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BACKGROUND OF THE INVENTION

1. Technical Field
5 This invention pertains to the field of genetic
manipulations of plants, and in particular to
introdﬁction of the aiiA gene into plants to quench
pathogen quorum-sensing signaling. The invention also
relates to transgenic plants expressing the aiilA gene
10 with superior resistance to bacterial pathogens.

2. Description of the Background Art

Plant cells are held together by an intercellular
substance (middle lamella) that is composed mainly of
pectic compounds. Pathogenic bacterial cells{enter

15 plant tissues via wounds or stomata and are confined to |
the intercellular spaces of plant tissues in the early
stage of infection. As infection progresses,
pectolytic enzymes produced by the pathogen break down
the connective tissue between cells and in cell walls,

20 resulting in maceration symptoms in plants (also known
as soft rot). See Collmer and Keen, 1986.

.Bacterial .plant pathogens produce an array of
enzjmes which attéck host cell components{ and these
enzymes play important roles in suppression of host

25 defense response and establishment of infection. 1In
bacterial plént pathogens such as Erwinia carotovora,
the OHHL quorum-sensing signal regulates the production



bacterial plant pathogens such as Erwi nia carotovora, the OHHL

quorum sensi ng signal regulates the production WO 02/061099 PCT/ SGO1/ 00012
of pectolytic enzymes, cellulase and proteases. See Pirhonen et al., 1993.
Pecti c p0|‘¥%5'§61ﬁ’f9e structural constituents of plant pripgf¥ceGlobizV@l | s
and m ddl e "I'anel1"ae, providing physical support for turgid plant g
protoplasts, a barrier to bacterial penetration, and a source of host
defense-eliciting oligalacturonates. Se& Collner and Keen, 1986.

Degr adati on of pectic polyners by the pectolytic enzynes has diverse
effects on host-pathogen interactions. 10 Bacterial pathogens such as Erw
carotovora produce virulence factors, such as degradative enzynes, which
assi st the baocfepeatphybhceenagmpsancetbilasenand deyebeReRS pl a¥Re ti ssues.

The. PfoductiOBi%oﬁgﬁsst Eact 0i59bs CPELELL! S8 Pie R £LEU uctural
density-dependent 1 cel'l -cel | “comuni cati on nechanj sm known. as guor um

sensi ng. See PPrabhtuentsapf piant prwpary cetbuprlts ard gpiddifl ecul es are

i nvol ved in di LehoDH|A & UE3 B easy BYSBd£MBur IHia et al .
1996; Robson 1%%§£?$§'qggé.bgnn% ﬁ? em. the %ﬂ? charactgﬁggég'are 20 t he
N- acyl hérmsePFﬁ‘éOlPhéﬁBﬁesa(hP-EE?‘?r aFQ PERFESRI 3 PeRRFH @ndh&) . AHLs

are menbers 0fo@ré@MbEYnOEt Mkfeh¥eSONSEL vty SoIIGh 1 a0t eEanfsedised in the
guorum sensing systens of nany C}a{§§§gat|ve bacteria._The al so are

i nvol ved i n r8gel 6ol bnesf apdgikéerse ge BF9B30akipn Lt ReHUASG viti es

i ncl udi ng exp{asﬁﬁé)ﬁs%yvthélQééeolgeﬂ@Se@iyrb@@tmé adlivad SO B Fectiach as
Erw nia carotovora, Erw, chry anthen% Erw. stewartii, Pseudononas
aerugi nosa, af@ DeRETPABROICReIRISFRFELANS  See Jones et al., 1993: Passador

et al.,14993; PirhpgePerial pathogens such as Erw. carotovora
produce virulence factors, such as degradative enzymes,
which assist the bacteria in entering plant cells and
degrading plant tissues. The.production of these
factors is controlled by an elegant, density-dependent
15 cell-cell communication mechanism known as quorum
sensing. See Pirhonen et al., 1993. Several groups of
signal molecules are involved in different microbial
quorum sensing systems. See Fuqua et al., 1996; Robson
et al{, 1997. Among them, the best:characterized are .
20 the N-acyl homoserine lactones (AHLs), also known as
autoinducers‘(AIs). AHLs are members of a family of
widely conserved signal molecules used in the quorum
sensing systems of many Gram-negative bacteria. They
also are involved in regulation of a diverse range of
25 biological activities including expression of virulence
| genes of bacterial pathogens such as Erwinia
carotovora, Erw. chrysanthemi, Erw. stewartii,
Pseudbmonas aeruginosa, and Xenorhabdus nematqphilus.i
See Jones et al., 1993; Passador et al., 1993; Pirhonen
30 et al., 1993; von Bodman and Farrand, 1995; Fuqua et
al., 1996; Costa and Loper, 1997; Dunphy et al., 1997.
AHLs act as ligands to a Lux-R family transcription



30 et al., 1993; von Bodman and Farrand, 1995; Fuqua et al., 1996; Costa
and Loper, 1997; Dunphy et al., 1997. AHLs act as ligands to a Lux-R
famly transcription WO 02/ 061099 3 PCT/ SG01/ 00012 factor. The

LuxR—AHL-I%hfmﬁ#g@%ex controls the transcription of viru%QQ%Qmﬁgﬂgf: See
gativ

Fuqua et al".’ . AHL can couple to either a positive or e
transcription factor for gene regulation. The 5 |list of pathogens using
this signaling nmechanismcan be further gxpanded since there are many

addi tional bacterial species that are known to produce AHLs. See Bassler
et al., 1997; Cha et al., 1998; Dunenyo et al., 1998. 10 In the human

pat hogen P. aeroguinoisa, at least two different Al-signaling nolecules,
N- R- oxododecapagtot: horhseLufR-ARL+biee (cihb)esarmbnitirodst &heyl - L- honoseri ne

L L T X
alkaling protehSQG.eIAﬁLasan ceuplexto & theerelpesitiaedomear ani ni dase. See
e St L
RpoS in asregulbsbryf pathagensSesinqttliis evignalingog@chaaishi can ke.
B0, 1t an st AE R tband B g UV e Ul a0y o
transcri pti on bacterjiaEsapeciascbingtinaxe denows the muoducegdlHhses §eeul ence
factor production.,Efak a1., 1997; Cha et al., 1998; Dumenyo et al.,

1998.

10 In the human pathogen P. aeroguinoisa, at least
two different AI-signaling molecules, N-f-
oxododecanoyl-L-homoserine lactone (ODHL) and N-
butanoyl-L-homoserine lactone (BHL), and two
transcriptional activators, LasR and RhlR/VsmR,

15 influence the expression of a large number of virulence
factors, including alkaline protease, elastase, _
exotoxin A, haemolysin and neuraminidase. See Pearson
et al., 1994; Robson et al., 1997. The LasR-ODHL
complex activates expression of both RhlR and the

20 stationary-phase sigma factor RpoS in.a‘regulatbry
cascade. See Latifi et al., 1995; Lafifi et al., 1996;
Pesci and Iglewski, 1997; McKnight et al., 2000;

Whitely et al., 2000.
In plant pathogen P. gtewartii, however, the

25 négative transcription factor, EsaR, in conjunction
with AHL, regulates virulence factor production. EsaR
binds to its target promoters and inhibits
transcription in the absence of N-ﬂoxohexanoyl-L-
homoserine lactone (OHHL). Binding of OHHL to EsaR

30 releases its binding from the target promoter and
thereby initiates the expression of the virulence
factor. See von Bodman et al., 1998. In some other



binds to its target pronoters and inhibits transcription in the absence of
N- | 3oxohexanoyl - L- honpbserine |actone (OHHL). Binding of OHHL to EsaR 30
rel eases its binding fromthe target pronoter and thereby initiates the

expressi onyf o yi rulence factor. See von Bodman et al perA88foooia" SOME
other WO O /08%%85 PCT/ SGOL/ 00012 4 bacteria, such as ErMLCcérotov%ra, S

not clear yet how AHL is involved in regulation of virulence factor
production. Although the target genes regall ated by AHLs are 5 extrenely
vari ed and regul atory nmechani sns are likely diverse, the general nechani sm
of AHL-medi ated quorum sensing signaling is very nmuch conserved. The
conserved feature of quorumsensing is that each -individual cell produces
a low | evel ofbgubeniasesscmgas 1Erwo| aondtemyrona, chisanett cheapayeechawt of

the cell. As t cell . densi; i.nc and . a Lgnal reaches.
a threshold co&g]'énf?a%?‘é?\fYédyuel%]ofeg&%%hl%glnghfg%ﬁgggﬂg%i ggg%%}‘l density)
the AHLs are ipteduatioed and bind to their cognate LuxR-1ike

{ransor pt i on 1actofedgudd 08 OARIAL|ndiellctuTLg, bl M Tagdct i vat es

the expression of virulence factor” ressio _virtlence, genes,
therefores is extremeby vatiediand zaguladioom mambasignal anel kbkeky have

o Coover a et URERE L Slagud Uk TRSAN o8 pBk medfifeq Hhdbaf Ly

di scovered gengé enco | I nactivates AHL (aii1 A) has been
cloned fromt heeising pbghaliry b twenymuBdciconserypd. st Thgn 240B1.

Expressi on of aij & L0e ¥ GOt ¥ Yiibrthi FehsIRGl1s2LnRALEAGEN whi ch causes
soft rot diseasSe’ I n nmany ﬁ?ants,
4ndividual cell produces a low level of quorum sensing

10 molecules which are transported out of the cell. As
the cell density increases and the accumulated signal
reaches a threshold concentration (due to a high enough
bacterial cell density) the AHLs are internalized and
bind to their cognate LuxR-like transcription factors

15 in the bacterial cells. This, in turn, activates the
expression of virulence factor. Expressioh of
virulence genes, therefore, is activated only when
sufficient AHL signal molecules have accumulated. See
Fuqua et al., 1996; Robson et al., 1997. _

20 A newly diséovered gene encoding ‘a protein which
inactivates AHL (aiil) has Been cloned from the Gram-
positive bacterium Bacillus sp. strain 240Bl.
Expression of aiiA in Erw. carotovora strain'SCGl, a
pathogen which causes soft rot disease in many plants,

25 significantly reduces the release of OHHL from the
pathogen, decreases the extracellular pectrélytic
enzyme activities, and attenuates pathogenicity in
potato, eggplant, Chinese cabbage; darrot, celery,
cauliflower, and tobacco (Dong et al., 2000). This

30 confirms the important role of AHL in regulation of

virulence genes.



25 significantly reduces the release of OHHL fromthe pathogen, decreases
the extracel lular pectrolytic enzyne activities, and attenuates
pat hogenicity in potato, eggplant, Chinese cabbage, carrot, celery,

caullflovvew 030 P;spbacco (Dong et al., 2000). This 30 COW@/‘@@%
99

| mpor t ant role of AHL in regulation of virulence genes

PCT/ S&1/ 00012 SUMVARY OF THE | NVENTI ON Accordlngly the present invention
pravides a nethod of quenching quorum sensing of. plant pathogenic
bacteria in a plant conprising transfornming the plant 5 with the aii A gene
or a functional fragment or nodification thereof. In another enbodi nent,
the invention provides a nethod of protecting plants from bacteri al

pat hogens, conpri sing transfoBHMM§R¥h©FﬁT&EﬂENVEMﬂMON:he aii A gene or a

functional fragnent or 3QJamdi nggleﬁ t DEL S+ iﬁbéﬁﬁ}d%,kﬁ%kﬁ es a

enbodi nent, the invention prov S protecte
descri bed abowetiaed prfamgmhenpl qmsulan@lerpsm Q,%lpkanw\m%hogﬁms Aii A
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EXpI’ESSI on cassettes USEd transform cass express

t he aii ASgene™ifBl the) addd QﬁéesgraﬁlﬁumgﬁﬂQﬁﬁlg@ﬁ%ﬂ@@ﬂlDSPAI) sp
i ndi cat es thegﬁbﬂ@iha&%ﬁh‘@ﬁe&é@f‘ t PRAGE O 15k I (faﬁdéﬁt ¢aNV35S i ndi cat es

caul i f1 ower nosai C Vi rus S pronoter; nos3 indicates nopallne synt hase
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cell lines versus w
with the aiiA gene or a functional fragment or

10 modification thereof. In yet a further embodiment, the
invention provides plants protected by the method
described above and transgenic plants and plant cells
which express AiiA.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 shows a diagram of the expression
cassettes used to transform plant cells. The cassettes
express the aiiA gene (pBI-AI) and the sp-aiiA fusion
gene (pBI SPAI). sp indicates the signal peptide from °
tobacco calretlculin, CaMV35S indicates cauliflower
20 mosaic virus 35S promoter; nos3 indicates nopaline
synthase transcription terminator.
Figure 2 presents AiiA enzyme activity
(nmoles/h/pg protein) in several transgenic tobacco
(2A) and potato'(ZB) cell lihes versus wild type (WT).
25 Figure 3 shows RNA hybridizétidn results for the
transgenic tobacco (3A) and potato (3B) cell lines
shown in Figure 2 versus wild type (WT).
Figure 4 gives AiiA protein immunoblot data for
the indicated transgenic cell lines probed with a
30 polyclonal rabbit anti-AiiA antiserum.



25 Figure 3 shows RNA hybridization results for the transgenic tobacco
(3A) and potato (3B) cell lines shown in Figure 2 versus WIld type (W).
Figure 4 gives Aii A protein immunoblot data for the indicated transgenic

cell line r with a 30 polyclonal rabbit anti-AiA L.serum WO
02/061099%B§f? /00012 6 Figure 5 presents maceration ggégigﬂﬁﬂyzdata for
transgeni ¢ tobacco (5A) and potato (5B) plant tissue fromthe indicated
lines after inoculation with Erw. carotevora. 5 Figure 6 shows pl ant _
ti ssues challenged with Erw. carotovora. Figures 6A and 6B depict, from
left to right, lines A13, A29, A66 and A75 (top row) and W, W, W and

G/ (bottomrow). The tuber slices in columms of Figure 6C fromleft to
right are from wi| Bigoreypeprananpstdaecration axes ommid dehasfpne, P24,

ENBODI VENTS Pt Rge Do ber e FyekT kors 2 DU o\ 1) T oh eaaios an AHL

EMBODI MENTS resent 1 nvention, a gene

i nacti vati on EmemntheAingdjcated1bings ratkeiednanwlation widkh fgwnme to
produce genet%ggbkg podi fied plants capabl e of quenching pathogen quorum
sensi ng signaling. Yhe trangenic plants expressing the AiiA enzyne showed
a signifBcantly enFagurd feshevanpbant ctisguan ichalhengeasd etlithl Hwat.hogens

Gensi Ty bact ePPAPLORaEar unf EIBEEE 6. D S i A Eai A el Tl 2t on
site) was apprigbttolineaddl3, phadi Asand Al (tepulnow)da@nshdérat e t he
feasibility ofy;usg0,f40EYMBEEERI-Sh BNalFh AT IGhI ey 1 sease
columns of Figure 6C from left to right are from wild
10 type, and potato aiiA transformed lines P46, P24, P55,

and P13 respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present invention, a gene (aiiA) which
encodes an AHL inactivation enzyme (A1iR) was

15 introduced into the plant genome to produce genetically
modified plants capable of quenching pathogen quorum-
sensing signaling. The trangenic plants expressing the
AiiAWenzyme showed a:significantly enhanced resistance
to infection by bacterial pathogens and &elayed

20 development of soft rot symptoms even when a high cell
density bacterial inoculum (about 60,000 bacterial -
cells per inoculation site) was applied to wounded
plant tissue. The results demonstrate the feasibility
of using quorum-sensing signals as targets for disease

25 control, thereby broadening the potential approaches
for prevention of bacterial infections. '

The methods and plants of this invention,
therefore represent a new and effective method of
protecting crop and ornamental plants such as potato,

30 eggplant, Chinese cabbage, carrot, celery, cauliflower,



25 control, thereby broadening the potential approaches for prevention of
bacterial infections. The nethods and plants of this invention, therefore
represent a new and effective nmethod of protecting crop and ornanent al

pl ants suc 30 eggpl ant, Chinese cabbage, carr
caul i fl om&&%%g@?omogg PCT/ S&01/ 00012 7 tobacco, nai ze%Tl gﬁé&’rocotton

rice, grapevine, sugarbeet, hyacinth, iris, cyclanen, onion, radish,
squash, tomato, and any other plants suscqptlble to bacterial soft rot

di sease. This approach can be used 5 with any plant which is susceptible to
bacterial pathogen attack. Plants harboring the aii A gene are protected
fromany bacterial pathogen which uses AHL quorum sensing signals,

i ncl udi ng Erw. t@blamvomm\e, agavet} oaotaonErm‘.ce:,argnapmxmepv at rosept i ca,.

Er w. 10_paroto§§é%£ %pa g% iﬁ%ﬁcuk9£ ?éifﬁméﬁ"36ﬁy§ q%§5ﬁ i on of

stewartii of her pét gens 1'n
virul ence genesquashontpmbted byd apy| obtlwen gelants |susaepd ijuer o sensi ng

signals. To praduse;teansaen’ copl a7keaplo! SAY Jhmakh ban! g gl sease.

two different ari A COnStruct a se on S|gna pep i de and
one fused5to awiphannYSedaetuUhlshghaIS@ﬁﬁﬂEtkbh&wtp(hamﬂa;ialThe pl ant's

transt or med i LcHieedene chgki 91 aneh Metpor PRI M gefieshgaed 1O

constitutively lasmc Al ose contalnlng
the fused 27 @amrlxecaenddfmm enycbachesi@hapaq:tmgardevhi(cthomsgsuhHé.t al .

1999) vere designcd.| QeRESTA! 81hhE1s CNANTRihe ALANAs AARRIE L) OF

tobacco calret I'n pro targetlng th
carotovora, Erw carotovora pv. atroseptica, Erw.

10 carotovora subsp. betavasculorum, Erw. chrysanthemi,
Erw. stewartii pv. stewartii and any other pathogens in
which expression of virulence genes is controlled by
acyl homoserine lactone quorum sensing signals.

To produce transgenic plants protected from

15 bacterial disease, two different aiiA constructs, one

lacking a secretion signal peptide and one fused to a

plant secretion signal peptide were created. The

plants transformed with the gene lacking a signal
peptide were designed to constitutively produce

7 20 cytoplasmic AiiA enzyme, whereas those containing the

fused 27 amino acid calreticulin signal peptide
(Borisjuk et al., 1999) were designed to secrete the
enzyme. The signal peptide (SP) of tobacco
calreticulin protein has been used for targeting the

25 GFP protein to the secretary pathway and intercellular
spaces of tobacco. See Borisjuk et al., 1999.

Methods of genetic manipulation and transformation

of plant cells are well known in the art, as are K
methods of regenerating fertile, viable transformed

30 plants. In general, any method of cloning the coding
region or a functional fragment or modification thereof

into a suitable expression vector may be used. It is



25 GFP protein to the secretary pathway and intercellular spaces of

tobacco. See Borisjuk et al., 1999. Methods of genetic manipul ati on and

transfornation of plant cells are well known in the art, as are nethods
regener tile, viable transforned 30 plants. | any

rret hod of @boﬁﬂﬁ{?&{ he coding region or a functional fragprr%ﬁ%&g@bmz

nodi fication thereof 1into a suitable expression vector may be used. It is

WO 02/ 061099 PCT/ SGOL/ 00012 8 into a suilgabl e expression vector may be

used. It is convenient to ligate the aii A coding region into vector

pBl uescript Sk from pGEM/-aii A, as described in Exanple 1, followed by

ligation into a plant transformation 5 vector, however those of skill are

wel | aware Of1n&bterBahtublmebhpdessmoacheQWQrtm&yshﬁnysﬁebulﬂ§ iany

sui t abl e pl ant transfor contain .
the aii A geneCoBVeRienf ﬁgﬁ géﬁgE¥1 #i |on ergggékgo | ong
as 10 eXpreSSlp@lu@%ct‘rﬁptgsrke fremquEmﬁaim, pawcdsﬁqmrbe@l‘ JalnEXAmpAeprot ein

or functional nodi.f i o) h 0 inactivate
AHL. By "fun&V| ggﬁ@hglgfgg%h ??Eét%dﬁ&%heré%?I |§ E'lrnaant any
fragnment 5 var vt o@rl, mmunemnthbsehoénsbﬂb’s ard&vqﬂrlota&latr%@@uence capabl e

of inactivatin n-ac noé%gon%o gﬁgggé (ﬁgHHFnyH 143r.onot er, for

exanpl e Ca\Ww, ntrol's expre55| he maxi mum aii A
transl ati onal expranglom1tabdb pidet thensfermatiqi wertor) mexViPe3ss

promot er. cor v esgondedy Lo 0 0007430000 P10 e JBLETgei, ke pr ot el ns

respectlvely|q§ﬁ: ba I"'eaves otato t ‘i's possible to
optim ze the functional fragment or modification thereof, so long as

10 expression of the gene results in the production of an

£

RiiA protein or functional fragment or modification
thereof which is able to inactivate AHL. By
"functional fragment or modification thereof," it is

meant any fregment, variant or mutation which encodes a

15 protein sequence capable of inactivating n-acyl
homoserine lactones..

A functional promoter, for example CaMV, 355
preferably controls expression. The maximum aiiA
translational expre551on level under the control of the

20 CaMV 35S promoter corresponded to 0.0007% and 0.011% of
water soluble proteinsfrespectively in tobacco leaves
and in potato tubers. It is possible to optimize the
ailA expression by modification of codon usage (Perlak
et al., 1991) and coupling to a strong promoter such as

25 the double 358 promoter (Sharma et al., 1988).

o A suitable marker gene, such as kanamycin
resistance, green fluorescent protein or any other
convenient marker is advantageously used. Variatlons'
of the'exemplary methods provided in Example 1, which

30 describes one method of transforming plants with the
aiiA gene, are well within the skill of the ordinary
artisan in genetic manipulation of plants. Expression



ai i A expression by nodification of codon usage (Perlak et al., 1991) and
coupling to a strong pronoter such as 25 the double 35S pronoter (Sharna et
al., 1998). A suitable marker gene, such as kananycin resistance, green

fl uoresce )1 or any other convenient marker is a |y used.
Swofelieifls HARGHIR

Vari ation € exenpl ary nethods provided in Exanple 1, 0

descri bes one nethod of transformng plants with the aiiA gene, are well
within the skill of the ordinary artisa%,in genetic manipul ation of .

pl ants. Expression WO 02/ 061099 PCT/ SG01/00012 9 secretion of thé expressed
Aii A protein, or my |ack such a sequence, as desired. The plant
transformati on vectors containing the aiiA gene and a kananycin

resi stance nardedireddith W ehés espresbsanpl tA Ipietdin,r asheynlaeih tobacco .
o0 pot o, P el | 53 SRR EER. TR ALY SRR g o
plants with t Redidrs eitaidngyeheanyiAsgétabind retkadnyedan in the art
Cortai n - monoCORHRRIRS SR, S°BF oVRER cLaTY | 1 GRARPLY farket or med” us! ng
ot her metshods txaels fagrnibotbptepbaccol andbpotesire ernt \edlismusig ati on or
A T G s C
fam liar wthpRartdd trasdornat igymbsseenvenierdrigeoatsedard di cots. All of
{ hese ot hods cdhatag G bR CRERTLETRL UL SRR M (1 °
suitable method known in the art may be used, depending
10 on the plant being transformed. For example, certain
rnonocotyledonous plants are more efficiently
transformed using other methods such as microprojectile
bombardment, vacuum filtration or any other method
known in the art to introduce.and integrate DNA
15 plasmids or fragments into the plant genome. Those of
skill ‘in the art are familiar with means to transform
gymnosperms, monocots and dicots. All of these methods
known in the art are contemplated for use with this
invention.
20 After selection for transformants carrying the
aiiA gené, transgenic tobacco and potato plants may be
regenerated. Tobacco and potato plants selected for a
marking gene, for example kanamycin resistance, may be
assayed, for example by PCR and DNA gel blot to
25 determine how many copies of the aiiA gene are present
in the plant. AiiA enzyme activity was detected in
transgenic plants transformed with:the giiA gene. The‘
plants were able to inactivafe the'quorﬁm—sehsing
signal molecule OHHL, whereas untransformed or GFP
30 control transformed plants were not. There was no
correlation between enzyme activity and gene copy
number, however AiiA activity was generally lower in



aii A gene, transgenic tobacco and potato plants may be regenerated.
Tobacco and potato plants selected for a marking gene, for exanple
kanamyci n resistance, nay be assayed, for exanple by PCR-and DNA gel bl ot

to 25 detegn many copi es of the aii A gene are pres ' e plant.
AliA enzyng&g%ﬁpggy; was detected in transgenic plants tﬁ§ﬁ§ﬁhﬂw@@ wth
the aii A gene. The plants were able to inactivate the quorum sensing
signal nolecule OHHL, whereas. untransforfgd ar G-P 30 control .transforned
plants were not. There was no correlation between enzyne activity and gene
copy nunber, however AiiA activity was generally lower in WO 02/061099 10
PCT/ SGO1/ 00012 nunber, however Aii A activity was generally lower in plants
transfor ned winumbér, showretrepdutifdecaivAtiugsasngegenel tynpewead irp pl ant s

transfornmed with the aii A gene . al.one..See.Figure 2 for All nzyne
activity data Hf%?ﬁ% E’é%qﬁ%e&&}% n&hgi génggaﬁﬁpﬁiﬁaH‘ﬁe@smn
Tr Sns;:}ri p'éi 1(:)2 ddné i‘@om;bén‘h}d mmmesmsgdefemdle?iil:ﬂoytmﬁat i]%@b(r?ei-ifﬁt i on, .
and showe e presence o ranscri,pts_in. a i nes, teste varie
level s, See BRI 3 495 HeR5uC 16 ALEA PPAVEE, RPHLERtY FRGH AT s
detected s nI t hesewemt rmﬁmwﬂ&(fg.treobolizptanptiréseléiggégu(rjeSS. 9Armgg the 12
transgenic lines tested, the to i_ne an and the
potato |ines p24 aﬁgr?QﬁFEﬁﬁ) & e%gFe3€é§t€r393?%n%fwa§fﬁ?ﬁﬁﬁ#&neé]
transcri pti onddy eBifi asgbmirdi ZHE iddst end shnwadbtbé spoéserotalldfe RNZot ei ns
extracted fraqmtobacca |eav a t b e ] abbi t
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See Example 3 for methods. No aiiA transcript or

10 homolog was detected in the untransformed control
plants. See Figure 3. Among the 12 transgenic lines
tested, the tobacco lines Al3, S$95 and S109 and the
potato lines p24 and P46 showed the greatest levels of
the aiiA transcriptional expression.

15 Western immunoblots of soluble proteins extracted
from tobacco leaves and potato tubers probed with |
rabbit polyclonal anti-AiiA antibodies detected the
AiiA protein as well. As shown in Figure 4, AiilA was

. constitutively expressed in these plants, but was

20 undetectable in the untransformed control plants. The
lines with higher AiiA enzyme activities, such as Al3,
P13, P24, and P46, also showed stronger immunoblot
signals. Compare Figures 2 and 4.

Challenge of wounded plant tissue showed that

25  presence of the transgene conveyed a high level of
protection from bacterial pathogens such as Erw.
.carotovora. See Figures 5 and 6. The enhanced
resistance levéi of the aiia trénSgenic plants is
consistent with the ability of the AiiA enzyme to

30 inactivate the OHHL quorum-sensing signal of E.

carotovora (Figure 2). The transgenic plant lines with



Aii A protein as well. As shown in Figure 4, Ali Awas constitutively
expressed in these plants, but was 20 undetectable in the untransforned
control plants., The lines with higher Ai A enzynme activities, such as

Al3, PlB’gﬁﬁﬁQ§ﬁ@ﬁ P46, al so showed stronger innunoblotdpéhgﬁﬁhﬁgannpare

Figures 2 al l enge of wounded plant tissue showe presence
of the transgene conveyed a high level of protection from bacterial -

pat hogens such as Erw, :carotovora. Seejfigures 5 and 6. The enhanced

resi stance level of the aii A transgenic plants is consistent with the
ability of the Aii A enzyne to 30 inactivate the OHHL quorum sensi ng si gnal
of E. carotovora (Figure 2). The transgenic plant lines wth W 02/061099
PCT/ SG01/ 0001 2h hilgeerléwals oHRIAR Arprelini oconbehtnas adetietmeimadasy by

western anal ysi s, such_as. taobacc i n 1 n t line P13.. P46 and
Paa. i spl ay LSS ERFT | RIS G irceds FOBREFS BEAE R Al ARG

i nfection, indlim¢iPiBa PA6tarshP2der déspilayadbelgrifidaskehy entemetdnce and
the AiiA enzyne expressi evel c Wi | t
concentrationsr%?lsﬁg%féJ%Q 'o&%fgtgggggggﬁ%ggﬁgéﬁé %&Eé%é%ﬁggqﬂdth hi gher
pat hogen Slensi $yrend f @oexklatiangdetwaesr atisease enesiftBese Rirglirthes. Each

tested tobacco, | eaf S C | ] three different concentrati ons of
11 e$¥%?mﬁ{¥¥pfgy%§gP g%gg%.

Erw. carotovor e contro nt's, including the untransforned
and GFP transgeni c Tpdracchelldingel ajed tdyffenént necrcantoat smaeraff hour s

LT ol 1o0bL 2520 b Phlovted SYGYDTh, PRLDBAE" ROBEERLLA 0 pll Y 0t
t obacco | eavespd{thoger dei)sityn suffefredr aalapger maceration area.

10 See Figure 6. Each tested tobacco leaf was challenged
with three different concentrations of Erw. carotovora
cells. The control plants, including the untransformed
and GFP transgenic tobacco, displayed typical
maceration several hours after inoculation at all

15 levels of pathogen concentration. The higher the cell
density of the inoculum, the bigger the macefation area
on the tobacco leaves (Figure 6A). In the four aiiA
transgenic plants, however, plants inoculated with the
low cell density of inoculum (600 c.f.u.) did not

20 develop symptoms of soft rot 20 hours after
inoculation. The maceration symptom appeared at spots
inoculated with a high cell density of pathogen (60,000
c.f.u.), but the macerated areas were much smaller than
that of the controls. See Figure 6A. Similar results

25 ° were obtained from the control and tranSgenic potato
lines when challenged with pathogen inocula of
different cell densities (25,000 B 100,000 c.f.u.).

See Figure 6C. ‘ o - :
The results disclosed here demonstrate that

30 expression of the AiiA enzyme dramatically retards the
development of bacterial disease symptoms and permits
plants to fight bacterial infection and recover



transgeni c plants, however, plants inoculated with the |ow cell density of
i noculum (600 c.f.u.) did not 20 devel op synptons of soft rot 20 hours
after inoculation. The maceration synptom appeared at spots inocul ated

with a hi gRygghheifansity of pathogen (60,000 c.f.u.), butpdhscdiRekat ed
areas were nuch smaller than that of the controls. See Figure 6A. Simlar

results 25 were obtained fromthe control and transgenic potato |ines when
chal | enged wi th pat hogen inocula of difflé&ent cell densities (25,000 B
100,000 c.f.u.). See Figure 6C. The results disclosed here denonstrate
that 30 expression of the Aii A enzyne dramatically retards the devel opnent
of bacterial disease synptons and permts , plants to fight bacteri al

i nfection and ABdEKAY. WOFOFLYeheYLS 13 4%y igeuigdden q@ldkitestesi ty hours

after inocul at j@ayedl brt #8180t ybEaNESadbo Widrb AR el C (Heied sTRERY at ed,
whereas the ali A transgeni ¢ tobacco | eaves showed no si,gnificant

devel opnent of agddetipnsgentgetehacre Haves @hoged na Sjgnd figaBtopser ved

in aiiA transggaie1Bghahe. of TMRtEPAt S rIde PAGIREBRIEr Gighgarved in the
tuber slices of control plants even aftgr_ two a%?H1The wat er - soaked

| esi ons 0B t heTBARLEASVBFReAPERRTED| N it if Jod S RAtadCaret er and in

depth. In 10 cepphasl, sbhe Bbehsgmbtomenidie/ dbairefddlin Reeuitubercaused
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enlarged rapidly in diameter and in depth. 1In
10 contrast, the high cell density bacterial inoculum
caused watery lesions in the aiiA transgenic potato
tuber tissues, but the lesions dried and the symptom
development was arrested. See Figure 6C. There is a
strong negative correlation between the AiiA content
15 and the area of plant tissue maceration. The lines
with high AiiA content show no symptom or significantly
less tissue maceration compared to the lines with low
AiiA content and the untransformed controls. The
| expression of the transgene protected plants by slowing
20 down the pathogen's ability to produce virulence i
factors including pectolytic ehzymes, allowing the host
defense response to eventually stop the infection.
Expression of the AilA enzyme prevented the bacteria
from overwhelming plant defenses.

25 '~ The trancriptional expression levels of the sp-
aiid fusion gene in the three.lines tested are higher
than that of the best aiiA trangenic lines (as judged
by the signal intensity of northern blot), but the
enzyme activities and the resistance levels of these

30 sp-aiiA lines are slightly poorer than those of the
best aiiA lines. One possibility for this is that the
secreted enzyme is trapped in the microsomes as in the



15 and the area of plant tissue nmaceration. The lines wth high AiiA
content show no synptomor significantly 1less tissue maceration conpared
to the lines with low AiiA content and the untransformed controls. The

expressi o f ransgene protected plants by sl ow ng e

pat hogen' M’b“.’f"ﬁ%‘;to produce virul ence factors includi ng%gggwgpﬁ’ﬂc
enzynes, allow ng the host defense response to eventually stop the
infection. Expression of the Aii A enzyne3prevented the bacteria from
overwhel m ng pl ant defenses. 25 The trancriptional expression |evels of the
sp- aii A fusion gene in the three lines tested are higher than that of the
best aii A trangenic lines (as judged by the signal intensitiﬁof nort hern.

blot), but theasnafreaagtiqulds areteda (Bsrdsdnke etendls 6#98hese 30
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possibility for Is that th secreted enzyne is trapped In the
M crosones as €neymfe ang 0:he OHHGo querrnceengdng? signgdse of calreticulin

protein (Borisjuk I D d act between
the Ali A enzyne a?éie?ﬁeesa}%?éﬁgr%ﬁ%wsegn?igg\ggng?!gﬁafiaﬁgrhgmreegg??s pr esent ed

here shoW t hatgeaney eNizymes qpenso8feyne PEragosPectaupy ofdregéetanaeof

resistance t%(f%&f&%&'ali Nreddiaons A i ¥ekeeskahdagal o#Cyky1homoserine
| actone (AHL) derivatives have been_ identified from G am negative
bacteria. A i Aomeaprnefastonge|(BpHL)a8erdNpEdves haNe BREENnenbers tested,

10 i ncl udi ng Nd=3tPealkex M Graaheghiti9el Bateseikl oMl EaWensghet ovor a,
N- ( 3- oxododecanoyl ) - honoseri ne || act one frgg1§§%u%g ggg %gggganosa, and
N- hydr oxybut yrgfifectively inactivated all t ‘
10 including N-(3-oxohexanoyl)-homoserine lactone from
Erw. carotovora, N-(3-oxododecanoyl)-homoserine lactone
from Pseudomonas aeruginosa, and N-hydroxybutyryl-
homoserine lactone from Vibrio harveyi. See Dong et
al., 2000. Therefore, the methods of protecting plants
is and quenching quorum sensing of pathogenic bacteria may
be used to protect any susceptible plant from any
bacteria which uses quorum sensing with acyl homoserine
lactones. In addition to the transgenic approach,
bacterial strains containing the aiiA gene also could
20 be developed as biocontrol agents, and the AiiA enzyme .
could be used for coating medical utensils.
The following examples are provided to illustrate
the invention and are not intended to be limiting.

- Example 1. ‘Transformation of Plants with the aiia
25 Gene.

Two aliA gene constructs were generated for
transformation of tobacco and potato. The DNA fragment '
containing the aiiA coding region was produced by
digestion of pGEM7-aiiA (Dong-et al., 2000; accession
30 number AF196486) with KpnI and EcoRV. The fragment was



honoserine | actone from Vibrio harveyi. See Dong et al., 2000. Therefore,
the nmet hods of protecting plants 15 and quenchi ng quorum sensi ng of
pathogenic bacteria may be used to protect any susceptible plant fron1any

bacteria qguorum sensing with acyl honoserine k

addition t "ﬁlgkﬁ’?gznsgem c approach, Dbacterial strains c g?éaﬁﬁ 8"’[ he aii A
gene al so could 20 be devel oped as biocontrol agents, and the Aii A enzyne.
could be used for coating nmedical utensihkg. The follow ng exanples are
provided to illustrate the invention and are not intended to be limiting.
Example 1. Transformation of Plants with the aiiA 25 Gene. Two aii A gene
constructs were generated for transformation of tobacco and potato. The
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and EcoRV. Th& 0% g%ﬁ?aﬁ%%gﬂfﬁ Oi‘in%igl"ﬁb%t into the
cl oni ng vect otz gl lfew pms-%lﬁﬂnwa[sr ddgatedBintoi ﬁheﬁp.'mmt Sacl fragnent
Cranof or nat | o FREEFTESLER: VSR Rte e 1568 Ent Gl oS nd ¢ ne
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fusion protei kanamgykito et ilstanicer gened aisntbhepbabect bivernatked ar Sgmces,
t he signal p%g%h%% &§P) codi ng region of N cotiana plunbaginifolia
For generation of a fusion gene encoding for a
10 signal peptide-AiiA fusion protein which could be
targeted into plant intercellular spaces, the signal
peptide (SP) coding region of Nicotiana plumbaginifolia
calreticulin protein (Borisjuk et al., 1998; accession
number %271395) was generated by PCR amplification. The
15 primers were: Spf, 5'- CAT GIC TCG AGA TGG CTA CTC AAC
GAA GGG CAA ACC.CTA GCT CTC TCC ATC TAA TTA CTG TAT TCT
CTC TGC TCG TCG -3' (SEQ ID NO:1): Spr, 5'- TGA CTA AGC
TTC TTT ACT GTC ATA GCG GAG ACG ACA GCG ACG AGC AGA GAG
AAT ACA GTA ATT AGA TGG AGA GAG CTA'—3' (SEQ ID NO:Z);
20 Sp£22, 5'- CAT GTC TCG AGA TGG CTA CTIC A -3! (SEQ ID
NO:3) and Spr22, 5'- TGA CTA AGC TTC TTT ACT GTC A -3'
(SEQ ID NO:4). The resulting PCR fragment contained a
sequence encoding for a 27-aa signal peptide and for 6
amino acids at the N-terminus of the AiiA protein, as
25 well as seqﬁences for restriction sites to facilitate
cloning (shown in italics). After digéstion with XhoI
and HindIII, the PCR product was cloned into the o
Xhol/HindIII sites of pBS-aiiA to generate the sp-aiii
fusion gene in plasmid pBS-SPAI shown in Figure 1. The
30 XhoI-Sacl fragment containing the sp-aiiA fusion gene
from the pBS—-SPAI was cloned into pBI121 to generate



caireticulin protein (Borisjuk et al., 1998; accession nunber Z71395) was
generated by PCR anplification. The 15 prinmers were: Spf, 5 - CAT GIC TCG
AGA TGG CTA CTC AAC GAA GGG CAA ACC CTA GCT CTC TCC ATC TAA TTA CTIG TAT

TCT CIC TCG -3 (SEQID NG 1); Spr, 5 - TGA CTA ITT ACT
GTC ATA Gdg%ﬁ& W5 ACA GOG ACG AGC AGA GAG AAT ACA GTA ﬁﬁsﬁ&%ﬁ‘&; AGA
GAG CTA-3'" (SEQ ID NO 2); 20 Spf22, 5'- CAT GIC TCG AGA TGG CTA CTC A -3
(SEQ ID. NO 3) and Spr22, 5' - TGA CTA AGEETTC TTT. ACT GTC A -3' (SEQID
NO 4). The resulting PCR fragment contained a sequence encoding for a

27-aa signal peptide and for 6 amno acids at the Nterm nus of the Aii A

protein, as 25 well as sequences for restriction sites to facilitate
cl oni ng (shovvrth'en ;iEtIa-IS'RPSD Aitiay ‘sdicyestibonbwi ¢l Mhdiramskbrriediith t he PCR

product Ve SRRt i B bhekhEd, 6) AR AL agper et e
Xhol - Sacl f ragyrertiolmorm-zﬂmlmrt haadnpoil tAef tteo ocoocmpErncts omAIHA pBS- SPAI
1S TR RS 18 SER R R 0B, e
was config med pnsd raeefsfaac e ﬁlthEszeBPADl-Bat wdth iaradfhaﬁ afheE.t wo
DrBa {1 ansf ettt v seanste e Hogh RBSrAL SHRELRN Bat et cct e
with pBS-Al, isiginadt ipeptiitk directedghak pepre‘dieomllarﬁ@uem tfrotedaer.eti on of
wns ol oned | n 08 EEEY heSe A Sodtrah Th LRI et "robaces
(Ni cotiana tatxmuvm was @lo@B)inapBIfdiato produce the control
10 construct pBI-GFP.
Tobacco (Nicotiana tabacum L., cv. GX3) and potato
(Solanum tuberosum L. cv. Bintje) plants were
transformed using an Agrobacterium coculture method as
discussed in Gallois and Marinho, 1995 and Beaujean et
15 al., 1998. The pBI-AIL, pBI-SPATI and pBI-GFP constructs
respectively were introduced into the A. tumefaciens
strain LBA 4404 by the freeze-thaw method as described
by Walkerpeach and Velten, 1994.
Tobacco leaf discs and potato tuber and young
20 .internode explants were used for transformat:l.on Thé
tuber slices were taken from mature tubers, and the
leaf discs and young internodes (~5 mm) were from 4-5
week old plants. The explants were submerged in a
fresh Agrobacterium suspension (O.D.go = 0.4) for 30
25  min and then co-cultured at 25°C for two days in callus
” induction medium (CIM). For tobacco, CIM included MS
basal salt mixture (Sigma M5524) supplemented with 30
g/l sucrose, 0.1 mg/L NAA and 1 mg/L 6-BA. For potato
CIM, 30 g/L sucrose, 2 mg/L zeatin riboside and 1 mg/l
30 IAA were added to the MS basal salt mixture. After co-
culture, explants were transferred to selection medium



(Sol anum tuberosum L. cv. Bintje) plants were- transformed using an

Agr obacterium cocul ture nmethod as discussed in Gallois and Marinho, 1995
and Beauj ean et 15 al., 1998. The pBI-Al, pBI-SPAl and pBIl-G-P constructs
respective introduced into the A tunefaciens strain LBA 4404 by
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and the I|eaf discs and young internodes (-5 mm) were from4-5 week old
pl ants. The explants were subnerged in a fresh Agrobacterium suspension
(0. D. 600 = 0.4) for 30 25 mn and then ca-cultured at 25C for two days in
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Atotal of 15sSTAORBERdERbakENIg cl20 Fasrseanp) '3t dEtubl StldE Lo
generated, 60 fromAi sstay of 155 independent kanamycin resistant
10 tobacco plants were generated, 60 from tissues
harboring pBI-AI and 95 from tissues harboring pBI-
SPAI. Five untransformed plants and 5 plants
transformed with the pBI green fluorescent protein
(GFP) construct also were reggnerated to serve as
15 controls. PCR tests from 57 randomly selected
| kanamycin resistant plant lines indicated that 91.2%
were positive for the aiiA gene. For potato, a total
of 50 plants were generated, 36 from cells harboring
pBI-AI and 14 from cells harboring pBI-SPAI. Three
20 untransformed and 2 pBIfGFb transformed potato plants’
were produced to serve as controls. DNA gel blot
analysis of 10 tobacco lines and 11 potato lines showed
that the transgenic plants had 1-4 copies of the aiiA
gene. Neither obvious differences in growth and
25 development, nor significant phenotypic_bhanges were
observed in these plants compared to parental,

untransformed plants.
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potato tuber tissue with 1.0 ml protein extraction
buffer. The homogenates were sedimented at 10,000 x g
for 15 min at 4°C to remove debris. The supernatant
was then used for both protein and enzyme activity
assay. Protein concentration was determined by the
Bio~Rad™ protein assay method according to
manufacturer's instructions, using bovine serum albumin
as a standard. :

AiiA enzyme activity was assayed by adding
different amounts of the tota; protein extracts (5, 10
or 20 pl) to 10 pl of 40 pM OHHL in a total volume of
30 Bl and incﬁbating‘the mixture for 30 min at 2860.
The digested OHHL concentration was determined byﬁplate
assay, as previously described by Dong et al., 2000.
AiiA activity was defined as nmoles OHHL digested per
hour per pg of total protein (nmoles/h/pg protein).
| Most of the transgeniq'plants tested:inactivated'
OHHL} but no AiiA enzyme activity was detected in

untransformed plants or GFP control transgenic plants.

30

Different levels of AiiA activity were observed among
the transgenic plants, however there was no correlation
detected between enzyme activity and aiiA gene copy
number. Figure 2 shows AiiA enzyme activity from seven
tobacco and five potato cell lines. Enzyme activities

i on was



Bi 0- Radom protein assay nethod according to 15 manufacturer's instructions,
usi ng bovine serumalbumn as a standard. Aii A enzyne activity was assayed
by adding different anounts of the total protein extracts (5, 10 or 20
pl) to 10 PM OHHL in a total volune of 20 30 pl and incubating the
mi xt ure fow%g{/?#‘%s’at 28C. The di gested OHHL concentrati 8FTRELVEN % ni ned
by plate assay, as previously described by Dong et al., 2000. AiiA
activity was defined as nnoles OHHL di gegged per hour per pg of total
protein (nnoles/h/pg protein). 25 Mdst of the transgenic plants tested.

I nactivated OHHL, but no Ali A enzyne activity was detected in
untransforned plants or GFP control transgenic plants., D fferent |evels
of Aii A activityngedefotmeld e dddhgmoles/hy/ugspeetein arfhe Adckdever there.
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transformant cell lines.

10 Example 3. Expression Analysls of Transgenic
Plants.

Transcription expression of the aiiA gene in
transgenic tobacco and potato was determined by RNA
hybridization. Total RNA was extracted from tobacco

15 and potato leaves by the TRIZOL method (Gibco-BRL).
Total RNA (10 pg) was fractionated in 1.2 %
formaldehyde-agrose gels and transferred to Hybond -N*
(Amersham) nylon membranes. The aiiA coding region and
the .tobacco 18S rRNA fragment was radiolabelled with o-

20 p32-dCTP using the random prime labeling system
(Rediprime™ II, Amersham). The RNA samples were
hybridized initially with the aiiA probe and then with
the 18S rRNA probe to confirm equivalent RNA loading.
After hybridizatioh, the membranes were washed twice

25 for 30 min in 2 x SSC (17.53 g/L NaCl, 8.82 g/L sodium
citrate, pH 7.0) containing 0.1% SDS at 65°C and twice
for 30 mih in 0.2 x SSC containing 0.1% SDS at 65°C.
See Figure 3, which provides the RNA gel blot data.

All tested lines contained RNA transcripts, confirming



Plants. Transcription expression of the aiiA gene in transgenic tobacco
and potato was determ ned by RNA hybridization. Total RNA was extracted
fromtobacco 15 and potato | eaves by the TRIZOL nethod (G bco-BRL). Tota
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hybri di zation, the nenbranes were washed twice 25 for 30 min in 2 x SSC
(17.53 g/ L NaCtradséfiptiosoolf wrhe ciiZtteansigene)) @addakgpeg(Wril% SDS at

65C and twice for,30,mn in 0.2 x SSC.coptaining.Q. 1%SDS at 65C. See .
Fi gure 3, mhicﬂiﬁ?5§i%%§ | $8§%%ﬁﬂfa%?%§%5§% .aqﬁglkﬁ%Sted | i nes contai ned
RNA transcripts, cohiiZnprotdin Wa=0uiGfied BETEEEECtA081BiRdPng of
transcription t aj t sqe AN e ) ants did not contain
detect abl e ajigg?%§§Tié+§Pp#o éﬁ%q§%§¥%brf %@dcqusgﬁg%?Fvg % ndi ng of the
GST- Al i A Susi corgmsfermed rBm oeld cedilsadios gditBthiensf effbdi®y coli cells

t o gl utat hi one i ni ' gpd nt,.Le i the Aij A fromthe
bound fusion Jﬁ?%{%?né ?/ %&g‘ -spe(ﬁ%ﬁ':%ggg?{ tggéefhggﬁr ???%'d&%#f@%és ‘used
to rai se anti-fusiormrseeimbyn a sillie-specifiigoproteanal ysPeringikedised f or

detection of A fy JOs RILLE b 1L ildePN3980nG 1R QAL S serfifi ThIM ks, W
Immunoblot analysis was used for detection of AiiA

10 protein in transgenic plants. See Figure 4. "WT"
indicates wild type (untransformed) control. The
"AiiA" lane contains 10 ng purified AiiA protein.
Protein samples normalized for protein content were
separated by 12% SDS-PAGE and transferred onto PVDF

15 membranes (Bio-~Rad). The blots then were probed with
polyclonal rabbit anti-AiiA antibodies, followed by
alkaline'phosphatase—conjugated secondary antibodies.
Signals were quantified by scanning the blotted
membrane with an Imaging Densitometer (Bio-Rad).

20  Using purified AiiA in serial dilution as standards for
immunoblot analysis, the Alia protein content was
estimated to be from 2-7 ng/mg soluble protein in
tobacco leaves and 20-110 ng/mg soluble protein in
potato tubers. As expected, the SP-AiiA fusion

25 proteins from tobacco lines S95, S99 and S109 were
deteéted in both the water-soluble and microsomal
fractions (data not shown).

Example 4. Challenge to Disease by Bacterial
pathogen Erw. carotovora SCGl.
30 )
Transgenic tobacco and potato plants were assayed

for resistance to the pathogen Erw. carotovora.



i ndicates wild type (untransfornmed) control. The "AiiA" |ane contains 10
ng purified Ali A protein. Protein sanples normalized for protein content
were separated by 12% SDS- PAGE and transferred onto PVDF 15 menbr anes

( Bi 0o- Rad) s then were probed with polyclonal t|-A||A
antlbodlesVWFEV&%@%d by al kal i ne phosphat ase- conjugated ?gE%ﬁﬁﬁ

anti bodies. Signals were quantified by scanning the blotted nenbrane wth
an Imaging Densitoneter (Bio-Rad). 20 Useog purified AliAin serial ., |
dilution as standards for imrunoblot analysis, the AiiA protein content
was estimated to be from2-7 ng/ng soluble protein in tobacco | eaves and
20-110 ng/ng sol uble protein in potato tubers. As expected, the SP-Ai A
fusi on 25 protmmywmh%mqqm Igoes sggtahacmwlm% (Zfetafeted in .

both the waterg a RS Al g8, shgywn) . Exanple .
4. Chal | enge toﬁ% seaseﬁbq%%aag{é;?lfy;%f tgllté %g:% %rwg 1flfisr)rc:?%)r\llora SCGL. 30

Transgeni c t obbines fl ptatio planhss (\Z@r ofasbgyadiAf bineesand #h@f to the
pat hogen E1\i. 6ag 04oal s WAL 9IRS Z0CREY) SEELLORRIZ T 1y el i

transgenic lines o alitAlines and 18 of the
sp-aii A8 nes)lramhlaﬂ:ldn raasﬁayf p@ratoyesndght cpdtureto® BIW.A |ines and 6

overni ght " cul (0BT S, Mo ° BaRT SR REhLEa MOERGeREET Y- AT
r esuspended aamtiaa:qw‘csgﬂ tto diiffifenemt celll densities im phmspitadiee
buffer (pH 8.0). For assay of tobacco, leaves of
similar size excised from 5-8 week old tobacco plants
10 were wounded (punched slightly with a 20-pl pipette
tip) and placed on a plastic plate that contained one
layer of Whatman filter paper wetted with 2 ml of
sterile water. The leaves were inoculated by adding 3
pL of Erwinia SCGl at a concentration of 2 x 107, 2 x
15 10¢ or 2 x 10% colony forming units (c.f.u.) per ml on
the wounded surface of the leaves. For potato assay,
tubers were rinsed in tap water and surface-sterilized
with 70% ethanol. The tubers were cut evenly into 3-mm
slices. The potato slices were placed on the plastic
20  plates in the same way as the.tobacco leaves. The
slices were lightl& punched with a pipette tip and
inoculated with 5 pl of Erwinia SCGl suspension (2 x 107
c.f.u. per ml). The plastic plates containing the
inoculated plant tissues were incubated at 28°C for 20
25 hours (tobacco) or 48 hours (potato) before measurement
| of maceration areas. When chéllenged with an inoculum
correspondlng to 6000 g.f.u. (tobacco) or 100,000
c.f.u. (potato), control plants (untransformed and GFP’
transgenic) showed typical soft rot symptoms, whereas
30 89.5% of transgenic tobacco lines and 88.6% of
transgenic potato lines showed elimination or reduction

of tissue soft rot.



buffer (pH 8.0). For assay of tobacco, |eaves of simlar size excised from
5-8 week ol d tobacco plants 10 were wounded (punched slightly wwth a 20-p
pipette tip) and placed on a plastic plate that contained one |ayer of

What nan fi (3524853&@ wetted with 2 nl of sterile water. }?gﬁhgﬁ%gf&v\ere

I nocul at ed I'hg 3 pL of Erwinia SCGL at a concentra 10', 2
x 15 106 or 2 x 10 colony formng units (c.f.u.) per m on the wounded
surface of the |eaves. For potato assay, 21 ubers were rinsed in tap water
and surface-sterilized wth 70% ethanol. The tubers were cut evenly into
3-mm slices. The potato slices were placed on the plastic 20 plates in the
sane way as the tobacco | eaves. The slices were lightly punched with a
pipette tip and inBtghneedShi andsSB|shyw fthe @iveragelazesgenti on (2 x 10

c.f.u. per n t] i i ' I tissueé
wer e ingubateén%%gg%géégrbgoeé@Eﬁghrs I?% 5gg%khgrtggEEguggszgggg?%) bef ore
measur ement otobaeee aandnpatate . Pigrks chdhee ®hoWnaini Esgarand

correspondi ng %@Qﬁgs ;te‘é %L:%ﬁ{§bfﬁ&&)l£€3d1%tﬂoﬁ'rwc.- I:ah*fatg)g?%@: g% pcontrol

pl ants (untranstorne n ransgeni c) showed t&plca
synpt oms, 5 wher®ak0 3@ -89 ByRFr fHar C€0Y 0BBCE X | 1 e & -dndt - 8BSBEUMSS

transgeni ¢ pot g%&téwﬁ.s SHRQUeda €4 | b AR thdh O o £ edg%koeobgacéSSéyessoft
rot. WO 02/061099 21 PCT/ SQ1/ 00012 Figures 5A and 5B show the average
areas of maceffer drlatebnreplicatess artdsalt baredrepsasgehi thet obacco

and potato pl aﬂe&dﬂ@ ERESr SN | el WHity PBE! 2hBEuiftPbRNsSte
I nocul ated with Erw. carotovora at 2
was 6 x 10% c¢.f.u. in a volume of 3 pl for tobacco or 1

10 x 10% c.f.u. in a volume of 5 pl for potato. The
untransformed plants (WT) were used as controls.

Figure 6 shows tobacco leaves (A, B) and potato tuber
slices (C) following inoculation with Erw. carotovora
SCGl.

15 Bach leaf was inoculated in the same order with 3
SCG1l inocula of varied cell densities on 6 sites, which
are indicated by the visible maceration spots on the
control leaves. The inocula cell numbers on the two
top spots, the two spots on thé lower left side, and

20 ‘ the two-épots on the lower right side of each leaf were
60,000, 6,000, and 600 c.f.u. respectively. The
photograph of Figure 6A was taken 20 hours after
inoculation. Figure 6B is the same as A except the
photograph was taken 40 hours, after inoculation.

25 Figure 6C shows potato tuber slices inoculated with
SCG1 inocula of 4 cell densities. The inbculated
bacterial cell numbers for the rows (from top to
pottom) were 25,000, 50,000, 75,000, and 100,000 c.f.u. .
respectively. The photograph for Figure 6C was taken

30 48 hours after inoculation.



5x 106 c. f . u. per m (tobacco) or 2 x 10" c. f . u. per nm (potato).
The data were neans of 8 (for tobacco) or 6 (for potato) replicates.
Vertical bars represent the standard error. The cell density per
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aut oi nducer. Bacterial 177:5000-5008. von Bodman, S.B., Mjerczak, D.R,
and Coplin, D.L. (1998). A negative regul ator nedi ates quorum sensing 5
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2. A method of claim 1, wherein saild plant

pathogenic bacteria are Gram-negative bateria.

3. A method of claim 1 or 2, wherein said plant
pathogenic bacteria express virulence genes controlled by

acyl homoserine lactone quorum sensing signals.

4. A method of anyone of the preceding claims,
wherein said plant pathogenic bacteria are selected from the
group consisting of Erwinia carotovora pv. carotovora, Erw.
carotovora pVv. atroseptica,;: Erw. caroFovora .subsp.

5 betavasculorum, Erw. chrysanthemi, and Erw. stewartil pv.

stewartii.

5. A method of claims 2 and 4, wherein said plant
pathogenic Gram-negative bacteria are Erwinia carotovora pv.

carotovora.

6. A method of protect:l.ng plants from bacter:.al
pathogens, comprising transforming said plants with the aiiA

gene or a functional fragment or modification thereof.

7. A method of claim 6, wherein said bacterial

pathogens are Gram-negative bacteria.



Net herl ands, pp. Bl:1-19. Witeley, M, Parsek, MR, and G eenberg, E.P.
(2000). 15 Regul ation of quorum sensing by RpoS in Pseudonobnas aer ugi nhosa.
J Bacteriol 182:4356-60. WO 02/061099 PCT/ SG01/00012 27 5 CLAIMS: 1. A

met hod of hddd quorum sensi ng of plant pathogenic A in a

pl ant, corr‘glri;ag/lﬁﬁg&t ransformng said plant with the aili A%g’gfﬁfg“%/?"“ép
functional fragment or nodification thereof. 2. A nethod of claiml1,
wherein, said plant pathogenic bacteria are G amnegative bateria. 3. A
met hod of claim1 or 2, wherein said plant pathogenic bacteria express
virul ence genes controlled by acyl dgpnoserine | actone quorum sensi ng
signals. 4. A nethod of anyone of the preceding clains, wherein said plant
pat hogeni ¢ bacteria are selected fromthe group consisting of Erw nia

carotovora pv. gar ot 0\thod EbY. c1£84 0F OVifteRePY - sd WRARLhESt e o
carotovora subsp._  betavasculorum_Erw. chrysanthem , and Erw. st ewartii

pv. stewdtdgterizl pathaaess areceelerted Arem sthsymmospnceariptimant .

pat hogeni GG iR EAlaY¥BtEPSHL I HaRoELWIY,a M, OlA¥8ESvdYY. pvCar ot ovor a.
6. A nethod of protecting plants from bacterial pathogens, conprising

transf or mHFoFEPH fR-ant s wi t hE¥fre aii A JEAROLEYO%E f unct i orfP®Pragnent or
ol & cat | e RSEERIun!. AwIPldegsaitiddl Mafla Wl chBeaidibagierial

pat hogens are Gram negative bacteria. WO 02/061099 PCT/ SQ01/ 12
stewartii.
9. A method of claim 8, wherein said Gram-negative

bacterial pathogens are Erwinia carotovora.

10. A method of any one of claims 6 to 9, wherein
sald plant pathogenic bacteria express virulence genes
controlled by acyl homoserine lactone quorum sensing

signals.

11. A plant protected according to the method of any

one of claims 6 to 10.

: | . ; ,
12. A transgenic plant  which expresses AiiR protein

or a functional or modofication thereof.

13. A transgenic plant cell which expresses AiiA

protein or a functional fragment or modification thereof.

14. A method of genetically engineering plant

bacterial soft rot disease  resistance, comprising
. ]

transferring to a plant a gene which inactivates bacterial

quorum sensing signals.

15. A method of claim 14, wherein said inactivation

is enzymatic.



28 5 8. A nethod of claim?7, wherein said G amnegative bacterial

pat hogens are selected fromthe group consisting of Erwinia carotovora pv.
carotovora, Erw. carotovora pv. atroseptica, H M carotovora subsp.

bet avascul LHI“@MV chrysanthenm, and Erw. stewartii pv. _stewartii. 9.
met hod of 268 wherein said Gamnegative bacterial f)%lf/ﬁ%‘&é’ﬂ%”are

Erw nia carotovora. 10. A nethod of any one of clains 6 to 9, wherein said
pl ant pat hogeni c bacteria express virulence genes controlled by acyl
honoserine | actone quorum sensing signals. 11. A plant protected according
to the nethod of any one of clains §to 10. 12. A transgenic plant which
expresses Aii A protein or a functional or nodofication thereof. 13. A
transgenic plant cell which expresses AiiA protein or a functional
fragment or nodidcaiiginbheseadraibt14 onBidlodnateAENRERCELLY £NII neering
pl ant bacterial soft rot disease resistance, conprising “transferring to a
pl ant a geﬁél%l ch inactivates bacterial quorumsensing signals. 15. A

nmet hod of claim 14, wherein said inactivation is enzymatic. WO 02/ 061099
PCT/ SG01/ 00012 29 16. A nmethod of claim 14 or 15, wherein said gene is

aii A



