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Abstract: The purpose of this study was to clone and characterize the ZFP36L1 (zinc finger
protein 36-like 1) gene, clarify its expression characteristics, and elucidate its expression patterns in
different tissues of goats. Samples of 15 tissues from Jianzhou big-eared goats, including heart,
liver, spleen, lung and kidney were collected. Goat ZFP36L1 gene was amplified by reverse
transcription-polymerase chain reaction (RT-PCR), then the gene and protein sequence were
analyzed by online tools. Quantitative real-time polymerase chain reaction (QPCR) was used to
detect the expression level of ZFP36L1 in intramuscular preadipocytes in different tissues and
adipocytes of goat at different differentiation stages. The results showed that the length of ZFR36L1
gene was 1 224 bp, and the coding sequence (CDS) region was 1 017 bp, encoding 338 amino
acids, which was a non-secretory unstable protein mainly located in nucleus and cytoplasm. Tissue
expression profile showed that ZFP36L1 gene was expressed in all selected tissues. In visceral
tissues, the small intestine showed the highest expression level (P<0.01). In muscle tissue, the
highest expression level was presented in longissimus dorsi muscle (P<0.01), whereas the
expression level in subcutaneous adipose tissue was significantly higher than that in other tissues
(P<0.01). The results of induced differentiation showed that the expression of this gene was
up-regulated during adipogenic differentiation of intramuscular precursor adipocytes (P<0.01).
These data may help to clarify the biological function of the ZFP36L1 gene in goat.

Keywords: goat; ZFP36L1; gene cloning; intramuscular preadipocyte; induced differentiation
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ZFP36L1 Wik hN, #ii/S PPARGCIB
mRNA FIFEARE, BT AA B35 B 560 7R
T4t i) A 7 4 44k o Tseng 25U 6 /N L AP
UESE ZFP36L 1 8 o 41 i) o) 48010 40 il 34 5 0 R
Z R (PPARY2) L, ek T B 40 i 731k,
T Z 68 T 40 ) B 105 A o X SEUE R BIREOR
ZFP36L1 1EHAZA YRR S 4 T M,

TN R HAE, R 35T 1940 4E T3 =
RY%B% LUV PR F (Capra nubiana)'5 P4 1148 g R 1L
fik— R 20t 63 AR AR B MAY LI
FHFE AR R E AN TR B AW
INESNTYE N TP = R o7 N (<37 9 TS R R 45 7 N
FERERRE . BRSSO B IR PG R H XS
e~ 2P . P TR SRR X, IRTE 2011 4E R
I R SR A SR oA v I SRt R = i 1
VER3R EAL R A PR L 2E R, AT DA
It 105 440 Jf 43 Ak v 2 UE S Y 8 [ ZFP36L1
AR, BRIT AR (N R AN R 4 40 R i)
JF R R, S i B 7N R B 2E BRI iR
AL, SeRE AR, T E
B2 HERL A AR RN AR A%

1 AHE %
1.1 ##

1.1.1 R E

BEHLIE U AE (1 8 2 ) AR RREFRT M S H- 320
H )14 & BHR B ROl A RA R 3 3k, R
SRR, SRR L ML M. E
K. Mg BRI B =S
BTREN . W R BRI . WU RS G . OB Ag
Wi . PR 3E: 15 FRALZL09FE 5, F PBS (pH
TG BTN, A RS DA
R R T TRARAF . AR ZY)
HZ o HtifE, 5 SMU20210725,
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R 3 5

S 550 & (RevertAid First Strand cDNA
Synthesis Kit, IJF Thermo Scientific 23 ));
DNA [l & . ok 32 Bl & 08 T K AR
AR AL A R A F]) ;. TRIzol 58 (14 A
TaKaRa A w]); SEEFHEEE w7 &£ (2xSYBR
Green qPCR Master Mix, Il H Bimake 23 H));
Trelief™ So JEZ UMM . T # & (pClone007
Versatile Simple Vector Kit, Iy FH bR 44
BHEA PR D)
1.2 RE7ZE
1.2.1 L= 2E42 RNA 2B cDNA ¥R

WORAFRO L L ML B B R, /D
W, BN, BRSNSk KT g
Wi MR MERENT . WUEIBERG . O G EERE DT . N
JERE 4L 15 Fhd14L, #2H TRIzol ¥R EUL
FAHL RNA, KR UE RNA S284E, Hill
RNA AV B 0 5 12 45 46 4 8 S e skl &
U5 T RNA FEA5 M cDNA, &Y
cDNA & T 20 °CH-A745 .
1.2.2 SI¥IBRITRE

H4E GenBank H Y LU TN 32 371 (B 55
XM 013967250.2), #|H Primer Premier 5 # {4
BT SERES YR 1), PSR R ST )
(coding sequence, CDS)IX ¥4, 5l¥A T4
Yy TR B A BR A F) A
1.2.3 ¥ ZFP36L1 EAEZE SN F

DL K L cDNA AR i 47 100 55 55 - 2R 5
JiH 58 2 Vi (reverse transcription-polymerase chain
reaction, RT-PCR)JZ i, Fwl& ZFP36L1 }:[H .
RT-PCR i s A& F (25 pL)A: Primer STAR
Max DNA Polymerase fiff 12.5 pL; I, TGl
¥)(10 pmol/L)#% 1 uL; iR ¢cDNA 1 uL; ddH,O
9.5 uL. RT-PCR ¥ ¥4 #2598 °CHiAEM: 3 min;
98 °CZEYE 1 min, 58 °CiBA 15 s, 72 °CHEfi

1.1.2



DEE ZNL¥E ZFP36L] BESEERFXBESR 1699

20s, 35 MEH; 72 °CLEH 5 min, 4 °CIRFE .
FH 1% B S 8 e FRL KA PCR &5 S IE 0 5
[l afift PCR 7379, ¥alith =P 2 T
Wk, EREFEYEALD] Trelief™ So B2 41
A 500 pL LB K593, %K K I 45 min,
HU 100 pL #A4bWp4R0 7% Amp $itERY LB [#
PREEFR I, 37 cCHEFRAI AT, Pk i [ M4 77 5k
e — H S RJE 0 PR VS T35 1 mL LB 35 3R 5t

2 A6 R A YR R W R o3 2 Wl kA T

TRV o

1.2.4 L¥ ZFP36LI EREMEEZEN
iz FHAEWE B 2= B A 2 T 1%L =

ZFP36L1 JEN AT EWE B 27000, ST

R T HANFE 2 s

1.2.5 ¥ ZFP36L1 HEEEHLER

H B FRIE A

petailol

PATRECA MR B0 BF L B B, B
K. Mg BRI B B =KL,

M EP 4, £ 37°C. 200 r/min $EJKEG 5% 3-6 h
JE AT Ve, R e o R L PH M O T Y

F1 XPRASIMER

Table I Primer information used in this study

Gene Primer sequence (5'—3") Tm (°C) Size (bp) Purpose

ZFP36L1 F: TGTATGGAGAGGCAGGCAAC 58 1224 RT-PCR
R: CTCCAGCAGGGCTTTACGTC

ZFP36L1 F: TGTATGCCAAGAGAGCCAGT 60 101 qPCR
R: CCCTTGGTTGAACTTCCTTC

ZFP36L1 F: CCCAAGCTTATGACCACCGCCCTCGT 58 1017 PCR
R: CGGGATCCTAGTCATCTGAGATGGAAAGTCTGC

TBP F: AACAGCCTCCCACCTTATGC 60 155 qPCR
R: TGCTGCTCCTCCAAAATAGAC

UXT F: GCAAGTGGATTTGGGCTGTAAC 60 173 qPCR

R: ATGGAGTCCTTGGTGAGGTTGT
F: Sense primer; R: Antisense primer; BamH 1 restriction site and Hind III restriction site are underlined; 7BP, UXT:

Ubiquitously-expressed transcript gene.

x2 FISHR{ERER

Table 2 Sequence analysis and procedures used

Analysis content Analytic software and online tools

ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder)

NCBI Blast (https://www.dnastar.com)

MEGA 7

ExPASy-ProtParam (http://web.expasy.org/protparam/)

SOPMA (https: //npsa-prabi.ibep.fr/cgi-bin/)

SWISSMODEL (https://swissmodel.expasy.org/)

NetNGLye 1.0 (http://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0)
NetPhos 3.1 Server (http://www.cbs.dtu.dk/services/NetPhos/)
SignalP 4.1 (http://services.healthtech.dtu.dk/service.php?SignalP-4.1)
PSORT II (https://psort.hgc.jp/form2.html)

STRING (https://string-db.org/)

TMHMM (http://www.cbs.dtu.dk/servicess TMHMMY/)

Amino acid sequence translation

Multiple sequence alignment

Phylogenetic tree

Computation of physical and chemical parameters
Prediction of protein secondary structure
Prediction of protein tertiary structure

Prediction of the amino-acid glycosylation sites
Predictions of the amino-acid phosphorylation sites
Prediction of the signal peptide sites

Subcellular localization analysis

Protein-protein interaction analysis

Prediction of transmembrane domain
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BN RGN B ARG . LRI . O R
i . PWIERRI3E 15 Fha14l cDNA MiH, LA
TBP NS HEIN, FISEHS g i 55 W BE S

(quantitative real-time polymerase chain reaction,
qPCR)KGIN ZFP36L1 JEPIAE & AL 4L rh 1Y) 3Rk
IR0 52 T3 A DR 14 T M R HE 2R LA R A s
i A AR R =Y, £ F3 RATIEK E 80%
BFAIA 50 pmol/L iR 5 T H 404k, 4351 0.
24, 48, 72, 96, 120 h WAEANMI, $REUAN MR
fm B RNA I[85t ¢DNA, i qPCR §°
W4 ZFP36L1 JEH, K HETRKF-. qPCR [
K% # 2x SYBR Green qPCR Master Mix 10 pL,
EREFSIYI(10 pmol/L)4% 1 uL, itk cDNA
1 uL, ddH,O 7 uL. qPCR JZ i 4544 : 95 °CTHiAE
P4 3 min; 95 °CZEPE: 10s, 60 °CiRk 10s, 72 °C
TR 15 s, 35 PMEFR,
1.2.6 LU¥ ZFP36L1 BRIEHIKMERRIE
S AR

R TS 200 110 ZFP36L1 FE[H CDS X
FEHNBET e S 1), % BamH 1M Hind 11
(FRNZ) A BT A, AL BT 0 Hova e
PP SEEE CDS XIS, SIYfE R
£ 1 PR LARTR BRI T PCR 71, K
H i Bt pClone007 VS ZRARZEE 5 1 1 ¥
VEHUI > IEH 0 k5 pEGFP-Tag 2B 284443 5]
N BamH 1A Hind TIHEFTXUEGY], 2ifk 5 F)
T4 DNA RIS, E8- WS Trelief ™

A bp M I B

So B2 S AN ML TR RO R, Ok B M T A
PETURL, 3% 2 AR A YRR A B w1
FEIRERTIN , 0 5 B i RS Y 2 F3 AR
WL T AR D A M, 25 Pl e 2 43 ) i e
pEGFP-Tag 2B 5 pEGFP-ZFP36L1 (Jii#i : 500 ng,
opti: 100 pL, TurboFect: 2 uL), 48 h AU AE 41 Ay
FEEREUE RNA, %58 ¢DNA, i#iid qPCR
Pyl ZFP36L1 FEH (AR SHFR 1.2.5),
PLUXT NS EEN, R REIK
1.2.7 BRSS9

FEAE R 2RI B B DL
{HbrMERF R, T SPSS 26.0 1 Duncan ¥4
SR T 200, P<0.05 FREREE,
P<0.01 £/R2Z5M 2% ; FIH Graphpad prism
9.0 =&,

2 HERE5M

2.1 REBWFE ZFP36L1 £H

DIE KL cDNA St §74 ZFP36L1 Jk
K, ¥ 38 B ST H =K/ MEFF(E 1A),
WFF3RAFINAE ZFP36L1 FER R B oM 1 224 bp,
24k ORF Finder 7r#r &3, ZFP36L1 HEPH)
CDS XA 1 017 bp, 4iht 338 2 S , 5 NCBI
B 2 11 2E L R4 (XML 013967250.2)4H A7
16 2 ML 2722 (8 1B). B 8 41 AL 3
NCBI, 1G-S 55 0OL828166,

10 20 910 920
2 000 XM013967250.2 ATG ACC ACCIACC|CTC GTGTCT ==  GAG GGC TAC|CTG AGC AGC TCC
1 000 1224 bp M T T|[T|L V 8§ E G Y|L|S s 8
288 The present study ATG ACC ACC|GCC|CTC GTG TCT ==  GAG GGC TAC|TTG AGC AGC TCC
350 M T T|A|L V S E G Y|L|S s s
100 G10A T916C

1 U3 ZFP36L1 E R
Figure 1

Gene structure of goat ZFP36L1 gene. A: Electropherogram. M: DL2000 DNA marker; 1:

ZFP36L1 targetstrip. B: Comparison of the partial nucleotide sequence of ZFP36L1.
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2.2 W3 ZFP36L1 EEFY
2.2.1 I3 ZFP36L1 — R &M R IBIL MR

SHTILAE ZFP36L1 2 3R 7 4, Hoar+h
CisssHaa60N4500408S13, 73T U A 36.339 6 kDa,
PSSR R 5.22, ARUETRECH 68.17, RN
FRECH 61.30, SEKMEEF-IMEH-0.485, #iH]
A N RYE R A E KK . ZFP36L1
EAREIERARNE 2 o, Hh28m s
TR (14.8%) , it 22 R A 46 2 IR 1Y) 7 it e 1R
(1.5%); ZHEEHN S E A, 501
FRAEE(Asp+Glu)y 32, 7 I H i 1Y 22 JE R Bk ik
K(Arg+Lys) N 34, £WILE ZFP36L1 & &
A fE AT 1E HL A
2.2.2 WL ZFP36L1 EERIEBLMER

I FHAELR T L1 ZFP36L1 25 [ A Wiz 1k
fimi, RIS2 MBERRILAI A, 46 43 224
R T R Ab L 25 (Ser) o 7 A 95 & R W R Ak 7
(The). 2 &R WL AL AL, (Tyr) o T EE
i, RIZEATTRSA 2 1 N-FEEL A
R, RIS 25 AL aSRIES 111 i s FHTE
LI SMART Wiz A S5 AT 0 b, &

Pro 9.50%

Leu 10.40%

Gly 8.30%

B 2 4~ CCCH #! RNA &5 G453 4 MEE
ZeME A5 (B 3A). FHTEZL K TMHMM 53
M ZFP36L1 5 [ BT (5 IEEZE 1, oA UL ] I 5 JE 1X
5, ARSI (K 3B). 5 S IRIINEE R B
TeA S K(S ¥9{E=0.244), HFARHE A (E 3C),
2.2.3 WI¥ ZFP36L1 EH SR G .. HEER
T H KL B E L

T 1L ZFP36L1 25 1 ot — 4ty , K
e a8 ZEERA 71 4, 4 21.01%;
219 NEIERIE BB, 7 68.05%;
27 DMEBERIE AEPEE , & 7.99%; 21 P2
TRIE 1, B-%5 40, 15 6.21% (& 4A). 11 °F: ZFP36L1
B R G A i 5 R —3%, infEl 4B
7 o TR HAR EAE &, &8 ZFP36L1 & [
F 325 ZFP36L2. YWHAB. DCP2. ZNF24,
EXOSC6. DCP1A. EXOSC2. XRN1, SNX18 4
BB, R EHAEY)2-DIRE(E] 4C),

TN A0 M S5 44 2 v, &K BL ZFP36L1 3=
EOATHMAZT, & 43.5%, HAeRK A
I (39.1%) . £R K7 1A (8.7%) 5 201 it 1 22.(8.7%)
(&l 4D).

Phe 5.90% | The 5.90%

Ala 7.40%

BMAla MArg WAsn mAsp MCys HGIn BMGlu mGly mHis mlle

MLleu WMLys W Met WPhe M Pro

2 WUz ZFP36L1 EA MR EELE K

Ser W Thr W Trp M Tyr M Val

Figure 2 Amino-acid composition in ZFP36L1 protein of goat.
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1 @ACCACCGCCCTCGTGTCTGCCACCATCT]’CGACTTGAGCGAAGTI'I"I‘ATGCAAGGGTAACAAGATGCTCAACTACAGTACTCCCAGT
"M T T A LV § AT TFDPLIEBVEEXLT o NEMNMLEY 8 XP 8

9] GCCGGGGGTTGCCTGCTGGACAGGAAGGCGGTGGGCACCCCTGCCGGCGGGGGCTTTCCCCAGAGGCACTCGGTCACTCTGCCCAGCTCC
3A @ 6 ¢ LLL D REAVEEgPraAaaeoarrrr v irLej§§

181 AAATTCCACCAGAACCAGCTCCTCAGCAGCCTCAAGGGTGAGCCAGCCCCAGCTCTGAGCTCTCGGGACAGCCGCTTCCGAGACCGCTCT
6l K F F Q N Q L L § g L E G BEP AP AL SE KD SR RXTFRDR 5

271 TTCTCAGAAGGGGGCGAGCGGCTGCTGCCCCCCCAGAAGCAGCCGGGAAGCGGCCAGGTCAACTCCAGCCGCTACAAGACGGAGCTGTGC
91[F_8) E 6 6 E R L L PP Q K QPGS GOQV®s s rR Y K E L C

361 CGCCCCTTCGACCACAACGGAGCCTCTAAGTACGGCGACAAGTGCCAGTTCGCCCACGGCATCCACGAGCTCCGAAGTCTGACCCGCCAC
]2|[RPFEENGACKYGDKCQFAHGIIHELRSL'RH

45] CCCAAGTACAAGACGGAGCTATGCCGCACCTTCCACACCATCGGCTTCTGCCCATACGGGCCCCGCTGCCACTTCATCCACAACGCCGAG
IBSIP[E g K T E L ¢ & T F B T I @ F € F XY G PF K ¢ B .F I H N A|E

541 GAGCGCCGTGCCCTGGCCGGGGCCCGGGACCTCTCTGCTGACCGTCCCCGCCTCCAGCATAGCTTCAGCTTTGCTGGGTTTCCCAGTGCC
181 E R R A L A G A R DULJ A DORUPERULOQHE F B8 F A GF P 5 Al

631 GCCGCCACCGCCGCTGCCACGGGGCTGCTGGACAGCCCCACATCCATCACCCCACCCCCCATCCTGCGCGCCGATGACCTCCTGGGCTCA
211 (A A A A A T GlL L DEE* TS T PP PFHL § A D DL L G 8

721 CCCACCCTCCCCGATGGCACCAATAACCCCTTCGCCTTCTCCAGCCAGGAGCTGGCGAGCCTCTTTGCCCCTAGCATGGGGCTGCCCGGG
241 T L P D @ T N N P F A F § 3§ QB L A g L F A P g M L Fr

811 GGTGGCTCCCCGACCACCTTCCTCTTCCGGCCCATGTCTGAGTCCCCTCACATGTTTGACTCTCCCCCCAGCCCTCAGGATTCTCTCTCG
2716 @ s P T f F L F R P M 8 E S PHMT F[D S P P S P QD s L s

90| GACCAGGAGGGCTACTTGAGCAGCTCCAGCAGCAGCCACAGTGGCTCAGACTCCCCTACTTTGGACAACTCAAGACGCCTGCCCATTTTC
301D 9 8B a @ B R R s § 3 i 3 aca @ p 8 rT LD NSERIELEDP®ILEF

991 AGCAGACTTTCCATCTCAGATGACTAA]
331s R L 8§ 1 § D D *

TMHMM posterior probabilities for

WEBSEQUENCE ;e SignalP-4.1 prediction (euk networks): Sequence
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Figure 3 Analysis of protein modification sites, domain (A), transmembrane structure (B) and signal
peptide (C) in ZFP36L1 protein of goat. (A) Shadow: Phosphorylation site. Heart-shape: Glycosylation site.
Red box: Low-complexity domain. Black box: C-end domain. Blue frame: ATG is the start codon and TAA

is the stop codon.
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Figure 4 Prediction of the secondary (A) and tertiary structure (B), interaction (C) and sub-cellular
localization (D) of the goat ZFP36L1 protein.
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Figure 5 Phylogeny of ZFP36L1 protein in goats. A: Amino acid homology comparison. B: Phylogenetic
tree based on ZFP36L1 protein.
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[P e HA s i PR STE . BE T ZFP36L1 14
HMRGEREME R, I0ES B4 AT —
X, EGXRFRRIE, HUOESHEMmAE%
KFRE (Kl 5B).
2.3 ¥ ZFP36LI R EARRIHLHRFE
KER

R AHR LA ZFP36L 1 FERAEAS TR 4l 2 i)
RikZH, FA qPCR kK HAE 1L =F 0
1 SN [ I = SN NI 77/ BN 7 B 7 N | R '3

WURIRE I . LR I . INERG D 3k 15 Rl
1) mRNA RikKFo G55 BIR, ZFP36L1 5
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Relative expression levels of ZFP36L1 gene in goat intramuscular preadipocyte during

differentiation process. Relative expression level of ZFP36L1 gene at 24 h (A), 48 h (B), 72 h (C), 96 h (D)

and 120 h (E). *: P<0.05; **: P<0.01.
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Figure 8 Overexpression of ZFP36L1 gene in goat intramuscular preadipocytes. A: Electropherogram. M:
DL2000 DNA marker; 1: Digestion identification of pEGFP-ZFP36L1. B: Relative mRNA expression levels
of ZFP36L1 gene. **: P<0.01. C: Overexpression vector sequence alignment. Square frame: Restriction site.
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