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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
charagtefizagrquts 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.
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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,
ankd/ uedtheneis cthe tdrmotactivityt pataogicdliactivigh cefénsdmah actity associated

. expr essi f S C o
it 4R TSHE. B BE BB G54 BN el AUE 1o oy sty
woulcengrmallip be taétribated tethias prodsn by lond iskitjed h!Ltheradt [imted
SRR RN e bl g reans n enpye g goned a e rumber
of mdlesaofisahsttate ebmvestetido aradugi lynamwenzyrmeipiepacatian ipgr anit time under

speci %gé dltﬂ)ntsh %g;re&ﬁgggt'i\)ﬂz (|: o@%}e?%fléfs@{g?es@%& fag ru%ﬂé gé)lrgg of protein.

onal ess n am no acl
c dﬁ’lpateem “denived’rexfcompasgestbe taims “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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acid or protein, for exanple, a naturally occurring or

W | d-type nucleic acid or protein. It is intended that
" W@2mansent protein retains the function of thePCT/US2008/006943

reference protein i.e. the variant 5protein is a

functionally active variant of the reference protein.

In some enbodi ments, the abil4igty of the variant

proteln to performsaid function is equal or greater

hat of &h '

t aF e aflons e T rBOI6H oP b Lol a ol 3 pRICIT R RohARs one or

more drﬁteregm mnmltlbsahprtlesg/meﬂéouaes knawinotasidstassepnafared td & refarence nucleic

acid otrgz?otglrnt 159659&1'\&%‘ ggﬁg’%'%q’%‘%ﬁ‘ n'n otr Wﬂd tt)ﬁ)eﬁﬁqﬁqusgg%r protein. ltis

mtencmdttbétemva?mt piBteinvetaims thd ﬁusctuﬁl ofdae hefpieince protan i.e. the variant

protei?ml‘ﬁ‘%g ricgsééﬁ?@c%ﬁ ?é)r%lnh?@bgsefe%ncgﬁr&gﬂs In gomﬁ ﬁmbodlments the
abilityDf they gar@st potein s p&fortnysaid fypetidn lsumuaB)r dreatedthap tha#.of the

n S. pli cat osporus, S. rubiginosus, S. scabies,
refereg_gé'g °ﬁ%f‘i ensis, S. thernoviol aceus, and S

ViAal L&sed(bmetmlethe tétre " Pirememycassqc hinclydesaleserissdvitn theegenus
"Strptgrgi/? 25 98] nhwﬁtto fhor %%‘f i iP(n%g aﬂs LF%?J@mge%W 58le'&% tl)sé Ilwchromogenes

Ost S usin
S. albisawe, 8li alpgriseoins @reeﬂmﬁacmrm& awmlqmso& @a{bwvfﬂe,ds dlanuligerus,

S. co%{cgég $r}$/éeél&g1§ %ﬁjaﬂs hlgrg*rg;wg)%b%iﬁ )gﬁlﬁg{?%tost i?)g}e\)gticdg@. hygroscopicus,

pProvi
S. lysesupediiaug, & lwdsnsj 8. mdursait @ radisatoaparus, Jaubigingsas, S. scabies, S.

somaligin, & YRTAPEapeas ot kARBRERET"  Lo° rocent

[ ﬁ'\hemésmt tealchings ateanxeldymdbé discovlry that eettaingroteins can be produced

in ba ¢ é%( hcgﬂ?e)H%ﬁg ;b %ﬁg&ﬁ@i tﬂg resent teachings provide
methaﬁsganprpbo-marpnstehlyuinmmaestem(m celh Wan;pre@elhtl teachingshalso provide

oo B FRATEN SEIBRCS SR BER 53 By By B o s

polypemtides iepcodpdobyf ihesiolyrmuclleemdgsadn @aﬁlsqlae fbe pmdntalnsemondelates to

ponmHEb 8 54 NIRRTl UL R A FALERRe ceraan

enzynam e gsegasop®sphomid dydmigsedOSH) mhostmebﬁ @sth aFlaeStreptomyces

. ucleic acid sequence is generally operably
specuﬁ ﬁ{;{%%@l«% t he second nucl ei ¢ acid sequence. The

Tan osé gsyct, pb@pr@enmeddegs ppvidea fdlyrsicleotidé ebmpeging a first nucleic
acid S%ag%#%er e lﬁon?'r%@%kc cgfelnggw'l'hg g nu?l[ei(c):lna%gcféeguence encodes a

I'S |nvo n the secre
Tat sipoalyeefide died thiemeched h’mlelpacldmy;uer'fgqoermldbya proteinteftinterest. The

first n@g%ﬁcgo%%bgg?%%o a%aﬁﬁ?ﬁ%%{al@mg\?gd gﬁ%@@?ﬁbﬁﬁ@ﬁ?lc acid sequence.
widediat sighel deRtide pnesdedtby thammdpdeleramdm@ be ary hati signal peptide

now ki’\g@'ﬁe rslgteég ﬁg? W&qgﬁgfv?d f'* tsl-wgg eti h%??lpoglﬁgéﬁo%e\ﬂa the Tat

pathwhy, TPicalRb the3Dat S@'\ad)pem@eanmpmlsas adanfinmacid sequence comprising a

twin agirhglarung % EFEHI)]% If%eﬁ)&wlpeeﬁh' rgﬁr slents(%\twg%dgcggtnaprpimsneesammo

at si gnal e sequenc _
acidsain sneremibbdintents, itise ﬁattsugmal heptmtelwqhen@ camprisgs ah3RR motif within

the flr§p5 1%5 ?32) 2%530 r354c9' @@nqiﬂo %‘Efdg‘tfro&;!)f?]g' N ?b‘?ﬁatl %hg]ofllﬁ'nle polypeptide.

nd of ypepti de.
In othsr gmabdnpepts, the Tat S@gn'alﬁﬂ'@tlde sEATONGS qpmepirispe mei%mOélf tpat is not within

the fll’% OI 1§863 fkjsé@%é&%H? §Efg'sqr|3§r’@fég?-?§mgal 2HY of’rhe polypeptide.

2ms¢ms@mam¢mszn@$ao@m@egme is a TAT2 or TATS3 signal peptide, , e.g.,
one comprising the amino acid sequence of any of SEQ ID NO: 1-4, or a TAT3 (SEQ ID NO:5)
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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 14
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In sone enbodi nents, the second nucl eic acid encoding

the protein of interest can, but need not be, codon
woepistiesed for expression in a particul ar hostPCIZUSING/006943

optim zation is a technique that is well-known to one

of skill in the art for efficient translation of a

het er ol ogous pol ypeptide in gg4f oreign host cell. Codon

opti m zation can, for exanple, be performed by a

? ﬁg%%%}rﬁ{og@grﬁ% zﬁe%g%céogmgmélggerl]cﬁ’%ri%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 15
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turn di srupt 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 16
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wat er nol ecule 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 prormter of the StreptorTyces
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15

sonme enbodi nents, the polynucl eotide of the invention
that conprises a first nucleic acid encoding a TAT

W@ e@rabespept i de operably |inked to a second nuRCEUS2008/006943
aci d encodi ng a phosphoric trinmester hydrol ase
classified as EC 3.1.8 is operably linked to the A4

pronoter of SEQ I D NGO 23. 10
T@C@TTUCTGTGXX:TTCGI:CCC‘FZTGI:COAATGXZTA@GBA@AAA

dervalNG CEIGER PEOTRIPT MR RFCNP - ERES AB BT S0 reliess

isomef&ssT(GIGoromoter from Streptomyces lividans (SEQ ID NO: 1), the short wild-type Gl
rom T B IR T 5 GRS Y SR SHETAr o
disclo68dnWAGIHOEIB2AT Fh A & A GyiesdradizETaminggycoside 3 '-

P“°$@%‘WW&?&&&@MM@PRX?&P&WW°te' I

some/A&Mbbdiniénts, the ponnucIeotlde of the invention that comprises a first nucleic acid

enco%ﬁé@% %%A@§@%Agﬂ We uenggs%hosphonc

trimestér Iﬁ)deo‘r@éeaazlass‘.iﬁe@md ECEpt. Bm@aalluiy Pnkeidetiorise 6# plrcpmetleest SEQID
NO,zgnd the Nucleic Acid Sequences Encodi ng Them Nane

““Sequence Sequence | D TAT2
TGCWMREEMSM%M@BPWM@@.WA@@AACTCCC

CATq A e R R B GG ATARAB GG B AGGTGATCTG

GAACSIEQ:T@ANOCZCG’WZ%GNG@TM(ECEGGAGGTAAAGCAAGTGACCCTTCTGGCGGAG
Tod TG R A O A E L REAGABARN T SEEBT PERC Y RERraacancas
GAGCTTCGGCGCGGGGGAGGATGGTCTTGAGAGAGGGGGAGCTAGTAATGTCGTACTTG
GACAGGGAGTGCTCCTTCTCCGACGCATCAGCCACCTCAGCGGAGATGGCATCGTGCAG
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




MIEVSRRKLMKGAAVSGGAL AL PALGAPPATAAPAA GPEDLPGPAAAAA SEQ
I D NO 4 TAT3: MHEPHLDRRLFLKGTAVTGAALALGATAAPTASAAP SEQ

WO DYORIDSBSSCO2286 si gnal

pepti de

MIPANHQAPT SAPSPAPSQSSHAPEL RAAARSL GR
RRFLTVTGAAAALAFAVNLPAAGTASAAE SEQ ID NGO 6 WO
2008/ 156551PCT/ US2008/ 006943 448 SCO3790 | ong si gnal

pepti de

MRKLLPLI GTPSGSHPGGRSAMI CRFRCGDACFHE

PCT/US2008/006943

VPNTSSNEYVGEDVI AGAL SRRSMVRAAAVWTVAAA GAGAVGVAGAPSAQAAP

NO 7

SCNAEQN | Aana noant i

SEQ-+B
FTDSS
SCO390IeAg

signas pgptade |

a1 nnal Ao
RIS RYPCABBAGHR GRIRBAVNIREF RCODACFHE
(YERTS: DA ARLERREMRAAR FTPARASY
AGAVGVAGAPSAQAAP

0 SEQ ID NO:7

SCO06580 long
signal peptide

MTPFTDSSRTDAGTDPSADGPGESLRRALGVNRRR
FLSTCTAVAAGAVAAPVFGASPALAHDR

SEQ ID NO:8

SCO1590
signal peptide

MGGVSRRAFTVAALSAFTLVPEASAATP

SEQ ID NO:9

SCO1824
signal peptide

MTAPLSRHRRALAIPAGLAVAASLAFLPGTPAAATPA
AEAAP

SEQ ID NO:10

SCO06580

short signal
peptide

MNRRRFLSTCTAVAAGAVAAPVFGASPALAHDR

SEQ ID NO:11

SCO3790

short signal
peptide

MPNTSSNEYVGDVIAGALSRRSMMRAAAVVTVAAA
GAGAVGVAGAPSAQAAP

SEQ ID NO:12

SCO736 signal
peptide

MGDIRRRGAVALGVTALVAPLTLALTAAPAQAASC

SEQ ID NO:13

SC02068
signal peptide

MTSRHRASENSRTPSRRTVVKAAAAGAVLAAPLAAA
LPAGAADAAP

SEQ ID NO:14

SCO03471
signal peptide

MVNRRDLIKWSAVALGAGAGLAGPAPAAHAADL

SEQ ID NO:15

SCO7677
signal peptide

MSRQIDRRSFLRRGAAGAAALAVGPGLLAACSTDEP
GSAGNPG

SEQ ID NO:16




MGGVSRRAFTVAALSAFTLVPEASAATP SEQ I D NO 9 SC01824

si gnal peptide MIAPLSRHRRALAI PAGLAVAASLAFLPGTPAAATPA
WQRMSRSESED | D NO 10 SC06580 short signal peptiBET/US2008/006943

MNRRRFL STCTAVAAGAVAAPVFGASPALAHDR SEQ I D NO 11 SCO3790

short signal peptide

MPNTSSNEYVGDVI AGAL SRRSMVRAAAYYTVAAA GAGAVGVAGAPSAQAAP

SEQ I D NO 12 SC0736 signal peptide

M3EDI RRRGAVALGVTALVAPLTLALTAAPAQAASC SEQ | D NG 13

SCORNBe ci anal nenti de
W\./'—VVU T g H\aHLI \® A3
TAT1 signal
tid MQTRRVVLKSAAAAGTLLGGLAGCASVAGS SEQ ID NO:17
peptiae

IGTGDRINTVRGPITISEAGFTLTHEHICGSSAGFLRA
WPEFFGSRKALAEKAVRGLRRARAAGVRTIVDVSTF
DIGRDVSLLAEVSRAADVHIVAATGLWFDPPLSMRL

RSVEELTQFFLREIQYGIEDTGIRAGIIKVATTGKATPF
OPH QELVLKAAARASLATGVPVTTHTAASQRDGEQQAAI SEQ ID NO:18
FESEGLSPSRVCIGHSDDTDDLSYLTALAARGYLIGL
DHIPHSAIGLEDNASASALLGIRSWQTRALLIKALIDQ
GYMKQILVSNDWLFGFSSYVTNIMDVMDRVNPDGM
AFIPLRVIPFLREKGVPQETLAGITVTNPARFLSPTLR

AS

ATGCAAACGAGAAGGGTTGTGCTCAAGTCTGCGG

CCGCCGCAGGAACTCTGCTCGGCGGCCTGGCTG

E 1
TAT1 DNA GGTGCGCGAGCGTGGCTGGATCG SEQIDNO:19

ATGGGCACCGAGGTCTCCCGCCGCAAGCTGATGA
AGGGCGCCGCCGTCAGCGGCGGCGCCCTGGCCC
TGCCGGCCCTGGGCGCCCCGCCGGCCACCGCCG
TAT2 DRA CCCCGGCCGCCGGCCCGGAGGACCTGCCGGGCC SEQ 1D NO:20

CGGCCGCCGCG

ATGCACGAGCCGCACCTCGACCGCCGTCTGTTCC
TGAAGGGCACGGCCGTCACCGGCGCCGCCCTCG
TAT3 DNA CACTGGGCGCCACCGCCGCGCCCACCGCCTCCG | SEQ ID NO:21
CCGCCCCC




5

Ml SRHRASENSRTPSRRTVVKAAAAGAVLAAPLAAA LPAGAADAAP SEQ I D
NO 14 SCO8471 signal peptide

WORMNBRREISS KWEAVAL GAGAGLAGPAPAAHAADL SEQ | D NO. 1BCBUS20687006943
si gnal peptide MSRQ DRRSFLRRGAAGAAALAVGPGLLAACSTDEP
GSAGNPG SEQ I D NO 16 WD 2008/ 156551PCT/ US2008/ 006943

si gnal peptide MJITRRYY.KSAAAAGTLLGELAGCASVAGS

SEQ I D NGO 17 OPH

| GTGDRI NTVRGPI TI SEAGFTLTHEHI CGSSAGFLRA

19 TAT1

WPEFFGSR
DI GRDVSL
RSVEEL T(
QELVLKA/
FESEGLSF
DHI PHSAI
GYMKQ L
AFI PLRVI
TAT1 DN/
CCGCCGCH
GGT GO

OPH Gene that

l(I\I [\EI/I\\IDIEI DDVI_\\DI\I\I"\IDTI \IF\\ICTE

N TN

ATEBPRADAG SRRAECHEPEEAMRACGGTCCGC

G EECEMFIAIGA ARt EEMEd &KaBdTTCACCC
AMARASL ATGVPVT THTAAS q§ M

PJRAG CFRCOAGTANATAT CLTCCGCCGG
@M%%GAM#&%GGCTCC

CErAAZEScd
SNDW. FGESSYVTN NDVVDRVNP
RO FEREANGETH Qﬁﬁﬁ’ﬁ@@\@c@‘@? |

\%ACTCTGCTCGGCGCI%@ WWCC

MW@'@CACCTTCGACATCGGCCGCG
ACGTGTCCCTGCTGGCCGAGGTCTCGCGCGCCG

CCGACGTCCACATCGTCGCCGCCACCGGCCTGTG
GTTCGACCCGCCGCTGTCCATGCGCCTGCGCTCC
GTCGAGGAGCTGACCCAGTTCTTCCTCCGCGAGA
TCCAGTACGGCATCGAGGACACCGGCATCCGCGC
CGGCATCATCAAGGTCGCCACCACCGGCAAGGCC

D NO 18

has been ACCCCGTTCCAGGAGCTGGTCCTGAAGGCCGCCG
Codon CCCGCGCCTCCCTGGCCACCGGCGTCCCGGTCA SEQ ID NO-22
Optimized for | CCACCCACACCGCCGCCTCCCAGCGCGACGGCG '

Expression in
Streptomyces

AGCAGCAGGCCGCCATCTTCGAGTCCGAGGGCCT
GTCCCCGTCCCGCGTCTGCATCGGCCACTCCGAC
GACACCGACGACCTGTCCTACCTGACCGCCCTGG
CCGCCCGCGGCTACCTGATCGGCCTGGACCACAT
CCCGCACTCCGCCATCGGCCTGGAGGACAACGC
CTCCGCCTCCGCCCTGCTGGGCATCCGCTCGTGG
CAGACCCGCGCCCTGCTGATCAAGGCCCTGATCG
ACCAGGGCTACATGAAGCAGATCCTGGTCTCCAA
CGACTGGCTGTTCGGCTTCTCCTCCTACGTCACCA
ACATCATGGACGTCATGGACCGCGTCAACCCGGA
CGGCATGGCCTTCATCCCGCTGCGCGTGATCCCG
TTCCTGCGCGAGAAGGGCGTCCCGCAGGAGACC
CTGGCCGGCATCACCGTGACCAACCCGGCCCGCT
TCCTGTCCCCGACCCTGCGCGCCTCCTGA

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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SEQ I D NO: 19 TAT2 DNA

ATGGECACCGAGGT CTCCCECCGCAAGCTGATEA

CAGCGEECEECECCCTEECCC PCT/US2008/006943
CCECCG

W

TGCCGECCCT

GGACCTGCCEEECC CEECCECCECG SEQ | D
NO 20 TAT3 DNA ATGCACGAGCCGCAEGCTCGACCGCCGICTGITCC
TGAAC-ZGGOACC-ZGCCGTOACCC-ZGCC-:CCC—ZCCCTCG

. C (CCCCCTT
NO:1 Uv:ﬁ%@ﬁ%ﬂ% ; signal peptide is chosen from SEQ ID

NO: 1€l CCTGCGCGCCTGECCCGAGT TCTTCGEECTCC

%ﬁm I mker peptide located between the TAT

signalPEpGIECEACEEGTTORNCATIMERCATIOCRBCALE linker peptide can be of any suitable

oo I SRR SR 5. 10.16.20, 25,3035, 40 505
\J

amindECIRGABGCOoRECTCHIBENTAbelckaqEtide comprises between 1 and 10 amino

e SIS R SR e rpgrone 10
(

0Al0r4ilysodgaesimg, or modified amino acid.

m%ébsPBe@%%diments, the

IlnkerQoa lchaazade flm(er@ﬁﬂm deoahcepaein from the pre-

iy

%@%ﬁ@@éﬂﬁi’ﬁﬁ@'@ﬂéﬁ@dﬂmewde an expression vector containing

A% ‘ﬁ%{%ﬂ In general, the vector contains an

origin G&AepIi GﬁﬁﬁCﬁHﬁ’a@G@Tm@T Ce(a‘smTeAQJGEo]Aonnvenlent restriction endonuclease
A

sites, é@% %es of vectors that can be used include,

but ar@mmmmmwwmzm and pK8234 In some embodiment,

o o R RIS ARt o s o a

sequemce £pcbding adifi Tngjgnad peplidieoperally ilinkedotol eymgnﬂ @gclenc acid sequence

encoﬁﬁqng%ég%&%{lgtt%ezsﬁelrﬁ‘l grﬁsﬁagﬁ%ﬁone o? é)?]@te.er%%rg;no#hosphorus

hydrol:asptplroiem 3n sgineenboelireents dhe ef(u@esion aecthecqemmmsm first nucleic acid

sequ% f@%é(? ing 8?@3@7%@8@% ﬁmﬁ SEY Y NGE1 B Y £18Scond nucleic

acid sequence encoding a phosphoric triester hydrolase. In some embodiment, the 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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21 an isolated fusion polypeptide that conprises a
TAT2 e.g. SEQID NOS:1-4 or a TAT3 e.g. SEQID NO 5

W@ e@nakespept i de operably |inked to the organopPOBEpRINg606943
hydrol ase of SEQ I D NO 18 or variant thereof. In other
enbodi nent, the TAT signal peptide is chosen from SEQ
I D NO lor 5. 5The fusion pol ygeptide optionally
i ncludes a |inker peptl de | ocated between the TAT

of mt%rﬁgtn qa}\ld A Péti'ngp A dg‘ Can p%éh%a&' grﬁ ;%B@S:%%%ﬁﬁ?rﬁsgp%)ﬁgst cellis a

prokarymicwéll rfgr examplect bagdtenidl eell.t ©he bacterlalstpstzlqellfmayﬁbe from&ram positive

or grqrﬂ égatlvégj%églla nir? ?orﬁg H‘?b%dmm?net? 4@% R{Jst%%" ié;& ﬂgmgbr(#‘posutlve

bactelniet Vieemmter avh ty p&d ohgrano pasifiviescells that neaydadd aasuntablabosis:ells for
[ t [

prodlkﬂilggﬁlﬁﬁ %8% Ocmarn%.%gt %QI%E% rfggg)b nrl)rgg étgeﬁ)t&g%é's %53///33 d

Lactocaetamsaells - occurr| ng, or nDdIfI ed am no aci d. In soma

CTRSHh I 8451 SPGB 8y BB e g

Streptomalydes ireiigiels\allheraberd khown ecb thwse skilied imtheiad, ipclotiemgrbut not limited to

S. ac&I g I¢ g%n % %l Cf)%a%%ehnalb ésr?ggl%: %{9 %’PQJ’Aa%’('ﬁé?p@r)%g’éﬁ’?’t’Hq % carbophilus,
S. clavemJEInmm@ cpe/tw!od,es dalleassp Sefegiabirs, \be Gkaorentasns,a¥.rgrisgus, S. helvaticus
S. hyélga%g npt%l )§t %%&ﬁ%%?/ﬁcﬁ%wgfhv Jyf':ls a?"l%rﬂ/ d§e9(r:’% \Pzgitggﬁcﬁ@ s, 995‘lgmosus

S. scawes, cS lserrmuertsmb IS tHesmoeiofacess iand 3. vilqueotuben fsome embodiments,

the h%ﬂ glré%s Bhglldshceetll %ﬁ.:d%gl l)ut rfol?ﬁmlfgg {oora § acrbc}%ﬁ é‘rkubt/l/s

vecC
B. //clwmanm‘s,, arichB. feefus cell. cknrﬂommmemhodlmenga thediost eq:il 15@a$|aibpgriseo/us, S.

cornd§154 S0P B AR 8 B, e SB35 suotns con
nen ketrarfothiertaspedtothe pm&édnt teachimgs esovirfe a/metrmdsoflptWUOU@ra protein of

intere%&gufzrgodst Iﬁ%@zﬁ% msﬁ‘gg n?péﬁsg %ﬁgﬁgﬂhé ?2) @%cl@&%]eogf the invention in

the hestioellli Aediscusded abope gbeihost aellcho becamysuitatds calh for example, a

prokaé)(:q%a Eghg:ﬁagé@}"% %31 lhglﬁgﬁmggﬁﬂtisn?)gﬂrg édp{gp%séée e efl?:'e%lor Bacillus cell.
In some ekechdinverds, she protein wf Inderestds prbdsieed e Boldaddfotn.nip some

emolfER oL i SF Y s EHRIGREL | BB LE R 1 pferbdliments e
host esiind thenewertionteng @ 8treptwiywas spchast celbepmipgess an éxpression vector

comeifbShisfid pgd Ry dESHRLERFBHELAS: Aulf o5 3BBlonce encouing 2 TaT
signahpeptide (opa-'bdy Idgd e seeorcbiliaigjc acigiseqpérmei encoding sitphosphoric
triest%%lﬁ/dpol e %ﬁsﬁ g%gagﬁaprglggf ﬂg'geag}] fqrgér{b%hbsc’ é)?l%?%dlr%lase protein. In some
embasiengrds)diee emeslslmgvecta’nﬂdbrsprgieala fpsiptuctﬂa: adichsequence encoding a TAT

sonsEEAER ot oty BELL S8R0, BYFhSaFAd GE 8RB e cncoaing
phosphueic atdsyer| hydkataket 0 1b baothér pnnbmiltrent d)lfle SEfesIbN@@F. conprises an
isolatgé1 Eglgpﬁcgbqqﬁlg%té%)ilswé% flrs& rt%czés a§19 %gé r]sc%qelﬁggg ﬁ% a TAT signal peptide
that iopperably idkddto sesgroad suoleici atldaseStueepe engaryy 3 phospbwruc triester

el l. ,
hydro aeﬁells uﬁﬂg?&;rg@ﬁﬁgces t|§ \4/°«|4 aﬁrgg't]err%f)ggwlﬁeﬁo% |H%ﬁ¥e1r
embosignents the ducteiotasid segeepcesrrudingahe iphogrhopic dnestier hydrdaste is codon

. Ll C e

opti 8@{&2@‘ sr}:'n cané}g ﬁ%"ﬂ%&%c%pl RB#t%%ﬁ E’Isc}rﬁgehgﬁglﬂtén%the host cell
of thecinkemtipois & Straploowees spkwsyotll €gol %trqﬂt@kmeﬁdmd@n@ bbst cell.

known in the art that is capable of expressing the

protein WD 2008/ 156551PCT/ US2008/ 006943 22 of

interest and secreting it via the Tat pathway. In sone

enbodi nents, the host cell is a prokaryotic cell, for

exanpl e, a bacterial cell. The bacterial host cell nay

be from gram positive or gram negative bacteria. In

some enbodl ments, the host cell is a fromgram

e .
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bacteria. A nunber of types of gram positive cells

that nmay act as suitable host cells for 5production of
wao b@spsassei n of interest include, for exanpl e, PCT/US2008/006943

Streptonyces, Bacillus and Lactococcus cells.

In sonme enbodi nents, the host cell is a Streptonyces

cell. As used herein, the gem4s Streptomyces includes

all nmenbers known to those skilled in the art,

i ncludi ng, byt not ,limted,t hro ) . .

L T it Bodimghis, 4he Bt LS Suctra QIR WP ike present invention are
culturad @1 eorivehtiohal Sutriemtrrhexiai ThessuithBIB. spetifiv sLituecosditidhs, such as
tempeﬁ(ﬁ){%lé%' ,Cﬂﬂ %@J@g"%é %lbelr I?ijomt%'tg{)seq%@l;' :u:n imesés%_ln addition, some preferred
culturbgndiserehay be féandl ity shessgientific dtesatu® suchasddopsyoo8. (2000) Practical

Eoursei;, é ipI .cat osparus, .S i-ql NES .S i
Stre m e J g?h@nnFEEP%ﬁtgpa@g&\gg QﬁdH%dw%od e‘f’%P, (q 590)
Moleouian | Bislegical Mathodgfos Baeillesyidobn Méley andtfitoen thesAmenidan TypeaCulture

cil cell, including, but not limted to, a B.
COIIGCSﬁQdéH”l,a)'B. subtilis, B. licheniforms, and B. | entus

c ¢ somé embodimenitd) hdshaiis sransfoembd with pelyhuélsotideIequences encoding

the Tﬁ‘ -\?L?%%Lér’% e|§1uss¢ gg[ @f%ﬁu‘%‘%@' Arﬁ% nvsg re %gfgtljrlg‘rd‘ ?xhgéf co%‘ditions suitable for

the expuddsidn andrekdvery of the encoded/prioteim rbinesell @sifharet  Thetpeotein produced by

o reof 78N pob il e Bl B Rk i iBidens, ot
recontbimgnt icsestruetigrissisini the hatepulbgousgiohoiucketidd sedqiencey emtading the TAT-

opH phdipgio fhacicsiseatiadieréntpaRd himipide BoRgRLul leciates
purificatibh obtheaoluble proteirts (&edll DJ ehall (1893)INA Cell Bidl 121441t 5.

o Sief piefEbos ARG oo fias et ard B iR e mete! retating
peptides| sled ab drstidinkAryptophar muaidiesehatsalloprurificationi on iafmobilized metals

(Pora&ﬂ%@@?ﬁ%ﬁ{oﬁgiﬁ EE%Sru ﬁ@r tﬁ%ié{%é@? 8{0 eVne (\Lc&rgﬂ]lrlms:)ﬁagglgo%v %urification on

immobilize&pinmyrogiobsiin, dmdthe demlain utdingd insthe FAAGSKgxtessordaffinity

oS S TP 20, S3hVEE) P BHERBE L i e soence
such a@\FastogXAlor petetokitasegrwitoigen) $arkBekgbdCA) tebwestdtheyariti¢ation domain

ons AT B RERY P A RE G e o=

olyasrap peserined embbgicheatsa e toarsfarmed Host salisof the present invention are

din h [ ' LI
convB PSB85 AU SRR ASRURIIGTFE oG g resen
OPH, aiftgr whieh ttie SisQtih® ORBGislrebovaneld fromdbe nditurec Tbe enemliurd used to culture

the SR EABR e bGor AR Bl RRBUR! abiebls BT RBN BRI Gute: dieh o0

minirmas ot ednelepmlediauminéiningl @pproppatesiupglemets. suitabtd reedia are available

vom GFbAe A RSETR,8ahpb e B GEeBEBRS 5.

catalognes df thg Amnegrivaslype iCuiture @sltestiom)y tir stinaes embediments) ¢ée OPH

|y |.inked 4 of .S
o R Wl b e PUAUE T kb dtres
includirige bptdt fimited to sepagatings thb Wdsidetis éronsthe aukediuro blyi centriéupation or
v oSSBT Nl o B MY P BBl e b means o
a salt$.ge phongriws ssrﬁat’eh@hton@aibgraphig.puafi&tioeme.grrym)'eexchange, gel filtration,

e 4 T2 55 e s OB R PRNR PR et
use irt thapsésenhindemtoinl dndded; dés potastended thatthie wesent évention be limited to
| tured.dn. co ional nutrient nmedia. The suitable
any pg’g'é%'ugf S%”f'ggﬁ'?nuréﬁ{:&éhditi ons, such as tenperature, pH
and the like are known to those skilled in the art. In
addition, sone preferred culture conditions may be
found in the scientific literature such as Hopwood
(2000) Practical 5Streptomyces Cenetics, John | nnes
Foundation, Norwi ch UK/ Hardwood et al., (1990)

A A o ~ A A 2+ 1 1 r ~ " - A7 15
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10t he expression and recovery of the encoded protein
fromcell culture. The protein produced by a

w0 e@8ispant host cell is secreted into the cuP@TUS2008/006943
medi a. In sone enbodi nents, other reconbi nant
constructions join the heterol ogous pol ynucl eoti de
sequences encodi ng the TATOPHgoroteins to a nucl eotide
sequence encodi ng a pol ypepti de donai n which

[ 35 bk A% AL G A AR SBLHES REROBiPBroducing a protein o

interesbiBLectiosp aell. fTmmmlemmdf@mnnseaexmgssimraupnlynuciebmﬁeqf theitnvention in
the hﬁs[rt%Fln L|tlléljl ﬁ\%qmg%ﬁc%ﬂﬁég%?oggrﬁlt 'rg mﬁ'ﬁ%ﬁﬁr ?eléﬁ flﬂt%rest from the
memmm i mmobi | i zed netal s (Porath J (1992) Protein Expr
ur fmgihég of%ﬁ& nveR{ugg r% gbg pq%%u%ﬁgﬁp lﬂ?% )ﬁJrJe:%\@g pr%tem can be
isolatdd) aiarsmall dclaleemi' ane tal‘gerFQgGBlcmstrahmabm/ lnf Soinme embodiments, the
pressh el bAGREH B LIRS o8B B3 BBk o Eiienton. i
someFeaatianlimetits athe enateinak interset i lima rﬂnldergianm dBamitPactye faR).
b A ,
p?‘opgag o‘f p% O:Pr#&ért %a:c'iéﬂrﬁg rr?%{;?e} ﬂtngglduﬁc@?stpgcg E{I@hg.g%g following
examplesswhieh phetle notbke evristrdedeatimitingttbe chcbfdhemceshosteachings. It will
I : ALY ' -
ve el ihol T f R EABIR AN UoREld Rabrot ana metocs,
may henpraetiqedesitioohdegartingefrgm dise ptesOftHieactfings:. \Nhl ch the
resulting OPH is recovered fromthe culture. The
medi um used to culture 25the cells conprises any
conventional medi um suitable for grow ng the host
cells, such as mnimal or conplex media containing
EXPE?QWEWA jate suppl enments. Suitable nedia are avail abl e
om conmrerci al suppliers or nay be prepared according

In‘Re Eyﬂrlrﬁé}ﬁg cﬁ%lc}s%?egw(\%og?lrovknth%)%@vﬂ% 86breliatits apply: eq

(equivaigrdeli Nb(tMcéar)tm\é(rmerorpcpleduNéuomyall ol &,r@pleg) imymol (millimoles); ymol
riceSFGRYEH L 4o ofa) b 35 GR 888 1 ricrorams)
L (hterS)emhmulhtea)l ¥ (mmnmtemh cneentimetersemn (niligetersh Loy (micrometers);
nm ( rfabwn%%trég (BE?r‘éb?'ﬁeﬂﬂ#rQFe)t h?h&g@} %nﬂ&%%ﬁ%%@%ﬁﬁ% msec

erna
(millisegongs); EYnmewumt exias); Apcamrmitlrog?TanmtblogamlfE@aerytmomycm
Idth t t
HPDHgh phosphelFeiRRE Medifn i, ifiief redinl Oy JRgHf dspbiy: PAGE.
polyacrrytarrpd@gelrﬂlecttmpemasmPSRneglyU@easemhanerepﬁmnt
invention. Indeed, it is not intended that the present
invention be limted to 35any particular purification
Q%@M&%ﬂ% et 4 ONEs AA98 pfdbuction in Stébtomyces
TTENT S e present teacnhings provide a
met hod Mﬁdum ng a protein of interest in a host
c
thltehoeﬁF \r/(;e‘fﬁh re%%é‘%’wetﬁﬁ%tl%%fyn%%’ kgglﬁ?ﬁ%&%%ﬂﬁ?é %le)é Qfnprised the
followdng amina a&ldmugmeand recovering the protein of

' rl‘é‘?é%’ﬁlNWR@ﬁlﬁ%EK‘%#TL#HgHIE%WLMNPE?F@Q@KALAEKAVRGLRRA
i nventi on racti ce an ressed oteln
RAAQ%TW@\'{SST(HEHG&E) LAEé/@ﬁAA@ﬁéHVWIGWﬁFQPPh? RSVEELTQFFLREIQ
YGlEb“f@kﬁAéllR{/A?‘ré'K%TPk@ 62/”%A@x'2®€§|Llit3r'l§\?PV’H‘F?TAQAS@!WGEQQAA|FESEG

eacni n S_QDI'OVI roteln I nt er est r oduc ¥
LSSV AR O S EAVARRGY L i DHIRHS oL ERHSASALL GIRSWATRALLIKA
uDQéWK%lD}/QNUVVLﬁGﬁésW?NI @Mbﬂ\ﬁ%émmlﬂLRWPF'LREKGVPQETLAGw

active form present teachings nay be
VTNFTARE%WW@E&H@NQMM ght of the following 10

exanpl es, which should not be construed as limting

the scope of the present teachings. It wll be

apparent to those skilled in the art that nany

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

practlced mnthout departing fromthe present

M
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15 EXPERI MENTAL In the experinmental disclosure
which follows, the foll ow ng abbreviations apply: eq

w@ egaitsabents); M (Ml ar); pM (mcronolar); N PCODRMDS/006943
nmol (noles); mml (mllinoles); pnol (mcronoles);
nmol (nanonoles); g (grams); ng (mlligranms); kg
(kilograms); pg (mcrograns),g (liters); m
(mlliliters); pl (rricrolitersss; cm(centinmeters); nmm

il , ' . - .
CRrp e arioe Y Mg rgsRBRAfG ShH oéte (8B IFREPED Thaluas
synthésizaxbiylthie; Gereeat Ihol (Torate,Cahapa) dompanyywithocddopaptimization for

xtract: Ap, anpicillin; DIT, dithiotreitol; Em
Strep&my{CWgﬁ%{)n; HPDM hi gh phosphat e defined nedium MV
MATIOGGCAEdGGCGADCAPATCARCAEBS TGCGRAG,CCGATCACCATCTCCGAG

oAt iR e coptRy R HEBERrccrocscac

CTGGEEOGEH G PIC P GG GO € GG CARBQUCCITGC GCAGABGASCGHLGTUCECGGCCTG

cocBRnErsRecoecramtS TSl R AT o TERARE e TeEAGk T TeaAcATCG

GCCEOoCABGTET@OTTGCCIC GCESNBHTETCCCBEBLCNDIEACGTCCACATCGTCGC

CECERRETRR G TaAT S ER IR A ELEEEr BB CfecaTeoaceaae

TGACOLAGEr OF DERTEIIRLESKEATUGAGL AL QGUA TICEGATGAGRET GGCATCCGCGCC

cGCR AT CaRAE Tt K L AR CRE LR ECRBEAER B TCcTaAA

GGCeaesa CCITGREWARBGIGCEBRCCLC AOIBABCACCCACACCGCCGCC

TCC%QWﬁM%@@@E%@@%EE%@%&CCTGTCCCCGTC

CCGRGUBTHFITIHFET CHEIWIEE AC GALCACTEG AG GALST GHe 0 1AG COBAGERGCCCTGG

coobRERRReThEE AR R B 4 0Bt BB ccaTosacoTaGAG

GACARDBEOT CEGOCTOCRTOPTCOTGRGOATEOGCICETECRNGACCCGCGCCCTGCT

AT G BRI AT B LARG T AEAT RS A BT IRGITG BApREACTECT

GTTGGGCTTCTCCTCCTACGTCACCAACATCATGGACGTCATGGACCGCGTCAACCCGGA
CooERREECCTTEAT CERE TS LT EAT CEE PR ETE S ERENESEEaTCceae

AGGATACOUIENGET TCUIATEACCCHGATHEARTIT GO CAATHOCE EREDCGGACCCTG

CGC%%E&%WrCCGOAC@TCGTGGACGTGTCQACCTTCGAC
o R R BRSO T P RSB A ™ OPH

Strepldiyces lividans host cells:
1 %CA%W%%F&%WTGTC%T@@CT@@TCCGTC@

2. TAEPCsINEIBEqUERCECCCCGAGAT CCAGT ACGGECAT CGAGGACACCGGECATCC

3. G R Sienal SRS SO AR IR RS PRI RS

ATGCHNBGAGAAGGGTTGTGCTCAAGTCTGCGGCCGCCGCAGGAACTCTGCTCGGCGG

T B SEEEEAd CE TESLT SERTERISERTHT NG P COcACACEC

TORTRCEE0HeECEHNSSHBENEHIGSOCATOBRCZAGT CCGAGCECCTGTCC

4.
A6 S TGRSR ARG RR GER RS ERAGge aCaaCe

CCCTBEBECGCIRCCGGCCCTGGGCGCCCCGCCGGCCACCGCCGCCCCGGCCGCCGGCC

CGGWE@E%WW@WTM

5.  GABARCOUBTE oI CeRIBCIRT GEBEAT CCCCT CGT GGCAGACCCGCGCC
A A A C R NSRRI SR APES ARG REAC 0000

GITCGGCTTCTCCTCCTACGT CACCAACAT CATGGACGT CATGGACCGCGT CAA
CCCGEA

CGGCATGGECCTTCATCCCGCT GCGCGT GATCCCGT TCCT GCGCGAGAAGGEECGT
CCCGC 20

AGGAGACCCT GGCCGECATCACCGT GACCAACCCGECCCGCTTCCTGI CCCCGA

PNININTT SN NN\ SNTT NN N N I N 1 NN R 17N I
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The foll ow ng pol ynucl eoti des encodi ng si gnal
sequences were used to express OPH in Streptonyces

WO pwsdsa3s1 host cel |l s: 1. Truncated cel A signal BEUS0E006943
252. ASP si gnal sequence; 3. TAT1l: OPH signal sequence
codon optim zed for expression in Streptonyces
ATGCCAAACGAGAAGGGT TGT GCTCAAGT G RGCGGCCGECCGCAGGAACTCTGCTC
GGCGG CCTGECTGEGT GCGCGAGCGT GGATCG (SEQ I D NO 19);

ceclgTCEEACTEEEL UL RUEBLIEE SLBAC REEETER REcSERREC (sEQ 1D

NO:2 ATGCECACCGAGGT CTCCCGCCGCAAGCT GAT GAAGGEECGECCECCGT CAGCGEC

o T PSS SRS R Won oot

sequehtEEACRNICOBELSIGHAGERERENTIANTT SECOOTRRASE30ACRICOGIEN(EEQ ID
WO 2008/ 156551PCT/ US2008/ 006943 26
NOj% GGECECCACCGECCGCGCCCACCGLCCTCCECCECCCCC ( SEQ
I DIM@])}(BZM was cBhstsumitel foéB22smid pKBAAS by ueplacing thersegment

eno AR A5t SR e CHBE B Mot

sequenicel{SEQfIDSNOr20pehgoting thetTiATR ﬁgrmqaﬁﬁﬂee(SﬁQtEdN@m Y@Pi OPH protein

] Lopeptide (TATL, SEQ ID NO 19) and OPH protein
(SEQ?Q%'I%EI\% g ‘e Figure 2. Pl asm d pKB231

widashaid pKB2ss MSfcoostnpﬁtmsﬁbm pia€Rdio pKIBY 05 bp Ireplacing theesegment

oo 5 PR £ 358 S0t 8 BERL S5 9 e pogrucieta

sequem;quSEQdD(\lSEPJ )Iéhcbld)n@@l)e €ATddigng! pdwdé'ASEQdDgﬂﬁﬁ) and OPH protein

E 1) and OPH protein 10(SEQ ID
(SEQﬁéﬁgqg) Sg%e '95 I\Lgej Pl asm d pKB233 was
ccﬂmsthambé&mbtrbnmﬁﬂﬁl—hmrﬁamnem{@im dxpresspinaictny, pkB234, was derived

vom QSR BRSNS P B8, AP AT € o

SsequUETEgs, quB:—QX:%SE@ digpibe@ hjth Spbb ool | aha: HINATIB owergight at 37°C The

aioesGPIA g FTec spnh 380K KL Eh B P4 ot B b bRt tion o

Strepfoeiyvenhost, celleFigupe & sbowsitheq{Ba34 yek®234, was deri ved
from pKB233 by renoving E. coli DNA sequences in
pKB233. To renpve the E. coli sequences, pKB233 was
di gested wi th Sphl, EcoRI and Hi ndl I'l overnight at

'§?I% ﬁ)c@g ?\Bst‘%e'ils

hd’shb fcl&iv&usg e)FarmJe GeScrsblesWs;e etfm;t pKWsWePd’t signal ;beptldes on the

ion and Activity of OPH produced by
expreggpgep%ﬁ%v‘étg Oﬁg)ﬁ'?cel l's The foll ow ng exanpl e

Trans&&amtiblbaed Ehpresbibect of various TAT signal peptides on
%e&ﬁ{e%%@hgvﬁct%rr]sd p?(%t‘zbg,l 6%8%1 anJ_LKBf’,S%TraQ'a%g&rb%tdb‘aVe, were used

in this example.

In these experiments, the host Streptomyces lividans 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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The expression vectors, pKB229, pKB231 and pKB233, as
descri bed above, were used in this exanple. In

W@ b@gaseaxperi nents, the host Streptomyces | i viPRERES2008/006943
cells were transformed with the vectors descri bed
above. The transformati on techni ques were the
prot opl ast net hod descri bed i n Hopwood, et at.,
GENETI C MANI PULATI ON OF STREPTOMYCES, A LABCRATORY

Difco '\R’S%'rgﬁmo}ﬁﬁw 3B mi¥%E %{ﬁ:ﬁgﬁ?@@gg ANE B SHLIL 8% 2 2H sub.20

and 1vemnlelN NaOsif wersedided tda dinal Dlitet dfter exfoctesgigo firarsfdrovasts were grown

20 TS LS G280 Spor RS R 5 0 AR Fisiepona

30°C.KCelibwEdthen rahsfer@d 2¢l a prodyCliors otedym 5D ml) dleecd sstibictic® and

D fco,casam no .,35acids, 10  fco .
arow] i SRy RS AR SF| Ligy b Bk S LR Py anc
enzyrid agtivity\@s&4/38/ 156551PCT/ US2008/ 006943 27 Difco agar in

cASC e cotanth 85 S Brtole- 1 R Rl 2haddfopipe frycoivsate)

sigm and &g KIHPO} brought ter1 liet osftex\autoglavingadtsh Gittered tsteriieedeglucose was
0 iin 20 m_..of T in 250 mM shake flasks for 2
adde%ky%\ﬁ?ﬂ cPﬂ‘éer}Srragg'ém:g%é‘f 50 pg/ mL thiostrepton at 30*C.
Ceérbductien dMediee 2.4 gadigfceXaic H,0p8.8 giBioshrotgieo M eastd xinacy; 26t g

v 55 s b REE A0 PO 5 i

Strep&ingces apiifieditiate @femaentg Yhiteastock sdlytiamseayains: 250 g CitricSasid.H,0;

dj ain 6 i fcq tLNp ! ' .

325 §B568, P03 § Zhabired RS LR Rrg s B oentspe. adus
volunizr toulghér. tAujdst lpH ter6.9 with dlaCtitio sbmeiexgerifénts) thegredliction media was

sterilized . glugose 5. added to a final concentration
S“PP'S‘P“GE{.eé%" 1%%?6%&09(&% Media: 2.4 g Gitric Acid. H0;
Reco@erd g Bi ospringer Yeast Extract; 2.4 g (NH4)2SO4; 72.4

g MgS™. 7H20; 0.1 g CaCl2.2H20; 0.3 m Mazu DF204

( @Orie hbafrgampe of th&tcek pulhury evas takei ffane dach slakedlask@nd sentrifuged at

1 liter sto sol Ut i ] NS NORNY .
19.00plpl 6 Sho MR S A 0 RBTALME o 230581 Eiyre medium was
analybéS6y SEISCPAGE 2FealyopB&@3is ;antiGhe activity of the erdymetwasotiested as

to iter. Adjust pHto 6.9 with NaCH 1In sone
descr&?gébre#%nt s, the production nedia was 15. suppl enent ed
OPH Wictivityisshe and 8PS-BAGEalysRecovery One nl of sanpl e

of the cell culture was taken from each shake fl ask

argd) cer@PH fpugpedtien with tHEOabavevetiorssiads. iieidians kellschnes 1-4 and 6-9)

wes 35 FH S ERCSEHE o Bl HF  GeRAATGP s o

OPH dofigrates asrezgoubletamdeersirer:dasing @daditions ddaneel: divect@PH expression

B T

sequerce; Bar®) 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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was anal yzed by SDS-PACGE anal ysis as shown in Figure
6. The double arrow indicates that OPH mgrates as a
waelemBlistssunder non-reduci ng conditions. Lane 1PCHUSM®08/006943

OPH expression 25under A4 pronoter w thout any signal

pepti de; Lane 2: OPH expression with TAT1 signal

sequence; Lane 3. OPH expresszib80n w th TAT3 signal

sequence; Lane 4: Expression backbone with only A4

r eV . o : R

TAT1 RS BHTe ERpiss B CEthel AT 8EH thSf BB hBubandRiads Bytyeidtbatest producton
of OPphiyj Bireormpees todst cellsane 6: sane as | ane 3; Lane 7:

S as | 2+t dj & i I 4 :

£ TRE) Tk aReroraiBh o g PRCH TS Pt MEa5HR mechdth rémentaton
on OR gradurtiorB@as examided OPlguex pisbews the affechofAtRtioni Zniaand Co®” on OPH

oo SRS SR PR A o L B g . Lams 1

2 andvd $HowlAE preduptianh levebefddRld expressetbaaTATAHORH fdllowing storage at 4°C, -

20 SRECEPE | 20500 e Pty | RS 4 ST A o301 B v

of OPHt eqressediae TATRHOPH ie the presentead Oal MNI2A10 RiMowingastorage at 4°C, -

20°C g 2BC 79 e aRebE 1 SaB BT 728 i SR btBuction eve

of OPBxexpesssied as FTATIBH@PRAT thedpteiséncei o 0. poiM 6ot Ifeltawinie stosags at 4°C, -

20 iy  APCIEAH R, Tyt B BONSER r v

was cohfirmaddyyud 8ipeptide chappingcamdistshbwo mn Bigu@P8! pr oduct i on

35e S5t 15y PR A oE BRSSPI, e

or abseEnceBHMetet iorsx pna Swt ORM istbeat FOES eithgnall 4°Sept atd@0°C.

lé zgf Z s ?gg‘zpé%ngo,&%ig%sﬁ gc?e§%5v\ﬁ%§ qzsdt %ﬁbg}éﬁx gltig ui%?%yﬁ &Isted for activity

(Caldaeltiet s 0Blovherhis2( 3067¢B§-TdA4[1991¢ Restdgi etaly BidchessBidphys Res

comAiaFB0P 28 PRI MASHE BB RYFi Uy TSR BRAF A P8 oon sty

assaystane highlyabxid Ghe sup€rGatants of20<diffetemt 80akk ftask samples were sent out to

tne U RS HgS B G dsRDe R R eB BRSO BRI SER, apo, Mo

21010:)ffor05pbcifiMC(Bd-2activd1ylaesdmg storage at 4C, - 20C and -20C

wirt h % al.yc IV, T - c f

STPE A R, AR BIER s B Yo BERE Bl stbll as OPH1-o
correspoadits thehsamplesinfangs ©98f Figure 7. ThessdatdshawithatitbeOPH expressed

f . i [ g '
as a 0 plcln B¢ TATS sldéroediioe Al erda ket B KEbRRlycb host cels
retainb egganepbospihats ddgradiag adi@ityor at - 20C. 15( C) Sanpl es

corresponding to sanples 1-9 shown in Figure 7 were

tested for activity (Caldwell et al. Biochem stry

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

Res Conmun 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

sanples were sent out to the U S. Arny (US Arny-ECBC,

AVBRD- 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 Streptonyces host

cells retai ns organophosphate degradi ng 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.



