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1. AR 2 B SRl S 2 e, DU )1 AT 6105005 2. iR B 2 Be BHIF A6 oty , U] B4R 610500
3. AR 2B A MRk SR B T JKER 6105005 4. AR ES 2 B 252 B,
Uil B 6105005 5. BLAREE 2= BE S5 AL , DUIT B 610500

HE. Br Wl A B MRS % A 5(guanylate binding protein 5, GBPS) K i3 1A [R5 4 6 A Be il 96 e K il
A5 3 K TR, 38 T A A B TS R AR B G SR TE b e R O R R X . ik PCRIH GBPS FE R R 3 F
JF50 ¥ Ja BT S0 Ry S AN S B 0 e B, 3% 4% B 38 pGL3-basic , #4) @ H 2 UKL pGL3-GBP5-11 /21 /31 / 41 /
51 5 520 ORI G 2 293 KT 20 i, 46 I 26 't 38 S M 5 R JASPAR B 0N GBPS Jit 21 X 38l 1 7 Sk [ 7 4%
B A M T 2 SR 5 IR ) A0 IR X8 1 I BH 7% 5% L 1 (Yin-Yang transcription factor 1, YY 1) i#F47 % 5% 4
PEIE YRR UE s PCR 718 YYT 19 CDS ¥4, ¥4 7 i 36 38 i kr pIRES2-EGFP-YYT 5 6 pIRES2-EGFP-YY1 . pGL.3-GBP5-21
(=1 623 ~ +47 bp) ki 5 N2 Bk pRL-CMV 255 YL 2= 203 FT 40 Jfd , #6000 56 /6 K BHE 1k, 20 W46 2 4 1 YY 1 % GBPS
JAETFIRER SRR . SR s PCR OWEGY) 4 E W N GBPS 5E IR i 24 22 K JBORE A4 22 1E ff s JASPAR %X
FES0 GBPS Ji 2l X A7 AE STATL YY1 Foxp3 45 244 55 Al 145 A3 i 5 XUPEG 2R Tl % 4 A 45 2R 7R L pGL3-
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Abstract: Objective To construct luciferase reporter plasmids of truncated fragments of different lengths of human
guanylate binding protein 5 (GBP5) gene promoter and analyze the transcriptional activity of each fragment to determine the
core regulatory region. Methods GBPS5 promoter sequence was amplified by PCR, truncated into five fragments of different
lengths and connected to pGL3-basic plasmid. The constructed recombinant plasmids pGL3-GBP5-11 /21 /31 /41 /51
were transfected into 293FT cells and detected for luciferase activity. The binding sites of transcription factors in GBP5
promoter region were predicted by JASPAR software, and Yin-Yang transcription factor 1 (YY1) targeting the core regu-

latory region was selected and verified for the transcriptional regulatory activity. The CDS sequence of YY1 was amplified by
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PCR to construct the overexpression plasmid pIRES2 - EGFP-YY/!, which was then co - transfected to 293FT cells with
plasmids pGL3-GBP5-21 (—1 623 ~ +47 bp) and internal reference plasmid pRL-CMV, and detected for luciferase activity

to analyze the regulation of transcription factor YY1 on GBPS5 promoter activity. Results Colony PCR and double enzyme

digestion identification proved that the plasmid of human GBPS5 promoter reporter gene was correctly constructed; JASPAR

software predicted that there were multiple transcription factor binding sites such as STAT1, YY1 and Foxp3 in GBPS

promoter region. Double luciferase activity assay showed that pGL3-GBP5-21 (=1 623 ~ +47 bp) showed the highest promo-

ter activity, while the promoter activity of pGL3-GBP5-41 (=520 ~ +47 bp) decreased significantly, suggesting that the core

region of GBP5 promoter was located at upstream —1 623 ~ =520 bp of 5 'UTR; Overexpression of YY1 significantly

activated the GBP5 promoter activity and regulated the expression of GBP5. Conclusion The core regulatory region of

human GBP5 promoter was located in upstream =1 623 ~ =520 bp of the 5 "'UTR, with a binding site of transcription factor

YY1 existing in this region. Meanwhile, overexpression of YY1 significantly effected the activity of GBP5 promoter.

Keywords: Guanylate binding protein 5 (GBP5); Promoter; Luciferase reporter gene; Yin-Yang transcription factor 1 (YY1)

5745 4 # A (guanylate binding protein, GBP)
& TP Z 03 ] (interferon stimulate gene, 1SG) 2
— N GBPZEJEA TA L : GBPL ~ 7, BA Z il
AWEETIRER . WFSE SR , GBPS 7R3 JRL B 5 AL 1) 4%
iE 52N R E AR Y RS AL AT g 4
GBPS5 (323K , I Caspase-1/ 11K 14 41 g 4 M )2
L, JE ST A S LA [F]INE, GBPS 38 H.
AT IEPREERE ST o TR YIRS 7 R 1 T AN
Jei AU AT 38 o 30T e % PR 5 NF- B 4% GBPS Ji 3
TR, 15 GBPS SRR M A 45 HATR B8 AL 3L
W77 PR A R K — N T 5 mRNA B 5% B St R
B 2 1B B RS 1 S R AR T S PR T i 4
MU= P H A . HEOCT GBPS A 8 7 1%.0
DX 3 ) 7 7 R 5 3% DAL 1 A9 90 42 BT ) o A 5 AT
T, A s E S @ GBPS 3 8 TR il
45 JL R TORL, B R GBPS Ji3 3l T 1% 0 IX 38, 0 1
A RE IR R B 1 PR R Sk R St 2B RS
GBP5 142 DI RE B9 5E PR SLA; .

1 #R5FE

1.1 mm A s ANRBRE bR 4000 293FT g H &
[ Invitrogen 23 H] ; BT k7 pGL3-Basic . pGL3-Control }
16 B 9¢ )t Z i R pRL-CMV I [ 5% [E Promega 2
) ; pIRES2-EGFP BURLIA H R 5V R AEY) A F

1.2 £ &K AAME A4 LT . Opti-MEM 35 5%
F  DMEM 4l 55 55 3 W F 22 (8 Gibeo 24 F 5 4 ifg
[AIZH DNA $2 SO & | Bt A o8 1 1l ic i) &
P EE R /N BORE DNA S50 & 400 50 RNA $i
ol & | R AR AR AR (e ) A BR 2 A 5 Li-
poD293 % YL 1 7| g H 3& [ SignaGen 2\ 7 ; E. coli
DHS5a 2R 555 R W H AR TAEY TR (i) IR A
BR 22 7] 5 PCR % 5% Je 97 3% 3050 & . DL15000 F1

DL2000 DNA marker . FR | 4 N VI Hind I \BamH [
Fl1 Xho I LA A T4 DNA Ligase W B H 4 TaKaRa 2\ 7] ;
XU 't 2 ARSI A 7] 6 ) H 2 1] Promega 23 F 5 285
PR IR B VR R R BCA B 1 R
A Transgene NEL St A GBPS .GAPDH BLTE [
riA LI K HRP FRiC i L 405 1gG 1 [ 28 [ CST A
H] s PVDF B8 (ECL & 5 3% W FI 36 [ Millipore 23 H] 5
Universal ProbeLibrary Set(Human Probes #1-#90) (Cat.
No. 04683633001) 114 H 3% [E Roche 2 7] 5 4 3 K i b
AL (VICTOR-X) W4 H 2£ [# PerkinEImer 23 7] ; SZ B} %8
i PCRAY(CFX96) 1 H 3£ [E Bio-Rad A .

1.3 AW EFHH i NCBUEE EA MRS A
GBP5(1D:115362) 5 H 4 2K 741, HE B GBPS A
5'UTR X35 [ 2 042 bp(=1 995 ~ +47 bp) R I 77
H1), K| H #E 26 [ 3t JASPAR (http: // jaspar. genereg.
net /)X GBPS Ji 8l T DX 3% 5% PR 745 6 o a5 A 773
534 -

1.4 B9 AR A3 65 3% (I Primer S EFTT
S, 51PN 2% 1, 51t o R A R A
BRI G M. LAEREUAY 293 FT 40 Jif 5 K 40 DNA A
B , PCR Y™ 34 4R 15 A Rl B2 19 GBPS Ji 8+ v Be il
YY1 KT H, FHEERE DGR & sl Ak 338 ™) .
1.5 AGBP5 B&h T3 EMRrwytd FIHR
H4E N YT Hind I AT Xho T %} pGL3-basic Fk: Al H
(0 FF 2 S A7 XU, FH T4 ¥ 2 mE 5 09 ¥ 9 5 B
B DNAFZEE/R LS © 116 CHER R, E =YWk
L E. coli DHS o, I i 5 100 pg / mL & F 5 X (1)
LB By g -4l , 37 “CH ik s 372 46 13 B 55 5% 16 h HRE
BN BH A v B DR AT T V% PCR S E o B % %E 1E B 1)
JRL G 2 5 100 g / mL 20N H B R AR R 57 2
H,37 "CHETA 12 hs I JC N B 3 B0k DNA 42 B
EPREUBRL, JF 3% 2 L R E YR A R A F
My
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Tab. 1 Primer sequences of different promoter fragments of GBP5 for PCR

ElE7) JP51(5'—3") P Bk (bp) BEU) (L GRHATR 43)
GBP5-11-L CCGCTCGAGTACTGAACCTACTGCGAAAG 2042 Xho |
GBP5-11-R CCCAAGCTTAAGAGTGAAAGAACAAAGG Hind Il
GBP5-21-L CCGCTCGAGTTGGTTTCTATTTCCTACA 1671 Xho [
GBP5-21-R CCCAAGCTTAAGAGTGAAAGAACAAAGG Hind Il
GBP5-31-L CCGCTCGAGTACCTCTTCTCCCGATTT 1180 Xho [
GBP5-31-R CCCAAGCTTAAGAGTGAAAGAACAAAGG Hind Il
GBP5-41-L CCGCTCGAGCCAAGGACCGAGGAGTGCCA 567 Xho [
GBP5-41-R CCCAAGCTTAAGAGTGAAAGAACAAAGG Hind Il
GBP5-51-L CCGCTCGAGCCCTGTCAAAACAGACCA 166 Xho I
GBP5-51-R CCCAAGCTTAAGAGTGAAAGAACAAAGG Hind
YYI-L CCGCTCGAGATGGCCTCGGGCGACACCCT 1245 Xho I
YYI-R CCCAAGCTTTCACTGGTTGTTTTTGGC Hind Il

TE T RIZRAR S R A0 A 47 i

1.6 YY1itfsk eyt R &% N YI# Hind 11
F1 Xho 1 XUGY) H 9 5L H Fl pIRES2-EGFP Bk, F
T4 DNA % 43 [iff 3% 9 40 £ YY1 3 3K BT k7 pIRES2 -
EGFP-YY1, J7 k[ 1. ST, 22 1R 7% PCR K AUEF V] % 52
J& BRI
1.7 Zmfes: 4 R LipoD293ikHF|, Lk H k&%
WA VLI B HEAT . $RAT 18 ~ 24 holpwhEh A K 10
293FT A4 2= 96 fLAR H ,2 x 104~ / L, e 4L ni
30 ~ 60 min B4 fif ) S8 A B R 0k . A 3N
SAL, 310 = 1 BB A e 25 T 41 SR RN N 2
Ki pRL-CMV , [a] B 35 o 44 XeF B R0 BR 1 %o R 4, 4 31
DL [ B % Lo ) S 2 e A 5 SVA0 Ji3 3 1 Fid
T 1 BH A X B B pGL3-Control ik /b FLA% 3
Bl G5 7 51 9 B P4 6] BEUTORE pGL3-Basic o
PEAT 18 ~ 24 hBe X5 AL K 9 293F T 20 il 422 Fb
2 1244, 3 x 1074 / AL, 5 Y4 AT 30 ~ 60 min B4
kB ) 58 A R 37 3k LipoD293 31K YY1 ad 3%
IR R U 28 293FT 4 MY , 1 5% Y% pIRES2-EGFP %8
AR TR AT R, 48 h Je AR A E DL . RT-
qPCR ¥ 4G I 38 2 3K JFRE 5% U2 J5 A YYT mRNA
T o {8 ] Roche 1E 26 M 3 (roche.com ) %11 5]
Y, 51 e 5 ULk 2, 51 W) o R YRR R
PWElE L SR Tagman #8517, 47 qPCR. W 4%
4:4:95 °C 10 min; 95 “C 105,60 °C 305,72 °C 10 s,
40 MEIR . DL GAPDH (335 /K R br e R 4540
X A8 B, SR 244 A3 M YY T LR G A R s 1k
1.8 W3k F B E b ml B F 4 Bk MO R Ok
(pGL3-Basic . pGL3-Control) 73 5] 5 P 2 i ki pRL-
CMV 466 25 203FT i il 72 h Ji5 , A6 I %€ 't 2 BTG

Mo P4 U TR SCRG N 2 K HL 2 D' 2R il (A ) AT
I 'V WO IR (o) T T, 73 M1 307 AN AU 7 B
(G SR TE o

2 RT-qPCREIM)IF I K455
Tab. 2 Primer sequences and probe numbers of RT-qPCR

A JF51(5'—3")

YYI-L TGGAGAGAACTCACCTCCTGA

YYI-R TCTTTAATTTTTCTTGGCTTCATTC

YY1 probe T9#

GAPDH-L CCGCTCGAGTTGGTTTCTATTTCCTACA
GAPDH-R CCCAAGCTTAAGAGTGAAAGAACAAAGG
GAPDH probe o#

1.9 GBP5%& & & 694m K Western blotik. [
LipoD293 17 47 YY1 1 3% 35 ks % 4L | 4 it xF
BRI 293F T 4Hfti42Rh 2 6 fLAR .6 x 10°4> / £L,
BEYLTT 30 ~ 60 min 5T ki 1) o8 A B AR R
48 h 5 , SR AN M S 1, BCA 35 E B8R M
U454 (50 wg) B L 28 12% SDS-PAGE 43 85 )5 , FE E[)
20. 45 wm PVDF I |, 5% Big 05 F & iR B4 2 hs i
ABRYTA GBPS GAPDH L5z BEHLIA (41 : 1 000 7
BE) 4 CHEE L7 ; TBST PRI 31K, Jin A HRP ARiCHY
APt 1eG(1 = 1 000 B ) , ZIEIFH 2 h; ECL I
G A 2E RO E AR o (8 Image Lab %X
1347 B 434, DL GAPDH RN S .

1.10 %3t o4 a0 8 3, i
TR LA B + bR iE 2 (2 = 5) T, i ] GraphPad
Prism 7 3T e it24 041, 2240 5% BEZH 1Y LA
K H Dunnett ¥ 56 1 One-way ANOVA K%, Wi [8] Lo
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R AEBCXT 456, LA P < 0.05 2 3 A G it

2.1 GBP5 B3 T X 34t F B F 24 &4 & F0m 4547
i 3k NCBI 4 e A ) 48 75 N GBP5 (ID: 115362)
AR FY], LB GBPS FE K 5'UTR X 48 | %
2 042 bp (-1 995 ~ +47 bp) 3 81+ J¥ 51 ; JASPAR 7£
LIRSS F R , GBPS Ja 31+ Xl 24 i 5%
NP5 A, Hod YY1 .STAT1 AT FOXP3 A T
S ST (RGEEME R T 5), WK 3,

2.2 GBP5 B TABIBABRETA Aty %E  GBPS
o 3T AR R R JE B BE PCR PEI 4R 1. 5% B iR W e I
FLUK AT, 43 30 AT L 2 0421 6711 180,567 #1166 bp
RE SR 5 KON S U AT, WL 1. AUV B
2H JF kL ik pGL3-GBPS5-11.pGL3-GBP5-21 . pGL3-
GBP5-31 .pGL3-GBP5-41 .pGL3-GBP5-51 5 , 4 1. 5%
BN BHEE IS FL Tk AT , 250 Sl i B R/ NI, DL 2.
S TE A 9 SSORE I P 45 SR 28 BLAST EL X, 4 A R Bt
SRS RE M A 100%, D _E 25 5 36 B 1 41
R E A

2.3 GBP5 R F &M ERLEBER S5RER,
GBPS5 J5i 81 F 45 UKL [ 5 6 28 B0 PR 357 /&1 T B %o
WA Y B R sh FIG M A L B X R4, ks
pGL3-GBP5-21 Ja 8 F it , 1l pGL3-GBP5-41 ik
FEC, ZRBA G L 53R 67. 59 F127. 84,
P¥1<0.05), WLIE 3, FH GBPSEEF LRSI FIX
Bk 5'UTR -1 623 ~ =520 bp, 24 #% 55 GBP5 3
BT -1 061 ~ =520 bp X I (5 KT YY1 25 &1
FOJE A3 FIGPE U] BRI, SR 7R X B YY

3R 3 JASPAR B e S A 1 Tt 445 21
Tab. 3 Prediction result of transcription factor by JASPAR

S5 AL AT REZ: W SR GBPS IR 8 T RIS M

bp

2000
1500

1000
750
500

250
100

M:DNA marker DL2000; 1 ~ 5: 435124 2 0421 671 .1 180.567 F/I
166 bp B 7B 5 6. BIMEXT IR

1 GBPS fa 3l T i Bt PCR 7~y Uk (&

Fig. 1 Electrophoretic profile of PCR products of GBPS

promoter truncated fragments

bp

15 000
7500
5000

2500
1 000

500

M:DNA marker DL15000;1 ~ 5: 43 3 5ok pGL3-GBP5-11.pGL3-
GBP5-21.pGL3-GBP5-31 . pGL3-GBP5-41 Fl pGL3-GBP5-51 X~
Y16 JFki pGL3-basic.

2 GBPSJR 8 T4 ) BL A 21 BORL A XU Y) (Hind T/
Xho I ) %7E

Fig. 2 Restriction map of recombinant plasmids of GBPS
promoter fragments (HindIll / Xho I )

%5 eI T W IR LKA, i )37
MAO0137.2 STAT1 7.467 05 191 205 CTCTTCTAGTAACAA
MAO0137.3 STAT1 9.108 17 193 203 CTTCTAGTAAC
MAO0095. 1 YY1 6.224 86 423 428 TCCATA
MAO0095. 1 YY1 7.219 34 701 706 GCCATT
MAO0095. 1 YYI 7.027 48 752 757 ACCATG
MAO0095. 2 YY1 6.322 34 811 822 CAGGATGGTCTA
MAO0095. 1 YY1 7.219 34 1353 1358 GCCATG
MAO0095. 1 YY1 7.219 34 1398 1403 GCCATG
MA0095. 1 YY1 6.399 62 1 464 1 469 CCCATC
MAO0095. 1 YY1 6.224 86 1468 1473 TCCATG
MAO0850. 1 FOXP3 8.977 18 1620 1626 GTAAATA
MAO0850. 1 FOXP3 8.977 18 1780 1786 GTAAATA
MAO0850. 1 FOXP3 11. 300 40 1858 1 864 GTAAACA
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Fig. 3 Double luciferase activity assay of GBP5 promoter

2.4 #FZHFYYL X GBP; B3 F & a7
2.4.1 YYI b RIR ORI S E PCRY I =W &
1. 5% B NEAEGERE FL UK 43 AT, BT UL 1 245 bp 4R 557
et , KNG BUARAT, WLIE 4. Bk pIRES2-EGFP-
YY1 WU 7= 10 22 1% BB W 6 J0E H Yk 43 B, ] D,
1245 bp 1) H AYZER - BEAIS 260 bp IR R BE, K
ANEJ S FURARSE, LKL 5.

1 2 M bp

1,2: B AYFEH Y1474 ; M : DNA marker DL2000.
B 4 YY1 CDSIFHI PCR ™Rk ]
Fig. 4 Electrophoretic profile of PCR product of YY1 CDS

sequence

2.4.2 YYI i FRIRFTR %2 RT-qPCR AR IR,
5% BLHAR L, BORL pIRES2-EGFP-YY 1 %% e 20 41 fifd
YY1 H K mRNA % 57K FHE 29 20 00075, 22 A 48
TR E L (1=69.39,df =2,P < 0.001) , 7B JBkr i
e 4L 293FT 4 i Jf-ask 3k H Y B . B8 20
e TSR] WL 23k WLIEl 6., R W] YY1 Ik
Aot 3 b A4 A B )
2.4.3 YY1 3 FRK TR X GBPS )5 o TG M M AR
IR SO RS T ds R Es, 5
pGL3-GBP5-21 4 b5, ik 3235 YY1 W] B E 0% GBPS
fAsh s, ZER AR E (1 =19.95,df = 2,

P <0.001), WLE 7. Western blot 4347 B 7R , i #2534
YY1 W] | GBP5 5 [ # ik K, WK 8, K] YYI
JEVHE GBPS Fik B AE 1% % 1

1 M  bp

1:pIRES2-EGFP-YY1 JSURLALE )77 #) ;M : DNA marker DL15000-

B 5 ki pIRES2-EGFP-YYT 0] (Hind 1 / Xho 1)
YE

Fig. 5 Restriction map of plasmid pIRES2 - EGFP - YY1
(Hind Il /Xho T )

Light EGFP

TR

Merge

pIRES2-EGFP-. =~
YY1 R

pIRES2-|
EGFPFkL

B 6 Jiiki pIRES2-EGFP-YY] 5 pIRES2-EGFP 45 Jll % 4+
293FT 4ilfl 48 h Y 2 b R BEREE (5L 2 100 pm)

Fig. 6 Fluorescence microscopy of plasmids plRES2-EGFP-
YY1 and plRES2-EGFP 48 h after transfection to 293FT cells
respectively (Scale bar: 100 um)

1000 p

aaa
1
800 —
iz
ii% 600
R
K a0t
>
=
200 F
0 \(\I 0
C’c’% c,O ?ia%\ @Gw G‘j’vs L GREXS o
e @%
&
Rk

I raaa IR P < 0. 001,

B 7 BRI TSI I8 YYT X GBPS JR 8 115
PER S

Fig. 7 Effect of YY1 overexpression on GBP5 promoter acti -
vity analyzed by double luciferase activity
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1 2 My

GBPS - 67 000

1: JJURL pIRES2-EGFP; 2 ki pIRES2-EGFP-YY 1 .

8 Western blot 43 A i #i pIRES2 - EGFP - YY1 %%
293FT 41 48 h GBPS & [132ik/KF

Fig. 8 Western blotting of GBP5 protein expression 48 h
after pIRES2-EGFP-YYI transfection to 293FT cells

34t it

GBPS5 A o I A SR G BT 1 AH DGR 731, 7R
PR G 13 25 o 45 2 A R 2 AR T . BIF Rl
I8, 7E 91 B PG 07 R LA T I, GBPS J i i 45 B
{0, 288 it = K1 2 (absent in melanoma 2, AIM2) & 1
ANAC T 2B 1 B A 32 TR IR AR 0
GBP5 & TR 1A T E WA G AL npr i 2 —",
(7 I Y0 3K 1 GBPS AT 2 54 T4 2050 i e
HEISG YRI5 , AT il o 2 A S

GBPS5 JE[H JA3 2l ¥ H) R FlRF P 1 1 2 Xof i — 20
AW GBPS AR F I e AT R L. JA3h
TAE R BE D IR TR, B AT I 478 ik DX 3 35 1 )
K5 R T RE , % s P U 2 ) < 1 " B T
WEF I, YY1E T GLI-Kruppel 48 8
K, Je—Fh Z I REHE S K1, HA DU 3 S i
2 5 Z PR e SRR i T AL PR R
MEEA HEH T BIAR, YY1 L0 5 R 3Rk i R
AR SR 30 R, A TR SR R e B R
FERE, T A KT 32 1K (epidermal growth factor
receptor, EGFR)/+& Src-p38 MAPK-YY1 {5518 K
Ak, 1755 I B8 40 i v GBPL 1Y 3Rk, A1 i i B8
AMAE R HETA K YY1 254 GBPS JA 81 I 4%
GBPS5 SRk [ A= 1) 2 6 1 18 AR WA IE o AW 38 it
FHE GBPS Ji 8l 17 [ #8U1 F BE AN 5 't 28 AT 75 ik
P JFORE, & B GBPS 1%L JA 2 1 X382 T 5'UTR
-1 623 ~ =520 bp, RIS KI5 YY1 R, B4 Fok:
FOCRMFEVEN] IG5 R W] YY1 RERZ I GBPS YU
FIEE 478 YY 1245 GBPS 3Rk i 7E 5% s A
o ARBFNIRA Y] GBPS A (1) F 35 8B
BE T LA A B GBPS By AR )2 D e R L T S

BRI, Jo Sk I — L IRFE YY 1% GBPS Rk iy AH
FKAF T

S Sk
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