METHOD FOR RAPI DLY SCREENI NG M CROBI AL HOSTS TO | DENTI FY CERTAI N STRAI NS
W TH | MPROVED YI ELD ANDY OR QUALI TY I N THE EXPRESSI ON OF HETEROLOGOUS
PROTEINS FI ELD OF THE I NVENTION This invention is in the field of protein

production, particularly to identifying opti mal host cells for
| ar ge- scal evprydutittélon of properly processed het er ol 0gdeg/BRISDEHTSS .
BACKGROUND OF THE | NVENTI ON More than 150 reconbi nantly produced

protei ns and pol ypepti des have been approved by the U S. Food and Drug
Adm ni stration (FDA) for use as biotechnol ogy 10drugs and vacci nes, with
another 370 in clinical trials. Unlike small nolecule therapeutics that are

produced thr ougmznk@mgalmm@@kﬁmﬁ@m'@msmm@ﬁmmwﬁm are nost
efficiently pro%g%r%ln liv current nethods of
production of r §5ﬁf“%§ %EQ[MPI?QIV%%&I%M? éNQf’Q%QUMm%THﬁpr operly

fol ded, aggregated or | BXPREYSIOPr@H BETEROBIGOURPANOTYPBS of proteins require
secondary nodifications that are 15inefficiently achieved using known

nmet hods. Nunerous attenpts have been devel oped to increase production of
properly folded proteins in reconbi nant systens. For exanple, investigators

have changed fernentation CO”%’D%]L[?B%T%M%R}T 89) Bi o/ Technol ogy,

7:1141-1149), varied pronoter rengt used overexpressed chaperone
prot ei ns (Hockney Thisdoaytionieinds 20 Bpotedgiradition] Rutithbrid 63)gntifiigch can hel p

prevent the T osal Mol sl kU ARRONER properly prozblsf RRIAS Ve been

devel oped to excrete protel e supernatant. For
exanpl e, U S. ppgins. No 5, 348, 867, U S Pat No. 6,329,172; PCT Publication
No. WD 96/17943; PCT Publication No. WO 02/40696; and U.S. Application
Publ i cati on 2003/ 0013150. O her strategies for increased expression are

25directed to targeting thEASESIREUNE OFTHE D&ENFIGEm Some i nvestigations

focus on non- Se(Mdré’ﬂi@n %Qéc@lnbﬁﬁhtﬁ; RRuEQ lc@eng anE&EEIrD;PEMe!; kAt bR No. WO
03/ 079007; U.S. J)lli; ati_on 200 /0180 37; _U. S | ication No.

2003/ 0064435; “PEHYS bSoraegaid Bite RO 6 (BB BPY use pNevrolophe naj ori ty
of resear¢h hasgsfadusedesonitbadotier F0 6 @nicarriaf. tﬁl&m&qu@@m@t eins wth a
doscr | bed  or THEB I BB Bdtes v BebHBrRaH " Bory BastT AU BPIREY of ns. - See.
for exanpl e, alﬂe Bost PHicieniNoprode@ili4 |iRibd cellb). FoweRat currbio metho @63 pAbafction
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. WD 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
Publ i cati on Nos. WO 01/21662, WD 02/068660 and U.S. Application Publication
2003/ 0044906; U.S. Pat. No. 5,641,671; and European Patent No. EP 0 121
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of P. fleJ,%%S%@S haOSetoaCQJﬂas td13é17h6&54§3962ﬁ éleflfalﬂ caldy. @Obefa ebeaccordi ng
to (a) and wher'ej n eac éf?r?Du ation of P. fluorescens host cells in the

array i - -r|4d3e5nt| ‘e dbl? pdpth - atN%n o2 ¥9Qiorféstens host
cel ks i smﬂmsm:aﬂdny mparmi & 101pe dggmidkD (ﬂ_mnmao andi wheyein at | east one
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and a Presence or speciTic P g
protein of interest and thus reduce the final yield. There is
no single factor that will improve the production c¢f 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

processed form.

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

at least one target gene involved in protein degradation;
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second popul ati on of P. fluorescens host cells, wherein each popul ati on of
P. fluorescens host cells is selected fromthe group consisting of: 25i)at

| east one popul ation of P. fluorescens host cells that has been genetically
nodi fied to reduce the expression of at |east one target gene encoding a

pr ot ease,; ii) at |east one population of P. fluorescens host
cells that has been genetically nodified to increase the 30 expression of

at | east one pargeic memlw@ﬁm@ﬁ t hat r mpshld st &%s I de11s
pr ocessi f.ol din é? or trans east one
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sduced p[{gt eeo(lé%;técc de adatlvpn in thlﬁ opt i mal $ t tion ]g)f P.

fI udrescens Host I Corpatr e $ o Dt'her POl =it § P T4 Uof escens

host celtlse ihitde aspayt - A fourth aspect provi des a nmet hod for

i dentifying ap qptidel spopul atdengof f%ﬂ%@nﬁ&fi&@ﬂﬁm (&

fluorescens) host cells for ex% essi on of het er ol ogous protei n of 25

i nt er estPRotit+ FIRPLE bR & hi BHOBPRAY E%)W“F%‘F%S at £t egéltloée???%? and a
second pomi atdDis of o P. esfp tos €seenst host 1 eedt sonahiesed fo eagbupopudbiation of

P. fl,uoresce been genetically nodified in the array to
Fo S oAy

reduce t ast one 30 protein involved in protein
degr adat i on, asher étlfadacinpogulatiash SR L inprasscearsthostf ettt 21 a he

array I%é@hd%up@&m@r&fmerﬂ@oe&e&@m%ﬁI@@lpé Rméwpﬁeé&@zms host
cells inshe gy {8 Pl cally separate Qop Irom a0Ploely trom the
group consisting of:

25 i) at least one population of P. flucrescens host
cells that has been genetically modified to reduce the
expression of at least cne 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
medulates protein processing, folding or translocation; and

iii) at least one population of P. fluorescens 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 celils in the array is physically separate one
from another;
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35b)lysing the cells of each population of P. fluorescens host cells; c)
contacting the |lysate fromeach popul ation of P. fluorescens host cells
with the heterol ogous protein of interest; and d)selecting the optinal
popul ati on of P. fluorescens host cells in the array, 5 wherein the optinma
popul ation of P. fluorescens host cells in the array is the popul ation
which results in a decreased | evel of degradation of the heterol ogous

protein of interestnd b@t@hd CintcOParechdo stdekepopyt atdans of P.
fluorescens host cells in_the array. 10The $r esent invention provides
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the pr ot@FWﬁ%&i&t?fﬁa{&icﬁ%ﬁmﬁ%@S TPPéOHbJ_rIFi‘?% %%t?:ee%&p*%s%’_ca
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t he 1pol ypeprreecadsimber esé¢lldbuin i ticd udesayi eb it oeladrdYog@bs actoveiy, and

the |iKey hcds cecoanized gpatydhoohosty cell papulat]ons. my be. rodi fi ed

to expreSs nany conbinations of nuctéi ¢ acid Sequences ¢t the
expressiand| evel s of endogenous sequences and/ or exogenous sequences that

facilitate the exprossl o ofddnolyPeRLidier Al dnter o5l . 1) flo Plfcons
enbodi nent, two or nore of” the host cell popul ati ons has been_genetically

nodi fi ed* D¢ i FR}EASE? t Hee ekpFassionbichneloriabrecl agget BEReIITnedI ved in

one 16 M= Bdst hes P OPREcO&XPr essi on, processing, and/or translocation of a
' erest. In_another. enbodi ment,.the target gene is

het | t foi ,
2’ pr ot e Tt B rig ot SEOTSIT e ATRRTS enb ot RRTST 1 R HPDLS1 ST PRl ng
nodul at arores sl agpedvdd caxphesdict, | Iimdabved laciOvntwnoimeroeatdodi nent

i t] ified t
T ons e L R e O oo o dEnE L P B I TEEL bt ol yti
degr adatdeFradat et er teeroerel Went  Pemelabiget ofeRe fsuarpreeeasieestn

another @é‘ilpéjié@ﬁﬁar‘écﬁ‘et&r&él?@§epé§u§§’&?&ﬁ;@doffP[n Ehgokbstehd Habte 2. In
one enbodi nent, nucl eoti de sequences encoding the proteins of interest are

150per abf§L 15 nkedt4% & FY f 1 uor escens Sec system secretion signal as
descri bed herzeifoufdte pamt eodvides si rad tisod Nfdhei @iy £ yryg expr ess t he
het er ol ogous (_Hgée' eriplasmco In certa

on

. tim o'&iOf'énte € tei a-RE Pkuor saapar Ben%l orescens.n.
enbodi mem s, A A %t?%l%@ lﬁ%?/m?aﬁs% secrefe nﬁe het er ol 0gous prgt ein
ext r acelhesgtardsl Tshroegheapross eon cef | awagteroiogous protein of

25 interest comprising:

a) obtaining an array comprising at least a first and a
second population of P. fluoresbens 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 invelved in protein degradation, wherein each
population of P. flucrescens 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 cells;

c) contacting the lysate from each population of
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Host cells include eukaryotic cells, including yeast cells, insect cells,
20manmal i an cells, plant cells, etc., and prokaryotic cells, including
bacterial cells such as P. ,fluoreseens, E. coil, and the |iKke. As
indicated, thc library of host cell populations can be rapidly screened to
identify certain strain(s) with inproved yield and/or quality of

het er ol ogously expressed protein. The strain arrays are useful for
screeni ng fpy,bppsoved ﬁ%ﬁ%eéélPQ #Poh any REOLebNoQbusnbesestn dpcl uding
therapeutlc proteins, hornones, a growth factors, extracellular receptors
or |igandstep?dt Fead®d, ki nases, bl ood prot ei ns, chenoki nes, cyt oki nes,

anti bodi es andg thesélé@cmd%Riﬁ dRSGR P T &N Ot il &t wﬁluorescﬁgur e lA
depicts 2 used for engineering genonic deletion in P.

C}glatsrrid Gb
f1 uor esc&ms: F LB ¥ 5thematic drawing of the constructions of a
gene 5X dmh@iéimltHEHQpMIm&ﬂ|§opuﬂwsi@mnoﬁlBt éhabysssems sosubtelel 13

fractio d: at o 4
eapect i SRy EAPALE 10 ANh e RN SupOS, DM S e BRedgdy Leve,
strains QE&%&E#%ﬁ%ﬁloﬂT@it ¢%ﬁ@p%ﬁﬂ¢wstEﬁ@ﬁ@lmu©fyl%E%%%%teﬁnn®%%ﬁlonal

ant i bodydn é&m&&%%@xﬂﬁG§@%Qr$§6ﬁﬁﬂ§tb&ﬁsn@f pn ¥he-e08LERL K£§%4@éllé =
reconblnant n-r = nonreconbi nant. 10 DETAI LED DESCRI PTI ON

pr esent Thieht i s fow wi | | be described more fully hereinafter mnth
ref amence to The HocoPENMYA Mgt AW gSY 1 dds Whbitdo sbinBon dudndate @thdds

enbodi ments of t ention. are ho ee hese inve NS may be
enbodledtn " §§Yf¥eren %%?%rnéh hd s%ggl 9 u% e” CORS %%%% és limted
to the @mmumm satseleimtdmélem@tmrﬂag@m p@hmepbn%damr@llaget@r@w ded

so t hat f e ts
Many no %gl catio s&gtinlf Jé(%n Z‘ﬂ—%o%l%% ?Jﬁ%l%in%{ﬁsg @or?h her ei n
will corf@fﬂépsrﬁthbmi% @H@Jéml*@@omrtrﬁ@r%ﬂw% %l%hp@m%@tﬂrm%nw%s

per t1gi n Hawd Q%&Oti&l@@r@uy afodheid@aehi ﬂ@éz@é@éeﬂﬁ@dexpréﬁl@l&@r@QOI ng
descriptions and t associ at ed draw is to be

under st dYtf thatTPHe FHVENt i FNECAre %f‘g?% be Pf‘ﬁ‘f%’a %O‘?‘ﬁ‘é tEPRcific
enbodi medd e ek sl dsedeance 4 siatn nofli e ad + onsranda ofder genbodi menl sear e

I nt e.“d.egili gpPoetéﬂ?' %{%Lda H‘é heregé&&?%%e{@?oi&'%g&é'(gé'neA{ﬂQ-ngh

speci fi s are are use eneric and
descri ptaﬁ/@@@]s@@r@mw rmIOCﬁlmtpL@Jpo@e@omlmammt i Blme uekviento

Conp@si td;gnse ands et hads, f e | denth{ ¥+ 0ge an, opt L oRd cPPStr shb@i Picg 9. A
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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30 Pseudononas fluorescens host strain, for producing high |evels of
properly processed heterol ogous pol ypeptides in a host cell are provided.
In particular, a library (or "array") of host strains is provided, wherein
each strain (or "popul ation of host cells") in the library has been

geneti cal | wormds/f34ed to nodul ate the expressi on of onePOT/URmOBGI@BgEet genes
in the host cell. An "optimal host strain" can be identified or selected
based on the quantity, quality, and/or |ocation of the expressed protein of
i nterest conpared to other popul ations of phenotypically distinct host
cells in the arr ayis refbgused tu thpiokrvall pipatios imagibOmodifiéde esirgsal n t hat
produces the_pol tide of interest accordi.ng.to a desired.specification.
While the delRFeHEEBRLTY plair PEATHRFetS " HENEePRE SR IPHE ool ypept | de

bei ng producedpgehhe sgpeceS indat t:epenomckqdess thhidagiiak e gx@edibopf quantity of
protein, whe 1N 4.S...S r protein folding,
and the |i keﬁlgg&y}geg&qﬁﬁ gltrteg%sggﬂééré% Q%ﬁlldﬁ%%gtf %ﬁgg%‘lﬂ%ﬁ@&g%@?%ged, "oor

" r econbi nant popgletes bl bperr gshesicallyt rpodifig anigcrorse e gxmespion hlate psmgrot endogenous

to the host ﬁf:‘glei! gefds ik 1vB@hn &)‘ﬁﬁ Jaa&GDOtife ISrgpe} %résﬁ%gwfgégsih%] aﬁcﬂ(ﬁ’_ native genome

in which it is present, and has been added to t celT by infection,
transf ect i onrangiegation ofj sdeteradeousdirgtein pbiptsreat ibothes Ertefirsiete f2east or t he

l'ike. Mee Bla pod¥ie fodfind &gt mGabtherRPBSBL ) ARSyrbthin i@ n@r ray is

nodi fied to nodul ate the expressi.on of one or nore target genes in the host
cel | . By "t afgdfetydnslectpdirpmthelisfdtTebigbne that affects heterol ogous protein
producti om i n a MoslotheeinbodihihQ&te ot BERNE SehbAteiBfoh@sionhiRls @€l ogous protein
production inclu edags encodi ng (%r otei ns that nodul ate eXﬁre si on,
activity, so$easff°r1->f13? G €9oBRsE TR PepT B BT M8 Y &Lt "8 YS!/ or

cl eavage of mhpetdodtiededragous Ipimothet smbofatentethampicegenaistiagr@ete. gene may encode
at |east one,of 2 hosh coll BLOLSASE . BE BLEL, [ ng modulator, a
transcription actors 8"t TaRSIaYion f;acgor, a sectetion nodul ator, or any
ot her protein i nyodneedibpdimetigupleaple FeqROtcesaenselimgpie roriging ofamabaticon,

processi ng, I ogAat . €] interest. A
"target 6?0,[@{3%./?&1131% %ﬁggt&)ﬁﬁé&%’ %{Ces ﬁéﬁg%eg%%}n%g%%?af g‘{;—:-sglrr“%lsi Efr'?l {ﬂ'ng from
expressi on ofnadaoreafigiststrgionia theExpy wasiprisahulictirolagops M obf a tar get gene
or genes is }RELERSBipPhmdSHFLRRE0M JRRERMAMAR, S8 hbRGEiQMmAf the target
gene or protein. For exan])l e, expression of one or nore host cell proteases
may be decr ed¥SECeGHE betgelops Pt Sitarrlpprothough anaytescitiwrilei n f ol di ng
rmd_uldiat ors bﬁokt@@iﬂsﬂﬂ&?{éeulfﬁﬂﬁﬁ@édll@hﬁiﬂ?@@éésb&gs,hifx‘)_éc@'bélls,fare lﬁstef ul | for
rapidly identifyin [ ost cell for production,. a er ol ogous
protein 3‘? p@ﬁ?%ﬂ@gﬁggi‘ﬁ{ﬁé?g}gﬁ%%‘ﬁ RPEEE6 6L pPOt e PP EUERLE F‘Bﬁ often | eads
to the for medsifOffludéscéRSOoibal @& likenpr operly fol ded proteins, which are
difficult to recqver,.a be il.nactive.. Furthernor. t he 30presence of
apect fic host et T BRE Aty RRGHL B e PR P Ee "and t hus
reduce the fideaify oeiteh dirainlfklerith impromal y$ildglder hedity of dbtbropepulyat i on that wil |
optimally pr : i I.0S: I hus, using the
conpositi ons&g%%%%@{ohlorggh%ﬁ %FIL‘JEFQ iﬁ%‘?ﬁe?ﬁoﬁﬁ gdé%ﬁ%‘g[fﬁr rlrlgé ! %gg%pr%sglp can be

rapi dly ahd @fafy prioeintdf intdreht irtciufling thefapertic progeitsi rmpngs,oferavsfatosd cel |

popul ati ons. ¢ [R&IARLEBorsOELandd hdtehset &fhalel @bl BroidiiEGehbkifsoduce _
sufficient anounts of the protein of interest or for commercial production.
Li kewi se, a frékines patiodiecaf thsdikprodi fi ed for expression of the protein of

i nterest based on the optimal host strain. In one enbodi nent, the nethod

i ncl udes obtaining an array conprising at 5least a first and a second

popul ation of P. fluorescens cells, wherein each population is selected
fromthe group consisting of (i) a population of P. fluorescens cells that
has been genetically nodified to reduce the expression of at |east target
gene involved in protein degradation; (ii) a population of P. fluorescens
cells that has been genetically nodified to increase the expression of at

| east one target gene involved in




10protein production; and, (iii) a population of P. fluorescens cells that
has been genetically nodified to reduce the expression of at |east one
target gene involved in protein degradation and to increase the expression
of at least target gene involved in protein production; introducing into at
| east one oedbkoowisdeach popul ati on an expressi on constr rCT/USoWR0d13NG at

| east one gene encoding at | east one heterol ogous protein of 15interest;

mai ntai ning said cells under conditions sufficient for the expression of
said protein of interest in at |east one popul ation of cells; and sel ecting
t he optimal popul ati on ofpraefr DESCRIPEDN WETHE FIGURES| ogous protei n of

interest is prodyced; erein eac ti in the array.is non-identical
and wherein each%cb%lﬁéui‘%%pg pa§mﬁl@§ﬁ§%b%“§egggﬁe§? ee&ﬁ%g‘??’é}% anot her;

wher ei n t he Hdtiendl ®gousscprsofFaiure 1@fis 4 shenes tirawd of thichistrectiomerfer nore of

i mproved expressi on,. i nproved activity, inproved solubility, inproved
transl ocati ofi, or reduced proteolytic degradation or cleavage in the

opti mal pépul at i diguof2 g e[Westerdng anadidistodsabiraneliplogetivmpieprred 4t anhe arr ay.

The array may, bt A6 GO t058d RAPQRILALIOR DfcNOBLPE O Sani®ed. » P. f

| uorescens host cells) that has not been'genetically nodified to alter the
expr essi on of&Pdesd co-gdidssionyims agaplsf)- al i teptaEions Pantde W fwiydul ator. Thi's
popul ati on NMa¥erdfed@n Mot 16kl ¥R8oBtif Bk Bo-cBresIR¥ AR it &k iAthdlcdfi@t has been
genetically nodified to alter the expression of or or nore genes not

i nvol ved in BiO¥8t h- promtieant o~ 19p6edddtaRly, or translocation (e.g., nay be
geneti caliby nodified to express, for exanple, a selectable marker gene). In

one enbodi nent, each popul ati . ns host cells is
30phenot ypi cal l'y distinct (i &ETR%P'E%@F?@&?) one from anot her. By
"phenotypi cal | y dihspiegat ivdansonsmte ndieb: dehaibeach fipppuleabft@mitpr oduces a
measurabl y di b or.ent, ATOUNL, Of ARG, Q1 TRES LAT B8 PrOLELRS I LN S
embodi nent, Each strain has pee aretica ?/ EiP e P8V EFIEY t he
expr essi on ofhe grvention awphevndilidest, énrte ivanies mgehegnbotke mendnh difexepr essi on of
mor et hans Onfh AL AG 0,860y SnRINLALAL [ A RRRHAL LOR.AfhROSt cel s, ©
targe typ y

then the conbination o genes 1I's pheno I'ca i stihct from ot her
popul ati ons faghet, Hesd gnibpdimgnts #p pepvided/sodbaypivi dickgura wgl safidy dnpjicable

phenot ypi cal .y, di;stdek, popul ations of host cells according to the present
invention is one that provides a diverse popul ation fromwhich to sel ect
one or nore st r aiMfay gwafigitioppind gihgeriptiodigents obthpayeatigrssgdosh kit ei n or
peptide of i QRS to mintl WMk kkilg il BdeFR S VREh Bk ARentRhs Slkthib hatify t he art that

such an array may_al so conprise replicates (e.qg.,. duplicates, triplicates,
etc.) of 28nyx*8H@’)‘éﬁtr"f%r‘@da%@reé?ﬁt%‘ﬁ%ﬂ’B?‘”Fﬁ?&é désgfll’té".“s %&drt%“;ﬂés"i'ﬁ’igﬁ ovi ded
herein is anda#mgy of host cell populations (i.e. "strain array") which can
be rapidly screened to identify certain strajn(s ith j.nproved yield

ond! o qual ity of HEES: BRaBBtesSEhd P ebl Rl ihatlb e lERERYBE - ot rai
array" ref er gpetific anlpdinreatsidtsyloef aatitistiessgdatons addtlessatbdmmehveat i ons (e. g.,
wel I's, such | ,.Qr.m cro I s).:The. | o i . o f the

m crowel |I's 0?1%6 r%ﬁ%gevﬁ#ludfg r‘?{i“g?rng}\g/\%%?dse 0? )r?ef Veelﬁi‘zgfl'r g;ﬁﬁugp%pggﬁﬁég%bf{gy&knom, S0 as
to al | ow2f or emplexet hirpigdhdyore wid nhecopt fnbdesdipgte scesk onif ovd wxfiressi on of t he
het er ol ogous,pr QL&jrAnPridant er est. The strain array conprises a
plurality of phenotypically distinct host strains. The arrays may be

| ow-density arrays or high-density arrays and nmay contain about 2 or nore,
about 4 or npygyimabout 8 or nore, about 12 or nore, about 16 or nore, about
20 20 or nore, about 24 or nore, about 32 or nore, about 40 or nore, about
48 or nore, aboutCoBROBonHdanethiay oy identifpipe pRPEmaOS 218 %7 nore, about 96
or nore, 3aboBteudRdn@I upRE®RRs RGN 38dproducikB high RSt o GRbderppRtds@ti ons.

ccreoned i n RO ORGP el el 1o vESeef BB BRhEy contai n any

desi red nunb@tra@gf of host strains is provided, wherein cach strain (or “population of host cells™)

in the lbrary 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
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25 wells, however, a mniaturized cell culture mcroarray platformis

usef ul for screeni ng each population of host cells individually and

si mul t aneously using mininal reagents and a relatively small nunmber of
cells. Atypical multi-well, mcrotiter vessel useful in this assay is a
mul ti-well wobabgidncel udi ng, vvi thout limtation, 10-wel PCpivateesgs138- wel |

pl ates, 96-well plates, 384-well plates, and plates having greater than 384
wel l's. 30Alternatively, an array of rubes, holders, cartridges, mnitubes,
m crof uge tubes, cryovials, square well plates tubes, plates, slants, or
culture fl askasemyth@dxﬁmxtjaqmlﬁﬁdud/@ie@eﬁtd;idﬂgle@mrésktﬁ pradinl nﬁm@l&sti red.

The vessel m Q.I%d Eﬁa(ither Poquﬂgér}sgg{)heernlt%llcaﬁu' I%‘P!t EOSI [ls n t UI’ | nﬂ'l and/ or

screening a hodt SRUONDbas" xarml e, the
vessel can be: @tinaklestisadin iShhHStIalalﬂlﬁbﬁ‘OMSS thqpcsﬁpeptldh nﬁmt&restwcdmrcag pl astic or
other artifigi t

bi oconpati bl %ﬁkﬁ&?'ﬁ;}’gﬁ%}tﬂgf it e? F% od P @ use %&@Lu%{mrs%e but not

limted to, pt}msttd,eﬂs@nepm@@b@z pimwlf@at@n lwdwhmualﬂa@nfﬁ@mwglts(@ g.

pol yvi nyl chl %{eﬁlle\\zhetﬂp h¥§1%'€etﬂ9§§éqﬁeq(e? \4@( ﬁecfé%ld%/ﬂT&&B?JhthQ Leehbytene (PTFE);

pol ygl ycolic acid A); cel lul ose; gl ass uor opol yners, fl uori nat ed

et hyl ene propyl engete@@gwi ’ “W@raleg@slyﬁmrww hm%nbpr@sztaﬁ%ﬂeraélw i con, and the

l'i ke. refefitb @ YRl @EpibleANBt QM vBduORn & tS@é h@st &NGr a%&ﬂmoel%ugol ony
pickers will facilitate 10 rapid screening of desired cells. The arrays may

be created a?‘?d]f“chaE&‘}‘éétﬁé]a“‘ﬁ’ﬁ‘i‘fﬁ“eén ¥hisk ttésrpr%i;%% @@hibé’eif:}la %U?Hﬁ'at ed robotic
devi ces) 1as kM@tidiod, Aenstiction, M @Gtctige R@STABRLST hddrbpréjediiay, oofhet he present
i nvention co rlses a pIurallty of 15phenotypically and genotypically

di stinct host*“cell popul ations, wherein each population in the array has
been genetical | y Omodt ﬁlb:@dfﬂl@hdﬁbﬁhﬂlp&ﬂsﬁatiohﬂnﬁ)epl‘r%sshmﬂzﬁedtooﬁteluhfe nore target
genes in the host ce i n ene that affects
het er ol ogousﬂﬁF)EPtreéfl%n?)OnedeJcTcile{a%e#eges mthfslh tfﬁinl %Kd%la%e?% egl‘céne may encode a
host cell| proteedse gore tha aﬁmbdng‘enmgsusqrrotaxp@émwsmprhosteﬂlh Taodedi ng nodul at or,
20t r anscr15 pt tf'nﬁ Q:IE het%l;glé%b%!s gnto{egl r&ﬁl&ﬁo?lrmchﬁig%n%g LRbgi Hljeiﬁg ﬁﬁt’ or any

ot her gene i er expression, processiny, and/or

t sl ocat i onm9¢ulaée mteesml wHos sthlnittmtmmcamqmt wpledytic dﬁzgfaéaalpg@td/q@r ot ein"
refers to thg.RELLRHI h&ErofBgMé BRR%. Ao E;&%ﬁ&let 4 Qe LAMSRESR S B4y Of the
target gene. Expression and/or activity of a target gene or genes is

i ncr eased or018(9@?-&%?&@8P“H‘éﬁﬁaﬁﬂiof?fffﬁwlfigwdﬂlaﬁéﬁﬁwcwloﬂ@ét%&r get gene or

25pr ot ei n. Arin@lﬁ%tfacﬁ&rhese&@tﬁbnb&)dﬁﬁﬁﬁ@?ﬂ@rlb‘ﬂlei— oieﬂendama inG8d prope@r can be a

gene tha% i s heterol o%og @1y resse |n§ gost ceII opuI ations
in the arfay'anseription, fransiHarm poRGHM Hrakt O (RR OCP%PPQ’& ﬁ%rﬂ S pﬁ’&’r‘i is at |east
one protein fnalre@la mg‘tif@apioaeﬁlﬂrrefelpwta& pmellmpblgtepudeobﬁimgfmdul ator, or a

cof actor or SRR L el bl urP Bl il DoS BRI b e Lo o
gene or genes e e In | dase, a
peptidyl pr oinykasedanierresel, pdndngdinghd funaien bﬁhﬂtalgsw(awtem NFagome

Cbod ot Rk P ELSENE SLoSNESFRNE, A8 ROhAGLI MOLPG, cOPA

f1 uor escéhs ewmsditnstend qmwTiamptemfoldmgmodulawrﬁm@lrhfemcre#mbdl ments, the target
gene conprises atl 8ask %lég&ﬁ)eﬁ’ﬂér@ihlaﬁé%sé?ﬁl%r‘%%ﬁcﬁy 1d%ntff{r19§ SRS Rl ﬂ%@t protein, or
a cofactor or subunit o rot ease. For exa target gene or genes
can be a ser@eHéC'f HW@@HPE@I‘?@@%@F Wétema%p%ﬂ“@? ef inprestetigkIobgewt i dase. | n one

embodi ment,, M&Ton 9ROA A mgtﬁ%ﬁmq@ﬂomsoﬁ@leeﬁhﬁﬁogeﬁpmmal V, hslU, clpA
cl pB 5and cI pX he t arget glene can al so be a cofactor of a prot ease.
Exenpl ary prPfPté}zEé’é‘é“"PraE?rﬁlfﬁc“ P GRS P &S apsraavde duaptingt lgtheiosea e 2. Prot eases

froma vagi eprysetde oDE@eiflt Bé¥Bcellgkoteases 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 identificd

from the library of modified cell populations. The optimal host strain can then be
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be found in the MEROPS Pepti dase Dat abase naintai ned by the Well come Trust
Sanger Institute, Canbridge, UK (see the website address

mer ops. sanger . ac. uka. 10Protein fol dinu nodul ators Anot her nmj or
obstacle in the production of heterol ogous proteins in host cells is that
the cell ofwenoisssmat adequately equi pped to produce eiddhrars:a®bsibdse or
active protein. Wiile the primary structure of a protein is defined by its
am no aci d sequence, the secondary structure is defined by the presence of
al pha helices or beta 15sheets, and the ternary structure by coval ent bonds
bet ween adj ﬁ@@a&o Rb@iceiRticidnt ﬁﬁ&ﬂﬂﬁ%fth%yﬁ)&uﬁﬁ"uﬁér%bﬁ})ﬂﬁmﬂﬁml V\henOI
expressi ng het erol oga roteins in Jar scal e _producti on,

t he secondar ¥ g}lfﬂ‘o’i‘g[r}%‘?"ﬁg a ‘lsﬁﬁr@’c“l? #’:.‘Fg i’i%é?réﬁsﬁnf}?tg%??w}né’fof critical

i mport ance. Adngtessbagwdnltn@dphm@h@mgeamn protein structure can yield a
functionally ina |ve ecu n.wth si nlflcanly reduced

bi ol ogi cal activity:™ fi“?\[’%ﬂ’ﬁﬁg}t %6@3@8@“1&&8%8% et EX HYELEES *hr ot ei n f ol di ng
nodul at or § ( Redvk)ird haita sacoed paokssasiP. flarespeo pdls, preaiiuath pupulefioract | ve

het er ol ogous .r. X r n generally
required to E)S%o %Jt%de%ﬁ%gg }{I%edélsol?l%ﬁloigg P?%&%ﬁﬁs’& gjr,?%,g §lLﬁol ogy
products, a otelleerofendisalyannidicd tr wduwre ércaenperghm nibgt iope tapgeoeap mvelg¢di ng

modul at or or ;m%hﬁegaﬁuéno(lgraop%saéum@p%%&hp&ﬁyﬁk%a@s&eﬁ essed protein.
251 n certain expression systens, overproduction of heterol ogous proteins
can be accomgensiiedly Bydifipfioincrersetth Qrpieicad ¢iderirang racherns Wvevedis ol ubl e

aggr egat gg. bfbteli}ﬁ;%cﬁl'&ﬂuﬁal aRi€liih)Sa fdpEREoAG ! BYALESs NS mkNAWReeAS | NCl usi on
bodi-es. In E. coli, the network of fol ding nodul ators/chaperones includes

the Hsp70 faﬁ?"leﬁ}caﬂﬂ'ﬁ‘@d‘ﬁ%ﬂ fafedpgeﬁwxeﬁaﬁs@r%ﬁféwtﬂarérg%gw aveigd 9 prevents

protein aggr g@adil @Braddidn SAUNP Aictessclitexprofsh dF R¥cad0bet daRmgeHepmot ei ns. The

i ncorporation of heat shock proteins into protejn aggregates can facilitate
di saggr egat | SRHBWDVEP: MEPBEEE HE istabeul of 5o REFHUPLA SORTER can, i n
certain casesonqb@t t@govies adeatsﬂmag@h ef@ding hiagal onphﬂaemgdumgroceﬁn g¢gthe insol ubl e

fraction Pro LS f.ound in |on Odlef% LYRI aveto be purified
I’GS amtamln Sa.] ce sun ondifions § cient'tor e EX SlOIlO
t hr ough rrultlpes |ng dERar Uy A ER" an uralon Typi cal

renaturati onpptfmm"srsgs%t fnont least nid pwgilareniod chfls;taad meﬂg tbfr Qntlmahs i nvol ve
attempts to g@ﬁ%y & cEi8n & gﬁﬁ 89ALEo]o @%L&%gﬁ?‘?ﬁ%{ iRERd i A}?&ﬁ&é&‘ Gfirei2nd

subsequent of the denaturant regates are frequently
formed agai ne?lch pﬁmllaéwlstﬂatfeiffaﬂ'hélommqﬂkﬁﬁéthﬁm@e@sﬂpm{jﬁt@d@s cost, there is

no guarant eepﬁﬁﬁ&llyts@ﬁdrdt@on\é'f%ﬁl%n&%roIvﬂbl@ﬁ £ e} er&dg@h%r&blgbpﬂ{e% l'y active
Sproduct, and 't he ‘recovered proteins can include |arge amounts of fragnment

i mpuri ti &8, extivi TR it tmprefdiespiession ipmyed aftiivignpet @il ding i s
assi sted by ﬁml&%uh@{bmemﬁefr%@&d le?do@lﬂc & @&B@a@ OR&: opGadTer i zation

W th Tol i ngPYEGPHEARkReerraia oByt FBRBLS S o a%LazitiPéiét ¢ratocl i mting
steps al ong the fokdiragnpattivayompiiasa pipamticad hddaddid 4 andhorafepisoaches to
o (1007) ABBT- B e b EReRran par FhTTLER o R o Bt Toces. T e
over expr @§si omteade oc hapeindhEsg hadulbee rTHsqupdatico map be eezgetymhamsrobubl e yi el ds
of aggregati yBJ f&%ml%a%e%'b h ﬁ&%al o%}’?%dt neﬁ&x??&efs@x}f { (&P n. Biotech.

10: 411-421 an er ences t ene ICla associated with
an 15i ncreas ewrergendaeotl ln\tqhaéei ﬂrmblamr@mgrmcrcamn&ml tfustoheme (chaper ones

appears hig hioé/ genetically modified to express, for example, a selectable marker gene).
In one embodiment, each population of F. fluorescens host cells is
30  phenotypicaily distinct (i.e., “non-identical”) one from another. By “phenotypically
distinct” is intended that each population produces 2 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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dependent on the nature of the overproduced protein, and may not require
overexpression of the sane protein folding nodulator(s) for all

het er ol ogous prot ei ns. Protein folding nodul ators, including
chaperones, disulfide bond isonerases, and peptidyl-prolyl cis-trans

i somer ases W@PRhgisasy are a class of proteins present imrcaluszid@aridss which
aid in the folding, unfolding and degradati on of nascent pol ypepti des.
Chaperones act by binding to nascent pol ypeptides, stabilizing them and
allowing themto fold properly. Proteins possess both hydrophobic and
hydr ophi | i ¢ mesihd u@shindibeofQEaREncals @hetdiipichlyy QIR @Rr pdpelatetsf ace whil e
the latter are bl ried within the stg}ugtur wher e 159{:(19% interact with other
hydrophi lic Pdb - LR POT AR RS P RISHOHIL T PSRIREE™ he nol ecul e.
However i n f of ldstgllspotofiepb idterahmimentioh Beonhihdrephdes b diveresi dues are often

exposed for sone.period of tinme as the protei xists.in a partially fol ded
or "1 ot of dec SRBEETT pEh i o el B TRBA T R&URaldh no hol voept i des

can becone pbeteralngns byptem @ hedtided inrreitnttevilhbe undesthobtyhee ofsk8Fiokhded pr ot ei ns
and forml ar j i . i i 1Dl . ) aper ones
30general ly %ﬁ%hﬁ%géhgﬁ%%hﬁmﬁﬁ{%éo{l Egﬁﬁgﬁg (I)lpaaégtg?% ‘?MBB%E& Itc}gattgﬁgjc%gﬁi ally

f ol ded chai n@quow@vm?aﬁ@spﬁwcfeﬂsam m sfol di ng conpl etely or aggregating
with other proteins. Chaperones can even bind to proteins in inclusion
bodies and allow themto disaggregate (Ranson et. aL 1998). The G oES/EL,
DnakJ, O p, #8@J0 and SecB fanilies of folding nmodulators are all exanples
of proteiips W th GHaReE LB i dnkBa@Gthbyt by pophiB@inRare. 4siRRELAN witipe of fol di ng
nodul ator is the disul fide bond i sonerases. 5These dg'reg& ei ns Caﬁt alyze a very
speci fic set B & st%Cf?ﬁ%edﬁ%ldﬂgﬂ%cef*afla*irw)ﬁaﬁyﬁem &S $RYHE pr oper
intra-pr o|t< ei ?flfﬂieﬁdlﬂgbhﬂgothﬂ{lﬁ§gsed\lge)teig,l’tﬁbttelinﬂ"sfrhﬁhrﬁd’yaﬁefdmfoe plukdiny A0 CKSt ei nes
is at risk o ormn i S i de nds bhetween_ the ong residues. The

i sul 11 de. boMHPBH RATIGH S BIFETE Gk mels V5T o 1 Reb P e aine MR o cat al yze
t he formati ohcafon di el éfitdtenibondds drgrobpserfnon- r educi ng envi ronnent of the
peri pl as 10. a peripl asm ol yp, L de m.st ol I syl.fide bond

i soner asg\,5 Dglg:\égﬁvﬁagq %lépeaabﬁaglsgfplﬁagﬁgl}ogﬁgsﬁ%kota}ilgwé‘?rslﬁ &t?c&% #ﬁ%s and al | ow ng
t he protein twinekhorsllwrekpresien othe metrolbgomkprges of interest. The prol i ne resi due

IS uni que anong L RO Ac] |, j ']{mps i.at el y preceding
it can adopt eitﬁ%9%1@%9g?ﬂlé}lrsésnmgklg%lgf8&%%%%%@@%%5{ 'ogﬂ%i 15am no
aci ds this i Shafopysasydieder-densitt arags @ high-densify pagye and mgrontginabgt 3| yi

Ci s-trans i SQIRSAIESt 4 BRhae esdur 83t AbXZHolNe oERANEHSHAB oPhokHbsutbond from
one formto the other. This isonerization ma?/ aid in protein fol ding,

refol di ng? ad&&mars 2lfut ZLe e ebohf 4 merd pRAKF 1P Mere: AROVEEI 9" MOS0l i nski, et .
aL 1997). | nadtiatdr @drel holit@ od 8BR! @outNAPRLRNGSuWBicE RoseMBut102 bint eract with
proteins in a 20 on-3§ ecific manner, there are al so chaperones which aid in
the fol ding %Pfes%&ti i 8%“5?5%”{%3. PYIAYE S ot ei n- speci fic chaperones form

conpl exes w th t &k host adligeidstiopd @\ierhventonaggbegahtiaal adtdr degriadat i on and

al | ow ng t! mualafncl)l{lti—%vhﬁronéeg %é?%gs@ %hcia \p tqs% mi'}! (Eoi t-alsnuatr)lu és%r dS ;%ur %&I res. The PapD
chaperone i s one wel ! Kiekm exanple o HT'III S f‘ype {' onbardo et. aL 1997).

25Fol di ng5 noweilsataeserad miahumigdd e culfugr miencamgyl pdatfoHSR 70 fpiatseiesrsng HSP110/ SSE

pr ot ei 1S, HSEAD, (ENAY:( @hab Al i8] 0GB KR 81 814 SPO0
pr ot ei ns, CP%% pm{ﬂﬁ' pr ot%clﬁ)‘fﬁs, ﬁzj}q/t .(;so e chhapf-:- (_)n%unga, ﬁg 00 proteins,
Smal | HSPs, @dlandsivalyanell seblireeed el isntypiPDimughaelt miopedoriseedilated
proteins. PeptdidydanE hYiki-\SYRL ASBSng, MELRARM AR, PRESRRes, Fsa06 bi ndi ng
proteins, Parvulin PPlases .

plates, 96-well plates, 384-well plates, and plates having greater than 384 wells.

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

depending on the volume desired.



301 ndi vi dual chaperoning, Protein specific chaperones, or intranolecul ar
chaperones. Fol ding nodul ators are generally described in "Guidebook to

Mol ecul ar Chaperones and Protein-Fol ding Catal ysts" (1997) ed. M GCcthing,
Mel bour ne University, Australia. The best characterized nol ecul ar
chaper ones wonzwfies4eyt opl asm of E. coil are the ATP-dependentediwaies Dnal- G pE
and G oEL- G oES systens. Based on in vitro studi es and honol ogy

consi derations, a nunmber of additional cytoplasm c proteins have been
proposed to function as nol ecul ar chaperones in E co/i. These include 5

C pB, HtpG and | péw&Bsel whay Bhmadeiok enylnadts DnalbidGopditamd «&i/6EL- G OES, are
heat - shock prot el ns (&) i ﬁpzéﬂbel ongkng to the stre S ke uI A The trans

conf or mat i on*GF R PP FURHLTED Efet GRITLARE €°rfe§amd)r SVRSASELSSt protein
chai ns; howemetersial dppraoke smaihedtarilizéb sofh @ lplastgreo byibr Jpfpial dcéyrimnds are found in
a cis confor ' e rization of
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The strain array of the present invention comprises a plurality of

15  phenotypically and genotypically distinct host cell populations, wherein each
population in the array has been genetically modified to modulate the expression of
one or more target genes in the host ¢ell. By “target gene” is intended a gene that
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 modulator, 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 ~.

fluorescens are listed in Table 1.




Curved dna-binding protein, dnaJ like activity Chaperone protein dnal
Mol ecul ar chaperones (DnaJ fam ly) heat shock protein G pE PA4762

at p- dependent cl p protease atp-binding subunit clpA C pl3 protein

at p-dependent cl p protease atp-binding subunit clpX atp-dependent Cp

pr ot ease pmal ®mo$/sudsa subunit (ec 3.4.21.92) atp-dependear/Uhnbs/@issease
at p- bi ndi ng subunit hsl|J atp-dependent hsl protease proteol ytic subunit
El sp10Cyt opl asm ¢ El sp60Cyt opl asmi ¢ 1-1sp20Cytopl asm ¢ Hsp20Cyt opl asmi ¢
Hsp70Peri pl asm ¢ Hsp70Cyt opl asm ¢ Hsp70Cyt opl asmi ¢ Hsp40Cyt opl asm ¢
Hsp40Cyt opl asm ¢ nHspt@NOR S aRY, Gk Giryet @np Eyir@l sf kst endapdiQORytapl asm ¢

li'spl00Cyt Op!a Sr%mn!ls%~lit§gr%t%91%rtaoc8 agt%pgr%ubunit 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 andclpX. 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 (sce 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 2 protein with significantly reduced biological activity. In many

20 cases, a 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 insoluble 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, ¢fficiently 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

9



MEROPSCyt opl asmi ¢ peptidase famly 514 Hsp 100Cyt opl asm ¢ MEROPSCyt opl asm ¢
pepti dase subfamly TIB Hsp33 RXF04254.2yrfl33 | cDa chaperonin (Heat
shock protei nHsp33Cyt opl asm ¢ 33 honol og) (I11SP33). Hsp90
Pl XFO5455. 2ht pGChaper one protei n ht pGHsp90Cyt opl asm ¢ SecB
RAF02231. 1seg Bsweasdedli on specific chaperone Secl3Seci t Nexramsengddnss
Di sul fide Bond | sonerases RXFO7017.2dsbAdi sul fide isoneraseDSBA oxi do-
Cytopl asmi ¢ reductase dsbA/disulfide isonmerase dsbhC dsbG fenmA

dsbA/ di sul fide isonerase dsbC
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) Appi Biochem Biotechnol 66:197-238).
in certain cases, the overexpression of chaperones has been found to increase
the soluble yields 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 (PPlases) 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



dsbCdi sul fide i sonerase dsbGdi sul fide isonerase DSBA oxi do- Cytoplasmc
reduct ase DSBA oxi do- Periplasm c reductase/ Thioredoxin gl utaredoxin/
Peri pl asm c Thi oredoxi n gl utaredoxin/ Periplasnm c Thioredoxin cis-trans

i sonerases ppi APeptidyl-prolyl cis-trans isonerase A (ec PPl ase: Periplasmc
5. 2. 1. 8) eyavoplushimeit ype ppi BPepti dyl -prolyl cis-trans BCIUsRresa 483

B. PPl ase: Cytopl asm ¢ cyclophilin type fkl113Peptidyl-prolyl cis-trans

i sonerase FklB. PPl ase: Qut er Menbra FKBP typene fkl 13/ 11506 binding protein
Pepti dyl - prol yl PPl ase: Peri plasm c fkbPcis-trans isonmerase (EC 5.2.1.8) FKBP
type fi dB; Pepisidtoatd (Rt o€ k5 1998 NS ciHORPER SR2K T CRPHE®O 2ASRB

fkaS.Z.l.S)FKBE txpgﬁ%gbr e sl ept i dyl - qok l. p's-tg S .
i somer asePPl ZEIRGAI ’@fBEV“§F fﬁ%@ﬂ“%?ﬁ@ IFé?WF&E@P a@?tor, ppi ase (ec
5. 2. 1. 8) PPl aseivlyt opl asm ¢
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 (PPIases) 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

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, Cytoselic chaperoning, HSP100 proteins, Small HSPs,
Calnexin and calreticulin, PDI and thioredoxin-related proteins, Peptidyl-prolyl
isomerases, Cyclophilin PPlases, FK-506 binding proteins, Parvulin PPlases,

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

Australia.

11



FKBP type yaadProbabl e FKBP-type 16 kDa pepti dyl - PPl ase: Non-secretory
prolyl cis-trans isonerase (EC 5.2.1.8)FKBP type (PPi ase) (Rotanase).

Pepti dyl -prolyl cis-trans isonerase (ccPPl ase: Non-secretory 5.2.1. 8) FKBP
type pill assenbly chaperones (inal/like) RXF06068.1cup RXF05719. lecpD
RXF03406. 2eopjos/caw@ RXF04296. leepD; cup RXF04553. lcepaCTaSmios/061483
RXF04554. 2ecpD; cup RXF05310. 2ecpD; cup RXF05304. lecpD; cup RXF05073. 1gli F

The best characterized molecular chaperones in the cytoplasm of E. coli are
the ATP-dependent DnaK-Dnal-GrpE and GroEL-GroES systems. Based on in vitro
studies and homology considerations, a number of additional cytoplasmic proteins
have been proposed to function as molecular chaperones in E. co/i. 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 are 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 ir vivo by peptidy! prolyl cis/trans isomerases (PPlases).
Three cytoplasmic PPlases, SlyD, SlpA and trigger factor (TF), have been identified
to date in E. coli. TF, 2 48 kDa protein associated with 5085 ribosomal subunits that
has been postulated to cooperate with chaperones in E. coli to guarantee 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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actlvator protel ancreatlc en Opeptl ancreatlc el ast ase H,

| GA- speci f i ct°§%€‘r8°ﬁ’é’féﬁtﬂ?§ﬁé$a‘ﬂlglb|]§§%“ Of@‘ﬁlea%‘%‘lleﬁé@éﬁéw EPUSPERDY, venonbin A,
furin, mel gbkc&é‘abédfbxprgﬁfgﬁﬁﬂ]g& @S oqugt @@Zeycrml oﬁio&er &Mtnﬁmmc@sér %SI ynphocyt e
protelnase I or. tOtOX oC I nase

streptogri si fis 13?%%!3?%%?%? fghe h@'ie W E’fﬂe g&ﬁ‘? 'S ol i gopept i dase
B, linulus cketitinga élaindsr seess {vﬂmhhngs 1t§b1@ﬁleloﬂgo1feﬂ1cekm5s1oh,|msu:lms clotting
enzyne Oﬁp L ﬁ r.essor

|
flavirin. Sl PR R s e T S

chynopapai n, pmlaep@tnll clostripain, streptopain, actinide, 20cathepsin 1,

cat hepsi RsH. cal Bg| N CALRS RS Drder eg,ggyzlo&scgegg#gqgﬁegkdaﬁ B (dGRREE"

pr ocoagul ant cat hepsin picorna _ cari cal n, ananain,
st em br ont| ab¥ing sheuist coppttied &alrfwahtb’e@hﬂmieﬂpomﬂ@@@lt%hfwn bedqunt er | euki n 1- bet a

converting epzyiGiy &’éﬂ@&éd 6 dPJré%E@de%?c’éliﬁ'oHéj& n&?@&b@as@\enz?&@s’s' n B,

gastricsin, chynmosin, cathepsin D, neopenthesin, renin r opepsi n,
pr o- opi orel ahwe PRI A RS AT IS yoralatigrsdemedifiqddyapiping @e

aspergil | ope%te@qléd of, iIRARLED drl GRS ADIalicadt BlARRLUSPRRS A gedR@OTRI apepsi n,
nmucor ope g ndldape S|n sacchar opepsi n rhodgtorulapep3|n
2Bsi ot fon ¢

physar op TR PRI POB ST Hen 6 P30 Peps piid Byt 5 5Ebsi n,
tS) cytali dOpepﬁln{bgﬂied Bﬁl)éﬁllitiﬂg(ﬂl&pﬁpﬁﬂ,b[bntbf a p@&&&é@ﬁﬁﬁ&p@ Pftdase pe@tingpsi In e,
arri erpepsin acterl a onon sin, p asnep5|n

Vet al o pr ot BIHACEUSHOTHI G S PoRyLra o " EPohr A T RRT [Adenase,
l'leucol ysin, pmtes st fetated procadd, kg nase, ameprnrdrytsernmtenamblyschmgene ga-specific
met al | Oe.”d‘-"p%?&ih%%ﬁ&an%é Eiocn‘%&du%%ea” r%é’ AORGRLA 9%§§et Lo ngt ol i gopept i dasc,
neurol ysin, stronelysin 1, nepri , proco agen ~erdopept i dase,
peptidyl 2fys net dhe @)md_gpe@itirigdhesreqdlmfambmdmmdn mreylsﬂdrby egorespipg ri | ysin
gel atinase, AELANBRYIY Blofin B SLHARYSk BssekAE MAQLMRY fhd/of duantity of

protein production as discussed infie. Alternatively, 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 cell
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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baci |l ol ysin, aureolysin, coccolysin, mycolysin, beta-lytic

net al | oendopepti dase, peptidyl-asp netal | oendopepti dase, neutrophi

col | agenase, gel atinase B, |eishmanol ysin, saccharolysin, autolysin,
deuterolysin, serralysin, atrolysin B, atrolysin C,  atroxase, atrolysin E,
atrol ysi n Fyvoadanmshssi n, horrilysin, rubcrlysin, 5bothrragaseevs/edietshr ol ysin,
ophiolysin, trinerelysin 1, trimerelysin Il, nmucrolysin, pitrilysin,

i nsul ysin, 0-syal ogl ycoprotein endopepti dase, russellysin, mtochondrial,

i ntermedi ate, peptidase, dactylysin, nardilysin, magnolysin, neprin B,

nm t ochondri ahs%rleﬁelﬁﬁiamtw@uésdﬁslea,boﬁmmpkkaga aBJ)LaSO%,SIES,s tlahasduol ysi n,

o 1Yo oSSR OB, DRSOAL O S RETABREAR 210,
pr ot eases 4@N$ﬁ@tﬁﬁ%ﬂ@5$ﬁ3m&hnﬁomﬂamefme@m@nal peptldase (cc 3.4.23.36)
P24 (Lype IV prepLlLBuRSRLL ARG, AL REQIATE DSl r Pl | 0. pept i dase
Menbr ane Gyt dpliawnitcladet iipeatses, Wmﬂ&ﬂ@rpﬂda@@ld tripeptidyl peptidases;
Peptidyl-dipeptidases; Serine-type carboxypeptidases; Metallocarboxypeptidases;
Cysteine-type carboxypeptidases; Omegapeptidases; Serine proteinases; Cysteine
proteinases; Aspartic proteinases; Metallo proteinases; or Proteinases of unknown
mechanism.
10 Aminopeptidases include cytosol aminopeptidase (leucyl aminopeptidase),
membrane alanyl aminopeptidase, cystinyl aminopeptidase, tripeptide
aminopeptidase, prolyl aminopepﬁdase, arginyl aminopeptidase, glutamyl
aminopeptidase, x-pro aminopeptidase, bacterial leucyl aminopeptidase, thermophilic
aminopeptidase, clostridial aminopeptidase, cytosol alanyl aminopeptidase, lysyl
15 aminopeptidase, x-trp aminopeptidase, tryptophanyl aminopeptidase, methionyl
aminopeptidas, d-stereospecific aminopeptidase, aminopeptidase ey. Dipeptidases
include x-his dipeptidase, x-arg dipeptidase, x-methyl-his dipeptidase, cys-gly '
dipeptidase, glu-glu dipeptidase, pro-x dipeptidase, x-pro dipeptidase, met-x
dipeptidase, non-stereospecific dipeptidase, cytosol non-specific dipeptidase,
20  membrane dipeptidase, beta-ala-his dipeptidase. Dipeptidyl-peptidases and tripeptidyl
peptidases include dipeptidyl-peptidase 1, dipeptidyl-peptidase ii, dipeptidyl peptidase
iii, dipeptidyl-peptidase iv, dipeptidyl-dipeptidase, tripcptidyl-peptidase I, tripeptidyl-
peptidase 1. 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,
membrang pro-x carboxypeptidase, tbulinyl-tyr carboxypeptidase, carboxypeptidase
t. Omegapeptidases include acylaminoacyl-peptidase, peptidyl-glycinamidase,
pyroglutamyl-peptidase I, beta-aspartyl-peptidase, pyroglutamyl-peptidase II, n-
formylmethionyl-peptidase, pteroylpoly-[gammal]-glutamate carboxypeptidase,
16



RXF01968. 1 RXF04920.1 RXF04923 .1 C56 (Pfpf endopeptidase famly)
RXF01816.1 | kletal | OPePti dasea M RXF08773.1 M3 RXF00561. 2pr 1C RXF04631. 2
M4 (thernmolysin famly) RXF05113.2 MA1l (Ftsil endopeptidase famly)
RXF05400.2 Pyrrolidonc-carboxyl ate peptidasc (cc 3.4.19.3)
i nvasi on- ass@edogiras1pr ot ei n, P60 i nvasi on-associ at ed prarasms6643
phosphat ase- associ ated protein papq protease | (cc 3.4.-.- Cell division
protein NH (cc 3.4.24.-) Cytoplasm c Signal peptide Cytoplasmc Signal
pepti de Non-secretory

gamma-glu-X carboxypeptidase, acylmuramoyl-ala peptidase. Serine proteinases

include chymotrypsin, chymotrypsin ¢, metridin, trypsin, thrombin, coagulation factor
Xa, plasmin, enteropeptidase, acrosin, alpha-lytic protease, glutamnyl, 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 ¢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 clofting enzyme, omptin, repressor
lexa, bacterial leader peptidase 1, 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 1L, penicillopepsin, rhizopuspepsin,
endothiapepsin, mucoropepsin, candidapepsin, saccharopepsin, rhodotorulapepsin,
physaropepsin, acrocylindropepsin, polyporopepsin, pycnoporopepsin,
scytalidopepsin a, scytalidopepsin b, xanthomonapepsin, cathepsin ¢, barrierpepsin,
bacterial leader peptidase [, 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-endopeptidase, peptidyl-tys metalloendopeptidase, astacin,
stromelysin, 2, matrilysin gelatinase, acromonolysin, pseudolysin, thermolysin,
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Cytopl asm c Menbrane Serralysin (cc 3.4.24.40)Extracetlular Serralysin (cc
3.4.24.40)Extracel lular Serralysin (cc 3.4.24.40)Extracel lular Sertal ysin
(cc 3.4.24.40)Extracel lular Serralysin (cc 3.4.24.40)Extracel | ul ar

Zi nc- car boxypepti dase precursorCytoplasmc (cc 3.4.17.-) Coenzyne pqq

synt hesi s pr@rws/m4flon- secretory (cc 3.4.99.-) 11450CtS2Ropeoisease
famly) RXF04692. 1Menbrane net al | opr ot easeCyt opl asm ¢ Menbr ane
SerincPcptklases S1 (chy otrypsin famly) RXF01250. 2protease do (cc
3.4.21.1 RXF07210. 1protease do (cc 3.4.21.-) S8 (subtilisin famly)
RXF06755. 2sebdciplypinolugalein (coBsid, @yoly}in, 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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RXF08517 1serine protease (cc 3.4.21.-) RXF08627.2extracellul ar serine
protease (cc 3.4.21.-) FOCF06281. 1Extracel l ul ar senil e protease

precursor (cc 3.4.21.-) BDCF08978. lextracellul ar senile protease (cc
3.4.21.-) RXF06451. 1serine protease (cc 3.4.21.-) 89 (prolyloligopeptidase
famly) RXFO20®&18Rnotease ii (ec 3.4.21.83) RXF00458. Zaydisolosisa+8811

(DAl a-D Al a carboxypeptidase A famly)

RXF04657. 2D- al anyl - D- al ani ne- endopepti dase (cc 3.4.99.-)

RXF00670. 1D- al anyl - D- al ani ne car boxypepti dase (cc 3.4.16.4) 513

(D-Al a-D-Ala peptidase C fam ly) RXF00133. 1D al anyl - meso-di am nopi nel at e
endopepti dase (c 4. 5. ) RXF0496Q. al anyl - meso- di am nopi nel at e
endopept i dase (cgragl?%‘. f’-.-’?‘g‘mqfﬁé’(‘&q%%ﬁaﬂgep& Pti dase fanily) RXF04567. 1cl pP

RXF04663. 1c Wmﬂl& OTRN# Ot €TSS TG @S Yol Function Location

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
3499 Memb

RXFO2161.1 Pyrrolidone-carboxylate peptidasc Cytoplasmic
(ec 3.4.19.3)
C40
RXF01968.1 invasion-associated protein, P60 Signal peptide
RXF04920.1 invasion-associated protein, P60 Cytoplasmic
RXF04923.1 phosphatase-associated protein Signal peptide
papq

C56 (Pipl endopeptidase family)

RXF01816.1 protease I (ec 3.4.-. Non-secretory
M1

RXTF08773.1 Membrane alanine aminopeptidase  Non-secretory

(ec3.4.11.2)

M3

RXF00561.2 prlC Oligopepiidase A (ec 3.4.24.70) Cytoplasmic

RXF04631.2 Zn-dependent oligopeptidases Cytoplasmic
M4 (thermolysin family)

RXFO5113.2 Extraccllular metalloprotcase Extraccliular

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

RXE03400.2 Cell division protein fisH (ec Cytoplasmic
3424 Membrane
M10
RXF04304.1 Serralysin {ec 3.4.24.40) Extracetlular
RXF04500.1 Serralysin {ec 3.4.24.40) Extracellular
RXF01590.2 Serralysin (ec 3.4.24.40) Extracellular
RXF04495.2 Serralysin (ec 3.4.24.40) Extraceilular
RXF02796.1 Serralysin (ec 3.4.24.40) Extracellular
M14 (carboxypeptidase A family)
RXF09091.1 Zing-carboxypeptidase precursor Cytoplasrnic
{ec 3.4.17.9)
M1 6 (pitritysin family)
RXF03441.1 Coenzyme pqq synthesis protein F Non-secretory
(ec 3.4.99.-)
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RXF04653. 2 RXF08653. 1 RXF05943.1 824 (LexA famly) RXF00449.1 RXF03397.1

at p- dependent Cl p 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

prot ease Lav@cms/&idat21. 53) LexA repressor (cc 3.4.21. 8@rThmobseamsessor (cc

3.4.21.88) Non-secretory Cytoplasm c Cytoplasm c Cytoplasm c Cytoplasmc
Non- secretory Cytoplasnic 526 (signal peptidase | famly)

RXF01918.1 zing 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)

conversion protein precursor (ec
34.11.-)

M42 (glatamyl amiropeptidase family)

RXF00285.2 Cytosol aminopeptidase (ec Non-secretory
3.4.11.1)
M18
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
34.17.11)
RXF09831.2:: N-acyl-L-amino acid Signal peptide
RXF04892.1 amidohydrolase (ec 3.5.1.14)
M28 (aminopeptidase Y family)
RXF03488.2 Alkaline phosphatase isozyme OuterMembrane

RXF05615.1 Deblocking aminopeptidase (ec Non-secretory
3411
M22
RXF05817.1 O-sialoglycoprotein endopeptidase  Extracellular
(ec 3.4.2457)
RXF03065.2 Glycoprotease protein family Non-secrelory
M23
RXF01291.2 Cell wall endopeptidase, family Signal peptide
M23/M37
RX¥03916.1 Membrane proteins related to Signal peptide
metalloendopeptidases
RXF09147.2 Cell wall endopeptidase, family Signal peptide
M23/M37
M24
RXF(4693 .1 Methionine aminopeptidase (ec Cytoplasmic
3.4.11.18)
RXF03364.1 Methionine aminopeptidase (ec Non-secretory
34.11.18)
RXF0298¢.1 Xaa-Pro aminopeptidase (ec Cytoplasmic
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
RXF05081.1 Zinc metalloprotease (ec 3.4.24.-) Signal peptide
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RXF01181. 1Si gnal peptidase | (cc 3.4.21.89)Cytoplasm c Menbrane S33
RXF05236. 1pi p3Proline i m nopeptidase (cc 3.4.11.5) Non-secretory
RXF04802. 1pi pl Profine i m nopeptidase (cc 3.4.11.5) Non-secretory
RXF04808. 2pi p2Proline i m nopepti dase (cc 3.4.11.5) Cytoplasm c 541
(C-term nalwpemeesiséing peptidase fanmi|ly) RXF06586. 1Tai Ircapseicdoaigr ot ease
(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 famly) RXF06993. 2possi bl e
prot ease sohb (cc 3.4.-.-)Non-secretory RXF01418. 1protease iv (ec
3.4.-.-)Non; secr e™Mot 2i88eateD@A anmi nopepti dase fan ly)

RXF06308. 2D; am nopept [ d&@@*é%lc 3. 4. 1Me@®y@¢d&ptoa9m Cc Merfyedaseic' t)1ircmiuc
Pepti dases Tl m.l)) . deplKEEHE . pr
lislV (ec Q/1--=- plas
RXF01250.2 proteasc do (cc 3.4.21.-) Periplasmic
RXF07210.1 protease do (ec 3.4.21.-) Periplasmic
$8 (subtilisin family)
RXFG6755.2 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
3421.-)
RXF06281.1 Exlracellular serine proiease Non-secretory
precursor {ec 3.4.21.-)
RXFO8978.1 extracelluiar serine protease (ec OuterMembrane
3421.-)
RXF06451.1 serine protease (ec 3.4.21.-) Signal peptide
89 (proly! oligopeptidase family)
RXF02003.2 Protease ii (ec 3.4.21.83) Periplasmic
RXF00458.2 Hydrolase Non-secrelory
S11 (D-Ala-D-Ala carboxypeptidase A family)
RXF04657.2 D-alanyl-D-alanine-endopeptidase Periplasmic
(ec 3.4.99..)
RXF00670.1 D-alanyl-D-aianine 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.-.4)
RXF04960.2 D-alanyl-meso-diaminopimelate Signal peptide

endopeptidase (ec 3.4.-.-)
§14 (ClpP endopeptidase family)

RXF04567.1 clpP atp-dependent Clp protease Non-secretory
proteolytic subunit (ec 3.4.21.92)
RXF04663.1 clpP  atp-dependent Clp protease Cytoplasmic

proteolytic subunit (ec 3.4.21.92)
S16 (lon protease family)

RXF(04653,2 atp-dependent protease La (ec¢ Cytoplasmic
3.4.21.53)

RXF08653.1 atp-dependent protease La (ec Cytoplasmic
3.4.21.53)

RXF035943.1 atp-dependent protease La (ec Cytoplasmic
34.21.53)

S$24 (Lex A family)
RXF00449.1 Lex A repressor (ec 3.4.21.88) Non-secretory
RXF03397.1 LexA repressor (ec 3.4.21.88) Cytoplasmic

21



RXF02342. 1ggt 1Gamra- gl ut anyl transpepti dase (cc Periplasme 2.3.2.2)
RXF04424. 2ggt 2Gamma- gt ut anyl t ranspepti dase (cc Periplasmc 2.3.2.2) U
ossified Peptid 1532 RAF00428. 1protease (cc 3.4.-.-)Cytoplasnmc

RAF02151. 2protease (ec 3.4.-.-)Cytoplasm c 1561

RXF04715. 1Mo awmysieat r apept i deNon-secret ory car boxypeptrrdasmofaass3. 4. 17. 13)
U62 RXF04971. 2pnbA PnbA protei nCyt opl asm ¢ RXF04968. 2Tl dD

prot ei nCyt opl asm ¢ RXF00325. 1Repressor protein C2Non-secretory
RXF02689. 2M cr osomal di peptidase (ccCytoplasmc 3.4.13.19)
RAF02739. 1nenbr ane di peptidase (3.4.13.19)Signal peptide
RXF03329. 2Hypot heti cal Cytosolic Protei nCytoplasmc WO
20081134461PCT/ US260681065:3483 1 RXFE02492. 1Xaa- Pro di pepti dase (cc
3.4.13.9)Cytopl asm ¢ RREBUCAT. 2caax amnotider @ el 8Pr ot %&@F@}iﬁt opl asm ¢

fam | yMenbr pne s33 embrang

RXF05236.1 pip3 Proline iminopeptidase (ec 3.4.11.5) Non-secretory

RXF(4802.1 pipl Proline iminopeptidasc (¢c 3.4.11.5) Nomn-secretory

RXF04808.2 pip?  Proling iminopeptidase (ec 3.4.11.5) Cytoplasmic
$41 {C-terminal processing peptidase family)

RXF06586.1 Tail-specific protease (ec 3.4.21.-) Signal peptide
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)
RXF(6993.2 possible protease sohb (ec 3.4.-.-) Non-secretory
RXF01418.1 protease iv (ec 3.4.-.-) Non-secretory
8§58 (DmpA aminopeptidase family)
RXF06308.2 D-aminopeptidase (ec 3.4.11.19) Cytoplasmic

Membrane

T1 (proteaseme family)
RXFQ1961.2 hslV  atp-dependent protease hslV (ec Cytoplasmic
3.4.25-)
T3 (gamma-glutamyltransferase family)
RXF02342,1 gotl Gamma-glutamyltranspeptidase (ec  Periplasmic
23.22)
RXF(4424.2 gat? Gamma-glutamyltranspeptidase (ec  Periplasmic
3.2.2)

U32
RXF00428.1 protease {ec 3.4.-.-) Cytoplasmic
RXF02151.2 protease (ec 3.4.-.-) Cytoplasmic
Usl
RXF04715.1 Muramoyltetrapeptide Non-secretory
carboxypeptidase (ec 3.4.17.13)
Us2
RXF04971.2 pmbA  PmbA protein Cytoplasmic
RXF04968.2 T1dD protein Cytoplasmic

RXF02689.2 Microsomal dipeptidase (ec Cytoplasmic
3.4.13.19

RXF02739.1 membrane dipeptidase (3.4,13.19) Signal peptide

RXF03329.2 Hypothetical Cytosolic Protein Cytoplasmic
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RXF08136. 2pr ot ease (transgl utam nase-I|ikeCytoplasm c protein)
RXF09487. 1Zi nc netal | oprotease (ec 3.4.244Non-secretory Additional protein
nodi fication enzynmes |In another enbodi ment, the target gene conprises a
gene involved in proper 5 protein processing and/or nodification. Common
nodi fi cati ews20sickasde di sul fide bond formation, glycosytatsmngosaset yl ati on
acyl ati on, phosphoryl ation, and gammacar boxyl ati on, all of which can

regul ate protein folding and biological activity. A non-exhaustive |ist of
several classes of enzymes involved in protein processing is found in Table
3. One of skill in the art will recognize howto identify a target gene 10
useful in the host cell chosen for the array, or useful with the

het er ol ogous protei n offXFftRd est, frEafadongaste’d €3dssesSyofsngr ot ei n
nodi fi cati on enzynes | iR&gt@#7£n TabIeA@dehemmﬁP@%ﬁegeneCnﬂVEhe endogenous
to the host| cell utlll§§gw:ggy be eﬂﬁqgeqmn m&%m&hgaorgégT EHi.f rom whi ch the
het er ol ogous protein o Ihtefest is ed’ own to facilitate
proper procgssing of aahabanologouslymeﬁ@mﬁ&&&qmpm@4¢|nNanm&5nnterest. | t
is al so recogni zed that any gene involved in protein produciion can be

targeted according to desired specifications for the heterol ogous protein
of interest. Tabﬁaﬁg@ﬁéﬂégﬁﬁgﬁgﬂﬂgﬂ%%@@§@|nvolved in protein processing
Cl assExanpl es G ycasikt dnansheiame srdeEen2edhnplisd@kea-iglokeanr s@nchi ng
elycosylt$ansferase enz %QEIC act

anchin
gl ycosyl t T anRPEPREEERE @Oﬁﬁrﬁwgaﬁog?‘%?ﬁﬁ?{)@&g@fl“%Fé‘ﬁie ngEJESegen br anchi ng
enzyne anyl osed Emmagﬁ:ogllmh abétﬂﬁlﬁhl! :mgldﬁmzmhorylanon and gamma-
a-1, 4-gl ucanj trans: rase starch nching enzyme
UDP- N- acet I %’— g%\lil%gt gl Y Pﬁhlﬁggabry E%%EE""*S‘(%} SR AN GL CPW g’m hyl transf erase
GDP- f ucose pnateshaustie flistod saybbk daysF ef aspn@ nﬁm®¢mlpmem placwh@ iase
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 heterologously expressed protein of

[5 interest. Itis 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

Glycosyltransferases (EC 2.4.1.18})

g-glucan-branching glycosyltransferase
enzymatic branching factor

branching glycosyltransferase

enzyme Q

glucosan transglycosylase

glycogen branching enzyine

amylose isomerase

plant branching enzyme
u-1,4-glucan:a-1,4-glican-G-glycosyltransferase
starch branching enzyme
UDP-N-acetyl-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase
GDP-tucese protein O-fucosyliransferase 2
O-GleNAc transferase
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1-1 stone acetyltransferase (EC 2.3.1.48)

nucl eosone- hi st one

acetyl transferase histone acetoki nase hi stone acetyl ase hi stone

transacet yl ase

hi st one deacetyl ase Protein kinase (EC 2.7)

non-speci fic

serine/threonine protein kinase Fas-activated serine/threoni ne kinase
Goodpast ur ev@ambsé/gasmibi ndi ng protein ki nase [ KB ki nase ecAWRstependant
protein | cinase cGW-dependent protein kinase protein kinase C polo Icinase
cyan- dependent ki nase mtogen-activated protein kinase mtogen-activated
protein kinase |cinase kinase receptor protein serine/threonine kinase

. ¥0 DT

dual - specificif

protein-tyrosine- phosphaﬁaﬁamﬂho®§h@&¥ﬂ@slne phosphat ase phos
phosphat ase (phosphot yr osiaeywphesphot yr osi ne hi st one phosphg

phosphot yr osi ne
protei n phosphé
phosphat ase PP]
PTP- phosphat ase
or nore host céd
t echni que know
target gene is
target gene to
pronoter of at
gene, or by cog
interest) the t

genonme. As disg¢

cell popul ati or
of the host cel

fAiskicRASH (EC 3.1.3.481

2 phosphat as®:dykesyl prot ei n phosphat ase phospH
it ase phosphaiykesyui-pr ot ei n phosphat ase tyrosin
- phosphat ase: £iBase r phosphot yrosi ne] protei n g
» Bt iedscfor nodul ating the expression of targ
| | popul atdeRrSic fntbtenantiaycan be nodified by
i n the apdqarh@keiexanmpte.dy a techni que wher ei
knocked outodp@dure then-genoRen ek by mutating at
reduce expressi on of the gene, by altering at
| east one.daligatengenet® reduce expression of
eXPr essi ng.damatpbadibehi@ter ol ogous protein or pg
arget gengu@isanc i nhi bitor of the target gene
ussed suprdxindhe target gene can be endogenous
1S i N the athaywdRkina&an be heterol ogously expr§g
I popu | at in@)@bﬁ-activated protein kinase
mitogen-activated protein kinase kinase kinase
receptor protein serine/threonine kinase
dual-specificity kinase

Phosphatase {EC 3.1.3.48)

protein-tyrosine-phosphatase
phosphotyrosine phosphatase
phosphoprotein phosphatase (phosphotyrosine)
phosphotyrosine histone phosphatase
protein phosphotyrosine phosphatase
tyrosylprotein phosphatase
phosphotyrosine protein phosphatase
phosphotyrosylprotein phosphatase
tyrosine O-phosphate phosphatase
PPT-phosphatase

PTPase

[phosphotyrosine]protein phosphatase

phoprotein

it ase protein
ot yrosi ne

e 0-phosphate
hosphat ase

et genes One
any 5

n at | east one
east one

| east one

t he target

| ypepti de of
in the host
to the host
ssed in each

PTP-phosphatase

Methods for modulating the expression of target genes

One or more host cell populations of the array can be modified by any

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 targét 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 expression of target genes can be increased, for exanple, by
introducing 5into at | east one cell in a host popul ation an expression
vector conprising one or nore target genes involved in protein production.
The target gene expression can also be increased, for exanple, by nutating
a pronot er vwob x@sta@sget gene. A host cell or organi smt hrat/uszpseasss a

het er ol ogous protein can also be genetically nodified to increase the
expression of at |east one target gene involved in protein production and
10decrease the expression of at |east one target gene involved in protein
degr adati on. the host gen“bhe oM MRy rd) e MEH fdne dard 12 enddetoad @ thediesiexpr essi on of
one or nore tar enes, by incl udi expgenou ronoter el enent
in the genom%e I?{%Pﬁlelﬂf'?o }’\Rﬁaﬂ% ﬁg‘é@@’%‘é‘é@%@?{e%‘ﬂc? F E@ g hanci ng t he
capacity of eclipmptlatoat.ar target gene to produce nmRNA or pr otein, by

del eting or disr i _ _ r.pr t r by reducing
the capacity of ;ﬁt%grquggmggfﬁ%g‘%tgg%?gaélg)gé&% fg{e}%t? EPF]cm%genetl c code
can be al 15erenbatﬂdaemeebgcllaszflemtﬁonglatiqnansmﬁ‘¢5pit)limtoaﬂmfmismg prvsiatd on of a
target gene, ofQf o AXAR v%dingfr&agﬁmﬁ S, 'ﬁyh'rg%p endBLRLER L akpeek-out "),

CO- expressi on, Insertio ech%n gues. Additional genes for a
desired pr ot &cress. fpregumme. @yymee@gfemeleotﬁqﬁetmeanatf’ehqsmﬁeér| ption of an

exi sting tar gesmss@%ee@ﬁess&aamc%%@e R6tcih B8LL1LSH g f6AATRIRE] i cat i on
The genome of the host cell can be nodified via a genetic targeting event,

whi ch can be™5{ase HESrpPBign aff at gt SR RTES SV G N ARBIPE TSI P& ous

recombi nabi 0Becred® thiOIPlQURWS aQGQUAD tahAt taRink el @B ploRid Rerapfi0gess of DNA
recomnbi nati on based on se nce .H%{}‘Dl 08%/}: Honol ogous, reconbi nation permts
GHerdganbiiae

u
si te-speci fic modi'f FEREF &K OF RO JEREESHRY Ot RS RYGel al terations
can be engi neefeegbnéstyinctudgnn BgbHaegent Grrpraxaémteamemaﬁimb REhomEDBA) Ann. Rev.
Genet . S tructs can be

pr epar ed for%ﬁgﬂsg@b%?ppesé%ftﬂ EX %‘ﬁal}fingéhetcﬁ?aﬁg’f %‘S'f}g‘ “Eual Iy, the
construct capenkmchrodhes mRNl‘%@asltoteirijopJeletﬂgobcpz;ru[Bﬁg bpyreedgnbp pr&@otip, 70 bp,
100 bp, 0 ) 539 .20 kbp, or 50
kbp of sggueﬁglgerﬂ; OW red@c Aé%)eca%ac Qfat% Ent T a%gm}&gcus a |00_t€f}§'

consi der at i ofbe gpacnmlgedelcawbﬂ aliertd,i therebereéfeating framgeritien exdtoegnsiefiothdpol ogy of
target gene g ?gfqvgeﬂsea,exaﬁtﬁ&heﬁgl Gt SY RN k513 & Qhprklien! a7 gL | oCUS,
availability of Se qences relative efficien ubl'e cross-over events
at the targefripgHies Chpesktiheteghnguesy Addiionst g Otaaffegilﬂdps{é‘qﬂ@hce wi th ot her
sequences. TheuaRfistduette #RNG AR dGdritdeh & af SAHRP Geet RqWWRbLdin DNA
substantially 5i sogenjc flanks the desired sequence magl fications with a
correspoﬂal ng*t BrigEtedsequence in the genome to be nodified. The "nodified
gene" is the sequence being introduced into the genone to alter the
expreSS| on of a %ot ease or .a protein folding nodulator in the host cell.
The "target gene %—&éﬂ%nce that is being replaced by the nodified
gene. The substaﬂmegdzdomebsmghcmml&aqlneeﬁmﬂie@lazmatgenmdnmsgemhxout 95% 97-
1098% 99. 0- 98 I?(@n nsefrg 9(V ec8 blnag[%% oxge%g&lllcﬁomoo t t%cocgmna 3 Ondl ng

t ar get sequence Sveopt dest e sequence cat1onsy. The

nodi fi ed 2@enélomnldgquheccomqebledfegtem@lmesmaDyAstqoebmhfw befedDNA_ at | east
about 10, 20¢.30ce lﬁ)Qnoloé'g.’H(%é)Qo s, 1'?(9)91 r?%gh ;’%%Ité élﬁ@glgdlﬁgd%({ﬁsl denti cal .
Nucl eoti de constructs n be desi e endogenous, target gene
15pr oduct . THenfeap gaerad dus ejg feetlelmalheeﬁeglemedomo rrePremaient i ons,

i nsertions, W%ﬁﬂ E%H@H?(i%z)%meﬂféeh&nﬁs &d&eﬁ%of)at%u%‘@@zi?o di srupt the
function of the resulta ene product. In one enbodi ment he alteration

can be the inser t\faﬁ‘ﬁusc?Pnsﬁ'u%‘%Taé@F BSPECGHF RastologaydcombBatiqn?t # B84t ng f r ane
Wi t h t he 3ppstoc@ani s B URRE radt cAdiBcil®ragRhst URKE 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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The genone can al so be nodified using insertional inactivation. In this 20
enbodi nent, the genone is nodified by reconbining a sequence in the gene
that inhibits gene product formation. This insertion can either disrupt the
gene by inserting a separate el enent, or renove an essential portion of the
gene. | n oneoemBedisgrent, the insertional del etion al sopcnalsu@essikgaserti on
of a gene coding for resistance to a particular stressor, such as an
antibiotic, or for growmh in a particular mnmedia, for 25exanple for
production of an essential am no acid. The genone can al so be nodified

by use of transpRSMALsze wﬁie&hgamugmﬂ&ﬂlmyef@w&es rélapakiRieddy dfnserting at

sites in prokaryote genones an S of honol ogous
Feconbi nat i ofou b RS HGL OGS Ectle PR ke kb T R 125 SCUPBE o Tn10 i n
E. coli, Tn554hbfherSeqtﬁweeUS 15900 in M paratuberculosis, 15492 30 from

Pseudononas atl a 116 fro Stre C 900 romM

par at uber cul 0si s. fné’slée %‘1“?8%%“ 5 B8% F%\%@E@WAW %%tﬁggl tion include
cl eavage 6f tshgnertnlofthdtdugretl sapsposodifitaioys veithch BiresPhijdingtargmd transfer, in
whi ch ”anspg’gﬁ’-&@e& ’cgg%]ﬁeq Hﬂ%&lﬁé{?hé n%'a‘lf%é &%efé ﬂ%’lg Rlec bLiROSPOsoON and
the identified sequen a sin nsesterl Ication reaction to
yield a covalnen@wbd mﬁ&@@emmqtheltqrﬂansme%@nOffopltﬂhee poremeteihif@dinONA. The key
reaction per fQhRg: lpmemse@ag%@seg&t%mgﬁrg%@écg%n&é}%% Eg?ep%ecm cking or
strand exchange, rest o grocess I's done mes. In one
enmbodi ment , thnemésﬁml 8208 ‘bl supstagtial vsogw‘oaeq@n@wv@;bﬁtat&eﬁébww pdfein is 5

i ncreasedp by9$9@®©f()p§9f5% bfgogogenab i RECUEDER SR&RGHING (e target protein
or honol og thereof into the genone by reconmbination. In anot her enbodi ment ,

a pronoter | LIPFEREKEH fph%deﬁe‘ S@%ﬁwqdaﬁce}?ﬁan% mified geteavbfion of t he
target gene efgeee@aleeelqhhﬂasaaafehmm‘@tq@sme&t 10108308 3PIEI50 B0Or activity
of a target gene or rrg%1 Q9. therleof i s decreased by reconbination with an

i nactive gen epﬂméll?%‘l“ﬁ 08 ment, a 10 sequence that encodes a

di fferent gene, vw’mehudbamshaotsacaabem@haitenfouﬂﬁgcmlé amlogdnoﬁsh@rge@ehe or can be a
reporter lgen roauc?hl'g}e oc?iﬁr Sel Ssteal?e%ge nglf’l v%rong{gr n%rr]e getle ertldgt ectabl e marker
gene, can bePi’hSerted] ogf“neq efone thr ough Teco Fon> I n yet anot her
enbodi nent, substowionpdr cambilnemm thafetpf@lﬁslmdttxrﬁ%mmeletfmcg@tofgreneutdm&t has been
nut at e.d at. Oﬁ&e%d&ggg onlle e%%él R tjhéall[eni%?ﬁ Eaﬁ%e kﬂéﬂl%eﬁlgx?of%%@@é[ﬁﬂé hrough
reconbi nati o MUt at 6d ver si on 0 arget gene may not encode a
protein, or thkeigent iad ierediekeirnpyvithiee ypyramesdqugessef tajerdgséeamender ed
inactive, the actiNil)md®h M8 IRLUIHRE GehaiflelidR] iLGLEASRAnOT decreased), or
the nutant protein Ccan have a different activity when conpared to the
native prBt ePRbodirrat degerometiy Beditiddy recomRinBIgR sesliency Evibsesnpthiiact eri a, whi ch

have been geﬁiﬁfbﬁi geme RRAeX R tioh 1 186 ihsrtfon c&Qither dABt thO B bY SsdrfngC! ONe a
gene i nt er nal

%jnent into a veclt or coﬁlal ni gg QFHE éjl bi otic

resi st ance g%?f’é’ar?‘é E?m YriBirERIVE PhGSSBEHFPEIOR 81 P e PIATRPUPRED vi a

conj ugati ve ﬂléaﬂﬁ’fl@fai ddrdmemle@hclﬁdeamsémﬁm‘ralgm oedm@foeﬁe*slst@mm@dl on (Puehler,
et al. (1984é anced Mol ecul ar. fberg Berlin,

. tress sucél n Pet?net#p N&n arl( duéar 811
Tokyo, Sprin éﬁfaé‘j A B PRSP PEBPY AR P BH &i%&s t he vegetative
pl asm d 25 r ephhpkdbnppwnlu¢tidhef ardsdnlidemsp atig. exci sed and the remai ni ng DNA

fragment is re-1i I (; Nblecular
cloning: A | abor al?'g él%ﬁgﬁﬁaﬁ%bgwoggeéwopg%& g&éﬁ}flcr?g?ﬁ-ég or, Col d
Spring Har botlehettrorpibirof inPerasd sitehfint melaatoraehgmes dnmedissme - r esi st ant
plasmds t hahdé@ﬂcﬁn@of%lﬁ&ﬂL Fe€ Bl&ﬁog%&k&s&@@aﬂﬁclﬁ@eﬁr eyﬁnal@r

transformatlon t he cel ar e ate onto e(g) agar tes containi ng
t he 30appr opTialss. ah?lilslnbElceb 1(%é549m Spoueur BB %ﬁ?rmbemﬁweﬂﬁﬁzn) Col oni es

that growp onfrsqu%h@ﬁ&ﬁq mmcalz@11resthh§re?fmy@aseﬁd BsoPE&sHIBbl Y have

under gone a si ngbe reconbi pati on event der ., W Chanmpncss, et al.
(1997) Mol ecPiraipbersulositi¢es Brlicpsdde by i lVeddh ﬁ?@?%womdumawgeeg) that | eads
L o tlhe i nt elgﬂlatandxsfgeftrah@esoaedylélesmfsfrﬁ@gfﬁﬁmh r, igﬁ&h‘il:h&ﬂﬁﬁsp%ﬁ'&lﬁiﬁgsat t he .
onol ogous | ocus. rther a s of the antibi.otic- tant cells
fover iyt iectiisalecit] ot immtuobar RaveBiitifuatdedfidee red | ocus
is e.g. by diagnostic PCR (McPherson, M J., P. Quirke, et al. (1991) PCR
A Practical Approach New York, Oxford_Uni verS|ty Press). Here, at least two
PCR priners are designed: one that hy%‘?l di zes outside the DNA region that
was used for 5 the construction of the gene knock-out; and one that

hybri di zes within the remaining plasm d backbone. Successf ul PCR
anplification of the DNA fragnent 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 chronosonme. The phenotype of the newy
construct ed nut ant stral n can then be anal yzed by, e.g., SDS 10

. o VALY V.Y 0% -~ a2 - N 1




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 tenperature-sensitive replicon, such as the pSCl101 replicon to
facilitate gene replacenent 15(Hamilton, et al. (1989) Journal of

Bact eri ol ogyo J66di{_)s1 4617-22). The process proceeds by phoonstogauss:

reconbi nati on between a gene on a chronosone and honol ogous sequences
carried on a plasmd tenperature sensitive for DNA replication. After
transformation of the plasmd into the appropriate host, it is possible to
Zelbect for isztéﬁlﬂinﬁztsﬂeﬂfﬁaﬁ&nh&MOﬂogr&m zﬁcoiv:{]érﬁhme% gthnc&lmﬁﬁm t@ithe 44C. |
ubsequent ro of, these coi tes at e a_secon
econt nat i ofvBUGNPAr SIS MR R ER D BEgiotSt B REBREG B wher e t he
second r econbickigg ér@fard\éeihndeptheBstplf &6 @rocdsha d@inartgvmaaemnmll e| t her have
undergoneagene re | ace r retant e.or 0 f the gene. O her
strategi es have 5’% %1%815 tg ?xgrelssrﬁ?l%?? tlrag%%%d’ﬁn (ﬂéﬁgﬂ?cul ar gene 25
products. SFomcmasad’rml iggorRNAInE R perfierqroe e@lRNihg)the tprgetiprocaind arhoynolegi ng snal |
nterfering BNGRL A As RESBANLSINNRE L aKRleRER LR, Leduce or even
el imnate expressi on - reuf’ gene are short,

doubl e-str anmeﬁteﬂm thi)%ﬁ‘@@lut @@nhﬂneﬁttht%mrebmlgéﬁheé@mbE@n@nh%‘)}og@ NAs f or
degradat | on. o 3N coli o, ROSHRIENPL oLyt ERrdoNROHCRERR 1k s

doubl e- stranded RNA suppresses the expression o onol ogous gene.
dsRNA nol ecuflesags by feegruiesgion Wltwwa%e gpe. Inangthesenpiqdigncifng ch are the

medi at or g0 Of seh G IMNn@biEQCH: ferddp Bfe | HIEHQAN EvE @ RopaRURIcBorSh iRREEdD RNAs get
processed into 20-25 nucleotide siRNAs by an RNasc Ill-like enzyne called
Di cer (initi HtPobe SERYET soppBigh ot hEsidnAErkeros apphervisp figectable

endor i bonucl ma&a—g@ﬁmtﬁlbehxﬂgteqm{heéa@nk m@m‘ghae&omﬂoﬂdugadn@nelrenci ng
i RNA strands

conpl exes (Rl unwi ndi n in the ocess

subsequent |y réi%%@“[’%o%o g p@E}WBPEﬁ}%H{%}%}?ﬂW %‘Peg’&mmé’?g%mer e they

cl eave and destor mysretldsteu@x@gsnﬁﬁeﬁed:ihiétt(e@feuﬁ@cettm'bu@tre@)nbmamﬁaavmge of cognate RNA
t akes pl qg € ng’l%{e 131011 oi%g iy 8 el he relgenggldegoyoteln OYthE roteln elﬁcN(')%eé trand. RNA
has been success‘fl ff:f SV ES gre gene expressi onPin a vari ety of

organi sns 5i bbcthmuimmgd zﬁbm&bshpdan@nmcmhe@e él@wt}etne:gmc)qulamdi@thtls (Dr osophi |l a
nmel anogast er cee 1T mral i an cel | s.
The genone c)él%re%fg(go érgdseﬂgq}fr 511' %ﬂtém%glt% F%E\aggﬁﬁ%fﬁgh%?tlﬁ%r egﬁucl eotides in
an open r eadfopated snthe eaicoRIPREG. a t arget gene. Techni ques for genetic

mutation, for inshguge s§ét5£es% LREl G ol RARAGS §h1cl@ﬁa%e¥9&hlgeﬂé&9¥fm in the
art. Some approaches focus 10 on the generation of random nutations in

chr ompsoRBl  PRAPESRARN Bof s outaa fredenc B ek ptairal WY fragiesnf 8815 Coexpr essi on
In one enbodwmaéomameg RlantBUR rdsRtg6d geﬁl@(@%sarhlﬁclﬂlhﬁ‘ BbRsiceald can be

nodi fied 15b one. or re vectors encode the target gene(s)
to facilitat a“é’%@'&‘(% é’s‘gPJBgf‘“B?“"’c"ﬁ rf’%@itr@’éﬁéﬂ‘%ﬁ? A" {95EORPEU8R ol ogous pr ot ei n

or peptide. (PRetdilk Bler19@1ybadin®RIT oledulte GBASILS N@l«h’orﬂcsHﬁwbefg aetiihy enhancing a

t f l.ud t t
B Lo raab ek PTG ot REb SR ace S B BPER ,2 rones | o
t he host 2&el teplicationythe fori¥ doca9) idarciseiicind e mgnadmieg DA ipgreen &ct-bgagedt hat encode
an I nhi bi L o i3k A5 AR A0 CRHOM AR ALALL SRR RERAT yh@ 1 nNibI L the

activity of a target protease. an I n or can be an’anti sense
nol ecul e t hatditionrfotdsSprihe Hekpy ¥S6. Gd Sriring Werbpakaperatogelitess). a cof actor of the
target gene Rﬁer@anbgmkﬁgo&trestl%t {;19§n9@s%h£ﬁ£\%al)‘fﬂ“e§%ﬁ& hidgneLal ly used to

refer to a nucleic acird nolecule wth a sequence conplenentary to at | east

a portion of usehe fenrangiomention direcelly ac pigfer entong [Hre2i tssPHERNgES be an

interferbng RNApRLt MBRAS B3t aRGOLRSaD aﬁlﬁ'iEﬂ{nP &fdidhgs BMAroW Bn EUl caryoti c
organi sms, such an |nterfer|ng RNA can be a small |nterfer|ng RNA or a
4

ri bozyme, astheipi@es sagiining by angRigtigy pessumaplytiaygundpreongiz sigle (1998) Nat ure
391: 806- 11, Etdhastution 8tntabnydér200W) ClaBi@sss &t Bemedn pratahiad Sénddics b8 8-

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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200, El bashir et al. (2001) Nature 411(6836):494-8, U.S. Pat Nos. 6,506, 559
to 30Carnegie Institute, 6,573,099 to Benitec, U S. patent application Nos.
2003/ 0108923 to the Whitehead Inst., and 2003/ 0114409, PCT Publication Nos.
W03/ 006477, WO03/012052, WO03/023015, WO03/056022, WO03/064621 and
W03/ 070966v0o 2008/134461he i nhi bitor can al so be anot her protesnsssipept i de.
The inhibitor can, for exanple, 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 nolecule for the target protein in
the host. FOfesﬁKtﬂﬁms@) vepifOh @ AKAIctiRkd e kabch-oactas dcietdmec AsRSd at i n, E- 64,

Ant i pai n, statinal, APNSF, L ti Iln n, Benzamdlne
1, 10- Phenant ﬁF‘&I‘%Eh%,%y EREID S AR (ﬁ}[@g‘ﬁﬁ’é‘%of)} tﬁFigﬁjﬁ)g!m 8r oi socoumarin,
TLCK, DFP, Tﬂaﬁcm(a@foaalﬁﬁem‘abmr@lfw aoetstty Prag). [H‘eﬂi; anemtpwot’@nse i nhi bitors
have been identifje n ate n.avariety of

organi sns fr B BEET ‘iﬁlogc% 8n° ‘R%WS‘Z%%‘“ glhtbsﬁg (ab ehave as' right - bi ndi ng
10r ever si bl etheconpsetidosfither eyvestibiw; and hmebhattbﬁsidu&s \plﬂmt dagesingzevent i ng
substrate ac ' Their size are
al so extr em&fl 33%\%/%{9195%’?9 S??"Ig&m ?‘%@P%éy ﬂét{%{f’& ﬁﬁgﬂ{ﬁgwlanﬁiancr eatic

Trypsi n | nhi ginegsize fadlowgd hydDM@@eqp@@P abysis (le ‘@ﬂé{ pH ghelgPre kngtkotih- 1 Pr ot ei nase
I nhi bitor). JREYAEEsHelchlc %c&ioﬁ%ﬁh@l@a@&h&l'aﬁm%&%tm pRtBlypsoof the

al pha-macrogl obulin famly (e.g al pha-2 macrog obul i n) whi'ch bind 15and

i nhi bi t nostthpﬂ@fléacg@wteﬁmemhsnaﬂw @etub%nalw B9 RERI sm An

exogenousg Ve{s‘:&lﬁh&ryﬁfmdg\é@l &&B%h%ké@s (GAPoRR. tJ f(@(ﬂ)@f B6td af Prbibanisd or med into
t he host cel Techni ques for transfectin ‘ﬂ transfo{raértl;:oalgJ eukaryotic and

prokar yoti c éé@\’%‘*@‘@%@&‘ﬂl%‘f @Wﬁﬁrb@&a@én@) RneIHereer Yare wel | known
in the art. fagge can include |lipid vesicle nediated uptake, calcium
phosphate medi ated transfection 20§cal hat e/ recipitation),
viral infection, ‘Bﬁ‘ai’ﬁt’te‘?]?:tﬁloéﬁelt?/gﬁg'iaﬁ ginf"gﬂe‘g‘ 5”3%%3 %rat‘déep for exanple,
nodi fi ed ademsunreuqﬂason mchnsaﬂhapmuon mphamdo &J:letate@nm'elaiqemmt For prokaryotic
transfornati echn : h geﬂ! Jupt ake,

bacteri alqur 8111#011 fff} ?93 wn ZOP‘&“C em{og} i&%kt%r ol rﬁ%écfgl on and

el ect r opor at prowed%'fedlhmplqgmls rdcmnblpdtvambemc@ngﬁmm@@momm@l agdle Agrobacterium
Ted! At ed 231 KNSl oMl Blilonty lamm&gge;amésenm'f&'mmopel l'ed tungsten
or gold m croproj ecti1'es ctro oratio m crol npection and Egl yet hel yne
gl ycol mnedi atcelyatip After tralfermpnon of die Pll?émélllﬁgF@ amromwmog igis passl | i near or

circular, relaxed f&ﬁnt&g?d?i%ﬁ 60! ﬁ%n@ﬁ‘lﬁto thOhrtRsbRLs siechbQygs: f or
transfectlng manmmal i an cells, see, for exanple, Keown et al. (1990)

Processeddi neERRpRErSGyingartes 4ig8° Clgds @Z?G@Bdﬁec%@mh@kﬁe‘@s@’?“&iﬁgconst ruct

encodi ng adt ﬁrtﬁbgtresgﬁl['l@n e @amgemara&@fr}:e@ercoﬁdl&dﬂibhﬁﬁoﬂa@a&ma @as, be ]
constructed as descri w for, the ex sion constructs.conprising the
et or 01 6gous TEFUPRIHIER BTSN FUEEOR e Qe o Gr P RRHHGT e, e

constructs cedpyodht gne. one, or nore than one, internal ribosome entry site
(TRES) . The constyiict, can. aloe.contally A AAIDLELERFLaRlY, Liaked to the
nucl ei ¢ aci d sequence §ntod’ g a é’a‘é A porticon of Pthe ¥ &F'Get gene, or a
cof act or 26f pthéictsaﬁ’cgexang)@nBNAantmﬁﬁlame (Rr&Ais iparicuddrlyasing eagt inmrfgaet i on of the
target gene, Rﬁk %]I%Nﬁ?'ﬁgs b%EEp %n@&%&evel%@ed‘t@p:'dﬁ)detopéve Llu{ulﬂﬁe E)&)Fegﬁ v\bgene

Al ternatively, e construc can €ss n cases In

const ruct |50ﬁﬁmaﬁ@@18nggnfem0¢!ust ﬁlRNé-lSp@erﬂrédwiﬂefﬁﬁvmd BEA mlegnlepRiay genone, the

vector can target complementary mRNAs for degradation. RNA| 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 RINAs get
processed into 20-25 nucleotide siRNAs by an RNase ITI-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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Stypically contains at | east one pronoter elenent. In addition to the
nucl ei ¢ aci d sequences, the expression vector can contain sel ectabl e marker
sequences. The expression constructs can further contain sites for
transcription initiation, term nation, and/or ribosone binding sites. The
i denti fi ed wopmsmatedis can be inserted into and can be expnsseediigs any
prokaryotic or eukaryotic cell, including, but not limted to 10bacteri al
cells, such as P. fluorescens or E. coli, yeast cells, mamualian cells,
such as CHO cells, or plant cells. The construct can be prepared in
acco;glange WhioBesf ITBE RN RS trkiA0 Wbsdqleritl guiad the Rmiﬂmd)ﬁlpfegﬁ@ﬁ]@m cgn bg ]
assenbl ed, introdquced into.a pri at vector oned, .a zed and then
man pul at ed. PHFPHE it T Y ey By fesrgr o RHETE e e e 15
Various nodi bf @atiiteORISA e:aies fiee mdelehﬁdcﬂdte’t}&eeg;kmmend tyohadikvstad, restriction
anal ysi s, eXM1 Pas’bccndgcrg:t Is;ulllcgstcd?o re&) ce B gn%tc))? Srésmertlﬁlavane egft orrgllr'lnts%gl ons can be
|ntroduced as desired /T VA ouss ages it f)rlctlor%yana

sequenci ng, awjpling Eecbaiﬁslonemnwdas (quleganb)ymaﬁérosi@hﬁmﬂwgastedn pr| mer
repair, in Vhfaﬁa?i 2 Blage h&um@é GriceGRPmRE MR Lgxed. Processes for the

i ncor por atio ant1 brotic resi'stance genes and negative selection factors
wi || 20be fam | i admegenomhezealwibe grodifindbymairtidnlof pip of meregnplegilessn e, g., WO
99/15650; U. § émeamh\gfm@e OB HBirelyShe. PhnigOtor GorkAmBER, kv et al.

J. Biochem 113:343-349(1993) Yosh al ., Transgeni c Research,
4:277- 287 ( 1998y site dlrectedrlﬁétaaea?&% ?rﬁé‘Fﬂ W%thﬁﬁlépqaméapﬁﬁ%ﬁc f¢upact eri al
vector, iipcl yging gei@raﬂdslpdfaaw&h nfatatiSRlih EA6hARBmSYEY £ 8ch 8 Hose AU gi N

recogni zabl e b élryotl c cell such as P. 25fluorescens or E. coli. A
mar ker, the E%\ “yé§n Btl-erent fromthe marker to be used for insertion,
can be enpl oyed, which can be renoved prior to introduction into the host
cell. Once the vector containing the construct has been conpleted, it can
be further mani p:if—ﬁpéﬁ—ésm uch as by deletion of certain sequences,

I inearization, ornby ambbdioeutconagr muitatried pses delediviteplscanbe abli@ed sequences
into the  ho t rget gene

constr uctlga%@gﬂ&{ﬁ'ﬁfggg 8r%§/ﬁcst(l)rs ﬂl§€e| %de?%%%gértggr@ S%lto fpc(ﬁltét? of the sane
expressi on ve@tims'ﬁloanﬂhmwetﬂenmhthghethelomdemtenmpwdt foknogfer t he sane
pronmot er el eppnty h e expression
vectors. After fﬁﬁnpﬁﬁpggﬁgfﬁgﬁﬁgag&g%ﬁ% ?élg?{ogéﬁg be #ﬂ%@%duced into the
cell. Cell grl’éwﬂlnobio?ﬁdmg%ﬁ@ 3110118Plomﬁérteé‘lclhoﬁﬁﬁl/ﬁcﬁo%ndl tions for the host
cell's described hgpeh: imshisda: bad mdbd ledfoBicd kd hekBscef X AN&HRIoN of the

protein of interest in at | east one strain. in the array (or at |east a
proporti éf oby @epPfise eeer BT vectan Hrpmeqds 3t ARt £ 565 B &SR ¥ &y nent at i on of
ot hle gXpr gssﬁdte@ndg(ﬁgﬁinﬂr @finmmttt@é@ﬁhty o%amseiegrfoﬂegemlﬁh ait MBbi@CHA ber er mgnt a:j ion"

i ncl udes both enbodi teral, fernmentatio oyed an
enbod: ment o PHEAHTEHMORHE 1S HOHE P PIRHRG 12018 AT BURe: HOEUE oEPE. onpl oyed.

G owm h, mai ntaegaagmeor md;/omg of fae peRt @he.mtiadsd ihgenpalhutisad toaefsr ok host cel | s
in the array at _an rrultlple

popul ati ons oﬁ% acfed ffcflfé Wg?élss uFrggﬁ%%pqi%enéﬁrymmf%aﬁge% V}{]OM ‘e scale will be
limted By theechgenddraditiodithd iekibinir cpopuh atiérizrisg BN ot hgencdpam ty to grow and
test mult1pl ehaoul Ald0R% Bl N0ShubRL Swul fioOEn BTRRALIE NA L1E

fermentati on medi um may sel ecte am)hg ri m ni mal nedi a,
and mineral bad isalingelfeing RNA&m@ﬂh@EWme,rﬁbd@FWFﬁifO@X@m@F i Fisg, i ptl- nmedi um or a

m neral salt 999%%395 sﬁ@h?%ﬁ&%&m @bei)IGea&%b@Jelosg@mng& a ni ni mal
mediumi s 15se| ect ed et anot her enbodinent, a mneral salts mediumis

sel ected. M A% Elbasé‘éilef"é ( ) Notpig s H6839) M -friline Patl NesaP P& a car bon sour ce
such as, 38.9 Carnegie 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, W003/056022, W003/064621 and WO03/070966.
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gl ucose, sucrose, or glycerol. Exanples of mneral salts nedia include e g
MB nedi um Pscudononas nedi um (ATCC 179), Davis and M ngioli nedium (see,
BD Davis & ES Mngioli (1950) in J. Bact. 60:17-28). The mineral salts used
to make 20m neral salts nedia include those selected fromanong, e.g.,

pot assi um phospkaties, ammoni um sul fate or chloride, magoesiseows/gatkdsat e or
chloride, and trace mnerals such as calciumchloride, borate, and sulfates
of iron, copper, manganese, and zinc. No organic nitrogen source, such as
peptone, tryptone, am no acids, or a yeast extract, is included in a

m neral salts nedibdmMhitiosdag alds bedtohBQPr@anbicpepiider TigahisotiEaefol s used 25 and

this may be sel ect dfro umsalts uequs anmoni a, and
gaseous amoffiar i:GA PRSP étgoﬁg?fg?qﬁgse@éﬁnpsrfo%ﬁ LR R '@%Hﬁ‘ "' gl ucose as
t he carbon seoaratse be h proed]rmaepnﬂethattoan mon@ealdnra:abxtxsdlmdmﬂbitom ni mal media can

3‘\/: tsg, an;at nfng)lvf\:lglﬁée f/(l)r f %rge?g%‘ 391 n?‘ th% q;%r extgmh%%,[protga% mﬁ%p orp gang::lpg![ ﬁg‘:nt ed
i ngredi enbs, irt:hdtlgma&tm,sl"e@amhmm @@smmak @&’MSSOhaummaJ Bebtetie| s. I n one

embodi ment, H%{aan %%H%aﬁﬁh&rﬁﬁﬁié%q ‘dﬁbz‘ﬂ{é é gﬁ?cTFP Bplidnl g4 1 n Table 4

bel ow. The conponents can be a order: first (NH4) HPO4,
KH2PO4 and ciichlpeisaromaaiin ALGE, W%é‘BCKe@VﬂF‘ howpnr@moww@@nl iters of

distilled vwab@feqselillgifhoR H@ dibd ht@ta §Jtﬁ0@hcﬁ|h§&m&1ﬁs&ﬁéh ipg vasded. fol | oned
by the addition of an antifoam agent, such as Ucolub N 115. 'Then, after

heat sterili &ty f(%‘&aﬁtea%toéﬂlﬂ’&fﬁﬁP‘b&lP%ﬂ"émbe&aZ’Ees Yeht-bipdipg | e sol uti ons of
gl ucose NySOfvamibiclohpsartonabieksitifhibRorastgeleas QR Eiflihg fbstRi Rlesa@pr OXi mat el y
6.8 can be achi eved._ usi ouys anmoni a. Sterlle stl ter can then
be added 1o EFTEE HBOPR A FIGTHEuHETIGE 87 HRhP TS H@l%lef@& stock (123
m.). The cherkidadsse. @BETICBWI&hc&édny Taypéih lbiter) kd @ war eadies @gppl i ers, such
EEobencks, 1o N VSRR S PEPRRE PR SORCTALL S
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 DINA construct can be transfected or transformed into
the host cell. Techniques for transtecting 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 Agrobacterinm mediated
25  transfer, such as by 4. tumefaciens, 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 interest. For example, the
constructs 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
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1.2g 1-1 Trace netal solution 10 nmll1l-1 Thiamn HClL 4.5 ng 14 G ucose- H20
27.3 g 1-1 Antifoam Ucolub N115 0.1 m 1-' Feedi ng solution MSO-7H20
19.7 g 1-1 ducose-H20 770 g 1-' NH3 23g Trace netal solution 6 g 1-'
Fe(111) citrate 1.5 g 1.1 WMhCl2-4H20

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

5  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

10 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.

15 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, in vitro mutagenesis, etc. can be employed. Processes
for the incorporation of antibiotic resistance genes and negative selection factors will

20 be familiar to those of ordinary skill in the art (see, e.g., WO 99/15650; U.S. Pat. No.
6,080,576; 1.S. Pat. No. 6,136,566; Niwa, et al., J. Biochem. 113:343-349 (1993);
and Yoshida, et al., Transgenic Rescarch, 4:277-287 (1995)).

The construct can be prepared using a bacterial vector, including a prokaryotic
replication system, ¢.g. an origin recognizable by a prokaryotic cell such as P.

25  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 sequence.s, linearization, or by
introducing mutations, deletions or other sequences into the homelogous sequence. In

30  one embodiment, the target pene 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



0.8 g 1-' ZnCH2C0012-2H20 0.3 g I-1 H3BO3 0.25 g 1-1Na2Mo04-2H20 0.25 ¢
1-1 CoCl2 6H20 0.15 g 1-1 cuch 2H20 0.84 g 1-' ethylene
Dinitrilo-tetracetic acid Na, sah 2H20 (Tritriplex 111, Merck) In
t he present invention, growth, culturing, and/or fernmentation of the

transf or mesvdmsdizeshl s is perfornmed within a tenperat uperwsmngospasm tting
survival of the host cells, preferably a tenperature within the range of
about 4C to about 55C, 5 inclusive. Thus, e.g., the terns "growth" (and
"grow," "growing"), "culturing" (and "culture"), and "fernmentation" (and
"ferment," "tgrgmmcmﬁbom as used herein in regard to the host cells of the
present |nvent| on v

h d
"fermentation," \HJT ereﬁ%"d‘ﬂ@f’%ﬁafgrrtge Oéfrfz\éh Qﬁcr@ﬁfg}gﬁeﬁ}@&g@ B%SUt 55C,

i nclusive. | ﬁhradfdmhlla@ﬂexpre@sﬁ@wtf e ph‘cﬁeltusiedterteﬂ in ﬂd&a@t&hﬁstﬁﬁirﬁtkﬁlaﬂﬁpgl cal states

of active ce Vi Si on 0 nt,. ) |oIo ical states
in which a n%ﬁatgﬁia%a&)ﬂ?ﬁmgﬂa 03(1 th%rﬁ(% %rﬁfﬁ&“@%ﬁ&ar}e@ faﬂ)m? ) 1?abol ically
sust ai ned; tthecdpatice prowdeofaftertdneAt mealrhéirgn Olwet thr'tn lﬁ@innrgatsy'hmciydmus with the

t erm - nai nt el?)?l‘p&r%od 115 in JIB&I 1ﬁé}§ltfer&%llt%t§onq§c entt e@ﬁr(d%bﬂﬁ%?:l ?ﬁlbe grown and

mai nt ai ned at. a SsuUl t &b tenperature tor nor at cell type.
Such nor mal ghiowtthertrepfematiaive sultts: medps e empladi @row’éll weipskibased on the
known growt hanﬁx%ﬂféh&&%%&tﬁé‘ pobﬁl%m%?b%&t%@llshﬁ’% aﬁ%’ thay BpEk&HARLY, during the
est abli shment of the culture and particularly duri ng course of the

screeni ng, tmse,ﬂ& [Hopgyeruyhsre muliiiepipaipeers phhogt cebrare wrecesd cop/ 1N2 humi dity

sui t abl e orsigRWAsIPfihd 28 981 &Qhﬁféd 6t sukt of B pafula8bnstah@nsf or mat i on
wi th the heterol ogous protein or peptide of interest. The humidity of

t he |ncubat|%ﬁcaipécltéérﬁ‘?‘ﬁﬁ’lldetﬁ“f‘t‘;‘it@%ﬁoﬁllrﬁ"%"%‘\?ﬁﬁﬁﬂsamQ?ﬁe‘F‘P%‘ﬁl‘E"ﬁe culture
vessel , and ﬁeferﬁléntahb.embtﬁﬁn afay smtel:tea fr¥i@ laABBSrichMeliR] MRl 8kda, OF i N
addrtronto c]ﬁ]ntrollrng}e Be vessel s ]¥;§ aovered wth lids in
order to mi nPHTYRETRFR d1eERedigent siEbef f R FSARTOR 2 t enper at ur e
depends pri I’mi‘nbrhlybahmﬁmlnﬁlhﬁ bd:ld:&rdt int gfill@hothdremb@bient,@lnhisimal inédimed. Sel ecti on

of the percent, M dLiNoh3.00kTOL SYARATALION, S, ageg upon the sel ect ed
vol ume of” t & VESss8P and "2 5C3nceEn 'on “and volurme of ‘the cell culture in
t he vessel, as V\Mmerasahamrhatchemtsrmémbatai afts t@mlﬂoamwu@e sﬁﬁhasegt, he humi dity
may vary fro 0 9 % d that

sel ection of%&guﬁcé%$§%gce%@%%nﬁ§lgr%dﬁ%?ﬁg Itlr%f&rgr?%c of the art. 30
Screening  medifh@saidpraimas aediey (@E@;@:H%&?Vﬁémbwgéﬁm@@ﬂs@qce%ﬁed for the
optimal hostpgald ERER éﬁetl@rmmwtcée 1798 8XRE BSraPaPEls8d BlnRgous protein of
interest. The optinmal host cell popul ation can be identified or selected
based on29 hemigrakeits edizinepderlpse slgrd fromaRARS. 8- BN PEQHF®Ssed protein of

interest. | nnaR@inSReeke OBMoridt MePRi B IfatD 0:8dh108i8¢, land trace minerals

such as calcium chloride, borate, and sulfates of iron, copper, manganese, and zinc.

No organic nitrogen source, such as peptone, tryptone, amino acids, or a yeast extract,
is included in a mineral salts medium. Instead, an inorganic nitrogen source 1s used
25  and this may be selected from among, e.g., ammonium salts, aqueous ammonia, and
gaseous ammoniza. A preferred mineral salts medium will contain glucose as the
carbon source. In comparison to 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 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
(NH4YHPO4, KH,PO4 and citric acid can be dissolved in approximately 30 liters of

distitled water; then a solution of trace elements can be added, followed by the
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I n anot her enbodi nent, the optimal host cell popul ation produces an

i ncreased anmount of the protein of interest that is transported to the
periplasmor secreted into the extracellular space of the host cell. In one
enbodi ment, at |east one strain in the 20 array produces at least 0.1 ng/m
protein i nwmopesdgqpl asm ¢ conpartnent. I n anot her enbadrmenbsicatssl east one
strain produces 0.1 to 10 ng/m periplasmc protein in the cell, or at

| east 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 |east about 1.0 ng/m periplasmc protein. In
one enbodi nent, the total protein or polypeptide of interest produced by at
| east one stral n.in the arr |s at 2 Ieast | east about 2

ng/ M, at |east a’bglﬁf’re?fnwyeﬁﬁ d}org‘f{g’g‘ttg%}hﬁs% about 6 ng/m,
about 7 ng/ rﬂransﬂbﬁndthoﬁcﬂgllsrﬂerfomdbththﬂl&te@jerdtqre abgnttenﬁlﬁmggirwwi ofibout 20
ng/m, at |leas ut / t t he anmount
of peri pl asm%ch(ﬁ)s?%e?lé pre%emb??'g {ﬂm i sreg‘tlt%%t chngg%fgn%H%ﬁ qg)%g{lt%l % about 15%
about 20% aivolugive2 Hhgs, eag;.dhﬁte@(}%roaﬁﬁmndllﬁw " dpouing'5094luabg | (#nd60% about 30
about 99% O?C{%rgg% ftglglé?a delfglébern@ ‘%”npepg)agq%tdmﬁﬁtzloe(%gg?gproduced At
| east one sttoail@rhobtr?eltstféﬂmpreaﬂvlfwelﬁlh’e mlwetmmaﬁs wEr | syltyegd °pd | ner eased

yi el d of the-prak@id, 'Q:ﬁthHlQJté’rQﬁPc{tﬁrQ?anQJoﬂa%tﬁﬂ@tbabduﬂspﬁemﬁﬁmdlnnem at
| east one strain pro oduces a protein or rl) E)e ptid |nterest as at | east
0

about 5% at ddiigat" spE\ids %61’/6“@63“3&8@&’% taa%(ﬁ’ﬁt"“ ldghést 259 about
30% aboup 4%%0&leﬂg@meﬂﬁ%wﬁ%@hléﬁ%sta@éﬂw&hﬁWﬁonmﬁg zﬁ@%t n@ithUt 65%
about 70% about, 75°q or grm of tot‘g eII gtgt}‘eln g@l "Per cent
total cell pfrgpgeeljisbengdoe ty gptajge gl HeBHE By FEDITHE i n the host
gell as a peb@m?ﬁgemaisvagglteagat'@amdnh[ﬁhar protein. Methods for the ]
eterm nation 5of_t rcent tot e nown in the art.
In a particul ar gﬁ%ﬂ?ﬂ%@ﬁ?ﬁgaﬁﬂwé@g 8%@“&‘6’5 m@&iﬂ“‘ﬁ%ﬁ&l‘*?&t’ron in the array
can have a hete¢rabedausmpl gbethofprzodlcipeuch evabl giwthtenipeasites 1% t cp and a
cell density Ly (] 4 £ Dl nper at ure
range ofﬁgbou?y]ﬁ%&tdﬂg?%aeﬁg?g% m%&ﬁog&g ﬁlgenfgt&?ma%%ﬁam%%? about 20C,
about 25C, apduPre8GQly, dbyivgthekgaldEEBnen b culfoie andipreipulad® Gringierstbout  50C) i n
a mneral sabdif, dRAiMnc bl AIBRTIhGRhEE bk BIERE! Eog aEhRdl TERbI. the

expression systemw ave a protein or polypeptide expreéession Ievel of at
| east 5% t cploag@wa qfét0|scla=éq4§rew>e®rea@aﬁ@a@tsfwaWVIthﬁkféwtegqleﬁ%s (i.e. within

a tenperat ur fofeANY folHep ARUIntdGt. trRe ARAMEY T8 indubfibh Rick@olbdod M ner al salts
medi um 151l n practice, heterol ogous proteins targeted tgegt he periplasm are

of ten fodhd ww'mlﬁ%ebmsttwn(fr%léheé&tfbfﬁéaﬁe‘#at BT U Seyeago 4899 possibly

betrzrguse of dana@avtlsafo@tn adllitib NG IcB@iing Rukfigy, iheletels Yrap be éd%&e@ﬂtﬂgl’ bcel I

ne rane. Th r.at of th assSl ve_, .secCr be i ncr ease y usi ng a

variety of rTE‘E‘H‘é?ﬁ %rrt%mfnllfﬁlfc f)‘%?%%l W?%m’tﬁihedjﬂﬁug&%ﬁ EMPA¥Hbr ane, i ncl udi ng:

colicin (M kspbndepridirily ihﬂﬁ?l)e iddnaty. ofMechbvmbebllsh.ttlhﬁﬂx?SeleZGdIA(ﬂ‘-ﬂjbﬁﬁjcpntgr owt h rate
robl ol .Bi ot echpot 5§ 38 a];?l I

ume 0 e ve

(Shokri et a%l rt(%t&ato}:on ora on S up ecte YO

OVer expr essi on ega% (f@ifg) (Hr pres 3i'ohn 14: 13-22);
bact eri 0€fn cwbt@as@npndtwdime c(f&mcalhgﬂme1athe(VQb@@93)SBtebﬁ§r@@hﬂml ogy 7: 267-71),

coticn o LYBERRGALEIlE IAUDD EhR! uko S83hoBLAGRIGH iy bl 8) it ant s

t hat | eak periplasm ¢ proteins dstrom (1989) Devel opnents
in Indus. 25M1tqubthecqnde@@:>od11wtse8=ytlomqﬁsﬁ@ﬁblpa«mdrt@ﬂ%ls raeorn dridkillee (2002)
Appl . Envirogepdd crobi o. 68: 4979-4985); or, recovery by osnotic shock
(Taguchi et at (1990) Biochimca Biophysica Acta 1049: 278-85). Transport
of engi neered proteins to the periplasmc space wth subsequent

| ocal i zatgbonggrgbnt,,kge broth has been used to produce properly fol ded and
active proteins in E. coli nd Baneyx 8) Protein Expression 30
Puri! 14: 13-22; éFFFff‘Hhag“aéfiesat‘ 66‘2)03‘1 9 ﬁ*ﬁéﬂtg Weherprogy h 0%3@[ 147; Lundel |
et at (1990) pdpulaﬁ@hjﬁtvhchch’xpllasqm heferoladdbs p2dtin of interest. The optimal host

cell population can be identified or selected based on the uantity, quality, and/or

location of the expressed protein of interest. In one embodiment, the optimal host cell
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The nethod may al so include the step of purifying the protein or

pol ypeptide of interest fromthe periplasmor fromextracellular nedia. The
het er ol ogous protein or polypeptide can be expressed in a manner in which
it islinked to a tag protein and the "tagged" protein can be purified from
the cell omwexds/anedil ul ar nedi a. 5l n sonme enbodi nent s, PCHASpIO®OENII Or

pol ypeptide of interest can al so be produced by at | east one strain in the
array in an active form The term"active" neans the presence of biol ogical
activity, wherein the biological activity is conparable or substantially
corresponds peputakien B o g irgalts iaed invdsyd éld af wOproeBpROpdyReHideati ve protein or
pol ypeptide..Iln the.context of profeins this.typically.neans. that a

pol ynucl eot i H’éerﬁwelﬁn E'BF‘%%%CP@EM%&W erspéjgulaan%?gqumgrfogéfcaﬁfyuﬁst ton or effect
that has at heasils abbidrra0% about 50% preferably at | east about 60-80%
and nost prefera .at | ea - 0 t.1L VI o the
correspondi ng na?lilhé éncfoefl 55’? 8?"@“‘:%?19%%@%&# ‘?iﬁogg%nsllhér%at%dt 1%%5@% Eié% prz# aneters.
However, ©Bn somssedpirodi oremtyssptild pamapmiyd podeesi pradikal. eiwepgradutieosa pol ypepti de
that has al tﬁlro%ﬂl. ﬁeiherggsai\ﬁﬁgdu@t%lcxa 1% SOTRRFEL  {RePRoARLLME Protein 15(e.
g, one that has altered or 1nproved I munoreactivity, substrate

speci fi ci ty, peted)or pappeplifegreticerper giyp oVEtrrgedoyppeingerdraryddeitt from a
particul ar coif 5B hckh@abRHuddYn SRG1Ebe MR BmBhatdd8r HOadec&l | popul ations
of the array. The determ nation of protein or polypeptide activity can be

m | pep
performed ut {VFIA W BBcPeBpEHET KYF! StRIPRSEY Brocessid gebraery dotbdPattsibe bi ol ogi cal
assays fQqp pa¥ihérddbPibyvel ORERR BSub® prieih YR &Rd dntlRgindhi, tBtegan be used to
assess biol ogical gctjvi ‘E?é .The r covgrly of aclti ve %écgt‘ei n or
pol ypept i de ofTPHitePESTPHEF A BBIHE i B\ B FREVEBEIHET "host strai n
conpared to ¢Reued, prpeey Bbdeeed SblutEle, Rad/bitedon@atdd wign tiefprétkie ot nventi on. Acti ve
proteins can of at at | east about

ave.. cific activit | east. about, 20%
B0% ht 1 cacPosinif BTk b uud Skt e Rty P RR gt kst 006 - about
25 80% abouthe909g The iratcalce pstiucibomby Qfirize gt effdfient hef tivadellve protein or

| i de f ' ' ' R b
pol ypept II?; {){g&[[% Eﬁpextaﬁgltesﬁg}é%ﬁ}l qléel grg'g%%p}élg 1}'}3, 12%1#? E’thetuta:'eeofsu strate

speci fici I'S optiona ur dar to the native
protein or petajipgdpiciaiass, Tyfscwedilgyhe kearempits fopirbivthiseppdgmenis ssgrowout 30%

about 40% gl 0% A0k A0: sAOINS 1 AYhes PRRU B0 inBlockASL aDOUL 90%

at | east about 95% or greater. Methods of assaying and quantifying
30neasur es oflcgndaion of ths SEreseAdypsEYei de activity and substrate specificity

(1Qat/lc,), are Webhe duihRihehOatidAQS8e QfainS e larrhyprbdi@esal feast 0.Ma@sMr enent  of
protein activity The activity of the heterol ogousl y-expressed protein

or pol ypeft i GATEHY progeseerpteiian chEeclpRReFEd PHIHI A 2 FRYP STy Est abl i shed
native pr O]E eirhﬁ n@ﬁvel@fﬂtt%ﬂﬁpiﬂofﬂ@rl@ﬁb@ﬂiﬂﬂgtﬂa’c@fﬁﬂoﬁé {thin phbduess matts vel y, the .
activity of t protein or po eptide of interest can be 5 ermned in a
S il t ameous MEgHRRGE Bt e Rt il PSR ATREE) Wi ht he
native pr ot euouod.4,pbby pepibbdd.c, Hont (8% amqt @8, about 0iotor &t lassbys 16an be used to
determ ne any detectable interaction bet na p I ol ypepti de of

i nt erest and}%ﬁfd n%qé:?réeec 3,[pré’FegSS.EdBreote\}\I}e'gnnangneree%r%gsmgfétd&g%ga?/ﬁ%%ghg substrat e,

bet ween &fpr ess®ekdiporgimorepobmebtidor mestpadegst by at lgvet ase strpireig pregrged ant | body

and antigen, ;&f G, %9@/&'@%@ (11208 3 ,itﬁ‘%t‘é%tlfs ﬁh%énggﬁﬁh’tré@g?@ of

calorinetric changes, proliferation changes, ce ‘repel |ing,

changes i n r aehiubdeeim}iabyut Catemigeui hmgel.gbout § mp/mictvarid8sngml theblecul ar

vei ght as nmeasueed BYua6hneshiebiioR R RS LR LGOI, Fut BXEYHE LG Mt hods,
phosphoryl ati on abilities, antibody specificity assays such as HASA assays,

etc. In addi £ BEmLAOGH BIeaRsH st Be/mh AP ABEOTIS mited to, assays to
det ect physi ehB@iiBaks, the amount of correctly processed protein produced is at least about

5%, 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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15effects of the heterol ogously expressed protein or polypeptide in
conpari son to physiological effects of the native protein or polypeptide,
e.g. weight gain, change in electrolyte bal ance, change in blood clotting
time, changes in clot dissolution and the induction of antigenic response.
General | y, vamyos/mandtt ro or in vivo assay can be used t ecdessnsnaeast he
active nature of the protein or polypeptide of interest that allows for a
20conparative analysis to the native protein or polypeptide so |ong as such
activity is assayable. Alternatively, the proteins or pol ypeptides produced
;n at h| ea;tI one satnrla;bfa,védbxbmwarofaﬁmtgfnotlbayﬁvpﬁ@e,emmér%vamais@fbf@han be assayed
or the ability. to st te or_inhibit_Jinteraction en the protein or
pol ypepti de 5 ﬁ"ﬁreﬁﬁll’éguﬁ(guqlmf’ th‘bprﬁﬁ]nt —\l]heiq’i?t‘@flﬁ'élfogyp\‘iﬁtﬁﬁmﬁﬁtémbtr otein or
pol ypepti de, czﬁ‘ugproaucsﬂlhmtmﬁveemfrorﬁtheeﬁnﬂnanper@fasm ostxgaailulpat hway 25wt h
whi ch the nati t i nt assa a ypi cally
i ncl ude the g’?%ﬁ‘g%@g @gﬁ% ﬁhﬁﬁr(}t%% ccan%ﬁmm] %S%Plg@e%rml ecul e under
condi ti on§ t pratenalr pbdypeptide can mbledtmmpriporlemﬁpng @e.signalntlesdagt Wi th the
target nol ec d t.} LRG g[q cal..Gohgsqguence of the interaction
with the pr o#glﬁeﬁcgrr%dseqﬁ%%a? Sggtpta ﬁ cul’e. usaysﬁt hat can be utilized to
det er mi ne pr ot ei rTheterpdioubiep ﬂﬁllé@“a?@tlrl piany thattee Foidie st pedpitafedby exanpl e, in
Ral ph, P. J. cen@ffug%ﬁon(ajfgéa’éen V\?ﬁrmgﬁﬁ/ 51)@3&11']@2%%0@;: &Wheﬁgplﬁtfor( 1981) 1

| mmunot 127:1044,” Steward 0) The Int erferon Systens.
Spri nger - Ver 1% mighienita baﬁam@wp%wi@gwﬂrcsmérswﬁe pEoteinsgfe 19t P 982) Bl ood

60: 595, Wb! esthhatcifsdoR BbIDr otﬁer'-p?& t@r%&ﬁlyssl\@iﬂﬂ:ﬁrly; "igduBR" meda® hdk (RO | ng Har bor
Laboratory Press, Sanbrook, Fritsch and T tis eds., 1989,

and Met hods PPTERPYRRSPEEF0 E&ﬁrerép%d %?e@mgawtateﬁiwrg 5%8@% ques, Academi c
Press, Bergep, OOBxgl:a.vnﬁﬂ'ﬁenA uﬁorl@mnu@ﬁﬁabuﬁf&&ﬂderﬁhjﬁoﬁgicﬂa et al., Protein

Expr Purlf 18(2): 2000 et al I, 99: 1465-1472
(1986): St ewdy ‘“8135 EEFOJ"% r8t8‘ YP"’PRB gf“i@cﬂa?" Of R bi“’“gﬁg‘]éo%zls (1993) ;
(Lombi | | 0o et otadr pre.&lpltﬁei thasBi Tk terk 281k Bbip' 15@1&:9196})inch(dVah3e et aL, Cell

42: 39- 50 ;98 %raceia‘cig. bl é’o &4 mqmggnaﬁ\{fhegenpaent V\gl%ga oté?l?s (Pf het erol ogously
expresse protein erived From one “or" ot e Host cel |

popul ati ons payrepteleahas &y sequestaed. be conpared to the actl vity of a native
protein, or both Fgﬁggl ¢ e b ned, on.tsgl ated
protein, or can t%éﬁﬁﬂe%’%ré%g ?f\Hl\%/? ro flod %ﬂé}g % I%d . ?LOIcrf anot her

embodi ment , W@@é@fﬁhmﬁ@@méflP@WStathlqdlrﬂHSQ@tthP thy Pﬁwsﬁ@r pastsicddited directly in

the culture BY¥ c{dabN 85 GRAGE 1R Mhof RAC T BRCRHL EinBRAS Wa @ TRORinQR e f OF  exanpl e,
a conventional mcroscope, |lum nonmeter, or plate reader. Were the protein

of interé8t FfEaYQFPdé‘WZW%aS%b@%/U%B'BE?E’?‘EF‘? PREPISHERGOMPRITRENS (h¥PSE e can be
added to theenﬁ&ﬂdiﬁ%ﬁaﬂﬁﬂﬂ@e%ﬁb&c@.diMqom%rlﬁhsﬁﬂﬁémtbﬁnemtted when t he

substrate is onve e i nt ne enbodi nent,

t he expressi ?fé‘ﬁ ?SF Ptoeﬁg'?)‘a‘f ﬁa "S?féﬂﬁe"lb@&?@lg’ﬁ@jgra%?“ébg g?’utpol ypept i de
of interest 6.8rabhen. 9e>n@todae&baum@p@gmelﬁknplaomepmte}ﬁm oneembcrdﬁmaarnt preot ei n" is
meant a pr ot Fta? ro{] 1t or ep flne sg roaucecpb a?pa%()ne qtram in ’fhv@en chret ed in

t he nedia al Fhe 8 W dr st |ngw ed T rom a cel F *{Rat “does not
contain the leaqodmm@mlpzt(hetaeuahout E’mgdnlcettlletast abcﬁutB h@/mieﬁtbeutdl mgolsbqut ot ei n of
interest res . ul ati on. The
reporter nol gcgénlzaggﬁ 6begglﬁ ?%O%thl?&g:@gggsrﬂ %%ba—%%%/ﬁ?%wg%ﬁer

f | uor escencemawilabmtd) m@énh/\?élldastabowé‘i Iag’mla?eglﬁstpldh@emgem@d(lmtsa gal) and
chl or anpheni &Q'amé’tﬂl?'oﬁ)%ﬁﬁlé(slnhé ﬁgéfn%&ﬁ&dgseﬂ?ea&%ﬁ 5%%§§M§%f£?:'butexlor ession

produced in conjunction wth of "these reporter gene el ements are

wel | -known t &%: HB%Q%klaPP‘E(%S%erPWe"O%r houAEh bopeldr plpt §ehéd®an encode a

det ect abkg pr®t,Qbsut @@%,ehﬁodt@d%%@ﬁtlgy%dﬁio@%edoh&umm @hdle 999, abdve I eporter
gene can be a sur vi val gene. In a preferred enbodi nent, the reporter

proteinis a %’ét‘)ég’f”&t?lf? 3Pt Q{Poﬁpapﬂ@(‘gé‘lt%fbﬁt Brop¥est-ei n" or "det ecti on

prot ein" (enCOded&thEﬁntbnaﬁiaBﬁh&i@hﬁaﬂffﬂﬁﬁh\&ﬁﬁdﬂ%ﬂ gediedd tb sneRaded Ok N t hat can
be used as a inis d Bneecsgrggle (and

et orably, "8 hurrERanEIEPHE o Rl oG Bppfht F1eF

produces a protein or polypeptide of interest as at least about 5%, at least about 10%,
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30protein is detectable) without further manipulation. Thus, in this
enbodi nent, the protein product of the reporter gene itself can serve to
di stinguish cells that are expressing the detectable gene. In this
enbodi nent, suitable detectabl e genes include those encodi ng
aut of | uor ese@ s/ Eupd el ns. As is known in the artecrisansiase a
vari ety of autofluorescent proteins known; these generally are based on the
green fluorescent protein (G-P) from Aequorea and variants thereof;
including, but not limted to, GFP, (Chalfie, et al. 5(1994) Science
622(7 g%;l?) 80%080@% al%ﬂhﬂ]%@l%u%% (a&ﬁlr's-lﬁzb% Gb@m@gmb%&abﬂ,%oﬁcso%si onI Nunber

: e oresc apt um Bi ot e i es nc.,
Mont real , H??B A” éfoé{h IE) E?(“é @&’ﬁ]‘%{ﬁg%% % A(eay A2 ﬁ%‘ Hei m and
Tsi en(1996) Qdfefn (tch aferceﬁt t&ﬂl&ell&%)em anheaeelk cyﬁfoke(iw\brb@]yf)dpﬁdﬂiﬁﬂeent protein
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prot ei n. E‘HE? ba%?ﬁper‘feﬁ{g?eeosfé’?%egagccgﬁﬁarlpé%%?‘&eﬂ%’fﬁfg F‘Sfi?tffglﬁ Cent proteins
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coil cells, causring pernea ation e outer ane, has al so been
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30 Purif. 14: 13-22; Simmons et al. (2002).J. Immun. Meth.263: 133-147; Lundell ef al.
(1990) J. Indust. Microbio. 5: 215-27).

37



stabilizing nmediumfoll owed by selective release in non-stabilizing nmedium
The conposition of these nedia (pH, protective agent) and the disruption
nmet hods used (chloroform HEWI ysozynme, EDTA, sonication) vary anong
specific procedures 10 reported. A variation on the HEWI ysozymne/ EDTA

treat ment wep ngs/@4ighiipol ar ioni c detergent in place of EBDTAswss/aiissussed by
Stabel et al. (1994) Veterinaly Mcrobiol., 38: 307-314. For a general
review of use of intracellular lytic enzyne systens to disrupt El colt, see
Dabora and Cooney (1990) in Advances in Bi ochem cal
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o1 bve. sel sct GETRBRLBT st Forar R s R B AR o e h Ty AESber § pr asm
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the transfor r [ ol O S)it e 15product
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Bi oeng., 83: Ieéqlébo'étlﬁ%ﬂh%lQﬁ/@%b&x@@)aragmt%@ﬁ M HAL 60k 804, F1eac0i | cell's by
T4 phage infection, and Tanji et aL (1998)J. Fernment. and Bi oeng., 83!

74-78 di scl o#wst Yenetler %autéﬁ"é’r Wgagatsh Mythody efjassayjap ey aupiaRg i n T4 phage

for the ggnt ln@aqdﬂesdsfqmtélﬂshdqfo1y5eptﬁ@adnvﬁﬁiddaubs&awmaﬁ&qi (kefYSjage  genom c DNA
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results in significant increase in fluid viscosity that can inpede the
sedinmentation of solids in a centrifugal field. In the absence of shear
forces such as those exerted during nmechanical disruption to break down the
DNA pol ymers, the slower sedinentation rate of solids through viscous fluid
resul ts i nwipows/semar ati on of solids 25and |iquid duri rgr@emwosisigati on.

O her than nechanical shear force, there exist nucleolytic enzynes that
degrade DNA polyner. In E. coil, the endogenous gene endA encodes for an
endonucl ease (nol ecul ar weight of the mature protein is approx. 24.5 kD)
that is normally Maaretathipadihetpesr i pl asm and cl eaves DNA into

ol i godeoxyri bonucl eot.i de n end nucleo tic nmanne as . been
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art, incladidegermied lnmtmdltamﬁousedr wbstanaﬁimnnlam@m femnaragye weandl 43

preci pi tati Oﬁgn&&e R dr Sl%e(ﬁﬂde ﬁﬂe%m@é SR h AR EXANRNAR ¢ hr omat ogr aphy,

phosphocel | ul ose ¢ romat gi aphy, hydrophobi ¢ i nteracti on chronatography,

affinity chréitmigpapleiectablf BlcsictiehboraD 8 §ioMihsy PobippHencf et prdes

chromat ogr apRpet, £ 8\Hehe6h ANASEssENERIRE AALARMMe, bbiRetd ApehEomRhLagr aphy,
preparative el ectrophoresis, detergent 5sol ubi i zati on, . sel ective

preci pi tati ot MRS [FetPLs B sh ERs aplprnd eRts s tcogicl pisETon

i mrunopunh f i gatidcRile R hReEEmeand cObMRdtSe chingks, @Xjﬁf@tl@n clph@hekms havi ng
est abl i shed rml ecul ar adh Si on gcrtle can Oﬁ gﬁe sibly fused with a
Bak 2

li gand. W t hdRecepiRelipeichtoges VT SRR R Wesdt ect i vel y
adsorbed to ﬁopuﬂarfmetgmtasmaasﬁmhmyrgelandtrdphmm‘zn%dga‘l sehsbhectodsurm in a
relatlvelyprefo in is_ the ved enzymati c
activity. | nqﬁ’ﬁﬂﬁopﬁagﬁn ;I[’hﬁlc?? é‘l“q"’@%ﬂ’pfdpc‘g TARAREE u%Lﬁlse asrs'r%r?g%%nfl nity col ums
or Ni - NTA coidditis..in Gemmsals intclidd Miricuesot am&ecftu,rasémwmdesxtph)b@d)glcml for

exanpl e, I Ac acti ce,

Spri nger - 5er %gg%ﬁfhﬁﬁ)&%@gﬁ%ﬁgﬁ& e%%%dt&ﬂoxéh@é\ﬁid@&n%%m?ﬂg 1Ftlrgurl fication,
Acadeni ¢ Pr elysiplpgig0 pffects, c§themative pgein 4f (HIYDEIBIS < 5wl @ain mhenee im
Purificationg éél;%&maiageée&and’é lfsla&&al&alg ﬂ%peoa%ce@ il 8t AGLIGRh aARE 0ACh
Series), Oxford Pres 200 D. al, Protein Methods,

W | ey- Li sa, indectiog qulgtsgemcm@@a% ﬁ&n@ﬁllwny llpvltf@@i i VIR BISAYSER PP used Y 2) -

P1182- 92 (20@Qrmind R aBive NhtkiRial the Ipﬁkeuﬁ(ln o%éiﬂdél-&‘iﬁgr}ist tHat aI]3Q3fo6a( 1995). See

al so, for exarrpl e,. Ausubel , et a 1987 and deI C t[i)l enents);

Deut scher (wmraﬁ@ﬁﬂaéﬂftfet}ﬁr“atl‘@.?ﬁot%f’ﬂfroih@aeﬂ BFP MREHEFE N “Enzy ol ogy
vol . 182, 20apgaet. mﬂemmle@nms pioﬂ:ﬂibm @fﬁﬁpﬁmpm@mw iganleaseineatnaif 996 and
periodi ¢ Sup y/ G eene,
NY; and manu 88‘??3?05?)@?”15‘?”{ ’é‘V‘é{?‘ﬁ? ‘éang’ﬁ aﬁsyédg?r s a%’?@z RS pu‘ﬁ%& ?rclgl%l!lngn product s,
e. g., Phar nmagieactidi l&ﬁ@bﬁﬂmwoteﬁﬁo}pplymptlﬂh mdlaan:b,lecﬁediammdaﬂyﬁmbmdts Combi nat i on
with reconbin IIowfu ts, e.g., to
A FLAG sequedibtsp Sl uatiiafiic, P2 115420 o £ @RBLAEL S fu AR

pr ot ease2f envitabyhieh the guivn p@teueemdlysuferdﬂm rSu@wawpﬂ @n typkelbhintlhde(hog9)

Chemi sche In 45 @3t AfowReconbi nant
Proteins wt %%Hﬁ%bﬁnﬁq %s@@%ﬁh‘%su{%ﬁ&%mf Eilrvg&%h&% CSSentet |oc Engi neeri ng,
Principle an@eN@E@TUH@OWQ@PB@TQ&WYWé’ﬁhFﬁeW&@Olew a%‘é‘fte@rtb‘?/ve et alL (1992)

QLAexpr ess: Eg&eﬂcgﬂoh@é{&hce@f Bfe@lﬁérh&i@n &itPiRtpRdin Rldrihd thig@td@RuISy St em
QUI AGEN, Inc., Chatsworth,

Assays that can be utlhzed to determine protein or polypeptide activity are
30  described, for example, in Ralph, P. ., et al. (1984) J. Immunol. 132:1858 or Saiki et

al. (1981) 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, J., E. F. Fritsch and T. Maniatis eds., 1989, and Methods
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30Det ection of the expressed protein is achieved by nethods known in the
art and include, for exanple, radioi munoassays, Western blotting

techni ques or i mmunoprecipitation. Certain proteins expressed by the
strains in the array of this invention may forminsol ubl e aggregates

("i nclusi owbodsemigi. Several protocols are suitabl e f@cTpgeioshass on of
proteins frominclusion bodies. For exanple, purification of inclusion

bodi es typically involves the extraction, separation and/or purification of
i ncl usi on 5bodi es by disruption of the host cells, e.g., by incubation in a
buf fer of 50iﬁmﬂzm1(§5d‘@ud@bh%]eﬁula5@l0m& Nafigued, KMEBMIESS EergEM DTT, 0.1 nM

ATP, d1 F t 2-3
passaggs t hr u RFI; eﬁ %rééégs‘g%{}shgg ‘ilsprlﬁ’s i’}é%”fl ﬁﬁaﬁ/ %g
honogeni zed EHDOIGK @dako eyl O BidcBrm. AkrEfs- lwgmrﬂaﬁ)aﬂtewart aral. Sod. ci\fat’led on ice.
Al ternate mh?aﬂ?a CUS§ é’%‘sﬂ)@ 591"“{&363')3(L%1‘%n@9: K?rﬁg‘%z(kz% %’itfbgsl% of skill in

the art (see, supra). | f
necessary; tfﬂé%)n@lalﬁserdn Cebdi: %SMW%eA@O’immnlhczempar@irbéweﬁe Iysed cel |

suspensi on typi @&IO’FIYet&?Egolaﬁy %Pésgeufpwdweam&% HAWRNE G ofnBs ol ubl e

matter. Protelns that he i ncl usion bodies may be renatured by
dilution or a@saw}/lsapeulwomnane@mpat¢aa|bécmﬁafeért0 theghtiyibdia ngdicvent s i ncl ude,

but are not Lipd §chotiO A&l@iﬂ/ thdab:08mckR cﬁb&iﬁcrf&m%%@ is8RRU pro@idVhr cah Or MaN de (at

| east about 80% vol ume/vol ume basis), and guani dine hydrochl oride (from
about 4 M t obapssiaimed mpiro |y thessigsllguani d| ne hydrochl oride and similar

agents ane denat uhaktkigr eththtdsnede p@teuf;ﬂbduetrbni aRd/00dctiVify Ry @ Sdobik@eand
renaturation ﬁ occur Hw}gﬁnﬂr enoval di al, %/SI s, for ex?npl e) or dilution
of the denat §FsHy inthgqu 9 P%ehf’%c?r%&s? HOUPPIF BRSPS Caffy and/ or

bi ol ogi cal | yeﬂﬁtpleyec@@@h&taemftros&p&&ﬁmﬁﬂhét&bbr@ldﬂu‘kidﬂ $Vimreghdgrawm t o t hose
skilled in th The het er ol ogousl.y-e rotel resent in the
super nat ant 8ﬁﬁta’6’%t AP PG ﬁﬁ%ta%é%ﬂ@ tperS E STRRF 8 d e&ﬁ%ﬁ’r d separation

t echni ques weldltureknmisnwlteeint hibeesant Sgapl ik emited hbenahetbubsﬁ@ﬂe 1se:wawpbcb an initial
salt fragtio i sproteins (or
pr ot ei nsci(E:Ier P@{gﬁ@ho %gﬁgﬁ eIn turbg&ﬁ%%i %J ¥ &&%H{?ﬁl&eﬁggl{n& n or

pol ypept i de @ hitaologes prota@ner mhe@tlé&dmbﬁqtmemcmﬁpw mteﬁrat e. Ammoni um

sul fate precpphlal2S, Bkt %'u{b%m%&&a‘. BELHMEpWesdBOMGE Bigs NG, fRTUNt of wat er
in the protein mxture. Proteins then preci Bltate on the basis of their

sol ubi lity. TiEtcayr Be mpep @M@Eﬂc@cléfomeéﬁévgﬁus e framppealighagdci Rl y it is to

precipitate aémdiPefepStrpRtcMPedduéth @f MO RSB ERE bR ofnté¥RiSats prot ocol
i ncl udes _addi ng sat ur at ed agngnl um 303u| fate to a F‘\‘i\l@%‘ﬁ"‘ oI ution so that

the resul ant® &Afie6HAP e M28%R i 8o 6RRMIFEAY JRe TeBOTEE 8580% Thi s
concentrat i ofrefi ldcxf&aﬁ@hmmé@ny btﬁermsieqdaydérnamolbmmﬁ afbie@t ei ns. The

precipitate i hndlsc ess the p S
hyeir ophobi ¢) S SR RS a B ETalsase S RSBt Tl o
concentrati ov\sdaym‘flexpmssprmqmqncadam enjuneiqprothendh offhesentertasiene The precipitate

is then sol ubjili u n £xcess salt renoved if necessary,
ei ther thr ouglﬁm%nszim ‘gglsé%)rwng Ihf)se S{ﬂﬁ Cfmtﬂhcea O her nmethods that rely on

sol ubi | i 2§ of pr dfheirapsitergershramenceds|adlewtthidnpiotepros e piliretly datectable
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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are well known to those of skill in the art and can be used to fractionate
conplex protein m xtures. 5The nol ecul ar weight of a protein or pol ypeptide
of interest can be used to isolated it fromproteins of greater and |esser
size using ultrafiltration through menbranes of different pore size (for
exanple, Amcon or MIIlipore nmenbranes). As a first step, the protein

m xture can be ultrafiltered through a nenbrane with a pore size that has a

| ower nol eculy L C t I | ar i the protein
100f int erestaj \@g re%ﬂen;%qt gjﬂ‘ ‘ﬂﬂ{f u r{a%)i&lerﬁjaa?ivoérﬁc%r}}t en be
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i nt erest ass through the nenbrane into the fi te. The f||t ate can
t hen befé}ﬁr(%ff By J¥% rl?cbtedh%llto?/é e Proot et or

pol ypept (1dEs) Jofsd tdere sto Teol 4 )5 (0B- sEpar aéredarfcr@indﬁm (BEFprotei ns on the
basis of .its siz et .surface char € é)é)-h%)?l cit an ty for

| i gands. ¢ nsca fqeonr%anaknﬁcbceds RS rabg“lseae%ggl nst™ pr ot%]iLhes %lalh ]{)ée&corynj ugat ed
t o col umpratstisi c@‘%‘nc@umenpm Gietmschrmgamins i fied. , Aldntofeahese et hods

are wel s ;] rSttaﬂﬂalﬂt ¢1ddg) Wéio@@c@%ﬂ@é‘béﬁ PS)On@623-f475f‘ lde{hatng

chr onmat ogr ap i'c te ques can per or at any scal e and usi ng

equi prerts eorh Hny 5T erfi ZCﬁTﬂnlﬁ‘e{J(ﬁ%’)rrer%m(@‘bed Phatdiaci a Bi ot ech) .
Renapur aﬁlw}:@&zﬁef Stidich Wiermep het sl Qaousd o exi essed Hol eimais

produced .in a nat u o) i nsol ubl e roI ei n_can renat red or

Per ol dec kg géHer el sre%%m@r%%m Ht e prori et sl e e Are

conf or matdcemt Rrepiceius ref ool siepscaan heotusits Asomevassaly,and

conpl et |E;]E%lcoosngrl ur at |eocnleof t%: % &f D} agoys. g{é}d‘%g &e%(_ol ding and
an age

renaturation can be acconp ed USi T nown in the art to
pr onot e Wl %&%Qi}hﬁﬁ%ﬁﬁ%%ﬁﬁbh OO Frot4eihs?; Fors ex%&ﬁal dfot he protein can

be Lgoutiaiag widdy di 141 aidy el ol pved: by iacubat | of, w 8 heex) siged
gl utat hione di sodi um'salt 30 followed by i ncubation with a buffer

cont ai nithd’ -a Fadt ol ng a6 &ftic a5 frida. Nhe Drof i O pot ypepti de of

l Rt erﬁsths:arB ;ii(ﬁ@dm -remas UrPE%U{: frog . 5ea<,aarm S30by wial yzang utf)dsf?gal nlst 200
phosphat e- sa etate, p uffer plus

M NaG 5 A K ‘tshe ]%'S%‘t ks O%E\nga?ﬁol ded while i mobilized on a
col um, such as the N NTA colum by using a linear 6MIMurea 46 gradient

n 500 M NaGLo 2%l y5 1 i 7o 61 QN LI NG, pr of ease
I nni C

itors. attratton over—a periodof 1.5 hours or
nmore. After rwamsameorthmeflmloireﬁ%l@arﬁlﬁefelQﬁre‘épmaﬁwraﬁn%% of 250

mv i m d%ﬁleueyﬂcﬂﬁ@ee S by remmomeds hys @, finahadligd yad og- st e @gai nst
PBS or 50 sodi um acetate pH 6 buffer ]g%us 200 MV Nadl . The purified

protein Jc?ﬂila&ee &6 F e Y Gron i Phmegy S trains B nghe it fd¥ls THel ude,
for exanpd,atiihoesendshaie raycheidesesmbedride M &t LeeretiablaProtgi n Expr.

Pur i 16 2002 K. et Bi, ot ech o]

77 303 SRehaisl st St e o S P e ol e e
10suppl mﬁ@nlmmmmm T&ﬂ derdloe Pr orey nePuprddieetd o "tiMet hods
in

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 chleoroform {(Ames et al. (1984) J. Bacteriol., 160: 1181-
1183), guanidine-HCl, and Triton X-100 (Naglak and Wang (1990}
Enzyme Microb. Technol., 12: 603-611) have been used. However,
these chemicals are not inert and may have detrimental effects
on many heterolcocgous protein prcducts or subseguent

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

reported to release the periplasmic contents (Ariga et al.
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Enzynol ogy vol. 182, and other volunes in this series, Coligan, et at (1996
and periodi c Supplenents) Current Protocols in Protein Science

Wl ey/ Geene, NY, S. Roe, Protein Purification Techniques: A Practical
Approach (Practical Approach Series), Oxford Press (2001); D. Bollag, et

at, Protein Methods, WIley-Lisa, Inc. 15(1996) Expression vectors A
het er ol ogous protein of interest can be produced in one or nore of the host
cells di ed: h i - oduygi .ng 4 ac (=Y : ion vector
encodi ng(%;gosq}t%hgj'hg{e?rn{(}l %&’%ﬁo’r’o% 'n@o%ﬂ%@r'esﬁftkg Inﬁj%nyhe%bl%ﬁ%?ﬁ?, t he

vect or EHRIGEe S fa RES RAmESt | - sseEfu e st AP T he TRtet i€t RI6T i nt er est
oper abl Yy dridgiked 4 cak PN Iera R p;klOf(If_CLH‘B)t ionimmin dhen chasen host

¢ egul at oryp 1Ko eI R et ) G x PR A & By K0T gurat i on

in whi clzadme ,25tararseyditt o ndiEvgnd varyz treatestat icomsad 1 aneigud ateornassteenient s

are coval ent | t.ached .t o t.he, encodi en I N suc i spasition(s),
relativée Ctlo& t@eﬁtcp‘c}d%ﬁge astenhelf]etncgebfel‘]t hagi&?{nespgﬁe b e\9aéc [ ojlh' ro]?ld%i'eqﬁ}&oés%' cel I,

t he regu3:ords Ea-aifdiit;s Wiarhalitr et ahe EXPr@Eshorchvin + Wai @i hg Aekfrence.
The het ef,0 .ogpus A0t 14 Qfc 141 ey est Gy be expressed from pol ynucl eoti des
in 30 which the heterol ogous polypep&ide codi ng sequence is operably |inked
to transcription and translation regulatory elenments to forma functi onal
gene fromwhich the host cell can express the protein or polypeptidc. The
codi ng sequence can be a native codi ng sequence for the heterol ogous

pol ypeptide, or may be a codi ng sequence that has been sel ected, inproved,
or optim zed for use in the selected 47 expression host cell: for exanple,
by synthesizing the gene to reflect the codon use bias of a host species.

I n one enbodi nent of the invention, the host species is a P. fluorescens,
and the codon bias of P. fluorescens is taken into account when desi gni ng

t he pol ypepti de codi ng sequence. The gene(s) are constructed within or
inserted into 5one or nore vector(s), which can then be transforned into

t he expression host cell. O her regulatory el enents may be included in
a vector (also terned "expression construct"). The vector will typically
conprise one or nore phenotypic sel ectable markers and an origin of
replication to ensure nmai ntenance of the vector and to, if desirable,
provide anplification within the host. Additional elenents 10i nclude, but
are not limted to, for exanple, transcriptional enhancer sequences,
transl ati onal enhancer sequences, other pronoters, activators,

transl ational start and stop signals, transcription term nators, cistronic
regul ators, polycistronic regulators, or tag sequences, such as nucl eotide
sequence "tags" and "tag" pol ypeptide coding sequences, which facilitates
identification, separation, purification, and/or isolation of 15an
expressed pol ypeptide. In another enbodi ment, the expression vector further
conprises a tag

4la




sequence adj acent to the coding sequence for the protein or polypeptide of
interest. In one enbodi nent, 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 20enbodinent, the affinity tag can
be a gl ut atf ey ansf erase nol ecul e. The tag can aleoubmesodidsaor escent
nol ecul e, such as YFP or GFP, or anal ogs of such fluorescent proteins. The
tag can also be a portion of an antibody nol ecule, or a known antigen or
l'igand for a known binding partner useful for purification. A

pr ot ei n- encogiyig. ARRKRECAE, I 01G-19), amo%ﬁmmm@ﬁﬁmmom@mcl ude, in
25addition to the {)r otei n codi r}% sequence, the follow ngT ul at ory

el enents opef&HISH Freaghedd af HEPRXEFo™s 8¢ Siseleoha 1¥i38 63 Shel s F}hg site

(RBS), a trans@sd lmdmmrempéﬂqmabpme cdllg alrm@ﬁdn@nallbuﬁhabmmady stop signals.
Useful RBSs can be bt ai from any of the s%%ﬂea JF%? ff#II as host cells in
expressi on s{FETERNET HE BT S’ﬁ‘bc aB“‘fnh‘é' At TR SO 61 'Br@Ferably fromthe
sel ected BIOSIystﬁhétreahﬁmly speC| fic and a variety of consensus RBSs 30are
known, e.g.,

th d fer. D. t at, Go
234( 2) 257-65 (8 Xﬁlﬁ?ﬁﬁigﬁsfrocecﬂr g%cluﬁéeean%%@%%g{pgé im oty &{C;ﬁ'lman et a ne

i Nf or matics
17(12) : 1123- 8oil{zDecsdiver foRBad by sdisvtingidietse dmmoneiabitiging madmmeﬂ@r synt hetic

RBSs may be t tic RBSs 0.
| kehat ayet a‘lfvb%%%m&(gmeﬁi Ig&%e(ﬁlﬁeq@%(t gfg%gtga e 8&%% r?gltg ?’S\r}ngPRBS sequel)’lce
of AAGGAAG) . (chigroftver HEWalimwinase, GPTAgsonRpion b am}éﬁméic pepaefiuies ansl at i on and

transr i 1 ORyGlATE Bl o AR LBy LERBAY S USEHUK uifl AR PTARENT T nventi on
are descr?be% pfile oy YRR A R ulilh |d?§° and U.S. Pat. No.

o 28 150 1+ claredntg pbee GfIETAG: dmieied RSt o, (55) P RARNGoPBl- al: L. 5.

Pat. Nos. 4, 689%9A%%. and Uéne&@;evﬁa@fh@ @ﬂﬁlﬂ&ﬁul@tlyﬁenzyldie&ystaﬁito No. 4,755, 465
5to Gray et at; and U. S 760 to chgf T?anscrlptlon of the

DNA encodi ngd‘f"fﬁ%t ﬁﬂé‘f”@?%l%&%%“d&"&il@l(hgg@ inAdyaredt o itét eased by inserting
an enhancer SgauenesRibBiMobASVYIEE], O FRtht) AS(ShihgeTypiagaber@n@ncers are

Ci s-actlﬁg & %nts of DNA, usually about from 10 to 300 bp in size that
act on t Gibter to increase its transcri ption. Exanples include various
10 Pseudormnas erﬂmmewrml méEenie faltheyecotdre ofyedteinodroglypetidospf agsison vect or s

wi || include_.origins re ati.on _an mtting
transformati g(r’lmé cf"ﬁ%la\lﬁnds? J%H“bﬂp "Aha°a oife g“%[ee tg %&C%%énsml\r/rgé&gﬁ%%&?l
hi ghl y- expr esfskrbagernr c¢libydiachapicat braaksgﬁr Mmlmmml disruptighdwrietly eapivest r uct ur al

sequence. Sugh gl &iaiAREn feF (lflgﬂlﬂQusBélﬁ{Eg,QElﬁ& QiRadARGRRI N0 the enzymes

such as 3-phos ycer at I nase osphat ase, or heat shock
pr ot ei ns 20 anbmgs. éﬂnkfefrl@: ongriadiag %ﬁcglrh&lsp@é'qm@%@ga 14108 Sy Tedmgudsiet er ol ogous

codi ng SeqUGH%oél@an@?&%ml &QWlﬁby@%@m @«is@ @hﬁﬁ@avyls thy. translation
initiation and term nation sequénces uence capabl e -of

di recting conpar tHATEPYEE cefibidemiain hg%relaféet%%l)m’ogfyag’ ReFkbees at ed
protein. Opt panadeliyall e RRIHGE FhOGOUBveloped 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 envelope 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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20 sequence can encode a fusion enzyne including an N-term nal
identification polypeptide inparting desired characteristics, e.g.,
stabilization or sinplified purification of expressed heterol ogous product.
The fusion pol ypeptidc can al so conprise one or nore target proteins or

i nhi bi t or syway20e@3anees thereof, as di scussed supra. 25Yeruenss/@issknown in
the art for expressing heterol-ogous proteins in host cells, and any of

t hese may be used for expressing the genes according to the present

i nvention. Such vectors include, e.g., plasmds, cosm ds, and phage

expression VeCtOmﬁmyE%@ﬂﬁhﬁ&mﬂﬁn&ﬁ@fﬁ&mﬂkﬂ@&ﬂmk&m%ﬁﬂ%@oﬂmﬁkwde but are not
PPSI O RK2, RGO SO OROLBOBE: S REPLGEO™ ISR XIRRLEENS “ouch usef
p such usef ul
\I\/Aect OL s : ncl(sgdgntcgg%gé dgszgs betkr bysl. (€399) Broﬂtechhﬁfy9$ﬂl 16M16ApEffortENVI 1 .

crobi ol . . 4 94 shni k L, in Basic
Life Sci. 30t.°é§27‘c%rﬁco(“f’§§%t) %‘?g]m”@q%%% 9&"—’7\?&‘]“%"“’ bSh ra’olrte(?ﬁP%élsgrml ec. Eng.
17(1):11-16. 180@kc ks p n2B )T, 1nd‘dcm§’are&xhblmn2®ﬂ1 culrume @pfdducmowmesl ot ech.
Top 65 M or oBer oAy borthe RAgARHRA by ot Ur Bl T Ut
M crobi ol . Lbting the ¢BI(\@)LsBOFurd3 (Mar. 1, 1994); |. N. Aelchnovich & Y. K

Fom chev, in Gen MRS ilitMn Nak i
Gene 136( 1- 2):2317%9‘(&%)5‘65%3@?8&%6°S)ajlg'°éh°h%§§%°o“%¢ s AR Aichof 87(1): 145. 49

(Mar. 1, 199myfemstraq§porsdyvdhfe@ne!aww RIEQ @}b%ﬁla Tl methed loysselesdy. 306 (1987) ;

M Bagda%@“ BB 0@brotelrd thgﬂB@atellﬁﬁﬂa péﬁpl%%mﬂxﬁut(tﬂez&@dﬂ%erys&z%&) H P
Schwei zer et alL, in Genet. Eng. (NY) 23:69- Ichopadhyay et

at, in J. BaEtatmepyppeghanigsigringg, Séwalgwshf%‘ff)met*} O%eel}v%d’aé in J. Bact.
145(3) : 1448- 5637(%6ﬂﬁaoswg%cmgmad&nambawlfylmegfomngatanﬁéracwr@bu ol ogy 147(Pt

cAn- e usef LI ARERO AT b lige 1 SHE: GRPIE MR TABGRE | St ad i n Tabl o

5 as deri vedpbiwriciih@ng he rtatodart eplet omBsivekabdigons to &xasphegnof Usef ul

Expressi gn Vectors, ReplL£on, Vesh 2kt uFERQ BT, nPRNA.ARR3010 PKT261 -3

induce phage-encoded functions. Asami et al. (1997) J. Ferment. and Bioeng., 83:
511-516 discloses synchronized disruption of E. coli cells by T4 phage infection, and
Tanji ef 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 £. 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 PMYCL050 RK2/RP | PRK415 PJB653 PR01600 PUCP PBSP The expression
pl asm d, RSF1010, is described, e.g., by F. Heffron et at, in 15 Proc.

Nat'| Acad. Sci. USA 72(9):3623-27 (Septenber 1975), and by K Nagahari &
K. Sakaguchi, in J. Bact. 133(3):1527-29 (March 1978). Plasm d RSF1010 and
derivati vesvd heg/enisiare particularly useful vectors inpChespresent

i nvention. Exenplary useful derivatives of RSF1010, which are known in the
art, include, e.g., pKT212, pKT214, pKT231 and related plasm ds, and
pMYC1050 and rel ated plasm ds (see, 20e.g., U S. Pat. Nos. 5,527,883 and

Ger i vea 1 on b O B B R b5 Par Mo 5. 160, 760
erived fromt - base s ee US. .. No. 5, ,

to WIcox), W@ﬁ"%&&?q ?nﬁt‘ﬁg@@@l’ EEEJE?P%{’@? PEEFEM c??éon}aéoﬁaglfyaﬁtiiél%r ker and

t he repli cat tlesmasgapipbidktizatomangl@s] hfdiamapdie ROMEOEAP, aseridd. O her

exenpl ary useful .vectors i,?e%h#g]?on%%hose descri bed, | obat . No.

i 2d. in U S,
4, 680, 264 t ol BUHITEY ke Ry OgB%%Y’gf?ﬁ%raﬁwﬁglnftf()pg%msésiér €8sl on pl asmid
is used as t hdubdicpie@ssiconvepecipostion Withambtstisrnesirodiumant , RSF1010 or a
derivativetgﬁg I the e i L; anot her
enbodi nent, p? Q%%%g&gﬂ@gﬁ% ?nvﬁaﬁﬁg_’%gg%%g%BSW‘&%’@%%E a derivative
t hereof, is beveg casblished molgonlesaihesivnpepees cab fhisveptiay fisell wdre be nmai nt ai ned

in the host ggl.li oy, 4 LOR " RLKEE 88Re1 foh the plasm d.
This may be a% gnti b{ihgf&!ip(&;b%%ggihg{nda’ﬁ%iﬁg%%g(lg%sgﬁmﬁergat he cgrrespondi ng

ant i bi ot i c( spurifisatipg gelama and then fread fram thecplypn mrediclifyeboruresiayn-diker type of

sel ecti ong MBEKES prdSGAS thAQWRovk Db} B8yiAdHe actRitd. n adlith QrOkih @phWe- r est ori ng gene
where the plasmd iis used in a host cell t aE is auxotr?u;l)_hlc for the
~ correspondi naurtﬁteg_pstu}g lgl_II@l}‘l?affgllty columns or Ni-NTA columns. General techiiques are

further described in, for example, R. Scopes, Protein Purification: Principles and
Practice, Springer—VerEag: 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, 13(2): p/182-92 (2000); and R. Mukhija, ef al., Gere 165(2): p. 303-6
{1995). Scc also, for example, Ausubel, ef a/. (1987 and periodic supplements);
Deutscher (1990) "Guide to Protein Purification," Methods in Enzymology vol. 182,

20 and other volumes in this series; Coligan, et ¢l (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.) Geretic Engineering, Principle and Methods
12:87-98, Plenum Press, NY; and Crowe, ef 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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10bi ocatal ytic trait such as an am no acid biosynthesis or a nucleotide

bi osynthesis trait, or a carbon source utilization trait. The pronoters
used in accordance with the present invention nmay be constitutive pronoters
or regul ated pronoters. Common exanpl es of useful regulated pronoters

i ncl ude these200f1die fam |y derived fromthe | ac pronotrer/utongosidshe | acZ

15 pronoter), especially the tac and trc pronoters described in U S. Pat.
No. 4,551,433 to DeBoer, as well as Ptacl6, Ptacl7, Ptacll, PlacUv5, and
the T7l ac pronoter. In one enbodinment, the pronoter is not derived fromthe

host cell organi maihﬁro&(ﬂfsteﬂﬂréks@lrﬂ?(ﬁiﬁsﬁﬁﬂéﬁ,thetahey ptrtmmtraftioh sagleri ved from an
E. coil organism pronot er s

f
useful in exfﬂ‘%é‘%?f’lﬂwe BgPISEA( Iﬁg]m?:‘bl?"giegg SF‘f)er 5’?03? égréﬁ'flta¥l§$éntl on include e

g., those Ili {Sﬁrﬁ'ﬁaﬂoﬁ oﬂ_ﬁrbleﬁhs Gom Tiehis@en Bodlﬁxmm'pimleop‘mﬂfomohamnanmmt ers
Promoter | nd Doléegr%g%tgatcﬁ%q Ejegla‘ratlfg df}):e IR icd tmixj 5 mJD Mgl kyl - or

hal o- benzoat nes a ee, e.g.: J.
Sanchez- R@neb@ﬁza&bydlsxﬁ)gndnmfémbost €193, bivimpuladtionin alhu’éferslfﬁﬁJalM M cr obi ol ogy and

Bi ot echnol 09¥p{chc e85 Ns0%m NaPR YA MRLS 1 IWPBTT ALl f3M 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  about 4 M to about 8 M), formamide (at least about 80%, volume/volume basis), and
guanidine hydrochloride (from about 4 M to about 8 M). Although guanidine
hydrochloride and similar agents are denaturants, this 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 supematant 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 concentrations. 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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25Press, Washington, D.C); H Schweizer (2001) Current Opinion in

Bi ot echnol ogy, 12:439-445; and R Slater & R Wl lians (2000 Ml ecul ar

Bi ol ogy and Bi ot echnol ogy (J. Wal ker & R Rapley, eds.) pp. 125-54 (The
Royal Society of Chem stiy, Canbridge, UK)). A pronoter having the

nucl eoti de ve@gugae10f a pronoter native to the sel ect edThasbgsdials host

cell may also be used to control expression of the transgene encodi ng the
target polypeptide, e.g, a Pseudononas anthranilate or benzoate operon
pronoter (Pant, Pben). Tandem pronoters may al so be used in which nore than

one pronot er piffer HRAVER &6 éénaérﬁ@@mﬁqe&ga@rwthaerrmuo\nraemeror Libersane or
different in_sequence - Pben tandem interpronoter 5

hybrid) or aOFhF‘é.‘Bet?‘Idaﬁ‘a‘crﬁlglc?eﬁ?lbtr‘]btﬁﬁf@l”temﬁ)P“Wéf%g?tgﬁéﬁﬁr?): 9% m t he sane or
di fferent or gariBR¥own to those JREGU inathet 26 oame@t &l toifrhdtibze: RMERWt er regul atory
proteins in order to control transcription of the gene of which the
promoter is BOPErT*™fkere a regul ated pronoter is used herein, a
correspongli ng pr dmemeremﬂ:&gmimmiramrqwmbleiotypw'nldé ofdhsestoen fgandd tof an 10

DT eSS on XS ASEAAG bR LS RGP EAL DYRRk G dRGAPL 5 Of pr oMot er
regul atory proteins cl'u ac va or er catabolite
activat or protmbmges thlfferprttpmeme (fﬁrea@nrﬂammyontor brhfép,wrc peinbmes)- &@t i vat ors;
repressor prg iR BEEoR S mefBR  Jual 5 f4nction

regul atory pr{(%{%{e thgglgtemrﬁém? Fé_‘%a teﬁpo (gjrgﬁ Y Byn E’

regul at ed- pr embehrsml@wmecvle@mlemw;ﬂff atties polgsaler weightef epowWitii n the art.
I'n one 15@”b&qhtﬁi%ﬂtThe&él&ﬂa@%&ﬁ?eﬁﬁt‘réﬂha%ﬁ&h%ﬁ%eﬁl%ﬁl&e&% Ahget protein(s) and
t he heterol ogous protein of interest are under the control of the sane

regul atory eMgR@gte with amde@lﬂi‘ib%P@ETEP@@H?“&PWS}JGW%W@gh@f thePEiALet with an

ef fector conpewRdrnd pr@tem@r FNTRAUR G fnkeadst Wil e Firble) (RMmdnbEAY aksi bl y
associ ates wi,th the d\(%ul at ory roteln so as to t?%glﬁe the protein to
T SRSETS

ei ther rel ea8ifptepflsdiiage gp teahe thrypaogsiae P¥n 20regul atory
region of the germebipadsscdprowneien pbiiRpean bl idlere@fcat 4@ HekeABIomt her eby
permtti bIo kin eac on of a.tr nscri enz initiating
transcri Egr oﬂth?ffpm[ gélr?gml?i? B SPGB RS a?%mpﬁ %/] AHORE i t her

i nducers or foligaaps Bsaslcbutnen,amtrbddIEMseﬁzg@mpcpwtﬂﬂs camb}dqwdregamittove effect or
conmpounds an rat ui. n

r egul at ed- prg hﬂ{r &é{née?g&dtthe Igirgt%l?r }ng:r?lﬂi%ﬁlynr}?gt%l n%ﬁmethods areﬁvgilconpound trios
are known i nkitoma Hairht? artAﬂ\tle(bugwa@ntteb!ﬁwlst thgbripoptgraphin tdoknigrsed t hr oughout
the cell cul tune &f a‘?@rgis@&l rusi &f 44 GdneRgdiiment in which a
regul ated pr omatg se erusg 8@1@5 of a de%r red quantity or density
of host é@llmm%ﬂﬁs(e@nPWr%Brom@ effector conpound is added to the
culture to directly or indirectly result in expression of the desired
gene(s) encoding the pr ot ein or 30pol ypeptide of interest. By way of
exanpl e, where a®¥ R ter is utilized, a loci gene can also be
present in the syﬁﬁearnetefdl@ohﬁﬁ&xpmepmw1§blou&eﬂnmmtﬁryafomconst| tutively
expressed gen ncodes the otein otein) which

Lac re sor pr Lac r.
T o Do R et i E MRG0 Pk ShGu g 5 L0 ¢ o
pronot er 25s prb1eln| seradyre td’iﬁorﬁaﬂnonl &ebtger®ldagstaph s@ b esdidncnededryaind expr essed

Iengt he t ﬁ)e(p[ chosn{ Pl ¥ r?thon o #h]e ﬁet%r%lsogou? Rﬁ)ﬁuc? flgfgldplrﬁggﬂ)%ﬁatuer%t%mﬁé% f g?ggf;sa
gratui tous i bﬁchac@mphslwdhm%am%@l@ﬂ(atlsbprvopyﬂw@rtloprmhotggal act opyranosi de, al so
called '30951958&&0*{1};:98@}5@0% ‘Pﬁllo ﬁls)For%E nDpleeﬁ{%r fRsh b@ ncba¥a Q! N Of

pol ypepti de of I nterest éti:r\? e used. A pronoter
may be a pl aﬁihlmtobﬁlﬂymla@écub?ﬂopr“@th@tﬂérzed EtpiRiong @Sqdﬁ@ @Hed in pl ant

pronot er g caﬂ)upeedaoym{m*a%@a i) dhRnibadd 1§g éfgaamu&mpmeﬁl l'y positioned
approximately 25 to 35 basepairs upst ream he transcription

initiation site, Téﬁamterveoreemt%ef Interesé &t Bef%é‘ﬁd 7o &teP'260 basepairs
upstream 10d1h15121@g Aidafst &B@h@@ﬁ&ﬂ&&%hﬂmygm@vm ﬁMszf i®Rhentg eonsensus

sequence tha f i a us sequence lian pronoters
(Messi ng et Q‘LI‘G(E]@*B%)? M&g@enaérefl@“ﬁﬁ’gﬁﬁé’@q%ﬁ‘n rqgﬁg q;glmosuge et aL,

eds., pp. 2limdiflzed doh dtithint $u0mas té Ki NBA byluah by pimgroinedsr M- hiede addi ti onal
upstream activating sequences or enhancers (Benoi st and Chanbon (1981)

Nat ure 290: 304-310; Gruss et al (1981? Proc. Nat. 15Acad. Sci. 78:943-947;
and Khoury and Grass (1983) Cell 27:313-314) extending




fromaround -100 bp to -1,000 bp or nore upstream of the transcription
initiation site. Expression Systens It may be desirable to target the
protein or polypeptide of interest to the 20periplasm of one or nore of the
popul ati ons of host cells in the array, or into the extracellular space. In
one enbodi RERios/iag1expr essi on vector further conpri sescaustod/eissde
sequence encodi ng a secretion signal sequence pol ypeptide operably |inked
to the nucl eoti de sequence encoding the protein or polypeptide of interest.
In sonme enbodi ments, no nodifications are made between the signal sequence

and the prot Er'a&lent%ﬁSO@rmI@%@]P%% bg&r@fﬂﬂ aHeSiC] phioe)iainidgh certain
enbodi nents, additignal c|eavag gnal s .are _i ncor o&%}gd to pronote proper

processi ng oPENSE THIAG F’éerrﬁ?al’itﬁ?t‘OBFa"clﬁé’eﬁW HEt # S Br can have
any of the Cﬁx@fea@ﬁt@f{rhr&fdrﬁﬁndﬁ%ﬁ?duﬁeﬂnE&J@M@ibyhﬁb amﬁomlmmdnﬁcent, thfe vect or
conpri sing the, codi uence for tei.n tide 300f interest
further coanP@gQGaE§W6WﬁFmQEdﬁ5ﬁE%£ ﬁ%ﬁ%mgmgé@wé 18%B§$65%Pn equence.
Therefores i mdmnacamfepﬁlﬁrmmr phisROGmiVEISACEL €k ppafiyjeptinde hestoaedfaisi on prot ei n
of the secreg%pnf 9%0de a protein or polypeptide of interest. However,

t he secretion gnal can al so be cleaved fromthe protein when the proteln
is targeted to tth@emmphamﬂmhlmr@membnbudﬁMHmwbEﬂhﬁﬂhﬂnkMQéLbetmeen t he
Sec systen1s§%rngggfihgp% %hﬁ%gégﬂﬁbp“pk_@gjggpgﬁlde is nodified to

ére

i ncrease cl eavage o n si I'ON TM pET expreSS|on
systen1prOV|ﬂ@srhwhﬁgﬁ7@éﬂé1lﬁ*ﬂﬁﬁ%méﬁﬁﬂ@ﬂpﬂéﬂﬁﬁﬁV@MHEE&%WeSS|on i s induced
fro”‘thel§trQﬂgbﬁﬁhﬁqyﬁ&aﬁphﬁﬁn"@ﬂh@m%%ﬁ&ﬁ@hﬁﬁ%ﬁﬁ agd)imat age of the high
activity and specificit g he bacteriophage T7 RNA pol ynerase for high

| evel tr anscﬁ’i’zﬁ’ﬂ?lﬁﬁ of 1 %éﬂ‘bfélﬁ‘é"@?m?bﬂ{‘ thisesgiics, Galigen, g dpEPARGr | ocated in

the pronot er pdiRgic ShpRRMs @5 rdit BRERSIS {n%b'ﬂez@t%z@r&em&?/@réeﬁ@m gnal T7-based
vectors, |nprOV|n plasmd stability and cell vi g!llt di er and

Mbf fatt (198BY3 PHoNbl€E ray TBrHuey A T8¢y APares3bacey boéf el al.
(1987) Gene %(e@)oxﬁﬁimaéozooﬂjm BloTla € ¥/ € B iciMV sy Gk SmidysEs, the T7 pr onot er
and T7 Rwé p %serase (T7 RNAP) for high-level transcription of the gene of
i nterest. Hléﬁ evel expression is achieved in T7 expression systens
because the T7 RNAP is nore processive than native E. coil RNAP and is

dedi cated to tpgmgggggcrlptlon of the gene of interest. Expression of the
15 |dent|f|e5g7ene 1S “I"'nduced by providing a source of T7 RNAP in the host
cell. This is ac@ohtﬁﬂWb@e@plb@mﬁmﬁﬁgesacaBImemElcedzml0!16 piosare eight kishi ng a

chr onosonal ﬁN&P Tan RNARS der the control
of the IacUV%QE%g%%?%Qgﬂ% ucl gﬁ?%dﬁgggﬁ%y 5%%?“%%k%ﬁﬁg ?s expressed
upon i nddéti & ﬁﬁﬁbﬂﬁ@ﬁ§%¥1ﬁbﬁﬂ?%ehgﬁﬁ@méﬂ“mwiéﬁé@%WTQGmﬁﬁsﬁBAD expr essi on

system al | ows,dudiBdiay s&ﬁéﬂcé Slcb@fls tt b&feﬁmmt&esezsﬁua%@amﬁémﬁ protein or
pol ypeptide of interest through the presence of ecific cargﬁn sour ces

such as gl ucB@@Oth‘fa%bé’r‘glf“rﬁH‘Hm&%B‘Fﬁ g I(Oéirfwﬁwe gs &l qthey gy
Bacterlologyn&@$@a&)mm4ﬁa&m39kgmah@wnﬁﬁasvectors are uni quely designed to

gi ve precise con oyer siaon | evel s,. Het erol ogous gene expression
fromthe pBAD ve BFegnl?eﬁgé%ﬂ%td %j“’a’i'{w?%&g‘ﬁ?%?é&s”@ab ter. The pronoter

is both p@siﬁhmehmommdmaegahmM@@yhﬁg@m@ﬁbkdmbymthemﬁmndm@dw@ﬁnmhe araC
gene. AraCis a.transcri.pti W th
o bt nose. o ROEREUR LR Abo R, Hie b bl M el BIPYRHL
transcri pti oby acEor ofifigdionnsail ttreapgdatdrp tlicmerad caadirécy tae ﬁmnesmvmofehee nts are
required: (i ose binds to AraC allowi ng transcription to begin,
and, (ii) Thze‘)dhlﬁnﬁ%pﬁcg

The heterologous 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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30 activator protein (CAP)-cAMP conplex binds to the DNA and stinul ates
bi nding of AraC to the correct |ocation of the pronoter region. The
trc expression systemallows high-level, regul ated expression in E colt
fromthe trc pronoter. The trc expression vectors have been optim zed for
expressi on wobtiwgwigar yoti c genes in E colt The or pronetermsimsesisir ong
hybrid pronoter derived fromthe tryptophane (tip) and | actose (Il ac)
pronoters. It is regulated by the |acO operator and the product of the

| acl Q gene (Brosius, J. (1984) CGene 27(2): 161-72). Transformation of the
host ]g:el I's V"Eiph’es&&ﬁho\éﬁl@ﬂ%r(eaimﬂé $9Ismﬁzmgfhemeﬁwﬂm§5cmﬁhw mﬁd usi nlgl any
transformati t hodol o no art the bacterial host cells
may be trans'f?‘B‘?%&m%p*ﬁ?ﬁk?mf\gﬁf’émw g@ H’E‘8’bdl3f§’f’§t PR al ncl udi ng

cyt opl asts). ﬂ@(aﬂ@z{sahythhbw&ﬁbmsm emresreishoaiah ago asmmwhandiewﬁﬂ@tl on

met hodol ogi e ctroporati o rotop | ast i al
conj ugati on, ﬁlﬁﬁﬁy@?p%}%cgﬁ gﬁeﬂﬁﬁn‘éﬁﬁ b‘f’%@f@eﬁ?c ar t.e(}w{%% i Bsr%p[c llntgjrl de
t r eat nent 5 or oiGaCioMy2dtod(s) eeticheat theobe tH@efbexd 1Methb edonoyin mstdedds in the art.

See, e.g., I\/brrl rtiss & Curtiss,
Met hods i n Enzyno %’gfl%u%%%eéﬁﬁéggégﬁ%g&j’ﬁﬂgcmg@ %5'%' Sanbr ook et at,
Mol ecul ar Cl bmxpreggionAotstiba ) dlthe vgctvanih apicDragmedse ongggiore Kﬁpwi‘ér Gene

Transfer and JxXpressHeR: anfam&rc@tréﬁﬁyan%{&léﬂgure(rﬁg%@ﬁanccad?%e%térent Protocol s

in Ml ecul ar Biology (Ausubel “et at, eds. 94)). 15 Proteins of interest
The met hods &Hidod letwr@ﬁ@e atolifiprsiop Pk e hP-ﬁvéﬁ‘iIP@ﬁl doentisef ul for

identifyiing fcRde bhiur RSEERY t§tf$r%kﬂnﬂl@%nsb§ptﬁﬂilblﬁlﬁhcef Qhudakpduci ng hi gh
| evel s of a pro erlgqmgrocesse protein or e tide.of |nterest The

arrays are ud@plfiom %@é?@@ﬁﬁ%@@r&mrﬁw%&eﬁva 6‘1*18@1(51&‘0%‘1% or

pol ypepti de @bp hg’ﬁagrmtcngﬁonaayhu&nﬁz@b@@onméglﬂmor@wymtmm rHlQwexeb; in certain
enbodi nents, the rot ei peptide of \ IS a cf}her apeutically
useful prot ef;argisfiﬂfu 55t ngﬁrluﬁ O“d%ﬁ q@‘c‘ﬂ‘fﬁ 6‘511 F?@n?‘gype[“ﬁl@ Bein can be a
manmmal i an pr edgedndes, dkich AR Bemilfhuiva sepiobe iparifiarich, em:b’brhnmatuﬁrm*f exanpl e, a
grow h fq§t or eareg % (Iﬁl ne...a chenokine or a blood protein. The protein or
pol ypepti &t ‘épsP ¢an be processed in a simlar manner to the
native protein ormpuitlgepemoduhwnt the exmessian recembuotienrempeses atag protein or

pOI ypept i de Qeqlléngé f?dr a%grl:t {0 tﬁ%%o%%i sécﬂ@l{ae }Oqg‘le p?o"-l)em !)t%ﬁ(ggd?la figtellég rl ess t han

3010 in size n ce taln e the ‘protein epti de of
interest is anqolbygiept iie tagicaenc: elesrs fatrwficagon gfghe IE?JCIHZ Ct?s%) 40, 50 or

100 or nore gqmihee @aﬁfbgénafﬁﬁl{l;hgg 6RALDhSEINENRE 0 e BioRleli N OF
pol ypepti de of interest can be a native codi ng sedquence for the

pol ypept i28e, epodivear thasffBity parcanie s elyighienpr-Erefeant pobela 10686 sequence

that has beepss®! EfloRGbent MREANEHCh AIY IR IO ZBAndlQk oEich fibr@feneXPr essi bl e
formin the strains of the arr

a or, exa 0 m zi ng t he gene to
reflect the POHSRE Lddagienaisppe gqﬁ%@&é%‘i‘g@yé’b"é‘?ﬁé g@hf&‘??vna@ $ £ uorescens
or other sui telthel fobi gawnSidingpirtngenefudPt purifizattonon, one or nore rare codons
may be renoved to avoi d ribosonal ng acid

m si ncor por at i on. %tgm-einc%}g éexbe aﬁgorémg !0 the%reserg 1nvelg}10n can 1né3[1rlge

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 ef /., Bioinformatics 17(12):1123-30
(December 2001). In addition, either native or synthetic RBSs may be used, e.g.,
those described in: EP 0207459 (synthetic RBSs); O. Ikehata et al., Eur. J. Biochem.
181(3):563-70 (1989) (native RBS sequence of AAGGAAG). Further examples of
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internal ribosonme binding sites may al so be elimnated to avoid truncated
protein products. Long stretches of C and G nucl eoti des may be renoved to
avoi d RNA 5pol ynerase slippage that could result in frame-shifts. Strong
gene-internal stemloop structures, especially the ones covering the

ri bosone biwwliwgisisdie, may al so be elim nated. | rcotUhEwsemdxedi nent s,
the protein when produced al so includes an additional targeting sequence,
for exanple a sequence that targets the protein to the periplasmor 10t he
extracel lular nmedium In one enbodi nent, the additional targeting sequence

is operably hbhbk®dvetrs! M@ e@ldBOXMrdtu@ASHH fids eléfneﬁtﬁand)cb’tﬂﬁreiemenﬂ n anot her

. enbodi nent rotein includes cretio I totransporter
a two partnewwg%gf@?rﬁﬁn§V?F@Hfméﬁﬁﬂ? l?éﬁhRHgﬁ%bﬁgﬁ%ﬁ5§@£Pgﬁka& a finbrial

usher pori n. anBhes. g?anerss)lzsham tor@Roy dr aBNes. a’@nsrbrm&lgdz wiRahimlerer are inserted

o one or ot &, 1BVES! 95 ANt LR LANSLOL T, g epchsofest e host cel

popul ati ons c acrd or a huel ‘eot1 de’€ard to be
provi ded pn @riGriexpt evaéUl:S Batf Ige. i1 6W8@s Wilket.ei ¢ acid or a pol ynucl eoti de

that contains at ﬂ@@?&n&ﬂ& %@A'éxﬁ‘b%n&@l@h&&o%g&"sﬁ%&%ﬂof%{er&}?% one or more of

t he host cell populatrons o the T nvention sive sequence information
required forinpetsedhy averigane tibercesvduegesietithe vegerrgplieeidi higictlechni ques i's

wi dely publ i &Jthc@?é@fecﬁ%@nge‘%&ﬁé%fbﬁA%ﬂHiy%B&xtﬁHﬁh@%S(ﬂ% sfquences of
manmmal i an, as well as humen, genes, (Jq;gences am no aci d sequences

and genones BATCHRS thrameiedo W@W@HBEWR’“&*E #Heplgicprdyde garious

www. ncbi gl npRiLD R EMfez. Additional information can al so be obtained
from GeneCards, an el ectronic encycl opedi a i nt_ﬁgr ting.i nformation about
genes and their Z25°@¢lgdtiepger lReeus F PR et ‘E’Eﬁd 5% 5m t he Wei zmann

I nstitute of rePedaBRiCMd CRROBR ndifersBierhifting Erifo@Sion of the host cell and a
(bioinformatics. wejz .acl.Ucar ds nucl eqt se e i nformation can be
1’0 obtai nelOFF B T MR PG 8 g Dt AP HBL

(www. ebi . ac. uﬂvdﬁtﬁdahﬂs)ru@ﬁrattsb@eﬂaﬁsmpmhmmls cambelcapaeni f(dalmgonq

www. ddbi i 9,8 iditiona o _acid
sequenceslg'| ndcgcg tbf)e es Su%oa\%nl%' @0% < e?lﬁte:k %r(%g gadgl{bs@mageéoﬁebm te
(Www\ nbrf. Remst sc‘l;ectl{pmtelesj ammgdﬂ)ersaﬁ@e@wgsfg sqaugrtces are used, the heterologous

(au. expasy. OEO%L%QE En{cg R0%mbRR lr{%gjobnatmﬁﬁlagglatgﬁ hi@hiBsSadshat can be

expressed in't nventlon I nc ecul es such e.g., renin, a
growt h hor nofseninitioe fageénaes. tdrieasigeloausndssrnsblee! dissiteremgrawnil hor mone:

growt h hor nope,RhRask RerclidCdrAle raRdal WA ShidRi Rkt tb@l d 56
stinmulating hornone; |ipoproteins; a-l-antitrypsin; insulin A-chain;

i nsul i n éoch%?nwnﬁ‘peaap?f@m4?«}5%?%6156‘}1@?%ﬁ*Nfe&Fllnﬁld#*’émé?auﬂ%| ating hor mone;

cal ci tonin; b&&&pﬁuezmmnda%maehdr@leuﬁ@gce@ sGhikdibmer shirgiirie s such as factor
VI1I1C, f act or adsfacto anti-clotting

factors suc hp‘ﬁéﬁ’(ﬁ%Pg‘?’ﬁl?reé’;‘cgﬁ‘ft?rfﬂﬁgouﬁ B’Eoﬂ‘r“it iN cljuﬁ‘%{’cpro °PUgF fiif g Sg urfactant; a
pl asm nogen agiprivadieor mstdGdgadSrowim ot MABBorOS bt thetdof@s discutsedsue-

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
mvention. 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, RKS,

30 pRO1600, and RSF1010. Other examples of such useful vectors include those
described by, e.g.: N. Hayase, in Appl. Envir. Microbiol. 60(%):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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type pl asm nogen activator (t-PA); bonbesin; thronmbin; henopoietic growth
factor; tunor necrosis factor-al pha and -beta; enkephalinase; a serum

al bumi n such as human serum al bum n; rullerian-inhibiting substance;

rel axin A-chain; relaxin B-chain; prorelaxin; nouse gonadotropi n-associ at ed
pol ypept i deyo aogrniaaabi al protein, such as 10bet a-| act arasaszddneaes i nhi bin;
activin; vascul ar endothelial gromh factor (VEGF); receptors for hornones
or growth factors; integin; protein A or D, rheumatoid factors; a

neur otrophi c factor such as brain-derived neurotrophic factor (BDNF),

neur ot r ophi Nin3ur Fepics Mici@biok. Enilidbt. 86:4NE7 A 98 NIT. Bshii@F «/N&r 18NS Or a nerve

duch as. car MR- doosert ey AP E BuehGE a vR RorihRbr (PoCE) -

fibrobl ast gmawnk 14080160465 sMeh 1 BS$9%GE TR &F%kaﬁpznd&ﬁﬁ@lls‘g(ﬂovvt h factor

ol udi ng- TR e ey 490) §opBod AT S SA Tes Sl BRaBRE AT P o
growt h f agt ofonks &NdGuttersof| iGEede ERE2PEFO6 (1987); de dYagdSriat @R/ inUsnai n | G- 1),
i nsulin-li ke%h@ﬁé‘ﬁ%@‘@&%&b&'agﬁg% P51 o1 gén%I ehaenSpstyeas CD-3,

CD-4, CD-8 eryt Ppoi etin; ostedinductive factors;

i mrunot oxi ns8l @OM%W%@UMWQHbrﬁ?@telﬁ(loBWO(Jﬁwafb’d?%Bfféﬂbn such as
interferon- alw%&lmy qﬁ%%ac@n%é% 19@513719(Ma%ﬂ|1@@1>5 b RMHb@Likng of agtors (CSFs),
e.g., MCSF, interl eukins (ILs), e.g., IL-1 to IL-10;
anti-FlI ER-2 Mﬁf@‘b‘é@@’ 144@pOre ki Felmamidlide: T-cel | receptors: surface

nmenbr ane |gr ot ei Ngrkl@caM fp%%?éxife@sﬁdn&@ct&@%%an b idefill 1@%!;@@1[10&12@5 such as,
for exanple, a portion o | DS envel ope; transg‘gtrgireg%t ei ns; hom ng

receptors; a%?‘@g%i“%de thesg divted i9rigblp P 8t drived frognir By B fragments of
any of the above-1listed pol ypepti des. In certal n enbodi ments, the

I polvpepntidecan-bhe selected from|1 I I H b
Prote! 1 oL PRLBPRC A Rp R etashstbron Ll e Hb L2 L3
|L-13, IL-I5Renlicdmg |1 18 ¢ 1gpps [MECWHS) 11 54 \ip  erviheohoietin,
GM CSF, G C;RPSIKLL CSFplatel et derived PCN3OLP , FLT- 3
| i gand, EGF RSEJPQJO\hI ncf gro owt-h--f-actor - o M—1 FGF (FG.E 1) . 13- FGF
(FG--2), FGE-3—FG-4—FG=-5—FG—6; c.}P @F‘d HastHnr—tHke—grewt h factors
(e.g., 1G] ) fPEBgﬂﬁ_r { TNF.- -byphet oxi n) ,
nerve grow | 0 | ewt-h—fart or
(VEGF) ; inter Iy } ema—+nhi-biHH ory factor
(LIF); cilia 0 —stemce|l factor
(SCF); transd ct 5P TG--02,
TGF-133); TI focer FALLL/ TNESF13B ( BLy5,
BAFF, THANK)—+NEalphat TNFSF2_and TW: \!E,. ESEL2 ) —or—ehenpkines

(BCA- 1/ BLC-1, BRAK/ Kec, CXCL16, CXCR3, ENA-78/ LI X Eot axi n- 1,
Eot axi n- 2/ MPI F- 2, ThExaeltssie2 i, RSFaEinaik Retsﬂtﬁi’/cﬁleig (NyECHeﬂﬁ'pn ER0aih pha/ MGSA,

% Srop. %ﬁgﬁﬁlﬁx‘%@‘gﬁt B S{/ éd-ég) 3&32 b&hac}’s de%N%gahNCg

M P- 2. quadr aKu$$ag‘u®iﬁnquﬁxdr Armas27-mM Wﬁc‘d@aﬂrﬂawéRﬁl@d@mdLARC,

M P3/ Exodus E / PA| , TECK,

m cr obi al to%nﬁ’ls_tges aﬁeopsﬁl%%)?%%&%aﬁésmtﬁ? ‘g‘ é@rz&\ﬂxg ntigens). In
one embodi rrent’_&eﬁd)ﬂertvmemwrwl&Wkrlemrpbnpwmlhélepﬁdtl@ﬁdﬁ o HKi2étest can be a
15mul ti - SUbugllk{‘ZJerﬂéﬁbi‘aﬂlelQ@h }419%9&4 g pMMEE 1056 WRUBL{d PLOLiG! @&, that can be

expressed in omoneri c and hetéroneric proteins. The nultisubunit

pr ot ei ns 2fray cEnEISubr: Napod- o7 &bl St8dAt 'tosThP‘ﬁ&f‘Lon el - 5ec R e Ssane or

different. Fgm@xmpbl@ma 19@3@1& Hbrﬂ@d’fr&ﬁth@R@PIm%EdeQ R&Htiei n conpri sing
2, 3, 4, 5, nore subunits. Teproteln al so may

be a heter orrﬁﬂsgmp(ﬁ‘i‘}t%$ 2t N@I %Eﬁgﬂéo? Wicoxy whigh cggriesa reglated 19 11, 2012, " or

mor e subuni t wradpyi@idPdsatayicdMrkdr SabtiRtchlidation @b Rbbilipglon tei frdvetept or s i ncl _ud! ng

ol ggggr‘e' REERNY aSia Behe ACE ) A Bl L X QRN Fesi el s g9 chondroi tin;
25  Pat. No. 4,680,264 to Puhler et al.
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i mmunonodul ators including MHC proteins, full chain antibodies, and

anti body fragnents; enzynes including RNA pol ynerases, and DNA pol yner ases;
and nmenbrane proteins. 25l n another enbodi ment, the protein of interest can
be a bl ood protein. The bl ood proteins expressed in this enbodi nent include
but are notwd bdssAReiIt 0 carrier proteins, such as al bumparstesedissag human
and bovine al bum n, transferrin, reconbinant transferrin half-nol ecules,
hapt ogl obi n, fibrinogen and ot her coagul ation factors, conpl enent
conponents, imunogl obulins, enzynme inhibitors, precursors of 30substances

such as angi ot engj Bneaea@o&afx@dydnc‘ekmﬁmbmmhhghqemmteaﬁessﬁn védt gl obul i n,
including alpha, beta, an and otheﬁqﬂ%ges of proteins,

pol ypept i desa“"éh‘?ﬂ"‘“?'%"g'&ﬁ%Bé‘gltolll(é?ré’dkmfa&u?l@erﬁ?fIWF‘? sy &%l ood of
manmal s.  ThevarNesiaintih&RaueNees, MY C I3oer Odtsvhilvodrept, 6t €i ns have been

reported (see hem Physi ol . 106b: 203-218),
i ncl udi ng t hB™ gﬁf‘ﬁg Oé&??i“’gtévﬁﬁéeﬁ??g %%Fﬂ%eﬁpféﬁff’ar%ﬁ’fbum n (Lawn, L. M, et
aL (1981) sNucl ei cThAplagsid R&ﬂeamaa)inamea 116th® Best &11b4 inchaioa ofwiekctiocrer um
transferrin (Yan et .aL. (1984

81: 2752- 2756§” Abendin ol TRCH "‘%Ca{’%bl\‘l%" s BB an
enzyne or coedraetooding éﬁhblomis)ym@slecundIEd@nIkamoorr@dmmppmx edleitypetofii s .
enbOdI nment I EE@JCH&%Q% %mgﬂc%t @g 419'016’!1‘(3) %{%ﬁnﬁ Qfﬁ(.‘.lg%ﬂcdases am no
aci d oxi dases, asp artas endént enz s, car xypeptldases

car boxycst er plewsid Nclaadbmmsy@éldl@t IS@htqmplrlglf@sthn corgapendigg ik eAg2 enzymes,
cyanohydnpn gyokekas@such &Yalaahill LRGiRYMMdIR LS cAEERHRRNYIES BSit,

10dehydr ogenases,  al cohol dehydrogenases, dehydratases, di aphorases,
d|oxygenasesO“@ﬁﬁﬁ%émﬁﬁéﬁ@ﬁﬁﬁ%%mtepOX|de hydrases, funerases, gal actose

oxi dases, gl ucoserni pRABIAILS) in BcHRIRTE “mnmq;seg@t Qe R B b asf er ases,
nethyltransferases nitrile hy drgses gle05|de pgg%phoryla

OX|doreducta§§§m“%§?HWF?$H§é§mmﬁ BFWHE?% OMIgPR, TEEY fidremy
per oxi dases, pema¥RRE I §REk dfthedarhinedeapaiitonCht lay p@aibiey @ e lifpladzy pept i de,

tissue pI sm no act | 0 oklnase ti e k ase;

at al aso. SsupaRg D arieliie e ot AnrdBSes el S A Relle S

aspar agi naseto Lafoctoiryetilab Beels) l?tacda,rmmilyblemwdamiehq THicqtreasesin trypsi n,

pepsi n, ChyITDt re%ﬁ)sélmbntqﬁ‘cp f?rombt 1'4 9{')?%1 e frm%c%he h%%%nﬁ"gr% %F Y &E‘ELH‘ dasc;

| act ase, maltase, sucrase,  an I NOT ur anosi dases m& n anot her

enbodi nent , mh@mpmmﬁehnmommnnﬁémesdﬁ@@nnﬁewaosmmghe chain, Fab fragnent
and/or full cha ’tgﬂﬁo'nQQ 1égrof£<rnaigé*§rgéaoﬁstelqu&dlmpﬁe&%%%msA si ngl e-chain
anti body can include the anti regi ons ant1 bodies on a single
st abl y- fépdeepcprdlngﬁetbwe@n@h@mm fFrdEﬂef?&gh%ﬁilﬁe‘blaﬁa‘HEGa pi ece of a
particul ar anti body. The Fab fragnment can contain the antigen binding site.
The Fab fragment can contain 2 25 chains: a light chain and a heavy chain
fragment. T1g@e¢£§ﬂ$ﬁlﬁf0~£39‘hﬁf{cﬁ@mteﬁ‘kpd via a Linker or a disulf de bond.
In other embB@M¥shts the protein of iMMFEst i s a protein that |s active
at a tenper Prire from about._20 to abo tHlﬂﬂﬁnpqrﬂurﬁne_enhgdj_n:em_,_t he protein
is active atPmhysiological tenperaturddUSHAPLRBEact | vated when heated to
hi gh or ext Bie 30 fprrnpr atures...such el rblp-REnpes oyer B5C I n one
enbodi nent , Phe protei n of interest jg? 'IVTQ{E@D'N)I‘FQR%& is active At a

t enperature Psasbm about 20 t o_about 49(‘,Sahﬁqusr is inactivated whcn heat ed
to high or extreme tenperatures, such as tenperatures over 65C, is, or is

substantial ly hongt Q@omah&h,ez-aoﬂ%l&ﬁe I QIr&iz8 (19533 0Mandd oRInAddkiaY € manmal i an
or human prot ei

Mlcrobloaiogy 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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not expressed fromnucleic acids in concatameric form where the pronoter
is not a native pronoter in to the host cell used in the array but is
derived from anot her organism such as E. coll. 5 Host cell In one
enbodi mrent the invention provides an array of P. fluorescens host cells
from whi ch w@20piseal |y produce a heterol ogous prot ei nror/usspsdaessof
interest. P. fluorescens 10 has been denpbnstrated to be an inproved
platform for production of a variety of proteins and several efficient
secretion signals have been identified fromthis organism (see, US.
Application qu:és&1&%fitmrah4gein%c£ﬁ{g6ﬁea&@&%zl?/pepﬁdmee Pseucaomoads system offers
advant ages for ¢omre rgi al 15 I’eSSI lu%’ i%/% ti des and Enzyrres in
conpari son wAHPBEHEF %é@feeorpFrﬁf’ CRpre §1’t &/ PromRtesdPYiacl ar, P.

fl uorescens bﬁ&ebﬁeﬂﬁdhdﬁmmd@dpmo&msadwmmﬁgam tceanpmassvhmbrsystem P.

fl uorescens nco of ¢ no gphytes that

col oni ze soi ?Oégi‘%ﬁ:aﬂﬁg‘iﬁ]ﬁ?gﬁﬁ %u%fi%c enetﬁl\lner rﬁorrné%r %@50 Oterrm al enzymes
derived ffo nhfbndf dradiae e neidirapembee or wheltr toivediion ¢heeamd aronnent al

contam nat i oglffeg&oqq%g&gent additives, and for stereosel ective hydrolysis.
P. fluorescens is af so used agri cul tural ly to control dpat hogens. U. S.

Pat ent Number 4, GBSuldgPpramsiens piéss praveie BeplRiorasgtionn ofder e €omisl nant

bacterial profgRifsiod & tﬁ)c gchd Wh?c‘ﬁ(%@eqﬁomoter isa a'x’pW@l&@Ereghfatehﬁroﬁgf&enpl at ed
that alternate host cells, or even a [I)|C|t of different host cells,

can be used tbGS%@ma%@@Wowlﬁwf)@@fﬁﬁjmﬁﬁt%l’@tem‘ﬁ%‘&l“'PP%/P"ﬁfo phenot ypi cal |y

30 distingt BosksiGelyiom bbtakdildayfe BREMA: BORALA. GadhplesPBibbeL t 0 nodul ate the
expression of one or nore target genes, as di scus%ed supra. The host cell

can be any of§HAPYRII SR wls: %Caw&gtpr%%?fe%g -cafohgat Pil%?fé'ddwm?tﬁlads of

:< dentifying mng[ﬁbtelgems fmma@@ﬂpt&fnmﬁﬁx:a?sserebtessbeldo&:ias E@blrzeamé and ZdaL e
nown 35 in art one sKi In nder st an ow

to  tenti ty LGBl ea e e Gates: G- CUr RO ASRY cel 1 of

i nterest. I\/afegulmtfed-plbﬁaseﬂp*ombten Rgul&6e-praedih pd{n@@wknown inhle: aar in orSee, for

exarrpl e, ly SernbP etn é(}] Qpr,sgl,%lt&;:gocl)ll;]tru%y R)r h% ?arg {él%gs% ﬁe{ he%él(gg A!SQ Host

ceI I's can“be“se am ne a rve erl a gr oup 18"
"Gram negati m@teﬁrcdﬁmbam emdeath5cmmfdwpamﬂbgulsow@kmad as the group of all

subspeci es, varl o4l 68 LA SacAIRLDSh Shapashabuinite of the speces

Pseudononas f | uor escens,” 1 nc ose on , to the follow ng
(wWith the AT@@mnnddbmaverd@bm irrevwahb@ﬁsgm@tps @x*etg@reavlgtowrcmlmw tShown in

par ent hesi s) enaEl%%{ég) ﬁ'%seltherfrélé&% Sfbﬁﬁ%att?éa@tto\ﬁQQNé\traﬂ&cﬁﬁn&lm | ed biovar 1 or
bi ovar I ATCC 135 Pseudonpnas fl uore. scens bhioty B, also called

bi ovar 228r BESHAR r?ﬂlor(%ﬁe@elle?M@)undfwél&mmﬁSﬁ%@e PPREFRLEERS b otype C, al so
cal | ed bl ovaf)elﬁn@{gd@b@maﬁg thé Lcn()NfQGra%MQQQe enB&QUﬁlQﬁfﬁﬁﬂgStrafnLdﬂ@ﬁ&lSCenS bi ot ype

F, also call qu bi ov 4 or biovar %@% % \)- Pseudononas 5

1l uor eacens. B B g5k e o copPeRih BaCHOTAR ERG Sy A N ERC 5 18)
Pseudononas fhk%Qbﬁﬁ(ﬁﬁmﬁn&lhda\naﬂivc‘éffcctcﬁ‘S:empi@ﬂﬁmmﬁ ofatuitouséstesnts Pf 0- 1;
Pseudononas f| uore CC BAA- 477 udononas f | uorescens SBWS;
and Pseudono‘ﬁoé%pof"f o%%’r‘é’ﬁgﬁ%ﬁ%ﬂgmm@é??ﬂf & h?‘ﬁélpf\?glﬁ%%é The host cel |
can be sebectwabofundorivs'@ lamwn éght v éltRpigheobidctoe rérepoBubgn bw@edo 19."

 Gram negat i ye, B0t RODACLALL & PURALAND il Fre Rec B HENS APu A, O OUP Of all

strains of Pseudononas uor escens | oty parti c referred
strai n of t hiegulbtedprypetei is uged, aﬂ:tbmgs@\ethg’éhéesgwcmmnlmmw 9@@%119.6 . Pat. No.

5,169, 760 t Obi%ksg%)appr@ﬁg,te 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 Jac 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 /ac family promoter is utilized, the
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derivatives thereof. An exanple of a preferred derivative thereof is P.
fluorescens strain MB214, constructed by inserting into the MB101l
chronmosomal asd (aspartate 15dehydrogenase gene) |ocus, a native E. coil
Pl achl ackl acZYA construct (i.e. in which PlacZ was del eted).

Addi ti onal W 2dodumas@scens strains that can be used in teheupresentssi nvention
i ncl ude Pseudononas fl uorescens M gula and Pseudononas fl uorescens

Loi t oki tok, having the foll ow ng ATCC desi gnations: [NCI B 8286]; NRRL
B-1244; NCI B 8865 20 strain CO0l; NCIB 8866 strain CO2; 1291 [ ATCC 17458;
TFO 15837, Nﬁbl%eﬁ@ébﬁals&-l% m&iﬁ?ﬂaﬁe&&@%f:d Ry diblieﬁidﬂ@ystdﬁ\l\ﬁn Ehk@@08966 NCPPB
967; NRRL B- %@?Jf 134 CTCb10038 NRRL % 6’%"6 | FO 15 40 52-1C
CCEB 488- A [ B %@f%l\?rglg‘}eiﬁpm‘?}%ﬁfr BB CAERERS YA 1 fam 1055

[ AHH 23]; 1 ki@, ﬁﬁﬁaﬂa%]yag’c&ulfo&iﬁﬁhczﬁs’ﬁ%asmﬂ“cﬁi(ﬂobropgm 1booren de Jong 216];

18 [1FO 15833. VIRRL 3 25[ TR 10 | FO 15832] : 143 [IFO
158:[36; PL] : it ﬁOPXE?“&%de ‘ﬁ%a‘%s?%‘im‘lyltg’ﬁg"[ %%5381 P573] : o [IFO[
15830] : 185 [ W2 |_For dxpredsB: df b FOCLES 20l p@EI]F:intdr8T, spNIPPBr@68Y ma188 [ NCPPB

316]; 189 [P ( | R-60; PJ
253} 196 %P?gg%eéfédz%ggf"‘ﬁég]'i%&’ggpﬁ‘g%i Eag’é%‘ * I%H%t élg‘%%% I28%6[ P5 372]
203 [PJ 376] incladef if pROPISEES: capbe8PATA posoGuidbegeoznaeBoy; PQICGQ’Z] 207 30[ PS
693]; 208 [Pfo&%ggda %%%ma{cﬁjzs%?'%] base%g.—lgs L%Etéaé‘}?\ﬂRof tl?e]tﬁmicﬁ [i@85]; 267 [B-9];
271 [B- 1612 O 15831; [4: | FO 15841]:

KY 8521; 308mMitiagen 9te, anf €3G 1px. lwate@*?ﬂwemﬂﬁ apd W tB@BalPBP}“?&IBS FERM P
3328] ; P2563n{p‘fa%E§MhE’c%&% bok %Y 136 8 8ifferehAh<bA0 sdadidbd ihalhd ; AS06 [ AS-06] ;

AS05 [ AS- 05- ée [A5-26]; B69; 72; NRRL B- 4@0 P;ﬁyf% g9§ B 11615]; SC
12936; Al 61 ﬂftfﬁfa 29492085 Secﬂll-e“‘i%‘zf?l THppmoters (opging ﬁnNCI B 10586;
P17; F-12; AcMB:i257, meWPla@&mg ﬁﬁb@ﬁ% 21Nl227)8@1 a]:lﬁﬁﬁ& BNL- W/C, NCTC

2583 [ NCI B 819 113; A B.295 03; 1062; or
Pf-5. In one" EH%S%&E’H@HI““%‘H% ({?8 &%@ﬁpm&éﬁﬁ' agee e%;lg:f“fes BFE of produci ng
a Sprotein O(Bepmktyip@ﬁhmd)enCiDS])MeﬁemO 304300 &Hﬂmbmgtca(FBSI)‘Pmoﬁ\bscens cell as
descri bed_abqy oteins or

pol ypept ﬂaesg% Ifit grggggf&f n%l - )éléérj ﬁ?snﬁ%%é?ﬁlﬁ 3(%2%??&%%9%“ cularly E
coil, becaus&omfrouikilfo hfrsbatQOQ@DWmm@mp@mmv@hgmdwﬂp@mwmt@%ﬁts and

pot enti al capacity to produce protein in |arge batch cultures. Yeasts are
al so used to express biologically relevant proteins and 10 pol ypepti des,
parti cul ar | yEfmessipedsgreh pur poses. Systens include Sacchar onyces

cerevisiae or Pi ahh& RISLAE S tarERQSEr S¥i8 bENTy RS R Welersshafact eri zed,
provi de gener ally acceptable | evels of total protein production and are

conpar at £ el PeriplEm obeng of WéS‘%;S’éW%PWImP‘ﬁsOéE‘P“E@F fr @sPBrESS B8y st ens have
gl s;) e”erlgledeﬂﬁce@lﬁlaﬁé b Mddre Rbo M@ RS RESLNG véﬁ@l{ﬂmieﬂwﬂ{pnwbat eins in )
iologically a | n. sone cases, . correct ei ns that
re st -t ARCTLISHUIS cHOMIE f oaCane Bl Rl PR RSl |

expr essi on syshefiBleotildeduare éhbmegﬁebmmicﬁlpo@p@nye ccfeﬂt&r&,t Ihawee al so been
used for the {n%%s';%”mé’lﬁcg&%%'e%dé’g L YPERLLIAES o 0 am{}heerrg f Ona small
scal e, these® expressi on"sys are o fien el fettive, VB0l ogi cs can
be derivéd fpgwiypemiiepfisteregatibwevst, ar deytain embmiimets, addithortaltaheal t h
applicationsg 1heGE Sind phant cel |,

i ncl udi ng, bu a%(?tﬂﬂﬁéo l}ategﬂpgghl%?} glgl%{))&gslel Q),? hgor r?lOtéé gle ({h?r om an

Ar abi dopsi s spuebieds; potato or rice cell. I n anot her enbodi nent, the
host cell can be T%epéc%@ﬁrﬁ@%t/é&y%@!hl:cl?&%ﬂm%&saespx%ﬁ%dvél mGgé | including, but
not limted to, an Escherichia or a Pseudononas species. Typical bacterial
cells are de&Bbqdiesat thd’F’“@)@&Wﬁ‘FS@lgtﬁ‘erFOd‘B%%ﬁF%@FthE)lpré"r‘%‘i’rtPQ yPEBHES eria 25 and

Archaeansp, arigBRRI@MheAfontpRe:s DRhdl E@u&cele%gusm&n sipaDMlERe. by Dr M J
Farabee of the Estrella I\/buntaln Communi ty %&&/ % a@{_‘l zona,. USA at the
website ww. enc. maFielst PLreaup ‘i!i'ftﬂy?lﬁ%‘?fa PERERI EPEBUSREN 9Br si ty. In
certai n enboth sRAkiSH siffACandaptot@e bl pob@epiide oBiniRal dioweradheGedrdtionand can

typically be a P. fluorescens cell. In other enbodi nents, the host cell can
also be an E. coil cell. In

‘FU
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30 anot her enbodi nent the host cell can be a eukaryotic cell, for exanple

an insect cell, including but not limted to a cell froma Spodoptera,
Trichopl usia, Drosophila or an Estignmene species, or a mammlian cell,
including but not limted to a nmurine cell, a hanster cell, a nonkey, a
primate or wa hugmBmecel | . I n one enbodi ment, theprbous0exisiisgan be a

menber of any of the bacterial taxa. The cell can, for exanple, be a nenber
of any species of eubacteria. The host can be a nenber of any one of the
taxa: Aci dobacteria, Actinobacteira, Aquificae, Bacteroidetes, Chlorobi,
Chl anydi ac, &hardahbexbe czéabéaw’ﬁdno@emteaﬁyllem@ejw@fseJrgm t5ef erri bact er es,

Dei nococcus, Dict | om Fi br obactere rm.cute obact ria,
o o e Lt roliara e R e YR AM S5t SR SFRr S
Pr ot eobact erind the&“ppnm)e:haae,tpqsme Therdifrd esindrabdetvedeiof the Tvestinmsizal. obi a,

Ther mot 0gae, Therrgcgpfilpﬁ(gﬁjf éfEI)T exgrlgzssi)é%rs% e%xorrn\% C(S)?lfh?gh léve oégro?eﬂpc’dl ment of a

eubactcri al host
eubacteri f, eudictoi Eng)r@ylalmslwiutadrﬁomtheliﬁh@T‘bamr@mtaI Thlgsxqteuaﬁi@al so be a

menber of anz}av%q e 9%%9}535 gﬁ%ﬁ%{ﬁf‘gﬂ%&%&%%ﬂ%@%%ht@ host cell can be

a nmenber of any ne 0 acteria, Betaproteobacteria,
Gammapr ot eobesdirerdsafor Eshieafirt@n@mmétoéﬁhﬁ gene of infepest [Tomloe opc&tdtact eria. I n

addi tion theghesti, ﬁl@Bro%te@re@ﬁﬁ?%%d@sfhg@@)'regtﬂﬁloﬁfthaﬁ lﬁﬁ‘dlﬁ(ﬁ?éﬁf? based
Al phapr ot eobact eri a, Bet apr ot eobacteri a, or obact eria, and a

menber of 15veaiRg: @]@W@@laémld@mmnéﬁ%\b%t%wm hnd MOﬁfaﬁt (&8 Embodi nent  of
a Gamma P ot gebagt ehdidy 18081 1 11 he rhQsterdMed di. (pB7BAREE(10f 2883, one of the

t axa Aerononadal es, Al ter ormnad I es, Ent ergq_gm I es, E@M@mnadal es,
Xant homonadal tst7 egpres§ioRsyisa} usgy %Fg/prg’ﬁ%té'iaé‘ SEITSE Pial es or
Pseudormnadafoeriigh-lemelaa@cmbﬁdf i Bdne oflherektoﬁgmle\ben e@mm&mq @dhlezat he order

Ent er obact er the host cell w.l]| nber the fam |y

Ent er obact er\“jjg SHECSSIGP SYH{gTRs Beeayse H’é’r?![;&}P‘%‘ 5 5\‘?? pé?fgssgf e getys %'.ecroé Er wi ni a,
Eschcri chi a RNAP Seris addicated artharamsiripaen @fhetghs: cg'an@r@t Beohesioodfitte. Where t he
host cel I dentl E(i" enQ ] qr?d’uced%?f%gog n(%?a%@ur?%of '[t‘7 t'checi1§ tcelpaﬁﬁlsqgaa member of

the fam I y PSeldomna aceae, iPncl genus Pseu
Pr ot eobact er acacbmﬂil@lmdsbyzﬁng ngliide cwelmg’eqostamfngtahérompwab@pEsﬁh@TT chia coli

and menber s lQItIAf’ g&e%%%v%gwprﬁg%ggggg%@n@ﬁggw&%&qst%vs promotéWi& Pseudononas

organi sms may al S0 be use and cl osel'y rel ated species
i ncl ude Gan@anégmtiil(\?ébﬂl’é"ﬁeﬁf)%ﬁ&i APSEBG RSN prdvctiopPEFATRGTRPLUER t he group of
Pr ot eobact er j 4. bel@ngi ng to the famlies and/ or genera described as "G am
30 Negative Aerobic Rods and Cocci" by R, _E. Buchanan {amd N. E. G bbons
(eds.), Bergey's ThapRAP cymespet @is‘iﬂ“r?ﬂ?‘f’i/téghﬁ‘éﬁ‘%@?]ﬂ%l Gigpblesppressidly_ 289 (8th

eg-, 197?)19(78r téMbl}lﬂthQpl tr&ede%ieﬁ&hrw,the%?ébtmclaaf@emﬁmcdrbohJSA)ceéPer ei nafter

" Ber gey ! a esent se fam nera o organl Sns.

WO 2008/ 1344 EIF%'I%‘I o@%"ﬁ@@i%%ﬁa%’rﬂéf @“%ma%{rﬁ’ M@g)%t QRS a Listed in the
Part, "G am Negat:i4ive- }mmprAEoﬂ&oraaﬁ ufigeady desichal tBeivgpycifcl@idy) Family |.

Pseudom)naceae d ucon li‘azt%_)rfli;l?))eudom)nas Xan%romq]%é)%el oogl Qea Famly I1.

Azot obact er aC8ad AT oMm ﬁ‘g BaCEer “Bery eri neki XIra Fam |y I11 Rhizob

aceae Agedbanitetri mma&m premofea riite pramdter w@mommma@a@wevely
regulated by the product of the araC gene. AraC is a transcriptional regulator that

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 to begin, and, (if) The cAMP
30  activator protein (CAP)-cAMP complex binds to the DNA and stimulates binding of
AraC to the correct location of the promoter region.
The #rc expression system allows high-level, regulated expression in E. coli

from the fre promoter, The tre expression vectors have been optimized for expression
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Met hyl ococcus Met hyl ononas Fam |y V. Hal obacteri aceae Hal obacterium

Hal ococcus O her CGenera Acetobacter Alcaligenes Bordetella Brucella
Francisella The rnmus "G am negative Proteobacteria Subgroup 1" al so

i ncl udes Proteobacteria that would be classified in this headi ng according
to the ciitwomsuged in the classification. 5The headi mgrakzosimasudes
groups that were previously classified in this section but are no | onger,
such as the genera Aci dovorax, Brevundi nonas, Burkhol deria, Hydrogenophaga,
Cceani nonas, Ral stonia, and Stenotrophononas, the genus Sphi ngononas (and
the genus Bl asduRifmiagenctiRrA. ¥& Thhet gfobond is a\A‘ﬂérfghlyNhﬁBpr@Iﬁ@a{deﬂlveby r egr oupi ng

organi sns bel.on Vi ou cal | eci.es. of genus 10

Xant hononas, %‘ &%ﬂ%@laﬁ%{}%%ﬁ%@“ew 87?”\?5? & glgtg'g%fe%liy %‘el tIgupl ng

or gani sns bebpmgjrragi meplbhm:t g?ehujscIQ@etec(Ba)@m;rr (aR4g6tienéa):iinl-Ber gey (1974).

In addition hostgr can i ncl uﬂg & 4 ﬁ f.om t Q% e S| RAs. Pseudononas
. §3I] 0 ation, ¢ ¢ [OS1 Cells withp the ve I @Kﬁ)&% %% and

enalia (ATCC 143 PE&Udomonas fi gritaciens
Pseudononas parforedfdasing my t((2AF@@28@7thodategc knowavethp e o ée bassitlf | ed

respect | vel yas. AR OINATARL RPh ARy bbb StOMIARLN! o7 fact ens, and

Al terononas putrefaci ens Pseudononces aci dovor ans (ATCC
15668) and P@é@ﬁ?@ﬁbﬁ&@nmmﬁ%f@ﬂ%ﬁnﬁﬁmf eies GGBYe pRgtonsi nce been

reclassifi edm@ﬁo&mgﬁ %@c%’oflﬁ&?b@%la@t%&&%ﬁ@@ﬂ% }& 84:08ier oni ,

respectively; rmnas nigrifaciens (ATCC 193 and Pseudormnas
pi sci ci da (AWI&S@BI?)TGW% %éﬁcw@@hlag%q trepnt B S petYpY/eTy st or
Pseudoal tigr opmaasth@id hakdde tsthadd SE’BS@ECIM@HS@I oA 3@3@23_«1' da.

"Gram negat i Pr ot egbact er Sub oup | so jin obacteria
classified aé%f’) 1 oA (ﬁ’&‘sﬁg‘&aﬂﬁv*rj‘( e l"é% lobgéyg@r{%‘? ceae

Az ot obact er agRaBs)nsambaidken:iC adoledabyiotihe AiyzmazymMMaez (0#fz@t obact er group”
of Pseudonon bi acca and hyl o e ow often
call ed by thz&ggl%ﬁ%ﬁﬁ ghqe/éo?w)fi @%ﬁ%%é&é&f%%%‘g’é%é‘ﬁg?&% ﬁéd;ddl tion to

t hose .gener aCot-he Pwiigels dedaeddie didiey éhmpbd vrdl hels., P99heobact eri al genera
falling thin "G am negative Proteobacteria Subgroup 1" include: 1)

Azot obact'ér group bacteria of the genus Azorhizophilus; 2) Pseudononadaceae
fam |y bact ePioiofof nlreesgenera Cel l vibrio, Aigella, and 10Teredi ni bacter;

3) Rnizobiaceae f@pl ?ﬁf)&gaﬁﬁ %arhn@qgfmsto?&egﬁ&% vl eﬁl& QSQﬁx‘PFo?r Ensifer,

Li beri bacter (al so ca atus Liberibacter”), and Sinorhi Zobi um
and 4) Met hyideeiBeeze deofeseny syraipdkat éwp%rn@fformwéu@mglhlcmqﬁyl obact er,

Met hyl ocal dumop%tpmé!:s@éﬂpﬁ&téﬂ%%lyp@@d@)ékﬁ&%tctﬁk%ﬂa% Metahist osphaer a. In

anot her enbodi ment host cell is sel ect ep rom" Gram negative
15Pr ot eoB4ct %’F"re&m%t%g’ioé‘&fﬁo‘?"ﬂa Pretin Rf pRAERtdG 8 'PYEE?F%B‘&’CSP@??SQ" bgroup 2" is
defined as thg sgb el ll%@iaapm@aﬁfeh@ R préthie of Qlypepi B or gererida (Wi th the

total numbers of %aaﬁ,,al g Llgt e OBB S st Ababh &is, ISRARI &Y Strains
t her eof i ndi C&PBH"T YB%? REHES POVRI

be a mammalian protein, for example a human protein, and can be, for example, a

growth factor, a cytokine, a chemokine or a blood protein. The protein or polypeptide

25  of interest 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
sequcnce 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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deposited at ATCC, except as otherw se indicated): Acidononas (2);

Acet obacter (93); d uconobacter (37); Brevundi nonas (23); Beyerinckia (13);
Derxia (2); 20Brucella (4); Agrobacterium (79); Chel atobacter (2); Ensifer
(3); Rhizobium (144); Sinorhizobium (24); Blastononas (1); Sphingononas
(27); Al calwgenes3d8); Bordetella (43); Burkhol deria (Ec3)us2@sbatoni a (33);
Aci dovorax (20); Hydrogenophaga (9); Zoogloea (9); Mthylobacter (2);

Met hyl ocal dum (1 at NUMB); Met hyl ococcus (2); Methylom crobium(2);

Met hyl ononas (9); Methylosarcina (1); Methyl osphaera; 25Azononas (9);

Azor hi zophi | ygadi®).; Fohzak ebasizaion (Bé bi mése tdrd/doBss Onaf B9 renfohdagebioad (5) ;

Pseudonobnas gé139 . Fr ancdi sell.a %ﬁ%)ﬁant.homn%s ((529%; St enot r ophononas
(50); and Oc88FiPRYgYing ayd minimize PRI Y 8T eSS Bt

"G am negat i weerfd abRebagihdhd e Subgop eRminkitcloudad trimebtedpreteiot |imted to
the follow n acteria (wth.the AT . ot her deposi nbers of
exenpl ary st g@?‘f‘fgssﬁ‘ofl%séﬁgt\é%‘iﬁ Ogﬁg%éin}’%%ogfi Cesrﬁaﬁz)g feél’)‘)?"'dZtS%“a"g‘?r%ﬁgs net hanol ica
( ATCC 43581) polpoetobhmpeerthacatd refu¥TiCCi&Si®) Str@zgosnobaeltsem-lostydans ( ATCC

19357); Brevyndi i1 Y] - n:Beld eri i.ank ndi ca (ATCC 9039
and ATCC 193 %@hﬁ%}g%c%h%%egg&ﬁ%&éﬁ%g%% l;nﬁﬁB]lrl‘TJS?éﬂ%gﬁsrrglb{;t ensis (ATCC
23456) , Brucelithiaatebort us (ATCC 23448); Agrobacterium 65 tunefaciens (ATCC
23308), Agr obact af LB SRIHAPAS HRrdA ChenkR3RRIe a1 AHQRBC,RLditdHa! hi Zogenes
(ATCC 11325); Chel at obact er hei ntzi1 (AT 29600) ; Ensifer adhaerens (ATCC
33212); Rhi z&BAstrg cewoee osampinacrrere fioppuyts hicishiodbpieipm @di | (ATCC
35423) ; BhasuRrpnagnunahddiohl & hdTEkoddade He addiiSR. AeeiReasndeaICci Nobi i s
(ATCC 29837); Al cal iugenes1 faecalis (A{gc 867a50); qu det ela?;gn{)ei]rt ussis (ATCC
9797); Bur khEPEEM ikeipAEicALPATER RS 21 65 Pror) i BT BRRREASES °( ATCC 27511) ;
Aci dovor ax. f aidid ificl{ddd Shecitii@RBnal ol agensphiag afilayaméAld&ioda3667) ; Zoogl oea
ram gera (ATCC 19544%1; Met hyl opact er Igt uslélglATCC 49878); Met 12yl ocal dum
graci | e (NCI RBTT1 1Y CIREP TG SEETL 8 ‘5@81’ WEPYRTCC 10 19069) ;

Met hyl om cr obi um'agigtre(s§ AdiGCEuB 5RE8)sirudvat Wistliotrandsserrat ih@mnear fidd CC 35067) ;

Nzomonas gl It KA me IR ar okl e D RIARLR BRRER o >4

Azot obact er theldoead crrmolATEGEGOAB) o bQebyivddin i emprrsibte fPrQMeaB01) ; digella

urethralis ( g : r.ug) a, seudononas
15 fl uor esceﬁ%;%(%A%cg%Q%gl%g@;%%%gﬁ% ?%&qrﬁ 5”%%?%%@%@%’%&@%%%%‘?;
St enot r ophonboasnaaintospiiticihast cATEEurEes 7§ the MEgtiRbnonas canpestris (ATCC

33913); and Cceani qRnass§RUdak®fddion (ATIRE i Hddhtar dfleRB@ldheugnbodi ment ,
the host cell is selected from"G am negative Prot eotg)%:; er] a, Subgroup 3."

"G am neddt i YEPEREtBAELCE i vEddy BIEH gVaaebly SAET IhenPE et group of
Pr ot eobact er k@ueestdtahhliQWiNE:1IGE AGhHa, pdREL VDN ssiRARSs, @b 6h@ct eri um

Rhi zobi um  Si nor hi zo&i urn, Bl gst ononas, %%i og}gnag; Al cal i gencs;

B Khol der | RIS DR PSR 0 BY P THE e NGRS Ret hyl obact or

Met hyl ocal dumiwwMebinihetaoets ireVRtdayiboirintsnbidn:n Mt teybeimdasn

Met hyl osar ci : t hyl osphaer a; . Azononas.. Azor hi.zophi | us; t.obacter;
25081 1 vi br i 0 CCEOPESI 5o BER S SRAE Tras b ORp DRl e B

St enot r ophonprdssts aXd hivhedon aglicaivds BoetniWakmasn Institute of Peiapot her enbodi ment
the host cell~.]S s . fLOm." egadt.l i.a Subgroup 4."
"G am negat i \95&%}60@ é@‘é%ng er f‘%@ﬁ%’%@“%@%ﬁ g;bl%zﬁlg%blglgfet& dg group of

Pr ot eobact er saueftce infiemfton|covbapipogbnmeairomihe ViR Nenleegde Bliegtononas; 30
Sphi ngononas; LA L B J an (DS 0genophaga;

Met hyl obact e%)a%%ﬁ%xﬁ%%ﬁ%@%@%ﬂﬂ% %?g%%%ﬁ/{é?%ﬁ om cJ?obi um

Met hy| ononas #wiveddsiiaai ciddisionatpite Vi HupmaBeen apuppsiddequersbinfliidophi | us;
Azot obactsgr; cebbbtMkb drbtein Rrb:@RlibiPres R e YABIB NASw-nbe ResH:Abhastueil)

Franci sel | a; Stenotrophononas; Xanthononas; and Oceani nonas. I n
anot her enbodMheHES ProH@L ¥y -ORePoViROLal Wied from " Gram negat i ve

Prot eobact eri a Sub@mpdPoproteinhanhiiRgaprcied ifiiod echdet @t Mmilagkoup 5" is
defined as the group of Proteqbacter. f the follaow n ener a:

ot hy! obact efsch by Faint BOH WERHY Bosdes ey ednun i de S50 i,

Met hyl onbnas grosvtiMeiriylepgawtiayonhedidayihoSpha earathyrdd dmmas;; thydagidr hi zophi | us;
Azot obacter; Cellvibrio; digella; Pseudononas; Teredinibacter;

Franci sel | a; Stenotrophononas; Xant honbnas; and Oceani nonas.




The host cell can be selected from"G am negative Proteobacteria Subgroup
6." "Gamnegative Proteobacteria Subgroup 6" is defined as the group of 10
Prot eobacteria of the followi ng genera: Brevundi nonas; Bl astononas;

Sphi ngononas; Burkhol deri a; Ral stonia; Acidovorax; Hydrogenophaga;

Azononas; Ae®iddkzAapii |l us; Azotobacter; Cellvibrio; 4 i gerhaofsrwdononas;
Ter edi ni bacter; Stenotrophononas; Xant hononas; and Cceani nonas. The host
ceII can be selected from"G am negati ve Proteobacteria Subgroup 157."
"Gram negative Proteobacteria Subgroup 7" is defined as the group of

Pr ot eobact er iifn@fint REmbRY: ki B@Mda&nggan%af % ORINA R-chAd O ilig BRALhUS;
Azot obacter:; Cell vIibri 0; | a; Pseudonpbnas; Ter edi ni bact er:

St enot r ophonﬁﬁ%@uhﬂ}{tﬁf?mél?ﬁb"r‘i'asfo“lﬁ]t‘?ém@t‘}étﬁﬁlhﬁﬁ??&% calgitpaing BYNERE | can be

sel ected fr Oﬁém@iea@ugb%&ﬁtcloﬁﬁg Parc%esq&e@,tf@wrm@m@m tR6heactor, sl am negat i ve
Pr ot eobact eri a Subgr is defined as .the Pr ot. epbact eria of the

fol | owing geH&r&i G%PWLPHEW ﬁﬁﬁﬁ&]@mnéfaé@fséﬁﬂ’r?égm%gbﬁ %Wgc ®3Fkhol deri a;
Ral st oni a5 Aﬁ;hgiﬁh‘ﬁftaﬁ( aMdmgﬁm@hag&uc%auﬁmmmaﬁumﬁtuaﬁ@&rrt@@hormnas

Xant hononas; ean nas e n be .sel ect from

"Gram negat i VBe g?%‘l”é"@ﬁ‘b éq;?ra{t%%b rogibmaheﬁoﬁ?‘?‘?tf‘fe%oa“ftfg%mbr ot eobacteri a
Subgr oup 9" tumodma‘croaﬁdacfmalbmmFlﬁtﬁpenﬂ:épﬁé’hmeebmmehbmamcsﬁchtahbmﬁaml | ow ng
genera: Brevynd “IB“aS eﬁ!énhﬁﬁlg%rgé%tﬁl%'e %19{1!1% ch$§1 Q]%%S{a%’ﬁalpwdr ogenophaga;

Pseudononas; St eno ’p‘ﬁormnas eani no 1 can be
sel ected fr omoi’e@xmnmmsga@nawomn@s&wbaép@meaﬂ@u@gmmbpl protefpQsuth 45Gr am negat i ve

Prot eobagber |2, SUAGLEUSI Ot A8 L0BHLAR el SMAyAhd0REeEpObact er T of

the foll owi ng genera: rna; f'stoni a; ononas
St enot r ophontesrs fanbPiXanes Hiosrewih dactoTh ntdggatpretein A ot Bhrlisemaeiiect ed from

" Gram negat i ye Ry Qﬁ&ﬁﬂﬁ@ﬁl@faét& mrb%pdenjvéd neurofb e ﬁ&ﬂ%ﬁbm% Prot eobacteri a
Subgroup 11" is defined Pr ot eobacteria of the genera:

Pseudononas; NSRBI ép‘ﬁoﬁ{ﬂ‘i a%(NTg r Ou[pX‘a Aho RDH 58 OBFer e fEoHB &8 el | can be

sel ected frogch ng%&ﬁa&&ﬁm&m@g&%&m RUBIOME cAiotropti¥-2M negat i ve
Pr ot eobacteri a Subgroup 12" defi ne 35%“&8 of Proteaobacteria of

the fol | 3 ngﬂb@n@?@et 987 vh facier (ﬁﬂﬁ%{fg’ﬁ‘?bé?m hsip TSR as oFke host cel |

can be sel ecﬁrﬁleFfiFOéﬁdeﬁiia@igbﬁﬁﬁa@tbr\(BGPf ammaﬁg @folveh fﬁuaqtrgmuaﬁas "Gram
5negati ve Proteobacteria

" is defin the ou of
o o aobact or TGEaPit 1 KR G e G dHa [ S ke FPE e e Tl
Pseudormonas; indN@- 143 BRATRAGST and NEIBOS bn LRIFLINCAR(1B- 1G] @i IGH- n o m

"Gram negative Proteobacteria Subgr 4, t teobact eria
Subgr oup 14" mfs'gmdg‘f’ %@0&%@% g‘ﬁ?}“‘“}‘o)f:ﬁlﬂr%‘flﬁsogﬂébaf %d& 4:13 f ol | owi ng
gener a: PBseuagamasg ewﬂdoﬁé&ﬁh hﬂﬂ&&ﬂdlﬁtwe%orhtdﬁmumﬂéﬂmscalﬁbnbe sel ected 10 from
Subgr oup 16+ PR UG AR L PR Grat-rO B BUESBACt Br e o e genue
Pseudononas. gamma; cdlbxey shmshu@hdtomarsmbegelvfeﬁsfedm Cemah@oaiiFnegat i ve
frot eabact et fsBAAYP. ot 13 A0 HAGAH. yﬁ%ﬂ@éﬁg@ﬁ%@&gﬂg fubgroup 16" is

defined as the grou eobacteri onpbnas speci es
(with the ATGH rmepfgtsh@lrfa@@e@@mspltotemn@eqwsamﬁer?éue@fﬁploarvyalgvmn n(s) shown in

par ent hesks % ,SAL\I'IQE%@ gl Q{gﬁ{b@cs a E(Qhﬁlt AMPDRRndeApEGAP08 8Reins ARgiHOMONAS
aer ugi nosa
g receptors; addressms regulatory proteins; antibodies; and fragments of any of the

above-listed polypeptides.
In certain embodiments, the protein or polypeptide can be selected from IL-1,
1L-1a, [L-1b, IL-2, {[.-3, (L4, [L-5, IL-6, IL-7, IL-§, IL-9, I1L-10, 1L-11, IL-12, 1L-
30 12elasti, [L-13, IL-15, IL-16, IL-18, IL-18BPa, I1.-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, FGF4, FGF-5, FGF-6, or FGF-7), insulin-like growth factors (e.g., IGF-1,
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Pseudononas akal i genes ( ATCC 14909); Pseudononas anguilliseptka (ATCC
33660); Pseudononas citronellolis (ATCC 13674); Pseudononas fl avescens
(ATCC 51555); Pseudononas nendoci na (ATCC 25411); Pseudononas nitroreducens
20 (ATCC 33634); Pseudononas ol eovorans (ATCC 8062); Pseudononas

pseudoakal ixgenes134ATCC 17440); Pseudononas resi novor ansct/A306/db4235) ;
Pseudononas stram nea (ATCC 33636); Pseudononas agarici (ATCC 25941);
Pseudononas al cal i phila; Pseudonbnas al gi novora; Pseudonbnas andersonii;
Pseudononas asplenii (ATCC 23835); Pseudononas azel ai ca (ATCC 27162); 25
Pseudononas lgya! iekickrotiéhéibrs 193, 7AVT, LASFHERIHNRAS . bohadhiss (dseudomonas

boreopol i s (ATCC 33662); Pseudononas brassi.cacearum Pseudonpnas butanovora

( ATCC 43655)N Bs@i%%ﬁ%?éhekfélvfomﬂb@ﬁor((lﬁgé@ B EPRYS (FediSnBee: aur anti aca
(ATCC 33663)Wﬁqmmlﬁmﬂt&r{ﬁﬁbbﬁla%-g rSGactATECT3985, ATCC 17418,
ATCC 17461); Pseudononas fragi (ATCC 4973 Pseudononas | undensis 30 (ATCC
49968); PselRI6pEAM: ts’ﬁ@tcle%faéfﬁs( Exe@ﬁ%sl)% sropalfietorsnasl G-¢si@ol a ( ATCC

33616); Pseu a FseudoeRnapueist pani phi | a; Pseudononas
el ongat a (A cC 13??15@Er gﬂeﬁg%&rr%%gaﬁll zc?ens (ATCC 12775); Pseudononas

azot of or manst/TEEEUAB BlataBADY. dhideYs); ThEsdnhad hb fakand ddY aNFEddldononas

corrugat a (AfChemdid CAP§/BEéQnEﬁﬁﬁ/I@ét¢)ﬁfmf6' EeRt s, iesia 7dAsgudononas
fl uorescens (ATCC 35858); Pse udonpnas gessar ii: Pseudononas |ibanensis;

Pseudononas el |ﬁ°ta(‘¢ﬂ?@émfc?@§’7‘ﬂm' IBseedradNe¥iihal | s (ATCC 10844)
Pseudononas grROMpRGVGES SUCOMONESC, THEhERd a8 TAAROM, Mlm@&eudomnas

orientalis; Pseudononas r S sy ATCC 5 9890);
O B eSSl BB oo BHAS oS AT gl 0 0 25
Pseudononas ezl ksheCRENth & tuRRS U0 npaRaurg exodud!T MR, M‘ECC 19374) ;

Pseudononas ginhgeri . d IS ntii;
Pseudononas ﬂ%%&%#%ﬁ@é‘ﬁ@@%ﬁ%%?g%wn@ (E)E%bnas
hi bi sci col a HikiGE! LABE ADP riPesliogras nkicbbiblensird aftigfiET 14670) Pseudononas
10 hydrogenovor a; nas
ki | onensis; Pseu O(Er;%%glgg ﬂ?é%%gﬁéﬁg%"é&&}c@gé%% cg)élﬂ'e gs?rgénhg)gqlol ni;
Pseudormoias welf gilnait arofAT@Eo RBplT) Mubeludt motrirs tegibe ExeessATCC 33665) ;
Pseudononas ﬂaﬂdéﬂafnbﬁ&%nﬁﬁé%n%‘}%nb '?ﬁ@hlgmm%ﬂﬁ%r&%& Wej Maggna (ATCC
190); Pseudononas pictorum (ATCC ); Pseudononas psychrophda;
Pseudonor zast™pjor parewnait fb@@&be the sanmses GBI A8 CATTTTs: AFOUFEY MaPseudononas
mossel ii; PsgudpiBnas: @bvEchamiianss WA 6C 432 1)1, PSe udeympass.
pl ecogl ossi ci da (ATCC 700383 Pseudonpnas ut| da %%Tm 12633); Pseudononas
reactans; PsEfdPsiThase By t??&é?te(oﬁwrf?fﬁ’dwu ‘Pﬁs?eéldlo 48 BdPeldr i ca;
Pseugormﬂms 12!,1bﬂ?rﬁ-sdbﬁ@@)&ﬁglﬁﬁf)mﬂudﬁsﬂﬂ@ﬁﬂdﬂ:&&clﬁdeUieE@lt’dqu ihAIdE 17588) ; ,.
Pseudononas a ali (A 33614); 20 Pseudo as.avel.l an ATCC 700331
Pecudononas BaH Bﬁ%éﬁﬁé&s‘zﬁ% e{%%@%%‘i‘éfr&eﬁéséﬁg‘gﬁ%é}%“dﬁl%8‘?@?3(“( ATCC 10857) :
Pseudononas ﬁnnnmsmdscmdatcaelnélﬁ@waﬁm@tams Réletidio amivadics, uiglcontagy nae;
Pseudononas ATCC. donpn 19310);
Pseudonobnas t[\;ﬂla%'meal T+ 2@%%%% sltjn %m% ggﬁﬁ%é&ﬁﬁgarr’%\gg;boxydovor ans
(ATCC 35961)merﬁ13“wdmmvsas 25 thennotol erans; Pseudononas thiverval ensis;
Pooudomoitis. i ATenaRe ekl B R FREUIaTIAs peais! nensi si anc
" Gr am negat i Yecdprdeiavirasssed indhiserpepdimayt mglude bugprg petieyiad fowatipy ot eobact eri a

SUbgr oup 17" h@indehdnneibasint 1h§u£ﬁ%ﬂlaf?ﬁnﬁo@ﬁ1@&gﬁﬁﬁl%ﬁeﬂﬁﬁOWn inthe art as
the "fl uorescent ‘Pseudompnads” i ncl udi ng t hose 30 bel onging, e.g., to the

fol | owi ng PsEERISHRIAEE L FER P@%mob%lé‘ﬁdl@ﬁﬁﬁlégmaf%‘fl%e%%%%ﬁ cpEdEHBmonas
brenneri; Psggg) rﬂéﬂ@ﬁmgﬁdbﬁﬂ:dn@r;tf , Re U RS, F?(ﬁ%fn’(ijeu@ﬂﬁl&)rq Bs&@agmnas
extrenorienta onpnas ce seu ssardii
Pseudononas ﬁ“Lﬁ@ﬁ@ﬁg %@%8&6&@%@%&%‘@» rﬂgfg‘gp Wbdrgg‘g’ lrSWar ginalis;
Pseudonobnas mlgdjh@z&phaP&wdﬂ@ﬁaﬁ ghabalirg ehdenis:y tylswaif@oammnBaspepteed, al i s;
Eggﬂgggﬂg: %g?%%?%n therp%%'ﬁgl ggnqgrﬁy 11T tf‘?e lﬁcr)]c;[dh?"rnarl?l?n% sdﬂle &r%?‘nso aE;‘&' aasii; and

sequences for numerous blood proteins have been reported (see, S. S. Baldwin (1993)
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O her suitable hosts include those classified in other parts of the
reference, 5such as G am (+) Proteobacteria. In one enbodi nent, the host
cell is an E. co/i. The genone sequence for E. coli has been established
for E. coil MGL655 (Blattner, et al. (1997) The conpl ete genone sequence of
Escheri chi svccmbsnskesi2, Science 277(5331): 1453-74) andpONASIOIKICOEBT aysS are
avail able commercially for E. coli K12 (MAG Inc, H gh Point, NNC). E coil
can be cultured in either a rich mediumsuch as Luria- 10 Bertani (LB) (10
g/L tryptone, 5 g/L NaCl, 5 g/L yeast extract) or a defined m nimal nedium
such as M (Gof. Biddaet P40l 30®/2b3-}$l'ﬁﬁﬁ¥luduﬂgt@4hm%&:@seq&n&fgﬂL NaCl, pH 7.4)

wi th an appropriate carbon_sourc an over

ni ght cul tur Sguma F‘?nnrcz%? i@ HE@Z)]& Eg‘i‘%%g%?eé?aéc éh@g fresh rich or
m ni mal rrediturmnﬁhdemtnh;egenmla&rﬁkmnf(h(a@@.@raia(if)@)mmml. Acd. ggi.own at 37C. 15A
host cel | ag %gﬁgﬁgﬁg manmal i an origin, such as a cell derived froma
mamal inclu % n or non-human mammal . Mammal s can i ncl ude, but
are not I$mted foapthenaitedimenothik pyein ginaeshen bovi areymbondoretorr odent s,

ungul at es, gm@g 1998 i A iufe bl G hor iMLES,  hor ses,
nonkeys, apes, S“’H gs Q@actoz&?osg%xglemglt% ge&ﬁ% ?{11 u?‘ ?Hy al so be of

pl ant ori gi nto aldelages, &Fm@mxms @mmacléawd#es S@P’éﬁé‘zseala #PGFEh to screen for
the producti gn,.pf éﬂ&%@ﬁ%&%ﬁ%ﬁ&ﬁ&%@ cﬁ‘fﬁmétyf}raﬁg Rfdmoty@MRbAS of suitable

pl ant include,” but are not limte a, apple, apricot,
Ar abi dopsi s, T@HTEHBIESS CpelYiia syHiemaPsagiathiony sadass. dseerRrdasehar | ey, beans,

beet, bl @@kb&'h&&@geﬂsbheQ@éﬁoydeh%’r%ﬁ@,bé dehhibia&e | dRpbRisel isxyLakfage, canol a,
cant al oupe, carrot, cassaya, 250as}u%r@bean caullf over , celery, cherry,

chicory, cil@AtF By H?deﬁf‘%f’r“t Bses TN OXMGRSEIHC e of f ee, corn,

cotton, cr an@@ﬁafasest;gl@ttjabez&das@legdoagﬂtrafsfefaseseggﬁjllaﬂisferaeﬂdmm escarol e,
ape efr honey dew,

eucal ypt us, nnel lic rd gara uj t

ji camgl,o Ki Wi Ii’y “"IC%E’S?%@@%I’F%]@“ ¢ ﬂrﬁﬁ‘fcgfeisn‘@(ymﬁ{&f)‘%’&emff Bne, 1inseed,
mango, el onulymgswsﬁms eeeddards Ndzynivd fysed@ts theeipbutipalymetia@i | seed rape, okr a,
O O ool DS RRLARTRRA AL R, AL T BB, PRI S oY,

par sni p, “pea, né, pineapple,
pl antain, pl mmlas?)@mgmalndlsmmawobhm,,ampmtaarddlydlplawp[@rm aspeiginese; radi ata pine,

r adi scchi o, @&-olagegggaﬁ&g?eg mgagab@%{exqes Fépmchws%gam Sout hern pi ne,

soybean, splnac u sugar sugar cane, sunfl ower,

sweet pot at opapél%é?éft@ilfm cpligaeyere proranipigaset Bﬁ%c@a“aﬂe@m’faéﬁ aditicale, turf,
turnip, a viggindh@heLaBLon, wheat, yanms, and zucchini. In sone enbodinents,
pl ants useful in the nethod are Ar abi dopsi s, corn, wheat, soybean, and

cotton. BOKits THealsrheswHodieyele Prinald8erpy eAFLa@SInRE 2L E”E Ul f or
i dentifying @agﬂ@ﬁttdn%fﬁll Bhaiar@ibods onraglﬂeu@belsmnls teRst. AStdeRidiainopt i mal for

produci ng a hete rot.ei e interes The kit
conpri ses a Pit Ei?drﬁlc?‘l ol ‘?c tB @ﬁa“t’{}ﬁ‘i‘“ﬁ%%%}g’g Eﬂt‘ﬂ%‘{lcsﬁfigtsmglgls‘ia@y wher ei n each
popul ati on hﬁmebgﬂypggﬁl&ehmm&hﬂa ;‘tagmdtsfcmﬂﬁb atpect O ieaRelat mebAHERpPr essi on of

one or nore ]fg% 1% lgenes |n\{ol ved dﬁ)lgflnevof‘] éc%d%gnlt%?lwmmagecr ease t he

. ¢an contain the anti en
expression o nore al gettg enes egr adat i on, oOr

bot h. Th&s ar ¢haips: rarmghtrchmn hgta @@mmmsérdgm@t c’fheﬁeﬂragnpmmah a¢ fiknévied cel | s t hat
have not beelglnkgﬁd?ﬁtdlq@%héé(onﬁbd' fied to nodul ate the expression of either a
gene involved I'n protern production or a gene involved in protein
degradati on. Thesweotkirembenerds, §o prodawped inferest Braguefeinthet i aftivi éi2ent to

facilitate gLapthRRSHBLALERARGR 484, TG CRbIINARUAIHONS REvare! |
physiological temperatures and is inactivated when heated to high or extreme
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, a native protein, such as a native mammalian or human protein and
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as reagents and/or constructs for expression of a heterol ogous protein or
pol ypeptide of interest. The popul ati ons of host cells nmay be provided in
the kit in any manner suitable for storage, transport, and reconstitution
of cell populations. The cell popul ations nmay 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 popul ations nay contain additional
componeny s, | éi@sﬁ&r% TR A SUClE A% giry%wéata%h@fpéefoﬁh bup &, ¢ o

ot her suitab rotective or storage agents. ollomnng exanpl es
are of f il rblgp%f;ﬁlbfls IN}Ustd a3 o arkk st Hy %ytcbfthlﬁ? ne%t i ontl 25sed
EXPERI VENT Al EXAMPLE S, (V ef &/ | @3- 1 e ef 00 goust 1ps ot @i daipr luci b o of ten | eads
to the forpation of insoluble or 30inproperly fol ded proteins, which are
di fficult®to recover and may be inactive. Furthernore, the presence of
specisfic host cell proteases may degrade the protein of interest and thus
reduce tﬁe {'5@4 yield. There is no single factor that will inprove the
productlon of a’% het er ol ogous proteins. Thus, a nethod was sought to
identify factlor orepeitfdadinenta tﬁe&rtiirc‘mzd:iqfetmwic@msarpr@w@m 9% oth a pool
of 1i ke'ffl&@f@w@ﬁ;%s@%@&@@ﬁ&mﬁ&k% 5;9@ir§ali hep Foqlfiddiof escens

genone was m ned Identify host cell protein foldi nmodul at or and

pr ot eas egfe@f&logmé% P ighidl Yerrerbdftesef ow%%er%es wef BUPEFFEFRBd to
Priapi tizes upagu @ids i gad Sso ahl, ard hefeadd&d , pnovebrpresei n production
strains were constructed. As are a "Pfenex Strain 5 {v " was
assenbl &F SO S 1y Vaarp]t%%l?f Pt SHehatyn sal 1 or b S Teren

uor escensr n stirai e areee eitenfie eases or all ow
fl dioistn st aﬁstﬂﬁn dreerdefdeitenfied fost-celd @rop [
t he cooverexpr i di I i noarray can
be used fg és(cr[gzsrsl ?‘%)EQT ors tr%]h?l s%%%@%rﬁﬁ %Ql-é;}éé?iééﬁl eld or
qual ity of c&h%lﬁﬁ%@métﬂbﬁ)lﬁyqﬁ@ efrﬁf%er@raﬂﬂmtﬁﬁ%s pf @if aﬂ:wrgemlal

phenat ypigakd ys di rﬁtdﬁﬂ%n&ﬁépﬁd@é N$nd &k LARES, the ddnshanssn ofisuccess of
identifyi ng a host strain that W ll increase the productlon of any

i ndi vi diRHI et Vyidtls HIOTLTH Ut Tt erRst . 10 ParFFelitweRti on provi des

an i npr ovemeids ddhd Nea Prociictientof £ hed el DYousy Piiod ¢ dss | axPsessloamnas

fl uorescens. i V‘gng%gval lable a libr ar%%of host st ra)% ns in the same genetic
0

backgr ouhd & APt e reeni My %fsl%le%???c% i DA 0f ‘factors that
15i ncr eascmpdrtehqg@‘ucb o orplgad $ tyhaf deterdtegousl y ‘ea(m:essle@ pltatei ns.

The .g gg]f‘% u Se t ar get ed host
2 foI I'ng nodu atIo&mﬁen%4 Gt engl entl(%l e%flgrl%o?

cel | ors and proteases ave di ng
modul at of%u%@%@ﬂf? ma¥e %%&SQ%IW nee HECHron el FRNBR™CR-hcl ude chaper ones,

chaper orﬁdisaarmmwbﬁ Dl ddres + sonerasest (84 asesd , fands de salb & decbond
formati rot eins. 3éfases can qﬁ? gﬂe 20th$ grotel of %£te{est and
t hus aff T HefBrDI ogoust ProteF ey e i ard §oaf i 195 1Ot hg BatkghBund
know edgeorittiosi tgeecHodearsat ur 5 angk DRNA iilaniosr réyc ahal §8esesorident thy

|1 kely tar&fe;sf/seicfrh'éétxeoéox&?"ryén@%é gfiaﬂeﬁﬁ - Y85 aggepbl ed. I'n host

cel I'” t hat e saie” geneti c” background ese genes Wwere either
renoved fruonrehesgenone or cloned into plasmds to enabl e co-overexpression

al ong wi th helgrologous. Prot&ifSn?biiie resi t N SiFal nsoyereearsayed in
96-wel | format and, after transformation of plasmds that express the

het er ol GERIS DIt P oFc é:f‘fes‘illf%%’f%n%c?‘é%?\eﬂe%%?' i AP OVRIUPFOL BPN yiel d
and/ or gidd#ate 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, cne 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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Exanple 1 30 ldentification of Folding Mddul ator Genes in the Genone f P.
, fluorescens Strain MB214 Fol di ng nodul ators are a class of proteins
present in all cells which aid in the folding, unfolding and degradati on of
nascent and heterol ogous pol ypeptides. Fol di ng nodul at ors incl ude

chaper ones, chaperonins, peptidyl-prolyl cis-trans isonerases, and 72
proteins involved in protein disulfide bond formation. As a first step to
construc vel 0 i tr.a it h i]d t . fold

het er ol g&o@%rao%{){e'i %s%g’t ﬂ%b%.é%n{t}?)lrégsc[gn% ?eaﬁ%r#eﬂ v%psﬁl%ér%dﬂ% o identify host

cel | folkig Grdduratts- gl 0184t Of- t he 6, 433 predicted ORFs of the P.
fluorescens MBzk4 gangme-amboaalazed farod hesRessidydditye t hat they
encoded a folq%n nmodul at or usi J he, ollomﬁqgrnetgﬁg. Sq¥eral fol di ng
nodul at gr e Qékﬁﬁﬁﬁ e beet TUEHITI e by Dow tesedrchers by
anal ysi sSufgide deifones aturoiradd ars (Resreet@ip edf all K09d)eciHowl ogs of

t hese start.ing proteins re identifie Sl or-ot.ej.n/ pr i §h§§L i th
t he st arﬁ%}%lgen%regst’eiSﬁd%slqvgeeaﬁ{uéejréﬁﬂa%% Sglﬁjda%%algbl 0@121[ Ef) CE#B%H} tr ansjléggf ed
ORFs as Edmudanaeyj ethuo s a.r drrst latdid ORFso sphileshl and iohied @ 8- quiet y

proteil ng Hd Fﬂbﬁ!cﬁmr{q{ Cﬁmtmoaﬂia gy ey e added dg.dde Idglnd &g darther

anal ysis. Significant honology is defined here as having an e-score of

| e- 30 oredad¥sladiy IF tea idWeainc &5 91N L F G FRINEH § tlgnente Fh the length
and quality of the alignnment. The intention of this study was to be very

i nclusive to maxi m ze the chance that all potential folding nodulators
woul d be 15identified. More ORFs were added to the |list based on their
curated function fromthe previous annotation containing the keyword
"chaperone". Finally, the ORFs were anal yzed by the protein signature

fam |y searching programlInterProScan (Quevillon et. al. 2005) against the
InterPro Database version 7.0 (Mulder et. al. 2005). The 20 ORFs were
assigned protein famlies by the InterProScan software as well as CGene
Ontol ogy (GO eategm es associated with those famlies (Gene Ontol ogy
Consortium 2004). Using these automatic GO assignnents, all of the ORFs
whi ch had been assigned the GO terns "GO 0006457 Bi ol ogi cal Process:
protein folding" or "GO 0003754 Mbl ecul ar Function: chaperone activity"”
were added to the list for 25further analysis The |ist was then

anal yzed to renove ORFs which had a | ow probability of encoding folding
nodul ators. Again, the intent of this study was to be very inclusive but
many of the ORFs assigned to the |ist by these sem -automated net hods coul d
be easily identified as not coding for folding nodulators based on limted

criteria and 30 human judgnent. The nost comon reason for excluding a
certain ORE was the weak evidence that this ORF is actually a folding
nodul ator, i.e. ORFs which had been assigned to the |list based on the

previ ous annotation where the reasoning for annotating the ORF as a fol ding
nodul ator was either unclear or contradictory. InterProScan is actually a
congl onerate of different prograns and sone of these prograns are
considered to be
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nore reliable than others. If an ORF was assigned to the |ist based solely
on the output of the ScanRegExp or Profil eScan conponents then it was
removed. The final list of P. fluorescens folding nodul ators has 43 nenbers
and is shown in Table 1. 5 Exanple 2 Identification of Protease Genes in
t he Genone vad 200/1344d0r escens Strain MB214 Pr ot easesTAMISMIBIES t hat
hydr ol yze pepti de bonds and are necessary for the survival of all |iving
creatures. However, their role in the cell neans that proteases 10can be
detrinmental to reconbinant protein yield and/or quality in any heterol ogous
protein expr gasiodhs BYEHER) aldbfrhitdd bahs&a drmlv&d@ﬁm@esﬁfs)em&dm;mesa on
Technol ogyTm_As a f| rst :f"ﬁf i?gnconstr ct novel prg]félljjctlb@p strains that
have pr ot easﬂ”"@‘é‘Ffé’é biowRpGedport blol"i%rzd’é o L FECH T8k {S744Q8 8198 genome was
m ned ]Eo |h deﬂzidfés?!enhﬁﬁfyp&ﬂdlqol@iill&l@&s& 392 BRsar 11 5EsTh [ Bho) Hﬁuﬁ)ﬁ%& pr egi ICt ed
ORFs of the P uor esce me. wer e OSSIIIty
Chat they  enGiSEH S EPET BaSt FH RGP AT FETT S e RSt e te oD
dat abase §s ﬁmuaénkyw@peﬁim chlfedbesadr @ hers \afATi0el 7Y ) Bemiermdrasst Sanger
0?'85‘6‘6‘?29 El’OV&liJksI (}BQ ng)rlngrg § g%;f‘?s{‘g'ls pftﬁ Pq:géudo Oﬁ‘af ﬂuo]('escens

I nstitute,
http:// mer 032” sangerac. uk) conprehensive pr ot eases
di scovered b@fﬁnTGG\Bbaglﬁﬂl; abedcatowaﬂuewp@m $rEfES a0 sewdowelds as by honol ogy to

known prot eagge, . LSS celfEa Rcite ogéX engt hs of the database is the MEROPS
hi er ar chi calﬁ égg%s};lk%d gp':lt?on EL:s((?({]erre n)thl s system honol ogs which share

t he sanme functi ofhahest epllseiplecceleeerbi We FGaptrgsdtianyoicelpciemppHbRBR are gr ouped

into clang baseon. n@éé%éﬁrbt@&b%té’nar%b%ﬁﬁﬂ)@%ﬁiei‘:ﬁbﬁtas ﬁl@@ioﬁp 8§ based on
simlar structural characteristics. The t hod makes great use of the

dat abase to FW@HPWV“@S’%@&@@@@@”W%@@WH‘FWWPI%“@ stpip 96hEscens genone.
Homﬁl ogsht ﬁ/B bltigpé\@ﬁgﬁi%md@egahﬁwmne{sdemwf NE.G, 148,760t [WikbLl ?{dplrlcn e:c n ELAST
with eac transl ate a query and a datapase of all of the
MEROPS pr ot efif¥atiyes ?ﬁ&‘%s’ﬁ‘bf’@??le O%'?IB@%"?‘?%H%‘F%YF gﬁ”@%ﬁ%‘, P EHR* mat ched t he
?ue{K pr ot e: ﬁﬁummBmlmcggtmfciemay\?selﬂhmfgﬁhtome MB\E)ﬂehradd@ﬂlahﬂd(dg%rﬂaies'([j L or

urt her a ni ficant .ho in cas ef i.n ere as
havi ng aﬁg gi%&rggeg?selg%‘ %{08‘1‘8 :Trgn%egbcf) Pg%flll%c\}\/téaﬁgzlécﬁ% etor ! ung’n j udgnment
based on thePlhmlgaqhiehmdD qual ity of the alignnent. This st ep yi el ded 109

potential proteas & allP uoresceﬁ,g straing that can-ggﬁse@ﬁﬁ) L& 11‘?&:[ %go anal yzed by the
protein signature searc program rosScan evillon et. al.

2005) agai nstﬂfﬂvd\tePSE’mOefpﬁrssﬁu@actcafbd\éleulwelrdsﬁ’S@twfofr’lO@lS(lW@e‘rS Léttoklfak 2005). The
ORFs were asgl, ?(ff&ﬁ&&@&ré@@@qlgh%npmﬁemw ﬁﬁﬁt@ss%lﬂ N@blsggy € as well as

Gene Ont ol ogy cat egorl es assoclated wt hose famlies (Gene

Ont ol ogy%:onﬁ@?“t(? NG 8200 st CRg ltz?lb[s“ér%lt"’é?ﬁaﬁ%l@y a¥dPghhent s, all of

the tORES whi gh. el begsu; %ﬁ%lﬂﬂl%ﬁb\ﬁzﬁ@\ﬂ%mm@@ﬂtm@ d)e strings
"pepti dase

R AR S I T I L R A
not been i deQtEBiseX[EMI 4478, IANEMIOR USHE 26 IANIAVEY [ HERES; WeF@ 1saddpd to the
et al 50012 KA SuE Rk e Gheiie ol A BES R g AR B 1 S st e
yi el ded 32 pOiRerl]j @B [§2r13 FASES3]1 BB [E@allsmfhaﬂ] W[zbleen HFGdﬁ838ﬂ| ed in the
Big\t;:agﬂsi f;eg@ @Eﬁ‘}ﬁ)@%ﬁ%g}“’?ﬁ%@gg@g&a@’sﬁ |ntent d?‘r is s?ﬁgya\/\/!agwto
be very incl DNGRPE 268k 1$FelCPPB 316]; 189 [P1227; 1208] 191 [IFO 15834; PJ 236; 22/11;

194 [Klinge R-60; PJ 253]; 196 [PJ 288]; 197 [PJ 290]; 198 [PJ 302]; 201 [PJ 368];

202 [PJ 372]; 203 [PJ 376]; 204 [IFO 15835; PJ 682]; 205 [PJ 686]; 206 [PJ 692]; 207

30 [PI693]; 208 [PJ 722]; 212. [PJ 832]; 215 [PJ 849]; 216 {PJ 885]; 267 [B-91; 271 [B-

1612]; 401 [C71A; IFO 15831; PJ 187]; NRRL B-3178 [4; IFO. 15841]; KYY 8521;

3081; 30-21; [IFO 3081]; N; PYR; PW; D946-B83 [BU 2183; FERM-P 3328]; P-

2563 [FERM-P 2894; IFO 13658]; IAM-1126 [43F]; M-1; A506 [A5-06]; AS05 [AS-

05-11; A526 [A5-26]; B69; 72; NRRL B-4290; PMW6 [NCIB 11615]; SC 12936; Al
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of the ORFs assigned to the list by these sem -automated nethods coul d be
easily identified as not coding for proteases based on limted criteria and
human judgnment. The two nbst conmon reasons for excludi ng genes were the
weak evidence that a certain ORE is actually a protease, or that a

particul ar wgpnesyshaded greatest honol ogy 20 wi th anot heeTpsdbgisiusknown to
be protease honol og but not a protease itself. The final list of P.

fl uorescens proteases has 90 nmenbers and is shown in Table 2. Exanple 3

In Silico Cellular Location Prediction of the Fol di ng Modul at or and

Protease 25 @ﬁ?&s@ F 1847 c@&‘?EmfFﬁélﬁ[ébb‘@@EN@% ‘P(fSSé ha7Ri.enaxnMEpr essi on
Technol ogy |s Its é?to contr ol Il ul ar n‘ggmlntent to which a

particul ar h%i%?%*f’%?gél@D &F EAEQ! 6‘Br§®é2%BNéd%{Y€chﬁcﬁ [NHE cel I ul ar

conmpar t ment sgwhgkes tines Emmsﬁdchg%ﬂcgu3969|1d<52’19rmr5du| ator and protease
proteins are | ocated were predicted, To nake the redi ctions, two

prograns were chdS&k mBeERFIE Be kpsiisiiaihesny fd cprg EIGIO?%“’ §3 separate

al gorithns, whictihrpsigabede &hﬁr@ubﬁﬁhingh@rﬂdomaéns&Jlla@ﬂesm‘rgﬂvlﬁﬂe peptide. The
majority of the al %)Ol‘lt[‘l %S{Aﬁgit on dqﬁt ect |tn L g%s tween t he query
protein and prdtet NSRS ST @ 8T b AF ! coaP? o> 'PSGit B al so

i ncl udes al gmtiuiduereis beferialselldPMIORr 18 AdcdB] tpaalsdf thetin relatidbt ect t he presence

of transnenbyane fal di i equences,

respectivel yl,ne’ngtllsﬁve gﬁ“@dmﬁm{% Et§an 3}4 ﬁaﬁ\ J(pﬁﬁﬁ;%&%%&@ ?e?pglﬁar o the PsortB
results, SigredhRuldvd Wasstisedscwedin exfires bivlgicglyedevnerrgtintapde | secretion
si gnal Sqaueaoqﬁa%wq%mm%gsf S50 PRSI Sl R AR BT POT L B can be

vague when a’si'ghal 'sequen d but no er specific information
i ndi cating tWeevwb@el’mna@szJcsca‘bqb@mﬁesls grewel char%teflﬁﬁélsl@"m@ées@gem PsortB

i ndi cat es théace&temfe 1@4&%@{&3%@{@14196@!:&0%&& 28 cOhpatdiGelPra@lagli n s unknown,
because it really could segregate to any one of the cytoplasmc rrenbrane

peri pl asm ol&?’@en%n‘ﬁ}s%ﬁ‘iéﬁlwpfé%qnéﬁéqn}stﬁlﬁ‘&rah@éﬁﬁ‘&?‘{ %é‘ﬁ?léemaﬂlﬁ Ver, it is
informative gnRUGH: ljé&)nlﬁﬂﬁiﬂptnh@ﬁs ih Bﬂlo%QalWa@ﬁ@fﬂrni s pahabs eon@tly | ocat ed i n

t he cytopl asmto nma it worth notin ab Table 2
lists thér eg’iﬂeggmﬁf“bft}%ar%‘ﬁf TEskigg Y’E"ﬂ%gf@%b‘f prp Jag\é@m@\ﬁ'é’?e that result
was unknown. cdiimxprb@ﬁ)e qﬁ.&&ssutm Ohegttl Hamebr aﬁa@malbﬁlalvmmsﬂeanﬁsed ®rgiven with

" Si gnal Pe tide" indicat t de et ect ed and "Non
Sec?et ory" " i F’épéetqflﬂ‘bof?pﬁoé‘flgs 0698%‘*8&?@5% mter nasmdy\%&égge 15 Exanpl e 4

IR
Constructi oncxpfcssl?bmmmartbfadneﬁ“mbt eCetrtIam b@rbeg&bseurd)cpdﬁa‘sadlfmm of Fol di ng

Modul at or s ?Jogi %fgiglg%jlyalmgﬁ m%le&%ﬁmm{eglthc%?ﬁ@goﬂqnfnoangth leﬂl% qul‘gerl vative of
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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. cofi 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 a 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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"Gram-negative Proteobacteria Subgroup 1" also includes Proteobacteria that

would be classified in this heading according to the criteria used in the classification.

The heading also includes groups that were

previously classified in this section but

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 Acetobacter 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 haloplankiis,

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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DD M Retallack, L. C. Chew, T. M Ranseier, J. C. Schneider and H W

Tal bot ( 20Q¥) 2008/kat@r ol ogous protein production in P. frlcowsessensss”

25Bi oProcess International 2(11): 54-56, 58-59 Table of SEQ ID NO PROTEIN
FOLDI NG MODULATOR (RXF#) SEQ I D NO PROTEASE (RXF#) SEQ ID NO RXF02095.1 3
RXF00133.1 46 RXF06767.1 4 RXF00285.2 47 RXF01748.1 5 RXF00325.1

Pseudoalteromonas nigrifaciens and Pseudoalteromonas piscicida. "Gram-negative
Proteobacteria Subgroup 1" also includes Proteobacteria classified as belonging to
any of the families: Pscudomonadaceae, Azotobacteraceae (now often called by the
synonym, the "Azotobacter group” of Pseudomonadaceae), Rhizobiaceae, and

5  Methylomonadaceae (now often called by the synonym, "Methylococcaceae”).
Consequently, in addition to those genera otherwise described herein, further
Proteobacterial genera falling within "Gram-negative Proteobacteria Subgroup 1"
include: 1} Azotobacter group bacteria of the genus Azorhizophilus; 2)
Psendomonadaceae family bacteria of the genera Cellvibrio, Oligella, and

10 Teredinibacter; 3) Rhizobiaceae family bacteria of the genera Chelatobacter, Ensifer,
Liberibacter (also called "Candidatus Liberibacter"), and Sinorhizobium; and 4)
Methylococcaceae family bacteria of the genera Methylobacter, Methylocaldum,
Methylomicrobium, Methylosarcina, and Methylosphaera.

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, except 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 NCIMB); Methylococcus
(2); Methylomicrobium (2); Methylomonas (9); Methylosarcina (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 43381); Acetobacter aceti (ATCC 15973); Gluconobacter
oxydans (ATCC 19357); Brevundimonas diminuta (ATCC 11568); Beijerinckia
indica (ATCC 9039 and ATCC 19361); Derxia gummosa (ATCC 15994); Brucella
melitensis (ATCC 23456), Brucella abortus (ATCC 23448Y; Agrobacterivm
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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); Methylomonas methanica (ATCC
35067Y; Methylosarcina fibraia (ATCC 700909); Methyiosphaera hansonii (ACAM
549); Azomonas agilis (ANTCC 7494); Azorhizophilus paspali (ATCC 23833);
Azotobacter chroococcum (ATCC 9043); Cellvibrio mixtus (UQM 2601); Oligella
urethralis (ATCC 17960); Pseudomonas aeruginosa (ATCC 10145), Pseudomonas

15 fluorescens (ATCC 35858); Francisella tularensis (ATCC 6223); Stenotrophomonas
maltophilia (ATCC 13637); Xanthomonas campestris (ATCC 33913); and
Oceanimonas doudoroffii (ATCC 27123).

In another embodiment, the host cell is selected from "Gram-ncgative

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;
XKanthomonas; 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; Mcthylosphaera; Azomonas; Azorhizophilus; Azotobacter;
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Francisella; Stenotrophomonas;

Xanthomonas; and Oceanimonas.
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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 Proteobacteria Subgroup

15 7." "Gram-negative Proteobacteria Subgroup 7" is defined as the group of
Proteobacteria of the following genera: Azomonas; Azorhizophilus; Azotobacter;
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; Stenotrophomonas; Xanthomonas;
and Oceanimonas.

The host cell can be selected from "Gram-negative Proteobacteria Subgroup

20 8." "Gram-negative Proteobacteria 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 cell can be selected from "Gram-negative Proteobacteria Subgroup
11." "Gram-negative Protcobacteria 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 ceH 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 Proteobacteria 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 mendocina (ATCC 25411Y; Pseudomonas nitroreducens

20 (ATCC 33634); Pseudomonas oleovorans (ATCC 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 azelaica (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 coronafaciens; Pseudomonas diterpeniphila;
Pseudomonas elongata (ATCC 10144); Pseudomonasflectens (ATCC 12775);
Pseudomonas azotoformans; Pseudomonas brenneri; Pseudomonas cedrella;

Pseudomonas corrugaia (NTCC 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

5 9890); Pseudomonas tolaasii (NTCC 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

10 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);

15 Pseudomonas monteilii (ATCC 700476); Pseudomonas mosselii; Pseudomonas
oryzihabitans (ATCC 43272); Pseudomonas plecoglossicida (ATCC 700383 };
Pseudomonas putida (ATCC 12633); Pseudomonas reactans; Pseudomonas spinosa
(ATCC 14606); Pseudomonas balearica; Pseudomonas luteola (ATCC 43273);.
Pseudomonas stutzeri (ATCC 17588); Pseudomonas amygdali (ATCC 33614);

20  Pseudomonas avellanae (ATCC 700331); Pseudomonas caricapapayae (ATCC
33615); Pseudomonas cichorii (ATCC 10857}, Pseudomonas ficuserectae (ATCC
35104); Pseudomonas fuscovaginae; Pseudomonas meliae (ATCC 33050);
Pseudomonas syringae (ATCC 19310); Pseudomonas viridiflava (ATCC 13223},
Pseudomonas thermocarboxydovorans (ATCC 35961} Pseudomonas

25 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

30  belonging, e.g., to the following Pseudomonas species: Pseudomonas azotoformans,
Pseudomonas brenneri; Pseudomonas cedrella;, Pseudomonas corrugata;
Pseudomonas 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/ NaCl, 5 g/L yeast extract) or a defined minimal
medium such as M9 (6 g/L Na;HPOQ,, 3 g/L KH,POy, | g/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 flask 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, broccoki, brussels sprouts, cabbage, canola, cantaloupe, carrot, cassaya,

25 castorbean, cauliflower, celery, cherry, chicory, cilantro, citrus, clementines, clover,
cocomnut, coffee, corn, 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  ommamental plant, palm, papaya, parsley, parsnip, pea, peach, peanut, pear, pepper,
persimmon, pine, pineapple, plantain, plum, pomegranate, poplar, potato, pumpkin,
quince, radiata pine, radiscchio, radish, rapeseed, 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

5 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 heterclogous
proteins. Providing a plurality of phenotypically distinct host strains increases the

10 chance of success of identifying 2 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 fluovescens. Having available a library of host strains in the
same genetic background allows the rapid screening and identification of factors that

15  increase the yield 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 (PPIases), and disulfide bond formation proteins. Proteases can degrade

20  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.

25  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 |
30  Identification of Folding Modulator Genes in the Genome of P. fluorescens Strain

MB2i4
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-proly! cis-traxs 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 P.
Suorescens 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 keyword “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 “GQ: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
casily identified as not coding for folding modulators based on 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 arec necessary for the

survival of all living creatures. However, their role in the cell means that proteases

10 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.

i5 Each of the 6,433 predicied 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 al 20006, http://merops.sanger.ac.uk).
It is a comprehensive list of proteases discovered both through laboratory experiments

20  as well as by homology to known protease families. One of the strengths of the
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 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.

30  Significant homology in this case is defined here as having an e-score of le™ or less
with allowances made for human judgment based on the length and quality of the

alignment. This step vielded 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

5 those families (Gene Ontology Consortium. 2004). Using these antomatic GO
assighments, ail 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 vielded an additional 70 potential proteases that had not been
identified in the previous step.

10 More ORFs were added to the list based on their curated function from the
previous annotation (Ramseier e, al. 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

15  encoding proteases. Again, the intent of this study was to be very inclusive but many
of the ORFs agsigned to the list by these semi-automated methods could be casily
identified as not coding for proteases based on limited criteria and human judgment.
The two most common reasons for excluding genes were the weak evidence that a
certain ORF is actually a protease, or that a particular gene showed greatest homology

20  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 Locarion Prediction of the Folding Modulaior and Protease

25  Proleins
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

30 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 membranc
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 algornithm 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 (Nieto

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-dnak/-containing plasmid is
exemplified. Other folding modulators — cither 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; (iagen,

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-
dnakJ genes were amplified using Pfulurbo (Stratagene, La J olla, 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
pDOW?2236 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 Hindlll and the resulting grp£-
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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
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

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
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).

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.
The light chain is expressed with an OprF secretion leader and under control of the
mannitol promoter. The plasmid was ¢lectroporated into competent cells of 63 strains
carrying either a directed gene deletion or pDOW2247 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
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 ODsgoo to measure cell specific

activity. Strains Aprel, AdegP2, ALa2, AclpP, and dpre2, Aprc2, 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 subjccted to Western analysis (Figure 2). A band with a size consistent with fully

5 assembled antibody was detected in the four test strains, but not in the control.
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Table of SEQ ID NO:

PROTEIN FOLDING SEQID PROTEASE (RXF#) SEQ ID NO:

MODULATOR NO:
(RX¥#)

RXF02095.1 3 RXF(0133.1 46
RXF06767.1 4 RXF00285.2 47
RXFQ1748.1 5 RXF00325.1 48
RXF03385.1 6 RXF(0428.1 49
RXF05399.1 7 RXF(0449.1 50
RXF06954.1 8 RXF00458.2 51
RXF03376.1 9 RXF00561.2 52
RXF03987.2 10 RXF00670.1 53
RX¥F05406.2 11 RXF00811.1 54
RXF03346.2 12 RXF01037.1 55
RXF05413.1 13 RXF0O1181.1 56
RXF04587.1 14 RXF01250.2 57
RXF08347.1 15 RXF01291.2 58
RXF04654.2 16 RXF01418.1 59
RXF04663.1 17 RXF(1590.2 60
RXF01957.2 18 RXFO1816.1 61
RXF01961.2 19 RXF(1822.2 62
RXF04254.2 20 RXF01918.1 63
RXF05455.2 21 RXF(Q1919.1 64
RXF02231.1 22 RXF(01661.2 65
RXF07017.2 23 RXF01968.1 66
RXF08657.2 24 RXF02003.2 67
RXF01002.1 25 RXF02151.2 68
RXF03307.1 26 RXF02161.1 69
RXF04890.2 27 RXF(2342,1 70
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Al'l publications and patent applications nentioned in the specification are
i ndicative of the level of skill of those skilled in the art to which this

i nvention pertai.ns,

RXF09487.1 134
RXF09831.2 135
RXF04892.1 136

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 pertains.

5 Although the foregoing invention has been described in
some detail by way of illustration and example for purposes of
clarity of understanding, it will be obvious that certain
changes and modifications may be practiced within the scope of

the appended claims.
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Al t hough the foregoing invention has been described in some detail by way
of illustration and exanple for purposes of clarity of understanding, it
wi |l be obvious that certain changes and nodifications may be practiced
within the scope of the appended clainms. CLAIMS 1.An array conprising at
|l east a first and a second popul ati on of Pseudononas fl uorescens (P.
fluorescens) 5host cells, wherein each population is selected fromthe

group consisting of: a) at |east one- dation of P. fluorescens host
cells that has been genetically nodified to reduce the expression of at
| east one target gene involved in protein 10degradati on; b) at |east one

popul ation ofy P. fahuerescershestisicel lax tikalsthas fheen geretd ealdondmodi fied
to increase the expression of at |east_one target ne.j nvol ved i.n protein
product i on; PRRPLESCRE He e HPHERII AT TS Pl udBeeaie T8t cel | <

t hat shas beegenretlilcal wheredid icettrageqrdiatg dro i(sa)sedretct{ed) ,£mbrertgien each
popul ation of P. fluor.esc )st cells in the array is non-identical,
wherein eacrgrﬁélﬁulcgﬂsolns%&%%;&?l uorescens host cells is physically separate
one from 20arot hert drdsthens pomulladdshn ofe Hogulumtanrasts poSy worldscens

host cell's ig,Gapabl cQh UHASIING AlndLasle LN haleIl agous protein of

interest when transfornmed 1 n the array wth an expression construct .
conpri si ng EHLEES Bh&fgdite EFSHdiITE thie Bt 19850 1 etk ridt YU Pt ot ei n
of 125 interrsiracadoserein the at | east one popul ation of P. fluorescens

host cells is capabl e of being_ transfarned ile.jn the array. .2. The array
of claim1, wWierei gﬁa&tatonleeéf’é)tp 30t ar'get- gfellrﬂeoﬁen?ifoﬁqfe%}/osﬁc p():regﬁ& n

degradat i on s ta hasotease gedhethearinaynefi Tl M@, inwherasa thwe at | east one
B ray of o SHE G 6 The B S08 AeTarbel gane bl ved T S btei n
producti on ipraugdnien;nvaidved in proper protein transcription, translation,
83 15 c) 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 1is 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.

z. 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 c¢laim 1, wherein the at least one
target gene involved in protein production is a gene
involved in proper protein transcription, translation,
&3




processing, or translocation of a heterol ogous protein. 5. The array of
claim4, wherein the at |east one target gene is a protein folding

nodul ator. 5 6. The array of claimb5, wherein the protein folding

nmodul ator is selected fromthe protein folding nodulators set forth in
Table 1. 107.The array of one any of clains 1 to 6, further conprising at

| east one population of P. fluorescens cells that has not been genetically

modi fied to éf%%%%i%é,h%fwm%@m?%@ é%@f‘ér&%&%@ Jegkin protein

production target gene involved in protein 15 adat i on. 8. The
array of any one of clains 1 to 7, wherein at |east one popul ati on has been
genetically npdifi®ed toincraase dive £XANRSS 00 0fe W0 1fad®WIEhd ar get genes

20i nvol ved in protein production. , 9. The array of any one of clains 1 to
7, wherein dt21%st9 Jp%p?ulpaft?nfo%rhafs‘ﬂbcgéw d%%%%]iacta?ﬁy modified to
decrease the expression of two or nore target genes 25involved in protein
degr adati on. 10...The r.ay. of e al : in,said
array is in a6’f or rrTaqe caorﬂrr(ﬁ}giovfg ctlgar%g t reo%glﬁ{plr}fnegcérg)e%lng 0 l%slgll% array.
30 11. Thenculatcaof ot aenslhedniarat itlsaipr $lor mtLodinpene@tlaf st .
12. A kit cagyriging the argay of any one of clainms 1 to 3511. 13. A nethod
for identifying an optinmal popul ati on of Pseudononas fl uorescens (P.

fluorescens) host cells for 84 expression of at |east one heterol ogous

protigi n of i nteresth« omd sidiiora) ohtsaidii nglAmArT ay coidsilng: at | east a

first and a second popul ation of P. fluorescens host cell wh i n

S5each popul &9 of B ‘?ptl ﬁjo'?‘aesstce%e HER e 1 Ps%] ejgf%o E?‘?%%%?h%%f%up

consi sting afhat has ndt) kaden epstetoinsm popuhadiDiedftdP. iddyorescemd host

cells that een ge ically ifi 0; t ion of at
a*g%gpr DEEL gengt | £ald tggog%ér | ohd el;ﬁ@&y&@d N2 Sxpress

| east one t gene encodi ng a ; ) )
production or said target gene invoived in proteiln

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 protein 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 fluocrescens (P. fluorescens) host cells for
84




ii) at |east one population of P. fluorescens host cells that has been
genetically nodified to increase the expression of at |east one target gene
encodi ng a protein that nodul ates protein processing, folding or

15t ransl ocation; and iii) at |least one population of P. fluorescens
host cells that has been genetically nodified according to (i) and (ii),
wherei n each popul ation of P. fluorescens host cells in 20the array is

“On-ide““.caéx&ﬂf@s &l sach popul.at i Qi Of o Pog bl 4105 €5GENS dost cells in
the array is physically separate one from another; b)introducing into at

| east one cetlt&ieTackHoptidtdon of P. fluorescens host cells in the array
an 25 expressipn Cassetlied awrdstdig dmdeasin®ne: ganestene otli mge thed ad

| east one heterol pgous protein of interest, while the | east one

popul ati on cﬁe?9né$hﬁﬁ%i§ﬁﬁﬁp tPte%f%O{§$??F?kﬁP%ﬁr%égl%ﬁﬁi?%?%ﬁ%ing t he
populsat i ons edciP.pdpuicrtesoenst hbst £ BOcedscenn tdet arelys undese borided i ons
sufficient f ex i f ' ferol ogous protein of interest in
at | east oné%%%%nﬁgiﬁ§%§§§ é§h§%%%$% égﬁé host cells in the array, and
expressing in the it | eabtlonet popl BepehabioP. of | Hor £5¢ehssholds efts in

the array salgh hetel.ol agous,3oproteih of11ntesestiencededdycs hengene in
t he expression cassette; and d)sel ecting the optlnalgggﬁulatlon of P

f1 uor escens HEECTTIIS 9h 2hel TRy H WhTIRT t HE Rt YYOUS protein 85
of imnterest psotppeiced, wherein the heterol ogous protein of interest

exhi bits one or nore of_inproved expressio i oyed LVI i ved

solubility, inpro t rans %%%ﬁi%ﬁﬁ %ﬁp?gﬁﬁ%%%ngér%te€$§%F%sééﬁﬁa§§%?on in

the opti nmal obld athon fofs Medn uprestens] hpshodef1ed conpanedes o< other

popul ati ons rescens s, 1 h r : 4., The
pf%iéiég:é?.gg l@? 5ﬁ% §a£€%{1%%€% &coding a %roté

met hod of clai'm erein said protease i ected fromthe proteases
set forth irni&blreodulates protein processing, folding or

15 translocation; 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 enccding
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 cf 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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15. The method of claim 13, wherein the protein folding nodulator is
selected fromthe protein folding nodulators set forth in Table 1. 15 16.
The net hod of any one of clainms 13 to 15, wherein the array further
conprises at |east one population of P. fluorescens cells that has not been
genetically nodified to increase the expression of said target gene
encodi ng a 20protein that nodul ates protein processing, folding or

transl ocati o or,sai it argel, ganegncodi ng a prot ease. 17. The met hod of
any one of clains 13 to 16, wherein at |east one popul ation of P.

f1 uor escens "Hugieidelthe AL HRIPIPE JEirktsidalty IR Feed S Hhcr2ddE t he
expressi on ofr tm@r%frﬁgl@ﬁwgeteml encoding- pred eddsi +hag, nodul a';]ed f
protein processing, . folding aor translocation. : 18. The thod o
any one of ci™iifs St%l%l?ljv%r éW%?V%%I%%%QS%%%aFO% ath o%e%"fceg

f | uosescens dwste et isc hesydretrt igenein ddld yomodnd 1 gebpwl decyrease ¥ he
expression Q re r get eggﬁ ﬁgg i BASHS . .p The
nmet hod of anél%arlgesg#ej{c%)arfon%taf%ejtlosgll i er%?&n@%\g@% arr alyaﬁ’lsorllsn c;Iaj?flf)'r mat
conduci ve t hiqeadevudipin sekleenitng ol s@iavarray. well format.

21. The nethod of claim 13, wherein said expression cassette further
conprises a si4gna| ing peptide operably 5linked to the heterol ogous protein

of interest. 1422 ThhdsRiatodofc @ a1, "Rt 8t w3 PGS g pept i de
i's aopsecr et igyl sdighal £ peptitde. p A2 sdhesaethocklof il Bam 212 . wherein sai d

signaling peptide is native to the P. fluorescens host cell.
15. The method of ciaim 13, wherein the protein folding
modulator is selected from the protein folding modulators
set forth in Table 1.
15
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
20 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

25 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
30 least one population of P. fluorescens 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
35 said array 1s in a format conducive to high throughput

screening of said array.

20. The method of claim 19, wherein said format is a 926
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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.
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