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400042)

(3 = BRI R BF I g B85 SRR T 5 e v o, B IR

fOE. HIy A AJBERERS BEw AL IR N DI (hAEPL) J5U SRR 80U T R AP b Rk I el & 3 1, 0 L
VEBERT RIS Jiik I PCR 5474 hAEPL JE[N, sife A pET28a A, 4144 55 41 BOkr pET28a-hAPEL . Kf 51 21 ik
FEAEA E. coli BL21(DE3) , IPTG i SRIKIF4EE . ] His SEMZHTHORSEAT A 44k, 755 hAPEL @58 H . ] Western
blot K HUKIER AL S 0 TS24 40 i hAPEL Rl 3 A stk S ik 850 el el i s 41 BORE pET28-hAPEL 238 XU il
U1K DNA Il 7 % e R AL IERf . PTG 5 3RI5)5 , 248 SDS-PAGE K Western blot %5 475 WUl {2 ¥ i B BH 4 2% 47, His
EHETAAL S 152 hAPEL fil G 81128 SDS-PAGE & Western blot %5 1EHfj . Western blot K Hi kI # A A48 1) 43 7 S 45 E
W] hAPEL fl 5 35 FBA PURE AP B AR UG 850 IR 1 A MG IEENS g I A 1 1A 70Tl ) I 2 ik
{& pET28a-hAPEL, Jf-1E E. coli BL21 ( DE3) H il R Ik FAiALAS BIA HUSE L2 G PR hAPEL Rl & 81

SRSREAA) - A JIE G I A AR N U 5 DA% R I 5 4 Al 4540 5 T RE

535 0503;0513;Q556. 5
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Construction, purification and functional characterization of hAPE1 fusion protein

DAI Nan, WANG Dong, LI Meng-xia, CAO Xiao-jing, ZENG Lin-li, LIAO Ling, YANG Yu-xin ( Cancer Center, Institute
of Surgery Research, Daping Hospital, Third Military Medical University , Chongging 400042, China)

Abstract; Objective To construct a prokaryotic expression vector for human apurinic/apyrimidinic endo-

nuclease (hAPE1) genes, to purify its fusion protein, and to study its activity. Methods PCR-amplified

hAPE1 gene was cloned into the prokaryotic expression vector pET28a for recombinant plasmid pET28a-hAPEL.

Then this recombinant plasmid was transformed into E. coli BI.21 (DE3) and induced to express hAPE1 fusion
protein with IPTG. The expressed hAPE1 fusion protein was identified by SDS-PAGE and Western blot, and
purified by affinity chromatography with His column. Immunogenicity and activity of hAPE1 fusion protein were
analyzed by Western blot and EMSA. Results DNA sequencing, SDS-PAGE, and Western blot showed
pET28a-hAPEl was constructed correctly. High expression of hAPE1 fusion protein by pET28a-hAPE1 was
found in E. coli BIL21 (DE3). The hAPELl fusion protein, being of immunogenicity, AP repair, and redox

function, could be purified via affinity chromatography with His column. Conclusion The prokaryotic expres-

sion vector of pET28a-hAPE] vector was successfully constructed. The hAPE1 fusion protein could be highly

expressed in E. coli BL21 (DE3) and successfully purified, which is significant for the elucidation of the

biological characters of APE1 and the preparation of antibodies in the future study.

Key words: human apurinic/apyrimidinic endonuclease; prokaryotic expression; protein purification ;

structure and function
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TP IS A A, ARSI T 3% hAPEL 22 KR EEIA
19 % R AR pET28-hAPEL, {2414k T hAPEL Fl
FEE, IR hAPEL Rl 8 H RS0 RE RS P AT T
128000, At — A E5E hAPEL 35 H 8 AR Ui fie
il % hAPEL HTRBE5E HLAl, o

1 HRE 7%

1.1 £ZX A FettHt

KB AFE E. coli DH5« 1 BL21 ( DE3) &% 25 40 Jiid . Hala

Mg .pcDNA3. 1-hAPEL %k f& | T 41 I 5 % AdS/F35-siAPE1™
FH AR 2 (77 s pET28a 31 A A% IR 2 A 380 25 Ife PR A 26 2 2
fF 2 TG+ B ; Eppin-His @G 2 M i A8 B K50 R
I PR AE AL 25 B8 DMEM 3535 58 /N i3S W B Gibeo 24
) s BRI N ) B Neol A1 BamHI , Primer star DNA B & 4 . T,
DNA & 4% [l H Promega 7\ 7 5 Poly (dI-dC) Iy H Sigma 2\ 7 ;
ECL &7 & \HRP 4712 40/ B TgG $ifk \HRP 4512 His
HiARkIA [ Pierce AT ;[ y-"P]ATP W F b 5U4& B A= 4 TR
A 5 R BE B JE AL i (UDG) g | 26 B NEB /A &l 5 /) BBt A
APE1 Bt BEHLIRIG F Novus 23 ] 5 TR B U5 £ B Be Wl 5E
HE IFTACIA R £ R Geneaid 23 1] 7= i s 5106 LS e 1 Vi
AW T AL R 5E s HiTrap chelating HP  Sephadex G-25 4
Pharmacia /A 7] , 24k 1% &t 8 K& A W BE 254 BRN w445,
1.2 ZF&%
1.2.1 4Nffadsgs R AR HeLa 40 4 10% /N4
MM ) DMEM 85358 3 37 °C (5% CO, %4 F #3746 4%, d5/
F35-siAPE1 1) 4 MOI J&X Yt Hala 401 2 h 540k, 4% 0 0F % 1%
7% 48 h R A R U A .

R R0, 25% A Ak Hala 4100, Y 1 x 10740
JMIES.00 5 PBS ¥ 3 ¥k, LA 500 pl Five 28wl A (10 mmol/L
HEPES, 10 mmol/L KCI, 0.1 mmol/L MgCl,, 0.1 mmol/L EDTA,
0.1 mmol/L DTT, 5 mmol/L PMSF, pH 7.9) B &, VK% 10 min,
B UCAR TLYE LA 500wl T8 2% W B (10 mmol/L HEPES,
0.1 mol/L NaCl, 1. 5 mmol/L MgCl,, 0. 1 mmol/L EDTA,
0.1 mmol/L DTT, 5 mmol/L PMSF, pH 7.9) # &, K4 20 min
Jei B U B Y I 2 B VR B, T - 70 “CARAEET R .
1.2.2 hAPE1 RFE @ R#E GenBank H' hAPE1 #:[H %
51432 Y, EiES Y. 5'-CATGCCATGGCTCCGAAGCGTGG-
GAA-3" (& Neo T FYINE 25 5 FlET 4 :5'-GCGGATCCTCAAT-
GATGATGATGATGATGATGATGATGATGCAGTGCTAGGTATAGG
3 (4 BamH T FEYI7 5 F1 10 x His) , P8 BE 1 007 bp, L
& hAPE] 2K IR T 51 pcDNA3. 1-hAPEL # 44 Sy Bz 47
PCR JZ 7. JZ R Z5: 98 CHiAE M 2 min;95 C 12 s, 62 C
155,72 C 1 min, 10 ~fE3;98 C 125, 55 C 15 s, 72 C
1 min, 30 MEFF;72 CIEMH 10 min, PCR F=¥)%: 1% Biighi e
I B Dk 65 S e T AL
1.2.3 pET28a-hAPE1 JFAZE MMM & S 45 ¥ PCR 7=
Wy K pET28a Bk 1] Neo 1 F1 BamH T SUFGYI, L 1% BR IS4 5E
52 F Kk S48 S B 25 5 . G RIS /NG Sk 982 bp 15 260 bp K
B 5:3( 8k B B B IRA S A T, DNA ZEH: T
16 °C HE3E R, FEHE AL A E. coli DHSou 1, BEHLIKIRCBH 1 5

e 18 JRBUTORLIS ) Neo T Al BamH T SUBET , H ik 4 5 IE A
Je Y
1.2.4 REEAMBSRS TEEMT BEEIERY
pET28a-hAPE1 FL[454k A E. coli BL21 ( DE3) v, P fli £ &7
K* i LB B2 35 350002, Ik H 442 1: 100 $4432,37 CHiF &
D(600) 4 0.6 ~0.8 I}, INAZYESE K 0. 4 mmol/L |y IPTG, 4%
Ze3E3R 4 h, WER 4 h W 5 ml, 8.0 5 A 2 H )
(0.1 mg/L ¥ HifE,5 mmol/L EDTA) B &, yKIA = 7,4 C
B0 B EIEAUOTE K UTIEH 8 mol/L R E E &, LIS SRl
WX IR 5 RS W B UTTEAT 12% SDS-PAGE
Tk, 2 T Y €6 4 A B R IBE
1.2.5 hAPEl @A EAmMaife™ R¥E % ER&AES
e E A RERL . BOBEER IR, H FAEZE R (20 mmol/L
PBS,pH 9.0) &, IKIGHB A ,4 C B0 IEE g Ja T iE &
Fo I LRELE w5 His A, BURp i AL RE LR, B e
SR R LR, 4 A A 50 mmol/L il 200 mmol/L WK s 5k
M, R 0, K el ki B 4T 12% SDS-PAGE MUK, % 5
Wrre e T a3

LK S S IE 0 ) B U 4 °CaB Tt 0, BOREAT 12%
SDS-PAGE Hiyk, 43 A B2 4 H % 5 PVDF i I+, A 411) HaLa
NP A% 2K A A BE P X B8, B 41 ] Eppin-His @il & 8 H (7 6 x
His ) >y FH % IR, HaLa 20 MAZ 25 11 R BAHEXT IR . 1% i BSA
37 CHH 2 h, A 24— /MR APEL B3 (1:20 000)4 °C
R, Bt HRP FRic i £ B/ B IsG B4t (1: 4 000)
37 °C W5 40 min; B 0 1] HRP #RiC Y His Hii4(1:4 000)37 °C
WEE 1 h, SRR CHE R BN T 2 AT W5 T o
1.2.6 hAPEl Gii&E ARG RGN RABKER
RAFF M L 56 (electrophoretic mobility shift assay, EMSA) ; 2
WBSCHk (6], A T4 B NF-«B 48 £ )5 51 1 F : P1. 5'-AGCT-
TAGAGGGGACTTTCCGAGAGGA-3', P2; 5'-TCCTCTCGGAAAG-
TCCCCTCTAAGCT-3", o 40 & NF-kB % 5t A 7 B I 51 F 51
SOG4 ], FH R 2 [y-7 PTATP i NF-xB 2% H R 4R
£, 31 H Sephadex G-25 B.0 2 M #E4lifk. NF-kB 5#4EH1
NARZR (20 wl) Jy:4 x 855 .1 pg/pl poly (dI-dC) ,2 pg
hAPE] B3, LLIE R Hala 4008 E 15 (4 wg) B Ad5/
F35-siAPEL [} Hala 4} #% 85 H (4 pg) R XTI R E ki
15 min, IMAFRICHRER 2 wl, ZIR N 20 min f5 1R A Y17
5% PAGE fH% 100 V BLJk 2 h, B EER AR & X &, %
HEFE -70 °C B 24 h, T2 as R,
1.2.7 hAPEl G &8 AP BRI ER S IESCH[ 7],
WAL AP {7 55019 42 mer SERZTT R IE SCHE R 5%, 1751
Sy IE U4k 22-U: 5'-CCGCTGAATTGCACCCTCGAUCTAGGTCG-
ATGATCCTAAGCA-3' | JZ 4% 22-C:5'-TGCTTAGGATCATCGA-
CCTAGGTCGAGGGTGCAATTCAGCGG-3' , Hid U L5 JR msng
7£ UDG fEF T W JE 5 AP {37 55, 8 APEL 3151 22-U () 5" bric
W% APEL B 1254 R % (20 ) K % 4 :10 mmol/L. HEPES
(pH7.4),0.1 mol/L KC1,hAPEL &8 14(0.2.2 pg) ,Lh4 ug
Hala 1A% 28 P ASH AT R, 2 g BSA BT, 2 pmol/L
FREF,37 °CJJ% 30 min, M BRI SOV, IR A 91T 10%
PAGE( & 7 mol/L JRZ)JEE 150 V Hijk 50 min J5 B[R] EMSA
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WCORELAE NJBEERS BEE E A R N DTG hAPEL Fil i 85 1 A A L Al S ORI RE I IS

1125

2 HR

2.1 pET28a-hAPE] #&Akeg#y s

W F R PCR 9744 hAPEL A KR, W% 1% S fe HiE
JEEHLEK, T L 1007 bp 2245 Y v B, S U /IMHAT . pET28a-
hAPE1 4K % Neo I \BamH 1T W EEYI 5, 1583 2 46454 1 000
bp 16 000 bp (4 B, 5RO IS RARLT (& 1) o PSR S
hAPE1 7£ GenBank HvVE SR (¥ 18 2L 731 56 4 — 50, K B A R 3k
AR LT

1 2 3

[ 15 260 bp

2 000 bp—

1 000 bp— 982 bp

500 bp—

200 bp—
100 bp—!

1. DNA 4742 (DL2000) ;2 ; pET28a-hAPEl 2 Nco | \BamH | &
¥7;3 :pET28a-hAPEL
1 pET28a-hAPE1 HIWEGY] L E & R

2.2 hAPEl @&4&& G KHATH b6 E ik & 4L

2 PTG i 35 , UM H AT 12% SDS-PAGE %3¢,
A] AR AR 4 T i 20 37 x 10° ab A7 H B9 2K 11 0, S 1 it
2 SRR 110 S0% , ATV A PR ik RIHAETE . ERm
FHJS 9 L3 3 His SERUZ MR 4018 5] hAPEL Fild & (A
(K2),

97x10°—
66x10*—

45x10°—
«~—hAPEL
37x10°

=4
=
= -

31x10°*—

l: & 2 F 8 & & 47 f;2: pET28a-hAPEL K i ;3. IPTG 3% %

pET28a-hAPEL 4 h J& ;4.IPTG %  pET28a-hAPEL 4 h s # & L ik;

5.1PTG # % pET28a-hAPEL 4 h 5% /5 303 ;6 : 4644 /5 hAPEL & &
2 pET28a-hAPEl Gt &EBHEXFITHE BL21 MRERMALER

2.3 hAPEIl gk4&-% Gt Western blot 5%

Western blot 455 i 77% , 5 hAPEL HL{R M1 His FLAEE (14 5k
AR FTEAIR A0 F 0 B 37 x 10° b 3RS S I 0 4541F , 5
HIARSF (1 3) , 3B pET28a-hAPE] {33 hAPEL Fl& a1,
ZHEAEAEA BRI RRs N,

2.4 hAPEl @&& G & osr

EMSA 2553 7%, IE % Hala 40MA% & (7] 5 NF-«B 54"
54 MM hAPEL Gl EE 1S , 5 NF-xB 384T 1045 4 B .0
Jns 2R H 20 B 7E AdS/F35-sIAPEL 5, 5 NF-B 2841945

AW T2 e AdS/F35-siAPEL Ji5 #- LA hAPEL Fili i3
HH, 5 NF-xB REF 455 L BEH L. LH] hAPEL 7] LI
i Hala 4 #2265 NF-«B ¥ 7P 90 045 &, A A
W JRIETE (1B 4A)

| 2
hAPE1—> P - “—37x10°
= A
1 2 3 4

45%x10°—

37x10°
32)(103*)‘ - - ox
B

A — 3 A A APEL 3£ % &34k (Novuse)  1:454LJ5 65 hAPEL &
& ;2:Hala 49 j4% % & ;B 34k 4 HRP-His 34k (Pierce) 1 :4&%
F2EGAFA; 2: 44056 hAPE]l & & ;3: Hala m 4 % 4
4 .Eppin-His #4-% & (4 6 x His)
3 4i{L# pET28a-hAPE1 54 & B Western blot 45 R
AP B2 IG5 B R  hAPEL @& E AT S SR N YT
22 mer (779, I HLBEE IR S A 350, VIR #9774 = B
BN, $ER hAPEL B A8 EA AP BRIEH(E 4B),

1 2 3 4 P2 3 4

poa— ®
42 bp—
F
22 mer— - , Tj
B
(AJ

A: hAPEL @45 & BALE RE MR 1. & 3§ Ad5/F35-siAPEL
9 Hala 2m fo 4% % & ;2: £ % Hala @ Jo 4% 5 & ;3 & & Ad5/F35-
SIAPE1 # Hala %m it 4% % & ' #/u X hAPE] @k A% & /5 ;4 E£% Hala
20 it B @ m A hAPEL @54 % 8 J5;B.hAPEl @& F a4 2 &0
el 1:BSA Bt EE;2:0.2 pg APE] 4% &332 pg APEL &
A 34 Hala 2m o4z % & 8P 3T I8

E 4 hAPEl REERFEERNER

3 i

APEL/Ref-1 UL 3h Y20 1509 AP AR N
ifF, 2 BER J@ P& OCHE BR824 4
T Ny Al C v 2 A T E S 0 D BRIl 1, N o
A0, 5 1 LR AN RV EAL IS TR A 51X, C ¥k DNA 852
PIYIREEG R X, TF 2 33 R AL 45 140 fdf APEL/Ref-1 H.
AL R T fE: B %5 0GGL  XRCCL, PCNA |
FENI ,polymerase 3 425 (M i A B./E F, 3 7% BER il
B S e A RV E AL D RS 9 DNA $53 005 5 RE A% & 5 3 -
IR —FR AN 3'-5 BRI MII B IS 1 , 43 ) AE A8 52 8 i)
SR DNA $145°° AT DNA i 400 W 4% 18 251
Py v PR A 5 R, APEL/Ref-1 36 A LIE
SE AL T DR T 5 9 % TR IO O O AL 4 AP-1
(Fos/Jun) NF-kB ., HIF-1a., CREB ,p53 2 ZFp %% 5E A
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T SR TS0 g 00 R R A . HRT
HIBIFFE - TA R, APEL/Ref-1 (Y1852 5 4L 815 D) g
5 ibeg A AR T B SR E A R — Bk T
DNA &4 REF7, i 20 it v 1 AU 12 i dle /2 ot 2 it
7 A R, 2 80 SR I 71 DNA 255 88 1k
REL L i 240 B A A 5 A% 48, 328 1T BHL 1 g &40 i 1
IMAS KA KA K S APEL/Ref-1 4% F 2 B (49 40 . 1
PAVE R — AR 220 R, HoarFHL i A B, 2 B
Tl FE N AMIF ST RS 22—

T TRIHF5E hAPEL 11852 T e Fl A AL ik JE 2h
RE S YT, AWF A T pET28a-hAPED JF A% £
R AT AlfE A TG PR hAPEL @A 8 . pET28a-
hAPEL #%4 (1) hAPEL 3 Xl ) 2% 5 55 GenBank
hAPEL &K ¢ 3147 BLAST H X [A] Pk 100% , I LA
TEG A ) B2 AE AR A pET28a H, £ 37 C il A IPTG
0.4 mmol/L % 51}, pET28a-hAPE1 1] f£ E. coli BL21
(DE3) ihi ik, EA SR A S EIKE A 50% , 4
A1) 10 x His J& 25 Malifh firi% i1, 45 6 x His g
I His X3 H A9 26 A 8 8 A alidk b F)
FEE ARV, ABEgE T, FATTF BT N APEL $if4k
A1 His HUAAXT G 8 1147 Western blot £, 315 21 fH
PELESL UE B pET28a-hAPEL J§i A% 3 35 # K i o) 4% 38
T hAPEL A, IFBEAT RAFM R RO . B
TEPESC IR 2 B B s iz A & A ONMERE S LU UDG 1R
A AP (S IR VIR B R D fig, i HLAEE 5
NF-kB 456, Ul Al & & A R B EA AP 852 fir s ik
W EE T, 3 R IRATHE— L TSE hAPEL 25 1 Al X 2E
YieEYiRe , o RS %5 hAPEL $TRZEE T Wy Lt

AR S5 2 AE AT I A hAPED A% 36 1k 3R A Y 1
S VR ERAS B A O (EK) 037 55 GTST AR
[ pZTA2-hAPEL J5A% F R38R , (0 78 Bl (14 26 AL F il
VIn & Bl & 25 A 2 5 kA e H N i o] 328 7
fifto AW FE 44 HE 1Y) pET28a-hAPEL 24K, i75 5 Al 4l
BT o, 44k 5 hAPEL @ilG 25 R R R e
2 H YRR ZAMET . pET42a-hAPE]1 244 hAPEL iy C
Ui i 4% EK A7 25 F GST FR 28 I e 44k J5 1 25 GST #x
% i pET28a-hAPEL J& % hAPEL () C %% 4% 10 x
His, JEARHAIBR . FATT 20 M 14 0 HL D R T B A
Di%E#z GST #3& )5 th F4r T2 48 K, hAPEL A4
[ Z5F3Z B 520, 5y & A FE R 5 W 24 ; @hAPEL 7
PRANIREE T 1] B8 M AN R s @ His FRZEn] gEHE M T
hAPEL 7E A e sE P o BT 10 x His #5325 4 %t
P CRAR/AN, pH A 8, NS X A kb I
B MG A B, R A S B A AR R
FIARLAY =%, H. 10 x His W52 522, A H Y 22l
BEAWAT EEE NP, Xt hAPEL (2 (15

M A W2E T RE B 5T AN & BT A Il &
RN

(Bt R TR GHAMES AN HGH K
IHREEENLE KE S W RIS KA
ey F )
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