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atrazine may be carcinogenic (Huff, 2002; Huff and Sass, 2007).
Additionally, due to their 20broad specificity, atrazine and rel ated

: REIINDAOE EHE INVENTIAN t 0 cause environmental danage via

triazthe BAGKGREN |
their toxic ef¢@eds @RnHOB-thAhBEt prRORoSHOthGLilatcdS BRGhESuse of cffddikvazi ne is
both nobil e an 1%ermst nt inthe e wr.on.rregﬁt. .TEe egsnron ntal half life
of atrazi AEMHSY NsskfP PRES PUEh ab dayiuiegiae erRigificss oy PRI S A Geek s
(Bel | uck ¢i-cldbro-N1O@¥)-N'-aogrogt-1 373-neazhes, bd@amidet Bch adglilp-chottives pref ace and
ground 25 e i.n _sever al ntri Thur man ;and. Meyer X der
Veor 2008 P0G Sink Qe B e A BTl B R AR NEHE Tor 00 i 0

evol véd i hropdlskiawgast spscichsincaait enfirs entoatuedsbin 1948 ¢Fomhe 2000kzi ne pesti ci des

as sources of garLON, AN BhERIG el DR IRSInttROROLE ¥ ERREIBFTiAG36d Of
ded by the at zABCDEF f 30 the t

t hese pat hways 1's encoded by | genes from ransm ssi bl e
pADP1 pl agtdagripgeysiipgiongn vertebrapngpepics (dgnasspiination gif ateaarts wavims®tidononas
sp. ADP (bansiabb@ugett Al 200219903 afke 268)Zamdek had boen 589&ktcdAbdtadiapiac and

si mazi ne (6- %hl or - N2, 1Véﬂj.}_%%l H]_'LL‘ fséa{‘?i ri ﬂ%dogg wtdl aHi n@) ngdt% Souza et
al ., 1996§“a¥r € GULRELSVetYr i Bfrindedrss al Ky {8 dY byt Re et

am doly dr btoas epéafitityy aenziyieresd etlatod edadinye bérbkjdeathald: dredpatrial yo edwde ng
cyanuric I: - - - : | - -al . ..-.1997,;
Sadowsky %?‘!’%ngggfggﬂf‘?gﬁ% i ?Leni th]t%%gf%a?nglﬁ 5 rgg Ileé}gée(tddﬁogsgnntfﬁr%t}lcﬂa‘) &R % car bon

di oxi de by t heAfragied v ogh mplirle pad persistent ingthp goivenmengndbel eavitppmeniab, at zE

and atzF (HFUGheY «8hzial -has 0B cstiHRRY (8 heWetweddDRRr arAAPh-s&kndlecks 2005a) .
WO 2010/ 0 CT/ AU zyme of the At zABCDEF

5499 2009/ 001136 2 The AtzA e
atrazi ne BB i%g}‘l-céf)%]golap‘i aFAEIRGAYS ibsey rdéti’ﬁ’éﬁtlpgjoﬂéﬁ}l%f%“éda% grupfie TrzN
tri azphe- degiadh Ngvenr }aentiSa) (Taphadh ahd aMeyer2009p, vehi ¢t NRSr,0960d; appi ng
activiti es wi.t h Aé&g)( Shapir et al., 2005b), despite being only 25.4 %
i dentical . a‘ﬁﬂff\fui’ zi nc-dependent am dohydrol ase-fam |y enzyne (Shapir et
5 al., 2006), S$espbnsinblezynor sydiembydrvoloyblved dins plokewynestthaf aldéw athe de,
fluoride, .3 ()5 . C f triazi ounds
(Shapir et ﬁ%@%ﬂ%{}%gﬁ)t%?ﬁ??%%%%%tsh%@ i g)rlﬂ%;ég%%ne%@n%@?%%z?ﬁggﬁ roadly,

whi | st At hereughlyoriagacksizad efithess prslwsoisfly crgded)bn Bcetz B G PR geppsdrontr zN

ta{ﬁe{;@ C’EHeO{ré&_Isﬁriés'iﬂl@ ;CAIQSI @i@ﬁn@{%}a&&{z e’%tdls'al_ZZ'O@?) oﬁgﬁlgﬁﬁiﬁ&a@&'@{&h ;razi ge),

net nyl oxy-sS- I azl ne exa e, alr | on a ronet on an

met hyl t hi 63€9PYIPE%S $he %ﬁ%&@%ﬁ“@} hibt f%;’éé %B%Hé% F&a-’aﬂg?gii %éfta%%)

her bi ci desnd simazifd ZNchi®raNS o7 rdixploylt1ed] 5 tthatian e, 4adigaippr(dbl Sueatal lL, i ¢

const ant tzA 2.1 sec- ompared wit sec-1, for.ALz but nmuch

ot -k f 0 sichuPESh iSRS Ul B g Frjdeiblotas? iy

2006) . At ereynivsreatoded bagizd, Ke# (natzér yigtdisg cyeuof 08B (8 Koudddst alhi | st

TrzN S : 5 . i a1d at i - a nore
ha Z?%%@géj@-%ﬂléé%., 1597, %gﬁ@%%ﬁ;% al.; ?@%,S\tvfn%fl iDGed WAk RscRgo

catal ytic 6 cient enzyne t t"ZA )
ammonia and carbon dioxide by the remaining hydrolases in the pathway, encoded by

atzD, atzE and atzF (Fruchey et al., 2003; Cheng et al., 2005; Shapir et al., 2005a).



However, unlike AtzA, TrzN has proven difficult to express in significant
quantities in heterologous hosts, such as E. coli. A mximumyield of |ess
than 10 myorzhtolo2swws obt ai ned from E. coli when TrzN was PCOMPr@I®edow t h
the 20 nol ecul ar chaperones G oEL (Shapir et al., 2006), with a maxi num
yield of only 560g.nlL-1 in the absence of the chaperones (Shapir et al.,
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a pol ypepﬁj@de iich hy%rtolggis%s an s-tlr.i aﬁi n d/ or diazine V\kgﬁr%i n the

pol ypept | ALy VenGoiees ToaR F &P 18I o YpeRt 98 aEHEr | ¥IAg 8N am no
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pol ypepti de which conprises a threonine or~valine at a position

cor r esponétpnmsnbshe gizysmogdised Aigngsaerallggapifl (SEWTND NEIPLCRPaHBE 191
enbod3grenbalytHaRrd) Qlnd MGk Qoirh e, 3rleitthBe el yst@ire QRS agpIRAtiyPeRtchdie dehi ch
conprises | asparagi ne at a position corresponding to am no acid nunber
38 of SE(flr’E?JOﬁI%: 1, and ii) a proline, asparagine, threonine, aspartic
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diffusible co-factors, and a generally robust protein toward a range of environmental
35 conditions (pH, temperature, salt concentrations efc.). The enzyme must also be
expressed as highly soluble, active protein in typical fermentation organisms, such as

E. coli, and in this respect, TrzN is inadequate.



In a preferred enbodi ment, the pol ynucl eotide conprises a nucl eotide
sequence provided as SEQID NGO 2 or SEQID NO4 wth one or nore of the

f ol | owi ngwoueloanasidde substitutions, or a substitution aPCa/Aamzelwolide

posi tion corresponding thereto; T5C, &39A, C76A, C84A, T87C, Cl01A, TI108A,
T108A, 35 Gl12A, Al 27G C135T, A157T, C165T, GL68A, C180T, C189T, A200T,
C207T, G10A, ARBR&GIEh AR28etcrCRAIT largR 40@irohBE0E] CRHBAt GR7gzi2 7L T,

T273A, C2 - , , ] C,
NasaG, Tasgenfis 86 ot usGHpdiouflid A e delby Thirbhdde chosddiieno ol
C391G,  Wurthgn anatiasls gopeimmpngorogduang 4shacpotertial rgostrazinez 9pd othez o G,
G393C, T399GincCA4LATH aChihdifies, ElchliroMAd& d C, T423C, T426A, A432T,
C438T, C449G, CABAT, T466C, T468C, T471C, CATAT, GATSHA, CAT6T, A481G,
CA83T 0 GA89A (489T, T498C T531A, A537G A540G A545G T546G  CH48A.
T555C, T5SEMIMATSY DF GV INVEDATAN G568A, 5 G569A, G573C, T579C, A584T,
&H89A, A600G, .I618C, 1618C,. 162/C. . 30A 33T 37 639C,
e300 nesac HEpEscrahyholepive iKIEER RlpicoldEs Froqdig) e aR T
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G1248T, Gl270A) whtd ¢8pnessbll A8 aAactedid0&E0, m&&(ﬂf&ﬁ&@olyﬁﬂ;ﬁ%'ﬁs p#b]iﬁ@fﬁﬁhaﬁll 329T,
C1329T, ? ’1sogg'1% %cte%:lal?' %ﬁ‘ gl{fﬁil c(:il:?éger 1dentlcal &nﬁﬂlo?lnbc% I%FSFH

pol ynucl e gedd poly € Co mno aci éﬁuence as
provi tfed ExPLSEQS| lmlmlcieomd@ rpompélsmg aowe eofldct Iﬁ@quremtd pmvm@dam AEQald d

substi t ut N@l§0rQEQq§Ngs4 L4k on at an amino acid position corresponding 20
thereto; 2T, F13 " 'D28E, A34D, D38N, 543G. Ms3L, Y67F, 584R, L90OM
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A229\V20 D2BidkngidaPig3fetive FdBGthaB2WH An 16246k, baeR4BDeclGR4blcd GRd 6K demRedb V,
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and L451Mprovisled ap SEQHE} NObodPRRAP NOKe pol ynucl eoti de encodes a

pol ypeptide compy ifstHed péﬁlcamﬂwrefan@@qulb%agﬁ@lm%e%lﬂh@MbQ@edeﬁdad&EQ ID NG 1
vmthasubstltutlon at one or "nore of Iovmng anl no aci or an

ami no aci BOl¥BENtidE ohigl cPEWESHIR HErePRiSF &rova WB?t apBesitiqry SOHWQQH(ﬁE%St@. ML63,
L172, 23221 dmin62Led niidi®, 1 SEM SEQURARO: MZI!h?a,nol'H%? 4mbb&atent, BS@ﬁblyﬁiBﬁDéﬁtldNOS :

T325 and ?(?2,[9 I %@ er {”)’ﬁ hl cul ar | pref erred odi ent, the
pol ynucl e8 %na&éfn%‘.pi’%eés &° 8@{ Ssi'AE ‘iOHéPrBS t‘i“bﬁSpcaBar%l% %&P%ﬁo?o

nucl eot i deomespsling 68 whinBEQiH Db 3% SEREQDINOND:1, and 11|)na eprbhlmet, her
preferred e I

conpri ses; 53{%%%%10 0 g’QP%%}tyﬁ%gég 19%3%%9{3 %y?tei&@ Xgﬁ&t ygﬁtl ani ﬁe at a
position Bitifias ﬁammﬁg)rtl@ ANt a@paﬂﬁm aeyEespeding tosmgnp@cmunl erdAdl/ or

i) aeer bNSE@UDANMASI tion correspondl ng to am no aci d nunber 91 of SEQ I D
NG 1, and/or % ii) a I‘%Lln aralne thﬁeoglne artic , valine,
ol yci ne, cystelind, PESPTTb, CTRiogiRMndle fRAVRHSREde | SHBRTRS. briycleidiici ne at
a positi opcquetideeppoiiddng SBQarD rNDacmdSEQnﬁ}erd)&lm &EQot Bhd¥Ooflthe and/ or
iv) a thr %?q%'ﬁy@ﬁboﬁucl’e%'ng?osu%t B{" 188s3' }5% of' Bk Etﬁé&{’“ﬂ' 29 nf Ao S 0%989 “””ber

159 of SE cine at a posSition corre I'ng
ani no aci domgspading @licretp; $§Q, |(]39A C76A, C84A, T87C CI101A, T108A, T108A

35  Gl12A, A127G, CI35T, A157T, C165T, G168A, C180T, C189T, A200T, C207T,
G210A, G225T, A228G, C229T, T240C, A250C, C268A, G270A, A271T, T273A,
C279T, A296G, A302G, A303G, A314G, C315A, T317C, T320C, A326C, A333G,
T336C, C346T, G357A, A367G, C372T, C375A, C381T, T384C, C391A, C391G,




NG 1, and/or vi) an alanine at a position corresponding to am no acid
nunber 210 of SEQ ID NGO 1, and/or vii) a proline or glycine at

a positi omocorwessendi ng to am no acid nunber 243 15 of PEEQU2DINOLIBG and/ or
viii) an aspartic acid, serine, gluta#ic acid, |lysine, valine or alanine at
a position corresponding to am no acid nunber 246 of SEQ ID NO 1, and/or

i x) a thr€BRAINeT3VUL,ITIO2dr T3006i KBIAC, d3pVC] CH T ,cO4Yle's pohdiThA41dGani no
acid numb 4 E e |on
Correspon§41§@ Tﬁis(,s 9116'%2@ 2%9@9!5};3‘;5 C%%Q%%%‘f@@éi@ T%GS/@ PPAIE %) a

tyrosine, r@@?iﬁa Copttdnyr 41 6ni (83 TakgSAAnE48P ThiT 4980 T Ly 53651 ti on
Corresponﬁsnmt R 5350 05 5L, Ot}stmberss%@onfsséE@séﬁ NG 67h, GIEHAOTG568A, Xil) a

oo e pstoRe st SR 5o 26eR0 ot B i 5 ER G
anm no aci di68@Al,U€633§T 8@63)7FAQVT@E(E IM35€QA|6E)4®LCI}156W\I G660E, Db6IHeCESIA, owi ng
A e T L g W ek e e e ot R
iii) A_15907B(71) Y VA GIZ%PGV/371D3|513$GV|T)7381i9mD}8(5\/E@77451385C\‘1753ﬁ AIBBRK,viii)
?323)’ e B G e A R QR T A “? 3380 X1 G§8°321 on
10 G880C, C88IT, G8S2T, C885T, G8I7A, T900C, TI06A, Al 28G A938T, T941C
CI957A, T959A, CI72T, TIT8A, CI81T, CI93T, C999T, C1003A, C1003T, T1011C,
G1048A, GI1048T, G1048C, A1049T, A1049G, GI1053A, A1059G, A1086G,
G1094A, T1101C, T1101G, C1128T, A1152G, G1176T, C1186A, C1186T, T1196C,
C1203T, G1221A, C1223T, C1236T, G1248T, G1270A, C1278T, T1286A, T1305C,
15 GI309A, C1321T, A1326G, C1329T, C1329T, C1332T, C1344A, C1351A and
G1353T.

In an embodiment, the polynucleotide encodes a polypeptide comprising an
amino acid sequence as provided in SEQ ID NO:1 with one or more of the following
amino acid substitutions, or a substitution at an amino acid position corresponding

20  thereto; 12T, F13L, L26M, D28E, A34D, D38N, S43G, M53L, Y67F, S84R, L90M,
T91S, D99G, KI101R, DI105E, D105G, V106A, 1107T, E109A, 1123V, L131P,
L131IN, L131T, L131D, L131V, L131G, L131C, L131S, L131Q, L131H, L131Y,
L1311, T1371, S140R, T150S, F156L, A159T, A159V, S161G, M1631, F177L,
D182E, D182G, R183H, G190D, G190S, Y195F, E197K, P210A, V2131, M2271,

25  M2271, A229V, D230E, L243P, L243G, G246A, G246S, G246D, G246E, G246K,
G246V, D249N, A294T, A294S, A294L, 1310V, Y313F, L314P, V320E, L335M,
D350N, D350Y, D350F, D350R, D350H, R365H, L396M, V399A, A408V, V424],
V429D, V4371 and L451M.

In a further embodiment, the polynucleotide encodes a polypeptide comprising

30 an amino acid sequence as provided in SEQ ID NO:1 with a substitution at one or
more of the following amino acids, or an amino acid position corresponding thereto;
M82, W85, L86, M92, L131, M163, L172, C211, Y215, H238, E241, 1243, M247,
H274, P299, D300, M303, W305, T325 and S329.

In another particularly preferred embodiment, the polynucleotide comprises a

35  cytosine at a position corresponding to nucleotide number 468 of SEQ ID NO:2 or
SEQ ID NO:4.

In a further preferred embodiment, the polynucleotide encodes a polypeptide

which comprises;



xiv) A294T 5xv) 1123V xvi) Y67F, V4371 xvii) ML63l, D249N xviii) T1371 xix)

&R46S 10xx) LoOM xXi) A159V, L243P, L451M xxii) T150S, A159V,
A229V, D2BOBEp10LR3B®P xxiii) Y67F, L335M XXi V) YETRU26MONR36 A294T
15xxv) L335M XxXVvi) V106A, S361G F177L, L335M xxvii) $S43G |1107T,

A159V, D350Y xxviii) M3L, T1371, S140R, D182G G190S, D350Y
XXi X) A159V, Li33phenybasiiNe 20xpos)tidd2&iEcs AREME, to BEBANacid number 67 cikSHEQ P21 OA,
VA24] XXXQ%NOA%E%}:{/ (GL90D xxxiii) P210A, A294T, R365H, D350Y
XXXiv) 1123V, cS A294T 25xxxv) Y67F, A159V, D350Y xxxvi) T91S, A159V,
A294T xxxvii) V6T Fering18o/positio3Forygsreiding tonamgig aqed nombeix X1 2§ SEESHY, 1310V,
L335M L3REM , dndA3P
5 iii) a proline, asparagine, threonine, aspartic acid, valine, glycine, cysteine,
serine, glutamine, histidine, tyrosine or isoleucine at a position corresponding to
amino acid number 131 of SEQ ID NO:1, and/or
iv) a threonine or valine at a position corresponding to amino acid number 159
of SEQ ID NO:1, and/or

10 v) a glycine at a position corresponding to amino acid number 161 of SEQ ID
NO:1, and/or

vi) an alanine at a position corresponding to amino acid number 210 of SEQ
ID NO:1, and/or

vii) a proline or glycine at a position corresponding to amino acid number 243

15  of SEQ ID NO:1, and/or

viil) an aspartic acid, serine, glutamic acid, lysine, valine or alanine at a
position corresponding to amino acid number 246 of SEQ ID NO:1, and/or

ix) a threonine, serine or leucine at a position corresponding to amino acid
number 294 of SEQ ID NO:1, and/or

20 x) a methionine at a position corresponding to amino acid number 335 of SEQ
ID NO:1, and/or

Xi) a tyrosine, asparagine, phenylalanine, arginine or histidine at a position
corresponding to amino acid number 350 of SEQ ID NO:1, and/or
xii) a biologically active fragment of any one of 1) to xi).

25 In another embodiment, the polynucleotide encodes a polypeptide which
comprises an amino acid sequence as provided in SEQ ID NO:1 with one of the
following amino acid substitutions or groups of substitutions, or a substitution(s) at an
amino acid position(s) corresponding thereto;

1) Y313F
30 i1) Y67F
iii) A159V
iv) A159V, L243P
v) D350Y
vi) G190D, M2271
35 vii) A159T
viil) A408V
ix) L26M, S161G
x) FI13L, A34D, G246A, D350Y



30xl) 12T, DI0OSE, A159V, E197K, M227l, L243P, L335M xli) A159V, L335M xlii)
S84R, D105G A159V xliii) Y67F, A294T xliv) A159V, DI82E, L335M D350Y
35x1 v) YOVP,20MIBNI L243P x| vi) D38N, A159V xlvii) A159VCTMIB8I9/00YBO5F,
D350Y xlviii) F156L, P210A, D350Y WO 2010/ 025499PCT/ AU2009/ 001136 7 xl i x)
Y67F, D350Y 1) A159V, D350Y i) Y67F, D99G A159V, V213l, L243P, L335Mlii)
E109A, A159V, 43T4¥]l, YBRBE, V399A, V429D 5liii) A159V, L335Mliv) Y67F,
A159V, L335M ’@%}%5 ) D38N, L131P, A159V lvi) T91S, L131P, A159V, A294T,
R365H, L396M D350Y I'vii) R183H, P210A, D350Y 10lviii) Y67F, A159V, D350Y
lix) A159V, P2OAP2MP9Y4T, D350N | x) Y67F, A159V, D350N | xi) A159V, L335M
DB50Y | xii) P2dQPn24@R4T, D350Y 151 xiii) T91S, AL59V, A294T

5 xv) 1123V
xvi) Y67F, V4371
xvii) M1631, D249N
xviii) T1371
xix) G246S
10 xx) LOOM
xx1) A159V, L243P, L451M
xxi1) T150S, A159V, A229V, D230E, L243P
xxii1) Y67F, L335M
xx1v) Y67F, KI01R, A294T
15 xxv) L335M
xxvi) V106A, S161G, F177L, L335M
xxvii) S43G, 11071, A159V, D350Y
xxviii) M53L, T1371, S140R, D182G, G190S, D350Y
xxix) A159V, L335M, D350Y
20 xxx) D28E, A294T, D350N
xxxi) P210A, V4241
xxxii) A159V, G190D
xxxiii) P210A, A294T, R365H, D350Y
xxxiv) 1123V, S161G, A294T
25 xxxv) Y67F, A159V, D350Y
xxxvi) T91S, A159V, A294T
xxxvii) Y67F, A159V, L243P
xxxviil) A159V, P210A
xxxix) A159V, 1310V, L335M, L396M, L243P
30 x1) I2T, D105E, A159V, E197K, M2271, L243P, L335M
xli) A159V, L335M
xlii) S84R, D105G, A159V
xliil) Y67F, A294T
xliv) A159V, D182E, L335M, D350Y
35 xlv) Y67F, A159V, L243P
xlvi) D38N, A159V
xlvii) A159V, M1631, Y195F, D350Y
xlviii) F156L, P210A, D350Y



| xi v) P210A, A294T, L335M or |xv) Y67F, L335M I n yet anot her

enbodi nent, the pol ynucl eoti de conprises a nucl eoti de sequence provi ded as
SEQ | D NOw@ 2010/B&EQ9| D NO. 4 with one of the foll owi ng 20RaTIAAR2D9001136
substitutions or groups of substituti®dns, or a substitution(s) at an

nucl eoti de position(s) corresponding thereto; i) T468C, ii) T468C, A938T,
iii) A200T, G2I0AYOTH#EBGE0®5iv) T468C, CA76T, Gr53C, v) T468C, CA76T,
T728C, vi) T4g§$,91 égﬁg oY1) T384C, T468C, Gb69A, GB8LT, viii) T468C,
A75A, 30ix) Cz ‘? %c, C1223T, Cl1329T, x) C76A, T468C, A481G xi) C39A,
C101A, T468C, esed, D8PS7a158Y0X813L, kP43P.&430M A418C, T468C, A600G xiii)

T468C, GT05A, 1@%@@6%,&59@\{?&31’4??@32@1/83@9A2<VM2§1§68C, CA74T, 628G, C1278T,
xvi) T399C, T468C A, T900C, xvii) T468C, Cl236T. WO

2010/ o§54g9pcr‘f1 lﬁ%b‘%ﬁgéﬁ% 8 xviii) T87C, A367G T468C, xix) T468C, Gl
176T, liv) Y6TF, A159V, L335M, D350Y

Iv) D38N, L131P, A159V
Ivi) T91S, L131P, A159V, A294T, R365H, L396M, D350Y
lvii) R183H, P210A, D350Y
10 lviii) Y67F, A159V, D350Y
lix) A159V, P210A, A294T, D350N
Ix) Y67F, A159V, D350N
Ixi) A159V, L335M, D350Y
Ixii) P210A, A294T, D350Y
15 Ixiii) T91S, A159V, A294T
Ixiv) P210A, A294T, L335M, or
Ixv) Y67F, L335M.
In yet another embodiment, the polynucleotide comprises a nucleotide
sequence provided as SEQ ID NO:2 or SEQ ID NO:4 with one of the following
20 nucleotide substitutions or groups of substitutions, or a substitution(s) at an nucleotide
position(s) corresponding thereto;
1) T468C,
i) T468C, A938T,
iii) A200T, G210A, T468C,
25 iv) T468C, C476T, G753C,
v) T468C, C476T, T728C,
vi) T468C, 1048T,
vii) T384C, T468C, G569A, G681T,
viii) T468C, G475A,
30 ix) C279T, T468C, C1223T, C1329T,
x) C76A, T468C, A481G,
xi) C39A, C101A, T468C, T639C, G737C, G1048T,
xii) C410T, A418C, T468C, A600G,
xiii) T468C, G705A, C1003A,
35 xiv) T468C, G573C,
xv) T468C, C474T, C628G, C1278T,
xvi) T399C, T468C, G880A, T900C,
xvii) T468C, C1236T,



xx) C135T, T468C, C1344A, xxi) T468C, A852T, 5xxii) T468C, T738C, xxiil)
C454T, T468C, xxiv) A200T, T468C, GL309A, xxv) T468C, (A89T, Gr45A, Xxxvi)
C410T, T486Q01010%4991 1) T468C, G736A, XXViii) GPETAUZE®ENI136414G
T468C, T627C, C1321T, xxix) A432T, T488C, T471C, CA476T, T728C, GLO53A,
C1351A, xxx) A303G (449G T468C, C476T, C686T, C690A, T728C, Cl 128T,
Xxxi) A200T, CRIDATSWI7ZBH7GT4868L°, A654G CLO03A, 15xxxii) C180T, A200T,

A302G C375A, [ (/C%%j T468C, A540G GB80A, T900C, XXX111)
C229T, T468C, @32%8 Cl ]O@g:,r’ xxxiv) T317C, T468C, A481G T531A

G753C, T906A, FOTYRSTCIHTEACIAI826G  20xxxv) Al 27G T320C, T468C, CA76T,
G753C, GLO48T, xxi) T468COARKDY, ALS7T, CAL0T, A418C, T468C, A545G GH6BA,
ABOOG, _ C628G, GG%%Q? 48T, C1332T, XXXVii) T468C, C476T, A723G,
Cl003A GLO48TXIR1$88(, T738C, XXXViii) C84A, T399C, T468C, C483T,
G880A, T900C, GARYGASITRAMERCX) T468C, T498C, C628G C885T, AL086G GL270A

Aa7G, CobaT. S\ A B AR OA oc o206, “GBBOA. GIOAST. GL09AA,
xliii) T273A, A3671EH8CIRAT, 1899E, T468C, A481G GBBOA, T900C, 30xliv)
A200T, C207T, %})@410&4%@8@04761 G1048T, A1059G
10 xxvil) T468C, G736A,
xxviil) G225T, C268A, A414G, T468C, T627C, C1321T,
xxix) A432T, T468C, T471C, C476T, T728C, G1053A, C1351A,
xxx) A303G, C449G, T468C, C476T, C686T, C690A, T728C, C1128T,
xxx1) A200T, G210A, C372T, T468C, A654G, C1003A,
15 xxxil) CI80T, A200T, A302G, C375A, T399C, C411T, T468C, A540G,
G880A, T900C,
xxxiit) C229T, T468C, G705A, C1003A,
xxxiv) T317C, T468C, A481G, T531A, G753C, T906A, T978A, C1003A,
A1326G,
20 xxxv) A127G, T320C, T468C, C476T, G753C, G1048T,
xxxvi) A157T, C410T, A418C, T468C, A545G, G568A, A600G, C628G,
G630A, G1048T, C1332T,
xxxvii) T468C, C476T, A723G, C1003A, G1048T, C1329T,
xxxviii) C84A, T399C, T468C, C483T, G8E0A, TO00C, G1048A,
25 xxxix) T468C, T498C, C628G, C885T, A1086G, G1270A,
x1) T384C, T468C, C476T,G569A, G753C, A1152G,
xli) T336C, T468C, C476T, A537G, C564T,
xli1) A228G, T240C, T468C, C628G, G880A, G1048T, G1094A,
xliii) T273A, A367G, C381T, T399C, T468C, A481G, G880A, T900C,
30 xliv) A200T, C207T, G210A, T468C, C476T, G1048T, A1059G,
xlv) A271T, A333G, T399C, T468C, C476T, A843G, G880A, T900C,
CI1236T,
xlvi) A200T, G210A, C346T, T468C, C476T, T579C, T728C, C1278T,
xlvil) C438T, T468C, C476T, A855G,
35 xlviil) G168A, T426A, T468C, C476T, C628G, C1203T, T1305C,
xlix) T468C, C476T, T663C, C1236T,
1) T384C, T468C, C476T, T728C, A928G, C1003A, C1186A,
1) T5C, C315A, T468C, C476T, G589A, G681T, T728C, G8I7A, C1003A,



xlv) A271T, A333G T399C, T468C, CA76T, A843G GB80A, T900C, C1236T,

xI'vi) A200T, G210A, C346T, T468C, C476T, T579C, T728C, C1278T, xlvii)
C438T, Ta86Q010027H%, A855G, 35xlviii) GL68A, T426A, T46BCI/ATRIGN0113628G,
C1203T, T1305C, xlix) T468C, C476T, T863C, C1236T, 1) T384C, T468C, CA76T,
T728C, A928G, Cl003A, C1186A, |i) T5C, C315A, T468C, C476T, (GB89A, (681T,
T728C, GB97A, IG10Q3AT, TOSL0OCATORIANIRET/ AU2009/ 001136 9 lii) C279T, T468C,

CAT6T, ClOOSA’HIi@iO%%,éoi %9%6@%:@@6&4%§§Q C476T, liv) A200T, G210A, T468C,

T555C, G880A, | .’ T546G,_ C696T, C1003A, Gl048T, 5l vi)
A200T, (10A, Me8O0TCW2804, THEECT5F400a80A, TO0OC, lvii) Gl12A, C165T,

Cioon,_ asgaT B ERRC. Ao ToR GO O O 080 c1048T,

I x) T1D8A, Aédd*ﬁ,A%%?ifg%E,gl ’5'5%8@'}7%?%?’@%%8185%%59d C1278T 10l xi) T468C,
CA76T, GB67A, 1&ipGT]2ALI0NBT, T468C, CAMTI, T6 AROAT753G2 10T APBIREC, T468C, CA76T,
G637A. T728C. Cl | Xii i) T 4 76T, T941C,
T959A, A1059G, Vliﬁ;%g“?ﬁ‘,c’ ?‘iﬁgé%gwg{ﬁ%?g&ﬁ%@éig%ﬁ é%ﬁ\%l T468C, CA76T,
CLO03A, 151 xv) iAJDEHC, TAATIA CATATOTH2AEBIOABTA76 T, T879C, CLO03A, GLO4ST,

cosaT. cooor, IOl I LUK GSSTR Al B R S T Carr

G753C10 G880A, lmNOEFC, €4 (ol A356G 1 SA3CCIPOHA, 201 xviii) A228G T240C,
T468C, (b48A, KARRCOTCIEHDA, ACHEB2T468C, C476T, G637A, T728C, C1003A,

Ixiii) C189T, A326C, T468C, C476T, T941C, T959A, A1059G, C1186T,
T1196C, G1248T, T1286A,

Ixiv) T468C, C476T, C1003A,

15 Ixv) A200T, G210A, C279T, T468C, C476T, T879C, C1003A, G1048T,

Ixvi) G112A, C165T, T392C, T468C, C476T, T618C, G660A, C675A,
G753C, C807A, C993T, C999T, T1101C, T1305C,

Ixvil) A271T, T392C, T468C, C476T, G753C, G880A, G1048T, G1094A,
CI1186A, GI221A,

20 Ixviil) A228G, T240C, T468C, G548A, C628G, G1048T, C1332T,

Ixix) TI08A, A200T, G210A, T423C, T468C, C476T, G567A, G1048T,

Ixx) T384C, T468C, C476T, C628G, C867T, G880A, T900C, CO8IT,
G1048A, A1326G,

Ixx1) A200T, C207T, G210A, T468C, C476T, T840A, TI900C, G1048A,

25 Ixxi1) T468C, C476T, C633T, G660T, A723G, C1003A, G1048T, C1329T,

Ixxii1) A228G, T240C, G270A, T468C, C628G, 880A, G1048T,

Ixxiv) A271T, A333G, T399C, T468C, C476T, A843G, G880A, T900C,
C1003T, C1236T,

Ixxv) A228G, T240C, T468C, C628G, G880A, C957A, C1003A, or

30 Ixxvi) A200T, G210A, C411A, T468C, T555C, T639C, A654G, GT768A,
T774A, C972T, C1003A, T1011C, G1353T.

In an embodiment, when expressed in a bacterial cell at least twice, more
preferably at least five times, the amount of the polypeptide is produced than by an
isogenic bacterial cell cultured under identical conditions comprising an exogenous

35  polynucleotide comprising a nucleotide sequence provided as SEQ ID NO:2 or SEQ
ID NO:A4.
In a further embodiment, when expressed in a bacterial cell at least twice, more

preferably at least five times, the amount of soluble biologically active polypeptide is



| xi x) T108A, A200T, &10A, T423C, T468C, CA76T, G567A, G1048T, | XX)
T384C, T468C, CA476T, (C628G C867T, GB80A, T900C, C981T, Gl048A, Al1326G

| xxi) A20W0,2000203H9 G210A, T468C, C476T, T840A, T900C, EGLOAIRN0IABIMKI i)
T468C, CA476T, C633T, G660T, A723G CIO03A, G1048T, C1329T, | xxiii)
A228G, T240C, &XR70A, T468C, (628G 880A, G1048T, | xxiv) A271T, A333G
T399C, T4pRCucddd 716, bASH3E GogGE8 0 ctcTRADRE]l AlOIIT un@ir? BEMtical condltlonlsxxv
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in acell. In another embodiment, the polynucleotide encodes a fusmn protein which

further comprises at least one other polypeptide sequence. The at least one other
polypeptide may be, for example, a polypeptide that enhances the stability of a
30  polypeptide of the present invention, a polypeptide that promotes the secretion of the
fusion protein from a cell such as a bacterial cell or a yeast cell, or a polypeptide that
assists in the purification of the fusion protein.
In another aspect, the present invention provides a vector comprising a
polynucleotide of the invention.
35 Also provided is a host cell comprising a polynucleotide of the invention
and/or a vector of the invention.
In an embodiment, the host cell further comprises an exogenous polynucleotide

encoding a chaperone.



I n anot her enbodi nent, the pol ynucl eoti de encodes a fusion protein which
further conprises at |east one other polypeptide sequence. The at | east one
ot her polwpeptowdetdoay be, for exanple, a pol ypeptide thaCTAUe0$136he
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i dent i cal biefpadalllyCatsive GHRM itisdnNBy an iSogRERNMErROLYIN¢alteel tdeenizadiang t he
amno acid 2 .sequence.grovide as SEQﬂID NO.. 1. . In$a further.

parti cul aP‘P‘VthOr“éf SPPRUSBELTYI HRRTIOUF hER BB P GeodBign IS B0t i oni ne or
val i n20 at sauposifroudecar $EQPDMNIDig t o ami no acid nunmber 159 of SEQ I D NG

1. I n another i . tl it IL.ses.J) an
aspar agi ne at ‘%%%ﬁ%ﬂé%%ﬁgg%nﬁgéﬁo%%%bk%g?%‘%?ﬁ@g%r 0@%§?§ EEQ I D
NO 1, anthreaning ¢rvadingabp ppaition spragsagidieg tq fnewrficenurabydsPiod SEQ B val i ne,
glycine, gypieing aifhdrNemb&diHcAM He, p@liyﬁéﬂtﬁlienﬁddiﬁé!ﬂa@lgi BEmPFisdsSPl gHci ne at

a position corresponding to am ng acid nunber 131 I ],
Exanpl es 8PS 3 3{PRELONAPEFPRAHNS L WHIP&PW&%?%O ngQMNSdL agd the

i nvents onii Iaglbﬂdﬁﬁe, fphragine, teéonind)idsgatit acidatvabad, NeycifadTedyksitine, BEGERZI ne,
rometryn Si mzi.n imetryn, ipazine, trietazine or. cyanQzine.. I n
P erbout BuTpne i SulEnt 67 ol BBFC 3P 5 ol Bh 3P R RoRfin NS Aofd fide o
| east onenwgnbarl3paf pheptDd ¥O:5equence. The at | east one other pol ypeptide
may be, for ex al. tl t hat t S ik f
y E}Et% e{ﬁes 3r RALYARRL Wilfent Bt b%o‘ ygggst%ld dlgee tah%ctﬁ%ellp'tlﬁé( o?! th@

pol ypepti de of present i1nvention, a onotes the
secr et i oniyFENiQfe inclpgico Hut pist Rt nlimiteshnia BBEINCISRYER. agopazie thépmelfyleel | or a

yeast3gel kima@edsiRelryRapiiste trhdidlin s yahczindd the purification
In an embodiment, the polypeptide is a fusion protein further comprises at least
one other polypeptide sequence. The at least one other polypeptide may be, for
example, a polypeptide that enhances the stability of a polypeptide of the present
invention, a polypeptide that promotes the secretion of the fusion protein from a cell
35  such as a bacterial cell or a yeast cell, or a polypeptide that assists in the purification
of the fusion protein.

In another embodiment, the polypeptide is immobilized on a solid support.



of the fusion protein. In another enbodi ment, the pol ypeptide is

i mobilized on a solid support. WO 2010/ 025499PCT/ AU2009/ 001136 12 I n

anot her a®8pe010/0264%¢ present invention provi des an extra®CTAU2e09%0836cel | of

the invention, the plant of the invenki on and/or the animal of the

i nvention, wherein the extract conprises a pol ypeptide of the invention. In

a further aspelntanothieeagpeets éntpreseuenyegivngroviddes exteongoshdst oell fthpr i si ng a

o POLuClRRhEME R plieof MUY (AP AOM B bPRYERDE fneBinife ! el !
of the invention, a po I'nvention and/or extract o

i nvent i onSXtEARHCRIARTiSSH aﬂ?ﬁ Y@eﬁéi?eqftth\%lnéfe@ml ers. In a further aspect,

the present inyentir®er NpeMi BRSrERhNRY AN ﬁ%dﬁi@i ¥ Sbgo@flors c&rﬁbﬁéﬁé‘@ or

di azin %Bm.?thod (f I‘ISI&% contactbgg he .s-triazi ne 0[1 diazine with a
10 pol 3 nubP'eBSIeRids of ffatny eRiioh:  BrCtoLOMBE iyenten. pHiost RIfiho HVelitbst cel |
of the i nugnilypeptida ofahy pepitide aatl/or hatiatty 8N theo mveatiorgXxdndacte of nidre

i nvention_an (agfe a corrp05| tion of the invention. In an enbodi nent, the
sanpl e sef €& fF6m t he group consisting of: soil, water, biological
material or a boafurter iaspect, iy pekent ibvantianprdwedesaspbed forthhergyesgean

| nvent | on B S AR IRAHc by E&ﬁgﬁglngg(}mtﬁgwe SRR dM4idtherf hazi ne or

diazine in jeCt m ni sterin tOt subject a
pol ynik| eBelyeclestide 19b thonpeentiogna V§Ct91’e‘?:ftt8? 1161611'%1% aj howeepll Jrihe alvr%%qn cel | of

t he i nvenkipgRpeptiRUNBRERN LAY hn th@adt BF 8RthRMtioARANESE & d6hp&Nitidhef thevent i on
and/or a congom tion of the invention. 20l n another aspect, the present

i nventi onIF8%8es for the use of a pol ynucl eotide of the invention, a
vect or of the Innarermbodiment,hihstsaogld saéctéd éronn vien romp, ccmsusﬁhg/pépmlkje of the

I nvention,, 0 t{f?:l%él%gltm?tgri%l%? aic%fn%"}%aﬂtii%ﬁt&%’c{for a conposi tion of the

i nvention ament for treating toxicity caused
by anlstri a2| na asothgr astienie thanprgsengbjvestion pBIvidcaponttbed gt peding tokigitpr esent

i nvent i OncaRfSQd’ b?%ﬁ s@riBhO8f dfkinkrAAUGbRgt, Qhé)ﬁfeﬁﬁﬁ%hﬂo%sﬁl%pﬁﬁhﬁls@;m%
hydr ol ysi ng triazine and/or diazine, th d conprising cuftivating

a host celd tthSHbJﬁ@t 4 pRlEpHGlenside OF s Wyeriing 2 psrtghebiicdavengpnae hesteel of t he

I nvent i onofthedaiéigiondh gol@Pbptm%mﬂ tHe inveRtled, modx@hiatt SMhe WiicaHo@bh@¥t a
eoti de encodi ng the pol ypeptide, and recovering

expression of the E%/
t he 30expfYBRY! ‘?@ B]tVF%féon In yet a further aspect, the present
i nvenZO on pr ovindesotheredspod, fihe gdeteut imgnaomoptovaieb | fort hlﬁe nethod a

conpri si ng?]_lygucleoftlde'o)f t1§5 1ﬂg%fo'nngv 81%1] thQ% V%nR&P "évl\ﬁﬁ (ﬁenl c?r'fthg ﬁl\Je th a

pol ynucl e I oh un er condi tlons a é of the
pol ynucl e@mpw@emiydeméhfc@llvan; agxtzged of the mveinutl))n gad/eet pw@p%ﬂh@swf el | by

exposi Ng {Renk& fo? the HhsteRrd bf a HedhARENYoraflatifg tEMEEBPEaust P b9 afi~Lr'izaine
or a diazine, In an. enbodi nent, the pol ynucl eoti dé encodes a pol ypepti de of

the i nvenfliagHe or@szus1p AG882¢0PCT/ AU2009/ 001136 13 In an enbodi nent
the p2d ynucl eoli getieenppésetheaprebdns tinvypeon rgadtaga frmahsd @ﬁrpmsd@inwaa

pol vt ety RSB0, SRGERL RED SRS I MBS
comprising cultivating a host cell of the invention encoding said polypeptlde or a
vector of the invention encoding said polypeptide, under conditions which allow
expression of the polynucleotide encoding the polypeptide, and recovering the
30  expressed polypeptide.
In yet a further aspect, the present invention provides a method for detecting a
host cell, the method comprising
1) contacting a cell or a population of cells with a polynucleotide of the
invention under conditions which allow uptake of the polynucleotide by the cell(s),
35 and
i) selecting a host cell by exposing the cells from step 1), or progeny cells
thereof, to a s-trizaine or a diazine.

In an embodiment, the polynucleotide encodes a polypeptide of the invention.



I n one enbodi ment, the second open reading frame encodes a pol ypeptide. In
5 a second enbodi nent, the second open reading frane encodes a

pol ynucl ewDi2d®/02biseh is not translated. In both instancesT/Awoismopsef erred
that the second open reading frame isl3operably linked to a suitable

pr onot er. Preferably, the pol ynucleotide which is not transl ated
encodes a cat alydri ecmbodihent; the ipdlynacldstiRitAcarprésesi laefirso opan radings ape

nol ecul e. i r - ' - th (R I - . In a
furthor - aSoapiif RORbAE RO BB TROlichl End g sbodnf el uBlfnERbne not an
stri azi neconpidiing ¢ pelynpdieotiderof ghyniprémdiong a pol ynucl eoti de of the invention,

a vector of thg dRv@HodfRent&hBASdona Vpkn Badtrderririy Bitoki&Na p@ly?éﬂtﬁd@.eﬂﬁi de

according of the inyention, an extract of .the inventiop and/ o .

corrpoé ti BﬁeCGPQFH‘é?O WRBhdnS srcondpprnroRdipe ﬁémeggﬁ%@ﬁ?ppﬁ@uﬁ?% ¥hichyent i on

provi des @mustahsiabd alipbdiyi pepincds iofs préferredt@nticadeond open Iréadaiiofriv@e aspect

the present in ti.0 rovides a t hod of designing a pol ypeptide which

has great grOPgatY)r%fnlénzl?e etggﬁ%ll %?e Bﬁog{zrol? \e hydrol ysing activity than a

pol ypept i de cofpfargilngthenpelmumbecdicl dwbishuenoe tassptal cdedes i SEQyHD NO. 1,

the 20 mh@&@ﬁc%’i’&?éhﬁ{l@ﬂ b&ﬂe,%?%n%@s{@h&rﬁﬁ@%ﬂbnat es of the crystal of the
e abi

i nvention to conputationa g eval uate | Ity of an s-triazine or
di azi H& to assld perigd embadisentitiecd! ipsiNanépell-de, and sel ecting a
Ioolt yp_eltotl dﬁ V\’fEnCahﬁFﬂl%r ggRet, @lic prebdut dgvdndoR e desh _ﬁg iffleh 6l Shy Sihngd  ded
activity than a pol ypeptide conprising an am.no acid. sequence as pr.ovide
o stq | oiene orBsRarts K eoRBaE Pol SR aaT SRt dqecor OF
char act er ilgtihesitioh, ot adpeftthe afvehtien, iampodpicpiide @icerdappdfithablvention, aany ot her
aspects of LNe .t AYGNLAR andor o CRRMARRUE sfhSeRRCI f1 catfon the word
conprise™, or variations such as "conprises” or "conprising", wll be
under 1 ood t o Inngpfuyrthehesrient Iths prgsend fineng o peayidds el ofi palgeantide oft ep, or
group of gl-gpEMtisy | Ntegers or steps, but not the exclusion 300f any other
el enent, integer or,  step, or group of elenents, integers or steps. The
i nvention is hér &19ReTt P ter PISaLNt BYVeREPN gFoYiHes foMFBRH iy drsienmentt i ng
Exanpl es aolgpaptids wisitemangecatd §-hrzimecpdpaniiiige higuehg adWity than a
2010/ 02549%%TIQU2009/ 001136 14 BRILEF DESCRI PTI O\ﬂl}?g: %m@wl NG
DRAW NGS PEYBUIHEC COMEY P Hr BB A7 STHRES % PLYIGREsD e BRzynmes of
t he i 2Wentiedwd denguiseng?usiBe eratbimic cepdewtnst aft thorcrpdfal pETibe Anvaagidbp.to5 Fi gure
3. Partia i .16~ r zIN: : ae . i ngier medi at e
mut ant folrsorrrg?ﬁtﬁéen%@gle&glu? or MXﬂ\?vi ﬂ%(ljﬁt%gogeg&% % Zl}-lgez.yagfeé%mfg rtgﬁg ‘Cgagf r“n {eht 5aI :
(2005) vyi edndlidage Polgpapiide.rameh ssleciing egolypentsleurzieh s grattehineans andos
included @aame hlrol R 4dAQitY tHEﬁ'amti&@b&%ﬁsiﬁ Bedmaociddigedieds The
Sis

position of TrzN n&nlﬁ s vari ant Oi ndicated with an arrow. Equal

vol unes (Blrol’.l‘iféi)mg]E ¥Ontical purifications of TrzN and its variants were
added23 o each Aawmell bEiagpurentdprefghdnfaitutes and chanttonsticolof bhe adpczfNofSthe uct ur e.
TrzN forns_a _ho nomer .is divided into two

donai ns: ng%t?%n%g:%Pn@iwcag%r%g%ﬁgﬁﬁg%g as%aegtg o eV Cnclon
Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion
30  of any other element, integer or step, or group of elements, integers or steps.
The invention is hereinafter described by way of the following non-limiting

Examples and with reference to the accompanying figures.

35



1513/ cc8 barrel domain. The 13/cc8 barrel has several |oop insertions on

t he upper face, which serve to nodify the active site entrace, or

addi ti onawbyofoommophe di mer interface. Figure 5. SchemaPCt/Adizo0vo0gL3s he
residues that constitute the substrat¥® bi nding pocket of TrzNcc3. 2.
Atrazine, the Zn2+ centre and hydroxyl ion (OH4) are shown centrally. 20The
identity BRIEFIKSOREPPHINIOBTHE ACEOMPAN YANHBDRAWINGSpri se t he

bstr at T — . = ‘
Apo- Tr NGB EnRDebRbe Byl T AR du Dy SRS G £ 61 1w
ZnCl2. 25 Figure 7. Schematic of active site am no acid residues and netal

coor di nat gpgiran] @Qhé%ﬁétf&&ﬁr_%béiﬁkﬁ_ﬁm_d‘f‘&aﬁ@é&ﬂ%gfﬁ he Zn2 and hydroxyl ion (OH)
are shown central and the identities of and sequence positions of the

relivaht residues are inducated. 30 Fi gure 8. Schematic describing the
proposed Fiaeti3onPariahpmifdntioh ofrwilN-typedizd, TrzNRekali adsthe pnleghoen t he

rate constant . (kat TrzN wi t h..anetryn.and, t he pH the_react,d buf fer.
35Fi gure %Fanﬁeflérﬁﬁl%‘ gihef‘faé edﬁirr‘?% WRG ??12 Pz%%.@m &%Plételtoaﬁ‘ g@@? razi ne
in a 1.5 Mcldug d8myg Gam atitrdQ . Molvoulas wafghemadadi werenndfidchr @ddedd), 2nd Sanpl es

anal ysed : : : : 1 : :

2010/ 0254%5%%_’21%@8% gféﬁdé%a%gk@&#%ﬁfég (IJ%%KI%ﬁEﬁLZIﬁ\géFﬁI& Vaél\EégSff) NO 1 -
Ani nolGci Bdicstdeviitle apfarigi. dEgyabeolmmay, (5 SEDfED Mentcal pedliesionpof hirgdd open
readi ng fp@aies encad vae TadN 16 ThaiNeRy. - SEQ I D NO 3 - Codon optim sed
open reading frame encoding TrzN with 156th 5 codon change from TTT to TTC
(Trz L1). SEQID NO 4 - Open reading frane encoding wild-type TrzN. SEQ ID
NO s 5 t oFgire 40Schanatid &nit dackeopbi ther&zNBEhétutdEDT DNSCRh 7 haNoMimcF HE

| NVENTI ON I chni. finitions I - pfically
ot g ol hENE S of A mIFSA SRS TRl RhAR® Brsanen tlORBEREFL AT b
takenlio B&uwebariel demam. nBan Py kagret basrsnvierel Uerte insesiods by tnepedr faedi nary
skil'l in thenativels nfbdify'the £&@IVE sRULTHICE, orbal'dﬁ{tl%ﬁﬁﬁ! Rk QR divRl SRR
genetics, imunol ogy, 1 mmunohi stochem stry, proté€in chemstry, and

bi ochem stry). 15 Unl ess otherw se indicated, the reconbinant protein, cell

cul tgr eéI Eithre mlaﬂérﬁﬁicﬁﬁbwﬁ@ﬂhﬂir@ﬂﬁlﬁs tak bd)t_?slﬁldlt% ﬂ;etshssﬁﬁm@ﬁiﬁmh%ipamwﬁti on are
St andar C u S,. W n to thos SKI e e rt. uc

oo B IERRHLES v 1 A0 St St 6 (e 2 Fab & sour ces
such 2%, JThe Rdmitigt and\s&quaotd paditi@uiofiehd amvivl acdd drat Compiisggthelotbstraé | ey and
Sons (1986i)ndin%'po§l§é{1%[}é)ﬁi&ic§{edal ., Ml ecular Coning: A

Figure 6. Saturation of Apo-TrzNcc3.2 with Zn*'. Half maximal activity was
recovered at 2.6 UM ZnCl,.

25
Figure 7. Schematic of active site amino acid residues and metal coordinating amino
acid residues. Atrazine, the Zn2" and hydroxyl ion (OH) are shown central and the

identities of and sequence positions of the relivant residues are inducated.
30  Figure 8. Schematic describing the proposed reaction mechanism of TrzN.

Figure 9. Relationship between the rate constant (kca) of TrzN with ametryn and the
pH of the reaction buffer.

35  Figure 10. Result of field trials with TrzNcc3.2. Depletion of atrazine in a 1.5 ML
holding dam at 10.5 hours after addition of TrzNcc3.2. Samples analysed by QHFSS
(Squares), and CSIRO Entomology (Circles).



20 Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A
Brown (editor), Essential Mol ecular Biology: A Practical Approach, Vol unes
1 and 2, wBRoRves®9(1991), D.M dover and B.D. Hames ( @diriaare)9/ooDisé
Cloning: A Practical Approach, Volume® 1-4, IRL Press (1995 and 1996), and
F.M Ausubel et al. (editors), Current Protocols in Mlecular Biology,

G eene PuKEMﬁbﬂ:‘Hz]EI SEQAENCEIYTING | nt er sci ence (1988, including all
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et hoxy hy gypef st NYE PV ReNGgen | N a preferred enbodi ment,
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2010/ 025499PCT/ 001 used herein ete ter
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proper folding, or unfolding, for altering exportation of a protein froma
ceII Chaperones are mell knomn |n t he art, and |nclude but are not Ilnlted

o . o o o r . — — T Y. e




5 chaperones such as Hsp70, DnaK, Hsp40, DnaJ, G pE and the Chaperonin
famly of chaperones such as G oEL, G oES, Hsp60, HsplO. By way of a
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gqthpr polypeptldes or other
contaminating molecules with which it is associated in its native state. It is preferred
that the substantially purified polypeptide is at least 60% free, more preferably at least
75% free, and more preferably at least 90% free from other components with which it
is naturally associated. However, at present there is no evidence that the polypeptides
of the invention exist in nature.

The term "recombinant" in the context of a polypeptide refers to the
polypeptide when produced by a cell, or in a cell-free expression system, in an altered
amount or at an altered rate compared to its native state. In one embodiment the cell
is a cell that does not naturally produce the polypeptide. However, the cell may be a
cell which comprises a non-endogenous gene that causes an altered, preferably
increased, amount of the polypeptide to be produced. A recombinant polypeptide of
the invention includes polypeptides which have not been separated from other
components of the transgenic (recombinant) cell, or cell-free expression system, in
which it is produced, and polypeptides produced in such cells or cell-free systems
which are subsequently purified away from at least some other components.

The terms "polypeptide” and "protein" are generally used interchangeably and
refer to a single polypeptide chain which may or may not be modified by addition of
non-amino acid groups. It would be understood that such polypeptide chains may
associate with other polypeptides or proteins or other molecules such as co-factors.
The terms "proteins” and "polypeptides” as used herein also include variants, mutants,
biologically active fragments, modifications, analogous and/or derivatives of the
polypeptides described herein.

The % identity of a polypeptide is determined by GAP (Needleman and
Wunsch, 1970) analysis (GCG program) with a gap creation penalty=5, and a gap
extension penalty=0.3. The query sequence is at least 25 amino acids in length, and
the GAP analysis aligns the two sequences over a region of at least 25 amino acids.
More preferably, the query sequence is at least 50 amino acids in length, and the GAP
analysis aligns the two sequences over a region of at least 50 amino acids. More
preferably, the query sequence is at least 100 amino acids in length and the GAP
analysis aligns the two sequences over a region of at least 100 amino acids. Even
more preferably, the query sequence is at least 250 amino acids in length and the GAP
analysis aligns the two sequences over a region of at least 250 amino acids. Even
more preferably, the query sequence is at least 400 amino acids in length and the GAP
analysis aligns the two sequences over a region of at least 400 amino acids. Even

more preferably, the GAP analysis aligns the two sequences over their entire length.

Gl90D, G1905, Y195F, E197K, P210A, V2131, M271, M271, A229V,
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A2945, A294L, 1310V, Y313F, L3®4P, V320E, L335M D350N, D350

D350R, D350H, R365H, L396M V399A, A408V, V4241, V429D, V437
Wb 204i1do@ 5499 PCT/ AU2009/ 001136 22 Table 1. Exentlarv
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enbodi ment, the pol ypeptide conprises2an am no acid sequence as provided in
SEQID NO 1 with a substitution at one or nore of the follow ng amno 5
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A preferred embodiment relates to the polypeptide being produced in a
“soluble biologically active form”. As the skilled addressee will appreciate, this
refers to polypeptides which are not present in insoluble, and hence inactive, form
when expressed in the cell. Furthermore, biologically active means the ability to

10 hydrolyse an s-triazine and/or diazine.

With regard to a defined polypeptide, it will be appreciated that % identity
figures higher than those provided above will encompass preferred embodiments.
Thus, where applicable, in light of the minimum % identity figures, it is preferred that
the polypeptide comprises an amino acid sequence which is at least 50%, more

15  preferably at least 60%, more preferably at least 70%, more preferably at least 75%,
more preferably at least 80%, more preferably at least 85%, more preferably at least
90%, more preferably at least 91%, more preferably at least 92%, more preferably at
least 93%, more preferably at least 94%, more preferably at least 95%, more
preferably at least 96%, more preferably at least 97%, more preferably at least 98%,

20  more preferably at least 99%, more preferably at least 99.1%, more preferably at least
99.2%, more preferably at least 99.3%, more preferably at least 99.4%, more
preferably at least 99.5%, more preferably at least 99.6%, more preferably at least
99.7%, more preferably at least 99.8%, and even more preferably at least 99.9%
identical to the relevant nominated SEQ ID NO.

25 Amino acid sequence mutants of a polypeptide described herein can be
prepared by introducing appropriate nucleotide changes into a nucleic acid defined
herein, or by in vitro synthesis of the desired polypeptide. Such mutants include, for
example, deletions, insertions or substitutions of residues within the amino acid
sequence. A combination of deletion, insertion and substitution can be made to arrive

30 at the final construct, provided that the final polypeptide product possesses the desired
characteristics.

Mutant (altered) polypeptides can be prepared using any technique known in
the art. For example, a polynucleotide described herein can be subjected to in vitro
mutagenesis. Such in vitro mutagenesis techniques may include sub-cloning the

35  polynucleotide into a suitable vector, transforming the vector into a "mutator" strain
such as the E. coli XL-1 red (Stratagene) and propagating the transformed bacteria for
a suitable number of generations. In another example, the polynucleotides of the

invention are subjected to DNA shuffling techniques as broadly described by



1) a phenylal anine at a position corresponding to am no acid nunber 67 of
SEQ ID NO 1, and/or WD 2010/ 025499PCT/ AU2009/ 001136 23 ii) a serine
at a posiwpanigas49espondi ng to am no acid nunmber 91 of BEQAW0MDOLL36and/ or
iii) a proline, asparagine, threonin&l aspartic acid, valine, glycine,
cysteine, serine, glutam ne, histidine, tyrosine or isoleucine, at a
position tlerayespofi@P8)y tRyoducsrideovak ifibrmumireted/bBdredf DEBQchiD m@ilyl be and/ or
iv) a thr ' ' . i 1] ' ' hd nunber
159 of SE ?_%S%?IT,g“%#h%@s%es%ﬂﬂ%h%b%ﬁg%@%@ﬁﬁlﬁqﬁﬁfg?ﬁ B B e 1o
ami no aci @esiighbenotar syeh sEehapradactiyitprl/ o alteowd spbgratasneaifisétyat a position
correspondi Ng {OJAPniy Aaind LHAREJucRIOnRtanBE@d Bchldn &f tRNGMAKion site VIii) a

proline or glycine at a position_ corresponding to. aning acid_n r 243 of
SEQ | O Nopnd g of the Mutation gyl depgnil B3 ﬁg%rﬁgterl%{w? o isrmwg,ﬁe% F&?srn c
acid, | yskirs,fov alutatonosandcambdi€icatindiviibalpost tn diics,0¢.§.edPENdsutgtifutingm no

acid nunber 246 of SEO..ID NQ 1,.and/.or i X).a threoni ne, .serine or
e no ofifss 508 onBauy iitho i BGiSs and. ok ViR s RlsgE sofiland”,

NO 1, anddepending upeh the nstults acliievedat2) alcptiwigttho targdrresdpn rdi(Ayinsetiagi no aci d
nunber 335q0f SHQ.J Riloht tbn@Rghel ROXI ) a tyrosine, asparagine, |
phenyl al ani ne, argi nr]‘ne or ‘Pn stidine at a position corresponding to am no
aci d Hunber 358myfo sEdspEienes daletionsdzerallyi pnge Gpey dhput Al tPyl Sakesidyes. f r agnent
of any ongo@f piclerdfdy ¥bout 1 to 10 réskiRB a EUaH%@b@utUh@_SR@hMBﬂﬁl% iréledue@npri ses

an am no acid uence as provided in IDNO1 with.one of the follown
o a0 noi 4 sabSTH RS reaRs his B0lseN e QB ik oS Qe FyBETE Ot  om( )

at an am nola&alcdrepostd had b gl ffaontresifon disaged meiteplace. i TherSitBFofi dryatdb7F 1)
AL59V 30i Yn)ter@‘sjtS?o\{’ sul‘b%ét%ﬁo}{?}l %?%Xné’siis) i&]lgge[)’sityg %Jéntiﬁed as important for

15  function. Other sites of interest are those in which particular residues obtained from
various strains or species are identical. These positions may be important for
biological activity. These sites, especially those falling within a sequence of at least
three other identically conserved sites, are preferably substituted in a relatively
conservative manner. Such conservative substitutions are shown in Table 1.

20 In a preferred embodiment a mutant/variant polypeptide has one or two or
three or four conservative amino acid changes when compared to a polypeptide
specifically defined herein. Details of conservative amino acid changes are provided
in Table 1.

In a preferred embodiment, the polypeptide comprises an amino acid sequence

25 as provided in SEQ ID NO:1 with one or more of the following amino acid
substitutions, or a substitution at an amino acid position corresponding thereto; 12T,
FI13L, L26M, D28E, A34D, D38N, S43G, M53L, Y67F, S84R, LO0OM, T91S, D99G,
K101R, D105SE, D105G, V106A, 1107T, E109A, 1123V, L131P, L131IN, LI13IT,
L131D, L131V, L131G, L131C, L131S, L131Q, L131H, L131Y, L1311, T137],

30  SI40R, T150S, F156L, A159T, A159V, S161G, M1631, F177L, D182E, D182G,
R183H, G190D, G190S, Y195F, E197K, P210A, V2131, M2271, M2271, A229V,
D230E, L243P, 1L.243G, G246A, G246S, G246D, G246E, G246K, G246V, D249N,
A294T, A294S, A294L, 1310V, Y313F, L314P, V320E, L335M, D350N, D350Y,
D350F, D350R, D350H, R365H, L396M, V399A, A408V, V4241, V429D, V4371

35 and L451IM.



vii) AL59T viii) A408V 35ix) L26M S161G x) F13L, A34D, G246A, D350Y xi)

T1371, S 1 40R xii) L335M WD 2010/ 025499PCT/ AU2009/ 001136 24 Xiii) P21 OA
Xi V) A294W0x0)0/23@8V xvi) YB67F, V437l 5xvii) ML63l, D24®NI/AU2009/001136XVii i)
T1371 xix) G246S xx) L9OM xRi) AL59V, L243P, L451M 10xxii) T1508S,
AL59V, A229V, D230E, L243P xxiii) Y67F, L335M xxiv) Y67F, KLO1R A294T xxv)
L335M xxvTabM10 6By enfilfy Gubsaititns. L335M 15xxvii) S43G, |1107T, AL159V, D350Y

xxviii) M3L, T1371, S140R, D18RG Gl90S, D350Y xxi x) |A159V, L335M D350Y
xxx) D28E, A294T, D350N

Original Exemplary

Residue Substitutions

Ala (A) val; leu; ile; gly

Arg (R) lys

Asn (N) gln; his

Asp (D) glu

Cys (C) ser

Gln (Q) asn; his

Glu (E) asp

Gly (G) pro, ala

His (H) asn; gln

Ile (D) leu; val; ala

Leu (L) ile; val; met; ala; phe

Lys (K) arg

Met (M) leu; phe

Phe (F) leu; val; ala

Pro (P) gly

Ser (S) thr

Thr (T) ser

Trp (W) tyr

Tyr (Y) trp; phe

Val (V) ile; leu; met; phe; ala

In a further embodiment, the polypeptide comprises an amino acid sequence as
provided in SEQ ID NO:1 with a substitution at one or more of the following amino
5 acids, or an amino acid position corresponding thereto; M82, W85, L86, M92, 1131,
M163, L172, C211, Y215, H238, E241, 1243, M247, H274, P299, D300, M303,
W305, T325 and S329. One or more of these amino acids may changed to alter the
specific activiy, catalytic constant (kcar), substrate specificity (Km), stability and/or
second order rate constant (k../Km) of the polypeptide.
10 In a further preferred embodiment, the polypeptide comprises;
1) a phenylalanine at a position corresponding to amino acid number 67 of SEQ
ID NO:1, and/or



xxxi) P21 OA, V4241 20xxxii) Al159V, GL90D xxXxiii) P210A, A294T,
R365H, D350Y xxxiv) 1123V, S161G A294T xxxv) Y67F, A159V, D350Y

XXXVi) TONG20MIBN A294T 25xxxvii) Y67F, AL59V, L243P 2KIAU2009/00158YV,
P210A xxxi x) A159V, 1310V, L335M L398M L243P xI) |2T, DIOSE, A159V,
E197K, M271, L243P, L335M xli) A159V, L335M 30xlii) S84R, D105G Al59V
xliii) Y67F, APOdTerld at)a pAsHdds cadiBpending 86 Mimo350y nunbyr Y63ESEQLEDV, L243P
xl vi) D38}§go.¢éa§a)6r35xlvii) A159V, M163l, Y195F, D350Y xlviii) F156L, P210A,
D350Y xlix) Y6/F, D350Y 1) A159V, D350Y WO 2010/ 025499PCT/ AU2009/ 001136 25
i) Y67F, D99Gi) A1B9Une.\aspaiagine AgFoning IBpartic jacid=1ebng. dygow, cysginp, V320E,

V399A,  VAZ8Re! Iolutdmé> ANtidiad 3 BMbdihd br Yol Eucifdl 29¥ péstitMeo&piding to
5 amino acid number 131 of SEQ ID NO:1, and/or
iv) a threonine or valine at a position corresponding to amino acid number 159
of SEQ ID NO:1, and/or
v) a glycine at a position corresponding to amino acid number 161 of SEQ ID
NO:1, and/or
10 vi) an alanine at a position corresponding to amino acid number 210 of SEQ
ID NO:1, and/or
vii) a proline or glycine at a position corresponding to amino acid number 243
of SEQ ID NO:1, and/or
viil) an aspartic acid, serine, glutamic acid, lysine, valine or alanine at a
15  position corresponding to amino acid number 246 of SEQ ID NO:1, and/or
ix) a threonine, serine or leucine at a position corresponding to amino acid
number 294 of SEQ ID NO:1, and/or
x) a methionine at a position corresponding to amino acid number 335 of SEQ
ID NO:1, and/or
20 Xi) a tyrosine, asparagine, phenylalanine, arginine or histidine at a position
corresponding to amino acid number 350 of SEQ ID NO:1, and/or
xii) a biologically active fragment of any one of 1) to xi).
In an embodiment, the polypeptide comprises an amino acid sequence as
provided in SEQ ID NO:1 with one of the following amino acid substitutions or
25  groups of substitutions, or a substitution(s) at an amino acid position(s) corresponding
thereto;
1) Y313F
i1) Y67F
iii) A159V
30 iv) A159V, L243P
v) D350Y
vi) G190D, M2271
vii) A159T
viil) A408V
35 ix) L26M, S161G
x) FI13L, A34D, G246A, D350Y
xi) T1371, S140R
xii) L335M



51v) D38N, L131P, A159V lvi) T91S, L131P, A159V, A294T, R365H, L396M D350Y
| vii) R183H, P210A, D350Y lviii) Y67F, A159V, D350Y lix) A159V, P210A,
A294T, D3BOMomdI2x499Y67F, A159V, D350N | xi) A159V, L335MpCcDadnyodeeiizy P210A,
A294T, D350Y Ixiii) T91S, A159V, A294% | xiv) P210A, A294T, L335M or 15l xv)
Y67F, L335M More preferably, the pol ypepti de conprises an am no acid
sequence as prxu) BBHDA N SEQ ID NO1 with one of the followi ng am no acid
substitutions Q%) 45e4PS of substitutions, or a substitutions at an am no
acid position(s)” corresponding thereto; liv) Y67F, A159V, L335M D350Y
201v) D38N, L182PI23M59V |vi) T915, L131P, A159V, A294T, R365H, L396M
D350Y |vii) RIGAHyeA2MU871D350Y Iviii) Y67F, Al59V, D350Y Iix) AL59V,

P210A, _ A294T, mgg\w éilﬁ% 7F, A159V, D350N I xi) A159V, L335M D350Y Ixii)
P210A,° A294T, ¥E8ORiPFPNo15 A150v, A294T Ixiv) P210A, A294T, L335M or
30l xv) Y67F, L33BM1371 In a particularly preferred enbodi nent, the

pol ypepti de conlrgib%@s a threonine or valine at a position corresponding to
amino aci d nunbé of SEQ ID NO 1, and when expressed in a bacteri al
cell nmore of txe L®OM/peptide is produced in soluble biologically active

formthan by %ijg9wi§24@§c£@§ﬂl\ql cell cultured under identical 35
conditi ons conpri si n8 ‘an_exogenous pol ynucl eoti de conprising a nucl eotide

] I
sequeHte provided TASOSEHY INY.NG20VeP288) 1393R0 4. Furthernore, in this
enbodi ment it tgiipyefEnigdmM hat the pol ypeptide additionally conprises i)

al\llg isp::}gg: In)e %gl‘()}a%&ﬁgll(ﬁﬂ g%hespondi ng to amno acid nunber 38 of SEQ ID

xxv) L335M
xxvi) V106A, S161G, F177L, L335M

15 xxvil) S43G, 1107T, A159V, D350Y
xxviil) M53L, T1371, S140R, D182G, G190S, D350Y
xxix) A159V, L335M, D350Y
xxx) D28E, A294T, D350N
xxxi) P210A, V4241

20 xxxii) A159V, G190D
xxxiil) P210A, A294T, R365H, D350Y
xxxiv) 1123V, S161G, A294T
xxxv) Y67F, A159V, D350Y
xxxvi) T91S, A159V, A294T

25 xxxvii) Y67F, A159V, L243P
xxxviil) A159V, P210A
xxxix) A159V, 1310V, L335M, L396M, 1.243P
x1) 12T, D105E, A159V, E197K, M2271, L.243P, L335M
xli) A159V, L335M

30 xlil) S84R, D105G, A159V
xlii) Y67F, A294T
xliv) A159V, D182E, L335M, D350Y
xlv) Y67F, A159V, L243P
xlvi) D38N, A159V

35 xlvii) A159V, M1631, Y195F, D350Y
xlviii) F156L, P210A, D350Y
xlix) Y67F, D350Y
1) A159V, D350Y



WO 2010/ 025499PCT/ AU2009/ 001136 26 asparagi ne, threonine, aspartic acid,
val ine, glycine, cysteine, serine, glutam ne, histidine, tyrosine or
i sol euci n€Oap10202pp8i ti on corresponding to am no aci d numrb@rAlke®/oi136EQ | D

NO | . Preferably, if not speci®ied otherwi se, at a given am no acid
position the 5 polypeptide conprises an amino acid as found at the
correspondi ng l;i))oﬁéﬂﬁ DIP6F, Atllﬁ@Vpb’lZyZﬂehﬁ«ﬂﬁe I386Mi ded as SEQ ID NOI. | f

an am no aci d E%@ quﬁmieV E n\g@ggr %g% with an anmino acid

substitution pr Vi de ‘'nonm nated amno acid is preferred. In
a preferred enbodh M ﬁﬂM pol ypeptrde is a diner of two separate 10

pol ypepti de chghnge7af A’qbe\/l Dy P850y he pol ypeptide may be a honodi nmer or
a hete odi ner. \)ﬁég rﬁ tg he heterodiner, it is preferred that the two
pol yp tide chlé( Ny P, Adad 90% nore pref erably at |east 95% nore
preferably at IvoastISQLY81MwNIeopt abe4BIRI658L LBeast DISOY identical. In a
further pref erre pol ypeptide is associated with Zn2 or
15Co2' . ggggﬁ? %g@lﬁer%%@gsr gning further nutants the skilled person
can use the |n1fvur)rﬁéﬂ7rFoA1§9¥5;/D&IﬁHY| n Exanple 2 regarding the structure of

TrzNcc3. 2. X@rf@lﬂerpgp%g Atéﬂd |5()ﬁd unnatural am no acids or chem cal
anm no acid ana g{ues éan be’introduced as a substitution or addition into a

pol yptbti de dexe¥OBEADPNMBON Such anino acids include, but are not
limted to, thgi)Dxiswrenssaf pBhgyconmon ami no acids, 2, 4-diam nobutyric
acid, 0O-amno jso ri am nobutyric acid, 2-am nobutyric acid,
6- am no hexanolrxl:“)gét A22925rr ﬁgsélgobutyrl c acid, 3-am no propionic acid,
orni t hi ne, norllxm)(iﬁ%é An$IVW,aA294d, hydr oxyproline, sarcosine, citrulline,
honncrtrullrne , | gl ycine, t-butylal ani ne, 25

phenyl gl yci ne, @»?tlﬁ ﬂrlri3tr3rgpr§E§ al ani ne, fluoro-am no acids, designer
am nol&ci ds suleﬁﬁ)‘éémﬁs%é%yl am no acids, Ca-nethyl amino acids, No-nethyl

am no aci ffyre ? cl@biyN A1 e}ﬁﬁé Qgh'l‘f)ﬁsésnang%ﬁﬁ{oaalmd sequendd §9p ﬂonEilquﬁd wi thin
t he scope of invention a pepti des of .the present |nvent|on whi ch

are diffePERt ilarNQ Indaibs Py of b rf@H‘meaf %r@ms%@ [reRytigutiqns (or gy ef

bi ij inyl a&utrgﬂtunbﬁ@ z)yhaab@mglo@ls YCASathiab ia6id, poﬁﬁlkﬁfg?éb aiﬁé%pondiﬂ@ﬂié% ylati fm

am dation, derj t ecti ng/ bl ocki ng groups, proteolytic
cl eavage, i nk]ééa%@a gﬁﬁtiﬁ%@%ﬁgul e or other cellular ligand, etc.
These2(odi fi calv) DABNNRY3 e AMME9Vo i ncrease the stability and/ or bioactivity
of the pol ype Pp{ S r n be produced in a
vari ety of V\/ale]i)d@r%g gdyﬁg%gg% Ag%fl%%%glh g?@glbl\?g?@Yof nat ur al

pol ypepti des, rlellr&ﬂﬂ,dﬁ-l ﬁd%é@‘évery of reconbi nant pol ypeptides, and
chem cal synt hl%ﬁl Sy@fr, Whsopobyfept i des. I n one enbodi ment, an i sol at ed

pol ypepti de of the res t| on i s produced by cul turr ng a cell

capabl e of expllne)s% ﬁééfbo/% ptEpéQNunder conditions effective to produce
t he Vg3 2010/ 0215&%?@%%093’5@&1136 27 pol ypeptide, and recovering the

pol ypepti de. culture is a reconbinant cell of the
pr esent |nvenﬁﬁ§r§fsgﬁ’§§§$@ﬂebéé ure conditions include, but are not
limted to, eflkerP2WEA,me2d4d, DBPOY eact or, tenperature, pH and oxygen

conditions th eyt ARV PERY4rde productr on. An effective nediumrefers
to any nedi umalr&rlﬂf3 grs {%cﬁéa cell is cultured to produce a polypeptide of

the present i nkEAP2EHA, LA kSdP¥WPOt ypi cal Iy conprises an aqueous medi um
havi ngp assi m | @b} eegRIMBIHM. Ni t rogen and phosphate sources, and appropriate
salts, mnerals, netals. and_other rrents uc $s vitamns, Cells of the
present i nvent GhPEHABEY B e F oty Lol P RS HREAt f BT BF eact or s,
shake f1 asksahnre@sa pbsibies commdspomding &r arfling hesl, maitdr P69 ot SPQADENO: 1,Gnéul t uri ng
can be car! t. er at yr nd n p pate for
a reconbi Nan 1? @%%%s_eﬂ Iﬁg%g%g?r a&fﬁreﬁgﬁ%rg g @e nos%% {35'6 StELIO% % dg%eioglgtglf:r se of
one of or Hiotegigallykictive iforn Keanaby an isogemcnba@tﬁr@hbdélrcnbmed wdpoldgpegdi de of
the | syentdpica ﬁ?ﬁ%é%ngk%bﬁgﬁg&gﬁf&&n\ﬂ’@b% HiSin€ 3RA0LS R selfiige L i ng

secretion of 't ar en such si gnal

sequencesPryided b'rée?ﬁ@/ Elarl\é@e?dor YRR NReA- uburthermeiy iethis erbadimest #ral
sequences prcRiridathyOthcCpofist ﬁugaﬂdﬁabnarw\bdrﬂm@e@aj ard lagphaéglﬁeeaue HoSiSioAr e
simlar, and it (ﬁas been. sfq g{] E@cggl-&ﬁ 21%4 3 nal ..sequences
are capabf¥TSPOR %t?o?'fp'ﬁ]ﬁ 31%} slelg? 8 nbatt éVi prﬁlﬁneexarrpl e
of such an N-term nal signal sequence is the bacterial 13-1actanase signal
sequence, which is a well-studied 20 sequence, and has been widely used to
facilitate the secretion of polypeptides into the external environnment. An
exanple of C-term nal signal sequences is the henmolysin A (hlyA) signal

sequences of E. coli. Additional exanples of signal sequences include,
W t hou_t I | m tatr on, aer ol ysi n, aI kaI | ne phosphat ase gene (phoA) chi tinase,

o I R s o L e—— g w——



Pol ynucl eot i des By an "isol ated pol ynucl eotide", including DNA, RNA,
or a conbination of these, single or double stranded, in the sense or

ant i sensewonosviRaton or a conbi nati on of both, dsRNA oPCOATRIMI®ELICWe Mean
a polynucleotide which is at least patially 30 separated fromthe

pol ynucl eoti de sequences with which it is associated or linked inits

nati ve st afperagRreeftbreabiny, aspuetic swidatedinpoklycinel egsteute, issrimt, gle@stin§0% f r ee,
pr ef er abl ag,@é r from
ot her conp )ﬁsﬁ&mE et%tsm%%{q%ﬁ%%uﬁad@ggrggﬁ%%te %@%@F@aﬁég{glg? e?l{d ur %elrgfmr e, the
term " pol 9f1SIEQéEtN@é is used interchangeably herein with the term "nucleic

acid". 35The tgekfratd Offeﬁtﬁuﬁ)eciﬂ%dt&ﬁeﬁ@w exta gfved zﬁﬁh}énért@dl gfkitids thefers to
t he p ynucl eotl de when present in. a ce oL in a cel reew?l)é(ﬁr%sm on
et

system i RORRACRAE HOBWTiSFoth AT AT &8 P‘b“‘f fist ﬁaﬂofr\?%i’%fi%eposﬁ

enmbodi rrenpolypélﬁldeqbkdvmiaiasmmu\}mu does not natural |y conprise the

pol ynucl eoti d However

o1ty 025499pCTF Al OBRTbAT TSR Savoruiirt sbs s Remilulgutbiae goignttit eoti e
resul ti ngsubstitutionlptendad, in Jrableel, disi npniingte¢ awew, acatmspnefewéd. pr oducti on of the
encoded pol ypept hdﬁeﬁe%%deér%@dl ft, PALY %&i?ﬂe{%ﬂgé de éE’fdlﬁlQIe o'fnt\é&%msn&aatbnd udes

pol ynucl eot i des. wh ave not een se from ot her components of the

t r ans#feni eolypartigaiiaintgf el ipyersioncelhe pplygeptalcenpy dst SAMOPERET #n whi ch
it is presg@dlodirddid WahYouel ePticdReerbdifRHGEH frbfcfidg ha ehd ﬁavd)polyﬁéﬂndé ree

syst emns i ch are subs entl ri.fied a romat le [ her
o amponent Shams &t G TeaSo T sompre RBTAbLY Boloa b RISt & el by GAP
( Needl enamowpkew:aitﬂgzbt leds3D0%,, adeatiyAi s (GCG program) with a gap creation

Phe. quor y. sgausnier BERRCRlahBar A1 deitiehiae L SHab MR, REVERE' <

anal y&¥ s 8oi | gns the two sequences over a region of at |least 45 nucl eot| des.

Preferably, the gugfidh, SEEACAGS iRy AlrtePaSitard® IOWEHIBQ! e{%%ﬁ daﬁ &s%ntg&h and
the GAP analysis aligns the two sequences over a rgrg | east 150

of
nucl eot i dB¥OM\Rsio0B p&Vé@@rla@X@mpl%re@a@mg Hg giiegiers of %Ncq%?ast 300
nucl eoti des i nFdrgRethére, 1B @Rfled, henfahRaRRaliNS i &idl bfnsheihi@l t Bing egignces

over are (fn of at. | east, 300 nuc eot des. ven r ef er.abl g/c, t he GAP
omer o & el eRLbs SRR oS Rradalih LS pAR TR tederingS

regar 20 t oht¢rhim. dSuchn edhipolagiiycinelotie,deg, aret noai lirhitéde t@ptme dbﬂmrmis tafiathe %

9ent 1LY, KOs i aholdhan RARRBIOML ARSI 00UR N | LoRGATD RS Brel or e
figures, Bmifobutyriefastd, é’dammabutanp@pgdnécqr@@@ |hééa1®tlc @%é 2ﬁV@¢ﬂ isehutysepri ses a
sequence WHHCH_ifingt 9%@@0%ﬁc SR, H%?ﬁtﬁlﬂ%ir efRlcalihy, abrvaBASt h%&y}ﬁ@l‘"

preferably at .| east % nore pre erabl y at . erably at
| east socy&araqsn}eea@fmlé@@/q hopositibicer a¥5feC a%014 eégflty@%m gutg 8iCabl y at
I east29l%)hd’f@tg&ycﬂﬁ@f eyo&hieyylatan{@asﬁ alaﬁl% fRo®-admophalgr abdighcatanhigast 93%

nor e prefer.abl r.a nor r ef er abl
ot Temst Sy i PRaRY i RS FeBeRt YoMt Riol S maRymIRS Fulls 585
nmor e pr ef endphipoarid amakigu@Ogenorke preferably at | east 99.1% nore
preferably at ferably
at | east 99. 4‘3/31\1%?%1?%]9%% ﬁhl”‘ﬂFeescB gpgtglg%%gaé% hl%ﬁjg)tl%p%gné SQO{[IE% &ep&ﬁl east

99. 6% nmOHWCRLQYF arligh yar%tdlffér@g{ 1algp agodztigd rféélrr@gp%faétﬁratﬂyythawSA 8&st b99. 8
and ey@n Hi@)’tlﬁylﬁﬁ@ﬁ eb@&'ybén@ﬁ lo8288y1@n9 YckGRitohC thogphotrﬁ@adnel avidhod)om nat ed

SEQ I D esent | nven&) 3 also rel ate @ $ol yr cl eot'i de

whi ch hybﬁ?%fa?é%tl% N} Prjeing hﬂ‘? 18 FREPY @r%{e%asm BYest 1 g&ﬁ‘&odu ng
SEQ | D NQua2 atita/dgrm&E€ald br b@eﬂce&ﬂdhrvﬂgaﬁdn 81 COhles nodifitaipephiagacnt tbhe

i nvention [0 i 5 as defined herein. The
term"” strlln%p%n {hﬁ%g g gug /lorgtﬁlggcgln to:flt(t)ﬂns&(l%)epmg?rl ngent conditions" and the
li ke as used h%crlepem)tldes‘ dgssribasl Ipaeiaren be praduiced wha (v:atnetthef aays.iisclading| i ar ,

i ncl ugh ng YR 12881 %095 the vkl E&bE@Ebt?d’ést cﬂélﬁlreﬁldwréé%vbgrn%tfh of an

polynucle e or o |gonuc eotlde I C acl di zatj on gh aneters

may be wegembmzswwmdmz 60d, Bemicss yotheysref Fhﬁ pelyeeriidees hiogk conpil e
such net h@ﬁsodlﬁéﬁb RAN6lat&t pilpoptids BPTHR)pres@RdinAetRional pro@hce%l' by cu(lt%b[ﬁg a). For

exanpl e, str brldlza i on.con |t|o rein efer to
O o B R A e ATt T o5 S BB b 1 b20s
pol yvi nyl pyrrolldone 0. 02% Bovi ne Serum Al bumin, 2.5 nM 5 NaH2PO4 ( pH7),
0.5% SDS, 2 mM EDTA) and washing twice in 0.2xSSC, 0.1% SDS at 65C, with
each wash step being about 30 m n. In a particularly preferred

enbodi ment, the polynucl eotide conprises a cytosine at a position
correspondi ng to nucl eoti de nunber 468 of SEQ ID NO 2 or SEQ ID NG 4, and
when expressed in a bacterial cell nore of the polypeptide is



10 produced than by an isogenic bacterial cell cultured under identical
condi tions conprising an exogenous pol ynucl eotide conprising a nucl eotide
sequence Wwoaviodestoas SEQ I D NO 2 or SEQ I D NO 4. | RCA/AU20AO1136
particularly preferred enbodi nent, thd pol ynucl eoti de encodes a pol ypepti de
whi ch conprises a threonine or valine at a position corresponding to 15

anm no aci golyperiele, 369 wEoSEQ:| he NIgpepnidd. whe prefkped ssdto cububast er i al

cel | mor e, Qb blinPolly BPR! fesdi? iREARME CRelei ROLHRLE BIRGR! by @t i ve
forn1than(%y an 1.sogeni ¢ .acienlaL cel'l cultured under i enti1cal’ conditions
conpri si ngreawt Erdige ho wifepidromedip dueicadon semparaiireg PH and@oxgegen eadgwgaence
provi ded g SE@it BoNReRice! proBRHbR, NOh 4frefiifet MBRITRI Bofers o bh Sn@fRRdh meNt it
is preferred that the polynucleotide 20 additionally encodes a po] ypeptide
whi ch Tonpided oFl léﬁu]z?%fﬁ A diradHcsta golypsRtideg i bHYiCAYOR-0 Siho aci d
number 38nﬂﬁiélﬁE@p|[@11®d@omlj;ris@mil dqupou rpédihﬁlrlel,v_i@sasaﬂhlﬁgﬂbl’beqaﬂbd’iﬂ ﬁ_ﬁﬂjg_ﬁg_,
aspartic ac val i ne ycine. cysteine, serine ut am ne i stidine,
tyrosi ne a1 e Bur G CGei BT S0R aBfGul metit SEelEr sl dmber 101
of SEQ | Dswil 4s. vizBPoby nUdlseof thdepresint tilrenppesentbei entemtd on comenposdess,
uhen compghfnh ol BIORGHISES ALY HAGE. f6F GbL PnicRrAfisIR! frd itk AtRRS whi ch
are deletions, 1nsertions, or substitutions of nucl eot 1 de residues. Mitants
can b¥ ei CxByringeanbe qairicdei af ¢ egperahae. P apdoxyaen cpRigtAPREPPREHORA nat ur al
source) Ofec¥BinABE ic6ll.( T Qliche ¥@Mng, conditeisf 8¢ nvABinSthceexPeftRet &omIl@genesi s
on the nucleic gghdé. 30Usual Iy, nmononers of a polynucleotide are |inked by
phosphodi 8K BgHAL 5 nal ogs t her eof Anal ogs of phosphodi est er |inkages
i ncl ude: phosphanodnibaiahent, pbolyptiaidedifithd m&tejonploagpisos o sghalneaiace

nesoh oop gy . . o
Phosphor e b e orIRERRCLERT0h BE et berRECRBIAAT ARAGMRL o een
i nventd onof sishudes! sequercsaibvabeenviedpisd, whigh dicledeniyr sk €-tatminalaggnabne

i sol at ed/ u i RN oF=3 i i i y vector
capabl o of ol ver ha e A PR R AL | S LRECL R B P

2010/ 025499PEFEAUTODY dlert 196a8tice N-teanER! Sighst t HAUeRsst aithis CHPEr f ogous
pol ynucl e@nclénifgayepsieson tdiatndes ipVaytdte! 0t egensie pfenelesn N adrmadie not

t Iy f d adj t .t I | eoti d I th .
avent | oS FRATED o P PAb Il -G oy SR, SHERSpBAIRS GrKaFSTHAR ¢ ne
speci 2& f sapends aid bdsebepo wyidaly uewmt todeciakethu lsedrstiorasfepaigreptiées. infbhthe vect or

5can be ej r HW% i C Vot I I - typically
is a trang%%gghé%@%cﬁwas eg%rl é89?%5%é¥§f%%??%§§§§%g¥§%%ggnggggI%Iasnid.
One type OilyApsiondispaiencsseditibreofonpiditans exranplen ginuignabsedugeqos)indpds abl y

I'i nked towaRo@X ARSI YeehRMm, aLROT 3aspaRaiabsshel | BEEA), M @hfindsd, O
insertion ﬁﬂ ﬁ"p0|yn%%%§géﬁwe nDIeCﬁIe intg an expressjon vector in a
manner suEMOChinaschg- -&MIpHp ppllulapsse. Yeopsg@daxkh bsigay RAREAC-t r ansf or ned
into 25 host cell. As used herein, an expression vector is a DNA or RNA
vector thgt, is .c ble of transformng a host cell and of effecting
expressiogg%gw%gggé%ified pol ynucl eoti de nol ecule. Preferably, the

expr essi on vecBprnissoddtsb pelypaditaidof, inelptinga®NAg RAAhona chebhason of |

Expr essi OfhoYe SRl o RIpREEAINCT B KA XPLh oL SHERRNA: G coibthab
typically viruse€s or asm ds. 15 Expression vectors an|U86 any vectors
that funcef beth( dsRNA ¢jj ethervigge e B 8 il awrlcprde adishbisrddeast pitiglly

i nlc: ugiy Cgsétparal@apgr&;hihtﬁb pofy%ﬁtg.éétidee%qﬁﬁlﬁéﬁﬁjiﬂl%hi@% Et{‘irs %@Qﬂiat@l%r{ﬂ%{kedélﬁd pl ?_n&
cells. Vectors o i.nventjon can also be used to produce ypepti de
PR 0 P (RT e SN B e R o B e AR

" Oper abl yat lemdt 8% fise, wnddndve paiferablefaeicust 920% ffegrfedm otiek compaiananshh p

bet ween 20. or re. nu [ ci e t Jypically, it
refers to?%ﬁ%wge ?Fﬁ%ﬁ%?ﬂ é%@?ﬁ%ﬁsHﬂ%ﬁ%?g??aﬁ%@%Pgtﬂg§§F§¥@§§|?H%Fé el enent
to a trangdechedededybenmevitiFtie tesaipickic acigromot er is operably linked to a
codi ngs sequenceye SYGD u@;?og%n&%"yn#‘%ﬂtlf%hfégt %@fi g[% yritelcBid rbferd %o Stk mul at es

or nodul ates the transcription of e codin ce In an appropriate
host cel | Pelppuddgotids wheaergsenting sl poraa & csH-fEspsxprpssion psfoan.| 1y an aligred onpt er

transcri Ehﬂél@ﬂ@ cohﬁﬂkﬁdatbesy%aﬁlv_@ rm:fﬁ. S &idd erab&limper all delll isakad t_hgt @cs

transcri bed sequence ar.e si.ca contiguous to the transcribed sequence,
ot hopotar ety SBeprise T Sek st ot S YSE L sl i OF Bersiiay Bie

el enments, such as enhancers, need not be physically contiguous or |ocated
in close proximty to the codi ng sequences whose transcription they
enhance. 30In particular, expression vectors of the present invention
contain regul atory sequences such as transcription control sequences,

transl ation control sequences, origins of replication, and other regul atory
sequences that are conpatible with the reconbinant cell and that contro

o N o, o Y b1 oy



35 include transcription control sequences. Transcription control sequences
are sequences which control the initiation, elongation, and term nation of
transcri pyoanio/@a49vi cul arly inmportant transcription conPColARe@ONGEs are

t hose which control transcription ini28i ation, such as pronoter, enhancer,
operator and repressor sequences. WO 2010/ 025499PCT/ AU2009/ 001136 31

Sui t abl e terapsesi ptaarercloptnons pdEguetmede | restltidg ianyntatlmnatrplpfardﬁycont r ol
sequence {al, &9na1£b;\lnﬁt bpgjrédhcﬁgnlcﬁa%ﬁe AR ib&gﬁép% 8”b' of the

present inven £7°6n such transcri seq ences are
known to pelgsecledtidel el the ltlmtlantmctuudes enO&MC phdesC Wh}!ﬁhl thQ:mt rsen

sequenc es séﬁaﬁa!té&ﬁ Grolh Other \é@rhﬁ&lefn%bn% Hféntrérﬁg&ﬁ@ t(%bl%mant c)éﬁa& celdfilcBr opod,
nenmat o pl ant or ani mal %f , suc ut not  lim | ac,

ac
trp, t e&zesmneyst&%m Bpichyif &ﬁe)re%fé}&taeﬁ.p& gleotidgsrtiad ucs%ere vahgisHage T7,
T71 ac, baelt edll-aph aggen S whivhcire rsubgelagelyoRaifiddasisr frophadeasSBéihe other
net al I ot hi_onei TH al pha-mating factor, Pichia al cohol oxidase, al phavirus
subgenom(Q, pPo ber s (such as Sindbis virus subgenom c pronoters),
anti biotic resTlst anekengnef a pabwuoledtids js daomtiedd by HiAP A¥acdlasecendi r us,
vacci ni a [ : u ovi rus,
cyt onegal ‘gg}linlrgléjhs F‘ﬁ B}éﬁﬁé‘lg&é’ﬁGCGﬁg@I at p{gg}r{ yé?jr (C)Ir%%ﬂt&g{ gwyén %ln %%rg s 40,
ret r ol r usxteawen RenAlEPGvi Halesy sttpdt ethervisd the gaely, scratise damk demat 47 r us,

heat shoc{suclétmzephateggtﬁn@hmﬂh%waﬁdl 54[ dnRthORvCRQLEREs SRGUEREIRA oRS wel |

as ot her se uence a nt ene expr.e kar otic or
cukar yot i & GES. nugko AR o e e e 180 sh e RERk AR YOt i
i nventi onldngmL uﬁldaﬂleaGthetnat;eislalﬁgnaﬁ&:f tvomdumice$ oogrea wglomoﬂatrlemﬂ’ﬁ() nant

nmol ecul es e | | Is.th t of a

pol ynucl eo‘?ﬁgpg{drergl g/lcog(?él%f& {074 cgﬁ%g (il? nééécaégér?%f ﬁl%T%Otl%m 1Elgéhrlret hod by
whi chla pend/ tc (@8R | aelyws| alegnis ethe afvahécqueneast evkri| fmtreglpheo el |least 300

Transf or ngd1QRide§C ROLAHRSe iéfb@érh!ﬂ? thQLGAPraﬁaIE}QE hgﬁg {heGwb QeqidnBRsdRet i on,

el ect ropor ation, mcroinjection, 11 pofection, adsorption, %nd pr ot opl ast
fusion. AMhCECHHE1RB8h cel | may remmin unicellular or may growinto a

tissue, organ withargghtdt to eld ubfaﬁedomgﬂmcﬁmnd& ain S ir Bedlpp@bmmcuﬁet% de
nol ecul es. pof th res%?%ﬂﬁ 2 enti on %agl r.emai n.extrachr onoso or can
Bttt SN AR R e R SRt e A
(i.e.20r eemht»dlmants) ek, where applivableraningrt of st mithmium Zhidentity figordseit

e e t ol 0 1 0 acs hiis'a
expressed;J s felgl ﬁ'a%da? lynu deﬁki to?% n]QQI?tE C&J 3%9 & %T:é”wfi?ld ”{é' yde any

cell that e tra nuc
i nventi onleaﬂoét)%cermr@ mefetrﬂéymte@eﬁt 6@%vémfpomeﬁar4hheratcl&hst %Q%bénore

endogenou§lleyerg151y%t Leaﬁaﬁs% fi‘ﬁdr&’}aréf&ﬁ@l@'a@le‘aﬁt W/Q%Féaﬁ‘t%ﬂ@@'rﬂcﬁ’é‘%éﬂ%ly%scr i bed
herein or can 8 capabl e prod FCI ng suc pol yP gﬁl des aftgi bei'ng

t r ansf or m@swPPH ar{lorlee%ré’fer@ﬂe Holegttud] GotMYe PFSIERY et als2tiedchi B her ei n.
:—Iost 22l | pre@drabliiet prasse3v, ﬂnmeepﬁefewblyzamebﬁ ®y, el prefepdb) &t lefist psadu?:i gg at
east one r ot el.n el n a jncluding

veact) "SRR LS ok RES I i ARGrLDE bR 3PS Shak prots AR GARE 0T MY
of host c@$%sm|0mc1bm&ea‘t$jahtrﬂem99% nfesc prefaradily a lem@mll"/usnorblps&falablaz at

Sacchar ony e%$c599 §P°ﬂR)‘Pé ? &era%é%%&stt %'3@1@1{9& @@F&#&bﬁ%&l?%é ha C&J}g”’st er

ki dney) cel ells
and Vero E@Ifqrgblymyrlﬁ%é|99é>(arm@respreﬁer%‘sﬁt kst 29.6fog mpore @mfﬁrabliymtl le@ﬁt ng E.

coli %9 1299/\@/(2%&60&5&%?3(3& AdZ009800 15363 [lBFd YRENAS: at JadstB0eiha typhi;
Sal nonel | a téﬁ) X ncl u %%Fgélhs ted stralns; Spodoptera

frugi per dilen Ir §Yaé1 Rpt rigeni c nmouse nyoblast G3 cells
(e.g., ATCC CREhelﬁné&)nt igeafion al)seasltatesed h@)olymubledtedd?bvhhhalybﬁdl,zesﬁsﬁmmrgl | | us
sp. andS h rti f st | | terial
coi oy oA EPURESH Gia iRt ol i B AR R SERIIENER oo e
be used tand Wbr@mce&qsraes@vmptlde of tha mwsﬁtmnn%ml/cgcﬂomm@t%msu@etmm ul e by
Mani pyd at hé‘gieﬁfl&{ h%f‘é?ﬁ'm %T LR, MY ntthzﬁr‘?(ﬂkﬁ%no V\?‘ﬁd}ﬁmﬁm&nu&hﬁ Hrde

nol ecule wthin a host cel the efficie t hose pol ynucl eoti de
mol ecul escenditiqnsaad the dire asrscdercdn aefelp i pHampicBnWithevhiel dhe ait’s 10

transcri pfa'inlﬁéle ihdl@difg Al dariAide dfhm eybtigizetsy tedfpcRasle Witk n&lgat boaal
Rec.onbi nant tech usef for,.i creasqug t he e ressi on

nodi ficati S I

of  pol ynu BB G ettt B e NGRS Aeid: s ERiBRh REideS Tk Shr e not
limted to, operatively |inking polynucl eotide nolecules to high-copy
nunber plasm ds, integration of the polynucl eotide nolecule into one or
nore host cell chronosones, addition of vector 15 stability sequences to
pl asm ds, substitutions or nodifications of transcription control signals
(e.g., pronoters, operators, enhancers), substitutions or nodifications of
transl ati onal control signals (e.g., rlbosone blndlng S|tes Shlne Dal gar no

o o, e o I o, Y b1 oy



35 Crops frequently effected by Aspergillus sp. infection which are target
pl ants of the invention include, but are not limted to, cereals (naize,
sorghum weanlo/armddbet, rice, wheat), oil seeds (peanut, Poykdaamo/mwurssl oner,
cotton), spices (chile peppers, blackpepper, coriander, turmeric, ginger),
and tree nuts (al nond, pistachio, walnut, WO 2010/ 025499PCT/ AU2009/ 001136
33 coconutdundiin @fgeecerwiach eninpde reeott ,mdéthadsplSambrack, selabciegrd) eaml sugar,
cotton, c or.ghu i he ni.f: -chr | st tr

cucal ypt o yesE bl Tl PR b A0r Lk MBRaRRGN chAMTRS, 3B . | eq
herei n ashercmogmn refbetos hybridizailesl & G5 Grinshybridivatien buffer (355 ®B%a pl ant
grow ng i picdlif igedd, f iy bBRHond aR92R" BEVRET 98umA AIBh@RL P3riMrefers

to veg tai\]i ée@té)%éuigosﬁﬁ?ﬁeﬁ Ere, Igaves., stemsh% rggés J@é?'

or gans? st AaEelPe@H Ly o I EB ABrPS Washig Swice i 0 ZxaSS el ), plant
tissue (foar6exgawiheachwasshutaprbeingssbioas 3@mound tissue, and the like), cells
and progeny ofInt ge a%%mal.aﬂlOTr ans enrin% llma%%sh as 1defilnet{tld in r'Elhe cont ext of
t he present invent PENRCY ulfe eﬁe nt's ‘() Lk | eaBOBEW OHNd “CBPYE ot sai d

pl ant s) angdosiheiat a posigenyowhipohdingve nuekentidenenbaadd8yohbdQf iDeQudiong
reconbi nagg ot f§ M AUERY %eﬁaé&??es%do UG 12 ORHA i nlof@3E t}%‘ﬁol&?&aﬁfﬁ%%i de of

t he presentQi nvention 1 n the desired plant or p‘l ant organ. nsgeni c

pl ant £0 caproducysr drtic by awsiispgenie chasteize SR naired, upder &%@t,w%umda@nﬁ hose
general | ycorhprifi@s & 'ek)@%ﬂtnblﬁ‘s Polyslcddotide @bmplising Bl milcoBIOk&RIAGI ABYided The
Genetic Man%g lﬁtlég ol%%jﬂggﬁ} Oxford University Press (2003), and P.

Chri stou &h (;jl.l KN e o 3f Plant Bi ot echnol ogy, John Wley and Sons
(2004). An'"4 fatiegeaitcupllgniréferred endbotitmant, pihaniolinlnalkcotdnt@dodss a gene
construct (" ) . fo i i l.d-type n speci es,
variety OP&_&’&%@{&\%E‘?E%(? O%M%Sa%ggrgﬁgmgao\g Yael'rnéra?eadg%%tline?éﬁrérf%ﬁ%%ggﬁoe nor mal
meani hy i amiteeacyt numberdis8oé SEAVIDLYY: hrigdiwheh gypressed ge adréteridaglerae whi ch

has been : 12 i ] 0L fRNA : ;and whi ch
has been ?ﬂ?g§gu ggﬁ?ﬁts gﬁ({(ﬁlge(pﬁl gomggflo%ég%éﬁigen_ehérrgg?igﬁgsﬁ%nelégeneti C

( [ ant cel >
sequences P#&¢Talegel r epfwce| amfferc&emlcaty SPRETIPYS  GOREPTISHIEN sHe REOREPUBeen
i nt r oducegbliyfidedtitie dehpisinBla MioMEEdEBEGRHEAPIVHcd 28 WHD #3 NGO rores@ppl e, by
t ransf or 'I\?(S"4buﬁ Iz}ql nmet hod, can bb . US dtas one 6211:] sghll in%ﬁ.etgrt
recogni ze 1 AY Foar'P dBS SRR tit 1% RS gk Hicc PPV M DUigE o
honmoz3@ousdditonatlgcincaded & pelypegelrewhivht cohgsisbe @nar atpaodhucest § tposinegene) so
t hat t hei S e f h eshreg.ph ype.. . Th
t ransgeni é‘“ﬁ‘fﬁﬁf@%gg 2?@8 g%ahe e?%z%oobfsglfggri;[?hgésg ﬁl}fﬁ%d% eré-ﬂ&’
t r ansgenefsppraginge Hhigeninopspaxéagrpicd, Vaing| ghycbigemystaiicc Ketingy eslpesrnggr own
from hybr g §88dyrostedr Modiicie®Y pBif¥h @@ij@é%ﬁ'dlh?ﬁﬁ&nﬁﬂécalaiﬁﬁnw&rwg vi gour,
wel | knom%%élgéﬁi}“srlt. A pol ynucl eoti de of the present invention my

t

be expresS$ tutively in the transgenic plants during all stages of

devel ppnent . Degpendidogided of ke ysesenf invkatiGbphanpogessplvaivh osrggdarsd tb he
pol ypepti de ess in a st ecifi Furt hernore, the

be . - . . h
D e Mo pigy SEPATER ot f ROEIRagBER M P 0o b RETS T
sequencesonhibstitutioes dmomizotde mseufouMdtants ceabs eitexrpragssliyoccofring (ete

Mvent | on 08 SBT0) 688 Bonidt Al S3ls) B B1ER B4Rl ELP IR FLELT ory

sequences diigde Buppappsison thesueleie geid)-pl ant and/ or target organ of interest.
Such s@gul at or ysiwEYURBESHCHRY aiR RtRbAGHak NRIKPbaPhssphbdiestanbonds fo¥ses, ofr
may be chem.cal Ly synt %Sf zed. %Jpghh%fgul at.or% seqtie qes}?oarhe \Aglll known to
those ski MBS HIFHE arPalogh AfuRpRSPh CNEctiBFages iR uds: ePhosPhaspiigate,

t ransf ect plsypbéropitiivstecel | s or phesphdhsclesdaad)| i shment plekplioradisgemae, pl ant s

have been_de i in,. e.qg. .. P I ing Vectors: A Laboratory
Manual , 15@%@,%%51]8%%?0&113%3 p%?%%%ﬁﬁ%%ﬁ@a P,@olsg]% r%g&t{l/bt hods for Pl ant

Mol ecul ar Bi ol ogy, Acadenic Press, 1989; and Gelvin et al., Plant Ml ecul ar

Bi ol ogy Mapnughvinkliineforfcadem ¢ Publishers, 1990. Typically, plant 10
expressi on vectors include, for exanple, one or nore cloned plant genes

under the tranQ8¢ iHiodiagnt cfntheopregint gnvehign 3ncludgy RafcsPPLYRBuUEAERS and a
domi nant %icﬁc&c.ﬂﬂlb@sem kigast oﬂéCiaon@{ear&ogem:u@qﬁ)ilﬁmcweﬁa@w thé sgﬁﬁﬁancont ain
a pronoter r latory reqion.(e. .a.requl atory region, contr n

ntuct bl et F el SBT pEasHy Rk P S GIHERS BRSER  # bR at e,
or cell- or tissue-specific expression), a transcription 15initiation start
site, a ribosone binding site, an RNA processing signal, a transcription

-




term nation site, and/or a polyadenyl ation signal. A nunber of
constitutive pronoters that are active in plant cells have been descri bed.
Sui t abl e woanmwes#®9f or constitutive expression in plant @Cradi2eade1t36t are
not limted to, the cauliflower nosai® virus (CaM) 35S pronoter, the
Figwort nmosaic 20 virus (FW) 35S, the sugarcane bacilliformvirus

pronot er, c¢lhe Soohred i veatoy ebéromnsolidtérelogpuupopyminisbedg  seheenceghthat nduci bl e

promot er gglgznwbeeld%ngae'q{le&gmatt a@lndi Nl ﬁg SR haRodl SoPRATARS ofde e
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gene pronﬂiaﬁrthe Eﬁ'&lm&lhﬁ'&l t%)é%ﬁ%%@le@m’e PRIRRINS afy MrRRae THeARIcer s, the
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and PsbP geme dfHeaim it ﬁuﬁm%%fin{oﬁh%@uﬁe ghiRMiptidh Mﬁfﬂe%ﬂm%fseﬂuéﬁ@é gene
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15 viral RNAs (Tobacco nobsaic virus, Tobacco etch virus, Miize dwarf nosaic
virus, Alfalfa nosaic virus, anong others) from suitable eukaryotic genes,
pl ant ger®® 20meatovand mai ze chl orophyl |l a/b bindi ng preceiav2e@meiideader),
or froma synthetic gene sequence. Th¥ present invention is not limted to
constructs wherein the non-translated region is derived fromthe 5

non- t r ansBaitabde $@osceipten tchatrolawgoenzaniiedudchany? Gamcapdre cosed enoace The
e o ML RGPRROHYE Pl 0B IR INYSL R AMALMILEIRRALY AUTER oL codi ng
sequence er sequences use I'n con sent I nvention
conpri se vHetyaf sechHsppoiptemdentioUsS@®enes ags knawi taubose ggtcdarthe and t he
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commoHl y 6’§€@Fhisnzt%|1gse€ap’éi@ﬁat yaccnﬁe grusy rhgRReSY i FACHIOA- PPEABIAEN! I egi ons
cont ai ni ngothis PRlchadaRy byab@e 1ehais (@tch%rlﬁtleaﬁécﬁétb téaﬁn;, fB?ﬂiotér@ﬂ uﬁmeﬁ (Ti)

pl asm d genes 8re al so sultable. q ener g@ﬁ or di r.ect ellvery
of a gene'Tht 80-CEIPYEN e dEROVIEY Tonss Wﬂ’é‘ rep@i‘) eﬁf‘réalinar?ﬁt‘ho%%a (G aham
et al., 1&gk, phdjphateyandahitraet haodsriptioh @mtrol cequancec tak owell Cap edeihi |

5, 3., 255 Wp oS rBukSe SRR §ar B ARy Son EhiaRBRC ﬂtéff%%%%ﬂf or

exanpl% US 4,945,050 and US 5,141, 131); (3) viral vectors (Capp, 1993; Lu
et WO 201¢4,0254R9PCT/ AU2009/ 001136 37 al ., 1993; Eglitis et al., 1988); and
(4) receptor-medi ated mechani sns (Curiel et al 1992; V\agl]lner et al

1992) . AceBPtBeTRmealmertRidhe Plﬁatnt iaxengen inclles adiosigesT! trawsioamsdl e

m cropr oj Q@thl dre &qnb@rleeaﬁbmahotnblheulbs H@cn&tﬁh@ﬁéﬁlﬂ&l ﬁro?ényacdlﬁtth@@otf or
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gt and (el DA DIBLAGLSR! RRLET UG LA CIAPTRASE ! |Eh AL gaRt o
parti cl esclepleonegtionh asieraiipgiians éwO&rctl@mng@pmtlong@ndt prwpkweﬁlsmm nd the

like. A paicbmbilag! cAUMALN 28RaiRf udtGroRr & ﬁfé&z' dewbondar dewet ordaf &dgdition to
it being an effective nméans of reproducbmty tr@gZ%grntng nocots, is that

nei t her t ARItesdrat i ggemsmpr obrapifasred pRbmuERes BRUIGS; 1of ¢ e gpresent
Agr obzgt etrvditidméadatmain &itr@ctiretidbdregl.orAn tﬂteg:sﬁenﬁtbldne ot e kinmntitldh a

met hod for deliverin mays cells by .acceleration s, a

b1 ol st b BomatEhe M R Bl ePhe 8T B mflanD el 1§ 85T EhPhAE bl g pe
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Nytex screen, %{a%leaTJS{ éélﬁrtoﬁldﬁitﬁﬁﬁnfcﬂ}’a%r ? @11%@%91{ Be f8hdr 'Mt‘t{ gd in
suspension. A partic ivery system sui or use Wt he present
i nvent i onp@lymtq%e)thiemf e Rreveat ewatlthsh Ippys celdrof thie PEpsent latﬁatlpaetﬂeerfceem

Bi 0- Regl Laberdehd sy (1%ornat1ha Iéhqttpamele?etodueaglpelype pEUSRR\&IRA HEBn be
concentrated qn filter con | s to. be bonbarded

Il n
are posi t PofldAEPEHC aﬁew&btlpeeeﬁm LYnEREESSRICD 1Pherah§§18%eﬂr‘8 that leps
st oppi ng pﬂteap@ymldieaﬂﬁe|nﬁcﬂebul@msed@bnmmeersmrémsCatseofaheprqeaﬁlmvmeﬁl bet ween
the gun an C b r r V, re enbryos
or ot her t%tf’% Y&H §aptaf?le ?@?ﬁdﬁ%ﬁi aﬁ eagtnogeo lgdﬁ%érdeﬁer@éai ém%ﬁggcel ls to
be bonbar benteraxl,eﬁmeeh tlncdwedg atcadih mm@rte,pmraatedajuasttlmp@é apiBabehdplante
M cropg o gqfgl | Ex%ﬁl@ﬁ'd?%o@i alig inlcfudd dﬁ)lﬂz@ﬁellao%cﬁ)érzcm %a%?l%eﬁ%t% al so

positi oned between the accel eration device and the cel o be bonbar ded.
Through t Pecchigonsres edhnflogiese dycopasteandy &iapigrie, n%IgIKotﬂbettYn hgpstes 1000 or
nmore foci k@the@eéelus MDOBI RN, GREKPEESSCVY] 2R rkE@S (geneod- hycatmtaﬁﬁ of

Coet bbb PG o e BYTRS O BRECERS e e S50 P Lo 5 2 ce.

I n bonbar dnent transfornatlon one may optim ze the pre- bonbardnent
culturing conditions and the bonbardnent paranmeters to yield the maxi num
nunbers of stable transformants. Both the physical and bi ol ogical
paramnmeters for bonmbardnent are inportant in this technol ogy. Physica
factors are those that involve manipulating 35 the DNA/microprojectile
preC|p|tate or those that affect the fllght and veI00|ty of e|ther the
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Accordingly, it is contenplated that one may wi sh to adjust various aspects
of 10 the bonbardnent paraneters in small scale studies to fully optim ze
t he condiwDanm/028x¥¢ may particularly wish to adjust phy®CtaU2pev@Emsser s
such as gap distance, flight distances tissue distance, and helium
pressure. One may also mnimze the trauma reduction factors by nodifying
condi t i onderivgives; ulmerede e, fhlysnelogipbabursinatiecloding etemetidstents; cel | s

and that ggy; %%9& %)%' Iﬁ&'f I‘Hﬁﬁb% std %PSJn‘ar Iu%rggue'lﬂ&gs%;@ b8t ré?t he
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knovvna%:o t hose o inthe art in light of the present disclosure.
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the arrang ?@%ﬁ @nqg&%w | Gl RS tE8stinitidnlCor R GitibRs foCl I tate
constructi of vec ors capa expr.essi ng. vari ous_pol ypepti de codi ng

genes. Thga%%%P%C%§&?lg%ﬂ(%&v’@b?ﬁ@mﬁ’éﬁi@ﬂ% Sitesg Shigpal garpk s59UupRGP bns
fl anked bmodlfwaﬁ@@bﬁpolﬁrﬂﬁls%tlﬂ@hm&y bﬁthe@ﬂe@h{[ @véiondb ceeéspeudtehsi on of

it on, s Oaes AP E RS AR BUIo Senbin b @RI FoogBHeS "can be

used 2®r the transformations. In those plant varieties where

Agr obact e'ﬂa‘ﬁ?ﬁéﬁ?@f?ﬁﬁﬁd WO 2010/ 025499PCT/ AU2009/ 001136 39 transformation is
efficient t hod of choice because of the facile and defined

nature of the QYepe contgnpiated for use in the grisgjisniod the anschiomivertionsingkyde

Agr obact ebbtwﬁléﬂoeaaié%ﬁmﬁ@&lc 1daesls wgbtc@hﬂty ifceabiSard ndt mited genetic
| ocus on d%afaﬁ%rormso ransgeni ¢ plants 5 can be referred to as

bei ng hent ingpgerggls( aaeeauﬁ%ﬁéheaw@ﬁ%%w QRselics, aire sorRRYBANE pl ant
that 23 hesimey genps); ikt (dmgaxad@&chnatfbd@éruﬁeet) geﬁnes, Store-, fru@ atntiasaftgﬁmtc pl ant

that contains tw adde e at the s

chr omoeonbr B PSRy BHECoepar AP o P o B RS e e e pe

obt ai ned byrisex leguhynomatplags (Isehs, |ln1g)ls,apeas,m¢eb®md)erml slegts dgeanut, trapmsgeni ¢
pl ant tha a I d [ 0 f gl seed

pr oduced glngﬁgqﬁakg@ya §l{l\%g f‘sgg[ﬁ?@&@ C%Fg[ﬁ{ts%?gtg} PﬁI lﬂgn@ gﬁcﬁpdnt erglgsét

It is al s&roupdes)y ﬁH@%@b%dﬂaﬂtﬁéﬁlaﬁmde%@bém mqleiwégﬁhﬁecplantér(p@tt@an al so
be nmaged figx pﬁ@ﬂyg@te?f Eﬁﬂ%‘élfﬁﬂt maﬁgefsomr@dﬂa bR efrii e RRRGEH:); Yvege@brgat i ng
exogenous % neﬁ1 a%% é)l‘l ate g) eny can eﬁgroduce plants that are
honozygouSPHY f%ucﬁota 3 FelfOlE% e B, BELNSE FRRAUDP Ty PRGOS pRAPE Al pl ant
and out - ctammeamg(amtidoa, aﬁﬁztrnansgﬁmhm)ploarpﬂanw suchl sotobacdoe mptsateflce,as i s
vegetativ 0 t cri 0 e hods are
commont v 0k BBk Pineerfcibr Arbeb il A Faubh BROPO R A Rl B

Br eedi ng Meghodsist gloveu. tsheds, BeMéI @pnemrt%‘» W coxedensduch Arseiéan. Socu ety
of Ag 9”033% sMadi pedl, ¥ Wf%mf)@:@si d}er G%QJrsﬁnﬁlff%ﬁﬁtMﬁ{h ofe t@%&?éia@& 0fjoplasts can
be ac |eved u3| n ase cal ci um phosphat e preci pitation,

pol yet hyl BHE YT wif»reat(weﬁtﬁ h@ﬁeém OEGRHL rmﬁfi ANEDEENBIRAisTYR t hese
treat ment sheAPRdilseatsi QRaQk, thesen SYSNews:, toudh | fs?fc@f\t[cmﬂeagﬁﬁppé’@r bRtkes
depends ugon t he ablllt%;1 to.re ene at e tthg; artlcu g g E traln from
prot opl asPEPR| FUSTFSE i VEHEThodSTPor ™t he™T SgBn&HEPMon Pof<Elr eXE™ r om
protopl asts are 25described (Fujinmura et al., 1985; Toriyama et al., 1986;
Abdul I ah et al., 1986). O her nmethods of cell transformation can al so
be used and include but are not limted to introduction of DNA into plants
by direct DNA transfer into pollen, by direct injection of DNA into
reproductive organs of a plant, or by direct injection of DNA into the
cells of |rrmature enbryos foI I owed by the rehydr at| on of de5| ccat ed 30
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WO 2010/ 025499PCT/ AU2009/ 001136 40 The devel opment or regeneration of
pl ants containing the foreign, exogenous gene is well known in the art.

Pr ef er ablwo 20tven2649gener at ed pl ants are sel f-pollinated POTAV9DO1136
honbzygous transgenic plants. Qherwi®e, pollen obtained fromthe
regenerated plants is crossed to seed-grown plants of agronomically

i mpor t ant cddones. 'ua;@@hmedseﬁydwmnmlﬁﬁgﬂwmnagﬂ@mﬂknmﬁwmhesecmmp@nmant i nes
e BBl PALEEISRRLALED: B A S ML LARGARNS PLANOf hiig, Pr esent
i nvention’c: ntal esired exogenous nuc e acid s cultivat ed usi ng
met hods mé#¢m%h%WﬁUto one skilled in the art. Methods for transforning

?' cots, pri nHrTlhé/teﬁM "HRA"0s v RERRL A tin rdfrd M)n@%ﬁgl'eqﬂ‘élts ad Rbieai ni ng
ransgeni ¢

nts have been. puhlished for c tton (U 3, US

5, 159, 356%@% asnlsnfggfgyvmgs@yaogslﬁ PRPBMAYSER gél?at éJggsct ionp%nt PBfassi ca
(US 5, 463rctd4) ito peagmztm(ecrwmgtueés affor, élx%ﬁ@le, Me@eatﬁ(rﬁ),anﬁoofst ﬂbra,l 1995) .
Met hods fO}’ a}lsr Ogma‘ in l dfig rn% § n&o ¢ V\%' t r &y for

i nt roduci AFG e/- WF? Rl r%t% W prant rBly ¥ &8%‘?0 %‘H
exogenous(fnuckeenp:le %‘scwler dssamdgrbond raegen@mchtheolmkeOf cqcbllsaamﬂsorbgqmm ¢rtbtopl ast s
or inmatugg, {:ant enbryos are well known in the art, see for exanple, CA
2,092 588 AU 61781/94, AU 667939, US 6, 100, 447, MD 97/ 048814, US
5.5891617, US BragsgenEsantsng M@é/l&zt@q&ontmteqfeﬁhamr@ﬁen& mapatipningludReat  or

barl ey pl pnhs @§ evenra@dpaet@dm@weﬁgbpbﬁ@tpwnw Mt UREF pEJeeRy wiedh Bdvetheen
transformati on B; ures. Vect gﬁé¥ln t he desired 20 ucdelc acid
const r uct EFREIY G RB TronPinagg SsaN GBS ProdYaen of At 1ea¥9Be cul t ur ed
pl ants or p@lypémmlbmf the pewérttabvaatiph amthesysiredrplasitioh phat preah odlrasssnic The
regener abhﬂ %@hc%%t gtlodﬁce%rl?ﬁlrf)%?ec 1al%sy v&ptmn {h% af L&1‘8’1]1 ! oos];m%',e elﬁat i o

enbr oS ure e er ve rom eseé,
ti ssubS Tdessuhéd imA. h?elatpr gsehc&lapt Biplgchnodogygerdds Gmetlﬁdﬂslgenhabom@rf | s and

plants, apj4R, @%‘f&ﬁﬁjﬁ%&sﬂﬂ%é&s r(@@(%t)' My ﬁpéﬁ)lsté{ﬂah& feh. Gk ORaRfbosR Y her n
bl ot anal§5|s can performed using methods known to those skilled in the

art. Expr §§4BH“%$B@@8Y§°B$VWH%”W@ 8861994)-can be detected in any of a
vari ety of ways, "@aReadé ngatdoreféetonat st ofhat %nﬁhﬁlﬁdlaCtgenéi%nBtﬁfdtUde

rot o n okirBEENGH TEhabED fet BUCHRBRFEL Bk Te AP Sr SRS Posuos 30
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with 1 razi ne atrazine aérrE genta). TrzN
activity tlawemycla%@@é%@r WtSatTﬁlapmmota@@mﬁa@mg}tcmﬁ or me&ﬁpqdes@mlﬁéd in
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ADPglucose pyrosynthase (ADPGPP) subunits, the granule bound and other starch
35  synthase, the branching and debranching enzymes, the embryogenesis-abundant
proteins, the gliadins, and the glutenins. Examples of such promoters in rice include
those promoters for the ADPGPP subunits, the granule bound and other starch

synthase, the branching enzymes, the debranching enzymes, sucrose synthases, and



purified H s6TrzNcc3. 2, as neasured by the | oss of absorbance at 264 nM as
previously reported (Shapir et al., 2005b). Atrazine, anetryn, propazine,
pronet r yrwoomars4se, sinetryn, ipazine, trietazine and egamazirwao(rs69%
purity Pestinal standards; Sigma) wer¥® tested by this nmethod. H s6TrzNcc3. 2
was purified by affinity 20 chromat ography (H sTrap; CGE Heal thCare),

fol |l owed by glmtzkénmmlbamﬁdarl}cmeﬁmrmdqgompﬂeyis(tﬁupmmtﬁxr 206irc Ghtdimalspcar e) .
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0 this stumC %éﬁh‘%% Latrn boutbi, 18P gﬂ@v JFLGORIG 38 e PERES Use
CCACAACAT;“svalb@mtsrGilI TONBER the bm@csyngzerxzmdhﬁ ever se
CT TC@ATT@B?&%%T&EH%%B%W@T EeTHord A6, (tREGnbE N BULIn3, &§1P¢he

mut agenesi s forward
CGCA C@&%W‘P@&W&Cﬂ GCCGGGT CTGATCAATAGCCACCAGCATCTGNNSGAGGEC
(SEQ I D NO 7) RodiG¥editit pganasissmienles de used. An example of such a promoter is

AT T R SOl FoT A RSP e T SR S T SRl FdeBR 1 P

NO 8) 5
accomplished by utilizing the root specific subdomains of the CaMV 35S promoter

that have been identified.

10 The 5' non-translated leader sequence can be derived from the promoter
selected to express the heterologous gene sequence of the polynucleotide of the
present invention, and can be specifically modified if desired so as to increase
translation of mRNA. For a review of optimizing expression of transgenes, see
Koziel et al. (1996). The 5' non-translated regions can also be obtained from plant

15  viral RNAs (Tobacco mosaic virus, Tobacco etch virus, Maize dwarf mosaic virus,
Alfalfa mosaic virus, among others) from suitable eukaryotic genes, plant genes
(wheat and maize chlorophyll a/b binding protein gene leader), or from a synthetic
gene sequence. The present invention is not limited to constructs wherein the non-
translated region is derived from the 5' non-translated sequence that accompanies the

20  promoter sequence. The leader sequence could also be derived from an unrelated
promoter or coding sequence. Leader sequences useful in context of the present
invention comprise the maize Hsp70 leader (US 5,362,865 and US 5,859,347), and
the TMV omega element.

The termination of transcription is accomplished by a 3' non-translated DNA

25  sequence operably linked in the chimeric vector to the polynucleotide of interest. The
3' non-translated region of a recombinant DNA molecule contains a polyadenylation
signal that functions in plants to cause the addition of adenylate nucleotides to the 3'
end of the RNA. The 3' non-translated region can be obtained from various genes that
are expressed in plant cells. The nopaline synthase 3' untranslated region, the 3'

30  untranslated region from pea small subunit Rubisco gene, the 3' untranslated region
from soybean 7S seed storage protein gene are commonly used in this capacity. The
3" transcribed, non-translated regions containing the polyadenylate signal of
Agrobacterium tumor-inducing (T1) plasmid genes are also suitable.

Four general methods for direct delivery of a gene into cells have been

35  described: (1) chemical methods (Graham et al., 1973); (2) physical methods such as
microinjection (Capecchi, 1980); electroporation (see, for example, WO 87/06614,
US 5,472,869, 5,384,253, WO 92/09696 and WO 93/21335); and the gene gun (see,
for example, US 4,945,050 and US 5,141,131); (3) viral vectors (Clapp, 1993; Lu et



91X mut agenesi s forward GCGAGCTGGT TAGAGEGECGT CCTANNSCGTAGCGCGEGT TGGT GECGT
(SEQ ID NO 9) 6 91X nutagenesis reverse ACGCCACCAACCCGCGCTACG (SEQ ID

NG 10) 7 werxiowmsegenesi s forward PCT/AU2009/001136
TCCTGCTGGAAAGCCT GCTGEECGGT AT CACCACCGRZGCCGATCAGCATNNSI TTTTTCCAGGT GCAACCGC
(SEQ I D NG 11) 8 131X nut agenesis reverse

AT GCT GAT CAGORACCEE HGT SAIACOSRCEAGTAECIb CORHBAGGAc(hBRRQMIs HCNOE] dt2)1.,9 159X
nmut agenesi ) r

TATATTGAT %&@K&%@@@T GGGTATTCCCTTTCATGCCNNSCGCAGCACCATG ( SEQ
I D NO 13) 10 As@jergfinagetieds shat evparlgeused include, for example, microprojectile

@CAlGlXTWABQ%ﬁIﬁW&GﬁI&mmm FRGRECAATAT Ak SERahRoMEhg 14) 11

AOAT AR RS Harisr Rterb e FORiCoRRisee IR SRS TORAIAAG ( SEQ

| D NO 15hasl Beckb toXidnddadenesigs et al/eiPagicle Bombardment Technology for Gene
COCCCOCEAL G GBI CHECT SRR RO NRDibBNT  pkictes
(microprojectiles) are coated with nucleic acids and delivered into cells by a
propelling force. Exemplary particles include those comprised of tungsten, gold,
10 platinum, and the like. A particular advantage of microprojectile bombardment, in
addition to it being an effective means of reproducibly transforming monocots, is that
neither the isolation of protoplasts, nor the susceptibility of Agrobacterium infection
are required. An illustrative embodiment of a method for delivering DNA into Zea
mays cells by acceleration is a biolistics a-particle delivery system, that can be used
15  to propel particles coated with DNA through a screen, such as a stainless steel or
Nytex screen, onto a filter surface covered with corn cells cultured in suspension. A
particle delivery system suitable for use with the present invention is the helium
acceleration PDS-1000/He gun, available from Bio-Rad Laboratories.

For the bombardment, cells in suspension may be concentrated on filters.

20  Filters containing the cells to be bombarded are positioned at an appropriate distance
below the microprojectile stopping plate. If desired, one or more screens are also
positioned between the gun and the cells to be bombarded.

Alternatively, immature embryos or other target cells may be arranged on solid
culture medium. The cells to be bombarded are positioned at an appropriate distance

25  below the microprojectile stopping plate. If desired, one or more screens are also
positioned between the acceleration device and the cells to be bombarded. Through
the use of techniques set forth herein one may obtain up to 1000 or more foci of cells
transiently expressing a marker gene. The number of cells in a focus that express the
exogenous gene product 48 hours post-bombardment often range from one to ten and

30  average one to three.

In bombardment transformation, one may optimize the pre-bombardment
culturing conditions and the bombardment parameters to yield the maximum numbers
of stable transformants. Both the physical and biological parameters for bombardment
are important in this technology. Physical factors are those that involve manipulating

35 the DNA/microprojectile precipitate or those that affect the flight and velocity of
either the macro- or microprojectiles. Biological factors include all steps involved in
manipulation of cells before and immediately after bombardment, the osmotic

adjustment of target cells to help alleviate the trauma associated with bombardment,



13 210X mut agenesi s forward
GAACCATTTGGCATGGTCCGCATTGCACTGGGTNNSTGCGECGTTCCGTAT (SEQ ID NO 17) 14 210X
mut ageneswe 208nves®e ACCCAGTGCAATGCGGACCATGCCAAATGGTI C ( BEQAW0MN®01188) 15
243X mut agenesi s forward GTGCGCCTGCATBRCGCATTTTTATGAACCGNNSGACGCG (SEQ I D
NO 19) 16 243X nutagenesi s reverse CGGTTCATAAAAATGCGTATGCAGGCGCAC (SEQ I D
NG 20) 17a@#6Xontht agenesifstht aramafordming DNA, such as linearized DNA or intact

it agenesr PO RISd PR IE R IR s (AR PRl R sy wo
2010/ 025499PaTilnuppaond (o1 33@-cadu ity axation eljanesis ohdryesr d

ATTC%@ATTT@%%E%@%@E%BEM@%HMQ@%@I%@ Nisted | D

NO 23)_20 294X S
) dlzsclosedr%r p?astlg tllra?ls osn\{gcgosnem higher plants include particle gun delivery of

DNA containing a selectable marker and targeting of the DNA to the plastid genome
through homologous recombination (US 5, 451,513, US 5,545,818, US 5,877,402, US
5,932479, and WO 99/05265).
Accordingly, it is contemplated that one may wish to adjust various aspects of
10 the bombardment parameters in small scale studies to fully optimize the conditions.
One may particularly wish to adjust physical parameters such as gap distance, flight
distance, tissue distance, and helium pressure. One may also minimize the trauma
reduction factors by modifying conditions that influence the physiological state of the
recipient cells and that may therefore influence transformation and integration
15  efficiencies. For example, the osmotic state, tissue hydration and the subculture stage
or cell cycle of the recipient cells may be adjusted for optimum transformation. The
execution of other routine adjustments will be known to those of skill in the art in
light of the present disclosure.
Agrobacterium-mediated transfer is a widely applicable system for introducing
20  genes into plant cells because the DNA can be introduced into whole plant tissues,
thereby bypassing the need for regeneration of an intact plant from a protoplast. The
use of Agrobacterium-mediated plant integrating vectors to introduce DNA into plant
cells is well known in the art (see, for example, US 5,177,010, US 5,104,310, US
5,004,863, US 5,159,135). Further, the integration of the T-DNA is a relatively
25  precise process resulting in few rearrangements. The region of DNA to be transferred
is defined by the border sequences, and intervening DNA is usually inserted into the
plant genome.
Modern Agrobacterium transformation vectors are capable of replication in £.
coli as well as Agrobacterium, allowing for convenient manipulations as described
30  (Klee et al., In: Plant DNA Infectious Agents, Hohn and Schell, eds., Springer-Verlag,
New York, pp. 179-203 (1985)). Moreover, technological advances in vectors for
Agrobacterium-mediated gene transfer have improved the arrangement of genes and
restriction sites in the vectors to facilitate construction of vectors capable of
expressing various polypeptide coding genes. The vectors described have convenient
35  multi-linker regions flanked by a promoter and a polyadenylation site for direct
expression of inserted polypeptide coding genes and are suitable for present purposes.
In addition, Agrobacterium containing both armed and disarmed Ti genes can be used

for the transformations. In those plant varieties where Agrobacterium-mediated
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10 added gene, germinating some of the seed produced and analyzing the resulting plants
for the gene of interest.

It is also to be understood that two different transgenic plants can also be
mated to produce offspring that contain two independently segregating exogenous
genes. Selfing of appropriate progeny can produce plants that are homozygous for

15  both exogenous genes. Back-crossing to a parental plant and out-crossing with a non-
transgenic plant are also contemplated, as is vegetative propagation. Descriptions of
other breeding methods that are commonly used for different traits and crops can be
found in Fehr, In: Breeding Methods for Cultivar Development, Wilcox J. ed.,
American Society of Agronomy, Madison Wis. (1987).

20 Transformation of plant protoplasts can be achieved using methods based on
calcium phosphate precipitation, polyethylene glycol treatment, electroporation, and
combinations of these treatments. Application of these systems to different plant
varieties depends upon the ability to regenerate that particular plant strain from
protoplasts. Illustrative methods for the regeneration of cereals from protoplasts are

25  described (Fujimura et al., 1985; Toriyama et al., 1986; Abdullah et al., 1986).

Other methods of cell transformation can also be used and include but are not
limited to introduction of DNA into plants by direct DNA transfer into pollen, by
direct injection of DNA into reproductive organs of a plant, or by direct injection of
DNA into the cells of immature embryos followed by the rehydration of desiccated

30  embryos.

The regeneration, development, and cultivation of plants from single plant
protoplast transformants or from various transformed explants is well known in the art
(Weissbach et al., In: Methods for Plant Molecular Biology, Academic Press, San
Diego, Calif., (1988)). This regeneration and growth process typically includes the

35  steps of selection of transformed cells; culturing those individualized cells through the
usual stages of embryonic development through the rooted plantlet stage. Transgenic
embryos and seeds are similarly regenerated. The resulting transgenic rooted shoots

are thereafter planted in an appropriate plant growth medium such as soil.



10 containing agar plates for hydrolytic activity against atrazine. A
singl e synonynous nutation in trzNco (T468C) altered the phenyl al ani ne
encodi ng wbantv/esgen from TTT to TTC (SEQ | D NO 3). ThePomtAdnooxodr3hl Li ,
Table 3) conferred the ability to cledr atrazine after eight days at 37C
TrzN Li was used as tenplate for the next round of random nutagenesis 15
(iteration 1).Thadevclopsenenr mgeasrhisonnef plahedtaimag theofof@gn,eckoppmns BL21 t he
ability t r r r
par ent (Tg %‘%E%&L‘?R nqg} fid %@ ﬁ@ﬁ?afﬂg tﬁeF f&%htéd%m% %Q%?lﬁ’%{)ﬁﬂfateh t{;h Coe and
si x days p@Wld@hélOHtO@V%&ﬁSohransgwtcamd@ts Tﬁ)éthWfS@eem)U@TFr oiated . fronTrths ccl. 3,
TrzN ccl. f eﬂ_éréﬂé‘d(i)%t@ls ko %&b @&gee&gr&&zﬁ?l&ﬁslotgagrgﬁcﬁﬁicﬁl@}l-1&190rta]_1'f zibkgcl. 11,
TrzN CSC f N cc 13f, TrzN ccl,14 rzN 20 ccl.15," TrzN ccfi 25, TrzN
St 265 anbioneNdite OB THIR aPkES WPt Hnie TR Al P 8t gPYLREE  of
cl ear anceraperi@ated qﬂiam Aeﬂaim@h&splﬁ@rrofaﬂhetﬁﬂegenw pwosticaf canaditliom amilésag&nesu s
(iteration 2 on2 mut a e]?l(f:m wer e

n

screened tot P‘I)*llgrnudelc f‘%g Pﬁﬁv%tgé%m erglil?(fsp‘%% Wna)?meta UFd be

sel ected. aifhirty six colonies were 25 selected that forned zones of

clearance fr OnM%t':_hogs 9§)rh%ﬁ%‘or(rﬂiﬁgl Ricdls; JitalESth é/ E'J'sétglenAér%g&%&'n%W N

mutants (clearin et wee hours;  TrzN'c
cc2.310Tr We&cze% any ANtaiRing Sranygoe plaptsshaver Ewncﬁlﬁohﬁhednﬁzwcw 89S Tr zN

cc2.9, TrzNoesss,10s 5T 159\113:50%95,,51@90'8!) Csobdeh @S 5T5@P$3QCZJ313)41$@1® used as

o0 osaBbPers AdB g A3t Secin Bies' I R Bebe oLk S al loohber at ve

random nut agenesiheds Rait eandfomha@ni ofg c¢rod geldntorsuth %sa\tvh@az iand Wasley)forl mM
| PTG cont i r 3 Th

templ ar o T ang RERRb i RCREEEy Hupion U5l EL AN, LAREGRE
Mut antS | D¥gigeangd (foue@anefmtmreﬂf plantat froap M@tyBIABts or nmmaw;e dlandzimbeyos are
chlor Ohyd(;v%h%%wﬁ_ﬁ& ?ﬁeVéH dlyRe %9«{?1%?9@1@ 200Rbl J88S /Y @‘1!7'8‘1’;934P§UT6(?7@39' ©s

dayslteratlon eration TrzN ccl, 14 dayslteration

Rt Bl e e s e

tenpl ate owerhblgr &faln@gbn?c Totehk Cdirlbé’rﬁeyd@/aﬁﬂ@ eufeatpr@aucédrw a&gmbaat@rmh ate for
I[teration 2 TrzN ccl. Beéin%%sﬂfﬁ tion 1 Lteration 2

TrzN ccl. 84yt Bied lton PYo& ‘ffgﬁ e VS?tOTSt 8?‘51’11“%%5 IRl cc1. 94
daysl| 2@r ahideic laciditcangtruct tnﬂ%t;pIbatlatri)ahrceditlatoaireganerﬁbFEr wheat cckll§ 0F tissue

Gyl LR A ST LBl SGALE0. & el 114

daysl t er at i on Thariaeggngrable t\’él”ll‘?ﬁt aels ﬂr@rprﬁf@l&y ifiom sherpeutelbie of 3@mature

daysl ter aEﬂnBﬂIogh rﬁ&tbﬁa‘”@mbry&@ @B’l@td%rlfvé’d frbin@h&del &Mhe m-Ehéﬂélnﬁﬁé tléﬁﬁ
late for Iteration 2 Trz

dayslteration
dayslteration TLO ﬁﬂ?ﬁw he P@%ﬁ}cat%f B trqnpEngy i yrapsgenic Nl and plants, a

25  polymerase chain reaction (PCR) amplification or Southern blot analysis can be

cat ed.

performed using methods known to those skilled in the art. Expression products of
the transgenes can be detected in any of a variety of ways, depending upon the nature
of the product, and include Western blot and enzyme assay. One particularly useful
way to quantitate protein expression and to detect replication in different plant tissues

30 s to use a reporter gene, such as GUS. Once transgenic plants have been obtained,
they may be grown to produce plant tissues or parts having the desired phenotype.
The plant tissue or plant parts, may be harvested, and/or the seed collected. The seed
may serve as a source for growing additional plants with tissues or parts having the
desired characteristics.

35 In an embodiment, transgenic plants of the invention are produced using
methods generally described in US 6,369,299.
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hriteration mut ant - Iteration
10 one of skill in the art recogmzes

Techniques for producing transgenic animals are well known in the art. A
useful general textbook on this subject is Houdebine, Transgenic animals —
Generation and Use (Harwood Academic, 1997).

Heterologous DNA can be introduced, for example, into fertilized mammalian

15 ova. For instance, totipotent or pluripotent stem cells can be transformed by
microinjection, calcium phosphate mediated precipitation, liposome fusion, retroviral
infection or other means, the transformed cells are then introduced into the embryo,
and the embryo then develops into a transgenic animal. In a highly preferred method,
developing embryos are infected with a retrovirus containing the desired DNA, and

20  transgenic animals produced from the infected embryo. In a most preferred method,
however, the appropriate DNAs are coinjected into the pronucleus or cytoplasm of
embryos, preferably at the single cell stage, and the embryos allowed to develop into
mature transgenic animals.

Another method used to produce a transgenic animal involves microinjecting a

25  nucleic acid into pro-nuclear stage eggs by standard methods. Injected eggs are then
cultured before transfer into the oviducts of pseudopregnant recipients.

Transgenic animals may also be produced by nuclear transfer technology.
Using this method, fibroblasts from donor animals are stably transfected with a
plasmid incorporating the coding sequences for a binding domain or binding partner

30  of interest under the control of regulatory sequences. Stable transfectants are then

fused to enucleated oocytes, cultured and transferred into female recipients.

Compositions
Compositions of the present invention include excipients, also referred to herein

35  as "acceptable carriers". An excipient can be any material that the animal, plant, plant
or animal material, or environment (including soil and water samples) to be treated can
tolerate. Examples of such excipients include water, saline, Ringer's solution, dextrose

solution, Hank's solution, and other aqueous physiologically balanced salt solutions.
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also be used. Other useful formulations include suspensions containing viscosity
enhancing agents, such as sodium carboxymethylcellulose, sorbitol, or dextran.
Excipients can also contain minor amounts of additives, such as substances that
5  enhance isotonicity and chemical stability. Examples of buffers include phosphate
buffer, bicarbonate buffer and Tris buffer, while examples of preservatives include
thimerosal or o-cresol, formalin and benzyl alcohol. Excipients can also be used to
increase the half-life of a composition, for example, but are not limited to, polymeric
controlled release vehicles, biodegradable implants, liposomes, bacteria, viruses, other

10 cells, oils, esters, and glycols.

In an embodiment, a polypeptide of the invention is immobilized on a solid
support. This can enhance the rate and/or degree of hydrolysis of an s-triazine or
diazine, and/or increase the stability of the polypeptide. For example, the polypeptide
can be immobilized on a polyurethane matrix (Gordon et al., 1999), or encapsulated in

15  appropriate liposomes (Petrikovics et al., 2000a and b). The polypeptide can also be
incorporated into a composition comprising a foam such as those used routinely in fire-
fighting (LeJeune et al., 1998). As would be appreciated by the skilled addressee, the
polypeptide of the present invention could readily be used in a sponge or foam as
disclosed in WO 00/64539. Other solid supports useful for the invention include resins

20  with an acrylic type structure, with epoxy functional groups, such as Sepabeads EC-EP
(Resindion srl--Mitsubishi Chemical Corporation) and Eupergit C (Rohm-Degussa), or
with primary amino groups, such as Sepabeads EC-has and EC-EA (Resindion srl--
Mitsubishi Chemical Corporation). In any case, the polypeptide is brought in contact
with the resin and immobilized through the high reactivity of the functional groups

25  (epoxides) or activation of the resin with a bifunctional agent, such as glutaraldehyde,
so as to bind the enzyme to the matrix. Other resins suitable for the invention are
polystyrene resins, macroreticular resins and resins with basic functional groups, such
as Sepabeads EC-Q1A: the polypeptide is absorbed on the resin and then stabilized by
cross-linking with a bifunctional agent (glutaraldehyde).

30 In an embodiment, the composition comprises Zn>" and/or Co®’". In another
embodiment, a method of the invention for hydrolysing an s-triazine or diazine
comprises providing Zn*" and/or Co®" as a co-factor for a polypeptide of the
invention.

One embodiment of the present invention is a controlled release formulation

35 that is capable of slowly releasing a composition of the present invention into an
animal, plant, animal or plant material, or the environment (including soil and water
samples). As used herein, a controlled release formulation comprises a composition of

the present invention in a controlled release vehicle. Suitable controlled release
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vehicles include, but are not limited to, biocompatible polymers, other polymeric
matrices, capsules, microcapsules, microparticles, bolus preparations, osmotic pumps,
diffusion devices, liposomes, lipospheres, and transdermal delivery systems. Preferred
controlled release formulations are biodegradable (i.e., bioerodible).

A preferred controlled release formulation of the present invention is capable of
releasing a composition of the present invention into soil or water which is in an area
comprising a s-triazine or diazine. The formulation is preferably released over a period
of time ranging from about 1 to about 12 months. A preferred controlled release
formulation of the present invention is capable of effecting a treatment preferably for at
least about 1 month, more preferably for at least about 3 months, even more preferably
for at least about 6 months, even more preferably for at least about 9 months, and even
more preferably for at least about 12 months.

The concentration of the polypeptide, vector, or host cell etc of the present
invention that will be required to produce effective compositions for hydrolysing an s-
triazine or diazine, will depend on the nature of the sample to be decontaminated, the
concentration of the s-triazine or diazine in the sample, and the formulation of the
composition. The effective concentration of the polypeptide, vector, or host cell etc
within the composition can readily be determined experimentally using a method of the
invention.

Enzymes of the invention, and/or host cells encoding therefor, can be used in
coating compositions as generally described in WO 2004/112482 and WO
2005/26269.

EXAMPLES
EXAMPLE 1 — TrzN Mutants with Enhanced Activity
Methods and Materials
A truncated pET14b plasmid (pETcc2) was used for the expression of TrzN

and its variants. All #7zN genes were cloned into pETcc2 using the unique Ndel and
BamHI sites, and expressed in E. coli strain BL21 ADE3 (Novagen). Ndel / BamHI
digested pETcc2 was prepared from pETcc2::egfp (Figure 2), which provided a
simple visual indication of the proportion of religated vector in the libraries (i.e.
relegated vector fluoresced strongly under blue light).

Codon optimised TrzN (SEQ ID NO:2 - TrzNco) was produced by GENEART
AG (BioPark, Josef-Engert-Str. 11, D-93053 Regensburg Germany).

Random mutagenesis was performed using GeneMorph 11 (Stratagen)
according to the manufactures instructions. Oligonucleotide primers 1 and 2 were

used to amplify the gene (Table 2).
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Site-saturation mutagenesis was performed by PCR mediated site-directed

mutagenesis using primers 3-24, as detailed in Table 2. The NNS degeneracy

(Georgescu et al., in Directed Evolution Library Creation, Eds.: F. H. Arnold, G.

Georgiou, Humana Press, Totowa, NJ, 2003, pp. 75 — 89) was used to generate

5 diversity at the 67", 91, 131%, 159™ 161%, 243", 246", 294™, 335™ and 350™ codons
of the trzN gene (where N is any nucleotide and S is either G or C).

Random and site-saturated libraries were screened using LB agar plates

supplemented with 200 pgmL™ ampicillin, 1 uM IPTG and impregnated with

1 rng.rnL'1 atrazine (90% atrazine w/w; Gesaprim 900 WG, Syngenta). TrzN activity

10  was assessed by atrazine dechlorination, which resulted in clarification of the medium
in the vicinity of colonies expressing active TrzN. The level of activity was
determined by the rate at which the clarification occurred.

All sequencing was performed by Micromon (Monash University, Melbourne,
Victoria).

15 Substrate range was tested by measuring the rate of substrate hydrolysis by
purified HisgTrzNcc3.2, as measured by the loss of absorbance at 264 nM as
previously reported (Shapir et al., 2005b). Atrazine, ametryn, propazine, prometryn,
simazine, simetryn, ipazine, trictazine and cyanozine (>99% purity Pestinal standards;
Sigma) were tested by this method. HisgTrzNcc3.2 was purified by affinity

20  chromatography (HisTrap; GE HealthCare), followed by size exclusion
chromatography (Superdex 200; GE HealthCare).
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Table 2. Oligonucleotide primers used in this study.
No  Application Sequence (5’ -3")
I trzNco forward CCACAACATATGATTCTGATCCGTGGTCTGACCCGCGTTATC (SEQ ID NO:5)
2 trzNeoreverse CTTCGAATTCTTACAGATTTTTCGGAATCAGGGCCGTGGTATTAG (SEQ ID NO:6)
3 67X mutagencsis forward ~ CGCACGATCGATGGTCGCGGCATGATTGCCCTGCCGGGTCTGATCAATAGCCACCAGCATCTGNNSGAGGGC
(SEQIDNO:7)
4 67X mutagenesis reverse CAGATGCTGGTGGCTATTGATCAGACCCGGCAGGGCAATCATGCCGCGACCATCGATCGTGC (SEQ ID NO:8)
5 91X mutagenesis forward  GCGAGCTGGTTAGAGGGCGTCCTGNNSCGTAGCGCGGGTTGGTGGCGT (SEQ IDNO:9)
6 91X mutagenesis reverse ACGCCACCAACCCGCGCTACG (SEQ ID NO:10)
7 131X mutagenesis forward  TCCTGCTGGAAAGCCTGCTGGGCGGTATCACCACCGTCGCCGATCAGCATNNSTTTTTTCCAGGTGCAACCGC
(SEQIDNO:11)
8 131X mutagenesisreverse ~ ATGCTGATCGGCGACGGTGGTGATACCGCCCAGCAGGCTTTCCAGCAGGA (SEQ IDNO:12)
9 159X mutagenesis forward ~ TATATTGATGCAACCATCGAAGCCGCGACCGACCTGGGTATTCGCTTTCATGCCNNSCGCAGCAGCATG (SEQ IDNO:;13)

159X mutagenesis reverse
161X mutagenesis forward
161X mutagenesis reverse
210X mutagenesis forward
210X mutagenesis reverse
243X mutagenesis forward
243X mutagenesis reverse
246X mutagenesis forward

246X mutagenesis reverse

GGCATGAAAGCGAATACCCAGGTCGGTCGCGGCTTCGATGGTTGCATCAATATA (SEQ D NO:14)
ACCATCGAAGCCGCGACCGACCTGGGTATTCGCTTTCATGCCGCGCGCNNSAGCATGACTCTGGGTAAG (SEQ IDNO: 15)
GCGCGCGGCATGAAAGCGAATACCCAGGTCGGTCGCGGCTTCGATGGT (SEQ D NO:16)
GAACCATTTGGCATGGTCCGCATTGCACTGGGTNNSTGCGGCGTTCCGTAT (SEQ IDNO:17)
ACCCAGTGCAATGCGGACCATGCCAAATGGTTC (SEQ D NO:18)
GTGCGCCTGCATACGCATTTTTATGAACCGNNSGACGCG (SEQ ID NO:19)
CGGTTCATAAAAATGCGTATGCAGGCGCAC (SEQ ID NO:20)
CTGCATACGCATTTTTATGAACCGCTGGACGCGNNSATGAGC (SEQID NO:21)
CGCGTCCAGCGGTTCATAAAAATGCGTATGCAG (SEQ IDNO:22)
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TrzNL1T468C TrzNcel. 1T468C A938T TrzNcel. 3A200T 0210A T468C TrzNcel. 4T468C
CA76TG/53C TrzNcel. 6T468C CA76TT728C TrzNcel. 8T468C 01048T TrzNcel. 9T384C
TA468CGEE69A G681T TrzNcel. 10T468C 0475A TrzNcel. 11C279T T468CC1223T C1329T
TrzNcel. 12C76AT468CA481G

19 294X mutagenesis forward  ATTCCAGAATTTGCGGATGCCGGCGTTGCAATTNNSCACCTGATTGCGCCGGATCTGCGTC (SEQ IDNO:23)
20 294X mutagenesisreverse  AATTGCAACGCCGGCATCCGCAAATTCTGGAAT (SEQID NO:24)

21 335X mutagenesis forward  ACCGGTAGCGCCAGCAACGACGGTGGCAACNNSTTAGGTGATCTG (SEQ [D NO:25)

22 335X mutagenesisreverse  GTTGCCACCGTCGTTGCTGGCGCTACCGGT (SEQ [D NO:26)

23 350X mutagenesis forward  TTAGGTGATCTGCGCCTGGCAGCCCTGGCGCATCGCCCGGCONNSCCGAATGAA (SEQ IDNO:27)

24 350X mutagenesisreverse  CGCCGGGCGATGCGCCAGGGCTGCCAGGCGCAGATCACCTAA (SEQ ID NO:28)

25 38X mutagenesis forward GCTGTGGGTAAANNSTTAAGCGATCGTAG (SEQ ID NO:29)

26 38X mutagenesis reverse CTACGATCGCTTAASNNTTTACCCACAGC (SEQ ID NO:30)




TrzNcel. 13C39AC101A T468CT639CG/37C01048T TrzNcel. 14C410T A418CT468CA600G
TrzNcel. 15T468C 0705A C1003A TrzNcel. 17T468C 0573C TrzNcel. 25T468C
CA74TCo28802R103254bp zNcel. 26T399C T468CGB80A T900C Tr zNc @CTAURA®BC1138236 T
TrzNcel. 30T87CA3670 T468C TrzNcel. 31 ™68C 01176T TrzNcel. 36C135T
T468CC1344A TrzNcel. 40T468C A852T TrzNcel. 43T468C T738C TrzNcel. 44CA54T
T468C TrzNcel. 47A200T T468CGL309A TrzNcel. 49T468C 04891G/45A

TrzNcel. 5 1 1468C TrzNcel. 581468C 0736A TrzNcel. 65G2251 C268A A414G
1468C1627 211 TrzNce2. 1A4321 1468CT471CCA76T1728C01053A C1351A

Tr zNce2. 2K30@&r CAuWo® MYESARAF6TC686T C690A T728CC11281 TrzNce2. 3A2001 0210A

C37211468CAG54R/n GkRNRA la‘e@clgﬂ%% D2 PARQEGIIIARN HUleb3GyF BirmNceE3 4C180T
T ac o R AN o b 4055,09305 SRR T909C Irzheez, sG2gor
T468CG705 g ydrolytically
solid medium in the vicinity of the bacterial growth was observed after 30 days, BL21
ADE3 pETcc2::trzNco was deemed to have no, or undetectable, levels of atrazine
chlorohydrolase activity. Random mutants of #zNco were generated using the low
fidelity DNA polymerase Mutazyme 11 (GeneMorph II), and screened on atrazine
10 containing agar plates for hydrolytic activity against atrazine. A single synonymous
mutation in #zNco (T468C) altered the phenylalanine encoding 156™ codon from
TTT to TTC (SEQ ID NO:3). The mutant (TrzN L1, Table 3) conferred the ability to
clear atrazine after eight days at 37°C.
TrzN L1 was used as template for the next round of random mutagenesis
15  (iteration 1). Twenty-seven mutants were found that conferred upon BL21 the ability
to form zones of clearance more rapidly than the parent #rzNco parent (TrzN LI,
Table 3). Zones of clearance appeared at between three and six days for the iteration
I mutants. The fifteen (TrzN ccl.1, TrzN cc1.3, TrzN ccl.4, TrzN ccl.6, TrzN ccl.8§,
TrzN cc1.9, TrzN cc1.10, TrzN ccl.11, TrzN cc1.12, TrzN cc1.13, TrzN cc1.14, TrzN
20 ccl.15, TrzN ccl.25, TrzN cc1.26 and TrzN cc1.27) mutants with the most rapidly
forming zones of clearance were used as templates for another round of random
mutagenesis (iteration 2).
The products from the iteration 2 mutagenic PCR were screened together, so
that the best overall performing mutants would be selected. Thirty six colonies were
25  seclected that formed zones of clearance from 45 — 96 hours (Table 3). The best
thirteen iteration 2 mutants (clearing between 45 — 48 hours; TrzN cc2.1, TrzN cc2.2,
TrzN cc2.3, TrzN cc2.4, TrzN cc2.5, TrzN cc2.6, TrzN cc2.7, TrzN cc2.8, TrzN
cc2.9, TrzN c¢c2.10, TrzN cc2.11, TrzN c¢c2.12 and TrzN cc2.13) were used as

templates for the third iteration of random mutagenesis.



TrzNce2. 6T317C T468CA481G T531A Gr53C T906A T978A C1003A A13260

TrzNce2. 7Al 27G T320CT468CC4A76TG/53C 01048T TrzNce2. 8A157T C410TA418C
T468CAS45000888R5M600G C6280 G630A Gl048T C1332T Tr zNce2CIMARBE/0CHB6 TA/23G
C1003A G1048T C1329T TrzNce2. 10C84AT3BI9CT468CCA83TG380A T900CGL048A
TrzNce2. 11T468C T498CC628G C885TA10860 01270A TrzNce2. 12T384C

T468CC476 TabROA GVE%‘[SA@GI&ZE(E@GI’ byNt@2ti 3 738608 MEROWETH6 TRREY of Chbdig

G 11300l BERE" At Aol a0 e b Ao lageis dy G it 2 2570

T46800476?rb°£b48Th¢A1r0519@swmé&.thLa?qu@@swb‘ﬁm@tmm?efr ABdRG G380A
T900CC1 236 tabeAdNGERe HIA2QQT 0210A C346TT468CCA76TT579CT728CC1278T

TrzNce2. 20C438T T468CCA76TA855G TrzNce2. 21GL68A T426A T468CC476TC628G
C1203TP T1
T468CC476TT728CA9280 CL003A CL186A Tr che2 24TSCC315A T468CC476TG£589A 0681T

T468c:c4767|ttz7|terce2 27A2030€Fy50210A T@BWSB@@%W%@T@@GTMN%Z 28T468C
CA76TT5460E@8I6TEHO03A O1Q48T Tr z N €XIPOMPOT valgyA T468CCA76TT728CT1101G
Tr zNce2. 30@N12A C165TT46863476TT613CHTGICCI00TThilaE O MerztNeé2. 31T423C
T468CCAT6TANEAA A584T0758GyGL048T TierNoe2n8aT46860TA88@CHTATC628G GL048T

TrzN ccl.3 3 days Iteration 1 mutant — template for Iteration 2
TrzN ccl .4 3 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.6 3 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.8 3 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.9 4 days Iteration 1 mutant — template for Iteration 2
TrzN ¢cl.10 3 days Iteration 1 mutant — template for Iteration 2
TrzN ¢cl. 11 4 days Iteration 1 mutant — template for Iteration 2
TrzN cel. 12 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.13 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.14 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.15 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.17 5 days Iteration 1 mutant
TrzN ccl.25 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.26 3 days Iteration 1 mutant — template for Iteration 2
TrzN ccl.27 4 days Iteration 1 mutant — template for Iteration 2
TrzN ccl1.30 6 days Iteration 1 mutant
TrzN ccl.31 6 days Iteration 1 mutant
TrzN ccl.36 6 days Iteration 1 mutant
TrzN ccl.40 6 days Iteration 1 mutant
TrzN ccl.43 6 days Iteration 1 mutant
TrzN ccl.44 6 days Iteration 1 mutant
TrzN ccl.47 6 days Iteration 1 mutant
TrzN ccl1.49 6 days Iteration 1 mutant
TrzN ccl.53 6 days Iteration 1 mutant
TrzN ccl.58 6 days Iteration 1 mutant
TrzN ccl.65 6 days Iteration 1 mutant
TrzN cc2.1 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.2 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.3 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.4 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.5 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.6 45 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.7 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.8 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.9 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.10 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.11 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.12 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.13 48 hr Iteration 2 mutant — template for Iteration 3
TrzN cc2.15 72 hr Iteration 2 mutant

TrzN cc2.16 48 hr Tteration 2 mutant



TrzNce2. 33T108A A200T G210A G357A T468C01048T A1059G C1278T TrzNce2. 34T468C
CA76TGB67A G753C GL048T TrzNce2. 35A200T 0210A A296G T468CCA76T 0637A
T728CC10080 20r0z085492. 36C189T A326CT468CCA76TTI941CTI959A APCTNG2@L1086iB6 T1196C
G1248T T1286A TrzNce2. 37T468C CA76TCHMP03A TrzNce3. 1A200T 0210A
C279TT468 76TT879CCL003A Gl048T 'gk%aNce % 12A

te

C165TT392 6%2 76TT61860A C67 07A C993TC999TT1101C T1305C
TrzNce3. 3 392CT468(A76TG753 A 48T GL094A Cl186A GI221A WO
2010/ 0254 @Bﬁﬁg 2009/ oo 6 52 TrzZINC8Y 4 G T240CT468C(H48A C628G 01048T

C1332T Tr T@éé g §T108A A200T G210A CraBE® 476 T B67A GLO48T

J11

Tr zNce3. 61384 J468CC4761(528G CB67.T 0CC981TG1048A A1326G
Tr zNce3. ﬁ”ﬁ& 468CCAT6TCE28G C867 THRSA™YO0CC081TGL048A A1326G

Tr zNce3. 8A06F207T @R10A" T468CCATET 4‘6%an’r9oocc;1048A Tr zNce3. 9T468C
0476Tc:633°f%§6 12 A7230 CI C%A GL048T¢ Ei%"zid‘?“ zNce3. 10A228G T240C G270A

T468CC628EDSTTA G1048T Nce3. 114?

gﬁ%

% T399CT468CC476TA843G GB80A

T900CCLO03T CE286T TrzNcE3! 12A2286 C0628G G380A C957A CL003A
TrzNce3. 138D69T/0210A AT T4680T ER654G GT68A T774A C972TCL003A
T1011C GL3B31°22*W0 2010/ 025499PCT/ A % BFi36 53 Table 5. Sunmary of the
nut at i ons TP Ct48 i rrproveﬁ; rzN varil¥ #Es. Variant Mut ati ons

TrzN ¢c2.30 Iteratlon 2 mmitant

TrzN cc2.31 48 hr Tteration 2 mutant

TrzN ¢c2.32 48 hr Tteration 2 mutant

TrzN cc2.33 48 hr Tteration 2 mutant

TrzN cc2.34 48 hr Tteration 2 mutant

TrzN cc2.35 48 hr Tteration 2 mutant

TrzN ¢c2.36 48 hr Tteration 2 mutant

TrzN ¢c2.37 96 hr Tteration 2 mutant

TrzN cc3.1 24 hr Tteration 3 mutant

TrzN cc3.2 26hr Tteration 3 mutant

TrzN cc3.3 26hr Tteration 3 mutant

TrzN cc3.4 26hr Tteration 3 mutant

TrzN cc3.5 26hr Tteration 3 mutant

TrzN cc3.6 26hr Tteration 3 mutant

TrzN cc3.7 26hr Tteration 3 mutant

TrzN cc3.8 31 hr Tteration 3 mutant

TrzN ¢c3.9 31 hr Tteration 3 mutant

TrzN ¢c3.10 31 hr Tteration 3 mutant

TrzN cc3.11 31 hr Tteration 3 mutant

TrzN ¢c3.12 31 hr Tteration 3 mutant

TrzN cc3.13 31 hr Tteration 3 mutant

Again, the products from the iteration 2 mutagenic PCR were screened
together, so that the best overall performing mutants would be selected. Thirteen third
iteration mutants were selected; conferring clearing times of 24-31 hours were

5  selected. The nucleotide and amino acid replacements in the mutants are summarized
in Tables 4 and 5 respectively. The largest number of nucleotide mutations within a

single gene was fourteen, with up to seven amino acid substitutions in any variant

enzyme.



trzN_ LI TrzN ccl.1Y313F TrzN ccl. 3Y67F TrzN ccl. 4A159V TrzN ccl. 6A159VL243P
TrzN ccl. 8D350Y TrzN ccl. 9G190DM2271 TrzN ccl. 10 A159T TrzN ccl. 11 A408V
TrzN_ccl.w0 200619549361 G TrzN _ccl. 13 F13LA34D&246AD350Y TreiNAIR0091041136
T1371S140R TrzN_ccl. 15 L335M TrzN cc13017 TrzN_ ccl.25 P210A TrzN ccl. 26
A294T TrzN_ ccl. 27 TrzN ccl. 30 1123V TrzN ccl.31 TrzN ccl. 36 TrzN ccl. 40

TrzN ccl1.43 TrzN ccl.44 TrzN ccl. 47 Y67FVA37I

TrzN_cc2. 3Y67FL335M TrzN _cc2. 4Y67FK101RA294T

Table 4. Summary of the mutations in the improved #zN genes.

Mutant Nucleotide substitutions
TrzNL1 T468C

TrzNeel.1 T468C  A938T

TrzNcel 3 A200T  G210A  T468C

TrzNeel 4 T468C  C476T  (G753C

TrzNeel .6 T468C  C476T  T728C

TrzNeel 8 T468C  G1048T

TrzNeel 9 T384C  T468C  G569A  G6SIT

TrzNeel. 10 T468C  G475A

TrzNeel 11 C279T T468C  C1223T CI1329T

TrzNeel .12 C76A  T468C  A481G

TrzNeel 13 C39A  CI0IA  T468C  T639C  G737C  Gl048T
TrzNeel 14 C410T  A418C  T468C  A600G

TrzNeel 15 T468C  G705A  Cl1003A

TrzNeel 17 T468C  G573C

TrzNeel 25 T468C C474T  C628G  CI278T

TrzNeel 26 T399C T468C  GB30A  T900C

TrzNeel 27 T468C  C1236T

TrzNeel 30 T87C  A367G  T468C

TrzNeel 31 T468C  G1176T

TrzNeel 36 CI35T T468C  Cl344A

TrzNeel 40 T468C  ABS2T

TrzNeel 43 T468C  T738C

TrzNeel 44 C454T  T468C

TrzNeel 47 A200T T468C  GI309A

TrzNeel 49 T468C  G489T  (G745A

TrzNeel 53 C410T  T468C

TrzNeel 58 T468C  GT36A

TrzNeel .65 G225T (C268A  A414G  T468C  Te27C  CI321T
TrzNee.1 A432T  T468C  T471C  C476T  T728C  GIOS3A  CI351A
TrzNee2 2 A303G  C449G  T468C  C476T  Co686T  C690A  T728C  Cl128T
TrzNee2 3 A200T  G210A  (C372T  T468C  A634G  C1003A

| | | TrzN_ccl. 49 ML631 D249N
TrzN ccl. 53T1371 TrzN ccl. 58 &46S TrzN ccl. 65 LO9OM
TrzN cc2. 1L243PA159VL451M TrzN_cc2. 2T150SA159VA229VD230EL243P



TrzN_cc2. 5L335M TrzN_cc2. 6V106AS161GF177LL335M

TrzN_cc2. 7S43G1107TA159VD350Y TrzN_cc2. 8Mb3LT1371S140RD182GG190SD350Y
TrzN_cc2. Woarsd2385M D350Y TrzN_ cc2. 10 D28EA294TD350N TrziNAIRR091001136
P210AV4241 TrzN_cc2.12 A159VG190D Trz¥ cc2. 13 A159V TrzN

cc2. 15P210AA294TR365HD350Y TrzN cc2. 161 123VS161GA294T TrzN cc2. 17
Y67FAL159VD350Y TrzN cc2. 18T91SA159VA294T TrzN cc2. 19Y67FA159VL243P TrzN
cc2. 20A159V TrzN cc2. 21A159VP210A TrzN cc2. 22A159V TrzN

cc2. 23A159VL243P1310VL335M.396M WD 2010/ 025499PCT/ AU2009/ 001136 54 TrzN
cc2. 241 2TD105EE197KA159VMR271 L243PL335M TrzN cc2. 25A159VL335M Tr zN

cc2. 26S84RD105GA159V TrzN cc2. 27 Y67FA294T TrzN cc2. 28D182EA159VL335MD350Y

TrzNec2 4 CI80T A200T  A302G  C375A  T399C  C411T  T468C  AS40G  GS80A  T900C
TrzNee2.5 C229T T468C  G705A  CL003A

TrzNec.6 T317C  T468C ARG T531A  (G753C  TY06A  T978A  Cl003A  Al326G
TrzNeel.7 Al27G T320C  T468C  C476T  G753C  GI048T

TrzNec2 8 AISTT  C4L0T  A418C  T468C A5G (G568A  A600G (628G G630A  GIO48T CI332T
TrzNec9 T468C C476T  A723G  CL003A GIO48T CI329T

TrzNec2.10 C84A  T399C T468C  C483T  GBROA  T900C  (1048A

TrzNee2.11 T468C T498C  C628G  C885T  Al086G  GI270A

TrzNee2.12 T384C T468C  C476T  G569A  (G753C  AlLS2G

TrzNee2.13 T336C T468C  C476T  AS37G CSMT

TrzNce2.15 A228G  T240C  T468C (628G GBBOA  GI048T (1094A

TrzNcce2.16 T273A A367G  C381T  T399C  T468C  A481G  G880A  T900C

TrzNee2.17 A200T C207T  G210A  T468C  C476T  GI048T AL0SHG

TrzNce2.18 ATIT  A333G T399C  T468C  C476T  A843G G880A  TI00C  Cl1236T
TrzNee2.19 A200T  G210A  C346T T468C  C476T T579C  T728C  CI278T

TrzNcc2.20 C438T T468C  C476T  A8S5G

TrzNee2 21 Gl68A T426A  T468C  C476T (628G CI1203T TI305C

TrzNee2.22 T468C C476T  T663C  CI236T

TrzNec2.23 T384C T468C  C476T  T728C  A928G  Cl003A Cl186A

TrzNce2.24 TSC  C315A  T468C  C476T  G589A  G68IT  T728C  G897A  Cl003A
TrzNce2.25 C279T T468C  C476T  CL003A

TrzNce2.26 A250C  A314G T468C  CAT76T

TrzNee2.27 A200T  G210A  T468C  T555C  (GB80A  T900C

TrzNce2.28 T468C C476T  T546G  C69%T  CI003A  G1048T

TrzNce2.29 A200T  G210A  T468C  C476T  T728C  TII01G

TrzNcc2.30 GI12A Cle5T  T468C  C476T  T6I18C  G753C (99T  TILI0IC

TrzNee2.31 T423C  T468C  C476T  G489A  ASR4T  G753C  (1048T

TrzNce2.32 Td66C T468C  C474T  Co28G  GLO48T

TrzNee2 33 TI08A  A200T  G210A G357A  T468C  G1048T Al0S9G CI278T

TrzNce2.34 T468C C476T  G567A  (G753C  GLOART

TrzNce2.35 A200T  G210A  A296G  T468C  C476T  G637A T728C  Cl003A

TrzNce2.36 CI89T A326C T468C  C476T T941C T959A  AIOS9G CLIST TI196C (GI248T TI286A
TrzNce2.37 T468C  C476T  Cl003A

TrzNec3.1 A200T Q2104 C279T  T468C  C476T  T879C  CIO03A  G1048T

TrzNee3.2 GI12A CleST  T392C  T468C  C476T  T618C  Go60A  Co675A  G753C  (BO7A  (C993T  (999T  TIIOIC TI305C
TrzNee3 3 AIT  T392C  T468C  C476T  G753C  G8B0A  GIO48T G1094A ClI86A GI221A



TrzN cc2. 29 Y67FAL159VL243P TrzN cc2. 30D38NAL159V TrzN

cc2. 31ML63I A159VY195FD350Y TrzN cc2. 32F156LP210AD350Y TrzN cc2. 33Y67FD350Y
TrzN cc2.80 200F2¥P350Y TrzN cc2. 35 Y67FDI9CGAL59VV213I L228PIA3RBIO0IBHN cc2. 36
E109AA159VL314PV320EV399A V429D TrzN ®c2. 37 A159VL335M

TrzN_cc3. 1Y67FA159VL335M D350Y TrzN_cc3. 2D38NL131PA159V TrzN cc3. 3T91
SL131PA159VA294TD350YR365HL396M Tr zN_cc3. 4R183HP210AD350Y

TrzN_cc3. 5Y67FA159VD350Y TrzN_cc3. 6A159VP210AA294TD350N

TrzN_cc3. 7A159VP210AA294TD350N TrzN _cc3. 8Y67FAL159VD350N

TrzN_cc3. 9A159VL335M D350Y TrzN cc3. 10 P210AA294TD350Y TrzN cc3.11 T91
SA159VA294T TrzN_ cc3. 12 P210AA294TL335M TrzN cc3. 13 Y67FL335M
Interestingly, nutations that both resulted in an am no acid substitution
and those that did not appear to influence the rate of clearing, suggesting
that there are transcriptional or translational determ nants of total TrzN
activity in addition to 5 factors affecting protein folding and stability.
This is clearly denonstrated by the effect of the trzNco to trzN Li

nmut ati on (T468C) whi ch nmade no chan e to the protein sequence, but rather

al t &gt he ”fﬁeﬂchal éi(l G@@dowggs@g iroCl;rTcof F156 (from TTT to TTO).

por “%E%'the'mc( 4@1%“ % %% L@ %@ggA g e

to ’%98?%‘“ EoRENEHGS

TrzNee3 8 A200T C207T  G210A  T468C  C476T  T840A  T900C  GI048A

TrzNee3 9 T468C C476T  (C633T  G660T  A723G  Cl1003A GIO48T CI1329T

TrzNec3.10 A228G  T2M40C  G270A  T468C  C628G  GBR0A  (G1048T

TrzNee3.11 ATIT  A333G T399C  T468C  C476T  A843G  (880A  TO00C  Cl003T Cl1236T

TrzNee3.12 AD8G TM0C  T468C (628G GBBOA  C957A  CIO03A

TrzNee3.13 A200T  G210A  C411A  T468C  TSS5C  T639C  A654G  G768A  T74A  (C972T  Cl003A TI01IC GI353T




Am no acids that were altered nore than once during the first, second or
third iteration of the random nut agenesis program or were strongly

sel ect ed wonoion2s4%e¢ second and third iterations of randecTmiRewEnesss, or
were present in one round of 15 randdi nut agenesi s and conbi ned with ot her
mutations in the parent tenplate of the second and third iterations of
random nuﬂ"agbrﬁesﬁwnmsryiafdl&pantaénns islehemhnbreifd:chnth\amiamrm],zymese deened to be
i nport ant determ nants of the i rrproved at razi ne dechI ori nase actl vities of
t he terce;rr . v =S¢ Se—space hese
posi ti ons; ¢ g . M O ac i
2010/ 02549
site-satur

01136 55 |ntroduced by randon1nutagene5|s
ies were prepared for each of these sites (codons 67,

91, 131, 243 246, 294, 335 and 350; Table 6). Table 6. The
underli ne were dent| fied by random nut agenesi s;

5nonunder | | 2\ﬁre identified by site saturation nmutagenesis
only. WI AT)‘@; (ACT) L131(CTG Al 59(CCG S161(ACC)

P210( CCQ 46( A294(CGCG L335 (CTG D350(GAC) I nproving
amino acid- s F (TTT) S (TCT) P(CCO, N AAC), T(ACC, D GAO,
V(GTG, ¢

gg%d S(AGC), QCAQ), H( CAC), Y(TAC), | (ATC) V(GTQ),

T( ACO) G(?ﬁ%%zzi 133& % ) S(AGC), E(GAG), K(AAQ),
V( GTG)’ D(TrZNaccll 371 Sl4

TrzN_ccl.15 L335M

TrzN_ccl.17

TrzN_ccl.25 P210A

TrzN_ccl.26  A294T

TrzN_ccl.27

TrzN_ccl.30 1123V

TrzN_ccl1.31

TrzN_ccl.36

TrzN_ccl.40

TrzN_ccl.43

TrzN_ccl.44

TrzN _ccl.47  Y67F V4371

TrzN_ccl.49 MI1631 D249N

TrzN_ccl.53  TI1371

TrzN_ccl.58  (G246S

TrzN_ccl.65 LY9OM

TrzN_cc2.1 L243P AI59V L451M
TrzN_cc2.2 T150S AI59V A229V D230E L243P
TrzN_cc2.3 Y67F L335M

TrzN_cc2.4 Y67F KI01R A294T

TrzN_cc2.5 L335M

TrzN_cc2.6 VI106A S161G F177L L335M
TrzN_cc2.7 S43G 1107T AI59V D350Y
TrzN_cc2.8 MS53L T1371 S140R DI182G G190S D350Y
TrzN_cc2.9 AI59V L335M D350Y
TrzN_cc2.10 D28E A294T D350N
TrzN_cc2.11  P210A V4241

TrzN_cc2.12  AI5S9V G190D

TrzN_cc2.13  AI5S9V

TrzN cc2.15  P210A A294T R365H D350Y
TrzN cc2.16 1123V S161G A294T

TrzN cc2.17  Y67F AI59V D350Y

TrzN cc2.18  T91S AI59V A294T

TrzN cc2.19 Y67F AI59V L243P

TrzN cc2.20  AI5S9V

TrzN cc2.21 AI59V P210A

TrzN cc2.22  AI5S9V

TrzN cc2.23  AI5S9V L243P 1310V L335M  L396M



Y(TAC), N(AAC), F(TTC), R(CEC), H(CAQ Am no acid substitution by a
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Substrate Leaving group N-al kyl chain 1 N-alkyl chain 2 Relative Activity
in TrzN cc3.2 Relative Activity in TrzN* Atrazine chloride ethyl isopropyl
1. 36 0. 16woretwoesoset hyl t hi ol et hyl isopropyl 1 1 ProparCmaAwhimoide

i sopropyl isopropyl 0.86 ND 55

introduced by random mutagenesis, site-saturation libraries were prepared for each of
these sites (codons 67, 91, 131, 159, 161, 210, 243, 246, 294, 335 and 350; Table 6).

Table 6. The underlined amino acids were identified by random mutagenesis;

5 nonunderlined amino acids were identified by site saturation mutagenesis only.

Wild-type Improving amino acid substitutions

Y67 (TAT) F(TTT)

T91 (ACT) S (TCT)

L131(CTG) P(CCC), N(AAC), T(ACC), D(GAC), V(GTQ),
G(GGC), C(TGC), S(AGC), Q(CAG), H(CACQ),
Y(TAC), I(ATC)

AI59(GCQG) V(GTG), T(ACG)

S161(AGC) G(GGO)

P210(CCG) A(GCG)

L243(CTG) P(CCQG), G(GGC)

G246(GGT) A(GCQG), S(AGQC), E(GAG), K(AAG), V(GTG),
D(GAC)

A294(GCQG) T(ACG), S(TCT), L(CTQ)

L335(CTG) M(ATG)

D350(GAC) Y(TAC), N(AAQC), F(TTC), R(CGC), H(CAC)

Amino acid substitution by a wide spectrum of alternatives at some sites

resulted in an increase in clearing rates compared with the parental gene, whilst others

10  tolerated only a fairly conservative change to only one alternative amino acid.
Substituting 1.131, D350 and G246 for twelve (P, N, T, D, V, G, C, S, Q, H, Y or 1),

six (D, S, E, K, V or A) and five (Y, N, F, K or H) alternative amino acids
respectively resulted in increased dechlorinase activity compared with the wild-type
enzyme. A294 could be substituted with three alternate amino acids (T, S or L)

15  vyielding greater atrazine dechlorinase activity, whilst A159 and L243 could only be
successfully be substituted with two alternatives each (V or T, and P or G,
respectively). At five of the positions, only one possible substitution yielded
improved activities (Y67F, T91S, S161G, P210A and L335M) (Table 6). We also
screened 100 colonies from a D38X site stauration library in a LI31P A159V

20  backgorund. We obtained 5 colonies with apparently improved clearing phenotypes.

The only substitution to give such a phenotype was D38N.

Characterisation of the mutations in variant TrzN cc3.2
SDS-PAGE and kinetic analysis demonstrated that the vast majority of the
25  improvement in activity was a result of increased expression. Indeed, the expression
incrementally increased in each round of mutagenesis, and the most active mutant
obtained in the third round contained three amino acid substitutions (D38N, L131P
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and A159V) (Figure 3). There were a number of silent mutations in trzN, which may
have contributed to the increased expression through changes in tRNA usage, mRNA
stability or secondary structure effects upon translation efficiency. The contribution
of each amino acid change to the increase in solubility was assessed by introducing
5  them into the TrzN wild-type background individually, and introducing the reversion
mutations into the mutant individually. The presence of the A159V substitution, the
first mutation introduced during mutagenesis, enhanced soluble expression to 12.5 %
(8.4 mg/L) of that of the final variant. Introduction of the second substitution (L131P)
into the A159V background enhanced soluble expression to 42 % (28 mg/L) of that of
10  the final variant, and introduction of the third substitution (D38N) into the L131P,
A159V background increased the soluble expression t0.67.2 mg/L (Figure 3). In the
wild-type TrzN background the L.131P mutation had a similar effect upon solubility
as the A159V substitution (6.6 mg/L yield). Therefore, the effect of combining the
mutations is synergistic, rather than additive. Indeed the D38N, L131 variant was
15  considerably less soluble than the L131P variant, whilst the D38N variant was similar
in yield to that previously reported for wild-type TrzN suggesting that the D38N
substitution negatively affects enzyme yields, except in the presence of the A159V

substitution.

20 Substrate range
Purification of TrzN cc3.2 by size exclusion chromatography revealed that it
had a native molecular weigth of between 75 and 150 kDa, suggesting that it is a
homodimer or homotrimer. This is in contrast to AtzA, which is a homohexamer, and
previous reports that TrzN was a monomer (Shapir et al., 2006).

25 The purified enzyme was used to determine the substrate range of an iteration
3 TrzN variant. TrzN cc3.2 was able to hydrolyse atrazine, ametryn, propazine,
prometryn, simazine, simetryn, ipazine, trictazine, and cyanozine (Table 7), which
represent s-triazines with halogen and methylthiol leaving groups, N-cthyl, N-
isolpropyl, N-diethyl and N-cyanodimethylmethyl alkyl side chains. As the chemistry

30  of methylthiol and methoxy leaving groups is highly similar, it is expected that TrzN
cc3.2 retains the previously reported activity against methoxy-s-traizines (atraton, for
example) (Shapir et al., 2005b).

35
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5 Host and vector range The entire coding region for both TrzNcc3. 2
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coli JMLOYabIeHLO S¢cihndctBliR1dXDES peificsl. TiEhecsi. X verssuh trange oft triazinss. wer e
tested fo e C ate assay.
| moach ooRie iyt By REncilog S MARG-HS! N8 Ll B R e P e o
37C, whlI§ﬁoﬁh§mﬁméﬁ@h§2@kﬁrb&émﬁbdﬁﬂmdn@&pe TrzN did not clear after 12
days at 37C. This denonstrates that the inprovenents to TrzN expression
were nei UB@ferRk aSTafind10T Sk 1@hdi P EREARE Main EXAVPRRadve ST URLIWGE Of 11 zN
Mitants wi th Enhag Activity Methods and Mat eri algtviept r uct Weiggol uti on
20Data collection statistics have been reported el sembers.2( Jackeson et al .
2006) . Phaseidet edhlstidiat | orthylsi ng sinqbgwmmvelengthlamonalousodiffraction
(SAD) ( Datterynet madthylthi@l002)hyf r om t he i@pbpwwe site métal s of netall o-enzynes
has been Pioragingusihiprigeepor tiswgropyli u etl%ﬁ0m42005) B8éause pre¥Pous work
suggest ed PRt Héetlé’glgr‘?h’retlffop@Pﬁnlt conpaPhed a Tr zN di mer (JHPkson et al.

2006), SH 9 Sc der éfw l., 2002 w'as 25 i npl nted i ndthe COP4 suite
of prografk.(Col |'a Og’a?lvqSO utatl I-Researcthg ect - 4, % 4), was used
to IocateT£§£m> <h Len Qﬁl fo r ﬂon S|tes bls @an anonghous
d|fferencg25@&ken§gg¢§ynthﬁ§js u5|ngc%ggh vB 6@l ected gb 1.28269 A
M_PHA (LIMAHOMBKI 199T) was subsequently used To refine the occupancy of
the f sites and obtain initial phases with a phasi ng power of 2.43.

SHEL XE ma&bus&dx@ab@hu@ensity nodi fi cati on and phase i nprovenent (Sheldrick
et al., 2002); Theheentlrllrle godlng reg%gnlgor% %4% IID\FTé AUZQ {(P Pype%@zlé were moved
from the inducible, high-level expression vector pETcc2 into a low-level,
constituative expression vector (pCS150, Scott et al., 2009). The resultant vectors
10 were used to transform E. coli IM109, DH10B, and BL21 ADE3 cells. The six
resultant strains were tested for their rates of clearing using the atrazine clearing plate
assay. In each case the TrzNcc3.2 expressing strain cleared within two days at 37°C,
whilst the starins expressing wild-type TrzN did not clear after 12 days at 37°C. This
demonstrates that the improvements to TrzN expression were neither plasmid nor

15  strain dependent.

EXAMPLE 2 — Structure of TrzN Mutants with Enhanced Activity
Methods and Materials

Structure solution

20 Data collection statistics have been reported elsewhere (Jackson et al., 2006).
Phase determination using single-wavelength anomalous diffraction (SAD) (Dauter et
al., 2002) from the active site metals of metallo-enzymes has been previously reported
(Liu et al.,, 2005). Because previous work suggested that the asymmetric unit
contained a TrzN dimer (Jackson et al., 2006), SHELXD (Schneider et al., 2002), as

25  implemented in the CCP4 suite of programs (Collaborative-Computational-Research-
Project-4, 1994), was used to locate the positions of the four Zn*" ion sites in an
anomalous difference Patterson synthesis using the SAD data collected at 1.28269 A.
MLPHARE (Otwinowski, 1991) was subsequently used to refine the occupancy of the
four sites and obtain initial phases with a phasing power of 2.43. SHELXE was used

30  for density modification and phase improvement (Sheldrick et al., 2002); the high
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20 Decomposition of this intermediate will yield the dechlorinated product
hydroxyatrazine in addition to a free chloride. Product release will then require
conformational change in the enzyme and opening of the active site cleft.

In conclusion, the following residues may be changed to alter the specific
activiy, catalytic constant (kc.), substrate specificity (Kp,), stability and/or second

25  order rate constant (kca/Km): M82, W85, L86, M2, P131, M163, L172, C211, Y215,
H238, E241, 1243, M247 H274, P299, D300 M303, W305, T325 or S329.

EXAMPLE 3 — Field Study
Methods and Materials

30 Preparation of TrzNcc3.2-containing homogenate

Clarified bacterial homogenate containing active TrzNcc3.2 were prepared
from a 2 litre ferment of BL21 ADE3 expressing TrzNcc3.2, grown on a minimal
medium (10.6 g/ KH,PO4, 4 ¢/ (NH4),HPOy4, 1.7 g/L citric acid monohydrate, 31.3
mL/L glycerol). After autoclaving 10 mL/L of PTM4 salts (0.2 g/L D-biotin, 2.0 g/L

35  CuS04.5H;0, 0.08 g/L Nal, 3.0 g/LL MnSO4.H,0, 0.2 g/L. Na,MoO4, 0.02 g/L Boric
acid, 0.5 g/L CoCl,.6H,0, 7.0 g/L ZnCl,, 22.0 g/l FeS04.7H,0, 0.5 g/L. CaSO,, 1
mL/L. H,SO4) and 0.6 g/I. MgSO4 was added. The fermentation was fed with
glycerol, supplemented with 150 mg/L. ampicillin and 331 mg/L thiamine, and
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15  applied by and by spreading evenly across the surface of the holding dam. Duplicate

1 litre samples were taken before the dam was filled with atrazine-contaminated
runoff water, before the enzyme was added, and at time intervals after the addition of
the enzyme. Samples were stored immediately on ice to stop the enzymatic reaction.
Samples were frozen after no more than 4 hours on ice.
20
Determination of atrazine concentration
Atrazine concentrations were determined at two independent laboratories;
Queensland Health Forensic and Scientific Services (QHFSS), by the LCMSMS
method described in Lewis et al. (2009), modified to use direct injection; and by
25  CSIRO Entomology by the following LCMS method. Briefly, 100 mL samples were
acidified with HCI to pH 2.8, then the atrazine in the samples was concentrated 1000-
fold by solid phase extraction using preconditioned Oasis SPE Max Cartridges
(Waters, USA), and eluted in 3 mL of MeOH (with ammonia). Samples were
subsequently dried and dissolved in 100 ul of MeOH. Samples were separated by
30 HPLC and assayed for atrazine concentrations by measuring the absorbance at 265
nm, and the analyte peak area calculated using Analyst software. Replicate samples
were within 10% agreement. The identity of the HPLC peak was confirmed by mass
spectrum analysis, whereby atrazine ions 216 m/z were extracted on an Agilent ToF—
MSD.
35
Results
A ca. 1.5 ML holding dam at a sugar cane farm near Clare (Lat. 19:48, Long.
147:14) in the wet/dry tropics of Queensland, Australia, was filled with headwater
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am no aci daracefuedhaeti@softho Viniedg iphasSERQ ddzNe pplésadn this manner is almost

certainly dependent on the volume and surface area:volume ratio of the water body to

15  be remediated; i.e. larger bodies and those with low surface area: volume ratios would

require a longer mixing phase.

Notwithstanding the lag during the mixing phase, the addition of the enzyme

led to >90% depletion in the concentration of atrazine in the first four hours after

addition. This result indicate that a TrzN-based bioremediant for triazines is

20  technically feasible.

It will be appreciated by persons skilled in the art that numerous variations

and/or modifications may be made to the invention as shown in the specific

25  embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive.

The present application claims priority from US 61/094,044, the entire
contents of which are incorporated herein by reference.

30 All publications discussed and/or referenced herein are incorporated herein in
their entirety.

Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an admission that

35 any or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed before the priority

date of each claim of this application.



i) when expressed in a bacterial cell nore of the polypeptide is produced
than by an isogenic bacterial cell cultured under identical conditions
conpri si nyoaniersgenous pol ynucl eoti de conpri si ng a nuclredtatteosnwousence

provided as SEQ ID 10 NO 2 or SEQ I DG 4, and/ or ii) the polypeptide
has greater s-triazine and/or diazine hydrolysing activity than a
pol ypept i BERERINCEISNng an am no aci d sequence as provided in SEQ ID NO 1.

2. The pol ynucl eotide of claim1 which encodes a pol ypeptide which conpri ses
a 15 threonine or valine at a position corresponding to am no acid nunber
159 of SEQbAWldiGtRl (B3 Bigethpalaaydotldde of claim 1 or claim2 which
conpri SeSA@ca'lt]!éé“é}tﬁpf(z(gﬁgglﬁ‘fﬂd&m%o@é&‘férﬁ?fis.8191335@ | !{3 {\D 2 or SEQI DbNto" :1 ¥M th
one or_nore, 0 W ng .nuc| eoti de itutions, or a substitution
at a nucl Esklw&eetaﬁéf%%l Act W@gﬁwﬂ%@s f‘ﬁ%%é‘t{g? -T5C, C39A, C76A, CB84A,
T87C, Cl0BAundylOBUS et B1.Q8997)Blpb2AnvAbR NGicrélidh §3:9A892F, C165T, GL68A, Cl180T,
C189T, A200T A T, A228G C229T, T240C, A250C, C268A,
G270A, Azeiﬁ‘?“%%%)%%?”%@(a A302G, A303G A314G C315A, T317C,
T320C, A326eGpn AR93 5ol DE3¢Elicd 846l log3pIAZ4 ABB7@,. C372T, C375A, C381T,

T384C, C3044 &394 P0IULT Cli3Q2C 5-33024y T392G G393C, T399C, CA410T,
CA11A 04%1%“% s 6</i4§1i8c:, “T423¢ '§4Z§A,' A432T, CA38T, CA49G, CABAT,

)
T466Cl0 T46Beng qt@tié%?om@tﬁmsﬁwm%fﬂlﬂﬁéléf“‘-‘mssn (489A, (489T,
T498C, T58 p(mé@ﬁn@mmlmm_lg@%a B48A, T555C, T555C, C564T,
GB67A, GBRTA, B69A, Gh7 9C, A584T, GB89A, A600G, T618C,
T618C, T6§’?‘%,el%g @92%65&?}%&6%%@& ?Eﬁ:}gz T639C, T639C, A654G, GB60A,
@660T, T663@er GG HAN0DHELT Crdt8HEr. [C690M4-50696T, Gr05A, A723G, C727G
T728C, T7 A 7 , T738G, T738C, T738C,
GT45A, a@%g?“%ﬁﬁ,“%%x?l-%%ﬁ? %ﬁ%’ﬁm %%@33&7521 A855G, C867T,
T879Cl5 G80Bpuzas8alT (199%) EIBREriobdgeHIOGA00:, C885T, G897A, T900C, T906A,

A928G,  A9REIy T YO GIRTAnTIRINGRTAT, TOTBA COBIT, CO93T, C999T,
C1003A, C1003T, T1011 G1048 G1048T, G1048C, A1049T, Al1049G GIl053A,

AL059G, AEOBEE & Epptun 2080 1hateCrystaltpees D €912186-3201152G, GL176T, CL186A,
C1186T, TEARGEY et NQ2EERYN (P2 FHARMBLTNNIBHIOR/0BE338668 C1203T, GL221A, Cl223T,
C1236T, GL248T -~ C1278T, T1286A. T13Q5C, GL309A, C1321T, A1326G
C1329T, Ci¥¥g#a %%\Z)g@S) hiﬁ?“eéégﬁ%%ﬂs%%sw 5 4. The pol ynucl eoti de
accor 20 ngGuuerilasgu (@0@5)dngc Ltk 981 3, 497-F6whi ch encodes a pol ypepti de
conprisin ' i ] i 1A DNO1 wth one or
nor e of t%gﬁt{‘bg%lmggmﬁn?@ ﬁlh%g%gglﬁg) osﬁg%l?flit;@ ﬁatcﬁg%sf,é"@r%%ds‘ubsti tution at an

am no aci §rgesl ¢tiab{ 126D Naxdesiifigpa-ht-et o; 12T, F13L, L26M D28E, A34D,
D38N,  543GraVBBM, (1963 fPlaRAR REAM2539BE, DI9G KI01R DIOSE, DI05G, VIO6A,
1107T, 10 F109A, Li?% : blslp, ng%gz %8}2311 L131D, L131V, L131G L131C,
L1315, L15#8yamegh1e®) ienfy Bigteehnol 197872, 5140R  T1505, F156L, A159T,
A159\V25 S16lhzs dhE 33002k Protl- NalD1824d, SB1826 ARIB3H6-190D, G1905, Y195F,

E197K, P210A. V2 27 271 A220V.. DP30E,. L243P, L243G G246A,
2465, 62%13}5}5%ﬁﬁ%@mﬁﬂgﬁn-%&%}’@ﬁ@ﬁw1%3215{5-A2945, A294L, 1310V,
Y313F, 15Ha@ds4Pal. VANGEENB3EMcalilB Bompedd3E@Y,34D380F, D350R, D350H, R365H,
L396M V3%%ﬁgaxﬁ%9§}4(26()47§ﬁamré/ﬂ§[%1755&.‘]?7' and L451M 5. The

pol ynucl eot1 de according to any one of clainms 1 to 4 which conprises a

cyt osi ne Bowiingsal {198) Earmbspopialog. 26 3dcd%eot i de nunber 468 of SEQ ID
NO 2 9y 20BN INOI ADccufl ERfIRnbByIUEhesibrde accor ding Lo any one of_)
cl ai ns c e ol ypepti [ oJmri ses; i) a
phenyl al ah%ﬁé“ﬁgaés (ﬁgg“i}ﬁpbﬁ @8$%eégﬂg‘mg§am1§%5%©{@ci d nurmber 67 of SEQ
251 D NO lacksoidétat. (2006) BivdhpmaJ s¥X7t f@l-&t a position corresponding to am no
acid nunbi{ckgo]h 8fa;.§§(§a8c7i5§?101%’1.33101?‘§8‘% 4762 iii) a proline, asparagine,

i
t hreoni ne, "aspart vdli1ne; gl )(/)CI né, cysteine, serine, glutam ne,
hi st i di neKogigt esil. (9% RlayMeldiink3243934@0si ti on corresponding to 30 ami no

aci d gumbenabd Lok aﬁgiifé%?g.'\@pl,lc?@&%%{ 26:283-91.V) @ threonine or valine at

a position correspondin 0 am.no acid nunber 159 of SEQ ID NO 1, and/or
v) a gl yclabieag ctal Jd29)MuecYpedpdihdi ng to ami no acid nunber 161 of SEQ ID
NO 1, andiewis et al. Enviro. Poll. 157: 2470-2484.

Liu et al. (2005) Proc. Natl. Acad. Sci. U. S. A. 102: 11882-7.



35vi) an alanine at a position corresponding to am no acid nunber 210 of
SEQ ID NGO 1, and/or vii) a proline or glycine at a position

corr espormipregiovsemi no aci d nunber 243 of SEQ I D NO 1, &00/Aar2009%01136

2010/ 025499PCT/ AU2009/ 001136 69 66viii) an aspartic acid, serine,
glutamc acid, lysine, valine or alanine at a position corresponding to

am no aci domihtiet. (200 ) ProtSEQSODINER0.1, and/ or i X) a threonine, serine

or |eucine, at, @A 1@@5}@&;} FRAT ERPRREIpYst 0 amino acid nunber 294 of SEQ I D
8 85 2 ket A oni e at |

NO 1, and onine at a position corresponding to amno acid
nunber 33¥agflelbman INGI93) AppidEwyiron. Micsobiol.Hlt145dsi4sé, aspar agi ne,

phenyl al anidgnc,a% g (1008) 9Bl dignS(84-589POSI ti on corresponding to anino
acid nunb 50 of zD r 1, and/ ii) a biologically active fragment
of anyglongﬁC@I%}’ie}a‘]t()2 %.-Aiﬂlg?ﬁl?ﬁtéﬂ%i %ﬁlg'e%f‘i de according to any one of
claims 1 Murshudby ehalefiooTescta (p@tyifpeptD d8: W8 conprises an amino acid

sequence ﬁs%@&%ﬁ 9&9\7&} %S%E@QZ@SWJ[ ﬂ;“ Eh@)ﬂ&_%&t he foll ow ng am no acid

substituti 6 or groups o D785 6r & substitution(s) at an am no
aci d posi Nishr{as) ctodr(l 8% il ignvitosr Biapbidbiof:16343699.i ) Y67F iii) A159V iv)

LSS 3200 BERS08h Sn, MERbgRET ) u0oY 1 Lz
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xii) L335Mxiii) P21 QA xiv) A294T xv) 1123V 30xvi) Y67F, V4371 xvii)
ML631, D249N xviii) T1371 xi x) &46S xx) L9OM 35xxi) A159V, L243P, L451M
XXii) T1580, 20189 A229V, D230E, L243P xxiii) Y67F, L3BENAUD0S)00YIEEF,
K101R, A294T WD 2010/ 025499PCT/ AU2009/7001136 70 xxv) L335M xxvi) VI106A,
S161G F177L, L335M xxvii) $S43G 1107T, A159V, D350Y xxviii) M3L, T1371,
S140R, D182AIME 90S, D350Y 5xxi x) A159V, L335M D350Y xxx) D28E, A294T,
D350N xxxi) P21 OA, V4241 xxxii) A159V, GL90D xxxiii) P210A, A294T, R365H,

D350Y 10xxxiv) 1123V, S161G A294T xxxv) Y67F, A159V, D350Y ‘
1. An isolated and/or exogenous polynucleotide encoding a polypeptide which

hydrolyses an s-triazine and/or diazine, wherein the polypeptide is at least 40%
5  identical to a polypeptide comprising an amino acid sequence as provided in SEQ ID
NO:1, and
1) when expressed in a bacterial cell more of the polypeptide is produced than
by an isogenic bacterial cell cultured under identical conditions comprising an
exogenous polynucleotide comprising a nucleotide sequence provided as SEQ ID
10 NO:2 or SEQ ID NO:4, and/or
i1) the polypeptide has greater s-triazine and/or diazine hydrolysing activity

than a polypeptide comprising an amino acid sequence as provided in SEQ ID NO:1.

2. The polynucleotide of claim 1 which encodes a polypeptide which comprises a
15  threonine or valine at a position corresponding to amino acid number 159 of SEQ ID
NO:1.

3. The polynucleotide of claim 1 or claim 2 which comprises a nucleotide
sequence provided as SEQ ID NO:2 or SEQ ID NO:4 with one or more of the
20  following nucleotide substitutions, or a substitution at a nucleotide position
corresponding thereto; T5C, C39A, C76A, C84A, T87C, C101A, T108A, TI08A,
G112A, A127G, C135T, AI57T, C165T, G168A, C180T, C189T, A200T, C207T,
G210A, G225T, A228G, C229T, T240C, A250C, C268A, G270A, A271T, T273A,
C279T, A296G, A302G, A303G, A314G, C315A, T317C, T320C, A326C, A333G,
25  T336C, C346T, G357A, A367G, C372T, C375A, C381T, T384C, C391A, C391G,
C391T, T392C, T392A, T392G, G393C, T399C, C410T, C411A, C411T, A414G,
A418C, T423C, T426A, A432T, C438T, C449G, C454T, T466C, T468C, T471C,
C474T, G475A, C476T, A481G, C483T, G489A, G489T, T498C, T531A, A537G,
A540G, A545G, T546G, G548A, T555C, T555C, C564T, G567A, G567A, G568A,
30 G569A, G573C, T579C, A584T, G589A, A600G, T618C, T618C, T627C, C628G,
G630A, C633T, G637A, T639C, T639C, A654G, G660A, G660T, T663C, COHTSA,
G681T, C686T, C690A, C696T, G705A, A723G, C727G, T728C, T728G, G729C,
G736A, G737C, G737A, G737T, T738G, T738C, T738C, G745A, G753C, G768A,
T774A, C807A, T840A, A843G, A852T, A855G, C867T, T879C, G880A, G8&0T,
35 (G880C, C88IT, G882T, C885T, GEI7A, TI00C, TI06A, A928G, A938T, To41C,
CO957A, T959A, C972T, T978A, CI81T, C993T, C999T, C1003A, C1003T, T1011C,
G1048A, G1048T, G1048C, A1049T, A1049G, GI1053A, A1059G, AI1086G,
G1094A, T1101C, T1101G, C1128T, A1152G, G1176T, C1186A, C1186T, T1196C,



XXxvi) T91S, A159V, A294T xxxvii) Y67F, Al59V, L243P xxxviii) Al59V, P210A
15xxxi x) A159V, 1310V, L335M L396M L243P xl|) 12T, D105E, A159V, E197K,
M2271, L2BRp10LB3BM xIi) AL59V, L335M xlii) S84R, D105GpcAMI2wodoiizs) Y67F,
A294T 20xliv) A159Vv, D182E, L335M D3BOY xl'v) Y67F, Al59V, L243P
xI'vi) D38N, A159V xlvii) A159Vv, ML63l, Y195F, D350Y xlviii)
F156L, P2C0203DIBRZ1IASKIRXIT,YEIZBHTDSSRAET, YG1RT8AVC 1 DBEI0 Y IRBHAYEVFNS(DO9G,

A159V, V2 243R ;43 i vV, P o= 9A. V429D
) arso S Erant A e RGN I 0w L Aoaah TR s, Arsov
| vi) T91SGIBIBEP, A159V, A294T, R365H, L396M D350Y Ivii) R183H, P210A,
D350Y lviii) Y67F, A159V, D350Y 35lix) A159V, P210A, A294T, D350N

D350N | xj ) A1l59V, L335 D350Y. .
' X) Y657 F 4.A 159"}/1’16 polynucleo)gd)e according to anyMone OP claims 1 to 3 which encodes a

polypeptide comprising an amino acid sequence as provided in SEQ ID NO:1 with
one or more of the following amino acid substitutions, or a substitution at an amino
acid position corresponding thereto; 12T, F13L, L26M, D28E, A34D, D38N, S43G,
MS3L, Y67F, S84R, LO9OM, T91S, D99G, K101R, D105SE, D105G, V106A, 1107T,

10  E109A, 1123V, L131P, L131IN, LI131IT, L131D, L131V, L131G, L131C, L1318,
L131Q, LI131H, L131Y, L1311, T1371, S140R, T150S, F156L, A159T, A159V,
S161G, M1631, F177L, DI182E, D182G, R183H, G190D, G190S, Y195F, E197K,
P210A, V2131, M2271, M2271, A229V, D230E, L243P, 1.243G, G246A, G2468S,
(246D, G246E, G246K, G246V, D249N, A294T, A294S, A294L, 1310V, Y313F,

15  L314P, V320E, L335M, D350N, D350Y, D350F, D350R, D350H, R365H, L396M,
V399A, A408V, V4241, V429D, V4371 and L451M.

5. The polynucleotide according to any one of claims 1 to 4 which comprises a
cytosine at a position corresponding to nucleotide number 468 of SEQ ID NO:2 or
20 SEQID NO:4.

6. The polynucleotide according to any one of claims 1 to 5 which encodes a
polypeptide which comprises;
1) a phenylalanine at a position corresponding to amino acid number 67 of SEQ
25 1D NO:1, and/or
i) a serine at a position corresponding to amino acid number 91 of SEQ ID
NO:1, and/or
iii) a proline, asparagine, threonine, aspartic acid, valine, glycine, cysteine,
serine, glutamine, histidine, tyrosine or isoleucine at a position corresponding to
30  amino acid number 131 of SEQ ID NO:1, and/or
iv) a threonine or valine at a position corresponding to amino acid number 159
of SEQ ID NO:1, and/or
v) a glycine at a position corresponding to amino acid number 161 of SEQ ID
NO:1, and/or
35 vi) an alanine at a position corresponding to amino acid number 210 of SEQ
ID NO:1, and/or
vii) a proline or glycine at a position corresponding to amino acid number 243
of SEQ ID NO:1, and/or



| xi i) P210A, A294T, D350Y WO 2010/ 025499PCT/ AU2009/ 001136 71 Ixiii) T91S,
A159V, A294T | xiv) P210A, A294T, L335M or |xv) Y67F, L335M 58.The

pol ynucl esOi2d®/@s99r di ng to any one of clains 1 to 5 whiPCl/AIR2ngiosBs a
nucl eoti de sequence provided as SEQ I® NGO 2 or SEQID NO 4 with one of the
foll ow ng nucl eotide substitutions or groups of substitutions, or a

substi t uti on( syiiiatanasspaic| &od,i sheinpo glutanio(&)d,clysimes palndi ng atanercestoa i)

T468C, 10j.j).: T4 T i , iV 68C, CAT6T,
G753C, V) bﬁ%%%t%%‘?@%ﬁf?%@ 3@?%@%@ '51‘??4?85? ﬁ%?v(?':l ‘Q“fgogm,_ T468C,
G569A, GB8LT, W) iai hrepaBRCSCrBE7HAlCUFiRg aCA7IIIPItIoN4BZ TSP o aguepecrd x)
C76A, T468GmbA4BLGr SKO RN, m3RLA T468C, T639C, Gr37C, GLO48T, 20xii)
CA10T,  A418C, T468C, . ABO0G Xiii) T468C, Gr05A, .010033@ ﬁiv T468C, G573C,
xv) T4B8C, CATHT MEGHUEC EROASHIONGOFFSPPRYEE, 1o RHBRTACIEERMACT SEQsxvi i)
T468C, ClR36WD:1xatididr) T87C, A367G, T468C,

Xi) a tyrosine, asparagine, phenylalanine, arginine or histidine at a position
corresponding to amino acid number 350 of SEQ ID NO:1, and/or
xii) a biologically active fragment of any one of 1) to xi).
10
7. The polynucleotide according to any one of claims 1 to 5 which encodes a
polypeptide which comprises an amino acid sequence as provided in SEQ ID NO:1
with one of the following amino acid substitutions or groups of substitutions, or a
substitution(s) at an amino acid position(s) corresponding thereto;
15 1) Y313F
i1) Y67F
iii) A159V
iv) A159V, L243P
v) D350Y
20 vi) G190D, M2271
vii) A159T
viii) A408V
ix) L26M, S161G
x) F13L, A34D, G246A, D350Y
25 xi) T1371, S140R
xii) L335M
xiii) P210A
xiv) A294T
xv) 1123V
30 xvi) Y67F, V4371
xvii) M1631, D249N
xviii) T1371
xix) G246S
xx) LOOM
35 xxi) A159V, L243P, L451M
xxii) T150S, A159V, A229V, D230E, L243P
xxiil) Y67F, L335M
xxiv) Y67F, K101R, A294T



Xi x) T468C, GL 176T, xx) C135T, T468C, C1344A, xxi) T468C, A852T, 30xxii)
T468C, T738C, xxiii) CA54T, T468C, xxiv) A200T, T468C, GL309A, xxv) T468C,
(A89T, GMBAp1M2T49Y CA10T, T468C, 35xxvii) T468C, G736APCIxL2009)00G325T,
C268A, A414G T468C, T627C, C1321T, xWi x) A432T, T468C, T471C, CA76T,
T728C, GLO53A, C1351A, xxx) A303G 449G T468C, CA76T, C686T, C690A,
T728C, Cl 128Txxv)WBB2W10/ 025499PCT/ AU2009/ 001136 72 xxxi) A200T,

G210A, C372T, 6 A xxxii) C180T, A200T, A302G,
C375A, T399C, %ﬁi?ﬁ?‘)@%?@lc}%ﬁbﬁ’Lé%%%‘A, T900C, xxxiii) C229T,
T468C, Gr05A, MIOSASCENRXTvA 15931 T850¥468C, A481G  T531A, G753C, T906A,
T978A, Cl003A, x: A3, T1371, SMBK) DARET @1908200850¥468C, CA76T, G753C,
G1048T xxg%}r ﬁ}i@ 0%11335 A418C, T468C, A545G G568A, AB00G,
C628G, > G630A, BIOMPI\clz3sM. DAg0¥xvii) T468C, C476T, A723G CLO03A,
GL048T, Cl329Txxx¥DRRE| APILBAMS0R399C, T468C, C483T, G880A, T900C, GLO48A,
xxxi x) T468C, T4§'%91/g%6%’§‘ C885T, Al1086G Gl270A, xl) T384C, T468C,

C476T, G569A,
xxxii) A159V, G190D

xxxiil) P210A, A294T, R365H, D350Y
10 xxxiv) 1123V, S161G, A294T
xxxv) Y67F, A159V, D350Y
xxxvi) T91S, A159V, A294T
xxxvii) Y67F, A159V, L243P
xxxviil) A159V, P210A
15 xxxix) A159V, 1310V, L335M, L396M, 1.243P
x1) 12T, D105E, A159V, E197K, M2271, L.243P, L335M
xli) A159V, L335M
xlil) S84R, D105G, A159V
xlii) Y67F, A294T
20 xliv) A159V, D182E, L335M, D350Y
xlv) Y67F, A159V, L.243P
xlvi) D38N, A159V
xlvii) A159V, M1631, Y195F, D350Y
xlviii) F156L, P210A, D350Y
25 xlix) Y67F, D350Y
1) A159V, D350Y
1) Y67F, D99G, A159V, V2131, L243P, L335M
lii) E109A, A159V, L314P, V320E, V399A, V429D
liii) A159V, L335M
30 liv) Y67F, A159V, L335M, D350Y
Iv) D38N, L131P, A159V
Ivi) T91S, L131P, A159V, A294T, R365H, L396M, D350Y
lvii) R183H, P210A, D350Y
lviii) Y67F, A159V, D350Y
35 lix) A159V, P210A, A294T, D350N
Ix) Y67F, A159V, D350N
Ixi) A159V, L335M, D350Y
Ixii) P210A, A294T, D350Y



xl'i) T336C, T468C, CA76T, A537G C564T, 15xlii) A228G T240C, T468C, C628G

GB80A, G1048T, GL094A, xliii) T273A, A367G C381T, T399C, T468C,
A481G GC380Ap10MR8BE, xliv) A200T, C207T, &R10A, T468C, EETAL206GL04137,
A1059G xl'v) A271T, A333G T399T@, T468C, CA76T, A843G GB880A, T900C,

C1236T, 20xlvi) A200T, &10A, C346T, T468C, CA76T, T579C, T728C, Cl1278T,
xlvii) CA438T, X4DACISCATHENV, ABBAG, x| viii) GL68A, T426A, T468C, CA76T,

C628G C1203T,,d ' C476T, T663C, Cl1236T, 1) T384C, T468C,
AbaarO Bobid e

CA76T, T728C, 2511) T5C, C315A, T468C, CA76T, Gb89A,
G681T, T728C, lesbYA/F.GB3OBM, 1ii) C279T, T468C, C476T, Cl003A, liii) A250C,
A314G T468C, CA476T, liv) A200T, @&10A, T468C, T555C, GB80A, T900C, 1v)
T468C, CA476T, 1546 96T, C1003A, GL048T, .30l.vi) A200T, &10A, T468C,
CA76T,> T738C, 11T41€‘1 Viquotcotids accorgun@itp)anmgﬂ,f C%i@sf,toT52@£éh EIBICS §618C,
Gr53C, Coa&Ieotiit1RGenck \HroviledT 42 3EQ TAASQ;2 64ZED, IABIA, wABSAE, ofGRB3C,
G1048T, || T466C 68 74T, (628G 048T., . 1 x) \T108A,
w2007, | ol Bbpucoli dips b o BTG R0 N logy o5 gy sypyinyigib it &7
GE67A, G788B;ot@t@esition(s) corresporiding @0, G210A, A296G, T468C, CA76T, GB37A,
T728C, ClOOSA,DM?S% | xi1i) C189T, A326C, T468C, CA76T, T941C, T959A,
T1196

AL059G  C1186T, C, GL248T, T1286A, WD 2010/ 025499PCT/ AU2009/ 001136 73
1 {i) T463C, A938T,

iii) A200T, G210A, T468C,
iv) T468C, C476T, G753C,
v) T468C, C476T, T728C,
vi) T468C, 1048T,
15 vii) T384C, T468C, G569A, G681T,
viii) T468C, G475A,
ix) C279T, T468C, C1223T, C1329T,
x) C76A, T468C, A481G,
xi1) C39A, C101A, T468C, T639C, G737C, G1048T,
20 xi1) C410T, A418C, T468C, A600G,
xiil) T468C, G705A, C1003A,
xiv) T468C, G573C,
xv) T468C, C474T, C628G, C1278T,
xvi) T399C, T468C, G8S0A, T900C,
25 xvii) T468C, C1236T,
xviii) T87C, A367G, T468C,
xix) T468C, G1176T,
xx) C135T, T468C, C1344A,
xxi) T468C, A852T,
30 xxii) T468C, T738C,
xxiii) C454T, T468C,
xxiv) A200T, T468C, G1309A,
xxv) T468C, G489T, G745A,
xxvi) C410T, T468C,
35 xxvil) T468C, G736A,
xxviil) G225T, C268A, A414G, T468C, T627C, C1321T,
xxix) A432T, T468C, T471C, C476T, T728C, G1053A, C1351A,
xxx) A303G, C449G, T468C, C476T, C686T, C690A, T728C, C1128T,



| xi v) T468C, CA76T, C1003A, |xv) A200T, &R10A, C279T, T468C, C476T, T879C,
C1003A, (G1048T, | xvi) GL12A, C165T, T392C, T468C, CA476T, T618C,
G560A, CovbAnmE258C, CB807A, C993T, C999T, T1101C, T1305ECTAURUINOPIBRT7LT,
T392C, T468C, C476T, G753C, (G880A, Glu48T, Gl094A, Cl186A, Gl221A,

I xviii) A228G T240C, T468C, Gb48A, C628G GL048T, C1332T, |xix) T108A,
A200T, QR10A, 42B&200M46BRCOACEIBAT, Ta68TAA6BIGABIN03A, | xx) T384C,

Do ) 22007, 07T oA 0ss0 "8t 4B 0 CTS00E ” QIRiEA, 00
| xxii) TAGBCHACHIWE, C633T, G660T, A723G C1003A, Gl048T, C1329T,
| xxiii) A228G x k€29 796sc T4ABAR, (308865 880A GL048T, | xXi V)

A271T, A333G, T399C, T468 76 3 00C, 100371, C1236T,
| xxv) A228G, TO4H ,T%Wégc‘,cz‘(é%e%gg@sﬁ%ﬁ%%%%’c T A 8?00%0(“)
A200T, Q2MABQ6GA11A, T468C, T555C, T639C, A654G Gr68A, T774A, CI972T,
C1003A, T1011C T I Lde ding to any one of
claims 1 to 8,X’%I%igg?zc}tﬁée]ﬂ)sc-’%pggzﬁ)’(%’?;?Eag?ﬁ@r’anetryn, propazi ne,
pronetryn, si mazivieAl Silnedi§h, A41882ziTHESCL AL R LIEA0A00@N0a2He. 10. The

pol ynucl egkhgle @¢6didi933p any one of clainms 1 to 9, wherein the bacterial
25cel | is@é c’o?:f. i1, :%e’ go&nucl eotide according to any one of claims 1
n

to 101&%hich corpwiisE468C. L&t 23pi €034 &l 0¢Eh<t1338d5 | dentical to SEQ I D
NO 2 and/or SEQxvE)NG44A, 13042, TAR(pal4gBuchestA, d®osccalgigyg to any one of

O e ot ot ot ST, ARSI at ARL P gkl QIBHGL, Capabl e of directing
to any one of ) @ABBC,IT468CLL476NESEDA, GREBC, A115p6L ynucl eot i de encodes a
fusion protei ”leﬁ%Cf lflﬁéggte,!‘cﬁgﬁr})}:\%% @§64l1eas_t one ot her 35pol ypeptide
sequence. 14. A'vector’ conprising’ a polynucl éotide according to any one of
clainmgd 1 to 13xlii) A228G, T240C, T468C, C628G, G880A, G1048T, G1094A,
xliii) T273A, A367G, C381T, T399C, T468C, A481G, G880A, T900C,
xliv) A200T, C207T, G210A, T468C, C476T, G1048T, A1059G,
xlv) A271T, A333G, T399C, T468C, C476T, A843G, G880A, T900C,
C1236T,
20 xlvi) A200T, G210A, C346T, T468C, C476T, T579C, T728C, C1278T,
xlvii) C438T, T468C, C476T, A855G,
xlviii) G168A, T426A, T468C, C476T, C628G, C1203T, T1305C,
xlix) T468C, C476T, T663C, C1236T,
1) T384C, T468C, C476T, T728C, A928G, C1003A, C1186A,
25 1i) T5C, C315A, T468C, C476T, G589A, G681T, T728C, G8I7A, C1003A,
lii) C279T, T468C, C476T, C1003A,
liii) A250C, A314G, T468C, C476T,
liv) A200T, G210A, T468C, T555C, G880A, T900C,
Iv) T468C, C476T, T546G, C696T, C1003A, G1048T,
30 Ivi) A200T, G210A, T468C, C476T, T728C, T1101G,
lvii) G112A, C165T, T468C, C476T, T618C, G753C, C999T, T1101C,
lviii) T423C, T468C, C476T, G489A, A584T, G753C, G1048T,
lix) T466C, T468C, C474T, C628G, G1048T,
Ix) TIO8A, A200T, G210A, G357A, T468C, G1048T, A1059G, C1278T
35 Ixi) T468C, C476T, G567A, G753C, G1048T,
Ixii) A200T, G210A, A296G, T468C, C476T, G637A, T728C, C1003A,
Ixiii) C189T, A326C, T468C, C476T, T941C, T959A, A1059G, C1186T,
T1196C, G1248T, T1286A,



WO 2010/ 025499PCT/ AU2009/ 001136 74 15. A host cell conprising a

pol ynucl eoti de according to any one of clains 1 to 13 and/or a vector of

cl ai m 14. wo2610/0eh®9host cell of claim 15 which further ®oWNU28@%08136
exogenous 5pol ynucl eoti de encodi ng a Bhaperone. 17. The host cell of claim
15 or claim 16 which is a bacterial cell, yeast cell or a plant cell.

1018. A tr ansgelmiv Tgbaa: C4apid1e03yy, at | east one cel |l accordi ng to any one

f cl 15 t 3 t t | t
one col 1 of ol TR G4 CRTEPRIRCEIEh TRoeo TRy £ 5%25{1;8?:‘ ed and/ or

recombi nant polkyPefrt il 38, (Hi6eH. hadR6l yEESGnC47qT.i 618 e &r A73A ne,
wher ei n t bespol yREmL, icd3irscadot aash1@0pbodent i cal to a pol ypeptide

o hen cxor BUibA S A TR CHIGHC eI ke RE T Py B oacoma

than by aclig@gemix2ibacterial cell cultured under identical conditions

conprising an exo%%%%gé QQJ‘%/(?ulc%get b%/gn@%d?ﬁ@qgrf@p %Tam d sequence

provided as S ptide has greater
s-triazine andllxm) TdIO&AL A0 DI ITHG3 @LT468L ¢'426T tGie Aa Cid@H&T)eptl de

conprising an 1§’< a| I OdT%&IEe@ﬁ%T“S RDRY! dﬁ%ﬁ” SRADMNgocl- coddr, The

pol ypepti de of conprii ses a’threonine or’ valineé at a position
correl;(gon@i H@Sf}oAh?rﬁ fo acid number 159 of SEQ ID NOI. 30 22.The

pol ypepti de of|xgi Q&Z@U@OC%HC'@QIU}QMB\@E @47‘6?”11’840‘1@3T%0Ca@10498@m d sequence
TR R Qg*@s?%ﬁ¢€i@°f2ﬁ6§hT2$§ﬁf£@0§%o§! bt 793 e oadi g

El'giget ([))99I 2TK IE%BD,A2|286MI"2EK8E;}27AMmg6m85%285ﬂ3&1)LA]\,630_4}81Y67F, 584R, t?gll/lN
U137 "an 1510 (AT OS ATIRR e tasg o Chog ey A G kYA, Ly 51910

T137115 51@@9@3T[£H@56T,F156L A159T, A159V, 5161G ML631, F177L, D182E,

D182G, RI183H, &z@%%ocﬂ@é@"c @%é@g?@&%s%@omm&?' M2271,
A229V, D230E, L2 3P (3246K 46V

743
APV T o LY vk R e T S NG P W A

Y313F, L314P4A,\@2QE5CHG@§MT1D35Q!\G1MOY D350F, D350R, D350H, R365H,
L396M V399A, A408V, V4241, V429D, V4371 and L451M 5 23. The pol ypepti de

according to any one of clainms 20 to 22 which conpri ses; i) a
pheny2@l afi ne Hic polyosiltitaie mmrdag)mdnylgmbcnfacrfmm hctooB nuldpein 67 sof SEQ | D
NGO 1, an L C ongj t 1 ho acid
Nirber g{a%{ngEB Ftl_r)é%\ﬁg aan?@t r%azﬁlel?op%ﬁl'e%, QhfERRONM At )

trictazine or cyanozme

10.  The polynucleotide according to any one of claims 1 to 9, wherein the bacterial
25 cellis E. coli.

11.  The polynucleotide according to any one of claims 1 to 10 which comprises a
sequence which is at least 90% identical to SEQ ID NO:2 and/or SEQ ID NO:4.

30 12.  The polynucleotide according to any one of claims 1 to 11 which is operably

linked to a promoter capable of directing expression of the polynucleotide in a cell.
13.  The polynucleotide according to any one of claims 1 to 12, wherein the
polynucleotide encodes a fusion protein which further comprises at least one other

35  polypeptide sequence.

14. A vector comprising a polynucleotide according to any one of claims 1 to 13.



10iii) a proline, asparagine, threonine, aspartic acid, valine, glycine,
cysteine, serine, glutamne, histidine, tyrosine or isoleucine, at a
positi on worpwgpstdi ng to am no acid nunmber 131 of SEQ PDTMD20@®/008x36/ Or
iv) a threonine or valine at a positi®n corresponding to am no acid nunber
159 of SEQ ID NO 1, and/or 15v) a glycine at a position corresponding to
anm no aci d5.nunddostieil compﬁE@gla[pdl@u]:l,eoadma@Drding to anyionca chliranil ne 13t a

position 81?&/5F§9&M'0@91a§r8 j@mno acid number 210 of SEQ ID NO 1, and/or

vii) a proline or glycine at a position corresponding to am no acid nunber
243 20 of SEQ ID NO 1, and/or viii) an aspartic acid, serine,

glutam c agid, Tﬁé/shd}@ cMAl pne| g aiSinbvﬁ%hatfuﬁhd?o%bﬁipﬁﬁescqinr eSBefHulg to

am no cid nuna 246 of SEQ ID NO 1, and/or x) a threonine, serine
or i nBolypucleqliglsicpeQsiing FapeIBRdi ng to ami no aci d nunber 294 of SEQ ID
NO 1 and/ or 25x) a rret hi on| ne at a position corresponding to anmno acid
nunber of SE t.yrasi ney

phenyl al ai? ﬁé% Plah S 0(5|C1alma 6 gﬁb%lsl %ﬁteg(a)lr sB%ar??d 3190{ & anino
acid nurrbp}anecfﬂli of SEQ ID NO 1, and/or Xii) a biological I y active

fragment of any one of i) to xi). 30 24.The pol ypeptide according to any
one of clains 20 to 22 which conprises an am no acid sequence as provi ded
in SEtY | DINO 1A Tanpecsiferlant Rt BuFatborminlbacaeidingsionyiangtaf GHMsr  gr oups
of substifsitd pns, or a substitution(s) at an am no acid position(s)
correspondi ng thereto; 35i) Y313F ii) Y67F iii) A159V iv) A159V, L243P WO
2010/ 025499PCT/ AU2009/ 001136 76 v) D350Y vi) GL90D, M2271 vii) A159T

19. A transgenic non-human animal comprising at least one cell of claim 15 or

claim 16.
15
20. A substantially purified and/or recombinant polypeptide which hydrolyses an
s-triazine and/or diazine, wherein the polypeptide is at least 40% identical to a
polypeptide comprising an amino acid sequence as provided in SEQ ID NO:1, and
wherein
20 1) when expressed in a bacterial cell more of the polypeptide is produced than
by an isogenic bacterial cell cultured under identical conditions comprising an
exogenous polynucleotide encoding the amino acid sequence provided as SEQ ID
NO:1, and/or
i1) the polypeptide has greater s-triazine and/or diazine hydrolysing activity
25  than a polypeptide comprising an amino acid sequence as provided in SEQ ID NO:1.

21.  The polypeptide of claim 20 which comprises a threonine or valine at a

position corresponding to amino acid number 159 of SEQ ID NO:1.

30 22. The polypeptide of claim 20 or claim 21 which comprises an amino acid
sequence as provided in SEQ ID NO:1 with one or more of the following amino acid
substitutions, or a substitution at an amino acid position corresponding thereto; 12T,
FI13L, L26M, D28E, A34D, D38N, S43G, M53L, Y67F, S84R, LO0OM, T91S, D99G,
K101R, D105SE, D105G, V106A, 1107T, E109A, 1123V, L131P, L131IN, LI13IT,

35 L131D, L131V, L131G, L131C, L131S, L131Q, L131H, L131Y, L1311, T137],
S140R, T150S, F156L, A159T, A159V, S161G, M1631, F177L, D182E, D182G,
R183H, G190D, G190S, Y195F, EI197K, P210A, V2131, M2271, M2271, A229V,
D230E, L243P, L.243G, G246A, G246S, G246D, G246E, G246K, G246V, D249N,



viii) A408V 5ix) L26M S161G x) F13L, A34D, &X46A, D350Y xi) T1371, S140R
xii) L335Mxiii) P21 OA 10xiv) A294T xv) 1123V xvi) Y67F, V4371 xvii)
ML631, DMOMomwi2p49p T1371 15xi x) &46S xx) LI9OM xxi) AlPEV/AU2R09301136451M
xxii) T150S, A159V, A229V, D230E, L24BP xxiii) Y67F, L335M 20xxiv) Y67F,
K101R, A294T xxv) L335M xxvi) VI106A, S161G F177L, L335M xxvii) S43G

| 107T, AlBIWT.DR39AS,x4294L,)[3MBBLY 3TAB 7131481 ACROEDLS28M, GIBOS], [IB¥HIY 25xXi X)

AT SR B i A

L451IM.

5 23.  The polypeptide according to any one of claims 20 to 22 which comprises;
1) a phenylalanine at a position corresponding to amino acid number 67 of SEQ
ID NO:1, and/or
i) a serine at a position corresponding to amino acid number 91 of SEQ ID
NO:1, and/or
10 iii) a proline, asparagine, threonine, aspartic acid, valine, glycine, cysteine,
serine, glutamine, histidine, tyrosine or isoleucine, at a position corresponding to
amino acid number 131 of SEQ ID NO:1, and/or
iv) a threonine or valine at a position corresponding to amino acid number 159
of SEQ ID NO:1, and/or
15 v) a glycine at a position corresponding to amino acid number 161 of SEQ ID
NO:1, and/or
vi) an alanine at a position corresponding to amino acid number 210 of SEQ
ID NO:1, and/or
vii) a proline or glycine at a position corresponding to amino acid number 243
20  of SEQ ID NO:1, and/or
viil) an aspartic acid, serine, glutamic acid, lysine, valine or alanine at a
position corresponding to amino acid number 246 of SEQ ID NO:1, and/or
ix) a threonine, serine or leucine at a position corresponding to amino acid
number 294 of SEQ ID NO:1, and/or
25 x) a methionine at a position corresponding to amino acid number 335 of SEQ
ID NO:1, and/or
Xi) a tyrosine, asparagine, phenylalanine, arginine or histidine at a position
corresponding to amino acid number 350 of SEQ ID NO:1, and/or

xii) a biologically active fragment of any one of 1) to xi).

30
24.  The polypeptide according to any one of claims 20 to 22 which comprises an
amino acid sequence as provided in SEQ ID NO:1 with one of the following amino
acid substitutions or groups of substitutions, or a substitution(s) at an amino acid
position(s) corresponding thereto;
35 1) Y313F
i1) Y67F
iii) A159V

iv) A159V, L243P



30xxxiv) 1123V, S161G A294T xxxv) Y67F, A159V, D350Y xxxvi) T91S, A159V,
A294T xxxvii) Y67F, ALl59V, L243P xxxviii) AL59V, P210A 35xxxi x) Al59V,
1310V, L3s6MD101B9BN] L243P xI) 12T, DLO5E, A159V, E197KpCWRAZD9/00PBEP,
L335M xli) A159V, L335M xlii) S84R, Db05G Al159VvV WO

2010/ 025499PCT/ AU2009/ 001136 77 xliii) Y67F, A294T xliv) Al159V, D182E,
L335M D350Y x¥MD35967F, A159V, L243P xlvi) D38N, A159V 5xlvii) A1l59V,
ML631, Y195F, Q?%gg%?l%?gg% F156L, P210A, D350Y xlix) Y67F, D350Y 1) A159V,
D350Y i) Y67F, ’ , V2131, L243P, L335M 10lii) E109A, Al59V,

L314P, V320E, WBI9KOITV429D 1iii) A159V, L335M liv) Y67F, A159V, L335M
DB50Y 1v) D38NijhA3dgy AL59V |vi) T91S, L131P, A159V, A294T, R365H, L396M
D350 251 vii) %L%%M E24Q4. D350Y lviii) Y67F, A159V, D350Y

x) FI13L, A34D, G246A, D350Y
xi) T1371, S140R
xii) L335M
xiii) P210A
10 xiv) A294T
xv) 1123V
xvi) Y67F, V4371
xvii) M1631, D249N
xviii) T1371
15 xix) G246S
xx) LOOM
xx1) A159V, L243P, L451M
xxi1) T150S, A159V, A229V, D230E, L243P
xxii1) Y67F, L335M
20 xx1v) Y67F, KI01R, A294T
xxv) L335M
xxvi) V106A, S161G, F177L, L335M
xxvii) S43G, 11071, A159V, D350Y
xxviii) M53L, T1371, S140R, D182G, G190S, D350Y
25 xxix) A159V, L335M, D350Y
xxx) D28E, A294T, D350N
xxxi) P210A, V4241
xxxii) A159V, G190D
xxxiii) P210A, A294T, R365H, D350Y
30 xxxiv) 1123V, S161G, A294T
xxxv) Y67F, A159V, D350Y
xxxvi) T91S, A159V, A294T
xxxvii) Y67F, A159V, L243P
xxxviil) A159V, P210A
35 xxxix) A159V, 1310V, L335M, L396M, L243P
x1) I2T, D105E, A159V, E197K, M2271, L243P, L335M
xli) A159V, L335M
xlii) S84R, D105G, A159V



lix) AL59V, P210A, A294T, D350N | x) Y67F, A159V, D350N | xi)
A159V, L335M D350Y 20l xii) P210A, A294T, D350Y Ixiii) T91S, A1l59V, A294T
| xi v) P21W6,20420249 L335M or |xv) Y67F, L335M 2525. Thecpauzpemoide
according to any one of clainms 20 to 74, wherein the s-triazine is
atrazine, ametryn, propazine, pronetryn, sinmazine, sinmetryn, ipazine,
trietazine or dyart@ifna294T 26. The poI ypeptide according to any one of
claims 20 to 2j; S VhE?SQ‘Eﬂ g, Q two fold greater atrazine

hydr ol ysi ng actiVvity than a éptl e conprising an am no acid sequence
as provi ded |nX1$E7€§6%7/ A\k§9IV L223i The pol ypeptide according to any one of
claims 20 to 28 WD, iassavfusion protein further conprising at |east one

ot her pol ypepti de 025499PCT/ AU2009/ 001136 78 29. An

extraé{) of a h’8¥’tl)§z$?%3\£@3rld?{ﬁ3§/'¥)é%§h one of claims 15 to 17, the plant

of cl aim 18 andiii) FibeL,a210AL DAF0El ai m 19, wherein the extract conprises a

pol ypepti de acgor q}&%ebg?gpy one of clains 20 to 28. 530. A conposition
otrde

conprising a pof according to any one of clains 1 to 13, a
vector of cl ailmAl49VaDRaBY cell according to any one of clains 15 to 17, a

pol ypepti de acgoyghmgoog;, gr%?gngz«ph Eb@gﬁgggl\/lt 0 28 and/or extract of claim
ta

29, and one or nore acce e carriers nmet hod for hydrolysing an
s-tritine or &) &2, ALY . At ABAY ¥ M3PNg VddWPact i ng the s-triazine or
di azine with ajipolysmcligeside according to any one of clains 1 to 13, a

vector of claim ing to any one of clains 15 to 17, a
pol ypepti de aclt @]ﬁéﬁaAtngg ];ﬁ#%\galg?%éfal nm 20 to 28, an extract of claim29
and/or a conpolsfbDBéN bi3id, ai15980. 15 32. The nethod of claim 31, wherein the
s-triazine or 1@3%1@%??115 %&el§9§aKEbET%6§%1f ﬁg?@{éﬁﬁ?ﬁ@‘? group consisting of:

soil, water, or d co ereof 2033. A net hod of
treat ing t OXi cthlﬂ/Ré&E,eHill@% B358Ytriazine or diazine in a subject, the

met hod conpri Sllvﬂgw y_gll%@rbglg)\tro t he subject a pol ynucl eoti de accor di ng
to any one of a vector of claim14, a host cell according

to any one of Mﬁ#ﬁé"’l@%%ﬁ”g b0 ept i de according to any one of clains
20 to 28, an exyvagF, Afsol @3IRORO and/ or a conposition of claim 30.

Ixi) A159V, L335M, D350Y

20 Ixii) P210A, A294T, D350Y
Ixiii) TOIS, A159V, A294T
Ixiv) P210A, A294T, L335M, or
Ixv) Y67F, L335M.

25 25.  The polypeptide according to any one of claims 20 to 24, wherein the s-triazine
is atrazine, ametryn, propazine, prometryn, simazine, simetryn, ipazine, trictazine or

cyanozine.

26.  The polypeptide according to any one of claims 20 to 25 which has at least a
30  two fold greater atrazine hydrolysing activity than a polypeptide comprising an amino

acid sequence as provided in SEQ ID NO:1.

27.  The polypeptide according to any one of claims 20 to 26 which is a fusion
protein further comprising at least one other polypeptide sequence.

35
28.  The polypeptide according to any one of claims 20 to 27 which is immobilized

on a solid support.



25 34. Use of a polynucleotide according to any one of clains 1 to 13, a
vector of claim 14, a host cell according to any one of clainms 15 to 17, a
pol ypept iweo 2anonasePng to any one of clains 20 to 28, anPexiAtRed/0i13el ai m 29
and/or a conposition of claim30 for 1he nanufacture of a nmedi canent for
treating toxicity caused by an s-triazine or 30diazine in a subject. 35. A
net hod of 29r oddcicrgad o elhppeatl aeociapatl ayamemfditamy d5ng ldnths-tantaZi ne

and/ or i i i ce ding to
any one. of i af i pu TR A5EORBERS 1 D0ubleh K8 Lk SRk h LT T 1
14" encodi agFosding tozBysing 9é plaime20 r condl tions V\:hl ch aI I ow expressi on of

t he polynucleotlde encodi ng t he polypeptide and recovering the expressed

polyp 36. A nethod for detectln st cell, the nmethed conprising
VO 201 3(2499&@?%?@9@/09@???%&% PO Ynuc?eorlge (el (a:tv s it%@n%O’&%P?Cl&anP

popul ati oo 03, £etdtsr v ¢lbina 1poh mnstcdeﬁoadcdﬁiueg:moa@ alge bbclamys (1)51@0 af7, gelainms 1
to 13 undeéll Cgpr%%etacgor}am\g)]to anPI o\fvgi"ap L g@ttOf HI]l ex A of o d% iit he

cell(s), y exposi ng | s from
step i), omequrrog@mpcmaw@ceﬁmﬁsr eof, to a s-trizaine or a diazine. 37.The
met hod of claim 36, wherein the poI ynucl eoti de encodes a pol ypeptide
according to any one of clainms 20 to 28. 1038, The nethod of claim 36 or

cl ai MB7, 3herdi lﬁe&hﬁ@ fab hydiobyseu pe -tHape 0§ ciazing, j the tmeshedh COWAHMAY fr ane
conpri si n%rﬁamgytﬁelcsuﬁ@hh@l%raﬁ@ﬂedw&w 4 go@ﬂucledtmeo{ccgﬂdm an;t end3f and a

second open.re frame not .conpri.sing.a nucleotl cor di to an
oncCor oPeRimeT % 19,41 T 8 iy TR bR R T S et e 5 i oz,

the kit conpa pe]ypg)taiemlcwdmg @otnydenaof okadhnN g0 tto 28nyn eraaafofcdlainm®ol to 13,

a vector 1I1d/81| éo%ogbgitlo?l hoskncRl | according to any one of claims 15 to 17,
a pol ypep |de E 16 any one of clainms 20 to 28, an extract of claim

29 anty or a conposition of claim30. 2040.A crystal of a pol ypepti de

accordingzt o afy. %%af off LRIHB3 20y Qeif /the Altriaz Bt 108 a8k dESH glnka{i!ﬁlplé
pol ypept i de whi ch has greater s-triazine and/or, diazine hydrolysing

activi ty tHechip®Ithpepup qentymgisiongVakTMelagicalancud guarebaetisiovi ded
in SEQ | DiH¥ofl, the method conprising using the atom c coordi nates of the
25 crystal according to claim40 to conputationally evaluate the ability of
an s-triazine or diazine to associate with a candi date pol ypepti de, and

sel ec20 ng3a poAypeind afgrashing foxiaty @nestteranss-truzaziondiaamd/ioa saiject) the

hydrol ! ARGkl ¥igh Ny AsBEhy RERE LSV RRLA AT RBAR, A%k cfauence
of claims 1 to 13, a vector of claim 14, a host cell according to any one of claims 15 to

17, a polypeptide according to any one of claims 20 to 28, an extract of claim 29
and/or a composition of claim 30.

25
34.  Use of a polynucleotide according to any one of claims 1 to 13, a vector of
claim 14, a host cell according to any one of claims 15 to 17, a polypeptide according
to any one of claims 20 to 28, an extract of claim 29 and/or a composition of claim 30
for the manufacture of a medicament for treating toxicity caused by an s-triazine or

30  diazine in a subject.

35. A method of producing a polypeptide capable of hydrolysing an s-triazine
and/or diazine, the method comprising cultivating a host cell according to any one of
claims 15 to 17 encoding said polypeptide, or a vector of claim 14 encoding said
35  polypeptide, under conditions which allow expression of the polynucleotide encoding

the polypeptide, and recovering the expressed polypeptide.

36. A method for detecting a host cell, the method comprising
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1) contacting a cell or a population of cells with a polynucleotide according to
any one of claims 1 to 13 under conditions which allow uptake of the polynucleotide
by the cell(s), and
i1) selecting a host cell by exposing the cells from step 1), or progeny cells

thereof, to a s-trizaine or a diazine.

37.  The method of claim 36, wherein the polynucleotide encodes a polypeptide

according to any one of claims 20 to 28.

38.  The method of claim 36 or claim 37, wherein the polynucleotide comprises a
first open reading frame comprising a polynucleotide according to any one of claims 1
to 13, and a second open reading frame not comprising a polynucleotide according to

any one of claims 1 to 13.

39. A kit for hydrolysing an s-triazine or diazine, the kit comprising a
polynucleotide according to any one of claims 1 to 13, a vector of claim 14, a host cell
according to any one of claims 15 to 17, a polypeptide according to any one of claims

20 to 28, an extract of claim 29 and/or a composition of claim 30.

40. A crystal of a polypeptide according to any one of claims 20 to 27.

41. A method of designing a polypeptide which has greater s-triazine and/or
diazine hydrolysing activity than a polypeptide comprising an amino acid sequence as
provided in SEQ ID NO:1, the method comprising using the atomic coordinates of the
crystal according to claim 40 to computationally evaluate the ability of an s-triazine or
diazine to associate with a candidate polypeptide, and selecting a polypeptide which
has greater s-triazine and/or diazine hydrolysing activity than a polypeptide

comprising an amino acid sequence as provided in SEQ ID NO:1.



