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ENZYMES FOR CONTROL OF BACTERI AL DI SEASES BY QUENCHI NG QUORU

SI GNALS BOH2/46685 THE | NVENTI ON The present invention rel atREI/$GOMBRES
encoding regulators of bacterial netabolism nore particularly to genes
encodi ng enzynes that quench quorum sensing signals. The present invention
further relates to nethods of control of bacterial diseases conprising
expressi on of genes encodi ng aut oi nducer inhibitors. BACKGROUND OF THE

| NVENTI ON N acyl - honoseri ne | act ones, - known as autoi nducers (Als), are

wi dely conserved signal nolecules present in quorumsensing systens of
many G am negative bacteria. |t has been, found that Als are involved in
the regulation of a range of biological functions, including

bi ol um nescence in Vibrio species (Eberhard et al., 1981; Cao and Mei ghen,
1989), Ti plasmd conjugal transfer in Agrobacterium tunefaciens (Zhang
et al., 1993), 'induction of virulence genes in Erwnia carotovora, Erw.
chrysanthem , Erw. stewartii, Pseudononas aerugi nosa, P. solanacerum
and Xenor habdus 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;),

oroduct i on i n PRCTERIAt: AREINGT R AN R B BuRhel eler.

1997; Pi er sSoBAGTERIAL . DISBASEST BYUDUENCHING SHUDRUMEENSING tyTd:manSerrati a

| i qui faci ens (Ebert et al., 1996), and biofilm5 formation in P.
tyiorescens and P. aeruginosa (Allison et al., 1998; Davies et al., 1998).
( ANy nore :

The présent invention relates tb genes encoding
regulators of bacterial metabolism, more particularly
to genes encoding enzfmes that quench quorum—sénsing
signals. The present invention further relates to
methods of control of bacterial diseases comprising
expression of genes encoding autoinducer inhibitors.

BACKGROUND_OF THE INVENTTION '

N-acyl-homoserine lactones, known as autoinducers

(AIs), are widely conserved signal molecules present in

i - quorum-sensing systems of many Gram—negative bacteria.

O It has been found that Als 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;),



bacterial species are known to produce Al's, but the relevant ,Ri-0l aqgi
functions have not yet been established (Bassler et al., 199??[%ﬁ%§ﬁ§§5%34
al ., . 1WOe¥®623Cha et al., 1998). Biofilmformation i s of PCHaGDI/eRIRAr
~significance to bacterial pathogenicity, as it nakes bacteria nore
resistant to antibiotics'and. host defense responses, and causes m crobi al
contami nation in medical devices and in2drinking water 15 pipelines.

D fferent bacterial species may produce different Als. Al A derivatives
-share identical honoserine |actone noieties, but differ in the I ength and

structure ofefhiehit i3y lofdaiiibitidgpebdtideibar dat 0 Aenesrdeodhat ed by
Al't are extrenely varied, the basic nechanismof Als biosynthesis and gene

regul ati on 8BENEIW.o dfAisiERra eCostali 3ndrbapebactl®®7:. Pharsmmeehl .
f eat f lat i | s, i | i . k .
eature ot gene &%@%t)a 'x%'bu.gﬁtﬁzcgq %C&énﬂfﬂﬁ;h téigftgﬂgt%{‘f%eﬁéééﬁa nown

as quorum sensfng: I owc sities t
concentr at i ddguidiactizns hBperdeldt dehs;) t12%6) heaAds bdarfidacunul ate to a v

concentratign sufficient for_activation of .related requlatagqr enes (Fuqua
and Wi hans, EOBBBFLOR AN (-0l GRS FemR Tils Er cBEFHEAdTRF ARILFEOR! 30
consi der abl grsgient i1fios,; ¢RAAME Get anll, , NBYO8R.  MEPY hivyee. New approaches
for up or down regulation_ of bacterial quorunlsensig%%s¥;tens woul d be of

i f

f r 30 DecchBEFerdgsd vibesierosre Fpuim  Spredess & Warfth®al ue, not
only in sci pagevabi#! paloidditaPrAGideabnaPRAYE2hDENet] bd@s been reported
recently that a novel gene encoding autojnducer inactivation (aiiA) has
been established (Bassler et al., 1997; Dumenyc et al.,

‘10 - 1998; Cha et al., 1998). Biofilm formation is of : i”j)
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 différ in the length and
. structure of their acyl groups. Although the target

20 genes regulated by Als are extremely varied, the basic

. mechanism of Als biosYnthesis and gene regulation seems
to be conserved in different bacteria. The general {gﬁ)

feature of gene regulation by AIs 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 Als can accumulate to a
concentration sufficient for activation of related
regulatory genes (Fugqua and Winans, 1996). Thé
biological functions regulated by AIs are of

30 ‘considerable scientific, economic, and medical
importance. MNew approaches for up or down regulation

of bacterial quorum sensing systems would be of
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cloned fromthe G ampositive bacteriumBacillus sp. strain g@gjl%e&@?r%oﬁt

al ., 2000). Expression of the aiiAin transfornmed Erw. carot

SCAE, a (PH9623 t hat causes soft rot disease in many pl alPCI/SG00/00123
significantly reduces the release of A, decreases 10 - extracellul ar
pectrolytic enzyne activities, and. attenuates pathogenicity on potato,
eggpl ant, Chi nese cabbage, carrot, celesy, cauliflower, and tobacco. The

rTesults 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 sjgrighebat vSUNMYARYoEF ohily IiMVENG<NEBaghet i a1 sst Lai ns and
enzynmes cap b%e gt etfici Et lLnactivation of N-acyl honoserine |actone
aut oi nducer sPTERFE724r BPBELEBREPRErabl e i nterest for bi ot echnol ogy 20

appl i cations. VvtmtthaspbeéﬁntebayggajQ@déhﬂry ﬂﬂé%ﬂéﬁﬁgbéfa%eﬁg| Baci | | us
thuringiensis strains and, their c¢losely related species tested were .
capabl e of SRCHHARIcarRgipAVGEroAnactAvatione (Bitdhthasikeannus nut ant

of AQrabact egidiied! HEBRAEHENGradlpBk tA%e BALAL AR, WadiPr[SERLT ON

mut agenesi s, was_al so found capable of producing ihact1 vat FBn enzyne.
The genes entbERip 2#8B1A(Dppacetvaili-on 2808 nes Bxpread boredo®i ther by a

punctional cs9phngnaPROAREE-ALA DY & PR ALRACh JLom, I8, el got ed

bacterial strains. A peptide sequence conp 5 hat all of
t hese enzynugaepgey thottbeusesabbhitydotl diesdas lih mddp pranresaci d

021 16625 PCTTAED FEFTbBTS T 40pERs FEY ArlACER e Al 9ErRRAP ngi cnsi s
sty ai A9 ef fextraeeylylenchedtratyiiict pnukme eetdtitias whd Al produci ng
i seace caushi sy udkel hrBh8YeaTsthvorh Potntoraremigyior ShiReg8enchi ng
bi osi gnal s cabbage, carrot, celery, cauliflower, and tobacco. The
results indicate the promising potenfial 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 énzymes 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 AI 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 pPreviously



whi ch regulate virulence is an useful strategy for disease c
that B. thuringiensis strains which are known for insectici%gp?gﬁg?gegpﬁ
are al swomnessssi ng bi ocontrol agents for prevention of gige6sARIz0 | N
which virulence is regulated by Als. - BRI EF DESCRI PTIONOF THE INGS Figure
1 shows the time 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 bacterial cells in 1/15 M phosphate buffer (pH
8.0). Equal volunes of MLO3 protein extract (1.46 ng/m) and 5000 nM OOHL

were m xed, and i necubated | 1.5 p entrifuge_ .tube at 28C
Same prot e?rr?Pe%F%@:_@ 8@23&3#%% % W#%ﬁgggpsﬁsnﬁ 88 Sused as a
control . Theffarpleslywguentchkan aididviky 3vhén heoakti2turedciiiah ayd the .
reacti on was sjopped by _boilin or .3 min. The sanples re gnal yzed for

A et v PrR RS PHBRGeTRE PRGHGTLT TR WEOTAAS: PRREEEAVEZ regi on
fromthe cosiBdhittaESopf pAUbant sMEI3 . robWii £888& dcaligBasbyerewEietal ned in .
cosm d vector pLAFR3 while the four sub-clones in plasmd vector

pBl uefcri ptcanqtayeny. SPhsoratar suggsst Vdat arepghinpybipsdgnals

negative | 'qa&%' L, 0g s liia By R (O = 3 ws (A).The
potenti al %ﬁg§#r1t %¥§£% Q%SE%Fﬁqgiiﬁ\ﬁﬁiéﬁéf%gigﬁkggég?cfé wth a
sequence alidemis prograly and tBRtDE.ctilnringiensdst stdefilse 30 Decenber
2004 WO O 6623 2 t he .ORF, encodi ng. Lpactkyati on enzyne
(AiB). chﬁfgrgplﬁlf?cl@%%g%t gn\?/g:&gzlc odnag‘{d1 é)%gg%/é%t %gg‘pé?ég’scri pt I

SK(+) (pBMprtamiesin@rbiocontrbdx apgkkr23- 1 pdvehbhen) ofTHé seamleer s under
each one .. ndi.cat.e the .start .and st qp,.positi of the PCR fragnents P
cor r A0 onaitih R o e bR 4 A SRR By PS5 Lb° Fegion A - )
constructs were confir BRIHF DRSQRETRTION OF THE DRAWINGS

Figure 1 shows the time course of AI (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). Eqgual 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 bbiling for 5 min and used as a control. The samples
were taken after 1, 3, 6 hr after reaction and the N
reaction was stopped by boiling for 3 min. The samples sg§0
were analyzed for AT 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
IT SK(+). Symbols: +, positive in AI inactivation; -,
negative in AIlinactivation; E: EcoRIl; P: PstI.
30 Figure 3 shows (A) The potential ORFs in the 1.5
kb AI inactivation region prediéted with a sequence

analysis program; and (B) Deletion analysis to define



anal ysis. The start codon (GIG and stop codon (TAA) of the

shown under the clone pKMLO3--315. ~,- 10 Solid arrows indica ebgﬁgﬁﬁy%kﬁ4

| ocat i onW@d18628ection of lac and tac pronpter in these RCBRGE8Y00MIE ORFS
were indicated with open arrows. Synbols: +, positive Al inactivation
activity; -, negative Al inactivation activity.. 15 Figure 4 shows (A) the
nucl eoti'de sequence (SEQ ID NO 1) and (B) predicted peptide sequence (SEQ
ID. NO 11) of the aiiB gene cloned fromA. tunefaciens MLO3. The putative
ri bosome binding (SD) region and two Pstl restriction enzyne sites are
under | i ned, el QRE emc'pdi.agi hE tinaptdraptioon eEEMnendﬂ&imB)coddBCR s

i ndi ¢at ed. prote| e co aris of AliB (SEQ ID
oL o ARl Bl PRk BpbRPUBLE! B10B8% ISR SRUR S L O
gene in the Xt tSKegj olpBH cPonéaurEbacu.ﬁnsredtuatr lle:-}eJaognEg@A function has
not 25 beenﬁgfnnnstrat ex |nentallé %Bgak accesslon i U59485)

e-

These two p ?Elexh PYR gege P rPA) ceitce Wt er

sequenge reWﬁﬂBtén&hﬁtopopégﬂt‘m&néeaﬁelﬁ@l% Pmurfﬂagﬁ@iﬁ@;ts identical to
am no - acids 8-43, 45-158, 160-186 and 188 263 of SEQ ID NO 30 11), but

functlonal;ﬁ????ﬁﬁﬁ%@hnﬁanaﬁ SdBPElsRAL e %%%W%FQ%ﬁ ithe He NIERr mi nus.

Fi gure 6 shawsgfom! otgin ésﬁgeﬁﬁetgoaaeéleeﬂfq&ma@ BC eRlenddQfy WO
x2/ 16623 6 PCI/.SGOQ/ 00123 Aii B ID NO 11) and Ali A (SEQ I D NO 22), a

putative R GRIRIr ol BRe- W\a«%h Pﬁ epi GTEd ARdcISEREd odem BHA)N | us sp.

240B1. The ty 900sgs yBdoRIFNSrBI Qﬂbﬂﬁ uh8@rOR%e %rl%neu%‘ilﬂl'dsﬂ%i 5 Figure 7
shows the functional cloning of the aiiC gene. (A Enzymatic I'nact i vation

of) Al Wy t hokid rreeen tn igpteothst lorpdiion epd dimqgdliorolafivel af
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 séquence (SEQ ID
. NO 1} and (B) predicted peptide sequence (SEQ ID NO 111
of the aiiB gene cloned from A. tuﬁefaciens M103. The
putative ribosome binding (SD) region and two PstI M
restriction enzyme sites are ﬁnderlined,-and the |
20 putative transcription termination codon is indicated.
Figure 5 shows the-protein,sequence eomparison of
-{‘9 . AiiB (SEQ ID NO 1il) and AttM (SEQ ID NO 21), a putative
protein encoded by the attM gene in the att region of
‘A. tumefaclens, but its blologlcal functlon has not
25 been demonstrated experimentally ({(GenBank accession No.
U52485). These two proteins exhibit a high degree of
similarity (the center sequence represents the
conseneus sequence, four fragments identical to amino
acids 8-43, 45-158, 160-186 and 188-263 of SEQ ID NO
30 11), butrfunctional AiiB protein has an additional 7
amino acids in the N-terminus.

Figure 6 shows a protein sequence comparison of



cell suspension culture.(0D640 = 1.1) and 40 pM OOHL were

I ncubated at 28C (A). The boiled 10 culture and OOHL at sane %%Er?gg%@%tzlogﬁs
wer e usw axteszsontrol (t). The sanpl es were-taken at ti mgsrEsScodgghxat ed
for Al activity assay. (B) Direct subcloning of Al-inactivation regions
fromthe cosmd clones pLAFR3-aiiC of B. thuringiensis Cott. The cosmd
clone 15 was digested by EcoRl and subcgoned into the pGEM7Z vector. The
Al inactivation positive clone pGEM/-ailC . was identified by enzyne
activity assay. The pGEM/ aii C was further subcloned in the pBluescript

1" SK(+) r he I t ti n of
about 1.4 K |I§h) giéiz:g ggﬁtﬁgﬁeg I'n clﬂg'nq'g‘ p@@ Ibgﬁévagﬁi gl 5 gla;gg?eéq)uenced
Restri cti ometzlhekydEclaBeoRibhidk Mﬂlva%&ﬁurkl 8c$¢masl Eapnt he nucl eoti de .

25 0f he. AMTCLHBRE EPsnad Fhom HHE BRcLCARECIRT . SHE. RIBPEON de sequence

of the aii Gdg¥ons apdi catetlineche uppercase letters and' the .
untransl ated regjipns ar dIC ed t.he | case letters. ure 9
shows % he nucl e ?-ﬂ‘é’%eéué %&’& e QCJp?B%%gn §ei§9@n@e’s’- f the

genes ai i D ¢SEQ | Da nay&alaa)c A SEQID MERE Bylhe 2i i F (SEQ I D NCS
5 & 15), aIIG(SEQI & 16 aIIH(SEQIDNOS7&30 December 2004

WO 0221662:33%@399@09!323111? v Btafsrhnal(!s@tb NBggad vellums iOf (SEQ I D

NOS 9 & 19) 20)= fr ty B17,
B18, B20, B2 1 eﬁgigggéﬁg§§§5b9}e%%§é% vé Ci[?r I?ch ﬁoﬁg 86pi’l%'yl ogeneti c’
tree anal ym%r@mxedaﬂndolmmalt@ehtatt Q&S’C ](Ll:l ongHeAboildact i vati on

0enean T RGLUAIHE ok s gl S e EORETAREo RGPS 2 100 ()
aci d ident |Q'qmutobaéﬂ) The samples were taken at times as o
indicated for AT activity assay. (B) Direct subcloning
of AI—iﬁactivation regions from the cosmid clones
pLA¥R3-aiiC of B. thuringiensis Cotl. The cosmid clone
15 was digested by EcoRI and subcloned into the pGEM-7%
"vector. The AI inactivation positive clone pGEM7-aiiC
. was identified by enzyme aetivity assay. The pGEM7-
aiiC was further subcloned in the pBluescript II SK(+)
vector after BamHI digestion. The AI inactivétion
20 region of about 1.4 kb in size eontained in clone pBS-
aiiC was completely'sequenced. Restriction enzymes: E: _
EcoRI; B: BamHI. | L)
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 &



sanple to AliAis shown at the right hand of the graph 10F '
the effect of Bt strains on Al production by Erw nia carot ovor(g%%rr%ﬂer%ws

car ot ovo™ 88623 was i nocul ated alone in 15 M LB nmedi um PEX/SG0000L23
i nocul ated respectively in 1:1 ratio with Bt strains Cott (A and Bl (),
E. coli DH5a (A) and B. 15 fusiforms () in the same nmedium The inocul um
concentration (To) was 1 x 107 CFUm (c@lony forming wunit per mlliliter)
for SCGL and 1 x 101 CFU M for others.. After incubation of 1, 2-, 3, 4, 6
and 24. hours at 30C; the bacterial suspensions were taken and the 20

super nat antsl\ﬂar,eaxsﬂi (SEDIXANGE 8 he 18) produgedseoThs fagagwer g gjeans of
four repeats. ure 1é shows t he effect of Bt strain Cott on control of
potato soft pae gllslé% Ehdded s 1 1%6r20) chrerobbratsens Bilp: BRot at o

slices were Btmge@w NtgpR5 msp@m QftRy Of2 Bt féé@é?«&g@g (O, E caqil DH5a

(D or B. fusiforms Bf) at a level of about 5 Um or water w
for about 20 sec gﬁdﬂ{ﬂf?eri(brﬁfwff 3 :I)fssﬂemﬁkleetacrtf:eevxaflalyafbsuanao mn.

The sliges t § 0 ace nocul ated with
2.5 pl %f B\SQ'E'act eri a Str#séné{r%%nl%on %in&ﬁ%és&l”&% %v@ tPBaPERCS 1o 5 x
105 or 5 x 1‘UhecpbylMg>eumte.c ‘tthreecelds qitdduesdfby IMFASTRRXs488e8ke2 X 10
CFU m ) ‘was S 2004 02(16623" PCTI SGOO 00123
8 with equal gbé?gﬁ%% %?’%QAJ@%AWI} Bglsf%’%??ofﬁf s (Bf) (5 x

108 CFU/ ) ehowat below theT\m:eepm rIthe‘ | anel b C&@iditiaén’@ityhﬁf Meybu e was

i nocul at ed h f S|I e fi naI cel |, nunbers of SCA 5
i nocul at ed are glé 1%515']%’ “Tof‘ © Aightr aand of{ fae seEa8RB -1 i ne

! ow1lte graph. Eﬁtyﬂu:eZClthoﬁs ithelkat it a6£ 280 Cot AL ABCERAAKON area was
asur ed. The guc i0n %yt %wrzr.?ﬁgs ca(?r.fot4ov90rr§.2 (El"gwf Otr:azqgfzclaf)rorarggggt >
was inoculated alone in 15 ml LB medium (4) or co-
inoculated respectively in 1:1 ratio with Bt strains
Coti (A) and Bl (@), E. coli DH5a (A) and B.

15 fusiformis (M) in the same medium. The inoculum _
-concentration (T,} was 1 x 107 CFU/ml (colony forming
unit per milliliter) for SCG1 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 bioassay the AT 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 DH5u (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 sﬁowed 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



3-0 Figure 13 shows the influence of Bt strains Cotl. and BI d’ﬁﬁ%ﬂfﬁ?@fﬁ?@@ﬁh

of Ervinia carotovora SCAd. Erw. carotovora SCA (K) V\B.% _
al one oo eAkdgcul ated with Bt strain Cotl (+) and Bl (@CTI%%ﬂﬁﬁsi vely in
' to

al:1ratioin 15-m LB nmedium Each 15 strain was inocul ate

a final

concentration of about 1 x 101 CFU M for SCGL and 1 x 101 CFU/ nml for the

bacteri al

"others in the To nedium After 2, 4, 6 and 24 hours culture at 300C, the
suspensi ons were taken and diluted accordingly for spreading on
pl ates for 20 col ony counting. The experinent was repeated four tines-and

mean data wer
separ at el leﬂﬁ

i ncubat ed wWhidy fbxm25- (Bfpuls *419P0oCBULMBN0BY wWatact @iy 2l Ted|

(A) and devel opnent of soft_rot synptom (B'Z, on inocul ated potato slices.

Potat o sl i d¥dnterfel W gpeerolhbsesott Sy
water for @y ik

9Hee (63% 1B8CBRBERL) (A) or

. . apfl sheBedri edhieh & M &1 Fhabbes 030 selgaut 20
rain. The slices were then inoculated with 5

| of
x 1095CFU dmpculgted arecdbat KoA0dfox, 225 3 5%O@Fﬁay§8a_mazfm the 30
Decenber ZQ;% \%%{%@f@?%e%’%/ %%0%%%313;_ | NRELL AL 8¢ gb{ﬂggs were cut into

smal | pieces a

NaCl “sol"uti on was adde

for resuspension

RGBSR off Frngo T 7o Ehy B0y, TSRS, 00, 0

CGlL was co-
nunber s

-

»

Erw. cazotovora SCA (2

of . bact eriisicuhstion Tae 285G ke iacenakéanf grex) WS BRRSUE$@. suspensi on

di | | ing. Th
tas o Ut ORIl Nl e SofloSHERAS, O 0o P4 2169 £ BRhagy counting. The
di pped inrepegtand the nunbers of Cott (+) as logl O CFDm®2. The
expegigment was repeal et § ook e hAIA AL AR S ¥E" EcRLERENESY |

15

20

25 -

30

and Bl on the growth of Erwinia carotovora SCGl. Erw.
carotovora SCGl1 (M) was iﬁoculated alone or
coinoculated with Bt strain Cotl (¢} and Bl (A)
respectively in a 1:1 ratio in 15-ml IB medium. Each
strain was inoculated to a final concentration of about
1 x 107 CFU/ml1 for SCG1l 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
colony counting. The experiment was repeated four
times and mean data were presented. Top: SCG1l, Cotl,
and Bl were incubated and grown separately; Middle:
5CG1 was co-incubated with Cotl; Bottom: SCGl was co-
incubated with Bl.

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

)

PR



-10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Ten genes encodi ng §8 eceﬁ or 2004

i nactivation enzymes have been cloned from9 G am positive bacPerla

i sol at es VEheR/1662% G am negative bacterium (A tumefaci ere/scioRoizgenes

showed different |evels of honol ogies-to the ai 1A 15 gene, which encodes a

putative netall ohydrolase with strong Al inactivation activity (Dong et

al., 2000). Simlar to AiiA the zinc bynding notif regions are highly

conserved in the enzyne proteins encoded by these newy cloned Al :

i nactivation genes. It is very 20 likely.that these ten enzynes are al so

menbers of thgocHBiebbobydeelagerbaply i éﬂ?aell L}gsa Mﬁwlﬁ
onoserine |lac

mechani sm as the Ali A for i nactivation of N-ac tone
+ aut oi nducer 2T Thel Melafl paleRirenwarupdiad ﬂ(ﬂﬁﬁﬂﬁﬁﬁﬂiﬁﬂﬁe@bol of A

'”aCt'Vat'OFba?ét@ﬂé{ﬂEéellg ATBHCE.FL ESRS wad\ .on%@‘?%r“&r n%tug“e

aut oi riducers, nmainly L, are’ in in regula
conj ugal trdﬁ§¢e$u§nmeﬁgoatwes dllgggﬂ acﬂﬂ;dxnglxnandlspréxd{omnté

Lumour © (Zndig Sra ey o130y ) E6HRERRAIT TRl BERARE LB S RREC on of

tra genes. Merdrsheimsaarogb8pOETi/bléecg0 (mcsﬁﬁéroﬁmyﬁ l/\ﬁl@ﬁelﬁ623

Cranstor. Qi G bl Fdy 6ha, buRBekR” ok’ PFEE (08, oA BRID  GRO7b ol ot on

of Ti -pl asnthe oekpryaiment awaé erepeatele fhumlidsmas amnmmaldét@nsfer can

5 therefore only a.transient event. One enbodinment of the
pr esent |nng%: ﬁga%%ggtga B gene for N-acyl honnserlne | act one
epraéatlon i dentifi 8@ P PRI 3 possibility
tHat the bacteri has_a_ sophi sti cat nech nls for control of 10 Al
S|gnal turn overuﬂ%?tge?% %ﬁgéﬁ?g g&aﬁnﬁp Rda fion 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 aiia
15 gene, which encodes a putative metallohydrolase wiﬁh
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

h \‘\
K

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 regulatien
of Ti plasmid conjugal transfer (Zhang et al., 19931.
The production of OOHL in A. tumefaciens is induced by

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

expression of tra genes. Tra proteins are responsible



degraded in Agrobacterium after conpletion of the Ti plasm @ 004
transfer. It has been noted that a najority of bacterial isolates capé%
of Al iWAXG%%623 on are Gram positi ve, 15 belonging to BPQTSGON@ErES] S
and closely related .species. So far,” 'nmost of the characterised quorum
sensing signals in C?an}negatlve bacteria are N-acyl honoserine | actones
(Fuqua et al., 1996), while G am posi tligve bacteria produce ol i gopepti des
as quorum 20 sensing signals (Dunny and Leonard, 1997). Bacillus
thuringiensis (Bt) has been used extensively as a mcrobial insecticide
during the faStcomd1¥¢Eahg. thBepFotkle SFNNSMY1% shi bRk Ve, spore-
formng soil bacterlu and produces a crystalllne 25 paraSporal body
consi sti ng BraRwEe gbﬂ

shows bi OC'ﬂ?&uc@f&hVt&¥c8ﬂ§i@%&oh”%%c‘r1 |§n§§l %t%tja‘gg a4 epi dopt eran,

di pteran, and col epteran insects at arva ert and Peferoen
1992) . SOrré:J&n%fem ngohkhe Zd mﬂg@mbdeﬁ:one ¢na11$réeaccane agal nst

or ot osbn ( FITE o*né?ea?é?é’?é%%a?‘%"?‘?—ineﬁﬁ%*‘%tv\é%%ﬁeazgn 130

Decenber 2C8uoodienEGl/ tne2preseaitnd nyesdicn mire taahB2gedef fferent but

(i e 1 a0y S ROBREEEL G TRl ReoTaBeliiie 1demyirir #Ped- or oups

of crystal mméﬁwsensr ehﬂgnahl;ht@clthéem@mitllaafngﬁaﬁIﬁhépectrum of
I nsects, mhﬁco not affect oth beneficjal insects in agrlculture

currently, sk BRfuRaPPE %559-8311:#9 ngshand e Ko seantrelned

éYcﬁy§?Hlh@@ﬁ?)aq@wﬂﬁﬁqﬁﬁ rfxgmsppineat i on, which .

ef feqlo ve. Ak csnphal chPheeveel.deTti Asa@liatidibie® that AT is Ty

degraded in Agrobacterium after completion of the Ti
plasmid conjugal transfer.
It has been noted that a majority of bacterial
isclates capable of AT inactivation are Gram positive,
is 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 (Fuqua 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 :Q})

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 stagés
(Lambert and Péferoen, 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



10 As a val uabl e biocontrol agent, Bt has several advantages,dfcludi Ng.hkS
specifiﬁgh%]I r. target insects, its |ow devel opnent cost, anéJ¢ %#ﬂx”%0b£ '
envi ron '&1'@%npatibility (Lanbert and Peferoen, 1992) PCBISGoan&smoNl y
found in natural soil, and .15 normally nmultiplies by cell division, but
forns spores when nutrients are depleted or when the environnment becones
adverse. These spores are highly resistaht to stress conditions such as
heat and drought, enabling the bacteriumto survive periods of stress.
Thi s 20 sporulating G ampositive mcro-organismcan be formul ated readily
into stabl e SFxEduss Lredieee agone dihanpdBddi £ ferenitndent reldicaease

bi ocontrol. Q lected. to many safety tests, with no

har nful ef P?tgtu?sfso?ﬁg%sn%lggf%jr?&g%n%%yﬁgﬁﬁgg?fogglﬁs has not been exploited
for di sease {&dhpr:of /wibedaisks i sussuat| ykdoHsmagiNegnoduce ef fective

antibiotics, bnst. bacteria and_fungj: [n the present _invention,. it has

been found F%%?%ﬁqr%igﬁgf- éﬁik?ﬁ?ﬁé gﬁPBPEaBEbF§Y§Faﬁn£§ﬁﬁﬁﬁn%g A, and

that Bb. straenmsihiipviciiesfggiinet Hi Q?@&&EQE %@%’b%&hnﬁb\éf carotovora
s and E. coli strains which do not have Al

i nfection, whereas B. fusiformn 1S . whi

i nacti vati on"g&m ?ﬂMﬁQ§Lﬁﬂ&ﬁ?Ft?é%@F?E%EhﬁgrbEGGilﬂBaGZAEG@E$S in

PCT/ SG001004331.cl thixw) decki feenty 0l 8898 88E EbMuEatIbA%CLEe BipStrai ns

di d not producg any gﬁtibiotics and were not inhibitory to the growh of
a

pat hogen. TRES&aMEdglb s Ardduest eEfeabéveanicrobdadf Al inactivation

genes in di saasets BRHOMEL UgrRacpuseethe Al diffuses easily into
bacterial cells, Bt, capable of elimnating Al constantly from its

‘(sqrro?j'ﬂdi ngs, ish& [ Fliakle dineontorl aggant, nBt babkyskeerednt rol of
plrant soft abobntb3fas Q. aReth Y bpdB] P18YPLAroRUL,3h30 for 10 control

of other diseases i'n which t e gene
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 spéies
when nutrients are depleted or when the environmenﬁ
becomes adverse. These spores are highly resistant to
stress conditions such as heat and drought, enablin§
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

-Cfg . powder, for insect or disease biocéntrol. 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 prodﬁce effective
antibiotics against bacteria and fungi. In the presen£
invention, -it has been found that all teéted Bt strains
are capable of inactivating AT, and that Bt strains

30 provide effective_biocont;ol against E:w.'carotovora
infection, whereas B. fusifbrmis and E. coli straiﬁs

which do not have AT inactivation genes were unable to



are regul ated by Al's. Accordingly, an object of the present Qﬂyﬁgéééﬁg9éﬁo4
to provide a nethod for increasing resistance in a plant or aninma o'a

di seasewom2ibd2sh virul ence is 15 regulated by Als [such agUwicootessases
caused by Pseudononas aerugi nosa, Erwinia stewartii, Erwinia chrysanthem,
Pseudonmonas sol anacerum ' and Xanthononas canpestris (Passador, et al.,
1993.; Pirhonen, et al., 1993; Pearsonp et'al., 1994; Beck von Bodnan and
20 Farrand, 1995; Barber, et al., 1997; Cough, et al., 1997; Costa and
Loper, 1997; Nasser, et al., 1998), and especially plant soft rot disease
caused by r o] kg A | ot .

ani mal an Eyfeé¥%%g9%%%%ﬁ?}%¥ gaéggFgriunftﬁ%%&?%éggr%épa ?egg?eéfg%ucing
an aut oi ndudel rigthipieduce | any aptdbdotddseryslivere nott hinbibddeaty of the

i nvention, .t | . i ed 8, & | | [ referably

a variety o B:;f%:elblaq%u@s*lﬁt?r)? |g}ﬁ§[r:’§,5'rms 1€ pre déréé%??lﬁglgarl & f/as%f B.

t huri ngi endihee sedperttesht rool€0ofhalgimartdordiisin ngenésBin Biselkg B18, 3
B20, B21, B22 and 5. 1ln_anoth pr.ef ef.r, enbodi nent of .this aspect of
the. i Bvent PaReilrahy b a0R "Fhebnl STt adhbe, 9581 Vo 03 16623

13 PCT/ SCGHaHEiBhureils, | Bt scapaeblier ofbjedciminatiwgphgsent invention to
provide isol ated nucleic acid nol ecul es encoding _autoi ndycer inactivation

Dt ot ef s~ RS A% B HEs nBRECORBC aNEyde St PHOBLEL Bnact | vat | on
proteins thdlocdt@l tAgefBNSROY CONAN FOraG@dht®il fof plant soft

104HXHXDH109- 6Caa- H 69--21aa- D 91, or the simlar notif
03HXHXDHLO&G O £H- 32 TRR F3RSER0PY Epiaf Sastt Syl Nk sadpo £R&se nucleic

aci dy g0l ecpi AW SHRe P’ Q1 8LASS! 18FQNLRH RS ida28ncdngetiey )

preferred enbodi nents of these
are regulated by Als.

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
chrysant@emi, Pseudomonas solanacerum, and Xanthomonas
. campestris (Passador, et al., 1993; Pirhonen, et al.,
1993; Pearson, et al., 1994; Beck von Bodman and
20-7 Farrand, 1995; Barber, et al., 1997; Clough,-et'al.,
1997; Costa and Loper; 1997; Nasser, et al., 1998), and N
especially plant'soft rot disease caused by Erw. ' {;ﬁ
carotovoral comprisihé administering to the plant or
animal an effective amount of a bacterium that is
25 capable of producing an autoinducer inhibitor. 1In 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 Bl, B2, Bl7, Blé,-QZO, B21, B22
and B25. In-anothér preférred embodimént of this
aspect of the invention, the animal to be treated is a



TERSNE - - - - . O

nucleic acid nol ecul es have the sequences of SEQ ID NOS 1-10, ga&ﬁ&a 004
obj ect o&vthe resent invention is to provide an expression vector %
conpri se Q2 ¥ 25t 15 one nucleic acid sequence encodi ng PCTMCmicaTdCer

i nactivation protein, wherein the encdoded protein conprises the conserved
amno acid notif 104HXHXDH103- 60aa- H169 , 2laa-D191, or the simlar notif
103HXHXDH109. 72aa_H110 2| aa- D202, wher &Bn the expression 20 vector
propogates in a procaryotic or eucaryotic cell. Preferred enbodi nents of
t hese expression vectors conprise at |east one nucleic acid sequence
encodi ng a !pmaA®Ri n having a sequence selected fromthe group consisting

of SEQ I D NCS 11- p rre enbodlne ts have the nucleic
" acid sequences ofngtg %Pgﬁﬁér Bﬁggc% fanth?F%ﬁ? IR HC  EQent
|nvent|on|:anﬁl¢mousdbaaedehucbéle pcddamwdb@uMesuﬂﬁﬁddﬁﬁgtransforned
or transfecteﬂ: !&gﬁgg s|o€ vectortof the present 30 jnvention. Yet
anot her obj &¢ 3& 5 RELYAVERE BROFELRS - prldfisfe BUFLSYF A% pr ot ei n
whi ch I§as zmﬁlneu&eereﬁ@oﬁeC&ﬂheinaﬁaérvﬁha&kiﬁﬁ%&dBC£h§ﬁ§QéQQl@@at14

i nactivation.activi.t where t rotein,conpri,ses the conserved anm no
aci d sequenc¥aly FB%VE?&%@KV% a%gFEBQa§iQam9§9f or the. simlar notif

13mem1084wmm~@m~@2%21a%r~@w r e RO RN Qfofifhe i nvention

conprise pr t he .gm no aci sequences of SEQ I D NOS 11-20. Yet
anot her obj g&g,@&,ﬂﬁw &%@s‘*’e 1?0"3\?@@“1%% ‘i s Preteginad mkodinenis f of :

i ncreasi Ng diHERRS UiEhe 5¢ a@éﬁd'ﬁoﬁecﬁlégt efAbodR! %‘?:'e’ %t@lﬂ?%‘f’dsﬁ mpri ses
introducing 10 into a cell of such plant or animal aP | east one l eic

ac) d 0 ecul® M08 khctlesand BRFHi Raagerred embodiments of these
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
15 one nucleic acid sequence encoding an autoinducer
inactivation protein, wherein the encoded protein
comprises the conserved amino acid motif
1MHXHXDHY~60aa~H'®~21aa~D!®, or the similar motif

13 HXHXDH!®~72aa~H'*~21aa~D*"?, wherein the expression
20 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

25 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

30 invention.
Yet another object of the present invention is to

provide an isolated protein which has autoinducer



i nactivation protein in-a manner that allows said cell to_exggﬁggnﬁ é}§004
nucl ei ¢ acid sequence, wherein said autoinducer.inactivation n
conpr i $¥@ 02215 conserved ami no acid sequence -  PCT/SG00/00123
104HXHXDHI 09- . 60aa_H169 2laa D191, or the simlar notif _
103HXHXDHLQW 2aa- H18- 21aa- D202. Preferred enbodi ments of this aspect of
the invention conprise introducing at jlgeast one nucleic acid nolecule
encodi ng a protein 20 having a sequence selected fromthe group consisting
of SEQ ID NOS 11-20, and nost preferred enbodi nents conprising

i nt.r oduci ngnatcﬂlaaéﬁlmea@uﬁ@tg AGhl res e é@ix‘?%@ﬂ?{gigg}st @E Jr oup
consisting of SEQ ID NOS 1-10 5 Yet anot he object 0 e prese

i nventi on SPBISfred ARLiRR: Asdd ofefiMens® i ng or reducing bacterial damage
to a plant llummep,maCJHlm %@gpr ?Lest gdﬁﬂii%gg%{lgé%o a plant or
c

animal in ﬂged such reventlon or tron an e anount of at
| east 30 on&&ﬂﬁ&ﬁ%ﬁu&&aaﬂﬁ%m@aﬁ%r ot@eﬁenhedeembsdbﬂenltrsobﬁj n

d
ConprEoe?, e SRANGIES il L IoREUIC having the aming seidmer 2004
WO 0246623SPARED@H 04 2380 15D NOSHXEXDEL08- 72aa- H e0- 21aa- 2202 PrFfer{e
Y t|on conprise providing at eas
SFB?S:Eeﬂgiuﬁ; F%%lan1no a0|§g§éﬁgeﬁ£ g &t PEESS %Rfé)ﬁF?@ i§etoanot her
obj ect of phrevmamnethMthﬂ ineketgdng0 AL s@RIdOG-Of i PELYEB §RYZ0T
redu0|ng rnatlon qéte |aI |of|InE whi ch, net hod conpri ses

exposi ng OFP mFor - PO EREPIGRES IRERPHECERE | nhi bi t or
protkEdn, winte a swld m@tmcﬁh lﬁlgﬁﬂpbtsgﬁﬁr&g GENRLyed i no acid

sequence SRR LUCILENTe Ehad Shcodes an mutoindimer |
inactivation protein in a manner that allows said cell
to express said nucleic acid séquence, wherein said
autoinducer. inactivation protein comprises the

15  conserved amino acid sequence
1M HXHXDH®~60aa~H1%~21aa~D*, or the similar motif
1HXHXDH®~72aa~H®%~21aa~D?2, 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
relgtes 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
1“AXHXDH~60aa~H1%®~21aa~D¥, or the similar motif

»

d

©)



103HXHXDH108- 72aa- H180- - 21aa -D202. Preferred enbodi nents of30bg%é“ Y
of the invention conprise exposing the biofilmformng bacteria a

| east pr SYQPII6EZ/i ng the 15 amino aci d sequences of SEQ | BOWESBM6R3. 1t s
possi ble to further enhance the efficiency of Ai-producing bacterial
strains by using a genetic approach to nodify such strains, for exanple by
i nt roduci ng genes encoding for additiondl, or nore 20 active, autoinducer
inhibitors. It also is possible to optim se the enzynme activity of ai

genes by an in vitro DNA evol ution approach. Increasing the expression of
Aii enzymes BHXIGURH o7 2dme Bt~ e~ 002 a  BtebHagredoembedimenitscb&asi ng

t he copy nu of 25 -ay, ge ' t _cells would be anpther, useful way
"to inprove éscéﬁggﬁFygéfHB%.E?W?%#?QQ)%ﬁﬂﬁﬁﬁﬁ?mPEQVl§+5ﬁa?E. It is

li kel y that beastipabtginolafied Bhe shtiainsaoid degesiese &F $pacrbvation
enzynme or cqg%gjg L?g enzynme in the outer nenbrane of the-cell could have
30 better ef 1 %c $§ in quenching Al signals than their wld type parent

strain.5This i s arbdtesabthRekyobysicty ofrhr it IneSguesse encoding a
secretion or 30 Degcenber 2804 WO 02/ 26623 PCT/ SG00/ 00123 16 nenbrane
attachnent stghabedepPi BeMeFheds OduPFEY SR ik i He® pl ant or

ani mal cel | sebymaeibnkagnpageRreds. PRI f afhide métfﬁ’c,s&f&é 1§ 9850r

transfection of eukaryotic cells with 5 exogenous nucleic acid sequences
i ncl ude trarR¥Re$1B8, Pigfdluctrraipgnibackeia telaetiendt sonon or

i nféctj on byaphSH ARAEEL! E HALDE ¥BR! RGN n, TRARG- B fkféifaaﬁo otdkgW se
ul ar

famliar to the person skilled in the area of nolec I ol ogy and
t eckfhol ogyeBPELpREdEREt cRESEXNES FEY N0 awdrh YegeRNee | . As pat hogeni c

(géct eria celbgapenponidel @i aa b ol | Ll & s B PRa P Bl AR tissues, it
'S dESIrabl%éﬁ%HXDH¥m~72aa~H“m~21aa~Dmm. 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. |
Tt 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 possibie to
| optimise the enzyme activity of aii genes by an in
(}5 : vitro DNA evolution approach. Increasing the
expression of Ail 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 gquenching AT
signals. It 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



target the Ali protein into the intercellular spaces. Such
accgnplished by fusing a .secretion signal 15 peptide to then%?ng?B %904
( Sat o, We02/4¢623 1995; Firek, et al., 1993; Conrad and FPewseny/odi99s;
Borisjuk, et al., 1999). Alternatively, 'a plant nmenbrane attachnent

notif can be incorporated into the peptide sequence of Aii for anchoring
the Aii enzyne in the outer surface 3§ of plant cell nenbrane. The present
i nvention al so contenpl ates usage of a bacterial autoinducer-inactivation
protein directly to treat. or prevent bacterial damage. For exanple, the

protei n NMganbR-a09! deth Sinhest | ¥4 ﬁaplggbﬁlﬁg need of 25 such treatnent or

prevention.. In a preferred enb e protein is applied in the form
of a conp05|HmhﬁvﬁﬁQWﬁ%@ﬂvmagébeahnerQUCﬁdelmhmumiaﬁttdma protein and a -

sui tabl e 4 Ocn%_ff% Ogsgp‘gv%ii L RAIRY me A% %%%\O%iﬁs %%%%m s,

|nclud|ng so ut| , enul srons,” di spersi aerosoLs,
efc. ThetmaﬂaﬁonmatammlmﬂutaansﬁactlaatoﬁnepkaMydtﬂnncekﬁsxwtﬁhused to

tre bac i ' | [ i mals, . 30 Dece 004 02/ 16623

T coor Sopaaney iRl RefdnS8tianiRa: ThEgfte: s SRp iR | ve
armount ofpmmganﬂilﬁebm@bammmemt;Seadatﬂopbeaedohoc&ﬂ1ﬁ£§dﬁﬂonrbyeed of
such treat, For-therapeutic, treatpent., th%-%ﬁhlve ingredjent 5 may
be for nul é@ 30 %ﬁ?ﬁaﬁﬁ%ﬁ afieas- coﬁ58§?tmﬁﬁ odhiadie §¥EF@de, in
addi tion Femdn ie{f acd idiee apOLsén kildedachi vae RHRiGEN oI TREeUt i cal |y
'acceptablﬁ& arrlers dj luents,_ buffers, preservatives, surface active

agent s Q%REE@???%%@Ynﬁ?daﬂ§§d1GOtnéKUdéqﬂﬁﬁlﬁﬁinDre ot her
actige |nﬁ@@@(yﬁsaéﬁalpecessary or desirable. The pharmaceuti cal {w;

conposi tions of the present Ley SR
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., 1983; 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 autolnducer -inactivation protein difectly to {;3
treat.or prevent bacterial damage. For.exampie, the‘
protein may be applied directly to plants in need of

25 such treatment or prevention.J 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 'powderé} emulsidns,'disperSions, pastes, aerosols, etc.

The bacterial autoinducer inactivation protein may

also be used to treat bacterial infections in aﬁimals,



I nvention may be admi nistered in .a nunber of ways as wll b ar.ent
one of ordinary skill in the art. 1:5 Admnistration may be %)oﬂggember 2052
t opi cal | O Q15 By, by inhalation, or parenterally, for exB@FBE00/M323 cal
formul ati ons may include ointnents, |otions, creans, gels, drops,
suppositories,sprays, liquids and powders. Oal formulations include
powders, granul es,. 20 suspensions or sdlfution in water or non-aqueous
medi a, capsules or tablets, for exanple. Thickeners, flavorings,

diluents, emulsifiers, dispersing aids or binders nmay be used as needed.
Parent eral fionelidingnbumang.i nEhudhadt eppld capienys ssoldaffarsiwhi ch may

al so 25 contaj ffer di_l uents.and ot.her suitapl.e .additives. The dose
regi men will g%@ﬁdogn%gen ﬁﬁéyeoﬁnﬁgg%&egt i Ftersd (tpean

det erm ned, amihahsiaeuneedt pfasdchr esRerfievieness of the condition to be
treated. Traditiogall¥ m crobi.al biocontrol has depended 30 on production
of antibiotics or*2ht FAPERBEIELC: SAFaLAGRE  (EhenAFtdveaingmmlient a0 and
Saper s,5 199%afnber Foendl atieadehssaa, hg%ceﬁmcgqe%ﬁ&,dﬂﬁrgﬁpn of fers
an 30 Decenggégégo4 WD, 02116623, PCT/ EGQEY00123 18 alternative strategy for
bi ocontrol, BRAYhBAEHARg 1Bi 8didhare fRapnapéfectdam ianount
virulence. Examphe adtivBaghgrbahest!apharpabks ol nattdaAliot
aut oi nducers 5 To identify the genes responsible for irnactivation of

aut oi nducer SGErPESs nBitLenkar 4buffeesd arespraativesct enicfladesol ates and
about 100 stadwbvel afbfits! ahRpatALY 1826l er bahpotikly {?ﬂ%li}o%ﬁ%(gn e

screened. "The bacterial strains used to test”the abi C)
rnact iWat i ng et eRdeRer o5i BAaesoibes Resiaeednbrediestisl idhd pl ant

EUSpensionSﬂ%bé§§§£§bgg QLEYLOHS (Dong et al., 2000), or obtained from
Bacillus Genetic Stock Centre (BGSC) and the American Type Cul ture
The pharmac?utlcal compositions of the present

invention may be administered in a nunber 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, creaﬁs,
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

r ‘.'\
“q.‘.,..-' ;

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 feadily 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

i



Col l ection (ATCC). FErwinia carotovora SC@ was 15 isol ated f g] mes&04
cabbage | eaves showi ng soft rot synptons. It was confirned b @?

sequengeo afisrd S characteristic production of aut0|ndUCﬁ@n@@dwmﬁgyctlon

of soft rot disease in potato.and Chinese cabbage. These strains were

grown at 28C in Luria-Bertani (LB) 20 mediumw th shaking when necessary.
Agr obacterium tunefaciens strains ver£o grown at 28Cin YEB, in BM m ni mal
medi um (kasic mnimal nutrient added With Manni.tol as sole carbon
source), or on nutrient agar plates (Dfco Laboratorles) Nhnnltol at a

final 25 ¢ n sl rhon rce in the

m ni mal g?f%&hﬁ%@%ﬁéﬁgéé%éaiwfﬁr§$f§?3§tkagfe 4t %ﬁ&?? P8 or on

LB agar plhi681gnédblthﬁh(Erawmssemﬂfdlafothexbﬂﬂammam)concentrations,

when required: rifanmpin at 50 0g/m , streptonycin at 30 100 gg/m,

anpicilin at 100 g/m, kananycin at 50 gg /m, and tetracycline at

10,9/ M . Mxgable51:br et Rs Deserbens 2084ab¥0 0 16A23 RGH S§P0 00123 19 |
chl or o- 3- i ndol | 7B- D- gal act opyranosi de ) (Promega) was included in nedia

at 50 gg/ nfuf 8% ngilCc&HS on of gal act osi dase enzyme activity. . More than 30
straigs showed gif flﬂe?i‘ttlﬁf“lﬁ{é @énéi; rés%Bﬁ%&b‘l%t Nt fa fi‘i{a{d‘lii\‘/ai};]i@n

characteri se the unknown 7i sol ates, S rRNA sequences of these

i sol at es w@feauﬁﬁapﬂﬂﬁﬁqnﬁ#ﬂﬂ@%ﬁwﬂm@r@athéﬁ 409 §ﬂ@&§nﬁﬂﬁ P%%@ben0|ng‘
The sequengg $825&6A- fﬁaiﬁ%kérﬁh&-§?§&%m10E69§ Nees oFf lgﬁse strains

capabl e of I nactivatin .0 are ogous to that of Bacillus
thur|nglen%&borﬁtPrYﬁbaQ§ﬂrxﬁkn¢M#t@IﬁeEOBé§C¢m9§:ﬂﬂnﬁrﬁpnﬂQmﬁﬂave t he
Al -inacti vafLo . Ay st Sy 9f | cereus, B. -
wyeoi des,  3hg Hatpdrish SRS SEACEE rBar, LR BN e )
10 1nact1vat1ng 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 165 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

N

minimal medium (basic minimal nutrient added with
mannitol as sole carbon source), or on nutrient agar
plates (Difco Laboratories). Mannitol at é 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 concentratidns,
when required: rifampin at 50 pg/ml, streptomycin at
30 100 pg/ml, ampicilin at 100 pg/ml, kanamycin at 50
pg/mi, and tetracycline at 10pg/ml. X-gal (5-bromo-4-



deternmination of the Al inactivation ability of bacterial nd 4
| sol at es the aut oi nducer, N-t3- oxo-hexanoyl -L-honoserine Ia@?@ﬁ%@éﬁﬁ%ﬁgﬂ

or ‘N-- 0- JPM2/166Banoy | - L- honoserine | act one (OOHL) was addeaT/SGon/bmE220
over-ni ght bacterial cultures which were diluted to OD6DO = 1.1, or to the
protein extracts, at a final concentration of 20 pM and incubated at 28 C
for 30 mn. The Al remaining in the supernatant was then determ ned as
previously described (Zhang, 1993; Dong 25 et al., 2000).. Table 1 shows
the Al inactivation activities of the selected strains and sonme newy

identified d¢hbdabe3~iAtblyhentpsyalabasheirhabsiy W%rdﬁgqﬂﬁ
sphaeri cus an si forn?s ellg1natedbzl (at a 30 concen fation of 20 uM

OHHL) with dHQQ£§@ﬁ +%v@?§16fateﬁ9yﬁﬁ/§ét5??Lﬂg§?gfh?ﬁe;§iﬁzigg bgggﬁggr13
known Bac”déﬁhé%ﬁgi&é%%{%#%%@%3§Eg%%&?9; a _

2004 WD 02.7116623 PCI/ 1 known Agrobacteriumand 9
Baci | I us speci es MoZerehan ed0 byt #ésns DillowedqudhEeanaly Jicszre sy Ahem 12

il stq evel, of, Al - nactlv on activity (> 30
B‘K‘ﬁ? ah00) T CELPICIBE doflflerr) CrePbnptact PYiss e WA OD600)
and the A 1&9&&@&3;eﬁhs EGSarRNAﬂ@éqﬂéﬁme? afLen@béXdeIg§%§éﬁ%%% (4.5
t, f aciens, a ese -inac
gtMr 2{ S?g(r))e RC: ﬁ%e‘g Ry %Clg ?Jmlg:ge%)%ﬁai:bonBanfihﬁFpﬁﬁgﬁéﬁts or its close
rel ated speciesgiendihdecelibers2PLdnd® 34 260823h8weBCE ST Q@heS Table 1.

Bacteri al stralns and é£1| r Al -ipactivation _activity

equences those strains capable of inactivating AT
(/w_ 10 are highly homologous to that of Bacillus thuringiensis
o (Bt).

To test whether other Bacillus strains also have

the Al-inactivation ability, known strains of B.

thuringenesis, B. cereus, B. mycoides, and B.

15 sphaericus were selected for bioassaf. 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 (OCOHL) was added to the
20 over-night bacterial cultures which were diluted to
_ ODggo = 1.1, or to the protein extracts, at a final
(%‘ ‘ concentration of 20 pM, and incubated at 28 °C for 30
min. The AI remaining in the supernatant was then
determined as previously described (Zhang, 19293; Dong
25 et al., 2000).

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



5 .Strains Source Enzynme activity jiMh /_0OD600. L 32.4 1.1 2

30.9 2.3 28.2 5.1 23.4 3.9 23.1 1.5 27.4-3.0 32.7 2305%%“332?‘%94
32.8 wW®2/w62y 3.5 32.5 0.3 33.0 0.6 33.5 0.9 2BCHSGdo/do1283.7 0.8
28-32 Bacillus thuringiensis This work 258--3 Bacillus thuringiensis

This work .69 Bacillus thuxi.ngiensis This work 60-1 Bacillus
thuringiensis This work | O 250 Bacils@gs thuringiensis This work 262
Baci |l us thuxingiensis This work B18 Bacillus thuringiensis This work
B20 Bacillus thuringiensis This work B21 Bacillus thuringiensis This
work 3-5 B2 By mwmmmbéctéﬁpumkaﬁat gkssacmﬁzwd@cﬁ_?s? B.
thurlnglen5|s Tsxael ensi s* BGSC(4Q/7) Bl B_ thuringiensis asp.

t huri ngi en%ﬂgnB@%e(fMA“&a 162 EDNA hseaweneashoalysds kudaaeng . tIBSEC (4D1) .

ranensh o pyBEERE 0 R A AN ARSEE A MEhn Tl Be Yt N0l ensi s asp.
inactivation activity (> 30 uM/h/ODgy) ¢ 8 showed a .
5 medium level of activity (25-30 pM/h/ODgy): and the A. '
tumefaciens strain M103 showed a low level of actiwvity
(4.5 pM/h/ODg) . Except for A. tumefaciens, all these
AIl-inactivation strains are Gram-positive and belong to

B. thuringenesis or its close related species.

1 *)

¢
s



B25 Bacillus cereus B14579 Bacillus cereus B6462 Bacill us n§/c§i desbLeT%i 3
work ATCC (14579) 31.7 0.6 ATCC (6462) 29.8 2.2 33.0 1.0 °®Eegember004
4.5 0 2400Q BHSEHI} us sp. This work 25 Cot Bacillus thuringCeissos/odizss wor k
MLO3 Agrobacterium tunefaciens This work 269 Bacillus fusiforms This work
B29 Bacil | us sphaericus BGSC (12A4) 0 30 * Plasm d m nus ** Equal vol une
bacterial suspension (diluted-to OD,,,, 23 1.1 from overnight cultures) and
OHHL (40 p.M were incubated.at 28C for 30 mnmin and then OHJL remaining in
t he supernatant was determ ned as previously described (Zhang, 1993). The
enzynme acti Wakléesishowsadsezsadl ¢ %ﬂ - 104L pO of
bacteri al cul&pfeseyVal ues represe%gﬁglasg% an ah‘j%w at |%Jg§%*-‘$g
replicates. StrainS starting with a "B" prefix are the kn Baci | | us
species. Qher Bacillus strains were identified by 16Sr Ak lﬁgnce

anal ysigs. 30 Dece : 2004 WO 02/ 16623 PCT/ S 00123 22.°% I dence
suggest% t hat thegg%‘ll‘ﬁ‘%‘ct ivation gene is | O(C:;gtg@dl;%% chr ; soBNA but
not in.a pldsh? dBaddébutiorBiensps kur st aki strahis Bakand d2ts = plaasni d

m nus deri vaaseve Bidiaiuz BRi2ingheishs showed a 5 si Bhidagolievels 0f senzyne
activity. Thegsecgpdir3l asildie diius strain BZSTEfSeIwgchi NG t9 B, 5

t huri ngeneS|,s%_fspBEmiL&r&a&u(;ﬁ_gnsg[ié:ln%_,lS was al so capabl e 0 enzzyrgat | g

8 work 8 + 1
10 250 Bacillus thuringiensis . This work 23.4 & 3.9
B 262 Bacillus thuringiensis This work 23.1 ¢ 1.5
Bi8 Bacillus thuringiensis This work 27.4 + 3.0
(/} B20 Bacillus thuringiensis This work 32.7 % 2.4
e 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* BGESC{4Q7) 26.7 £ 3.5
81 B. thuringlensis ssp. thuringiensis BGSC (4A3) 32.5 £ 0.3
B2 B. thuringiensis ssp. kurstaki “  BGSC (4D1)  33.0 + 0.6
B12 B. thuringiensis ssp. Aizawai BGSC (404} 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 x 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
(ff 0 B29  Pacillus sphaericus BGSC (12a4} O
30 * Plasnmid minus _
ke Equal volume bacterial suspension {(diluted to ODg, = 1.l 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
previcusly described.(Zhang, 1893). The enzyme activity is shown

35 as digested pM of OOHL per hour pér ODge 0of bacterial culture.
Values represent mean i standard deviation of 4 replicates.
Strains starting with a “Bﬁ prefix are the known Bacillus species.
Other Bacillus strains were identified by 16S rDNA sequence
analysis. '



i nacti vat
Al -inacti

experi nmen

ion of Al. To investigate the genetic diversity of gen

ts. Exanple 2: Functional cloning of the aiiB gene from

vation, the representative bacterial strains show ng ﬁ?@rﬁﬁer
or | owwloaneakszsof Al -inactivation

%"4
medr um

activity were chosen P@T/§Goo0heas cl oni ng

Agrobacterium tumefaciens strain MLO3 15 The suicide plasm d pSUP10 (Si non

et al, 1983) in E coli SMLO was usedg»oto introduce transposon Tn5

i nsertion
pr ot ocol

bacteri al
kananycin

| ower el
25 ligate

(St askawi qzlatmbd. min@87YerivativgatstomimiBddr cbobl pholraged with

s'into the genonme of A tunefaciens octopine strain A6 by the
described by Garfinkel and Nester (1980), except that the

sus L OQS: r ¥ s c@nt ai
PefgL %f}agnrgtéa?u%%%%%% %@ia% B4 A 09hs 8t 2488 1 68Nt

(100 gg/ tunefaci ens nutant strain

ni ng

' MLO3 was
partial | y genestedlecahegcdr chremozpmed A fhugrndatsifePe recovered from -

éﬁip%srﬁ:ﬁ&pt be Qﬁgﬁsﬁtg%%pggo ﬂg}fgﬁtgﬁgngﬂél Egﬁdii:%agﬁent S were

g’ dephosphori zé site osm vect or

pLAFR3

G gapackTM.] |, XL Packagin Extract (.Str.atage a n fected into
E. c%a i [ﬁ—?é&li( 0 ?vﬁgoﬁgi ﬁ&%zﬁ&&ol% 'es@%m%ggégghgié%@e ective
medi um conhimuk Ngt+eLhaB2Gl, | belweigingdictR) nebuainybaegdsosisp.| i brary of
ciens 30 Decenber 2004 V\D%‘%ﬁ?‘g%ﬁ? PCT/ SG00/ 00123 23 nut ant

A. tunefa
strain ML

obsrapiepsgidsd WRSnad SR

NZ¥PAtLL| ected on the medi um

cont ai ni ng; karetwstoands were further assayed for Al inactivation activity
the bi oassay nmethod described above. Subcloning into the
sequenci ng vectBP purkptigrte) thes aanatic dhyersitronti genescHdques

ﬁi-fﬁﬁctigﬁ%ion,S%%G&Qé;ﬁ@eé/&&ap@ﬁ@rﬁsetemagt Btshrgrds by usi

by using
( Sarty ook

the ABI
(Perkin-E

15

Prism
| sleewingl héghp Befduamor low levels of Al-inactivation

activity were chosen for further cloning experiments.

Example 2: " Functional cloning of the aiiB gene from
Agrobacterium tumefaciens strain M103
The suicide plasmid pSUP10 (Simon et al, 1983) in

E. coli 8SM10 was used to introduce transposon Tn5

insertions into the gencme of A. tumefaciens octopine

20

25

strain A6 by the protocol described by Garfinkel and
Nester {1980), except that the bacterial suspensions

Rhodam ne” Ter m nator cl e Sequenci ng Ready  Reaction K

were spread onto BM minimal plates containing kanamycin

(100 pg/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
ligated to the dephosphorized EcoRI site of the cosmid
ﬁectbr PLAFR3 (Staskawicz et al., 1987). The ligation

mixture was packaged with GigapackTMIII XL Packaging

' Extract (stratagene) and then transfected into E. coli

30

DHSa. About 2000 individual colonies grown on the
selective medium conﬁaining tetracycline were

maintained as the genomic library'of'A. tumefaciens



10. Agrobacteriumturnefaciens strain A6 produces N- acyl ho Sﬁéin%§
| act one aut oi nducers (Al) which are involved in regul ation CeTogs 7084
conj ugal MX®Rfi€68r (Zhang and Kerr, 1991). But its derivapcyschfizsaused
by Tn5 insertional nutagenesis is capable of |5 inactivation of A . (Table
Z and Fig. 1). It is likely that the gene encoding for A degradation in
strain A6 is regulated by a negative rggulator, and the Tn5 insertion
resulted in constitutive expression of the. gene for ‘Al inactivation.. 20
Based on the assunption that the Al inactivation gene nay be |ocated
downst r eam ahutduet TabradseMLOBD Fhéecobhedcedwnd<C|Rr% GG MHI TnS

t ransposon were . cted by the kananycin resistance phenotype. Two
cosnm d cl one®® ?%s?%i % g %aﬁgﬁy@?alg%dcgﬁSﬂﬂﬁéqa kamamyszin vard on

activity vwergepbt shpeHetr a8saPedcess 41 khRGRAY a0 ML Q3+ Rest %' on
anal ysi s and bjoass€% showed that a 5.2 kb EcoRI fragnent conferred the A

i nacti vat i orPctY viE§. ProReaRY @ﬂEBP@nﬂﬁ&Cﬁébﬁ&/\é@OV@ovm Sekeying to a
1.5 kb ePst | friagmené égdt;ﬁengin weéeeﬁeﬁéﬁmaﬁ%ﬂsfbsw%o %@%\weera'

.putative op readj ng anes (ORFs) starting with A in the
fragment . (;Eﬂcﬁ°¥E%n%I$%C§%b%E%596 @m@rééktﬁtyalnr3a9ﬁédenber 2004 WO

02/ 16623 24 s&ER e 5] N%OLQ&E3?@%&:?19&&0'?:15_BS'Eﬁ”%?r%@lsg% k3 N &Ci d

sequence to ene t'unef acl ens
previ ousl y. ARhweREtsm ﬂ%@mlm%tT@nma@atortﬁywds ﬁ@guamamngekbwmpn

expressing tfetidhiRiE (ﬁgﬁkt%L?}ﬂQrS ?ﬁgagasgggﬁ§%%%%$ngK223--

Deletlon anal ysis of the agnen Zbp ORF its
(sﬁp 1Godon a G@robacterium thmefiaciensAFCGradncadi pgokiiced N-
a

Ctlvatuﬂﬁéi%ose % gég?ggggtg@g Q@EBQn%%c%E%B(A F'%hi@% ;ggconparison

with the At
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 26

is regulated by a negative regulator, and the Tn5
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 ahd showing AI

25 ‘inactivation activity were obtained from the cosmid
library of M103. Restriction analysis énd bicassay
showed that a 5.2 kb EcoRI fragmenf conferred the AZI
inactivation activity. Further subcloning narroﬁed
down the region to a 1.5 kb PstI fragment (Fig. 2).

30 Sequence analysis showed that several putative open
reading frames (ORFs) startlng with ATG or UTG were in .
the fragment. One of the ORFs showed 96.8% 1dent1ty in



10 function has not been identified experinmentally, the AiiB has 7 ext
am no acids at the Ntermnus (Fig. 5). AiB showd 35.4%id%4:@??‘:§7”%%rﬁ[’0ﬂé

am no odi@ye! conpared to the previously reported A pAr/EGogoo1ss -

Exanpl e 3: Functional cloning of the aiiC gene fromB. i5 thuringinesis
strain Coti The suspension culture of strain Cott elimnated Al (20 pM
conpl etely after 2 hr incubation, but ghacterial cells killed by boiling
for 5 mn failed to inactivate Al (Fig. 7A), indicating an enzymatic 20

i nactivation nechanism To identify the gene encoding for Al inactivation

from Coti, s ch | i [V MRS~ G098E T Uat 864 | il di gestion
of the geng%g%eagﬁ%elof t(ﬁ'{eé%%%tae?(?a?g%sgﬁatggl%t Ig.egger?grﬁq'? rf:c)ili 1;'/\%5 :
extract ed themabiM genal (W4 %) Gofi Aantiutedeciens?3demttiifildd with EcoRl. .

The DNA fr e | tp-t ryll E | site of
cosmd vec?ggggéﬁiﬁ%. ﬂogg‘%‘g%mﬁl wg‘ga‘gg%g%gggﬁaﬁ&ﬁ Srgrtlygf &t @ 1;“anto E.
col i DH5a. débesotedcwhess estpledbingathevatininadti \ddlyi were damdentified by -
usi ng_t he bi oassay nmethod 30 L bed afoye, .Subcl oning into .the

Sequci ngSTBLERPLOBIROEAT (SRAES DB uoBeL Fhi OB aREIYALS ARt by 30
Decenber 29003 kWO£@dghdd3 fHKIwéeSCEREO042392bpr ovE, Na e ies. One cl one
showi ng Al ﬁieaact I vating function-was. identi ii gd fromthe one_thousand

cosni d cl ofig€ons g Edfed2 rFRER oRhENBPFERL SlGne #Gedingi%o%1Bhe 5

contains agnhpeevhtebor?4 ¥Ry, A8 . fiYRel HaBEERNEE nARRRT 3led Dip ECOR
conpl ete di gestion were subcloned -into pGEM/_vector. The bioassay_of these

subcl ones (g’h@weé.)t-hatll%ﬁ&m%ﬁ%??ﬁawhathé ftiH whasesdriolmgcaky,
confeired FhfceionNel it Wedk! idbhi riul! BepelIn®iEliAlY, Ntknd dentified @, )
1.4 kb BanH fragnment contained, r1n the clone pBS-AiiC which was RN
r esponsi bl BiiBr hage 7Aextra amino acids at the 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 A
for AI inactivation from Cotl, a cosmid library was 'L})
constrﬁcted 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 DH5x. Cosmid clones with AI inactivation
activity were identified by using the bicassay method
30 described above. Subcloning into the sequencing vector
PGEM~T72f (+) or pBlueScript SK were carried out by



I nactivation function (Fig. 7B). The conplete sequence of t | on

pBS-Aii C showed that there is an ORF of 750 bp nucl eoti des ?ﬁ}@ﬁ?ﬁ@§”€@04
918) whi MO &M66MWes a i 5 protein.of 250 ami no acids (Fig. pPEX/SGOLARI2RY Of
this ORF in the E. coli expression vector confirned that it encoded a
functional' Al inactivation enzyne, designated as AiC At the peptide
sequence |l evel, the AiiC gene showed 9%2% and 33% identity, to the AIiA
and the A iB 20 respectively. The aii C gene has no significant simlarity
to other known sequences in the databases by FASTA and BLAST anal ysis at

ei ther nucl endutitner tephptgdeslevel s. Exanpl e 4: The autoi nducer

i nactivation gen Ion%ﬁto the sanmg gene fanmly Anong the

tested bacteri al $§8I958§ewﬁgﬁWAPg a&Pﬁ@&ﬁWﬁ#%ﬁﬁ|ﬁnﬁqtlQnIW%acept the A

tunefaC|ens1dﬁﬂﬁ&ﬂ1é@0§roﬁfeh6?@ﬁbpﬁﬁbhb&ﬁd ybnbie] g {ds B
t huringi ensi s %%8 closely related bacterial 30 species. The ai i A and.

ai i C genes f% tmoRBﬁﬁFFpﬁéons?Pélﬁ§l§h@hgwaﬁIﬁhﬁtlth&ﬁ olone
simlagty. ddnd£iNgr¥n3nsOECBRER 42004 ﬁZ/fi@%z%x%%mchE SGOO/ 80123

likely that the aii A and aii C genes are hi conser anong
t huri ngi ensigenarated. bE»ﬁPOR§bﬂpmpéateodlgSGMHb@rmdmeﬁ$ubnkdm@ds was

ng{g{ggdfféﬁg%%qgg ecteééggg?gi % B%?égggy é%eF%EQQg]C u*%ﬂ?%g|en5|s)
B2, B3 and. @hQﬂRdSE@athn%tGkome, BGEM?Balsspw1KMrﬁmaMnsﬁﬁtﬂbﬂ m1nus)
12 (B sspun AdauBlizea e it BotBbashn MAREIYS) p R34S oop
éﬁ%A LY weHsuhplﬁﬁnmgdlﬁﬁﬁtifhedcar&ug)kbamdeXQﬂaagngﬁhaqkhgg§ine§bnon1c
(20 9) 4] 498d dh 3hd MomSRRC"GR18RPALE" $2BK i8Sl G0N SSl Syt T
inactivation function (Fig. 7B). The complete séquence
of the clone pBS-ARiiC showed that there is an ORF of
750 bp nucleotides (from 166 to 918) which encodes a
is protein of 250 amino aCldS (Fig. 8). Cloning of this
ORF in the E. coli expression vector confirmed that it
encoded a functional AT 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
(f? - 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 AT
. 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



0. 8% agarose gel and then-the DNA was transferred onto Hybo&pl %;; é“da’o%ﬂe
(Amer sham Phar maci a, Biotech.) 15 according to manufacture's Tnstructions.
The 1. 4w21Bea3Hl fragnment containing the aii C co don regoavsguesoi2zabel | ed
with DIG for use as a probe for hybridisation. After hybridisation at 65C,

t he nenbrane was washed twice in 2x SSC, 0.1% SDS at room tenperature for

5 20 mn, followed by washing twice inys@ 1x SSC, 0.1x SDS at 65C for 15

m nutes. After washing, the nmenbrane was detected with anti-DI G AP
conjugate, the NBT/BCIP solution was used as col our substrate according to

. manuf act ur r.pt ehii:ng i t showed that one
hybri di si ngjg%%&?v%&cﬁggr E%E%egégtwggq?fgn%nﬁﬁz%%%ﬁe%&ég ai ns, except for
B29 (B. spmmrs'emse)d dihesg Besthuxrinodienatied sthating herBNAS a singl e gene, .

wi th sequencg LI C resent .in all tested B. huri ngi ensi s
strains angjyﬁ:f &EOS%%%%I ?é Fg?gﬁ g’gé’iﬁ)eénelif@e‘r%déasm?%%%me agr eenent
with the bim&s;axaxﬁa&mmﬁbhgméht 38 Bepaivhry. 20 YEhOR1S66RR was .
PCT/SOOO/OOlZ%j}Z? Exam %nOf ot her AI i nactivation_genes from

more Bact erySg E%ﬁaf’é%ms?‘ﬁﬁe@ﬁ@t& bactsrigl Hexainse i Bh ABE highly
conserved, gk CRRPRIRGEENYAS) USBE, fee e donig 9fp Okﬂfsgté\ki

I nactivation genes fromthe selectéd B. thuri ngi ensi s i 'sol ates.  &enonic
DNA i sol at éﬁ%rtﬁﬁtmp beretaki pdecmidsrgnusyy B (BB18SpB20, B21, B22

gggserB\zlgd sequences oéfgﬁ éeB%lr?:jI(g%r g‘g g%ﬂ@e&?%g f) Eggngﬁgf |h?: gene.

St andard P@I%p;ont‘lsraehenmse, anddothera®tl iftyraling rmm;vlaﬂ)pnlagﬂ:pes from

the | ect gﬁ@a&fﬁ;% 'gﬁjTﬁ;hﬁre Ry mr%efnquerﬁeg%ﬁg TTC CT?Z AAC{G\)

AAG ATA CTQ:e,Cﬂé%se)T,G ardd - B3be (B. sphaericus). Genomic DNA (20 ug)

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 aiicC codon region‘was
- labelled with DIG for use as a probe for hybridisation.
After hybridisation at 65°C, the membrane was'washed
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 protocel (Boehringer Mannheim).
25 ‘ The result showed that one hybridising band was
clearly detected from ali tested strains, except for
B29 (B. sphaericus). These results indicated that
there is a single gene, with sequence similar to aiicC,
present in all tested B. thuringiensis strains and its
30 closely related species B. cereus. This is in

agreement with the bioassay data (Table 1).




15 PCR reactions were performed for 35 cycles of 30 sec at 9 30 se t
55C and 1 min at 72C using a Perkin El nmer GenAnp. PCR Systeﬁﬁggﬁﬁﬂnqﬁd?d%4
separ at ePAX166235ct i ons wer e performed to make sure ther ePGESGHTO0IR3rOr in
the anplified sequences. The PCR products 20 were purified by. using

Q Aquick PCR Purfication Kit "(Q AGEN) and the purified PCR fragment was
ligated to pGEM T vector (Pronmega). C 8fdes having inactivating :
.aut oi nducer activity were chosen for further study. Two such cl ones
ffomeach strain were sequenced. 25 Nucleic acid sequence data and deduced
am no acid Exapphees: weClombagye€dobhelr Afe iDNASTARTM ceqpense Fas@ml ysi s.

sof twar e paq§%%$éé£¥¥gﬁgﬁ Igég%%ﬁnd GCG sequence anal ysis software

(Genetics Comput up, E?n).- Dat abase searches were perforned
using the 30 BLAShcsethehgahger FoBNRIFEgack ishavsor heraue gty de and

deduced peptide sequence f_8 Al ipactivation genes (nanmed ai1D_to

Recei ved at :c%%‘ﬂﬁ%' 1%@3@0%%996?&‘@9 §S?§Pafgqr \Ehe alepingiofy it j-~v
- L1114[ 15 JI 1ttt AR 1in28 BPabr68N§ehe80840XY¥he GHIGRIMPIZ3 Received 13

s eptenber 2002 al =} cloned fromBt strains Bl, 82, Bl7, BIB, B20, B21,

B22.and 52 EEHEtengEf yisolmker. schaeAmés ANA innkatied Framrtbe 750 bp,
whi ch enooqafsta i Hl eidoPitds Eg_-@;n 3.29: B%!?.‘? @l{f?ori |rﬁjétp’er82ﬂafé%élgg‘ gn genes
and cl osé€ r'elat'e

are. highly conserved among nenbers of Bt |y acil |l us
spp. Except Boor Wae W§e® agokrphite ot hBrigexss wanre desigret fbasetthe G am

posiiive backeriial dombaied d0qreuencaranaly s dndieaigrd ik the all

genes.. cloned fromthe G am poSitive bacterial isolates are high

gonsefPed, Eidh Hnth a@oiered | Jeandards PCEngianglifrioms were used

» to amplify Al-inactivation genes from the selected
bacterial isolates. The primer sequences were: C5f:
5'- ATG GGA TCC ATG ACA GTA AAG AAG CTIT 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 seqﬁences. 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 ﬁhe DNASTARTM sequence
analysis software package (DNASTAR Inc.) and GCG
Sequence analysis software (Genetics Computer Group,
Wisdonsin).' 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



Regtved 9§ 152, "265"% n conparison to that of Aii.A (Fig. 10) . g(zﬁ aii B —gfe
‘?rtéﬁ)&o

clvorred “fromrt he~QGanr ‘megative A ES«tpmpfaciens showed | ess ﬁﬁ’rﬁ?
other all genes and clustered as a. single group in the phytogenetic

-tree (Fig. 10). 'These results indicate that the autoinducer i nBEI7SGE006A123
genes are highly conserved .anong nmenbers of Bt and cl oselReceiviedld deptenrber 2002

Baciilus. 20 In these viii protein seéquences, all except . Ail t contain
several invariant histidines with asp' rtate residues showing a pattern

of 1 fl OH L60aa-H1469 2laa -~Dig'; theB?QiB of A tunefaciens contains
| :

‘the simlar, but distinct notif 10311 XHXDli' Los-72a a-H -10-2l a. a.
TMD2112. This 25 pattern agrees with the netall ohydrol ase criterion

(Vall ee and gpkges : t] iy t - ~dopsi s |
gl yoxal ase 119\/\%?38132%% x?-%iﬁb%?i lﬁ%g&éﬁg fBﬂ? Bglbﬁd!’%"a\{ oBigncBg m (Crowder
et al., 1997)B2%;t B22diamet (B26 noesgeativellyas Shmue tdheduehbeaihase resi dues

30 except th L{ St LStk Nee ( LN ALLA) in this notif are necessary
for AiiA act %%%&ai?hggeqlﬁt/a% aﬁ&%géi %&‘%‘t Eng & RBPERIpoRHVI ;[ .
VS iL. vV AA 35%Temmimmo—eSiHads i L kt SU J4.4f1 V[Ltla.lV 30 Decenber 2004

ea VW PCT/S 0/0Q Z Received 13 s epternber 200: 29 histidines and
vspartate-residues are also present in MB to Ail, indicating they

bel ong o t hEzempler6up Mie auiihNdgessr IRbUHIMI A ag8Ses XM € 1;

Effect of Bty .trains on . Al oduction b B E.a carotovora To test the
ef fect of Bt @tgfl.é; ¥5c8ﬂ5&&3’|%na%°w nFRRaES Pén Bl and ekeaedybact eri a,
rw . carotovareEl#até®lBaciliug spp. : ‘

i ) | _ - Except for the aiiB gene, all other genes were

) cleoned from the Gram positive bacterial isolates.

10 Sequence analysis indicates that the aii genes' cloned

' from the Gram positive bacterial isolates are higﬁly
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 phytogenstic
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 Anvariant histidines with espartate

‘residues showing a pattern of MHXHXDEW~60aa~H ¥~21aa
~D¥; the AiiB of A. tmmefaciens contains the similar,
but distinct motif “HXEXDHNS~72aa~NiM002153 ~D22, ‘fhig

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'él., 1997) . 8ite-
directed mutagenesis has shown that all these residﬁeé

30  except the first histidine (™H in Aiia) in this motif

' are necessary for Aiia activity. These invariant

A
L N
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Reled bR 2RI BPé8%ni th Bt strains Cotlr Bl r E. coil DHSrx, @Bg iﬁbf@?
fOXWLSv~respe,vel - Al vaxas--assayed-asctmoaud)vlexanpl e 1. The AEI)’ p Gauce .ﬁ,
strain SCA was detected after 2 hours incubation, and a rapid increase

was observed from2 to 6 hours incubation (for cell nunbers, seePET{EGO0/0012
14), whereas no Al was detected in the cul ture stLpeinat alkeceiobd $3 G&tember 200
co-cultured with either 1S Cotl or Bl strain, which produce A

"i-nactivatjon enzynes. In the co-culture supernatants of SCGL with

either.S. coil DHSor or 13. fusifoxms , &#hich do not contain att-~-genes,

Al production |evels were detected that were simlar to those observed

with SCGE culture 20 alone (Fig. 11). These results indicate that Bt'

strains ef f ecthti@tydineschnd gsgagkarprodsiddeby atiee alas f?ggge Wy 1
carotovora- ngﬁj A . qultured together. 8. Effect of Bt
strains on the. ﬁ%?ﬁ%gé%e F!q' IQ§%§%ﬁ.€%%¥ b%i?ﬂ@b@&w¥h@ FYMRnEWOUEhat
Al . pl ay aI«n/¢5Iautqindguhatm@taxﬁqhydmbyagéggnce det erm nat es of

_several pathogenic bacterial Species. Since Et strains effectively
guenched Al signals produced by the pathogen, it is 30 likely this new

function of BtExamplasyecanEffeekplod R A-pgenhar 623 30
PCT/SGiI?POlZ for disease control. To test this pogéfg#V¥%%$€%%§ %gffect
of Bt strains ¥OFBEAcEREPEPYREE nst pl ant soft rot di sease was

obt el Tom Lon s oeeathl eSeuntt 2 Be et B Sadilioiig 51
paper towel, ST EIMRrRYWERERSgENdce hadidtiaepdEmin h carterbeaosceand
oo slices e arittaraa, aiih B Si¥HSe Ceplnepin o GIL Bas,”
; | and B. fusiformis respectively. AT was assayed as in
10 Exzmple 1. The AI produced by strain SCG1 was detected
after 2 hours inoubation, and a rapid increase was
observed from 2 to 6 hours ineubation (for cell
mmbers, see Fig. 14), whereas no AT was detected in
the culture supernatant of SCEL co-culiured with either
15 Cotl or Bl strain, which produde AY 'inactivation
enzymes. In the co-culture supernatants of SCGi with
either E. coil DHSo or B. fusiformis, which do not
contain aii genes, AI broduction levels wexre detected
that were similar to those observed with SCG1 culture
( 3 20 alone (Fig. 1l1). These results indicate that Bt
oy strains effectively quench AT 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 AT play a key role in regulation
of_the virulence determinates of several pathogenioc
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



10 other bacterial strains, diluted to a concentration of Sd%mé?(g?rﬁ%?b\m

formng unit (CFU). per m, for about 20 seconds. Sterilise

used we @meemtrol. The slices were dried in a | am nar pbicRdogasiznet for
about 20 mn to renove surface noisture-before inoculation 15 with 2.5 pl

of Erw. carotovora SCGL bacterial suspension containing approximtely 2 Xx
101 or 2 x 10", CFOmM onto the top3f each slice. For the mxture
treatment, equal volunes of each tesfing organism (5 x 101 CFU/ m), or
sterile water were mxed with Error. 20 carotovora SCGlL bacteri al

suspensi : o] 07 . ) X1 .Ul .5 ul) was

I nocul at ggng gdi;s%“%%e éﬁrﬂFggé”of ﬁgep@cﬁ ﬁ%ﬁlé%%%J&%#gYhe%%t ato slices
wer e i ncufafesrk i of aBPebtiradinsh fatr 2Gcddinshtagmineiesplavas gegsured durin
i ncubatiqn., Each treatnent, was, k25 repgat 4 to ime (12 for Cott), eac
repeat wadt i%ﬁ%%?ﬁ?eﬁag pRYEsHigR s| %fét‘%o&‘g‘f’i%"%l oni sati on

exper i nertub&fssuk! Bt BRNt BART jegPealiRt-<t wdf®Sobdiled t #B&H Sl ice was

i nocul ated only once at the centre of slice. Potato tuber slices were

ei t Rer t r]é?ﬁaé’d SHeEesr 38LEerytinSding i diar Walek rand dryiughenor e
i nocul at ighedft&dl Cﬁb%h@éort%b%%‘ll,wéafe SHErhact SFd g @d%i@[\;}\o Wi th

Cott or other contrors before inoculation onto 30 Decenber 2 0211662
31 PCT/ SASW caalenebt agbds thess wemay sldaas sl sddl almed severe tissue

macer at i _ t0 §hi-Ce% 204 |,noc i Whey . .on Bt strain
Cot | . pr efﬁthrjgegat e% %bt at?é&s??lg'egll héﬁ%a}n@f:éeﬁ't IL%I?lé s@é]rtp?%m waagéélsgni ficantly
at t enuat atexerigippad) into- ithec beatieyiagi SEpendidntd® Gotdirarn Cott als

o AB00 R o PYAN! QR AP ed I, oI ERIEERLBBLT 7 1
slices wi% k& 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 l
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 S8CGl bacterial suspension (2 x 10° or 2 x 107
CFU/ml) . The mixture (2.5 pl) was incculated 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 oxr other controls first before inoculation
of Erw. carotovora SCGl, or SCGl bacteria were mixed

with Cotl or other controls before inoculation onto

e

g.
h

3

(0]

of potato C)



AR

10 E. soli or B. fusiforms before inoculation of SCGL, or .- cgsy td
of SCGL with E. coli and B. fusiform s respectively, showed %%QgggM%?égﬁg
macer at | ¥® &eEA3ons (Fig. 12). These results suggest thapcBsGess@zns coul d
be used as biocontrol agents against soft rot disease 15 in plants.
Exanmple 9: In vitro conpetition between Bt strain and Erw nia carotovora
SCA. The Bt strains Cotl and Bl were Bested for production antibiotics
agai nst Erw. carotovora SCA. 20 Conpetition experinments were conducted by
co- inoculation of the Bt strain and Erw. carotovora in a 1:1 ratio. Each
strain was ipmat@atsedieést he | evel of about 1 x 107 CFUmM for Erw
carotovora and 1 x 106 CFU nm for other strains. The m xture was incubated
*at 25 30C. At di fFHfenf2rPREVEERNEEGEhFapsete sEY T gnPiEsuawer e t aken for

bi 0assay Of rblcd¥AduG! |On bbbaLI 8338R% JPCHLOLIRLAS ). £ 1), and
were diluted in suitable concentrations to spread on plates for’ col ony
* counting. THEBERST iRt wakradpesrsd preumtreakes prdatsn sliceao|dne sati on

e e s BT RD Syt 8 BT SuEH O (s e and
pl ant tissudelabofto-inacubahioni ofl BAGL whehi rebeulBit istrasit €ovr e cut. The
cut tissues

. .1 S Lec l.,aced in.1Q.mM qf Q. 1M NaCl.
Aft er shakiEggggﬁgﬁfqgéggqh%gttpgbﬁaggﬁggﬁﬁg'dﬁ%ﬁﬁﬁ&%@%ﬁwé% the
sui t abl e- codearenr atomrentrathbheofiuihecslunf. Oacticanitaasas! lconagrs count ed.
On pl ates of, ' and, ., ni num nedi a t trains di.d not shqw any
i nhi bitory é:f]%%}:‘{h%ﬂntc_ heelgﬁ’%ﬁﬁﬂygkrgé&??nah&fsﬁoiﬁgﬁ SAGLEF I st rai n
(Cb.ti 30 3-0ZBI awre @oiBocflaiedrmiiet beBorst iavkmland obOGE G, or

co-inoculation of SCG1l 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 SCG1 o

The Bt strains Cotl and Bl were tested for
production antibiotics against Erw. carotovora SCGIL.

. 20 Competition experiments were conducted by co-

C;? 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 bioassay of AI production (the biocassay
performed as in Example 1), and were diluted iﬂ
suitable concentrations to spread on plates for colony
counting. The experiment was repeated four times. For

30 the colonisation experimeﬁt, the potato slices

inoculated with Erw. carotovora were taken at times as



normal Iy, showi ng the sanme growth trend over a 24 hr eriod
ExanpleyUO. Effegt of Bt st?ain on col oni sati on of tuBer Slléii)ce@?grggog
car ot ovewoeo2lie2Bo | nvesti gate col oni sation of Erw carotoqﬁwmggdﬁaﬁzgn1

potato slices after incubation, an expression vector containi
gene was transfornmed into strain SCE. The expression vectpr'
mai ntained” in strain.SCGL stably witheyt selection pressure.
no difference in virulence between the SCGL (G-P) and the w |

To i

nvestigate the effect of Bt bacteria on the survival and

SCGL on pl afyis cRPEA! 0ahih

suspensi ons 0 t hen ?Eg?:ﬂ:: gﬁzscﬁ%sevﬁé]&gg %Fﬁé SI rru agﬁtrai)ﬁlsl y

i nocul at ed The hlnSGGllél@P)'l sdfe¢ wesel .cwhandisei oubatu.ssuals welde nunber s

i 1y for iy iRtes Shetd bUld SRR AOPA ) RES U hECTY cal T

nunber s bet&Eear36hsEGhgGERr G thim,CdtHe -Supatle.ﬂtahtcaasaﬂdlhftﬁecﬁcg (GP) .

on t

0211685 poit SB0FEH185 oS8 Bt pe Vil FRAS ebatRae pBe 1 1

Cot t

tube slices, suggest t hat nuat i,on fhe virul ence, of
SCGl(GFP) by Bt hﬁgeét pt 0053'5 @JEJtIBUPJI—FﬂWBNPFGH%f

gr owt h.

d| d rimic'segﬂaﬂ.l calllsy waltke douvrdteedyr owt h of S CGL(GFP) on

Al'lison, D., Ruj SanTose, C., Jaspe
growth of 5CGl. When strain SCGl 4nd Bt strain Cotl or

10 Bl were coinoculated, both Bt strains and SCGl grew A %)

normally, showing the same growth trend over a 24
period (Fig. 13).
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Example 10: Effect of Bt strain on colonisation of

tuber slicé'by Erwinia carotovora

15 To investigate colonisation of Erw. carotovora

8CGl 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 SCGl stably without selection pressure.

20 There was no difference in virulence between the SCG1

(GFP) and the wild-type SCGL. To investigate the

e

effect of Bt bacteria on the survival and growth of

SCG1l on plants, potato tuber slices were either dipped

.into bacterial suspensions of Cotl, then inoculated

25 with SCG1l(GFP), or simultaneously inoculated with

" 8CG1 (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
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p p beridhoor:

sequence of SEQ 15 NO 22 but an a mfto acid sequence selected fr
gxoup Consisting of SEQ 10 NOS 11-20. 3. An isol ated nucl ei Begdyed ZiNevember 20(

of claim 2, conprising a sequence selected fromthe group consisting 20
of SEQ ID NOS 1-10. 4. A nethod for increasing in a susceptible plant or
animal resistance to a disease in which virulence is regulated by

“aut oi nduoers, conprising adninistering % the 25 plant or aninal an
effective anount of a bacteriumthat i. capable of producing an

aut oi nducer inhibitor. 5. The nethod @fgmédsai m 4#' wherein the bacterium
adm nistered is a Bacillus sp. 30 6. The nethod of claimb5, wherein the
Bacillus sra. is a 'axlety of Bacillus thuringiensis. Received at:

9: 28AM 12/ 5/ 2002 - Vi J dkolbke | nbb14d)l BU AL kLM RUM 0

PCTI SG0O0I 001‘au$§%ﬁ'ivedr 22 Nogenbef 20 39 7, The nethod of clal
the Bacill us N endBECLAYF R | PTOERERt ed'Tatednt hehgr oemeodsshsi st i ng

of Bl, B2 8pIrpt8l$, B20omAPises822 afifl B25mindS. Thesset hodsé),%‘1 of Mai ns

4-7, wher ei nmgﬁ{% j16ul Ll L Ofved S, 4L O 43, ani r l'p‘-?'é The nmet hod of claim8,

wherei n the ani na lﬂ*s Eaaéaﬂan.%lﬁ"%.' AHE'TEIEX sSPIRV At ERaBomlS si ng at

| east one  encoded protein does not consist of the amino acid
-sequence of SEQ ID NOQ 22.

0 2. An jaclated nucleic acid molecule ém:odinq an
autoinducer inactivation protein, -wherein the encoded
protein comprises an amino 'écid saquence
1“‘HXHXDH‘°9fSOaa~H1‘9~2laa-D“*“, with the proviso that the
encoded protein does not consist of the amino ' acid

15  sequence of SEQ ID NO 22 but an amino acid sequence
selected from the group congisting of SEQ ID NOS 11-20.

3. An isolated mnucleic acid molecule of claim 2,
¢omprising a sequence selected from the group consisting
20 of SEQ ID NOS 1=10.

(J 4. A method for increasing in a susceptible plant or

. animal resistance to a disease 4in which virulence is

regulated by autoinducgers, comprising administering to the

2% plant or animal an affective amount of a bacterimm that is
capable of preducing an autoinducer inhibitor.

5. The method of claim 4, wherein the hacterium
) administered is a Bacillus sp.
30
6. The method of claim &, wherein the Bacillus sp. is
a variety of Bacillus thuringlensis.
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—Wietei ATt Hé“entdded protetr” conprises an<ani-rmo~aci d sequence 15
104HXHXDH10g - 60aa..H169 2laa-fl 2 and, and wherein the expression vector
propogates in a p roca.ryotic or eukaryotic cell, with the provi sBCTHE00/00!
the encoded protein does not consist of the anino acid seqBeesiecd?2 No@eniber 20
NO 22. 20 11. An expression vector, conprising at |east one nucleic acid. .
sequence encodi ng for 30 Decenber 2004 an autoi nducer inactivation

b TR AV

protein, - wherein the encoded protein conprises an am no acid sequence 25
ladH HXDH ' O w60aa_HLS9v2l aa -D1 t, ani#B wherein the expression vector
propagates in a .grocaryotic or eukaryotic cell, wth the proviso that

t he encoded proteiqy does not .consist of, the anino acid_.seVence. of SEQ 10
NO 22 but an ani no—n agﬁ HGROR %5 eI BFHEY Fro hteﬁ‘?gﬂr othF c%ﬂé’ﬁ&l"?‘ﬁg of SEQ
ID 30 NOS 1XhrgingPensus expardsiwn uect aelacteddi Myomo ciled m gEoup '
Conprising a ted,fr t r si st,Ln EQ I D NOS
1--10. 36 Reé§?%§§9§@¥%§%§§Awﬁziz /?ggfgvﬁgghﬁﬁgv ??gngw?q%¥§v VYV it YW
it isyy i/,{iWli MALLILIV 40 30 Decenber 2004 "e. VW PCT/ SGOO OO1L .
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irteotivation  activity, wnhere the prot'ei n conprises an am no acl
sequence i da@pipEsteatimods. tgaan Aimad-~~t and, with the

9. The method of claim 8, wherein the animal is a
("\) human.

10. An expression vector comprising at least one
nucleic acid sequence encoding for an autoinduser
inactivation protein, ~wherein the encoded proﬁein
comprises an amino acid sequence

16  1%HXHYDBEI%®-E08a~H'%®~21a2a~D**  and, and  wherein  the
‘expression veQbor propogates in & procaryotic or
eukaryotic cell, with the proviso that the enceded protein
does not consist of the amino acid sequence of SEQ ID NO
22.
20
ll. An expression vector, comprising at least one
(;) - nucleic acid sequence encoding for an autoinducer
' inactivation - pxotein, - whereln the encoded protein
- gomprises an amino - agid seguence
25  YIHYXHAXDH!Y~E0aa~H'P~21aa~D!%, and wherpein the expression
vector propagates in a procaryotic or eukaryotic cell,
with the proviso that the encoded protein dves not consist
of the amine acid sequence of SEQ ID NO 22 but an amino
acid sequenite selected from the group c¢ensisting of SEQ ID
30 NO3 11-20.

12. An expreszion vector accerding to claim 11,
comprising a seguence seledted from the group consisting
‘of SEQ ID NOS 1-10. |
35
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selected from the group consisting of SEQ ID NOS 11-20.

15, A method for increasing disease resistance in a
15 plant or animal, which method comprises introducing into a
eell of .suah plant or animal at least one nucleic acid
sequenae that encodes an autoinducer iﬁactivation brotei.n,
in a manner that allows said cell to express said nucleia -
acid sequence, wherein said autoinducer inactivation
20 protein comprises an amino acid sequence selected from the
. group consisting of 104 X DHI® ~ §0aa~H1%w21aa~D"
(} and**EXBEXDE'~720a VK ~21aa~D«*?, 'with the proviso that
i) the encoded protein doss not consist of the ~amino acid
- sequence of SEQ ID WO 22,
25
16. A methed according to claim 15, wherein the
encoded protein comprises the amino acid sequence
I HXEX DA~ 60aa~H %~ 21aa~D""1, with the proviso that the
encoded - protein does not consist ‘of the amimo acid
30 sequence of SEQ ID NG 22.

17. A method according to claim 15, wherein the at
least one nucleic acid is selected from the group
_ eonsisting of SBQ ID NOS 1-10.
35



Recejved at: 9:28AM, 12/5/2
ecéw Y ﬁ"d 5 UFZedum ng bacterial danmage to a plant or ani
De¥&th6& 2004

—ﬂ%?hdegoﬁb#F§é§ atfmEpEstering—to -& prant~«or=ami mal in need such  wsvaw
reduction an effective amobunt of an autoi nduaer |nact|vat|on protein,
wherein said protein 5 conprises an amno acid sequence Sel ected f r BRTY/SE00/001!
group consisting of iaHXl i XDH3' a9we0aavfl as9y2laa- Di 9xand Received 22 November 20¢
I 03EE) M ) x' 40, ,, 72aa, H ao, 2laa-D-202r with the proviso- that the
protein, does not consist of the am no acid sequence of SEQ |ID No 22. 10
19. A nethod according to claim18, wherein the protein conprises the
am no acid sequence ~~ HXHXDH a9~ 0a3NE* ~e N2l1aa4D191, with the proviso
that the protein does not consist of the am no acid sequence of sEQ 15
| DOOR2. 20. A neth cor g to claim 18, wherein the proteln conpri ses
an am no acid sequgﬁ gf ‘%E’?’e&ff FERREHE RATESIEInSRRITtDF2 SEITD NOS
11--20'. 20 zm.dhimﬂhodhhcnmiehm tcampﬂysaf ddnﬁhtﬁt&ﬂm@%o Vi e Rt
adm ni strati oQ,.i.S: ap_an I t accary Q claim?21,_wherein
the 25 anim i%%g En né% rrr& gt c?&ia Fét%) & m‘gﬁlcﬁfe stably
transfoxned &@ tfﬂlml!ﬂd&la"er aaaetmaﬂzemc mrte!inpl ehel:teﬁ.n eswciotli oo teein -
aut oi nducer  LRaGkisuat ign e h C ot €] corrprl ses
an am no acid sé ue%ge afl E%QB }gggg\,\%%&%&ﬁ— gel%ft%& %q:%g“l%
provi so that %9Rs Sént}ﬁded protwedi n dae3 1ﬁ'éﬂﬂ8§ﬂ’§’?'s€iﬂaaf~m“:’f~almml‘6m d
sequence of SEQ}dHQDg@%aaRgmgyfga.quzon 2%%% ?5%9930-\/1;}{&1;4’%115 V.,y

i. i fa...vs!C _-46.k, - VV 30 DeCe
protain does not consist of the ama.no acid sequence of SEQ
(’g) - ID No 22.

2N 10
| 19. A method according to claim 18, wherein the
protein conprises the amino acid sequence
WHKHXDE' Y~ 60aa~4 P212a~D1", with the provise that the
protein doeé net consist of the amine acid sequence of SEQ
15 ID NO 22. '

20, A method according to ¢laim 18, wherein the
protein comprises an amind acidlsequence gelected from the
group consisting of SEQ ID ROS 11-20.

20
’ 21f A method according to any of <laims 18-20,
- _ wherein administration is to an animal.

22. A method accordihy to claim 21, wherein the
25 animal is a human,

23. AR cell of a procaryote or eukaryote stably
transfoxmed with &t least qne nucleie acid iuolet:ule
encading an autoinducer inactivation protein, wherein the

30 encoded protein comprises an amino agi& sequence
WHXARDH %~ 60aa~H P~21aa~D'!, with' the proviso that the
encoded protein does not consist of the aminal acid
sequence of 880 ID NO 22.
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-or etkaryote stabty "t Fareror med wi't Bvat™te¢ast“vne nucl eic aci d ol ecul €vax
encodi ng an autoi nducer inactivation protein, wherein the encoded protein
-conprises' an amno acid oequence iaaH CHXDFI~as Oaa I~ra~NQla§CﬁVS@0W®Oﬂ
with the proviso that the encoded .protein does not consi stRepkived@2MNovember 20t
acid sequence of SEQ ID No 22 but an am no acid sequence selected from
the group consisting of ,SEQ ID KOS 11-20. 10 25. A cell of claim 24,
conprising a Sequence selected fromthe x rcup consisting of SEQ TO NOS
1-10. 26. A nethod of reducing the formf#i on of bacterial bi.ofi 1ms,
conprising exposing biofilm-formng bacteria to 15 at | east one

aut oi nducer inhibi g@r. praLein, r e C%q_.g,q prot ei L S am no
aci d sequence sel ected ;?r o%gg'heOfG?oﬁ%&con i g?l n@E ofemlc%gmé Srallly
HXDH 49 60aadFi&nsiarmed) ovitind &t 0JRREEXDMID 1 i saoill awipoude, with

the proviso thgtadiiy 4 I ndaesS: Nt \ 0 N :hdeggquence
of SEQ 20 ID NO 22, 27.cg,&ﬁfr?g%1hod of c?%ﬁﬁ%%%“mﬁ%‘?i%ﬁpt ﬁ“e*"ég?%%‘efﬁg

conpri ses t he®BFFHRSE acPIPERiduentemprisgs | SpH' 80iBDaadFids 9-2BOUERCEy1 |
with the mrov“sfmmdmﬂ"%b@a@mlﬁfr~eisém@geswm €8BS ifovkol M RReACI d
sequence of SE D NO 22..28. A nethod of claim27, wherein the protein
conpri ses an HMHFLCPIER e SsePBEL PHIISH t RE ghldfip @¥@ocoAstdt i ng of

SEQ I D NGS 1lzdéfrence0 @CSMFIROQQ VI2 OBdt 6G2a3 i fdCTacHE0edhlbdde29. A

cell of claim 28 CHRLLS AL 328080 S seing of SEQ TD NOS 11-20,

AN i

) -

N 10 25, A cell of oclaim 24, comprising a gequence
selected from the group consisting of SEQ ID NOS i-~10.

26. A method of reducing the formation of bacterial
biofilms, comprising exposing biofilm-forming bacteria to
15 at least one autoinducer inhibitor protein, wherein said
protein comprises an amino acid sequence sslected from the
group consigting of I1YEXHXDH*~60aa~pl%~2laa~D'®  and
1OHXAX DR~ 72aa~H! % 2122~0~", with the proviso that the
protein does mot ¢onsist of the amino acid sesquence of SEQ

20 ID WO 22,

(} . 27. A method of claim 26, wherein the protein

: comprises the amino acid seguence

. Y HXHEXDH'~ 6082 ~H'™~21aa~D!!, with the provise +that the

25 protein does not consist of the amino acid sequence of SEQ
ID HNO 22.

28. A method of claim 27, wherein the protein
compriges an amino acid sequence selected from the grcﬁp
30 consisting of SEQ ID NOS 11-30. |



sel ected fromthe group consisting of SEQ ID NOS 1-10. 30. @0%%%&%9e£5004
reduci ng the fornation of bacteria. biofilnms, conprising exp05|ng

bi of i | M wicpg: bacteria to at |east one autoinducer inhibitor protein,
wher ei n sa|& protein conprises an anmino acid sequence 5 sECESGOHOFIZHM t he
group consisting of 104HXHXDH10960aa- H169-21aa~D191 and 103H

XDH108 72aa*H 80M2laa, D 22, with the provjso that the protein does not
consi st of the am no acid sequence of I D NO 22. 31. A nethod of claim
30, wherein the protein conprises the am no acid sequence :
104HXHXDH109. 60aa, K169 2 Dl he rOVISO that the protein does
not consist of the§;n1no%%@| %1&G§H@EE§ Ly $ NG 29equenca et hod of

claim 31, wheebéatetefpomt ¢che g iR NS¢ 2§ c Iected
fromthe group consisting of SEQ I D NOS 11%%¥' ke 26 WESCE- 5.

30. .A method of reducing the formation of
bacterial-biofilms, comprising exposing biofilmwformlng
bacteria to at least one autoinducer inhibitor protein,

wherein said protein comprises an amino acid sequence

.5 selected from the group consisting of
" MHXHXDHY*~60aa~H%*~21laa~D'"" and
@ WP HXHXDH%®~722a~H!~212a~D?2, with the proviso that the

brotein 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 : .
104HXHXDH“’gﬂ'GOaa:vH“nglaa~D”“, with the proviso that the

pProtein does not consist of the amino acid sequence of
5 SEQ ID NO 22,

32. A method of claim 31, wherein the protein
. Comprises an amino acid sequence selected from the
. f} group consisting of SEQ ID NOS 11-20.



