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Construction of rat RGC32 promoter and identification of its binding sequence with MZF1
Wang Lulu,He Fengxia,Zhao Ran, Yu Tianyi,Zhang Jin,Qiu Wen", Wang Yinwei*
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[Abstract] Obijective:To construct luciferase reporter plasmids of full-length and truncated promotors of rat response gene to
complement 32 (RGC32) gene and detect their activity in HEK293 cells in response to myeloid zinc finger gene 1(MZF1)
overexpression,screening the possible binding sites for MZF1. Methods: Rat RGC32 promoter (—686~-1 nt) was amplified by PCR and
cloned into the luciferase reporter plasmid (pGL3-basic). The recombinant plasmid (pGL3-RGC32-FL) and rat MZF1 expression
plasmid (pIRES2-EGFP-MZF1) were co-transfected into HEK-293 cells and then the luciferase activity was detected to determine the
role of MZF1 in RGC32 gene transcription. Meanwhile,the potential MZF1 binding sites within RGC32 promoter were predicted by
bioinformatics software. Based on the predicted results, different luciferase reporter plasmid of truncated MZF1 gene promotor that
named pGL3-RGC32-1,pGL3-RGC32-2 and pGL3-RGC32-3 were constructed. The promoter luciferase reporter plasmids of pGL3-
RGC32-FL or pGL3-RGC32-1,pGL3-RGC32-2,pGL3-RGC32-3 and the plasmid of pIRES2-EGFP-MZF1 were co-transfected into
HEK293 cells. Then,the luciferase activity was detected to screen the MZF1 binding sites. Results:lt was verified that different kinds

of plasmids were all constructed correctly by PCR analysis

and nucleotide sequencing. The plasmids of pGL3-RGC32-FL
= e B 2% H A
[(E€mA] &K A SR Bl 2% 3 4 (31470853 ,81273333, and  pIRES2-EGFP-MZF1
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were also co-transfected into
HEK293 cells,and then the luciferase activity was detected.

The results showed that the transcriptional activity of RGC32
cn;wangyw@njmu.edu.cn
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gene was increased markedly in response to MZF1 overexpression. In addition,the plasmids of pGL3-RGC32-FL or pGL3-RGC32-1,
pGL3-RGC32-2 and pGL3-RGC32-3 and pIRES2-EGFP-MZF1 were co-transfected into HEK293 cells, and then the luciferase activity
in different groups was determined. The result displayed that the activity of pGL3-RGC32-3 was much lower than that in pGL3-
RGC32-FL,pGL3-RGC32-1 and pGL3-RGC32-3,indicating that the region of rat RGC32 promoter (-286~-86 nt) might contain

MZF1 binding element. Conclusion:The rat full-length and truncated rat RGC32 promotor luciferase reporter plasmids were con-

structed successfully,overexpress MZF1 could increase the transcriptional activity of RGC32 gene,and the MZF1 binding region was

identified.

[Key words] response gene to complement 32 (RGC32) ;myeloid zinc finger genel (MZF1); luciferase reporter plasmid ; promoter

activity
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INBIBIFGE N ZE MsPGN [ sh A B8 SRk
i, KE Thy-1 B8 2 IAME C5b-9 #RH1E TG
HE AR C5b-9 (sublytic C5b-9) %} T GMCs 1
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B GMCs B3 %8 J v, {H B 1 A4 14 X sublytic
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DNA J¥31_F M7 JE R 9 25804 BV MZF1 2
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TR B I T MZFL 0 B RGC32 LB J2 33 A 0 ST R 45 13 -145-

R NER WS e PRSI 1257) &5 (Promega 23 7], 56
E), MZF1 i 33k 5k (pIRES2-EGFP-MZF1) A
DS H IRk, UL 2 DNA $2
Bolm & (b awmwEWEARARAA),
TransStart® FastPfu DNA Polymerase (1t 5 23042y
) o BRI PE IV Mlu T Bgl 11 Fl T4 %5 (NEB
NFE] L EE) . GenEscort™ I #% Yuil ] (Fd 7 25 54
PIHEARAIRAT)
1.2 ZFi*
12,1 3l4pikit

B 5l NCBI, 482 GenBank %#iE 1% v K B 1Y
RGC32 DNA J#%1)(NC_005114.3) , F| F Primer 5.0 %X
A BRI RT RGC32 A 311X (-686~-1 nt)
519, SRJG R TF Search B4 i RGC32 4t
RE 3l 7 X 20 5 S DY 7 n] RE I 4 B AL s, OF
AR AP 0 25 SRV 5 1 4 84 05 3 7 & U R
B A BN 1 23 A Miw T 1 Bl 11
P EP
1.22 KA B4 % DNA 693 K%

SR HEH L4 DNA $ Bl ) 2t 52 0 B

H AR ZH DNA, B P IRIE DLER & Ui 5
Jof HTEEA/A] WA RE SO 7 5 DNA A 35 et 4l
B, 8 B BEE A F UK 4 DNA #5888
1.2.3 X R RGC32 A B B 3T 4T 69 5 M &
HeRKfBany g

F T HFGE R B RGC32 JLHH i 8 T IX s s TR 7
B A S, NHAYIE B2F5F TF Search Tl
TR RGC32 {8+ Bt 256 oo, R
PEPEMEE I | & T 1 X5k 1 RGC32 JEA
Ja 2R FA S 3 %51k s AR ), 1k
T RGC32 JE 7 3 7 3 A8 19 4 B 43 51 hy
486 bp(-486~-1 nt) 286 bp(-286~—1 nt) I 86 bp
(-86~=1 nt), SIWFHINLFE 1, Hrp N XI5 53
N Mlu 1 Bl TE§YI 5, CG AG 1R R AR5V 6
e DIREEEN 4] DNA AR, 1 FH TransStart®
FastPfu DNA Polymerase #£17 PCR 2, § 8K,
RGC32 F: 5 3 77 81 (2 KA ) . PCR &4
ZAEENT L 95°CTRAE P 2 min, 95°C 20 s,55°C 20 s,
72°C 30 s/kb ¥ 30 K5, 72°CA LA 5 min, 7
B 7 Wy 2 B REHERE I L UK S A TR e Ak

®1 FBXRRGCR EREF(£KMNEE)H5IMF5I

Table 1 The primers for rat RGC32 gene full-length and truncated promoter

Rk 51HI¥51(5'—3") [5AT:

£ |-3#%: CGACGCGTATGGCCCTATACCGGAATGG —686~—1 nt
T : GAAGATCTGGAGAGGTTGCTCAGTGACACG

1 5% % : CGACGCGTGCAAGCAAGGAGGCTCTGC -486~-1 nt
T : GAAGATCTGGAGAGGTTGCTCAGTGACACG

2 S % : CGACGCGTTCTCCGGAGGCCGGCG -286~-1 nt
T : GAAGATCTGGAGAGGTTGCTCAGTGACACG

3 S 3% : CGACGCGTACCCGAGCGGACCGC -86~—1 nt

TUi#: GAAGATCTGGAGAGGTTGCTCAGTGACACG

124 XA RGCR AR BT (AKFH4)
pGL3 R raeg s 5 %52

¥ pGL3-basic Ml R A[E] PCR F=4) FH Mlu 1
1 Bgl T #EATRUEGDY , 32 F H1 e ik alifb 4 AL
pGL3-basic FIEFYIJE HY PCR 7=4) , FE7E T4 DNA %
FERGOIVE I T AT IR ROV (16°CIE 1) , K i 4574
HALZ S AN DHS e, FFIRA T &N PUIER LB
AR F,37°CHE IR 12 h 5 PRERVE 3R T 3 ml &R
FPUER LB B 3Ruh | 37°CH g U %5 1)
R (1 wh) FH B3R5 95 54T PCR &3, ™)
28 1.5% B NERE R UK S, e 1 PR M s e Joohr
iR SIS SIS I = ¥ iafE LStV EERA N iy A TN T
p GL3-RGC32-FL ( 4x < ) \pGL3-RGC32-1 (1 5 #

%) pGL3-RGC32-2 (2 5 # 45 ) 1 pGL3-RGC32-3
(3 S5 5) .
1.2.5 F4 k44 HEK293 40 fie.

¥ HEK293 4 4% #h T 24 fLAk (1x10° 4~/
fL), SRS, M a G Rk 8] 70% ),
GenEscort™ Ill #% 44 71 ¥ pIRES2-EGFP-MZF1 4}
A5 _EiR RGC32 BEK T 3l 4 s il Jad o At
Uy HEK293 4l , Hirb 45 41354 9L pRL-SV40
VENTE GRS IR, SE5G W] 4 e pGL3 25 Tk
(pGL3-basic) 411E A |
1.2.6 RAFEHEMRGNZ

JECRIE Y HEK293 4 48 h J5, N A SRR
SAS 20 B, WSCHE 1 R A FH U ' R T 5 ik PR A
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MRRXF) &, BRI RGC32 K8 3 A K g
T R E TR N S BB ORE 9 TR 1 5V E 2D 3R
PEULFE A, o, B AR 3 KR O3
TG MARIC N M1, NZ IR pRL-SVA0 SURLIIE 2¢
FCEREEPEARC A M2, M1/M2 BV A e Al Gk i AH
YR BRI (relative luciferase activity, RLU)
1.3 %it5FiE

P35 s IR + fiifE 2= (x = s) Fom, RH
SPSS #3475 224381 Al Bonfferoni #556, P < 0.05
hESHAGI2EE L,

2 # R

2.1 KARGCR AR EIH FALRKKILLZHBRE
AR 2

PCR #"# K Fl RGC32 £ 5 8 74K (-686~
—1 nt) 5, B HIfH A pGL3-basic Ui, 4 ki
SRS RAT T LB A, Pk 3 A o BERR I, TR
PCR Sz i BRI s b (BT 1), R A A0, 45 BT
PRI 7 51 5 NCBT _L 45 e 50 A7 He X 5 IE
SEL BTSN AR DT M4 1R . RIIKE RGC32
R A g1 2K 2O R B A5 Bk (pGL3-RGC32-
FL) O BN EE

M: Marker ; FL: pGL3-RGC32-FL FUki [ PCR ¥ 3474
Bl 1 ZREAREE A FELTK

Figure 1 Agarose gel electrophoresis
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Y AL S
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Figure 2 The effects of MZF1 on the activity of rat RGC32

gene promoter (full-length)
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1: pGL3-RGC32-1 ; 2: pGL3-RGC32-2 ; 3: pGL3-RGC32-3,
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Figure 3

Identification results of luciferase reporter plasmids by PCR



5 35 5 2 0]
2015 42 11

TR B I T MZFL 0 B RGC32 LB 2 33 A 30 ST R 45 013 . 147

2.4 MZF1idkk s FTRXARCCR AR B T4
BALER TSR

¥4 pGL3-basic RGC32 M Ji7 8 F 4 K (pGL3-
RGC32-FL) Fl4% # 4 (pG1.3-RGC32-1 .pGL3-RGC32-
2 Ml pGL3-RGC32-3) % ) 2 il 42 5 5 R 40 ol 5
pIRES2-EGFP-MZF1 JFi ki Al pRL-SV40 Jfi for Hfk e
HEK293 4 ffd , &l 2 21 28 e R s . i & 4 7]
WL, 4% pGL3-RGC32-3 ki 40l 554 4 pGL3-
RGC32-FL . pGL3-RGC32-1 Hil pGL3-RGC32-2 fii ki
AR, H RLU (H B F R, X —45 148 75K
L RGC32 N 5 3T | -286~-86 nt [XJ2 A] fiE7F
TE MZF1 (5B 05,

157
T
i T
I
2 107 T
i
%)3
=
=
*
0 T T T T 1
» A Ay q’:‘) o
e®Y (}—"9 4 . (},”) 4 D 3 M
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RO S R S Gl
5 pGL3-RGC32-FL 4 .pGL3-RGC32-1 4 .pGL3-RGC32-2 41
HLE, *P < 0.001,
Fl4  MZF1 X TRE RGC32 FEH i 3l 725 BURLin H s
Figure 4 The effects of MZF1 on the activity of different
truncated rat RGC32 gene promoter
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JERRRA S T AR 20 21 A i FR v RCC32 ) mRNA
FERH R BE L 53 7E O WLRE /N B SE B0 5 AL
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O, ARSI SR T R W S SRR AR
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ST HI I DR 2R 8 ) s ) 3 e T I I 1
1)) 8l )5 5 v e B i S DR SRk A AR5
PR A TOR S AGE S A A5 R
Ja B Ja 2hE K RSSO EER T, Kl 2 2R B i 15
PR BT S Bdd A B Sl 16 AR S A i T
K RGC32 F K i 3h 4 K 2 6 Rl i 15 ook
(pGL3-RGC32-FL), [alif AR 4 2 W 15 B 2 Ak
TF Search X} 7] f8 5 RGC32 K& [H J3 3 145 & (%%
SR FHEA TN, 25 % B oK, 7E RGC32 £ 8 F
AFAERE ST MZF (25 A7 05, , TR B R 56 STk
R, MZF1 [R50 DA SE LI 38 8 .
K BB A B MZF1 36 3K T f7 (pIRES2-EGFP-
MZF1) 5 pGL3-RGC32-FL %% 4« HEK293 2 i,
o0 £ 0 ) O R B TE M, SRR, pGL3-
RGC32-FL 5 pIRES2-EGFP-MZF1 %% s HEK293
YHMEJE , HUE S ER B 1B = T 4% 4 pGL3-basic
WX HR AL 40N, HER MZF1 BE6% )5 3 RGC32 L
SRS

FEWFIE LI, MZFL ] DLZE A 3R R 3h T By
MEAE T “TGGGGA™, M 38 375 A 0 3[R %
Ko N THIE KB MZF1 5 RGC32 R B 371y
ZEA X, AT TF Search BAFTM T K
B RGC32 B 8 7% 5 1 MZF1 AIRERI 45 &
7 15 (43 9IHE-686~-486 nt . —486~—-286 nt Fl1-286~
=86 nt), MBI H T RGC32 H: A JH 3l 1 (1%
R POGRMRE BRI, B pGL3-RGC32-1,pGL3-
RGC32-2 Fl pGL3-RGC32-3, i Jr K i J LA Tk (£,
FEA KR 43515 pIRES2-EGFP-MZF1 ki Ju
HEK293 Zififd | P10 5 4520 41 5 6 2% Rl s 1 45
KB, pGL3-RGC32-3 M) 8 Fid E B E % T pGL3-R
GC32-FL .pGL3-RGC32-1 il pGL3-RGC32-2 4 ,
/N MZF1 7E RGC32 Ji 3 F b 45 & IX B AT g fir
F 286 ~-86 nt, A b fEHAHF —$E 1Y & MZF1 5
RGC32 HARIW L, 5 7T 5058 1 Yo €0 0 G P HL T v
(chromatin immunoprecipitation assay, ChIP) F1 )3 3/
TRABLIG A RERAE .

LR L RTIR, ARSIE A T KB RGC32
R 3 (1K) 2OGR MR, JF7E HEK293 4fififd
FIESE L FRIE MZFL 5 AT {2 i RGC32 L[
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1) 8 5 DL AR AR 0 Y RGC32 LA A
T ST MZFL AT RERYSS & 07 05, , BETH IR
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U SRS VE R, 002800 1 T H AT REm 45 &
X3, 3% K LU RAWFFE Thy-1 15 R K sublyt-
ic C5b-9 Jili#% GMCs J5 )i 3l RGC32 FE A By % 5% [
HIA MU R AL T 022 A SE A R ST

[ &% 30k ]

[1] Tumlin JA,Madaio MP,Hennigar R et al. Idiopathic I-
gA nephropathy ; pathogenesis, histopathology ,and thera-
peutic optiong J]. Clin J Am Soc Nephrol,2007,2(5):
1054-1061

[2] Mestecky J,Suzuki H,Yanagihara T,et al. [gA nephropa-
thy:current views of immune complex formation [J].
Contrib Nephrol 2007,157(1) ;:56-63

[3] Nazeer K,Janech MG,Lin JJ,et al. Changes in protein
profiles during course of experimental glomerulonephritis
[J]. Am J Physiol Renal Physiol,2009,296(1):186-193

[4] Qiu W,Che N,Feng X,et al. Apoptosis of glomerular
mesangial cells induced by sublytic C5b-9 complexes in
rats with Thy-1 nephritis is dependent on Gadd45 yupreg-
ulation[J ]. Eur J Immunol,2009,39(11) :3251-3266

[5] Gao L,Zhang Y,Qiu W, et al. Effects of PI3-k/Akt short
hairpin RNA on proliferation, fibronectin production and
synthesis of thrombospondin-1 and transforming growth
factor-betal in glomerular mesangial cells induced by
sublytic C5b-9 complexes[J]. Cell Prolif,2009,42 (1)
83-93

[6] Zhang J,Li Y,Shan K, et al. Sublytic C5b-9 induces IL-
6 and TGF-B1 production by glomerular mesangial cells
in rat Thy-1 nephritis through p300-mediated C/EBPB
acetylation[ J]. FASEB J,2014,28(3):1511-1525

[7] Qiu W,Zhang Y,Liu X, et al. Sublytic C5b-9 complexes
induce proliferative changes of glomerular mesangial
cells in rat Thy-1 nephritis through TRAF6-mediated
PI3K-dependent Aktl activation[J]. J Pathol,2012,226
(4):619-632

[8] Badea T,Niculescu F,Soane L,et al. RGC-32 increases
p34CDC2 kinase activity and entry of aortic smooth
muscle cells into S-phase [J]. ] Biol Chem,2002,277(1):
502-508

[9] Huang WY,Li ZG,Rus H,et al. RGC-32 mediates trans-
forming growth factor-beta-induced epithelial-mesenchy-
mal transition in human renal proximal tubular cells[J].
J Biol Chem,2009,284(14).:9426-9432

[10] Fosbrink M, Cudrici C,Tegla CA,et al. Response gene

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

to complement 32 is required for C5b-9 induced cell
cycle activation in endothelial cells[J]. Exp Mol Pathol,
2009,86(2).87-94
Almon RR,Lai W,DuBois DC,et al. Corticosteroid-reg-
ulated genes in rat kidney:miningtime series array data
[J]. Am ] Physiol Endocrinol Metad,2005,289 (5):
E870-E882
Rieneck K, Bovin LF, Josefsen K, et al. Massive paralled
gene expression profiling of RINmSF pancreatic islet be-
ta-cells stimulated with interleukin 1 beta [J]. APMIS,
2000,108(12):855-872
Taylor MW, Grosse WM, Schaley JE,et al. Global effect
of PEG-IFN-alpha and ribavirin on gene expression in
PBMC in vitro [J]. J Interferon Cytokine Res,2004,24
(2):107-118
Morris JF,Hromas R,Rauscher FJ. Characterization of the
DNA-binding properties of the myeloid zinc finger pro-
tein MZF1:two independent DNA binding domains rec-
ognize two DNA consensus sequences with a common
Grich core[J]. Mol Cell Biol,1994,14(3):1786-1795
Deng Y,Wang J, Wang Gh,et al. pS5PIK Transcription-
ally Activated by MZF1 Promotes Colorectal Cancer Cell
Proliferation[ J ]. Biomed Res Int,2013,12(2):81-83
Stangou M, Alexopoulos E,Pantzaki A,et al. C5b-9
glomerular deposition and tubular alpha3betal-integrin
expression are implicated in the de-velopment of chronic
lesions and predict renal function outcome in im-
munoglobulin A nephropathy [J]. Scand J Urol Nephrol,
2008,42(4):373-380
Wang Y,He Q,Qin H,et al. The complement C5b-9
complexes induced injury of glomerular mesangial cells
in rats with Thy-1 nephri-tis by increasing nitric oxide
synthesis[J]. Life Sci,2006,79(2):182-192
W, 2 O JE AR A KRR Thy-1 B 83 5 A2
J sublytic C5h-9 BCH: B /INek 28 I8 41 w3 A= 19 SE 36 0F
¢ (V] MR R R AR . A ARBR A, 2012, 32
(10):1343-1350
Qiu W,Li Y,Zhou JB,et al. TSP-1 promotes glomerular
mesangial cell proliferation and extracellular matrix se-
cretion[J]. J Biomed Res,2011,25(6):402-410
Lim HW  Lee JE,Shin SJ, et al. Identification of differ-
entially expressed mRNA during pancreas regeneration of
rat by mRNA differential display[J]. Commons below-
Biochem Biophys Res Commun,?2002,299(5):806-812
Strom CC,Aplin M,Ploug T, et al. Expression profiling
reveals differences in metabolic gene expression between
exercise-induced cardiac effects and maladaptive cardiac
hypertrophy[J]. FEBS J,2005,272(11):2684-2695
[WFBEH]  2014-08-30



