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One primary problem with known methods lies in the formation of inclusion bodies
made of aggregated proteins in the cytoplasm, which occur when an excess amount of protein
accumulates in the cell. Another problem in recombinant protein production is establishing
the proper secondary and tertiary conformation for the expressed proteins. One barrier is that
bacterial cytoplasm actively resists disulfide bonds formation, which often underlies proper
protein folding (Derman et al. (1993) Science 262:1744-7). As a result, many recombinant
proteins, particularly those of eukaryotic origin, are improperly folded and inactive when
produced in bacteria.

Numerous attempts have been developed to increase production of properly folded
proteins in recombinant systems. For example, inVéstigators have changed fermentation

conditions (Schein (1989) Bio/Technology, 7:1141-1149), varied promoter strength, or used



secreted from the cytoplasm can end up in the periplasmic space,
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Three protein systems (types I, III and IV) secrete proteins across both membranes in a single
energy-coupled step. Four systems (Sec, Tat, MscL and Holins) secrete only across the inner
membrane, and four other systems (MTB, FUP, AT and TPS) secrete only across the outer
membrane.

The most common form of secretion of peptides with a signal sequence involves the
Sec system. The Sec system is responsible for export of proteins with the N-terminal signal

peptides across the cytoplasmic membranes (see Agarraberes and Dice (2001) Biochim



and the cytoplasmic ATPase, SecA. SecA recruits SecY/E/G complexes
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A signature of Sec-dependent protein export is the presence of a short (about
30 amino acids), mainly hydrophobic amino-terminal signal sequence in the exported protein.
The signal sequence aids protein export and is cleaved off by a periplasmic signal peptidase
when the exported protein reaches the periplasm. A typical N-terminal Sec-signal peptide
contains an N-domain with at least one arginine or lysine residue, followed by a domain that
contains a stretch of hydrophobic residues, and a C-domain containing the cleavage site for
signal peptidases.

Bacterial protein production systems have been developed in which transgenic protein



and Technology describes an ABC transporter in
Pseudomonasfluorescens and a method of excreting proteins
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protein of interest. PCT Publication No. WO 96/17943 to Novo Nordisk
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describe eig rlggs@dagghtllgﬁltrgleggjc{n activity of proteins using fusion partners and leader
sequences that are derived from interleukin-1-like proteins.

U.S Patent No. 4,963,495 to Genentech describes the expression of eukaryotic
proteins, particularly human growth hormone, with prokaryotic signal sequences like the
sequence for E. coli enterotoxin. European Patent No. 0 177 343 to Genentech describes the
expression of periplasmic HGH, which can be accomplished through the use of a P.
aeruginosa enterotoxin A signal sequence.

U.S. Patent Nos. 5,082,783 to Biogen describes the expression of a protein such as

somatomedin C, tissue plasminogen activator or tumor necrosis factor from a promoter of at



U.S Patent No. 6,156,552 to Novo Nordisk and describes the expression
in E. coli or a lipase deficient P. inendocina of a modified Pseudomonas
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Bacillus aptiestl and Aventis describe secretion of hirudin derivatives from E. coll.
One of the described signal sequences is the sequence from the O
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of chimePldRAGHINY fig fAeSLaIa1RCe NN dldtd RrlaSdi AT IE- ATk pigfemasisclose that
described in De (1995) FEMS Mier. Let. 127:263-272, 'Qé%r(e iS no
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Publicati(c:;;"lI lﬁ&%ﬂb%g ?cg I[I%E)%rr%l%%grg}il% r-l‘; gnd Aventis describe secretion of hirudin
derivatives from E. coli. One of the described signal sequences is the sequence from the
OprF protein of Pseudomonas fluorescens. The application identified in the ‘662 publication
is the sequence NTLGLAIGSLIAATSFGVLA, which was described in De (1995) FEMS
Micr. Let. 127:263-272. There is no description in the publication of using the expression
plasmids in Pseudomonads, and the increase in expression of the hirudin using this strategy is
only marginal when compared to control expression in E. coli.

U.S. 5,641,671 to Unilever Patent Holdings B.V. is directed to the expression of a
Pseudomonas lipase from P. glumae with a stabilizing protein and preferably a signal

sequence endogenous to the lipase gene.



disclosed signal sequence is MRPSIITRTAIAAVLATAFVAGT. Strategies
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potentially to the extracellular media. An object of the invention is to
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Another object of the invention is to provide a commercial scale system with high

levels of expression of recombinant, properly processed protein.

SUMMARY

The present invention provides improved compositions and processes for producing
high levels of properly processed recombinant protein in a cell expression system. The
mvention is founded on the surprising discovery that Pseudomonas fluorescens is an
mmproved platform for production of secreted proteins. In particular, P. fluorescens
surprisingly produces exogenous proteins targeted to its Sec secretion system to a higher

level than typically seen in other bacterial expression systems, and transports these proteins at



peptide of interest to the periplasm of Gram-negative bacteria or into the
extracellular environment. The invention also includes a P. fluorescens
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homologiRt t§NGOHEFIAPERUAS NEIIJiRehR RREURACH EpRidS, RIdsisd Frsantialihosphate
homologous to, a P. fluorescens Sec-system secretion(sg%ide selected

binding Rrgieit (bp) espretian Sead- emPBIREME RSP a0 dh (HRREY fBTHamgienal. a

Lys-ArgROgiaimama peoRipiein&ise sistan sianatiltonetsmbigdimentiie MUy isding
acids hybridize under strict conditions. In one_embodiment, the peptide

protein sgerstion sisnal spdaiPREEENE REFFRIBESIER; the sequence of a

IPhasehatebydngeRtoRiNdPhaRY SeRIONGWNR prRItdelokahleastqueiie that
acids 2-24 of amino acid sequence: Met Lys Leu Lys Arg Leu Net Ala Ala

encodes 1o ROpHAp ARCIGING 12 ALeSREY Ahali dSTIor AR RS AV Aerelespys feo2 -

fluorescekl Bré Sppahatecesibadiaptide HtediiC!Rinnaidpb) GRS BRSoipIIRebinding
eptide._is at least 801/16, 85%, 90%, 95% or 98% identical tp the nycleic

. P :
protein, agipHRe faBNILD PLRE AEPIER: Rty el bh ST kiR et Bopnother
embodin®@€, Alin@9ei A6 U ECRBCI G B BREi{RROIDNMR)c licANaileh sequence that
embodiment, the nucleic acid sequence of SEQ ID NO; 2 is adjusted

encodes R BERTS G 1S5HRBPS WS ar@Enie T iR 4RGATE: BAMYAERER T @
fluorescdh€ PaPiitcreabaBa6 HPtigesstistartiabyhamiegopsHo I e Asgdbenbénding

. of an Outer Membrane Porin E (OprE) secretion signal peptide having the
proten, GBI U le Bt T3elits 321 R A SEECRRBE AL Lydh one

embodinétf, S8 hivldie doida Mk iliae addivtdic ednlyi Aitmdle Ala Gin Gin Ala Gly
Ala (SEQ ID.NO: %n a separate 7 WO 2005/0%?093.
|

1o 699 SEDOG S 6 TSR RRARAIE o Lk b et hmslesansyto. the
sequencdlE ppnUsihigebileEab P08 FHbpY O reHbltsi on9Bfeptdaticak edlteamino acids

220 o S ST SRR PR A O R R 1,305 e
Ala Gly elielaiarasid Asn Ala Val Ala (SEQ ID NO:1). In a separate embodiment, the
nucleic acid sequence encoding the peptide is at least 80%, 85%, 90%, 95% or 98% identical
to the nucleic acid sequence: atg aaa ctg aaa cgt ttg atg gcg gea atg act ttt gtc get get gge gtt
gcg acc gee aac geg gtg gee (SEQ ID NO: 2). In another embodiment, the nucleic aci&
sequence of SEQ ID NO: 2 is adjusted based on the codon usage of a host organism.

In another embodiment, the peptide sequence is, or is substantially homologous to, the
sequence of an Outer Membrane Porin E (OprE) secretion signal peptide having the sequence
of at least amino acids 2-21 of amino acid sequence: Met Lys Lys Ser Thr Leu Ala Val Ala
Val Thr Leu Gly Ala Ile Ala Gln Gln Ala Gly Ala (SEQ ID NO: 3). In a separate



sequence of SEQ ID NO: 4 is adjusted based on the codon usage of a

host organism. In another embodiment, the peptide sequence is, or is
Woksvapfily homologous to, the sequence of an azurin secrBdUsRYA#D39316

peptide having the sequence of at least amino acids 2- 20 of amino acid

embodimeaty thpsuchistaoitespaaengs ensqding Ahg netideris atileatt §hirr 88 M3 Wey 95%
or 98% iRMEAD foihd-AHAIR CRRQRMEY: Atg!R42 §§Q%@tﬁc%m@ogéa@%tgm a acg ttg

nucleic acid sequence encoding the peptide Is at least 60%, 70%, 80%,

8eC goa AW YCTRsS TRRAREESS (SEREANiHD- Fuensthsermbagiaseb thepuelgie acid
sequenceBTREIG B NES- HG{6RIG1LE10.86 SHIRCH AR HIERAT HMOS HEhiRER D

2}
NO: 6). In another embodiment, the nucleic acid sequence of SEQ ID NO:

Ingarothar csrbe st it PR EdRISRINRRSE DOk oMbstyatindm b g to, the

sequenceSSPRAGER! s LBRAGHY a'iegwﬁaewiﬁgiﬁ uhsiandiaty Romaloaak®Beids 2-
the sea)uence of a Lys-Arg-Orn binding protein (LAObp or KRObﬁE)
20 of amigpsifbRegiEPpAYLBIH A thEReabte YrhPRsta o atilishAdg Ser

Gly Gln PERTIRCAGISERIUONGO: Mt INsbsaraky ehiS dikfeR enbqindiels AN
Y Ala Val Ser lse/lsggla Phe g}ér Ala i@rﬁ%a I?/Iet Ala (SEQ ID NO: 7). In aé,que]flce

encodingsthispspéideris Alifgatote 10ei Weidseudhé erdbangSie jlsntiselido the
nucleic 28fd8R§hR0%0 atftp o8B0 Yaa 32010830 2% A8 W ddeRtiicad d ey eIRiCig cit

acid sequence: atg cag aac tat aaa aaa ttc ctt ctg gcc geg ace gtc teg atg .
get (SEQyHg MOage decuplggbryigesntsbentsikio 28y ?ﬁ%waﬂ?e?fe%ﬁ%@g@ﬁg 61s
adjusted Ui 8osE480 68 PhcESR MK 8 is adjusted based on the

codon usage of a host organism. hi yet angther embaodiment, the peptide

e qneies sebpdinamb bRy ot RBISEER ST teseRyaRHRIY hamsiggous to,

the sequéit: RindingPrate0drsinhplreeiatioMeBp A PRRUIB)2etistibe signal peptide
) sequence of at least amino acids 2-32 of amino acjd sequence; Met Met

having thSRIYRSH Mst At PBINC,RCiF“Set RHATEBE ARCSRALER Frivih Stnion Tyr

Lys Lys p@e Loy Bar hoa A ARM08SeVIBr a1A PhAI8dria RETHSEQR NANBINSHQ ID

a separate embodiment, the nucleic acjd sequence encoding the peptide
NO: 7). o TGRSO RO BRI OH o9 G oA B 1o f least

60%, 708696, BF%,SOAUSI6e, 3tP8YY ekl asBamagrictaci@geacanies atheige aac
CQgC ggc ctg acc etc acc cta etc age ctg ace ctg etc teg ccc gc )

tat a2 aq@ERFILFIE"4 8728 RTHER HEBUTIRGRE BHE PORRTE a&g&%%zr#ﬁﬁc@géﬁ%- 8)-

In anoth&ERBBIMNERH Qs adilsiediiasqipodie SBGoDUsays o adi@std based on the
organism. In another embodiment, the peptide sequence is, or is

codon usggp b haY WEHEHous to the sequence of a lipoprotein B (LprB)

IsSeteliothsighabatipiiae favpeptihe SQauance, abeik|edsitaanilg heidsldgdis to,

of amipo acid s nce: Met lle Lﬁ@gﬁﬂsg Lou It_ou Val !\ileet Géy Lou 8 h
the sequies 2608 0R800 PRoDE A3 SHE) ML AT el PR By the
sequencd\$D afl lehshatnBrpaviiee3n dimentathe ssyatpiccadibtddgtEiscergnoariish Arg
i I 0 0 0 0, 0, 0, 04 | i

Leu Lys L?ﬁrpfgrtﬁggulig& IX_%S th}O’ oéu7 9{% ]?eou/QPhSISL/c(:)l’l Oe{(l)’Sge? fe%r ’?g/ileqleﬂgﬁaéer Pro
Ala Ala His Ser (SEQ ID NO: 9). In a separate embodiment, the nucleic acid sequence
encoding the peptide is at least 60%, 70%, 80%, 85%, 90%, 95% or 98% identical to the
nucleic acid sequence: atg atg atc cgt gac aac cga ctc aag aca tcc ctt ctg cge gge ctg ace cte
acc cta ctc age ctg acc ctg ctc tcg ccc geg gee cat tet (SEQ ID NO: 10). In another
embodiment, the nucleic acid sequence of SEQ ID NO: 10 is adjusted based on the codon
usage of a host organism.

In another embodiment, the peptide sequence is, or is substantially homolgous to the
sequence of a lipoprotein B (LprB) secretion signal peptide having the sequence of at least

amino acids 2-17 of amino acid sequence: Met Ile Lys Arg Asn Leu Leu Val Met Gly Leu



to the nucleic acid sequence: atg ate aaa cgc aat ctg ctg gtt atg gge ctt
gcc gtg ctg ttg age get (SEQ ID NO: 12). In another embodiment, the

W esRsA3l sequence of SEQ ID NO: 12 is adjusted based ®¢THESSHEIAII316
usage of a host organism. Another embodiment is an expression vector

Ala Val e gieiSefed it ASERIRN b B b Iidosersin aabodyuient dberatsiic acid

sequenc® SRUSENY 'Eﬁe%égﬂ&@ﬁcﬁ {bakiso 9y, osyostantiasly, v0mologorstoge, PRRntical
OprE, Lys-Arg-Om binding protein, azurin, wonélll) binding protein or a

to the nygleis asid Segucraibs Afraa, BESHIANRIFRSI RIS $90 F618FC It e starEg age got
(SEQ IDeROodiment, athenkeeiapddithal CaDRisRICaeRINRGRABLIICSHO ID NO: 12 is

) expression of a recombinant protein or peptide of interest. In one
adjusted dafsd IMBRCHRISIEIRS B NOEREEF er comprises a tag sequence

ABAEEUB IR AN RO ACHYREGRION B SRFRRIIPTEIENE O HRiRGCOANDS a P.

sequence for the recombinant protein or peptide. Cells are also provided
Jluorescegsi PeRBYSHEs $r818NRRe SIS STHR 1A citgusRisoditierit (e dg|isubstantially

homolog@@%?%?ﬁ@,r?g%}m ei—'gﬁ%@ﬁirbiﬁdiﬁg {0ReR:, THURrRSGRBS BEG-SYRIBIP protein

. secretion sign ) ed herein. The cell may express the protein in
or a lipogrodsip| BsREBinpgheinOnAreRh A kethisodiRrematcmh e I imptkyafsgbodiment,

the vectb¥ FHHRETESAPHNRARIRIRIRIN Q) HEAEE HlaERERIEN AN OrES bl aelbrblein or

one embodiment, the cell is a bacterial cell, and in certain

peptide of HrdtpReRdintR fae rmbodimend.pthe srRtessIn Bt o Ethes /comprses a tag

sequenc®HiFiRMPA0diY BtEn oM XQUIRIYEdietioallsighsl eandend ¥easteCe¥yuence
an insect cell, a mammalian cell or a plant cell. In one embodiment, the

for the reporpbingnt rgeinaFiBFRESSIN another embodiment, the cell is a
@spuglomanp aedRvBishasiciesthe dipribidhe celdls IRseIEaBaaRRNt, the

fluorescens cell. In another embodiment, an improved process and,

cell eXpregEes RS BropATY UFBIIMBIA/ ‘prdteirireahost ERtEThretaRan firpal as
describedTH¥I@UE NTEIR Hg@luﬂ@;ﬁ éﬁ?r@é@!l&ifai@%ﬁf ﬁh%pﬁﬁ@f@éﬁﬁ&i&@ﬂ@tﬁﬁiﬁd Mn certain
. secretion peptide that is, or is substantially homologous to, a peptide
embodingghi Wt N 6%9 B SRR ST BroiFL A ot outer
cell wallbilglisg: Rt HIAENE HROIDERIA Bhaeekretien ugaah apaabiybiketbilirdents, the
. _recombinant praotein or peptide of interest in a hqst cell. In one, . )
cell is & & FHGRAERY 74 Bkife o < pfigh e Rt o il i eukaryotic
cell, andSaabesraiinncsignal imrytielt|aavadfighad el vty aaroéein in the cell. In
another embodiment, the secretion signal is not cleaved and the cell )
T U FEEl AT SIS AR5 Tho BeRTONSh SRR dhe cellis
a Pseud@nvbadisngrib Asingisie gusatintep iabbllliskepstadbeopadginotiotarest]l.
hi a separate embodiment, a process is proyided for preparin .
P S e o ML S P TR A PR L A R BB H Ry mant
protein i0 a& Jestisyslei secvédiah sifhal impro@MAt 2DORIARORRAS expression of a P.

PCT/US2004/039316 quor@sctEng. This.em o,glintleﬂt iﬁ based on t,pe fid
ﬂuorescerg% Sﬁ'iﬁ%sr%eg} PECIRHsm Peptide thal n1s|,m06 s substantially homologous to, a peptide
selected from a pbp, OprE, Lys-Arg-Orm binding protein, azurin, iron (III) binding protein or

a lipoprotein B secretion signal, operably linked to a recombinant protein or peptide of
interest in a host cell. In one embodiment, the expression occurs at high density cell culture.
The Sec-secretion signal may be cleaved from the mature protein in the cell. In another
embodiment, the secretion signal is not cleaved and the cell expresses a recombinant protein
linked to the secretion signal. In one embodiment, a tag sequence is operably linked to the
protein of interest.

In a separate embodiment, a process is provided for preparing recombinant exogenous

secreted proteins by expressing a protein linked to a Sec-system secretion signal in P.



expression platform for expression of secreted proteins. In one

embodiment, the See- secretion signal is derived from a P. fluorescens
WQe90PdwWever in another embodiment, the Sec-secretiorPSiiaR94/039316

derived from an E. coli %gnome. in other embodiments, the secretion

fluorescasign dhnagniho dimr 16 baeep eRdbeenngalisreeE S /lirsicesmpo@ianproved

expressidiCH1R%oGR! BR S APEIIRIASHE %@&&é@rﬁﬁt Of the Sec-syHisimeapids Sec-

. can target the recombinant protein to the periplasm of the cell. In a _
secretionsgigaalip diereae fne ek Br b4 res LB PR bR 51B,apt rmbodiment,
the Sec-BERIEHRNTHERICLLESIVAY A9 iRglugle e oBiRmmel PHiyiRg tBfbodiments, the

_ recombinant protein from the periplasm or from extracellular media. The
secretionsagnalgnay bsmuiveipihe seetendans eRarpadin and the signal-linked

IR'ieihBhdRRRUNfie d Jro e ihRac el pERBIAIRN GniD BeQRROSIMRD S Bisystem
isolated peptide is a fusion protein on) the secretion signal and a protein or

peptide ¢ranaecbilipferesebineniavetcim osbepeplaiarel tsrelisdba wksyekpdiment,
the expr&gmnt'i@a@g%egﬁowﬁwbm@5&%@&@11%1@@%%@1@@;%&@@%y NI enclude the

embodiment, the linkage between the Sec-system secretion signal and i
step of pHEfIBtOFIeptiBan: PRoReH i tescRap EaigEURisEtEeiuly media.

The SecSighal $:PBE SPRANINGALINEPINEPtERNROHICA HAPREEDHESREEEan be

___recombinant protein in the cell. In another embodiment, the expression of
purified fiipsie. s5lte A prefRrge i Preie oot et s SbRd RaREAr dict eipR protemm

of the seefdkidg RIACRRBLNheHVEPIRINaY iaterieatéx et ansadoyéaléwkignal can
recombinant protein as compared to when the protein is expressed

also be wheawed RIS SuetEoWRignHe IRTEHe FdBERRh o pRsERAsm.  Tn one

embodirRé8E RS $iAk 488 Pebrb G iHEOSRCEY RIACRSSEIbRQIRH]. ahd IO WBTein or peptide
embodiment, the process produces 0.1 to 1 g/L correctly processed

is modifigd taineteass ckearage QlRGISEHHNEE e total protein produced can be
AldgashafnheR, ihapRIEeE)dn Plodics Pp @hnsbaesissdiendiiemdtpbtein
correctly processed protein produced.is at least about 5%, about 10%,

in the cell,,f fBotherIRPodcHL Bt SUEsHOmBFdhSt T YEEBhsRtdR TRYaioduce

active réUQHbERA: ThetoioRINGS Replidaed ipieress BRhbe HitRPewicalllso lead to
. useful protein gr peptide. In one embodiment, the protein qr peptide i .
mcreaseeaa&)é&ﬁw%m&tm%&wmraﬂ5%81368&%6%%&%? 5‘?8§§§1W1"h°“t
the Sec-S&aetgsicsigmalerived from a mammalian sequence. In another
embodiment, the active form of the protein includes at least one disulfide = .
TR i SRR BP BFABH RIGHEREAbItEh ) drEh b SHTE L kRGP sRed SR tein

In anotherh@nBsiteatgBvBhcastopréducesttared ulay Teeapion ppliganskdprotein in the
blood protein, cytokine or an

protease, a kinase, a chemokijne o
cell. T HRBBR) B> DECSTOREOGATEE: S iE AR 20 about 500
g/L. InREbERIBIMMLN,; thtdhaltRIESorrectly processed protein produced is at least

about 5%, about 10%, about 15%, about 20%, about 25%, or more of total recombinant

protein produced.

The protein or peptide of interest may be a therapeutically useful protein or peptide.
In one embodiment, the protein or peptide is derived from a eukaryotic species. In another
embodiment, the protein sequence is derived from a mammalian sequence. In another
embodiment, the active form of the protein includes at least one disulfide bond. In yet
another embodiment, the protein or peptide is a derived from a hormone, a growth factor, an
extracellular receptor or ligand, a protease, a kinase, a blood protein, a chemokine or cytokine

or an antibody.

10



Figure 1: Overview of protein secretion systems in Gram-negative
bacteria. Four systems (See, Tat, MscL and holins) translocate only
W 206588M83nner membrane. Proteins secreted by the Sec syRdysaw4/039316
located in the periplasm, integrated into the outer membrane, or
transported aBREEFRERFRIREHMNOE BHI EXSFUREDUr outer
membrane secretion systems as indicated with arrows. Proteins
translocated by the Tat system are mainly located in the periplasm, but a
Figure feWwntewsdf fRorénugicretarhaysdoeein fGrad-tepaifethartexpdftad bystems
the. MTB system. Holins and MscL only transport prateins into, the
(Sec, Tay sl TR D P R et R RS T B E BISIR secreted by
the Sec nsgstémanes uithtedt &nytie ripiaphmmjnistegededtentoAbisremistionserhiftye, or
vanoor T R A RO Ao BREISEE R s
as indicarednwdthrerdwguRea2eis fiunsdocsed oga iR SBatreyisiane oms tnmitsy Ptavatids in the
. m for pPDOW1122 and DOW1123 are shqwn D §122 contains
periplas i e Rl P B SO MGG SN e
MTB systentalislitiseapbpizal2 dulicratapoit pratiths éushe psidasminlgped hdM and IV

indicates the. predicted sigpal peptidase cleavage. site. Eigure 3: Secre
systems SRR SR Ao BN L0 DI B Bl R s,
Abbrevisampled[R,) foohribl, fisitmepoens &) ragsimanepintsrp JiFSg&igo(p@rdvy segegtion

e TR0 B U o

] soluble (S), insoluble (1), and cell free culture suf%ernatant (SN) fractions
Figure % sRofareeserhealmoishtadiotu tarstiside & Adinsa s totaBPE N3 172 and

Dow110¥igRteFRRIqQ fhanly T190rechidmeies ST 2hReidsa L dhEoClid sequence
~Shown is a picture of a western blot analysis of Gal2 expressed in the _
shown in Bt pREBO o3 conjaims i o Prsnl o prigad saunorad iqgnsaee shgwn in C).
The * inBIOIRUNIR hednsalubladapadmelible i fastions. Samples taken at 0
(10) and 3 hours (13) post induction were normalized to A575=1; 5ul
were loaded on a 4-12% NuPAGE gel and run in_1X MES buffer. Fi%ure

Figure % Secifg sxpionvien SEERRon e iateticrp Shidrestdhanalysisgsxhole broth
samples 3GEPNEN PSEMInNeASUER el Qe \ofsplaiad fgﬂDWﬂ'hQF&i? #Bp:gal2

or large scale (C) fermentations. Activity is expressed as absorbance; the

(PDOW Liibody WA dilvdonictahete b ntiovrsdaafed AR d fepa Bl el aid run
in 1X NEOFOWRL WRADMUOEIIIDPoMHISINARIAZR figuir Gelepertadhlture

expression of anti-digoxin scFv. A: shows secretion in P. flugrescens at
supemafﬂ{é

§ARReTHRSLIONt dfe SO VER dit s cEPEHRRAHAE . HoRLiR etk AgERalized to

A575=36CRiendMatanRIes Wy genormalized to 20 OD (OD575 for P. flux rescens
and 0D600 for E. colt). The samples were run on a 4-12% BT gel in MES

Buffer. S=soluple, I1=insoluble. The numbers are post .
Figure 4: Expression of pelB:ga?Z m E. coli. Shown ?s a pEctlEJre of a western blot analysis of

Gal2 expressed in the pelB:gal2 (pDOW1138). Arrows point to processed and unprocessed
protein in the insoluble (I) and soluble (S) fractions. Samples taken at 0 (I0) and 3 hours (I3)
post induction were normalized to A575=1; 5ul were loaded on a 4-12% NuPAGE gel and
run in 1X MES buffer.

Figure 5: Activity of purified scFv from E. coli and P. fluorescens. An ELISA assay (A)
used to measure activity of scFv isolated from small scale (B) or large scale (C)
fermentations. Activity is expressed as absorbance; the antibody and amount are listed below

each bar. An average of three wells is shown.
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induction times in hours. Figure 7: Western blots of secreted anti-digoxin
scFv at the shake flask scale. Panel A shows P. fluorescens expressed
W@ R808iP8IM3 panel B shows E. colt expressed protein. SampleBGA8{82004/039316
normalized to 20 OD. The protein is 100% insoluble in both constructs.
S=soluble, I=insoluble. 0, 3, 24, 48 represent time post induction. Figure
Figure 6:SecCotepanisoessibyielkionbtdigeniecaBiruts Byontrasision éh dhtildigeseans at
Ev. Q inslydis ) I
the shake b e e e S S Sl e
normalizepdet3ADRLEPRST 2deh B ofisrattane radosdRE00THE B. fiabledbersgmples were
run on a % ﬁ%e%‘ioggir%tl{?l%@\ﬁ&ﬁéz 04 HBIE, CRARURBRS MG (RRAANLLL A post
and secreted (pDOW 1153) constructs were examined. Arrows indicate
induction tiraemigraeits. of processed and unprocessed secreted scFv. The BSA
standard curve is run as follows: 1, 0.1 ug; 3, 0.60 ug; 5, 1.529 ug; 8. 1.85
ug. Figure 9: Activity assay of purified of anti-digoxin scFv. On the X-axis

Figure 7: aMssiarn plossteb ssaretsdrinticizmitrskivsahihs serkaifiasy ppoviangl 2 shows
P. ﬂuores9919¥¥ & HRRW It nRP Y RRRS ANSIBo R AP BN PO YN0 vere

no protein (negative). On'the Y-axis are absorbance values. Error bars

normalizefegpeéht@Randdr BesiRisiols of AN Cueelshippias bpthurengiupke Sggoluble,
I=insolubRI N Magdndhiced afigl-4bAoHERGIgrowth with 5 mM benzoate. An

uninduced flask was used as a control. Cells were har-vested 12 hours
post induction and the proteins were separated into soluble and insoluble

Figure 8:fGommasisgme hratidracivers sopaiaess by guanibafeueiast-¢igpxin sckv. 10
uL of eaclél%ﬁg%ﬁcﬁﬁ{ @A%H%H%M%a&ﬁ@d ARPEVIBSONS PR Bsd run in 1X

ollows: I, insoluble; S, soluble; MW, molecular weight; MWM, molecular

MES Buf{gei§rmplapdpmriydre4.150hans prstisehissionclor srehpropesuevfyloaded.

The P. fLIPRIOSRSSRLRIBIIRIR: HTTWNgS Setvenge sonr SOV 1152)
sequence (top) and sequence identified by MALDI-PSD (lower). 12 WO

and secretpd %@wsﬁgmwm%%m@. @WW&B% SHLIPIEE

of procesSAPAAHAPrOf SUMIE-AREHIBSIU TR 3390 188 AP RIAG WMDSs follows: 1, 0.1
transformed with pDOW 1123, grown at 37C, and induced with 0.01mM

ug; 3, 0.69presdid e Pashive®ediirol, DC265. Lanel-soluble DC265, lane
2-insoluble DC265, lane3-SeeBlue Plus 2 ladder, lane 4-soluble

Figure 9:JNGRYPRQW 34 3y faeop-dnackibieid)ddI80/0 @W %1235 arels@hiples tested:

200D normalized sample was loaded into each well. The 4-12% Bis Tris

purified sgRy et a0 SEUBRUMRR M S e rerRE VEblainer RN i e rtonal
anti-digo:WMRIBWE GRS BINet i i kdinl Niageailve)S I0a-BAGE seRaiadiaBsetbance

insoluble samples from the E.coli strain. JIM109 transformed with pDOW

values. Erqnbarsshrensabafaiae iileB B el AP SPC. Lanes 1-3, 10 uL

of the insoluble sample. Lane 4, 10 uL of 1:20 dilution of the positive
Figure 10: The Skp protein was induced after 24 houars of growth with 5 mM benzoate. An

uninduced flask was used as a control. Cells were harvested 12 hours post induction and the
proteins were separated into soluble and insoluble fractions. The proteins were separated on a
4-12% NuPAGE gel (Invitrogen, Carlsbad, CA) using MES buffer. Abbreviations are as

follows: I, insoluble; S, soluble; MW, molecular weighht; MWM, molecular weight marker.

Figure 11: Amino acid sequence of the processed an.d unprocessed Skp protein. Underlined
sequence corresponds to signal sequence (top) and sequence identified by MALDI-PSD

(lower).
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control P. fluorescens DC265. The 12% Bis-Tris gel was run at 200 volts

for -50 minutes in Ix MES buffer and stained with Novex(c) Colloidal Blue
WE280/6820%igure 14: Image of a SDS-PAGE analysis of the p@Galasaned/039316

samples from the E.eoli strain JM109 transformed with pDOW1 123,

induced at 0.01mM IPTG and grown at 37C. The 12% Bis-Tris gel was

Figure 180R{£30Y,18hH$8 Aities it ertidiiiaasisiaiped v i N ddaring
Colloidal Blue Stain Kit. Lane 1- 10 uL of a 1:20 dilution of the DC26

TM109 tigpsfaraebritbpANYE 12, srouin 3eApThs fid SHRERE. Wi O MR faigethe

positive SSAVETETEENEIIE 1iREIHUYS, iR01BIC RBR: PRINSSTIC3 IREHIRS Plus
of a 0.01 mM IPTG-induced culture of IM109/pDOW 1123, grown at 37C.

2 ladder; tage 4=50fhie IDEEYRR OV 12341mme Trinsgible MDY RO WAE23. 5 uLl of a
200D néfﬁ{m‘%&%@ﬂ@img%ly&%a%ﬂf chcRWHIBSR ¥OItB, RN TRHOBECW Y un at 150

_anti-His HRP. Lane 1- 10 uL of a 1:30 dilution of the_insoluble portion of
volts in txdVHES bwes dprot Oaimiss shen styngdevadiarinta 8iys Sefnetany o uL

of the insoluble fraction. Lane 4- 20 uL of the periplasmic preparation.
) DETAILED DESCRIPTION The invention is based on the discovery of
Figure 13 dragighofia SRS @H ssparpionmidnsshire sippls Enmdsfedl ghen

TM109 HANGBHABPFANI RSP NEL PeRIdRISEAVRAEES.0THAEGr BOIdS SRGAMIAG7°C.
S|gnaé£ept|de_s, vectors and cells mcludw;i nucleic acids encoding signal

Lanes 1-3¢ i0 4é- oé farsineeiinraws- demset Hom- 9Pl Al siddiemeldhsaagivthat
control Z3NL6RR2AEEDE3 N ARODIDBHNGi P kel b3 2004(393 s F8EretPmialifes in

protein or peptide of interest when expressed in conjunction with the
Ix MES bujferrad Supedeiimryss® droleckd Bise sigdiig high levels of

properly processed recombinant protein in a cell expression system using
P. fluorescens derived Sec-secretion signals are also provided. The

Figure 1d; Impgnab i e ggatsts thdbepsrpiasaresamplss fiptdied ol strain

TM109 tRiadfermd@t/ip Mmoo o8 sivduirly AT0PTeENMIPINPardCtia Pt 37°C. The
. flugrescens produces exogenaqus proteins targeted to the Sec secretion

12% Bisg{uinplin as CoralctPpYol B sstiomticn MERMETE PR 1RsS 4y Neur®

ColloidallBHREStHIadEr i Al BXression systes danddhaspeTxIbespoRigieibsnalo;
higher leve] to the periplasm of the cell, leading to increased recovery of

lanes 2'4&%&%6’8@?@&“?&?@% nant protein. Therefore, in one embodiment, the

invention provides a process for producing exogenous protein in a P.

. fluorescens cell by expressjng the target protein ljnked tg a Sec secretion
Figure 15t .uﬁlar%sog@é’ﬁ’ﬂ%@i%‘ﬂéxf é}%[i’ﬁs%?é‘f l?{ﬂéi”i‘é %ﬁiﬁrlgéé%’d’(f?ﬁ%%ds

fractionséfer @dVanlagRT (Pincareinaikint S O8YPIOONEPLEE; Sanch e 37AT:STHE
samples SSPRISON I b ictenal BXpIession syseme, 0BRGN B for
hour at 30 volts, then probed with anti-His HRP. Lane 1- 10 uL of a 1:30 dilution of the
insoluble portion of the positive control. Lane 2- 20 uL of the soluble fraction. Lane 3- 10 uL

of the insoluble fraction. Lane 4- 20 uL of the periplasmic preparation.

DETAILED DESCRIPTION

The invention is based on the discovery of secretion signal sequences in P.
Sfluorescens. In one embodiment, the invention provides signal peptide sequences, nucleic
acids encoding signal peptides, vectors and cells including nucleic acids encoding signal

peptide sequences which are derived from a P. fluorescens organism that can enhance
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expression system. P. fluorescens encompasses a group of common,
nonpathogenic saprophytes that colonize soil, water and plant surface
We@IrAI8A8Ats. Commercial enzymes derived from P. fluores®€dsUsa¢et/039316
been used to reduce environmental contamination, as detergent
secretion QfRIRFGEAN A PEDFdEcPE HuETastivh Ry aRBIpsssd M fRaseting withsheBeqiein or

peptide. W&H@P&c@s%@%?éagé&%ﬁ@“ﬁi neeagrb%mgamsp@&@ég!@&? BdtSnbinant

__ entirety by Dow AgroSciences in the late 1990's, began expressing
protein in geelhfixPressipR SERIPIIRG AR P esrssrededird pemes paigtiapgignalsere also

provided. filed its first patent application_ on the expression of the Bacillus
thuringiensis toxin in P. fluorescens on January 22, 1985 ("Cellular

Therpxgafipatisrilse tielsgresriionitat &) Merwéan 1083 ARwryed, platform for

productioVHCPIE PRI IAMAI R PEEBERS; ASMBH.28/RPRS 8RERPARISSnous proteins
capitalized on the agricultural use of P. fluorescens in patent applications

targeted tetheSercuGEslinnonsEsndRA, sRsEsHyqarEstehdprabdRial toghss, leyel than

typically s¥&l RSoRSBESIS TG SRMIENFES G AE RaiHRANIIYALIBRIRIROBRR B her
expression of these. DowPharma currently has several pending patent
level to fhspmeaideiann dhethrescds Usading tquBiasesds irpritiicofe ipEgaessed

recombindOfRsin® Cih&RRlicatia O SmBEAiIBRD6 88 Sranei VR pRVRRR94 S i8cess for
_ Dow Global Technologies describe extremoyzme over-expression
producingsexagaReys BMRIR Psadadinerriaspelinyanpessne daedagd aqiein linked
to a Sec sét266basfaast.cells. The publications generally disclose the expression of
the extremozymes in conjunction with a signal peptide but specific

It hashesieeeexieralyt drampstiateth dhat st S stdsgimmnr atim e dumatages for

commerci&HREPOEsFINSETHipided WA 2005RSH0RB BsmbetiD MO Bhhe Gdcterial
ublication No. WO 03/089455 to Dow Global Technalogies, filed April 22,

. P
expression GYHCmit &Y PAREEYst P OHAEEH ST S hRRRsgRELRGE &5 fhAdyaptageous

expressiofN€¥RE0T Prodyningsemallpeptigasssuch soanthnickizhpeptidepaditogenic
contatemeric precursors in Pseudomonads, specifically P, fluorescens.

saprophytes,thaf, galentrs-S b ofEles IR RIZptSULiare FVdRRREHS ricC BEpRaksia enzymes

derived fe@RWNGIRbYiEENE SignalitRentidedubspatilie seriveneesntlE salistlages, as
PCT. Application No. WO 04/005221 tqQ Dow Global Technologies, entitled
detergent -gdditi¥ete 4f Afmréﬁm?#dﬂ&%uélﬁ%mrs--& HOEBEATD AR dfs0 used

agricultur@dfhiaadattinshiBidenfronraiess:irommich fivgy esgane e Baietdy by Dow

._prokaryatic fermentation systems. The publicgl?gon discloses.the inclysion
AgroScienges &g JaiddAWith MREPOTIBIES S K58 @%%;a%@&&érﬂf&eg}% m P.
Sluorescer3Oindibelased JRentiges frons embeodisienipititolatesh PREtASssion of the

) rovided, with an amino acid sequence that_js IS §‘|¢b tially )
Bacillus (e BHRT 4 P A T P S L) O Gippsulation of
biologicalgrpticidseie ditvieem19 §5aspata ividiogdn; diainirbw) AgaseStensignas, well

an Outer Mem rane . . .
as other companies, capitalized on the agricultural use of P. fluorescens in patent applications
on the production of pesticidal, insecticidal, and nematocidal toxims, as well as on specific
toxic sequences and genetic manipulation to enhance expression of these.

DowPharma currently has several pending patent applicatioms in the area of use of P.
fluorescens to produce recombinant proteins. PCT Application Nos. WO 03/068926 and WO
03/068948 to Dow Global Technologies describe extremoyzme ower-expression systems in
which Pseudomonads, specifically P. fluorescens, can be used as host cells. The publications
generally disclose the expression of the extremozymes in conjunction with a signal peptide

but specific sequences are not disclosed and there is no recognition that the cells are superior

for secretion.
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Porin E (OprE) secretion signal, a Lys-Arg-Orn binding protein secretion

signal, an azurin secretion signal, an iron (Ill) binding protein secretion
WQa108M93 lipoprotein B secretion signal. In another embo®GIERS2804/039316

isolated peptide with an amino acid sequence that is, or is substantially

PCHonidibersinntdioa PER, GHRBIS RO Brtang ssiowelpeissuriledoArib) 22,
2003, entiﬁgad*@g@t@@mz,@uuaeﬁr&f@ep%&&@r@é&ﬁﬁégraquv% REY iR BN Ytroducing

embodiment, this isolated peptide is a fusion protein of the secretion

small pepligighatuchons proteierohipeperitdss. At<ieuptamerie RietBeRmcR, Raergdepinnads,
specificall§RUEALS S HAL IS B IR AN QBRI CBRUSBrediB P QYNGR Htheric

__phosphate binding protein (pbp) secretion signal peptide of at least amino
peptides iheqmiungtion yethe sigpalmeptide hubepesi i scnnsnres maaoy Siarioasd-Glir

pCYal ABHALAR N We Voh AR FQIPING: BhidPanehehS gém%ﬂgﬂed

the peptide sequence comprises at least amino acids 2-24 of SEQ D NO:
“Benzoatejang Anbwblatshipdurhintrateqbest deoyidpidirasoaionep sstixanilpie dnducible
promotersCESFRQAD MHfrekcHRichiS dpncRIBAPYbkdrydift FePachtBiSGnCsidems. The

~_ amino acids from the amino terminal but retains secretion signal activity.
publication,discdenes b\ BsdnsientofifesiEpireriidriibdhe prometesy Buusrasificagignal
sequencesHPRIPERER s, the sequence of an Outer Membrane Porin E (OprE)

secretion signal peptide having the sequence of at least amino acids: Met

) Lys Lys Ser Thr Leu Ala Val Ala Val Thr Leu Gly Ala He Ala GIn GIn Ala

Peptides )y Ala (SEQ ID NO: 3). In one embodiment, the peptide is, or is
In pepRIRRS BBt st sakitadnsatitads provided.orth iy NORS aRidseevsnce that

is, or is ﬁm%ﬂ{mﬁ?thg}ﬁol%éc}ﬁ/sotgpgqs%gﬁzfng; WQ.Q@Q?’gééﬁsﬁ?ﬁﬂd@ecretion

sequence comprises a truncation of SEQ ID'NO: 3, which is truncated

b
peptide sclpotedfiqres RBOTPRLD DEHHDERHILEHR)PeFTPiR SifNib ferrigmYiembrane
Porin E (@%ﬁ%ﬁ%&‘?@ﬁ%ﬂoﬁéﬂ?@ E?gyﬂ}'g—@nf"aﬁlﬁiﬁ@?%%ﬁpge@@tﬁﬁp iglehof 36 Qzurin

|

O: 3 is modified so that Lys at position 2 is_replaced with Tyr. In one

secretion @ggbin&en HEandingarsiety focketon sighsbanbd YpenePiHn Bt secretion

signal.  Position 5 is replaced with Ser. In one embodiment, the peptide of SEQ ID
NO: 3 is modified so that Val at position 8 is replaced with Leu. In one, )
In apetisdigTBPRtmSHe pidiokted PepiidaNtiisa FdpriRt St aignpS) thet is, or is

substantiaﬁgﬁ'i@ﬁ{bﬂf%(ﬁé' eBlagemyvithpyR! and-Arg.dropRdatBaeaN atheiReRYEE(IIT)
o of SEQ ID NO: 3 is modified so that Ala at position 14 is replaced with )
binding pxpigin g e lopoERRt SasEcHeBignst SEryiicd: Inonsosmhedinsng; this
isolated pdiftiat ROSHRM IR btIBRIPARAVIB o8 Wi dh-2RRdhehRRRRPSH PR BR S interest.

peptide sequence is that is, or is substantially homolo%ou_s to, the
In gag gaRatiora, A6 RAPSIC TP RIS Ha IR At HatiRgitREdey domelesaits to,

the sequen€arApRspAGd BiMBiPPRMBIA Sl eciabhgidal Peptidn but Thisk Qhino
Ala Ser Gly GIn Leu Leu Ala (SEQ ID NO: 5). In one embodimen

. th
acids: Meb%ﬁi&@"tgﬂbgr‘i‘g% B%Mﬁbﬁ%at la MefsThrhihe, Vgl dila Ala Gly- Val tAtlaeThr Ala

Asn Ala Val Ala (SEQ ID NO: 1). In another embodiment, the peptide secquence comprises
at least amino acids 2-24 of SEQ ID NO: 1. In another embodiment, the peptide sequence
comprises a truncation of SEQ ID NO: 1, which is truncated by 1, 2, 3, 4,5, 6, 7, 8, 9, or 10
amino acids from the amino terminal but retains secretion signal activity.

In another embodiment, the peptide sequence is that is, or is substantially homologous
to, the sequence of an Outer Membrane Porin E (OprE) secretion signal peptide having the
sequence of at least amino acids: Met Lys Lys Ser Thr Leu Ala Val Ala Val Thr Leu Gly Ala
Ile Ala Gln GIn Ala Gly Ala (SEQ ID NO: 3). In one embodiment, the peptide is, or is
homologous to a tleast amino acids 2-21 of SEQ ID NO: 3. In another embodiment, the
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2-20 of SEQ ID NO: 5. In another embodiment, the peptide sequence

comprises a truncation of SEQ ID NO: 5, which is truncated by 1, 2, 3, 4,
WG2@)5088093, or 10 amino acids from the amino terminal but ré@ElHgS2004/039316

secretion signal activity. In one embodiment, the peptide of SEQ ID NO: 5

peptide SeqHHIEONET iNFaRAREIECRI SO RO NAH B Whidk i deswatehtyel-Ard 4, 5,
6, 7, 8, Plola0Akgidd LR6:aRRPHINSAint R RRIMBATRER IRNGLR omadifiedty. m

so that Leu at position 5 is replaced with Ala. In one embodiment, the

one emhodingatothsarpiiof § WY o itharodiies: o 46 a5 e cpsition 2 is

replaced WithAldr. IMOBS 2BedIMER! hepsitid s S I DIRDIQ: 2 180 MRHILARR Thr
that Val-Ala-Val aéggsmons '6-8 are replaced with Ille-Ser-Ala. In one

at positighnpdgirelicohavipépiite ofstmo mkRdimeRinibeinertids HaSEQ R NO: 3 is
modlﬁe@eéltm d1igirpplases SWE*}elTb%ééﬂ%ﬁlﬁﬂ'éide B RERLde qfasf%ﬁlde of

D NO: 5 is modified so that at position, 12 is replaced with Ser. In one

SEQ ID%%o%%@?@lﬁf@ﬁ@p%ﬁ&%ﬂs%@oﬁeﬁlml%%%wﬁéd@@twai 0% Arg. In one

embodnﬂaﬁltme ﬁNéptﬁiee&ir aned yithibey o Bbeideaskrmbadinentithe pertide,plced
O: 5 is modified so that C&at position 16 is replaced with Ala.

with Vahnlaﬁ@%ﬁaMm@ﬁf the rpeiiiriel D N S ismediBetraitay #rtippsition

15 is repBide@siiNLb4.is replaced with Ser or Pro. In one embodiment, the peptide
of SEQ ID NO: 5 is modified so that Len at(g1 osition 18 is replaced with

Iwam%ﬁ@%ﬁ%@&nﬁéht: RRRtidesaaReBrSE GMbiNer 1§ bRl howelpsous
to, the sé@iénbeWRIDRSHANStshaedanRpadd i Mal theediABOHLAt least amino

embodiment, the peptide sequence is, or is substantiall homologous to,

acids: Mgbrhedlakusdrey KA. Al BHSsHb LS fh (PR A (RRHp)Len Leu Ala

(SEQ IDSHCIGBPnIﬁ'&ﬁ@bﬂ%ﬁﬂﬁeﬂﬁﬂﬂé@éBﬁmUSﬂiﬁqﬁﬁﬁﬂ@@ﬁb auneagigsindelkids
Gln Asn %/r Lys Lys Phe Leu Leu Ala Ala 16 WO 2005/089093

2-20 of P JH W02 B8 H §PAdEREThdPA RS SRPATSOrFRTARKI AR Afgication

of SEQ [BE®IB Nidiioh isreneecagdimers, hes, motide 6.0 aHhsteatiadirom the
homolj gous tp, amino acids 2-23 of SEQ ID NO: 7. In another

amino texpBahHERHAAS SSEFRIHD SR ACE L SRS STORUEMA, dhepmtits RESEQ

ID NO: 3,iwhiehiffedrstnaaietiyy Alaat podithorb2 Gnd, Dagy ﬁb@laéem%ﬁlqigdrmmene-
erminal b treta| nal act|V|t n et another

amino on Si
amfb?}aﬁﬂ@meme i o eczf&%e%éeﬂ% {055 dnpadif [ hRHoSYFhPesition 3
is replacﬁfdﬁv@ﬁﬁ! UﬂﬂcﬁlerdeﬁﬂfbﬂhEBdﬁm@H@Q}Eﬁ@lﬁmmm)ﬂm}ﬂ;@c@ﬂ@m@lﬂﬂ@li so that

tide havm e of at least mino Sp,
Val at pRERORH LTt ot B & 6 OO SRS is
modified Gié Tthed &lhl-AlaSes1P o /f;lmﬁtmhis-Sem(eSE@luaed\I@u&) Ie-®eeAla. In one

e R B BBt SN P I  O0 e

with Ile. iﬁqmmbodmmemaﬁspndammsm BB QD NOnRdiftia s dsiey Teatechbbyition
12 s rep}gcfg%gli]égeerngﬁ %rilg neé)ilQ%%]qo amln&e pléjpsuge %EEQ%BI%JE% rlrélrr}%gﬁgd so that
Ala at position 14 is replaced with Leu or Phe. In one embodiment, the peptide of SEQ ID
NO: 5 is modified so that Gly at position 16 is replaced with Ala. In one embodiment, the
peptide of SEQ ID NO: 5 is modified so that Gln at position 17 is replaced with Ser or Pro. In
one embodiment, the peptide of SEQ ID NO: 5 is modified so that Leu at position 18 is
replaced with Val. In one embodiment, the peptide of SEQ ID NO: 5 is modified so that Leu-
Leu at positions 18-19 are replaced with Val-Phe.

In another embodiment, the peptide sequence is, or is substantially homologous to,
the sequence of a Lys-Arg-Orn binding protein (LAObp or KRObp) secretion signal peptide
having the sequence of at least amino acids: Met Gln Asn Tyr Lys Lys Phe Leu Leu Ala Ala
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In another embodiment, the peptide sequence is, or is substantially
homologous to, the sequence of a lipoprotein B (LprB) secretion signal

W pdBMa¥ing the sequence of at least amino acids: Met lleRGE A2PE39316
Lou Lou Val Met Gly Lou Ala Val Lou Lou Ser Ala (SEQ ID NO: 11). In

Ala Val §geMehidadihectar e pepida Mebpia RBXIRMNE: fdntslene embedimenie the
peptide i§§8¥§¥s‘ﬂt€s%§59 3 gl i anpthe %@i’@f@@-@ﬁ‘@f‘ﬁﬁbe[ﬁq{?@q In another

sequence compriSes a truncation of SEQ ID NO: 11, which is truncated

embodinpgnt, iespeptisies sqqupnoe HOMPHEHE dEisation hSERIAD tdIRiinAl Biich is
truncated@}§iNs Segratian signal actyfitygnissrriaterRPalimeite thenseaiali@etains

. signal is a secretion signal derived from an E. coli protein. In one
secretioneHElARYILYthe secretion signal is a native signal sequence for an E.

IRYEARIYRS BEEEHNIChL TRSSBRRENRRGIRS B ola s & A BPE AR 0logous to,

protein. The protein can be a disulfide bond forming protein. In one
the sequgnsesHiateienHEDRjudineeneotria AEFUEL] shreicsr signel pentide having the

sequencSBARENCAR RRAIRINSiiCh M ENKP IR U8 ASIOR3h PERLIS] 10/stN®sSSEr Leu Leu
pathway generall}i consist of the following three domains: ﬁé) a positivel

Arg Glychttdil AR diBhL ) 9 MBEIahLBhToFPSRE R1F A4 AMHEHSCIFB(SEQ ID

NO: 9). pﬁ'%&e&ﬁﬂ&aﬂaﬂ,q@@gm@ﬁ@f 1heubignal Pepidaradsdesaiediin 8cids
c-region. However, the degree of signal seqtuence conservation and

2-32 of $EQHP N1 Hsanthae sibhgdisment danep tidsSeauS B EREH Wit tEHcation

of SEQ BNoMiND, g Gefy SRR HGNBY Jequenae sag), fog esamplg . Jaa@ Ncids from the
sequence that is identified by using a computer program designed to

amino tepaiihPUbT T SSHGHAR Sigheh 8 YHY- SignalP program or as described in

Hhidiesthet aikd@Rded UBleieAid SeRR808 603 2 (WBRRBEVES homologous to, the
issue):W375-W379; available on the internet at URL;

sequencfh 9 HARRTRIFENR; G} RREPDE0SIERYTRP BeTan® e Gsguaise of at least
amino aé¥@gMBCH 3R ABYA ASTUSEDNEVRIMIREGEf MethANCIRY Qs TRuBEAAS (SEQ

either i) a protein oy, peptide that has .an aming acid sequence that is .
ID NO: é&gstahﬂaﬁmhﬁ%ﬂm@& RTBERUASHS P50, BESHAREHY JO9OIEYES I amino

acids 2-PBYY) $Eha3eqoente ¢hagives eHiibaiRsateopaaRtidegichtBalomprises a
retai%s%a desired function of the ori inalnlpt)rotein or_peptide or ii) a nucleic
At

truncation.od e S d s ddu St Hat o aitysitnital(i’e at Bakl 88950 acids

from theGb¥no/ ¥midblbubRWMIBEYer&5% s a6t P90) to the sequence of a
iven nucleic acid and that retains a desired function of the original nucleic

g
%&&?@&I@ﬁ@q QY the BB 5t riechstion erahdrticd Jiopean £
coli proteiiy dischasashipssieitntpeidecatiodaRitadidcanhe sipslitiqebnithfer an .

., .homologous or substantjally homologous protein, peptide or nucleic acid
cols deriycd RRiShn. 0 ERONGRH, e AR BB sl Ao BHGH °2n
be a diswfidechsakd Sorigingieotainy Mivokeicatiodisndissdredqiishruldhbaadstisegibnce
that the invention also ir}lclude all nucleic acids that hybridize to the
of an E. Gelr.phapgrone protein such as a skp protein.
Signal peptides for the sec pathway generally consist of the following three domains:
(1) a positively charged n-region, (ii) a hydrophobic h-region and (iii) an uncharged but polar
cregion. The cleavage site for the signal peptidase is located in the c-region. However, the
degree of signal sequence conservation and length, as well as the cleavage site position, can
vary between different proteins. The secretion signal sequence can, for example, be any
sequence that is identified by using a computer program designed to identify secretion
signals, such as the SignalP program or as described in Hiller, et al. (2004) Nucleic Acids
Research 32 (Web Server issue):W375-W379; available on the internet at URL:

http://www.predisi.de.
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nucleic acid. In one embodiment the amino acid sequence of the
homologous polypeptide is a variant of a given original polypeptide,
WaHerdIBPt9@ sequence of the variant is obtainable by replaciRflii/t39e/039316
about 30% of the original polypeptide's amino acid residues with other
Sequencgpmdes¥ residue(s), including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

APuddd HefeilS tHherh? RdmSRogdls 24 BearSelilerdPa HoRmN%p eﬁﬂ' Quigee has

that the substituted variant retains a .desjred function of the

an aming 3eid SEAPRNCK (hatansubsi Al IRrs Ghstdhteat dNaohy ¢ Ow?ﬁ)%e 8376, 90%,
95%, orl98%h)ab ek IQpRheMsHiageHter bR Aiyendan ¥PeabiEes Sid that PetBsdesired

90, 95, 98, 99 or 100% homologous, In one embodiment, a variant will be

fnctions i 1he P gioakitaratedr o ARRILIS RN EoRIRE DAGIAAPBORASeRaauSRE that is

substanti&T sTHHIMAYeS URSUHILESDYATEE%, TRANF S 00! EOWATUNG 95RO DBYs) to
the orlglnal polypeptide,_ different residues that are_ "similar* amino, acid

the SequRGRIAES SURNTLIORS st FRWMIEHFIBEAIP AFRTEh R RS o fifprieinal mcleic

acid secquiéRSHIULIRNS! OF WeeehiRi@imethe iR  RilaiomMHRNIAIRERISR MayidiMddsed
which each of the different residues is aqglmllar" amino_acid reS|due

protein, et MHEIFISeACH tFRL o EBRS TS AR AP OlNeTS g sRRstptially

homologtRrrisdhosR padid @@alﬁmlar@cmqma@@f;]@ayd@meeaf thectibn. " In all of the
conseryative or semi- co vative gr ups show n Table 1. Table

embodirgenia 1 AWt 9 VEBHOB ALLRRITTEEFo daﬂéS%a ed it should

be assurR@dNth&ians iR ilPR A8l hMEléircg ad;lﬁs thus b&&i‘mdﬁla RstheAliftlosed
lu, GIn 18 WO 2005/089093 PCT/US2004/039316 Asn, Gin lle, Leu,

. G
nucleic ‘i‘?é%’lle, Leu, Val, Met, Phe Ala, Gly Ala, Gly, Pro, Ser, Tin Ser, Thr Ser,
Iﬁhbn&')&nlﬂiﬂﬁiﬁyﬁﬂ:’ﬂﬁ diffind \cidyse(ienceystinky, fandlygdmopatyptipide is a
r, Thr In one embodiment, at least 50% of the s itutions will

variant g8 g8 DS SR ROAY <UBS RN Oe RS FL AP amable by
replacingullqﬁlwtjﬁlﬁscymﬂ31)?/§©lﬂ1tm06ﬁgfﬂﬂtlpel}@ebﬁﬂﬁﬂl@ﬂﬁnd)l‘laaihafemdues with other

i sGRRSSET" 555 5 o e 051 AIGEL L5 P 1,
20, 21, 2PPERIAS wrw@rszamze amian 3o prbstuditas e sustiwtcdwhddinemdins a
desired %ncm% g? tﬁeoc];rgrg]?ng chIJ r %Bt%tltu}\oyasng\ﬂ!tl %Egl%ae{cxf' with substantial homology
will be at least about 70% homologous to the given polypeptide, or 70, 75, 80, 85, 90, 95, 98,
99 or 100% homologous.

In one embodiment, a variant will be similarly substituted or a similar variant of the
original polypeptide. The term “similarly substituted variant” means a variant containing,
relative to the original polypeptide, different residues that are “similar” amino acid residue
substitutions, but in which not all differences are “similar” substitutions. As used herein, the
term “similar variant” means a variant in which each of the different residues is a “similar”
amino acid residue substitution. As used in this context, the term "similar" amino acid

residue refers to those residues that are members of any one of the 15 conservative or semi-

conservative groups shown in Table 1.

Table 1. Similar Amino Acid Substitution Groups

Conservative Groups (8) |Semi-Conservative Groups (7)
Arg, Lys Arg, Lys, His
Asp, Glu Asn, Asp, Glu, Gln
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conservative amino acid substitutions, with the remainder of the similar
substitutions appearing as semi-conservative substitutions. In other
W@ABYHosAEAts, at least 55%, or at least 60%, or at least 65% POTAIS2M4{039316
70%, or at least 75%, or at least 80% of the similar substitutions will
Asnghear as conservaive amino acid substitutions. |n one embodiment, a

Tle, PERSYUIET variant vt b SPRiayyapaat of agiven original polypeptide.

Nucleic Acid Sequefhcés The invention also includes isolated nucleic acids
Alayfitky a sequence thaendebedw. Septile including a sequence
Ser, &aﬂﬁblalllldlly IIUIIIUIUS]&UTH&) F bp, OprE, Lys-Arg-Om binding protein,
"azurin, iron (1) binding’proteir or a lipoprotein B $ecretion signal is
Pheplyvided. In anothePhspEnt, Gfsthe invention, a nucleic acids that
Bridizes t9 1t yCctete ac ence that encodes a
eplﬁ(fglnc?u’ ing a eﬁu hee substan |afly omolpgous to a pbp, OprE,
Lys-Arg-Orn binding protein azurin, iron (Ill) binding protein or a
rotei secr et| proyided In certain embodiments, the
B R A Soia B T R RRE E ChRE RS chgervative
amino dmghsahmgﬁrm;s,camjltlmmmmnddy ofidha shbhmlzdiimk) wit G8Ganirconsetvative
substituf] onserﬂl tglme SuiRS I%Cfﬁ;%@&{&Vld le tt%gpd a E tJ7%%/ or at least
sequence sub Rtian I]h ologous 1 the sequence’of a ate
80%, orkahthmg Bhdteior (q:ﬁtlpa$c9@%mﬁtlmg;nailpeptmmtlanhewﬂﬂ appoa amdmzewatlve
ATiNG agfdss é%‘u% (3 1. In a separate embodiment, the nucleic acid sequence
encoding the peptlde is: atg aaa ctg aaa cgt ttg atg gcg gca atg act ttt gtc

Inetyethgyenhacgede gcdeastc 5% gtf) thec (BERr|IBuld@in®jons aviditrpear as
mhodiment 0 0393 cl
consery A o el e B e b aR%h Konicar s ubdilfions
appearingpegies1ne h SRt mbstﬁutmasnolh@rﬂmnbmbwdanemseandm&é&%ﬁdor at least
0 € 0%, % YonD .
0%, o O, Sl e VU NGRS T AL e B e s
substitutiorteiei B oitnset v remsfrsRiQe] AN 20idk subjidttbhasdd @metmnbmliment, a
ARR acid is
substltu%rﬁoaﬁ%% that ggtg%{ofﬂg%mgégt e%i%%%}féﬁ éﬁl}lbﬁﬂtg ?P’g%gﬁgmologous to
the sequence of an Outer Membrane Perin E (OprE) secretion signal
Nucleic Atid ReaBAESSthe sequence of at least amino acids 2-21 of SEQ ID NO:
”Bhdmw%mkadndmrmﬁm,dﬂselmptﬂdemmtpmmahsmthsassmptameaiﬂyat encodes a
I ID NO: wher t.Rosition
peptide [ St R Rt o2 L AP DR i hinaing
protein, \aaiuan,pmgm()ﬂls sndipmpedaiitiol @ ﬂjpmpretenm B’abeltquomtmgnms;sprowded In
I I s re I
smother R 3 o B e s
with a wmélm‘ammlmpgpnde including a sequence substantially homologous to a

pbp, OprE, Lys-Arg-Orn binding protein, azurin, iron (III) binding protein or a lipoprotein B

secretion signal is provided. In certain embodiments, the hybridizing nucleic acid will bind
under high stringency conditions. The high stringency conditions typically mean
hybridization at 68°C or more.

In one embodiment, a nucleic acid is provided that encodes a peptide sequence
substantially homologous to the sequence of a phosphate binding protein (pbp) secretion
signal peptide of at least amino acids 2-24 of SEQ ID NO: 1. In a separate embodiment, the
nucleic acid sequence encoding the peptide is: atg aaa ctg aaa cgt ttg atg gcg gea atg act ttt

gtc get get gge git geg ace gee aac geg gtg gee (SEQ ID NO: 2). In another embodiment, the
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encoding the peptide is: atg aag aag tee ace ttg get gtg get gta acg ttg ggc
gca ate gcc cag caa gca ggc get (SEQ ID NO: 4). In another
W@BYsA8At, the nucleic acid sequence is at least 90% iden®€dl/tp2p&t/039316

. sequence of SEQ ID NO: 4. In another embodiment, the nucleic acid
nucleic g nigeaislebitab 807058870 88950 58 s ddentios! G5t somence of

SEQ IDPR:%%. 5880 Jfislicalnifiim SRuRN G e R RdYnte Iy 3RS 90%, 85%,
embodiment, the nucleic acid sequence of SEQ ID NO: 4 is agtzgsted

80%, 73%4sd8%n P& c608n 3%y eTot Whitsnbic irsthel segHerseodmBSUREND:2. In
another RISIGAEH iSHRravided thad 8 8 BIPSRUAESRAYCHGE RRIRNYAM on the

homologous to the sequence of an azurin secretion signal peptide having
codon uggge gt ergpaisiBast amino acids 2-20 of SEQ ID NO: 5. In one

RRetieahvss HeRl deneaeKenss i&;saﬁ{ﬁc'fé&aﬁ{apeﬁwd@@@gagm&s@quence
eptide of SEQ ID NO: 5 wherein Phe-Ala_at position 2 and 3 are

a
substanﬁiéﬁbabealvéﬂm@awlgeoieﬂ@eme ol Ae O ol snbEIa 5 s EregniEa gecretion
signal p@%@\'ﬂwﬁﬁ?&ﬁ@s\é_@héﬁd&%ﬁh@ﬂe@éﬁzﬁ%ﬁ&ﬁ%@&dyiﬁlﬁ% € NO: 3. In one

al-Ala-Val at positions 6-8 are replaced with lle-Ser-Ala; wherein Lou at

embodimgafid PeRide spausaskih MBiswirstantialhy bewelegsnso-ié replideaf iR ID
NO: 3 WiRlieMEfRIBANE A RPSIIoR I JSIr SRIACEE Witero LTI RIPGoMBBHEN SHhlaced

at position 16 Is replaced with Ala; wherein Gin at position 17 is replaced

with Sef;ithlsarinr Yab 2ivREFEIAT SuisPRIARTN oL e s Voh ptposition 10 is
replaced WL Mall Qd Lek: 2RO NI 21 8 b3siie el as aepidedvatth heallvherein Tle at

.. separate embodiment, the nucleic acid sequence encoding the peptide is:
position,dy i eRlaced T Gitledt gtted PR LPRRIITRE Ao G AUl A Eiegaence
encodingXB&PEA L i Dt ABGHIEIB MROGINIENEt e N bRl RIpatith 58 PeaNES d6clag caa

least 90% identical to the sequence of SEQ ID NO: 6, In another .
gea 2Cfh AR AP MOttt Mt gubetinh theardsy, 2g8oic s egg g Least

90% id&Pnl £6%he’ &%u&R¥oPOHQ THPNOY: W Yardeiikel o2tbVdindd)IHIBAIEC acid
PCT/US2004/039316 to the se uence, of SEQ ID NO: 6. In another

sequencgiSAdRARE RS the’ Pl a Gt aetfliantear SE OtneY s R dpiRTst8d identical
to the s@RRAISY ETIDONOSATR ahathasiabgaiisn:, ihanaihes embeeingot f SEQ

nuclei¢ acid js provided that encodes a peptide sequence substantially
D NO:#dﬁ%%&&%%sa%géaﬁgﬂ%@dﬁﬁ%ﬁﬁﬁ%.%ﬂﬁa&mamg protein (LAObp or

KRabprseaBlignsignal peptidebidvingibhe Gatluen e el dklaasépinda@quence
acids 2-23 of SE(ﬁ ID NO:7.Ina 'iseparate,embodiment, the nucleic acid
[

substantally, Homelagaing the SRauFaeciof Ay dayh e etagSuRa eeriideyree the
sequencgCOr gt ddis taeiaty Geds the2RI6IRIRID §00:asy JacoteEbodiantd thinpeptide

cen 3RO e it pid s o rpRsone et
at positisidzseguencadsraplerdt 483 1A0ArH0YOII8 g B0 Herébl .ot %, §&Biion 5 is
e B SR SAB: RSbar
positionas8chrerdplacadnitiuegseniidd odicaejaliemat position 11 is replaced with Ile;
wherein Thr at position 12 is replaced with Ser; wherein Ala at position 14 is replaced with
Leu or Phe; wherein Gly at position 16 is replaced with Ala; wherein Gln at position 17 is
replaced with Ser or Pro; wherein Leu at position 18 is replaced with Val; or wherein Leu-
Leu at positions 18-19 are replaced with Val-Phe. In a separate embodiment, the nucleic acid
sequence encoding the peptide is: atg ttt gcc aaa ctc gtt get gtt tee ctg ctg act ctg geg age gge
cag ttg ctt gct (SEQ ID NO: 6). In another embodiment, the nucleic acid sequence is at least
90% identical to the sequence of SEQ ID NO: 6. In another embodiment, the nucleic acid
sequence is at least 98%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55% or 50% identical
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In yet another embodiment, a nucleic acid is provided that encodes a

peptide sequence substantially homologous to the sequence of an iron
WQI006iprHM3 protein [Fe(ll)bp] secretion signal peptide havind€i@US2004/039316

sequence of at least amino acids 2-32 of SEQ ID NO: 9. In a separate

to the segfpsaipfeTR QP NIt Biciaatbeiuenbadimentiithy theclspeid reauegergl SEQ

ID NO: 8'8 58h8R0 BReFEA HE ARBAEMIF] ﬁ&t‘%ﬂgﬂﬁl&&tg ace etc ace cta ctc
agc ctg ace ctg ctc tcg ccc gcg gee cat tet (SEQ ID NO: 10). In another

dmprribfermbedinmbie aurdeaudriesrs wlrbhiabentidrmioaptiiteequence
substantBEAMEBER R QPROs 9&@@8@@%@%%?@&%%5%&&& IAObp or

sequence is at least 98%, 95%, 90%, 85%, 80%,75%,7 65%, 60%,
KRObp)ssepsesionrignab nepbderbanas e squense SEe lepsiaming, apidndthepf SEQ ID

NO: 7. BPedmaRtehbaHESIC it Ratdente QRS Hﬁc@&é@nbsgég&@%g atg cag

based on the codon usage of a host organism. In another embodiment, a

aac tat apg, ARdidte 61l L REN RAGRETEIE oD AesisHiEp Ale Surienee dgEsamiafiRID NO:

9. Tn anBABOLRINEAR A REAHABELONAURRHARINE LRGH S8 ERHON BARELequence
of SEQ ﬁptlde having the sequence of at least amino acids 2-17 of SEQ ID NO:

NPa SeJaranethsnepbpiantninthp audriasrdsiaqusnce is it dersigoie, 95%;

90%, 85961806,iS7 P atR/AasOYGaal, He6terBheatdiens-l 8ChIGHigte 888EQ ID
get (SEQ ID NO: 12). In another embodiment, the nucleic acid sequence

NO: 8. Iy apqthssenprdimaifc Measleisasit sreersmd TEQE N9: $ iéﬁé%ﬁétred based

on the c6dBRAIUPEBE IMRNWeRIGi@Gid sequence is at least 98%, 95%, 90%, 85%,
80%, 75%, 70%, 65%, 60%, 55% or 50% identical to the sequence of

In ey fpoiier ambpdigth meieibaiddn Pimadrdcig sigedse qushtidoiequence
substantﬁﬁ@ﬂ&rﬁi@'g&@si%&ﬂﬂ%@@eﬁ@&@ﬂaﬁﬂrﬁlﬁ(?ﬂﬂ@_ﬁhdﬂ@ﬁﬁ)ﬁ@['F@@‘II)bp] secretion

. organism. Codon usage or codon preference is well known in the art. The
signal Pse?@aéw‘@al@iﬁbe SeftSethal Seshaine Lot ferh PiRFR AR Code n 2

separatetBaiieafitnemaieh thalaopayeshimbeercdbdM AR0RPRAOPS atg atg atc cgt gac
PCT/US2004/039316 bacterial host cell, and the codon sequence thereof

aac cg2 fife (e AAHEH CHFS PRttERapSrBX % thep &GS SLBARP tHeheiSt I8 coc gog

gee cat feeSHBOCIeERaojomantbeadamiseaiienty BehrREaaNE R &Re is at least
erformeg%ﬁaccording to any of the various methods known to one of
IPRIYFRRCG L %Fgé

90% idegrtﬁﬁaw B diHudRotasnarbetsirhasdisyaredie nyslkig acid

sequenc®¥k i gcbRtOrE] 9696008 S3ASSTIINTEYS TIRLSSIiN6chIes Bor(30 M Rientical
Codon Usage Database of the Kazusa DNA Research Institute (2-6-7
to the S3aH5ALE ShAHRIDRr b, B benbe! FinfinerglRif A5t spquence of

SEQ ID Np:/iovs/wdaztstbasdp/codanéoand (edherG aosticr&oaiaes. tables

available from the NCBI Taxonomﬁ database at )

Iﬂtﬁ??ﬁ%ﬁm BT B PRIl ERSG GcReptidy: grauence
substant@ABNIgoRSRUGVIB BiaScgReaie oA L lipRRdainaB (LBZB)0sCeesRiic (R peptide

: ranslation Tatﬂe 131 of the NCBI Taxgn Si Z&aﬁﬁ? Kazysa site

having. ( SHRTNG (B BodB AR (SHc) oA LBIRNSD . b & Separate
embodirhdit/thewudaniise dsdpiendesiegitiig.the peptide is: atg atc aaa cgc aat ctg ctg git
atg ggc ctt gee gtg ctg ttg age get (SEQ ID NO: 12). In another embodiment, the nucleic acid
sequence is at least 90% identical to the sequence of SEQ ID NO: 12. In another
embodiment, the nucleic acid sequence is at least 98%, 95%, 90%, 85%, 80%, 75%, 70%,
65%, 60%, 55% or 50% identical to the sequence of SEQ ID NO: 12. In another
embodiment, the nucleic acid sequence of SEQ ID NO: 12 is adjusted based on the codon
usage of a host organism.

Codon usage or codon preference is well known in the art. The selected coding

sequence may be modified by altering the genetic code thereof to match that employed by the
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Nucleic Acid Homology It is apparent to one of skill in the art that a variety

of substantially homologous nucleic acids can be provided that encode
W@20131886%3 of substantially similar peptides. In the case of hda&Ib§300d(039316

coding sequences, a coding sequence homologous to a protein- encoding

bacteriah gl celbind dhe sedareredrenie dbatant mynbrerhancedde delter appgoximate
that emélg%gg’b 1 BodiOGhheti€ cdde ddeditorlBnd boddh ﬁ%%lg&lc%]ﬁrﬁl%ngéngrﬁ may be

, 27, 28, 29, or 30%) mutations that cause a change in readin

performpd agcaningsiocemae Efba i Pemeinds dBpvap thane af @Weﬂqlg ipdhe art,
e.g., oliBIRRISNEQdIEL ACIRIGRCIESE USRS HISEIRSEAPRERINHIRWAVR albRt in this

nucleic acid se&jences can be designed based on differing codon usage

processiingladge siged (DiPre Ssidpnslisasm Dapbers oS g B Astsh sgarch Institute
(2-6-7 determinedaseRding0.any of vajiess @@zmmwejhﬁa?wraﬂath%@ﬁable at
g

Examples of useful sequence alignment and homology determination

hitp://wstkaaeiagie{redas wieké20 dheBeretieIbrdsiishipe Ate ikl fararbs NCBI

TaxonotRy @MBIAYOHS BREUARGASERBINIG RETIesMedkdangail/Rodialopahmode=c.
Center for Biotechnology Information (NCBiIiip_rogram, MegaBLAST

For exapplee Aty  dearaere SRESIRD R TARORSH AR (ENchs Fyde deapslatien Table

11 of MEOYaBIWitheptians ik, peicent iHetitv.eal afd Q¥ SQhBIRNE #todon usage
sequences, or set at 90% for nucleotide sequences, will identify those

ﬁequeng@%féh%&bbsiﬂh%@&t a0y nday
. Other software known in the art is also available for aligning and/or
m@éﬁ%ﬁ%}%mologous sequences, e.g., sequences at least 70% or
B0% fhpactogoushe af siidliation astringt containipgf prostaatésllyahemologous
._seguence. or activatqr-protein-encoding base sequence according to.the
mucleic B VR RO P AT SSRGS U ARIE Ty SOTLEAbaGy n the
case oR2AMOI 28 FRI8 208 P Gddits260)440883ihg mbqntifiycsdmpunariogewat teast protein-

. 70% 0r.90% homologous to ery sequence can be performed by, use,
encoding G R R D R e 5. 6.7
8, 9, 1(gvEilalite 13 tHd, GE GG dqualcéRndlydis SnfRGarPagkage2(Bv2ilalie or 30%)

. from the Genetics Computer. Group, University,of Wisconsin
mutatiog Bt RS, Camr 710 Gty AveH e Madhanne RIRT g gp codon
as compéithdhe thefpulitparanceting andprcified stheuence plisslaspdrbenster Howhkeer, the

._extent of homolo et at 70% or 90%. Als r.example, the CLUSTAL, .
mclic R T b S i D R R A L b osired
expressMoumtddmyiew, Cal.) may be used. These and other sequence alignment

sthods.are el Know o oo ad-and may. b sonducted Sy manualnods wel
alignment, By visual inspgection, or by manual or dutomatic application” o

known arsdlopientce Higmmpiast afgevetfuin ssusines aignofetiosalehoboalizgy bieteiemination

above-describ roqr . ous useful algorithms include, e.g.: the
metho e R o R IR

Alignments and searches for homotleodgl)rlls sequences can be performed using the U.S.
National Center for Biotechnology Information (NCBI) program, MegaBLAST (currently
available at http://www.ncbi.nlm.nih.gov/BLAST/). Use of this program with options for
percent identity set at 70% for amino acid sequences, or set at 90% for nucleotide sequences,
will identify those sequences with 70%, or 90%, or greater homology to the query sequence.
Other software known in the art is also available for aligning and/or searching for
homologous sequences, e.g., sequences at least 70% or 90% homologous to an information
string containing a promoter base sequence or activator-protein-encoding base sequence

according to the present invention. For example, sequence alignments for comparison to
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W.R. Pearson & D.T. Lipman, Prot. Nat'l Acad. Sci. USA 85:2444-48 (Apr
1988); the local homology method described in T.F. Smith & M.S.
WQaes{893in Adv. Appl. Math. 2:482-89 (1981) and in J. MoR§J/B$304/039316
_ ~147:195-97 (1981), the homology alignment method described in S.B.
identify seauemsasaat Rast 0% an8efe bomoliReousitn. upiSyseas3qnsan bo roriered by
use of, 3 YREIeHRPMSHAGS feperived, B AsTRY \A}&Bﬁ’gsmg, RRORAESIe in the
11{3):635-50 (Nov 1991); by W.R. Pearson, in Methods Molec. Biol.
GCG Segnenge-AnalieioSFbmage Peokege snmiabts GomidhmSaetion CopmierrGroup,
UniversityPBIPWABRIGSH) BigRthm ozl Thitd8D720duniResey’ Adonds Mddiden, Wis.

ec 1988). Nucleic acid hybridization performed under highly stringent

53705), wjBridieatiofubparasiniens atswecifieckiheseiniplis foPyiBaRiMJYUIR SRt of
homolodiPERP RGNS SePeBHCERI{Rr HRCRENGIR, HIOMYSTNIENDYRIYIZERUAAbe in the

conditions generally means hybridization performed in aqueous

PC/GengspitmigsPaciage s dutcligensticsAMomdrianyiesirkehl BasPesedssion
MREOLNN AP SRR R RUEIRIEACIH RhAIE arllUQERSERORPRCBY $8nd may be

secretion peptide with a sequence substantially homologous to a pbp,

conducted e mapsial efignmenhdmig sietbinsRestinn, foRYMpBiabRipieRatcoipplication
of a seqliRRRECIRINB SLaI85RMSIINnoRAP Y HinRE B RIRANBEIE3BEResiRIRibed

coding sequences will be operatively attached to a transcription promoter
programgq VEHIWY Wsridt Sheegthmasdncivie ¢-Bosthe simaariiy perschmaiad defsribgd in
W.R. PHARSCHPHON Eﬂqﬂ%@*ﬁ&@'}\)@@%@%ﬁ%iﬁ’USHtSsmﬂiﬂfm(lQﬁer adRy; the local

attached" refers to any configuration in which the transcriptional _and a

homologyRefbAg S EIARBIT dle STEIL S b N BHP R ABHA S BRD MAHbaigS2-50

(1981) aBRAHEN G2 BWO14008/038039436; T ReRRANRI RS ethod described
disposition(s), relative to the coding sequence, that in_and by( action of the |

in 8.B. Nirdlemie Gy B errdaies BiratBEhind exp@dady dpirod Gasngrious
methodsS@&HeeIned; £ie ¥SCITRYIP &SR3 COBARHEEsONE N IGFELED IRRROIYPID); by W.R.
selectable markers and an ori7gin of replication to ensure maintenance of.
Pearson,jip Yethars ddolseir ekt brovied %?i?&%@gtﬁﬁ%&hﬂﬁlw 34t Higgins &
P.M. ShapitaklehRstsppytiansBrsaliclin asrerdegrendith thepresends37-44 (15 Dec
disclosure include various species within the genera Pseudomonas, and
1988). particularly preferred is the host cell strain of P. fluorescens. In one
Mefehad BRNbyhedvagion ieianhcnmpise righlo difg saqUsMeRl#fion conditions

expression of a recombinant protein or peptide of interest, oper

. ly :
is also 2, HEHEdAPHENS SO BBFRIRSSTYHAP HE POEIRZAYHSRABEASS Tiuse heren.
Highly pefiides dybHeiexpsasseddiormpayniaiepticesisn whiehithaidargetformed in

polyg,e,ptide CO(iing S qg{ance is operably attached to the leader sequence
aqueous gofditions 4 5l nslation regulatory elements to form a functional
gene from which the

Vectors
Another embodiment is an expression vector which includes a nucleic acid of a P.

fluorescens Sec-system secretion peptide with a sequence substantially homologous to a pbp,
OprE, Lys-Arg-Omn binding protein, azurin, iron (III) binding protein or a lipoprotein B
secretion signal, operably linked to a promoter. Expressible coding sequences will be
operatively attached to a transcription promoter capable of functioning in the chosen host
cell, as well as all other required transcription and translation regulatory elements.

The term "operably attached" refers to any configuration in which the transcriptional

and any translational regulatory elements are covalently attached to the encoding sequence in
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host cell can express the protein or peptide. The coding sequence can be

a native coding sequence for the target polypeptide, if available, but will
WorRgps/pfitfrably be a coding sequence that has been selectd;THpRONEREI316

or optimized for use in the selected expression host cell: for example, by

such disgopiiRaigintstrévgdadhe edive trrueBsR i dnad By a¢ting epthadestipell, the
regulatoREISMRRIIRE AL LG IBYSNGBn BEROSbaREHEShR, - fluorescens,

and the codon bias of P. fluorescens is taken into account when
Thssitpstog Wil yricalherBpEse ABe ahBeie PBEIRPEY sl swgtieseand an
origin o-fhl%lﬂ%lﬁﬂ% A8 CRRRE USISAMANNELOb MARITGENRI0 ARE @ MORSHEGIO Sovide

which can then be transformed into the expression host cell. Other

amplification sshjkibakets Miptie hosts detiansfosrsiiomisrespiiBace R dgpresent
disclosufPRRIME Vasbeh Slemenigdnaludes id-amesnaldinvies, Bhd YaBX@MPIE preferred

) transcriptional enhancer sequences, translational enhancer sequences,
is the hogfiesH stEribed 8. Bueeiess- translational start and stop signals,

MW&EB%H&E&HH%%cQ%%@HH REHIBIRES aRQWRIS OGS E@@Jﬁvq@%m of
sequences, such as nucleotide sequence "tags" and "tag" peptide coding

a recombiam rueteity e R eRHTR0E bRt QRSP lE Rt tisiiSatisRcrgHon signal.
The recésRbaian 9?@4:@&@%&83?&@@5&)6%%@ ex PRt IR L PORHIRBtidEen which the
er

expression vector fur comprises a tag sequence adjacent to the

target RAlATEtidt TR oF I RER rétiPPETgRYT GtRchse d8aithy stsgdecedeagre and

transcrip@6R MRINGRAA SN es NP1 dhene enfrfimaihdiibnifgSRAFGMCHhich the
allows for purification of the protein. The tag sequence can be an affinity

host cell gansexpress AMGRELIFAMRRH ity 115, CRIDftRETEIHeRe, BAlve coding

sequencaffibitiiad st pAygepatione -HRBcIase winlesule. fofiatlyCod aledding
be a fluorescent molecule, such as YFP or. GFP, or analoﬁ%s8 of such

sequench {BAE dashosn HEF S0 EIHES 9€ FRTBHRYATIRYEA &0 SheissiReiehexprgssion

host celCabrAeankifle} PREVArhediamamiboche Iolegede (e R AOPWL BRIIAT Bbst species.
ligand for a known binding qur ner useful for purification. A

In one emgB? HOERESHITRY JEFURIEIRfi th RESRSEh T indrtifs FPRsL g gofipn bias

of P. flasidiiionddstheaioleio socingtsetuenksidhia folewinbereuaAleaeiaaema the
operabh\%linked thereto: a promoter, a ribosome, %inding site (RBS), a

protein o1 peRtlsSFANSTH T aldr BEHFSEARORSPOSITLSHAY VatBH Of FRertessinig) 42 8% more
vector(syanthehaliaines tothaTyraidhenspasiespizedidabolpsticells in expression

stems according to the present invention, preferably from the selected |
b ISR SRR DEr1BG B oot S A Rl prpression
construc®?y.,.tBack drsashediiitiade trfermcaest Minktelrishnian alaalpl§tarigaetiptional
computer predictions, Gene,

bacterial genes: estimating the reliability of
erihances SIS IR IG8), AATECE! STRURLH, A BoLABTRRE ehbgetors
translatiftaraidesttifyingogtarstopd arignidl hactensdripiveamessnidigitdermatitonic  regulators,

.. 17(12):1123-30 (Dec 2001). In addition, eithgr native or $,t}(/1nthetig1 RBSs ..
polymstlr‘ﬂ >(,: a2y 8rset g BRguenges, SHea #s nucleotide sequence "tags" and “tag” peptide
coding sequences, which facilitates identification, separation, purification, or isolation of an
expressed polypeptide.

In another embodiment, the expression vector further comprises a tag sequence
adjacent to the coding sequence for the secretion signal or to the coding sequence for the
recombinant protein or peptide. In one embodiment, this tag sequence allows for purification
of the protein. The tag sequence can be an affinity tag, such as a hexa-histidine affinity tag.

In another embodiment, the affinity tag can be a glutathione-S-transferase molecule. The tag

can also be a fluorescent molecule, such as YFP or GFP, or analogs of such fluorescent
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in: EP 0207459 (synthetic RBSs); O. lkehata et al., Primary structure of
nitrile hydratase deduced from the nucleotide sequence of a
WERHIGO8YISUS species and its expression in Escherichia coli,FEJYU§2004/039316

Biochem. 181(3):563-70 (1989) (native RBS sequence of AAGGAAG).
proteing- Hictesamples bf ararinisolaewiEbady malesidtorr adamevn satigaper ligand
for a knB\SERENR QRSB RAB MR hthe present invention are

described in, e.g.: U.S. Patent No. 5,055,294 to Gilroy and U.S. Patent

N@rotaingencedis ares accardingdo thadresens Imy omf108 son dnRlidayiie pédition to

e D Jo it 1o ?ﬁ%?ﬁg‘?& N BN Tas et 2

promotezjigdiooprana drpding siih ERBNA erfsarpeiniien istainaien ansldienal start and
stop sigh¥RNtERdRYI REIOMaasHRiRGieRsA Ry 1BBSRENG &8 MIBRIEES host cells in

sequence into the vector or plasmid. Typical enhancers are cis-actin

expressiBmEes Pereadingdaheapssen dry asienspwisprh s beam the %ﬁé@@ﬁgﬂvest cell.
Many %@eelﬂgfet%@ IGHeRse 19 tanseintians ExarepieRiic!ude ValiRtSescribed in and

seudomonas enhancers. Generally, the recombinant expression vectors

referencg) biIitietsigmanieplicatiarisant bastserlorennsriestmsngithegreliability of
computtihianatiomehtheResudanssnashirs o8 andmmrometes: SeriNgfobabilistic

from a highly-expressed gene to direct transcription of a downstream

methodsfRicifeaiiyeeg stré codenspid hatiralapeperersi R RERTBHSFoh4(12):1123-30

(Dec 2®N900INGINRIBAZYMRS AbEHeAS IyRiRERNRBIS iR eKINGRE S odeidbscribed
. phosphatase, or heat shock proteins, among others. The heterologous
in: BRI v

fird Sonthaticc R8sk hbtkebatashibp iais PRt shre haidtig fydratase

deducednifistioRhans tEetidatiysaméeneas, RslpEstRIabYcai¢s aiRT $RABAMNESsion in
capable of directing secretion of the translated enzyme. Optionally the

Escheritluar 8o i%eqlietie Qs ent S Rsich dh2§ile BHIVGORBS ~ sequence of
A AGGAME/ 08909 & ChirhgA0O 4P IReh6 di) cledioes ardy - tesminabisleridi¢atiRBription
eptide imparting desired characteristics, e.g., stabilization or simplified
elemen%u AR o FISRTRIS UEFFRL St MR e RICRARR S MRS RART AT fh&: U-S:
Patent H6.85055%194(06 XSG TRSOMAEAN G GleTs; 180hRsGitrIE caam; ams OPatent
these may be used for expressing the genes accarding to the present
No. 5,25t} 8120 RARHITE RS LR o e N B 120 S b h B ames e al;
U.s. Pa@@fﬁ:gg.swamsag@@rse G510k .§Iﬁ{ng§§u P%gﬁgf&&@msg%wlgﬁa%ﬂg
not limited to, the expression plasmids \ , : \
EW?L%’,“WS?%, R%‘?F—%sﬁg‘)ﬁég%d,hgnﬂrﬁiélﬁio‘i%?g@tl?é?sc?}%gdwsg%n by
Pseudofiléind seflcyesierstnchuisetihe st desembed dyuerges Midehasecior ARpplasmid.

. .Envir. Microbiol. 60(9):3336-42 (S 4):; A.A. Lushnikov et al., | sic .
Typical, GErS GRS WSS S U D ARHEOE IH B bt ize
that actibRghd ptdjiblel to {AeEa2HQO trandoriHitbuy ehzemipl s iic1dpivariioteRfudomonas
12(5):439-45 (Oct 2001); M. Bagdasarian & K.N. Tinunis, in Curr. Topics
Ficrobiol. Immunol. 96:47-67 (1982); T. Ishii et al., in FEMS
Generally, the recombinant expression vectors will include origins of replication and

enhanc

selectable markers permitting transformation of the Pseudomonas host cell and a promoter
derived from a highly-expressed gene to direct transcription of a downstream structural
sequence. Such promoters can be derived from operons encoding the enzymes such as 3-
phosphoglycerate kinase (PGK), acid phosphatase, or heat shock proteins, among others. The
heterologous structural sequence is assembled in appropriate phase with translation initiation
and termination sequences, and preferably, a leader sequence capable of directing secretion of

the translated enzyme. Optionally the heterologous sequence can encode a fusion enzyme
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Microbiol. Lett. 116(3):307-13 (Mar 1, 1994); I.N. Oleklmovich & Y.K.
Fomichev, in Gene 140(1):63-65 (Mar 11, 1994); M. Tsuda & T.
WORNSHPENE3 in Gene 136(1-2):257-62 (Dec 22, 1993); C. Niet®(87&$2004/039316
_ _ Gene 87(1):145-49 (Mar 1, 1990); J.D. Jones & N. Gutterson, in Gene
including 1 ¢3): MY goERAlo 8N iBHEAa PEAtAC TP AR fiesind - TharpigstiDec €.
stabilizafiofs ok éirg%liﬁemﬂt!&lﬁ%a%ﬁ'of@ﬁféggédﬁé&xﬁwiml%%ﬁ%%.(2001)i P.
Mukhopadhyay et al., in J. Bact. 172(1):477-80 (Jan 1990); D.O. Wood et
Victons ) apm knomps (3) thesgisas (e T e XTSRS AR prRfeins in host
cells, alfliGHPIBIOWL4 1R} D33t ilrebdRbh & IR FeRX@MRGRR: to the present

) . expression vectors that can be useful in Pseudomonas host cells include
nventioph o s idteYeRioTRBNS des Gefiv EUPABIAHEOFBIdat I fephiash SXPrIsHop. vectors.

Example3P ﬁﬁ&ﬂg@ﬁﬁ Wsebk %{%?iﬁﬁt\é?@mfﬁliﬁﬁtﬁpfby%‘é“ﬁegsﬁﬁpglasmids
CN39, PCN51 SF1010 KT261-3 MMB66EH PEB8 PLGN1 MYC 1050

PBBRIMGS mB1Fo4 5 nBIBEE3 B 1880 pREP B SEL R0 pBEXI68d0yy! RSF1010.

Other exXBfapIdd SZORMP A6 vdh6: S XRERRRIGARILERIF RS 51010 : indesaiRedn Appl.
y F. Heffron et al., in Proc. Nat'l Acad. Sci. USA 72(9):3623-27 (Se

Envir. Mispaiahda ok R ARkl ©adhdh Smisak: of 35 (3n1Bpsipdite Sci.
30:657-6Mer9k%)3) s Parimish & Sk M Ovenck deriyatives thereatarenartiowiariv-16. (Oct

useful vectors in the present invention, Exeg@arg, useful derivatives of
2000); HRESSehweigfich £ramii iR Rigiechr MekARs:- 29 OskIP); M Prggasarian &

K.N. Tili®3h anghiefajges asroisis] antmaibY OO5@Nd 9etgter KREWIGS (BeFEMS
U.S. Patent Nos. 5,527,883 and 5,840,554 to. Thompson et al.), such
t

. .€.0., , ¢
Microbigly i ARG 246 MG RPGE: 180 QRBROBiT S he Fomnichiey, in Gene
140(1):6335 1N40rhasadpasmided dS 260, (SRR AdaraPRienind 01 S4B /B0 162 (Dec 22,

Wilcox), which carries a _regulated tetracycline resistance marker and the

1993); Geptieitich ahdihbise ATERIbEPTOMME RIE2BX0 Hadhnies &by Gutterson, in
Gene 61€XePIpLBYAICEIBY ) aUOBs daakiEiRiNaSe. dRSGeRed &1L 2 PatenDiP1981); H.P.

. 4,680,264 tg_Puhler et al. In. one embaodiment, an expressjon plasmid i

X S
Schweizgt. gfjal o, tﬁb%%%?s?@n QLYPo2369-81 (2001); P. Mukhopadhyay et al., m J. Bact.
172(1):477-80 (Jan 1990); D.O. Wood et al., in J. Bact. 145(3):1448-51 (Mar 1981); and R.

Holtwick et al., in Microbiology 147(Pt 2):337-44 (Feb 2001).
Further examples of expression vectors that can be useful in Pseudomonas host cells

mclude those listed in Table 2 as derived from the indicated replicons.

Table 2. Some Examples of Useful Expression Vectors
Replicon Vector(s)
PPS10 PCN39, PCN51
RSF1010 PKT261-3

PMMB66EH

PEBS

PPLGNI1

PMYC1050
RK2/RP1 PRK415

PIB653
PRO1600 PUCP

PBSP
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another embodiment, RSF1010 or a derivative thereof is used as the

expression vector. In still another embodiment, pMYC1050 or a derivative
WSS OB MY C1803 or a derivative thereof, is used as the RXPERSB39316

vector. The plasmid can be maintained in the host cell by use of a

selection marker gene, also present in the plasmid. This may be an

I%%iQ%ﬁi‘és@é{??ﬁ%ﬁ{?rl@iﬁ)hd'I‘OﬁVliEC@e%%Beﬁlee.gprﬁ%ﬁPp@f@fﬁon et al., in Proc.

antibiotic(s) will be added to the fermentation’ mediurm, or any other type of

Nat'l AcagieS6ib rRefQEHR ki & 156 ardriy 4%, Hagahari & K. Sakaguchi, in J.

Bact. 138(@Y1¥00Ye e6tar G785 @ INicRS Fas e he PlRs gVl ﬂﬁ@rb@?grg]gﬁrtipularly

host cell that is auxotrophic for the corresponding trait, e.g., a biocatalytic

useful vegiprsipphsPreserhinyationy SRk gsefiH taavtdeesREHAIRER 8. trdich are
known R{ a1ARON BRUIGE Wilzatierrt e, DRerpiomotei®aseshil 2aedanes i) and

the present invention may be constitutive promoters or regulated

PMYC1956h v sl ebeinplermida ifshe Cad- usb Rl Fatknbiiasprortotetlined de840,554 to
Thomps#1P%8 af thedemily dervediten the3ac pramaeplire dgincE BERRQICHom the

especially the tac_and trc promoters described in U.S. Patent No.

RSF1010-Baged plapnisomb2 6l (R0 WS PR atant Madi YoB1L0 toPaiderud, whightearries a

regulated 4686 REidmene BmRadimenhdhepiometesnia navelerived TNdbe: the
ost cell organism. In certain embodiments, the promoter is derived from

h
RSF101Q piasgyfl-o g5 e erimb Heskdnsriersrinehdachype dresmibedrin HefuPatent

No. 4,680,280e35iBNes¥st@MS according to the present invention include, e.g.,
those listed in Table 3. 27 WO _2005/089093 PCT/US2004/039316 Table

I3 e FRIBPAEN- Mt BRiTSiars PLBE rihdset R PRSI tReor.  In

another EXghoEMBETRSE1IMAIkY!a Achiaiaibe TEaESisuddkyis ahdAlgstedsRA ctor. In
. al Salicylates See, e.g.; J. Sanchez-Romero & V. De Lorenzo (1999)
still anoég %cﬁ l%

hamPRAHEIRRE MG oF 10of osiAstEhivedhersrfo AR RIS or & derivative

thereof, Bi@sadodyste farprdusiiiabaad Environmental Processes, in Manual of
Iﬁdu trial Microbiology and Bjotechnology (A. Demain & J. Davies, eds.)
e

tpic eNtPRaRaed Ao ROR ;b vseha srlp(opp By irae, also

present i @KpreEsniadeigrhge nes/abe RChnibiesdqdieniios gRRB(EXPIESH¢hiehse the
technology, 12:439-445; and R.

correspogity SROARENS LoOOGLTAR o EOIrar Ry s BR B Pe of
selectionmiMelecdlatcBintagy andsBigtesinolagye(d., \WplsestéophyRapi@ing gene in which
case the plasmid will be used in a host cell that is auxotrophic for the corresponding trait,
e.g., a biocatalytic trait such as an amino acid biosynthesis or a nucleotide biosynthesis trait
or a carbon source utilization trait.

The promoters used in accordance with the present invention may be constitutive
promoters or regulated promoters. Common examples of useful regulated promoters include
those of the family derived from the lac promoter (i.e. the lacZ promoter), especially the tac
and trc promoters described in U.S. Patent No. 4,551,433 to DeBoer, as well as Ptacl6,
Ptac17, Ptacll, PlacUVS5, and the T7lac promoter. In one embodiment, the promoter is not
derived from the host cell organism. In certain embodiments, the promoter is derived from
an E. coli organism.

Common examples of non-lac-type promoters useful in expression systems according

to the present invention include, e.g., those listed in Table 3.
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eds.) pp.125-54 (The Royal Society of Chemistry, Cambridge, UK)). A
promoter having the nucleotide sequence of a promoter native to the
W%é@ét@.&?ﬂ?écterlal host cell may also be used to control expr@§JiarPuHR39316

transgene doinonas

anthranllati of abled K omplen proatblae Framotaysn). Tandem

promoters 1By ARG, 0E USET fi{ygiliciT more than one pgromoter is

covalently attached to another, whether the same or_different in

sequence, BR., a Pant-Pbentisbéempesttigier (interpromoter hybrid) or a

Plac- Plac tandem-premeter—-Regulatedprometersutilize promoter

regulatory bteins in order tci_]:fgﬁuﬁ%m?gﬁ%ﬁptlon of the gene of which

the promotgy s apart-Wer Aﬂl{ﬁg‘é@ﬂaﬁ’op&%%‘?&'s gsed herein, a

corresponding promoter regulatory protein will also be part of an

expressionisystem accordingﬁﬂ(lﬂheopl@é@rﬁolm@mon Examples of

promoter reguiatory proteins ctivatorproteing, e.g., E. coli

catabolite %ﬁgtor protein, I\/%l}i?%ﬁéotgm AraC family |transcriptional

activators ; repressor proteins, e.g., E. coli Lael proteins; and dual-friction

Sr%gu%% }%&%'?@ ‘i{%mg OC%Jct l&agﬁepﬁ)&%n M f@’99 netlc Engineering of

regu promoter/promoter- regulatory-pro tein pairs are nown 1 rlg%ﬁ
NonpathageryoRwtaloragulatosjr prsteass Blmmalyﬁtsh for elffidottriglo rpb Ukbnyitenraental
Processegofymmmfl&ﬂg %ﬂ? f&%rl;? \18%? g B § qgtl:%%:l \:\%&h@b TG Iﬁalt&ry Davies,

protein so as to enable the protein ef Telease ot bind 0 af least one
eds.) pp: B@@Wﬂfaﬁfsﬁ\dpl?@nsseg\ﬁﬂ@bn}gteg;dh Gf)thHgSnbNhaﬁls(zziﬁ)W@f ectors to express

foreign 99?%?\%9[98'31? %QLLJ(?%%&A]’!&B% &H%&%ﬂhg&%@g Oﬁﬁ%éﬁt Opinion

ere permlt gor b Ing tne ac OI’] O a transcriptase enzyme In

in Blotenhnamg,trh%é&‘?pﬂéﬁ ofndeRjedtatertiéetBr COiipamsde2808)clEbsiffegpression of
Foreign Bﬁlﬁrm' @&é@e@‘fa O COro RSP gﬁﬂ@g}% 408 %ﬁ&%@i&%kﬂ%ﬁ(ﬂ" G&’%ﬂﬁe‘? %E“f? Rapley,

effector compotnds and gratuitous’inducer compounds. Many

eds.) pp.t@gult4tddlprBoped ﬂpmﬁmmﬁ@bgmatmycpmb@@geﬁ%}—oﬁmmthrthmng the
nucleotid %éﬁﬂgﬁ\({é &@?ﬂﬁl&@ﬁ%qg ﬁféescéfércfé‘&"%%%?&%&{?@eg‘%&% also be used

throughout the cell culture or fermentation, in a preferred em entin

to control/igipressienyafatbd peaigses rnoediagHthertargaitholypepédisctig vaRsiaydsmonas
anthramlg@éftxe‘?&l?ﬁét&ﬁé‘r@f%‘%&&ﬁate@%ﬂ?r?BE‘ﬁ}e PHEHKIA! SRURRAME (fln'a?aa(i‘&ege used

to the culture in order directly or'indirectly result in expressmn of th

in whichjaxgredhangengarereyiayivay vlatbmplechadete anedsaniletiontbeepime or
dlfferentLM'ggtﬂleﬁA@Cé NG %ﬁt%%@?arﬁ&ﬁ%&%? oo BE8or a Plac-

whichis (normally) a constitutively expressed gene, encodest e Lac
Plac tandespraeosBelgtotei n (Lacl protein) which binds to the lac operator of these

R ﬁrsfvr-&l?l@ei’g h‘%ﬁ%@éa‘@féﬁwﬁépr%gﬁf&'bi% UBygféﬂasthﬁlla&&?n?oc%ntrol

also be included and expressed in the expression system. In the case of

transeriptian b theasersted faRIRRHisapRRo ter ds, 2t tadYhenn atag kacd raetapter is used
herein, aGUREPIiIE IR reRIBIESAP P SAPIHTCASIHIUGEE SHER BSpression system

according to the present invention. Examples of promoter regulatory proteins include:

activator proteins, e.g., E. coli catabolite activator protein, MalT protein, AraC family
transcriptional activators ; repressor proteins, e.g., E. coli Lacl proteins; and dual-fuction
regulatory proteins, e.g., E. coli NagC protein. Many regulated-promoter/promoter-
regulatory-protein pairs are known in the art.

Promoter regulatory proteins interact with an effector compound, i.e. a compound that
reversibly or irreversibly associates with the regulatory protein so as to enable the protein to

either release or bind to at least one DNA transcription regulatory region of the gene that is
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IPTG (isopropyl--D-1-thiogalactopyranoside, also called
"isopropylthiogalactoside"). The ChampionTM pET expression system

W 2803d1880@high level of protein production. Expression is indBEEA/f29G4/039316
the strong T71ac promoter. This system takes advantage of the high

under theetinitplaidhpprifititgoibsechy aemaiting eriakpg by arsiers effa tisrgsriptase
enzyme Iﬁ"ﬁﬁtfﬁﬂﬂﬁ%&ﬁ {Shesrene g&iﬁterﬁ%J&eééﬁﬁ&ﬁ{@oﬁﬂ@%ﬁgﬁiﬂ%@@ either

promoter region provides tighter regulation than traditional T7-based

inducersygetepsicimseovigptadhnecseammy g denludamives effrstor comppiads, and

ity MRTiRAH:ELO giular- Bigiagy 18R(d)ialdR130mKRespRRREk: S8l atory-
gratuito (1987) Gene 56(1 :%%1513-35). The T7 expression sylgtelr?w uejess the T7 %ll atory

protein/qfesinstepranerny Rnsasekacsrade trerartn Atthesehign sEipsieraeseppishcan be
used thrBiPREHSRE QEiNLGIRS: R0 ReteyalauBIESSION [raeliaY diBolifment in which a

expression systems because the T7 RNAP is more processive than

regulated aERAGEIES PPt rrvdb Gk atdes e drauaaiis o densy piehgsheeBbiomass,

an appropiBIE el @33ipnRidns ivapbfisdigenads inpused Ry RIGM AP A RUES Fesult
of T7 RNAP in the host cell. This is accomplished by using a BL21 E. coli

in expresi ebManasiged HEESHERHEAM copy of the T7 RNAP gene. The T7
RNy Qﬁeﬁaﬁ#@ﬁ%@% qoRl ehRfithelaridiée RremRIST, Which &8 Ben also be

induced by IPTO. T7 RNAP is expressed upon induction and transcribes
present indhgardeatinfeiedect epBATNSRpR C96ma¥tch f anghiiuttighyyexpressed gene,
encodes Qﬁ@tl%%%pﬁé@@t#?o%pf?@m potegraRinANbRIRIAN Ty adebieator of these

presence of specific carbon sources such as glucose, glycerol and |
promotegsa fis avhisie Aan ferily @xosytopisciivisrsbyherral 4ome san by prdncluded
and expREAPIY %%@@&M&%&QE{Q%@Q%%@TJH%@W&%&& fRrsiNdehers, e.g.,

designed to%ve precise control over expression levels. Heterologous

the tac prRmateE B ERE PR BPAMPRISE ARV SR icsTs BrFiciER At #atutoEa yducer such as

IPTG (iSgromsteDTng ametehi-Aaiideosity ehlisndisgasyriv seadtairmby the
roduct of th$ araC gene. AraC is a transcriptional regulator that forms a .
ﬁzﬁﬁ@a&m V- BRdFRONEs TP R sis UL RERVistes -2 sk Gate! lepgise pRpdustion.

ExpressRIPeKSidasE e Mh & QiaxiMun: thanseiatianas agkiat aplvo.avaitse of the
are required: (i.) L-arabinose binds tg AraC allowing transcription to

. ) i) | .
high aciiyity, 2ty spset P Aba bR ERRRARSABY-AND BoNBISeBn Y tdigte level
transcripabif ol sk s it agdriadi the 74y apdiaidiclocalse ¢h PRt éR eegion provides

promater region. The tr¢ expression system. allows high-level, regulated

tighter rggRlalialohiR i THeParechreirionsr. FHEQYESBIaTch s and cell
viabilityhq8euBRENFOPHM ERUIDT AXINRTEAN D) SEKA Y Techlon EBidlday calgoThe IrT3-30;

promoter iéa strong hyb(%?Sl romater derig‘ed from the tryptophane (trp) h
RosenbGhifhctbod 1o0) oI T (regtiailiby hETHB U hd R e 17
promotePEUTTORNAE patidere (BrORMAP) (b23431CRNe]l Ar{RIcdPlonf the gene of
. Ex ﬁessiqn Systems. . . . .
interest. High-level expression is achieved in T7 expression systems because the T7 RNAP is
more processive than native E. coli RNAP and is dedicated to the transcription of the gene of
interest. Expression of the identified gene is induced by providing a source of T7 RNAP in
the host cell. This is accomplished by using a BL21 E. coli host containing a chromosomal
copy of the T7 RNAP gene. The T7 RNAP gene is under the control of the lacUV5 promoter
which can be induced by IPTG. T7 RNAP is expressed upon induction and transcribes the
gene of interest.

The pBAD expression system allows tightly controlled, titratable expression of

recombinant protein through the presence of specific carbon sources such as glucose, glycerol

and arabinose (Guzman, et al. (1995) J Bacteriology 177(14): 4121-30). The pBAD vectors
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In one embodiment, an improved expression system for the production of
recombinant protein is provided. In one embodiment, the system includes
W 2468508¥Ivahnd a vector comprising a recombinant protein or &R ide004/039316
operably linked to a Pseudonionas fluorescens Sec-system secretion
are uniqyRjnafesstaetbdofreivetnreisapcenhsisanel ofePpispieecletids Hefsrdlegous gene
expressi&pﬁgrﬁ%é%@ﬂﬁ'ggab@ Wﬁiﬂa&é@% ﬁi@%ﬁ@%ﬁggftﬁﬁTJMt%qs both

azurin secretion signal, an iron () binding protein secretion signal and a

positivelrmeraegatiBebetestioted i hopedespiribe wmatigsbAantidiy transcriptional
regulato HACIBHRYS 1B ISIONALE A0URN R0 4B, AP AR EHERRANTETEi Afke, the AraC
. expression system is provided that includes a P. fluorescens host cell and
dimer blgeks dmmspaniiatol ohanprdmses traswsipiensigatiighanttoin arepty arforaeuired:
(i) L-arSRBERE!bHKER 1A AQT AR L ERINE DHARCIE She e YESIOMHRARAWNE A ator

of the characteristics described above. In one embodiment, the Sec

protein EetFItihMRycarlgsvEwséonthe DNdo st sHgiremaindiogveAnpC to the

correct 16RHNEL LMPPRIMERE 1B Rec-secretion signal is derived from any
bacterial genome. In oné embodiment, the secretion signal is derived from

Thogaenpregensmesien wlays dushgvebscenlotrdnernessaicn in £spekifiom the
tre pronfORRPOEHNGAL L5 -Sq6FeURR:SIENANS Setvegiirmeans:. SQILAsneMeE: si8ryotic

_ secretion signal may, in certain embodiments, be native to the protein. In
genes ingfs&phy FeediicHamHaRt tha sEeReiBIPEdPaPTaqist deatked Bapkthediapiophane
(trp) and3 RS %&Q&(&iﬁ%%l%r& G {YREUPALIPRER FRUCSAEANS 4h8 BRCPRYANRCt of the

system provided may include a Sec secretion signal such as the secretion
lacI? gesigBitdsing B P8ieierin 5B otehsds in which the protein that is being

expressed recombinantly is targeted either to a periplasmic compartment
Expressfie{@eaiiviarly, the native leader sequence of that protein can be

IIilncluded iq)tkae vec,[tor operablg/ linked to the protein of iPter t. In ot er. ¢

em nc?dir%nén?s,ngesfle’cre fon o %gleseqea( hee derived from g di éaremopr% em °
recombitan peotanlusedonidhé. védntoneSumpridingiyt, Fhélwgsesnanslodes praystiyell and a
wctor R0 DS R oo
Jluorescano Sificaybarn acerptioni déghbktwaleetedfeosighal seqpenasistntgthfa playieserretion

) or eI@ide of interest. .However, in ert%ingmbodiments, additional .
s1gna1, an £/ SCC].‘thOIﬂ s1§na a S-At‘f g-EEm 11 ll’i% Totem secretion SI%IF% an azurin
Cleavage signhals are corB’ora d 10 promo Broper processing he

secretioranignalfemmiral GThbipdpiglerdibm secretion sestdnamchn Alsopinttiddasecretion
. fermentatiotrﬂl rpedi uch as escriped b IO¥¥1‘ In one embodiment, the
signal o1 3 seqiience that 1s substanitially icmiologoys to the sienal seqrience.
system includes a mineral salts medra. In anotherembotiment, the
Isystenparathicesbadiiremic arindypessmtheystediaisT peosydtdnitcanuatboles a P.
ﬂuoresc%%'ﬁgs% 3 %ﬁ‘é’tﬁrléﬁgﬂcgn%a@eg%rat%%leﬂag'c?eg@@Qctesfe@é‘ﬁ’o%”si' HGELim any
n some cases, this promoter Is a promoter not native to P. fluoreScens,
genome spetrbly dmlged to a protein or peptide of interest. The vector can have any of the
characteristics described above. In one embodiment, the Sec secretion signal is derived from
a P. fluorescens genome. However, in another embodiment, the Sec-secretion signal is
derived from any bacterial genome. In one embodiment, the secretion signal is derived from
a bacterial genome that is not a P. fluorescens genome, and in a specific embodiment, the
secretion signal is derived from an E. coli genome. The secretion signal may, in certain
embodiments, be native to the protein. In a separate embodiment, the secretion signal is not

native to the protein.
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coli promoter. In certain embodiments, this promoter is, for example, an
inducible promoter such as a lac promoter. The promoter can also be a

Wt es08&veral different promoters, at least one of which isP3YHie2d0d/489316
a P. fluorescens organism. For example, the promoter can be a tre

Rerornarenler Hes pesristieay svteaisy o eddniydnpadetacSsrorpenetiop sigealssuch
as the sdG R SBRACIRENLADIRIRELVES RIRCSERRNLNG RFBRMCHRNPbtein that is being

recombinant protein is” provided which includes a P. fluorescens host cell

expressegyisFosapAatiy 5k tRTEAES; PEISh{er 8 P SHiNasNNe £ oBp EmeEtoPT Siatellularly,

the nativE MEaBEPEERRAED JPRIES HQNIEIRD A RIS S 8RS R0 E UPLHIRAked to the
_vector encoding a recombinant protein or peptide operably linked to a

protein QEiE#Hstaant Sec system secretion signal sequence, and growing the cell

IH RS CARBBIRAR At RERCLIGS X PREF SIeRueh HREIRIRIEH £6:RCPUREETER protein

_vector can have any of the characteristics described above. In one )
can be ingkydediivm g, vierose SWesERSh fofuqseesrieri orerRery fsebpeeisins with a

variety SICHSHE sEyAARINE LMD YINENnIB-SREISASTSURNSigRRbIS SIRANEY. TeMsome
any bacterial genome. In one embodiment, the secretion signal is derived

embodinyesis, NS REEhE Hedirrtiany HePEEtdsd dsitsaintin sisaadcwseie and the

protein YRephiife daMRIL0 nH@Qf&fﬁE,QUl enRCemboaisRH Rl AR AR BRYv H¥e signals
certain embodiments, be native to thzgﬁrotein. In a separate embodiment,

are incorppraied tORIRTERIE AP FATRSERRENB S HtiRe eyl dobrorut

The IHSRA0ORABLE I8 RRARISICIErARAAIMEN Bl ATWIEY 88l (NRSARR below.

for pr_eparina a recombinant protein in any host cell is provided including

In one eghadimgah Hresptamdnededssagpiealsalis iediton papatheisenabedgnent, the

system 1610 &s BRI itdifcd R Qehkigding protein, azurin, iron (1) binding
frotein or a lipoprotein B secretion signal, operably linked to a

Be SRS A AR P 5 RERMOISFretddeineathbBE AeetfeftBlfopromoter, and an
inducer. CRBOHENAREs S IRt as BrofINESTB AR CXRS g8 51aRkHaRs, such as an E.

Sec-system peptide targets the recombinant protein to the periplasm of

coli promplexe fn ARt AR T PRI isn RIS BRiFo AL dRANHCTR e promoter

such as £XEASRHHAEDT TIRINprdMOtBrRaasEs0BY: Al$e bkl idestheralentiof Ry pidRdters, at
the recombinant protein from the periplasm or from extracellular media.

least onerplaWiICh I GRAPEEN DI Bl e BT M r SRS 5 TERge the promoter can
be a trc SiaMRN KB protait e L fiesk drapldhe: cethc Prergdese, in one
embodiment, this isolated peptide is a fusion protein of the secretion

signal and a protein or peptide of interest. However, the secretion signal

can also be _cleaved from the protein when the protein is targeted to the =
Ty s smpodHnsHE ariBEIRNehPreResTidRE fredariuetion eigseosyhipsnt protein is

provideSEHRIOMSIGNR ane theopssiein BoReplflesisreadifiied thisidereRsRin of interest
cleavage of the secretion signal. In one embodiment, the process can

linked t%&&?ﬁéﬁ%ﬂ?lmedn&tﬁg’ﬁ%ﬁp?ﬁﬁlﬁlm providing a P. fluorescens cell

comprising a vector encoding a recombinant protein or peptide operably linked to a

Process

recombinant Sec system secretion signal sequence, and growing the cell under conditions that
produce expression of the protein or peptide.The vector can have any of the characteristics
described above. In one embodiment, the Sec secretion signal is derived from a P.
fluorescens genome. In another embodiment, the Sec-secretion signal is derived from any
bacterial genome. In one embodiment, the secretion signal is derived from a bacterial
genome and in a specific embodiment, the secretion signal is derived from an E. coli genome.
The secretion signal may, in certain embodiments, be native to the protein. In a separate

embodiment, the secretion signal is not native to the protein.
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host cell. In one embodiment, the process produces properly processed
recombinant protein in the cell. In another embodiment, the expression of
WRR8BHO8893tem peptide may produce active recombinant prd¥€kiia200d/039316
cell. The process of the invention may also lead to increased yield of
It SFRBTAENEphodim e, corimRFeod RIS ShE D REtPiRTiIB o pRseRltinant protein
in any WYL PErREReHAlAMS I IRA IS ANBLTPONNSL NS RIQEESSem secretion

_~ produces at least 0.1 g/L protein in the periplasmic compartment. In
peptide sghenied, BorbEdbROPHe HiscASE BrEdIBSETE ProtemgAZYEY EeSN(-D binding
rotein SFofeipoRdRa Ll l&%ﬁ“ﬁ@é}@l)'% EaB06 RHOCEPSPIOIHCSSBNIERASbrotein or
P ) aboutf%(.)g} 0.3, 0.4,50.5, 0.6, 0.7, 0.88, O.9h§r 1.0 g/L periplasmic prot:?n. In
peptide friateiedimost calk total recombinant protein produced is at least 1.0

T/ bnd e AGRERPOHIERScdIenaMO B &%i%@é%ﬁ@I%opmg%&dsiﬁstem
at least about 5%, about 10%, about 15%, about 20%, about 25%, about

peptide t3regels MsaaesObn A BIRISTVA AoReTEUssIans they 0oH; dpcurErmbagpuent, the
expressig? B BRI RG BPER PIcdNtAkF BRABIRI NG RISIBRIRYUASS il BIRfE the step

embodiment, the process produces at least 0.1 g/L correctly processed

of purifyjngidhe, reciphidany profsus S feRaniiRlash amfFmerkitacalislangedia. The
Sec-signaPEMEHY st sdBARAtbe foamineiee Bhd iR PEReRINIRIRAYSE Rth £4R B0 purified

g/L correctly processed protein in the cell. In subembodiments, the

from thegsellesthpredieds anfeaRadBuet. 21t S ated Bewsige dsz 6800, grgfeingof the

secretiorléie RN FRRLY RHRSRSISSEPHACHT IHRRE FIRPSHRIE Al R AQIBhGIEIRE YN also be
ocessed 32 WO 2005/089093 PCT/US2004/039316 recombinant

cleaved g;a&rheple&&al@ewhgrafhs@éﬁf?@ tangredotonbs drsiitsn d1Es SBrhadirent,

the linkdkO68aR4 BIORIB-PyadHrest o8 @ldeastahe WretindP pdptide B Bdlified to
7.0, 8.0, 9.0, 10.0, 15.0, 20.0 or 50.0 gIL. In some embodiments, the

increase glrayage st Berercstiondeig8eLd protein produced is at least about 5%,

Ik tehfbdiatait the Prorbals A0 AR Wrdedin RRAULSDY. RN of the
about 50%, about 60%, about 70%, about 80%, about 90%, about 95% or

host cell, (nOBE GEYAPFHRERHHRE AT IHES A ARG TPy I BRRSS S R ANTRRR, @rotein

in the c&MUBCHNERYS ctiBodigien, ¢he alpeffoRredusedSier ayAstvadsias 1§ produce
term_ "active” means the presence of biological function or biological

active reqpmbiRGRe RN tHe BidRyitell- funtaoesiestiett ifEotApeEverary also lead to
increase8URSROH MBOAMHRSRPNERO 1 eddipasicad funeHamOpreféacivtdressed without

corresponding native protein or peptide. In the context of proteins this
the Sec-§eefefigl) Sigiaing that a polynucleotide or polypeptide comprises a
Thielegieabduiaten piegifoctshathnpeabichsdsaltoutoZ0%rabiauinS@¥operiplasmic

preferably at least about 60-80%, and most most preferably at least about .
compartgi§iisen 31&?&%%?& %H?&%?@%%ﬁé’%&iﬁ%?ﬂ&é&?@ h&ti%@&éﬂ??ﬂ Biftitfeprotein
in the cellSig sGbanthadinaranataifocEiepietatsinatiensobipsataiz 00 pOld®.5, 0.6, 0.7,

05, 0 SV G 06 peramed Wiang concsponding SIJaId SIS prten

produced is at least 1.0 g/L. In some embodiments, the amount of periplasmic protein
produced is at least about 5%, about 10%, about 15%6, about 20%, about 25%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95% or more of
total recombinant protein produced.

In one embodiment, the process produces at least 0.1 g/L correctly processed protein.
A correctly processed protein has an amino terminus of the native protein. In another
embodiment, the process produces 0.1 to 10 g/L correctly processed protein in the cell. In
subembodiments, the process produces at least about 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 1.0

g/L correctly processed protein. In one embodiment, the total correctly processed
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proteins or peptides. One indication that a recombinant protein or peptide

biological function or effect is that the recombinant polypeptide is
WORMH0sFgically cross reactive with the native polypeptide. REBibS#G84/039316

embodiment, more than 50% of the expressed, transgenic peptide,

recombiply pepisie poedusied o fadpednt thefbof Protbeabedimimaisiodgcietpincgrrectly
processe%?s'%ﬁ;’téﬁﬁljg oRIB 4206t GellelRiampthes embgdinert gbay 6p%0 g %0, 10.0,

Y%, 80%, 85%, 90%, 95% of the expressed protein is obtained in or can

15.0, 204 9eR8t0red-inthhazatve ferhpdmmeitotisampme Meptisatbantarssiedprotein

producefCidA EA3LdnGRIcs oS reEAP RIRANLBEACIB24INBG eTROARRAL YL about 30%,
process produces recombinant protein as 5, 10, 15, 20, 25, 30, 40 or 50,

about 4056, ahoub50%0 abpuirymrhetd Tt preREIS{Kp RbIE UM takarE &R Yretanpre of
total rec'c')ﬂ?omﬁ‘nt%ﬂﬁyfﬁtiﬂfdjéeff‘é&l‘glrfﬁsmﬁgdi'ffbgﬁ?. host cell as a percentage of

aggregate cellular protein. "The determination of the percent total cell

Ipreein eedinasatenthe pratain sAnsalsarhensrdssdoimBactive fygt.cdihe term
“active” TRELAOMR iﬁ%@ﬁ&@@ﬁﬂl@%@ﬂﬂﬁn&mﬂ%@ﬂ% fAteieQ fagrsNlsIsekical

expression level of at least 1% tcp and a cell density of at least 40 g/L,

functionygesitgeb isncqrapariine tayhscaatiaty reprgespdsoie: the RicdseigebEastion or
effect of ICUSSEI IR NGIR SRR M SHiPEBtiHE 2 RRTHS WHIYRIefepetkins this ttypically

embodiment, the expression system will have a recombinant protein o

means that el iusieetsorpeleetifeLompriteh abiglasicel duaneigropneiessthat has

at least 4406 RoVhEBLETG09, (beeMiiBlY & RMPEEBHIIEL80US £1aRRottdfesirBRemly at
55 C, inclusive) in a mineral salts medium at a fermentation scale of at

least abuh Q01 Vharsivisy Rmramshiodhe S ERIetine Al BIRicitost BeRtife using

standardOPS-ENRQEIMeRL tastiMERIITh PEPVIHRSIA Br HHepHRISCEOE EXPIessi8d performed
system for _expression of recombinant protein comprising a Sec-t&/_pe

utilizings ceresipAnstie stehileuk p EBEieth L ORPSRIST idTBl0siRY ofstRESsdRpriBgcular
proteins@SpOYEIthBHO & i c HIOHGBEEN ScORAIBEHE PES SH FE Pleppti €a Baslt:Rh] function

?[operlyéﬁg)cessing and targeting secretion signals from both P. .
or effecy; i, fAE AR HTANIRARARY. PRIGRSBENSS SR TRILeg RIS cRghitsactive with the

native pSFiepdimaent, the host cell can be selected from " Gram-negative
Proteobacteria Subgroup 18." " Gram-negative Proteobacteria Subgrou

. - p .
1 g anotderinembod imetrotie st Ay e Ob G aRERES SEthaifenSFRIIGHRTP e,

polypepEHE-5RA6IAl bPitsahthit SRESIEHRIUEIDBZOBIPridreacRNs riRiNEBg: form in
those belonging, e.qg., to the following (with the ATCC or other deposit

host celh,IBeRRoRh e, SHALITSH AR i 10 Har ey PRt SN aR Vo Of the

expressdiHRSEERDHURIAG ordl5e aieddieudntb actbiearh (ATCC 13525);
Pseudomonas fluorescens biotype. B, also called bio\%r 2 or biovar I

Therereossreish POYSBUMOHIS LI N BB L Yo I TespEPBiavLprg tein-
In one e@H@MRH) A TEE AT 400 Rsaucomanas: ueweseers, tiofyise £0,as030, 40 or

50, 55, %%!l%%, 70, or 75 % of total cell protein (tcp). “Percent total cell protein ” is the
amount of protein or peptide in the host cell as a percentage of aggregate cellular protein.
The determination of the percent total cell protein is well known in the art.

In a particular embodiment, the host cell can have a recombinant peptide,
polypeptide, protein, or fragment thereof expression level of at least 1% tcp and a cell density
of at least 40 g/L, when grown (i.e. within a temperature range of about 4° C to about 55° C,
inclusive) in a mineral salts medium. In a particularly preferred embodiment, the expression
system will have a recombinant protein of peptide expression level of at least 5% tcp and a
cell density of at least 40 g/L, when grown (i.e. within a temperature range of about 4° C to

about 55° C, inclusive) in a mineral salts medium at a fermentation scale of at least 10 Liters.
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biovar 4 or biovar IV (ATCC 12983); Pseudomonas fluorescens biotype G,
also called biovar 5 or biovar V (ATCC 17518); Pseudomonas
WORMNFe3MWI8 biovar VI; Pseudomonas fluorescens Ptb-1; PseBd®fittid4/039316

fluorescens Pf-5 (ATCC BAA-477); Pseudonzonas fluorescens SBW25;

and Pseudomonas fluorescens subsp, cellulosa (NCIMB 10462). The host

cell can be selected from " Gram-negative Proteobacteria Subgroup 19."

Gram-negative Proteobacteria Subgroup 19" is defined as the group of all
Host Ce”strains of Pseudomonas fluorescens biotype A. A particularly preferred

strain of this biotype is P. fluorescens strain MB101 (see U.S. Patent No.

I 989, YBhediMsRI0I e ARVCHERAYRIORIE bt STner esarimp BT Pparsiyeigm for

expressiff BYMIRIAR IR Rifleereseans £165aiIhB2ddea8AIHEIed BYis ASSENGE the
) _ into the MB101 chromosomal asd (aspartate dehydrogenase gene) locus,
inventiop i§fpyaded ep e sarmesingciseavenndirt Bqile fiuareiespI8ey sestion system

is capabRelgigeheny 'M&@Liﬁg%ﬂa@&g&@%@@ﬂa%mfgﬁm BRMSSSHNANARIRSEM)s and
invention include Pseudomonas fluorescens Migula and Pseudomonas
non-P. fluqspeeasniet SigalssBling the following ATCC designations: [NCIB

1288 leMiffdinidnt 2 HYSG R 188APLRERIBtA 1 M G ARO A SERDEicbBAdteria
[ATCC 17458; IFO 15837; NCIB 8917; LA; NRRL B-1864; pyrrolidine;

Subgroup\A\B"| & eaBuBe i P PisteghecteriRE B asown, 1¥tsd apogegroup of all

subspecRR Rlanfib0 38 Quld8YRL: 53l SpdefeF B8 4r [Bld MRLIGCRR A3 nonas
[IEM.15/47]; TAM 1008 34 WO 2005/089093 PCT/US2004/039316
Jworescgpsyipotpdipa et B{RPEIEs]; §- B & 188401 aipRTCE D SRS A1 9r other

deposit gemBepEetening 246Ind§ Hid 38 3% MRREsF - PR ddRokll #Brescens
52-22; IFO 15832]; 143 [IFO 15836; PL]: 149 é2_40'40; IFO 15838]; 182

biotype firalsaale Hipxit ek (RS Hd4A01C Cobi iR Eoptidemesime higustsips biotype

B, also cA9kdLSI6INORI? Bid63] 1188 TNC RRB 631 Bked 80BALL 13283k Dliotip@ C, also
15834; PJ 236; 22/]%

. . 194 [Klinge R-60; PJ 253]; 196 [PJ 28,81; 197 [PJ
called bisyay 3 epheyanhf B@?Jﬂé%%};%ﬁc{%%w Tyepeiesnss Pagissayjelso called
biovar 423b53)35vd?8 J\gj@g]? 2051 %@?%%%@71@3%%?2@?@@% @%@%&Zﬂ’&i;biovar
. 212 1P) : 215 [PJ 849]; 216 [PJ 885]; 267 [B-9]; 271 [B-1612]; 401
> or bmwﬂ[)&é 11§§é§£3#’fﬁ’§‘ﬂ?lﬂfﬂ%ﬂ"8?%¥f§ﬂkﬁ% B rpasyigE sy fluorescens
P10-1; Po6ondshdsLiiibnes SOBIEN (RYBC RN ARLAR; BBl ia33f1h&BMels SBW25;
6

3;28]; P-2563 [FERM-P 28;@ IFO 13658]; IAM-1126 [43F]; M-1; A506
and PseyAemgefs dBe5 R0 51 ATAS lfﬁ%%%ﬂﬁ‘ég}oﬂé RRL B-4290; PMW6
TACABs1 2611 2finSe 32R3tedAtdhi OGragB gkt M8 P oleddacteBl Bubddup 19." "
CDC %’é; NCIB 10586, P17; F-12: AmMMS %%g PRA25; 6133[%22; X
Gram ng e GolgE e PR OSBRI MCHE FINCTBELYR), P18 181%0s of
Pseudombilds Gldidsden CooBO3], |POp3R31406 prefetéd strhmnotheis biotype is P.
) embodjn;l\eég}gge rocess. provi 321 ssign. of fysion.proteins with a
horescEiR IR Syt LRt Shor LEpdaE Col LA AL OB dbeteot
An exaninphel i peitemaddplivative thereof is P. fluorescens strain MIB214, constructed by
inserting into the MB101 chromosomal asd (aspartate dehydrogenase gene) locus, a native E.
coli Placl-lacI-lacZY A construct (i.e. in which PlacZ was deleted).

Additional P. fluorescens strains that can be used in the present invention include
Pseudomonas fluorescens Migula and Pseudomonas fluorescens Loitokitok, having the
following ATCC designations: [NCIB 8286]; NRRL B-1244; NCIB 8865 strain CO1; NCIB
8866 strain CO2; 1291 [ATCC 17458; IFO 15837; NCIB 8917; LLA; NRRL B-1864;
pyrrolidine; PW2 [ICMP 3966; NCPPB 967; NRRL B-899]; 13475; NCTC 10038; NRRL B-
1603 [6; IFO 15840]; 52-1C; CCEB 488-A [BU 140]; CCEB 553 [IEM 15/47]; IAM 1008
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secretion signal, an Outer Membrane Perin E (OprE) secretion signal, a
Lys-Arg-Orn binding protein secretion signal, an azurin secretion signal,

WR0NPSPNPB binding protein secretion signal and a lipoprotein B EAE290é4§39316
signal. This process is founded on the idea that the capacity of the P.

[AHH-21]|; A &R8 59 a2l dn Hikh bS48 Jp roc AT SEcRe B3 phBEdiL; idendaasaren de
Jong 21%:1 gitlpﬁeeli%m;ismhmﬂﬁ? 63 NrERLIGH; SESE e DYOiRHS) ?@9{1@}‘9@3 [TFO

naling systems derived from these cells could be ideal signaling

15836; Péykté‘ﬁ%d?oﬂ@tﬁ@i}ﬁ@dﬁ%&éﬁ%% IFR 30l BxprbstidHRidas30], 185 [W2
1-1]; 189 [@6TPs82 419 progessONRPIssHIg; IR IE PP RentgemysiB 1€ 1208]; 191
|

entified P. fluorescens Sec system secretion signals can be used in an
[IFO 158}deRT236%98(bln SAIIENES BrGhrEF S5RAr) U081k THSAIBIE LR, o8 [P
302]; 201WPJ93%BBd'§U§TPﬁB?2‘TP%GG{H>P§? 200y 51} p@@ﬁelﬁmg@r}a%@im 686]; 206

recombinant protein or peptide, including a P. fluorescens cell a

[PT 692]52Q¢IB5d FABLROSTIR Fdt 2omihbAR ludda Eysdils t%lérb‘ahéég]; 267 [B-9];
271 [B-f@pzar;nWG@%@M@W&M@%%M}JM@@P@Ctﬂfiﬁ@eh‘gmu; KY 8521;

articularly E. coli, because of their relativetlh%lginexi)enswe rowt

h
3081; 3YetfuirdRiemO%ida Dot8ids RWpeRIGPBSHABLE pi8tsid e pgh P-2563
[FERM-PURYSSIF(R 256 88§, AQUSELLIUSKPIRAS ; iaRo ol sploveny pastes pnals2e

peptides, particularly for researc&ﬁur 0ses. S]¥stems include

[A5-26]:RednZorMIRBY Brdt BRI dNS BRstbiito frésd $93%eid AIEQdFS391; F
1847 [COREISIEF 284S provesgene®lyiaeee penie- ey el NI RIeran 5; 6133D02;

expression and are comparatively fast and inexpensive. Insect cell

6519807 W16 SRS ENE MV alE EenFed HEHR &lthddld dP13d406C 11251;

CCEB 229R3189083; RCAD/Lbp2034/039316 expressing recombinant proteins in
biologically active form. In some cases, correctly folded proteins that are

In 3upthsh SRR Yh SifrRIGESh ISR BSE the X micssinmaph P siom Sxpidesighith
P. fluor3¥6iS B8 SYStaSseitione Batiastes e tatyFaiisa bayspaise tiaampsestdah (pbp)

the expression of recombinant proteins, On a small scale, these

secretion,gigpak an, Ouer Yrmbransrorare CHED Heraion iirghe2 Las-Hasiarm binding

protein $EQFBLHNMOS T PattiataHy JecastisnatighiimanbealliTopRlieali st secretion
another embodiment, the host cell is a plant cell, including, but not Jimited

signal agg 3, KRORESIL & SEOFRIOR FMREm HHSAPERRERSHiS SSmtsd o dhsiddes fbat the

capacity G thinRFRIbs esmb SdinsedbtRnnsighige ol prcvganisisdaprotyaedMiiates that
modified jn the process, jncluding but not limited to a_ transgenic _.
the cellsqiie MER ¥ REHH Qe PP S SRR I o yReiP it fAipe Systems

derived Dogarisse 216 gonkry diydasegemigaisiawe Iaatwihed ivssedibing eelifiple
.described be one_embodiment, the host cell can be a rok%rg/ote

W. |
expressig, SYSEMS» HATE TS HFRIAFRSS i FETRRIRE REP e PhBRRHfSHPsine the
identifie® gt yllomosas sRecieschyicatidacimals calisharasdé soripgtyfame@ngistem,

. ._in "Biglogical Diversity: Bacteria and Archaeans”, a chapter of the
mdudmg)ﬁ%%g%ﬁ}a%&(’@88%?5?%%%%0 V' BFMJ Farabee of the Estrella

Iivithigntaitb odanentyi ity Koellegie cAdibenmyUtSA edgdhik .of producing recombinant
protein ohrti}g)e:p/{i e, lﬁgmgigéagi .%gige%fe%%ugtéﬁfgg e%gllibed above. The most commmonly
used systems to produce recombinant proteins or peptides include certain bacterial cells,
particularly E. coli, because of their relatively inexpensive growth requirements and potential
capacity to produce protein in large batch cultures. Yeast are also used to express
biologically relevant proteins and peptides, particularly for research purposes. Systems
include Saccharomyces cerevisiae or Pichia pastoris. These systems are well characterized,
provide generally acceptable levels of total protein expression and are comparativeiy fast and

inexpensive. Insect cell expression systems have also emerged as an alternative for
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BIOBI{/BioBookDiversity_2.html. In certain embodiments, the host cell can

be a Pseudomonad cell, and can typically be a P. fluorescens cell. In
Wozjer/es8diments, the host cell can also be an E. coli cell. BCAA&HEH/039316

embodirarnent the host cell can be a eukaryotic cell, for example an

expressing{Seppeinan anminigs htilorintdy etd GefPram 1 sppgsstssacorrectly folded
proteins tHAIGHEO %@a@éﬁﬁ%ﬁﬂ? RHoAHESUIMBE2PE6IRA. OVAIATNRALER E8lression

includln%gjut not limited to a murine cell, a hamster cell, a monkey, a =
systems, $jeth S GRiAGTE HAMLE A¥rBhELmsaRcHBohe s dsed fenibgesapression of

recombindREFORIR! a0y b BELIS R IAXAENRI e U RN AP GRS *. Certain

) . member of any species of eubacteria. The host can be a member any
biologics gap bt teivad £ otei Bt SRR RATAHHADA BletriMed O byeap Laelfbigepdgations -

In anothelHY ORIt arBiHacANQro iRt ¥ YSIRAIBARIES bHYANCRRHEL B, a tobacco

Deferribacteres, Deinococcus, Dictyoglomi, Fibrobacteres, Firmicutes,

cell, corn.pzgefh £qBYiaD dethideniroRSatche 2O1RAMIBIRS £61L Nifa8pthss embodiment, 2
multicelluiApEEAmyasiehRRieebacissdnsPitpaiagoetandasfehanittited to a

. Thermomicrobia, Thermotogae, Thermos (Th(--rmales), or )
transgenio, QrgeRisHicrOBTAMIANSS dRBEINERS Grad@iomadiiing tmuitierlude) uganism

are generdlEy BAARNBAEHANESRESIEDA Ry ARHRine veludiRgEyansbreeria. The

bacterial hast can also be a member of any species of Proteobacteria. A.

In 0Bfe SHRAEHHOLE IOShIFHE S dtRbdr BIAAIGHE SHeRedsya bacterial cell

including /tRbaptoMRMRACIO N BRIRPINROBRGICPRetRNIDIRRT QIRORACipical bacterial
Deltaproteobacteria, or E%?)ilonprotepbact.eria. In addition, the host can

cells are dgserbed. {orexample. oheRiiRgsal DX SR oRasteTiacid Asehogens”. a chapter
of the 0RQQRAGNORHTY BHAUS 2000 BIC DB RN ORPIRRIEHA.tRE Estrella Mountain

.Ganmjaproteqbacteria, and a member of any species of
Communigy {ellebs Ao Y A kR QAT Sine Tatreans Sda ey
BIOBK/BisBboltbihesity il bennember @raty emehotiibeiaxa theravgnadalesan be a

Alteronzonadales, Enteraobacteriales, Pseudomonadales, or, .
Pseudomogadeelfy %ﬂé}é&?}&?@%ﬁ%é’eﬁw%ﬁﬁﬁaer‘@ Jf&ﬁé@&@%&%&aé@e host
cell can algo Bsewdoaonadilem dhotine emtwtiment (laehbost el eapebecaktigotic cell ,

rder.Enterohacteriales, the host cell will be a_member of the famijly. )
for exampiés g KRR SFU R A s LRk o e B Qoo b ehophusic
DrosophilasshetiChitighlehe gipdticror Meimipei afithe @Enuadhstifgrishiadnianited to a
) mbé)diment a host, cell of the order Pseudomgnadales, the host cell
murine cegy g HANASIRE AR e Yarth B s ke, even of the genus
In Baewadsodinant, Gantizy Bbieabectesarhbsisinalugdef mherbhatsiaf the,. The
ecies Escherichia coli and members of the species.Pseudomonas
cell an, 13 Bl D R G R B O R SN PSR, DE 2 member
any one %mﬂmmangd&m@ﬁmsmyﬂaﬁammmgs&qai@dﬁdﬁ Baovtregidive Chlorobi.,
Chlamydigg,Ot%%%?gﬁgﬂ Séj}?l%rs?gé)er}ét\é\ét"c yg]nccl)ul()jzs:’ggr?agr%’&e?’fribacteres, Deinococcus,,

Dictyoglomi, Fibrobacteres, Firmicutes, Fusobacteria, Gemmatimonadetes, Lentisphaerae,

Nitrospirae, Planctomycetes, Proteobacteria,  Spirochaetes, Thermodesulfobacteria,
Thermomicrobia, Thermotogae, Thermus (Thermales), or Verrucomicrobia. In a
embodiment of a eubacterial host cell, the cell can be a member of any species of eubacteria.,
excluding Cyanobacteria.

The bacterial host can also be a member of any species of Proteobacteria. A
proteobacterial host cell can be a member of amy one of the taxa Alphaproteobacteria.,
Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria, or Epsilonproteobacteria. I

addition, the host can be a member of any one of the taxa Alphaproteobacteria,
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Proteobacteria belonging to the families and/or genera described as
"Gram-Negative Aerobic Rods and Cocci" by R.E. Buchanan and N.E.
W@EId1880¥ds. ), Bergey's Manual of Determinative BacteriolR§yT/j§2004/039316
217-289 (8th ed., 1974) (The Williams & Wilkins Co., Baltimore, MD,
BetaproteoBaoieHareifbftéFaBBRE)teebId AT ape 4 preBismbehesE famylicsPapgs of
GammapR6ReHacipfganisms. Table 4. Families and Genera Listed in the Part,

"Gram-Negative Aerobic Rods and Cocci" (in Bergey (1974)) Family |.
hpg%a@hﬁgdmééé Erprdiatiebacktigbhosin e hothwildrme phany

one of IR e D3Rt0NANIST aERaSA0RANAS, HRRACHESISIHNCIR RERIARMYY, or

[ll. Rhizobiaceae 4grobacterium_ Rhizobium Family IV.
Xantho : RetAYYomSEEeROE i Srrsesriaciarififgs\pr Pseudomonadales.

In one elitARAGIEIAE9RR VAPBSIESL 1R QFRGCHRSHNYEANNR ARV cell will be a
PCT/US2004/039316 Other Genera cetobacter Icaligenes ordetella

member QfcBafarBHYi &g oPeteridseGrHh h BV PfRRY aeefiths gspsrLf inia ,
EschericPla0dnSisias.Pepteahacieriariiat wpuldberclasaifiethipdbisirrsting:t of a host

according to the criteria used in the classification. The heading also

cell of ithe erdsty Bt aranerden e otcislimstlinbthig seemhebriatbs family

PseudomORERIcSHCRvA SreHgenaiR AcgyRshaBreyMafIImRa RN ISR include
Hydrogenophaga, Oceanimonas, Ralstonia, and Stenotrophomonas, the

membersy o, Eh8 ,FREHEH rdTsheartidneoderiid BRERISTSNaS, threfpaaish cferifayionas

fluorescéifiich was created by regrouping organisms belonging to (and previously

Other Pseudomonas organisms may also be useful. Pseudomonads and closely
related species include Gram-negative Proteobacteria Subgroup 1, which include the group of
Proteobacteria belonging to the families and/or genera described as "Gram-Negative Aerobic
Rods and Cocci" by R.E. Buchanan and N.E. Gibbons (eds.), Bergey’s Manual of
Determinative Bacteriology, pp. 217-289 (8th ed., 1974) (The Williams & Wilkins Co.,
Baltimore, MD, USA) (hereinafter "Bergey (1974)"). Table 4 presents these families and

genera of organisms.

Table 4. Families and Genera Listed in the Part, ""Gram-Negative Aerobic Rods

and Cocci" (in Bergey (1974))

Family I. Pseudomonadaceae Gluconobacter
Pseudomonas
Xanthomonas
Zoogloea

Family II. Azotobacteraceae Azomonas
Azotobacter
Beijerinckia
Derxia

Family III. Rhizobiaceae Agrobacterium
Rhizobium

Family IV. Methylomonadaceae Methylococcus
Methylomonas

Family V. Halobacteriaceae Halobacterium
Halococcus
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called species of) the genus Xanthornonas, the genus Acidonronas, which
was created by regrouping organisms belonging to the genus

WOREHIRENSr as defined in Bergey (1974). In addition hosts cEQTHEH0/039316
cells from the genus Pseudornonas, Pseudornonas enalia (ATCC 14393),

Other Gergadornonas nigrifaciens (ATCECes@wsicrand Pseuc(omonas

putrefaciens (ATCC 8071), whicHseligepeen reclassified respectively as
Alteromor as haloplanktis, AIteroW#é@lMgrifaciens, and Alterornonas
putrefaciens. Similarly, e.g., Pselféfé8fias acidovorans (ATCC 15668)
and Pseudornonas testosteroni E’F@@Sﬁ@%) have since been
reclassified as Conianronas aci S and Comamonas testosteroni
respectively; and Pseudornonas nigrifaciens (ATCC 19375) and

" @éﬁﬂﬂ@@&ﬂ@@%ﬂ%ﬂﬁ%&Tﬁi}W D Qﬁ%%@ﬁ@le@%@é&%ﬁ&eﬂa that would

respectively as Pseudoalteronionas nigrifaciens and Pseudoalteromonas

be classifigfkcibis. reatam avsgedive M@@ééﬁﬁ%ﬁ@r%@d@ﬂtﬁﬁ@%@@ﬁ@ud@@ heading
also inclu%é@ﬁ%%ﬁﬁ%?@ﬁg% 1209109 10 AV L EHBIIUSS 1o Tonger, such as

seudomonadaceae, Azotobacteraceae (now often called by the

the genergydisiptotae "Rrotowdisteraroiyrbiadain oMuirdaceahosmniBeratinends,
Ralstonia, 2081 EHOOPNRASIRLC aR-(3KN O EoN A 8LRM % ¢ RO Thus  Blastomonas,

Methylococcaceae"). Consequently, in addition to those genera otherwise

derived thegedtomp IhéTBIN2RITREPD RS ERBALRIRR PTgaNERS Ry @Bite(and previously
called speSiEANdT)agRYeEY %99%9%%3&5WQQQ%HQSJ-ZE}%HQ@h&),%ﬁi@f?%&%‘lrcﬁﬁb'@ by

bacteria of the genus Azarhizophilus; 2) Pseudomonadaceae fami

. : y
regrouping greanisHe thelogane dockmashes dngefdcishasTdeiimbardicrgsy (1974). In

addition hBAzERiaseRRAIdAIIY RarieHa Qithe PasnRIRthe|alPRaRIeH S Balia (ATCC
Liberibacter (also called "Ca32didatus Liberibacter"), and Sinorhizobium;

14393). PseifonRighcaeciiedé Hntiy BAtterandr e daiecamatnyghaaey, (ATCC

8071), whidBthmeosienRcMelimdeRigahiven, Meliwlpsawing AR MetRNIOSIR6Honas
38 WO 2005/089093 PCT/US2004/039316 In another embodiment, the

nigrifacieip, e |4 SAHONH BT ESIER-ned BN Brotebbaliid Bttt s Hovorans

(ATCC 1566Rahe Rty NOrashasteriaony AR 2i9se)efines ascdhBearoreifsified as
Proteobacteria of the following genera (with the total numbers of

Comamongs AEIJaRIEtSpaBilcIFORAMAIE, Beiosstau’stratrReaiviedy: iRntkdtsenfpmonas
nigrifacie@ ERANESIS, 188 THP ASIte draL b inbn AXGHRtiaRl O IRAWESE INdi08dhave been

Acidomonas (2); Acetobacter (93); Gluconobacter (37); Brevundimonas

reclassifiefh syeRanBNdkid 1 37 HERALA L) Bl e IRB(HY G 2eridrsepgyiteromonas

piscicida. CORMORSEIE T Prorddbivtcrd): Subizehium Aké4h Bl izeRigBadRth classified
Blastonzonas (1); Sphingornonas (27); Alcaligenes (88); Bordetella (43);
as belonging forpi & 4he Srias ENEeB O RENIEIBrAX Ly ARG e OpMag i salled

by the syoagiacal®) Mathwahacterdd); Metirlacritomdach®CIMB)izobiaceae, and
Methylococcus (2); Methylonzicrobiurn (2); Methylomonas (9). .
MethylomQRatiiEar S (1 P WBth RIGShaBta; Ko SRR B Azorﬁ%aﬂﬂa%ce@ﬁeae )
ConsequeIntabadietidh4y, tedtyilieBphetiged ddsiRathidoaizo fasHariBteobacterial
genera fall:irrlagnv%lfcfﬁﬂla"(Lgirzz(rrirlll%hgoart?\(/)eng?ogg\?géteség &ﬁ%fr)gl?lgz?p?r?clude: 1) Azotobacter

group bacteria of the genus Azorhizophilus; 2) Pseudomonad aceae family bacteria of the

genera Cellvibrio, Oligella, and Teredinibacter, 3) Rhizobiaceae family bacteria of the
genera Chelatobacter, Ensifer, Liberibacter (also called "Ca#zdidatus Liberibacter'"), and
Sinorhizobium; and 4) Methylococcaceae family bacteria of the genera Methylobacter,

Methylocaldum, Methylomicrobium, Methylosarcina, and Methy>losphaera.

38



(50); and Oceanimonas (4). Exemplary host cell species of "

Gram-negative Proteobacteria Subgroup 2" include, but are not limited to
WaRSGHNINNg bacteria (with the ATCC or other deposit numbeP§BUS2004/039316

exemplary strain(s) thereof shown i : Acidomonas

. nin arenthesis&. i _
Iyragihaofied pAinoat 4bsgpst %&%B@E@f&%ﬁr@m’ o asgatye Proteobacteria

Subgroug>HIEONORGCLE! Vs tfvtdobadieda Sub dimanas i indtanA Lot of
11568); Beijerinckia indica (ATCC 9039 and ATCC 19361); Derxia

Proteobagjgrith 26 kg Avitryispeayenr (Wihathselntd rupbee o b satse fistrde pEblicly-

available2BOPBRHEA Hrfin2BRAR) iﬁ@f&@&ﬂﬁﬁf&%ﬂﬂ{é@@ﬁiﬁﬁ HELalRIOR, except as
Agrobacterium radiobacter (ATCC 19358), Agrobacteriumz rhlzogg‘ér}es

otherwisgaedicateds): Cheleidtinerer héizideerebechas 00R) Erchieosahedrsnd37);

Brevundidifa$e @3312)pBIuARIMEN EQUrDBRsarn (Bl fe&1d09M) dgrobacterium (79);
Sinorhizobiumz_fredii (ATCC 35423); Blastonzonas natatoria (ATCC

Chelatobgsites 12X pimgsrn thasRbsadimsn (¢ A TR awbinma (@dly dHed ermegss (1

' C @500 /BardstelaRertessieiNt 443597 Kheldera ReRASIR (33);
5 hl"gm(k%&c&c %Z%l)g)l;ggg?gﬁ%gg?ékgtii (ATC %%5’91%7?%(%?\%@%&"5 (2%

Acidovorge1 @D 1Hydmequgaiegeddprerpsiec e igerier oy Medriaridra (1

at NCIM@STQ@e 8D MDY ARSI RIAHES A (O MEBIDmMRINOC AU osarcina
racile (NCIMB 11912); Metlzylococcus capsulatus (ATCC 19069);

(1); MetRylarpheriderbrmmarasile et sty ﬁi‘tlﬂﬂm‘rn@%rﬁég‘”bm €)%

Oligella (B}, Fsedaaéra ethytns deinasbirata)( A1 400909 2 M ptypspbpRsMonas
hansonii (ACAM 549); Azonzonas agilis (ATCC 7494); Azorhizophilus
(50); andQegpimeres§D3833); Azotobacter chroococcurn (ATCC 9043); Cellvibrio

BXpra{ WeYIc69ddciigetaaiaihialistrel Bt dobabRY P Sebeetg Irasclude,
aeruginosa (ATCC 10145), Pseudornonas flugrescens (ATCC 35858);

but are e fmefioutreillorieciecta Wb therybhik/GBaBy deposit numbers of

exemplafyGh&i2004{080GHviSte PatcaeI)oNas Btk Hr Ak 6ife A BEBTL 43581);
Xanthomonas campestris (ATCC 33913); and Oceanimonas, doudoroffii
Acctobag e RISl SN U BT OARHO b b LoAaciec g dimonas

diminutd {ATOEJIAD G, rgiappaiRH 2indidag (AURCE" 9G3amiegative 19361); Derxia
Proteobacteria Subgroup 3" is defined as the group of Proteobacteria
summosgy Mo DS R RO A b i AU s (ATCC
23448); Apibiedium; Rinshenaiash SoUinEEB08)aggAlsaligenas, RuikhalteigATCC
Ralstonia; Acidovorax; Hgg&o nophaga; Methylobacter; _
19358), Rttt RASHD é?@;lm&éﬁyﬁmzfs A1 NG FATES, 29600)
Ensifer ddRiByas WCIGC BEXMY)0 RphabianAcamanssine ONTTIP0084); Sinorhizobium
. A onéa , Cellvibrio; Oligella,; Psm opas, Teredinibacter, L
redit (A D S G A RO S0 B IEBB BB imobii
(ATCC 208871gy ﬁﬂ@bl_igmnfaﬂmeGAEEJUsme);t@bmmﬁnga(iMQ‘CC 9797);
Burkiol SRS A AU BIA: T 9RE RIRIGOBASISR RUSIOHD
(ATCC 11228); Hydrogenophaga flava (ATCC 33667); Zoogloea ramigera (ATCC 19544);
Methylobacter luteus (ATCC 49878); Methylocaldum gracile (NCIMB 11912);
Methylococcus capsulatus (ATCC 19069); Methylomicrobium agile (ATCC 35068);
Methylomonas methanica (ATCC 350607); Methylosarcina fibrata (ATCC 700909);
Methylosphaera hansonii (ACAM 549); Azomonas agilis (ATCC 7494); Azorhizophilus
paspali (ATCC 23833); Azotobacter chroococcum (ATCC 9043); Cellvibrio mixtus (UQM
2601); Oligella urethralis (ATCC 17960); Pseudomonas aeruginosa (ATCC 10145),
Pseudomonas  fluorescens (ATCC 35858); Francisella tularensis (ATCC 6223);
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Proteobacteria of the following genera: Brevundimonas; Blastomonas;

Sphingomonas ; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;
WOLStIeMAaster; Methylocaldurn; Methylococcus; Met hylomicPé8i»2004/039316

Methylomonas; Methylosarcina; Methylosphaera; Azornonas;

Stenotroplyesamepmriisphin dHdGs: 183 e  bmenas PaenasioHYECC 33913); and

Oceamm'B%E%Q{B%@y @q@@sﬁlngﬁtenotrophomonas Xanthornonas; and
Oceanimonas. In an embodiment, the host cell is selected from

m@%ﬁﬁg@ﬁh%@?@k&{%}&&@?l@ﬁ sgleripdsirons faramegieaaive Proteobacteria

Subgroup rateobasigrienspeOUR Redd Aelinge das dhrgraupiof iBatachagiRriaehy of
the followin genera Methylobacter Methylocaldurn; Methylococcus;

Proteobagjetify| GiniShebiaHe WRSh FriFHnas BlrktABsareia  AbgAEsstaer B hizobium;

Sznorlzzzmm,on@asWB%?Pm nﬁ%ﬁ&%ﬁ@deﬂl 10, Qigelaideria;  Ralstonia;
Pseudomonas; Teredinibacter; Francisella; tenotrophomonas

chdovo%htho%&ﬁewwan|%ﬂé§0ﬁ4fé%ost %ﬁféﬁ@%@&ecte%@w{owcws

Methylof#APrRIatg.R Eﬁﬂ?%te”@@ﬁagfﬂ%bﬁm ‘CIRenesshysra;  Azomonas;
Proteobacteria Subgroup 6" is defined as the group or Proteobacteria of

Azorhizoplglys) owaef etstes: BfeRIfETAon L B o mEsgdaspmiftjomtrigdinibacter;
anczseﬁzurks“te}pﬁfb?gh%bs&aw%ﬁﬁ&%@&ﬂw@mga Azornonas;

Azorhlzoph us; Azotobacter; Cellvibrio; Oligella; Pseudomonas;

ERlo SRR HERTRES Seksrivdriomhs Capr-RsgiAvRREHgbacteria
SubgrouiL'h@’hOS@ﬁlﬂlﬁﬁégB@V%eﬁ@@Q%@féhﬁ&iBgflﬁQﬁwe Bragnbac®rie group of

"Gram-negative Proteobacteria Subggroup 7" is defined as

grou
Proteob%fgaroﬁﬁ G PRIBIREETRETH thET FHBAITAET S S LSIERREHaSPhingomonas ;
Burkholds194 1| RO AAOIEBBIES; %Myéaoﬁi@@!laMBﬂ@m@ﬂaMemyzocaZdum

Teredinibacter; Steno rophornon; ; Xanthomonas; and Oceanjmanas. 4

Methyloggesuseo gk HyE 2 ORI BEe A o MEVIRIrESA%e é@@e{@aphaem

Azomon&ﬁGMZ&Ai@I&pﬂﬂﬂﬁt%Bm@b&CM@ﬂUb@Vig&l’l@ ‘Psaabinbr@atiN@edinibacter;
Protegbacteria Subgroup 8" is defined gs the group of Proteobacteria of
Francis I‘§ff

BRAAR ﬁ%’i‘ﬁSB} WhoTaaEh RIS EEIHIES: Sphingomonas:

@wﬂ@lﬁﬁr&naﬁlsmelamsmenvgrasélddwdlr%@mopﬂaaﬁﬂi%g@t@wm’zaeasacteria
% otrophomonas; Xanthomonas; artlg Oceanimonas, The host cell can

Subgroug e e clatPRRRE S FIGRRR B ot tREONR 2 SUb fetiped es the group of

Proteoba@dfﬁmﬂfegﬁlYﬁlBﬁﬁI%)lgaﬁé%ta Suhyihadeis desineidaddim andethdbcoccus;
Protepbacteri e following e era: Brevundimona %lrkholderla
Methylmﬁzgrﬁ %ﬁl Aci gfp%g&rog cz%,eu %}{Z}gp aera;,  Azomonas;

Azorhzz@mmtmphmmaﬁaran d@nﬁammonamg]éna ho&?seeﬂosﬂmbe selrgielikhibacter;
7 %&om ~Gram- r}é%@tlve P, bacterla Sg glSgrou "Gram-negative
rancisql B AR EORG OB Wg'&‘éﬁﬁg CHRBRBAS: of Proteobacteria of
The Holowilp ganbeasBeriddokiama ' BalsiarigitRecRasisvdaastia Subgroup 6."
"Gram—n%é%ﬁ(\)ftr%?g‘%nl)ac%na El?bgroup 6" is defined as the group of Proteobacteria of the
following genera: Brevundimonas, Blastomonas; Sphingomonas, Burkholderia; Ralstonia;
Acidovorax; Hydrogenophaga;, Azomonas; Azorhizophilus, Azotobacter; Cellvibrio;
Oligella;  Pseudomonas;  Teredinibacter;  Stenotrophomonas;  Xanthomonas, and
Oceanimonas.
The host cell can be selected from "Gram-negative Proteobacteria Subgroup 7."
"Gram-negative Proteobacteria Subgroup 7" is defined as the group of Proteobacteria of the

following genera: Azomonas; Azorhizophilus; Azotobacter; Cellvibrio;, Oligella;

Pseudomonas; Teredinibacter; Stenotrophomonas; Xanthomonas; and Oceanimonas.
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Xanth.ornonas. The host cell can be selected from "Gram-negative
Proteobacteria Subgroup U." "Gram-negative Proteobacteria Subgroup

WQ 2006808803%ed as the group of Proteobacteria of the genera: PCT/US2004/039316
Pseudonionas; Stenotrophomonas; and Xanthomonas. The host cell can

Thsehosfe sl crorhe Gelifiak diamte " Prstaomeeterta Balsghgisia. Subgroup  8."
'verm_negﬁﬁ%mms@eﬁxaé%@ igr RURGTALP Ahis A6HRRR BRIBSLILAHR O the

_ Proteobacteria of the following genera: Burkholderia; Ralstonia;
followingrasagtio midieardinohest Birciwpessclabivermsiies GPantiedgeige Ralstoria,
Acidovorcﬁ{'OtWﬁépﬁH%&mY"@e%t%'n'z'g#&m'@%Wﬁpﬁ&%@ﬁ&?aﬁgﬁtﬁéﬁ?&@&}p and

~ 13" is defined as the group of Proteobacteria of the following genera:
Oceanimaggfkholderia; Ralstonia; Pseudorrzonas:; and Xanthorrzonas. The host

THREhSANRA %%l?%@ds@ﬁ@e?ﬁ%ﬁ'”@%ﬂ%%éié&f@@%&%@@a@fﬁg bty 9.

"Gram-negative Proteobacteria Subgroup 14" is defined as the group o

"Gram-negpfiisobateehactin ShEsn § yineened ag b SuRscA AaoeaRisHaRs the

following iBeadMeSGel6RmBRAC ﬁﬁiﬁwmd:@éﬁk&)ﬁg,aﬂgﬁlg\r&ﬁ@ﬂb@&‘?ﬁge]zophcz ga;
ubgroup 15." "Gram-negative Proteobacteria Subgroup 15" is defined as

Pseudomqpgs giéeie Grptetedsic - eaiéredifds Pseudorrzonas. The host cell

THARRE selecteddbomcraNTBR0AtYeIRISARRCIBURSHAREOM B EBeroup 1.0."
"Gram-negative Proteobacteria Subgroup 16" is defined as the group of

"Gram-negt bRt RAC T hS TRATHRLD bR 46 BoR o PRbAcHeSe of the

followingOtBEiSIRPOSIBRMIMbIEESAf CRRIRRIAL: SEANMENRMINV IHRIEINESSas; =and
Pseudomonas abietaniphila (ATCC 700689); Pseudomo7zas aeruginosa
XanthomaigsCC 10145): Pseudomonas alcaligenes (ATCC 14909);

THRSBRoMIOEIP ¢aASh@Rgdise Hiea (N afa-336A0k PeeiedpiRmRSSignalols] "
(ATCC 13674), Pseudornoyzas flavescens (ATCC 51553); Pseudoinonas
(-
/

"Gram-negduyrbratre pAcTREte SBharpypteuiddiitaghes e werpads sserfgsienia of the

genera: M36ulibAARDAESD3 D HBIMNESUSRNSAM T bikoRR0 3h Seei demessbe selected
oleovorans (ATCC 8062); Pseudomonas_pseudgalcaligenes (ATCC

from "GramAgpaBie forARS FEGnVEERUAATEC 147238M-BRaRSmbBrRigobacteTia

SubgroupstiamineadtAihedC 33686); fisepdomPranatgiiASL eS8ilowing genera:
Pseudomonas alcaliphila; Pseudomonas alginovoria; Pseudomonas
&

Burkholdetig Ralsianies B ioBass aspis P EhE e 388 55 95t g o (Ham-negative

Proteobao@étﬂéﬂﬁag&ﬁﬁiﬁﬁ1@&@@?'&@9@&3&@%@?&%@&@@@%?@3ﬁn6d as the
seudomonas horealis; Pseudomonas boreopalis (ATCC 33662);
Eroup of BEFUGTEH b e OISR FPYB, QB B A Edomoraas

and XantAdmbhds. PsEuslomanadicelinlasa {Addidd Sodmi3) disutmonaProteobacteria
sungonn IRERATCCI00RY, Commonee HONIATEC B2, of
Proteobacd@13)f ise bsitvwira gduace nBigdokds 4B Xansrunmon i e theit @i scan
be selec%eAaTCt%)r?l68$()i;r§nsl?rlljedg%g]v%naﬁrg%%gl%)cltae QT%gb%?o%%G) ;1§§eUdQ@Parfr?-%egative
Proteobacteria Subgroup 15" is defined as the group of Proteobacteria of the gemus
Pseudomonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup L 6."
"Gram-negative Proteobacteria Subgroup 16" is defined as the group of Proteobacteria of the
following Pseudomonas species (with the ATCC or other deposit numbers of exempLary
strain(s) shown in parenthesis): Pseudomonas abietaniphila (ATCC 700689); Pseudomo=#ias
aeruginosa (ATCC 10145); Pseudomonas alcaligenes (ATCC 14909); Pseudomozas
anguilliseptica (ATCC 33660); Pseudomonas citronellolis (ATCC 13674); Pseudomo#as

flavescens (ATCC 51555); Pseudomonas mendocina (ATCC 25411); Pseudomomas
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coronafaciens; Pseudomonas diterpeniphila; Pseudomonas elongata
(ATCC 10144); Pseudomonas flectens (ATCC 12775); Pseudomonas

W 209RsMEns; Pseudomonas brenneri; Pseudomonas cedreR€T/US2004/039316
Pseudomonas corrugata (ATCC 29736); Pseudomonas extrenrorientalis;

nitroredpegidd Mmbags ﬂﬁ@?éﬁcéf@%@ﬂ@@@S@@@)‘f@é@ﬂ dekdéifas &j@%grﬁﬁgudomonas
pseudoa?c%%g%gon@&'f@@q?rlsii@i(l?seuﬁ%@&ﬁwn%yb{&%%JOQﬁﬁ@C 14235);

Pseudomonas marginalis ATCC 10844); Pseudomonas migulae;

Pseudonmmgigsdoffishtisanudiadichs (AIBOuedspudsemsmeisatiohiedlicC  25941);
Pseudorhioiidd0TRRRAS 1RJesSBe, BsRbARMONas »ysthaf el @5meBR0); andersonii;

Pseudomonas tolaasii (ATCC 33618); Pseudomonas veronii (ATCC

Pseudompmsmsplprgé (Udorias b deimudbatgunsiselis dbhidnad Yenidligydomonas
beﬁerin:éﬁgqg'ﬁ@é7ﬁ)9ﬁ§%ung%grﬁﬁﬁumgﬂmi%’?ﬁ'egvolis (ATCC

seudomonas grimontii; Pseudomonas halodenitrifzcans; Pseudomonas
33662); hAsprirmerusu dBrasTiedcrBiEticoRS eAdeonmg slnyiareaatiomekEsC  43655);

PseudoiHSNSSIALE CAGRHD); $35095.0MR0ag M0 CRONAIR LS CULPEION a3 663);

jessenii ({ATCC 700870); Pseudomonas kilonensis; Pseudomonas

Pseudorgpigs ofB{angxareies 14869§; P8éGd dhidriasiifiSor litmbitSmaratd7461);

Pseudork®lbs Gr8ef LA TCEEUIoB)0PRs MEREHIS A5 JF600L £DBESIOMen@Smonas
denitrificans (ATCC 19244); Pseudomonas pertucmoigena ATCC 190);

taetrolepsse (8fmbnadiSittor Fcusrtreras 3 2ayipdeud s p39eRlopHirgudomonas
coronafseMdoPeNRR MVas (ATepeRIiR): Peedomenas benieil RACEC 10144);

700476); Pseudomanas mosselii; Pseudomonas oryzihabitans (ATCC

Pseudomayysffepsent, fd{ohak? pledobResdienn (A Terioin sy, Feeouustiphagenmer;

PseudorPShigka. (Dé56114263B9eRRansamnonas ieagian Ao donwnay, Spipesdomonas
(ATCC 14606); Pseudomonas balearica; Pseudomonas luteola (ATCC

extremoyignipds; pdecubnmsnas. deserrert e 175s8) PbudbiBHAL Ay gdgtsardii

Pseudorkdlbs TiBafAs,; Aseudomans aveian R AT G003 ¥k ulsaviemanasnalis
caricapapayae (ATCC 33615); Pseudomonas cichorii (ATCC 10857);

(ATCC pdQdhino NI BIELI B ERIFEC SEH 88 daHcHLL s A ifae?085);
Pseudorfdni¥Q120Rral8 Y0R3 Ffnbid S 2REHHE 393 PocRipisin anas:mpliaa FETC §890);

33050); Pseudomonas syringae (ATCC 19310); Pseudomonas
Pseudo'vﬂmﬁ/\?%lgmg%%z%%@éﬁaéﬂlfm fﬁé?mb&%%g%)&%@hé’i%f’@&oms
frederikS0d)sif} SRGOMANARIherniRleIANSARSTId0o3TaRs tRGRERASES; gingeri;

Pseudomonas vancouverensis (ATCC 700688); Pseudomonas

i

PseudoryaudtnsfaRusand BUGHS BN a SR endiS HARTIGEE celttiafieglrificans;
Pseudoseiestedibpil: GPasndeegnitveniinteaslaeTa SUdgsNP Aséiidomonas huttiensis

tce SHRLTS e le SUbIOU 7 Selncd as IO Sl
Pseudomislugingdhesasberragiitgehgs, MﬁheofawaMQCEsammp NBsesgen®sis lini;
Prsiof SR AN D Sl e 136,
Pseudorseisddagnigsediso@sreas; 193¢ddorendsaaasarid RSeogomoesCC 190);
PSezm?ogito)%lcrz]se %Ic%ﬁgne L&Qf‘%q%gagﬂdg&udomonas psychrophila; Pseudomonas fulva
(ATCC 31418); Pseudomonas monteilii (ATCC 700476); Pseudomonas mosselii;
Pseudomonas oryzihabitans (ATCC 43272); Pseudomonas plecoglossicida (ATCC 700383);
Pseudomonas putida (ATCC 12633); Pseudomonas reactans; Pseudomonas spinosa (ATCC
14606); Pseudomonas balearica; Pseudomonas luteola (ATCC 43273); Pseudomonas
stutzeri (ATCC 17588); Pseudomonas amygdali (ATCC 33614); Pseudomonas avellanae
(ATCC 700331); Pseudomonas caricapapayae (ATCC 33615); Pseudomonas cichorii
(ATCC 10857); Pseudomonas ficuserectae (ATCC 35104); Pseudomonas fuscovaginae;
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Pseudomonas marginalis; Pseudomonas migulae; Pseudomonas

inucidolens; Pseudomonas orientalis; Pseudomonas rhodesiae;
WEHWd8Pdhas synxantha; Pseudomonas tolaasii; and Pseud$ihiditae04/039316

veronii. Other suitable hosts include those classified in other parts of the

Pseudomqugsressbice d4cHHs 3398 (Byamdgsemecmtiasne dAd edSdiHbntsavdaeras
viridiflav& € I{ JSTRICE - £93 hhe penomB.~R0usnes, ih R AN heen a5iepishede ),

for E. colt MG1655 (Blattner, et al. (1997) The complete genome .
Pseudomegu it ofotesensridisrdemanas2t GeDSTT SOV ST AP Be R PAKGRSIS

(ATCC 7006585 1% Ak A BRIG LM ClalY PO, Bomdh KsLa AMMVAsin e, High
Point, NC). E. colt can be cultured in either a rich medium such as

The hasberifia By (3eestedriioincOmannegrite $Eteqhasterax Pabgorn 17."

"Gram-nc38five DiainRReY ph a5 ML (6 edlaNae @1%%61 0P 180tebtd2RA4 Khown
g/L NH 4C1, 0.5 g/L NaCl, pH 7.4) with an appropriate carbon source

in the art g§ e adlupggsgrik dssudasnenady’ Wslsdiepredriongisers Solie B fiellowing
Pseudom&ilsehanekinoelaterbinte Hesorsnar PRmBlIDRM U eHNes3 S iS as

flask or a fermentor and grown at 37C. A host can also be of mammalian
cedrella; oriGHRULHITHS a CAITHBATR TOIFAAAIHIHal SHERTBIEFHAY S urdBserdomonas

fluoresceMONENSMBHMBRN BBk Mamnps.eemielvdgsMiare NPtmBRRARs mandelii;
primates, monkeys, porcine, ovine, bovine, rodents, ungulates, pigs,

Pseudom g B RBENS R gHares CHEBl e d1 B S Bes dalsR e S cughergonas
orientalisIQUBuERIRoRAS r ABELIIEE  INDISHEAL MM RAS0HIE Phalaph@niain i ¥sii; and

plant can be selected for the identification of genes and regulatory
Pseudomeugs vexeBd: Examples of suitable plant targets for the isolation of genes

OmiRel SETANR AYSEE PUBNGE ShoUithREd sib Wiiade iets ioTiad teRHARR, such as
ple, apricot, Arabidopsis, artichoke, arugula, asparagus, avocado,

Gram Gﬁﬁrp&ﬁ%\%ﬂ’&y, pBafee FEbdmEydhs hotletling BrobediPibruddgsenome

sequence IpFOBtS IR BRAYeek ARRIGli RAIFRUD AR TG 1635 S@laithaster@ai997) The
cauliflower, celery, cherry, chicory, cilantro, citrus, clementines, clover,

complete GrEPTRRHABST DT RSIOB A0 Se18 it rten cbias clHa DNA

microarra§aBeIvyilshleLivhehcfonilg s . egigRantaWeneSHaER RoifL QUYREScoli
fenngl figs, garlic, gourd,grape grapefruit, honey de\a/,éﬂcama kiwifruit,

can be oulifigdon KT FHRAIETL iSRS hiea ey, (HEnGE sibidppione, 5 gL

NaCl, 5 gMuptHaaRL- ey EringeMud oathinibl paddiugll SREsNS, (6kid, NMETRDIN, o/L
orange, an ornamental plant, palm, papaya, parsley, parsnip, pea, peach,

KH2P04pb@4%tM%a€b@p%éfle?§ﬂnn*éﬂﬁ@biﬁ@éﬁpt@pp?éﬁt@arh@mce such as
o s STERARS FORRT BOIE,AUTRAE: Since i P IS
fresh richspinacmshmadhysthavitierry shukafhekior augareane; suhfiower as9ZEL
including play fsunsefdrimothbynacessrare /A rdbadopsis caorimcivideatus ey b e lamided to
primates, Cr%gggéys, porcine, ovine, bovine, rodents, ungulates, pigs, swine, sheep, lambs,
goats, cattle, deer, mules, horses, monkeys, apes, dogs, cats, rats, and mice.

A host cell may also be of plant origin. Any plant can be selected for the
identification of genes and regulatory sequences. Examples of suitable plant targets for the
1solation of genes and regulatory sequences would include but are not limited to alfalfa,
apple, apricot, Arabidopsis, artichoke, arugula, asparagus, avocado, banana, barley, beans,

beet, blackberry, blueberry, broccoli, brussels sprouts, cabbage, canola, cantaloupe, carrot,

cassava, castorbean, cauliflower, celery, cherry, chicory, cilantro, citrus, clementines, clover,
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For expression of a recombinant protein or peptide, or for modulation of
an identified compensatory gene, any plant promoter can be used. A

WO O8%May be a plant RNA polymerase Il promoter. ElemBGiZUR200¢/03P316
in plant promoters can be a TATA box or Goldberg-Hogness box,

coconut +e&Hy GEBitieR N apiIRbEateNsIBher 3D eElap Aifs agRREkNFISIVRfes@role,
eucalyptii@eaHeiigENitiatien g%{@d,aé}qﬁ;@,eg@ dt ARhelPaRiRd LaUe RVIRRN tettuce,
a

100 basepairs upstream . In plants, the CCAAT box may have a different
lecks, lepppsdiags leR]oNqinndinssed./macn Mgl emBEOIOsb RS @S nut, oat, oil

Im, oil"GUEUNARN AERINGIRES MRS ad \HRDIENt S IRNS PRRRINREENY Bhrsley,
pa 01Plants, osuge et al., eds., pp. 211-227). In addij[io%;,?\(irtuall arFIﬁ15 Y41 Parsley

parsnip, ;p&fn RERSNIN BRI lacRfitfo rRARRATSr ESF SRR Se Corplantain, plum,

pomegr@ARANSSSEBEOAIRS, FAphRAMReRdd I8t apine, 29830431 FadiRSsapbseed,
al. (1981) Proc. Nat. Acad. Sci. 78:943-947; and Khoury and Grass
raspberry; §§9) (e SOV Bum. N RSHLRRG PR, SHRAC GO s oSt Bber i Bigarbeet,

sugarcadSOsEn¥RSIG a5 2k m&@m@g@ﬂ,imﬂ%ﬁﬂéi{@a, E(BBB%H@)_, tomato, triticale, turf,
production/fermentation The process of the invention optimally leads to

turnip, aj¥ie HaEERGINTL E Y5 eE A AHCbiBtelR s pRbedHueHssPlafs yebul in

the procHis R RABIRPIFI QBRI MmatiRlyYean, hadevtsieased level of properly
rocessed protein or peptide per gram of protein produced, qr per gram of

FHIEESIAN PR FcAMABaNb RIGHERGH BsFidfR @ bR HBHEE Pfcteidsntified

compengﬁ@@yegé@é@ @ﬁ?@lﬁn@fp@@ﬂﬁﬁ& I@&dﬁéaﬁk&ﬁrﬁf@%ﬁbf&c%ﬁ?imﬁn& PlE|r RNA
gram_of host cell protein. The_ increased production can also be an
Polymefaa?n{%rm@mmrm%@&g@& tm&h‘a@%lanalﬁereagaatﬁfoﬁaﬂy%r%c%@d Jbox or

Goldber2qtiy¥grks Bl eyvisivel pfppatiolbdl AsHiNRIeMer, 28016 ST BrafeaombiRaft (59
protein.can he an in¢rease in the solubility Eoff thegorotein. The

of the tryp s REML A PRER T gap iR CGh-Od B ETEeRR &Nt OAP tpasepairs

upstreand4 WQRAEH/0RO 0T ART TS ARANISE 3L Qi iR avmbapeip asiite than the
tracellular medium of the host cell. The protejn or peptide can b

. € .
function SSTEBSSHR! FhatmRlFD BRR EE MIERSEE Shalof otk Genetic
Engineettig i R GA6UEDSRSQt SERRNGES D1 AsEIFY Pl ifidation, Geth&rpwiihpromoters

) Transformation of the Pseudomonas host cells with the vector(s) may be
melude JGHiR &Hﬁ&?@%ﬁ??ﬂﬁ%ﬁ%%%%ﬂﬁ&&%ﬁf@Wtiﬁ“{ﬂ@?ﬁﬁﬂa(1981)

Nature 100:po4B1R Goséscellsi njagshy Araasiameaends $6iag8 cRIs ®r7asnd Khoury and

aruss T b ST 5 R e s
of the trineiciptast fuBlatiohsnterial conjugation, and divalent cation treatment,

e.g., calcium chloride treatment or CaCUMg2+ treatment, or other well
known methods in the art. See, e.g., Morrison, J. Bact., 132:349-351

Protein Ve (TG GHERRHS Curtss, Methods in Enzymology.

The process of the invention optimally leads to increased production of recombinant
protein or peptide in a host cell. The increased production alternatively can be an increased
level of properly processed protein or peptide per gram of protein produced, or per gram of
host protein. The increased production can also be an increased level of recoverable protein
or peptide produced per gram of recombinant or per gram of host cell protein. The increased
production can also be any combination of increased total level and increased properly
processed, active or soluble level of protein.

The improved expression of recombinant protein can be an increase in the solubility

of the protein. The recombinant protein or peptide can be produced and recovered from the
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101:347-362 (Wu et al., eds, 1983), Sambrook et al., Molecular Cloning, A
Laboratory Manual (2nd ed. 1989); Kriegler, Gene Transfer and
WEXHSIMNT. A Laboratory Manual (1990); and Current Proto®§18/1i$2004/039316

Molecular Biology (Ausubel et al., eds., 1994)). As used herein, the term
cytoplasrepeeintatioror sl Watmedisaunh tadostwatbnh The roRimes menfaieisan be

insolublEHPIRYEAANGRMPRRMeRISMhICh HRRIa S8R BIPRRAUY BB W uences or
modes are employed. Fermentation may be performed at any scale.’In
Sequenc%@@ﬁ%%cﬂ’l\*ﬁ’é%f}ﬁﬁ@fermentation medium may be selected from among
rich media, minimal media, and mineral salts media; a rich medium may
Cell Grderhised, but is preferably avoided. In another embodiment either a

TORRRLMEGH B %ea}bpég%%%gsﬁ&?dd% 588 lﬂfg%cﬂ&ésilhﬂgpm erformed

_ embodiment, a minimal medium is selected. In yet another embodiment, a
using anjiifrerafeahetivretigthododesackag waietas saitomddbimbacsepatiasiaerils may be

transforfi&f4E dnMire i gl @Q?{;&Bﬁ'ﬁi&&s %fépiﬁh%ﬁl&ﬂ‘gsc%ﬁ%ﬁé‘@bo%xemplary

source such as, e.g., glucose, sucrose, or glycerol. Examples of mineral =
transforggiiom ctiethndrigeios. g inroimepaptioP saisiiepgeingismesigim Gereeporation,

protopla%])‘z ?Sl@ﬁ‘vﬁ&@ﬂzﬁﬂ 59%2&189} %%(ﬁﬁﬁl(%Pc%FtﬁéeﬁﬁeMi@@%%ﬁ&%@ Rloride

act. 60:17-28). The mineral salts used to make mineral salts media

treatmen (g deahbidbeda|deeatitenin eimethgr avgll jorassiuncgshatas, art. See, e.g,
MorrisoRMMBAKM 94fal9 a5 IChlords, Magnesiue Bl t snades A EHATRology,

minerals such as calcium chloride, borate, and sulfates of iron, copper,

101:34738RgeWEs6t ahe oilse. 1830 grmbTatle gérrbodvidediieh aloniaptdhdaboratory
Manual [{ZRIPRG. VY9, BRIGSs10F, AYGRSTEMIREL dadnEiksedsinR Minefihsalis Manual

ium. Instead, an inorganic nitrogen source is used and this may be

d
(1990); gaibErEFRbRicPsoI R e BiTney s RsLebtls EihmtS9ADand

ARSREESEVMONR ARG BHER RS 3hSRlss HediumbydhaeHan HHEQSHiteral
as the carbon source. In comparison to mineral salts media, 45 WO

fermentatgpyt is sord Qysd 714 SPTRDAHIE B) Wit affgb et EyRtgture modes
are emplDiRAIakealisANGLA ARPED RERDYE 54 ReISURR GO eRssWith:, €.,

low levels of amino acids, vitamins, peptones, or other ingredients, though
the fermgqgation iaeskigradumnsysisrinf dTayamnons 55b eshisdniumalmsdia.cad

mineral RA1BYeR8ARH WSt tReGRMPANRSES ialed Bul ablererPRiOWavdiBed. In another
components can be added in the fpllowinq order; first (NH42HPO4,

embodinges sither 21BiRiMel ABrditan B HEABRIAR BSPHIRATRRRFSS liters of
In still slistil@denmissithan a soliion alediaseislementa.can bea added: iahow@shent, a

by the addition of an antifoam agent, such as Ucolub N 115. Then, after

mineral galts Wedign iz setested: AMimeml sl matinrionelicyareresiensts of
dieese MeS D4 antihiasinertHighesan PeAdHEd: COBYR! Qfbkt aluch as, e.g.,

approximately 6.8 can_ be achieved USE% aqueous_ammonia. Sterile

glucose.qsueHasPn Sl YeEthe F A RiRT 0 tB1HRS i sl wilide oS hmgdivm,
Pseudorthp@yasahiiock1t28 mb), Dwishemioalnaoi commeic(ady, BD Davis & ES

Mingioli (1950) in J. Bact. 60:17-28). The mineral salts used to make mineral salts media
include those selected from among, e.g., potassium phosphates, ammonium sulfate or
chloride, magnesium sulfate or chloride, and trace minerals such as calcium chloride, borate,
and sulfates of iron, copper, manganese, and zinc. No organic nitrogen source, such as
peptone, tryptone, amino acids, or a yeast extract, is included in a mineral salts medium.
Instead, an inorganic nitrogen source is used and this may be selected from among, e.g.,
ammonium salts, aqueous ammonia, and gaseous ammonia. A preferred mineral salts

medium will contain glucose as the carbon source. In comparison to mineral salts media,
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available from various suppliers, such as Merck. This media can allow for

a high cell density cultivation (HCDC) for growth of Pseudomonas
WQReO899MH related bacteria. The HCDC can start as a batcR@FI¢e2994/039316

which is followed by a two-phase fed-batch cultivation. After unlimited

minimalrageia prthalieemislriRetatstin e eormie8oN Gy dlt el Ry sepplemented
with, e.8TOMWR [8481sP¥ELAREIREHSS FidatRl! %%ﬁ&!%%!ﬁ&@@*&@@iﬁ&%ough these

concentration can increased several fold. Further details of such
are added ahnymppaeablmedss described by Riesenberg, D.: Schulz, V.: Knorre,

W e ERBbdinbhi KRERi earr 8BG5REDpaFed usiR@he RorRAINRN 1iedin Table 5

(1991) "High cell density cultivation of Escherichia coli at controlled
below. shagifierBpewAtiatan bempdsdnnotho dplioringorden st (NGRRPO4, KHoPO4

. 2 il ion 2 . ] .
and et SO W R Sy 0Tt 300 he pqution of
trace elensatisswiuberadded; folloRtwdbyritid @lditomgf el aGifrcos e ge®) Ri¢tBag Weblub N
if b.N1150.1.ml 1-1.Feedi luti ~bH20 19, -1.
s LD bR em el sl G AL S bl itions of
glucose VaaSOmetal Sotutioe-G1GTL cairbéiiididat€ans gl 2fpNaCHRrokiROERLyH B tan be

. ZmCH200012-21120 0.3 g 1-1 H3BO3 0.25 g 1-1 Na2M004-2H20 0.25
achieveq ysing 49 BRMSRE- g 119¢S, E3lisd 9 1er ety on difydeid to adjust the

initial véRisikosetACaiieacitd\Nazceadl 2td20 ((RAthpiex The, Merekdld hee commercially

s PSSR SC e g e e nenten n e et
cultivatRAA BHOIIOYGoSgrowth of Pseudomonas species and related bacteria. The HCDC can
start as a batch process which is followed by a two-phase fed-batch cultivation. After
unlimited growth in the batch part, growth can be controlled at a reduced specific growth rate
over a period of 3 doubling times in which the biomass concentration can increased several
fold. Further details of such cultivation procedures is described by Riesenberg, D.; Schulz,
V.; Knorre, W. A.; Pohl, H. D.; Korz, D.; Sanders, E. A.; Ross, A.; Deckwer, W. D. (1991)
“High cell density cultivation of Escherichia coli at controlled specific growth rate” J
Biotechnol: 20(1) 17-27.

Table 5: Medium composition

Component Initial concentration
KH>PO4 13.3 g1-1
(NH4)2HPO4 4.0 g 1-1

Citric acid 17¢g 1-1
MgSO4-7THrO 1.2¢g 1-1

Trace metal solution 10 mi1-1

Thiamin HC1 4.5 mg 1-1
Glucose-HyO 273 g1-1
Antifoam Ucolub N115 0.1 ml1-1

Feeding solution

MgSO4-7TH20 19.7 g 1-1
Glucose-HpO 770 g 1-1
INH73 23 g
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fermentation modes may be employed herein. The expression systems
according to the present invention are useful for transgene expression at

W H0§08%93.e. volume) of fermentation. Thus, e.g., microliter-BE€AI&S2004/039316
centiliter scale, and deciliter scale fermentation volumes may be used;

Trace met$alutiet scale and larger fermentdtion volumes can be used. In one

6 g I Fegtipoitimentsthe-lemmentatitiiy@lume will be at or above 1 Liter. In

- Nother odiment, e e jon votume will'be at or above 5 Liters,
088l ! %@ﬁ&@@ﬁ%@@ﬂ? %pfgr?f&q# ] érq, B0 liters_75 liters..100 liters

0.25 g I- .o 0tpMre 45TH, Oite 25 & DO@LRys, 2,000 Liters, 5,000 Liters,
6H,O  10,000Liters or 50,000 Liters. In the gresent invention, growth, culturing,

(Wi £ P A £ I 4 Hea i £ ! H
1Ol||UIUI ICTIITCI IAUUIT OTUTE U ATTSTUTTITE MTOSULCIS TS PETTONTIEUWItIT T A
t

0.15 g 1 4 Shbde A Qhgd %é-rlrrﬁfhPf}E?%%rvival of the host cells, preferably a

dinitrilo-temapetistarisl Weinain@Hathe of about 4C to about 55C, inclusive. Thus,

(TritripleR B, #hedRyms "growth™ (and "grow,"|"growing"), "culturing” (and

"culture™), and "fermentation™ (and "ferment,” "fermenting”), as used
herein in regard to the host cells of the present  invention, inherently

Theare gFetn SYSERUARRS i 19 HhRePHefSh, MR f8MBeratiiged in any

ferment4A0HE RHAROUL £6r t:ahopled KatdnClsivatth adeiiPBonBHAVIE, isnaSe8®uous
indicate both biological states of active cell division and/or enlargement,

fermentajion modes s hearerieasdshHiich a non-dividing and/or non-enlarging
TRY ixpringomeipkatisadbestEtainediib olaitar useordioihakeisegl Phransgene

beioqg synonymous with the teen "maintenance.” Cell Density.,
i

) An i
CXPICSSIQH AL GHEI 358 Sggqmﬂqafﬁgﬂﬂﬁ‘&ﬁ%%s%&re%éeﬁ?ﬁ{ Qﬁ@gg}ﬁgcentlhter
scale, afidcésallicanicadeRigctpraions bleiheemiierbiliyifseudomonage and larger

fluorescens to be grown in high cell densities compared to E. coli or other
ferment )RR L B IR O SRS P e e U R SPGB at or
above 1 L SSi0OnsoystembaliawitingdddhadpiesentvisivendionliCen Drevievd 6 Liters,
. W 05/089Q93.PCT/ 004/039316 a cell density of about L. or
10 Litorsy 14 TR o iion 28 ReTooc L ety doat ey WO S . 500
Liters, 1t0o@Irdsentirocnlicsreas dikelise oo bieed sessigol atleast about
, the biomass_bein

70 g/L, as stated in.terms of biomass. per volum
T TR B OB ek T SRS oRER SRRCE o 0 BT grmed
host cellgait ger@imbd annhiercmwhgdimard, ringecoltiansily witvbebbledst Bost cells,
/L, 30 g/L, 35 g/L, 40 g/L, 45 g/L,.50 g/L /L, 70 g/l,,. 80 q/L, 90 q/L.,
preterab e BT R MIERES TR DRTGHC I PRSI 5o GGy S il o8-
the termemMpedimerimdheroet tensiviag deolioningtl febttwieas30agll "sathtsltion”
w=9/L; 20,0/L. and 120 ,a/L; 20 g/l and .80.g/L; 25 g/L and 80 g/L; 30 and
(" PR STABED 31 A0l B0 ALY L R OCGIE S i Present
inventioanihB6repklySh aphs daebRalg/L' calugitigdnghd O fgtim etBagiin AneliBOngdl temperature
range of about 4°C to about 55°C, inclusive. In addition, "growth" is used to indicate both

biological states of active cell division and/or enlargement, as well as biological states in
which a non-dividing and/or non-enlarging cell is being metabolically sustained, the latter use

of the term "growth" being synonymous with the term "maintenance."

Cell Density
An additional advantage in wusing Pseudomonas fluorescens in expressing

recombinant secreted proteins includes the ability of Pseudomonas fluorescens to be grown in
high cell densities compared to E. coli or other bacterial expression systems. To this end,

Pseudomonas fluorescens expressions systems according to the present invention can provide
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Isolation of Protein or Peptide of Interest Generally, the process provides
for an increase in the level of correctly or properly processed recombinant
W@ R808iP8EYIressed, in comparison with conventional expressid¢Ts8§2891439316
In particular, the invention provides an increased level of properly hi
a cell demspyinfeahpubiAAals ot WGentioh Drevdaawsas Bress sers RpPERATIgNM eystems

accordin%oﬂé:' @Hét)prége?iﬂ' ﬁﬁ%%ﬁ%miﬁ%%ﬁﬁﬁﬁé% R hestsIk ANaletbout 70 g/L,

"soluble™ as used herein means_that the protein is not precipitated by
as stateddgrigimg Sl biomase RFE ¥ REPIS SRmbAeanrss bO L2 S8 BhtsgrLorY weight:
TaRsAE fon O3 enintiesdn adusiforwnoss phisialogical conditiensr SaAllddenent,

roteins are not part of an inclusion body or other precipitated mass
the cell (%q g

ARy hesal deer 3 dths 10 8 th e D Bleift bBbe At ithal &k 59 &L, 70 /L,
80 o/L, SUegiDitatrrdy, canifugationat, bstveenmadeq. and:2RA0Qse ity when

spun for 10-30 minutes in a buffer under. physiological conditions.

Ihapnibre privetieerpdhadel dersty pritdraiomericherPtRPBr berkrnd 150
g/L; 20 Precipiiated pipss0THe ganginsiuson Hodndsmeant3o Belugd 8oy/L; 35 g/L

intracellular bo\gé/ contained within a cell wherein an arg/ilr_e ate of proteins
5

and 80 gt addbRAGY Blerf'selrettdrEd sfhiedhein A BAwdisdlradravd 75 &/L; 50

g/L and IRCONS¥(OEACHNE 88g@Mbinant proteins or peptides. Levels of active
protein can be measured, for example, by measuring the interaction

Isola tio}gg cen_an | ﬁn%ll%% pgea larent polypeptide, polypeptide variant,

ment-adbsuiite yperp iIde and/or residue-substituted polyﬁeptide

GSPsriEo iR RIORET DIOYIrS kR d88887sT Hdhf liglocd compredy phgroperly
processddSeddshelatarmi ¥ dsterdable interantipn-Reivesth apdgeatiiediPdeitssion

and a peptide of interest, e.g. between enzyme and substrate, between

systemsy, fpgriicwat Fis HusioB aEprdien aniaeiasntpew) aherapfiden, etc.
IR ehsateribRieahincHE StnaaaassamRe i pb &Rl aHiF SHaRgeSsolubility

changes in radioactivity, changes in solubility, changes in molecular

of a recopubipint PERLSIR FeBoBY Sl e badptithe i8S PRI ASidtsed herein means
that the RSRABESES 1RICplRIPILRISBYSc AR NR200540 82008 GpPeb3 201939886 and

include, but are not limited to, assays to detect physiological effects, e.g. . .
20,000xgraght GaIR FRAIg &0rint AreCerBIatesaiin e e yRAFT IBSH Rty frRditions.

Soluble ataRs MeClRitdhasobitian andhisienimdustion ahanieRmnthesPONEs. Similarly,
Generally, ggg in vivo assay can be used so long as a_ variable parameter

“insolublgisfaeags, thy Hradueteith AR geidnhterar R IsetnLialr th B st Eigation at

betweenaBghdbe Ry po it ghintereshepespior exampleo Usinitatenh NO buffer under
5,834,250, To releaséﬁ recombinant proteins from the periplasm,

physiological contitiqusiy §URRIGRIALEIR} On BEPEARS 10rRP ievied apdncyéion bpdy or

other pré&asiatid mh6s): Th8ledh 83 cisaiidioeytifsmantk thritede Y (Nagidkilar body
. and.Wang ( 99%) Enzyme Microb. Technol., 12: 603-611) h%ve been

contam%s@ahﬁ PRSI AHRASRTERRISPE RISISHSPLREPHASS RAVRRFSH SR fsiFred-

Hitetisononatyn skromipraet fReeiednyns0dutis eeciisegHe ptquiicatissptides.
Levels o@rg&?geulg?gfe%%%g‘ %e;[ rr%%gguergé,()}; example, by measuring the interaction between
an identified and a parent polypeptide, polypeptide variant, segment-substituted polypeptide
and/or residue-substituted polypeptide by any convenient in vitro or in vivo assay. Thus, in
vitro assays can be used to determine any detectable interaction between an identified protein
and a peptide of interest, e.g. between enzyme and substrate, between hormone and hormone
receptor, between antibody and antigen, etc. Such detection can include the measurement of

colorimetric changes, changes in radioactivity, changes in solubility, changes in molecular

weight as measured by gel electrophoresis and/or gel exclusion processes, etc. In vivo assays
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coli cells, causing permeabilization of the outer membrane, has also been
reported to release the periplasmic contents (Ariga et al. (1989) J. Ferm.

WEBHerepI®8: 243-246). The most widely used methods of pe®©IE8iHR604/039316
release of recombinant protein are osmotic shock %\losal and Heppel

include, g nopiémicseein. asseys sp9statehyrielpaisdlinEppisl e10ewyighigsin, change
in elec @ba%ﬁ@é,?’%%@%)bﬁﬁﬂ eaHRB time, chandges in clot dissolution and the

) _ (HEW)-lysozyme/ethylenediamine tetraacetic acid (EDTA) treatment (Neu
inductiogngfiraphissnia geap nesofESRErLlY2 30380 YiZ0 0TS Hiteriit e aisqd gpelong as a

variable}RENIRe BRI S0 ASTR d& 1234 RIBIS btttk MRS dentified and
esearch. Event, 2: 995- 997), and combined HEW-| sozgme/osmotlc

the polypgptide it anttSendarsxamploddSeRaipmdNandesh: Tech., 19:
B3233R) FLEAbRNLN pretbiad inveives [RetpIpensianehihg ¢RUSIR chemicals

fractionation buffer followed % recovery of the periplasmic fraction, where
I

such as chiqurtoaRdéNmgs Hethatd R OIbVReKe Moo dthbrid P e BrBidingfICl, and

Triton )@MQY@W@@Q@EH@C e PPN BRE, IO, 5D, UNBEMBYIOlaCRIS-611) have been
a-amylase, and the growth phase of the host organism on the recovery
used. Hawgex ity thetq s861193)piakHyIhdde g ipe di3re | detimenimdgifects on many

recombﬂhiaﬁwm&eﬂﬂ;ﬁ‘ém&ﬁ&aumgéa%&lﬂgplm@fé&mﬂgmm&x BIestivarkaleast of E.

in non-stabilizing medium. The composition of these media (pH,

coli. celis: srusing REBRgRHERR RS bERH SRR S AlfrBRSHeported to release

the peripfa¥ifryS@Aienes EREA stoNCaliog))\VArRMONR;shecifigeProgedums The most
reported. A variation on the HEW- lysozyme/EDTA treatment using a

widely wipdmeibnst abrigriemipreaeast EDPeoraRifaRisuatrB e Rt ghock (Nosal
and HeppO0ADYeIerimasy. \irsphiats B83 G 334; RNaucate MR sEVICws9INSRAT Chem.,

intracellular lytic enzyme systems to disrupt E. caqli, see Dabora and

240: 36855089 (1580988 VRlS A LEY N BB ERRS RV IERGIEBm TatsERf diEigy (EDTA)
treatmeMO{NES, AhdFI@EHYET. (@64PRIIRIRL- WREad: BerlinRaep3ddo3vitholt et al. (1976)

... Conventional methods for the recovery of recombinant protein from the
Biochin Jghliiim e b rotdn P eicthel bt o fgfdanS95-
997), ardf H@ﬁqbaﬁ?mvflﬁ»zﬁmh | d@aaﬁg&aﬁxﬁulﬁﬂml l%%@ﬁ@ 996) Enzyme

.mechanical breakage. Mechanical disruption typically involves the .
and leg*@hef%ﬁgn &%‘1&9&%&%&@&?&?%%@8?& Beielys eapineagienRingels in a
fractionsigs DedEs, HUBWa By escgrBeingr eheCplriplspaisaBaCtehiatGethotic shock
) .Suyfa Tec?giques, Hancock and Poxton (\gghn Wiley & Sons_ Ltd, i
1mmedlit§§8ic?%ﬁ% PArYIne seaiRghty Che Heck R S REPRRSSIRR 8 TH g g oRbinant
protein, tiSe pepiidoiiirrndackhonrsfiie teelbysathTpessasharbviasfiesganism on the

devel e%ﬁ%zm er and Arndt (1956) Proc. Natl. Acad. Sei. USA, 42:
recover%@%q%%, $&%4ted E. coli with egg albumin (which contains

FipWalygotyne piocpdogsicintdudslad dalkidhrdphptzm latebsmontalds stabilizing
di sgg?r‘%plg'ﬂ?s. Thetse strlljctures retained.some ce(#wall omponentts but £ h

medium 16} Ip5E By SIS AYa A5 RSFHHE A e B ARE U o 45 SqppRoson of these
media (pH, protective agent) and the disruption methods used (chloroform, HEW-lysozyme,
EDTA, sonication) vary among specific procedures reported. A variation on the HEW-
lysozyme/EDTA treatment using a dipolar ionic detergent in place of EDTA is discussed by
Stabel et al. (1994) Veterinary Microbiol., 38: 307-314. For a general review of use of
intracellular lytic enzyme systems to disrupt E. coli, see Dabora and Cooney (1990 )in
Advances i Biochemical Engineering/Biotechnology, Vol. 43, A. Fiechter, ed. (Springer-
Verlag: Berlin), pp. 11-30.

Conventional methods for the recovery of recombinant protein from the cytoplasm, as

soluble protein or refractile particles, involved disintegration of the bacterial cell by
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exposed. U.S. Pat. No. 5,169,772 discloses a method for purifying
heparinase from bacteria comprising disrupting the envelope of the

WH2eHiPN3an osmotically-stabilized medium, e.g., 20% sucr8S8/AORMS39316
using, e.g., EDTA, lysozyme, or an organic compound, releasing the

mechanipgn Ieeesasdirbapistdisiseantiene thricallis e alyse oty teengratignteef local
cavitatioRARIG R0 SHRYRNGo NS DRF BRI 2 1PN iﬁgﬁfﬁgﬁ{]@%f?ﬁgﬁfm‘?efi grinding of

releasing the heparlnase-llk%rotelns by exposing the

cell susprisiosr{Bastengti-slbSreacseehriqyes. Flansesk sad BoriaaIaharkyiley & Sons

L1d, 1988iffetemtapedificatipns of these methods have been used on a wide range
of expression systems with varying d%i;rees of success (Joseph-Liazun et

W rboosmenactsbiocieminliydadietratyze dbe parsidesinpmidesskbone of the
cell walll §8eLBén S WS 19 dioeI6pEaBYINAHeCRNACHILIS (POBBYJuCR. WRRZYIRE. Sci.

have been reported. EP 0 155 189 discloses a means for’ inducing a
US4, 42io8nidtharbedncsindife tohrvdbces abayniahichiconains &Ewg}m%@ne) to
produce W@M&%ﬁ@&@ﬁt@?ﬁm QbPRSEOYREOEHMRIAGLRGRd some

wall structure. U.S. Patent No. 4,595,658 discloses a method for

cell-walk compentyisxiarh Adaksacot RS Mgt s plitdy ths rE gl apiSimeaprre Was
exposed OftESCOlt. Nois Retworhallgugaelestivenise B airp elnstalsiofata Whcteria

the periplasm without the need for?l}{lsozyme treatment, mechanical

comprisigg P HD Sy elrpeos dahariedn dair epmotcallysiebilizgtmedipm, e.g.

20% sudibzelReRAiPFPUYRIBY Ahastenal NkRduehkRY sansiersaiie sompound, releasing the
temperature-sensitive lysogen with a DNA molecule that codes, directly

non-hepgginasarlikapieictns fegythe pepnlig erpars ditirdistpisddepisrialkg gaposing

the bacteAAdHIANIIE TYRIESHENSHEPSRIOC L Fllarallllaily hepskstRnalizibteins by
the ger)od,uct_ by raising the temperature to jnduce phage-encoded

exposing {he todoRICRTDEh- TR899 Fackatadon bukterstbealpsoliion 1 516

Missiases sy ichicdiZesidify witidesef metRis s dVdeth RA0ENNfeEERNsange of
.and Taniji et al, (1998) J. Ferment, and Bioeng., 85; 74-78 discloses

CXPIesSioR TN SXHReari 858 TS et IrPRa MGt tHagnéene, 86:

291-295dichuRHen 41f. E1%8I2)cBils TR 200086993 BC THHSZOHAdER 1R combinant
Upon cell lysis, genomic DNA leaks out of the cytoplasm into the medium

p n
cell cultiiq PRI P SigFIER B ASETIAE s dsity that EinHiplatRs thaneans for
inducings@direniliennd! salidsituge aenpitbbirkligidormite, abseiicerfusentinarily be

orces such.as tho?e exerted duging mechanical .disruption t%treak down

€

expected i BRI ATEFET I T0EF SAERN ot QR AL et

WiSC@usciititNe s ulison grPrdsenasadion aletioddsfanddigliskiadrisgternalization of

. centrifugatjon. Other than mechanical s r force, there exist nucleolyti )

proteins CROSTHUAthal U BFaBE BEHESE 1R 0 O B BGRME s eletive
isolationeofipretaied esafoloante it ahu gedptagmoldchdat Weigletoffdiclysoatiuie treatment,

.protein is approx. 24.5 kD).that is normally secreted §1e eriplasm an
mocha 40 SRS A S W e b AHATERHEL SO erboh ARy, 637,950
disclosespaodmtinig halsdoasialSpgyestdsl transforming a temperature-sensitive lysogen with
a DNA molecule that codes, directly or indirectly, for the product, culturing the transformant
under permissive conditions to express the gene product intracellularly, and externalizing the
product by raising the temperature to induce phage-encoded functions. Asami et al. (1997) J.
Ferment. and Bioeng., 83: 511-516 discloses synchronized disruption of E. coli cells by T4
phage infection, and Tanji et al. (1998) J. Ferment. and Bioeng., 85: 74-78 discloses
controlled expression of lysis genes encoded in T4 phage for the gentle disruption of E. coli

cells.
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that endA is relatively weakly expressed by E. coli (Wackernagel et al.

(1995) Gene 154: 55- 59). In one embodiment, no additional
WQIRNFIRM98nd-promoting conditions or agents are required ilPCEy2094/039316

recover disulfide-bond-containing identified polypeptide in active, soluble

Upeimelifyiite Berewen DN Srisakmesohiscieplasnsienithpapeitiam and results
in signifRANPERIERe HEPtﬁ{Hd%immem&f‘%ﬁ%Oﬁﬁg&é feldedIRHAMRISE Walsolids in a
0

conformation in its active state. In one embodiment, the transgenic

centrifugghdigdd. Boilpesheenssbithest ffarssrertdortaihom rigstedshiring mechanical
disruptidR¥SBILARANI LB fisie LR indls, F6H e HaiQeanERBHIGPSHPIP:3ids firough
) 8,10, 12, 14, 16, 18, or 20 or more disulfide bonds, The proteins of this
viscous fHdAEHIEY RROTSHRRAIBD e i S AR iAW) g Spngidventien. Other than
mechaniEERAKAHES S | RRWELIR TRE ALK USREmBY AT HERSL (DN AN In E.

' sulfate or ethanol precipitation, acid extraction, anion or cation exchange
coli, thecRRGResASItHRRe sk HBOMGRo JercAPoFIdRATICISRSE iRmisERighicveight of the

mature PROGGRCHORERMAINGRDYLAITIBINEAANaERRRNYG BiSKSriplasm and cleaves
chromatography, hydroxylapatite chromatography, reverse phase

DNA intg, fligedeerapiprdeisn it Matbgrappy gropdisiremec i s raess suggested
that end NGtEIRNIO WRIHENI 0RpreQiQr byERD RN RHSIWIlB S WS RIS UDSIBNERS 2354 55-
column chromatography, immunopurification methods, and others. For

59) example, proteins having established molecular adhesion properties can
K8 @it ierdm ligRmdoMittihEiappartipiedieans dhRIRIGHS I BrosRnts are

be selectively adsorbed to a purification ¢column and then freed from the

required .5}, AfAsh 10 rJiiRAY SivesPondisontatnnpotdmidistemobmertidepip active,

soluble Y MaHCtBEtiHbYt keRddi s ERibisIGABHRE AN fieRgHSiBPeptide, polypeptide,
immunoaffinity columns or Ni-NTA columniégGeneral techniques are

protein, o fpgmgaithereat hag,p doldedhintamelesylar epiermaigrrLifgfotive state. In
one embodRGHIS Shantkasiiie p'éptéikﬂkg Qfol‘gfﬁékﬁﬁ(lid}' ﬁf)o{éiﬁﬁﬁ; Paiseheorfideat least
. to Protein Purification, Academic_Press (1990); U.S. Pat. No. 4,511,503;
one mtraé?%ﬁ%%}lfﬁa%mwﬁ@ma GBS} TP AR Gt Ortbtit 12: 14,
16, 18, oARP@aEbrodiagidderds ress (2001); D. Bollag, et al., Protein Methods,
Wiley-Lisa, In¢.. 51 WO 2005/089093 PCT/U82004/0393161¢g)Jé996_); AK .

TGS, Prothif EXSPERMMEN(DF p1Aash2 RBH66 I rsimritiguety by
standardabehtaging Wasi(Rnowa(3-hé 20 Mchdma it fastakairleo Aistidalual alifate or
(1987 and periodic. supplements), Deutscher (1990) "Guide to Protein
ethanol FRTﬁﬁ@étl‘?Bﬂ,I"M@mgdse%FﬁﬁRﬂnOWWo?rl HoRy GHAA0TuNnTRLomaingraphy,
phosphoGelligiss &€ obbpsmatalr 471996 andrpphickic SupplementsghfonitodrBsaiocalsinity

in Protein Science Wiley/Greene, NY; and manufacturer's literature on use
chromatggrap S sty oSS ST L o Y I FRAS DIRBIR Pl Teyetse. phase

chromat&ienitad ] &eiih kianehaoglifpog miinatidne dibcreatimleiig rdérebsticseabilization,
lecti allow. fusion to pro&giat%%eé;ments, (i ., tq a FLAG sequence or an Floati
selctive BiGR RIHER N3l be YOREHRYTacS PR S HS BB ciTaRegoprificaton

methods, and others. For example, proteins having established molecular adhesion properties

can be reversibly fused a ligand. With the appropriate ligand, the protein can be selectively
adsorbed to a purification column and then freed from the column in a relatively pure form.
The fused protein is then removed by enzymatic activity. In addition, protein can be purified
using immunoaffinity columns or Ni-NTA columns. General techniques are further
described in, for example, R. Scopes, Protein Purification: Principles and Practice, Springer-
Verlag: N.Y. (1982); Deutscher, Guide to Protein Purification, Academic Press (1990); U.S.
Pat. No. 4,511,503; S. Roe, Protein Purification Techniques: A Practical Approach (Practical
Approach Series), Oxford Press (2001); D. Bollag, et al., Protein Methods, Wiley-Lisa, Inc.
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See also, for example., Hochuli (1989) Chemische Industrie 12:69-70;
Hochuli (1990) "Purification of Recombinant Proteins with Metal Chelate
WRMHSARINES in Setlow (ed.) Genetic Engineering, Principle anBldW&ik9d4039316

12:87-98, Plenum Press, NY; and Crowe, et al. (1992) QlAexpress: The
(1996); AffgRateyel thydtesioFgm St #&Eﬁ?&aﬁdﬁ%ﬁ’i&&?@ | ARy, Migkhija, et al.,

Gene 165(039Vab.CalfoBetestion Rb e cxpiasied RIQIRIDISANIQYSFPYnd periodic

methods known in the art and include, for example, radioimmunoassays,
supplemegiskidPsuitshen o 18RI R4S, tbkeisBpRHicaim. TRdtBedmisinBpimology
vol. 182psadusel aRtheIRI 85 IRk RN CAEAE KcAVeI99aatiPpkticsc fsppiBRients)

recombinant cell cultures b% numerous methods, for example, high

Current ByaiRsioleaeRrolain Semnn oL SHo 9 DO G B BYSHSrBfHAaFe on use

of proteiRUSHICABRDLAIBRSIRTNECESSPRYNERTRIPRIAUSINSS N ESSe BRI, Richmond,
invention m? form insoluble aggregates (“inclusion bodies"). Several

Calif. Copbigatirnayitlaremmbioaptt b PHRTClHE R 9. MReRoBTBHCHEmeDts, .2,

to a FLAKRPERyRIRI6r REWHaataeRMIsHsan POdRSIRICA bropsalesiBOable sequence.
extraction, separation and/or purification of inclusion bodies by disruption

d
See alsqytipfe FseRRisHs Hoghully (h&akdimischridaapstss mroPrIe fiochyl (1990)
"Purificafiéh SORBMNARAnOPFITEME G MEVARERtc WIS Rn 8RHMWT.) Genetic

. PMSF. The cell suspension is typically lysed using 2-3 passages through
Engineering, fipeiple andHstheis dgoR fsldntcaraisbresnbiko gefitdaiing & (1992)
QIAexpre@lytras KBANknan meptingais ko Psewriaatesifioda6n B aQUENGHN, Inc.,

of lysing bacteria are apparent to those of skill in the art (see, e.g.,
Chatswogh, k et al., supra; Ausubel et al., supra). If necessary, the inclusion

Deelinsrcan ke solphilsed, potkihadysadsal sbprasgions pieallyicandert and

i centrifuged to remove unwanted insoluble matter. Proteins that formed the
include, j B‘éioneﬁ%{&@%maVSé?HHﬁ{EP@aSB%/VéhlutiXKeéFe&'?alys‘?f a cBiipugReE o
immunopigtipitfhgitable solvents include, but are not limited to urea (from about 4
to about 8 M), formamide (at least about 80%, volume/volume basis), .
Tlﬁﬁo‘%‘i?é‘ﬁ%&‘rﬁ’é‘ yard ﬁ‘ﬁﬁ%@ SHPESERH A CaBRDE RiFoXsTd g purified
from thegtioieisiadny dichigrideans sitilaroagantstiiyésdenativanise thifptbge¥édmance
. ., .2005/089093 /\JS2004/039316 denaturation.is not irreversible and
liquid Chr8ﬁ%£ﬁ9|%ﬁ%‘/rfr%% GG PR %ij[mg B e SIFRRe FoR AT

Qektdie depadiirantxpiawdd re-fanratiaveativnmunglogeallyiasslide aggregates
" .biolo lca,l% ctive protein. Other suiﬂol buffers are kngwn to.thgse . :
Cinclusigh ARG TS SR REIASRS 70 58 B e o RUF . mclusion
bodies. Podteinmmpiqepiidacation the ihciskioeripledios Aftecdysisintdeehast cetlraction,

i when the rec mbina%protﬁin. IS zg%)(grteﬁ into the .Beri %a% m_of the host b

separatiol i FUFHSERAE AECHSBFACIACRNE B b R R P fells o by
incubati@sinatisusfoof 0 additioRISYBTE HIEtS0ds i alClHsaadiskiden,in thdi DTT,
0.1 mM%-{IHIOa}%) Ifltr%M PMSF. The cell suspension is typically lysed using 2-3 passages
through a French Press. The cell suspension can also be homogenized using a Polytron
(Brinkrnan Instruments) or sonicated on ice. Alternate methods of lysing bacteria are
apparent to those of skill in the art (see, e.g., Sambrook et al., supra; Ausubel et al., supra).

If necessary, the inclusion bodies can be solubilized, and the lysed cell suspension
typically can be centrifuged to rexmove unwanted insoluble matter. Proteins that formed the
inclusion bodies may be renatured by dilution or dialysis with a compatible buffer. Suitable
solvents include, but are not limited to urea (from about 4 M to about 8 M), formamide (at
least about 80%, volume/volume basis), and guanidine hydrochloride (from about 4 M to

about 8 M). Although guanidine hydrochloride and similar agents are denaturants, this
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recombinant proteins from the periplasm, for example, the bacterial cells
can be centrifuged to form a pellet. The pellet can be resuspended in a
WO 6131088Aining 20% sucrose. To lyse the cells, the bacteri® CaAUHW04/039316
centrifuged and the pellet can be resuspended in ice-cold 5 mM MgSO4
denaturafipy lepeirEeyVRIsibisHIIgr IHAFaHR SRAY CRSTHUMPS ITFEneN s (lyp dlidiss, for

example§ @R REABAIHNERI A0d theRURERIAR L deeARIRLANGSANR MM ically and/or

recombinant proteins present in the supernatant can be separated from

biologicaly #distesentsive Bihstandiarisbpbpstiare lewmyiredone Fkiedin thagse

Atskitintheiatt Andniiiahsghfiastianates o sanHAEINaNHe5taes from the
unwanted host cell proteins (or proteins derived from the cell culture

host periplagiin b s reChm b e otdiendhmiesestbaet RiptpiR i AxprRItednto the

periplasxﬁeoﬁ'i‘l_‘l@%ﬂﬂ@eﬁ?'fﬁ@pé‘iﬁﬁﬁ%ﬁ%%&éﬂf&ﬁ?&r ﬁﬁp&%ﬁﬁ’r_&iﬁi% li’éblatgad by cold
effectively reducing the amount of water in the protein mixture. Proteins

osmotic el iachdidation do tath shsns g Fuitbityiere Fhtednititbprsbicdy isolate
recombiRARIPId SIS SROER NP0 i eiipls, Aldayuel-AaBemMWRSH ditrifuged

concentrations. A typical protocol includes adding saturated ammonium

to form gprles (Jheelsht a0 brdrsespgnstethara dntimconiaiBingROsqisgose. To lyse

the cellsCARCEAMAIIORaIS RCBuReTT A BaNE. thBIpIRACAARIRBUMIERBEIRIAIE BRI 5 mM
most hydrophaobic_ of proteins. The precipitate is then discarded (unless

MegSO. grd brdicin ariineeathidon apspmaBaicintPamimsiunt s fatk Sesasronsan be

centrifugh® SPRNAPBIR ACIDEANRHUAN KRRINTRIFELRBIRINY MIRIBeent in the
Interest, The precigitate is_.then solubilized in buffer and the excess salt

supernatgnf (30 BeisRatasd fpraithe MATL B s\ shrdar seriatienHeshriques well

known t6aH3eds that ren@®rrsolubility of proteins, such as cold ethanol
&f’ci itation, are_ well known to those of skill in the art and_can be used to

HHAhtAIE SRianat e AhTRATES, FRARYSS IERS, FagigHttiseh oell proteins (or

proteins [@GoRbIRBM oD eambe usaHadrfisalird itémnbiRistginaahdeaifiest. One
and lesser size using ultrafiltration through membrapes of different pore

such examples R By EMRRHESh SHAMRipor PRI SUIaAS BrRpdpUplss gyateins by
effectivddyQtinci X EcagRNmp @ P alitercdh dHraien anmmambranetwith ddopecsigRate on

that has a lower. molecular weight cut- off than the molecular weigh}(of the .
the bamf)

h
PIGr SRIRPELY THRS HAE Y BFARROBH o RERIGH Sn tifemeis ikely 1t is to

precipitaptiafitered againsumeainamvdiiraiheleculaysidadiheteate iteanitdadding
olecular 53 WO 2005/089093 P T/USZOO4/03§316 ei%:lt of the,
saturatec) FERERTS T SPELLe TR S BERL P8t i AS s eikdigh thgmonium sulfate

concentiafym i daew 20 203 it atahihedilteaietivm Wb e dpirmateghagied@sphobic

described below. Recombinant protiens can also be separated from qthey . .
of protefi, LiRsRFFIREA B T SIS i AR DR AR it Y dipihobic)
and amnadfitiity §atfligaisdeldud acdiosupaniiitanias JanedaeaioatlpieRins pastibeate the

ot Lo SO e S IO BRI A i
necessary, either through dialysis or diafiltration. Other methods that rely on solubility of
proteins, such as cold ethanol precipitation, are well known to those of skill in the art and can
be used to fractionate complex protein mixtures.

The molecular weight of a recombinant protein can be used to isolated it from
proteins of greater and lesser size using ultrafiltration through membranes of different pore
size (for example, Amicon or Millipore membranes). As a first step, the protein mixture can
be ultrafiltered through a membrane with a pore size that has a lower molecular weight cut-
off than the molecular weight of the protein of interest. The retentate of the ultrafiltration can

then be ultrafiltered against a membrane with a molecular cut off greater than the molecular
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skill that chromatographic techniques can be performed at any scale and
using equipment from many different manufacturers (e.g., Pharmacia
W08 8I8¥093 practice, heterologous proteins targeted to the pdiTaSsy084439316
often found in the broth (see European Patent No. EP 0 288 451),
weight ofdheiproteicalisetartanidga eesibirant ratanivileonsidityoosin e unsmbrane

into the FRIOCTAR'ANEN B iE YelbiR R GpREF IR URR YIS 1BFreased by

using a variety of mechanisms that permeabilize the outer cell membrane:

Resmerbinamtseiotéensl ceroatsp A enphatssidions pthersiaeing rwtherhesis of its
size, net(2MeHEE &Rk d209dPpREVMIBE ARk BigiachRR! R8:386-392)ad@Hn, antibodies

overexpression (Wan and Baneyx &998) Protein Expression Purif. 14:

raised  agaipst). BERIERDCIFARel OSSPRHIENIH iGN ety 1 98yyigsto/ padhibRogproteins
immunopgurdRdd Al 6PHERAIKEIB R ate iR i loHBRS: §h 3he 3R9R) R0 Ui af A8 Jone of

) ) mutants that leak periplasmic proteins (Furlong and Sundstrom (1989)
skill thapygyerspioeiarhia uescranibe derformgy aiaey setleard yeBiggeagpment

from mahﬁai@éi@ﬁé ARRLERMIES g&%’g@ﬁ&ﬁnﬁaﬁz%&%?&; recovery by osmotic
shock (Taguchi et al. (1990) Biochimica Biophysica Acta 1049: 278-85).
I piashest Selskgipeire inisiamBigetng ferfbrdeiivksateigigften found in the

broth (seRURSRALSNPIREAIZASIAPID e rot)) passhaen HSRAdQ P RbQReincrease

folded and active proteins in E. coli (Wan and Baneyx (1998) Protein

in the fiaidityfhegrten g Juembsanen diecetaln, ¢50b) JPaRTAYEN. SrEEHYEanay be
increased 33 MsTng-ndgl @ als (ARVRAn shindiisht Mgkl 278 18 Outer cell membrane:

Gram-ne%ative bacteria have evolved numerous systems for the export of

colicin (WifsthsclatosstRbirdich iHEriBres! REel¥itidrY) SThEEs RiGéShoke et al.

(2002) AS5TRHOE bHHORRElnBIE5ABC6-6DEpe ThuathyvayethrRash/ERdd e Hhneyx
athway, and the Path/Vir gT%/gf IV) pathway for one-step translocation

(1998) Pgefﬁfé’ e OfeH A AndPotter Bt eiieaibraleass aeqtpip EHpuRg £t al: (1989)

Bio/TeciMéieyancd 6foting, patiewaysi{elstinsiac@linsnbes esath@ §83Baochimie 75: 451-
membrane; and the Sec-plus- fimbrjal usher porin EFUP
t

5) mutaig gl ISk RSTRRSBBEHIer: SHEIHAE 00 SARTSHUBLLIN Pradlgpments in
Indus. MagembIsmainteymiaabhrpaeietMT&mnand dkplundt] BpatawaysHokicrobio.
two-step translocation across the plasma and outer membranes. Not all )
65: 497 A0RNATRER LR BY (HRREUE IR AP Anf Db rLy el ophysica
Acta 1049peB7R-B5RNUIMEEEEIQIL BrRiasdCIpEstEial tHembrareipimmisingtee with

energy-coupled step. Four systems (See, Tat, MscL and Hqling) secrete .
subsequeg| osalization ez‘b‘@@?o%@?)g%%é‘?ﬂgéﬁd&? R@Hﬂéﬂrﬁ?@e and active

proteins MEANBEANEY andiio Baatiar SYS®PeMI BRI sidh RiadfT PAR)1SeZIeRimMyns et
o o R R, sl e et Plotie o 21520

@ise-heqacivebaespiariegdniodhedniacalidarspestis ifon thehapstef proteins
scross IO Mechanisme o acive 203001 A1 Gl AHOUNAD .. e ABC
(Type I) pathway, the Path/Fla (Type III) pathway, and the Path/Vir (Type IV) pathway for
one-step translocation across both the plasma and outer membrane; the Sec (Type II), Tat,
MscL, and Holins pathways for translocation across the plasma membrane; and the Sec-plus-
fimbrial usher porin (FUP), Sec-plus-autotransporter (AT), Sec-plus-two partner secretion
(TPS), Sec-plus-main terminal branch (MTB), and Tat-plus-MTB pathways for two-step
translocation across the plasma and outer membranes. Not all bacteria have all of these
secretion pathways.

Three protein systems (types I, III and IV) secrete proteins across both membranes in

a single energy-coupled step. Four systems (Sec, Tat, MscL and Holins) secrete only across
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partner secretion system, a main terminal branch system or a fimbrial

usher porin. Proteins that are transported into the periplasm using the
W@aeeetIEignals or host cells of the invention, can also be aB{F&lip2004/039316

exported into the extracellular media in a further step. Known

the nneyjaembraan Ry unrthen s¥pena®gEndiblR, tirbwgd JF Slirseesie9ateacross

the outeriWAbPAENEr secretion system, a main terminal branch system or a
fimbrial usher porin. An protein that is transported through an
Paﬁf@ﬂ%Hs%@F@F@Awpﬁafﬂwmpl%%ﬁﬁgéh%%ﬁﬂmaqﬂs%@wﬁélost cells

of the intEHIRIMRHAZs A e MIRIPRERENIE dRAB RRE R ENEIMINGi2r0a30her step.
amino acid residues of a-domain. The a-domains of different

Known machaaiians ek saghye HitRp oo rAtf ogeissalin dfeau gh e2p o38O esRs st two

partner s¥8RtRIFRYEARTY -seauRnea BRAHZS stEAlIBWINgSeSsetionAoMss the
inner membrane by the Sec f%ﬁitem and cleavage of the signal peptide,

Fantsins dhatoreHernsaericdi i adhnperRIatE: HidRshaRe gSHRD IO ARSS cells

of the inRRAS SRR IRABMRINS P BEHBIEM MEIAREL Rl ACARALEMER, dn a further step.
21:2122-2131). The passenger domain is either released to the

Known geshapisiantior aiuinEaned e sorall VbEewshng AWSHanstars two

partner sBégetRIAIGR QN Milenas Rl GarlRdaly P2 et u e pyapartner
secretion (TPS) system is functionally similar to the AT system, though

g
ARemRbtEindatelhJTaaTBNTHFfo bRt 8bs SHuBRERIRBRREISEY (A PRy ¥ommtsnally
contains GAMNP@S@En Sl S¥E SENFcRENIKIRIEYHRINA PHBISANGOMBFh NI a C-terminal

neighboring genes. One protein has a passenger domain and the other
250-300ppaing, aciforsifies SthsHoMmATE: athesecdereais e PEsHTALABapPeters are

highly he}®RBoaBdwhersio e paiteiber PRESENY Shdpginfie fHfien @¥pastRd and size.
. through.the outer membrane pore formed by the protein with the

Following SeFHiAT 35EH-DEBSE S ROENDY0RT MBF PIEioBianUelsEep:f the signal
peptide, MBgbsitEsbatEhpratatifAidhRrh ansystemsiatadae foeteifebiorn ¥83dnh the
t05%640_ amino acidif. Although they ar %}éy similar in the N-terminal
passenges AR BSCHIFIER, & BB GRieP D2 (HAEL rdr thEAH AR erd B dipSsenger
domain (s-tgfhenadlsaspdentcase aneivanneivesgeshaline BiaihécsBlinaliBiafCMost of the

e complex that translocates already folded proteins from

(MTB)isala
autotraniﬂ%f}?ﬁms&ﬁsdtﬁ%t SPTREMS P e S AR CRRRRS ESnsists of at

TeasiviOp atei RRaaSHUETES ) SeRtendfiyvhielt6bai8 peauanced aBolonsystem,
with the type 4 pilus biogenesis system (gugsl y (1993) Microbiol. Rev.
though the isiaR are B KRS I A S OHAHOE PSS b0 DD Gy e i Comnposed

of two sf3aal/pkpBde4OiRABLE: MBIy sieistiedrhinaslgiibomn guster i0hBrotein has a
psss S A TR R e Bt mechanom o e o
by the Seesgetsibiadattherdtiggenesihobasspreubdimibiiae fipthkinexported through the
v m SR RSO B S o, T SRS AR 1
(2001) Melipesmwibtothdps@ie3proMustantbstrate proteins of the TPS systems are large
proteins from 1651 to 5640 amino acids. Although they are highly similar in the N-terminal
250 residues, which is the targeting sequence for the transporters, their C-terminal sequences
are very divergent.

The main terminal branch (MTB) is a large complex that translocates already folded
proteins from the periplasm to the extracellular medium. The complex consists of at least 10
protein constituents, some of which share sequence homology with the type 4 pilus

biogenesis system (Pugsley (1993) Microbiol. Rev. 57:50~108). Genes encoding a functional
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fimbrium-specific outer membrane usher protein. All these proteins can be

synthesized as precursor proteins with the Sec-type signal peptides.
WEANGHORM % anslocation across the inner membrane by the SBEBYSR9G4/039316

the pilus subunits are bound to the chaperone proteins, which prevent the

MTB sysiem sesEresily Sevsmi areiesicp atidiasenamerdbeoisusetinasicnn srd e srrlecular
mechani@AG R NS RERIRIByEIRAMESIR PUANGIHRIEdvhich subsequently

interact with each other and are secreted through the usher protein L
TherdddR iy vieme isnessnonsile Han dher dioscaesiR eformsieroiiimbripetmil) in
Gram—ne%%ﬂ%?@%%&@r&rdﬁé@;ﬁﬂﬁa&&%@}% SpePaHncEMmH JatianfubraiBroteins

structure conformation. Protein refoldingﬂ?teps can be used, as necessary,

of each ifimbyimealsr) eBefinsratSMbH-SRGHbPEAP BMGCEIRRIENEM PLoten and a
fimbrivni SRR GAM BRLARROMREShestdaing1IBmRGE N helis KRows RiReaded as

to promote dissociation/association of proteins. For example, the protein

precursof frofans, Hithte JektH menTisrbRepHdrs W By inE IRRIPCANRE Asiassdhe nner
membralgétg?thie reJisedivmisaliialewad iy incwbationyill %M#é%ﬁ@ﬁ%@{eiﬁg hich

refolding agent sucﬁ as urea. Recombinant protein can also be renatured,
prevent fag gslfvsranly afanbiiytheRpinksphBYprstdom prirer dhp shpnstonsrasd the
usher prodthNaraceiatR, Pt whiaimlsis-aonnih NaGbndVtenativelyitth 8aBHOMH3r and

can be refolded while immobilized on a column, such as the Ni NTA
are secrefedh (SR tRSiheliREAPIB RS e S YrARERR 2550 mM NaCl, 20%
glycerol, 20 MM Tris/HCI pH 7.4, containing protease inhibitors. The
RenaturagontundtRyfoldinge performed over a period of 1.5 hours or more. After

THSBRBIERHARRE AEOEINSARNRE LRI 8PddIion e 2RAMN and tertiary

immidazole. Immidazole can be removed by a final dialyzing step against

protein EpIstafes COMMIRFINM duetate priddiRaeTHEs 200 PRVPREHC AT Ecessary, in
completiRgréiqeiptesathcan e slesatbrlaft PesHEs. CRUHAZEN Al 3R HeH @B Cean be

Other methods include, for example, those that may be described in MH _
accomplishedspsing wtogsAtERFr PR B IReAT 68 PRResisppsatenfetosaton of

proteins. FIBIREARPIRIV/FER): dan BE A ERROM t \RuRRelial fh1RR%6aBY incubation
periodic suEpIem%%(tPs , Deutscher (1990) "Guide to Protein Purification,”

with oxiffjzedogletat &ttt E3lowrd iidneuhatien withis dariiss, containing a

refoldind=DigRBudt A 2896 and periodic Supplements) Current Protocols in
Protein Science 56 WO 2005/089093 PCT/US2004/039316

RRSRI RSOt Sa1RaI50PhetEmattfledonCraBHN DS dabirgcH) against

phosphafSigeEa (RIaRicRBL)per ackh Petesicxer GRressuaed bk 2BollagvieNacl.
al., Protein Methods Wilﬁgg-usa, Inc. (1996) Active Protein or Peptide

Alternatixgly, the RIGtei2 sittdindEaliph v e FRmARIARA 9 f 2 CRIMED e haasdhe Ni

NTA coRif89. @0k a linear 6M-1M urea gradient in 500 mM NaCl, 20% glycerol, 20 mM
Tris/HCl pH 7.4, containing protease inhibitors. The renaturation can be performed over a
period of 1.5 hours or more. After renaturation the proteins can be eluted by the addition of
250 mM immidazole. Immidazole can be removed by a final dialyzing step against PBS or 50
mM sodium acetate pH 6 buffer plus 200 mM NaCl. The purified protein can be stored at
4.degree. C. or frozen at -80.degree. C.

Other methods include, for example, those that may be described in MH Lee et al.,
Protein Expr. Purif.,, 25(1): p. 166-73 (2002), W.K. Cho et al., J. Biotechnology, 77(2-3): p.
169-78 (2000), Ausubel, et al. (1987 and periodic supplements), Deutscher (1990) "Guide to
Protein Purification," Methods in Enzymology vol. 182, and other volumes in this series,

Coligan, et al. (1996 and periodic Supplements) Current Protocols in Protein Science
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preferably at least 50%, 60%, or 70%, and most preferably at least 80%,

90%, or 95% that of the native protein or peptide that the sequence is
WQI0P2890nt. Further, the substrate specificity (keat /Km) is &6tloHeapp4/039316

substantially similar to the native protein or peptide. Typically, keat/Km

Wiley/GygnseMhY leat so R dem:r wiBemionnbrdminucpauy Eiseiies OppeqashidPractical
ApproacR 889 OBl BhlALIGESE §97B011A%0«BAY0 pR5RVAMMARIRISATey-L isa, Inc.
assaying and quantifying measures of protein and peptide activity and

(1996) sybstrate specificity (kcat/K,,,), are well known to those of skill in the art.
The activity of a recombinant protein or peptide produced in accordance
Active Protbiihg Pepsgaudmypnion by can be measured by any protein specific
ASRERHRALLAPRIA 4 YURORRVNO ASPYBOWRIN BEAT oI Mot and

activity of the Pseudonmonas produced Secreted recombinant protein or

preferabbé@iti@@%éﬂ%e@&m paﬁéﬂ/wﬁhdm@@tcmﬁfyr@ﬁlm@t densedPndiionarive s that of
the nati%%%@eiﬁ %?t‘f{éﬁ‘ﬂfh% Wi thE %ﬁ%%'%ﬁ%@ﬁaﬁ?x%ﬁheﬁ, the substrate

substantially similar or _equivalent activity to the activity generally

specificitdlserein tite ortinralivotehsienieliciniaretartbeseativ ormstsiar or peptide.
TypicallPYSIROGIGH RORALRS 0TNA ARV 6F R HESOMPIRATE SRIRIA %@%aﬂide- and

com@ﬁged with a previously established "native protein or peptide standard

more prefogly. AltkasratRRSy, 198oaclity of BSrecHielbnimefnemiing paptimentifying
measureS 3P HSERISHIINGH: L %cimwtm%t&&émﬂgl b SIRUIBANEOUAT known to

comparative assay with the native protein or peptide. For example, an in
those of gk nsyatean be used to determine any detectable interaction between

ThEesAPRINIRtPIRteIRRE AR ANIdEANE 2 SBIRR pRdub&IRC AREBXRESHEH the
enzyme and substrate, between expreSsed hormone and hormone

present JRYCION, Bt REAELSSIbIIBD AYOLFE SPERIER, wRvaisnabictigndard in

vitro or SRAIDALES thSwREASHESMENtIRS SAIQTINSHIRChanRA Al RIRIRed secreted
changes, cell death, cell repelling, changes in radioactivity, changes in

recombiggy, BARFIR RARGREIR SADIRCEPERABIG YA thfeardhiibn ¢fythgetorresponding native
protein eéeq@%&mss{mﬂ@yp&g@l%%ﬁiﬁanm?ﬂa%,@Qﬁ?@t@%ﬁ@%@m@li%ﬂm or

antibody specificity assays such as ELISA assays, etc. In addition, in vivo

equivalegkaghlin i the astiv Hveerpbt i RRI¢5 A tolifaceishy b RigIEdp under the

same or SHEHS 815 SeHdR@ARaProduced protein or peptide in comparison to
Ehysiq ogical effects of the native protein or peptide, e.g. weight gain,

BlOG SRFRINAHE BT YRR PeISRBR RS i eKiRY e established
native p%@éiﬂiﬁﬁoﬁéfﬁﬂﬂe St L AOBIRGI0AT BB G04/93%3E0 @nthéhRcombinant

inductign of antigenic response. Generally, any in vitro or in vivo assa

protein gL PERIGS R0 M AFITINE e Ky SRR h & SEitiBRbgHy ssimultaneous,

comparaBRROMESEY FEEOTbNARIFRIRIM OF peptide At aNyIdoma FOMPARENGs can be
analysis to the native protein qgr peptide so long as, such activity is

used to delerpi @K HSHRAD T TR PIARE SR g RORE HRsaL EER RIS Breddhand 2
target, el@V@RtOBegUMbE RS eehigmibeabikibbta-gimplaiear bR RGHMhe and
between t{;e protein or peptide_and a i i )
hormone receptor, between expressed antibody and antigen, etc. Such detection can include
the measurement of colorimetric changes, proliferation changes, cell death, cell repelling,
changes in radioactivity, changes in solubility, changes in molecular weight as measured by
gel electrophoresis and/or gel exclusion methods,phosphorylation abilities, antibody
specificity assays such as ELISA assays, etc. In addition, in vivo assays include, but are not
limited to, assays to detect physiological effects of the Pseudomonas produced protein or

peptide in comparison to physiological effects of the native protein or peptide, e.g. weight

gain, change in electrolyte balance, change in blood clotting time, chan ges in clot dissolution
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molecule that normally interacts with the protein or peptide, e.g. a
substrate or a component of the signal pathway that the native protein
WoRaas)lteracts. Such assays can typically include the ste§BUS2004/039316
combining the protein with a substrate molecule under conditions that
and the gybigtipR o erisiprsaeRsto FrersdbivRrRtHe YErgeibdealessantcaatbetused
to detertBIRERBIICHCROFINEPSELEMSG N BrBGHERM WL G RIASId A BSeptide
target molecule. Assays that can be utilized to determine protein or o
that allops daHa esmpriatine aaalysisda thematiarmpnicim R apmide s9 langap g sygh pgtivity

is assaydBIRIURRLASRVERP G @t&h@to@lpéﬂggés)groﬁﬁgéﬁqipfhelﬁzslﬂf‘ﬂn%ﬁ%rgan be
W. E. Il (1980) The Interferon Systems. Springer-Verlag, Vienna and New

assayed fo5fhenbilitveipestimuiate or dnhibdnteniinn domosn toretaar @dapddaand a

molecult ARABERAINARRAtS W BH e QiR gERiRer é:]jg.bﬁ’ RNYaFI 8$Sa component
Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989, and "Methods in

of the sigp3) ptheRy BatdbdWiBRBIMITRONRALT deisrgise sSuple agwysc Pipdypically

include BRSRpsSoflcdiBifinR (kK 2 dsith 108 stE HEABLR! unBEP EBhE s that
Purif, 18(2): p/ 182-92 (2000), Kodama et al., J. Biochem. 99: 1465-1472

allow theypresinseeneptide 4p, ipRseciNgh Ahatrresti mpka e pbdetsst the himphemical

consequébBaWHiNRahRlrackiol WtB Rle pRckDAnd toc(kR9)mlialgist al., Cell
42:39-50 (1985) Proteins of interest The host cell can be designed to

RAssvsdbat reedRotbizeb B R BRI fEats T RE SRS HEvitnAlespeEbed, for
example2RETR{IBRYISIES HAWQYRH) IN BRMBHLEMPRUEPERIsS Al EeePMDIRRNY. Immunol.

protein or peptide is a therapeutically useful protein or peptide. In some

127:1048 mBissiAtEnty - the Brol&RD) chbe B tar fRem S ansm S r SRR SfSr Yk & ipnna and

New YoflmBexpietei FRIEl, b e1 or e Riap 50 : 8931 0Wb daatR [C R A BKIREL #boratory
chemokine or a bI,oodF%otein. The recombinant protein or peptide can_ be

Manual’y 24 ede ol Derine FatRAR L AR THER dthssSp RAB B b eptifle Finflditgihand T.

Maniati€neaedimenss, Wil PraieiRods PEPHEAaRIJSE INGlude asedBlgRus@N@loning
in the coding.seguence. In certain embodiments, the recombinant protein

Techniqpes» AEAAGRIE IR PEERSED> 1 &5 SISOk D TBRIRs & ihd SoKdbtn kase. et al.

Protein ExpEIRLASNMRQYiMENtS2the (200MbRISMiALOIRIQr PERiidadH 2 Poptidenfl 472
tleast 5, 10, 15, 20, 30, 40, 50.or 100 amino acids. Extensive sequence
(1986); e #

AR e o 1 AR R oA B S B 6BARELD e . .

Cell Bioleehgitors i3 (idedy; qvalickt avaiiahie2 Agessel gsspmplete nucleotide 58
WO 2005/089093 PCT/US2004/039316 sequences of mammalian, as

Proteiné’vtﬁ“in epetépan, genes, cDNA sequences, amino acid sequences and
enomes can be obtained from GenBank at the URL address

P FRAN AR RS RerieRed SO/RRTRSS 2ABERTNAPIHRINIRGH Beptislso Blese can

be of anP RIS HABf S2ENERLATHOWY 2|eREeRIGICAGYEITRRINR, itie sfalitbinant protein
.information about &enes and their products and biomedical applications

or peptl%m %@W% stk protety inrepide, o [RS9mg embodiments, the protein

can be a mammalian protein, for example a human protein, and can be, for example, a growth
factor, a cytokine, a chemokine or a blood protein. The recombinant protein or peptide can
be processed in a similar manner to the native protein or peptide. In certain embodiments, the
protein or peptide does not include a secretion signal in the coding sequence. In certain
embodiments, the recombinant protein or peptide is less than 100kD, less than 50kD, or less
than 30kD in size. In ceratin embodiments, the recombinant protein or peptide is a peptide of
at least 5, 10, 15, 20, 30, 40, 50 or 100 amino acids.

Extensive sequence information required for molecular genetics and genetic

engineering techniques is widely publicly available. Access to complete nucleotide
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Bioinformatics (http://bioinfonnatics.weizmaun.ac.il/cards/), nucleotide
sequence information can be also obtained from the EMBL Nucleotide
WEHWsORY Database ( http://www.ebi.ac.uk/embl/) or the DNRUTAIaRMHI039316
or Japan (DDBJ, http://www.ddbi.nig.ac.ip ; additional sites for information
sequences s ATHB 8. A ééshﬁmaaeg@@wg&ki\ﬁrﬁ%m@’rﬁ, iR agishseq uences
and  geRSSRANICEMDSIER /B RBH JeptgROVARHHRAIM and SUSS-BIAL  address

(http //au expasy oru/sprot/sprot top.html ). Examples of proteins that can

gevialRgenilitone inoreion sceh 2i80ehy, ebimimed from

GeneCaxdgromhérém&MLe ST IPRBIMARGIAMIB NAFRANGOROWBETQMILY andl their
hormone; growth hormone releasmgwactor parathyroid hormone; thyroid

products athhipmadicRbaitetiapspisEiibeaVammopsiFsHatnPhSHense Heawmae and

BioinfornmBtfelain; eRsH iSRRI fllicle sURWIRtng haeees&  sequence
calcitonin; luteinizing hormone; glacagon clottlniefactors such as factor

informatiogy|ieanaReon}so tREETdCtSFoRNdRR phider Searraetigfabase (
hitp:/wwiREH% S Protein C; aiial natwigtic fagiphdupg sWiactanb®&  (DDBIJ,

Hito:// plasmlnogen activator, such as urokinase or human urine or tissue-type
ttp: Ve,

el Bl AdiEPRab Alteh B BRSH RSBl ATHEM 8pidiergusPeRsthuclude
GeorgetOM%r&wﬁpﬁﬁx%ﬁﬁ%wqc&aﬁlww&r@mmewmﬁhfpé&rwr@du/mm

albumin such as human serum albumln muIIerlan inhibiting substance;
and Swiss;Rpotithitp /ey 3y : . 1

EWUP&&&%%QE@%WEQ&G@@HQ@%@ RiptaIL S UERR molecules such
beta-lactamase; Dnase; inhibin; activin; vascular endothelial growth factor

as, e.g., FOEBEY: EEERRoROMBIONG M BMEUER S IR FETE I RFRPISORAMINE GRroWth

hormone; Dyrd\e@imBéRifoiactesfadi RRUrRlsRRNI iasteyrsut hhasnhsal)-delived stimulating
neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4,

hormone; \ HDEPERIRIRSE) Or BrowtriditiorAsthaitas Fieuins: Boghiig o prakasulin;

thrombopée@idiacoligiersophlafiagtonsueshas eadiotopneini@hgl iormone; glucagon;
platelet-derived %rovvth factor (PDGF); fibroblast growth factor, such as

clotting FigREF 3] B SIEOB MM mal BTSN TSI RS (SIS ING GPeRy factor:

anti-clottif@CEstbTSHnt B us PaseiGE 2dpha anthrikGE facthieludipGuk e, 4 fifsidnogen
TGF-03, TGF-(i4, or TGF-(35; insulin-like growth factor- | and -1l (IGF-I

activator, sighaE Wikaet -2 e rb IR GE- B‘SW}EJP{H%@*‘@%‘%%%&B?WW& ifgPA;

bombesinP iR« horpingisugh @t FadtdeDtdmoD ridciiis Gkt alpha and -beta;
erythropoietin; OTE‘) 0|nductlﬁg fact rs; mmunotomﬁ;s a.bone

enkephahﬂ%?ph%g%ﬁ R (B ACSUCh & %fe?&ﬁlﬁﬁﬂdmlbltmg
substance; bﬁll&xﬁﬂd%—@ﬁﬁﬂﬁﬂ&ﬁﬁ?d@ﬂylswﬁﬂh@i“jﬁcfﬁﬁﬁ&ﬁﬁ (Gofusy @shaddtfopin,dsddciated

d 59 WO 20 6/089093 PCT/US211114 /1139316 CSF nd G-CSF; 1

peptide; 4, IEEARAL FHCLS™, IR 126 RELEOPCARTER Aoy PRl v2soular
endothelidligrowidstcibcglinesppietzpsoirifoe beamdhianer Riotethacteeqiintegrin; protein

cceler factor; viral antigen such as, for examp rtion of the

A or D R A AT B R P e St ctor
(BDNF), negtd&ﬁpﬁm&tein% amtiso AN BT AGNTBISLSon INIDWS o fdih e eddow @rowth factor
such as NGF-B; cardiotrophins (cardiac hypertrophy factor) such as cardiotrophin-1 (CT-1);
platelet-derived growth factor (PD(3F); fibroblast growth factor such as aFGF and bFGF;
epidermal growth factor (EGF); tramasforming growth factor (TGF) such as TGF-alpha and
TGF-B, including TGF-B1, TGF-p2, TGF-3, TGF-4, or TGF-BS5; insulin-like growth factor-
I and -II (JGF-I and IGF-1I); des(1-3 )-IGF-I (brain IGF-I), insulin-like growth factor binding
proteins; CD proteins such as CD-3, CD-4, CD-8, and CD-19; erythropoietin; osteoincluctive

factors; immunotoxins; a bone miorphogenetic protein (BMP); an interferon such as

interferon-alpha, -beta, and -gammaz colony stimulating factors (CSFs), e.g., M-CSEF, GM-
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listed polypeptides. In certain embodiments, the protein or peptide can be
selected from IL-1, IL-la, IL- Ib, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
WOL2005/0890P3, IL-12, IL-I2elasti, IL-13, IL- 15, IL-16, IL-18, |L-13BP4S20(A3)39316
IL-24, VIP, erythropoietin, GM-CSF, G-CSF, M-CSF, platelet derived
CSF, angdreinfFaduieqpoas)(are-gL 13 ligand-EG mpﬁdﬂ@éga%tagi&nmmoxide
dismutas; Cl-c Q19 reBbRfrs{ PGPty RET4EGhratkihS faedal Ghedielihso i -Giral

) or FGF-7), insulin-like growth factors (e.g., IGF-I, IGF-2); tumor hecrosis
antigen Hebops, (E0§. SxAPleL prRgHEB:H) thee ADgr RtRlPREIJFaN®RLt RIGteins; homing

receptorSSGalA:RRAQ iﬁb@%&&fﬁéﬁt%ﬁﬂg@@ IR HEARAC 08 -alfNBthe above-

) IFN-(3, IFN-y); Teukemia inhibitory factor (LIF); ciliary neurotrophic factor
listed polypenitdessncostatin M; stem cell factor (SCF); transforming growth factors

HecBrialiEnbodiaEnl thE@Foian Eﬁlfééj%%lé JMFSYBREBRMBOLE B+ 1, TL-1a, IL-
LIGHT/TNFSF14, STALL- 1/TNFSF13B BLﬁSr, BAFF, THANK)

1b, TL-2:7Hh B -l WA NG SE19), 1 1dndmbRinbs! 2¢fasti, IL-13, IL-

15, IL-13 @R BIEC S BBRAKSeICXChAP, CrfRch A GRS IEQRYSFL M-CSF,
Eotaxin-2/MPIF-2, Exodus-2/SLC, Fractalkine/Neurotactin,

platelet oA RANIGBAORERET). VA, Biiphdeetty ESACHSmhlast growth factor

(FGF; NCREANCGAGEMS BBGH GRa-MDEGTS PEUARC Pcls-VIRGHe MIP-E8F-7),
} . _MIP-20/GROG, MIP-30/Exodus/LARC, MIP-3/Exodus-3/ELC, MIP-
insulin-lilge gyt fegears peg, RKNTESIGBHRY, Tomes, Broresisk faneshee-g» TNF,

Lympho®RROANGEBLSHKHE RISSANIBYaNten, {AsRIatHIMRAT LSRR DRI TVIIGE),
subunit proteins or pelﬁgides by a host cell of the species Pseudomonas is

interferogsdGicfedt N i PY ot ffksatiedRhiitexy facior DRt Ay mrtRtpphic
factor (CNHH)EHRANLMIE PrajeiSell FriBShuniRIpBiains Dy mduderive. & TGE-
mare subunits, that may be the same or _different. For example

le, the
0, TGEgpbieihGhaloe LHGREm e SRR ERilgriiRig 2, BIGHE/ ENESE14y $TALL-
I/TNFSEI3H 2 BLYII 8 ABPYMEANE)Proterpiss TRNSSPE alieteWmAKTTNGSIN2); or

including 2, 3, .4,5,6,7,8,9, 10, 11, 12, or more subunits. Exemplary .
chemoldggi il Bl MRS Foc ST el Schichon RGNS reteptgrexin-L.
Eotaxin-SXURCE R | Fxo@iE0 /0S| 15 d6eiiciieaNhesdctitin GROMEIIMGSA, HCC-1, I-

immunomodulators including MHC proteins, full chain antibodies, and
TAC, LyRRBRaG HAG RS MBI g R pOlS ek AT BN AABCD-1,
MIP-10poiParasedrend NERumand IPRte Fised0sANATR0) Mau Rk 64488 MESS VTP -

invention, the production of blood prateins by a _host cell is provided. The
4/p ARC@PO@?&%@%@%&@&gpﬁ'}is%%’o‘?ﬁ{gﬁ%ﬁélude but are not 60 WO
T2 Q2e/ QBB ) 20544680 Blvenlivite thtogadielidi e i@ osia% multi-

.. albumin, including human and bovjpe albumin, transferrin, recombinant .
subunit PLOIEHSATHRADH ‘?Elc@e Btogiob ,ﬁB?ir&?&&’rﬁ’%ﬁd%’%‘@?%’&é‘g&faﬂ?éﬁ“ded-

Multisubunit proteins that can be expressed include homomeric and heteromeric proteins.
The multisubunit proteins may include two or more subunits, that may be the same or
different. For example, the protein may be a homomeric protein comprising 2, 3, 4, 5, 6,7, 8,
9, 10, 11, 12 or more subunits. The protein also may be a heteromeric protein including 2, 3,
4,5,6,7, 8,9, 10, 11, 12, or more subunits. Exemplary multisubunit proteins include:
receptors including ion channel receptors; extracellular matrix proteins including chondroitin;
collagen; immunomodulators including MHC proteins, full chain antibodies, and antibody
fragments; enzymes including RNA polymerases, and DNA polymerases; and membrane
proteins.

In one embodiment of the present invention, the production of blood proteins by a

host cell is provided. The blood proteins expressed in this embodiment include but are not
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factors, cgaaplement components, immunoglobulins@zyme inhibitors,
____ precurso x..I,l,.§!,J,,P,S,,t&DC€5 such as angiotensin and bradykinin, insulin,
B T W aestpeaes3 =§éldb“’fﬁn, including alpha, beta, and gamma-ZobUliz0ed1es9316
other types of prote ins, peptides, and fragments thereof found primarily
limited 16 ¢h@ibIgROtehE) s atsalbhgianiidudgid Beadenedbinnumaeks Beetrin,
proteins have been reparteq (see, S. S. Baldwin .(1993) Comp. Biochenn_ .
reconb By BTGB L T e e o ST SReRED PR Fargulation
factors, SestipledimindponsrisM irg@olSflinblueigreidaliResas) Chrecursors  of
9:6103-6114.) and human serum.transferrin (Yang, F. el al. (1984) Proc. ..
substaniGs it EHOBE S FEIRRD: TG cSHRDHEnES] S Pl uding
alpha, beweniion gthenpradoleiinn Qi cahelifgiiseol pies i08,Cpefatioss Mmdanshents
ell of the species Pseudgmanas fluorescens is.provided. The enzymes
therot i pATARTY e LB BB hEn eI AL ahSD I Baigrous
blood paddcitastavabiae epdasas(sen)it ScidsdeiasgsooSpatagnsBBlLAem Physiol.
ependent epzymes, carboxypeptidases, carboxyesterases,.
10620 R TR S COAToS I By AR . LM o
al. (198 syvistases;dyRiathiale $yilibmnses4desadinxybasesuaetnyaifopenaSeme, F. el
lcohol ydrogenas h t diaphorases, dioxygenases,
al. (1984&?(5}616{% &%?J 5@%:’,@ Cép%z?réggehégﬁ%gz,gﬁmerases, galactose oxidases,
Inl wnesmibodirkas e, hkposentXidastiong heqepitatienasEs combinant enzymes
or co-fa%}%%gyg%agsﬁ%%%sc‘?& %E'lﬁewgé%fe%sggguc orc;)zsélrgc%p l‘f?s;%QgerXS'a?se%rovided. The
oxidoreductases, oxynitilases, peptidases, glyCosyltrasterases,
enzymependxiddsetore nzprossdusdhii@abhérapetichiie adtiate polypeptidey aldolases,

amine o%f a“s%sp'asiﬁdb”a?& %%%‘%8&05'3{)‘585'5@8‘5&’ ' gélgi‘éeﬂt%ﬁ% oINS £ Pases,
superoxide dismutase; Dnase; aming ach rolases (e.g.,’ asparaginase,
carboxyestuchshydredases)ly s oxyipeptidases; (lofeasemitnypsienzyapsin, cyanohydrin
chymotrypsin, papain, bramelain, colla se: neuraminidase;.lactase,
symihet R o S R e S e S RCRgeneses
dehydrasesenti aphertion, thexygedastiorendaecoribitemns,sopgieidenaydr#sal) fumerases,
fragmeﬁts and/ar full chain antibodies orlfr%gments.grsoortion therﬁ(r)f i%é(
€ 0X10as¢ asicrascs,

galacmsg host. cell 6f th%ﬁ%cpoggiesl Ssetdomonds HuGrescens 1s %rov M-

methyltsinglgrashain antriiedy lnatrases)udentbtlecantigerphisphogylesians okidoreductases,
...;antibodies, on a single stably-folded polypeptide chain. -Fah fragments can

ot B R A R e DRAPRRL LR L RISy

active pahypgetidsndisgegiesithe gabafidptentckingss)teipgl2sehstiept aklighe chrimase,

dah . in_fr nt, T, can hnked vi i [ .

superox QLB O Gl T RO, SRR MDD ases);

carboxmmmmm@mtmm ipep m»ngmlfm sinertapgiet potypdplideplagenase;
neuramifil L%P?et’%&'&,‘%‘ahgﬂ%,es%ﬂ?& kil Qﬁtﬁn%%%gos?g gnce that has been

selected, improved, or optimized for use in the selected expression 61 !~-
I orePewi® d0oB/060 g3 Prasent-inventi PG Thy $rODH D39 31 Geprrsbuwintfeingle

chain, Fa¥ATABIG MY SYAIDFRANG 0P SRS dRI Glaci RRAOID IR RIARALEE by a host
cell of the species Pseudomonas fluorescens is provided. A single-chain antibody can
include the antigen-binding regions of antibodies on a single stably-folded polypeptide chain.
Fab fragments can be a piece of a particular antibody. The Fab fragment can contain the
antigen binding site. The Fab fragment can contains 2 chains: a light chain and a heavy
chain fragment. These fragments can be linked via a linker or a disulfide bond.

The coding sequence for the recombinant protein or peptide can be a native coding
sequence for the target polypeptide, if available, but will more preferably be a coding

sequence that has been selected, improved, or optimized for use in the selected expression
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Pseudogggnas species such as P. fluorescens. Th ne(s) that result will
. haveb %;ggg,giru“c"ted within or will be inserted into one or more vector,
B LT WQUIEHORNM 8hbe-tiansformed into the expression host cell. REEIESSMdI0B9316
or a polynucleotide said to be provided in an "expressible form” means
host cell:ndsieiExasifler Bypantekeatigettaieastaingdidaastienegivie that wiag of a
be expressed by the selected bacterial expressj nﬁﬁ)st cell. In certain
Pseudomegis SREHERSUtHe 5 dteidl 6 HEFESt oL B STt bR OOt oBe, boen
constructed WRHite RraidliBe SHsHTas Midathecomasigradiatrpwhistewiflr dieinbdritiggemed
. embodiments, the protejn is npf found in a concatametic form, butis. .
into the GRER G Sl T LTGHEN T GRS R B B pvided in an
“expressijlgitiaatiencansinicieicogidtion poRiglanidodisneststdis proéasn ele gene that

interest is a pratein that is active at a temperature from about 20 to about
can be explsgect by (GBI SHBENGE By physiological
In tesripigr atbedianghis thagivadiedofhiesrdieaiedrtis hithstomexligmhemologous to, a
) t mpera%iillJres, su?h as temperatures over 65%..Ino e embodi erét, thet th
native Proleila ol et AT TBHRA AT SRR B RmpdtdlTRE FORPSIsaTh's: the
protein is2fbtofabaditid 2Ccancdomisricatitivatédinikdinkedhiat o fuigh sscesticamegnal and
tionall te aperatures §uch a.sfte{ncpera res over.?SC; is, or is substantially
OPHONANN 1o 3&88%0 0.4 R%%\}gabrgtael}n,osrﬁgﬁo%u d Ahtive mammalian or human
In pithteionanatlinére 2 - thegreetiniudimtunedeis apidseinthendataniesiatfatempedture
from abomelﬁ:%me%[g&tlﬁ%.a Tﬁtgﬁe %%@P%%%égﬁptﬂéuoé&%gﬁniss ba%%lée da § ep?si%?ongical
another organism, such as E. coli." In otffer enmibodiments, the protel
temperatundsemdrasiuoectiatgodneibele heatedd thtibingtl  targetiegsedempesgtfoes, such as
tempera egsagnvel_%goéequence that targets the protein to the extracellular medium.
n one embodiment, the additional targeting sequence is operably linked
Intonthendadimeptetimipusah theipitsinis |a prdthetharh bodoteattthdemperature
from aboRfCHININCASS F2RCTENON, %@Qﬁ%&%@%ﬁf% té&”ﬁ%%{%%rfo.t\i}{% AN, treme
secretion system, a main terminal branch system "or a fimbrial Gsher
temperatupey;isn 2 A4/ ErREH5IO8S 8BS TS 2001 6693161 E KAMRIES Giaimpienative
protein, s%c‘hcar%ae{angt(ia\r/g%égjrﬂn%{hsé%%rssl\(%ggﬂ 1-%%%{'81@ ok g}':%??os%ggsfrdom nucleic acids
seudonionas fluorescens Sec-system secretion sighal peptides were
in concatgnaracforediny therpratiortaind exrpressiovegfreamésgoinaRaflwerescens but is
. hosphat hoA) ing,seguence- genomic DNA fusions. The
derived frl%léﬁfﬁ?%ﬁse%%%ﬁgfﬁg%e%ﬁp%ggg%ﬁusions were further characterized. The
Inclshengaditaiivetite sighairettnenbes foratiacsécebtad treedesl entifistiidional
targeting SABRISIANS WamRIYCEdh R eomRR GRS BRMPIARHS B/ AR SHAItuter
other Pséudomonads, by
medium. In one embodiment, the additional targeting sequence is operably linked to the

carboxy-terminus of the protein. In another embodiment, the protein includes a secretion
signal for an autotransporter, a two partner secretion system, a main terminal branch system

or a fimbrial usher porin.
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the SPScan program (Menne et al (2000) Bioinfonnatics 16: 741-742).
The cleavage site of the putative lipoprotein was deduced by comparison
WaeH§hs?q98 ptidase Il motifs; signal peptidase Il specifically cR(R/E8201d/039316

signal sequences of lipoproteins. All six of the signal peptides were

analyzed using SignalP (a software program for analysis of putative signal

peptides; available from the dexasYISEBfblogical Sequence Analysis of

the Technical University of Denmark, at

http:/hvww.cbs.dtu.dlc/services/SignalP/.) Also see, H Nielson et al.
Exampl¢10 S aPacitrinakion imESxingyk@:h- S e¢retiom8igaalddeidapplementary

B e e S R o
formatignangsisbssioroetesdl dubiotkgioeathqspiwt@Erdnipld Febdingyeqhisce-

s RIS POSSHT S Tole S Memi sl vs oD

Secretion Signal Pepti

charactepigegtive phosphate binding protein 2-24 of SEQ ID NO: | Putative porin El
) : : in - '

MEEEEEIE S TR e A B SER o

fusions pagedpduead(hy) tomparisprdehoRdosonS BOYDND Y othgrRieadranipladsnity

the SPSURPBISIEIRERE A0 b6 S BEIR IR 1% %ﬁ%ﬁ}.aﬂf"e'léféﬁx%%%‘é‘?ée of

phoA fusion proteins To analyze whether fusion proteins were pro

the putaiAvedipapriaieily siasdrdugad odprapaikaniie progirades b ansdifies gnal
peptida¥TCPLUES ARPALAIRY BY CRAUITIGRANARINLE RonhidIRiGE! ATRGHASE the signal

(cytoplasm and periplasm) and a cell-free broth fraction. Of five strains for

peptides, e anelysne wingsugmtlasobtermmesramdpsrdy e glisniesige signal
peptidesPHRINA SRBHNHRYRING RIS P3N LROOHORRRF the Technical

. PCT/US2004/039316 binding protein, putative periplasmic lipoprotein B,
Universgjtafidemaany #ihéing protesty g diceavicassrenpteinidiohee Sipsiclsen et

al. (1999)28:R5% BRSAPHEEVEIOREE BIQIRID RIEuUsedha1detRii AR AR KRsed to

smaller than predicted, and one (putative Lys-Arg-Orn binding protein)

further ghesaciesigethn ddeniBbothecirprtneatislethbnls carsrelrimelppsags
informafBR Kk BRhENeMAMVBLH VI BRlySisyndicpie, Ihal e SRl SRR gge%s

transported the heterologo, us PhoA protein into the periplasm of
Examplg3dp Shis aferetionds negsgatiBh 8Bl @ssion, and Characterization

Table 6. dRRBRG of SE/S{s el SLEAUSnSIgHRIFLpllits'INal Sequence ol
phophate binding protein (i.e. including Met I) was fused to the gall scFv
Tdentity J10°L Pifatie Amino Acid
Sequence

Putative phosphate binding protein 2-24 of SEQIDNO: 1

Putative porin E1 precursor, OprE 2-21 of SEQID NO: 3

Putative azurin 2-20 of SEQ ID NO: 5

Putative Lys-Arg-Orn binding protein 2-23 of SEQ ID NO: 7

Putative Fe(Il) binding protein 2-32 of SEQ ID NO: 9

Putative periplasmic lipoprotein B precursor 2-17 of SEQ ID NO: 11

Western analysis of the phoA fusion proteins

To analyze whether fusion proteins were produced, Western analysis with antibody to
alkaline phosphatase was carried out on cultures separated by centrifugation into a whole-cell
fraction (cytoplasm and periplasm) and a cell-free broth fraction. Of five strains for which the

site of insertion was determined, four signal sequences (putative azurin, putative phosphate
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(see table) and tested for secretion to the periplasm and/or to the culture
supernatant. The fusions were constructed as described below.
WEPHYSHR3binding protein secretion leader-gal2-His tag fusidiCTNUEedd/039316

wnine i S R RS,

produced@a@mgliﬁgegg oftibe ggsecigigigenagdond¢puiaivacprEigriceiel) pesliged a

povin 5 518 SRBELC5 AS AR 3 00300 IOECARCRAECC R

produced aqmiemtaimeta oad aaiatya mmlep@admadoﬂ@ﬁﬂgaﬁeﬁc gntdesbaquadPIesey

activity a:n tg,l%gnt acg ﬁéi %%%Id tgegg&g 6<1ats g eat g a? egggt% tgé?gég é% (;?rotem

into the paagl@ha at®.gladper@gts.ggt gga ggc ggt tea ggc gga ggt ggc agce ggce gat
ggc gga tog gac ate cag atg a-cc cag tot cot tee acc ctg tct gca tct att gga

Hgieos g aB B0 fepttg gcc tgg
tat cag cag aag cca ggg aaa gee CCt aaa etC Ctg ate tat aag gcc tot agt tta

Thgpusgivgolt goeinccectésiany] sesueey 9 riyrhgte tindigg prdgat ieact
includingNFeA§GALRRY ?cgﬁl‘é ?f‘gc%‘%}té% Qg&ﬁcs cﬂﬁfc%aé BSR $334 16

agt aat tat cog etc acttte ggc gda gg aag ctg gag ate aaa cgt gcg
(see tableyerddestashfosacwationtedecnerplamnind wxdilthe quivices (BE@IRMOThe

fusions w%@ Metlyvshou bys.Ateduet Ala Ala Met Thr Phe Val Ala Ala Gly Val

Ala Thr Ala Asn Ala VaI Ala AIa Gin VaI Gln Lou GIn Glu Ser Gly Pro Gly
Phosphate binding preteEns ; 19 Bg Msroflys Thr Val Ser Gly Gly

Nucleic A§§{ 5@5@%@%@ jﬁl d’ s : errp lle Arg GIn Pro Pro Gly Lys Gly Lou
ly

Glu Trp lle yr lle Tyr Tyr Ser Gly Ser Thr Asn Tyr 'k sn Pro Ser Lou

atg aaa ctEyagaegs mgtgalcmgca@ts@ﬂmw FepcrigeiSzsclgit RenGlacPha Seaegd gtg s

2= cag g R M O R i Y o
gtc tet ggm@ t&@ptn @glt@gGF}ﬁ GintedpThigBaic/ed Tero\iacSer S28 Blyy GlyBlytes
att ggg tatsﬁ{: ﬁbfa(é ou S gé §&{ a@tb’ tgél)ia(é lé/cg; Xc%% aEtr %é%%%&y@tﬁj& ar gac

Pro Ser Th Ala Ser lle Gly Asp Arg V r Cys Arg
acg tcc aagaaciagdly the qigraaescirpaoigtRlkg Tep gqtr%irgaem&gscm & tlapgHigeg

cea g A R R R R T G i

g8t gga SEB I I6/ES6 IR ZEIREARE TRECTERIBACEHES @m@wwg@ﬁm@ppﬁg Ft’i?bCCt tce
acc ctg tch@&h-{&r acﬂxc%’a%{}é J&J‘ aﬂt)/aﬁ:é'?é{: @é‘é QSCL&Q QI g%%%lg?ﬁgagﬂé A l__gcc

is His His His Construction ofpbp-scFv vectors :
tgg tat cag RALAIS ISR AREIFRRIBTS pPbIGACIQEig)AttitatRaS Semhitt sahiie Beesagbags gcc

cca tca aéﬁg‘ﬁ@%@ Té%f‘ S e Gl oding SROUENCE AL the Higc PRSIIOR UR1BG: gat tit

splicing by over ap extension (SOE) PCR. PCR was performed using
geca act tabm‘gﬁscaa caa tat agt aat tat ccg ctc act ttc ggc gga ggg acc aag ctg gag atc aaa cgt

gcg gee gea cat cac cat cat cac cat taa

Amino Acid sequence (SEQ ID NO: 16)

Met Lys Leu Lys Arg Leu Met Ala Ala Met Thr Phe Val Ala Ala Gly Val AlLa Thr Ala Asn
Ala Val Ala Ala Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu Thr Leu
Ser Leu Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Tyr His Trp Ser Trp Ile Arg Gln Pro Pro
Gly Lys Gly Leu Glu Trp Ile Gly Tyr lle Tyr Tyr Ser Gly Ser Thr Asn Tyr A sn Pro Ser Leu
Lys Asn Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu Asn Leu Arg Ser Val
Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Gly Thr Tyr Gly Pro Ala Gly Asp Ala
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sig_pbp_for (gctctagagg aggtaactta tgaaactgaa acg ; SEQ ID NO: 17) and
pbp_gal2SOE_rev (ctgcacctgg gcggcecaccg cgtt; SEQ ID NO: 18)
WQIMW@&QQS’Q reverse complement of pbp galZSOE for (aacgtggt§§2004/039316

Gly SerQBEﬂGBCGEﬂGQI ﬁagdmmmewm mﬁh e}mttr»bﬂ%@a%aemh tdEZeﬁCE’éﬂ gtla;l Ser Ile
coding sequence 5'_end of the gai2 single chain

Gly Ay AE IR TS DPE G AR ST IR die Lt TR P M ¥ G

Gln Lymctc@myedyu MY abPegakASOEYA14=RSE R AlIR)SaRGLy Ala Pro

re gac ttatt gt gc_cgeacgtttg
Ser Arg3i 5%5 ﬁfés%ge?ﬁiyn%eaQ&aﬁ’%%ﬁaﬁf%ﬁf&g&ﬁﬁ&&ﬁtés@%ﬁeﬁo Asp
Asp Phd Ala TRsUIAdTI @os gt ahle T8y el @9t dedogime oG &ly Thr
P cgﬁi equenc ?o ii?r I}] .dﬁgf e?fmi | peptide and ?t]t(g%per}t,
Lys Ley Hﬁﬁ%%%&é % ﬁr}]f' Spﬁgé% {55?1.91 ino acid of the signal
sequence (the last amino acid prior to the proposed cleavage site) was
fused tg the +2 amino aci e gal2 scFv (Ala). This fusion matched
Construghig @r ﬁfé’bﬁeesh%ued% Mﬁﬁf&f@?ﬁ%@ﬁﬁ %@p&%‘éﬁ’ﬂi‘%ﬁa‘?’ﬂéﬂ&ﬁfﬁbﬂn
D Al st the Cpmresonding Ao ackl ettt e
pository e S BRI e LT SR LR PR BT gaBgers
sig _pbpvcb%%@f@g@é@l% Bgeunden toanikasef 1bg | m&gmgqaergpa?wgwp ¢ %ﬁlmsrev
s,.transformed into uorescen
(cteeac R RORRE TErE SRy LS JENEE PP AERATR SO P&t
bp _galESOHINYi aatfgctg@gg&b dc lgsmpiPQIRIBIOTaapfax et ® Bluewbiscens
pbp gast{ain ! I}SE WO 2%%@%§ gsggp 5 820 %ﬁ)gﬂm@t str%lcto S%f
pop SEOER} ét%ﬂ%sp%’ el ‘Fﬁ‘é 88 ﬁ% [ Rato e leot
fragmerpEaﬁZh(ih)gshebttbatghel peﬁdemgnstahgeqqm miseddingheplamniodor the 5°

d ftfteSI eat he +2 p % 12. T correct clones were transformed
enco %l% Zg )Ofor e pression analysis. Secretion of

G&l@lﬁ:ﬁkﬂh&sfhlmempmws ECRoVias parftesaiibedngliniacthe pelB
pop_sa BRI SPRPHIOKE: 8] pressionisccietion alonuflh o pigive

uores |gnas Were f
gatgtgc@gmgcat: gtt%eﬁ:pﬁﬁ]@om NO: 12, Nﬂ@mmﬁ ga@ttamudmgb&gﬁﬁo%aﬂde as
templath ved in fu3|o 12 1gnr%Plac Wlt qérilcate 1% alm%e uence
mpid fF ter Brane porin ?fntlo ospha B ng pro in
sequen((q:)ﬁp)ths@hai(‘.seﬂﬂmmsmaﬂ mmtbhrdtﬂea ab&ttyéadmglfeama (ORF) of gal2.
SRR B Bl B e RS a0 e S e PR
eader sequenc cons%ruc]ts ere unra o He P

proposed)cﬂcemwn)jvmsdfmb@ it d>+2 aonescend et tvecal ssEalGABYtiThis fusion
matched %Qﬁ} lﬁg P {ﬁ)g Bﬁosphate binding protein signal peptide in that the amino acid
immediately following the recombinant signal peptidase cleavage site (+1) is an Ala, just as
1s the corresponding amino acid residue in the native pbp protein.

The resulting fusion was cloned into the P. fluorescens vector pMYC1803 under
control of the Ptac promoter to produce plasmid pDOW1123 (pbp:gal2). The plasmid was
transformed into P. fluorescens strain MB101 carrying plasmid pCN51-lacl (including a lac
repressor), resulting in strain DC217. The plasmid was also transformed into E. coli strain
JM109.
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-9-1 Og/L of protein, most of which was found in the insoluble fraction
(Figure 3B). Approximately 50% of the oprF signal sequence was
W@ RH0%88MY3 whereas - 100% of the pbp signal was processe®(Figi§2803/439316
and ?{2?). oreover, a small amount (<1 %) of the processed Gal?2 from
Construgigr gl Sy rioResHonRe e A FedhsBe BB o wRIEHt & Re dium
pET27b(Fjguch §B) thikestBesipef siginalcsaaiisad o the flediBesigsiahsagriee

posiion TN oo MECeseed Cue 8. T et g S oressed,

expressivtastdysiel. in the soluble fraction. Although a greater percentage of the
total protein was found in the soluble fraction for the E. colt construct, as
compared to the P. fluorescens pbp:gal2 construct, the overall yield in P.
Secretiolugi@siEnFofipRcessatderstesnAvasisighifidantipetigheve, ibleelB secretion
. Secreted Gal2 fermentation summary (*com ared to BSA standards) E.
signal 13 F01 GRRCE IR Par PR IO S S G S
signals witie (ligéd)td thd @A prpeassading B426% dvw) 6212)sitoy, Hioths NAe)iBal
. (70) 12/biomass (Y%w/w). 8.9 (4.4 pr cessed). 13.1.5(3) Analysis.of
methiontg R IR KASTRRIS ML AL CPRIRY (6 VLA to
sequencen@ague2n eCarttiy iﬁyeﬁﬂma;tf[h‘ @d}:ﬁ gﬂl@@dﬁqﬂ? @;ﬂﬂémﬁiﬁ@glqﬁi@laﬁ?l(pbp)
. scFv. Varying amqunts. of purified scFy were added to microplate wells
signal segglea R L o0 e L e St S B Ry S s pertesm
and/or t¢GF LBRAEAA41888 1Bothakedepek tad] pbip deadeantighiiadagoastioodywarwfeumd
anti-mousge antibody .copjugated to alkaline Rhosphatase (Figure 5A).
to be o e P e e B RR TR (iR podice
~9-10g/badifivetaioymnokt AS whish ates foufdgnrth 6 B1hileafingitiooy (FiguifestB.om
small- scale ressign.experiments, showed significant activity. .Th
Ampros S S S R A e 35 o
signal wiG at®estoch(fjger8:3@emré 8d).of anti-digoxin scFv in E. cols vs P.
fluorescens. Anti-digoxi cloned into-t ET27d vecto .
R L o T IR TR A Pon e i
appears fodecteb¢be peiBtédaddheragdtitiomadipd (Rigure 33 )InIRk ¢ tiorepcE nigntile

anti-di in sckv was translationally fused to the sphaje bindin
sequenc I B e B b e R < S Bt
fusion efpigsrel 6 &ndol psedeahalysig/ [Fif pret@inshioiyv-thaVe pecantbeligOLithac F/ %o

expr i 2 Al d,E. coliis.insolyhle. T . coli clone
was foufl SRS SRR Kl INESGENT B FOLRROM AR (O i 2
found insisersstloblécfiadiatidardhappecl totserpet cesswapaFbé o the P. fluorescens
pbp:gal2 construct, the overall yield in P. fluorescens of processed protein was significantly
higher.

Table 7: Secreted Gal2 fermentation summary (*compared to BSA standards)

E. coli P. fluorescens Pf/Ec
Fermentation time (hr) 8-9 50-70 8
Max Gal2 titre (*g/L) 1.6 (0.8 processed) | 9.3 (25% cv) 6 (12)
Dry biomass (g/L) 18 (70) 4
Gal2/biomass (%o w/w) 8.9 (4.4 processed) | 13 1.5 (3)

Analysis of scFv activity: An enzyme linked immuno-assay (ELISA) was developed to
measure the activity of purified Gall3 and Gal2 anti-B-galactosidase scFv. Varying amounts

of purified scFv were added to microplate wells coated with B-galactosidase. Bound antibody
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fluorescens clone pDOW 1142 produced -20X more protein than pDOW
1153, with 1.23 mg/ml protein expressed as determined by densitometry
WoReN/SIBIPAGE when compared to BSA standards (FigureI8JI/US2004/039316
Expression of anti-digoxin scFv by P. flugrescens carrying pDOW1142
was detec{fl S A He I SO BB RSO ey SEREAR

alkaline pEog@d@aéqFigirs SoVyn). Ablabseliuaonal theishakedns SoaiRcribigmstenwns
appeared to he proper! ocessed. An is of purified anti-digoxin s¢Fv
used s & B AR o SN ST SR OIS A AL O B AP EL
scale expresdi@oasprtiitents; iy v gsfessesttising Thaymeslinkehow isolated,
immunosotpant assa LISA) assay shown in Figure 9, the
renawablgrﬁ?fmﬁ%thgggﬁ\%@&éé s Er%qglsﬁf dens carrying the secreted
construct pDOW 1142 was found to be active as was the polyclonal

antibody control. However, while the E. coli cytoplasmic construct pDOW
Example 3:1%&@wherfofiagttaliconiaiscBetindaotlidigdXifiseRécthe protein purified
AR« EOL %X's”cciotﬂéad%ﬁ%! ?ﬁ%&ﬁ?ﬂﬁ%&&%ﬁ‘é@?&%&’ %%%3%%53
was found to be inactive and largely unprocessed (Figure 10). The results
coli. The atodigoairPsclfivores temsl pliodelde duse tntre ist deadermretudiiBg toli

t t ' h ' ignal
PO e B oy e el o B s e

phosphateghiodptepeotiiiing giotetigaebrediometgrravitting i6 PINIV2008/0998931\GE
(Figure 6)20d. §s¥8%9§19§1§} ﬁfggg‘i’éeﬁ%%% &Q@tﬂé‘)&ﬁi{l&’}’@gw SMEN hoth

insoluble In both scens and E. colt. Nev ess, the purified P.

P. ﬂuoreSﬂ@@resééiq§®?éé$évé@lpb&eﬂh§aﬁo agfigtongprpdnitistios vesnrl Qfmqﬁla@,mft@r a
3 hour inag{aiswaﬂ&% IpddaRe AR RXRIR) ﬁe&flﬁ%gﬁ%g_&g@%ﬁ@ﬁ?f

haracterization of pbp:gal2 Matrix-assisted laser desorption/ionization

ﬂuorescertﬂﬁbm-n@ﬁw AL [prﬂﬂ@créﬂma@g Qm,retmméiwhm a ¥ ES3usedh th23
mg/m] pré&Bf @ﬁﬁ@gs%&*ag &é@ﬂﬂiﬂ&d%%%&?@ﬂ%%%m%ﬂ% REAISHRed to

pbp:gal? to verify that the putative signal peptidase cleavage had occurred
BSA stan@rﬂﬂmﬁm@-_ Egnaspeprdast-dieaviyecErd 1oP theqisiretgiarpértide.
pDOW 11 EOWHNSARRIYS 5 RERUAR M ASARLIRHREYS WA ARAYSH dQ RRPORE (data

and these data were compared to theoretiCal peptide mass fingerprints of
not shownheAgetpserghahite shakiesdefliessales all Prdparapp pedd P BERPHASS
pmcessedﬁngerprints, the protein was digested with endoproteinase Lys-C and the

masses of the resulting peptides were determined. N-terminal peptide

sequence was determined by post- source-decay (MALDI-PSD). Peptide

Analysis SPPr™ c@%&?—Wﬁg H%Weﬁﬁﬁ%%mw %Muﬁ@ﬁﬁrﬁ‘%ﬁl S48 P.

resulfs were as predicted (data not shown). Example 5: Construction,

Jluorescens,gbEsienli eonfiCishTadteiviy Srrors s nearReriked fluorescens
immunos®BAEPRALS PINdA QRN SegisHaniaadarvasHLIsRE B8NPy isolated

from P. fluorescens carrying the secreted construct pPDOW 1142 was found to be active as

was the polyclonal antibody control. However, while the E. coli cytoplasmic construct
pDOW1152 was found to contain active anti-digoxin scfV, the protein purified from E. coli
carrying the secreted anti-digoxin scFv construct pPDOW1153 was found to be inactive and

largely unprocessed (Figure 10).
The results show that P. fluorescens produced 19x more protein than the E. coli secreted

constructs. Moreover, it appeared that the pelB secretion signal used in the E. coli construct

was not as efficiently processed as was the phosphate binding protein secretion signal in P.
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terminus of the mature domain of the human growth hormone (hGH) gene
and tested for secretion to the periplasm. The pbp signal-sequence
WeaMngswdion was PCR amplified from a clone of the P. fluoiStais2(9i{§39316
signal sequence as template, using sig_pbp._for (SEQ ID NO: 17) anéj .
fiorescREl S G gL UEMRE SR80 B A P LS <o
Neverthtiess,gké putified. PTHipresigliedetrqredditotian, afaiy eligotuciestiitd £. coli
fragment.containing the pbp sjgnal peptide coding sequence and the
cytoplas iﬁﬁog%au‘gﬁ’&eet%g%%%%ﬁé%& the mature domain of hGH. A cDNA
encoding the human growth hormone was PCR-amplified from a human
pituitary cDNA library (Clontech, Palo Alto CA) using primers ELVIfor
Exampléat ddAddiddl @ihaaaygsdadEiecatng ritoaadefepczd@acgtec; SEQ ID
NO: 22) and ELVIrev (agagactcga gtcattagaa gccacagctg ccctccac; SEQ
Matrix-gsrista] RSyr désietptireréodisiger tite-afflightMAhB T edernspactodmetry

analysismq%?ulrlgéﬁég l&ﬁ‘frgc'@@zg Mg gﬁﬁl%%&ﬁ%g%%gggg@ the Qecgyé@é gga‘tm%rotein

H gene was amplified from using primers

pbp:galpbpveryly tepdbermititivesiayd ggradestidesagedrndassnSEd pithhprtative

. [ t . .
signal pRIRIAIRY ALNRTSAR IR IA0R SONID £ Uil meptde o
fingerptgy, wieenqhirified RithtSrendpwebtbeladtate (S arpmrsyiit thasosigcal peptide
mass ﬁx&é?ﬂﬁ&ﬁ@&ﬂ}?é'&ﬁﬁ%@&%ﬁﬁ:&%ﬂo&aﬂ&c@ r’f‘é“g%ﬁ@ﬁ@%ﬁ&%gﬁ%’eemas

encoding the pbp-hGH fusion, the two PCR reactions were combined ansd
fingerpritp e sratpainwad i gegtegbpticniopotimaso L Yy aand lehmesses EGLO
resultiné\'é%(gﬁﬁéé % RFIQE IRk %‘f\é?m%%?ﬁépﬁ&@s%?éﬁ% 'Gv\ééaéei'&%ﬁ{é&ooly post-
pPDOW1269 to form pDOW 1323-10, placing pbp-hGH under controrl of
source-dpeaiadVEd RGBS DDh Banjisltonassiss wers asnprdstenod it Fesfiedpseieamarere not
observed "EHD NAARS IR0, AGKL RRAVENCE,PLRI fysion is presented in (SEQ ID
NO: 26) and (SEQ ID NO: 27), respectively. Phosphate binding protein
secretion leader - human growth hormone fusion Nucleic acid sequence
a cgt ttg atg gcg gea atg act tit gtc get get
R GEET1IZaH 0k 2 S.

SIS HCROH. P ECS S1OIh AN A& SI1Z8R0N PR Iph LB ASHAY cot tit
ac aac get atg etc egc %gte ,cat egt ctg cac Ca ct gcc ttt gac ace tac
hey Rdf g s4rs RA 5B indng Pty sef %if@cia{ veds fesedg ety N-

terminud8€ {BeGiiGra doniei Slie hiltibc8RutiChatinose ARIPLERCAAG8Ed 85
gaa aca caa cag aaa tee aac eta gag etg etc cgc ate tee ctg ctg etc ate

secretiof 48 ReneriPli§lag ccc gtg cag tic etc agg agt gic ttc gee aac age ctg gig
Ak 9BF deRalelcgaseR ARsIExIoh 9AE PR RpAT GRS SHADaBIST EP.

el AT
pbp_hge(gaRa1aan Reeagay Ritian e S ATY KAy YR At GatiRaedipugHid.
This restified i pIodSHon of 4h OlEoNRCIEoHAe HAEmant ontahing Hepbp Signal peptide
coding sequence and the coding sequence for the 5° end of the mature domain of hGH.

A cDNA encoding the human growth hormone was PCR-amplified from a human
pituitary cDNA library (Clontech, Palo Alto CA) using primers ELVIfor (agagaactag
taaaaaggag aaatccatgg ctacaggctc ccggacgtec; SEQ ID NO: 22) and ELVIrev (agagactcga
gtcattagaa gccacagetg ccetecac; SEQ ID NO: 23), which were designed to amplify only the
mature domain of hGH, and cloned into pMYC1803/Spel Xhol, forming pDOW2400. The
mature hGH gene was amplified from pDOW2400, using primers pbp_hgh revcomp
(gccaacgegg tggectteee aaccatteee; SEQ ID NO: 24) and hgh rev (agagactcga gtcattagaa
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Amino acid sequence (SEQ ID NO: 27) Met Lys Lou Lys Arg Lou Met Ala
Ala Met Thr Phe Val Ala Ala Gly Val Ala Thr Ala Asn Ala Val Ala Phe Pro
WORORO$083 ou Ser Arg Pro Phe Asp Asn Ala Met Lou Arg AIRHiA)82¢94/039316

Lou His GIn Lou Ala Phe Asp Thr Tyr Gin Glu P Ala Tyr lle Pro
gecacagelg, “éﬁﬁcﬁlﬁ”‘ﬁfg%ﬁ?@e?ﬁQNPG%@AQ?P%P&‘%}%‘%{F%éJFrEt&Bré&
(Stratag@@é)(fdtt@ﬁw&pﬂfﬂeﬂﬁrﬁr@&&@&éhﬁﬁoﬂf@@@r@iﬂs]'i‘ll’cﬁﬂﬂlﬁ|ﬂ1é.)b$1§ﬁﬁd§§ﬂlde

Arg lle Ser Lou Lou lle GIn Ser, ro Val
encoding; #W%Hb(%};%%@r aR L SRS Yo %ﬂﬁé Rl Apan
with sigSebASor(SEQITARIOL 07) laad hats ASP($BQ GuNGIUIENidlerddn thhinkatie two

picce. e AR A ¥ oSN S A a1 P R Baom

under calyar& kyfltlﬁmtho pr]iyfo@rs Plteh‘gagdxymﬁswd\gl atrdgpthysd Mad Blildresdass.

The DN e R R S R SR o s VRSO LR pumacsmo

ID NO: dmee@epeeéeyl size for processed and unprocessed protern (22 2 kDa

ra ; SNC t half nf

PhoSphrﬁ%"‘arb%r%”rifgéesroseggs%sfdﬁaésaunh“'”“” oG aegas trion Nieleic acid

sequendeQIEPIPONGI039316 localization to the periplasm), and of the processed

'Jl’\ﬁllf half WaSs |n Hnn on|||h|a 'Frar\hnn and hglf Tal fhn incaolibla frar\hnn

MUUTTIUWIT VVUO TTT U070 JUTUNTUTTITTUCTIUTT TATTOT T T OOTe TTTouTuU T 1TTTAoTroTT

atg asa lg aaa oel {2 Gl ees poa ale Aot glc ol et 280 & PRACS §5C b ARERlg &oo to

cca accRrnrstamettyQitba Gogiassigesagned SRS RAGIR galfzimowead dhapcc ttt gac
18% of the total hGH Produced was grocessed and soluble. The strain

ace tac GpE Rttt $9 FRAHKIMANCE? HE BrbrBE 1A LB LS IR TES cas ace
tce cte @tatg/ﬂcat‘gxgmapk&t&cgmpaesmm oﬁ&gg@wwmmehg i tee aac cta gag ctg

orescen coIr in with its, nativ der se nc
SR T e R T
ctg gtg ‘ma%g’(dgmedztbgaadxgmaﬁb(ﬁt&: tmtadefezaatea fflpadenzoaiedarguuoder ¢aa acg ctg
esc #bed in PCT Publication WO 04/005 2 12 hours (tpost -inducti

o5 SC TR G HABEEA St AR BTG eIt A B s 2o

aac tca andaiesgitiphe gaa:hmstbyayemrrﬁaggtggmg &0,000gc Tlearpggateinsawetg gac aag
eg%rat d ona %szo/ Nu PAG h MES buffer. The cfglr Skp protein

gle 828 R hda " (f a\%c%‘f erg o%a%r%ﬁc Rist ain the

Amino mdﬂfa}heﬁohME@de@oZﬂy (|nd|cated by an arrow |n Frgure 10) The

et LR STty Ao HLE, SIS P Kby el A fe e Asm

Ala VallAle PhyPeiPhsite fPaghanser matehiehina sizesnpheslivied omrg Ala His Arg
e O SIS0 S g
Tyr Ser\PA¢ DeuRED AshiPhoréle dliedSid expepidthélSarGlngaiinBracithr Pro Ser Asn
Arg Glu %ﬂﬁl eﬂu'eG?rfl '%!Pnlﬁlsélsvégllrvl Agr‘? teﬁ Glu Leu Leu Arg Ile Ser Leu Leu Leu Ile Gln Ser
Trp Leu Glu Pro Val Gln Phe Leu Arg Ser Val Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser
Asp Ser Asn Val Tyr Asp Leu Leu Lys Asp Leu Glu Glu Gly Ile Gln Thr Leu Met Gly Arg
Leu Glu Asp Gly Ser Pro Arg Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser Lys Phe Asp Thr Asn
Ser His Asn Asp Asp Ala Leu Leu Lys Asn Tyr Gly Leu Leu Tyr Cys Phe Arg Lys Asp Met
Asp Lys Val Glu Thr Phe Leu Arg Ile Val Gln Cys Arg Ser Val Glu Gly Ser Cys Gly Phe

The resulting strains were tested first at the shake flask scale. Induced bands of the
expected size for processed and unprocessed protein (22.2 kDa and 24.5 kDa, respectively)
were detected by SDS-PAGE. About half of the protein was processed (indicating
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indicating that the leader sequence has been removed as expected,
corresponding to the processed site between Al?' and Ala21(Figure 11).
WO 8I@dmparison of theoretical and observed chymotrypsiepéjsac/039316

ocalcRE S s AP RN S8 BFPRTE S P3G AR eyt and

half in ﬂﬁgﬁselﬂlﬁeiricﬁoﬂ’(lﬁaiﬁa@tm sidwgs HupressiviadyirdieshyehdAtERiHRo 20-L

oreEETBI T SAIEET 0 P Mt SRl sekerees 0 SOL TR

total h@l@ﬂﬂg&&w&bpr&ak%qn‘mfﬁl sdmile. piheassin modwwedrgzd/Iodhall forms of
m, T rain (Promega) was transformed with
hGH; pP fer éﬁﬁﬁiﬁ?ﬁb@?‘gﬁi%ﬁm or pDOW 1141 (oprF: gal2 fusion).
JM109 transformed with pDOW 1123, 70 WO 2005/089093
PCTIUSZOO4/O39316 encoding Pbp:gal2, showed expression of the
8&1P 1p0Bkip dbapeongitit@edndP afido®@seénnM IPTG when grown

HITC L %i{ Qéraemslﬁl IRREHESLAI 0L DN IETG, pypres

comparable ession to the positive cont p: ga expressed
P. fluones eenstibgase &) Afiee 2dvbdvandt geetthnSke ws mmcreyhmaudﬂmgm@ $anM

benzoaf@&ﬁ%% CBrBﬁl.%‘céPlé‘HQs %'N?f %@gﬁ/ﬁeﬁ&g}g\(ﬁf U0 %’f)thﬁ hours

S|gna sequence ese tWO S were o

post-inditivan S@mﬂ@@ﬁm@@e@ﬁddcwm@m@wwnmqym@egwddam soluble and
1nsolub}glﬂ59ﬁ8ﬁ§39 &%&?fu@&%ﬂ%‘%%bdﬁgzﬂ%ﬁ%‘{% ggr r#ﬁfgﬂéﬁ%n a4-12%

sequencing of the reSpective bands by M iIrmed that the

NuP AGE,yaipNHE hasa alile dh ¢ ¢lfcdaspedcis wédnhqeaqui ptrmusieepiay witight of
approxfﬁﬁ%ﬁ@lgﬁ' AR A{REHAELY %Bﬁﬁﬁé)é 284 19N row in Figure
AGE gel, the periplasmic sam p e revea ed a band’consistent in
10).  sizeto processed Gal2 (Figure 14). Western blots were performed on the
[ f Q9
e R M R btpsin

digests gl thgesereisedotdddiasprrtsimbeprotae weepdouhd oahimres Yrsstiiagments,
matchiff i@ rﬁz@?%r@&u@édb‘ﬁ% 10t dal A SR PL DU L ASIRROMEBESS). The

comprising a secretion signal coding sequence for a Pseudomonas

putative Noteraaaa B@@ygﬁn@mmqabéﬁ@a revrsmbirethighsupy MALDI-
PSD, wiXisielagQf BPhgRbaiainding PARIGID ABRRN:SESEUOR RIGRBA rONIAIST F,

Membrane Porin E (OprE) secretion signal, a Lys-Arg-Orn binding protein

indicatigghatidie rgrel, saﬁuaﬁaﬁh@é&%%%asamﬁsmugomﬁwwgdmsﬁe fhe

processed site between Ala®® and Ala®! (Figure 11).

Table 8. Comparison of theoretical and observed chymotrypsin peptide masses for Skp.

Fragment Sequence Theoretical [M+H]" Observed [M+H]"
1 ADKTATVNMGSLEF* 1378.7 1378.9
2 QQVAQKTGVSNTLENEF 1892.9 1893.1

* This fragment was further analyzed by MALDI-PSD.

Example 7: Expression of P. fluorescens signal sequences in E. coli

The signal sequences derived from P. fluorescens are functional in E.coli allowing the
Pbp:Gal2 protein to be processed and secreted to the periplasm.

The E. coli strain JM109 (Promega) was transformed with either pDOW1123
(pbp:gal2 fusion) or pDOW1141 (oprF:gal2 fusion). IM109, transformed with pDOW1123,
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secretion signal and a lipoprotein B secretion signal, or a sequence that is
substantially homologous to the coding sequence wherein the secretion
WQRa08968%ng sequence is operably linked to a sequence codlfid/1512604/039316

regpmbipan ino tld i est. Claim 2. A recombinant vector
encodi R T o SR OB AASHING RVA T ang
0.01 m\2dBliowiomos flwareise e $MH¢WB@C@M& mdnwtlavselﬁ@@ﬁnﬂ@mw(}

ii ti ti |
extibit g R RS A U e e SACrEt BN S L

ﬂuorescansﬂon (111 binding protein secretion signal and a Ilpoproteln B secretlon
uence that bstantlall omol gous tot e retion
S|gn %%a%%gnsceen&lﬁl ségl@nce%}%’fh lr%rz Be]ﬂﬁ%sglé gséﬁgﬁg?éﬁ%ﬁnd post
cellular peogespiog (vheragdhef she sigioh ssigeat ecHirgeseguenat isapetablyed in the

1nsolub |n acql ng)l}é %?%?(e}(;]%%'%g forr{lagre%a%tﬂﬁ?ﬂe §;gégéne%r£%%£%:%%s§fgﬂ Gal2

nteres inan comprlsm ORbCIgIc?aC
produc@ hydPEa46 éE@l@ﬁB)ngdemﬁméudpmmag tfitheseprstBebay&NMALDI-
PSD coﬁ?%net&)tﬂaqo o%v%?lg(:tﬁ%vgsq @zﬁ alty?r%‘%e%%]rr:%:ﬁ 8 ! ? &) QIPP eﬁée#g%[ﬂ The

S|gna secretion signa ng prote
upper b@ngnammmad sequsncee b nrgigraksad Gol2. (i) birkIgRAGEI gedattrepiaiplasmic
opr in.B secr tIOFI signa enc at is
sample BB R BT e GeB N I
gé@tmfnééomsavmmw&asd@ ¢héhesoiatitn mgﬂabkequé meeiplasmBefasins of
the IMIBFbISOWREAIAINIDGRALO QR 11 SRDSEADT PR e oot

etion signa INg sequence IS opera Ilnﬁ equence coding

showed féhe precsspebiFalid yrdeiirmes faptibia @ﬂiﬂmﬁtadﬁ)ﬁﬂaiﬁrgmeﬂrs)solated
peptide comprising an amino acid sequence encoding a Pseudomonas
fluorescens Sec-system secretion peptide selected from the group
consisting of a pbp secretion signal, an OprE secretion signal, a
Lys-Arg-Orn binding protein secretion signal, an azurin secretion signal,
an iron (lll) binding protein secretion signal and a lipoprotein B secretion
signal or a sequence that is substantially homologous to the signal
sequence wherein the secretion signal coding sequence is operably
linked to a sequence coding for a recombinant protein or peptide of
interest. Claim 5. An expression system for expression of a recombinant
protein or peptide comprising: (a) a host cell; and
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(b) a vector comprising a recombinant protein or peptide operably linked
to a Pseudomonas fluorescens Sec-system secretion signal wherein the
secretion signal sequence is selected from the group consisting of a pbp
secretion signal, an OprE secretion signal, a Lys-Arg-Orn binding protein
secretion signal, an azurin secretonsigrsl, an iron (111) binding protein
secretion signal and a lipoprotein B secretion signal or a sequence that is
ClaimSHbstantigllys hapiraeus 16ithe fRQIIehSigRAISLaerEsn Glaim &ding
process for expression of a recombinant protein or peptide in a host cell

comprisitiITeSAdiNg A S RBIARHST Y T SRty SRty STEHEmBRRLAE selected
protein eopepiidaaneraklylinkest 1padRsRAE BMANASHVRIRIPBPFsccretion signal,

Sec-system secretion signal wherein said secretion si%nal selected from

the grou"dSRSEN G P PeBR B L Asireirbiiaed et fetisA ) hinding

Lys-Arg-g6pcindingiprotainas aaretiamsiginali s asidlinseeieinn siadale protein
an iron (l11) binding protein secretion signal and a lipoprotein B secretion .

signal, ot 'SHAbEHA tARY & ogBEF R ANy HBTHOTY B 18 tRaGyre that is

sequencaiRngEHOWHEGHNS LRIk UnHRY c6onditionsHiatwiaducehexpEaasianignal
of the recombinant protein or peptide. 73 Claim 7. A process for improved

expressioM BIE FELERBI ARCHOR IS 18 FRFGHELSS O st recombinant
comprisip@RIa\ie gl ofluqeesaens cell comprising a vector encoding a

. recombinant protein or peptide operably linked to a recombinant Sec
Clal"’s%/stem CFERBYD G ASEY AR RS HPOIRG Tl SEfrtiteR P eBAdtRanece
that prodisaeng>fpresBieidohibeaprieir Repepicey Sdainediclibe pegidicselected
acid, recombinant vector, recombjnant cell, expression system or process
of Claim Gy UihEHAIR (NSRRI aFfCB i enal.
(a) a pbp_secxetiomsignalranstiseih. @tteash SHal Savaz00n 06@b%on signal, an iron

identical to. SEQ,ID NO; 2; 2. hybridi to SEQ ID NO:2; (b Out
Momiat S DG RSB Se e G P PR seBoBgrel:

90, or 95%yidantidealiti SHRRI NG Mnslogolyhsidizesde HnQiiRaNGgdknce; or a

0 o SO BIIR e Seceion Aan . IS Ko

NO: 6; (d)cnalandiiipSegretion isigpatbhdliskdd al lergus8tse 88y AR,0r

95% ide?&%{%rllﬁ?ngrllzt rl)l?e{}ll%f géf))tl{de of interest.

Claim 3. A recombinant cell comprising a nucleic acid secretion signal sequence coding

for a Pseudomonas fluorescens Sec-system secretion peptide selected from the
group consisting of a pbp secretion signal, an OprE secretion signal, a
Lys-Arg-Orn binding protein secretion signal, an azurin secretion signal, an iron
(IIT) binding protein secretion signal and a lipoprotein B secretion signal; a
sequence that is substantially homologous to the secretion signal sequence; or a
sequence that hybridizes to the secretion signal sequence, or a sequence that is
substantially homologous to the coding sequence wherein the secretion signal

coding sequence is operably linked to a sequence coding for a recombinant

protein or peptide of interest.

72



2. hybridizes to SEQ ID NO: 8; (e) an iron (lll) binding protein secretion
signal and is: 1. at least 80%, 85%, 90, or 95% identical to SEQ ID NO:
10; or 2. hybridizes to SEQ ID NO: 10; and (f) a lipoprotein B secretion
signal and is: 1. at least 80%, 85%, 90, or 95% identical to SEQ ID NO:

Claiml&; or 2 ARYREARASEP R QoRpNad 8n Ghaifd QeiliReealRicRGing a
recombinant vector, recombinant cell, expression system oor%rrocess of
Claims T2SCEERTRIN G WHIERIE 3G LeaRetEE derbrtet o dred drotphe group
consisting i SR ININES 2cRERIRMND; #h SFE® RNQsBsiSR® 4D N Rie-Orn
8, SEQ ID NO: 10 and SEQ ID NO: 12, adjusted to reflect codon | o
preferent@ G ROLE Brisinnsd e A% eeg sHahtirak geigon (LD binding
sequencgroteiaiRedBtidmei saePMBINAPbERMGh BB 31iBXRICESI O SYSiRBhce that is
of claim 5 or praocess of Claims 6-7 wherein the cell expresses the protein

or peptid¥ BTHHETEL GBI BRI GG t52AX SERUBITSIGITAT Bepfigecretion signal
encodec:byithaseiidrie aciperhsRikRelko Thequdalaicasich recampiabinant

vector, recombinant cell, expression system or process of Claim 10

wherein PRYPPRREREBHeptitettShterest is expressed in a periplasmic
Claimc®mpartmerk pidiieoaalstelainrliplhei snoleicasithbipaapantoqgpide

recombinant cell, expression system or process of Claims 10-11 wherein

an enzyM81HH8&ell cleaves the secretion signal peptide from the

protein qapepiideeflindagest. Claim 13. The nucleic acid, recombinant

vector, n@gmbinam cell, expression system or process of Claim%]%/_?l%ked 0a

wherein (eSS RIS ARRT SHOR TSP Pebtiie RSP RLHE grera
Pseudomoreguddaiohidflihie stuaicse acidrdmcabitaniivegtmerein the secretion

recombinant.cell, expression system or process of Clajm 13 wherein the .
rocombinant SPAIEHHBFHEJGEEEA oo dBE S RS E ¢l OB ageretion
acid, recombigiant me CipiE recastibinsighgle l, lexpressiom HistEng proiacestetion
of Claims 1-12 wherein the nucleic acid, {recombin t vector, recombinant

cell, expresSISRAyMEFIER SFELELA AR BBMPHSED RIBHARFRENIRAFICtion

based uponsamil..edladigepriswioBRefiddressgnsl &laisaglenddhaiusiaibstantially
acid, recompinant vectar recombinant cell, expression system or process

of Claims 1- BRP LIS UNHRERY SEHIFESEe between the signal
Claimpeptide geguersefanexiheswcouthiracdpboian propgplideaaitieincehost cell

comprising providing a cell comprising a vector encoding a recombinant protein
or peptide operably linked to a Pseudomonas fluorescens Sec-system secretion
signal wherein said secretion signal selected from the group consisting of pbp
secretion signal, an OprE secretion signal, a Lys-Arg-Orn binding protein
secretion signal, an azurin secretion signal, an iron (III) binding protein
secretion signal and a lipoprotein B secretion signal, or a sequence that is
substantially homologous to the signal sequence, and growing the cell under

conditions that produce expression of the recombinant protein or peptide.
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wherein the linkage sequence is cleavable by a signal peptidase. Claim
17. The nucleic acid, recombinant vector, recombinant cell, expression
system or process of Claims 1-16 wherein the recombinant protein or
peptide sequence is operably linked to a second signal sequence. Claim

Claim®B- The RUsISieRGEH HBFRINEINAHYRIArof AGFIMBANIE o RXPIRSSFOMuorescens
system or process of Claim 17 wherein the second signal sequence

compris@8Y Sl CRRE S ASERYA DS DUTEPIRSHIS SFE CQRPETiUE S gRsior
Claim 1Q@nEb@nbiglRicoanich SQCHRNBINNHUBEIRT ofReMNPINARHGES!h recombinant

expression system or process of Claims 1-18, wherein the vector further

compriseS R HETBIEFTCEgRiNeDa! SPHBCHGE SR ol tRE dhRIsTHA AR JeicsgRditions

recombiganteliu@XPXpRSIABISYS IR RstRIPeepsRidelaim 19 wherein the
promoter is selected from the %roup consisting of an inducible promoter, a

Claime prombReDUHH QAhVSER UP ARGt P R 0 PRGBSt ™ O

of ClaimgovbgreimCiapaminaaeidiseneeafieitaldeastRA%rodbMe 8Foah encoding
least 98% identical to amino acids 2-24 of SEQ ID NO: 1, or to amino

acids 2-29) GPSRESTE B Sl AR B> The expression system or process

of Claims 5-20 fughraa®O| SR odesmnesvatinn ogdia SERIM 20 Theor
process of Claim 22 wherein the fermentation media

ﬁ%ﬁgg; ﬁt%erﬁpégﬁmé&s%ﬁ? Y Fhe expression system or
process @) eiatnsbMenandzP3anbedsEthecetida ggawnma amineral
and 22.24 helef FECAE o ot WA oA - Gy R O3, e
gxpression sysmmy@ﬁa.r@@e@ss@@mim@&zo and 22-25 wherein th_e cell
S o S S L S s s
purifying the rg@ombéaarﬁ(}%o&i%,@laim _QS%HHEr@éare«SS'_EQS}DSNm 6f or
formed i the 1E-BAIEHAR (AW [URGER, Ciam 25, The expression
system qdpincessivbéieiing Sigientd 22-28 wherein at least 50%, 80%
terminus, Claim] 3. S0 SHRrosdr e SR URALL A EAIOR D25 Shl
22-29 wherein at Isdsidi269to 8B% b N@east 90% of the recombinant
protein i%e?%gvi?én (IIT) binding protein secretion signal and is:
1. at least 80%, 85%, 90, or 95% identical to SEQ ID NO: 10; or
2. hybridizes to SEQ ID NO: 10; and
(f) a lipoprotein B secretion signal and is:
1. at least 80%, 85%, 90, or 95% identical to SEQ ID NO: 12; or
2. hybridizes to SEQ ID NO: 12.
Claim 9. The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 1-8 comprising a nucleic acid sequence selected from the
group consisting of SEQ IN NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10 and SEQ ID NO: 12, adjusted to reflect codon
preference of a host organism selected to express the nucleic acid sequence.
Claim 10. The recombinant cell of claim 3, expression system of claim 5 or process of
Claims 6-7 wherein the cell expresses the protein or peptide of interest operably

linked to a secretion signal peptide encoded by the nucleic acid.
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Claim 11.

Claim 12.

Claim 13.

Claim 14.

Claim 15.

Claim 16.

Claim 17.

Claim 18.

Claim 19.

Claim 20.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claim 10 wherein the protein or peptide of interest is expressed in a
periplasmic compartment of the cell.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 10-11 wherein an enzyme in the cell cleaves the secretion
signal peptide from the protein or peptide of interest.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 1-12 wherein the recombinant protein or peptide is derived
from a Pseudomonad.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claim 13 wherein the recombinant protein or peptide is

P. fluorescens.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 1-12 wherein the nucleic acid, recombinant vector,
recombinant cell, expression system or process further comprises a promoter
that is based upon an E. coli organism or P. fluorescens.

The nucleic acid, recombinant vector recombinant cell, expression system or
process of Claims 1-15 further comprising a linkage sequence between the
signal peptide sequence and the recombinant protein or peptide sequence,
wherein the linkage sequence is cleavable by a signal peptidase.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 1-16 wherein the recombinant protein or peptide sequence is
operably linked to a second signal sequence.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claim 17 wherein the second signal sequence comprises a sequence
targeted to an outer membrane secretion signal.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claims 1-18, wherein the vector further comprises a promoter.

The nucleic acid, recombinant vector, recombinant cell, expression system or
process of Claim 19 wherein the promoter is selected from the group consisting

of an inducible promoter, a lac promoter, and a derivative of a lac promoter.
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Claim 21.

Claim 22.

Claim 23.

Claim 24.

Claim 25.

Claim 26.

Claim 27.

Claim 28.

Claim 29.

Claim 30.

The peptide of Claim 4 wherein the amino acid sequence is at least 90%, 95%
or at least 98% identical to amino acids 2-24 of SEQ ID NO: 1, or to amino
acids 2-21 of SEQ ID NO: 3.

The expression system or process of Claims 5-20 further comprising a
fermentation media.

The expression system or process of Claim 22 wherein the fermentation media
comprises a chemical inducer.

The expression system or process of Claims 5-20 and 22-23 wherein the cell is
grown in a mineral salts media.

The expression system or process of Claims 5.20 and 22-24 wherein the cell is
grown at a high cell density.

The expression system or process of Claims 5-20 and 22-25 wherein the cell is
grown at a cell density of at least 20 g/L.

The expression system or process of Claims 5-20 and 22-26 additionally
comprising purifying the recombinant protein.

The expression system or process of Claims 5-20 and 22-27 wherein at least one
disulfide bond is formed in the recombinant protein in the cell.

The expression system or process of Claims 5-20 and 22-28 wherein at least
50%, 80% or at least 90% of the recombinant protein comprises a native amino
terminus.

The expression system or process of Claims 5-20 and 22-29 wherein at least

50%, 80% or at least 90% of the recombinant protein is active.
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