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Abstract: In this study, we cloned the complete sequence coding for aminoacids in protein (CDS) of
goat ST13 gene, analyzed the bioinformation of it, and explored the expression pattern in different goat
tissues and goat subcutaneous preadipocytes at different differentiation stages. To be specific, ST/3 gene
was cloned by reverse transcription PCR (RT-PCR), and the bioinformation was analyzed by online
tools or software. The expression in various goat tissues and subcutaneous preadipocytes at different
differentiation stages was detected by quantitative reverse transcription PCR (qRT-PCR). The results
showed that the cloned goat ST13 gene was 1 380 bp, with CDS of 1 101 bp, encoding 366 amino acids.
Protein prediction results showed that ST13 had 26 phosphorylation sites and that some sequences were
highly hydrophilic and unstable. Moreover, ST13 was a non-transmembrane and non-secretory protein.
Subcellular localization demonstrated that ST13 was mostly distributed in the nucleus (69.6%).
Phylogeny analysis suggested that goat S773 had the highest identity to sheep S7/3. Tissue expression
pattern showed that ST/3 gene expressed in all of the collected 13 tissues of goat, including heart, liver,
spleen, lung and kidney, especially in triceps brachii and subcutaneous fat (P<0.01) and that the
expression among heart, liver, spleen, lung, kidney, large intestine, small intestine and pancreas was
insignificantly different (P>0.05). In addition, according to the temporal expression pattern in
adipocytes, the expression of ST73 was up-regulated in differentiated adipocytes, and the expression was
the highest at the 108th hour of induction, significantly higher than that at other time points (P<0.01). In
conclusion, this gene expresses in various tissues of goat and regulates the differentiation of goat

subcutaneous adipocytes.

Keywords: goat; ST13 gene; gene cloning; tissue expression; temporal expression
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32017 bp, H 124N EF. 11 AN TFUIE,
H cDNA 2K 3 145 bp, FFHUHEIEME (open
reading frame, ORF) #if% 369 o Kemzl™™, &
DCIFNI LA H PO R WA ER Y E , %5k
FAF AZE 22 Stk 1P HETHRIRRM,
HFEAE IR TEE T 70 (heat shock protein)
(1) 53 T PEAR 76 25 I 5 21 20 % Jifvggs 20 2 v k4
AW E IR, R 5 R A A% R0 20 i e A
AKX T RIBEMREY, STI3 FERAERIIT
TAAMAR A LE A IMHRIVER], JUHXS S5 e 40 M Y
A KA AR, AR RN, 5IEW
ARSI, 5 EM A STI3 HEH
IR KV WA, [ 490 1) 285 0 s 200 i
s ms ™, R, ST13 J2 545 B I8 A 56 1 1ok vk
MRS BRE SRR B, STI3 e B
HAPRRB B ERRL, EIEE BRI, 4
PEREA . PR BRASI PRIk RS
WA Vijverberg ST BRI, STI3 KN
A SR AT IR 2 AP (single nucleotide
polymorphisms, SNP) (rs138335 #ll rs138337) 5
55 F W APE Bz i 2K [# % (inhaled corticosteroid,
ICS) FREERt 8 9 7 A 14g JRUG: 2 AR D),
RIEA DRI, ST13 4% HSP70 M1 H.
EM&ER HIP) AR, 2HRIKwEA
(HSC/HSP70) 94T AR, HSP70 &—FhE
EHBED, 25EARTS . BE . #
iE . BNz 2SR, SRR 2 E N
ATEEEN 1, ST13 ZE A5 HSP70 ) ATPase
ZEMYBRAE £y, B SE HSPT0 ¥ ADP #4220,
i HSP70 SIR¥E AR, MiiZY
HSP70 S AFHEEE MM . Zhang SFHF5 K
i, HSP70 7£ HepG2 2 g+ it ad ik it T H5
FREE R, ARk B8 T SREBPIC, Fas., Scd
I Ace 55 IR S 1y 23K B ik G # 0h o R B
HSP70 i id 75 5 g o5 A G| FAS. SCD,
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ACC Fil SREBP1C 3R iE3G hnak mifie i A o
B, 5 S AR RS B W5 P T (nonalcoholic
fatty liver disease, NAFLD) &4, HiHE LA
R ARGEHEN , ST13 K AT RETE ShP BE Wi TE A%
HAEEMEEER, RmEAE L EhRE
FEPE LA LS D 20 v ) Rk R B AR
Tt i A DL A

{87 P R B2 2 ph R 3 9 5% b L o 5 T BH AR
MLl EZe AR B H Y A R L E B A, B
AR CRERILR . BaEtkaes . &
NI ¢ (3 e ¥ s AN (0 KGR B VA R SN oy
AT SR SR AR DA R a5 A
T P& ZE R EEFRAE B, FEA
5% LA M 5 e o o £ M R H 2 A S R 42
132 H RT-PCR H AR FERE I E /Y ST13 LR, FEXT
FH TR AR IS B 2R, T R R
FIRIES, FIH gRT-PCR $EAKHN ST13 FEHFEA
[ L SUR S AR BE R T IR A i ik, IF
XSHAA TR 22500, BIEAIRA AR LK
KA YA D RS RS A

WEERE

1.1 et
1.1.1 R HERRE

JIT Sl 18 G148 15 BE R RO A R
Al FEMLEERR 4 Sk 1 S ERKEHF, RS
NG R8s Je ST BRI . L L Bl B SR
KU ESRML, B =SkML. BRI . E IR
Wi K. /NG, J5 S AR ZRES,, ] PBS
TV T ¥ IS R BT )BT /N, PRk ) T 4K
BT EAFMCIFRIARAFE N, IS A A4S
WG B TWRAE P IRAF . ShY) s~y A S g 5l
YRR RIRLAE , FFERTS P g RG22 S e R
TR oE 3HES . SMU20200724).
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1.1.2 R
Jz ¥ 5 (RevertAid First Strand cDNA
Synthesis Kit) &7 & . TurboFect Transfection
Reagent | Thermo A F]; T #f& (pClone007
Versatile Simple Vector Kit) F1 /& %% 2 41 g
(Trelief™ 5o Chemically Competent Cell) 1 [ i
HRER A B AR A PR |5 B BSORR £
DNA Marker D2000, DNA Marker 111 H FARHE
R AR AE; 2N H % R (Ampicillin)
4 H Biosharp /A5 Hind MM, Xho I . TB Green®
Premix Ex Tag"™ Il . Primer STAR Max DNA
Polymerase Fil TRIzol ¥l H TaKaRa /3 F]; XX
P, PBS, M. G0 & DEME/F12 1
FEMWH Gibco 2vF]; DEPC., jMRE T Sigma
NEIGAS ;s AN BE SR LSS FE R B AL 38 A= P 1l
A BRA AR BUiEHEA A HydraGene 237
1.2 7
1.2.1 %H4 RNA fRBUR K E5F

B2 0.1 g, IMAWRE TS S LA TG
fid EP 4, 208 TRIzol ¥EPHEH RNA, il
RNA (U FEFTTHD, 1% B IR WHERE I H kR I
RNA SE8ME . Fe R s iR G ud B A3 i 20 SR i
FTREESE, AR cDNA B T-20 CA/E# .
122 3|¥nmgit

H 4 GenBank H1 4= 1) ST13 JE P51 (B
Z:NM _001101926.2), #|H Primer Premier 5.0

T 1 REMKAEEE RT-PCR F|I{IER

BT Y (R Do 51 HmA TAY TR
ey BR 2 T A A
1.2.3 WE STI3 EERESNF

DL e K LA ZH cDNA A 74T PCR J2
N, sEpEIE STI3 3EH . PCR RWAKR M
Primer STAR Max DNA Polymerase 12.5 uL, #
M cDNA 1 pL, b, Ti#5I94 1 pL, ddH,O
9.5 uL, WS Z N 25 L, PCRY IS 554
98 C At 3 min; 98 ‘CZE%: 1 min, 58 CiE
K15 s, 72 CHEAF 20 s, FEHECH 35; ZEfH
72 °C 5min, 4 CIEHE.

FH 1% B NE b8 it FEL VKA PCR 2 vy 245
O, P IR TSt 30 G A0 R R A 7 e Il R 4k
Ak, FERIN [T e BE R AR K T s B
B H B A Bt pClone007 Versatile Simple
Vector ZARTE 25 C4a @I % 5 min, EiE
FEMIEEAL R Trelief™ Sa B2 54008, H51%
fiF LB FEAR S5 (AMPY) |, JLA 37 Ch;
FRAA ARG R . RO b IR AT D0 i 2 1
MR Y, AT LB AR R IR A
(AMP") HHEIRE F 6 he WA T PCRESE,
WUE A R E MR (B 3 D) E22
HERAE B A R w T .
124 WFESTI3 EFEMERESHR

W3 STI3 B A Y5 B 700 i TH KAy
HBZWEK 2,

Table 1  Primers for reverse transcription PCR (RT-PCR) and quantitative RT-PCR (qRT-PCR).

Gene Primer sequences (5'—3") T (C) Size (bp) Purpose

STI13 S: TGTATGGAGAGGCAGGCAAC 58 1409 PCR
A: CTCCAGCAGGGCTTTACGTC

STI13 S: TGTATGCCAAGAGAGCCAGT 60 233 qRT-PCR
A: CCCTTGGTTGAACTTCCTTC

STI13 A: CCCAAGCTTCATGGACCCCCGCAAAGT 58 1101 PCR
S: CCCTCGAGTTGCATTATGCTTGACCTCCAA

TBP S: AACAGCCTCCCACCTTATGC 60 155 qRT-PCR
A: TGCTGCTCCTCCAAAATAGAC

UXT S: GCAAGTGGATTTGGGCTGTAAC 60 173 qRT-PCR

A: ATGGAGTCCTTGGTGAGGTTGT

Note: S: sense primer; A: antisense primer. The underlined bases indicated the restriction enzyme sites.
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x2 EYERESWIA
Table 2 Bioinformatics analysis tools and corresponding functions
Analysis software tools

Function URL

ORF Finder Open reading frame prediction and translation of https: /www.ncbi.nlm.nih.gov/orffinder/
amino acid sequence
DNAMAN Alignment of amino acid sequences

ExPASy-ProtParam
ExPASy ProtScale
SignalP 4.0

Analysis of protein physical and chemical properties  https://web.expasy.org/protparam/

Protein affinity/hydrophobic analysis https://web.expasy.org/protscale/

Signal peptide analysis http://www.cbs.dtu.dk/services/SignalP-4.0/

TMHMM Server v.2.0 Protein transmembrane structure analysis

NetPhos 3.1 Server
NetNGlyce 1.0 Server

Analysis of protein phosphorylation sites

Analysis of protein glycosylation sites

http://www.cbs.dtu.dk/services/ TMHMM/
http://www.cbs.dtu.dk/services/NetPhos/
http://www.cbs.dtu.dk/services/NetNGlyc/

SOPMA Protein secondary structure prediction

STRING
PSORT II Prediction
SWISS-MODEL

Mega 7.0
SMART

Analysis of protein interaction
Prediction of subcellular location
Prediction of protein tertiary structure

Phylogenetic tree construction
Domain prediction

https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.html

https://string-db.org/
https://psort.hgc.jp/form2.html

https://swissmodel.expasy.org/

http://smart.embl.de

1.2.5 W=E STI3 BERFREERAREER T

W TE AR e STI3 FEIN5E# ) CDS
X Ems 1 riit (8 1), KA qRT-PCR
frill ST13 FEAITE N R H-E/Y 13 i
FIBIKF-, LA TBP AR Ky N 2 2k R R R 5 E 2k A
HIAE R B KT, gRT-PCR AR |
51945 1 uL (10 pmol/L), cDNA 1 uL. TB
Green® Premix Ex Tag™ 1110 pL. ddH,O 7 puL,
F % 20 uL /R R . qQRT-PCR &7 FEF: 95 ‘CHi
AP, 3 ming 95 ‘CAEME 10s, 60 ‘CiEk 10,
72 CHEM 15 s, FEIECH 354
1.2.6 W STI3 EEERE THMERE LM E
HRIEEF T

32 95 2 06 = W ORAE I KT A A R D 4
BRSO I AGE B SE e R 3L (10% M 2F I
90% DMEM/F-12 3Rl R 3, 10 kU/mL H %
R.HER) R, fEFLbHARAERKS
80 % AT FR . % F3 Az 12
LM, R4l K= 80%M (50 pumol/L) i
i S WHETIE S, RIFUWE 0. 12,

: 010-64807509

24, 36, 48, 60, 96. 108 h [ 4 fifg I 2 B
RNA, f#458a cDNA, F|H qRT-PCR #il
ST13 FEPRTEAN R 434k B B Bz T Rig s 240 A o ) %
IRIK, UXT VR 92358 R R 1E 5 R A AH
X 2 AP, QRT-PCR 1A R Mg 12 F 54l
2UE R A .
1.2.7 ERIEEHAEEERFTIEGEEN
FIFHC AR R 1L 2E STI3 CDS X ¥4l
HWFCHES 1Y, W Hind TF Xho 1T (FRIZE)
REFOIALA, SIYMER R | PR, DL EikiE
WU SR SRR R T PCR A8, 6 H 9 A BG%E
FEH) 007VS AT, KD 1E 4 1 R Rl
pCMV-Tag 2B #4551 Hind TIH Xho T XX
MY, 4ifb)5 A T4 DNA BB SR, R
AL Trelief ™ Sa R AZZSANML, BRI R V%
JEEAT PCRYEE , X %28 TE 1 1Y 11 % $ HUTT R
FEHEATINT o K DU e By 1 SBT3
B R FRIAIENTANIE (F3), 25 FH ARG 244
HLL pCMV-Tag 2B Fl pCMV-ST13 £, 48 h
J WO R 40 i 5T FR B RNA, [ 4R cDNA,
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YefKZ (12 fL#H2): 100 pL opti, 2 pL TurboFect
Transfection Reagent, 500 ng Jit ki . #|
qRT-PCR H ARG ST13 FEPHAE K2 T 6 Wi 40 il
) RIBHOR, UXT AE NS 5L R 1E 5
A A X605 . qQRT-PCR & R HE 7 M is 1772 T
S LE RAMIE
1.2.8 HEWHIT KSR

K 28837 qRT-PCR Hdia™. ]
SPSS 18.0 ' Duncan 5 % %) £ $E4 T 5 2K 07
224387, {8 GraphPad Prism 5 21| 2HZH S
FRikiE, 28 Duncan A HraE R, FEXTER
P E AT 25 57 W AR I

2 BEREAW

2.1 WESTI3 EE=E

DLfRT M R B3 e K LD B AR, 38 3
RT-PCR ¥ 34438 Hi 257 (K 1A), STz
R—F, WpsrHrfarlm, sepEiris il STI3
FENFEHI N 1380 bp, CDS XAYKEEH 1101 bp,
it 366 IR (K 3C). &)FH XA
PR, L2E STI3 FE[H CDS X515 NCBI £
JETIN ) L 2R FE R P41 (XM_018049073.1) 4
FEAFTE 3 AMREE A B FT 4 DR 28 (B

bp M 1

1B). K7 P81 A5 %] GenBank, FR7H3EH
RSN MW773838,
22 WESTI3 EREYEREF
2.2.1 SERFIIENRME

it DNAMAN FUXEARPFN ST13 5L
TSR R, (RN KBS S iR 7 )
482 (XP_027823941) FY & KLl Fe 41 AR M: f¢
. 15599.45%, HUUEM (NP_001239347), A
IR 96.75%, 4+ (NP_001095396), T (NP_
001296253) . /MR (NP_598487) F1 A (NP_
001265518) 1 AH L 7 K Ik A 95.66% .
95.66%. 92.20%7F1 92.14%, LI 45K, %
FE AR [F] Py b a) 2 B RS E - (B 2)
222 WFESTI3 ZEHBUMR

fif F ExPASy-ProtParam 7E£& T. HL X4 1L 2E )
ST13 A T4, dREn, LI STI3 &
1553 F 2N Ci774H284aN5140568S20, 53T i H
1 41.102 4 kDa, “FHL A pl 2924 5.22, fglite
R 65.68, TEAIEMAMN T, KA (Glu)
TR 12.0%, &b Rm N ESEER, NAR
(Ala) IRZ, SR 10.1%; %3 %05 &
FB A, o B o P 2 SRR A% 2 (Asp+Glu)
BH 69, ff IEHLfT Y 2 FE R AR 3L (Arg+Lys)

970 980
iF]
2 000 The present study GCA GNN NGA TCC CGA
2000 1380 bp |

1 WESTIZ EE=EE
Figure 1

XM_018049073.1 GCA G[IC GAG ATA TCC

1. G976A 2. A977G 3. T978A 4. C979T

Cloning of goat ST13 gene. (A) M: D2000 DNA marker; lane 1: ST/3 gene. (B) The nucleotide

sequence of the CDS region of goat ST/3 gene (XM_018049073.1) is compared with the sequence of the
results of this study, and the potential site mutations (1: G976A; 2: A977G; 3: T978A; 4: C979T) are shown

in the box middle.
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Jianzhou Big-eared goat.seq [¥iBJgil 70
Ovis_aries.seq 70
Bos_taurus.seq 70
Equus_caballus.seq 70
Homo_sapiens.seq 60
Mus_musculus.seq 69
Canis_lupus_familiaris.seq Sz VK] 70
Consensus mdprkvilel rafvkme qdpq\lhl
Jianzhou_Big-eared_goat.seq T 140
Ovis_aries.seq TI 140
Bos taurus.seq T 140
Equus_caballus.seq T 140
Homo_sapiens.seq A S / ] 130
Mus_musculus.seq INEI IS S (EIEISDLIEIDREIG VIRE[PID T|D: iG 1 IFTEEMVDBANBIK K€A A TRBALINDGE[LJQK A fFITDARERS
Canis_lupus familiaris.seq T SIE[EIS|DLIE IPDT IMGDERMNE|TIEE | J : 140
Consensus s i egvi i iteemmd an kkl aai alndgelgkai
Jianzhou_Big-eared_goat.seq || [ENIZHBEN |8 S|AQ fAAHDLIALACK Al
Ovis_aries.seq ‘ / Y AKRIAS|VFIMKLIQKP[NA/ CDRIAIREIINP|DS|AQP{Y K WRIGK / {GHWE[EJAAHDL{ALIACK PANY]
Bos taurus.seq KL JAIRLIY AKRIAS|VF K LJQKP|NA A CDRIAIRE/INP[DS|AQP|YKV L] J{EJAAHDLIALIACK pAlY
Equus_caballus.seq Sl ! (AKRIASIVFMKLIQKPNAAIIRIDC DRIAIRE/INPDS[AQPY K WRIGK / |GHWE[EJAAHDL{ALIACK PARY
Homo_sapiens.seq KL / ¢ AKRIAS|VFKLIQKP[NA / CDRIAIRE[IEN PIYKV GHWE|E[AAHDL{ALJACK plH}
Mus_musculus.seq KL {AIRLIY AKRIAS|[VFRYKLIOK l QPlYKWRIGK {LIGHWE[E|JAAHDLIALIACK pAG
Canis_lupus_familiaris.seq | AIJLlY AKRIAS|VFIRKLIQKP >e DRATJEfNR[D: IP|YK WRIGK / GHWE[E OLIALJACK ARY]
Consensus i ilyakrasvfl klgkpnaairdcdraiei

S 280
Ovis_aries.seq y 280
Bos_taurus.seq &N 280
Equus caballus.seq Y 280
Homo_sapiens.seq (&N 270
Mus_musculus.seq y 279
Canis_lupus_familiaris.seq g 280

Consensus ldydedasanﬂ evqpraqkiaehrrkyerkreereiker elvkkaleeherdqreeearlqsg qyvegs

Ovis_aries. seq
Bos_taurus.seq

Equus caballus.seq
Homo_sapiens.seq
Mus_musculus.seq
Canis_lupus_familiaris.seq : AE 3l 8 EfVL|/ /
Consensus f gglpégmp fpggmpgm g mp gmpglnellﬁdp »laaqup evm alqd\.aqnp nmxk

Jianzhou_Big-eared goat.seq pgoR NZISUYINEI| W8 Ve ¢fe 365
Ovis_aries.seq : : S|K 3 365
Bos_taurus.seq 368
Equus caballus.seq 368
Homo sapiens.seq 358
Mus_musculus.seq 370
Canis_lupus_familiaris.seq 368

Consensus yqsnpkvmnllsklsaklbbq

E 2 WEFEMEMFHE ST13 [EEFFIEEXT

Figure 2 Alignment of amino acid sequence of STI3 between goat and other species. Black
homology=100%. Wireframe section >75%. White homology<50%.

Bl 55, RS ST13 & (A ] BEHF 7 HL A 5 AHEMERXSE, BFEEREER (B
EOKMEREE A -0854, AREHRE AN 3A). 1L STI3 EAMESRIINE TR,
56.97, ULHIIZE AV REREKAREEN G SEHER0.135, KT 0.5, F/RILNFESTIZHE
3). BEMEASM I A, 113E STI3 HEHKR  ARAHETK, BFESWER (K 3B). &

=: 010-64807509 X: cjb@im.ac.cn
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F B IR A A 0 o5 T 2 B, 1LF ST13 &M
Y 366 N IR TAEAE 26 DMERRILAL A, 35
7 ANHEIR (T) BERRILOI S . 4 DRER (Y)

#3 WFESTI3 EEERBAMR
Table 3 Basic physical and chemical properties of
the ST13 protein of goats

The basic properties of protein

Forecast result

BERRALOLA . 15 N2 (S) WERAMLRLA;  Amino acid number 366
| . N — Atom total 5720
PR LB AL A B 2R, ZESA 12 4 : .
Relative molecular weight 41 102.40
N AW 2 o ]
N-BERA B 2, 3 0 TP 90 eE 54, Theoretical pl 5.22
68. 85, 115, 126, 144, 165, 178, 292, Unstable index 36.97
N . . Fatty index 65.98
311, 338 Ml 353 fZFEMAL; LSBT pydrophilicity 085
. N " 1
N, ZEHA 44 TPR gifyil (8 30). Half-life 30h
C
I ) 2 1 JIACCCCCGCAAAGTGAGCGAGCTTCGAGCCTTCGTGAAAATGTGTAAGCAGGACCCCAGCGTTCTGCACACC
. 1 D P R K v @I 1 R A F V¥ K M € K Q D P S Vv L HT
1.0 Outside 76 GAGGAAATGCGCTTCCTGAGGGAGTGGGTGGAGAGCAfGGGGGGTAAATACCACCTGCTGCTCATAAAATAAA]
- 26 EM B FL R E WY E (@ ¢ GE T P P A ABEK K
= 08 151 [I'I'(Hi;\»\(%m\-‘\;\'l’}\('l (iﬁ:’\!\(;AM,-\A;\('A(%\'I?\(El,-\;\{iAAli(i('(i(;!\(i(;»‘\!\;\;‘\('/\Ig\s‘\)\(i»‘\('»‘\(h\}'(;!\;\('(‘!\l(',&
e 51 T°E E B K E E KD DB K K A E E NI K@D E P(S
% 06 226 AGTGAGGAAAGTGATCTAGAAATTGACAATGAAGGTGTGATTGAACCAGATACTGATGCACCTCAAGAAATGGGA
el 7% ®E E@® oL E 1 D BRE 6 V1 EPDIlDAPQE MG
S04 301 GATGAAAGTGTAGAGATAACTGAGGAGATGATGGATCAGGCAAATGATAAAAAAGIGGCTGCCATTGATGCCCTA
[« 10l p E@® Vv ETMEME EMM DQ A N DK KV A A I DA L
0.2 376 AATGATGGTGAACTACAGAAAGCCATTGACTTGTTCACAGATGCCATCAAGCTAAATCCTCGTTTGGCTATTCTG
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Figure 3 Transmembrane structure and sequence of goat ST13 protein. Prediction of transmembrane region
(A) and signal peptide (B) of the goat ST13 protein. (C) ATG is the start codon and TAA is the stop codon.
The solid box is the TPR domain, the square is the Thr (T) phosphorylation site, the triangle is the Tyr (Y)
phosphorylation site, the circle is the Ser (S) phosphorylation site, and the shaded part is the N-glycosylation site.
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Figure 4 Secondary structure and tertiary structure of goat ST13 and the interaction with other proteins. (A)
Prediction of the secondary structure of the ST13 amino acid sequence and the length from long to short
represents a-helix, extended chain and irregular crimp, respectively. Prediction of tertiary molecular model
(B), protein network interaction analysis diagram (C), and prediction of subcellular localization (D) of the

goat ST13 protein.
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Figure 5 Homologous alignment of goat ST/3 gene and construction of amino acid phylogenetic tree. (A)
Comparison of the homology of goat ST13 gene with other species, percent identity stands for homology and

62

divergence stands for degree of variation. (B) Phylogenetic tree analysis of ST13 amino acid sequence, A is
the target gene and the referenced sequences are all from the GenBank database.
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Figure 6 Relative expression level of ST/3 gene in different tissues of goat. Different capital letters in the
superscript indicate that the difference is extremely significant between the data (P<0.01). Different
lowercase letters indicate significant difference (P<0.05).
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Figure 7 Relative expression level of ST/3 gene in
the differentiation of subcutaneous preadipocytes.
Different capital letters in the superscript indicate
that the difference is extremely significant between
the data (P<0.01); different lowercase letters
indicate significant difference (P<0.05).
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Figure 8 Construction of ST/3 overexpression vector and the expression efficiency in goat subcutaneous
adipocytes. (A) M: marker III; lane 1: pCMV-ST13 plasmid double digestion. (B) The overexpression
efficiency of ST13 gene. **P<0.01; *P<0.05. (C) Comparison of sequencing results with CDS region of S713
gene, the underline indicates the base to prevent the insertion of frameshift mutation and the line frame is the

restriction site.

iR, ST13 &5 HSP70 fA7EAHEAE
. HSPs J&2— @ ERF A FIEEEAR
W, Horp—So i WEGEAMEN A S, AR
THE . EA G mEEE Y, s, eare T

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

DAGE SR AR Z KT &, 5 B b 8 R R 4R
R, BikEATRRE, S 5ZHEAR
MEYTE, W Z R O IR e T TR
fi#>% HSP70 K% fi4h: HSPA1A. HSPAIB,



IR SAL%E ST BENEEREABFES

HSPAIL . HSPA2. HSPA5. HSPA6. HSPA7.
HSPA8 . HSPA9 . HSPAI2 . HSPAI3 .
HSPA145%* | Hartl % F 1995 4t —15
HSP70 #H H fF F # 1 HIP (HSC7-interacting
protein), IFSI%E 1 NEEE ™), Zheng %
WS AL, HIP Fl STI3 ) cDNA [R] P51 it
90% , 9 & A 2R 0 43— Jo Tk 48 A 2 AR AL
A LLAfSE STI13 # HIP Kl —& (1472
ST13 W F L & HSC/HSP70 F) BH % 4 B K -7~ HIP
H 4w LR, HIP A] GB{E#F HSP70 7E & (1)l dr
SR EBThRE, IR HIRY & e,
S [ 5 PR A4 i ke 0 3R 1 R U, Mulyani
SRS R, MR HSP70 353k AT ) INK G %
PIBOE 175 RAE R AR DR, 2O R B ik
I TN AR AL ) e A T SR AR B 7 1R 45 AL
I VT PR 5T BN 38 B B AR R R A S IR 2 —
SREBPI1C ff72ik]

4 Hip

GRS ST13 FERF41 1380 bp,
Hdr CDS X 1101 bp, HH:ihdh 366 2R,
2 i 1) 2 L TEAS TR W0 R T80 A RS, T
TORARAREAR I E N o ZERTEIL O
H g Bl B LA IR I G 2

ik, HH R = Sk LA R T Bg D Hh i) 280k i i
F T AL, B PRIk M 4 R R WIAE S

Fr4biE 108 h (AN AE A Rk AR R .
DL BT AHEWT ST13 LR AT RELEILERY R
REWT Ak B b A4 E T, T ST13 % LU =F g
05 240 1 2 e %) B AR R 4 4 L S R LR, U
i 2ok — 2 SR SC A B B . ARWESE S E— 2
TR A 5T 12 I TE A D7 431k el 72 v i D s AL
il $ AL S it S 3 B0

REFERENCES

[1] Pophiwa P, Webb EC, Frylinck L. A review of factors

: 010-64807509

(2]

[10]

affecting goat meat quality and mitigating strategies.
Small Rumin Res, 2020, 183: 106035.

Mazhangara IR, Chivandi E, Mupangwa JF, et al. The
potential of goat meat in the red meat industry.
Sustainability, 2019, 11(13): 3671.

Ebrahimi M, Rajion MA, Jafari S, et al. Effects of
dietary n-6: n-3 polyunsaturated fatty acid ratios on
meat quality, carcass characteristics, tissue fatty acid
profiles, and expression of lipogenic genes in growing
goats. PLoS One, 2018, 13(8): e0188369.
Martinez-Alvaro M, Blasco A, Hernandez P. Effect of
selection for intramuscular fat on the fatty acid
composition of rabbit meat. Animal, 2018, 12(10):
2002-2008.

Zhang Y, Cai X, Schlegelberger B, et al. Assignmentl
of human putative tumor suppressor genes S7/3 (alias
SNC6) and ST14 (alias SNC19) to human chromosome
bands 22q13 and 11q24—q25 by in situ hybridization.
Cytogenet Cell Genet, 1998, 83(1/2): 56-57.

Zheng S. Recent study on colorectal cancer in China:
early detection and novel related gene. Chin Med J
(Engl), 1997, 110(4): 309-310.

XIMEE, R, BHR. SNC6 F:H 1L Kk i1
RIE L HHAY AT KRRV, B4,
2006, 35(11): 967-968.

Liu FQ, Li SH, Li JM. Relationship between
expression of SNC6 and biological behavior of
colorectal cancer. Shanxi Med J, 2006, 35(11): 967-968
(in Chinese).

MR, BB, Jr LB, SFL JsUA R SR I R A X
STI3(SNCO)TE R I H 1 22 15 Rl PR L. 52 il b
gk, 2001, 16(5): 318-321.

Ye F, Zheng S, Fang SC, et al. Detection of expression
of novel gene ST13 (SNC6) in colorectal cancer by in
situ hybridization and clinical significance. J Pract
Oncol, 2001, 16(5): 318-321 (in Chinese).

L0, KB, BKAL S, S5 R g T AH O BRI
HSU17714 e (A€ RIRT ST, shAe i 2%k, 1997,
19(3): 177-179.

Cai XH, Zhang YM, Geng LY, et al. Assignment of a
novel colorectal cancer associated gene HSU17714
gene to human chromosome band 22ql3 by in situ

hybridization. Chin J Oncol, 1997(3):177-179 (in
Chinese).
KR, EVL, RIS PR R U DGR B

FIWFEE. o E R, 2001, 10(3):137-138.
Zheng S, Cao J, Zhang SZ, et al.
colorectal cancer negatively related genes.

Study of two
China

X: cjb@im.ac.cn



2972 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

(1]

[12]

[14]

Cancer, 2001, 10(3):137-138(in Chinese).

TRl SR. ST13 JE[R 2 A5k 5 25 B 988 2 KUK ) 5
BCHFSE[D]. AR WdLERL K, 2010.

Xu WL. The association of ST13 polymorphism with
the risk of colorectal cancer [D]. Shijiazhuang: Hebei
Medical University, 2010 (in Chinese).

Yang M, Cao X, Yu MC, et al. Potent antitumor
efficacy of ST13 for colorectal cancer mediated by
oncolytic adenovirus via mitochondrial apoptotic cell
death. Hum Gene Ther, 2008, 19(4): 343-353.

Zheng S, Cai X, Cao J. Application of subtractive
hybridization in screening for colorectal cancer
negatively related genes. Zhonghua Yi Xue Za Zhi,
1997, 77(4): 256-259.

Wiiti, 45245, ST13 Al HSP70 7&K A & 5 v iy
Fak KAH G, AR A2k, 2013, 21(29):
3059-3066.

Chen J, Niu HS. Expression of ST/3 and HSP70 in
gastric polyps and gastric cancer. World Chin J Dig,
2013, 21(29): 3059-3066 (in Chinese).

Vijverberg SJH, Koster ES, Tavendale R, et al. ST13
polymorphisms and their effect on exacerbations in
steroid-treated asthmatic children and young adults.
Clin Exp Allergy, 2015, 45(6): 1051-1059.

Shi ZZ, Zhang JW, Zheng S. What we know about
ST13, a co-factor of heat shock protein, or a tumor
suppressor? J Zhejiang Univ Sci B, 2007, 8(3):
170-176.

Zhu XT, Zhao X, Burkholder WEF, et al. Structural
analysis of substrate binding by the molecular
chaperone DnaK. Science, 1996, 272(5268): 1606-1614.
Esser C, Alberti S, Hohfeld 1J.
molecular chaperones with the ubiquitin/proteasome
1695(1-3):

Cooperation of

system. Biochim Biophys Acta, 2004,
171-188.

Mayer MP, Bukau B. Hsp70 chaperones: cellular
functions and molecular mechanism. Cell Mol Life Sci,
2005, 62(6): 670-684.

Hohfeld J, Minami Y, Hartl FU. Hip,
cochaperone involved in the eukaryotic Hsc70/Hsp40
reaction cycle. Cell, 1995, 83(4): 589-598.

Zhang JL, Fan NG, Peng YD. Heat shock protein 70
promotes lipogenesis in HepG2 cells. Lipids Health
Dis, 2018, 17(1): 73.

5K 1% E . HSP70-FTO il A5 10K 14 AR 7 v JH Hh Y
ER AR (D], Fig: FIgASE KR4, 2018.
Zhang JL. Study on the role and mechanism of
HSP70-FTO fatty

a novel

axis in non-alcoholic liver

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

[25]

(28]

[31]

disease[D]. Shanghai: Shanghai Jiao Tong University,
2018 (in Chinese).

A, AERN, YOS, S5 fTMCORHE AT
RETHACIE & o e S A B 5. vh E B s YRk,
2014, 34(3): 9-12.

Emu QZ, Xiong CR, Fan JS, et al. Research on
breeding progress and meat quality of Jianzhou Da’er
goat. China Herbiv Sci, 2014, 34(3): 9-12 (in Chinese).
Roy D, Tomo S, Modi A, et al. Optimising total RNA
quality and quantity by phenol-chloroform extraction
method from human visceral adipose tissue: a
standardisation study. MethodsX, 2020, 7: 101113.

fa i, ok, VPN, 55 KLF2 %2 UL wiiAAg Ui
AN LRI B OB 241, 2020, 51(1): 64-73.
He CS, Wang Y, Xu Q, et al. The effect of KLF2 on the
differentiation of goat intramuscular preadipocyte.
Chin J Animal Vet Sci, 2020, 51(1): 64-73 (in
Chinese).

A, MOERK, RILIL, 45, 10 FGF21 B F 5o &
FCAE LA A s 200 v 00 2k B 9. A O R o7
%, 2017, 48(1): 31-38.

Li Q, Lin YQ, Zhu JJ, et al. Cloning of goat FGF2]
gene and its expression pattern in intramuscular
adipocyte. Chin J Animal Vet Sci, 2017, 48(1): 31-38
(in Chinese).

VI, MRAR, ARVLYE, S5, (S WL AR i 107 20 M 175
Forfbid B NS RN R IBTRE . mHRE
=244, 2018, 49(5): 907-918.

Xu Q, Lin S, Zhu JJ, et al. The expression stability
analysis of reference genes in the process of goat
intramuscular preadipocytes differentiation in goat.
Chin J Animal Vet Sci, 2018, 49(5): 907-918 (in
Chinese).

TEA, MAF, whgnme, S5 1l 3 50T 2 RN B
SYBR Greenl#< )t E it PCR Jy ik iy gy I .
B BE R, 2020, 50(3): 294-299.

Wang W, Du Q, Han ZX, et al. Establishment and
application of SYBR Green Ireal-time PCR for CAEV.
Chin Vet Sci, 2020, 50(3): 294-299 (in Chinese).
Zheng S, Shao JM, Dong Q, et al. Characterization of
ST13 protein expression in human colorectal cancer
tissues. Chin Ger J Clin Oncol, 2005, 4(1): 2-7.

Bai R, Shi Z, Zhang JW, et al. ST13, a proliferation
regulator, inhibits growth and migration of colorectal
cancer cell lines. J Zhejiang Univ Sci B, 2012, 13(11):
884-893.

Hirano T, Kinoshita N, Morikawa K, et al. Snap helix
with knob and hole: essential repeats in S. pombe



IR SAL%E ST BENEEREABFES

[35]

[36]

nuclear protein nuc2+. Cell, 1990, 60(2): 319-328.
Fauser J, Gulen B, Pogenberg V, et al. Specificity of
AMPylation of the human chaperone BiP is mediated
by TPR motifs of FICD. Nat Commun, 2021, 12(1):
2426.

Young JC, Agashe VR, Siegers K, et al. Pathways of
chaperone-mediated protein folding in the cytosol. Nat
Rev Mol Cell Biol, 2004, 5(10): 781-791.

Mahalingam D, Swords R, Carew JS, et al. Targeting
HSP90 for cancer therapy. Br J Cancer, 2009, 100(10):
1523-1529.

Horwich AL. Molecular chaperones in cellular protein
folding: the birth of a field. Cell, 2014, 157(2):
285-288.

Csermely P. Proteins, RNAs and chaperones in enzyme
evolution: a folding perspective. Trends Biochem Sci,
1997, 22(5): 147-149.

Elmallah MIY, Cordonnier M, Vautrot V, et al.
Membrane-anchored heat-shock protein 70 (Hsp70) in
cancer. Cancer Lett, 2020, 469: 134-141.

Bolhassani A, Agi E. Heat shock proteins in infection.
Clin Chim Acta, 2019, 498: 90-100.

Vos MJ, Hageman J, Carra S, et al. Structural and
functional diversities between members of the human
HSPB, HSPH, HSPA and DNAJ chaperone families.
Biochemistry, 2008, 47(27): 7001-7011.

: 010-64807509

[40]

[41]

[42]

Tian GY, Hu C, Yun Y, et al. Dual roles of HSP70
chaperone HSPA1 in quality control of nascent and
newly synthesized proteins. EMBO J, 2021, 40(13):
¢106183.

Sojka DR, Gogler-Piglowska A, Klarzynska K, et al.
HSPA2 chaperone contributes to the maintenance of
epithelial phenotype of human bronchial epithelial
cells but has non-essential role in supporting malignant
features of non-small cell lung carcinoma, MCF7, and
HeLa cancer cells. Cancers, 2020, 12(10): 2749.

Kim HJ, Kim SY, Kim DH, et al. Crosstalk between
HSPAS arginylation and sequential ubiquitination leads
to AKT degradation through
Autophagy, 2021, 17(4): 961-979.
Eichelberger EJ, Alves CRR, Zhang R, et al. Increased
systemic HSP70B levels in spinal muscular atrophy
infants. Ann Clin Transl Neurol, 2021, 8(7): 1495-1501.
He YD, Xu RN, Zhai B, et al. Hspal3 promotes plasma
cell production and antibody secretion. Front Immunol,
2020, 11: 913.

Hartl FU, Martin J. Molecular chaperones in cellular
protein folding, Curr Opin Struc Biol, 1995, 5(1): 92-102.
WRW, Sanjiwani MID, Sandra,
Chaperone-based therapeutic target innovation: heat
shock protein 70 (HSP70) for type 2 diabetes mellitus.
Diabetes Metab Syndr Obes, 2020, 13: 559-568.

autophagy  flux.

Mulyani et al.

(RXot9 BT

X: cjb@im.ac.cn



