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

be-@ £ 3 ionis that it is cell population dependent
(quowmfﬁnﬁﬁﬂg)mx%%%%' 9er§£ﬁ{sett% AHLS £ 81 @ dhenARGNQRMEN ;
extracel lul ar concentration of AHLS increases as bacterial cell
popubdelesis. griow. PAREACAHRL , deeurdiivaRrEsor orelatinsedifoPd Bx2f¥kel | ul ar
concgahsati At 168 oneXREGESED eqlfe ¢ebhaka $65:51 Plsd.akgebpgenes are
triggered in the bacteria. [0004] Bacteria using these signals release,
detect and respond to the accunulation of AHL signal nol ecules for

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

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

- biol Q&Qﬁ%&%@,' gr}_( QE.BQlf Q%c?%u@%ém éénsﬂﬂg F%J:@%Wldmélgéuﬂé% ¥1r2006

many Gram-negative bacteria. These compounds regulate certain

classes of target genes in bacteria, such as virulence genes or
biofilm differentiation genes. Generally, quorum 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 AHlL-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
*ekpression of certain.sets of target genes are triggered in the
bacteria.
[0004] Bacteria using these signals release, detect and respond
to the accumulation of AHL signal molecules for synchronizing
expression of a particular sets of genes énd coordinating
-cellular activities within the bacterial cell population. AHLs
ére involved in regulation of a range of biological functions,

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




WO 03/ 068951 PCT/ SG02/ 00011 conjugal transfer in Agrobacterium tunefaciens

(31), induction of virulence genes in Burkhhol deria cepaci % F 0%
carotovora, Erw. chrysanthem , Erw stewartii, Pseudononas: ‘28 30%(} osa, and

Xenor habdus nemat ophilus (3, 6, 12, 17, 19, 22, 23, 24, 26%} regul ati on of
ant i bi otQ03 ﬂffﬁﬁ’uctlon in P. aureofaciens and Erw. caG{SS0¥P%1Y 6, 26),

swar ni_n It n. Serrat.i u4fa|e 4 b|0f|| formation in
p. fFubfe cens aar}/nf ) lge‘rzl g?n%és% l(uf] %gflg%fﬁg%%%y@g Ker™ acn']Lerl al species

t he oél eizmmlezbme)lgmiecsalln Bunkhfnmhﬁeraanbephbéal bE]rmﬁl-ﬂlzsi r:emta:mbm,be

I nvestigated (2...5 ani mal .and_human bacteri al
pat h%ﬁgh.scgﬁgéeaﬁwlqu%?ﬂrm ‘gé%%alﬁ%lél gjﬁgﬁgo?%ﬁarsegau ré]tgéngff)f ess(?on of

pat higearbabdme et ophdliun {(he ozt Ldn b9, BDf iA3ns24, They ef ore, AHL

guor un s ' ts for genetic

' l, I t
and Eﬁgﬂf%@r&ga% %Irﬁlﬁ%éFfLSLﬁgggﬁ’%idégtgl ;gglto £ Ona%lfe‘f%gcgg%rgl ﬁ%l?ﬂ'ﬁ nechani sns
can paevediotd (raadwcse,ftshangm% !nltqtm&tggggis;b}aﬁtefra almlfge_rrﬁezﬁs pl ant and
or I of i . e e encoding an
AL Thak 2oL Piang Sosne Rl o B r1n0at el Rl BRI R baci 11 us
straim, 2¢PBl)Ihagmkeenheel Dm:(ﬁ)l, sPebhet atise® ﬂ@?@mnmbmﬁdﬁaﬁmnase)
inac;é.l vat es AHL ac IVIt %]1}‘1 roI |g§ EE)he | act,ane of AHLs (10)
a

Expr €48F0HOH EITA9 lJreflr %tb?/v‘?suggtﬁgt ﬂ% strain

whi chirauses soft rot di sease in rrany' pl ants) si gnlflcantly reduces t he

a1 oRIGREL A R A Py Bhiktin e UEAR: Do CH Hedo CAEDRRGE carrot,

cel etiye Ewlqddmmersenamdgt@mmm &) reaﬁmsgeénprq@sanhmf expr essj ng
AHL-| act onase showed a SIg@IfI enhanced ef&ﬁt ance to Erw

nt |
car oPBYROEEHf L8hC5n 2802 edééﬁ“@ 1R Of 1%t ot synptons (10).
AHL - TRagé foad | Qmmh@nmss@n@n@mgmam iaelmldeésy a(iieS'gli:bbplt@ﬂ For ‘exanpl e,

a, bacteri i SO Var i ov.or ax ported to use AHL
ot cborestlad uTebrorgy SHETA Ao AP EB0 Eo SR BRLPRG THEDoss! bl ¢
pr esengeuptiorAldf degsadsgnenianyarechifl) sms can prevent or reduce -
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 bactérium (Bacillus strain 240Bl1l) has been
cloned (9). Aiid (also known as AHL-lactonase) inactivétes AHL
activity by hydrolyzing the lactone bond of AHLs (10).
'EXpression.of aiiA in transformed Erw. carctovora (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).




2 - - ------ - - 24 July 2006 [0007] Further nethods to counteract

AHL- nedi ated plant, animal and human di sease and pl ant pa&%gafguﬁirulence
by interfering with bacterial intercellular comrunication X 8 hi ghly
desirabl e. SUVMARY OF THE | NVENTI ON [ 0008] Accordingly, in this study, the
cloning and characterization of a gene encoding an AHL-acyl ase from a
bacterial isolate Ralstonia sp. JX12B is reported. [0008a] In a first
aspect of the present invention, there is provided a nucleic acid
according to SEQID NGO 1. [0008b] In a second aspect of the present

i nventi Lhere.i i ded i ¢l i whi ri.$ | eoti des
154 36 S PEEEEF SRR 8 R SR PLE ERET EhERS. S O0
i nvent i bepan Répeasiesapg gv-pefedbathograpvii deldnari vy iatsefifréne evidhcoded by a

nucl ei Cpatiedi 6ONSISLENG 1 JANELSLILASS Ha34- 301850l SEQLRNC 1. [0008d]
In a fourth aspect of the present invention, there I's provided a peptide

havi ng a sequence according to SEQID NO 2. [0008e] In a fifth aspect of
t he present invention, thetemngsypsovingednvenmgzenti de havi ng a sequence

Cho pr ol hORREr By Rard Po PO, B0 LT Fpr e RROTIY 4o Sionce.
conpri sehigp gahaicnacdds 28 RHI94cplas8EQron B hixt2rif D0ABO] athn Rembiadiinent , nay
be a cong_o%jX&& QSOI:?%EEE&T whi ch conprises a nucleic acid according to SEQ

ID NGO TI. Another e rment, may be a conposition of matter which
conpr i sE008=2hubl @i Eizati dsrasdteef ethef popsariielgrastipororntbest iiwgrodvidadcel eot i des

1234- 368,201 SEQAR Morhing L6 agERb kbereof and a substantially
honol ogous variant thereof. [ 0001 Yet a further enbodi ment, may be a.

nucl ei clRIER] abt Gr 8FFRIS: BSPETEaP n PenBTRIenE obiprens s nitke v tisdes 1234- 3618 of
SEQ | D M@villed 3 nucleic acid which comprises nucleotides 1234-3618 of

SEQ ID NO: 1.
[0008c] In a third aspect of the preéent invention, there is provided
a peptide having a sequence encoded by a nucleic acid consisting
of nucleotides 1234-3618 of SEQ ID NO: 1.
[0008d] In a fourth aspect of the present invention, there is
provided a peptide having a sequence according to SEQ ID NO: 2,
-[0008e] In a fifth aspect of the present invention, there is provided
a peptide having a seqguence comprising amino acids 36-217 of SEQ
- ID NO:2.
[0008£] In a sixth aspect of the present invention, there is provided
a peptide having a sequence comprising aminc acids 233-794 of SEQ
ID NO:2.
[0009] An embodiment, may be a composition of matter which comprises
a nucleic acid according to SEQ ID NO: '
1. Another embodiment, may be a composition of matfer which
comprises a nucleic acid selected from the group consisting of
nucleotides 1234-3618 of SEQ ID NO: 1, a fragment thereof and a
substantially homologous variant thereof.
[00010] Yet a further embodiment, may be a nucleic acid according to

- claim 2 which comprises nucleotides 1234-3618 of SEQ ID NO: 1.




24 July 2006 [000111 Yet a further enbodi nent, may be a conposition of
matter which conprises a peptidic sequence sel ected fromt;&%ﬁ 0#1(@
consisting of a peptidic sequence according to SEQ ID NO Z 3mant
t hereof and a substantially honol ogous variant thereof. [00012] Yet a
further enbodi ment, nmay be a conposition of matter which conprises a
pepti di c sequence encoded by a nucleic acid selected fromthe group
consi sting of nucleotides 1234-3618 of SEQID NO 1, a fragnent thereof
and a suﬁstantl all'y honol ogous variant thereof. [00013] Yet a further
embodi maAPO1htay YeTe 2 AL HEREH SFPPSHBE Mt BF 2 GATRIFLEHADifsBEEE pept i di ¢
sequencehset eﬁmpﬂlsfe@omﬁdﬂel@wuaqu@m&ssélddﬁgdOﬁ‘roﬁEQlé @rb@ 2, a fragnent

t hereof, a subunit ther and a_ Substa I ous vari ant thereof,
such as 8nsplespt| &4 as%ecf’uéﬁ%% . (eedo] A ﬁ&c?’bc}lgﬁéc?lﬁgﬁlg%%g ‘peptidic sequence
conpr i siEnggmegutri timraofdesld% 2i55t238tal9% lafnoBbfIusDviNQan? dreracpepti di c
SequencooGRPT 1) B0rATEP AfkARZA3 134,01, SEQID NG, & n3p 24 Jul y 2006

[ 00014] Yet a further e iment, may be a conposition er as
descr i belighevepyives ha insatidimsesuside. ef@@ed 4a] al mmaetiemdidaspect of the

present b WeRHI Al %ﬁgerg@oaﬁ JOheYidRd oARukiedtiblo 138l o s0be %t&@tl ng AHL
signal i nabactl vity whi conprises contacting said AHL with a peptide as

defi ned¥3bove? fl[agmﬁfi'%]th%?':’faa?ﬁrat [rEPstERb ot yeReroleggut ePEt@ o a net hod of
nodul at icRgredldl. si gnaling activity which conprises contacting said AHL wth

a conpo er_.as des rlbed abovye. [00015a n el eventh aspect
of tg E dslgﬂt }f'%tvé‘n% r&ﬁlert?{tg’ro TRt PR (?e?j[cé’mpf’%‘]slé’é‘n? BEERE conpri EI ng
a nucl ewtidcicdmasi sdefd pedtiditovequdr@eOdsiel-téd @ohvweld ghoaspect of the
present c!)r[fgll%@g_ﬁ e gggrlﬁ ﬂlé R var%eden ttlilgpesc%em ng?u%Q"éHazfeo%n rg:?‘l

conprising a nu Ielc cid as “'defi ove 0001 urt A
enbodi nensubshaayiséln hpmalniygeﬂl\@rphlamtth@reofnoqsluctiumna reghEdichar bor| ng a

nucl ei Cs@&de@césaéigz?&fdgbgg %OY@NO: 2, a peptidic segquence comprising
-amino acids 36-217 233-794 | . of SEQ ID NO: 2 or a peptidic sequence
comprising amino acids 233-7%94 of SEQ ID NO: 2.

3a




[00016a] In a thirteenth aspect of the present invention, there is

provi ded use of a nucleic acid as defined above and its % g{ r oduct
for the manufacture of a medicanment for controlling a bact sease in
a mammal wherein the expression of pathogenic genes of said bacteria are
regul ated by AHL signals. [00017] Yet a further enbodinment, may relate to
a nethod of <controlling a bacterial disease in a manmal which conpri ses
adm nistering to said mammal a conposition of matter as described above,
wherein %h ?xpr ession of pathogeni c genes of said bacteria are regulated
by AHL JP8fAls. Y§tooTraper r?“‘&o?bdfﬁ’PFeé‘ﬁ@’hb%§p€%‘f‘P°&th’r% obrietdst #hventi on,

t here |ﬁes@fméddadm¢sehm‘h anpepirhtes agr.def i ned above for the manufacture of
a nedi canent for controlling a bacterial disease in a manmal, wherein the
expr essil8f0¥gR] pbt Rofentihcagrarssobfths gingseric tlevértiane theegulsapedibyd AHL

si gnal s an4 L@4ﬂ%§hymégﬂyé okqggﬂﬁkt ﬁ% A%LfQi&ﬂﬁﬁmE”QQQhHEQtwhﬂﬁy relate to a

met hod of controlling a bacterial disease in a plant which conprises
admi ni sCEPPRF A0 CSRFF HRENs2 & AFRphstit |aoﬁelé'¢1q?ataﬁe<ﬁe%ﬂ§eée§%?‘febed above,

wher ei n [bbELSIXPrassi Artabr RaLBOGRAL L nﬁﬁnfeiaﬁé ®Akdndaehiest a are regul ated
by AHL S|g al s [0001?@4 In a fifteenth aspect of the present invention,
there i & P SHEAGRY FretéBhitt B’PF‘FIhgj:OEp’E)’zf@tseF?%acaf%%éélé ita pl ant

whi ch C@fﬁm}ﬁIaSESm@;Chiltﬁ]mStcﬁrmﬁI@:etrOasaieficﬁikﬂﬁt aboyeept i de as defined above,
wherein n_of..pat hogen enes of .said bacteria .are regul ated
by AHL &i gnagipfn[ %go‘i Tgm-[ﬂ;aap%l xf %agtn LS SRE TSP TRE p'rehesean i nventi on,

t her e i sropdediddadansoetivoglafit compro$inong aubbeicerrad a sledsmed n a pl ant
whi ch copprd ses transforming the plant with a nucleic acid as defined
above. 00018c] In a seventeenth aspect of the present invention, there is

provi ded®2PLvel hod 2ot Rt rioPPFh g atisapresansl infiesbtme Fhexe prant using a
bact eri gréviangforradsyidir acAUGIRICaAGA d8ndefdingdaab@ViRic acid as

defined above.

[00016] Yet a further embodiment, may be a transgenic plant or
non-human mammal harboring a nucleic acid as described above.
[00016a] In a thirteenth aspect of the present invention, there
is provided use of a nucleic acid as defined above and its
peptide product for the manufacture of a medicament for
controlling a bacterial disease in a mammal wherein the
expression of pathogenic genes of said bacteria are regulated by
AHIL signals.

[00017] AYet a further embodiment, may relate to a method of
controlling a bacterial disease in a mammal which comprises
administering to said mammal a composition of matter as described
above, wherein the expression of pathogenic genes of said bacteria are
-regulated by AHL signals.

[00017a] In a fourteenth aspect of the present invention, there is
provided use of a peptide as defined above for the manufacture of
a medicament for controlling a bacterial disease in a mammal,
wherein the expression of pathogenic genes of said bacteria are

regulated by AHL 51gnals




BRI EF DESCRI PTI ON OF THE DRAW NGS [00019] Figure 1 is a photograph show ng
AHL inactivation bioassay results for bacterial cultures %\clj%]?ag@ | al
proteins fromthe indicated bacterial clones. Figure 1A s X results
of a bioassay with bacterial cultures of E. coli DH5a strains 13H10 (slice
1), 2B10 (slice 2), MJB3 (slice 3), MJC6 (slice 4), GST-(bA (slice 5) and
GST {slice 6), which contain plasm d clones or constructs pl3H10, p2B10,
pMUB3, pMJCE, pGST-(BbA, and pGST, respectively. Figure 1B shows results
for bi 03ssa of the indicated bacterial proteins GST-(bA and GST. [00020]
Fi gure 3%P%8] o¥ehiR ShowWichgeRnd i RepelaY ursdabfid- DA BPPCAUM profiles of AHL

acyl asecoh21dg ki @Hé’ﬁer&aﬂ.sdl&egﬁﬁﬁhl shewdmgwhi tomprisesr se of OOHL

i nacti vation the ur| fi -acyl ase. 4 Jul 006 03/ 068951
b SO TR B AP L BB b et P oA Lo CBRE SRR EVBCEPRENTS | [000221 A

bacteri abovesowaegmf tmwﬁpoeﬁacspof mm@;efmong@esbobfsallmmptml n a water

treat megt.. SYslemMMeH Z?Hngl%;n%lsenzynatl cally inactivate AHLs, bacterial
quorum sensi ng nol ecu n a bi oassay using Agrobacteri um t unef aci ens

-strain [RRI 8adr BRa @ffiéteelnébzars@@):ta%f &heipurgisent omveoriony these ¥8ty. The

- gene engogiR@qat hend¥hehesn c%talrpiﬂﬂagat DA Sc8N2Y B AGLEVLA Ya F9hnc AHL
i nactivation (gqsbA) was cloned froma bacterial strain isolated fromthe

bi of i | M"ELFHIC BRSSO FRHIF b3 IETdBac A S5t PRt 6f Py SnPACSEPgS. [ 000231

Bact er i abogayl w@eslzarmhebaﬁ@ﬁsjsabnpcspt;ﬁitnsgwce gedssayedai@rpddterapi ity to
i nactivate AHL .u q{yAgggbact erium tumefaciens indicator cells. A

t unef acPEhs" SRS ?ﬂi at*PEE in MM nedi um as described in Zhang et al.
(31). TiheolisbleIn & oixtgenobeispeto dieths ga;y;ednt Sinfretistonm wedewis h an AHL

Phe>t 1 AbEauidlh o SRR A O R b IO SR IR | AT LORT AT e

t he ctlon(lnactlvalono |sa AHL
i nact i vakign caerkvéesy tirgnpfaweny the plensanpibe a( nu@leltchecﬁngs

‘defined above.
~[00018c] In a seventeenth aspect of the present invention, there is
previded a method of ceontrolling a bacterial disease in a plant

-using a bacteria transformed with a nucleic acid as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS
[00019] Figure 1 is a photograph showing AHL inactlvation bioassay
-results for bacterial cultures and bacterial proteins from the
indicated bacterial clones. Figure 1A shows the results of a
bioassay‘with bacteria; cultures of E. coli DH5x strains 13H10 {slice
1}, 2B10 (slice 2), MUB3 (slice 3), MUC& (slice 4), GST-QsbA {(slice
5) and GST {slice 6), which contain plasmid clones or constructs
pl3H10, p2Bl0, pMUB3, pMUC6, pGST-QsbA, and pGST, respectively.
Figure 1B shows results for biocassay of the indicated bacterial
proteins GST-QsbA and GST.
tOOOZD] Figure 2 is a graph 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.
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has been cl eaved and inactivated), then the inactivated AHL products fail

to trigger the expression of lacZ reporter gene which ISN#“d'ﬁ'@%%% control
of a TraR-dependent pronoter. The strain A Tunefaciens g the

lacZz re{%’orter system therefore does not turn blue in the gjr esence

of , substCABUST by op- 4- chl or 0- 3-i ndol ylI  P- D- gal act oRIAREYPHE (X-gal ). See
Exanple 2 fo | f | SfiYe AR n@/E visgd in  the assay,
as desired. @P%%%ﬂs?&acﬁélggaﬁgﬁe assay ggk})c ea(%/}nge of AHL, i ncl uding
tr adil000Aal i n vAtbacwndpie iacdaye ofreRelrfondedspo XiBtakc tfrcie aAHL

I nacti.vation ivity.. T | | e t le to nodify or
devi %(Ja' Ogégglyg‘%ﬁ%i%eﬁ%@t Wgﬁ%%/ gir-e%%génr{% t%‘l";g étgﬂﬁﬁ‘%l n%c(ﬂj:{nl%vgt% lon. [000241
Eschenzghatical ly stragiti vBEBaAlES, Usertieadad HusrufigrensdNg nmani pul ati on. Both

Ral s i ' E...cQl . cul in: P ry . 10 g/ L,
yeas 82)%? P§§§f a%ggafﬁl%%ﬁ aﬁgﬁjg?ﬁ&l%%%cﬁ%cgﬁ%bg) at ‘%[PO% SA%%?%%% ate

ant i Witdt i( csaRrer erackdentZ Adi9¢ na s exe saticadort fier f Al awitigityncefiheat i ons:
anpicilLin Jd ; r Gl J ‘RY ; Lo, 20 pg/m.
24 8Py BnEc Sy o T AR S T o eE e T R 88 ai ng T he
pr ot @&Hh Lespbisatien fl@sHihevasdetbwiat] fAldn anbatiamsitdlostwadni sol ated using a
cosm, Lbrar 6 .one ] t ) f La sp. strain
XJ 12%%0!‘%%%% }f‘!ﬁ@{'etdgel %qg%hgfgl ?é"}{@é.'cao | ft%rﬁgﬁrs%(gc antcfs23 &Rgéﬁgggéened for

t he alfi FP¢yamnbné racidswate AHL. One clone, pl3H O was found to inactivate

AHL . t[ggagiﬁg DNA ér&néﬁgelchgﬁ\%éecio ?&tb%]%é:ekﬁfg%%&%nsaw@r%m ng vector,

l'iga t ranstofr ned i fto ones agai n were
assawedafred A6t thacihivatiyngoatidastiivwate aHR whime Agrotaeiterigna 4 kb

et PR ik pact et Loy, <cty v LO002SE asmida nege aupsequent |y
seqUeACRH maeeDimiaig desckiiben IRtdtadsy wii ag. ABLFY | Ihe BRbodahaner Ter ni nat or
gzg:grgggggpgaﬂ%%ﬁggg§e§eggtffgggqﬁixe %& hnééﬂﬂﬁf 5@%%%%% e?lgg%stens). See
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 ﬁresence of substrate 5-
bromo-4-chloro-3-indolyl B-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
.8kill in the art are able to modify or devise assays to detect
and/or quantitate AHL inactivation.
100024] Escherichia coli strain DH5a 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 NaCl,
10 g/L, pH 7.0) at 37°C. Appropriate antibiotics were added
when necessary at the folléwing Concentrationé: ampicilliin, 100

ug/ml; tetracycline, 10 ug/ml; and kanamycin, 20 pg/ml.

5 -




sequence contai ned an open reading franme of 2385 nucl eotides which was the
AHL i nactivation gene, QgsbA, encoding a predicted pol ypeptc'%g]e oé 0%94 anm no
acids (85,373 Daltons). 6 24 July 2006 WD 03/068951 PCT/ S 6 Tabl e
. (sbA geon ﬁél‘«’al stonia sp.) Nucleotide Sequence (SEQID NO 1).

gttt ggg¥ 3@? Ygnagcgeget gt gcag cgecccgeccct aagecgegdddEaoyeYy

CgcacpgedsIC 9C gc ated gba8 068E6E P th%ggggﬁéﬂg%tsgﬁﬁgcfgﬂaﬁ@gg
cgccggaaggcggacat yt cgt gat aaccg cactgticggcgattgccgtcag9ct cagc 180

gt gct Gees d‘é%g@ﬂ@@tigﬁfcﬂg@gé%cﬂcégé@%%gdtﬁgglgg@ag@amdgbdy@ry of
09Cyapel @ Craag e th oshdanal @t 2 Pia SHCRILAIGALIG 9t§9££ﬂ9t§ﬁ%%909
gcggeggecaget t ggccaggt cgaacgge tcgt gcaggt gct gect gcaggt agcgeCic “360
gcccgeert t8gfgceeht ggdy GFeeit Franpipmdigotagrueygcyetegees for

t CacCEed IRGayt 86t CHRAGCARAIE Artd0 ohgIchIRIY t:@ﬁ%gcﬁégcfa&%%t %Cg
gccaggcg9(;cga:ag‘ﬂcgcg&§gt.ga C gccacqci;%_tégctcc t cgcgegegeegt C 5
agcacttigccgdeyétifac FQ@'&&@@ feegcehtl stasc dgeegtedgt Aupady into

CCOt gf atICHAGHRC §8688E C a0GHAH %n@?»era@&f&&&e%ﬁ%%%gCegﬂf.gg%%g;gc9
ccggccagecagegeccacgeeggt gaaggac gaggccaccaagcect gccggegt ccaggta 20

909c¢ g‘gpﬁﬁégég@%l&d&ﬁﬁ cEsgvedghee Rty dgeacydve t ane refiviay -

gt ggt@g@a@o%qgggﬂ@m%@%c@a%S;Hsew,C%awégﬁaﬂﬁ%%&Ei ccegeegg
cagcggct ggcagcggcaggccagggt ct ¢ ggcggcggcect gCcagcggg ggt Cgcg 900
cgcgatddgddgecacccgaacaccggget ggcggeat cggcacget t gccggeat geat
99209t M t 908¢36ACEIA0Y FPde Qéﬂ{%? ggLhcggeagegt ggagaggec

ggcgt cgggaaaggt cagcaggt cgratgtc gggatcc cdaagt at aggggaggcgggcg 1080
‘gaggcaBENGegoggchirpt thhadcagaentt Ergy CggaabaBtl cras coimpdggely
cggg%@wtcggagg@gg&ﬂ%cggt% L; o cggcgcgcaagact agagcg
acacaagacaagacc acaac qqagacg’anclz%%%lgﬁ %@iﬁ%éﬁé& GCGCAEEC 1260

A

S SSDEICIOOGREALT TREAACEAT GBECCC

TGCCGBESHET 0 G
CCGCACATCCG%E%% ) CTACGCngGg&C%'@iCT \ | '
- CAGGACSEeLTeTertHarRGCenGREeR G eaHITCATems CRACI T CAGRIEPEGAAS

COT [Pl e OO '
G EREEE B BT G
2 ; M Tehdarcaedd

g CCECLE q L@
1710 TGCCGCAATGCCGCCTGEGTIGCGICCECTC
ACGCCTGCGGECGACAT GATGCGCATGGECGAA GAGAAGGCGATCCAGGCCAGCECCEECECC 1800
ATGCCTGCGECGEGEEGAT CGTCACCGCGECAGCCG CCGEGEECCAECACGCCGGTEECCGAGCELGAG
ATTCCGCCGCAr GCCGTCGACACCGIGECG 1690 CTGGACCGCGAACTGCAGCTGCGCGACATG
CCGATCGECTCCAACGECTGEECCTTCEEC GCTGACGCCACCGCCAACCEECECEECGT G 1980 -
CTGCTCGGCAATCCG ACTTCCCGTGGACG ACCACCAACCGCTTCTACCAGGICCACCTG
ACGGTGCCCGGECAAGCTCGACGTGATGEEC 2070 GCCTCGATCGCGEGECCTTCCCGGTGGTGAGC
ATCGGCTTCAACAAGGACGTGECGTGGACG CACACCGT CTCCACCGEECCECCECTTeAcc, 2160
TTGTTCGAACT GAAGCT GGCCGAAGGECGAC CCGACCACCTACCTGGTICGACEECACELCG _
CACAAGATGACCACCCG ACGGTCGECCTTC 2250 GACGTGAAGCTGCCGGACGECCECCTCGAG
CGCCGCACGCACACCTTCTACGACACCATC TACGECCCGGTGCTGTCGATGe CGRAGe G 2340
GGCATGCCGTGGACr ACGCAGAAGGCCTAC GCCCTGCGCGACGCCAACCGCAACAACACG
- CECTCGGTCGACAGCTGECTGCATATC GGG 2430 :




CAGGCCCGGGACGT GGCCGGGATCCGCCAG GCCATCGGCAACCTGGGCATTCCCTG GTC
AACACCAT CGCCACCGACCGCAACGGCCGC 2520 r, CGCTGTTCG CGACGTGTE;%@CAO%
GACGT GCCGGCCGCGGAGCTCCAGCGCTGT  GCCCCr TCGCCGCTGGCCGGCAAACT
AAGGACGCGGGECCTGGTGCTGCTCGACGEC TCGCGCGGECACCT GCAACT GGCAGGT CGAT
CCGGCTTEY&%?ﬂCCCGGGCTGGTGGCG 2700 COCGOGCGCAT GCOCABEREHMBIGOGAC

e -
ope n:"{ggglgmﬁﬁﬁ%ﬁ@c Gﬁ@% %ﬁ]ﬁﬁ% T@ﬁgﬁgﬁﬁ%%gggggr S with

TEIIEET toddecand I Ng Slte

SRR
s e
_Of tt@%ﬁfﬁiﬁ@ig’ﬁﬁ‘é&%ﬁ%ﬁﬁ@%ﬁﬁ@ %@ﬁéﬁi@?&@é‘éﬁé}%ﬂ%ﬁfﬁmﬁ@g%. Ilin G

|- esrccatkdrdarst ScresiditdatairecSy aGait sdcreadcgREs@mat i on (16

30). SHe g S O eSS I A [rom
e s den

Dei necmce@umeecat SITGIGEAT TR TARATGCGART TREPEGGATEA essTaed @soput at i ve

B acyl %&?ﬁﬁi@&ﬁ%@iﬁ@%@é@é@%ﬁ%@ﬁﬁ@i&@%ﬁ%ﬁﬁ% A ko boareinc oo el at i on of

t hei esceuhsthnratcessceTthne Wmme@%@@m@sswmwmas%¢@cg%gew sor

pol yﬁé@ﬁ@ﬁﬁéﬁé&i@ﬁ%ﬁ&éﬁcﬁ sobidcdshrcetaicha Bcaroastuociicdos 643/ 068951

PCT/ 86327:008idckharticomi e tyohaasctanticsilotiadets ttrACtigh@@gtomtdyctogatedy 3690
echi %@éﬁﬁﬁgﬁtwwﬁé@aﬁfﬁtf‘iﬂ??gﬁftg%fmt?tﬁ?%@tt|3&"3wu th a long fatty side chain.

“The predicted open reading frame cf the gsbA gene is shown in upper case
letters with the start coden and stop codon in bold. A putative riboscme
binding site (AGGAGA) is underlined.

[006027] Sequence analysis  of this peptidelindicated that
QOsbA did not have any significant homology with the known AHL-
lactonase quorum-sensing molecule inactivator encoded by the
aiiA gene from Bacillus sp. 240Bl, however the deduced peptide
sequence was typical of the primary structure of aculeacin A
acylases (AACs) and penicillin G acylases, with signal peptide-o
subunit-spacer-f subunit organization (16, 30). The Ralstonia
sequence shares substantial identity with AACs from Deinococcus
radiodurans strain R1, Actinqplanes utahensis and a putative
acylase from Pseudomonas aeruginosa, all of which catalyzé
deacylation of their substrates. These AAC'genes are translatéd

as single precursor polypeptide and then processed to the. active
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Acul eacin A acylases purified fromA utahensis catalyze the hydrolysis of
the am de bond on the palmtoyl side chain of aculeacin A (29). The
primary structure of the protein, as well as enzyne activi @J"e\}ﬁ?%ls W th
different substrates, discussed below, therefore indicates that gqsbA
encodes Y4H /Qﬁf_sbcyl ase which cleaves the am de |inka¥f&/$¥24¥¢h t he acyl

si de chai n t he .homoserin e.miety.of The presuned
(x arl?a B sUBt |t1§a"a’oft‘“ffst53 %ar egfocgécug' S am it 18 %‘@:@%l%lgggégé 36-217 and
233- 19pe aebpbBatidalelantibfioSEQ wirh NOlodg \ﬂathyasikﬁe a:ham aci d spacer

bet n the S, det er m ne b I anmen th e sequences from
D. Wi%l o%ﬁcn%l]sﬁ (g ug%\flé/?a#]eogns:% arffwllJ s ‘gr%éjlgnysa Il:éee Table I1.
Tabl hyl:lrol_wsi.gr@ﬁ ukm' rmnmla Hosé qure ridhes mM@be$mﬁ Raladnopfa sp. XJ12B

SEQ_| digH ; j D
ucangre a1 s e D KBRS P ea eirR 2o 88 vE b no

5). Rs spziBSRactiviAlyRGTEAVRAAAIAGGAI-fferent substrates, discussed

SPrSBo AR LS L e T O R BB e Gvavorsvacon

70 Ahith ME8Ses -the\RMEKAAAL AFKAGe/ARAMNeen- the acyl side chain and

VPSPAS: W GVGYVQAEDN 71 'P. aer

NSRPéEﬁ%% #%m&% RPTGLhAI') | RTgTAYGVPH RAKDERGLGYA GY
AYARDM0B28] R. sp The presumed o and B subunits of QsbA are located at

t%—%—%ﬂi g a N%éJCPSltlonS \[gvﬂ%Palm%\uZ%D%EFlfgrgggec[&‘v %Eﬁ&%RGYI AGFNRY

L CL L BOEVAIT MRGERSK ALSGARTNE VY CEQRp RSP FKEW| Eﬁm_@sewa@ermem KRGYVAGVNRY
LRDTP. 149, A uta . . ,

| cVI ES@@#%&SM?&&DB%%WPBME% L RcPa 78R A R BVRDOVRGEVAGYNHE
LRRTE&:15i1n L ,aei. Aflldhehkl Y TARGERARYGEEGKSSAEL fxe -Fable II.

ELPSDI FYAW.NQPEAL QAPWQAQTPAVRQLLEGYAAGFNRFLREAD 157 R sp

PANFP- AACRNAAWRPLTLGDM MVGEEKAI QASAGAM ad VAAQPPGRTPVAEREI PPOAVDTVALDREL QL
RDNPragBdd 1D r adl iRHQAPAGACRNARIY/ R ERcBYHPE GEEKRI {RaBAGANNEAR TSARPPQ - - - -
AGASFARPRPLAPAAFRHROMRIFNDL: PX) 228, #Axdilodlurans strain R1 acylase (SEQ

VHRL I DPREREAVWERPLAEHIRARE SYBRMARAGSEAL L DAIWAATPRILG -P. aeruginosa
AACPASHPEARDARY APARIDGTSAG 228 P.aer KTTS ---
CLGQPW.PAXATDDLLRLTRRLLVEGGVGQFADALVAAAPPG - - - -  AEKVAL SGEQAFQVAEMORFRLER
230 R sp

GSNGAAE- @DWWWTTWWWW%AWW BVAWHTVSTGRR

ETLF?-3%]1 [DSR-ggt-SPFSSVSEPARLLLGSLL---~~LGPLMLGGAASAQTYQVOT ORTARGIPHIQASDLGGIGYGVGYSYAQDN 70

@U%%WWWWWWWWEM@VAWWVSTD
KRETE-AST284 MSRRFRRELCRETTSMOMRTVLTGLAGHLLGSMPVORDMPRPTGLAADIRRTAYGVPEIRARDERGLGYGIGYAYARDN 80 *

GSNAYGE. GAQATVNGSGWLANPHF PV\(;XEAERFy RE4HLKVPGRYDVEGAI "k L FEDP! I 'ET*GHNRTVAWSHTVST
ARRFWR 288 P. aer

GSNAR. W@Eﬁﬁﬁhﬂmmhﬁmmémi REREVAIBABRRGIcRWYMNY@EFSRISE AWTRTVDT SSH
ETLYn.280 &CMDWWEPE%@GKWW&@B&WW@ DO MekyvacvNRYLRDTE 149

b,uta ICVIARSVVTANGERSRWFGATEPDDADVRTTSSTOAI DDRVAERLLEGPRDGVRAPCDDVRDOMRGFVAGYNHFLRRTG 151
P.aer ' ACLLAREIVTARGERARYFGSEGKSSAELD---NLPSDE FYAWLNQPEALOAFWOAQTPAVROLLEGYAAGFNRFLREAD 157
Rrake pp¥k, hEkEry R0k
R.sp PANFP-AACRNARWVRPLTLGDMMRMGEEKAT QASAGAMLAGIVAAQPPGRTPVAEREIPPOAVDTVALDRELQLRDMEI 231
D,rad PEQWP-SACRNADWVRPLTELDVMRLGEEKA IQASAGAMVSAITSARPP)-—--ACASTAAPRPDL.AAFNRQYRFNDLPT 224
A.uta VHRLTDRPACRGRAWVRELSEIDEWRT S.WDSMVRAGSGALLDGI VAATPPT—"*MGPASAPEAEDRMIMDGTSAGI 228
P.aer CRTTS—~~CLGREWLRATATDDLLRLPRRLLVEGGVGOFADALVARRPPG~——~ABKVALSGEQAFQVARQRRORFRLER 230
%, kyk_3a ks # PO e O £ *
1
- R.sp GSNGWAFGADATANRRGVLLGNPHFPWT T TNREYOVHL TVPGKLDVMGAS IAAFPVVSIGFNEDVAWNTHTVSTGRRETLF 311
B.rad GSNGWAFGSEATTNGRGLL LGN PHE PHETSNRFYQLHELTL P GOFDVMGASLGGMPYVNIGFNQDVAWTHTVSTDKREFTLA 284
Aiuta GSNAYGLGAQATVNGSGMVLANPHF PHOGAERFYRMHLEVEGRY DVEGRAL TGDETIEIGHNRTVAWSHTVSTARRFVHH 288
P.aer GSHATAVGSERSADGRGMLEANPHFPWNGANREY! QMI{LTIPGRLDVMGASLPGLE‘VVNIGFSRHI-AWTHTVDTS SHEFTLY 290

. o 3.4 Kook kkkkdh s FkkeokE okkas Kk kEus Keo-kk s skkekdk Kk ok
PR FE N 3%, : $3EE okks 1oL FoplEh o ks . ik,




R sp

ELKLAEGDPTTYLVDGTPHFa4 TTRTVAFDVI ( LPDGRLERRTHTFYDT] YGPVL SMPSEEYRVITAKAYAL RDA
MANTRS 391 D.rad

AL TLVPGDPL SYVKDGQORRLQRRTAVI EVKTANG- PRLHTRTVYFTPEGPL VNL PAAGL TWIPQYAFAL RDANR
UNTRM 389 058683315 RLSLVPGDPTSYYVE) GRPERVMIVTVQTGSG - - PCI/SG02/00011
PVSRTFHDTRYGPVAVWP- GTFDWTPATAYAI TDVNAGW 383  P. aer

LAY KPRk s i VBRI G DUNRSEATAL DA,
ENTRY 390  Re®BorrsyvADe0oRRLORRTAV IEVKTANG-PRLATRTVY FTPEGELVNLPAAGLTHTPQYAFALRDANRNNTRM 38

VDSV L. GOARRYAI- RN fansih £l n RVKANEEL AIQ%%E@R%@T'EB@@T%%%%SP 5 AGELFKDAGLV
LLDGs .- 70 RLQ.DE:@Q!RYLVDGMLPLEEKSVMEVRGADGKLSRVEHKWQSIYGvava-GKLDWNRSEAYALRDANLENTRV 390

VLDGS 461 A uta
FMW@MMMBMIW%%MMBAPEQ PLYASSGQAV

LDGCS 441  RafdEracarsvRDIRASIN-VQEIPHVNTIAADRACSALYADISSSENVSAROQOACTEPETA-PLFPAAGLAVLDES 461

L OQUN, &daNQASINdle fRER M (ks F YN T A A B LA AN VIR X K Bl Js BAGAEsPEL V- - - - AFGLPA
LQG.464 R SBivsingasovADLRRRVEALOGIFWVNTLAADEQGNALYMNQSVVEYLRPELLPACAT POLV————~AEGLPALQGO 464
RGTCNVWQVDPASRVRG:VAPARVPVL ERBRYMANSWRSSW I NPAQ kL TGESPVMGBVBYROQRLRTRI GLI El - G
RPLAGT 550 A D.rad

HSAGOMKT DPAG o7 izk Ik biv krnt ik il A ARSIk v e A MARPEOPRTRMGLLEI G
RRL S6572¢541 #AadufirAprASRYPELRAPDRMPYLIRODFVANSNNS AL ANPARPOTGLDPLVGEVNAPOSPRTRMGLLETGRRLSGT 541

RSDGAL#EADP DAAY ek G kM IR RIDR YW HINSMASEY G AR Rt cLrioideidd? RS RTRLG_DQ QQ
RLAGLadx4]1 derca@Roraaa0AGITPARQLPVLELRRDEFVONSNDSAWLTNPASPLOGFSPLVSQE-KPIGPRARYALSRLOGROP-— 543
DSRCAWSRDPAAAQAGH* T-PAAQL P\ék1 RREFVENSMNRSAW. FNPASPL QG-SPLVSQE- ERI GPRARYAL SRLQG
KQP-- 543 R sP DA.PGNRI DLPNLQAM FSNANLAGQLVLGDLLAACKATPAPDAD - - - - - -
VRDGCAAL GOWNERERENABSeri A kdEEC BB O kAT PO - - -~ VRDGCARLGOWNRT SNADA~RAAHLFREE 630

DGLRGREFDI PELrGé&Ti birbaSiNkeE GEderAGEMIgE- CQEE--AGCSABRCHALAARDRRSSOES ~RGAALWREF 619

L OPACNAL AAVBRES BEESREANINRERD DG O-RROAT AL SBEATVDLTAACTALSREDERADLDS -RGAHLFTER 621

DGEL FG@:TTARLWMMMNBWTHWM@WM@R@ BERADL DS- PGAHL
FTEF 621 P. aer :-- #--:-: LEAETI*EMANHVFSADQW._PBI*k RE:CRDN: QGEKS *- - - - - -

LARACAAL AQADRGANL DSGSGEVYFQ?F 613 R sp

NIVRAKEXAQVHifAER B i HPREI R NDATARE SR M A EAVERRNEEAPIBAPIEGEVICAARAPDGS| ALH
GGE 2 D, Wrepela IPNVYAVPFDPADPVNTPRGLN~TADPAROTALLGALREARAALTAACI PFDAPLGEVOGVVREGDFISLPGGA. 691

V\RBARR2 PNV AN DRARDITHPRE: RN T BN EIRAc EEEREREAAARETANGFRR ARIR BV QGVVRGEDF S
LPGEAas89]1 MORTBT.OGAVKAYBOY.0RELDTR WIWWWW@QWWW&WM@GS PASPSTR
------ SVGEDI HTDSRGERRI Pi: BEGR 690- *P. &er = - For HH

MQRFAEL DGAVKEPFDAQRPLDTPQGE A- LDRPQVATQVRQALADAAA~| VEKSG Pl ) GARNGDLOVSTRGQFR

| Al FSED 68 GYECRNE9TLEIGPKGLEVXFG~~TSY IQPVRFDDOGEVADATLTYGESTDHAS PHAFDQURAYSGKHUNRL PESEA. 780

EYEGvERKL W@W@WGWWWWWLWWWWAYSWW%
L PEM 7 8 G;EAGU’N]II&@LVPGVGYPQVVHG-TSFVMAVELGPHGPSGRQILTYAQSTNPNSPWYADQTVI:YSRKGWDTIKYTEAQ 762

EFEGWEXKI W%WWW@WWWW%SM@WWL FSRSEW KLP
FTQPE 771 A’uUta o

GEAGTFNVI TNPLVPGVGYPQVVHG TSFVMAVELGPHGPSGRQ LTYAOSTNPNSPWYADQTVLYSRKGWDTI K
YTEASP769 TPRDEREFWMRLSQ-—- 794

GHFGR/AI QSEAPVARRKEDE-EVEG- TSYI QLVTFPEMGPr ARGLLAFSQSSDPRSPHYRDQTEL FSRO. QAQTL
PFSDRY? 763 ™RGSR IVARFIVRYMRLSQ --- 794 D.rad | EADPTRTWQLSE --- 785 A uta

| AADPME RVYRVATIRBRTFEE "7P. aer | DADPQLQRLSI RE--- 777 identical residues,
conserved Sulstitutions; semi-conserved substitutions; i

pOSt: T AUsAEFat fepifus: BroeoRIsief GUER g iontior ssﬁ’gn‘aPsef)’eT)F‘ibﬂ‘ét'ﬁ%Pds'sUbunl ts;
spacf’é?t“t”a’tsé‘i‘fﬁ‘?@/’lpw&“&%a’rtﬁsgf"rre'sg?“B’nP%’me i3 ﬁ‘B‘Bﬁ?sgene PAEE™ anpl i fi ed by PCR.
The anplified PCR products were digested, fused in-frame to the coding
sequeotzeyf t he TkUEBEhO NEegd dFStREAgEPA Ghe waeNempIHEBxPngssed in E

coli, Protein extracts fromthe reconbinant E. caoli ceJ]ls were assayed for
t he EHi i tTyhet gmplified PCR products were digested, fused 1n-—frame

to the coding sequence of the glutathione S- ~transferase (GST)
gene and expressed in E. coli. Protein extracts from the.
r_eéombihan_t E. coli cells were assayed for the ability to

~ inactivate AHL. Protein from E. coli expressing GST alone




I nactivate AHL. Protein fromE. coli expressing GST alone - ---- - ----- -
- ---- 24 July 2006 WD 03/068951 PCT/ S&2/ 00011 served as ?ogé | . The
results denonstrated that GST-(bA fusion protein effectiV%ﬁb‘% nat ed
AHL actjvity. See Figure 1B. [00030] The substrate specificity of (sbA was
det er ni Wé)aﬂ%'{}s “hssaying total soluble protein extract "ﬁ‘q"yﬂq(’f%e

recondy t E 1. (1pGS ' ' | RidsS QR NG substrates
W t h@%ﬁ%{a gEa? n‘g&grc{(}i f f ;T_P%gé%%%g% h%%%%kg&ggn%%te to g(%%%l etely

i nactingdon BrokelyrofiffscidyelMSeiintnatay A8y achiviky of e Fdound 12
carbgps. QsbA also strongly inactivated nethylene group acyl-HSLs having
acyl chains of 8 and 10 carbons. (bA also inactivated the butyl and hexyl
est erl®08BON- P- ocThd osubatrAtenrsperi fbcitihafe @sbfihvapHietieyatiogdsbyencoded by

i Gaeavifor el ALY REbESLE et e sbh Tl SIERRbERRRY 55 S new
t ool scfldr (d68R-@=eflll didronnactidktioredifafdfisbusingiodistaetieei witk, such as

t he essi 0 J g AUl e an LOf | i ffereptiation in

pat heoua BBk &ff SdeIREn 1 IRgERs S ReRa yhy A1, K SISV 1 o1
encodesctheapdll3torac tgroapi enybniyihe Ha@Ens) acpl ehdimtdfoRal 10faagnent ,
subuni,t st |2l . h . Is , I nt roduced
Tntold SPERPHEEnan i S TEeoaiEe ety e Ak b R end B T T e

abi | ecyltBShacmhinmntdeydeshgins vk Samsi A saypeiid ng.Osbhandgeni ¢ pl ants
expr ' t o hNAGCL] H am_ | hiJ_a.significantly
enha%@ége?‘ég?%(?gﬁ%/%%&t 0 Fﬁ?e@%%i/naébsﬁbrgc%grlﬁgﬁ %&gﬁ{% é’ng, even when

bact épinasariéne prdsesasi thhi Rlchacemasat epasded (0032 AvwaRodugalpte genet i ¢
mani pul at L Qn. t fo t] I ; s in the art,
2 oty ShefELAN, VAR DIRE bl Bl Ry Eel Sy M e nts. I
genethkt Oah¥ hetdrodHif-ackdaseg t he coding region of gsbA or a functional

fragrgBbapy SUPSEANM IAld L AABLOSPES NS 138 st BEF €8ud HeQuRation

of AHL-mediated biological activities, such as the expression of
virulence genes and biofilm differentiation in pathogenic
bacteria, both in vitro and in vivo. The gsbA gene, which
encodes the AHL inactivation enzyme (QsbA), or a functional
fragment, subunit or'substantially.homologous variant thereof,
may be introduced into a plant genome to produce a genetically
modified plant with the ability to quench pathogen guorum-
sensing signaling. Transgenic plants expressing an enzyme that

" inactivates AHLs can exhibit a significantly enhanced resistance
to infection by bacterial pathogens, even when bacteria are
present in high concentrations.
[00032] Methods of genetic manipulation and transformation

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

~results. Any suitable plant transformation vector may be used..
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sui t abl e expression vector nmay be used. It is convenient to ligate the
gsbA coding region into a vector, followed by Iligation i3;¥%ﬂ$f5&ﬂ$

transformation vector, however those of skill are well a
al ternatjv hods to achieve the sane results. Any suitable plant
transfo&dﬁ’aﬁog’ﬁg]\/ector may be used. 10 --------------- PCE@Q?E(P@”ZO% WO

03/ OBS]. ST S0RH0001LnINENRGA, CBR 81 A %S dBfEN: O 2 T unct i onal

c
fragnent, “subunit or su y honol ogous vari ant ereof, so long as
expr egburt ofr tsidsgentipdivl handlogguesvarpant dinersott uset leor@mias fragnent,

Subu@&ﬁréﬁsfﬁﬂﬁd%nkhhhggﬁgfr&@ﬂfﬂ%iiﬂaﬁtb¥ﬁﬁ rd¥din okr0@0R3di dhduncti onal
pronoter preferably controls expression. ny suitable pronoters are known

i n t heagrent, s gebundfapravevhhitberepfovbier inartdyatey Melsel ected by a
skil kggoa#y ti Sa@&Qﬁiﬁﬁ%ibﬂgloﬂréﬁﬁté%xE&%ﬁék&ﬂl Y&RPAG ng used. Such

sel ection of a suitable pronoter to achieve the desired |evel of

t r anekprésgiain .ex Pleayssuhtible mrsingéesd abat ke dnt fBeap¥t, ICh exanple, it
| S agyaAntagequs anePLLBhsE %Pa?%é@&@ SHEs }ﬂé'ad'b igatypomQf codon usage
and co%al?hg ton%%g?r ng r%nnt r ‘sucias t%%%?cnmﬂ 35S pronpter. [000341
A suathbsan mepeadigonen the exnrdegianyevaten dgisaneed. gr&efh f | uor escent

prot éfe&icﬁp%fo%h%Biﬁgﬂng%ﬁﬁote@ﬂﬁeéchfe@@% QeRUsh Y1 dned ofvari ati ons
of the comonly used an I'l" known nethods for transformng plants with a
genetrapslatising lnerhirasshen sig |dongfdered orel ey 1ar theadrhn tic
. mani i.on .qf .pl 10 u : Al si gnal

sequg%% lteg’ :%r éLc%t Qgg%Piét %’rr’ll?%?ﬂot ﬁgeggﬁ%ées(g%%q %%ﬁggg%g{tlg?lﬁ, or may | ack
suchmedisiimedrion ofscddeireshasTiFadpLanpling disfosREengnPyeRetet s cont ai ni ng

t he (QeEQFQ%eaagg?lgagggrpréﬁyygrqay be used to transformplant cells using

Agrobacterium nediated transformation. Agrobacterium nmediated
tranE@@R3A i on A suiErbéai eaxksr Wsag t SUCh a3 TANAMYICARt s wWith t he gsbA

- gene, s hanever aovsUk] Bl&s IR RdoKaoUN,L N P rRkl RBYvOS died,

" marker is advantageously used. Variations 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 transférmed using-
other methods such as micrbprojectile bombardment, vacuum
filtration or any other method known in the art to introduce and -
integrate DNA plasmids or fragments into the plant genome.

Those of skill in the art are familiar with means to transform

. gymnosperms, monocots and dicots. All of these methods known in
the art are contemplated for use with this invention.

- [00035] After selection for transformants carrying the gsbA

‘gene, transgenic plants may be regenerated according to known
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dependi ng on the plant being transforned. For exanple, certain

nmonocot yl edonous plants are nore efficiently transformed usj n]glllyg her

met hods such as m croprojectile bonmbardnent, vacuum filt r any

ot her nethod known in the art to introduce and i ntegrate DNA plasm ds or

fragment’® Pif8%k ne pl ant genome. Those of skill in t §T§,Gp2/g)pbl faniliar

Wit hn8BRGSs toh HHRNSHRL M pOYANOSRAIIR e dMBHLCOU ARG dlhll SgoAl | Of these

met hods known in the art are contenplated for use with thls i nvention.

[00035@.1“56#? SFREYEdn /51 BFaRGaNFROT RENRESRYRGy TRy exanpie by e,

t r anggeninga RNt JPRY DR L SHRNRY HRInBRGOLMbILE I kRQWEsRA Jay 2006 WO

031068951 PCT/ SG02/ 00011 nethods in the"art. Plants selected for a marker

geneare gpressainpite thenRApet rtresdicst afBE, sWillale asthoddknoen dxanpl e by PCR

- and BN gel B Aodien@eherd A% W FaRY EH@'@@né)foﬂ he:9sPAvaeneon are present
in the]@zgl ant tissue. Any suitable method known in_ the art is cont enpl at ed

for Q8RA/FRIYRHaFdTtyfmanike dafestrgnin LELERAEnBlaRtsvity my be

det eﬁf&@sf&rﬁécﬂ%&%“‘tﬁepgé‘ﬁ s;eﬁer %@stgéngﬂoagégy hikenhgabdegensdy the

bi oassay nethod descri be by any conveni ent net hod.

[ 000581 WPJFQJr?ctqro#ﬁl al‘lYa‘@fNﬁfﬂn-‘—e@GbEﬁFho‘ér substantially -honmol ogous

vari oéénereof By WHSRCESLBET | A der’, %Qﬁuﬂi‘@'cﬁp@u%%taﬁ%ﬂ#fwe It is

mean fragnent, subunit, varitant or honol ogous sequence of qsbA

( nuch@m mﬂmmtb@r@m'ﬂ phrg refyrwinaicecrcadbd mupkenteidfor pepti de

sequ a f c ac lgpﬁos | aciones .

" Sub§ tlftaef) e l% ggguésﬁ%g%a%tgk'o&% nucl S%tr:lgelcsg%uence general ly are

t hosleomdrﬂeagmmplsamncef ofhisth Hycildpzédesn 123 dgsioABundePEQ skt iNgent or

hi g T ndi ]ggg%r of - about 300C to

abo%yggi%kp%ggog%g g %hgtg&(fl © SE%EEQQ%OSC(%& %%§5§:§oréf5o*c and/ or salt

concm¢mwmgoﬁ\l—a&mbuhormnmet dagbounes 100BwkptRatially t he equi val ent

i oni X | £ 29 5 0 500 MM 750
Hoqogjb%g%rqﬁ%{ h7"Fthelglglzcr§| ﬁggnagy cor? ?i%ngecgm % %e%nt'@g a{E!\ét he | ength of

the HMS%lfdl@@oatpéﬁuenhmbmcébhﬁbmdiw ofitthh@sbA 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 5050, 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 nuclieotide sequence is at least about
75% homologous to SEQ ID NO: 1 or a fragment or subunit thereof,
preferably at least about 85% homologous, and most preferably
90%, 95% .or 99% homologous or more. _

[00037] Those of skill in the art are familiar with the
degeneracy of the genetic code, and thus are aware that nucleic
acid sequences may be less. than 100% homologous'and yet encodé
the same protein or peptide sequence. Such variation in any of .
the sequences, fragments, subunits or substantially homologous

variants also are contemplated as part of this invention.

12




nucl eic acid and can be determ ned by techniques well known in tMart.
Those of skill in the art are famliar with these conditiggfgﬁgﬁgggnges
whi ch are useful. Cenerally, a substantially honol ogous n
sequenca{déog%lleast about 75% honol ogous to SEQ ID NO 1 or a fragnent or
subuni t &8P’ preferably at |east about 85% honol BgétZ0Y nost

pr ef qoably] 90% PASR%D O Yo BEEDH 0SB rRle sTRA Eeh [DROILLoRRAsEeqf skill in
the art are famliar with the degeneracy of the genetic code, and thus are

awar &Yt fatsnirTconadnglydguent cseanapase preedehdy 10@YaisdbAvl ogous and yet
enCOdBnel ey TP Ghehd ObupSRIL . SRBURARe] . SUPharRibabion | n any of | The

sequénces, fragnments, subunits or substantlajf_ onol ogous variants al so
are VGKELERP| BRetPAUs paPchofedrercenideriedare 1ngludrla2py2006 WO 03/ 068951

PCT/ $@A2L00R41 J:QRQI81 oRepbbetaanth RIOLeLE I §EHURN GRS 1Whi,Choar e enconpassed
this invention include any sequences encoded by the gsbA gene, or any

by : ) . ! C
f r agrBACTIERBY AL oA nSBEiagt PEP TS el Bgbbisde iaasntehefebe Such

- sequedmfset8ep i RJtaehydgudnYas f UGt eQBAb1Or Ol ReQfueBBRLT g€ Whi ch
retains the ability to 1nactivate AHL, includi ngIDfprotel n and peptide
fr agABARS BF19H3 6 @dpRrBEZERDI HraNEHNISBENSER I §PetafPfie, the

sequensesantia B Momdsbgsusdbraddilind 233494 enca@ishankY5ER | D NO 1 and
subst ant b)al | y homol %gous variants thereof, A substantially ~ honol ogous

var i SRECLPIPFR YRBALS: 8 ebhie | U RFOTEEFuEREEIGHiSERUCRFES athi@hst  about

50% hesohbgiisst RIRLEr 8DE Ynahol &Asis, abedEe58%y hamlkageuspo@n dsPst o
pr ef grabi¥ 70% 80% or , 90% omﬁ}gquf g or _nmore.  Therefore, a protein which
i s a SHBSPENET a3 REAbI B R 78 8P @HAY% NAFBLPI8H%6 2 about 99. 9%

horm}a_cgeu_s Thdtefo@hAa Peste GOREHCKALEVE @Sk NOIGANFEhYAb] ¥§owdT No aci d
mon. PPEAFEF Gra0GR AScRPPEd S 115 ALPHE Sacht JTEGIesRBART - the art.
1000888A Thepdia! BonkeagaEMVE 4rfd indnetdadetPat el GatifoaR¥id

| substitutions are contemplated, as well as sequences containing
non-traditional or modified amino acids such as those known in
the art.

- [00039] The term "fragmeﬁt" 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.

' .'100040] A protein or peptide sequence which is considered to
inactivate N-acyl homoserine lactones is one which is capable of
inactivating at least 55 pmoles N-acyl homoserine lactone (OCHL)
per pg protein per minute at 30°C. ' _
[00041] It has been previously demonstrated that quenching
bacterial guorum 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-

: aéYlase, represent a new and effective tool for inactivation of

'.AHLlsignals and thus control bacterial infection. Similarly, -
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portion of the nucleotide of SEQID NGO | or protein/peptide sequence of
SEQ ID NO 2 which is greater than about 300 nucleotide ba%s4reT]s o% q%bOUt 100
am no acids, up to one nucleotide or amno acid | ess than 29490 o
sequence, The term "subunit” is intended to enconpass any functional unit
of the ORRYYPbtein, such as, for exanple, amino aci’t’:%T’s&'\él'yml or 233-794
of SEQ ID NGO 2. 100040], A ptptei [ i.de Zwhigh ks consi dered
to imact®Patd" %]&%e%]rgggé:?%ﬁ%gllg% eo%%gg%ggo%%ﬁmcﬁ |\sé@¥:1§gg |l e of

i nactdivalallsgthat | saptlfi% papressibmoyi padhogeninegénes ofem@@PHL) per jig

protein per._m nute at 30*C, 1 t . previ strated
t hat %ﬁ%ﬁ&ﬁ?ﬂ]gpa%%qeéﬁ &t u%gg%ﬂégéjhiicr?gl%%f/lle?%g%%hat%ng }gfo g%-ng%yl
honosgiglieabl act orel WigllanAkl ahane bras dugteopdipagses i detent®@8ti on (9, 10).
The gene and prorein .descr.i r Wehiis Li A 4AHL- acyl ase,
repre rﬁesglﬁgwo n%a%eqqg}g}ﬁceggfl cg)glg)? o%t%ra}étla ?vg%{légé\é[%f 1AHL signal s and

t hus aoritvatkedblgt B4 adigneflect soah &b ifar lerample 24pbanty p2tb6IeMD 03/ 068951
PCT/ 2/ 00011 th ge#!g a | esgri b b angglas AHL

quor uti&e &R ngfééﬁa 51 %&Sg%b%ﬁg’ e%x%}r'egiegﬁig% pat hogeni ¢ genes of
many pamrigenisal. padhoginssagt Ba thpeshod dindoroémnal apaohegens -t ool is

applicable tqg.all pla ani mal i,seases t Xpressi on of

pat hJofsH iR éﬁBE'-O‘P‘ b%ltc'{oérrelsﬁenga?%bgh%'rr:g&i gz’ag?fv%\f}e?@y 2gelilegl"gnal s, such

as, fxg).exanple, plant pathogens Rrv. carotovora, Erw Chrysanthem , Erw.

Stevartii; human pathogens P. aeruginosa, B. cepacia; and ani nal pathogens
X.  nematophilus, P. fluorescens (1, 3, 6, 12, 17, 19, 22, 23, 24, 26). 14
- ---- -- --- 24 July 2006 WD 03/068951 PCT/ S@2/ 00011 References
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[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 extracﬁ, 5 g/1l; casein hydrolysate, 10 g/1;
NaCl, 5 g/1; sucrose,’ 5 g/l; MgSO,7H,0, 0.5 g/l and agar, 15 g/1)
plates. Individual colonies were restreaked on new plates to
‘ensure purity ef 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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t he invention described herein and shoul d not be-construed. to limt the
appended cl ai ns. EXAMPLES Exanple 1. Bacterial |solation. J%OT‘OEM
bacterial biofilmsanple was collected froma water t r eat neshvl% em and
screenegd, f | ate AHL inactivation bacterial st ra| acteri al
m xtureq!waog Iég?ﬁgs)lpended in sterilized water w th shaki ng"sfc-w&fP our before
spre@gl:aﬁ1 lgn@o A@M&%&i@ﬂsklﬁég t, 5 g/l; casein hydrolysate, 10

| ; sucrose, 047H201 0.5 g/ 1 and agar 15 g/ 1)
pI at t J900AA/Y vi du']alFe cl?ﬂ%ﬁréélmél*gt?’é%t%é’l@eéséﬁyﬁ‘év@“ﬁ diged yithnsure purity
of the b&ﬁé@t@&m@%ﬁerﬂ%w ﬁ@&ﬁhﬁ%d&ﬁ%@n&ﬁbt%qﬂq N-B-LB nmedi um (tryptone,
10 g/L; yeast extract, 5 Nadl g/ L; pHT7. 0) in 1.5-m
Eppe@éf@PﬂFaﬂg%sLﬂon%%PP ?3?@?@?@ a‘tOOHM* @rmﬁ@%%lﬁﬂﬁ’g wBORr ni ght, and

assay %c&@ieé"’"—td 'ﬁ:ﬁ:tld \éaﬁrbgﬂtléﬁtrhi’iﬂuk&e 17784 J88 & 2006 x¥Rr8 368951
PCT/ S&02/ 00011 Exanple 2. AHL Inactivation Bi oassaﬁ [,00044] The bacteri al

cul t dineupated als 2 & ﬁﬁa's dntRed MRS dRldguat Kol teresh nedi um

cont %Lt@h:ﬂmlzéltidd\/ld&d:’er ¢00eLANOY | pllathenesatiteinq@ciore MCkgaxr or anot her
AHL, when ecified, to forma reaction _m xture_ The r te‘actlon m Xt ure was

i ncuB‘&E’éHmat( 800 14} % ¥/&75 KHeRfks, 4f%|q/&maﬂ9§§?4 3P 9/%erilization

undefreldd, ) ughst mngt @&C%ntlﬁl AGPD; aﬁhcrm MM g m)mé(@}@m ;10.5 g/ L;
KH2PO4,

.5 S04 0 my/L;
NhC Bangifgly. Z(Q\I%S@ﬂ % 204 @?Eﬂe“}‘?&ﬁﬁst Bith 25'33% - p%ﬁgoﬁ? Uppl enent ed
Wit hlﬁdb&?@%%ﬁél'_&hl@’cﬁ:@yl é:a]gld@gaé Se%agal aot pgymarlqiselsﬁe p(r?ég@abﬁ 40I pg/ n)
wer e epar e e salrarri e I'TEIL[ was ¢ St I NSI t epate I nto
sepangf" gostftileq media HaseFyt1 T l ﬁnﬁj“g? hyhe gpate, o d Fi ve
M cr gepbehtedf s Seyd |(Ia§3@dok§ﬁ§tém 1mam tihewiash) oadeed &'tlguli:helt op of an MM

iﬁ-lar F.?.itﬂ'rsl l?:?(gflqediszen-f) )I§ %g%;fzaégrreactlon I{’ll gpgcﬁ}a%r Il%ra]dteanae{: aciens strain

the top of an MM agar strip, and then AHL indicator cells

i@g;obacterium tumefaciens strain NT1 (traR; tra::lacZ748) (25)
0.7 111 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 XJ123, were found to possess the

‘ability to inactivate AHL, with XJ12B showing stronger enzyme

activity. The XJ12B isolate was cultured, centrifuged and

sonicated. The strongest enzymatic.activity was associated with

.the cell debris fraction rather than the soluble protein and

supernatant fractions. These results indicated that the AHL _

inactivation activity is membrane associated.- Sequencing of 168
- rRNA was performed to identify the XJ12A and XJ12B isolates.
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0.7 pl cell suspension with an optical density at 600 run of 0.4) were
spotted at progressively further distances fromthe | oaded 242@@%80% Pl at es
were incubated at 280C for 24 hours. A positive result for

I nacti vaty shown by the absence of bl ue col oni Ao lice. A
negativgztolrog}safﬁ9 for AHL inactivation is shown by thgp%pres%!r;@élsof bl ue

col orirgs 168 LRRA S&dGéncdPloragaaye Of s Ll RRbAEACH7Y EhfGlgevi Ly, total
soluble bacterial protein was incubated with 20 jiMof OOCHL (or other

AHL) iglensib, f spsredbiivelas WHED Bhrk ioh Balatonéa eUBFIPRR-3. |dentification

and Gloyyarg the gsbfulenery [&@Oééhewwc@@ﬁ;dgerﬁo% AHBOL AL @S 1AM, he biofilm
sanple wt di stinct pherotypes, XJ12B and XJ12A, were found to possess

t he aalsiosmig Labranyto ate@0ARLOnGS tvAX B tanehrAgintFompdd #dEhme

acti i . XJ ' oyl t : ifU@ﬁﬁ’c‘ oni.cated. The
st ro\r%{ee\s/tg %E%éa%ﬁ% %%%%%fmmgsggés%%%neﬁbté h the Il?erhld ID[\%el:EL)krki%gl fraction
r at hdrhea HaplehedsBe iptenim ovei Atomih XTiZE wasaperiiably cigestidse results

i ndi d t ' i [ [\ LS oci at ed.
Sequgﬁ'tct?lngsggg A16g§h égkffdm]ia%?%ge??%r%a&%{ t:gdg)r%f ibf %ﬁ%‘%‘%ﬁﬁgm XJ12B
i sol stephospBoryldtey BROE sWoe0of 0B89Sd MERLSCORLBORA 1(2fe 188er RNA

sequ f i 3N 0, 9 6 ' | t pectively,
W t hq’t at%egf D ﬂ?@%% a ]ée’ebafﬁ%g a&?&%%%%%?l?ﬁl% %gh??%d t%etxrgg%e encodi ng for
AHL i(fagritageneh, and ipndfgctedrinioe &f- 1803 OHeatRhAWs TdEFst Fucted in E.

coli w+:h epon e JNA - | - ' . 1c DNA from
t he ic\?o lagzgéﬂgeggst onlfg sp. ghrg?llrl]é \%Hzrg%\g.s 1%%??%@??9&%%&@?33@ .Wth
Sau3acchrdingstibt thr) mMAdbsadreatribatkria [Exgapdd £o1e Q@Edhasphor yl at ed

BanH 13l 460t -GPS M %ﬂygogiagﬁ@4@>(p1§mo | {98t £ebdd¥A RS spacked with
G gapack ITIXL Packaging Extract (Strat age.neg and transfected into E. coli
DHsalshieaingh8Be kmackigiat ionaast betiant Sametdggeeethedsigie AM- i A8cti vation

ob) SihLaRECERd i BT OSSR a0 . o
from the positive clone pl3H10 was partially digested with Sau3A
‘and fused inte BamHl digested cloning vector pGEM-3Zf (+). The
plasmids were ligated and transformed into E.coli, and the E.
coli were assayed for the ability to inactivate AHL as described
in Example 2. Clone p2Bl0, which contains a 4 kb insert, -had
AHL inactivation activity (se? Figure 1A, slice 2). The TGS™
Template Generation System ¥F-700 (Finnzyﬁes 0Y) was used to
mutate p2B10 plasmid DNA by randomly inserting the artificial Mu
transposon, following the manufacturer’s instructions. Plasmid
clone p2B10, which contains ﬁhe 4 kb insert containing the gsbA
gene, was used as a template: ‘Fifteen mutant clones were
produced, and none was able to inactive AHL. Bacterial cultures
of E. coli DHbU containing pMUG3 and pMUC6 are shown as examples
in Figuie 1A, slices 3 and 4; respectively. Plasmids were
subsequently purified for sequencing using primers supplied in
the kit.

Example 4. Sequencing and Sequence analysis of-the gsbA Gene.
-{00047] Sequencing was performed according to known methods
using ABI Prism dRhodamine Terminator Cycle Segquencing Ready

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

1
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showi ng AHL inactivation activity (see Figure IA slice 1). To subclone
t he gene encoding the detected activity, cosmd DNA from t%e{}ﬁozm ve
clone pl3H O was partially digested with Sau3A and fused i B

di gest edufdsRpdoqg vector pGEM 3Zf T~e plasmids were | t ransf or ned
into E ccﬂ:‘%, and the E. coli were assayed for the abl%%@%@q?nactivate

AHL gxdasetl betn ¢TodxXyPRie #as bomeldZRl0 sevhibfbed CMdiins shofmkb insert,
had _AHL inactivatjon acti vi té ésee Figure I A slice ) The:t_ %g?gm
Tompiidh TaBder at | DR SYAEREmOE. YO0CEERhi ) AESTOTP RS (TS G (aPare p2810
pl asmud1NA 1 BY s RDEIR MY ATAS ethirAgcbdién anid fa aical sbbp d¢ddurs p@EQn IDf ol | owi ng
the manufacturer's, instruycti Pl asm cl.one p2B10, which contains the 4
kb i ﬁ‘]é)é-rtl-'cé}ﬁfzg?ﬂ?%‘&eﬁ H@%%§6%2§bene€a§/€a£ Ws & ea’éﬂBa U Fifteen nmutant
cl onemveRiedesiEodies e si1d baanén VBgamill € 3,0 thiactpee Adddirdacteneal
cultyres, of E, coli DH5a _coptajpin and pMJC6 are sh as exanpl es
in Fi@%@elﬂ?gé?gc’é%g%onar?& gger%gt)eg‘i‘%)%%tlﬁlagﬁ?ﬁs (g\l%sr]@na%\égsgauent ly
puri fgsgch.f on pRENENEE NCindsiong PLhakhg sitepl(aedacn) ideldddatedE6anpl e 4.
Sequenci ng and Sequence Si.S o% .1h(§ shA Cene. 00047] Sequenci ng was
or | GREIBALES  BOHG T 160 RO RO AT S EABPORP | SRS A Ter i nat o
Cycl eapaguanci ng Ready Reaction Kit (Perkin-El nmer Applied Biosystens). The
4 kb P 4. July 2006 ., WO 031068951 PCI/ SE2/00011 fragment from
cl 'on'e[jt’%?éfé was 85%%%?‘5#?888%%@3%%%’?% Sglﬁg\ﬁntﬂ?ﬁ?ﬂ%]bqagl | . The sequence
cont giglypeptepeNpr ek NG tiragBref o2 3l datdheat adgbasdd NZRNTsATEndt art codon
and a TGA@-EBO codon (SEQ ID. . NO 1 . nucleotides %259£§643c}ér_§ased on the
MJ t PERISE SR bt & S¢ Ath FLERtt RRPEIHeEa PR R38R 5 en r eadi ng
f ramgubusithergedi fgrigi(Q@, 0805 he Bidrd raet ifvati addgeimaldesi gnat ed as
gsbA._ A putative ribosone bindin I te. ( GA), Ls, | ocat ed base pairs
upst P@&ﬁ?‘gﬂaﬁhﬁti’ﬁ s‘fo‘%ﬁé g?ﬁ?tego%‘bnf ?’uﬁ@?ﬁ fiflﬁe%g? ngowf’lasn réagf“) .
- from the first ATG. The longest open reading frame encodes 794
amino acids, with a predicted;molecular weight of 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 sequehce of gsbA deduced from the-open
. reading frame shares 40-52% identity with AACs from Deinococcus
radiodurans strain R1, Actinoplanes utahensis and a putative
acylase from Pseudomonas aeruginosa, The AACs’ catalyze
deacylation of their substrates. These AAC genes are translated
as single precursor ﬁolypeptide and then processed to the active
~ form of two subunits. By alignment with the peptide sequences
from D. radiodurans strain Rl, A. utahensis and P. aeruginosa,
‘Table II, the presumed o and f subunits are located at amino
acid positions 36-217 and 233-794, respectively, with a 15 amino
acid spacer between them. QsbA shares less than 28% homology
‘with penicillin G acylase (20) and cephalosporin acylase (21).
 See Table II. The amino acid sequence alignment in Table 11 was
analyzed by the Clustal W program available from the European

Bioinformatics Institute website {http://wuw.ebi.ac.uk).
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- [00048] The deduced peptide sequence shows the typical polypeptide primary
structure of aculeacin A acylases (AACs) and penicillin G ‘{: ai&fﬁ] wth
si gnal peptide-u subunit-spacer-P subunit organization (165 ét‘)’f ere are
four adgigtes potential start codons |located 3, 3 f| 384
downstream}[a rc}mthe first ATG The | ongest open rea%cné%?rarre encodes 794

anm NE&xagblle, SW t Bxpr ¢ LidinC oFd thel sblh agerisri ght of 85373 Daltons. The

dedu tide as 78.strongly ba |c and stron acid a i d residues
O TOoBETL oo TES g Shistn ki the AebarAgnd; Pt et i ero By e |

r esi ql:@gsugj_ngh@ ﬁs@wfeﬂp@gﬁarr gading frane appear to be a signal peptide.

[ 00049] The ti de sequence of sbA uced_fromthe open reading frane
shar g@@@&@fﬁﬁqﬁ%ﬁ%ﬁi‘f"ﬁcﬁﬁﬁg(} G Dcej‘lsﬁgcgeclﬂ@: adiP&d@r ans strain RL,

ﬁ:\ti m@ﬁb@B@SpﬂzlhﬁéleIE'I—S m[dmm A@(?GG@GC@CYb%‘?@C@A@m@%UC{SE%Z%B aer ugi nosa,
e cat a acC at | (0] their substrat es ese genes are
tran?@ 3t dd © &UPQ E%%W‘Jyd%eﬁ‘ttrrag 4P FHEPprocessed to the

act | \t@spé@tm@Iyl wmlbm@&ﬁsleaypm |;gdum|&1tsvwéhetdta;mw geisgquences from

%ﬂg rans_strai A utahe(£d§ P. aeruqﬁy able 11, the
bt 6 HHEARHO B 072 W0 SRFEP B L S oa G S 4P U8 FPORET36. 217 and
233- anueﬁeép@ﬁtﬂheelgslut\mthliloaelﬁ—taamrrnferaeed(smqemem\rﬁem them bA

shar es SS t 28% honol og illin 20) and

 CopniPBLRGF H Aty dcoreapy ket iAo | GRS enuence
al i ginentibhe Tedd @romovas ianedyizead EiﬁEXt—ﬁe G&m:tsﬂanv\lammgaaﬂmav‘am able from
the European Bl qi nfor l.cS lnstit site i “e c.uk). 20
24 3GPPSBERE s ORI SeRUST Rt S o R e s T e d6P8 P01 't he coba
Gene coll Q08Hd ledhe:seedi.ng regi on of the gsbA gene was anplified by PCR
usin war d TCCATGATGCAGGW—SI (SEQ I D NO
6) a&&aﬁgf evers‘&?ﬁe@iuﬁ%ﬁ' CAAC-31 (SEQ ID
NO  Zhcempigdmt gl BanH cands Eﬁ@fﬂofﬁ@ het E9N-Gd¥BSencoding fusion

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

methods 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 bicassay, 50 ul

of the soluble protein preparation (20 ug/ul) was added to the

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

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

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

indicate that the soluble GST-QsbA fusion protein effectively

eliminated OCHL activity. j

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

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

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

| (C1DHSL, DHL); (3) N—B—oxohexanoy;—L—homoserine lactone (3-oxo—-
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respectively. The anplified PCR products were digested using the above

restriction enzynes and fused in-frane to the coding sequeihﬁleloé%ﬁue
gl ut at hi one S-transferase (GST) gene under the control of ey opyl

P- Dt hi Q@ahaghapyr anosi de (I PTG inducible lac pr orrﬁ,qu | getor pGEX-2T
(Amersham Pharnacia) to generate construct pGST- (sbA. ;)S%Q'qoésbA was

t r ansfeeiStp dOHRAL P; E(4} abli—cxoteaxpoebspchondd@@hhe JTatedns ol3+alke-prot ei n was

extr fr e c inant E. cali_cells harboyi t he

ST g RE T BPHE s (LA RS he Frn B RS o PRl OB GRR™PR ¢ he art,
based8#iSL, heOHTie! hollise desgrli bad hexForgstetrsabf [Of+ozshbasegyed-f or AHL

i nact | ion. _The total soluble protei.n fromE. cohi cantaining. GST vector
ont y 85528 2185 Bt By e PR G Dataly SEof oy oA TR Bl e pr ot el n
pr epaoabsenii0lpiand widdh ddtetanrol tdwel lshrsavol unesmictdOephl Ak, e.g.,
OOHL ..., Af hosr_ 1 ncu ' t * Centihe t I xture S assayed
as détélgr Fgéﬁ&ﬂ#‘ %asr#bﬁ&g %.ﬂl%kggr%ge%cg% \?é)ha”a é,gfrghgﬁagr%)ﬁlii'gu?‘%gla slice
1, imdctace vasitcenmigmdilate 6G3T-1hAR hesirenapd otles pmwfduetsi vets

el im : dVity. a cterization of the Substrate
Spegﬁ%%%g?%-%“b% ﬁ?sﬁ“g%’ g?%‘?%?a‘n"g%%%?‘ $sed in E. coll. [000521 To
det erl@0A&BE t he Qsibitearledpdyt Lnaviolvalsilh OOHBL alN-Fsokeddaanoydt-airn.

t ' ' T; . d f
nactrreshg (e HH MR b ot s R e BB P A e BB ECor i ng 10
t he mbtlhbdbavé dxdhpihains diied, f D laowl 1§ Abkbomer erespdidsieiwgd atcording to
kno r b et 31).
N- O-‘é‘??%&?ﬂ%ﬁ%ﬁ?&%@%}%ﬁeﬂ e%f%gcc:lt Xﬁ%&?%ﬁsfh %w(l'_) éf% ]E?\Jﬁsgeggﬁglﬁg%x- honoseri ne
| act dnect{iGhBELY-DHotaned) -k BomaahEina{OYL) Lahdnbskrdenanoydtbne (3-oxo 21
24 ] )3/ 1 / / L X
-0 SebREREis IRk MU nEW e S R P ant i sty (o
N- ~- srehegbihvsd v Lidedrooeti showact ortoweSegx ound@8HSthe Gaie) reapeidmt yl and
hexy%oﬁﬁ&@i&néﬁ dgﬂﬁ(ﬁg%hﬁéggo¥ﬁééfivating activity for N-B-

oxohexanoyl—L—homoserine {(OHHL}, which has an acyl chain of &

carbons {data not shown).  The total soluble protein extract
“from control E.coli (pGST) did -not show any activity against
AHLS_(data not shown). ) _
[00054] QsbA also completély inactivated the butyl and hexyl
esters of N—BJOCtanoyl—L—homoserine (data not shown). These two
esters of N-fB-octanoyl-L-homoserine showed comparable induction
activity with OOHL when assayed with the AHL reporter strain A.
tumefaciens NT1 (traR; tra::lacZ749) (data not shown). AHL-
- lactonase {encoded by aiid) did not inactivate these substrates.
These substrate specificity data are consistent with

identification of QébA as an AHL-acylase.

-Example 1. Purification of AHL-acylase encoded by the gsbA gene
[00055] The GST—[AHL—acylase} fusion protein was purified
using a glutathione Sepharose 4B affinity .column following the

.manufacturer’s instructions (Pharmacia). AHL-acylase was
cleaved by digestion with thfombin (Sigma). Protein

_ concentration was determined by measuring ODsg,.

22 -




honoserine were prepared by esterification of N 0-oxohexanoyl -L- hormseri ne

| actone with |-butanol and 1-hexanol respectively, in the
smal | amount of Dowex 50H+ resin (Aldrich). The reaction vé‘gje‘ﬁlﬁﬁ@fﬁct ed at

60' C fo 020}3%%15 and the products were purified by géﬁﬁﬁﬁz‘&ﬁ pm

chr omat ogr ap [ 00053] (bA conpletely inactivated
D&é@@%@?noy' - fne NAIDSEUNRRL QM1 2 <01 axapoeas anewl obahogeseri ne

whi ch have acyl chains of 8, 10 and 12 carbons, respectively, at
t he éﬁnmenutamm tthes tred at Be LTHHmes ReWA Y 1tYsHIS M96USeAoREl y i nacti vat ed

N 0- |l DHL-), which
p- 8%%@?‘8!*}' %hﬁ{%%@;ngai%ML and MNO+daeansy lmisxerenosRs ERe( ), whic

have acy 10 carbons, respectively, (data not shown) .
HovmwentamnﬂérBtlﬁé Qe andaabpwh 0 <ol BHINCYERIR i@ 8§81 nacti vati ng

a}?“ Vb f QR f’um&W%amyixLPﬁ@rﬂﬁ%lrne ¢REHQacesinghwhas an acyl chain
(0]

carbons (data not shown he total soluble protein ex ract from

cont s&PpPedoby F¢EgHondiod. Ast %(ﬁﬁf&rﬁ aeeing yomy en@‘tssa)il-ﬁ ¥9ata not
showpls o RO o DA 1les BoRBNBEEL Bl Y WBRCEhYaied dute ibuty! and hexyl

esters of NNP - octanoyl -L-honoserine (data not shown el) These two esters
of NAU2EERBHSGRLE . hdﬁ%sé‘rcﬁ’ﬁés%h‘%ﬁ%‘ifd@ﬁnﬁgﬂ&b?’é FRARSS 8 activity with

%Ltheraﬁﬁfagdfﬂuﬂ pot-ne ° AHkt rggpor.ioar SbéaFﬂglA:e A. urrehacopmmm (traR
tra: acZ749 eédata not shown AHL-

encoded aiiA) did not
i nactriREE2ERER %%tf‘é%?yg'ﬁe@*’tl‘ﬁ%"ééé”assu@f‘lpétg (gp 53%% ar e)

consixgrent Réé@tlérdei&dﬂelrﬁﬁht@miﬁhe@%aﬁs 4ahCA&chma33Iedsenzﬁnarrpl e 7.
Purification of AHL- ac&l ase encod\t/aé_’S t he g}gbA enetg[ 0?055%' ;’he
GST- RAHLVAEY| 8821P ¥ si dhepPBEEIHE r EPF g T one

SephgeeseméRedf f iThd )Aﬂmblésm.aé@lHmm@eulaelvehynwmﬁmoptmaﬂ.npﬁ ructions
(Pharmaci a) AHL- acyl ase i gestion with thrombin (Signa).
Pr ot &PRISCHRERMPY o 150erc\N§/a§det "'?ei‘@d“y O‘l @fﬂ i 0528 se'2@24 July 2006
WO 030868904 c PGS Qﬁoihe[ﬁ@%ﬁjedTMLpubyiaed v detprminedast i ncubat ed
mnthB%ﬁﬁg fgée Figure 3. After 10 minutes, more than 82% OOHL had

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

- pmols per ng AHL-acylase per minute.
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20 mnutes and the relative enzyne activity was neasured by determ ning
the residual OOHL in the reaction m xture, which contained 8 1IM OOHL and
about 0.6 pg AHL-acylase in a total reaction volune -of {g %
buffer. The reactions were stopped by addition of 1@685@ b yb oadlng on
the assay plate. Determnation of the OOHL activity was carried out in
quadr upl ccates: AHL- acyl ase degraded OOHL in a range of tenperatures from
22-42'C at pH 7.0. See Figure 2. The optimal tenperature for enzyne
activity was found to be approxinately 280C. Reaction tenperature higher

t han 420 C hay ptimal pH for enzyne
act|V|ty§;?§o aggﬁgéggé¥%?ne %&i? %% asexﬁgsqa rel atively narrow
optimal pH range frompH 6.5 to 7 5. See Flgure 2. The tine course of

OOHL i na tivat| n by the purified AHL-acyl was deter 30*C. See
Fi g e 32- A) PRI TR Al ST At C I B B T bad otraded: t he

reactlonofagg was gstitated to be about 55 pnols per jig AHL-acyl ase per
m nute. 23 24 July 2006 CLAIMS: 1.A nucleic acid according to SEQ I D NG
1. 2.A nuclelc acid mhlch conprises nucleotides 1234-3618 of SEQ ID NO 1.

3.A pept i.n equence encoded by a nu Ielc Cl .consi.sting of
nucl boti ded TG SREIVELE BREEE Pkl G e R Lence

accordingohelgEﬁh@EbﬁKhualeosléegeszde3haal@g aE@eqnemoe tonprising am no
acids 36-217 of SEQID NO 2. 6. A peptide having a sequence conpri sing
amno acids 233-749 of SEQID NO 2. 7.A peptide according to claim4

i oh | NACH RIS Aoy 18 Iaaiidcd HRLR0c:0f ROV ino ML 31 gnal | ng

activity which conprlses ontacting said AHL mnth a peptide according to
any one of clainms 3 to 7. 24

5. A peptide having a sequence comprising amino acids

36~-217 of SEQ ID NO: 2.

6. A peptide having a sequence comprising amino acids

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

activity which comprises contacting said AHL with a

peptide according to any one of claims 3 to 7.
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24 July 2006 9. A transgenic plant conprising a nucleic acid of claim?2.
10. A transgeni ¢ non-human ani mal conprising a nucleic acid of claim 2.
11. A nmethod of controlling a bacterial disease in a pl%qtmﬂgp&& conpri ses
adm nistering to said plant a peptide according to any one of clains 3 -7,
wherein the expression of pathogenic genes of said bacteria are regul ated
by AHL®. 8i gnansgerli2: pAamet lcotpofstonta olddirg ca abadt efi aladhsease in a pl ant
whi ch conprises transformng the plant with a nucleic acid according to
claim2. 13. A nethod of controlling a bacterial disease in a plant using
a bactldr.i & ttransenieda-thimmuclient achfrbcioof d ngidleicchaim 2f 14. A
nuclek: aci% according to claim2 or a peptide according to any one of
clai ns 3-7 for use in therapy. 15. Use of a nucleic acid according to
claim?2 and its peptide product for the manufacture of a nmedi canent for

contraqlling a 2 cterial disease in a mammal wherein the expression of
pat hoé@ni c%‘gérﬁ off oS af o bat % 2aPactegiifht SRS AHD §§ §Aars. 16. Use of

a peptitdenacenpdi 88s tLummi ARe-i0k ¢hakgsy 3sadior: Jhe imnuf acture of a
medi canent for controlling a bacterial_ disease in a mammal, wherein the
expr eSSGFISRIphe hRjerie Yerrdsins 3ard bekaradin thee erpgabatied of AHL

si gnalgstchbdenThegdses s AidN,L5. Q% ; 16, MheL& ' | is a human. 25
24 Juﬁ? 2006 WO 03/ 068951 PCT/ 5G02/ 00011 §%E%€E%EPE&§$FEG <110> Zhang,
Lian HHIPBLE; Yi Han Xu, Jin Ling <120> RALSTONI A AHL- ACYLASE GENE

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

according to claim 2.

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

claim 2.

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

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

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

by AHL signals.

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

genes of said bacteria are regulated by AHL signals.

17. - The use of claim 15 or 16 wherein said mammal is a human.
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<130> 2577-154 PCT <160> 7 <170> Patentln version 3.0 <210> 1 <211> 3743
<220> <221> N-region
<400> 1 gtttgggaaa gtgggnagcg cgctgtgcag cg
cgcaccgaat gcgcgcgccg gtgg
cgccggaagg cggacatgtc gtgataaccg cactgttcgg

<212> DNA <213> Ral stoni a sp.
<223> unknown

ct cagccgefhsha@st cggcg 60
cggt gt ggcg ccggat cagg 120

<222>

Al atoe”

HAC/AREIICt 99C

cgattgccgt caggctcagc 180 gtgctgactt ccagcaggtg gcaggcgcgc tccacgcgca
gccgg-tgcag caattgcagc 240 %Uﬂlq&];y 12888 WO 031068951 PCT/ SG)2/ 00011

ggcgaggt gc ccaggqt ctt ggt gaaat gc
gcggecggeca gettggecag gt cgaacgge
gccecgeagt a_ccacget ggt geggat ggcg
t cacc gZhengygLéye divgagcacggec
gccaggegge. ¢gaggaggcyg ct gegt gage
agcacgt t gcE cﬁﬁcg%éc gat ggcct gc
ccgt gcageeyagergaggal cagecacgt
ccggeccagea gcgeccacgcc ggt gaaggac
gcgeccggat g gt ggcgegtt cccact ccag
gt ggt cgaaa tgcaggggcyg ggacgaccag

cgcagcagcg
t cgt gcaggt
ggcttgctge
t ggccgaggg
gccacgccgt
tccgccacca
accgt caagc
gaggccacca

cagggccagg
cgcgt cgecc

CagCcgurioggRANGTOUIAJHICAEYUREE LEENFICYgCggCe

cgcgaccagc cgccacccga acaccgggct
ggaggcgage gcattggeca cgccgagggt
ggcgt cggga aaggt cagca ggt cgat gt ¢
gaggd@%@gt 4ot attgacccca
cgggccccag tcgacgatac ggeggt gget
acacaagaca agaccgacaa caggagacaa

<160> 7

<170> PatentIn version 3.0
<210> 1

<211> 3743
 <212> DNA
<213> Ralstonia sp.
<220>
<221> N_region
<222> (16)..({16)
<223> unknown

<400> 1

gtttgggaaa gtgggnageg cgctgtgcag cgcceccgece ctcagecgeg
‘cgeaccgaat gegcgegecyg gtgggegece ggeggetgge cggtgtggcg
- cgecggaagg cggacatgtc gtgataaceg cactgtitcgg cgattgeegt

gtgctgactt ccagcaggtg gcaggcgege tocacgegea gecggtgcag

ggcggcat cg
gt cggcgacg
ggcat ccgca
act ct ggcgg
gcgcct gecge
cgcat gat gc

1

t gcgct cgcet
gct gct gcag
gcagccagat
t gcgt gccag
gct ccat cgc
ccttcagctg
gcecggecgge
agcct gccgg
cgctgctcca
agcgcggcegt
t gccageggg
gcacgcttgc
gt cgccagcg
aagt at aggg
gaatacctct
gccgccgcaa
agggattcgc

ccaggatcagyg . -

ggt cgaggcg
gt agcgccge
ggcggt ggac
ccgggt gt cg
gcgcgecegt c
cgggtagttg
gggcagcgceg
cgt ccaggt a
gcgt gct gat
cgcccgecgg
ccgggt cgeg
cggcat gcat
t ggagaggcc
gaggcgggcg
ttcctccggg
gact agagcg
gctgegegge

cagctcggeyg

caggctcagc 1

caattgcagc 2

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260

60

120

80

40




acgct cgeca t ggccgcgct
t gggggt cgc t cagcgacac
ccgcacat cc gcgccaacga
caggacagpQsh&bgcct get
accttcgggc ccgagggcac cgtgacgqtc
gacgccttct tcaagggcat cttcgacgag

tacatc ct at

gacackein Gl LA e GRS S b R i bR oot 0o 740

30905%9999&%%994993‘&9&&%&995%% 888889688 deg EE@&%CEQ%&‘&E&BQCQ%OBOO
at gct'ggcgg gcafcgtcgc cgcgcagccg ccgggccgca cgccggt'gRec cdgagcgcgag 1860

at t cegeegeagizgecyiq@yaot aruabigny GhgoRLtoe YactgLagghcargggacat g24920
ccgat cggct coaacggctg ggccttcggc gctgacgcca ccgccaaccg gcgcggegtg 1980 2
24 JHopcoURd WEIOBH066 3BT CRACKCSCD2¢ U0 Edy ctayotecpoacadaatgtagt t d68gt ggacg
accaccaacc tctacca ggtccacctg 2040 acggtgcccg gcaagctcga cgtgat gggc
gccté@ﬁ?@%ﬁé%ﬁgE@?QQ§EEC%QF§§?EﬁﬁﬁF ?ﬁfﬁ?gc&?ggﬁ%%?ﬁﬁ¥9§cﬁﬁﬁﬁ§ﬁg ggcgﬁagacg

caca a cc 2160 t f 9gagot cga cgac
ccgacCa %%g%t%%c %5 é gag gq% %éég@t g HE %%aé%gf R a%%% %ggg ggt %ggct tc
-gacytegageadcdc 99&%&%{; %@9&5@;@& 3&?&1;@9[98 B85 RCaG5daLeL8g CJagagcat C
tacggcccgg tgctgtcgat gccgagcggc 2340 ggcatgccgt ggaccacgca gaaggcctac
gccclogggcthoraggepategee aptaanaeg g4dftcacs tagotgg-gacageiggsta gcatradcggg
caggcccggg acgtggccgg catccgccag 2460 gccatcggca acctgggcat tccctgggtc

aaca@@ap@@a@@agtwg@gttmggm oI ccyey clogtuctreecgegigicyget gacddgec4

gacgt ccgc gct cca ct gt" 2580 cccecgtcge cgcetggcec caaactcttc
et gectearonaeegaT ¢ s

aagg& GG 9B CIFEY AFEYGEI I c EHHIEEPY gcaddP cgat
gact SegreERObRIEee.Y g"%‘%ﬁ%@%@% 84oshES HeaEa A6 e Ie SO0300 0%
g9Ct 18k PIL GRS AL SHRE

%%%%ca%@cg%e@g@tggge@@ﬁ%é& gcgeahcggce
ctgatcgaga tcggccgeccg cctggecggce

accgacggac tgcccggcaa ccgcat cqat
ct gcegaggeyagyc agngategaigetiangt g9%4ycoass gregacydyygene@asas actiggoget 4
ggcgacct gc tcgcggcat g caaggccacg

3DOO ccggccccgg atgccgacgt gcgcgacggce
t gcguggeteyaveggertiFegcy agtcgtate 3060 ceage adgletrpacgeIIcgeged cgéd§éhcect g
ttccgcgagt tctggatgeg cgccaaggac

3120 atcgcgcag tgcac%cht cgaqttcgac

ccagttccac cgatggccgc 1320

gccgcaccgg cttc t 380
gcat ggcct a tgcé%gﬁ@%%P 440
t caacggcyRrRGILfGAa9 1500
cgatccccaa cctgcagtcg 1560

gcgccggtta tgcgcagatg 1620

gccggcetgeg
gccgagat cc
ctcggctatg
gt ggt caccg
tcgttcaagc
gacggcct gc

cgcggegcetg
cggcct gt cc
ct acgccagc
ggccgaccag

ggccttegge

2

CCggORPEEE Cg CHATRBIG AEGERLTTE 3T FI9Cyg gantacctot tectecyyy
cgggeccecag tegacgatac ggcggtggct‘gcgcqtgcgc gccgecgeaa gactagagcg 1200
acécaagaca agaccgacaa caggagacaé cgcatgatge agggattege getgegegge 1260
acgctcgcca tggccgcgc£ cgeggegetg gecggetgey ccagttccac cgatggecge 132d
tgggggtcgc tcagcgacac cggectgtce geecgagatcec goegeaccgg cttcggeatt 1380
ccgcecacatcee gcgccaacga'ctacgccagc-ctcggctatg gcatggccta tgcctacgey 1440
caggacaacc tgtgectget ggccgaccaé gtggtcaccg tcaacggega dgegetcgaag 15400
acctteggge ccgagggeac cgtgacggte tcgttcaagc cgatccccaa cctgcagteg 15690
gacgecttet tcaagggeat cttecgacgag gacggectge gcgccggttd tgcgcagatg 1620

" tcgeecgagg cgegegageh getgegegge tacatcgecg gettcaaccg ctatctcaag 1680
gacacgcecgce ccgccaactt cceggecgece tgecgcaatg ccgcctgggt gegteegetce 1740
acgctgggeg acatgatgcg catgggcgaa gagaaggcga tccaggecag cgccggegec 1800
atgctggegyg geategtege cgegcagecy cogggocgea cgccggtggc cgagcgcgag 1860
atteecgeege aggecegtega caccgtggeg ct§gaccgcg aactgcagct gcgcgacatg '192b
¢cgatcggct ccaacggctg gCtQacgcca ccgecaaccy gegeggegtg . 1280




ct gcgcat ga acgacgcgac
ggcgcggt gc gcaaggcggg
cacgcaccgg acggct ccat
aagctgca%ﬁnﬁagggccgat
at ccagaccg tgaccttcga cqaccagggc ccggtcgccg acgccatcc
gaat cgaccg accacgcctc gccgcacgcg ttcgaccaga tgcgtgogta ctcgggcaag 3540

cact ggaReeqPac bEceetdct 6t SEARABIEE FeeAL&ALYYyGGGREECH UG cEL Ha]99t £ 43600

at gcggttgt cgcagtgagg gctgccggtg cctggaaaaa cgccccgcett gt gcggggeg 3660
tttttadogtocagyt grgaattigagctaatggéc gickgopaagCegrratecqyagtaygpaicgt at109720 3
24 July 2006 WO 03/068951 PCT/ S@02/ 00011 tgtgactctg cctgtgtccg tgt 3743
<210>2trogolysa pgaageeryP IPRTFILRAR caRateatehi ecangggcedl@@ychtidse Me2le@ n Gy
Phe atkgu Ar%f61¥ Thr Leu Ala Met Ala Ala Leu 1 5 10 15 Ala Ala Leu Al a
Ay P IR CHAP HASIEF PP AT R Y2 S D 59962 Set22hsp Thr

o il SRt AR el DAL

yr Ala Tyr
A a Ggtchshchs Bchestioys éfwaleeytﬁta kg Negbtlgt %5: Vaj34phr Val
Asn Ay Qu Arg Ser Lys Thr Phe Glyc%?o u %%51 T r é%cé%g%%c

ggt acgcacg
cttcgcgcetg
cgccct gcac
cgggeegaag

aggcgct gaa ggaagccgtg 3240

t gggcacggt acaggcecgcg..3300
aat acgaagg cgt 1@2&%0%360
ac 3420

tgtatttc
cacctacggc 3480

gcggtgttca
gat gcgccgce
ggcggcgagg
gggctgccgg

Val Thr Val

Ser Riwwabyscdr gogbtaddre ¢siyghetaddgecSarcobgpadycaadtiey chBBaddirgll4oe Lys
Ay Ile Phe Asp Qu Asp Gy Leu Arg Ala Gy Tyr Ala Gdn 115 120 125 Met

3

Ser PIESTEPUTHN ACAIYIGLE TRFALRITNCGITFSEIVGraqdtagreey Crycryreag 2460 -
' gccatecggea acctgggcat tccctgggté aacaccatcg ccaccgaccg caacggccge 2520
gegetgtteg ccgacgtgte gaccacgccé gacgtgecgg ccgeggaget ccagcgetgt 2580
gceceegtege cgctggccgg caaactcttc aaggacgegg gectggitget getegacagge 2640
tcgegeggea ccetgcaactyg geaggtegat ceggettege cggtacecgg getggtggeg 2700
coegegoegea tgecggtget cgagcgcgaé gactacgtcg ccaacagcaa tgacagctcc 2760
tggctgacca accccgegea aaagetgace ggcecttcetege cgogtgatgge cteggtegac 2820
gtaccgcagec ggctgcgecac gocgecategge ctgatcgaga tcecggecgecg coctggcocegge 2880
accéacggac tgceceggeaa ccgeatcegat ctgécgaacc tgcaggcgat gatcttcage 2940
aatgeccaacc tggcgggaca actggtgcté ggcgacctge tegeggeatyg caaggccacyg 3000
ccggeccegg atgecgacgt gegcgacgge tgcgcegecce toggecagtyg gaaccgeaco 3060
agcaacgecg acgcccgege cgegeacctg ttceccgegagt tetggatgeg cgecaaggac 3120

atcgcgecagg tgcacgeegt cgagttcgaé_ccggccgacc cggtccacac gccocgcocgeggce 3180
.ctgcgcatga acgacgcgac ggtacgcacé gecggtgttcea aégcgctgaa ggaagccgtyg 3240
ggegeggtge geaaggeggg cttegegetyg gatgeogecge tgggeacggt acaggoeegoeg 3300
- cacgcacegg acggctccat cgccctgcac ggoggcgagy aatacgaagg'cgtgctcaac 3360
- aagctgcaaa ccctgdcgat cgggecgaag gggctgcegyg tgtatttegg caccagetac 3420
atccagaccg tgaccttecga cgaccagage ceggtegecy acgcececatcct cacctacgge 3480
gaatcgaccyg accédgcctc gcecgcacgeg ttcogaccaga Fgcgtgcgta ctcocgggeaag 3540
-cactggaacc ggctgecegtt ctecgaagcy gecatcgogy ccgatecgge gotgaaggtg 3600
atgcggttgt cgcagtgagg gectgecggtg cctggaaaaa cgccccgebt gtgeggggeg 3660
tttttttgee agﬁgtgéatg gctcaatcgt gttggaaacc gcatécggac atgactgtat 3720




130 135 140 Asn Arg Tyr Leu Lys Asp Thr Pro Pro Ala Asn Phe Pro Ala Al a
Cys 145 150 155 160 Arg Asn Ala Ala Trp Val Arg Pro Leu T4r1§if£ %y Asp
Met Met Arg 165 170 175 Met Ay Qu Gu Lys Ala lle dn A %aGy
Al a Met 180 185 190 Ay Ile Val Ala Ala Gn y Arg Thr
ARV - Arg 195 200 205 Qu Ile Pro Pro G Jlfgég%“gmp Thr Val
Ala Leu Asp Arg Gu Leu 210 215 220 4 24 July 2006 WD 031068951
PCT/ a@QQg&.C@tgt%g&Aﬁ«thsp Met Pro Ile Ay Ser Asn Ay Trp Ala Phe Gy
Ala 225 230 235 24 p"Ala Thr Ala Asn Arg Arg Gy Val Leu Lelu y Asn
Pro Hi's Phe 245 250 255 Pro Trp Thr Thr Thr Asn Arg Phe Tyr @ n Val H's
Leu Th2iO¥al 2Pro 260 265 270 Gy Lys Leu Asp Val Met Gy Ala Ser Ile Ala
Ala Phe Pro Val Vval 275 280 285 Ser Ile Ay Phe Asn Lys Asp Val Ala Trp
Thr H&FPhr7%I1 Ser Thr 290 295 300 Gy Arg Arg Phe Thr Leu Phe Qu Leu
Lys Lgylzﬁl aPCi/u Ay Asp Pro 305 310 315 320 Thr Thr Tyr Leu Val Asp Gy
Thr Pro i sftys Met Thr Thr Arg Thr 325 330 335 Val Ala Phe Asp Val Lys
Leu P p - u Gu Arg Arg Thr 340 345 350 His Thr Phe Tyr Asp
Thr If%%rgg%c}é‘?% %/Fg'l Leu Ser Met Pro Ser 355 360 365 Ay Ay Met Pro
Trp Thr Thr G n Lys Ala Tyr Ala Leu Arg Asp Ala 370 375 380 Asn Arg Asn
Asn Thr Arg Ser Val Asp Ser Trp Leu Hs Ile Ay dn

<400> 2 : :

Met Met Gln Gly FPhe Ala Leu Arg. Gly Thr Leu Ala Met Ala Ala Leu
1 5 f 10 15

Ala Ala Leu Ala Gly Cys Ala Ser Ser Thr Asp Gly Arg Trp Gly Ser
20 , 25 30

Leu Ser Asp Thr Gly Leu Ser Ala Glu TIle Arg Arg Thr Gly Phe Gly
35- 40 - 45

'Ile Pro His Ile Arg Ala Asn Asp Tyr Ala Ser Leu Gly Tyr Gly Met
50 55 60

Ala Tyr Ala Tyr Ala Gln Asp Asn Leu Cys Leu Leu Ala Asp Gln Val
65 - 70 15 80

Val Thr Val Asn Gly Glu Arg Ser Lys Thr Phe Gly Pro Glu Gly Thr
B85 ‘ 20 95

Val Thr Val Ser Phe Lys Pro IlelPro Asn Leu Gln Ser Asp Ala Phe
100 105 110

Phe Lys Gly Ile Phe Asp Glu Asp Gly Leu Arg Ala Gly Tyr Ala Gln
115 120 125

Met Ser Pro Glu Ala Arg Glu Leu}Leu Arg Gly Tyr Ile Ala Gly Phe
130 135 : 140

Asn Arg Tyr Leu Lys Asp Thr Pro Pro Ala Asn Phe Pro Ala Ala Cys
145 150 155 : 160

Arg Asn Ala Ala Trp Val Arg Pro Leu Thr Leu Gly Asp Met Met Arg
: i65 170 175

Met Gly Glu Glu Lys Ala Ile Gln Ala Ser Ala Gly Ala Met Leu Ala
180 185 190

Gly Ile val Ala Ala Gln Pro Pro Gly Arg Thr Pro Val Ala Glu Arg
' 195 200 205

Glu Ile Pro Pro Gln Ala Val Asp Thr Val Ala Leu Asp Arg Glu Leu
©o210 ' 215 _ 220 -




385 390 395 400 Ala Arg Asp Val Ala dy Ile Argdn Ala lle Ay Asn Leu

Gy Ile 405 410 415 Pro Trp Val Asn Thr Ile Ala Thr Asp A%Qinz(ﬂa Arg
Al a Leu Phe 420 425 430 Ala Asp Val Ser Thr Thr Pro Asp V b a Al a

A u Leu 435 440 445 Cys Ala Pro Ser Pro Le Lys Leu Phe
Lys Asp“ﬁi"g’“@r”% Leu 450 455 460 Val Lau Leu Asp G y*@ﬁﬁﬁé‘%ﬁ y Thr Cys

Asn Trp A n Val Asp Pro 465 470 475 480 Ala Ser Pro vVal Pro Ay Leu Val
Ala Ry ty R L €] p Tyr Val Al a
hon S Ach R et St By E AN e e N B Y G s Leu
Thr Ay Phe Ser Pro Val Met Ay Ser Val 515 520 525 5 24 July 2006 WO
03/ 0689521#OHSED2/A002 gy Asy Vay VRLOL& medAr iyt @un/Arxp fibs pveg | le Ay Leu
lle Qu lle Ay 53%#535 540 Arg Argsteu Ala Ay Thr28sp Ay Leu Pro Ay
Asn Arg ):le As[% Leu 545 550 555 560 Pro Asn Leu G n Ala Met Ile Phe Ser
Asn AR Ren TheuTAr hg §smyAraspe é’rg G Vall offfl.sy&Pu | B @Ry B&Sp Leu Leu Al a
Al a Lys Al a®Thr Pro Ala Pro %880 585 590 Asp M Asp Val Arg Asp Gy

Cys
Cys u r r 9 6 r r,.Asn Ala Asp Al a
Arg %12 %’% gl%%sA%ﬁla hge%r%@& éﬁg ﬁfepiégg’gﬁgggz%l ‘I\I/Esf VAirlg Al a Lys Asp
Ile Ala Gn Val Hs Ala Val Gu Phe Asp Pro 625 630 635 640 Ala Asp Pro

Val Hes The dvorie sl yyd etspArgr Mabk Bsh TAspaid andhfal ser Thr
290 : 295 300

Gly Arg Arg Phe Thr Leu Phe Glu.lLeu Lys Leu Ala Glu Gly Asp Pro
305 310 | 315 320

Thr Thr Tyr Leu Val Asp Gly Thr Pro His Lys Met Thr Thr Arg Thr
325 . 330 335

Val Ala Phe Asp Val Lys Leu Pro Asp Gly'Arg Leu Glu Arg Arg Thr
340 +345 350

His Thr Phe Tyr Asp Thr Ile Tyr#Gly Pro Val Leu Ser Met Pro Ser
355 360 365

Gly Gly Met Pro Trp Thr Thr Gln Lys Ala Tyr Ala Leu Arg Asp Ala
370 : 375 ) 380

-Asn Arg Asn Asn Thr Arg Ser Val Asp Ser Trp Leu His Ile Gly Gln
385 390 : - 395 400

Ala Arg Asp Val Ala Gly Ile Arg;Gln Ala Ile Gly Asn Leu Gly Ile
405 ‘ 410 415

Pro Trp Val Asn Thr Ile Ala Thr Asp Arg Asn Gly Arg BAla Leu Phe
420 425 430

Ala Asp Val Ser Thr Thr Pro Asp?Val Pro Ala Ala Glu Leu Gln Arg
435 440 . 445

- Cys BAla Pro Ser Pro Leu Ala Gly Lys Leu Phe Lys Asp Ala Gly Leu
450 455 460 ‘

Val Leu Leu Asp Gly Ser Arg GLly Thr Cys Asn Trp Gln vVal Asp Pro
465 : 470 475 ‘ 480

Ala Ser Pro Val Pro Gly Leu Val Ala Pro Ala Arg MetrPro Val Leu
: - 485 490 ‘ 495

'Glu Arg Asp Asp Tyr Val Ala Asn Ser Asn Asp Ser Ser Trp Leu Thr
500 505 510

Asn Pro Rla Gln Lys Leu Thr Gly Phe Ser Pro Val Met Gly Ser Val
"~ 51b 520 - 825




645 650 655 Val Arg Thr Ala Val Phe Lys Ala Leu Lys Qu Ala Val Ay A a
Val 660 665 670 Arg Lys Ala Ay Phe Ala Leu Asp Ala Pro L%ﬁ{dr r Val
Gn Ala 675 680 685 Ala His Ala Pro Asp Ay Ser Ile Ala L 2 y Ay
Gu Gu 695 700 Au Gy Val Leu Asn Lys Leu eu Pro lle
ay Pr OWR"S"’%%‘ 705 710 715 720 Leu Pro Val Tyr Pheﬁgg;@%(’r"hsﬂ Tyr Ile
@ n Thr Val Thr Phe Asp 725 730 735 Asp Adn Gy Pro Val Ala Asp Ala lle
Leu B ¥¥1 fdoyald hrglted irg A0 AZéSIfé@lg‘sﬁéuH![.@e @lﬁ PEL w0 H's Ala Phe
Asp G n bkt Arg Ala Tyr Semss@y 755 766 765yp Lys His Trp n Arg Leu Pro
Phe Ser Qu Ala Ala lle Ala Ala Asp 770 775 780 Pro Ala Leu Lys Val' Met
Arg lPeg Beg I@unAY85:1790h A24 Ot eB0RD® GUP B3/ B68IB & REI/18G02/ 00011 <210> 3
<211>®4P85 <212> PRT <24@8> D. radi odurafh85 <400> 3 Met Seér60Axg Ser Pro Phe
Ser Ser Val Ser lLeu Pro Ala Arg Leu Leu_ 1 5 10 15 Leu Gy Ser Leu Leu Leu
qy. Pre £eb it Gt é% YelglyenFle Reg Adp m Bep I‘%&F‘aG% #1®hr Tyr A n Val
@nlle dn Arg Thr aHs Ay Ile Pro 35 40 45 His°f1e Gn Ala Ser Asp

Leu (Qe)[l %.’V I!elueG@ ﬁ&s-lp_yf.eLGI%uvﬂa §1¥ J}}lsr Ly?%l%STI(?p Pro Ala Pro

580 . 585 5580

. Asp Ala Asp Val Arg Asp Gly Cys Ala Ala Leu Gly Gln Trp Asn Arg
595 : 600 605

Thr Ser Asn Ala Asp Ala Arg Ala Ala His Leu Phe Arg Glu Phe Trp
610 615 ‘ 620

Met Arg Ala Lys Asp Ile Ala Gln Val His Ala Val Glu Phe Asgp Pro
625 630 - 635 640

Ala Asp Pro Val His Thr Pro Arg Gly Leu Arg Met Asn Asp Ala Thr
645 650 655

Val Arg Thr Ala Val Phe Lys Ala Leu Lys Glu Ala Val Gly Ala Val
660 665 670

Arg Lys Ala Gly Phe Ala Leu Asp Ala Pro Leu Gly Thr Val Gln Ala
675 - 680 685

~Ala His Ala Pro Asp Gly Ber Ile Ala lLeu His Gly Gly Glu Glu Tyr
690 695 : 700

" Glu Gly Vval Leu Asn Lys Leu Gln Thr Leu Pro Ile Gly Pro ﬂys Gly
705 710 715 720

Leu Pro Val Tyr Phe Gly Thr Ser Tyr Ile Gln Thr Val Thr Phe Asp
725 730 735

" Asp Gln Gly Pro val Ala Asp Ala Ile Leu Thr Tyr Gly Glu Ser Thr
740 745 750

. Asp His Ala Ser Pro His Ala Phe Asp Gin Met Arg Ala Tyr Ser Gly
: 755 760 765 :

Lys His Trp Asn Arg Leu Pro Phé Ser Glu Ala Ala Ile Ala Ala Asp
770 775 780

Pro Ala Leu Lys Val Met Arg Leu Ser Gln
785 . ‘ 790




Ser
80
95
105
115
Tyr
Asn
Arg
Val
Thr
Arg

Tyr Ala A n Asp Asn Leu Cys Leu Leu Ala Asp G n Val Met Thr 65 70 75
Val Arg Ay GQu Arg Ser Lys Phe Leu Ay Ala Qu Ay Lys TRr Val 85 90
Val Gy Phe G@n Pro Val Asn Asn Leu Asp Ser Asp Val Phé? # 100
Ile Qu Pro Gy Arg Leu dn Ala Gy s'é@?ﬂ p AGn Pro
128“@?%/%%” Ile Leu Ala Leu Met Arg Ay Tyr Val-%é y Val Asn Arg
130 135 140 Leu Arg Asp Thr Pro Pro Qu @n Trp Pro Ser Ala Cys Arg
Algq.14p 150 155 160 Asp Trp Val Arg Pro Leu Thr Gu Leu Asp Val Met
Leu Ay Gu 165 170 175 du Lys Alalle G@n Ala Ser Ala Ay Ala Mt
Sen1A adsl e Thr 180 185 190 Ser Ala Arg Pro Pro A n Ala Ay Al a Ser
Ala Ala Pro Arg Pro 195 200 205 Asp Leu Ala Ala Phe Asn Arg A n Tyr

PIZa2ZASrPRAsp Leu Pro Ile 210 215 220 dy Ser Asn Ay Trp Ala Phe Ay
Gu Ala Thr Thr Asn Gy Arg 225 230 235 240 7 24 July 2006 WO

Ser
03/ 068451 PCTratssiveenil dy Leu Leu Leu Ay Asn Pro His Phe Pro Trp du

Thr
Phe
I'le
Asp
Pro

Ser Asn Arg 245 250 255 Phe Tyr An Leu H's Leu Thr Leu Pro Ay Gn
Asp Val Met Gy 260 265 270 Ala Ser Leu Ay Gy Mt Pro Val Val Asn
GaypoPhe; Asn G n Asp 275 280 285 Val Ala Trp Thr H's Thr Val Ser Thr
Lys Arg Phe Thr Leu Ala 290 295 300 Ala Leu Thr Leu Val Pro Ay Asp

M&u Sef AfﬁrséﬁﬂprbY§thSBrC%ék Val Ser Leu Pro Ala Arg Leu Leu
10 15

Leu Gly Ser Leu Leu Leu Gly. Pro -Leu Met Leu Gly Gly Ala Ala Ser
20 25 30

Ala Gln Thr Tyr Gln Val Gln Ile Gln Arg Thr Ala His Gly Ile Pro
35 40 45

His Ile Gln Ala Ser Asp Leu Gly Gly Ile Gly Tyr Gly Val Gly Tyr
50 55 60

Ser Tyr Ala Gln Asp Asn Leu Cys Leu leu Ala AsplGln Val Met Thr.
65 70 75 80

Val Arg Gly Glu Arg Ser Lys Phe Leu Gly Ala Glu Gly Lys Thr Val
85 90 95

" Val Gly Phe Gln Pro Val Asn Asn Leu Asp Ser Asp Val Phe Phe Lys

100 105 110

Thr Val Ile Glu Pro Gly Arg Leu Gln Ala Gly Tyr Arg Asp Gln Pro
115 120 125

Gln Ile Leu Ala Leu Met Arg Gly Tyr Val Ala Gly Val Asn Arg Tyr
130 135 140

Leu Arg Asp Thr Pro Pro Glu Gln :Trp Pro Ser Ala Cys Arg Asn Ala
145 150 155 160

Asp Trp Val Arg Pro Leu Thr Glu Leu Asp Val Met Arg Leu Gly Glu
165 170 - 175

Glu Lys Ala Ile Gln Ala Ser Ala Gly Ala Met Val Ser Ala Ile Thr

180 185 190

Ser Ala Arg Pro Pro Gln Ala Gly Ala Ser Thr Ala Ala Pro Arg Pro
: 195 200 205

'Aép Leu Ala Ala Phe Asn Arg Gln Tyr Arg Phe Asn Asp_Leu'Pro Ile

210 215 : 220

Gly Ser Asn Gly Trp Ala Phe Gly Ser Glu Ala Thr Thr Asn Gly Arg

225 . 230 _ 235 240




305
Lys
Thr
Trp
Asn
Ser
Pro
Tyr
Adn
Ay
Thr
Lys
Asn
Asp
525
535
Ile
Thr

310 315 320 dn An Arg Arg Leu G n Arg Arg Thr Ala val Ile GQu Val
Thr 325 330 335 Ala Asn Gy Pro Arg Leu Hi's Thr Arg Thr "f‘ Phe
Pro Gu 340 345 350 Gy Pro Leu Val Asn Leu Pro Al a Al%f‘igxfzﬂ(gj Thr
Thr 355 360 365 Tyr Ala Phe Ala Leu Ar g, n Arg Asn
Thrwﬁ“g"'%é’% Leu 370 375 380 Ala Thr Trp Leu Ay ﬁﬁm lﬁaf/ Ala Lys
VaI Arg Asp Ile Arg 385 390 395 400 Ala Ser Leu Asn Val Adn Gy Ille
r I 5 Ser Ala Leu
AR & PROE sl Pl P s S0 e Ak &F Y Wl an an
Al a Cys Thr Pro Pro Pro Leu Ala Pro 435 440 445 Leu Phe Pro Ala Al a
Lete Alya' el tkeautis pel hrSetu Hirs 8By ANArHO® 45021468t €5 Asp Trp Lys
Asp Pro Ala28ér Arg Val Pro @65 Leu Arg Ala 481 470 475 480 Pro Asp
Met Pro Val Leu Ile Arg G n Asp Phe Val Ala Asn Ser 485 490 495 Asn

Rt2 Ay 9 CLEUCA aIEAs%mPrVélAIaé AP PeoSly r?h¥h¥erG}nL%‘%P 500 505 510
Pro Leu Ay du Vval ASROAla Pro A n ~er*®ro Arg Thr Arg 515 520

S5 SE T ok W oo babett %%#%eﬁg éf’%’ffqa% &y gGTKrLE‘ﬁJ’iSp
Pro Thr Leu G n Ala Thr Leu Leu Arg 54 50 555 560 du Ser Asn Leu

Qe Gy et Liéwvﬂ ardl @yAspp Alrd HE@ Qe)fSij-EWa56§ys51\Qp5§fy
305 310 320

‘Gln Gln Arg Arg Leu Gln Arg Arg.Thr Ala Val Ile Glu Val Lys Thr
325 § 330 335

Ala Asn Gly Pro Arg Leu His Thr'Arg Thr Val Tyr Phe Thr Pro Glu
340 345 350

Gly Pro Leu Val Asn Leu Pro Ala Ala Gly Leu Thr Trp Thr Pro Gln
355 360 _ 365 :

Tyr Ala Phe Ala Leu Arg Asp Ala Asn Arg Asn Asn Thr Arg Met Leu
370 375 380 '

Ala Thr Trp Leu Gly Phe Ala Gly Ala Lys Ser Val Arg Asp Ile Arg
385 390 : 395 400

Ala Ser Leu Asn Val Gln Gly Ile Pro Trp Val Asn Thr Ile Ala Ala
405 } 410 415

Asp Arg Ala Gly Ser Ala Leu Tyr?Ala Asp Ile Ser Ser Ser Pro Asn
. 420 425 430 -

Val Ser Ala Ala Gln Gln Gln Ala Cys Thr Pro Pro Pro Leu Ala Pro
435 440 445

‘Leu Phe Pro Ala Ala Gly Leu Ala;Val Leu Asp Gly Ser His Ser Ala
450 : 455 . 460

Cys Asp Trp Lys Thr Asp Pro Ala Ser Arg Val Pro Gly Leu Arg Ala
465 470 475 — 480

‘Pro Asp Lys Met Pro Val Leu Ile Arg Gln Asp Phe Val Ala Asn Ser
485 490 ) - 495

Asn Asn Sexr Ala Trp Leu Ala Asn Pro Ala Ala Pro Gln Thr Gly Leu
500 505 510

Asp Pro Leu Val Gly Glu Val Asn Ala Pro Gln Ser Pro,Arg Thr Arg
515 520 525

Met Gly Leu Leu Glu Ile Gly Arg Arg Leu Ser Gly Thr Asp Gly Leu-
" 530 : 535 N : 540




Cys A@n Ser la Ay Ay Ala Qu Leu dn Pro Ala Cys Asn Ala Leu 580 585
590 Ala Ala Trp Asp Arg Arg Ser Ser An GQu Ser Arg Ay Akg%ﬁhgﬁk u 595
600 605 Trp Arg Gu Phe Trp Arg Arg Ala Arg Ala Ile Pro é%% Al a
610 615 | Pro Phe Asp Pro Ala Asp Pro Val Asn Thr Pro Arg Gy Leu
Asn 62‘31%(%)]9'86%/%5 640 Thr Ala Asp Pro Ala Ala G n TheCAlSSY o) G y Ala
Leu Arg Gu 645 650 655 Ala Ala Ala Ala Leu Thr Ala Ala Ay Ile Pro Phe
Asp Abgo R, hey Tk 6 I \% l, Atg Gy Ay Asp
Phe Ilsesse% Leg Pr ogh%%gggge %:é @éj;'\é% ?;ﬁqﬁégghﬁ %hg\%uuégy Val Leu Asp
Lys Ile Asp Phe Asn Pro 690 695 700 Leu Ala Pro dy Ay Tyr Arg Ay Val
Val Gsju/Sar Aba ISer TBerGly6lu M2E o ATA5niR2Aspldie @a tkhr nMal Gy Phe Thr
Asp Ser Ay Val @n>&ta Au Ala Val %28 730 735 Leu Tws Tyr Ser @ n Ser
Ser Asn Pro Gu Ser Pro Tyr Phe Ser Asp 740 745 750 A n Thr Arg Leu Phe
Ser AF¥® <P &% Gl Clyyala Glupkey BRB Bugy Algslys78en 768 Latn Pro Qu lle
Gu Ala Asp Pro offir Arg Thr Val VB> @ n Leu Ser 776975 780 Qu 785 9 24

July 2006, 008955, BT SR/ BAOLE, BA0%.4 1Pz 40 .0212> PRT <213>

ut ahensi ssgsg 600 605

Trp Arg Glu Phe Trp Arg Arg Ala Arg Ala Ile Pro Asn Val Tyr Ala
610 , €615 620

val Pro Phe Asp Pro Ala Asp Pro Val Asn Thr Pro Arg Gly Leu Asn
625 630 635 ' 640

Thr Ala Asp Pro Ala Ala Gln Thr Ala Leu Leu Gly Ala Leu Arg Glu
645 650 655

Ala Ala Ala Ala Leu Thr Ala Ala Gly Ile Pro Phe Asp Ala Pro Leu
660 665 670

Gly Glu Val Gln Gly Val Val Arg Gly Gly Asp Phe Ile Ser Leu Pro
675 680 685

Gly Gly Ala Glu Phe Glu Gly Val Leu Asp Lys Ile Asp Phe Asn Pro
6920 : . 695 700

Leu ARla Pro Gly Gly Tyr Arg Gly Val val Gly Asn Ala Ser Ser Tyr
705 710 715 720

Ile GIn Thr Val Gly Phe Thr Asp Ser Gly Val Gln Ala Glu Ala Val
725 730 735

Leu Thr Tyr Ser Gln Ser Ser Asn Pro Glu Ser Pro Tyr Phe Ser Asp
740 745 750

-Gln Thr Arg Leu Phe Ser Arg Ser Glu Trp Val Lys Leu Pro Phe Thr
755 o 760 765

Gln Pro Glu Ile Glu Ala Asp Pro Thr Arg Thr Val Val Gln Léu Ser
770 775 780

Glu
. 785




<400> 4 Met Thr Ser Ser Tyr Met Arg Leu Lys Ala Ala Ala lle Ala Phe Ay 1
510 15 Val Ile vVal Ala Thr.Ala Ala Val Pro Ser Pro Ala S g Gu 20
25 30 Hs Asp Ay Ay Tyr Ala Ala Leu Ile Arg Arg Ala Ser%%’é@%al 35
40 45 PR @{@Féﬂe Thr Ala Asp Asp Phe Qy Ser Leu G CP 11VaI Gy 50
55 60 yr Val"A@n Ala GQu Asp Asn Ile Cys Val Ile Aa u“ser” vVal Vval 65
70 75 80 Thr Ala Asn Ay GQu Arg Ser Arg Trp Phe Ay Ala Thr dy Pro Asp
85 90<9%0>Agp Ala Asp Val Arg Thr Thr Ser Ser Thr G n Ala Ile Asp Asp Arg
100 105 110 Val Ala Qu Arg Leu Leu Au Ay Pro Arg Asp Ay Vval Arg Ala Pro
115 "1%81312578€ys Asp Asp Val Arg Asp A n Met Arg Gy Phe Val Ala Ay Tyr
Asn 130 135 140 Hi s Phe Leu Arg Arg Thr Ay Val, H s Arg Leu Thr Asp Pro
Al a C7é122148Rf50 155 160 Arg Gy Lys Ala Trp Val Arg Pro Leu Ser Gu Ile
Asp Ley, Jrp, Arg %?15%70 175 Thr Ser Trp Asp Ser Met Val Arg Ala Ay Ser
Gy Ala Leu Leu P 980 185 190 Gy lle Val Ala Ala Thr Pro Pro Thr Al a
Ala Gy Pro Ala Ser Ala 195 200 205 Pro Gu Ala Pro Asp Ala Ala Ala lle
Ala Ala Ala Leu Asp Ay Thr 210 215 220 Ser Ala Ay Ile Ay Ser Asn Al a
Tyr GkyodeudG@y Ala A n Ala Thr 225 230 235 240 10 24 July 2006 WO

03/ 068951 PCT/ SA02/ 00011 Val Asn' Gy Ser Ay Met Val Leu Ala Asn Pro Hi s

Phe P?@W’Wﬂ@ &k Ser Tyr Met Arg Leu Lys Ala Ala Ala Ile Ala Phe Gly
.5 i0 15

Val Ile Val Ala Thr.Ala Ala Val Pro Ser Pro Ala Ser Gly Arg Glu
20 ¢ 25 30

His Asp Gly Gly Tyr Ala Ala Leu Ile Arg Arg Ala Ser Tyr Gly Val
35 40 45

Pro His Ile Thr Ala Asp Asp Phe Gly Ser Leu Gly Phe Gly Val Gly
50 55 60

Tyr Val Gln Ala Glu Asp Asn Ile Cys Val Ile Ala Glu Ser Val Val
65 70 75 80

Thr Ala Asn Gly Glu Arg Ser Arg Trp Phe Gly Ala Thr Gly Pro Asp
: 85 90 95

Asp Ala Asp Val Arg Thr Thr Ser Ser Thr Gln Ala Ile Asp Asp Arg
100 = 105 | 110

Val Ala Glu Arg Leu Leu Glu Glj Pro Arg Asp Gly Val Arg Ala Pro
115 120 125

Cys Asp Asp Val Arg Asp Gln Met Arg Gly Phe Val Ala Gly Tyr Asn
130 135 140

His Phe Leu Arg Arg Thr Gly Val His Arg Leu Thr Asp Pro Ala Cys
145 150 155 160

Arg Gly Lys Ala Trp Val Arg Pro Leu Ser Glu Ile Asp Leu Trp Arg
165 170 175

Thr Ser Trp Asp Ser Met Val Arg Ala Gly Ser Gly Ala Leu Leu Asp'
180 185 1990

Gly Ile Val Ala Ala Thr Pro Pro Thr Ala Ala Gly Pro Ala Ser Ala .
195 ‘ 200 205

- Pro Glu Ala Pro Asp Ala Ala Ala Ile Ala Ala Ala Leu,ASp‘Gly Thr
210 215 . 220 :

Ser Ala Gly Ile Gly Ser Asn Ala Tyr Gly Leu Gly Ala Gln Ala Thr
225 . _ 230 : 235 - 240

10




245 250 255 Gy Ala Qu Arg Phe Tyr Arg Met H's Leu Lys Val Pro Ay Arg

Tyr 260 265 270 Asp Val GQu Ay Ala Ala Leu lle Gy Asp Pr %J]\\}b[z@'e Au
Ile Ay 275 280 285 His Asn Arg Thr Val Ala Trp Sgr Hs THf l) d gr TR;
- Ala Ar 0 295 300 Phe Val Trp H's Arg Leu er, ro y p
Pro Th?wé"g’”‘ilf’ga 305 310 315 320 Tyr Val Asp Ay Argélg}% ’@u“Arg, Met Arg
Ala Arg Thr VaI Thr Val 325 330 335 dn Thr Gy Ser Ay Pro Val Ser Arg
Thr Phel lHse @bp SEEr oAy Wetyval 34Q B4523500:F ¥iFrmeValo /El/? Val Pro Gy
Thr Phe Asp Trp Thr2& o Ala Thr 3552860 365 - Al a Tyr e Thr Asp Val
Asn,Ala Gy Asn Asn Arg Ala Phe Asp 370 375 380 Qdy Trp Leu Arg Met Ay
G n AFHY B3 %@Aym Phg §YAl Ard Mgt [Bis Aba 1y388%aBI0030Ly 489 TMal Leu Asp Arg
Hls Gn Phe Leu 4®fo Trp Val Asn 51le Ala Ala 40870110 415 Asp Ala Arg

r Val Val _Pro Ar 420 425 430 Val Thr
A4 et A}f“ S %1@% % iy A Bpo? Phel 16l Rlipride G55 440 445 Leu
Tyr Ala Ser Ser Ay dn Ala Va Leu Asp Gy Ser"Arg Ser Asp 450 455 460

Cys Aiss et oy ThkavafAS PRI BrASEr A3 Mha Wal sBE and ¥ d 'A%?L;% Gy 465 470

475 480 2Pbo Al a Sex Leu Pragy Val Arg Phe Argodsp Asp Ty Thr Asn Ser
485 490 495 Asn Asp Ser His Trp Leu Ala Ser Pro Ala Ala Pro Leu Qu Gy

Phe @GOVSQSI'mﬁlPr@rgAIL?UIS@* Lew @yPﬁsml@ HsfArRgo Thiir Bee Arg Ser Leu Arg
Thr A% 515 520 525 320

Tyr Val Asp Gly Arg Pro Glu Arg Met Arg Ala Arg Thr Val Thr Val
325 330 335

Gln Thr Gly Ser Gly Pro Val Ser Arg Thr Phe His Asp Thr Arg Tyr
340 345 350

Gly Pro Val Ala Val Val Pro Gly Thr Phe Asp Trp Thr Pro Ala Thr
355 360 365

Ala Tyr Ala Ile Thr Asp Val Asn:Ala Gly Asn Asn Arg Ala ﬁhe Asp
370 375 380

: Gly Trp Leu Arg Met Gly Gln Ala Lys Asp Val Arg Ala Leu Lys Ala
- 385 380 395 400

Val Leu Asp Arg His Gln Phe Leu Pro Trp Val Asn Val Ile Ala Ala
405 - 410 415

' Asp Ala Arg Gly Glu Ala Leu Tyr'Gly Asp His Ser Val Val Pro Arg
420 425 430

Val Thr Gly Ala Leu Ala Ala Ala Cys Ile Pro Ala Pro Phe Gln Pro
435 440 445

Leu Tyr Ala Ser Ser Gly Gln Ala-Val Leu Asp Gly Ser Arg Ser Asp
450 455 460

Cys Ala Leu Gly Ala Asp Pro Asp Ala Ala Val Pro Gly Ile Leu Gly .
465 470 475 . 480

Pro Ala Ser Leu Pro Val Arg Phe Arg Asp Asﬁ Tyr Val Thr Asn Ser
485 490 _ 495

Asn Asp Ser His Trp Leu Ala Ser Pro Ala Ala Pro Leu Glu Gly Phe ¢
500‘ 505 510

‘Pro Arg Ile Leu Gly Asn Glu Arg Thr Pro Arg Ser Leu Arg Thr Arg
: 515 520 525

: Leu Gly Leu Asp Gln Ile Gln Gln Avrg Leu Ala Gly Thr Asp Gly Leu
-+ 530 535 . : 540 :




Leu Gy Leu Asp Anille dn Gn Arg Leu Ala Ay Thr Asp Ay Leu 530 535 540
11 24 July 2006 WO 03/068951 PCUS®2/ 00011 Pro Gy Lys Qy lewuﬁér&ré Thr Al a
Arg Leu Trp Gn Val Met Phe Gy 545 550 2255§8057é5n Arg Mh . nyp,rAIOa
‘ Asp Asp Leu Val Ala Leu 5 rg

'Ithr'J klegw%‘ﬁ"%"“%@% Sor Asn G y Ala Ile Val Asp 580 585 P%%dﬁ%@“ hr Ala Ala
Cys Thr Ala Leu Ser Arg Phe Asp Qu Arg Ala Asp 595 600 605 Leu Asp Ser
Arg Gbyo Ally Hiys digupRhernFhiniCalaPhey ey AR cBh WS Me@JEQ)eG%%GZO lle Arg
Phe Ab&5 Asp Thr Phe d ws5val Thr Asp Pro A& Arg Thr Pro 630 635 640
Ala Pro Phe Trp Asn Thr Thr Asp Pro Arg Val Arg Thr Ala Leu Ala 645 650 655
Asp AbER &9 Mgh tdsyChemlpr GlyAlguSEsl Pro Ber ATAILeAr yalSenaVabu Ay 660 665
670 Asp Ile His Thro®p Ser Arg Ay @0 Arg Argllllle PﬁSIL\g HIPS'GLy €7l5

Arg..dy @d Thr Phe Asn_Va e r n Pro Leu Va
288 gg)zs fggyAﬁ q;é %rc\/gﬁréj% % %{?}S@r nAS\VaFlX/&’ilaH%e ey &R Ser Phe Val
Met 705 710 71 20 Ala Val u leu Ay rITro HisP Pro SerPGI yTArgTGI n
Ile Tt A2D Af30cv3The TA Ny r ro Trp Tyr
Al a IZAgerbh A@n %’%’ %4037745 7235&(‘)3l @gﬁ %eu%rmgeés%ﬁ%g éﬁg % Asp Thr Ile
Lys Tyr Thr Au Ala 755760 765 dn Ile Ala Ala Asp Pro Asn Leu Arg Val

Tyr Aeqp VaP 2610 ACINCIAKG1F WL S7TF8u /8@ Thr Glu Phe Leu Ala Gly Gly
610 : 615 820

Ile Arg Phe Ala Asp Thr Phe Glu Val Thr Asp Pro Val Arg Thr Pro
625 . 630 - 635 640

Ala Pro Phe Trp Asn Thr Thr Asp Pro Arg Val Arg Thr Ala Leu Ala
645 650 655

Asp Ala Cys Asn Gly Ser Pro Ala Ser Pro Ser Thr Arg Ser Val Gly
660 . 665 _ " 870

Asp Ile His Thr Asp Ser Arg Gly Glu Arg Arg Ile Pro Ile His Gly
675 680 685

Gly Arg Gly Glu Ala Gly Thr Phe Asn Val Ile Thr Asn Pro Leu Val
690 695 - 700

Pro Gly Val Gly Tyr Pro Gln Val Val His Gly Thr Ser Phe Val Met
705 710 115 720

‘Ala Val Glu Leu Gly Pro His Gly Pro Ser Gly Arg Gln Ile Leu Thr
725 730 - 735

Tyr Ala Gln Ser Thr Asn Pro Asn Ser Pro Trp Tyr Ala Asp Gln Thr
740 745 750

Val Leu Tyr Ser Arg Lys Gly Trp Asp Thr Ile Lys Tyr Thr Glu Ala
755 760 765

Gln Ile Ala Ala Asp Pro Asn Leu Arg Val Tyr Arg Val Ala Gln Arg
' 770 715 780 :

Gly Arg
185

12




Gy Arg 12 24 July 2006 WO 03/068951 PCT/ S®02/ 00011 <210> 5 <211> 777
<400> 5 Met Ser Arg Pro Phe

<212> PRT <213> P. aerugi nosa

Cys Arg Qu Thr

Ala Gy,
Arg Pr owyﬁ?mgé%i

Pro Hs Ile Arg
Tyr Akaidyr sAl a
Val . Thr Ala Arg
Sex Sl a7™ u
Trp Leu Asn G n
Thr PFOtA aPRAl

Asn A h
nggﬂé

Leu d

ePLeaue
n-Pro TP
Arg Lau Thr Arg Arg Leu Leu Val

Thr Ser Met
Leu Ay Ser 20 25 30 Met Met Pro Val

Leu Al a
Al a Lys

Arg Asp Asn '
Gy Gu Arg Ala 85 90 95 Arg Tyr Phe Ay Ser Gu Ay Lys
100 105 110 Pro Ser Asp Ile Phe Tyr Al a

Leu Asp Asn Leu
Pro Qu Ala Leu dn
n Leu Leu Gu

Ala Asp Ay

Arg d
Ar

Ala Asp Ala Leu Val Al
<400> 5

1

Gly
Met
Asp
Glu
.55
Ala
Arg
-Pro
Ala
Tyr
145
VThr
Leu
Phe

‘Ala

Arg
225

Met Ser Arg Pro Phe

5

Met Arg Thr Val

Met
Ile
50

Arg
Cys
Tyr
Ser
Phe
130
Ala
Ser
Leu
Ala
Leu

210

Phe

Pro
35

Arg
Gly
Leu
Phe
Asp
115
Trp
Ala
Cys
Arg
Asp
195

Ser

Arg

20

Val Gln
Trp Thr
Leu Gly
Leu Ala

85.

Gly Ser
100

Ile Phe
Gln Ala
Gly Phe
Leu Gly

165
Leu Thr
180
Ala Leu

Gly Glu

Leu Glu

d.u
gn?_seau Arg Ala lle
Au

a Ala Ala Pro

Arg Pro Pro Leu

Leu Thr

Ala Asp

Ala Tyr
55

Tyr Gly
70

Glu Glu

Glu Gly

Tyr Ala

Gln Thr
135

Asn Arg
150

Gln Pro
Arg Arg
Val Ala
Gln Ala

215

Arg Gly

- . 230

Gly.

Leu

- 25

Met
40
Gly-
Tle:
Ile
Lys
Trp:
120
Pro
Phe
Trp
Leu
Ala
200

Phe

Ser

Bro

Val

Gly

Val,

Ser
105

Leu

Ala

:Len

Leu

Leu

185

Gln

Asn

Al a 354045Asp||eArgTr§
Asp 50 55 60 du Arg Ay Leu Ay Tyr Ay Ille Ay
65 70 75 80 Ala Cys Leu Leu Ala Gu Qu lle

1510 15 dy Mt Arg Thr Val

B A Sy e

Fibolodryr @y val

115 120 125 Ala Phe Trp A n Ala dn
Gy 130 135 140 Tyr Ala Ala Ay ‘Phe
145 150 155 160 Thr Ser Cys
Ala Thr Asp Asp 165 170 175 Leu Leu
180 185 190 Phe

Lys qghr
Gy dy Vval

Ay dn

Pro Ay Ala Qu Lys Val

Cys Arg Glu Thr Thr Ser Met

19

Ala
Arg
Pro
Tyxr
Thr
90

Ser
Asn
Val
Arg
Arg
170
Val
Pro

Val

Ala

13

Gly
Pro
His
Ala
75

Ala
Ala
Gln
Arg
Glu
155
Ala
Glu
Pro
Ala

Ile
235

Met
Thr
Ile
60

Tyr
Arg
Glu
Pro
Gln
140
Ala
Ile
Gly
Gly
Glu
220

Ala

Leu

Leu

30

Gly
45

Arg
Ala
Gly
Leu
Glu
125
Leu
Asp
Ala
Gly
Ala
205

Gln

val

Len

Ala

Arg

Glu

Asp

110

Ala

Leu

Gly

Thr

Val
190

Glu

Arg'

Gly

15

Gly Ser

Ala

Lys

Asp

Arg

95

Asn

Leu

Glu

Lys

Asp

175

Gly

Lys

Arg

Sexr

Ala
Asp

Asn
80

Ala

Len
Gln
Gly
‘Thr
160
Asp
Gln
Val

Gln

Glu
240

195 200 205




Ala Leu Ser Ay Gu dn Ala Phe Gn Val Ala Gu dn Arg Arg @ n 210 215 220
A.rg Phe Arg Leu Qu Arg Gy Ser Asn Ala Ile Ala VvVal Ay Ssé{mgigoo 25 230
235 240 13 24 July 2006 WO 03/068951 PCT/ SG02/ 00011 Arg p Ay
Lys Gy Mt Leu Leu Ala Asa Pro His Ph6 Pro 245 250 25? T&B Asa Ay Ala
vet ArgWBHE G n Met His Leu Thr Ile Pro Gy 260 FSB/SE9H00 o ey Asp
Val Met Ay Ala Ser Leu Pro Gy Leu Pro Va: Xgl ?ﬁa S275 388 ggg 13,138 GISZr
Phe S h u r 1 hr .\ p r..Ser .

Hi s Pﬁfég %&E %ﬁ éﬁ?’r Sfii’ S’JYEeﬁl”L%tﬁéeﬁ“ %g‘é ’i‘f}?""oﬂﬁlﬁs"r&sﬁlﬁr SAFE® 305 310 315
320 Arg Tyr Leu Val Asp Ay Arg Ser Leu Pro Leu GQu d Lys "Ser Val 325

© 330, 3380 MANaGLY 16 vetalrgArlge @y AlrAMASNIE Yokl eve $8L Mg Val Gu Hs
340 345 350 Lys %8 Tyr A n Ser 12 Tyr Ay Pro Leg7dyal Val” Trp Pro Ay Lys
355 360 365 _Leu Asp Trp Asa Arg Ser Gu Ala Tyr Ala Leu Arg Asp Al a Asa
Leu 37FF 378 Vagy Y2 Aef el PreSl@ he@ BroTVal Tl Ser |le Asa G n
Ala Ser 3857390 395 400 Asp2¥dl Ala Asp heu &B@Aﬁr gAiAr gA;/aI GGI uGAI aGLeu
An I 5,410, Val Thr. Leu a Ala p u n y
Asa % ge gég %é) SI%'/l:('gt Arg}l%éég; %g T@aTg %@eéﬁ?&’iﬂ\é?p PrS 9%% Leu Lys Pro
Gu Leu Ile Pro Ala Cys 435 440 445 Ala ITe Pro @dn Leu Val Ala Qu Gy

Leu Phex Mlia bieu teknndd ¥yd Ar406u 403 A9 asp pro Lys Asp Pro Arg
305 ‘ 310 315 320

Arg Tyr Leu Val Asp Gly Arg Ser-Leu Pro Leu Glu Glu Lys Ser Val
325 330 335

Ala Ile Glu Val Arg Gly Ala Asp Gly Lys Leu Ser Arg Val Glu His
340 345 350

Lys Val Tyr Gln Ser Ile Tyr Gly Pro Leu Val Val Trp Pro Gly Lys
355 360 365

Leu Asp Trp Asn Arg Ser Glu Ala Tyr Ala Leu Arg Asp Ala Asn Leun
370 375 380

Glu Asn Thr Arg Val Leu Gln Gln Trp Tyr Ser Ile Asn Gln Ala Ser
385 - 390 395 400

Asp Val Ala Asp Leu Arg Arg Arg Val Glu Ala Leu Gln Gly Ile Pro
405 ' 410 415

Trp Val Asn Thr Leu Ala Ala Asp Glu Gln Gly Asn Ala Leu Tyr Met
420 425 430

Asn Gln Ser Val Val Pro Tyr Leu Lys Pro Glu Leu Ile Pro Ala Cys
435 _ - 4490 445

Ala Ile Pro Gln Leu Val Ala Glu ‘Gly Leu Pro Ala Leu Gln Gly Gln
450 455 : 460

‘-Asp Ser Arg Cys Ala Trp Ser Arg Asp Pro Ala Ala Ala Gln Ala Gly
- 465 470 475 ' 480

Ile Thr Pro Ala Ala Gln Leu Pro Val Leu Leu Arg Arg Asp Phe val
- 485 1490 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
, 515 529 525

‘Ala Arg Tyr Ala Leu Ser Arg Leu Gln Gly Lys Gln Pro Leu Glu Ala
"7 530, 535 . 540 -
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Asp Ser Arg Cys Ala Trp Ser Arg Asp Pro Ala Ala Ala @n Ala Gy 465 470
475 480 Ile Thr Pro Ala Ala G n Leu Pro Val Leu Leu Arg Ar%ﬁgzgge Val :
485 490 495 dAn Asa Ser Asa Asp Ser Ala Trp Leu Thr Asa Pr Pro
Leu st %6510 Ga @y Phe Ser Pro Leu Val Ser dn Glu Lﬁ Prolle Gy
Pro ArgWOo9t8s83y 525 Ala Arg Tyr Ala Leu Ser Arg Led 11Lys Gn Pro
Leu u Ala 530 535 540 14 24 July 2006 WO 03/ 068951 PCT/ S&02/ 00011 Lys
Thr LeysCine G M6l oValuelhoe o Al Hp YL Reafelee 545 550 555
560 @&us Val Leu Pro AsgyolLeu Leu Arg Leus ,& A%Q Gly G u 565
570 575 Lys Ser Leu Ala Arg Ala Cys Al a Ala Leu Ala Gn Trp Asp Arg Ay
580 585n55(. Aba BxenAkpULeAspelbairgGhen $8% Aty mBbeadakidyd1PieenA n Arg Phe Met
595 600 605 dn ArQGPhe Ala u Leus8sp Gy Ala Trp Ly G u Pro Phe Asp

Ala 6 0615620 Gn A ProLeuAspThr Pro Gn Gy Ile Ala Leu Asp Arg

Pro d'%° 55 %%%15331’% a Qe AAF'aA%rLeGI MayginAfrp &p 2MdaGleu Ala Asp Al a
Ala Ala G u Val 5 650 655 G u 3% Ser Ay Ile PP8%Asp Gy Ala Arg Trp

Gy I 6 d Ile Ala lle

Pro Aﬁpalj@;/ll %}23" yseHllgsgﬁy g% %%8 %{%VEE %yr(]%he\}y Gﬁ?%&senﬁi\?a lle Gn Ser
Val Arg Lys Gy Asp His Leu 690 695 700 du Va VaI y Ay Thr Ser Tyr

Ile @'mlﬁﬂlﬂg Yt Allar GRhaeBr osfGeily A0 T30yl 21d 200 Phe Asp Ala

615 620

Gln Arg Pro Leu Asp Thr Pro Gln Gly Ile Ala Leu Asp Arg Pro Gln
625 630 635 640

Val Ala Thr Gln Val Arg Gln Ala Leu Ala Asp Ala Ala Ala Glu Val
645 650 655

Glu Lys Ser Gly Ile Pro Asp Gly Ala Arg Trp Gly Asp Leu Gln Val
660 665 670

Ser Thr Arg Gly Gln Glu Arg Ile Ala Ile Pro Gly Gly Asp Gly His
675 .6B0 685

Phe Gly Val Tyr Asn Ala Ile Gln Ser Val Arg Lys Gly Asp His Leu
690 : 695 : 700

Glu Val val Gly Gly Thr Ser Tyr Ile Gln Leu Val Thr Phe Pro Glu
705 710 : 715 720

. Glu Gly Pro Lys Ala Arg Gly Leu Leu Ala Phe Ser Gln Ser Ser Asp
725 730 - 735,

Pro Axg Ser Pro His Tyr Arg Asp Gln Thr Glu Leu Phe Ser Arg Gln
740 ., _ 745 . 750

Gln Trp Gln Thr Leu Pro Phe Ser: Asp Arg Gln Ile Asp Ala Asp Pro
755 760 . 165

Gln Leu Gln Arg Leu Ser Ile Arg Glu
770 775 '

15




Gu @y Pro Lys Ala Arg Gy Leu Leu Ala Phe Ser A n Ser Ser Asp 725 730

735. Pro Arg Ser Pro His Tyr Arg Asp @ n Thr Qu Leu Phe Si‘{ rg %‘In 740
745 . 750 A n Trp An Thr Leu Pro Phe Ser' Asp Arg Gn || 390,

iDro 755 7 765 Gn Leu Adn Arg Leu Ser Ile Arg Qu 770 775 15 24 July
2006 V@%@S@gﬁ%l PCT/ SGD2/ 00011 <210> 6 <211> 33 FEIPSUARIA <213>

Artificial Sequence <220> <223> Forward Priner for the (sbA gene <400> 6
cgt ggatrtma ®kgatgcagga ttcgccgetg cgec 33 <210> 7 <211> 32 <212> DNA <213>
Artificial Sequence <220> <223> Reverse Primer for the (SbA gene <400> 7
cgcgadfila 88ggcagccc tcatgcgaca ac 32 16

<212>" DNA

<213> Artificial Sequence

<220§

' <223> Forward Primer for the QsbA gene

<400> 6

cgtggatcca tgatgcagga ttegeegetg cge 33
<210> 7

<211> 32

<212> DNA

<213> Artifiecial Sequence

<220>
<223> Reverse Primer for the QsbA gene

<400> 7 .
cgcgaattea ccggcageee tcatgcgaca ac ' 32

16




