WD 02/ 16623 PCT/ SG00/ 00123 BACTERI AL STRAINS, GENES AND ENZYMES FOR
CONTROL OF BACTERI AL DI SEASES BY QUENCH NG QUORUM SENSI NG SI GNALS FI ELD OF
THE | NVENNO @b present invention relates to genes encoBCTgGow@ged at or s
of bacterial netabolism nore particularly to genes encodi ng enzynes that
guench quorum sensing signals. The present invention further relates to
nmet hods of control of bacterial diseases conprising expression of genes
encodi ng aut oi nducer inhibitors. BACKGROUND OF THE | NVENTI ON
N-acyl - honoserine | actones, known as autoi nducers (Als), are wdely
conserved signal nolecules present in quorumsensing systens of many
Gram negati ve bacteria. It has been found that Als are involved in the
regul ati on of a range of biological functions, including biolumnescence
in Vibrio species (Eberhard et al., 1981; Cao and Mei ghen, 1989), Ti
plasm d conjugal transfer in Agrobacteriumtunefaciens (Zhang et al.,
1993), induction of virulence genes in Erwnia carotovora, Erw.

chrysanthem , Erw. stewartii, Pseudononas aerugi nosa, P. sol anacerum and
Xenor habdus nemat ophilus (Jones et al., 1993; Passador et al., 1993;
Pirhonen et al., 1993; Pearson et al., 1994; Beck von Bodman and Farrand,

1995; Flavier et al., 1998; Costa and Loper 1997; Nasser et .al., 1998;),
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1994), regul aBRONERTIABWALBEAGESDBY|I DUENCHIBar aOREM-BEYSiINacisansiA(Eber | et
al., 1996), and biofilm5 formation in P. fluorescens and P. aerugi nosa
(Al'l'i son

FIELD OF THE TNVENTTION

The present invention relates to genes encoding
regulators of bacterial metabolism, more particularly
to genes encoding enzymes that quench quorum-sensing
signals. The present invention further relates to
methods of control of bacterial diseases comprising
expression of genes encoding autoinducer inhibitors.

BACKGROUND OF THE INVENTTON

N-acyl-homoserine lactones, known as autoinducers
(ATIs), are widely conserved signal molecules present in
quorum-sensing systems of many Gram-negative bacteria.
It has been found that AIs are involved in the
regulation of a range of biological functions,
including bioluminescence in Vibrio species (Eberhard
et al., 1981; Cao and Meighen, 1989), Ti plasmid
conjugal transfer in Agrobacterium tumefaciens (Zhang
et al., 1993), induction of virulence genes in Erwinia
carotovora, Erw. chrysanthemi, Erw. stewartii,
Pseudomonas aeruginosa, P. solanacerum, and Xenorhabdus
nematophilus (Jones et al., 1993; Passador et al.,
1993; Pirhonen et al., 1993; Pearson et al., 1994; Beck
von Bodman and Farrand, 1995; Flavier et al., 1998;
Costa and Loper, 1997; Nasser et al., 1998;),



et al., 1998; Davies et al., 1998). Many nore bacterial species are known
to produce Als, but the relevant biological functions have not yet been
est abl i sivedot/Bagsl er et al., 1997; Dunenyo et al., 10 199BCT/Saevr/@uz2zal .,
1998). Biofilmformation is of particular significance to bacteri al

pat hogenicity, as it makés bacteria nore resistant to antibiotics and
host defense responses, and causes mcrobial contam nation in nedical
devices and in drinking water 15 pipelines. Different bacterial species
may produce different Als. Al Al derivatives share identical honoserine

| act one moi etregmul londide emtibildie d egiducicdn Sid Ust Wieredrddwdis acy!
groups. Although the target 20 genes regul ated by Als are extrenely varied,
the basic me&Radidm RIQLIESHIES #PshdPste reflliati i Grstemt to be

conserved ingdiff qrmg PaClRIIA1 TN FINRIAlind GRIUNG 1§ GENRFopH ation by
Al's is cell density dependence, also known as quorum sensing. At |ow cell
25 densiti es ltilgerifiasimns diEbeaw ednedntr dt9%ms, aatd eitofidigh cel | densities
t he Al s_.can l,at e .to o)) t fic'gp_g- t{i-vaat 1.on of

rel at ed5 r eggﬁa&%ﬁ%éeﬁés %Fuqua%gérgcfre%ﬁn%%g,s%m%% i IIeoosr%ia@lolgllast&dar?
functions reetl atled HYARIl;s Darve eaf <30 adansildaBdbl e M=ciyemiadrfd ¢, econom c, and

medi cal i nportance. .New approaches for up or down requl ati.o of bacteri al
quor um sensi N§< &@&Bs\ﬁ?ﬁqﬁsbgrgf w@z;{fGéof:? i /gﬁ)ltz%h%

significant valegantobiailogiidalsduerts onsuthaatesmdn year aetdrcal
appl i cations. s . bee ent | at_ a novel Jgene encodi ng
.7

aut oi nducer Fﬁlﬁté‘thﬁq\a;e?ﬂe&n((]?’ %‘I%E)S%etrﬁ%ge erf Pod 7 nihdhye e
10 1998; Cha et al., 1998). Biofilm formation is of
particular significance to bacterial pathogenicity, as
it makes bacteria more resistant to antibiotics and
host defense responses, and causes microbial
contamination in medical devices and in drinking water
15 pipelines.
Different bacterial species may produce different
AIs. All AI derivatives share identical homoserine
lactone moieties, but differ in the length and
' structure of their acyl groups. Although the target
20 genes regulated by AIs are extremely varied, the basic
mechanism of AIs biosynthesis and gene regulation seems
to be conserved in different bacteria. The general
feature of gene regulation by AIls is cell density
dependence, also known as quorum sensing. At low cell
25 densities the AIs are at low concentrations, and at
high cell densities the AIs can accumulate to a
concentration sufficient for activation of related
regulatory genes (Fuqua and Winans, 1996). The
biological functions regulated by Als are of
30 considerable scientific, economic, and medical
importance. New approaches for up or down regulation

of bacterial quorum sensing systems would be of



5 cloned fromthe Gampositive bacteriumBacillus sp. strain 240B1 (Dong
et al., 2000). Expression of the aiiAin transforned Erw. carotovora
strai n S®R)p2/e62pat hogen t hat causes soft rot di sease i n PENSGEl/@MLZS,
significantly reduces the rel ease of Al, decreases 10 extracel |l ul ar
pectrolytic enzyne activities, and attenuates pathogenicity on potato,
eggpl ant, Chinese cabbage, carrot, celegy, cauliflower, and tobacco. The
results indicate the prom sing potential of using the Al-inactivation
approach for prevention of diseases in 15 which virulence is regul ated by
quor um sensi Bdgaiignakst VSUJMMA\RYxo@: oy liNVENTINSagha il sstimi ns and
enzymes capabl e %f ef.fici i.nactivation of N-acyl honoserine | actone
aut oi nducer sPTE&rLfF3dr &P l@@ﬁé@@@r abl e interest for biotechnol ogy 20

applications. Wthtt hespbesentrepdwerid addndlsy tHsclosrdrdihaferad | Baci | | us
thuringiensis strains and their closely related species tested were

capabl e of EREPREDNPC AURLNIAEE oA NG AVE tigte @1 AnthfesiRes nus  nut ant
of AQr oact epi URLLUFRLACH RS CSLA A Y2AUSRL 25 By SN J MBS on

nmut agenesi s, was al so found capabl'e of producing Al inactivation enzyne.
The genes ené@éﬁng 2B 1AI(Diong ity @tli -on 28 rres %@&ﬂmd)felﬁhﬁer by a

functi pnal QQAnQnaEQ % e dbyErz%, P%&%nparl S ndté& selaect ed

bacterial strains. A pepti de sequence icat€s that all of
t hese enzynepabbbgry thett I¢@u:$etsalslocﬂwmo¢l able deam® [y mEnh @emos aci d

STy [N RS e R0 I e 44 el MR ARIEZS
ef fectiivel y quémabeA[Lué.«am ‘pietcyandieyrtm-ecmm ecctiititids, praduci ng
pat hogeni ¢ b%%%%%h%te%n%a%%%é%%%c%ﬁgﬁ%ﬁf%%mato, eggplant, Chinese
cabbage, carrot, celery, cauliflower, and tobacco. The
results indicate the promising potential of using the
Al-inactivation approach for prevention of diseases in
15 which virulence is regulated by quorum sensing signals.
SUMMARY OF THE INVENTION
Bacterial strains and enzymes capable of efficient
inactivation of N-acyl homoserine lactone autoinducers
(AIs) are of considerable interest for biotechnology
20 applications. With the present invention it is
disclosed that all Bacillus thuringiensis strains and
their closely related species tested were capable of
enzymatic inactivation of AIs. One AI synthesis minus
mutant of Agrobacterium tumefaciens strain A6, caused
25 by Tn5 insertion mutagenesis, was also found capable of
producing AI inactivation enzyme. The genes encoding
for AT inactivation enzymes were cloned either by a
functional cloning approach or by a PCR approach from
the selected bacterial strains. A peptide sequence
30 comparison indicates that all of these enzymes belong

to the metallohydrolase family, with amino acid

identity ranging from 35.4% - 94.0 % to the previously



bi ocontrol of potato soft rot disease caused by Erwnia 5 carotovora. The
dat a suggest that quenching biosignals which regulate virulence is an
useful stwavms2ior disease control, and that B. thuringP€nsSGay/@izai ns
whi ch are known for insecticidal activity are also prom sing biocontrol
agents for prevention of diseases 10 in which virulence is regul ated by
Al's. BRI EF DESCRI PTI ON OF THE DRAW NGS 4 Figure 1 shows the tine course of
Al (OOHL) inactivation by the protein extract of A tunefaciens strain
MLO3. The total protein of MLO3 was extracted 15 by sonication disruption
of baCter'alr%%b&%eUnAiﬁ%5éM%FﬁRDSPHQkEEbUHﬂﬂir' chdl)s dEqualnsvol umes of
MLO3 protein extract (1.46 m ) and 5000 nM L were m xed and

i ncubat ed i ne&fectije Epﬁ%ﬁﬂ%ﬁ#ﬁﬂéﬁ¥?iﬁﬁkﬁy Whee oot 8¢ UrSshw Iditotlel n

extract was denal,ued ?%t%%g@?flld M JtQr 1%, Mah A JHEed ask@Ganid ol . The
sanples were taken af , hr after reaction and the reaction was

st opped by bbibcegtired @fnp@tatﬁe39ﬁﬁﬂn§§ dMﬂQ@&%uﬂ%Hﬁﬁﬁfhﬂ ERpwigekd vity.
Figure sho l.ani n f I i tde
cosmd (%:I one\é%o Q%uv%ér%t I\/% C{FQ% éuglsg%% \ﬁ%ﬁleegh\ﬁenr?cgug nt]ongra)nsfecij In %osm d
vect or pLAFR%hlwhlkegwhatbowanmﬂ@ndamuasan1q$eﬁnﬁ<$bnaﬁagy'ﬁBﬂuescrlpt I
SK(+). Synbol p05|t|v I.nact t|on atlve in Al
|nactlvatlondléeaﬁgoﬁlo‘rl %Ps%dg %% lJ Qf%ﬁﬂ%ﬁ?%ﬁ% ﬁ%ﬁentlal ORFs
inthe 1.5 khiBh am@cmrMﬁtiGmrrawswtumdamaﬂeaiummﬂtyaaﬁan&mmﬁ anal ysi s
program and & é Del et i Qn an%ﬁﬁﬁ}s to def ne WO 02/1662315%?/SG00/00123 5
t he ORF enco8FRG+AF"™n &Pqﬂ% ﬁ B SVEER 1O T (S F Sy ment s

were choned Hat @hyet &rlrmﬁleumcmsotregulated by Als.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the time course of AT (OOHL)
inactivation by the protein extract of A. tumefaciens
strain M103. The total protein of M103 was extracted

15 by sonication disruption of bacterial cells in 1/15 M
phosphate buffer (pH 8.0). Equal volumeé of M103
protein extract (1.46 mg/ml) and 5000 nM OOHL were
mixed and incubated in a 1.5 ml Eppendorf centrifuge
tube at 28°C. Same protein extract was denatured by

20 boiling for 5 min and used as a control. The samples
were taken after 1, 3, 6 hr after reaction and the
reaction was stopped by boiling for 3 min. The samples
were analyzed for AI activity.

Figure 2 shows the cloning of the AI inactivation

25 region from the cosmid clones of mutant M103. Two
cosmid clones were contained in cosmid vector pLAFR3
while the four sub-clones in plasmid vector pBluescript
II SK(+). Symbols: +, positive in AI inactivation; -,
negative in AI inactivation; E: EcoRI; P: PstI.

30 Figure 3 shows (A) The potential ORFs in the 1.5
kb AI inactivation region predicted with a sequence

analysis program; and (B) Deletion analysis to define



Il SK(+) (pBM clones) or in vector pKK223-3 (pKM clones). The nunbers
under each clone indicate the 5 start and stop positions of the PCR

f ragment svoovrasespondi ng to the nucl eoti de sequences of tPheT/$Ge/MM23 r egi on.
Al'l constructs were confirned by sequencing analysis. The start codon
(GTG and stop codon (TAA) of the aii B ORF are shown under the clone
pKMLO3- 315. 10 Solid arrows indicate theslocation and direction of lac and
tac pronoter in these clones, the ORFs were indicated with open arrows.
Synbols: +, positive Al inactivation activity; -, negative Al inactivation
activity. 15tﬂiiegm12sf 4nsholimg AT tiva aticisantdrd ersgqueen@e (EEQ IEZR NO 1) and

(B) predicted pt d sequence (SEQ I D.NO of th i ene. cl oned from
h ¢ bt aci oASEVEGE Soria SR VERA BISEIRE bt A ASD) THar S

Pstl restri CtIIIOISKE(H-Z}ymde tdi%rﬁsa wideird Ivl’&ﬂ:.ora@ikktm—@ @rat i ve
transcription_termnati on co n is indi cate%al Fi gure 5 shows .the protein

sequence confaPR§sA -of T BHIS PACTAd A% MYCSEG 1D TS 21), a

putative pr @ik %@@%Q%pb)bciélﬂzﬁir{sl\ﬂcﬁeﬂﬂlé pdres lidmdrigd on of A
t unef aci ens, but |ts bi oIo cal functlon has not 25 been denobnstr at ed

exper i ment al ICPTECSHBRM leqisighss)eaumisss o Prootei hsRexhi bi t

a high degreee@fionsi mahar 'cto\hs(ttﬂlﬁ:&em&re sefiEneR d o erfilenditgy consensus
sequence, four fragnents identical to amino acids 8-43, 45-158,  160-186

and 188- 263 @FlaéE'QlISD NEhs0 sEart ﬁﬂd%n@?@nﬁn%ﬁt@%m@% (e )an

addi tional 7 a0 AGIHPRM dRe Md] Adus: HHIW %rﬁa Sharso R Prot ei n
sequence conparison of WO 02/16623 PCT/ S@0/00123 6 Ai'i B (SEQ | D NO 11)

and A LA (SE@oﬂ@dN@rzgys aqﬂngﬁauihe location and direction of lac
and tac promoter in these clones, the ORFs were

indicated with open arrows. Symbols: +, positive AI
inactivation activity; -, negative AI inactivation
activity.

15 Figure 4 shows (A) the nucleotide sequence (SEQ ID

| NO 1) and (B) predicted peptide sequence (SEQ ID NO 11)
of the aiiB gene cloned from A. tumefaciens M103. The
putative ribosome binding (SD) region and two PstI
restriction enzyme sites are underlined, and the

20 putative franscription termination codon is indicated.

Figure 5 shows the protein sequence comparison of

AiiB (SEQ ID NO 11) and AttM (SEQ ID NO 21), a putative
protein encoded by the attM gene in the att region of
A. tumefaciens, but its biological function has not

25 been demonstrated experimentally (GenBank accession No.
U59485). These two proteins exhibit a high degree of
similarity (the center sequence represents the
consensus sequence, four fragments identical to amino
acids 8-43, 45-158, 160-186 and 188-263 of SEQ ID NO

30 11), but functional AiiB protein has an additional 7
amino acids in the N-terminus.

Figure 6 shows a protein sequence comparison of



met al | ohydrol ase which inactivates Al cloned from Bacillus sp. 240Bl1. The
two conserved zinc binding regions are underlined. 5 Figure 7 shows the
functi onavoet/ossehg of the aii C gene. (A Enzymatic inact PeBSGaM000t3 Al by
the suspension culture of Bt strain Cott. Equal volune of cell suspension
culture (OD600 = 1.1) and 40 pM OOHL were m xed and i ncubated at 28C (A).
The boiled 10 culture and OOHL at sane cgoncentrations were used as control
(0). The sanples were taken at tinmes as indicated for Al activity assay.
(B) Direct subcloning of Al-inactivation regions fromthe cosm d clones

PLAFR3-aii C af iB. (kRyr irno@nsiny Geld aikhe @enizd are)l5 aasudigesd ed by

EcoRl and subcloned into_the pGEM7Z vector. The Al |nact| vation positive
cl one pGEM/- BREEL1RRYIr@dmsis |Wé]&°@y ieRapRYa4es it wlened, frak peEMr- aii C

was further sypchoned ) LRYEAB UGS iRl kbndktkd vzelqltcorbla}{&ﬁ{ BanH
di gestion. The Al inactivation 20 region of about 1.4 kb in si ze cont ai ned

in clone pBSrGQFLPGSV\/é@ec@@ﬁIeétléH?dsequenced Restriction enzynes: E:
EcoRl; B BanmH . Eagwr% g Shows e gg%clt&%% qt gi% YRS IO N0 2)

and (B) predi ct ed ptide sequence ( 570of the ail C gene
cl oned from gheeBt sMaiEmz@tattlcTh@amtdhf@mﬁm oefe@tlem ’Cdfe the aii C ORF is
i ons

) oot o by UMEer BB B0 S b BTdhe yunansiated comane e
sequences ande30 pue@mtsa@npramumu&ese(mm@@cesloﬂ tbadge@eqwaloolal( SEQ ID NOS
181G (S DN 4 88 o LGSR IBNOS 5 G )81 G (S0 1D
10 culture and OOHL at same concentrations were used as
control (M). The samples were taken at times as
indicated for AI activity assay. (B) Direct subcloning
of Al-inactivation regions from the cosmid clones
PLAFR3-aiiC of B. thuringiensis Cotl. The cosmid clone
15 was digested by EcoRI and subcloned into the pGEM-7Z
vector. The AI inactivation positive clone pGEM7-aiiC
was identified by enzyme activity assay. The pGEM7-
aiiC was further subcloned in the pBluescript II SK(+)
vector after BamHI digestion. The AI inactivation
20 region of about 1.4 kb in size contained in clone pBS-
ailiC was completely sequenced. Restriction enzymes: E:
EcoRI; B: BamHI.
Figure 8 shows (A) the nucleotide sequence (SEQ ID
NO 2) and (B) predicted peptide sequence (SEQ ID NO 12)
25 of the aiiC gene cloned from the Bt strain Cotl. The
nucleotide sequence of the aiiC ORF is indicated by the
uppercase letters and the untranslated regions are
indicated by the lower case letters.
Figure 9 shows the nucleotide sequences and
30 predicted protein sequences of the genes aiiD (SEQ ID
NOS 3 & 13), aiiE (SEQ ID NOS 4 & 14), aiiF (SEQ ID NOS
5 & 15), aiiG (SEQ ID NOS 6 & 16), aiiH (SEQ ID NOS 7 &



17), aiil (SEQID NCS 8 & 18), aiiJ (SEQID NOCS 9 & 19) and aiiK (SEQ ID
NOS 10 & 20) fromBt strains Bl, B2, Bl7, B18, B20, B21, B22 and B25,
respecti wedyg2/1d6eyjure 10 shows a phyl ogenetic tree anal ysi BCERG00/®1231i NO
acid identity of 11 cloned Al inactivation genes. The phylogenetic tree
was produced by DNASTAR sequence analysis software (DNASTAR Inc.). The
di stance is shown below the tree. The anyno acid identity of each sanple
to AliAis shown at the right hand of the graph. 10 Figure 11 shows the
effect of Bt strains on Al production by Erwi nia carotovora. Erw.

carotovora SQGY , wasiinesrd atedicd oene&lm)l,S a1 i LB ordi M (ds 09 £019)
i nocul at ed respectlvel in 1:1 ratio with Bt stral ns COttuéﬁA) and Bl (),

E. coli DHba s & BISED FRuANGDrif s* (29) | hremeB s apr abas TRér i nocul um

Concentfat'0@1(7T0)B1V@S o HEp1 CRI{gadony fOL0iRgivayt per mililiter)
for SCGL and 1 X 106 Um for ‘others. After irncubation of 1, 2, 3, 4, 6

and 24 hours at munﬁelcbaﬁh@fﬁiaﬂ W@hscm@et@k@hyam ahe 20
super nat.ant s re us to dige nmeans of
f our retpseats .3%%@%& e efﬁc‘ﬁ I?é% st?%?cngg??%ﬁ e/’@%nﬂol of

potato soft (Tote @mdammsectme Brag predwuteddra BUHTAR peqienato slices
wer e di pped i_n 5 S p_ﬁ[}? S t n, Cot C, E _coi|l _DHsa (D) or
B. fusiform sn(agf%zs a E éeﬁogo(fﬂ&aAb%ﬁ?;rsé'lOB n%i%i?an%\e/atlesr (W for
about 20 sec st Hexlar it8tk itree st €thd eemiie d¢oav fdenabontol0eath. The

of 30 bact or IS A JRRGI Ot Cont Sl A h SCLIE ol 92T CHUPYaPEnte (4raPR” 105 of
5 x 1090CFU. M xt wiggutdhel TedHowslthy eeofectSCGEH K2 xtdfdbBnoro x110° CFU )
was m xed re%ﬁ%? '%%!nt§(§¥$f§¥§3£§§Z§%%§Z§012 rw. carotovora SCGl

was 1noculated alone in 15 ml LB medium (4) or co-

inoculated respectively in 1:1 ratio with Bt strains

Cotl (A) and Bl (@), E. coli DH5a (A) and B.

15 fusiformis (M) in the same medium. The inoculum
concentration (T,) was 1 x 10’ CFU/ml (colony forming
unit per milliliter) for SCG1l and 1 x 10° CFU/ml for
others. After incubation of 1, 2, 3, 4, 6 and 24 hours
at 30°C, the bacterial suspensions were taken and the

20 supernatants were used to biocassay the AI produced.

The data were means of four repeats.

Figure 12 shows the effect of Bt strain Cotl on
control of potato soft rot disease caused by Erw.
carotovora SCGl. Dip: Potato slices were dipped into

25 suspensions of Bt strain Cotl (C), E. coil DH5a (D) or
B. fusiformis (Bf) at a level of about 5 x 10°% CFU/ml or
water (W) for about 20 sec and then dried in a sterile
air flow for about 20 min. The slices which showed no
moisture on the surface were inoculated with 2.5 pl of

30 bacterial suspension containing SCGl cells equivalent
to 5 x 10° or 5 x 10* CFU. Mixture: the cell culture of
SCG1 (2 x 10® or 2 x 107 CFU/ml) was mixed respectively



8 wth equal volunes of Cott (C), E coil DHsa (D), B. fusiforms (Bf) (5
x 108 CFU m) or water (W. Two point five mcrolitres of the m xture was
i nocul at a0 ode@3 t he top of slices. The final cell nunberBCDRGEEB123H
inocul ated are 2.5 x 105 or 2.5 x 109 CFU, as marked in the second |ine
bel ow t he graph. After 20 hours incubation at 28C the maceration area was
nmeasured. The data were the neans of 4 @or 12 (12 for Cott) repeats. 10
Figure 13 shows the influence of Bt strains Cott and Bl on the growth of
Erwi nia carotovora SCGL. Erw. carotovora SCGL (0) was inocul ated al one or

coi nocul at edyWhheBtiagt R,@lmm@@tbf( tbtandc$| FA) cogspeci va@)y, ijn a 1:1
ratio in 15-m LB nedi um Eac 2wasinoculatedtoaf|nal
concentrat i oAUSELREHEE 1BE)1d7? éF@J/Om CF% bR WAt e x (Woe CEYPm for the

others in thg,TaMedidMyiAilar t2e st o0 taRd md4 theW rasCuliddid AleB0C, the
bacterial suspensions were taken and diluted accordingly for spr eadi ng on

pl ates for 20n&6l 6h¢ EGMNCIINGLiTRs -expgée ddmalwesldepeitisd s Qfr SGGes and
mean daka m%ﬁgﬁﬁ%‘%@@%xe@% 2Cghs &Ptd, 5 ﬁn@loBJcWreas hedibed edi and grown

separately; was co-incubated with Cott; Bottom SCGL was co-
i ncubat ed wi theBsecendrilganee bedoshdhs orames A tedct?dr iGukdel | nunber s

(A) and devel gpaat ;@ Ippegf t285@ttﬁé;(nﬂaég&é@oﬁnaréﬁoﬁé&aﬁnégsgﬁ?éét0 sl ices.

Potato slices were into suspensi ons (5 X 8 CFUmM) (A or
wat er (+) fBheabetie ZJ@rsaecth@n@etahﬂ@n odr e A2a Il@mﬁﬁm Clzl’fo"w for 30 about
20 m n. TheU?mb(ég%S\/\ere then inoculated wwth 5 pl of Erw. carotovora SCGL

(2 x 109 CF After incubation of 1, 2, 3 and 4 days at 28C, the
10 Figure 13 shows the influence of Bt strains Cotl

and Bl on the growth of Erwinia carotovora SCGl. Erw.
carotovora SCG1l (M) was iﬁoculated alone or
coinoculated with Bt strain Cotl (¢) and Bl (A)
respectively in a 1:1 ratio in 15-ml LB medium. Each

15 strain was inoculated to a final concentration of about
1 x 107 CFU/ml for SCG1 and 1 x 10° CFU/ml for the
others in the T, medium. After 2, 4, 6 and 24 hours
culture at 30°C, the bacterial suspensions were taken
and diluted accordingly for spreading on plates for

20 colony counting. The experiment was repeated four
times and mean data were presented. Top: SCGl, Cotl,
and Bl were incubated and grown separately; Middle:
SCG1l was co-incubated with Cotl; Bottom: SCGl was co-
incubated with Bl.

25 Figure 14 shows changes in bacterial cell numbers
(A) and development of soft rot symptom (B) on
inoculated potato slices. Potato slices were dipped
into Cotl suspensions (5 x 10° CFU/ml) (A) or water (@)
for about 20 sec and then dried in a Laminar Flow for

30 about 20 min. The slices were then inoculated with 5
pl of Erw. carotovora SCGl (2 x 10° CFU/ml). After
incubation of 1, 2, 3 and 4 days at 28°C, the



WO 02/ 16623 PCT/ SG00/ 00123 9 inocul ated slices were cut into small pieces
and 10 M of 0.1 M NaC solution was added for resuspension of bacteria
cells. Thveont/xdeed e was shaken for 30 mn and the suspensPOTSGensood:d ut ed
accordingly and spread on to 5 plates for colony counting. The col ony
nunbers of SCGL were shown as |0gl0 CFU/ slice (A SCGL only; ” dipped in
Cott) and the nunbers of Cott (+) as |ogl0O CFU m®2. The experinent was
repeated four tinmes and nean data were presented. 10 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Ten genes encoding Al inactivation enzynes have been

cl oned from 9n6kanupesi khlvechBagkee aluti saltat @maand pieke sGaa@ negatl ve
bacterium (A tunefaciens). The,K genes showed different |evels of

honol ogi es t8ftﬁe1aM|Na§§ ééﬁétlﬂﬁl@ﬁseﬁééﬁésf91b6¥%ﬁﬁﬁﬂ?qﬁ%9ﬁlFﬂ%ydrolase

with strongpAkbtiRaghi vatingn aghkVinti%tuPenea@tl stlaken?GR) 3o_ SiiM lagfg t o
Ali A the zinc binding notif regions are highly conserved in the enzyne

prot ei ns encbB&dspyprengdes Hew 1&P§ﬁ@d@§?Qﬂ@%ﬂ9¥ﬁﬂﬁqﬁ1%@ﬁ%&? o 5% very

20 likeky theiafce@s%o&eeoq%yn%uart@nal sonn%rl%nQ,f e r®ial Iselydr ol ase
famly, and Use the sanme nol écular mechanismas the Ali1 A for inactivation

of N-acyl huaoseshaEnl act 8relluCEldguders. (ATheCht earhy/ i MvEAPPeA  furt her
enriches thelgea%t}wo Ln@fl Ak hﬂ%ﬁ%atolfo@o%ﬁ QY RS 1dqnd crymhaci ens,

N-acyl honoserine |actone autolnducers, nmainly OOHL, are involved in

regul ation BheTexpleefgmeatcwﬁJSug@peﬁnt@ﬁlsff@ﬂlr(znmg; @ndameanm ggdd  The

production of . ggH r%?eﬁtth”EfaC'e”S i's induced by 30 the conjugal opines
a

secreted by crown g tunours (Zhang and Kerr, 1991). The OOHL in turn
i nduces0t he DETAILED DESCRIPTION OF THE INVENTION

Ten genes encoding AI inactivation enzymes have
been cloned from 9 Gram positive bacterial isolates and
one Gram negative bacterium (A. tumefaciens). The
genes showed different levels of homologies to the aiiAd

15 gene, which encodes a putative metallohydrolase with
strong AI inactivation activity (Dong et al., 2000).
Similar to AiiA, the zinc binding motif regions are
highly conserved in the enzyme proteins encoded by
these newly cloned AI inactivation genes. It is very

20 likely that these ten enzymes are also members of the
metallohydrolase family, and use the same molecular
mechanism as the AiiA for inactivation of N-acyl
homoserine lactone autoinducers. The present invention
further enriches the gene pool of AI inactivation

25 enzymes.

In A. tumefaciens, N-acyl homoserine lactone
autoinducers, mainly OOHL, are involved in regulation
of Ti plasmid conjugal transfer (Zhang et al., 1993).
The production of OOHL in A. tumefaciens is induced by

30 the conjugal opines secreted by crown gall tumours
(Zhaﬁg and Kerr, 1991). The OOHL in turn induces the

expression of tra genes. Tra proteins are responsible



expression of tra genes. Tra proteins are responsible WO 02/ 16623

PCT/ S0/ 00123 10 for conpleting the process of Ti plasmd conjugal

transf er want/ys6a3 f ew hours are required from opi ne inducPCDRGO@OEZPI etion
of Ti plasmd conjugal transfer, so the Ti plasm d conjugal transfer can 5
therefore be regarded as only a transient event. One enbodi ment of the
present invention, the aiiB gene for Niagcyl honoserine | actone ,
degradation, identified in A tumefaciens, highlights the possibility that
t he bacterium has a sophisticated nechanismfor control of 10 Al signal

turn over. |§okScphplsthhg that pAbcess degraded aismidgicadgeioeni um af ter
conpletion of the TI plasmd conjugal transfer. It has been noted that a

maj ority of BEBDEEFAN p§&WaFe§e@aBQHF§ G AL SAALE) 48N RS am

positive, 1onhgkenghngot eckplthubnngenesi @1@@@!11@ @@elljxlgraql ated species. So
far, nost of the characterised quorum sensing %na S in G amnegative
t

bacteria ar etRRREFPTL  hEROEER Ad P&éﬁ@ﬁ@sc@Pd&Gé ett FANSIeSH: while Gram

posi tive bactgeiarBredyee rabhaerePhisdes18s a0uan®idd tseR&myg sighl s (Dunny
and Leonard, 1997). Bacillus thuringiensis (Bt) has been used extensively

as a n1croblmepﬁé@@ﬂFcpéetbﬁrPﬁ§sﬁ P§§Pnt3@nye§@§ afHd e drYani smi s
a gra”‘pos'tFygogﬁpHBﬁosEQ;Eb”QF%%bheb@% H%%ho%nd1@.99H§ﬁ_cﬁnﬁ{X§ta||'ne

25 paraspora y consisting of one or re crystal proteins during
spor ul ati on, tunechcskows biigbildght sachievipogsafpdilisty ithedctthfeani | i es such as

B! dopter o, €Lk Skl o6 S0 AR LRSSty - ahages of Lanber
activelagai nAtL etberli nseat over. It is plausible that AI is
degraded in Agrobacterium after completion of the Ti
plasmid conjugal transfer.
It has been noted that a majority of bacterial

isolates capable of AI inactivation are Gram positive,

15 belonging to B. thuringenesis and closely related
species. So far, most of the characterised quorum-
sensing signals in Gram-negative bacteria are N-acyl
homoserine lactones (Fugqua et al., 1996), while Gram-
positive bacteria produce oligopeptides as quorum-

20 sensing signals (Dunny and Leonard, 1997).

Bacillus thuringiensis (Bt) has been used

extensively as a microbial insecticide during the last
30 years. The microorganism is a gram-positive, spore-
forming soil bacterium, and produces a crystalline

25 parasporal body consisting of one or more crystal (Cry)
proteins during sporulation, which shows biocidal
activity against insect families such as lepidopteran,
dipteran, and colepteran insects at larval stages
(Lambert and Peferoen, 1992). Some Bt strains have

30 also been reported to be active against other insect
families, as well as mites, nematodes, flatworms, and

protozoa (Feitelson et al., 1992). Different Bt



famlies, as well as mtes, nematodes, flatwornms, and protozoa (Feitel son
et al., 1992). Different Bt WO 02/ 16623 PCT/ S0/ 00123 11 strains produce
nor e t harw@82/thi6ts erent but related groups of insectici daPCTRgar@ii23pr ot ei ns
(http://ww. bi ol s.susx. ac.uk/ Horme/Neil Cricknore/Bt/). Different groups
of crystal proteins 5 are usually active against a specific spectrum of

i nsects, but do not affect other benefignal insects in agriculture.
Currently, Bt-based formulations are the nobst wi dely used and nost
effective mcrobial insecticides in agriculture. 10 As a val uable

bi ocontrol agerkinBt phasiuseveaibale tadwariBages fgredntdibng it agperificity for
target insects, its _|qw devel qpnent cost, and . its environnental
conpatibiIit?r?EEﬁbQ?tl&ﬁﬁcﬁépépé'nFryfgﬁé)PHQFQ%?%xnnnwny found in
natural soil (habg: kFwaar mably . Fulsk.pld. ek /MHoeR) MNedilvi si on, but forns spores
when nutrients are depleted or when the environnent ~ becones adverse. These

spores are hFghEFPES/Btdnt t PlIderedd GErdiRsS Os VSt ads IOAC R dr ought |

enabling thgrBagkahildp LRLIWeVia¢R iRt %d%;@ci$ir&%§2ecﬂﬁ@n ¥ sporul ating
Gram positive mcro-organismcan be fornulated readily into stable

products, suthsasta dPyt gewder, afdedtngddeopegicfdsdd bildm®tDIin Bt al so

has been SUQEEQEggthgeqanbu§%%%kﬂyﬁe%Ede@éd1ﬂH{ﬂHﬂéﬁﬂHns efdeatise for
ani mal s or hufran bein 2 t has not been exploited for disease control

s. 25 B
because it usaakl yid@gsf et Sp eadu 8@ séf feddisiokd veamiiBiodtdiads agai nst bacteri a

and fungi. Ig r t o w'q& it has been found that all tested Bt
strains areggggggﬁggéggiﬁgbgiva%#hggﬁef and that Bt strains

10 As a valuable biocontrol agent, Bt has several
advantages including its specificity for target
insects, its low development cost, and its
environmental compatibility (Lambert and Peferoen,
1992). Bt is commonly found in natural soil, and

15 normally multiplies by cell division, but forms spores
when nutrients are depleted or when the environment
becomes adverse. These spores are highly resistant to
stress conditions such as.heat and drought, enabling
the bacterium to survive periods of stress. This

20 sporulating Gram-positive micro-organism can be
formulated readily into stable products, such as a dry
powder, for insect or disease biocontrol. Bt also has
been subjected to many safety tests, with no harmful
effects for animals or human beings.

25 Bt has not been exploited for disease control
because it usually does not produce effective
antibiotics against bacteria and fungi. In the present
invention, it has been found that all tested Bt strains
are capable of inactivating AI, and that Bt strains

30 provide effective biocontrol against Erw. carotovora
infection, whereas B. fusiformis and E. coli strains

which do not have AI inactivation genes were unable to



30 provide effective biocontrol against Erw. carotovora infection, whereas
B. fusiforms and E. coli strains which do not have Al inactivation genes
wer e unaiwe 0r/o6e¥D 02/ 16623 PCT/ S0/ 00123 12 provi de bi oronsGal/ooazgai nst
Erw. carotovora. Bt strains did not produce any antibiotics and were not
inhibitory to the growh of pathogen. The data strongly suggest the
inportant role of Al inactivation genesii2n di sease 5 biocontrol. Because
the Al diffuses easily into bacterial cells, Bt, capable of elimnating Al
constantly fromits surroundings, is a prom sing biocontrol agent, not

only for conpiekigk Piaklonteldl agelinditsenss causabhyrdr Wi anatomes a, but
also for 10 control of other dlseases |n which the virul ence genes are

regul at ed by dARs NOAC BEPEUSE RRYaR B HRdAt 161 e piedSe Mot VBRI 0PT%  to

provide a metRodnbogrioRehedT R thRYeH.aNaRd Hata RHE¥nAly AigRdst 0 a
di sease in which virulence is 15 re ulated by Al's [such as the diseases

caused by P5BEJ&RPRES28¢r FGilFoSd, PHr Wil Wﬂen%wm.dalsease

chrysangheni i, ; Begudepnnas B%@a@@%ceawmam]%ajm y Garmestris
(Passador, et al., 1993; Pirhonen, at al 1993; Pearson et al., 1994;

Beck von BodRafts#daio crddeandt 198matasy (9 eldminatingd® a ough, et al.,
1997; Costa apdskapeny Jf%% NBS SR findlngs,1928) i S3Reci al |y plant

soft rot di sease cause y Er w. car ot ovora COfT'pI’I SI ng admni steri ng to
t he pl ant orbiggongirodn agiehdet inpd amduntiasf corFastlerdfumltandgt 925 capabl e

of producing_an aytall %%“%%Tse mb tar, 14, t5y§gerg§ﬁ%%§§%gc t of this

aspect of thé inventi on, ter|un1a m ni st'er'e us sp.
nor e poeferabhyralvaﬁ'atweafd&aad@m&nnhuﬂumgléma:xlnuiance genes

are regulated by ATls.
Accordingly, an object of the present invention is

to provide a method for increasing resistance in a
plant or animal to a disease in which virulence is

15 regulated by AIs [such as the diseases caused by
Pseudomonas aeruginosa, Erwinia stewartii, Erwinia
chrysantﬁemi, Pseudomonas solanacerum, and Xanthomonas
campestris (Passador, et al., 1993; Pirhonen, et al.,
1993; Pearson, et al., 1994; Beck von Bodman and

20’ Farrand, 1995; Barber, et al., 1997; Clough, et al.,
1997; Costa and Loper, 1997; Nasser, et al., 1998), and
especilally plant soft rot disease caused by Erw.
carotovoral comprising administering to the plant or
animal an effective amount of a bacterium that is

25 capable of producing an autoinducer inhibitor. In a
preferred embodiment of this aspect of the invention,
the bacterium administered is a Bacillus sp., more
preferably a variety of Bacillus thuringiensis, most
preferably a variety of B. thuringiensis selected from

30 the group consisting of B1, B2, B17, B18, B20, B21, B22
and B25. In another preferred embodiment of this

aspect of the invention, the animal to be treated is a



preferably a variety of B. thuringiensis selected from30 the group
consisting of Bl, B2, Bl17, B18, B20, B21, B22 and B25. In another
pref erredvenbogeaent of this aspect of the invention, thepCERGH®I01230 be
treated is a WO 02/16623 PCT/ S0/ 00123 13 human. It is another object of
invention to provide isolated nucleic acid nolecul es encoding
i nactivation proteins. Thesg&3nucleic acid 5 nol ecul es encode
i nactivation proteins that share the conserved am no acid
notif 14HXHXDH109- 60aa- H169-' 21aa- D191, or the simlar notif
103HXHXDH106K ud@aa- H180- 21aan- D202. Preferred enbodinents of these nucleic
aci d nol ecul es encode the Egote s 0 EC% 10 D 11- 20, .and oSt
QEF grath

t he present
aut oi nducer
aut oi nducer

preferred enbodi neht $5of™P

of SEQ I D NG&rot:d€. iABdbbed ﬁbpeé&coécﬁhemp&eSQEESIemenﬁu@@ isto

an expression vector that co es_at | east
encodi ng an A4t BT RAUEEF Fﬂﬁegg va ?

-8R Bro

conpri ses t hgoteBSBEYEAnaBHBOadebanARtEr inactivation proteins that
104HXHXDH109”' 60aa- H169' - 21aa- D191, or the sim.lar notif

13HXHXDH108"s¥25%a- tF&BGoﬁiﬁévﬁéoéml%ﬁeﬁgﬁﬂ PRéELExpressi on 20 vect or

propogat es 'm4f@(£@5191@3a”~y@@é£~f@“69~32&%w?“ Cc gehdhe SFmghert ebteinbodi nents of
t hese expreSS|on vect i se at Least one nucleic acid sequence

encodi ng a

OHBEBEpH wﬂ%ﬁ?%ﬁsedﬁéﬁté)sele@F@§QQﬂﬁﬁtﬂ%?%ﬂ%ﬂﬁ¥ T oHs|

i} Rﬁﬁggﬁleénﬁgntlo e sequences

provi de

ne nucl |c aci d sequence

&S - whgggﬁﬁ HE 5&805@5‘ rotein

sting

of SEQ ID “Kﬁhééezggesagc”Q%Edpﬁgﬁ@Eﬁﬁgszén%gﬁ@dtﬁ%nb%oﬁ@M%st@& g eic

aci d sequences of

i nventl®n i sIPoNOS 11-20, and most'preferred embodiments of these

15

20

25

30

nucleic acid molecules have the sequences of SEQ ID NOS
1-10.

Another object of the present invention is to
provide an expression vector that comprises at least
one nucleic acid sequence encoding an autoinducer
inactivation protein, wherein the encoded protein
comprises the conserved amino acid motif
104X HXDH®~60aa~H'%*~21aa~D*, or the similar motif
103X HXDH®~72aa~H~21aa~D*?, wherein the expression
vector propogates in a procaryotic or eucaryotic cell.
Preferred embodiments of these expression vectors
comprise at least one nucleic acid sequence encoding a
protein having a sequence selected from the group
consisting of SEQ ID NOS 11-20, and most preferred
embodiments have the nucleic acid sequences of SEQ ID
NOs 1-10.

Yet another object of the present invention is to
provide a cell of a procaryote or eucaryote transformed
or transfected with an expression vector of the present
invention.

Yet another object of the present invention is to

provide an isolated protein which has autoinducer

Yet anot her object of the present



provide a cell of a procaryote or eucaryote transfornmed or transfected
with an expression vector of the present 30 invention. Yet another object
of the pme@emiesehvention is to provide an isolated protepPargaiwiviieas

aut oi nducer WD 02/ 16623 PCT/ SG00/ 00123 14 inactivation activity, where the
protein conprises the conserved am no acid sequence 104HXHXDH109'

60aa- H169' - 21aa”-D 91, or the simlar nat4 f

103HXHXDH 8- 72aa- H180- 21aa- D202. Preferred enbodi nents of 5 the invention
conprise proteins having the am no acid sequences of SEQ ID NOS 11-20. Yet
anot her obj edmaaeft itvieer ipre sertti vinwentwisre stio pyoiovidecenpet sl €loe

i ncreasi ng di sease resist.ance in, a epcfl ant or aninmal, which nethod conprises

i ntroduci ng TONRHYSE AHQPSRPIHEANCDr ani mal at |east one nucleic
aci d nol ecul é*HRakpeedeaaani@u DaadDPey oi ndled | yaui dArpmetefn in a nmanner

that all ows i.d cel ex ss_sai d,nucl ei c_aci d_ sequence, wherein said
aut oi nducer ?%&%ﬁ#@ L?thﬁﬁ6ggﬁﬁiéﬁﬁﬁp?ges ?ﬁ%fﬁgr%6n§%?9§amﬁﬁFﬁoogcid
sequencg 14HKEXDHIRIGRA-ddGD 1 skl - d¥ Silns Hadheg Sthe | @i m®tadid

103HXHXDH108' 72aa- H10 -2laa- D202. Preferred enbodi nents of this aspect of
the inventi o SRR ItV MPAtLL14hst one nucl eic acid nol ecul e

encodi ng a protei 30 fAitHgr asrauense el aotashd+ oM Fder O5PUPs Ceasi sti ng
of SEQ ID NOS 11-20, and nost preferred enbodj nents conprising,
i ntroduci ng AEIAVd&st omeThrd i ddtareaTiie ites TR F T hel g oup

consi sting of;18EQ Id2 NES ry110.wAn el BN NP £64 DhrthgupLegent
invention relates to a nethod of preventing or reducing bactertial

10 into a cell of such plant or animal at least one
nucleic acid molecule that encodes an autoinducer
inactivation protein in a manner that allows said cell
to express said nucleic acid sequence, wherein said
autoinducer inactivation protein comprises the

15 conserved amino acid sequence
104X HXDH°~60aa~H'%*~21aa~D*?, or the similar motif
103X HXDH%®~T728a~H~21aa~D??. Preferred embodiments of
this aspect of the invention comprise introducing at
least one nucleic acid molecule encoding a protein

20 having a sequence selected from the group consisting of
SEQ ID NOS 11-20, and most preferred embodiments
comprising introducing at least one nucleic acid
sequence selected from the group consisting of SEQ ID
NOS 1-10.

25 Yet another object of 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 at least

30 one autoinducer inactivation protein, wherein said
protein comprises the conserved amino acid sequence

104gXHXDH°~60aa~H'%*~21aa~D*"®!, or the similar motif



damage to a plant or aninmal, which nethod conprises admnistering to a

pl ant or animal in need of such prevention or reduction an effective
anount ofwab2le@ast 30 one autoi nducer inactivation protei RCTSGer®i12s sai d
protein conprises the conserved am no acid sequence '4HXHXDH109-60aa-
H169"' 21laa- D 91, or the simlar nmotif WD 02/ 16623 PCT/ S&0/ 00123 15

' 3HXHXDH 8- 72aa-H 80 -2laa- D202. Prefensed enbodi nents of this aspect of
the invention conprise providing at |east protein having the am no acid
sequences of SEQ ID NOS 11-20. 5 Yet another object of the present
invention r¥®¥PRXBIDHYSa7pehhnd%edlps-en?ht | IiyreferssiiGntgpdieentoremt i on of

bacterial biofilns, which hod N ' bi of j.| mf
pact or i & Lo BPLPoREPSBNe O TauT MATCRE AT BT ER o AeT A MRLrAH n ogi d

protein 10 teBpti pesteie CRRIGKHY et cacicd dSedipRees of SEQ ID
1DAHXHXDH109”' 60aa- H169, ,,21aa -D 91, or the simlar notif
103HXHXDI—|108N9§aé-1F@ 0- 21aa- D202. Preferred enbodi nents of this aspect of

the invention conpeicsaneXpey ke JFH ehid prieenmg kagiardm to at | east
protein having the 15 am no acid sequences of SEQ ID NOS 11-20. It is
possi bl e to FALEREE ERhanEEHRE Offf PEeFSey 106k O& iLSSsdRd g act eri al

strains by ugbRgadigeneld GacaRRIAACH ¥ Ml f YnSeh it P Sonidi fxanpl e by
i ntroduci ng genes encoding for additional, or nore 20 active, "autoi nducer

i nhi bitors. P¥PAP3RJi Hipdddmpitermdnopricegd at ke afzymasdctdnfity of ai
genes by an %Btoihhh@e@'\'ﬁ‘n%‘i%!i%tdro@L%R%ri‘?ia}cthe'r%%rrﬁas%!irc‘ﬂ gt e i§XPr ession of
Aii enzymes by coupling the aii gene to a strong pronotér or increasing
the copy nunbempsfisekeths gionsgaved grBnoc@ldisl waauensE anot her useful way

to 104X HXDH°~60aa~H'**~21aa~D**', or the similar motif
103HXHXDH!%®~72aa~H'"®~21aa~D??. Preferred embodiments of
this aspect of the invention comprise exposing the
biofilm~-forming bacteria to at least protein having the
15 amino acid sequences of SEQ ID NOS 11-20.

It is possible to further enhance the efficiency
of Aii-producing bacterial strains by using a genetic
approach to modify such strains, for example by
introducing genes encoding for additional, or more

20 active, autoinducer inhibitors. It also is possible to
optimise the enzyme activity of aii genes by an in
vitro DNA evolufion approach. Increasing the
expression of Aii enzymes by coupling the aii gene to a
strong promoter or increasing the copy number of the

25 aii gene in Bt cells would be another useful way to
improve the capacity of Bt strains to quenching AI
signals. Tt is likely that genetically modified Bt
strains which secrete AI inactivation enzyme or contain
the enzyme in the outer membrane of the cell could have

30 better efficiencies in quenching AI signals than their
wild type parent strain. This is achievable by fusing

an aii gene to a sequence encoding a secretion or a



i nprove the capacity of Bt strains to quenching Al signals. It is likely
that genetically nodified Bt strains which secrete Al inactivation enzyne
or contaiwobheeehzynme in the outer menbrane of the cell cpol/dGosawwe23 30
better efficiencies in quenching Al signals than their wld type parent
strain. This is achievable by fusing an aii gene to a sequence encoding a
secretion or a WD 02/16623 PCT/ SG00/ 00133 16 nenbrane attachnent signa
pepti de. The sequence may be introduced into plant or aninmal cells by

wel | - known net hods. Methods for the transformation or transfection of

eukaryotic cgbhgr@hkhathkgg@%QU%ﬂ@ﬂgyapépgydgsequences i ncl ude
transfection, rojectile bonmbardment, electroporation or infection by

Agr obacterium t u e iSENBIe IR 88 Yndteh daid radiiqqck el s PY¥adHh 19%r to t he

person skill gd it f&%lqrse%yome@ql%%ﬁ{ metvrfwgy i echinglingy and need
not be explained 10 here in detail. As pathogenic bacteria cells are

confined to tHensifeg@eddionuicar taees fefictgloantoR issdparyotiiic iapldesiwidbte to
target ghe Ateggo@ream N 1@ 11 dsn %re%?elrfge%r TRAGER - JE g

acconpl 1 shed fusing a secretion Si 15 peptide to the Al priotein
(Sato, et al prom@%ll@u oekbargmeglt,,, eﬂmrmaetdcandm:uecﬂ@tlorgg&f

sorisiuk, el agflops AL FihRIAR vely. Adla HeLTRIHY ane, alhachignt  notid

can be |ncorp he pépti Je sequence o for anc oring the Aii

enzyne in thé&aaifléarsaof ate pyiaMh[ﬂkﬂﬂlﬁdﬂﬂnnﬁhﬂﬂ&ﬂﬁa ofhenqiresselH T

i nvention aI; ontenpl es usage.of a_Db cter t0|nd o i hactivation
eey ey ke

protein dire O&F SR FACT & a Sl e, the

pr ot ei momay her@pﬂhlﬁétduﬂectly to plants |n need of

As pathogenic bacteria cells are confined to the
intercellular area of plant tissues, it is desirable to
target the Aii protein into the intercellular spaces.
Such may be accomplished by fusing a secretion signal

15 peptide to the Aii protein (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
Aii for anchoring the Aii enzyme in the outer surface

20 of plant cell membrane.

The present invention also contemplates usage of a
bacterial autoinducer inactivation protein directly to
treat or prevent bacterial damage. For‘example, the
protein may be applied directly to plants in need of

25 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
have a wide variety of forms, including solutions,

30 powders, emulsions, dispersions, pastes, aerosols, etc.

The bacterial autoinducer inactivation protein may

also be used to treat bacterial infections in animals,



25 such treatment or prevention. In a preferred enbodinent, the proteinis
applied in the formof a conposition which conprises an effective anount
of the wobvzie2and a suitable carrier. The conposition npgT/SGeV®@128 W de
variety of forms, including solutions, 30 powders, enul sions, dispersions,
pastes, aerosols, etc. The bacterial autoinducer inactivation protein may
al so be used to treat bacterial infectians in aninals, W 02/16623

PCT/ S0/ 00123 17 including humans. In that application, an effective
anount of the active ingredient is admnistered to an aninmal in need of

such treat neAinclk@riddenapgis i ¢ I estdeMpplieattdn Veah ngr esbenve 5 may be
formul ated into a pharmaceutical conposition,, which may include, in
addition to &V¥Fed] VdaRfittve ofPIHRALRAY vES | R BT ePhEP ndReut i cal | y

acceptabl e  Gafikisar Sin Hdaters s, sy fieksa g @servati ves, surface active
agents, and the |like. Conpositions may al so 10 include one or nore ot her

active ingredi ent §9% thRFARAHYC HTeRIEIGHD Lhrmcephee nerettdtant

conposi i ons @l the R EReMHted MURY | L LB e RHB LN SE&HSSs 1 £ &y hunber  of
ways as W |l be apparent to one of ordinary skill in the art. 15

Admi ni strat i ofigdy Mgy davweludspi ddl 13ddigrian yto BN | e el i on, angpunt
parenterally ff%%.eéﬁﬂﬁl ~g§¥é&ﬂ i or | Ons: i nc 595; i nts,

| otions, cregms, _ege S, ‘%rolps, supepnos'i t%ﬁ% spra{%’}llj[?q%u ds gérll%i%rgmders.
Oral for mul aciegrs ensol Ghe ysovider Ruigrentul as;e o wisiessi ossrHrcsol ution in
wat er or non- u ia, st es; t o) I hi ckeners,
flavorings, &%I%Hg%t ?dggﬁr!uﬁ%siafﬁr S, ?’lsls%re'r siaér%n?%%alsg%énseé?%eﬁsar-my be used
as needfd. Pidm@itugiealorfeorquilnatieorsther active ingredients if

necessary or desirable.

The pharmac;utical compositions of the present
invention may bewadministered in a number of ways as
will be apparent to one of ordinary skill in the art.

15 Administration may be done topically, orally, by
inhalation, or parenterally, for example. Topical
formulations may include ointments, lotions, creams,
gels, drops, suppositories,sprays, liquids and powders.
Oral formulations include powders, granules,

20 suspensions or solution in water or non-aqueous media,
capsules or tablets, for example. Thickeners,
flavorings, diluents, emulsifiers, dispersing aids or
binders may be used as needed. Parenteral formulations
may include sterile aqueous solutions which may also

25 contain buffers, diluents and other suitable additives.
The dose regimen will depend on a number of factors
which may readily be determined, such as severity and
responsiveness of the condition to be treated.

Traditionally, microbial biocontrol has depended

30 on production of antibiotics or antimicrobial compounds
(Cronin et al., 1997; Liao and Sapers, 1999; Emmert and

Handelsman, 1999). The present invention offers an



may include sterile agueous solutions which may al so 25 contain buffers,
di l uents and ot her
nunber ofwodavi@wes which may readily be determ ned, such RET/S6WEN0I12y and
responsi veness of the condition to be treated. Traditionally, mcrobial
bi ocontrol has depended 30 on production of antibiotics or antim crobi al
conpounds (Cronin et al., 1997; Liao ang Sapers, 1999; Emert and

Handel sman, 1999).
PCT/ SG00/ 00123 18 alternative strategy for biocontrol, based on quenching

bi osi gnal s t hateahatavseridraltdgyf Aoy Wit xgMasdd Bachesiahiggrai ns
capabl e of ipactivating _autoinducers 5 To identify the genes responsible

for inactivaPiesiggplautdiatddds sSsilie! fse Wiahete fiel d and pl ant
bacterial isolates and about 100 stains of the |aboratory bacterial
culture collection were screened.. The bacterial strains used to test the

ExpRpde Jdt | Ry cAerdiedd Wi Higmrarakie ©f sdlagtevat o soil and

ability of 1%

suitable additives. The dose reginmen will depend on a

The present invention offers an WD 02/ 16623

pl ant suspengi,;¢Bs ndscdescri bed previously (Dong et al., 2000), or obtained
fromBacillus Genetic Stock Centre (BGSC) and the Anerican Type Cul ture
Col | ect Pon ( ATCC) ToEdwenits fyartdteovinre SR RS 115l ¢ slotmtigth ¢t iorm Thomese

cabbage | eavgs Wit Rah! Ji00a 1 TIAIG-cildy VAR CANHJ TRA, By JBS DNA

sequence and its

characteristic pr

uction o

of soft rot bestasdaln isetlatesarhdCleibhrede lddbsHgelnsThes st rai ns were grown
at 28C in Luria@- ' ) et i Wi shaki ﬁggs y.
Agrobacteriu%?gPE%EFEQ:gﬁgﬁf?Pégth&gﬂgkhf%aﬁ'at ng In égﬁ%%%ﬁgﬂﬂ m ni mal

medi um (basi Ehei bagdle niatlr iséraiagdedad ttp test the ability of

10 inactivating autoinducer signals were isolated from

soil and plant suspensions as described previously

(Dong et al., 2000), or obtained from Bacillus Genetic

Stock Centre (BGSC) and the American Type Culture

Collection (ATCC). Erwinia carotovora SCGl was

15 isolated from Chinese cabbage leaves showing soft rot

symptoms. It was confirmed by 16S DNA sequence and its

characteristic production of autoinducer and induction

of soft rot disease in potato and Chinese cabbage.

These strains were grown at 28°C in Luria-Bertani (LB)

20 medium with shaking when necessary. Agrobacterium

tumefaciens strains were grown at 28°C in YEB, in BM

minimal medium (pbasic minimal nutrient added with

mannitol as sole carbon source), or on nutrient agar

plates (Difco Laboratories). Mannitol at a final
25 concentration of 0.2% was used as the sole carbon

source in the minimal medium. Escherichia coli strains

were grown at 37°C in LB or on LB agar plates.

Antibiotics were added at the following concentrations,

when required: rifampin at 50 pg/ml, streptomycin at

30 100 pg/ml, ampicilin at 100 pg/ml, kanamycin at 50

pg/ml, and tetracycline at 10pg/ml. X-gal (5-bromo-4-



manni tol as sole carbon source), or on nutrient agar plates (D fco
Laboratories). Mannitol at a final 25 concentration of 0.2% was used as the
sol e carlivomoz/ses ce in the mnimal medium Escherichia coPCT/SGomIMzs wer e
grown at 37C in LB or on LB agar plates. Antibiotics were added at the
foll ow ng concentrations, when required: rifanpin at 50 gg/n,
streptomycin at 30 100 g/m, anpicilin atg 100 g/m, kanamycin at 50 gg/m,
and tetracycline at 10g/m . X-gal (5-bronp-4 WO 02/ 16623 PCT/ SG0/ 00123 19
chl oro- 3-i ndol yl - B- D- gal act opyranosi de) (Promega) was included in nedia at
50 g/m for detesld-on iefadid1 -almed o8 dass, R RIACt | MidegdPread han 30
strains showed different |levels of Al 5 inactivation activity. To

char act eri se 1fi§d ugigichdvin me&ict @teH0 tHee 16 $ RN st exf d- t hese

i sol at es wer %al%@%'&éﬁh%s%y %%%%@éﬁﬁawon and subsequent sequenci ng.

The sequence”séarch showed sequences of those strains capable
of inactivating AMok@ darerhiifhlstdwine cjouned aitffatraft Bacvdlaisof AT

t huri ngiensi s t.). . Lo _test whether other Bagill.us strains also have the
Al -inacfti vat il(l)lr?(cg i)vlaittlﬁn I?r%cv\%Vls Yai ns of aﬁacqietﬁﬁ%en}ekheeslf%,ncﬁ?ncer eus, B.
nycoi des, andsBlaltessphaer ilds niize sehegicss fof diaassidolditds were

determ nation_of the Al ipactivation ghilit f _bacterial strains and

i sol ates, th&8AdVSESYer a@ﬁpﬁldﬁt?a%é?éh%idol_sq?&WEe | act one (OHHL),
or N-R-0x0- eelgaroyin.homrserddimdrans aee{d@OHhowsas @tledsd ariinre 20

over-night bacterial cultures which were diluted to OD600 = 1.1, or to the
protein extré‘@ﬁél,enﬁesaorﬁ 05 St aGasir e ﬁ&lﬂa%qm%%d at 28 C
for 3010 are highly homologous to that of Bacillus thuringiensis

(Bt) .

To test whether other Bacillus strains also have
the AI-inactivation ability, known strains of B.
thuringenesis, B. cereus, B. mycoides, and B.

15 sphaericus were selected for bioassay. For
determination of the AI inactivation ability of
bacterial strains and isolates, the autoinducer, N-B-
oxo-hexanoyl-L-homoserine lactone (OHHL), or N-f-oxo-
octanoyl-L-homoserine lactone (OOHL) was added to the

20 over-night bacterial cultures which were diluted to
ODgpp = 1.1, or to the protein extracts, at a final
concentration of 20 uM, and incubated at 28 °C for 30
min. The AI remaining in the supernatant was then
determined as previously described (Zhang, 1993; Dong

25 et al., 2000).

Table 1 shows the AT inactivation activities of
the selected strains and some newly identified
isolates. All the tested bacterial strains, except B.
sphaericus and B. fusiformis, eliminated AI (at a

30 concentration of 20 pM OHHL) with different levels of
enzyme activities. These strains include 13 known

Bacillus species (strains starting with a “B” in Table



mn. The Al remaining in the supernatant was then determ ned as previously
descri bed (Zhang, 1993; Dong 25 et al., 2000). Table 1 shows the Al

i nacti vatwon2/ased vities of the selected strains and sonePaegGyo/todsntified
isolates. Al the tested bacterial strains, except B. sphaericus and B.
fusiforms, elimnated Al (at a 30 concentration of 20 pM OCHHL) with
different levels of enzyne activities. 20hese strains include 13 known

Baci |l us species (strains starting with a "B" in Table WD 02/ 16623

PCT/ SG00/ 00123 20 1), 1 known Agrobacteriumand 9 Bacillus species
identified by)]l63 koS expestea Ay ishd AmBurinpm sdechacterial strains
showed a high level of Al- inactivation activity (> 30 pM h/C0D600) ; 8
showed a 5 ndeBnlifded BF 18T AV SEBeTHMIFIOHE) ABeR tHemy

tunmefaci ens gbr %Ia@tm?alsmr% lQwleryvel fgactdwd Yor (x5 pM h/ GD600) .
Except for ‘A. tunefaciens, all these Al-inactivation strains are

G am posi t i vénasdiFaltdey 86t il thur @é)em’éMWQﬂsoa)trs 8cIS(§§%V€erlaat ed speci es.

WO 02/ 18623 ls I 2 | sBagy gl.n r
Al - i nact§| vat ﬁ%ﬁaﬁg% %y%gn%%%a t |](v2| ?M{Hr al rf%o éo%rrgﬁedc(%%/ OD600)

28-32 Bacil | tﬁymebf@rqm%rﬁs‘q@lmw@%ﬁhmm a flow 2588 Bacidtivsity
t huri ngi ensi 4 TR 9 il t en is work 30.9
2.3 60-1 Bacﬁl X E‘"ﬁ?%/‘é i’°%n5| é%x%ﬁpg vagr%kAZSl?EZIIne‘r‘)%ld %'2%&%}2}% us

t huri ngi ensi QI?hmammtz&m st&adns are Gram-positive and belong to

B. thuringenesis or its close related species.



262 Bacillus thuringiensis This work 23.1 1.5 B18 Bacillus thuringiensis
This work 27.4 3.0 B20 Bacillus thuringiensis This work 32.7 2.4 B21
Baci | | us wbaviasgs ensis This work 33.1 0.8 15 B22 B. thurPalhysesi2:ssp.
kurstaki* This work 32.8 1.3 B23 B. thuringiensis ssp. |Israel ensis*
BGSC(4Q7) 26.7 3.5 Bl B. thuringiensis ssp. thuringiensis BGSC (4A3) 32.5
0.3 B2 B. thuringiensis ssp. kurstaki B@SC (4D1) 33.0 0.6 Bl2 B.
thuringi ensis ssp. Aizawai BGSC (4J4) 33.5 0.9 20 B17 B. thuringiensis
ssp. Wihanensi s Mycogen( PSS2A1) 28.8 4.1 B25 Bacillus cereus This work
33.7 0.8 Bik4pi2 Bacil Isa%&%@as AEQQ:@%%@&@J Aﬂ-ﬁa&&%ﬁ?&' | 1us
mycoi des ATCL8482), 29. 2.2 240B Bacillus sp. This work 33. .0 25
Cot Bacillus thurin |enS|s This work 25.1 2.4 MLO3 Agrob j m
tumefaciens This work 4.5 269 Bacillus fusiforms This WOq(ct'v:L Baci | | us
sphaeri gus BGSC (12A4); | 30 * Plasmd mnus ** qyracl vol }Jp ri al
suspension (dilut = 1.1 from overni gslr%rjt——cue%t u 6@QOHL (40
iM were i nc%étze@afattll%@nfrmgi%sism n and then CHHL weeTai Fi2Rg i h 1t he

super nat ant eses-3detenninenirasgiepievi ousl y descrithedwedhangz.4998p. The
enzyme activi gy I@a&h@mtﬁéﬁg&emlgested pPM of Ok pet houfy per, QD600 of

bacterial cultyre. resent nean standard devi at,]
replic Bes 'tir alB?l%Ygt a?’?ulr ggq\?\fl'tﬁ "B" prefi xqgre f%e knovm£| B‘I'am | 1 us

speci e o Aet BARFHHS t%‘trﬁ'%?ilﬁ’éslﬁer e identified™¥y¥I8S r BRA etpience
anal ysis. WO?fR2/ 166231 PCH O30, O0123 22 The evitdeneerksuggést ¢ 1Hat t he
Al -inactivat Bon gesigliss thacatiegsicn chr onosonal TEONAwbtkt not7.4 & o plasm d,

because Bt ssg kutshakl caliaiB.82 and its This work  32.7 % 2.4
B21 Bacillus thuringiensis This work 33.1 + 0.8
15 B22 B. thuringiensis ssp. kurstaki* This work 32.8 £ 1.3
B23 B. thuringiensis ssp. Israelensis* BGSC(4Q7) 26.7 £ 3.5
Bl B. thuringiensis ssp. thuringiensis BGSC (4A3) 32.5 £ 0.3
B2 B. thuringiensis ssp. kurstaki 7 BGsc (4D1) 33.0 * 0.6
B12 B. thuringiensis ssp. Aizawai BGSC (4J4) 33.5 £ 0.9
20 B17 B. thuringiensis ssp. Wuhanensis Mycogen (PSS2A1) 28.8 * 4.1
B25 Bacillus cereus This work 33.7 * 0.8
B14579 Bacillus cereus ATCC (14579) 31.7 * 0.6
B6462 Bacillus mycoides : ATCC (6462) 29.8 £ 2.2
240B Bacillus sp. This work 33.0 £ 1.0
25 Cot Bacillus thuringiensis This work 25.1 % 2.4
M103  Agrobacterium tumefaciens This work 4.5
269 Bacillus fusiformis This work 0
B29 Bacillus sphaericus BGSC (12a4) 0
30 * Plasmid minus
il Equal volume bacterial suspension {(diluted to ODg, = 1.1 from

overnight cultures) and OHHL (40 pM) were incubated at 28°C for 30
min and then OHHL remaining in the supernatant was determined as
previously described (Zhang, 1993). The enzyme activity is shown

35 as digested pM of OOHL per hour per ODgo of bacterial culture.
Values represent mean * standard deviation of 4 replicates.
Strains starting with a “B” prefix are the known Bacillus species.
Other Bacillus strains were identified by 16S rDNA sequence

analysis.



plasm d m nus derivative strain B22, both showed a 5 simlar |evel of
enzyne activity. The second plasmd mnus strain B23, belonging to B.

t huri ngeve@ny1®2p. |srael ensids, was al so capabl e of enzpawsGa0/00123

i nactivation of Al. To investigate the genetic diversity of genes for 10

Al -inactivation, the representative bacterial strains show ng high, nmedi um
or low levels of Al-inactivation activipby were chosen for further cloning
experinments. Exanple 2: Functional cloning of the aiiB gene from
Agrobacterium tumefaciens strain MLO3 15 The suicide plasm d pSUPL10 (Sinon
et al, 1983) in [EheCelviidaMLR %@gm tthd thtoHed Uce- iAnsResarbnl N5
|nsert|ons into the genone of t unef aci ens octoplne strain A6 by the

prot ocol des8ffedSb O@rtﬁdm%é]l RrPmageEiady Prodt n8&cddt @ hat the

bacteri al SU%Q%@&' iens b%Q:a‘&%ree BHPIR3 qmlost%MlmM&n MAatas cay ai ni ng
kanamyci n Total DNA of A. tunmefaciens nutant strain MLO3 was

partially di Qéélls@é%mlﬁu&mrlvtaﬁé%ﬁégw B2%agrRaitts siaveed ecovered from

| over nel ting;ipghnt 1392103 @8l ald Ruiigd. The pEdddedhidagments were
25 ligated to the dephosphorized EcoRl site of the cosmd ‘vector pLAFR3

(St askawi cz ®inas. stx@an) B2Bhe heilpading te A-uridh el grivkaibe d Sit ¢ h

G gapackTM s t ta aﬂg n transfected into
E. coli %@%8 ?( l%gjal ?D bg‘nl gb?‘gérno o%lnfhe 30 sel ective
medi um cont aumangmettn@aydﬁ @ .were maint al ned as the genomc library of
A. tunefaci ens WD 02/.16623 .PCT/ S0/ 0012 nt, strai 03, The
cosmid clones cont& r%.“n& C-7[“we%:(e% % SC on t%IaSlrre}gl u% ontai n| ng

kananmyton anﬁI—ﬂmaethwrattlwn,aSﬂ&ye:@ﬁmse@dtatmam iheatticoniclctdtmid yndy
showing high, medium or low levels of AI-inactivation

activity were chosen for further cloning experiments.

Example 2: Functional cloning of the aiiB gene from
Agrobacterium tumefaciens strain M103

15 The suicide plasmid pSUP10 (Simon et al, 1983) in
E. coli SM10 was used to introduce transposon Tnb
insertions into the genome of A. tumefaciens octopine
strain A6 by the protocol described by Garfinkel and
Nester (1980), except that the bacterial suspensions

20 were spread onto BM minimal plates containing kanamycin
(100 png/ml). Total DNA of A. tumefaciens mutant strain
M103 was partially digested with EcoRI, the 20-30 kb
fragments were recovered from lower melting point
agarose gel and purified. The purified fragments were

25 ligated to the dephosphorized EcoRI site of the cosmid
vector pLAFR3 (Staskawicz et al., 1987). The ligation
mixture was packaged with GigapackTMIII XL Packaging
Extract (Stratagene) and then transfected into E. coli
DH5a. About 2000 individual colonies grown on the

30 selective medium containing tetracycline were

maintained as the genomic library of A. tumefaciens



usi ng the bioassay nethod described above. Subcloning 5 into the sequencing
vector pGEM 7Zf (+) was carried out by routine techniques (Sanbrook et al.,
1989). Segquzmeehg was perfornmed on both strands by usi ngP€CTV8GO®I23Pr i sm
dRhodam ne Term nat or Cycl e Sequencing Ready Reaction Kit (Perkin-El nmer
Appl i ed Bi osystens). 10 Agrobacterium tunefaci ens strain A6 produces N

acyl honoserine | actone autoinducers (Al23 which are involved in regul ation
of Ti plasm d conjugal transfer (Zhang and Kerr, 1991). But its derivative
MLO3 caused by Tn5 insertional nutagenesis is capable of 15 inactivation
of Al. (Tabl eutaantd shirginl M103. | ¥He kedgmid hafortdre @ertes ianaariTgs f or Al

degradation in strain A6 . is requlated by a negative requl ator, and the Tn5
Cnsertion redFEed T RSt (S BB SR TN AR oA
i nactivati onwe2@ Basethean ddieyass et izxan drhadt ihec An iacivmat iy gene nay

be | ocat ed downstream of, the Tn5 insertijon Ssite, the cosm.d cl ones
cont ai ni ng T%Waﬁg’ﬁog)&ﬁa\ﬁegraé’ med IR 1ehRRci P YRS N e

phenotype. TwetcC@Hd @e@x@ﬁ@%nrges;ie;:tt]gm g@ﬁ&wmmqgm@ggémv&?gow%%
i nactivation_ activity were_ohtaine romthe cosn i brary of MLO3.
Restriction SafPsitsngnd S5 TaIS? (ssr?é‘g%ﬂjq]ﬁaﬁt &5 2 3P BcoR fragnent

conferred thgefuendiagt st igdr Retad toh Hadl hedr e lping margewed  down
the region to a 1.5 kb Pstl fragnent (Fig. 2). 30 Sequence, anal ysis showed
that sever al Apdt &LHE GF&PIamE A %Wlé’r?gfé”{ GRISHe STeFUSTHYE W theahG or  UTG

were in theRuEREMRA KiGNE rfr kihe KRR b D6 B9y tantd fy | n WO 02/ 16623
PCT/ S0/ 00123 24 nucl eotide sequence and 98%in am no acid sequence to

the at &M gene (Us%BBPastten i amediamienyaftigiedié produces N-
acyl homoserine lactone autoinducers (AI) which are

involved in regulation of Ti plasmid conjugal transfer
(Zhang and Kerr, 1991). But its derivative M103 caused
by Tn5 insertional mutagenesis is capable of

15 inactivation of AI. (Table 1 and Fig. 1). It is likely
that the gene encoding for AI degradation in strain A6
is regulated by a negative regulator, and the Tnb
insertion resulted in constitutive expression of the
gene for AI inactivation.

20 Based on the assumption that the AI inactivation
gene may be located downstream of the Tn5 insertion
site, the cosmid clones containing Tn5 transposon were
selected by the kanamycin resistance phenotype. Two
cosmid clones resistant to kanamycin and showing AI

25 inactivation activity were obtained from the cosmid
library of M103. Restriction analysis and bioassay
showed that a 5.2 kb EcoRI fragment conferred the AI
inactivation activity. Further subcloning narrowed
down the region to a 1.5 kb PstI fragment (Fig. 2).

30 Sequence analysis showed that several putative open
reading frames (ORFs) starting with ATG or UTG were in

the fragment. One of the ORFs showed 96.8% identity in



previ ously. However, Al inactivation activity was not detected when
expressing the attMin E. coli via an 5 expression vector pKK223-3.

Del eti onvenat/ysexs of the 1.5 kb fragnment showed that a 7PCDRGERIBI23 t S
start codon a GIG rather than the normal ATG encoding for Al
inactivation (Fig. 3). The gene was nanmed as aiiB (Fig. 4). In conparison
with the AttM whose bi ol ogical 10 functi2an has not been identified
experinmentally, the A iB has 7 extra amno acids at the N term nus (Fig.
5). AiiB showed 35.4% identity at the amno acid | evel conpared to the
previously rﬁpanéedléel Aeiegicebland BBaTiIne aii nfunetiidralqudmye ngo of the
aii C gene fro

15 thuri st aln Cott The suspension cul ture of
strain Cott EH]FHFFH/"eHenﬁI q%@%%%ﬁ; (f tMELFGIGNS) r}trfé’{}lt?ékjl on, but

bacterial cepksvkbliked.by Howicvierg far 151arastr_1_vfa&llloeﬂ dridinagtiamtioAl (Fi g.
7A), indicati n an enzl}r/]matl c 20 inactivation nmechanism_To jdentify the

gene encodi n@e e6ECA| VRRRC SRPHSSEA I dReCRAtY 4 e dsniqPdd Brid Binas

construst ed by EeaR) oRakkical diggesbizan of Jhetgenonits 14V fr thg bacteri al
i solate Cott. nom c DNA was extracted from bacterial isolate Cott and

di gested 25 baﬁt KBl Eyagmen tECHRMWEITHEAONR fiPadkFe BRF welrte 19tgatted to the
dephosphoryl ;28dnEGOBrcS ke hafr %@1%@ GEh\ée%termalp%'aQ?’ erd SELEA ANA RS

packaged and transfected into E. coli DHsa. Cosm d clones w th Al
i nact i vat i oninactiivatyoner(@lgdem)i-f i Ehebwgausi ngst mansicdass add Het hod 30

pBi ucSor i pt Sk ider o car o “Bar ) N0 07 La5s e S5 D0Eod A Ol ne
t echni §0es. Onectlionehsisowiotg balen rnasmtidtiiady ekpeotimemtwesly, the
AiiB has 7 extra amino acids at the N terminus (Fig.
5). AiiB showed 35.4% identity at the amino acid level
compared to the previously reported AiiA (Fig. 6).

Example 3: Functional cloning of the aiiC gene from B.

15 thuringinesis strain Cotl

The suspension culture of strain Cotl eliminated

AT (20 pM) completely after 2 hr incubation, but
bacterial cells killed by boiling for 5 min failed to
inactivate AI (Fig. 7A), indicating an enzymatic

20 inactivation mechanism. To identify the gene encoding
for AI inactivation from Cotl, a cosmid library was
constructed by EcoRI partial digestion of the genomic
DNA of the bacterial isolate Cotl. Genomic DNA was
extracted from bacterial isolate Cotl and digested

25 partially with EcoRI. The DNA fragments were ligated
to the dephosphorylized EcoRI site of cosmid vector
PLAFR3. Ligated DNA was packaged and transfected into
E. coli DH5c. Cosmid clones with AI inactivation
activity were identified by using the biocassay method

30 described above. Subcloning into the sequencing vector

PGEM-7Zf (+) or pBlueScript SK were carried out by



identified fromthe one thousand cosm d clones screened. Restriction

anal ysis showed that this clone 5 contains an insert of 24 kb. Al five
fragnment svogen@eat ed by EcoRl conpl ete di gestion were subeCDREe/00II® 0 pGEM/
vector. The bioassay of these subclones showed that one clone, pGEM/-aiiC
with an insert of 5 kb, conferred the Al inactivation activity. Further 10
subcloning identified a 1.4 kb BanH fragnent contained in the clone
pBS- Ai i C whi ch was responsible for the Al inactivation function (Fig. 7B)
The conpl ete sequence of the clone pBS-A i C showed that there is an ORF of
750 bp nucl egbidese( teemnibfelse 918) which encodes a 15 protein of 250
amno acids (Fig. 8). Cloning of this ORF in the E._coli, expression vector
confirmed that itOPEnEABE STPWARE SdalPACHIVALINGEBIF ey 1S desi gnat ed

as Ali C. At thenpepticde rseguence onevehoulshe dAiddsndene1siaed 91% and 33%
identity, to the AliA and the Ai.iB 20 respectively. The aii C gene has no

si gni ficant SSERPNEAIt y RES tEERER Ok GRR LeSdiFe FE¥ §th thed ddtlsh e 9y  FASTA

and BLAST angbysh3nat a8l tihekrRucireoli 4@ or aineptiivde deuplehtFxanpl e 4: The
aut oi nducer inactivation genes in Bt 25 belong to the sane gene fanmily
Anong t he t egee@rbiaetebyaltcolRdl goaw Leiteh dagesitdget ivestd givkedianad y, al |

except the AinbUTBLBGENS 8L al M O30-ceOamienld i aai bel ong Lo B

t huringi ensi s cl ose rel ated bacterial 30 species. e aii A and
aii C genes febavedethad Baei Idlege,spEEMTs aghidwed th Rirghnserdl «of S

Z'mrj“ Ea?.r ‘Cty- kb, ! BoKeLY R Q%/e1%§2§np€¥/i§§%q/§%0Jah?c%iv%%.i Kehyedat the aiiA
genes’are ‘highly “conserved anong B. thuringiensis strains. DNA

10 subcloning identified a 1.4 kb BamHI fragment contained
in the clone pBS-AiiC which was responsible for the AI
inactivation function (Fig. 7B). The complete sequence
of the clone pBS-AiiC showed that there is an ORF of
750 bp nucleotides (from 166 to 918) which encodes a

15 protein of 250 amino acids (Fig. 8). Cloning of this
ORF in the E. coli expression vector confirmed that it
encoded a functional AI inactivation enzyme, designated
as AiiC. At the peptide sequence level, the AiiC gene
showed 91% and 33% identity, to the AiiA and the AiiB

20 respectively. The aiiC gene has no significant
similarity to other known sequences in the databases by

FASTA and BLAST analysis at either nucleotide or
peptide levels.

Example 4: The autoinducer inactivation genes in Bt
25 belong to the same gene family
Among the tested bacterial isolates with AI
inactivation activity, all except the A. tumefaciens
strain M103, are Gram positive, and belong to B.
thuringiensis (Bt) or closely related bacterial
30 species. The aiiA and aiiC genes from the two Bacillus

strains showed a high level of similarity. It is very



hybri di sati on (Southern blot) analysis was perfornmed wusing an aiiC
fragnment as a probe. The genomic DNA was 5 isolated from 18 sel ected

bact eri aw@vvaiens, Bl (Bt ssp. thuringiensis), B2, B3 anBCBS8G(@Bi015sp.
kurstaki), B22 (Bt ssp. kurstaki plasmd mnus), Bl12 (Bt ssp. Aizawai),
B16 and Bl17 (Bt ssp. Whanensis), B23 (Bt ssp. Israelensis), and other Bt
strains B18, B20, B21, 10 240B1, 471W apd Cott as well as B25 and B26 (B.
cereus), and B29 (B. sphaericus). Genomc DNA (20 g) digested with EcoRl
was separated by el ectrophoresis in 0.8% agarose gel and then the DNA was

transferred Qﬁlk@l]yH!th%'%d"tNé el ey (AR Sfeafahaldmagiqy B otech.) 15

according to manufacture's instructions. The 1.4 kb BanH™ fragment
cont ai ni ng t Aengervego@sended -ort hisi ngigiiel le ¢ twialnsnl GONF use as a probe

for hybridisati,0nq .er isdi sat i t . g_rﬁ];@%sd washed
twice in 2x %g%%glf%ftg%g a%g%;dggfr%%?ler?%grtgt &%eégfycﬁl@g%n, rol T owed by
washi ng tw cesiingOahx a33C, TraonedDSamt a FOeor THhearigunaesic ANZerwagashi ng,

the menprane; was .. dat ol.ed 1w t 12 e PG ARG Ugate, I he NBQE:{ cp
sol uti oR was UiSed as coloour ‘sdbstrate accordi ng to nandfacture s protocol
(Boehri nger Mapnhehmrin2h et a)gsE2, SHBowed! tHdat(Rinesdpybriwdisiaigiband was

clearly dete d fromall tested strains,, except fqr, . B B. sphaericus).
These )r/esul t@?né%ga?é@'t &S @%%n&dswu%@e%el,z mﬁ?BtQEh(sssé)qugnce si m I)ar

to aiiC, prasenwaiin,abld esie®1B. Erurdspgi engishesidiai)ns sy (8 30 closely
rel ated species B._ cereus. This is in_ agreenment with the bioassay data
(Tabl e 1). WBsB2/ L6628 loEHiSE00A00L 2Fhex7 BE &ffad 5 Bdi%niBed .ofBother Al

inactiygtionygepes Lram, nRIe RAGL el He115QAESS and B26 (B.
cereus), and B29 (B. sphaericus). Genomic DNA (20 pg)

digested with EcoRI was separated by electrophoresis in
0.8% agarose gel and then the DNA was transferred onto
Hybond-N+ membrane (Amersham Pharmacia, Biotech.)

15 according to manufacture's instructions. The 1.4 kb
BamHI fragment containing the aiiC codon region was
labelled with DIG for use as a probe for hybridisation.
After hybridisation at 65°C, the membrane waslwashed
twice in 2x SSC, 0.1% SDS at room temperature for 5

20 min, followed by washing twice in 0.1x SSC, 0.lx SDS at
65°C for 15 minutes. After washing, the membrane was
detected with anti-DIG-AP conjugate, the NBT/BCIP
solution was used as colour substrate according to
manufacture’s protocol (Boehringer Mannheim).

25 The result showed that one hybridising band was
clearly detected from all tested strains, except for
B29 (B. sphaericus). These results indicated that
there is a single gene, with sequence similar to aiiC,
present in all tested B. thuringiensis strains and its

30 closely related species B. cereus. This is in

agreement with the bicassay data (Table 1).



Since the genes for Al inactivation are highly conserved, a PCR approach
was used for the cloning of 5 other Al inactivation genes fromthe

sel ect ed v 0%/se3 ngi ensi s i sol ates. Genom ¢ DNA isol at ed PECDRGOH®123
bacterial isolates Bl, B2, Bl17, B18, B20, B21l, B22 and B25 was used as
tenplate. Prinmers were designed based on the conserved sequences of the 5
and 3' ends of the 10 aii A and aii C gene7 Standard PCR conditions were used
to anplify Al-inactivation genes fromthe selected bacterial isolates. The
primer sequences were: C5f: 5 - ATG GGA TCC ATG ACA GTA AAG AAG CTT TAT -
3'; C3r: 5 PIEGZHA SETC IR ARC AAG AKX T GlfciiltatBon Jdreed 5F RER
reactions were perfornmed for, 35 cycles of 30 sec at 94C, 30 sec at 55C and
1 mn at 72Ce&EnPAc a1 ©GenAnp PCR System 2400. Two separate PCR

reactions were perfigidedtHd Jakss sigre Ahee desvaoioerdes highihe anplified
sequences. The PCR products 20 were purified b JJFJsi ng Q Agui ck PCR
Purfication I%Otnse(rd%&bElﬁ) B anrr i3t et Wi gated to

PCEM T wect olbtHRonmeganadd BRAs dia\ddied NaEdh ighd Nge1 Seit &y nglucer activity
were chosen for further study. Two such clones fromeach strain were

sequenced. 2%hETientid Syttt dAenane ddckr e Bee® thequences

vere anal yseg widdt-ithie INASTARTM seqience 7 angd ysi g2 50T g3var e package
(DNASTAR I nc.) and GCG sequence analysis software (Cenetics Conputer

Group, W scES mas Datsthare wmplaies wedtelprerd oreed deshgneheased BLASTA
search al gor 'ohh@he;'&ns%ﬁ%a"’ss%dgﬁem &0t 1. and Qﬁcﬁi@eg\?r@&@téﬁ%he

sequences of 8 Al 1nactivation es (naned aliD to WO 02/ 16623
PCT/ S&0/ 00123 iR &rd iadi&|gered f rormBlamd rRERsc@1diBRonBIveré318sed20,

to amplify AI-inactivation genes from the selected
bacterial isolates. The primer sequences were: C5f:
5'- ATG GGA TCC ATG ACA GTA AAG AAG CTT TAT - 3'; C3r:
5'-GTC GAA TTC CTC AAC AAG ATA CTC CTA ATG -3'. The

15 PCR reactions were performed for 35 cycles of 30 sec at
94°C, 30 sec at 55°C and 1 min at 72°C using a Perkin
Elmer GenAmp PCR System 2400. Two separate PCR
reactions were performed to make sure there was no
error in the amplified sequences. The PCR products

20 were purified by using QIAquick PCR Purfication Kit
(QIAGEN) and the purified PCR fragment was ligated to
pGEM-T vector (Promega). Clones having inactivating
autoinducer activity were chosen for further study.
Two such clones from each strain were sequenced.

25 Nucleic acid sequence data and deduced amino acid
sequences were analysed with the DNASTARTM sequence
analysis software package (DNASTAR Inc.) and GCG
sequence analysis software (Genetics Computer Group,
Wisconsin). Database searches were performed using the

30 BLASTA search algorithm.

Fig. 9 shows the nucleotide and deduced peptide

sequences of 8 AI inactivation genes (named aiiD to



B21, B22 and B25 respectively. These sequences all contain an ORF of 750
bp, which encodes a, protein of 250 am no acids. 5 Exanple 6: The

aut oi nduoeo 02/n@e3 i vati on genes are highly conserved anonBCTveGiges2iof Bt
and closely related Bacillus spp. Except for the aiiB gene, all other
genes were cloned fromthe G am positive bacterial isolates. 10 Sequence
anal ysis indicates that the aii genes cl2gned fromthe G am positive
bacterial isolates are highly conserved, with high anmino acid identities
ranging from 90.4%to 94.0% in conparison to that of AliA (Fig. 10). The
aii 'BI gene cl enedk)f Qmrde fGoamBtegaiiaimsABILS BB, a8 sheyed | ess
simlarity to

ther  aii and clustered gs a single group jn the
phyt ogenet i CBZt?Lr’egngiadl.dg%%)%.s ERRRSE T Y s iqﬂrarb‘ﬁ?at%e(gf%&?%éﬁ ut oi nducer
i nactivati oncgeres nake rghlof CIoTs efpedih i nhdRIers wiotlimans cl osel y
rel ated Bacillus. 20 In these Al protein sequences, all except AIiB
contai n severdl PHV&9 &#ldfi-stidines with glutamate residues show ng a
pattern of 104HXHXDHL109”"' 60aa”' H161-21laa -D 91; the AiiB of A tunefaciens
contains the simlar, but distinct notif 103HXHXDHL08- 72aa- H180--2laa
-D202. This ExagRlec®i adih®e SUHIMIHE et oA a1 hsEeng s ta5% on  (Val | ee

and Gal des, #38#), Fhddmbida HERHridkddhes 4 ahi dopsi s alapxal ase |1 was

suggested to b€ i.nvolved in binding to zinc ion (Crowder et” al., 1997).
Site- direct&@¢latcdydfesilslufasFhown that all these residues 30 except the

oy oy e (At A A DD S AR (S A,
gl ut amat e resildnes dromltde girsgenoditive bacterial isolates.

10 Sequence analysis indicates that the aii genes cloned
from the Gram positive bacterial isolates are highly
conserved, with high amino acid identities ranging from
90.4% to 94.0%, in comparison to that of AiiA (Fig.
10). The aiiB gene cloned from the Gram negative A.

15 tumefaciens showed less similarity to other aii genes
and clustered as a single group in the phytogenetic
tree (Fig. 10). These results indicate that the
autoinducer inactivation genes are highly conserved
among members of Bt and closely related Bacillus.

20 In these Aii protein sequences, all except AiiB
contain several invariant histidines with glutamate
residues showing a pattern of !®HXHXDH!%~60aa~H!?*®~21laa
~D''; the AiiB of A. tumefaciens contains the similar,
but distinct motif '°°HXHXDH!?®~72aa~H'¥%~2laa ~D?%2. This

25 pattern agrees with the metallohydrolase criterion
(Vallee and Galdes, 1984). The motif HXHXDH in the
Arabidopsis glyoxalase II was suggested to be involved
in binding to zinc ion (Crowder et al., 1997). Site-
directed mutagenesis has shown that all these residues

30 except the first histidine (**H in AiiA) in this motif

are necessary for AiiA activity. These invariant



AiiBto AliK indicating they belong to the same group of autoinducer

net al | ohydrol ases. Exanple 7: Effect of Bt strains on Al production by 5
Erwi ni a ceooromses a To test the effect of Bt strains on qURPOT/RGONOOAL3
production by pathogenic bacteria, Erw. carotovora SCGL was co-cul tured
with Bt strains Cott, Bl, E. coil DH5a, and B. fusiform s respectively. Al
was assayed as in 10 Exanple 1. The Al @%duced by strain SCGL was detected
after 2 hours incubation, and a rapid increase was observed from2 to 6
hours incubation (for cell nunbers, see Fig. 14), whereas no Al was
detected i n Hhilseidilray easlpdrutatmeite ofe SAble <aldls@dresdntei tmer 15

Cott or Bl str.ain, i.ch, pr.oduce ,Al_inactivation enzynmes. In the
co-culture s%ﬁ ngto\g%lsl f %fﬁjtr}‘g ncgﬁ%\ébrelé?n%o?? YTt Rifornis,
whi ch do not oftenitaiimdaidegeress 1 IAhypimducddon | evel s were detected that

were simlar to those observed with SCGL culture 20 alone (Fig. 11). These
results indicate that Bt strains effectively quench Al signals produced by

the pathogemx&imylecar:0t ®fFertSCEL Brhest dditnd Wn A E Eibdwtietbn tigget her .
Exanple 8: Effect of Bt strains on the pathogenesis of 25 Erwinia
carot ovéra | EEE o AHAVHE play a key role in regulation of the

virul ence determ nef aeaf IRV e qRAIIOIRNI & r Diacd e adusShecies. a5 nce Bt
strains effectively quenched Al signals produced by the pathogen, it is 30

likely this BERIGHCOTR Y0P FDAAGTH hPAHP LR oxpTiHi t € P07 633!
PCT/ SGD0/00123 5 30 Q11 1, 3RASA GO HY W ralihd tf,h'%]f,{)%.s'géﬂtﬁHS&,he

effect of Bt strains for biocontrol agalinst plant” s
and B. fusiformis respectively. AI was assayed as in

10 Example 1. The AI produced by strain SCGl was detected
after 2 hours incubation, and a rapid increase was
observed from 2 to 6 hours incubation (for cell
numbers, see Fig. 14), whereas no Al was detected in
the culture supernatant of SCGl co-cultured with either

15 Cotl or Bl strain, which produce AI inactivation
enzymes. In the co-culture supernatants of SCGl with
either E. coil DHba or B. fusiformis, which do not
contain aii genes, AI production levels were detected
that were similar to those observed with SCG1l culture

20 alone (Fig. 11). These results indicate that Bt
strains effectively quench AI signals produced by the
pathogen Erw. carotovora SCGl when the two are cultured

together.

Example 8: Effect of Bt strains on the pathogenesis of
25 Erwinia carotovora
It is known that AI play a key role in regulation
ofvthe virulence determinates of several pathogenic
bacterial species. Since Bt strains effectively
quenched AI signals produced by the pathogen, it is

30 likely this new function of Bt strains can be exploited



rot di sease was investigated. Potato (Sol anum tuberosumL. cv. Bintje)
tubers were obtained from5 | ocal stores. After rinsing in tap water and
dryi ng owoOpzp®e3towel, potato tubers were surface-sterilPepEGod/aom3 70%

et hanol, and then were sliced evenly to a 3mm thickness. For the dip
treatnment, the potato slices were dipped into the bacterial suspension of
Cott, or 10 other bacterial strains, dilzgted to a concentration of 5 x 108
colony formng unit (CFU) per m, for about 20 seconds. Sterilised water
was used as a control. The slices were dried in a lamnar flow cabinet for

about 20 m HolrOdieRREe Bt .NMDITY Westhafire dampdatin, khmavith 2.5 pl
of Erw. carotqvora SCGL bacterial _suspension containing approximtely 2 x

108 or 2 x 16FfecErofnPlroftdaine tfey st Ml agaipst tHenh xaurte

treat ment, eqdal q¥aluRs s elaﬁﬂ%stt%?aitr&.orméa‘a(@swaﬁ&@ CFUm), or
sterile water were mxed with Erw. Z0 carotovora SCGL bacterial suspension

(2 x 108 or ZupergsumCiy §V)-. Bl J)x e 2 wens ohtesinamhdiiat ed to a cut
f ft t | . ne. . i i ; i
surtacego ﬁ%ggg ate 3l cesrld Aihe Rt atp tﬁgd%%}r%%‘gérﬁint%%ﬁ&' n a

Petri dish at Maceration area was ‘neasur Each
treatment wapapsrr épeatled pptiaGol X ubions (kX o cruidetas s teachl fzpbativas

i nocul at ed 378'%38%%::1?1%10”%@ t§&n FRrd %icccéqo!axﬁe%wnco & ment, each
treatment was repeated 4 tines, each tubér slice Wds inoculated only once
at the centré&hdftknskisce. Feat dathe tdilpert relatoentwerdheeipdisrtd reldtess with Bt 30

SLLET COLL ey MLCRNLTALs St RS IR oplo iy garotovor
i nocul abi on omherWa@2e16623 sRECEHiH)0/d0122d 3b patatcerfitateson of
5 x 10® colony forming unit (CFU) per ml, for about 20
seconds. Sterilised water was used as a control. The
slices were dried in a laminar flow cabinet for about
20 min to remove surface moisture before inoculation

15 with 2.5 pl of Erw. carotovora SCGl bacterial
suspension containing approximately 2 x 10® or 2 x 107,
CFU/ml onto the top of each slice. For the mixture
treatment, equal volumes of each testing organism (5 x
10® CFU/ml), or sterile water were mixed with Erw.

20 carotovora SCGl bacterial suspension (2 x 10% or 2 x 107
CFU/ml). The mixture (2.5 pl) was inoculated to a cut
surface of the potato slices. All the potato slices
were incubated in a Petri dish at 28°C. Maceration area
was measured during incubation. Each treatment was

25 repeated 4 to 12 time (12 for Cotl), each repeat was
inoculated 3 places on one slice. For the colonisation
experiment, each treatment was repeated 4 times, each
tuber slice was inoculated only once at the centre of
slice. Potato tuber slices were either treated with Bt

30 strain Cotl or other controls first before inoculation
of Erw. carotovora SCGl, or SCGl bacteria were mixed

with Cotl or other controls before inoculation onto



Erw. carotovora SCGL caused severe tissue nmaceration of potato slices 20
hr after inoculation, whereas on Bt strain Cott pre-treated potato slices
the 5 naoeoar/i@es synptom was significantly attenuated (Fi BCT/SGAY00123
Co-inocul ation of SCGL with the Bt strain Cott also attenuated soft rot
synptons, especially at the |ower concentration of inoculum In contrast,
control treatnents, either pretreatnengiof potato slices with 10 E. col

or B. fusiform s before inoculation of SCGL, or co-inoculation of SCGL
with E. coli and B. fusiform s respectively, showed severe tissue
macerati on sysphe6Bslfteg. 12). These results suggest that Bt strains could
be used as biocontrol agents against soft rot disease, 15 in plants.

Exanpl e 9: In vitF&Ycorpetitavs 2 LR FABE S SERHEnd 156 ni a car ot ovor a

SCGL The Bt gshrakBRei6at bfggl%tajeo\/\’%'lﬁcte%StZ@d HrOfk £ IO AW d Okt bi ot i cs
agai nst Erw. carotovora_ S Conpetition experinents were conduct ed by

co i nocul at i BReBEaFheNBBLs ft&iRd Na k@ tlr WrSchreed st atrte @lfersatnkt? Each
strain mas 'ﬂQEEkéE@@naggg%%oheW%% %Egd%%ﬂaénkly HQtégﬂJﬂgdf

carotovora and 1 x for other strains. The nlxture mas |ncubated

at 25 30C. AlZ2Yif f epeAanocidatienesd & badttér |téles£%plsé§a%rcé>maken f or
bi oassay of ékserge%hh%e@ 1 Rl 033 BYmRRHIOr TR RS 41N PRk 1), and

were diluted In suitable concentrations to spread on plates for col ony
counting. Théoekpecprpesntwas ioapedt daocodum.i nd syt 3B heaasimnl sat i on

ot T mos a5 D DRTAEIs BT SEGTO0TEs R o G and At ssues. |
about 16 x 1B.nuopodiir oki Mg fusiformis before inoculation of SCG1, or
co-inoculation of SCGl with E. coli and B. fusiformis
respectively, showed severe tissue maceration symptoms
(Fig. 12). These results suggest that Bt strains could
be used as biocontrol agents against soft rot disease

15 in plants.

Example 9: In vitro competition between Bt strain and
Erwinia carotovora SCG1l '
The Bt strains Cotl and Bl were tested for

production antibiotics against Erw. carotovora SCGL.

20 Competition experiments were conducted by co-
inoculation of the Bt strain and Erw. carotovora in a
1:1 ratio. Each strain was inoculated at the level of
about 1 x 107 CFU/ml for Erw. carotovora and 1 x 10°
CFU/ml for other strains. The mixture was incubated at

25 30°C. At different time points the bacteria samples
were taken for biocassay of AI production (the bioassay
performed as in Example 1), and were diluted in
suitable concentrations to spread on plates for colony
counting. The experiment was repeated four times. For

30 the colonisation experiment, the potato slices

inoculated with Erw. carotovora were taken at times as



the inoculation site were cut. The cut tissues were cut into small piece
and placed in 10 mM of 0.1M NaC. After shaking for 30 mn, the

super nat ano owas23i | uted 5 in suitable concentrations. Vi abCESGuiverys of
bacterial cells were counted. On plates of both rich and m ni nrum nedi a, Bt
strains did not show any inhibitory effect on the growh of SCGL. \Wen
strain SCGL and Bt strain Cott or 10 Bl 3gere coi nocul ated, both Bt strains
and SCGL grew normally, showing the same growh trend over a 24 hr period
(Fig. 13). Exanple 10: Effect of Bt strain on colonisation of tuber slice
by Erw ni a cdmati@sareal,lmnkD Ijlrutﬁittijgﬁ@scdmutsalscm of 1o Vei€Q1 Dh@Vor a
SCGL on pota sl.ices after incubation, an expression ,vector containing
the GFP gene%%:% PG RY S WS eﬁ‘ﬂ:'SCG&i?e THEE exli BT e ¥Rct or can

be naint ai nedutl An¥d aink 19CEH sdeabing Witdad sel esthonopPresnurneac20 There
was no difference in virulence between the SCGL (G-P) and the w | d-type

SCGL. To i nvé<ttieFattd i g ditect® Himt PtV HH 3 He WaF it edd growt h

of SCGE on pharistapAlatidtitira idies. Warensid haimplifpegs i nto bacteri al
suspensi ons of Cott, then inoculated 25 with SCGL(G-P), or sinmultaneously

i nocul at ed wPelrteseal GF)lantprottourtifthges in bacterial cell nunbers and

devel opnent of solh KOt Y BRI 10 RAIALE n th s Yyl & Boni tored daily
for 4 days. Results Showed that there were no big changes in cell nunbers

bet ween 30 SEGredrP) il iR GRaw tareatiem i itesy aifede SCGHEGP) on the
vater - reat o it fliddid s dicibpldn AP A RETLHP0LP0123

33 (Fig. 14).” The result 1 ndicates t Bt strail
10 Bl were coinoculated, both Bt strains and SCGl grew
normally, showing the same growth trend over a 24 hr

period (Fig. 13).

Example 10: Effect of Bt strain on colonisation of
tuber slice by Erwinia carotovora

15 To investigate colonisation of Erw. carotovora
SCG1l on potato slices after incubation, an expression
vector containing the GFP gene was transformed into
strain SCGl. The expression vector can be maintained
in strain SCG1l stably without selection pressure.

20 There was no difference in virulence between the SCG1
(GFP) and the wild-type SCGl. To investigate the
effect of Bt bacteria on the survival and growth of
SCGl on plants, potato tuber slices were either dipped
into bacterial suspensions of Cotl, then inoculated

25 with SCGl (GFP), or simultaneously inoculated with
SCG1 (GFP) and Cotl. Changes in bacterial cell numbers
and development of soft rotting symptoms of potato
tissue were monitored daily for 4 days. Results showed
that there were no big changes in cell numbers between

30 SCG1 (GFP) on the Cotl-treated slices and the SCG1 (GFP)

on the water-treated slices during 4-days incubation



did not significantly affect the growh of SCGL(GFP) on the potato tube
slices, suggesting that attenuation of the virulence of Erwi nia SCGL(G-P)
by Bt stmadn2/Goed 5 was not due to inhibition of SCGL(G-PPCT/ESGI/@nzM h. WO
02/ 16623 PCT/ SG00/ 00123 34 References Allison, D., Ruiz, B., SanJose, C.,
Jaspe, A, and G lbert, P. (1998). Extracellular products as nediators of
the formati on and detachnent of PseudonB8das 5 fl uorescens biofilnms. FEMS
M crobiol Lett 167, 179-184. Bassler, B. L., Geenberg, E. P., and
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446-447. WD 02/ 16623 PCT/ SG00/ 00123 38 We claim 1. An isolated nucleic
aci d nol ecul e encodi ng an autoi nducer inactivation protein, wherein the
encoded Wwoeor/&iem3 conpri ses an amno acid sequence sel ect eBCT/RGo/ 0008 gr oup
consi sting of '4HXHXDH109-60aa-H 169 -2laa- D191 and 5

103HXHXDH108""' 72aa- H180"' 21aa™' D202, with the proviso that the encoded
protein does not consist of the am no adi®d sequence of SEQ ID NO 22. 2. An
i solated nucleic acid nolecule of claiml1l, wherein the encoded protein
conprises the amino acid sequence 104HXHXDH109- 60aa- H169-21aa- D191, with
the proviso Wehsgtlaiie encoded protein does not consist of the amno 5 acid
sequence of SEQ ID NO 22. 3. An isolated nucleic acid nolecule of claim1,
wherei n the encodéd pﬁ@t@ﬂ@lﬁﬁﬁﬁlﬁﬂﬁﬂ@ﬂﬂeﬁﬁld)mﬁﬁ@pukﬁxﬁmﬂmﬁﬁ@@lénted from

the group CO%%%%H'ngﬁxc%f Si'%%éﬁval‘@%nlép otef Sel th %Eé;lr?rom t%‘?&@&&dac' d

nol ecul e of Cl Ising a se e group
consi sting obrSE@IMDANO®rli-skk B aMRnnt&nﬁd(ﬁequﬂnQ§ﬁﬁ¢kp¢te®.En@meptible

plant or 2Nl JSol.sANee 40, di 0l gho pubienge unr sgul at ed

by aut oi nducer’s, risrn erin t he pl ant or “ani ma
ef fecti e anﬁﬁﬁKHﬁDH&sba@aehﬁﬁﬁrzlahaD”Fs wapabtheoprgvuducthgtahhe

i i st r ed e R BETI R L NOUD Y 16655 BoR S0 GUIZP 45 The mot hod

of claim 6, weenente ef B ITMNO 22.

2. An isolated nucleic acid molecule of claim 1,
wherein the encoded protein comprises the amino acid
sequence %“HXHXDH®~60aa~H'®*~21aa~D'®!, with the proviso
that the encoded protein does not consist of the amino

5 acid sequence of SEQ ID NO 22.

3. An isolated nucleic acid molecule of claim 1,
wherein the encoded protein comprises an amino acid
sequence selected from the group consisting of SEQ ID
NOS 11-20.

4, An isolated nucleic acid molecule of claim 3,
comprising a sequence selected from the group
consisting of SEQ ID NOS 1-10.

{

5. A method for increasing in a susceptible plant
or animal resistance to a disease in which virulence is
regulated by autoinducers, comprising administering to
the plant or animal an effective amount of a bacterium

5 that is capable of producing an autoinducer inhibitor.

6. The method of claim 5, wherein the bacterium

administered is a Bacillus sp.



sp. is a variety of Bacillus thuringiensis. 8 The nmethod of claim?7,
wherein the Bacillus thuringiensus variety is selected fromthe group
consi sti mgoot/1d8l3y B2, Bl7, B18, B20, B21, B22 and B25. 9.pdhscemdiohzsd of any
of clainms 5-8, wherein admnistrationis to an animal. 10. The nethod of
claim9, wherein the animal is a human. 11. An expression vector
conprising at |east one nucleic acid sepience encoding for an autoinducer

i nactivation protein, wherein the encoded protein conprises an am no acid
sequence selected fromthe 5 group consisting of '09HXHXDHL09- 60aa- H169-
21aa- D191 and 103HXHXDHI G4t Hathao £ FHIBMM 2d aarhdPdPn el Bhei einst he
expressi on vectar prqpo ates in a g{ocaryotic,or,eukaryotic cell, wth

t he proviso FﬁhtJFhéleﬁﬁiﬁiﬁgﬂQHQﬁ B3 YT iRGHRRStSof the anino acid
sequence of SEQ ID NO 22. 12. An expression vector according to claim11,
conprising at |east one nucleic acid sequence encodin an aut oi nducer

i nactivation prot&-n, Mergtihahe enerded rpr"HE%Wﬂ%o‘%?ﬁ i Begi{hésani no acid

sequence 5 1QARUPDHIONN, S0aa: HIEY-1 21801 o ML £ ] ML dieg PEgyi SO that the

encoded protein does not consist ‘'of the amno aci sequence of SEQ I D NO
22. 13. An exoredsitomaexi dladvdr Bhb tBl&l B40,11B2M0 B27 18623B25.

PCT/ S0/ 00123 40 conprising at | east one nucleic acid sequence encodi ng
an am no acid sequence selected fromthe group consisting of SEQ I D NOS

11-20. 14. An exprissilire vertlord azl ardi nyt tolxins 18, wiempinsi ng a

sequence sel eghqd frqm e, GroUR, £ONS|Siing of SEQ ID NS 1-10.

10. The method of claim 9, wherein the animal is

a human.

11. An expression vector comprising at least one
nucleic acid sequence encoding for an autoinducer
inactivation protein, wherein the encoded protein
comprises an amino acid sequence selected from the

5 group consisting of %HXHXDH!®~60aa~H!®~21aa~D'"! and
103X HXDH®~72aa~H%~21aa~D?"?, and wherein the expression
vector propogates in a procaryotic or eukaryotic cell,
with the proviso that the encoded protein does not

consist of the amino acid sequence of SEQ ID NO 22.

12. An expression vector according to claim 11,
comprising at least one nucleic acid sequence encoding
an autoinducer inactivation protein, wherein the
encoded protein comprises the amino acid sequence

5 104HXHXDH~60aa~H%~21aa~D, with the proviso that the
encoded protein does not consist of the amino acid

sequence of SEQ ID NO 22.

13. An expression vector according to claim 11,



15. A protein having autoinduction inactivation activity, where the
protein conprises an amno acid sequence selected fromthe group

consi st i myo 01/16b24HXHXDH109- 60aa- H169- 21aa- D191 and 5 103HXPXDBIGABIY1IRaa-
H180- 21aa- D202, with the proviso that the protein does not consist of the
am no acid sequence of SEQ ID NO 22. 16. A protein of claim15, wherein
the protein conprises the am no acid sequence
104HXHXDH 09- 60aa- HL69- 21aa- D191, with the proviso that the protein does
not consist of the am no acid sequence of 5 SEQ ID NO 22. 17. A protein of
claim 15, whevsprithegpaat dicastconmer nsededie amind saejukneequsreeiise) ect ed

fromthe group_consisting of SEQ I D 11-20. 1 A net hod for increasing
di sease resi 8tafté&™Pna< %pﬁ§ﬁqugeaﬁF$§EFeéh%5ﬁ od " Ctpri ses ‘

i ntroduci ng cbhk@saiegl brfofsEsuap mloantLiezoani mal at | east one nucleic acid
sequence that encodes an autoi nducer 5 inactivation protein, in a nmanner
that allows said cell to express said nucleic acid sequence, wherein said

WO 02/ 16623 PCT/ SE2Q/ 08h23xpAbsaulondl RedEerr iaRaeiddidly. @b R1ekied nxonpri ses
an amino acid sequence selected fromthe group consisting of

14HXHXDH109- 6ORRTI1EABY- 21 88IBNGE &5d SEF L0 SHRAXBHE &L P2A -

Hla0- - 21aa- D2BRsiWti gt BE BRoviTe$o NoRati-tilnge encoded protein does not
consist of the am no acid sequence of SEQ ID NO 22. 19. A nethod according

to claim 18, wherein the encoded protein conprises the am no acid sequence
14HXHXDH109- 60aa- 1 H, 69" 21aq «iBl dhviWdt RButRe neh@isR tikgictiRgt g oded
protein does not consist of the am no acid . '

activity, where the protein comprises an amino acid

sequence selected from the group consisting of

1MHXHXDH'%®~60aa~H*®*~21aa~D"" and

5 103X HXDHY®~722a~H1%9~2128a~D?"?, with the proviso that the
protein does not consist of the amino acid sequence of

SEQ ID NO 22.

16. A protein of claim 15, wherein the protein
comprises the amino acid sequence
104X HXDHY°~60aa~H%~21aa~D!, with the proviso that the
protein does not consist of the amino acid sequence of
5 SEQ ID NO 22.

17. A protein of claim 15, wherein the protein
comprises an amino acid sequence selected from the
group consisting of SEQ ID NOS 11-20.

18. A method for increasing disease resistance in
a plant or animal, which method comprises introducing
into a cell of such plant or animal at least one
nucleic acid sequence that encodes an autoinducer
5 inactivation protein, in a manner that allows said cell

to express said nucleic acid sequence, wherein said



5 sequence of SEQ ID NO 22. 20. A nethod according to claim 18, wherein the
at least one nucleic acid is selected fromthe group consisting of SEQ ID
NCS 1-10waQu2/1623ret hod of reduci ng bacterial danage to a P@T/aGoo/@n23ani nal ,
whi ch net hod conprises admnistering to a plant or animal in need of such
reduction an effective anobunt of an autoi nducer inactivation 5 protein,
wherein said protein conprises an am no acid sequence selected fromthe
group consi sting of 14HXHXDH109”' 60aa--H 69- 2laa”-D191 and

13HXHXDH101- 72aa- HlaO-2laa- D202, with the proviso that the protein does

not consist ojutbeéndutee aekdtseguenacpobteld SB@PAsNGE 22 add.noA net hod
according to claim?2l, wherein the Er otein conprises the gm no acid

sequence 14HXFKPHIBGUEBSS- SAE664CI1459B16 e WOND KONGRS Ofat t he

protei n does MoixEENSIoSt s @ tire g o-Mel dyrgequence of WO 02/ 16623
PCT/ SG00/ 00123, 42 510§5§%I D N@ 22. 23, A nethod according to claim 21,
wherei nt®he pristBXREConpF3R e ar &AM acivd tHediehdr SEI Lt rdis t he

group consi st&R8o8EASERokBiNOGodE- A8t 24nsAstebiFod RCeaiinadig any of
clainse 21-23, wherein admnistrationis to an aninal. 25. A method

accordi ng to EPEPRNS2, OkheERi APt HE 28nminal is a human. 26. A cell of a
procaryote or eukaryote stably transforned with at | east one nucleic acid
mol ecul e encodi ng_an autoi nducer inactivation_protein, wherein the
encoded protein cokPri sBsmgfihgni AgCaEPdngeferdein I8 ecthedefimohche group

consi sting of gpncoded protein comprises the amino acid sequence

4K HXDHY’~60aa~H%~21aa~D", with the proviso that the
encoded protein does not consist of the amino acid
5 sequence of SEQ ID NO 22.

20. A method according to claim 18, wherein the
at least one nucleic acid is selected from the group
consisting of SEQ ID NOS 1-10.

21. A method of reducing bacterial damage to a
plant or animal, which method comprises administering
to a plant or animal in need of such reduction an
effective amount of an autoinducer inactivation

5 protein, wherein said protein comprises an amino acid
sequence selected from the group consisting of
104X HXDHY~60aa~H**~21aa~D"" and
103PXHXDH®~72aa~H'"%"~21aa~D?%?, with the proviso that the
protein does not consist of the amino acid sequence of
10 SEQ ID NO 22.

22. A method according to claim 21, wherein the
protein comprises the amino acid sequence
104X HXDHY°~60aa~H'%"~21aa~D'', with the proviso that the

protein does not consist of the amino acid sequence of



104HXHXDH109- 60aa- - H169- 21aa- D 91 and 13HXHXDH108"' 72aa”' H180 - 2laa- D202,
with the proviso that the encoded protein does not consist of the am no
acid sequenveodd SEQ I D NO 22. 27. A cell of claim wherBCTVSGHgooerscoded
protein conprises the am no acid sequence 14HXHXDH109- 60aa- H169-2laa-
D191, wth the proviso that the encoded protein does not consist of the
am no acid 5 sequence of SEQ ID NO 22. 2 A cell of claim 26, wherein the
encoded protein conprises an am no acid sequence selected from the group
consisting of SEQ ID NOS 11-20. WO 02/ 16623 PCT/ SG00/ 00123 43 29. A cel

of clai B 28, seg@mId NP2 sequence selected fromthe group consisting of
SEQ ID NOS 1-10. 30. A nethod of reducing the formation of bacteri al

bi ofil ms, conprising exposing biofilmform ng bacteria to at |east one
aut oi nducer inhi bizzar py oieiigd adwsEdingaia Eroimi 21 comperses Bive am no
acid sequence 5 selected fromthe group consisting of

LAMXHXDHLOO- 832497 GO 1 5537 b i | B PRI $AbRE A% T 8982, wi ¢ h
the proviso that ddtip Rd=idtideesoN@EgOnsisys of1+h@. am no aci d sequence
of SEQ ID NO 22. 31. A nethod of claim30, wherein the protein conprises
the am no acid sequence 14HXHXDH109-60aa-H169w21laa- D191, with the proviso

that the proteinzoes MatetdaSisdcfdide @M oWy asf doseanenge-»8, 5 SEQ ID
NO 22. 32. A nethod of_claim 31, wherein the E%)r,ot ejn conprises an am no
aci d sequenc&PEHEQ &AM YIRF LYt ot O stHHADf SEQ | D NOS 11- 20.

25. A method according to claim 24, wherein the

animal is a human.

26. A cell of a procaryote or eukaryote stably
transformed with at least one nucleic acid molecule
encoding an autoinducer inactivation protein, wherein
the encoded protein comprises an amino acid sequence

5 selected from the group consisting of
104X HXDH'%®~60aa~H"*~21aa~D* and
L3HXHXDH®~72aa~H'""~21aa~D?%, with the proviso that the
encoded protein does not consist of the amino acid
sequence of SEQ ID NO 22.)

27. A cell of claim, wherein the encoded protein
comprises the amino acid sequence
104X HXDH~60aa~H'%~21aa~D'®, with the proviso that the
encoded protein does not consist of the amino acid
5 sequence of SEQ ID NO 22.

28. A cell of claim 26, wherein the encoded
protein comprises an amino acid sequence selected from

the group consisting of SEQ ID NOS 11-20.
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29. A cell of claim 28, comprising a sequence

selected from the group consisting of SEQ ID NOS 1-10.

30. A method of reducing the formation of
bacterial biofilms, comprising exposing biofilm-forming
bacteria to at least one autoinducer inhibitor protein,
wherein said protein comprises an amino acid sequence
selected from the group consisting of
104X HXDH®~60aa~H'%*~21aa~D'"! and
103X HXDH®~72aa~H'"*~21aa~D?"?, with the proviso that the
protein does not consist of the amino acid sequence of
SEQ ID NO 22.

31. A method of claim 30, wherein the protein
comprises the amino acid sequence
104YXHXDH®~60aa~H'%~21aa~D*"!, with the proviso that the
protein does not consist of the amino acid sequence of
SEQ ID NO 22.

32. A method of claim 31, wherein the protein
comprises an amino acid sequence selected from the

group consisting of SEQ ID NOS 11-20.



