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& E:PARPl AW @Ie A b —AF E 49 DNA S S 8. L LS PARPI A B e9dsdde s, L2 20k
E. AT RKIFFHEME PARPL, & %545 hPARPI 3 B # 1% 5| 4k pFastBac™1 F, #4445 8K pFast-hPARP1;
KRG AR MM E Escherichia coli DH10Bac B % At . Mok, @idfs 545 F W4k B, 3 hPARPI AR %
4% Bacmid ¥R B Y, M2 AKX Bacmid-hPARPL. #/5, @it 8RR R AR E4E L SO LR mie.
Western blotting F=87% | & ik 4T hPARP1 49 & A Fa & AT 047 . KA 3-R AR T BLIE F Fo AT AT PR 69
& 4m i, & A 49 hPARPI B 347464t . Western blotting 25 % & 9 /£ % & 4m b+ hPARP1 BE R AR 3. 2 3-RA&
R F Bl F Ae BATAE AL, SO R R &k B 69 hPARPL 85491k 7E & 0.051 nmol/(min-pg) 42 53| 7
1.988 nmol/(min-pg), M B4 100 mL 4 480 F 4695138 29 3.2 mg B, S23a4: R 4 PARP1 KA A = Fo i 42
BT T A AR e HE K,

K437 hPARPL, AFRAEH, &L, #ik
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Abstract: PARPI is an important part of DNA repair machinery. In recent years, PARP1 as novel anti-cancer therapeutic
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target has been broadly explored. In this study, we expressed hPARP1 enzyme in the baculovirus system and tested its
activity. We inserted #PARPI gene into the pFastBac™1, a baculovirus transfer vector and then transformed it into
DH10Bac containing a shuttle vector of Bacmid. After co-transfecting the recombinant plasmid into Sf9 insect cells, the
expressed hPARP1 was purified by 3-aminobezamide affinity chromatography. The expression of hPARP1 was visualized
by SDS-PAGE and Western blotting; the activity of expressed and purified hPARP1 was confirmed by the reaction of
consumption of NAD" by hPARP1 in vitro. After the purification by 3-aminobezamide affinity column, 3.2 mg protein was
obtained and its specific activity was 1.988 nmol/(min-pg).

Keywords: hPARPI1, baculovirus system, expression, affinity purification

X ADP Wi & M (Poly ADP-ribose
polymerase, PARP)'E—FlZ 5 DNA &R 1#%
it} , R4S LUKHIBERG IR S — 7R (NADY) MR
Y, KRR BRI R B Z R R LA
R L, IS PAR BEY. HAEZR
Nt R 2SR K ATP F1 NAD', S350 41 15t
T=o T PARP W300E 7E Bl PE T . WIS |
SR AN R P s B R P B, X
7 PARP il I AETR Y7 3% 2o vh 5 A 4 R4
MIRT S, FEBIETEMEIAYIT Y, PARP N —
AN BT AT R P

PARP 2 —PHEHMAKE, 15 PARPL,
PARP2. PARP3. Vault-PARP., TANKI, TANK2
Il TANK3 #7504 H bt PARPL BURFSE N
RAFIT1Z, PARP1 43 THK 116 kDa, & 3
A EEX . N A 46 kDa i) DNA 254 X 1,
Hra] 2 —> 22 kDa (19 B FAE X A C i —
A~ 54 kDa MEALIX I, Y PARPIL B BEE 25 1A
i3] DNA FUEEsOBEERT 2L, PARPL P — 5
RIFfiEfk NAD & BUARBERG F1% ADP #450],

R ADP &R A B iz 8 T PARP1 4114
R E . PARP1 5 HoAh DNA &5 8 O R A
5T4% . 1986 4F, Burtscher 25 8 Y AE K AT i
FIR A IGER PARPL, BJE, —SSHF5E RS

kA CHO 4™ R B du g !
HETLAMER PARPL MEiATE £, Hh R A4
TR EHES, 1 L RKIBFFE b 0.3 mg
hPARP1'®!, T4 100 mL f4 B H 40 i {5 7] 44k,
HH 10 /50U E hPARPYY, HAT, P R DAL
Ik aifl hPARP1 AIF5TAHRGE .

A SR N FRIETT IR, FIF Bac-to-bac
S HUFF IR B #2058 2R 40 T M 3k R T Y
hPARP1, JF]/] hPARPI JiA] LI# 3-4 JEoE H
Tk Jie 4 5 1 2% R0 e A 2k T M
hPARP1, 4 PARP1 il 71 i i i BE a2 T SAi

1 AR5
L1 Ffi. EHk. ARasniLs
hPARPI 3£ H OriGene BHEA FRAH

ki pFastBac™1 . KWHFFH Escherichia coli
DH10Bac. Escherichia coli DH5o, FlIFE 75 747 ik
UNELAfL R (Spodoptera frugiperda 9, Sf9) I
ARSI EARAE . BRI S Y2 ik (Lipofection
2000 Reagent) F1 SF900 Il SEM [ 1 40 il 335 57 3
g H GIBCO ~vl; Btlehlmlloatsn & . BRI
WNYIEE Sgf 1 1 Miu 1 W A SAEY TR (KI%E)
AFRAF] 5 BUki 2l 177 & A1 T4 DNA % 42 i1
HAY TR (L) BMARS A ECH
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Sepharose 6B Fl1 EDC W [ 4t 55 [C 2 (A% A}
TARATE ;s 3-ZHIARP BN (3AB) Wl H Bl
T/A7l; Anti-PARP1 (sc-74470) 22 5@ BRI [
Santa Cruz Biotechnology, Anti-mouse IgG-HRP
A Vector AR o HABGR A O B o B
4.

1.2 EHEFRFEFRIEFEN Bacmid-hPARP1
HIMEFNEE

H Sgf 1 /Miu 1 XUHFT] PCMVhPARP1, [II5
hPARP1 F B, Ff7ifE%E pFastBac 1 ANz
R, RIEFALKIBATIR E. coli DHSa J&3Z 4520
e, S8 S BRI B E A T S A LB KR gRdtrh
AR TR, R Ok AL Ak 5 6 B R A R
pFast-hPARP1, JH Sgf 1 /Miu 1 WEHIY%E, I
P AR TAE ORI 55 A PR A #EAT I Y o R
E. coli DH10Bac B2 5400, fIA 1 ng FE A
JFki pFast-hPARP1, 42 C#l; 45 s J5, T LB
FiFRAk 37 CWEHE 4 h, IR TE S A HIrERY AR |,
FFIMA X-gal, B Pt F 37 CHiFE 48 h, ik
€ B Y5 VE R BHE BB Bacmid-hPARPI , $5:HR () FH
PERORLA] HI TN — B gL S5

1.3 SO ERESHEEATREFES
B3R5

K H Invitrogen 72 ] B A8 A YL ik 5514 &
41 Fiki Bacmid-hPARP1 #55¢ Sf9 4ilfifd, 44 9%
F IR S T Bl 8 pg WORIEYL SO
Al 4~6 h 5 B4 SFO00 11 SFM,  [a] i #5 YL s it
ki, VENBAYEXTIR . 6 d Jo WES4nM H G AE
WAL |3 12 000 r/min B5.0> 5 min, YO8 |1
If 4 CHROGLAE, T mgiainh PR, e
Pl CHEZAETE, M 110 B)E, JEYuktT
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STRUERKWIG SO 4iffd, 27 CHiFE 3 d, 4
LA AR ISR 10, 453 P2 AN, [ARE
ik —, THE B B hPARPI
AT AT EE . T P3 A i s 7 S
i 48 h, 56 h, 64 h Al 72 h )5, 435U EES AR
O] o

1.4 hPARP1 HJ Western blotting &l

WA AS 41, FH PBS HE T, M 2L
M, 12 000 r/min #.0r 10 min, F{EHAT
SDS-PAGE HiK, H6JEITHT 5% iR WA 5 ]
J&, FEIT hPARPI B9—31 4 CIHEE IR, &
TBST ¥t 5, —Pi N HRP FRic B9 FEH L 1gG =
HIFE 2 h, RGBT MR .
1.5 hPARP1 FMENE
1.5.1 NADFRfERZR A E

A6 96 fLHRHINA 20 uL NAD, ffiHiZkyk
FESr5h 048, 097, 1.95, 3.9, 7.81, 15.625,
31.25. 62.5. 125 #1250 nmol/L, - MEK 4
AL, RGO 10 pL ) PARP Fii BE2% mhik
(50 mmol/L Tris-HCI, 2 mmol/L MgCl,, pH 8.0),
JIA 10 uL 8 2 mol/L KOH Fi1 10 pL 8 20% 4 2,
Fil, 4 ‘CJ)vi 10 min; FJE A 45 uL 1) 88% H
%, 110 ‘C/V 5 min, ARG EERE S H RS, 76
BRI (360£15) nm, KHFHK (445+15) nm
S RO B R
1.5.2 hPARP1 3P E

1EMAD 96 FLAH A 20 uL i 125 nmol/L
NAD", 10 pL R[FE & &=AFET PARP i h
hPARP1 1 DNA (A FEH 15 mg/L) IREGY). )X
M 15 min J&5, JIA 10 pL 2 mol/L KOH Al 10 uL
20% K LHR, 4 CRN 10 min; f/a A 45 uL
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88% H R, 110 CJ¥ 5 min, THHIEE 2 H IR
mF, 7E MR B K (360+£15) nm, & HF kK
(445+15) nm FEAF NINSECHREE, [R]85S
XL A 20 puL125 nmol/L NAD™, 10 uL PARP
ZZ PR DNA (kB 15 mg/L) IREGY), H
hPARP1 %P 09101,

1.6 hPARP1 8941k
1.6.1 3-FEEPBEE GAB) EMENER
=3

H 0.5 mol/L NaCl #:%¢ 25 mLECH Sepharose
6B, £Fr )G, FH 0.1 mol/L NaOH ¥4 H: pH i
& 45~6.0 20, £ 4 CE&MF, # ECH
Sepharose 6B &2 M A 1 g B EDC (N-
(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride) 1 0.5 g ##F 1 mL HEEHH 3-
RIEAWWENe , b, JHR¥FH pH
45~6.0, J§ 100 mmol/L ZTR%N (pH 4.0) Fi
0.5 mol/L NaCl £ k228, JH 100 mmol/L
Tris-HCI (pH 8.0) 1 0.5 mol/L NaCl YEiIRH,
1.6.2 FIF 3-FEXRH B GAB)EMZE Mgl
1 hPARP1

12 000 r/min £5.0> 5 min, Y& SO 40, ¥
HERETZMBK A (50 mmol/L #i%jHE, 02%
Tween 20, 0.5 mmol/L EDTA HI 0.5 mmol/L
PMSF), #BA S 12 000 r/min 25.0> 30 min,
IR R (ZWRE 1 mg/mL) £BRH DNA,
IE W TGN AR R B, A R B P TR B A
F| 70%J5, 4 CHE 1 h, 12 000 r/min &0
20min, FZ P B (100 mmol/L Tris-HCI
pH 7.5, 14 mmol/LB-%i %k & %, 0.5 mmol/L
EDTA, 0.5 mmol/L PMSF) V&f#ILHE .

TEZHTHH2¢ 20 mL ECHsepharose 6B-3AB

FEAUERE, IS R B A5, LATE B i
W ERE, FH&A 100 mmol/L, 400 mmol/L Fi
800 mmol/L NaCl A [a] ¥k B2 (19 22 Pl B ik 2248
hoRGS A AN, R (100 mmol/L
Tris-HCI, pH 7.5, 400 mmol/L NaCl, 1 mmol/L 3-
AR LR R B , 14 mmol/L B-#i 2k £ B,
0.5 mmol/L EDTA, 0.5 mmol/L PMSF) #47¥k
B, IR FE

2 EREMN

2.1 pFast-hPARP1 & HFIAFIKRIHE
F2H Tk pFast-hPARP1 J&if 6 hPARPI
P4 A B Bk pFastBac ™1 19 Sgr 1 Fl Miu 1
ANEEYIA SRR A B . 3RAS 1Y T 41 R 4
Sgf 1 Fl Miu 1 XUEFVIHEAT 508 , BI04 730
PG MEE R FL K AT (18] 1) 33 AU S, B
YU H B B2 3 045 bp, 18 1 kil 2 ]
PIEH, BRI R HBL 2 545, A4 A1

bp

4776
3045

1 EHFREHK pFast-hPARP1 EG T =4 B9 IR BE
B BRIk

Fig. 1 Identification of recombinant transfer plasmid
by enzyme digestion. M: DNA marker; 1: recombinant
transfer plasmid digested with Sgf' [ and Miu I .
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3000 bp Kb B, W REXT N ())& APARPT FEH B
B, B % o BHPE 0 A RS A AR TR
WA MR 55 A R GHEATIN Y, W0 25 R & B
A TR B hPARPT 3R 55 GE i 3 K7 1)
SE4 3, FW] hPARPI DA B 1 # va ke 3
ki pFastBac™1 |, ] T F—0ysesd, %
pFast-hPARP1 S A E. coli DH10Bac J&-Z 2541l ,
KA IR, PRECE @ B R, A
Bacmid-hPARPI,

2.2 HREHFZIRIIIUE hPARPL BIRIX

L 4 JF ki (Bacmid-hPARP1) Jf 5% Yt
SO 4iififl, 6 dJ&nl W44k Bacmid-hPARP1 4
Ji B ARG, AN A% ST A AR, AN AR
A5 K P3 AR BRI AP RN EUE K SO 4
d, JMEE 48 56, 64 1 72 h R IR AR AN
PRI B0, B R SRR 0 i A T 28
BEIRRYLY ST AL 4354 T SDS-PAGE Hiik
(E2), B2 HhnrfeikiE 2. 3, 4. STEWHE W
116 kDa &b hPARP 1% 5571 o I H G5 BN 2 it e
(Western blotting) X2l N #Y hPARP1 1745
AR ERT (B 3), M 3 HhrTLIE H, Y
pFast-hPARP1 [/ & HUH AL AT LA 5 hPARP1 iK%
AR SR RONE, TP AR R R IR YL Y SO ZH a4 5
hPARP1 HUIATFICE, 5 I o S B AS RE
Sf9 B M 40 i i 22535 hPARPI il
2.3 hPARP1 ;&R E
2.3.1 NADiR#EHZE T E

HWPE— RN IR NAD', %88 Bk oy
TEDOEH, S5RER (K 4) 78 1 nmol/L B
A e v ARSI A= AL & 280G, MR E A F
250 nmol/L I 45 4K H A R 4f iy & ¥ ¢ &
(R*=0.9984) #R¥EARMEINLZE MM, VefEoeell
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KPR B EYIHEE, 125 nmol/L NADVE R
T I 2 PR AR T o

2 SDS-PAGE #& 2 R4 AfISR1A hPARP1

Fig. 2 Identification of hPARPlexpressed by Sf9
insect cell by Commassie blue staining. 1: Sf9 insect cell
transfected with plasmid pFastBac™1; 2: hPARPI
enzyme expressed in Sf9 insect cell after 48 h; 3:
hPARP1 enzyme expressed in Sf9 insect cell after 56 h;
4: hPARPI1 enzyme expressed in Sf9 insect cell after
64 h; 5: hPARP1 enzyme expressed in Sf9 insect cell
after 72 h; 6: protein marker.

1 2 kDa

- — 116

B3 Western blotting 7} #7 hPARP1 #i{A 5 hPARP1
Ry RIS S

Fig. 3 Identification of hPARP1 expressed by Sf9
insect cell by Western blotting. 1: hPARP1 enzyme
expressed in Sf9 insect cell identified by Western blotting;
2:S19 insect cell transfected with plasmid pFastBac™1.

NAD standard curve
4500

4000}

y=16.489x+72.138
R*=0.9984

50 100 150 200 250 300
Concentration of NAD (nmol/L)

4 NAD'FRAEfZ

Fig. 4 NAD" calibration curve.
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2.3.2 hPARP1 JEHHMIE

hPARP1 Jfi P Ao s il R LS4 NAD”
) S (] 42400 % hPARP1 B35, NAD'JE T N-
BedLmnedtb &y, Honl LUSEZE N, Fead i
(L) E2 R D o e 11 B0 L =0 o0 | Rt
(B4 5 . hPARP1 4. MRIEARMERZE, i H

125 nmol/L NAD 15 Ay B I il 72 i i 4, 43l Jon
A4iAb 5 BASE ) hPARPL BAIAH[E DNA,
S 15 min, Z5FAIULIE 5, Bfi#E hPARP1 i
i, FESCAEBBRAL, ULAAEAHEIRS R, B
hPARP1 VR 2 3N, IS NAD BiHAEN I
RNFI45 0 NAD #E/D, SN

1200 @ 0.1 uL PARP
1000 _ B 0.2 uL PARP
_

200 I 00.3 uL PARP
2 0 0.4 uL PARP
600 0.5 uLP ARP

400 ] @ 1 uL PARP

200 B2 uL PARP

0 O Negative

Concentration of NAD (125 nmol/L)

5 hPARPI1 HyiE M
Fig. 5 Activity of purified hPARP1.

2.4 hPARPI1 Egay 4tk

WO AR B2 M, P RO RO R, R
TR NS 5 11 £ % DNA, i 709% iR it
W, — NS4 hPARPI BHAIZR T/ 42 A
(& 6); Jioh—TJ5 it , 8 AR EITTE S hPARP]
fit (9 tL 3% M 0.051 nmol/(min-pg) 2 & #
0.072 nmol/(min-pg) (& 1), ZifbfEEdRE T 1.4
W, TR 91.5%,

M 3-Z 3K Ik /2 PARPL A5,
BT LLYS PARPL (WAL SS MR 25 6, BT
PIFRATTFIA PARPL HiX —Hp S sc kG T 3-8
R EEAE, IR e Xt hPARPT BEfT4lifk, &
96, PN TRTHR BE (R R I Wb BE VR R 2 5T, AR5
A 3-F UK B R R e B R A TR, Wi
VOO SN I SRS o 44k S 9 2 A T S

SDS-PAGE 4341 (Kl 6), tnlEl 6 Bz, ki 2

Al LLIEMTELE] 116 kDa FfEA — KB IR 5%

W, P, HAiE KT 90% . 455K
kDa M 1 2 3

116
65

45
35

25

6 SDS-PAGE #ull hPARP1 BERY£E{L

Fig. 6 Commassie blue staining of the purified poly
(ADP-ribose) polymerasel from Sf9 lysate. M: protein
marker; 1: 3-aminobenzamide affinity chromatography;
2: ammonium sulfate precipitation; 3: cleared lysate.
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% 1 hPARPI1 Z{LiE M
Table 1 hPARPI1 activity during the purification

Protein

Step Totaé :g) tein concentration 1}:$£7£‘£? (Slfrii)llf}i (Cniflu:g)})] V((ﬁllf)l ¢ Yield Fold
(png/mL)
Cell Lysis 172 000 8 600 0.051 20 1.000  0.00
lseein 111 686 5584 0.072 20 0915  1.40
m sulfate
F-anihe 3285 547 1.988 6 0.808  38.72
nzamide

it Al hPARPL [iff (1) 3% 1 J2 B A% AT L) s 31
hPARP1 A 43 B alifk, JE3R AT 24 = 2l 5 1Y)
hPARP1 FFEE T, [ARA AT LAIKKHE R hPARPL
B L%, 155 1.988 nmol/(min‘pg). Z8id 3E A
4lifbJ5 , hPARP1 BRI ATECE = T 38 i, JF
H A AEHFTE 80% LA I,
3 Wik

VLA, M T PARPI HR45E. M. SR
FHE AR L A B B UIEL &R, PARP] &
R — BT EIR TR . BET, PARPL 451
0 e £ 28 )8 B0 98 245 0 0 F g A T
PARP1 #IifI5 AZD22811' ABT-888!!'45: " 4%
HEANG PRIRES B B, (F2 1 LI PR FH 24 6 L7
WIRSH, RIS A T —E s Hit,
afifb i R E TG PER) hPARPL A F T3 415t
PARP1 @RS IR ER , HEIMTHE Nt PARP X~
PSR, [FIRE, miE e R AE R ADP %
WERGBELE PARPL i 530 0 1€ v ity iz AT )
I (A I 55 o

T E. coli 77 PARP1 /K ff i b o 1
TR FIBRGE TR BARFY, E. coli hik
(A 15 T ) hPARPL [ RGA EEAR, HIILIRATR
MFRFEFERLERG. RERERGEHEZM
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S, WRESEHAT RIS B0, BEAOTE M R e
R, E R AR gD hPARPI
FE A TAPRp R IR H R, miIii T RE
W% 15 hPARP1 A0 5 4L ARG 5 . Western
blotting 7 M1 1% # 35 1 hPARP1 [ 1]
hPARP1 HsCREHLIAPN, RITK RS RIEN
hPARP1 H.7 G % J5i 5 i 0% 0 5 5 56 3% I
hPARP1 A R 4B A Y)E

hPARP1 FTERIMEATRE , 25 FEfR, H
I S PO A AR — A FUZ AT R
¥ hPARPIL 4lifl, XA Tk KRR A F= it ]
fE . 4l b5 1Y hPARPT B HLA R 0B 1
ARHFFE— 7T A PARP1 il 55 A4 i 1k ) 1 1 4%
P B—I71, M 100 mL fY B H2 40 i b BT 4
1£155 3.2 mg ) PARP1 fiff, Wi AR 55
FIRRGE = PARPL il il LAIGRASAR =5 1 7= i
XA KRB 7= hPARP1 B B9 5E T 3L, W,
KAz hPARPL X AT — 5% hPARP1
() SAARZERE , BEX PARPL fOIATRAR ML T80
551
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