24 July 2006 WD 03/068951 PCT/ SG02/ 00011 RALSTONI A AHL- ACYLASE GENE
BACKGROUND OF THE I NVENTION Field of the I'nvention [0001] tpth? vention
pertains to the field of nolecular biology. In particular f ntion
rel ates acyl honoserine | actone acyl ase gen tonia sp.
XJ12B. “@scﬁggft. on of the Background Art [0002] I\I—aep({ﬂﬂmﬁg@gfl ne | actones
(AHLs), also knomn as autoinducers, are w dely used quorum sensi ng signal
nmol ecul es in "nmany C?an}negﬁkbﬁﬁm@q&gfﬁﬂéi 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 identical honposerine |actone noiety. The |ength and
st ructiife Bhanthelitamdii side chains are different, however. Although the
target genes  regulated by AHLs in different bacterla species are vari ed,
basi ¢ mechihtsie BF* AHL bi osynthesi s and gene regul ation are conserved
anong dlffggeqﬂ_bgfﬁ r|aI speci es. [0003] The general feature of
AHL- nedi ated gene regulation is that it is cell population dependent
(quorum sensing). Bacteria secrete AHLs into the environnent;
extracel lul ar concentration of AHLS increases as bacterial cel
popul <taoengags pow IANraIL-Adyr.age cerRe ates to a threshol d extracel | ul ar
concentration, the expression of certain sets of target genes are
triggered in the bacteria. [0004] Bacteria using these signals rel ease,
detect. _and respond to the accunul ation of AHL signal nol ecules for
syncht’olPzi 7y 7-éxpr&dsi on of a particul ar sets of genes and coordi nating
cellular activities within the bacterial cell population. AHLs are
involved in regulation of a range of biological functions, including
bi ol unigaescence in Vibrio species (13, 4), Ti plasmd 1 24 July 2006 WO
03/ 068951 PCT/ S&2/ 00011 conjugal transfer in Agrobacteriumtunefaciens
(31), induction of virulence genes in Burkhhol deria cepacia, Erwinia
carotovora, FErw. chrysanthem , Erw. stewartii, Pseudononas aeruginosa, and
Xenordidbdusbatembimpiddsasn (BY 6, 12, 17, 19, 22, 23, 24, 26), regulation of
antibiotic production in P. aureofaciens and Erw. carotovora (6, 26),
smarning notility in Serratia liquifaciens (14) and biofilmformation in
P. %gqrescens and P. aeruginosa (1, 8). In nmany other bacterial species
the rét8vant bi ol ogical functions controlled by AHLs remain to be
|nve§bhgatag4g2 5, [0005] A nunber of plant, aninmal and human bacteri al
pat hogens use' AHL quorum sensing signals to regul ate expression of
pat hagaepi c ganes and aid in the formation of biofilns. Therefore, AHL
guorum Sensi ng signal nol ecules are group of nolecular targets for. genetic
and ci2¢fr caHalmaomizulsgti ons since disruption of these signaling nechani sns
can prevent or reduce the ability-of these bacteria to infect plant and
animal tissues or to formbiofilns. [00061 The gene encodi ng an
AHL-Qggﬁtivation enzyme (AiiA) from a Gampositive bacterium (Bacillus
strai OBl) has been cloned (9). AiA (also known as AHL-| actonase)
'|nac;gga;e%qAr 101lact|V|ty by hydrolyzing the | actone bond of AHLs (10).
Expressron of alTA in transfornmed Erw. carotovora (a pathogenic strain
mhchzggysqgaeofhfrot di sease in many plants) significantly reduces the
rel ease of AHL, decreases extracel lul ar pectrolytic enzyne activities, and
at t erzases unpabdogeni city on potato, eggplant, Chinese cabbage, carrot,
celery, cauliflower, and tobacco (9). Transgenic plants expressing
AHL-1 act onase showed a significantly enhanced resistance to Erw
. carotovora infection and del ayed devel opment of soft rot synptoms (10).
AHL- 4881 i iat i on mechani sns appear to be widely distributed. For exanple,
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| NVENTI ON [ 0008] Accordingly, in this study, the cloning and
characterization .of a gene encoding an AHL-acyl ase froma bacterlal
isolate Ralstonia sp. JX12B is repdrted. [0008a] In a.first aspect of the
present invention, there is provided a nucleic aci.d according to SEQ I D

- NO 1. [ 0008b] In a second aspect of the present invention, there is _
provi ded a nucl eic- acid which -conprises nucl eoti des 1234-3618 of - SEQ ID

~*NO 1. [0008c] In a third aspect of the present invention, there is

provided a peptide having a sequence encoded by a nuclelc acid consrstlng '




a peptide having a sequence conprising am no acids 233-794 of SEQ I1D NO 2.
[ 0009] An enbodi nent, may be a conposition of matter which 2%0 r'%@%s a
nucleic acid according to SEQ ID NO 1. Another enbodi nent, nﬁ@y a
conposi {whQRu&hsmet ter which conprises a nucleic aci fromthe

gr oup cons?stlt)snlg of nucl eotides 1234-3618 of SEQ I Dgﬁgsbiﬁ%gﬂfragrrent
thereof and a substantially honol ogous variant thereof. [00010] Yet a

further i t be a. nucleic acid . according to claim2 i ch
conpieaSH EEReqslBY BRedn it pheagtty WS b B0 Phoo111
vet achBEddial QEROMRRA LB RR BooQUmast tdAcRlcdBLE AT JMREEN carprises a
peptidic sequence selected fromthe group <consisting of "a peptidic
sequereegensiar deagydiogSHAbENQRy Fgar tdcagnpiigctiowiteghcandgac subsbantial |y
honol ogous variant thereof. [00012] Yet a further enbodi nent, nmay be a
conpdsEeierecst apgaategtc WiRochcomep EIseERagap dicigty ecage qorratetencodddlby a
nucleic acid selected fromthe group consisting of nucleotides 1234-3618

of SESCREFCIE CI2°RIPPAGTHERTTIaFsT BEFAATEIR EHSTETAS 9FISFRERDI 0gods vari ant

t her eof ., 1 Ye further. e i Een be.a conpo ion of matter
uh cRUEaRET g S i Re b OSCed B ke T e R B SOERERE M CondPLl T ng ot
SEQ 1dgbtagdse _ﬁgéég%ggg‘@tca bei&fte, alegtidRbpl lodBEEERI: gidtagRgsybSt @Rbi al | y
honol ogous variant 't hereof, such as a peptidiCc  sequence according to SEQ

| D N@cggdtcayqaeptdahacgse qigepasygaenpididagea alicebg@rigdegSfraddva 2337204 of SEQ
ID NO 2 or a peptidic sequence : conprising am no acids 233-794 of SEQ ID
NO 2cg8es@49)atyuc@oobt Jopectidiagyeroauciasy racteetnsdi aesiuctaay be 780
conposition of matter as described above which inactivates AHL. [400014a]

I'n a StEAtFPRSpEETAWPIEHSIIBFERETE PIREHTOCEN, AACHBIE s CPrEvraed af*Pn vitro

met hg ul.at i i ,i.n tivity. which ¢ ri cont,agt i ng
ot d SRPESTR SRl oAb O Gl i oot BRI P g 006

ehOd BB oagBY g &IBLEs [RaBSRIAOGG Qfgoafl Y Bl A botiadaki Ng BEbI Vity
whi ch conpri'ses contacting said A Wi th a conposition of matter as
descgghggeadaey gcaitdddd adgcbiadyyteempeihcasnestcaicgt begaamaegent iuogenti on,
there is provided a transgenic plant conprising a nucleic acid as defined
abov@gcfoatbBbiadatcagenmistrortagegycalfccube qaubseruygi avausuigeng t PR is
provided a transgeni c non-human ani mal conprising a nucleic acid_as

def | FBHIGHGFE. IFDTILBYI PELIZCIITRL RRTCTERGHYI IRehECC yt’b‘éct&‘:??%nsg}éﬁpc pl ant

non- hu rbarin nucl ei ¢ acid as described abov [ 000164a]
ot et

or < ccnc:‘%n Ecang]éalalthg' cggtaggc [ Cgc gctygcecgca actagagc e.\L 00

"In a fgﬁ?r? eant %wﬁec?1 o FH reSeht PRvet i on, . ther & aigsgp?ovi 3ed use of
a nugl.gj i,d j Q%@'f-a ' | 0 t h@aeo

manuf% gg%%%ggf ai&%ﬁ?iﬂ%g? or %%%F??%hgg%a%%eg?%gg%%ase ina
mamMakgpbeyciant §dtegcedprssiarttef gpajdregeniageneacotoaidehact anna are
regul.ated by AHL signals. [00017] Yet a further enbodinent, may relate to
a netthoggafcoccorraagblaqgagctiamiicer fedgadpseagmcoreronantbagnhtch &8éPri ses
admnistering to said mammal a conposition of matter as described above,
wher SFACIIE ExPFESSPEPR STLapIIIGe Rt WIIGEARS ISRLEIGFapEEIdRPACAr e 14#Bul at ed

by AHL si | 00017 I fourt th t of th toi ti ,

Pher eapEsSRG. Lotar et beolodst Hoen el an ution o FHRRRED naddbdct ure of
_ f o _ _ ( ture of

a Wegbe%fc g%gaf?ggkge édtggcg%tgagéfﬁﬂggégglc%géé&dag @ce&gggltcge | whgpei n the

express eni c "génes of sal acteria are regu by AHL

Si gnghsgedted deHangdeRs cthOfHRBlL Yaigprctys Rgecqadig@ithgat®y nebate to a
met hod of controlling a bacterial disease in a plant which conprises

adm nicgterdang tocs@adeplgantceogonpasiticgong afctheddey akatdeseag bed 688bove,
wherei n the expression of pathogenic genes of said bacteria are regul ated
by AMBCa¢IffaIcs ccdPROTBR]|CCPAgerIcE! FERMIChaES ReFECHIgIthecycesert | nvéaRti on,
there is rovi ded a nmet hod of controlling a bacterial disease irgog pl ant
whi cREEHHAG GeRCHEHAFS (CBLPHIFTE S3IFIFran -CEPITEIBIHYIGEFT ned® Bbove,
wher ei X I Q eni f id b ri ar g ql-gqul at ed
by AR B RS e o N PO e S ey ) e on
ther @k scqdiig@Vhgiedg@cgRldiedyRigcg0Btdfl-bag AcbasdRil gbgddasaase 11020 pl ant
whi ch conprises transformng the plant with a nucleic acid as ‘defined
abovecgififyt@cEcdarggcse veartesnigh aspectcod ddyecpreegentgdogwetd i ori98bhere is. -
provi ded a nmethod of controlling a bacterial disease in a plant using a
bacteria transforned with a nucleiczcid as defined above. BRI EF '
DESCRI PTI ON OF THE- DRAW NGS [ 00019] .Figure 1 is a photograph show ng AHL
~.inactivation bioassay ‘results for bacterial cultures and bacterial .
- proteins fromthe - indicated bacterial clones. Figure 1A shows the results
of a bioassay with bacterial cultures of E. coli DH5a strains 13H10 (slice
1), 2B10 (slice 2), MJB3 (slice 3); MJCE (slice 4), GST-sbA (slice 5) -and




i nactivation by the purified AHL-acyl ase. 4a 24 July 2006 WD 03/068951
PCT/ SG02/ 00011 DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI S..[000221 A
bacterial isolate of Ralstonia sp. XJ12B froma biofilms #9063 wat er
treat neglo sedosm Was found to enzymatically inacti Vaﬁfrlﬁ%fﬁm pact erial
guorum sensi ng nol ecul es, in a bioassay using Agrobacterium tlurref aci ens
strain NI (traR tra::lacZ749) as an indicator for AHL activity. The
gene @needhie Talf&@ccha@ttel &@EB%Q&& I b2 cCPaIRBES I9hib¥ad Ay 0

i nactivation (gsbA) was cloned froma bacterial strain isolated fromthe
bi of i angsanpie gandgdtaygndediryatoeed &cat pefiichdeggatt 784 q@ithaeyael ds21do000231
Bacterial cultures and bacterial proteins were assayed for the ability to
i nact3SFROEL I aG3RTHFCAY r DB EERGU rRacetrRifcact @rsaiaell ceuortersic] s. 2140
turref&cﬁ% ns was cultured at 28*C in MM nmedium as described in Zhang et al.

(31). BT EPPAPTPIC pFHIAEPAIRD a2 SRy e TIIFFIS CIRFREIFH t 28 AHL

subst | - t -L- tine | actone ( , -and
the. fRacertil coRUaRLE QURGBNORr ARG i REGRAY S BELO0G S| e

i nactdgtalyb@BgAGth¥iitith Scdi@seMlc itdchher S8 Rotbgs: JBgadidyc hassdpeen

cl eaved and 1 nactivated), then the inactivated AI-E products fail to

t r i ggeycatbec@Ex puessiogna ofasbgedtaepertercoggnicgcrhb el ictatataicgt hezavont r ol of
a.TraR-dependent pronoter. The strain A Tunefaciens NTlI hosting the lacZ
r epordgtce§si® RFAIHEYEF TR tG6REI GRIYERITIDI| T LUACETTE CPEESEIee of 24fGbstrat e

5- brono-4-chl oro-3-indolyl P-Dgal act opyranosi de égx_ al). See Exanple 2
for AP APREYWCBRSSET I ARER TRy CBeCRSE82T AEIH9Sy, &¢%esired.

O c ' i vage [ ' traditional
n vt ot B s AYLE ARG oaby BN Henfithg oAb BTy 1 B0

~act i WdokegdhRs @g@fggctkl | dadabtthie: by &thQrdmdighy Vi sis@ssays to
det e\(ﬁ a?]dtllﬁ%f auagrgti the AHL i nact?%atgﬁg%%[oggziﬁggsch% ig%hi a coll strain
DH5a twasguseth astacdesy dangtENA reog@tdcat | aytabBoidy RBaksdtanicg se70and' E
coli were cultured in LB nedium (tryptone,. 10 g/L, yeast extract, 5 g/L,
and NECECIcd®gLECCIHiIPt (NI2aEIQTRBC I ARISET | cragcastdditontagrtner e Wded when
necessary at the foll ow ng concentrations: p%g)i cillin, 100 ji

a/nm.;
t et r FAPELFHE2 RECHHIHF2 CREHAMPEFHECtSgC fefiatPat e FEFYPHI66  \RB203/ 068951

PCT/ 100011 T e in e pr in.r i.bl r the

ot e e AP, ACTHFREs ok AeAETLs P Eo e et o Eed SERIRRARC" oot o0

~cl On%c%gﬁbé&%g%&%ﬁ dMRaOEg Rl s oRaR 8 Pegabhdddt ¥dddBicageonsidaycted in
E. coli. E coli transfectants were screenedgfor thé ability to inactivate

AHL. datgcciane fgpdt@ighe:r amggteuuid ghiogadatgettasatgcidl caliggrdadg DNABfooOmM

pl 3H O was digested, fused into a cloning vector, |igated and transforned

i nt o'®9geettas Thecq@acgt dldgceperiss tagatavche riecgassagtad gkaecomEce na¥®Pvat i ng

activity. one clone, containing a 4 kb insert, had AHL inactivatign
act i AIEP2CIERI02BICTIEE i WEIGRTE % GBE%QfL?éHFI%Ftﬁﬁ??qcige&gf“&"}aggééqué%& ng. The

4 karcagrrgant (Ar om %L:C’Qecg}(%éﬁég av'\éa%Ccorrcplag(t:el -] le %encgdc %cggr di Got O known
met ho SIS r?gcf Bre 9t em o0am ne Jerm nator a/c egge%u?er? I'ng ‘Ready
Reactd j IRz El SR J i t e bej-ay. The
sequedﬁggg‘g%%%aaéﬁg%é&acﬁagp%ﬁa? %dngg?‘rﬁag%y%f%ggt%cngﬁcgzgls?g whi ch was the
AHL iggegtiyald §BadiRitGgy GRItAgceRROehBgdcgPriRligeieytpakygritigege 30094 ami no
acids (85,373 Daltons). 6 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 Tabl e
1. laagGermg( Redsttonet cychtddrs] gotyaigate prerceadBEQIt@tdie: 1)3360

gttt gggaci agt gggnagcgcgct gt gcag cgccccgeccct aagccgecgcecagcet cggceg
CgcacegaEIERC JETEGER B JBGEEs S0 I99GSEY GeReltr P 6oy fcagif 2
cgccggaaggcggacat yt cgt gat aaccg_cact gt t cgqcgat t gccgt.cag9ct cage 1

RO A B R R SR e

ggcg &9 ' Y { ag

R 13 R o g G LR R S i e G o
0CCCQeRAEGLRC & GRI-g6 00 BFEH 0 GLEAIGE6H CRUGEAERIUGCHGHA/RG 3600

t caccgcgcgacgggt ggt cgagcacggcC 450 tggccgagggt gcgt gccagececgggtgtcg
gccaggogoficga—aggrgotgs PQagcoPer actprghge tarat cguge gt genoCy54 (8660

- agcacgt tgccgct gct gac9at ggcect gc tccgeccaccacctt caget gcgggt agt t

 ccgt JEa§EEIRSC 49t Rrahy IHEaRECBIOELIARgre HFEFEIRIC @ @ngcg’cﬁo'
ccggccagcagcgccacgccggt gaaggac gaggccaccaagcect gccggegt ccaggta 720 ‘
909¢cggat ggt ggcgcgt t cccact ccag cagggtcaggcgcet gect ccagegt get gat

~ gtggtcgaaat gcaggggcgggacgaccag 810 .cgcgtcgcccagcgeggegt cgecececgecgg
~.cagcggct ggcagcggcaggccagggt ct ¢ ggcggeggect gCcagecgggCCgggt Cgcg 900
cgcgaccagccgccacccgaacaccgggct ggcggcat cggcacgcttgceccggcatgcat - -
ggaggcgagcgnt t ggccacgccgagggt 990 grtcggcgacggrtcgccagcgt ggagaggcc

ggcgt cgggaaaggt cagcaggt cgrat gt ¢ ggcat ccgcaaagt at aggggaggcgggeg 1080




AAGGACGCGGRECCTGGTGCTGCTCGACGEC TCGCGCGRCACCT GCAACT GBCAGGT CGAT
CCGECTTCGCCGGTACCCEEECTGGEIGECG 2700 CCCECGECGCAT GCCGEGT GCT

GACTACGT CGCCAACAGCAATGACAGCTCC TGECTGACCAACCCCGCGCAAI LAGCT »
GCCTTCT, TGGECTCGGTCGAC GTACCGCAGCGECTGCGCA
CTGATCGAI GECCGEC 2880 ACCGACGGACT CGAT

CTGCCGAACCTGCAGECr . ATGATCTTCAGC AATGCCAACCTGGECGGGACAACTGGTGCTG 2970
%WCG CCGGECCCCCGAT GCCGACGT GCGCGACGEC
T CC 3060 AGCAACGOCGACGCCCGOGOCGOGCACETR
TTCCGCGAGT TCTGGATGCGCGCCAAGGAC ATCGCGCAGGTGCACGCCGTCGAGT TCGAC 3150
CCGECEEACCCBGT CCACACGCCGCGCGEC CTECGECATGAACG?, CECGACGGTACES, LCG
GCGGTGI TCAAGGCGCTGAAGGAAGCCGTG 3240  GGECGECAEGT GCGCAAGBCGEECTTCECECTG
GAT GCEEEECTEECACGGT ACAGGCCGCG 1 ACGCACCGGACGGCTCCATCGCCCTGGAC 3330

T ACGAAGCCGTT , CTCAAC AAGCTGCARACCCTGCCGAT CGGGCCGAAG
GGCCT ATTTCGGCACCAGCTAC 3420 ATCCAGACCGTGACCTTCr . ACGACCAGGEC
CCGLGT. CCTACGGC GAATCGACCGACCACGCCTCGCCGr AC( ; ¢G 3510
TTCGACCAGATGCGT ACTCGGGCAAG CACTGGAACCGGCTGCCGTTCTCCGAAGCG
GCCATCGCCGCCGATCCGECGCTGAAGGTG 3600 ATGCGGTTGTCGCAGTGAgggcet geceggt g
cct ggaaaaacgccccgcettgt gcggggeg tttttttgeccagt gt gaat ggctcaatcqt 3690
gt t ggedecgeat ccggacat gabt gt at t gt gactctgectgtgtccgi @ gt 3743 The predicted
open reading frane of the gsbA gene is shown in upper case letters with
t he s¥%r Mot dionCAndPls dpa cletoArgFliyolkl TaupbiatMererld Bdsober binding site
(ACISA%SA) i s under | ited. [000273 Sequéﬁ’lce anal ysis of tiffi s peptide indicated
t hat av nt ho o vvlth he_known AHL-
1 act o%%gﬁag%aruuﬂ?%e% g %]1 {Tg %g %‘H ¥ e aii A gene
from Baci |l | us sp 24081 however he deduced peptide, sequence was typical
of theewkbiBy ohf URlUEE Oferdfth RAGI M AargCNtATRS §AAGRY @nd penicillin G
acyl ases, wiish signal peptides4a - subunit-spacernsP subunit organi zation (16,
30). The Ral stonia sequence shares substantial identity with AACs from
Dei notlec£ns Hisa@llodwvahda Asnakesp Byr A iseoplanedyuTyahengidetand a putative
acyl ase fPom Pseudom)nas adr ugi nosa, all ofé@®hich catal yze deacyl ation of
their substr tes. These_  AAC genes are translated as single precursor
pol y§5‘t R dTi”ﬁe’Hap 89851 FeneYaderview 233 AR 3?128‘@6 WO 03/ 068951
PCT/ SG02/ 00011 form wh ch has two subufPts. Aculeacin A{% an
echi a t I tyl Side chain.
Acul ggigl Eg%%éyxgg%%ﬁigﬁdsg LX? ﬂéfut%g%:ne fsli ?réa@% f‘ﬁg %n hydr ol ysi s of
t he am de bond. on the pal mtoyl iside chain of acul eaC| n A (29). The
pri maral Shr oefluser ahet hes mrot Pid prasaselby @ @BEYAED ackinddty analysis with
different substit®es, discussed 188l ow, therefore idi cates that qsbA
~encodes an AHL-acyl ase which cleaves the am de |inkage between the acyl
si de Fal¥® &td I%%é’*lﬁoﬁ&é‘rlunessr &y oyt A9 S Gilymz—"sAlf 90281 The presuned
(x and 0 SUH‘&ﬁltS of stA areltbcated at am né? ém d positions 36-217 and

233-7 v E cid spacer
bet vveMge% S a%i d erm Gg Q{’)eu LFfl}lgihr Sty ﬁﬁlgh lﬁeS?Y P%I e sequences from
D. radi odurans strain RI, . ut ahensi s an Aer ugi nosa. See Table I1.

Tabl eshl azTy@nesh AFsNDsAGhd Sa0¥eBCes: Ak GiAps opRakstenl a  sp. XJ12B
(SEQ14B NO 2), D. radismgurans strain Risgacylase (SEQ I10Qgy0O 3), A

ut ahensi s ‘acylase (SEQ ID NO 4) and P. ae-ruginosa acylase (SEQ ID NO

5). RrgspsiMBEE Ala TAPRGHL AVPARAL ASGAThr- Lew Gly Asp Met Met Arg

SSTDGRWGSL SDTGLSAERRRTGFG PHI RANDYASITGYGVAYAYAQDN 72 1B rad MSR -----
SPFSSVSLPARLLLGSLL ----- LGPLM_GGAASAQT YQ\/% QRTAHG PHI QASDLGE GYGVGYSYAQDN
70  Aeht GvPSeyEie LYRRRRNAAR AEBV/AIATEA Ala Gly Ala Met Leu Ala

VPSPAS- GREHDGGYARLI RRi k SYGVPHI TADPEGSLGFGVGYVQAEDN®P1  P. aer

NSRPERPLCREL] SMEMRTY|J13-AGYESVEY QRQVRRF T () HTTOTAY QYR RAKDERCLGYA G
LCLLADQ\/VTVNGERSKTFGPEGT VTVSr KPI PNLQSDAFFKQ Ff ) EDGLRAGYAQ\/PEARELLRGYI AGFNRY
LKDTR145P1e Broagko Gln Ala Val Asp Thr Val Ala Leu Asp Arg Glu Leu

L CLL ADQVAMIVRCGERSKFL GAEGKT ZV&-QPVNNL DSDVr FK'I?\ZIOEPGRLQAGYRDQ— PQ LALKRGYVAGVNRY

. 'LRDTP 149 A uta

| CVI AESVWWTANGERSRWFGATGPDDADVRTTSSTQA DDRVAERLLEGDRDGVPAPCDDVRDQVRG:VAGYNHF
. LRRTG 151 P. aer ACLLAEElI VTARGERARYRGSEGKSSAELD --- .

ELPSDI FYAW.NQPEAL QAPWQAQTPAVRQLLEGYAAGFNRFLREAD 157 R.sp’

PANFP- AACRNAAW/RPL TL GDM MVIGEEKAI QASAGAM aGl VAAQPPGRTPVAERE! PPOAVDTVAL DRELQL
RDNPl 231 D.rad PEQAP- SACRNADWRI ?LTELDVHPI GEEKRI' QASAGAM\/SAI TSARPPQ - - - -
AGASTARPRPDLAAFNRQYRFNDLPX 224 A uta

- VHRLTDPAGRGKAV\X/RPLSEI DLV\RTSV\DSM/RAGSGALLDGI VAATPPT ---"




A uta | AADPNLRVYRVAQRCGR 786 P.aer | DADPQLQRLSI RE--- 777 identical

resi dues, conserved substitutions; sem -conserved substi tutj'SoBE; Q
post-transl ati onal processing Bites for signal peptide and # %6;
spacers 1 The coding region of the gqsbA gene VRS ied by PCR
The anmp P]LO?@%%%CR products were digested, fused in-fram!a odﬂ{lhe codi ng
sequence of the glutathione S-transferase (GST) gene and expressed in E
col i .giRr L& Ay eRbp asdes phE MRt BEy deecRIbidgnt Fay | 5 wer e assayed for
the ghygl ity tge i%actigg@e ,g\HL??y Preot elgﬁ; S%%on%EEE ggﬁl’l{le g’?( r%%lsi ng GST al one -
e - - ---- 24 July 2006 WD 03/068951 PCT/ S@2/ 00011 served as
a cortspolla The AesAdnsAderorstlatvad Laat.eGSTHQRBA pPAcUgi ©rpHer ot ei n
effectively elimnat¥d AHL activity.28ee Figure 1B. p69030] The substrate

speci fi ci tg of bA was det erm ned b%Jr assaying total soluble protein
ext r dcCed=F 1Bt TecHibiHanPheE Ty chln Vepdse &B hry ¥aliB¥gct i vati on of
AHLs usi ng subs tes wth acyl %®Rains of differi é’ | engt hs. (sbA was abl e

to c I ' Y -0 r Qu - HSL i.n |, chains of 8, 10
and Q’.YLI? gg%@%@shg%% g%goégt g%w%eg ?lnegg%ii[’lva egggea%l){?ylg%ﬁ(ei}é&r oup acyl-HSLs
havi ng acyl chains of 8 and 10 carbons. bA also inactivated the butyl
and Mxtyklesiigr shofadN Byoaspnoyl aa twyraserine rmwheneas: tihe AHL-| act onase
encoded B9 aii A was unabl €95to0 i nactivate t¥mm The substrate specificity
data indicate that bA is an AHL-acyl ase. t0O00311 (sbA and qsbA provide
new tGdl 879 dradBwm ThegheathhgnclpflepHiyambah hled Ghu dtiggRemiPract i viti es, such
as t&%xpression of vit%ul ence genes ard®biofilmdifferedfiation in

pat hggenj cteri bpth in witro and in vivo, The qsbA_gene, which
encogg%: #ﬁ%q%ﬁLE?lﬁ%éi ‘85 id&ﬁ’ &e(rhrzﬁrrrgaf;@l%;&?,&e&r Tgrplglﬁcéﬁg)ﬁg? fragment ,
subunit or substantially honol ogous Vvariant thereof, “hay be introduced

i Nt 0 va1PABNtPHEC RS Ry al O P4 ARUCLrA nAENELY - Gk | Deu @Qiptﬂgeﬂﬁylm}t with the
ability to quengdo pat hogen quorumessensi ng signalizsg. Transgenic plants
expressing an enzyne that inactivates AHLs can exhibit a significantly
enhadidedThe st Ancésp Tlor iTAReTYd Gy BBrd del ekduabepMeliogensereven when
bacteria aré&53dpresent in high3@ncentrations. P890321 Methods of genetic
mani pul atj on and transformation _of plant cells are well known in the art,
as arcéyn%%(g“&§ bfe Tl"’@g%%r”‘%’@iﬁdl ﬁ'@?tzﬁae?y’v?i &%t Aqdsteh fed plants. In

general ,” any nethod of cI’dRi ng the coding gi on of qsbA or a functional

fragpRRtagy asHbgliaRhi-ahly sQEMRl0goSsManAnte ! REL 8Qt e;gg; @@ suitable
expragsi on vector may bgp used. It 1Ts conyenient to |1 daggt he gsbA coding
region into a vector, followed hy Iligation into a plant transformation
vect al.a hanvaeprvilhesde efy 13kiiddg ale Al fiavarered 12t erynative nethods to
achieve the sanme HM8Sults. Any suitalite plant transfoéhmti on vector may be
used. 10 --------------- 24 July 2006 WD 03/068951 PCT/ SG02/ 00011 The

vect §Fochimt FphsAihehgshie déacthrofsh Aagndes GHal AF Adrehde Fhgubunit or
substantial |y ht#fbl ogous vari ant 8hereof, so 1ong ¥ expression of the
gene,results in,a (sb roatein o ctiong| agnen ubunit or variant
t her é‘% #ﬁﬁ gﬁgl Sn%rcﬁﬁgﬁf‘}grsgﬁﬁgzgfPﬁ%%?lhga %&ﬁcﬂ‘é%‘aefl %Irnorﬁr%ger preferably
controls expression. Many suitable pronoters are known in the art, such

t hat cgs Cconyerhefd, @E:@npé@mmyeawneub@h@qu%ca%d MY apkell ed artisan
dependi ngpoon t he expressi @pssystem bei ng used. Such . sel ection of a

suitabl e pronoter to achi-eve the desired | evel of translational expression
i s cUndilder &édurinp Ghe $9r Bhe Gnt ThiEdlys axampe¢ln Val sagdWPant ageous to

opti ¥P2e qsbA expressi®t® by nodificati dW of codon usage48Ad coupling to a
stron:ch prompter. such as the doubl e 35S gqr]om)t er.- [000341 A suitabl e marker
gene P2 RaYF 5§°k%ljggiq’\ly F‘@‘éi‘éatlaﬁv]:%,l?%ré Af'-’lgu%‘?"esPE@nX%oPS’t‘ei n or any ot her

conveni ent marker advant ageousl sed. Vari ations t he commonly used
and . wel. | o] r-ans 'g% S\ a are well

W t h?%bt%%ng%&?&)?g;?ﬁglo?%% nzgs?ly%% ﬁsglaﬁ ﬁs'%eﬁge%%% Ir'r%ﬁ:?fgﬁl ation of

pl ants. Expression constructs may contain a signal sequence to direct
Secr absh @roORhlé el rexps essedh 1A PR Gle@l Bro a1y lcagks&u®hla sequence, as
desired. Thé&ilpl ant transfor 0 on vectors con$2id ning the gsbA gene and a
mar ker gene nay be used to transform plant cells using Agrobacterium
medi at ed transformati on. Agrobacteriumnediated transformation is
‘conveniently used to transform plantss with the gsbA gene, however any

sui tabl e nethod known in the art may be used, depending on the plant being
~transformed. For exanple, certain nonocetyl edonous plants are nore :
efficiently transforned using other nethods such as mcroprojectile -
bonbardnment, vacuum filtration or any other nmethod known in the art to
Introduce and integrate DNA plasnids or fragnents into the plant genone.




are present in the plant tissue. Any suitable nethod knovvn in the art is
contenpl ated for use with the gene of this invention. Aﬁ&gﬁﬁy activity
may be detected in transgenic plants transforned with the @ﬁe by the
bi oassay éﬂg}p gl described in Exanple 2 or by any co %} et hod.
[ 000361 unctional fragnent, subunit or substantia y onhol ogous
vari ant thereof " when referring to a gsbA nucl eotide sequence, it is
rreantAs@nvair@enem ArgUBERItrg ﬁ%m@'\_l%tzﬁ Glpoﬂeal POO U ySeplieiGe of gsbA
(nucl eot seles 1234- 3618 of 536Q I D whsaph encodes a protei nor peptide
sequence capable of inactivating N-acyl honoseri ne | act ones.
" Subtranbrallley Ahorilyofoufispaklianes " Paf Gy rAml Bog ilde Bgguence generally are
t hos&4%he conpl enent o#5@%hi ch hybri di ze§55vi th gsbA under 568tri ngent or
hi ghIEy str| n ent conditions, for exanple.  tenperatures of about 300C to
aboutt 80" Sr Sk 4 Bezdile, Ph%%ép‘ 8&r gmokev A92CChy Bo+C, and/or salt
concentratl ons of "about 200 mMMto a% ut 1000 mM Nad *?¥r the equi val ent
i oni %eu5§£?&%hhel§ Qfs eﬁMeﬁ gﬂpzﬁm Cy2559. Emﬂlasglqr ﬁprzp P@M 500 mM 750
mM or 1000 Frl ngency conrgdstions” are depenrgdgnt on the |ength of
the nucleic aC|d and t he base conposition of the nucleic acid and can be
det eraspnBth Aspt ezhNrguEsy Y| Cknada Ale LedM@Ant cidtrepersf aslgi Il in the art
are famliarP th these condé@d ons and rangesé®hi ch are useful. Generally,
a substantially honol ogous nucl eoti de sequence is at |-east about 75%
honol*&go tkéns%@ I\@g j’.“férz“*]a'@1 pladhentewrPheubtmiGlut ey 6P, preferably at
| east ab ! 85% hom)l ogou§ and nost pref er%ﬂly 90% 95% -or 99%
honol, 0go 0003 T S f..sk rt.are famliar with the
degerg%%a%?/g%l t 5 AS% gp Z& %ag I%lﬁ:' hﬂ r‘}eaqa%/\gur eP%fehA? 258 I eic acid
sequences may be Iess t han 100% honol ogous and yet encode the sanme protein
or pepki e $eqUEIC e sSHGh pYariaf Gop d¢d ARY ek add@spequenses, fragnents,
subunits or substars4tal | y honol ogousssovari ants al so ag%s cont enpl ated as
part of this invention. 12 24 July 2006 WD 03/068951 PCT/ SG2/ 00011
1000381 thdeﬁlemd’aérﬂteemmss@cﬁjéﬁeéywlemlar‘éaleﬁémn?pméfed by this
i nvention inclut®’ any sequences &RRoded by the gsBAC gene, or any fragnent,
subu bs aII honol ogous _ vari ant thereo Such_sequences
t her g‘FSr]gysi% %i]ey% ﬁ‘8‘t‘| fﬁ ridPel it %@VBL G &h2retains the
ability to |nact|vate AHL, including protein and peptide fragrrents of the
conplagh en{ShA, PsY alp 1G1§P%Qra§le hOL RanPl &1yt &6, TEFUENLeS0f amno acids
36-217 aggh 233-794 encodi ggsby SEQ I D NO ZXoand = substantial I y honol ogous
variants thereof. A substantially honologous variant of the bA protein
i ncl GllesGleFadnoes Ashi s LaneGlat Thedsh Rboulle5@P Roovlyxgolg, preferably at
Ieast70ébout 60% honol Bdbus, and nost prEferably 70% 80%28r 90% honol ogous
nore. Therefore, a protein which_.is a substantially honol ogous varient
of QBA T é(B&u‘EY%gzg t S vabBtitSF9 T8y ﬁnﬁ%&&ﬁs"% i %?ASP Bot h
conservative and n conservative am™o acid substit ons are
cont e C t i nal or nodified
am ng &(?s%% row%ld# h%lzaeigﬁlﬁ% i %%%e%g ngl%]gpg '& %ﬁj tr%“gr m"fragnent” is
i ntended to indi cate any portlon of t he nucleotlde of SEQID NO | or
- prot gkp/ PPkl desesseguenicenos BEQED MY vk whichrd $ygraat eyt han about 300
nucl eoti de bases or about 1007emmi no aci ds, up t4s one nucl eotide or am no
acid less than the entire sequence. The term-"subunit” 1is intended to
encofpasiti afiyp fArrcfirorieu Bnd tPhef SehélGhake Adrollei AlashichAas, for exanple,
amino aci¥s 36-217 or 2337794 of SEQ ID N®802. 100040] A protein or
pepti de sequence whi ﬁh i.S_consi der ed to inactivate N-acyl honoserine
| act tsggsmlasLSHeLW% g BEP eS8t “WPnacti vat | ng at |east 55 proles N-acyl.
honoserine | actone ( per jig protein per mnute at 30*C. [000411 It
has been previously denonstrated that quenching bacterial quorum sensing
by inactivation of N-acyl honoserine |actone with AHL-1actonase stops
~bacterial infection (9, 10). The gene and protein described here, which is
| i kety an AHL- acyl ase, represent a new and effective tool fox inactivation
of AHL signals and thus control bacterial infection. Simlarly, 13 24 July
2006 WD.03/068951 PCT/ SG2/ 00011 the gene and pr otein described here
targets AHL quorum sensing signals that regul ate expression of pathogenic
genes of many bacterial pat hogens & a threshold concentration. This tool
is applicable to all plant, animal or human di seases where the '~ expression

. of pathogenic genes of bact eri al pat,hogens is activated by AHL signals,

such as, for exanple, plant pathogens Rrv. carotovora, Erw. Chrysanthem,

'Erw. Stevartii:; human pathogens P. /aeruginosa, B. cepacia; and ani mal

pat h_ogens)_(._ - nemat ophi lus, P. quorescens (1, 3, 6, 12, .17, 19, 22, 23,




t he quorum sensing bacterium Vibrio harveyi," LT. Bacteriol.

179: 4043- 4045, 1997. 3. Beck von Badman, and Ferrand, "Capsy :a

pol ysaccharl de biosynthesis and pat hogenl city in Rw n| a st £§96 require
i nduct i @ N-acyl honoserine | actone autoi nducer,

Bact eri oI %@]5000- 5008, -1995. 4. Cao and Mei ghen, PIQT}f 2|’?‘?a ion and
structural identification of an autoinducer for the |um nescence system of
Vi brigqgharyeyi," J. Biol. Chem 264:21670-21676, 1989, 5. Cha et al.,
"Production of acyl-honoserine | actone quorum sensing signals by

gr am<ragat iaes pl ant associ ated bacteria,”™ Ml. Plant Mcrobe Interact.
11:1119-1129, 1998. 6. Costa and Loper, "Ecbl and EcbR honol ogs of. Luxl
and @ZXR> dRTecting antibiotic and _exoenzymne production by Erw nia
carotovora subsp, betavascul -orum"™ Can. J. Mcrobiol. 43:1164- 1171, 1997.
7. D&dHy” etP-aFadiodigpes of protein subunits in Proteus retiger! penicillin

G acylase,"” J. Bacteriol. 163:1279-1281, 1985. 8. Davies et al., "The
i nvol venent of cell-to-cell signals in the devel opnent of a bacteri al
bi of idsgps Science 280:295-298, 1998. 9. Dong et al., "Aii A an enzyne that

i nactivates the acyl honoserine | actone quorum sening signal and

at t emeat Ssr g sed mutbenee sek FPWhHL BLALOT LRI A1a ARGOfeu Malkl . Acad. Sci .
USA 197: 3526- 3531, 52000. 10. Dong etical ., "Quenchi ng gsorum

sensi ng- dependent bacterial infection by an N-acyl honoserine |actonase,”
Nat uleuqdhy Sez- Lm%euzmu Gly1RrcDhewiied Beu Hly, GlG@det Aa &rd physi ol ogi cal
evi dence for th#® production of RPacyl honpserine 3Cact ones by Pseudonpnas

syringae Syri ot her rescen ant t ogeni ¢ Pseudonobnas
spec:%‘g GlrE\&P %’ %gge‘{ a]Pgtl ojl fi‘ﬁ%@ﬁ é %P %ﬁﬂphy et al., "A
hormserl ne Iactone aut oi nducer regul at es vi ru ence of an insect- pat hogenl C

bact g kume ¥eRoxNAaRdYSA s SIRt @RNEL YST16E8E Qaéi rv'@C Jyr J. 13acteriol.
179: 58856291, 1997. 1B 24 J%@S 5H0E° VO GaT 0LtonT PeY S%2) 00011 13,

Eberhard et al.; Structural identification of .autoi nducer of
Phot sbacTwer Bl ¢irsehprast Gienfeysabey "LeBi Bhespstlyy va0: 24402449, 1981, 14.
EberléSet al., "lInvol velent of N-acyl-L-Wonoserine | acton&0 autoinducers in

controlling the multicellular_behavigur of Se.r.ratia Ii guef aci ens, " Mol .
M cr §Bit ohr9 Sy 198 %g@ Sergs Phs Lew ALy Ak GhenGhs Lvs &BYed cis-acting
pronoter el enents re required for “dens ity- dependen transcription of
~Agr.o t t g Iens g n onad teriol.

178: ?f%% (il 0¥%9ﬁ%ﬁ?§‘g ‘?E{lng B sld Eéu 13133 §41§:ﬁ\0%| ng é,rllll Eéheeql?g%ci ng of the
acul eacin A acyl ase-encodi ng gene from Acti nopl anes ut ahensi s and
expr easivil Ile Sy epd DCARSg ltew donla Eoneyt AP 3sp51nl822. 17. Jones et
al., "The Luox5autoi nducer reduwloates the productason of exoenzyne virul ence
determ nation in Erwi nia carotovora and Pseudonobnas. ae.ruginosa,"” E100 J.
12: 2&¥7-Hsgheudgaley glet| drgifvt Brr Jnd oebhbeVy, Asvetmab8ltsm of
acyl horo¥eri ne | act one §@%rum sensing si 4A&1s by Vari ovorax paradoxus,

acte r 18 6 2 00._ 19, L "Quorum sensing in
Bur kg hS%e"’bamg]"" szggdgﬁ‘fqulpc iR &° iert %ief(z}ﬂﬁ?% g}il’fd’I CepRl, " J.
Bact erl oI 181: 748-7 1999. 20. I\/atsud:’a and Komat su, | ecul ar cl oni ng

and akp UGtugel Ofrgt BB MRNEnE Q11u7Le(Lf1AsﬁasFa110ﬁ¥9Lﬂ@dﬂ@ehd@) gephal o sporadic
aci d acyl ase fromasPseudononas stnrapn,"” J. Bacteri 0175 163: 1222-1228,

1985. - 21. Matsuda et al., "Nucleotide sequence of the genes for two
di st FhetLysephal depCGin mlacyéasms tromia MRsevdbndnaslstyla mht J. Bacte.riol.
169:5821-5826, 1BI87. 22. Nasser &t5al., "CharactedPgation of the Erwinia

chrysant hem . expl -expR | ocus directi ng the synthesis of two
N--ac§fE rﬁ%ﬁnggg i5re PF%&lélnél%%gaM%@Fécﬂzhre@a N Pre) B19Brel . 29: 1391- 1405,

1998. sador et al pressi on of Pse%ﬂformnas aer ugi nosa

Vi ruly r.e I o I C ce
260: l%%%ﬁlgggs%%g% %i §§erlgnT AEFL&H%EB ure ]%r% Eggaut oi nducer
required for expression of Pseudonobnas aerugi nosa virul ence genes," Proc.
Nat | clACRE. AsiS@Lly USA KL b0y -G1915e1294 25 TR p&r @knadiy, ar&onj ugati on
-fact 8e50of Agr obact eriwao tunmefaci ens rezps ates ‘Ti pl asm d4eransfer by
.aut oi nducti on, Nat ure 362: 448- 45 0,.1993. 16 24 July 2006 WD 03/068951
PCT/ SQ02/ 00011 26. Pirhonen et al. "A smal | diffusible signal nolecule is
responsi bl e for the global control "of virulence and exoenzynme production
in the plant pathogen Erwi nda carotovara,” EMO J. 12:2467-2476, 1993. 27.
~.Schumacher et al., "Penicillin acylase fromE. coli: unique gene-protein
“relation,” Nucleic Acids Res. 14:5713-5727, 1986. -28. Staskawicz et al.,
"Ml ecul ar characterization of cloned avirulence genes fromrace 0 and
-.race 1 of Pseudononas syringae pv. glycinea," J. Bacteriol. 169:5789-5794,




19~9. 30. Verhaert et al., "Ml ecular cloning and anal ysis of the gene
encodi ng the thernostable penicillin G acylase from Al cal i g24n é@gcal is,"
Appl . Env. Mcrobiol. 63:3412-3418, 1997. 31. Zhang et al. REY terium
conj ug gene regul ation by N-acyl-L- hom)serl pé es," Mature
362: 446{1@3@0?8'%819 [ 000421, Thefoll owi ng exanpl es are dggllﬁ gld to
illustrate the invention described herein and should not be-construed to
L LahN9earpanded &l pin. piXALER RXATR 81 nBaglenldl alsol ati on.
JOOO431§PA bact e:‘LI al 5 ﬁogﬁl m sanpl e wagg col'l ect eotl@fro EALL er treatnent
system and screened to isolate AHL inactivation bacterial strains. The
bact erheaalTyir gidineuvass JespEdeduirro sLerdini 2R Aspt esl \Mel:hG.'@haki ng for 1

hour before spréadi ng ont o] YEB rmdii um (yeast extratt, 5 g/l; casein
hydr olel/sate 5 sucrose,, 5 g/l; I\/gSO47H201 0.5 g/1 and
agar , B4 SgF 1 eu at‘éJsY Mth‘i’r\Pi Hﬁhlvaéoﬁ%lfelse kY €heeltt &ARON new plates to

ensure purit %f the |soI at es?%Bacterial isolat’®¥s were cultured in LB
medi ( h a tr /L, an 10 g/L; pH7.0)
in 1. m%gé gr vl %%% ?g‘%)ILd’te {72 Jl(\jﬁ' Wi shaki ng,

over ni ght, and assayed for AHL i nactivation actl vity. 17 24 July 2006 WO
03106885 1.eRCGi:STRA/ @0 blo ExigMake 5o AbL deRasyi Vaki Oys Btlspa@@ay- [00044] The
bact e3dsml culture to beiassayed was m xedswith an equal 3z ume of fresh
medi um containing 20 ji M N-P- oxooctanoyl - L- honposerine | actone (OOHL), or
anot heyn Sl Axghéng Githify, Are Thor Aa Vedatle GlunVadt dwe ThHEhe reaction

m xture was incubat at 28*C for 43%8® 5 hours, folldded by 30 minute

steri tion under UV_Ii | gt es_co [ 20.mM MM medi um
(karpoie A o P nepmen Hip %E@ég RESGAT b 276, B A esos, 4.5 i L.
CaCl 2; 10 ny/L; |vﬂcz 2 myl L; )2S04, 2.0 g/L:>"Srannitol, 2.0 g/L: pH
7.0) @Hp@tenmt @ﬁ%ﬁéﬂ&%ﬂﬁﬁ-ﬁﬁl @wm%u eyl > Prgatact opyr anosi de
(X-Gal, 40 pggol) were preparges. The 'solidifiedsmedi umwas cut, still

i nsi de the plate, into separated slices (approximately | cm in wdth).

See FiyyuiRéalrhe Bilyelau &rglAspeRla dgfsnshey iAsnzash mMbacidomelri detwur e was | oaded
at the 83p of an MM agar ¥#rip, and then ABBOindicator cells

(Agrobacterium tumefaciens strain NIl (traR tra::lacZ749) (25) 0.7 pl

ceII ‘%]igsﬂ'éﬁs?"%’nl'ﬁhltcﬂ‘yag Ep”thacﬁjry d%ﬁst‘f”(ﬁ/ %0 ATErRSr 16° A9 were spotted at
progr s|ver further dP%tances fromthe'i oaded sanpl es. B ates were

i ncu f r p t¢f0F Jnactivation is
shown %ﬁggrncﬂéogfntﬁige?%%égﬁl? E)dr?xt ?ﬁlkcel ig\el%atl ve result for
AHL |nact|vat| on is shown by the presence of bl ue colonies on the slice.
For as9aprefaley eleisedd ala arayner adki Asd Miet 9dmlsesadaibleoc Amcterial protein
was i ncubated wdgh 20 ji M of OCH426or other AHL) 40 370C for 1 hour as the
reaction m xture. Exanple 3. Identification and C oni n? t he qsbA Cene.

[ 00045} ¥8b AMachéri@n Fso|GEredld Com Tie B5PoPYd Mrgakfy &laiide  di stinct
phenotypes %ﬁlZB and XJ12A, ##te found to posdé3s the ability to

|nact th X ro er_enzyne . a t|V|ty The XJ12B

i sol \%E% f“#f‘e‘@ %éht Etlf%eggén g‘gﬁl ﬁéé Hife S8t ofgest enzymati c
act|V|ty Wwas associ at ed WI t he cell debrls fraction rather than the
- sol U%_g Réﬁ’tﬁan%drhxsh!%rﬁ@tﬁiH skragtd @8- pANe3§ fRSHEE Silandi cated that

t he i hactivation aggivity i s nmenbrane associ ated. Seguwenci ng of 16S
rRNA was perfornmed to identify the XJ12A and XJ12B i solates. 18 24 July
2006 PAORBR/1368861 RCTVEEIZM000] Ebrfhel{l @Spr RMAVak(aiendes SHr t hese i sol at es
showed 97% and 96%485dentity, respect¥Wely, with that 48% Ral stoni a
eutropha. 1000461 To identi fX t he gene encodi n for AHL inactivation, a
cosnifefT B at9F i TBBoLeY dés §r€o’h’sac Perét BeP G rcSIW L6% h the genomic
DNA of Ral stoni 3® %p strain XJ12I§ Genomi ¢ DNA fro O the isolated Ralstonia

a 2 ixah | S Jdgesul ting DNA

' frag%eskt el X:.]eqa gamgpe%% vtghexsﬁggﬁ }Slech Gln},\éaét% SE?%% Tﬁp%e of cosmid vector
. pLAFR3 (28) The | i gat ed DNA was packed W th G gapack 111 XL Packagi ng

Ext ract c{Pireat agen) and divamsd aeheckd e iy @akiadpHeal pla. These E. coli
-transfeceamts were screenedsfor AHL inactivs4d on activity according to the
met hods described in Exanple 2 using OOHL as the substrate. Only a single
clone (pI3H O was identified as showi ng AHL inactivation activity (see
Figure IA slice 1). To subclone the gene encoding the detected activity;
cosmd DNA fromthe positive clone pl3H O was partially digested with
-Sau3A and fused into BanH digested cloning vector pGEM 3Zf T~e plasm ds
were |igated and transforned into E.coli, and the E. ~coli were assayed for
the ability to inactivate AHL as described in Exanple 2. C one p2B10,
whi ch. cont ains a 4 kb insert, had AHL inactivation activity (see Fi gure




the kit. Exanple 4. Sequenci ng and Sequence anal ysis of the gsbA Gene.
[ 00047] Sequenci ng was performed accordi ng to known net hods ﬁi%bGABl
Pri sm dRhodam ne Term nator Cycl e Sequenci ng Ready Reacti ot ely

(Per ki nzFl plied Biosystens). The 4 kb 19 - - ------- 24 July 2006 WO
0310689 %Pépeozl 00011 fragnent from cl one p2B10 \N&?T{,sgﬂﬂ?o&lel y sequenced
and is shown in Table |I. The sequence contains an open reading frane of

2385 pRYychROh| R . ant - 0, a oSt gdon (SEQ ID NO
1, nughsotli@gells:g?%%{%%g .f%gse ?)Itﬁ tcl'}%g ggﬁ?‘?aﬁ?&?@oﬁ l%uo éé nesi s data

described in Exanple 3, this open reading frane 1is the coding region of

t he ABLuiSeacBbydisuoMhyedly, GhedlegnayedlasalLabA A1A AUs atysveen i bosome bi ndi ng
site (AGGAGA) is loédted 6 base pai B80upstream of the7sirst ATG start
codon_(underlined in. Table 1). [00048] The deduced peptide sequence shows
t he t$§? dHm SBBI%@eB}Y ddvphlandily L3y Gabubxe Afa a5l BaeiaAlereyl ases (AACs)
and penicillin<Gacyl ases, with nal peptide-u S&bunit-spacer-P subunit
or ganizatidyqn 3 e ur..addi tLon tential start codons

| ocat %%93%1%35%%8 g%\%l A}gﬁ%o%%gt cE’ie)nar%lu:‘jérjeo“:m t %gélfyi ‘Bg? %Gﬁ “The | ongest open
readi ng frame encodes 794 amno aci.ds, with a predicted~nol ecul ar wei ght

of 85373 Hal hnsehe The rdgducedipentd dea hae P8o Hsmovgl yryRagiL£ and strong
acid am rd0 acid residues &fd a predicted i spel ectric point of 7.48. The
first 20 am no acid residues of the assunmed open reading frame appear to
be a ¥pyrfac BeptisgePrq ddosdir Pre Yapheudgefuedee 61y debMseteduced fromthe
open ®f®ading frame sh&8s 40-52%identi%3f with AACs fronfki nococcus

di j Act | t i d tatj I f
PSR 035 B SRS B, BT L0 T o 1

substrates. These AAC genes are translated as single ecursor pol ypepti de
and thed peoseseed i rhe A hYS cif0f M Ofrot B SUBURIL $roBYe@l i gnment with

t he peptide seqwences from D. raghsodurans strain g A utahensis and P.
aerugi nosa, Table Il, the presuned a and O subunits are |ocated at am no
aci d pbsiGluovisl F8n24ly dall RE3IAY9LGLy 63pecki Ped lewbdth laulBrani no acid
spacer betwe@f them QsbA shaf88 |ess than 28%9§6nol ogy with penicillin G

acyl a 0) _and_.cephal psporin acyl ase (21). See Table Il. The am no acid
sequeﬁ@é% i%ff’rr&r]lf‘ i fiﬁl 3 V%ﬂéu émlﬁerEafsPh%h%Aﬁgt%ﬁo W pr ogr am
avai | abl € from t he Europea Bl oi nformatics Yhstitute website

(http; Yol : 4 ~Jul L 12 1,068 302/ 00011
_Exanp%élé ?MEg%r gggi%&r@g g'%l% Eggyééeggﬁ %&g%%gfqghi%gggf g egion of the
gsbA gene was anplified by PCR using a forward primer 51

CGT GEAECGAR CGARGCEAGGAR T CEGEET 66165G 3161 PER1L A d\@1a 631 aada aralr ever se pri nmer

5' - CGCGAATTCACCGGCCABCCCTCATGCGACAACI3L (SEQ ID NGO 7pscontai ni ng BanH
and EcoRl restriction sites, respectively. The anplified PCR products were
di gest® TS| T SeRLEHESe Seashry cﬁe-“looﬁlléﬁ?yrr%@ &g EheséariAffrane to the
‘codi ng sequencg49)f the gl utathi dfé S-transferase YE@ST) gene under the

contr t i soptopyl . P-D-thiqgal act ranosid | PTG),... i nduci ble | ac
pronb@onr QIILF] j—i‘-/%c#“g? .&@E%@’é'lar ke (si%(”%:‘im'ﬁl girgrxra]g’fsa)égggpr(oggﬁ%r%}re const ruct
pGST- @sbA. pGST- bA was transtforned into E.  coll and expressed. -[ 00051]
Tot al GEPlpub @ PO b1 WBS z@gt pactied ArPmnthen) vecasibi Raftsde coli cells

har bori ng7ohe GST- sbA-encgdi ng fusion consdg uct according to nethods
known in the art, based on the nethods described in Dong et al. (9), and
assay@ for AHL .inactivation. The total soluble protein fromE. coli
contal8 ng GST vector only was used as a control. For the bioassay, 50 pl
of the soluble protein preparation (20 pg/ul) was added to the sane vol une
of- 40 pM AHL, e.g., OOHL. After a | hour incubation at 37*C, the reaction
m xture was assayed as described in Exanple 2. Representative data, shown
in Figure 1B, slice 1, indicate that the sol uble GST-QbA fusion protein
effectively elimnated OOHL activity. Exanple 6. Characterization of the
Substrate Spectrum of GST- bA Fusion Protein Expressed in E. coll.

[ 000521 To determ nate the substrate spectrum of QbA, total soluble -
protein extracted fromthe reconbinant E. coli (pGST- QsbA) was assayed for
i nactivation of AHLs with acyl chains.of differing |Iengths according to

t he met hods of Exanple 2. The followi ng AHLs were synthesized according to-
known net hods as described by Zhanget al. (31): (1) . o

N-oct anoyl - L- honoseki ne | actone (C8HSL, OOHL); (2) N-decanoyl-L-honoserine
lactone (CIDHSL, DHL); (3) N 0-oxohexanoyl-L-honoserine |actone (3-oxo 21
24 July 2006 WD 03/068951 PCT/ SG2/ 00011 C6HSLI OHHL); (4) - .

N- 0- oxohexanoyl - L- honoseri ne | actone (3-oxo- (Cl12HSL, GdDHL); (5)

N- ~- oxohexanoyl - L- honpseri ne | act one (3-oxo- C8HSL, OCHL). The butyl and




honoserine (OWML) and N-0-oxododecanoyl - L-honoserine (GdDHL), which have
acyl chains of 8, 10 and 12 carbons, respectively, at the ézﬁn?e%o%ati ons
tested (data not shown). (sbA also strongly inactivated wy

N p- oct - Jl.z,nonoseri ne (OHL) and N-O0-decanoyl - L- jne(DHL-), which
have acé’lbcb\é}rq%%%nls of 8 and 10 carbons, respectively Wﬁ%@ﬁshom).
However, under the sane reaction conditions, bA had |ess inactivating
acti vkeyof ors N-P- oxohexanoyl - L- honoserine (OHHL), which has an acyl chain
of 6 carbons (data not shown). The total soluble protein extract from
contr6kPIE cdBp (pGST) did.not show any activity against AHLs (data not
shown) . #00054] sbA also conpletely inactivated the butyl and hexyl
est er $25f> NPBT- oct anoyl - L- honoserine (data not shown). These two esters
of N-Q- pet agoylllfa - hgnpseri ne showed conparable induction activity with

OOHL when asSsayeé SWTh the AHL reporter strain A tumefaciens NIl (traR
tra: : lacZ749) (data not shown) . AHL- | actonase (encoded by aiiA) did not

i nactivate these substrates. These substrate specificity data are

consi gtemt with .identification of SbA as an AHL-acyl ase. Exanple 7.
Purification of AHL-acyl ase encoded by the gsbA gene [00055] The

GST- [ Bek -Taey Bes efexf Uigt dfetphod dien Ups Apairdlfai Rl 11ei RDa @hgl aiat hi one
Sephatose 4B affinify colum fol |l owi 3§ the -manufactukSer's instructions

(Phar ia) AHL-acyl ase was. cl eaved by digestion with thronbin (Signma).
Pr ot e?%f I@Snggntp‘iﬁt F%'%SA%tvé}-gg?eéebyPrﬁeﬁ%%rﬁeﬁgG@Z’GE. G 24 July 2006
WD 03/ 068951 PCY8G02/ 00011 [000563° The purified AHZacyl ase was i ncubat ed
~with @QH 0 bt e rehati iMity was measured by
det er m ni n% gjbye%?gg?%@ug‘ﬁao%iy—ﬁi g%ﬁeltlﬁehr?%a% i%%gé%%t gﬁe,dib(h?% contai ned 8
|1 M OOHL- and about 0.6 pg AHL-acylase in a total reaction volune of 50 m

| x PBBrdufikerle The akackpons BRe clystepped byy addi ¢ipwaofgilo SDS before

| oadi ng &8 the assay plate’5 Determination e the OOHL activity was carried
out in %uadr uplicate. AHL-acyl ase degraded OOHL in a range of-

terrpeg PésCHT SR 22Lwm Ase Bn Bl T, VSed 1F| My 612, Shdadp¥élmal tenperature
-for enhzyne activity wad % ound to be apprioxi mately 280C. #action

tenp I i han_420C decr.eased enzy ctjvi sharply. The

opt i erru:'galjlaI %ﬁgf%érrggﬁgy%u gg?i%rt g‘rﬁlﬁ:g B %%Heﬁar #ﬁe%;y 8 i - acyl ase has a
relatively narrow optimal pH range frompH 6.5 to 7.5 See Figure 2. The
time xgunse mdp veOHL-dg ractimvakbpedyThheipukid ited Ald nagydase was

determ ned at 308C. See Figure:3.05After 10 m nutegio nore tthan 82% OOHL had
been degraded; the reaction rate was estimted to be about 55 pnols per
jig Al 3y GldeAperlav hat Slu28lY Pryukyg 260661yCVAL MB:g B1A Mecl ei ¢ acid
according to'lSEQ ID NO 1. 2. A2%ucleic acid whilgh conprises nucl eoti des
1234-63651 (C)fI Sg(’%sl D NO 1. 3 A peptide having_a sequence encoded by a

nucl eré *Pc OB %549 figh ;'?nﬂ?ﬁ E5Fi Ges PRo3/R 13848 B EEOAB NO 1. 4. A
pepti de having a sequence ‘d€cording to SEQ Nno 2. 5A pepti de having a
sequ Y ! i gsy - Q . pepti de having
a se%@gggﬂgﬁpﬁgﬁfg@%n(%?ag?lds}ﬁ%%%?ﬁg 1(%:{ éé%%\% ﬁé %SA?. A pepti de
according to claim4 which inactivates AHL. 8. An in vitro nmethod of
modulZedg Agy Aldls Blgmalp ngl et Prd euWhdClB16 Ry RSESLeORtaddgng said AHL with
a peptide accordifdgsto any one of cldins 3 to 7. 24 245July 2006 9. A
transgeni c plant conpri si ? a nucleic acid of claim2. 10. A transgenic
non- rﬁ(%ﬁearﬁrﬁaﬁ%oﬁ?ﬁr ¥et Nglalrridila) ¢lvaépd @y Ats digw Reu PP A net hod of
controlling a ba%%erial disease i8%a plant which ¥nprises adnministering
to sal a, pept.i d ccordi to a one Qf cl.ains -7, wherein the
e>‘<'préeH'sl i (Jpj%ggff;é %Jg% %&Seﬁ?%apd:é’ngm %g rszgl]i'adg%%c({lé’r Eg F%ﬁf}}l&t ed by AHL
signals. 12. A nethod of controlling a bacterial disease in a plant which
conprarsesid 2aast S Mspdatdeipl Y MetAnAa0MGheI EeRGL caFcaLding to claim 2.
13. A nethmd of controllirngsa bacterial digease in a plant wusing a ,
bacteria transformed with a nucleic acid according to claim2. 14. A

nucl &ieg akd Flictby dilygS¢en Achahln TyorGly peptdlgerlacior diaghro any one of

clai f€33:7 for use in #Herapy. 15. Use2d8% a nucleic aci ®@48ccording to
‘claim?2 and its peptide product for the manufacture of a nedicanent for
controlling a bacterial disease in a manmal wherein the expression of

pat hogeni ¢ genes of said bacteria al regul ated by AHL:signals. 16. Use of
a peptide according to.any one of clains 3-7 for the manufacture of-a
_-medi canent for ‘controlling a bacteri.al disease in a mammual, wherein the
expressi on of pathogenic genes of said bacteria are regul ated by AHL
signals. 17. The use of claim15 or 16 wherein said manmmal is a human. 25
- 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 ' - o




SEQUENCE LI STING <110> Zhang, Lian Hui Lin, Yi Han Xu, Jin Ling <120>
RALSTONI A AHL- ACYLASE GENE <130> 2577-154 PCT <160> 7 <17%%j%§ tln

version 3.0 <210> 1 <211> 3743 <212> DNA <213> Ral stoni a 0> <221>
- N-regi oo o54ces; (16) - - (16) <223> unknown <400> 1 ot 8,19t 999nagcg
cgctgtgcag cgccccgecc ctcageccgecg cagcetcggcg 60 cgcaccgaat gcgcgcgccg

gt gggcgeccc ggcggetgge cggtgtggcg ccggat cagg 120 cgecggaagg cggacatgtc

gt gat wat egncaly FetrCQly @8t vHCagh £RoaAsh CALL nl8Gnegbasti3acti, cCagcaggt g
gcaggcgcgc tccacgcgess gececgg-tgcag caasbgcage 240 24 Juylsg 2006 WO 031068951
PCT/ S&02/ 00011 ggcgaggtgc ccaggqtctt ggtgaaatgc cgcagcagcg tgcgctcgcet

ggt cg@hhéda38h: Agaghies) Jrearex Meyghicadeqtlagadey ot 6L geagritr get get gcag
gt agcgccge 360 ccgcagta ccacgcd®gt gcggat ggcg ggéd t gct gc gcagccagat
ggcagy

4 o cg ac t ggt ¢ gagcacggcc tggccgaggg tgcgtgccag
ccgggt ?%1 ‘%‘?%%g§%ac %b%ggé%gbﬁsgf%%ngg gggghégéc ¥ gct ccat cge
gcgcgecgtc 540 agcacgttgc cgctgctgac gatggect tccgccacca ccttcagcetg
cgggtmﬂimgnagg,Tg@qhgcagsom%ggeggﬁga&hﬁaggcgggh%r%&ﬁghgg%&§ gccggecgge
gggcagcgego660 ccggccagcazgypcgeccacgcc ggt gagggac gaggccacca agcctgccgg
cgtccaggta 720 gcgccggatg gtggcgcgtt cccactccag cagggccagg cgctgctcca
~gcgt gtgdel 7B Hge 9@1%gaaasﬁrgba@g@gcar@mm&qocmgisegcm agcgcggcegt
cgcc gg 840 cagcggetfg cagcggcagg c@ddgoat ctc, ggcggeggia® t gccageggg
ccgyggi.c 900 cgaccagc_cgccacccga acaccgggct ggcggcatcg gcacgcttgce
‘cggca Ygrgggl%é:@ Ggg%cﬁﬁgcmﬁcﬁﬁéﬁ&%‘%@&ég&b@&?rg %g%ég gt cgccageg
t ggagaggcc 1020 ggCgtcggga aaggt cag X ggt cgat gt c ggc £ cgca aagt at aggg
9a99aa6096: 108050030G°8L6 V10861 496088 BhLURECGS ARl GLgURd0 gaatacct ol
ttcctccggg 114034¢99g9ccccag tcgaggdt ac ggcggtgget gggcctgcgec geccgecgcaa
gact agagcg 1200 acacaagaca agaccgacaa caggagacaa cgcatgatgc

agggat t cgc
- gct géggfre M280Alacydt Ugkdaot GUC TgegRle GEEODRIChE BGC UL ITGET

ccagttccac
cgatggccgc B320 tgggggtcgce tdécgacac cggcct gBés gccgagatcc
cttcggpatt 1380__ccgcacat cc _gcgccaacga ctacgccagc ctcggctatg
tgcc @ggigg PAA0T1e Jggaberdelt BEydde gety dge dag Areghhe dspg
gcgctcga 1500 accttcgg 5ccgagggcac cgt gqtc tcgttcaagc

cctg t 0 ceit tcpa t cttcgac acggcct gc
Tacocagard alorrf e G EREAER e T HECATE AR RS
ctatctcaag 1680 gacacgccgc ccgccaactt cccggccgcc tgccgcaatg
gcgt aegcten héf0araaast guUcleathal 92k 069 ¢al GUGCHaR HRIRARDGGHR
cgccggcgcecc 1800 at4@6t ggcgg gcatcgt cg® cgcgcagccg ccgggecgeca
cgagcgcgag 1860 attccgccgc aggccgtoga caccgtggcg ctggaccgcg
gcgcgabatlp BYQ0CLx Edut Bgydeuctembipdsy Hie Aerchgl Vgdt Bacgega
gcgecggegt g 1980%42% 24 July 2006 48 03/ 068951 PCT/48@02/ 00011
at ccgecactt C C ccaccaacc gcttctacca ggtccacctg. 2040
'gcaagg d%%'égggé ggﬁg %E%?@@ ?Kbc @dgﬁtPﬁﬁdﬂ%ggg%ﬁﬁﬁgghﬁfée
acaaggacgt ggcgtggacg cacaccgict ccaccggccg cc tcacc 2160
t gaagehgss 8YAALOCERE @1@9@&9a;ﬁ%t..vgf%teg%&g%éggggﬁag “Sechel
ccacccgcegsp ggtcgecttc gacgggaagc tgccggacggggcgcct cdgag
acaccttcta cgacaccatc tacggcccgg tgctgtcgat gccgagcggc 2340
ggacCastla Jeageiochas AMEC ELgCYRIARL PLaaRsr Proa@haatacy=1w2400
acagéfPgct gcat at cggg £Hggecccggg acgt ggetyg cat ccgccag 2460
'acctg gcat tccctgggtc aacaccat cg ccaccgaccg caacggccgc 2520
ccga g dJtié g3k ey EQ‘ﬁécéfgd%@gﬁﬁtgg oA tTve cBrjc bt RSP 580
cgct ggecgg caaact cffe aaggacgcgg ge ggtgct gct cgacggt®2640
.cctg t.c cgqetteqge,. c ac C tggcg 2700
Cgcohor aep SEAaRsCaE) SIONR o R Y okdstl cda e
accccgcgca aaagctgacc ggcttetcgc cggtgatggg ctcggtcgac 2820
gyCt gEgERG PLYGRICEOE A0l € 3RGaTHC 3UE CASE St CLA0RCY I 288
tgcccggcaa srgcatcgat ctgccgazaoc tgcaggcgat gaggdtcagc 294
t ggcgggaca actggtgct4 ggcgacctgc tcgcggcatg caaggccacg 3DOO
at gckgadcdy beydgacye tlgcgir flocita fguchigt Glyatoc §enokly3066
agcaacgce§. acgcccgege cge cctg ttccgcgagt4fctggat geg
at cgcgcagg tgcacgccgt cgagttcgac ccggccgacc cggtccacac
ct gcgcat ga acgacgcgac ggtacgcacg gcggtgttca
. ggcgcggt gc gcaaggcggg cttcgegetg gatlgcgecge
cacgcaccgg acggctccat cgccctgcac ggcggcgagg
aagctgcaaa ccctgccgat cgggeegaag gggctgccgg
at ccagaccg tgaccttcga cqaccagggc ccggtcgcecg
gaat cgaccg accacgcctc gccgcacgcg ttcgaccaga
cact ggaacc ggctgccgtt ctccgaagcg gccatcqcgg

t gggcacggt
aat acgqaagg
tgtatttcgg
acgccat cct

ccgat ccgge

cgccaaggac
gccgegegge
aggcgct gaa. ggaagccgt.g
acaggccgcg
cgt gct caac
caccagct ac
cacct acggc
t gcgt gogt a ct cgggcaag
gct gaaggtg

gccgcaccgg
gcat ggcct a
t caacggcga

cgatccccaa .

gcgcceggtta
gcttcaaccg
ccgcct ggat
t . ccaggccag
cgccggt gRe
aact gcagct
ccgccaaccg
ctgctcggca
acggtgcccg
atcggcttca
ttgttcgaac
cacaagat ga
cgccgcacgc
ggcat gccgt .
cgctcggt cg
gccat cggca
gcgcetgttcg
gccccegt cgce
t cgcgcggea
ccecgegegea
t ggct gacca
gt accgcagc
accgacggac
aat gccaacc
ccggceccegg

3120
3180
3240
3300
3360
3420
3480
3540
3600




151015 Ala Ala Leu Ala Ay Cys Ala Ser Ser Thr Asp Ay Arg Trp Ay Ser
20 25 30 Leu Ser Asp Thr Ay Leu Ser Ala Gu Ile Arg Arg ‘Iéhr Phe Ay
35- 40 45 Ile Pro Hs Ile Arg Ala Asn Asp~Tyr Ala Ser Leu Ay"l%iooély Met
50 55 ‘ yr Ala Tyr Ala A n Asp Asn Leu Cys Le Asp G n Val
65 70 %Oﬁogﬁ@gﬁ Thr Val Asn Gy GQu Arg Ser Lys Thr*#ﬁ@ﬁeﬁo Bro @du Gy
Thr 85 90 95 Val Thr Val Ser Phe Lys Pro Ile Pro Asn Leu GI n Ser Asp Al a
Phe 266 ciG513d G1Rhend ysrGie |A|1§ Héezéﬁpng d1ASRIG: LU 4fg Ala Gy Tyr
Ala GH5 115 120 125 M0 Ser Pro u AlgssArg G u Leu Leug/gg Gy Tyr Ile
Ala Ay Phe 130 135 140 Asn Arg Tyr Leu Lys Asp Thr Pro Pro Ala Asn Phe
Pro AREr Arg ¥k Hlf4§ln@<3a1551 160 Vo @draskspARap Alea Tap AVal 1&g Pro Leu Thr
Leu Gy Asp Met Met°®tg 165 170 175 S8t Ay Au Qu 155 Ala Ile An Ala
Ser %#élz tPLehISI;IPO 5190G§IIeVaIAIaAIaGInProPro
dy Ar%s D Mgl A aTETA 5@5550“2‘0 lYélﬁg%VPlloAWo dn Ala Val
Asp Thr Val Al a Leu Asp Arg G u Leu 210 215 220 4724 July 2006 WO
03106895 rhPCGI1S@2/ &R0 i r Qi ke rec Asn Ay Trp
Ala Phe Gy 2om Sk 560 ﬁA"‘gﬁ% aﬂg'b}k?&’qu }ngg/irg rg Ay Val Leu
Leu Gy Asn Pro H's Phe 245 250 255 "Pro Trp Thr Thr Thr Asn Arg Phe Tyr
A n \efu ASp $&UATHrGNaRIPriis 260 BE5TRY :1G yhd yeulmin ASp &l Met Ay Al a
Ser Ile A8 Ala Phe Pro VatlSval 275 280 28520Ser Ile @y Phe Asn Lys Asp
Val Eg Thr |s Thr Val Ser Thr. 290 295 300 Gy Arg Arg Phe Thr Leu
Phe %j@ & uAS,ﬂ %h?%ed%%éa& Bhp AspoBra3 Vel 34m 320 Prtnr Thr Tyr Leu
Val ASp Ay Thr Pro H $°Lys Met ‘Thr Thr %&Pg Thr 325 330 389 Val Ala Phe
Asp \al T 40 345 350 Hi.s Thr
Phe Tyr %% #%Tgﬁs%j%iﬁhg%‘réé%ptﬁ% E@ij @&%@L%E%asﬁ 360 365 Qv
Gy Met Pro Trp Thr Thr G n Lys Ala Tyr Ala Leu Arg Asp Ala 370 375 380
Asn Msp Asa GynAShIclAr geSairoVala Asp Bef skeprleurgiserd 81 @iy A n 385 390
395 400 Ala Ar§éAsp Val Ala.dydebe Argdn Ala ldm Ay Asn Leu Ay lle
405 410 415 Pro Trp Val Asn Thr Ile Ala Thr Asp Arg Asn Ay Arg Ala Leu
Phe A&E’olh%{ 3@h1A|PéPA§%r &P %’e&f Gilr Ath Arpr BLeAS AEO\;@e Pi® Alva Ala A u Leu
A@n Arg 4357240 445 Cys Al a®¥to Ser Pro Leu A& Ay Lys Leu Phe Lys Asp

Al a 0 u Le Ser Ar Thr Cys Asn Trp
dn %& égg Cé?’o i‘? uvaAégrle var o Wal}eu Val Ala Pro
Ala Arg Met Pro Val Leu 485 490 495 du Arg Asp Asp Tyr Val Al a Asn Ser

Asn Asp Grevaleclfrgcleth Bah vh0@a208i>E0y Asl BEP phlkayd fekys Leu Thr Gy,
Phe S@5 Pro Val Met dyidSer Val 515 5261625 5 24 July 2086 WO 03/068951
PCT/ S&02/ 00011 Asp Val Pro A n Arg Leu Arg Thr Arg Ile Ay Leu lle Qu lle
dy A80VER$ig4heu Nﬁg Prq Hie A &r@ SerThty As Gy Ileundr ah@ y Asn Arg ):le
Asp Leu 545 550 595°560 Pro Asn Le(#0d n Ala Met 11 e7Fhe Ser Asn Ala Asn

Leu n.565 570 575 Leu Val_Leu Leu Leu Ala Ala Cys Lys

Al a ﬁlﬁr Igr EF j%g'hrs‘%ﬁ‘ 8% %Eé’osi%p'?r& 3r 3f\/%]l? 3;? FpThEY Cys Ala Al a
Leu Ay G@n Trp Asn Arg 595 600 5 Thr Ser Asn a Asp Ala Arg Ala Ala
H s kg T 0 AspIIeAIaGIn
Vall Hl'léJ %‘ng%gs% 5rghﬁys EEY% Q%@ﬁ% 61%/3[% éﬁ&%ﬁf éﬂ%’ép Pro Val His Thr
Pro Arg Gy Leu Arg Met Asn Asp Ala Thr 645 650 655 Val Arg Thr Al a Val

Phe Giys WeaAlewrlay ast proAhen \fah @y WiaTyalarqg6Gd 665 €i0afgg Lys Ala Gy
Phe Ala T8U Asp Ala Pro Le@asd@y Thr Val A rrsAla 675 680 685 Ala His Ala
Pro Asp Gy Ser Ille Ala Leu Hs Ay Ay Gu GQu Tyr 690 695 700 du dy
Val %g Lys Leu @ n Thr Leu Pro Ile Ay Pro Lys Ay

12




705
Phe
du
Al a
Al a
785

710 715 720 Leu Pro Val Tyr Phe Gy Thr Ser Tyr 1le dn Thr Val Thr
Asp 725 730 735 Asp Gn @y Pro Val Ala Asp Ala lle L J‘Ié?r(il'gér Ay
Ser Thr 740 745 750 Asp His Ala Ser Pro His Al a Phe A?E‘l N8 Arg
Tyr 755 766 765 Lys His Trp Asn Arg Le Ser Au Al a
||e“'§|q’g’°"g?% Asp 770 775 780 Pro Ala Leu Lys Val }i’ﬁg{seﬁ&ij@g’ﬁeu Ser @n
790 6 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 <210> 3 <211> 785

<212><PR¥> <313> D. radi odurans <400> 3 Met Ser Axg Ser Pro Phe Ser Ser Val

Ser
Met
Arg

e &

Leu
Leu
Leu
Leu
Arg
Pro
Arg
Al a
Al a
Asp
Ay
235
Asn
H s
Ay
Trp
Leu
320
330
340
355
Leu
I'le
Thr
Ser
Pro
Leu
Ser
Leu

Leu Al

Ay
Leu

Leu Pro Ala Arg Leu Leu 1 5 10 15 Leu Ay Ser Leu Leu Leu Ay.Pro Leu
LedlG y7&y Ala Ala Ser 20 25 30 Ala @n Thr Tyr An Val An lle Gn
Thr Ala His Ay Ile Pro 35 40 45 Hs Ile An Ala Ser Asp Leu Ay Qy
12I"yrpﬁvy Val Ay Tyr 50 55 60 Ser Tyr Ala A n Asp Asn Leu Cys Leu
AI<913AspPGanerVal. Met Thr 65 70 75 80 Val Arg Gy Gu Arg Ser Lys Phe
Gy A ataTEPYI% Thr Val 85 90 95 Val Gy Phe Gn Pro Val Asn Asn
Asp Ser Asp Val Phe Phe Lys 100 105 110 Thr Val Ile Qu Pro Ay Arg
Gn Ala Ay Tyr Arg Asp Gn Pro 115 120 125 dn lle Leu Ala Leu Met
GeyocbyrsVal Ala Ay Val Asn Arg Tyr 130 135 140 Leu Arg Asp Thr Pro
Gu d@n Trp Pro Ser Ala Cys Arg Asn Ala 145 150 155 160 Asp Trp Val
Fie)- |1Sen A¥u PED UPHee ArdshroV/ako Niztu dyg akrgUcd Yhd thA 6343 175 du Lys
e @ n Ala Ser5Ala Gy Ala Met V&l Ser Ala Ile Ths 180 185 190 Ser
%’E&g Pro Gn Ala Ay Ala Ser Thr Ala Ala Pro Arg Pro 195 200 205
L %gagﬁﬁe‘f%isﬁewﬁ“{a@wg A}ay Gpldists Aepskeu 6y e | | e 210 215 220
Ser Asn Gy“Trp Ala Phe Gy Ser Qu Ala Thr T 0 Asn Ay Arg 225 230
24Q- M 0 0 51 PCT/ 2/.00011 eu Leu Leu Ay
Pro Hizgz:i%ogv%’if/oé% gla\%nggéQ%%rg ﬁg?gl@ﬁggy% ?%%A he Tyr G n Leu
Leu Thr Leu Pro Ay A n Phe Asp Val Met Ay 260 265 270 Ala Ser Leu
@sp Wk¢ MRroTalThahlAgyrl bey Gay Bhe ufsnd ar{@ga 242 280 285 Val Aa
Thr BPs Thr Val Ser This Asp Lys Arg Phesgthr Leu Ala 290 295 300 Al a
Thr Leu Val Pro Gy Asp Pro Leu Ser Tyr Val Lys Asp Ay 305 310 315
EE%A@ LA e YL BV Gy Akgy CAY TYRhALA TyrVala [Amy Ghp Adal Lys Thr 325
Ala Asn Ay Pf® Arg Leu His ThP5Arg Thr Val Tyr 8he Thr Pro du

y. Prq.Ley, Vi ey Pro a Ala_ dy Leu Thr Trp Thr Pro A n
33 5e8 = pihkenh %%@%Wg%ﬁfdw%ww% %2 Th Arg Mot
370 375 380 Ala Thr Trp Leu Ay Phe Ala Ay A a Pys Ser Val Arg Asp
Arg TS Phd%6L B ¥ rdO0 arehel el Asl Vah &0 Gy ro Trp Val Asn
Ile Ala Al aietD5 410 4f§\!Y A%Slg\sg Ala Gy Ser Apjl %éerlu%]egr Ala Asp Ile
Ser Ser Pro Asn 420 425 430 Val Ser Ala Ala G n Gn dn Ala Cys Thr

e F21 Aspulll herTyr 435 Trp0lLddSisnleln Phe @no adbardl @16dy Leu Al a' Val

Asp Ayl%r H's Ser Ala 459 455 460 Cys A3 Trp Lys Thr Asp Pro Ala
Arlg al TPr oGlG Leu Arg Ala 465 470 475 480 Pro Asp Lys Met Pro Val
A D &n Esélf’-*’h By §rﬁﬂ’%’ ALy VedrAupSlagewgsu AsnGAgn Ser Ala Trp

n Pro Ala Ala Pr3°An Thr Ay Led“4%500 505 510 Asp Pro Leu Val

a
~8l. hr, | A 5 520 525 Met Gy L
&y HTLAE L B R hle Ble b shenlnd o 217 s36°88E 540 24 01y

2006 WD 03/ 068951 PCT/ S@&2/ 00011 Pro Gy Arg Thr Phe Asp Ile Pro-Thr Leu

Adn

ERha Sdyr CkeWeueBlA'@n Pro Trp Leu Arg Ala Ile Ala Thr Asp Asp
165 170 175

Leu Leu Arg Leu Thr Arg Arg Leu Leu Val Glu Gly Gly Val Gly Gln

180 185 190

Phe Ala Asp Ala Leu Val Ala Ala Ala Pro Pro Gly Ala Glu Lys Val
195 _ 200 205 .

‘Ala Leu Ser Gly Glu Gln Ala Phe Gln Val Ala Glu Gln Arg Arg Gln

210 215 220

Arg Phe Arg Leu Glu Arg Gly Ser Asn Ala Ile Ala Val Gly Ser Glu
225 - 230 ' 235 : . 240
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545
Lys
Asn
Ay
Pro
Thr
Al a
Al a
Val
- du
Ay
Thr
Thr
Adn
765
775
786
Lys
Pro
Ile
Ay
Cys
Arg
Ser

Asp
Arg
Lys
Ser

205
215
225
Ser
Au
Val
‘H s
300
310
Val
Arg
Pro
Arg
Arg
Trp

550 555 560 du Ser Asn Leu Thr Ay Qu Met Tyr Ala Ala Asp Ala Ala
Leu 565 570 575 Cys @n Ser Ala Ay Ay Ala GQu Leu G%%rloz@g Cys
Ala Leu 580 585 590 Ala Ala Trp Asp Arg Arg Ser Ser d 4 Arg
Ala Ala Leu 595 600 605 Trp Arg Gu Phe Trp ArgPAr Ala Arg Ala lle
AsnWOP9T1 Al a 610 615 620 Val Pro Phe Asp Pro EITg%ﬂ%’??"ﬁro Val Asn
Pro Arg Gy Leu Asn 625 630 635 640 Thr Ala Asp Pro Ala Ala @ n Thr
Leuy Ly @y r A5 650 655, Ala Ala Ala Ala Leu Thr Ala
Glsgl l'e Propgﬁgg%tg;hkﬁl ghngloétElé% %@E%%s’é%c’d@s(%@ %8 dn dy val

Arg Ay Ay Asp Phe Ile Ser Leu Pro 675 680 685 y Ay Ala Gu Phe

 GEyp Viein Gy 2Aspiéy Aryl PheATpr Rile Ash 1Rr01.690mB9%1700, é% Ala Pro dy

Tyr Arg Gy 288 Val Ay Asn Aé Ser Ser Tyr 70% 710 7 720 Ile @n
Val Gy Phe Thr Asp Ser Ay Val Gn Ala u Ala Val 725 730 735 Leu
ﬁ%g é@?fl %i% Vedr Mo (CLRsHLaPSEr oy 8sp FvoLFyrPrPh¥aBemlAsgn 740 745 750
Thr Arg Phe Ser Arg Séf%G u Trp Val Ly®8%eu Pro Phe Thr 755 760

o I ro,. Thr Arg Thr Val Val A n Leu Ser 770
7%@ %up%%eg %’?G%F%%%g % 0BT GBSoER Pt/ B IrB0%Ra <210> 4 <211>
<212> PRT <213> A. utahensis <400> 4 ? Thr Ser Ser Tyr Met Arg Leu
Aser Mia Mea Thirerdl ayPergGryu shadrd® abp pMAlLyk! £5p/8) Thr.Ala Ala Val
S5 Pro Ala Ser Apisrg A u 20 25 3@1s5H s ASp éy Goy32 r Ala Ala Leu
Arg Arg Ala Ser Tyr Ay Val 35 40 45 Pro His Ile Thr Ala Asp Asp Phe
9 T8 gy VPherd FlYaAr9Ghsr 160 B 60u dyr cVal Lyd seAlwid u Asp Asn |le
Val Ile Ala A u’&er val val 65 3P 75 80 Thr Ala3dsn Gy Gu Arg Ser

T, Thr. Gy Pro 85 90 95 Asp Ala Asp Val Arg Thr Thr
&b he ‘g“yn;’ﬁ; P9 BRI AP %g L¥pdetotea o9\l Alw Hisu Arg Leu Leu
Gy Pro Arg Asp Ay Val Arg Pro 115 120 1¥¥ Cys Asp Asp Val Arg
GAy3 el AR9chh VedPherVal, Ak T 3 1 H s Phe Leu Arg
Thr Qy ?ﬁral, e Ay Las 5o Gﬁés{pl’%{g %31103515}39%2568%6‘%55 160 Arg Qv
Ala Trp Val Arg Pro Leu Ser Qu Ile Asp Leu Trp Arg 165 170 175 Thr
Qer AdtArgabeAciuie Gy Rer Lehard aspeualesh Asp 180 185 190
lle Y& Ala Ala Thr PB33@5Pro Thr Ala Al@8s@y Pro Ala Ser Ala 195 200
roAG uhAIa Pro Asp Ala Ala Ala lle Ala Ala Ala Leu Asp Ay Thr 210
ég B Wl E‘%‘ Gy Ser TR YA feTyileGhyn |Gl Bl Saka A n Ala Thr
235 240 10 24°%ly 2006 WO 03PBBB951 PCT/ SE02/ 3611 Val Asn Gy
@Ay Nt I B | e, Pra Trp, A 45 250 255 dy A a
Arg PheA¥3rA%&8§/L% |ggf(e‘??-{ﬁ%/§ ﬁ%l Agar e §lw YTy3S 286 265 270 " Asp
Gu @y Ala Ala Leu lle Ay Asp Prollelle Qu ITe dy 275 280 285
Asn Valg Ahr ThialLeAl BlaTapa S8 £i18 GLAr cMalasSes1 aTheuAbd Ay Arg 290 295
Phe Val Tr$2His Arg Leu Ser42®u Val Pro Ay Asp Pro Thr Ser Tyr 305
315 320 Tyr Val Asp Ay Arg Pro Gu Arg, Met Arg Ala Arg Thr Val Thr
3§58 %13’OS§§5V31GVH1TW° &y Issr LYy Prpr@lu/adkeuSkre Arg Alw cPhe. His Asp Thr
Tyr 343°345 350 Gy Pro®4l Ala Val Val P#F @y Thr Phe Asp Trp. Thr

P A ﬁéﬁggﬁﬁaﬁegg%&%&%@aéﬁoﬁévﬁqsup@Yg?' @nchea Lys Asp Val |

Ala Leu Lys Ala 385 395 400 \Val Asp Arg Hs @n Phe Leu Pro

¥ab AeNavglcyd R14 B ber 409 AP p8d51a a1a Ala Gin Ala cly

- 465 470 475 ' 480

Ile Thr Pro Ala Ala Gln Leu Pro Val Leu Leu Arg Arg Asp Phe val

485 490 495

Gln Asn Ser Asn Asp Ser Ala Trp Leu Thr Asn Pro Ala Ser Pro Leu
500 505 510

‘Gln Gly Phe Ser Pro Leu Val Ser Gln Glu Lys Pro Ile Gly‘Pro Arg

515 520 525

‘Ala Arg Tyr Ala Leu Ser Arg Leu Gln Gly Lys Gln Pro Leu Glu Ala

0 530, 535 . 540
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ASp
430
440
450

dy -

Thr
Leu
Ser
Al a

Ala Arg Ay Gu Ala Leu Tyr Ay Asp H's Ser Val Val Pro Arg 420 425
Val Thr Ay Ala Leu Ala Ala Ala Cys Ile Pro Ala Pro Ph}ﬁn 5’@% 435
445 Leu Tyr Ala Ser Ser Ay G n Ala Val Leu Asp Ay S A\lﬁ r Asp
455%?93 s Ala Leu Ay Ala Asp Pro Asp Ala Ala Val Pro Gy Ile Leu
46%O0/85%4%5 480 Pro Ala Sex Leu Pro Val Arg Phé’cﬂfS&“%gOB“Asp Tyr Val
Asn Ser 485 490 495 Asn Asp Ser His Trp Leu Ala Ser Pro Ala Ala Pro
Grys Gir Phe 0@ 5 R lle n u Arg Thr Pro Arg
LegsArg Thr Ar g@ g%ESg%l 5%1% &F_%t?sé §5‘lf ewﬁgAglbeAgeﬁ%]Iae n Gn Arg Leu
Ay Thr Asp Gy Leu 530 535 540 11 24 July 2006 V\DS 068951

PCUSGE2 0601 Le®rRyroGhyp Lyes Gy ARgerdinrcytharflmapAksh key dipcghn Val Met Phe

Ay
Val

Al a l

Asp
Au
Thr
Asp
Pro
Ser
Al a
Ay
Val
Tyr
750
760

770 7Gb1 180 s&d Y14 fhel 2rédasilbyy 20Q6a -4 ,Q3

545 550 555 566685Asn Arg Met H$S7TBHy Ala Qu Leu 3/& Arg Asp Asp Leu
a Leu 565 570_575 /S Arg Arg G n Pro Thr Ala Thr Ala Ser Asn Ay
&5 \ERE RSP Blsofredsaser: Pda Akt LavaRle FloyBroTAse Any Gém Ser Arg Phe

Gu Arg Ala R 595 600 605 “#%u Asp Ser Arg &Y Ala His Leu Phe Thr

P 1 6 e.Arg, Ph a Thr Phe @ u Val
Agﬁag%& %{f Ag%s%?@lgr%’p g %l%ovlé‘&Tﬁg’heAf%AbF%A%%eM? p Asn Thr Thr
Pro Arg Val Arg Thr Ala Leu Ala 645 650 655 Asp Ala Cys Asn Gy Ser
Ain ey Prneo A3er clinreAr gspSely Vela @Gy 1.86@1665:67%8k hig His Thr Asp
Arg @Y Ju Arg Arg I1&%ro Ile Hs Aye2675 680 68 dy Arg Ay Qu
dy Thr Phe Asn Val Ile Thr Asn Pro Leu Val 690 695 700 Pro Gy Val
g 0 Atg Bt Dosl Agm | ThEj BrogGyn Thiy Sée Hive Lva|Aspbhrg 236 IO 715 720 Al a
Leu Gy Pro H®3®y Pro Ser Gy %% A n Ile Leu Tht0j 25 730 735

hr Pr r o Tr rr. Ala Asp G n Thr 740 745
C‘é?l Lgelg %lf Glsr‘gj’%s %’-‘Ey@ﬂéﬁ% ?‘?eﬁ %@ Pal{ é*lﬁyélargvi“ﬁ?l Gu Ala 755
765 G@nlle Ala Ala Asp Pro Asn Leu Arg Val Tyr °3 Val Ala Gn AXg
S&2/ 00011 <210> 5

é@%&%@%&%ﬁ
<211> 777 <212%6PRT <213> P. aerggyl nosa <400> & Ser Arg Pro Phe Arg

Pro
Thr
Asp
Tyr
Ay

Au Qu

du
Phe
dn

Al a.

Thr
Leu
190
200
210
du
Al a
Asa

Pro Leu Cys Arg A u Thr Thr Ser Met 1 5 10 15 Gy Met Arg Thr Val Leu
FoF [Thyl M GOy yCIVBGlucArgl 8le Gl See M0 @5y 30y A%t GMetuiro Val An Al a
Met Pro &% Pro Thr Gy LEBPAla Ala 35 40685 Asp Ile Arg Trp Thr Al a

C%Qe/e I ‘%r}(r)THis Ile Arg Ala Lys As:ﬁ 50 55 60 GQu Arg Ay Leu Gy Tyr
I ¥ KFaASFyFu‘N%EA%T_’Aéﬁ Beh Argslyp 635 Bp HAFaLSys Leu Leu Al a
I'Te Val . Thr Ala Arg’ Ay Ju Arg Al a’¥ 90 95 Arg Tyr Phe Ay Ser
G byS Raxcder : L 1 ro Ser Asp lle
Tyws Ala Trp %guﬂ?‘sgalg%%?%_ gﬁ% é;}%g le%ﬂvﬂ %ﬂrﬁ% %%g Ala Phe Trp
Ala Gn Thr Pro Ala Val Arg An Leu Leu u dy 130 1 140 Tyr Ala
Glp Phe BeonLis plehbrd elyALer Ged #la pASPsdd ¥lhyserqBer A5 150 155 160
Ser Cys Leu Gy/28 n Pro Trp Leu P Ala Ile Ala ThesAsp Asp 165 170 175
Leu Arg Lau Thr Arg Arg Leu Leu Val Qu dy Ay Val Gy @dn 180 185
PHe AF% SRSpPRY dliselvn/Ara shep Al T Gbrolew BhedSprAhug @Glm Lys Val 195
205 Ala Led*Ser Ay Gu @ n’APa Phe Gn Vval A Gu Gn Arg Arg G n

: A Phe A eu, dy Arg Ad r Asn Ala lle Ala Val Ay S er
%%215%%0%23@9’”2&%“ %"qu%,@gy%iﬁ g ﬁ%flgéﬁo%%ﬂa%ﬁ &892/ 00011 Arg Ser
Asp Ay Lys Ay Met Leu Leu Ala Asa Pro His Ph6 Pro 245 250 255 Trp
Gy Ab@ dVRt AAY GeBNSer e @y WL His Leu Thr Ile Pro Gy

770 775 : _
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260
Asa
Thr

Asp
du
Leu
Leu
Tyr

Adn
Arg
Leu
Val

Pro
Ser

480
490
500
515

Arg

265 270 Arg Leu Asp Val Met Ay Ala Ser Leu Pro Gy Leu Pro Val Val
275 280 285 Ile Ay Phe Ser Arg H's Leu Ala Trp Thr Hig Tié Val Asp
Ser 290 295 300 Ser H's Phe Thr Leu Tyr Arg Leu Al a 5T %0 ro Lys
Pro_Ar 05 310 315 320 Arg Tyr Leu Val Asp Ay Arg Ser Leu Pro Leu
a uwﬂ’]gm@%l Val 325 330 335 Ala lle Qu Val ArgP§T§§ maooﬂsp Gy Lys
Ser Arg Val GQu H's 340 345 350 Lys Val Tyr @n Ser Ile Tyr Ay Pro
Vabiddal 6Trp Pro Gy Lys 355 360 365 Leu Asp Trp Asa Arg Ser Au Al a
Ala Leu Arg Asp Ala Asa Leu 370 375 380 du Asa Thr Arg Val Leu Gn
TeplIPyr 38er Ile Asa G n Ala Ser 385 390 395 400 Asp Val Ala Asp Leu
Arg Arg Val Gu Ala Leu Gn Gy Ile Pro 405 410 415 Trp Val Asa Thr
AFELR aP¥8p G u G n Ay Asa Ala Leu Tyr Met 420 425 430 Asa G n Ser
V ro, Tyr..Leu S Pro Qu Leu lle Pro Ala Cys 435 440 445 A a lle
Gg%nl{;'euAﬂ‘\éﬁflKﬁal gg&uél’ﬁe Leu Pro Ala Leu Gn Gy An 450 455 460 Asp
Arg Cys Ala Trp Ser Arg Asp Pro Ala Ala Ala An Ala Ay 465 470 475
Ile . Thr Pro Ala'Ala A n Leu Pro Val Leu Leu Arg Arg Asp Phe Val: 485
49%205d n Asa Ser Asa Asp Ser Ala Trp Leu Thr Asa Pro Ala Ser Pro Leu
505 510 da Ay Phe Ser Pro Leu Val Ser Gn GQu Lys Prolle Gy Pro Arg
598252 5Fodaaxrd APxjiniByr £t achleeQsiBergeAeg Leu A n Ay Lys An Pro Leu GQu
530 535 540 14 24 July 2006 WO 03/068951 PCT/ SG02/00011 Lys Thr Leu
F4P®et Sval Thr Ala Asn His Val Phe Ser Al a Asp 545 550 555 560 G n
LEIFIPE R FIREIFA%R BFEPIEGEDYICArg Asp Asn G n Gy G u 565 543 575
Ser Leu Ala Arg Ala Cys Ala Ala Leu Ala @n Trp Asp Arg Ay 580 585
Ala Asn; Leu Asp Ser Ay Ser Gy Phe Val Tyr Phe @ n Arg Phe Met 595
605 4dn Arg Phe Ala Qu Leu Asp Gy Ala Trp Lys Gu Pro Phe Asp Al a
6441162032 G n Arg Pro Leu Asp Thr Pro Gn Gy Ile Ala Leu Asp Arg Pro
625 630 635 640 Val Ala Thr A n Val Arg A n Ala Leu Ala Asp Ala Ala
G412val D5 650 655 G u Lys Ser Ay Ile Pro Asp Ay Ala Arg Trp Ay
Leu G n Val 660 665 670 Ser Thr Arg Gy An Gu Arg Ile Ala lle Pro
d3L3aspraliificfal SggweBB0 685 Phe Gy Val Tyr Asn Ala Ile Gn Ser Val
Lys Ay Asp H's Leu 690 695 700 Qdu Val vVal Ay dy Thr Ser Tyr lIle
Leu Val Thr Phe Pro Gu 705 710 715 720 GQu dy Pro Lys Ala Arg Ay
Leggdl @ Phe Ser G n Ser Ser Asp 725 730 735. Pro Arg Ser Pro His Tyr
Asp G@n Thr Au Leu Phe Ser Arg G@n 740 . 745 . 750 Gn Trp A n Thr

R0 3PhereS@Ese ASRmAF Urdd @hél@stﬁsgerﬁ! a Asp Pro 755 760 765 dn Leu Gn
Leu Ser Ile Arg Gu 770 775 15 24 July 2006 WD 03/ 068951

PCT/ S@02F00011 <210> 6 <211> 33 <212> DNA <213> Artificial Sequence
<220xgcg23:t o regradaPed neratbogadehacBbA gene <400> 6 cgtggat cca tigat gcagga
ttcgccgetg cge 33 <210> 7 <211> 32 <212> DNA <213> Artificial Sequence
<220> <223> Reverse Priner for the sbA gene <400> 7 cgcgaattca ccggcagccc
tcatgcgaca ac 32 16
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