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WO 2008/094986PCT/US2008/052434 Attorney Docket No.
43292/339376 BACTERIAL LEADER SEQUENCES FOR INCREASED

WEIPG248¢ON HELD OF THE INVENTION This inventio®{SITHIHY8/052434

field of protein production, particularly to the use of targeting polypeptides
iRtdhe-poductionpproperyprgcessed heterologous proteins. 5
BACKGROUND OF THE INVENTION More than 150 recombinantly
produced proteins and polypeptides have been approved by the U.S.
Food and Drug Administration (FDA) for use as biotechnology drugs and
vaccines, with another 370 in clinical trials. Unlike small molecule

10the Ut thatldre Bt GESHRRILER ERERRIARTAMER S OPRERRION
and polypeptides arc most efficiently produced in living cells. However,
current methods of production of recombinant proteins in bacteria often
produce improperly folded, aggregated or inactive proteins, and many

types of proteins require segenpanyrmMmedificaliprgrtiaay are inefficiently
achieved using known methods. 150ne primary problem with known

methodS fie @ HHE T LS 61 e B B BHEYgFeg i & use of
RIQIQIRE PolecpRIasth M\Hsd 066H DVHIRRETY XSS RIMetH b BLPIRBIteins.
accumulates in the cell. Another problem in recombinant protein

production is establishing the proper secondary and tertiary conformation

for the expressed profENGKORE bNOE ThEt DSSIENGlIOrpplasm actively
resists disulfide 20bonds f;r,mation, which often underlies proper protein

folding YS&FHYR &0 AreeraR EUlg RS s RIS HY RIBOGRIARSHYFVS been
EPPEERBINEY tHY OIS NBo pa iUy thosenditRitiar YPDAPIgiMs@Es biotechnology
improperly folded and inactjve when produced in bacteria. Nyumerou
i RACE T OBTAPE LD I LR S B SmEL Bre e
EHetein6tics raonbinadusys s chehexacnpien thysstigatersstmdepolypeptides
changed 25fermentation condjtions (Schejn (1989) Bio/Technolog .
S T oy B At PBAGIE. HVEaA oGP BEtiog Bf production
oliageiabm propeinsifkockagyr(1994) predals Bigiasiord! fARI&h6g03ated or
which can hehp%p eyent the form?tion of inclusion bodi(§s. An gl rnative

r

JBpioEd %r% D PRRLt BFEh g o Proteriaqd il ddepadgat are
thefficideily fiohicthe intigceiolan eitedynent. The most common form of

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

Numerous attempts have been developed to increase production of properly
folded proteins in recombinant systems. For example, investigators have changed
fermentation conditions (Schein (1989) Bio/Technology, 7:1141-1149), varied
promoter strength, or used overexpressed chaperone proteins (Hockney (1994) Trends
Biotechnol. 12:456-463), which can help prevent the formation of inclusion bodies.

An alternative approach to increase the harvest of properly folded proteins is to

secrete the protein from the intracellular environment. The most common form of
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1 LEGALO02/30682262A 1AtlyalNo. 43292/339376 WO
20081094986PCT/US2008/052434 secretion of polypeptides with a signal

WQai$dd28Mmvolves the Sec system. The Sec system is respoRSIBESAYPS/052434

export of proteins with the N-terminal signal polypeptides across the

SYERRIBABIGBISHRPIRIRE BEL MERIraRRIER ANH SN (RO9L) BigehiMhe Sec
Biophys Acta. 1513:1-24; Muller et al. (2001) Prog Nucleic Acid Res Mot

BiSICBE T8I rarRNEOR AR BReH o bttt fene hetensetides

H&({bihﬁefc%ﬂdm@siﬁf% %V&ﬁﬁ%i@ﬂsé%%@é&%ﬁ@ﬁ@s %@W@t(mlﬁmtﬁ&mmphﬁ
U.S. Pat. No. 6,329,172; PCT Publication No. WO 96/17943; P

BaRlidlenired: Wellenriebde0dh s Nusisie Afidh Wﬂ?&ugwl 66:107-157).

2003/ 0@%@%5@%%@@@@@1@5@& 'ﬂ&%ﬁ%@f@%ﬂp@éf@ﬁﬁﬁi@&%@ cirestestie
targeting the protein to theé)erlplasm Some mvesU%atlons focus on

HorrsarAo e seaRtol Rdetdie. g: PEFPublicatish N we?s172: PCT

P00 Nd.SvBuldicatar, Ho 12003048008 6: W-S.(PuismiandNo.S.
2003/0064435; and, PCT Publlcatlon No. WO 00/59537). However, the,

AERDITR/ IR Fall PR 093U 3 tf?éhgééﬁéﬁ%eéffe&wé%ﬁé BYBEation are

Withc e SRCAYRAIAGEHRTINBIENSIE MheHIHTAREY. SOERCIHAN SIHBAIST@ N non-Sec
been descrlbed for{g;se in e>ﬁ) g 15recomb|nantﬁ(§¥ eptldes or.
Gt

YRt e (5 ik il Dt IRHNG - SBAV b4 SyRublication No.

46204969 Fuoe RN 207y (363485 Saiia P AND PRI ticiBNE GV O
P&)Ilcatlon No. WO 89/10971; U, S Pat. No. 6,156,552; U.S. Pat, Nos

WLy Homisyf gifeamasoriy of Feuossch ds dosuscd o8l thetssTakign of
ex0Lénbds pkbt%ui's’ashthl@&@&ﬁ%%@c&eﬁ‘ﬁ%&&@ and 6,204,023; U.S. Pat.

i 0.4 R BERI At DU AR L BANGah SATEDS,
mrﬁulm@al?pépnmw@&&lﬁz ]S3éa°or exﬁﬁﬁ@gﬂf}[ﬁ’t&t rady noisigsal U.S.

DB BT O B o) e for S A CT
Pabllﬁtwms]gaatle@lgm a9 ThpseShedtlads @156(;56129@ &rBh;g NH@{E&&%%L

r

R R A GG LA R KT A e
o593, 80R1 SpEIdyAdiepaelio Q0 A BUicatRak ; eNthﬁ 15‘81:6605%6§ BubpipatieAtNos.
T e B G e o S dh U.s.
Bahavue ﬂmmsmlteﬂlmmﬁﬁpmeHﬁ;ehugh‘oylélmofnreﬁerly processed, active
recom hich can urified rther eutic use. O

o e L R SR o R e T i

poohEseietfamn @mdabsempeamgzl prm&dmmm&@el I Hystsrpanﬂhrly true for
20081 949861PCT/%{82008/ 52434 As are uj[ (? e is still a eed i 'H er Sec

t t
S IV g8 AL il &ion ©>° § sGcction thoug
system. Proteins that are processed through this system often either retain a portion of

the secretion signal, require a linking element which is often improperly cleaved, or are
truncated at the terminus.

As is apparent from the above-described art, many strategies have been
developed to target proteins to the periplasm of a host cell. However, known strategies
have not resulted in consistently high yield of properly processed, active recombinant
protein, which can be purified for therapeutic use. One major limitation in previous
strategies has been the expression of proteins with poor secretion signal sequences in

inadequate cell systems.
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systems capable of secreting and properly processing recombinant
polypeptides to produce transgenic proteins in properly processed form.

WEHOAWARY OF THE INVENTION  The present inventionBSrbHH28/052434

improved compositions and processes for producing high levels of

properiy PEGeesRed RELEIR 0L RRBPRRNA @ FIHRHYSS 113 A1 SRl SXRKESSRBssion
system. In particular, the invention provides novel aming acid and

SURRIBtERP ARl R ROEE HBreaKt BHRF LY RERS SR BN BB RRbHRgPtIdes to

preanis et RAR HasiRodiprpeihe rReEEQMsINals of the invention
Include an isolated polypeptide with a sequence that is, or is substantially

homologous to, a Pseuclomonas fluorescens (P. fluorescens) secretion

polypeptide selected fraqymmiairiy disutfigensQRRraReNC (dsbC), a
mutantPhosphate binding protein (pbp*), a protein disulfide isomerase A

(dsbA) TAORIEIER! EGRHBD PLOISE BB RVRACOPHIBS P S ARG PERSSHRId O
preeati fAMiyhlisPER QN @R BPRLAskl YesRitolRBASR HAIIRF(RBRGDIPE cell

a methyl accepting chemotaxis protein (ORF8124) secretion signal, as

RIS BTSSRy B AR A S IS HRINRL WS RAH A ATHRR ARSI BPh

ana&mrd@m@@ﬁa@mfomecﬁa%ﬁts@ghslgaaﬁv@a tﬂa@nwemt@ﬂanghgdﬁﬁﬂ In one

olated polypeptide with a sequence that is, or. is sybstanti
6#%5 - SPESUAR S SRy afhs ﬁgs%g&mﬂgagﬂéﬂ%&&&%p%@e with

ats@tﬁ@ude tBQﬁﬁq Uﬁmga@@@m@mﬂaﬂoﬂ@aab SCUWPRERBALING MunBLiEdhs (P.

c useful in vectors a SSI n sy ems to pro rgeting of an
Buprevsasorsis Oarpélwﬁaa ek ) Ierfét%@bﬁafmedfomerase

@mm@gaum bﬁ@b@ﬂ@t@biﬂ&m@preeaﬁaqaibﬂa,rm‘dfaﬁrmﬁntﬁHH\iéomerase A
truct ris cre nces are useful in host

T R R e b ARl TR Family

pf@t@m mFﬁ@seﬁtﬁame reiilyaliokeddeia SReEIpRSONalas sesptingd

rein. The cell m sthe protein in a periplas comp rtment. In .
C R BB L L SR 1o Lt Ehee o Bl ABE SR s,

&gﬁiéh&s)(fiﬂﬁeﬂélﬂi%lyvﬁ%rﬂugébﬁn huiaotel walblo dHosheals becteten signals of the

eukaryotic c inclu st cel |ns ct cells, mammalian.cells, plan
LT £ SRS A DR Sy BALE NS o Ol
fluareisgens t(E aCRilzidngl db@gh&immgemmtetﬁoﬁfsngmmmy&emmdde
usin the secretion tide leader uences of the invention,
TG SR S WS RS BT S by end
Bpepiao oy digands, mmﬁeasesg&mgsﬁl%bé&pcbmm@meMpo@pemde of

tokln S, antlbo%gas argd he like. 3.L gg%_OZ/BOB 62v %AttéiPlldNo’

E@é? PERRE D 2‘9%%%98‘?7 BUBH524 32 BRIEE T

BESCRIEIIION OF THE FIGURES Flgure 1 depicts the expression

(:onstré({‘< Xr thetdst SS- sk% rotein. 5F|gf.1re 2 shows ex rﬁﬁsmﬂ ‘
of the SKp PIOTAIH Ao NI R Srsroc\}(/% OBYHS BRI D Ahg3Werd o°
cemststempmhbherﬂkpqntqjmmﬁanduﬂammmh&sefmI@Nﬁeh’mdfr’igterest

roteln P‘Pﬂ? ure 3 is & alysis aft SSIOI‘] of

eb(é)g to a ecretlongfl al as escnq‘\\ll} gere e]; mgless the

S p I Fseuadomonas rescens a OUI’S |n
(SBotaimdinns ptuipx{h) fraaipartsntort. samptasn embodiments, the cell may also secrete
expressed recombinant protein extracellularly through an outer cell wall. Host cells
include eukaryotic cells, including yeast cells, insect cells, mammalian cells, plant cells,
etc., and prokaryotic cells, including bacterial cells such as P. fluorescens, E. coli, and
the like. Any protein of interest may be expressed using the secretion polypeptide
leader sequences of the invention, including therapeutic proteins, hormones, a growth
factors, extracellular receptors or ligands, proteases, kinases, blood proteins,

chemokines, cytokines, antibodies and the like.
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10labeled 2B-2 (Figure 3A) and 2B-4 (Figure 3B). In figure 3A, bands 5, 7
and 9 were the unprocessed dsbC-skp protein in the insoluble fraction.

WEHNEYE® and 10 were the processed dsbC-skp in the insoRBEUPATHH2434

Bands 1 and 3 were the processed dsbC- skp in the soluble fraction.
Bands 2 and 4 were an unknown protein. In figure 3B, bands 15, 17, and
19 were the unprocessed dsbC-skp protein in the insoluble fraction. 15
Bands 16, 18, and 20 were the processed dsbC-skp in the insoluble

fraction. Bands Il andid3: weyeSOR nroressef ¢shCrskinitke soluble
fraction. Bands 12 and 14 were an unknown g}rotein. Fi?ure 4 shows a

Westerh @I <ISR¢ S idteriRcssintsansiushardkp ddborotkr fstepgyotein.
(dsbA-RPAGR) 2ABeWR dighieaBhtbetae sibhe tSthitnseiuiie (LDand cel fie®ands

20 broth (B) at 0 and 24 hours was assessed by Western analysis.

FbtlRd 5 RS T ARONE RN OP PRERE Sk cBANAI At AR St fo have both

eresriamobER4R33802)24d3h4). Accumulation of the soluble (S) and
insoluble (1) protein at 0 and 24 hours after induction was_assessed by

Westerh GH5Iydis RS dERGHEieiannt SiRGIMe Biohbhrsdagdd ity

AthespthiSa 080318 (PRGN H IO LENESAE 1A RINS QB ok BEsamples
E@%%}ﬁsecretion-signal. Cell cultures. were_adjusted to 1 QD600 unit, the

ek s el d By AHERE 45meh e amidiids emUpyahyere

Measprhgdlve@scerkpidtsh iarmaiie abOfmiol NBARBAEIME £aMTOwere the

contains P but no cells. Figyre 7 shows a Western analysis of protei
a&%ﬁfﬁﬁsﬁa%%@ %25?@&&%}?03? FoCPTNS0H-3 EB80+) SHPINELEKS dsbC-

(i diyipe siiphl Aatioulatian df 1ha proinaylinphadd therselubler (Salke 3B,
insojuble (Insol), and extracellular fractio ro) at TO, 116, and 140 hqur .
s dee Lctnty Sy Se s ite st bl B on
Bad0s0[8609), unitS.0sepay die@roy 542 RBGEkfransterieslibla fitieicanoBands 11
visualized with an antib to insulin (Chicken polyclonal, Abcam cat#

025 N E DS O PP AT RINE SISEaAaEi e G 14 were an
20REI0RHAREMCT/US2008/052434  Figure 8 shows an SDS-PAGE
analysiE.of EP4 4-003ﬂwd EP484-004 fractions. Representatiye results of

SDS-PAGE SHRAEE T SN A MBS QLRI HRREEI A sr S EiewIen of
aabescanier- B standards {B&oStHs Jotuslindinated ube @rend cell free

E?r}di%i in uc:ﬁ%gi}nd. Below each I%nqxis the fraction type: soluble (Sol),
M98 % nagﬁ, gllil-rf?é%af)%?ﬁs(sé‘li: 5} BYGE 848H 5he is the sample

time athigliretfosh{d) aol 24 drourm Rest dfiguekiondddd)ubierstfain expmbaon of
' low.each grouping.of s les E e large protei din the
e s SRR R o) SRR TR a0 ana
exdressiefidacittatisshbyaB asstsadktl g&veenoearfigsice 9 demonstrates
SDS-PAGE a (%West rn analyses of Gal2 0%10 Xpressi n.iﬁ I

(S and IR0 18 (5 RO A AR KHoUE SR P aF 003
(pbp™*) mutant compared to pINS-008-5 (wildtype pbp) secretion signal. Cell cultures
were adjusted to 1 ODgg unit, then PhoA activity was measured by adding 4-
methylumbelliferone (MUP) and measuring fluorescent product formation at 10 min.
The negative control contains MUP but no cells.

Figure 7 shows a Western analysis of protein accumulation after expression of
pINS-008-3 (pbp*) and pINS0008-5 (wildtype pbp). Accumulation of the proinsulin-
phoA in the soluble (Sol), insoluble (Insol), and extracellular fraction (Bro) at 10, 116,
and 140 hour was assessed by Western analysis. Aliquots of the culture were adjusted
to 20 ODggo units, separated by SDS-PAGE, transferred to a filter and visualized with
an antibody to insulin (Chicken polyclonal, Abcam cat# ab14042).
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lanes is indicated the secretion leader fused to Gal2. Molecular weight
markers are described to the left of each SDS-PAGE gel (top) or Western

WRR0BHBIN). Arrows indicate the migration of Gal2. Figure REIEPPaE/E2434

an SDS-PAGE Analysis of Thioredoxin (TrxA) 15 expression. Soluble
fractions yess anelyz adl SAYPA 6RCkh PRI Oblanemis iodigatedrdigs-004 fractions.

secretion leader fused_to TrxA. Molecular weight markers arc described to

freprereBtaie S iPAlGP gl AHoMe it ate ThavRighdglshaubtr weight markers

PDPARCEIRSRE AHRREIAIEPVWB AL RIRERSSEIIOWRIs JHRWhJiBsfed. The arrow
20DETAILED DESCRIPTION I. Overview Compositions and methods for

Brégatahiiigrddead JAPrpessh irsedstiulponpepirfesattblnoseetnsghible

pravidedel N R iEHIRCTRE AderationRisnais aie arayiderhwhiGhdIame @), or
the targeting of an operably linked polypeptide of interest to 25the

emotShost BvinRfRfe aEra Brmbs e Rrra bsioms Fah aronpisaot

Eahpe PURAseS YriieiPrREENh ientaRldb s EeratiaNoTigPak4 - REERRBponds
signal polypeptide,” signal peptide," or "leader sequence” is intended a
ﬁ%eﬁél%@qa@wpmﬂeﬂp%@#%@om@%%&mg%ﬂ%ea%nde sequence)

that is mgﬂ;]& ﬁ)ﬂéﬁfc?ﬁﬂﬁ@e;sllquvmmﬂﬂegl@m@i ArRelyseptidesofv
interest to the periplasm of Gram-negative bacteria or 30into the i
EXHEERRar AP elasrlbl Qgﬁ&%i%awﬁ&%%ﬁﬁ%dirﬁgﬂ‘fﬁ)ﬁ“h pair of

Ingksde e cesrelio @e@ﬂiﬁﬁﬁ Fl)é.lﬁ?ﬁl Relerie d}ﬁnm\l&@é‘uﬁz Rvbi gltlaharBes are
upA2, CupB2, CupC2, NikA, Flgl, ORF5550, Ttg2C, and ORF8124

58%%} 8#&{,&&5%%&#&%&%{’ %Rl iom %@4@%?%%5%%&%%

setuabeks ftstheosestelign signals are set forth in SEQ ID NO:2, 4, 6, 8,

10, 12, 14, 16, 18, 20, 22, and 24. The corresponding.nucleotide 5

LEGAL }56&&%58%&%2&%% .'Hégg"z Yysis @%9“6 oxin (THA)

20p81084 986 61d fASRMSHb2 434l prgueness asehpseiidethirsSE@ddated the

NO:1, 3,5, 7,9, 11, 13, 15, 17, 19, 21, and.23, respectively. The inventio

S e G HoAs Moo O AP U LR B of

mhefogsP{ Uredely entionsprliide:ithp raieatents imuroert cd€thpds fow) and

5production of recomgﬁgant proteins in bacteria that often produce
Prope %&8&%‘?&8 "J&ted or inactive proteins. Additionally, many

types of proteins require secondary modifications that are inefficiently
achieved using known met@ @Z@R Pgmi&increase the harvest

of properly folded proteins ' m the intracellular
envrerient. In Gram-negative bacteria, a protein secreted from the

10cyto arSan&%L lons, gnﬂ%{gtltlrolﬁspf%? %lr%%irl?clfng%%gg ’lea\%?scg grg%etr }e, S%ggssed
membrane, orin

polypeptides in a host cell are provided. In particular, novel secretion signals are
provided which promote the targeting of an operably linked polypeptide of interest to
the periplasm of Gram-negative bacteria or into the extracellular environment. For the
purposes of the present invention, a “secretion signal,” “secretion signal polypeptide,”
“signal peptide,” or “leader sequence” is intended a peptide sequence (or the
polynucleotide encoding the peptide sequence) that is useful for targeting an operably
linked protein or polypeptide of interest to the periplasm of Gram-negative bacteria or
into the extracellular space. The secretion signal sequences of the invention include the
secretion polypeptides selected from pbp*, dsbA, dsbC, Bee, CupA2, CupB2, CupC2,
NikA, Flgl, ORF5550, Ttg2C, and ORF8124 secretion signals, and fragments and
variants thereof. The amino acid sequences for the secretion signals are set forth in

SEQ ID NO:2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24. The corresponding nucleotide
5
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the extracellular broth. The methods also avoid inclusion bodies, which
are made of aggregated proteins. Secretion into the periplasmic space

WQ R34 %%e well known effect of facilitating proper disulfide FRSREUS2008/052434

formation (Bardwell et al. (1994) Phosphate Alieroorg. 270-5; Manoil
e Methosie indenzystieh 336@H1 8). Other benefitsf 351seoretion o8,

recombinant protein include more efficient isolation of the praotein; proper
TSRS dIRAABECBEAR SBMREHEHBFthectarge dit Bl etiT4e g 1d
IRriRsredse-iT the percentage of the protein in active form; reduced
formation of inclusion bodies and reduced, toxicity to the host cell; and

increasBiF pRetisgEthE iRXRLISHBAYAIR [PBTSIFTACSLI RIevSFRT Mgthods of

pRientiRddasrexesatinn.at Histbiaiaiatiier@st brierheoaulisiegRIpaWUR ded,
can also potentially promaote continuous, rather than batch culture for

BESISHISHORIORGHYS Pretsiih-nisliiEoraby oy huRes Qb HrateiNUsatbasecondary

sySdenastfond e Agth/R R O RERIERT aciOskibeK SualdaemiPRaNEsthods
These routes of secretion include, e.g.: the ABC (Type 1) pathway, the

BEHHAFIRCES315e el A O RFHY RIS RS A Py IS P Bt e 05t} from the

@n&%ﬂ@l&&%ﬁﬁ@@ﬁ%&m&s%ﬂmﬁagmIﬁ@ﬁ@i@,@ﬁ@t@?mw@ﬁ@rﬁhﬁe
Sec (Type TI), Tat, MscL, and Holins pathways for translocation across )
m@oaia%a%sm%faﬁ%}% B SRASirAb? ﬁ%ﬂé%smf(ﬁ@w rane, or in

SRCpltss A BRIAOTIRS MtTho SeMspldshYnRRISREY SRTiEeliaRiChR&) made of
Sec-plus-main terminal branch (MTB), aqd Tat-plus-MTB pathways for
S8 Sl AP R iR A S U MO T AR 4T HURAFSALIN B ARS YL kg wn
3fbacie fiec haveng bed tbess Heaetion Fathweays . (BardWeBRIDIEING) Phosphate

stems (types 1, TIT. crete proteins agr th_membranes i
ereondls: Minn 00 MR Bheeruel B8 ekl siiotage of
sesikaienastlycasrasiaiheprienmenbeanerash fant aiblatisyHems e, proper
FUP, AT and TPS) secrete only acrpss the outer membrane.. 6 . .
{(ﬁéﬁ&@ﬁﬁ%ﬁ?g§gnffﬂggﬁ{f8%§0§5e2)ga§§§%0\Rfe}eln?gadlng fo an ncrease in
2008004986 PG P2 08105 A3 dnne disddodimeribiivE signglon bodies and
seqguences.af the invention ytilize the Sec, secretion system. The Sec .
HE IS ot ESIh R SRS LR IHE N bpinlSe BRapt protein in
pollylpie Fuelas Fiar ottt Ciiopiasstitn o e b proesn 6€ t tbganiaberesange
Dicg ZOO%fBiochirp Biog%s Acta. 1513:1-24; Mﬁjllerpﬁelzt El.té 00 Frénégr toi
RIGEIEIR S SR RLRRLE BYI ABOIH FOPE A Mo fRIRE SPIRKSE Sy iigedarprotein
taoilycdsa.found universally in prokaryotes and eukaryotes. The bacterial
Sec system consists of transport proteins, a chaperone protein, (SecB) or
o S T By A S S S0 R SNV Skport of
peasasldcroshith SeduranspostacemdikesreuteobCansisisnohtinde, integtad ABC
inher membrane protei Y, SecE and SecG, and t toplasmi
BT B TR S RS B BB S R Kppattway
fianslocatiptraisirmadbnl el dpdiche pastean kot drindsiirihe; tiasSeai Type

I ide chain revent it from folding and targets it to SccA. The )
SR ot RB e e R o el et ee: and
drafeepandfifoboulinghetqmrage: Ot & sigriabpalyppaptipet¢h AArptBae-slus-two
folded in the.peri Three auxiliary proteins ecF Yaj
R s A PR R s
petiretips fap tiedatefoidnsholation across the plasma and outer membranes. Not all

bacteria have all of these secretion pathways.

Three protein systems (types I, Il and IV) secrete proteins across both
membranes in a single energy-coupled step. Four systems (Sec, Tat, MscL and Holins)
secrete only across the inner membrane, and four other systems (MTB, FUP, AT and

TPS) secrete only across the outer membrane.

6
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many conditions, particularly at low temperatures. Proteins that are
transported into the periplasm, i.e. through a type Il secretion system, can

WQ 8 ERported into the extracellular media in a further stepP¢RAIS2008/052434

mechanisms are generally through an autotransporter, a two partner

secretipn S¥StBodiRfinaie E@gﬂﬂﬂ?édi?{&ﬁ%@ shalemwnadimpnatuabeec
porin. Of the twelve known secretion systems in Gram-negative

PRERINR BRIRTaERMSK VRS T & tRATstRG QEREPYE QRSB Yaththas-
a#fﬁfafatme%ﬁmssgﬁﬁ%@dl@w&olmﬁaﬁﬁkﬁ@&yﬂ@ﬁw%mw@pAga%thﬂaees and
roteins of the secretion systems so that the cell properliqdirects the

Sirt S Lshftpfiardedsttation SeivitoMRBsecémnt Gharrog Nucleic Acid

ZopalypepiideshasadISesretianin RS koNBs & taagh N Ive thandamiversally
system. These five are referred to as invalved in Sec-dependent

BBt O BYAR Aahsl e RSt HALSFow STRAPsIy s &b dEusport proteins, a
eRaralive fherein (SREMDRreigHaddenatiBes sieneRISRIPSeHEIRASighRRlascs
One of the issues in developing an appropriate secretion signal is to

EvRane i Herssd TR GpRERERy SHBPLRS Ut ard L RapEtISrRd i Ffp intoeral
axpiessath R FHISES ISeal Pebareaiissdor 1he R prIfwaYigAEFall, SecA.

consist of the following three domains: (i), a positively charged n-region,_(ii)
§%F88H86i§%¥é%f&gﬁ8ﬁ@?ﬁﬁf%w (PERARG A6t pRslP Epeg S The
@lﬁ@:ﬁg@ @i@ftém m?sigmabW@mwm&ﬂ@@@t@egkﬁuw&ﬁma@ipfﬁv&wmsml ‘h

t egree of signal sequence conservation and length, as well as the
?f%g@iﬁ@ %ﬁﬁaﬁgsaﬁ-v%% HRea DRI E Bt dyequently transported
tHr6uah 024300826 2Rad Adl Rl do SR BRY 3BT 4B WQhe signal polypeptide, the
20081094986PCT/US2008/052434 A sigmature of Sec-dependent proiei
BRI 1 (HIPHdEHE A SR, RS S B AR SS StAgY Sd SC) form
hydraphahitamning-desmtnadlfsionalaaaipnogiimihe e xpatieshpipteirenTRed under
signal seguence aids roée,in xport and is cleaved off by a periplasmic

AL ICRBATPRSRATISH ey &% PO ISt $eaches the periplasm. A
typical Rrdesinynedt>be o sigpoalidatypeptigerianiainscathMrednaipwithsédretion
least one arginine or lysing. residue, folloyyed b addomai that contajns a
SHRSTEH SPRGIO B CERE TSRS R MO AILO A R the Eloatge
sitehansigealpgpiidaleshrougbaateiidbpisigingraductipirystanmsti@veystem, a
been developed in which trans%e ic.protein constructs are engineered as
e et

fB%iBﬁeBFBPe% r%%ﬁiﬁ?(ﬁﬁalbocgt?‘n éiPiS 7iR&/8st 10and a secretion
signal i0fthatteshet kadargeiciedqroigiomuinGiam aydgpiasrbacteri® .cight are

| has been demonstrated t i d platform f .
LA URraly T BB BFRT S5 Tl LA R, Cetbe g hpLotein.
awechaamigeniifietdisrntbiscorgan b {seenkos tippbicaiiansysblicatiothat the

o iy heghide-leaselithamdypicalbycseenr dniatiethbactesiab ehp fsign aystBims; five
and trfanSH(%rts thes \pr&;teigs at a higher level to thetgeri lasm of the cell

|are 56 ¢rred. to as involved 1n ec-csr RﬁF ent cvto IE(J,:ISI’IIIC 66[1 rante translocation and
eading to increased recovery o y processed recombinant protein.
Tieérefgiel polypepeidsadiongnte theriventidre petriddsccam@thadfardent secretion
E{ od 96%@?698?“8“%?5”@% L3k flugrescens cell DY eXRIessing (e, cure that
a%ge protein Ilnﬁec‘ﬁo a secrg |o% S|gﬁgf. hée secretlo% S|gna?
segsiendeas afitepimtehtionpamsadksaidldieRsd fdomidraxpidssed protein.
Pseudamonads SYSiem offers, adveniages for commercial SXPIRSIN oo thrce

polypeptll es an eelli)zalmes, in comparison othéer bacterial expressio
dystems. (in ppoticutaly Phdtgedescensthds beleydidphtifizchas@on and (iii) an
%quﬁar}’tg%%eboul%spoelél? %Q1§esé?or%1.s¥ﬁteegrﬂéaeagg SEIeFHRE signal peptidase is located in the
c-region. However, the degree of signal sequence conservation and length, as well as

the cleavage site position, can vary between different proteins.

7
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25encompasses a group of common, nonpathogenic saprophytes that
colonize soil, water and plant surface environments. Commercial enzymes

WQ2eEA498mM P. fluorescens have been used to reduce envirotfridhta008/052434

contamination, as detergent additives, and for stereoselective hydrolysis.

P. fluorgsgensiscals S stsachagicH ot e peRtIOHRAPRIRDS o Fa3n&Ri@Bbut 30
Number 4,695,462 describes the expression of recombinant 30bacteria

ARSI b IRIBR SeEFP oG ARNISETIY 5igha! tRaiPEDHthnfagorted
paniializeek Qe Eliewualuse efPedpoer angedisiian taepradugion fsmic

pesticidal, insecticidal, and nematocidal toxins, as well as on specific toxic

SieAbRORIAMI YT FRATSHAIGH 1 TEAPRGS B RBLSEN O YRige N-terminal

SeesitefaepappiptBidoMppical NddesiBwEA L2 36 32262¢ or lysine
1AttyDIdNo, 43292/339376 WO 20081094986PCT/US2008/052434 WO

5988 Ae R SIS/mBERE! BREtRIRAERICh MG YieP b sasssscpard a C-

AonligationdioinME Q00N A0d sidnal FgdeadRyblication Number
20060008877. 11.Compositions 5 A. Isolated polypepticles In one

embodAEit 3 IFetprBEMUFHRIMESHORA ResmbeaT iy plapaddnsbiobidagsgenic
pHideseirdhsiseiaies PelyRerRids it ddoyetsesresianisighabuseiptdiein of interest

targeting an operably linked protein or polypeptide of interest to the
AR -ﬁ|%&%?%?11%?amﬁ@g%t%%&féf%hm%@%afm@?%@a&@; In

one embogineiicihdpAypedisRasRd /MbOendieE LAl MaEIRards pPbduction
is_substantially homologous to, a pbp*, dsbA, dsbC, Bee, CupA2, CupB2,
TS 04 PEYGT SRR §%be,fﬂ§§§}%1i@ﬁ%@ﬁél&&éﬁ%ﬁ%@ﬁ@%}%ﬂ icd from
tragoienissar asants. thppeichtionaPgilieitembagdiban 0 U8s0s8$ItE therein

polypeptide js a fusion protein of the secretion signal and a protein or .
st e O R 1 PRy MR BORASESES protein
$equeneetis, Podssub sbantially ighelrgoLmhia, tihecargraliarsighad bacterial

D B I 6 B BT IR S b aha GEeT R B HS of
th3 cBlLNeBdihg, td IndrBaskd, réfo vty of 23l ypastetoed syrdatinaanpriien.
Therefore, in one embodiment, the invention provides a method for producing
exogenous protein in a P. fluorescens cell by expressing the target protein linked to a
secretion signal.

The secretion signal sequences of the invention are useful in Pseudomonas. The
Pseudomonads system offers advantages for commercial expression of polypeptides
and enzymes, in comparison with other bacterial expression systems. In particular, P.
fluorescens has been identified as an advantageous expression system. P. fluorescens
encompasses a group of common, nonpathogenic saprophytes that colonize soil, water
and plant surface environments. Commercial enzymes derived from P. fluorescens have
been used to reduce environmental contamination, as detergent additives, and for
stereoselective hydrolysis. P. fluorescens is also used agriculturally to control
pathogens. U.S. Patent Number 4,695,462 describes the expression of recombinant
bacterial proteins in P. fluorescens. Between 1985 and 2004, many companies
capitalized on the agricultural use of P. fluorescens for the production of pesticidal,
insecticidal, and nematocidal toxins, as well as on specific toxic sequences and genetic

manipulation to enhance expression of these. See, for example, PCT Application Nos.
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20 polypeptide sequence comprises at least amino acids 2-24 of SEQ ID
NO:2, at least amino acids 2-22 of SEQ ID NO:4, at least amino acids

WO 20980080 ID NO:6, at least amino acids 2-33 of SEQ ID NBCE/E2AQ44152434
amino acids 2-25 of SEQ ID NO: 0, at least amino acids 2-24 of SEQ ID

M) 13/ @8 deastagnino acide $H23 P@%QHI@:M&N@ ahepst aRynsaPdT
2-21 of SEQ ID NO:16, at least amino acids 2-21 of SEQ%‘ NO:18. 25at

RRRlSAHALRI O WP NG BaisnidaiklisHing Meiabe: 304008877

SEQ ID NO:22, or at least amino acids 2-39 of SEQ ID NO:24. In yet

another embodiment, the polypeptide sequence comprises a fragment of
IgSIIORS g 10, 12, 14, 16, 18, 20, 22, or 24, which is truncated

by 1,2, 3,4,5,6,7,8,9, or 10 amino acids from the amino terminal but

retains biological activity, i.e., secretion signal activity. 30In one

embodifnéi? éda’?ﬁ%eﬁffi%%equeme of the homologous polypeptale is a

variantigféhgiapodiigigaldrehysetise. iwharain, theiseauanss widhaivasiant
is obtainable by replacmq up to or about 30% of the original palypeptide's

BFRividcdcmhesigubs WartetHRa WAt alid Resial s AR RIgRG sty for

ahoetind/an2erabby Alked Yo% oo Bepdite d0Uedlte 129% eﬂ@%&m of
14% 15% 16%, 17%, 18%, ég% Za](-)(y E@g/o 9 LEGAL02/30682262

DRI AIReR s 5155 85 & 6P UR 98B SHBAAEF By
589{@@%41;& g&p/an ﬁﬁf%o&%% s%&rfll/@ne@ﬂiat% 3?% sm%wdﬁ@wﬁbﬂi@o@@nb a
ns the Ire unction o e original po Tl A variant am
BBl v R S WP BN Ao A o Iok S350t LG or
[872%:1 mde@st@hmﬁim,oatfmgh&a%oab@ﬂa&@%aﬁwut&%tﬁb@@hﬁé&ﬁnent,
7%, a out 98%, or t least a o 5homologous to the |ven

hout out 99%
aﬂfy’ﬁ«% P W&ﬂﬁm Sb?&}maﬂb%? I?ﬁaﬁ%ﬁlﬂv RnEY roicin or

m@z@p@dammﬁta@d substitutions, deletions, truncations, and insertions of
oneor ore mino acids of SEQ ID NO:6, 2, 4, 8, 10, 12, 14, 618?,

22, or ifig {81%1% I IR e e R T R
ab@mﬂ&g@muttﬁeabmtﬁnab@m BoBhoptiddsalforth ib mmzmoamum, 8, 10,

acid_substitution letjon r 10 nsert ons. )
R o e e b et e i sarare frth in
8€iQ obMuoteBde, SequencE3thiat has1sy IBla,&Irmom afSther @bBodiaguenbe

identity, about 70% or 75% sequence identit 8
S R R A
i palalit 3320 00Qt 1T/ ab autcdsamanoutili> 982 of SIHQUILR®: 6y at least
reater seq i \pared to a reference u
AT Sh e oS Bt rarb e ia e por OByt eas
aﬁﬁkdlamdbean wilb BEEg DM@ IRahthese amiueacndm DR RpHREIEENO: 14, at
sted to de e id ntlt roteln d '

TGRS tes b by RO et de it %cegsee%%%ﬁ;e?gﬁr%%-l&
aclelastrmnﬂankbyameladni?g ARSI O'I00) gy | @ndathénbkeids 2-BaroeXHQpIB,

f ervatlve i ci gytiqr be m eat n
G ey e T BBt T, e
mﬂmﬁm@tmﬂma@mphsesm tragmantesi @t At anb2, dlit8rdd frldrnlmel 6,

I e qgfa ecre i0 nal polypepti ewtho Iterl
bud?%g;%% %uty, w%ereal{ic,macﬁ1 ‘gh gsgngalj’ §m8m2 ac%’ relelf amm o1 from
teqaimenbf arinimadinak eethdtlyiodo foan setixative. amicaaciol sgbsltlautlmny.ls
one in which the amino dreS|due1 laced n amino acid
rosiod hatm g e e B S SRS L RO B Fotypepie i
seminc o servative igmin palgiet pasicduelscarm libtestqudnablefthe variant is

obtainable by replacing up to or about 30% of the original polypeptide's amino acid

residues with other amino acid residue(s), including up to about 1%, 2%, 3%, 4%, 5%,

6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%,
9
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0 LEGALO02/30682262v 1AayalNo. 43292/339376 WO
20081094986PCT/US2008/052434 Table 1. Similar Amino Acid

WEHWSH8N Groups Conservative Groups (8) Semi-ConservalfvEESP80§852434

(7) Arg, Lys Arg, Lys, His Asp, Gin Asn, Asp, Gly, GIn Asn, Glu lle, Lou,

Yaldlesbpuivalo MetBhe PN, Gy ARG vy @O%,Sp@(),v_lil_(wds‘?ﬂt thBrve@hnt retains
Thr, Tyr Phe, Tyr Phe, Trp, Tyr Cys (non-cyste ne) Ser | . )
the desired function of the original polypeptide. A variant amino acid with substantial

homology will be at least about 70%, at least about 75%, at least about 80%, about
85%, about 90%, about 95%, about 96%, about 97%, about 98%, or at least about 99%
homologous to the given polypeptide. A variant amino acid may be obtained in various
ways including amino acid substitutions, deletions, truncations, and insertions of one or
more amino acids of SEQ ID NO:6, 2, 4, 8, 10, 12, 14, 16, 18, 20, 22, or 24, including
up to about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9,
about 10, about 15, about 20, about 25, or more amino acid substitutions, deletions or
insertions.

By "substantially homologous" or “substantially similar” is intended an amino
acid or nucleotide sequence that has at least about 60% or 65% sequence identity, about
70% or 75% sequence identity, about 80% or 85% sequence identity, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98% or about 99% or greater sequence identity compared to a reference sequence using
one of the alignment programs described herein using standard parameters. One of
skill in the art will recognize that these values can be appropriately adjusted to
determine corresponding identity of proteins encoded by two nucleotide sequences by
taking into account codon degeneracy, amino acid similarity, reading frame
positioning, and the like.

For example, preferably, conservative amino acid substitutions may be made at
one or more predicted, preferably nonessential amino acid residues. A "nonessential”
amino acid residue is a residue that can be altered from the wild-type sequence of a
secretion signal polypeptide without altering the biological activity, whereas an
"essential" amino acid residue is required for biological activity. A "conservative
amino acid substitution" is one in which the amino acid residue is replaced with an
amino acid residue having a similar side chain. Families of conservative and semi-

conservative amino acid residues are listed in Table 1.

10
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Cys (non-cyste ne) Ser, Thr Variant proteins encompassed by the
present invention are biologically active, 5that is they continue to possess

W& biological activity of the native protein, that is, ret®falgS2008/052434

secretion signal activity. By "retains activity" is intended that the variant
will have at least about 30%, at least about 50%, at least about 70%, at
least about 80%, about 90%, about 95%, about 100%, about 110%, about
125%, about 150%, at least about 200% or greater secretion signal

Febity dithig.palie BRGNS bk utrRlatesupgynacleotides The invention

alsRsCHRRSARBUFPIREd nucleic acid Willy &.3eaHR A &

MQY¥ef Sgcretion signar usetul for targeting gy Op&y iy linked protein or

Q! [@thlde of Interest 1o the periplasm TAkgﬁaKlS QGQBII\@HP&C[GH& or into

EQ J.é?ﬁ([l’aCeIIUIar space Inone embogiment, the isofated p0|ynu0|e0tloe

fﬂrécggﬁbviapolypepuue sequerice sSubsty [H%ﬂlﬁ/eﬂ()vml 8 ?h% d p[)p"

%ﬁ I-G SOC, Bbec, \,up/-\a bupbé bUpLéAf }tlﬁ I‘lﬂé& ‘Se ??I?U Ilgéb Of

or, ?ﬁé’-ﬁ DULIELIUII blglldl [JUIy[JU[JlIUU ] IS%”UTh? rFIIIUUUIIIICIIL lIIC

@hbbt‘illl IIIVCIILIUII }JIUVIUCD d IIUL;ICIL; auu ]?hal fl l.olplUCb d }JUIy[JC}JLIUC
AZ\

st |A o

EEHTGR EEANS NS C&éﬁ%ﬂ}&i‘éﬁﬂ;&ﬁpf

I\I\J L Cll. ICast arninm acvius L L UT LY NU. =, Al ICQDL alllil IG

aC|ds 2 21 of SEQ ID NO:6, at least amino acids 2-33 of SEQ ID NO:8, at
least aninra@oisst AR5 0é SipRs AN the patdaashaciim acidsi@R4cafly active,
%Eq NO 1 at least aming acids 2- 23 of S ID NO atl ast

at1s ﬁ

Lhas 18 ey }Oﬁéﬁﬁiﬁ 1re b101 1ca ct1V Y:e CBTﬁ:Bem that

eas BiRthacHuLs
Nﬁe&mhgmﬂamm mgmﬂseﬁaﬁﬂyoBﬁ El@mm\b@nzzayameamm nisaP Bacidsiant

of S or a min id fS NQ:24, or o
eroelll &8 aéﬁ\geuc félé a%%os/ubs%tgn lally or%@%g%é%o%&lé%/[)@t f a§t %bo}lt 80%,
abduit, M8, Lhali 939, %pﬁﬂl(aﬁ%sabnumulﬁ%bablmgl¢aﬂ%aabvet\léﬂ%1tst least

9§ uggg@g nts thereof 11 LEGAL%@ g ¢ %} A[tl alNo. 43292/339376
800818 4BEEPCTITEIBED et Smbodiment, the
nucleic acid sequence is at least about 60%, at least about 65%, at least
about ;Zgo/ salb?elélt %ugpo t,80%, about 85%, about 90%, about 95%,

about out ?@8% or at least about 99% identical to the
seq uenﬂseoﬁﬁlﬁ@ot[hm@lﬂgled@ ah @plhiccﬂﬁudl&clahci@,lm ﬁquen@?,thm

R S el P g OB SRS PR Rt o
abbwepids, cdbuiet @5, tbbperi HIBS6) af)GmIﬁ?i%geab@Lha@&%a @riatdéast

%Qt?gée u@r'ggargécallntgr{g &f ol&%lgﬁéytﬁee AN Sglsy'nEu eotl eo 61(15¢02dé1's a?
polypeptide sequence substantially homologous to a pbp*, dsbA, dsbC, Bee, CupA2,
CupB2, CupC2, NikA, Flgl, ORF5550, Ttg2C, or ORF8124 secretion signal
polypeptide. In another embodiment, the present invention provides a nucleic acid that
encodes a polypeptide sequence substantially homologous to at least amino acids 2-24
of SEQ ID NO:2, at least amino acids 2-22 of SEQ ID NO:4, at least amino acids 2-21
of SEQ ID NO:6, at least amino acids 2-33 of SEQ ID NO:8, at least amino acids 2-25
of SEQ ID NO:10, at least amino acids 2-24 of SEQ ID NO:12, at least amino acids 2-
23 of SEQ ID NO:14, at least amino acids 2-21 of SEQ ID NO:16, at least amino acids
2-21 of SEQ ID NO:18, at least amino acids 2-21 of SEQ ID NO:20, at least amino
acids 2-33 of SEQ ID NO:22, or at least amino acids 2-39 of SEQ ID NO:24, or
provides a nucleic acid substantially homologous to SEQ ID NO:1, 3, 5,7, 9, 11, 13,

15,17, 19, 20, 21, or 23, including biologically active variants and fragments thereof.
11
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10, 12, 14, 16, 18, 20, 22, or 24. Preferred secretion signal polypeptides of
the present invention are encoded by 10a nucleotide sequence

WQaHsyaP8ty homologous to the nucleotide sequences of SEBCIRGPY/A5p434

3. Using methods such as PCR, hybridization, and the like, corresponding

$EGIRIIRG signadRAMPaREde FeRURNE S aaRcbesideRtilieth o @D BeaHRASESHout
having substantial identity to the sequences of the invention. See, for

,
Brampiécas#hiBrb 3R 3., ARUR aLeP B (2 682y Mo lacAPAUENSringbaut 95%,

kBbRrotory Manusiy{GolsLopsing dpHachardbahroeni&iess eald atibtce of
Harbor, NY) and Innis, et al. (1990) PCR Protocols: A Guide to Methods

aFRABNE ot Aeddbmibiplessd NV, Aanbrtim tidBtitie St @Redinent, the

algadiRalbrie-aYHHRSGRIlyHptivedHat K eeliclS SRenoes hatlaysoleeny,, at
enerated, for example, by usin%site-directed mutagenesis but which still

I

bfet S L E3g Pre Gy P15 BRI IBsRRPHT HOSpAbOEhP 7 Vo, about 98%
inventienas discssaddnicy] 29MRriaNhseiatien &iensd PoipaptiMese, 2, 4, 8,
encompassed by the present invention are biologically active, that is, they
&Qnﬂi%u@tc}?ro]s%e?& lefezsﬂred biological activity of the native protein,
that is, %eéﬁéﬂiagsae@m@ @i%%}n@ﬂn@@%ﬁ%@bfhé'%&lﬁ ﬁlﬁfi%ﬂﬁb"rkl;%re eélgooded by
Intended that the variant will have at least abou 0, at |east about 0
aﬂ%%%? /é?%‘f?&&%ﬁ‘é‘?)%%&t?éi%,}e“aﬂg&&?%&{i‘@s‘@}%?lﬁ?‘i@ﬁs‘[eaﬁ?ﬁﬁeé@ésEQ D
atdeast abauifs YembastwEPEYPELAILRIM LR WnE8He, |atdeast@ponliing

99% or greater of the activity of the natiye secretion signal polypeptide.
RESERGRAS Sﬁ&nﬁ%@%m&ds%a?gﬁmgma%mﬁﬁﬂ UrBCHsEeEEd

sigsheseibenety.to thd e skiles artirainvedtfowthss Qppreciate ) @ambrook J.,
changes ca introduced by mutation intg nucleotide sequ of.
i RS eré&ﬁgi‘@%ﬁci’ a&@ﬁﬁ%ﬁ#é&?@ﬁ%%&%@ﬁm@%@g
Heencosdedsesreton unalpelypentives Nwtheowt attesing e Domgreak
ctivity of the secretion signal palypeptides. Thus, varjant isol cleic
B R L o R fﬁﬁ%&a@ﬁfg e gt
aubkididionsprddiians bicteletonsdialiyelcarespariditigaseiacticts that have
Egggence disdcl sed herein, such that one or ?ore amino.
u a

id .. :
BENGHE oA R chRENE TS ekt Tapesas 555y Al encode
422023683 $pn\V QoA P18 IBORECT/ WMIRO PR/ 434 @ion i diicasstd infia.

to.th ded protein. Mutati be introduced by standard
Lo Rt oS BniFe el EiaRElyon

biulegenikgisctHucthyaratiicnuoebiicets pauens eiscates atsioberiogivgassetty of the
2 t}\?ge. i es"gl”%ﬂgt"le ”%%‘%ani% g%gr%lt?i% gf"ﬁiﬁ'a 1?1%3‘ i aﬁid‘l}o{é‘l"'o ivity is

uclel cid“and amino aci quenc omo g%/ IS éfe mlﬁe&l%lC o}ldtﬁl]g
fatanyedfivaribo s anethodd Wwelk ki dwst kbthwe 20% cdeaplebait o8yt least 70%,
sefluenge aligament and fomalogy deferination etidologies e,
96%, about 97%, about 98%, at least about 99% or greater of the activity of the native
secretion signal polypeptide. Methods for measuring secretion signal polypeptide
activity are discussed elsewhere herein.

The skilled artisan will further appreciate that changes can be introduced by
mutation into the nucleotide sequences of the invention thereby leading to changes in
the amino acid sequence of the encoded secretion signal polypeptides, without altering
the biological activity of the secretion signal polypeptides. Thus, variant isolated
nucleic acid molecules can be created by introducing one or more nucleotide

substitutions, additions, or deletions into the corresponding nucleotide sequence

disclosed herein, such that one or more amino acid substitutions, additions or deletions

12
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Aliignents and searches for similar sequences can be performed using the
U.S. 10 National Center for Biotechnology Information (NCBI) program,

WQRABHHBMMIST (currently available at http://www.ncbi.nim.nih.gB¢/BURE/))52434

Use of this program with options for percent identity set at, for example,

RV RS RIA RS SERRRAGToRT S e Mkt 062X MPIe it cleatided

sequences, will identify those sequences with 70%, or 90%, or greater

LS isnhety W rieriet ruuaeetrel BhRF RomedriodBwAgr . Such

WafiEis ISR AMRI IaRigtRicg g ing RneHh HR8E8 D IHOp RIBH RIS HHERCES,
e.g., sequences at least 70% or 90% identical to an information string

containing a secretion signal sequence according to the present invention.

For examplecreauence.alignmentsdapsmoparison to identify sequences
at least 70%_or 90% identical tQ a query sequence can be performed by

use of, Bu5lcthacsipd BEEPrGd BFREICHREPIOSHY 49AB IR G cording to any

BRGNS MvaiRRIe i theyfek a BeauemsahplalysiuSaivagadiaskaigiment and
available from the Genetics Computer Group, Universijty of Wisconsin

RReRoNSEy BAten PetrdoiRars AWM IR I AR 705),
with th%ﬁﬁ%ﬁl%&g&@&ﬁﬁﬁ@ﬁ@ifﬁ@d@%ﬁées phusha p@falm&t?mmgh@e U.SS.
extent of sequepnce identity set at the desired percentage. Also, faor
B L e o0 SOk BRG  TARVEAIE (N R Pt DSt ST
pagkags, fiom dpiediganeriess M aubiaim\ivsos 1) A eI usethis program with

These and other sequence alignment methg re well known in the art
QRUP HRCEBHU TRl By Thn (i B %&8%%&1%{3&%&%@89% or sct at,

faaByahplcaommatithapebtdicrlcacse duaNGR MG MR RPRAYNWSICI Y, or
,any of those embodi%g by the g%ove-described pro%%am% Varis%ﬁjlfsb ot
O PG R ORISR (R AP T o7 Ssss A TRB RO ALk P LR in the
ur\¥. fMRoReaisade fobaldgdiipnmad/df ardiath AeatnBal sbipbn88 2444 Guences
April 1988); t cal homology method .described in T. F. Smith & M. S.
R T A R o B PR e 51T 3 B B, Sienal
14id%-0c (1B L)t hie: hoesalo g atidoim €6t Bxathpld, degashedalighbmBnts for
Needleman &.C. D, Wunsch, J. Molec, Biol. 48(3):443-53 (March 1970);
SHRIRAESORr B LR T P ﬁ&?@é%@ﬁé%ﬂf&% g duery seqtience can
B3 2OPAIRIANG)\O 0081094 986P BHYBANVS0ER434 A8 3uribed, BFASIN
W. R. Pearsan, in Genomi 1(3):635-50 (No ber 1991); by W..
BN IR e BBl Sk SRl g Ia e s ey Al om
DeGehligginS otnPutht. Gloapp UniCasiy. dsppineiniBiBret hiiddes T chaq9) 710
din Gene 73(1):237:44 (15.D 88)..5Unless otherwise stated, GA
I AR e R B AR S i S e T
supein, wilhbe psechéccdfiethel netaeqifaqedaeniidyharysietitaribe dsingdhe

followi arameters: % idenfijt gjo imilarity for a nucleotid

R T ot WA B 0 W] Rl GRS BT £ C/Gene
sofsgapdnaleipp feaaring:Higérixti86, ikniityiar e sindikdr)tynégrtenusedino

acid S UMESs &h %'t%%r%@ﬁie%%evél‘ h&%&%"f‘e’%ﬂo‘&sngﬁé‘v%‘ff%hto% 20308 804 may
BLOS scoring pro%ram. gaivalent programs may also be used. By
tequivdienddibggnamihisiigendet byyiseduesioe ttompabgampuabeamuthatatic

for any two sequences in question, gengrates an align t havi .
AP R 0 St RO T e Aty S hony S o by the
iherviitd evbrelbedpmpazed 18 shewouse Sd arghnghatig mulade gege thtedrbifarity
%@thr%%ziq%'& %Qsén”ﬁleﬁ‘{%‘tfwuﬁ?f”ﬁ?r%%h”k% Sy RESEIUBISE KRHPRISE'S!S Usa
performed across the entirety of the

85:2444-48 (April 1988); the local homology method described in T. F. Smith & M. S.

Waterman, in Adv. Appl. Math. 2:482-89 (1981) and in J. Molec. Biol. 147:195-97
(1981); the homology alignment method described in S. B. Needleman & C. D.
Wunsch, J. Molec. Biol. 48(3):443-53 (March 1970); and the various methods
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query or the subject sequence, or both. D. Hybridization conditions' In
another aspect of the invention, a nucleic acid that hybridizes to an

WesHIEROHI¥ucleic acid with a sequence that encodes a polyRpHES2RH0A2434

sequence substantially similar to a pbp*, dsbA, dsbC, Bce, CupA2,
GRER - URC ByNIKAR FHEl @R AR hoMaRG 1 3)H3E8DINseskasion sianaby w.

olypeptide is provided. In certain embodiments, the hybridizing nucleic
ReiHeEiB didodshingiglcyAeottitibaRd BoiAfote EHaandhD. G.
e hvlridizatipspaguis eiaps Appstemialydie ensirestengsRoyhitein Gene

25nucleotide sequence encoding the secretion signal polypeptide, for

&Qﬁﬁﬁgj%t@é %t%%}ﬁ?ally the entire length of one or more of SEQ ID
NO: 1, Bnks? othdiwisd, stdted /GAP Cdsstin2 B0, AvALigl Qi aaid Qﬂgﬂﬁﬂ%e of

hybridizes to "substantially the entire length” of a secretion

griieeiectt M srtdddd Qetrsncrillibesscdith iR egs Msddsatity or

it mplesiils; b rslizes Vv pirateas: 80 Y@t ihapnirssienati-pfanemiticotide
more of SEQ ID 30 NO:1, 3,5, 7,9, 11,13, 15, 17, 19, 21, or 23, at least

setyonceiusidedadd Sy cighs aEo8mddramell Wirkehdgthr, 9rissstpgisiaa cmp
g@@@ﬂgleﬂa'ﬁ?]g,bf@ﬁm&ﬂﬁloy M@Bﬁfﬁléieﬂﬂgtb?daﬁf@ﬁﬁﬁ? aéitgaai&a%/e aéﬂgehGAP
entire length of the secretjon sighal-encoding hucleotide. sequence wnere
eﬁmﬁhaﬁg i, evaeﬁg%&ﬁé&aeﬁﬁﬂeg%&%\é%.ﬁ?fﬁ%ﬁmﬁ&lﬁo Lfutvalent
\9astHdsIadyRls6 be 26246882 620 hA Ry N o a2 91/ BROEIE WP sequence
20081094986PCT/US2008/052434 contiguous nucleotides of SEQ |

RR5'BAAI9B 2EP ST By (LA R SHALDEF SR G115 it £54 1t gty gnment

aantigudustiurleelicrii ot Sk B MBS @ In idenkiical pybridizasiprRnce identity

method, all or part of the nucleotide sequence encoding the secretion
SR BRGNP DE TSRS SR FE AT LRGSR 0. In

Metbadeniob gonsitsiation@fustiel ipariaoa QeRefnie JBERess @ie entirety of the
generall)( known in the art and are disclosed in Sambrook and Russell,

B Phe SRR NSRS 8tiBRBrobes may be genomic DNA fragments,

cDNA fragments, RNA fragments, or other oligonucleotides, and may be

labeled Wﬁ%ﬁ detectable group such as 32P, or any other detectable
marker’s %ﬁﬁgfﬁé@rﬁ@%&l es, a fluorescent compound, an enzyme,

or 10anenntine spactdrnhliabesiat, hyiridzation dan bebridges iy an isolated
labeling synthetic oligonucleotides hased gn the . known secretion signal .
BB S AT T AT 5 it A st & PR RS b A SRS gatially
piiiiarsce pigre d nths s of Copalrv@dg Baceopid2 sNik Amitgl sORIF5550,
sidues i leotide sequence, or encoded aming, acid sequenc n
o S L S R R S BT s A B,
Iiudieidiicl e seajtleicce idhati hinidl ined: tihid@rsstinggacy condlitions th atrious
least about 10, at least.about 15, at least about 16, .17,.18, 19, 20 e
SR ST B ST nr et e s dineth SR
nuclegtiidtessgurencam afding theeptiamiar sidgradprenpartidarifntdaenpds, across

R R N A NE LR
20jrdorpdraites iyctefiereiitmolecule hybridizes to “substantially the entire length” of
a secretion signal-encoding nucleotide sequence disclosed herein when the nucleic acid
molecule hybridizes over at least 80% of the entire length of one or more of SEQ ID
NO:1,3,5,7,9,11, 13,15, 17, 19, 21, or 23, at least 85%, at least 90%, or at least 95%
of the entire length. Unless otherwise specified, “substantially the entire length” refers

to at least 80% of the entire length of the secretion signal-encoding nucleotide sequence

where the length is measured in contiguous nucleotides (e.g., hybridizes to at least 53
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In hybridization techniques, all or part of a known nucleotide sequence is
used as a probe that selectively hybridizes to other corresponding

W88 equences present in a population of cloned genoR$id/BRA08/052434

fragments or cDNA fragnients (i.e., genomic or cDNA libraries) from a

ehRELIHLASARRILEY dERS MYBOMIPANIEN P EANESIMAHRiZRABIRIN L RN A SEQ ID
gﬁgments, cDNA fragments, RNA fragments, or other oligonucleotides,

malierst AR ghers rslsetidae A rER RN Q< 898 or any other
detectahlg MBkaLafibH$a R0RXAMNBIHPrOPaR NG itizatemeatmeding the

made_ by labeling synthetic oligonucleotides based on the secretion signa

pelsigitignahrBliPP A rBbR Ussd de Aeke I SNSRI NIRRT

etRERR IR enRsalprRResT fRch iz alie a3l foreRaMdIstRs Afy known in
cDNA and genomic libraries are generally known in the art and are

Hsavgad ATdininssiiroampredosididetitly E18hinkrnsp3lpdibxpridization

MebsahAdRt kot IRNAT AN - QDNAIFF YRGS, RIRNFIEWa d@WNor other
York). For example, the entjre secretion signal polypeptide-encqging
Rl UdGhand e bo by sd i 6?8%&8%&%@58%8& thier@bpny other

H@é’cﬁ%l@&ﬁé’rﬁ&ﬁs@ma@ &5&5@%6%@@&2@@%%3@&i@ﬁi@0ulnd, an enzyme, or
43292/339376 WO 20081094986PCT/US2008/052434 capable of :

2P EORERPRT Bffarziﬁ@%&é?fé@%}?dﬁ%&%&?@ifa@@éq%% ngygpynthetic
BlegseRaHRNAsREROINGISRETatIRBrSimalipRAY peBiitptdE @astiBienucleotide
specific h ,bridizg:ion under a variety of condjtions, such probesoi?clude

SEHEE S8Ry U B SR R ERPRL i siefed s ety of conserved
Auclestifiesoinutangthcioratigast iahbeh il @iddeedicesdolengdicduehino acid

probes may be used mplify correspqnding secretion signal .

RSB ALY U5 i BEbDBEe SO AR A GBI by
ReadRofibisstepiRAGUaaNAbBdi B e isttaigcat cndinad CORING 1584 UWBDGES0, at
rom g desjred organism or as g diagnostic assay to determine the .
R e B S Rr o In i DGR BRSO s of o
Nechederhyiipridli zatipse ptresi oedif Piakd dob oA dfl ey ekt e ithesmplan ves

r colonies; see, for example, S rook et at (1989) Molecular Clgning: A
IR, WALt VRT3 BB B ROy ey b atsion ar
plavrulepkdvem Matc) art andiyibridizdtiosn] oh SagtbsasiuantBasnaAl D@01, herein
carried out under strin%gnt conditions. By "stringent conditions" or

"‘Efﬁﬁ%oerﬁ ifﬁ%ﬁ% conditions" is intended conditions 15under which a
probe \itillhyybikddizedo titsHnigeisseld vepas td aldeieatabljogrehissdegieds used

than to.other sequenc % .g.,.at least.2-fold over backgro g‘%} Stringent
RS e S A
pirsiemstan pepu By @oafralbingl thensthiitgeNey i ghe iyl diDativiragdits (i.c.,
washing condjti target,sequences that are 100%% omplementary to

B o R T SR i s T G PYoBes may be
gtringendNcarfditonscaclie/adiastien tq BINW fsamemisaratititing igonucleotides,
sequences.sp that loyer rees of similarity ate detected (heterolggous
D B R G S TG S IR marker.
pieferfdrlyxess ik amdbes foubigatidiestindeagibe made by labeling synthetic
oligonucleotides based on the secretion signal polypeptide-encoding nucleotide
sequence of the invention. Methods for the preparation of probes for hybridization and
for construction of cDNA and genomic libraries are generally known in the art and are
disclosed in Sambrook ef al. (1989) Molecular Cloning: A Laboratory Manual (2d ed.,
Cold Spring Harbor Laboratory Press, Plainview, New York).

For example, the entire secretion signal polypeptide-encoding nucleotide

sequence disclosed herein, or one or more portions thereof, may be used as a probe

15
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Typically, stringent conditions will be those in which the salt concentration
is 25less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na ion

WQ B4 Afon (or other salts) at pH 7.0 to 8.3 and the temperBfkd/ i3 HB/052434

least about 60C, preferably about 68C. Stringent conditions may also be

aghie &ﬂ‘i@aﬁ?%@@ﬁd@ilﬂ saRilivdgh AgIRBtRRICH S {oqatusland
Exemplary low strlngency conditions include hybrldlzatlon with a buffer
SHIBHFOS SIS SERdiBEesHitian flmﬂﬂaehm@mlé@s TeoiY BISRREDIC30

syliag)atod/indang @aw&%m}id@l@as S (RS TS RMNaR/tha Me

trisodium citrate) at 50 to 55C. Exemplary moderate strln%ency conditions

HURRFRRGSTRIEERIARH 201635800 ¥5 AR AHGIR0 4 1 IQneth, ot dass afout 15
e AWRSI IR BachrbbSIfapbeRiedt8GnpkeMPIANIYEling secretion

stringency conditions include hybridization in 50% formamlde 1 M NaC1,

rgebrolYPSnidesrneadipgsH ficatides et ccap g eichpsen organism by PCR.

tri (e e ARIGROBY 2 BRA ety a4 328R63BP3dBin¥VEquences from a desired
20081094986PCT/US2008/052434 Optionally, wash buffers may

EEAABIEL ARt G20t Gty 1%@%5@%&%%8&%@8#.a?i*é%ﬁe&uences in an

oeneiaty [BSS i abe wokdihosy s dsdaly BiduitoipseReuinkloipued DNA
f ecificity. is typically the function of post- hybrlglzatlon washes, the critical

1SS TR BITR Lt FOIRJT 158 R RGLRI méﬁlé’&%l.on

resiE2NAr BoMNAhyEigs: e MeanderparoxinaisstfiigraiRs etwesiary
of Meln oth .and Wah| ( 84) Anal. Biochetn. 138:267-284: T", = 81.5C +
PEB (031 e N0y 3 -0.6! (% form) - 500/L; where M is the molarity

of monpy@iedi-eaiaRs suel Seifthecheiagtiagaéduanasioesansheiitesinttions.
cleotides in the DN %,form is the percentage of farmgmide in th ..

BT AR G o A BRI G ROBRE RN Bhcondiions

ThéeT whicthe pesbperat s idigerodefinestiasifushiength andcplit)yagaitiadegree
% of omplement ry t t sequence hybridiz erfectl

TR STIBUCIR (it S0 TESTaP SHERCIY o IRIAPRE fpions are

ﬁaqaeﬁ'ce Bypsidization ailtier dtiskeandifbastairbenatiusted By controlling the
bridize to_.seq e%@s of thed sired dentlt or exam le, if sequences

SRS

HRE86Y¢> %%l?é‘hacn & 1“%‘ éé?B%sé‘ i’o%q‘i%nce“ atare
mer@dkyip&tmgmymml@&tpnseawmsl&iedéﬁdﬁ@cb@aln@wgwslpvm@iﬁ@ﬁn the
t |. melti t(T th ifi d it t at
A RGO ST b B v 185 N SEH EOTEgBE
saquuiidizesa fhmbﬂtdmumgmmdfrsmam@t aremeBe@écﬂ@dmmﬂbgbam Iliheamg)

SN A S e AT

ﬁ(ﬁ]ﬂn@lemalbé'ﬁm])eﬂgw strlngency conditions can utilize a hybrldlzatlon
and/or ash 1112 13, 14,15, or %f)g Qwer than tqle her aI meltln

point ( 33" Pj"su Bl SRRy ShosR WY pos PISE U Aen 18
dBS|thﬂ1‘ﬁbbutHoSMNarﬂma5mﬁiaﬂﬂw\aHmm @eﬁStmti(IhﬂtNa[milmammhﬁon (or
strin enc ization a wash olutlo tly. deser

R S S T R o S AP B e sbout

@q@mﬁ@dutuwﬁmmégmmmmmmmmm ﬁlsepr@dﬁmad)foimwbmemg

then SS Scl:lC o1 f ntr%tlog hat a} rﬁ oelrt r %B%ture T 10?1% lillSC%.Ilde bridization
e%?enswe gw [0} IIHE ﬁy 10 ]y{’lUC %’2 élcfs IS oun | ssé’
mma)bmﬂieosaiutwf[ edSBﬁlqnéS"/mf&mxahaduslrWdG\ndl%SlaS (SOdlul’n dodecyl

Sisipeyspricization with NURele AU RIS BartL EHIRELAFSR Eliodium

a
01trate) at 50 to 55°C. Exemplary moderate stringency conditions include hybridization

in 40 to 45% formamide, 1.0 M NaCl, 1% SDS at 37°C, and a wash in 0.5X to 1X SSC
at 55 to 60°C. Exemplary high stringency conditions include hybridization in 50%
formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in 0.1X SSC at 60 to 68°C.
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30(1995) Current Protocols in Molecular Biology, Chapter 2 (Greene
Publishing and Wiley-Interscience, New York). See Sambrook et al.

WQ298YIMSecular Cloning: A Laboratory Manual (2d ed., ColdPSEig008/052434

Harbor Laboratory Press, Cold Spring Harbor, New York). 17

UpdMa2/ 3008y IRy abNe53293(33PBY 6o \Wdut 1% SDS. Duration of
20081094986PCT/US2008/052434 E. Codon Usage The nucleic acid

bbridiretienyis spzal helesimthiay b dft Resss piisd vabewr ddashadgdours.

of a hogheEmisR. ((1eRINy RRFENRFIERBP PRSI TR G LAt oW Ah NAMA IR iR al
art. The selected coding sequence may be modified by altering the

fstRidEBES R doals StENEaRR PRIy S By e buatbriopit cEfr DNA-

NAhE sedoRhsery encedhgpetimalkd eanhapeqdaitoheiteVaRREUX Mt ahl
that employed by the host. Genetic code selection and codon frequenc
il G- 061

Ehifh i A4 el pertbiméd adecrdihg t& AnkP &t tog VA6 0 métt
knoRyiP-ue of, erinam skithénibria, oF thoRbaQBMclanbde-diCtRAhe
mutagenesis. Useful on-line InterNet resources to assist in this process
RRERTAESS 8T §1InS S b BERSIS R erfidpatbtBs i fai s Ahe percentage
?ﬁﬁﬁﬁfﬁhiéi&sﬂilﬁﬁ@bﬁl@tﬁﬁi%ﬁb&%’@l{mﬁfﬂfimdsaIfﬁé meé%tﬂ)mﬁ a%a@&;& in base
apan) and availlable at www.kazusa.or Qaon; an t netic .
Bies %Eﬁg%&hﬂéﬂ@%}ﬁrﬂq@ﬁé %@%348%9% ﬁ@éﬂf@H at which 50% of

wmpmhéﬁmf%ha@gmme@@Hﬁaikﬁéwwggef@@i?rﬁmﬂaﬁ@ prbe. gm is
example, Pseudomonas species are reported as utilizing Genetic. Code
ﬁfﬁmﬁw L br i RGO st Sahet RS RATEE BT
asaxbipiding ib e Lostondjisagetl agbaicy ef thguatdes 9egdatired identity. For
www.kazysa.or.ip/codonicgibin.. It is.recognized that the coding, sequence, .
S BTBL g Giernh Qo pASBU R Bl o GaaroriErkped 10°C.
dreerBd alseyeheterlikfioil ot Bolfstedolie atjstswfaeadamusagiermal

20F.. Expressign vectors .Another embodiment of the present invention
ElAR ot et e SRee T TR AL SRS S A A e e
atagel ardigtiomMpaolypapticeusetatiforctargatifigon cpenabibelnkgstidization
rqtein or pol |de o%oi terest to th riplas oLGram-.ne tive
BT AP it eRh AT DR TSR SR B o oRggerately
bromprisadiaaslyandebide sasidHpgtohat &Bcodss & poly@eptide 1ot lower
is substantially similar to a segcretion signal polypeptide disclosed herein,
T A A e e e
aperaixelyabiadbed soheatrahst2iption Arosnotedcapabler ohfunbtidgngdhmelting
the Qa S nILI?ost Il, as well as all pther required transcription and )
PG T o e i A o A o TR e gt T
dosskigifratimairy Wil theticknsariptitaataiad amnyitrdarsiatiosmicsegiiiatyization
elements are covalently.attached to the encodi eguence in suych. )
e S S el S SR SRR B Shpipdine
hosil tsel, 41g, kegusatihian gt diatp caus dokeidineoe 3pFESSiomahthie solditign), it is
IS)?e(jflejlergg ?6 %Iigcrease the SSC concentration so that a higher temperature can be used.
An extensive guide to the hybridization of nucleic acids is found in Tijssen (1993)
Laboratory Techniques in Biochemistry and Molecular Biology—Hybridization with
Nucleic Acid Probes, Part 1, Chapter 2 (Elsevier, New York); and Ausubel ef al., eds.
(1995) Current Protocols in Molecular Biology, Chapter 2 (Greene Publishing and
Wiley-Interscience, New York). See Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,

New York).
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LEGAL02/30682262v 1AayalNo. 43292/339376 WO
20081094986PCT/US2008/052434 The vector will typically comprise

WP phenotypic selectable markers and an origin of RORAAEPS(BS2434

ensure maintenance of the vector and to, if desirable, provide
amplifigationwithifuthe host. Suitable hosts for transformation in
accordance with the present disclosure include various species within the

genera PSAARSTHOHAL SsrieFBERr itsIamAdiedraishnadisieddnssdan Gr
BodBRr@RERT a hodiueRM BMPAHBMRNIs1DE MeSabABHRIGRIVRISER Rnown in the

coding sequence for expression of a protein or polypeptide of interest,

Bpetdiyalrived 1dne setretthdigrhe medifsd dnakisrngthe rseshtindnihereof
RIQHRLOR A RONERRLBE shedaherRXRrRssel, kpanuRobsavalsafides dineRishmay

the target polypeptide coding sequence s operably linked to 10the leader

be GBS Y RFHAS BRRIBTIHE HahSmRIOH LU Mo Ry deHiditiciodi ipigction
factiong genefienmhitianash ¢RlheaR BXRI8SsIRBNRI IRy YT the various
polypeptide. The coding sequence can be a native coding sequence for
RetharseesIe st iPEUARRORS IbiR W dHofeSprRieRasl s decdisityd
saquencsithalsbas beehsalestes ipieadoAsaptimipediacusaiitir, ¢.g.: (1)
selected elﬁpression ost cell: for examé)le b 155ynthesizi%?é[he ene to

fBn&adne UBmsRARPBIS O b RogPshRIES RisSHEMbHifent 3 itguse-

ineatien KikerhnstGhibeiesd08 1R . JHileng s6ans:adaslhe «adoRrHias ok fb/codon;

fitorescens js taken into account when designing hoth the sioal sequence
APIay thE {IFBtIR G B%ia%aglaa{?egﬁ t?ﬁ%&%e’@m@%}sﬂgwﬁa%s&t

WHRINNObiINSe REddoNe- ang HoMOrE s Cigi(al gwbithaait+ieRd@xample,
ansformed into the expression host cell. 200ther regulatory ele t

RGBT £ Torb SIS B MBS EPRC A E RS e 11 of the

sleBEMi dhohigesifeutadent [Katachtdifas exhibipieg anaetiptigngt frequency

enhancer sequences, translational. enhancer sequences, other promoters, ..

L BIBTL HAGIOR AN G A i G G HPhn o SRR b Codine

sisfiiende fogeitiarthpayeistnRignagobinsptitrgtiegubpepsdsudhiasrest
ucleotide sequence "tags" and "tag” 25pplypepiide coding sequences,

R L TR 1oL Ao AT OB AR olation o

an expressed polypeptide. In another embodiment, the expression

vector f r:?g&r) comprises a tag sequence adjacent to the coding sequence

s

for the se n&i6to the coding sequence for the protein or
polypeptidehet ntdedimbnostienppadimantitimtagsdgyenermmiainfosctor

30pyrification of the protein,, The tag,sequence can be an affinity tag,
M o I e e S
candoe @ gl viathublydiSiteainsfexas @ mpolepufeidthe ingresint@tbo paidlasm of
fluorescent. mqlecule, such as YFP or GEP, or analogs of such, fluorescent
e st Bl g e e R Qe ot S8 Pector
E&GpAlsoR BRHFRAA vt itk ayqildncAB20 243383 7HpMiPeptide that is substantially

200.?1094986P T/USZOIOS/?S%A'%?{ena?IcellCUI or a known ﬁgtl % &){0 N

Ngand 10 & KAGWH birrding PaRHer tserd ?8?%p1&?%“ﬁ%:%t%’r??a

promoter. Expressible coding sequences will be operatively attached to a transcription
promoter capable of functioning in the chosen host cell, as well as all other required
transcription and translation regulatory elements.

The term "operably linked" refers to any configuration in which the
transcriptional and any translational regulatory elements are covalently attached to the
encoding sequence in such disposition(s), relative to the coding sequence, that in and
by action of the host cell, the regulatory elements can direct the expression of the

coding sequence.
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A protein-encoding gene according to the present invention can include, in
addition to the protein coding sequence, the following regulatory elements

W RHMNY8finked thereto: a promoter, a ribosome binding site AFEEY2048/052434

transcription terminator, translational start and stop signals. Useful RBSs

can be phtaingg:fram t?ﬁﬁéeﬂf}l%rﬁpﬁ@ée@n@ RHRS PRsiAPHR L RYRISSSIK rs
systems according to the present invention, preferably from the selected

ABd eeAr simalspheation RIEVARS BIesAse AE e REREY 4pd Iddiesdrgple.

esridesriirdidansraierenerd Byifdb kIR Ior etabiStaded in accordance
10bacterial genes: estimating the reliability of computer predictions, Gene

DA HyoRyoses! dEssinsuisoaTiudia Briessnyeicey KA hrorasirticndemepes, and

fonideniy pe-RiaddcRdRO B 6 ket tarahyTomes. Bieiniormatics
17(12):1123-30 (December 2001). In addition, ejther native or synthetic

RBSs iiagns&mbedincyt: tho¥etuisiistisa sRMpE 626 248 Esraiase for
RB2skith ahaisah ar, JBHpam & sicieef, Rigdlatydiategeodadueedtion signal

from 15the nucleotide sequence of a.Rhodococcus species and its

digstesd e et B P9 fLhRN PEB sy §8% brorpsgiypd from

ﬁmyml%&%léﬁﬁu\?ﬁgm @ﬁégﬁ@&@&l@gﬁi&é@dﬁi@m@dﬁﬁdﬁi@%&%@ linked to
veclors, an translation an transcrlptlon e ements, and other dements
&%ﬁ%ﬂiﬁﬁf@%&%ﬁ%&@m&ﬁ% ?Pé’s‘&fﬁ‘b%!?j“iﬁl} Fgulgiosy gspeggs to form a

B,ABGoAMden Sitkay AMEL (e Retk NN.Brl2BiR0 e GlairesapdlyBeRife. The
No,.205,281,532 to Rammler et al.; U.S. Pat. Nos. 4,695,455 and. .
FOSeSERUEFAR DGR BRIV SOBRE AU Eon e {aresRofmentitfufs.

Radilibe Si69ilaaAde Wikaubly bisaoaatipianaidheRNA: eoeodine:iae
proteins of the present.invention is increased by inseyting ap enhancer

R ORI GRS B p et 95 L) BT RIPR S e SRR Plc. by
slamhesitaryf (BdLendsualifl @baht Elvnh}én300LpHbssiRthat Bbast embodiment

t romoter to increase its.transcriptjon. Examples include variou
HRBHAL A AR RECIeS Bl e TeaATRARE AR B R

Yieoiers anillinalugel e gios ohtreplicadinisand: $Selitciabitomiikeifner atiogthe
transformation of the host cell and a promoter derived froma . :
RIS SRS e ik oS RAIER S STHGIALH Qiirogiisg into one
3omenLenter(Suahigtomn it tarestatfvetliftorhopepensientodinglthe
enzymes such as 3-phosphoglycerate kinase (PGK), aci(zﬁ@hos hatase, or .
et stOUCbRAUAG S IERS BHERY SRS isrEiB g0 S rasg iamamssion
assettil)eich ajepropiabe phadaivdth tkarslatante) ftatexampld, transcriptional
terhmination seq?uen{:es @ d p[efenrablg the secretiotrf1 sec%uen e cap?bl? of
STV SSaNRSH SRS AR SHaTSS Iy st S OplighBIR s actvators,
hetsielogalst0 dod Gibh QBB A2AGRY itAvay@ivnon 43R0 21 @3R3 ¢ e yvi@rors,
20?811%9451389PgT{l%S%gO8/0521ff34 seglt]:en%e (far][igigcode a fu,stia(l)n,, and "tag"
88 % pﬁaec ineit |ﬁgs’an%\ls—?g?ﬁ1lﬁ%ﬁ’ iHENHCA ﬁ)ﬁopo y;s)%qplf%léelmpésrting g
gdebipedttharadiegistipss gy, wtabilifaitibntos &lompifiedi@uritpativiomfpurification,
engessefj r.ecoerinant roduct .

and/or 1solation ot an expressed polypeptide.

In another embodiment, the expression vector further comprises a tag sequence
adjacent to the coding sequence for the secretion signal or to the coding sequence for
the protein or polypeptide of interest. In one embodiment, this tag sequence allows for
purification of the protein. The tag sequence can be an affinity tag, such as a hexa-
histidine affinity tag. In another embodiment, the affinity tag can be a glutathione-S-
transferase molecule. The tag can also be a fluorescent molecule, such as YFP or GFP,

or analogs of such fluorescent proteins. The tag can also be a portion of an antibody
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Vectors arc known in the art for expressing recombinant proteins in host
cells, 5and any of these may be used for expressing the genes according

WQRAE3#8&Ent invention. Such vectors include, e.g., plasmidsPed4/r§as/052434

and phage expression vectors. Examples of useful plasmid vectors

iRGIuERchYE Ale A0k [mitechtes theRKEsRiRsWashAics PRBRAMES: for
pDSK519, pKT240, pML122, pPS10, RK2, RK6, pRO1600, and RSF1010.

@fﬁgrc%t%é‘%nples of such useful vectors include those described by, e.g.:

10N. Hayﬁf 1 ARG ENYIh MicioiIRl RO(RY 3R3nf & (SRiarshemtARR) in
A. A. Lushnikov et al., in Basic Life SC| 30;657-62 (1985); S. Grau T'_gner 8z

pAdifier ke the gErtsinsRAR searsige Lhe ol T SeI SR o BIsBIens eperably
Bekwdaizabtdd SpidnioRin a@@&6ﬁeﬁ@@ﬁté@ﬁ@$}@%ﬂ&@@id\ﬂ terminator,

Bagdasarian & K. N. Timmis, in Curt. T&\ﬁlcs Microbjol..Immunol.

genpaonaloway: apd sipsienalin EesRtes sBR P hiairadifgpay Ay of ghe

EMavics, k3R ad hbst Qielshnexish Rivn Ky sty cbeysdim SenaclA@idN 63 Ration,
(Mar. 11, 1994); M. Tsuda & T. Nakazawa, in Gene 136(1-2) 257 62 (Dec.

preiqiaghy. f@ﬂr\ﬁlé‘iéf‘é?%{{idnH%E%ls%ﬁﬁyl%@%@c(ma1’3%%9 SOﬁeaalhse%B

&«é\lk@wtﬁeésgnthas@a&@ﬁﬂéa)uzgﬁdaefeﬁé&s%a)b Baadasaiianet stat of
Gene 16(1-3):23747 (Dec mb in Genet

? 1); H. P. Schwel er et al.
RN S5 ETIBC P51 Eﬂéﬁgﬁ%ﬁ%{/% RS, ges 294225765
&241) l@@§)89n@BnEaShi@8Q‘)aD A pWE&JﬁlEﬂh@'mtﬁ!hbdaaﬁidentlfymg start codons

S el SRS R .
vRBteNsathal Garyhe dRERIBH ﬁlmpsbasucg@gpnﬁmg HaecsibetelioE BigPat 459

SITRSES ST 1 o Il T 222 RS o
Hﬁ&iaé&aﬁﬁilm&ﬁ@t@f@Rﬂ&ﬁbGo@@Nﬁ&lEﬁM@ 1 R=p0di0PIK FRBHerhia
col\{l NE{S(SF lglocE em. 181(3):563-70 (1989) (native RBS sequence of AAGGAAG).
Further examples of methods, vectors, and translation and transcription elements, and
other elements useful in the present invention are described in, e.g.: U.S. Pat. No.
5,055,294 to Gilroy and U.S. Pat. No. 5,128,130 to Gilroy ef al.; U.S. Pat. No.
5,281,532 to Rammler et al.; U.S. Pat. Nos. 4,695,455 and 4,861,595 to Barnes ef al.;
U.S. Pat. No. 4,755,465 to Gray et al.; and U.S. Pat. No. 5,169,760 to Wilcox.

Transcription of the DNA encoding the proteins of the present invention is
increased by inserting an enhancer sequence into the vector or plasmid. Typical
enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp in size that
act on the promoter to increase its transcription. Examples include various
Pseudomonas enhancers.

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

capable of directing secretion of the translated polypeptide. Optionally the heterologous
20
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PPLGN1 PMYC1050 RK2/RP1 PRK415 PJB653 PRO 1600 PUCP
PBSP WO 20081094986PCT/US2008/052434 The expression

WRREIHIREF1010, is described, e.g., by F. Heffron et al., in PEICURAPP/052434

Acad. Sci. USA 72(9):3623-27 (September 1975), and by K. Nagahari &
Kequak@guihinitbde Baelid3 3 AqRiethéMareh AN GhrRaamit iRl 40

and derivatives thereof arc particularly useful vectors in the present

PRIEARN SRR deided FBYarieaivss SrarStebdgtigmbsureifietvn in

feiEaioslueex frhsdakTRMRoRET PR T231 and related plasmids, and
pMYC1050 and related plasmids'j(see, e.g., U.S. Pat. Nos. 5,527,883 and

5,840, D5 RITHSHPLYH Ht o) 2K R SPresyneiepebapint ety in host cells,

Ry 30 dhissdlptivest fioen theRFEIHOhaserplasmidind tSBEQ(sRat
U.S. Pat. No. 5,169,760 to Wilcox), which carries a regulated tetracycline
HB¥rtieR SHERREF ARtk dD 2 Bl Rl AURLEh F BB, A0 R RBEF FERICIN vectors.

Ramipldl plasid. Sihaiexampianc gefwuestaistinglide ihase dgsesies
in U.S. Pat. No. 4,680,264 to Puhler et alL In one embodiment, an

BlgsrRUlS BF B M SRS S tRK L3APeBMEA 22 I BiotnkiK6, PRO1600,
aﬂamgtrn@ml,l BﬁE%M@nb@ddﬁsiy@tiu@mm@@ﬁfoﬁ us&gd@s’cﬁb@ @é@éﬁ'@a%oﬂy, e.g.
vector. In still angther embodiment, YC1050 or a deriyative thereof, or
RS S B S b IR S oo 42 e e o
Ihﬁ;(ﬁiﬁﬁméd tga,nébsalﬁaintﬁérm;. m)t.bﬂ;@@i(c@@sb%/sjndm f)fgaw.ewm( ?magel,
marker gene in the plasmid, This may be an antibjotic resistance gene(s),
wh%mﬁh?%oﬁ%daﬁafdé%ng%% 00 fo pebvsiprEriaforr Opin
Bt 1 Q[ HU3 othe (OHehef 360H01IMN Baikaagen &KKOWNTIhihesalh, €ulr,

R Rt 8r e A2 ¥R2): . 1shii er af. in FEMS Microbiol. Lett
116(3):307-13 (Mar. 1, 1994); 1. N. Olekhnovich & Y. K. Fomichev, in Gene
140(1):63-65 (Mar. 11, 1994); M. Tsuda & T. Nakazawa, in Gene 136(1-2):257-62
(Dec. 22, 1993); C. Nieto ef al., in Gene 87(1):145-49 (Mar. 1, 1990); J. D. Jones & N.
Gutterson, in Gene 61(3):299-306 (1987); M. Bagdasarian et al., in Gene 16(1-3):237-
47 (December 1981); H. P. Schweizer et al., in Genet. Eng. (NY) 23:69-81 (2001); P.
Mukhopadhyay et al., in J. Bact. 172(1):477-80 (January 1990); D. O. Wood et al., in J.
Bact. 145(3):1448-51 (March 1981); and R. Holtwick et al., in Microbiology 147(Pt
2):337-44 (February 2001).

Further examples of expression vectors that can be useful in a host cell
comprising the secretion signal constructs of the invention include those listed in Table

2 as derived from the indicated replicons.

Table 2. Examples of Useful Expression Vectors

Replicon Vector(s)
PPS10 PCN39, PCN51
RSF1010 PKT261-3
PMMB66EH
PEBS
PPLGNI1
PMYC1050
RK2/RP1 PRK415
PJB653
PRO1600 PUCP
PBSP
21
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20plasmid is used in a host cell that is auxotrophic for the corresponding
trait, e.g., a biocatalytic trait such as an amino acid biosynthesis or a

W88 hiosynthesis trait, or a carbon source utilization trafCTHE2008/052434

promoters used in accordance with the present invention may be

constitutive-RpPESQIRT 1A AR U MAUCISH BN XAMBRS®L: 4/, in
useful regulated 25promoters include those of the family derived from the

BopmtdierifeSthddacs glamiety2 d6pericmpind tad et fophomiaeaper & K.
derepined in ¥.Badat3hoy4 501243310 HeBoss, pawmel #SP18¢d6Gind derivatives

Ptacl7, Ptacll, PlacUV5, and the T7lac promoter. In one embodiment, the

HheiRiiarcieHEeuErvaR BhY thoRdRRE Mg ahIENEPRe e lary, uscful

aprRadiBe Bk ¥ PromaiRhisrd &HYRG ﬁEQfHead}t!EinﬁﬁlH@,fQ%Qi@mTz 12, pKT214,
30Common examples of non-Iac-%eglfromoters useful in expression

asterisaadastardnbimedsreadmVhien ol sdidaicd Blasmide(ictett g U-S. Pat

Nakle 32738 54p0 15021836328 G20 hpsdialiNey. #33ORE339 37 HNMQ 1803, Plasmid
20081094986PCT/US2008/052434 Table 3. Exam&zlx(]a_% of non-kw

PYOMTOtERS Brdribied Imindhy BRAUYA skt Hhghhérnpalarkat No-

Bmedliketr torWalerbenagakesrries a regulated tetracycline resistance marker and the
replication and mobilization loci from the RSF1010 plasmid. Other exemplary useful
vectors include those described in U.S. Pat. No. 4,680,264 to Puhler ef al.

In one embodiment, an expression plasmid is used as the expression vector. In
another embodiment, RSF1010 or a derivative thereof is used as the expression vector.
In still another embodiment, pMYC1050 or a derivative thereof, or pMYC4803 or a
derivative thereof, is used as the expression vector.

The plasmid can be maintained in the host cell by inclusion of a selection
marker gene in the plasmid. This may be an antibiotic resistance gene(s), where the
corresponding antibiotic(s) is added to the fermentation medium, or any other type of
selection marker gene known in the art, ¢.g., a prototrophy-restoring gene where the
plasmid is used in a host cell that is auxotrophic for the corresponding trait, e.g., a
biocatalytic trait such as an amino acid biosynthesis or a nucleotide biosynthesis trait,
or a carbon source utilization trait.

The promoters used in accordance with the present invention may be
constitutive promoters or regulated promoters. Common examples of useful regulated
promoters include those of the family derived from the lac promoter (i.c. the lacZ
promoter), especially the tac and ¢ promoters described in U.S. Pat. No. 4,551,433 to
DeBoer, as well as Ptac16, Ptac17, Ptacll, PlacUV3, and the T7lac promoter. In one
embodiment, the promoter is not derived from the host cell organism. In certain
embodiments, the promoter is derived from an E. coli organism.

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

according to the present invention include, e.g., those listed in Table 3.

22
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Pu Alkyl- or halo-toluenes Psal Salicylates See, e.g.: J.
Sanchez-Romero & V. De Lorenzo (1999) Genetic Engineering of

WP AMSHenic Pseudomonas strains as Biocatalysts for Ind ®§iHAIEARE/052434
Environmental 5Processes, in Manual of Industrial Microbiology and
Biotechnology (A. Demain & J. Davies, eds.) pp. 460-74 (ASM Press,

\WWashinaton. D.C.) H. Schweizer (2001) \/ectors to express fnrpign genes

dablect: Eﬁﬁmeﬁém#ﬁcd)dﬁm%?pﬁéinn for Pscudomonads_Current

Byemieistin Riotechnalagy, 12:439-445; rmq#cglater & R. Williams (2000)
Phe Expression of Foreign DNA in BacteHghamiesise Biology and

Biotechnology 10 (J. Walker & R. RapleyHsgis tempenaters4 (The Royal
8okiety of Chemistry, Cambridge, UK)). | A\Btsimetdelsabimganienucleotide

faguence of a promoter native to the seletterl teidheliattivetesell may also

Bealised to control expression of the transtpdregletesoding the target

polypeptide, e.g. a Pseudomonas anthranilate or benzoate operon

promotgr (Pant, Phen). Tandem pr, s may al ed jn which _ .

ore (e o A S LR b Sl S b gesin of

Sameatrogiffecdheinisequenseriegs Biant PivefotdndestriplentbEarvironmental

?%‘85%8@%%%%@} Px{a‘%léﬁjl%‘fﬂ%‘f‘oﬁ%%%?a%om8(5@511851}%’ eéﬁ?ﬁ?%?ﬁg{ﬁ%c J.
rom the same or different organisms. egulated promote&rs utilize

Mt@dséglpaﬂ@@fﬁcﬂfbﬁﬁé Prowd &Y ashougtiro) Da(hécd‘lpﬁo_hvmime (@éné)ofectors

ﬁ%hé%%r g Ry gg;f?tger%és%&f‘{&%{}{mﬁ{e% %r&%&{'i%?%e%@%fgg% Q56% ugomonads,
erein, a corresponding promoter regulatory protein also be part of an

ExpregsipigystenBadedidiigy Iedgre4dht inddhtidlateE dafpWdlggms (2000)

| ins include: acti ins. a. i
LSBT e S OIS Dia%, Syt lpectnotons
AbtWaibes: &dprBepdryprsteimn. d 25; B GJik (Raiab Seisty, efifohdomstiyn Etorbridge,

@ﬁy .aﬁ? ﬁcg‘ﬂgkgmv?n% tll%‘n%qe'gf?@ecs@gﬂég&' 3 gwomoter nﬁtive to the selected
25regulated-promoter/promoter-regulatory-protein pairs are known in the
_émterialﬂmmé meay ala@dyy m@témgqm&@mﬁhiam @ﬁb@mmnmmdding the
Il.‘é'arg@t (b% 9?%}%3%, ra?ﬁ?éﬁﬂ%lxl%dﬁrQM&E%&Q%@%%%%R%SEt%‘é‘e}ﬁﬁ romoter (Pant,
regulatory protein so as to enable the protein to either release or Blnd to at
ezt o henDounnremeteiptiody rdgulizeorsedagivthishtmeigehanthae promaesr tise

CRUITEhRY NG AIOMBE oG Weﬁ%@i%%r&%ﬁﬁ%%g’%&%@%g, a Pant-

1AayDIctNo. 43292/339376 WO 20081094986PCT/US2008/05243
Pben tandem promoter (interpromoter hybrid) or a Plac-Plac tandem promoter, or

whether derived from the same or different organisms.

Regulated promoters utilize promoter regulatory proteins in order to control
transcription of the gene of which the promoter is a part. Where a regulated promoter is
used herein, a corresponding promoter regulatory protein will also be part of an
expression system according to the present invention. Examples of promoter regulatory
proteins include: activator proteins, e.g., E. coli catabolite activator protein, MalT
protein; AraC family transcriptional activators; repressor proteins, e.g., E. coli Lacl
proteins; and dual-function regulatory proteins, e.g., £. coli NagC protein. Many
regulated-promoter/promoter-regulatory-protein pairs are known in the art.

Promoter regulatory proteins interact with an effector compound, i.e. a
compound that reversibly or irreversibly associates with the regulatory protein so as to
enable the protein to either release or bind to at least one DNA transcription regulatory

region of the gene that is under the control of the promoter, thereby permitting or
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blocking the action of a transcriptase enzyme in initiating transcription of
the gene. Effector compounds are classified as either inducers or

WQ 3084880 rs, and these compounds include native effector BSHBSAHELS2434
and gratuitous inducer compounds. Many

[ﬁgalﬂ{g@her&unsﬁecsfmqmﬁt@fp&ﬁw&g?{m@fmﬁiﬁ@ﬁ%qﬁyngmgﬁaﬁraﬁfttﬁi@gene.
an

are 5 known in the art AIthouq%h an_effector compound c e used

fHiScion sarpRUadh dRelAssHiqe anaithset druRcs sYetarreRf S RRTEREN
WhHETDBRIUAIRE RIAMOLERISH R RItAY %W@ﬁﬁﬁcﬂﬁ%ﬁ@@c@ﬂ@cﬂﬂ(jﬂbﬁéids
de

density of host cell biomass, an appropriate effector compound is a

MaR% arsdo Rty BIMaERR ARy el rdelRsioBaangag Eos are
UROR(EIIREQRHNG HABUIPLRIR s RS BRI Ot inteEaffed BRYuM@LPthe cell

example, where a lac family promoter is utilized, a lad gene can also be

SRl P SHaCR e 1 R TEFGES) sﬂmieﬂl?gf(ﬁbwhaqm Feeshishurroanpter is
axpIessedasne encadasthgukagtjeR8ssarRsetRiR deRchoRielsinn Whiebpriate

binds to the lac operator of these promoters. Thus, where a lac fam|I

BHiIBtRRRNBGY, HEAP JBRE %ﬁ%‘%&%@‘i%‘i’lﬁd%@rﬁﬁﬁye%}‘é@?eﬂ‘me“lon

U assIoRRYSMmedai alcapr Riihg (rdpamatastibiemily members,
e.g., the tac promoter, he effector co %pound is an inducer, referably a

gratund%ﬁé‘i‘f’f‘d’&% lﬁommgbw y }C%@ne can also

alspreafigdn’ itﬁ@ms@wﬁhmaal@atgaﬁ&e Whidr iexp6essioy) afd Mgy expressed
polypeptid of interest, any plant promoter ma aso be useg A péomoter
ERAGFAORTATRRAA TSBRTTEFALE i"’f‘l;:Qoarﬁ‘BtB’FO dy /g operator

plahtfy proaterscarhbs aidd Alb@)faaﬁgqidbﬁdsg:ﬂ-l@gﬁﬁssdg% tygigaly can also
ositioned approximately 25 to 35 bas tream (5"
DA S G T R et B, 1At b s cPEprgoter
mga&eﬁﬁiéssu@gtceMaHpM&rm@e@ﬁ&ﬁ b@npaaxydha\aa indiféerepieferably
consensus seguence than the functiona sequence
R 5 b ErL L B R T e s B sy cafed
H@pﬁ%plﬁnﬁu@ele&tahndedﬁ pp. 211-227). In addition, virtually all
romofrs include add tlonal u strmin activati uences%%r enhancers

(Benoist 536%??5%%8 9 DERAITI AR 5B &g@ﬁf riSS RER] PEPgIRL§T may
amm&%moﬁmte?&aﬁwéﬁla@m@thw},yﬂreﬁa&rllslﬁéﬂaﬁﬁ&) ERMnents

ST FRRECHIIB b S0 SO TR Sy dypically

imetm@aeﬁlppmmmmm:slmrnrbvgépsmmpmﬁm(d exprassramssyiptén initiation

A A A o P SR R4t s

dl‘te(}:(mbbﬁImﬁﬁhaﬂjlheﬁ&ﬁ&fﬁfﬁl‘éﬁiﬁﬁﬁbﬁﬁ@@ﬁﬁ%ﬁG@ﬂlﬁAtbﬁfM&tlonally
43 92/339376 WO %0081094986PCT/US 8/052434 I(?écé% f‘
§u1é n netzc

AR GRS NG QL PR AR BLR RBIR IS I %Pml%c

Eingmhagz@ pfdt&mmrl{mﬂyge ptiale, eﬂmtppegﬂ d)mzl)blm lidd@ibty eisedigtiadh
ignal selec fro 1én conssélﬁ% ofa * dsbA, bC B
)

S}L?é ré &% RS E%% X zﬁenmst and
Seoretion @Q&h)l Nemteri@@ 338 Guresicer tﬁa(llg&‘h)b%rmﬂﬂﬂy Acad Scz

0, secreti
e W e e e
360 bertoe £AGH dimgrIhae ipHica6) af ﬁ],68ra1@pﬂﬁtld14nﬂlﬁaﬂ.<&1 Ri;.22, or
24. In some embodiments, no modifications arc made between the signal

sequence and the protein
G. Expression Systems

The present invention further provides an improved expression system useful
for targeting an operably linked protein or polypeptide of interest to the periplasm of

Gram-negative bacteria or into the extracellular space. In one embodiment, the system
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or polypeptide of interest. However, in certain embodiments, additional
cleavage 10signals are incorporated to promote proper processing of the

WQRAMP4B4inal of the polypeptide. The secretion system can BISOUAZN0ES2434

a fermentation medium, such as described below. In one embodiment, the

SR IDGbIARE I RMINETRL RA R SoRBINRL N ARHRT AR RGRIBRSAd R quence

system includes a chemical inducer in the medium. 15The

SN ORPIHIET RYYRSHSiIO Ly SiSrrshRAGIIRY dIRkGH fevetesrpisteienal

RERIULIABnERRIBTRIP R IRIRAUERA Hrppp thasBHoRgLTY IBEDIpAtEr Clpis?,
system takes advantage of the high activity and specificity of the
%&H&@ﬂgﬂ,ﬂ@ﬁ %%i%%e&?e BT TS tPAFRIT SR, PR YSReT @

o dntakashat hesias AREFAEPRINEaISEHIR tBaHY orBrRiesTeainn PEqyides Hablsted

regulation than traditional T7-based vectors, 20improving plasmid stability

HERetr SERIR) Pilidr and Ridtatt i bB6) 1 MotleatadBiblony Argipptide
daraficRasedbgrgret i NO& pGene FB(1L); 125:85)8 . The 17, eXPASSHEOme
system uses the T7 promoter and T7 RNA pol¥merase (T7 RNAP) for .
AghedEvEntafR PRSI Aot He e 45t Rivfarertt thagHenel SF BGIess &gl protein

BERIYRENIIE b EXPERSSIPTLSNSENE batadsenbhrlib{cRNARRIOMIRIcavage
processive than native E. coil RNAP 25and is dediﬁ?ted to. the

HERACHHIRCOIRAR G BOMRFRIORS OSSR H B PIHAS FaHRaTgRN R the
wslygestigy. providing a source of T7 RNAP in the host cell. This is
accomplished by using a BL21 E. ¢oli host containing a chromosomal

[*?1 ﬁ%ﬂ?&%}&’ﬁ’ec.

copy of &St SRR SRR HS Bbritor 8t firscribed
lzabvV Sp e et ol ich Cane ke srauietudysl B fimefal RINARdgigxdessedher
upon induction and transcrihes the 30gene of interest. The pBAD
snhelmet<{ i STbE by RN S bIBR5on of protein

or polypaptie OfiptenssuipRqugtptbgiorespinaa pispesifichigiiioncseneetin
such as glucose, glycerol and arabingse %C;uz n, et at %199 J

BRI ol DTS 3 CALSRS PR DAL Ve drirs SO TN al etigme s
el givierpredise: cogtirad tviey 2o lspéaldR/30GR2262A At hRIND RNA polymerase
;%?32(‘@92 339376 WQ 2008%0%4986PCT/L382?018\§O 2434 ex%ﬁ?si?n Iev&lls.

SIS 4 BRI BB B B R A NSRS SRS THRIRS 8¢ e
praBAdar pegivnieiovites pigio ey iddoeih thasitiuelyand Tegatidikctors,
requlated by the rog31 ct of the araC gene ﬁ$r C is a transcripfional
B R AL OBV LB SRE AL Qg / Volecuar
Bialapinissg | jhe1Ara0; Bissentaincks asisiptGend=6(1): 125-35). The T7
expression system uses the T7 promoter and T7 RNA polymerase (T7 RNAP) for high-
level transcription of the gene of interest. High-level expression is achieved in T7
expression systems because the T7 RNAP is more processive than native E. coli RNAP
and is dedicated to the transcription of the gene of interest. Expression of the identified
gene is induced by providing a source of T7 RNAP in the host cell. This is
accomplished by using a BL21 E. coli host containing a chromosomal copy of the T7
RNAP gene. The T7 RNAP gene is under the control of the lacUVS5 promoter which
can be induced by IPTG. T7 RNAP is expressed upon induction and transcribes the
gene of interest.

The pBAD expression system allows tightly controlled, titratable expression of
protein or polypeptide of interest through the presence of specific carbon sources such
as glucose, glycerol and arabinose (Guzman, et al. (1995) J Bacteriology 177(14):
4121-30). The pBAD vectors are uniquely designed to give precise control over

25

LEGAL02/30682262v1 AttyDktNo. 43292/339376



10

15

20

25

30

5maximum transcriptional activation two events are required: (i.)
L-arabinose binds to AraC allowing transcription to begin. (ii.) The cAMP

WQ28%984%8fotein (CAP)-cAMP complex binds to the DNA andP§iilie%052434

binding of AraC to the correct location of the promoter region. The trc

exprassian sxstercaliswshighdgyekrauinierh BXHESBIAD I0EtFOIk initiated at
Ofrom the tit promoter. The tre expression vectors have been optimized for
Sepreddfol Brosursry dhie BEreQtsh i bedhperititely arddtesal e strsaglated by the

bybuigisometendedvedAramithettiRtoniianal (gl pnst ldsiasentlae tomplex with

romoters. It is regulated by the lacO operator and.the product of the lacl
gé%rébee%%idg,th.e EPSRUSCOE R RIPSEE I Ay o A HaFS TBRIFPHOS; For
aellamith the yegiads disslased heseincmaybeckanetfoimed st s¥inds to

transformation methodology knaown in the art, and the bacterial host cells
ﬁél%ﬁ’s%&%ﬁéﬁlag‘?ﬁt%?&’%%ﬁs & aEhsretB erdivaton REpieim - AP)-cAMP

cytaplasishdsxe melay Aranafaimaties Blathedelogies dakdeopRAIshtion of the
methodologies, e.g., electroporation, protoplast fusion, bacterial

EHMAYELL®Yhd divalent cation treatment, e.g., calcium chloride

treatmerifcoi- £apliddgert dyerimenswarngeiewe] kkpemr dsiiesso2Gin Aheoli
art. Sec, c.g., Morrison, &mt., 132:349-351 (1977); Clark-Curtiss g)j i
&a?ﬁi? (e IBROYR EHS oSRySHPT 34546 23V P R PHAUZ G s cxpression

SeskueakietahdViplgcWar Qthaing plotrabaratartManiitindpEoeebtED8&ived
Kriegler, Gene Tran?fer an Exprez@;i: A Laboratory Manual (1990); and

BORERE BYRORBR i KihaRE B 19R5I ST  RISTdEr bl i Tegulatpd b iho kage)
biestheslhnd the prRe@MEOUMETRL B\ BIHSNPIOVIZ83 ABRSIARSIING 1-72).

system_ useful for targefing an operably linked protein or polypcptide of
A ot R e S S e
ppEoembd OB € aasimEntmtiis s ysitinddtilirasvansaateiion sighdle bacterial

e tid?. In an theégbodi ent,[ thegf ression systemijsaP. . I
Bt L BN B8 SIS o AHHSH S5l BEARRTOIPRIBNOEr: BHHsHR G pPlasts).
saeraphnysignsfisataseehfdrioloLivs iasheiet irtiennve e lissiosinded
on the surprising discovery that P. fluorescens is capable of properl
S b PTG ST S T DO LA R g,
Ben-Eifbivreskiens syistementd (hGAUQ213068RD2\01L AfhyalMell known methods
43292/339376 WQ 20081094986P us2008/ 4 In thi ) )
é‘?ﬁ?ﬁ%&%gﬁ?z i QFé%QPcén%ﬂétsggéi%%gféﬁw?'iig?ﬁi-#;%g‘n pytiss & Curtiss,
M@f@baﬁgtﬂjﬁyﬁum@g@up 184 7-@raiwhegative Rrdiegiasterniar&ikbgrolp
%;OIIQSC’LE}SIJ%(Ojning, A Laboratory Manual (2nd ed. 1989); Kriegler, Gene Transfer and
Expression: A Laboratory Manual (1990); and Current Protocols in Molecular Biology
(Ausubel et al., eds., 1994)).

H. Host cell

In one embodiment the invention provides an expression system useful for
targeting an operably linked protein or polypeptide of interest to the periplasm of
Gram-negative bacteria or into the extracellular space. In one embodiment, this system
utilizes a secretion signal peptide. In another embodiment, the expression system is a
P. fluorescens expression system for expression of a protein comprising a secretion
signal disclosed herein. This aspect of the invention is founded on the surprising
discovery that P. fluorescens is capable of properly processing and targeting secretion

signals from both P. fluorescens and non-P. fluorescens systems.
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as the group of all subspecies, varieties, strains, and other sub-special
units of the species Psettdomonas.flitorescens, including those belonging,

WQ2998{B#&6following 5(with the ATCC or other deposit numbeft§ BIS2008/052434

exemplary strain(s) shown in parenthesis): Pseudomonas fluorescens

biotyperalshiia QIOVAE bt Bivahl i Gderd Bhém  Beamdpmanas
fluorescens brot)&pe B, also called biovar 2 or biovar IT (ATCC 17816);

sekssisHAS HRgregedfs hiotymenesalixs RialeaParieHs SWeeruvaty X defined

%T&%Zﬂ@%ﬁm@mnmw@@mﬁﬁ hindyb@ dr salsgpealiad iR\t
or biovar IV ZATCC 12983); 10 Pseudomonas fluorescens blotyggeG also

SBFRAEP BRI 8RB oy (e Cec g psshrRRabHasH Rl el lowing

b&ﬂﬂ@fh%'Aﬁ’S;@@%Mﬂéﬁf%@%érE@ é«eﬂﬁﬂh’%ﬂ@ﬂﬁ@ ﬁmﬁﬁﬁa&enthems)
Pf-5 (ATCC BAA-477); Psettdomonas fluorescens SBW

Pegt &?ﬁﬁﬁ%@%ﬁféﬁé@’&%h@%’ﬁs’% dspdiled mMesivis %hl@z?r%ﬁé%& EPS):
m&l&%&)@@m@f@&n@mﬁ@mum Bﬁﬂ%&@@ﬁ@@%&yﬁg@@(m 17816)

"Gram-negative Proteobacteria Subgroup 19".is defined as the grou

SHeHe B Bt B G ARSI RS e D A@VA%%@M@%%M&G Ho0)

ﬂrm&fzm@sm&w@:@%lﬂw@cm@ shiaia MBLYL (ﬁqﬁds)as TPanINOC 12983);
5,169,760 to Wilcox), and derivatives eofa referred

HrAaye Rl UBr 88 hISYRE %?gere‘ﬁ%@&%%i@r 8t by hefting> 18):

mgum;qum%mr@msgmlram (Bepasiatasenyshadenas 20g8erlomonas
cus, a natlve 5 coil Placl-lacl-lacZYA construct (i.e. in which PlacZ was

@Perféafns StaB Ao CeRUAPaRESHHAP Ear s DBdG4rs
%eaelahwmmyﬂmme@a@e%sgwkmmasﬂmmgzmmlgula and

Psead asfla esc oitokitok the foIIo
e RO e S D a1l AT B BB HEH B Sy beroup
mIB(&&ﬁﬁﬁgatﬁwéi@theb%%téﬁa'S@gféﬁﬁ&g FO d&thdd; alN&kBgB&iﬁoLAl strams
NRRL B- 1864; pyn-olidine; PW2 [ P 3966; NCPPB 967; NRR
2&5@3@@%& 6%65%‘&1%%% [%4 r&@%%bo?f%g édeees’i%% iokype i
BWiA0f & B S BN {544 TILS 1PV KGO8, I8HA-@ 7d; WAMDL2hd derivatives
1-1H-231; 1 584 TCC 25 IH den Dooren
g%ﬁa"gl%? T 1%’198 %%@?%Vﬁé@ﬁ@ Wﬁ%‘(ﬁf‘?&lﬁﬁl %éefgﬁnéfn\?\‘fg\”m”
68321 ctt4 B YA ADRSnrdPihE 1491 [P-40rdioloddl 983843 phBd(BAEh B8 Enase
PJ 73]; 184 [WQ 15830 6 WO 15829:.PJ 87
i%%%]naf%rﬁé&;%?%@ éTciLé?gfé S9NYBH 1fgfl[ IZB é@%ﬁ B
a%té&la/l] 194 [Klinge R-60; PJ 253]; 196 [PJ 288]; 197 [PJ 290]; 198 [PJ
302]; 2Q1,[PJ 3 J 372]; 203 [PJ 37 15835; PJ 682
205 [P é %2’]”[5 éﬁf% ﬁié@% f‘;’og@s’%é’ﬁ?fi%‘r%ﬁﬁ“‘lh
4&2&%3&93&’@71&%&} ZR0840949BB T 4ukS POARIORARABDBE s 208 [Rxtokitok,
83 849]:.216 : 287 IB-9]; 27 1 ;
BT s AT Qe AR Ra i b T FBIE L A RS sss
S08h; GO-IZN(DIHB%IMI}‘aM, COR ] POV N9C6-BBR BIFOLBRIFERVBPEI17; LA,
L R e T i et R G RIS
NCIB 1&63&]1\HRMIB$603\[([1HED15M R1B4;/(JCER4EB]AFRB480]; CCEB
NG ! A . ; ; D02
RS a s e o TR AR AR et P A 12
[AZET; TOER R9H]] 1F0r3P08rch062]wrgP2fib]; 18 [IFO 15833; WRRL P-7]; 93
[TR-10]; 108 [52-22; IFO 15832]; 143 [IFO 15836; PL]; 149 [2-40-40; IFO 15838];
182 [IFO 3081; PJ 73]; 184 [IFO 15830]; 185 [W2 L-1]; 186 [IFO 15829; PJ 79]; 187
[NCPPB 263]; 188 [NCPPB 316]; 189 [PJ227; 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 [PJ
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In one embodiment, the host cell can be any cell capable of producing a
protein 10or polypeptide of interest, including a P. fluoresce/is cell as

WA 948Babove. The most commonly used systems to prod RESrAYIBE52434

or polypeptides of interest include certain bacterial cells, particularly E.

60i ] bepayse7obheirrqlatiyedy.inexpensive arowthregsiremesgne | [B-
potential ca aC|tyt roduce protein in Iarge batch cultures. Yeasts are

Lkl {6-Exprek: bliéﬁ%jm hy #leDURR brBreihe* A pOly bistide s Y 8521

Ragticulerly forFthresearsh PYIROSRs. FYAER3 Imdygeg@apemnrmg@g] P-2563
cerevisiae or Pichia pastoris. These si/stems arc well characterized

EROL-BRehaly Ad bR ILBI TR Noteift LpFASSH: dnpaké5-05-11;

eoyPefrasively st FndNrexRendiyeo; pseatCENEHPNESHISN SYSIeIBHhAVEIFO
also emer&ed as an alternatlve for e é2ress %(%{ recombinant proteins in

brstd gl acvorhBinfsbint8 Kabs) Sb¥clly 18Ry bl didinkirdmafs 257;
PRst2205 e nsiairo a3 iy roodipd candos meodusey.dYanmaliss el CIB 8194];

expressmn S stems such as Chinese hamster gvary cells, have also

bHen el o tfe r]esgfe]ﬁ%?%?&eﬁr%%?roﬁolwﬁgpt?ﬂe)é gf interest. On a

small SﬁﬁlﬁmetBﬁﬁ%ﬁﬁi&’ﬁsﬂfémﬁyﬁé@m&ﬁl&(ﬁﬁ@%@ﬁ%ﬁ%e Gep&@lﬂucmg a protein
biologics a;gi Ederlved from proteins partlcularIyL n animal or
lfcat f

man
REAR PeCHR AR ol C e %éﬂsg@iﬂﬁﬁ%&l?he most

%’tﬁh—iﬁd’iﬂly e NoEsatimitastdauectpRacian 6o BYhtRIELTiRRY&@R include certain
Arabidopsis species, potato or g):e cell. f%}cﬁnoth r embodiment, a

Rt el oPgHHBIATE Gnak/>SE%HS AdBMBEFTARIRERSaS KR AR g
mqm@&ﬁwﬁtmmpateﬁmgﬁp&ma@ﬁnua&pwﬁsmgenauzmgtm@/measts

mod multlceIIuI eneral] based chniques.
o TR AL AL S BB SO GRS CABRsHlary for

Hé&bl@ﬁtlﬁﬁib@s’ﬁa mm@mme&t&h@smybaﬁ&mwz@@b iBCRiging pbyztomt
ited to an Escherjchja or a Pseudomonas s es. Ty ac eri
e RSO L R BT BT R B o BETR S g fotal
;ﬁf@l@&eaﬂﬁes&@lﬂ aptetroktiepaxathicls Biﬁl@g&’ Bookemiovidest &y Mplession
Farabe Estrella Mountain Comm College, Arizo USA at.the
TR IR § HRe A OGB IS TARY B b 3O S G5B Proteins n
BQQB@GQH@S&B@TM&EMEM% correctly folded proteins that are post-
www.emc arlc%&a(edul cuIt rabe IOBKIBioBookDiversity h
g&ﬂ%ﬁl e Qm ammslian sstheHIESEoR %&e‘&ﬁnsuc as
@Mﬁ@dkyﬁameta ofhaoyesuenlsa@elhlm bébeuerdfod ieniprdivohastgetcaanr
0 be aAgez%g olt cel anoth rembogllment the hostc Il can

Bu 1ot l?o?r8§<a B SIR T SEHP S8 SRRIGERIY BV ﬁ%f‘r%e.t%’g%eff“m'
c&lﬂﬁnarblel&gwﬁapterﬁd&tmm@hjﬁlprdﬂrmspp&ndmdaﬁp instigiine e Bpeciescalth
|anc |ncI t no ited to a urln cell, a
e ek e s bR e
hnﬁte:eibpamobecaomem benohamyl ﬁfoﬁlnabaatéﬁéd)pai@pwlexekbtaanofmce cell.

Txam e be X lmen er qp%/ C|es of eublascéle ﬂa eT(pe host (Pﬁe% X
Membef'd any one bfthe' taxa:? acteria, HiRo acera

ﬁmaéssamclﬁam%rbtdem;ﬁhkdmm t@ml@mdla%a@ismoﬂeohmques for analyzing
SIO Rles, C a obﬁc erla Deferrlbacteres D ino occuUs
?/ n& yEl%rO il 1ecreeS S era% ase on techniques described
for rnod1fy1ng cells described below.
In another embodiment, the host cell can be a prokaryote such as a bacterial cell
including, but not limited to an Escherichia or a Pseudomonas species. Typical bacterial
cells are described, for example, in "Biological Diversity: Bacteria and Archacans”, a

chapter of the On-Line Biology Book, provided by Dr M J Farabee of the Estrella
Mountain Community College, Arizona, USA at the website
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Gemmatimonadetes, Lentisphaerae, Nitrospirae, Planctomycetes,
Proteobacteria, Spirochaetes, Thermodesulfobacteria, Thermomicrobia,

WOP819849%ae, Thermus 15(Thermales), or Verrucomicrobia. B3/US2008/052434

embodiment of a eubacterial host cell, the cell can be a member of any

W@&@Mﬁ(@ﬁ%&%@d@@@moBooiEb?vbﬁ%ﬁﬂ%' Qegligan
also be a member of ag@/ species of Proteobacteria. A proteobacterial host

eabedimsats tehsered iy e ortonenrd faiaprdieubhatisaty be a 2.
BrirpaipebactelisHerpapiataehasialiR: Reltan aleObaGIE A cell. In

ZOEEj;ilon%roteobacteria. In addition, the host can be a member of any

B AT R Rt AT an Port S H GBS BatksryRtissdtelts cxpmple an insect cell,

(rardaprRtaRRanteiia, taRdAINMMRES Sd RIpYsRETIRRGlusia, Drosophila or an
Gammaproteobacteria. In. one embodiment of a Gamma

BrGEBHACIBRSCACN AR RBR! R8I BER U DR R dayrine cell, a
Aeranepbadaleromitsramenasalesa kiteielkagteriales, 25

Pseudomonadales, or Xanthomonagdales; or a member of any species of

the EntBr8BaErBRalOGH ARe hashich samibs » MBRBSE MiBRi et Bs ) texa.

qalk can & ofothex orgae, Baterabasiartalesy iR desbeellvadidr armenabesan be a
of th% fan}ily Enterobacteriaceae, or may be a member of any. gne of the
g e

SRRSO QLR ERiA, DF IR PRSI LS HRORASE B MBS

Esei@edsinqla{as,\%hmMmEuﬁh?@#é% @ﬁélk@f@sd,egﬁgﬁé%imw%@tmﬁ,
ost cell may be a member of the family Pseudomonadaceae, including .
R&i‘;}é S BES AARGISE S RS Efi’afeﬂ%aﬁé?rﬁﬁs@m’aﬁt&é HsRipersria,

ddirenspeorsEsshrachiperli:anN imeipies SRitbo spesies Pegtisiamenas
fluorescens. Other Pseudomonas organisms.may also be useful.

ST TR RO DD e bar e R fermus
Protecbrsicta dathgrauptobibich inghidelihen? 9t £&aBd ASAA0R8R 28R Athe cell
1At|¥aINo. 43292/339376 WO {%%%8109.4986PCT/U 2008/052434 group

E¥PPS R BITRRSHA TR AR IS HrE RARTIAs RO et badEhBed as
"Gram-RegaitterAEnhobic RAadsodnch Gaeabeby Rink sPasidasarreadbiNcteria. A

Gibbons (eds.), Bergey's Manual of Determinative BRacteriology, pp. .

DASOHS A FOA AN & HAE L At pgcobactera

BSaprthesbisadtar, (Bengey(dR6Biridrah b dibpiasebistthrsefamilies and

gén ra of or anitsms. Tahl t.4. Fﬁ%j'lies and Genera iste‘? in the P rtlth ‘
PAGRRIGELRIS Kl i B R LBEES Y RPELPGEPELS ﬁi}yﬁé‘ﬁm@ 1 taxa

RéghugootrbaniadedBcthrotsubhacies, Ps€udomgracotantbomeanda member of

Zoogloca Fainalgl 11. Azgtotpa?te.raceac

any Species of Gdmmaproteobacteria.

In one embodiment of a Gamma Proteobacterial host, the host will be member
of any one of the taxa Aeromonadales, Alteromonadales, Enterobacteriales,
Pseudomonadales, or Xanthomonadales; or a member of any species of the
Enterobacteriales or Pseudomonadales. In one embodiment, the host cell can be of the
order Enterobacteriales, the host cell will be a member of the family
Enterobacteriaceae, or may be a member of any one of the genera Erwinia, Escherichia,
or Serratia; or a member of the genus Escherichia. Where the host cell is of the order
Pseudomonadales, the host cell may be a member of the family Pseudomonadaceae,
including the genus Pseudomonas. Gamma Proteobacterial hosts include members of
the species Escherichia coli and members of the species Pseudomonas fluorescens.

Other Pseudomonas organisms may also be useful. Pseudomonads and closely

related species include Gram-negative Proteobacteria Subgroup 1, which include the
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Azomonas Azotobacter Beijerinckia Derxia Family HT. Rhizobiaceae
Agrobacterium Rhizobium Family TV. Methylomonadaceae

WQRHNIMI§6cus Methylomonas Family V. Halobacteriaceae HBfHHSEPRIPA2434

Halococcus Other Genera Acetobacter Alcaligenes Bordetella Brucella

GrenssePakieitbEa felaiBiReantiMer RRIRARAGISF iSRG He dalSOGram-

Includes Proteobacteria that 10would be classified in this heading

Deesttifg A Bodrandderth the Ridsdtchisnn ?%M&&ﬁ@?a@o(eds
BeIuEeS M@ﬂﬁﬁdh%&%&%@o@%kﬁ%@@%Irzthtag@@m@utlerﬂmhe

lon er such as the enera Acidovorax, Brevundimonas, Burkholder

S5CeRHERRIE, Mahslonis) IF ot SERBRARGL The Table 4

geéaeﬁtmg@qemm%ﬁa@ﬁm gepHsMlkastomonas, derived therefrom),
which was created by 15regrouping organisms belonging to (and

previously called species of) the genus Xanthomonas, the genus
Acidomonas Which was created by regrouping organisms belonging to

. F%@Ha&\ﬁ%aﬁ% é\%ﬂ@%ﬂéﬁ:&nd

«.t '—'a:. Hon a- iarifaeiensi (AT C 10‘27'—'\\ and

B@@Hd&n%ﬁ&éﬁmgﬁ%ﬁ%e(mcc 30 LEGRCODPRE88D262v 1AayalNo.

43292/339376 WO 20081094986PCT/U§%’(§19@899§34
Xanthomonas

Zoogloea

Family II. Azotobacteraceae Azomonas
Azotobacter
Beijerinckia
Derxia

Family III. Rhizobiaceae Agrobacterium
Rhizobium

Family IV. Methylomonadaceae Methylococcus
Methylomonas

Family V. Halobacteriaceae Halobacterium
Halococcus

Other Genera Acctobacter
Alcaligenes
Bordetella
Brucella
Francisella

Thermus

"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 Pseudomonas, Pseudomonas enalia (ATCC 14393),

Pseudomonas nigrifaciensi (ATCC 19375), and Pseudomonas putrefaciens (ATCC
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8071), which have been reclassified respectively as Alteromonas
haloplanktis, Alteromonas nigrifaciens, and Alteromonas putrefaciens.

WEHIRANI%.9., Pseudomonas acidovorans (ATCC 15668) andCT/US2008/052434

Pseudomonas testosteroni (ATCC 11996) have since been reclassified as

QOoNANABRRALIRYR ﬁ%@ﬁ@ﬁ'ﬁi‘e@%@ﬁé@%? IRIDSILIRMHGS FERRAGHNRIY:
and Psemlomonas mgntamens (ATCC 1937%and Pseudomonas

dieierarasTetsisis T Hald/ (Een BetAuditeer fesp SR RS 8- Pseudomonas
ReepiorliRromenas siguikiaararihsepioalelomonaameeiadage) have since

"Gram-negative Proteobacteria Subgroup 1" also includes Proteobacteria

bredSiRedaUISE IBhG BB Ay B ParTiARd SLaHHUMEh K Leider
Axplebactpraseas dnmmoiensanzs by dha syronymsihad PsAepinbasier

group” of Pseudomonadaceae) Rhizobiaceae, and Methylomonadaceae
sttt doifed WP M aymbrhicofrsifpbEpmestag” ?S&%é%@ﬁﬂvows
@%Wé@stﬂ%@@@ﬂ@&ﬂ&%%%ﬂ@ﬁ@&@e‘d}hﬁfﬁiﬁgﬁﬂf%@fmteobacteﬂa

Protcobacterial genera falling within "Gram-npegative Proteobacterig

Stbgp! 1 2R rgadey R&%ﬁ&&&&&@ﬂ@?&?ﬁﬁlﬁa s REIOPEHRE Ry of the families:

Pesitieeniliase 20, MM@M@%@W@MWM@@W&E%@WMF%e
15Cellé|br|o Oligella,.and eredln bacteeﬁ%‘gé]%‘oblace fa bactena

BFfSFFERRIRbRAR Feﬁ?a F‘?S‘I@o

Liberibasieralieans; 8is @m@@ﬁw mmnfyl%)c%aﬁ&ym?@méﬂwlyn addition to
bacteria of the genera Methy é)pﬁ‘? cter, Methylocaldum Methylomigrobiurn,

Mt ABRSF A3 MG THRotiRieaRalsERh SHRCHda g Within
caliaﬁla&ig@ﬁied HmOﬁmﬁmsg@gm@Pr@émmm@o&kbgm@&p bacterla of

"Gram-negative Pr ctcria Subgroup ed as.th

RO CPE BB Y51 SRR GRS ool B BF et

Q&ﬁ%@'@ﬁgﬂ&d}@iﬁ 'ﬂ&@dﬁiﬂ'@adﬂ@p@?ﬁ&ﬁzﬂﬁﬁw@amfﬁ@ff bebeaiedfithe genera
renthesis, e ATCC, exc erwis nd|cated)
R N85 B RO G BT R ud

S&B&;ﬂlﬁzybfumkmESMW@&M&M@@@};a%ﬁz%grobﬂ@tgem(w&)hylobacter,

R A R e SRR et M i

Burkholderiathé3 gnidalsimoia, (&3)hd‘sc mymeeqe(aea, firlyrel reGenopbaga (9);

éf fg@?’ 6&?{%%1 y|o{:}{(?})fbM6th f\lﬂdggt (L at?’:gcg%(%r)ol)lp 2" is defined as

Metgtyiqsaf@lﬂateﬁdbabﬂmb)dﬁﬂp%mr@wﬂ@‘gbﬂmam@alﬁﬁh@%mﬂhmnﬂietlysf(@talog
64 Ivi r|o Ol eIIa 5 dom nas
R R o R e A e e R B i,

Glf;ﬁ)amm canag G[I, excdﬁxeml&aiwlmmhdﬁih&}dacmwnﬁﬁmmega‘éltt&)acter (93);

R A S L B B o

WdeWﬁMYW&QO&M&B6BCKYhtSBﬁﬁB(OEQﬂ$4n0rhlzoblum

R S RS L R ISP B Bt

W@Icﬁiﬂ(ﬁﬁ@;ﬂhﬁ]ﬁﬂbﬂﬂ)@aﬁm&%@]) Hramikdispicha8); Zoogloca

R S SRR LA S VE SR i
Méihﬁﬁmambeﬁa @ommlmamm@qﬁwﬁ@ymammm)tmmmmera
ba
rh%-zgtc)r%éco:enr%g ( @‘%@%ﬁr%ﬁ#&ﬁg ac?;rr i’%&%&?@%@ogﬁmna
Rehatenansa@(TCO BF24R) s 8hizbhiXantbgmoiae §220M RIS OHOEHs (50); and
norhlzobltu g{redu (ATCC 35423); Blastotnonas natatoria (ATCC

ntonas paucintobilis (ATCC 29837); Alcaligenes
Exernplary host cell species of "Gram-negative Proteobacteria Subgroup 2"

include, but are not limited to the following bacteria (with the ATCC or other deposit
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10 faecalis (ATCC 8750); Bordetella pertussis (ATCC 9797); Bw-kholderia
cepacia (ATCC 25416); Ralstonia pickettii (ATCC 27511); Acidovorax

WOLHKORIREC 11228); 1-1ydrogenophaggf lava (ATCC 336678 CAS7H8H52434

ratnigera (ATCC 19544); Methylobacter lutetts (ATCC 49878);

MeHnwQcHeaher Iﬁxﬂ}l@d}\/{ﬁeﬂe@%ﬁém@WA@&%@M@)CQ@%M&ATCC
19069) Meﬁélotnlcroblum agile (ATCC 3506ﬁ 15 Methylomonas

35961); strorsLararedifby Aﬁ%? 76666gybacter oxydans

NBRANSANI ks M4 (Az@cqu@%@gm@zjm&ﬁa%%a (ATCC
zorhlzophlllts paspali (IaA@TCC 23833); Azotobacter chroococcum (A

8823 pnd i ffid Milis gein sarpsehgdiEiuletiliduade ne ayzs (ATCC

Pses6lomeasAesanagerAd C 491 45)BeeusIoNtanAS e $BEISC 23308),
(ATCC 35858); Francisella 20 tularensis

SRRBAGAHBIh6HYEACS ﬁﬁg?ALPéég}zz%Z?W%ﬁ’ﬂ%tﬁﬁﬁ%%%%éé@ﬁ%l 1325);
Biblefo BRI3B e 8 QRETTMOHOG) dEHﬁ}HﬁHAJh%Té%@ ANCB)332120 Rhizobium

another embodlment the host cell is selected from "Gram-negative

P totaeta SUSdrot Y- Snarhinelyuti i ssibtediacri Sdiirsiaganas
imaeined AT e PeIn; m‘ﬁﬁf@g@mgkeﬁ@@ﬁﬁbgthIMG@msr@ Alcaligenes

revandimonas; A robacterlu 25Rhizobium;. Sinorhizobij
& RABHANECC sgaﬁﬁ?g@méﬁffé éﬁfr@&ﬁéé%m&ai#&r%ﬂ%ﬁ?acepm
Agiogarsx] djyﬁmgemghag@nmgm@lgwﬂ) M@M@@@i{}ﬂmzs (ATCC 11228);
Methylococcu gf’yleth&}%l' blum Meth?llomonas Meth (%searcma

%%Bﬁ /i%m.%ﬁﬁrffga KIHEEadRL Cetdth:
M&@@lbb&’cﬁ@ﬂﬁ@m@ l@AEC@Zl@@WBb&M&hyFJ@&Y@ZMlg&a&w{N@MBmmm,

Al o e g L o BOR o Rk gte L1 € 33068);

mmmomeg@uwe?{ﬁmb@cmf | ca%gypgézﬁyaaédeétnaﬁmtbQAgI@(pMO%%;
t e 10 ra revandimaon onas

Ak G oA e el

MMWWM;;M@HM@CB@(D% thytoroeris: MetbylomisrodAinaT 9043);

e TN A YOI RICobr I Roeeuets
g?ur%?fb@a QligeTia Rss;;imsﬁzﬂgimmﬁqum GW{@),, Francisella
a2y i e A 138D Xanthomonas
ol rpleabacieT@CSItp-dDyprkl' O&Emmfmge&wmw@ﬁdmla’ﬂabg roup

5" is defined Pro ac na followj enera;
Wiy ¥l e i N T Bl WG R
%@y&mmaﬂ%@&arﬂmMe@bﬁmmhamﬂmoup 3" is defined as

Azorhlzop |P.| 1 ot bact II ibrio; Oli eIIa seudpmonas bact
Er&dintbactér ancc?sr%aﬁlg %‘Feno ?B%H%%e SHBRSHAISRAS: AP Lacterium;

RbezabimonamothirbeiinasBialtaaoras; @Ihm@ﬂﬂm @l’@ﬂi]gﬂﬁ@ﬁlﬁllﬁkholderla
roteobac er| Sub r Proteo r oup 6"
Rl T et SRR

ned as' the group enéra.

Meohgrtmhmoumﬂ\dBﬂhﬁMnonﬁsuﬁpMijnmmmsMhpldmanamwmmsphaera;

B Ao e o A R S Siaee”
{[o} seudomonas; e?re ni acér endtro omonas’

Xamhmbmials HEmlsb(Dr,GSinlumtOO’[ﬂmmonas Xanthomonas; and Ocecanimonas.

In another embodiment, the host cell is selected from "Gram-negative
Proteobacteria Subgroup 4." "Gram-negative Protecobacteria Subgroup 4" is defined as
the group of Proteobacteria of the following genera: Brevundimonas; Blastomonas;
Sphingomonas; Burkholderia; Ralstonia; Acidovorax; Hydrogenophaga;

Methylobacter; Methylocaldum; Methylococcus; Methylomicrobium; Methylomonas;
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The host cell can be selected from "Gram-negative Proteobacteria
Subgroup 7." "Gram-negative Proteobacteria Subp-oup 7" is defined as

WRreW49%f Proteobacteria of the following genera: Azomon&&T/US2008/052434

Azorhizophilus; Azotobacter; Cellvibrio; Oligella; Pseudomonas;
Teradisihasier; MeRAEORNRMOAZS mtARh ARG S ANH OR8BIIFARASC  cllvibrio;
20The host cell can be selected from "Gram-negative Proteobacteria
@&B@P&uBSSPd‘?@}%EFﬁShEﬁ%@%ﬁb@%@?ﬂ@%ﬁ%&ﬁ@o@%é%i‘%omonas;
the gaurieiJateobacteria of the following genera: Brevundimonas;
Blastomonas; Sphingomonas; Burkholderia; Ralstonia; Acidovorax;

Hydrog BRSPS Aois host SR HoBFIRIHERMY SHABMEHLY and

Perasineiassgbdibeost callsanpaiselPEIed bt S5aBRRPHIVE defined as
Proteobacteria Subgroup 9." "Gram-negative Proteobacteria Subgroup 9

IR PAL s sy Brab iBrebiuttass e MrwRGasterds ylocaldum;
RremynsiseenavBuibaldesisiuRalstonidoNesiay Mt JibdreaRNORNBIAsphacra;
Pseudomonas; Stcnotrophomonas; and Qceanimonas. The hast cell can
heYBRE T O R Aok BBt Bhdbaita sl atiaenonas;
"eradmnrgailyerRieieohasiens:dyhetiast KJsaehoatsasnd e graumehas.

Proteobacteria of the following genera; Burkholderja; Ralstonia; . .
pscuddRORES. SILFUR B AT AHL0 Bhid KARTGRILNL o eoLcHa St bgroup 6

canbe seleciedfrrbistan-Reaib BroteRifarieraRipaia e Proteobacteria
"Gram-negative Protegbacteria Subgroup 11" is defined as the group of .
ggtﬁ%élfm}g@é%&v R 23 DS 983 PHyeomonas: Burkholdoria;

RANBIAI48B6IB i SA00YMdpBART dleehastslia afifieoganesaAzotobacter;
Pseudomonas; Stepotrophomonas; and. Xanthamonas. The host cell can
R T g At B B S S o ee: Kantfomonas;

Hadadaagabines Proteobacteria Subgroup 12" is defined as the group of
Proteobacteria of the fqllowin era; Burkholderja; Ralstonia, . "
poeudiTOAAS, SHEHBCE S8IPEieH HESelGEBTSRBHY S CrRlFChEGaHgS ubsrou 7.
Prnieobagheiva Bishgiougpctid. Sutratpedadeeridigahagtenp SUhgtoscteria
13" is defined as the group of Proteobacteria, of the following genera. .

B A R A A AR A SRR s el
Patudersetasiaititamibeviam SiegativehBraieahacietabong:ceumd Décanimonas.

"Gram- tive Proteobacteria Subp-qup 14" is defined as the gro f "
ProreoR B 67 IETOTMIRE 0 PR e A BB H O R S P Siberoup 8.
Xarihonsgmas: Phiecobstieal Sabdreupetdtadtfined dtianpoagati@oteobacteria
Proteqbacteria Subgroyp 15." "Gram- tive Proteobacteria Suhgr .
D 2 0 s B RORDD BT e SN PoL g deria
Rastast; cetidevohs sHighiect ficgha (@ 2seuiegaiive ;Neteokpbi@rianas;
?ub%rou 16." "Gr m-ne]%[ative Proteobacteria Subgroup 16" is defined as
h%ngr%rl]ﬁ1 BP18EroteGhACENA of the following Pseudomonas species (with

the ATChe diostlkell depbsitdicetdoeiienf Exemplapytsttair(sycixwendrSubgroup 9."

parenthesis): Psettdotnonas abjetaniphila (ATCC.700689); Psetulontonas, .
e S S s A b B e A 8
Psthedothonag gogtili fapticadiAbos; FRGEDY] Reay Ralstonds ditridnetolis

TCC 13674);: Pseuclothonas flavescens (ATCC 51555): Pseudo/no/7as
o me A e e YRR AR e
33634)Thsbttsatribnas twlackotam sr¢AT CizaBO6 2 PseRvetbagsria Subgroup

eudoalcaligenes (ATCC 17440); Pseudopienas resinovqorans (AT
fiperse il A Erh B Wik ol e
AJCD KA pf Asefodoworzageatraliphifkh s eua dhadviarsi al fseodomonas;
g%ettgco)t%%rﬂ?osn%d%r gpii' Psegdontonas asplenii (ATCC 23835); 25

SetidoRtonas azetaica ?B\'ﬂﬁ% B%[62); Pseudontonas beyerinckii (ATCC
19372)Thsbosiaribnas ixoselalis;Fsend dnianas bareo Polis ¢hAcBO BS@GR U p

Pseticlontonas brassicacearinn; Rseudotnqnas_butanoyora (ATCC
it N R e
ATCC 33663}; Pseudotnonas chlororaghis (ATCC 9446, ATCC 13985,
FEETIHIBATCC 17461); Pseudontonas Ikagi (ATCC 30 4873§: #27733376
Psettclontonas lundensis (ATCC 49968); Pseudontonas taetm/ens (ATCC

4683); Pseudonionas cissicola (ATCC 33616); Pseudotnonas

coronaiacience: Peatidotnonac ditaonetiinhila: Pecaridotnnonac elonasata
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34 LEGALO02/306 82262v 1AtlyalNo, 43292/339376 fluorescens (ATCC
35858); Pseudomonas gessardii; Pseudomonas libanensis;

WE2808#%nhas mandelii (ATCC 700871); Pseudomonas mardlQ&(&Sgans®s2434

10844); Pseudomonas migulae; Pseudomotzas mucidolens (ATCC 4685);

BrRessIReRas PRSP PEUAIRIBARS SratrriRoReBMHAIPRA/thomonas. The
.Ssynxantha (ATCC 9890); 5 Pseudomonas totaasii (ATCC 33618);

Pt ralirhbe SRLseisH (rore IrnAeaptive dualsARsS IR iR aSBE hens dram-
Rseudemanasaekich B AL © 1 93dMnEs ey aRpANaSudipEREbbacteria of the

Pseudomonas graminis; PseudomonasF?rimontii; Pseudomonas

Felloadnsannsris BvskheldrisnBe iapin Facwsiomprin o eshRitliseiberg be selected
PR LARME) S8 PeIRE AN ERNSISUATIOC GAGE N RECU oM RS teria

hydrogenovora; Pseudomonas 10 jessenii (ATCC 700870); Pseudomonas

RIOSENYS P de dabnsdrisdhasteuRb Nivibaqiseas) BsdotiowiBresnt:

BseatdnaeRaR MMAGEI AR IADEENASAha) XREHINIRAN A Rt M T C
33665); Pseudotnonas denitrificans (ATCC 19244); Pseudomonas .

peRUIEthBgRha AT 2o0T PolirisriTias st TATE BB IsagSive
Prassimeriasisyaupphila Rsaudamanas ol Pr6icoBddd);of the following

Pseudomonas monteilii (ATCC 15700476). Pseudottumas mosselii,
BEidom ‘ffg’é'ftﬂ%r?éjﬂi ARharmeRas 359 0P8 B eLee1od rom "Gram-
RISCOOPEIIIB AT S TRQ388 ) P seUtemeaas PR ddohee it ZadBoup 15" is
seudomonas reactans; Pseudomonas spinosa (ATCC 14606);

P t
BRRtba g BuRe i ebasifs i BhEY BTBBI AR RS7 3):
Pseudarnenas: siltzafi He §&ettd SbmPeruaongaascariygebiictéTdSubgroup
i 61 ;Pseudomo%as avellanae (ATCC 20 70033 ;Pseé,idte,omonasf
ricapAPhySEtAT @@@%ﬁ%‘?f‘ﬁ G5B B efiAa? FHRE A
Prrusininerias fidusargsiaad Ricudoadwhad kpRsies ¢aitonasAiiFi0 vre@ithae deposit
Pseudomanas mediae (ATCC 33050); Pseydomonas syringae (ATCC.
PYTDGTS BEEYHBRIGH AL CHRR |%W@%€%L§%§,- SEldaHAgbietaniphila
(2T 00 GRERY Bvardns: 4AdsCler 32961, (RIETamorigs rhelipaioletamsaligenes
P s thivervalensis; 25 Pseudom verensijs (ATCC
sl AT i e G LR i o
the hal# leellicPnM esgiecteckiitpmoaianggaiy A0S besserBscudomonas
Subgrou " "GGram-negative Proteobactcria, Sub 7" s defined as
e e e N R A B AR B BBmonas
Peeudamo(ats tisdieningsthase:30heiongibg/@ligetedhia Taowiig o),
Pseudomonas species: P 0 azptafbrmans; Pseudom ,
T P L e B A A A e RO
Extrelnanentalis)Rs¢ndutaodest il aPesetns) ReeiicaipbiiasRyessandinas
Pseudomonas libanensis; Pseudomonas mandelii; Pseu .
A DR e PR A A A S B85
PseutiomonaszelicnidlisT GE DEGA) FRB063R2GREAtyalio (ATCC 19372);
292/339376 WO.20081094986PCT/US2008/ ehdottionas
T e e e
Pasullamanas; Pscdihensuitablerhosis iCIOE #3656 classitiedinotheliilosa

L TR IR C T
(ATCC 9446, ATCC 13985, ATCC 17418, ATCC 17461); Pseudomonas fragi (ATCC
4973); Pseudomonas lundensis (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 corrugata (ATCC 29736); Pseudomonas extremorientalis; Pseudomonas
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5sequence for E. colt has been established for E. coli MG1655 (Blattner,
et at (1997) The complete genome sequence of Escherichia coli K-12,

WE8${0249867(5331): 1453-74) and DNA microarrays are availBoEUS2008/052434

commercially for E. coli K12 (MWG Inc, High Point, N.C.). E. coil can be

PASHESELIR EXineCesieBINQElL SHERL RS dsWkRI BEPRNLGBN AW hensis;
tg[yptone, 5 g/L NaCl, 5 WI. yeast extract) or a defined minimal medium
3]

eliauarariaqrdsl MuBHP AW Wi radponsas wr sipde {A 6 GA0844);
NAGH P A IV 5 PRIIRPHIESGAIRAI BAVIGETRUCESS 170 GHEDBEn as

Routinely, an over night culture of E. coil cells is diluted and inoculate

SR AR Errnm Al adssivmbineerdrse assarsiak Gy Bieriiéitor

Rl gowBrak 3 feash (RICERR RI$Q) beef mammalizrmariginTeuch esagell
derived from @ mammal 15including any human or nhon-human mammal.

ARHARKI G Rl aaeaYe Aoelifarients Brmratea fbhkEy) bbteine,
PNNRIRVIRE g 1RSI LINDHAIRS: DIGH BN/ TR e SNNRPRIDRB BRI P 6l onas

deer, mules, horses, monkeys, apes, dogs, cats, rats, and mice. A host

balphra Ak BS Br AR BRGT AR BrarftcuA B et for hEA TCC 19867);
20igephfication af-aened 20T remIefOP SRIMENLA T EXeseple s of, Fualieionas

plant targets for the isolation of genes and regulatory sequences would
iR Bt Gte HOPIMréd s A Brée,”éﬁrié’aﬁuﬁ?gfcﬂa@béﬂr@?aﬂf%ﬁék\éfcc

ANGBY)2 PRSPASADUEs AYOCBADARANR nRALEN: HEATE Desh ITlagkarymonas
blueberry, broccoli, brussels sprouts, %bb?@e, canola tal b}pe, carrot,

: (o) antalo
sl AT Rod A0 La BN R AR RS CHaaR Ssedagonas
plemeninesq¢laveIC a0 Bl saHnen&o i eoiin N ATATLEIRR.SsULHWNBS onas

Dou Ias?gir, eggplant, endive, esc rgie calyptus, fennel, figs, garlig,
BN GG S ABRR AT HERS AN G A e et Pk, (K TCC
[E5097% liRes ldobloly ing:s RS a8 Iang.s HalaN a Pk IQONC MestE e,
ut, oat, oil palm, oil seed ra é: iye, Qnion, orange, an or | oo
O i e P S oA oy CC 263
PepiRfiypeiS RRMam s iR piheappispplasiainTolamd posneeyanaieopaplar,
otato, pumpkin, quince, r%%a ine, radj qc%io, radish, ra esee,z,
LR TRR g T Gk Lo U ARre LG
ST MY BlgRIMBCLSYalC ONT(CSURROWET Rwerkinniaion sWieeaig (ATTCC
rine, tea, tobacco, tomato, tritica| gggg#E AL02/30682262v ..
R S50 806 e SU oAb SRR SIS A TCC
A0468); Watetivelonsvibeesd,yames ATCCZBSTOHN] . resdoeembbdimenisae;
ants useful in zq]e ﬁg apidopsis, corn, wheat %k?: d
T Ve e e SRR RIS R s B
Exprdssiona®hugighiQETSC 13223); Pseudomonas thermocarboxydovorans
(ATCC 35961); Pseudomonas thermotolerans; Pseudomonas thivervalensis;,
Pseudomonas vancouverensis (ATCC 700688); Pseudomonas wisconsinensis; and
Pseudomonas xiamenensis.
The host cell can be selected from "Gram-negative Proteobacteria Subgroup
17." "Gram-negative Proteobacteria Subgroup 17" is defined as the group of
Proteobacteria known in the art as the "fluorescent Pscudomonads" including those
belonging, ¢.g., to the following Pseudomonas species: Pseudomonas azotoformans,
Pseudomonas brenneri, Pseudomonas cedrella; Pseudomonas corrugata;
Pseudomonas extremorientalis; Pseudomonas fluorescens; Pseudomonas gessardir;,
Pseudomonas libanensis; Pseudomonas mandelii; Pseudomonas marginalis;

Pseudomonas migulae; Pseudomonas mucidolens; Pseudomonas orientalis;
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comprising a secretion signal polypeptide selected from a pbp*, dsbA,
dsbC, Bee, CupA2, CupB2, CupC2, NikA, Flgl, ORF5550, Ttg2C, or

WREHPAI86 cretion signal. In one embodiment, the method inQGHEES 2434

cell expressing a protein of interest linked to a secretion signal of the
inveRtian rLhervethads eles prayiding ahesteslliclimefesanlyia dd
fluorescel/is host cell, comprising a vector encoding a recombinant protein
géﬁ‘(ﬁﬂgiﬁ’@“tﬁéefﬁ%in or polypeptide of interest operably linked to a

secretigiirighataneusnseisclo ardheraiifisthyrawing e Calk wdce, such
conditions that result in‘eiffression of the protein or polypeptide.

AREFASHGEN THECRASIR A IR ERERIBBRPTBIEtRS RSB E SHdescadinkhhgenome

idQutifiedfsperelionsigpals 6aRLgHsdEd I ARy NVENCE3 B eNSterNal. (1997)
including host cells of either eukaryotic or. prokaryotic origin. The vec

CaR FRVEISI2EREMS charsRts e briachibed aBote. g S SRBAES370)

1 YROIOhGeFORiSRSAcHGRAId @ SiaeeAaa e RFQEIDG/ARE S§MSVONNC, High
sigmal ol¥peptides disclosed herein as SEQ ID NO:6, 2, 4, 8, 10, 12, 14,
EB}%I,‘Péé, 2B RS HIBRES 48 R AR ALREB Y Mty Bertani (LB)
erohgdimghbnt) & WeCtNa COREeR s diataetjds weﬂﬁs@@l%ﬁﬁme&ri]nﬂl such as
SEQIDNO:1, 3,5,7,9, 11, 13, 15, 17, 19, 20, 21, or 23.  In another
SRSt o S LI R pa LS 6 0S5 opthd doerihn
aigﬁalbﬁ@dyladeﬂmes'f w&dt@%tﬁwlt%rgﬁwa@eoii%ﬁmaﬁa;iauw& Qfghﬁc%[ﬁﬁ@i@fE.
or polypeptide of interest tg the periplasm.of the cell. It is recognized that
5Ofm§iﬁrﬂa&mﬁe8f%15?&@ﬁﬁe LPIRLESE Frbher perR AR bt GhyT & shake
leak hirayamiircelhingmbhang 2%into the extracellular space; however,

the majority of the targeted polypeptide would remain within the
el B RS Ty R s (A L aBhAgpammal

exdradiabulay pretain od henrhathad manynadsMaeludestben stepudt Ibuifyivgot

he protein or polypeptide of interest from the periplasm or fro . .

TS S SHU <0 9N SR TBS A, Alhgyine

Khaepidbritis, oked dalbedecelennlanctiecs|anailykeappsotRigscaatdeats, and
urified from the cell. Therefore, in one embodiment, this isolated

Eaﬁ?peptide Is a fusion protein of the secretion signal and a protein or

polypeptitesotétaiephl oyl diteosgiie Aoy pighataabcalsiedieddeathed

f&rq.fegrot%n when the protein is targeted {0 37 LEGAL02/306 22t6t2V s £

IRAVARIE N 92 857539576 WS Db 8BRS PEFTBSS 80810 e areets for

gerigtdstionl ofaacnbd dimaaioihechnkags bete éncthécdrarattamsignatd to

he protein or po ide.is modified to increase cleavage of th

B oo R e AP APARE L Ry ks gl Danana
incteadedupy,ddectidachbtie prbicheoy, iotypefitidaafdRtgresttyithiibihe, canola,
hostt Fell. The intcreased prO(%u tion 5a|tfzﬁ1ativecllé/ gan be an in r.eased.1 ‘
[Vt S Propeify procdsted brotain of Polypeptide er gramof protein 4o
pioadk)adeertpers gehiveaf dveshprateftic] berim crease drpnbdigtioncoaarbaisDouglas

e an increased level of recoverable prptein. of. pol tide produced per .
PO AT SRS SH B0 SHSAD B Ao ST e e i SR BLaDg- Sabefiuit,
hoody clion famed shitvéfainy lecodeinatiks) keham jnoneaketitdisepoictdiateed,
rotein. Jnsreasediexel of properly progessed 1 piaiein. oL incigased;,
Sverdr acthe oreo u%]ilé’pro%eln.el’n is’ embobiment, the terf "increased”
isnietgtorenigethhe tevemehprotéint opgiolypaptide tatdg, peoshipepegnogetypeanut,
Brasesses soluble, andiorsecoustable uhen ha proteln, or. BONPERIde. oforarg

Nerdst e e%ressg(]jo in B caIwithblt tHe Secretion §i8ng} |§o ypep id8 or P ’
thavpkientjomce, radiata pine, radiscchio, radish, rapeseed, raspberry, rice, rye,
sorghum, Southern pine, soybean, spinach, squash, strawberry, sugarbeet, sugarcane,

sunflower, sweet potato, sweetgum, tangerine, tea, tobacco, tomato, triticale, turf,
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An improved expression of a protein or polypeptide of interest can also
refer to 15an increase in the solubility of the protein. The protein or

WhaWBeptise of interest can be produced and recovered from #fel/US2008/052434

cytoplasm, periplasm or extracellular medium of the host cell. The protein

RRYReRIdS eRINAIASAIMEIE P1R0luRiE, RBIRT e 0 AL RAYBERHAR CPMhnts
include one or more targeting sequences or sequences to assist

Bl msthrsk &gx&%%?ﬁb et sonfae 484 isePRerein

means that the protein is not precipitated by centrifugation at between
approximately 5,000 and 20,000 x gravity when spun for 10- 30 minutes in
éﬁeu&@m%er physiological conditions. Soluble proteins are not part of an

inclusiorhbegRydehempiasRitaie inags tRinsidysidnsalnkien pradas

that the protein or polypeptide can be precipitated by centrifugation at

GRELISING HOtF i SO0 WRGRHAS SR S Fom B P RD 365Rin (b mBse,
ouiiany adeBphysiptogisak a0 Fili R HRsSM N Arote RER PO lyReatisieSignal. In

can be_ part of an_ inclusion body or other precipitated mass. The term

RecrRRaBRER fhemstheddnRtidtie R i SHACSNISH DR AP SRR AR finked

BGeikbrrbe6al b g PEOIIRIR: 0fi HO B SREHAY RePLSe proar el host cell,
%e%rje%tered. 30The methods of the invention can produce protein

2R thlrariiger o Ae n6RPELERINg NS FReRHERE FReCHMBIYY
pf%&&@@&rﬂﬁ?@ﬁf@kl@é?@@ﬁQtﬁi@lﬂ'ﬂ@tﬁrewwi:@ﬁﬁdﬁp&ﬁwﬁlfﬁﬁédfl‘tdfaesecretion
cell. In another embodiment, the expression of the secretion.signa i
ﬁ@%&ﬁﬂ&%ﬂﬁ%ﬁ%@a‘t@e&%}m SEEMLB ool e ST S Spah rgpslt in

eefrchhiemgthedaftthe dnyeRtptiday disentaadiy ait inerkesed siptdeing
proteins or 38 LEGAL02/306 82262A 1AtlyalNo, 43292/339376 WO .
DTS G4 SSEPErf IS 308 R 4isA! b‘i&}ﬁg&fﬁ&% SRk eat BS W5 Pupay stven

towheadhe ipcdidindhexuassetanitbosikhe aecetinokaigoakafiibi. The vector
invention. In o Igﬁerg\bodim(—:'n.t, the m%th dbprod ces at Ieéa?fqgio.l %/1'@
57O ?r??ﬁé)g oTA R eSS ATTEREU AN GtnE PBFBBLRHEN trae vector
oeelipodaoroaucestid deqhehgd chartiptagimicarateinsipiiliepoBihopridtdatstiosed
bout Oégﬁ L&é ?D%o tf?A a]b% t0.5 ?o {)Olzg about 0.7, about 0.8,
T C T e e
embochmentrdof Biahptéebmdopohgpephde aftbitesagiraduces dstale sequence
least 1%@%%% baﬂ? t /g, ﬁ]l st ab t]é %é,gfout g/L, about
SPPS ROl 8 bl o, Shoth 25 Sttt 1 g1
about 20 gdbttatleabbaleiit2the host cell has a periplasm and expression of the
secretion signal polypeptide results in the targeting of substantially all of the protein or
polypeptide of interest to the periplasm of the cell. It is recognized that a small fraction
of the protein expressed in the periplasm may actually leak through the cell membrane
into the extracellular space; however, the majority of the targeted polypeptide would
remain within the periplasmic space.

The expression may further lead to production of extracellular protein. The
method may also include the step of purifying the protein or polypeptide of interest
from the periplasm or from extracellular media. The secretion signal can be expressed
in a manner in which it is linked to the protein and the signal-linked protein can be
purified from the cell. Therefore, in one embodiment, this isolated polypeptide is a
fusion protein of the secretion signal and a protein or polypeptide of interest. However,

the secretion signal can also be cleaved from the protein when the protein is targeted to
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10g/L, or greater. In some embodiments, the amount of periplasmic
protein produced is at least about 5%, about 10%, about 15%, about 20%,

WQRHFOEMS about 30%, about 40%, about 50%, about 60%, SV FXHHE/052434

about 80%, about 90%, about 95%, about 96%, about 97%, about 98%,
ﬁ%@rﬂﬁ%ﬁxﬂ TARHE A BB RIRIEH ﬁfﬂé&é}é %WQ&QBM@&MV@@HQ?%d the

15In one embodiment, the method produces at least 0.1 g/L correctly
pretdR sE fhmenAdA iz srrsiifly pio bagsats Slensnshabthn sSairiioterisiabs

of the neiive RIS I SAMEERNPRAMEN Jeat 1835t RAI e RieIEHT Bl

polypeptide of interest comprises a native amino terminus. In another.

BBy Rk @Rty RenEds b dotsrattealyy dor hasisslt dheangichssdmypduction
MRS PIRRINAN AT AR RAIBOASTHRIFR0Y 16 RIMERERIRIDrH# Nbeptide per

various, embodiments, the method produces 0.1 to 10 g/L correctly |
SFeXeREREisHB RAdRCade RCt SERRI AT At e Hh dhe g easet PP S UG pan
Q1o BHAHRLRA8EO LRI & f2BILaBIAhOHIR & FNopéRi8asraliirastRPetm of

1.0 g/L .correctly processed protein. In angther embodiment, the total

BRI I R S 4 PRERP S S PRIt BE iR rase b Pserietiprscap alsgcbe any
tnBiharbieasieadd/ loval Eastabpotcth OihcrabrudtiévailofakepéyPlaocessed

about 256 g/L, about 7 g/L,, about 8 g/L, about 10 g/L, about 15 g/L, about
DI G, QbBlt %f‘g%lfw 859%’6@/9{ %{BBWF%W}%%%@P&GWA%R%B‘SBM ¢ term

Mcﬁa%%astiab@uﬁﬁ@tg/ﬂ%q&@le}jﬁtpf%iaﬁaqm@iﬁé}éammms giﬁmmu pt&erly
correctly processe otein produced is at least about 5%, about 10%, )
amﬁsfﬁe/gf)&ﬁ%n 3 5%8&?%10% SHIRABSLP &%%ﬁ%%?“ 1s

ahbpeb & abellivfbutahe wtGoflonalgil Po%pehiie ate, iabenti 6%,
30about 97%, about 98%, at least about 99%, or more of.total
recomB RS e TP LIPS |%%8&%B°rlc¥ﬁﬁ?“‘{e Btethesabiangfer to

uverieR cantadse lgkiti tp Jn aie psedivield op ihripretevl picpatpeplide &t can be
interest.. In Qqne embogdiment, the method produces a protein o .

B e RO B, HETA IS GRS D8, A A ARG b0 e of he
1686 ceh a2 UsciBDL F&bPRROES B2 G2yd | hbldy@ BlsiuBi32 FRE3RB8AH or

WO 20081094986PCT/US2008/052434 about 25%, about 30%, about

BBbP G AB IR RIS R T T ES AL SBHLTEEVA " SRS A5
POPiti cabion] #5discossgteaterof total cell protein (tcp). "Percent total cell

percentie STLgUHAaLAe ATl S e Wbl RAIE dF R ihiaid by
makﬂegqmr@tanblamhaﬂmﬁmmmeﬂbes A0 and@&@@(lticgﬂar_i@mﬂwﬁi syt for 10-
D T e
ah Iﬁaht%&gbeWWac(pﬁamﬂthiasa eimpleratutmselnbé bhaaostiHCthe
B SS g Rt100, Sp o t 0 ONG
2OrOGk sattsitynediomspima garGad aniyprsiar rebuéfabadi orgrhity diodo gical
‘Eéﬁéﬁ?osﬁ%’nlﬁé’atqu‘e \glirgtg%\geo? orl%eei]gr)]t%res can be part of an inclusion body or other
precipitated mass. The term "inclusion body" is meant to include any intracellular body
contained within a cell wherein an aggregate of proteins or polypeptides has been
sequestered.

The methods of the invention can produce protein localized to the periplasm of
the host cell. In one embodiment, the method produces properly processed proteins or
polypeptides of interest in the cell. In another embodiment, the expression of the
secretion signal polypeptide may produce active proteins or polypeptides of interest in

the cell. The method of the invention may also lead to an increased yield of proteins or
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polypeptide expression level of at least 5% tcp and a cell density of at
least 40 g/L, when gown (i.e. within a temperature range of about 4C to

WQRBHIE3%5BS inclusive) in a mineral salts medium at a fermentRoH EENSGF2434

at least about 10 Liters. 15In practice, heterologous proteins targeted to

VPRpRiRSBrane-RiteRsfesdRdne RIQH drepr&uPREAHRUEMWNAo R

288 451), possibly because of damage to or an increase in the fluidity of
fS6TBURErSEFIrh RIS HVE PR rate of this "passive” secretion may be

increasgchRY st Rnéatieht hdnReNAOIGIS hakRRIMNERRIIER IA8 RLIR
cell membrane: colicin (Miksch et al. 15)1997) Arch. Microbiol. 167:

paAplasHyCrBRRTSEs oisHithcscabpdin ey iats Msskedmendsrsielring 10 &/L
PEPBARRZ)rdtOth iR Vs QYN RS HOR LW asd ainel Bansyixo(3 298P deibout 0.5,

Expression Puri]: 14; 13-22); bacteriocin release protein (Hsiung et al. )
(Perb) RiGPraLiinoIBRMY 056 #orys, LdmsiAt ACRPS RO BHthih Lt dipiBdasimig, protein.

(A3 cBiBEHINGIR:, the 45rh Pl oviiontp ShgideadcRETNASRIFrEENRINSs at least 1.0
(Furlong and Sundstrom 198(3%) Developments in Indus. Microbio. 30:

0:
s 39 R0 b s P3G e B Do 3 DR Blb FREHS 6L
BBt B AR)it'8 GV ERY A P8 HOticIshAdlks (J/agubtiEt@ly/(1A9Wast about 25
Biochitnica Biolphysica A?&toa 1049: 278-85). Transpart of engineered i
§2%t&h%rf8tﬁ¥e BehPIaSMROSHRER Sy itH QMUY QL RETRNARTHS SR Ther aiyaed 1s at

nasthesntusedibirodusapsepesiy, fobded 2%, astvie FRieiBsUnIBYSibout 40%,
an and Bgneyx (1998) Protein@gt?j?/ion Puril 14: 13-22: Simmons et

D87 SO G i Do DSt SR AL G L5 6) 0 PRI

M6 10 DIDLDa A%, AbSrogizti0f mbacty & rioiedein ol PEPPMPtide of interest
emhodiments, the protein can also be produced in an active form. The
BAUSEtive" means the presence of biological activity, wherein the

biologigalcetiviyctinhdr MOAREIG30dsed AtliivaiNe, 1432 V38aB prodéced
200810 4986PC§,F/U32008 052434 is cor%%?rable or su%?t%gtialtlﬁl T
B O R T tHEPBRSTOS e RETVA PO AR HPROSISERUIME Nt Prgtaiiogy ™ n

@@?Y@eﬂim%dlg&ﬁkw &IIGBI@D(ZS_ gf/(mﬁtﬁmﬂﬁéﬁltgp'lp‘aﬂfpépﬁa@sﬂh&bﬂas‘; comprises a
. t : t t t that
R ALY KBTI SDo0 SBOE SO ALty P ICHL a8 B
8095t aﬂﬁaétaﬂtﬂy/oab{aﬁstéiabmtﬁ&l&ﬁ%aafﬂ\dmiﬁcnmgﬁdztoﬂﬂ& native protein.

i ti tei ti [ t ters. .
FREHSH RAEREN eGP SR BRI ARG ElnBE TR dpREsted protein

iﬁimlmmsnmg_jmgesgawmo mrgm@m@,mpaugﬁv& mommdalaasaayﬁ, about
T T T T T T T
nibutisnnelogicadyatrassectly processed protein or polypeptide of interest produced is
at least 1.0 g/L, at least about 2 g/L, at least about 3 g/L, about 4 g/L, about 5 g/L, about
6 g/L, about 7 g/L, about 8 g/L, about 10 g/L, about 15 g/L, about 20 g/L, about 25 g/L,
about 30 g/L, about 35 g/l, about 40 g/l, about 45 g/1, at least about 50 g/L, or greater.
In some embodiments, 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 recombinant protein in a
correctly processed form.

The methods of the invention can also lead to increased yield of the protein or

polypeptide of interest. In one embodiment, the method produces a protein or

polypeptide of interest as at least about 5%, at least about 10%, about 15%, about 20%,
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10reactive with the native polypeptide. The invention can also improve
recovery of active protein or polypeptide of interest. Active proteins can

W 20B8/8%94Pcific activity of at least about 20%, at least about 008/ EAWF452434

about 40%, about 50%, about 60%, at least about 70%, about 80%, about

8084t o5 @t Ik 3bont.88%b 4084, Albiir MY aHRIAIS IR BRI S TIRI0%,
the seég:ence is 15derived from. Further, the substrate specificity (Lt/Km)

RoBptionany SUtstrially il 8 HeHaRI PR iR SeplidBercent total
Sypisityidcigicnamalhe ahleash abpety3peRIaUR4R%G: sl 583/%entage of

about 60%, about 70%, about 80%, at least about 90%, at least about
BB GFERE RietiBad st SLSEpingtion thersysRBt it SstbBratRdteFll
angviapivpeptige activity and substrate specificity (kcat/Km), are well

known to those of 20skill in the art. The activity of the protein or

polypeplide Ui itHire LA B B TRl GaRit v prisnomip adaphrat de.

patiyRRiaten RO P RlifestaRA g o It BN AN I ath e actyitn @k cell
the protein or polklr(ﬁg(ptide of interest can be determined in a simultaneous
[

SPubeeh iRy AR SiamuBeRs SRRV ER g RS AT TARgE Hrbent 4 °C- to
2beit I3 S piiled nerab¥ample; ianatio1 3scas LA T UsEsLUD SateHhIe 30 °C,
any detectable interaction between a protein or polypeptide of interest. and
aﬂ%é{ & e hieh AhBY S dsetf SADY e Gifd QLB SRR b ivaRpdium. In a
pXRIESSEy PRITSNE AN IRHIRNG ¢ R&PRINIoBs VRSN W PSSR asHhoGY

and antigen, etc. Such detection can jnclude the megsurement of
ngsmﬁaﬂ?ceéma@& Isvsh AL b &é’s‘j“&‘g i GELARTERH Poglfg, 40 e/L.

3dehanges . cadivkety ympbangesingofhiityt dhangasdntpotesihiusive) in a
weight as measured by gel electrophoresis.and/or gel exclusion methods,
oA R e L
assayshepgadtirgdiiomn dgoiyprssaysdnaiedeachhé peeiplatdinaiedton found in
ssays to detect physiglogical effects of the Pseudgmaonas produced
DR BE TS T EBarie 3 DAL BRI SELr famage o or an
ricEeAd0a/8R0BAA62 A 1A paldicc ABARBAA3 7Bhd/aXe of this "passive" secretion
20081094986PCT/US2008/052434 the native protein or polypeptide, e.g.

A BTSSR e

R&ight Juireased RY&H R YRR BIsHn Ry § Qe cell
ﬁt@m@aﬁéncdﬁb_ﬂi@?ﬂm@(vea@d theomaduetiondabtige néy resspm?ﬁ growth rate
nerally, Itro or In VIvo, ay can eler e the .
g%%?% ﬁﬁf%‘#%{éﬁ@%ﬁ?@&éﬁé@%ﬁf&%??ﬁggéﬁggﬁ%@ﬁﬁm
vapandtiBena in PrOIBIROTH Oy origcass
activitﬁ/' assa?/ﬁéblle %Ig %Ii\//?éwfh proJ}e' 15,90, o‘ls\é?eptigels roduced )
ot SRR K SO AL STy 600 s B Chen ats P tein
(ﬂh&bibﬁ@tgrabt(oa%eyiieaﬁmé moﬂéih &)?moiyp.tg pﬁﬁielfﬂﬂt(balt‘)mkabtﬁid @iibtains
rma Interacts wi eln or po e , €.7,.a SUPS .
R B e e R BRI ot Rl ucfusion
purchcasSays g aind U0y 9RCHID) iygiidevthier stepa aficoneBiMAgHIO §ipteicovery b
with as :{[a molﬁiu}e nfj9edo %dit}lons thgt allow té%grofﬁi&p&m 856 yy
SamanC ek Taguehl o LTEdloT Blocnmica Bropimblca AR 101 375-85),
ioakponicdlccpnsenud pogdhithe itgratpiosmiitsptie probeintangutine kargétation
m Lecglethﬂtfs sthatp%n beéj(?ilizquto %;Eg;mi e r%rt intz)r ol Eelpgde /i °
i bro s ben e TR praducc frongrgTaldedBan St g ig i - on
(Mimmod. B3R:E8EBOR Skt dbil 8819 Paunifiurdol. 3k 27; Sddddbtemrard(2002) J.

R oSl o e o A gt fofr 0" 30527,

A. Production of active protein
In some embodiments, the protein can also be produced in an active form. The

term "active" means the presence of biological activity, wherein the biological activity
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Molecular Cloning: A Laboratory Manua", 2d ed., Cold Spring Harbor
Laboratory Press, Sambrook, J., E. F. Fritsch and T. Maniatis eds., 1989,

WQRAYIEHSRIS in 20 Enzymology: Guide to Molecular Cloning TEEAR8452434

Academic Press, Berger, S. L. and A. R. Kimmel eds., 1987, A K Patra et

A cBreimier TbithndA(2)tb8%9ds (4A00bikedamagidty df BiRs@Bbnding
99: 1465-M72 (1986); Stewart et al., Proc. Nat'l Acad. Sci. USA 90:

B3R 538 Bttt dndhacont st afmmteingthis Py soegngthata
8bBhuCIel i 3B RIS &nBric@lbyRb caTdiHions dherrY GEAWER at lcast

conditiogs for the h(pst cells described herein can include that which
ROt S edeisiion Brifaabigiilcattabae G0 o AN Qs feleiapidcast
tsuentation atiheeypresaed Preieitbatipsisst AsiveqaReich? Jo8 fepide

30"fermentatjon” includes both embodiments in which literal fermentation

B SIBEE BRI BRSSP RICSRE PG R RRINBSRUE CRtiFEY can be
pefemada e mMQyeskgonantaliondaayheaeifesmps i@ iskaliRal Assays for

one_embodiment, the fermentation medium, maé be selected from among

REHLAHL ROt mH I PABESDtss: Mt isatiemitia PLofTiR AidgmrRisy of

bedsatniidtimpraiesahiy avaidgdisimanathssigpepadimeimmdnologically cross
LEGALO02/306 82262A 1AtlyalNo, 43292/339376 either a minimal medium

GPRSTRRH fLHERIMREP SR cted. In still another embodiment, a
minimaf Readitmisnselgales itpyeiaRetierestactinn erttanoinss Blrplile of

medium |s selected, Mineral salts media are parti ulilrly preferred. Minera

|
DR/ CORLT D AT NAY QI S SRS LR S AR BhAL Ot BRI P Aoyl cast about
SgucasRaSLBesE 0 Jiyertd 0 Exatulesnol, mineral adits nediatosisde,, about

.,» M9 medium, Pseydomonas medium (ATCC 179), Davis and Mingioli .
O G e b e LI T S R O BN BbiR At phence is
duriesd| fiedts Beelkto il mine pksails thadigingludspthosd gelpstastially
from among, e.g., potassium phosphates, ammonjum sulfate or chloride,

YA R i e A e e A
gbbaridieohorets, AodtI0fatadaltico, cipe 0N nganeseand ziscatdat 90%, at
rganic nit n source, such as peptone, tryptone, amino acids, or a .
T o e Mo S e s g i
aitdogdnpsptideaasivBedanshthisamaydtfrele (ke Kigmaadasigk8odn to those of
?J?ii:# fﬁ@m salts, aqueous ammonia, and gaseous ammonia. A preferred
e

it medium will contain glucose as the carbon 15source. In
compafiderntavitinef ahsphistdireskpoinipirlevé diseccan @alsdeagtatompared with

miQer?I s?lts ?%ﬂi c%_rbqp sour F{ﬁbgt can betigupflgma? te 1v%/tith,A @%at' 0
o TSR AR S HBIAIRY PetomsBlSs St eidre irbtgh Ly
the setareyadtibd gowdnyompoilygdpadelst interest can be determined in a
simultaneous, or substantially simultaneous, comparative assay with the native protein
or polypeptide. For example, in vitro assays can be used to determine any detectable
interaction between a protein or polypeptide of interest and a target, ¢.g. between an
expressed enzyme and substrate, between expressed hormone and hormone receptor,
between expressed antibody and antigen, etc. Such detection can include the
measurement of calorimetric changes, proliferation changes, cell death, cell repelling,
changes in radioactivity, changes in solubility, changes in molecular weight as
measured by gel electrophoresis and/or gel exclusion methods, phosphorylation
abilities, antibody specificity assays such as ELISA assays, etc. In addition, in vivo
assays include, but are not limited to, assays to detect physiological effects of the

Pseudomonas produced protein or polypeptide in comparison to physiological effects of
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In one embodiment, media can be prepared using the components listed
in 20 Table 5 below. The components can be added in the following order:

WRiR903NMI$6PO4, KH2PO4 and citric acid can be dissolved inPCT/US2008/052434

approximately 30 liters of distilled water; then a solution of trace elements

aamaeRdslethifolopadbyiths addiienrf amackRamAgrRteyE RRnce,

Ucolub N 115. Then, after heat sterilization (such as at agopr_oximately o
£hangs inRinpd shpthivm S 9e griaBEes Mgey Aistrlutioaantthedndugtiageof antigenic
adgleds CoRHAlA90hRY iRl ARPERXHMNABIYG-8 6AN RSN IBURAMSING the active

agueous ammonia. Sterile distilled water can then be added to ad{'ust the

RIS PrRRINBIRAIGIE A etb A RBe Iy PR BRIV g nysis to
SRNNEFE IR Y IS FEPMIN AT AU BSHPRI 8T 8 c8VRD RadderalcTAISmMeadialy, the

can allow for a high cell density cultivation (HCDC) for growth of

PRUEIAS ATOPPAERSPECSPERH FEfAB NS RERSARL FNENFIRAENBmastaned oy the ability
RateimprecassiBavinichls dodrwesk Bnatwprekase - fpsharighde Wiy atiablccule

After unlimited growth in the batch part, growth can be controlled at a

R ResnaflE dMeras b Ahs BIRIFL BERSYRAPSIHO Sty SRR i QR AicATRgnent
bramasig a0 peaniralitiacae ﬁa&mﬁfﬂeﬁgﬁefmdnﬂn@@m rsiﬁtaﬂg_s@§§a&h
e e O T
cb2Qit) s tHaAbRUROS-SR20S AP AING 14 3RS0 hdMEaet molecule, and
0081094986PCT/US2008/052434 "High cell density cultivation of.
CREREHRLLERAMAGAL SRRSHFME L5 'ﬁ%ed%%ﬂ?tr‘aflewﬁ}]/%‘ic@?é’éﬂ%ﬁ Yyl e target

inbRRéuikable 5: Medium composition Component Initial concentration
KHZF)OAAfSéI'a?gI's3 tga:ll’[lc%éNbeH 321 Elepd% (fféper%lgne protein or polypeptide activity are
described, for example, in Ralph, P. J., ef al. (1984) J. Immunol. 132:1858 or Saiki et
al. (1981) J. Immunol. 127:1044, Steward, W. E. Il (1980) The Interferon Systems.
Springer-Verlag, Vienna and New York, Broxmeyer, H. E., et 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 in
Enzymology: Guide to Molecular Cloning Techniques, Academic Press, Berger, S. L.
and A. R. Kimmel eds., 1987, A K Patra et al., Protein Expr Purif, 18(2): p/182-92
(2000), Kodama et al., J. Biochem. 99: 1465-1472 (1986), Stewart et al., Proc. Nat'l
Acad. Sci. USA 90: 5209-5213 (1993); (Lombillo et al., J. Cell Biol. 128:107-115

(1995); (Vale et al., Cell 42:39-50 (1985).

B. Cell growth conditions

The cell growth conditions for the host cells described herein can include that
which facilitates expression of the protein of interest, and/or that which facilitates
fermentation of the expressed protein of interest. As used herein, the term
"fermentation" includes both embodiments in which literal fermentation is employed
and embodiments in which other, non-fermentative culture modes are employed.
Fermentation may be performed at any scale. In one embodiment, the fermentation
medium may be selected from among rich media, minimal media, and mineral salts

media; a rich medium may be used, but is preferably avoided. In another embodiment
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Citric Acid 1.7 g111 MgS04-7H20 1.2g I' Trace metal solution 10 m1111
Thiamin HC1 4.5 mg111 Glucose-H20 27.3 g111 Antifoam Ucolub N115

W@ 200%{4¥P86Feeding solution MgSO4-7H20 19.7 g111 GlucoREHPE2p81052434

0111 NH3 23g
either a minimal medium or a mineral salts medium is selected. In still another

embodiment, a minimal medium is selected. In yet another embodiment, a mineral salts
medium is selected. Mineral salts media are particularly preferred.

Mineral salts media consists of mineral salts and a carbon source such as, ¢.g.,
glucose, sucrose, or glycerol. Examples of mineral salts media include, ¢.g., M9
medium, Pseudomonas medium (ATCC 179), Davis and Mingioli medium (see, BD
Davis & ES Mingioli (1950) in J. Bact. 60:17-28). The mineral salts used to make
mineral salts media include those selected from among, ¢.g., potassium phosphates,
ammonium sulfate or chloride, magnesium sulfate or chloride, and trace minerals such
as calcium chloride, borate, and sulfates of iron, copper, manganese, and zinc. No
organic nitrogen source, such as peptone, tryptone, amino acids, or a yeast extract, is
included in a mineral salts medium. Instead, an inorganic nitrogen source is used and
this may be selected from among, e.g., ammonium salts, aqueous ammonia, and
gaseous ammonia. A preferred mineral salts medium will contain glucose as the carbon
source. In comparison to mineral salts media, 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 minimal
levels.

In one embodiment, media can be prepared using the components listed in
Table 5 below. The components can be added in the following order: first (NH4)HPOy,
KH,PO;, and citric acid can be dissolved in approximately 30 liters of distilled water;
then a solution of trace elements can be added, followed by the addition of an antifoam
agent, such as Ucolub N 115. Then, after heat sterilization (such as at approximately
121°C.), sterile solutions of glucose MgSO4 and thiamine-HCL can be added. Control
of pH at approximately 6.8 can be achieved using aqueous ammonia. Sterile distilled
water can then be added to adjust the initial volume to 371 minus the glycerol stock
(123 mL). The chemicals are commercially available from various suppliers, such as
Merck. This media can allow for a high cell density cultivation (HCDC) for growth of
Pseudomonas species and related bacteria. The HCDC can start as a batch process
which is followed by a two-phase fed-batch cultivation. After unlimited growth in the
batch part, growth can be controlled at a reduced specific growth rate over a period of 3
doubling times in which the biomass concentration can increased several fold. Further
details of such cultivation procedures is described by Riesenberg, D.; Schulz, V.;

Knorre, W. A.; Pohl, H. D.; Korz, D.; Sanders, E. A.; Ross, A.; Deckwer, W. D. (1991)
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Trace metal solution 6 g111 Fe(lll) citrate 1.5 g IA MnC12-4H20 0.8 g 11
ZmCH2C00I2-2H20 0.3 g 1-1 H3B03 0.25 g rINa2Mo04-2H20 0.25 ,1-1

WY 20 0.15g11 CuC122H200
Dinitrilo-tetracetic acid Na2 sah 2H20 (Tritriplex Ill, Merck)

.84 g11ethylene PCT/US2008/052434
5The

EXRERIVIP AT U RRLHSHNG IRNRERRERIINYERSIARARA KR GUEUWRAVIA rate" ./

any fermentation format. For example, batch, fed-batch, semi-continuous,

Bii<rah e liOWO?20081094986PCT/U

S2008/052434

Table 5: Medium composition

Component Initial concentration
KH,PO, 133 gl"
(NH4),HPO, 40¢gl1"
Citric Acid 17gl"
MgS0,4-7H,0 1.2g17"
Trace metal solution 10 ml I
Thiamin HCI1 45mgl’
Glucose-H,0O 273 gl!
Antifoam Ucolub N115 0.1ml "
Feeding solution

MgS0,4-7H,0 19.7g1"
Glucose-H,O 770 g 1!
NH; 23 g

Trace metal solution

6 g I" Fe(IlI) citrate 1.5 g I MnCl,-4H,0

0.8 gI" ZmCH,COOI,-2H,0 0.3 g1
H;BO;

0.25 g I Na;M0o0O4-2H,0 0.25 g I"' CoCl,
6H,0

0.15 g I" CuCl, 2H,0 0.84 g 1™ ethylene

Dinitrilo-tetracetic acid Na, sah 2H,O

(Tritriplex 111, Merck)

The expression system according to the present invention can be cultured in any

fermentation format. For example, batch, fed-
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fermentation modes may be employed herein. Wherein the protein is
excreted into the extracellular medium, continuous fermentation is

WL RP8The expression systems according to the present iRGEHBAMG 52434

useful for transgene expression at any scale (i.e. volume) of fermentation.

ThonaBor eI eia eI S iERF§R2IGy 1RR6l Al ekl estShAI® ex creted into the
fermentation volumes may be used; and 1 Liter scale and larger

ftReHA B AN S 4IN HS S ARt B dbilel§iisdnt, the fermentation
volumerwildle 35962 es bitesrdthaRethe HERhR dinantothae useful for

fermentation volume will be at or above 5 Liters, 10 Liters, 15 Liters, 20
[TRBPECHS XREFESIBD 41ifdhs S (t&rrol Vit rorsn iiars THos ifergnicroliter-
36R0 deli@iisic? R, LatRY 9o difitsP Ah leitREs cHR B8R L HRis Qs MQibdtersnd 1 Liter

In the present invention, growth, culturing, and/or fermentation of the

fcas vt Hol memtalonerpi et SRR RS S aRs Ereb pdigebetifiitting

serviviahebihe hest calispretarakly altemaeratusmdthimbbeirangernd
about 4C to about 55C, inclusive. Thus, e.g., the terms ;ﬁé}wth"

[ ' and
igrerneatpB Rt willhriAb e ARy ¢ Lillivel LHErd ﬁﬁtiaﬁ-%ﬁ& 25
tfesment Tifernentingrs, as0saerhieren indiegsod 19:ths hosoaesrof 20 Liters,
present invention, inherently means, "growth,” "culturing,” and

FIMriteion O QRS O &X't ige of about 4C to about 55C,

inclusivia. the peskigiarnvereivin sis waeditindicaledngtichiningicah sedes of

activ cellg(#lvision nd/or enlargement, as well as biological states in .
fe{}’?}? IONViTRHY 'SRare %@mﬁgm&%ﬁm& BB OISk Ry val of

sustinedithedatabise ehiperiairs warbiwihe baing syaestMme0sovibyihes °C,
term "mai henance." An additional advantage jn using . |, o
%é%ﬁﬂ‘é?nﬂ UifbrdBBARIE T SpPalsiigbedidted SOWIRS thefitdg e (and
agilityrof)Paelitkermanedioaresagnscienbet grafstmiéhhighncal deasiéesn in regard

co red to some other bacterial expression systems, To thisend, .
S e bR LI S B B S Sy e e B BFEH o Biuring.” and

pfasesitinentianticiamn peaidaaealtensitybolabelt@abailt 65 Tapigclitigc. In
Pseudomonas

fluoreseens.expressions system accoriin fo the present
iSRG SR TRe iSOV S s PR el 56 e o
atrled dnltepaadal biomasapeiolalivnstins hiomads bednglineHsgied as non-
dr){ cell weight..30In one embogiment, .the(:i c&ll ?nsit Wi%l e at legst " bei
SBBE38 GU. P SRGHST RBHRUE Plcl UG G B STeas apilibeine
Rmotlynadoul 30 Gl tcahouh dbtgdanahbut 40 g/L, about 45 WL, about 50
g/L, ab uta?%é) L, about 70 g/L, about 80 WL, about 90 g/L., about 100
oL, annesagt by SRk e et Yo R ot
atdeast phauind Soctiledhe ability of Pseudomonas fluorescens to be grown in high
cell densities compared to some other bacterial expression systems. To this end,
Pseudomonas fluorescens expressions systems according to the present invention can
provide a cell density of about 20 g/L or more. The Pseudomonas fluorescens
expressions systems according to the present invention can likewise provide a cell
density of at least about 70 g/L, as stated in terms of biomass per volume, the biomass
being measured as dry cell weight.

In one embodiment, the cell density will be at least about 20 g/L. In another
embodiment, the cell density will be at least about 25 g/L, about 30 g/L, about 35 g/L,
about 40 g/L, about 45 g/L, about 50 g/L, about 60 g/L, about 70 g/L, about 80 g/L.,
about 90 g/L., about 100 g/L, about 110 g/L, about 120 g/L, about 130 g/L, about 140

g/L, about or at least about 150 g/L.
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LEGALO02/30682262v 1AayalNo. 43292/339376 WO
20081094986PCT/US2008/052434 In another embodiments, the cell

WQ2efS8P 488 duction will be between about 20 g/L and about 1B¢TJE2008/052434

between about 20 g/L and about 120 g/L; about 20 g/L and about 80 g/L;

about 33 gibRRd-AIABCLiRRAUt RA G AndRRAYA 89190 BRREEBabout 20
g/L and about 80 WL; about 40 g/L and about 80 g/L; about 45 g/L an

d
SHomRbatgnt B %80k stpenabe i ¥/ 3orae At S8 gk ahattsg s fsnd
80eutROW B8 0u Tl abaut A&t s@Raut He/begd. aheub8 80-¢/; about 35

Isolation of Protein or Polyoeptide of Interest To measure the yiel

d
hmifgLesi8raibiiabe Ul sflaetdinpieRe siotahowrromteradiahomidyp o/L:
hBodeshabiedeiisplalesthe/prain: 5o/ thendasicely sipd/onexiiaeeldland about
medium. The isolation may be a crude, semi-crude, or pure isolation,

ag&hdﬁ‘ﬁﬁ%rﬁ‘%%lréﬁf&l?@%rﬁg glthe assay used to make the appropriate

measurements. The protein may be produced in the cytoplasm, targeted
to the periplasm, or may be secreted into the culture or fermentation

media. Fo'8I4L8E LAGEd R HEIRGREBEiBTASm, 15treatments

ngl\ﬂ%ﬁ%&famw@%ﬁbﬁrﬁwﬁm ﬁé}i(,)%h(%@ﬁiﬂdtkﬂziﬁd&ﬁtﬁ{é%mtein of
. - , guanidine-, , an ritQn X- agla n an
(&%@t,eh%m%% &S %Fﬁ%%ﬁ%t%& o CHoShog U 6%9\9%9?ﬂulaf
theskiehermicasl aienohinetand ayhavaidetimentalseiieiess, asp@aiiyg on the
recombinant protein products or subsequent purification procedures. i
@@wﬁ?&lﬁ%ﬁﬁ&% BFRY U8tk G PR AL A s b B RIRFn may
meprbiansl Masalseopesmepgard o fiRlerse Menperiplaphiceattenisto the

miga et %t 1989§J. Ferm. Bioen ., 68: 243- 46(3. The mostgwidely used
SR ?Ibla?ﬂba} ShiBFfkalt B PRt RISHSAPE IO R SarRstt Bk
(Nesatandnveppel Ch8HJals Rioh {heiTbiotdin 3BpEeS06; NO@8DHW Bacteriol.,
Heppel ( J. Biol. Ch 240: 3685-36 &g;@en eg W}]f
PR LIRNEER TS el R AL T S P A o
(Meroandddenpe!10:¥93)6.1 Bjdlatel tein ,u1d39: B8R3v30AR: Y/ itheltiedlatare not inert
%5%576 Bioch\?]en. Bioph S.S%da, 443: 534-544; Pierce e'{ al.fgﬁlQ?QS ICherQe ¢
PR AT BE5E6 95 An i aBH IS NS I RG TS Sfiubsequen
poack drpatpient dhrenclwigd (L9806 dtofyinevandIM]eakinkgshimdsbilization of
3%2-3?8). Tﬁfj}lﬁ Fren%ﬁr%\?tggd involves rtesuﬁigens'on of .the cells in a ts (Ari
SRR TSRS PGEP BT PRV, B e SO RS STHR IR A nts (Ariga
wher€198mati & shn cRivonge didt Sy FAlmxsTys axysneitelgtmed mEypidaty,
these procedures include an initial disruption in osmoti % stabiljzi
AR TGS ) e PSS e R PP el
covppgitkin/ofthese2aedia IpH0eRoéak veddeptbid65e disroptiem., 240:
g})%t? -%%Bﬁ,sggn eggwhite (HEW)-lysozyme/ethylenediamine tetraacetic acid (EDTA)
treatment (Neu and Heppel (1964) J. Biol. Chem., 239: 3893-3900; Witholt et al.
(1976) Biochim. Biophys. Acta, 443: 534-544; Pierce et al. (1995) ICheme Research.
Event, 2: 995-997), and combined HEW-lysozyme/osmotic shock treatment (French et
al. (1996) Enzyme and Microb. Tech., 19: 332-338). The French method involves
resuspension of the cells in a fractionation buffer followed by recovery of the
periplasmic fraction, where osmotic shock immediately follows lysozyme treatment.
Typically, these procedures include an initial disruption in osmotically-
stabilizing medium followed by selective release in non-stabilizing medium. The
composition of these media (pH, protective agent) and the disruption methods used

(chloroform, HEW-lysozyme, EDTA, sonication) vary among specific procedures
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(chloroform, HEW-lysozyme, EDTA, sonication) vary among specific
procedures 46 LEGAL02/306 82262A 1AtlyalNo, 43292/339376 WO

WORHB19$986PCT/US2008/052434 reported. A variation on tRET/US2008/052434

HEW-lysozyme/EDTA treatment using a dipolar ionic detergent in place of

Epdreis discuased by Gtahehetiabo 994 EMetgiRannhAlcioRioh, &folar ionic
307-314. For a general review of use of intracellular lytic enzyme systems

frGisiEr st YdetTdbbraisitied breydso v in(ARMcde iary Microbiol.,

Biochemical RiFagipeadna/Bisteshnelegin ekl fdarty fileGhigh efstems to
(Springer-Verlag: Berlin), pp. 11- 30. Conventional methods for the

LA 6piirstsiRebarpaRbEsraes P rRstdrans eh & Brapigsitchs
ol RRIEn REFATRCHeVRASIES, Mvaivad disiRitation gfdheBerlin), pp. 11-

bacterial cell by mechanical breakage. Mechanical disruption typically
ifolves the 10generation of local cavitation in a liquid suspension, rapid

agitatiopoittntigich @t iRaBicAtQBc &8y beingtefmsell PISRRPSIA of interest
Bacterial Cell Surface Techniques, Hancock and Poxton (John Wil_e% &

SRS REFYIgEa e AR pREE prase or roffeshilqRastistae nelkrddH figion of

tadwalielyziecHenpenticloalanbrbacihoneehihr gelimaitichg preinp chwases the
first deyelopEfd by Zinder and Arndt (1956) MIK:. Matt 15 Acad. Sci.. U?A,
F904360B4Y M0 LR E T M BEFABemMRRE et SRtk rigid beads,

kbEkl]Wah@liQmﬁ)ﬁ&ﬂ@r@ﬂ@&emeﬂ@dxﬁg}wﬂw&aftﬁ!ﬂSAl?}@Mm@miqzsgs, Hancock
spneropiasts. These structures r tain sQome cell-wa components ut
Aad FerdensrhRdVileadindnn k@tﬂgﬁoﬁéerﬁfén?emane was

exposed EW Sy &atmiNoa dos 8ch & idigblases droneibatk ipsipidddligin backbone of
eparinase from bacteria comprising disrupting the enyelo f 20 the
R e TGS B e 05 A0 Sl gty Nt
ushng 0 UED T2, $$60790Ne:hortaseiganic £ompeypdlseieasigidiecontains

-heparinase-like proteins from the periplasmic space of the disrupted
B RS DT o D AB R A T BORAS ST s
eeasing chedepainaissitkecplioteitisompodaiigithad large surface arcas in
lowignigc-strength-washed bacteria to a buff alt solutiqn, n
A 6T A0 M SP i Bl B Thodpeleges @
afekpddbsipmnisysie s witth kafsongtdegicesonhatidagstsiipsaphhkiagus@ic of
l. (1990) Gene, 86: 291-295: Cﬁ%ﬁig};{gl. 1992) Rip/Technolo

|

: 10: .
DI R RSROI RIS Py R Rt PSIES LRy ke, -2
EaVEA)desvrepritedal s ¢k diBPdisd]eskadng dansoiohipdriaing-tike proteins

recombinant cell culture to produce lyspzymes, which 30would.ordinaril

L e P A e S D PR RO T P BB BRLe i g fow-
voallcsttrecigtiebu ffetJaBd PetaNog 4,6 Mo disdiks gscacine thoekiarsing the low-
facilita%i ' transported to the periplasmic space

6?‘%0_'85%_ %?ﬁ%evégggéc?)c% %%él)\?f\/sors(,%ﬁe{lgﬁ%rg |558?5t3|8?r111%?%r0teins that locate in
the peridlasndiffithon tntlodifiestibfor dy sozpgmethéds have been used on a wide range
of expression systems with varying degrees of success (Joseph-Liazun ef al. (1990)
Gene, 86: 291-295; Carter et al. (1992) Bio/Technology, 10: 163-167). Efforts to induce
recombinant cell culture to produce lysozyme have been reported. EP 0 155 189
discloses a means for inducing a recombinant cell culture to produce lysozymes, which
would ordinarily be expected to kill such host cells by means of destroying or lysing
the cell wall structure.

U.S. Pat. No. 4,595,658 discloses a method for facilitating externalization of
proteins transported to the periplasmic space of E. coli. This method allows selective

isolation of proteins that locate in the periplasm without the need for lysozyme
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LEGALO02/306 82262A 1AtlyalNo, 43292/339376 WO
20081094986PCT/US2008/052434 treatment, mechanical winding, or

WQ M8k treatment of cells. U.S. Pat. No. 4,637,980 disBfoE&§2008/052434

producing a bacterial product by transforming a temperature-sensitive

kysaarmiviH NN mataewie Jhainedeshsdeataiindreeliy. ot No.

product, culturing the transformant under permissive conditions to express

the3detR0 sinclasrs HrRdsingmRoCtsHAl EXasHes DR BrovR ALY ResalHE -
H%ﬂs‘i@i%ﬁ@%b’ﬁ fatng e LhageceraadeshicHRes V\sAmiRE @ly( 38 e
n

Ferment. a Bioen}g., 83: 511- 516 discloses synchronized disruption of
Prodite SHEBmE ANSHES TR RO AP AR Y Ot oprod@SItorSpshihg sgne

Bieend idkicétulRdissasesaaralle theypsaasidy elilaiste neaRraases
In T4 phage for the gentle disruption of E. coli cells. 10Upon cell lysis,
JuhsmRb ipaneded durgitne égﬁ&xﬂ%ﬁ(-i.ﬁ%8%ﬂbfnfeftr{aﬁ%\ﬁ64§§af@gm83: SH-

sipnifisaat s ckeraeokl MHddivispasityothat eandsnpederthphagdimrotaioamf Tanji
solids in a centrifugal field, In the absence of shear forces such as those

ekehbtPdBling rigtaaried) Aiertptidn 1o BrEM GRS FRIBRIELOIpHiETOn of lysis

m&gwmdmlugs f@tﬁ@fg%gﬁ(;é&imﬁqjiﬁﬁ Wﬁg%owzﬂcém.eﬁultshin
poor separatio solids and liguid during 15centrifugation. Other than .
mechah BN SRUA Tor e iBte BN %%‘&E%e%}w t@ﬁ%@iﬂfﬂé{f&%@?ﬁ&%edlum and

RRApHwparfibark icatatberensiaganaiss-gane endpatogiesdainidntation of

endonuclease (molecular wejght of the mature protein is approx. 24.5 k
i 1%&93}&@%@56439&&#8 ﬁ%ﬁﬁ@sﬁ T ISR SUSRER IHRS© exerted

ﬁi@hdﬁ@&]/ﬂhMﬁ[Mﬁdﬁd Qﬁdﬁslaila dijli)v@r’tﬁe TENE@MM ﬂ@ﬂ!h%rslﬁmsslwmntaﬁon rate
suggested that endA is relatively weakly 20expresse E.coil . . .
I TGP AC o ) B SHp e SO a8 bl inuid e
adlglitinnatidisuiitder Biantnpyeimoiiapsaendiars theRINSAIE ISl edzimes that
rder to ver disulfide-bond-contaiping identified polypeptide in active,
SRS TSN ROIRRE Kb GBI TS e B R B IR a0
potivpeplides pabipeptidscpsbtaintheriragragnsitigigabpasafoiieD) that is
intramolecular 25copformatjon in it ctivej%%tigf..ln orle eg1bodi ent, he.d .
BAHey R BElS é%f%el,’?}?ﬁ’y%s«?bﬁﬂif SFOLEI Of A ISPESARATMRCYH s des In
enerndviankigotlamdisdfide enddn Hiscgetied giatenandpethapd updakPy
4,6,8,10, 12,14 16, 18, or 20 or isylfide phon e proteins of
B TENa iy DY SR s St iy s0ny

standaid techmitodinwet] koaddiivtabdst] fiduding-pbomnth firieditions or

ammonium sulfate or ethanol precipjtatian, gcid extraction, anion or catjion .
BEERI e EHIS L SPShy Tshadraslitsdond: ontamin Jghtried polypepride
iy deapbohiln iteikaat drowhiterhato gediphy paffinipchinengtdgrapiygenickel
chromatogaphy, hydroxylapatite chromatography, reve ase

B PR R R B S SR gt
8afo2AatidtiyalitoactB232483 93 66c embodiment, the transgenic polypeptide,

ziuring

polypeptide, protein, or fragment contains at least one intramolecular disulfide bond in
its active state; and perhaps up to 2, 4, 6, 8, 10, 12, 14, 16, 18, or 20 or more disulfide
bonds.

The proteins 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 precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, nickel chromatography, hydroxylapatite

chromatography, reverse phase chromatography, lectin chromatography, preparative
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WO 20081094986PCT/US2008/052434 electrophoresis, detergent
solubilization, selective precipitation with such substances as column

WQRIB¥I2II8raphy, immunopurification methods, and others. FECERBTR052434

proteins having established molecular adhesion properties can be

&f@ﬂﬂbﬁ@é@@é’t@ﬂ%&ﬂ@@lﬁgﬂﬁé\é{ﬁﬁh ScRRBRRDFIRLEIAABH Wid PrekeilsaMces as
be selectively adsorbed to a 5purification column and then freed from the

enlumm Shrarreiagtany b dreBRePuFHEe eI SRS fo thRiTsniscaiaspple;
BRAXMAHEIRH LD RS HIB T CRIAGHh 6ABS HbHiIBS d4siBe FEVRIIMPARIEY with

columns or NI-NTA columns. General techniques are further described in,

ol @mpiish thesmpperrisrdignn b dRtieRish srhsprlscivglprdsaeked to a

§ﬁlr inefioM @daghNaxd th88 2 daeriachry coluae o FAeieveRysification. The
Academic 10Press (1990); U.S. Pat. No. 4,511,503; S, Roe, Protein

BlIRA IRt S HH GERS Y AlPpa SBRAP AR ASHEH P atdisoR ppfeigEhcan be purified

2a1ie hmidesdiRigssoRRb)oNBetiag csluata L RigbaMetRalfics are further
Wiley-Lisa, Inc. (1996); AK Patra et aL, Praotein Expr Purif, 18(2 p/182-92

(5B ed it FO RRARLS, Bt SCOPSSHE P65 /1564 (R BBEYP %@9@8‘%@

mgziw%uagbﬁi Yet(@81985’6&%1&@f@diﬁéﬁ@ﬂ@f@ﬁzﬂﬁhfﬁ@m&@hﬁﬁademlc
1990% (Lbde to 15Protein Purlflcatlon Methods in Ejgzymolo y val. 182,

Heroth&tofdmeba Hs bahbeOdotgSAcdi/are( duB A pRrIsGdves: 4

@Hﬂm@&mg@}ﬁ)o@mr(@ma&fwmp[ﬁmdﬁrswésﬁmm Yidey(Coeen®.Wllag, ez al.,
and manuf cturer's literature on ﬁe of protein purification products, ee&m(z)

PRt ?mabéﬁ& carHRE N TG BIROR A Rathin ol Gt EBmbih 4L

Witll TEC0MOd0g e ChnNaueas; a,lI@szfu@@met@@pmqprm@ewnsmsf:@agsot@or

a FLAG 20 seq ence o ivalent.which can be fused vja a .
B OEBGe AT HTe e B RO o O BTSRRI GG 999y Guide to

Chesitiseherindlsirioldo9s 0 Eﬁ@ﬁhblbgfym) I&Jraii@aitﬁerﬁifolumes in this
Recon{lj;) ant Protein eta sorbe low (egv )
e e BN RSHBUETER  O PIEALH Erba Rigten
Sﬁﬁ@@ﬂﬁe@’(ﬂ’ee@eﬂw Qlﬁ&npnaﬁ&tﬁmwima&mwrﬁw%pm& purification
otein Purifi tlon S m 25 %%E gwc Cgl;{é\ﬁgath%ﬁ%f Cornbinati
PeEid T &t é%:s ’806% Bt 8 Atk By etHyne in-Hg>nation
ariﬂamtmhﬂmfm&mwlellbadmmwmy&t&/\éegwﬂt@letg nep a FLAG
technl%ues Or lmmuE: gl’eCJ tatlog gert% roteins ex resseg in this g
FOSRSh oy SRR LS Bl G Y Yié) ThRIGKIBH DoY), SEgrgce: e
pmipfmlsmﬁ;ﬂwtaiﬂehiﬂ[ mmcmwmm@mﬂemmdmle@m
urification of i In¢ SI n bOdl aélx nvoI F Xtr
Barac (t)léj P or Elr]?ﬁca tion Of iRl sm%/}g% E y dIS SB]f of“tﬁg F?Sg’t (cd.)
Cﬁiﬁtﬁ @ng‘lydmugaﬁﬂnd@l@ budfer obaf TNV TRES ML RésS, ST na Crowe,
t a/l(glnglZ 1 @%E@l%l ATP an% mM PMSE. The %ell m
%u‘ép hai6H & Y BIRETY) 4 27 ISING FAUE I3
WO R0EN,094 9 86l (SWAkE 2008052434

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

Certain proteins expressed in this invention may form insoluble aggregates
("inclusion bodies"). Several protocols are suitable for purification of proteins from
inclusion bodies. For example, purification of inclusion bodies typically involves the
extraction, separation and/or purification of inclusion bodies by disruption of the host
cells, e.g., by incubation in a buffer of 50 mM TRIS/HCL pH 7.5, 50 mM NaCl, 5 mM
MgCl,, 1 mM DTT, 0.1 mM ATP, and 1 mM PMSF. The cell suspension is typically
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lysed using 2-3 passages through a French Press. The cell suspension
can also be homogenized using a Polytron (Brinkman Instruments) or

WQaMIBAMA86N ice. Alternate methods of lysing bacteria are apB&iEHP08/052434

those of skill in the art (see, e.g., Sambrook et aL, supra., Ausubel et al.,

SpuRER)s I Qeﬁﬁﬁﬁ@ést’ﬂﬁd'ﬁ?i%mmldﬁ@s@aﬂh'é%@l@k&ﬂ@%%@@ﬁﬂﬂ@o be
lysed cell suspension typically can be centrifuged to remove unwanted
#@B&ﬂﬂ@%ﬁ%&@ﬂ&%ﬁéﬁ%ﬁ% FoHRRA (s tHEIGRIShoB SamisfRg P hice. Alternate

rReABHeOysdilkition @rdisdyipaniin & ersseatibigbuftar 2Hitable sol¥artsrook
include, but arc not limited to urea (from about 4 M to about 8 M),

fithartie: arrekst 8utBe%) volume/volume basis), and guanidine
10hydrgchiesider(iram iabrilch Moiacakanthd Mubilizeuahauanigiog cell

hydrochloride and similar agents are denaturants, this denaturation is ngt

e MR BNl e BB Lo F UTROYF emBAT¢BYsaluRjsimatsr- Proteins

exampia otdiianieh theddanatyrsotcaliamdad yeriRtmatienRlysis with a
immunglogically and/or biologically active protein. Other suitable buffers

SPERALINA Yy ttb s ERlsoh iR AP P Dy S R aldBLisH fe wrra sliam about 4
M%@ib@ﬁrsmmt%%ﬁw@@mmaﬁ@a ee%ppﬁﬁfiﬁﬂvmimmibnql lguanidine
roteins yst ard separation techniques we nown to those of skill |
ﬁyéfa?ﬁrﬂe&dsfﬁﬁm@?%‘ff ﬁqMaﬁos%Erpﬂia%% aﬁ@%&h SuHUdiRe mrﬁ%ﬁqﬂﬁe and
winRAtethoskealhrateins, (BrspisieinsteiieshirorovitigibrllgdltdRturation may

media) from the protein .oy polypeptide of interest. One such example can .
BECHHIRGRTGHSHAADS, S WA B RIS %@E%ﬁf&@%ﬁﬁ?@m@ alfowing

effestivelipieduging otoglpaiunt ol vebasl bpinig praieve protiine Othietsiritble
hen precipitate on the basis, of thejr solubility. The more hydrophobic a
bPﬁ?@% %?Qﬂ@%‘i%tﬂﬁéﬁﬁ%ﬁeaolw Eifitate at lower ammonium sulfate
concenfiaiipasrdolynisB)-pxptesald pebicias pading isatiy alipramumoait e
sulfate to a progein solution so that the resultant ammonjum sulfat
SORBETH AR L DLdBADE® D5 SB9K A S BRI ENWR BrELeata to those
iTakiost thdsaphobixahpreteinkiddispreeipiiatatisrian dipeandenany of the
unless the protein of interest is hydrqphobjc) and. ammonium sulfate. i
ERIG0 58 9 SN G0 A AR AR e B pRA S 8) rom the
protein &f potepepti e preedsitadads iR rsohpddizacbio duifienamd shiate.

L

fie pipitaitian; anecwb ikimitheio fihage tafeskil lthe thsiadfandicssldglisgethomore
. The molecula we:grht of a
(0]

ti i ixt .. .
R s R S L SRy i B R A S i e

m protel
goeatarraticnlesseysize pringolliratiidat addingsighirasehabranesuod differend a

ore size (for example, Amicpn or Millipore m ranes). As.a 50

DR S BTt R S A G A e Conration S between 20-
2008 Il eaalRaTALBA0DB&AAB4A ditst stegt, ilidrppatdiit ofiytoteinarilhe
ultrafiltered through a brane with a pore_size that has,a lower

S b e R RS e R R B S D il and
mtenesiuihe Hate ntatédod lhethdtsafitinadtont can toancheatitrakitered tagaiespitate

m rane with | | ff qr han | ight of
s er%}?l&o With .8 meiesuiar cut off t%e%a§8fu‘o%1 eté‘fn*QS e‘%“a%é] WEIGNL QL calt
éprotein of interest. € protein or polypeptide or interest will pass

tienoorgl tiff @ coessbyanehiot chtoe dHtdaibysisher fllirfiteagam tihdpencthods that rely on
%Qfl%qlﬁgzogf %Poqgglsa,l Ssﬁjc%sgsr igoelg Qt%la?rygl precipitation, are well known to those of
skill in the art and can be used to fractionate complex protein mixtures.

The molecular weight of a protein or polypeptide of interest can be used to
isolated it from proteins of greater and lesser size using ultrafiltration through

membranes of different pore size (for example, Amicon or Millipore membranes). As a
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The secreted proteins or polypeptides of interest can also be separated
from other proteins on the basis of its size, net surface charge,

W gRpH3Becity, and affinity for ligands. In addition, antibodiePIgELR008/052434

against proteins can be conjugated to column 10 matrices and the

pRQtQtes, inEubRpkiieerd U of thesemridattm AT el hiaauYENDThe arbolt size

will be apparent to one of skill that chromatographic technigues can be

H%Sm@&%mp%@rawaia& SyteRfibAE e Rl R the protein of
MaaotHEGE R e TR MRGIAIBIRIGE bin 1RE) (RANAIMALRA ABnst a membrane

Refidding In some embodiments of the present invention, more than 50%
Biitha mQlreels gutai s T Rpmale gy upshEobrbidrp tmmddnieRtt

thereeberedused samniae pradueschin Pyas atbablethermeiR fRsheethd Fitrate.
another embodiment about 60%, 70%, 75%, 80%, 85%, 90%, 95% of the

dRsrBLER ot ReabEamatP A ed A HEeRER R B Dtinto active form.
Insolubia pEetedicaandisine BaiBHQiRioldad: tecgensr ale, IRCRPAAE @RGm

tertiary protein structure conformation. Protein refoldina steps can be

sy PLtHEs QLR D4t SR sty RS SHEFS RS thy Fhiplipibnend affinity
pﬁ@ﬁg@ﬁdﬁiqu&lm?@ﬂMaﬂaaw@tmbg@g@ﬁsapg&eliﬁéi@h@@@&mgflgﬁtag_molumn
that |s known In the art to promote, ISsoclationlassaqciation o teins. .
a@#%%&rﬁﬁ%%%ﬁ%%m%ﬁn&gwf afé@ vﬁtheaﬁmsfh?gﬁ&%wsmaw in the
weupatiarbwihexaize d watRione Aisndmmossalipiolasesigrdn e digRrformed
with a buE}er cc_)ntaining a refolding agent aﬁh as urea. The prot_ei or .
LIS HtEBE il SARRNSY ORI ?rr%ﬂt%ma&t}lb%{s@z.ﬁgamnama
saagt)phosphate-buffered saline (PBS) or 50 mM Na-acetate, pH 6

buffer 30plus 200 mM NaCl. Alternatively, the protein can be refolded
while immobilized on a column, such as the Ni NTA column by using a

linear ad- MvhureagsadienReym@t.mM NaCl, 20% glycerol, 20 mM

Tris/HC1 pH 7.4, containing protease inhibitors. The renaturation can be

ortom oS P RHBRE L SRS SRR F B AR En RGPS (idhe expressed.
peeigios €aol becptidedhblytheetatiditioncof, 20 Cragh dmidazalé pladdazdaucadn

be removed 51 LEGAL02/30682262A alNo. 43292/339376. WO _ o
DESRIFERIHBEPRHIBES 6%?0‘%2“*4%%‘0%?1553@1 Fgﬁfzﬁ’ﬂﬁ’g eI by, 70%,
5% $0M, S3di)9086,e3816 PR biipies it pd@amidbMaiktdihepeuifiedrenatured
F)rotein.ca?gbe stored at 4C. or frozen at -80C. Other methods include,

8 Oef%?rﬁ% Mthose that may be described in M H Lee et al., Protein Expr.
Purif, 2bigbluplcfiotéid C200R) radatikee@ borefdlcd Bigtactuokegyn & (2nd Xertiary

%.r 1161%'7t8 %(!)g)og A@ﬁgbgl,ne&?l.t 111198¥ 191 %)etriodi%1 s%gple?entlsl), arv. in

PIE ALY (0 0) SRS Pty BURH RSP NEHO AL T ER AT

vompBApanrddiberaviolunfaadndtvambarias ptaligari eoidind 996 @ndturation can
eriodic Supplements) Current Protpcols in Protein Science

A RETBER T HR, QRS SLPRCANGRSTELRIDRE S Practica

Appsoadcbi{fsactiasbA pb rrachnS afies) x pbs ckiRreast R0EMh) be incubated with

dithiothreitol followed by incubation with oxidized glutathione disodium salt followed

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

The protein or polypeptide of interest can also be renatured, for example, by
dialyzing it against phosphate-buffered saline (PBS) or 50 mM Na-acetate, pH 6 buffer
plus 200 mM NaCl. Alternatively, the protein can be refolded while immobilized on a
column, such as the Ni NTA column by using a lincar 6M-1M urea gradient in 500 mM
NaCl, 20% glycerol, 20 mM Tris/HCI pH 7.4, containing protease inhibitors. The

renaturation can be performed over a period of 1.5 hours or more. After renaturation the

proteins can be cluted by the addition of 250 mM imidazole. Imidazole can be removed
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10D. Bollag, et al., Protein Methods, Wiley-Lisa, Inc. (1996) E. Proteins of
interest The methods and compositions of the present invention are

W3R PP4P§$roducing high levels of properly processed proteinPéi/US2008/052434

polypeptide of interest in a cell expression 15system. The protein or

BOlyrRRlidR REIRIEIRS {pisi BN @d 40 havelddsmtatertPpeieibulertpreget00
g}?}\l(i eptide”) can be of any species and of any size, However, in certain

ehtis RHEfRSRIPIR SBIy Bepioded st iiCradtioze i tically
useful preieimetHdalyRRRANHES fbh SAMP I8 MBALIMEN SR REQLeIP-aaR REM Lee et

mammalian protein, for example a human protein, and can be, for
8kafriitmalgsinit tictdr Dchrdiid 34 2 ehethdwitdiBeadbiob Pitsinology
The prigin-ro(roepiiderlibde e s canPrRrsassed sshRIMEAR), Deutscher

manner to the native protein or polypeptide. In certain embodiments, the

btk SristypdttindaBsisatiteiubie aodsdretion ighariXthd todi other
SEAHRECR: il CaitRN) €B1NQAIRMS; 19T RIRIPIR-OH ROLYPRRIHE &) intaent is
less than 100 kl), less than 50 kD, or less than 30 kD _in size. In_¢cratin
ERBRm et e oYt oF DBBSIaSt AR o Pirltere ¥ Y hBHIHAHHIRS of

ALloAsyRROUL Briakt c 454 BH0doh 4Br20 QI AYPREtNS&@es.Ox folkFEBSIY2001);
ﬁg%e ce information required for moleculay geneti(§:§ and genetic

RE&ET %echibuaMs RRds BBk avafable”?Necess to complete

nucleotide sequences of mammalian, as well as human, genes, cDNA
sequences aminog%c,id 30 sequences and genomes can be obtained from
GenBafik Af & 4ite’ fifww.ncbi.nim.nih.gov/Entrez. Additional

informlar'mrﬁaﬂd c&lgadalec@btpcuaf ' Bﬂ)ﬁ%ﬂ?@ﬁﬁ@@fﬁﬁv@ﬂtﬁ@@t&ﬁﬁd@fm for p(l;oducing
ncyclopedia integrating information about genes and their products an .
BB oL e AL RO AR TR B S b E ession
spdeBioTHe pratins dbpRilisspidics. medzesaaacdiieasd s, huseleatiderget protein”
sequence 52 LEGAL02/306 82262A 1AtlyalNo, 43292/339376 . .
Rﬁoﬁﬁ%ﬁ?&?é@ﬁ%@%&éﬁa Sﬁéﬁl%m‘iﬁg %‘é@{aﬁﬁé}é&ﬁ@%fahéﬂ&&mlﬂ
Bataidaser(is\whe. phdaih we/polpld) tiddbe ibiidsPatakiastkpentedanuddBgrotein or
.ddbj nig.ac.iii; additional sites for information on aming acid _ .

b8 SR‘&ég- ;ﬁ‘cf‘l?&beé@ PSSR BF YT RS H P b I PEEBEPER BialsiRetor
csavplebr hReongataen, edd/id)bantb SexissReps growth factor, a cytokine, a

5(au.expasy.org/sprot/sprot-top.html). Examples of prateins that can be
R S R R gt TS s 6 e i B Processed
grawimharmenssrinctidingihu marcgrowpo lppeptalre 1 ovitangrabddiments, the
hormone; growth hormone releasing factor:. parathyroid hormopne; thyroid
RTINS s B LS 1 SO BEHETHL IR AR S Srdpice- I
Betthiai rniipiaiostsl thd o bopopeliyy dpllikle Stimuiatind dsennens)0 kD, less

alcw luteinizi h% ne; glucagon; clotting factors such as factor

T D e R R T G S g
fadigrpadelo bmteretein Sycypaptidtwictid fagtabplitrig Huriac@mt3@ 40, 50 or 100
glalsnrgiglccltgsen activator, such as urokinase or human urine or tissue-type
p%sminogén activator (t-PA); bombesin; thrombin; hemopoietic growth

factor; Estamprersegoesis indbomatgharandredeia; rmokephalgrasaraaschgometic
grll%liquc"erllnslg %Qcﬁrsliallilens] ?snwidely publicly available. Access to complete nucleotide
sequences of mammalian, as well as human, genes, cDNA sequences, amino acid
sequences and genomes can be obtained from GenBank at the website

/fwww .ncbi.nlm.nih.gov/Entrez. Additional information can also be obtained from
GeneCards, an electronic encyclopedia integrating information about genes and their
products and biomedical applications from the Weizmann Institute of Science Genome

and Bioinformatics (bioinformatics.weizmann.ac.il/cards), nucleotide sequence
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serum albumin; mullerian-inhibiting substance; rclaxin A-chain; relaxin
B-chain; prorelaxin; mouse gonadotropin-associated polypeptide; a

WoreedB4P$rotein, such as beta-lactamase; Dnase; inhibin; acBi¢US2008/052434

vascular endothelial growth factor (VEGF); receptors for hormones or

HRIMELIRAT QLS HRISLH RLRIRIQITOR S ERmIMRtRIddaatossqdface Database

neurotrophic factor such as brain-derived ncurotrophic factor (BDNF), g
AUt SpRskac bl s0rhesiNA- Bafghenk Qerlapay (RPBY, sranddbinie.ac.ii/;
dHAbnAGIRL e MnasrM S for SncarfitrRrniag (eAcsiardyRe trpbM dasterotein
such as cardiotrophin-1 (CT-I); platelet- derived growth factor g\i%fel;);

RS BIALPB SR S YSP e ALV E RS RISt E- i mman rovizs-Faetor
(B&Xxpdsansiospringgomdp faginr (TGF) such as TGF-alpha 25 and

TGF-P, including TGF-131, TGF-132, TGF-133, TGF-134, or TGF-135;
insulin-FirkamBPlR e RIcsHe hakican be pxprassaa s invenjiay {ngludesmofccules
facainsl @ - bhnins ulindikenhdremibntactRniing na mEaterosite B RHRIRINESHED

as CD-3, CD-4, CD-8, and CD-19; erythrgpoietin; osteoinductive factors;,
MR ORIRNEC A S5O R RFBABE Erat s SSIAT BRAB Y ARISHRaFrReaf: Shwipid
3snnRRLAARIR; thRifotts:SaMMmASARY Al Al 30ARAIR B-chain;
(CSFs), e.qg., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., 1L-1
proipsui: AhermieamopetintBribglestipavbiag brsmenssealviioiniduisiniring
surass-Mambranedsaiain s dacay aceelEinyidcahovdabantigan Suet, and
as, for example, a portion of the WO 20081094986PCT/US2008/052434

xop Valichipsls: faeipsord stetinsstastamny deae proteinddoptadinaturietic factor;
I8SYRIIRRARIRIPRIsANHEL QR HRM T 3GMeR e ok Ry frthenakoyenlisied ssuc-
polypeptides. In certain embodiments, the protein or polypeptide can

bes elastaiaqesmagtiyater (&P ) bombesing thsompin; hemepejcise growth fagior;
D Hec;@s:isl?a’ét&r-&l-pﬂ@aﬁh‘-ﬁé@?@&@pﬂaiﬁsQgﬂ-@rﬂmleﬁbﬁlﬂﬁl@such as human
IL-18BPa, IL-23, IL-24, VIP, erythropoietin, GM- CSF, G-CSF, M-CSF, .
pratsic Bemis ek o by tanes Tk g hA: Bl iniBroBRiR:
grewthxiactab (cGionadbirépiChssdetated pdiS et il bitd prdtdie kudh as
FGF-5, FGF-6, or FGF-?)l,éinsuIin-like growth factars (e.g., IGF-I, 1

: | . 1GF-2);
betderiartysisPaets: Sy PRIy MiDHOEE RO e Biowih fretes iy E)GF>;
(Bedptbsok HatMasey i godaiabia)grawdbrfactRb e S by mterderensid factors;
(e.g., IFN-cc, IFN-f3, IFN-yL; leukemia inhibitory factor (LIF); ciliary .
ACTER PRI (R DR ESEaY T e WRIFARINA faciRyy ((dl): neurotrophin-
yansfornging growihactorsitesy orMGF-@,; iGRddd ofdafthi82ioF GIcHA3NGF-B;
TNF superfamily Nge.g. LIGHT/INFSF14, STALL-1/TNFSF13B (BLy5,
BokgotoRARIK caNdEas BHRFTRAPEI S48 PueE AYGaIdiog prbin-4(CT-1); platelet-

abaRakiRgH tBEAsIPHBIFS; AbBRAK KB GEHEbL 4 GACREF and LFGF;
ENA-78/LIX, Eotaxin-1, Eotaxin-2/MPIF-2, Exodus-2/SLC

epidqEnahersti SO ES RSN el factprEl@F) such as TGF-alpha

EMWPG@L%?%&% HEiMp MEBELAY Crds MR Gr W& R4 GE-B5; insulin-like
MDC/STCP-1/ABCD- | , MIP-1.quadrature., MIP-1.quadrature.,

mropth Getadrhane AERO gLt AGRel D Mierd ud i dar mdSeiid)LimRaetin-like
g&tf’\x'fﬁ{ EXQOME R e L CARAB s Glich, BlTB- 2BANERS SRFdD-19;

ARC, or TECK). In one embodiment of the present invention, the protein
erHtEnRAICHANISECRAIRAURITEQIRART HrovemiRRt POy bR INRIPRENASHC protein
PENAINS R GRAALERTRSHRI Acde R mame s A RIS OMSH Estimulating
proteins. The multisubunit proteins may include two or more subunits, that

FrERP e (R Bame Vit FoP BxeffleCtHE pristdeHifngyfILs), e.g., IL-1 to IL-

10; anti-HER-2 antibody; superoxide dismutase; T-cell receptors; surface membrane

proteins; decay accelerating factor; viral antigen such as, for example, a portion of the
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25be a homomeric protein comprising 2, 3, 4,5, 6, 7, 8,9, 10, 11, 12 or
more subunits. The protein also may be a heteromeric protein including 2,

WE200899¢98p, 8, 9, 10, 11, 12, or more subunits. Exemplary mPGIBRAARS/052434

proteins include: receptors including ion channel receptors; extracellular

MAYXRLIBINS IRFSIRGD R XE RO NG RN HIMRQARIAH W@ ory proteins;
including MHC proteins, full chain antibodies, and antibody 30 fragments;

enghadis it irgmeRA Yopnrl b atd IRARSPiRidses; and
membrang-REHMQIRHodimbhBNHOBF RANDEEFORRbpHE RIAT S Lf dNQI E-8m 1L-1,

can be a blood Erotein. The blood proteins expressed in this embodiment

Mellfadlsibalenotltimitatolbatriblr-Bréteihd 5% LEGALoNsHedd 082 2 1L-
1AaxaiNg.-43202/3398 76 WQ 12008 10B836P 8T /U S 20081058434 st S GM-

albumin, including human and bovine albumin, transfen-in, recombinant

fr3bsfarfis rataholedirelchdpigb R ibiamgr P RN bt eddgliddisand.
feGIOrAbLAHTRISRRNHCRBIGONIRTES o B MUPeIHQPYiNg.) SRATRE HNRIOIBGE -3,

Erecursors of substances such as angiotcnsin and bradykinin, insulin,

oth iR 2n & Giobuni FSiRcTuding diphke BEtythfrf @an mg-dfebulid Hhd);
AtheY: tyRessaf ﬁ%@ﬂ%}g@, P@%@%f@%@@%&%ﬁ@imp@g., NGF),
ammails.

primarily in the blood of m he amino acid sequences for

Metreles sadddiyretemd fesrer k& Ieh drtedqsws (S2s IIREEARN IBIEN-7);
feQRMhiB 'ﬁlﬁh&i‘iﬂ@ hysig! (i‘ﬁ%b &ﬁg*f% 18k R0 GG W%%QCO statin M;

sequence for human serum albumin (Lawn, L. M., et al. (1981) Nucleic
Aedseleetachs Ofo103asfbrmingrorchfastorsergmfansteiaFBan§GE-p2,

8 roc. Natl..Acad. Scj : - .

(e iRl ST e YO RS
BARIEIOH ANK P YiRd plaritNBSTEZ tord EWEAISANRIRIL grobddimekines (BCA-
[ b t limi to al [ ' aming.acid.
R R R R R T R R B vere-2
Caxdabrsy2Seta descbrbexileyasestichGROulinisiVM GBA, lHGdirihd-dideymes,

anghydrin t : i t , boxyl
bty tetwr i aahie Al el e AU
didRyhgnabesirenddiB-lequteses;. ddRider hydivases GlOeresdsfure., MIP-
alactose oxidases, i rases, [ ,
T e e S RO i) PP,
pAoSphSH\S8ECE, BARIOredJdt63€k, oxynitilascs, peptidases,
alyCOsySleraRea REPSIIRSSS: ENRYMER RS0 AIDSTEPEIS an b o
active polypeptide, tissue plaanlnogen activator; urpolklnase, reptilase,
stptekinagqrotial aseosymptolddddisrunasepdase latniao keikpressed

ﬂ%’cqﬁ%'eaﬁgﬁlé%%ic%fﬁ%&j{@ﬁ@ﬂ%{?‘Jioqgfﬁ@’i‘%'@%%ﬁ ST ‘?8(#'%‘%&%‘3 WP include
proteases, trypsin, pepsin, chym ain,

rypsin, papain, orome
%@@t&g@m&m@&rm migabe thacizme ,onﬁlff@g@,ltsﬁor@@mmd, tl_le protein may
e o Aoy P gt
fragmrentin edsoortiorizthbrtohmesingletchainchrtingdy Tah fnolidestie 10, 11, 12,
3PHL-RINGINg "eAnnof AHRONER PP BRI RRYIRESS including ion
channel receptors; extracellular matrix proteins including chondroitin; collagen;
immunomodulators including MHC proteins, full chain antibodies, and antibody
fragments; enzymes including RNA polymerases, and DNA polymerases; and
membrane proteins.

In another embodiment, the protein of interest can be a blood protein. The blood

proteins expressed in this embodiment include but are not limited to carrier proteins,
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polypeptide chain. Fab fragments can be a piece of a particular antibody.
The Fab 30 fragment can contain the antigen binding site. The Fab

Wor98ieHP8aNn contain 2 chains: a light chain and a heavy chaRCFagHER{052434

These fragiiients can be linked via a linker or a disulfide bond. The

seeling SRRMERCEIRIdRE RIRLAIN U RRYVRRRIBEahiNieRSRiEANB M bRlYEe

coding sequence for the target polypeptide, if available, but will more

Brexdespn sdtansde pesal b petb Bb Sprmoskn o 8thes sepgaisyendagiess,
2OPBIQRARRBRpARL ARBIAZ4RH Nain  spaUe e o’ RAsBRBH of

selected, improved, or optimized for use in the selected expression host

suhstscessrp s MeREsA Y Eioke Bt cndrtheddoandsd dhulitns
BlsaUEoMMRABERaG 8% sehh a8 JdultuOraacRRs @y e Sttalle polypeptides,

organism. The gene(s) that result will have been constructed within or will
S’é%i

hagintBorRd rusdharanstions hehiardaf memmals g smiee a6t

thaexees Foion hRsb 6eBI YU PRIC AU [l RG] YBPEHRAAESBISIABARIwin (1993)
rovided, in_an "expressible form” means nucleic acid or a polynucleotide

R0 Riarte R 1oy 805Gl raln dRnp Fs &3 15 AHd SxBehsg for human

sxpiassimesLeRN, IN ertain R hedimeRLs: AR Rt ALe®RIISH 1014.) and
is substantially ho Qlogous 10to, aé]ative grotein, such as a native

MRS PR R Firfliésd EbbEMAIRS; e rotdin Rh8L 2752

forsag. in a concatameric form, but is linked only to a secretion signal and
optionally a tag sequence for purification and/or reco%ition. In other

embodifBREISHETRatmea ifte RISISE 2 HYRR R R 4diRsargbigant enzyme or

et recfeanyale uh 2 Qi tedfesdadanateshashidiath e RHAGH arc
is active tl5g(pﬁ| siological temperatures and js inactivated when h%alt d

TR 0 e B R P oS e AT o LB EPRS oS, B 4y
depcetrbocimentsherpsaigicpatinterestivaypiaiaitdhalrisoaghisdat a
temperature fr about .20 to about 42C. and/or is inactivated wt\\?eén h
SRR MY B B SRS EI St S8 N A S YA a o FAS P smthascs

ecartis sy bstanital g hores agaiin tdcRydasiven peiedsh sdeiasss adigihaases,
gmmmalian or human protein and n tEX ressed from nuclejc acids ir.ld
PRI TS r SRS OGS A FGimELIo1 s Ovicascs
fllprmscsorscbaicls daoveddxatmsas)giiyesorganismssy et fraaoitrases) Ritrile
Et%%r embo 'meréts, Ege@ro@in When?%rogucted also inclydes an .
ddfiehal el UG REYHBREL 6 SRATRETE S dehea i Rt g™
proteiy livatier e aeatulidn s madiumes fuwdeemibodipaatitatheaaddiipmiabeptide,
t['%lsr %ti)qgs%%ggggncgcﬁvgpo%r %?%ih%%g,d ré%tﬂl%e, streptokinase; catalase, superoxide
dismutase; Dnase, amino acid hydrolases (e.g., asparaginase, amidohydrolases);
carboxypeptidases; proteases, trypsin, pepsin, chymotrypsin, papain, bromelain,
collagenase; neuramimidase; lactase, maltase, sucrase, and arabinofuranosidases.

In another embodiment, the protein of interest can be a single chain, Fab
fragment and/or full chain antibody or fragments or portions thereof. A single-chain
antibody can include the antigen-binding regions of antibodies on a single stably-folded
polypeptide chain. Fab fragments can be a piece of a particular antibody. The Fab
fragment can contain the antigen binding site. The Fab fragment can contain 2 chains: a
light chain and a heavy chain fragment. These fragments can be linked via a linker or a
disulfide bond.

The coding sequence for the protein or polypeptide of interest can be a native

coding sequence for the target polypeptide, if available, but will more preferably be a
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carboxy-terminus of the protein. In another embodiment, the protein
includes a secretion signal for an autotransporter, a two partner secretion

WQg898[P488Main terminal branch system or a fimbrial usher poffal/US2008/052434

The following examples are offered by way of illustration and not by way
@6&9@3&@%6 FRak B ALORLBNERA2 GRprdday @%tﬂﬁ%@glﬁﬁ%g e selected
20081094986PCT/US2008/052434 EXPERIMENTAL EXAMPLES ]
SEREMIR hosiretiffRa AUt BsbOsleutken <ag thmeenq IRFAFRIRIAG o ANgryse bias
W THRBS AN pis iAo POWZ25& oy e asie Bulat8deganism. The

10Standard recombinant DNA techniques were used in the construction of

RS EOESWS 258 haveiternsenskprdsditiiin e e issied into one or

RRRYARCRIR, WaieR wintaitn(Fiawiesidrmed MBAR amprificatiagsieadtiicleic acid
was performed using Herculase Master Mix (Stratagene, 4600610-51),

BFi méﬁé@l%%i%sﬁ@%é%%ﬁfﬂé%ﬁl@'@%@srw&Jﬁeﬁl\%@é@*ﬁ%ﬁ-,acid or
B8R NKIiZR) BRCRtar I Reast one gene that can be expressed by the selected
TATACTCGAGTTATTTAACCTGITTCAGTA-3', SEQ ID NO:26), and
Epnshsiebheshittlhbow3001 (already containing the cloned clsbC
leader-EkpeeaetingndoRduanes, fitsiproganomiad-by SQUE B Gt} tthampliyitBogous

521 bp dybC-skp codjng sequence using the manufacturer's protocol. The
%Wﬁ&ﬁ%ﬂf%é%brﬁ?e%%&iﬁ%%&lﬁti‘q@i‘&é%@%trlirété}“ﬁi‘ﬂr Gn Kit

(RiIBGEIM ohed TRk preligastesbnmibuibial aoshhahe sl fetantieidases tNeMo a

England Biolaps, R0133 and R0146), then ligated_to the expression . .
6?8&%%6@6%\??%@%@?&6?t&%é%‘l%%“ﬁﬁtf?é%‘&?%??&l%%ﬁ%§ihegcer%ﬁ%

ligase (iNothEnghdodiBielah shdardia)Faaaidingste phstdhinmafacuiersat a
rotocol. The ligation reaction was tr nlsformed Et .P. flugrescens DC454
F%ER?&%?EE By z5ee 8‘bto‘f5t| n, r8B6VE 8&%‘ SRRy 1S active at

piedivognd plaiedonseladtivennetised (MRgheosetadagh &rQomniese

were analyzed Qy restriction digestio lasmid DNA (Qiagen,
E%Pﬂ??%é’. & %T&ﬁ@@%%ﬂi%ﬁ%}ﬁ@e#g@ were sequenced to confirm the

presente eifeasiitiolt redsibe ghptendifitnsaauanagrbiaantidiromtive at a
T T ol R
dsactachitApytitiieqlaties soriapingu QW 23580y e asalyEadnbiilye

toarIQO 0%101?50‘[\8/, % Ilfé.tslgglgl‘gpe%‘lﬁes-lfllc Sgseax a{telégir%g %?g 1%8|'01|r3 lgluerﬂgh protein and not
expressed from nucleic acids in concatameric form; and the promoter is not a native
promoter in P. fluorescens but is derived from another organism, such as E. coli.

In other embodiments, the protein when produced also includes an additional
targeting sequence, for example a sequence that targets the protein to the extracellular
medium. In one embodiment, the additional targeting sequence is operably linked to the
carboxy-terminus of the protein. In another embodiment, the protein includes a
secretion signal for an autotransporter, a two partner secretion system, a main terminal
branch system or a fimbrial usher porin.

The following examples are offered by way of illustration and not by way of

limitation.
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57 LEGAL02/30682262v 1AayalNo. 43292/339376 WO
20081094986PCT/US2008/052434 seed cultures grown in M9 medium

WQaMHeMeted with 1% glucose and trace elements were useBGH G0N 4R2434

200 mL of defined minimal salts medium with 5% glycerol as the carbon
source. Following an initial 24-hour growth phase, expression via the Ptac
promoter was induced with 0.3 mM
isopropy1-13-D-1-thiogalactopyranoside (1PTG). 5Cultures were sampled

at the time of induction (JOYPRRAAIFNUTSA &ftex dation (124), and at 48

hours after induction (148). Cell density was measured by optical density
at 600 nm (0D600). The cell density was adjusted to 013600 = 20, and

aiguair of 1084kt amereocenbifuaartalckddiRe x rpm for 5 minutes and

the supernatant was removed. 10Soluble and insoluble fractions from
shake flask samples were generated using EASYLYSEIm (Epicentre

Tesnrpries)sTAwpal pelrim&as resuspended and diluted 1:4 in lysis
buffer and incubated with shaking at room temperature for 30 minutes.

The lysate was centrifuged at 14,000 rpm for 20 minutes (4C) and the

superngtagbrsmavesh JARYPRDIBtERpWaS SAPREAgthe soluble fraction.
Samples WEre mixed 1:1 15with 2X Lacmmli sample puffer containing

13-merc ApSEhE RO IBREE A TR P8 H S 56il8d o FEHERGR of plasmid
PO W DEiRed20E e @A @ d3itoRadthd itRban dafér Bigtidisuel (RioRacbtein
at# 45-0112 Lot# cx090505C2) and electrophoresis in IX MES buffer
HH161-0788 Lot# 210001188). Gels were stained with

SIMPI]:)ABi(LIEm' Isafea%iaml ' &éumm%an ﬁat%xh@g%i?ig?qeﬂr@lm thkter Mix
t ' [ ing 20 the A I t [ [
e, RO SRR MABNSs  Soluble and insoluble.
K@Cﬁmns:mmemm éA@EAWE}G@'@ﬂ;Sf@I?ﬁQ Eﬁem@ag;/mégrgdﬁm
P\VD I - t - . usi
LA Ay e A PN S e
teansitae bl dEoNs 0 sienBdcththaisiathing saldtiondQedter-skp coding
Commassie. Brilliant Blue R 40% meth [, 10% ti jd), for ten
SETUTE TR TSR el D A R dh et LR Shertodine
Rrlieindasidg ticinierasionete’ cptautdiomhhrdRofandse qusitriivgingng the
[ fi Yo/ PR Protein S
B s R S B L e eyl wah e and hot
LdsBALOR BREBR2EAVHABYglid. Bid 22/ FBDIFBGaMA® 0146), then ligated to the
2000RUOBOP CTASRRIVSRAT B ERYNER sper and o usng T4 DNA

ligase (New England Biolabs, M0202) according to the manufacturer’s protocol. The

ligation reaction was transformed into P. fluorescens DC454 (Isc::lacl®’ ApyrF) by
electroporation, recovered in SOC-with-Soy medium and plated on selective medium
(M9 glucose agar). Colonies were analyzed by restriction digestion of plasmid DNA
(Qiagen, cat.#27106). Ten clones containing inserts were sequenced to confirm the
presence of error-free dsbC-skp coding sequence. Plasmid from sequence confirmed

isolates were designated pPDOW?2258.

B. Growth and Expression Analysis in Shake Flasks
P. fluorescens strain DC454 (Isc::lacI?" ApyrF) isolates containing pDOW2258

were analyzed by the standard Dow 1 L-scale shake-flask expression protocol. Briefly,
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5SDS-PAGE analysis confirmed significant accumulation of protein at the
predicted molecular weight for Skp (-17kDa) at both 24 hours (124) and

WQ208%07498¢48) post-induction in both the soluble and insolubRGFAGIRIAE 052434

(Figure 2). N-terminal sequencing analysis confirmed that the induced

seddRig handed wxRe MRO:SEaR AT PP R iR Al M P EaaRHAR HER Gements

amino acids of the predicted 10 protein sequence for the processed form
SFssbeddrineemiRiaZ4tnl f defingd mndmleaiimadivaydid afépelycerol as
shoviesbihasvwe. Pands thabacsrmuiatadundhavissiaflet it d2te Prac

produced both the processed and un-processed forms of DsbC-Skp. The

IR eS8 RSB AR oORR e sl H0 siFEoRE BT thd P TO).

prediﬁ%@l@ﬁ%@lﬂe‘%@%&%ﬁ?\f&i faniRe U RRRRSR A AB) Ot P8GR Prter induction
MRLTQIIAAA, SEQ ID NO:28) 15while the lower molecular weight band

HHused thdSrireuncrEriHsueies Ofthe prabdtpitsteim bx epical

H&ﬁfgﬁ%@@m(@wgogble@%k&@n%wwyg LORANNEYSS, SBQ A aliquots
NO:29). See figures 3A and 3B. 20Example 2. Identification of pbp*

6Bk gigfisat M IAEERIN AOANDIME Tt O S pteS fizdriBe DapRoE tant was
(@@;(}éd!ye:lac:Pi) was constructed by PCR amplification of the E. coli

25lad gene from pCN51/ad (Schneider etal. 2005b) using primers '
incorporatifdethed aePluple fivstipnn ftemorh(cafasksampdaoy cangenerated using

E&QWIU@%@&}@t?e‘é?ﬁé‘ﬁ&‘g{j&%)@fh%%%‘i@ﬁ@ﬂé@%% RINBIRIALPHE diluted

{
(Schneider, Jenings et al. 2005b) by allele exchange. 30B. Construction of
trahispastrhelter sad el sbpted widreBaking signanseguegiease for R0 minutes. The

LADRPOSO MR EGHRN WRP 25! 75t BY INRRITNIANS KRR O8RS matant

(encoding resistance to kanamycin) and aphoA reporter gene, which was

mrwwﬁgith“éh@twp@m&ﬂmawasmét@érﬁﬁ ﬁ}%ﬁ@ﬁ&l@é&f&éﬁée,sb@@@eweﬂﬁémxed 1:1
\%ﬁﬁ{%@ﬂS%EHitEQB?ﬁQ’Bﬁﬁ%r%%miﬁgiﬁﬁé’ﬂ@aﬁ%“etﬁgﬂﬁ'kﬁ}o%d catt 161-0737)

transposome vector pMOD-2<MCS> (Epicentre Technologies). 35The 1.
kBdKemRAGlne wasupesrificer frotoagE 20X (P Raorkadi&)rivgriesttiledpisdris gel
g@%&&@é&%%ﬁ%&é@wﬂ%fé?ﬁa%{é%?e%?r%g%?esis in 1X MES buffer (cat.#

081094986PCT/US2008/052434 digestion with Xhol, then ligated into
sal-efi§ésiett pNBI2 L34 Sislowerasipbodwigy BINMRE YBLUE™ SafeStain
IA0RIRRAUGEREEISBR ANROIERE WaRhRpmplied Fom b GrlE i
Z'ATCC??%M#] BanzHI and )%ha'% gtes added‘ggathe prirgers. After rest g%ﬁmg
thg&sinba limetgelhdmeasmiigatdeninto Bartz1-11- and Xbal-digested
pDOW1245 to make pDOW1208. 5The linear transposome was prepared

by restriction digestion of pDOW1208 with
C. N-terminal Sequencing Analysis

Soluble and insoluble fractions separated by SDS-PAGE were transferred to
Sequencing grade PVDF membrane (Bio-Rad, cat.#162-0236) for 1.5 hours at 40 V
using 10 mM CAPS (2.21 g/L), pH 11 (with NaOH), and 10% methanol as the transfer
buffer. The blot was stained in the staining solution (0.2% Commassie Brilliant Blue R-
250, 40% methanol, 10% acetic acid) for ten seconds then immediately destained three
times, ten seconds each. Protein bands of interest were cut out from the blot and
sequenced using Edman degradation performed on a PROCISE® Protein Sequencer

(model 494) from Applied Biosystems (Foster City, CA).
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PshAl and gel purification of the 3.3 kb mosaic-end-flanked fragment
using Ultrafree DA (Amicon). After passage over a MicroBioSpin 6 column

WQBMBRA# 980 ng was mixed with 4 units of transposase (EpiceRfr&UAeP8/052434

aliquots were clectroporated into P. fittoreseens MB 101. 10 C.
Identification of improvecl pbp signal sequence A pbp-proinsulin-phoA
expression plasmid was designed to fuse the pbpproinsulin protein to a
mature PhoA enzyme, so that accumulation of proinsulin-phoA in the
perpiasn gguld be measured and strains with improved accumulation
could be 15selected by assaying for PhoA activity The fusion between the
pbp signal sequence, human proinsulin, and phoA in pINS-008 was

construgies iy GIOR &R toemanetsainiRe) dsiRguRiTBR IS, Hataraklar

the coding sequence for the secretion leader and&%roinsulin and for

Bresismalerier waiehe RSk of PHERY 8t bath gt A Siida tAG pprs (148)

\eadeniuthefusionivas siangd snpkssne rortiatafstE gacprpmoter in 20
pDOW1169 (Schneider et aL 2005a; Schneider, Jenings et al. 2005b)

which WaiSTRLELIEH aRsEMa bt SPRIERAcAE) Bedtustdd bl Shamd et
alRinel RhesRRaiRsprdhen igatepradst edest aper atadiiadddsAFahépfedmted
pINS-008. The pfroi sulin gene tfmplzél}e was ¢ don-o%imized for ' h
BIFARSRSITAYS AL IR BERTRSSSAd TR é%%?gd%%ma MW TREQHBANGEAD)- The

W&%ﬁﬁt{éﬂﬁﬁdlﬁfﬁﬁfa;@o GabWMS th@ﬁﬁvgmaycﬂﬁli%eﬁhﬁlmtgﬁieﬁeaﬁfmele
creened gn agar plates containing BCIP, a colorimetri¢ indicatar o
%ﬁ%%ﬁ%@ﬁﬁ%‘i&%@‘@ﬁ ﬁ{}?@ﬁﬂﬁ%ﬁ%’@lﬂ? HHBEEERS B QJfRRC-Sko. The

RhprpreisrdinpheAlganadPfshecealoricssthay sxhibiteddB et hbydsalysis protein

one grew.much larger than the others. This is found

ST T T Srm TR eSO R AT AR S N 25)
el MEedshang el famalanine bandprrladcantis giatito2th(iA3AYidS@B HQ
ID NO:2: see Table 6). The expression of the twg strains was .

R P G RO B AR AP e BB GIR Teveled
o skonlyafieGaddigamat e BP Tz figues3 Alkalids phosphatase
activity in the mutant pINS-008-3 strain was 3-4 times higher (Figure 6),
and accumulation of the (soluble) protein was higher (Figure 7). 60

76 WO

~3ec secretion signals
identified in P. fluorescens Curated Protein Function Abbreviation
PredicERSighal ABGUBTEEHOIQ8alP- MEW)

A. Strains
DC206 (ApyrF, Isc::lacI?") was constructed by PCR amplification of the E. coli

lacl gene from pCNS51/acl (Schneider et al. 2005b) using primers incorporating the
lacI?' promoter mutation (Calos et al. 1980), and recombining the gene into the Isc
(levan sucrase) locus of MB101ApyrF (Schneider, Jenings et al. 2005b) by allele

exchange.

B. Construction of transposome to screen for P. fluorescens signal sequences

A transposome vector was engineered by inserting the kanR gene (encoding
resistance to kanamycin) and a phoA reporter gene, which was missing the start codon
and N-terminal signal sequence, between the vector-encoded transposase binding sites
(“mosaic ends”) in the transposome vector pMOD-2<MCS> (Epicentre Technologies).

The 1.6 kB kanR gene was purified from pUC4-KIXX (Pharmacia) by restriction
59
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DNA sequence SEQ ID NO: pbp (signal sequence mutant) pbp*
MKLKRLMAAMTFV AAGVATVNAVA 2 atgaaactgaaacgthgatggeg

WA figtcgctgctggeg Itgcgaccgtcaacgeggtggec 1 porin RET/US2008/052434

PTCCLITSOT PO MKKSTLAVAVTLGA IAQQAGA rn

algenaRmag]aranePadciolig AR N NdaLIeRRiRgO Doagse8gaadBRgCt 30
Outer membrane porin F OP MKLKNTLGLAIGSLI AATSFGVLA 33

AldQatgaahhs sdtsaarsneisardgdorstatge iy Barmeliied Spse gl K12
BRIRarPlAsAF PiMSRRRe AIRANRG MMedely (ROPYRErs. After restriction digestion,

the gene was ligated into BamHI- and Xbal-digested pPDOW 1245 to make pDOW1208.
The linear transposome was prepared by restriction digestion of pPDOW1208 with
PshAl and gel purification of the 3.3 kb mosaic-end-flanked fragment using Ultrafree
DA (Amicon). After passage over a MicroBioSpin 6 column (Biorad), 30 ng was mixed
with 4 units of transposase (Epicentre) and aliquots were electroporated into P.

fluorescens MB101.

C. Identification of improved pbp signal sequence

A pbp-proinsulin-phoA expression plasmid was designed to fuse the pbp-
proinsulin protein to a mature PhoA enzyme, so that accumulation of proinsulin-phoA
in the periplasm could be measured and strains with improved accumulation could be
selected by assaying for PhoA activity The fusion between the pbp signal sequence,
human proinsulin, and phoA in pINS-008 was constructed by SOE PCR (Horton ef al.
1990), using primers that overlap the coding sequence for the secretion leader and
proinsulin, and for proinsulin and the mature form of PhoA (i.e. without the native
secretion leader). The fusion was cloned under the control of the fac promoter in
pDOW1169 (Schneider et al. 2005a; Schneider, Jenings et al. 2005b) which was
restriction digested with Spel and X%ol and treated with shrimp alkaline phosphatase,
then ligated and electroporated into DC206, to form pINS-008. The proinsulin gene
template was codon-optimized for expression in P. fluorescens and synthesized (DNA
2.0). The phoA gene was amplified from E. coli MG1655 genomic DNA. The colonies
were screened on agar plates containing BCIP, a colorimetric indicator of alkaline
phosphatase activity, with IPTG to induce expression of the pbp-proinsulin-phoA gene.
Of the colonies that exhibited BCIP hydrolysis, one grew much larger than the others.
This isolate was found to have a single C to T mutation in the region encoding the
secretion peptide, causing a change from alanine to valine at amino acid 20 (A20V,
SEQ ID NO:2; sce Table 6).

The expression of the two strains was assessed by the standard shake flask
protocol. The growth of both leveled off shortly after addition of the IPTG inducer.
Alkaline phosphatase activity in the mutant pINS-008-3 strain was 3-4 times higher
(Figure 6), and accumulation of the (soluble) protein was higher (Figure 7).
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MKLKRLMAAMTFV AAGVATANAVA 35 atgaaactgaaacgotgatggcg
gcaatgactifigtcgctgaggeg ttgcgaccgc caacgcggtggec 34 azurin AZ
WQRAMKIMNIRY/SLLTLA SGQLLA 37 atgatgccaaactegttgctgatc PCT/US2008/052434

ectgctgactetggcgageggec agttgcttgct 36 rare lipoprotein B precursor L

IMIKIRBILEVME:Ah

bi2fn RS AlBRAGAY AR RIGERga

tgggccttgccgtgctgttgageg et 38 Lysine-arginine- ornithine-binding protein
LAO MONYKKFLLAAAV SMAESATAMA 41

Curated Protein Abbreviation | Predicted signal SEQ | DNA sequence SEQID
Function sequence (SignalP- ID NO:
HMM) NO:
pbp (signal pbp* MKLKRLMAAMTFV |2 atgaaactgaaacgtttgatggeg | 1
sequence mutant) AAGVATVNAVA gceaatgacttttgtcgetgetggeg
ttgcgaccgtcaacgeggtggce
porin E1 precursor PO MKKSTLAVAVTLGA | 31 atgaagaagtccaccttggctgtg | 30
TAQQAGA getgtaacgttgggegeaatege
ccagcaagcaggeget
Outer membrane opP MKLKNTLGLAIGSLI | 33 atgaaactgaaaaacaccttggg 32
porin F AATSFGVLA cttggecattggttctettatigeeg
ctactictticggegtictggea
Periplasmic PB MKLKRLMAAMTFV | 35 atgaaactgaaacgtttgatggeg | 34
phosphate binding AAGVATANAVA gcaatgacttttgtcgctgctggeg
protein (pbp) ttigcgaccgecaacgeggtegec
37 36
azurin AZ MFAKLVAVSLLTLA atgtttgccaaactcgttgetgtttc
SGQLLA cctgetgactctggegageggee
agttgettget
rare lipoprotein B L MIKRNLLVMGLAVL | 39 atgatcaaacgcaatctgctggtta | 38
precursor LSA tgggcctigeegtgctgtigageg
ct
Lysine-arginine- LAO MQNYKKFLLAAAV | 41 atgcagaactataaaaaattecttc | 40
ornithine-binding SMAFSATAMA tggcegeggecgtctegatggeg
protein ttcagcgecacggecatggea
Iron(III) binding IB MIRDNRLKTSLLRG | 43 atgatccgtgacaaccgactcaa 42
protein LTLTLLSLTLLSPAA gacatcccttetgegeggectgac
HS cctecaccectactcagectgacect
getetegecegeggeccattet
D. Genomic Sequencing
5 Genomic DNA was purified by the DNA Easy kit (Invitrogen) and 10 ug were

used as template for sequencing with a transposon specific primer using 2X ABI

PRISM BigDye Terminators v3.0 Cycle Kit (Applied Biosystems). The reactions were
purified and loaded on the ABI PRISM 3100 Genetic Analyzer (Applied Biosystems)

according to manufacturer's directions.

10

E. Cloning of signal sequence coding regions

Signal sequences were determined by SPScan software or as in (De et al. 1995).

The results of these experiments have been disclosed in copending U.S. Patent

Application Number 20060008877, filed November 22, 2004. The outer membrane

15  porin F (oprF) phosphate binding protein (pbp), porinE1 (porE), azurin, lipoprotein B
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atgcagaactataaaaaatteette tggccgcggccgtetcgatggeg
licagcgccacggccatggca 40 Iron(lll) binding protein TB

WQRARBMNMISKTSLLRG LTLTLLSLTLLSPAA IIS 43 atgatccgtga®&dCetpifieng 434

gacateecttetgegeggcctgac ecteaccctactcageetgaccct

ARICILACERUBNDFFARIICE e tionGaRRID G S8 AHRIIEIRE BRRNPMICaRNANRRaction
purified by the DNA Easy kit (Invitrogen) and 10 jig were used as template

dERCRY AR RERapgsas b cipagtier thisipG Bk ABNMPI B vector and

Biginenl QI TKIALOES ¥ I 0Ty cla IKiidRRIiRe Biesdiat ) (1 dpaGians: s
were purified and loaded on the ABI PRISM 3100 Genetic Analyzer )
pRgfpral Brsuliitetianiernrnisgie esrrshact dre cerErrt divatt by oguencing with

Sionirgwidignahaes lﬂ@&&@e@ﬂi&ﬁsﬁ%@ﬂﬂﬁze cloRigRA SEHMRNCES ISR s: oprF
determined by SPScan software or. as inﬂilp)e et at 1995). The results of

(RESAEX i iRSNRVS TV areiasdd PEDYdnbHg G an kpiAY 1180),

AppicatprENpmOeY ARS8 Atestdlevambee £004. The outer
membrane 15porin F (oprF) phosphate binding protein (pbp), porinEl

(porE), azurin, lipoprotein B 61 LEGAL02/30682262v 1AtlyalNo,

43292/ B33 t AR 208D 4986 Plortdior 98343 Pantdresthinding
protein secretion?%%ggers were amplified by ponrTﬁ%rgl e chain reaction

(PCR). T IREURMNP PoVERO SERISETS ET6 B IHIS 4 1esn Bfubpl2 coding

189R&aceastieartiposition using pDOW 1112 or pDOW 1113 as template. The gal2
coding sequence was amplified using pGal2 (Martineau et al. 1998) as template. The
837bp SOE-PCR product was cloned into the pCR BLUNT II TOPO vector and
sequence was confirmed. The scFv gene fused to signal sequence was excised from the
TOPO vector with Xbal and Sall restriction enzymes and cloned into the Spel and Xhol
sites of pMYC1803 to produced pPDOW 1122 (oprF:gal2) and pPDOW 1123 (pbp:gal2)
using standard cloning techniques (Sambrook et al. 2001). The resulting plasmids were
transformed into DC191 selected on LB agar supplemented with 30 pug/mL tetracycline
and 50 pg/mL kanamycin.

The porkE signal sequence from pDOW 1183 and fused by SOE-PCR to gal2
amplified from pDOW1123 and PCR products were purified by gel extraction. The
resulting PCR product was cloned into PCRII Blunt TOPO and subsequently
transformed into E. coli Top10 cells according to manufacturer’s instructions
(Invitrogen). The resulting clones were sequenced and a positive clone (pDOW1185)
selected for subcloning. pPDOW 1185 was restriction digested with Spel and Sa/l, and
the porE-gal2 fragment was gel purified. The purified fragment was ligated to Spel-Sal/l
digested pPDOW1169 using T4 DNA ligase (NEB). The ligation mix was transformed
into electrocompetent DC454 and selected on M9 1% glucose agar plates.
Transformants were screened by restriction digestion of plasmid DNA using Spel and
Sall. A positive clone was isolated and stocked as pDOW1186.

Signal sequences of azurin, iron binding protein and lipB were amplified from
clones pDOW1180, pPDOW1181 and pDOW 1182, respectively. The gal/2 gene was

amplified from pDOW1123 using appropriate primers to fuse to each secretion leader,

62

LEGAL02/30682262v1 AttyDktNo. 43292/339376



10

15

20

25

30

transformed into E. coli Top 10 cells (Invitrogen) according to the
manufacturer's protocol. Resulting transformants were screened for

WQapp8eH8ert by sequencing with 5M13 forward and M13 revEfSERIE52434

Positive clones were named as follows: oprF (pDOW1112), pbp

e QA A BP PO RPN IS Re RZHIRLRP VS DI R RRARISIBIH & above.
glpDOW1182 , iron binding protein (pDOW1181). F. Construction of. gal2

e POlbrEstatredtrtih e fddre sy Higtd Bph2Ad b sira) clones

sequshaanwarsapeliied ioltsadp it GaidCARRG SEAURAL RS SOV 1169 as
Egsiti,on using pDOW1112 or pDOW1113 as template. The gal2 coding
et

PR¥§ amplified using pGal2 (Martineau et al. 1998) as template.
The 837bp SOE-PCR product was cloned into the pCR BLUNT Il TOPO
vector and sequence was confirmed. The scEyv gene fused to signal

sequeride WAL BYELRHN G- tRELS IBPESTEER Vit XWEP £rideguipal histidine

fgstriction enzymes and cloned into the Spel and Xhol sites of pMYC1803
to produced pDOW1122 (oprF:gal2) and pDOW1123 coInaIZ; using

standard COHIFGHELRRR AR VS HMBIHIE QLRSS Bs P rrigad sy With C-
plasmid e tiaasiorme into Jofpih selaetesh s agithesized by DNA 2.0

upplemented with 30 .u.g/mL tetracycline and 50 ttg/mL kanamycgin. . i
Z@%ﬁ%%é?@gﬁh%ﬁé%ﬂéﬁ%&%?&ﬁaﬁﬁ%@é@éﬁ%ﬁ%@é@ﬂ&ﬁ%@%@ﬁ%Wlth
gpld amplifiacafi® e PR MY 1 28amehRicR ReRdULIS IMRrpIFOWIED] DY dielved from

extraction, The resulting PCR product was cloned into PCRII Blunt TOPO

B%Yéquﬁ%%?q@éﬁﬂf%ﬁb%ﬁ%%%e N t?sﬁi@%aﬁéyge%*o%ﬁé’l&eﬂon products

manrutastisensdrstougiion ARvisagrnThe sesIMIny clnas weN A was
edandap OW1185) 25selected for sub Oni%%ﬂ

sequen itive clone :
A 56 A PEC AR R AT o B SR i san
Fremenkwas geinpuitiadrmhbe plriiied MagrENBWES eseddsnprensall
igested pDOW1169 using T4 DNA ligas EB). The ligation mjx w
A 0 B D LTS AS A BN ARTE Gt LI agar
gippbaacagal pistesolpndiameants et saieaseachyliigstriction digestion
of plasmid DNA, using Spa and 30Sall. A positive clone was.isolated and
ctocked BRI Toare: <IeRgHas CHGREERe Op aot i AOH v ermplates
prsteihcatnchlipBOREw mn pliflectitio imsidreg PPN k8 0y b OMELLS L sitch
DOW1182, respectjv. The gal2 gene was ified from
RO TRL B 0D LR o e (A dupeat PO W71,
LEaiidiD/SN a8 Re 2y shbaymitnoly4B28 24336038 i d@ctrocompetent P. fluorescens
094986PCT/US2008/052434 and resultant PCR pro wer :
B A TRl SR A IS oMo S B QDGR uracil and
Aloguiels wene yalbne oo v s e SEQUAREY thedsestiidntaiorgacnce.
were sequenced and positive clones for each fusion were subcloned into

pDOW1169 as described above. 5 G. Construction of a P. fluorescens
secretiéh eotan-with Cofatninvalshistichne/tagsA clone containing an insert

with thf-ﬁﬁgﬁg %(‘I{%tsl %‘elr%%%%liyec(‘{%sv%gv% except that primers were designed with
an Ncol site on the 5° primer and Xhol on the 3 ’primer. PCR products were restriction
digested with Ncol and Xhol (NEB), then purified using Qiaquick Extraction kit
(Qiagen)The digested products were ligated to Ncol-Xhol digested pET22b (Novagen)
using T4 DNA ligase (NEB), and the ligation products were transformed into
chemically competent E. coli Top10 cells. Transformants were selected in LB agar
ampicillin plates (Teknova). Plasmid DNA was prepared (Qiagen) and positive clones
were sequenced to confirm insert sequence. One confirmed cloned plasmid for each

was subsequently transformed into BL21(DE3) (Invitrogen) for expression analysis.
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terminal His tag, and rrn T1T2 transcriptional terminators was synthesized
by DNA 2.0 10(pJ5:G03478). The 450bp secretion cassette was isolated

WRYHSAiHM6N digestion with Spel and Arciei and gel purified. P&d/WaN&HE2434

was ligated to pDOW1219 (derived from pMYC1803 (Shao et oL 2006))
digested with the same enzymes. The ligation products were transformed

into chemically competent E. coil IM109. Plasmid DNA was prepared and
screenéd PSS BFIBER using vector specific primers. The resultant 15
plasmig yiasrrestiencaGBpgand gemed RIS Bisystems)) were purified

EIectrocom&etent P fluorescens DC454 was then transformed with the
B fitr dhPianse i daadaddgta be gk eeAFRe I50ttgImL uracil and

30ttglmL tetracycline. Open reading frames encoding human proteins
were amplified using templates from the human ORFeome collection
(Invitrogen). PCR products were restriciton 20 digested with Nhel and

Xhol, and sthentigaigdte Met xhetdigesiedpOW3718. Ligation
products were subsequently transformed into electrocompetent P

fluoresddfid DEMEBSHY MEHBOME R Med g s agdrd Rpre i Ehted

Wi 2504 (G611l BiiledRd 364 d@iie d@HAGHGHNEORRSIIVE SIPPESWEI] with
sequenced to confira_?insert sequegﬁc;& 25H. Construction o

St HETHHER2CC CHRFAT BREYIRRIR H0p! @aﬂa%rab&féj,eg‘@gggmﬂ%al salts

RlbAiars WRHESHssigtad iliharedieeh sieren ithe Dopiimipepod-¥eal satthe
3'primer. PCR products were restri giéc;n digested wijth Ncol and Xhol

HOEBY et RIS OETPeASHE AR ExtPABHON RR Yesidehiiher efgistat?s
Rresketsvwe el igaetdpiisalAiinoh digesiest 5 radbsiioRaer) SeUIBSkity was
T4 DNA ligase (NEB), and the ligation products were transformed into
armieediDcoptisatdrnEtyc 098 pin (E8RerFransformants were selected in

LB agar ampicillin plates (Teknova). Plasmid DNA was prepared (Qiagen)

and positive clones were sequenced to confirm insert sequence. One

confirn@d%’f@ﬂ%”d’ﬁ%@?@rsém%@ %@él%ﬂ?‘f%ﬁ%formed into

BL21(BdaRiuivHaqass 1k fRs B4BIssI0mNalYSs s MG 236,820y
1AtlyalNo, 43292/339376 DATA Sequencin Sequencing reactions

e RRESIOERI gt sphieehBodRsistesh BPurkhsasitg e broth
WM?%%&%@%@%&M@E@WM%&fféjgﬁcwww%_genﬂe
(HTP) expression analysis The P. fluorescens strains were analyzed usin

fRekipgHapeD SAnPer e ek s K dRi prito COre BY Rty nes sqitilfued @rb%og rpm
M9 MeRieY g@RtGEhWIR AU MG SEIRNG SR SIEMRNISWUEER the

used to inoculate 0.5 mL of defined minimal salts ,
soluble fraction. The pellet (insoluble fraction) was then resuspended in an equal

volume of lysis buffer and resuspended by pipetting up and down. For selected clones,

cell free broth samples were thawed and analyzed without dilution.

L. Expression and analysis of secretion of proteins or polypeptides of interest

The seed cultures, grown in 1X M9 supplemented with 1% glucose (Teknova),
supplemented with trace element solution were used to inoculate 50mL of Dow defined
minimal salts medium at 2% inoculum, and incubated at 30 °C with shaking. Cells
were induced with 0.3 mM IPTG (isopropyl p-D-thiogalactopyranoside) ~24 hours
clapsed fermentation time (EFT). Samples were taken at time of induction (I0) and 16
(116), 24 (124), or 40 (140) hours post induction for analyses. Cell density was
measured by optical density at 600 nm (ODggo). The cell density was adjusted to ODgoo
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medium with 5% glycerol as the carbon source in a 2.0mL deep 96-well
plate. Following an initial growth phase at 30C, expression via the Ptac

W80 %0as induced with 0.3 mM PCT/US2008/052434

isopropyl-f3-D-1-thiogalactopyranoside (IPTG). Cell density was
megsuiad Y orlicaifensiba at 6a600mR B rlte QRABHARGHELR free

samples for SDS-PAGE analysis Soluble and insoluble fractions from

ERtthesarTHRSS Gt R Revaratrodiey RS Yhey sl igthragfrdl free broth

TaspRalegiesicatRPOaTE0b e dlewingle broth sample was lysed by
adding 175mL of EASY LYSEum buffer, incubating with gentle 20 rocking
at room temperature for 30 minutes. The lysate was centrifuged at 14,000
rpm fora20 swsLras;Eenandthe supernatant removed. The supernatant

was saved as the soluble fraction. The pellet (insoluble fraction) was then

resuspeRHRYGATSH R dTaRIo ST H thatrerlan YuBpksetidegpprated using
PIRSYINOVSEan g awn EhRicaeletief cdangss cathérae Qo Isamplesspended in

thawed and analyzed without dilution. 25 L. Expression and anali;sis' of

dov-&idwsi Droia By pRTpUIsiactT s an aqdiianal d WhufedSY

WeSErn Yo rlipRlermen e it kit alucese teheieranad, o BPIeiRIEdThe
ith trace element solution were u?ed to inoculaée 50mL of Dow defined

RS ARE YRS ot 29 IHBRU AR Lmdpieh Shdel B Yo atant
shiaking. Jelissapewriennduced viths0h3 BNLIP e fiserrapykliet was then
f3-D-thiogalactopyranoside) -24 hours elapsed fermentation tim FT). .
gean%aﬁéégeﬁé}ba&ﬁw YA RO %@3 ‘&‘fwfgei%"(ii%sjfsﬁﬁ“gf‘ég4 Y SHRRting
(ehd @i pass wnduekien ferianalysias]CelcdenstyMascbraByERthRY were
ﬁ{)ticaidegsit atg%i nm (OEGOO). The cell density was adjusted to 0D600

& ARACHALEEAHFRRIBY at 14000 x g for five minutes. Supernatants
(cell free broth) were pipetted into a new microfuge tube, then cell pellets
and cel&fregg broth éqsarppl-es were frozen at -80C for later processing. 5Ai.
SDS-PAGE GAZ[<IE4YS 5 oluble and insoluble fractions from shake flask
sampleSolvidie gehiraied lustagiASHH dpXiSEIM Bupiier (B picSMBPAGE were
Technologies). The frozen pellet was. resuspendgd in ImL of lysis buffer.
s e e e S M B
acchiatybatechvithcslnakingratoasnfde Miparat e 6or 30fiintaieserT e blot was

lysate w [ t 14,000 rpm fqr 20 minutes (4C) and the .

B S TSRS i R Uil L L Rt
TheopelEintias tiantidsisspe adeboidyaS igeisadv/Ols R (ZH0A} 0f T b lot fieis
and resuspe y.pipetting, up,and down; this was saved as the

TR L on SRl B O A AR SaBH e Met!
Sniemgtbd DARB. Westet Kindkysise).  Soluble and insoluble fractions
prepared and separated by SDS-PAGE were transferred to nitrocellulose
(BioRad) using 1X transfer buffer (Invitrogen) prepared according to
manufa@tuPérSprotacaliéer 1 hour at 100V. After transfer, the blot was 20
blocked.with POLY-HRP diluent (Research Diagnostics, Inc.).and probed
with & 1B GBOR S S TS A by i e G e o
Sheek & lbd skvas nviea s b Bt im 1.6 PBGchwes by aleflisubsed iien tygéualoped with
%’5@ etx ?alcmaqpl %?QC%E%II\QV%E la og%ﬂ%%?‘a%@ S oscﬂ.b %trf?etl(ra I%I-YZ(fﬁll?ri%%&bation with

shaking at 32°C, the shake flask culture was then aseptically transferred to a 20 L

fermentor containing a medium designed to support a high biomass. Dissolved oxygen
was maintained at a positive level in the liquid culture by regulating the sparged air
flow and the agitation rates. The pH was controlled at the desired set-point through the
addition of aqueous ammonia. The fed-batch high density fermentation process was

divided into an initial growth phase of approximately 24 hr and gene expression phase
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250. 20L Fermentation The inocula for the fermentor cultures were
each generated by inoculating a shake flask containing 600 mL of a

WQAMBRMFOdefined medium supplemented with yeast extract BA#/HR885¢52434

with a frozen culture stock. After 16-24 hr incubation with shaking at 32C,

taevshakerfiesky eulivie s sdhricasenticalbntransiensd dQch 2Ghe pression

fermentor containing a medium designed to support a_high biomass.
Phaso Rt olgut émtaﬁqeadlawadﬁeé?ﬁwmri%ﬁﬁ@%uid culture
by regulating the sparged air flow and the agitation rates. The pH was
controlled at the desired set-point through the addition of aqueous

ammorfia. N6 S rigridSreits e eHition process was divided

into an daitipl Grawid Ras el ofRpRIOXIDBEIY 24 thh ANk GeNR RXPREFIAN erred to
hase 65 LEGALQ2/306 82262A 1AtlyalNo, 43292/339376 WO

S AORETOASSBP IR BYRIime s IRIEH e e ettt Y with

GEUHHIBRNEGENE RYPEASTIIRcEEXRIRSEIRNINASH 2 b evierHentatiQRanol
was then allowed to proceed for 24 hours, P. N-terminal Amino Acid

Heaaddipsrdsatdicsmirdraneliollonsdmpderivngss s ghen dried.

BAaSHT ahevst NG drARStErresh 10 AntaiiBrioR, 2eEUERBIiTA D snemeranrgcles of
B-orad;i. The membrane was stained with GelCode Blue séain rea@ent,
BRLSleHAdeliRn L R RS AR SHARCBEDS AT Eh Q9% 4da I RRliEd

Bisgataib, FotterEiyana! yalomdkaahy Lled arzed Svater, 4hegs diesyBanadsy R.
of interest were sliced from the membrane, @xtracteﬁj and subjected to 8

&y HeUTSE 6 Thedr AHatisrod ¥ protisd brsteld ¥luencing system,

model 494 (Applied Biosystems, Foster City, CA). P. Edman, Acta Chem.

ﬁgaé;g @,@,ﬁ (1950); review R. A. Laurscn et al., Methods Biochem. Anal.
5, § S(1980). TI. RESULTS 15 A. ldentification of native

secretion signal sequences by tran.sposon mutagenesis To identify P.

fluorescens signal sequences that would secrete a heterologous protein to
the pen‘bla@ﬁ’{l%%%ﬁé?ﬁ, 02 BUYEHEH PEBBAR LN UAE ABR LT I S

Aanspesome. The secretion reporter gene used is an E. coli alkaline
phosphatasc (phoA) without a start codon, or N-terminal signal
B equon L HSHE & G BTG T ek D) PEEH Ut leeous
fooradientb ipdraacie eulbrotisulficedendsibatafion: dimeligatibmiot the
active form (Derman et al. 1991). A similar. meth%d relf,er eﬂ.to a}ségji}n?me
SRR frad s E TS AR DO G S tEs g i &: €8 Eé%a & B QA 45C gene
2002)) Wit phaAtge e duasoaSetbeein diSéchid @qalne orationgigoaistie
roteins in.E. coli (Manoil et

s e RS
ﬂ_{atimlgoandhﬁl&'emrdm ed:taﬂei gbti bifereol@iasaneraiso e AT hienihsartiood
2 LA Aaeposannc i the Qenome s SEUSIEE ANGHEE oot Baiey
al. 2002). The phoA gene has also been used to analyze secretion signals in
periplasmic, membrane, and exported proteins in E. coli (Manoil ef al. 1985) and in
other bacteria (Gicquel et al. 1996). After electroporation and plating on indicator
media, eight blue colonies were isolated. The insertion site of the transposome in the
genome was sequenced and used to search a proprietary genome database of P.
fluorescens MB101. Eight gene fusions identified as able to express active PhoA are

shown in Table 6.
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30 fluorescens MB101. Eight gene fusions identified as able to express
active PhoA are shown in Table 6. 66 LEGAL02/30682262v 1AayalNo.

WQ 20030338876 WO 20081094986PCT/US2008/052434 B. CIBRIRY BA008/052434

signal sequence-gal2 "%ions The signal sequences of the secreted
proteing iceifipg @haveQuirrmepbrangpasin F (OP), phosphate

binding protein porE (PB), iron binding protein (TB), azurin (AZ),

npopn%@aﬁ B3] ARt RAS RS RMFRESERG IR BRI Brdtalte (EComfaygmbrane
591"&{#0(@@’}4%H&sﬁliﬁt&iﬂﬁéiﬁgﬁﬁ%@eQ{E&JEQP@?Q%%%@%br&QHﬂB), azurin

sequences for OP, PE and AZ have been previously identified in other

& HROPRS RS AL sblysise pnitdrgs arsipinehifidine Poysinohe Appere

pestiie @l addithpal Ipesistiom leroeBidRINEEThY Arthar siedhces for OP,
gprZOV (Schneider et at 2006), was also analyzed inrf)arallel. In this

TAPIH IR G TR 3P i Hatre s d An SrBstancignaryitisehct L De:

agysitant; 30ehihe, Rodiversycans phnsphetabiding RioiedretieNRlader identified
sequence gsee Table 6¥were each fused to the gal2 scFvggne using

Uh BRI By 0 R SRR PR (G E PBR) Warrlsp ABdlyardviparalis!- In

alﬁsi Wﬂfﬁauﬁfg %ﬁdﬁ%ﬂaﬁseﬂai%a? ﬁmif@c@ﬁiﬂﬁgﬁa@gé@&l&@wiﬂm a mutant
cleavage of the signal peptide would be AQVQ. Repeated attempts to
35{% B R e S@@ﬂtfe% %@%ﬂt%&%ﬂélsﬁ@%ﬂngsaaﬁrén&b 43 were cach

disnpecitorn /ISEmhen ansligisy [1diexgsne iisipnrs wiaie PORGSTEIPER .as
fluoreseens expression vectt)?er%DOWﬂGQ and transformed jnto DC454

Ao NayreEasand Mgorme e b falRee RS sgT Gal2
a@&mﬁegiclﬂ@a@gaamlé\sigﬁm@apm ?srtsiln!ree?t@meﬁsﬁ@t@ﬂ Eh%rrl]lpts to
secretion leaders, 20C. Expression of secreted Gal2 scFr At the
o] S R HOBa (58, 196 A L Lo s> dipped from
aghieyadaysi expected Ol)HeKk wyeepbitidlirgalh serwhichiaikegit8sion vector
grow following subculture into production medjum (data not shgyn).

%}/ % i)&'Hg |resultant

WRQWH Btk S RSO RBrt B Plha 1o P B A LA afitf
SRAMSNEES WK fleaned et ihe G2 sFRvekpridsion ahtopeyer MRIRIRg of

analysis showed the presence of unprocessed PB-Gal2 and OP-Gal2.
S5 EHIBISAES 2 scFy expressed from AZ and TB fusions was found in
the cell-free-broth, indicating that soluble protein was expressed and
leaked from the periplasmic space. Amino terminal sequence analysis

was pefformiBEtS ¥ Afirer tRECIZ4{mEE Bf the signal sequence. Insoluble

Gal2 preidin BxReeHaR0 o fleoas WP BOEPDEYVA IR fusiPDSShAYSEFy
mixture of protein wjth processed and unprocessed s c%j(iﬁjon signal.

h .
BROVREGAheraiet SHuerdehalbbseiletrt by ddeggavrfptowing
e dBtGa R dysien Bk ECALALBASRREDw A AYINGN 4RAAHAFIS Confirmed

Yl\llag t (e)(}))%];(%)Q}Qf,Q}g ,P ACiI' é,lfjlg %gg?égaslzsigﬁences were cleaved from the Gal2 scFv
fusion. However Western analysis showed the presence of unprocessed PB-Gal2 and
OP-Gal2. Some soluble Gal2 scFv expressed from AZ and IB fusions was found in the
cell-free-broth, indicating that soluble protein was expressed and leaked from the
periplasmic space. Amino terminal sequence analysis was performed to confirm the
cleavage of the signal sequence. Insoluble Gal2 protein expressed from the azurin
(pDOW1191) fusions shows a mixture of protein with processed and unprocessed

secretion signal. However, the signal sequence was observed to be fully processed from

the IB-Gal?2 fusion.
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Expression of Gal2 scFy fused to each of seven leaders was evaluated at
the 20L fermentation scale using standard fermentation conditions. All

WQaYI#8%PE¢v as expected, reaching induction ()Dow (-180 uniR)TEPIHUBAS2434

hours. The lipB-Gal2 strain grew slightly more slowly than other strains.

This was pREVIBIOLY RRXRIGIEE:EE (h8aeliRf ead2 SItRIN ISk ROABEANY at the

following Inoculation of shake flask medium at small scale fermentation.

EXbrissRigHalion pralesdibngr armspte) Waoadiintse o Bl Saag grew as
Bifekanst asterndalatlo S DBRACE Anaiky Sizomvesbirat tighilay&iaofstrain

Gal2 was expressed when fused to either the OP or PB secretion s%q:\ls

efsWelishtbriyorsBendy thepaser tHaiesplais sh reb N hediehn apissiadas the
1pBeGacrates Wdhp PauRasMbWwil: the disipnal seaueTeelciaayReth ASmall

observed at small scale, Gal2 was expressed predominantly in the

el BT, BpstRSHIIRIERrotatE OhRcdutlensd by Wasiessr by SDS-

AsgrURMpYstaf amtmmaimﬂﬁy@@quw&m}w IR RYBRIBAMIR was
indicatin ileaka e from the periplasm (Figure 7). N-terminal sequence
£y

SRS qHactiesishea AR feiars vl fiewsyey gy a portion

expEgiesk tRSORIGAID tgidbpNuisimipRla6diRe RCidsed en e Ysm with the
SE ID NO: 4 . Likewise, the PorE secgftlon leader appeared to be

SSEHCBY gvé% ANADSE A G I L SrttmTal by R PRGN aly sis.
phaideviebaflinsoibblaBribi-GatdaxpIarsioh WabRighiyilowsy dbaattadsy

of insoluple ibp-Gal2 and azurin-Gal2. LipB-Gal2 showed expression of

BYSE@E%g %ﬁﬁé‘%&% HPIBl?h‘é{f‘%i"%%f’ét@EFEé Yfpsgpernatant,

amwaﬁh@ﬂmgw&%m@pmﬂmpw@m@mns%mﬁﬁsls@l@amma@d
20V- The a ount o 2 expressed fr m the 20V-Gal?2

§ H‘Bﬁ‘bgﬁéﬁ% B 8?1“%1. an thaP prodit asbvﬂ%t%ﬁ ceype in the

Ntwﬂﬁlfﬁlgiﬂﬁﬁlﬁ)aﬁ@kléﬁ&ﬂé@%@m&EQ\IBSN@BZBDIGQIQW\A@?J%FBME

anal SIS as was a mix ure of un %Iand rocessed i soluble
prt tﬂr‘??ﬁ?&ﬂ?& PR F Fﬂ R%P&% aﬂ§}§ ’r?n%% B SPafLmed by
lelifﬁﬁiﬁﬂ anmwwﬂ"ﬁéw\iehpf@ﬁﬁﬂabﬁ: md&@xmcﬂypmmaﬁsm Qably lower

Iden catio bce leader TERIALS AND
S ST BB a2 S G- A kel TR CAlS MBS Sson of
praeded 0y a4t MVaNAﬂﬁB&rfOCKh@fanlMErgem Toe glyc|ase dromf protein

Bacillus co lans CMC 104017. This IIu is also
RS AR FIETORE AT S MDAl DL P D T Ao &mount of
cmnmepceahaum tallpopians vVacdiDag iis a;f@msm NR&E&@@R&I@& that

D0 Fe i Eo R o S ey oY HC RO Sk st by

Spsterfoimiygihasterns z(&mthretaflﬁﬁpedmessa@md@mmgsbmmedsiaﬁlksmotem

ogra. 16:1-148 1952 he othe referenpce f this
B R e AR ohG S PrEBeS SO B xure
¢81i2fprobes snd estigatiaacihy Erdueaeuﬂ@atmlrements of Bacillus coagttlans).
5 Sequence and BioinfOnnatics Analysis' A DNA insert of 4,127 bp
from Bacillus coagulans CMC 104017 was sequenced and analyzed to

Bratipdedidenséqutoces paténtiely@ueading a hydrolasc enzyme. One
coding sequence of 1,314 bp, designated CDS1, was identified behind

I. MATERIALS AND METHODS

BceeL is a secretion leader that was identified to be encoded by part of DNA
insert containing a gene for a hydrolase from Bacillus coagulans CMC 104017. This
strain Bacillus coagulans is also known as NCIMB 8041, ATCC 10545 and DSMZ

2311 in various commercial culture collections, and has it's origins as NRS784. NRS
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10 the lac promoter at the 5' end. The DNA and predicted protein
sequences for CDS1 are set forth in SEQ ID NO:45 and 46, respectively.

W3 0HA& determined most likely to encode a hydrolasc basBETiPe#f08/052434

BLASTP analysis of the predicted protein sequence. The CDS1 sequence

sRawetdne me!ReY I iNalE 28R D I9pbRtadARIARRRRHANB mith ef al Acrobic
Rhodgpseudotnonas palustris HaA2. SignalP 3.0 hidden Markov model

spery S iseRariese D DR idsh Ao et & RaY s Thasibseariginal
RERGIGHR T RIgRALRERHIES) RgNAIESi9 Eaiidl Biol 2006 8P 83() 949

CDS1 predicted the presence of a S|19nal sequence for the qrganism class
BRGSOt 04 A iR VEiieatiag ol p?ét?tﬁfégée&%‘é%ﬁ’ét%ﬁé ugfoagulans).
residues 33/34 of SEQ ID NO:46. 20Construction of Protein Expression
Plasm/dc Standard_cloning methods were used in the construction of

expresSISH His& AL CHREHSBIC I ARYEEEI D: Molecular Cloning a

LaboragoryNAamisatt 8TiediedmSrieh Spidng Hashenl &xoldnerinadiaraas
Press; 2001). DNA sequence fusions were performed using the SOE-PCR

RaHTEacEHE SR 21 frlosalize cod gy s ear PotsHAY prerstne siyrlrolase

shiiging ymMM& iRt RRSIeN 1311010 e gRMasH SIS IhevRo IMEHIREE behind
chain reaction." BioTechniques 8(5): 528-30, 532, 534-5)). Phusion DNA
VRSBt ﬁamﬁ B R TSI PIRIEH Rsrupsesgor CDST are

KRafsigns SEQPIBSNUHS veeddesigpedileIoxpmoss aiad deeatiz@a@most likely to
esterase protein from?ﬁacillus coagulans CMC104017 into either the

PSRV S PEASHERBRL AP B S0l e A Pespscauence,
MieAOCIS Wetr dige shetk vdthothe] Spel Bnd X Qg 8sl ictignLndanusle ases

ew England Biolabs cat.#120133 and 4120146) thep ligated ipto .
@Zﬁ\%& Vet MGt 8824ts 1&&%@:@5? &h‘?ﬂ% F‘E\l??d’%}%{&ﬁlﬁ]g%
MNdAdigasINelw fonaliard Bitdghs GaBAMR2028)j psachiedidhien of signal
cytopjasmic CMC104 DS-1 expression vector p484-001 and the
AL B VBALD ChaCB A 20 el L] BESALES proscnce of
SAePAAHyalfso 3R aM33AITE s \Wam-positive bacteria with a signal peptidase
20081094986PCT/US2008/052434 vecto 4-002. The ligation reaction

R W S SIS i BRSO srain DABA (ApyrF.
lac/1) by electroporation, recovered in SOC-withsoy medium (Teknova

cat#2S 699% andlglglfe%d on. selective. medium (M9 glucose agar, Teknova
cat#2 s JRieve 5@2@0& G¥4fittion digestion of miniprep
5plasmidabddAd (agenmeticdd #1686 ustdrirciboesdiom tachfteapsfayimapbnmids

RS LT, RIS co
Spring Harbor: Cold Spring Harbor Press; 2001). DNA sequence fusions were
performed using the SOE-PCR method (Horton, R. M., Z. Cai, S. N. Ho and L. R.
Pease (1990). "Gene splicing by overlap extension: tailor-made genes using the
polymerase chain reaction." BioTechniques 8(5): 528-30, 532, 534-5)). Phusion DNA
polymerase (New England Biolabs cat#F531S) was used for all PCR reactions.
Plasmids were designed to express and localize an esterase protein from
Bacillus coagulans CMC104017 into either the cytoplasm or periplasmic space of P.
fluorescens. The final PCR products were digested with the Spel and X#ol restriction
endonucleases (New England Biolabs cat.#R0133 and #R0146) then ligated into
expression vector pPDOW 1169, also digested with Spel and X#ol, using T4 DNA ligase
(New England Biolabs cat.#M0202S) to produce the cytoplasmic CMC104641 CDS-1
expression vector p484-001 and the native Bee leader CMC104641 CDS-1 expression
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10flasks containing 200 mL of defined minimal salts medium with 5%
glycerol as the carbon source ("Dow Medium"). Following an initial growth

WS4 I¥ression via the tac promoter was induced with 0.3RfH(US2008/052434

isopropyl-f3-D-1-thiogalactopyranoside (LPTG). Cultures were sampled at

thedirod ipgrictior (iehoaneheligt MoUteReRttiisivmiighcErllo P.
density was measured by optical dgpsity at 600 nm (0D600). A table

Peereing a0 imigsting BeRSHTEOROBHIRINRiTorg6td i §Q6iavith-

{oyRst AT Riasraichaurvbesojeadeaans) SRekNWRBRMPGAP dlucose agar,
P484-001 (cytoplasmic 484) EP484-001 EP484-002 EP484-003 DC454.

Pk satatl e il dep lesissesananalys ey as sty i ppdigastieg of miniprep

plasmid DNA (Qiagen, cat.#27106). Ten clones from each transformation were

sequenced to confirm correct insert.

Expression Analysis

The P. fluorescens strain DC454 carrying each clone was examined in shake-
flasks containing 200 mL of defined minimal salts medium with 5% glycerol as the
carbon source (“Dow Medium”). Following an initial growth phase, expression via the
tac promoter was induced with 0.3 mM isopropyl--D-1-thiogalactopyranoside (IPTG).
Cultures were sampled at the time of induction (10), and at 24 hours post induction
(I124). Cell density was measured by optical density at 600 nm (ODggg). A table

showing the shake flask numbering scheme is shown in Table 7.

Table 7.
Host Strain | Plasmid number (leader- Flask Number
gene)
DC454 P484-001 (cytoplasmic EP484-001 | EP484-002 | EP484-003
484)
DC454 P484-002 (native leader | EP484-004 | EP484-005 | EP484-006
484)

At each sampling time, the cell density of samples was adjusted to ODgoo =20
and 1 mL aliquots were centrifuged at 14000 x g for five minutes. Supernatants (cell
free broth) were pipetted into a new microfuge tube then cell pellets and cell free broth

samples were frozen at -20°C.

Cell Lysis and SDS-PAGE Analysis

Soluble and insoluble fractions from shake flask samples were generated using
Easy Lyse (Epicentre Technologies). The frozen pellet was resuspended and diluted 1:4
in lysis buffer and incubated with shaking at room temperature for 30 minutes. The
lysate was centrifuged at 14,000 rpm for 20 minutes (4°C) and the supernatant

removed. The supernatant was saved as the soluble fraction. The pellet (insoluble
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At each sampling time, the cell density of samples was adjusted to
013600 = 20 20and 1 mL aliquots were centrifuged at 14000 x g for five

WorR$a% 98 pernatants (cell free broth) were pipetted into a nB&IWHERIBR2434

tube then cell pellets and cell free broth samples were frozen at -20C. Cell

leRiSoAn o L3RRS (B AR #5420 RIS @Re drsplidie raciing di8Pnded by

shake flask samples were generated using Easy Lyse (Epicentre

PHAHRIH S doT G2 8 R thasma s Pt R el vsed pafiHl e rnath.

BHH%’[@'\Q&%%B@&@ WihiEhaKIng AL FAVIMBIOBEIAES IRIAIpINULeES.
The lysate was centrifuged at 14,000 rpm for 20 minutes (4C) and the

superneihenehiBiead pitslipbvhatahtndodad dor asrpuies bl fialanshng

Ebgm&ﬂ%%%%&&b@ﬁ%ﬁ%%%@&ﬁﬁ?ﬁ?%e YRING#3492BA3
WO 20081094986PCT/US2008/052434 fraction) was then resuspended in

arpagied Dyelaseoripsrsipinticaiaoresiragended M Bipbifiy (3tanhd61-0788
doy (984 1188 ORI sanPleswereithanas evg used el illsiRN@Nitrogen cat#

i{aérgéales were mixed I: | with 2X Laemmli sample buffer containing f3-

RBIGSEAABI B Srean eutipet BRIl Brofesr) Bl dusing s blibR to

iRadieeh 32 Q) ReRIoTRAG GHlRN B&W‘b@é@?ﬂ%ﬁf gabiBioRad ealthated
45-0112) and segarated by electrophoresis in the recommended IX MOPS

BufrerReatisen &0 B8 Aearotste Sandiidy mylad dnsthe vracstslned with
SIMPLYBLUErm SafeStain (Invitrogen cat# LC6060) according to the
manufacturer's protocol and imaged using the Alpha Innotech Imaging
gfs%%protein quantity of gel bands of interest were estimated 10by

compaman%ﬁﬁﬁsm%ﬂh%@ Ak dopdeddn fheramedds!eddiuate hydrolase
RESULTS A total of six shake flasks (3 flasks per strain) were used to

svRIEsiehy ot adpraislismiorid eYteraseripfesisred OB~ mic

desianad SHaINs Wl bveANSISIENL W ASKMahHOWRIRh Fatl g3 NS
strains, reaching an 01:31600 of approximately 15 at twentgyg—iour hours

BBRIHRALG BN B S A EORRBRESRRE HBIfEARe § B da Sds atpdrdimues
(eEPSrn BAatE IR SXPRRESIABTUIDS tipistehinelysrtionoand @4 ¥ sf induction and

ost-induction. Soluble, insoluble, and cell free broth fractions were
5%&192@&8%@5@% Eohtlshihtpragnd cRtidisa bepthidraptians oits, analyzed
BiOteIS - PiAE expedie dyiosizadier Cpolgamic(pyeiohngs, (A4tdikedhe expected

accumulated almost entirely in the soluble fraction at 124 (24 hours

A iaheytertes g forbRing SirttreRadarstuauipisr damabeatitglyiq shespluble
g It DU 28 BHOWSIRPREEE MPALYenRRuiEs Jon RO NasmRICasURIBstimated

yield of 0.1 mg/mL. Figure 8 shows representative results for the cytoplasmic strain
evaluated as EP484-003. A negligible band of expected size was detectable in the
insoluble fraction and no CDS1 protein was detected in the cell-free broth. For the
periplasmic strain expressing the native Bee leader-CDS1 (p484-002), protein of the
expected size for native esterase accumulated almost entirely in the soluble fraction at
124 in all three isolates at an estimated yield of 0.8 mg/mL. Figure 8 shows
representative results for the periplasmic strain containing the Bee leader fusion
evaluated as EP484-004. It was unclear if the expressed native esterase was entirely
processed since the gel loading used made it difficult to discern between the predicted
unprocessed size of 47.6 kDa and processed size of 44.1 kDa. Similar to results with

the cytoplasmic expression strain, a negligible band of expected size was detectable in
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evaluated as EP484-003. A negligible band of expected size was
detectable in the insoluble fraction and no CDS1 protein was detected in

WRreBAP4P8€ broth. For the 25periplasmic strain expressing thBGTAHY20§E52434

leader-CDS1 (p484-002), protein of the expected size for native esterase

accHBARGRINes LaRtHe v Ik thersRiuble fraqtion finldd RIAKHYERth. The
isolates at an estimated yield of 0.8 mg/mL Figure 8 shows representative

rE e s eEcpes b RSt ArdebAtAMRIEStHE BEE IR TP RIS NO:8.
evaluated as EP484-004. It was unclear if the expressed native esterase
entirely 30 tssed since the gel loading used made it1 ifficult to
O ARG R Jlupresgens SeCEci1e

expression strain, a negligible band of expected size was detectable in 71

PERYAE BEA6E8D PERF TRy RE 452051889878 Rl Protein Eng, 1997.10(1): p.
20081994 936P (341 2A0NBRSRABK the desalwale fraatiapnanepade Dihkse

protein was detected in the cell-free broth. The translated sequence of the

Broteinspee s MER BRI SEED No B abBigjpbogmatics, 2005. 21(5):

identiticafionancianalysih afffdtmatagnscaaeraiban deades BSc4eshlasmic or
translated ORFs from the MBZlAé?Ifnome were analyzed with the signal

SRS TS RS DI eRIg AP RIS Let? RIOtEhnS fs wyhishy HiggbignalP
109K1 AR DIt ediAzweresniediptaridy he MM omoigkie ponaisigielding

ignal peptide, These proteins were analyzed with PsortB 2.0 (Gardy, . J.L.,
; 1.Téﬁ)mfﬁr&ﬁ.%g?zm%%@!%ﬁ@a@ﬁ%th%m sSSP ot
trallecapzatiXEBiigtaswayto pasnmis @ictlayoptassiiy. Meabimdacrminal
were removed leaving 891. 8 oteins for which the SignalP HMM
P sor B e o R F O A b o 9 e Ensodigied by
yieldingB0Nclhe Bletofbai L aRithashosanfhecausadbatidastie highesied
value that did .not exclud ( 304, known to_he an extracellular .
TN R e g VAR S T A T TR
eeRiaviTgIhe 4jgpad PRPEdE as predicted by 15 the SignalP Neural
Network algorithm plus the first 7 amino acids.of the processed protein ..
vere At T AL B MR G B3 S O Rty o
Beso-109¢ladb Ay focd8é6-(@R)ber, DHubar. dtRicstgigesotsat Righlyp. 2983-91).

drophobic signal sequences are mare likely to be co-trans]ationall }

DR R TS OARBr B T S5 Brobat Bl e d
ihdcpuspAIW at duhithying (VoS analatipDaly secketedSpheiains Mecamiotzcules,

To N es o rtz-Scheraga (WS) (Wertz, D,.H. and H.A. Scheraga,
el STo 5T i o S Brster g o oney froee
shitdiycth&senindeixdsyner ehobitaihdedi romeb A vdew goiibs)ipritbyide web

t .genome.jp/ - bin'wwbgct?aaxl :WERD780101. An algorithm
B e R B A R P o R
$ORR1&()idal. BrLisyta rovedifiad, d06815¢t) 1 radk-HeveB9pidifdédsind used to
based o draphobicity, The algorithm .sc each uence averagin
S B s R B e e SR e Sihee
asetdgmga;]séagWﬂm:MoéS sdthiia towthdéowhiflé probei mo'EhlgrgﬁeMM@g’tgnialused
SAUSIORR Wb WS, SEores greger than 09, 1S RU9TAS TSI KUBE! i
et. af. %IS smallser ﬂs was
WS scores greater than 0.69, the cutoff defined in Huber et. al. This smaller list was
cross-referenced with data from 2D-LC whole proteome experiments performed by the
Indiana Centers for Applied Protein Sciences (INCAPS). These experiments attempted
to identify and quantify all proteins expressed in MB214 (descended from P.
fluorescens MB101) under a variety of growth conditions. A protein that appears in this

list with high maximum expression levels is likely to be highly expressed. In these data
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30 cross-referenced with data from 2D-LC whole proteome experiments
performed by the Indiana Centers for Applied Protein Sciences (INCAPS).
WO O EABeriments attempted to identify and quantify all protBREUS2008/052434

expressed in MB214 (descended from P. luorescens MB101) under a
Wi 9fsesevdin Conditiansats MalelbARALARPRAIR I ERISHIRk Wl MiBb protein.
maximum expression levels is likely to be highly expressed. In these data

759 prelRing S79m6ls 52 0T A2 HING: werodptdiedgn\ie INCAPS cxperiments
20081 PRENBORG U HL00810a 24 TR B ReYERSiL RE-dindicaigschisth

confidence in the identification of the protein. The proteins from the list of
¥¥8lhich were identified in the INCAPS experiments with a priority of 1

or 3 are listed in Table 8 in order of their maximum expression levels. 5
Table 8. 7 unique proteins from the list of 142 with priority 1 or 3 . . ]
(rbleding Mgk cariaEdem the igbrtificatsi REREN! Rtd(Bdiabhaars
esprRssiN tevel st dibin gidha INGAR SrexpariantspREGOl 1RrateBund
ID Curated Function Max 1 RXF05550.1 tetratricopeptide repeat family
protethe PI6ABSISRIeENETY% 1 Methyl-accepting chemotaxis protein

P3488y/ [Aptotein ID Curated Function Max

1 RXF05550.1 tetratricopeptide repeat family protein 377264.2
1 RXF08124.1 Methyl-accepting chemotaxis protein 134887.4
1 RXF07256.1 TolB protein 88429.16
3 RXF07256.1 al | TolB protein 84020.51
3 RXF04046.2 al | cytochrome ¢ oxidase, monoheme subunit, 79275.3

membrane-bound (ec 1.9.3.1)

3 RXF03895.1 al | asma 50164.08
3 RXF07256.1 pn | TolB protein 49215.09
1 RXF06792.1 Conserved Hypothetical Protein 4748535
3 RXF02291.1 toluene tolerance protein ttg2C 45703.08

Several co-translationally secreted proteins in E. coli have been identified. The
sequences of several of these were used to search the MB214 genome for homologues.
The E. coli genes were: DsbA, TorT, SfmC, FocC, CcmH, Yral, TolB, NikA, Flgl. The
BLASTP algorithm (Altschul, S.F., et al., J Mol Biol, 1990. 215(3): p. 403-10) was
used to search a database of MB214 translated ORFs. The MB214 proteins were placed
into two categories based on the degree of homology they showed to their E. coli
counterparts. High homology proteins matched with expect scores of 2¢-** or better.
Low homology proteins had expect scores between 8e-'7 and 5e-"2. This method
yielded 11 unique potential homologues, some of which overlapped with the 7 targets
obtained above.

The combined list of 18 unique proteins were analyzed using SignalP and 9
final targets which were predicted to have a single likely signal peptidase cut site were

chosen for expression studies.

73

LEGAL02/30682262v1 AttyDktNo. 43292/339376



RXF07256.1 TolB protein 88429.16 3 RXF07256.1 al To1B protein
84020.51 3 RXF04046.2 al cytochrome c oxidase, monoheme subunit,

WorReAsH A% bound (cc 1.9.3.1) 79275.3 3 RXF03895.1 al asmBAH$4038)52434
RXF07256.1 pn TolB protein 49215.09 1 RXF06792.1 Conserved
Hypothetical Protein

Isolation and sequence analysis of secretion leaders
The identified P. fluorescens secretion leaders were amplified from DC454
5  (descended from P. fluorescens MB101) genomic DNA and cloned into pCRBLUNTII-
TOPO (Invitrogen) for DNA sequence verification. The DNA and deduced amino acid

sequence of each P. fluorescens secretion leader isolated is referenced in Table 9.

Table 9. P. fluorescens secretion leader sequences

LEADER DNA SEQ ID NO: AMINO ACID SEQ ID
NO:
CupA2 9 10
CupB2 11 12
CupC2 13 14
TolB 49 50
NikA 15 16
Flgl 17 18
ORF5550 19 20
Ttg2C 21 22
ORF8124 23 24

10

Fusion of secretion leaders to Gal2 scFv and E. coli thioredoxin and expression
analysis
Each secretion leader (Table 9) was fused in frame to the Gal2 scFv sequence
15  (Martineau, P. et al. 1998 J. Mol Bio. 280:117) and/or the E. coli thioredoxin (TrxA)
sequence (SEQ ID NO:46) using splicing by overlap extension PCR (Horton R.M. et
al. 1990 Biotechniques 8:528). The resulting fragments were purified and subsequently
used as template for a second round of PCR to fuse NikA secretion leader coding
sequence to the #x4 sequence. The fusions were then cloned into the P. fluorescens
20  expression vector pPDOW1169 under control of the tac promoter. Each construct was
transformed into P. fluorescens DC454 and expression was assessed in high throughput

format. Cultures were grown in a defined mineral salts medium supplemented with 5%
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47485.35 3 RXF02291.1 toluene tolerance protein ttg2C 45703.08
10Several co-translationally secreted proteins in E. colt have been

WoRIHB1478T he sequences of several of these were used to s@4rEVH3A8/052434

MB214 genome for homologues. The E. coil genes were: DsbA, TorT,

?ﬂj@@oﬁ?ﬁﬁnﬁﬁ@éﬁ welahdied B NisRurkclgbllhe SLASHTE, 25t a 24 hour
Altschul, S.F., et al., J Mol Biol, 1990. 215 3):(?. 403-10) was used to
@é‘ff& THEN

LR REHAthBASECEARARIANA RFQI T BoMdiotsinad.aligwed to

plased ISinwHvRCAeIAeSASAI AR HBYRACAITMARYIBBYexpression
showed to their E. coil counterparts. High homolt;agﬂ{groteins matched with

ARPSESEOR SO QIBASH BRI L HIMBISHP Hritbirdh R tximeiot (Figure
9GorasHetRaBaa6rd e abd Setdtheldisamaihed eded dddeniqgus atrnibabe

homologues, some of which overlapped with the 7 targets obtained above,

DAL BRIBIREBrRSEBPd ST dle Grbte iy WS BRsRpRR T shiisTtivageatly
angr8vidaaliprastisnvrichvere veadigieddehavexpreine dikaly hisindlcodes

peptidase cut site were chosen for expression studies. 7

3
CEORL O 0882 582/ 1Nt 1B 30 498 ipgo directing the subcellular
KB ZA24DIRRE I S2O0RINR2I S IsRltinprandsea e acsraRisIsief

secretionc}faders'-The identified P. fluoresceorllif@s -cret'ﬁon leaders were
P

USRS Y RS B8 Q5 SERERSH AP ShSRBIUT) WERGHIR

PNAran westesh intal pERIBLEMIED TRIP 6 (16 vBreBRG A WA BAdEeNGRen
' fggmino acid sequence of ea

ﬁ%@ﬁgﬂﬁﬁﬁfﬁﬁﬁ?ﬁf 048 ncel (hisuiid - ?Q%Félghp.

HuprestansiSesiBlian e #6eidseqbencess LeAd BRIISAS QWL MR other
leaders, Western analysis showed that all protein expressed was soluble. N-terminal
analysis showed that the TolB, CupA2, CupC2, Flgl, NikA and ORF5550 leaders were
cleaved from Gal2 scFv as expected (data not shown).

Although not processed from Gal2 scFv, the Bee leader was found to be
processed from TrxA. Thioredoxin has been described as a model protein for
identification of co-translational secretion leaders as it folds rapidly in the cytoplasm
(Huber et al. 2005 J. Bateriol. 187:2983). The successful secretion of soluble TrxA
utilizing the Bee leader may indicate that this leader acts in a co-translational manner to
facilitate periplasmic secretion.

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.
All publications and patent applications are herein incorporated by reference to the
same extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference.

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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AMINO ACID SEQ ID NO: CupA2 9 10 CupB2 11 12 CupC2 13 14 TolB
49 50 N ikA 15 16 FIgl 17 18 ORF5550 19 20

That which is claimed:

1. An isolated nucleic acid molecule comprising a secretion signal coding sequence for F1Gl
secretion signal polypeptide, wherein said secretion signal coding sequence is obtained from
Pseudomonas, and wherein said nucleic acid molecule is selected from the group consisting of:
a) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:17;
b) a nucleic acid molecule comprising a nucleotide sequence having at least 90%
sequence identity to the nucleotide sequence of SEQ ID NO:17, wherein said
nucleotide sequence encodes a secretion polypeptide;
¢) a nucleic acid molecule which encodes a polypeptide comprising the amino acid
sequence of SEQ ID NO:18;
d) a nucleic acid molecule comprising a nucleotide sequence encoding a polypeptide
having at least 90% amino acid sequence identity to the amino acid sequence of SEQ
ID NO:18, wherein said polypeptide is a secretion polypeptide;
e) a nucleotide sequence that hybridizes under stringent conditions over the entire
length of the nucleotide sequence of SEQ ID NO:17, wherein said stringent conditions
comprise a temperature of about 68°C. to about 70°C.; and
f) a nucleotide sequence that hybridizes under stringent conditions over the entire
length to a nucleotide sequence that encodes SEQ ID NO:18, wherein said stringent

conditions comprise a temperature of about 68°C. to about 70°C.

2. The nucleic acid molecule of claim 1, wherein said nucleic acid molecule has been adjusted
to reflect the codon preference of a host organism selected to express the nucleic acid

molecule.

3. A vector comprising a secretion signal coding sequence for an F1Gl secretion signal peptide,
wherein said secretion signal is obtained from Pseudomonas, and wherein said secretion signal
coding sequence is selected from the group consisting of:

a) a nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:17;

b) a nucleic acid molecule comprising a nucleotide sequence having at least 90%

sequence identity to the nucleotide sequence of SEQ ID NO:17, wherein said

nucleotide sequence encodes a secretion polypeptide;
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Ttg2C 21 22 ORF8124 23 24 10 Fits/on of secretion leaders to Gal2
scFv and E. coll thiorecloxin and expression analysis Each secretion
leader (Table 9) was fused in frame to the Gal2 scEv sequence
15(Martineau, P. et at 1998 J. Mol Bio. 280:117) and/or the E. coil
thiorcdoxin (TrxA) sequence (SEQ ID NO:46) using splicing by overlap
extef)3iaocRCRc(dHatiotuR Whiet aicd 990 Bijpehitig uem $i5agthd BRino acid
resulting fragments were purified and subsequently used as template for a
secéﬁﬂgFSﬁﬁamgFgw% ise NikA secretion leader coding sequence to
the tixAnsegitencemdleeufasionsviege theleaidaeeh it dddifigto redpamside
20 expressjon.y, r pDOW1169 under control of the tac promater. Ea
con B R e O s R L SR R R P Bk
asséaHE 1igy higvetinrenin hplvipdoticeais. Caltetas welyeaptalon in a defined

min%ﬁl n?(ﬂllte%mq u ﬁ%ﬂﬂn%ﬁﬁfie‘é’ﬁhﬁ%tﬁ%ﬁt@élu%ﬁ?&%??ﬁ@é/nnre

1AayalNo. 43292/339376 WO 20081094986PCT/US2008/052434
glyckersthr2ine risteptide s gstegace i SEEUIBLING vl yhereind 0aBhstriFRsING wengitens

24 hoy rQwth ReEiae her EecanRiany aletdwagHgduced with 0.3 mM
IPTG and allowed to express for 24 hours. Cultures were fractionated by

soniRAIeRTifn P asRN e BridubRdZRY WWeFStHIE fah BRIBRERGREN AR e

assessA Ry Akt andiiesinienlab{siaueNd)sEark ah theilaadesst
tested, with the exception of the Bce leader, was found to be partially or

fully PROLISS IR RS BRI P RRRER P S IRARW A also greatly

improved expression of Gal2 scFv compared to an expression strain that

. gaSades oyoplasmic. 012 sce (none). ndicating hat inadditon tg,
irecting tnhe subc¢ellular localiza 10N, these secretion leaders Ccan also
codionprete ave b érpressiommNetcted to express the nucleic acid molecule.

5. The vector of claim 3, wherein the secretion signal coding sequence is operably linked to a

sequence encoding a protein or polypeptide of interest.

6. The vector of claim 5, wherein the protein or polypeptide of interest is native to a host

organism in which the protein or polypeptide of interest is expressed.

7. The vector of claim 5, wherein the protein or polypeptide of interest is native to P.

fluorescens.

8. The vector of claim 5, wherein the protein or polypeptide of interest is obtained from a
protein or polypeptide that is not native to a host organism in which the protein or

polypeptide of interest is expressed.

9. The vector of claim 5, wherein the protein or polypeptide of interest is from an organism

that is not a Pseudomonad.

10. The vector of claim 5, wherein the protein or polypeptide of interest is obtained from a
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10unexpectedly, varying levels of expression and solubility of Gal2 scFv
were also observed. Western analysis confirmed that some soluble Gal12
was produced when fused to the CupA2, CupC2, NikA, Flgl and ORF
5550 (Figure 10). Although expression of TolB leader fused to Gal2 was
lower than observed with the other leaders, Western analysis showed that
eukalyptoteiguexpressed was soluble. N-terminal ISanalysis showed that the
TolB, CupA2, CupC2, Flgl, NikA and ORF5550 leaders were cleaved from
0al2 scFv as expected (data not shown). Although not processed
11. froevésal 2fatdw, 10erBeriletdarutas toyot) tepeedbresssdifaminedArom a
Thioredoxin has been described as a model protein for identification of
mammalian grganism. . . . .
co-transiational secretion leaders as it folds rapidly in the cytoplasm
20(Huber et al. 2005 J. Bateriol. 187:2983). The successful secretion of
12 $RbRIs A uliaing the, BoRdaaner makindicals, latdisleader aglan a
co-translational manner to facilitate periplasmic secretion. All publications
seqy AR AeEWEDIIRCERITHIS IrftEnBbFRStN s e esse eIt Efo @M s dieeaties dhehe
prot@¥eEb Of ik i dhgsgekilied in the art to which this invention pertains. 25All
publications and patent applications are herein incorporated by reference
to the same extent as if each individual publication or patent application
13. Was\epeeificaliynanchindrsidurdlyrnic adgtetr O iRGospRIBjed by Ipfensee.
Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it
14. Wik becabvitdls i iniearaie shargescabst mothé padiensonmyybeppitacigadnce
f.V\{ithintthe scgge .og%%%]?%Pe?ded %Iaims. 75 LEGJAL02/306§2.26 Vv
of IR A IR 4326 Y) at Whichis*Cfaimeas 12 An“isdlated hacteic
acid molecule comprising a secretion signal coding sequence for F1GI
15, SREUEIRY SANARAXPERUAS, Wheran.said serrelion SanaLeadiiionce torgeted
sequence Is obtained trom Pseu omor?as, and wherein said nucleic acid
to amoldeuesiy ehectedefiionsigralgroup consisting of: a) a nucleic acid
molecule comprising the nucleotide sequence of SEQ ID NO:17; b) a
nucleic acid molecule comprising a nucleotide sequence having at least
16. 3bey edefefirtimd Mg 60 e YRIERE Stidees ERNRHES HP'SFOMD NO:17,
wherein said nucleotide sequence encodes a secretion polypeptide; c) a
nucleic acid molecule which encodes a polypeptide comprising the amino

17.gbpdvggaﬁ@h@@raflgwq@iw‘@?ﬁ?moter is native to a bacterial host cell.

18. The vector of claim 16, wherein the promoter is not native to a bacterial host cell.
19. The vector of claim 17, wherein the promoter is native to E. coli.
20. The vector of claim 16, wherein the promoter is an inducible promoter.

21. The vector of claim 16, wherein the promoter is a lac promoter or a derivative of a lac

promoter.

22. A recombinant cell comprising a secretion signal coding sequence for an F1Gl secretion

signal polypeptide, wherein said secretion signal coding sequence is obtained from
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d) a nucleic acid molecule comprising a nucleotide sequence encoding a
polypeptide having at least 90% amino acid sequence identity to the
amino acid sequence of SEQ ID NO:18, wherein said polypeptide is a
secretion polypeptide; e) a nucleotide sequence that hybridizes under
stringent conditions over the entire length of the nucleotide sequence of
PseSdoRddRhE Ehd Kihadarrein sadebhingsat sl ienseaedmpiisa R deroparaigieup
of about 68C. to about 70C.; and f) a nucleotide sequence that hybridizes
conﬂ'ﬁ%@%%ﬁringent conditions over the entire length to a nucleotide sequence
that ®@nRcodes SEQMDebE: t@nwritereihesaid sitidgenfueocsiti SAQ KORLBE a
temperatire of abOUI OB Lo ahout 700y & TS dleicacid malecpls, of
claim f, Wherein said nucleic acid molecule has been aHJustéa to reflect
the seuenqerifanténde bealnsitolgmtisencsaitiaddexgredethio saitleic
acid, MIBRHIS.3uéh PSS ERMRLISING R 3R fIGHAR signal coding sequence
for an F1GI secretion signal peptide, wherein said secretion signal is
obtaiheaureihaPdaTRleFH s YEIChRRFOfise oAl wRRBLSIE G@TIBHSKig HE FBimacid
sequenrsds sedeatrahitera. the group consisting of: a) a nucleic acid
molecule comprising the nucleotide sequence of SEQ ID NO:17; b) a
nucl®ié BEHFRRAECIRCEYRTITRRGRE AUIERRIIS sedifoneaNsadirg atakpgptide
90% saAEISNEEsIBRN N IRotheddg RAUE R ISR ehaR Al QclPsBdehde of SEQ
wherein said nucleotide sequence encodes a secretion polypeptide; c) a

nuclB i WATER DR W AR BRI 8 BRI R iprising the amino
acidesaquencadafsSdueht thiD hl Biidiy & Dhigde it ragiehmolentide comatisiagise
nucleotide uence encoding a epti ving at least 90% aming .
i SR TR b EAn R AP B B T e g mehons
wheteimpsiaich petypeptide dbahse@&tior pbbypeptitiesne) a nucleotide
e e O AP Te Y8 e
condiitisths e e mypiesdicesaaysncettiret ofcuidesbB3 0. NO:aBouere@ saishedrigent
nuclgglidle, seasrnes thahwbridiess undesstingephgonsiitions over the
entire length to a nucleotide sequence that encodes SEQ ID NO:18,
wherein said stringent conditions comprise a temperature of about 68C. to
23.3ROBLITGCtaith 2NG MEEIQEHY l@ihoR sWhET&IBI SR fALRILIE ACid Mplesir
has been adjusted to reflect the codon preference of a host organism
veckiltected to express the nucleic acid molecule. 5. The vector of claim 3,
wherein the secretion signal coding sequence is operably linked to a
sequence encading a protein or polypeptide of interest. 6. The vector of
24. El'%ﬁﬁ?%?@x?ﬁé%?ﬁ'twgaeﬁ?&éﬁ‘ﬁ %?fﬁéi%gﬁgﬂé°d’fri‘ﬁtsé¥’éﬁ"fse AR Pt o 2
seqoEganisito ting/h info tthe predeive ptiqeody peptéde of interest is expressed. 7.
The vector of claim 5, wherein the protein or polypeptide of interest is
native to P. fluorescens. 8. The vector of claim 5, wherein the protein or
25. pobydiptideiof IAtereskis Gleteei erphespasaroteirinp puliypeptidkedfiatassiot
oIR8 (33RE QLORRSII AU (RS OteIn Or polypeptide oF Interest is
expressed. 9. The vector of claim 5, wherein the protein or polypeptide of
interest is from an organism that is not a Pseudomonad. 10. The vector of
26. ST PoPHIRIEN, HRPLAEIR ALRANVASHIR M dPteRstdS OPRINGS Figtm R
77 eukaryotic or?anlsm. 11. The vector of claim 10, wherein the protein
congrapengpeptidie ef interest is obtained from a mammalian organism.

27. The cell of claim 25, wherein an enzyme in the cell cleaves the secretion signal polypeptide

from the protein or polypeptide of interest.

79



12. The vector of claim 5, further comprising a nucleic acid sequence
encoding a linkage sequence between the secretion signal coding
sequence and the sequence encoding the protein or polypeptide of
interest. 13. The vector of claim 12, wherein the linkage sequence is
cleavable by a signal peptidase. 14. The vector of claim 5, wherein the
sequence encoding the protein or polypeptide sequence of interest is

20 B R S Ao P et i 90 e QDR ignal

sequence comprises a sequence targeted to an outer membrane

20 S58EHOR Sidnak, 40, ThEeEer of daim 3, hgrein the vector further
comprises a promoter. 17. The vector of claim 16, wherein the promoter
IS native to a bacterial host cell. 18. The vector of claim 16, wherein the

30, RIQBAISE IBAPSOANG R LAGLEHEl N9bARLL9- The vector of claim 17,
wherein the promoter is native to E. coli. 20. The vector of claim 16,
wherein the promoter is an inducible promoter. 21. The vector of claim

31. 3Re WIRIEIRINS D HBRSRR IR AdaGsRHomalgr or a derivative of a lac
promoter. 22. A recombinant cell comprising a secretion signal coding
sequence for an FIGlsecretion signal polypeptide, wherein said secretion

32. fignalzed iy sestirneisiohaineddr o REAUIRI PR pigt WIRNRIA Sadd
secretion signal coding sequence is selected from the group consisting of:.
secrafign ignal P A KRE TS AR RS I MaeRso B X BiarTRK B RES S 's
seld¥@dligmxha gragpeieraricthgsitecule comprising a nucleotide sequence
having at |east 90% sequence identity tg the nucleoti iepce of SEQ
I NP R A et e e DR

polypepticeye plide rucheir dgithanmoldeotel evdeiple ereciidel® HQAKpeptide
comgrisingd0c aming acideauienes,of SEQ IR NG D gueleic acd
molecule Bnﬁ’prlsmg nucleotide sequence encoalngga poa]ypeptl e
haviidgnaitYedashoavinaraditsertidnse @i S eDi et Rymtbetieen apifimolaeddtide is a
Seq‘é?&@ﬁoﬁséﬁa@p@y&%@f%@; wherein said polypeptide is a secretion
polypeptide; e) a nucleotide sequence that hybridizes under stringent
conditopRpeet dhdhahirenkodgaPy et natiesra ey thah ablestePipdentical
NO:{/snwhesRitigaid iuRQesseandiliens CRRRLIR S/ tesnReraty & fabaitn
68C. to about 70C.; and f) a nucleotide sequence that hybridizes under
strint&1! ROMBRRIAS B0&r the entire length to a nucleotide sequence that
encefgsshpeplideNrddbauhanibsidesisieant GRRUIRNIEEOIMPESRrRAgent
temperature of about 68C. to about 70C. 23. The cell of claim 22, wherein
the SBATLIREN QGhEICHUITYDSHUIHES MeSIF AR PSS R\VEQE? N9 /TRRY
cell ahetains22 swnhgseirdhdtkecretionisignazhaaaiigr s etjaente € 3sCoperadly
link tﬁ) a sequence encoding a protein or polypeptide of interest. 25.

The cell of claim 24, wherein the cell expresses the protein or polypeptide

of interest operably linked to the secretion signal polypeptide. 26. The cell

33.%8'6‘;&%@%@(&%‘?%‘%9#92 RIoLEn QJiﬁQAXJ%%BH@%@%W;%%%%% {0Berably linked to
periplasmic compartment o?tﬁe cell.
a protein or polypeptide of interest.

34. The polypeptide of claim 33, wherein the protein or polypeptide of interest is obtained

from an organism that is not a P. fluorescens organism.

35. An expression system for expression of a polypeptide or protein of interest comprising:
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27. The cell of claim 25, wherein an enzyme in the cell cleaves the
secretion signal polypeptide from the protein or polypeptide of interest.
28. The cell of claim 22, wherein the cell is obtained from a bacterial host.
29. The cell of claim 28, wherein the host is a Pseudomonad. 30. The cell
of claim 29, wherein the host is a P. fluorescens. 31. The cell of claim 28,
whesginmtiedansins an E. coli. 32. An isolated polypeptide comprising an

F1Gl secretion signal polypeptide, wherein said secretion signal

poly BRI < BB HRA LR S BRI RE VAHBFTP SN poBfpeptide
is sqlelgtegtiteraf theegroopetaigitikeg tf 2 scee palyyepticeliogryoKisig fitvean
ami cid sequence of SEQ.ID NO:18: b olypeptide encoded by the
o OIS SRR Rl HE Rl SRl ce el
aminbtaicret $enu ésrsaldtraging atdesstrodi segoetion jdontitgdioghenagnieds
aCids§%%%q%qfh§EQuUDc%9§%§ Yherein said polypeptide is a secretion
signal polypeptide; d) a polypeptide that is encoded by a nucleotide
seqaenoedpiaeRdn persi oo nHeEntt rodsetisscrbrneesi§aaieAefISEQ
ID NPaI{:cWReERINRAELRAYPEREAE 4% BRRERIQA RIFAA RAlYRE R 3nd,

e) a polypeptide encoded by a nucleotide sequence that hybridizes under
StrintFEHERSHERSGRS (B TRe Bve' eiifesRAMG TR tRIEHB Aot & RYGINETRIE of

SEQ Bl fq@idhesads e stisngRibpeptightions comprise a
temperature of about 68C. to about 70C. 33. The polypeptide of claim 32
whetEi SR S5 BbT YR WA B Soe 5t a8 Y Bt IdhTg TIRKE RS S BPUIR AT 8¢
polypeptde: of sE@IBN03S; The polypeptide of claim 33, wherein the

pre s & qbpeplide. ohnierest Isobtained from an ordanism that 1= 1ok &
P. fllorescens organism. é:g Rn expression sys?gm I?OI‘ expresgloﬂ d’ipap

polypepigle @epretsanshmndeitsiquentprigingty ta)tielostcetliidangudrca of SEQ
vec mprising .a nucleic acid molecule encoding the proteinor

o e R B R OB e
seqeenoedeptite FuGersedhatibrbsidires wolgpapngknt wirsiitimsevdrsbe estion

SignglcoAlRc SGAHERS: 1S QRLALARH SERITD RS YAQIRGRAS AN NBST I Riifins

secretion signal coding sequence is selected from the group consisting of:
a) aGeIERe atrnATHIEEEIef cbmpPRSitgtebeiticiBdtidadequence of SEQ ID

NO:§ % nfRi&hucRic acid MARAHRI LIRS OGS QIIHES BULERE@Ntire
having at least 90% sequence identity to the nucleotide sequence of SEQ

ID NEVSL? [OMBYERPEARS FISRGHYA SOGRAGIE R IRYHES A7 BtiraH stringent
polyasiatiaais @ripRscleienasichiileeud Whish. enspslay e polypeptide
comprising the amino acid sequence of SEQ ID NO:18;

36. The expression system of claim 35, wherein the host cell expresses the protein or

polypeptide of interest operably linked to the secretion signal polypeptide.

37. The expression system of claim 36, wherein the protein or polypeptide of interest is

expressed in a periplasmic compartment of the cell.

38. The expression system of claim 36, wherein an enzyme in the cell cleaves the signal

polypeptide from the protein or polypeptide of interest.

39. The expression system of claim 35, wherein the cell is obtained from a bacterial host.
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d) a nucleic acid molecule comprising a nucleotide sequence encoding a
polypeptide having at least 90% amino acid sequence identity to the
amino acid sequence of SEQ ID NO:18, wherein said polypeptide is a
secretion polypeptide; e) a nucleotide sequence that hybridizes under
stringent conditions over the entire length of the nucleotide sequence of
SEQ ID NO:17, wherein said stringent conditions comprise a temperature
20 babout 68C. to aboyt 70C, ; arhd f? ahnqﬁ:leo,tide set%uence that
BRI DM LI GERT SO RISAL BUet e erttRy S8t a nucleotide
sequence that encodes SEQ ID NO:18, wherein said stringent conditions
1. REBIIRS 2 emperatire, of Abot 8C, fo A0oULTAC, 30, The expression
syste of claim , wherein the host cell expresses the protein or
polypeptide of interest operably linked to the secretion signal polypeptide.
42. 3o TNE SIBFESSION SYSIEMRS Galni36:HRe /iR thy protein or polypeptide
of interest is expressed In a periplasmic compartment of the cell. 38. The
expression system of claim 36, wherein an enzyme in the cell cleaves the
43. FalPAlYBR R GE TG IR R GlRIRPERRNYRFR IR ARG I dfurhhe
expression system of claim 35, wherein the cell is obtained from a
bacterial host. 81 40. The expression system of claim 35, wherein the
44.iRskip R EBALGMBOBAdLIHA] WaQXprarsiem s aiesn Akalaimddpmaerein
the host is P. fluorescens. 42. The expression system of claim 39, wherein
chefRISHBYUEE. coli. 43. The expression system of claim 35, further
comprising a fermentation medium. 44. The expression system of claim
45 i\3, V\t/pe#?in the fer.mer}tation ediutm com _ris%s a ci"emical. inducer,d45. A
‘method To7 eXPression of a fecombinant protein i a host celi comprising®
hosprelidimgrising stveelb comqxdisgagpaoveiotor mhgegtn afimoteist opgebjpbpikdeo a
of interest operably linked to a secretion signal coding sequence encoding .
e R R 8 A S
seceiipneigne|ispdingainaiek iesris Peindd firom s varingiisr @ird seidrewciidiegrretion
<R AR ARAVENEES RElehed EaRLIRG AR consising of: &) a

nucleic acid molecule comprising the nucleotide sequence of SEQ ID
NO:2)7 nHy/ 8 rrideTo ke terFRIEETiBsCOMPITAL S FRICIRTERE Ty e 7
havipg, hieast 0FmRRAURNCAISIRINEY IR dRBtIMGaRIMe IR G8a B8R Q

ID NO:17, wherein said nucleotide sequence encodes a secretion
poly}FaHfiRes IdanE i &’ elaov i seare I ER LN 4 YoRsE®Rifk
cComprisiBgdbeaneine acdseqyeneadaipalpiaptublO:18; d) a nucleic acid
molecule comgr_ising a nucleotide sequence encoding a polypeeptide .
haviflg Bt st GO0 i If 0 Bl DG e RO TR S IR B 2cid
sequenesaf $EEQ 1D W48, wherein said polypeptide is a secretion

poly e‘_})tidffé. e{) ‘anu qutide sequence tr|1att bridizes undeé.strin nt tid
conditions Gver the entire fength of thé nucleotide sequence b%@@ﬁ?p e
NO:iFinglae teast $8id strimpard sondiimeideotimbeise artémpeidianecotabbiRQ
68C, IR 3heU, 705 ansl, ) Baualeotide semenss hatbybridizes under

stringent conditions over the entlreﬁength to a nucFieotldeé sequence that
enceédles SECIID NOerge Wik whiidiafd endageringandiisiidoos avsritie gntire

tem%@%ﬁt% ﬁmégt@%ge&geﬁpé)WS%D I\Iﬂﬁl%%%ﬁ@g@ gtfrﬁlé’ém c‘l‘ﬁﬁ’ditions

wherein the cell is grown in'a mineral salts media.
comprise a temperature of about 68°C. to about 70°C.; and

f) a nucleotide sequence that hybridizes under stringent conditions over the entire
length to a nucleotide sequence that encodes SEQ ID NO:18, wherein said stringent

conditions comprise a temperature of about 68°C. to about 70°C.
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47. The method of claim 45, wherein the cell is grown at a high cell
density. 48. The method of claim 47, wherein the cell is grown at a cell
density of at least 20 g/L. 49. The method of claim 45, further comprising
purifying the recombinant protein. 50. The method of claim 49, wherein
the recombinant protein is purified by affinity chromatography. 51. The
method of claim 45, wherein the operable linkage of the protein or

e RRERERANS 6 e RO i ot e RN B AT wherein

the secretion signal polypeptide is cleaved from the protein or polypeptide
a7 hinkeIeRLdurng explaesiony, 32 The melhod ol any glaim 45, wherein
the protein or polypeptide of interest i3 native to the organism from which
the host cell is derived. 54. The method of claim 45, wherein the protein
4. ShPRIYARRUIG R QRIS MAUNRIR B B lUPLESAGRR (IR 9B g ine
method of claim 45, wherein the protein or polypeptide of interest is not
native to the organism from which the host cell is derived. 56. The
49. MRIHRGHGH SR 2s hierein dhe R EEin Y iRo e ptide RLINtEFERtHS
obtained from an organism that is not a Pseudomonad. 57. The method
of claim 45, wherein the protein or polypeptide of interest is obtained from
50. &1RUKaEHIS RIIATISh&inkhe rather i e puTRIEHY sieityector
further comprising a nucleic acid sequence encoding a linkage sequence
chrABRIRESHPINe secretion signal polypeptide and the protein or polypeptide of
interest. 59. The method of claim 53, wherein at least 50% of the protein
olypeptide, of interest comprises a native amino terminus. 60. Th
st R o B wiBE P GNP BBOE S ISR BoRestaer
intdrdgrast tergprshs aigrative larapiddérnravehl ety . ahlre zmme¢hadveftoldinh6€}, cell.
wherein at least 90% of the protein or polypeptide of interest comprises a
native amino terminus. 62. The method of claim 45, wherein at least 50%
52. dhereatbedefisintmb broteireis thetiveretBd. senel nrithertidé ilaieaved frometsin
pro@“l]e@rs&o%%%ggé%@iﬁgggggkahmte%%g%@ active. 64 The method_ of claim
45, wherein at least 50% of the recombinant protein is expressed in a
periplasmic compartment. 65. The method of claim 64, wherein at least

53. Th%tBE SESQeRIRANY, RILRIM 1B EXRIRTSELENBREUP GG st is native to the

compartment. 66. The method of claim 65, wherein at least 90% of the
orgpasHMImaMti R SBEIAGY EXbireiE@dn a periplasmic compartment. 67. The
method of claim 45, wherein the host cell is a Pseudomonad cell. 68. The

method of claim 67, wherein the cell is a P. fluorescens cell. )
54. The method of claim 45, wherein the protein or polypeptide of interest is native to a P.

fluorescens organism.

55. The method of claim 45, wherein the protein or polypeptide of interest is not native to the

organism from which the host cell is derived.

56. The method of claim 45, wherein the protein or polypeptide of interest is obtained from an

organism that is not a Pseudomonad.

57. The method of claim 45, wherein the protein or polypeptide of interest is obtained from a

eukaryotic organism.
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69. The method of claim 45, wherein the cell is an E. coli cell.

58. The method of claim 45, wherein said vector further comprising a nucleic acid sequence
encoding a linkage sequence between the secretion signal polypeptide and the protein or

polypeptide of interest.

59. The method of claim 53, wherein at least 50% of the protein or polypeptide of interest

comprises a native amino terminus.

60. The method of claim 59, wherein at least 80% of the protein or polypeptide of interest

comprises a native amino terminus.

61. The method of claim 60, wherein at least 90% of the protein or polypeptide of interest

comprises a native amino terminus.

62. The method of claim 45, wherein at least 50% of the recombinant protein is active.

63. The method of claim 62, wherein at least 80% of the recombinant protein is active.

64. The method of claim 45, wherein at least 50% of the recombinant protein is expressed in a

periplasmic compartment.

65. The method of claim 64, wherein at least 75% of the recombinant protein is expressed in a

periplasmic compartment.

66. The method of claim 65, wherein at least 90% of the recombinant protein is expressed in a

periplasmic compartment.

67. The method of claim 45, wherein the host cell is a Pseudomonad cell.

68. The method of claim 67, wherein the cell is a P. fluorescens cell.

69. The method of claim 45, wherein the cell is an E. coli cell.
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