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Abstract: Erwinia carotovora subsp. carotovora CSDS001 elicits hypersensitive reaction (HR) in tobacco. From the ge-
nomic libraries of Erwinia carotovora subsp. carotovora CSDS001, the hrpNcspsoor gene (GenBank number AY939927),
was isolated. The hrpNcspsoor fusion protein was produced in Escherichia coli, and was used to induce HR by injecting into
tobacco. We further examined the global regulation of Arabidopsis thaliana genes in response to Harpincspspos at a concen-
tration of 30 pg/mL. We indicated that 912, 1787, 2393, 1833 and 1,755 genes that were regulated significantly (log ratio
=-lor =1)at3h, 12 h, 24 h, 36 h and 48 h respectively after the treatment. Analysis of some transcription factors (TF)

showed that 13 TF families responded to Harpincspsoor including ZIM, BES1, TCP, C2C2, AP2/EREBP, WRKY,
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bHLH, bZIP, GARP, MYB, NAC, HB, C2H2. These families mainly function in biological processes of plant defense, pho-

tosynthesis development and flowering.

Keywords: hrpNcspsoor; Harpingspsoor; clone; gene chip analysis
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Pel peh Pr Cel
p
1 CSDS001
A: CSDS001 ; B: CSDS001 N
C: CSDS001

Fig. 1 The pathogenicity and eliciting HR of CSDS001

A: CSDS001 caused Chinese cabbage maceration;B: CSDS001
elicited HR in tobacco leaves;C: CSDS001 extracellular enzymatic
activities.

kb 1 2 3
231 —

9.4 —
6.5 —

44—

23—
20—
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2 Southern
1: CSDS001
pLARF5 DNA

Fig. 2 Results of Southern blot
1: CSDS001 chromosomal DNA,; 2: Vector pLARF5; 3: hrpNcspsoot
plus Vector pLARFS5.

DNA; 2: pLARF5 ; 3: hrpNcspsoo1

hrpNCSDS001

3 Northern
1: CSDS001 LB ; 2: CSDS001
(0.5% ); 3: CSDS001 05% )

Fig. 3 Result of Northern blot
1: CSDS001 grown in LB; 2: CSDS001 grown in minimal salt plus
glucose; 3: CSDS001 grown in minimal salt plus sucrose.
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Fig. 4 The comparison of amino acid sequences of Harpins from CSDS001 Ecc71 SCC1 SCRI1043 EC16



634 4 f# HEREDITAS (Beijing) 2007 29

kDa— M 1 2 3
905 — I B e —
5= — =
61'5_“ — = =
—E= —
3787 N o mm— -
26.0— “uw
18.5— S
N X
9.0— .-.

5 12% SDS-PAGE
1: JM109(DE3) pET28a(+) IPTG  ; 2. JM109(DE3) pT7-
hrchs[)s()[)l IPTG ;38 JMlOg(DE3) pT7-hrch5D5001 IPTG

Fig. 5 12% SDS-PAGE test the proteins

I: JM109(DE3) carrying pET28a(+) with IPTG; 2: JM109(DE3)
carrying pT7-hrpNcspsoos Without IPTG; 3: JM109(DE3) carrying
pT7-hrpNCSD5001 with IPTG.
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6 Harpincspsoo:
Fig. 6 Purified Harpincspsoo:

7 Harpincspsoo:

1: 200 pg/mL Harpincspsoo1; 2:

pET28a(+) JM109(DE3)
Flg 7 Harpincsgsom elicited HR in tobacco
1: Was infiltrated with suspension of partially purified Harpincspsoot
at 200 pg/mL; 2: Was infiltrated with 200 pg/mL BSA; 3: Was
infiltrated with the lysate of E.coli JM109(DE3) carrying vector
pET28a(+) at a protein concentration of 200 png/mL.
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1
Table 1 Present genes and regulated genes in the samples

) !
. Present genes
Time(h) (P)g Regulated genes
(R) R/P(%)
3 13198 912 6.9
12 12788 1787 14.0
24 13711 2393 175
36 13053 1833 14.0
48 13269 1755 13.2
25 ,48h 21
, 13 5

, :ZIM BES1 TCP C2C2
AP2/EREBP WRKY bHLH bZIP GARP MYB
NAC HB C2H2 ,

AP2/EREBPPY Cc2H2PY NACPRH MYBE pz|pl24

WRKY!! : ZIMP8 TcplT
C2H2 pz|pt® c2c2 TCpBd
. BES1BY Tcpll  cac2i?
C2H2 HBBY GARPES pHLHE
Harpincspsoo1 ,
) Harpincspsoo1
2 RT-PCR AACt
Table 2 The AACt of the 4 genes in the sample test by RT-PCR
3h 12 h 24 h 36 h 48 h
At2g14610 -1.38 -3.88 2.4 —4.85 -4.61
At1g18250 -2.46 -2.53 -4.88 -3.88 -3.64
At2928790 -1.13 -1.51 -1.94 -1.46 -1.55
At2g27080 -2.46 -2.49 -2.84 -3.12 -1.2
(References):

[1] Wei ZM, Laby RJ, Zumoff CH, Bauer DW, He SY,
Collmer A, Beer SV. Harpin, elicitor of the hypersensitive
response produced by the plant pathogen Erwinia amylo-
vora . Science, 1992, 257(5066): 85-88.

[2] Van Gijsegem F, Vasse J, Camus JC, Marenda M, Boucher
C. Ralstonia solanacearum produces Hrp-dependent pili
that are required for PopA secretion but not for attachment

[3]

[4]

[3]

(6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

of bacteria to plant cells. Molecular Microbiology, 2000,
36(2): 249-260.
Bonas U, Schulte R, Fenselau S, Minsavage GV,
Staskawicz BJ. Isolation of a gene cluster from
Xanthomonas campestris pv. vesicatoria that determines
pathogenicity and the hypersensitive response on pepper
and tomato. Molecular Plant-Microbe Interaction, 1991, 4:
81-88.
Lindgren PB, Peet RC, Panopoulos NJ. Gene cluster of
Pseudomonas syringae pv “phaseolicola” controls
pathogenicity of bean plants and hypersensitivity on
nonhost plants. Journal of Bacteriology, 1986, 168(2):
512-522.
Agrawal AA, Tuzun S, Bent E. Induced plant defenses
against pathogens and herbivores. APS Press, St. Paul,
MN, 1999.
Dong HS, Delaney TP, Bauer DW, Beer SV. Harpin
induces disease resistance in Arabidopsis through the
systemic required resistance pathway mediated by
salicylic acid and the NIMI gene. Plant J, 1999, 20:
207-215.
Dong HP, Peng J, Bao Z, Meng X, Bonasera JM, Chen G,
Beer SV, Dong H. Downstream divergence of the ethylene
signaling pathway for harpin-stimulated Arabidopsis
growth and insect defense. Plant Physiol, 2004, 136(3):
3628-3638.
Cui Y, Madi L, Mukherjee A, Dumenyo CK, Chatterjee AK.
The RsmA-mutants of Erwinia carotovora subsp. carotovora
strain Ecc71 overexpress hrpNeec and elicit a hypersensitive
reaction-like response in tobacco leaves. Molecular
Plant-Microbe Interaction, 1996, 9(7): 565-573.
Boyes DC, Zayed AM, Ascenzi R. Growth Stage-Based
phenotypic analysis of Arabidopsis: A model for high
throughput funtional genomics in plants. Plant Cell, 2001,
13(7): 1499-1510
Joseph Sambrook, David W Russell. Molecular Cloning: A
Laboratory Manual, 3rd ed. Cold Spring Harbor
Laboratory Press, 2001.
J. , D. W. ( ).

( ). : , 2002.
Chatterjee  AK, Dumenyo CK, Liu Y, Chatterjee A.
Erwinia: genetics of pathogenicity factors. Academic
Press, 2000, 2: 236-260.
Cui Y, Chatterjee A, Liu Y, Dumenyo CK, Chatterjee AK.
Identification of a global repressor gene, rsmA, of Erwinia
carotovora subsp. carotovra that controls extracellular
enzymers, N-(3-Oxohexanoyl)-L-Homoserine lactone, and
pathogenicity in Soft-Rotting Erwinia spp. Journal of
Bacteriology, 1995, 177(17): 5108-5115.
Cui Y, Chatterjee A, Chatterjee AK. Effects of the two-
component system comprising GacA and GacS of Erwinia



636

4 f# HEREDITAS (Beijing) 2007 29

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

carotovora subsp. carotovra on the production of global
regulatory rsmB RNA, extracellular enzymes, and Harping.
Mol Plant Microbe Interact, 2001, 14(4): 516-526.
Mukherjee A, Cui Y, Liu Y, Chatterjee AK. Molecular
characterization and expression of the Erwinia carotovora
hrpNecc gene, which encodes an elicitor of the hypersensi-
tive reaction. Molecular Plant-Microbe Interactions, 1997,
10(4): 462-471.

D’Souza SE, Ginsberg MH, Plow EF. Arginyl-glycyl- as-
partic acid (RGD): A cell adhesion motif. Trends Biochem
Sci, 1991, 16(7): 246—250.

LI Ru-Gang, FAN Yu-Liu. Advances on genetic engineer-
ing of plant resistance against fungal diseases. Progress in
Biotechnology, 2000, 20(2): 9-13.

. , 2000, 20(2): 9-13.

Bayer EM, Bottrill AR, Walshaw J, Vigouroux M, Naldrett
MJ, Thomas CL, Maule AJ. Arabidopsis cell wall pro-
teome defined using multidimensional protein identifica-
tion technology. Proteomics, 2006, 6(1): 301-311.
Takahashi Y, Berberich T, Yamashita K, Uehara Y, Miya-
zaki A, Kusano T. ldentification of tobacco HIN1 and two
closely related genes as spermine-responsive genes and
their differential expression during the tobacco mosaic
virus-induced hypersensitive response and during leaf-and
flower-senescence. Plant Mol Biol, 2004, 54(4): 613-622.
Hennig L, Gruissem W, Grossniklaus U, Kohler C. Transcrip-
tional programs of early reproductive stages in Arabidopsis.
Plant Physiology, 2004, 135(3): 1765-1775.

Sakuma Y, Liu Q, Dubouzet JG, Abe H, Shinozaki K, Shino-
zaki KY. DNA-binding specificity of the ERF. AP2 domain of
Arabidopsis DREBs, transcription factors involved in dehy-
dration-and cold-Inducible gene expression. Biochem Biophys
Res Commun, 2002, 290(3): 998-1009.

Kim JC, Lee SH, Cheong YH, Yoo CM, Lee SI, Chun HJ,
Yun DJ, Hong JC, Lee SY, Lim CO, Cho MJ. A novel
cold-inducible zinc finger protein from soybean, SCOF-1,
enhances cold tolerance in transgenic plants. The Plant
Journal, 2001, 25(3): 247-259.

He XJ, Mu RL, Cao WH, Zhang ZG, Zhang JS, Chen SY.
AtNAC2, a transcription factor downstream of ethylene
and auxin signaling pathways, is involved in salt stress
response and lateral root development. The Plant Journal,
2005, 44(6): 903-916.

Olszewski N, Sun TP, Gubler F. Gibberellin signaling:
biosynthesis, catabolism and response pathways. The

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Plant Cell, 2002, 14: 61-80.

Furihata T, Maruyama K, Fujita Y, Umezawa T, Yoshida R,
Shinozaki K, Yamaguchi-Shinozaki K. Abscisic
acid-dependent multisite phosphorylation regulates the ac-
tivity of a transcription activator AREB1. Proc Natl Acad
Sci, 2006, 103(6): 1988-1993.

Li J, Brader G, Palva ET. The WRKY70 transcription fac-
tor: A node of convergence for Jasmonate-Mediated and
Salicylate-Mediated signals in plant defense. Plant Cell,
2004, 16(2): 319-331.

Nishii A, Takemura M, Fujita H, Shikata M, Yokota A,
Kohchi T. Characterization of a novel gene encoding a
putative single zinc-finger protein ZIM, expressed during
the reproductive phase in Arabidopsis thaliana. Biosci
Biotechnol Biochem, 2000, 64(7): 1402—-1409.
Faivre-Rampant O, Bryan GJ, Roberts AG, Milbourne D,
Viola R, Taylor MA. Regulated expression of a novel TCP
domain transcription factor indicates an involvement in
the control of meristem activation processes in Solanum
tuberosum. Journal of Experimental Botany, 2004,
55(398): 951-953.

Jakoby M, Weisshaar B, Droge-Laser W, Vicente-Carbajosa,
Tiedemann J, Kroj T, Parcy F, Parcy F. bZIP transcription
factors in Arabidopsis. Trends Plant Sci, 2002, 7(3): 106—111.
Mena M, Cejudo FJ, Isabel-Lamoneda I, Carbonero P. A
role for the DOF transcription factor BPBF in the regula-
tion of Gibberellin-Responsive genes in barley aleurone.
Plant Physiol, 2002, 130(1): 111-119.

Cubas P, Lauter N, Doebley J, Coen E. The TCP domain: a
motif found in proteins regulating plant growth and de-
velopment. Plant J, 1999, 18(2): 215-222.

Yin Y, Vafeados D, Tao Y, Yoshida S, Asami T, Chory J. A
new class of transcription factors mediates brassinoster-
oid-regulated gene expression in Arabidopsis. Cell, 2005,
120(2): 249-259.

Morelli G, Ruberti I. Light and shade in the photocontrol of
Arabidopsis growth. Trends Plant Sci, 2002, 7(9): 399 —404.
Fitter DW, Martin DJ, Copley MJ, Scotland RW, Langdale
JA. GLK gene pair regulate chloroplast development in
diverse plant species. Plant J, 2002, 31(6): 713-727.

Kim JA, Lee M, Kim YS, Woo JC, Park CM. A Basic He-
lix-Loop-Helix transcription factor regulates cell elongation
and seed germination. Mol Cells, 2005, 19(3): 334 —341.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10363373&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10363373&dopt=Abstract

	HrpNCSDS001基因克隆及其表达产物诱导拟南芥基因表达谱变化的研究
	张珏1,3, 曹茂林2, 黄玉碧1,3, 吴伯骥2
	关键词: hrpNCSDS001; HarpinCSDS001蛋白; 克隆; 基因芯片分析
	Study of hrpNCSDS001 and the gene expression profile of Arab
	ZHANG Jue1,3, CAO Mao-Lin2, HUANG Yu-Bi1,3, WU Bo-Ji2
	Keywords: hrpNCSDS001; HarpinCSDS001; clone; gene chip analy
	1  材料和方法
	1.1  实验材料
	1.2  CSDS001菌株致病性、胞外酶活性和过敏反应检测
	1.3  hrpNCSDS001基因的克隆及序列测定
	1.4  Northern杂交
	1.5  重组基因工程菌的构建及HarpinCSDS001蛋白的高效表达
	1.6  HarpinCSDS001蛋白的纯化及过敏反应检测
	1.7  基因芯片分析实验设计

	2  结果和分析
	2.1  CSDS001菌株致病力、胞外酶活性及过敏反应诱导性
	2.2  hrpNCSDS001基因的克隆
	2.3  Northern杂交结果分析
	2.4  hrpNCSDS001基因及蛋白序列分析
	2.5  HarpinCSDS001蛋白的高效表达、分离纯化及生物学活性
	2.6  HarpinCSDS001蛋白诱导的拟南芥基因表达时程动力学分析
	参考文献(References):









