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BACKGROUND OF THE I NVENTION 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. Descriptioniof the Related Art A
bi bl i 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 roIesTI@Lgthfyggttg@@hngmordlnatlon anmong famly
menbers of single-celled organisns |ike bacteria. Rapid progress over the
| ast few years h&-CHAdaRBEWHATARS QFe@WRWaéWTm H%ct ones,

known as aut oi ndugey srapcrrs) Pk 2NeArNFSNG B eMsgelRg oed si gnal

nol ecul es in Gramnegative bacteria.. Als were first found in narine
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 RELABTHYEI BBFPLEIUACLIOBAS, including Ti
pl asm d conj ugal n robacterium 10 tunefaci ens (Zhang, et a
1993), induction g ¢ gkﬁﬁéﬁggﬁgenes in Erwnia carotovora, Pseudononas
aeruginosa, Erwinia stewartii, Xenorhabdus nenmatophilus, Erw nia

chrysanghem , Pseudoqﬁgﬁﬁn&ﬁ{ Qﬁﬁﬁ{ t qn%ﬁ%ﬁFﬁﬁﬂ§§Strls (Jones, -

et al. g15 1993p Passador, eqaa .,Eﬁggggg%% onéﬁj et al., 93; Pearson, et

al ., 1994 Beck von Bodnan arREFERRGHhAR T9D5LOBMENEr , et al ., 1997; Clough,

et al., 1997; COS&a anﬁp&g 1997 Dunphy, et al., 1997; Nasser, et al.
i'bI'o

1998), regulatlon o |cs productlon in 20 Pseudompnas aureofaC|ens
and Erwi nia carotovora (Pierson, et al., 1994; Costa and. Loper, |1997),

regul ati on of swarm ng notiljty.J ryatia, | qu .ens (Eberl, et al.
1996), and biofiIn1fornati6%kﬁﬁﬁgg@ﬁgéﬁ§ﬁ%§:H#ﬁgﬁﬁg%%ﬁs and.P. aerugi nosa
25 (Al'lison, let alFiel#998%; tbaviiasenetoal ., 1998). Nhny nore bacteri al
speciei are known bo roduce Als b t t he Rlﬁloglcal ﬁ gtlons r Iated have
not beéfl established 55?5(% séPXPn &Phaf 121887 FOpahehy r&f?’u:}la OTf9gs;
Cha, et- al., 0¥988kterial 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 wvital 1mportance to
multi-celled living organisms such 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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30 Different bacterial species could produce different Als. All Al
.-derjvatives share identical honoserine |actone noieties but can differ in
“the'length and the structure of their acyl groups. The key -2 JAN a0~~~
“conponents in Al-nedi ated gene regul ation systenms are Luxl and LuxR type
‘proteins. It has been established now that Luxl-type protein serves as an
aut oi nducer sialthaseatharidely i cesarydd ACRmahdiddoNete$ in

(S-adenosyl ”Pégell&-rrgé;qe%ug&e %%éégﬂae.s %@{)gﬂ%xg% Al et Lg@%)c% Sgrgg%efsﬁe et al.,

1996). LuxR-type i’ is proposed to hare and a
Al - dependent Ha@irscra prionad smpgried om thegulstidsn BNA | nmedi at el y upstream

of the lux pronoter, (Meighen,, 10 1994;: Sitnikov, al 1995). A

20- nucl eot i dégji%%ré%ts? Cé%t(fﬁ%\esr]lbaeléq‘{ i én‘% i e]d%/arﬁ &9 sa%cgnt ered 44
nucl eotigles upsigieam of 9g he. t ransesdit opestsar tAKS theawaf Hdwn | um nescence
operon. This sequence called |ux box is r ired for_transcriptional
activation byl‘f‘%%tﬁg%e(grﬂoni% W%%a%?@‘? H %ﬁ@m%’ﬁg"%&iaﬁ a, et al.,.
1994). Sim | art I8adpdén boxes wher foumc vpsinesimad at dreast three
"TraR-regul ated pronmpters, and disru g on of these_el enents abolishes
transcripti onsf9HER F 4R i Oh %yrali?%??‘{) JYLRE S F A nEHEC T 4Y8Ha) . 20 LuxR-type
protei ns appegici@ibe; conpeseshod ¢ vadul esadhot andadraenbes giud 991,
Hanzel ka and Greenberg, 1995). Their carboxyl termnal, K regions contain a
conser il shobmeeqebdee oFRa antho?hci dl 2Dk at iV Pridte-2% pe

‘hel'i x-turn-heljx, T@tid, gdiedi ot elr-@bntp berbryebyed phelidpbigsto target
pronoters. A general mechani smof activation has been proposed by which the
N-termi nal domarwgbiosax Erypeiprotevarbtis FepathakdysSto prevent an

“interaction b i1 - t ] i he PNA binding sites.
30 This inhi b?%%{\%ﬁg%}é%f%%’ r%%%@g% %@Pf%%n ac%?%’n %%@%(%&g%t ol nducer |i gand.
A strong pi eceobtdnevedenceansd Xhathoedbes s oramgbes hei N- t&ymefal etdomhi n of

LuxR resul ts onstitutively, active el es of | uxR , where rger -3
2 JAS 2824 de g%?’on TR O?bn%@ea‘z)a’rﬁ%#ét hlgl%?‘%rb‘?%‘t e%ltﬁ\lg\' 'b?]?l%ﬁigg’g donai n
abol i sh transgsdpsbonabtagtii vaton; (Khok vt Ks@enbeigd HO9t3Ind However,
ot her nenbers m ght_use different nechani snps. Recent ene{g%)sf;7 st udi es

S

indicate 5 t haY o EsaRRENE ExPR &f er | 1Kol § CHOBE r epf &5or t He?$t% ar get

genes rather fhanmgstival9ss; bxpsessi &n .1 heogenesadhat, age sepyessed by
EsaR and ExpR i s increased by autoinducers (Beckvon Bodman and Farrand

1995p Throup,12$8hi . re9obatidn @bpraksoidatChHiMERHS BT hete 10 proteins to

their tagget sileSohPnREOIRIEErEE89ERS 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., 1998).

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

.,



causes repression, therefore autoinducer |igands may act to reduce binding
caffinity. Evidence that the autoinducer binding site resides :"ge-fAIE gégjno
" term nal domain of the LuxR protein has 15 been presented (Ha i
"Greenberg, 1995). LuxR alleles that have nutated amino termnal region
require higher level of this signal that does the wld type, indicating
this region regquorenforihiybrmedieedcyénn (Shobk;ien syster®%Hre Shadel

et al., 1990). This regi - ) o] it hin, the
DNA- bi ndi ng d%%fna?égb‘fg%-%% aﬁﬁ%%%%%i gﬁgt? lg%%re}géeelgf(%céo%%glr%%ﬁon anong
LuxR and its montiegs [cal50gpe dendid¢in dsdmaventderapardisonididese

pol ypeptides. However, the proposed profelnsliga L nteraction 25 between
LuxR and aut o?%%%% eh%%afho tJbelezneEbr%\:/ﬁje%/ée]%Ef %ﬁ%ld%%ci%e%f mer odi pl oid E.
coli strmins ¢ontddmdaglméetis:dypes anes nublaat rd xR alided esesugyest ed t hat

LuxR functions a_hormopul tinmer and a region required for,

mul ti meri zatijo%S?és?‘gl%%ea%fhi At afif no L@?@ ‘res%“%’&%"étw |IREC T 161 (Choi  and
G eenberg, 1992)posdd t@ bd-bothrat r&d o SUMARYT ORardddE | NVENTION I'n one
aspect, the present invention relates to an isol ated nuclejc acid nol ecule

encodi ng a baet eiFRFNAER bi MERRET I RS It ToR bt Ri et pindsdtMer aspect,

the present ifweediQfel @l @besréfn do EXPRES SN V0 r WMMEIGIEOAPr i ses a
nucl eic acid nol ecul e encoding a bacterial autoinducer inactivation

prot ei k0 wher®9Pd t helepkessi 8h Féct of? PP bpogat €L~ 1 EEPFHé@r yoti ¢ or
eucaryotic celdyedPed N 6l ANRLDEf 2SPEGEnt I PE DI ASEM {HVEeRtiOp el ates to

a cell of a procaryote or eucaryote transforned or transfected wth the

expressi on vett orueicehbdp? csrAtr e et i Ore T PRTRET Wb MRrSERpectite he
“present invention,ds [l ALeSehOe Al S at el pr ol £i e bl Ch hagy bagkerial
aut oi nduction 1 nactivation activity, where the protein conprises the am no

aci d sequencebet BEQ¢@iNGed 2for nt yans anbphbenak peet i vatheoprieselgxR nvent i on

relates; to a ho ' eas] i . [ esj st an in ant or

ani nmal ,1%/\/hi chg@n%t%%dégé%ﬁlfée@% %%%ﬁﬁ%léit%l%gcgﬁ%g?' s%lgh‘gpl ant or

ani mal a nucl2$e4 pci sisehaente-uhi tha encoske sa e bfeted | @bsark an nelficet

i nactivation ];)rotei L0 8, moner V\fﬂi ch.allows said cell 1o express said

nucl ei ¢ aci d SedRencer 25 FARYET Tandt FerPB¥PRte S 1 R HratntP T Hen?t on

rel ates to a etdede DEmeey esibo NPsIoE s reciies agi placsdres 1 ad ctianmgeot dop pl ant

or ani mal, which rnﬁ%hod co rd'&ses ad 'ﬁégteri ng to a plant or aninmal in
need of such praVehtPdn? o7 etRET BN Frective amount of a

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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30 bacterial autoinducer inactivation protein. In yet another aspect, the

< present invention relates to a conposition for reducing bacteri ?I jmr@g@ to
~a plant or animal, which conprises: _5_ 2 J~~J 2~~~r a) an ‘eflfective
—amount of a bacterial autoinducer inactivation protein; and b) a suitable
carrier. BRIEF DESCRI PTION OF THE DRAWNGS 5 Figure 1 shows the tine course
of Al's inactidat¢orony Eedt BsmeERtRAFE opf B IPIRILPLCS (PR P DDBLY Cel |

extracts in Oy Mr@@é&%ﬁ«%k}? PR SE (PH In D) SOMAN Y 1@ LGtetal protein

were added to the sane er containing OHHL in a final concentration of
20 uM The 10crezw@eéon w9 tbndudkewelven aoIher mempendbrdhicense i fuge tube

ina final vo 1 1 ter @g%ﬂ' ubat [EE,

concentrati oné%%%ﬁg%ﬁe%%g I{(l)éébh:l%e u% n%r vvaggu%lje%&g% cont r%??é Sanpl es
vere taken atth@tnisaR need vBXOR|4Te 6b1ke by ael leher eRERTS @RS vk U152 5F opped
oy boillng fof, %g%g%eﬁgs« SAORLESHEN S SO LH0RT s Sl dh T8 acfpench top

centrifuge at speed an en assayed for Als activity as described
(Zhang, 1993)gemBtaictiat onye i rebrasesdtine HraRetie@d BHEPRAILS hbrcER2$9At es t he

| acZ reportermg%\?@égd@ggrg\hké%%ﬁégngo&ﬂgﬁ P@ﬂ&sFQP?%}P&gl?é%{N . Rows from

left to right: contro out protein extract; sanpl es
~after 10, 20,TROoudp, e60al6019PM) enzineaprests orhatilglmdizg shbwshe he

estimatj on of no] ecul a Ss. of S_| t] i y . A 600 ul

1 quot L 0f caPTOLSTracte THE S EHIT: FhECGen T ESN B0 A KSh) and v
centrifuged atadsspeedpoésSH00, xtigefofoB0 antobtddc:r Pasgamdgs fmagt i.on (550
mcroliters) and un-Fa(gsi ngl?fr ction 50.{11' croliters) were topped up
separately td®%b BOfTRA Yo ¢ #botMY¥oliters by adding 0.2 M

"~ phosphate buffer (pHidef}e Hostbilbassayoidififéer entndbng 2itePre2iddsanounts

of protein sapples were added to the tubes containi OHHL in a final

concentrat i on-of "2 HC Fr SRS 18?18‘5”6? ?)fo&é‘? nﬂé}ggrpﬁalé(?c%ﬁ%e}aa%re 2, 4,

6, 8, 1Psand Peenll papdehbedf (nahzeRet 400 pbembeings 2995) miLuekiters for
action, Plate B: u assing fraction.

each reaction. Plate A. Passing f X -
Frgure 3 showbli REo8 bR hg Ak BETeLPOrIaHAP y o BT P Babe? 1 U6 "SPACLETal h
240B1 Al inackiyaétonev€Ui 0. this signal that does the wild type,
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).




Cosmid clone E7-R3 contains the 4.3-kb EcoRl fragnent 10 identified by
s restriction analysis of overlapping cosmd clones. For deletion a:’iwiz 04

the sane fragment was cloned into cloning vector pGEM 7Zf (+) fora%ehera I on
"of clone E7-7. The del etion subcl ones were produced by restriction enzyne
di gestion and Dnase | 15 treatnment fromthe clone E7-7. The |ocation and
direction of Ptac pronoteERIBF SUeMAGYNCEF Jnd iTVVENE IPGEM 7Zf (+) cl one are
i ndi cated by arrows. -Al inactivation activity. of tthe cl.o es i stshovvn in the
second col um: +, Wt (A ARG VS G S vitdyent 9y Rﬁqt%oeﬁ an
~inactivation iaiatidy .nREsSird cidiah neylzygEls:s dncddiioly ;2 Maddexdldl ; Ev,
EcoRvV; St, Styl. The locatio ,a(r%c/j\?.di rection of transcription of the aiiA
ORF is indi catHd ‘%ﬁ?%ﬁé??cgtrlrv 1% REY %A shows the nucl eoti de sequence
of the 25 aii A genm [SRRH& NEpdct , Thehgqimntdrad rivosonen higlditgs sequence
and -10 pronoter elenent are underlined and doubl e underlined respectively.

The coding pdr? iDEREHIET W HELLY FIHERTARES £ tBCh Side pérident
ternmination sidesdsd abet@sihy @ R-tdi k. underiidiese il dBishans t he
predi cted am no acid sequence of the aii A gene product SE%I D NO: 2]. ~
JAN Z~~4 A siFAtldpt ithesefudme SIRFTF1D ¥ toa“sé%%’rctéﬁgap ot edse¢® acti ve

site consens%d@f&togﬁ: undeshdnegbt i4 gtk el 5 shows the best match of amno
aci ds sequence of aii A gene product (AiiA) to the concensus, 5 aspartyl

prot easkl active sit eveipt3nothenh)asmymbol the PERSAHN HY ST P A verti cal
l'ine indicates,perdecto natedn 1 R oW &8, shoyscd her bd dor Als '

i nactivation activities in Bacillus sp. strain 240B1, E.coli clones 1o and
Al's product i orrargfesmsd | or ErHRmT Ee SR GtV otk refSS R | VeTHHEL control ;

crow 2, Bacillys sp. st&aid 2408l oy 3, E. coli DHSa; row 4, E coli DHSa
(pE7-R3); row 5, E. coll DHSa (pF41); row 6, Erw. carotovora SCGL(pE7R3);

row 7, Erw. car ot oVoreel5AISTd¢p LTS, reve Sor EFSRE cat Bt SCGL. In the
bi oassay; OHHL. y@s. added, 0 &, finah SADCEM ration s 20.4ddto.1 he sanpl es

fromlines | 10 exogenous Al's were added to the sanples fromrows 6
to 8. Figure Fuishbwduchiborfireetbfatl ¢1A FehivEkpr esheon Poeiprerewn
carotovora on el L Yahnd i ROt @t Qandd) o r eGEP! ARto (G, Chinese
cabbage; (D),C%%J?%%?Qaﬁ%é( ) cé%%lry. T pe:mp a%t tissues were inocul ated
with Erw. carotovola BOGlanBoieonaspient thespessort elivioeul@®ed wWith Erw

carotovora SCF%lé@éQ'Eg)a ﬂg%hod 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:




25 actively growi ng bacteria were centrifuged for 1 mn at 3000 x g,

i resuspended with YEB liquid nediumto OD600 = 1.3 (2 x 109 cfu/m) mhicq
" was ‘desi gned ‘as 10 inocul um The 10 inocul umwas diluted 5 and 1@ dhbheditt
respectively to prepare 10-1/2 and 10-1 dilutions. The Plant tissues 30
‘wer.e inocul ated by adding a 4-ul volune of bacteria g 2 J~ ~~~ 4

i noculumto the frashlan cafffesuriaceamrura wollinedi seg-tss i puncthethdycear pi pette
tip. The inoculumco centration.fronuﬁhe left to the right plate: 10;

10-12; and 10-FECTHETHEE B2 Ed M aHt ti ssues were placed in plastic 5

pl ates and incubatied ad 2A8G.aldhe qeotOgr aph was taken 48 h after

i nocul ati on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
based on the discovery that the SEQ ID NO:2 protein has the effect of
reducing 10 or elimnating the activity of bacterial autoinducers (AlS).
Consequently, the protein nd_any _nuclejic acid th ncodes the protein,
may be used in a varietyBBF%Eipﬁﬁgﬁaﬁilﬁﬂepg FﬁEiQaéggwggd to reduce or

el i m nate the effegigwfe suCihdbosteé atind dduane of efrs riath@spestiot he
present invention provides a nucleic acid nol ecul e mhigg {.Ss_selected from
the group cordY s‘f?fﬁg FFErATEH FRT FREREH P HERi it ‘h‘t@me ©tlsEQ 1D
NO 1; 20 b) afued&is aci@. 2ngoshdgpridies aninpeacish SequensenefiShiy | D NO: 2;
and c¢) a nucleic acid that hybrjdizes to_a) _or b) above, wherein a positive

hybri di zat i onl 8¢ gial t92 boRer Vetn afeed IR nlP wrlth 920€ 45 58% 0. 10 SDS at

25 55C for ong,hoadniddeomic! £h Ca agi gh PRt QO Yaf L84 heF ZoNRMi sepna si gnal
peptide coding region of any sequence. The nucleic acid sequence_may be
used tol@onf eredraei@r il s reRnILERe 1 Pl ant SbrERRRRRPEE FeRiuel B1¢S 30 acid

“that encodes g hacteri af; guit Of SOURET o F NBGH | BE O P04 Bidk CRNCBSa# & r oduced

into a cell such that the g 2 ~I~~ Z~Q4 inactivation protein is
expressed by 2he2HiGnt Tame concentration of OHHL in the phosphate
buffer was used as contreol. Samples were taken at

10-min interval till 60 min and the reaction was

15 stopped by boiling for 3 min. The samples were
centrifuged for 5 min in a bénch top centrifuge at the
top speed and then assayed for Als activity as
described (Zhang, 1993). Blue colony indicates the
presence of AI that activates the lacZ 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
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ani mal . The nucleic acid sequence nmay be used to confer resistance to

; diseases where the expression of 5 pathogenic genes are regul ated

" autoi nducers, such as the diseases caused by Pseudononas aer ugi nasdlg.?‘ﬁ 2504
Erw ni a st ewarti i, Xenor habdus nemat ophilus, Erw nia chrysanthem,
Pseudononas sol anacerum and Xant hononas canpestris (Passador, et al.,
1993; Pi rhonamomtfalof Wi t1908; sdaksonest alded 1994 haBdokasmn Bodnman and

Farrand, 1995; qﬁw?ﬂ 99 anr 3 Cogpa and Loper,
1997; Dunphy,c ﬂg_L I\iés;aergm&fq efrglg%% Pt e erZa%I’y, in the
agricul tural Emmlmzm 1 hms@qmmleenaysmlfsfchctctectorém %0f4, rot 895

di sease resi nce i susce e ch as [ Q, | ant, Chi nese
cabbage, carfjo ce’l Lellrsy rlE)(Sl'he ese%lunearnlfcererrawsf“ilJC he' |‘f1céo'ﬁhg‘éucedr5 gﬁfo pl ant or
animal aells mm&mmmdmdsma\ﬂtimds forattdher 1 rasfiorgrat i on or
transfection of eukary Is W|th 20 ef er%ous nucl ei c acid sequences

i ncl ude tran %?:‘“EFJOCF‘P t 1 bt dhen ecl}roporatl on or infection
by Agrobacterium tumef aC| ens These nmet hods are |ikewise famliar to the
person skilled in the are of nol cu bj ol o a bi ot echnoJ o and need
not be expl ai ned 25'HeY ns%%‘f%ltreh %ré]tlh%g%%i‘ Cﬁ]eg]a T £ %}’%

confined to the Ba{k&ﬂp@é|s1ﬂvars@f£ﬁ1qf4Mﬁrmtirs§¢@§vaﬁiom sr&lesd abl e to
target the Ali A protein into the intercellular spaces. Such may be

acconpl i shed 5T LRi FEPRE sebilet | PSR Hial ChRpt i Hekh FEe! Aﬁ%’?ﬁ%’% ein 30
(Sato, g al.;yd99D¢i&h ek, r&st Al ctidiP%BaGpsi ad ansh & Bah®ing 1998;

Borisjuk, et al., 1999) Alternatlvely a plant nenbrane attachrrent not i f
can be i ncor peRaErEd ‘F%‘?%e% he peptiekeshoetial ¥iig i 709 oFa%hichoring the - 10

~2 JAS! 2004 Afffgr@é&%ﬁ’%é ”ci&‘?e@uiﬁifoSé‘I&@ﬁ@gOif'e@ljs@eﬂtp@ﬁ\hl?Z@(‘bT afey The
present i nventi on provi des a new strate or engj neering. resistance to

di seases. |n gReruier, o5 ¢here sktaf egg%?%r‘é%%%twfécw bHERRRITHES | act one

aut oi nducer s §hak,s84use %@E@%ﬁ%%% St gshesn @fpiBdy bacteri al
pat hogens at 'a threshold concentration hi s rategy is applicable to all

pl ant, Bni maltorawasmal TaeBebliesCidpree £ he- ex’-ﬁ?%s]s@%tﬁfeﬁ otlPat hogeni ¢

genes of the @fﬁ detigh @?tﬁﬁ’%n}?réﬁoté‘gé‘ci@@n@yccﬁ\érﬁfd”amn%et%é‘e | act one
aut oi nducers. e present 1 nvention also contenpl ates usage of a bacteri al

aut oi nducer iPREMTVAE(bh prorei arditediFyted by ek refs prevent bacteri al
damage. For exalpl yal 6n 12 PIOLEY o FoYn b BHRLL ofk AKGEL | yn topl ants in

need of such treatnent or prevention. In a preferred enbodi nent, the
protein is appttendipolienf ot moith 2bnposdtlont i cﬁfIC*'ebV‘ripi?YSeSr an

effectiye ammh&flttﬁf ?ﬁ%&ﬂ@a@{‘&aaét’ixtff‘@%]euf%%tléﬂct The gompesy!ion may

20 have a wide varire ornms, 1ncludin si ons,
di spersions, @asEcesRIaeHosI@ilsdIéIc Eﬂ'heEcbfaJ&Yerﬁiia,l %.Wbl ndlleer inactivation

protein may al 50, Peokisedyt; LLel ohackell ahodPIEELbNSE ! ndNL [BA Sorr
i ncl udi ng hunans? TR tha application, of
. 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].



25 anmount of the active ingredient is admnistered to an aninmal in need of
such treatnent. For therapeutic treatnent, the active ingredient may %ﬁ

" fornulated into a pharnaceutical conposition, which may includg, JaN fil
addition to an effective anmount 30 of the active ingredient,
pharmaceutically acceptable carriers, diluents, buffers, preservatives,
surface acti Ve sigernt sperpntde heequdkece Goirpoki 1 i onstimyespao-yhel ude one or

or € ot her - ag £g€ éggrgﬁﬂl Ssiéeﬂ&%ﬁ&éﬁ@&sQﬁ @@ﬁi{§ﬂﬂﬁhefﬂ£n%g.2 JA=3 ~~~4
The pharnmaceut’ical conpositions of e presen? Invention may be
adm nistered in a nunber of ways as will be apparent to one of ordinary

skill in the art. EAldn;ilPésiﬁrglll'V(\gg {@é{n% E‘é‘gof%%%fgﬁfaéﬂﬂ g%caiég, by 5

i nhal ation, or parenteralty, for éxa fornu i'ons may incl ude

ointrments, | ociéqpmsnceretnsiifgelsne dropducisupfiosht ord eshe spraysnshs qui ds and
powders. Oral fornul ations include powders ranul uspgensi ons or

sol utiorPin v@aFR?Tof 1@%%%@%%9%%Efﬂ%ﬁh?éc %%hfegﬁ%ﬁ?)st ab?g[%%?ff o}(r?’

exanpl e. Thi ckepessind| @ayddi ngs, velit leat sl isenulsifierss pesperisi ng ai ds or

bi nders may be used as needed. Parenteral fornulations may include sterile

aqueous sol ut ™IS whi ch may al so contain buffers, 15 diluents and ot her

suitable additives. The dose reginen will depend on a nunber of factors

which nmay readily be determ ned, such as severj|t d responsi veness of the
condition to be trES¥eHES éosﬁﬁ%c?]%eg?l?%%s?%v‘é#i%ﬂs\/\Hl"f“’pWoWFeon

i 1lustrated withivef e58NcE BOE NEuEObbOWAga NON2 4 0Bl | | DgceXanpl 65es EXAVPLE
1 Bacterial isolate 240Bl1 was isolated fromsoil suspension based on its

functiohOfor #MACRTTaPTORUGELIOE AFEBVHKYH- HexaRByRi - FORDERYPHR | act one

(OHHL) and N-{err) 5 @x008ban0y! ohmNOBBSEEbDE Fa6t oness ODHLY s a8g,
N-(err)-oxodecanoyl -L-honoserine | actone (CDHL) (Zhang, et al., 1993).
Unl ess ot her wiseasn a2 €8BI OHFPWwas Hsedof drDHawt | Hrew bt oaBsagolEr Wi a

carotovora strai 0 i.so d h pese bba eaf show n
[852-R6F, 193,30 b2ckatecolsm ) nesesgbpnosc) :

soft rot synp een confirned that Strain produces Al's and
elicits soft cetotbseasesSChl ppEakd) andowl?, EZwJASkretedoChi nese cabbage.

Escheri %iac'%'t i E_—(Sawa used as_a host fo clonjng and
subcl'onf g. A%: {);8#%??3 tﬁ%f%bi eﬁrg‘s??g?gowa(%(rza d t#%:#?%oZ?QQ) was
used as an indicateayj nokibDassayafiged5tdl aafinylt yoiEeperatedtnadbf, 20993).
E. coli strai n]ﬂ S Cfélturedli n %uri aiBerta [ ébg) pﬁdi um at SZC ggd ot her
strains were &I EGrERSi RAPBLER TP, 11992) Lob° YEB nkQi THYPPRPUT i Fof
.contai ns: casgknehydaeliysat endOsgmpyeastrextraes 6 go NaC 10 g, sucrose 5
g, MyS04~7H20 0.5 :
Figure 7 shows the effect of 2iiA 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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10 g, agar 15 g, pH 7.2) at 28 C The mninmal salts nmediumw th mannitol

and (NH4) 2S04 as carbon and nitrogen 'sources was used for bioassay of OHHL

" (Petit and Tenpe, 1978). Appropriate antibiotics were added as iIndAMati at

“the following concentrations: 15 anpicillin, 100 ug/m; tetracycline, 20
ug/mM and kananycin, 50 ug/m . Bioassay of Als activity The qualitative and
quantitative hicassay tettosdst fashdet@rtm natfare afr Al ss@anidnd ysthas been
described 20 previously (Zhang, 1993). Far determ nation of the Als
product | on aBITAREDRLT R IRPe Aric Grendt TS at ISPt 15T Bl i HR 1 r ai s,
the sanme bi oassay HOCRIEN exashaisedylexgepitd hatoo 10H4; wasd adgéd into the
bacterial culture, 25 Coning and sequencing of the AijA gene Genom c DNA
from 240B1 V\@%ijg‘é%(f‘é]cﬁnfﬁcﬁtﬁ%ﬁq@ W?Wﬁ:d’ﬁ?r.e BNR G5 A g Wer® ligated to
the dephpsphqgsyldatedakgoRlcshd tedfa€osaial VertopHlAT R (Saskan e et

al ., 1987). Ligated DNA was packaged 30 wth G gapack Il XL Packagi ng
Extract (Strafhdeneitend?eansdett™®d into E. coil DHS~. Cosnid clones with
OHHL -13 2 J,~~~ Z~~4 inactivation activity were identified by using the

bi oassay net hod descri bed above. Subcl oning into sequencing vector
pCGEM 7Zf (+) was carried out by routine techniques (Sanbrook, et al., 1989).

Del etion 5 anal ysis waprearteedpegtrbyTUsNNGrDRasenreiiNodas described by
Lin, et al. (1985). The sequencing was perforned on both strands using the

ABI PRI SMITM dRhodBia¢ et Teehy nbt benic)en el Sopett i oy Feadyl e Tvn Kit (PE
Appl i ed Bi OSYﬁW%he%ﬁﬁ 761 8l seguensendd ©at a prd-degdrcedyaning acid

sequences were analyzed with a TARTTM sequence anal ysis software
packagel { DNASTARe} el patiiad delt abagel Sbay chbsParter bk f v hetndaPemS t he
~BLASTA SearChL@iQPf't@@ﬁ%@&ﬁéﬁ@ﬂ§ @Eea%r@téggp)an&5aﬂ§wﬁﬁéfeﬂ@dééi&at'On

of Erwinia strain SCE The E/-R3 i)l asmd, carrying the aiiA gene in the
"cosnmid vect ortlppiARRRcodms thansteretd imRY IR WIERA 5% af vBCEtpyof

triparental nniingeybth fhebelpelssieal RZIIAARS (8 £11@lnatd980).
Transconj ugant's were sel ected on the plates containing mninml nmedium
with tetracycthmecthectonfi sueld bycPORIaM th prinmers specific to the aii A

gene. Migulence tep)SodheUbEllEOGe, %{%ﬁﬁr&%t%ﬁa%%@&@ys”ai n 25

- SCG 1 and the aii A gene transfor mant _was_eval uat ed
i nocul ation. Fouvidésod eacleistacidraeyephbsevibbeh et apesaspensioam

(containing ~2,x 103,6€Lbhfdting of:
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

-9-



or diluted bacteria was added to the cut surfaces or wounding sites of

pl ant tissues. The inocul ated plant 30 tissues were incubated in a Petri
dish at 28C -14 2 ~AC~- ~~~4 overnight. The severity of soft rot Jdb 2004
“exam ned 48 hours after incubation. Results Screening of bacteria that
inactivate Als 5 Bacterial isolates fromplant and soil sanples were
screened for enytitdci dmastdtveain ols odxpMas sAl hactiard @Pldmsolat e 240B1,

whi ch showed a strong ability to elimnate Als activity, was selected for
further study?™¥total protein extracts fromisol ate 240B1 10 eli mi nated
Al's activity conplEiel yuceidgeone- egiiende W} ilon (Fdd.td)corangh t he
capacity of the protein v extiract to iInactivate Als was abﬁl i shed by

treat ment wi tFEProtETRASE KCFSFAEHOMCT T ISFRFTTLG Mh. These

obser vatd ons j g 64181 @ B | £ré NB&Gh vt @b Pfadfo MEudyrbacd esh ads i sol ate
240B1. The isol ate was taxonom cally characterized as Bacillus sp,, because
of the follovitRy EhiPateerfaites: Py B HOTER%R, 29 5d Shaped, Eeaiat ase

positive, faculigtively ABAGERARbGus andnBo5iNASeapapae; iomol ogy to that of
ot her Bacillus 20 bacteria (data not shown). The nol ecul ar mass of the

enzyme for AlchineetihanionPappdensnad pelinggrrulhan@oX«maonerRaactivity

was | ost afte t in tract Lgh i cony 30, (Am con)
but the acti V‘F‘?’?ﬁ%ﬁ ‘g‘% P]g%%%/%é(g%’ iﬁét%% r ei-és%és)'pgélhd]gﬁﬂ#%%ct‘?%ng% hat failed
to passid he Cen3i cherBOoif Figt 2)., O 9M nBarid tocabddetn omaf Als

cooni 011 br ary BEe donbt S GLUBERITh Thet benont £ DA SIS0 TF srbra sp-

strain 240B1.1d%e} veosundied Topses 1ese; souesied doraA s i9@eii vation

’5@ctivity. Thrﬁgégégpegt-% ., 1998). Preferably, 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

-10-



2-JAN 2~i C4 show ng Al's inactivating function were identified. Restriction
anal ysis showed that the 3 cl ones shared one common band of 4. 3-kb
generated by EcoRl digestion. The bioassay with the subclone E7-F7 JAN 7004
containing this 5 4.3-kb EcoRl fragnent confirnmed that this fragnment
encodes Als inactivation function (Fig. 3). To identify the m ni num size
and the | ocatADir ofntyies Alls tinacduvat | ourHeme ¢aip¥gnt acskri al of del etion
cl ones was generated by deletion fromboth ends of this 4.3-kb 10 fragnent
with the DNasBF™RERMOU (Lin, et al., 1985). The results indicated that the
aii A gene is contarmedotréséntl. Zn¥bnt t @gnendvidecl oneedrdde fFiggy Sor Aii A
gene encodes a novel protein The 1.2-kb DNA insert_in clone F41 was

conpl etel y 15REHHRAEEW fFOA HOTR-St FANESS S A%’ nuct e RF Tt S nce of aiiA
and ‘the predigied ariDOgei tabgateNTe2@yE Ishidveet Indi Tacondhe conpl ete
sequence of the DNA insert contains 1,222 base pairs and there are 4

potential in-FHeRERdpedt ? ebidt hgt PHATR SSTRERT S 52are T P FRroPe2E° et edt i de

posi tion of |gfdRanydHadher 228 recpegéhyery 4 Figredloidel etion anal ysis
i ndi cated that only the | ongest, ORF encodes, Al's ipactivation function,
because the cFomeemBRationwhi tht$ n2tEBEeYY ptonirRt ¢t Al hucl eot i des

from1l to 13 pnathe ARNEEStoORaMBEE EDs &Rl et efhet@Sthd ekpB€ssvahi on
function conpl et el al though the remaining DNA i nsert was placed under the

controll®f a @ﬁn@@%%‘?@?nﬁ:a‘é@fb@%n%i ebne PPactayianpat iQahfif ned by fusing

the |ongest ORFgt@ibhe 9Y Ulyad By DNRors & & ANSE o] Aseoeneut Hikdgcsase ORF and
30 testing for Al inactivation activity of the purifjied fusion protein

(data not shown). ThesPORFERBNIRTAREYSD BYSAuePRBRMIL BE @FRSReL a2 prot ei n

“of 250 ani no Bgkdsyis16aut dinaac2RiiMhePi fa bl 6 sEoL B! @cHbar pass of
28,036 daltons and an isoelectric point at 4.7, because.of_ 19 strongly
basi c and 39 s¥¢ahgPy REPHCRL dpR@beBER HsdBRFueslOThexptRbei VER®ni ti ati on

codon i g5 preceded.at Ra$PREI AgpPied Pib¥cBYyarpobemhidl ikiROsQeNEsbi nding
sequenCES(Awégﬂ%gg mhi% IS %%%pl%nentar§ t% th253' endlof the E. coli 16S

rRNA. The bestuskquepeememt chr (FATTEI1e0- t hER conBEASESTed0 pronot er
el ement (TAT oQERULE, 3*5th?£'<91§%%1|€3%Oégﬁﬁffedi”iﬁ!@Héof'ofﬁdé’ﬁ-aA TCTT box

followng 10 a T-rich region rese ing the potential factorindependent
term nation sttmppsitoondvidbenstcempniseste eEfadhive ornewdonof Brlkadel ,

e e Py SRCAA L A sene |1 a0, asinkep! I (e
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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15 Dat abase searches showed that the aii A gene has no significant
simlarity to known sequences in the major databases (GenBank, European
Mol ecul ar Bi ol ogy Laboratory, Protein Information Resource, and 2oWiAdkZ8Hot )
" by FASTA and BLAST analysis at either 20 nucleotide or peptide sequence
| evel , suggesting that AliAis a novel protein. Consensus protein notif
search using the CGEpnetplescianrgut Bfa 3 Obriod Mot sod, o INHh MPtd=sfiogr am showed
that a shortgfr??{ptide sequence, "1 LVDTGVWPESAV" from osit'%on 47 to 58 in
AiiA is 25 T L YU HOLOF R LTS He“aasﬁé‘ﬂ%rp‘? t'E85e ATtive site
signature pat§ern gRaabpagsniant Bais est &O@afFigib) . iEpEession of aiiA
gene in Erwinia carotovora decreases Als re|easing and attenuates virul ence
30 The cosni d*EMHHES B2 ROMAR2Y rdhi st PR HE DL Bf wi Mk £ar Rbvora strain
SCGL by &ri pargd BAt 1@ ] Ngr JdectARRBIyector dasnpreen safely maintained in
Erwinia -17 2 J,~~ cc~~4 _carotovora W thout selectjion pressure. The
bi oassay showed t hERPiFRL AF QT el 2lkeRs HWErW%%ﬁ%a‘PH’E‘H@’%%S(E% R3) was
signi ficantlyiseduced £Fidns b, g BHE @ﬁops«hiélgpgsck@iw@ﬁ@@,cgap@éyé,he cosni d
vector pLAFR3 alone in S Erwnia carotovora did not affect Al's production
(Fig. 6, |anest@yidpaind REHEES t hatT2hef Rl dF1 S ROHURd by Erwinia
carotovora SW&%M@ul@ﬁptéN@é&@sﬂhé!éﬁ gener oductyadde & wnia
~ carotovora SCGL(E7-R3) " that expresses 10 AiiA protein failed to or caused
only mior soienTaiueseaB8edsyntIFiHEPRat Bl Rgp afRT THMRes?- cabbage,
carrot and cepefyreMi-de F1gvhAI SN al g5k Catneds SeVerg, synptons (Fig.
7A, B, C, D, E). To prevent experinental errors due to genetic variations,
- four 15 col ordEsP¢¥ SREr v &% a0 € AP bRDVET dNBY rleg i Sel 2amkededai i A gene
transformants respectiyelyal WS fnt PROPOAY #&) ectehdorstesting Als
production and virulence on potato. Simlar Tesults were obtained in both
experi ments. Jec TR PPEIEhPDE oOvivt @l St di FL STEoRRIPpIIAEREr$hat cont ai ns
the cospd d vegt pr.nl Vo causeset he, 5a0E) L eyvgh; of (Ll sease severity as its
parental strain Erwinia carotovora strain SC@ (Fig. 7F). Discussion
Bacterial isolate PA9Blose wheghnomswi Hendeperd ez 251Brles |96 sp., produces
an enzyne th ff LV i i Al sted, i.e.,
N 13- oxohexaﬂ%@%- < o"frlggéeﬂrliﬁ%yl %%%%inie}yatkff% o%%%%%%’noy {k?h%%oseri ne
| act one and Ns¢820koy dendnoyiponhoneses s nef | tet openditheoyebhe Kaii A)
encodi ng t he é@g&ti vation 30 enzynme has been cloned and fully sequenced.
Expressi on of Tie aii A gene in transformed E. coli and pathogenic bacteria
Erwi ni &ar ol ovor aAgoates sohbithétinvent #pn-yBl1 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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~ ~~~ 2~~4 inactivation and significantly reduces the Als rel ease from
Erw ni a carol ovora. To our know edge, it is the first, protein identified
' capabl e of enzymatic inactivation of N-acyl-honoserine |actones, 2hghb 2884
aut oi nducers for gl obal gene regulation in a diverse of bacteria specles.
The AiiAis a novel protein. There is no significant honology to known
proteins in nidjoreskat abasese. | tEshaeeschian tafl tstesain e consensas 10

pattern of theS aspart Ifgroﬁﬁﬁsgfogfé%vgngié&éﬁ%\{\iljl ngs and Barret, 1995).

Aspartyl pro_taeases, al SO known as~ aci d prot'eases, are wi dely distributed in
~vertebrates, Agingbacpbants, tuedfoyisnsestsanith SOME pteak,; vi ruses. The
aspartyl proteases_frog st retroyiruses and, sone 15 pl ant viruses are
bt o o PR o1t ol S R DS o B e bR ¢
failed t® passra.dPlectyarpspeye sbthia coof f skzecdf i 30 kdan Wagi cating
a possibility that Aii A protein exists as_a honpdi mer or. hononul tinmer under
the natural coOnHFErehsin 2BurbseRertathere®) LT £Hossihidnd wiRE A A

- mononer has ad:+4{8gulafe t By pensbdensi omalmsiTaEe] ur €72 W ehyti nders it
passi ng through the nol ecul ar sieve. Aspartyl proteases are endopepti dases

and hydr ol ysesedhime (Pehkhbelr ofoprdief nsCage iR thydeytuphre 59 udly has 25

shown that the.cozyeerpicthe gspasty! 1079t easerdsun & vy anggso ) phed orgl ecul es
with the active-site cleft | ocated between the | obes, and each ﬁ obe

contri btRing dne2@Rrthe PaiPHof - Aspakt$8 dei d Tasitusidahatadss responsi bl e

for the catalydiLuRChivh t¥akSiebeckic etnd) @o, k994 bokr ¥hai a car ot ovora
is a plant pathogen that produces and secretes exoenzynes that act as

virul ence det®kProge sSPRECedi¥as oesel sbasdaledssay i obisCipilantBetih
o and Tempe, 1978). Appropriate antibiotics were added
as indicated at the following concentrations:
15 ampicillin, 100 pg/ml; tetracycline, 20 pg/ml and
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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. Z°J~~d 2~~~ including potato, cabbages, tomato, chili, carrot, celery,
oni,on, and |l ettuce (Kotoujansky, 1987). Miutants that were defective‘bg Eﬂ
~produci ng N 3-(oxohexanoyl)-L-honoserine | actone were also 5 def ect i M i
systhesis of the pectinase, cellulase and protease exoenzynes. These
mutants failed to induce soft rot disease in potato tubers (Jones, et al.,
1993) . It wasidaemibvahben téet bxpty geses et fiseddmplwgfious thoe | uxl gene of

Vibrio fi schekg 'O?Ag%ggd&gt&gd a&%\% njx_irlg%grak%‘p uctéﬁ%%gq\{)%il@o car ot ovor a.

The expl nutan VI T Ul ent e was” | hocu acco | eaf but

t he virul encesamsemestoredchyr exGEnal £ aht ovang ucerriseldi duiorby Pi r honen, et
al., 1993). Qbviously ut oi nducers .are a potenti al get for 15 genetic
engi neering olfoLf)TrJarh? B TR E%%%%r?%]‘éi s?é\nacie'.’ Alsésgél)-l ntéﬂ‘?ﬁ%%‘gt and a
concept Providga bppl vachs dher codndat chwnes tont bias 4 hdiched | s gene was
introduced to Erwi ni a carofpvora stiai n g%ﬂ Eﬂ;ression of the Ali A enzyne
in Erwinia catotovbred 20Y siym retantt y't ed the TRYEESeMSF "1 oi nducers,

and the genetpeatdyme®dbh i e 1r $i fdied € ai 10y ofiee tABL Expsessed Aii A failed
to i nduce any_or induce only, m nor s&i rot di sease s%%lnc?tom on all plants
tested, incl USFHIPBERE ol FEME , YRt ettt SbbLye, RBHY dteandt 95 cel ery.

Qur results frit hepr SMPPDIdd tBEos PPOEhaN! NOLEL &f ¢ adld Dl nelbigesiScé n t he
regul ati on of _expression of viru|lence genes in Erwinia carotovora, and the.
potentiBl of e aRARA YRHECED LBHFRrAFEL| SFUMERCTD “ofe IR 1FPase and

ot her di seasesiim AbcASt AR 30c Quib0ENILECET $s BE €5 PMPA ¥Eod Ak QQUl at i on of
pat hogeni ¢ gene expression. The present invention provides a new strategy

for engineeri Rg'reshBt Bhce) t3NQi deb3Rase | FeParReTurere ReHICIBEd~——~ 274

Jthis strat egyLlé@ﬂi%eEﬁe Nseeyta hoapser | AegdActione At sdmeucess 4 hat i nduce
expression of pathogeni c genes of many bacterial pathogens at a threshold

~concentrationl28y) usi ng the above-nentioned 5 conception-proving approach,
the present invention denonstrates that reduction or elimnation of
aut oi nducers produced by pathogenic bacteria by an autoi nducer inactivation
enzyne 3 gni féeratiy medéfiborbiopacfofeniniaysbrabeh@f@lse virulent 10
bacterial pathogeny, Because [Ne  eXRr €S2 O the aiia gene in the

cosmid vector pLAFR3, was transferred into Erwinia

stain SCGl by triparental mating with the helper strain

"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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pat hogeni ¢ genes i n pathogenic bacteria requires a threshold concentration,
. this Al-inactivation strategy i is applicable to all plant, animal or

. mammal di seases where the expression of pathogenic genes of the 15 jAN 7004
bacterial pathogens is inducible by N-acyl honopserine |actone autoi nducers.
The aii A gene could also be a useful tool for investigation of the role of
Al's in those dasteldlat wheTles t drevdr Dt gL atoftunedt onss reguhatedl 48 Al's has
not 20 been established. In recent years, nmany nore bacteria species have
been shown t d'Prodte A s {BHATE" et al., 1997; Dunenyo, et al., |998:;
Cha, et al., 1998; Surette, et al., 1999). Some of them are inportant plant
pat hogens such as, Psendononas and Xant hononas 25 species. The gene knock
out approach Besett3n sequence honol ogy could be difficult. The overall

level s of sequeRegnshyi bATbLYEF1 4 EnsY N HasLiplde tAs T el at ed regul atory
protein fromdi fferent genera are rather |ow, often no higher than 28-350

i denti ty5 bet ween LBAFtS0la pesplates nErandldR5wd dentl tsampkes uxR-t ype
protel ns (Fudyarelsdloend %Py RUANSLscTLnd el PR B & ANl A O

introduce the ail A gene into these - , 1 Zis~~ bacteria to probe the
bi ol ogi cal furetiensakepibhred HOR s. whpoh showed o Feferemlesl W Yi son, D.

G R, B SanjgsefinJasner Acihert P (3998)eq Bty agellulpr products

as nediators o e formation an . chnent™ o seudononas orescens 5
bi ofi | ms. FEMEWMiyr obTlo¢ ogytdbtperbe B 7extigoct g girom isehate BI0EL, G sh,

1 gnmery sear EHESSTe TEE v CRDH BT A b b B e W 0 Barber, C
- B, Tang, J. incultengenJ(Fig, Pan,aml Que dfpaitspnef The. pr&tater, H.,
E%Vte‘r]n r (I\a/lqhi %%%Jlf%& p%?h%%%%?%‘%t;é g}%fsﬁ(a%%garr}%él%%g%%%@%tn r%/eggl?réeergrr%lj?;? :a)d/ by
a small diffusitheosoganahasel Ecive. 1 Nbbecubarbdd Tindi Bdogy Rdn. 555- 566.
' These observations indicate 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
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15 Bassler, B. L., Greenberg, E. P. & Stevens, A M (1997). Cross-species

i nduction of |um nescence in the quorum sensing bacterium Vibrio,h k
2 8!

" Journal of Bacteriology 179, 4043-4045. Beck von Bodnan, S., and

S. K (1995). 20 Capsul ar pol ysacchari de biosynthesis and pathogenicity in
Erwinia stewartii require induction by an Nacyl honoseri ne | actone
aut oi nducer . shourived #fs Bacdetriwdogyy | i ctbDA0-&O08. i Bari sfidd. N V.,

Borisjuk, L. G, Logendra , 25 Logendr S.,. Petersen, F.., Jeba, Y.,
Raskin | 1gRECENIGHE | HEbH TR ORI T i hRS b T30 BB Hoo  exudat es.
_II\_la.t.]chI‘e Bi ot;cﬁmlﬁggfﬂ,%ﬁﬁﬁﬂﬁ?ljalao g@j{.iﬁﬁf&d ?y G%qcﬁmrtﬂiiscj;estﬁi?nand
rifonov, E. N , : conputer algorithmfor testing potentia
prokaryotic tErfiRdTRY Nﬂ%ﬁi%iﬂ%g%%%r {1'{123,0%51311?%‘5927&“(%0, J. G,
and -Mei ghen, £ 3A¢ (3889 - rPagmdh€atd 0N el Soisdf Ul 18 af rd glestd fi cation of
an aut oi nducer for the |um nescence systemof Vibrio harveyi. Journal of

Bi ol ogi cal Crmeedey Sk, inagybrausys. fanatie (G, P n, Y. C., Shaw,
- P. D, and Fai&awiff-t%e A 1998 £raductd ool s rhormsesndienid | acton

guorum sensi ng signals by gram negative plantassoci ated bacteri a. ‘

Mol ecul ar and-Praint W ek obed et efattfbons? 195T 13 R 199lean Sones
Greenberg E s (d99datdioaSTdiNah £ £0h Ao Of dilies VPrije; 41 sChieph LuxR

protein contains an 15 i nducer-independent | ux gene activating donain.
Proc. Nel|. AceaimeSet wijda g ONaasl mqquoddiein,s.eﬂ,abeeh%%ﬂg- E. P
(1992). Cenetdc_ evi - ! i i on Lé%gg e @‘.;21%9 i ptional
activator of W%r]}% ?l(‘s:%hj:f?(irll un%%@éeﬁgg}l}gl\%?e%. r.E%ico(%IF %C?ot ech. 1:
408-413. C ough,aSl.J.KbLEeagent. in Scheheé ,FM  Aigand) Denny, T. P. (1997).
A two- conponent systemin Ral stonia (Pseudonpbnas) sol anacearum nodul at es
production of PhcAregul ated virulence factors in response to 25

3- hydroxypal naiizn gend amtbiésestmovel Masteinol 179, 3639-3648. -24 2

o hopanae e afe Ko N Fn1986): The role ol hecl! . snpurEs, i n ol en

; 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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J Mcrobiol 43, 1164-71, V, P P

| gl ewski, B. ‘?—P rt%stg(g‘ 36% égf% aand Zﬂ;é %%%M%F ]Pq %183[9%9(5'1%6 15
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meliloti. Proc tl U 7347-73p1. ny,0 . K. M . Chun,
W Chatterj ed"niC 1?@@%5)8%1&%1}1'@%% E%dtkﬂﬁﬁyil o?%%%gly%‘%/i}gm‘é%lfo%%%e |
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syri ngae and ot her uor escent ant pat e udononas ci es.

Eur opean Jour%%ﬁls%?SWanfgﬁ%f%‘FB% % %I(‘%l?g n@g%’ﬁgﬁkgo%%‘?rs %ﬁ,eb]%g- 582.
-25 2 JA ~mpédrBuaphye the Mlj(ﬁﬂ@tﬂoncbod@xmd Mei piren, bdx £d090%ind
honoserine | actone %t oi nducer Ig]giat es_virul ence, o n i nsect - pat hogeni c

bact eritfn Xehot hab r‘?l‘é?’(ﬁ?ojf)‘ﬁ?‘? %@%t@f‘%bﬁﬁ%ﬂ%ﬁ:{%a JCt9rBacteriol . 179,

5 5288-5291 . E@@é@éﬁdenf\teﬁwiﬁaﬂgﬁﬂ981fe Ls, f&hed hadwhsGrealenyorhe G L.
Neal son, K. H., and penhei e gﬁ% Structural_identification of

aut oi nducer o?eﬁﬁb%?Bb%Et%??i% f?%‘?:‘ﬂ@‘?lr |4 Erasr'éheB?%E%%nﬁf’gtry 20, 10
2444-2449. Ebghhteht . oV P8ONa ;M &meslﬁrﬂb%rﬂndcéc Sbeveit , 16 % A B
Christiansen, G, Chhabra, S. R, Bycroft Wllians, P., Mlin, S &

G vskov, M (11199691 PRy bIGRneAt Lo ‘FxP%i%?llE %Bn%serl ne | actone autoi nducers
15 in cpatrol Iing pheapukti 6ehbuhas Qﬁmaaowaa@ftﬁ@raﬁmagéhgul%@%@ns
Mol ecul ar M crobiology 20, |27- 136. Firek, S., Draper, J7,

Gandecha, A S%kﬁa@ﬂntBSlmhh@rWYt’é@akﬁilo‘@ fé;eqll@@%eSSb%r’élﬁiofﬁaMra
functi onal @Qﬁ&b&@ébn E¥n§£ﬁke' ééﬁ%&f@b&lgP éP@f‘&&g plants and cell
suspensi on cultures. Pl ant ecul ar Biology 23, 861-870 uqua C, W nans
S. C (1996). L@@QS@’WEE,CPSO’Q@NInéﬂﬁ@bﬂ@té@neR%mlﬁr%ear@mﬁleqw red for

densi ty-dependent o aéwbgtm%f af) BhASE LAY LLLRL ACt BRse£ON) Ugal 25

t ransfer genes. 5 Eact eri
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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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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 <4k ~l L aut oi r e. Lux f rio fischeri
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S5 1RO B o BRIt BT B2 pSULB Gt yfag SIS,
.genes from Vibiid prethéeni isMbouM 28 obPalbut7it8daillegd to pass a
: molecular sieve with a cut off szsize of 30 kbDa,
indicating a possibility that AiiA protein exists as a
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 bilcobed 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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The nucl ei ¢ atealf dbucl ahen i ruberte furs heestonpd i seseat srgmbl pepti de
“hucl o aci o W eb eSS SR r . (PRI RS esel 88 Lact or  bropagat s
in a prokaryopheiolisepkaiyobitdeedts are a potential target for
15 genetic engineering of plant soft rot disease
resistance. As an interim test and a concept proving
approach, the cosmid clone containing the aiiA gene was
introduced to Erwinia carotovora strain SCGL,
Expression of the AiiA enzyme in Erwinia carotovora
20 significantly reduced the release of autoinducers, and
the genetically modified Erwinia carotovora that
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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4. A cell of a prokaryote or eukaryote transfornmed or transfected with the
expression vector of claim3. 5. An isolated protein which has bacteri al
aut oi nduction inactivation activity, where the protein conpriszsjégeﬁggino
acid sequence of SEQ ID NO:2. 6. A nmethod for increasing di sease”Tes ance
in a plant or aninmal, which nmethod conprises introducing into a cell of
such pl ant ortrers netl rateqic| B ogeics i -setektiermdsamncael agtorrpe consi sting (a)
a nucleic aci Vi e j rti - 1;

32 3 Sas A A SR R S S R R e ot oo
I D NO: 2. 7. Tht methdokoferial pdthodereiat thethmedleild aci d furt her
conprises a signal peptide cading regi 0 3 e 8. The net hod of
cl aim 6, 'V\her%(%hc?rlllgréh)%lc o cOjgci i dsjfrb(?tﬁg? aE:k?)(%ir‘ppér/iI][Eegtgy'La(pr(l:rreleednbrane at t achnment
domai n- codi nged e el af - Eryv soyr oeer @aciThet metiioes @it clrayentsiomherei n t he
plant is susceptible to bacterial .soft rot_disease.. 10, The nethod of claim
9, wherein thcggrb?%ﬁr?%e%:ﬁéﬂeﬂe??% l?rﬁeorgr%%b st i?fg of potato,

eggpl ant, Chiaese] cabbage, praduotd dny et lesyenild . badesned hod af cl ai m 6,
wherein the plant.i% susce tigle %o a bacterigﬁ di ease, in whi ch t he
expressi on of *&HP T%%%elﬁ%ﬁ LYRE QY UTRE BN 6y Eh NS P honoser i ne | act one
aut oi nducer . d2:eruieshoda ohopeeient y ngt ostieducsagy iactent al damage to a
pl ant or aniﬁgl, mhicﬂ net .hod conﬁéises adginisteriqg.to a.plant or aninal
in need ®f sURHCHTEYRhtPOIS7eR edutEFBRSan 2 e TVE AU’ of a bacteria
aut oi nducer ipaehbyahiONgEROs ein, pabies@imic Neaprot i nregnpréses SEQ | D

NO: 2. 13. A conposition for preventing or rgfucin pacterial damage to a
plant or ani nEPTEHR?PtH CORPFISEITIPR) GBS &t TERITVE Anbuht Sof2 5 Bact eri al
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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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(a) preparing a gene bank from a donor organismthat contains a nucleic
aci d sequence coding for a protein with an autoinducer inactivation .
activity in a suitable host organism (b) screening the clones QflﬁNeé@%ne
~bank; and (c) isolating the clones which contain a nucleic acid coding for
a protein with autoinducer inactivation activity. 16. The method of claim
15, wherein tiecthesta otgaprshe i shEscheléghial chhnct Idns Thegweithed lof cl ai m
15, wherein tﬁf steps of preparing a gene bank, screening the clones, and
isolating the cf ones are performed in an Escherichia .coli strain that does
not inactivate the autoinducer. 18. A nethod which conprises . (a)

i ntroducing the nucleic acid sequence of claim1l into a bacterial cell; and
(b) screening the bacterial cell obtained fromstep (a) for changed
bi ol ogi cal function. 2 JAN 2~~4 19. The method of claimfunction is a

function which 20. The nethod of claimfunction is a function which (a).

21. The method of claimfunction is a function which 18, wherein the
changed biological is lost as a result of step (a). 18, wherein the changed
bi ol ogical is suppressed as a result of step 18, wherein the. changed

bi ol ogical is enhanced as a result of step (a). 35 2 J; ~f ~~~4 ABSTRACT
OF THE DI SCLOSURE Di scl osed are an isol ated nucl ei c acid nol ecul e encodi ng
a bacterial autoinducer inactivation protein, the encoded protein, and
anti-bacterial uses therefor. -36 .AYH& A A b. A .
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' of SEQ ID NO 1; ‘
{(b) a nucleic acid encoding the amino acid sequence of SEQ
ID NO:2; and
(c)  a nucleic acid that hybridises to (a) or (b) above,
wherein a positive hybridisation signal is observed
after washing with 1 X SSC and 0.1% SDS at 55°C for one

hour.

2. The nucleic acid of claim 1, which further comprises a signal

peptide coding 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 autOinduction
inactivation activity, where the protein comprises 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 nucleic acid having the sequence of the coding portion

. Of SEQ ID NO: 1
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7. The method of claim 6, wherein the nuclelc acid further

Cemprises a signal peptide coding region of any sequence.

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
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,comprisesr-
' (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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act1v1ty as expressed by the protein of SEQ ID NO:2;
(c) preparing a crude protein extract from the culture; and
(d) confirming enzymatic inactivation 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 of the 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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19. The
- function

20. The

fﬁnction

(a).

21. The

function

2 JAN 264
method of claim 18, wherein the ~changed biological

is a function which is lost as a result of step fa}.

method of claim 18, wherein the changed biological

is a function which is suppressed as a result of step

method = of claim 18,  wherein  the. changed biological

is a function which is enhanced as a result of step (a).
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