 o

miRNAs

LIN9

miR49a miR49b
mRNA

mRNA

3°UTR

46 47
°

mRNA
( ) miRNA
mRNA ®
miR-49a miR-9b
LIN9 mRNA
miR49a  miR49b
LIN9 o

( Fig. 3)
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Fig.5 The effect of LIN9 overexpression on chicken preadipocyte proliferation ((A) The effect of LIN9 overexpression
on chicken preadipocyte proliferation. Chicken preadipocytes were seeded in twenty<four-well plates and transfected respectively
with 0.5 pg/well of pPCMV-myc-LIN9 and pCMV-myc vector. Cell proliferation was assayed by CCK-8 kit at 24 48 72 or 96
hours after transfection. Absorbance was measured at a wavelength of 450 nm. Values are the mean + SD of three determinations
from separate experiments. P <0.05 and™ P <0.01 compared with the absorbance of the cells transfected with pCMV-myc
empty vector at the same time points. ( B) The effect of LIN9 overexpression on the expression of ¢c-Myc Cyclin D1 PCNA and
Ki67 in chicken preadipocytes. Chicken preadipocytes were seeded in twenty-four-well plates and transfected with 0.5 pg/well of
pCMV-myc-LIN9 and pCMV-myc vector respectively. Total RNA was isolated at 24 48 72 96 hours after transfection and
mRNA levels of c-Myc Cyclin D1 PCNA and Ki67 were analyzed by real4ime RT-PCR. The NONO gene was used as an internal
control. Values are the mean + SD of three determinations from separate experiments. = P <0. 05 and™ P <0. 01 compared with

the expression of the same gene in the cells transfected with pCMV-myc empty vector at the same time points

Western LIN9 LIN9 LINC/
LIN9 DREAM  BMYB-MuvB
7. Gagrica ¥
LIN9 LIN9 o LIN9 pRB
LIN9 miR49a  miR- pRB
19b LIN9 o pRB pl107  pl30 LIN9
LINC/DREAM 2.
o LIN9

LIN9  LINC/DREAM ( Fig.5A) &
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