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Construction of a muscle-specific synthetic promoter library
and correlation analysis of the element composition and
activity of highly active promoters

WANG Zening', JIANG Mingfeng', Daojieriqing', QU Jiu?, LI Xiaowei’, Danbaciren?,
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2 Naqu Bureau of Agriculture and Rural Affairs, Naqu 852000, Xizang, China
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Abstract: The purpose of this study is to construct a muscle-specific synthetic promoter library,
screen out muscle-specific promoters with high activity, analyze the relationship between
element composition and activity of highly active promoters, and provide a theoretical basis for
artificial synthesis of promoters. In this study, 19 promoter fragments derived from
muscle-specific elements, conserved elements, and viral regulatory sequences were selected and
randomLy connected to construct a muscle-specific synthetic promoter library. The luciferase
plasmids pCMV-Luc and pSPs-Luc were constructed and transfected into the myoblast cell line
C2C12. The activities of the synthesized promoters were evaluated by the luciferase activity
assay. Two non-muscle-derived cell lines HeLa and 3T3 were used to verify the muscle
specificity of the highly active promoters. The sequences of promoters with high activity, good
muscle specificity, and correct sequences were analyzed to explore the relationship between the
element composition and activity of promoters. We successfully constructed a muscle-specific
promoter library and screened out 321 effective synthetic promoter plasmids. Among them, the
activity of SP-301 promoter was 5.63 times that of CMV. The 15 promoters with high activity
were muscle-specific. In the promoters with high activity and correct sequences, there was a
relationship between their element composition and activity. Muscle-specific elements
accounted for a high proportion in the promoters, while they had weak correlations with the
promoter activity, being tissue-specific determinants. Viral elements accounted for no less than
20% in highly active promoters, which may be the key elements for the promoter activity. The
content of conserved elements was proportional to the promoter activity. This study lays a
theoretical foundation for the synthesis of tissue-specific efficient promoters and provides a new
idea for the construction and application of in-situ gene delivery systems.

Keywords: synthetic promoter; screening; correlation analysis; promoter elements
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YUY B BOHT R 280 8 1 S (I B A
I R P v B DR UL P A 2 s 28
YRR R A R T %

1 S

1.1 #§
1.1.1  BRRIFNZH AR

19 FJ3 sl 7 oo i AL U RN A P EoR
HIRA A4S ; pCR®-Blunt II-TOPO™ G kil
Invitrogen 72 H]; pGL3-Basic JiH. R SZ50 = ff
175 KIBFTH (Escherichia coli) DHSo 852 25 4
il B TaKaRa 22+ ; C2C12 /N EUSULANAL |
HeLa A B #0400 . NIH/3T3 /)N RU iR i F 4
AL A b E R BE A R TS B A
BRI
112 EER|F

KpnTI, Xho T, MiuT A1 Nhe T BR il 14 4 17 it}
5] | Fermentas 2\l ; Zero Blunt® TOPO PCR
Cloning Kit, T4 polynucleotide kinase. T4 DNA
ligase M H Invitrogen 7 F]; DL2000 DNA
marker It § TaKaRa 2\ 7] ; CHROMA SPIN-1000
Columns M H Clontech 2wl ; Iifg i A
Biowest 22 F]; E.ZN.A.™ Plasmid Mini Kit I 11§
H Omega /A7) ; Pierce™ BCA Protein Assay Kit
) B Thermo /A Hl; Luciferase Assay Kit Il H
Promega 2\ H) .

1.2 7%
12.1 BHFRHAHIRILSIRA

HEHE SCHR[16-2112EHL 19 MR s Fooff,
& 8 MR FHICHE . 5 AMRFOLHER 6 4
REETCOE, PR 1 IR BA R 19 X5
B FICIF BT IR AL FIIR RN R A
I: T4 polynucletide kinase buffer (10x) 3 uL,
FE ot BAAE S5 LU VR A7 (100 umol/L) 20 pL, ATP
1 mmol/L, T4 polynucleotide kinase 30 U, JZJif
%A : 37°C 30 min, 94 °C 5 min,
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*1 B FrRHFS

Table 1 Promoter elements

Source No.  Element Sequence
Muscle specific 1 SRE F: 5'-GACACCCAAATATGGCGACGG-3'
element (ME) R: 3'-CTGTGGGTTTATACCGCTGCC-5’
2 MEF-1 F: 5'-CCAACACCTGCTGCCTGCC-3'
R: 3'-GGTTGTGGACGACGGACGG-5'
3 MEF-2 F: 5'-CGCTCTAAAAATAACTCCC-3’
R: 3'-GCGAGATTTTTATTGAGGG-5'
4 MEF-3 F: 5'-GGCTTCAGGTTTCCCTA-3’
R: 3'-CCGAAGTCCAAAGGGAT-5'
5 TEF-1 F: 5'-CACCATTCCTCAC-3’
R: 3'-GTGGTAAGGAGTG-5’
6 Trex F: 5'-GGACACCCGAGATGCCTGGTTA-3'
R: 3'-CCTGTGGGCTCTACGGACCAAT-5'
7 MPEX F: 5'-GGGCCCCTCCCTGGGGACAGCCCC-3’
R: 3'-CCCGGGGAGGGACCCCTGTCGGGG-5'
8 MAPF F: 5'-ATATGGCGACGGCC-3’
R: 3’-TATACCGCTGCCGG-5'
Conserved element 9 AP-1 F: 5'-TGCTGACTTGGT-3’
(CE) R: 3'-ACGACTGAACCA-5'
10 AP-2 F: 5'-CAAGGCCTGGGGACA-3'
R: 3'-GTTCCGGACCCCTGT-5'
11 GATA-2 F: 5'-ACCCGATATGCCTGG-3'
R: 3'-TGGGCTCTACGGACC-5'
12 TATA box F: 5'-GGACTATATAAAAAACCTG-3'
R: 3'-CCTGATATATTTTTTGGAC-5'
13 CAAT box F: 5'-CCAGCCAATAGC-3'
R: 3'-GGTCGGTTATCG-5'
Virus element (VE) 14 F: 5'-GGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCA

AAGCATGCATCTCAATTAGTCAGCAACCA-3'
R: 3'-CCACACCTTTCAGGGGTCCGAGGGGTCGTCCGTCTTCATACGTT
TCGTACGTAGAGTTAATCAGTCGTTGGT-5'
F: 5-CTTGGCAGTACATCAA-3’
R: 3-GAACCGTCATGTAGTT-5'
F: 5-ACTAACGGGACTTTCCAA-3'
CMYV promoter R:3'-TGATTGCCCTGAAAGGTT-5'
17 19 bp in the F: 5'-CCCCATTGACGTCAATGGG-3'
CMV promoter R:3'-GGGGCTAACTGCAGTTACCC-5’
F
R
F
R

72 bp SV40

15 16 bp in the
CMYV promoter
16 18 bp repeat of

18 19 bp repeat of F:5'-GCCCATTGACGTCAATAAT-3’
CMV enhancer R:3'-CGGGTAACTGCAGTTATTA-5'

19 21 bp repeat of F: 5'-ACGGTAAATGGCCCGCCTGGC-3'
CMYV promoter R:3-TGCCATTTACCGGGCGGACCG-5’

1.2.2 BERUWEFTHaEE 72 °C 10 min K% E 4L, 1752 A R85 3h
B Bik 19 FHERRALIS 3T R BEEBIR BB A Y. 1 %5006 e e e Tk oSSR
&, UL T4 DNA BEHMESE, 16 CRBBHR, AR/,
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TR M LB AR IR 37 «CHE 3R R -
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MIEFER ) LB [ AR 5 5 rh B AL Pk 3
10 MRGETE , SR T & RIRE R 1Y LB WA
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PRI, RBUTORITFIN . 7EIZPAR B 10 mL
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M bW BT A AT I B AR EE SR 3, 37 °Ck
SR, WG S B
1.2.7 RAREERNAE

J5ikE pcDNA3.1(+) 1 pGL3-Basic #£47 Mlu I/
Nhe 1 Y], ¥ CMV promoter f Btif k%
pGL3-Basic #) # pCMV-Luc J& ki . Ji ki
Topo-SPs #l pGL3-Basic 17 Kpn I/Xho T XX [if§
Y1, ¥ 05 87 R B 2 pGL3-Basic #4# pSPs-Luc
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1.2.8 BahFimiE R EAM AR

$5 pCMV-Luc F1 pSPs-Luc ki % 4L 2 C2C12
2L, 48 h A AR D R MRS R
THE AR S AR DR BTG PR . XS 9 CR WS
P (RLU/mg protein)=2¢ 't % i PHAE/ 2K H & & .
6 JUAH XoF 9 Ot 2R Tl Tk M 558 1Y JE 3l 5 Bk A
pCMV-Luc, 77542 HeLa 1 3T3 4iififl, 48 h
Ji A i Pierce™ BCA Protein Assay Kit
Luciferase Assay Kit 735l &5 11 7% & A4 ¢
SCRMHGVEE, i) EARA I AR S AT
SR BEEVE, i A BUR 3l 7 BokifE 3 FAH]
100 S R DO D/ e ey 5 o T WV A B 2
12,9 BaiFrHoth

XF 1.2.6 HilE A m B s R R 81T
AT RSB, TR B 2R M G R B &
Ja B ¥ ou At Z B8 43 A1 6 R A s F oo b &
A sh G vEsm e Z A G &R, FHRE shF oot
Z SR ST oot S8 s TR TR G R .

2 BRS04

2.1 BEFRHEERSD

PEAT 1% BREERE UK , & IR 8 F i H2 ™
Y1 RN AR (K 1), M 100 bp % 2 000 bp
BIH B BAEAE, S WA i HLE
TERR G BOR T, W TR SRl
22 “@AERERRBRFRE

W8 Al Ak I BJE sh ook, KB4 B
W EE A 102.1 ng/uL, H AssoAaso Fl Asso/Aaso
BIEERSEEN, SRR 2). #1T 1%50
g S FRL TR I A, 2 B2 B Atk i s i v
100 bp | 1 000 bp i [l P4 22 B 5 &= (F 2)
23 ERMBIFREERESY

BEPLPEHL 10 TR, b 9 SR A HLUK
it , AT I IR /NS — (& 3), 1B s
FRE RN — G BUS 3 Be5 TOPO
BAREEAI R, KAWL LR .
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Figure 1 Electrophoretogram of promoter ligation
products. Marker: DL2000 DNA marker; Lane 1:
Promoter ligation product.
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Table 2 The concentration and purity of the
synthetic promoter after column purification

DL2000

Number Concentration (ng/uL)  Axso/280 Ao0/230
1 103.2 1.86 1.98
2 103.0 1.85 1.97
3 100.3 1.86 1.94
Mean value 102.1 1.86 1.96

bp Marker 1

2000

1 000
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500
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2 @ERENTFER~SEIKE  Marker:
DL2000 DNA marker; Lane 1: Zifk )51 )3 s+ i%
%y
Figure 2 Electrophoretogram of purified promoter

ligation products. Marker: DL2000 DNA marker;
Lane 1: The purified promoter ligation product.
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Figure 3  Electrophoretogram of single colony

lysis. Marker: DL2000 DNA marker; Lane 1-9: The
target fragments; a: Topo-SPs plasmid fragment.
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Figure 5 Luciferase unit activity detection of promoter plasmid in different cells. **: P<0.01.

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



EET F | IAHFRMERBRITUEMERESESBIF L EM S EEH XKD 4623

SP-301 1+ 3 [N o o[ s s [JEEN 0 J o8] e w4 JE o EIEN 2 s
sP-985 (NS EE
SP-129 [ENeTETSENENG - JE o« 5]
SP-182 _13 (N -K-.‘_fg-
SP-228 & JENE sJE
SP-230 [FEENE] 5 8 - ¢ I« oo w[E]
szttt 7wt s e welle
Sp-g52 (W ENE 5 n
SP-319 [« 17 [ESY
Sp-g17/7 16 2 ks i
s EI'E: EHe EE:-BE E:E
Sp.23n [T ¢ [ 2 EUEE] ¢ 0
sp-762 AN T EE
SP-1069 ' 1 3 s i s [EEN w8 ez [ [ Bl B
&P.5id Es H‘-wel-‘ lz?. .
SP-619 o [FNSY o [ « o JEEY ¢ B o e s s [ v« (USRI « SN 4
SP-849 [& 1 Jiill = NN v 8 8] W Forward sequence [ Reverse sequence

w
@}

0.4
ME 0.6
03 0.4
o 0.2
0.2 VE l l .

¥ D 4D AN D (N A
0.1 S PDERND S e :\@\6@5@9
FFIIXIXXIXXTXFFFF SRS

O 00 3 O L B W N —

»—-,_.,_‘,_"_‘
AW D = O

15
16

17 . l
18 . .

19

S U A PN LT
FFFIFFFFIIFIII D

6 ARBHMFFITHEARS S A SIS TRIDCIAM. B: SITIHES R 81 7 )
TR, Co =RORBOCHES BUS S TS B . B TOLH R SR 1 R, ME: LA A
Yooft; CE: fReyouft; VE: Je#Eochf

Figure 6 Component composition and proportion of synthetic promoter sequence. A: Synthetic promoter
sequence components. B: The proportion of each element in the synthetic promoter. C: The content of three
promoter elements in synthetic promoter. The promoter element number is shown in Table 1. ME: Muscle
specific element; CE: Conserved element; VE: Virus element.
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Figure 7 Correlation analysis of composition and activity of synthetic promoter elements. A: Correlation
analysis of promoter elements and activity. B: Correlation analysis of different promoters and activity.

SP/CMV: The ratio of SP promoter activity to CMV promoter activity; ME: Muscle specific element; CE:
Conserved element; VE: Virus element.
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Figure 8 The relationship between promoter content and promoter activity from different sources. A: ME
content and promoter activity. B: CE content and promoter activity. C: VE content and promoter activity.
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