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& E. KRG AELERMNKIFE RPL2Y AR FFo41 24T 45 M B3t LA RS I 20 I 08 i 2 R 69
k. AR R A - AB bk X R (reverse transcription-polymerase chain reaction, RT-PCR)i% L[4 .l
¥ RPL29 XWAF7, RAAMEEFHZEITWZARF P44, Zi R HEE PCR (quantitative
real-time PCR, qRT-PCR)i% 4] H 2 Ly 3 & A 20 282 Fo R B) oA A B L A BS B 4m i F &9 mRNA & ik /K
. AAAR EAEMEE pEGFP-N1-RPL29 i & & HARGE it Ly F WUA ATAR S B 4a e 515 54
b, F b4 O = Bodipy # &7 = A A % LB FiT &KX RPL29 s @A 69 %, H qRT-PCR #&
MRS AR AE KB KA KT T, £ REF, LFRPL29K A 507 bp, H+ BB %A X (coding
sequence, CDS)# 471 bp, %A 156 NRAER, & —H L E oA AEmietk. F BB LRIE T F
KHWEEOR., BRERERPIZARELF R TR EERIE AR FHREARTFEEZTL
M 2B 42 (P<0.05), B 5 F kA& B Z R B A L EWLA RS B mie e d 84 NIt A A KPR S, MEF
B F ARSI #1(P<0.01). it &ix RPL29 {R#t L FEMA S et e s mAnde, B O &k
OD 18 % 3% (P<0.05). b4}, it &iA RPL29 R B /G ATGL A= ACC 3B & A FHE F I o
(P<0.01), FASN &4k ik &8 &3 m(P<0.05). &, ¥ RPL29 A B ~THti@iE Eif FASN.
ACC %= ATGL FALHEL F WUA 5 i 4m B BE JR AR

XA L RPL29; AR LI RRESAT; WUA ATARAE BT 408
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Gene cloning and sequence analysis of the RPL29 gene and its
effect on lipogenesis in goat intramuscular adipocytes

GONG Chengsi'?, LIN Yagiu'?, HU Tingting"*, WANG Yong'?, LI Yanyan'?, WANG Youli'*"
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Abstract: The aim of this study was to clone the goat RPL29 gene and analyze its effect on
lipogenesis in intramuscular adipocytes. Using Jianzhou big-eared goats as the object, the goat
RPL29 gene was cloned by reverse transcription-polymerase chain reaction (RT-PCR), the gene
structure and expressed protein sequence were analyzed by bioinformatics, and the mRNA
expression levels of RPL29 in various tissues and different differentiation stages of
intramuscular adipocytes of goats were detected by quantitative real-time PCR (qQRT-PCR). The
RPL29 overexpression vector pEGFP-N1-RPL29 constructed by gene recombination was used
to transfect into goat intramuscular preadipocytes and induce differentiation. Subsequently, the
effect of overexpression of RPL29 on fat droplet accumulation was revealed morphologically by
oil red O and Bodipy staining, and changes in the expression levels of genes related to lipid
metabolism were detected by qRT-PCR. The results showed that the length of the goat RPL29
was 507 bp, including a coding sequence (CDS) region of 471 bp which encodes 156 amino acid
residues. It is a positively charged and stable hydrophilic protein mainly distributed in the
nucleus of cells. Tissue expression profiling showed that the expression level of this gene was
much higher in subcutaneous adipose tissue and inter-abdominal adipose tissue of goats than in
other tissues (P<0.05). The temporal expression profile showed that the gene was expressed at
the highest level at 84 h of differentiation in goat intramuscular adipocytes, which was highly
significantly higher than that in the undifferentiated period (P<0.01). Overexpression of RPL29
promoted lipid accumulation in intramuscular adipocytes, and the optical density values of oil
red O staining were significantly increased (£<0.05). In addition, overexpression of RPL29 was
followed by a highly significant increase in ATGL and ACC gene expression (P<0.01) and a
significant increase in FASN gene expression (P<0.05). In conclusion, the goat RPL29 may
promote intra-muscular adipocyte deposition in goats by up-regulating FASN, ACC and ATGL.
Keywords: goat; RPL29; gene cloning; analysis of expression profiling; intramuscular precursor
adipocytes
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HEE %% RPL29 BRGNS R ESIIL A ASH A IA R £ R AR

W IMF T B 23 HLARHE 7 L E L R A
JEAEARTE BUMLFE A R

IR 4 L29 (ribosomal protein 129,
RPL29)EMHA 60S WHRAZEM AL 2, Hadad
& R AZE VAR R ML) A AR 1 2 1 T
MR, FELEAN R A . A0Sk
A A R A R A e R R PR
W5 F W, RPL29 JEPR (R I8 0T A LG 5 3 7%
LRGP TE A SR, AR ST
KB, e A B fe ) JLAS /NS P AZ A R 1
Ferk K B Y 2R (A et
FEFF R Al mRNA FikEE — & IHEME
Fio BE4h, RPL FJG M 61 RPL8 W] LLE L I/ 2
SN A WA CIE R Pax6 ) mRNA 22k 0 %
M 2 LA - B2 A0 b ) B I A BT X
RN 2 SR UEA T R R AR e R B RPL29 3
IR ) 2 15 AT BE 55 A SR o6 b/ B
FERWT, RPL29 HE K3d 1 4775 2 171 o5 i 6ok
U /NR AR EZ T A, RPL29 B TFILL
SIRURGESEI R B I O e S AT PN S
MR EF, g8 Bl L, HEET RPL29
PIRIFSE A TR T/ INRL L AR RS, oA X L
JUL A I 105 40 R U A S 5 i (14 41 3 A IR A2 i
HH e 3 I R B, RPL29 JE IR 2 111 2 WL g
YR AT IS 22 SR, $27R RPL29 JEDH AT
A8 5 LA WU AR D5 2 I 04 B 0 0 AR

PRI, ACHIFSE DA PR B2 At 4, R
FH R 5 PCR 7 5ol RPL29 R %) H 41
P ARG B oM. SRASEHTSEEE & PCR
(quantitative real-time PCR, qRT-PCR)J5 &4l
RPL29 TE LA [FH L AFAS [l 31k B B UL B
iR RPL29 HYFRIREDL . @I FEE RPL29
1 FERBEA B R RPL29 LN A 7 2 A4 it 1
SO, R RPL29 TR LL2E LN A 7 40
PG b 1 A 2 T e B FL A 43 - TR 45 ) 45 4

&: 010-64807509

PEBLREH

1 HE5xZ

1.1 FESLILME

ST ARA5 PG T R K A S 56 5 ) 16 2
7% B2 L ME(No. 2020086) . PEik 3 HAKTE B
BLAE(1 2 ) A T N K2 (0 4 )T R 3 =
AW TRARRAF), 258 24 h 5 i Fish ikl
M5 AT B S BOOE . FFIE . E . BE .
K. M. BN B =S SR,
Fe R IR AR SRR Wi R M B, 0.1%HY
FEWR IR — £ TiE (diethyl pyrocarbonate, DEPC)/K 7
T A TP sE T4, A 2 mL BRE T, K
AN EHE R, —80 °CLRAF
1.2 RNA MJ#2ELS cDNA BI& R

ffi ] TRIzol ¥, MM KEFHLURE S
FEEC RNA, MR 0054 SRR G i W A 01 7 S
SE195] cDNA, B T-20 °C# .
1.3 WZ¥ RPL29 EEM R EMEMERE

T
S0 RPL29 FEIHN ¥4 (GenBank % 5%

5. NM 001014862.2), f#i] Primer Premier 5
BT BRI (R D). AL &
KAL414L cDNA it , RWVAKZRN 25 uL (5
R NS cDNA 1 L, E RIS 19945 1 ul .2xTaq
PCR Master MixII 12.5 pL. ddH,0 9.5 pL). JZJii
2619 94 °CHASYE 3 min; 98 °C7E T 30,58 °C
iBK 30 s, 72 °CHEAf 1 min, 3£ 35 4MEH, ff
FHBEIRE B3k 4385 RPL29 9 H B9 25717, F DNA [1]
e (R (A | SR ) I a7/
pMD-19T ZEARAE 16 °CF %4 2 h, SRJ5#F 10 uL
P EE R 50 pL ) RIGHF IR (Escherichia coli)
DHSa JE&AZ 54, % 100 mg/mL 24 5 5
RERSED, BEEE, BRI SRR R
Mk K FRME T 37 Cid s Is, MK
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AP ECN BLIRIBY PR a5, 16 37 °CHEIR
PR 3-6h, 4 PCR K ETIRIG, WL

TE AR EE R A= IR AT BRA w0 o 0 P 45 2R Aok
FHEL AT TR T3 S Bda i (3R 2).

%1 ZK#AZFA RT-PCR & qRT-PCR 5|52

Table 1 Primers used for RT-PCR and qRT-PCR in this study

Primer name Primer sequence (5'—3") Size (bp)
RPL29-F GACATGGCCAAGTCCAAGAAC 495
RPL29-R TCCTTCTGTCCTCACACTGGC

RPL29-F CCAAGTCCAAGAACCACACCA 251
RPL29-R CATCTTGGGCTTGACCTCCTT

Uxr GCAAGTGGATTTGGGCTGTAAC 173
RPL29-R ATGGAGTCCTTGGTGAGGTTGT

RPL29 CCGCTCGAGATGGCCAAGTCCAAGAACC 489
RPL29-R CGGAATTCTGCGACTCCGGAGCTTTGGTG

FSAN CGTGTGGTTCATGGCTGTTG 129
RPL29-R ATGGGGGACGTGCTGTTAAG

SCD TCGTGCCGTGGTATCTATGG 152
RPL29-R GGGGTTGATGGTCTTGTCGT

ACC TCCTGGAGTGACGGAATCTGT 174
RPL29-R GACAGCCAGTCCACCACGAT

LPL TCCTGGAGTGACGGAATCTGT 174
RPL29-R GACAGCCAGTCCACCACGAT

ATGL GGAGCTTATCCAGGCCAATG 180
RPL29-R TGCGGGCAGATGTCACTCT

HSL ATGTCACGCTACACAAAGGC 184
RPL29-R ACCGGTAAAGAGGGAACTGG

ACOX GAAAGGAGATCGAGGCCTTAGTG 280
RPL29-R GGCATGAAGAAGCGATCCTG

GLUT4 GCCGGGACACTATACCCTATT 211
RPL29-R TTCTGTGGGGCGTTGATGAC

xR2 AMRFISHEAERERF

Table 2 Sequence analysis software packages used in this study
Used tools

Analyzed items

Open reading box

Sequence similarity analysis
Physicochemical properties
Secondary structure

Tertiary structure

Hydrophilicity

Amino acid phosphorylation sites
Subcellular localization
Instability index

Average hydrophilic coefficient

Interaction analysis

ORF Finder (http://www.detaibio.com/sms2/orf find.html)
NCBI Blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
ProtParam (http://web.expasy.org/protparam/)

Predictpro (https:// www.predictprotein.org/home)
SWISSMODEL (https://swissmodel.expasy.org/)
ProtScale (US.expasy.org/cgi-bin/protscale.pl)

NetPhos 3.1 Server (http://www.cbs.dtu.dk/services/NetPhos/)
PsortlI (https://psort.hge.jp/form2.html)

EXPASY (https://www.expasy.org/)

EXPASY (https://www.expasy.org/)

STRING (https://string-db.org/)
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1.4 W3 RPL29 (BLRFNRTFRIA

PL UXT BERPE RN Z(3 1), ] qRT-PCR
D5 BRI RPL29 KPR A 12 Fh2H 21 KL 38 B (O I
JEERE . BRE . OBl EE . EERAAL. B SR
S AL. K. /NG B BRI AU RIAE )
1 mRNA Rkt & = w211l
FNUAN ARG D400, 77 F3 K2 80%I7E & A
50 umol/L yHERHY5E a3 FR &P kS 1k, LA
UXT BN SR, o SIS AS [F] 54k B B
(0. 12, 24, 36, 48, 60, 72. 84. 96. 108 Fl
120 h)HI 4T3 H RNA, SRJ5 S 5% cDNA,
BAFEANI 3 AN EYFE A T 2 IREORTE
5o F qRT-PCR J7iEAiAs [a] AL B B L =
JULPA B AA B 105 40 0. RPL29 F[R 6 1k 7K F-
1.5 E4HFEH pEGFP-N1-RPL29 I3

FH Primer Premier 5 #REETELLIZE RPL29 1Y) 4
i3 [X (coding sequence, CDS)IX. 3% Fl 5%t st 115 |
Y1, B35l AN EcoR 1 Fl Xho 1 iHHIMi5, LA
pMD-19T-RPL29 M5t , Zak PCR 473 5 11k
R B, SETAEED], o4 DNA RG] &4l
ft, F T4 DNA % £ i 5 1T % & ik 2k
pEGFP-N1 #4715 )5, ¥ A E. coli DH5a J&5Z
ST TR FR(Z ] 1.3),
1.6 HpRIEFSEE4

=BNIIE SVl N R 2 N =g g Tl R N
F%, 4 F3ACEA T 90%I 55 YL g 4] fiokr %
PRGN G U 1 g R, 4 L p9%E 4Ll
F1 200 uL AP 5 75 55 (Opti-MEM)IR 2], =
R 20 min J5 43 500 A AL G 4 m A
pEGFP-N1-RPL29 Jiiki, X} HRZHfA pEGFP-NI1
SR, BHIANER). B 16h 5, FEkh
FEWe, BTUSE N 50 umol/L IR B 58 4 5 Fr At
IS oME 2 d JE R A 2 T, 80 °CIR

&: 010-64807509

e .
1.7 A0 %6

A 24 FLARIEFRILENUN BN A00, 55y
WAk, F R 22 vp 3 ¥ W (phosphate
buffered saline, PBS)JE ¥t 3 #hi /5, £fLIN 50 uL
4%Z FHBEEE 12 he A5, AL S0 pL i
ZLY4% 30 min, FHBMBECEARE S, ix73)0EE
i R AR BLIFAEIYT, O PBS WikE, AL
JIA 200 uL S NEE(VKH F#RE), # 10 min J5
B 96 LA 4 AL, F 490 nm Kl OD {8 .
1.8 qRT-PCR

A Primer Premier 5 ¥{fiXilE &5 W
1). LA UXT B N2, (S22 5E 5 PCR
(quantitative real-time PCR, qRT-PCR)J5 &Kl
NENT A BARARSCEER FASN, SCD fit ACC, fig
105 o3 AR ISR S JL R LPL . ATGL . HSL F1 ACOX
DL R R Wi s AH L GLUTA M3Ri5 .
1.9 ZitFESHh

HAUFNI PR IR 45 R SPSS20.0 B i
1T A& I 2201 (one-way analysis of variance,
one-way ANOVA)L, Xfil £k NC 41 Al
OE-RPL29 WA TRUREA ¢ M srHr. Fl 2 24
FRMRIEH W Rk & DY C R fEER
75 qRT-PCR %#i . P<0.05 N #FH2%5, P<0.01
oL ETE S

2 BER540

2.1 WZE RPL29 EFFES

i d RT-PCR RSN 3 B iy v B, 14810
RPL29 MBERP A1, 45 RERH], SRR ILFE
RPL29 FEHFFFIK JE R 507 bp (E 1), Hpfu s
471 bp ) CDS X, 4t 156 PRI IR,
5'-UTR X1 3 bp, 3’-UTR X1 33 bp.
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bp
2 000

1 000

750

507 b
500 P

250

100

1 W= RPL29 EFH LR M. DL2000
marker; 1: RPL29 F:[H

Figure 1 Amplification of the goat RPL29 gene. M:
DL2000 marker; 1: RPL29 gene.

2.2 W% RPL29 EHREBHMER
2503 3) 8w, 1L=F RPL29 & )iy
FHH Cr51H1270N2530103S6, 53 FEUHN 2 482, 43
TR 17 133.36, ERLMRALHF, NER
FI R S B 2 18.6%); s 1F FL fuf Y 22 ik
fig % 5 LAl T i ey i SRR R I 2 5 A,
RPL29 MYBRIESFH R 11.87, NEERREN

%= 3 RPL29 EAEBILER

4777, BEWiTEECH 56.03, — K RE N
~1.026,

fii H EXPASY #AFTu 25 R (& 2) 5w, 1L
°f RPL29 25 1454 =4 86 1N(55.13%) & iR
T a-1205E, A 64 4N(41.03%)ZFmRIE M ICH
B, B 6 1(3.85%) 2L IEMEE. &M
J = R SE R 2 S R LR 2 R AR — S M
HAER A4 R B a1 RPL29 HAARES
RPS20. RPS19. RPS16. RPL8 fl RPS18 E [
FEMEAER
2.3 L3 RPL29 4A4H
BERT P RIAIE

RPL29 JEA T Z Rk T IO ME . HIE L g
Ik BEAE . B P ERAL. B SR RSk
Lo KW /N . B2 N g 105 RS B 17 4 2H 4k
e, BAER T BRI K ERRRR M A 2 b ) 2Rs K
- T HAL A 41 (P<0.05, [ 3A). 1
RPL29 SEHTEFHE S 84 h (LA BE I 40 At
HRGE IR BT, 53 R T T A R D 4
(P<0.01, Kl 3B).

A& TE AAIL P A A 2

Table 3 Basic physical and chemical properties of RPL29

Basic physicochemical properties Predicted results

Positive charge residuals Arg+Lys=44
Negative charge residue number Asp+Glu=5
Isoelectric point 11.87
Instability index 47.77
Threonine phosphorylation sites 2

Tyrosine phosphorylation sites 2

Serine phosphorylation sites 8
O-glycosylation site None
N-glycosylation site 2

subcellular localization

Cell nucleus (56.5%), mitochondrion (13.0%), cytoplasm (13.0%), cytoskeleton (8.7%),

cell membrane (4.3%), ER (4.3%)

Fat coefficient 56.03

Total mean hydrophilic value -1.026

http://journals.im.ac.cn/cjben
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2 W RPL29 ERLEMDHT  A:1L7E RPL29 & —HE5F TN, B: 1L=F RPL29 & —H&5H. C:
1113 RPL29 & 1 HAE 7

Figure 2 Structural analysis of the goat RPL29 protein. A: Prediction of secondary structure. B: Tertiary
structure analysis. C: Analysis of proteins that are interactive with goat RPL29.
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3 W RPL29 EE KRB ARERE S UM R RIZKE  A:LL 0 h RIKKPAER X,
UXTYERNS N, B: DLOMERIBAKEAE XTI, UXT YRR NS LR, AT R 22 5 1 2 (P<0.05)
Figure 3 Relative expression levels of goat RPL29 gene and different differentiation stages of intramuscular
adipocytes. A: The expression level at 0 h was used as the control, and UXT was used as the internal reference

gene. B: The expression level of the heart was used as the control, and UXT was used as the internal reference
gene. Different letters indicate significant differences (P<0.05).

2.4 HRIELWZE RPL29 AL AS R 4RAEAE
o= 4: 0510

DL pEGFP-N1 fEAXf 4], qRT-PCR %4
7R, OE-RPL29 #1f3EHFRIK SN 11.06 %
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(P<0.01, K 4A); 2@ N MWLM O 3L
R RIAETH(E 4C), HUK 200 £5/5 ) OE-RPL29 iR
B2t NC YRR . $0m2, H ODuwo i3
TH 51 (P<0.05).
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LA g e bt 238 RPL29 J& R AL B3 FFHP<0.01), SCD . LPL . HSL .
REWT AN AH X SE ] FASN . ACC. ATGL W) ACOX Fl GLUTA W57k TEH] 5251k (& 5).

>
o]

PEGFP-N1 PEGFP-NI1-RPL29

wn
1

Wy B
1 ¥ e

L

S
T

RPL29 mRNA
wn
T

Negative QE-RPL29
control

Relative expression of

o
[
T

Negative OE-RPL29
control

&4 ¥ RPL29 B RIAMERMEMSENE  A:RPL29 i FAFCR. B4 O Yl OD {H. C:
ML O Yeft K. D: Bodipy Je{h &
Figure 4 Overexpression efficiency and cell morphology of RPL29 in goats. A: RPL29 overexpression

efficiency. B: Oil red O staining to detect optical density value (OD). C: Oil red O staining. D: Bodipy staining.
* indicates significant difference (P<0.05); ** indicates highly significant different (P<0.01).

3 ik

s ARBRFCA RT-PCR J7 ik 85 e 2678
%210 MK H2 RPL29 SRS, K/NH 507 bp,
%f\ i 156 2 HEPFRYE B (GenBank %55
ggos OP265186). 5 NCBI _FHill 71 % HJg @1
3 °F RPL29 FEHUFAE | AT LA, B 490 fir
”'1@ O & o IR B R B
LA e WAL AT 8 AL BRI LB A L 2 A3
5 STRAWE RPL29 REEMSK WX AR AMPIRILALL, 2 R ERPHR (L LA 2
R EAE NHEIEALRLA , T O-MPREAL A . AN

Figure 5 Relative expression of genes related to 7R RPL29 BE FLAE MM N RAEER, 1k
lipid metabolism upon overexpression of RPL29 in SIE T A% B T B R R 1 a0 L — 2 F

goats. * indicates significant difference (P<0.05); ** e 3 \ . >
indicates highly significant difference (P<0.01). ZORERN, RPL29 T2 UL o-SR0E . JCMAS I
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TEAREE TE RAFAE, =SSR T &5 R A —
B, X HE TR A U A 45 AR

T IR RPL29 FERIFRIBFHE, A58
FIH qQRT-PCR J5 A8 RPL29 FE 111245 4141
FERTEN . ZREM, 112 RPL29 FEHTES
HAPHEARBENRL, HRRETET
R 2 R G RE T2 o X 5 A N o 25
SRUO2OVEE AR R Fe AR TR 2Z Ak o [R5 2 B2
RPL29 JERTEFEF5340 84 h I HILP g D 40 Jfd h
FIRAKIem, WO R T RTINS D A, e
RPL29 W] fE2 1L LA JE Wi 240 L TR A 1 97
HF

T BB RPL29 A LL=FE g 05 i i AR v &
FEMEARER, At ik 10F RPL29 KR
JULPA R s 448 i P i B e 38 2 R AR K, 9F HLRB
AT A E KL FASN . ACC Fll ATGL W33k
KPR 2 BT BB R A K (fatty acid
synthase, FASN{F o —FpEERIACHTEE, 7157 5%
PR R R R i TR 1) T A AL 2D TR L FE T — e
it A FFERSME T A RKEENRNITR, ZIENiG
R — A SR . BRI EPVR B, FASN 5
X R R MR B B A OG  TEAR R AR B ke X A
IR WO e 29tk DIAEWESE R B, FASN
FeIRE SR NG N i 1 A 5
Kitt, FASN R 5t T i s UL B s 240 B v g
Wi G . L WehimE A R 1LEF (acetyl CoA
carboxylase, ACOWE R —FP A= W) 2= AR B, HXT
KRR TR /Y6 U B AL AR T, ZERE D G irh
HAREZEER. &55mREPRiREN ACC
mRNA 35 58 0 m] LUGE g 105 AE i 45 51
el ok 3k RPL29 7] REMH ) 415 ACC /) mRNA
FIR TR WA B BT v =18 B Vi it
(adipose triacylglyceride lipase, ATGL)JE g Wil
FRLRE 7 e P IR S, A i =R K A Ay — Tk
SR DIR NS —2 , Z AT R, ATGL
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B T e H I =R oA R i E R AL, R RE XS H
T =R B AR R R R E T L S A Ry 4 B IR
[ A P Ay o e S SR 420, i T i A i
il ATGL WK m e mRgE LR, By kit
FEAEJE . 454740 O Fl Bodipy 44 (0 W 2845 51 A
HEWT SR E 2L 1Y mRNA FikK ¥, FBt
ik RPL29 et L ~E LN IR DT A ARt (et
JEFRE .

4 Hip

WG EREAT T M K H-- RPL29 HEH P
SN 507 bp, HH CDS 4y 471 bp, 45
156 MR ILIRFR KL, RPL29 HEH ik TILE
TR K E NG 414, 7E 1L = WL g i 4
AR S AR 2 84 /NS i S B AR e A /K
s 115 RPL29 SR ACHIAHOCIE R FASN, ACC
M ATGL BT AEIE A o
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