METHOD FOR RAPIDLY SCREENING MICROBIAL HOSTS TO IDENTIFY CERTAIN STRAINS
WITH IMPROVED YIELD AND/OR QUALITY IN THE EXPRESSION OF HETEROLOGOUS
PROTEINS FIELD OF THE INVENTION This invention is in the field of protein production, particularly

to identifying j H"I cells for large-scale production of properly processed heterologous
Sproteins. BAc‘ﬁ%?Ggéﬂg Klgé'tOF THE INVENTION  More than 150 recombinalitR! prodtied proteins
and polypeptides have been approved by the U.S. Food and Drug Administration (FDA) for use as

biotechnology 10drugs and vaccines, with another 370 in clinical trials. Unlike small molecule
therapeutics that are produced through chemical synthesis, proteins and polypeptides are most

eficentl produced o el AMSPS SHITA RIS SRRSO S seRafgbinant proteins i
L mRheEa slprae

bacteria often produce improperly folded, aggre or inactive proteins, and many types of proteins
require secondary ﬁﬁﬁéﬁ&%‘ﬁ'@%‘?@ﬁ Xﬁ@‘@@ﬁi@\féﬁ%&ww RetHds. Numerous
attempts have been developed BEXERESAERNIDOHETIPRAIPHORE FROED Proteins in recombinant
systems. For example, investigators have changed fermentation conditions (Schein (1989)
Bio/Technology, 7:1141-1149), varied promoter strength, or used overexpressed chaperone proteins
(Hockney (1994) Trends 20 Bioteelmol. 12:456-463), which can help prevent the formation of inclusion
bodies.  Strategies have been develop&tLp @XFHENFVHEINONOmM the cell into the supernatant. For

examp|?1 U.S. Pat. No. 54880 sn\s e tﬁ@halﬂ%fﬁr@%%’%@uﬁ]@ﬁr%%'ﬁ%fg}ﬁ H&lﬁ\%@ggwl?gé}?’; PCT
Publication No. WO ,02/%0696' and U.S. Application Publication 2003/0013150. Other strategies for

PP .
increased expresSiSiTat %%H%&Eﬁrﬁ?'fﬁ?& AdpeHensiREpetly meepsshistrlogtihe investigations
focus on non-5 Sewdigre.secretion (see for e.g. PCT Publication No. WO 03/079007; U.S. Publication
No. 2003/0180937; U.S. Publication No. 2003/0064435; and, PCT Publication No. WO 00/59537).
However, the majority of research has focused on 5 the secretion of exogenous proteins with a

Sec-type secretion system. A n%&%@%%ﬁﬁ&ﬂ%%@ﬁeen described for use in
expressing recombinanipohtpeptifescompiotein r@eesdprosianmpdeolyrSptRat bhle.bb¢d14,254; U.S. Pat.

No. 4,963,495,  approved by the U.S. Food and Drug Administration (FDA) for use as biotechnology
10 drugs and vaccines, with another 370 in clinical trials. Unlike small molecule
therapeutics that are produced through chemical synthesis, proteins and polypeptides
are most efficiently produced in living cells. However, current methods of production
of recombinant proteins in bacteria often produce improperly folded, aggregated or
inactive proteins, and many types of proteins require secondary modifications that are
15  inefficiently achieved using known methods.

Numerous attempts have been developed to increase production of properly
folded proteins in recombinant systems. For example, investigators have changed
fermentation conditions (Schein (1989) Bio/Technology, 7:1141-1149), varied
promoter strength, or used overexpressed chaperone proteins (Hockney (1994) Trends

20  Biotechnol. 12:456-463), which can help prevent the formation of inclusion bodies.

Strategies have been developed to excrete proteins from the cell into the
supernatant. For example, U.S. Pat, No. 5,348,867, U.S. Pat. No. 6,329,172; PCT
Publication No. WO 96/17943; PCT Publication No. WO 02/40696; and U S,
Application Publication 2003/0013150. Other strategies for increased expression are

25  directed to targeting the protein to the periplasm. Some investigations focus on non-



10 European Patent No. 0 177 343; U.S. Pat. No. 5,082,783; PCT Publication No. WO 89/10971; U.S.
Pat. No. 6,156,552; U.S. Pat. Nos. 6,495,357; 6,509,181, 6,524,827; 6,528,298; 6,558,939; 6,608,018;
6,617,143; U.S. Pat. Nos. 5,595,898; 5,698,435; and 6,204,023; U.S. Pat. No. 6,258,560; PCT 15
Publication Nos. WO 01/21662, WO 02/068660 and U.S. Application Publication 2003/0044906; U.S.
Pat. No. 5,641,671; and European Patent No. EP 0 121 352. Heterologous protein production often
leads to the formation of insoluble or improperly folded proteins, which 20 are difficult to recover and

may be in2&ret FIRhERTGR" H8 preitfics OF seific hbst EaPArbEsE_RMAY degrade the protein of
interest arithQs f8d¥éthe fihad yigtdioThere tis no sigle 246161/ thhad AABifIprove the production of all
heterologwﬁoquaearaa-oﬁsbye?%b @b,?r@dg @mdd ; i@{me apt%_t@fﬂd@@ﬁiiﬂgﬂr:m?ved Itane-tscale
expression sy e of secreting properly. processing recombinant palypeptides to
produce t%ﬁséé&r?i? Drotéins ilgniop‘?gggﬁty p%%%s%neacij Po]?lr%%%o l\ﬁ%liw rﬁi]ﬁ?—_“ I%%EE"I%‘I% " A
first aBpect BRoVIGEs &t by Confrids atieaBra st dwl S8cen EgspiaiRen sRPs&ldsHonas
fluorescensyEx dorescens) host cells, wherein each population is selected from the group consisting

of: 35aat east oge,aplation of & dugrescens ost eells gl has bgen aenetigally modifed do
reduce the expression of at least one target gene involved In protein degradation; b)at least one
populationt®f PHRITESIEHE KEE LRI it haB bedrciinktit dllyP mdaiRtebFcred88 thd @%pression of

at least onextanrgetagere.igvolved in Proteib odyciinn; and Se)dtdeasthone godatcr 6f; P.
fluorgscens host cells Matdas Qesn genefigalyy modifieg ageprding 4o (@), angh (b)gwherin each

population of P. fluorescens host cells in the array is non-identical, wherein each population of P.

fluorescenEiost Gafis oM Ricdly stpardte bhé fFori 1078 oth& anfitéterratiedstone population
of P. fluoréssensitisst celld B apable 6f eXptedding ab idast oAé hetdrofmgdud Protein of interest when
transformeyd istheeyray Wit @9, exPsessiQs constuict comprisigeat Igast .one, gene gagoding the at
least one hetegqlogauys pratein of inter 15A second aspect pravi a kit comprising the array of
the first as'gp’egécg’ g%gthir%na%pé)éé %r%ﬂn egs’a@n'e%ﬁog: ﬂ)%'ldgfﬁifyi%g %%n%dp#rtr(])él I;)%(garftlflation of

Pseddoméiaslfisied6en @ fuBrotbAS) RéS ceilS fereXhESHEn andt féaSt one heterologous
protein Application Publication 2003/0044906; U.S. Pat. No. 5,641,671;

and European Patent No. EP 0 121 352.
' Heterologous protein producticn cften leads to the
formation of inscluble or improperly folded proteins, which
20 are difficult to recover and may be inactive. Furthermore, the
presence of specific host cell proteases may degrade the
protein of interest and thus reduce the final yield. There is
no single factor that will improve the production cof all
heterologous proteins. As a result, there is a need in the art
25 for identifying improved large-scale expression systems
capable of secreting and properly processing recombinant
polypeptides to produce transgenic proteins in properly

processaed form.

30 SUMMARY OF THE INVENTION
A first aspect provides an array comprising at least a
first and a second population of Pseudomonas fluorescens (PF.
fluorescens) host c¢ells, wherein each population is selected
from the group consisting of:
35 a} at least one population of P. fluorescens host celis
that has been genetically modified to reduce the expressiocon of

at least one target gene involved in protein degradation;

2




20 of interest comprising: a)obtaining an array comprising at least a first and a second population of P.
fluorescens host cells, wherein each population of P. fluorescens host cells is selected from the group
consisting of: 25i)at least one population of P. fluorescens host cells that has been genetically
modified to reduce the expression of at least one target gene encoding a protease; ii) at least
one population of P. fluorescens host cells that has been genetically modified to increase the 30
expression of at least one target gene encoding a protein that modulates protein processing, folding or
translocation; and’ aq”)l%alg stdhe B&éiﬁ%&ﬁ‘&?%8f1p9ﬁuo$es€elﬁ§°ﬁ&§%%ﬂ§t HasH
geneticallythatified acesding e @F and 35 vhiardinfdash populatisirabr. fisreseamrshsstaerlls in the
array is nogfidarticed asd WwheseinseaghtpopitatiamebR vuprescenschest-cefis trithecarsay: is physically
separate oge from another; b) introducing into at least one cell of each population of P.
fluorescens host cells in the array an expression cassette comprising at least one gene encading the
at least one hetefdlogoudprofé bf MErREREMEIRAINMG the pPobtRERAS TP ivdFestehshost
cells in thetdrpdy biadetemditisrseduificiéatfontiéXmrdssionof daichdterol@gowsprotéin of interest

in at least gRe pepHlatignf Fofuorascens bestcells indhe aray sand sxpressing inthe ptleast one
populationaoffa 10iflsuq{8%g%n§eglq:s£ ggﬂs inwgtgg art %%igrpe %(rsglll%pu% Cprgotep 9f interest encoded by
the gene in the gxpressmn cassette; and” 5) selecting the ptlmgl popu?ation'of P. fluorescens
host cells ihtHEERAGSAWHIOT thetfdteroldGo Bt &in bF 1 55RRAESTS pratfuceE®Rherein the
heteldlogoamqirbem otimterestexdhibitsatne ea alorent improvedtexpressiory;, impieueceactzity,
improved sQluhilitye improved dansiocation. ardsduced piptaelytie degragiation dn the,9ptwak
population ofOP. flﬂgr%%e{lrsl heost é c‘gﬂse rglom}paredfto other Egp%lggons of P. g!ruocrﬁscens host cells in
K?ourt_h aspect provides a met%p%r_%or |dent|§ ' .
fluorescenSXPT AFSESEefHHISE Belfs fPBRpicSEBh Sfta heRFb0§BEs BrteInc T ihistesie

comprisingit least one heterclogous protein of interest.

the array. p* ro S ident ing an optlrerllléfsgpulétlon oF Pseudomonas

15 A seceond aspect provides a kit comprising the array of
the first aspect.

A third aspect provides a method for identifying an
optimal population ¢f Pseudomonas fluorescens {(P. fluorescens)
host cells for expression of at least one heterclogous protein

2¢  of interest comprising:

a) obtaining an array comprising at least a first and a
second population of P. fluorescens host cells, wherein each
population of P. fluorescens host cells is selected from the
group consisting of:

25 i) at least one population of P. flucrescens host
cells that has been geneticaily modified to reduce the
expression of at least one target gene encoding a protease;

ii) at least one population of P. flucrescens host
cells that has been geneticaily modified to increase the

30 expression of at least one target gene encoding a protein that
medulates protein processing, folding or translocation; and

iii}) at least one population of P. fluocrescens host
cells that has been genetically modified according to (i) and
(i1),

35 wherein each population of P. fluorescens host cells in the
array is non-identical and wherein each population of P.
fluorescens host cells in the array is physically separate one
from another;

2a



a)obtaining an array comprising at least a first and a second population of P. fluorescens host cells,

wherein each population of P. fluorescens host cells has been genetically modified in the array to

reduce the expression of at least one 30 protein involved in protein degradation, wherein each

population of P. fluorescens host cells in the array is non-identical, and wherein each population of P.

fluorescens host cells in the array is physically separate one from another; 35b)lysing the cells of each

population of P. fluorescens host cells; c) contactinithe lysate from eag%{population of P. fluorescens
[

host cells with th&heterdRgBEE Proamh dfihterédt; afd Aisetd&irgthe dptin%d Population of P.
fluorescensdwsi edllison thé afray 3 wiereincthe dptiatal peplikation of & flaoresgeas host cells in the

array is the pgpulation whichsresuits in-ggerieased lgyelof degragationofdhe Astrrolagous protein of
interestin s epl%:gc%m are to otheﬁ%opulatlor}s of E fl%ogeicetrés go t cells in the array. 10The
present inventio p‘? vides co%rp%ﬁﬂ'o U REMoEsTof raplgﬂy |dtensfisFVing a host cell population
capabie of produéihg atedst eaérHersroldyd iRl Fdptitle hcebrding fd Helesieazpebidieation with

improved yieldiandier quality Hhe,cempesitionseamprse tweo pf arehost eell pepulations that 15
have been %(enetically modigiedathdn%reegg% gie eé%rsession of ane Qr rggncee@r%ett elpeéstinvolved in

. d%ress on o ? %$ote1n (o) e .
proteln pro tion, decrease the expression or one or more target genes Involvead in proteln

degradatioh®8%pred8% RéBHI6d R gee that AffEEERRE PrsteltPlodtRet bF alcbrhbiRation. The
ab?li';y to Zaﬁxpgassaﬁolga_pmmaﬁgterﬁsﬁﬂhea wielysafsmodﬁéegm@ﬁlmﬂipm\ddespa r.apid and
efficignt megns,for determiping.an-gptimal hostcell forthe nolypentide of NterestsThe-desiied
specification will vary depending on the polypeptide of inferest, but includes yield, quality, 25 activity,

and the Iik8Y I8 YE&GHiz& fHE Bk REst'n (Fpufatiohs ey BERRGAREPTo ERGTESS idny

combinatiansdf nucleic acid sequences that affect the expression levels of endogenous sequences
and/or exogenoug sequgages:ihah iaciitatedhe sxpiessipnakibedqolypeptide of ieest JpHne
embodime}qt, t\é/o or rt_1Lore.of tQE host cell SPopuEﬂioHS pgs bﬁ?ejg enfticalll}/ modified.to in%rease the

. OF cells l? F arram P H 1C e he %%ﬁ ogo se§rote1n o .
expression 0f one or ore target genes imvolved in 6ne Or more of the pfoper eXpression, processing,
and/&F transidctivh of BSh@srsIFgEE protein of interest. In another embodiment, the target gene is a
protein folging reqdulatos. Meanwikarephedimentdha psateimfoldiag tmegdinatei tssselgetedfrom the
list in Tablgl d0ln-another embo I t. Qne or mor P&%%hg% @.pc quLt'@%&gés een genetically
modified to glgcrease t%l?egpr%gs%%ggf%osn% g)r rmore ISarget genesttlnv&v%% inp oteolyﬁ'{c). degradation.
In another EitirhehY, thd FRERY §End 198 proteade- IR andther ¥iHssEnRAe kR bYdttase is

selected fraaythedist irohabile Zhe optimal population of P. fluorescens host
20 cells compafed to other populations of P. fluorescens host
cells in the array.

A fourth aspect provides a method for identifying an
optimal pcpulation of Pseudomcnas fluorescens (P. fluorescens)
host cells for expression of a heterologous protein of

25 interest comprising:

a) obtaining an array comprising at least a first and a
second population of P. fluorescens host cells, wherein each
population of P. fluorescens host cells has been genetically
modified in the array to reduce the expression of at least one

30 protein involved in protein degradation, wherein each
population of P. fluorescens host cells in the array is
non-identical, and wherein each population of P. fluorescens
host cells in the array is physically separate one from
another;

35 b) lysing the cells of each population of P.
fluorescens host celis;

c) contacting the lysate from each population of

2b



In one embodiment, nucleotide sequences encoding the proteins of interest are 150perably linked to a
P. fluorescens Sec system secretion signal as described herein. One or more of the strains in the
array may express the heterologous protein of interest in a periplasm compartment. In certain
embodiments, one or more strains may also secrete the heterologous protein cxtracellularly through
an outer cell wall. Host cells include eukaryotic cells, including yeast cells, insect cells, 20mammalian
cells, plant cells, etc., and prokaryotic cells, including bacterial cells such as P. ,fluoreseens, E. coil,
and the IikE: fALIRGESRES tKIORIrafPdfifost LM pbpGIaishs €8 PRYAPIdNF S&rethed to identify
certain straints} vathitimproded yield and/or quality of heterologously expressed protein. The strain
arrays are useful fgr screeningdengnQued SXRIESSION2ROM ARy JHote of infergstyinciuding
therapeutic proteins, hormones, a growth factors, extracellular receptors or ligands, proteases,
kinases, bfb%ﬁtprSFeHs? cﬁ%m@%ﬁwg%%%kines, antibodies and the like. BRIEF DESCRIPTION OF
THE BIGURES einFighte Mrtépists plasmickpbowvZs 122 uséddarsaginseting geasmicdéation in
P. VUuoresq%@@. 5ig$g%la f§ %ﬁﬁr%%u%gmﬁgmi@ﬁ%{&%ﬁi%n;ff a gﬁ@%ggéﬂiqmeigotgurz 2is
a Western blot analysis of solu s fractions prepared at 0.an ours,_past-induction, (10 an

124, reape v D AR e A AL 5 S PSR L e Rbresst Sond (EXITBle 6).
The top arlSins FETAPEFBfé fafly a5SanbReNHSASAERA afibBdy fH iRrEsiegmested strafsisut not in
the controli® G4490) ar-=#€combinant; n-r = nonrecombinant. 10 DETAILED DESCRIPTION The
presept inventions o, wilhae, desrinagmare By ereinaterily Ieferenee-ipdhh aegompanying

drawings, in which some, but not all embodiments of the invention are shown. Indeed, these

inventions &y B&RhHotidd RPihRY theer@ntP5tbrfig hhdRMRBURTG e EGRARER &Flimited to the
embodimentosetdorth heteihgratiier tire Jeedrmbodinemis are pravidedi st theat tais dlisciosuve avill
satisfy appiicabledegaliegyirgments.n wMany medifications andiother embogiments.of the inventions

set forth herein will. come to mind tq one skilled in the art to which these inveptlons ertajin having

20the bengﬁﬂﬁ?ﬁé‘Féeﬁ:rﬁ?ng%oﬁrf%géﬁt%dﬁﬁ?hé) For@ﬁgiﬁgkb%%tériﬁﬁegs REF e hdsgttats <’i!fi’_‘awings.
Theréfore Hiaiggobreaindigsebiapatliielindsniibad dre nbntrbe imitelgo e spediiernibbdiments

disclosed ang that mediticationgandihesembediments are prendac tapbe dictudechwithin the scope
(ﬁtheinvqggggé%@gn%¥k§Q§%g¥Q§QQ85“%f one or more target genes involved
in protein degradation, express a heterologous gene that
affects the protein product, or a combination. The ability to
20 express a polypeptide of interest in a variety of modified
host cells provides a rapid and efficient means for
determining an optimal host cell for the polypeptide of
interest. The desired specification will wvary depending on the
polypeptide of interest, but includes yield, quality,

25 activity, and the like.
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25employed herein, they are used in a generic and descriptive sense only and not for purposes of
limitation. Overview Compositions and methods for identifying an optimal host strain, e.g, a 30
Pseudomonas fluorescens host strain, for producing high levels of properly processed heterologous
polypeptides in a host cell are provided. In particular, a library (or "array") of host strains is provided,
wherein each gt?a%ﬁ“%r"*ﬁdpulation of host cells") in the library has been g’é‘ﬁgﬁéé‘?ﬂ?’?ﬁbﬁﬁied to
modulate the expression of one or more target genes in the host cell. An "optimal host strain” can be
identified or selected based on the quantity, quality, and/or location of the expressed protein of

interest compared to ofher popialialsHl RhegatypiraboASiRYNestisel B Rhgarray. Thus, an
optimal host strain is the strain that produces the polyﬁgg%de of interest accordl%tgt; to a desired

specification. WITHEYKEHhiGHons S aurieians WS feaitly S¥PIRSISPAYtide being produced,
the specificationemipigroless rquguaktyndiod aap gnantitygoérore than fasiticih dictbreppssieindis sequestered or
secreted, protein,ldingAR0JNGIKE: m oldIRFOIRAAH Swo RPIRSRIQBRKSNEFAressed,” or

“recombinant” generally refers to a gene or protein that is not endogenous to the host cell or is not
endogenous’to PGS AAPESR ssarR enatiisdHa ipmmast e srRsame G 154% B8N added to the
10cell by infecticmgttansie otioheic noinfe oiion o Slerropoaonsimigropesjegtionl/ar the like.  One or
more of the hostggll ReRUAITSIRIhe A Fads Brarified o medkiaisdhs.SxRrassiop.of one or more

target genes in the host cell, By "target gene" is intended a gene that affects heterologous protein
production in a F5&Y ESIP" tﬁ}&ﬁ%ﬁ%}?gi%%t g*?é“@f%éfé’?%? s BrREB S&fﬁion include genes

encoding proteinsothdetinscelatedkpredsilin in€ablityl, solubility, translocation, proteolytic degradation

and/or cleaygge of the{;hﬁ{@t!iﬁ'@&%b‘ﬁiﬁ{&ﬁ‘?lﬁ‘m%Ph%?@éﬁﬂ@h@t@@ﬁ&&@ﬂ%ﬂpﬁ% Q_SBI&Ode at least one of a
host cell protease, a. r?telngﬁgﬁggodula or, a transcription factor, a translation factor, a secretion
ThVolV

modulator, or arf StHal Hist ES TSPt AR SE RSO R Y 57 8B o cessing, and/or
translocation of & hestepitig degsagrttaininhintbrestbadirayethp tengdreerefissottaes plotein or polypepfide

resulting from exprassigneliiataraehGene iExRiessmandigniastivity, of a target gene or genes is

increased or decreaselcril, depe dén on th(? fur&ction of the target gene or pro ein. For example,
. one empodirent I%HC e0ot1de Sg uBnc%i; encoding the proteuls ol nterest are .
expression of one or more host cell proteases ma?/ e decreaseéd, whereas 25expression of one or

more protei? fol@heepbholikeddos Mayrdresiaer dasedicThweartiopsided eidesgiherdioreine useful for rapidly

identifying an optiraal hest selhderpmeausianaf sahelisrelogrus:piteingiaentige of interest.

Heterologous protein roducti?n often leads tolthe formago(p of insoluble or imlproperl folded proteins,
. P ﬁlt{:res in %eng aarn compartment, nceEamtﬁm 0 1men{ 013? T Ore strams may ..
which are difficult to recover and may be inactive. Furthermore, trie 30presence of specific host cell

proteases may dégrsaisteibedritetiozsiunperiedt entdctilutav duieadihen fmer gidlvalthere is no single host
cell population that williggténrIhcr@dute-plkipelyrshtides Oy pioteivsetsntengst. Thus, using the
compositios a”%a%%tgﬁ‘oggeﬂg theiny %%‘“é%é?; aﬁ §1%ﬂ£tnrﬁgl)lt1?%%h§eul%lc u%?réga%a%%gr}gl%e?lggu&mClently identified
from the library of modified cell'populations. optimal host strain ¢an then be

as P. fluorescens, E. coli, and the like.

As indicated, the Library of host cell populations can be rapidly screened to
identify certain strain{s) with improved yield and/or quality of heterologously
expressed protein. The strain arrays are useful for screening for improved expression
25  of any protein of interest, including therapentic proteins, hormones, a growth factors,
extracellular receptors or ligands, proteases, kinases, blood proteins, chemokines,

cytokines, antibodies and the like.



5 used to produce sufficient amounts of the protein of interest or for commercial production. Likewise,
a host strain can be modified for expression of the protein of interest based on the optimal host strain.
In one embodiment, the method includes obtaining an array comprising at 5least a first and a second
population of P. fluorescens cells, wherein each population is selected from the group consisting of (i)
a population o' HIYELNs cells that has been genetically modified to r& ul:d fb%ssion of at
least target gene involved in protein degradation; (ii) a population of P. fluorescens cells that has been
genetically modified to increase the expression of at least one target gene involved in 10protein

production; and, (iii) a population gf Rxflyesesserrsehs that basihgan genetically modified to reduce

the expression of at least one target gene involved in protein degradation and to increase the

expression of at least & HeAPIFR SR BRYEIH hrotGedBreneisausisgImS at least one cell of
each population diegopire8sibnrearstr Udtaeip iisisghaniea siorieggenie encaditigmiozast one
heterologous protein-ef aigierest; maintaining said cells under conditions sufficient for the expression
of said protein of interest in at least one é)o ulation of cells; and selecting the optimal population of

cells in which the hetefSRUS protetrbifiemiaiebrablesalisfrerons Bsrisdshrtton in the array is
non-identical an@4vergmseachqiop (lawohl 24, pepsiaitly separate e feodiehothths wherein the

heterologous projeinniAntesesh-20sbis @ne-QiBere RfUpRIQVRSSXIERSIRNy Improved activity,

improved solubil(lg%%?n%f)roved translocation, or reduced proteo!gtic degradation or cleavage in the

optimal populati & R AR BB S TARIS TS G RS DRyt 10 B RAMERl oy may further
comprise a populatié+pf Fostwelisae; g-r P nlwerembensthost cells) that has not been genetically
modified to gyter the expression of a host cell 25protease or a protein folding modulator. This
population may be a wild-type strain, or may be a strain that(gas been genetically modified to alter the
expression of or or more genes not .nvo?\?er‘%Fer‘?o‘?&%C&%’EB ﬁon, processing, or translocation (e.g.,
may be genetically modifigttenehpratisnforexaipldewrdsieoteh|filindrkangtsngjtin one embodiment,

each population fRnflRr@sceismhesiice isisiRRphsnatyRizAlbeistinal (@ odiRRRdentical”) one from
another. By "phepotypicall disﬂnct" if.i tenq]ed that eachripo ulati n.pr duces frpeasurably different
il g 1 ge f

0
amount of one of %lg‘r'gnflé’%%rf B P th b Sl 2 2 AR Rt S R R B

enhetically modified
to alter the Exprdesignndfsbpdorotisreodiffesdmt liavegst tgdessnbiiiacatsiset Exfiréesion of more than one

target gene is maghdaigddrampomdation plbrsh 6. themdhsscrmninatiap HblrkERL genes is

phenotypically d'l tiﬁr](;t fr&)rm ottr;er populations in the library. An array comprising a plurality of
phenotypically distnct uOBIl]JlI%II]tIOHS of host cells according to the present invention is one that provides

a diverse population frisisnnisificsteieendetbeormbodansirsipishesatghfonprasdetiigains heterologous
protein or peptidgintiniets shidd willleewimdnrsias: iy ane HskihveniiRastdalaves an array may also

comprise regicajes (g SHRISEER, plcates: ic o . ane, o, pppUlatans,of host el

Arrays 10Provide§shere|n IS"an array of host ¢ pulatio e. 'strain array Whic

drawings.

Therefore, it is to be understood that the inventions are not to be limited to the
specific embodiments disclosed and that moedifications and other embodiments are
intended to be included within the scope of the invention. Although specific terms are

25  employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.

Overview
Compositions and methods for identifying an optimal host strain, e.g, a
30  Pseudomonas fluorescens host strain, for producing high levels of properly processed
heterologous polypeptides in a host cell are provided. In particular, a library (or
“array”) of host strains is provided, wherein cach strain (or “population of host cells™)
in the library has been genetically modified to modulate the expression of one or more

target genes in the host cell. An “optimal host strain” can be identified or selected

4



can be rapidly screened to identify certain strain(s) with improved yield and/or quality of heterologous
protein. As used herein, the term "strain array" refers to a plurality of addressed or addressable
locations (e.g., wells, such as deep well or microwells). The location of each of the microwells or
groups of 15microwells in the array is typically known, so as to allow for identification of the optimal
host cell for e%?e@g%ﬂﬁﬂhe heterologous protein of interest.  The stra?ﬁ%“ééoﬁ}ﬁ’f?ses a
plurality of phenotypically distinct host strains. The arrays may be low-density arrays or high-density
arrays and may contain about 2 or more, about 4 or more, about 8 or more, about 12 or more, about

16 or more, aboyt 20 20,7 iy 3RAH} 24 L5 MRER.RADEHE 32, RLMYRARGHLARQr more, about 48 or

more, about 64 or more, about 72 or more, about 80 or more, about 96 or more, about 192 or more,

about 384 or mofRTREELE PET RIS of PhenewBiSr e Bt AatsHLSIR thaAmbentidhcan be
maintained and/er gaieehedtisramiulte wellnohdeepivel thepsgbefiint vEssatynayadingain any desired
number of 25 wellshawayeriRainiatized SelirteRitavaY AAlipeisusei! for screening

each population of host cells individually and simultaneously using minimal reagents and a relatively
small number of RSREPRIR g A Sheitc ﬁl?ﬁfﬁgﬁ‘ig?'?/%g@f:ﬁg@fﬂfﬁ“%ﬂd@é%V%éwaoﬁwuIti-weII plate
including, withoutrtiwiitatibrihel Ghavatitplate sy 8+erell plstasicdweingiddes, 381ithwdikplates, and plates
having greater than 384;uyglif, 304 tainatiR.sAN-Ara%Rf T Ubes Reks: sadtgges, minitubes,

microfuge tubes, cryovials, square wetLI plates tuges lates, slants, or culture flasks may also be used,

depending on thE SRS AE&RIIein hatienoh i VB IR LAY S Hy @SR Mable for culturing
and/or screeningdeahisdstatell withetertst cengmeHsedddniongrssdab rakban béen Hddedesgel can be a material

that can begasilypigfilifed Ut RASHG Qb bailcabprhinshiBsRiRkSO dpag as the material
is biocompatiblc, Any number of materials can be 5used, including, but not limited to, polystyrene;
polypropylene; pl flvinyl compounds (e.g. polyvinylchloride); polycarbonate (PVC);
polytetrafluoroethylené> P RE)repdithgies kclbridulmcm)ingbt attyds yledibed tomsgdolymers, fluorinated
ethylene propylepeeRplyMinydidsre: RRdinstbyisiaxargosilicansandihedike s  Automated
transformation of gel&s cIancgl au om%Ie(tJI %otlogly c{é}ickergE will fahcilittate 10hra idusc;lteenting of desired cells.
The arrays may B8 Seat&d andldr Serels g WP SPRMRTGENE 18 F" “Gltoriated robotic devices)
as known id%he ganesThatiffagblrsraivge st rte mrpasduftipreiptlade senienantdnaauntpnisdsta plurality of

15phenotypicallyamd-acnotyRiealheaistinghnst,calrpxlsiionswhes eligasioaRuation in the array
has been geneticl%llly mog]iﬁe to modulate the %Pressiqn of one or more tar eta%%gles in the host cell.

By "target gene"clsainal%eno & aeéeé%gg[?%lﬁtp LStetts hefé?gi%a’o%%r ot %1?335?3 lon in & host cell. A target

gene may encodeerhdBetielhnteasseagrdpinfalibepmnodinainrexBrpsarRippiatsin ¥olding modulator,

20transcription fagtolaitianstatiardaskon Seaiaie nmadulatopratiamy othangesgdpslved in the proper
expressionzgro?ssin and/or tﬁnslocation of a heterolfglgous gﬁgtﬁei o{ interest. A '(')ttarget protein”
e

anscriplion, ranslation, progessing, and/or translogatio eterolpgous profein g
refers to thé protein oF polypeptide resulting rom expression of arge?%eng.olt:expressmn and/or

activity of a targétgjerie drigenbgisincreasde by detraasedyaupdpaiytos s function of the target
gene or 25protebxphstasg of fienetogehe BRpOgRINING/Ie dhetpst Callp@reaubgeacgine that is
heterologously gxpresrst et NEROSLoR! RORHRANHR: BrRERNAY protein. For
example, expression of one or more host cell proteases may be decreased, whereas
25 expression of one or more protein folding modulators may be increased.
The arrays described herein are useful for rapidly identifying an optimal host
cell for production of a heterologous protein or peptide of interest. Heterologous
protein production often leads to the formation of insoluble or improperly folded
proteins, which are difficult to recover and may be inactive. Furthermore, the
30  presence of specific host cell proteases may degrade the protein of interest and thus
reduce the final yield. There is no single host cell population that will optimally
produce all polypeptides or proteins of interest. Thus, using the compositions and
methods of the invention, an optimal host cell can be rapidly and efficiently identified

from the library of modified cell populations. The optimal host strain can then be

5



In one embodiment, the target gene or genes is at least one protein folding modulator, putative protein
folding modulator, or a cofactor or subunit of a folding modulator. In some embodiments, the target
gene or genes can be selected from a 30chaperone protein, a foldase, a peptidyl prolyl isomerase and
a disulfide bond isomerase. In some embodiments, the target gene or genes can be selected from
htpG, cbpA, di¥3 24 4Hd fkbP. Exemplary protein folding modulators fRfl/BS30¥PeLtEens are listed
in Table 1. In other embodiments, the target gene comprises at least one putative protease, a
protease-like protein, or a cofactor or subunit of a protease. For example, the target gene or genes

can be & serine, QNG EYSIFNG. ASRAITE Y mBlalaPeRidase, R ens srBgriment the arge gene

or genes can be selected from h slU, clpA, cl and clpX. The target gene can also be a
cofactor of a profedetimehilisiise Frbteiasain rnhepnafitrd Seerssidonblsm e, Proteases from
a variety of organisinst: 6aede v batinalheMEROPS Peptidase Database maintained by the Wellcome

Trust Sanger Institute, ]ggmrl%ggggﬂnle% (ﬁg&éﬁ% &qigg&(g %%ﬁ%s%gﬁ%gggﬁ%g%é.%&uka. 10Protein

folding modulators Another major obstacle in the pro rologous proteins in host cells

is that the cell o3 st andedacredpetiappeel  fromicesilierdsiaissh BN PRotein. While the
primary structuresckrqofaim tdatnechystisgunincaaoith ReguenPglifiessecealiahatstructure is defined

by the presence gfalpla heliehi AbRte: IRNGAIN AR JPIANTHEIL E-hy faYalgnt bonds

between adjacent protein stretches, such as disulfide bonds. When expressing heterologous proteins,
particularly in larfeSEIpPEdRA kR YRt Bittal afurisrtgr celrubtasdetie protein itself is of
critical importangenéicylisignidifahtchange thepipieisieinfciiescait yiglel gchiarctdnal iy inactive

molecule, ofp pﬁ%“t‘éﬂxWJ&Gu%lQJE”L%PHM%@%IHSS%QI%‘PQ?ﬁlo?g}.l}é%’céf& maAReRses, a host cell

expresses protein foldingwrgoduiator%} FMs) that are necessary for proper_production of active
heterologous prof@iFfBBRRARed i rl g Risraresy PR RprELERO AN SHRTIRATALREE 1 produce usable,
economically satsfadttaishittechmdlogycpred tictsxpraeiboiiin lean nogg mpdetedndligh native protein

folding modulatog,gr. MAAHIRIRNS [BIASGSSHDS SIS IO -EX REESARshRIISIR..A3kN certain

expression systems, overproduction of heterologous proteins can be accompanied by their misfolding

and segregation SRS SRS SGFAeRstate BIsFORa e et th e eGP agpita Al Rhown as inclusion
bodies. In B.5coliintbeshetvenkighcklinglimouidatordidhapefiries includeptseddsii g8damily. The major

Hsp70 chaperong.RRafi RGNV AL YRS RIS RS 3Rl QAR akRparsithe refolding 30of

damaged proteins. The incorporation of heat shock proteins into protein aggregates, can facilitate

disaggregation. PRRVEUER ShFotie ot Be st amut B8 BOGIRE e S ROERFAINVBYERS, be recovered
through additionatqbrpaessing infiltherims bl adia deaiitid andPrbredrsefoh pabidaineiasion bodies typically have

to be purified thrgta iy ple.RIERSHIACHEIRG IFRatKARION RRAR DA RTIPSE l¥RiGal renaturation
PSS I I T R O G e TP E S A0 TSSO e, 8 g gate In
improved translocation, or reduced proteolytic degradation or cleavage in the optimal
population of cells compared to other populations in the array.
The array may further comprise a population of host cells (e.g., P. fluorescens
host cells) that has not been genetically modified to alter the expression of a host cell
25  protease or a protein folding modulator. This population may be a wild-type strain, or
may be a strain that has been genetically modified to alter the expression of or or
more genes not involved in protein production, processing, or translocation (e.g., may
be genetically modified to express, for example, a selectable marker gene).
In one embodiment, each population of P. fluorescens host cells is
30 phenotypically distinct (i.e., “non-identical™) one from another, By “phenotypically
distinct” is intended that each population produces a measurably different amount of
one or more target proteins. In this embodiment, each strain has been genetically
modified to alter the expression of one or more different target genes. Where the

expression of more than one target gene is modulated in a population of host cells,
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concentrated denaturant and subsequent removal of the denaturant by dilution. Aggregates are
frequently formed again in this stage. The additional processing adds cost, there is no guarantee that
the in vitro refolding will yield biologically active 5product, and the recovered proteins can include large
amounts of fragment impurities.  The recent realization that in vivo protein folding is assisted by
molecular cha é’r&?f@é‘?&%ﬁ}ch promote the proper isomerization and cellulA ARG BiBther
polypeptides by transiently interacting with folding intermediates, and by foldases, which accelerate
rate-limiting steps along the folding pathway, has provided 10additional approaches to combat the

problem of inclusigy ROCIBHIAYION (368 fore 9, IS Gl (133 ARL Ringhem Biotechnol

66:197-238).  In certain cases, the ovefexpression of chaperones has been found to increase the
soluble yields of B&EBAROMBATTHE proRsIHESE sl &f RhenotRedly disircopiigictecn. 10:411-421
and references tbghainjelkhecbaiefiocidleglicehidssatiatedonitthaprdbiterediseda the intracellular

concentration ofﬁgﬁﬁﬁigpﬁgﬁr%ﬁﬁ ARpRa'sHighdensndentand d&ﬁ&'ﬂ{&m the overproduced
. ! : . :

protein, and may not require overexpression of the same protein folding modulator(s) for all

heterologous pro&HRoSOUTHEEH FolamtigeRbatsthrdt WlbrarmgcerddrorreLididl dihond
isomerases, ancapeiptidydholytgi sxisaits isomesasgsi{RRIgse sjupteaeclajdicitgreteins present in all
20cells which aiqrjg; &H@o%%%ﬂﬂ%‘ﬁl?gfﬂﬂg degradation of nascent polypeptides. ~ Chaperones

act by binding to nascent polypeptides, stabilizing them and allowing them to fold properly. Proteins
possess both hydrophobic and hydrophilic residues, the former are usually exposed on the surface
while the latter a#ertpusried within the structure where they interact with other hydrophilic residues rather

than the 25 yater which SiSEQuRdS S MRS Uk HRVBYSTIRJRIAIRg-RRIRSRYER.Ahains, the

hydrophilic residues are often exposed for. Some period of time as the protein exists in a partially
folded or misfold&8 SRl RGeS TR ATHEGO TSR et B 1B 8Bome
permanently mistoldedotgimtaradtivithsotied henigfoldadrpriteimsiamd felars targduaggyedates or inclusion

bodies within the, el GhanaiaRes ROSERGTAll.AG Y, bindingtatherydrrphahis Fegions of the

partially folded chains and preventing them from misfglding completely or aggregating with other

proteins. ChapefBFESLEF S0 Bt 5rUtthg ihlusion bodies and allow them to disaggregate
(Ranson etlal I9@Rwalhen@ro&ESiH: (yDineK knCip, Hspd0adtion BeoBufidmilies dfthelding modulators are

all examples of prRigISIMIRICRRREIRNEIkS ACHKIRERINGEIGiABLEYPe of folding modulator is the
disulfide bond isomerases. 5These groteins ca ag%lz%’ed%ver%/&s ecificqset of reactions to help folding

polypeptides form the pPSPEF IR TSTRA g BERAY S YSIK ERSE FBFe than two
cysteines is at risheffarsmiay widoifidmdionde iy ethabrithatwrong raditarsomfia dhsdlfide bond

formation family GopsistehherRRk-PIaisi RS VHNE: ARfalyZertheformnation phiruliide: bonds in the
ironment of the periplas When a periplasmic pol gjg]_misfolds disulfide

non-reducing enyir .1 I e
bond isomgrgase, é)%rbrff“f% %a%léﬁef‘eoafﬂroer%r%%ué%zgofhnéoéﬁs%ﬁ%%%gﬁag %nz}g?)é]ﬁéwmal the protein to reform

with the correct Bhkaigésr morFrabgroliher regidakoid Bhiguemnibey Anvinoosiskeim ihxethe peptidyl bond
immediately pregaainghtheasadapteitherda pipaadoans conformation. For all other

The host cell populations of the invention can be maintained and/or screened

in a multi-well or deep well vessel. The vessel may contain any desired number of

25  wells, however, a miniaturized cell culture microarray plaiform is useful for screening
each population of host cells individually and simultaneously using minimal reagents
and a relatively small number of cells. A typical multi-well, microtiter vessel useful
in this assay is a multi-well plate including, without limitation, 10-well plates, 28-well
plates, 96-well plates, 384-well plates, and plates having greater than 384 wells.

30  Alternatively, an array of tubes, holders, cartridges, minitubes, microfuge tubes,
cryovials, square well plates tubes, plates, slants, or culture flasks may also be used,

depending on the volume desired.



15amino acids this is not favored due to steric hindrance. Peptidyl-prolyl cis-trans isomerases
(PPlases) catalyze the conversion of this bond from one form to the other. This isomerization may aid
in protein folding, refolding, assembly of subunits and trafficking in the cell (Dolinski, et. aL 1997). In
addition to the general chaperones which seem to interact with proteins in_a 20non-specific manner,
there are also‘??ﬂﬁﬁﬁéﬁ‘églwhich aid in the folding of specific targets. The§'€1ﬂwf ﬂéﬁfic
chaperones form complexes with their targets, preventing aggregation and degradation and allowing
time for them to assemble into multi-subunit structures. The PapD chaperone is one well known
example of this type (LAINDAIA.RL Al i atrRAdinAMAdUBIR AR dnglyde, for example, HSP70
proteins, HSP110/SSE proteins, HSP40 (DNAJ-related) proteins, GRPE-like proteins, HSP9O0 proteins,
CPN60 and CPNTG ISR etobbiE haserbiiigmyss Fop roteihdhesinas £#8P%? Calnexin and
calreticulin, PDI andrikiidre daxinr-ceddyedtpiiotd sush Beybidid <praher istifvdrigsdgn&yclophilin PPlases,
FK-506 binding ﬂfﬁsﬁm,sso%{g%&?ﬁi@%ﬁﬁis%%&%\s@m So!}ﬁ% bqﬁZ{ertﬁlpc%R%E'f'C chaperones, or
ra

intramolecular chaperones. maodulators are generally described in "Guidebook to Molecular

| 5. Folding modul |
Chaperonessandlﬁgiiol'é"thl-“??ﬁdl?ﬁb“gd@@&%o’ PebgRTag: RAIVESRRYIRE: RRYBINSRBANS sity, Australia.
- The best charactedzzdymotebidadohapsrobes it ogtasrhofEihgbiha®iig; ATP-dependent
DnaK-DnaJ-Grpk, gl G0 Ela@ek P SYsien s Rased:0hbiiditomriudiasansd famology considerations,

a number of additional cytoplasmic proteins have been proposed to, function as molecular chaperones

in E coli. These MEEBSSPEIREYERLS ARG ARESIRKRR S DAMIH RS- GrpE and GroEL-GroES, are
heat-shock proteins (lidps)npedd tigintptoaie stredl redatmiihettamspodufonwibfiotitet X-Pro bonds is

energetically, favaragsin.pase SPERLRIEI RN ARSI IGVRYS h-ARRFAXIMALE Wredte@tiallrolyl peptide bonds
are found in a cis conformation in native proteins. The trans to cis isomerization of X-Pro bonds is rate

limiting in the foIAT B FHSHY 2o pERBERHRRS IS HT TS AL PRI tie8™hy peptidy!l prolyl cis/trans
isomerases (PPlases). Three cytoplasmic PPlases, SlyD, S1pA and trigger factor (TF), have been
identified to dateripdz: £9ils TB, a 48 IcDa protein associated with 50S ribosomal subunits that has
been postulated to cocﬂerate with c%agerones jn E. coll to guarantee proper folding of newly
synthesized proteins. ALTEZEEHRIE Y POTRT RO ERIGRS MBI~ HERRY Slutaredoxins 1, 2 and 3, the
products oflthe trkenotye@alirend geesBragadloixangerescalbppodiivaly Warescingetbed in the reduction of

disulfide bridgespiatansientbtayiass hay Rl asiNRRZNN eSmbMts. BEIRbasAGSEan be disulfide
bond forming proteins or chaperones thﬁat aIIowlprg er disulfide band formation., Table 1. P.

on 1@ tardet senes 1 the hosfc target gene” 15 ntended a gene that
fluorescens straifi MB2L4 prstet 101ding modtiators = & 8
affects heterologous protein production in a host cell. A target gene may encode a

host cell protease or an endogenous or exogenous protein folding modulator,

20  transcription factor, translation factor, secretion modulator, or any other gene
involved in the proper expression, processing, and/or translocation of a heterologous
protein of interest. A “target protein™ refers to the protein or polypeptide resulting
from expression of the target gene. Expression and/or activity of a target gene or
genes is increased or decreased, depending on the function of the target gene or

25  protein. A target gene can be endogenous to the host cell, or can be a gene that is
heterologously expressed in each of the host cell populations in the array.

In one embodiment, the target gene or genes is at least one protein folding
modulator, putative protein folding moduiator, or a cofactor or subunit of a folding
modulator. In some embodiments, the target gene or genes can be selected from a

30  chaperone protein, a foldase, a peptidyl prolyl isomerase and a disulfide bond
isomerase. In some embodiments, the target gene or genes can be selected from hipG,
cbpA, dnal, dnaK and fkbP. Exemplary protein folding modulators from P.

Sluorescens are listed in Table 1.



Chaperone Chaperone Small heat-shock protein (sSHSP) IbpA PA3126;Acts as a holder for GroESL
folding Chaperone protein hscB Chaperone Chaperone Chaperone Curved dna-binding protein, dnaJ |
like activity Chaperone protein dnaJ Molecular chaperones (DnaJ family) heat shock protein GrpE
PA4762 atp-dependent clp protease atp-binding subunit clpA Clp13 protein atp-dependent clp
protease atp-mpr%?ﬂ'bs@ﬁﬁ%it clpX atp-dependent Clp protease proteolytic%?Hﬁ?ﬁ?({%ﬁﬁé%m.%)
atp-dependent hsl protease atp-binding subunit hsllJ atp-dependent hsl protease proteolytic subunit
Elsp10Cytoplasmic Elsp60Cytoplasmic 1-Isp20Cytoplasmic Hsp20Cytoplasmic

In other embodiments, the target gene comprises at least one putative protease,
a protease-like protein, or a cofactor or subunit of a protease. For example, the target
gene or genes can be a serine, threonine, cysteine, aspartic or metallopeptidase. In
one embodiment, the target gene or genes can be selected from hslV, hslU, clpA, clpB
5  and clpX. The target gene can also be a cofactor of a protease. Exemplary proteases |
from P. fiuorescens are listed in Table 2. Proteases from a variety of organisms can
be found in the MEROPS Peptidase Database maintained by the Wellcome Trust

Sanger Institute, Cambridge, UK (see the website address merops.sanger.ac.uk/).

10 Protein folding modulators

Another major obstacle in the production of heterologous proteins in host cells
is that the cell often is not adequately equipped to produce either soluble or active

protein, While the primary structure of a protein is defined by its amino acid

sequence, the secondary structure is defined by the presence of alpha helices or beta

15 sheets, and the ternary structure by covalent bonds between adjacent protein stretches,
such as disulfide bonds. When expressing heterologous proteins, particularly in large-
scale production, the secondary and terﬁary structure of the protein itself is of critical
importance. Any significant change in protein structure can yield a functionally
inactive molecule, or a protein with significantly reduced biological activity. In many

20 cases, 2 host cell expresses protein folding modulators (PFMs) that are necessary for
proper production of active heterologous protein. However, at the high levels of
expression generally required to produce usable, economically satisfactory
biotechnology products, a cell often cannot produce enough native protein folding
modulator or modulators to process the heterologously-expressed protein.

25 In certain expression systems, overproduction of heterologous proteins can be
accompanied by their misfolding and segregation into inscluble aggregates. In
bacterial cells these aggregates are known as inclusion bodies. In E. coli, the network
of folding modulators/chaperones includes the Hsp70 family. The major Hsp70
chaperone, DnaK, efficiently prevents protein aggregation and supports the refolding

30  of damaged proteins. The incorporation of heat shock proteins into protein aggregates
can facilitate disaggregation. However, proteins processed to inclusion bodies can, in
certain cases, be recovered through additional processing of the insoluble fraction.
Proteins found in inclusion bodies typically have to be purified through multiple

steps, including denaturation and renaturation. Typical renaturation processes for
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Hsp70Periplasmic Hsp70Cytoplasmic Hsp70Cytoplasmic Hsp40Cytoplasmic Hsp40Cytoplasmic
Hsp40Non-secretory GrpECytoplasmic Hsp100Cytoplasmic lisp100Cytoplasmic Hsp100Cytoplasmic
MEROPSCytoplasmic peptidase family 514 Hsp 100Cytoplasmic MEROPSCytoplasmic peptidase
subfamily TIB Hsp33 RXF04254.2yrfl33 IcDa chaperonin (Heat shock pr%'%e}?tﬁsggog%gytoplasmic 33

homolog) (I1SP¥37Md34t 483

inclusion body targeted proteins involve attempts to dissolve the aggregate in
concentrated denaturant and subsequent removal of the denaturant by dilution.
Aggregates are frequently formed again in this stage. The additional processing adds
cost, there is no guarantee that the in vitro refolding will yield biologically active

5 product, and the recovered proteins can include large amounts of fragment impurities.

The recent realization that in vive protein folding is assisted by molecular
chaperones, which promeote the proper isomerization and cellular targeting of other
polypeptides by transiently interacting with folding intermediates, and by foldases,
which accelerate rate-limiting steps along the folding pathway, has provided

10  additional approaches to combat the problem of inclusion body formation (see for e.g.
Thomas J G et al. (1997) Appl Biochem Biotechnol 66:197-238).

In certain cases, the overexpression of chaperones has been found to increase
the soluble vields of aggregation-prone proteins (see Baneyx, F. (1999) Curr. Opin.
Biotech. 10:411-421 and references therein). The beneficial effect associated with an

15  increase in the intracellular concentration of these chaperones appears highly
dependent on the nature of the overproduced protein, and may not require
overexpression of the same protein folding modulator(s) for all heterologous proteins.

Protein folding modulators, including chaperones, disulfide bond isomerases,
and peptidyl-prolyl cis-trans isomerases (PPIases) are a class of proteins present in all

20 cells which aid in the folding, unfolding and degradation of nascent polypeptides.

Chaperones act by binding to nascent polypeptides, stabilizing them and
allowing them to fold properly. Proteins possess both hydrophobic and hydrophilic
residues, the former are usually exposed on the surface while the latter are buried
within the structure where they interact with other hydrophilic residues rather than the

25  water which surrounds the molecule. However in folding polypeptide chains, the
hydrophilic residues are often exposed for some period of time as the protein exists in
a partially folded or misfolded state. It is during this time when the forming
polypeptides can become permanently misfolded or interact with other misfolded
proteins and form large aggregates or inclusion bodies within the cell. Chaperones

30  generally act by binding to the hydrophobic regions of the partially folded chains and
preventing them from misfolding completely or aggregating with other proteins.

Chaperones can even bind to proteins in inclusion bodies and allow them to

10



PIXF05455.2htpGChaperone protein htpGHsp90Cytoplasmic SecB RAF02231.1secBsecretion
specific chaperone Sec13SecitNon-secretory Disulfide Bond Isomerases RXF07017.2dsbAdisulfide
isomeraseDSBA oxido- Cytoplasmic reductase dsbA/disulfide isomerase dsbC/ dshG/ femA
dsbA/disulfide isomerase dsbC dsbCdisulfide isomerase dsbGdisulfide isomerase DSBA oxido-
Cytoplasmic ré¥B2f4&a36BA oxido- Periplasmic reductase/ Thioredoxin JiGtHHSABRMA BEiplasm ¢
Thioredoxin glutaredoxin/ Periplasmic Thioredoxin cis-trans isomerases

disaggregate (Ranson ez. al. 1998). The GroES/EL, DraKJ, Clp, Hsp90 and SecB
families of folding modulators are all examples of proteins with chaperone like
activity.
Another important type of folding modulator is the disulfide bond isomerases.
5  These proteins catalyze a very specific set of reactions to help folding polypeptides
form the proper intra-protein disulfide bonds. Any protein that has more than two
cysteines is at risk of forming disulfide bonds between the wrong residues. The
disulfide bond formation family consists of the Dsb proteins which catalyze the
formation of disulfide bonds in the non-reducing environment of the periplasm.

10 When a periplasmic polypeptide misfolds disulfide bond isomerase, DsbC is capable
of rearranging the disulfide bonds and allowing the protein to reform with the correct
linkages.

The proline residue is unique among amino acids in that the peptidyl bond
immediately preceding it can adopt either a cis or trans conformation. For all other

15  amino acids this is not favored due to steric hindrance. Peptidyl-prolyl cis-trans
isomerases (PPTases) catalyze the conversion of this bond from one form to the other.
This isomerization may aid in protein folding, refolding, assembly of subunits and
trafficking in the cell (Dolinski, ef. a/.1997).

In addition to the general chaperones which seem to interact with proteins in a

20 non-specific manner, there are also chaperones which aid in the folding of specific
targets. These protein-specific chaperones form complexes with their targets,
preventing aggregation and degradation and allowing time for them to assemble into
multi-subunit structures. The PapD chaperone is one well known example of this type
{(Lombardo et. al. 1997).

25 Folding modulators also include, for example, HSP70 proteins, HSP110/SSE
proteins, HSP40 (DNAJ-related) proteins, GRPE-like proteins, HSP90 proteins,
CPN60 and CPN10 proteins, Cytosolic chaperoning, HSP100 proteins, Small HSPs,
Calnexin and calreticulin, PDI and thioredoxin-related proteins, Peptidyl-prolyl
isomerases, Cyclophilin PPlases, FK-506 binding proteins, Parvulin PPIases,

30 Individual chaperoning, Protein specific chaperones, or intramolecular chaperones.
Folding modulators are generally described in "Guidebook to Molecular Chaperones
and Protfein-Folding Catalysts” (1997) ed. M. Gething, Melbourne University,

Australia.
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ppiAPeptidyl-prolyl cis-trans isomerase A (ec PPlase:Periplasmic 5.2.1.8)eyelophilin type
ppiBPeptidyl-prolyl cis-trans isomerase B.PPlase:Cytoplasmic cyclophilin type fk113Peptidyl-prolyl
cis-trans isomerase FkIB. PPlase:OuterMembra FKBP typene fkl13/11506 binding protein
Peptidyl-prolylPPlase Perl lasmic fkbPcis-trans isomerase (EC 5.2.1.8)FKBP type fidB;Peptidyl-prolyl
cis-trans isom&3S&¥dMbtase: Outer tkbP5.2.1.8)FKBP typeMembrahe sI§5‘ﬂQ§P&§‘A O cis-trans
isomerasePPlase:Non-secretory SlyD.FKBP type tigTrigger factor, ppiase (ec
5.2.1.8)PPlase:Cytoplasmic FKBP type yaadProbable FKBP-type 16 kDa

pepticy-PPlase:Nor-SofL SR AIAINLCIANS RPMEIERALR R & BICKBPYpA RPase)

(Rotamase). Peptidyl trgroly cis-trans isomerase (ccPPlase;:Non-secretory 5.2.1.8)FKBP type pill
assembly chape (- ﬁﬂ tDnaK-DnaJ -GrpE and GroEL-GroES systems. Based on i vitro

studies and homology considerations, a number of additional cytoplasmic proteins
have been proposed to function as molecular chaperones in E. coli. These include
5  ClpB, HtpG and IbpA/B, which, like DnaK-DnaJ-GrpE and GroEL-GroES, are heat-

shock proteins (Hsps) belonging to the stress regulon. The trans conformation of X-
Pro bonds is energetically favored in nascent protein chains; however, approximately
5% of all prolyl peptide bonds arc found in a cis conformation in native proteins. The
trans to cis isomerization of X-Pro bonds is rate limiting in the folding of many

10 polypeptides and is catalyzed in vivo by peptidy! prolyl cis/trans isomerases (PPlases).
Three cytoplasmic PPlases, SlyD, SlpA and trigger factor (TF), have been identified
to date in £. coli. TF, 2 48 kDa protein associated with 5085 ribosomal subunits that
has been postulated to cooperate with chaperones in £, coli to guarantes proper
folding of newly synthesized proteins. At least five proteins (thioredoxins 1 and 2,

15  and glutaredoxins 1, 2 and 3, the products of the trxA, trxC, grxA, grxB and grxC
genes, respectively) are involved in the reduction of disulfide bridges that transiently
arise in cytoplasmic enzymes. Thus, target genes can be disulfide bond forming

proteins or chaperones that allow proper disulfide bond formation.
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RXF06068.1cup RXF05719.1ecpD RXF03406.2ecpD; csuC RXF04296.1eepD; cup RXF04553.1cepa,
cup RXF04554.2ecpD; cup RXF05310.2ecpD; cup RXF05304.1ecpD; cup RXF05073.1gliF
Chaperone protein cup Chaperone protein ecpD Chaperone protein ecpD Chaperone protein ecpD
Chaperone protein eepD Chaperone protein eepD Chaperone protein ecpD Chaperone protein eepD
Gram-negativévﬁiﬁ(’ﬁ%’ %%Iy chaperone periplasmic function pili assembl§%‘§5§§°ﬂﬁ1"§£ 8mbly papD

pili assembly papD phi assembly papD

Table 1. P. fluorescens strain MB214 protein folding modulators

ORF 1D GENE TFUNCTION FAMILY LOCATION
GroES/EL
RXF02095.1 groES  Chaperone Hspl0 Cytoplasmic
RXF06767.1:;r groEL  Chaperone Hsp60 Cytoplasmic
xf02090
RXF01748.1 ibpA Small heat-shock protein (sHSP) ThpA Hsp20 Cyloplasmic
PA3126;Acts as a holder for GroESL
folding
RXF03385.1 hscB Chaperone protein hscB Hsp20 Cytoplasmic
Hsp70 {DnaK/hH
RXF05399.1 dnak Chaperone Hsp70 Periplasmic
RXF06954.1 dnaK Chaperone Hsp70 Cytoplasmic
RXF03376.1 hscA Chaperone Hsp70 Cytoplasmic
RXF03987.2 chpA Curved dna-binding protein, dnaJ like Hsp40 Cytoplasmic
activity
RXF05406.2 dnal Chaperone protein dnal Hsp40 Cytoplasmic
RXF03346.2 dnal Molecular chaperones (Dnal family) Hsp40 Non-secretory
RXF05413.1 zrpE heat shock protein GrpE PA4762 GrpE Cytoplasmic
Hsp100 (Clp/Hsh)
RXF04587.1 clpA atp-dependent clp protease atp-binding Hspl00 Cytoplasmic
subunit clpA
RXF08347.1 clpB ClpB protein Hspl0¢ Cytoplasmic
RXF04654.2 clpX atp-dependent clp protease atp-binding Hspl00 Cytoplasmic
subunit clpX
RXF04663.1 clpP atp-dependent Clp protease proteolytic MEROPS Cytoplasmic
subunit (ec 3.4.21.92) peptidase
family 514
RXF01957.2 hslU atp-dependent hsl protease atp-binding Hspl00 Cytoplasmic
subunit hslU
RXF01961.2 hslV atp-dependent hsl protease proteolytic MEROPS Cytoplasmic
subunit peptidase
subfamily
TIB
Hsp33
RXF(04254,2 yril 33 kDa chaperonin (Heat shock protein ~ Hsp33 Cytoplasmic
33 homolog) (ITSP33).
Hsp90
RXF05455.2 htpG Chaperone protein htpG Hsp90 Cytoplasmic
SecB
RXF02231.1 secB secrelion specific chaperone SccB SecB Non-secretory
Disulfide Bond Isemerases
RX¥F07017.2 dsbA disulfide isomerase DSBA oxido-  Cytoplasmic
reduclase
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pill assembly papD pili assembly papD phi assembly papD phi assembly papD pili assembly papll
Periplasmic Signal peptide Signal peptide Periplasmic Periplasmic Periplasmic Periplasmic
Periplasmic Signal peptide Protease Unwanted degradation of heterologously-expressed protein
presents an obstacle to the efficient use of certain expression systems. When a cell is modified to
produce Iarge‘&ﬂ&ﬂ?ﬁﬁ@é%f a target protein, the cell is placed under stressHMd SR8 4 cts by
inducing or suppressing other proteins. The stress that a host cell undergoes during production of
heterologous proteins can increase expression of, for example, specific proteins or cofactors to cause
degradation of the overexpressed heterologous protein. The increased expression of compensatory
proteins can b& ERERESTPTOCHGHVE W liAg: goa-t eXpressing NigNieNE sa- aciv@rRial-ehgth
heterologous pfotein. 10 Dedrgdsed expression or lack of adequatiecesgression of othef proteins can
cause misfolding and aggre@fén of the heterologously-expressed protein. While it is known that a cell
under stress willrsfrangel its paefile obkprataimexpression, not all heteselagouslyi@xpkessed proteins will

modulate expression of the $&e proteins in a particular host ceﬂgﬁlﬁfﬁlﬁus, the optimal jhost strain,
10T a0X1IN

e.g., P. fluores¢grg hgst strain-canbgsidentified using an array 129 3.pkuality of host cell
populations that have been genetically engineered to decrease thaoexpression of one gr more

protease enzymB&rtitde editfodirdiardanestimore host cell p 551@?1% isPeABitfified by reducing the
expression of, inhibiting or removing at least one protease from t eorﬁeor"l{gme. The 20madification can
also be to more thaepeHRieasewastelated embodiment, the cell is modified by reducing the
expression of g pretease Cofgotor arpipieasepreititdi.anotherembodimentifhadbost cell is modified
by inhibition of @ promoter for a protéase or related protein, whickvéeatise a native promoter.
Alternatively, the.ggremodification,can he.fq g@_qgglgggegspgotein%]é@ologo%gglmgcta get gene.
25The array cgmprising the modified host strains can be screenegtign@ixpressing the heterologous
protein(s) of interest assessing the quality and/or quantity of¥fotein production as gdiscussed infra.
Alternatively, an IS0 %gt%%f th%dl?lete% e g'f’fg ér%sfg?lﬁsg in e?eﬁé% ba&abpe;;@gepq%ffém%g}’ﬁﬂnubated with

lysate collected kgitswach ofidhe pristeasetaaficigrichogtoell popeations andethestavel of proteolytic
degradation 30cgp.he.used ﬁgdengmgﬁé;mﬁﬁéﬁc&%g(gcn thigsghiibdiment, the optimal host cell

fkbP 52.1.8) FKBP type Membrane
RXF01833.2 slyD Peptidyl-prolyl cis-trans isomerase PPlase: Non-secretory
SlyD. FKBP type
RXF04655.2 tig Trigger factor, ppiase (ec 5.2.1.8) PPlase: Cytoplasmic
FKBP type
RXF05385.1 yaad Probable FKBP-type 16 kDa peptidyl- PPlase: Non-secretory
prolyl cis-trans isomerase (EC 5.2.1.8) FKBP type
(PPiase) (Rotamase),
RXF00271.1 Peptidyl-prolyl cis-trans isomerase (ec PPlase: Non-secretory
5.2.1.8) FKBP type

pili assembly chaperones (paplD like)

RXF06068.1 cup Chaperone protein cup pili assembly  Periplasmic
papD
RX¥F05719.1 ecpD Chaperone protein ecpD pili assembly  Signal peptide
papD
RXF03406.2 ecpD;  Chaperone protein ecpD pili assembly  Signal peptide
csuC papD
RXF04296.1 ecpD);  Chaperone protein ecpl) pili assembly  Periplasmic
cup papD
RXF04553.1 ecpD;  Chaperone protein ecpD pili assembly  Periplasmic
cup papD
RXF04554.2 ecpD;  Chaperone protein ecpD pili assembly  Periplasmic
cup papb
RXF05310.2 ecpl);  Chaperone protein ecpl) pili assembly  Periplasmic
cup papD
RXF05304.1 ecpD;  Chaperone protein ecpD pili assembly  Periplasmic
cup papD
RXF05073.1 gltF Gram-negative pili assembly chaperone  pili assembly  Signal peptide
periplasimic funclion papD
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population is that which results in the least amount of heterologous protein degradation. Thus, in one
embodiment, lysatc from the optimal host cell population can be degraded by less than about 50% of
the heterologous protein, less than about 45%, less than about 40%, less than about 35%, less than
about 30%, less than about 25%, less than about 20%, less than about 10%, less than about 5%, less
than about 494 280W 4¢45 Tabout 2%, about 1%, or less of the protein. Exe’?ﬁﬁfgﬁ?'}%f&f&ﬁf’rotease
genes include those proteases classified as 5 Aminopeptidases; Dipeptidases; Dipeptidyl-peptidases
and tripeptidyl peptidases; Peptidyl-dipeptidases; Serine-type carboxypepfidases;
Metallocarboxypeptidaggs.,ysteine-type carboxypeptidases; Omegapeptidases; Serine proteinases;
Cysteine proteinases; Aspartic proteinases; Metallo proteinases; or Proteinases of unknown
mechanism. 10AminopBBHIEEdEEsFCRIka e{heEoNasAINFERERsIPTARFSMINBPeptidase), membrane
alanyl aminopeptigese; toyktinfficminepeptidas expripaptices aminbieptidald és podificdminopeptidase,
arginyl aminopepfigase i RV RIIFCRARI A XHRIQIRID IRRE RHsla SR RatEIRbleucy!

aminopeptidase, thermophilic aminopeptidase, clostridial aminopeptidase, cytosol alanyl
aminopeptidse [y PY SYHGSE HRPASE% S BRI e phtiss, obtdsHirafsieeptidase,
methionyl aminopepiggasiudtsieré bepebiicuamindgpeptidases arkpepeptidate eypnipeptidases include
x-his d'Pept'_das%pé%ﬁ@pfﬂ_{éﬁ@%q@%c%f&@ﬂ%ﬁ&é‘&ég&ﬁ@@cwﬁ%ﬁﬁ‘e &@égﬁyegé%ﬁgi%&%ogéu'gm dipeptidase,
pro-x dipeptidase, x-prg }(lzllpeptldase, met-x dipepfidase, non-sjtereosgmuﬁc dipeptidase, cytosol
non-specific dip@PHilsElOBREE FARESIFLBHEPIRE AR, BISIHIS P AP AAELEPBISEtdyI-peptidases
and tripeptidyl peptidasdsiiestrcieinkbigitidytipefaidiascilldipettididrpgeptidasetdindipeptidyl peptidase
g Ipepél dIngﬁpt'%ﬁgﬁééée@’ %ﬁg@égﬂf g&ﬁ%ﬁgtﬁ%ﬁ%&i’:@ E%@éﬁr&ﬁﬁﬁ??%%&éﬂ%%@ﬁ@glﬁgoeP“dase II.
eptidyl-dipeptidases include peptidyl-di idase a a epti Ipeptidase b. Serine-type

carboxypeptidas@?%jglﬁ%l@@%&%ﬁ&%ﬁ@é%?ﬁﬁ%%%égwgﬁé %@}?ﬁg%ﬁe B%la-D-ala
carboxypeptidaskozarheky pd ptidas 6 ceodrygeittickalks Of. iviéstial Fseratsony petplidases include
carboxypeptidasg.RrHERRKYDSRIRSS: il sinehainReXx sarhoxypeRtisias sralyn.carboxypeptidase,
alanine carboxypeg,tidlas]?, rt'nU{ moylpentapeptide carboxypeptidase, carboxypeptidase h, glutamate
carboxypeptidas®" carBoxypEptidase M, muramoyltetrapeptide 30carboxypeptidase, zinc d-ala-d-ala
carboxypeptfdase, carbbwypeptidanebag striambearfefierstaearboxypewtickade, itlebudied/|-tyr
carboxypeptidasgifabaypeniidass b AneganaRidasgsinekds asviamineacyl-peptidase,
peptidyl-glycinamidasc, pyroglutamyl-peptidase |, beta-aspartyl-peptidase, pyroglutamyl-peptidase I,
Pformyimethiony A0 ST S e s T S AT S o b AR gl X
carboxypeptidasts, e pinhadimsayoatppapridsecc erpeatrstaiasdifidh dugdueingthstrypsin,
chymotrypsin c, mgididitn deyingibiiHy onbHivERa0 WAl of iRctel X RollasRomAeROPEptidase, acrosin,
alpha-Iytc protease gluiamyl SAoRSRIas%: SIS Cn SOBHIRLRRREISY, Vi, pagulation factor
ixa, cucumisi, proly

is modified by reducing the expression of a protease cofactor or protease protein. In

another embodiment, the host cell is modified by inhibition of a promoter for a

protease or related protein, which can be a native promoter. Alternatively, the gene

modification can be to modulate a protein homologous to the target gene.

25 The amray comprising the modified host strains can be screened by expressing

the heterologous protein(s) of interest and assessing the quality and/or quantity of

protein production as discussed infia. Altematively, an isolate of the heterclogous

protein of interest can be independently incubated with lysate collected from each of

the protease-deficient host cell populations and the level of proteolytic degradation

30 can be used to identify the optimal host cell. In this embodiment, the optimal host ceil
population is that which results in the least amount of heterologous protein

degradation. Thus, in one embodiment, lysate from the optimal host cell population

can be degraded by less than about 50% of the heterologous protein, less than about
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5oligopeptidase, coagulation factor xia, brachyurin, plasma kallikrein, tissue kallikrein, pancreatic
elastase, leukocyte elastase, coagulation factor xiia, chymase, complement component c1r55,
complement component c1s55, classical-complement pathway c31c5 convertase, complement factor
I, complement factor D, alternative-complement pathway c31c5 convertase, cerevisin, hypodermin C,
lysyl endopepﬂﬁ3§8?si’@éﬁdopeptidase la, gamma-reni, venombin ab, Ieuc?F@WB‘@ﬁﬁﬂfége, tryptase,
scutelarin, kexin, subtilisin, oryzin, endopeptidase k, thermomycolin, thermitase, endopeptidase SO,
T-plasminogen activator, protein C, pancreatic endopeptidase E, pancreatic elastase ii, IGA-specific

serine endopepligase .| J+plaSmINOAen  ACINARLHSRIMBID Wil SVS RSN ReMenogelase,

granzyme A or c totoxic T- 15lym hooc te proteinase 1, granzyme B or cytotoxic T-lymphocyte
proteinase 2, stréptodfiSitaR 2hasrfpidrsshag ahamh il enspbptiakest Ste-disdpuahgase B, limulus
clotting factor c, heapdbenchdttinlgpiiaztorainmults elddting e pyoré. omptin, repressor lexa, bacterial leader

peptidase 1, togavirin, EM%&X?‘@ %t@&%t%i—!?]@s?%lm&'%@e%%&%iﬁﬁsiﬁépﬁm’ ficin, chymopapain,
asclepain, clostripain, strepéopainf’ac? i i [

| |, actinide, 20cathepsin 1, cathepsin H, calpain, cathepsin t, glycyl,
endopeptidade, ¢HREEPHIsR g RIBrtIdastR SOty RasHdases sed ﬁ%ﬁ?ﬂ%ﬁﬁcain, ananain, stem
bromclain, fruit bPepridjhidipdetidasesiSctnstolysearhontentadises . Meetdocobveniptderzyme. Aspartic

proteinases i”C|%t@i‘ﬁ@-%ﬁm%?ﬁi@pﬁda@és?@ﬁ%ﬁ&p%ﬁﬁ&@éi§er‘ﬁ§e_t?{%‘9e‘iﬂag% peqpgpthesin, renin,
retropepsin, pro-opiomelanocortin converting 25enzyme, aspergillopepsin 1, asgerglllopepsm I,
penicillopepsin, MZEBHEN<YOHUERELHIRES ?Fﬁilﬂw?f(?ﬁrla?)g@bé}ﬁgr Bﬁmﬁéﬁgﬁﬁ,gﬁccharopepsin,

rhodotorulapepsimeqhaysaropepsin, acrocylindropepsin, polyporopepsin, pycnoporopepsin,

scytalidopepgin a, scytglidoRepsiast %@ﬂngmgg@%%%ﬁgp@g%@am%@ﬁg@ggp, bacterial leader
peptidase |, pseudomonapepsin, plasmepsin. Metallo proteinases 50include atrolysin a, microbial
collagenase, leuBSTRRAM AR RTMINSB é‘??aggnﬁg)arﬁ%?ﬁ?p&‘?%ﬁy%ﬁ?%‘&-specific
metalloendopeptidasesepiidesi agén dengopapid asgnthamspigiolbeptbvaeylneurolysin, stromelysin 1,
meprin A, pfOCO'L%Q%béﬁtﬁlgéi:?l?&"x?&iQﬁﬁr%p&ﬁﬁggl»ybhé%ﬁéﬁélmmg idasenpaiRpimistromelysin, 2,

matrilysin gelatinase, aeromonolysin, pseudolysin, thennolysin, bacillolysin, aureolysin, coccolysin,
ycolyain: beta. R AT (b AL SRS AL NGBS Henroph
collagenasdSgelatkiraperBlassishrreanolyasient slass intipbiny bamolysintidrseitexdainl serralysin, atrolysin

B, atrolysin C, atsgxasRp @i MsiaFosatiaty ainiFoRfadnalaphihpeptilksin rahsshvinpbothropasin,
bothrolysin, ophiolysi '

S merelein 1L nmerelyail Il mucrobysin, pilysin, insylysin _

0-syaloglycoprotéin enéope%ﬁ%ése, russélﬁ/g‘% , ?ﬂfﬁ)chon%a{} St metate’ ﬁe%tldase, dactylysin,

nardilysin, magnaéigsindassepiireB dinésidaen ek giespddeing pepligeridapaaneophage elastase,

choriolysin, toxilygepfteteinsesofpoiRaipneshanism: Euge thedpamaiand multicatalytic

endopeptida& € Cr%rennﬂyl?a)ﬁé dipeptidase, beta-ala-his dipeptidase. Dipeptidyl-peptidases and tripeptidyl
peptidases include dipeptidyl-peptidase i, dipeptidyl-peptidase ii, dipeptidyl peptidase
iii, dipeptidyl-peptidase iv, dipeptidyl-dipeptidase, tripcptidyl-peptidase I, tripeptidyl-
peptidase II. Peptidyl-dipeptidases include peptidyl-dipeptidase a and peptidyl-
dipeptidase b. Serine-type carboxypeptidases include lysosomal pro-x

25  carboxypeptidase, serine-type D-ala-D-ala carboxypeptidase, carboxypeptidase C,
carboxypeptidase D. Metallocarboxypeptidases include carboxypeptidase a,
carboxypeptidase B, lysine(arginine) carboxypeptidase, gly-X carboxypeptidase,
alanine carboxypeptidase, muramoylpentapeptide carboxypeptidase, carboxypeptidase
h, glutamate carboxypeptidase, carboxypeptidase M, muramoyltetrapeptide

30  carboxypeptidase, zinc d-ala-d-ala carboxypeptidase, carboxypeptidase A2,
membrane pro-x carboxypeptidase, tubulinyl-tyr carboxypeptidase, carboxypeptidase
t. Omegapeptidases include acylaminoacyl-peptidase, peptidyl-glycinamidase,
pyroglutamyl-peptidase I, beta-aspartyl-peptidase, pyroglutamyl-peptidase II, n-
formylmethionyl-peptidase, pteroylpoly-[gamma]-glutamate carboxypeptidase,
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Table 2. P. fluorescens strain MB214 proteases 11150 (S2P protease family)
RXF04692.1Membrane metalloproteaseCytoplasmic Membrane Seri rePtida S1 (chy otrypsin family)
RXF01250.2protease do (cc 3.4.21.-) RXF07210.1protease do (cc 3.4.21.-) S8 (subtilisin family)
RXF06755.2serine protease (cc 3.4.21.-) RXF08517 l1serine protease (cc 3.4.21.-izié
RXF08627.2eXiFat®fifiSerine protease (cc 3.4.21.-) FOCF06281.1ExtratelitiFetiiésprotease
precursor (cc 3.4.21.-) RDCF08978.1extracellular senile protease (cc 3.4.2 |.-) RXF06451.1serine
protease (cc 3.4.21.-) 59 (prolyl oligopeptidase family)

gamma-glu-X carboxypeptidase, acylmuramoyl-ala peptidase. Serine proteinases
include chymotrypsin, chymotrypsin ¢, metridin, trypsin, thrombin, coagulation factor
Xa, plasmin, enteropeptidase, acrosin, alpha-lytic protease, glutamyl, endopeptidase,
cathepsin G, coagulation factor viia, coagulation factor ixa, cucumisi, prolyl

5  oligopeptidase, coagulation factor xia, brachyurin, plasma kallikrein, tissue kallikrein,
pancreatic elastase, leukocyte elastase, coagulation factor xiia, chymase, complement
component c1r55, complement component ¢1s55, classical-complement pathway
¢3/c5 convertase, complement factor I, complement factor D, alternative-complement
pathway c¢3/c5 convertase, cerevisin, hypodermin C, lysyl endopeptidase,

10  endopeptidase 1a, gamma-reni, venombin ab, leucyl endopeptidase, tryptase,
scutelarin, kexin, subtilisin, oryzin, endopeptidase k, thermomycolin, thermitase,
endopeptidase SO, T-plasminogen activator, protein C, pancreatic endopeptidase E,
pancreatic elastase ii, IGA-specific serine endopeptidase, U-plasminogen, activator,
venombin A, furin, myeloblastin, semenogelase, granzyme A or cytotoxic T-

15  lymphocyte proteinase 1, granzyme B or ¢cytotoxic T-lymphocyte proteinase 2,
streptogrisin A, treptogrisin B, glutamyl endopeptidase II, oligopeptidase B, limulus
clotting factor ¢, limulus clotting factor, limulus clotting enzyme, omptin, repressor
lexa, bacterial leader peptidase I, togavirin, flavirin, Cysteine proteinases include
cathepsin B, papain, ficin, chymopapain, asclepain, clostripain, streptopain, actinide,

20  cathepsin 1, cathepsin H, calpain, cathepsin t, glycyl, endopeptidase, cancer
procoagulant, cathepsin S, picornain 3C, picornain 2A, caricain, ananain, stem
bromelain, fruit bromelain, legumain, histolysain, interlenkin 1-beta converting
enzyme. Aspartic proteinases include pepsin A, pepsin B, gastricsin, chymosin,
cathepsin D, neopenthesin, renin, retropepsin, pro-opiomelanocortin converting

25  enzyme, aspergillopepsin I, aspergillopepsin I1, penicillopepsin, rhizopuspepsin,
endothiapepsin, mucoropepsin, candidapepsin, saccharopepsin, rhodotorulapepsin,
physaropepsin, acrocylindropepsin, polyporopepsin, pycnoporopepsin,
scytalidopepsin a, scytalidopepsin b, xanthomonapepsin, cathepsin e, barrierpepsin,
bacterial leader peptidase 1, pseudomonapepsin, plasmepsin. Metallo proteinases

30  include atrolysin a, microbial collagenase, leucolysin, interstitial collagenase,
neprilysin, envelysin, iga-specific metalloendopeptidase, procollagen N-
endopeptidase, thimet oligopeptidase, neurolysin, stromelysin 1, meprin A,
procollagen C-cndopeptidase, peptidyl-lys metalloendopeptidase, astacin,
stromelysin, 2, matrilysin gelatinase, acromonolysin, pseudolysin, thermolysin,
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RXF02003.2Protease ii (cc 3.4.21.83) RXF00458.2Hydrolase 511 (D-Ala-D-Ala carboxypeptidase A
family) RXF04657.2D-alanyl-D-alanine-endopeptidase (cc 3.4.99.-) RXF00670.1D-alanyl-D-aianine
carboxypeptidase (cc 3.4.16.4) 513 (D-Ala-D-Ala peptidase C family)
RXF00133.1D-alanyl-meso-diaminopimelate endopeptidase (cc 3.4.-.-g .
RXF04960.2DWa(?a"rqu/?f}ﬁ@%-diaminopimelate endopeptidase (cc 3.4.-.-) 5 E’E’EW é%ﬂibsﬁeptidase
family) RXF04567.1clpP RXF04663.1clpP 516 (lon protease family) RXF04653.2 RXF08653.1
RXF05943.1 524 (LexA family) RXF00449.1 RXF03397.1

bacillolysin, aureolysin, coccolysin, mycolysin, beta-lytic metalloendopeptidase,
peptidyl-asp metalloendopeptidase, neutrophil collagenase, gelatinase B,
leishmanolysin, saccharolysin, autolysin, deuterolysin, serralysin, atrolysin B,
atrolysin C, atroxase, atrolysin E, atrolysin F, adamalysin, horrilysin, ruberlysin,

5  bothropasin, bothrolysin, ophiclysin, trimerelysin I, trimerelysin II, mucrolysin,
pitrilysin, insulysin, O-syaloglycoprotein endopeptidase, russellysin, mitochondrial,
intermediate, peptidase, dactylysin, nardilysin, magnolysin, meprin B, mitochondrial
processing peptidase, macrophage clastase, choriolysin, toxilysin. Proteinases of

unknown mechanism include thermopsin and multicatalytic endopeptidase complex.
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atp-dependent Clp protease proteolytic subunit (cc 3.4.21.92) atp-dependent Clp protease proteolytic
subunit (cc 3.4.21.92) atp-dependent protease La (cc 3.4.21.53) atp-dependent protease La (cc
3.4.21.53) atp-dependent protease La (cc 3.4.21.53) LexA repressor (cc 3.4.21.88) LexA repressor (cc
3.4.21.88) Non-secretory Cytoplasmic Cytoplasmic Cytoplasmic Cytoplasmic Non-secretory
Cytoplasmic ‘%Qéoﬁgféﬁ‘gflpeptidase | family) RXF01181.1Signal peptidasBG{(LF2008/061483
3.4.21.89)Cytoplasmic Membrane S33 RXF05236.1pip3Proline iminopeptidase (cc 3.4.11.5)
Non-secretory RXF04802.1piplProfine iminopeptidase (cc 3.4.11.5) Non-secretory
RXF04808.2pip2Proline iminopeptidase (cc 3.4.11.5) Cytoplasmic

Table 2. P. fluorescens strain MB214 proteases

Gene

AR (signal peptidase II family)

RXF05383.2 Lipoprotein signal peptidase (ec Cytoplagmic
3.423.36) Membrane
A24 (type IV prepilin peptidase family)
RXF05379.1 type 4 prepilin peptidase pild (ec Cytoplasmic

Memb

RXFO2161.1 Pyrrolidone-carboxylate peptidasc Cytoplasmic
(ec 3.4.19.3)
C40
RXF0O1968.1 invasion-associated protein, P60 Signal peptide
RXF(04920.1 invasiot-associated protein, P60 Cytoplasmic
RXF04923.1 phosphatase-associated protein Signal peptide
papq
C56 (Pfpl endopeptidase family)
RXF01816.1 protease I (ec 3.4.- Non-secretory

RXF08773.1 Membrane alanine aminopeptidase ~ Non-secretory
(ec3.4.11.2)
M3
RXF00561.2 prlC  Oligopeplidase A (ec 3.4.24.70) Cytoplasmic
RXF04631.2 Zn-dependent oligopeptidases Cytoplasmic
M4 (thermolysin family)
RXF05113.2 Extracellular motalloprotease Extraccliular

precurser (ec 3.4.24.-)
M41 (FtsH endopeptidase family)

RXF03400.2 Cell division protein fisH (ec Cytoplasmic
3424 Membrang
MIl10
RXF04304.1 Serralysin (gc 3.4.24.40) Extracellular
RXF04500.1 Serralysin {ec 3.4.24.40) Extracelular
RXF01590.2 Serralysin (ec 3.4.24.40) Extracellular
RXF04495.2 Serralysin (ec 3.4.24.40) Extracellular
RXF02796.1 Serralysin (ec 3.4.24.40) Extracellular
M14 (carboxypeptidase A family)
RXF09091.1 Zinc-carboxypeptidase precursor Cytoplasmic
{ec 3.4.17.)
M16 (pitrilysin family)
RXF03441.1 Coenzyme pqg syathesis protein F Non-secretory
{ec 3.4.99.-)
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541 (C-terminal processing peptidase family) RXF06586.1Tail-specific protease (ec 3.4.21.-)Signal
peptide RXF01037.1Tail-specific protease (cc 3.4.21.-)Signal peptide 545 RXF07170.1pacBPenicillin
acylase (cc 3.5.1.11)Signal peptide RXF06399.2pacBPenicillin acylase ii (cc 3.5.1.11)Signal peptide 1
549 (protease |V family) RXF06993.2possible protease sohb (cc 3.4.-.-)Non-secretor
RXF01418.1proteHed %f&% 3.4.-.-)Non-secretory 558 (DmpA aminopeptidzsEY{aHiR/{61483
RXF06308.2D-aminopeptidase (cc 3.4.11.19)Cytoplasmic Membrane 't'lircmiiuc Peptidases T1
(proteasome famil)) RXF01961 2hs1Vatp-dependent protease lislV (ecCytoplasmic 3.4.25.-) T3
(gamma-glutamyltransferase family) RXF02342.1ggtlGamma-glutamyltranspeptidase (cc Periplasmie
2.3.2.2) RXF04424.2ggt2Gamma-gtutamyltranspeptidase (cc Periplasmic 2.3.2.2) U ossified Peptid

RXF01918.1 zinc protease {ec 3.4.99.-) Signal peptide
RXF01919.1 zing protease {ec 3.4.99.-) Periplasmic
RXF03699,2 processing peptidase (ec 3.4.24.64)  Signal peptide

M17 (leucyl aminopeptidase family)

RXF00285.2 Cytosol aminopeptidase (ec Non-secretory
3.4.11.1)
Mi18
RXF07879.1 Aspartyl aminopeptidase {ec Cytoplasmic
3.4.11.21)
M20
RXF00811.1 dapE  Succinyl-diaminopimelate Cytoplasmic
desuccinylase (ec 3.5.1.18)
RXF04052.2 Xaa-His dipeptidase (ec 3.4.13.3) Signal peptide
RXF01822.2 Carboxypeptidase G2 precursor (ec  Signal peptide
34.17.1D)
RXF09831.2:: N-acyl-L-amine acid Signal peptide
RXF04892.1 amidohydrolase (ec 3.5.1.14)
M28 (aminopeptidase Y family)
RXF03488.2 Alkaline phosphatase isozyme OuterMembrane

conversion profein precursor (ec
34119

M42 (glutamyl amiropeptidase family)

RXF03615.1 Deblocking aminopeptidase (ec Non-secretory
34.11.-)
M22
RXF05817.1 O-sialoglycoprotein endopeptidase  Extracellular
(ec 3.424.57)
RXF03065.2 Glycoprotease prolein family Non-secrelory
M23
RXF01291.2 Cell wall endopeptidase, family Signal peptide
M23/M37
RXF03916.1 Membrane proteins related to Signal peptide
metalloendopeptidases
RXF09147.2 Cell wall endopeptidase, family Signal peptide
M23/M37
M24
RXF04693.1 Methionine aminopeptidase (ec Cytoplasmic
3.4.11.18)
RXF03364.1 Methionine aminopeptidase (ec Non-secretory
14.11.18)
RXF02980.1 Xaa-Pro aminopeptidase (ec Cyioplasmic
34.11.9)
RXF06564.1 Xaa-Pro aminopeptidase (ec Cytoplasmic
3.4,11.9)
M48 (Ste24 endopeptidase family)
RXF05137.1 Heat shock protein HipX Cytoplasmic
Membrane
RXF03081.1 Zinc metalloprotease (ec 3.4.24.-) Signal peptide
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1532 RAF00428.1protease (cc 3.4.-.-)Cytoplasmic RAF02151.2protease (ec 3.4.-.-)Cytoplasmic 1561
RXF04715.1MuramoyltetrapeptideNon-secretory carboxypeptidase (cc 3.4.17.13) U62
RXF04971.2pmbA PmbA proteinCytoplasmic RXF04968.2TIdD proteinCytoplasmic
RXF00325.1Repressor protein C2Non-secretory RXF02689.2Microsomal dipeptidase (ccCytoplasmic
3.4.13.19) RAPGDP8 ¥itehnbrane dipeptidase (3.4.13.19)Signal peptide F!’kp g/ othetical
Cytosolic ProteinCytoplasmic WO 20081134461PCT/US2008/061483 RXF02492.1Xaa-Pro
dipeptidase (cc 3.413.9)Cytoplasmic RXF04047.2caax amino terminal proteaseCytoplasmic
familyMembrane RXF08136.2protease (transglutaminase-likeCytoplasmic protein) RXF09487.1Zinc

metalloprotease (cc 3.4.244Non-secretory Additional protein modification enzymes

M50 (S2P protease family)
RXF04692.1

§1 (chymotrypsin family)

814 (CIpP endopeptidase family}

Membrane metalloprotease

S11 (D-Ala-D-Ala carboxypeptidase A family)

endopeptidase (ec 3.4.-.)

Cytoplasmic
Membrane

RXF01250.2 proteasc do (ec 3.4.21.-) Periplasmic
RXF07210.1 protease do (ec 3.4.21.-) Periplasmic
$8 (subtilisin family)
RXF(6755.2 serine protease (ec 3.4.21.-) Non-secretory
RXF08517.1 serine protease (ec 3.4.21.-) Extracellular
RXF08627.2 extracellular serine protease (ec Signal peptide
3.4.21.-
RXF06281.1 Exlrace])lular Sering proiease Non-secretory
precursor (ec 3.4.21.-)
RXF08978.1 extracellular serine protease (ec OuterMembrane
3.421.-
RXF06451.1 sering pZo:ca s¢ (ec 3.4.21.-) Signal peptide
89 (proly! oligopeptidase family)
RXF02003.2 Protease ii {(ec 3.4.21.83) Periplasmic
RXF00458.2 Hydrolase Non-secretory

RXF04657.2 D-alanyl-D-alanine-endopeptidase Periplasmic
(ec 3.4.99.-)

RXF00670.1 D-alanyl-D-alanine Cytoplasmic
carboxypeptidase (ec 3.4.16.4) Membrane

$13 (D-Ala-D-Ala peptidase C family)

RXF00133.1 D-alanyl-meso-diaminopimelate OuterMembrane
endopeptidase (ec 3.4.-.-)

RXF04960.2 D-alanyl-meso-diaminopimelate Signal peptide

RXF04567.1 clp?  atp-dependent Clp protease Non-secretory
proteolytic subunit (ec 3.4.21.92)
RXF04663.1 clpP  atp-dependent CIp protease Cytoplasmic
proteolytic subunit (ec 3.4.21.92)
S16 (lon. pretease family)
RXF04653.2 atp-dependent protease La (ec Cytoplasmic
3.4.21.53)
RXF08653.1 atp-dependent protease La (ec Cytoplasmic
3.4.21.53)
RXF053943.1 atp-dependent protease La (ec Cytoplasmic
3.4.21.53)
524 (LexA family)
RXF00449.1 Lex A repressor (ec 3.4.21.88) Non-secretory
RXF03397.1 Lex A repressor (ec 3.4.21.88) Cytoplasmic
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In another embodiment, the target gene comprises a gene involved in proper 5 protein processing
and/or modification. Common modifications include disulfide bond formation, glycosylation,
acetylation, acylation, phosphorylation, and gammacarboxylation, all of which can regulate protein

folding and biological activity. A non-exhaustive list of several classes of en

mes involved in protein

z
processing is YR FBle 3. One of skill in the art will recognize how toqﬂgﬂ{ﬁ@%’f’é?@a gene
10useful in the host cell chosen for the array, or useful with the heterologous protein of interest, from
among the classes of protein modification enzymes listed in Table 3. The target gene may be
endogenous to the host cell utilized, may be endogenous to the organism from which the heterologous
protein of interest is derived, or may be known to facilitate proper processing of a heterologously

expressed protein of 15nateasipdits.alsatiepognized that any gene involved in protein
be targeted acc¢ording to desir@éE&p&tifications féighidheterdlogotls Proteintobitterest.

Classes of enzymes ingg);ved in protein processing ClassExamples Glycos

2.4.1.181 a-gl
glycosyltransfe|

isomerase plant branching enzytag sk, 4-glgeanigoladnghdpatnieglycosyliransiprase sta
enzyme UDP-N-acetyl4rgalacinsaninaipghixeptdadyyacetylgalactosaminyltransferase

protein O-fucos|

yifFateferase

can-branching glyegsyltransferase,anzymaticduanching Scieranghin
rase enzyme Qgieesan trapsolysesyass Sivenoen:ranshing.eaeyme

yltransferase 2 BXBIebAC transferagiespeditl sione(@cetyltranstanagen(EC

RXF01037.1 Tail-specific protease (ec 3.4.21.-) Signal peptide
845
RXF07170.1 pacB  Penicillin acylase (ec 3.5.1.11) Signal peptide
2
RXF06399.2 pacB  Penicillin acylase ii (ec 3.5.1.11) Signal peptide
1 ‘
S49 (protease IV family)
RXF06993.2 possible protease sohb (ec 3.4.-.-) Non-secretory
RXF01418.1 protease iv (ec 3.4.-.-) Non-secretory
8§58 (DmpA aminopeptidasc family) '
RXF06308.2 D-aminopeptidase {(ec 3.4.11.19) Cytoplasmic

production can
Table 3.

s (EC

J
amylose

rch branching
» GDP-fucose
2.3.1.48)

RXF01961.2 hslV  atp-dependent protease hslV (ec Cytoplasmic
3.4.25.-
T3 (gamma-glutamyltransferase family) )
RXF02342.1 getl Gamma-glutamyltranspeptidase (ec  Periplasmic
2322
RXF04424.2 geat2 Gamm;giutamyltranspeptidase (ec  Periplasmic
23.2.2)
U32
RXF00428.1 protease (ec 3.4.-.-) Cytoplasmic
RXF02151.2 protease (ec 3.4.-.-) Cytoplasmic
Uel
RXF04715.1 Muramoyltetrapeptide Non-secretory
carboxypeptidase (ec 3.4.17.13)
U62
RXF04971.2 pmbA  PmbA protcin Cytoplasmic
RXF04968.2 T1dD protein Cytoplasmic

RXF00325.1 Repressor protein C2 Non-secretory

RXF02689.2 Microsomal dipeptidase (ec Cytoplasmic
3.4.13.19)

RXF02739.1 membrane dipeptidase {3.4.13.19) Signal peptide

RXF(3329.2 Hypothetical Cytosolic Protein Cytoplasmic
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nucleosome-histone acetyltransferase histone acetokinase histone acetylase histone transacetylase
histone deacetylase Protein kinase (EC 2.7) non-specific serine/threonine protein kinase
Fas-activated serine/threonine kinase Goodpasture antigen-binding protein kinase [KB kinase
cAMP-dependent protein Icinase cGMP-dependent protein kinase protein kinase C polo Icinase
cyan-dependePiiddHiogen-activated protein kinase mitogen-activatetprotéiititiads Icinase
kinase receptor protein serine/threonine kinase dual-specificity kinase Phosohatase (EC 3.1.3.481
protein-tyrosine-phosphatase phosphotyrosine phosphatase phosphoprotein phosphatase
(phosphotyrosine) phosphotyrosine histone phosphatase protein phosphotyrosine phosphatase
tyrosylprotein phosphatase phosphotyrosine protein phosphatase phosphotyrosylprotein phosphatase
tyrosine 0-phosphate phosphakxg@ PRI -phosphatadecBifdpaise phasphotyroésimedpiotein phosphatase
PTP-phosphatase Methods foRftstdfating the expressioroithrgetsgenes Onerermore host cell
populations of the array can bg, paadified by any %@H&Q&!&%ﬂ&ﬂl the aﬁﬁﬁaﬁ%am ple by a
technique wherein at least one target gene is knggkag out of the genome, or by mutating at least one
target gene to teduce expressiofFféheé gene, byZakexpipreisast éiétprombitereriarieast one target
gene to reduce expression of the target gene, or by coexpressing (with the heterologous protein or
polypeptide of interest) theitargsl.aens QiRdohibionef the target gene in the host genome. As
discussed supra, the t?rgettgeeneg 1 be eﬂqdctagertlous to rtmhe. hogt Ce"ﬁ%ﬂ“'ﬁ‘ﬂ?r‘% iQ the array, or can
be heterologously expr%s%% I each 67 the ho ecgﬁn&%%u?éﬁ%%s.gefaﬁe gx;‘)’?ess%npo%; target genes can
be increased, fopr@@n@m@sﬁygﬁn@mp@ﬁcaﬁon. Common modifications include disulfide

bond formation, glycosylation, acetylation, acylation, phosphorylation, and gamma-

carboxylation, all of which can regulate protein folding and biological activity. A
non-exhaustive list of several classes of enzymes involved in protein processing is
found in Table 3. One of skill in the art will recognize how to identify a target gene

10 useful in the host cell chosen for the array, or useful with the heterologous protein of
interest, from among the classes of protein modification enzymes listed in Table 3.
The target gene may be endogenous to the host cell utilized, may be endogenous to
the organism from which the heterologous protein of interest is derived, or may be
known to facilitate proper processing of a heterclogously expressed protein of

[5 interest. It is also recognized that any gene involved in protein production can be

targeted according to desired specifications for the heterologous protein of interest.

Table 3. Classes of enzymes involved in protein processing

Class Examples

Glycosvltransterases (EC 2.4.1.18)

a-glucan-branching giycosyltransferase
enzymatic branching factor

branching glycosyltransferase

enzyme Q

glucosan transglycosylase

glycogen branching enzyme

amylose isomcrase

plant branching enzyme

u-1.4-glucan:o- 1, 4-glucan-6-glycosyltransferase
starch branching enzyme
UDP-N-acetyl-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase
GDP-fucese protein O-fucosyliransferase 2
(-GlcNAc transferase
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5into at least one cell in a host population an expression vector comprising one or more target genes
involved in protein production. The target gene expression can also be increased, for example, by
mutating a promoter of a target gene. A host cell or organism that expresses a heterologous protein
can also be genetically modified to increase the expression of at least one target gene involved in
protein producti@rf@fid*ttdecrease the expression of at least one target ggﬁﬁmgwgﬁlfﬁsprotem
degradation. The genome may be modified to modulate the expression of one or more target
genes by including an exogenous gene or promoter element in the genome or in the host with an
expression vector, by g e bagf-a-particutartarget genetoproduce mRNA or protein,
by deleting or disru tlng a target gg{ge.gnlggmg;egngf@aelement, or by reducing the fapacity of a target
gene to produce mRNA or proteinswuhb@-g@rgtic code can be altered, thereby affecting transcription
and/or translation of a target genssid@rexanple through substitution, deletion ("knock-out"),
co-expression, or insertion ("knoslkanr'thtechnigues. Additional genes for a desired protein or regulatory
sequence that modyilate transcription Gfcarpexisting target sequence can 20also be inserted. Gcnome
modification Thidgeineme®PHe host cell can be modified via a genetic targeting event, which can
be by insertion or rdcombination "Tot?é‘ﬂféfffﬂté}‘ﬁ‘tﬁﬁ?@%ﬁ%?ecomblnatlon 25 Homblogous
recombination referp to the proceréssa‘o‘l"fﬁﬁﬂé‘é%?ﬂb]fﬂﬁtlon based on sequence homology.
Homologous recombpination permit ’ésf‘ére§?151 ih RBETcatSns in endogenous genes and thus novel
alterations can be engineered mtg@,gj ngerqpm(esue&afor example Radding (1982) Ann. Rev. Genet. 16:
405; U.S. Pat. No. 4,888,274). V%depggggg%%tgnggn be prepared for homologous recombination at a
target 30locus. Usuglly, the consiygtgan énclude at least 10 bp, 20 bp, 30 bp, 40 bp, 50 bp, 70 bp,
100 bp, 500 bp, 1 kbp, 2 kbp, 4 khpwRkbp, 10 kbp, 15 kbp, 20 kbp, or 50 kbp of sequence
homologous with the identified logus.datiaitseonsiderations can be involved in determining the extent
of homology of target gene sequenges:suetasy foiscexample, the size of the target locus, availability
of sequences, relative efficiency of-double-drossidvereyents:at the target locus and the similarity of
the target sequence with other seguences: shehrrgdifies gene can include a sequence in which DNA
substantially 5isogehic flanks thettesirdels@giience modifications with a corresponding target
sequence in the gendhR4sHEedtied. The "modified gene" is the sequence being introduced into
the genome to alter|{the expressigafaopiateaser a protein folding modulator in the host cell. The
"target gene" is the [sequence thatdstbeing regtaeed by the modified gene. The substantially isogenic
sequence can be af least about 959887« BS89s: 9O HY, 99.6-99.9%, or 100% identical to the
corresponding target sequence (BrBeprior thestesieeisequence modifications). The modified gene
and the targeted gene can share S{fRREFESHFRIAMA8ast about 10, 20, 30, 50, 75, 150 or 500 base
pairs that are 100% identical. Nu?ﬂ%ff&‘@“(’ff)"ﬁ’é‘tﬁj‘bts can be designed to modify the|endogenous, target
gene 15product. The modified gé’mphoemSmﬁmtc q%t°s f4Ve one or more deletions, ingertions,

sy proten

substitutions or combinations thereo’ Ssigne mfﬂrsrupt the function of the resultgnt gene product. In
. fyrosine ate phosp Fse - :

one embodiment, the alteration cap he ﬁ;ggnsertlon of a selectable marker gene fused in reading

frame with the upstteam sequengeg:Qf the target gene.

[phosphotyrosine]protein phosphatase
PTP-phosphatase

Methods for modulating the expression of target genes
One or more host cell populations of the array can be modified by any
5  technique known in the art, for example by a technique wherein at least one target
gene is knocked out of the genome, or by mutating at least one target gene to reduce
expression of the gene, by altering at least one promoter of at least one target gene to
reduce expression of the target gene, or by coexpressing (with the heterologous

protein or polypeptide of interest) the target gene or an inhibitor of the target gene in
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The genome can also be modified using insertional inactivation. In this 20 embodiment, the genome is
modified by recombining a sequence in the gene that inhibits gene product formation. This insertion
can either disrupt the gene by inserting a separate element, or remove an essential portion of the
gene. In one embodiment, the insertional deletion also includes insertion of a gene coding for
resistance to aarttil&Heessor, such as an antibiotic, or for growth in a%%TﬁW’ﬂ?é‘&ﬁ , for
25example for production of an essential amino acid. = The genome can also be modified by use of
transposons, which are genetic elements capable of inserting at sites in prokaryote genomes by

mechanisms indpedahghloReionRLs tesambnatenLiaarBOsARRERR Moliigfor example, T7,
Tn5, or Tn10 in E. coli, Tn554 in S. aureus, 15900 in M. paratuberculosis, 15492 30 from

Pseudomonas afihERaafg1s 1§ e AT St ehtah iy dEEoMErsYTEmSHNE FralBeicSiosis. Steps
believed to be inuglyeguiatisansposition include cleavage of the end of the transposon to yield 3' OH;

strand transfer, in Whicfh%’p[b?&@ﬁﬂ%?t?@é%ﬁ%@iﬂﬁé Hfb‘?c%@&',' ﬁgg&ﬁ%%ﬂ&gg&ﬁ oson and the

identified sequence; and a single_ step transesterification reaction to yield a covalent linkage of the

transposon t th&AAHEHEA"S REA FrHoRRPREAHAR AN SEPIS RS B L S R PE BN  ally thought to
be nicking or stramgeegakaingelvilérpsttah thedproce Shisaignedoy hpstsenzymedsolbeone embodiment,
the expression o AERY 6f AJAHHE ISR AL PENEINIR 2 1AGEERSEDAIRGRATGLING a genetic

sequence encoding the target protein or homolog thereof into the genome by .recombination. In
another embodirfieRtSE 53 PSS iRIPTRIg SRS RIPA B AT 15 SRISHMYY MAtEIEssion of the target
gene or homologndrean Gthermensbodifneltsthvecdxmre gsio morlaatityrafia perdetigeasior homolog

thereof is degrearelRY dRCRMRIBAIONVWERQAJIRGING RSRR1BER BHEH fpent, a 10 sequence
that encodes a different gene, which can have a separate function in the cell or can be a reporter gene

such as a resistance a8 aAERe RV LI W ResBIR GG REFEERE CL8P BB TR rted into the genome
through recombinegiogetes Yrimhuihe peembadimegipaccopynofeataast o porgowot tréntarget gene that

has been mutatagal, a5 MRHRIOEAIRBSIHINSARRSHIR 18.88POMSAtaughFggombination. The 15
mutated version of the targae%%ene macﬁ/ not encode a prczﬁsfgin, or the@protein encoded by the mutated
gene may be rerfGRTEYPIRARTRABE 4 f\%ﬁ'l“n%f & R TR e R e Th BT R R VP M creased), or the
mutant protEin celanraesbdiffdvent dotisappoithefadengep acacteptbgsanRe prateieiciihere are strategies

t(l) knock out ge?ﬁ%%ﬁgﬁ%’cmim%%twt ,gﬁg@;@lﬁ&&gﬁ@@ggﬂ@gﬁt}g@?ﬁmm@ne rc()ute isto
clone a gene-interna ragment into a vector containin antibiofic resistance gene (e.qg.
ampicilin Befor® ST AERN R CEF VL SO A G AP AR NP o St erSH faion or
electroporation (Fruessiépndi ot 98 ednvansetifislod geneGeneticsManw ok Heidelberg, Berlin,
Tokyo, Springer ¥allagyy @Rhcmef fepieateihssushrsrihr-yaaRiative Rasmid 2a replication (the
oriV locus) % ex%ﬁegeqpsg tQ remaining DNA fragment is re-ligated and purified (Sambrook, et al.
(2000) Molecular ¢ oning:nA aboratory manual, third edition Cold Spring Harbor, N.Y., Cold Spring
Harbor Laboratory Press). Alternatively, antibiotic-resistant plasmids that have a DNA replication origin
can be used. After transdasmadiomiftagdsells are plated onto e.g. LB agar plates containing the
30appropriate antibiotics (e.q. 200.micrograms/mL ampicillin). Colonies that grow on the plates
containing he antibioti SESCT S ROy e ek i Er BB e L
Champncss, et ath{aogarPrivEEararGe regedior@aciarravasHiPng e DEreAGNIRHSES) that leads to
the integratign oHeoritite EYMALiRgMeskinto HgparaemEDalAhechapalagousdoens. Further analysis
of the antibiotic-s%7u eree%i ant 0cellﬁto v%ré&‘sthacto %lhﬁn%gh%ilreg ng%neletelgn%%l IE’“to?l qu%%urred at the
desired locus is e.%. By lagnostic PCREME erson, 8 P."Quirke, et al. 1@51) BCR: A Practical
Approach New YbRIgssers aorivarditiupreva)aligetions cla hsrers Pehifrirrsreaed esigned: one that

hybridizes outsideribahpNARiegien ther) was RS Eak:. 16: 405; U.S. Pat. No. 4,888,274).
Various constructs can be prepared for homologous recombination at a target
30 locus. Usually, the construct can include at least 10 by, 20 bp, 30 bp, 40 bp, 50 bp, 70
bp, 100 bp, 500 bp, 1 kbp, 2 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 50 kbp of
sequence homologous with the identified locus. Various considerations can be

involved in determining the extent of homology of target gene sequences, such as, for
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5 the construction of the gene knock-out; and one that hybridizes within the remaining plasmid
backbone. Successful PCR amplification of the DNA fragment with the correct size followed by DNA
sequence analysis will verify that the gene knock-out has occurred at the correct location in the
bacterial chromosome. The phenotype of the newly constructed mutant strain can then be analyzed
by, e.g., SDS YHHPEEHASide gel electrophoresis (Simpson, R. J. (20037 SHRAMEAHASroteomics--
A Laboratory Manual. Cold Spring Harbor, N.Y., Cold Spring Harbor Laboratory Press). An
alternate route to generate a gene knock-out is by use of a temperature-sensitive replicon, such as the

PSCIOL replcon g RIS SnH SHASLEnL A Iion, G ol, (A9RG) Jpun| f Bacterology

171(9): 4617-22). The process procee omologous recombination between-a gene on a
chromosome andMBORSEOUY Sedten disstuartieguoand BrEmiaimbérdine $SHgi%e for DNA
replication. Afterdtangfierigtiar«f the plasmid into the appropriate host, it is possible to select for

integration of the plas?ige mg(aig}g %%reowﬁgma% at él%?nc§m%ﬁﬁf£&%%%ﬁ these cointegrates at

30 C leads to a second recombination event, resulting in their resolution. Depehding on where the
second recofnbirke8eHNAkS kdsing seareccRraiiceioRsevithiF SrreP iR #igkrgone a gene
replacement or retqienthénahigiaaombe hibifeEheOthetifitaiegies have beeatdegeloped to inhibit

expression of Pafligialgane A BIBANG! B EXAMRIERINA INGIEIPRGR (RNAR,particularly using

small interfering RNA (siRNA), has been extensively developed to reduce or even eliminate
expression of a PR YRS BFSEcTISFNERE sre dA b1t sershie- Gatdh Prigemiacrid® cules that can
target complemehtanydificd §dés firedeigractialions dgdiiskgtbeptarterndesnatmwbieh imtroduction of a

double-strafgledjgINASHRBEZSESE SXPIE RSN AlniG1 30 ROMRLOARMNS: OERe ASRNA molecules are

reduced in vivo to 21-23 nt SIRNAs which are the mediators of the RNAI éffect. Upon introduction,

double stranded SRNEEYET R Eudhp by KB Tuetirae s N SrdRris 289 fifike enzyme
called Dicer (initiatisredtep) cdingnrdbecsiRNADNIsarvbieanta &hA@OrilHR0CIeab®-cofiining complexes
known as RNA-iggg(bggsgﬂgtqgm@gri@glﬁgg.s (RISCs), unwinding in the 28 process. The siRNA
strands subsequently guide the RISCs to complementary RNA molecules, where they cleave and

destroy the cognate RNACIfafapLrass cenba datierst ogndife EaFRICHRRLS IR REEF the middle of the
region bourd byphesiRTUA BN RRNAeQescheenhsucoessfiffiyruddditosedas®gene expression in a

variety of organigmsiaiRGIdingreERIANRneRaledas (& «RIGRARShABRGCL? dleteserkila melanogaster),

planaria, cnidaria, trypanosomes, mice and mammalian cells. .  The genome can also be modified by

mutation of one BF SRR SHRRPHALS Bohh VSR IR BARTEE AR5 HIRY A 387555 ne. Techniques for
genetic mutationpidreinstenoecd iterdifac ddmeutal éragisicane sypkloa ofthe tr it garte.Some approaches

focus 10 on the genergligRQbraNdamEuHaHRNR M LSHAROSBMARNARICMagdhose induced by
X-rays and chem%(g:%s, Coexnression Jn one_embodiment, one or more target %ﬁn(tes in the host cell
e

can be modified TBH RE NS TIEGE METHCL Y FS WA Erch T e e hEE) to facilitate
coexpression of tHebitirgaie gersanvitinbiéohctbrologuivs protihreotiyeptibiegdre dyotketing
a separate clement, or remove an essential portion of the gene. In one embodiment,
the insertional deletion also includes insertion of a gene coding for resistance to a
particular stressor, such as an antibiotic, or for growth in a particular media, for
25 example for production of an essential amino acid.

The genome can also be modified by use of transposons, which are genetic
glements capable of inserting at sites in prokaryote genomes by mechanisms
independant of homologous recombination. Transposons can include, for example,
Tn7, Tn3, or Tnl0 in E. coli, Tn354 in S. aureus, IS900 in M. paratuberculosis, 15492

30  from Pseudomonas atlantica, IS116 from Streptomyces and IS900 from M.
paratuberculosis, Steps believed to be involved in transposition include cleavage of
the end of the transposon to yield 3" OH; strand transfer, in which transposase brings

together the 3'OH exposed end of transposon and the identified sequence; and a single
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embodiment, the host cell is modified by enhancing a promoter for a target gene, including by adding
an exogenous promoter to the host cell gcnome. In another embodiment, one or more target genes in
the host cell is modified 20 by including one or more vectors that encode an inhibitor of a target gene,
such as a protease inhibitor to inhibit the activity of a target protease. Such an inhibitor can be an
antisense mol¥ R HSHiHhits the expression of the target gene, a cofactoPoF ig4%dttfene or a
homolog of the target gene. Antisense is generally used to refer to a nucleic acid molecule with a
sequence complementary to at least a portion of the 25 target gene. In addition, the inhibitor can be an
interfering RNA gt 8.as0sdNal sngedeaan nieriaing RN AR EY RN Rigagipms: such an
interfering RNA canh be a sma fllnter ering RKIA or a ribozyme, as descri cT or example, in Fire, A. et

al. (1998) Naturd‘sgifighBNY EmkiHist e Pebonyidrtaesrep /& pridht henght i8%: 200, Elbashir et
al. (2001) Nature:idlid$a3 3694 deBarldeSthPRE N0 @6 L5 Acie BPhmtBegimdnstitute, 6,573,099 to

Benitec, U.S. patent a?fﬁﬁ@%ﬁﬁoﬁ!&%n?%% }Q&gg%rt%%\gﬂtg%%%llgg% Bg)@cqn2;903/0114409, PCT

Publication Nos. W003/0064 /7, W003/012052, W003/023015, W )22, W003/064621 and
WO003/070966. nerepisd hyHisREIEREASES 158 BHrRsE SPSAdinechpRIRTHRTOFRERTINBRBE can, for example,
be a peptide witkheradnge isussanteneedabitddamenhptiesimbddiadntbiiomoanialso be a protein or

peptide that canprodyae it or. indirest inhibitorv. malepule forihe faroRL RipieiR, in the host. For

example, protease inhibitors can 5include Amastatin, E-64, Antipain, Elastatinal, APMSF, Leupeptin,
Bestatin, PepstatfiySeraaigig, e SERIHRAPIBIRECE MO STatiAT PREHhGrENidon, 3,4-
dichloroisocouméireadeld GKrebdri®ink PG Kvil v ind 00 -a@tok ity oaberr sinbophoteineprotease inhibitors have

been identifigd s far They have.beamisalater NANew.of LlganisRadem Pacteye to animals and

plants. They behave as right-binding 10reversible or pseudo-irreversible inhibitors of proteases

preventing substete! 28 CEROFHSENS SHRILPS ASHYBRAGHIETK I R BT TP RIR are also extremely
variable from 50meichgese( eay BRskrBdvinati anoreaticduyipsivdibiior) oyemtotkdO residues (e.g

alpha-1P!: alphas ] Riateinase, Jpibians TR AR FlrcY.class: R sific.expaplRipleins of the

alpha-macroglobulin family (e.g alpha-2 macroglobulin) which bind 15and inhibit most proteases

through a molecPl&PTAFTHeRHSH hinserted inaBgeroms Juetsh srembREERstift can be transfected or
transformedintonthethibstrgiet .of éehugpu esntandyans fectidge anacna nsformivigireeikadydtic and prokaryotic

cells respectively WG X008 BANSRY SIEic aGIR LG el &RAMR IR D 8eafb il ResE &Ry include lipid
vesicle mediated uptake, caIC|uméﬁ %)E?Fhate mediated transfection 20(calcium phosphate/DNA
ti

co-precipitation) "GP ATER2SS 1 I HY SO AR BV R B QLS SILAC LY 8P 8% ample, modified

adenoviruses, nverginfEdtidhe andvegoteaporation. For prokaryotic transformation, techniques can

include heat shock mesliafestiutaks-PRuRsR| RIGRIAR biurion Wit Machsslis aigrpinjection and
electroporaéion. Tech?i es for gllagit transformaltion include A roba%tgrium mediated 25transfer, such
e

as by A. tuivefa&iSHE VS preh ST RS IR S G FriFE B ot RS Soration,
microinjection anecpokrthiaipaengytobtivadiatere gene (e.g. ampicillin). Before cells are

transformed via conjugative transfer, chemical transformation or electroporation
(Puchler, et al. (1984) Advanced Molecular Genetics New York, Heidelberg, Berlin,
Tokyo, Springer Verlag), an origin of replication, such as the vegetative plasmid

25  replication (the oriV locus) is excised and the remaining DNA fragment is re-ligated
and purified (Sambrock, et al. (2000) Molecular cloning: A laboratory manual, third
edition Cold Spring Harbor, N.Y., Cold Spring Harbor Laboratory Press).
Alternatively, antibiotic-resistant plasmids that have a DNA replication origin can be
used. After transformation, the cells are plated onto e.g. LB agar plates containing the

30  appropriate antibiotics (e.g. 200 micrograms/mL ampicillin). Colonies that grow on
the plates containing the antibiotics presumably have undergone z single
recombination event (Snyder, L., W. Champness, ct al. (1997) Molecular Genetics of
Bacteria Washington DC, ASM Press) that leads to the integration of the entire DNA

fragment into the genome at the homologous locus. Further analysis of the antibiotic-
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uptake. The DNA can be single or double stranded, linear or circular, relaxed or supercoiled DNA. For
various techniques for transfecting mammalian cells, see, for example, Keown et al. (1990) Processes
in Enzymology Vol. 185, pp. 527-537. 30An expression construct encoding a target gene or an
enhancer or inhibitor thereof can be constructed as described below for the expression constructs
comprising theVRet¥1d#Sts protein or polypeptide of interest. For examp@?ﬂ%’%ﬁgﬂﬂﬁs can
contain one, or more than one, internal ribosome entry site (TRES). The construct can also contain a
promoter operably linked to the nucleic acid sequence encoding at least a portion of the target gene,

or & cofector of NeMRIREARSY G THITH YEIRPAL AldaeslROUAR A e gIRkgene, or i some

embodiments, an inhibitor of the target gene. Alternatively, the construct can be promoterless. In
cases in which tiSedhegt feenss teBfdhddnimadrpbratt iRt ecte (13 DR g@nome, the vector
Stypically contaiprséaicieagippehNemutek ebefoaineaild ke (aiie micleievaddBequences, the

expression Vect%%ﬁl%ﬂ GANRIRG!RGARIS IMATKELSEMENEEHNA R QYR IEASIA0 SaPgFucts can further

contain sites for transcription initiation, termination, and/or ribosome binding sites. The identified

constructs cén bBGAYHEEM 6T e ipelerphaadsns ety sidires Yot speaRalBEc cell, including,
but not limited tpkehziciekaboe fcstictuleiCR athpdifeadensfoicE ¢S | frageast eéhshenammalian cells,

such as CHO cells, or planhifelis %ﬁ%%a%&lﬁ% REARRIRH RARCQLABNREINIH Processes known

in the art. Various fragments can be assembled, introduced into appromiate vectors, cloned, analyzed
and then manipdeeFHIFhE A RATR Igeatipm b BRR AL S BB BEHIRS AR OIS Aious modifications
can be made to thensetjuengeycdedatiaanfarramstiiction mnahigisd exaisio8Pislentification of probes, etc.

Silent mutaﬂ?nsfﬁga&ﬁd&ﬁ@%paget%&%ﬁse&rﬁﬁs&a@eqs(%@_gﬁﬁnfsﬁysﬁti%@aﬁlxgis, sequencing,

amplification with the polymerase chain reaction, primer repair, in vitro mutagenesis, etc. can be

employed. Proc&%@@%?%@ﬁ%@rﬂ&ﬁ@ﬁ‘@f%ﬁhﬂm%g reSY SREaLHEY TAPREY4tive selection

factors will 20beHasyjliar to those of ordinary skill in the art (see, e.g., WO 99/15650; U.S. Pat. No.
6080576 U'S. Pat Ng: LIOSRGNIE S 2k o SlRKIEN 1373433494 85R)and Yoshida, et al.

Transgenic Research, 4:277-287 (1995)). The construct can be prepared using a bacterial vector,
including a prok&FJSHE rEplicot S oS taRPSE W IaRPEFRR Ao BEl G 38R P Bi8karyotic cell such as P.
25fluorescelts ofHanatdin, At afkes theisahad e toridifte reritfrotl the2makkerdaerdse used for insertion,
can be empIoyegm\@@zxmffﬂ&mog%m%&%eﬂgﬁagﬂamegu&gaﬁ tHQ theheshikeathdOnce the vector

containing the construct has been completed, it can be further manie#

lated, such as by deletion of
certain sequencBERINEAYE BB} B iH SRR A RS HE eSS §%P§f§er sequences into the

homologous seqepiretoin/gBonensimbadimeftichasaidatgtnemomnsintedicand theoksetlerologous protein

construct are paf QfidReR /NS EXA 8BHP PLAGGIPM:A L PAMEEMBY:Agt besupdaidhe control of the
same promgter elem n;,ﬂLn another embou_gcdgn§pﬁ% 8they are on se %r.ate expression vectors. After fmal
edi

manipulatiof, th&" BN AR BERTATLS StF?eaéeeﬁE“ ecombination cvent, resuiting

in their resolution. Depending on where the second recombination event takes place,
the chromosome will either have undergone a gene replacement or retain the original
copy of the gene.
Other strategics have been developed to inhibit expression of particular gene
25  products. For example, RNA interference (RNAI), particularly using small interfering
RNA (siRNA), has been extensively developed to reduce or even eliminate expression
of a particular gene product. SIRNAs are short, double-stranded RNA molecules that
can target complementary mRNAs for degradation. RNAI is the phenomenon in
which introduction of a double-stranded RNA suppresses the expression of the
30 homologous gene. dsSRNA molecules are reduced in vivo to 21-23 nt siRNAs which
are the mediators of the RNAI effect. Upon introduction, double stranded RNAs get
processed into 20-25 nucleotide siRNAs by an RNase II-like enzyme called Dicer
(initiation step). Then, the siRNAs assemble into endoribonuclease-containing

complexes known as RNA--induced silencing complexes (RISCs), unwinding in the
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Cell growth conditions The cell growth conditions for the host cells described herein include that
which facilitates expression of the protein of interest in at least one strain in the array (or at least a
proportion of cells thereof) and/or that which facilitates fermentation of 5the expressed protein of
interest. As used herein, the term "fermentation” includes both embodiments in which literal
fermentation iSEMHI¥EH%And embodiments in which other, non-fermentatRfer &Y HEHes are
employed. Growth, maintenance, and/or fermentation of the populations of host cells in the array may
be performed at any scale. However, where multiple populations of host cells are screened 10

simultaneously, fhe.scaig. i ke [RifRd e IR al.diiscers apmlations, qudthe capacity o

grow and test muIUE e populations of host cells. Ih ' one embodiment, the fermeéntation medium may be

selected from a e Herither flertR i dentowibe PR NAHETRRIE SeP SBH&F embodiment
eithe_r a r_ninimal i eshibkite BNA misepaicsalisr medﬂmmd&s_&éeeg&nl Hﬁusﬂilbgmeﬂmamhmdjme_nt, a minimal
medium is 19Selggigeh0ic AROIRNERRACURRNL SV ARIAL Bl B DeHiN dPoRElRElRd. Mineral salts

media consists of mineral salts and a Carbon source such as, e.g., glucose, sucrose, or glycerol.

Examples oPmin&fHdase o trerioles(y MREFRRTSHEE BB MSerBRiEH (ATCC 179), Davis
and Ming,ioli meplaneri¢sedd4sih) Dpuminkes, Micegiod th8bA)iun kIBact. 60:17-28). The mineral salts
used to make 20minergy, salts, MedidRGWAR DRSPS SIREIRS TPMAPLDR RiflcoRiagsium phosphates,

ammonium sulfate or chloride, magnesium sulfate or chloride, and trace minerals such as calcium
chloride, borate, Brf#%uRadng )8?1??8ﬁ?@%ﬁé‘ﬁ%ﬁ%ﬁﬁﬁ&@?‘&ﬁ?ﬁfﬂr&%lﬁF'é’ﬁ?ﬁf?%ift%gen source, such
as peptone, trypissigicaniindiacigisnotgeysas texikdidtnisviniol tded.iScmeipgratisalfeassedium. Instead,
an inorganigitragan HUER.ISHSRRAR ARGHENS AR SEIRGHRETTAM ATRAGNE:Eeq 2Mmmonium salts,
agueous ammonia, and gaseous ammonia. A preferred mineral salts medium will contain glucose as
the carbon sour&g.bﬁ‘f"@’(ﬁrﬂﬁ’éilfgﬂﬂb'mineral salts media, minimal media can also contain mineral salts
and a carbon source, but can be supplemented with, e.g., low levels of amino acids, vitamins,
peptones, or other ingr@&%@rﬂgsimough these are added at very 30minimal levels. In one
embodiment, media can be prepared using the components listed in Table 4 belosgl. The components
can be added in the folfohg ErEPRr-TAERAFFTH RUTPBERNY ERFic RO/ dissolved in
approximatéfy 30iteredigiist itedwatecithichaacsohdtdre bigragendBmedatdivan be added, followed by

the addition of aRABILQAN AR SH AR didsoul BRIkiATE paaL steriliartion (such as at
approximately 121C.), steril?l solutiops‘of glﬁ %e MgSQ4 and thiamégm{eHCL can be added. Control of
AP hosteel e Ui

pH at approximatB BB RAN B ASLH FUEBRE HPREATET SYeHlEER<EMSd water can then be
added to adjust thehitiniabbydlingmen xR Lo nrentier thybehobtstdbie®@2@. mL). The chemicals are

commercially availablepfraipnéa HabSIiHRR]GHS oskieh azdMaersks halleds: Mediwpgemposition
Com ponenEO

by including one or more vectors that encode an inhibitor of a target gene, such as a

protease inhibitor to inhibit the activity of a target protease. Such an inhibitor can be

an antisense molecule that limits the expression of the target gene, a cotactor of the

target gene or 2 homolog of the target gene. Antisense is generally used to refertoa

nucleic acid molecule with a sequence complementary to at least a portion of the

25  target gene. In addition, the inhibitor can be an interfering RNA or a gene that
encodes an interfering RNA. In Eukaryotic organisms, such an interfering RNA can
be a small interfering RNA. or a ribozyme, as described, for example, in Fire, A, et al,
(1998) Nature 391:806-11, Elbashir et al. (2001) Genes & Development 15(2):188-
200, Elbashir et al. (2001) Nature 411(6836).494-8, U.S. Pat. Nos. 6,506,559 to

30 Camegie Institute, 6,573,099 to Benitec, U.S. patent application Nos. 2003/0108923

to the Whitehead Inst., and 2003/0114409, PCT Publication Nos. W003/006477,

WO003/012052, WO03/023015, WO03/056022, W003/064621 and WO03/070966.
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Initial concentration KH2PO4 13.3 g 1-1 (NE14)2HPO4 4.0 g 1-' Citric Acid 1.7 g 11 MgS0O4-7H20
1.2g 1-1 Trace metal solution 10 m11-1 Thiamin HC1 4.5 mg 14 Glucose-H20 27.3 g 1-1 Antifoam
Ucolub N115 0.1 ml 1-' Feeding solution

WO 2008/134461 PCE/US2008/061483

The inhibitor can also be another protein or peptide. The inhibitor can, for
example, be a peptide with a consensus sequence for the target protein. The inhibitor
can also be a protein or peptide that can produce a direct or indirect inhibitory
molecule for the target protein in the host. For example, protease inhibitors can

5 include Amastatin, E-64, Antipain, Elastatinal, APMSF, Leupeptin, Bestatin,
Pepstatin, Benzamidine, 1,10-Phenanthroline, Chymostatin, Phosphoramidon, 3,4-
dichloroisocoumarin, TLCK, DFP, TPCK. Over 100 naturally occurring protein
protease inhibitors have been identified so far. They have been isolated in a variety of
organisms from bacteria to animals and plants. They behave as tight-binding

10 reversible or pseudo-irreversible inhibitors of proteases preventing substrate access to
the active site through steric hindrance. Their size are also extremely variable from 50
residues (e.g BPTL Bovine Pancreatic Trypsin Inhibitor) to up to 400 residues (e.g
alpha-1PI: alpha-1 Proteinase Inhibitor). They are strictly class-specific except
proteins of the alpha-macroglobulin family (e.g alpha-2 macroglobulin} which bind

15 and inhibit most proteases through a molecular trap mechanism.

An exogenous vector or DNA construct can be transfected or transformed into
the host cell. Techniques for transfecting and transforming eukaryotic and prokaryotic
cells respectively with exogenous nucleic acids are well known in the art. These can
include lipid vesicle mediated uptake, calcium phosphate mediated transfection

20 (calcium phosphate/DNA co-precipitation), viral infection, particularly using
modified viruses such as, for example, modified adenoviruses, microinjection and
electroporation. For prokaryotic transformation, techniques can include heat shock
mediated uptake, bacterial protoplast fusion with intact cells, microinjection and
electroporation. Techniques for plant transformation include Agrobacterium mediated

25  transter, such as by 4. fumefaciens, rapidly propelled tungsten or gold
microprojectiles, electroporation, microinjection and polyethelyne glycol mediated
uptake. The DNA can be single or double stranded, linear or circular, relaxed or
supercoiled DNA. For various techniques for transfecting mammalian cells, see, for
example, Keown et al, (1990} Processes in Enzymology Vol. 185, pp. 527-537.

30 An expression construct encoding a target gene or an enhancer or inhibitor
thereof can be constructed as described below for the expression constructs
comprising the heterologous protein or polypeptide of intercst. For example, the
constructs can contain one, or more than one, internal ribosome entry site (IRES). The

construct can also contain a promoter operably linked to the nucleic acid sequence
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MgSO04-7H20 19.7 g 1-1 Glucose-H20 770 g 1-' NH3 23g Trace metal solution 6 g 1-' Fe(111) citrate
159 1.1 MnC12-4H20 0.8 g 1-' ZmCH2C0012-2H20 0.3 g I-1 H3B03 0.25 g 1-1Na2Mo04-2H20 0.25
g 1-1 CoC12 6H20 0.15 g 1-1 cuch 2H20 0.84 g 1-' ethylene Dinitrilo-tetracetic acid Na, sah 2H20
(Tritriplex 11, Merck)

10

15

20

25

30

WO 2008/134461 PCT/US2008/061483

encoding at least a portion of the target gene, or a cofactor of the target gene, a mutant
version of at least a portion of the target gene, or in some embodiments, an inhibitor
of the target gene. Alternatively, the construct can be promoterless. In cases in which
the construct is not designed to incorporate into the cellular DNA/genome, the vector
typically contains at least one promoter element. In addition to the nucleic acid
sequences, the expression vector can contain selectable marker sequences. The
expression constructs can further contain sites for transcription initiation, termination,
and/or ribosome binding sites. The identified constructs can be inserted into and can
be expressed in any prokaryotic or eukaryotic cell, including, but not limited to
bacterial cells, such as P. fluorescens or E. coli, yeast cells, mammalian cells, such as
CHO cells, or plant cells.

The construct can be prepared in accordance with processes known in the art.
Various fragments can be assembled, introduced into appropriate vectors, cloned,
analyzed and then manipulated further until the desired construct has been achieved.
Various modifications can be made to the sequence, to allow for restriction analysis,
excision, identification of probes, etc. Silent mutations can be introduced, as desired.
At various stages, restriction analysis, sequencing, amplification with the polymerase
chain reaction, primer repair, /# vifrro mutagenesis, etc. can be employed. Processes
for the incorporation of antibiotic resistance genes and negative selection factors will
be familiar to those of ordinary skill in the art (see, e.g., WO 99/15650; U.S. Pat. No.
6,080,576; U.S. Pat. No. 6,136,566; Niwa, et al,, J. Biochem. 113:343-349 (1993);
and Yoshida, et al., Transgenic Research, 4:277-287 (1995)).

The construct can be prepared using a bacterial vector, including a prokaryotic
replication system, e.g. an origin recognizable by a prokaryotic cell such as P.
fluorescens or E. coli. A marker, the same as or different from the marker to be used
for insertion, can be employed, which can be removed prior to introduction into the
host cell. Once the vector containing the construct has been completed, it can be
further manipulated, such as by deletion of certain sequences, linearization, or by
introducing mutations, deletions or other sequences into the homologous sequence. In
one embodiment, the target gene construct and the heterologous protein construct are
part of the same expression vector, and may or may not be under the control of the
same promoter element. In another embodiment, they are on separate expression

vectors, After final manipulation, the construct can be introduced into the cell.

31



In the present invention, growth, culturing, and/or fermentation of the transformed host cells is
performed within a temperature range permitting survival of the host cells, preferably a temperature
within the range of about 4C to about 55C, 5inclusive. Thus, e.g., the terms "growth" (and "grow,"
"growing"), "culturing” (and "culture"), and "fermentation” (and "ferment,” "fermentin % as used herein
in regard to th¥ A3W3EEkSHr the present invention, inherently means "grov@ﬁ?““ﬁ?ﬂ??? 483 and
"fermentation,” within a temperature range of about 4C to about 55C, inclusive. In addition, "growth" is
used to indicate both biological states of active cell division 10and/or enlargement, as well as
biological statesdglwpi%ph%on%%ocj,;}/iding and/or non- enlarging cell is being metabolically sustained, the
latter use of the termi ' growth™ being synonymous with the term "maintenance.”  The host cells of
the array should be grébrsahaawtseamideraios G hathestsdrsenbediemin Melfamgtowth of that cell type.
Such normal groviibhtepiperatitpssslin RTayepeoteiaditynselecies: kasedeamrdidrahewagrowth

requirements of dye selestedhast ool Fislerally, duing.e ceaBlRNankf s eyure and

particularly during course e screening, t ulture Is Incubated in a controlled CO2/1N2

humidity suitabl&@fFgiRvthPeTsHecsMBEEd LenehBeETE. Sittssme fArapErsom e dRith the heterologous
protein or polypépticenbbditenesi Whiehienititynodititomic uhatignd ardontholed:tes 2B0minimize

evaporation from i g ¥esaRl A BRIIVLING.U3e ghsaleaNalkimEa, ltgmatively, or in addion

to controlling humidity, the vessels may be covered with lids in order to minimize evaporation.

Selection of the ‘fﬂ@/ﬂbf:ﬂ?aﬁnf@iiﬁbéfglﬁ@%@Hﬁgﬁﬂ%ﬁlfﬁf’b%ﬁqﬁ%q&@ﬁﬁt@ﬁfff"iﬂ%d%st cells utilized.
Selection of the pereaht MHowidiy haonindti@y apoitation i hasedlupencthenselected volume of the

vessel and gocopgaration and Yalumg of ﬁﬁﬁt&%%ﬂé%%@r%ﬁﬁ%éﬁh@%%@&h’ pon the incubation

temperature. Thus, the humidity may vary from about 10% to about 80%. It should be understood that

selection of a sURGFIBPEHEREEHS BAARSH WtHRE RREURTPEY thRcghtc o BReigi ™ he strain array
described hereinhedatheedreensilfonthcoptimatifost aalingojphlattdi.immimehtalexpress a

heterologous profgin.af inteiesh.dhe MRHRR: hasheslbropuiation sambe kentified or selected based

on the quantity, quality, and/or location of the expressed protein of interest. In one embodiment, the

optimal host cel™PSRUrAR AR b uRSTH AP anudtisigtd SR RSENTY polypeptide of
interest within theltwest. dely companeantdither, poputaticaks ahqunen otsgdecady distinct host cells in the

array. The increased pRdigUoR ARG 6ARRG A TIRCIRASEAHGY S RIRIRRGEX 3 processed
protein or polypeptide per gram of protein produced, or per gram of host protein, The increased

production can &96°He SR e EeF iy EFETPES S SHIBTE BGAIRAEY PORTSehtcR produced per gram of
heterologous protelivor Byendprasnas iredstnc 64 [F6tETR), Pheiinoiddsaib prodiiatidsecdiidalso be any

combination of %W@%@ﬂ%&\ﬂﬁ'(%i@}ﬁl proteinsineteased. ayelof Prensitdragessed or properly
folded protein, 10or increase _Ie,veélo ctive or salﬁble [f)rl‘rotein. In this emb(adiment, the term

f
"increased* or "iMBFEY U™ IURgEYSs s EIer St Bratam sR Sy Be B aETRAT R BB uuced, properly
processed, solubenemdiortétoverablelaheentsapruiéile or ghblyideptiddakimtaradt is expressed in one

or more other pgpiatiensieh bskiae i indhads@ed bebEeasad Ripgdueiiommaycoptimize the
efficiency of theﬁell or15 organism by for example, decreasing.the e 1ergy %éa%gfiture, increasing the

use of available r é)f)%ar%%él}tf)lggé%?’%'g irsf(fgc 18 & ﬂllrée%ﬁ%efgr énr(()).\z}vcf Suppiemen &% growth media.
The increased pisddeledshimaayizgsd sabistinediemulnséal dadreemeiimipiaenigiecd égiadation of the
expressed pyoteind Iionsy SRR TSRS N QSRR thRs a0 esleeas alnleast 0.1 mg/ml

gaseous ammoniz. A preferred mineral salts medium will contain glucose as the

carbon source. In comparison to mineral salts medie, minimal media can also contain

mineral salts and a carbon source, but can be supplemented with, ¢.g., low levels of

amino acids, vitamins, peptones, or other ingredients, though these are added at very
30  minimal levels.

In one embodiment, media can be prepared using the components listed in
Table 4 below. The components can be added in the following order: first
(NIL)HPQ.4, KH;PQ4 and citric acid can be dissolved in approximately 30 liters of

distilled water; then a solution of trace ¢lements can be added, followed by the
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20 correctly processed protein. A correctly processed protein has an amino terminus of the native
protein. In another embodiment, at least one strain produces 0.1 to 10 mg/ml correctly processed
protein in the cell, including at least about 0.2, about 0.3, about 0.4, about 0.5, about 0.6, about 0.7,
about 0.8, about 0.9 or at least about 1.0 mg/ml correctly processed protein. In another embodiment,
the total correBtfy28¥kst485sed protein or polypeptide of interest produced™ by B FEEEHE strain in the
array is at least 1.0 mg/ml, at least about 2 mg/ml, at least about 3 mg/nil, about 4 mg/ml, about 5
mg/ml, about 6 mg/ml, about 7 mg/ml, about 8 mg/ml, about 10 mg/ml, about 15 mg/ml, about 20

mg/mi, about 25, mgim, AROUAA YUY &

about 50 mg/m

produced is at |

gmglmh abgut 48 Maml,Ahoid45 mg/ml, at least

i
|, or greater. In some 30 em%?o iments, the amount of correctly processed protein

5 SLANBYERE 106 mpetie £bioah el #19t9s MerRnrddhiagisut 30%, about

40%, about 50%H@boait KQkhicalosHiriD86 pHOkHBAN 2P 68 beablittdafimabout 96%, about 97%,
about 98%, at legbaR Attt QLIS ALIARLPEIGRIA4EUSRHIEIR I AERIERIY Processed form.

An improved expression of a protein or po

solubility of the

leader) sequen
used herein me
5,000 and 20,0

eptide of interest can also refer to an increase in the

: P i A
pREIR RS 'ﬁf%‘féFﬁe(ﬁhﬁﬁfﬂ/ﬁ?ﬁ%(é?éfrﬂ%ﬂaFé&%ﬁﬁlﬁﬁsﬁfﬁaﬁf@@&r&ﬁﬁﬁecovered from the
cytoplasm, peripleshibirfexireckiilappliediunioithedest cell. The protein or polypeptide can be
insoluble or soluble. The 5protein or polypeptide can include one or more targeting (e.g., signal or

OOuxapsaetity when spun for 10-30 mi

DL At ao-ar

"soluble" as

Bl MBS GRSTRIEHSE precipitated by centrifugation at between approximately

nuies syadatitiesninder physiological conditions.

Soluble protein
means that the

4 . .
pro%eln or polypeptide can be preciy

+.1.0af an.uaehtaian—tbaails
Ul pJart 1ot dri MTCTUSTUTT UUU_‘
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Fal
qu_y \"AVJRIYCU BV |

1ué§tered. In_another embodime

nt, the optimal

host cell populz

ffaee presti eelytion increased amount

&9 thH protein of interest that is tran

sported to the

periplasm or se
strain in the 2(

Cipigg dnieithe extracellular space g

T4RG:3ST cell. Th one embodiment,

hrotain-in-the narinlacmic.compartm
") L9 LL A2} TAJTTITOY UU
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[, or at least

about 0.2, abol

It @FoabblebRNABout 0.5, about 0.

at least about

&).hbdlit 0.7, about 0.8, about 0.9 of

1.0 mg/ml peri
by at least one
mg/ml, about 4

fasmic protein. T one embodiment,

TR i8IS mg/ml, about 6 mg/

he total protein or polypeptide of interest produced

t E
; ; t about 3
ml, about 7 mg/ml, about 8 mg/ml, about 10 mg/ml,

about 15 mg/m

| NSt 20 ng/ml, at least about 25

m@y/hel] or greater. In some embodi

amount of perif
about 25%, abq

igméggeg{%ein produced s at teast
but 30% _about 40%_about 50%..ab
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ut 60% _about 30.70%, about 80%

ents, the
bout 20%,
about 90%,

about 95%, abq

)%6%, about 97%, about 98%, ab
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interest produc

ed. At least one strain in the array o

the invention can also lead to incre

ased yield of

the protein or
polypeptide of
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erest as at least about 5%, at lea
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t about 10%,

protein or
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(Tritriplex I, Merck)
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36 about 15%, about 20%, about 25%, about 30%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, or greater of total cell protein (tcp). "Percent total cell
protein” is the amount of protein or polypeptide in the host cell as a percentage of aggregate cellular
protein. Methods for the determination 5of the percent total cell protein are well known in the art.  In
a particular erfOHIMREAtt least one host cell population in the array canfaVESA &b gous protein
production level of at least 1% tcp and a cell density of at least 40 mg/ml, when grown (i.e. within a
temperature range of about 4C to about 55C, including about 10C, about 15C, about 20C, about 25C,
about 30C, about 10 35C, about 40C, about 45C, and about 50C) in a mineral salts medium. In a
particularly preferred embodiment, the expression system will have a protein or polypeptide

expression level of at 848t BEsRIFRIRcEP S Era e amgEighE S rown (.e. within a
temperature rangenshathalodCdbs idyeulobbéd, vinbiu siva)perasuminesabsalisinpestivival 5N practice,

heterologous Proies AR IECig e RERIASR A1F AURNIANY IRJa brafadsee Furopean Patent No.

EP 0 288 451), possibly because of damage to or an increase in the fluidity of the outer cell

membrane. The PR BF iilus i sl ent r RIS ma) b8 hitre S5 1y uSHEERsa B8, of mechanisms
that permeabilizéctireroiendcEirmnemtisah@pdttumiing . EfhomiMiksetueiddtefd@97 yefash. Microbiol. 167:

20143-150); gropyihJalg, (Oiie | AROARLARR MiBRiRiRkRIOERARR! 55356:302) TollL

overexpression (‘Wan and Baneyx (1998) Protein ExEressmp Purif. 14: 13-22), _’acteriocin release
protein (Hsiung eEAP{A 84y BIEAHEARBRIGR 98571 $oRwhitit R 108K B StefEHSISTRS et at (1993)
Biochimie 75: 45dlé8)omUtantshthiatied o petiptadmichrb@ombs(Eer longisn debdivdstrom (1989)

Developmepys in|adyis.iesMier0 BI0eiPasidioRle UM RATRGTS HIRANLARA LSS k6R02) Appl. Environ.
Microbio. 68: 4979-4985); or, recovery by osmotic shock %quch té%%ég\%o Bjochimica Biophysica

leta
Acta 1049: 278-885 18 AEh b mGihelraly srsined - ?fé%i)z@h‘iit th subsequent
localization in theemgsimhagrioeewitigbel ttonpfoduterprasgerly folded and active proteins in E. coli (Wan

and Baneyx (1998) PrejgiffgifFiap é%%ﬁﬂ%e%%@@aﬁmmmﬁe%aa (3R34-1 Immun. Meth.263:
133-147; Lundell et at (1990)./ Indust.é\?}i&g icg.fs' 2 5-2%9? The method mtaggalso include the step
r

of purifying the pFORSHBFIBIVISRR & FoR R A PSR RLER Iular media. The
heterologou$ proteirborepdilypeptidd toast ba tbx pregseamomth maniteraeniy offichdleiselidikstd to a tag protein

and the "taggedcfifotelR ARl hauiy ifiedsiionmibacotry xiRaHWAfIRHIPaRIR:2Q/& embodiments,

the protein or po(I%zPeptide of inﬁreﬂ cm also bebjdotr dugedm%llaﬁ Igﬁs&lorﬂe S]Hiaig iqa e array in an
active form. The Telh  EEMAS HFsEH S prRaH et B SREERAT ity WREPS S Biological activity
is comparable ofesgistdneEty sdeetdgolitkeforehadoifity ghosfanriy withtho hetplogelag native protein
or polypeptide. Igthencrpidyiplid etemsdhiTiipicalbimaansitbal.adehduetartide or 10 polypeptide
comprises g biolg%jﬁnallzguggtiogtior %gfecﬁlteréaﬁ hraesV aSt %f%;éag%t t%o%)ég ouf 1%03{(())1 R{gsferably at least
about 60-8 QA) an mostrpe?reré)Bly 2R [Ba S ERaUFST: ! _‘% ac iw?y compareJto Fne_ corresponding
native protein or/dtsippeptideniipdisiandar prabiagiareiding By egselsimaobaswmpbditents, it may be
desirable to prodidgéh order to minimize evaporation. Sclection of the incubation tempcrature

depends primarily upon the identity of the host cells utilized. Selection of the percent

humidity to control evaporation is based upon the selected volume of the vessel and

25  concentration and volume of the cell culture in the vessel, as well as upon the
incubation temmperature. Thus, the humidity may vary from about 10% to about 80%.
It should be understood that selection of a suitable conditions is well within the skill

of the art.

30 Screening
The strain array described herein can be screened for the optimal host cell
population in which to express a heterologous protein of interest. The optimal host
cell population can be identified or selected based on the guantity, quality, and/or

location of the expressed protein of interest. In one embodiment, the optimal host cell
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a polypeptide that has altered or improved activity compared to the native protein 15(e. g, one that has
altered or improved immunoreactivity, substrate specificity, etc). An altered or improved polypeptide
may result from a particular conformation created by one or more of the host cell populations of the
array. The determination of protein or polypeptide activity can be performed utilizing corresponding
standard, targM83W8His4htive biological assays for particular 20proteins SrPERBEAEEER which can
be used to assess biological activity. ~ The recovery of active protein or polypeptide of interest may
also be improved in the optimal host strain compared to one or more other strains in the array of the

invention. Actlve RERIGES £aRd AN A.ApREINSRRINY R aLIsRsh A SRKpAkIRaR! about 30%, at

least about 40%, about 50%, about 60%, at least about 70%, about 25 8( A)i about 90%, or at least
about 95% that s TARIB BrOR P S9BIHED IR OPRRMAT AT RERSERRENCE TS HBRRfed. Further, the
substrate specifiaiy ¢kl Kk igeptionally substantially similar to the native protein or polypeptide.

Typically, keatK", will e at Jeast Aok 307 aRaA0 RHAULS0%6aARRHLGA%GeAPOU! 70%, about

80%, at least about 90%, at least about 95%, or greater. Methods of assaying and quantifying

30measures’of PrORSHCAREPISEIH BPHREP Ll RA PR Bt R dp e RF FBRML Y Shre well known to
those of skill in thavait. THeaswrsm enidof pnotemaactbeity incréiied methifrobtheble _
neterologously GxBIGR P INISIRYRANRGRHERRLINALRIDERR HSICATARI YN L dreviously

er

established native \Prote!n or polypeptide standard activity. natively, the activity of the protein or

polypeptide of infEPEEPEln s BaeastiRrElReR GReREY SO BP LUl A AP SHTitaneous,
comparative asskyehithdibprativeipreteid lovgoRpeptiderémessekanppiestiy fuldedassairs can be used to
determine gy d@ﬁ%ﬁé@é@d%@ﬁ%‘%@@@v@@;‘é@@cﬂ@g&r piein anPohraehtide ff irfgrest and a target, e.g.

;
between an expressed enzyme and s,y_bst{ate, etween ex ressed h%[?morgie nd. hormone receptor,
between expressE"&iiBoty MHRIKAlGE RIS Bk Ul SLRTHETHER & 1% Fheasurement of

calorimetric chamgesicptglifeationchandeslubbll ddathreceltrabbettig, tohpratpeson radioactivity, changes

in solubility, Chaﬁgﬁfﬁéﬁiﬂé@ﬁ%w%t\’%@ QsIMEaRWEH Y Rk plgiraphasesis. an/ar gel exclusion
methods, phosphorylation_ahilities, antibod specifici%,as%ysfﬁsuch as HASA assays, etc. In addition,

in vivo assays inBtHEbUREATE HhRTE T LRay get BRI 8L e e cts of the
heterologously exgreissetl feotamplepdigoemibdnrsompariadite, pliyssiohagicalseffbcts of the native
protein or polypeRtifshierehowsighi: daifhaRaadalesdralvie halan capihanaadnbioad clotting time,
changes in clot dissolution . and t%ﬁ ingucttion of a[]ti?)el;ﬂc response. Generallly,t%?ycin vitro or in vivo
assay can be usBITE detR A HHR SRR AR A Y PR S FoliR & poT e iR St iifterest that allows
for a 20comparadisssadpizdysistho chmasstivaotaiotein or polypeptide so long as such activity is assayable.

Alternatively, the protein$ R RelyReRHCeSREPSMCR- iNRIHe As ORBBHRIR 1BatRE. PRGOS the present

invention can be assall}/ed for th‘f at%ilj;[ly 0 CgtngHlatr% &rSigé%(iﬁéptgggg}gig&bg%veeql Sﬂ(‘)? protein or
polypeptide and A Mol that Acrma ly |n1¥e(a £ pronte_ln or poﬁ/pelﬁlfllae, e.g. a substrate or a
component of a dignaiyatiawiy RRwithcodmbhdine il owritrropramseitérad®. Such assays can

typically include $a€mi correctly processed protein in the cell, including at least about 0.2, about 0.3,
about 0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9 or at least about 1.0

1

mg/ml correctly processed protein. In another embodiment, the total correctly

25  processed protein or polypeptide of interest produced by at least one strain in the array
is at least 1.0 mg/ml, at least about 2 mg/ml, at least about 3 mg/ml, about 4 mg/mi,
about 5 mg/ml, about 6 mg/ml, about 7 mg/ml, about 8 mg/ml, about 10 mg/mi, about
15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30 mg/ml, about 35 mg/ml, about
40 mg/ml, about 45 mg/ml, at least about 50 mg/ml, or greater. In some

30  embodiments, the amount of correctly processed protein produced is at least about
3%, about 10%, about 15%, about 20%, about 25%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 96%, about
97%, about 98%, at least about 99%, or more of total heterologous protein in a

correctly processed form.
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steps of combining the protein with a substrate molecule under conditions that allow the protein or
polypeptide to interact with the target molecule, and detect the biochemical consequence of the
interaction with the protein and the target molecule. Assays that can be utilized to determine protein or
polypeptide activity are 30described, for example, in Ralph, P. J., et at (19 T—fg .1 Immunot 132:1858 or
Saiki et at (19§fﬁfy MFetedt 127:1044, Steward, W. E. It (1980) The Interf® (PR PARAKHSS
Springer-Vcrlag, Vienna and New York, Broxmcyer, H. E., et at (1982) Blood 60:595, Molecular
Cloning: A Laboratory Manua", 2d ed., Cold Spring Harbor Laboratory Press, Sambrook, J., E. F.

Fritsch and T. Maniatig,eds rm%xslrgmeébg%%é% npUmalon; Guidsdaolaguiar Cloning

Techniques, Academic Pregs Berg? immel eds 7, A K Patra et al., Protein
Expr Purif, 18(2)°P8s s a0 kit afhemsptein Sisopare opalesstids PSIpRaes): Stewart et al.,
Proc. Nat'l| Acadcdadle p&#icB0 afP 200 b3 B {diA %) ¢ {top i) pedip Rk br Seth@lollal 28:107-115 5(1995)

(Vale et aL, Cell 4&ih 3PN AL KAMRL SUBIAELRAEN.ABPLSR L hglerologously

expressed protein derived from one or more of the other host cell populations in the array, or can be
compared to’thePHEAHSF BYEPRRIARS B telile Ok SRR HERTR E5:8u s Atdedibe performed on
isolated protein, sg@ancber parieited mutiaitifithdhostdells8lmanother embodiment, protein

production and/or activiy, piay-bs.Menitaed ﬁ&SﬁquHﬁst%ﬁHétHf&etﬂy il HAGRERRES A SPectroscopic

measurements on, for example, a conventional micros coE 1qumlnometer or plate reader. Where the

protein of |ntere§F?§ﬁWW@Wﬁ%@%ﬁﬁ%‘ﬂ¥ 009 52 L0 aH SRSl S Rided to the culture
media wherein al th3onesuestisghefisarditiégswheit thesdibistsatehdeqnveitedrd icbyathe enzyme into a

product. In gne emhgdiment i SXREESSIORSANRTHHS! AARRCNg e heteTalagoNs:ATotein or

polypeptide of interest further encodes a reported %;tem By “reporter proteln IS meant a protein that

by its presence WBFIBﬁ@@%ﬂ%‘f‘%ﬁé‘h@é’&‘@f@@tﬁq Symadgenpadthe e 88 %istinguished from a
cell that does noceiitaigriviey nelpmrtpupfat&di (PFrotisstion offferhdtepieiglbgegrotein of interest results

20in a detectable Ghmppe iSABIDRRIGRY RIBHHIRR TG separiaralasils 6aR be firefly luciferase

and GFP or any other fluorescence moleculge, as well as betagalactosidase gene (beta.gal) and

chloramphenicoPHEEPARIRISTREE 22K (Ehe (’@lﬁsﬁn AUBA R PSP P8 ABroduced in conjunction
with each ofthessmegbite bggneslaménithare asibiHarowmtazthase skitkettins tie art. 25The reporter

gene can encodg.g gleleriable prpiginQian indirectly detectable protein, or the reporter gene can be a
survival gene. In a preferred embodiment, the reporter pr(iteln I%ﬁ? dete&table proteln A "detectable

protein” or "detection pPRGYSIHeTSRREUBSIE GetEat Jor SH AerukAiSR RIRTISHIELIFEI that can be
used as a directdaloeht tHalic gy e pfansirndstive e otaspor(eth traferalalyn arcetraohwgrising the

detectable 30profgitkis ARG ob iR IUTNaR BRRRIRLIAHRM:, Bkttt igaMbAdiment, the protein
product of t e re orter %ene |t elf RN se vK’to distin UISh clells that are express rg)#jthe detectable

|
reay Proyyces a rotein in t e 1C compart .
gene. In thi em djl%g §UI ﬁbaise efg%t%ll enes |n Stﬁlose e colalng auPo uorescent proteins.
embodiment, at least one strain produces 0.1 to 10 mg/ ml periplasmic protein in the

cell, or at least about 0.2, about 0.3, about 0.4, about 0.5, about 0.6, about 0.7, about
0.8, about 0.9 or at least about 1.0 mg/ml periplasmic protein. In one embodiment, the
total protein or polypeptide of interest produced by at least one strain in the array is at
25  least 1.0 mg/ml, at [east about 2 myg/ml, at least about 3 mg/ml, about 4 mg/ml, about
5 mg/ml, about 6 mg/ml, about 7 mg/ml, about 8 mg/ml, about 10 mg/m/, about 15
mg/ml, about 20 mg/ml, at least about 25 mg/ml, or greater. In some embodiments,
the amount of periplasmic protein produced is at least about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 40%, about 50%, about 60%, about
30 70%, about 80%, about 90%, about 95%, about 96%, about 97%, about 98%, about
99%, or more of total protein or polypeptide of interest produced.
At least one strain in the array of the invention can also lead to increased yield
of the protein or polypeptide of interest. In one embodiment, at least one strain

produces a protein or polypeptide of interest as at least about 5%, at least about 10%,
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As is known in the art, there are a variety of autofluorescent proteins known; these generally are
based on the green fluorescent protein (GFP) from Aequorea and variants thereof; including, but not
limited to, GFP, (Chalfie, et al. 5(1994) Science 263(5148):802-805); enhanced GFP (EGFP;
Clontech-Genbank Accession Number U55762)), blue fluorescent protein (BFP; Quantum
Biotechnologi®¥0 188/ ¥#dfktreal, Canada); Stauber (1998) Biotechniques 24 E)UAgP814%eim and
Tsien(1996) Curr. Biol. 6:178-182), enhanced yellow 10 fluorescent protein (EYFP; Clontech
Laboratories, Inc., Palo Alto, CA) and red fluorescent protein. In addition, there are recent reports of
autofluorescent proteins, from illa.and Rtilosar SPRECIES 2 72, WO 95/07463; WO
98/14605; WO 9%’/%%%%%’;’ %‘8%%9%3%&5%9@%{%% %%é‘%%ﬁsg%g%wgg é%%&rﬂ%és,us,lss; u.s.
Pat. No. 5,683,888u B0.2heuN”s byt 68%, thoyt B, 1eus Prropgsatr.of tpiakeslo. 5,804,387; U.S.
Pat. No. 5,874, 384tekd. Gepy abeMontIotl 6:0Ypo @intlit ks aRahiniNG ph@R5, bpdlyPlaklatite of Protein or
Polypepiide of INEIEsh o, LR MBASH E NN SR SRRIBIIIBHG BRAIRNAGH VY of the protein
e desirabl olate

of interest, it may etol ' the protein from one or more strains in the array. The isolation
may be a cride, S&inPeisHE OB B RIRtis IS EFeAdiRgTbn the requirements of the assay used to
mal_<e the appropriate maq&uﬁe;ﬁeaﬁﬂnoﬁh&m[@teéﬁsmaylm pasnduplﬂqiiimﬁheheytmlaam, t_argeted to the
periplasm, or may e ﬁ&‘élf&%eg%lld@{)?oi&r? ﬁ}éﬁHélEﬁoﬂﬁJ%mFQtl%Hr%ﬂ%‘%B'&dﬁ%ﬁ'&&%{%&e'”s targeted to

the periplasm, treatments involving chemicals such 30 as chloroform (Ames et al. (1984) J. Bacteriol.,
160: 1181- 11832 e esd SMEn fiRoHRIM BISIRCHIR 2ReF WaRF(1do8) M yme Microb.
Tec_hnol., 12: 603561, Indhadierhben usmawowe@ramhssmmemmawgmmmam :_ajmdtmay have
detrimental gffecis.an, manipRetasglPeks AIPIGINBERENES A5 SHRSAAURNERR Bpyification procedures.

Glycine treatment of E. coil cells, causing permeabilization of the outer membrane, has also been
reported to reledEEHHETIE PSRRI ERRAHBIST: (RS GRTEtsiAn SYOBGY Y hpvs i PBIBRAS., 68: 243-246). The
most widely usegoippitratis girpsiiplksehic aeleas&oideteralaijclasspyatbiniaase Ogiotic shock (Nosal
and Heppel (196611 ioh (e 4 LriaaRiA06% Nenand kapasl 468) doiglo Ghem., 240: 3685-
5 3692), hen eggwhiteé (HEW)-lysozyme/ethylenediamine tetraacetic acid (EDTA) treatment (Neu and
Heppel (1964) J2 BYSFEREHTE82-3893-3900; Witholt et al. (1976) Biochim. Biophys. Acta, 443:
534-544; Pigrce et al. (i 988jicéHremd Researcins Evgnid 21 90 Defia)mearel cdomivamedn

HEW-lysozyme/ %@Bﬂ?(%&%ﬂﬁ%%&ﬁ tFeseh ﬁ;%%@,%%@iﬁ%é(%m&ﬁ%@@ okech., 19:

332-338). The French methad involves resuspension of the cells in a fractionation buffer followed by

T

recovery of the PEATIEARL s AR oh B 8 Eh st e B RS RIS IR lysozyme treatment.
Typically, these pracadures tndhachesedbinitial gismrptioef ineobmotisabiyt-pstateibaiizg theedium followed by
SeﬁfﬂVedTe|ea?%ﬁ%%ﬂ'%m%§,gﬂfﬂﬂg%ﬁﬁﬁ gﬁ@wﬁﬁwﬁ’é}@@rﬁ1@5@%1&.%@%%@@9“”9 agent) "
and the disruption methods used (chloro : -lysozyme, EDTA, sonication) vary among specific
; ( rh#fh% Eé -@s@éﬁﬁé?%‘?igf?é%féﬁcgﬁtgaésgﬁé%%){poIar ic?nicIO
detergent in place bl EBTApissdise (I¥gedridyBSietxall 89 &I (280U easiindly  iittoicl?),

bacteriocin release protein (Hsiung ef al. (1989) Bio/Technology F: 267-71), colicin A

procedures™H0 rd el KVANEHOH BATHE &

lysis protein (Lloubes ef al. (1993) Biochimie 75: 451-8) mutants that leak
periplasmic proteins (Furlong and Sundstrom (1989) Developments in Indus.

25 Microbio. 30: 141-8); fusion partners (Jeong and Lee (2002) Appl. Environ. Microbio.
68: 4079-4985); or, recovery by osmotic shock (Taguchi et al. (1990) Biochimica
Biophysica Acta 1049: 278-85). Transport of engineered proteins to the periplasmic
space with subsequent localization in the broth has been used to produce properly
folded and active proteins in E. coli (Wan and Baneyx (1998) Protein Expression

30 Puwrif. 14: 13-22; Simmons et al (2002) J. Immun. Meth.263; 133-147; Lundell ef al.
(1990) J. Indust. Micrebio. 5: 215-27).
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38: 307-314. For a general review of use of intracellular lytic enzyme systems to disrupt El colt, see
Dabora and Cooney (1990) in Advances in Biochemical Engineering/Biotechnology, Vol. 43, A.
Fiechter, ed. (Springer-Verlag: Berlin), pp. 1511-30.  Conventional methods for the recovery of
proteins or pol tides of interest from the cytoplasm, as soluble protein or refractile particles,
involved dlsmt\g(g’rf 181 B#¢he bacterial cell by mechanical breakage. MechznTéRY 48PS typically
involves the generation of local cavitation in a liquid suspension, rapid agitation with rigid 20beads,
sonication, or grinding of cell suspension (Bacterial Cell Suiface Techniques, Hancock and Poxton

(John Wiley & Sons Ltﬁgﬁgﬁﬁgﬁ% Jlﬁ lgdém ste Ekg)was %éggllﬂgggggpagally to hydrolyze

the peptldoglycan backbon he cel he meth evel%ed by Zinder and Arndt
(1956) Proc. Nat?f REexgst @@nﬂg}é\er&é%sfs@ %9@ %Wé‘é{éﬁe@a J&ﬁ RS UIBOHRIA (which 25
contains HEW-lysgoyypeite griobhiegrassided celodainsplichésd ditde & novwnaggssphendplasts. These

structures retaingd %94&9&1‘;&%%6@'&995@B&Q%H?r&ﬂttﬁacqﬂ%‘i%‘itﬂéﬁ%% alg@s in which the cytoplasmic

membrane was exposed Pat. No. 5,169,772 discloses a method for purifying heparinase from

bacteria conprising dlé?lﬁﬁﬁﬁﬁnﬂﬁ%d@ﬁ%?oﬁé RIPHFiE HROtEPERtAS BisERRaR e Rnilized medium, e.g.,
20% 30sucrose poldittot ysinigae ang EbR Ay lysazyneacicancdrgaribcempborid” reteasing the

non-heparinase-{ke RIOIEINS HABLIRPREVIRIASIC SRR RIARE distupied-hagisriafy exposing the

bacteria to a low-ionic-strength buffer, and releasing the heparinase-like proteins by exposing the

low-ionic-streng Ry Wﬁ%%ﬁﬂf@%@éﬁ%6%ﬂgﬁcoﬁﬁ§%?@ﬁ%hteﬁf8&'ﬁcatlons of these
methods have begpplypettidn Ia tiderargd poekprédsiaricsitsierass Withaylyingleleigeaes of success

(Joseph-Liagin 61hu4300K3FN 13307280 AVRIRIRNAZ2) Rin/Tasanlp0y.  10: 163-167).

Efforts to induce recombinant cell culture to produce lysozyme have been rer%orted EP 01555 189

discloses a meaf¥thrintBEI PRy SEEABIRAOCH CafDP SRS BrSETRYY 53 ALt Which would
ordinarily be exp¥ttedtivtkitosyeretosteeligdsyombanstfdastetybn gobymhrsideutives cell wall structure.

U.S. Pat. No. 4,38 4rfbaliaalesesinmatiod {ohiaciiaine.exierms ization.okreremedransported to the

periplasmic space of bacteria. This method allows selective 10|S§Iat n of. E)rotelns that locate in the

periplasm withoFtAPEPRRIS Y RASAHGFRE F SBRHRLHE YR AHTRAI S iR HiR 55 F BS8tic shock treatment
of cells. U.35Pate Riend 881880 aidciobeas praducingos sticior siisratuoedfidaiatdrming a

temperature-senﬁjweelly@&ggg@mga &Wdﬁ%@ﬂ&ﬁn@lﬁ%@mﬁﬁmymw the product,
culturing the trarésformant un f);l%eirmls é’lfg%?dltlo?s to express the gene 15product intracellularly,

and externalizin§*tRESSTSBRIE DY raISihg 198;:40UPE #%duce phage-encoded functions. Asami et
aL (1997).1. Ferment. BndiBivaingtio8 3f BiicH 16 pikpkpsids asyivishconibeptisngstion of E. coil cells by

T4 phage infectigpyand-JanpRlifl &%@ﬁ)ﬂt&@&@&%&@aﬂ@@m&&s%ﬁ&gﬁﬁ&qa@s controlled
expressmnﬂ]f IyS| enes encoded in T4 %e for the agen&g 0|srupt|on .of E. colt cells. 20Upon cell

| D[f\l L){Pe t{ e“.w st tﬁ 258 o tPE
ysIs, genomic sm Into the m nd resufts in Slgnlflcant increase in
fluid VISCOSIty that can Thme@éetrye)éwm@mmmw oplypeptide of interest may also be improved

in the optimal host strain compared to one or more other strains in the array of the
invention. Active proteins can have a specific activity of at least about 20%, at least
about 30%, at least about 40%, about 50%, about 60%, at least about 70%, about

25  80%, about 90%, or at least about 95% that of the native protein or polypeptide from
which the sequence is derived. Further, the substrate specificity (kea/Km) is optionally
substantially similar to the native protein or polypeptide. Typically, kea/Kn will be at
least about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, at least
about 90%, at least about 95%, or greater. Methods of assaying and quantifying

30  measures of protein and polypeptide activity and substrate specificity (kea/Km), are
well known to those of skill in the art.
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solids in a centrifugal field. In the absence of shear forces such as those exerted during mechanical
disruption to break down the DNA polymers, the slower sedimentation rate of solids through viscous
fluid results in poor separation of solids 25and liquid during centrifugation. Other than mechanical
shear force, there exist nucleolytic enzymes that degrade DNA polymer. In E. colt, the endogenous
gene endA entOREH L4 endonuclease (molecular weight of the mature¥SrBIEH & %tox. 24.5 1cD)
that is normally secreted to the periplasm and cleaves DNA into oligodeoxyribonucleotides in an
endonucleolytic manner. It has been suggested that 30endA is relatively weakly expressed by E. coil

(Wackemagel et aL (1922) G36R& g_pp%éﬁég)ﬂw If desired, the proteins produced using one or more
strains in the array of this invention may be isolated and purified to substantial purity by standard

techniques well known'ltf iSO fibsiRg sar e rrirtsd o smmSrivpRPEdfatd S Sthanol
precipitation, acicheké¢rattienedwihra preeatisly exdiahgmatvopreitdgeaphlypatidsslantaiiulose
Chfomatographyactw;%nam@i@@ﬁ%nﬂsﬁa@vﬁpBqnlﬂ@&s}g{amyp@ﬁi@&yd%m@ég%mgy, nickel

chromatogr:ghy hydroxylapatite chromatography, reverse phase chromatography, lectin

P A
chromatogr hy‘?eﬁ?’éﬁﬁ? R & PR RO Y TR R e B L B SOTR R BB cipitation with
such substanceshaszsiupnnetchsopestegtaio o aramme purificetierymsetihedssdnd others. For example,

proteins having gsfablished meleaiiakRARESIARRARETHIBR 2R ReyFeMeIShntieadyith a ligand. With
the appropriate ligand, the%%‘rfotein can be E?electivel i

dsorbed to a purification column and then freed
from the column B RgRsepaPS TR ?/%%D

a
AR 728 SIP B R n R YR PRIFS S By °8R zymatic activity.
In addition, proteinl banmbac pemdified bsingirepensd fHinibpbolodms gon NicNSishclslertiors. General

techniques gye fuithRsdRSEIRRE RedRE IR Ric SRARES pRIRIRINR Wiifigatioay Principles and

Practice, Springer-Verla . (1982); Deutscher, Guide to Prote'%g Purification, Academic Press

" NLY. ( : altle
(1990): U.S. Pat’fi®: %‘gﬁ%]ﬁ? PESS TERSIRIRTR BHARATRS 1 8T BYNRi&e%A Practical Approach
(Practical ApproacteSévies)gidxforchired by 0GR Btk ndiaiccIRrotedivmeathodss, Wiley-Lisa, Inc.
(1996); AK Patrayelgho RIQEA MR PMFbodB (Rl P 2ea: (KRR ) ranchRsMukhiliammet al, Gene 165(2):

p. 303-6 (1995). See also, for examrfnlglé}@usubel, et ﬁlr|m él

, ( d987 andReriodic Sy O&Ieng%nts); Deutscher
(1990) "Guide tFErSEMPORELHS RSHESHE ARG 0 LSS S BRAP SRS volumes in this
series; Colitfan, effals ¢ 98Gietendt perislicxBuapgibprideisyr@aeaptine drsesipfiimretein Science
V\/Aley/G reene, '\b\ﬁyﬁﬂggﬁﬂﬁ%%@df%@nﬁﬁ@&gﬁiﬂBé%ﬂzﬁtfplﬂffé,t%ig. w@ﬁgg&i@,rbm@géuﬁts, e.g., )
Pharmacia, Piscataway, N.J., or Bio-Rad, Richmand,.Calif. Combination with rec inant techniques
aIIOW fUSion to aEﬁ?%(g%tgtEai;aél& c%ﬁ{1§e 1n blo g {n anges in Q%¥ 8158\(4\{111 %rpe

C uﬁélme c YD
,e.d., 10 e séduerice or an'equivalent which can be fused
25via a proteasandptionabiatiggisantenSeCcarafomsnta e M aBinulseyIsn pohehiische Industrie
12:69-70; Hochuyli(l28R)mPailication ot Reprimebinaptigieios iwibrddatat Setater Absorbent” in

Setlow (ed.) Genetic En inéae i(} . Ptqlinu .Ig an mM%¥h0 ) 1%:(?769181‘15'(991% aEtEvl s, NY; and Crowe, et
aL (1992) gAeﬁ%l}Ig%rsa:ﬁ%%en?-hg% tIc_)ev‘ae'f‘ﬁ‘xﬁ ession' e ‘&B?Blneﬁun?ld%lﬁon g]yst:r% UIAGEN, Inc.,
Chatsworth, Calissanbletédtintbelbichexprisiaeer proisntidenpiiityed pgtlsethigs®iBin in the art
the array of the present invention can be assayed for the ability to stimulate or inhibit
interaction between the protein or polypeptide and a molecule that normally interacts
with the protein or polypeptide, e.g. a substrate or a component of a signal pathway
25  with which the native protein normally interacts. Such assays can typically include the
steps of combining the protein with a substrate molecule under conditions that allow
the protein or polypeptide to interact with the target molecule, and detect the
biochemical consequence of the interaction with the protein and the target molecule,
Assays that can be utilized to determine protein or polypeptide activity are
30  described, for example, in Ralph, P. I, ef al. (1984) J. Immunol. 132:1858 or Saiki et
al. (19810) J. Immunol. 127:1044, Steward, W. E. II (1980) The Interferon Systems.
Springer-Verlag, Vienna and New York, Broxmeyer, H. E., ef al. (1982) Blood
60:595, Molecular Cloning: A Laboratory Manua”, 2d ed., Cold Spring Harbor
Laboratory Press, Sambrook, I, E. F. Fritsch and T. Maniatis eds., 1989, and Methods
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and include, for example, radioimmunoassays, Western blotting techniques or immunoprecipitation.
Certain proteins expressed by the strains in the array of this invention may form insoluble aggregates
("inclusion bodies"). Several protocols are suitable for purification of proteins from inclusion bodies.
For example, purification of inclusion bodies typically involves the extraction, separation and/or
purification of a4 dies by disruption of the host cells, e.g., by incﬁgg%%ol‘rl?lg%mer of 50 mM
TRIS/HCL pH 7.5, 50 mM NaCl, 5 mM MgC12, 1 mM DTT, 0.1 mM Al?, and 1 mM PMSF. The cell
suspension is typically lysed using 2-3 passages through a French Press. The cell suspension can

also be homogenizgd g, e plNARANSTAN MENLS) ALMMALHRA Akige; flternate methods
n

of lysing bacteria are apparent to 10those of skill in'the art (see, e.g., Sambrook et at, supra; Ausubel

etal, supra). iR sAtIUSn b EdaL A b roTiBE A ah YR E//ggd()gell suspension
typically can be ¢znwjftgeonieo sarholSiachranted ttsoldiid 1vtiictteRaoteins, that-fotaved the inclusion

bodies may be repajuged: Pyl iaRy0ndialysis With A DPALble bR Suiiebleisolvents include, but

are not limited to urea (from 15 about 4 M to about 8 M), formamide (at least about 80%,
volume/volurhe B5&IS); YAl LAnidiHE Ry a9 idng HyY SHH0% PRPYFLBSES M). Although
guanidine hydroshigige tint:silvitasiageptsaipdenatisraatsironiuenatoratidihdsthet irreversible and
renaturation may,Qeeui iRRESRaVAL N Jiglysissdengyasarlehesdiliior oidhe denaturant, allowing

re-formation of immunolo icl?lly and/or biologically active 20protein, Qther suitable buffers are known
to those skilled iR &R Dot P S SIFBEE O e’ e 0% ﬂ%?gt%}ﬁssolﬁf%ds%ﬂ{efﬁ’t?{ec%pernatant can
be separated froba phefomost preteirs thy isistrdbrd separation techniques well known to those of skill in

the art. For gxample, ap iRl SAlbIARIANBHRNCHORERS 2l et &f e vowanisddost cell proteins
(or proteins derived from the cell cultyre media) from 25 the protein or Q%ﬁgﬁtide of interest. One

such example caFBEEMMNOHITHE 2 FARESSATRRR ShBRTSIRRS BrAtiFittaE Giotdins by effectively
reducing the amexamtdé, watevdntitme! pristeinopeixdtuménoPitteiorpibe repieciVhatetiorpthtsibasis of their

solubility. The mgre, Rudraphabis ARRIRINIBsibe MeksWikel iisdapmciiateablawer ammonium
sulfate concentrations. A typical protgcol includes {a,ddin_% sﬂat%rat%d 1art7)1rtp?njum 30sulfate to a protein
solution so that tHE YESTfAAT ARTHGhISEHPL FeRR R RISt SN T8 BEaNREA™E- S5 ™ his concentration
will precipitafe they thestayyerophobicdu ploteinsnibhdiprectbitatersssine nodisaardeaddinaless the protein

of interest is hydanhebigd Andasmmenrisnrpliaie fmasded ifdnacipeingianidpragancentration
known to precipigate thenprotein of.interest. The ec:rg)itate is then solubilizeﬂi irn 4}115 buffer and the

excess salt removed RASERLER, BRTAFHPRIYA QARSIS Brdfiatittation. tiher méthods that rely on
solubility of protepssctedisthegnediel abigvaribt peb digiadismaibeddiprrowh hstthessa et skill in the art and

can be used to fraghgnategmRipoBrotelauRberssh o fhadnelas parmaightedarpraiein or polypeptide
of interest %n be used to i:F‘éoIﬁ\ted it frorﬂ rot inos Olf %reat&ree}g% I!t%sser %ilﬁgclégigg ultrafiltration

f tl 5 Ofl. I .
through mefmbranés o (aﬁlfer%natnﬁ%lrré 328 (167 e&&’rlﬁ% eflAmlco or f\)ﬁlﬂpore membranes). As a first

step, the proteinfiiftiUrsiGagsdrnd (aiteredothes flupracenepribeiselsatthvg perketize that has a lower
molecular weightfsdafitithaptiesnoleoual WRighiptihel arateietyltransterase gene (CAT).

Assays for expression produced in conjunction with each of these reporter gene
elements are well-known to those skilled in the art.

25 The reporter gene can encode a detectable protein or an indirectly detectable
protein, or the reporter gene can be a survival gene. In a preferred embodiment, the
reporter protein is a detectable protein. A "detectable protein” or "detection protein”
{encoded by a detectable or detection gene) is a protein that can be used as a direct
label; that is, the protein is detectable (and preferably, a cell comprising the detectable

30  protein is detectable) without further manipulation. Thus, in this embodiment, the
protein product of the reporter gene itself can serve to distinguish cells that are
expressing the detectable gene. In this embodiment, suitable detectable genes include

those encoding autofluorescent proteins.
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10of interest. The retentate of the ultrafiltration can then be ultrafiltered against a membrane with a
molecular cut off greater than the molecular weight of the protein of interest. The protein or
polypeptide of interest will pass through the membrane into the filtrate. The filtrate can then be
chromatographed as described below. The expressed proteins or polypeptides of interest can also be
separated from 15other proteins on the basis of its size, net surface charge, hydrophobicity, and
affinity for ligands. In addition, antibodies raised against proteins can be conjugated to column
matrices and thefgtotetnddaarindpuriied. Alllof thérmeitRistarBardlPkiowdd in the art. It will be
apparent tg\anefahskilkibhat ahropraiegraphikieshnigues €as hpsperfernisd atranyscaie and using
eduipment fam nady IRieN XA de GreBharagia Rllgehb Retaplon ands
Refolding Where heterologously expressed protein is produced in a denatured form, insoluble protein
can be rerffdiGredrire L gene At s&BndatPrang tertidry SSirotelrRerbéttte cBifofrhation.
Protem refolding stepsicamdee Bs&d,dsifecesdang i complétmgcanfigiiatiORGH Bhe heterologous
product. Refolding and:renatigtian can beaccemplshed ysingan agent thatds kopuadahe art to

promote dissociation/association of proteins. For example, the protein can be incybated with

dithiothreifof FtBwWad 15 inéulRFEhWith BxiiissH G tRibRE disoHiurm ar30 ffidwved by incubation
with a bufféeteriiring aaeluiding b9t sichras aberl Jihesprofein bt poRpéplide Be ite@ztcan also
be renatured; (o4 %mm?dayﬂialyzmﬂt. a@aiF$Eph@?hﬂt%buﬁa@5§a}i@k)@KBB?) OJ 30 Ilml\/l
Na-acetate,.pH 6 buffer plus 200 mM Alternatively, t rotein can be r e '
immaél)%ilize%dl o1 5o u%trli) 5ic %aesl e%}%‘?’,& (g)ﬁﬂ?rr% %//hugﬁlg% 3%%53;: éﬁlﬁl‘l\/le%%egd 'grgég%t in 500
mM NaC1220% glyBeroR ™ mEATASHRIOSEAMTAPEsHiSitthy proted@lihhbiorS THeSeA&firation
can be petferaed oyepa peHod Of A1b-baursorssoren After carsiwation dhe Reoteinbzcamioe eluted by
the additiop, 230, imidazole. imidazole,ean bo femexedihy aylina) fializing step against PBS or
50 mM 5 sodium acetate pH 6 u?fer plus 200 mM NaCl. The purified protein can be stored at 4C or

frozen at 88C28 / 1ot mBRods /rictdde. Fol'Exampie? thode tHatma§Be-dé¥eribed in M H Lee et at,
Protef Expr 20arife (1) pS 16813.(2002), WAKS Chb et af,.F Bifethndlogy 57H233)3p8169-78

(200fO), Alt?%?'dﬁéét (3087 mdviaqr,i@é? ,1%52@@nle@s@@t.sm@euwhewhcl&ﬁ?@) "ﬁ%@sle tpA%rotein( 006
Purification," Met [ zymology vol. 182, and other volumes in,this serie oligan, et at (1
and period\fﬁ’ Su%pgeggéﬁg)l?(’:upreﬁt‘PPO%COI]S\]?W Pgdtélij{lzlsgfé%de @\/i?%y/ rae%ehe%RlY, S. Roe, Protein
Purificatiof T&tAnRRes: AlRtattichl Approadho(Practich? Appfoach Series), Oxford Press (2001); D.
Bollag, et at, Protein Methods, Wiley-Lisa, Inc. 15(1996) Expression vectors

20 Isolation of Protein or Polypeptide of Interest

To measure the yield, solubility, conformation, and/or
activity of the protein of interest, it may be desirable to
isolate the protein from one or more strains in the array. The
isclation may be a crude, semi-crude, or pure isolation,

25 depending on the requirements of the assay used to make the
appropriate measurements. The protein may be produced in the
cytoplasm, targeted to the periplasm, or may be secreted into
the culture or fermentation media. To release proteins
targeted to the periplasm, treatments involving chemicals such

30 as chloroform {(Ames et al. (1984) J. Bacteriol., 160: 1181-
1183), guanidine-HCl, and Triton X-100 (Naglak and Wang (1990)
Enzyme Microb. Techneol., 12: 603-611) have been used. However,
these chemicals are not ilnert and may have detrimental effects
on many heterologous protein products or subseguent

35 purification procedures. Glycine treatment of E. coli cells,
causing permeabilization ¢f the outer membrane, has also been

reported to release the periplasmic contents (Ariga et al.
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A heterologous protein of interest can be produced in one or more of the host cells disclosed herein by
introducing into each strain an expression vector encoding 20 the heterologous protein of interest. In
one embodiment, the vector comprises a polynucleotide sequence encoding the protein of interest
operably linked to a promoter capable of functioning in the chosen host cell, as well as all other
required transcription and translation regulatory elements. The term "operably linked" refers to any
configuration in which the 25transcriptional and any translational regulatory elements are covalently
attached td 38 8hcddingsegueRderNsion @i8poitton(3) elative%o HrSEodingEGuER&s that in and
by action efdbRdst o€l dbe tequlataty: elements can flinest thecdxpyession ob tieei eoding sequence.
The heterolggaus praigigl INigiest catdhe @dugssed figmgolynuciaoliesdnap whish fhe

heterologous polypeptide coding sequence is operably linked to_transcription and translation .
regulatory 3emenrtibifoltRh fttiseRRRhe froth Which tHeltfdst ceft @ rexpress theStotein or
polypeptide6FIR¢ coday serpidnte cantizia natiee eydiagseguéace forahé etdrelogoasgolypeptide,
2r7 may be&ggfﬂqg'[@%ye@%g@ﬁ%ﬁg b@@@lisheme(ﬂl,é qvep%@g%f)ti[tlﬁtjz@if@j ysgﬁ@%\_q seflec’:]ed t

expression cell; for example, hy synthesjzin ne to reflec .codon use, bias of a hos
species. Ir%é%é e%o%i%%épe of Eﬂ%ﬁ%\? ﬁio?lf:tﬁaeihos(‘?t{spegag;fasgis1 %’%Jfﬁljbrrg;lco A& and Ceéj1 26don bias
of P. fluordgcensis fakehdintPacaotmt @hed-desighitdy the polypeptide coding sequence. The gene(s)
are constructed within or inserted into 5one or more vector(s), which can then be transformed into the
expression host cell.  Other regulatory elements may be included in a vector (also termed
"expression construct”). The vector will typically comprise one or more phenotypic selectable markers
and an origin of replication to ensure maintenance of the vector and to, if desirable, provide
amplification within the host. Additional elements 10include, but are not limited to, for example,
transcriptional enhancer sequences, translational enhancer sequences, other promoters, activators,
translational start and stop signals, transcription terminators, cistronic regulators, polycistronic
regulators, or tag sequences, such as nucleotide sequence "tags" and "tag" polypeptide coding
sequences, which facilitates identification, separation, purification, and/or isolation of 15an expressed
polypeptide. In another embodiment, the expression vector further comprises a tag sequence adjacent
to the coding sequence for the protein or polypeptide of interest. 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
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20embodiment, 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 proteins. The tag can also
be a portion of an antibody molecule, or a known antigen or ligand for a known binding partner useful
for purification. A protein-encoding gene according to the present invention can include, in 25addition
to the protein PeU#tpdétience, the following regulatory elements operablJGHEEHREPEE? a promoter,
a ribosome binding site (RBS), a transcription terminator, translational start and stop signals. Useful
RBSs can be obtained from any of the species useful as host cells in expression systems according to
the present invention, preferably, from,t cted host.cell specific and a,variety of consensus
RBSs 30are knoEvakrlfné‘%{.?st aégﬁéﬁd'grslgkb%%ﬁ%z% n:_(jie 8%#1%%5‘%%& ¥h #%’ﬁn %%Cast}f"é%ne 234(2):257-65
(8 Jul. 1999); andeBmEntsioedh at 4l (186 Fonatied Miqrp) Trr 3130333888 mbe 2o, In addition,
either native or syathetisvRRSeavhenset eds ithse dertubedfin: GROVR0#A59 (synthetic RBSs);

0. Ikehata et at, Eur. J. B%%g:hem 181%%[5%@(?-,7 g1989 0%%\(/&%&33&@&3(3 “%f AAGGAAG). Further

e peripl 08
examples of 48 "Riethods , vce%%?sa,sglrl] ransiation an transcription e]Iements, and other elements

useful in theSprebepRmo&R#iBIHre described in, e.g.: U.S. Pat. No. 5,055,294 to Gilroy and U.S. Pat.
No. 5,128,130 to Gilroyywicalii iSsdpabcddared id8ldo 3R kot RansrpasemalsimotiGlpat. Nos. 4,695,455 and

4,861,595 to Barngs.et al; %ﬁ- £k Eﬁﬂsgﬁg 45RRI% %f%sg{a%;i_iﬁngn%&n&%é“O- 5,169,760 to

Wilcox. Transcription o}%ﬁg Aencodi Ii? t eterolgoP%ous protein of interest is increased by
inserting an enh&BRSKEgOE e MEiM@R SERIFG HReerR andribp disetirnmedrdsrétis-acting elements
of DNA, usually @hpesfiamnHEMQy36EhE EDIiAesthnbaach arhanphgnietifidprivedaase its transcription.
Examples 'T&'“drgg‘é%&’.%v%aa?éﬁﬂg%‘%‘ﬁ%@ﬁ@g{&&%ﬁﬁm u%ﬁﬁ&ﬁ%l%éﬁ%i%&%ﬁ?gl{?&f’us expression

vectors will include origins of replication and Selectable markers%%erml ing transformation of the host
cell and a promdterdenvealare ri BN disspreddyPubre e d et rareeaptitirsP2'downstream
structural sequepgs033ch poomngpietasl candveoflasiveadntraniloperohs: ifyercyslisgs the enzymes such as

3 phosphoglycergle, ijass; (BRI, A6idhPLasRhAIRSs) ar salaack piptsins, among others. Where

signal sequences are used, the heterolgggus coding sequence is assembled in appropriate phase with
translation initiadGiasatedfasslisiresqRinted- SidhiTe dormaragyutas Bt directing

compartmental aaetomulation or secretion of the translated protein. Optionally the heterologous 20

sequence can encode ysign eNpURBTSI NG AL IETIOA! Wpoicatian aoivpgRide mparting

desired characteristics, e.g., stabilization or simplified purification of expressed heterologous product.
The fusion polyEptidhe CRRPLEE- o ABtleraie by irlRs Hierbpstitl v S HiNBREPS St enhances

thereof, as discusisaeteuprial cell by mechanical breakage. Mechanical disruption typically involves
the generation of focal cavitation in a liquid suspension, rapid agitation with rigid
20  beads, sonication, or grinding of cell suspension (Bacterial Celi Surface Techniques,
Hancock and Poxton (John Wiley & Sons Lid, 1988), Chapter 3, p. 55).
HEW-lysozyme acts biochemically to hydrolyze the peptidoglycan backbone
of the cell wall. The method was first developed by Zinder and Arndt (1956) Proc.
Natl. Acad. Sci. USA, 42: 586-590, who treated E. coli with egg albumin (which
25  contains HEW-lysozyme) to produce rounded cellular spheres later known as
spheroplasts. These structures retained some cell-wall components but had large
surface areas in which the cytoplasmic membrane was exposed. U.S. Pat. No.
5,169,772 discloses a method for purifying heparinase from bacteria comprising
disrupting the eavelope of the bacteria in an osmotically-stabilized medium, e.g., 20%
30  sucrose solution using, e.g., EDTA, lysozyme, or an organic compound, releasing the
non-heparinase-like proteins from the periplasmic space of the disrupted bacteria by
exposing the bacteria to a low-ionic-strength buffer, and releasing the heparinase-like
proteins by exposing the low-ionic-strength-washed bacteria to a buffered salt

solution.
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25Vectors are known in the art for expressing heterologous proteins in host cells, and any of these
may be used for expressing the genes according to the present invention. Such vectors include, e.g.,
plasmids, cosmids, and phage expression vectors. Examples of useful plasmid vectors include, but
are not limited to, the expression plasmids pBBR1MCS, pDSK519, pKT240, pML122, pPSIO, RK2,
RK6, 30 pROMOFUFREF1010. Other examples of such useful vectors T G@é"f‘ﬁ@gg‘%scribed by,
e.g.: N. Hayase, in Appl. Envir. Microbiol. 60(9):3336-42 (September 1994); A. A. Lushnikov et aL, in
Basic Life Sci. 30:657-62 (1985); S. Graupner & W. Wackemagel, in Biomolec. Eng. 17(1):11-16.

(Octoper 2000); H. P MW EIRSLH ity G0l ARl -tﬁé@ééﬁééﬁ%a%t&?%&om): M. Bagdasarian

& K. N. Timmis, 49 in Cun. opics Microbiol. Immunol. 96:47-67 51982 T. Ishii et at, in FEMS
Microbiol. Lett. TARBYFOPESiqvTems pgduyarying dertevrersRUps R ERFIRKEY: in Gene
140(1):63-65 (MamodiG2294y; b1 Desidender s NakamayesipMethenegk 3B 11621 B85/ HRiDec. 22, 1993); C.
Nieto et at, in Gene 87(1):145-49 (Mar J [ K¢ o e 61(3):299-306
(1987); M. Bagd%)slgcrgl]é:r% ret%r?, ?ﬁa&t(gﬂ%c% %%%%gghi%l}?gé&gf%&%%ﬁﬁ%E@éﬁ\%ﬂlzer etaL, in
Genet. Eng. XN Y)82 distdesgsametys Yopinfrcies s rsamyapu cell GHreBaRoq9o M3°A7%80 (January 1990);
D. 0. Wood et atwiicl] wBalt odikbtdy. bd dhiedabthniB8iby; aid 1. nidadbvibiegtaingnrMicrobiology
147(Pt 2):337-44 ﬁ%%gggﬂ 2004, J0Eurther examples of expression vectors that can be useful in a
host cell of the inX/en ion Include those listed in Table 5 as derived from the indicated replicons. Table

5. Examples of Useful EXprasSior ot rdisdpirssimyetdisir e beies Bepsb=B8ens1 rRsF1010

PKT261 -3 PMNB&eE kadoB&l to the periplasmic space of bacteria. This method allows selective

10 isolation of proteins that locate in the periplasm without the need for lysozyme
treatment, mechanical grinding, or osmotic shock treatment of cells. U.S, Pat. No.
4,637,980 discloses producing a bacterial product by 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

15  product intracellularly, and externalizing the product by raising the temperature to
induce phage-encoded functions. Asami et al. (1997) J. Ferment. and Biceng., 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.

20 Upon cell lysis, genomic DNA leaks out of the cytoplasm into the medium and
results in significant increase in fluid viscosity that can impede the sedimentation of
solids in a centrifugal ficld. In the absence of shear forces such as those exerted
during mechanical disruption to break down the DNA polymers, the slower
sedimentation rate of solids through viscous fluid results in poor separation of solids

25  and liquid during centrifugation. Other than mechanical shear force, there exist
nucleolytic enzymes that degrade DNA polymer. In E. coli, the endogenous gene
endA encodes for an endonuclease (molecular weight of the mature protein is approx.
24.5 kD) that is normally secreted to the periplasm and cleaves DNA into
oligodeoxyribonucleotides in an endonucleolytic manner. It has been suggested that

30  endA is relatively weakly expressed by E. coli (Wackemagel et al. (1995) Gene 154:
55-59).

If desired, the proteins produced using one or more strains in the array of this
invention may be isolated and purified to substantial purity by standard techniques

well known in the art, including, but not limited to, ammonium sulfate or ethanol
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PPLGN1 PMYC1050 RK2/RP | PRK415 PJB653 PR01600 PUCP PBSP The expression plasmid,
RSF1010, is described, e.g., by F. Heffron et at, in 15 Proc. Nat'l Acad. Sci. USA 72(9):3623-27
(September 1975), and by K. Nagahari & K. Sakaguchi, in J. Bact. 133(3):1527-29 (March 1978).
Plasmid RSF1010 and derivatives thereof are particularly useful vectors in the present invention.
Exemplary us®Q @& A4i¢bs of RSF1010, which are known in the art, inclﬂ‘ayp%?&‘.'?’ﬁﬂﬁlz, pKT214,
pKT231 and related plasmids, and pMYC1050 and related plasmids (see, 20e.g., U.S. Pat. Nos.
5,527,883 and 5,840,554 to Thompson et at), such as, e.g., pMYC1803. Plasmid pMYCI803 is derived

from the RSFlOlO-ba§a%g ﬂ%?c[@%?&%%ﬁ%é ?gagdns]eﬁﬁ‘}n%%hé%r;@g %9);0 Wilcox), which carries a
. . : ‘ & matbgrapry’

regulated tetra(:)?(ﬁ:l‘ﬁl]él resistance marker and the replication and mobi ization loci from the RSF1010
plasmid. Other exisRBrspliesrthoaetosemiv e trbRicdeersBeychH O Pup LB, 680,264 to

Puhler et at _dm&m&mﬂgdﬁambmwp@omﬂmﬁh&u&%amgh@t@mwon vector. In
another embodimieth Sshadha:a0 3 LervANNE IIRIRS] I3diaad A3 R BHBIRRSIARNER[Or In Sl another

embodiment, pMYCIO50 or aderivative thereof, or p 3 or a derivative thereof, is used as the
expression vectdPlUbiatiomsaerva A tPHRAR AR oPAY tHRSABS ceAMY A clusion of a selection marker
gene in the plasatighmEhigplay irenanopintifiotienasisids) cedenesSpndrereihereeinesponding

aniblotic(s) is aqded o e Rmentation mediyp. ftAnyaiher sl selesting marker gene known i

the art, e.g., a prototrophy-restoring gene where the plasmid is used in a host cell that is auxotrophic
for the Correspoﬁ‘gﬁ‘?ﬂ' t%é%’ @egappgopﬂate ligand, the protein can be selectively adsorbed to a

purification column and then freed from the column in & relatively pure form. The

10 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

15 Technigues: A Practical Approach (Practical Approach Series), Oxford Press (2001);
D. Bollag, et al., Protein Methods, Wiley-Lisa, Inc. (1996); AK Patra et al., Protein
Expr Purif, 18(2): p/182-92 (2000); and R. Mukhija, ef al., Gene 165(2): p. 303-6
{1995). See also, for example, Ausubel, er al. (1987 and periodic supplements);
Deutscher (1990) "Guide to Protein Purification," Methods in Enzymology vol. 182,

20  and other volumes in this series; Coligan, et al. (1996 and periodic Supplements)
Current Protocols in Protein Science Wiley/Greene, NY; and manufacturer's
literature on use of protein purification products, e.g., Pharmacia, Piscataway, N.I., or
Bio-Rad, Richmond, Calif. Combination with recombinant techniques allow fusion to
appropriate segments, e.g., to a FLAG sequence or an equivalent which can be fused

25  via a protease-removable sequence. See also, for example., Hochuli (1989) Chemische
Industrie 12:69-70; Hochuli (1990) "Purification of Recombinant Proteins with Metal
Chelate Absorbent” in Setlow (ed.) Genetic Engineering, Principle and Methods
12:87-98, Plenum Press, NY; and Crowe, et al. (1992) QIAexpress: The High Level
Expression & Protein Purification System QUIAGEN, Inc., Chatsworth, Calif,

30 Detection of the expressed protein is achieved by methods known in the art
and include, for example, radioimmunoassays, Western blotting techniques or

immunoprecipitation.
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10biocatalytic 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 15 promoter), especially the tac
and trc promot¥fs28eAHdd in U.S. Pat. No. 4,551,433 to DeBoer, as welFﬁ?E’%Q? 85P83c17, Ptacll,
PlacUV5, 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. coil organism. Common

examples of norlac-ypg BLAMAIRLS. el in, SApLEsHION BYSIBIs 20Rdeoidigadg e presen

invention include e g., those lis able 6. e 0. ExamPIes of non-lac Promoters Promoter

Inducer PR Highftgmiperiblsacersais forhsiaaharier nSaTRIAL PREIE- BEAYERELPU Alkyl- or

halo-toluenes PsakiGalityatgsoSeefrenginclusarieiies - Raraenapte, \fufiedtoresfioci®30) Manual of

Industrial bodies typically involves the cxtraction, separation and/or purification of inclusion

5 bodies by disruption of the host cells, e.g., by incubation in a buffer of 50 mM

TRIS/HCL pH 7.5, 50 mM NacCl, 5 mM MgCl;, 1 mM DTT, 0.1 mM ATP, and 1 mM
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 (Brinkman
Instruments) or sonicated on ice. Alternate methods of lysing bacteria are apparent to

10  those of skill in the art (see, e.g., Sambrook ef @/., supra; Ausubel ef al, supra).

If necessary, the inclusion bodies can be solubilized, and the lysed cell
suspension typically can be centrifuged to remove 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

15  about4 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 denaturation is not irreversible
and renaturation may occur upon removal (by dialysis, for example) or dilution of the
denaturant, allowing re-formation of immunologically and/or biologically active

20 protein. Other suitable buffers are known to those skilled in the art.

The heterologously-expressed proteins present in the supemnatant can be
separated from the host proteins by standard scparation techniques well known to
those of skill in the art. For example, an initial salt fractionation can separate many of
the unwanted host cell proteins (or proteins derived from the cell culture media) from

25  the protein or polypeptide of interest. One such example can be ammonium sulfate.
Ammonium sulfate precipitates proteins by effectively reducing the amount of water
in the protein mixture. Proteins then precipitate on the basis of their solubility. The
more hydrophobic a protein is, the more likely it is to precipitate at lower ammonium
sulfate congentrations. A typical protocol includes adding saturated ammonium

30  sulfate to a protein solution so that the resultant ammonium sulfate concentration is
between 20-30%. This concentration will precipitate the most hydrophobic of
proteins. The precipitate is then discarded (unless the protein of interest is
hydrophobic) and ammonium sulfate is added to the supernatant to a concentration

known to precipitate the protein of interest. The precipitate is then solubilized in
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Microbiology and Biotechnology (A. Demain & J. Davies, eds.) pp. 460-74 (ASM 25Press,
Washington, D.C.); H. Schweizer (2001) Current Opinion in Biotechnology, 12:439-445; and R. Slater
& R. Williams (2000 Molecular Biology and Biotechnology (J. Walker & R. Rapley, eds.) pp. 125-54
(The Royal Society of Chemistiy, Cambridge, UK)). A promoter having the nucleotide sequence of a
promoter natiVEQ3WE ¥ dcted bacterial host cell may also be used to coMFIVEXIFAYSH of the
transgene encoding the target polypeptide, e.g, a Pseudomonas anthranilate or benzoate operon
promoter (Pant, Pben). Tandem promoters may also be used in which more than one promoter is
covalently attacrb%%gpaggé%ther Whe}pgr th s?me or diffe ent in sequence ﬁd%%lgaﬁgrpt-Pben tandem

. exdess sakt r ed1f necessary, eithér throug iSO
promoter (interpromoter ﬁyﬁn 3ora ac-Plac tandém promotet, or whether derived from the same

or different orgaifidisignethodriigtineheer sebivibite if oroteias presh &P FeihaBtbPERIRHRIPR in order to control
transcription of the gemenehwhich-iheRKametRE is: anpath WheEafagidiateddarsisroter is used herein, a
corresponding pr(lgor’%lor}erigggi%latory protein will also be part of an 10 expression system according to
the present inveRtion. xamples of promoter regulatory proteins include- activator proteins, e.g., E. coil
catabolite activator protBsinalesrisrstelho e BNy rasBidRrfonarat s reddpressor proteins,
e.g., E. coil Lad {sprateinsoangdiiad-60 pehen depuadodrpraieiisaalgatibn tetublagC protein. Many

reg“'ate_d'prom%%%@&%?é{f%%‘ﬁ'@&%’g&‘ 1L DRI ARG KRR WINB DS Al ARG L REMPOdiment, the
expression construct for the target roteln?s and the%

et pr eterologous protein of interest are under the
control of the saf&Yetfiidhs Brarénmainture caphg HigEIEd tEtes) PRABRIMEEPHRN an effector
compound, i.e. a;ifzé_mimchu_«milm&t fﬁﬂ&rﬁﬂrlyﬁgﬂfnﬁ«ﬁsmkﬁ aﬁmmmiﬂ&wﬁigmﬁ tiegpitatdry protein S0 as
to enable thg projaindo. eHEreleRoe AAIRA AR 846 ast AF R UANSRRLiRN 2Oregulatory region of

the gene that is under the control of the promoter, thereby permitting or blocking the action of a
transcriptase enZFRARACHERE MY G aiEFH a8 s6r dguihe metrsekrEdmbibirdrd dhssified as either
inducers or co-réptessdis; modithegeepenpdstdsdrsivdl pativecaffie diomeabmelings and gratuitous
inducer compoufidey Manyieakialed:rRmeIeHRIMMAIGIRIAAU lans plig/effector. 25 compound

trios are known in the art. Although an effector compound can be used throughout the cell culture or

fermentation, in a preféRETRRIBIRIAERE T RAYeRPHdes S IterashrahibRPI SRR 48R growth of a
desired quditity @« erstysamhbs basddldbionizs syea suefpyr cpiriat crpffestiori conpduighisy added to the
culture to directly, or;ingitegtly it IRBIRES SRR Rhike desirdaeRe6R) garading the protein or

30polypeptide of interest. By W% of example, where a lac faml% promoter is utilized, a loci gene can
a eée

also be present Y SAtisHs 23, e pceigion mmmepEiadont e SRty Expressed gene,
encodes the Lacknepresshx ptdteiill(bagipaonotei ohavdiighlbindshtothe ¢splop eadiones these promoters.

Thus, where a lag familygramatenistilized e adilatlA e GamAkEeRadncluded and expressed in

the expression system. In the case of the lac promoter family members, e.g., the tac promoter, the
effector coripoulan TR (&8r FERERAAHR) %G Atuitous inducer such as IPTG (isopropyl-D-1-

thiogalactopyranoside, also called "isopropylthiogalactoside"). 5For expression of a protein or
polypeptide of interestrany,plant MORGLEnpaY

Where heterologously expressed protein is produced in a denatured form,

insoluble protein can be renatured or refolded to generate secondary and tertiary

25  protein structure conformation. Protein refolding steps can be used, as necessary, in
completing configuration of the heterologous product. Refolding and renaturation can
be accomplished using an agent that is known in the art to promote
dissociation/association of proteins. For example, the protein can be incubated with
dithiothreitol foliowed by incubation with oxidized glutathione disodium salt

30 followed by incubation with a buffer containing a refolding agent such as urea.

The protein or polypeptide of interest can also be renatured, for example, by

dialyzing it against phosphate-buffered saline (PBS) or 50 mM Na-acetate, ptl 6
buffer plus 200 mM NaCl. Alternatively, the protein can be refolded while

immobilized on a column, such as the Ni NTA column by using a linear 6M-1M urea

46



also be used. A promoter may be a plant RNA polymerase Il promoter. Elements included in plant
promoters can be a TATA box or Goldberg-Hogness box, typically positioned approximately 25 to 35
basepairs upstream (5') of the transcription initiation site, and the CCAAT box, located between 70
and 100 basepairs upstream. 10 In plants, the CCAAT box may have a different consensus sequence
than the functBR2W8ad4i6ous sequence of mammalian promoters (MesSRGEEAP3BEES) |n: Genetic
Engineering of Plants, Kosuge et aL, eds., pp. 211-227). In addition, virtually all promoters include
additional upstream activating sequences or enhancers (Benoist and Chambon (1981) Nature

290:304-310; Gruge? & iall g&(?l%ﬁ Egeg.gg%t%%gé&?gq%%bﬁ%%b%{ h,q:%gtggg%ry and Grass (1983)

Cell 27:313-314)grex%ennd‘}ng rom around -T p p ormore upstream of the transcription
initiation site. ExprrsistorayioemidietpiaBaos sa hpRsortage ey lot M3 REptide of interest to
the 20periplasmqfona @y rameiiheppRilaticasidnast selis withRasragpaiNnto the extracellular
space. In one ebadimen, (e, SXpressiRReGRr IuherGomAESS. A ERRIGS Feauence encoding a
secretion signal sequence porfpeptlae operably finked to the nticleofide sequence encoding the

protein or pclypsptige atatepsse. hrfssptes ePREBMiRHtsT P HdafRIgtdheaRs HRtktbetween the

signal sequencesapd:thezpsatefnc@5 or polypeptide of interest. However, in certain embodiments,

addiional cleavage siggals 216 IACAIARIEIE 10, AIAMAI ARSI PROGERSHNG o g agiino terminal of the

polypeptide. The vector can have any of the characteristics described above. In one embodiment, the
vector comprisirgj thef€efdin G selitHed Fdv the MIiR 8 By Pebtit® $bof interest further comprises a
signal sequenceBg:hakbetreliQrs signabsEquemeAusubdlnarefqres Tnmheertibodiment, this isolated

polypeptide,fs a (sian BIRieky ALHIE 6965240R I90BLANMARHOIGIA CLRGINRSRIde of interest. However.

the secretion si% | can also be cleaved from the protein when the protein is targeted to the
periplasm. In on&"érséEmieht Shanthiiiee patmre dhthfscsies, SPUamn <atidtidn®Gnal and the protein or
polypeptide is medlifigid Saplereass Cleayafe otihesPereticieisigadildherEnANPION TM pET

expression SYSIGOENAIR A PIANIEYELALRIRSI Pru ISR UEARN: FRLERSIPRHR dagH ced from the strong

T7lac promoter. This system takes advantage of the high activity and specifiCity of the bacteriophage
T7 RNA polymers§&sioPHig fevs(GiHadRdtiolr&riivd-darsutMrftorssty #hehist Berator located in the

promoter redion @#ggjdes tighter regulation than traditional T7-based vectors, improving plasmid
stability and cell viability (Studier and Moffatt (1986)J 10Molecular Biology 189(1): 113-30; Rosenberg,
el al. (1987) Gene 56(1): 125-35). The T7 expression system uses the T7 promoter and T7 RNA
polymerase (T7 BREPYForHIYH-level transcription of the gene of interest. High-level expression is
achieved in T7 expressitntiayitgmsphacaudinttresTdiRi Afddscpdoreprocmesive tiedrstative E. colt

RNAP and is degéﬁé‘_h%ﬂﬂé&‘ﬁe%mﬁﬂ%@ﬁb%ﬁﬁ%Q%%@Iiﬂ%%ﬁiesﬁm%éﬁp&wdm% 15 identified gene
is induced by providing a source of T7 RNAP in the host ¢ell. This is accomplished by using a BL21 E.

colt host coftaintPETAIFHESONTAR CEBYF B th M P7e R R &S HE P BRE fene is under the
control of the lagidlyBupkomisteqwhichenadibetheduaent biitRTS ofctaRiX Arkdd expressed upon induction

and transcribes {g.genephinisresicRANePRARLIPISSIIAN systakallmedishilkgontrolled,

titratable expression | . .
transcription and translation regulatory elements.

The term "operably linked" refers to any configuration in which the
25  transcriptional and any translational regulatory elements are covalently attached to the
encoding sequence in such disposition(s), relative to the coding sequence, that in and
by action of the host cell, the regulatory elements can direct the expression of the
coding sequence.
The heterclogous protein of interest can be expressed from polynucleotides in
30  which the heterologous polypeptide coding sequence is operably linked to
transcription and translation regulatory elements to form a functional gene from
which the host cell can express the protein or polypeptide. The coding sequence can
be a native coding sequence for the heterologous polypeptide, or may be a coding

sequence that has been selected, improved, or optimized for use in the selected
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of protein or polypeptide of interest through the presence of specific carbon sources such as glucose,
glycerol and arabinose (Guzman, et all (1995) J Bacteriology 177(14): 4121-30). The pBAD vectors
are uniquely designed to give precise control over expression levels. Heterologous gene expression
from the pBAD vectors is 25initiated at the araBAD promoter. The promoter is both positively and
negatively regtiQ#U¥A 448 product of the araC gene. AraC is a transcriptibhXTE§iatdtthat forms a
complex with L-arabinose. In the absence of L-arabinose, the AraC dimer blocks transcription. For
maximum transcriptional activation two events are required: (i) L-arabinose binds to AraC allowing

transcription 1o beglt Ad WL Ihe MR CNRILAIOIRIACAR AN camiiex binds o the DNA

and stimulates b?r_lx%tln ) Araétot e cofrect’location of the promoter region. .  The tre expression
system allows higjRsRhelopbpstite dnews e ibr frmtite B pHOWRSIET AR trc expression
vectors have begnepimize ibs exquiessiaiT Foflevlearyoiicrgenatdackoenitvhiedesigpriamoter is a strong
hybrid pfomoterggﬁx%g%fd&a@é@ﬁ bpieniens (IRNRUAIeciRsR AarLRRANIP 1RSIl Inegulated by the
lacO operator and the product o thve aclQ gene’(Brosius, J. (1984) Gene 27(2): 161-72).
Transformation Gffrfs ReS CEEiRhRR R dieh RS Tretioard W din st seFdkmed using any
transformation methodoibgydsnwry tldfenantand theubattenathiosttellsrmdy be transformed as intact

cells or as protoplagts. (|G EHARY AQBAR I %@Jﬁﬁ)@%ﬁﬁmggw&@ ;59&1619@9'09@5 include

poration methodologies, e.qg., electroporation, protoplast fusion, bacterial conjugation, and divalent

cation treatmentS&SG2PLETATIS TG At igE-ARseniica e SRR R RR AT BF YR58t her well known
methods in the asiid e, destrabMgrwisin athBaatibs 3:B40 BSHofL QX d)itichar kidturtiss & Curtiss, Methods

in Enzymolggy’ 10134707 (il S oANA). RATIASAOl Sl MolEgiRLCloning, A Laboratory

Manual (2nd ed. 1989); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and
Current Protocol& RTSIat eAaP1876 Ry A st R B0 e Ect Ry rans i ffeT b1 terest  The
methods and cosngosgiehstehitwppoe sentinmventichaie ngditidopetienstityirngeguiidlaorescens strain

that is optimal fog, prodiicing m_ghagel%gllgo%gS@&ggggytgépcgﬁs%-pﬁgg@gb%&gm%ptide of interest. The

arrays are useful for 20screening for production,of a protein or polypeptide of interest of any species
and of any size. 1BRRAEr MHCAENRERBTIHTETRE, WRETBPoRe O BERpBIHII B Pést is a
therapeutically usetubpsatielgpqgpaligpeptide. In some embodiments, the protein can be a mammalian

protein, for example a RUMARPIRIRIRNRRC GEBBR{Rh ST RiGH & BERWMRACHY, @ cytokine, a
chemokine or a blood protein. The protein or polypeptide 250f interest ca}% %?g{)rocessed in a similar
r

manner to the nATHEIFRUATBE 1R Fe At CIHeLET S TS RIS S RERREPERE &8¢ pBlypeptide of
interest is less thaw aii@domenietsstaance@®hdd abdetaderimardiGan of thizerotsircefhgir®embodiments, the

protein or polypepgigle Qfinterestigiap elyreptide.afeds laartiabaphdy 49, kbadthes0, 40, 50 or 100 or

more aming acids. 30The cqding sequence for the protein or polypeptide of interest can be a native
20 embodiment, the a lrﬁtyqag can be a glutathione- —h‘arps%%ge E‘lo%cu?e. [Hle tag can

also be a fluorescent molecule, such as YIP or GFP, or analogs of such fluorescent
proteins. The tag can also be a portion of an antibody molecule, or & known antigen
or ligand for a known binding partner useful for purification.
A protein-encoding gene according to the present invention can include, in
25  addition to the protein coding sequence, the following regulatory elements operably
linked thereto: a promoter, a ribosome binding site (RBS), a transcription terminator,
translational start and stop signals. Useful RBSs can be obtained from any of the
species useful as host cells in expression systems according to the present invention,
preferably from the selected host cell. Many specific and a variety of consensus RBSs
30 are known, e.g., those described in and referenced by D. Frishman et al., Gene
234(2):257-65 (8 Jul. 1999); and B. E. Suzek et /., Bioinformatics 17(12):1123-30
(December 2001). In addition, cither native or synthetic RBSs may be used, e.g.,
those described in: EP 0207459 (synthetic RBSs); O. Ikchata et al., Eur. J. Biochem.
181(3):563-70 (1989) (native RBS sequence of AAGGAAG). Further examples of
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coding sequence for the polypeptide, if available, but will more preferably be a coding sequence that
has been selected, improved, or optimized for use in an expressible form in the strains of the array: for
example, by optimizing the gene to reflect the codon use bias of a Pseudomonas species such as P.
fluorescens or other suitable organism. For gene optimization, one or more rare codons may be
removed to avSRIABBEBAI stalling and minimize amino acid misincorpor&GdHF &G Hore
gene-internal ribosome binding sites may also be eliminated to avoid truncated protein products. Long
stretches of C and G nucleotides may be removed to avoid RNA 5polymerase slippage that could

result in rame-siyfigo i 1R0G:JSHE HRSHIRh SIEHIRAR N EILERRs CaRefialY h.RTes covering the

. ribosome binding site, may also b [ _In"other embodiments, the protein when produced
also includes anvatfdlio ASINESF GRS AEH B CHBEL I fibl & S S PO HRYEE e protein to the
periplasm or 10thel extr@eeliudas, medion Giogeimbodimentdseadsitonahtargeting sequence is

operably linked 1o the.carbauy-teegunys afithedrasein an.analher smbadiment dhggarotein includes a

secretion signal for an autotransporter, a two Eartner secretion system, a main terminal branch system

or a fimbrial Ush& Fa¥iK’ Fhagéne BN Feii S0 ucted within or are inserted into one or
more 15vectors, and thesmndedapsionndd N6, eacldiof theleesilogthpppulatidistérethie array. Nucleic acid

or a polynucleotigle said {0 he RrOViderhinan <&XBRESHIR & {5 MEARSANEIsigacid or a polynucleotide

that contains at least one"gene that can be expressed hy the one or more of the host cell populations
of the invention.%%Bme%ﬁ@ﬁgélﬁﬁﬁ?ﬁﬁﬁﬁﬁ%mwm%ﬂtoﬁ” HArRIREFhd genetic
20engineering telhinigue shispradetyr puinlichs aitaitaitiaipicceSatp ks inglelevadaleotide sequences of
mammaliangas well s, hunan.genes. cDNA sequences, amino acid sequences and genomes can be
obtained from GenBank at the wcbhsite www.ncbi.nlm.nih.goviEntrez. Additional information can also

be obtained from GenétXraLY dh dRiERisR L HBEIS AR 4ra g ARy he68RaA0n about genes and their
25 products andripbticatiaical] agpiieblitonsfeompethetiveimmdanmitistinitboi@Gtidhesl @enome and

Bioinformatics (bjeinfoumatics: Weis TRBRREIcdS.AUSIGRlHR S8G4RBREARformation can be also
obtained from the EMBL Nucleotide Sequence Database (www.ebi.ac.uldembll) or the DNA Databank

or Japan (DDBJWINT b FHE L. ARIEHSRIGHER BIRSOHTR Ffb PR IS RISHP B ARTE Ycid sequences include
30 Georgettivn'snerdiegriintormaticncesclipbesprobbiter{tehina G Re ecgatowspheaisipirl) and

Swiss-Prot (au.qxRag%Q BRI SRk iRR-RiMh-RxanRRa RhIIRINS k@R BRWRressed in this
invention include molecules such as, e.g., renin, a growth wl%mory,.includin human growth hormone;

bovine growth hB? ARk A HSCTHRLITE HARBERA TRRSH TR SHASPH T HBPRIAE™

foid Hormoné! hyroid
termination sequences, and the signal sequence capable of directing compartmental

accumulation or secretion of the translated protein. Optionally the heterologous

20 sequence can encode a fusion enzyme including an N-terminal identification
polypeptide imparting desired characteristics, e.g., stabilization or simplified
purification of expressed heterologous product. The fusion polypeptide can also
comprise one or mote target proteins or inhibitors or enbances thereof, as discussed
supra.

25 Vectors are known in the art for expressing heterologous proteins in host cells,
and any of these may be used for expressing the genes according to the present
invention. Such vectors include, e.g., plasmids, cosmids, and phage expression
vectors. Examples of useful plasmid vectors include, but are not limited to, the
expression plasmids pBBRIMCS, pDSK519, pKT240, pML122, pPS10, RK2, RK6,

30 pRO1600, and RSF1010. Other examples of such useful vectors include those
described by, e.g.: N. Hayase, in Appl. Envir. Microbiol. 60(9):3336-42 (September

- 1994); A. A. Lushnikov et al., in Basic Life Sci. 30:657-62 (1985); S. Graupner & W.
Wackemagel, in Biomolec. Eng. 17(1):11-16. (October 2000); H. P. Schweizer, in
Curr, Opin. Biotech. 12(5):439-45 (October 2001); M. Bagdasarian & K. N. Timmis,
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56 stimulating hormone; lipoproteins; a-l-antitrypsin; insulin A-chain; insulin B-chain; proinsulin
thrombopoictin; follicle stimulating hormone; calcitonin; luteinizing hormone, glucagon; clotting factors
such as factor VIIIC, factor 1X, tissue factor, and von Willebrands factor; anti-clotting factors such as
Protein C; atrial naturietic factor; 5lung surfactant; a plasminogen activator, such as urokinase or
human urine FBLLAHE plasminogen activator (t-PA); bombesin; throrhbH UEEHEEYic growth
factor; tumor necrosis factor-alpha and -beta; enkephalinase; a serum albumin such as human serum
albumin; mullerian-inhibiting substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse

gonadotropin-asgacialed RRRRRIAS: AMIGIARIBAIBIeIBes5aR Lohe R AsiAMase: Dnase; inhibin
activin; vascular ent‘:l‘of_heﬁ%%growth actor VE‘GFX; receptor$ for hormones or growth factors; integin;
protein A or D; rivEgRthibetadiBrS) 4l Oduphic X¥bidr Nk davishfaerkdiPMitiFStrophic factor
(BDNF), neurotrapGine3 4641 :63-65 (BT4NTE 3] Ny 4A1 NTule £ITNNabyz0vaainére gaith factor such as
NGF-f3; cardiotrgphin: i [ ] r i0 - T-1); platelet-derived
growth factor (P GF?ﬁ%gggglaasﬁf %%g@iﬁaé%éggé%ﬁrgg%? ?ZE%%?%&%& 3owth factor
(EGF): transforni§egrolvibitissten crEme Ueh- a0 PEF P hat4rirgdeerien i At r G F-131,
TGF-132, TOF-ISLE(EGESIw,_(me@ﬁEgﬂm;Ianul?nS&ke«@_za\/gtlmﬁamtﬁi?ﬂmrﬁilgL@ﬂQEﬁ%nd IGF-II);
des(1-3)-IGF-I (brpisyhEFpMiS e, L/t RRRs Dinging Proising LD psgjeRIpsuch as CD-3,

CD-4, CD-8, 20and CD-19; erythropaietin; osteoinductive factors; immunotoxins; a bone
morphogenetic ptoRss @mpi; %?F’ink%?@éﬁ@[féﬁ%@rﬁm%é?bﬁ%ﬁjﬁ%ﬂi%ﬁ]faﬁr%dn- gamma; colony
stimulating factomi¢fcGéis)y d 47 (PSS AGNRIESR; 200d)G-CSF; interleukins (ILs), e.g., IL-1 to IL-10;
anti-FIER-2;gntibody; WR@&P&Q%#&%N%?&éfgﬁ%@t&?ﬁ’ﬂ%ﬁ%%%E@Gﬁﬂ"&%'?@f?@f@ﬁ@teinS; decay

accelerating factor; viral antigen 25 such as, for example, a portion of the A|DS envelope; transport
proteins; homindPEaptdrsIaa drsedisied iadabltsr dratshao R in BWeded FRRYfa8iments of any of the
above-listed polypeptides. In certain embodiments, the protein or polypeptide can be selected from
IL-1, IL-la, IL-Ib %]%’S;E%&ééoﬁ%&fhﬁré&izn%ﬁor‘&i-‘_g’_1L'10’ T=11 =12 1t=3012elasti, IL-13,
IL-15, IL-16, IL-IRhieoh8BPa, 1L-23,1C-24, VIP, er in, - G- , M-CSF, platelet
derived growth faegan (PDGF), MSF, FLT-3 Tigand, Eféf3bbpabiast growth factor (FGF; e.g., a-FGF
(FGF-1), 13-FGREFGI2), FGF-3, FGF-4, FGF-5, F&Er66 158 FOE-?), insulin-like growth factors (e.g.,
IGF-1, IGF-2); tumor necrosis factors (e.q., TNF, LyPMiHBtestiH), nerve growth factors (¢.9., NGF),
vascular endothelial growth factor (VEGF); interferod$%8.q., IFN-a, IEN-P, IEN-y); leukeémia inhibitory
factor (LIF); ciliary neurotrophic factor (CNTF): oncoBE#MWI: stem cell factor (SCE); transforming
growth factors (e.q.. TGE-ct, TGE- 5 P, TGE-02, TGEMYSEMRE superfamily (e.g., LIGHT/TNFSF14,
STALLL/TNESEREBRBLys BAFE THANK)INFal RIS Eo FNFSF1D); or
otaxin=1Eotaxin-2/MPIF-2,
- Lynlpilutd.t,t|n/ATAC/SCM,

of
[a)
||

¢

chemokines (BEA 6/%' C-1-BRAKHEE; CXbLlG C:.jucr;, =

N
Exodus-2/SLC,FrattatkinefNeurotactin, GROalpha Wzp/A, €C-1;

MCP-1/MCAF,

The expression plasmid, RSF1010, is described, ¢.g., by F. Heffron eral, in
15 Proc. Nat'l Acad. Sci. USA 72(9):3623-27 (September 1975), and by K. Nagahari &
K. Sakaguchi, in J. Bact. 133(3):1527-29 (March 1978). Plasmid RSF1010 and
derivatives thereof are particularly useful vectors in the present invention. Exemplary
useful derivatives of RSF1010, which are known in the art, include, e.g., pKT212,
pKT214, pKT231 and related plasmids, and pMYC1050 and related plasmids (see,
20  e.g, U.S. Pat. Nos. 5,527,883 and 5,840,554 to Thompson ef al.), such as, e.g.,
pMYC1803. Plasmid pMYC1803 is derived from the RSF1010-based plasmid
pTIS260 (see U.S. Pat. No. 5,169,760 to Wilcox), which carries a regulated
tetracycline resistance marker and the replication and mobilization loci from the
RSF1010 plasmid. Other exemplary useful vectors include those described in U.S.
25  Pat. No. 4,680,264 to Puhler et ai.
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10 MCP-3, MCP-4, MDC/STCP-1/ABCD-1, MIP-l.quadrature., MIP-Lquadrature.,
MIP-2.quadrature./GRO.quadrature., MIP-3.quadraturelExodus/LARC, MIP3/Exodus-3/ELC,
MIP-4/PARC/DC-CK1, PF-4, RANTES, SDF1, TARC, TECK, microbial toxins, ADP ribosylating toxins,
microbial or viral antigens). In one embodiment of the present invention, the protein of interest can be
a 15multi-subiH PStE#HSr polypeptide. Multisubunit proteins that can be BxBHE38EP A% de
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,
4,5,6,7,8,9,10,11,12or mgggh%gltl)tynits. The(proltaesirgi%lso ma _E;le a heteromeri(% [ﬁ]otein including 2,

g 1O,
3,4,56,7,8,9,10,1 %i‘?, or more SUBUNItS. xemp g’rillqmu tlsﬁt‘)3X Il%sps)lrpc?tgleﬁsomc ude: receptors

including ion chaaa@rreEbplapsneREEEILPar dealdl y5rienes iskstah S e Fateiditin; collagen;
immunomodulatessiinakding it praiginss f pivoh@insantibadirstiandeainady fragments; enzymes
including RNA pg s,.and DNA polymerases; and membrape proteins. 25In another
embodiment, the %I%%%Oe fﬁté%%g?%grﬁgggoa’ Eﬁ(‘)’gs)c S?otgfﬁ(.p Ilgﬁséogl‘éec%ﬁ fi)roteins expressed in this
embodimentinclude bibapise ifaiiesameitaing iphsthassced sHnelusivn phfrselpcio®ling human and
bovine albumin, siaksfesinireeyrbinantirxnsienim hadbinalesiiaschaptoglebiae filarinogen and other
coagulation fac‘%&ﬁeaé’orﬁ‘cﬁhe%%%%&% 30 Qﬁ&(‘ﬁtc?tc{%@féﬂﬁ’&'ﬁgbﬂ'&%uﬁ%%%%%‘a@#&u@ dyrecursors of

30substances such as angiotensin and bradylcinin, insulin, endothelin, and globdlin, including alpha,
beta, and gammEeFEBUMA S EBeHEP THB LGB S8 PONEBTE IS IHEHES thereof found
primarily in the b;bmﬁiaﬁmmmalﬁos'fhﬁi&M[@ﬂﬁd@ﬁﬂmesd%spmﬂﬁm@@qd p_roteins ha\_/e bee_n
reported (sqg. S, S BANA193 SR, BIREHEILELYSI9), 106RBER1MREGING the amino acid
sequence for human serum albumin (Lawn, L. M., et aL (1981) Nucleic Acids Research, 9:6103-
6114.) and hum&h*EF0PR PRSP RFRIPARYEF. et aL (1984) Proc. Natl. Acad. Sci. USA 81:2752-2756).
5In another embodimeTiis thenpreteinedfiirieredicanhe thnpenzymeoricodfagior. The enzymes and
co-factors expregsedtii his smbodimentindyds Bt A Ankimitad.ia aldalasss. Amipe oxidases,

amino acid oxidases, aspartases, B12 de endent,enzymes, carboxypeptidases, carboxycsterases,
carboxylyascs, ﬁ&%ﬁ?%ﬂ?@ﬁ%?@ﬁ%iﬁﬂ’%ﬂ%‘i‘é@,TE%WBWWW%tﬂ&M%yStathione
synthases, diecapbnmﬂa;ses;;&mﬂ@Iﬂ}&jﬂogﬁma%qsommds\dbmﬁbwmgéhﬁseNodehyulﬁfases, diaphorases,
dioxygenases, epasiBJLUNGIRRES PERKIBRAYIFBRES pIAID O aRP1IAREIFEBLaRES, glucose

isomerases, glucose oxidases, glycosyltrasferases, methyltransferases, nitrile hydrases, nucleoside
phosphorylases P8 idieimetBe PrwRitIis st Iyt domtthe dort el praursmdB S Wifoxidases,
enzymes fused tomhdhieraye ttiqathnatetiiseldbpd frpaptide cti§sugglasminogen activator; urokinase,
reptilase, streptokinase;,GallasgRRILRASPYRRRN Rk alRpR-a7d Qydiplases (e.g.,

asparaginase, amidohydrolases); carboxypeptidases; protea,ses,_tripsm pepsin, chymotrypsin,
papain, brofclaffe¥giga iyt RSl &g Hof Aitisddn 43 2&e, and arabinofuranosidases.

20In another embodiment, the protein of interest can be a single chain, Fab

Table 6. Examples of non-/ac Promoters

Promoter Inducer

Pr High temperature

Py, High temperature

Pm Alkyl- or halo-benzoates
Pu Alkyl- or halo-toluenes
Psal Salicylates

See, ¢.2.: J. Sanchez-Romero & V. De Lorenzo (1999) Manual of Industrial
Microbiology and Biotechnology (A. Demain & J. Davies, eds.) pp. 460-74 (ASM
25  Press, Washington, D.C.}; H. Schweizer (2001) Current Opinion in Biotechnology,
12:439-445; and R. Slater & R. Williams (2000 Molecular Biology and
Biotechnology (J. Walker & R. Rapley, eds.) pp. 125-54 (The Royal Society of
Chemistry, Cambridge, UK)). A promoter having the nucleotide sequence of a

promoter native to the selected bacterial host cell may also be used to control
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fragment and/or full chain antibody or fragments or portions thereof. 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 contain 2 25 chains: a light chain and a heavy chain fragment. These
fragments can"¥23#&H#4A4 a linker or a disulfide bond.  In other embod?ﬁi@ﬁf%?'{?fgﬁbﬁein of
interest is a protein that is active at a temperature from about 20 to about 42C. In one embodiment,
the protein is active at physiological temperatures and is inactivated when heated to high or extreme

30 temperatures, e 43 JSIREIRINES QU 3G recl AR SIbQIITEN M REDteIn of interest s 2

protein that is active at a temperature from about 20°to about 42C, and/or is inactivated when heated
to high or extrenf@HEmi: af wecdls pes RIATMRITHDRIS iRl d8tdens Prmetes Faafially homologous to,
a native protein, isuchdas ehiatverambdn ohal[ronetdi iivaveiprdicinaai toehekpredsaadfrom nucleic acids

in concatamenc i Qe BENRrG AEALREIS 001 RN AN Bl R N il used In the anay

but is derived from another organism, such’as E. coll. 5 Host ce In one embodiment the invention
provides an arralvBr® ofladlasRiasLeRee SRR NSRRI SPEME BYodieeda heterologous protein

or peptide of intefidstel? offtante@sncens 10 has been demonstrated to be an improved platform for

production of a Va”ewﬁéf%ﬁfé?éﬁi&%xﬁ&@ré&tﬂ%ﬁﬁ&%’%%%%@%&éﬂ?ﬂ%ﬂ&@é’t@ begnidentified from this

organism (see, U.S. Application Publication ] 877. The Pseudomonads system
offers advantagd@ IS RIANAERS SPASCE Rt bt AP pisTyD & PHd Y eri ST L M S mparison with
other bacterial ekpreddionisystemspdndpapicuat: Peglixoragoerimivdl deche gendffiad as an

advantageqys expression AYSiEm: il QTS Geas £ ARRRASSER P OHR i g@mmon, nonpathogenic

saprophytes that colonize soil, water and plant 20 surface environments. Commercial enzymes

derived from P. fiERHESRENSRAY uds: L Y EPragitt e enir AR RRIRBA O I TR as detergent
additives, and foMstEeoselestaiethydystysistifiioflsiceseans ispalsonsetdiag egulflirally to control

pathogens. U.S.;Batenl NHMReGhORARA62HeSG0RES htde £XRression:ehrseampingnt bacterial

proteins in P. fluorescens. However, it is contem%l,ated that alternate host cells, or even a
multiplicity of diffERR{ P RaIRY/PEAAKR (7SRl 05 RERB RS B 5 F A EdriBfiaThg hBfurality of
phenotypicafly 3endistinenhdst ophsdeatbamd darhgenetiqatiginiodifib the batedegate the expression of

one or more targelgenNgs.@edIRCURsqdR\ BRI HeHReSheslLeRR R BAYRrganism in which target
genes can be altered. Methods of identifying target (t;enes homologous to those listed in Tables 1 and

2 are known 35 in the SRMEHFREF AR BPSHT IRTRSTIH ALAHTIRG SRRt to identify target genes
that are native teconusef thin mvhogtlr et iot watehbstsMeatysofith dserqeriatsingrteinssi ik fiown

enable the protein to either release or bind to at least one DNA transcription

20 regulatory region of the gene that is under the control of the promoter, thereby
permitting or blocking the action of a transcriptase enzyme in initiating transcription
of the gene. Effector compounds are classified as either inducers or co-repressors, and
these compounds include native effector compounds and gratuitous inducer
compounds. Many regulated-promoter/promoter-regulatory-protein/effector-

25  compound trios are known in the art. Although an effector compound can be used
throughout the cell culture or fermentation, in a preferred embodiment in which a
resulated promoter is used, after growth of a desired quantity or density of host cell
biomass, an appropriate effector compound is added to the culture to directly or
indirectly result in expression of the desired gene(s) encoding the protein or

30  polypeptide of interest.

By way of example, where a lac family promoter is utilized, a lacl gene can
also be present in the system. The lacl gene, which is (normally) a constitutively
expressed gene, encodes the Lac repressor protein (LacD protein) which binds to the

lac operator of these promoters. Thus, where a lac family promoter is utilized, the
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in the art. See, for example, U.S. Patent Application Publication No. 2006/0110747). Host cells can
be selected from "Gram-negative Proteobacteria Subgroup 18". "Gram-negative Proteobacteria 5
Subgroup 18" is defined as the group of all subspecies, varieties, strains, and other sub-special units
of the species Pseudomonas fluorescens, including those belonging, e.g., to the following (with the
ATCC or otheP™@H8&itHtfthbers of exemplary strain(s) shown in parenthegg."ﬁ%%@&}ﬁgnas
fluorescens biotype A, also called biovar 1 or biovar | (ATCC 13525); Pseudomonas fluore.scens
biotype B, also called biovar 2 or biovar Il (ATCC 17816); Pseudomonas fluorescens biotype C, also

called biovar $ O S ol UM GE (AR I 7 BEHAREIGRAR BHAUERGPURBI RS lng called biovar 4 or

biovar IV (ATCC 12983); Pseudomonas 5 fluorescens biotype G, al$o called biovar 5 or biovar V

(ATCC 17518); BSderioiiBriais iy e s pidrdhs APt iheiefabrasrard 3R 1; Pseudomonas
fluorescens Pf5 (Afhést; fiAda=Uly 4)gnanddndocasitt asd BT ®BW2R-and Pseudomonas fluorescens
subsp. cellulosa (NG ARG 1%, 00RLCSU RR AiSEIREIRGIGM "Gram negative Proteobacteria

! v ;

Subgroup 1019." "Gram-negative Proteobacteria grouF‘ 19" is defined as the group of all strains of

Pseudomonis fluoresESREBIBTPR oA 2 A yehtiera Ry SR CErhi PO PIIEARBIISETEP . fluorescens
strain MB101 (sei&dhSusBat ANeorboit ShaiGe: toplAftdx) puihcleriviiivesithrerEfdis example of a

preferred derivatjys, (NRrG0Li5 B e 368 B8 STRMMNBAI G AARSITHEIEE DY RS Esing,into the MB101

chromosomal asd (aspartate 15dehydrogenase gene) locus, a native E. cqil PlachlacklacZYA

construct (i.e. in REHRSTIS R GLLGR &0dRY > D2 RAMBRLTAE RUSISLSERELPERS that can be used in
the present inveititnidnciit] en? seu@Omihasfleoresdensddigiiadiil Psepro moiesrfluorescens

Loitokitok, hgving, e, IOIOMRAAT 6 gsgmggcaﬁﬁérghl%s&%%ﬂe BRLBwlré4; NCIB 8865 20 strain
CO01; NCIB 8866 strain CO2; 1291 [ATCC 17458; TFO 15837; NCIB 8917; LA; NRRL B-1864;

pyrrolidine; PWX RIS GREosos pieat PN RT a8 gEm i/ S IR EE 70658 NERL B-1603 [6:
IFO 15840]; 52-1R1BCERI 488 JBRIak40K@ECESB &53dE Wp15/42R7) AN AGE8LAHH-27]; IAM 1055

[AHH-23]; 1 [IFQABEA21 12 GG 283231 H b SRR DRATER08-da08 RS K MAIRO 15833; WRRL
P-7]; 93 25[TR-10]; 108 [52-22; IFO 15832]; 14%9% 0 15836; PL], l.aé%‘-40-40' IFO 15838]; 182 [IFO

3081; P573]; 18451R5 a4 5o Res (K3 | Miqad lipts PagSemperat 48 KeepP8'263]: 188 [NCPPB
316]: 189 [R522ArdR08]; TRILTHD: 158BLoRERREGAB (|98 MEKIRTGH R360, REEE]; 196 [PJ 288]; 197

[P5 290]; 198 [PRs02k 2311102368 b or Bd luk 88l drdblat b 6P H6RRR:R5682]; 205 [PJ
686]; 206 [PJ 692]; 207 30[PS 693]; 208 [PJ 722]; 212. [PJ 832]; 215 [P5 849]; 216 [PJ 885]; 267

[B-9]; 271 [B- 1612]; 401 [C71A; IFO 15831; P1187]; NRRL B-3178 [4; IFO. 15841]; KY 8521; 3081;
30-21; [LFO 3084ipMssiy Risiewy; DI46-B83 [BU 2183; FERM-P 3328]; P2563 [FERM-P 2894; IFO

13658]; IAM-1126 [43Mf il be ASOGIAB-RGLARARHAS 05 pAEa6 JAF26E B8 72; NRRL B-4290;
PMW§ [NC;&E':11615El SCf’LZQ%(_S; AO\I 6]f_'té11-0 ]85%39 ' 18453 .EZDC-EB ; Ff.1184%f‘[/(\/:DC. 93]; NCIB
10586; P17-F-18" RIHNAS 57 OpRASE! BT BAYEH Ro LD 2N 45508" BRI"WvC; NCTC 2583
[NCIB 8194]; 11¢8rateiidafATRCT s nOGERRIE}; HPGSS003ca06Rther P iFFHhe embodiment, the
host cell can be ary.celkGanakle alcpingucing-adaRigieiscqndebnepiigadebitesssiniraluding a P.
fluorescens cell %Stt%en%%ﬂ%?lgeggc%\é%ée encoding the protein or polypeptide of interest. In some
embodiments, no modifications are made between the signal sequence and the protein
25  orpolypeptide of interest. However, in certain embodiments, additional cleavage
signals are incorporated to promote proper processing of the amino terminal of the
polypeptide.
The vector can have any of the characteristics described above. In one
embodiment, the vector comprising the coding sequence for the protein or polypeptide
30  ofinterest further comprises a signal sequence, €.g., a secretion signal sequence.
Therefore, in one embodiment, this isolated polypeptide is a fusion protein of

the secretion signal and a protein or polypeptide of interest. However, the secretion
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The most commonly used systems to produce proteins or polypeptides of interest include certain
bacterial cells, particularly E. coil, because of their relatively inexpensive growth requirements and
potential capacity to produce protein in large batch cultures. Yeasts are also used to express
biologically relevant proteins and 10 polypeptides, particularly for research purposes. Systems include
Saccharomyc¥OEPedH#e or Pichia pastor/s. These systems are well ché‘é YPoLYide generally
acceptable levels of total protein production and are comparatively fast and inexpensive. Insect cell
expression systems have also emerged as an alternative for expressing recombinant proteins in

biologically active {01l | SE GRS RASHAIRLISA Wolsns aliaigppst transiationall

modified can be produced. Mammalian cell expression systems, such as Chinese hamster ovary cells,
have also been PREERTEr tHerasprbSdiBR bR Sl BFBER TS Eein 884 small scale, these
expression systendsianeradienritbgiyed Genaitifbilogiasasacldaeagenifrbed fsomipreikgirds, particularly in

amimal or hurnan healt, 3BelieaifnR-ih 8R akpRL SRR SRS, AR DR RL RS Adplant cel, including,

but not limited to, a tobacco cell, corn, a cell from an Arabidopsis species, potato or rice cell.  In

another emBodiRTedhetipr Fogetiandsindieed BrokianeenEuRRmYs ey FedkMcluding, but not

limited to, an EsshefiaptartihaRgeudoimgandspspécien{Tiypheakbastegtdl TR are described, for

example, in "Bi%ggrkﬁ@la';mrﬁi#xrz&éﬁsﬂ&aﬁ&?%@c E3PReRENRRIQihRPN-Line Biology Book,
F the Estrell : R

provided by Dr M J Farabee o a Mountain Community College, Arizona, USA at the website

www.emc. maricBEE SIS R e S0 BRER BBETERIAVEIIRR TRERPBH éMSStiments, the host
cell can be a Pseutamanadvioe) blamndcCabifiyieadlyelieriabRitfl (fondsrens Meffatn( B¥fe/embodiments, the
nost cell cap alsgy e, i a9 3 poIEr SERboRmEnkG eSieell eamb a eukaryoti cell,

for example an insect cell, including but nat limited to a cell from a SPodo tera, Trichoplusia,

Drosophila or an ESHGFFEIHE EBEHED Bies Ty ATAmr @t THANRRS BRERE: TARHNG a murine cell, a
hamster cell, a rfuwhighylceepuimatipooreckh thingameceflinterest| nthgle lewllyagiender ithehivued cell can be a

member of any gf the hacieripl faxas Theysethean RRAPIRmRIE,B6.aiNemP e REanY species of

eubacteria. The host can be a. member of any one of the taxa: Acidobacteria,, Actj{?obacteira,

Aquificae, BactefoIabiy efdiatd kg iR e hd B s ChRISIS e AERSSS Y 4hBhacteria,
5Deferribadtere s ddefind concisspdist) by tomidiFEhrebactarEs] Ridicutts heysobathéria,
Gemmatimonadgies, 1RRlEHAe8e HNHI0SRIAG R RAERAMY ¢ eIesm A8 oRAG iR Bpirochaetes,

Thermodesulfobacteria, Thermomicrobia, Thermot%%ae, T?ef slgTﬂirgnalesz, orh\/%rrucomicrobia. In
an embodiment DA eBHScidd HoNf ESF S AR BRS A HT AT Of By BARLTELSE eubacteria,
excluding CyanchabtenductOFhE BacIErRINAB St camesisbupendniustitnandtramprdisethes of
Proteobacteria. & protegbagterial host cell can be a member of any one of the taxa
Alphaprotegbacteria, Betaproteobacteria, Gammaproteopacteria, Deltaproteobacteria, or
Epsilonprolzeobacteria.jﬁ? é)%%l SHPIRE ROV AR rﬂé)%s N %tf) er 8?%%?’/%%5‘ %%tﬁ(gr%%(lgfl
AlphaproteobactémtBe tprdieeiide tef intcrssiCupnahdpr oresbec o szecHisd-ahorespibessof 15 any species
of GammaproteghaGepideose, ¥hoNe aRLRHMART Ghantaa M PBustehreiesiagnost, the host will be
member of any of t ro adales, Alterompnadales, Enterobacteriales,
Pscudomonadal(feqsp?,(%)dll5 %f%imﬁﬁ%%%?&?@ﬁé% 1eu%lo g%%ﬁﬁegfgévgf) the’ %%{8 acteriales or
Pseudomonadalesr prinsereiemibsiirietsroprewasne elpeani geliorobeBold pditérobacteriales, the host
cell will be asmemiaek@hthe BkbERIBAbACR iRcaRe: ¥ 1R HeitemenIbrpAlalRy one of the genera
Erwinia, Eschcrichi Oﬁbs %Ir,%lgtle host cell is of the

ehia, of Sefratia er amemberofhe genus Eachsrichia, Wi is of t
order Pseudomorta afes, tﬁe%os ce mayabeamem er of the flgmﬂly P euéomonadaceae, including

the genus Pseudeomoneemebamiialprainsadieiiarhtses oblinsbaesmainbers dMe species
Escherichia coli giasksnembigisoafl the speeies Reaudamanasiituiesce Bents aldtbqnkRseudomonas

organisms may also b, uzeful, Rsudomanads. and sigselvisialad.speripainclyge Gram-negative
Proteobacteria Subgroup 1, which include the éroup of Proteobacteria bélonging to the families and/or
genera destlibetFtiataspegisin (CAP)-cAMP complex binds to the DNA and stimulates binding of
AraC to the correct location of the promoter region.
The trc expression system allows high-level, regulated expression in E. coli

from the frc promoter. The trc expression vectors have been optimized for expression
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30 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 7 presents these families and genera of organisms.
WO 2008/134461PCT/US2008/061483 Table 7. Families and Genera Listed in the Part,
"Gram-NegatiVEPARH *Rods and Cocci (in Bergey (1974)) Family I. Ps&GdOmtfiteyds

Gluconobacter Pseudomonas Xanthomonas Zoogloea Family Il. Azotobacteraceae Azomonas
Azotobacter Beijerinckia Deixia Family Il Rhizob aceae Agrobacterium Rhizobium Family IV.

Methylomonadagege Mellorageys Metiomanan At BRlBAgIEriRRsag Hatobacterium

Halococcus Other Genera Acetobacter Alcaligenes Bordetella Brucella Francisella The rmus

"Gram-negative PBtE5HRRIRS (1) Bribepiosddem erpaetem  didulsarastbirhs WRid be classified in
this heading accaogeting tadkie: phieiia cfsheiiit e-ata@sifioaliDil Whhedneadiny BsGIncludes groups that

were previously classifieg i, His:SEGHAR Rt Ak MARIGLSHENANINS ASRRT AAEidovorax,
Brevundimonas, Burkholderia, Hydrogenophaga, Oceanimonas, Ralstonia, and Stenotrophomonas,
the genus performed using any transformation methodology known in the art, and the bacterial

host cells may be transformed as intact cells or as protoplasts (i.e. including
cytoplasts). Exemplary transformation methodologies include poration
methodologices, ¢.g., electroporation, protoplast fusion, bacterial conjugation, and
divalent cation treatment, e.g., calcium chloride treatment or CaCl/Mg2+ treatment, or

10 other well known methods in the art. See, e.g., Morrison, J. Bact., 132:349-351
(1977); Clark-Curtiss & Curtiss, Methods in Enzymology, 101:347-362 (Wu et al.,
eds, 1983), Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd ed.
1989); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and
Current Protocols in Molecular Biology {Ausubel ef al., eds., 1994)).

15
Proteins of interest

The methods and compositions of the present invention are useful for
identifying a P. fluorescens strain that is optimal for producing high leveis of a
properly processed protein or polypeptide of interest. The arrays are useful for

20 screening for production of a protein or polypeptide of interest of any species and of
any size. However, in certain embodiments, the protein or polypeptide of interestis a
therapeutically useful protein or polypeptide. In some embodiments, the protein can
be a mammalian protein, for example a human protein, and can be, for example, a
growth factor, a cyiokine, a chemokine or a blood protein. The protein or polypeptide

25  ofinterest can be processed in a similar manner to the native protein or polypeptide.
In certain embodiments, the protein or polypeptide of interest is less than 100 kD, less
than 50 kD, or fess than 30 kD in size. In certain embodiments, the protein or
polypeptide of interest is a polypeptide of at least about 5, 10, 15, 20, 30, 40, 50 or
100 or more amino acids.

30 The coding sequence for the protein or polypeptide of interest can be a native
coding sequence for the polypeptide, if available, but will more preferably be a coding
sequence that has been selected, improved, or optimized for use in an expressible
form in the strains of the array: for example, by optimizing the gene to reflect the

codon use bias of a Pseudomonas species such as P. fluorescens or other suitable
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Sphingomonas (and the genus Blastomonas, derived therefrom), which was created by regrouping
organisms belonging to (and previously called species of) the genus 10 Xanthomonas, the genus
Acidomonas, which was created by regrouping organisms belonging to the genus Acetobacter as
defined in Bergey (1974). In addition hosts can include cells from the genus Pseudomonas,
Pseudomonaséh AR/ IAH#eIC 14393), Pseudomonas nigrifaciensi (ATCC 1¥37EF24i¢ %8 udomonas
putrefaciens (ATCC 8071), which have been reclassified respectively as Aheromonas haloplanktis, 15
illteromonas nigrifaciens, and Alteromonas putrefaciens. Similarly, e.g., Pseudomonces acidovorans

(ATCC 15668) and Rsfd9Manas GRions A ( ik AROBAMNANE sRmbaaNgRaigesiied as

Comarnonas acidr vorans and Comamonas testosteronj, respectivély; and Pseudomonas nigrifaciens
(ATCC 19375) afibrramgalkingrad pietniz s uinecedrmisneyhagione SRS 8L RSN respectively as
Pseudoalteromom@daigmfcaeieasim B@u@d@bﬂ&iﬁﬂ&p&@@iﬁﬁd ti@:tmmgaﬂug_ Proteobacteria
Subgroup 1* a'sgﬂ&ﬁ'é{geﬁoﬁé%?c*ﬂ@s‘%?%&&%iﬁ@&%i@%&'%&eﬂ% floigfamilies:

Pseudomonadaceae, Azotobacteraceae (now often calle the synonym, the "Azotobacter group” of
Pseudomonddade@)cresiinpree it csnd ?Wétﬁ%ﬁ%ﬁqgﬁa%%% EBVBHARN MWy the synonym,
"Methylococcaceaedjuresoapedtigénily cinacditibny thettivsergehedangtitermigalideberibed herein, further
Proteobacterial gganera falling within "Gram-negative Proteobacteria Subgroup 1" include: 1)
Azotobacter group bacteria of the genus Azorhizophilus; 2) Pseudomonadaceag family bacteria of the
genera Cellvibrio, OligBHaMaraneerraratihs etsiosyhenmoticrdalse el Haddiiosthe genera
Chelatobacter, BEasifengkigetibadter-talspcaliepeiCardidaties thberivacteths gmaiSimarhizobium; and 4)
Methylococgaceqe famiviRaciadiaal thedenandiathylgbaripoiMetacaldnaicMethylomicrobium,

Methylosarcina, and Methylosphaera. In another embodiment, the host cell is selected from

"Gram-negative 9Bt e SubyrsiRgynus ?H’rﬁpﬁ‘@‘ﬂﬁti@éaﬁ?&%ﬁﬁlgf}%ﬂgﬂ% group 2" is defined
as the group of Rrotéobabidria efcthtofolignirgrge aetar{witbrigreatota patmabsesctbicatalog-listed,

publicly-available, depasited straing theread ldicaied.ipRATRRIPESIR. all deposited at ATCC, except as
otherwise indicatéd): Acidomonas (2); Acetobacter (93); Gluconobacter (37); Brevundimonas (23);

Beyerinckia (13); Derxid?2f o6 ETEERL A% WIrEBaIeiin o785 BICRtSHARIE T Ensifer (3);
Rhizobium (%44)y<Simermizddhiumrei2dimBlasto radnailid oS phlimgonhdivas i(diy;axtvaligenes (88);

Bordetella (43); Byekholdgria 4}3@5@%@@@@ bAGHANQ AP QY GERAsAPRRAER (9); Zoogloea (9);
Methylobacter (2); Methylocaldum (1 at NUMB ?coccusﬁ%% Meth omicrobiHm (2);

; Methyl ;
Methylomonas (Wﬁ&f’ﬁiﬂ@é&%‘?ﬁ’&ﬂ??ﬂﬁ&fﬂﬁgg%tﬁlgfaé\,eﬁgﬁf% that & R AR Shilus (5);
Azotobacter (64 )yCrdlvilorio (8Ys Gligehast 53l Pspuidtnmorials (118@Bpn-rancisella (4); Xanthomonas

(229); Stenotrophomonas(a0)seni LS eaMHMAtAR(fiked foEXSIAF ARGl sRREES Of
"Gram-negative Prqteobacteria Sub,gro_%p 2" i&fl&gﬂggm %ar not limited lio the ﬁollo(yging bacteria (with

the ATCC of-othSFSSBER SO HANRL S S ERURTH ere aicl ot

ry's raﬁ"](S REreSPERown 15 parenthesis):
Acidomonas meteawlicacfAPOOas 33 yrdlostibautcseace tRAFCAEEFTIMBARSEhobacter oxydans
(ATCC 19357); BegivaHoslimanasoesy kuitse (Alhed kbab8)n Baiiesimekinbamica (ATCC 9039 and ATCC

19361); Dencia umn%g%% AIi%.C \% gtgrgf% %@@%%ﬁ’% é@l&%gbg%ﬁ?g%ﬁrucella abortus (ATCC

23448); Agrobacteriu umetaciens SACtetum radiobacier (ATCC 19358),

Agrobacterium ri§igerienbscRonia SRE Y pdikintrieiag Heommaiion Fioa goeoerd their
25  products and biomedical applications from the Weizmann Institute of Science
Genome and Biocinformatics (bioinformatics. weizmann.ac.il/cards), nuclectide
sequence information can be also obtained from the EMBL Nucleotide Sequence
Database (www.ebi.ac.uk/embl/) or the DNA Databank or Japan (DDBJ,
www.ddbi.nig.ac.ii/; additional sites for information on amino acid sequences include
30  Georgetown's protein information resource website (www-nbrf.Reorgetown, edw/pirl)
and Swiss-Prot (au.expasy.org/sprot/sprot-top.html).
Examples of proteins that can be expressed in this invention include molecules
such as, e.g., renin, a growth hormone, including human growth hormone; bovine

growth hormone; growth hormone releasing factor; parathyroid hormone; thyroid
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Ensifer adhaerens (ATCC 33212); Rhizobium leguminosarum (ATCC 10004); Sinorhizobium fredii
(ATCC 35423); Blastomonas natatoria (ATCC 35951); 5 Sphingomonas paucimobilis (ATCC 29837);
Alcaligenes faecalis (ATCC 8750); Bordetella pertussis (ATCC 9797); Burkholderia cepacia (ATCC
25416); Ralstonia pickettii (ATCC 27511); Acidovorax.facilis (ATCC 11228); Hydrogenophagaflava
(ATCC 33667V23M§dE4%amigera (ATCC 19544); Methylobacter luteus (RGEESAOH 483
Metitylocaldum gracile (NCIMB 11912); Methylococcus capsulatus (ATCC 10 19069);
Methylomicrobium agile (ATCC 35068); Methylomonas methanica (ATCC 35067); Methylosarcina
fibrata (ATCC 709190??21' I‘\]/Ifth IogghaeragE hanso _iin({%CAgM_ElSnAégﬁ;n@z_%monas gg%_scgg{r_cc 7494);
Azorhizophilus p%lén af ('A ) ﬁ‘;?f);r S0tobacter tiroscoceum f ey ; ellvibrio mixtus
(UQM 2601); Oligreltaulim threfibprrde follgBo imueintdiwomas adeiigtindelinTraL 10145),
Ps?ud%r?on(as 1@0%6&’(@;%@&%?@%@5&5&;sﬁéﬁwiﬁéﬂa\@@ﬁ@&iﬁ mﬁgﬁeaaa&z;a&enOéropglonif?lnas
maltophilia (ATCC : Xapthomonas campestris (ATCC 33913); and Oceanimonas doudoroffli
(ATCC 27123). I\ﬁognoa%é%ég%ga&%h%ﬁ = tg%%f%éﬁls}fschs%ﬁgr:%l 1%(3%%@(15?5%1%&@9%%\% Proteobacteria
Subgroup 3.3 "GhapashdepitivePRm Bt ez Suhbreuls BroldraasioTdyRo 455 ar ¢t of Proteobacteria
of the following g@nesasRHBKNEINS0AG: PAOT 8basteriLRbiZRIEBOISE @FbATUs; Blastomonas;
Sphingomonas; Alcaligencs; Burkholderia; Ralstopia; Acidovorax; Hydrogenophaga; Methylobactcr;
Methylocaldum;%?ﬁy Sﬁoggcﬁé%? g‘% %/?3%%?) Fﬁ’%? Iel?ﬁsﬁ’oarﬁ%rﬁgls% et fgsa?rsﬁgg?ﬁ/lethylosphaera;
Azomonas; AzossBapHiusinapglissaetekitbeesnbiniseOtladiid-Pedu admbrisha®redinibacter;
Francisella; Stenpéiepkiamanuasyosanihopmonasiasd figpatidoonasrobialiparaihecenbodiment, the
host cell is sglected from "Gram-negative Proteobacteria Subgroup 4." "Grams tive Proteobacteria
Subgroup AVs Aot B A B PR s SR o e
Blastomonas; 30eStffferherBees of RFTHefstoRakEsAT Db oTER; BRdrsigEhophaga;
Methylobacter; MethlocalsumpMethylipsaacusdiethylamniciebivphidietoylemergs; Methylosarcina;
Mcthylosphaera; Azomanas, Azorhizo équ ; Azojabacter; Cellvibrio: Oli ; omonas;
Teredinibacter; I?regﬁoggoﬁgﬁs’t%ng’t%pﬁ mogﬁﬁs%; %ﬁ%&foﬁgﬁk{& n%ﬁ%ﬁ%&ﬁ%@% In another
embodiment, theusbss SEHES sardimephionicactiantmegemis b srhaetalSuBeisub 5."

"G ram-negaﬁ'vle ?ﬂgpﬂa&t&t&&@ﬁy&m ﬁiﬁ&@ﬂﬁt}eﬂ ﬁ&&hﬁs@i Wlﬂg&[ﬁ'@@baﬁie@ of the following
genera: Methylobagter; Methylocaldum: Met ccus; Methylomicrobium: Methylomonas; 5
Methylosarcina, ﬁ&?&%ﬁ%ﬁ@éﬁ? g@%ﬁ%ﬁ%ﬁ%&ﬁﬁﬁ&%%% gaglfgrrr?r el vsllgérllloa;SOIigella;
Pseudomonas; Té&EdipibantetCErBrintdeding TEnbl disHobPRohas - BlahtHobtoprakikld: Oceanimonas.
;he host cell _Caéﬁl%ﬁﬁﬁﬁf&éﬁﬁvf:ﬁqac}téﬁf @ﬁﬁ'ﬁﬁ@@ﬁvﬁaﬁ’d th,?)qgﬁ%‘é‘( i%ﬁl@t%k@iﬁ I'('}'fIGI!i,a_m'neg ative

roteobacteria Subgro " is defined as the grqu roteobac 0 wing genera:
Brevundimonas;lﬁﬁgls éﬁn%ﬁg‘gt %ﬁ?ﬁg%’rd:\‘l% l's;/E eé“ﬁ?lgoh%fagtﬁbn;s &gﬁ?éﬁg%Aéfg?g?(@é%f
HydrogenophagandZBridraghnpoetivoptsiintunirstiioeteimaeliiziing; Oligella; Pseudomonas;
Teredinibacter; SigpatRRRRAPRAAS BlaBhaMNas. ARG IQcerRImonaphiheeRoshcell can be selected
from "Gram-negative Proteobacteria Subgro 7." "Gramsnegati (0] eria Subgroup 7" is
defined as the g%ﬁlbn %TCISEr% o %%[§ﬁ§¥3f%%%%% (f\}\?iﬁé"gﬂtgh@esrg’:%@tb&rﬁﬁ%@?&?gﬁﬁizophilus;
Azotobacter; CellvitskivkioliFelas PsBuliribrifsaterEdR mvachedy Stasosisbymsiaess TXanthomonas:;
and Occanimonasy Thepheskeal-can RersR|priRehiramyGrarasgativeDraieerasteria Subgroup 20 8.
"Gram-negative Proteobacteria Subgroup 8" is defined as the group of Proteabacteria of the following
gonera: Brannd bR B e A e R P AR o
Hydrogenophagicreeiscsiieiris; Sl prorisfasbydrefisrareniri oratnonas. The host cell
can be selected {rom-tsEapuRpgative Proteobacteria Subgroup

In certain embodiments, the protein or polypeptide can be selected from IL-1,
1L-1a, IL-1b, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 1L.-9, IL-10, IL-11, IL-12, IL-
30 12elasti, JL-13, IL-15, IL-16, IL-18, IL-18BPa, 11.-23, IL-24, VIP, erythropoietin,
GM-CSF, G-CSF, M-CSF, platelet derived growth factor (PDGF), MSF, FLT-3
ligand, EGF, fibroblast growth factor (FGF; e.g., a-FGF (FGF-1), B-FGF (FGF-2),
FGF-3, FGF-4, FGF-5, FGF-6, or FGF-7), insulin-like growth factors {e.g., IGF-1,
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25 9." "Gram-negative Proteobacteria Subgroup 9" is defined as the group of Proteobacteria of the
following genera: Brevundimonas; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;
Pseudomonas; Stenotrophomonas; and Oceanimonas. The host cell can be selected from
"Gram-negative Proteobacteria Subgroup 10." "Gram-negative Proteobacteria Subgroup 10" is
defined as thé"§t 30§ /&1446/roteobacteria of the following genera: BurkholBERASRATANRL
Pseudomonas; Stenotrophomonas; and Xanthomonas. The host cell can be selected from
"Gram-negative Proteobacteria Subgroup 11" Gram negative Proteobacteria Subgroup 11" is

defined as the gjgup of Protsobadtslin Al dhe oRfefapRsUdAmANAS SRnAARoponas; and

Xanthomonas. ost ce can be sele m negative oteo acteria Subgroup 12."

"Gram- negatlveWgﬁeﬁéﬁé?éﬁadgbﬁ&ﬂwﬂ?fﬂﬁoﬁéYlﬁ@H)a@tﬂﬁ%f@%@pgeﬁWd%eﬁ%ﬁierla of the following
genera: Burkholgsgiay; Bﬁi@}ﬁglﬁhﬁﬁmm) Ehﬁ@%g%lbﬁg@m&@@qw from "Gram-negative

Proteobacteria Subgroup 13." "Gram- Sn%%atlve Protegbacteria Subgroup 13" is deflned as the group
of ProteobacteridSTYAE iR G e BhtkyrfS R R eI MRS Lidonidhgs! Ghd Xanthomonas.
The host cell cafibeGelpLtedHgs THFnpaegdativie. B ralehaTier&tF Bubgrdup 14." "Gram-negative

Proteobacteria §plthg[_r§#|%g§(% r?ig ‘I‘%‘:‘ﬂ r?c%t{%%l?can %Bmggpgggm Aﬁ%ﬂﬁ*@’i’ﬂ}g genera:

Pseudomonas and Xant selected 10 from "Gram-negative
Proteobacteria SUBBUEESBAraRehRRAP e 64U L BUBEEN 781 defined as the group of
Proteobacteria tdiheige RisakiselBiema) & odus-Tise Qashaelkinabeweldcted from "Gram-negative

Proteobacteria W@Hgﬁ@éx@f@@ 1”?9@@’%3?1{&388%95@ ARG rp 16y is defined as the group of
of the

Proteobacteria Ilowm%g? eudomonas species g ith the ATCC or other 15 deposit numbers of

exemplary Sraif(SFshdfrrift pAPEARAES Y ABSESYHEH B alstEmiPH I EE£00689);
Pseudomonas adibBgineaiaftit TR 0Qidb)nrsativmondsmkaliyoded] (RC &IP4909); Pseudomonas

anguilliseptka (ATGC, 336608 RApUHPRIRNBS Sleanalalis ANTEE 436744 Reeitagnonas flavescens
(ATCC 51555); Pseudomonas mendocina (ATCC 25411); Pseudomonas nitroreducens 20 (ATCC

33634); Pseudo%ngU@ﬁ%%%Tﬁ%@@WBﬂbﬁgﬁm‘anﬁ Feligishkaligenes (ATCC 17440);
Pseudomonas resinoviorars:iAhdGaeiiT ) plesettiomonashstparrined i(#T&C2886386); Pseudomonas

agarici (ATEC Zéﬁﬁ%ﬁﬁﬁg%?éﬁ%?gl%%ﬁ’@'ﬁulﬁﬁ%ﬂfi‘@ﬂ‘&@% AR Pé&gdomonas andersonii;

Pseudomonas asplenu (AT seudomaonas azelaica (ATCC 27162);.25 Pseudomonas

beyerinckii (ATCE Twoﬂ%%ﬂ’gr%?fﬁg%g%ﬂﬁ%mp@ﬁMEW&?EWP@%’%‘W&Y(R &€ 33662):
Pseudomonas brassiceseantmjtPbeudonhe Hassbutan diffmantAFC @ 4386 B¢ Posidoayonas cellulosa

(ATCC 55703); BsgHoamang I%Eﬁle&ﬁﬁﬂq(éézcsi@%ﬁé%) ?5%%@1\%&&%@@@8 (ATCC 9446,
ATCC 13985, ATCC 17418, ATCC 17461 seudomogs fra |éATCC 4973); ?udomonas

lundensis 30 (A%E@W%B@fp 5?@388&%?{8@?3%{?8@%1 83y Psbd mM8nds cissicola (ATCC
33616); Pséudotdovrasccosonalsaciersn sy qudisdnal plittipemiphika rRsptatormbdag elongata (ATCC

10144); Pseud0{&9&@%@9&%@&:&@&&&%&5hﬁ%@&@f&ﬁﬂ?ﬂ%@ﬁg@@fm,cB’Hnge&lonzonas brenneri;
Pseudomonas cedrella; P ?udomon Mrﬁ%gata %T%?CEWSG P eudo(mmﬂ)aﬁextremorlentalls

immunomodulators mclu ing rote ain antibodies, an
fragments; enzymes including RNA polymerases, and DNA polymerases; and
membrane proteins,

25 In another embodiment, the protein of interest can be a blood protein. The
blood proteins expressed in this embodiment include but are not limited to carrier
proteins, such as albumin, including human and bovine albumin, transferrin,
recombinant transferrin half-molecules, haptoglobin, fibrinogen and other coagulation
factors, complement components, immunoglobulins, enzyme inhibitors, precursors of

30  substances such as angiotensin and bradykinin, insulin, endothelin, and globulin,
including alpha, beta, and gamma-globulin, and other types of proteins, polypeptides,
and fragments thercof found primarily in the blood of mammals. The amino acid

sequences for numerous blood proteins have been reported (see, S. S. Baldwin (1993)

58




Pseudomonas fluorescens (ATCC 35858); Pseudomonas gessardii; Pseudomonas libanensis;
Pseudomonas mandelii (ATCC 700871); Pseudomonas marginalis (ATCC 10844); Pseudomonas
migulae; Pseudomonas mucidolens (ATCC 4685); Pseudomonas orientalis; Pseudomonas rhodesiae;
Pseudomonas synxantha (ATCC 5 9890); Pseudomonas tolaasil (ATCC 33618@; Pseudomonas
veronii (ATCdegH’E?/Aﬁ;“iﬁéeudomonas frederiksbergensis; Pseudomonast§aficthSia5a%¥cc 19374);
Pseudomonas gingeri; Pseudomonas graminis; Pseudomonas grimontii; Pseudomonas
halodenitrificans; Pseudomonas halophila; Pseudomonas hibiscicola (ATCC 19867); Pseudomonas g

nuttiensis (ATCCAA0 B fenepAROTAR S0 HidToAENGUaR: hRRUdemAARIESEENI (ATCC 700870)

Pseudomonas kilonensis; Pseudomonas lanceolata (AT 4669); Pseudomonas lini; Pseudomonas
marginata (ATCEDBnerymsiumip MaRasbpkitd (ot dsidRestrgh b denitnlicans (ATCC
19244); PseudosonaasnptineinegenapAtae (Ya6y,; P eewddntahaspittalumeadIEC 23328);
Pseudomonas péggkgﬁ%%%gfudomorzas filva (ATCC 31418); 15 Pseudomonas(ATCC 700476);

Pseudomonas mosselii; Pseudomonas oryzihabitans (ATCC 43272); Pseudomanas plecoglossicida

(ATCC 700383); PseuliciiiasBrRAtiRcA Fie erasigsnsest B Mot rele 58 ¥ udomonas
spinosa (ATCC TH68GynRsentlorfanas balesxida Rseudodionasnclice (AT G I4BRE3);.

Pseudomonas SBJH&%&&T&%&Z%%ESF&*BHQW@X%ﬁ%&éﬁ@&é&%&% 20 Pseudomonas
avellanae (ATCC 700331); Pseudomonas caricapapayae (ATCC 33615); Pseudomonas cichorii

(ATCC 10857); BEBEb o AR e A PR P E S O BB o ABRAE R 8e 594 ginae:
Pseudomonas mefidrinfAiL6:33050h fdse srlohnonascytitidae (ANECs183ibpxPlesudomonas
viridiflava (A C9&9&%&9@&?%@&@9&@?&3géﬁgge@,aﬁawamgs\é@,rafaﬁh@s%&911%@9@@;@54?%udomonas 25

thennotolerans; Pseudomonas thivervalensis; Pseudomonas vancouverensis (ATC’C 700688);

Pseudomonas VSESHEMHSHSTS: BRg S ddrs e s Rl iSSR X a5/ lE¥ cell can be selected from
"Gram-negative irnotenba glerincSutigson phicosy i@ sfmsee gativdtPnsieaisaotigria Subgroup 17" is defined
as the group of RrateobagtetiaknawiiBiiear aadhaudiieressentiRseydamapads” including those 30

belonging, e.g., t0 the following Pseudomonas species: Pseudomo,nlaglazotoformans; Pseudomonas

brenneri; Pseud8MERAL ST P B La B ORYEcE S¥rel A LR RIB 5E Extremorientalis;
Pseudomonas fiemdypsitsiastiPsepidonmgasagessardiivEssgdopitnastiteiensis; Pseudomonas

mandelii; PseudgmpRasmasdinaismRseUeRmonam g RRi-iseydamagas.pisidolens;
Pseudomonas orientalis; Pseudomonas rhodesiae; Pseudomonas synxantha, Pseudomonas tolaasii;
and Pseudomorf¥ PaYSHI*Eth S EETAB R RS STPIRtiGe: TRBLE LS Lne W EREP parts of the reference,
5 such as GramrgppiRrbteodsioteribadenonmevrdsgoiidresitlaties h ovltesd] jucasetango/i. The genome
sequence for E. gglihashesnsstablished for E. coil MG1655 (Blattner, et al. (1997) The complete
genome seguence of Escherichia cqli K-12, Science 277(5331): 1453-74) and DNA microarrays are
available c merciall;l/lznf%rrm&ecrﬁ%f{)% %Oé?lﬁ?gﬁnfs{)%sﬁfaﬁpéj 8 ‘(.Je(%)ﬁ aé%i%%e cultured in either a
rich medium sudhegsentriulorGud chean pfiB)IF1@ frEreptonecrdag thesof1 Asipgle-gbrist extract) or a
defined minimal adiasushas i 4600-bMaREREnsDOhilSEI2R Gia dingle Mb¢C1, 0.5 g/L NaCl, pH
7.4) with an appgapriate, carbon source such as 1% glucose. Routinely, an ayer night culture of E. coli
cells is diluted aﬁ%ﬁﬁﬁﬁ 8&?{8?88 |n€(}1)af}léc[§eﬁbr?f:af%?nrtr% i%ﬁlr%a an[l)leﬁ(gl‘leuorﬁa"l ael%;t%éarrgngﬁg% l}Elhaesk or a fermentor
and grown at 37€2b fBantsostaselpetain Hlsanbeenbindineriitdidicdriyifraguent ean se@iderived from a
mammal inghudiggaAeya gMan.or-n08-umanmanmeht Masialsean hsibdenkkutare not limited to

primates, monkqﬁ c?rrgi@ﬂ%lﬁﬂ %hg)ovine, rodents, ungulates, pigs, swine, sheep, lambs, goats,
cattle, deer, mules, horses, monkeys, apes, dogs, cats, rats, and mice. 20A host cell may also be of

plant origin. Cells fronTraefosRiphaskincsts Sod drgtaniaf WiRed o serelel et thachrsdtition of a
heterologous prejgi-efurtetasisbxamples.ef stitahieRlanbiseke thuprataniotdinied to, alfalfa,

apple, apricot, Agbidppsie aricholee: Arvayla. ASRATAALR . AYeFRIG.PNARA, parley. beans, beet,
blackberry, blueberry, broccoli, brussels sprouts, cabbage, canola, cantaloupe, carrot, cassaya,
30 temperatures, such as temperatures over 65°C.

In one embodiment, the protein of interest is a protein that is active ata
temperature from about 20 to about 42°C, and/or is inactivated when heated to high or
extreme temperatures, such as temperatures over 65°C; is, or is substantially

homologous to, & native protein, such as a native mammalian or human protein and
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25castorbean, cauliflower, celery, cherry, chicory, cilantro, citrus, clementines, clover, coconut, coffee,
corn, cotton, cranbeny, cucumber, Douglas fir, eggplant, endive, escarole, eucalyptus, fennel, figs,
garlic, gourd, grape, grapefruit, honey dew, jicama, kiwifruit, lettuce, leeks, lemon, lime, Loblolly pine,
linseed, mango, melon, mushroom, nectarine, nut, oat, oil palm, oil seed rape, okra, olive, onion,
orange, an 30ornamental plant, palm, papaya, parsley, parsnip, pea, peach, peanut, pear, pepper,
persimmon, pine, pineapple, plantain, plum, pomegranate, poplar, potato, pumpkin, quince, radiata
pine, radisRefioCrRISE F8Fe Secl rAsPDERAS rRELRR, $BrdFRIATSERREH ihe T8y IEART Spinach,
squash, steawberryrstigarbeet, siigareane tsnfloyesmsweet poiata; sweetgum stangelinesied,
tobacco, tqmatg, Liticale, Jugf, furip, 3ying,yatermelon wheal, yams. gadgucchipy, I some
embodiments, plants useful in the method are Arabidopsis, corn, wheat, soybean, and cotton. 5 Kits
The preseﬁﬂrin’/ention also provides kits useful for identifying a host strain, e.g. a P. fluorescens host
straingoptimal for producing a heterologous protein or polypeptide of interest. The kit comprises a
plurality of ghepotypically distinct host cells, wherein each population has been genetically modified to
increase the 10e>ipression of on& or more tg\rgectjrg]eneg involved in,protein roductionon (}ecrease the
expression of oné %r%ere?g%% ﬁ%ﬁgs involvet m%z}ot%a?ﬁl dgéfr%‘aja |8r5f’, St both."fHe array may further
comprise dhdlor@drepepliasions ol éalistthanhald Abt BeePEEASRllY nisdifed® modulate the
expressiometeitherayeenre vetweddn protedpprogeictian onagenednvaived inpraieinslegradation.
These, kitsmay alsa comprise 19reagants sufiicient to fagliale, routb andimainyenance of the cell
populations as well as reagents and/or constructs for expressionof a heterologous protein or
polypeptidB RAFREFERITIRE pBpllatidsd ¥f REstRENS FidyPhé provida®irttheSdtih &h§thanner suitable
for storagesdranspadnanrd teconstindioa dieell pbpalations ebhef eethpajpuilatiensymaydoe provided live
in atube, qn alatg, or 0B aslant, o MaVEhe,20 preservediterirernscdiem gsfrozen in a tube or

vial. The cell populations may contain additional comfonents in the storage media such as glycerol,

sucrose, albumin® BPoffit LUREGR A5 Stetlive P sfofagd 8g8Ma t 4% Foting BXATTSicE hre
offergdl by evayrefsiistration gl yeptwdy of imitators 26EX PER|IMENTEAL EXAMPEES Overview

Heterologeus,pretein praductionaffanleads to thesfosmation of mspluble; 0k 3Qimproperly folded
proteins, W}Ji'%rg}are difficultr;[o re%%verg an%mape igactive. Furt ermore the presence of sB%cific host

cell proteases mraeysgeeélr“gdeatﬁe prgteinlo interest and thug e uc%a{kl]eaf%%?l)}lelcfxﬁmre?g T R6 single

factor that S FRpProvE thé preHRSI6RT HIHEIBTRfsHIRE proehtsl RS, &PREWRBE was sought to
identify fagterssspacfigstoiapadisulashieterelogeus pretebhitem apaal ofdikelycanditiatesnt

20 surface envirconments. Commercial enzymes derived from P.
fluorescens have been used to reduce environmental
contamination, as detergent additives, and for stereocoselective
hydrolysis. P. fluorescens is also used agriculturally to
control pathogens. U.S. Patent Number 4,695,462 describes the

25 exXpression of recombinant bacterial proteins in P.
flucrescens.

However, it is contemplated that alternate host cells, or
even a multiplicity of different host cells, can be used to
generate an array comprising a plurality of phenotypically

30 distinct host cells that have been genetically modified to
modulate the expression of one or more target genes, as
discussed supra. The host cell can be any organism in which
target genes can be altered. Methods of identifying target
genes homologous to those listed in Tables 1 and 2 are known

35 in the art. Further, one of skill in the art would understand
how to identify target genes that are native to or useful in a
host cell of interest. Many of these proteins are well known
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Using Systems Biology tools, the P. fluorescens genome was mined to identify host cell protein folding
modulator and protease genes. Then, global gene expression analyses were performed to prioritize
upregulated targets, and, thereafter, novel protein production strains were constructed. As a result, a
"Pfenex Strain 5 Army" was assembled consisting of a plurality of phenotypically distinct P.
fluorescens host strains that are deficient in host-cell proteases or allow the cooverexpression of
protein folding modulators. This strain array can be used to screen for factors that specifically enhance
the yield ok qublity Gt EkrtaitfetefSlogSUS BRSNS PProvidind aptuiB dfGsHehdfypically distinct host
strains incregsesdhe dorchamceadf Gaigcassoafddentifying a host strain that will increase the production
of any individual hgterologeus profginof inteesty o 4 Tpﬁmve@%p@%@ymprovement in the

production of heterologous, proteins in Pseudomonas fluorescens. Having available a liprary of host

strains in tRETERAPGERETI BaSYIGHTH RIS the AR SRR and RhGRGR IR B fActors that
15increas€ thayyieltbaddtr guakity Of hetbrelogbhslyexprassed profeimsiTdregaresne sequence of P.

fluoresceng hashernsanngtated.and targetedihost salb flding madulators apd preleasgs bawe been
identified. Foldirgg?modulatgrls assist in the pr.ofpce{ fo dirr}r% gkproteins ?nd include chaperones,

chaperonir%,ep% lla?f-]ﬁrsoline Somérases ’(Pﬂ’ ases ,:Lan |58Iﬁ8e%%n8r}8rlrﬁ§tfoneﬁ téianC.O Proteases
can degrati®@0fitel prytdindf (mekdst Hnd tATSaffedt RtdrtogrAsrotein yidhe BAd @liality. Using
backgrounskinguiledge Fomthederatueand BNAumicioakay analyses teiiseatifydikely targets, a list
of about 80 target genes was assembled. In host cells that have the same genetic background, these
genes were either removed from the genome or cloned into plasmids to enable co-overexpression
along with heterologous proteins. 25The resulting strains were arrayed in 96-well format and, after
transformation of plasmids that express the heterologous protein of interest, were screened for
improved protein yield and/or quality. Example 1 30 Identification of Folding Modulator Genes in the
Genome f P. ,fluorescens Strain MB214  Folding modulators are a class of proteins present in all
cells which aid in the folding, unfolding and degradation of nascent and heterologous polypeptides.
Folding modulators include chaperones, chaperonins, peptidyl-prolyl cis-trans isomerases, and
proteins involved in protein disulfide bond formation. As a first step to construct novel production
strains with the ability to help fold heterologous proteins, the P. fluorescens genome was mined to
identify host cell folding modulator genes. Each of the 6,433 predicted ORFs of the P. fluorescens
MB214 genome was 5analyzed for the possibility that they encoded a folding modulator using the
following method. Several folding modulators of interest had already been identified by Dow
researchers by analysis of the genome annotation (Ramseier et. al. 2001). Homologs of these starting
proteins were identified using protein/protein BLAST with the starting protein as the query and a
database of all MB214 translated ORFs as the 10 subject. Those translated ORFs which matched the
guery proteins with significant homology were added to the list for further analysis. Significant
homology is defined here as having an e-score of le-30 or less with allowances made for human
judgment based on the length and quality of the alignment. The intention of this study was to be very
inclusive to maximize the chance that all potential folding modulators would be
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15identified. More ORFs were added to the list based on their curated function from the previous
annotation containing the keyword "chaperone”. Finally, the ORFs were analyzed by the protein
signature family searching program InterProScan (Quevillon et. al. 2005) against the 1nterPro
Database version 7.0 (Mulder et. al. 2005). The 20 ORFs were assigned protein families by the
InterProScan ¥§304%d34¢5vell as Gene Ontology (GO) eategmies associak&d WA Y L& Families
(Gene Ontology Consortium. 2004). Using these automatic GO assignments, all of the ORFs which
had been assigned the GO terms "G0O:0006457 Biological Process: protein folding" or "GO:0003754

Molecular Functign: chaperone agctiyity" ywere.added t .theki A 18 anﬂglx}sis The list was
then analyzed t ?gﬁgﬁ§%ﬁ%%e$h?c &/ﬁ%({agfgwrp?rg glk())i‘iﬁry c%)f gﬁcgoa%gyfoléﬁﬁgomoggﬂlators. Again, the

intent of this studyairscts bemrs P ialsnled binvaidry BrARlORFCakSilnetstydeiaonst by these
semi-automated/meheds siotst e masiyidd eriies @sioeiraadinpdorn fatdin @saedwiaiars based on
limited criteria and 30 human judgment, .. ; Jhe, mostco Weasqndonexcluding a certain ORE was
the weak eviden?cl:gemf Sgte’tzgl%%g isagcc):tcjaﬁc;l/% fbldin% mgrgu at?)r, €. ORF)§ Wé?ch had been assigned to

the list basel o4 ariBo e rothe GAlRHEPRAnEFARBR M Y5 ot alidgeHde e as a folding
modulator was efthessunsleianapRicadieion: inteeRKaSEaNnliSPaaiiaty as Lanelamerate of different

programs and sqrierpfiese BIADIANS,AIF SONTIRIEH Kulp aIE sslipple, e others. If an ORE was

assigned to the based solely’on the output of the ScanRegExp or ProfileScan components then it
was removed. Tﬂ@fﬁfﬁ‘fﬂfﬁ“ﬁ?ﬂD??ﬂmyﬁ)m}noduIators has 43 members and is shown in
Table 1. 5 Example 2 Tdehé¥icalliom bk Riietedenf cGatindie e erotneatf. Subgregcens Strain MB214
Proteases g efgymes INALIXCIONESRERIS RORIS Al ABRERRSRRLIIRY dhgisunvival of all ving

creatures. However, their rofe in the cell means that proteases 10can bé detrimental to recombinant
protein yield and/&HPHTSEHTArRP HeThrBRAGELN B S RPTHLLHH G SR STANG] B0 includes the
Pfenex ExpressiaintipedhRolagyeltensAsanfiviR it sdolE s nitruds.rfolil Thoaurilorkstsadns that have

protease genes gemoyed fom £he,aenome.he B AUPISSERRS ASR0MEAVARMinsd to identify host cell
protease genes. 15Each of the 6,433 ﬁre,dlcted OREFs of the P. fluorescens MB214 genome were

analyzed for the FBRMRRY 1sarTReFE fx et st RIQh gRB e g #eBE. The MEROPS
database id fnanithjiyregmatedidng rieseq oingine &t thé MelitoiecTYiist GamgefilngtitubashCambridge, UK
(Rawlings et. aI.@%thgig%rops.sangerac.uk). It is a comprehensive list of proteases discovered

both through IaboratorX experiments 20as well as by homology to known protease families. One of the
strengths of the dditional P. fluorescens strains that can be used in the present inventton

include Pseudomonas fluorescens Migula and Pseudomonas fluorescens Loitokitok,
having the following ATCC designations; [NCIB 8286]; NRRL B-1244; NCIB 8865

20 strain CO1; NCIB 8366 strain CO,; 1291 [ATCC 17458; TFO 15837; NCIB 8917,
LA; NRRL B-1864; pyrrolidine; PW2 [ICMP 3966; NCPPB 967; NRRL B-899];
13475; NCTC 10038; NRRL B-1603 [6; TFO 15840]; 52-1C; CCEB 488-A [BU 140},
CCEB 553 [EM 15/47]; TAM 1008 [AHH-27]; IAM 1055 [AHH-23]; 1 [IFO 15842];
12 [ATCC 25323; NIH 11; den Dooren de Jong 216]; 18 [TFO 15833; WRRL P-7]; 93

25  [TR-10]; 108 [52-22; IFO 15832]; 143 [IFO 15836; PL]; 149 [2-40-40; H'O 15838];
182 [TFO 3081; PJ 73]; 184 [TFO 158301; 185 [W2 L-17; 186 [IFO 15829; PJ 79]; 187
[NCPPB 263]; 188 [NCPPB 316]; 189 [PJ227; 1208]; 191 [IFO 15834; PJ 236; 22/1];
194 [Klinge R-60; PJ 253]; 196 [PJ 288]; 197 [PJ 290]; 198 [PJ 302]; 201 [PJ 368];
202 [PI372]; 203 [PJ 376]; 204 [IFO 15835; PJ 682]; 205 [PJ 686]; 206 [PJ 692]; 207

30 [PI693]; 208 [PJ 722]; 212. [PT 832]; 215 [PJ 849]; 216 [PJ 885]; 267 [B-91; 271 [B-
1612]; 401 [C71A; TFO 15831; PJ 187]; NRRL B-3178 [4; IFO. 15841]; KY 8521;
3081; 30-21; [IFO 3081]; N; PYR; PW; D946-B&3 [BU 2183; FERM-P 3328]; P-
2563 [FERM-P 2894; [FO 13658]; IAM-1126 [43F]; M-1; A506 [A5-06]; AS05 [AS-
05-1]; A526 [A5-26]; B69; 72; NRRL B-4290; PMW6 [NCIB 11615]; SC 12936; Al
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database is the MEROPS hierarchical classification scheme. In this system, homologs which share the

same function are grouped together into families. Families are grouped into clans based on
evolutionary relatedness that again are based on similar structural characteristics. The method makes
great use of the database to identify 25 protease homologs within the P. fluorescens genome.
Homologs to & RGPS database were identified using protein/protein BITASIOHi#143ch MB214
translated ORF as the query and a database of all of the MEROPS proteins as the subject. Those
translated ORFs, which matched the query proteins with significant homology, were added to the list

for further analysjs, 3QSignifican ology.in thi iS defi re, as i e-score of le-6 or
less with aIIowaﬂc?é)s 1%%3@ ?cﬁr%ﬁéltr%% Il%rﬁgé&s%é%%e%j’%@%erl%%%a?lg]?qﬂgﬁt&%%e alignment. This
step yielded 102HbBRAZFPTOIRRGASFOPEAL M6t SC1520RBERPE N B8 4A&NZEd by the protein

signature family ggaiching pregreredniesPrasoan 63uerviiancet.10b2280&) against the InterPro

Database version 7.0 (Mulder gtaal.er%ot 511. IFL%IF%RFS_ were assigned protein families by the
InterProScan software a8 Well as Gene On oTogy (3(283 cgtegorl S assdciated With 5 those families

(Gene Ontolbgy BurisorthePR0de pf siregttnsidiag ot corasdigynrstibedbofthe ORFs which
had been assigngg aQonameihatcaniaines fhaslingsinoppapetidpreteasest or "proteolysis” were
added to the list.for further.analysis. This st ielded an additional 70 potential proteases that had not
been identified ii%ln uéye p?%%%‘u%%%é‘g! cf(ljlﬁﬂ ar'éﬁ%éﬁ)édﬁgy%%’ g%fagﬁ to the Itlgs]t9 %‘gs%d on their curated
function from thrpreeisive SRV ENBIHREAhsRddoatig coLRsTy ELPIRATAR G B #&S ds "peptidase” or

"protease”. Thissiliep yirlded Papoiential prateasesdbaloagainhadaaitheasidantified in the previous
steps. The list was then anal tg remove QRFs which had a.] rebability of 15encoding
proteases. k?gair? i‘r’% i ento lt%%s? 1 uarylﬁgaﬁ]opﬁrepglsé:?yr% c uns}?vlél% uuf{gr‘g‘{acgyag’j% e ORFs assigned to
the list by these &@HisiaRidanmEesdSestiis e asIF et izl s ede syl proteases based
on limited criterigcogfabumadsjveigmanbingdnr mosiCanrunpreasdnadamaxcluding genes were the

weak evidence (L 8 eilai ORE i A5kal SABEARE.RE AL APAIEUIRLARDE showed greatest
homology 20 with aRother protein known to be protease% molog but not a protease itself. The final list

of P. fluorescen$¥prataiasEasomEimt piaisipels belasisadh gy siorabie LeeRblersectlY |n Silico Cellular
Location Pregictiordafgheinottingdposittatchandl Brotense 2mBegiethsed. aenalitihe strengths of the

Prenex Expressigi [eshplogy 5,1y SORSLIIE SEIER COMPRLIUEI S ich a paricula
. u

heterologous protein Can be segregate s, the cellular compartments where the identified host cell
folding modulatdhefiPsrotesesishsipra@Tatdtealseshretrtan e hmifissthese 30 predictions,
two programs wexprehinsensttlnostBa2uh effiatine Sthen eiulisoici? waepdrateialgorithms, which predict

the subcellular Igcatign of 4 diven;penticle TG MAIGHY Of fasaleorilmmEEbBRiRIRCting homology
between the query protein and proteins of known subcellular localization. PsortB also includes
algorithms %Qlch Tag ost cell is a plant cell, including, but not limited to, a tobacco cell, corn, a cell

from an Arabidopsis species, potato or rice cell.

In another embodiment, the host cell can be a prokaryotic cell such as a
bacterial cell including, but not limited to, an Escherichia or a Pseudomonas species.
Typical bacterial cells are described, for example, in "Biological Diversity: Bacteria

25  and Archaeans", a chapter of the On-Line Biology Book, provided by Dr M J Farabee
of the Estrella Mountain Community College, Arizona, USA at the website
www.emc.maricotpa.edu/faculty/farabee/BIOBK/BioBookDiversity. In certain
embodiments, the host cell can be a Pseudomonad cell, and can typically be a P.
Sfuorescens cell. In other embodiments, the host cell can also be an E. coli cell. In

30  another embodiment the host cell can be a eukaryotic cell, for example an insect cell,
including but not limited to a cell from a Spodoptera, Trichoplusia, Drosophila or an
Estigmene species, or 2 mammalian cell, including but not limited to a murine cell, a

hamster cell, a monkey, a primate or a human cell.
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HMMTOP and SignalP, which detect the presence of transmembrane folding domains or type |
secretion signal sequences, respectively, using Hidden Markov Models (HMM). In addition to the
PsortB results, SignalP HMM was used to predict the presence of type | secretion signal sequences.
This was necessary because the output 50f PsortB can be vague when a signal sequence is detected
but no other sP&ELHIBsikTbEhation indicating the subcellular location is give R GHYR#E8/ €4S psortB
indicates that the subcellular localization of the protein is unknown, because it really could segregate
to any one of the cytoplasmic membrane, periplasm, outer membrane or extracellular compattments.
However, it is informatjve enough. to l?n W, th t‘%pe 10 protein is probahly not locqtt%d in the cytoplasm
to make it worth noting Rat ' l%ﬁgu%% é&l“ﬁﬁf,c élf)allé fis sel?hgr rﬁgaﬁg?o%%%gc F?ggrtBX%lgorithm except
in cases where R ke vieis i bns memkesefaaysgogie pEsteeeSighisbor kAMPalone is given with
"Signal Peptide"jndigating thaba sionalaeptidecnns aetesiashand aNaqiSiessetory” indicating that no
signal peptide wgs detected ample 4 .Copnstruction of Plasmipls at %Q: 2 the
Co-Overexpress%uﬁte(ﬁ"?—leoﬁeéir%11 %{%ﬁu a gfréy?gfd%%)%%éﬁIgasboegﬁ%%eﬁt? e c%lhe zflﬁjto a plasmid
derivative ofSpCRqikridhacteres) DedmoycomiEtcietampdtipneb astarcafometstasirbafsitoutinely is used to
20express the hetgiplagriisdtalaimnatiniersNibowires Bhadca004rChritedkabi2D05). The
construction of 2y MAAERL HURRE ARG HRONCIRING R AHRILISAECMANIRT. Other folding
modulators - either as a single gene or as multiple genes whén organized in operons - were cloned
similarly as outlifE¥ B@lew. 9 NTBSARECER oMt sRbedasat el skl BrEsed ot 14 (DNeasy;
Qiagen, 25 Valeggiae eimbeadrimplpieiantd aimers R &g Cyanobacteria.
(5-ATATACTAGTAGGAGGTAACTTATGGGTGAC %9%9 CECARLESEQ.IR NO:1) and RC200
(5-ATATTCTAGATTA A a&%@&%&%ﬂ%&%d&s e(SE I% ﬁO:Z), {he grpgdhaKJ genes were
amplified using PTefFRIsEStherhgRieenibs aeemberef 4y 08¢ thdhati i aRhRitidrE FERommendations.
The resulting 4 kixRCHpradel Gasnigesieshadth Ipabandotbaddaestriction sites underlined in the
primers above) aé‘%%aﬁfgt LI RPAWRRRR WIEDIEA BeEYAINE RN LRGBS chneider et al.

2005b) to create B 40 containing the gipE-dnakKJoperon under control of the tac promoter.
Plasmid pDOW25abroraisabreisingBEpeiPiRmbraissisr S PHRUIY PECATE th 8 LS MEMEHRSE- 76
dnalCr-containinghésPeldasRiNGefiagprentbaasigel-purified using Qiaquick (Qiagen, Valencia, CA) and
ligated into pDOW2247, whighyisa.de Iatye-AlPSN:CaIRARE 1S, Bre MY GaFEDRRRANITOI-regulated

promoter (Schneider et al. 2005a), that was also digested with Spel and Hindu. The resulting plasmid,

pDOW3501, cortEAsantf Sigiie Afarasdeksmlmeardalenirembastsialsimitol promoter. Plasmid
pDOW3501 wasPthedotianstiemadXinttdE3881en drathembeacilzayxsir@phicistrains by selecting on M9

glucose plates SHR@G@&%&"&FB@é&ﬁ%ﬁ&!ﬂé&raﬁi 'or!%%ﬂﬁ%?i&ém, the host cell can be of

20  the order Enterobacteriales, the host cell will be a member of the family

Enterobacteriaceae, or may be a member of any one of the genera Erwinia,
Escherichia, or Serratia; or a member of the genus Escherichia. Where the host cell is
of the order Pseudomonadales, the host cell may be a member of the family
Pseudomonadaceae, including the genus Pseudomonas. Gamma Proteobacterial hosts

25  include members of the species Escherichia coli and members of the species
Pseudomonas fluorescens.

Other Psendomonas 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-

30  Negative Acrobic Rods and Cocct” 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

7 presents these families and genera of organisms.

63




10 Construction of P. fluorescens Strains with Genomic Deletions of Protease Genes
enabled the creation of genomic deletions were constructed by amplification of 500-1000 bp DNA
fragments both 5' and 3' of the gene to be deleted. The resulting 5' PCR product typically ends with
the translational initiation codon (ATG or GTG or TGT) of the gene to be deleted while the 3' PCR
product typicalKPE8"BétHY with the stop codon (FAA or TGA or TAG) of tREYERE Y& Bbleted. These
two PCR products were fused together through an additional amplification step then cloned into
pDOW1261 (Figure 1) (Chew et al. 2005) using SOE PCR (Horton etal. 1990). 20 Example 6
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are no longer, such as the genera Acidovorax, Brevundimonas, Burkholderia,

Hydrogenophaga, Oceanimonas, Ralstonia,

and Stenotrophomonas, the genus

Sphingomonas (and the genus Blastomonas, derived therefrom), which was created by

regrouping organisms belonging to (and previously called species of) the genus

Xanthomonas, the genus Acidomonas, which was created by regrouping organisms

belonging to the genus Acctobacter as defined in Bergey (1974). In addition hosts

can include cells from the genus Pseudomo

Pseudomonas nigrifaciensi (ATCC 19375),

nas, Pseudomonas enalia (ATCC 14393),
and Pseudomonas putrefaciens (ATCC

8071), which have been reclassified respectively as Alteromonas haloplankdtis,

Alteromonas nigrifaciens, and Alteromonas putrefaciens. Similarly, e.g.,

Pseudomonas acidovorans (ATCC 15668)

and Pseudomonas testosteroni (ATCC

11996) have since been reclassified as Comamonas acidovorans and Comamonas

testosteroni, respectively; and Pseudomonas nigrifaciens (ATCC 19375) and

Pseudomonas piscicida (ATCC 15057) have been reclassified respectively as
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Talbot (2004). "Heterologous protein production in P. fluorescens.” .
In another embodiment, the host cell is selected from "Gram-negative

15  Proteobacteria Subgroup 2." "Gram-negative Proteobacteria Subgroup 2" is defined
as the group of Proteobacteria of the following genera (with the total numbers of
catalog-listed, publicly-available, deposited strains thereof indicated in parenthesis, all
deposited at ATCC, cxcept as otherwise indicated): Acidomonas (2); Acetobacter
{93); Gluconobacter (37); Brevundimonas (23); Beyerinckia (13); Derxia (2);

20  Brucella (4); Agrobacterium (79); Chelatobacter (2); Ensifer (3); Rhizobium (144);
Sinorhizobium {24); Blastomonas (1); Sphingomonas (27); Alcaligenes (88);
Bordetella (43); Burkholderia (73); Ralstonia (33); Acidovorax (20}; Hydrogenophaga
(9); Zoogloea (9); Methylobacter (2); Methylocaldum (1 at NCIMBY); Methylococcus
(2); Methylomicrobium (2}; Methylomonas (9); Methylosaicina (1); Methylosphaera;

25  Azomonas (9); Azorhizophilus (5); Azotobacter (64); Cellvibrio (3); Oligella (5);
Pseudomonas (1139); Francisella (4); Xanthomonas (229); Stenotrophomonas (50);
and Oceanimonas (4).

Exemplary host cell species of "Gram-negative Proteobacteria Subgroup 2"
include, but are not limited to the following bacteria (with the ATCC or other deposit

30  numbers of exemplary strain(s) thereof shown in parenthesis): Acidomonas
methanolica (ATCC 43581); Acetobacter aceti (ATCC 15973); Gluconobacter
oxydans (ATCC 19357); Brevundimonas diminuta (ATCC 11568); Beijerinckia
indica (ATCC 9039 and ATCC 19361); Derxia gummosa (ATCC 15994); Brucelia
melitensis (ATCC 23456), Brucella abortus (ATCC 23448Y; Agrobacterium
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tumefaciens (ATCC 23308), Agrobacterium radiobacter (ATCC 19358),
Agrobacterium rhizogenes (ATCC 11325); Chelatobacter heintzii (ATCC 29600);
Ensifer adhaerens (ATCC 33212); Rhizobium leguminosarum (ATCC 10004);
Sinorhizobium fredii (ATCC 35423); Blastomonas natatoria (ATCC 35951);

5  Sphingomonas paucimobilis (ATCC 29837); Alcaligenes faecalis (ATCC 8750);
Bordetella pertussis (ATCC 9797); Burkholderia cepacia (ATCC 25416); Ralstonia
pickettii (ATCC 27511); Acidovorax facilis (ATCC 11228); Hydrogenophagaflava
(ATCC 33667); Zoogloea ramigera (ATCC 19544); Methviobacter luteus (ATCC
49878); Methylocaldum gracile (NCIMB 11912); Methylococcus capsulatus (ATCC

10 19069); Methylomicrobium agile (ATCC 35068); Methyvlomonas methanica (ATCC
35067); Methylosarcina fibrata (ATCC 700909); Methyviosphaera hansonii (ACAM
549); Azomonas agilis (ATCC 7494); Azorhizophilus paspali (ATCC 23833);
Azotobacter chroococcum (ATCC 9043); Cellvibrio mixtus (UQM 2601); Qligella
urethralis (ATCC 17960); Pseudomonas aeruginosa (ATCC 10145), Pseudomonas

15 fluorescens (ATCC 35858); Francisella twlarensis (ATCC 6223); Stenotrophomonas
maltophilia (ATCC 13637); Xanthomonas campestris (ATCC 33913); and
COceanimonas doudoroffii (ATCC 27123).

In another embodiment, the host cell is selected from "Gram-negative

Proteobacteria Subgroup 3." "Gram-negative Proteobacteria Subgroup 3" is defined

20 as the group of Proteobacteria of the following genera: Brevundimonas;
Agrobacterium; Rhizobium; Sinorhizobium; Blastomonas; Sphingomonas;
Alcaligencs; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga; Methylobacter;
Methylocaldum; Methylococcus; Methylomicrobium; Methylomonas;
Methylosarcina;, Methylosphaera; Azomonas; Azorhizophilus; Azotobacter;

25  Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Francisella; Stenotrophomonas;
Xanthomonas; and Oceanimonas.

In another embodiment, the host cell is selected from "Gram-negative
Proteobacteria Subgroup 4." "Gram-negative Proteobacteria Subgroup 4" is defined as
the group of Proteobacteria of the following genera: Brevundimonas; Blastomonas;

30  Sphingomonas; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;
Methylobacter; Methylocaldum; Methylococcus; Methylomicrobium; Methylomonas;
Methylosarcina; Methylosphaera; Azomonas; Azorhizophilus; Azotobacter;
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Francisella; Stenotrophomonas;

Xanthomonas; and Oceanimonas.

66



6 RXF00428.1 49 RXF05399.1 7 RXF00449.1 50 RXF06954.1 8 RXF00458.2 51 RXF03376.1 9
RXF00561.2 52 RXF03987.2 10 R1XF00670.1 53 RXF05406.2 11 RXF00811.1 54

WO 2008/134461 PCT/US2008/061483

In another embodiment, the host cell is selected from "Gram-negative
Proteobacteria Subgroup 5." "Gram-negative Proteobacteria Subgroup 5" is defined
as the group of Proteobacteria of the following genera: Methylobacter;
Methylocaldum; Methylococcus; Methylomicrobium; Methylomonas;

5 Methylosarcina; Methylosphaera; Azomonas; Azorhizophilus; Azotobacter;
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Francisella; Stenotrophomonas;
Xanthomonas; and Oceanimonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup
6." "Gram-negative Proteobacteria Subgroup 6" is defined as the group of

10 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 Protecbacteria Subgroup

15 7." "Gram-negative Proteobacteria Subgroup 7" is defined as the group of
Protecbacteria of the following genera: Azomonas; Azorhizophilus; Azotobacter;
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Stenotrophomonas; Xanthomonas;
and Oceanimonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup

20 8." "Gram-negative Protcobacteria Subgroup 8" is defined as the group of
Proteobacteria of the following genera: Brevundimonas; Blastomonas;
Sphingomonas; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;
Pseudomonas; Stenotrophomonas; Xanthomonas; and Oceanimonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup

25  9." "Gram-negative Proteobacteria Subgroup 9" is defined as the group of
Proteobacteria of the following genera: Brevundimonas; Burkholderia; Ralstonia;
Acidovorax; Hydrogenophaga; Pseudomonas; Stenotrophomonas; and Oceanimonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup
10." "Gram-negative Proteobacteria Subgroup 10" is defined as the group of

30  Proteobacteria of the following genera: Burkholderia; Ralstonia; Pseudomonas;
Stenotrophomonas; and Xanthomonas.

The host ¢ell can be selected from "Gram-negative Proteobacteria Subgroup
11." "Gram-negative Proteobactéria Subgroup 11" is defined as the group of

Proteobacteria of the genera; Pseudomonas; Stenotrophomonas; and Xanthomonas.
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The host cell can be selected from "Gram-negative Proteobacteria Subgroup 12."
"Gram-negative Proteobacteria Subgroup 12" is defined as the group of
Proteobacteria of the following genera: Burkholderia; Ralstonia; Pseudomonas. The
host cel can be selected from "Gram-negative Proteobacteria Subgroup 13." "Gram-
5 negative Proteobacteria Subgroup 13" is defined as the group of Proteobacteria of the
following genera: Burkholderia; Ralstonia; Pseudomonas; and Xanthomonas. The
host cel can be selected from "Gram-negative Proteobacteria Subgroup 14." "Gram-
negative Proteobacteria Subgroup 14" is defined as the group of Proteobacteria of the
following genera: Pseudomonas and Xanthomonas. The host cell can be selected

10 from "Gram-negative Proteobacteria Subgroup 15." "Gram-negative Proteobacteria
Subgroup 15" is defined as the group of Proteobacteria of the genus Pseudomonas.

The host cell can be selected from "Gram-negative Protecbacteria Subgroup
16." "Gram-negative Proteobacteria Subgroup 16" is defined as the group of
Proteobacteria of the following Pseudomonas species (with the ATCC or other

15 deposit numbers of exemplary strain(s) shown in parenthesis): Pseudomonas
abietaniphila (ATCC 700689); Pseudomonas aeruginosa (ATCC 10145);
Pseudomonas alcaligenes (ATCC 14909); Pseudomonas anguilliseptica (ATCC
33660); Pseudomonas citronellolis (ATCC 13674); Pseudomonas flavescens (ATCC
51555); Pseudomonas mendocinag (ATCC 25411); Pseudomonas nitroreducens

20 (ATCC 33634); Pseudomonas oleovorans (ANTCC 8062); Pseudomonas
pseudoalcaligenes (ATCC 17440); Pseudomonas resinovorans (ATCC 14235);
Pseudomonas straminea (ATCC 33636); Pseudomonas agarici (ATCC 25941};
Pseudomonas alcaliphila; Pseudomonas alginovora; Pseudomonas andersonii;
Pseudomonas asplenii (ATCC 23835),; Pseudomonas azelgica (ATCC 27162),

25 Pseudomonas beyerinckii (ATCC 19372); Pseudomonas borealis; Pseudomonas
boreopolis (ATCC 33662); Pseudomonas brassicacearum;, Pseudomonas butanovora
(ATCC 43655); Pseudomonas cellulosa (ATCC 55703); Pseudomonas aurantiaca
(ATCC 33663Y; Pseudomonas chlororaphis (ATCC 9446, ATCC 13985, ATCC
17418, ATCC 17461); Pseudomonas fragi (ATCC 4973); Pseudomonas lundensis

30 (ATCC 49968); Pseudomonas taetrolens (ATCC 4683); Pseudomonas cissicola
{ATCC 33616); Pseudomonas coronafuciens; Pseudomonas diterpeniphila;
Pseudomonas elongata (ATCC 10144); Pseudomonasflectens (ATCC 12775);
Pseudomonas azoloformans; Pseudomonas brenneri; Pseudomonas cedrella;

Pseudomonas corrugata (ATCC 29736); Pseudomonas extremorientalis;,
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Pseudomonas fluorescens (ATCC 35858); Pseudomonas gessardii; Pseudomonas
libanensis; Pseudomonas mandelii (ATCC 700871); Pseudomonas marginalis
(ATCC 10844); Pseudomonas migulae, Pseudomonas mucidolens (ATCC 4685),
Pseudomonas orientalis, Pseudomonas rhodesiae; Psendomonas synxantha (ATCC
9890); Pseudomonas tolaasii (ATCC 33618); Pseudomonas veronii (ATCC 700474);
Pseudomonas frederiksbergensis, Pseudomonas geniculata (ATCC 19374);
Pseudomonas gingeri, Pseudomonas graminis, Pseudomonas grimontii;
Pseudomonas halodenitrificans, Pseudomonas halophila; Pseudomonas hibiscicola
(ATCC 19867); Psendomonas huttiensis (ATCC 14670); Pseudomonas
hydrogenovora; Pseudomonas jessenii (ATCC 700870); Psendomonas kilonensis,
Pseudomonas lanceolata (ATCC 14669); Pseudomonas lini; Pseudomonas marginata
(ATCC 25417); Pseudomonas mephitica (ATCC 33665); Pseudomonas deritrificans
(ATCC 19244); Pseudomonas pertucinogena (ATCC 190); Pseudomonas pictorum
(ATCC 23328); Pseudomonas psychrophila; Pseudomonas filva (ATCC 31418);
Bseudomonas monteilii (ATCC T700476); Pseudomonas mosselii; Pseudomonas
oryzihabitans (ATCC 43272); Pseudomonas plecoglossicida (ATCC 700383);
Pseudomonas putida (ATCC 12633); Pseudomonas reactans; Pseudomonas spinosa
(ATCC 14606); Pseudomonas balearica; Pseudomonas hiteola (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; Pseudomonas meliae (ATCC 33050),
Pseudomonas svringae (ATCC 19310); Pseudomonas viridiflava (ATCC 13223);
Pseudomonas thermocarboxydovorans (ATCC 35961); Pseudomonas
thermotolerans; Pseudomonas thivervalensis; Pseudomonas vancouverensis (ATCC
700688); Pseudomonas wisconsinensis; and Pseudomonas xiamenensis.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup
17." "Gram-negative Proteobacteria Subgroup 17" is defined as the group of
Proteobacteria known in the art as the "fluorescent Pseudomonads” including those
belonging, e.g., to the following Pseudomonas species: Pseudomonas azotoformans,
Pseudomonas brenneri; Pseudomonas cedrella, Pseudomonas corrugata;
Psendomonas extremorientalis; Pseudomonas fluorescens; Pseudomonas gessardii;

Pseudomonas libanensis; Pseudomonas mandelii; Pseudomonas marginalis;
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Pseudomonas migulae; Pseudomonas mucidolens; Pseudomonas orientalis,
Pseudomonas rhodesiae; Pseudomonas synxantha;, Pseudomonas tolaasii; and
Pseudomonas veronii. .

Other suitable hosts include those classified in other parts of the reference,

5 such as Gram (+) Proteobacteria. In one embodiment, the host cell is an E. coli. The
genome sequence for E. coli has been established for E. coli MG1655 (Blattner, et al.
(1997) The complete genome sequence of Escherichia coli K-12, Science 277(5331):
1453-74) and DNA microarrays are available commercially for E. coli K12 (MWG
Inc, High Point, N.C.). E. coli can be cultured in either a rich medium such as Luria-

10 Bertani (LB) (10 g/L tryptone, 5 g/L. NaCl, 5 g/L yeast extract) or a defined minimal
medium such as M9 (6 g/L Na;HPQ,, 3 g/L KHoPOy, 1 ¢/L NH4C1, 0.5 g/L NaCl, pH
7.4) with an appropriate carbon source such as 1% glucose. Routinely, an over night
culture of . coli cells is diluted and inoculated into fresh rich or minimal medium in
either a shake {lask or a fermentor and grown at 37°C.

15 A host cell can also be of mammalian origin, such as a cell derived from a
mammal including any human or non-human mammal. Mammals can include, but
are not limited to primates, monkeys, porcine, ovine, bovine, rodents, ungulates, pigs,
swine, sheep, lambs, goats, cattle, deer, mules, horses, monkeys, apes, dogs, cats, rats,
and mice.

20 A host cell may also be of plant origin. Cells from any plant can be selected in
which to screen for the production of a heterologous protein of interest. Examples of
suitable plant 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, cassaya,

25  castorbean, cauliflower, celery, cherry, chicory, cilantro, citrus, clementines, clover,
coconut, coffee, comn, cotton, cranberry, cucumber, Douglas fir, eggplant, endive,
escarole, eucalyptus, fennel, figs, garlic, gourd, grape, grapefruit, honey dew, jicama,
kiwifruit, lettuce, leeks, lemon, lime, Loblolly pine, linseed, mango, melon,
mushroom, nectarine, nut, oat, oil palm, oil seed rape, okra, olive, onion, orange, an

30  ornamental plant, palm, papaya, parsiey, parsnip, pea, peach, peanut, pear, pepper,
persimmon, pine, pineapple, plantain, plum, pomegranate, poplar, potato, pumpkin,
quince, radiata pine, radiscchio, radish, rapesced, raspberry, rice, rye, sorghum,

Southern pine, soybean, spinach, squash, strawberry, sugarbeet, sugarcane, sunflower,
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sweet potato, sweetgum, tangerine, tea, tobacco, tomato, triticale, turf, turnip, a vine,
watermelon, wheat, yams, and zucchini. In some embodiments, plants useful in the

method are Arabidopsis, com, wheat, soybean, and cotton.

5 Kits
The present invention also provides kits useful for identifying a host strain,

e.g. a P. fluorescens host strain, optimal for producing a heterologous protein or
polypeptide of interest. The kit comprises a plurality of phenotypically distinct host
cells, wherein each population has been genetically modified to increase the

10 expression of one or more target genes involved in protein production, to decrease the
expression of one or more target genes involved in protein degradation, or both. The
array may further comprise one or more populations of cells that have not been
genetically modified to modulate the expression of either a gene involved in protein
production or a gene involved in protein degradation. These kits may also comprise

15  reagents sufficient to facilitate growth and maintenance of the cell populations as well
as reagents and/or constructs for expression of a heterologous protein or polypeptide
of interest. The populations of host cells may be provided in the kit in any manner
suitable for storage, transport, and reconstitution of cell populations, The cell
populations may be provided live in a tube, on a plate, or on a slant, or may be

20  preserved either freeze-dried or frozen in a tube or vial. The cell populations may
contain additional components in the storage media such as glycerol, sucrose,
albumin, or other suitable protective or storage agents.

The following examples are offered by way of illustration and not by way of

limitation.

25

EXPERIMENTAL EXAMPLES

Overview
Heterologous protein production often leads to the formation of insoluble or
30  improperly folded proteins, which are difficult to recover and may be inactive.
Furthermore, the presence of specific host cell proteases may degrade the protein of
interest and thus reduce the final yield. There is no single factor that will improve the
production of all heterologous proteins. Thus, a method was sought to identify factors

specific to a particular heterologous protein from a pool of likely candidates.
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Using Systems Biology tools, the P. fluorescens genome was mined to
identify host cell protein folding modulator and protease genes. Then, global gene
expression analyses were performed to prioritize upregulated targets, and, thereafter,
novel protein production strains were constructed. As a result, a “Pfenex Strain
Array” was assembled consisting of a plurality of phenotypically distinct P.
fluorescens host strains that are deficient in host-cell proteases or allow the co-
overexpression of protein folding modulators. This strain array can be used to screen
for factors that specifically enhance the yield or quality of certain heterologous
proteins. Providing a plurality of phenotypically distinct host strains increases the
chance of success of identifying a host strain that will increase the production of any
individual heterologous protein of interest.

This invention provides an improvement in the production of heterologous
proteins in Pseudomonas fluorescens. Having available a library of host strains in the
same genetic background allows the rapid screening and identification of factors that
increase the vield and/or quality of heterologously expressed proteins, The genome
sequence of P. fluorescens has been annotated and targeted host cell folding
modulators and proteases have been identified. Folding modulators assist in the
proper folding of proteins and include chaperones, chaperonins, peptidyl-proline
isomerases (PPlases), and disulfide bond formation proteins. Proteases can degrade
the protein of interest and thus affect heterologous protein yield and quality. Using
background knowledge from the literature and DNA microarray analyses to identify
likely targets, a list of about 80 target genes was assembled. In host cells that have the
same genetic background, these genes were either removed from the genome or
cloned into plasmids to enable co-overexpression along with heterologous proteins.
The resulting strains were arrayed in 96-well format and, after transformation of
plasmids that express the heterologous protein of interest, were screened for improved

protein yield and/or quality.

Example 1
Identification of Folding Modulator Genes in the Genome of P. fluorescens Strain

MB214
Folding modulators are a class of proteins present in all cells which aid in the
folding, unfolding and degradation of nascent and heterologous polypeptides. Folding

modulators include chaperones, chaperonins, peptidyl-prolyl cis-frans isomerases, and
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proteins involved in protein disulfide bond formation. As a first step to construct
novel production strains with the ability to help fold heterologous proteins, the 2.
Sluorescens genome was mined to identify host cell folding modulator genes.

Each of the 6,433 predicted ORFs of the P. fluorescens MB214 genome was
analyzed for the possibility that they encoded a folding modulator using the following
method. Several folding modulators of interest had already been identified by Dow
researchers by analysis of the genome annotation (Ramseier et. al. 2001). Homologs
of these starting proteins were identified using protein/protein BLAST with the
starting protein as the query and a database of all MB214 translated ORFs as the
subject. Those translated ORFs which matched the query proteins with significant
homology were added to the list for further analysis. Significant homology is defined
here as having an e-score of 1e-30 or less with allowances made for human judgment
based on the length and quality of the alignment. The intention of this study was to be
very inclusive to maximize the chance that all potential folding modulators would be
identified,

More ORFs were added to the list based on their curated function from the
previous annotation containing the keywaord “chaperone”. Finally, the ORFs were
analyzed by the protein signature family searching program InterProScan (Quevillon
et. al. 2005) against the InterPro Database version 7.0 (Mulder et. al. 2005). The

ORF's were assigned protein families by the InterProScan software as well as Gene

Ontology (GO) categories associated with those families (Gene Ontology Consortium.

2004). Using these automatic GO assignments, all of the ORFs which had been
assigned the GO terms “GO:0006457 Biological Process: protein folding™ or
“G0:0003754 Molecular Function: chaperone activity” were added to the list for
further analysis.

The list was then analyzed to remove ORFs which had a low probability of
encoding folding modulators. Again, the intent of this study was to be very inclusive
but many of the ORFs assigned to the list by these semi-automated methods could be
easily identified as not coding for folding modulators based or limited criteria and
human judgment.

The most common reason for excluding a certain ORF was the weak evidence
that this ORF is actually a folding modutator, i.e. ORFs which had been assigned to
the list based on the previous annotation where the reasoning for annotating the ORF

as a folding modulator was either unclear or contradictory. InterProScan is actually a
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conglomerate of different programs and some of these programs are considered to be
more reliable than others. If an ORF was assigned to the list based solely on the
output of the ScanRegExp or ProfileScan components then it was removed. The final

fist of P. fluorescens folding modulators has 43 members and is shown in Table 1.

Example 2
Identification of Proteuse Genes in the Genome of P. fluorescens Strain MB214

Proteases are enzymes that hydrolyze peptide bonds and are nccessary for the
survival of all living creatures. However, their role in the cell means that proteases
can be detrimental to recombinant protein yield and/or quality in any heterologous
protein expression system, which also includes the Pfenex Expression Technology™.
As a first step to construct novel production strains that have protease genes removed
from the genome, the P. fluorescens genome was mined to identify host cell protease
genes.

Each of the 6,433 predicted ORFs of the P. flucrescens MB214 genome were
analyzed for the possibility that they encoded a protease using the following method.
The MEROPS database is manually curated by researchers at the Wellcome Trust
Sanger Institute, Cambridge, UK (Rawlings et. ol 2006, http://merops.sanger.ac.uk).
It is a comprehensive list of proteases discovered both through laboratory experiments
as well as by homology to known protease families. One of the strengths of the
database is the MEROPS hierarchiczl classification scheme. In this system, homologs
which share the same function are grouped together into families. Families are
grouped into clans based on evolutionary relatedness that again are based on similar
structural characteristics, The method makes great use of the database to identify
protease homologs within the P. fluorescens genome.

Homologs to the MEROPS database were identified using protein/protein
BLAST with each MB214 translated ORF as the query and a database of all of the
MEROPS proteins as the subject. Those translated ORFs, which matched the query
proteing with significant homology, were added to the list for further analysis.
Significant homology in this case is defined here as having an e-score of 1e™ or less
with allowances made for human judgment based on the length and quality of the

alignment. This step yielded 109 potential proteases for the list.
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The ORFs were also analyzed by the protein signature family searching
program InterProScan (Quevillon et. /. 2005) against the InterPro Database version
7.0 (Mulder ez. al 2005). The ORFs were assigned protein families by the |
InterProScan software as well as Gene Ontology (GO) categories associated with
those families (Gene Ontology Consortium. 2004). Using these antomatic GO
assighments, all of the ORFs which had been assigned a GO name that contained the
strings “peptidase”, “protease” or “proteolysis” were added to the list for further
analysis. This step yiclded an additional 70 potential proteases that had not been
identified in the previous step.

More ORFs were added to the list based on their curated function from the
previous annotation (Ramseier ef. @, 2001) containing the keywords “peptidase” or
“protease”. This step yielded 32 potential proteases that again had not been identified
in the previous steps.

The list was then analyzed to remove ORFs which had a low probability of
encoding proteases. Again, the intent of this study was to be very inclusive but many
of the ORFs assigned to the list by these semi-automated methods could be easily
tdentified as not coding for proteases based on limited criteria and human judgment.
The two most common reasons for excluding genes were the weak evidence thata
certain ORF is actually a protease, or that a particular gene showed greatest homology
with another protein known to be protease homolog but not a protease itself. The final

list of P. fluorescens proteases has 90 members and is shown in Table 2.

Example 3
In Silico Cellular Location Prediction of the Folding Modulator and Protease

Proteins

One of the strengths of the Pfenex Expression Technology™ is its ability to
control the cellular compartment to which a particular heterologous protein can be
segregated. Thus, the cellular compartments where the identified host cell folding
modulator and protease proteins are located were predicted. To make these
predictions, two programs were chosen. PsortB 2.0 combines the results of 12
separate algorithms, which predict the subcellular location of a given peptide. The
majority of the algorithms rely on detecting homology between the query protein and

proteins of known subcellular localization. PsortB also includes algorithms such as
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HMMTOP and SignalP, which detect the presence of transmembrane folding domains
or type I secretion signal sequences, respectively, using Hidden Markov Modeis
{(HMM). In addition to the PsortB results, SignalP HMM was used to predict the
presence of type I secretion signal sequences. This was nccessary because the output
5  ofPsortB can be vﬁgue when a signal sequence is detected but no other specific

information indicating the subcellular location is given. In these cases, PsortB
indicates that the subcellular localization of the protein is unknown, because it really
could segregate to any one of the cytoplasmic membrane, periplasm, outer membrane
or extracellular compartments. However, it is informative enough to know that the

10 protein is probably not located in the cytoplasm to make it worth noting that in the
table. Thus, Table 2 lists the results of the PsortB algorithm except in cases where
that result was unknown. In these cases the result of SignalP HMM alone is given
with “Signal Peptide” indicating that a signal peptide was detected and “Non
Secretory” indicating that no signal peptide was detected.

15
Example 4
Construction of Plasmids that enable the Co-Overexpression of Folding Modulators

Folding modulator genes were cloned into a plasmid derivative of pCN (Nicto

et al. 1990), which is compatible with another plasmid that routinely is used to

20  express the heterologous protein of interest (Squires et al. 2004; Chew et al. 2005).
The construction of a mannitol-inducible grpE-dnaKJ-containing plasmid is
exemplified. Other folding modulators — either as a single gene or as multiple genes
when organized in operons — were cloned similarly as outlined below.
Employing genomic DNA isolated from P. flucrescens MB214 (DNeasy; Qiagen,

25  Valencia, CA) as a template and primers RC199
(5-ATATACTAGTAGGAGGTAACTTATGGCTGACGAACAGACGCA-3") (SEQ
ID NO:1) and RC200
(5-ATATTCTAGATTACAGGTCGCCGAAGAAGC-3") (SEQ ID NO:2), the grpE-
dnak.J genes were amplified using PfuTurbo (Stratagene, La .Tolla, CA) as per the

30  manufacturer’s recommendations. The resulting 4 kb PCR product was digested with
Spel and Xbal (restriction sites underlined in the primers above) and ligated into
pDOW2236 which is a derivative of pDOW1306-6 (Schneider et al. 2005b) to create
pDOW2240 containing the grpE-dnaKJ operon under control of the tac promoter.
Plasmid pDOW2240 was then digested with Spel and FindlIT and the resulting grpE-
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dnaKJ-containing 4.0 kb DNA fragment was gel-purified using Qiaquick (Qiagen,
Valencia, CA) and ligated into pDOW2247, which is a derivative of pCN carrying the
P. fluorescens mannitol-regulated promoter (Schneider et al. 2005a), that was also
digested with Spel and HindlII. The resulting plasmid, pDOW3501, contained the

5 grpE-dnaKJ operon under the control of the mannitol promoter. Plasmid pDOW3501
was then transformed into DC388 and other uracil-auxotrophic strains by selecting on

M9 ghicose plates supplemented with 250 ug/ml aracil.

Example 5

10 Construction of P. fluorescens Strains with Genomic Deletions of Protease Genes
Plasmids that enabled the creation of genomic deletions were constructed by

amplification of 500-1000 bp DNA fragments both 5” and 3° of the gene to be deleted.
The resulting 5° PCR product typically ends with the translational initiation codon
(ATG or GTG or TGT) of the gene to be deleted while the 3° PCR product typically

15  begins with the stop codon (TAA or TGA or TAG) of the gene to be deleted. These
two PCR products were fused together through an additional amplification step then
cloned into pDOW 1261 (Figure 1) (Chew et al. 2005) using SOE PCR (Horton et al.
1990).

20 Example 6
High-through-put Growth and Analysis of Heterologous Protein Expression in P.
fluorescens Strains
Plasmid pDOW2787 encodes the monoclonal antibody (mAb) gal2; the heavy
chain is expressed with a Pbp secretion leader and under control of the tac promoter.
25  The light ¢hain is expressed with an OprF secretion leader and under control of the
mannitol promoter. The plasmid was electroporated into competent cells of 63 strains
carrying either a directed gene deletion or pDOW?2247 carrying a folding modulator
for co-expression, and five control strains containing a wild type strain. Cells were
cultured in replicate deep-well blocks containing growth medium with glycerol by
30  shaking at 300 rpm. Protein expression was induced at 24 hrs with 0.1 mM isopropyl
B-D-thiogalactopyranoside (IPTG) and 1% mannitol. At 24 hrs post-induction,
aliquots were lysed, antigen-binding of the antigen was measured to quantitate
amounts of active antibody. The value was divided by ODggo to measure cell specific

activity. Strains Aprel, AdegP2, ALa2, AcipP, and dpre2, Apre2, the grpEdnakJ co-
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expression strain, Atig, AclpX, and Alon were all 2.4-fold or more higher than the
control strains, which was statistically significant (p<0.5). Soluble cells fractions
were prepared from Aprcl, AdegP2, ALa2 and the grpEdnakJ co-expression strain
and subjected to Western analysis (Figure 2). A band with a size consistent with fully

assembled antibody was detected in the four test strains, but not in the control,
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FAF04892.1136 All publications and patent applications mentioned in the specification are
indicative of the level of skill of those skilled in the art to which this invention 5pertains. All publications
and patent applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorg)orated by
reference. %Mﬁﬁfgfﬁ@ foregoing invention has been described in soni"e%i%%?%%“v&ésf of illustration
and example for purposes of clarity of understanding, it will be obvious 10 that certain changes and
modifications may be practiced within the scope of the appended claims. CLAIMS 1.An array
comprising at lgastafirstand-asecond-poputationg@iRsEwdpmonas fltuoresterng P ftuprescens)
Shost cells, whereimeachpoputatior s setected frigRidis froup consisting of— gsat fegst one
population of P[fluorescens host cells that has begh genrgigally modified|lo reduge the|expression of
at least one target gene involved in protein 10degradation; b) at least one population of P.
fluorescens host cells that has been genetically modified to increase the expression of at least one
target gene involved in protein production; and 15c)at least one population of P. fluorescens host cells
that has been geneticaly padaiiaueradaritntery{egtiapsioi@ntivwhére thesaetifiseplaton of P. fluorescens

host cells in the giR¥i% ReBdaRIISANIRE IR SROBANA R atien afilh Hisaresesis host cells is
physically separate one Kﬁm b2i9another and whe{ein at least one po %Ir%%i;an olfe?.rgluorescens host

. rtaing A tiong and patent applications are herein inc Crenc .
cells is capable i eipressﬁ‘g’; atteast on@aheriet‘?ﬁogous protein ofihterest wiren transtormed in the

array with an expréssiamnecstpsirac ceth prisiiya PiddstEmoyanebeefives at least one

heterologous prefRisreing aratesssiuandnhersin themblpastans papelation of P. fluorescens host
cells is capable of bein% r%lr%zlf% ed while in t e array. 2.The ara %%%L%iflb wheretin said at least

. oregomg mven as Heen describe ay 0 :
one 30target gene involve pro en‘%d’é@racfa Ion IS a protease. 3.The array of claim 2, wherein the at

least one illustration and example for purposes of clarity of understanding, it will be obvious
10  that certain changes and modifications may be practiced within the scope of the

appended claims.
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protease is selected from the proteases set forth in Table 2. 35 4.The array of claim 1, wherein the at
least one target gene involved in protein production is a gene involved in proper protein transcription,
translation, 83 processing, or translocation of a heterologous protein. 5. The array of claim 4,
wherein the at least one target gene is a protein folding modulator. 5 6. The array of claim 5, wherein
the protein folding modulator is selected from the protein folding modulators set forth in Table 1.
107.The array of one any of claims 1 to 6, further comprising at least one population of P. fluorescens
cells that has not been genetically modified to increa%é fi&expression of said target gene involved in
protein production or said target gene involved in protein 15degradation. 8. The array of any one of

claims 1 1o 7. wherein atjeast.poe Rosiatioanas heen genstically madifieghip lncteassiihe

expression of two or more target gene Oinvolved in protein production. _9. The arr?/ of any one of

claims 1 to 7, whERMH &t it Bhe FOPURIBRTRAS Kb gatarafly rodifet BraaTeas the
expression of o st moré targevgemes A5maolveddp picteirodedgradatidre ctled Thecarrayhef any one
of claims 1 to 9 whetein.saidharrayis in #.format conducive to high throughput screening of said array.
30 11.The arra of claim O Whereln said for IS a 96 | fo 12. A kit comﬁlsmg the
array of any one clanﬁg 1918, Rorﬁe Jfor |d%nt|%mg an opF ma?popllfla’[S ion oF
Pseudomonas fidresderss @E@@o@é@h%}ﬁdﬂkéﬁ@%@@d to reduce the

expression of at least one target gene involved in protein
10 degradation;

b) at least one population of P. fluorescens host cells
that has been genetically modified to increase the
expression of at least one target gene involved in protein
production; and

15 ) at least one population of P. fluorescens host cells
that has been genetically modified according tec (a) and

(b}, wherein each population of P. fluorescens host cells
in the array is non-identical, wherein each population of
P. fluorescens host cells is physically separate one from

20 another, and wherein at least one population of P.
fluorescens host cells is capable of expressing at least
one heterologous protein of interest when transformed in
the array with an expression construct comprising at least
one gene encoding the at least one heterologous protein of

25 interest, and wherein the at least one population of P.
fluorescens host cells is capable of being transformed

while in the array.

2. The array of claim 1, wherein said at least one
30 target gene involved in protein degradation is a protease.
3. The array of claim 2, wherein the at least one

protease is selected from the proteases set forth in Table
2.
35
4. The array of claim 1, wherein the at least one
target gene involved in protein production is a gene
involved in proper protein transcription, translation,
&3




expression of at least one heterologous protein of interest comprising: a)obtaining an array comprising
atleastafirstanda second population of P. fluorescens host cells, wherein 5each population of P.
fluorescens host cells is selected from the group consisting of: i) at least one population of P.
fluorescens host cells that has been genetically modified to reduce the expression of at least one
target gene encoding a loprotease; i) at least one population of P. fluorescens host cells that has
been genetically modified to increase the expression of at least one target gene encoding a protein
that modulates BRRERTF6ESasIRG, BRI SC TRt To&ion; ARG o lnaisast’oneSrdpulation of P.

fluorescens host cells that has been genetically modified according to (i) and (ii), wherein each

population of P. floresaens hast cells, in 29the,aray isnopddantisal and wherein eagh population of

P. fluorescens host cells in the array is physically separate one from another; b)introducing into at
least one cell of SHFG oINSt B. ISTESensot ths e &R  an 25 expression cassette

compesing at least one gene encoding the at least one heterologous protein of interest, while the at

least one populatipn of Rhflugresgenskostcells issin theaFtay, CHnaingaiaing the pepulatigns of P.
fluorescens host 3%8;‘1[HS in the array under o dition%gufficien% forr}h(ﬁo%gr%ssi%ogﬁq_aiggregerologous
protein of intereSt 3&8t onie ﬁopuﬁgtloen of P ffuoreSceris host cefls i tjhegarray, and expressing in
the at least one gopufeivhlof M fli@kdstehs host cells in the array said heterologous 35protein of
interest encoded by the gene in the expression cassette; and d)selecting the optimal population of P.

fluorggcens host gells indhg aray,ip wiich e heleraledays PIISN 8% 6, further
comprising at least one population of P. fluorescens cells
that has not been genetically modified to increase the
expression of said target gene involved in protein
production or said target gene involved in protein

15 degradation.

8. The array of any one of claims 1 to 7, wherein at
least one population has been genetically modified to
increase the expression of two or more target genes

20 involved in protein production.

9. The array of any one of claims 1 to 7, wherein at
least one population has been genetically modified to
decrease the expression of two or more target genes

25 involved in proctein degradation.

10. The array of any one of claims 1 to 9, wherein said
array is in a format conducive to high throughput

screening of said array.

30
11. The array of claim 10, wherein said format is a 96
well format.
12. A kit comprising the array of any one of claims 1 to
35 11.

13. A method for identifying an optimal population of
Pseudomonas fluorescens (P. fluorescens) host cells for
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of interest is produced, wherein the heterologous protein of interest exhibits one or more of improved
expression, improved activity, improved solubility, improved translocation, or reduced 5proteolytic
degradation in the optimal population of P. fluorescens host cells compared to other populations of P.
fluorescens host cells in the array. 14. The method of claim 13, wherein said protease is
10selected from the proteases set forth in Table 2. 15. The method of claim 13, wherein the protein
folding modulator is selected from the protein folding modulators set forth in Table 1. 15 16. The
method of any SHERGRRSSHE Plo 85, WReRH Htalrs) RiFhEePEBHDIRES HR i8astbne population of P.
fluorescens cells thaiwasthatdyeenigeiresically modified to increase the expression of said target gene

encoding a 20progein that modlaf Q@tgimggcm;fg@%g qritransiacationsqr,said gargebgene
encoding a protease. 17. The_method of argg one of claims 1 tch16, where‘in at Ii@st one population
i

of P. fluorescenS HoSP EelRORAS BdP D derfetichly ATTTHEH 10 iNBRasEthe 2xplEasiondF two or
more target genes@ncodinglproteins that hodllate peeteingrdeessings ididing or3cbsiticadon.

18. The methodsaf gnyane efclaims43.ta 161 wherein at 30least one population of P. fluorescens
host cells has been geneﬁica Iyar'r11_O(1ified {o decrease the %%rr?ssi?nig)f t\%tz or more target genes
018

encoding proteases. 19. THe metiiod ofoalllney e o Aaims 13 , W erein 355aid arrayis in a

format conducivead High tHrsughsutiaessering of daid akaynardif fepmato reduce the

expression of at least one target gene encoding a
10 protease;

ii) at least one population of P. fluorescens host
cells that has been genetically modified to increase the
expression of at least one target gene encoding a protein
that modulates protein processing, folding or

15 translocatioen; and

iii) at least one population of P. fluorescens host
cells that has been genetically modified according to (i)
and {(ii),
wherein each population of P. fluorescens host cells in

20 the array is non-identical and wherein each population of
P. fluorescens host cells in the array is physically
separate one from another;

b) introducing intc at least one cell of each
population of P. fluorescens host cells in the array an

25 expression cassette comprising at least one gene enceding
the at least one heterologous protein of interest, while
the at least cne population of P. fluorescens host cells
is in the array:

c) maintaining the populations of P. fluorescens host

30 cells in the array under conditions sufficient for the
expression of said heterologous protein of interest in at
least one population of P. fluorescens host cells in the
array, and expressing in the at least one population of P.
fluorescens host cells in the array said heterologous

35 protein of interest encoded by the gene in the expression
cassette; and

d) selecting the optimal population of P. fluorescens
host cells in the array in which the heterologous protein
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21. The method of claim 13, wherein said expression cassette further comprises a signaling peptide
operably 5linked to the heterologous protein of interest. 22. The method of claim 21, wherein said
signaling peptide is a secretion signal peptide. 1023. The method of claim 21, wherein said signaling
peptide is native to the P. fluorescens host cell.
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15
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of interest is produced,

wherein the heterologous protein of interest exhibits one
or more of improved expressiocon, improved activity,
improved solubility, improved translocation, or reduced
proteolytic degradation in the optimal population of P.
fluorescens host cells compared to other populations of P.

fluorescens host cells in the array.

14. The method of claim 13, wherein said protease is
selected from the proteases set forth in Table 2.

15. The method of claim 13, wherein the protein feolding
modulator is selected from the protein folding modulators
set forth in Table 1.

16. The method of any one of claims 13 to 15, wherein
the array further comprises at least one population of P.
fluorescens cells that has not been genetically modified
to increase the expression of said target gene encoding a
protein that modulates protein processing, folding or

translocation or said target gene encoding a protease.

17. The method of any one of claims 13 to 16, wherein at
least one population of P. fluorescens host cells has been
genetically modified to increase the expression of two or
more target genes encoding proteins that modulate protein

processing, folding or translocation.

18. The method of any one of claims 13 to 16, wherein at
least one population of P. flucorescens host cells has been
genetically modified to decrease the expression of two or

more target genes encoding proteases.

19. The method of any one of claims 13 to 18, wherein
said array is in a format conducive to high throughput

screening of said array.

20. The method of claim 19, wherein said format is a 96
86



10

well format.
21. The method of claim 13, wherein said expression
cassette further comprises a signaling peptide operably

linked to the heterologous protein of interest.

22. The method of claim 21, wherein said signaling

peptide is a secretion signal peptide.

23. The method of claim 21, wherein said signaling

peptide is native to the P. fluorescens host cell.

87



