24 July 2006 WD 03/068951 PCT/ SG02/ 00011 RALSTONI A AHL- ACYLASE GENE
BACKGROUND OF THE I NVENTION Field of the Invention [0001] W@%Wnti on
pertains to the field of nolecular biology. In particular, ention
rel at es“@ @n N-acyl honoserine | actone acyl ase gene from Ral st oni a sp.
XJ12B. ¥CPPPtion of the Background Art [0002] N-actA™¥BH8®& i ne 1actones
(AHLs), also known as autoinducers, are w dely used quorum sensi ng si gnal
nol ecules in many Gram negative bacteria. These conpounds regul ate certain
cl asses of target genes in bacteria, such as virulence genes or biofilm
differentiation genes. Generally, quorum sensing nolecules are highly
conserved and share an ggemoneal rfoRsaniseegelact one noiety. The | ength and
structure of their acyl side <chains are different, however. Although the
target genes regulated by AHLs in different bacteria species are varied,
basi c mechani sns of AHhaBkeSMNNeH sudnthenferdiegul ation are conserved
anmong dlfferent bacterl aI speci es. [0003] The general feature of

be-@ 3 ionis that it is cell population dependent
(quowmfﬁnﬁﬁﬂg)mx%%%%' 9er§£ﬁ{sett% AHLS £ 81 @ dhenARGNQRMEN ;
extracel lul ar concentration of AHLS increases as bacterial cell
popubdelesis. griow. PAREACAHRL , deeurdiivaRrEsor orelatinsedifoPd Bx2f¥kel | ul ar
concgphs 8Lt 1%%%on%XQ&§§§éé)8;0éHe ¢ebhaka $65:51 Plsd.akgebpgenes are
triggered In the Dbacteria Bacteria using these signals release,
detect and respond to the accurrul ation of AHL signal nolecules for

syncﬁ%g&ﬂ%n @gprtggsgggk@;_oﬁdn@&tti cular sets of genes and coordinating
cellular actrvities w the bacterial cell population. AHLs are

i nvol9@eR] rNragytl éltqﬂ@ﬁeéf-nﬁ }agipnest (BHEPbgi 2510 fRiH 88s, i ncl udi ng

~bi ol A dpnd1 24y dad 1512006 VO
03/ Ogggg%%%%‘rl&%@%f gog%lg%:%ﬂg%g(g%u& r%gﬂsfé%é?s%lng IDjlgi_?azlbact erium tunmefaci ens

( 31) mannderan-megash vei baP‘é%Jea geFBeSENCHmRYIY deovaaEepatr i TEr wi ni a

car 0&%&% & oMy gty g@ﬁ@é hElpa dEleWiaSt S¥EH tdd ,vﬁ%e_@eleavgaﬁe@awgl nosa, and
Xenor dus nenat ophi | (3, 6, 12, 17, 19, 22, 23, 24 regul ati on of
ant | BLOFLIn pHAReeengHaERoP, deRfieot AGPEREA R Gagran: 3PBE S0y a (6, 26),

swar g, Nigc il 4 |a!::té’h' gﬁg%aﬁé@m}éoglahhaghsaé afl 1erdidahi Rbhbsefnidration in
P. fluorescens and aer ugi nosa I n many .ot her _bacterial species

1,
the feFEonumindisdivogi F8F LMt iaKs SéSHF%‘b’F*Fe‘bf WeﬂﬂL?’#’énﬁ? to be

i nveghh gas egkd %1Jfgfere5990§$we%éwnb@ltﬁéu?ﬁ affe tadYigeml gafdshunman bacteri al
pat hogens use' AHL quorum sensi n%a s to regul ate eﬁresm on of

pat hegenlatefeiss 2akd arddiREeFrRR Y Fb‘ﬁ WEHIST s V2T ¥Rt ef ore, AHL

CIUOVH%ﬁ@ﬂﬁéé}&nﬁlsﬁ@abfnﬁlhﬁ%ﬂ@yr&h@sgéO&I@dQjend@@@ulaalioha.ﬁg@ts for genetic
and chem cal nani pul ations si iru}gtl on of these signaling nmechani sns
Hateyls

can BPBYRRYeDAEgudd tieRentig St*%racteria to infect plant and

ani mbod3FSHES geferad frentubé odf |Nm.-nkE086dd Tiehgeneaatadhngs an
AHL-i nactivation _enzyne (AliA) from a Gram osi ti veggacterl um (Baci |l | us

st r aFhab4oB1)s t%élbé’@ﬁulﬂb‘?fédje(%ndeﬂh q‘(%t‘F s ARRCHeItBnase)

inackb¥ALeS Mlls into the environment; extracellular concentration

of AHLs increases as bacterial cell populations grow. When AHL
accumulates to a threshold extracellular concéntration, the
*ekpression of certain.sets of target genes are triggered in the
bacteria.

[0004] Bacteria using these signals release, detect and respond
to the accumulation of AHL signal molequles for synchronizing
expression of a particular sets of genes énd coordinating
-cellular activities within the bacterial cell population. AHLs
ére involved in regulation of a range of biological functions,

' including bioluminescence in Vibrio species'(13,'4), Ti plasmid




activity by hydrolyzing the | actone bond of AHLs (10). Expression.of aiiA
in transformed Erw. carotovora (a pathogenic strain which %ajui}ﬁi()(]%o“ r ot
di sease in many plants) significantly reduces the rel ease X )
decreases extracellular pectrolytic enzyne activities, and attenuates

pat hogeM&PB%h pot at o, eggpl ant, Chi nese cabbage, d&AfH02/000tk| ory,

caul iLf]l ower, .,and t.ohacco.(9 Transgenic plants ressi,n HL-| act onase
honbtnfUEhy AheRER IR0 Ak R HANIEC L RaBILRe. (0] S3RURG LI | B0t DS
and dél ayed! elevelgemeentin Birkididldeanti asyephons, (AyiniAHcarobotornat i on

mechani sns, appear. t.o he w del istributed. For exanple, a,bacterial
ol BrE” ofn KB e, B e B PR RPaARTE TITREESA0i BRI o5 s it
ener pnanhabdiits agemteophtides, (3 Nd,cdRi,ng7t hed pars, B3 pheseéce of
AHL- degradj ng enzynmes,(18). 2 - .- ------ - -_24 July 2006 [[0007] Further
ot noRGEFOH G Ao R O PE LR SRFEP A, Pan RO LRRF PR PR T Cbase and
pl antapatbogen \6,r Weencewbymimg etdrdring Wwnt Berbmicterliiguiratbeeel | ul ar
co ication woul.d he highly desirahl e. SUMVARY THE 1 NVENTI ON [ 0008]
necotit horyd Tt Brlabion | of-odtHg TS RHC AR A et PEEETUIONDT . gone
encodipgspn Al nagyl askekrbartehiant epieali ek sthatmeIRaantobielogirall X12B i s
reported,,[0008a], In.a. firs spect .of ,the present. inventio there is
pr ovi 43GE 1 r'rc?rl&@fldbﬁc%%ﬁ%irﬁ&af"ﬁl EEQg? D‘*‘N@Sncf.gafﬁgogﬁ n a second
aspetl)of the. present invention, there is provided a nucleic acid which
conpej nucl eqti des. 1234-3618. of. SEQ I D NQ _1. [.0008c],In a third aspect
of tmaggbs%n?m%]%ﬁ% gﬁ?the?IélI?aé" &ng\/p%a%a%%ep{ﬁagepﬁ%{}?%%n% sequence
encodeg Ma%dmineis@;la@hdh@mmw itm?reﬁﬁlau@lamﬂmaoﬁzaﬁ- 361ﬁ of SEQ ID
NGO 1. 10008d] In a fourth,as t t he, present, invention, there is
or oVPAEROGE A6 S 20ng . Db e IEELPRI Fy HO e D No. 2. [0008€] In
ﬁ fi fhErespect P.Qil.'@il@rﬁjh%@ﬁﬁiﬂgﬁ\sa@hiamgmol@@ﬁﬁd aafr@r ovbaedf a pepE‘i de 0

avi ng. a sequence conprising .am no acjds,36-217 of _SEQ D NGO 2. [0008 In
o s BRSOt Re BT R R, FBAL ERbr B PGS PRR I Dept | de
havi agsauseipiense the@pr sS4yl aly frchahisma 3Sar PrevenSEQr tddida 2. [ 0009] An
enbodj ment, . | b conposj tion of .matter i.ch comprises_.a nucleic acid
Sccortr bt eLat hRee RaCkeiieny HBBHT RLERt diy BBIBRE ot on of
mat t 8¢ whi £rm ¢AdmEiilees a nucleic acid selected fromthe group consisting

1, a fragnent ( Q%fo% and a
t

of % tjdes 1234-36é8 of SE{(‘QH | D NG, .

substaRRS LI T9° T SH5EET08 1R AT HAPESE T FEOB 10] - Wkt & enbodi ment |

may HeGlam+pisd itiicrecabhdtasmi diBxgilousChoiain M0B1) tespbéses nucl eoti des

1234-?618 0{ SEQ_I.D N((? 1. 3 24 Ju'XH,éQ{[)G t%ﬁ%&%ﬁll Yeﬁ;.a'furt r

emboBt PReH  (Hey BEiR (BhPVSFIIEh 35f ARETLRF CORFFHERESH tidic

sequeseLevBe) ast eFddirodpihg thHoUupcteassbshd ngf afHla gapyidi c sequence

accordi ng to S%gnl D.NO, 2,a fragnment, thereof and a ,substantially

onoF SRR A} e e Bof en GROES] 9T G TOrHER dRDBRT R Gy be a

conpgstdiwnitfciaaees $HI€hrawiseass anpepiy dlansaguence encoded by a

nUC|§i§ﬁf¥ié£ntly reduces the release of AHL, decreases
extracellular pectrolytic enzyme activities, and attenuates
pathogenicity on potato, eggplant, Chinese . cabbage, carrot,
celery, cauliflower, and tobacco (9). Transgenic plants
expressing AHL-lactonase showed a significantly enhanced
resistance to Erw. carotovora infection and delayed development
of soft rot symptoms (10). AHL-inactivation mechanisms appear
to be widely distributed. For example, a 'bacterial isolate of
Variovorax paradoxus was reported to use AHL molecules as its
energy and nitrogen sources, indicating the possible presence of

- AHL~degrading enzymes (18).




selected fromthe group consi sti- ng of nucl eotides 1234-3618 of SEQ ID NO
1, a fragnent thereof and a substantially honol ogous vari a%té P@%r()&zf.
[ 00013] Yet a further enbodi nent, may be a conposition of P i ch
conprises a peptidic sequence selected fromthe group consisting of SEQ ID
NO 2, a fragnent thereof, a subunit thereof and a substantially
honol ogous vari ant thereof, such as a peptidic sequence according to SEQ
ID NO 2r a peptidic sequence conprising amno acids 36-217 233-794 of SEQ
ID NO 2 or a peptidic sequence conprising amno acids 233-794 of SEQ ID
NO. 2. M6 2008,,50001 L Lher, LABNLy,: By g 2
conposi ??Oooﬁé}of matter as Qg:gsét%%gc&iag%g\% %lflgﬁmi)%gélg?vg%}gg&AﬁBs [ 00014a]
In a t elEtrrasperaseornd pdapt eeshegdmventicaoge héneeiferprowiiddd an in vitro
met hod of .mdul atiBg-Ah $1 HRkINEARCLL Wohya Wi 6h hlyapéi'r%ﬁe.cont acting
said AHL with a peptide as defined above. [00015? et a further
enbodi nent, may relate to a nethod of nodulating AHL signaling activity
whi ch conprises contacti ngsumindy At THa thv@araorposi tion of matter as
describ oye. [.00015a] In.an el eventh aspect of the present, invention,
there iE&O%Sov‘i:%%%‘l%g]tyr'a%\%gtgﬁfcs%}i ntgleor?g?ﬁg’sr}gnan% %E?E'?efléﬁ’d’%s def i ned
above. $DC0EEIY drgodironehfaHi-aspecie O6fort hebaprtesenl ilsnVend iReMstdriere i s
provi deg, a ;&5 &nsgeni ¢ pop- human ani mal conprising a nucleic acid as
defi ned%ébove. [%Oglﬁfi?]r %Elet a further enbodi nent, may be a transgenic pl ant
or nonl¥P¥ah FamnélcHapbradtngf acheupkesantadinasonlesberdbad abovigled [ 00016a]
In-a thirheeath aspeat-SfaihBecPragenb yovantion, there is provided use of
a nucleic acid as defined above and its peptide product for the
nmanuf actROEPf Iy anefdndtecfopt WP e bictt-eithare dissease in a
mammal yheliekd 4 iRclexpresai e df cpabhoganhc-oeNnese9f 1 58i-dchacieria are
regul at ed bﬂf) AHL signals. [00017] Yet a further enbodinent, may relate to
a net hat*df > E8httol I'i ng a bacterial disease in a mammal which conprises
adm ni si@08ey 1o asahikdraspalt ar cEpeseddndniwfenibi,erhase desprohiedd above,
wherein_t expr.essi on_of pathogeni c nes of said bacteria are regulated
by AL 3 s a8 35 e i T S e TRY 2 BaePels ERE FsdaRE T nventi on.
there isf mucdeptietrsudesof3ad speptsrie 1asndefli.ned above for the manufacture of
a medi CPdH%@hi!fﬂ{ aC oL Aéﬂ&taopac%feeﬁ@éen@'m 5€idd) @nLRMEl . wherein the
expression of pathogenic genes of sald bacteria are regulated by AHL
si gnal sero¥idad ppgroEle hap bop Besevrence fagephdinge ot et NOed- rel ate to a
met hod pfoogantiobl FtGnaadact ehf dhe AbRRARE ieft RInANinI ¢H LONPELSES
adm nistering to said plant a conposition of matter as described above,
wher ei r? 5@ aAprRAYIPEne GIePERRD JEHIPE L §ERE STGPO s idshabT el &F 88 regul at ed
by AHL = gwabs. [00018a] In a fifteenth aspect of the present invention,
there i vj ded a nethod of_controlling a bacterjal disease,in a plant
whi ch cRBSPEL S AQHATISIBFCRG T GPE A pRan S Pep | P s  AErPRAEE above,
wher ei i thetédpriesdngna cfegpahbogempe i geme smdho Satidisbagi-erddaofase) r egul at ed
by AHL 5] giabs.

[0009] An embodiment, may be a composition of matter which comprises

a nucleic acid according to SEQ ID NO: '

1. Another embodiment, may be a composition of matfer which

comprises a nucleic acid selected from the group consisting of

nucleotides 1234-3618 of SEQ ID NO: 1, a fragment thereof and a

substantially homologous variant thereof.

[00010] Yet a further embodiment, may be a nucleic acid according to

- claim 2 which comprises nucleotides 1234-3618 of SEQ ID NO: 1.
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[00018b] In a sixteenth aspect of the present invention, there is provided
a nethod of controlling a bacterial disease in a plant Whl C rises
transformng the plant with a nucleic acid as defined abod &)%%c] In a
sevent eenth aspect of the present invention, there is provi ded a nmet hod of
controlling a bacterial disease in a plant wusing a bacteria transforned
with a nucleic acid as defined above. BRI EF DESCRI PTI ON OF THE DRAW NGS
[00019] Figure 1 is a photograph showi ng AHL inactivation bioassay results
for bacterial cultures and bacterial proteins fromthe indicated bacteri al
cl ones. IPPYPle & enbDitthehemPadiners. gfavabe i 658 thPt IPfhERY S al cul tures
of E. cahh.ctDldBapsisreal @Speiaarrﬁi); (sshu&&elasele%sa@ {rohl € YProupB3 (slice 3),

MJC6 (s slice and T {sli whj ch contain

pl asm d et %lnsé)éh%r CS%‘?ptl Seﬁhf%‘#%eo g ?ﬁ\/ﬁ%é ?ap;yg%i HGST- GsbA, and

pGST, réspmﬁmtvethe}reofFargimesﬂ:lstshommetmnioﬂsgdusrv@rmss’a;erebft he i ndi cated

bacteri ot b T. 20] ph show ng

t he tengg?%%%reﬂagng %EBF%I%%QQ%%]”T%@%Q Hﬁb qgéeééfu86gézril Figure 3

i s a grapkcsFempriges he repiedicbgegeense @@q@edmaetwdﬁlenacbyﬂ the purified

AH_- acyLaseeedardh o %:200€.0nV0. 03068 95L) BETLSC250000L DE KL ED

DESCRI PTI ON OF THE PREFE D EMBOD [ 000221 A bacterial i1solate of

Ral st onf'd* slp. 2 XPomeRy ShpseCthredia ﬁP%%ﬁ?ﬁlFéa:ier honpdogpus r@at Nt syst em was

f ound t@heﬁja;a/rratl cally inactivate AHLs, bacterial quorum sensing

nol ecul oassa u5|n robactenumturrefam ens_strain Nl (traR;

(a1 al0d SR PR heh b S Rat ThE e T 1S RE oGore TAEBHI g ¢ he

pr ot e| nwieidH bbmpmgesm spegﬂtcgame saqmanclet yelfe@red Aldomi tlaac'rgwml on (gsbA) was

cl oned e ain _isolated fromthe biofil | e and found

o encod2 o i FichroTkG A 2 PRARHEE hhiTa1S sllers AR 8rEe anc

bact eri al sypsbantiindlyvberolagosayedifor thheedhi bidhy as 02 ipegtidimat e AHL usi ng

Agr obac t e | tured at

2 BT e o a0 e RO 2B W S e

pr ot ei na%@%écﬁésséﬁe%ll'} 3371t - mi RECSER tIH N AHLr %B%Etrlﬁlti@ sefpenceexanpl e

N p- oxoe&d@neyhg kmhimasedd neslaet epesfOPblo:- and the reaction
(inactivation of the AHL) is allowed to proceed. If AHL inactivation

activity is present in the sanple (i.e. the AHL has been cl eaved and

i nactivated), then the inactivated AHL products fail to trigger the

expressi on of lacZ reporter gene which is under the control of a

Tr aR- dependent pronoter. The strain A Tunefaciens NIl hosting the lacZ

reporter system therefore does not turn blue in the presence of, substrate

5- brono-4-chl oro-3-indolyl P-D gal actopyranoside (X-gal). See Exanple 2

for details of the bioassay. Any AHL may be used in the assay, as desired.

O course, any suitable assay for cleavage of AHL, including traditional

~in vitro enzyne assays nmay be used to detect the AHL inactivation

activity. Those of skill in the art are able to nodify or devise assays to

detect and/or quantitate AHL inactivation. [000241 Escherichia coll strain

DH5a was used as a host for DNA nanipulation. Both Ral stonia sp. and' E

coli were cultured

3a




in LB nmedium (tryptone,. 10 g/L, yeast extract, 5 g/L, and NaCl, 10g/L, pH
7.0) at 370C Approprlate antibiotics were added when necessary at the
foll owi ng concentrations: anpicillin, 100 jig/m; tetracyc"\ i HB’Z%

and kananycin, 20 pg/m. 24 July 2006 WO 03/ 068951 PCT/ SG02/ 00011 [00025]
The gene encoding the protein responsible for the detected AHL

i nactivation was isolated using a cosmd library of 1600 clones with the
genom ¢ DNA of Ral stonia sp. strain XJ12B, constructed in E. coli. E. col
transfec nt% were screened for, the ability to inactivate AHL. One cl one,
pl 3H O, WA ¥ ouffd PotSHHSE (AR MagoRGried COMRSEEBHR B 314 GHedS di gest ed,
fused i Rkscrideal aivieguieatl hacdivgedéeduand transformed into' E. coli. The E
coli clones again were assayed for AHL inactivating activity. one clone,
cont ai nilAGO¥Ead kb aj heet astrad AHIEhe Taesevatinpentiagt ithery . is[ pOB7264d Pl asni do

wer e subseguenthy r[?é’LrHofd' 8¢ Fu1aSE4oNRG) B g?nam%g by Jitagpent, from clone
p2B10 was conpl et el sequenced accordi ng known net hods using ABI Prism

dRhodaniCREPTETSF Rattrctape| 82iskdliéntity aRE%'Sllq’?e&étii%ﬁq%dt abgyeer ki n- El mer

Appl i ed [Boousy St €415 5. fuszeaeir pb8aimenbe @Y. rilee wLEURNGRACONt @i ned an open
readi ng frame of 2385 | eotides, which was the AHL inacti vat| on_gene,

gsbA, effeduiatdna Aﬂﬁ‘réd‘? &89 gty PEDE MBESTHIFoTRYL S5 ROMACEYRY ¢85 I

Dal tons)utlﬁ 2 4odptisy t200 6 M3/ 86851y EH S602/.00011 Table |I. QbA Cene
. ( Ral St OEb@O %E ) N'éllgl Oetvledﬁ[ C%ncg t(héEQes t :anenglon ere isg

gttt gggacr ag 6ggna cgcgc? g cgccccgccecc aagccgcgcagc cggcg
cgcaccgaa@@f@eégﬁ:q@e%@w eécm IBrpegEgyc egyechicgtgid gt ggatmayg
cgccggaaggeggacat yt cgt gat aaccg cactgttcggcegattgeccgt cag9ct cage 180
gtgctgacttcca caggt gg~ 9rcgcgc t cncgcgcagccggt gcagcaat t gcagc
ggcgaggti§eck gﬁkétvﬁﬁ Hasarger 270the geefragEyegE gt cetrggiegaggceg
gcggcyggpeagekl 306Geag8s &0RAREHCH IR 85A80! 36Hh9L{ HGRIt RAUCAG 95 R6Q s
gcccgca taccacgctggtgcggatggcg ggctt gct gcgcagccagat ggcggt ggac
tcaccgcg Yt cgagcacggcC 450 tggccgagggt gegt gccagecgggt gt cg
gccaggcg@@:gﬂ aggeg@tgﬁgﬂ@agemmaedecgrh&ﬁmcat €H60GEE 0L QUhLE 240
agcacgt t gccgct gc t ggcctgc tcc ccacca cttca ttg
ccgtgcag%%gg%cgé%%% igb%g%%b e &yt dﬁbgﬁg%ﬂgfgdgdaggcagcgcg
ccggccagewguydcaogecgghga@ggaca@a@gcoacdaagaeegntggugtmaaggtehé§w
SoSccaugl galdIaeanohiecnas! £6A.,6A000¢ CA0NCHEI AL LREAOCLOGE gal

gt ggt cgaaa gcaggggcgggacgaccag cgcgtcgcccagcgcggcg cgcccgcecgg
cagcggcrepieiagcggedc faggerc rengfrygyergget ty @eddcyyg@Cigyt Cgcg 900
080000 Lo e T e e e ot ggagaggce
ggcgt coBHRIEEEGE PR Rfc FGGPegr g uenyy éég Fasdeatagisyaggeieegb1080
gaggcct get gaghgyegggat t gaCCcCa aCt ct ggCgggaat acctctttcct ccggg

e e L o o iR Y AT LB b aboeC. 1500
Ammmmm@mm%lmIm

CoOCACA TS T AN CAE FACECE | CAPETAT CEAT BT CORORI 1440.

CAGGACM@@EGT»@@@@ 1 CREACESECRAGEECCAGREETICEAAGLa are
A&TTW% C 1530 TCOGTTCAAGCCGATCCCCAACCTGCAGTCG
GACGCCTTCT TCAA G GACGGCCTGCGCGCCGGTTATGCGCAGATG 1620
ST T e GEsr SIACAT BEQSFSEICANGREETAT CTBAKG L s
GACA oy slag@mmec@%@mme@@rm C
ACGCT CATGATGOGCA GGCGATCCAGGCCAGCGCCCIBCGCC 1800
ATGCT ?@%ﬁ*cé@éc%ﬁ@@é@ SECC 6ER
ATTCOGGRRGA: B00GT GapCASSEREaEG mengmmmcme
CCGATCGGCT &%ﬁcreeech GCTGACGCCACCGCCAACCGGCGCGGECGTG 1980
CG ACCACCAACCGCTTCTACCAGGTCCACCTG

ACEEWGCCCEECAAGCTCEACEWGATGEEC 2070 GCCTCGATCGECGECCTTCCCGGTGEGTGAGC
ATCGGECTTCAACAAGGACGT GGCGTGGACG CACA CTCCACCEECCECCECTTeAcc, 2160
TTGTTCGAACT GAAGCT GGCCGAAGGCGAC CCGACCACCTACCT GGT CGACGECACGCCG
CACAAGATGACCACCCGr ACGGTCGCCTTC 2250 GACGTGAAGCTGCCGGACGGECCGCCTCGAG
CGCCGCACGCCACACCTTCTACGACACCATC TACGGCCCGGTGCTGTCGATGE CGAGC GG 2340
GGCATGCCGT GGACr ACGCAGAAGGCCTAC GCCCT GCGOGACGCCAACCGCAACAACACG
CEETCEEWCEACACETGEETGCATATCGGG 2430




CAGGCCCGGGACGT GBCCGGGATCCGCCAG GOCATCGGCAACCT GGGCATTCCCTGr GTC
AACACCATCGOCACCGACCGCAACGGOCGC 2520 r, CGCTGTTCG: CGACGTGT%‘;%@%%%%‘G
GACGT GCCGGCCGOGGAGCTCCAGOGCTGT  GOCCOr TCGOCGCT GGCOGGCAAACT
AAGGACGCGGGCCT GGTGCTGCTCGACGEC  TCGOGOGGCACCT GCAACT GGCAGGT CGAT
CCGGCTTCGCOGGTACCCGGGCTGGTGEOG 2700  CCOGCGOGCAT GCOGGT GCTCGAGOGTGAC
GACTACGT CGOCAACAGCAATGACAGCTCC  TGGCTGACCAACCCCGOGCAAI LAGCTGACC 2790
GGCTTCTCGCOGGTGATGGGCTCGGTCGAC GTACCGCAGOGRCT GCGCACGCGCATCGGC
CTGATCGAGAT CGGCCGCCGCCTGGCCGRE 2880  ACCGACGGACT GCCCGGCARCCGCATCGAT
CTGCCGAARRT AR aafefer Teee retteCraR et ESGACKAEPERITGCTG 2970
mmwmATm&m@e@m%m@@g@m

T COCOGAR T GEATECCORLEAACAAL T

mmcmomm@mgmamwm
GCGGTGT 3240 GGOGCGGTGOGCAAGGCGGEGCT TCGCGLTG
@TMW F ACGCACCGGACGGCT CCATCGCCCTGGAC 3330

- GGOGGOGALARACEA RGELERENCT GRAEC AAGC T REARAGERT GOCEATIOBECIBEAAG

- GGGCT H{GEAT] TdFHACCAR ALy Brialy aATLLAGACHGIGRECLITLR - aA

COCCATCCTCACCTACGGC  GAATCGACCGACCA CGCCTCGCCG 7cG 3510
TTC@&R@Wl@m 0

GCCAT CCRESE, CGATECECREECAAGKEES1 3R 08k pATEeGEH EGE@EEé\GEG%g@ qtta@e;ggg% g

cct ggaaaaacgcc g [Lttttttgecagt gt gaat ggct caat cqt

gtt ggaadte éqtgsga‘%cbgﬁ g%gt%tq%’% fgt gact ct gect gt gt cegi : gt 3743 The predi ct ed
open r ed00eigbl r o efixtdeatihsixhegene icBe shewant nnyppeloncasieerel sters wth
the sta n o n_hol ARytative rlbosorre binding site

( AGGAGA %L?‘gi%gﬁ ?Ré% Js”% 68’%%%1%6&“62%%0 aeﬁafl;i/lstlalsea ° Sepﬁ de indicated
t hat @b;ﬁcfdicémnmserﬁa\mam@ormgmthet@rlanhomfogynwltmq heldua(wm AHL -

| act onagges Sy lagb§§n3| ng nol ecul e inactivator encoded by the aiiA gene
fromBacillus s 240B1, however the deduced peptide, sequence was typical
of the PP9UREE) &t cuseTRIBeBRtin@sPRaiciol Phe REgTeRtednYIRIES) dmgrpeificillin G

acyl asegrowideh :5ln&ﬁlﬁbdRﬁﬂJTdoﬂEr@ll:.%@bH%éct%&@ﬁ@fdl%e%@um ta Qigani zation (16,
30). The Ral stonia ﬂuence shares substantial identi téval th AACs from

Dei nocoB&ty arBBFB%ﬁi‘raa EARFEUTRI R thAGt PHO iEn 85t ditah 8RS R hAE%  put at i ve
acyl ase from Pseudononas aerugi nosa, all of which catal yze deacyl ation of
their substrates. The s single precursor

pol ypeptide and then %?‘(I)QQS%SE% R?ETﬁNeogc?ﬁﬁ%gﬂsgul y 2006 WD 03/068951
PCT/ SGQOP@OO1 1Figure 1 wis ehplrasgtapwh shidwirigt SHL Aanbeaxcatmor& ﬁ:saasay

echi noc n n I i de chai n.
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t he am dedilgehed drrctheigakhdnesy| IéllgdleeclPa|Sh0®$ thacmmcs mfAa(29). The

pr.i mary. r I c ysis with
differ elr)lféag g%%ﬁlg?glgsa&gfls%ugégdﬁ Bar?fo&e é%er e %?9?%1(@(3%%%19 ){ﬁﬂ@
encodesllan ZRHD - Gdyibasd . WBTHstleaves NUGS dsdide Bl nlkcageQdhdt wekiret he acyl

si de chaj n,angsy t{Q@]T,&orégS%leﬁ dAELONE1T00ES %18he M g const@fedl The presumed

(x and O subunits o are located at amno acid positions 36-217 and

233- 794P13t*@§pe@9cﬁl@eI®MUBéf BYEQ6 DPGICRSR, ahd PG T SrenpeAblvedve spacer '
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D.rad
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LRDTP 149 A uta
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EL KLAE@B%%?YLVD&#E&%F?‘RF@QE%%L%%ﬁ%\%gﬁ%%mWT%YAL RDA
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BS AR o ISPV PELPT SAvE) LA TR G e

PVSRIEI-EIRXM/\A% QEERWIBAT AMA JHVIAGYMa383 (3B, aelThe bacteria or
RUAL BPXDPYLVGRSLPLEEKSYA EVEADG GRVEH QS G2 V. KL DURRSEAYAL FOAN.

VDSV kibAHRINRDVAR S 4360 (BralNlofall PUNRGTHASORNERRE EABNS TIHRIBNAABLBREABSPL AGEL FKDAGL \Y
LLDGs 4-

LATWE %ﬁﬁé%vﬁd?%‘&éﬂﬁ%@@ PG ARERAGEAR VAR S SNPERREEOACTPPPL A- PLFPAAGLA
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RPLASErS50 A. Ruiefhciens NT1 hosting the lacZ reporter system
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RSDCBi: GHEPDAAVR(20-FRARKBYRE RPENA SNBSS A #idR. EGHRl)) GNFBEERSLRTRLGLDQ QQ

RLAGL 841 P
| % FiskAGLE\VP T FERE RIS KW TREA S 02 EPPESPESERFEPRARYAL SRLQG
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TR | P TRESRE | EE AR G eEe I Adfnpi tro epzyme assays
A DA AAVDRRS K SlReAALVREFAKI] S nadtilvation activity. Those of
%GgTTAR Hl\/NRl\/HGA VRDDL VAL TATASNGAI VDLTAA%T&ESEEDERADL DS- PGAHL
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- - .- i EyoppdimsHEENREPREcCH 6, yeast extract, 5 g/L, and NaCl,
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GHFGVYNMAI @- - VRKCDHLEVWVGG TSYI Q_VTFPEI\/GPr ARGL LAFS@SDPRSPHYRDQTEL FSRO. QAQTL
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[ 00030] The substrate specificity of (sbA was determ ned by assaying total
sol ubl e protein extracted fromthe reconbinant E. coli (p T"&? for
i nactivation of AHLs using substrates with acyl chains of } g

| engt hs, A was able to conpletely inactivate 3-o0xo _group acyl-HSLs
havi ng g@ﬁ}g@ﬁ% ns of 8, 10 and 12 carbons. sbA al s"d“%ﬁ”g By i nacti vat ed

et hy [ @pe25 oup TQx‘éybeiT@LémE@d/ir{% tAeY br6P8l ASrpsdBd el Pofafpons. BbA
also inactivated the butyl and hexyl esters of "N-P-octanoyl-L- honoserine,
wher 3Rt HeNAEY dppehhval i 6@ed 167 lated weisidupabpemidol ibrroni wét e t hem
The subsd ratsespesthi €hd V. | peiCcake ; i ‘ | ase.
t 000311 bA and _qsbAﬁlpl)% o%/éi%;enﬁr?e%ﬂ%og%SR?%%@éjél\fg\f]géégﬁFg%ﬁg\n%ﬂo !
AHL- ner st @ isioi8gFcafo bt | A+t icedi Sortsfertamssexpressexgemnsfd Hgirr ul ence
genestd hihiafkd whdi f e iAtien | nggeni teria, th.in vitro and
in vivo. The qgle gene, %ﬂcfﬁﬂgncoggga% he AH qisﬁggfif’/éa%i%ﬁﬁe&n}fne (QbA),
or a YA GTE Ay agrririd S8y diremopl 3k st dapegtadmofusgsudnar i ant
ther epfeloni®yy RectE! OlAdd RLA BrRh&MUmERNANR! 8, PLOfHCE g ggnetical ly
nodi fied plant wth the ability to quench pat hogen quorum sensing
si gnafe-hl Clpngasgenin 1R essaypreser Mfilainaskyretinat actinddyi.-vat es AHLs
can e Rittor@, Stentdi LAy 1y MBARREL:E 85I ARECinabOi b KAl T On by bacteri al
pat-hogens,, even when bacteria are present 1 n hi g?i concentrations. [000321
Met héH&E it ¥ enet i ¢ mani pul ati on and transfornmation of plant cells are well
knowygdgpddie art Bt I tile, viable ,
tra\r,:g ormed pl anf%fﬂ%ﬁ&iener a%?lﬁsg%}e ng’%ﬁg)?%?&ggo%:g%g t he codi ng regi on of
-gSbA SHAULNTIRGe | obke ¢ fhkbadmeoment SrdistclonieablPPleows oo etailiyant t her eof
intogg icke@bL 8- &XPY i0 t use l{..iS convenient to ligate
t he q%bqﬁgtqleianée?egj 0 ?:r?t %néﬁge@%%@% gll%llg\%egB%yérJrl&%ati on into a plant
t r an$iEBOSEILBA Tertbiatookyede Se@denaiing Replly Beactiedl Kiware of
al t ermativg- Is a r S it e pl ant
Fr aner o GEnE P A B e fekag oo BBAL L, AT L E 008 v
. 03/ OGS ENPETFIRIEED 21 PRENy Beading dmeaeneft B3 fobrclgetiddesr a functi onal
{1 agmmlch wSUPLAL at 1SWBSLR0LL AL ol AAOUSL LA, thereol, so | ong as
expressi on of the gene results In bA protéin of Tunctional fragnent,
subumredadetedr pahraniddeo pLwWhP ¢ e ricidse$8 873 000331 .A functi onal
pronoter preferably controls expression. Many suitable pronoters are known
inthe art, such that a convenient pronoter may easily be selected by a
skilled artisan depending on the expression system being used. Such
selection of a suitable pronpoter to achieve the desired | evel of
transl ati onal expression is considered routine in the art. For exanple, it
i s advantageous to optim ze gsbA expression by nodification of codon usage
and coupling to a strong pronoter such as the double 35S pronoter. [000341
A suitabl e marker gene, such as kanamycin resistance, green fluorescent '
protein or any other convenient marker is advantageously used. Variations
of the comonly used and well known nethods for transformng plants with a
gene, are well within the skill of the ordinary artisan in genetic
mani pul ati on of plants. Expression constructs nmay contain a




signal sequence to direct secretion of the expressed bA protein, or may
| ack such a sequence, as desired. The pl ant transfornatlor%vgﬁ%géchn

cont ai ni ng the qsbA gene and a marker gene may be used to 4 pl ant
cells usi robact erium medi ated transformati on. Agrobacterium nedi at ed
transfoWr?a‘g Lis conveniently used to transform pl SISGHANIL he gsbA

on 1 BauRRoE L e dher aEGh L Ee 0y Mot Bot £ CSa S sndohiyf Bdonaus

plants are ' nore efficiently transformed using other nethods such as
mcro I‘OJ ectil e bonmbardnent, vacuum filtration or an ot her met hod known

in t gﬁ?éc‘z‘:ﬁﬂ;’i iﬁ?mﬁ E@ﬁg"éﬁﬁéﬁéﬁﬁﬁ RS Lt Eﬁiciitéﬁ?@iﬁ Roi nto the

pl anttg %mmaagca? rrasseyg gcsik:pdc cg¢aprefdnea@aat toeane gfcasub g¢ca¢gggﬁw dytdamaas27t 0

{r anS IR AT S ey SRNTHERES I TRS ccblboctiboh SiodIELHolE known in

t he &gstcozportoatmada pycaqssmcopdatdgtatdtaage ngcemgtggmat oOra-8Estte/Af1P er

Sel eeicﬁéhgigéﬁé %@5&@3&% éﬁg?&&ﬁiﬁ Egﬁﬁgﬁﬁ% ocHE Tt do o ERRICrobl ant s _may

% qerate ;ﬁ AC ;gc gmc@gaq g;a?@@&cg%@&%@@@@;%@.gc@@lﬂ S&02/ 00011
et aeccﬂf.lﬁi% é Eﬁrégég SRR ﬁiﬁ LA e TR T o R
kana gagagy cstbeg ﬁi}?ﬂ’% IJ‘QQQ gel bl ot

. to q ﬁ c.c Jg&gggég&gﬁéccca ctct cggia E%ctttcgtgcgéi g cccagg a é&ggsgtg Et hﬁ} p| ant
e

R CTC W 1}
- t I SS%GAG %ﬁﬁCGGCTTCGGCA T. CCGCACATCLG! SEKCTACGCCAGG?FgggGC AT%CATGGC TG%&%CGCG B:ﬁ use W t h
the Gituony o d @a;mcm?@@ma@ AR haoh i cofet i
CT T £l C G G C@a
t r anm CCGE, gggg CTGCTqéé%g TACAT CGG%S%C?EQ%%%%N @Wég(:% gfl:“ & ol :‘?Sﬁ% rrEt hOd
descida Gctdachzﬁai oM Edbce EachioE i thaad Mbldciadeddyissel UNCE i onal

fragﬁ%ﬁ&‘ﬁcﬁﬁ%@ﬁﬁ L %ﬁéﬁ GCTE@E@EG@ AR FECCAErTaT iSiSWhe“

r ef eE'ITGt:TB@ Gcwﬁ:@ﬁ&i@ﬂ-&ﬁccwd cetrdcchdechiascTaierchdcdd@ R

SUbubflches e acoont TRLr e st TR ALt ot %@g&ﬁﬁ@@ﬂégﬁcﬁ(ﬁ%ﬁcgg‘l 3618 of

SEQ crectden cB{Cia ce&acﬁfc@ibﬁbdzlﬁi’ccnﬁe cEeHteRERcE@ PR

| nackl A oo AR I RE LR Shocor SHERE UL At P

vari aﬁtms'r'rc GAEETAMEER cﬁ@bdadﬁc@@ e CrEdA e;rea- yecedetececk @;ﬁtﬁ@ c@mrqa%gerrent of

whi Cgmﬁﬁﬁigﬁ G@Eﬁﬁeﬁ%ﬁg&ﬁg@g@gﬁg A RS TR, foondi i ons,

7 Le@cerda Featctcasn chotcc@nmmpsce 30' C,
. 350%&8&2@?@%@8@@@{@8&% 2@@’2@% %Eﬁﬂé@&?a%ﬁ& %ﬁ@ﬁiﬁ%ﬁﬁi&eﬁiﬁﬁﬁ cc Fokout 200 M
- to abmutect@@oce CCPEOTCCt RG] @c»hseaomccggcasd:rcoe GHTGA mgmceamrrpl e 200
SR 4is e olc  do ER Tﬁﬁ%ﬁﬁ\@ﬁﬁi AR ot ATCb B roene! 33400 €NCY
C ONd&EFeoRnesAamma e:pmmtmamcmc trc@bs tdaersorabmerTeccaatcaceanecb4iche base

conpREEElabicdtcchtiRooc ik ﬁﬁﬁési%ﬁieﬁééﬁ@ﬂc o R Ak Eroirorema lesdues wel |

k nowsrstaarzeicddh@erogocbhase ©fgodkdadohectdattbli@@ed caretsb@amrtshRgocwrdtbpttdams e

condF B HE B P R e R Rt e St et *"Ceneral |y, a substantially
hoNMDERQO RIS BUG SR B SRHUCRRE o $nllgsh838he 20U 4% ReRRI9g0Us to SEQ I D
NO lewdkra witagheRtad cSdbausiid stdpesioh,in Pl emapliatate FaRSbnabout 85%
honobogbes siendrgEdsk) geadngeralingd. 90% 95% - or 99% honol ogous or nore.

[ 000371 Those of skill in the art are famliar with the degeneracy of the
genetic code, and thus are aware that nucleic acid sequences may be | ess

t han 189827 honol sgeuengrdapel yaht qfe thiRersphidprinddicated peati de sequence.
Such ¥B.f1'(g:fc¥ Al 'ﬂa@@yaﬂ st ﬁ%%’l%”ﬁ&ﬁol&%@%ﬁﬂ $heS YREM tBmoL

subs ant i y honol ogou variants also are contenplated as part of this
i nvehfifornaske? quorun—-sensing molecule ‘inactivator encoded by the

aiiA gene from Bacillus sp. 240Bl, however the deduced peptide
sequence was typical of the primary structure of aculeacin A
acylases (AACs) and penicillin G acylases, with signal peptide-o
subunit-spacer-f subunit organization (16, 30). The Ralstonia
sequence shares substantial identity with AACs from Deinococcus
radiodurans strain R1, Actinqplanes utahensis and a putative
acylase from Pseudomonas aeruginosa, all of which catalyzé _
deacylation of their substrates. These AAC'genes are translated

as single precursor polypeptide and then processed to the. active
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24 July 2006 WO 03/068951 PCT/ SG02/ 00011 1000381 Peptide and protein
sequences which are enconpassed by this invention include anﬁ{ se&bjences
encoded by the gsbA gene, or any fragnent, subunit or substaitly 3 fy

honol ogous variant thereof. Such sequences therefore include any

functi oA %368PFki n or peptide which retains the abili¥§T/32090ket i vate AHL,
i ncl udi_ng ot.ei.n and peptide fra ts Qf th l.e protein, such
as, 8Fméx‘§%?%,h%%encwse&l%}e)ﬁ%%§s of %g%eﬁglgc?{dgs?%gg @121%8%5%1794 encodi ng
by SE@pEDaid fungad amuibdbanti witly shdmoigodebsyvaidantisimnher eof . A

substanti al l homol ogous_vari ant - of the A _pt ot ej.n qincl S sequences
whi c%‘cu%?%c ’%{%eaac A gupugg%/&%%n% O@g%s,?%?%?%%%bf%/&a@fgegg about 60%
honohgdoudysindofdte pmiter hbhy t0%he8 @loi tO9Y ¢k |dgansofr  nor e.

I o abbnrCenn P LR "JuSorkindey SRR ¥ LOTB ARG, HEVELL U Sha

non- esnseEyae | ¥etiamtno aaeildsiswpbth tditifersntr sulbsitatms,atédcuasedel | as

N . i e L . ; h th
oo BBIEs, COMLALALIY £ BERLERC A T Ll BLS B A AR S e Moy
por t wbhncbf clémvern dileotanddeol iS5kyd Dei®ech bhepacykigi/deephipdn as@quence of

SE_Q LcRe'\%rggs%%irf% J.iasct%l%afngiﬁﬂgﬂk Olgﬁltét 300 nucl eotide bases or about 100

anm no aci one nucl eo ranmno acid less than the entire
sequdéffe28The t efime "muesumet” o asdi [t srved tiso oénGobPpasse dpcaftedcaional unit

of the,hsA . protein, sugh_ fo anpl,e, _am na aci.ds 36- 233-794
of SEYYIFNS pfsﬁW&fo?%Agg¥o%%l nze%:’r ngélpt fae 'as(g%qluvéerllé'é \gmf%i %%(Zigﬁconsi dered
to - Noac®j vatth N dcylamionvaeid ngpdcant betgees Omemwschietsrnaped! e of

i nactivating at, | east .55 pmoles N-acyl honpserine | act L) per jig
or ot BY nabhodt B B3 BB T e ebnoR e PR P b st P foons - at ed
t hat sgpeie Rhg A bactadrenali sqamd uPn AEnsigrigoly . | Nt I Tedtlico@TIof N-acyl
honoserine |actone with AHL-| actonase stops bacterial infection (9, 10).
The gene and protein described here, which is Iikely an AHL- acyl ase,
repr gaebé BI neiiangheef BedhovRciddeduexcenacti @abA dironf RaAklbosignal s and
t hus spoNXJDEB bgsReermmNoi: nReet DonradSiotiurakkystda8i P &R1) wcy12886 (SMP 03/ 068951
PCT/ 86080 00911 A hesiggrasdpdapyisi nNstestbi hed derand #.geksudbhosa
quor Heysesnsi (gEQ simmrl:s 5y hat regul at e expressi on of pathogenic genes of
many bacterial pathogens at a threshold concentration. This tool is
applicable to all plant, aninmal or human di seases where the expression of
pat hbgeni ¢ EeHesAaf Ay BIEr eIc gt — I EiP B EA TS AR RRIGRSE RHTFAN DR LSRRI T2gnal s, such
as, Par exdffpt-e SRRt R A Hoge S L RARA RO T RIGRTORFEH ERASPEHFTCVENTFARSaft hemi, Erw.
St evaity | ; WHEATEMELBAAEHETE P VBRSPS R IMB SRR AR ELCTE RS Hal pat hogens
X.  hésrat opHRERESLCRPISHPRTTSICEPSYEETTE P {QADMPRITCLIGDIRATOYGVPLTRARDERFLOYGIGVAYIORY 8074 26) . 14
- ---- -- -%- 24 July 2006 WO 03/ 068951 -PCT-SE02/ 00011 :Refef*ences

. . 1

R.sp LCELADQVVEVRGERSKTFGPEGTVIVSFRPIPNLOSDARFRGI FOEDGHRAGYAQMSPEARELLRGYIAGFNRYLEDTR 152
D.rad LCELADQVMTVRGERSKFLGAEGKTVVGFQPVNNLDSDVFFKTVIEPCRUOAGYRDQ-PQILATMRGYVAGVNRYLRDTE 149
B.,uta ICVIARSVVTANGERSRWFGATGPDDADVRTTSSTQAI DDRVAERLLEGPRDGVRAPCDDVRDOMRGFVAGYNHFLRRTG 151
P.aer ACLLAEEIVTARGERARYFGSEGRSSAELD---NLPSDIFYAWLNOPEALOAFWOAQTPAVROLLEGYAAGFNRFLREAD 157
krake,ro¥®, Fhkny ok, ¥
R.Sp PANFP-ARCRNARNVRPLTLGDMMAMGEEKAT QASAGAMIAGIVAAQPPGRTPVAERET PPOAVDTVALDRELQLRDMET 231
D.rad PEQWP-SACRNADWVRPLTELDVMRLGEEKAIQASAGAMVSAITSARPPQ-—--ACGASTARPRPDLAAFNROYRFNDLEY 224
A.uta VHRL':'[‘DJ?ACRGKAWVRELSEIDI.WRTSlWDSMVRAGSGALLDGIVAATPPT--*AAGPASAPEAPDAAAIMALDGTSAGI 228
P.aer CRTTS—-~CLEQEPWLRATATDDLLRLYRRLLVECGVGOFADAYL,VAAAPPG————AEKVALSGEQAFQVARQRRORFRLER 230
* o, krk_py Ky % R T *
T
- R.sp GSNGWAFGADATANRRGVLLGNPHFPWT T THREYOVHLTVPGKLDVMGRS IAAFPVVSIGFNEDVANTHTVS TGRRFTLE 311
D.rad GSNGHAFGSEATTNGRCGLLLGNPHFPWET SNREYQLHLTLPGOFDVMGASLGGMPVVNIGFNQDVAWTHIVSTDKRETLA 284
Aluta GSNAYGLGAQRTVNGSGMVLANPHFPWOGRERFYRMHLEVPGRYDVEGRAT TGDET TRIGHNRTVAWSHT VSTARRFVHH - 268
P.aer GSNATAVGSERSADGEGMLIANPHF PWNGAMREY QMHLTI PGRLDVMGASLPGLEVVNIGE SRELANTHTVDTSSKFTLY 290
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and detachnent of Pseudononas fluorescens biofilnms, FEM I\%L}chﬁ}pg&& Lett.

167:179-184, 1998. 2. Bassler, et al., "Cross-species induc

| um nescence in the quorum sensing bacterium Vibrio harveyi," LT.

Bact er i 9003689 41043- 4045, 1997. 3. Beck von Badman, PAAGGREIYHNG " Capsul ar
pol ysaccharide biosynthesis and pathogenicity in Rrwnia stewartii require

i ndugti on byte@RobA Kb AR RN AR EAGH PRy @HLALRANGEL rirdmmmTrs 301

Bact £L10l . | héehrBRIRzr PR 0rrde? FRurmd-rrierRvia R Soe R o R ERreora Reohfeinfz AL 4,00 and
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Eberhar d etweBprIAQVBYErORRDRYRTAGLE-ROATVHTAVEIQ SHEAVGVRIG FEARVEAL SV AEHARPGF IAKFGE - 702

Photmbract erireparfivewirorapevinersiN- TRt CABER G AP ISIDR CER @V RATE s2Epr91 1981, 14,
Eberd.utet al|nage-+Inprot o PRYRTPARIRITTRERERCALADALNCERB S PER eT-1- YT RTOIREFRRT PTEEARL 689 nducers i n
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pronoter elenments are requiredfor dens ity-dependent transcription of

Agr OBeRCt er | BRAT NP EoEH CER S o-C B QBN ED OGP VAR T P TORpERFRRBQURAY SGKHINIBERS EA8 r 8D | .
178:M388- 44 FrEcYIOYErNPIRgECYRETHR B T Vo RP S CHIARAVLTT P Y S TYEF PR S TS BROERTREE YL of t he
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expriadsi on CERCH NP RF R & ES TR 1OV T EPAFFEEARCLBEPES DR Y YRD P EITEROCHETRBFIDRO 763

Fk *%

R.sp TAADPATLRKVMRLSQ-—-- 794
b.rad IERDPTRTVVQLSE——— 785
A.uta IARDPNLRVYRVAQRGR 786
P.‘aer IDADPQLORLEIRE——- 777
* kE% a - .
* = jdentical residues, : = conserved substitutions; . = semi-conserved substitutions; 1 =

post-translational processing sites for signal peptide and subunits; - = spacers.

[00029] The coding regfon of the gsbi gene was amplified by
PCR. The amplified PCR products were digested, fused in-frame
to the coding sequence of the glutathione S—tranSferase.(GST)'
gene and expressed in E. coli. Protein extracts from the.
reéombihant E. coli cells were assayed for the ability to

~ inactivate AHL. Protein from E. coli expressing GST alone
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di r ectalrig (pRET s@shiAle ey ohat:ﬁmv&t:a@yloﬂ]@mibseusmg stlmfﬂmaée& ghah

ol egubsshabbl o Mratiol, 29:40 1405, 19950 2%, Pasgadony6t ol

"Expressi on ononas “aeru ViTul'encé genes gquire
ceI I macmtrhteommm cpioupn aty Beli @i chavag: a.a:mz dl’iﬁﬁ;s 908, 20.amarson et

125 e h t of Pseudonobnas
aerugl n%ééﬁél.‘f%m gé%;é* %elﬁkegsgwgygjgy {r%a%ﬁl%g 31{‘“@(1%%@5{8@8 197-201, 1994
25. laucwérHéLs ahavmmqy&gahamsmﬁt&)ran@lf lﬂgc@ﬂmsen @abAt skebaci ens
regul; €1362:448-45. 0, _
1983 ﬁ%gﬁi;ﬁréﬁg(#f}%zgog%ltt&%ogégl%%%%:ELQ%(#%S%Z?O%OHH\%%& Irhonen et al., "A
smal hodbteusndl evlsingasl thel ABLUtkad¢tonases poasidd o ariitthwagl sbalbleont rol of
vi rul.eng T vAA o] 1% Eg.pt j e i nda
car ottgvgﬁgeggﬁ%o\]. 12: E%?g'g}% , fgggteg;?%g%unaéﬂgrgﬁgf% ., "Penicillin
acyl &betf 0ehd Es ool iAHlgnicgUasegene-protein relation,” Nucl eic Acids Res.

1454303777, 19800 28 SHASKAN £d. SloPliooyt MLeCHlAr EhaRae gy zati on of

cl on e genes race 0 and race nonas syrlngae

pV. gtEyAHheaedlaEeCBmtoéogmbal 1@@tﬁfﬁ8@$794ucli9&7 tIR0 expakeshomeoet al ., "A
deac I i anti biotic, from
Act i %(%%F%%ggg a'(Plsd Bﬂp%?l ica |e(§%n§ngeg'élarza%tp}?| (z%)gtelhgﬁ J. Bl ochem

105: be6tétdsa, Hﬁgﬂfg.uﬁ@ut!feraa@rin etiva.. , Thdbg el gemegl @hllqg and anal ysi s of
th di . : WIRRN Al cal
FaccSFEgdeE MR 0, (RS TFAERSN AR bS5 by B P ET Lo BRE T "ot 7l O

I Ag{ Gbaghent unndomidgatri snbitmhig'mgildyr daggbao@ms mﬁimf}a:cyhetem.rmslerl ne

ac 0 es are
provi ggdb?om gtzlﬁéghé %\?/%ﬁt nom%eggfﬁo%%er elg]r??lg%gggﬁ%ﬁrg not

be- condified nlcanﬂ |wmth the appeildedoclgaensh MEESQUEXMI e 1. Bacterial
I'sol EhQ{hg%ﬁf@%ﬁéﬂ@ ba‘f&&ﬁé@éqfd Ui %Séﬁﬁeesér’]% col Laotad {gama water

trea screene O i'solate |vat|o bacterlal
str allnsctl‘rhfetetmdﬂr@ﬂ ghnnexbibit vasignd fénaetly renhanced resistance

to infection by bacterial pathogens, even when bacteria are
present in high concentrations.

[00032] Methods of genetic manipulation and transformation
- of plant cells are well known in the art, as are methods of
regenerating fertile, viable transformed ' plants. In general,
any method of cloning the coding region of gsbhbA or a functional
fragment or subétantially homologous variant thereof into a
suitable éxpression vector may be used. It is convenient to
ligate the gsbA coding region into a wvector, followed by
ligation into a plant transformation vector, however those of
skill are well aware of alternative methods to achieve the same

~results. Any suitable plant transformation vector may be used..
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sterilized water with shaking for 1 hour before spreading onto YEB nedium
(yeast extract, 5 g/l; casein hydrolysate, 10 g/l; Nad, 5%% Il; @¢écrose, ,
5 g/l: MyS047H201 0.5 g/1 and agar, 15 g/1) plates. Individuay 28%nies
wer e reg‘;qr,@@k%g]uon new plates to ensure purity of the isolates. Bacterial
i sol ate Bl tured in LB nmedium (tryptone, 10 g/HSVRHM eyt ract, 5

g/ L,. Nadd ; 7 i . 52 Eppsndoi Ll Qf 96-wel |l plates
at qi@é]cci:v Wi th cgﬂllgl??“ér}ls tgge?nl%f#,n%éngmag_sayed %lralAﬁgglslrﬁl%ct'i vation

~acti vilbyr.li_i:LDQ@WItynZ@@BlyV@WM@BQSYaP_@WS@W@@@llSEXW e®,. AHL

' T‘acék%fééhﬂbrﬁ'o%a%%y efoOPé‘éhtE‘%nbéCé%A%r&ééitn%?c EQnle gesayed was

m xed Wt an equal Vo ume of fresh nmediumcontaining 20 [i M NP-
oxooErawsnt | wovodér previntanhdheoerf) whieh aHmatdivahpl, Aken speci fi ed,
to fepghasgy eact i 0k M UREs J18aCt L, QR BLX{ YUr &M83,1 ¢l Ncubated at 28*C for
4 to?Smﬁou];s, fo Iowe% by SOJ‘?n&[rL\ute blgt e'refmfli zgti on -unger W light. Plates
cont expregsim .1l Melyagui tabpdkelinnenokeEP031e 1@y /A, tRepa, sHaE g/ L;

MyS : AN Lok ' ; , nog/ L;

(e FoR shyeghent primiter hay Seky B S b e o ¢ 1

5- br onbil e dapeaddngi auothe Srregaigot spyremdicg predal ,Sud pg/m) were
PrepaL £or s Q59! sl kLT MBUHBMAE o Clln: §Td [thd Bekd8ed NEeRiplgy 1 NTO
separ at ed s1 ces (approximately I cm 1nwdth). See Figure 1. Five

m crbransvatishadt erprpgadon ekt tdopsidexedr eoWling dadéhcadrt « hda%p of an MM

~agar ' d.th i ndi or i mef aci ens strain
NTI ?%érrzﬁi%%’t rqg: :1}sa§9¥§\g‘)ka%§%§agoo. ?pgﬁh%g?l&%pe g%%%hgmﬁl%]yan opti cal
densihediBicaddony gf opdon 4ysageraads perpbinattpriogtaespver9ndtas her di st ances

fromghe Asoacqﬂ%ddfag@gl 853 Ht&@ffeere incubated at 280C for 24 hours. A
sul t i

positive re or AHL Tnactivation is shown by the absence of blue
col ofPR&34n t he Psisug&abienegksty @enesubtichors Afnamygdst i vati on i s shown by

the presance of glﬂ'%egfia??ég%%feél@ggcggeiﬁl +f§.}n Y hRSS B¥nPdn LA i n for

enzyne activity acterial ein was I ncubated with 20 ji M
of OOHtkdwrisoskyentAgeyusty IBED-f oVariablenat frher caunely mMsadire. Exanpl e

3. | t.1 fy-cat.l ! ; ' hactgrd al isol ates
f romgl?%ede{)]ilo?{hoﬁﬂsgl%glﬂgigmn%%g & I g‘ts ?Egﬁiﬁgﬁloaf{/t%ggﬁ% %\é\%elﬁd a%é12A, wer e
f ourdelb Wwidddasshehekidbi ¢F thha ordanery varielsm inzgeref@a 2B showi ng

Strofﬂa?{epdﬁm%ﬁ oé‘CE&ghw.- e 5312801 soh & /MRS nay! buheshn Gentri fuged and

soni cat The strongest enzymatic activity was asSociated with the cell
 debr$ionala@ciavsnesat her i EREE t9Rcresion| ef prhr Gxprangeds@plh nat ant fracti ons.

Thesgrdiesiyl,t S0 pdicabet shat 4 @%gﬁglﬁcei NACtdMalie@n aghéVpiand s nembrane
~associ ated. Sequencing of 16S rRNA was perforned to identify the XJ12A and
XJ 128 anficqmed 1ongveat gy yCauBE-ning bie 053Y6 DepETABEN2/ UDEE The 16S r RNA

oSG 8} b}sg $&dl ﬁQ'@fﬁ?sﬁﬂ:% Qaﬁ%‘yﬁé‘% Whng AeBbbh¥rerfinRectively,
Wi tﬁ‘ft At of F‘stonl a eutrop a\.NE 1000461 To | dgnt igfy the gene encoding for
AHL medicttiedatirensfoamasmi d |Adnobaygteftiwso®diageds trasstomatigit ed in E
coli,wth_the nomi | st ond psShT al égﬂ,% @nom ¢ DNA from
t he TSoTared lﬁé‘?s?oﬁ?%‘ig}é S arngﬁﬁi&\]?&%‘%sw%}r ? =h§| y F%eenst’ed
: however any suitable method known in the art may be used,
‘depending on the plant being transformed. For example, certain
monocotyledonous plants are more efficiently transformed using-
other methods such as micrbprojectile bombardment, vacuum
filtration or any other method known in the art to introduce and -
integrate DNA plasmids or fragments into the plant genome.
Those of skill in the art are familiar with means to transform
. gymnosperms, monocots and dicots. All of these methods known in _
the art are contemplated for use with this invention.
- [00035] After selection for transformants carrying the gsbA

‘gene, transgenic plants may be regenerated according to known

i1




.wWith Sau3A. The resulting DNA fragnents were ligated to the

dephosphoryl ated BanH site of cosm d vector pLAFR3 (28). The a6ted DNA
was packed with G gapack 111 XL Packagi ng Extract (Strat age?n"'e]}1 #l(g)
transfected into E. coli DHb5al pha. These E. coli transfectants were
screened XBP8Y i nactivation activity according to RHSGINYYs descri bed

N EXarpbés AA'SHY PPl PSantd&eidotlelaksy Qﬂ%léxs'g@%e gbpne (pl 3H O was

identified as showng AHL inactivation activity (sée Flgure A slice 1).
To SHYEPbhKANAYFdNe FeAEBERTIRE t MEYdPEeabaalyedt ifAn pXanp oy R from t he

post khafed Qper BIRH Qovies BaLkiaY, dbAgstasid Uk ShuShonaigudaised [ nto

BamH di gest'ed cloning vector pGE | asm ds were |1Tgated and
t r an3FDrpRRE et o-rEths! Pla%’ﬁdtltfﬁéleE Apy| ﬁu%}@-%MPQé kepwa hien ability to

- inacthyal e AL @&hidapehthgdrord X @iRherRe JaNQPZRIN, et GpNtains a 4

kb insert, had AHL inactivation activity (See Fiqure |IA slice 2). The

TGSTRSLA conA e AAAFHEY| BAY R dekertrdoip Fr¥RISERARLCOVIaES used to nmutate
P2B10rph 255t VA thY thangeBh Yadias &5t kRE Eh&aﬁéy fe¢hah Misciipnsposon,

foll owi ng the manufacturér's instractions. Plasmd clone p2B10, which
cont & Examele 4191 RYepRY copfvEieng MRERGEDA gene, was used as a tenpl ate.

Fi f t pesoAeif ant %fn%n\ﬁ’gignaprﬂ%i%r@%t apdhieie s ARkantPainpctive AHL.

Bacterial cultures col i a cont ai ni ng pMJG and p are shown as
'exanmr@@loqcrua:n@m@nmthgrw% yhgndrafereipedia veldpPAPrachealsideer e

SUDSEQUANIA, AW 1] Rahor 2 3P CHEGING, UShAG A | WRSaRUPRE ed T the Kit.

Sequenm ng an halysi's oOf € qsbA Gene. [00047]
Seqummm;;m geaiueoraedt agthet dnngleot kdewnl 3136d§ ofisPEy MBINGRri sm

T . ek i Per ki n- El
P e S S E i T AT
PCT/B@DWJOOEOIILIIQf Nagewht hémegardingnd aplenes was mﬂilaétéal/l%equenced and is

shown, nS n ne of 2385
ol e Thel Relrtalbly SGRLHEICON AL 1A QREBRERN ) YD D o 1.

nucl s aldhel 280p3enspt Gasddcbnhyheiiizes andpogshinundgenesi s data
descg ex%] it @&a'ﬂigﬁlg st e‘?Rethﬁg-gi&gsf rj%:lf eﬁ'aﬁlaige codi ng region of

t he A activati ene, SI ghat e tative ribosone binding
si t etgumEEEGAress ofoaheed W°hioe apautSSQ:@,t r@arme@ﬁmphe 367Gt ATG start

codog {uindeydd n% En 456@'& l5)-o cLOQQé%rTéhﬁtd%&ae@ﬁtpspiéﬁse Sequence shows

the typi‘cal Polypeptid rimary structure of aculeacin A acyl ases (AACs)
and akari @09 mM Goaé?ma% )0Gvmth NafCgnar Heptadvalsobub®tigpacer-P  subunit

Orgaéﬁfe?l{é}t‘?ﬁ (f%(i e?{gﬂlplgk@(ﬁn@er%@Uanadﬁbd'n@dqa|400pﬂﬁen$0@|ml\§tart codons

| ocat ed 3, 9 and 384 dowistream fromthe first ATG The | ongest open
r eadi ¥y ™% & 1@@@0@@3 7o stwipgensydeonditieng gredieperfsidl €dul ar wei ght

of 8o/ 3 RYORE thdNgudBMUC el iRCRhEIENHASH 6B BlpBBIL YoPast Grand strong

acid amno™ acid residues and a predicted isoelectric_point of 7.48. The

firstudeigriasddagng FeRjkriceternined R urrdndsessr Badl NI  appear to
be aid gal. Pepbisdeor| 980AO]; nThEPEPRL | SR SeMHIaNGe Qitﬂ%éiﬁduced fromthe

open reading frame shares 40-52%identity w.th AACs from Dei nococcus
r adi GRRFIdHSNS pach reagepdhisdppaneysefwhenfienexadly, pat ati ve -

substantially homologous nuclieotide sequence is at least about
75% homologous to SEQ ID NO: 1 or a fragment or subunit thereof,
preferably at least about 85% homologous, and most preferably
90%, 95% .or 99% homologous or more. _
[00037] Those of skill in the art are familiar with the
degeneracy of the genetic code, and thus are aware that nucleic
acid sequences may be less. than 100% homologous'and yet encodé
the same protein or peptide sequence. Such variation in any of
the sequences, fragments, subunits or substantially homologous

variants also are contemplated as part of this invention.
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acyl ase from Pseudononas aerugi nosa, The AACs' catal yze deacyl ation of
their substrates. These AAC genes are translated as single ‘ﬁf]ﬁf?@fﬁo

pol ypeptide and then processed to the active formof two st

al i gnrre S’Q he peptide sequences from D. radiodurans strain R, A

ut ahensi's gﬁ) aerugi nosa, Table I, the presumed BECTESRI208Lbunits are

| ocatjedosB] am nope@Cifh RS biroPRsis0s 7rRld 283 Yo re%ﬁo%ﬁ%%ggehy wth a

15 am no_ acid spacer between them bA shares | ess than 28% honol ogy

vv| t hbyeithép| LpYert igsy Haséuge 3marneaignsaispsperder duythse gsR2). See Table
B@%ea”bfoaﬁf'ﬂa%%&l%”cgu@ﬁﬁ%r@{‘ sulbde2aPl &1 Lo gakyzed by the

1
Clustal gro ramavallablefromthe European B‘% tics Institute
websVeEipRtt Beysasiv. eSiuchcSaRyenges Mear@ifyrgow:l% @M068951

PCT/ $GA2L90R41 factghe o2 pEfSPi@ts?S&rﬂrbhOfrettQEn@% @@AQ.1,008501 The coding

regi on of the qsbA gene was anplif PCR using a forward primer 51

CGTGERREEATERT ?é@é‘mm%& a@ﬁEQePbl%fr@)gn@ﬁGsaOfr’é%r se primer
- 5'- G@ﬁgﬁ@@@Qﬁ@ﬁﬁ@ﬁ%@@gﬁTCEGEKI¥¥3¥¥%r3%xﬁﬁﬁ&é|[%héWQéq%kneegt@fnlng BanH

and EcCQR restriction sites respectiyvely rEprQ i ed PCR products were
é

di gedPeBOURFHY 3T ldpabve ?%%ﬂ?‘btqf&?déﬁﬁy%ss% dli ﬁﬂ‘ﬂr ame to the

codi lﬁbsﬁ@ﬂtl 6/ Qﬂ‘ombm@ ghsted AN Shkiapsf eraseseghkigeng under the
P- D-t hi_ogal act opyranoside (I PTG 1nducible |ac

con';n%{D gf t he i saopr
pr onBPBPLPACYR A £4 Fothe Arhis ARTERRr MREt e @e%‘éﬁéﬁﬁt‘éh%%st ruct

pCSTaebé: D&k @a%twa@”lﬁ@ﬁtﬂ@d’tﬁq pRE@eFabl £ A 12Rdrexpoessary [ 00051]
Total sol ubl e proteln %%}? ctegfromthe reconbinant E. coli cells
AL oRESHR TP

har bBPRRGCTHES /GERIQES i06m 8RHNE rf% PRFESPEPHY 2 net hods

knOV\mO!d:Q thﬂq@fetforl@ast@dp@dtsrtéhe wThieihh hQ?S?dQ%él ﬂéiﬁ:(iallﬂ%rDﬁBﬁ?Eég@iEs (9|) and
assaye nactivatj o e tota u rotein fromE. coli

cont Pﬁ?ﬁ’@t g‘@‘?@cﬂﬁralaﬂ?? %E/]%‘s oyt 3 cont ROEBPStH% thi oassay, 50 pl
ot o AL o L P " o T eact1 o
of . e.g., ter our_incubation at 37*C,. the reaction
i xtﬁPg%\g%uraJs@ﬁ’yé o COREEWRY [ @5 ERAApT® SPAURBGPESERRER I Tat a, shown |

i N Fhgh+erdditidnateol, mod i extnibatciBe SdHIRIse +65Ee QeRdwi Usi on protein
effef,)tpi vel elimnated OOHL activity. Exanple 6. Characterization of the
Substt&t® Spect rum of GST- QsbA Fusion Protein Expressed in E. coll.

[ 0003@0039] det ermHen@kemt hersyhsidatie iﬂ@@hﬂé’dnﬂf 1@1116511;&05@& sol ubl e
protein extracted fromthe reconbi nant E. coli (pGST- sbA) was assayed for.

i nacPPEEI PO PEHRUCHPRHLGR AT SEY AR BP: :qulf Wﬁ@lPéH@P%%d%ccordl ng to

t he sBiheEds It Emrrmben@ a hml&plllsogvtegtéiHL&a\hebgoﬁynsb\@sI zed according to
known net hods descri bed y. Zhang et al. (31)

N- ocPUrHSAL JLden &8kPhRe? q%tl&&e a(f@éﬂsﬁumgp tezynma\éﬁ%ﬁwdq homoser i ne

- | act eneami{d RS, 1Bkk) thdB)tHd @nexebeyageyicd.- haRBSeEine d@atanre (3-o0xo 21
24 July, 2006, WD 03/ 068951 PCT/ S@2/ (00011 CBHSLI OHHL22
N- 0- bR oHESERHRA £o- RBHEERA $Hhenvadtgrtiena bl eforae, %%HL) (5)

ﬁ@lf@i@ﬂn%ﬂchLaBPnﬂéﬁrémﬁl%Qt anenb3adids JBHSE 0PQE3-7dheHuUtyl and

henyl@ esters of N-p oxohexanoyl -
ID NO:

[00040] A protein or peptide sequence which is considered to
inactivate N-acyl homoserine lactones is one which is capable of
inactivating at least 55 pmoles N-acyl homoserine lactone (OCHL)
per 1g protein per minute at 30°C. '
[00041] It has been previously demonstrated that quenchlng
bacterial guorum sensing by inactivation of N-acyl homoserlnel
lactone with AHL-lactonase stops bacterial infection (9, 10).
The gene and protein described here, which is likely an AHL-
. aéYlase, represent a new and effective tool: for inactivation of

'.AHLlsignals and thus control bacterial infection. Similarly, -
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honoserine were prepared by esterification of N 0-oxohexanoyl -L- hormseri ne
| actone with |-butanol and 1-hexanol respectively, in thevééjeui 2@%

smal | amount of Dowex 50H+ resin (Aldrich). The reaction 0 cted at
60" C for_2 hours and the products were purified by silica colum

chr omat 8§t 6’@’ [ 00053] QsbA conpl etely inactivated CR§H/SGI2/00011

N- O- d I i
(CIDROF SO Spe FeRragy Peshat R oo o onh A88 iy seps g erlely, a
the GaReeNEr ghabnseddsited ekgatasion csﬁtqwt)logegabﬁ PETTRS sltfr oAgly inactivated
P Qel 30N L3 LahaReeld N GOthle2s Ql&tcoon%%ﬁtlt?gtftm{r eobpe{ PHL-) . whi ch

car ons respective ata not shown).
Hovvew@:rpllu:laﬁee tdsnea]shrr_darﬁacanmmal cmduma@nsllse;gw H@hﬁﬂeeé}slel nactivati ng

activi ar, N-P- ?—%% yhich has an acyl chain
of 6 Xé}écraﬁgﬁgn(%gt%a;h %ﬁ%yv\ﬁeheghe tot ‘}1(5 1morot&el r? extract from
cont radt ikatedi by pGET)s idirdlsot sshbmﬁ%n)fcatteﬁiﬂnpﬁfeagﬁlﬁs"t pagfPgerdat a not

sho [ 000 i Wen and hexyl
est\g%zof Cﬁ-rﬁtbvgganovf I@%@%gr&%ﬂn}e (r%g{'a\é%%tﬁggﬁbg beIThese two esters
of Nghtiriganey P- Laétmmae:rsa)eBshoagdcmmdabnémhhdmthmnsaéit| vity with

OOHL whe the AHL reporter. stnai p4A 14t f NT1l (traR;
tra: a&é’f‘?‘&@% qressr?gv\ﬁ) ?E 2y tétl'ct’ogase eh%%d??l by aii A) did not

inacuumate these substrates These substrate speC|f|C|ty data are
consistent with identjfication of bA as an AHL-acyl ase. Exanple 7.
Purification of AHL- acylase encoded by the gsbA gene [00055] The

GST-[ AHL- acyl ase] fusion protein was purified wusing a glutathione
Sepharose 4B affinity colum followi ng the -manufacturer's instructions
(Pharnacia) AHL-acyl ase was cleaved by digestion with thronbin (Signa).
Protein concentration was determ ned by neasuring 0OD280. 22 24 July 2006
WO 03/ 068951 PCUSGD2/ 00011 [ 000561 The purified AHL-acyl ase was i ncubated
with OOHL for 20 mnutes and the relative enzyne activity was neasured by
determ ning the resi.dual OOHL in the reaction mxture, which contained 8
1M OOHL and about 0.6 pg AHL-acylase in a total reaction volune of 50 ni

I x PBS buffer. The reactions were stopped by addition of 1% SDS before

| oadi ng on the assay plate. Determnation of the OOHL activity was carried
out in quadruplicate. AHL-acyl ase degraded OOHL in a range of

tenperatures from22-42'C at pH 7.0. See Figure 2. The opti-mal tenperature
~for enzyne activity was found to be approximately 280C. Reaction

t enper ature higher than 420C decreased enzyne activity sharply. The
optimal pH for enzyne activity also was determ ned. The AHL-acyl ase has a-
relatively narrow optimal pH range frompH 6.5 to 7.5. See Figure 2. The
time course of OOHL inactivation by the purified AHL-acyl ase was

determ ned at * 30*C. See Figure 3. After 10 minutes, nore than 82% OOHL had
been degraded; the reaction rate was estimted to be about 55 pnols per
jig AHL-acyl ase per mnute. 23 24 July 2006 CLAIMS: 1.A nucleic acid
according to SEQ ID NGO 1.
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2. A nucleic acid which conprises nucl eotides 1234-3618 of SEQ ID NO 1.
3. A peptide having a sequence encoded by a nucleic acid cqgﬁf t%@% of
nucl eoti des 1234-3618 of SEQ ID NO 1. 4. A peptide having é@% ce
accor di EQID NGO 2. 5.A peptide having a sequence conpri sing am no
aci ds ‘@%ﬂ%@#igf SEQ ID NO 2. 6.A peptide having a §§Hﬁﬁﬂgﬂgﬁonprising
am NRe ALt dSes233-749 of SEQ ID NO 2. 7. A peptide according to claim4
whi ch inactivates AHL. 8.An in _vitro nethod of nopdul ati ng AHL signaling
acti ¥t t YPMAisR ¢ 6lpPils es " EBHEARAL NG AE aPBOMMEE Siah PRAIBERES RF dd¥ording to
any Beratajiian angs dgtaghpent oD Pspydemonas fhionescerssginttlpiant conpri sing
a nuEEMS dxyiakigfl -ciLgit 216101 794184an388%i ¢ non- human ani mal conprising a
nucleic acid of claim2, 11. A nmethod of controlling,a bacterial disease
in apl BassleEi chtcahpri SesosrnApscieer ipduelamiod prRyResc iide
accokle rf?lqrammwnéwgoba@t%#w Fibriophereeyiit'he/-eB3cE85i0h of pat hogenic
genels7 914340 3et d9P3-are regul ated by AHL signals. 12. A nethod of
controlling a bacterial disease in a plant. which conprises transformng
the Pt arieSh Pra Baderer caei frrraador d ﬁ@s‘fF‘%IP&lmSZF?gE%-‘?“}? net hod of
contPHIYNdof iFaaner PAFheIRRHEEY AnaBpVaRia UAWHFtdhAREE® t r ansf or ned
wi t hirdugidios byaend Vaaept dioRpaeging| dp@tone BHLOATAYEREI C 4cid according to
¢l ai Bagteriod .pddili- 880072808 dil?P>+0 any one of clains 3-7 for use in
therapy. 15. Use of a nucleic acid according to claim2 and its peptide
prodbict Gasy apReMpambirhct UPeridiicatien eadetitrduradoptieBt i td Wact eri al
di seafean pukoiagHeEErwWaRE cbhe tlh’@l.néﬁgfi%%%i%&fﬁfcﬁm 94t Hé§&HP c genes of said
bact ety & r eguBdrdd BhempHI26di:gAare-21%76.UdP8%- a peptide according to
any one of claims 3-7 for the manufacture of a nedi cament for controlling
a ba®t erGhal etdedeasEPraduchiamdl, agibrerPIaE ne JREESRY AWIT WL hogeni ¢
genesenffingaisd opad seby agure- iy calant A15GigisdsPagerithe’ use of claim
15 d¥ol6 Rigarteticsabe Aahe@act.s 13 hlkant1295 18283uly 2006 WD 03/ 068951
PCT/ SG02/ 00011 SEQUENCE LI STING <110> Zhang, Lian Hui Lin, Yi_ Han Xu, Jin
Li ngb <1 BpstRARSHONPREAHL " Rebd_ &S EERi: homyptogss pf: 1Al pod 48035 7 <170>
Pat enffertisdspofiBigticoapd exoepzyme yuaducipn. bPNErE2A83. Ral st oni a sp.

carotovora subsp. betavasculorum," Can. J. Microbiol. 43:1164-

1171, 1997.

7. Daumy et al., "Role of protein subunits in Proteus retigeri
penicillin G acylase," J. Bacteriol. 163:1279-1281, 1985.

8. Davies et al., "The involvement of cell-to-cell signals in
the development of a bacterial biofilm,"™ Science 280:295-298,
1998.

9. Dong et al., "AiiA, an enzyme that inactivates the acyl
homoserine lactone gquorum-sening signal and attenuates the
virulenceé of Erwinia carotovora," Proc. Natl. Acad. Sci. USA
97:3526~-3531, 2000. '

- 10. Dong et al., "Quenching quorum sensing-dependent bacterial
infection by an N-acyl homoserine lactonase," Nature 411:813-
817, 2001. : '

11. Dumenyo et al., "Genetic and physiological evidence for the
production of N-acyl homoserine lactones by Pseudomonas syringae
pv. syringae and other fluorescent plant pathogenic Pseudomonas
species," Eur. J. Plant Pathol. 104:569-582, 1998.

12. Dunphy et al., "A homoserine lactone autoinducer regulates

virulence of an insect-pathogenic bacterium, Xenorhabdus -

nematophilus (Enterobacteriaceae)," J. Bacteriol. 179:5288-5291,
. 1997, ' : '
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<220> <221> N-region <222> (16)..(16) <223> unknown <400> 1 gtttgggaaa

gt gggnagcg cgct gt gcag cgccccgecc ctcagccgeg caget cggeg 60 £€§€C
%o

gcgcgcgccg gt gggcgccc ggcggcet gge cggt gt ggcg ccggat cagg 120

t

gdagg

cggacatg} 8@§ataaccg cactgttcgg cgattgccgt caggctca getgact t
Koo

ccagcagyt Ygcgege tccacgegca gecgg-tgcag caattge

July 2006

WO 0§§06§Qé@h£¥3”é¥I¥V00§£§u8&%&£ﬂQ&Q&t&%@@gﬂi&ﬁQﬁg%hﬂ%ﬁﬁ&ﬂéefgﬁﬁgcagcg

t gcg%hsesaagaéfﬂﬁg%%c;ﬁg
gct ggbgeag gtagcgecgce

YGHPEHALEA "OBL LI A0 ) ©929649Co i £9L gcagat
gcccgcagt 4 ccacget ggt gcggat ggcg ggcttgetge

gcagccagat ggcggtggac 420 tcaccgcgcg acgggt ggt ¢ gagcacggcec tggccgaggg
tgcgigccﬁﬂefoQQQQch'%2@019&&%&9%&9%}%& §CRONGEL S GQt §38Eog8cacgccgt
IT

gCt CLAL 59HAPCHICDG
cctteagelg; £99

11 296 a5 106 +9860 961 9AGHRLYYGEL g€ tccgccacca
58! 9FA9%Hi29CCIFCOR - 1GRYCEa6@L C accgt caage

gccggccggc gggce gcgcg %%0" ccggccagca gcgccacgcc ggt gaaggac gaggccacca
- agccy §eChg It HERGRLRANE2OncGLACGAGRIY 9L BYEHE P LonfieaC bEERn £8999CCag]
CgCtQféCféq@fﬂ&ﬂ?&ﬂ?&k%é@tygé 3A2 L4 R3EPPgEL,PYACgaccag cgegtcgecc

ag9coagasal ~LIELGHGGER A%9ens 239 £$30C99F A LL£ QYL Ct €, ggcggeggcec
‘tgccgdasgg; &f9901iL.9G6G, - Qg £gegaccagc cgccacccga acaccgggct ggcggeat cg
gcacgcttgc cggcat gcat 960" ggaggcgagc gcattggcca cgccgagggt gt cggegacg

- g;gtgfsagﬁgow&?igaqu% 10283 , JOCPLAROYR ARG £8a5R 13 caal 8hcigacat

ccgca

1088, .0 adGCl £t n8SO BERSHIL ALLAREEEEEs Sd:Et 9gCgY
gaat fﬁ%&e ccgqgvﬂf% o 5

fls, ©9G0LC GGRY 2bCYRCIRI AL ggcggt ggct gcgect gege

gccgccgcaa gactagagcg 0 " acacaagaca agaccgacaa caggagacaa cgcat

gat gc

agggﬁt Cﬁgn&&t&%clgqc f-%ﬁé%uﬁ%qfﬁ&%%aewg@gﬁwés GHeIpedsh & gHe9gct geg
ccagh LGS o3 Vaet HIFIAAY §RABEHACAL LIYELHOEECagifCOagat cc
gccgﬁégﬁaam&ﬁ gﬁn% gb" £A5 35,24 6C 2469CEaRLdq gykacgccage cteggetatg

gcat gqcct a tgcctacg caggacaacc tgtgcctget ggccgaccag gt ggt
t caaggycga, 460l L0230 éﬁg nb&&E! QY9608 8RR 1CALABEEAL Ge t COL T

. S%Séﬁéﬁff‘%a?%%%%ﬁg

gcttcaaccqg ctatctcaag 1

agg cgcgcgadct gctgcgegge tacat

caccg
caagc

éﬁ%ﬁ¥3 ¢ 1 698090 G r flclx%@26939 gacggect gc

cgccg

g gacacgccgc ccgccaactt cccggccgec tgccgcaatg

‘ccgegh goal, el GROgHC 1 g@ el %qglg 1308, 0R SR, 53 9886032 gagaaggega
attcc

Ccciupee Sbedl Jotend

cgccyy ccdc ag

ftiod & Qgcgéﬁicgtfg%m%&% t89CCg ccgggccgea
ccgt oga caccgt ggcg ctggaccgceg

aactgcagc gcgdgacatg 1920 ccgatcggct coaacggctg ggccttcggc gctgacgcca

CORA2YG SR UGBt 00, ducibolilbt 2008sn ) Q86081 P T SHC!
ct 9C§ £ &bsgggﬁegf?aﬁ&%z paRbEDEId 5ad G seecs
¢y ueanget oG COVgal 5095 GLCLEURET £aNGGhbCG6, gt BeHgATC

acgg
- atcggcttca adcaaggacgt ggcgtdgacg cacaccgtct ‘ccaccggecg ccgcttcacc

tt t t t
L SE0aRe-daanan %qcoggﬁegﬂ&&ac e SaRReRsE! o AAAIOYAs EOBCERSCCO

cgcce gg oy %g? gﬁ tacggcccgg %gc gt'cgat gccgagcggce
ca % gE ggaCC Ca a 9rC ac gccctgcgcg acgccaaccg caacaacac
gg 9 g g gcgcg acg g g

cgot aca%t%gct, gg | L5900 599852998, 8581 895500, 9L g5 0apS
-gggg e qguf d@%é Cgf%glaa%%g L
el atct Bl s Sl °5“;g?;ggg
cceaibgrard sé;% sediay Shbtaost ittt
260:1127- 1130 1993.

24. Pearson et al., "Structure of the autoinducer required for
expression of Pseudomonas aeruginosa virulence genes," Proc.
Natl. Acad. Sci. USA 91:197-201, 1994

25. Piper et al., "Conjugatlon factor of Agrobacterium

tumefaciens regulates Ti plasmid transfer by aut01nduct10n "
- Nature 362: 448- 450, 1993,
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t ggct gacca accccgcgca aaagctgacc ggcttetcgc cggtgatggg ctcggtcgac 2820
gt accgcagc ggctgcgcac gcgcatcggc ctgatcgaga tcggccgecg cct £ 680
accgacggac tgcccggcaa ccgcatcqgat ctgccgaacc tgcaggcgat gatggfdgggo

aat gccaacc tggcgggaca actggtgct4 ggcgacctgc tcgcggcat caa ccacg 3DOO
ccggccc éﬂ’ﬁgé gacgt gcgcgacggc tgcgccgecc tcggccagt tacc 3060

o2l b I?C&&CC&C%% Cg@ﬂcgﬁgiﬂ &tﬁz%‘i%i‘gt i OS2, i@cféaggac 3120

atcgc acgcce 3180
g GEECHGCd! & nedangpiconc 3500

W

ctgc AC0ac a g? a
ggcggg E g 19 P cggggtt%% gat gcgccgc %gggcac%gt acaggccgecg 3300
cacgcac acggc’tccat ‘cgccctgcac ggcggcgagg aat acgaagg cgtgctcaac 3360

aagc ccct cc%%t gggegggf&lgﬂ%cta iggetgjl_;o%t c% gacg 3420

t a

gagfé‘%&&g %Ja%&cgt%% ng ggg accaéa tgcq ogta c?ggggggiag ggig

Cact g 5 SR Aee U ‘itCCGﬁaﬂcau%cg%ﬁl%@gg@eﬁ%&w% ggggs&%tg 3600
g

ft ?f °fc§§ ggzl%%%ii‘agf% Siadlia Dbt IIRED S720 s
/5%%% % ?g‘t gac ctg cct gt gtccg tgt 3743

24 J8%
;ﬁlo,ilgé ﬁ2§1> 7945{ :!L2> PET <§ X Insre SPOr < (1 I\@t g/et Gn Gy

e a Ala Leu Al a
Ay @ "%‘“ g Ser Asp Th
Ay g g?e?aﬂ?f énﬁllﬁﬁgrﬁz eﬂ’%atllho% giﬂje P;o Hlos Ilre
Arg 9asn Asp Tyr Ala Ser Leu Ay Tyr Ay I\/bt 50 55 60 Ala Tyr Ala Tyr

P ﬁggs %g; Hil breee %ﬁ Lo T
er
gy er S A X #S}C’f ?gﬂg% @193 AR Gln 115 120 198 et
Ser u at r eu_Leu. % hg%_:a eyrggfl 0,135 140
R
5 AL sl o g

165 170 175 I\/bt Gy Au du Lys Ala lle An Ala Ser Ala Gy Ala Met Leu
Ala 180 185 190 Gy Ile Val Ala Ala Gdn Pro Pro Ay Arg Thr Pro Val Al a

arg &PRORRD" 210 B teigoahageSamlonaae wo bRt e R nERFEES ooott
: the invention described herein and should not be-construed to

limit the appended claims.

EXAMPLES

Example 1. Bacterial Isolation.
[00043] A bacterial biofilm sample was collected from a
water treatment system and screened to isolate AHL inactivation
bacterial strains. The bacterial mixture was suspended in
sterilized water with shaking for 1 hour before spreading onto
YEB medium (yeast extracﬁ, 5 g/1l; casein hydrolysate, 10 g/1;
NaCl, 5 g/1; sucrose,’ 5 g/l; MgSO,7H,0, 0.5 g/l and agar, 15 g/1)
plates. Individual colonies were restreaked on new plates to
‘ensure purity 6f the isolates. Bacterial isolates were cultured
in LB medium (tryptone, 10 g/L; yeast extract, 5 g/L, and NaCl,
- 10 g/L; pH7.0) in 1.5-ml Eppendorf™ tubes or 96-well plates at
28°C, with shaking, Avernight,'and assayed for AHL inactivation -

~activity.

17




Gn Leu Arg Asp Met Pro Ile Gy Ser Asn Ay Trp Ala Phe Ay Ala 225 230
235 240 Asp Ala Thr Ala Asn Arg Arg Ay Val Leu Leu Ay Asn fro | s Phe
245 250 255 Pro Trp Thr Thr Thr Asn Arg Phe Tyr G n Vai H4< Y Val

Pro 0 Ay Lys Leu Asp Val Met Ay Ala Ser a Phe Pro
Val Val QO%"?’E 8%%‘0 285 Ser Ile Ay Phe Asn Lys Asp ValﬂéArﬁsa(ﬁ%‘ ﬂr H's Thr
Val ggbn%mé 290 295 Bt iGayiAhIBAsSs Thr Leu Phe GQu Leu Lys Leu Al a
Gu ro 305 310 315 320 Thr Thr Tyr Leu Val Asp Ay Thr Pro His

y
Lys WQPO*#HE) Thr Teeg) bagterislagpliase t\?albeAlaéspﬁ%dAE%S valixedy ¥1tBy pro Asp

G y-éhgegaalqré&ﬁ{egc@ &rEBp mé&@m@%r&%@n%g gm@ gyr Asp Thr Ile
Tyr. d Val Leu Ser Met Pro Ser 355 36 Gy Mt Pro Trp Thr

Thr @wogygnwkwnmsgrgee Apgtonsg WOéILMoom@l%‘é@rﬁéﬁ AVBeAsSn Asn Thr

Arg 3 AF)'éc\i/@!LeéSptcs%’oﬂ;{ R E@Hcﬂéulrhﬁd‘_@ﬂé G fhe 3802 A0bB M x400e Hha Arg Asp
Val Asn Leu Gy Ile 405 410 415 Pro Trp

Val A@ﬁu¢ﬁ¥e¢|%t/féﬁg’crrﬁ°rA§ptﬁré lmlfi-”sca iOA#@Wﬂ#abxétP PHEUtE20 425 430 Al a

Asp g%%r§§iz§%ﬂoﬂwﬁhdaﬂ3Uﬁsmlé?i Prioy Ao ébﬁtéiﬁhﬂ§ﬂ2d3m1 &Mgagé35 440 445
Cys Ala Pro Ser Pro Leu y_Lys Leus‘g)D Mﬁ%s . Leu 450 455 460

val Pmedipey (&E50Q \l&er Hlg &FOnr4cy Lbro 465 470
jé? 2%%0 /315@ §ﬁ@//§r Océ{@iZ,Pm i@gYL}\-/Q*llhdAZ\[?L i\lsﬁg@o (N@)ﬁog Ne10 Ry/a.; V$_I Lﬁu

r r a a n e, r r eu
The T80piEeh, A A/birEl 2D PRt TR R S e BIE T it Gy
Ser Yalol915ps2yddrtdpydandsliye 2@@-&5a1¥®403ﬁ@ﬁ1&9}51w££§|'/1:ﬁ%3&66011 Asp Val
Pro Gn Ar Leu Arg Ar IIeGI uIIeGI go 535 540 Arg
Arg Ebg AP Liy %Pe/fgﬁﬂwg s gt ord Plylﬁéhdi\ré“ /i%/p PE8 545 550 555
ggg g??@rﬁﬁ@dbﬂhc@ﬁ (AlpprdRimht€l Phie cheinAsdih . ASERaeL@L'lgAIra Gy dn 565

eu Val

580 BB3esBEcHRp: HaEe Rgp%\trﬁFgﬂﬁe%Lﬁ?ua@%%Ey%lﬁQ‘ér%% : T@%f LOTrAIpaAsF,)LOArg
595 ¢0Q 60p offlun I8r adam Abaidsparl ahAnhgARl.aidiicdficr lcedlPhe Arg G u Phe
ph RAGTOB3SL RS IS CIRte SO 8ol SRR THF Pro AT 6 §7Tbu Arg Mt
Asn Asp Ahacdll suspension with an optical density at 600 nm of 0.4)

were spotted at progressively further distances from the loaded

samples. Plates were incubated at 28°C for 24 hours. A

positive result for AHL inactivation is shown by the absence of

blue colonies on the slice. A negative result for AHL

inactivation is shown by the presence of blue colonies on the

slice. For assay of protein for enzyme activity, total soluble

bacterial protein-was incubated with 20 uM of OOHL (or other

AHL) at 37°C for 1 hour as the reaction mixture.

Example 3. Identification and Cloning the gsbA Gene.
[00045] Two bacterial isolates from the biofilm sample with
" distinct phenotypes, XJ12B and XJ123, were found to possess the
‘ability to inactivate AHL, with XJ12B showing stronger enzyme
activity. The XJ12B isolate was cultured, centrifuged and
sonicated. The strongest enzymatic.activity was associated with
.the cell debris fraction rather than the soluble protein and
supernatant fractions. These results indicated that the AHL _
inactivation activity is membrane associated.- Sequencing of 168
- rRNA was performed to identify the XJ12A and XJ12B isolates.
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645
Val

Adn
Au
dy
Adn
Leu
Asp
Phe
Arg

650 655 Val Arg Thr Ala Val Phe Lys Ala Leu Lys Gu Ala Val Ay Ala
660 665 670 Arg Lys Ala Gy Phe Ala Leu Asp Ala Pro L%ﬁiﬂc‘;ﬁlﬁ/ 8’ Val
Ala 675 680 685 Ala His Ala Pro Asp Gy Ser Ile Ala L & y Ay

a uw'{)yory(]%gg)l 695 700 Au Gy Val Leu Asn Lys Leu gabc'g%()hsu Prolle

705 710 715 720 Leu Pro Val Tyr Phe er Tyr lle
E*He ‘i%'s ]EHNAPQ@q&ém:e?sZ%f?%Qegé%soﬁﬁte@ %h@vﬁdpg‘?)% \é&ld Ay Asp Ala lle
Thr Tyr Ay Ser Thr 740 750 Asp His Ala Ser Pro H s Al a Phe
G@?HIVBFYN ﬁe%P%cq'-WeBbr Wity tl'r%% %@%OHWSGFF@H#% Asn Arg Leu Pro

Soodsy Al a pbaihber AR eB gl dCodiiRy H39 ARLOiMhG LRl ilays Val'
Leu Ser A n 785 790 6 24 Julgy 2006 WD 03/ 068951 PCT/ S02/ 00011 <210> 3

<211 7@5nid21idbrary R IHI0DClpnes oire annstaaohsd3inet. SmliavgtBer Pro Phe

Ser

dy.P

dn

Leu

Leu
Ser
Val
Pro
Al a
Asp
Asp
Au
190
200
210
Arg

%ﬁfe YahomeL bﬁiﬂﬂ %%gsacdﬁf Uil x%1é9.15%?ﬁ&%csnirﬁ Sehomeu Leu Leu

o Leu Met a Ser 20 25 30 r Tyr @n Val

b @splAtgdmulw:@mH §p@ gtiaEn POL2EBHas0pastinkly (dagskedl a Ser Asp

%ﬂ: GSXuE P{e Tﬁ'ésugtﬁné PN%Eﬁ'ralg?f'ﬁen%o wgg 631%%%% }?U t’ﬁlea GGyn GAﬁ pA'rA‘Sn
mmhehpsulaw ,@a;nr@ FiGeyof yeosphird \wglct@s DDABR3 (24) GI §Fh|9he An Pro
GAes DO R0 o B o T B I G n 1T Leu
L@i:méﬁgang) Giyd Mameﬂeczxpé ate VBl i RHatpha133Fhess 40 Leu Arg

0 155 160
#H 1akre ﬁéee‘g‘éh drepieP sEF ge%% %‘% 1ﬁggtf§§tﬂe€ a&%é%g 165 170 175

apssomldangl éo Qe Ameatt@@irs Apacdledyin Meemple %emsm@qqﬂév FHr 180 185
'g‘lu.@séfrgtgr 0 & c&, d '%J.ﬁ‘gsfe %ﬂor@ a{gﬁ%ﬁilﬁﬂwﬂ alcﬂr&ll%rlgdp“ég Pro 195

Leu Ala Phe Asp Leu Pro Ile
mwzgg A@ylmtm@tlgnyaqﬂ’-pvma Flee 19user1@ LsJAIO@ thr TEP Asn Ay

subclone the gene encoding the detected activity, cosmid DNA
from the positive clone pl3H10 was partially digested with Sau3A

‘and fused inte BamHl digested cloning vector pGEM-3Zf (+). The

plasmids were ligated and transformed into E.coli, and the E.
coli were assayed for the ability to inactivate AHL as described
in Example 2. Clone p2Bl0, which contains a 4 kb insert, -had
AHL inactivation activity (se? Figure 1A, slice 2). The TGS™
Template Generation System ¥F-700 (Finnzyﬁes 0Y) was used to
mutate p2B10 plasmid DNA by randomly inserting the artificial Mu
transposon, following the manufacturer’s instructions. Plasmid
clone p2B10, which contains ﬁhe 4 kb insert containing the gsbA
gene, was used as a template: ‘Fifteen mutant clones were
produced, and none was able to inactive AHL. Bacterial cultures

of E. coli DHbU containing pMUG3 and pMUC6 are shown as examples

in Figure 1A, slices 3 and 4; respectively. Plasmids were

subsequently purified for sequencing using primers supplied in
the kit.

Example 4. Sequencing and Sequence analysis of-the gsbA Gene.

-{00047] Sequencing was performed according to known methods

using ABI Prism dRhodamine Terminator Cycle Segquencing Ready

| _Rea¢£ion Kit (Perkin-Elmer Applied Biosystems). The 4 kb

% 1
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225 230 235 240 7 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 Gy Leu Leu
Leu Ay Asn Pro Hs Phe Pro Trp G u Thr Ser Asn Arg 245 2(5)9%)2)5 9@16 Tyr
G@n Leu His Leu Thr Leu Pro Ay G n Phe Asp Val Met Ay 26 3 Al a

Ser Leu %o 931 Met Pro Val Val Asn Ile Gy Phe Asn @9 5 280 285
Val v@r H's Thr Val Ser Thr Asp Lys Arg Phe %&/ /0%?17 290 295

300 @x%gh@ﬁtﬂni:o;he@uc\é@é &me%as%mﬁ&d@u sequelyéd Vé@d |4'¥§ s@@p‘mG y 305
310 315 320 dn ﬂln Arg Ar Leu dn r Thr AI a ﬁlv"%l‘“ Val Lys
Thr 372 Tabdesds e BPBEAMES 1B WY FRATHRG T Glsine T
_FF’L o gdélce;%‘&(idéé%ﬁﬁﬁ) aCimE[r gthed &/@ﬂorﬁsa’hd_@UTBAOs%@ aﬁdc&)rﬂ ysEQeapnThr Trp
r Pro n r a Ala Asn Arg Asn Asn
Thr A% e nEEge@.‘?’Og %@G%GAﬂ'T aSﬁAgp %géwgPﬁg WRPEY Ala Lys Ser
¥a| gﬁlﬂ:a%ﬁe_lls_hé ?f@a N@@Eﬁ:ﬁ&%@dé@ﬁ Eﬂgﬁnpl% B,Sehikedpdsnredding rhg |1l e Pro
rp Va n e a a_405 . 415, Asp Arg Al a Ser, a_Leu Tyr
Al a ASp thfe coglngreEAn ﬁrfotR?nAﬁfizf)“ lvg%ﬁ%age@%'r %%‘gﬁa&e A n Glyn
ﬁl a %@A\T/hlr AEpatEtpvé’rﬁHo@umAI Bli?di!)ng 435 A4QCEASR) Ly Rlwmtddo6Ala Ala Ay
eu Al-a' Va eu 50.455 .460 s JAsp Tr.p Lys Thr
hop BROSAPRLES USSR 9B 18 SLTeh MG SKAF AR40 U TIRRY o Aap Lys
Met Bamldalr)leu Ile Arg Gn Asp Phe Val Ala Asn Ser 485 490 495 Asn Asn
Ser Tr Leu Asn Pr Ala Pro dn 0 505 510 As
P‘r'o"%@ @‘ﬁ %‘?“%ﬁ % 18P o SRYReISS %QHSS% 1%(‘”7&%01 515 520 525
Met gonyb@gbthaé £ 1ndhe sBrvchlige A6H d-cﬁuLeﬁeﬁnQ{ya&'@Ias%ep (@A;Csueanaw 535 540

24 Jul WD 03/068951 PCT/ SE02/00011 .Pro Thl’ Phe ,Asp || P
o BRG] AP L TR FF ol Ry S8 e s R BEP SR SRES B o Thy O v

g U Mebbuhyt Akgad fatfisih AllE, ABa) LysThete 6% 58@1:53&1@&31&01 n Ser Ala Gy
y

Ar g %‘Pgeééﬁaéggtg‘hn ‘g%“geio%ge@€ 2%@ bﬁ% E8§O3 2 590 2t AIT?pT,rA\PgAépu
Phe TremAtfeArgrét sA78.90 Ahe Lbagfsd dAsm \t@ladIng Atan@]dh@lﬁaswetl Val Pro
Phe 2 aﬂ%nor%céhg,Asftpropg%hlA%QdTﬁglecu ar %engt égg%B Daltons.
. The deduced peptide has 78 strongly basic and strong acid amino
acid residues and a predicted isoelectric point of 7.48. The
first 20 amino acid residues of the assumed open reading frame
appear to be a signal peptide.
[00049] The peptide sequehce of gsbA deduced from the-open
. reading frame shares 40-52% identity with AACs from Deinococcus
radiodurans strain R1, Actinoplanes utahensis and a putative
acylase frbm Pseudomonas aeruginosa, The AACs’ catalyze
deacylation of their substrates. These AAC genes are translated
as single precursor ﬁolypeptide and then processed to the active
© form of two subunits. By alignment with the peptide sequences
from D. radiodurans strain Rl, A. utahensis and P. aeruginosa;
‘Table II, the presumed o and f subunits are located at amino
acid positions 36-217 and 233-794, respectively, with a 15 amino
acid spacer between them. QsbA shares less than 28% homology
‘with peniéilliﬁ G acylase (20) and cephalosporin acylase (21).
 See Table II. The amino acid sequence alignment in Table 11 was
analyzed by the Clustal W program available from the European

Bioinformatics Institute website {http://wuw.ebi.ac.uk).
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- 625 630 635 640 Thr Ala Asp Pro Ala Ala A n Thr Ala Leu Leu Ay Ala Leu
Arg Qu 645 650 655 Ala Ala Ala Ala Leu Thr Ala Al a Gyll4ér102&&e) Asp
Ala Pro Leu 660 665 670 Gy Gu Val Gdn dy Val Val Arg G@ A/ Phe

Il e Ser 675 680 685 Gy Gy Ala Au Phe G Leu Asp Lys
e Aspwbﬁ’gmﬁgni Pro 690 695 700 " Leu Ala Pro Gy dy o yfsy;}&%r@l‘"é y Val Val

Ay Bxamplla Ser Fesrdydion/@F The @3ba @dhe.lle A n Thr Val Ay Phe Thr Asp
Ser Adn Ala Ay Ala Val 725 730 735 Leu Thr Tyr. Ser n Ser Ser
son DOBORBL Ser B8 Rinendegdpnach TR bAs o550 Wih THLIEGA LY Phe Sor
Arg $er Gsindr® Asdwdns paelr 9*Phe Thr 755 760 765 GAn Pro Qu lle GQu
Ala Asp Pro Thr Arg Thr Val Val G n Leu Ser 770 775 780 Gu 785 9 24 July
2006 CHMEEA SRS tACHAESLERETECTT> (FE050 MOV 288435 PRT <213> A
ut ahersesse PPl Vbt CEoraserciercdncddercArgedacriys3'Al(@edl apAla |le A a

Phe @y 5 10 15 Val Lle Val _Ala Thr.A.a Ala Val Pro Ser Pro Ala Ser Gy
Arg % 5% %n%%lnlllﬁgs%ﬁg‘ﬂl@ﬁgéﬁo@yrmﬂt&lﬂtéoﬁﬁﬁw% Arg Arg Al a Ser Tyr
Ay Yekpedbiddl¥s Ame HnpllilFeedhpcllpmromptlspeRhaiigdestser ukétigdy Phe Ay

Vol O B9 SDiRL SR N 2 A fep fep e sl g e G s
Ay Bequéspe 85f AhdlubaphAbae ASptials fargsEh(cThy deare fekieThth& n Ala Il e
Val RBRPE of b peopsteydsp Sl R R R e T e g Oy Phe
Val AbduGiyldylad\proid@or3inldfctdd paiXe 2 e (Akegstmg PHarn&ryayateo Hs Arg
SRV R NCTRREREORE ST NIRRT RN EATINE
Arg AodiGhiyd Setprdssefl.a Leu Leu Asp 180 185 190 Ay Ile Val Ala Ala Thr
7S ToROREL 112 AL R A ehRaPRahim e G v A 2 Pro o

recombinant E. coli cells harboring the GST-QsbA-encoding fusion

construct according to methbdé known in the art, based on the

mefhods described in Dong et .al. (9), and assayed. for AHL -

inactivation. The total soluble protein from E. coli containing

- GST vector only was used as a control. For the bioassay, 50 ul

of the soluble protein preparation (20 11g/1l) was added to the

same volume of 40 uM AHL, e.gg, OOHL. After a 1 hour incubation

at 37°C, the reaction mixtureiwas assayed as described in

Example 2. Representative data, shown in Figure 1B, slice 1,

indicate that the soluble GST-QsbA fusion protein effectively

eliminated OCHL activity. j

Example 6. Characterization of the Substrate Spectrum of GST-
: OsbA Fusion Protein Expressed in E. coli. :

[G0052] To determinate the substrate spéctrum of QsbA, total
soluble pfotein extracted from the recombinant E. coli {pGST~
QsbA) was assayed for inactivation of AHLs with acyi chains of
differing lengths according to the methods of Example 2. The
following AHLs were synthesized accoxrding to known methods as

'described by Zhang et al. (31): (1) N-octanoyl-IL-homoserine
lactone (C8HSL, OOHL); (2) N—decanoyl—L—hoszerine lactone

| (C1DHSL, DHL); (3) N—B—oxohexanoy;—L—homoserine lactone (3-oxo—-
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Sex

Pro
525

535

Thr
H s
Arg
Thr
Leu

) Val

215 220 Ser Ala Ay Ile Ay Ser Asn Ala Tyr Ay Leu Ay Ala G n A a
225 230 235 240 10 24 July 2006 WD 03/068951 PCT/ S@ég}%g%@%/al Asn
Ser Ay Met Val Leu Ala Asn Pro His Phe Pro Trp Gn 2 Gy

A uwy9oRog Tyr Arg Met His Leu Lys Val Pro Qy sE¥d00600 265 270
Gu yAIaAIaLeuIIeGy%pProIIellegcﬁslleoéqy 275 280

ldesiSAs NORKHTY) Tht4 Val-fAoxohepafeyl-Hi-<holMse¥ahe Seacdiie Al3zodbg Arg 290
he Trp H s, Arg Leu Ser leu.Val Pro d Prao Thr Ser Tyr

S3gushe adfnnd Pl i B dupf 5y B e R SR SR ACToRPG The Vel
&8HSB250680) 335Thddbutiilr abiyh&eyl @steliso oYalN-[BesxdekahloylPhe. H s Asp
r . 340 345 350 Gy Pro_Val. Al a.Val Val . Pso G.y Thr Phe Asp Trp
Behortking, e prtipal b Pt RN B Bty DA "2 T,
AogoAkaiPhel #sipor8y riz’hs 13Batamdly ahd I-bexAngl Megsgaoti@edyAl anlLys Asp

L 0 0 I Q.H s Phe Leu
8 GPshite i i LiRgiE ap o 08T ALEt TRty A A Lo
GepchAdpn Hirgs SepndizdtedhatPE0° Ar fpr £2Mioti2s 480 Mad pifluduGty wemeleu Al a

. I . ro P 35 440 445 Leu Tyr Ala Ser Ser
él"%lgigdv%f %%%%‘%“@nsggr%%ﬁép B 450 455 460 Cys Ala Leu Ay
ASPOBBD Asp PslA AtermplaltePyoitGhytivardde @OBLY NABSoxdddeAT®yA80- Pro Al a

. Val P T . 90 495 As
opk21n8 itk Mh L L3R dpdecationt oo 87 V(BT 00 "S5 510
mhgchl bateaddly oksxin@ ofABg Thrarer d2AcgrBens | exesiragtiNelpy gat 515 520
u d I €] r Al Y. r Leu 530
£ Tierih e stad Sifteabey Beblins Go PR BRY &y Pre
Thechlivated N-dirdatan@yd-Vahombterine (GHE:) 878 BHD-dEEmn®§Fl-LAsn Arg Met
. U |. Ar a 575 s Ar
@D#@%%l%fb'ﬁﬁd ¥ﬁ’rl°ﬁl i efaﬁlg ‘Ja%;l% éflA% ?%T“ﬁ?ﬁ“ﬁéﬁsf%s ?s/ao Leu
AkgpAtel Gyky Tidatal adteghSen) Ar gicRiegess puder Arlye AlageAspactisn 600 605
éﬁﬂdﬁioffg ’g ééﬁh "Na@l Ii“egsLfHagﬁ%a-EqﬁgGaHtfgftyL%ﬂbﬁﬁg y Ay
oxohexanoyl—L—homoserine {(OHHL}, which has an acyl chain of &

carbons {data not shown).  The total soluble protein extract

“from control E.coli (pGST) did -not show any activity against

AHLS_(data not shown). ) _

[00054] QsbA also completély inactivated the butyl and hexyl
esters of N—BJOCtanoyl—L—homoserine (data not shown). These two
esters of N-fB-octanoyl-L-homoserine showed comparable induction
activity with OOHL when assayed with the AHL reporter strain A.
tumefaciens NT1 (traR; tra::lacZ749) (data not shown). AHL-

- lactonase {encoded by aiild) did not inactivate these substrates.

These substrate specificity data are consistent with

identification of QébA as an AHL-acylase.

-Example 1. Purification of AHL-acylase encoded by the gsbA gene
[00055] The GST-[AHL-acylase] fusion protein was purified

using a glutathione Sepharose 4B affinity .column following the

.manufacturer’s instructions (Pharmacia). AHL-acylase was

cleaved by digestion with thrombin (Sigma)}. Protein

_ concentration was determined by measuring ODsg,.
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610 615 620 |Ile Arg Phe Ala Asp Thr Phe Qu Val Thr Asp Pro Val Arg Thr
Pro 625 630 635 640 Ala Pro Phe Trp Asn Thr Thr Asp Pro gép a&%gg Thr
Ala Leu Ala 645 650 655 Asp Ala Cys Asn Ay Ser Pro Ala S Thr

Arg Ser 660 665 670 Asp Ile His Thr Asp Ser u Arg Arg
Il e leﬁad?”“g”s Gy 675680 685 Ay Arg Ay Gu A *‘%'a%%‘mgphe Asn Val

e gbboéaﬁ] Pro by ali 930 RR-d0PadY Qo An¥abay ¢t BoarGrorval Val
Hs Gy Thr Ser Phe Val Mt 705 710 715 720 Al a Val Gu Leu Ay Pro H's

Ay RfomSartesyand chg wellpgive er@yng 25tizdtyuas Baasprgadd¥ Ser Thr Asn

P i | Tyr Ser A
Lys ERfeiiinfhd qif sReioflod donn Sl ol rerefiddn 7’5“%‘7‘“‘25‘“’*‘%"*% e Ala Aa

Asp Pootadneded W POMI amdr appgt @i 6 Mgaﬂélﬁaﬂybasfeio‘LW%t?ﬁé Ay Arg 12 24

Jul'y 2906 ONQW%%%()F’QI/ S0 DUk 52109h8 resddclionklhers212>. PRT <213>
P. aeruginosa <400> Met Ser Arg Pro Phe Arg Pro Pro Leu pO_ﬁ%e G u Thr

Thr s&ppped by @d%:lr%l of }% MRS Asfonsr leafing PrHheceyspEy dy Met Leu

Leu geife:?ﬁinggléﬁ SO tHEbolEt a & BriNa) m@sncé\kﬁlééﬂvd‘&tlnpro Arg Pro Thr Qy
Leu Ala 35 40 45 Asp Ile Arg Trp Thr Al a T%;r C-qy Pro Hs Ile Arg

Al a BV@dABEll'B%)t%S @@L-ecalﬁ?% FIrac éoiﬂLTgrP y Tyr Ala Tyr Ala
Arg A3RpAsRtupSs Prot 2&042%%% lew.LegeAl al@me @.u The dptimr Ala Arg

Gy Gu Arg Ala 85 90 95 Ar Phe e ex Ser Ala Gu
‘Leu ASPPAXALYES f‘i’?)(?nf(yglel’i‘ﬁg?’f%t% A?ﬁ%flﬁ £?’% ﬂﬁl%ﬂlxi‘mﬁ'? ﬁieu Asn G n
Pro @gucAl apbest B tehberiBQrd Abighim ﬂﬂ!aﬁ T2pC GlevAlazed enEpmePro Al a Val
Arg A n Leu Leu Gu GI 130 13%11%3_{) f’é Ala Al a tqutphe ésn aA%;g Phe. Leu
Arg GCHLRLEY pRRRRRlY hPPLy! tpgs epgyme 9FtigdtY9dSPeliyy an Pro
Trp ld@@eéﬁlﬂné‘éif | F1ee ed}n,—’ébgrléé@ tﬁ@palaélﬁezvéfﬁ nal.:ﬂhbwl_eptAmglLBHl Thr Arg
Arg Leu Leuy Va d.n 180 85 190 AI Asp Al a Leu
Val APRIR| Er%mapfbr% EPr%/’ g-%w e%;%‘w? Yal TH®s Cﬁ’t}% 8¢
OOHL inactivation by the purified AHL-acylase was determined at
" 30°C. See Figure 3. After 10 minutes, more than 82% OOHL had
been degraded; the reaction rate was estimated to be about 55

- pmols per ng AHL-acylase per minute.
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"Ala Leu Ser Ay AQu d@@n Ala Phe dn Val Ala Gu Gn Arg Arg G n 210 215 220
A.rg Phe Arg Leu Qu Arg Gy Ser Asn Ala lle Ala Val Ay Ser Qu 225 230
235 240 13 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 Arg %r %goae Asp Gy
Lys Gy Met Leu Leu Ala Asa Pro His Ph6é Pro 245 250 258 eld a dy Ala
Met Arg Phe Tyr A n Met H's Leu Thr Ile Pro Ay 260 265 270 Arg Leu Asp
Val Met @iyréka Ser Leu Pro Gy Leu Pro Val Val Asa 275 280 285 Ile Ay
Phe Ser Arg His Leu Ala Trp Thr His Thr Val Asp Thr Ser 290 295 300 Ser
Hi s Phe Thr Leu Tyr Arg Leu Ala Leu Asp Pro Lys Asp Pro Arg 305 310 315
320 ArgqT I [0 e .du du Lys Ser Val 325
330 335 ‘ATH h%é%léql? @Zﬁqdfr%c%r%liﬁa e&%%&d[;%) ‘Léi Ser Arg Val Gu His
340 345 350 Lys Val Tyr Gdn Ser Ile Tyr Gy Pro Leu Val Val Trp Pro Ay Lys

355 360 365 Leu Asp Trp a Arg Ser Au Ala _Tyr Al a r p Ala Asa
Cou 370 479 LAt R T PV ISP QG0 i Ty GBI b Asa G n
Ala Ser -888r399p38R5:400 Asp Val Ala Asp Leu Arg Arg Arg Val Gu Ala Leu

Gn Ay Ile Pro 405 410 415 Trp Val Asa Thr Leu Ala Ala Asp u dn Ay
Asa Ala Leu Tyr Met 420 425 430 Asa G n Ser Val Val Pro Tyr Leu Lys Pro

Gu Leu Lle Pro Al S . 435 440 445 A a lle Pro A n Leu Val .Aa Qu Ay
Ceu Pro A e iah B e 2 ue a0 R AR & g E e B ser g
Asp Pro AbasAsaiAbact mudAlaotdyes465347964950486E01tp Nt Pro Ala Ala G n
Leu Pro Val Leu Leu Arg Arg Asp Phe Val: 485 490 495 dn Asa Ser Asa Asp
Ser Ala Trp Leu Thr Asa Pro Ala Ser Pro Leu 500 505 510 G a @y Phe Ser

Pro Leu yaly ?%F TaCls ) ga%il& PR ddend lédﬁfo%ﬁfn% lamp?G R, Ala Arg Tyr
Al a Leu Ser ré) Leu n y Lys n Pro Leu Qu Ala 5 535 540 14 24 July
2006 WD 03/068951 PCT/ S@&2/ 00011 Lys Thr Leu Gu Gu Met Val Thr Ala Asn

Hi s Val gh Ser %I% p_.545 550 555 560 G n Val Leu Pro Asp Leu Leu Arg
Leu Cys rgkAéjﬁp CAMMVEY @ FHBEETSF0 BTETEPEISEM U CATESArg Ala Oys
Ala Al a keuxiyacd srdropAsp: A#g Gy 580 585 590 Ala Asn Leu Asp Ser Ay
Ser Gy Phe val Tyr Phe G n Arg Phe Met 595 600 605

6. A peptide having a sequence comprising amino acids

233-749 of SEQ ID NO: 2.
7. A peptide according to claim 4 which inactivates ARL.
8. An in vitro method of modulating AHL signaling

activity which comprises contacting said AHL with a

peptide according to any one of claims 3 to 7.
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Gn Arg Phe Ala Qu Leu Asp Gy Ala Trp Lys Gu Pro Phe Asp Ala 610 615 620
G@n Arg Pro Leu Asp Thr Pro Gn Ay Ile Ala Leu Asp Arg Pro G n 625 630
635.640 Val Ala Thr A n Val Arg Gn Ala Leu Ala Asp A 6}4'3111?11/6‘5@066‘ u Val
645 650 655 Gu Lys Ser Ay Ile Pro Asp Ay Ala Arg Trp Gy Asp Leu @ n
Val 660 665 670 Ser Thr Arg Ay Adn AQu Arg Ille Alalle Pro Ay Gy Asp
Ay H% A6¥52680-1685 piRPne GoypYabifyra Aswcldlia klkedGof Sesivatl. Arg Lys Gy
Asp His Leu 690 695 700 GQu Val Val Ay Ay Thr Ser Tyr Ile A n Leu Val
Thr Phe Pro Gu 705 710 715 720 GQu Gy Pro Lys Ala Arg Gy Leu Leu Ala
Phe Ser0.Gan tBensSenidspor2biné30 andhal PolpAr¢hirbera Preldis IyidAsgy Asp A n
Thr Gflsi Leu ,Phe Ser Arg An 740 . 745 . 750 A n Trp An Thr Leu Pro Phe

Ser' ﬁlﬁré'e‘in Ile Asp Ala Asp Pro 755 760 765 Gn Leu A n Arg Leu Ser

Ile Arg Qu 770 775 15 24 July 2006 WD 03/068951 PCT/ S&2/ 00011 <210> 6

<211> 33 <212> DNA <213> Artificial Sequence_  <220> <223> Forward Pri ner

for the sBATEREY A0BY b et ifatcbactgat dtadbrrdicdetgePdadc 33 <210> 7

<211> 13 ch<2bapr DOV <2dden Atldrdingl ab Seauente. 23pr7ae3> Reverse Priner

for the (sbA gene <400> 7 cgcgaattca ccggcagccc fcatgcgaca ac 32 16
according to any one of claims 3 -7, wherein the expression of
pathogenic genes of said bacteria are regulated by BHL

signals.

12. A method of controlling a bacterial disease in a plant
which comprises transforming the plant with a nucleic acid

according to claim 2.

13. A method of controlling a bacterial disease in a plant
using a bacteria transformed with a nucleic acid according to

claim 2.

14. A nucleic acid according to claim 2 or a peptide

according to any one of claims 3-7 for use in therapy.

15. Use of a nucleic acid according to claim 2 and its
peptide product for the manufacture of a medicament for
controlling a bacterial disease in a mammal wherein the
expression of pathogenic genes of said bacteria are regulated

by AHL signals.

16. Use of a peptide according to any one of claims 3-7 for
the manufacture of a medicament for controlling a bacterial
‘disease in a mammal, wherein the expression of pathogenic

genes of said bacteria are regulated by AHL signals.

17. - The use of claim 15 or 16 wherein said mammal is a human.
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