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% % ADP % W %8 4 i (poly ADP-ribose poly-
merase, PARP) % 5 £ [ i 1) #4128 )5 15 1 (Amé et
al., 2004; Barth et al., 2006; Schreiber et al., 2006),
& 56 FNAD " 24 fi# >y ADP I i (ADP-ribose) Fil J& 5.
[ P84y, AR K L b (7 ADP A% B 26 1 e B 22 32 4
HEEHR AR R R b, Z et — B
ADPHZH &2 2 8 (1 AT I ADPRZ B L 14 |,
IV J e 1tk ity 3 S & A )L H A %2 )L A ASADP#
B 2647 1Y) % %8 ADP ¥ B 4% (Althaus and Richter,
1987; Amé et al., 2004). £ RADPIHEE A K
(R A7 F Ay, AT 2 Bl R 508 52 A B 1 PR ) B % A AL
i1 (Althaus, 1992; Schreiber et al., 2006). 57 4%
REW], PARPEUE SDNAB E A K, EIH
PARP 4 & 2 DNAXUEE T AL Jf 52 R 18 B AT G H 1A,
[) IF A A 2 A 1, Al A A R S L, ADINA
W&, M B A R T8 R 1) 45 & (Petrucco,
2003; Huber et al., 2004; Ahel et al., 2009). #1FFF
(Arabidopsis thaliana) [ 5 K it 7 B85 75 BT (www.
arabidopsis.org) % H], & 1E & &K L™ 9T W
AtPARPT () 335 ARG, H £ 2 PX] 55 77 A7 A5 I
AtPARP1#RH % S, RIL K KK $Emr, B W]
AtPARP1(1 JA )1 AT A — N FT B0 S RS 8 1.
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BB TR LR € AT, A,
W MAEE S (G “FIB 17 MEAER, 83
AT LABKE T e RE R R R GA e s KA R B
(Rossi and Blau, 1998; Giandomenico and Mari-
anthi, 2009). F A, HHEFE T ESZ BT 5 ) R
XK, BFARS) BB 4) Ay 3Fh, HIA B P 2R (i
[ TG 2655) ., (R R(E T AR R
SEVFEP R O . U BN B B B ) U5 3k
EIAZ) T KRBT U ME T4, Bt
FRRIEHER R E) 1 i P RIAEER EE) . 8
B RIEFEN RN 1 R R RIE R R ) 7 HE
W5 3 R IA IR E 3l T (Mcelroy and Brettell, 1994;
FHIEE, 2004). R FFN)ES) T, BT
PONRANIEI, AR A BRSNS
7, PSRN 3R e A A R R T 1R 8
ARG, ek s s, FEDA 1 T OC B i T 45 (Wang et
al., 2003; Tang et al., 2004). i, 7EFEY)2:IEAAT
Firh, ORI AL S Y T5 58 3 1 L ZE KR 5
SRBI T B  TIERT ME S Z i N S B T4 (Zuo
and Chua, 2000). i@t #MEA SRR, 5 3+ 5K
Bl FUERE R AL, AT SEBLEE R A I N T . X
A BT AERLA) 7 FE AT 5T LR AR I e e DR R



HGE R PER T AT T KN T i, B RE D
RIEH R Z MR R, LA E
A IR K AN A ) 55 (Zuo and Chua, 2000;
Wang et al., 2003; Li et al., 2005).

AN SIS % O T BRI AtPARPT LA (1) 2 1,
IR RPN PR T GUSEERIR S /&, LT IE
UL N APARPTIR 8 TAES AR IS L ferl 1
A T 3R 7 32N 22 88 85 R A 3 %3 3y 1 I i B 1 40
[N 23T T 2B A e A AR E ) R 3R a4 F
TR 45K, AtPARPTRE)F RN —
AP A S IR BT, B AR N M -
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1.1 #H

Wi 7+ (Arabidopsis thaliana L.)F ¥k Columbia’t:
A1Y(Col-0). PCR5 I HH b it 4 i Kk A H AR AT BR 24 7]
A 1. DNAFFFIIIE th i3 Je AE RN A IR A =] 58
Jeo BT FHARGRRIEE 2 30 BRI T B FIX-GLUC
(R L I BOR A IR A H); MR R ML R R
(AR 2R tt), BRBITE N VIR, LA TaqliE T,
DNA% #: i} (Takara); Tag DNARK & (CKHR); PCR
Blunt 11244 (Invitrogen).

TTTTGAGGCG ~ GTGGAGTTTC TATTGATTGG TTATCGATGA CCACTTGCAT CGTCAAATGG TTCTTTGATT CGTGGTTTCGGCCCCAGCTT
CATACTATCA CGAGACTCGA CCATCTTGTT TTTTTCTTCT TCTTCTTGGT AAATGGTTTC ACAACTTGGT TCCTCTTTCT TTCATTTTAT
TTTATATACT ATCATAGCAT TTTGGTTGGA TTTCTCGAGA TAGTATATTT TTTAGTTACT ATCATTACAT AAGTATATTT TAAAAAACTA
ATTATATGAA TTATGTAGCT AACTAGATAG ATAATCGTAT AACCAATTCA TGTTAGTATA GTATAGTTTA AGTATGTATT TTGGGATTAC
AAGTGTGGTT GGCATCAAGA CAAGGATGGT GATAGCCTTT CTCTGTAATT TGGTTTAAGA AAAGTTTTTG CATTTTATGT ATAAACGTGT
TTTTTTTTTA TAATTTAAAA TTTCAACAAA AAACAATTTT TTTTAATAAT GATTGACCAC TATAGACAAT TTAAATGATA AAAAAAACCC
CCAATTTTTC ACAATGTTTT GGAGATTAGT CTAGATTTTT TGTCCAAATT TTCCGATTGT AAGAATTAAG AAGCAATGAA CATTTGTGTT
AAGCTTAATG ATTTGTACTC ACAATATCTT TTAAATTTAA AATTGTTAAC CAAAATATCC TATATATTGT ACTTGTAATA GAAATATAAA
CTATTAAAAA CAACACTTTA TTCATATAAT ATAAGTTAAA ACATATGTTT TTTTTAGTAT GTTCTAATCA CACCTATTAA AAAAAGTTGA
AGCTAAATGA GCCAAAAAGA AAAATAAAGA TAGGGGATGG GGACAGGCTG TAATGTTAGG CGGTTGGTAT ATGAACTGAG AACATGTCTG
TTGGTTCGGT CCATCTACAC CACTCAACCA TTTGGCTATG TTTTCTTTTT GGCTTTTGCA TGTTCTCTCT ACTTTTCTTC TTTGGTCAAA
ATCTCTATCT CGTCTTTTAC ATGGCTTACC CGAATGTTAG TTGTCATGTA AATTTGGTTA TGAAAAGATA TTTTATATAA ACTTTATCGT
ATATTAATAT CGTTATCATC TAACCATTTT TTAAAACTAA ACTAGAACCA TCCAGTTTTA CAAGAGTTTT TTTTTTTTTT TTTCTAACTA

AATAATATTT GAAGTGTACA ATATTAACAA TATATGGGCC AAATAATAGT GGAAACCAAA TCGTTAGTCC CACTTTATGA TGGGCCTGTT
GATTCTTATG TCTTCTTCGT AAGTTGTGAT TATGCAGATT ACGGGCTAAT AAACATGCAT GTTTAGTTTT TACTGTCCAA GTAACGAAAT
TTTATCTTTT GGGTTGTTGG CCCATTTCAT ATATTCCAAA TGCCAAATCC AGCCCGGCTC GACACAGCAC TGCTCGGCTC AACACTCGTA
TGCGGTTGGT AGCCACTTAA GACCTTGGTT TGATTAACAT GTTACGAATA ATTTGTGTCC CTTTTTCTTC AAGGAGACTA ATCTCTTTTA
ATAAAAAAGA  ATTGTGTCAT TAGTCAACAC AAGTCCTATA ATCCGTTTAC GGTAATTTGT ATGCACGTCC TTGGAAAAGT GAGTAGTGGC
GTAGCATTAC AGCCAAAAAC TATTTGTATA TTTTTCTTTT CGTTAAACAA CCAGCAAAAT TTTCAGAAAA ATGTTCTTAA ATTATAAATT
AGTAGTACAT TTTAAAACAT AGAGATTTTT TGTTTCTTTT AATAGAAGAG TTAAACCTAT GTACAAAATT TCAACTCCTT TTCAAAGTAT
TTGCCTGTTA CTAGATTTTT AACCTTTTTT TTTTTATCTT TCATGATTTT CTATTGCTTG CCATCATCAA TGGTAGGAAA TAAATACTAT

TTTAAAAAGG TCAGGGGTGG ATTTAAGAAT CAATCCAAAA GTTTGGGGTC TTTTGGAGAT TAAAAAGTTA TATGGGAAAT ATCCACAAAT
ATGAACGAGA ACTTTTGTCA AAAAAATTTA AAATAATTTT TCAAAAAGCC CTAAAGCTTT CAAGGGAAGC CATCGATGAA GAAGAAAACG
AAGAAGAAGA  CTCTTCAAAT GCTCGCGCGA ACTCACTTCT GACGAAAACC ATACTTCCTC AGTCTCATTC CCTTTCCGAC GAACTATTCT

CCTGAAGAAG AAGACGAAA

B1 T IRS) GUSHAS SEF R IL M ST AtPARP1IE R ATGIR U1 1132 179 bplt)) 75

Figure 1 The 2 179 bp sequence upstream from the ATG start codon of AtPARP1 gene of Arabidopsis thaliana was used for

driving GUS reporter gene expression
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1.2 7%

1.2.1 DNARJIRE

U I+ Fr DNAT $ H 2 I Xin %5 (2003) T ik 772
JH0.6% 35 IE R S B K I DNAK T &, DNA T B/
% 450 kbLL |,

1.2.2 AtPARP1EERBTFRELHIY 18

MR Y5 AtPARPTHE R 5" 1 jife FVRH 18 L 45 17 kBT 7 471
wit sy, HT S XPCRY . 10519k F-
primer: 5-ATTTTGAGGCGGTGGAGTTTC-3' f1R-
primer: 5-CGTCGACTTTGAGCTTGTTCG-3"; %2
X510 3% 51490 A 28 A 6 5 140 (1) F-primer5 i s I
)47 s, B A5 -GAATTCTTTTGAGGCGGTGGA-
GTTTC-3', U5 WG G fEATGAH s B, TR
I YA, K5-CCCGGGTTTCGTCTTCTTCTT-
CAGGAGAATAG-3'. F eI A% 51 i ATd 1,
KHILA Taqglfi. PCRRMNARF A 94°C 2434h; 94°C
30FF, 53°C/51°C/49°C/47°C/45°C30F), 51,
94°C 30%}, 45°C 305, 72°C 253413070, 27 MG .
(TSR A5 TR /N R 4 e VR R Asib, 7 5 B A
S =X 5 LT SR 2/ PCRY ™ . ¢ 1 R P
A 94°C243 %k, 94°C30%%F, 50°C/49°C/48°C30F), 5
AMIEFR; 94°C 30%5, 48°C 30%5, 72°C 2434113075, 27
MG SRy G - 12.2 kb v Bt

1.2.3 AtPARP1EB#FIk&EERHKXHE

¥ B4 A vk I S, 3% B B T 4 44 pMD18-T
(Takara)H, # 1k KJaAT #IDH5a, % B 2 ok,
HEATECcoR 1H1Sma XN e » B DI IEAff 1) v B ik
g JELE MR R R Y . IR IE A T
%, FFLLEcOR IF1Sma IXUEEY], B H (K M H B
EjEcoR 1H1Sma IXUEE V] (1) 2 4A pAKKBS8T (i 17 5. ]
TPV SE DA, K IAAT B, B2 B 32 IR
Pt D7) 45 5 1E A 1 o o ] A AR AT 4

124 HEIFTHEKREK

B4 TREE RN R R (A BBk E
=9:3:0.5)"%, MIPREFIREE o5, 4°C R EMIRE-RAG
TR 9% 25 (9/NI Y6 /157N i B2 s, )658130 umol-
m2s™', L (2242)°C), 20 K )5 PR K H G

(167N G IR/8/IN N B IS ), FFAERT D1 TR, etk
J71EZ A6 12108 (Clough and Bent, 1998).

1.2.5 MAMHREREKRHEERGUSEESH
TR e DA T o R 1, A T TR b I s e o 5
A, Tk YRR RR, TT A6 S IR H T GUS R,
EFEATGUSTH 5 B VERRWCR o Bl T ACHIRR, BOA
[ IF 391 Ko A [) 40 233k 47 GUS % (4, (Sieburth and
Meyerowitz, 1997).

1.2.6 AtPARP1EBEE#HFEENEE S

K 2 BEPCREGAK M GUSHE N (IR IE - 5 14 v 4
N: F-primer: 5-AGTGGCAGTGAAGGGCGAACA-
GT-3"; R-primer: 5-TCAGCGTAAGGGTAATGCG-
AGGT-3'. PCRMN.AEFA: 95°C34%l; 95°C5%,
60°C30%F, 407Gk .

A

B2 U IFAPARPTIE N A 8))F 41 e MRS T AT

(A) TSR, (B) N (C) 2240t (D) {8)%; (E) 28
oIAE; (F) SEASWITFINAE; (G) 2%; (H) Zhilsm i, (1) B
#

Figure 2 The tissue-specific activity of AtPARP1 promoter
of Arabidopsis thaliana

(A) 5-day-old seedling; (B) Rosette leaf; (C) Cauline leaf; (D)
Inflorescence; (E) Flower at stage 9; (F) Open flower at stage
13; (G) Stem; (H) Young silique; (I) Mature silique
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2.1 AtPARP1ERE BT kB &0k & 8k
R e

MPLEE F+Col-04: &R 1 A DNAH I 1 3K 15 AtPARP1
BB TRy, PR A2 179 bp(El1). K%
Bl i EcoR 11Sma I /546 A\ £ pAKKB87 5 A4 1)
GUSHR 5 FE R 1, 2 N AU I o 43 215 5 D pAt-
PARP1::GUSHE %

2.2 AtPARP1EHFEARRBL PR EMSSH

FE RS A #d (wwwe.arabidopsis.org) 43 #T % 1, At-
PARP1HE [KIAE U B I+ 48 T 1k 7K P die v, 0T ik
HpAtPARP1:GUSIIVERIK 5, WetE4bh thILGUS
G T AR T, 1320108k L BB AR . e
TRl PR REAT BR At 08, B HS) B LT 301 11
NETEATGUSH UL e f . 25 R IANAE 1 18 3-5
KIH R S 25 DL R AR 22 R $1GUS

MRS M2 PUERTE IR T & &SR 563

F 5 (182), HEAL R W] B RIE

2.3 AtPARP1IBHFEMERF I THFEIED

I e DR BH P ALK IO AN R AL 28, 2225 1L g I I ol
(www.arabidopsis.org) i K| & 7] &b #LAH 4 1) 10 H 4%
P, 22 pgmLT' 42455 % +1.5 pg-mL 35 E kb
PR FL AR ARB0/NI o, HEATGUSH R . 45 R ILHT
AEREMENE S T GUSHGS RN I R IA (KI3) . AAb B
T FRD 5 300 LR A 380 4 2 N A 22 v kG D0 1 55 1)
GUS 55, HS30/NMJa, R8T Tl T
SR GUSHE N R IL; fE s R4, &S
GUSHE MY AE AR 3 A JE A 99 I 83k, 15530
NG, BEANAR R RN A A R A R

T HIL AEAMA AT, RS AR A

5%, W F30/N Gt I T Bk s (A5 5 (HAE

AR OTIRAZ30) T, IFAR ILPUE R IR T 2%
I (GRAR I R); A B I (R s ) S 22 A
LEL 95 15215 5

e

B3 UM A EAL N APARPT A ) TAEHUE R 3115 1 Ay

(A) 1E57; (B) #F'3Jalely; (C) MESSKINAIH (D) 35wk SR N (E) 2hsiiR; (F) ¥ )5 mshiunk; (G) 2En
(H) FSJRmedm

Figure 3 The activity of AtPARP1 promoter in different tissues of Arabidopsis thaliana before and after antibiotics treatment

(A) Inflorescence; (B) Inflorescence after treatment; (C) 5-day-old seedling; (D) 5-day-old seedling after treatment; (E) Young
silique; (F) Young silique after treatment; (G) Cauline leaf; (H) Cauline leaf after treatment
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Figure 4 Transcriptional response of AtPARP1 gene to 22
ug-mL'mitomycin+1.5 pg-mL'bleomycin treatment for diff-
erent time in Arabidopsis thaliana seedlings (meanstSD)
(Data were obtained from http://www.arabidopsis.org/ser-
vlets/Search?action = new_search&type=expression)

(A) Root; (B) Stem and leaf
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Figure 5 The expression level of GUS gene driven by At-
PARP1 promoter before and after antibiotics treatment
(meanszSD)

H5®RATFIGUS Y i 45 JILAH ], H b T A K
B 5 AP R A3 — 3%, O SRR AR R, e
26 e LA B B

2.4 AtPARPIBEHTFHEMERFETHEEHEE
SR

GUSHZULF Y ta 5 R W], 7522 pg-mL™ 455
1.5 ugmL R E R AT T, P APARPTE)
FIEVEZ BRI T, T e i ) R AR A S5
PLE2FP 2403, I & B PCREG AR M 4 H A
FE PR 100 46 322 JAE 1 A GUSHE IR FE Pt A 32175 3 30 /N
WG RIS B, DUE &5 1T AtPARP1JE 8%
KR R 2 HE R BTN . 40K, 75
B is 3L R GUSHE N RIA e = T 31145, 7R
55175 T 13 e rh SRk i iy T 715 (B15).

2.5 MERKERERERESEYMERNEM

1T 22 R M3 5 5 HAT i DNARI R I, A
PR S A IR A A R, P, A
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E6 AtPARPTIEF FEE) 7322 ug-mL™" 22455 211 pg-mL i 35 27 25 b B (1 mi

(A) EK 7R [FIpAPARP1:GUSH I I B 4 1 IIGUSTEE; (B), (C) FH22 pg-mL™" 22455 2 43 5 kb B30/ IS0 /N I J 8 R
L HIGUSHETE; (D), (E) 11 pg-mL™"18 3645 2543 B AL PR30/ NN 150/ IR 5 L K4 1 I GUSTRTE; (F) #5p35S::GUS(pAKKB87

)L P (K GUSTE 1 (BH 1 0 HE)

Figure 6 Response of AtPARP1 gene promoter to 22 ug-mL™'mitomycin and 1 ug-mL™" bleomycin treatment

(A) GUS activity of 7-day-old pAtPARP1::GUS transgenic seedling; (B), (C) GUS activity of the transgenic seedlings after treated
by 22 pg-mL'mitomycin for 30 h and 50 h, respectively; (D), (E) GUS activity of the seedlings after treated by 1 ug-mL™" bleo-
mycin for 30 h and 50 h, respectively; (F) GUS activity of the p35S::GUS(pAKK687 vector) transgenic seedlings (as positive

control)

WP AE 2R, DU s a2
R MIATHE S, DUERBEGETS 3 T RIA,
SN FEA) A KA B 5 ) e A 2R - &5 R IR,
R B2 1R T3 75 2Rt T iR 20005 % 8 IR vE P,
1 pg-mL™1H3E R 215 S50/ AR 5 122 pg-
mL' 2 2% 2+1.5 ug-mL 3 E 15 30/
HORAR Y (KI6E, [813D), 1fi22 pg-mL™ %% %1
T SHCOR MRS (KI6B, C). A 1 A il {3 77 2% 4
FE TR KIS0, L IR RRAE &1 pg-mL
R M2MSE FR A b, 185 R ILPLRG I+ 1
S RSB 52 2 B s e (7)), SRR 3 AR KR
W, Ut AL RS I AT DAY S2 AR FE ISR # R, 1 yg-
mL ™l 3 R A SN e .
Ah, W1 ug-mLT R R ORI N At A R

PH . LB AR, AtPARP1)A 31 SRR L 1T
SRR NG, AT B RO AR YL 0 4 o i e
JRBIT .

2.6 AtPARPT1EEMHEEIIMNAMBERHEFUR AR
4 41 R 3R Y A

) il www.arabidopsis.org ¥ 3t $2 41t i) 3 PR 70 808
Al LA BT AtPARP1 )i 8)) 1 6 S0 e A FUR BG4 4F LU S
WA R Z NS ol . I8 LLE HY, ARIRIFR
355 DAL 22 JBp 0 11 R &0 1 RS2 2 (L 8A) AT AR (K1 8B)
H, AtPARPTI) 42153552 3 42 34485 Z I 3 8 = 11
S, 2 eI R N Br T AR
JpE K 25, AtPARPAIRNANSZ 5 I B 42 FH 5 0% 1)
753 (B R WoR).
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B7 fE&H1 ug-mL 1S R M 1/2MS B 3R A K1 R
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(A) EFEKKLETIR); (B) E81 pg-mL 8 £ 5%
e FAEKMLhE

Figure 7 One-week-old Arabidopsis thaliana seedlings
grown on 1/2MS medium containing 1 pg-mL~"bleomycin

(A) Seedlings under normal growth condition (Control); (B)
Seedlings grown on 1/2MS medium containing 1 pg-mL™
bleomycin

7138 T DR B A 9 400 R T A L e R A T
DR D BN, — eI IRl f) 4 i R R 5 5 45 3 SR R AR
KA IE R ERA0T, W 75 240 H R ' T
MRBIT G, {Ef R ERREA T RERE . hE5SH
&) tH T P i HLALEH] 7 {8 (Zuo and Chua, 2000;
Wang et al., 2003), Xt TR RS EB) T
M5, AP ar, WOmAERE g0 Bz 0l 5 H |
AEERR A B R R B T HAZ .

AR IALPARP 13 51 5% P 5% 2 Aok
PRI KA R a g AR N, R S 52 S e
KEEMLBEZNRERS. ERFESZH, BT
TR IIAEZ A, %8 B IR PEARAR, FEAGHR  rte
K FALAENS, %8 )T R ZU IR B i R R R
ik, RHRETEH T .S58, AEFFH BT B
LB S8 SOE PN PRI st S A S (TS
MMTFFAE G RE S, JEAERERWIER . 28 LT
W, AHEFIE L IR T BRI A SR RE W, AtPA-
RP1JE 2 ¥ v LAk — N EFL I I B N IR 5
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&action=Run)

(A) AR L w U AR 3 APARP T B AN ] ik 368 1 )
N5 (B) AR AN 1 KIAR T ALPARP 1L BRI AN [R I IR Wi Y

Figure 8 Expression level of A{PARP1 gene in response to
various environmental stresses (meanstSD) (Data were
obtained from http://jsp.weigelworld.org/expviz/expviz.jsp?
experiment=abiostress&normalization=absolute&probesetcsv=
At4g02390&action=Run)

(A) Expression level of AtPARP1 gene in response to various
stresses in aerial parts of 11-day-old young seedlings; (B)
Expression level of AtPARP1 gene in response to various
stresses in roots of 11-day-old young seedlings
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Construction and Activity Analysis of an Antibiotic-inducible Promoter

Weiwei Liu, Hailei Zhang, Caifeng Liu, Xiaochun Ge'

Department of Biochemistry and Molecular Biology, Institute of Plant Science, School of Life Sciences, Fudan University,
Shanghai 200433, China

Abstract Poly ADP-ribose polymerase (PARP) is induced specifically by genotoxin. We cloned the 2 179 bp promoter
sequence of Arabidopsis AfPARP1 gene into a pAKK687 vector to drive the expression of a 3-glucuronidase (GUS) re-
porter gene for Arabidopsis transformation. GUS staining revealed the GUS reporter gene expressed only in the basal
root of 3 to 5-day-old seedlings and in the anther at early flowering stage. An amount of 1.5 pg-mL‘1 bleomycin combined
with 22 pg-mL‘1 mitomycin could strongly induce the expression of the GUS reporter gene, especially in young seedlings
and young siliques of Arabidopsis. An amount of 1 pg-mL‘1 bleomycin was enough to induce the promoter and had no
adverse effects on Arabidopsis seedling growth. The AtPARP1 promoter may be a new antibiotic-inducible promoter with
application potential.
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