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Abstract: To further investigate the transcriptional regulatory mechanism of DKK1 (Dickkopfl)
gene, the sequence features were analyzed by promoter online prediction tools, which were based
on the 5'-flanking sequence of swine DKK1 gene published by Ensembl database. Specific prim-
ers were designed by Primer Premier 5. 0 software to amplify DKK1 gene. To analyze its tran-
scriptional activity, pGL3-DKKI1 promoter luciferase reporter gene vectors were constructed and
transfected into 2937 cells and Hela cells, respectively. The results showed that the promoter re-
gion of DKK1 gene contained a TATA-box, a variety of transcription factors and a CpG island.
Meanwhile, the promoter of DKK1 gene had a preference for 239T cells, and the sequence of
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—1679/4+292 bp had the highest promoter activity, which was obviously higher than that of

other fragments (P <C0. 01). Further analysis revealed that there were core promoter region
(—953/—1 679), negative (—586/—953) and positive ( —953/— 1 679) regulatory regions,

respectively. The 5'-flanking sequence of swine DKK1 was analyzed by bioinformatics combined

with the reporter gene activity detection of promoter fragments with different length, this result

demonstrated that it had transcriptional activity of promoter, and its promoter region was prelim-

inarily determined, and the core promoter region and the main regulatory region were successfully

identified, which laid a foundation for further studying on the transcriptional regulatory mecha-

nism of the DKKI.
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cally Competent, Trans Taq-T DNA Polymerase #lI
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5.0 7550 M1 8k 4F : DNAMAN, BioEdit7. 0; 3 [ 3
T 5 M1 8k {4 . Promoter 2. 0 Prediction Server
(http://www. cbs. dtu. dk/services/Promoter/),
PromoterScan Chttp://www-bimas. cit. nih. gov/
molbio/proscan/) s MethPrimer Chttp://www. uro-
gene. org/cgi-bin/methprimer/methprimer. cgi),
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Table 1 The primers used to amplify swine DKK1 promoter

pub/programs. htmD),
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1.2.1 %% DKK1 LK )3 shF F FH Promot-
er Scan K HUN DKK1 JEF Z.0 08 8h 7 1467 & . A
FH MethPrimer 5 {4 F 0 56 K 57 51 i CpG 5 .
1.2.2 % DKK1 3K 5 3 A [ v B 3K B
45 Ensembl #5445 £ R JF T #8048 DKK1 JE A
(ENSSSCG00000010428) i 2 % J¢ 41, L 5" UTR
WS 2 2 500 bp HEH . #] ] Primer Premier
5.0 MBIt MY A& DKK1 B HE 37 X
FB. MR pGL3-Basic BRI 2 5 B 515 B . X
5 & RS A 1 & NS . 43 A RS
Yy 5" v i b A A BRI P DD A Hep R
Wea ¥k pGL3+292, 43 944 5% —2 016,
—1679,—953,—586,—215 Ay - Bt. HH ik A
B e ok 1,

EIE7/ i 519 F 3 (5'—>3") 1B Kt g /°C J B EE/bp
Primer name Primer sequence Annealing temperature Fragments size
pGL3—2016/+292 F. GG GGTACCTGCAAGTGATAGTATGGCACC 64 2 329
pGL3—1679/+292 F: GG GGTACCATTATCAGCAAGCCAGAGGA 65 1991
pGL3—953/+292 F:. GG GGTACCGGATCAAACATAGGCGTTCT 65 1265
pGL3—586/+292 F. GG GGTACCTCTTCCTTCTTACCCTCGTT 64 898
pGL3—215/+292 F. GG GGTACCCCAAATACCCAAAGTTCCTC 65 527

pGL3+292

R: CCC AAGCTTGGAATTGACGAGAACCGAGT

TRI% T GGTACC Fl AAGCTT 43 5 /s BR il YD B K pn 1 A Hind 111 #% 9] 57 55
The letters underlined are restriction enzyme digestion sites of Kpn | and Hind [[l : GGTACC and AAGCTT
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%A :10Xbuffer 2.5 L,2.5 mmol « L™ dNTPs 2.0
pL,P—2016/4292 I [ F 514 (10 pmol « puL- ') 4%
1.0 pL ,Biflg DNAL 0 pL, Trans Tag-T DNA RO iy
(5 U« pul ") 0.7 pLoJil ddH, O F 25.0 pl., PCR 2
B %A : 94 “CHIASYE 5 min; 94 CAEME: 30 s, iR KR
(F# DRk 30 5,72 CHEf 2 min, 34 PMEH ;72 “CHE
fit 10 min, PCR =¥ 4lifb )54 1. 00 1) Byt i b 58 i
VKRS L 3% A2 KB H A R AT I . SR R IR
PCR 77, LAY 38 i 9 5% DKK1 B FJE 3 F X K

J BOMASEAR , 7 18 A AS 5]  3E 1) F Be . PCR 4% )R
WA R R b RO S L3R 1, PCR =4 48 B R B
U5 PR VKA I Ak JE BRI T

1.2.3 pGL3-DKKI Ji§ g+ A [f] & i f Be 1 41 48
A 1 g 2 FlH PCR 7= 9y &l Ak i 57 & 6F
Kpn I #l Hind Il N Y) A7 538 PCR ™9 i 47 41
1k R BRI PE VT E Kpn 1 A1 Hind Il % pGL3-
Basic BURi 1T AUV G 5 PCR ™ ¥y #F 17 3% #2 . 7%
fb B PCR %58 iR DNA 2 B, I % it ke
DNA 47 1Y) %5 2 5 » 43 %l i 44 : pGL3 — 2016/ +
292,pGL3—1679/ 4292, pGL3—953/+ 292, pGL3
—586/4292,pGL3—215/+ 292, 3% 4 K B} 45 4 #
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JA BT Be i) pGL3-DKK1 5Ok 73 1) % 94 293 T 4
i & Hela 4010 . R 3 NEHE . A E SR
T G W I AR BB 3R 36 b, LA A0 ML 1 XL
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IR 85 3 B e x4 DKK1 JE K S 8 1
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YiEsh Tl g TATA-box, Ho i fE — 1 638 ~
—1 628 bp (GTATAAATAGA) &t 77 78 TATA-
box $FAE 71 5 5 s e 46 67 /1 (TSS) i 7 —1 608 bp
b, W )RR 30 AN TlHE  AHEERCIT . M AMEIZ R 3))
¥ XA e AT BEAEAE 1 A sk H F: CTF/NF-
1. TFIID, Oct-2,1g-cd, HNF1,AP-1, AP-2,Spl.,T-
Ag. JCV-repeated-sequence, EARLY-SEQ1, CAC-BP
S, H &% 5 [+ TFIID A1 Spl oA, FH
MethPrimer 244 i Ul & iz 3L R — 29~ + 75 bp
WEAEAE—> 104 bp 1) CpG & (B 1),
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2.

Input sequence
==

%DSO

§60

540

oy

020

3] 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

500 bp 1000 bp 1500 bp 2000 bp

CpG N | 11 [0 A U I I O [ EEoreee em i
|B—R]
F2—R2
F3—R3
F4Bl—R4
F5B—HR5

Methyated-specific

MSP primer set  CpG island
-———aa

Fig. 1

Bimmer Unmethylated-specific oS———a
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CpG island predicted by Methprimer software
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i3k PCR ¥ 18 5% DKK1 3 H 2T 5'5 5
AR KRB . PCR =053 12 1% 5016 B 6 e el
R VCRG  EG 2 R 5 T B RN — B 2) .
2.3 DKKI #EEMAHKHME 9%
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L TR 9 AR 5 MR L 1 P ] 4 4 )k AT jgg
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(4 818 bp) K& A AAN 1Y 7 B (K 3B) . &l T ¥ 41
oA S B R B, BRI 4 DKKL 5[] S 2§ 6k
R R BTG 2 R A SR DR A A e i

M. DM2000 Plus DNA marker; 1-5. PCR products using
primers of pGLL3—2016/+292 , pGL3—1679/+ 292, pGL3
—953/+292,pGL3—586/+292 and pGL3—215/+292

B2 DKKIEEARRESMIBER

Fig.2 Products amplified by different primers of DKK1 gene
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M. DM2000 Plus DNA marker; 1-5. Products of PCR (A) and restriction enzyme digestion (B)of the plasmid pGL3
—2016/4292,pGL3—1679/+292,pGL3—953/4292,pGL3—586/+292,pGL3—215/+292
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Fig. 3 Identification of recombinant plasmid by PCR and digestion
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Hy bR A 2 1 5 A R Al pGL3-Basic i kL
S pRL-TK 453y 293 T g1 Hela 48 i, H
o pGL3-Basic JFURLAE A B9 % B )R R O 22 1
2 45 S5 R A 000 7] 5 U 5 A OB 7 K R 5O R il
DO R =l I O ot < I R O ST
DKK1 J:H 8 8 7 A [l K B R B9 o't 2 i i % 5f
T 1 A 0 240 i e 1) A A S LF A R R A5 A
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o LA AR R 3 I M R X O 3R R T 4k
& M 1Y e o 106 P s 2 55 MK ok pGL3
—1679/4 292 bp. pGL3 — 2016/4 292 bp. pGL3
—215/4 292 bp, pGL3 — 586/+ 292 bp, pGL3
—953/+ 292 bp., pGL3-Basic ( 5), & 527 M
898 bp Y Jii 8 T & Tk A A7 7 B 2 AN (P>
0. 05) , HoAt 7 B ] ¥4 52 4% i 3% 22 % (P<<0.01) , [
77 0 7 5 U TR A 3 X 38 7] RE A7 AE — 46 8 2 5
e, Hi —586~—953 bp.—1 679~—2 016 bp IX
BT BEAAAE T4 T, — 953~ —1 679 bpX I A] fig
FEAEIEE IO

0.25
- 203T
2 0.20 = Hela
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53 015
g,
#& &
e 0.10
®'g
~ 0.05
0.00 , , , , ;
Q 3 N N )
S N S ¥
~ ~ o v 9
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Fig. 4 Activity comparison of different promoter regions of DKK1 in 293T and Hela cells
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» PGL3-2016/+292 B
2016 g
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POCREREN:

Luciferase activity

AR 5 B 7R 22 57 A 3 (P=>0. 05) s A [F] RS 58 7R 22 24 8 3% (P<<0. 0)

The same letters indicate no significant difference (P>>0.05); The different capital letter superscripts mean signifi-

cant difference(P<C0. 01)

5 3 DKK1 EF S'ARRBREFRE 23T BRFHRENFiEYE
Fig. 5 Activity analysis of the 5'flanking region of DKKI1 in 293T cells
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(14 355 RS 30 398 1 %07 R R T e B U A
R SIS R R AN S A LR SR . A
W5 Sl i A W A5 S e B R o 0 8 1 X 51
PEFT 0 A I LA 55 05 31 I 58 1 123 A 9¢
JCER HEHE PN ) pGL3-Basic J A AR s TN 45 5 i
— By 5" S A [ 5k G R B RS Sl B D 3R
A IR POER ) PRL-TK N2 3L
G2 i I 2R A0 2% Tl Ao ) 2% 48 0 % 74 b 2 '
EN R R S N L A DO R kIS IR R S 0 i

O FY AR IR IR v B Y U5 ik AR AR T Il
DKK1 N, iz W& 4 o087/ 3 W
T HAL P S WA B A R . C X Liu
SFHFFER WM DKK1 H K E A T § @K 14925 —
268 AR T 1 A W 5 B2 e BT B DKKL 4
PR 81 1 81 b 35 R AR W R 3l 1 B B A i i

TATA-box Fl 2 B % 5% [+, 1 H % 5% & i 7 4
(TSS) fii F—1 608 bp &b, 5 TATA-box #H I 4
T T )RR 30 AN B 5 38 S 9O 2R R M A . )
AUEM] T DKK1 B JE 87 7 Be BAT B s i 1 O
H—1679/4-292 bp By J& 3 ¥ if Ph e ik, 45 & A W)
fEREA A Rk — L g — 953~ —1 679 bp K
o0 )8 8+ X3

MR A5 5 R B G PEA I 25 3R & B 8 DKK1 %
BRI 7 4 i b 1) 0 3 T P Y R 55 0T AR B
KEER I s e, B K S 3+ R BOFA B A
I IE M LA ZE —2 016~ 4292 bp X I BE 77
FE 25 X 12 3 PRI 7 3% 1E R 9 1) e R A7 7E i R
PEAE R . dl AR W E e T s E R
P —1 679~—2 016 bp Fl—586~—953 bp
AT AT, KB —1 679~ —2 016 bp X 8 77 1E
CTF/NF-1 K £ 4~ TFID, NF-1 % 3 [H 145 & i
J,—586~—953 bp K F &4 GATA -1,0ct-1,
Spl \HOXA4 8¢ Z A4 s 7245 5 00 i o X IE 4%
X —953~—1 679 bp #4770 #r, FEH RN 145
4 5 A TBP, AP-1, ARP-1, Oct-1, SP1, ATF,
C/EBPalp. GATA-1. YY1. C/EBPbeta, NF-«B.
MEB-1,CRE-BP1,

B s TR~ AN AU RE B8 425 ) 6 PR 1) 33k, T EL 2 9
A Tl A B Bl 1 O B BR Y, P Spl AR A
SR B G Tz . WFE KB, Spl AU
AL C Ry i &5 kg sk 5 TFIID A3 H.AFE A i B
SRR TBP.Y Y1 WA 2 5 Spl 19455 55 0%
PR AT, WY.L Lai 2 BFSE 45 W . Spl REAS
H AW KCTD10 HEH 5 8+ X 454« 3F #4512
ik, b, Spl X &% i X iy GC & A 1R
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FEAEF AT 5 0 20 8 2848 L VKT B AR sl e A 5 e
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DKK1 F:H 7 g+ X /E L .

4 & i

AR i 6 DKK1 35 H 3E 47T 4 915 B 24 o
B4 6 A TR BE S 3l B AU 5 5 TR O 1
ML UESE T DKK1 LR 5" 3 X F 5] BA k31
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