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WD 2008/ 156551PCT/ US2008/ 006943 TAT SI GNAL PEPTI DES

FOR PRODUCI NG PROTEI NS | N PROKARYOTES Thi s
WwW@pEBils@Esi on clains priority to U S. Provi si onBtT/US2008/006943

Application 60/936, 183, filed June 18, 2007, and U.S.

Provi si onal Application 60/936, 186 filed June 18,

2007. GOVERNMENT SUPPORT 5Portions of this work were

funded by Contract No. BAA ECBC-04 with the Edgevvood

Chem cal Biol ogical Center (ECBC) with the n¥

Ac TATHIGHNAL PERZIDGS FOR BR INGRRATEM H‘M?WR OTES

certain rights in this invention. FIELD OF THE

I
em‘gﬁﬁ%tm'cﬁ :E;ﬁe l‘rygétS‘ﬁg"ﬂod@%namr}/ﬂh@gﬁ&%wg%183 filed June 18,

2007,@’9r%§u8f¢r¥§?‘%ﬁépﬁﬂ§ ion 6949@@{1é@lf"qdrﬂqﬁ‘ﬁélso@@an| sns. In
particular, the present invention relates to

polynucleotldes vect ors ol eptld and met hods for
expr essi ng or ganophd2® MEB@P“%%%'F%"PW& hzymes e. g.

or ganophosphorus hydrolase (OPH) in a host cell, such
aPoﬂloﬁ%rd?M@Wbﬂﬁﬁer‘éﬁ&ﬁdé@ﬁbmérﬁtrmNo BBA(Emawmaﬁm Edgewood

Cherliel SOt Cepies PEBRT SR teeD £, Achaivane DR i et states

Goveﬂﬂhémﬁfaybmta%érté\mtrfgﬁtsgﬁIﬂﬁié&Hveﬁﬁxﬂf etory (Sec) pathway
is the best-characterized route for protein export.

Proteins exported by the Sec pathway are transl ocated

FIELAOFORSE INCENEION ane i n an unfol ded state through a
menbr ane- enbedded transl ocon to vvhi ch they are

eted.,b clevabe rmnal
Zﬁﬁén\é‘e&l% (&’%’é érpcﬂlyné@%8 Qesp%rﬁ? gl%‘llg%%ﬂ drgt%ﬁ'is and methods for
produng Iprotetnis of interestain $ﬂuomatgamsn(sTah)panm:mlaye ptédenkipveton relates to
pohmF5SHEEST i  BAE hhR 40 el Mansppopgrorecesrading
enzyrﬂéee baorgahephdsphd)due hyarolgsat(OWwdy) ifbg hpstsc;adissmmrascﬁ Streptomyces
term signal peptides that include a conserved

SPeC'?W?P‘&F'S. nine notif in the N-region of Tat signal
peptide. Because of its ability to secrete pre-fol ded

‘iql'[b substrates, the Tat pathway 25 represents a
BAC@(‘:’;SQ cant nechani sm for produci ng secreted proteins,

and it can be exploited for |arge-scale production of
pimpekagyotesdwotpativeays o grotsintaitnatiph acwse drperieriasmic membrane

have B.g%‘ re%B@mk'éda OI|nI rﬂoﬁ ;é@fye'ngtﬂé(e géné?glréeﬁl'gt&w(glac)ﬂ?a?ﬁ\hﬂ d%8e best-

hem are agents such as sarl
charagteizagrqute tor pg,qtelg.eg(gor(m ngjgng sypertadyethRydec pathway are translocated

acros%%%@%@%%@%ﬂ@%@%f%}s%eg s ugh a membrane-embedded translocon to which

they are targeted by cleavable N-terminal signal peptides.

The second general export pathway is the twin-arginine translocation (Tat) pathway.
Unlike the Sec system, the Tat system is involved in the transport of pre-folded protein
substrates. Proteins are targeted to the Tat pathway by possession of N-terminal signa‘l
peptides that include a conserved twin-arginine motif in the N-region of Tat signal peptide.
' Because of its ability to secrete pre-folded protein substrates, the Tat pathway
represents a significant mechanism for producing secreted proteins, and it can be exploited for
large-scale production of proteins used to detoxify organophosphate compounds that are used
in a variety of agricultural pesticides and as chemical warfare agents such as sarin, soman and

VX [O-ethyl-S-(2-diisopropylaminoethyl) methylphosphonothioate].
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SUMVARY OF THE | NVENTI ON The present teachings
are based, at least in part, on the discovery that
W@ 2008a5a35pr ot ei ns can be produced usi ng t he TaPCPHS1008(§06943

in bacterial host cells. Accordingly, the present

i nvention provides pol ynucl eoti des encodi ng TAT fusi on

proteins, and methods for proglucing 5Sproteins of

interest in a host cell. In particular, the present

I,@'.@ﬁ o pol ynucl eoti des, vectors,

SUMMRFQQ%?PE(BI an QrFélt hods for expressing

or ganophosphat e- degr adi ng enzynes e. g.

oThemogsieotisnohings asecrasedsat I¢aEbk) parh oa the discevry that gefiain proteins
can bg%&iggéa Eghgﬂec?ac‘t i I)fjﬁ b%?to%b?g?t!slt cells. Ac]cordl I 1Re present
invention gravides: polyakclealidps epcoting TAT fusiomproteins; aadineethods for producing

a,

proteuﬁ%gylﬁ{ég%éﬁ'ggﬁgé eIlC aég dé"fgpgeu@%géﬁtgﬁéegggﬁ Sé?{ai%sl.té BéighLicleotides,
vectorshpgippeptides and mrmdsﬁydexﬂrwmmrasmﬁhoeah@tg -dggrding anzgmes e.g.
organeéﬁésﬁhgqugorﬂd s P@Wﬁ%\?\'@%ﬁ%ﬁlhs%{)ﬁaéjg&gﬁ% ceg species host cell.

ndn:bm embedithest gheeingentionaudyides an TBATBtQﬂ pelaruqeglide gemprising a first
nucleu?&ld%gﬁgn%&%dﬁ@' éjTﬁ?glé‘ﬁQFﬁe ?lBQ?%Qrafbrﬂmkg'g:Q é@econd nucleic acid

nke cond nucl’el ¢ acl
sequense @en@cbngaaobqwgma tiigsterdtydrdlase: glassifiedrasrg/ BEA. h§erotein. In another
emboﬁi:‘nlze%g'tﬁée%tgla?ﬁaolﬁ% é)tl'lgg oPf] tlﬁ\P |8g {EP@@%%?% fII’St nuclelc acid
sequengeentoding 8 dMJrsigread paptidemawm @qnmoeagldjsgp@@ugﬁét@osen from SEQ ID
NOS: ‘?%08@%'39%@[1%%&0%&5% nB&BL -8R &%ﬁgﬁ'&l é(néddm@eéjpﬁ&pﬂonc triester

hydrotasg staspified pherfis 3Hy&i:r(;|t;§ gfr?m%t]{;:eor elnnbme:mteﬂwe isolated polynucleotide

o oSBTyt ACARRI BE L b Rong o prP Bl el

operablybiokiédriena seadnd nunmmdaaequeme ¢psoding as erganephosphorus hydrolase
0

(0PHE? fnﬁ%ﬁ@ﬁ%ﬁl@ggm‘?&ﬁ%ﬁwﬁ dh%ieepwagg%é; 4] PH of SEQID NO:18

or a vanard tisefc dmanothet einbodiaiedt, greeqlmemt@nmigw@mgn @olated polynucleotide

| |

compHQR§’ BI?IPJt nﬁ IHC a%%& ?‘{%’%g% gh%)%‘?nlgc g‘lﬁir s‘c adcr%g pé’;ftld% cggra?blylhr‘ﬁ(ed to a

secondsulcwlceablqbsewamce eotodieg B phosprwmicdrrster hwdeplass classified as a EC

3.1.8 g@%ﬁﬁﬁ&g@ﬁg s@&:g\%g{]u%rél ?én‘i P?l%%%ol%%@ Pgh{ﬂﬁaﬁ%tmfs codon optimized

for exptessmg\ﬂemm@phpm@med@s hmlrolagguraa Sreptsimyeas iseorgsgeell. In yet another

oo B e By MRl
sequence énseding: adé T2agmat odptide epgyakly finkad to a secend apcleic acid sequence
encocjwsqc)j% gt\&jﬁoﬁ{: gstdr hggroﬁseaclfs%ﬂ%d LS e g,: wh rgﬁl the |solated

polynuc is tfurther opera
polynmdieotlde ipfustimet eperebly $aKed © thA#Promoter of SEQ |ﬁ>rfd@ﬁ?é3r
B e T e
lsolaterbmdvmtmlemgda cbmpssmg adirginsicleld arid e@fumce eemdm nd A sngnal peptide
opera-lg@-qlaﬁécg{baé s@c%%ﬁ'n%%lg%%&@?é%uén‘cﬁ Iéﬁgocf ﬁ’g 4 ph |cg drolase
Sequence enco orict ste ro as
classifet baa 5(} 3.4B protein. HO sgam @npqadjmgn'@ therexpegasion vector comprises a first
[
nucle%rgef&déeraﬁgﬁcse delicg)%h ;%JZR'Z% éﬁgl ﬁfgﬁ&i@_lo A%H);STP?&% g %gd{:)lméé 1-5 and a
secongimucteiteacid s@E@nlc@eN@:@lng 8 phaspherisduenter hydeolasecclagsified as aEC
n
510 BRAUET e BB POy Vi ieq
polynu¢ieotigemompsisiog afirst micleioagd isseuenss anseding adrAT signal peptide operably
linked?B!aVd¥LEhE ﬂﬂélglg a%Wq%;%ﬁ_E@eﬁcoder{ &Bﬁh@é%saﬁéﬂs hydrolase. In some
sequence enco si gnha peptlde oper abl
35I|nked to a second nucl ei ¢ aci d sequence encodlng an

or ganophosphorus hydrol ase. In sonre WO
2008/ 156551PCT/ US2008/ 006943 3
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enbodi nents, the organophosphorus hydrol ase is an OPH
of SEQ ID NO 18 or a variant thereof. In sone
wersdsisent s, the isol ated pol ynucl eoti de conpPCEUSZP0&006943

first nucleic acid sequence encoding a TAT signal

peptide that is operably linked to a second nucleic

acid sequence encodi ng a phosphoric triester hydrol ase

is further operably I|nked to the A4 5pronoter of SEQ
embo@@be:}gnglie %njﬁgogylsr{]b% ﬂ tgﬁis 8“@’.@ é@qu?rfd)qB oravarlant
thereafo dio sorop embodizaerits) nh@)sptaMpmjynudeoadéStomptlang eéa;stsrp:clelc acid

el oEShho P QR PR BB ol SRS BRHES i aci

sequednce @novding a@hromomemmesterﬁwdmims |ftmthep operaiphslinkad to the A4

prom%%r%ﬁli@i Hg %@izﬁglﬂ %E %rgetrﬁg?% gt?;tefhn o%rcgi §éc%€n\ég %B%dlng the
phosghioris tnasterlrgdmlasel isl cddireoptierized fon emiesgomde\’Stmpﬂgna/ces sp. host cell.

i sorBE R R o0t AR N TE R RUPERY By B ligans host el

c lrmasotherezinlbedime RCtHe. lﬂlvéhtlpn cp’rcmdes dmisclates tmsboell timh¢a@mprises an

expre%é1 ﬁ%y%ﬁérs grlu lns? nB'{ |s§l‘rgge gé g éﬁﬁﬁ@ G flgi %LcleLF ﬁ:id

sequesicg maboqmg)almé' Sgnaipyptnmeopn‘ramﬂ@me@ thi@%etobd andela acid sequence

encoi BB} o R FAAR PRI B8 5 BIROREC S

embodietdnts] Sleohgst icelk soraprisesamesiressionactor thatrompsisega dirst nucleic acid

secui LS AT b 8 LIt OSSP gpoond ot
acid sequdred &rmodmg aqudpnerd taestealsydiolase)u dmerotbacebodjmeant, the host cell

comof AERRTSRIL 54 % 056 SRR fpp ot e

acid saquenideaericotling reTAT sngnalamptldieopﬁablydinhmno a sémond nucleic acid

Ly e

organbpl@d)&plhateawdcblsmqlsem@PHmxt6&01@ P&OTVSTorsa ataEint fhepeafddn another
erably linked to

emooliffint e SBESUP e o un e LR PPy igp st ssqared

polynéicledtidercoomeisimil a/firkt miotsic acid shquehtemnoodinga AT SgGalipeptide that is

overal R RSBS00 P pREGH R o s

furtheo ppenablydidkédto tbe pggemoterioh SEQIDY N@tZSmJO ssmeEmipagiiments, the

nucle|%%9@n§qq8ﬁ§%5n$%c%§p§tqhggﬁé% gég?nsé%?egrthggﬁlés F CEQS‘n optlmlzed for

expreé‘ﬁnoreptaaﬁ';rentsrﬂyces siarreshoaiit Inebllne embodimeiits, taadnphfeqell of the invention

L L L

| im&mathércen bedimentathepheesibo rpumdgschrubalateddbsﬁ&@oly@eptlde

complSha8rar AR°TAE! pSRRRLRIRS el o Yot pheopRkBgise o sec

ID NC: t & nminSHEQtHeD ehi®odiinnent Sthe J@T nsugrmplapmdeewdnwmnm thetibalated fusion
hod f d

polyp T LRIV 48R (bFoR fg hod for produci ng an

hosphat e 'hg ernzyme conpri sing:
ekpamstbergmizodiment, ttteedvembuby rptmhcastfode nmeding fos progluaing an

organ]é!grécf’stpag c;peglrr adgﬁ@éﬁzlyﬁﬁeg ?‘F&% gr'egg gcﬁel oéac'tigg r5§|ynucleotide

compssngjelﬁum nedledicithsenuehos pmndmg a TAd signal hgptidel apeeably linked to a

secon rngJ?élc Sp%iie%cggnéodéngﬁ %‘18&&40‘% tl"f'&‘#erq'é/%%'n% éqg%%sﬁfie?i asaEC

egra enzy
3.1.8 Bivtaiimeanuirpyadugirgsqith atgandpmspd\ategdagnawn@ epzyvoklc bdbriggembodiment,

the oré%ﬁ%%@%ig@g@gb%ﬁyﬁgggﬁﬁd bwa\e method of the invention an
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or ganophosphorus hydrol ase. I n some enbodi nents, the

or ganophosphorus hydrolase is an OPH of SEQ I D NO 18
wW@e008/1%861 ant t hereof. | n another enbodi nent, PBEEUS2008/006943

met hod of the invention further conprises recovering

t he enzyne produced by the host cell. In another

enbodi ment, the host cell of ghe nmethod of the

invention is a Streptonyces sp. host cell. 5 BRIEF

DESCRI PT] TH
orgarigpTvsRNals WEiRlass HaorIr Hredimapts Lo dieh bRl bidase s an
OPH pﬁSE@SIS\l@nBW aﬂaeadtrtamemgslnaarwthamtembwm&dheamethm of the

inven 'ngmp %orﬁé{gfgge vgfﬁéwhe gwﬁrkﬁéd%t%d yth%ngt J:elllglt’r( Snother
embodingatt, thd hpstasetitod the methot rafi treaineehtion gna lStreptpoarees spf hast cell.
lividans cellulase (CelA), a polynucl eotide encoding a
cellul ase 11A& gene from an Acti nonmyces species, and
a cellul ase 11AG3 term nator sequence. Figure 2 shows
dﬂ% I b t he pKB105 vector of
BRIEEl gure ?T \tﬁﬂf ﬁ% %KE%P%%Q gnhal peptide is repl aced

wi th a TAT1 signal sequence and the cellul ase gene is
r gpeskided artisanmilkurdsistand phat thedrawinmis age fas illusirtiquprpgses only.

he Rt 3R B 1 e LB PR Ay
r diguie d shaws i@ RKBIIAPVestagsantaiingiamthe gilienigen Ay peaseoter, a
runcl83 bl JHLABFE 4o ecpA GO, Ty SELRURapg o coluiase

ormt
11AGBeg§lnerfr00f aFHQm@"ﬂcﬂsﬁpﬂﬁﬁé rand a celmée@ér‘\ﬁ%egwaat%r sequence.

p%drggl ?wé%pd}@?éé \)@CUS d@rl\-}_?%T rrg'tlgé‘?kaf’ V@crt‘&eof@f’éhre 1 in which

ase gene IS ace codon
the Celix signat pelptdeHs g@i@ced witha T, ﬂml SEQUEHER aad peaedylase gene is

repla(\/e%c\;vnﬁ{thél&hoﬁ\%ﬁtquﬁFH‘(ﬁqﬁ femn the pKB233 vector by

sequences between the Sphl
arlﬁ;gt@arahowggt nKBﬁmmcmrtd@gved form the pﬁ(@@@%vqptgm\ﬁg,gure 1 in which

the C?)%%rgs ﬁ\ﬂ)%l ¥ P ost% WAQ? VQZ%I !tsé(;h%k @QB@%&?&U%@Q gene is

_ In the 1, TAT2 and
replamtrsﬁhgmdorpepttmtzeé OFHhgergire 7 shows the effect of

2%&4" Qh g ag%%ﬁ@%e HeAled Qﬁnﬁﬁ@ﬂ %t 40D @B%bf Figure 1 in which

age s H expresse reptonyces as
the Ca|ATs¢g®l pertidens mpja@ch/vuth a TAT3 spngliseauense gmg themellulase gene is

replaée(éle\ﬂi H ﬁwb%@ﬁbﬁﬁg@‘a@&ﬂﬁﬂ ?ﬁhé‘ gel digestion and MALDI

I de mass e expected OPH produced by
t tFethBe 5@!39%@52%1 Vestaritial rveasgieglM%/ﬁomee PKB23% yaeteeby removing

the E%"%%%i@%%%?&%%@ ﬁ% /S%OIG %Ld;’ ERSRAITUSREtidMSHesCe! | s

Figure 6 shows SDS-PAGE analysis of OPH produced in Streptomyces and expressed
in the host cells fused to TAT1, TAT2 and TAT3 signal peptides.

Figure 7 shows the effect of addition of Zn?* and Co* on the production and storage
stability of OPH expressed in Streptomyces as a TAT3 fusion protein.

Figure 8 shows the identification by tryptic in-gel digestion and MALDI peptide mass
mapping of the expected OPH produced by the Streptomyces cells

Figure 9 shows the paraoxonase activity of OPH produced by Streptomyces host cells.
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5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
i nvention provides pol ynucl eoti des encodi ng TAT fusi on
wW@e@sasdssy and nmet hods for produci ng proteins BET/US2008/006943

interest in a host cell. In particular, the present

invention relates to 5pol ynucl eoti des, vectors,

pol ypepti des and net hods for £xpressing

or ganophosphorus hydrolase (OPH) in a host cell, such

as a Streptonyces species host cell. The

present teachings will now be described in detail by
DETAIRED AESGRIPTON ©FOMHE INVENJIONe fol | owi ng definitions

a d dj

a::]'ﬁl \Z{f@ﬂ@%&ovﬁeg (ﬁ%gingjgltegt@% n&?g’g Glglgl‘t @J%i?m dr&glng. aft¥methods for
produpinig| dratains @h sterestfie arredt tall. He paiticular éhe ppasestinyention relates to

potyni IR Fefels Reybepfiods R Rt or EsSRB of i pffsphorus
hydrolese OReY) & ahbst\cell téwhsaarwSMwmngewec@mmm gell.

B Rty RAT v kbt BBfatioatin) betplloh My BEleteBrog oy using the

followirgddeBaitioad ang exddhples.0 Al patents Md:puﬂhcaﬂiqngylnalndmg aII sequences

BT TR E RIET J —

refereldcet i onary of Bi ol ogy, Harper Perennial, NY (1991)

8{@?3&9{? 8t80f %bé ]zr{ gui&{?\nﬁr aPM é%erﬁlflg?%g{sellsed herein have the

use
samei meaTing mcorﬁdnbhl@ woHemstoodrist dredsf cadidanyeskiirin desarttonwhiah this

I h L .
venfi SHANE] b Rp LR85 504 SAPAS DRI oL oy anc
Moleamﬁrmeﬂeg)aer Em,t\mhnsz;eyaarei Saresc NYod 894 aad hale and Markham, The

a3 Bl ac B BRI SEEATRY e rBabe MR n e
art wn&‘OaagemeralfduttmnaWéssof marsy ofsthel tdrasaisad in the us\ramgqm afAltheugh any
meth?cﬁe r‘lga rmtg;g%ls%,n@!%r ?)r 8&’8 I%lgkﬁggﬂéé a&es{:ﬁé@c{ ﬁ{ﬁg‘?\ fMHldig%n the practice of

OChEr Vi 3
the pneaagemmtlm ithe btmrr/em métrtolds and mdersalsl elfa dﬂsngbt;d]bereln Accordingly,
the tev\'/PF 9{3@}? | essd{agel %rsw\ﬂs $rﬁ rﬁgﬂe% sgﬂb'%& ?\éfef&%hgitr%athg Specification
as a llel ABquases=l lEreinyhietsirguldréat, "and anddgtite” inclugies tke plaral reference

car bwr rjentat,i Cli
a5 e OB STt sobf l e of e umoer
definipgthd muger UaEse bthedeise indicabed) noclelcsacidsnate vadiga eftto right in 5' to 3'

oren 3555 A% e 538 TNy 4 e SPGB A8 ntn,

respektivelys It hnstte lbdexdmdéuts&todethatrtyllsnavemnmlmmm&lmltedIto therpartiguilarn
t
meth en {?:tr@cﬁ%c §ﬁé ﬁar%ef'g e%%héécf: %E Sucrﬁg){ éﬁ) ?\'d?’ﬁ[g uaﬂon the

contekd tmey ate uses byshesecofiskéiss the at.i tten her ei n. Every

AOh PHRRTER! 2 ol B OB el PR bR nt

specifidatibh ridluaies exsryi Iéwmmhnénaghlsmta’t@neas if alich lowier aumerigal limitations

e

specificatioowdlt indude everg highen gemteheal lifrétation, \aistifsush digher numerlcal
roader n

imiafSRAEe SAHERCY Sk eh ARGy, Eibr) by BUA PR TR Gehis

specﬂmah masammwensmoeweoamsml range thatTfalds Withid ISnQS broader
LQV. |

rumelE S £a06¢" 33 e R EnBE e Mel RigBE hep gf BEpre e it herein
to the specification as a whole. Accordingly, the
ternms defined i nmediately below are nore fully defined
by reference to the specification as a whol e.
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5 DEFI NI TI ONS The term "organophosphat e
degradi ng enzynes" herein refers to enzynes that
we 20815865 t he hydrol ysis of phosphoester bondBCT/IS2008/006943
or ganophosphat es. The terns "phosphoric
triester hydrol ase" or "phosphotriester” herein refer
to an enzyne classified as EG. 1.8, which acts on
or ganophosphor us conpounds (such as paraoxon)

Pﬁ'lggg“gsgmngp?o%c% e?eﬁ(}% ﬁ&nmiaf’lor@gf Otggggﬁmsnés‘be@fsio‘ii%mbodiments

rles ases I nc
whichasayl bebi ledddyyl neferemdeatodbe spgdificaBorl a8 aWholel Accokdioghy, the terms defined

meSeLby B8t SR RN oL RAGSPEEIARE sbBGichdn e Bypore
herein refers to a conpound nmade up of a single chain
DEFIIQTI(?nmSnO acid residues |linked by peptide bonds. The

protein" as used herein may be 15 synonynous
wiThk térne” drgarophpsphate gegrdding @nzyrags’rrergn refers tacahzyines that

catasi BRREs Bl potBnGeq R RRROAERLPCR hes 1 or

afTihederats ‘ghogmhiodu ¢restardydsdaseher twhospitdriester” hkeain reder to an enzyme

s 5 258 5 1 B ROASUEHOFE s TR 4 horcr

includifgyesters of ﬁ?}uos;ﬂnostcl amdrm\o(sp{)mlm&udseabosmw(w Jriestardnydrodases include

aryldlélk%lph%si)?ml %%eé @eq; I3rqeé ?g%%oﬂﬁ\r g}(}?as Bp(ﬁ'l'éll‘@{j%bfb%ﬁ#: aorophosphatase

(EC 3(W2) 2ophrosinnes DRfPasend val ine (V). The term
15 AR ERERle 98,550 nek 4109 BRAURRE MR 7o o i
of amériot duid reSlleesinhlsed oy pepitide dohdn kEme term arqbenotm wsegf herein may be
srnorBE6 5 reerapror T BhrBITHEET) Rl S0 BB o groormore
polypbgtidesc T eteednvdManblyh@IeHewmr singte lpttelt exides fcuwman acid residues are
used ﬁ?ﬁ&@lo\'gfteer%gm} ggnlrﬁé) /ﬁt § lglnlrgé( ﬁﬂ ?Qra O(Rll) ﬁgﬁoca?d %DR cysteine ( C),
glutaraic, acmt(d&)Lgla;tamlmar(@)eglysma(:@b%tudlme (i risoleumineafild lemeine(L); lysine (K);
e 5B BHEE 3P AR L IR gL lppren oo
tyrosihe &isdrervaline (V). A "Tat si gnal pept | d_e" refers to an
BB ok S OB, BEUE SRR MR AF BB cer 0o Ta

signal peptide tinked eitheotirgotiyt e vis alllnker tor 2 proteln of interest.

A R LARR os b tral IR 1P RR NG o el ¥densian on a protein to

be sepmltqdoej%arb}edll secreted profainsissxiamemiioaterrainapprotein extefsion which plays

a cru%&&?l{gﬁrﬁ !'{Ie ta{ggthg t)c%’ %Egéﬂaﬂglﬁggtloéggrfgérggﬁrsor ?I{??erlisos o§§1fﬁ|e membrane

and whigh |p geherally prfotedlutlealdgsltemmyed lbg acsignad peptm:lase\dmno@ otjmmediately
en consi dered for expression in

f°"°WH}90'PS?“§ E Eeé protein of interest nmay be 35either
handlabgignal peptidedtrefecd twgpouN-témibdily dxtestded|sequéreecmtsieh ancludes two

cons By Rt Bl B8 Rl G by e Bersven of gt n  rodes
confirmagiores Ai“Dat sidrea) peptateialayl bevieteschiamgeab!y réfesed td as tTraé peptide” or “Tat
POWP%@}E’% of a heterol ogous protein of interest, any

ression i s over expression.
As used herein, a “protein of interest” or “polypeptide of interest” refers to the protein to

be expressed and secreted by the host cell. The protein of interest may be any protein which
up until now has been considered for expression in prokaryotes. The protein of interest may be
either homologous or heterologous to the host. In the case of a homologous protein of interest,
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As used herein, the term "heterol ogous protein” refers

to a protein or polypeptide that does not naturally
Wo@ewansdsal a host cell. Exanples of heter ol 0goUBCT/US2008/006943

proteins include, but are not 5limted to, enzynes,

such as hydrol ases, including esterases, proteases,

gl ycosyl ases; isonmerases, sucp as racenases,

epi nerases, tautonerases, or nutases; |yases; |igases;

over SsRBRBIFDLs B Pera detve BT Bipie it SPADERT A3 i 48 of @ heterologous
proteinxif derest, angexprbysiorogavas expreddien. het er ol ogous gene may

g

does netaehiralysocoudinld hostloelhi E@ampleaf hetelolagousaratemssnaude, but are not

e RS, 50 OS50S SRR ool TS los

isomepaseseasesas maehadss] cpheasaes; laubemenages o8 uasks; lyases; ligases;

vans kB D 38 5 met R e A A A0 bRRRE By lreauctaes.
such asibxitiastsgralebydragepagdsetTihe hptarelogdiregérer mmay kooadedtherapeutically

o5y b AP B, B B R B s an

inhibitiors; las svedl dsosaotingoansd pntiliogiess Thieagenameayendodatcomneargially important

. copprising an..inserti i o [ [

s GRG0 PS5 Sobh 37 EsEbEh: ABerh T UBloba8 e amyases

and glucoamilases ltelldlases, dxideses anddipasés. aflte Jerd ofrinteresb magdie a naturally
are used interchangeabl d enconpass RNA, DNA and

an
°°°“'E!Me%|ae'8ti‘|a eg.ge'&g 1 Hbe}'&gﬁ’,‘e-t he termrefers to a
pdhgtem thohmiogout p2dsint refersitd aproteinaonypolypegtide nativieloematurally

r.i bonucl eat j d or deoxvyri bonucl eotides. . The .
occuritg B ho 51t 5% Ao PPy oe HnEbe o b Bl pegants. o.
comp#isifg th irsertivnl, deletordonibtezruptiond asicogiparest toathel edtubii ceedrring

al so includes known types of nodifications,

NA, |t
homolgﬁeFﬁB@te'But are not limted to, |labels which are
K Thenernn“riubieiccadid” amelt“pylyatdlestide” argpsed istatrhbhgedtioandéncompass

f ' | ' ,
e 051t TN e 3 S LA DRl o o
nuclebdtiesef anp length, kitiser rmmubouidaslmrdgexyrlbbnk@lg@kiese.T@e,term refers only
o TR G o BHSTRIRLL ERsSE R . spionces o
and RNANKiagiss iffatudses knpivadypes: aftnidifedaisns, include, but are not limited to, labels
i Ly
occurdngnuclentides adtaan draldg) intemntiebtict medifisatipnalsugte ps,i fdeexample, those
. -L-l.yvsi ne, etc, t i ' ] _—
win BB PBE B g SAESS . LRI Brbitamonte
carba(miegsl, etdw’r)mtrfail with dt:}ﬁzdgmﬂmﬂda:ge.s (Efag.abbcl)skr.mlorabhﬁpaté@ppha#.ahbr_odithioates,
tals, etc. se. cont ai ni_n rS,.
ete). [iP ePoa T eengeel TEegeS. Sefnd aheratnt HiderbRohaa B o0.
nucle@des, Joxinasamttlodiesssignaipeptides] pbigrliysioe, ¢thg, those with intercalators (e.g.,
s O SRR s AT A .5, BBl A5 ot boron
oxidaﬁl‘i\(eagetalﬁ; gt }rtobe cgataining alhyi?ml'so thosel Wigunst_iifiecbtimmes (e.g., alpha
i.nkers, ar, froma series . L
anompli 2 on, P Lot HELAS T Rhpilid BERNSL Rk At Bl (pherany.
nucleia@icdl sdginents srovidpd bbly ¢hisinvieetiorgmey peessendb@Bifromafragments of the

genoré? %ﬁgﬁbg g'gﬁr{yglggﬁ rei)ﬁnfk%?%%{g F%E‘: éa §grge:§porfi\9ﬁ§&%c{e%%é§to? frdm
indivik@0 Bld &t sles RCTr it a 8y 0thedel Bucleic acid which is capable of being expressed

in a recombinant transcriptional unit comprising regulatory elements derived from a microbial or
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8 viral operon, or a eukaryotic gene. Because the
genetic code is degenerate, nore than one codon may be
wais@d/1saé5encode a particul ar am no acid, and tPEI/US2008/006943

present invention enconpasses all polynucleotides,

whi ch encode a particular am no acid sequence. A

pol ynucl eotide or a pol ypeptigle having a certain

percent (e.g., 65% 70% 75% 80% 585% 90% 95% or

uence ide

el R, ) Do e PR DSt BSAUERGSITEAAS nan one
codorarmay be @sediteeencarie at gegticdarmnino aciipand thg prégent imyention encompasses

I
all pofy GIETESS o En e R g BBt s o e
pAqgmamclebwmon apblgpeptide, having aecertain percehtdseq. B8 r105ed 5%, 80%,

85%, gﬁ‘@ogé‘{/oGE{Q f )05 s?ggé%n' nlg%/r%tgg\}ﬁhl eﬁ@ﬁf%%%yengg me\éns that, when

aligned, thal percehtags ofreasks ce oo atadtresldudserp theysaEms i ln me\g the two

soqsbi s BRGS0 s i ar

suitableBsoivard/progaam kAbwe drhthle aat, farl examipile, thaSertesciitiest is €hunksint Protocols

i Molgfyar, P ; Alibe P Bat N Sl BRAE RO Reclt 77.18) In some

embodixenitd, atne/pmbr@rmlanIUdplthngGé)ﬁsPHm@ phograhn, FAST A (Pearson et al. (1988)

o 57| B 55 08 SR SR B S o Rt

Cent. 1BiSeahodli ivg., RatiditanMadaiNaiE NLMNIH)Betbegdan bdl. SuidtAltschul et al.,

o5 ERRUCASS 68 B0, Bty GRS LRy i g pygs s

and Edocatiomab®dftware | PA)epmjenably ushegt defaduparemetars candthe JEASTA Data

sear el Bala APPSR AESErAR £ DKBeblerSonBYRTenetc
Comnﬁmdr)mbob adiveteity affWisbensimwadisam Wid.)." Deeeakiled gotne"art will recognize

that sr@qe@qqg gggoén%%gﬁﬁaxﬁ ! |8v%rgf?§%'glg§%thg§e %t hg{)r?cfl%ee e(? stringent
hybridiZtioa corditdrisohith therpalynoalebtides af théramvestidn. i n whi ch i t

o By DR S ER: Pl E B P Y S LTRE Flso fGteftel Whédin as 2
“chimpriogeriet hasra portion baiheeseluérat whicke & md nafiventotthegeli im which it is

e i bR B B TR TR A el B3 o sequence
(e.g., batramoleo goars enharicer)thatdags st funntiesinaratura de regutiie theotame gene the

coro ek e 5y 89805, SSHRPR. PR sIPbi G secuences

are notrehelogéranus to thensdller tpiadrof the gerwinmg ipothicnthey are present, and have been

L

“heterotddiony’ retpicaced comsttucnmtay @nntaitea cordral keq m/w coding sequence

comn o 0 ghE BRSO bR RSO sccuonce

combimtloreﬂmad irethg. natige telanFloe ccpttlrod)aeduanegtﬂ gt, artsanseriptionglgegulatory

s3G5 304 58 e BB BRG ear

selecgbleemarker chimelie gerdte arsetdctableymackes geneiencpodinga ptadein conferring

conferring.apntihiotic resi far

antiig SRt S T B 85 PP ARSI Bl S R ofbye nuctic acia
consmmneftthe pteseht mhentpnemetmdes aemscriptionalreguldtesy eegion, a signal peptide
codmg Sgﬁr;%ecnrclgg% R ortl%g b gg s@{x@%%eé%@c{i 9 '?erggnaﬁté%%g}luengé)t Tﬁéatranscnptlonal
reguldtenyregiah could dgusametitutivieher mdumlsjen pti onal regul atory

region could be constitutive or inducible. WO

2008/ 156551PCT/ US2008/ 006943 9 As used herein,

the term"vector"” refers to a pol ynucl eoti de sequence

designed to introduce nucleic acids into one or nore

cell types. Vectors include cloning vectors,

expression vectors, shuttle vectors, plasm ds,

cassettes and the i ke. As used here| n, the

o o I T 1 Y a o . 1. i
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eukaryotic expression vectors are comercially

avai |l abl e. As used herein, the ternms "nucleic
W@ei0d/186ast ruct ” and "expressi on vector" are UBEHUS2008/006943

i nterchangeably to refer to nucleic acid used to

i ntroduce sequences into a host cell or organism The

nucl eic acid may be generatedgin vitro by PCR or any

ot her suitable 10 techni que(s) known to those in the

e TP BV B A il vt

introdpteasudlelc acids info 0e®r moré oelhtypess. i ‘déctunsohc{lude alonidg vectors, expression

vetol, Bl v S no BllsninstaitS b hediBor caccet e porti on

oﬂsalseehprmshetermeekmessmn nectobrd refesctoc veots tthatdtas the ability to

o 53+ BURBSTARELTIRA FAEf o S o il rovanonc ano
eukargotizaskprassion, veetqprs ares¢omméiciatiy beaitableave the ability to

i ncor porate and express heterol ogous nucleic acid
f Asgised hereim tbe teosis “owdi¢ic abidropngtrudt’aandoekpreasidn vector” are used

intercﬁ%%rﬁéﬁltté?ef?fy q.fc?éé an¥ %gé% {o 68@5@%"&%@%@&;@@% av%%stt ceII or

organism W hehnurcleib acikimoay beigenelétedhmsyohmﬁ’@ig os kny bthen swtwle
rej
technpg?g gn?vx)n %(l) o§égﬁﬂ tﬁ? go% zmug e}can eé@%égfluypm%rquant expression

cassef®can berinmorparsted iote aaplasroidi dyomresome, miochondrialmucteigacid, plastid

noief b 3L BBl PRl SHIAGAN, 8 AE0RbAE Y BB cossre
portioh ﬁéan expreSgion nedter 8r mefeie scid oonastluwtIn.eludeacanwbmgewjhemr{iﬂuences a
nucle||tg ra%igo § géﬁoﬁ%sogeetgaer%g f&& Ad Qggoﬁﬁc’g% aﬁ%oﬁ'f %ﬂg&ﬂﬁepé Expression
vectogeidveitime albilitg tto tncerpozaty eahd gapess heteedlogousxpucksss acld fr‘égments ina

0 er _together W
rost 35 FB el AR iy B Sk TR A S BBy vataore
Selection sfoappespriate exprassion vextops énwitlsih thakmowledgesefdhgse laving skill in the
art, EXpress a gi ven gene. In general, the transcriptional

and transl ational regul atory sequences include, but
a8 used hb'rem tteel term, “ptasmrdﬁtrefersmowerwar doublpestrandéd (ds) DNA

cons g gt g e BBR SIS Ly 3Bk BaneLser pparns
genete:rdfhemerann manadiactearacandseqwe&m(es/oté}aoA nucleic acid is

pg{sgg Héhe"bqﬁ? F%mwﬁ? r?né r récf etlggaerg.lcclégé gcga Sgﬁ@%éegggtl functions to
directeoaaatprlpeupn ofiaigene. dbe drc&mtedwmg;eaesdm betaopgophluaderthe bost cell in
i B 054 Bk 81488, bR e LRE R ponal ana
transliatioriahegsla@orghuolmoca‘cud mqeobgqo(e\pm teemedh’cpntolseguenges’) are
necesgglslegcer er@%ir% IE éﬁcgr eZtrérgs%h Cr%?gﬂgcfﬂgﬁslétgonﬁ regulatory
sequencbmmiwebbmdaragotshrmtedits %Uw&raﬂehyemoesk&bstomadibmddig@es

transc(srﬁgﬁ %%rt %pd %géé;cﬁ%% Eé Q%glaﬁgnﬁiﬁtatrpar{oa&bﬂ) 'sE&‘Jie%ces and enhancer

or actRafwseqestcesCT/ U82008/ 006943 10 “operably |inked"
ans h h n ' C| el ] —
RSB BB e Sl SRS B i win
anotheomidlgjciecid saquernce. Feaexamplehnsaeic Hoidenspding @reecatory leader is
opera @qm%cf {BDFLLFC ﬁ%g‘? F %%?JI%S gio@ggﬁ \l/ogeglf‘fé'ri]sgéﬂgﬁéiseh C%éké &gpllo?eln that
partncnpatessn the‘sest&tlmnsqf tr&pdrpawﬂe,ea(pmot@ymtdmban@r is operably linked to a
: ' |
codmg(%%cg@ﬁg% (';fzto‘%,ﬁet%ﬁs tﬁg'i]r\%é%rﬁ)tlﬁé lo\‘ {H%l%%rqﬁeﬁtfee oPﬁ?@o?{)&ﬂ? b|nd ng site is
operaplyllipjeghtol aleoding a&muEnce i itds oesmmeqm w@ﬁamhlet@temabhy Generally,
nmeans that the pol ypeptide sequences being |linked are
contiguous and forma fusion protein. As used herein,
the term"gene" refers to a polynucleotide (e.g., a
DNA segnent)
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i nvol ved in produci ng a pol ypeptide chain, that may or
may not include regions preceding and 10foll ow ng the
w@owsnspssegi on, e.g. 5 wuntranslated (5 UTR) BCT/US2008/006943
"l eader" sequences and 3' UTR or "trailer" sequences,
as well as intervening sequences (introns) between
|nd|V|duaI codlng segnent s (qpons). The term
"reconbi nant" when used in reference to a cel

“oper{bixc llr‘ﬁ(eﬁa ﬁ]%'gﬁ%tr%é ﬂi}eeﬁu% &% Sglﬁ%ggu "é’g? Hgge%glgetn an'?iSuous and, in
the cmcﬂféisedrebgry id=eler, rmnwumslamd |mfeai|nU5¢Taser tlowgwers enhancers and

| gi d . the. ] . a,. ' :
o o 60 BERBbl ok by BLIBgpAbL ivenien
restno‘tnbn mt@s cleblicrssitesidi ridt edist syhthetic aligonotleotive &iapiqus es kders are used
nativ etically nodified environnent,

in accgrdgfncew hé:ﬂmé 'nglsqqaﬁ 'Sector for a prokaryotic or
elAH&St)milyp@pﬁd/@‘tlahed "Thassecbod pelyperpide genemtiyhieaas that the polypeptide

I l. i
seauiies BeianGe #E Forfelad o tha R dEE e fian) "For m of
t Ae used :hlerdn ,ehetersis'gand’i refergonepolyudeaide (2@ taHRNAIssgment)
oo BRGSO GRRF Il 3P o B GR osing an
foIIowItlr@rthB ct')dihglr%?_j‘lm, reegl's’ utitsaresiatyd (5 MTH) or Healder’asmhuences and 3' UTR or
“traileg’geﬁlﬂ]%g%rs];g%wﬁl? ﬁg{r]lt%ér? 88 ragcrft? F é:%g ﬁ‘ cgrbsa beS\TlFeaerﬁCpalbﬁual coding

segmemistdemqpence integrated into its genone or as an

ohe T she it Rk ke B e o e b ekl pBteim o vector

indicatesfteatsthe aell, mecleicoadid, proteinr velatoa, hesl t;qeephmdl@d ly the introduction of a

heter od%frﬁlgggcgasqlﬁg[ Brggegﬁ BBH‘# %?tregﬂgglro? Sf'%gﬁg glrg]cgelgfac% &%Q&Em or that

the cdllrigiderivedifaom aksll se mbdlftada)mhattdmotem imekxpmsseadhinya non-native or
that the transcr

| i pked”... .
geneticaliBPaFE RATr RO o Br It ALETEP e LT t9 38R Brakppypts or eukarvoti
systerlhechhth vfer éxantple, reocinbinastcplie eRpress nusielcracmsaiblpalypeptldes that are
vt b ATRE B o B o PR oro P s e are
otherwise sbadsﬁnaﬁ? gMprecssd, amelelp@q::ree;sed eaveb expmssdrtborcumengressed at all.

[ t d I “

BB P BT Db AP Al g usea
referenoe tde céleban@tHe medsmceurpnwe ge.ghdefaroibgous) noleier apissequence
el B O el o
ge”e""”"ﬁy S51PCT] 152003] 0060 08843 41 |

2008 r L

SRR ofe iR R epapt felete ¥ e oREcTBa g9 AFRUAED RB0peptive i
produeeog based doPiHe necleangds seuenke opa gepss&be prues$ wicludes both
ess g?ﬂszgtd i ncludes the processing steps of:

transcrngﬁgvﬁ% Mgnal peptide, which is known to occur
d lABIUSQd becdireitine tseor‘epembly lnkedtrhearts thatsthe transwiptiohaltame

translthcﬁ%‘ ne,glu (Sarécgé'g iw:uﬁlaltcoarctl |&p8)§é§ %tgr.e?%\jv%qg trté;)czordérfgcéécgueﬁg&em such a
mann€PHat tedrescsiptian it lirétiated.u Ceheratly, this éls meah dibatahe promoter and
transc%ﬁhér'g{l iler{/ri]tggtiﬁa?){rj Sf@%‘e%ne@ﬁaces aregagtlorwodg t9 95> CC;O‘?HJ)I%%P&EE The
transcriptional and translational regulatory nucleic acid will generally be appropriate to the host

cell used to express the protein. Numerous types of appropriate expression vectors, and
suitable regulatory sequences are known in the art for a variety of host cells.



10

15

20

25

30

35

The term "under transcriptional control,"” as used
herein, indicates that transcription of a
wolmnssbeot i de sequence, usually a DNA sequenR&l/US2008/006943
depends on its being operably linked to an el enent
whi ch contributes to the initiation of, or pronotes
transcription. 10The term "unger translational
control," as used herein, indicates a regulatory
pr. ; f
u S@%ﬁ%@? r&&u.{cﬁéﬁtgenr%lmgg&ﬁﬁorplsgi'(% giﬁ)cgettg oa %‘rs??g grcﬁéln e.g. an OPH,
encompadses-tisd p@ndmés(tluig)folm\wexmmamamd inskudesthesprotessinggteps of:
& r .
remolf§ ¥ s TEsbeS Dpleaf RSl 6B BRAEESMR pecretion, ang the
translpcaﬂom:rqfchlteedesned protmeoéheaeutsndB@ftHBehMSell chr onosone.
r u
R%%f:}g? ﬁ%b%ésgiua enérgglesn%eﬁ mﬁ réf?ﬂa‘ﬁ%'io 8|f1 dlﬁl-?r%?érh'?@th% maturation
proce’st Mmtsffelttelngﬂn protain &.gr an@larlnw’Ideogbesdo betorna adwactiveomature enzyme.

n% e %rll utg]%%r g%@%g aneﬁ'% ntwgeeukar& Rgrre? (l)rfﬁncr??%ﬁ(ﬁat tr?nscrlptlon of a

polynuelbbtldqueemtua usudllyea BNAmeduemJeapmdsa;n iteebeing operably linked to an

elemérﬂ%g\ r?n%ﬁ%sq§gp%mﬁ aqggtgrg) 8&0{3&8? ?rghécr% rg | eml €,
cdmeetemewndat tramsiatonbbcotolSas egdd lneyain, mdichtesresiegnlakory process

whlch%)cg%?{?fﬁei?n%.& gébgéﬁ%h‘%d t r ansf ect ed rrRNA)

olated,” and "separated,” as
ushecudedrrerein, theterm lptasmwt"cmtﬂmtuja cipcutdred quplecgitdnded (ds) DNA

constFugglggé. %sag %n%r \i%glo oav?ﬁ’v&/ﬁﬁ bcﬁ?ns'a% éxwggﬂl%qqu#ﬂm Qélf-rephcatlng

I'S natur
geneﬁcsdemieat |edsome eukaryotes dksprolmybthercmm’(egramg mterthe host chromosome.

act e \} {r@%ntr@d’uce@ iR éﬁ%é&ﬂ%ﬁa&%s&k[ a HL?JI&E §cn%i%eﬁﬂence up]to acell,

assocrate Pcul ar
meanas tramsfgationt, or dearistarimationi asl’ tugmsdalk:tmttandumq}ude@frefesertqe to the

incor%c?r%&ioj]céfi J%eljlé hgﬁ sr‘gﬁ&%%eq&r gé%(r {%?l&?f hdeg%gg gélpwbﬁl’%tthe nucleic
acid Serqumndsrpap be iircogurated tintd tinegersonae okthe etk (fanéxaneé.i gheemosome,

plasnﬁ &dﬁsgpngmgéch%ad@ l[ﬁ\?A)Ofcoﬁ\}é%E lr%eanca rﬁ)rnioqg rgﬂlcgn or transiently

enzyne preparation per
exprespext (for ecaumtejltltaneiestedspBNAbl c activi ty Is generally

eé&eﬁg%@s “r %?51 v%ngt ’S'ls%}gtéﬂgar?% rér%ég ,a?écp" as3 %r&@wegrglhn?efer to a compound,

mpasses
proteihpbélainneldic' acidodartammnalabld thatosrrémwed! fl‘ons et rastcorferapmponent with which

st cell"™ or "host strain" nean a cell
itis n?ﬂgallty a&%?%?tﬁ a vector and supports the replication,
arfdy uedtheseis cthe pérmoiactivityt patidalodicdl iactivitgh cefénsamah activty associated

wits & BF35HB ot E SR 3P ORS00 amy acivty
woulcengrmallip be taétribated tethias prodsn by lond iskitjed hmtheradt limted

;m%@%gﬁ%@g%%gﬁéggtyi?eans an enzyme unit defined as the number
of moles of substrate converted to product by an enzyme preparation per unit time under
specific conditions. Specific activity is generally expressed as units (U)/mg of protein.

The term “derived” encompasses the terms “originated from,” “obtained,” “obtainable
from,” and “isolated from.”

The terms “host céll” or “host strain” mean a cell that contains a vector and supports the
replication, and/or transcription or transcription and translation (expression) of the expression
construct. In some embodiments, host cells or strains are prokaryotic, e.g., bacterial cells,
including, but not limited to, Streptomyces cells.
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The term"variant” refers to a region of a nucleic
acid or a protein that contains one or nore different,

" wW@odstifasenl or | ess nucl eoti des or am no aci dsPEEUS2008/006943
conpared to a reference nucleic acid or protein, for
exanpl e, a naturally occurring or wild-type nucleic
acid or protein. It is intended that a variant protein
retains the function of the reference protein i.e. the

ant_ 5or. Lo ¢ fi I o . .
eS8 BN 53R R BL AL AR b F R 80k Bhains oneor
more differértt yadulitionakonless mudlegtides ei amino guistsf as ¢aspered to a reference nucleic
acid C{Ié’?‘i}%‘ég@é 'e%?rgﬁlgﬂa] _ngkgﬂﬁgagé&{ﬁigé Ieﬁ?ﬂ/ilg-@et @.Icrléig Scid or protein. ltis
intendegitthatpd variank proggin 'tetains ithedfeisctidr ofdpe cdferenes prateintiirethe variant

ge y Q es" . . of L gk
ot 4 T A i of PR YRt BBy Skl e, e
abilityldd $he edrizint prodein ® perfdyoggsaids Rokcticn isSquahdrafreateetian tisat of the

verm.tilis, S. carbophilus, S. clavuligerus, S

refere%sglproéélp.or’ S. felleus, S. ferralitis, S

f iAsaused thesairs theSerry I Sisapiemy s 4] inatidesll shecies within the genus
“ hyar os [ . i.Gu R .
sptEEE E8REGHR s s BTN BThE R ptuing kORI & gghromogenes,
S. alb®ans,o8edlbagnsesius,SS. amtfasens)Saeeermitian8. @rbophilus, S. clavuligerus,

s coff BlBeS L AR S APhbERESLSRis SHRAIPS Moroscopcus
S. Iysbaaﬁeeﬁéua] Shisidanseb| rounsaing nllhet_otfmrug,as.hminosus, S. scabies, S.
soma@én‘ésﬁs{ug. ﬂgrébﬁlﬁgggﬁ%%g\? i v}o?a%cég}dbg? provi de methods for

'nterest 1n a host cell. The
pTeeenésent teabhings aed sasedromvthe disgoVem thiat eettaidesoteins can be produced

. n i . ' f e [ . :
o0 Ho8ls AR AL 1 5P, RS Bheigsprovise
methddscfopprioyinciog egiroteisof interestinta lnast gel]. Tiwepiesestdaachings also provide

i qvent.i :
polynBg?égiga%ﬂaéogkg%%?(%ﬁhﬁggg%gfgﬁd;% :Fggéprﬁé(glep%b%é sequence and fusion
polypeptigies @phodashiat thepatynadeotifes0 lapay'!qg@r,éhg present invention relates to

or S r . .
poyn 83008 IAHRE B RUR B B BRI ostidGPhate ograing
enzynepegt orgaheplprspbens hyemidse{GFH) inhosteels, sobly aael Yopteryces

CORRLi8fa a first nucleic acid sequence and a second
sPeC'%%E‘Pél ¢ acid sequence. The first nucleic acid sequence

e oode asEect dhe pieyanl tepelpngsiproside a fodyrasteotide nompesing a first nucleic

o S DS BOIRER LB e S robe, liyanyence encodes
Tat sighallpegtideandthessecondinucleit ecid segiuencseennodes a protein of intaegst. The

st} ke S 0R588 8o ENAPIE N 1 L el ol soquence
diTlshedm sigdal ne!paide escaodeddiyvbe firat nu?eic_sa@td @leari kenany Tat signal peptide

o B D5HGE B bl oL OB BT g THBIGR) b g lerte vi e Ta

pathwaynJiypiealhg thee Tati sigreat geptideecofriprises anamimiRagid sequgnce comprising a

. rein the. r . | Mol ] :
i oS358 le ! B TREE SRAPLR (SRROLASERS 1 Ul AR amin
acids s émsmme embodiprends: sheahatrRignab peptidei seguancereornpnises &b, RR iotif within
. 0 0 r ani [ g : -
the f'r%f?’ér%mﬂ %’a ’e2§d3%$3% t‘&e4 0po '@g@g@??@l"gﬁ‘ﬁ r\(l)?%}enﬁm end of the polypeptide.
In othembmbibdiments, thehEat Bignaspemlide spapenatecompyisenan RROMItf thatis not within
. t4 h j .1 Qi . : .
e e 18, T8 4, 23080, 357 ™iarkld Aot bl isetod Sra Phtpe povpertie
el sohe embogimhgnie she det signal peptidecisizoth Tot FATI higndiqeptide, , e.g.,
j ' ' j i I~ peptd. der i
one 3513ha BEKHAS dfs nllle o/ TS MR RSB AR D N0
SEQID NO 1-4, or a TAT3 (SEQID NO5) WD
2008/ 156551PCT/ US2008/ 006943
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13 signal peptide and the protein of interest is an

esterase, for exanple, a phosphotriesterase. In sone
wepdedsasent s, the Tat signal peptide is a TATZPOr/UTAIB006943

signal peptide, or a signal peptide of protein SCO2286

(SEQ I D NG 6), SCO3790long (SEQ ID NO 7), SC06580I ong

(SEQ ID NO 8), SC01590 (SEQ B NGO 9), SC01824 (SEQ ID

NO 10) SC06580short (SEQ I D 5NO 11), SCO3790short

signa I\Rsp ; an@'g&;%&e rf‘géé%?%é %(E)Qlé%?e F%W%%E@éﬁ%@@trla@terase In

someN@bbd)merdasidhe Tat gl peptidd isiantAT2 et TAES eigphlgreptide, or a signal

vl BN (80 19N P OBTE NS (SCGosonrs

(SEQEDINQIBECG590HSETRID ND)aSCPApR4 (REQIRMNG-48) SEO6EH0bort (SEQ ID

vo.1SSERTBHEREESEIEl o BACSERTAA L pvaf oo med sea o

NO: 140886034 BEQAIDNG I en SE QI67Z(GECS IDINQ) 16D and;the praein of interest is

orr bk PR RATES TRy A 33 rgpcpten e

GB/0GAayBhl |nps@pte efebodimestsithestet siinabprptide chepiises a1 gmiro acid sequence

that i#) %Lg) {fgf aly’la%g cAT% pgf %g/al 853? ‘ﬁe%% r'&)7"3/3 ”@80)3 @9"7%%@ 8entnca| to

the arhido ldCid=segudndehef amycnféiEQ i¥) N|Oqt1 éo@ﬁQ IDsN@ 16 provided in Table 1. In
ph hot r.i . .
somefiRpRlette i, ToCSEna b dE RFREET2 6 Th 5 PBbal noptide in some
embodinsants, the Tassigrao peptive idiarfAR sigiGPideptiden neskmesempibediments, the Tat
Agr oba | I. . .
sionaE g ROATAS S 4P Bk AR KB, RO il Bl e
phosﬁﬁwuesmamj forexamipte, ml-difrseq‘ﬁlemtacmm straiprAtGE 27 55 (Mulbry et

Karns ﬂu% SEﬁ %%%iﬁ%%@nﬁ%é ¢§’ ulngAclear Ql%ﬁ?‘é}h oPAgn‘o%%@ﬁ%E?@rradiobacter
(Horndleﬂs ebeu@m)obr d thialbgically dtive genmt@dfrbgmantﬂbsted:el | via

t Tat t h . i
e LALoREALIEY B2 P ol i8R Ragment mrec
A protedrt e‘natessss,t cm be @ay esteigloy polypéptites now koown adater digevered, that can

be se?%ér nﬁp% dgg g%‘ tH? rT%? ?étp\évtsazgkgg%é%§ oF s p%r?sslﬁﬁlude but are not

limitet! Icﬂm@dmlasas gncladidg ehtesqdest patesises, agj)gs)syleses |somerases such as

dor educt :
acerfisg TS g e oL 0085 R (RRAEARERASER, suon as
kinases, grranﬁammatsespamn phaspbptrandferaees; iod oxidsigdhctases sycoas |QX|dases and

sony 554 CYHEBIG o RO o A0 b SIEE Bt e

polypeptide; euth sy ghumvta factorreytokiae Iggandpecemm oriinkibitarr aaiwell as a vaccine
or an %h%ognjl)(; J?{g Spigtghugﬁqggrse%%agiogaé;% gﬁﬁw?ﬁcgaglz m?&r%nef Fferstrial protein or

peptndrelshcﬂ av.san esberakes protease] pabehydfm guchtasi amyjase andegloseamylase,
Hut 8y '5 glly occurring protein, a nutated
B LE D Synt hetic pol ypeptide. The protein of
| mherpmttamozﬁnntatesbniag ba sonatliady oaturgngptoteir, & matatechprotgin or a

full . .
oyndyd el TPABBAE L el i hEC el Sy Pgent ot s
lengttoproteimcOneskitiéd intbe @riotani selast sucht feagrsents basectidpari toe, intended
actwnﬁg(h ?ngtﬁ{ gouspth% rth,1 e&fiﬁ%rq‘;s?nlnbaeddﬂlone{h% or{?!)tggwoéﬁntgfesf"can be a

heterclogpusi sa Iamneingm rrotedn. sﬁmmmelogous preteiacan aornprise an amino acid
. . C
sequé)ncc%% [Henrgat!?rraﬂ)ti 8&&1”"94 Bllottequat}} tt"%gﬁ&bfp?ﬁsg { Zsreeggglﬁé‘egcompnsmg an
msertmnpeiehnh orcntelmelptm @wsadompanestigrthé ngtumjlmﬂcggr@ug homologous protein.
protein. WD 2008/ 156551PCT/ US2008/ 006943
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14 I n sonme enbodi nents, the second nucleic acid

encoding the protein of interest can, but need not be,
weoaens@pt i m zed for expression in a particul aPCTuS1008/006943

Codon optim zation is a technique that is well-known

to one of skill in the art for efficient translation

of a heterol ogous polypeptidgg n a foreign host cell

Codon optim zation can, for exanple, be perfornmed by a

? ﬁg%%%}rﬁ{og@grﬁ% zﬁe%g%céogmgmélggerl]cﬁ%cri%eé%%f@f@?g&%lﬁg?z%tﬁrest can, but

need abt be)icedes bptinizedfop eepsreissinn ima pafticslar hestl CGudoo lvptimeation is a

o A SEREROTE e PR S BB Rl reeroomons
polypéftiiedn gdoigndaysh e¢lk - Cedpreabtingzationyoan, fos ezampplesip peifarmed by a
commer AR e shoepe i GondasT.tpBkptiizgs tog geng gpcoding a
particliaf proteio phiosgpéstifarsexp(essSich ith .athas} cellldfechoice.

arvl di al kyl phosphat ase.,i. | so_known .
o N afipR ritbsRRER ¢ Bowtf of ehetp St 04D sfancnqsehate-degrading
enzynie.eBi @Tecerebodinght, tHepdrgsmdpziibapieste clegeadioghersy retie a phosphoric triester

e RS04 S B RO 503 s g goboge

fluorophospmafEseEE@. US. 2y TThe laaddialkyhbesphataseds aleo kpewn as

s GF R AL P on e RLAR SR 515 e

organapsasphateesteraséidtrase Babesterase Edpparaase) esterase; pirimiphos-

methﬁ%ﬁ%n 5 ?h{g%gr) ;@%& g@%rg%% &Eé/ag\rggl'\gssp%’oruosr I%%P&Qg]eq%ﬂggﬁhebtriesterase;
paracston spdrolasy] PRHS pharboopticdpis@us acid anhydrase. The diisopropyl-
fluoroﬁh@%oﬁ% I lg?l? élgs ?ﬁg\prggtﬁ asgjst'g’ggﬁars%?gclamanase; organophosphorus acid
anhydrslape; apyamippegitate htid@anhydrase; @PA anhydrase; diisopropylphosphofluoridase;

oo TR RSB PTG, .

isoprapyipthobptibrofiuasidase) padfdisopropyfBearoghdspBoriidabalepenase.

oo SR o s e RSy s

Raushélf Biodhérhistrgrid, 638363891 [3006]) cerizyees (thdtamtdizreshe hgdrolysis of a wide

oS35S L Wb o SRR PR B s )

The iention eacompaEEER DPbiler{dyiridsrof batteKalrspeciés iading Flavobacterium sp.

s R W) ARG, ESRUIOTRIE 181 306F husomona

dimin{ith90BH (MuanetkehBMv Appl. EntirdraMieBpR0 %25 E3M226]), and the very similar

(90% ggc?xg?tr{cfeﬁeé%‘?@%Jﬁ%@%{g?{%%ﬁe?{ubggd@g'bt%F %@%)ei ELIEEMS Microbiol.

Lett. 22278 -8[2008])).nindosne emnbodPidntsatheSERHIHasNEEQ 8D N&:18, or a variant thereof.

iant .th f : d
( SshERanrogfhergt nyerplass (QPREFECS TBSRIER RipeHh b8HERF eppyme that
detoxifies manlyi ceganophysmitogasioglrotogime by hydelyzirigoa varsetyp pf phosphonate bonds.

woio S e 3ol P PePURSPREARE Galne Ll Bopg gt r

succesbfubpest dobtyoluSnadf the shost pdpdaf type86kpasticids fisithepeganophosphate (OP)

o S PR QAR RSB RBH. e chveres o

OP carhpodmiataspepticdes and ingedtioides alsacodiestbemdiaaaidous jo hamans and to

effectiy S [ onoun S
the efroBihl Bl scand s Lt R MRS P 8t gt nare
structural sieladties toahesidal waFaresagentshsich asaarihysamarcamp ¥l f@sethyl-S-(2-
cisor i G el e AribeiotoMba Bl 8y 3Ll pebitiBoterese nitors and n
soman and VX [ O et hyl -S-(2- 35diisopropyl am noet hyl)
nmet hyl phosphonot hi oate]. They act as chol i nesterase
inhibitors and in WD 2008/ 156551PCT/ US2008/ 006943
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15 turn disrupt neurotransm ssion in both insects and

humans. OPH is capabl e of hydrolyzing a variety of OP
wmewsnsaxi Nns i ncl udi ng common i nsecti ci des andPCT/US2008/006943

structurally simlar chem cal warfare agents such as

sarin and soman (Dumas et al. J boil Chem

261:19659- 19665 [1989]). Whi l4g the enzyme's natural

substrate and function remain unknown, it is nost

ffect] Lyzi y f i
um ISl BHE Bt B Boafe Nl e of ryoroyng o
varietg af QPyeumtoxdatencladipgacacimoryinsédicldesiand strictdrdlly sgnitan chemical

108-10 sl). e acti W of ti j
wartal S PSR S L2 8- 15mos 1
eXihilei the engysna'® natutal sub stchte bifid tenctioragmiais unkrievrRit & most effective

B L e o o

rates @pm@bachiry theditvatls.of Biffusioar{$0°1 0 M5':s29.7T 18 activitp 67h3tive OPH varies

on g IS e L S8 4 iy s

the PS8 bbnds pfpxtegmtb?MkELoﬁéts_hX) (Laret by, IﬁpttnisepslhczfrBiOctﬁemB@phaa 318:59-64
tosickndi o Bt i SRR S251 12 11pany igioudi et al, Chem Bio
InteragbtiSst1 QQ:Zmy-dZZﬁS: [ 288)). Cltvepuhemical (NBFfSrebag&u‘@ VX L(@i-et_byl &-dijsopropy!
srinch i Wl on SO AR S8y, (ORBoBHPEK AR flinocty

methyddiidsphgnatiiio&ie)-belongl tegthscrasishd seodelsths pydrolyzéd cermpoursis(B-S bonds)

o of V5B g3 RO BV IR 8L LS R AL ST DB an atmo
to enh@ice the abilitp bf OFH/ardegrade thése plrosphbnatbioarRHhgriaiagentsal research

oo RS i v B STl g S48 s oo

creatih@ 98ignts ofthe sativenOPbhik aceftadd il 98 suprat diSiopdiattel. nBthemistry
s 2558 T el B L o b BB TI0ddP I s
embodingsmts) pll;;mprphtm? g{sigéﬁ?&r’r? awatid:]m rcv;‘re @Fichl;dli(’tjl'rsérrmglnidgdggwgt éhe variant of OPH
retaing 12 AOY SR ARG BB ee. (opaR) e g the b

t i@anether enateodiment the organapthoapiateidegiadegoenzyee i$ @lreoligase e.g.
organ?&@@s{?rﬂuéf %c{/%q%r}\éhog%%é(rd\%%g%gﬂn%h??%ﬁﬁ&%és%aégﬁﬁed in a strain of

Alteroorayan ¢ hergpétat ¢ Adplg Eadirary Micrpliok 50s 3 t38-B140[4 £83]) .do ¢et another

em bo%m%\g,ttﬁg k&%)ﬁg@ﬁ%ﬁ%hg%f%ié 'E?r&ﬁ%%%/llﬁ ef H Dggqsrs]oés}'%fﬁgrh%man
paracecaxsi (EONY,(Hares, Wr ettabi Nabire Struet m._éi@. 81:49 209 §2004)).

4 BB T B R P S BFG chse 0.
an oxidase;apteansiferase;\a Igagmiahiiscmgrape; Gt lggase oor spodnypetialiyer thatapeutically

sanR g SR ARk, 5 BN SRR AR 3 pse o

metallesdepreadentihydmlgseo dplsomei epsicdirasms, the estexasegdb @, phesphotriesterase, for

cxon B8 RHEERRBASERAAELH £ 18 i 02112 ©

mirt sdrhe echbpdintnty, tig proteiastintesestds atmelalo-dépemdehdasirolase

oo 3,1 8l Ang B LBl mett copencen

hydrokases (disaicalled senidehydrdlase superfamily) i arlgrgeg@roumpofadroteins that show

cons PR APl ErRAFRAIBRTAT AR oy LIPS T v
majoriThef thastembegre have acbnsereedrmetat bindingveiteainvolvingrfowchistidines and one
ssparEhal B AU 1l NI Mo ) 5 1o Beproonate
mechani sm the nmetal ion (or ions) deprotonate a WO
2008/ 156551PCT/ US2008/ 006943
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16 water nolecule for a nucleophilic attack on the

substrate. The fam |y includes urease al pha, adenosine
waelewsith@se, phosphotri est erase, di hydr oor ot aseBCT/US2008/006943

al | ant oi nases, hydant oi nases, AMP-, adeni ne and

cyt osi ne deam nases, i m dazol onepr opi onase,

aryl di al kyl phosphat ase, chl orgydrol ases,

f or myl nmet hanof ur an dehydr ogenases and ot hers. 5l n sone

watercﬁagg%ﬁ r}t?irllfceoﬁamﬁ ﬂg%lggr%m dﬂ?ﬁ%tehél‘ﬁié F%r@&qnél?deg: '_llease alpha,

adenom:headum’rﬁhse Z)hﬁ&pﬁabmeat@fasmmydsommaseé dllaetoimases, Sydanteinases,

s B S SR pBHF b e Selebln s, apigpbppsphtase
chloréhydmlasest fmem;mmthaszwme dehydrbgaenasealand othensled f or s

(Eﬁa'ﬁgr%'gg Baftherts, the kiLllo*ddpend@nttyaRfack S Bl 9B ohn sunctionally
accommbbat@?h’ammfferéet mbtals Jihe Zm3t forr of OB is @ne 6 Mg2mpst stable dimeric

protelgier Rales. Pice sPRmale el el sk a6 knal g ST ine oo form i the

most activel ofithd metal-dtigande2Hfornio Grimdle et aIZBR}BhemWyC&ﬁZA%BM 4374 [1997)).

Exanwge[ acffl bvagegigg%gate r|]<%nshtn§t @qrng%egé#gatéldgklg{sgg’b Ig but ﬁre not limited to,
Mg?* tGad", dMIna| Gott, MiE't Zh""’l ams Cd*hdn svme@mkmldmmsmhakilvalens metal ions

yzb zdl erenta 2k N
'nduamn%kﬂg?rﬁéﬁf 's','%?ﬁ mantn%i 0- Eqépen'gle %hyddro ase ?gm&g’?—\mems’ the
protemrui intbrest i@ rdetam-depemahydroiase mat is dahiatsd wittHwosdivalent metal

ors RUAUSATACSET RN SRPLIBIS | Pl

embadinesrgsfthe metallo-ddpendemtehyd rdbassi m@RH; and the taoativlent pfetal ions with

i B 3ol VRGBS B pRda SR cpne 2. o
and d ¢omntsfationtberedfACT"), or biologically active variants

gltlnfsﬁ?\ rhodlré hr&,&R% Pfétg%g r%gpgg gpa%'ag pth%?ueDfWiH'i'&bgb (“OPH"),

P65 ca 've vari ant
hexos® oxidaEgnEAOXT) heorbibdl oxidase (* SlOX smcetyétmmnierﬁleﬁ( ACT'hher biologically

, f t i '
sl Yot 81t R bl o eh 8 el op oo
biologizally etiveovarint bhfeagtRéhtitheraopbr okar yot i c host ceI [. In

SRR s BB ol TIPSR TS o e

sequémr&bbmgltmeﬁPﬁ hasl‘tmemrcmden optimizied ferepressipngof the OPH in a
hydr ql ase t _not
proe LG Mol BRhERE a8 o8 ¥R Fprcos oo hostcot o 2

Strepltcmlﬁl’eeSMdBBS host\ycdl.ol ase but not an enzyne classified

8?585'151% eg?bo H{\grﬁtgttﬁé %Totélﬂ re@F'Q%Olg}a“fJiéée bhpﬁot a glycosylase or

I ase
glycosMbaiyd&dB%eonn aomlmetnMnaents tha psaein oémesmmrydrqlm but not an

o T 855 o2 BAGoh ERBr A B Kkt fests

hydrodase, but mﬂlalwlanasemnea chrbwsdnasem, or | ater discovered,

in.the art r . j :

o SR B OB P e oy b SpaBHea o
promoiet eflbs polysuc&e:qndes sad be firkerhiocanycuitpble rpperaoter new kdewn, or later

dascoﬁJ 8%091 pe ﬁerel H‘%&%%Fﬁai@?géﬁ\%eérq{elté&gl%gghgﬁ thé‘%rokan{otlc host in

whmtﬁﬁuelmotglquumtetest is(ekprdssad prampleeof pronmueripgadeibut ges not limited to,

A b i .
e 4SS50 i B L o SECR S o PR g ps s
promofer f&4- Iqmgmraneter)mrm@margym rigem-bheromgier (U.S. Patent Publication

s

gl ucose isonerase (d) pronoter from Streptomnmyces
lividans (SEQ ID NO 1), the short wld-type G
pronoter, the 1.5 G pronoter, the 1.20 G pronoter,
or any of the variant G pronoters as disclosed in WO
03/ 089621 the aph pronoter of the Streptonyces




10

15

5phosphot r ansf erase gene, ssi pronoter, and

Streptonyces |ividans xyl anase x|l nA pronoter. In sone
wepisdsasent s, t he pol ynucl eoti de of the inventPORUS1988/006943

conprises a first nucleic acid encoding a TAT signa

pepti de operably linked to a second nucleic acid

encodi ng a phosphoric trinest hydr ol ase cl assified

as EC 3.1.8 is operably Ilnkegrto the A4 pronoter of

deriva SR e e R S el By SR AR AR AR 0RY AP gsse

isomeEdg8qGl) promoter from Streptomyces lividans (SEQ ID NO: 1), the short wild-type Gl
erom A R G A LA Ho T G S AR A B AR CERSRRRers s
discloSéNBNVBOTCHOEIEPACIEGPhEED BAETE bEBECE TG osiaaheeCaMinegigcoside 3 '-
PoSRAPER AR AP S RIS SHERERURT AN RaaR e PAKomoter. I

someAABEGdiments, the polynucleotide of the invention that comprises a first nucleic acid

enCOWW%Eﬁ%E%%%WW%Eﬂgphosphoric

trim e SEACACKEEALET CEaSSTEH TASTEC GACSEATHEAICMKETICABBEAAGATEIEATTEEQ ID
NO: 2%GCAG AGACAGAC (SEQ I D NGO 23) Table 1 Sequences

f Exenplary Signal Peptides and Proteins of Interest
TGCGHBACT meTNlTGTé?. GGATTACERLLenTes CaedhrAFCRIBAGEEEAGCAAACTCCC

AT B A TR R T P G B AR AR GG B A GRS AGAGC TGATCTG

GAAGTBOTTACTATZ G TGENEGI GACCTGGAGGTAAAGCAAGTGACCCTTCTGGCGGAG
GTG AR e R AL B N EASANATESEE P B erTaacArcas
GAGOTEYSERAMGECEOGEEEAR GBI CITEAGAGAGE GOEAGCIABFASEGTCGTACTTG
GACACERR G d e TTCTCCGACGCATCAGCCACCTCAGCGGAGATGGCATCGTGCAG
AGACAGAC (SEQ ID NO:23)

Table 1

Sequences of Exemplary Signal Peptides and Proteins of Interest and the

Nucleic Acid Sequences Encoding Them

Name Sequence Sequence ID
MGTEVSRRKLMKGAAVSGGALALPALGAPPATAAP
TAT2 SEQ ID NO:1
AAGPEDLPGPAAA
TAT2 MGTEVSRRKLMKGAAVSGGALALPALGAPPATAAP SEQ ID NO:2
alternate 1 AAGPEDLPGPAAAAA '
TAT2 MTEVSRRKLMKGAAVSGGALALPALGAPPATAAPAA
SEQ ID NO:3
alternate 2 GPEDLPGPAAA
TAT2 MTEVSRRKLMKGAAVSGGALALPALGAPPATAAPAA
SEQ IDNO:4
alternate 3 GPEDLPGPAAAAA
TAT3: MHEPHLDRRLFLKGTAVTGAALALGATAAPTASAAP SEQ ID NO:5
SC02286 MTPANHQAPTSAPSPAPSQSSHAPELRAAARSLGR
SEQ ID NO:6

signal peptide | RRFLTVTGAAAALAFAVNLPAAGTASAAE




al ternate 3 MIEVSRRKLMKGAAVSGGALAL PALGAPPATAAPAA
GPEDLPGPAAAAA SEQ I D NO 4 TATS:
WORERHESRRL FL KGTAVTGAALALGATAAPTASAAP SEQ | D NECBUS2008/006943

SCO2286

si gnal peptide

MIPANHQAPT SAPSPAPSQSSHAPEL RAAARSL GR
RRFLTVTGAAAALAFAVNL PAAGT ASAAEr]8-SEQ IDNO6 WO

2008/ 156551PCT/ US2008/ 006943 18 SCO3790 | ong si gnal
pepti de MRKLLPLI GTPSGSHPGGRSAMI CRFRCGDACFHE
\ID]I\‘I'TI'SSI\I V\lm\ll I\["I\I CRRS!\V VIR'I\I\I\\I\IT\II\I\I\ r"l\r"l\\lr"\ll\r"A Clu'\l\ I\P
SCO%B #I D | m%m@gasw@%ﬁaw&w@@mcme
NS SRS ARSB A AR RYMRIRAAAVVTVAAA | SEQ ID NO:7
signdFb&FHIBAYAAGAVAAPVEGASPALAHDR SEQ I'D NO 8 SC01590
GAGAVGVAGAPSAQAAP
SC06580 long | MTPFTDSSRTDAGTDPSADGPGESLRRALGVNRRR SEQ ID NO8
signal peptide | FLSTCTAVAAGAVAAPVFGASPALAHDR '
SCO1590
i ] MGGVSRRAFTVAALSAFTLVPEASAATP SEQ ID NO:9
signal peptide
SCO1824 MTAPLSRHRRALAIPAGLAVAASLAFLPGTPAAATPA
) ) SEQ ID NO:10
signal peptide | AEAAP
SC06580
short signal MNRRRFLSTCTAVAAGAVAAPVFGASPALAHDR SEQ ID NO:11
peptide
SCO3790
MPNTSSNEYVGDVIAGALSRRSMMRAAAVVTVAAA
short signal SEQ ID NO:12
GAGAVGVAGAPSAQAAP
peptide
SCO736 signal
tid MGDIRRRGAVALGVTALVAPLTLALTAAPAQAASC SEQ IDNO:13
peptide
SC02068 MTSRHRASENSRTPSRRTVVKAAAAGAVLAAPLAAA
SEQ ID NO:14
signal peptide | LPAGAADAAP
SC03471
] MVNRRDLIKWSAVALGAGAGLAGPAPAAHAADL SEQ ID NO:15
signal peptide
SCO7677 MSRQIDRRSFLRRGAAGAAALAVGPGLLAACSTDEP
SEQ ID NO:16

signal peptide

GSAGNPG




si gnal

NGO 9 SC01824 signal peptide
WOIABLSRFHRRALAI PAGLAVAASLAFLPGTPAAATPA AEAAP SECX/UE2008/006943
NO 10 SC06580 short signal peptide
MNRRRFL STCTAVAAGAVAAPVFGASPALAHDR SEQ I D NGO 11 SCO3790
short signal peptide 19
MPNTSSNEYVGDVI AGAL SRRSMVRAAAVWTVAAA GAGAVGVAGAPSAQAAP
SEQ I D NO 12 SC0736 signal peptide

1
TNO O

pepti de MSGVSRRAFTVAALSAFTLVPEASAATP SEQ | D

NCED RPRRCGAVAL AT ALVVADL TL AL TAARANOAASC CSEO 1P NO
ARG VA SV VA T TV N VOO T D

TATYGIp @ S
peptide

MQTRRVVLKSAAAAGTLLGGLAGCASVAGS

SEQ ID NO:17

OPH

IGTGDRINTVRGPITISEAGFTLTHEHICGSSAGFLRA
WPEFFGSRKALAEKAVRGLRRARAAGVRTIVDVSTF
DIGRDVSLLAEVSRAADVHIVAATGLWFDPPLSMRL
RSVEELTQFFLREIQYGIEDTGIRAGIIKVATTGKATPF
QELVLKAAARASLATGVPVTTHTAASQRDGEQQAAI
FESEGLSPSRVCIGHSDDTDDLSYLTALAARGYLIGL
DHIPHSAIGLEDNASASALLGIRSWQTRALLIKALIDQ
GYMKQILVSNDWLFGFSSYVTNIMDVMDRVNPDGM
AFIPLRVIPFLREKGVPQETLAGITVTNPARFLSPTLR
AS

SEQ ID NO:18

TAT1 DNA

ATGCAAACGAGAAGGGTTGTGCTCAAGTCTGCGG
CCGCCGCAGGAACTCTGCTCGGCGGCCTGGCTG
GGTGCGCGAGCGTGGCTGGATCG

SEQ ID NO:19

TAT2 DNA

ATGGGCACCGAGGTCTCCCGCCGCAAGCTGATGA
AGGGCGCCGCCGTCAGCGGCGGCGCCCTGGCCC
TGCCGGCCCTGGGCGCCCCGCCGGCCACCGCCG
CCCCGGCCGCCGGCCCGGAGGACCTGCCGGGCC
CGGCCGCCGCG

SEQ ID NO:20

TAT3 DNA

ATGCACGAGCCGCACCTCGACCGCCGTCTGTTCC
TGAAGGGCACGGCCGTCACCGGCGCCGCCCTCG
CACTGGGCGCCACCGCCGCGCCCACCGCCTCCG
CCGCCCCC

SEQ ID NO:21




5

signal peptide MISRHRASENSRTPSRRTVVKAAAAGAVLAAPLAAA

LPAGAADAAP SEQ | D NO 14 SCOB471 signal peptide
WORINRRRIS 5 KWSAVAL GAGAGLAGPAPAAHAADL SEQ | D NO. 1BCB0SM6F 106943

signal peptide MBRQ DRRSFLRRGAAGAAALAVGPGLLAACSTDEP

GSAGNPG SEQ | D NO: 16 WD 2008/ 156551PCT/ US2008/ 006943

19 TAT1 signal peptide MJTRRYYLKSAAAAGTLLGGLAGCASVAGS

SEQ ID NO: 17 OPH

| GTGDRI NTVRGPI Tl SEAGFTLTHEH CGSSAGFLRA

V\PEFFPC I(I\I [\l:l/l\\lDfEl DDVI_\\DI\I\I"\IDTI \IF\\ICTE

N TN

DI GROVSI MERRAABIG YARRECHIATEAMACGGTCCGC
RSVEEL TOR RECQAFCATEA ROt LEWEId&KGEdTTCACCC

QELVLKAAARASLATGVPVTTHTAA
FESEG_SFDS'W@BWMT%EM @LTCCGCCGE

DHI PHSAI %@%ﬁ?@é@&@%@&%@@tb%eecmc
GYMKQ LYSNDW FGESSYVTN MDVNDRVNP

AFl PLRVI mw@@mm@pﬁ@mwegﬁmm@cﬁw D NO 18
TAT1 DNACTGCGCCGCGCCCGGGCCGCCGGCGTCCGCACC

ATCGTGGACGTGTCCACCTTCGACATCGGCCGCG
ACGTGTCCCTGCTGGCCGAGGTCTCGCGCGCCG
CCGACGTCCACATCGTCGCCGCCACCGGCCTGTG
GTTCGACCCGCCGCTGTCCATGCGCCTGCGCTCC
GTCGAGGAGCTGACCCAGTTCTTCCTCCGCGAGA
TCCAGTACGGCATCGAGGACACCGGCATCCGCGC
OPH Gene that | CGGCATCATCAAGGTCGCCACCACCGGCAAGGCC
has been ACCCCGTTCCAGGAGCTGGTCCTGAAGGCCGCCG
Codon CCCGCGCCTCCCTGGCCACCGGCGTCCCGGTCA
Optimized for | CCACCCACACCGCCGCCTCCCAGCGCGACGGCG
Expression in | AGCAGCAGGCCGCCATCTTCGAGTCCGAGGGCCT
Streptomyces | GTCCCCGTCCCGCGTCTGCATCGGCCACTCCGAC
GACACCGACGACCTGTCCTACCTGACCGCCCTGG
CCGCCCGCGGCTACCTGATCGGCCTGGACCACAT
CCCGCACTCCGCCATCGGCCTGGAGGACAACGC
CTCCGCCTCCGCCCTGCTGGGCATCCGCTCGTGG
CAGACCCGCGCCCTGCTGATCAAGGCCCTGATCG
ACCAGGGCTACATGAAGCAGATCCTGGTCTCCAA
CGACTGGCTGTTCGGCTTCTCCTCCTACGTCACCA
ACATCATGGACGTCATGGACCGCGTCAACCCGGA
CGGCATGGCCTTCATCCCGCTGCGCGTGATCCCG
TTCCTGCGCGAGAAGGGCGTCCCGCAGGAGACC
CTGGCCGGCATCACCGTGACCAACCCGGCCCGCT
TCCTGTCCCCGACCCTGCGCGCCTCCTGA

SEQ ID NO:22

In another aspect, the present teachings provide a fusion polypeptide comprising a Tat
signal peptide and a protein of interest of the invention. Any one of the TAT signal peptides
recited herein are fused to the protein of interest. In some embodiments, the invention provides
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ATGCAAACGAGAAGGGT TGTGCTCAAGT CTGCGG
CCGCCECAGGAACT CTGECTCEECEECCTCELT G

WOLINGTEESTACCGT GGCTGGATCG SEQ | D NO 19 TAT2 DNAPCT/US2008/006943
ATGGGCACCGAGGT CTCCCGCCGECAAGCTGATGA

A CAGCGECEECECCCTEECCC
TGCCGEECCCT Co@CCG

C-IBACCTC-ZCCC—IBGCCCC—IGCCC—ICCC—ICGSEQID

£} GOS%%r a TAT3 e.g.
' e@@a@@p}nm@m@mdmhase of SEQ ID

NO: 1%@@&%&@%%@%%%&%@ is chosen from SEQ ID

NO:1&BECCCGAT CACCATCTCCGAGGCCGECTTCACCC

;
RIS R oot st stvan T

signalBpASEEAT CEGECEEAGINEBRTEIYIOREGADE linker peptide can be of any suitable

GRS B R B oA
lengthy %9 10, 15, 20, 25, 30, 35, 40, 45 or 50

amincARETSCTIEEOTECIIRDEANST HEUGKSERHide comprises between 1 and 10 amino

acids ?%W ‘r%g ;[%ﬁ%ghe linker peptide comprises 1 or 2

amincGIRBATGDKEAETHE CEO EDEPTIOE3aGAaiirally-occurring, or modified amino acid.

s R R TR £ fomoimers, v

nnkerma@@vm@ﬁawmv@mmse the mature protein from the pre-

oA

Ekpsase Iembodnmmmmﬁmﬁl@ﬂ@ @0@XEESSian vector containing

discoBEELERBORERT BESTIRNTCEEEEMESHagA@ATTotein of interest in the host cell. The

orngnn@@ﬂﬂ@ﬂ@ﬁ(ﬁ(ﬁﬁb@@]’ G@T@@Aﬁmmgm‘smconvement restriction endonuclease
s of vectors that can be used include,

. In some embodiment,

cee ¢
sequﬁmimmwmmmmd to a second nucleic acid sequence
enco%ﬁgﬁ%ﬁﬁs eliel %s@%edrhsaﬁébhf{ 88es§’3>“r§andipt585phorus

¥'sion pol ype
hydrotasermroteunn dn aor‘ﬁatenmogimentp etpe iedpreasidn aeptpocmwsﬁs a first nucleic acid

seaudfh BB 5inEh AR E9F o, A0 o [ ROH T gecond sk
acid seqUernm&ncoUnmgsmpimsehMrlmt Bydmlaeel nmm@qmpc@me@ééhe isolated
polynucleotide comprising a first nucleic acid sequence encoding a TAT signal peptide that is
operably linked to a second nucleic acid sequence encoding a phosphoric triester hydrolase is
further operably linked to the A4 promoter of SEQ ID NO:23. In other embodiments, the nucleic
acid sequence encoding the phosphoric triester hydrolase is codon optimized for expression in
a Streptomyces sp. host cell. In some embodiments, the Streptomyces sp. host cell is a
Streptomyces lividans host cell.

In some embodiments, the present teachings provide a host cell containing the
polynucleotides of the invention. The host cell can be any cell, for example a higher eukaryotic,

lower eukaryotic or a prokaryotic cell, known in the art that is capable of expressing the protein
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WD 2008/ 156551PCT/ US2008/ 006943 21 an i sol ated fusion
pol ypepti de that conprises a TAT2 e.g. SEQ ID NCS: 1-4
W@r00&/136838 e.g. SEQ ID NO 5 signal peptide operP@bhiUg2008/006943
i nked to the organophosphorus hydrol ase of SEQ I D
NO 18 or variant thereof. In other enbodi nent, the TAT
signal peptide is chosen fromzsSEQ ID NO lor 5. 5The
fusi on polypeptide optionally I ncludes a |inker
. ti I 2d . bet T ' ' { :
of imBBR et e Bt daley B sSinE Ao e Rttt s o
prokanjotiarvell Sar exenhple,| abayttérial icalt| Tiok bagtetial hostatelllmayi beefiomagram positive

or grejy nggallls taptena. Ty e Spbuinieius e hevkesf & = Pl g ditve

bactepiap A rimizayop tyipse ©f peinmeesitive eetid tH0 neayi avd aasuithble bostkells for

ooy B BRI BierpS08 T DRIErShoncilfods BB nc
Lactopegdusaell€an conpri se any natural |l y-occurring, or

ol b oiliRens e iR AATEa YRAETERL S RE i, e gone
Streptarnmjces inctudesclleaarabere khowk éo thexe skijed msthe artcineladiag kup not limited to

I reap ! 0 - protein. ik :
s ok BB iedr FAIGE SCABb oL oS IR 1E'S e carsopnis
S. claniigedusyshceelicolve Priekast St feaaliis §s filamentabesad griseus, S. helvaticus

s SRREATRACS S BRrhIRL. DR S e LA GORA e Qoo

S. scabies, & spmaiisnsiy/ & ¢wrmphiatacens|addtR viakideatitber.f bysome embodiments,
e RSB Bl LEUPsohyl B FRGE4 004 Vg bt

B. licheifoimeiat ambBVvientuscell.l im spemeemboditmieetsy thet lost celhis @i Sisalbegriseolus, S.

cos .8, el P SRRl B85 Sy o

annd yet switiertaapéct, therpkesent trachings powvideca Methdéxad ppddaingfa protein of

rerdF i PP HERGE358 3 R0 R4yt o e i

the hpKB2R4As Hiscessed abobedhetbost celllvan demEny ssitatrle celt, tforexample, a

prosaf B 455 B3Rl 9 YCHE B8l s O SRBIcB or st o
In some @hitdedinogrds, abé prdteinloé thterestds peadoned meafaided fagndin some
embo?ﬁﬁ%ggﬁﬁ%gﬂgég 'g? %@g&?? gpcgﬂaé& int itd g&igﬁ E)osrgﬁ g :Iﬁ 'géﬁm% embodiments, the

. organo
host ¢eficf tHesiseergiooteag.na Strepompees sh.dtlistreelt, comphesessarpexression vector

compt PR B ndleSiop MBI i Fop SRUBRG encoing 2 AT
signaNaptitle Dparablydinked tmd seoarienwrigic add sequenteeenendiod iarghoaphoric

. hori c_trdiest I . '
viesREEE Sl BhSh L B rad R AR BB prdR. insome
embadgnehts, doel expres Sort vektogcan AriAes si figstaiucieipadid eequence iescoding a TAT

. Ly _Li i i .
sonaf AR by B ST TR BYS RSkEaehbSE B o cncoang
phospieic i syer] Hydkaaset o Ib beothér pmbaditient, diie SEQesINGEQEY. comprises an
ol o e R S B P R 8RR g g7 sl pepice
that inpperably dinkddoto sesgmoad suokic atichsesfueape engading a phosphwtic triester

LI .l ' aat .
el e? QBB IREALE S pe Aol PSR PNOS oy
embosionents the duckeiotasid sdueepcesrrudingghe phoghopic dnestir hydradase is codon
‘ L] S H . . g

opti 8 f%rgeg@hg'esﬁnqg gné}geg?%nng&c%g%pre ’Raét%?ﬁ.e )&g%&prﬁgeggﬁﬁlgtég@ the host cell
of thedoventipois a Straptoowees spkiansy oell € gorla Straptarkegegdividens bbst,cell.

known in the art that is capable of expressing the
protein WD 2008/ 156551PCT/ US2008/ 006943 22
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of interest and secreting it via the Tat pathway. In
sone enbodi nents, the host cell is a prokaryotic cell,

wo o008as@Efpl e, a bacterial cell. The bacterial POBUSIE$/006943
may be from gram positive or gram negative bacteri a.
In sone enbodi nents, the host cell is a fromgram
positive bacteria. A nunber @i types of gram positive
cells that may act as suitable host cells for

SRS Bl 6 B Bl L BB By e

culturbm |$Meﬁtmdnmmtsnedlh €T Heostitablel dpecific aulfitre ephditiyrtse such as

tempejs{ulrﬂgﬁﬁ@tﬁﬁﬁg%% lgno[v%{gtg et Hae! |I§9r|§ ﬁr%%o %}gﬁﬁ rsag&“% L%%?ne preferred
culture rohditibrisomby be fouindlin thet smierttmc Steratoter suth agdHemsyoo8. (2000) Practical

steeoffylogE Bepetee, Jortp g8 BRl o NAN OF, Fifmegy etal. 1000

Moledtize |Biclodical MeBhodseot BasillussJohr Wil iandgronSthe American Type Culture

fil sus, S. griseus, S. helvaticus S.
C°"e$¥5983§§§‘&8i cus, S. | ysosuperf icus, S. lividans, S.
ninissrae enﬁodtnhémaﬂmstmm $r,an§‘orme|dbwfgh polynscle@idesseginerses encoding

the T gr 6832%%’% e:?f g, -ﬁ\gyﬁ_ﬁ é{%‘ébg%rﬁ%ﬁ}%:a’ret%ﬁgurﬁg under canditigns suitable for

the ef&esidmdcrebbvery otthe dintgdedoprivteim fromi aell tecaltureo, Tha pBotein produced by

btil .
areoHEhros B¢ Bl ol LS e Bod bt
reconireng cosstaictiens jGin tﬁébatebrﬂp@ndsumlyr@cleom semqlences encoding the TAT-
OPH lg{%%ﬁ?a {6§a %téql?ortulégls 'qtr}gns lsﬁpc§g|tng e?)ng %m?ln%vhlch facilitates

aspec
punfnqatles efithetseubld prrgeur[sr(dxvoluw at ale(ﬂﬂ@ﬁ:) DNA @eﬁcﬁmﬂmﬁgMa 53).
a.host Igﬁel |

Shef et Eing Bt RtiviE ot alf e T pvasiel gretating

peptlders dudk ab h&tldmeltfyptoﬁhadInmlmdatadjlowepurlﬂbaldmam imredbilized metals

T L R e

immobilizedinfhuiregiobulic,esddhe Basialn mtslzedalnl the Eﬂll‘\ﬁ;&emensuon/affinity

oSS ER 5 B B YAR By Rp B UG for soquence

such aFactesXA ios epﬁeomkutasé (Imltnogen,asan DiegbdAn beltwe&oﬂne purification domain
a

| |
and 1 iR pe b ARdinoirte g By o i on
v éit some prai@mTreds emyodimentso thﬁ tezhsiarmeduoisbodlisad the present invention are
cunv P e Ao Thod b, Al oRE RUERERgGAE 8 ATy o e reser
OPH, aaftetiwhieh lnhmllrssumng @Rhhip recopiensgfromitbe 26lturei dbe eredium used to culture
ol ase cl ass

the cegl)';(égm%ﬁ% o?onge%%\ragﬁgg|é|n'b§lggaéle8fo? Swin Cgmge host cells, such as
mlmm‘ombrmmx m,edtahmnea(m)ngaappmpnmcsmpplemnm i Swwabke mhedigtare available

om G5 Bie ARG BRSBTS b i p AR B! i
catalpegs efihe Aenmaﬂangpa inﬁosm@oltecuom)r Iresdnee empddicients; thel @PH

o 238 i SR e s BARLRTE RO R B Btres
includirg, Butse lllei_Ited te sepatating the hast &g fram thephediem 3Ytdeatrifugation or

v R s B S68 PpBHNE e BB ASBHEBE g by means o
a salto}agr airrinyomunm lsatfate) chfnenaﬁdgqapbmpueﬁcaltbnﬁ@ lidh ékxhaBge,|gel filtration,
st €1 EB0 8B LB R15) 35S ERAERF g BB v s
use irf the peeqanememmm nndeest rtefpmtmytead;edsthat thestregseit invehtion be limited to
any p%’??@'ﬁ?%ﬁﬁgé{w;“%thhe host cell of the invention is a

S Sp ost cell e.g. a Streptonyces
i vidans host cell. WD 2008/ 156551PCT/ US2008/ 006943
23 In sone enbodi nents, the host cells and

transforned cells of the present invention are
cultured in conventional nutrient nedia. The suitable
speC|f| c culture condltl ons, such as tenperature pH

o o o N a o s ' g,
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In sonme enbodi nents, host cells transformed with

pol ynucl eoti de sequences encodi ng the TAT-f usion
wW@e@Ba53S1 €. g. TAT- OPH fusi on proteins are cul PCF/E2008/006943

under conditions suitable for 10the expression and

recovery of the encoded protein fromcell culture. The

protein produced by a reconbigy@nt host cell is

secreted into the culture nedia. In sonme enbodi nents,

4 SRS, RN B LR ot

intereisbinaa mst celbt Tlmliemsﬁfrqxdemumneas emra§suag poblypageotite efdhainvention in

the h%%l cgrlcugﬁﬂry{ tthgth%%tl%gé&wf 'ﬂi% ngr%ng {1/%5@8 %ﬁr@ﬁﬁ of iﬁ{erﬂg‘st from the

medidbSuch purification facilitating dorral ns incl ude but

ar.

i e b B bR bRl pE bl SR B ofiFsRUTRORR can be
isolate on rarenisll scatedorrmt alasgef Pagatidudtrial 968 Ihrsurrm emanb'ments, the
preseniJ eafh'?‘%%?%r\{%%n]g PIH ﬂ:lrglgﬁhfzéé t%?mﬁgé lbg 'Przé En%lﬂog‘r%)f {rheeinvention. In
someohmtmdrmemtsj the edotein df irderestAGH emlée:‘afoum/mﬁri it;mactive form.

" AepE 3 b S SR EE S i Ber ARG Hllgnt S¥fie olowing
examplest whiciXahould @nt Be oda:ns!tmeé aé IIImmrlgrtbg eoopeSaAfith®pegsenGapchings. 1t will

£
be ap@)?o\fx@{eonthg gsl%gdnlh tﬁé;‘éﬁ?r%t 1 dj{‘%tu%ﬁéf It% Cfig{rﬂgl%ggﬁsand methods,
may benpracticedpritoat degharing indhnimplsesenﬂteactl'nmf or med host

cells of the present invention are cultured in a

suitabl e nutrient medi um under conditions permtting

the expression of the present OPH, after which the

resulting OPH is recovered fromthe culture. The
EXPE'ﬁﬁI'EW? sed to culture 25the cells conprises any

conventional medi um suitable for grow ng the host

L P s R QA R s BL i o
(equivalents)c bhilalar).aiM misporelan; Itir(NmyalhenqiKrep@s)ednra@ldmlbmn@s) pmol

(mlcrgneleé‘)ghhﬁ?g@%%&'&g?e@%orﬁ?)ég{ | Onfér@‘-r\%w(gﬁ.eﬂggrérhg) Hg (micrograms);

L (hteesi‘omtmnm’éhﬂees) | Heiaopliters); saucsettimgtersiempe(milimeders); pm (micrometers),
nm ( r{aﬁ&%\é%r r(gg?rregﬁ C%H{ %ﬁﬁ@umﬂb&g P¥in ?ﬂﬁ\Yz?é’é‘)'éé‘&%econds) msec

roce mtedto separati ng
(mllllaenends(bs‘t'Y delcgw/waa@hextra@t repdl _OpIdin; d‘éﬂi rdilthIagattcvloﬁmoerythromycm

HPDI\]:/)IH {;rﬁ]gﬁgﬁiﬂate"&éfﬁmbﬂ'rﬁé’d& rﬂ%WﬁuHﬁ%ﬁ ﬂeemgﬁ,a@@t%%e&ﬁ PAGE,

ernatant or tiitra means 'of
polya¢rylagnide aqlrmmtmwhgmssaf’ﬁﬁ pghrr@memj\aapwa@thmri fication
(e.g., ion exchange, gel filtration, affinity, etc.).
Thus, any nethod suitable for recovering the OPH of
EXANIPYE RY ?}%ﬁgﬂuétﬁﬁ%@meo&p?ééﬁﬁ BIESNdY 18P R PR ion in Streptomyces
Tnvention. 1 ndeeda, NOT | Nt ended that the present
i nvent ihest eglls| mted to 35any particular purification
R RS 40847 953 host cells! b d th
gg%ngngn%gﬁfpe %}?gegéﬁeﬁ'gr g?etn? teacﬁl ngs pgow & a mprised the
following #@o@cidsasiignésig a protein of interest in a host
ST CDRIATUREMIASEAGHTLTHE I BISSIFIRAWPEFFBSR I GAUEIAVRGLRRA
of the I nvention

in st cell, culturin

ost
RAAGMRTIVOY ST RRIGRAM A EN SNV ATV GDRPMRL RSVEEL TQFFLREIQ
YGlEDﬁWéhKf/W‘FGk&\QP‘%EL MMWMAAQQRDGEQQANFESEG

I pventi on racti ced and the expressed pr
L SP SIS DI BBV G ALAARY LG BHEA GEEGNASASAL L CIRGNATRALLIKA
LIDQG%I[V@NDWB*@FSé‘?V?IQfWD‘@MWN%MAF‘iFBLQR\PI'P@_R@KGVPQETLAGIT

rovi rotein of interest produced by

VTNRARFLaR @EQ%NCﬁQ@ntl on. In some enbodinents, the
protein of interest isin a folded formor inits
active form Aspects of the present teachings nay be
further understood in light of the foll ow ng
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10 exanpl es, which should not be construed as limting

the scope of the present teachings. It wll be
wapEansissi t o those skilled in the art that manpCT/US2008/006943

nodi fications, both to materials and net hods, nmay be

practiced w thout departing fromthe present

teachings. 15 EXPERI MENTAL o4 n the experimental

di scl osure which follows, the foll ow ng abbreviations

a%ﬁﬁéﬂs}e e%cg?ggg %meggér?gsmqlgwﬁ[ le:_g(ﬂtg Nelf%)%;t wé\é
synthéfﬁzﬁ We@?neﬁgﬂ’n% k((l' :ommrﬂ:a;m):la) gtzr(‘ngarwrwu)h cottjgm oLptlmlzat|on for
r ans i | ograns m crograns) ;
S‘fePEQ”MCSFgf“e% (mgl il tgrs) pl p?m’ crol i ?ers) 2 em
( PTG EEACCHGCBACOBCATORACASEGTECGEGEOREEATEACCATCTCCGAG

oo R ARAIR SR ceRodASBAR R R Ktrodh B ShgpTacacae

CTGGCEROATG VRGRICRSUTANC GOPAGRGLCTCLOCGABAAGGCCGTCCGCGGCCTG

coctik e 8o Bt B R LR AR omcaToo

GCCGesnNaqT G'FEC-ETG@IQGCCGA’BG'E@T@@CGQ@CCG@QG)‘R@@H’@,CACATCGTCGC

cocBRed PRI BT GRS R s fopgoTocoToaconce
TGA(FID(DAG_G' TCOMCCTCRG @@AW@&AGI’DSCGG@ATﬁGAGGACACI@\@GW CCGCGCC
L
GGCeEPIHBTCECGIOGKIDRE CATERE CACCGERXETCTBAECACCACCCACACCGCCGCC

TCC ARG AR ORARG O DPEr L ST TR PG g To0CCaTe

CCGCGEDTGCAVEBGCCREATIEBACGACACCGACGACCTGTCCTACCTGACCGCCCTGG

ceoteh e e AR AR LR NAORERTEE A TECBE cATCGaCCTREAG

GACAKSACATER@CSATACICE CCRSUGRACATBBGIAT AR IHGRAGACCCGCGCCCTGCT

oI S PAERNER I S RFEL FRGBR cnncancrocer

GTTCOGEBTTEFERTRCIVACSIDOACHRPRTFT CX5T GRACETL ATIRBASEAEGTBRACCCGGA

cook R AR A ARGLAAR S i oiBigmasacaTcccae

AGGAGAIODT GG COCGTATCAPCRTIGARCARC E6G AT CEFCIMRETISTCCCCGACCCTG
CGC%&%@&A&&%&&%?@AA@C@GTCC@G@CC@T@C@TCTCC@G
MWWR&&EWW&WP@P&“S OPH in

Strep%@@s lividans host cells:
gm@ca S gﬂ-ﬁgna X g(ggGCAAC—ZGCCCTC—ZGCCGAGAAC—IBCCGTCCC—ZCC—IB

2. CASPesighalceqENasCCCECGT CCGCACCAT CGTGGACGT GTCCACCTTCGAC

OB B R SR S SRR P B ot ISR s SUERISHGRS

ATGOMKCGAGAAGGGTTGTGCTCAAGTCTGCGGCCGCCGCAGGAACTCTGCTCGGCGG
T AT AR SRR T R FoRRAG0CT CoGTOeA

4.  TORARCAGOTET pUGTvESBalamde et ACOB2AT CGCAGGACACCGGCATCC

TG R G TGS PRSI ARG S SeRgSETraGROSCasCO

CCCTBGEECTGCCGGCCCTGGGCGCCCCGCCGGCCACCGCCGCCCCGGCCGCCGGCC

cesgwmwm SHFGRFCCACACCEC

EABC0GEAT CT TCGAGT CCGAGGGCCTGTCC

%@?8@%&8&%&8&8&&&%&%&%&%&8&%& cCeseae

CCTGG 15

CCGCCCGCGECTACCT GATCGGECCT GGACCACAT CCCGECACT CCECCATCGECC
TGCGAG

GACAACGCCTCCGCCT CCGCCCTGCTGEECAT CCGCTCGT GGCAGACCCGCECC
CTGCT

GATCAAGGECCCT GATCGACCAGGECTACAT GAAGCAGATCCTGGT CTCCAACGA
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AGGAGACCCT GECCGECATCACCGT GACCAACCCGECCCECTTCCTGT CCCCCA
WEBOEERCCCCTCCTGA (SEQ | D NO 22) The POT/US2A081¢P6943

pol ynucl eoti des encodi ng si gnal sequences were used to

express OPH in Streptomyces |ividans host cells:

1. Truncated cel A signal sequ e; 252. ASP si gnal

sequence; 3. TAT1l:. OPH signal sequence codon

cocql LA R SR e R AR R ok AL BT ReRggaesarg fREQ 0

NO:20CCGCG CCTGECTGEGTGCGCGAGCGTGECTGGATCG (SEQ | D NG 19)
4. TAT2: nodified putative signal peptide of SC06272
3Plasmid pKB229 was constructed from plasmid pKB105 by replacing the segment

encod&@é@%@%m%@z%m%%deome
sequenCE BB CEEEH

%?_GA ' (SEQ 1 D NG 20) and
NO:1 ‘”Elﬁ ative signal peptide of SC0624

sequérioe SEQIUP NO:20) encRicﬁxmﬁhd_TpMBZQ@\alvaeptidﬁ@tﬁQjﬂl _Ei@:f)ramh OPH protein
(SEQGLNO P REre BB e and < he col | Ul ase catalytic cors

WiRldsnaid bB208 was|constclated from plassrid pEid 85 by ceplacigg BrRHsegment
encocfl @%%ll cisgkﬁgg 'E%;Epe%@% %,‘lﬁ’ gﬁ%ecelllg_ezg@c&t%}ytié‘g?%emm dQ E%E@gﬁblynucleotide
sequerge (SEQSIDNQ:QE)ObrfCDdImg pheaT AT sigkBLEDtidy (BERIIRAIGOG) Bhed OPH protein
6503@%'@ o] F'gf" 5 he cel A signal peptide and the

| c core with a fusion pol ynucl eoti de
sé&qu mmodmlolbdmal @ Ferneemtar thegexphes s e ciir gpiiB234, was derived

from ;R@ﬁl%‘{%y r% EQﬂg&i'@h?Nﬁggquga@ﬁ? n sﬁigéoﬁ ggﬁ%golvg the E. coli

sequenees | pKBA3Sdvds d]gesplédiswth GpbKELBRI byd lr-hmillaovefglghhet 37°C. The

t _enca
aioesEE N yel AT Joind 8 udn it AR eI ABa R Bymation o
Strepsagytes bost(cBiS) Fighka Q&how&a&@%h@cmﬁm si gnal
peptide (SEQ ID NO 5) and OPH protein (SEQ I D NG 18).
See Figure 4. 15For the production of OPH in
fermentor, the expression vector, pKB234, was derived

Ii’\ost cells

legues‘ble:deg e)karﬁpje|desﬁm§|thaamedﬂ|ohmrldusaipgrmg@mpeatndes on the
DNA was purified using a Q agen kit
expfeé?f&"?ﬂ@ﬁ"’ Vé'9|°?5’§?*éd for transformation of Streptomyces
Trandfaratatioelbhd Expiegsion: 5 shows t he pKB234 vector. 20

%&ﬁBW&IgQ %t?{s'ss | gﬁzgﬁdpréé%% %&épl?é%?ﬁj as @E&g}f?&@%bg% were used

in thmleenmplé)es the effect of various TAT signal pepti des on

t I?r? th%)é %éc'riirggntg,qﬂe %‘Bgt' é’f.réﬁfor%ceg:ﬁdidans cells were transformed with the
vectors described above. The transformation techniques were the protoplast method described
in Hopwood, et al., GENETIC MANIPULATION OF STREPTOMYCES, A LABORATORY MANUAL. The
John Innes Foundation, Norwich, United Kingdom (1985).

Streptomyces lividans cells were transformed with one of the expression vectors
described above. Transformed cells were plated on R5 plates (R5 plate for 1 liter: 206 g
sucrose, 0.5 g K.sub.2S0.sub.4, 20.24 g MgCL.sub.2, 20 g glucose, 0.2 g Difco casamino
acids, 10 g Difco yeast extracts and 11.46 g TES, 4 g L-Asp, 4 ml of trace elements and 44 g
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expressi on vectors, pKB229, pKB231 and pKB233, as
wa@le®snsdsed above, were used in this exanple. PCT/US2008$1006943

these experinments, the host Streptonyces |ividans

cells were transformed with the vectors descri bed

above. The transfornmation te i ques were the

pr ot opl ast net hod descri bed i n Hopwood, et at.,

o AR L, P SRR S IR 221 20

and 1KimigdhoNaOHOB&ENE. added to a filhirelteoafiar esitdclavinga i sansédrinaints were grown

20 5 PSC IS TR AR o B BT S Bpsepona

30°C.plcalisse(eRhepltanefefred td alprddirctionr G@dyns (60 mf) dreef Bntipiotics and

oo BB BB NS S Pt B P an

enzym@ ectivity 46saysTES, 4 -Asp, 4 mM of trace elenents and

gL . !
4458, RS5O ROOR 000943 Z1, R 2 Bt oot
sigm &ladCbg KuHPQ, Bidughbto2i0iitam dAfiist aatoclaMing=80% fikkered stiiidided gluaose was

f | nal liter afte tocl aving. Transfornmants were
adde%ioo%\hnq]lﬁo%?r}tﬁaﬁgq oﬁjé%%rn 250 ml shake flasks for 2
d@®yrsductiot Mediz: €2 8 go&itrimf Adid) HgO N8 3tgBiospringet YeasttExd@tC2.4 g

(N0 7o BeSsficirhPEBLCaRh 2Bl 0B R HEL B farefpPs m

Streptonoices mddifieddrada\etemeésaspl ter steclesdlatiencdnbains: 250 g Citric acid.H,0;

elegtr reti Z i viAy ] .
325 §EGR0: IBA0LT A hsBh THEE ¥ B Rop o 25 3T B 0 0 01udoE, adjus
volunsaptiditer, Atfjugy pttted. Mwith NadH . \Is sbme expenimeantd, theg pr@ddRdn media was
brought to.1 |iLter. Abter autoclaving 50%filtered
supplgpgpﬁ%pivg&bellélehggsgr s added to a final c(:)ncentrati on
Recowdryl. 5% 10Production Media: 2.4 g Gtric Acid. H20;

8.3 g Biospringer Yeast Extract; 2.4 g (NH4)2SO4; 72.4
g OviESeXofddpple 6f the gelCaiLee Me2daked. fBonreadin shakoF28Y and centrifuged at

1 4,002)%Brltn: t{) %?%e&i w@sc(ﬁ%{ ?R% o2, g ﬁzmedé%%g% 'ir{rjg;flfel cgdlt%@ H\teﬁium was

i oh “contar’ns:

analy2ed by 5P8:PAGE ®lertiepBodésis ldbd; thd activitn 8Ohe#z@mesvag tested as
H20; 0.25 g H3B03); 10 g gl ucose, adjust volune

descr%%%%éfqu(.er_ Adjust pHto 6.9 with NaOH |In sone

OPH éxtivtyiAssay and SBS-PAGEUAMalysie nedi a was 15. suppl enent ed

with either Zn2+ or Co2+. Recovery One m of sanple
of(A} he Qe Ipraxluiction withvthe akxivervetiommined dimidghsakellsf (Lasgs 1-4 and 6-9)
(A . 000 1 Q- i C .
wes 9658 SRERRE bt AY AR QP BB nates
OPH anigratesed dgoBR3-URAS @ -educiog lvonditions. drahet hairact @RHtexpression

unde%‘% %&ﬁ@@ﬁu@y@%&@%@%&x@ﬁg?% Ibf?—?gxdqgéé?&‘n with FAT1 signal
sequence; Lane 3: OPH expression with TAT3 signal sequence; Lane 4: Expression backbone
with only A4 promoter (served as negative control); Lane 5: OPH expression in E. coli as
inclusion body (served as positive control); Lane 6: same as lane 3; Lane 7: same as lane 3
except for the addition of cobalt (at a final concentration of 0.5 mM) into the production medium;
Lane 8: OPH expression with TAT2 signal sequence, cobalt was added into production at the
final concentration of 0.5 mM; Lane 9: OPH expression with TAT1 signal sequence with cobalt
at a final concentration of 0.5 mM.

The results show that the production of OPH by bacterial host cells is greater when OPH
is expressed as a TAT2-OPH or a TAT3-OPH fusion protein as compared to the production of
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(A) OPH production with the above vectors in S
lividans cells (Lanes 1-4 and 6-9) was anal yzed by
WEDBSPRGE anal ysis as shown in.Figure 6. The deeibyig2008/006943

arrow i ndi cates that OPH migrates as a doubl et under

non-reduci ng conditions. Lane 1: direct OPH expression

25under A4 pronoter w thout agy signal peptide; Lane

2: OPH expression with TAT1 signal sequence; Lane 3:

expr. g |t j I ce: : .

T LIRS EATEPR AR M EPUBIRG b TPy ot producton
of OPhlgaliremompees fdst cellsane 5: OPH expression in E. colt

asgpy NClusi ryeda Pt : ‘
2ol TV ARG B 6 R, 1 90U el ermentatr
on ORH ercaitdiiari was efarviobdl Figuse 7 shdwstile effectefradditidinatn®oand Co®* on OPH

.5 i . i i .30 . ]
ooy A8, SHTHRHEEEE | BRALAR i 1295 finBlisgn Lanes
2 andi showothegnaduction sevet dfeOPHeapressettanTARSQRH tdlloding stiviage at 4°C, -

) _ . gy ’ | ) '
20°0 R AL PLFBREE Pl g8 R BURGH hrhfucion v
of OPHespressed A WATSaOPHHe ther presendeand 0ot mBPENY yollomding:stoedge at 4°C, -

200 Y2618y 2 8803 LA B BB ROSHAS 0y B pptacton e

of OPHexppessed asi TeT 3eDPHWDIRO@sdriess DPOTIVUS2H 08 vitp s ra at 4°C, -

20 AT 2R ARSI, Skl TR PR g o sns

was coyfirBteddyt M8 peptdéospping| arsd is(sBpWhen Bigbex8. of addition

Zn2+ and. | Lo medi _
¢ dpREs B R T el R GRSt EBHTR S whether n the presence
or absemoesf tretal éfrfseand thfat &R isibest Snzd eithdr 4G, onatCREFC.

2 g%fg g ?gko%§a€0q§%§@g§ Itoé%ag'ﬁ ﬂ)l%gé tF‘J%é' %@Ewg ,7 were tested for activity

(Caldwhibet dlhRiopherdistry 30174887444 (TODPIRasiqyi ebale Bieahem BBpORRes

cony VAR AT, oo G Bl o e

assaypranel highlydoxit ethe lsupérn@Ridtseofhe défete nh shak&Tiask Bamplest wiare sent out to

e U 5 i o ANEA BB BB, ELAE alrfl oo 2R wo

2101Q)rior gpesifioWRHhactpitp@ssay.on | evel 10 of OPH expressed as

TAT3-QOPH | n .4 0 . f ol d omi

TBB I spdbit SctRlsp SRS ey arg RS TEpR. S B hown as OPH1-o
correspepp éa thevsanyplesTindasesqL+erud Eigufe 7 h&hesgpdatastio@rthatishe @PH expressed
asa f\ﬁgér& ﬁgort%h Wﬁﬁqhg ¥A¥E g@%g&gid%?ﬁt euct%ﬁ %ty'ﬂ?%?}g%rﬁ}}&es host cells
retainp oagimophasphlatevddgradingBEtivity. si mi | ar whether in the

presence or absence of netal ions, and that OPH is

best stored either at 4C, or at -20C 15(C) Sanpl es

corresponding to sanples 1-9 shown in Figure 7 were

tested for activity (Caldwell et al. Biocheni stry

30: 7438-7444 [1991]; Rastogi et al., Biochem Bi ophys

Res Commun 241:294-296 [1997]). As the paraoxon and VX

substrates used in the OPH activity assays are highly

toxic, the supernatants of the different shake fl ask

sanpl es were sent out to the U S. Arnmy (US Arny- ECBC,

AVMSRD- ECB- RT- BP, E-3150 Kingscreek St. N. APG M

2021010) for specific OPH activity assay. The

OPH specific activity assay results are shown in

Figure 9. Bars shown as OPHL-9 correspond to the

sanples in lanes 1-9 of Figure 7. These data show t hat

the OPH expressed as a fusion protein with the TAT3

signal peptide and produced by the Streptomnmyces host

cells retai ns organophosphate degrading activity.
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WO 2008/ 156551PCT/ US2008/ 006943 29 CLAIMS W claim 5
1. An isol ated pol ynucl eotide conprising a first
woemBaesessaci d sequence encodi ng a TAT signal pRQI/USI®08/006943

operably linked to a second nucleic acid sequence

encodi ng a phosphoric triester hydrol ase classified as

a EC 3.1.8 protein. 102. The ixgol ated pol ynucl eoti de of

Claim1, wherein said TAT signal peptide conprises an

am no acid sequence chosen from SEQ I D NCS: 1-5. 3. The

i sol ated pol ynucl eotide of Caim1l1, wherein said

hydrol ase i s an organophosfGh&iM$ hydrol ase (OPH). 15

4. The isol ated pol ynucl eotide of Claim1, wherein

said hydrol ase is the organophosphorus hydrol ase (OPH)
Wecleim:SEQ | D NO. 18, or a variant thereof. 5. The

i sol ated pol ynucl eotide of Claiml, wherein said

second nucl ei ¢ aci d encodi ng said 20hydrol ase is
1.  opniisolated pbtynueigpﬁctastsjmxgisirm' alfitsy ducitia seidiseqaence encoding a TAT
siona S SBLEED g 003 kol gl Sed Ao hosonere
triestep dlygolaskeatdssiied ias acﬁ@ﬁabBy:rdtelnked to the A4 pronoter

of SEQ I D NGO 23. 257. An expression vector conprising

the isol ated pol ynucl eotide of Claim1l. 8. An
2. i Jbkasotateth pslyneaédtidecmtiiaisi ‘hovhehein saidr Bk sighahpeptide cemprises an

ost cell of O aimS8§,

ammo\% gé%uencegh%se%tfm'ﬂ clng gbgjr Ig’pt onyces host cell. 30

10. An isolated fusion pol ypeptide conprising a TAT2

0 T ' tj Jink . .
5. ool TR AP Te AR Rl DR o foess o rortosshons
hydrotase (@8H). 11. The isol ated fusion polypeptide of
C aim 10, wherein said TAT signal peptide is chosen 35
fromSEQ ID NO1 or 5.
4, The isolated polynucleotide of Claim 1, wherein said hydrolase is the organophosphorus

hydrolase (OPH) of SEQ ID NO:18, or a variant thereof.

5. The isolated polynucleotide of Claim 1, wherein said second nucleic acid encoding said
hydrolase is optimized for expressing said hydrolase in a Streptomyces sp. host cell.

6. The isolated polynucleotide of Claim 1, wherein said isolated polynucleotide is operably
linked to the A4 promoter of SEQ ID NO:23.

7. An expression vector comprising the isolated polynucleotide of Claim 1.
8. An isolated host cell comprising the expression vector of Claim 7.
9. The isolated host cell of Claim 8, wherein said host cell is a Streptomyces host cell.

10. An isolated fusion polypeptide comprising a TAT2 or a TAT3 signal peptide linked to the
organophosphorus hydrolase of SEQ ID NO:18 or variant thereof.

11. The isolated fusion polypeptide of Claim 10, wherein said TAT signal peptide is chosen
from SEQ ID NO:1 or 5.
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12.

13.

14.

15.

WD 2008/ 156551PCT/ US2008/ 006943 30 12. A net hod for
produci ng an organophosphate degradi ng enzyne
W@ vpnse&sng: (a) expressing the pol ynucl eot i deP@F/USI088/006943
1in a host cell; and (b) producing said enzyne. 5
13. The nethod of O aim 12, wherein said enzyne
produced by said host cell isgecovered. 14.The method
of Claim 12, wherein said host cell is a Streptomyces
host cell. 1015. The nethod of C aim 12, wherein said
enzynme i s organophosphorus hydrol ase.
A method for producing an organophosphate degrading enzyme comprising:

(a) expressing the polynucleotide of Claim 1 in a host cell, and
(b) producing said enzyme.
The method of Claim 12, wherein said enzyme produced by said host cell is recovered.

The method of Claim 12, wherein said host cell is a Streptomyces host cell.

The method of Claim 12, wherein said enzyme is organophosphorus hydrolase.



