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REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not appli cable.
BACKGROUND OF THE I NVENTION 1. Field of the Invention 10 . The present
invention relates to gl obal regulators of bacterial pathogenic genes; and
their use to confer disease resistance. 2. Descriptioniof the Related Art A
bi bli ography follows at the end of the Detailed 15 Description of the .
I nvention. The:-listed references are all incorporated herein by reference. .
Cell-to-cell comunication via small signal nolecules i's not only of vital
importance to nulti-celled living organi snms such as aninals and 20 pl ants,
it also plays inportant rol estifpihgrfeget i@PpkTeEyOr di nati on anong famly
menbers of single-celled organisns |ike bacteria. Rapid progress over the
| ast few years h&-CHAdaRBEWHATARS QFe@WRWaéWTH%%’ST%H H%ct ones,

known as aut oi nduggy srarcrrs) Yok 2NN H1SrMsdelRkaansgied si gnal

nol ecul es in Gam negative bacteria.. Als were first found 1 n marine
bacteria Vibrio species in regulation of biolumnescence (Eberhard, et al.,
1981; Cao and 5 Meighen, 1989). In recent years, Al's have been identified
in a wide range of Gramnegative bacteria. It has been found that Als are

i nvol ved in the regufBPFBnREFEBENGHGeTOf RELBTBYI BBPLEIUACLIOBAS, ‘i ncl uding Ti
pl asm d conj ugal n hsinnAgrobacteri um 10 tumef aci ens (Zhang, et al .,
1993), induction gF@v?PEﬁéﬁggﬁgénes in Erwnia carotovora, Pseudononas
aeruginosa, Erwinia stewartii, Xenorhabdus nenmatophilus, Erw nia

chrysanghem , Pseudoqﬁgﬁﬁn&ﬁ{ Qﬁﬁﬁ{ t qngﬁgﬁrﬁﬁﬂﬁgstris (Jones, -
et al.,g15 1993p Passador, eqaa .,Eﬁggggg%% onéﬁj et al.; 93; Pearson, et
al ., 1994; Beck von Bodnan amEFERRGhAR T9O5LABMENEr , et al ., 1997; d ough,

et al., 1997; Costa.,an 1997; Dunphy, et al., 1997; Nasser, et al.,
1998), regulation&SF gﬁpﬁgﬁg Fgé production in 20 Pseudononas aur eof aci ens

and Erwi nia carotovora (Pierson, et al., 1994; Costa and Loper, 1997),
regul ati on of swarm ng nntg%{‘ Ekﬂgﬁ?r td I'qﬁﬂﬁ?¥a ns (Eberl, et al.,
1996), and biofilmfornmati #%? S déﬁgﬁ%gLﬁ scgﬁs and.P. aerugi nosa
1._ Field of the Invention :
10 The present invention relates to global regulators

of bacterial pathogenic genes, and their use to confer

-disease resistance.

2. Description of the Related Art
A bibliography follows at the end of the Detailed
\Qﬂ_'- 15 Description of the Inﬁention. The listed references
~are all incorporated herein by reference.

Cell-to-cell communication via small signal
molecules is not only of vital importance to
multi-celled living organisms sﬁch as animals and

| 20 plants, it also plays important roles in the functional

| co-ordination among family members of single-celled
'brgaﬂisms like bacteria. Rapid progress over the last
few years has clearly established that

N-acyl-homoserine lactones, known as autoinducers
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25 (Allison, et al., 1998; Davies, et al., 1998). Many nore bacteri al
.-Speci es are known to produce Al's but the biological functions rel ated have
" not 'been established yet (Bassler, et al., 1997; Dunenyo, et ZlJAN 18Ms;
"Cha, et al., 1998). 30 Different bacterial species could produce different
‘Al's. All Al derivatives share identical honoserine |actone noieties but can
differ in the(Asngt heendvidel steamieredfsidrely weldcwreaupsy The key -2 a

sari ~~~~ co 31 (.. Al - iated g reoMl atd . ar LHFI and
LuxR type pr O@%ﬁﬁ;ﬁéﬁ&hﬁ% ﬁ%ﬂ%ﬁ%ﬁbﬁf e"? no%%rﬁ{a‘i 5%03%( -tyrgen?apro ein
serves as an kmtios nohcerbsynt haseidhatn utedilzesiacydE ACPs and AdoMet 5
(S-adenosyl net hi oni ne) as substrates (Mre, et al 1996; Schaefer, et al.,
1996) . LuxR[TFtiﬂp%hB?Jorﬁ%‘?%er?%ep TSE o e %g‘t’ha]a%rle’cg%fdora %r Al's and a
Al - deperglent Md&B§ISEt] pIo®Ral rRgUteadait thairdi idss DNA¢ meedi at el y upstream
of the lux propoter (Mighen, 10 1994: Sitnikov, et al., .1995).. A

20- nucl eot i delql‘?ﬂ/%lrftje%gr eaatw}l‘g% HEF i ndi'ﬁr?_erbe%ﬁjﬁﬁé ikéa%te‘;rﬁ]e‘—i"ed 44

nucl eoti des upsti£amein theudd artset i td arstaitosid® of the | uni nescence
“operon. This sequence cal]ed |lux box_is, required for transcriptional
activation byri%kﬁtl%o%n(ﬂ%i% Ry h?h%lch’iﬁ(ﬁe]bi%ﬂ?%tgl%qst’e (Fuqua, et al.,
1994) . Si mi | afndBadrtnd res bexesn d ecdoingh Lpstd@afe ©f i rat Ad eaisd o £ &F £en

TraR-regul ated pronoters, and disruption of these el enments abolishes
transcritht i onBmaE: F¥AEF o2 BN I o (Fhigual 2hd) WIS 1Y962) . 20 LuxR-type

proteins appeafy{ foPee COLPOS et Of - 10; S0 £8c4LRD] o, GFpshber g, 1991,

Hanzel ka and G eenberg,” 1995). Their carboxyl term nal regions contain a

conserved shorerseguedee Bfwigians hewattdl, plererAeb@idbe-t ype

“hel i x-turn-hel | j regdict 25n1-9-ber i oy ol ved. i . hiading to target
pronot ers. A%%ﬁ%%h%le% én??gr}élg aa%t%}esat?on&ﬁa’s geeén %r oposed by which the

N-term nal dosalanate o R-2ypeXpnobenonast camegat r vel Jemnepr evendl an

interaction b enits C-termnal domgin and the target i hdi ng sites.

30 Thistinhib %%hn%%%s% OJerl‘%vae 'by@% 2%%%%%“%?' a%ga%im n%‘rélgél'r i gand.

A strong pi ecee®fs@n) denceli s 19ad; dedek i en dodien M@ rmanedndomai n of

LuxR results in constitutively active alleles of |ux whe s larger -3
£t DB nfF e

2 JAS 2~~4 del 887 ond2¥het - r8hode: pat? ot theiPredt hdF o domai n
abol i sh transghiptdeeal BetYvaphoph{Chet and, GeenpergssdO9lat towever,

ot her menbers m ght” use different nmechani snms. Recent genetic studies
i ndi cat e 1998), regulation of antibiotics production in
20 Pseudomonas aureofaciens and Erwinia carotovora
(Pierson, et al., 1994; Costa and Loper, 1997),
regulation of swarming motility in Serratia
liquifaciens (Eberl, et al., 1996), and biofilm
L formation in Pseudomonas fluorescens and FP. aeruginosa
) © 25 (Allison, et al., 1998; Davies, et al., 1998). Many
more bacterial species are known to produce AIs but the
biological functions related have not been established
yet (Bassler, et al., 1997; Dumenyo, et al., 1998; Cha,
et al., 19928).
30 ‘ Different bacterial species could produce
different Als. All AT derivatives share identical
homoserine lactone moieties but can differ in the

length and the structure of their acyl groups. The key

.,



5-that EsaR and ExpR are likely to be repressors of their target genes
. rather than activators. Expression of the genes that are repregrs}gqckh% EsaR
" and ExpR is increased by autoinducers (Beckvon Bodman and Farr %lb
"Throup, et al. 1995). It appears that binding of these 10 proteins to their
target sites in pronoter region causes repression, therefore autoinducer

| i gands may actémponemidsicen bd haneadi af¢d ngeye Ewdbniceon hay st dres aat®i nducer

binding site resides in_the 1 1 hal i he rotein has
15 been pr ese#‘ff%id ?Iﬁ%nle%}fgat%%%gén e$g, %%g lﬁu(?( %‘T’#ag%(gs&%%%t have
'rruht at _eFIdam' nm@@rﬂéﬁlmlLm:egi—ﬁypeqqr@ir@iﬂnisﬁteve%ee;/@lanlnfamthia‘sr}mcgaml that does
the wi type, indicating this. region. rec e r.Ligand interaction

(Sl ock, et alsyn%@%? @Fl%ﬁe#l%lfza?.?cﬁgg%;& Iilcg %opgeg%i on (aa 79-127) and
a regi ors W t h{ & dxen QNAL b it ougi ikonBa ) §@tes 1823 0)Mshow at ha gher degree of
conservation anpng L@(R?_gnd its hﬁrmlf% (ca 50s identit %] t han, ot her parts
of these pol y]p§%§1 e fiovevert Ther p %@sed LR YRT i QEN T Pt £F acti on 25
bet ween LuxR grshask®i peuserbhals Mofebesioproyedyetandnal ysis of
merodiploid E._coli strains contajning wld-type and nutant LuxR alleles

suggest ed t hatI TORREREFRE | BFRNSCT P bt T deta o that Rindgi ¥ r equi r ed

for nultimerizahd@Dat &6y d@Ss¥-&dxh No AMEIO ﬁ@k&af&ﬁé@é@s(@@i Hén and 161 ( Choi
and Greenberg, 1992). -4 2 ~A~d_~~~~t BRI EF SUMVARY COF THE I NVENTION In
one aspett, the%piesthrikeventfohlrel B123) t o AntfsH&IRICHRI ei ¢ aci d

mol ecul e encodi-Ngr e HarL oL 8l n AN 0L DUULEEnE DALLY Vi1 OD PEOLShflerg! N
anot her aspect, the present invention relates to a expression vector which

~conprises a nid|elelertHie®| eretecancolli Fie ot bareterinliemt of meuceite
~l.hactivation pfofgl ”1uﬁ{‘ﬂ?é§é€rllégi%§%(ﬁ&$.ss"f’r‘i‘ié’es%@ﬁerpéé’p@gf‘ & 1hxa

procaryotic or eucaryotic ce et anot her “aspect, the present
i nvention rellpesisorageei¢dofon pravseyorielonakburelorieion dngflouxiRd or

t ransf ed w t he i V. r.of .t e inventjo In yet
anot heref%spe\(,:\%r,tugltJr'fjse1 %]?&e(}gsjée}ﬁ?l %%n]?llﬁ:%% lr’lgt‘?lerll? t%if?somé%él?és/bl %{f e%l ptotein
whi ch has bacie®4pl siribdladuts+ion tnachoxat i are atdunvd typswhede dheaprotein

Che prosent | HUBHE I BoT6l S E8 FOoUrHET AR T ¥ Fior dHSY 1o o GORLE ro0) ot ance

20 in a pl anttlees@né ahentdi shohkihed €ompEesasStional activation by
TraR (Fuqua and Winans, 1996a).

20 LuxR-type proteins appear to be composed of two
modules (Choi and Greenberg, 1991; Hanzelka and
Greenberg, 1995). Their carboxyl terminal regions
contain a conserved short sequence of 19%9-aminoc acid,
putative probe-type helix-turn-helix motif, predicted

25 to be involved in binding to target promoters. A

7 general mechanism of activation has been proposed by
| which the N-terminal domain of LuxR-type protein acts
negatively to prevent an interaction between its
C-terminal domain and the target DNA binding sites.
30 This inhibition can be relieved by the action of an
| autcinducer ligand. A strong piece of evidence is that
deletion of the N-terminal domain of LuxR results in

constitutively active alleles of IuxR, whereas larger
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introducing into a cell of such plant or animal a nucleic acid sequence

2 which encodes a bacterial autoinducer inactivation protein in a nwﬂm
which-allows said cell to express said nucleic acid sequence. % yet
~anot her aspect, the present invention relates to a nethod of preventing or

reducing bacterial damage to a plant or animal, which nmethod conprises
admi ni-st eri ngdebeaipranthat wemees Parheel Hie s@lﬁfiw@ferﬂ?fﬂ%r@@?@%uctl on

an effective gupuy Q%OflléQ PACH 8X 1 Abr AUO @é@ﬁaﬁm&tw@éi omprotein. In
yet anot her aspect, the present I nvention relates to a COITpOSI tion for '

r educi ng bact(fereemberegrag 9% a plarever, apiral nephers dobprt sese 5 2
J~~J 2~~~r a)%?f'fe%&?&t aPYRt | ofpa-Bact eridl AU OLDAUC el v Nagtd vat i on
protein; and a suitable carrier. BRIEF SCRIPTICN OF THE DRAW NGS 5

Figure 15 shomisha‘fheEerea@@uE%@R oAral bikebet e des olnelibx,‘/e%%‘ws exk ridee5rfrom
Baci | l'us sp. (gé IIQ - r&Bhdr SLERCLSE { a0 pé‘&ﬂiﬂg@%f o UbE efné PH 7. 0)
e sa

cont ai ni ng 10 protein were added to t cont ai ni ng
OHHL in a fi r@ene@ntleantrexeommeeeeemyw&mm@a*@xm%mmsn@mmed ina

1.5 m Eppen @&ggiﬁa&w&tv@scwoﬁcﬁé%ggw Pa osgjhé@ﬂm iters and

i ncubat ed at ane concentration I n t ate buffer was
" used as contr%hro&pnpéésaﬂerb99&ken at dfeednsipher Vialnding &0 phesand the

reactlgf%m?ﬁ ég% gﬁgeg%byhg0|l %ég{ f g%ninﬁgglﬁgggi 5§ centrifuged

for 5 Centri eed an en assayed for
Als activity @euﬂescrepeds$2hmngthéﬂéﬂoreEﬁmmbnmdmm@rlhdgaadesmaye presence
of Al that actlvates the lacZ report gene 20 and white colony indicates
absence of A% CRobR ??%ﬁ??a?}n?b ?I%ﬁ%l YOHHL control without protein
“extract; 2 - 7, sam@i@eneétEhaﬂOthéOausﬁlnd@ceBObiﬁﬂlm@nsemeyn@si@agtion

Fi gure 2 shows t e estimatjon of l,ecul ar S Al s, ihactivation
enzyme. A 600-%IM3fi qBibtCo eE%%?agg??%%%% %ggggﬁgéﬁggopf%% SE2nP?F con 30
-(Am coms and Mesn Cepésehuged Hénﬂesmeﬂn@fGﬁ@@@be(r@, f 099 30. nnxat 4C.
Passing fractio

550 nlcrollters an assin ction (50 mcroliters)
were topped u%l%%ﬁﬁ?aE%?E have o™y ?FﬁgIHW% 5@ %@g hretoti T8 by addi ng
0.2 M phosphat eghelff eevéDPHT . @hlsF@iglbapasmy,d@leéfemenmw tygeJ~P~ 2~~4

indicating this region required for ligand interaction
(Slock, et al., 1990; Shadel, et al., 1980). This

20 region (aa 79-127} and a region within the DNA-binding
domain (aa 180-230) show a higher degree of '
conservation among LuxR and its homoleogs (ca 50%
identity) than other parts of these polypeptides.
However, the proposed protein-ligand interaction

25 between LuxR and autoinducer has not been proved yet.
Analysis of merodiploid E. coli strains containing
wild-type and mutant LuxR alleles suggested that LuxR
functions as a homomultimer and that a region required
for multimerization resides within amino acid residues

30 116 and 161 (Choi and Greenberg, 1992).




anounts of protein sanples were added to the tubes containing OHHL in a

1 final concentration of 20 ,uM Fromrow 1 to 6, protein sanples qﬂgﬁgﬁwp
2, 4, 6, 8, 10 and O ,ul and the final reaction volune was 20 5 croliters
"for each reaction. Plate A: Passing fraction, Plate B: un-passing fraction.
Figure 3 shows the cloning and deletion analysis of Bacillus SP. strain
240B1 Al inactivation regiBRILEFCEGINMMARY drfe THE- RBVEOTTaONNS t he 4. 3-kb EcoR

fragnent 10 identified by restriction analysi.s of averl appin osm_d

cl ones. For del et i%h Gl GHE 1 &élesé’rfbesf tgr?’éhvte%orblroeﬂ@d:%gsntqtoo ¢oni ng

- vector pCEM A1t dDmganeratd ord afolcdarie Bhchdihe deleticnslubel ones
wer e produced q¥,re trictjion enéyme di e%%yon and Dnase | 15 treatnent from

the clone E7-2% Oﬂﬂ§q9ﬁ£ﬂ¥QﬁFEﬁy WFiFe D8 Ptac promoters in the cosnid

and in the pCEM 7Z{ Bnsdione adwedinditat eshdnerar riowentAlor nacidteat | on

activity of the clones is, shown in tqgh econd colum: +, with Al,

i nacti vat i on &et3 VHRESSS1Y VRGHYUINCT VRS o S4FVALS . 2Rt ricti on

enzynes: E, EgoRlguld didslidg &badieoR\E1 SutStnducetheldaeatvon @nd

direction of transcription of the aii A ORF is indicated by an open arrow.

Figure 4A ShVES T nUBIFEH e R qRIENER DO HEP D% ORI SEY 1D NO: 1 .

The potenti alpf(; i@i@i%w%@m_ -10 pronoter elenent are
underl i ned and doubl e underlined respectively. The coding portion starts at

base 1.10The put atile YeletQihrie MR, t 5 RERITH siTE G s P abel ed by a 30

thick underline ,Figuie 4B.shovss the, pedigied awideasjeksequence of the
aii A gene product [SEQ ID NO: 2]. ~ JAN Z~~4 A short peptide sequence
sinmilar to tHer ed pp bt e ERET R Witle o SPRRIRS $th fVEStnder | i ned.
“Figure 5 showsethe, %ésé@% chhefh@mmpno aci ds sequence of aii A gene product
(AiiA) to the concensus 5 aspartyl proteases active site notif (Asp).
Symbol : X, any anito ¥oF BNACRRF tagREChi nehe WS Perereiotmt ch.

15 relates to an isolated protein which has bacterial

autoinduction inactivation'activity, where the protein
comprises the amino acid sequence of SEQ ID NO: 2.
In yet another aspect, the present invention
relates to a method for increasing disease resistance
20 in a plant or animal, which method comprises
introducing into a cell of such plant or animal a
nucleic acid sequence which encodes a bacterial
autoinducer inactivation protein in a manner which
allows said cell to express said nucleic acid segquence.
25 In yet another aspect, the present invention
relates to a method of preventing or reducing bacterial
damage to a plant or animal, which method comprises
administering to a plant or animal in need of such
prevention or reduction an effective amount of a
30 bacterial autoinducer inactivation protein.
In yet another aspect, the present invention
relates to a composition for reducing bacterial damage

to a plant or animal, which comprises:




Fi-gure 6 shows the bioassay for Als inactivation activities in Bacillus sp.

;7 strain 240B1, E.coli clones 1o and Als production activity in Erwinia

" cardtovora strains. Row |, OHHL control; row 2, Bacillus sp. strdi AB AL ~
row 3, E. coli DHSa; row 4, E. coli DHSa (pE7- R3); row 5, E. coli DHSa

(pF41); row 6, Erw. carotovora SCGL(pE7R3); row 7, Erw. carotovora 15

SCGE ( pLAFR3); rOWaB) Erw. e Tita of Dxorand@SCE . of re tihectis nasls syt dluawrs added

to a final concentration of 20 uMto the sanples fromlines | to 5. No

exogenous Al st e Gty 1 THe Sanbtes fromrows 6 to 8. Figure 7 shows
the effect of aii/f)gene exprasks am2flidem. Erw. carotovora on pat hogenicity
in (A, potato; (B), eggplant; (C, Chinese cabbage; (D), carrot; and (E),
celery. Top: plant tissues were inoculated with Erw. carotovora SCGL.
Bottom plant tissues were inoculated with Erw. carotovora SCA (pE7-R3).

The 25 actively grow ng ba ra_wer ntrif d_f mn at 3000 x g,

resuspended with YEB |iq§F§%ﬁeBE§\Fﬂr§F§T§§E 8= %%E3D?\§W;N§69 cfu/m) which

was designed.as 10riqeesl unshde s i ol conves off | AL edi ds @ndedOi i mes

respectively to pr gare 10-1/2_and 10-1 dilutions. The ﬂ&g{ tISe'iUfS 30
J......

were i nocul atR¥ B bR R &E 9 THOW PRkl DS bRt ef F 2R 1Y ¢
inocul um to therf5esdl yn Cul2 MrflRESHIEL & MRERSH NGHIsi 1 80 punshiedi byn@ pi pette

tip. The inoculumconcentration fromthe |eft to the right ﬁflate 10

10-12; and 1080 9het @it UPBRERL I BRFe t3 TRt ReTRE pIALPYHEF astic 5

plates and incubal edhi b 36, Thes PhOL LD P dvas4 eken d8 Hp aliter The
i nocul ation. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present |nvention is

based okl t he kRaehbil yWahatorHEecBED 1D NOL 25 prbtiRReRRTt Heet FeEEgof
~reducing 10 ofyed i {1 NAtf NGa 1 heo BGhd Vb £ Y2 08 rﬁ’?&i@Ii%r@Uér?& ngye@sstdd ) -

Consequently, the protein, and any nucleic acid that encodes the protein,
may be used i¥t 2% dFi etSARE MRt GHs Gherfe GHEY siriddis edpasPliadduce or

elimnate the,effeft,0f Sych Dactehifo1 15 éé}n@r@s prefers ggb@spect, the
present invention provides a nucleic acid nolecule which is selected from

t he group cons?siimginteredlathbkl @f cnbei andakiiagredret seyuense of SEQ I D
NO 1, 205b) asnyelel Jsf%cglﬁﬂg&df@ﬂ § hgs @ n@n@%&ﬁf@&% of SEQ ID NO: 2;

and c) a nucI el ¢ acl hat ridizes to a) or b) above, wherein a positive
hybri di zat i om@m@nafug@dof)@e@erdl@f-’e@ravh@mﬁfmgtwt@qtm@&}: ard Bhdo SDS at

25 SSC 101 ool WtecdNenglich £ Caach eoRto PRI L Vadur g ey gomprises a si gnal

peptide coding on of any Sequenc e nucleic acid sequence may be
used to conf edepacileed alZhasg st BH22) i n Pladtecobenanimil cates nedei ¢ 30 acid

that encodes Srgggﬁgéigk ﬁftQEQQUQE%iégégéieﬁ%ifﬁhz reporter gene,

20 and white colony indicates absence of AI. Rows from
left to right: 1, OHHL control without protein extract:
2 - 7, samples after 10, 20, 30, 40, 50, %0 min enzyme

‘reaction.

Figure 2 shows the estimation of meolecular mass of
25 AIs inactivation enzyme. A 600 pl aliquot of cell
extracts was addedlto the Centricon 30 {(Amicon) and was
centrifuged at a speed of 5000 x g for 30 min at 4°C.
Passing fraction (550 microliters) and un-passing
fracticon (50 microliters) were topped up separately to
30 a final volume of 600 microliters by adding 0.2 M
| phosphate buffer (pH 7.0). For biocassay, different

-6-



protein can be introduced into a cell such that the g 2 ~l~~ Z~-Q4
; inactivation protein. is expressed by the plant or animal. The nucleic acid
sequence nay be used to confer resistance to diseases where the @xpAlsgilhn
of 5 pathogenic genes are regul ated by autoi nducers, such as the di seases
caused by Pseudononas aerugi nosa, Erwinia stewartii, Xenorhabdus

nenat ophi | us,ankErum tre a0 T hrysath esanp Rse vt el esb | tam dder umbend

Xant honmonas ¢ estris ( r i al. ;. Rirho o et ., 10 1993;
Pear son, et acfao., aljgg]f;?g églcﬁE \a/j_%gr)l aBOFrPaa?ll ant a?crraar?ddf&lgg‘;;zﬁdrlg%r, et al.,
1997; d ough,Fmim atowy 1997;6 Costataind daoperss HB8kd Duphys, &, &b, ,8,1997;
Nasser, et al., 1998). Prefe ly,-in the agricultur tting, the
sequence nay ]boe acfé‘ioa t’oujlt’:oan Cér bné%f ot 15 |lsoenas‘Feoulr1§11§e| zvfaasnc%tgi n

suscept il e phiotsliisecd fsr podci apeaggipdrant ,PIGhiendse Raddbiage, carrot and

celery. The sgquence be introduced into.plant or aninmal cells by

wel | - known rrefr%)‘afsl.orf\/bn?%]o € for The?1Tamst o?ﬁ%cf'lo%nbr transfection of
eukaryotic cells with 20 exogenous nucl ei ¢ acid sequences i ncl ude
transfection, projectile bonbardnent, electroporati.on or infection by

Agr obact eri um t umef ¥4 Ehs> Srlgtﬁ%"é%mﬁ%? HodS Hte ﬁ?ie‘%ﬁjsere}“f%ﬁ”?%]ryﬁjos t he
person skil | e igyd el @k egpe of s1Pd B W ATB DI 0t 0ya @ty i Dbrechapl @4gy and need
not be explained 25 here in detail. As pathogenic bacteria cells are

confined to tFRSTHE eFt@r¢ b ArRAr e 1 ate 11 sSUds, BFRRE ST ier@EMe bl e to

target {de AljdepFoteid bt fedhei dPLEK Cobd Ly & s SPRCeSer SUSHi i@y be
acconpl i shed by fusing a secretion signal peptide to the AiiA protein 30
(Sato, et al.coambd.chopek, ofonldelabmn TymbeRl andIkf sARS, 1998;

-Borisjuk, et flagmd99%as é’iéx@é@%ﬁﬁ’@'dﬂo@irﬂﬁ%cf@ﬂ%ﬁ@fb@—ﬁif achnest noti f
can be incorporated into the peptide sequence of AiiA for_ anchoring the -10
2 JAS! 2004 ARZceRzioR ¢h thHenNUE &7 surfiR elotehioamtsEtionehdrane. The

present invention, PEoVvhHese s PEW: 54K aleByind 01 Q0L NSeTiNg Kesistance to
di seases. In particular, 5 this strat e]g% _{,arge s N-acyl honoserine | actone
a

aut oi ndifeer s Ehedtneiuckr e pkles st bpnof hogklf cleriesonfar@ny bacteri al
pathogens at g thresho! g CONLENF GhdODrs TH Stisd r AL &YA | Sn@Pphicgbl e to all
pl ant, animal or mammal di seases where the expression

PGEM-7Zf (+} clone are indicated by arrows. Al

inactivation activity of the clones is shown in the

second column: +, with AI inactivation activity; -,

20 without Al inactivation activity. Restriction enzymes:
E, EcoRI; H, HindIII; Ev, EcoRV; St, StyI. The 7
location and direction of transcription of the aiiA ORF

is indicated by an open arrow.

Figure 4A shows the nucleotide seguence of the
25 ‘ailiA gene [SEQ ID NO:1]. The potential ribosome
' binding sequence and -10 promoter element are
underlined and double underlined respectively. The
coding portion starts at base 1. The putative
factor-independent termination site is labeled by a
30 thick underline. Figure 4B shows the predicted amino

acid sequence of the aiiA gene product [SEQ ID NO:2].
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10 of pathogenic genes of the bacterial pathogens is inducible by N acyl
honpserine | act one autoi nducers. The present invention also contenpl ates
usage of a bacterial autoinducer inactivation protein directly 2t danr or
prevent bacterial danage. For exanple, the 15 protein may be applied
directly to plants in need of such treatnent or prevention. In a preferred
enbodi nent, theslpriot ghert sdapptdeehds 3irel far tofthe cospositi on which
conprises an e ive t t | N, ahd- a sul : rier. The
conposition r%%/gtg%‘%%%vae% efgl%rlé%%&g%&%g?rrs, ?lnécll{%%flsrg utions,
powder s, emnul sions, dispersions, pastes, aerosols, etc. The bacteri al

aut oi nducer .i nactiyvation prgtei ed:-t terial
infections in ani H%Jr SEF n@l%d?%‘g %%aﬁé§@|rﬁ§%%gt§%p%ﬁ%§ﬁ%%%an ef fective
25 anmount of $dguecte vef i agfpdiend psoduat nisidkedtd otlam @maomhsusmn need of
such treatnent. For therapeutic treatnment, the active ingredi.eni. nay be
formul at2d i P2 ph r%@gﬁ?‘f’%ﬁl Q%E)Jr%%s?ﬁ%nr?c%fchﬁl%%b i nSEYT&%%i,- ir%’
addition to amngfdethd vecbdpunt BOrofcihel hwod i vedicwtesipatfect
pharmaceutically acceptable carriers, diluents, buffers, preservatives,
surface acti\fﬁa%ﬁ%nts, and the |ike. Conpositions may al so include one or
nore ot her active ingredients if necessary or desirable. -11 2 JA-3 ~~~4
The pharnaceuti cal _conpositions of the, present_invention nmay be.

admini stered in a htPPE? ©f SHAYS %]%e\r/\]ﬂ a%%a%p‘f)%lfe%fstbn%ﬁﬁy‘é?tjo‘?lai nary
skill in the artivAJULEI ShrBLEONIABYsPE doRgihopicel ) YE. @68l | ¥lohys5

i nhal ation, or parenterally, for exanple. Topical fornulations may include
~oi nt mert8, | oGRS cPEARBCTHRT sACHFGpSY ShppbétEofi €3T05PYEYS, |iquids and
‘powders. Oralgfprmilati gps iNCOHGE PONEEES; BERNY] €BacsyspPENghONS or
solution in water or 10 non-aqueous nedi a, capsules or tablets, for

exanpl e. Thi ckeneig; 240BYorrags3, dft ueat 3, Ddpif sTev et s, Edi €péE sPhgai ds or
bi nders may b ed-as ded. .Pa . e f ti ymi-npcl ude sterile
aqueous sol ut ?%%2 g%?’chp(?r‘gygél £ %gﬁ%a]?%g%u%g?isﬁ 1 %i Ueﬁ%ds?' and ot her

sui t abl e addi tavesovdihe €06 (pBYRAEN WVl 7 depemd caratnunber of factors

whi ch readily . b rmned, such as_sevyerit responsji veness of the
condi'ting% to :geéé¥r(%§%ggg§920r%p%ttgrgf Fﬁgol\éﬂ‘\%ﬁ i%&\hﬁ I Iﬂrllo}\c?vh%e _
illustrated whibaseher eOBBLt wathedfiell| bwi agt hoal |l conteéngrexaopl es. 2EXAMPLE
1 Bacterial isglate §4OBI wils i§ol atfd'frog goié su&gensi on basezg on its
function for Fhatti VAEi BABFS25 R 31 %D hexaRoy! - L RordRErTRES | 4tf one
(OHHL) and N-gere) aodeactanoyt- tamiphoserioe rawsoGetéCOHL) and

N- (err)-oxodecanoyl - L- honoseri ne l.actone (ODHL) (Zhang, et al., 1993).

Unl ess otherwi se stated, OHHL was used for routine bioassay. Erw nia
carotovora strain BCGlr#as shows the effect of aiiA gene expression

20 in Erw. carotovora on pathogenicity in (A), potato;
(B), eggplant; (C), Chinese cabbage; (D), carrot; and
(E), celery. Top: plant tissues were inoculated with
Erw. carotovora SCGl. Bottom: plant tissues were
inoculated with Erw. carctovora SCGl (pE7-R3). The

25 actively growing bacteria were centrifuged for 1 min at
3000 x g, resuspended with YEB liquid medium to OD600 =
1.3 (2 x 10° c¢fu/ml) which was designed as 10° inoculum.
The 10° inoculum was diluted 5 and 10 times respectively
to prepare 1072 and 107 dilutions. The Plant tissues

30 were inoculated by adding a 4-pl volume of bacteria
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30 isolated from Chi nese cabbage | eaf showi ng soft rot synptons. It has
been confirnmed that strain SCGL produces Als and elicits soft rot disease

" inpotato and -12 Z JAS! ~~~4 Chinese cabbage. Escherichia coidl JANr 2l

" DHSa was used as a host for DNA cl oning and subcl oni ng. Agrobacterium

tumefaciens strain NIl (traR, tra::lacZ799) was used as an indicator in

bi oassay for indduBaglind thhd Pipeshietcdd .sudR83d) .of. a aodundinai 91 vas

cultured in Luri -Bcfrtani (J_Bg medi um at__ 37C and ot her strains were
Wed &Y A grme

cultured in Y © YER medh it {PEU T OO Hi Hst Ot asei n
hydrol ysate 1f-4m tieasteBxttacthd igiNaGidfe g,16cnose? 5 ghd Mys04~7H20 0.5
10 g, agar 15 g, pH7.2) at 28 C. The mininmal salts dium w th manni t ol
and (NH4) 250478 e Hobr R Pt logets SRt c"é%r‘?lvégl’i‘& HrPHYasSay of OHHL

(Petit and Teympe:ed &) - iAPHHREd ad€ 2aMd bi ofHe prvicRyRgdedias ddkkcat ed at
the follow ng concentrations:_ 15 anpicillin, 100 ug/m; tetracycline, 20
ug/m and karfBnftidttsd iRPFHLaBiYassay of Als activity The qualitative and
guantitative bioassay nmethods for determ nation of Als activity has been
descri bed 20 previously (Zhang, 1993). For determ nation of the Als
production ability of wild-type and genetically nodified Erw nia strains,

t he same bi oassay procedurerwdspesedrexeent orhayrnon@eidcrvas added into the
bacterial culture. 25 Cl oning and sequencing of the Aii A gene Genoni c DNA

from 240B1 was di gB&E eRrpaeet al 1 yeik 190 ELDRPaSTRALOT rElireht SCNER Y | i gated to

the dephosphoyryl atege EeaRl 151 §i68: 2TprOsE A NESTOhe RAAFRS: (S askawk £y et
al ., 1987). Ligated DNA was packaged 30 with G gapack |11 XL Packagi ng
Ext r act1q St r st agehi)inabing aklke eeeedvihy oo £ P2t ¢ r BHs-avitpEmEeCeTdnes with

(OHHL -13° 2 dagay Z~€§né@@9éwf§/! O &CH YL E Yn WeLLa | deptifiled OYasising the
bi oassay met hod descri bed above.” Subcl oni n?#?ﬁli nt o sequenci ng vect or
pGEM 7Zf (+) viekatagrfededuthdyrroteine naghpe quesd (Banbrodkiceey af ., 1989).

Del etion 5 an%%@%&% GREEL e oUt By 1ISLAG DnAs@lcdel Pogh Ag: geser i bed by

Lin, et al. ( sequenci ng was perfornmed on both strands using the
ABl PRI SMITM dRhodlaheoe TEraielatactyeli@. Sequenci ng Ready Reaction Kit (PE

Applie i osyst ens | ej pdss e fdeduc mno acid
' sequengleg wer e ana%?z%gﬁ%%fggﬂs%% s%}g%gﬁ%cgs%ﬁgl ysiI s gg??ware
package (DNASTAR1ides)aandcdatabaskdseatehese viehechet # orebecusiingreme
BLASTA sear chtﬁé 98£b158”?;&1‘?‘££§€@1‘1'«5’ o8t al., 1990).

a) a nucleic acid having the sequence of SEQ ID
NO:1;
20 b} a nucleic acid encoding the amino acid
seguence of SEQ ID NO:2; and
c¢) a nucleic acid that hybridizes to a) or b)
above, wherein a positive hybridization signal is
observed after washing with 1 X SSC and 0.1% 35SDS at
25 55°C for one hour. The nucleic acid optionally further
comprises a signal peptide coding region of any
sequence.
The nuclelc acid sequence may be used to confer
bacterial resistance in plants or animals. A nucleic
30 acid that encodes a bacterial autoinducer inactivation

protein can be introduced into a cell such that the
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15 Genetic nodification of Erwinia strain SCA The E7-R3 plasm d, carrying

the aii A gene in the cosmd vector pLAFR3, was transferred into Erw nia
stain SCGL by triparental mating with the hel per strain RK2013 (Ditiha, 208k
“al., 1980). Transconjugants were 20 selected on the plates containing
mnimal mediumwith tetracycline and confirmed by PCR with priners specific
to the aii A getectMrdtd@ngerdtesis Theexhred s o it ek dnpesdr w.
carolovora strajn 25 SCG 1 and the aii A gene transformant SCGL(E7- R3) was
‘eval uated by % ation. Four ul of early stationary phase bacteri al

suspensi on (cont aiThdihudl £id 0@l dddihen®d wHy Wedihactes i @ovesr added to
the cut surfaces, or woundi ng, sites of plant tissues. The inocul ated pl ant

30 tissues wereSIHcAER e i FESCFRET | VR EH Hi® BPLASSI0D AU~ ~~~4

overni ghf . Thessevesniy SEnsOfdrd ofeyvaba ex@m ped s hawsraf taich neggibat i on.
Results Screening of bacteria that inactivate Als 5 Bacterial isolates from
pl ant and soiThebiassRered 39 emedPs VIRt d T I ReReFaat TR B2 Als. A

bacterial isolate, 240B1, xuhi £ha SHEWESe R S5 ON0LADI Eidynip elinminate Als
activity, was selected for further study. The total protein extracts from

i sol at e 240Blchtyeiiphemni edPa¢deneias t obamplerety il i iy ohenpious
i bat i Fi d i t t.ei tract
i ncubation (FLg, é%t.g%%‘i g%%%%@@??'é%’ o1 | hﬁsﬁjp B Eh & @ff: alo

i nactivate Al'S S a reat nent” wth protei nase or d hour or
boi li ngLd or 51993 Héwessombsetvali onk®?hdiBatle ermzybedman jaratti vati on of 15

ALS by bacterizl 436l ol o 240BLp e Look e vew | xpngu ooy, gharacter | zec

rod-shaped, cpd@l aseoposisndelLopacul 1297 yvedynpnaerobiel. andodB; r RNA

i;gequence honﬁ&gggeé? épa£19f fégg{.Bagéé é%%bly, in the agricultural
setting, the sequence may be used to confer soft rot

15 disease resistance in susceptible plants, such as
potato, eggplant, Chinese cabbage, carrot and celery.

The sequence may be introduced into plant or

animal cells by well-known methods. Methods for the
transformation or transfection of eukaryotic cells with

20 exogenous nucleic acid sequences include transfection,
projectile bombardment, electroporation or infection by
Agrobacterium tumefaciens. These methods are likewise
familiar to the person skilled in the area of mclecular

oy biology and bilotechnology and need not be explained

25 . here in detail. As pathogenic bacteria cells are
confined te¢ the intercellular area of plant tissues, it
is desirable to target the AiiA protein into the
intercellular spaces. Such may be accomplished by
fusing a secretion signal peptide to the AiiA protein

30 (Sato, et al., 1995; Firek, et al., 1993; Conrad and
Fiedler, 1998; Borisjuk, et al., 1999). Alternatively,
a plant membrane attachment motif can be incorporated

into the peptide sequence of AiiA for anchoring the
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20 bacteria (data not shown). The nol ecul ar mass of the enzyne for Als
inactivation appears to be larger than 30 kDa. Its activity was lost after
_passing the protein extract through Centricon 30 (Am con) but thg H iy
was 25 recovered in the re-suspended fraction that failed to pass the
Centricon 30 (Fig. 2). doning and |l ocalization of Als inactivation region
To identify theigemezeneoth nghél sutemacsurvddcoOmt prasiricellbrary was
constructed w tr{}%@% he genom ¢ DNA of 30 Listera sp. strain 240Bl1L. Twel ve
hundred cl ond8 ket E*Streened for Al's inactivation activity. Three clones
-15 2 JAN 2~i 4 shovwphngséhs imeeht vat i prgotimed i omaner et xsleegy fiefl.
Restriction anal ysis showed that the 3 ¢|ones shared one common band of
4.3-kb gener at¢d By ECOR refRsiton. t (gl%‘?%%es%ay (P T HECRLATS one E7-7
contai nimg thisid 4tBakbgFcoitgdtagmentyTondns e idaladthbse f ragment
encodes Als inacti vat| on function “g,gi g. 3). To i degti f%/lht he m ni num si ze
and the | ocat?erObrIEFRr Al Ehdhatd ?iW%%%l?%i? )PAGRITTRHF HFTRI eti on
cl ones was geﬁﬁr@éﬁﬁ byceeredi opafrogebot i endshedsiidie 4.3-kb 10 fragnent
wi th the DNasel (Lin, et al., 1985). The results indi cated that the
aii A gene is %@h‘f%ﬁl%ﬁt’r?Pa 1T1?1$<b5?¥%1ﬁ%§ﬁtl?’ PRPbheEha ¥Eiglls). AiA
gene encodessﬁ 1 20V el 2 R1R4 Bl Hr ThEmria 2- &bs EhNe & nﬁz@éfelﬁhelemrgﬁélms
conpletely 1 sequenced fromboth strands. The nucl eoti de sequence of aii A
~and t hel®r edi of o BhvFRNhe i deReyuehceRarRr SHRWA T PEFRPIS The conpl et e
sequence of theqNA,18SKEY tNCoRY Al ISmds 2R 2ndase-Pehd Sadbdiddgserare 4
potential in-frane open reading frames (ORF) starting from 20 nuc|eotide
position of |, 42, ThEEPEAYCDDEIRESPRLET vl 5P (FPRTemyLatRt cfF8%° afthl §si s
“i-hdi cated t ha}ga@f‘eﬁ‘lét‘eau989ﬁ§uc@|:11@£‘§9ﬂ@§tfd)§ hPeetiyagi pacf upctéon,
because the clone R34, in which the 48 b pronot'er region and nucl eoti des
from1l to 13 tﬁe@heoromaegenu%m%@élal amage. For example, the

15 protein may be applied directly to plants in need of

such treatment or prevention. In a preferred
embodiment, the protein is applied in the form of a
composition which comprises an effective amount of the
protein and a suitable carrier. The composition may
20 - have a wide variety of forms, including solutions,
powders, emulsions, dispersions, pastes, aerosols, etc.

The bacterial autoinducer inactivation protein may
also be used to treat bacterizl infections in animals,
including humans. In that application, an effective

25 amount of the active ingredient is administered to an
animal in need of such treatment.

For therapeutic treatment, the active ingredient
may be formulated into a pharmaceutical composition,
which may include, in addition to an effective amount

30 of the active ingredient, pharmaceutically acceptable
carriers,'diluents, buffers, preservatives, surface
active agents, and the like. Compositions may also
include one or more other active ingredients if

necessary or desirable.
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25 deleted, lost Al inactivation function conpletely, although the

remai ning DNA insert was placed under the control of a functional Ptac
pronoter (Fig. 3). This is confirmed by fusing the |ongest ORF t2o Jhe Z084
"glutathione S-transferase gene in the same ORF and 30 testing for Al
i'nactivation activity of the purified fusion protein (data not shown). This
ORF contai ns 750 bphausheatacenadich neaness o pood edh e ASaemno aci ds,
-16 2 ~~ 24 with a predicted o] ecul ar mass of 28,6036 daltons and an

i soel ectric pﬁl Npon TAY et TR B S U ST riohgt Yy BES T Shd" 365 45 ongl y

aci di ¢ am no aci dsp& egpshiesnt The s adf verdivd+@atdlon codonchs preceded at a
spacing of 7 S by by a potential ribosone-bjnding sequence (AAGGTGE which
i s conpl ementBiA RS FRt BOD digly dpe t FRE. LY LES rR L hdPhest sequence

mat ch (TATTGR)nK£1 4 o PNSENSHSen ddr PT DRPL £5 - ededmiile ( TATAAT) occurs 35 by
upstream of the initiation_codon. A TCIT box followng 10 a T-rich region

resenbl ing the pot®PR}&H! EREBH HoeRhdRH IRFHiFRLtTIREREReSi s found
downst ream of 1 4heot & MER3AHON §oTU9ON dBsendedupdd8Bloride, s9tals GC cont ent

of the aiiA gene is 37%and GC content_in the third position of the codon

is 27.2s. 15 DEYaHAS 2R PRI ShovittR t heR TR |l 95 gEMel W3R no signi fi cant
Simlarity to,Kaehs SESHENEEss | NoiiSe B O s Cot ahaBes: &iBenBanky - £us opean

- Mol ecul ar Bi ol ogy Labor at org, Protein I nformati on Resource, and Sw ss-Prot)
by FASTH and BRASTI@MRIES STRAhR, FAPEH19D dlictdote R ofoheptitrl®equence

level , suggestiNGdidts Al F it Sr BndY i PHOLEL N. edPN\SEASAISs protei n not i f
search using the Genetics Conputer G oup (Mdison, W) | F program showed

that a short @bpipeHelReqEReeor "PINVBTGVPESAPE {1386 pbSi 1$9FE4Y to 58 in

"AiiA is 25 siml aéapé&tltélpélifi@ﬂﬁ&f@%i&g?t aspaf iyl Protepse active site

signature pattern (Raw ings and Barren, 1995) (Fig. 5). Expression of aiiA

gene in Erw maueaydt dvbibl det reabes My 2bfeasdmp HhdowuEfendat es virul ence
30 The gosm dy£] Q0e E75.R3 %%fréﬁ'ﬁﬂii@daékﬁ'{ L nia carotovora strain
: : ,

SCGL by triparental mating. The pLAFR3 vector has been safely nmaintained in
Erwinia -17 2 J,Thecdesd regureworhl W deend sat esthgnodr esSure. The

bi oassay sho ls.re L 0j. A ot E7- R3) was
significantl ;\P?Ce%ﬁgéed& %flglﬁaey %ﬁ%@f ?y%h%%é%rﬁleﬁ%g'es%%%a%% the cosm d
vect or pLAFR3saventtynai8l Eredpors taentovorh the eondafiecttdllse production

(Fig. treated.
20 Aspects of the invention will now be illustrated

with reference to the following non-limiting examples.

EXAMPLE 1
Bacterial.isolate 240B1 was isolated from soil
suspension based on its function for inactivation of
25 ‘N-B-oxo-hexanoyl-L-homoserine lactoﬁe (OHHL) and
N-B-oxooctanoyl-L-homoserine lactone (OOHL) and
N-R-oxodecanoyl-L-homoserine lactone (ODHL) (Zhang, et .
al., 19983). Unless otherwise stated, OHHL was used for
routine bioassay. Erwinia carotovora strain SCGl was
30 - isolated from Chinese cabbage leaf showing soft rot
symptoms. It has been confirmed that strain SCGl

produces Als and elicits soft rot disease in potato and
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6, lanes 7). Data suggest that the nost of Als produced by Erw nia
carotovora strain SCGL was inactivated by aii A gene product. The Ervm' ni a
" carotovora SCGL(E7-R3) that expresses 10 Aii A protein failed to R
only mnor soft rot disease synptomin potato, eggplant, Chinese ca age,
carrot and celery, while its parental strain caused severe synptons (Fig.
7A, B, C, D @&)indee pravienge expescheniabiereer’d slunin YPehetvas viaseat i ons,

four 15 col on| es fro Ef %ﬁcgigﬁld(gni\_‘gtéﬂ&torg%%and its aiiA gene
y selec

transformants ?espec rvely, wereé t1an I testing Als _
~production anAigmbal&eemcﬁu@ntméﬁamest ntesin @6Td t st ke obtained in both

experinents. The Erwip carotovora strain, SCX LAFR3) that_contains
The Cosmd veltar - b/ tabats HRr St TevHioora s R LA Ty SR | 15
parentalsstrain ﬂww@ycappé@ypr@tsélaj meEH . (FEg. cdF) - s $THISHE ON
Bacterial isolate 240B 1, which was identified as 25 Bacjl!lus_ sp. 0 produces

an enzyne t hatutanred f betFvel§ BoakaivatlePt Hed et 37 tCes':tréH o

- N-13- OXOhexa@NfaLﬁ@%ﬁ@rétﬁlﬁtﬁﬁé&Oﬂ@‘ LB {13t DxOr oct enoy | dr hm@serl ne
| act one and N-I 3- oxo-decanoyl - L- honoseri ne Iactone The gene (aiiA)

encodi ng t he MAiwaciPsattd BOC%TP\E*%%S ha%a bebh Ryt amee f 19 19 sequenced.

Expression of,ihe: abidrgenesiy, tiaosf oo r?d &cﬁ@éé ang, n@éé@gﬁm'@ cacteria
Erwi ni a carolovora confers abili t%/ f or ~~~ 2~~4 1 nactivation

and si ghf fi cadt | §92edbeed: thd N3 rat e’ Q-r orﬁ@\mwﬂd“%]arﬁﬂ%ra To our

~know edge, itpd&itRew{ik ShanP{ LI Mnd demtd fised §3pablBoRf agAZymatic
i nactivation of N-acyl-honoserine | actones, the 5 autoi nducers for gl obal

"~ gene regul at i DACFAILN dPYEFSRS o‘Fa%a‘ﬁ%‘ﬁl%O%d%k@%%Saﬂ'Héf,@lﬂW| sPethbvel
~protein. Therg ksrag,si QI‘Q%FamAﬁ?PP%PEé{téOa%@P&Ibﬁ% & dSe | D B O

‘dat abases. It shares simlarities he consensus 10 pattern of the
aspartyl protaaserdberied atteh¢ Rl lagtnandomaenerati1oes) . Aspartyl

pr ot eas al S e el b din
Vertebrates, ?‘*ﬁ%ﬁ'ﬂ‘mwsz;‘%?%ﬂ@%. ?ﬁ%‘iﬁaﬁ%&%‘aﬁe% ard Vil PehES
kanamycin, 50 pg/ml.

Bioassay of Als activity 7
The qualitative and quantitative bicassay methods
for determination of AIs activity has been described
20 previously (Zhang, 1993). For determination of the Als
production ability of wild-type and genetically
modified Erwinia strains, the same bicassay procedure
was used except that no OHHL was added intoc the

bacterial culture.

25 - Cloning and sequencing of the AiiA gene
| Genomic DNA from 240Bl was digested pattiaily with
EcoRI. DNA fragments were'ligated to the
dephosphorylated EcoRI site of cosmid vector pLAFR3
(Staskawicz, et al., 1987). Ligated DNA was packaged
30 with Gigapack III XL Packaging Extract (Stratagene) and
transfected into E. coil DHS«. Cosmid clones with OHHL
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. The aspartyl proteases fromnost retroviruses and sone 15 plant viruses are
honodi mers. The nol ecul ar mass of Aili A protein is about 28 kDa but im
failed to pass a nolecular sieve with a cut off size of 30 kDa, i i iz%li
a possibility that Aii A protein exists as a honodi mer or honorul ti mer under
t he natural conditions. 20 However, there is also a possibility that AiiA
mononer has amactzl ben theebv i yernstonadest ¥ Ticgdiriey which theders it

passi ng thrO%foé&%aﬁ%%%@éd%%@f&?ﬁ%$% yg%lg%) e85, ar &, S(?dopepti dases

and hydrol yses amni prot ei ns. ographi<c udy has 25
shown that theeemayoengfvedieoaspaitylZp(-ol ease dantisd avet By obed nol ecul es

wth the active-site cleft. | ocat etween the |ob nd ch I obe

contri buting oREE Bt th &b%%?u%? gg%a ]tﬂa?l\%kac‘? arie's‘i g‘ﬁge%?)t-hafg?ge?%%%onsi bl e
for the zatalatdTyalsiwasycd S bd@ckit eby 30shhg , DihDOY .mddrivddhi &8s car ot ovor a
is a plant pathogen that prpduces and tes exoenzynes that act as

virul ence det ‘?%‘?ﬁ&ﬁ?%%%rﬂk%ﬂeéo‘?Pdi iﬁii@s ofﬁi‘/%r?% S H s¥289 7z J~~d
2~~~ incl udi nge ppé A&t Sabbagesst £ oma ous Ly | the CEET ORRISMEkery, onion, and

| ettuce (Kot ouyj anskl%{, 1987). . Mutant s %fat were defective in the producing
N- 3-(oxohexan%%}T‘§’di-h%%r§ MHRAT AT t Orel Sue? SIRF RO BT T e i RRAF st hesi s

of the pectinase, (sl ApBSE€d aBLo Py Ot GASE. EXGHEYTESacTNeseqrataat s fail ed
to induce soft rot disease in potato tubers (Jones, et al., 1993). It was

found that t ek pRRGetduGRT ctMt R0 T oBRUSSREE T UkE - YetieP Bf Z8A bri o

fischeri, enqu% é%m@@@ﬂu@&ﬁu@:ﬁ@gu&ﬂépﬁsiﬁ &5 7 v Pe GRE O HYOr a. The expl
nmut ant was avirulent when it was inocul ated to tobacco | eaf but the
vi rul ence was(PRRTHRARAI DY bx3RF APt 2R BF ARAEFNR NI TOPT PP HBRéN, et al .,

1993) . Obvi ougl ¥ng a0 BONSEA Ss @4 BcR ROSOPL LR tATG&InGDr 4B gengtic
engi neering of gl ant soft rot disease resistance. As an interimtest and a
~ concept provih¥°@bproach, the cosnmid clone containing the aii A gene was
introduced to Erwinia carotovora strain SCGL. Expression of the AiiA enzyne
in Erwinia carotovora 20 significantly reduced the rel ease of autoinducers,
and t helgenetFene¢tyc madifidationndd BowbnbdyosbraimtSE€Rpressed Aii A fail ed
to induce any or ipduce,only mnor_.soft_rot disease.s tomon all plants
tested, including %}6‘? a?%,oﬁé g%%%%%%?’ Fhett ¢ab (?elg‘f‘]e",“L cattor HhAd-2% cel ery.
Qur results fasshed seppor tpLAERS peas antaof €rodd aliios nHoeensai n t he
regul ation of expressipn, of vl e 4enes,in Fyi 2 garotover e, and the
"RK2013 (Ditta, et al., 1980). Transconjugants were
20 selected on the plates containing minimal medium with
tetracycline and confirmed by PCR with primers specific

to the aiiA gene.

Virulence tests
The virulence of wild-type Erw. carolovora stfain
25 SCG 1 and the aiiA gene transformant SCGl(E7-R3) was
evaluated by inoculation. Four ul of early stationary
phase bacterial suépension (containing ~2 x 10° cell/ml)
or diluted bacteria was added to the cut surfaces or
wounding sites of plant tissues. The inoculated plant

30 tissues were incubated in a Petri dish at 28°C
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potential of the aii A gene to confer resistance to soft rot disease and

. other diseases in which the 30 autoinducers are involved in regul ation of

" pat hogeni ¢ gene expression. The present invention provides a new %trjg‘ggeggﬁq
for engineering resistance to diseases. In particular, -20 2 J~~~ 2J4
this strategy targets N-acyl honoserine |actone autoinducers that induce
expressi on ofopatimigeni ¢ Tienesewdr ayyobaod £t i bt ped dogensi radéd a48 hr eshol d
concentration. By using the above-nentioned 5 conception-proving approach,
t he present ﬂh?/‘é%?l %t%énbrh%@?aajije%nthat reduction or elimnation of

aut oi nducers produced by pat hogeni c bacteria by an autoi nducer inactivation

enzyne significant Ig attenuat es pat hogenicity of otherw se virulent 10

bacteri al pat?ﬁ%}%"? Because the expression of pathogenic genes in

pathogeni ¢ bagtpLiRi AGUNEIBScBeths CEROL Ui RORELPAEEIARS, this
Al -inactivation strategy i is applicable to all plant, animal_ or manmmal
di seasess wher e t heBaxpeebsl ohsofaipas hbhehiRlaehexndfsehe asnbkeseri al

pat hogens s OIC oL Eela NG YLn LI Lagtonsaub ol pducers.  The al i A
gene could al so be a useful too or investigation of the rol e of Als in
t hose bact erikzavikrereal heshlatogi €&4B1 f unket ¢lonshewerl| at Tdr iy Alsi hisy not 20

b tabli - . ; ! I b
Shown to-pr oduse A B P EES oL A e e O e, "oha, e
al ., 1998; Swetde, eThaltotiDyoyotsSomeenfradien frenihpolaadtZplht

h : : i Kk Kk
pathogefiy such ag; §€é‘9°ﬁf’£‘a§c@ﬁ¢1 ”é&%%@&%gd%?ﬁﬁ@?%@ﬁﬁe”e noc

out approach based on sequence ho ogy Cco e overall
| evel s of seqiuendeasion| &rigy DY, Ahsd syimt hasma iy tde thet apedteagul at ory

proteln TromalLlsten. depere, shes gt belal oo clistun, N abetpdtin 26 0
proteins (Fuguatlketpabteid®d6)K Homelenourtor sodehndl Boand simple to
i ntroduce theTﬁééé\ggggrégéfoﬁgefﬁdicate enzymatic inactivation of

15  Als by bacterial isolate 240Bl1. The isolate was
taxonomically characterized as Bacillus sp., because of
the following characteristics: Gram—positive,
rod-shaped, catalase positive, facultatively anaerobic,
and 16 rRNA sedquence homology to that of other Bacillus

20 bacteria (data not shown). _

The molecular mass of the enzyme for Als
inactivation appears to be larger than 30 kDa. Its
activity was lost after passing the protein extract
through Centricon 30 (Amicon) but the activity was

25 recovered in the re-suspended fraction that failed to

pass the Centricon 30 (Fig. 2).

Cloning and localization éf‘AIs inactivation region
To identify the gene encoding AIs inactivation, a
cosmid library was constructed with the gencomic DNA of
30 Listera sp. strain 240Bl. Twelve hundred clones were

screened for AIs inactivation activity; Three clones

-15-



-21 2 ~PM1 Zis~~ bacteria to probe the biological functions regul ated by

Als. -22 2 e~;~~ References Allison, DD G R, B. Sanjose, C Ja ,
ri@?i%}ﬁ!‘

" Glbert, P. (1998). Extracellular products as nediators of the f

and detachnent of Pseudononas fluorescens 5 biofilnms. FEVMS M crobi ol ogy

Letters 167, 179- 184. Altschul, S. F., Gsh, W, Mller, W, Mers, EE W,

and Li pman, Bhowidd 9909 .imMast tvdtooar @lngnimentweasaricdediootiedour nal

Mol ecul ar Bi o%é)% 215, 403-410., Bar.ber X.,
TS

.. E.,..Jang, J. L., .Fen J.
Pan, M Q Eonion ATV S aored T EOF MCTSRTS [t | and
Daniels, M Jond 18%mon Aodeyedf regiHdial ofonsystembegdser dofepaidogenicity
of Xant hononas canpestris is nedi at e%pgoa srtPIJS di ffusi pl e signal
mol ecul e. Mol Bl kO3 23 BT bHb gy 2 S ueERREG e /15 BRI HEIB. LS G eenber g,
E. P &Stevens3-p Mokt 9BFAgmdA0SSosPEELES HMlICE 09 of admihescence in
t he quorum sensi ng bacteri um%fll brio harveyi. Journal of Bacteriology 179,
4043- 4045, BeRKC Botrehna & 1vahtP a1 e o5, (59 1395) .T20 Capsul ar
* pol ysacchari dgjh osypt 1esisi @suiad hagen @i tie i To &M dH o stey@riid require
i nduction by an Na_cy%/h,ormserl ne | actone autojnducer. Journal of ‘
Bact eri ol ogy H7act 500Dl HD0BnBofF5i bk, N S«LiaBR{ sfedetion glongyendr a,

S., 25 Logendfas FeneFEt&ISEP afiet BEbBron bofRSddds df H9P99.4 Progduction

of reconbi nant  prof ei ns in plant root exudates. Nature Biotechnology 17,
466- 469L0 - 23 fraguaBs wiih eth@riifeieel nethegd(inf onbval s N8F1984). A

ot o oo SoRAA L LOT L Bl 1 A€ s OUPLXG L LB TG BT

; in a 1.2 Kb fragment in clone F41 (Fig. 3).
AiiA gene encodes a novel protein

The 1.2-kb DNA insert in clone F41 was completely

i5 .sequenced from both strands. The nucleotide sequence
of aiiA and the prédicted amino acid sequence are shown
in Fig. 4. The complete sequence of the DNA insert
‘contains 1,222 base pairs and there are 4 potential
in-frame open reading frames (ORF) starting from

20 nucleotide position of i, 42, 156 and 228 respectively
(Fig. 4)}. Deletion analysis indicated that only the
longest ORF encodes Als inactivation function, because
the clone R34, in which the 48 bp promoter region and
nucleotides from 1 to 13 in the longest ORF were

25 deleted, lost AI inactivation function completely,
although the remaining DNA insert was placed under the
control of a functional Ptac promoter (Fig. 3}). This
is confirmed by fusing the longest ORF to the
glutathione S-transferase gene in the same ORF énd

30 testing for AI inactivation activity of the purified
fusion protein {(data not shown). This ORF contains 750

bp nucleotide and encodes a protein of 250 amino acids,
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- ~~f ~ ~~~~ role o
pectic enzymeSCTHEBFARt” b%tﬁﬁ%ﬂ%%?sel%%gl QW\%W ‘?*%ﬁ/? %it}ﬁ%l ogy 24,
383-409. Conrggstibamads Eh@diﬁitl&tld@%@d@@npamtm -specidi Todwing

accunul ati on of _reconbi napt i munogl obulins in Ils: an essenti al
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functions andﬂ@@é;h@@@é\nac:temhizyatf’blanglﬁ@lﬂ@u]%@umBl @d)\@@é’tﬁ@aml@f 4109.
Costa, J. M & Loper, . J. én9 é Echl EcbR._ 10 honpl ogs of Luxl and
LuxR affecti nbegﬁ%’i‘%fcb??cc%ﬂ (B %%ﬂ‘ijynelgfﬁﬁhuctw&% Byt Er wWhi a car ot ovora

_subsp. bet aVaé&H{é’ﬁt'%fC@HeJaMﬁr%@h@'1§33741§14d7dc &eyiest Dh e Parsek,
M R, Pearson, J. P., I|glewski, Costerton, J. W, and G eenberg, E.

P. 1998. The WBiTAVRPSEREAR Of E]é‘PIC@@éJ&eW 4ighals in the devel opnent of a

bacteripi biofil mD§ea@9§@ 3§Qrcg8§ 208w thar Ghe fwﬁb&h@l h&s ., n&or bi n,
D., and Helinski, D. 1)L Broad host range DNA cl oning system for
€

gram negat i vesbgvé%’éﬁl@ntc%h@% ttvntef kaoyenscHAARCDF PO Fhe ZBBI 9
meliloti. Prog;NablsASadcSebaldoA Firogddd -M3Pdeular Biology

Laboratory, Protein Information Resource, and
Swiss-Prot} by FASTA and BLAST analysis at either

20 nucleotide or peptide sequence level, suggesting that
AiiA is a novel protein. Consensus protein motif
search using the Genetics Computer Group (Madison, WI)
MOTIF program showed that a short peptide sequence,

| "ILVDTGMPESAV" from position 47 to 58 in AiiA, is

25 similar but not identical to the aspartyl protease
active site signature pattern (Rawlings and Barrett,
1995) ({(Fig. 5).

Expression of aiilA gene in Erwinia carotovora decreases
AIs releasing and attenuates virulence
30 The cosmid clene E7-R3 was transferred into

Erwinia carotovora strain SCGl by triparental mating.

The pLAFR3 vector has been safely maintained in Erwinia
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aiilA gene transformants respectively, were randomly
selected for testing AIls production and virulence on
potato. Similar results were obtained in both
experiments. The Erwinia carotovora strain SCGI
20 (PLAFR3) that contains the cosmid vector only caused
the same level of disease severity as its parental

strain Erwinia carotovora strain SCGI (Fig. 7F).

Discussion
Bacterial isoclate 240B I, which was identified as

25 " Bacillus sp., produces an enzyme that can effectively

inactivate the three AIs tested, i.e., N-B-oxo-

hexanoyl-L-homoserine lactone, N-QB-oxo-octanoyl-

L-homecserine lactone and N-H-oxo-decanoyl-L-—homoserine

‘lactone. The gene (aiiA) encoding the AI inactivation
30 enzyme has been cloned and fully seguenced. Expression

of the aiiA gene in transformed E. coli and pathogenic

bacteria Erwinia carolovora confers ability for AI
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homodimer or homomultimer under the natural conditions.
20 However, there is also a possibility that AiiA monomer
has an irregular three-dimensional structure, which
hinders it passing through the molecular sieve.
Aspartyl proteases are endopeptidases and hydrolyses
amide linkages of proteins. Crystallographic study has
25 shown that the enzyme of the aspartyl protease family
' are bilobed molecules with the active-site cleft
located between the lokes, and each lobe contributing
one of the pair of aspartic acid residues that is
responsible for the catalytic activity (Sielecki et
30 al., 1991).
Erwinia carotovora is a plant pathogen that
produces and secretes exoenzymes that act as virulence

determinants for soft rot diseases of various plants
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20 significantly reduced the release of autoinducers, and
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expressed AliA failed to induce any or induce only
minor soft rot disease symptom on all plants tested,
including potato, eggplant, Chinese cabbage, carrot and

25 celery. Our results further support the important role
of autoinducers in the regulation of expression of
virulence genes in Erwinia carotovora, and the
potential of the ailid gene to confer resistance to soft
rot disease and other diseases in which the

30 autoinducers are involved in regulation of pathogenic
gene expression.

The present invention provides a new strategy for

engineering resistance to diseases. In particular,
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resistance in a plant or ani nal, which nget Q&E Corr%)ri ses. introducing into a
cel| of such pranthetdanPRaf Bl AbtPRi ctRET o SetReT et ? bt t AeT 4T B4
~“cpnsisting (ajsaapyciehslacid havi prahbe sequencer ohathel cotsagsportion of

SEQ 1D N0 1 whérg the expression of pathogenic genes of the
15 bacterial pathogens is inducible by N-acyl homoserine
lactone autoinducers.

The aiiA gene could also be a useful tool for
investigation of the role of AIs in those bacteria
where the biological functions regulated by AIs has not

20 .been established. In recent years, many more bacteria
- species have been shown to produce AIs (Bassler, et
al., 1997; Dumenyo, et al., 1998; Cha, et al., 1998;
Surette, et al., 1999). Some of them are important
plant pathogens such as Psendomonas and Xanthomonas
25 species. The gene knock out approach based on sequence
homology could be difficult. The overall levels of
sequence similarity of Als synthase and the related
regulatory protein from different genera are rather
low, often no higher than 28-35% identity between LuxI-
30 type proteins and 18-25% identity for LuxR-type
proteins (Fﬁqua et al., 1996). However, it is feasible

and simple to introduce the aiil gene into these
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Z-JAS 2a0 (b) a nucleic acid encoding the am no acid sequence of SEQ ID
NO:2. 7. The nethod of claim®6, wherein the nucleic acid further conprjses
a signal peptide coding region of any sequence. 8. The met hod of? dﬁﬁiﬁﬁ@,
~wherein the nucleic acid further conprises a nenbrane attachnent

domai n-codi ng regi on of any source. 9. The nethod of claim®6, wherein the
pl ant i s suscdeptidtiatioo bacolesihe sofclopical sbasetidls Adguhetdddopf claim
9, wherein thﬁiglant is selected fromthe group consisting of potato,

eggpl ant, Chi'nese cabbage, carrot and celery. 11. The nethod of claim®6,

. wherein the plant is susceptible to a bacterial disease in which the
expression of a virulence gene is regulated by an N-acyl honoserine |actone
aut oi nducer. 12. A nethod of preventing or reducing bacterial damage to a
plant or animal, which nmethod conprises admnistering to a plant or ani nmal
in need of such prevention or reduction an effective anount' of a bacteri al
aut oi nducer inactivation protein, wherein the protein conprises SEQ ID
NO: 2. 13. A conposition for preventing or reducing bacterial damage to a

pl ant or animal, which conprises: (a) an - effective anmobunt of a bacterial
aut oi nducer inactivation protein; and (b.) a suitable carrier, wherein the
protein conprises SEQ I D NO: 2. Z JAN 2~~q 14. A nethod for screening of
bacterial isolates for autoinducer inactivation activity, which conprises:
(a) isolating a single colony bacterial culture fromsoil or plant sanples;
(b) screening the culture for autoinducer inactivation activity as
expressed by the protein of SEQ ID NO:2; (c) preparing a crude protein
extract fromthe culture; and (d) confirm ng enzymatic inactivation of
~:aut oi nducer activity by the crude protein extract. 15. A nethod of
‘isolating the nucleic acid of claim1, which conprises the steps of: (a)
preparing a gene bank froma donor organismthat contains a nucleic acid
sequence coding for a protein with an autoinducer inactivation activity in
a suitable host organism (b) screening the clones of the gene bank; and
(c) isolating the clones which contain a nucleic acid coding for a protein
W t h autoi nducer inactivation activity. 16. The nethod of claim 15, wherein
t he host organismis Escherichia coli. '
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17. The method of claim 15, wherein the steps of preparing a gene bank,
screening the clones, and isolating the clones are perfornmed in an
Escherichia .coli strain that does not inactivate the autoindﬁgﬁgggégu A
met hod whi ch conprises . (a) introducing the nucleic acid seq ) aim
1 into a bacterial cell; and (b) screening the bacterial cell obtained from
step (a) for mépagededs ol ogi cal function. 2 JAN 2~~4 19. The net hod of
claimfunction is a function which 20. The nmethod of claimfunction is a
function which (a). 21. The nethod of claimfunction is a function which

18, wherein thel changed. biolRgj cRl $&niosé, as. asdese) taofcsliepr{a)r. 18,
wherein the changed bi ol ogi ca is sugﬁressed as a.result of step 18,
wherein the. &%%%%bd BYorogPtartes RAAARCEY a8 BeJERWPES o?tsthp (). 35 2
J; ~—~f ~~~4 ABRIRACH:i &k JhE B-SCLIORMRE &F sphesednangs anlispbatedsnucl eic

acid nol ecul e encodi ng a_bacterial autoinducer inactivation protein, the
encoded Pr ot PHOLHHES ant FEBACHEFT@Piasesy thetksh?. 1086 1 AYHI A A b. A

5@A(@. AYb. A\ . An. AE. A<E. Av". AE. AN&. A. AY&b. A\ b. A8. A1&b. AY| b. A(b. Al . A A| . AE.
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2. The nucleic acid of claim 1, which further comprises a signal

peptide cod;ng region of any sequence.

3. An expression vector which comprises the nucleic acid
molecule of claim 1, wherein the expression vector propagates in a

prokaryotic or eukaryotic cell.

4. A cell of a prokaryote or eukaryote transformed or

transfected with the expression vector of claim 3.

5. An isolated ©protein which has Dbacterial aut01nductlon
inactivation activity, where the proteln comprlses the amino acid

sequence of SEQ ID NO:2.

6. A method for increasing ‘disease resistance 1in a plant or

animal, whicﬁ; method. comprises introducing into a cell of such

_ plant or animél'a.nucleic acid selected from the group consisting
_6f: _ ‘

(a)  a nuclelc acid having the sequence of the coding portion

. Of SEQ ID NO: 1
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8. The method of claim 6, ‘wherein the nucleic acid further
comprises a membrane attachment domain-ceding region of any

source.

9. The method of claim. 6, wherein the plant is susceptible to

:bacterial soft rot disease.

10. The method of claim 9,rwherein the‘plant is selected from the

group consisting of potato, eggplant, Chinese cabbage, carrot and

‘celery.

11. The method of claim 6, wherein the plant is susceptible to a
bacterial disease in which the expression of a virulence gene 1is

regulated by an N-acyl homoserine lactone autoinducer.

12. A method of preventing or reducing bacterial damage to a

E plant or animal, which method comprises administering to a plant

or animal in need of such prevention or reduction an effective

f amount of a bacterial autoinducer inactivation proteln, wherein

the proteln comprlses SEQ ID NO:2.

13. A‘composition for preventing or reducing bacterial damage to
a plant or animal, which,comprisesa-
' (a)r an - effeetiVe amount of-' a bacterial autoindueer
inactivation protein; and o
(b) a suitable carrier, wherein the proteln comprlses SEQ ID

NO:2.
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{a) 1solating a 51ngle colony bacterial culture from soil ox
plant samples; '
(b) screening the culture for autoinducer inactivation
activity as expressed by the protein of SEQ ID NO:2;
(c) preparing a crude protein extract from the culture; and
(d) confirming enzymatic inactivaticn of autoinducer

activity by the crude protein extract.

15. A method of isolating the nucleic acid of clain1_1, which

comprises the steps of:

' (a) preparing a gene bank from a donor organism that
contains a nucleic acid sequence coding for a protein
with an autoinducer inactivation activity in a suitable
host organism; |

(b) ecreening the clones ofnthe gene bank; and
(c) isolating the clones_which contain a nucleic acid coding

for a protein with autoinducer inactivation activity.

16. The method of c¢laim 15, wherein the host organism is

Escherichia coli.

17. The method of claim 15, wherein the steps of preparing a gene
bank, screening the clones, and isolating the clones are performed
in an Escherichia .coli strain that does not inactivate the

auteoinducer.

18. A method which comprises‘ _
(a) introducing the nuclelc acid sequence of claim 1 into a
bacterial cell, and 7
{b) screenlng the bacterlal cell obtalned from step (a) for

_changed blologlcal functlon
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21. The method of claim 18,  wherein  the. changed biological

function is a function which is enhanced as a result of step (a}.
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ABSTRACT OF THE DISCLOSURE _
Disclosed are an isolated nucleic acid molecule
encoding a bacterial autoinducer inactivation protein,

the encoded protein, and anti-bacterial uses therefor.
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