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| NVENTION Field of the Invention [0001] This invention pertains to the
field of wa@mebsn biology. In particular, the invention r@E/stesod® an
N-acyl honoserine | actone acyl ase gene from Ral stonia sp. XJ12B.
Description of the Background Art [0002] N-acyl honoserine | actones (AHLS),
al so known as autoinducers, are w dely used quorum sensing signal

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. GCerRALHNONTARGlhCYeASENGEND| ecul es are highly
conserved and share an identical honbserine |actone noiety. The | ength and
structure of their acyl side chains are different, however. Although the
target genes regul ated bpAGKEROUNDAOFf BHENINVYERT EPNa species are vari ed,
basi c gfcpgnignglof AHL Eiggynthesis and gene regul ation are conserved
anong ecies. [0003] The general feature of
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concentration, the expression of certain sets of target genes are
triggered in the bacteria. [0004] Bacteria using these signals rel ease,
det ect papd, § §8PORU. £t enbheaagguBUhat hep of AHL signal nolecules for
synchronizing expression of a particular_sets of genes and coordinating
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PCT/ SG02h900tam-negative bacteria. These compounds regulate certain

classes of target genes in bacteria, such as virulence genes or
biofilm differentiation genes. Generally, gquorum sensing
molecules are highly conserved and share an identical homoserine
lactone moiety. The length and structure of their acyl side
chains are different, however. Although the target genes
regulated by AHLs in different bacteria species are varied,
basic mechanisms of AHL biosynthesis and gene regulation are
conserved among different bacterial species.

[0003] The general feature of AHL-mediated gene regulation is
that it is cell population dependent (quorum sensing). Bacteria
secrete AHLs into the environment; extracellular concentration
of AHLs increases as bacterial cell populations grow. When AHL
accumulates to a threshold extracellular concéntration, the
expression 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 molecules for synchronizing
expression of a particular sets of genes and coordinating
cellular activities within the bacterial cell population. AHLs
are involved in regulation of a range of biological functions,

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



conjugal transfer in Agrobacteriumtunefaciens (31), induction of

virul ence genes in Burkhhol deria cepacia, Erwinia carotovora, Erw
chrysant hwa 03/068981 stewartii, Pseudononas aerugi nosa, and pCies@rhedhdus
nemat ophilus (3, 6, 12, 17, 19, 22, 23, 24, 26 regulatlon of antibiotic
pr oductouiugal PtranséefatheAgrahd ckewnd umc sHaE a@ﬂén(% (326), 19@@@*@@@
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r el evanatwbi chegseakthehipcErens stentrdlilied Pspulidboneemaenrugdnbeal, nwestt i gat ed
(2, 5, 005 er._of plant, .aningl d mapg.,bacgteri pat hogens
use' AHEeﬁﬁ%Pﬁhggén%Fﬁatgp h&FE ég rgguﬁgfeEZXpigés?gh g?' ggfhggéhic genes

and alﬂegﬁléhﬁoﬁobﬂahhembﬂbtbb0§kbﬂﬁct1$heﬁﬁf@TeauAHbfquﬁéu@}aﬁﬁsEm@'Signm
nol ecul es are grou nol ecul ar targ%is for genetic an
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or redgf@ éﬁs B@b!ﬁhm %rﬁ@e&@nbaﬁt@rl Qfm@rlers\fc%@zts phantp, apd ragiimelsat i ssues
or to formbiofilms. [0 gene encodi ng an_AHL-i nacti vation enzyne

(AiiA) (trofi -a @aﬁﬁEMsPFh@é ba@ eriamh FBaciFPushst FalrvansBlyohggiFadn

cl 0nedf&&ué}ﬁgAc&ﬁlc%el&eew@yagﬂﬁsiLrgaaaanegebel aa%ts@t;s%eawz a@tl vity by
hydrol yzing t | act one bond” of AHLs 0). Expression of ai

transfblhed Erw.. carotovora (a pathogenlc strain which causes soft r ot

di seasggphps 5o ag&@@&s)of gllgwtf' ANty Heduees AN aielsasa ohiAl

decrea es I"Ul ar pectrodlytic enzynme activities, and atte ates
pat hogea&chAHY qnopumasenseggpBagnaléhtnesega&bbagexpcassmpn ofel ery,
cauliflo
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Techan SR aPReRL 0 b el sl LU ed Ol SXTRLE.SobackaniEl |
ener gydasduptti bager shdkeesighhdiegt neghthespessebhl prpreaenee ekduce
the ability.of these bacteria to infect plant and animal tissues
or to form biofilms.
[0006] The gene encoding an AHL-inactivation enzyme (AiiA) from
a Gram-positive bacterium (Bacillus strain 240B1l) has been
cloned (9). AiiA (also known as AHL-lactonase) inactivates AHL
activity by hydrolyzing the lactone bond of AHLs (10).
Expression of aiiA in transformed Erw. carotovora {(a pathogenic
strain which causes soft rot disease in many plants)
significantly 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).



AHL- degr adi ng enzynes (18). 2 WD 03/068951 PCT/ SG02/ 00011 [0007] Further
met hods to counteract AHL-nedi ated plant, aninmal and human di sease and

pl ant pat Wogesmwesdst ul ence by interfering w th bacterial i rrcarskioodiar
communi cation would be highly desirable. SUMVARY OF THE | NVENTI ON [0008]
Accor dI9R@Y] Fnrthes meulpdst he epvrRragaahdAHEnRedépERPAzZRLABA, 0P aATgene
encodi n n.AHL- ac I i i gt, 08 JX12B is
Foportu Tobos SrHCERE ehichiraRiErFhadin, SRR By aheetEer I o
of matweth vibhchecbabrisesrachlglaiccanindnacebidinngonddSee hivh&y 1. In
anot her enbadj nent, the invention provides a conposition of matter which
conpri%%%15£%£%teic acid sel ected fromthe group consisting of nucleotides
1234-3618 of SEQ ID NO 1, a fragnent thereof and a substantially

honol ogous vari ant thereof. ] t r enbodi nent, the
invention provides a nucl & |dcg%ggﬁ§ﬂﬁ§”$§ﬁ% aim2 which conprises

nucl eofooes] A234r36ag1ef SEQthBsNetudly,[ @88l1tJlohinygetnd furt her
enbodi nent, the_invention grovides a conposi%hﬁn of .matter which conprises
a peptFHrEacERhbAREIORePECE HCRP ORTERELGP 08D SPSYIAGCof T8 pRpti di ¢

Sequen@§bt§££9%diggl£@eSEQHEEbBEb 2p.agkiagnest repereed. and a

substanti ally honol ogous variant thereof. [00012] In yet a further

enbodi F@OR9] t ha pPneermbodipestidbbe AnTeREaSNt PERVEFSTalt EPRAPLR 1O8Npri ses
hes : ! f
a p6ptl9'ﬁaéggyeﬂﬁfchegéggﬁﬁigﬁ_§6QEE%§&EE%§?Q EEESEHEHngQWBEQGIBFRBP

consi sTTng of -~ nlcl &at | ‘ 1D NG 1, a“fragnent thereof
and a lsubthaatobhéy bohotdgents,vaheannvehtieof prpuddes] al AOPRESATLARt her

Crood, BB L0 /LS. LORPE 0L 5or BIBOUDISLA O, 8L BB Epbp i Doty oo

f ragmeadnsiseieof of ansubantideheil 23 -3Ad8acsubBRandi Pk ylhoAanfogousnt
thereof and a substantially homologous variant thereof.
[00010] In yet a further embodiment, the invention provides
a nucleic acid according to claim 2 which comprises nucleotides
1234-3618 of SEQ ID NO: 1.
[00011] In yet a further embodiment, the invention provides
a composition of matter which comprises a peptidic sequence
selected from the group consisting of a peptidic sequence
according to SEQ ID NO: 2, a fragment thereof and a
substantially homologous variant thereof.
[00012] In yet a further embodiment, the invention provides
a composition of matter which comprises a peptidic sequence
encoded by 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.
[00013] In yet a further embodiment, the invention provides
a composition of matter which comprises a peptidic sedquence
selected from the group consisting of SEQ ID NO: 2, a fragment
thereof, a .subunit thereof and a substantially homologous
variant thereof, such as a peptidic sequence according to SEQ ID
NO: 2, a peptidic sequence comprising amino acids 36-217
233-794[?] of SEQ ID NO: 2 or a peptidic sequence comprising
amino acids 233-794 of SEQ ID NO: 2.



variant thereof, such as a peptidic sequence according to SEQID NO 2, a
pepti di c sequence conprising am no acids 36-217 233-794[7?] of SEQ ID hK) 2
or a peptwd @/s8guence conprising amno acids 233-794 of PAGdDYOND 2. 3
WO 03/ 068951 PCT/ SG02/ 00011 [00014] In yet a further enmbodi nent, the
|nvent[Qﬂp¥#bV|desInayeﬁnpo§u¥tbﬁroﬁmb9ﬁﬂ@ﬁnﬁ$ #Bscinrentabsy praNices
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cont acklihg said AHL with a conposition of matter as described above.
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[000173 thecwed @ffMbﬁheat@ﬁ@oﬁﬂnEBignhmﬁngnaeﬁiv@ﬁypwnycHeSomprmeébod of
controlling a, bacterial disease nprises adgb i,stering

to sai PHERREIDA §6ﬁﬁo§ﬁP|8ﬁt§fanﬁ?PBPsggaoﬂeggrWngeﬁb6§e SRHEFBFA t he
expr esgh&Re Of pat hogeni c genes of said bacteria are regul ated by AHL

S|gnals $00018 In yet a further enbodinent, the invention provides a
met hod[ @9 %6htro|IﬁﬁgYﬁtbécﬁéFﬁéﬁrd?§€8§émﬁﬁta BPENENYRPER O BERNILSES

adm mét@%wg £Qis 9aH£a8§: ﬁoﬁoﬁgaéht hoRm@l ABELELiA§ adREEiLDEdagbave,
wherein t presston of pathogenic genes of said bacteria are regulated

by AHLaS|@ﬁa¢Slb®RI EFODESCRI PTI ON OF THE DRAW NGS [00019] Figure 1 is a
ph0t09£ §%§r0MﬂngzéH cNactd Vation . hi03583 ﬁg'agggaklgacbgewabes

cul tur bact erial proteins ron1the in |cated cterial “clones
Figureabﬁeﬁh@Mﬁofheontesmﬂﬁ&goh habteasaaydmsehsbamnealmammaltuheshof E.

(511 cboner 208 BT TLrres 8y ERdoass FSFIGE 6) COMRRTCR 8BnPS N2 hrkom d
C|OneSa@rd§@@ﬁib§dtabpiaHlQhepBBﬁOthBNUBﬁrepNU@ﬁ oﬁGﬁﬁ%hogenlc genes
of said bacteria are regulated by AHL signals.
[00018] In yet a further embodiment, the invention provides
a method of controlling a bacterial disease in a plant which
comprises administering to said plant a .composition of matter as
described above, wherein the expression of pathogenic genes of

said bacteria are regulated by AHL signals.

BRIEF DESCRIPTION OF THE DRAWINGS
[00019] Figure 1 is a photograph showing AHL inactivation
bioassay results for bacterial cultures and bacterial proteins
from the indicated bacterial clones. Figure 1A shows the
results of a bioassay with bacterial cultures of E. coli DH5¢
strains 13H10 (slice 1), 2B10 (slice 2), MUB3 (slice 3), MUC6
(slice 4), GST-QsbA (slice 5) and GST (slice 6), which contain
plasmid clones or constructs pl3H10, p2B10, pMUB3, pMUC6, pGST-
QsbA, and pGST, respectively. Figure 1B shows results for
bioassay of the indicated bacterial proteins GST-QsbA and GST.
[00020] Figure 2 is a gréph showing the temperature and pH
optimum profiles of AHL acylase.

[00021] Figure 3 is a graph showing the time course of OOHL

inactivation by the purified AHL-acylase.



sbA, and pGST, respectively. Figure 1B shows results for bioassay of the
i ndi cated bacterial proteins GST-(bA and GST. [00020] Figure 2 is a graph
showi ng tWwe @mepsiat ure and pH optinum profiles of AHL amdTes@2/0p)@0021]
Figure 3 is a graph showing the tinme course of OOHL inactivation by the
purified AHL- a®pTAJEED DASARIRIGSIS PEPEHESERETERED EMBPAMEN TSESCRI PTI ON

OF THE ;BBlgEERRED E%F%%%%fﬁl[ 00022] A backerial, i solat e pfofed sipnia sp.

XJ12B froma“ biofilms ein-awater treatnent systemwas found to
enzynmabiiodlily ismagtlievdtre aAklage b doteartimein to wroradrens eresi rfpuntbltecul es, in a

bi oassay using Agr.obacteri.um.tu ci ens..str.ain I raR _. ::lacz749) as
an i nd%&%ata&a%&% XA ﬁg’as ’gg)nrlleC téar%lc’;l%&‘l ﬁ%{t Otrr‘flét{ ﬁ;aec?‘selﬁ{r?a exhi bi ting
t hi s emoyeeudeld,Viilny af @rioaAtdayi neditniqv admrbaasdiA)umnas et aeice fg i in

bacterial strain isolated m t he bi.ofj.l m.,sa e f d.t d
pept i d&tlofl GFeR afindo ;7&%75%%@6"2?1“ %tfﬂr%rt Z\Eﬂ—g a?ac;{gwblécgft'gpi a ¢

prot ei Reneeld cRESRY ethd Yrdde rakidHin ting nacild \wigmiHadtsivigy for
Agrobacterium tunefaci ens indicator cel|s. A tunefaciens was cul tured at

28C i AHViReditdiadd Wes@Sed WaF ZHAE et nam & PACTLEHIEhatt@i™h or

prot ei 4 9 R AFSMEEHS Jiid Sl ih W HhAF A ST R d Peptexdapl e
N- ( 3- oxooct anoyl - L- honoseri ne | actone (OOHL),-and the reaction

(i nact iofat’i%n agHinché@AidS- is al lowed to proceed. If AHL inactivation

activi fpboi el ese“tai&éfﬁf?&ﬁﬁiﬁés & nd 6 A1 1S hsed ¢4 apyved and

i nacti vated),” then the 1 nactivated AHL products fail to trigger the
expr essisgayefd |facZ trepaltidritgens b e eudddr udiag dlgraa ofeni um

Tr 2R SRS, OO AL e ol A TRl ens N astiag dhendac?
5- br omer 4nrc Metiom3-d N dsdr il dD-igal Actrapwtandsi d810X- galie BeteBanpt e 2
L o o Sy A Al TP N A A SR 85 591 1o
example N-B-oxooctanoyl-L-homoserine lactone (OOHL) , - and the
reaction (inactivation of the AHL) is allowed to proceed. If
AHL inactivation activity is present in the sample (i.e. the AHL
has been cleaved and inactivated), then the inactivated AHL
products fail to trigger the expression of lacZ reporter gene
which is under the control of a TraR-dependent promoter. The
strain A. Tumefaciens NT1l hosting the lacZ reporter system
therefore does not turn blue in the presence of substrate 5-
bromo-4-chloro-3-indolyl PB-D-galactopyranoside (X-gal). See
Example 2 for details of the bioassay. Any AHL may be used in
the assay, as desired. Of course, any suitable assay for
cleavage of AHL, including traditional in vitro enzyme assays
may be used to detect the AHL inactivation activity. Those of
skill in the art are able to modify or devise assays to detect
and/or quantitate AHL inactivation.
[00024] Escherichia coli strain DHS5a was used as a host for
DNA manipulation. Both Ralstonia sp. and E. coli were cultured
in LB medium (tryptone, 10 g/L, yeast extracf, 5 g/L, and NacCl,
10 g/L, pH 7.0) at 37°C. Appropriate antibiotics were added
when necessary at the following concentrations: ampicillin, 100

ug/ml; tetracycline, 10 pg/ml; and kanamycin, 20 ug/ml.
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cl eavage of AHL, including traditional in vitro enzyne assays nmay be used
to detect the AHL inactivation activity. Those of skill in the art are
abl e to nmod d3pegsidevi se assays to detect and/or quanti t atca/sdde/00011
inactivE ign. [00024% Escherichig,coli strain DHsa was used as a host for
DNA man é% 2%l on. BOD'R BRSPSt 6AFQY4pY SR8 BTOEBLR werFBCoRSLPdeedori fhes

medi um &£ yptoneans 19ngbti vyeash xLr §§%le%§e8/ ksiAgda '\lésjsmidlﬂigég%f)ls'fl 0)

at 37C. éggro riate antibiotics were ad when nécessary at the | owi ng
0

concentt ongfpiéih| the genomi¢gPif: of eRedeyeniaesp10stragnnkJ1aRd
kananyc| ~tg/n. .5 3/ 0689 2 e
encodiHg&?%%P%?%%gi%krgépggnglegfo?g%Eggégé?éé?g%&%ﬁLnggc?%5% ﬁ%ﬁ ggg
i sol at edheséingl Aty obai dnécbiwaye ohHL 1600ne| chesewi ph3ihe, geasnicubdilAt of

Ral st onj aj e XJ1 . GO r i ~coli . E._coli transfectants
vero soriSBirahe MR 2P OPRA, RER bl e, 2 cuberbRY BRSRROTRIES
found ta clomathgvetetdrl. l1Toshed ONA trams fARMO asodEgesbéd, fDsedEinto
a cloning,vector, ligated and transforped jnto.E. coli,.The E . coli clones
agai n W%géla%£%§%% ?%?l Fme¥%a%??3%?$ng§5c%$@i%9§thﬁ%tﬁ?%nﬁ?t%8ﬁF§rning a
4 kb i neestelded, Abbntadeinyasi onkbathsaity. hdQ0QR6] i Fthasni deiver e
subsequent|y. purified for sequencing. The 4 kb fragnent from cl one p2B10
was<unﬁﬁ?&%ﬁ§&'sequenced according to known net hods using ABlI Prism

dRhodanyeigoder m nat prabMelis weadesehogqReadyyReact £98qKiby (Perkin-El mer
Applied Biosystens). See Table |, below. The sequence contai ned an open

readi ng>¢a@rRCHRI 238Bhaut | Kot Faegmenhi Eromaglere PHELY nees i vampbategbye,

ol toney e BT BeBOnE BT SEBTBONT T Aarr o1 RebA LS (Rai stoni a sp.)

Nucl eotdRieoBugien cke SR ter Qrlg)Sequencing Ready Reaction Kit
(Perkin-Elmer Applied Biosystems). See Table I, below. The
sequence contained an open reading frame of 2385 nucleotides
which was the AHL inactivation gene, gsbA, encoding a

predicted polypeptide of 794 amino acids (85,373 Daltons).



gt tt gggaaagt gggnagcgcgct gt gcag cgccccgcecccct cagccgcgcagcet cggcg
cgcaccgaat gcgcgcgcecggt gggcgecc 90 ggcggcet ggeccggt gt ggcgeccggat cagg
cgccggaaguonpaecsssgt cgt gat aaccg cact gttcggcgatt gccgt cagget aagusGod@oo11
gt gct gactt ccagcaggt ggcaggcgcgc tccacgcgcagccggt gcagcaattgcagc:
ggcgagfaptecagggPebhggegaadiRgd s2oiac gpagcdycdegtdcec feuygregadge® ID
gcggcgfocayttt ggccaggt cgaacggce tcgt gcaggt get gect gcaggt agcgecge 360
gcccgcagt accacgct ggt gcggat ggcg ggcttgcet gcgcagccagat ggcggt ggac

t cacCysgeHacas GHodat£LoRGELIGCE 8 cab@iGcHag9ah F6GEGE8aEega9Ftgidece 90

gég;g§%W%ﬁ%%ﬁgégg?%§§;§§§§%£§§§Eé%%%%ifg@i%ﬁéié@ﬁi
.
R s SR
coruncta B C R é%%g?%@e Eaéigtg&ié“ i %3323333323 it
ool ek i i o LATE S GG L
ggg;;%%%%%%%%%&imﬁ% e

' mgﬁiﬁmﬁzﬁzﬁ%z 198

o e

CGCTCGGTCGACAGCTGGCTGCATATCGEG 2430 CACEiIIEEEACEWGEfIEECATCCGCCAG

GCCATCE6082G¢TCEECAE 2 0
GCGCTGT TOGCCGACGT GTCGACCACGOCG  GACGT GOCGGCCGUGGAGCT CCAGCGCTGT

GCCCCCPebACHtTtEnetEaRRAET T FEIPE 10 CanAchanedesrcH FEhT GhraknoERcass: -

m%%%%%ﬁ%g P L O TAGEESE e L e e eCle 2 FOR
GACTACGTCGCCAACAGCAATGACAGETCC

TGGCTGA@@AA@@@@G@@@MEA@'E@I@C sp79@4 Omm@@@@ca@h@mmgﬁm@e

AATGCCAAQEIéﬁﬁEﬂEACAACﬁ@GT@@ﬁGCZQIQn GG@@&GGE@@TC@E@@CAI@@AAG@@Dﬂige o

O R T U AT TR CPgRRT 2at10a (18, 50T~ CTRe ‘Rz rEtohia

sequence shares substantial identity with AACs from Deinococcus
radiodurans strain R1l, Actinoplanes utahensis and a putative
acylase from Pseudomonas aeruginosa, all of which catalyze ‘
deacylation of their substrates. These AAC genes are translated

as single precursor polypeptide and then processed to the active
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AGCAACGCCGACGCCCGCGCCGEOGCACCTG TTCCECGAGT TCTGGATGCGCGCCAAGGAC
ATCGCGCAGGTGCACGCCGTCGAGTTCGAC 3150  CCARCCGACCCGGTCCACACGCCGCGCGEC
CTGCGCAT GAAGGAGEBGEACGGTACGCACG GCGGTGT TCAAGGCGCT GAAGGAAGCRETG (3240011
GGCGCGGT GCGCAAGGCGRECTTCEOGCTG GATGCGCCGCT GRGCACGGTACAGRCCGCG
CACGCABSBEACEEIICOAI ECERCTEaNEN3380  BcubeacATCAATACERAECSEETCCRONAD -

ATCCACA TR HRACCALCACCEL GOt Gt ACROA T CRCCT AR

GAATCRRAGCASEACGECICACEEEACOOG1 8580 fTPOGACCAGATEOSTCCCRAGTOBEGEAAG.

O T CEp Ao ST e a0

ttttttagatagtghgratgget cadhegbrifd@y gttrggaazecgdatbegpaodedadt gsatwell
tgtgactctgcct gt gt ccgt 3743 .The predicted_open,r i.ng _frame of bA
gene i%ssgﬁﬁﬁg?naﬁﬁggg%gaggalngﬁeW%%%igﬁ%éﬁeegFaggggg 8%e%hddgfﬁ%egg on in
gOld. HeDu&afthéréffﬁéﬁ&ﬁdibbmébngh&ktq$©AG€AGAﬁeBsaundﬁi#bm@daskﬂOOZ?]
equence. anal ysis o is peptide. indicated th bA di.d, not have y
si gni fVRaRE A ﬁ%V@@yt&Ftﬁ AE RAGKAIRH ?%W53P0%5§eg%§8rﬁﬁ} eﬁb@ﬁ@‘ﬁﬁi cul e
i nact i ¥aEOhoRBSsededeby athencambAcgigne ff namsBaci | | us sp. 240B1, however the
deduced gggtlde sequence was typical of the primary structure of acul eacin

yp
A bacy[a 8] AACs) Thed PFesivEied i%h agady 1 itg ff Shfalrepiqcrted at
subuni t - cer: 43 1.t <ORgaBh zat,i,an 67030 QNI SeQu e
sharesggﬁﬁgtg%%@apgggggFﬁfy%%i?H%A%%g F?%nﬂ%gf%gggggﬁgab%é Vo%frans g?fain
Rl, AcHOnopl anéthutahénsind ngndcadpgpacetebesvpeas &hememaps digdemrasd
aer ugi Nosay - 1i_¢h t al d .Qn t heir . These
aC ookt Bbelk ParEy i, Beas” SRR e AR B ort I8, otk
processedalin Rhe Act utehen¥®s03h06305RcPCHI8G32/.0008¢ Thirle IMhi ch has two
subunits. Aculeacin Ais an echinocandin- type antifungal antibiotic with a
|l ong fatty side chain. Aculeacin A acylases purified fromA. utahensis
cat al ypgbiberIhydnol yses afhihbe raiddschordces blfe gpalaniftroyl Reildecohisi n of
acul eaghbn As{28) (sEheIpr NoBr )t muctratd oefurbthe prebeénnRlascythlseay seqryne
activigy roal ¥$i saW L atiichis@rentysakst rgkes 1pdscugsedndbet.owe tieneiser e
|nd|cag§?lgggt(gggAI@ng@qeg)an AHL- acyl ase which cleaves the am de |inkage

bet ween the acyl- side chain and the honoserine | actone noiety of AHLs.
R.sp MMQGF—--ALRGTLAMAALAALAGCA————= SSTDGRWGSLSDTGLSAEIRRTGFGIPHIRANDYASLGYGMAYAYAQDN 72
D.rad MSR———~= SPESSVSLPARLLLGSLL~=—~— LGPLMLGGAASAQTYQVQIQRTAHGIPHIQASDLGGIGYGVGYSYAQDN 70
A.uta MTSSY——-MRLKAAAIAFGVIVATAA-——~= VPSPAS-GREHDGGYARLIRRASYGVPHITADDFGSLGFGVGYVQAEDN 71
P.aer MSRPFRPPLCRETTSMGMRTVLTGLAGMLLGSMMPVQADMPRPTGLAADIRWTAYGVPHIRAKDERGL.GYGIGYAYARDN 80
* 3 : . R S I S T LS L S L
1
R.sp LCLLADQVVTVNGERSKTFGPEGTVTVSFKPIPNLQSDAFFKGIFDEDGLRAGYAQMSPEARELLRGYIAGFNRYLKDTP 152
D.rad LCLLADQVMTVRGERSKFLGAEGKTVVGFQPVNNLDSDVFFKTVIEPGRLOAGYRDO-PQILALMRGYVAGVNRYLRDTP 149
A.uta ICVIAESVVTANGERSRWFGATGPDDADVRTTSSTQAIDDRVAERLLEGPRDGVRAPCDDVRDOMRGFVAGYNHFLRRTG 151
P.aer ACLLAEEIVTARGERARYFGSEGKSSAELD---NLPSDIFYAWLNQPEALOAFHOAQTPAVRQLLEGYAAGFNRFLREAD 157
Rpgky gak, KRkkgg gk K
R.sp PANFP-AACRNAAWVRPLTLGDMMRMGEEKAIQASAGAMLAGIVAAQPPGRTPVAEREIPPQAVDTVALDRELQLRDMPI 231
D.rad PEQWP-SACRNADWVRPLTELDVMRLGEEKALQASAGAMVSAITSARPPQ-——-AGASTAAPRPDLAAFNRQYRFNDLPI 224
A.uta VHRLTDPACRGKAWVRPLSEIDLWRTSWDSMVRAGSGALLDGIVAATPPT———AAGPASAPEAPDAAAIAAALDGTSAGI 228
P.aer GKTTS---CLGQPWLRAIATDDLLRLTRRLLVEGGVGQFADALVAAAPPG———~AEKVALSGEQAFQVAEQRRORFRLER 230
* o, Kek gy kp o X L *
1
R.sp GSNGWAFGADATANRRGVLLGNPHFPWTTTNRFYQVHLTVPGKLDVMGAS IAAFPVVSIGFNKDVAWTHTVSTGRRFTLE 311
D.rad GSNGWAFGSEATTNGRGLLLGNPHFPWETSNRFYQLHLTLPGQFDVMGASLGGMPVVNIGENQDVAWTHTVSTDKREFTLA 284
Aluta GSNAYGLGAQATVNGSGMVLANPHFPWQGAERFYRMHLKVPGRYDVEGAALIGDPITEIGHNRTVAWSHTVSTARRFVWH 288
P.aer GSNAIAVGSERSADGKGMLLANPHFPWNGAMRFYOMHLTI PGRLDVMGASLPGLPVVNIGEFSRHLAWTHTVDTSSHETLY 290

kkk ke i, Faak kkkdkk 3 FhkEgekk ekke kk kkg. | koo Kk o ekkokFh ok sk



[ 00028] The presumed a and | subunits of (sbA are |located at amno acid
positions 36-217 and 233-794, respectively, of SEQID NO 2, with a 15

am no aci wosaesysi bet ween them as determned by al i gnnemcivido/ovhe

pepti de sequences fromD. radiodurans strain R, A utahensis and P.

Aerugi nosa. See Table Il. Table Il. Aigned Am no Aci d Sequences of (bA

f rom R&FBt oni éLKL%DPT%MDEB’HP’SE’@’ﬁFEYKWRL?)RTHTﬁDT?%P%%F%H?Q@FﬁL%WﬁFS aéyl ase
(SEQ ™-BrINO  ByTLveAlrL e B iR OB T A I e e PSR P ERE BRI R OB AL BRI 688

aCy| aS@u(aSEQ FIBLN@PTWVDGRE%ARTVTVQTGSG ————— PVSRTFHDTRYGPVAVVP-GTFDWTPATAYAITDVNAGNNRA 383
MMQGF- B-a¢x]_ RGTM&WMEMAPLEE@WSS’FWEHSBPGZ?AWRRW’@F@WW‘SB@{GVAYA
YAQON 72 D.rad* ** * *r i ireeere o iees : v oww o

MER- - - - - SPFSSVSLPARLLLGSLL- - - - - LGPLMLGGAASAQTYQVQ QRTAHG PHI-QASDLGE GYGVGYS

YAQ:)N Fer A. ut %WWAGIRQAIG—NLGIPWVNTIATDRNGRALFADVSTTPDVPAAELQRCAPSPLAGKLFKDAGLVLLDGS 470

VRLKAAREAFGV| WAT/&RARGRAESYRDYS ARG (HREFEISFEAL 1A RRASYEPMATRDDECSEEEBYEBFYGAEDN 71
P. aer A.uta FDGWLRMGQAKDVRALKAVLDRHOFL.PHVNVIAADARGEALYGDHSVVPRVTGALAAACT PAPFQ-PLYASSGQAVLDGS 461
I\/BRPFW%@ETWW@%@WWM@LWWH“MWWG GYA
YARD\I 80 R Sp * H * **** ks * * ** :

LCL LADQ\/V'I'VNC-ERSKTFGPEGTV'I'VSFKPI PNL QSDAFFKGE FDEDGLRAGYAQVSPEAREL LRGYI AGFNRY

LKDTP 4.52 D. reIdwQVDPASPVPGLVAPARMPVLERDDYVANSNDSSWLTNPAQKLTGFSPVMGSVDVPQRLRTRIGLIEIGRRLAGT 550

L CL L ADEvAMT VRCESRSE iEX SR GILTR R GO N ADSBRAR AN EFICRIV I GY RDORIOH I FRMRGPYAGVNRY

LRDTP 4.4 A. B$0@ALGADPDAAVPGILGPASLPVRFRDDYVTNSNDSHWLASPAAPLEGFPRILGNERTPRSLRTRLGLDQIQORLAGT 541

| CVI AESMANW@WM@IDMNEMEE@MMWWW NHF

LRRTG 151 P. aer *x . skk ok kgk kkkgk kky ki
ACLLAEEI VTARGERARYFGSEGKSSAEL D- - - NLPSDI FYAW. NQ:‘EAL QA\FV\QA\QTPAVRQ_ LEGYAAG-NRF
LREAD 45¢ R ${)PGNRIDLPNLOAMIFSNANLAGQOLVLGDLLAACKATPAPDAD-~—~-= VRDGCAALGQWNRTSNADA-RAAHLFREF 630

PANFP- AALRNAAYY R Az SOMYRNMEREA QASAGAM- AGh B/ AACRRGERTRPNEREDPIRPCRWIREY AL DREL QL
RDVPlI 234a D. p@@crGrFrrarLwQVMFGNRMEGAELVRDDLVALCRROPTATASNGATVDLTAACTALSRFDERADLDS-RGAHLFTEF 621
PEQWP- SAQ?NADVWRPI:H’MWVWWMHFSAREH@EMLMTWWNBMFNRQYRF
NDLPI 224 A uta * *E,

VHRL TDPACRGKAW/RPL SEI DLV\RTSV\DSM/RAGSGALLDG VAATPP - AAGPASAPEAPDAAAI AAALDG
TSAG 228 P. a@xDIAQVHAVEFDPADPVATPRGLR-MNDATVRTAVFKALKEAVGAVRKAGFALDAPLGTVQAAHAPDGSIALHGGE 702

CKTTS- b5l GOPW:RAL AT BBb iR FRREWECGYGIR ADALAANRRGe ra 1 AR M SEEQAOYAEQRRQR

FRLER 236 R $fbc----IRFADTFEVIDPVRTPAPFWNTTDPRVRTALADACNGSPASPSTR-————- SVGDIHTDSRGERRIPTHGGR 690
GSNGV\AF%DATAMBRG\ZL&MWBTBNR&YWHIH’MB@@ABV&@ASPMWEWWVWWVSTG?
RFTLF 311 D I’ad * s ks Kk . * . * *x

GSNGWAFGSEATTNGRGLLLGNPHF PV\ETSNRFYQ_ HLTL PGQ: DVI\/GASL GGNPWNl GFNQ:)VAWFI-ITVSTDK
RFTLA R84 A. BYm3vLNKLOTLPIGPKGLPVYFG~-TSYIQTVTFDDQGPVADAILTYGESTDHASPHAFDQOMRAYSGKHWNRLPFSEAR 780

GSNAY GL.GAQAT Vixkeotavhio ANPHHERMNX AR YRV KVENER Y DV bk d v EIDR L Bk BN FUOAY\BHT VSTAR
RFWH 288& P. @a@krenvITNPLYPGVGYPQVVHG-TSFVMAVELGPHGPSGROILTYAQSTNPNSPWYADQTVLY SRKGWDTIKYTEAQ 769

GSNA| AV@&ERSA%M@MM%WE%MEP%W&MM@DMh@v_tﬁEHﬂMVWEEFVDTSS
HFTLY 290 8 WD:03/068951 PCT/ S@E2/00011 . R+S:x:: == #x
ELKLAEGDPTTYLVDGTPHKMI TRTVAFDVKL PDGRLERRTHTFYDTI YGPVL SI\/PSGGNPV\TTQ(AYAL RDANR

NNTRS 821 D. ka@earkvmriso-—- 794
ALTLVPGEDRL SYVKREERRRL:GRRTAY] EVKTANG PRLHTRTVYFTPEGPLVNLPAAGL TWIPQYAFAL RDANR

NNTRM 383, A. Wi:8pnrrvyrvagrer 786
RLSLVP@ETSYYYQ%DQBM%RT VIVQIGSG - - - - PVSRTFHDTRYGPVAVVP- GTFDWIPATAYAI TDVNA

GNNRA 383  P. aef. .
RLAL DPKDPRRY VRGRSLEL EEKSVALENRGARGK. SRYEHKVY Q5 YGR MR: KL OMBRSEAYAL RDANL

ENTRV g%@—trﬁsﬁs@lonal processing sites for signal peptide and subunits; - = spacers.

VDSW.H GQARDVAG RQAI G- NLG PW/NTI ATDRNGRAL FADVSTTPDVPAAEL QRCAPSPL AGKL FKDAGLV
LLDGS 470 D.rad
LATW GERBARBVRDI RASING: O imyaiy N A ADRAGS AP eALY S IMVSA A RTEPAE R PSP AAGL A

VLDGS A 1 i d PCR products were digested, fused in-f
RN%AKDV&L R RGBT AR Y SISV BRI CAL ARG PAPED. PLYASSGQA
VLDGS 461the coding sequence of the glutathione S-transferase (GST)
gene and expressed in E. coli. Protein extracts from the
recombihant E. coli cells were assayed for the ability to

inactivate AHL. Protein from E. coli expressing GST alone



P. aer
LQQAYSI NQASDVADLRRRVEALQGE PWY/NTLAADEQGNAL YMNQSVWPYLKPELI PACAI PQLV- - - - - AEGLP
ALQGQ 464wW0OR13HB8951 PCT/SG02/00011

RGTCNWQVDPASPVPGL VAPARVPVL ERDDYVANSNDSSW. TNPAQKL TGFSPVMGSVDVPQRLRTRI GLI EI GR
RLAGT 580veD. pada control. The results demonstrated that GST-QsbA

HSACDVKT DR ASRYEG BARDKYRU L RORRYANSHNS AV ANPARR OF . DRl YGEVINARGSRATHRVG- LET GR

RSDCAL GBDPDAAVPG L GPASL PVRFRDDYVTNSNDSHW.ASPAAPL EGFPRI LGNERTPRSLRTRLGLDQ QQ

%ﬁ%@ﬁéﬁ%‘i& TRRR P RS GRS B NP AP s AT 3 KRR RVAL SRLOG

KQP- - 543ayRngptotal soluble protein extracted from the recombinant E.

DGLPGNRI DLPNLQAM ESNANLA VVLGELLAACKATPAPDAD- - - - - - VRDGCAALGgMNRT A- RAAH
L FREF ggéi e §3—stA) égg_inacgivation ogDAHLs using substrdtes %@%

E\%R ESF%?S“ P}hg)tﬁ%L BESH: FERMYAMDAAKILEERS: .- AGE: was alIRAGNAIANDRRIIQES- RGAA
.uta

DGL PGKERTF ARV AV CRRIVHEARPMRESNAHERRQE A EASNGAWDICHRAGFACSREDERADIADS. RGAH

LFTEF 631 .,RPpnaek. sbA also strongl% inactivated methylene grou

------- LEAKTLEEMVTANHVFSADQVL PDLLRLE QGEKS- - - - - - LARACAALA NLDSGSGFV
YFQRF 8¢31-RS§s having acyl chains of 8 and 10 carbons. QsbA also

m/gg*z([);@g&'é’EL\)\ér'égEBA@B\AHEP&%R@MH%EMA%%%%E%MWL@V@AHAPD(BI A
VIRRARAhBNU¥AVEEBR ABPAYERRGIK ST ABBAAGTAICNGASREASANETARG RHOAPHEEVQOARCEDF| S

tig- B3 |1 ﬁE%BE]{E%@?BPWAPFWTSﬁﬁﬁﬁﬁfﬁﬁ&ﬁé&ﬁ%%ﬁﬂaﬁi IS oSReERR! P

| HGGR 688t Rshér is an AHL-acylase. ,

:V[Pgég:A)Eg gg’é\g'é'fg DAQRLATRRR A HREQUATQUIRQALADMARVEXSE PR RAFHAETREER A

E\S(EAG\A/L §§5@ﬁ%émag&atewmo1@mﬂwmm| S TEE SEDHASPIHAFRERAVEGKHMNRL P
. ra

EFEGVL PRI BRRBCAPEEREV a4 et ERE AN P e SNPREP ISR TR FSRSEVWKL P

FTQPE pattehildl aboth in vitro and in vivo. The gsbA gene, which

GEAGTFNVITNPLVPGVGYP%VVHG—TSFVNAVELGPHGPS L TYAQSTNPNSPWYA VL YSRKGADTI K
YTEAQ ghgodpsgdhe AHL inactivation enzyme (QsbA), "or a functiliodna

GHF GV YNAL @R YRKGIFLEV VGG T S e K HtREEGRK AR 1 A dS SRRRSRIMYRRGEEIOSRQAANITL P
FSDRQ 763~ R sp | AADPALKVMRLSQ -- 794 D.rad | EADPTRTWQLSE--- 785 A uta

| AADPNERYYRVAGRERCPSG e igd0 EDRBROtQRssoRe. to prpducea genetigadtival

resi duﬁ%difiédcgﬂ%%wﬂtwwé EWil1RS to Uil GRRIRIgERd gidiskd-t utions; 1
= post-translational processing sites for signal peptide and subunits; - =
spacer §enc00g2 5} oTied g6 n§ HeeideR it Rlne tEs BARTETS WNgs 3amsInZved At PCR.

The amhgfcﬁ@a%@g REQIUGLS, W8S 1Hitgestadn ifY$ee H1Rr frdi® cd0 e 4edidg

sequence of the glutathione S-transferase (GST) @gfne and expressed in E
coli. Protisifecéionabtys Hacdmniled peddwdsinganteVED ¢BlSh d@dteniér @r@ssayed for

v 03/ 86555 pcp 888 B6EE R TERE 2 Cont rol - The-resul s demonstrated:
that G30OQSRA fusiMatiprdy edfh gsrfesritd wedryipel iati it exhAHLr astfoximatigee
Flgureof 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 gsbA or a functional
fragment or subétantially homologous variant thereof into a
suitable expression vector may be used. It is convenient to
ligate the gsbA coding region into a vector, 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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1B. [00030] The substrate specificity of (sbA was determ ned by assaying
total soluble protein extracted fromthe reconbinant E. coli (pGST-sbA)
for i nact woaisioespsof AHLS using substrates with acyl chai rcwscodioddieri ng

| engt hs. bA was able to conpletely inactivate 3-o0xo group acyl-HSLs

havi ngllae yvechar neontasgns1bhandsbA2genehons. aCﬁb%@E%@Bagtféﬁgm?nFnact|vated

met hyl gne, w010 d&g#tgﬁﬁ?ﬁy] dﬂgms%oﬁg%aﬁgﬁt8tﬁe9eé@ capbepsy QEPA

al so Tnactiva exyl “esters o R-octanoyl - L- honpseri ne,
mhereasxphes@&hnlaﬁtbhasgeeacodedlby ani A QabAupapreint eri faectdanalt hem

The SubsLuRl s, sPeck ekt % 0gLa Lpdl eaLecoEal RbAYLS: 0. 8LL- gy ase.

[ 0003 d prOV|de new t 0o own regu at1on
AHL - neﬂmamaﬂ]blologlfahcadbmmﬂtpesmo$e¢hpasfehebéprQQSEOﬁsof virul ence

enes and biofilmdjfferentiation in t hogeni c, bacteria,,both,in ro and
h v VOPERRSHEBA gHABY %F%ﬁgignglﬁa@g%%ﬁgiﬁlﬁ KRQUP; v FBR %ﬁ’%'ymev' bA)

or a f@@&tlQH@bnvéﬁﬁgﬂEnproﬁubéBlmagreasbsyabélaélychednbggauskyaﬁednt
thereof, nmay be introduced jnto a plant genoge ﬁ roduce .a genetically
58eReq0

nDdlfl%thﬁ%%tdﬁP?Hd%ﬁg SﬁlFP?yeFBrﬁﬁéﬁeﬁ ELS 8r BiFdsensf

si gnal éé\gecﬁ{@ﬂsgfnacsaheabieeﬁ%m@ﬁe@gtanaenwﬂ@ that debhaetli vaves AfflLs
can exhibit_ a significantl anced resistance to |nfec5|on by bacterlal

pathog%ﬁ%nsb@éhoﬂﬁéne§§€?éﬁﬂanaﬂé CppedeRtefnrRPGARBoMBehFatFbns. TPE0032]
Met hodg %%ﬂgneitClgaaagah%geeugn@ot pBRshOLERLEBA QbrpkanbnCBll s are well

known in the art, as are nethods of regenerating fertile, viable
transfmmdaﬁiC@taﬁnsoflﬁogéneﬂaﬁge any ﬁ@ﬂﬁéénéftélénﬁﬁﬁoﬂﬁepéeﬁpﬁﬁrreglon

of gsb4, 9% styﬂgthgﬂgh gggg BlofLrsubstantial Iy honol ogous vari ant

thereof Into sui tabl e expr S|on vector may be used. It is convenient to
| i gat e[00@343bA codi sgitedilen mamkera geaet osuchokisokedamycin gation into a

ol ent L1 a0sl oLTeL| 80 XRch Sl HOEKE! P985 0L 3k koate wepletate o

t ransfesfréronsvadvantagygobelyseded. Variatlons of the commonly used
and well known methods for transforming plants with a gene, are
well within the skill of the ordinary artisan in genetic
manipulation of plants. Expression constructs may contain a
signal sequence to direct secretion of the expressed QsbA
protein, or may lack.such a sequence, as desired. The plant
transformation vectors containing the gsbA gene and a marker
gene may be used to transform plant cells using Agrobacterium-
mediated transformation. Agrobacterium-mediated transformation
is conveniently used to transform plants with the gsbA gene,
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 microprojectile 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

11



10 WD 03/068951 PCT/ S&2/ 00011 The vector contains the gsbA gene, or a
functional fragnment, subunit or substantially honol ogous variant thereof,
so | ong awo ®weswssi on of the gene results in a BbA prot agr/sso2fonet i onal

fragnent, subunit or variant _thereof which inactivates AHL. [Q0033] A
f unct | BRERORE ofBt BReprEFer aBLyNESNERPSPSteEx 5PEsE BATKRENGSBEi t ABFe

pronot gL $mai & EQH&Byb@ntBeséékanéechmayh@é aseap¥ani et Bkampher pyayceasily
be selected by a skilled artisan de endi ng on the expression system being

used. @@@hDNéeg@étbéﬁtotoadgﬁﬁﬁabn@ PENBEBY FEPAERI BfethRe I684i FEAS evel
of tréPé' L9DR %ﬁp£ﬁésg92nkstgggabdergﬂgreu&taslbnmEEﬁoarknoﬁarln

exanpl e, I's advantageous to optimze Qs expressi on by nodification of
codon uhagerandscoqptemglabed §prongepW®ﬁbtéhe seeh af thésdépyratiss.

Promot SLyal 0L Scaibh ) ﬁa?% Chied8REeqS YAN 230 kRUATKC LR nEEST stance,

green pro ei n”or €r conveni ent i s advant ageousl y
used.'MhanafonmsdoW1thethenqsbﬂygasedbyahdembﬁbasﬁamnmﬁEhhddgeBGmlbed

transforng % gi a_gene, - tw%g Odthln the skill of the

ordi naty HFET ﬁ Oﬁe gt?g ﬁﬁnVSBFSPlon of “plants. Expression constructs
My copbedBeR SigB§l "Fegdenoeasllo fdiageentsesudundn ofr tslmbsemputaas'léq; QbA
protein, or may |ack such a sequence, as desired. The nsfornatlon

vector%O@%%?aPﬁﬁn@afhénﬁsﬁhe§§ﬁé'anﬂhénnﬁﬁﬁﬁFrlBEngonﬁyQEEAUQ

t ransf oL g, pf, @at 9%'&% HehAg éayo@@gbﬁéhen}sasdhatedvb&aa§E06@atlon
Agrobact érium nedi ated transformation is convenlentl used to transform

pl ant sherehoghesqgsbAaugane, ofh@ﬁ@@eﬁnaﬁ}e§anﬂa5|é2ﬁérﬁéé8kﬁ§wﬁEQnIPh§0art
nmy belPsﬁglchdgﬂﬁegbggaOBrBQ%19|6Qtp%§kgaet%@aﬁgﬁﬁgeéapgﬁﬂeeéﬁnple

certain’ nonocotyledonous plants are re efficiently transfornmed using
ot her ipébbisasinh Hsanwérbpm@p@@ﬂnﬁe1b@ﬁ©aﬁénenfSubé@éﬁﬁﬂaﬂﬂwtrat|on or

o0, LSRR TESAN SARIAS .t B2 3 hubackSikatues antc, Lehesaaty M plner o

wi t h nehoset bher anmpdement of which hybridizes with gsbA under
stringent or highly stringent conditions, for example
temperatures of about 30°C to about 50°C, for example 30°C,
35°C, 37°C, 40°C, 45°C or 50°C, and/or salt concentrations of
about 200 mM to about 1000 mM NaCl or the equivalent ionic
strength, for example 200 mM, 250 mM, 300 mM, 400 mM, 500 mM,
750 mM or 1000 mM. The stringency conditions are dependent on
the length of the nucleic acid and the base composition of the
nucleic acid and can be determined by techniques well known in
the art. Those of skill in the art are familiar with these
conditions and ranges which are useful. Generally, a
substantially homologous nucleotide 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 nucieic
acid sequences may be less than 100% homologous and yet encode
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.

12



gymmosper ns, nonocots and dicots. Al of these nethods known in the art
are contenplated for use with this invention. [00035] After selection for
transf or rvat@/oe8as1yi ng the gqsbA gene, transgenic plants rrgr/sm2negener at ed
according to known_ 11 WO 03/068951 PCT/ SG02/00011  nethods in the art
Plants[Qapaéﬂed fo?GQtﬁﬁﬁkéPdgéﬁ@teﬂ@rse@%@ﬁﬁ@@ R §ﬁy@Fﬁ CESOTPEFSET may

be assﬁ%e@h E0£n€§ﬁﬂﬁbﬁ by PR Qﬂgtggéugﬁkeg'thBBeQGBgrQhﬁeq@%W many

copi es e gsbA gene are prese | ant tissu Any “sul t abl e
nethodgknemnornanyhéragmehs,cenbenptap@dSﬁbstagélaﬂﬂm hhwodegeusf this

t | ant
tr anst SFRAET S heF et Gob R Gine hy ke To  AekeE b B F A Asai ed” T Examp o
2 or ﬁuany100&&eprehe1nephogepF6663®plsy Tﬁﬂa@nsohab ﬁba@mﬁmttosubunit or
S“bSta?£aékk¥atQOHHL°99#81u8Eh§ FrEQSHEOEn ﬁ@ﬁ@ldgf%E HRENES %;qggé

nucl eo sequence; ragme un| varian
honnlogomplséqueabé ptoqemA (Bucheasbdésrlésém36é8 0heSE€nthNés of) which

encodes_a_protei.n i e capabl e of a ting acyl
honnse??ﬁg 38%8ﬁe§% Bg 3?§n?§§Iﬁ§2 ﬁ8ﬁ§%& g v§?@ Eb &60f9aaﬁgcleot|de
sequensebgeaﬁtahnyyahemoubgsastharﬁanpbenhateoﬁ.mhachubybandREQSymnth gsbA
under _str ent or i nge condi tions, .f exa tures
o abolnebEIEES b At B6COT bheoRah B2anein 3561 bg7e S agReRgee  BRTEhC
and/orasalhtcm@ggataabuensoe;hoﬁbmugogao ggbﬁeraggytaiomgggwlHasﬁggﬁgﬁreSOO
equi val ent _ionic stren or. ex

rﬁu 786™ALPEP1E 0 0B AM Eep§FF?HSEE§y98%ndﬁ5QL gpgN%B gagNL Soft* the

Iengthm@ietheTH@@é@b@eacadpaede&hewh@&ﬁ @@naogube@an@ﬁaumg hBuelegeuaci d
and can be determ ned by technigues wel| known in the_art. Thgse of skil

in t heVarieafeof aRFPPaiSupPRUENESE CEOARPHLOAS - ARdNPRRGEIORAI ¥ATtEr e usef ul .
Gener apkyn.a BéHHSE@HEE%bbilQ@”ﬁh@gﬁéﬁ puskeethdeveeauenseaksqat | east

about 75@6hono|ogous to SEQID NGO 1 or a fragnment or subunit thereof,
substitutions are contemplated, as well as sequences containing
non-traditional or modified amino acids such as those known in
the art.
[00039] The term "fragment" is intended to indicate any
portion of the nucleotide of SEQ ID NO: 1 or protein/peptide
sequence of SEQ ID NO: 2 which is greater than about 300
nucleotide bases or about 100 amino acids, up to one nucleotide
or amino acid less than the entire sequence. The term "subunit"
is intended to encompass any functional unit of the QbsA
protein, such as, for example, amino acids 36-217 or 233-794 of
SEQ ID NO: 2.
[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 (OOHL)
per ug protein per minute at 30°C.
[00041] It has been previously demonstrated that gquenching
bacterial quorum sensing by inactivation of N-acyl homoserine
lactone with AHL-lactonase stops bacterial infection (9, 10).
The gene and protein described here, which is likely an AHL-
acylase, represent a new and effective tool for inactivation of

AHL signals and thus control bacterial infection. Similarly,
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preferably at |east about 85% honol ogous, and nost preferably 90% 95% or

99% honol ogous or nore. [00037] Those of skill in the art are famliar with
the degenwer@myswi the genetic code, and thus are aware timtT/SGmloailc aci d

sequences may be | ess than 100% honol ogous and yet encode the sane protein
or pepthdegsaguendeprStelinyaeisatriibed heary tofrgetihe AlldgGEvEdd, - SER&EGHENt s,

subunits or substantial |y, honol o valrd K Qntepl.ated as
part of1lPRALS| ﬁg‘égt ir8ﬁ}ll%)z_e\/\ﬁng{%%§§§)§1%§§%§é§?le 85?%%11%000_38] aPteySt.i de and
pr ot ei @,a@Qg@gagega\ghio@I@n@r agi@cmswdd lm;on]tcdamriart\i@m-i gj{giclt@d% arvy
sequences _encoded by the gs ene, .or_any fra e S U B
substaﬁPPéllFﬁ‘bSrSrrﬁloo@éHsp irant -t ier &5t .k%gll?c %%&gﬁ%es therg:fhoere i ncl ude
any f lérg(tlg)trie@,@qlonpbqt @lalt HolgePEpt igdmashioth beettaimis It lpatéisidansy itso i nactivate
AHL, including protein and peptide fragnments of C tein,
such agctigatedamy &l l?elg%’@al?encsé]sc%fa%’a 1o “A¢] gygle%%egaﬁg 3 6%52
encodi ng-.py SEQHRNG, EAnd cretihsimitdngl | et tegeus: Mar iremtag) t her eof . A
subst a% ally honol ogous, variant of the QsbA Erot,ei i ncl,udes seguences

whi ch partdicgienisedst aEFGIFL B9 hdhol AL p PR L P ERE Hh Gt 60%
honol ogo : t pr % (180% org ,90% hanpl| agous or 231013,

Ther ef gjreé,%té%g%olt%ls’n %?Lf:lﬁj%%c%ﬂst{sgénﬁ'alﬁy honol ogous vari eBrT? of (sbA
is abow6)50% t o about 99. 9% honol ogous with QbA. Both conservative and
non-conservative amno acid substitutions are contenplated, as well as
sequences containing non-traditional or nodified am no acids such as those
known in the art. [00039] The term"fragnent"” is intended to indicate any
portion of the nucleotide of SEQID NO 1 or protein/peptide sequence of
SEQ ID NO 2 which is greater than about 300 nucl eotide bases or about 100
am no acids, up to one nucleotide or amno acid |less than the entire
sequence. The term "subunit” is intended to enconpass any functional unit
of the QbsA
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protein, such as, for exanple, am no acids 36-217 or 233-794 of SEQ ID NO
2. [00040] A protein or peptide sequence which is considered to inactivate
N-acyl howms®sriespsi| act ones is one which is capable of i naadm/sGkRiong1at
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effective too?r? olnac%Fvatlon 0?9 ?HL Egngls and thus control bacteri al

fectpon-pSLO LRt ¥y 13 1003600531 FEl/ %a/c@ ghlo ft 'iﬁmgﬁegc@%eprat ein

descri ere

%% gﬁ rgg [;S ut egu %g expressi on
of pat gng bac rla tﬁo ens At t hI?
goncen ?g ?§%36$E§ ig@? appllcable to a?l planta anrﬁgloor human

i seas t he ressi o f _pat oge nes th

Fvabes VOﬁHEagﬁg %g et BopPabd-Debap HT3E nglr‘/%g%r FRdstns & w
caroto@b?%ynﬁ? 1eht £ enEFWtYSP FEHE hu a5 éﬁhogg %-%
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froma Bse%r%%I%%% %ttr %Iln ! e%% &' i8ly 11'1%9 A ]an%&%zglsl%%7 thel .gd¥asser

[00042] The following examples are provided to illustrate
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 extract, 5 g/l; casein hydrolysate, 10 g/l;
NaCl, 5 g/1; sucrose, 5 g/l; MgSO,7H,0, 0.5 g/1 and agar, 15 g/1)
plates. Individual colonies were restreaked on new plates to
ensure purity of 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, evernight, and assayed for AHL inactivation

activity.
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| yci_.ne .
Takeshi-f&Y dtyﬂ%at‘ll g’n r‘f‘E Sf’ tOVESL NG v al
| Ih pODG@tbdﬁla_@brtb_b@t udefrr am A(itghn;()pl &’Ileaieu;t a:lme]l‘n:$11$11ngpl2r0 frilcaM eryaand
characterj zation 1 9 0-.. \Ver t
" Nbl ecBESH U dKeihg O‘andldami ‘%/s?i"sjt&l5 g % @n?@%ﬁ?ﬁ@@h& trlﬂg rﬁﬁttabl e
peni ci lrkisp, G @Cylﬂéﬁm roatil,cald g@ﬁm Mraﬂgal 2smy /Bppl(NEHRWSO,M 21 0bigiL;
63: 3412- 3418 1997. 31 Zhan% et al., "Agr terl u onj ugat i and gene
r egul afPER1tRY/N2ady19/Lih Sfb el né UPk g%@é 21 ZFZ‘; OIYo3.
[ 00042} nHae yfiola-euigg @acfmidor@cu@gq t4® lﬂg‘/lirSlt)f alcre thespameadt i on
descri bed hérein and shoul d not beconstrued to, limt the appended clains.

EXAVPLESe Eeddsiidéied meshem Mas itat isddl] dovdse Asadlatisd WS il m
sanpl e Suas 6Qlleched s o rosafitdineat et rsystamn)and ss@ garped o sol ate

AHL i nac i vation
Flve microliters of sterilized reaction mixture was loaded at
the top of an MM agar strip, and then AHL indicator cells
(Agrobacterium tumefaciens strain NT1 (traR; tra::lacz749) (23)
0.7 nl cell 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 XJ12A, 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 16S

rRNA was performed to identify the XJ12A and XJ12B isolates.
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bacterial strains. The bacterial m xture was suspended in sterilized water
with shaking for 1 hour before spreading onto YEB nedium (yeast extract, 5
g/l; casewo (spdswhysate, 10 g/l; Nad, 5 g/l; sucrose, 5 rRgSGohy@D47H20L
0.5 g/l and agar, 15 g/1) plates I ndi vi dual col oni es were restreaked on
new pl &thes 168 rdBureequaniass off tifedes ol sl e Badrwredl 9T aind eXo¥er e

cul tur e ct and Nad ,

10 g/ L%qjl W %j’ﬁ:ggrﬁ(lt‘;ﬁé/lﬁg S e od/ 98Pl a ﬁa yepadhdy 28C. with
shaki ng;oommmni ght ,Tanddassafedtiorgatt emacdivation AMtimhct‘yivaﬂlm
R g
medi UMigRNIAINIMIGE 202 M N-RBEs XO0et N0 tdatonusErs ne dacdmie HeOHFomor
anot her AHL, when specified, to forma reaction m xture. The reaction

mi xt ur &hfas salmissht HODBT For HHBT5 hbiak Va0 ReP bl B IR HRS

steril izat] o pder 4\ |L‘e€gﬁltﬁl§t]ﬁ@\ Oﬁﬁéﬂiﬁg v?egfemll B8l to n@@é um
(K2HPO4, 10. 5 g/ L; KH2PO4, 4.5 TH20, /L FeSCﬂ 5 ng/ L;

CaCl2, dephegrhonwiclzed Bawll: SJ(1NH45)f ZS@MCQ ‘oevejnr p ReL: pH
/. 0) S&&%ﬁ{@fﬁ%@ WA D LI it U Qe 'Mﬂ'Pé&%% 3@:&199&’&@”05' de

(X Gal wer e "prepare The solidified mediumwas cut, still
i nsi de (tSTe:afﬂaazee}e)l retrod m@@&@m@m K appr-bkibrraigha. crAes s Bt h). See

Figure 1. cr.oljter il e%g;ﬁi %@P@g at
t he topcoo rEa ai}aré%sei%?]p%n%&ﬁe%edné%\%%n |cal?r£)]ar fﬁgs ﬂ{\ﬁ\%ro acterium
t unef a(EicEnS:cSlIITgiIUD NTe (etdRydd rdesdaidEion (R28mplke 72 p;SlIE@IQOISTus@%nsi on
with a ti nS|ty af 600_.nm r otte ely
furt he&htﬁpsst %% om rheylaoaS et J4')esaccr;Lp y@lﬁ%lse@ v\"/searéej ?ﬁhec cf§ %¥28C
for 24 dtmwing /%HIanSlEIctB/Je\ra[temﬂ tadtoirviAlL (mtﬁm@in@rﬂA,s sslmm by. t ko

poeda R UESRNY X MY CHENCE TN, TN
from the positive clone pl3H10 was partially dlgested with Sau3A
and fused into BamH1l 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 p2B10, which contains a 4 kb insert, -had
AHL inactivation activity (see Figure 1A, slice 2). The TGS™
Template Generation System F-700 (Finnzymes OY) was used to
mutate p2B1l0 plasmid DNA by randomly inserting the artificial Mu
transposon, following the manufacturer’s instructions. Plasmid
clone p2B10, which contains the 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 DH5a 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 Sequencing Ready

Reaction Kit (Perkin-Elmer Applied Biosystems). The 4 kb
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slice. For assay of protein for enzyne activity, total soluble bacterial
protein was incubated with 20 p.Mof OOHL (or other AHL) at 37C for 1 hour
as the rewctismasysi xt ure. Exanple 3. Identification and O adwsgGoehbaerigsbA
Gene. [00045] Two bacterial isolates fromthe biofilmsanple with distinct
phenot ;E[JegmGM1ZBoalnd:l)Qn.’.62@23\A@r & 3fso pePle sd sk esesiueieedhfng the tsrown

i nacti te J M tAvi T XHIAB
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acti vi hgacm/astaslwcwattéld am TG tstt@m‘eldootdebrarsi far A et aratanston heFQ h

sol ubl & protein syper.nat actif) I ed t hat

t he AH@O act“u‘)\? |o§r%d;e([:) |1\r/b|a5t961njt6 3r nbrane assom atzgjj%saqu cslq%% of 16S
rR}\lA was tpeehersied dat a dE’Hdrfl)bdd’]e.Dxmgim KJI 2B § syteat e@acmalmrame

03/ 068951 CT/S /00011 Th n e d
97% andS989%° ICEENT% v & y, WIJ’[nh e:LVC‘_’IGCSJT qﬁﬁté}le%mda e ae%%slhé)gve
|[08046]qu519 |1 g%latpu}‘txattlhe gemﬁ)mdmgiﬂmj AHlle |<amﬂmpe)t |Jcm 1ocaaumisrﬁ d
ibrary-o cl ones was c truycte CO|I WI nao of
Ral st oRP&Ss P21 HFs BEFFIB.C %ﬂ%rﬁ%AA&rc’Erﬁ q%ei oenl al Sp.

fst rai nTéMgBlvyals partially digested wth Sau3A The resul ting DNA
ragnents were ligated to the depho hor | at ed ite of,cosmd vector
DL APRS LODBAEIThe ittt AstS e VD Dk i W H GBS | S0P Betkag! ng
Extrac ol( (o ALARe N niid, tsrta.cﬂﬁfiﬁfktee%ﬂ Hleadid in Rbalgdes (Hrese) Bndcol i

t r ansf ts were screened for AHL inactivation activity, according to the
met hod@edewhlb@d G mEdafsite 2/idt il WAL REPTidRr X BRI e SRHFS 2P si ngl e

clone (s%k%'fﬁ]@ %%3&1 dentidyd e@l@s 3@hOoWinE Aty ddacsd v ald e astd vi ty (see

Figure subcl one the gene encodi ng the detected activity,
cosni dpDNRntflradettWeftpdmcth\ﬁe st D IBHRP mas® Haand o194 RGEtRAM t h

Sau3A ﬁ%wer e%eqfllr%tto B gigesi el &l Qg Mecitlyg %e’gzénc(daes They

pl asm i'gated and transformed into E.coli, and the E. coli were
assayeanfigro tave debi Ivithh tao prestidbead énmcﬁsaldee%lrgfﬁ’e@f 85373 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 sequence of gsbA deduced from the open
reading frame shares 40-52% identity with AACs from Deinococcus
radiodurans strain R1l, Actinoplanes utahensis and a putative
acylase from Pseudomonas aeruginosa, The AACs’ catalyze
deacylation of their substrates. These AAC genes are translated
as single precursor polypeptide and then processed to the active
form of two subunits. By alignment with the peptide sequences
from D. radiodurans strain R1l, A. utahensis and P. aeruginosa/
Table II, the presumed o and B subunits are located at amino
acid positions 36-217 and 233-794, respectively, with a 15 amino
acid spacer between them. 0OsbA shares less than 28% homology
with penicillin G acylase (20) and cephalosporin acylase (21).
See Table II. The amino acid sequence alignment in Table II was
analyzed by the Clustal W program available from the European

Bioinformatics Institute website (http://www.ebi.ac.uk).
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in Exanple 2. C one p2B10, which contains a 4 kb insert,-had AHL

i nactivation activity (see Figure 1A slice 2). The TGSTM Tenpl ate
Gener at i ow0oBBakegast F- 700 (Fi nnzynmes OY) was used to nut at eqazgid/opliasm d
DNA by randomy inserting the artificial Mu transposon, follow ng the
manuf a&&ai@des S.nstiiRie oHon Mashhel 0ePdreep2B10, which contains the 4 kb
i nsert iini ng t . \Was t I nt

cl ones [&gptéq’bl]pr oduclgﬁa, q?l%@%%ﬁ%@%\lﬂgs@a #Zﬁ?%a?%%?:t %/%ZJIV-I%S %%%%%?%@%9

cul t ur @R ofsiBg eolfiorbtdsal gonimemid'g- pMUG3 and pMJC6 are shown as exanpl es

in Fig | i Lvely. ] r sequent |
pur 1SS ESRIC A TEA T e e dG Y BT RO SR
Sequendaievg rakrd pSdagueen e -art3GEALST THA QGRS AR (IR GCYAINMTA 3 'Se(iEhciing was

perforned according t.0 k met h sing .ABl _.Prism.dRhodam ne Term nat or
Cycl e g@qugﬁcicﬁéltﬁgwg %Oea\s@{]l o%cﬁ%tscﬁﬂéerﬁﬁgsntrélC%elror}é\pspltdcleesd’ Bi osystens). The
4 kb 1380236063951 BEGE S/ AR ggrehictfs ammd chieyqe2RID weaisng

conpl etely sequenced and . s showmn in Table |, .The. seguence .cont ains an
opon £ T RGN Eae S 4D TG (R W b A FE ST rtS oo . Toa
stop C@,@qme(r@%QdetH&Qg%;tamﬁlcﬁm | Thetsr e 3643 (GBAS efbron Ut Mihe

t ransposon t agenesi s data described in Ex le 3, this readi ng
frame qoélttrl?gu@%i% regiRhPRof ,[S[i—ep— l?%%ifﬁ?‘ﬁé‘? gﬁ@ln hated as
gsbA.  Arnpiicatilee 1EHdD @Rty M dimgredticy (ASBEAGA) (msnd againe bt rikases Patd S
upstream of the first ATG start codon (underlined in Tabl elfﬁli%il ] 00048] The

deducedSHEFEIEe COEFIENEE Sfos QRS ¢ y R Q508 ViFeht 5 Hirg RhUckure

of aculeaci B aGH,a3ee{AACs) and penicillin G acyl ases, with signal
peptide-a subunit-spacer-(3 subunit organization (16, 30). There are four
addi t i d9&1051Jot ent iTRtat el @obpnsrlorhl air B, ex8eraaigsd sfgomgunelownst r eam

LC o U LG, 1151080t ORET o0l (208 Rt FL0Fer

, g ons.
construct according to methods 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 pl
of the soluble protein preparation (20 pg/pl) was added to the
same volume of 40 uM AHL, e.g., OOHL. After a 1 hour incubation
at 37°C, the reaction mixture was assayed as described in
Example 2. Representative data, shown in Figure 1B, slice 1,
indicate that the soluble GST-QsbA fusion protein effectively
eliminated OOHL activity.

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

[00052] To determinate the substrate spectrum of QsbA, total
soluble protein extracted from the recombinant E. coli (pGST-
QsbA) was assayed for inactivation of AHLs with acyl chains of
differing lengths according to the methods of Example 2. The
following AHLs were synthesized according to known methods as
described by Zhang et al. (31): (1) N-octanoyl-L-homoserine
lactone (C8HSL, OOHL); (2) N-decanoyl-L-homoserine lactone
(ClpHsi, DHL): (3) N—B—oxohexanoyl—L~homoserine lactone (3-oxo-
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The deduced peptide has 78 strongly basic and strong acid amno acid
resi dues and a predicted isoelectric point of 7.48. The first 20 am no
aci d resi Joems/06895t he assuned open reading frame appear t@®drsGo2eI@nal
pepti de. 00049 The &bptl de sequence of gsbA deduced fromthe open

readi n§ )e's 2R $E309¥ + HARC T B Pel 3R UE3 —0x0-
r adi od@:@@ﬁsxﬁt ‘RighffY APt mgmﬁq&%&ﬂ%%a@% nécytasgo,trom

Pseudonpbnas derugi nosa, The " catalyze deacylation of elrr
subst r §8ESL, TIRSIE.) AACTd@éfslw]e qnch@mb@s@%uwglle%mhwnmvbept i de

and t hep,pracassed 4o thednldy gy farm,of d90 subun . Lonmept i th
Fad # %

the peptide sequences i odurans strain Rl, ensis and P.
aer ugi ﬂ‘n@mserﬁm e’Lantort€heﬂJﬁrfe§mmd:@<alncar(C8 kurrAnal aneesnmmeejlm Bmi no

acid p it Y/ 2 r ' j
spacer(E en %h%ez%f %l%%%% tesgwé% + E%%lgrg ai%ml&{? peni c ﬁkﬁll n G
acyl asee(azmloandzasemmchmﬂd rRtagl Befq 1 hOLse% aFab| B |prahectgrweraci d
sequen I { the Custal Wprogram

avail a %ﬂrfr OW él':lurlo(’gée)acﬁ ‘J&\gllacﬁ} Or%rfhgtlt éxeaq?}ﬁgtl tute website

(http: /[/ommaabu ac.QehA @@nﬁﬁﬂél@%%dt%mmﬂm—BExaoqieeaﬁoyl—L— .
Expres on of the Gene 050 e codi ng e ion of th gene was
ool 1 Pedos e e (L b acgioy] L ihSTe Aine "fodbit)
CGTGGAM&@AEG&E@@A TLT(EHEQGEI'CEE@ﬁ 1d SEQ 112 NS rgngndredspeyersky pratrer

and Ecc'l}g %%ﬁ%%&ch%%%q M(E?E?’F’Ir’rg‘ zi'rrpl(‘?srk%%dEl tal%’ 5 321-|{/\/ere

di gest Q%a@ll%té&®®w&dﬁ§14ﬂh&ﬁb§éﬂw@ﬁ)md drusagd-prdée torthe
codi ng. sequence of the glutathione S—transferase (GST 13g)@ene under the

cont r oOBP S eGP py WIS D-haii g He t Gy HRRRI bl e | ac

pr onot Q"es'p’éc‘(:‘i‘iz'feqry RERE2 hd A sRam P*}ﬁﬂ@sﬁérﬂ) erierQﬂ% ad € ONSd F#HCdn
pGST- 8bA. pGST- (8bA was transformed into E ‘coli and expressed
conditions, QsbA had less inactivating activity for N-[3-

oxohexanoyl—L—homoserlne (OHHL), which has an acyl chain of 6
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 completely inactivated the butyl and hexyl
esters of N—B4octanoyl—L—homoserine (data not shown). These two
esters of N-f-octanoyl-L-homoserine showed comparable induction
activity with OOHL when assayed with the AHL reporter strain A.
tumefaciens NT1 (traR; tra::1acZ749) (data not shown). AHL-
lactonase (encoded by aiiA) did not inactivate these substrates.
These substrate specificity data are consistent with

identification of QsbA as an AHL~acylase.

Example 7. 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 OD,g,.
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[ 00051] Total soluble protein was extracted fromthe reconbinant E coli
cells harboring the GST- @bA-encodi ng fusion construct according to

met hods kwaws/oespsi he art, based on the nethods descri bed rar/dommgowat al .
(9), and assayed.for AHL inactivation. The total soluble protein fromE
coli c@PpaBAlng GShesgstmrfime BHIgRaydedeasdas daubgited ol tthOPilod<Hay,
50 Jal ,.of .the soluble.protein.preparatio ; the sane
vol une28s "8 ﬁlsAﬁE,% ghﬁ IS I}.ereA% g eZ%S %Cﬁ%&% Q%%éﬁ:@%g%%}%g %&C t he
react i gateiriti i @gwahecaseayehads odeiicinbétiei weaBcdiopl @iXtuRepr ebdehat i ve

data, shown.in Fi lige 1. indi h Lubl & GSE- QsbA
Fus, onBRbREACCFT b (00 S Bt 8 SOHAL S PRy il SR

Char act-estzabhoRoQfumch® fSEos imatie Smscbuimeaf. CShe QebAtEwsisoweReot ei n

Expressed in E. colj. [.00052] .-To determd nate the substrate s r f
QDA - EGPRPSTS BYUBEIGRRT it Gt SR LR B ERE T B NI e B e CpaT-
BbA) wasecamsared ohOlbf Raet 0o ertdfriAll srasl daradyld ol dn of differing
| engt hs according to the_nethqds of, Exa The _faollow ng AHLs were

| e
synt heS2gduRdd6PdEng FOIK 3t ﬁ(?&’éfagf?d 8@?&# ibed Ef“ﬂﬁaﬁ% et al. (31):
ﬁ&é N-Q%hﬁgggﬁuge@omgameyi42%&&@2FgﬁgﬁHSL,E@@nggwﬁa 2. The optimal
ecanoyl - L- honoseri ne | actone | : ; .

N- ( 3- o%@%‘é’?éﬁ@}ﬂlﬁ%f@dﬁﬁé’&% Q%("&r?é/ C’@-So%%’fi \(}ig &5 CEETSTBEF &2/ 00011
C6HSL, o@dL) ; REAlctNdm+ereRexan@d 1iyheF0$elinn el A °ar deter o3k @n AGhRHSL
QdDHL) ; (5) N-f3-oxohexanoyl - L- honoserine | actone (3-0x0-, CBHSL, OOHL). The
butyl aedifdkyl séearly -of ﬁépe( PRSFREx D00 STHIMSs &S e et gﬁﬁpe&ﬁsed by
est eri {e¢ati Q. Niio¥ehexanadsd hhOmDSeNiag veast one fopkinslanst  and
1- hexanol respectively, in the presence of small anmpunt of Dowex 50H+
resin @Ange drpem Tie 6. %ed@ iTor waSCoddetied Zat  §6¢€ o IBYSE t he

roduc I rjfds iqd : QRA53In s A
Conpl oSty I REH A e oL T (3 oxotecanoyl  L-- honbser e (COHL) an:

N- ( 3- 080d6dec Sesy [Flgursnoser iAfE qrodidHminutes, more than 82% OOHL ‘had

been degraded; the reaction rate was estimated to be about 55

pmols per ug AHL-acylase per minute.
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whi ch' have acyl chains of 8, 10 and 12 carbons, respectively, at the
concentrations tested (data not shown). (sbA also strongly inactivated

N- ( 3- oct anmyd3/oksdsonoseri ne( OHL) and N-( 3-decanoyl - L- honoserm/swebbiay, which
have acyl chains of 8 and 10 carbons, respectively (data not shown).
HowevelCLAIMEer the sane reaction conditions, (bA had |ess inactivating
activity for N (3- oxohexanoyl -L-honoserine (OHHL), which has an acyl chain
of 6 carbons (data not shown). The total soluble protein extract from
cont r ol?'.E. ¢oldon{faESH)iati dbhotatstwow vWmcractimptisema metcleilt saqidht a not

shown) ._ [ 00054 b qu‘rpl tely inactivated the butyl and hexyl

esters & %O?Jﬂl-%goa%@ﬁhonbs];ri ne (data not shown). These two esters of
N- 3- oct anoyl - L- honoseri ne showed conparabl e induction activity with OOHL
when assayed with the AHL reparter strain A _tunefaciens NIl (iraR

tra::| 27}9)0?1%%1 ns?é\%%teﬁ-mwﬁurcgh%oﬁ%psrel?eesncaocfleuac eylwaialL A?)CE di d not

i nact i wi1edwes ef rdib it @soup Thesel stirsg raf enspiesdtfidad yl 2B4-e36® of
consistent with identification qf bA as . an AHL-acyl.ase. anpl e 7.

ur 11 R G O aHL oy AT B JEEF TP (8 o AR D005 P o

GST- [ ARlzra@H@ase]eddisi on protein was purified using a glutathione

Sepharose 4B affinity colum follow ng-the .manufacturer's instructions
(Pharnmacia). AHL-acyl ase was cl eaved by digestion with thrombin (Sigm).

Protei g, CONGRMTAtd At Wisa dled TR eth byl dmBasaritigc oS 22 440 03/ 068951
PCT/ S&2/ 00011 [00056] The purified AHL-acyl ase was incubated w th OOHL
for 20uflARtedend4ie3Iettiteh e ettt vity was neasured by

determning the residual OOHL in the reaction mxture, which contained 8
| M GOHL and about 0.6 ig AHL-acylase.jn a total] reaction volume of 50 m
1x PBS duf fercomprs ¥kt i oh Malrer P etP i BiRf t3 RERFL A STIHHACT e
| oadi ”%&%éf&%ﬁ&b{ &@Lfroup%&qﬁ@@éﬂ@%pfat e asddudiide Was carri ed
out in quadruplicate. AHL-acyl ase degraded L in_a range of

according to SEQ ID NO: 2, a fragment thereof and a

substantially homologous variant thereof.

5. A composition of matter which comprises a peptidic sequence
encoded by 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.

6. A composition of matter which comprises a peptidic sequence
selected from the group consisting of SEQ ID NO: 2, a fragment
thereof, a subunit thereof and a substantially homologous

variant thereof.

7. A composition of matter according to claim 6 which comprises

a peptidic sequence according to SEQ ID NO: 2.
8. A composition of matter according to claim 6 which comprises

a peptidic sequence comprising amino acids 36-217 of SEQ ID NO:
2.
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tenperatures from 22-42C at pH 7.0. See Figure 2. The optimal tenperature
for enzyne activity was found to be approximately 28C. Reaction

t enrper at uw® d3iogsest t han 42C decreased enzyne activity shaqasco2baiopt i mal
pH for enzyne activity also was determ ned. The AHL-acyl ase has a .

rel ati 9el yAnapmpwsaptionalo fpHatigrgecloogipld 605 clgim %, whdehricurg iBesThe
time course,of . OOHL inacti i . urj f:i-ed L-agy! )

det er nfnB§°5E dl?oé.e qggg%%i gc\ér%%rg%&%t tea?r&f% r?"lcﬁl?% esz),gdzlrn‘)@cea tﬁ% O%A)DOCI]\]-(I)L' had
been degraded; the reaction rate was estimted to be about 55 pnols per
j1g AHL-acyl ase per mnute. 23 WO 03/068951 PCT/ SG02/ 00011 CLAINMS: 1. A
conposition of matter which conprises a nucleic acid according to SEQ ID
NO 1. 12.. Aaceoppsistiitdonob fmatattdre rwaiccie redmyr itseslaimud eibdcéici d  sel ect ed
fromthe group,con 'iti ng of nucl eotides 1234-3618 of SEQID NO 1, a
fragrref‘rf‘a{%ﬁéyg&esa 4 substantially honol ogous variant thereof. 3. A
nucl ei ¢ acid according to claim2 which conprises nucleotides 1234-3618 of

SEQ ID_.NO 1. 4. A conpositi.on .of ter. whi-ch caonpr.i tidic
sequendd - sél BECEYY P rrimtor?éll(j‘rt&ﬁlﬁ s PO 15 5‘%&6’?‘% i S’@%?fuence
accor dicegpte sSEQcRtNAt iAg @ afifdagmEntw ifthe rae @forgat 14 i csulost anattitald y

honol ogous variant thereof. 5 A C.or?%s_i tion of matter which conprises a

pept i dPECOEGABACEC BRYoGEE B £1Rdttei"c 1ci d sel ected fromthe group
consisting of nucleotides 1234-3618 of SEQ ID NO 1, a fragnent thereof

and a substantially honplogous varignt thereaf., 6. A conpositi of matter
whi ch d8npr Pségag sgepticdipd 2ddq et ridg @ct”é’c?gfer]&natcljrél t@&ﬁ%%% ng of

SEQ | DtN@ g2oud Hor@iBitind Rar erfol btsawnite Iheaael cndmp subsianti ald y
honol ogous “variant thereof. 7. A conpagsition of matter accor |r%%to c% aimé6
whi ch %@@gﬁp@ésthereof and a substantially homologous varian ereof.

13. A transgenic non-human animal harboring 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.

14. A method of controlling a bacterial disease in a mammal in
need thereof which comprises administering to said mammal a
composition of matter according to any one of claims 5-10,
wherein the expression of pathogenic genes of said bacteria are

reqgulated by AHL signals.
"15. A method of claim 14 wherein said mammal is a human.

16. A method of controlling a bacterial disease in a plant in
need thereof which comprises administering to said plant a
composition of matter according to any one of claims 5-10,
wherein the eXpression of pathogenic genes of said bacteria are

regulated by AHL signals.

17. A method of controlling a bacterial disease in a mammal in

need thereof which comprises administering to said mammal a
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a peptidic sequence according to SEQID NO 2. 8. A conposition of matter
according to claim6 which conprises a peptidic sequence conprising anm no
aci ds 36- @0/03mic8BEQ | D NO. 2. 24 WD 03/ 068951 PCT/ SQ02/ 0 IIs@2/06011
conposition of matter according to claim6 which conprises a peptidic
sequencempoaptienngfampsescods c2admrg4ape SE® pPpPikdde Proficta conposition
of mat ordin i I i t S AHL 4 1 L pa Bt ko d 1of

nmodul a%’iﬁ%]ég%ﬁm%g%g%ghgﬁ%tsggﬁ \%Er,gamiogjﬁﬂggo%fﬁﬁgeg%clgnt acting said AHL with
a conposgtilehedf byaktér sigeedsdi ng to any one of clains 5-10. 12. A
transgeni c plant harboring a nucleic acid selected from the group

consi sting of nucleotides 1234-3618 of SEQ ID NO 1, a fragnment thereof
and a $8bstantkeahby bdnollegoud 7vahieaetint sedidoframmpd. i& ©r A4FFEni ¢ non- human
ani mal harboring a nucleic acid selected fromthe group consisting of

nucl eotides 1234-3618 of SEQ ID NO 1, a fragment thereof and a :
subst abpi al AymhahoHogdusontawildning kebeoterisal Aimesased igf ecdItardl 1ithg a
bacterial disease_in. a | 1. n - reof. ikch I

admi ni 2E&F; hé%SogaW&lﬁg&m%pgﬁggn%%l ﬁ%r?%% & tt%er&gggrl i%%gato any one
of cl ateRpbsl@ionwoer eian tiehe ofx prledsi @n ohepatinodde cxpaession <d d
bacteria _are regul ated AHL signals.. 15. ty lgi-m L ein
sai d nﬁﬁﬁEPg?E‘lg HEMES. o%é.sa Iarrgjta%é:&rolfSt go%r?t ?g{gﬁ%%;%%go%) ctAgfrIi aﬁ]l% :M}:S;'se in
a plant in need thereof which conprises adm nistering to said plant a

conposi tion_of tter accordi .to any one af .clai ns 5-10, rein the
expr eséPon 6f mﬁggﬁﬁlgé’ﬁ?i é:oé’é_‘r?é’gq‘d‘fngsa?‘i A5k i dgLrsee %y l%%atae%‘gayneeAHL

si gnal §sihé. aAyTBbked raficepdcdlds rpradiadher itdle dicsrgasd tirra cmedtdm
need t her eof \M%i ch conprises administering to said mammual a

of claim 2. &
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25 WO 03/ 068951 PCT/ SG02/ 00011 conposition of matter of claim2 and its
peptide product, wherein the expression of pathogenic genes of said

bact eri a woeos/ocggul at ed by AHL signals. 18. A nethod of clmiTSGIZ/ovher ei n
said mammal is a human. 19. A nmethod of controlling a bacterial disease in
a plant in need thereof, which conprises adm nistering to said plant a
conposition of matter of i BABSHOMNA MbrAGHAHeGENS essi on of  pat hogeni ¢
genes of said bacteria are-regul ated by AHL signals. 20. A nethod of
controlling a bacterial disease in a plant wusing any bacterial species
cont ai MBYTRATT OFIE tDECIGSTREter of claim 2. 26 WD 03/ 068951

PCT/ SG02/ 00011 RALSTONI A AHL- ACYLASE GENE ABSTRACT OF THE DI SCLOSURE

[ 00058] This invention provides a gene, qsbA, which encodes a protein
usef ul foposdgiacti varhng tevérthohapteviads quogene, seabAngwbighaenaotesul es

(N-acyl honoserine | actones), which artig%g?te i,n bactQ%ia%ugér | ence and
f

bi of i | A AAFEEhRTbh TParRRFst Vahtsd dere" s P at onT Ral st oni a
Sp., Stddiding Hikgh1 He1dAvR | au-2d 5D omysaiesnd headsdkepy otleloh whi ch
possesses N-acyl honoserine Jactone'lnactlvqélng ar |yét¥ 2577-154. PCT
Fig. 1pErticipate in bacterial virulence and bTfofilm differentiation
pathways. This gene was isolated from Ralstonia sp., strain.
XJ12B. The invention also provides the QsbA protein, which

possesses N-acyl homoserine lactone inactivating activity.

2577-154.PCT

' Fig. 1
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