%520 % 55 1 4 A S A F AR Vol.20 No.1
2016 4E 2 H Life Science Research Feb. 2016

DOI:10.16605/j.cnki.1007-7847.2016.01.003

EWEN FOXM1 EZRIZBERZFEERETE

SRATAIEAEMR IR E
B2 e IR K20 410082)

W E.EIATAEYE AP-tag /50 FOXM1 A AR EAR, AR AYEZEBEF LK TR S5F
Jy ey 4R 3 FOXML &R G #t4T4640, AR SE T LB FoIstA L2 ha 2 ME AL RAK
pcDNA3.1-AP-FOXM1 Fv K JiAF ) £ 4y & £ 485 Bird A &5 24k pcDNA3.1-BirA, ¥ pcDNA3.1-AP-FOXM1
Fo peDNA3.1-BirA k4% 4« AR B 293T(HEK293T) 40 i, , F 4R 4« & Western FP i A0 40 B0 5L il ik o R AR X & &)
Rk 4B FE A B RIS AEBRSAL £ M ARIT W FOXMI, 5+ % 5K FOXM1 %9 A% @ 2 % TTVA B M A i T
ko PFRAINM A AW EFFE A A IR RAA RCRA A Y FE B A7& S FOXMI ;% & & & Western ¥
i pull-down F PTG AN —FT R R ZIKATHT FOXMI ZHE G LT e o, 4
REAMELT AT AN E AP-tag /5469 FOXM1 BM Akt %, 4 FOXML ZHR G LA e RAB R EE

THAKE
KR A EA FOXM;BirA A4 % i% 428 HEK 293T 206 ; 3% e sb Al ; & & ¥P i
hESES Q784 TERARIRAD ;A XEHS :1007-7847(2016)01-0016-05
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Abstract: To construct the eukaryotic expression vector for biotin AP—tagged FOXM1 and purify the biotin—
labeled FOXM1 based on the high specificity, high affinity interaction between biotin and streptavidin will
provide a foundation for the follow—up identification of FOXM1—interacting proteins. The eukaryotic expres—
sion vectors pcDNA3.1-AP-FOXM1 and pcDNA3.1-BirA containing E. coli biotin ligase (BirA) were con—
structed respectively and co—transfected into HEK 293T cells. The expression of the biotin—labeled FOXM1
in the cells was confirmed by silver nitrate staining and Western—blot with HRP—labeled Streptavidin. The
biotinylated FOXM1 was purified with streptavidin agarose beads and the efficiency of the pull -down of
FOXM1 —interacting proteins were also analyzed. The constructed eukaryotic expression system produced
biotinylated FOXMI in cells. This protein enabled a one—step method for detection and purification of
FOXM1 in Western-blot and pull-down experiments without using antibodies. The establishment of eukary—
otic expression system of biotinylated FOXM1 provided a technical foundation for the identification of
FOXM1-interacting proteins and the study of FOXM1 functions.
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ARLLARSE YR AL FOXM B R IR A R AR HE I S 17

IEL VIO | 200 LS 5 200 6 P B A R 22 4 58
FOXM1 25/ KLtk TrEgess, 2s 5 T4
il Z2 BEVELERR) — B 19, FOXM1 & DNA i
G N AR e M B R 7, IR R 4
) FOXM1 REG% 38 L fil N 2 R 0k, s 4
JiJE ARG A 57, E AR L FOXM1 R AR
R A E AR T AR T S, X T AT A
FOXM1 TE40 A= 24 TRk, B T4y
Wil

FRIBCE Al AL i e B 1 R A58 5 A
Fikz—, BRI ER IR A LA AR R R A P R H
EE R, B Z WMV R ICE R 55
FAEE AR EYE S, R Enms . &
B, fRTEE A B A AlARAG I Oy 1k, K R B TR
YE IR 3R — T AR IL Rl . AP—tag &
¥ HEOE E A N 3mel C smhn B 15 N IER
FRILAL L /INGREE, 2/ INPR 2 P9 ) R i Tl
BirA (biotin ligase VERSPER IR E H I AR
A B ER I 4 B A W RO A ) B
BirA AT 54k iR A Sl A I LS A, S5
Ko {EE535 107 mol/LIY, X — (15 A4 ) K i
BR MR RG22 W H A ARG, Ax
SCRT AR AR FOXM1 A, RS2
TEA—SA e @ g, mHSH T
Western EJE &l FOXM1 & (1 C 7 — i —4
PRGN, A A IIRERIRA T X BAEE
MIRIFFE L5 T R HAH AR LA

1 #REFE

11 A 5

KIHFFE DH5e W B AU A 28 e AR HARA
BRZS W], BLAZ K UKL peDNA3.1(-) il HEK 293T
20 M Ry AS S E OR A, S R BRI B Bk
(streptavidin sepharose high performance)itd B 3¢ [E
GE IR A wl R iRl 5EE B MR -HRP
A Beyotime , DMEM BEFE (3 Invitrogen 7N
A]) 4 I FBS(3EE Hyclone 23 7] ); DNA [1]
Wit & AN SOk S IBGR &  A RAR A AR
ST, WU T4 DNA 24 HG 1 H 2
New England Biolabs 23 /], FOXM1 —#$il H 3%
Santa 2y #] (Santa Cruz SC-502), Rabbit —HT1
H GE, B-actin RN AR RaETES| Beyotime N (Be—
yotime aal28), B—catenin FUIARM H & [F Santa 23 )
(Santa Cruz SC-7963 ),

1.2 Ak
12.1 pcDNA3.1-BirA &4k A BARMG MBR LR

CTAB/NaCl S AR FF LR 4, UK
FFEE LR 2 AR P 18 BirA (GenBank: M15820.1)
FEB, Lh BB 5 ~-CGAATTCATGAAGGATA -
ACACCGTGCCACTG-3' FI R iiE5 4 5'~CGGATC~
CGGTAGAAGAGGTCAGACTACGC=3'#"14 A Bx K
960 bp (FRIZAL535R EcoR 1.BamH 1 i)
fif) . HRAE TOYOBO B ELEGF A 4551 PCR
P14, PCR W 451494 CHAEYE 5 min, SR LA
98 °C 30 5,58 °C 30 s, 68 °C 1 min MY Z&1FHEET 30
AMIEER, 68 CIEMH 10 min [E14 1 000 bp Z247 I
$ry . YY) 5 BUA peDNA3.L (=) 4 4
EcoR 1.BamH 1 MV 54 . Ak DHS o JRAZ 21,
PRI vr AR5 3 G 7% , e R SR PGt v
B SR USRS 54 T DS , 280 3 43 #r (L it
A TOUESEHIER M, I 444 pcDNA3.1-BirA,
1.2.2  pcDNA3.1-AP-FOXM1 & 28 % ik # 4k 69 4
ERKE

L pCMV-hFOXM1(NCBI: NM_202003.1) J##
M, L EW#5I9 5" -GGAATTCATGTCCGGCCT-
GAACGACATCTTCGAGGCTCAGAAAATCGAAT -
GGCACGAAACTAGTATGAAAACTAGCCCCCGT -
CG-3" il T~ ii# 51 ¥ 5" ~CCCAAGCTTCTACTG-
TAGCTCAGGAAT=3' 9" 14 4> K A1 FOXM1 1
cDNA JFHICFRIZAL 53500 EcoR T \Hind Y]
fis ). MR4E TOYOBO i ff E 1 51T PCR
P14, PCR W 544 : 94 CHAEE 5 min, SRJ5 LA
98 °C 30 5,58 °C 30 5,68 °C 3 min AYZ1FHEET 30
GRS, 68 CHEf 10 min [H1Y 2 400 bp 747 Y
PH) . YY) S 3R peDNA3.L(-) 43 51 28
EcoR 1.Hind 11 BV J55EH: . %54k DHSa JEAZ 41
i, PRI S IR Y B 35, 44 R TR G 5
S VLA USRS A TR S8, P4
(A TR SEHE AP, F-47 24 0 pcDNA3.1-
AP-FOXM1,
1.2.3  AP—tag 47iT.#9 FOXM1 f& HEK 293T % it
Mg A A

¥ HEK 293T 418 & T 6 cm H5FR LAY 5E 2R
Fertrp AR, B DMEM . 10% G2 L35 1975 5555
R, MM K E 60%~80%HF , 1A 65 wl 2 mol/L
CaCl,, pcDNA3.1-BirA 1 pcDNA3.1-AP-FOXM1
IR 1 LBNR G TR G (45 5 pg) kbR K
F/KE] 500 L, sE4R5T, IIA 2xHBS 500 L, X
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FI2MEFLA A0 KAL), IAF] HEK293T 4l
dr. [ B4 50 5% e peDNA3.1-AP -FOXM1 Al
pcDNA3.1-BirA, & BAPEXTR . 564% 6~8 h J540udT
B r e AR SR I ARG Y 36~44 h JEUREEAN..
1.2.4 A dpFEMAH FOXMI #9—F stk

YiiffLsE Y 36~44 h JEFIEIRIE L, S
1 1xPBS I IEBE 1~2 WK, FEIA 1 mL PBS, ]
20 i ) ] AR AT R RE A R R IR RS E 1.5 mL
BV BETE D 20~30 s 525 BT LA 300 pl
IP 243 W (Tris—HC] 50 mmol/L .NaCl 100 mmol/L.
EDTA 2.5 mmol/L.EGTA 2.5 mmol/L .NP40 0.5% .
Glycerol 5% .Sodium Vanadate 0.1 mmol/LNaF
1 mmol/L. B—glycerophosphate 10 mmol/L . Cocktail
1% PMSF 1 mmol/L), 7E7K 7853 24#% 30 min, 4 °C.,
13 000 r/min 50> 10 min, B F IS REER BB
D, B 200 L 24FS 100 pL #ER R AR
TRNEWEERTE 4 CIZMTHE R TE e 1R & A SUe i 2L 097
# 1h,1 000 t/min 0> 2 min, 7 F3F, A 1 mL
TR Y IxPBS ¥, BEvk 4 UK, LABR 23R4 Sk 4k
A E s B, MR ESER R IR T IA 100 pL
TP ZYBBINAGE R 1 EREZE i, 100 °C 20 min
F A, 13 000 r/min B0 1 min, B EIEW, B
IR AR P, — 4 12% SDS-PAGE 3f
H AgNO; G0, 55— 13 Western—blot 53#7 .
1.2.5 Western—blot %-#7

W A FRGF AR i LAAEFL 80 g 1Y BAEREST
SDS-PAGE HiIK , 2R 5 W5 8111 % PVDF Ji%, [
5%MiAE WK A TBST B 1 he ] FOXM1
F1 B—catenin —PU I HUHEA AN 1 B g8 S g,
FH SA-HRP #1742 R . ] TBST 3t
Ja A2 R GH B 1~2 min, E 5, H B-actin
TENSRUEE T & &5,
1.2.6 4R FH5H

WAL BRUF (RRE i AR AL 80 e 1 EARRIEST
10% SDS-PAGE HilK. [&1%E : UK SER I T [
W E 20 min, 2R )5 F ddH,0 Uk 4 K, BIR
2 min, Je 0 A 0.2% AgNOs;, G4 {5, 30 min, R )5
FH ddH,0 %% 4 Y, B 1 min, Yoo i 2EOE .
A A, R BIEE 15 min,

2 #R

2.1 pcDNA-BirA EARZHEHHUERLEE
PAKIAFF I DHSa 4 JE[H 2 DNA iRidy , 48
TOYOBO & {5 E /i PCR §" 4 #158 & K Bird It

Mo W2 1%5RREBER UK, H 4007 B—,
KEEZ17 1000 bp, ShRiE P R/ MHIE , HEA
1Y =R 1A) . 5% PCR ¥ 5i R peD-
NA3.1(-) A, FEAT R A PR L B e B TR, $R U
RIS HEATIEYT, 0120 %5 Bird B AR (K
1B), PEBCH: AU 46 7 2 i PN EA Ty,
FPas R S B RGEN Bird R ¥ —3.

1200 bp
900 bp

(A)

El1 pcDNA-BirA HIHEREE

(A) PCR ¥ 3% BirA; (B) Bg3n% 2 ¥4 BirA ik

Fig.1 Construction and identification of pcDNA-BirA
(A) BirA amplified by PCR; (B) Identification of pcDNA-BirA
by restriction enzyme digestion

2.2 pcDNA-AP-FOXMI1 EAH Kk atazE
RETE

LI pCMV-hFOXM1 Uk WAL , 28 TOYOBO
R ILEH 1 FOXM1 FBE, 7212 19BN e
JERL K (L 2A), 5T 2 400 bp JEASAHAT
#1Z PCR =¥ 7e e 3 peDNA3.1 (=) A, dh 75
AE Pk 1L BT e TR VR, SRIBUTORL G HE TR, W45 2
FE FOXM1 LR A L) (Bl 2B), B AR A4~
HEATI Y, P2 RS B HRGE AR FOXM1 3
K751 —2 .

E 2 pcDNA-AP-FOXMI1 R & FE

(A) PCR # % hFPXM1 cDNA; (B) B637% 2 £ 41 AP-FOXM1
Tk

Fig.2 Construction and identification of pcDNA-AP-
FOXM1

(A) Homo FOXM1 ¢DNA amplified by PCR; (B) Identification
of pcDNA-AP-FOXM1 by restriction enzyme digestion

23 EHARNEEZAMPHREREYEN
Western-blot 43

5 T A4 4 %) B 4 JFORE peDNA-BirA 1 peD-
NA3.1-AP-FOXM1 i@ i B $5 L HEK 293T
Y, [R]E PR H A O & 11, 24T Western—blot E[lic
3T AP-FOXM1 I RBIKF- LIS AE S R AL
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AR A E AL FOXM1 B FGA IR R EE X %5 19

ALY peDNA-BirA Fl pcDNA3.1-AP-FOXM1 ]
HEK 293T 4iffdfl L% AP-FOXM1 () HEK 293T
i FOXM1 Bk FIF (K 3A), MEEY
2yl % B A g% G peDNA -BirA il
pcDNA3.1-AP-FOXM1 fJ HEK 293T 4t i th A fig
#0441 2% (F 3B) . SE6 25 3% 0 B 4 ok
pcDNA3.1-AP-FOXM1 BEFE ELAZ A i e ik, IF
H R A R 235 peDNA-BirA 1 pcDNA3.1-AP-
FOXM1,AP-FOXM1 A REvi A= Z 4k,

@\
&
& &
IO N
& W P
[ . FOXMI
_ﬁ L K R B-actin
(A)
@\
SIS
wﬁ/ &
X~ J \3” o’“‘}
& ™ 4
- SA-HRP

(B)
3 ERALETERESRN
(A) TS5 4E  HEK 293T @m /s FOXMI 84 & ik 46 ;
(B) & 40 i 42 4% 4 HEK 293T 20 MLJG A 4 7 0 A ik Ao
Fig.3 Detection of protein before pull-down
(A) Detection of FOXM1 expression in recombinant plasmid
transfected HEK 293T cells; (B) Detection of biotin expression
in recombinant plasmid transfected HEK 293T cells

24 HE£WELH AP-FOXM1 — 4 44k West-

ern-blot £#7
AR E T UL S5 R R A R R 5k

454G, PrbMi s R R MR R IS RN

Transfected in 293T
pcDNA3.1-BirA _ 4+ 4 +
BAP-FOXM1(1-224aa) _ _
BAP-FOXM1(1-353aa) _ _ _
BAP-FOXM1(1-748aa) _

+
|

SERNAlifL, A4l 5T Western—blot 2347, &
B H A 5 Y peDNA -BirA fl pcDNA3.1-AP-
FOXM1 /) HEK 293T 4fi Jfd 7 (1) 85 11 FF A< BE A5 I
FEY R (K 4A)F FOXM1(E 4B).

K\
&
2 &
S
> P . \&§ )
¥ = P
L SA-HRP
(A)
N
&
P
< Q
" S B r\f}
& W P
—— FOXMI1

B)
B4 SERaNEHEBRN
(A) FhsibeEmEFRELN, B) Flots
FOXM1 #4 & & Al
Fig.4 Detection of protein after pull-down
(A) Detection of biotin after pull-down; (B) Detection of biotin
after pull-down

25 £#MEN FOXMI BEEEHEN

C A W58 & Bl B—catenin (88 kD)5 FOXMI
E CufFEM EAER . i 8 pcDNA3.1-
BAP-FOXM1 (1-224aa) .pcDNA3.1-BAP-FOXM1
(1-353aa) fil pcDNA3.1-BAP-FOXM1 (1-748aa)
JFHL S peDNA3.1-BirA 544 HEK 293T 40T,
PRBCERE M, I AHE R AR AR BRI pull-
down, 152 H9 =PI Western—blot, A5 £ 1
FOXM1 HAFEH B-catenin, 455RUNE 5 Fis, 4%
TR R BUBFEER pull-down 193] T A KB AY
PAEY R RCINE T 7 B, FOXML C-20 $ifk
o W 2 7R B AR W R bR id 9 8 Tk FOXMIL,B-

IP: Streptavidin

- - - 4+

- ~ ki .
- o tam ww 7T L QT g —
z - w
S — B
s lesies
SA-HRP SA-HRP FOXM1(c—-20) B-catenin 88 kD

B 5 EFn4i{k/5 B—catenin IR IEH N

Fig.5 Detection of S—catenin after pull-down
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catenin FLARKI 2 78 H 5 FOXM1 B9 C A H
1, 5B EFRCHREE R —3 IS0z Ririd &
SN AT 5
2.6 EMELR FOXMI BEERREB AT

AW R IC AU AT E I T 28 A B A
HAEMI . BRI LR iR m. M
pCDNA3.1-AP-FOXM1 J5i ¥7 5 pCDNA3.1-BirA
G HEK 293T 40, $R ISR L AR 2508
12 B G M ER 8 pull —down, 4l fk J5 B 7= W) 42
SDS-PAGE f&5 SRR Y 4, 45 R BRTEAY R
1k FOXM1 & 1 pull-down FEHJHKGE H , 4711 247
SVERE 11440 IR AE FOXM1 2 [ pull-down 7
Yirh s ZF FOXM1 I 7EBEARSE . ASPRAR YL 4
SEILRIAATE LA FOXMT ALY R hr
2 RG] LA RO T FOXM1 HAE & 5T,
LR RATVE X FOXMT H AR 109 53 2
Preft T RAF Bk (B 6) .

N
& @ — AP-FOXM1
P \@b

& >
Transfected in 293T ARG
pcDNA-BirA + + + +
pcDNA-AP-FOXM1 + - - +

6 FHERIRE EKT AP-FOXM1
Fig. 6 Detection of AP-FOXMI1 by silver nitrate staining

3 GRIE

ARSCRINF T /] AW R AL hFOXM1 FE4
JFokL, FESEE T — Ak A — 4 Western—blot
Bk SRAIBEI L Yeyd  SE 1 AP-FOXM1
FEFLN AN AR R AL, ke T RRE
RN RITKR R AR, AT 3 d #inak
B ZEAL AP-FOXM1 EE AW . FIFHLEY

H R AR L 107 mol/L 19 K, {8, #1154
YRR AP-FOXM1 K HAH B 455 & A RETE
I A G I A% 1 AN I e A v i A ]
B 55 10 R ) EA B e e B, A AR
PERGR B 5L

B2, Y THRTEYE AP-tag I3 &1
FOXM1 B FRIRRR S T EA—H4ifb itk
WRE T, FFEPL T Western BB FOXM1
B TCTHE P — e, S 2 IR IR
AGHT K HAEER PR 25 T R B AR kAt

2% 3Tk ( References ):

[1] KORVER W, ROOSE J, HEINEN K, et al. The human TRI-
DENT/HEH-11/FKHL16 gene: structure, localization,and pro—
moter characterization[]]. Genomics, 1997, 46(3): 435-442.

[2] LAOUKILI J, STAHL M, MEDEMA R H. FoxM]1: at the cross—
roads of ageing and cancer [J]. Biochimica et Biophysica Acta
(BBA)-Review on Cancer, 2007, 1775(1): 92-102.

[3] ALVAREZ-FERNANDEZ M, MEDEMA R H. Novel functions
of FoxM1: from molecular mechanisms to cancer therapy[J]. Fron—
tiers in Oncology, 2013, (3): 30.

[4]  KORVER W, ROOSE J, CLEVERS H. The winged-helix tran—
scription factor Trident is expressed in cycling cells[]J]. Nucle—
ic Acids Research, 1997, 25(9): 1715-1719.

[5] KORVER W, ROOSE J, WILSON A, et al. The winged—helix
transcription factor Trident is expressed in actively dividing
lymphocytes[J]. Immunobiology, 1997, 198(1-3): 157-161.

[6] XIE Z, TAN G, DING M, et al. Foxm] transcription factor is re—
quired for maintenance of pluripotency of P19 embryonal carci—
noma cells[J]. Nucleic Acids Research, 2010, 38(22): 8027-8038.

[7]  MONTEIRO L J, KHONGKOW P, KONGSEMA M, e: al. The
Forkhead Box M1 protein regulates BRIP1 expression and
DNA damage repair in epirubicin treatment|J]. Oncogene, 2013,
32(39): 4634-4645.

[8] HE Yu—fei, BAO Hui-min, XIAO Xiao—feng, et al. Biotin tagging
coupled with amino acid—coded mass tagging for efficient and
precise screening of interaction proteome in mammalian cells[J].
RESEARCH ARTICLE, Proteomics, 2009, 9(24): 5414-5424.

[9] FERNANDEZ-SUREZ M, CHEN T S. Protein—protein inter—
actin detection in vitro and in cells by proximity biotinyla
tion[J]. Journal of the American Chemical Society, 2008, 130(29):
9251-9253 .

[10] KAY B K, THAI S, VOLGINA W. High—throughput biotinyla—
tion of proteins[J]. Humana Press, 2009, 498: 185-198.

[11] COGNET I, GUILHOT F, GABRIAC M, et al. Cardiotrophin—
like cytokine labelling using BirA biotin ligase: a sensitive tool
to study receptor expression by immune and non-immune cells]J].
Journal of Immunological Methods, 2005, 301(1-2): 53-65.

[12] MORIZONO K, XIE Y, HELGUERA G, et al. A versatile tar—
geting system with lentiviral vectors bearing the biotin—adaptor
peptide[J]. Journal of Gene Medicine, 2009, 11(8): 655-663.

[13] LESCH H P, KAIKKONEN M U, PIKKARAINEN J T, et al.
Avidin-biotin technology in targeted therapy[J]. Expert Opinion
on Drug Delivery, 2010, 7(5): 551-564.

PDF SCH# 4] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

