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[FBRI BB 20 SO, XU G R BT 5 M o D Ar T 2 28 kA% NIH3T3 3 M, 31 R A= 015 8.2 YA TR 57 R 745
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TFHLH B AT PR BERG PERE N (P < 0.05) . 8 AP B 2= AFH0 /NG STING J5 3l X4 (-177~-48) ATRE & GATA
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[E#IA] THERERNANLN T (STING) ;)i 851 Fesm i

[FRESES] Q756 [XERERZRAL] A [XEHS] 1007-4368(2016)07-783-05
doi: 10.7655/NYDXBNS20160704

Identification and characterization of stimulator of interferon gene promoter
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[Abstract] Objective:To clone the promoter sequences of stimulator of interferon gene (STING) and evaluate its activity, and to
preliminarily investigate the transcriptional regulatory mechanisms. Methods: Promoter region was predicted by bioinformatics
methods, and the 1 005 bp(=927~+77) fragment of 5" upstream sequences of STING gene was amplified by PCR, and then cloned to
pGL3-basic vector to construct the luciferase report gene recombinant plasmid. Three promoter fragments with different length were
obtained by walking deletion and cloned into pGL3-basic vector. The vector expression activities were determined by transfection of
the mouse NIH3T3 cells with the recombinant plasmids of STING gene promoter. Bioinformatics methods were performed to predict
the potential transcriptional factor binding sequences. Resluts: The luciferase reporter gene recombinant vectors of mouse STING
promoter were successfully constructed. Compared with the pGL3-basic plasmid, the relative luciferase activities of recombinant
vectors of STING promoter were much higher (P < 0.05). In addition, the binding sequences of GATA, 1K2, MZF1, SP1/SP3, and
STAT may be included in the promoter region (=177 ~—48) of STING gene,which were predicted by the bioinformatics method.
Conclusion: The luciferase report gene recombinant plasmids of STING gene promotor were constructed successfully and had strong
transcriptional activity in NIH3T3 cells. By the activity comparison, it is speculated that the core promoter region of mouse STING is
located in the —177~+77 region, which may contain a number of potential transcription factor binding sequences.
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Toll #£5Z 1K (toll-like receptors, TLRs) \RIG- I #£3Z
R (RIG- T like receptors, RLRs) &5 iR 5] | i ik £ Fh
waEgE I TR M7 =4, A St
SR [ SR A, TR KRR - (stimula-
tor of inerferon gene,STING) B X FRFHLE AT K F-3
AL AT (MITA)® B H 173(TMEM173) |
FETHEAT N I 2 B MR iR 240 5 i 24 (MPYS)
STk P T L 2R Ay (ERIS) ), £ 2008 4
B 2B NS G R T I BT AR 2 A A
AR |, & DNA {5 538 g b 8 2 43k 4R
F1, TEIAZ M 0T DNA 0 5 B 48 7 1 e 75 22 19
fE G . R R LR ET  STING 7] B 4%
s A BUNE N DNA, i A &% 1L, If 5548 TANK
456 W (TBK1) JE R E &9, #E— 28 80 IRF-3
IR S 5 2N 1S 1 AL IFN & IFN
Il 34 5L A (interferon stimulate genes, 1SG) A% & 34 |
WS O B A S SO ), STING b g 445 &
JL PN TR G W Y SR AR A PR R R B (eyelic
adenosine diphosphate, CDN) , {1 §f c-di-GMP , c-di-
AMP F GAMP'101 3t B9 3¢ B 25 4% 43 BT 1 1T
PE STING AHOCHY) A WIS AR, e 2 R BOR R TR
VAR Y 24 -2 Ik Ah STING 54 1 1k 34 nT fig
5 H 5 DNA 5 S 5 28 [ B G i P50 I R etk
CLBEARIE S5 1Y SR BLIRIA DG 81, FEHUIMR ey
STING A] LA 5585 B4 Mo 98 e st e 1 80 470 Mo g
Ha g 1415 PR X STING B BIF 5Kt g AH S50 Y
TR R 09 8 SRR YT R

STING & e — 245 B EE N, HE
FFNTIREAEN /INBR H LA K 36 B A5 g e sy B
SF, HO\ STING J PRI/ B STING i Pl 95 5[] 14
ik 81%., HILHFSE /N STING 6P A ks
Kepgiayr A REE R R, HETET/)N
Bl STING HYBFE EEAENTEH S 515 5 -,
XTT STING H 5 By sk AL 5T 5 AR5
1 Jeil i R BN R STING Ji 8l F 26 ot 2 iR 15 2k
DRl B 4 SR - Wk 5] 7 4 NTH3T3 4, 43 #r Ho e
NIH3T3 20 ] 52 't 2% B AR DN STING )5 8+
HTE P DX, B A e — 2058 /N R STING Y% 5%
PRI DL B

1 ##5EREE

1.1 ##
JIN B IG BET 4 48 Y (NTH3T3) , pGL3-basic &
HE pRL-TK (V' 5O 3 B Bk ) Sy AR S0 28 ff

. DMEM 1573 (Thermo Scientific 23 &), 3 H) i
A 1ML  Opti-MEM 353535 (Gibeo A7, £ E) . K
FF# E.coli DH5a F11 DL5000 Maker (K% 549140
A]), LA DNA $2EGRH & /N DI [ 77
& /i BUR AP & (Omega A A, ), BRI
P N ) B Kpn 1 F1 Hind 1 T, DNA % $% i 1
TaKaRa Ex Taq f# E.[ (TaKaRa 23 H], H ), Bk
UL Lipofectamine™ 2000 iS5 ﬁﬁﬁi(lnvitrogen N
AlLEE), ﬂ%%%@ﬁmﬁﬁ%ljﬁﬂ)romega N
£HE), TR (GENE AR, TEHEF),
12 Fi#k
1.2.1  Zmfa3%nfe K B 20 DNA #9325

NIH3T3 20 ftd FH 2 10% K 36 i 4F 1ML 37 10 =5 A
DMEM $; 3231555 BT 37°C 5%C0, {iFe ki, 2~
3 d AR 1 R SERARAE SR RO A K 4
LA ZH DNA $2 B & 2 B NIH3T3 21 i 42 A
41 DNA , B BR 4 B E 0
122 Az BF ot

/NERSTING JE K551 (45 :NC_000084.6) I\ 55
] [ ST AR W HOR G $ s 2 NCBI (http://www.nebi.
nlmnihgov/gene/) K15, ik UCSC M 3 (http.//
genomeucsc.edu/) EXTHARAY/ N RIERIZE T 51, Fo2)/)N
B STING JE IR %M F ATG #2451 000 bp A B ¥
G, ST A H TFSEARCH ver 1.3 31
(http://mbs.cbrejp/research/db/TFSEARCH. html) 5¢
B
1.23 3. K STING 4B & 3F R 57

i 1f Primer Primier 5.0 #4131/ B STING
5'SmEk A A B RS 14 (6 Invitrogen A AIA L), I
W 8] 4 STING-F:5' -CGGGGTACCTCATGCTGT-
CATCCACCCAGTTA-3' (FRIZHR 4 Kpn 1 B
Hi), FiiF5 149 STING-R:5'-CCCAAGCTTGCAGGA-
CTCCATACAAGGACCAA -3' (T RIZEB 4~ Hind
I B A5 ), PAZNEL NIH3T3 404 5L K 4 DNA
AR, PCR 9 34/NEL STING JE 801 5/ 38 [X K JiF
1 005 bp J¥51,PCR [ 5544 :94°C 3 min;94°C 30
$,58%C 1 min,72%C 1 min,32 MEFF, PCR ¥ 14721y
FH 1% 3 BEWE BE R HL K, /DN 3t 1B T Sc e 7] 5 [l i
PCR ¥ 34774,
124 R STING B3 T RAZEHRELR T4
AR K

FEARTFY PCR 9715 7 ¥ Fl pGL3-basic 5443
SR EE A VIR Kpn 1 Hind T34 73D, 3
YIJG i) PCR &34 7= Fr BoRn Jookr Fr B gl Ak mliicfs
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FH T, DNA 3% H: % 42 5 i AL 32 38 E.coli DHSa,
WAESA N H &AM LB EARREFRE I, 37°CH;
Frid G PRI SO REHETT I V& PCR ik, BUPH M
PO A TRV R 3 35 SR ISR, 28 UL 1) 965 TF
I %58 i 4% M pSTING-1, FifiJ5 L pSTING-1 A5

i, 38 5L 20 RS B AR ARAT A BEANAE 1Y STING 52 K 30
TR B 51 W 1,530 PCR ¥ 38 A8 4, H ]
FERY 7 i A AR TR 7 Be /N B STING Ji 8l +
POCEBHR A SR EA TR, 5334 44 4 pSTING-
2 pSTING-3 .pSTING-4.,

®1 ¥R STING BEh FRFRESIFF

Table 1 Primers designed for amplifying promoter segments of mouse STING gene

519 {31 &/ (bp) 31 (5'-3") H i K B R/ (bp)
STING-F —929~+477 CGGGGTACCTCATGCTGTCATCCACCCAGTTA 1 005
STING-2F —482~+77 CGGGGTACCGGCCAGATGGCTAGCAGGGAAGA 559
STING-3F ~177~+77 CGGGGTACCCAACCATCCTGAGACTGGGAAA 254
STING-4F —48~+77 CGGGGTACCTCTCAATCTCTCCTGTCTAACC 154
STING-R CCCAAGCTTGCAGGACTCCATACAAGGACCAA

RO G T RIS, WAz o BRI P N TR Kpn 1, R UREUIAL s N BRI E VIS Hind I,

TRk bk e Fm 5 R B MM
NIH3T3 40l T 48 FLANMIE T AT, FE 40
JHi 2R K 2B B N 709%~80% 0, /NG STING J3 5
F e 6 F T 56 H EE 41 0K A pGL3-basic X R
5 R AT 2 pRL-TK Fapr e85 49y - R A Lipofec-
tamine™ 2000 IR FEATHENFE Y BE 57 48 h JRWUE
YA, WehE S FR LS PBS TEE 1 UK, N A 41 it 24 A
WG =% 10 min, R FHRUHE G 2 BEEAS 357 & 78
Dual-Luciferase Reporter Assay System HITHRNER
Filg v A, AR 4 5 Ok pSTING & pGL3-
basic X B8 FURL F N 2 B pRL-TR 1) 5¢ % 2 Wi 16 P
FUAEL, RIVAH X 5 ' 28 R 1
1.3 “%it5FriE

SEURZE T DL + BRUEE (x £ 5)Fom, RH
SPSS16.0 Ge it oM st B s A T4 b, 24
[) 5 SR S R O 22 0 Mr, 2L R LA R
SNK %, P < 0.05 MZEFAGITFEX,

2 # R

2.1 AWM EFHIH

M NCBI 548 7 th 3R A5 /N B STING R 7471
BN BIEE AN S ATG J5 77 bp TR E i 997
bp X138, T TFSEARCH %443 M2 X I8 A7 AE K
S SR 45 B A AT B XA R A B0 X3
22 ERSTING B3 F R AZEHMRELAR TR
AR E X Y

L NIH3T3 4143 K4 DNA Ak, 549
STING-F/STING-R #47 PCR §" 34, =148 1%3i5
WEEERE VKA, 5 B 0 BoR/—30(E 1A), 4%
PCR 3" 54 7 W) Fl pGL3-basic kL BR 4174 4 B i
Kpn 1 Hind Il 47 WUV 5 3% 22 Ak, PR e e

1.2.5

PEATEVE PCR S00E, 45 9L UL 1B, FHYE R P5 EA T4
KEEFRIFRIUTORE , BRI N Y Kpn 1 Hind Il
el Ay 3 11%) R L SOk 1A T LD S A, B A 5 i HL
WAL 2 25 B, 1 45449 5 000 bp Bl pGL3-basic %%
R B 1 AR BN 1000 bp, 5 H A B
F/NHATEL (B 1C) KA g i T 4] s 1 — 25 6 7
FEYsE , MIF45 55 NCBI #24t /N B STING |7
B RIF S0 AR, 4% R pSTING-1,

A
(bp)

C
(bp)

5 000

3000
2 000
1 500

1 000

306

200
100

5 000

1 000

A:PCR 4" 38/NE STING JE 8 Ji 3+ 7 B B PCR S TEFA PR 5
C: /ML STING Ji3 3+ i 21 4 15 Bk pSTING-1 WUEGYI%5E , M.
DL5000 Maker;1:PCR #3474 ;2. 4 7% PCR /¥ ;3 pSTING-1 E4H
JERLA 4
B 1 pSTING-1 FRHIES5IEIE
Figure 1 Construction and identification of pSTING-1 re-

combinant plasmid

23 A STING BT 5 EZR 5%k © BiRegH2

) g 1 1) Y E2H SORE pSTING-1 KA di , 74
ARG BEAY STING Ji sl F 288 A, L X146
S AR FL YK s AR KNS R R B () 2), 1F
— AT IR, T 4E S NCBI $2HE R/ R
STING 5" LU P A0 AR A, K 55 20 ks 43 5l am 44
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pSTING-2 . pSTING-3 .pSTING-4, Gy M 12 3 4
2.4 R STING B 3h-F & e 2 888
PR/ N STING J3 89 R Ml F 4] 5 000
ok 515 pGL3-basie XHEFRSAZ: pRLTK Fobr ! o0
SEHEYLZS NTHTS Z0H AP, 48 h 5 AT X 2 i
PERG 45 5 5055 15 pGlL3-basic X HEZH (1,00 + 0.13) 100

FAEL , S 2 ORI Y A XS DT 200 M (19.34 +
0.65) .(23.87 £ 090) . (27.84 + 2.74)F1(2.89 + 030) , 2%
SEAGI#E L (P<005, K 3), WHA/NR
STING J&i Bl Fo 2R B A5 B2 Tk 44 NIH3T3 4
MUY EA RS, R HRGX 4 AR EER)
Ja B FE2H FORLAE NIH3T3 T 2O G G 1,
H pSTING-3 Jii s PGP, (H 24 2L pSTING-3 Ay
M, B IEASFEE pSTING-4 T2H 56 % 2 A5 ks
i, FR S ARG PR pSTING-3 FEARZ) 90% , P
BA WEGH #2557 (P < 0.001) . HAEM/INR STING
BRI S F XA T —177~+77 bp X35,
2.5 RSTING B3 F K 48 F B T 45 &-4x 5 Fum]
FRAE LR/ B STING )3 3h 1 51 41 JTok: 199
REHG RTINS R AT, $27R-177~-48 bp IXELA
A BEAETE I S 52 e J 30— T Pk P 2 S IR 25 5
A5, W TFSEARCH ver 1.3 8% % X #4743
Mr, 345 AT BERYSE S I a5 A 07 5., TRINSE S HR
Z ¥ A3 B AT fE fE 7E GATA (IK2,SP1/SP3
MZF1 STAT 5 A F 45505 (E 4)

3 it g

A% AN A i DR 3 TR A 4 0T 43 Sk I SR OKSE
Bl SR JE KT RS I A DR B S Ja 7K T I 4 Bk
a7 B F AL, (EEE SR RE I I AL AT 2 B AR )
PR R SRR F EE AL, B SO R
I — BERRIR R T 91 (AR 2 B aE  DTER
F) FIFE S B Rl (U SR AL ) X e S 4 1) 5%
WA SE R, I R e B M SRR X 2 —
Ja s FOOC R M B R R e Tz s H
F I 8l 3 P S B 0 DR e S A DX S
TIRESMHT . ABFFE R e /N B STINGHE K5 5+
PP REN &, RN EA AR 4 FAFK
FE 19/ BRSTING A 8 F A B i 28 6 R il 4 15 5L A
JEOA 3 AT R e g R O 2Rl O A T A /)
FSTING A ¥, BAEN HAZ 5 8 F XA T 57
FEIX —177~+T7TIX N, 385§ kL pSTING-4 F1l
pSTING-3 P& AFH X 2 ) 22 T % 14 1) LA, HE T o8 7
-177~-48 IRIF I & H 2N s 45 G AL,

M :DL5000 Maker; 1:pSTING-1 41 ki XUEFVI =4, i A R Bt
F/IN 1005 bp(=929~+77) ;2 pSTING-2 T £H Tk XU BG4, 4 A -
BERN 559 bp(-482~+77) ;3 : pSTING-3 B 4H JF ki XL U177 490, 4 A
BRI 254 bp (=177~+77) ;4:pSTING-4 T 4 Bk XUBGYI 7= 40 |, 4
AR BEK/IN 125 bp(-48~+77) .,

B2 /MR STING 831 F 3%t R BRI & B F E H Bk W s

VIEE
Figure 2 Identification of luciferase report gene recombi-
nant plasmids of mouse STING gene promoter

by double enzyme digestion
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pSTING-1~4 435138/ STING Ji3 3h F56 6 2 B 8 413 45 ok
FE NIH3T3 (13 3 FAHXTE P . 5 pGL3-basic 4, *P < 0.05; 5
pSTING-3 113, 4P < 0.05,n=3,
3 MRSTING B FRAZEHRETERNEARNE
NIH3T3 Z8H A X 5 S SR B
Figure 3 Analysis of luciferase relative activity in NIH3T3
cells of four promoter luciferase report gene re-
combinant plasmids of murine STING gene

CAACCATCH GAbACTGGGAA*TTPbAGGCGTGG I A |! !CCCCGAd‘\
1K2

GATA SP1/SP3 STAT
AGAGTGCTCTPCCCCCTECCCCGGAAGGCTGAAACTATTAAATITCCTT
MZF1 MZF1

GCTCAGATTTCAGGAAGTAAAGTGTGCTGTTCA
TSR FLE AT T HERR
4 iZf TFSEARCH ver 1.3 B4R EFEE LS

Figure 4 Predication of binding sites of transcriptional

factors by TFSEARCH ver 1.3

4 GATA IK2 .SP1/SP3 MEF1 .STAT 4§, $2mR/N
STING H [R5 53% ] BE A2 3k Bu 5 53 IR T A v
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STING 5 12 DNA JgaZ 38 % b i DG ST 1 2R
F1, (R BS AT A R SR SR T R () B 42 e (5 5 3%
T FE4S 2R ORI ME | W4 A T 20 PN B2 4
L b B AR S ET AR A b s . 4HHL N Y DNA
G 1% 2% (F145 ¢GAS DAI DDX41 IF116 .DNA-PK .
Mrell) ¥4 STING-TBK1-IRF3 {55 % , 1%
T 7804 2R e JFL Al 240 i PR - 328 95007 1A 9 928 I
20l RS IR A, STING MGl 755 1
RVT-HE AP0 % , 16 A] X I e Js A ) B
PUARDEAT W, 356 e e A M R A e ) FNigs 3 S
AR T, S Sl B N A2 R — 2
BRI HLIA S T 38 0] STING , sk o )2 7, 4
PIBITR99 8 (HCV ) W] s —Fh 2 (1 NS4B 1542
#JA) STING, F4EH5 TBK-1 f9FER, M i) 55
IFN-B [ = A= 21 []REAE B 20 A ke U R 2 PR 240
Jif v B P 7 G A A NS2B3 1 il AT LR 1)
STING, Jf H SO KA, DT RELIT T 3t TP 238 %
TG AL, R ) e 0220 BRI 45 STING
(23K AT DL AS BILAA 1) S8 B 28 SR (AR T
BT

RS PRFJ — 28] AR I I Ui e S A% 1
JF 912354 DT 8 978 A G R 3R 3k 1 & 1 BT, GATA
K& — S B AT RS BF 4R 45 A 3 5% S 7, g
AL TR S 3 A s A Ay — Bt
FZEBRFS [T/A (GATA)A/G], GATAL J&
GATA st R F 50— G, 2 4 1 T 40 il
] 21 3 434k & B W OC S 5% Sk IR -, O 7 L g 4
i, PETRANAR . A AN S A A RO B B &
BEEEAER ) R 8 H (specificity protein,
SP) ZHGE THRRL AT, &ASERSTH
DNA 456 X8, fE R A 3 M H R MY Cys2His2
TIEEFE 45 B, BE 5 GC/GT & M JEAS il 5 ST i
g, F TSP A ot PR TR RS T
TS 5MBN N, W AJLT A 4T
(IR o 0 T N o A W R e o
R i 2 51 DR - 485 5 07 o5 TN ) 45 21, 40 GATA
K SP1/SP3 A fig il i 55 STING Ji3 3h 7 19 45 5k 7
NZEG TS5 A R EEJHYY . STING %% 5% %
T2 2 8 Lk sE R Fsgm, wagit—45
Bk, M2 AW I g T /NEL STING Ji 3
TR MR 45 T4 Fokz, JFHUM T STING
A FXATRE S A Z MR TE N W F 4567
G, Mk — A 5Y STING %% st 2 L 34 2 1 3
il
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