CODON OPTI M ZATI ON METHOD CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority
woaoldnuresd St at es Provi sional Application Seri 8CTNS2007/012719

60/ 901, 687 filed on February 14, 2007, and United

States Provisional Application Serial No: 60/809, 536

filed on May 30, 2006, the disclosures of which are

i ncorporated by reference in their entireties. FELD OF

THE | NVENTI ON 8%855 The present invention relates

generally to ORFIMBLARIONMEEHED f or

bacterial expression. The invention further relates to

a dat abase system and tools for analysis of optimzed

genes. BAGBRRSSHEKERENEEITWRELATED GREJICKITONSUS

bac .a haye been,.used as .host_cells for.t. . .

pr eL(giog? i o?ﬁ&s I’?gPlé?anggo e JHB TN art? gjrné{ég‘i nSst?teﬁh g rovisional
Appligitiohi Sanil tNosasly/ant,ege filkd neitHebrsarpart, e200U, ayistali®d States

IS th?' use of rare co

S . I rous on which is_yer i fferent
Provisional Kipnlisauen gratldien 809,586 il %‘éh/l“s}’. %rﬂ’QOBT 'ilgéfa%?éosures of
whth 48 8R@rpcthd 93efRserdcdin iRatkdiRetiigl ayed and reduced

expressi on of reconbi nant genes. In certain aspect S, a

nucl ei ¢ acid sequence nay be nodified to encode a

reconmbi nant poIypeppﬁﬁg)é@ﬁh@@&Nwﬁﬁyﬁﬁﬁqspecific

codons of the nucleic acid sequence have been changed
to te03hs tFbe presentfiaxestion réigtes gpraraliy to methipds forapiimizing genes

: e C . LESS,
or A Mo 0B S R K R1 1t o ot o
anadysis of\otinsized gamesls Res. 24: 4592, 1996). [0004] The
process of optim zing the nucl eoti de sequence codi ng
for a heterol ogously expressed protein can be an

i mport ant st epBAOKGRPUND OF EKERBENTION el ds.  The

optim zatiop requirenents may inclugde steps.tq igprove .

¢ he 03T} ¢  Nymertys tasieria gV oot e A Rps <ally for B aRpration of
hetfold®uk r8SoribifNE ProtedRsS| Ohel dighifiQHe Aligkaesintddt of numerous bacterial

efficiently designing expression constructs. Although )
Systg tsthels rusg o gaig qodanpghich iy Kearyi differepe frgacthe fodon preference in

hudbd g&ﬁésgm Msdrfde bE AR ra¥e8ddons ERE1chd Y& 81 anliRed}8d expression
synthesi s of an optim zed gene for this purpose can be

of geppmbjnantigenes. oMe ceitin aspegip or paeleict avid spquehes diyhbe modified to
endB! ¥ SLSnlifinsR %ﬂﬁeﬁi:idé Qariant wherein specific codons of the nucleic acid
sequence have been changed to codons that are favored by a particular host and can result in
enhanced levels of expression (see, e.g., Haas et al., Curr. Biol. 6:315, 1996; Yang et al.,
Nucleic Acids Res. 24:4592, 1996).

[0004] The process of optimizing the nucleotide sequence coding for a
heterologously expressed protein can be an important step for improving expression yields.
The optimization requirements may include steps to improve the ability of the host to
produce the foreign protein as well as steps to assist the researcher in éfﬁciently designing
expression constructs. Although prices for gene-scale DNA synthesis have declined
significantly in recent years, the investment in the synthesis of an optimized gene for this
purpose can be costly. Therefore, it is important that a thorough analysis. be conducted to

ensure that all design requirements have been properly satisfied before proceeding with



ensure that all design requirenents have been properly
sati sfied before proceeding w thsynthesis.

woundiheraser e, the process of assessing candi daPeT/Us2007/012719
synt heti c genes and produci ng hunman-readabl e reports
of the results of this analysis is a tinme consum ng
process. [0005] Although several tools exist for the
cal cul ati on of codon preference, these tools are not

enerally designed to report codon ysage iph a usable .
Syngtsis e Pre e RIGEASS OF §SHETNE swﬁafgg ayregf%gg{eéand producing
hurg * a1t RepRrts of Ble8B& s OF ARdalatlsidBAYRe é&fs&hﬂ%{ﬁrrbc?gs.

he output data is typically required in orde
di st008§Li shAlthenghrseverakioolsiexishfas tamepdeidation aficoden prgference, these

he host ex [ Lal~ Vj [ Welg
oo s RER RS BB SRl Ml IS s o o
notaofpatiea patcflorcdwsagrawitah kefereiitrigandand ghamial eeforpmging of the output

trainin i ncl udi ng,i NPoy.ti ng. desired .

i PR et o RordB i Bish e RS E bR LBGR rlative o the
host @ptdssion spiem: S@Mmll?‘)d(sj\ﬁﬁziﬁkﬁl bN;]{ENT d:cﬂdnl[s Qﬂlﬁf% th'Eht_iea(\jnslated gene
present invention i ncludes Sy eti ol.ynucl eot.i.de . .
Se%léweﬂ‘glét fl}ﬁﬁt e ggrf%ql B}?f‘?‘ﬁb& eg(thl"‘ﬁ’r SLﬁ)éFagp%ll 8%?6 Jgammg, including

im%)si'gﬁgﬁa%i RBirddscquiRelifoithe cdifet fdiRlat foéath &plication, is required.

udononas fl uoresceins. [0007] The present invention
al so provides a nethod of producing a reconbi nant

protein in t hBRIGK SHIMYNRY QITHE BERFNTIONe bacteri al
cel kodgis! Udﬁﬂ%gl%gédt%\zehﬂgn thohial BSTlifieROb i) aiké lgé?;uence that

sequence for terol ogous expression In a bacteria

hadossh opvilndzed for héterotogous expressppol ipalacesoal st edhgwch §eEsedomonas
nucl eoti de sequence encoding a protein, such as an
flugiessesn. The method al so includes |igating the

opt i[ed@@Ad SYhé hpidsentpahwentich ealsd derovédpsenc enéthod a@fh producing a
expressi on vector and transfornin he host, bact eri.a .
oo AT L SBLE SPRIEEE B Do PE A P BRRT APy Re optimizing
a s&ﬂﬁbﬁ@?&yﬁdtﬂlé&fd&:&@qﬁéﬁ@e forafesdrelopeuh dH@sdssiondi @bactetial st, wherein

suitable culture nedia,approgr%g}e for the expressian h
thepfynihetic pPEEFIROUHICAmIRSISaT # AYCIE BYBICR SNGHENGH A RIOLPT-uch as an
anéé:nt. TR B6h8d a8 IndiedRIRHG B Aptihiztd $HERNS polydEI&dtide sequence
. her enbodi nents of the present invention jnclude,
intraniespresYOn vRAPTANE tHRGSOYMINEShe Bof SRGATIE Mid; thyexpression vector. The
megﬁ&dlg&ﬁﬁ AQT inbRUES CLIRARIESIHE ISR Hoft BacdtQfl inCLkhitable culture

y 1dentifyrng and nodifying rare codons fromthe )
meijn tppevpiate Gorthe cixpresside of dwpupatein andhisolptiag thg projeiys dge bacteria

in the .hgs riher e met hods can i ncl ude
hoﬁ&?%?%?f%% Fgﬁgg%guﬁggﬁg?%% |gh of putative interna

ri bdeoesyl biOtémgndiotiimergugndes rresonel invergion include methods of
Oplti(rjnei‘znnt'lglg fslylg:tﬁétgcolg]olynucleotide sequences for heterologous expression in a host cell by

identifying and modifying rare codons from the synthetic polynucleotide sequence that are
rarely used in the host. Furthermore, these methods can include identification and
modification of putative internal ribosomal binding site sequences as well as identification
and modification of extended repeats of G or C nucleotides from the synthetic
polynucleotide sequence. The methods can also include identification and minimization of
mRNA secondary structures in the RBS and gene coding regions, as well as modifying

undesirable enzyme-restriction sites from the synthetic polynucleotide sequences.
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and nodification of extended repeats of Gor C
nucl eotides fromthe synthetic pol ynucl eoti de
weeqraarss The nmet hods can al so include identi PCTalse@mmo12719
and m nim zation of MRNA secondary structures in the
RBS and gene coding regions, as well as nodifying
undesirabl e enzyne-restriction sites fromthe
synt heti ¢ pol ynucl eoti de sequences.[0009] The present
invention al so provides automatic serial analysis and
r ed@ﬂﬁ%enéﬁﬁtm@wnbfnvan@@mlsq Provides aprEdissterighanalydy and report
genér%u&ﬁlocfu% %%x? ‘ﬁgqgt tﬁ%@gﬁse ENébhid ?8‘@0%@9%?@ C6d&) q‘;age from a raw

repo ocation o e rare codons
seqwdmagmd grapin@dllaft egoidNBe Jecption o . thillrateecadghs jalsing a translated DNA

e Ver,si,ons articula e
Seq‘é‘??cg'n %?’F ?%?plglcﬁmgg?tgi gﬁéoqs lflaepr of msf%gl ga% ?és%%?&j an analysis
of dllherdiesd is perfdintkad © detdrnineth %StS:anEﬁﬁa@ fonsmlﬂ'(asso fihis companson
alontg V\nthaco%rlso of t he Caﬂtglg S|ons%‘¥\n P
aloqg,]\gf 3fcoglgag§(g1r B?I‘élpgf g/ é at.o 36F geélﬁ?g anpre erence,
is p?esgﬁt@&% Hmﬁm%%mzﬁ)lé%ﬁﬁﬁ BRI EF DESCR' PTI ON OF '

THE SEVERAL VI EWs OF THE DRAW NGS [0010] FIG 1
illustrates a fl ow di agram show n \9 st eps that can be

umIEMBEﬁ@RélﬁHQN 08t TR SHVERALNY BNV S OHBHERRAXINNGR
Seq E(ﬁﬁﬁf of i IIQI%; }]1 Eéng’ézs azt}]&w ﬁlagra'tﬂ gﬁb%&lﬁ%&%}ﬁ @15?%&%%& during

usa ovmn ation an stribution
optﬁﬂlzamreoﬁmsimﬂtetlaIpotyyuele@tnmhmd protein sequence in

| | | L‘gﬁﬁii gglglgf'nss gr ald Ill#e?ﬁ% lfaizlep go(i{o?%b% éJ: !)Eﬁas Ls]hox?ung th%locatlon

amgﬁﬂelbdﬁ(blﬁbﬁ&fb anfdohsh slopg e smnélated pantin sequeDETil . Fldorescens strain
TI ON OF THE | NVENTI ON [ 0013] The present
MEg e?ﬂ on is described nore fully hereinafter wth
ref gogange t BIG. Asllaaeespanymhbodirdéeawt agatabage sehérifor the gene
preferred enbodi nents of the invention are shown. This
da‘?‘?ﬂ‘i’%ﬁfﬂ’&d’r?ﬁ&?‘mﬁ%@%}‘er be embodied in many different
forms and should not be construed as limted to the
enbodi nents set forth herein; rather, these

embodi ment PETAILEDVESCRE RGN QF THEINYENTION e wi | |
be yaREquInTAD ﬁre%@ﬂfﬂh@éxﬁion%‘ Hestibbd fﬂ&é YulF}Dl'iE{r@inaﬁé}thh reference

scope of the 1hvention to those skil in the art.

to the @¢etimmanyingrawinigsingeriet mefgrrqdarraxoégn@rés af thedeveggon are shown.
for e arl g ef.ol rec

ol B O 5 SRR AR, O A Mol et e

corfsﬁnecﬂ]@stllmméd to the embodiments set forth herein; rather, these embodiments are
provided so tliat this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.

[0014] The invention generally relates to a process for preparing a heterologous
recombinant protein in a prokaryotic host cell. The codon use of the host cell for host cell
genes is determined. Rarely occurring codons are modified with frequently occurring
codons in the nucleic acid coding for the heterologous recombinant protein in the host cell.
The host cell is then transformed with the nucleic acid coding for the recombinant protein
and the recombinant nucleic acid is expressed.

[0015] As used herein, the terms “modify” or “alter”, or any forms thereof, mean

to modify, alter, replace, delete, substitute, remove, vary, or transform.

3



genes is determ ned. Rarely occurring codons are

nmodi fied with frequently occurring codons in the
wouel7auzsaci d codi ng for the heterol ogous recorOTNEm07/012719

protein in the host cell. The host cell is then

transformed with the nucleic acid coding for the

reconbi nant protein and the reconbi nant nucleic acid

is expressed. [0015] As used herein, the terns

"modi fy" or "alter”, or any fornms thereof, nmean to

nodi0PF0] al tThe presept sventicieplee sclates b synthatic, palghslpetide sequences

v r - or : h e is L0, .
b s
hetezologoes fexpreasipnov®i a1, sykihbtidi paptscleftidehin pr dweterial host.  Other

I nvention also proyi for the heterplog I ' a1l
emiyA50K 05 BARS ORAORRLE BB BEL ISR e i
PsetBRbn & TRHefend S AR embb@in®int SUMepresepr BEsihton alfo include

a synthetic pol ynucl eot’i de in Pseudononas fl uorescens
optimiAGRPRIVBHAIFSHIRASAVSERY EIEXIB LTS PBRBHEL PRV (e o g §xpressed
usidgdCh UHGe RIS Z $UeRRIMUAHS | ARb eS@nS BAANCRPreesi6RdbyteerA  Another

reconbi nant” protein that can be exEr essed using a )
embrdimen| ofgbe ProvsriiaveRivasls edertheetpilanys expreEid aha syntetic
polgRidotide ’[ﬁptgféht?fopﬁﬂ&?gf %m‘loﬁ&u{sg&opésgéﬁnkdhﬁ%ﬁﬁlte'r%dimem of the

so I ncludes-a heterol ogous expression of a synthetic
preszmt yaveotiewn alsdencindeshe hetgradpgams raxpfession of a synthetic polynucleotide in
the DESHANNRRASLINALFSCHNS Mg L1 onal embodiment of the -

Er esent 1 nvention so 1 ncl'udes a heterol ogous

expfeHgi on Inf heterslogbhetipressminysystemspoptiieizaton $teps may improve the

Jeri m of Pseud nasf |l uorescens, [0017] |
bt osfhg B oo B E RalR R pitE e PRORin dipoaiibn i sqvamed by a host of
factBRy ihéTRAiaY ethobe thdli biféy @dnsthiftidh ShRNA prochssiagt el stability and

i O BaShht e SRS SRS M5 et seos 1

imprbQ0 B dVilityQsT: thBTRYA B R6AREI thd fordRdl prbRB AJ WellaBdieps to assist the
Initiation of translation. The polynucleotide | .
resegsehiani inaeffisiendly cfiRsigning iehpicoden SPBPEICH | PRIHBIFatiqm gtrategies may
incﬂi?ﬁ'e' bdr¥ex@hpleh th VRS birkeRidt! GHGRIatBE ifiRREI DR RIS At of MRNA
well as st gps to assist the researcher in efficiently .
strupeariabelemgnisxgndetbe iuemotdiffstant eedon tipses i heafolleyying paragraphs discuss

-at eql i u for I e At :
oS i o, S| (SHEED s BBt fion, e
techhikjuest thatarhaebenerts theamproblesnsuse of di ff erent codon
bi a oy 1he~foll own ar ' ' Lo
0 23600 "Gl g MR PR R IAPAE B ah cxosson s
rar@ codl&@i-mdaxq@t easslaionalpaise. e dhrire) vedort indocatayanslagionad pause includes

the: E%Sﬁlgg rozg(ltogg% be gl%ég%lygpcz?oﬁ{dgiﬁ ljglgetg?sg ﬁﬂz?,t;aer% urlaltel}; tsed in the host

organism may have a negative effect on protein translation due to their scarcity in the

available tRNA pool. One method of improving optimal translation in the host organism
includes performing codon optimization which can result in rare host codons being modified
in the syﬁthetic polynucleotide sequence.

[0019] Another area that can result in reduced heterologous protein expression is
by alternate translational initiation. Alternate translational initiation can include a synthetic
" polynucleotide sequence inadvertently containing motifs capable of functioning as a
ribosome binding site (RBS). These sites can result in initiating translation of a truncated
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rare codon-induced translational pause. Arare
codon-i nduced transl ati onal pause includes the
wonrewaarss4 of codons in the pol ynucl eotide of | RCEUSS07/012719
that are rarely used in the host organi smmy have a
negati ve effect on protein translation due to their
scarcity in the avail abl e tRNA pool. One nethod of
i mproving optimal translation in the host organi sm
i ncl udes perform ng codon optim zation which can )
proteissfipm 3 genexindernalstitee odom snaddnef Teguring dee passillty of producing a
runfBl BEdekif, %‘1%{‘&5&' @e"&igfi’&@%‘}%ﬂ% fiulhﬁ’%@ﬂxﬁ BhNBEILAEERodifying
at "can resu I'n reduced heterol ogo protein
puta@ivpisesiabRBiSseqyensks fromaneptimazesi pol yrowekdotile pequandeon.

Al 't e tyanslational initiatio ' . ..
S AR B3 KRR BT i opsion
thrdggﬁ r@peat-inguoat bélgr)neﬂzpﬁ blippagé. Repet-irahicad) pelymgrast bidgmge involves
inding site (RB ese sites can resul.t in .
AR SEURBET FIRGR SR OHVE PO FRONLE GUBT oL eras o gfigrine of DNA
polfiff@sd WhRhN@h rédulltin fEiResAEt AREhtiohs. I 8G¢ITePEats Ban also cause slippage

ossibility of producing a_truncated protein,ﬁﬂhich )
of RNA priymemse.c it an osganism Wathruhigh 3 4fu cPricaLpipy fhere can be a higher

deg%é&cl)f‘g atllOfi¥dsR8 fFuEahi YenhdliRidReepERS SPMISREE one method of
rom an optimzed pol ynucl eotide sequence. [0020]
redying Mesr pessidlityreft indeging BN polyansreudimpagreinshusles ghering extended
mm&ﬁ?&ﬁwa%%Bkﬁﬁﬁh&Q is through repeat-induced
pol ynerase slippade. Repeat-induced pol ynerase o
sl i 928k i nAodthesareaithbecin rdailtsio gedbiced hetepndagais pphetein expression is

haye. been. shown to cau sli ring
o R AN BB IR OB s
seqfitiade drapieiatisn cadonadirichavatsen sbirgpad eo afredidtion in protein expression.

|l ynerase. In a rganismw th a high G+tC caont ent .
Stefilogp Siryfditgs 3 2be B RPGRER DIErSbsPippRisiE i Hispugrion. An
optithiz&d Pblyauslesti@otdqiendeepmadchtail hRinBhalr @comizey setidiads of the RBS
reduci ng the pos

] ility of inducing R ol ynerase . .
andsgqng cod e tREiopY eéthﬁwgwh% WG %}18%'33? gn%tf"’?f {ggnsgription and
trafdbfiogot i des. [0021] Another area that can result in

reduced heterol ogous protein expression is through )
i nt 80221 | ngAsebendied thatr Gan yeffect kpipolQeeny BIORIR ¢ ¢RpEession are

resGRfofs SAME S BY mbAf iﬁg$e§ﬁ&'i’&{‘ GifesQhat Ehild Sek:FEre CORIP Bu¥Rduent sub-
ave been ¢ yrelg¥¢ to a reduction in protein _

cloningrof $eingmiptionawite d1io Sost rEPIRsEEN Yasior| BpPlGleplige yeqpence can be

optiflizbganscriptional pausing and attenuation. An

PPYTHi zed pol ynucl eoti de sequence can contain m ni mal

secf23]y sOptimizings DNA sequRBS> aard ngeativebodi pgsitively affect gene

e Fr Ak B8, PG FAMEC el g4 R4 EBmon codon wit

more common codon may affect the half life of the mRNA or alter its structure by

introducing a secondary structure that interferes with translation of the message. It may
therefore be necessary, in certain instances, to alter the optimized message. ,
[0024] All or a portion of a gene can be optimized. In some cases the desired
modulation of expression is achieved by optimizing essentially the entire gene. In other
cases, the desired modulation will be achieved by optimizing part but not all of the gene.
[0025] The codon usage of any coding sequence can be adjusted to achieve a
desired property, for example high levels of expression in a specific cell type. The starting
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[0022] Another area that can effect heterol ogous

protein expression are restriction sites: By nodifying
woest7ridzaskon sites that could interfere with sSROTESMBAD12719

subcl oning of transcription units into host expression

vectors a pol ynucl eoti de sequence can be optim zed.

[0023] Optim zing a DNA sequence can negatively or

positively affect gene expression or protein

production. For exanple, nodifying a | ess-common codon
POy foR SEby Bt PHEBHART. BEHOR ami%f%ﬁm? Feth 0% cpmgagcodons, or a

codhg% ggﬁg'@e Uhidl L kaihd 8 rtRIERNDA ddAHRLdrAASn Bodons.

structure that interferes with transl ation
of [ﬂQaGhres Shye or morgreandidass seiquencep shas difter dm gheir gagon usage can be

{
Y o
can%l’@akﬁﬁfﬁd&yhh&gdﬁﬁimp&denm dedrd’( fovheopresenpe efegolatdrg elements, such

achi eved b timzing e Ily the t re ne.,.In
a5 SfeRests i abaiiern, Py oI PIAHEI 7 15Es i dpiipe sequence

whith @Rid 6¢ éb@\%rﬁarlhtobéﬂch r}@guléibi'y @IErrIeﬁ@ WEeae ali¢rdfidd in E&Ebn usage.
codon usage of any coding %uence can be aﬁkusted
f

AdgiSRRaasitgA auiyrigefuge 6B'é?WHt PUUGHAT BUGEQides /&t & § Gor v,

coo%}spals‘ss $r08 phRichla® REfHS 126idC Ok lthd YRRencENér 88sdhdd BOBAIIBHIar mRNA
for such an optim zation muy be a codi ng sequence wth

secoubuy OLifNiATY SHOHES: Adiustinesde fiy wadidatressqugiice gan be made based on

an %@FQ@d@aﬁkﬁBure of conmmobn and non-commbn codons.
( or nore candi date sequences that differ in

t he[mzabdorfmageg cemdisiategse@reacesd agndonginicted tapd then evaluated
exp ﬁngzgl ﬁﬂllnel\/iult c\ém? dae2§ ?rga t&e 't glggﬁé}ﬂgﬁtgyof each other, or the

lly s MUliiplg Coadicdiey eva
processpdahelie tteraaearailﬂnef by ushng trheemmq&omismggmidaim ¥s a new starting
el enents, such as silencers or nd to .
poiEl, 5 bR P3P T GBS ShHO OF PP R-GNUCBF CLBRIAG s pic. Furthes
rourlé 6MmeaificatidiLariodiRiaties czhrﬂli@m&luaé‘d regul atory el enents
by an alteration in codon usage. Additional criteria
may L9078 udeMerityngnibatcordgp wﬁ%&q P &1 Bpdidate wgpFRfgscan result in the

creftih or cﬁstr&;tlo@ SHeither L6800 rasgdtRie cheria Th Gehdthl, aﬁzﬁﬁve elerment
acid, or the presence or absence of particular

refeys ¢@ Aalaelgment whpsq diejationrqigempral from dae srsdidaieosegience could result
in £a04L4atig &?&Qﬁ?ﬁ of @tfbr‘thgﬁpg@&ep@%ﬁ? hrQPh e REERBA cBfild result in an

such criter Prom si ng candi dat e sequences
incgrase goerpressioned 3athdrapﬂét¢ rrotiny ioe gxampler 3 nesiive ¢lpment can include

an glg’%l%}h ﬁg?ﬁﬂ&bp %tcﬁ%ngﬁé\!anp ?r&ﬂ(ﬁgﬂg@l gﬂtl £] WIQ Bgﬁm%%trqulg/a pOSlthC

t'he proces can e |terat|ve .
regukitorg(e e arrtrsthscppm!natla&tgvaial’)d iodat eequence mesposstikiet fongmparting or

modifying an mRNA secondary or tertiary structure. A negative element refers to any
element whose alteration or removal from the candidate sequence could result in an increase
in expfession of the therapeutic protein, or whose creation would result in a decrease in
expression of the therapeutic protein. A negative element includes a silencer, a DNA binding
site for a negative regulator (e.g., a transcriptional repressor), a transcriptional pause site, or
a sequence that is responsible for imparting or modifying an mRNA secondary or tertiary
structure. In general, a negative element arises more frequently than a positive element.
Thus, any change in codon usage that results in an increase in protein expression is more
likely to have arisen from the destruction of a negative element rather than the creation of a
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poi nt, or by conbining regions of two or nore

candi dates to produce a novel hybrid. Further rounds
wohoomdedsikcat i on and eval uati on can be incl udegcT[u30@3012719

Modi fyi ng the codon usage of a candi date sequence can

result in the creation or destruction of either a

positive or negative elenent. In general, a positive

el enent refers to any el enent whose alteration or

renmoval fromthe candi date sequence could result in a
podigive eleseent.rin egdgition salemtivh dftie ¢andidapeseiencp imetealikedy to destroy a

on_could result in an |ncrea
oS3 BT SRR FaliY P, P SRR G andidpt soquence i
chpsm dodurodifiedrembs Rainciensd e 9ro@nctﬁﬁh@mmesa pautit SHERAE The candidate
omnst ean1 ter el enment, a DNA b|nd|ng site for
seguer%g ic:llr} éigflﬂﬁdgg&' b(yeseguentlglly alering qhﬁtcpgm or by randomly altermg
th@ebddonsliflite cAKidutS QUUBRNGE AT SOBPRE IcBh@dAE sediRaL §d dién @{'aluated by
nodi fying an nRNA secondary or tertiary structure.

defremining dhe lyfbRE expessian pb timiestltiagetherapgiceprotein or by evaluating
anBthef IpatanierOle, g’ e £ LL15e6 28 %L qg@elsﬁqyﬁﬁgs%lon A candidate
coul d result an 1 ncrease I n expression of
sequraee ydieh @rqﬂust%am ingreasefh deeel of eathempewticl Ipcoteipsasl ¢ompared to an
of the therapeutic protein. A
un%lé%%&?%%ﬁ%t%%gﬁéﬁ&%§?ﬁ%@s a silencer, a DNA binding
si t 00291 a rdegatibee applgud:tﬁt(me drea groupaoﬁ c@alode rdaptbeomadified, e.g.,

a transcriptional pause site, aor a
SRR 18 ERSEL R Rr ST Ro Ny vey, one r o
cottoui fogn nge adhosdANAnS ec (ﬁﬂHﬁ@dg;é-l@‘feltﬁbbb@i ye?t I Wehti6€ inl B region of
préqﬁner al tive el ement arl ses nore frequently

?&W"é“eﬁ‘o&gt & lomeHE contrmg, logahipn i 3 fegion Ravipg @rstructure such as

anlhh@fcet b tsileRer| Ib&ation ﬁrh ie%ﬂnelﬁﬁtecdlﬁbé)ﬁ%fﬁéa to_introduce a structure
expression is nopre |ike |y to have arisen fromthe

suefpas 31 ethagrer s Sﬁerr?@gdwavr@nen afegien hayingrortnedicted ko have, secondary

edrdyisfic@be, 3R0OShird-¥Raif L { i
Orof t g cgn def d}ag?e seq uence % lrr}{)erk gh%ﬂgj P{r&nlocgtléérﬁ%ga Ijegi%n lacking,
or prrsliqted fo lagky ﬁﬁ‘Fﬂﬂdﬂeram t@ﬂﬂe&t BIUGIO -84 m@a@hmunteﬂ-cham pairing. A
paltitalaf Mﬁé@r@gron% Rl 3t &oﬁ&&g d§ slrgd ghgse n and

nodified so asS to 1 ncrease t ron o

t herl8p#t i ¢ Wb@@l whldlilwstcmadcadlat @nsmqm em‘mhdzmaﬂeqi)Ences are useful.
Fog%gﬁéxhlgd ee mg {BLoup, %equggctéllgla uI Xs 61' g{?:gnggt hreatg{f)ag%r&s p%snlons of a
systhqummmklc Ammsehllfened cmﬂmindalﬁed setuBRtRon SodoR€ lor with non common

cofh BEaCPremine ThCr BB aiepohE en PouHBUERELAP rgultng sequence

evain@thh dﬂaﬂmzﬂéﬁﬁiaﬁrbe gengratedab DSt RMRING r(oﬁ@é-b@dlﬁtz%@ ta%il & window"
ression. A can at e sequence whi ch

of ﬁP%‘BﬁéB&h%ﬁ PBrRis BT é|ﬁr6tf cagdidatsy aprb thepcmpyipg dhywindow to a

ne%p&ﬂf@ﬂﬁﬁdlet fqatndeNahd pahiAAE dbdat %pﬁx%%@clﬁe'c%dons in the new
chosen [ 0029] In anot her appr oach, onhe or group of
PogigR yader 4he yandryn ite PEQyidga @econd candidate. Candldates can be evaluated by

determining the level of expression they provide, or by evaluating another parameter, e.g.,a

parameter correlated to the level of expression. Some parameters can be evaluated by
inspection or computationally, e.g., the possession or lack thereof of high or low GC
content; a sequence element such as an enhancer or silencer; secondary or tertiary structure,

e.g., intra-chain or inter-chain paring.



wi thout reference to protein or nmessage structure and
tested. Alternatively, one or nore codons can be
wohowen2m a nessage-| evel property, e.g., | ocaCTrms200m/012719

a region of predetermned, e.g., high or |ow CC

content, location in a region having a structure such

as an enhancer or silencer, location in a region that

can be nodified to introduce a structure such as an
enhancer or silencer, location in a region having, or

pr @031kd tlo chevi erdhedonriss. pheopptiraized BNSleie taﬂsl@@av@ce can express
its qero a't RU&R1 GRS %@h{a&:‘“ﬁlo% f‘fs%@* 026@ cfﬁ 5669 it me%, 5,000% or even

ion In a region cted to | ack,
10 @ﬁ&% Dﬂ&layexpresmai by auglelstacmqmmce élaghas natbeen @mmﬁab r

I nt n, pai.rin | ar
A L R T e e
iderNE&ﬁ@dtﬁthhabﬁ&d siysrice BEitli seghdrive ge ner ladt@obgouklg atxpressed by the host.
seqguences are useful . For anpl one.or a u
Frog) dhe agiie ey SEANEREH do Ranghca dghaucigptids, of JAVA Sequence can be
des%%ﬁt DR Qhe BestNbNBEisgntRbsd BINA S€uenges Becieicf@Nobédon usage
fied MAth conmon codons gor wi th non comon

candmmpared tcf the cedemprage aftibe bowrerpirgsioR qiasiisen parape Bpst codons
ﬁé’a ek %ﬁm&s géq[hag&bsmuﬁmalfvtﬁé Ugh@dtic candidate DNA

tes can be generated by optimzing (or
seqdeaqapmn e migvifiedaingirdento tewptondesifabloenyyae] rastEigigon sites and add or

alterea%&e@e%?ﬁ(tl Qi Véﬁgf' g%ﬂq{egce% fnhfcérE o‘falﬂl‘a'aﬂﬁat%d %igné hefhe s nthetic DNA

new position int seque
seqambeaqah ibeianalyged for ﬂmbepremﬂnfzsmgr)dzth etnaaie nksatl Ay lm,erfere with the

osition u r QVi e
wa TR PR S Calith HaPhe TR o VATEIRD o s T3 cPdrs e candidare
DNAgeduer&d isGinbxfizal sha)dspthimeyd chpmmd:éaies@n day bewhkckatlitngerify that

anot her paraneter araneter.correl at .
e urs R carotes 8 HeStil SREperad SaReS ea iy LY candidate
DN sédheR@Cdane ?ﬁth%ﬁlﬁ&%s’iﬁg pnad byhth@lgecluﬁdﬁ%spﬂﬁ:ﬁ as tHoe®known in

or Iack t hereof of high or |ow GC content; a sequence

-theg@ilerent such as an enhancer or silencer; secondary or

ter jagyay Stisddih& erfbdttimeht e ﬁiqu%rﬁloﬁr tHeNdBlert RBHG usage in a
paring.[0031] In certain enbodinments, the opti ni zed

host @egasism, 36+ a5 Beprdnoieneafuargisees sap be uﬁk@ﬁdép (Pptigyizethe expression

ot 5 3 A 5 3D POt

rarelyovaild baoaoaisnsleqdemqeeﬁetrad foras paa@lclxbe emimpadidiin dlp host expression
sys%%% géége va lll%tgé L4 %9 op X, ) Jxﬁ %’%% tb!t: %%f?&é aﬁ%ff values for the

C&n begi n"by i dent S|re
deeahiflase@nofracecddond thneﬁxmmpile:) guwddymsequteé S EABIDE It have a calculated

ool B 25 P RN B Gy g woud e

geddigllyloidad iafantopamsaudt deat bf?prBNéd &eq) Bmdemohdmgﬂuorescens host
frequency of codon usage




can be conpared to the codon usage of the host

expressi on organi smand rare host codons can be
woud7ii4ed4i n t he synthetic sequence. Additi onakCyjustdven12719

synt heti ¢ candi date DNA sequence can be nodified in

order to renmove undesirable enzyne restriction sites

and add or alter any desired signal sequences, linkers

or untransl ated regions. The synthetic DNA sequence

can be anal yzed for the presence of secondary

structure that may interfed@BRERL the translation

process, s o i) SdERE i T oo SHAREFes—
Bef ore t hef@apdi ﬂﬂﬁﬁ?%%ﬁﬁ?
optim zed [S@guence deSI gn can @ea Checkad to Ve Ty |
that the slddeence correcfflTy enctdeS T hg desi T eds am no
aci d sequence. Finally, {the cafyi date ﬁNA seq@%@ce can
be synt hesj-z¢ synthesi s techni ques, such as
those known ©® the art. [ 0033] Agh anot Her ‘enbdd nent
of the invention, the gegneral cedon usgge in ashost
organi sm [sssh as Pseudononast hehor ESCENS, calzie
utilized to optimze the expression of the
heter&l%gous pol ynucl eoti de sequence The percent age
and 9 K bk ivaFCwr of dishetlpagany be espdwbsul expyession of a desired

heRIISESR BfheFRoBIEl GhE s Qi1 &nl $e'lé\;cg% ua?ﬁgﬂx‘fqgm?%gate 5opulanon

t he host expression SyStenlcan
of dbal geHoos W”@&ﬁs bellsu sRsdudamenade fahd \zhnlselgselhted biatteria, as used

d LeXang
hel%?{s tq %gb Fg&#%gigl (gl%c(ge Vs htg occuwre(rP f‘cg%réa Subgroup
L't h&rragp)i l?meh:ba@smj ($<ubgtnap 1"l isomesec mlﬂﬁﬁi@e@ﬁe@n@ the group of

oi ded,in an o
Pngggora\éggl egbeﬁﬁnggggseaéoﬁﬁlﬁﬁﬁlaﬂ BB ﬁ ‘?‘i@ﬁ%eﬁ‘ng within that
tax[oﬁ@&th "PArt) allan‘fedyébzimJN?ﬁtl@eeAbﬁ)le@Ro&ﬁadéﬁ@&cﬁ O Rt E. l%nrx]chanan and
LSSI gNn a desl re er ol ogous ene roauc
N. 5 Bifbois teds Bsrégeggpgﬂugg f% Ra %frzcg(%y, pp. 217-289 (8th ed.,
19'p©auhatvvnna1ﬁ§ SEWilkahd C63B|aﬁ1n@<5re Fismectmp r&Rdftes - "Bergey (1974)".

udo nad d closely rel ated bacterla as us
ThE P8 (o1 B SECEER TR GIRTHaeEve Pm;mevenﬁ@dmaau@. 8, which is

defised" 49 BB (groug 641 SRRPEAES, FaPttRG! Q¥finsl -an aéfi"g(.ﬂ)b/)spemal units of the

Proteobacterla Subgroup 1" is nore speC|f|cm
SPe§issifrieiragionas Bugreseans onclpdisg shore delongingoege ngtmgoltl@»vmg (with the

ATidre dragie egeROH/ AmBEHEs A e%@lrafr?{’ %gaﬁlﬁs)f ald V\%érellltﬂems) P.

that taxonomc "Part" named atrve eroB
ﬂu%faeenarmowwb » algg cRllecEbiayar Hawahloaardl NATEC @BB2HNP. fluorescens

bick B ) als BEN RS M E LGEioLe
5509 BB, B o .
cal blo'Bm?{(ptm;pear INA TTCSAY 400)e PefInafdsadns bBsty peF, also called biovar 4
or 6130%2114 i )(ATCC 12983); P. fluorescens biotype G, also called biovar 5 or biovar V
(ATCC 17518); P. fluorescens biovar VI; P. fluorescens Pf0-1; P. fluorescens Pf-5

(ATCC BAA-477); P. fluorescens SBW25; and P. fluorescens subsp. cellulosa (NCIMB
10462).

{0035] The host cell can be selected from Gram-negative Proteobacteria
Subgroup 19, which is defined as the group of all strains of P. Jluorescens biotype A,
including P. fluorescens strain MB101, and derivatives thereof.

[0036] In one embodiment, the host cell can be any of the Proteobacteria of the
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The host cell can be selected from G am negative
Pr ot eobacteria Subgroup 18, which is defined as the
wgnrowp4pds4al | subspecies, varieties, strains, a0wW/uskdien12719
sub-special units of the species
Pseudononasf | uorescens, including those bel ongi ng,
e.g., tothe followng (Wwth the ATCC or other deposit
nunbers of exenplary strain(s) shown in parenthesis):
P. fluorescens biotype A also called biovar 1 or
ordesi Bsendomopadaks. 138 25 partipular [epbodineestisthisi besy sellpcangbe gny of the

Pro%%H&erepbtotﬁ@ rfaréxl? @s&idg%gﬁa{lalceéﬁ Hgg %ﬁﬁ&@n embodiment, the host cell

uorescens bi ot SO ca lovar 3 ofr
canbbevseitectdd foAT C(@elimomn;e of fthe ofodlovdng Granyeeatve Rrejeobacteria

Suqsé?‘lbulgfgszgg a’{, 142[»95 bj q\é%lr 1V (ATCC 12983); P.

ype G alsO0 ' called biovar 5 or biovar
V (8087 17A4&)itiokkl Pl yhiceescens stram‘saﬂlatsllqanpbe used in the present

mv;ilityq%r El}fﬁg&: gﬂ S/?%g\g@c;hsf or esce(ﬂé’r Z@@éﬁ eus, CgtAOﬁltgk )hhvmg the
folle®ling! | AoRRC (s MBrid A4 GRICIB] 895K]] NHRL Imab4geNCIBag_d® strain COI;

sel ected from Gram negative Proteobacteria Sub

NCIB 8806 ¢irpin SQ&f 13l AECENE 486 HpOotS84i7s NGIB, BHL7 bAPNRRL B-
18d4: %%Er%ﬁ&ﬁ@sph@tmmp A966; rNtPﬂBr%fodm ﬂaemn%@fsr AETC 10038;

derivatives thereof n one

NR&thdlﬁeér{@ R SRERY S2elT; GEEBHS aMBLIf 140CCEB 553 [IEM 15/47];

RISl LoD SR Isas ety NIk pogan o 1
deerhmbdetJeng 2161; thEAQIBE3; Pmmbrﬁ)ﬁhd% EER- IQ]n 1@8[52-22; IFO
1B LERLRT SRS ugg DET G0 nE Mo BT 82 (B 0uPer 73y 154
[IF&r maam@amgwa Lﬁu}_a QIB6UIFQ, 158293 PT 591;7187L INCPBB 265]; 188 [NCPPB
5180 BB HoC it [PECLoBe B 3B CRRED o S 86 ey 2531 106
[Prfissqw pgsnm]szgm,gwmﬁwa%m [POBESIE 205 [POBTZIKRODKRT 376]; 204 [IFO

15RiRT B2 R 2R3 P IR b JB6 45! spA5enT e 65Neaes Dok 21d Py 8321 215

[PJ%J i?@fﬁhé@’]@sﬂﬂ@; z’rFEB-h%V%]MoNgtﬁlﬂﬁ)ﬁ’o 1588 1:\¥3RI87]; NRRL
yrrolidine; NCPPB 967; NRRL
B- wgg@q IF@e,mmN&h@moéQs NEGRR 1 BLIFED308 B N:RY Rs $49] D946-B83

[B(??&g@* F ;}’%8@,'\%’ ?ggéff% H@ﬁ??ﬁéﬁ%&@%&f& 11i<6M3F], M-1;

ASPAT%-@GS%OSIMMOHI 1;0aFR60b8P-8A1; 6V Fidg NRRL 34@0 PM)’Vﬁ [NCIB

G565 5,8y P by 08 5 )8 i o,

P17 FAO23A8AMSPIS 7 ARAAB46133D02; 6519E01; Ni; SC15208; BNL-WVC; NCTC
2583 [NCIB 8194]; H13; 1013 [ATCC 11251; CCEB 295]; IFO 3903; 1062; or Pf-5.

[0038] Transformation of the Pseudomonas host cells with the vector(s) may be

ﬂl)

performed using any transformation methodology known in the art, and the bacterial host
cells may be transformed as intact cells or as protoplasts (i.e. including cytoplasts).
Transformation methodologies include poration methodologies, e.g., electroporation,
protoplast fusion, bacterial conjugation, and divalent cation treatment, e.g., calcium chloride
treatment or CaCl/Mg2+ treatment, or other well known methods in the art. See, e.g.,
Morrison, J. Bact., 132:349-351 (1977); Clark-Curtiss & Curtiss, Methods in Enzymology,
101:347-362 (Wu et al., eds, 1983), Sambrook et al., Molecular Cloning, A Laboratory

10



[ EFO 15830]; 185[W L-1]; 186 [IFO 15829; PJ 79]; 187

[ NCPPB 263]; 188 [NCPPB 316]; 189 [PJ227; 1208]; 191
wORbDAHB34; PJ 236; 22/1]; 194 [Klinge R-60; P3TA53§07/012719

196 [PJ 288]; 197 [PJ 290]; 198[PJ 302]; 201 [PJ 368];

202 [PJ 372]; 203 [PJ 376]; 204 [|IFO 15835; PJ 682];

205[ PJ686]; 206 [PJ 692]; 207 [PJ 693]; 208 [PJ 722];

212 [PJ 832]; 215 [PJ 849]; 216 [PJ885]; 267 [B-9];

271 &B- 16121}' 401 [C71A; 1EO 15831; PJ 187]; NRRL
Mapnad {(2pd [e4.; 1 %Q); j@g:zgiqr,; Gexg Fxansfegogy Eggr_egsl(;)n:[:m:l@boratory Manual

B T

ASOBOBRE- 06)s usSOB{AS, 05 lerh; "forBRetafins" ABjudesoth gmbodiments in

90: P .[NCI.B 11615]:, SC 12938; F .
whihiere! fpnippbP i g bl i b odiegeR il plHeD pog:fermentative
culfdte/moliesle edvpidyed S Ferntinfitfon rhdi3szformbd Q&Y schle; In embodiments

‘PS1C15208;, BNL- W/C, NCTC 2583 [ NCI B 8194] . Hg1 ;1013 . .
of A—p&e&tllgggqtl fg‘gﬂnt tipp ¢y8 can 82J’ele8§e %Qrg among rich media,
mir[iﬁlgﬁ%ledﬂ, sl AfimEdll &iks Ghedife a Rs@UdRARMR TaR08éo B€lUs8d. In another

with the vector(s) nay be perfornmed usipg an

empodimeRiggE A GHNHRL TB&Y ARGGI! paitstredigmys Sefffied:f still another
emb&fiteh, 3 miAtal GRIdiEn T ¥elRaed.r RN o Lr @nbodiA&E, a mineral salts

cell's or as %ot oplasts (i.e. including cytoplasts).
mediugmisfeleatadi dineral sab8 sledifl we genredllioesedor at i on

net [ﬁ?ﬁ@h ogi Fiinerf: sdits m%hﬁgoﬁgi&g 'Z)?H'ﬁ’égal sgftgﬁﬁ’cpb aﬁi)on source such as,
on, I né

fus bact'erial conjugation, a I'val ent cation :
e.gt, rghatasensycreseg .or giudarolumixadviptasi dfe mineral paltst megdiaCanclydey e.g., M9

il 2R B0t 7B NGB 5P, Do

& EB avllogialt (1956) & LuBddrst): 1'M28hdthe rhimefah 2yiDhsedtp make mineral salts

01:347- 362 ef.al., eds, 1983), Sanbrqok et al.
meflgiiaNe ho6s SHFKHE AL b6 PRENIUT OOMIAL: Spggajum sulfate or
chlbfil€ GhhesiRNeIfAtedn ShR¥idahdaRe afsdrale such Asddiah@hloride, borate,

Manual (1990); and Current Praotaqcols in Ml ecul ar
and3sgifasesy Of MeBuBeIPest maPganceyend ziay 4Yg orpasiR3 §1iTossn (foutEe, such as
peptSAE it ptdnde alnBidThcil € 'R &kl Sliract, N6 littd@dedb@t H mineral salts medium.
embodi'ments in which literal ferpentation is enployed
Instgad. eminsaganin NETAzAn BRIER oURs andBis mayrkicdeqiesetrom among, e.g.,
amfdtniith 8RO d@8eStsCarRBhAY 88l gFROIEARIdNN ABYinb&I1 salts medium can
performed at any scale. |n enbodinents of the present, )
contpineghngose as e dagranesouedei bhoorepiirisan aminalswlte sedig, Mmipimal media

b5 {FERH Qo Al B b Sh e, BAAAR BIELADI ith, e.g.,
carf 30 o nfFEA Bje B B FP e, BEH QL FRIGHRRICR with, .2, low
levelsoefdinnimntacidst Mgamisnpeptones, orotheningrediens, rihough thedet are added at

nedi um..s selected. In still another enbodi nent, a
very it [BE i um i s selected. In yet another embodinent,
a mioe1dl SH ¢ embodiment, media can be prepared using the various components

listed below. The components can be added in the following order: first (NH4)HPO4,
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.degree. C.),
sterile solutions of glucose MgSO, 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



mediumis selected. Mneral salts nedia are generally

used. [0040] M neral salts nedia consists of m neral
weabdrgsi4zo3d a carbon source such as, e.g., gl uc®ee®Uus2007/012719

sucrose, or glycerol. Exanples of mineral salts nedia

include, e.g., M nedium Pseudononas nedi um (ATCC

179), Davis and Mngioli nedium (see, BD Davis & ES

Mngioli (1950) in J. Bad. 60:17-28). The m neral

salts used to make mneral salts nedia include those
chegitale redcdmmenciatiyrayailablg fromp oreees sHopfpEs predi assMerck. This media

a nj f f
74 S UGOS3l i
andoetzddbacterth. ThefACDS ofn stanns admpmeprocmwgadewfollawdd by a two-

Zi No. or gan h
phafs JFEe-onien “GiifvRonc AR SRR S B R, oRER' PR arguip can be
conitrdilad B 4 esduked @{bdcﬁ’id@dlwldﬂmtd: nsetreapk;ncmrbf hdowdinigaimes in which the

oD SOSEeS b e e, Tl B! M utvain
proB&REQUS dBJEBEL By Riesehthes,ab.; sahm;s Ve Rinbffe CAN AC; crmha,lm D.;Korz, D.;
gl ucose as the carbon source. In conmpari so

Sanglgrs, <F.néeli BOsswi 4i: iReckesi &Vckh @P2H Hf&haicg“ :ﬁoeﬁ‘éllﬂbmcuﬁ tivation of.
Es&@hﬁﬁa @81‘# :ﬁ‘cSﬁ&&% eaﬁe oWitilra€ @l HiSesitiip BNENi£G7. TABLE-US-

[ow | ev am no acl dS Vit am ns, 1
oowp"maw 5 Mertuhecrommn@m @emponenh inigel qomeeriragion IRy 133 gl

(N'ﬁ@&@w r&[né SIE i 3 dgsl[ %é%% -171[1%‘@ riez M&’cgﬁ@ial solutlon 10 mll™!

e prepar ed ri ou
ThiahﬁhéﬂZleB@ngl'TG@mmrbb@éZ%& gd3 MﬁomdmlumNﬂh@O 1 ml I Feeding

ol S A LS S o o (R 210 8 At onon 1
Fedil $§ ¢itrhted . 5\vatl éMnclpemze sk urt Zﬁﬁfﬁﬁ@@kﬂdﬁg@ (Eﬁrgrlt $,BAR 025 g 1!
bR O VB o B L 8 TR0 RIS B g 17 e

diaBtifétbtrdcaAt h&id NS uﬂhzago QTltﬂlﬂsi OXiMBick).y 121. degr ee.

O, sterile solutions of _gluco 4 d
t?'n 400424 . Hlhe spaysacey arg:dte ntg}so:[\plg aB%Q tnay be homologous (have

bxnﬁpﬁrﬂéﬂlt‘f@%ei’bbt@ln§ aﬁ%rbﬁﬁo@‘iﬂﬂ'sééﬁﬁﬁlcé§ laft) "RékMB1J¢Bus” when they are
anmoni a terile distilled water can then be added to

derivijdagmiuraldy ioniartifigially| fipm a eommPnninegsTal HEOKT OE PEYen sequence.
Slrﬁﬁgﬁf é}\f’lc?é? Melds IREGNRAMER! fidsEqFeRBE b ﬁJ)xln)élogousT r\]zvhen they are

aval rom vari ous suppliers, such as MerckK
derieal], mapaallplor owtificinlly fioghe cemmatesrsestyalcandlsio geidopr nucleic acid

R LT BOA ByP yPTRISA SHERAE S ol Sl by o

avhitabl® utageaetiy naethod pd aisdudeconhat olvre selectoatcodon. Whee expressed,
n, t he batc

PRI e UL BB Sp e TPt SR Hirk el grove unaatural
anfies aeid. The 3mdaidy progedsi cmsof couskd, abdditivaally alter one or more standard

codon, thereby changing one or more standard amino acid in the resulting mutant protein
as well. Homology is generally inferred from sequence similarity between two or more
nucleic acids or proteins (or sequences thereof). The precise percentage of similarity
between sequences that is useful in establishing homology varies with the nucleic acid
and proteiﬁ at issue, but as little as 25% sequence similarity is routinely used to establish
homology. Higher levels of sequence similarity, e.g., 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 96%, 97%, 98% or 99% or more can also be used to establish homology.
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bi omass concentration can increased several fold.
Further details of such cultivation procedures is
wdescvi4psd by Ri esenberg, D.; Schul z, V.; Knor pex/U82007/012719
A.; Pohl, H D.; Korz, D.; Sanders, E. A.; Ross, A ;
Deckwer, W D. (1991) "Hi gh cell density cultivation
of . Escherichia coli, at controlled specific growh
rate" J Biotechnol: 20(1) 17-27. TABLE-US- 00005 TABLE
5 -Medi um conposi tion Conponent Initial concentration
Methappdar detegniling sgquanse SIRPRILY Petpeptaget g+ Bl HP png BLASTN
. = : : t m |
usife Jorul PG it o htpa i AR BRI syt Bk
Ant [6043In Ucdlypepkities] Sndy, tomprise 3Feienﬁln@rsle¢cgm geauence at the N-

- 19. 7 . €] - .
et oy biyfinobis gy ity of §ufiahbfioquyirocts wansterof
the PhérEn2 THEBAyPeplide nhaylassOb CfhgatedA0 alirkegor othéi3B@sence for ease of
0.25 g I._1 Na2MdQ 4-2H20 0.2 1 2 6H20 Q. 15
synfhcgB i BeBCORga AR 8 HeheeR e Bopadh iy to entiance
bindEieb e Sl peptte @ 4 Jolldduppex. 1 1|, Merck). [0042] The

sequences recited in this application nmay be )
honﬂPQﬁ&u S Y\ﬂ'@oézogmmpgrpoilmﬁpqiq ggquensest BYGh SeRIGRISS are said to be

nidBE P P RGeS £9f Anfho LR0h AIONR seiliGRed RaNe ife when aligned for
eritved, naturally or artificrally, froma comon

maaiewst qoatespnderden ap deprribed heloys faemparisogs pifvegenyiwo sequences are

typﬂéégl% ﬁ)igffoﬂﬁécgﬁ)é g&?ﬁ%n e lsgéétfelngéeégfte? & ‘&Hﬁgﬁlﬁs}no : fidow to identify and

gous ar e nat urall ‘

compaiefioal edgions of sequencesmilorityaAc ®ompatisoniwindpw " a8 pepddierein, refers
nucl ei cid sequengg.. For e . '

o BSEHSHR 3 FERAL0 5ol BB, APl 7540 10 o

50 ainavhieh lacsequirirg emsshes corppdred td @ réfarcinoe scquanceoof toseme number of

sel ect or .codon. n expressed, thi t ageni zed
CORRRUPHT ROSIGTY %‘ﬁeg%i\goa‘ie OP e PR m@&ﬁ%}%’% ‘ng one or
mor goeyF)at uoptinANMhIiEhmeit Of sdduendsy tfad ¢adnpapisot amy beaonducted using

of course, additionally alter qne of nore standar
theQUgEH e POBBEY A bR FToR 50T R B CTANP VG HONASTAR, Tnc.

MAGIR, | Wid ) usi§s detautd pitdfdits. PTRk Eprdgiten WahHodiddodBleadYyalignment
is genera‘la%}/ inferred from sequence simlarity betwe

schepss oflesgpbed riucthei lollgwings refereprest dPgioflorMs dduéht A model of
evoll86ERY Lhan gxtl BfRGHS MRS PhiafecBhg Bistnt Alldtiohsiigs IR Byhoft, M.

sequentes that Is useful in establishing honmol ogy )
O.yet) Afaswf ProtaieSeavehes anda¥rustpdNaianekbB ipmadiqa Rggeargh foundation,

e
Alignmiennand Phyleganes pB.0826 @A leBodls i6BosynTaiogy 8elod 83 gygademic Press,
o8 3 S S0 S ARG, S RIS 4055 s
E. SWmahdrMulterp®.c@988)g EARI©Sg 4,11 BLAH ébiasteh, BL. AZTNO71) Comb. Theor
11:105; Santou, N. Nes, M. (1987) Mol. Biol. Evol. 4:406 425; Sneath, P. H. A. and Sokal,
R. R. (1973) Numerical Taxonomy--the Principles and Practice of Numerical Taxonomy,
Freeman Press, San Francisco, Calif.; Wilbur, W. J. and Lipman, D. J. (1983) Proc. Natl.
Acad., Sci. USA 80:726 730.

. [0046] Alternatively, optimal alignment of sequences for comparison may be
conducted by the local identity algorithm of Smith and Waterman (1981) Add. APL. Math
2:482, by the identity alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol.

13



usi ng default paraneters) are described herein and are
general ly avail able. [0043] Pol ypepti des may conpri se

wea 2807gr2ds4 (or | eader) sequence at the N ern nakPcens27/012719
the protein, which co-translationally or
post-translationally directs transfer of the protein.
The pol ypeptide may al so be conjugated to a |inker or
ot her sequence for ease of synthesis, purification or
identification of the polypeptide (e.qg., Qly-Hi%), or

48:443, dyhtha seatsh fer sinidarity mectherdsypfoBedrenn ape il@w §1988) Proc. Natl.
u Mte al ' 4|

A BRE s AT EE Pt O TR LE I ER PR on B RN Thums (GAP

BESEFIIe RIAST, BABTA, and GFASTA I theriVisegsiorGenstics Spfiware Package,

wh ' ' - . .
Gergigk FPREteh GOt (R e Soiraoh BF MEARBOAEE on B insoecrion.
typionatr] y moid exdiysle by aporifimis gt tiiebs sujtablectos deteemiming percent

conpari son wndow to identify a r I . .
seabgge et andsgaunne sy BR AR 48T %0 sagiinros, which
are WstitRA ARl & e(197PNacES AGIBMResOD5:3889 8a02 aAd Rlischul et al.

20 contiquous positions, usually 30 to about .~ 40 to
(1930l M5 Biph 20RACH 440s SRR EYA0T SHBLASE 89 g be used, for

exa%rg)fl@%?tﬁ?ﬁe s AiHERESIREridihe R R0 QEERRIe PErce A Nel8dtRY Sdentity for the

sitions after the two sequences are optinally )
polpiuicigetides [20045plypgntidenl ofatheg imventionf Sebyawen &us pegerming BLAST

analf}%g%) ﬁ%blfogfélgfgyaiﬁﬁlew oL O]tctﬁ% N“ﬁibﬁ% CdifterMBP ﬁié})t%hrﬂc%@r Rfrmation.

ene’'s iornformatics software
For( DhAB Tk sdquenges Mastcsing, mintis .cpn bggised) teledlgwpte the cumulative score.

Ex%@%@%@é (%3%06; Ili]%tg i ?r-ao g[d%rgnct];eogilbqgg h%?eéis\ﬁ}\é : ﬂle (Qllnktﬁm%ignment score

OW ng reférences:

fallDaythief the ddanfy X FbhB jts Anaxirdedn avhiegwd bvalve;othe cymukréing score goes to
in proteins - Mtrices.for_detecting distant . . .

zerp 8 Belosn HF e ECByIRGPT OF §e & Mt depaier poripg residue alignments;

or BeQrdl &F SARYEAGRNENGT Dathed! The BINGST agritBhqiedhaals W, T and X
Resear ch Foundati on, Washington D.C. Vol. 5, Suppl. 3,

detgyning #z sgngtiviping speed 0e piBNPFIted Approach to
AT gsoasnt aﬂﬁorPJ‘z‘fg@&%ﬁ,eﬁlep’E_erc@r?t@geﬁéﬁdeﬁéﬁ&d&eﬂtﬂy" is determined by
Enzynol ogy vol. 183, Acadenmic Press, Inc., San Diego

corgpring, gwq_pgtgpﬁlgy aligned, segHenosH SVEF 2 pvinggw (of FRYIP AN} @%at least 20

posttidR L wherdin E‘}éﬁﬂo?tiorﬁof e eéﬁhé §dquice(iAIRE LorkPpiisoR window may
4:11°17; Robinson, E. D. (19 12) Conb. Theor 11:105;
corgipritecaddithons (e slelefibng (g8 ZppNIf. Z0Restent B less, usualbysS kpks percent, or

03054 T b 054 00l R IR 0 ot o
addidomon omdelefpegnton dtiesad | ali@ameny afithe ¢wp segh¢rices. The percentage is
cal\cé\!lllz;xtgg rb’y d\é\{en"]dinigg ﬂleLrilLPmn@eQ 'of Bbsit:{ons z‘t%aﬁgﬂ thgrigé“hticgia:lr!lmo acid residue
occurs in both sequences to yield the number of matched positions, dividing the number of
matched positions by the total number of positions in the reference sequence (i.e., the
window size) and multiplying the results by 100 to yield the percentage of sequence identity.

[0()49] Within other illustrative embodiments, codon optimized sequences can
include a polypeptide which may be a fusion polypeptide that comprises multiple
polypeptides as described herein, or that comprises at least one polypeptide as described
herein and an unrelated sequence, such as a known tumor protein. A fusion partner may, for
example, assist in providing T helper epitopes (an immunological fusion partner), preferably
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Acad., ScL USA 80: 726 730. [0046] Alternatively,

optimal alignnent of sequences for conparison nay be
woaniuaresed by the |ocal identity algorithm of Bortus2@mdi2719

Wat erman (1981) Add. APL. Math 2:482, by the identity

al i gnment al gorithm of Needl eman and Winsch (1970) J .

Mol . Biol.48:443, by the search for simlarity methods

of Pearson and Lipnman (1988) Proc. Natl. Acad. Sci.

USA 85: 2444, by conputerized inplenentations of these
T Lelpporépitopes (@BmzaEWFhmna%AsmaFﬁasm i GYPTEFSANRT Ahg protein (an

exp&%@mﬁ{e&ﬁ&&%@ My ﬁ%%ﬁg%&%m gﬁgi@%@@&%%agfgxg}%élﬁvﬁ%na;n preferred
fusion ﬂ)}ytnlel‘ssqn'edidﬂm mmn{xﬁew‘g]canaad examﬂiei éﬁhfaichgr fustenspartners. Other
t hat can be su

FosioRaHET R B R TRHEe S P ATy de PRI B REIFEHE0BEide or o
enaBle/Athe lﬂ)lﬁpa’phge o tHerTﬁrge_mhl ahdesired dasadeilbzd dompAtttneatsuBtill further
NNt N o

r es ps0} Vel Busidd-Astlypdptid&l-Apdy 2 gendially DBe Uﬁféﬁareﬂorusmg standard

exanple with the parangters descrl bed here rl
tecl@r@ﬂ@qsmn@@dwrfé@mw% eguigriion. Festembly: 1 §isigrpe ypeptlde is expressed as

a r@ombii e ?ylpggﬁ' e?%ﬁ?n&g{ ytﬂ@ﬁ)%(ﬁﬁ:ﬁoﬁ’fof & edsBY 8VelsORelative to a non-

ST anal yses is publlcly
fused @olypbptéde; i @ngixprassionsystomaBricit aucl¢igracid Sequences encoding the

polgk%;ttﬁi‘éh&% l! nlfng{' s h&@lalbfo Cegr Cu'ﬂiﬁ)éagﬁcp I%thﬁeiﬂ propriate

r X can” be use te thé& cunmul ativ
exession. veEndre’ma Frendof theeDMNdv stghérics encoding hnalpolgpaptida component is

. are halted whe lative ali orefaII
hg%?‘?’ ‘6@‘ he' ‘ﬁ%&ﬁf‘.&ey?‘% ?L gg |ttcf gh ngmn%uﬁa:%l eved 'V l?glcc’dmg the
sedohé p@lm?dbﬁdei YEMPARHE sg et the reding frambebdhe shuerces talein phase.
accurrul n, of, one . or ati.ve-scori.ng.resi.due .
o et ReeisR ipga wne BRI Rl eh B e SRl sctvie of
botﬁh@n@bﬁ&n‘lipab@@pﬂldégm parameters W T and X determ ne
the sensitivity and speed of the ali é
one [ oach, Péntide: IB%‘F’E: SFAUSHES B?ayslé"q Tid ?‘%ﬁe t?’% first and
secoRll %’o‘f@ﬁéﬁﬁd@kﬂoﬁﬁ%d BY 4 WRABS siifficlent 8 led8I8E that each polypeptide
sequences over w ndow of conparison of at |east 20

folgs sinto eﬁsse%‘ézrréu And Hertigor SPBpEs. (FHehpa| PeRside; Heker sequence is
mc%g[gﬂa@& Snth Fhd E\fsl&pg&ggépme WRAQW JARY té&ﬁﬂiﬁ[téssﬁlell known in the art.

tions or deletlio gaps) of 20 percent or
Sultalde peptidealinker Sequenes may bershpsenrbazed po th@ fllomdeg facters: (1) their

o RPLSSh Ly 10 SLSORSEOFRUTIERD GO SR, Do o econcy

straftuteltbatt somlds eqcnactcwgh fﬁiwopdr@émp@gm the izt end a¢®dd tpplypeptides;
amﬁj gﬁe) %méggﬁlkn GC ?r céqlaége%sremdggsstha{ m\{\g{t%re]ac‘i rQ)“?z"ith the polypeptide
functional epitopes. Preferred peptide linker sequences contain Gly, Asn and Ser residues.
Other near neutral amino acids, such as Thr and Ala may also be used in the linker sequence.
Amino acid sequences which may be usefully employed as linkers include those disclosed in
Maratea et al., Gene 40:39 46, 1985; Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258
8262, 1986; U.S. Pat. No. 4,935,233 and U.S. Pat. No. 4,751,180. The linker sequence may
generally be from 1 to about 50 amino acids in length. Linker sequences are not required
when the first and second polypeptides have non-essential N-terminal amino acid regions
that can be used to separate the functional domains and prevent steric interference.
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occurs in both sequences to yield the nunber of

mat ched positions, dividing the nunber of nmatched
woasiTii4z3s by the total nunmber of positions i nPCIAIS2007/012719

ref erence sequence (i.e., the wi ndow size) and

mul tiplying the results by 100 to yield the percentage

of sequence identity. [0049] Wthin other illustrative

enbodi nents, codon optinm zed sequences can include a

pol ypepti de_whi ch may be a fusion po eptide that

ConidPF2les rietigaied DR pesricace agera@.gfgm&sé i fdraklen,
tran®érigtiofhl GREIaEET Mol RES el @GR AL RERTIAESS Aéments responsible for

described hereln and an dnrel ated sequence, such_as a )
exptaseinn of Dbk aysrlocasechonln St tosho PNya sequencarngoding the first polypeptides.

.- \Y/ . . . .

sinfRATRA TR Moot S flRiin 364 Retsc AP RER a8 sigoals are
onlgpiesan&storthe DINA 2ephehye dnepding thesecomd/palgpémsided n

exp ing t.he protein (an expressi on enhancer) _at . 4

o oe3l o T R fnfiE e PR ERdhaRR D el pffysis and report
genCREibAl df PeRhEfsRIg 4 WRtabBsePand HEW1S tarcaldatiid codon usage from a raw

i mrunol ogi cal and expressi on enhanci ng f usi

L ! 0
seqpeiceriddsSraphindly Fepsriote jaraieerdt ‘il?ﬁfa’fﬁ’ec%d@ﬂéc"r%‘& g fyagglated DNA
seqhéhdeN SEGATENdW BootOhHBIDebd YeRilogelfo RYis REBis PR, Wherein analysis

enabl e the pol ypeptide to be targeted to desired, .
and yeppr ashetation atpegrapieied rausomatiqally, fedp¢ing the rpguigpd time spent by a
nggak¥ers include affinity tags, which facilitate

purification of the polypeptide. [0050] Fusion

pol {09581 i delo thejnigdrstagas pfpisiech desiar. adPratsinig ceding segugnee can be
ev Rl ST} 260N, s, Whie e i
no abebutbicricentonpoyglang ihde deteirhioafiony ank estipregy uetdlees eyiluation of the

i ncreased levels, relative,to a f used. pol.ypenpti de
perpffCisE” B E eI e e Ry R R ioR) AR tfferrd for
parﬁ&ﬂtﬂteﬁh;hﬁﬁ) adig afithg hbhee)@ﬁésiipﬁm%gﬁl_.cmﬁﬁaﬁt%mﬁm_ b¥% usage are

asse ed separately, .an gated jntq an appropriate
OB P P TR el ifh 650 e et etign AT BB o example, the

coddns QfiidadirOMEb1e0] HaePtal S8camepaitentrence off B3¢ @hn ¥4 th @ie MB214
w t hout a egtlde linker, to the 5° end of a DNA

Senoal, ARG &V RiPFGerERélyeroideddsl appiniged eetrporerxpsessed in that

hodtNato ARErhiRAMhAIRE: 4 BORSoPIntdrB8 MBAHBE eRBrede HeferlBgs®ly without
This permts translation into a single fusion =

optirpizgiierptangemen sletarming what prrctiteconi tae cagensyerist igfthat gene and

whpﬂtﬂhth‘ég Q&Q&eﬂtlopa‘?io\‘l? ARk 698 hal O QA letRiREREEAS N dxpk&Sion (ie. near
sequente may be enployed to separate the First and

thes® coh df {helggpept ¢ahsematqgsbiegerher ipip dudterst. ance suf fici ent

to ? € t'iqgtafiglr%%pth@% %’s?n?e%f dob b e 't#?%s%gfe %?Iergéon is designed to

secondary and | ar ruttures. 'Suc
caltulaeendaregurgn fen 8 ranmORTegatied and togiapbichliysieport the location of the

rar$ %lgéf%]%? ;h!)ﬁjge a%zinrslgxtesdt Bﬁ%rsque%gehnk%ﬁlson\é\ﬁl ,l a ic(:(g]l(c)>¥mocilerc]i table can be
presented to compare the codon usage of the submitted gene with that of the MB214
reference codon preference. In order to allow portability, remove dependence on any
particular underlying bioinformatics package and provide ease of use, the new tool can be
written as a CGI program entirely in the Perl programming language, and be accessible as a

form via a web browser.



Sui t abl e peptide |inker sequences may be chosen based

on the follow ng factors: (1) their ability to adopt a
woleodibbess ext ended conformation; (2) their inabCiriusyootm12719

adopt a secondary structure that could interact with

functional epitopes on the first and second

pol ypepti des; and (3) the | ack of hydrophobic or

charged residues that mght react with the pol ypepti de

functional epitopes. Preferred peptide |inker

seql@fods chnessi ana@-formaged andesisle sequsinde isspasied mso the form and

ueh

sulﬁlzﬁl%csl,g’gﬁi 0 tuﬁ H}r&?ckréqar%ge’%rﬁetf S%l@ésuﬂyggﬁgggaﬂ F@%u?es 2 and 3,
andviialglh 2nay be useful |y enployed as linkers include

t hose di sclosed in Nhrat AAﬁL % Gene 40: 39 46,

1985; Murphy et al., Proc. 2 Acad ScL USA 83: 8258

8262, 1986 23 .
4,751, 180 [k bRy 1
to about ! STENE 75.63-] GRISGE
are not rjxuﬁgggggﬁaw thsGT N SAAT ARG Besdnd  -11.99
pol ypept i (ASSISAIE0 hAoY |0 203t i ¥ HICA NINSHISEEINA]_Ari-it0 _aciid
regi ons t had=odaiholele g U Sonal
. TGC | 7933 ] 0.00,] 7933 || P 8.94 | 0 94
domai ns A RS onhIC TS 7.2 A Lt AR
i gat ed Dﬁgﬂwwm R A T R
transcri pfb 3000 | 8BNS, G| e [36.81 OT V_GIaITENT .
The regul : 278 A Dilzeo~[omr] expr essl on gf
9 _ L2 Ol .
DNA are | QRSN 4273 £H2¢ 2520 N9 1B o
i i 5 #49%: 000 ~ 1 4 99
the .fl rzt -§- 90 | 375 5.0 R [ C 5.83 | 0.00. . 5.83
requi red reTE st e o et T AE Al Slj4_37
term nati OBTSEOE 530, ST VR IOCR P IS (aas [ L O LT
sequence €0CGED| NP2 BRET| b, | 00Da] 1N
pr esent inv=ﬁm1mnw$pg§ 150 V|| SIS & 8.6 [FRi0| C_S e Fr.8l
anal ysi s aBdCAHShIB 15060 ikt j[CAT S. W 115i P8I
CATL 9. .11 TCC | J3.32, 2.59.;13g 15 o ¢
S:gﬁgﬁig I [ATA [£3705#1 18.18, -15.13 SITCGJ 217510 : 217 aw
YA 52 1 1818 ] 3533 AR 250} -8232
rare codoffy A PG des6d | Ukl C|N5Yo e
new t ool s =N 5.0gV 1D T0| @36 ) 4545 11 N1 0.8
process, pAA ] 16349 RRH2 ACE @W! . ]
conpl et ed |2 HE APy L 3&7 &ﬁ‘ L2t
= 1 al ?2 aggs |
Spe.”t ?yd L] .1 .73 V| GTC 265§ 8331 1826 2 of
proj ect  d¢ETEFHERrRITRIeT (I S AL 07l 0 AN < ik
eval uat ed m'ﬂ DATEAss 12166 TIr L 383 BoolT ol i ar parnt
of the gepellS | advizadl e: TEG1 0 Bo0DG_NO_ s 0l U
criteri on LinATSH D09 | Q0 o} eI hept2s 1eo0l one JPT7at eg
i nvol ves eval uation of the PSKAERPIHEONVI di 8% hutilon

of codons that woul d be considered rarely preferred
];Sgt%r%wv ae;pgéeééﬁcg) ?%gékg}gfrg@tﬁle }/ Ebgtaeg gsth'%stsor EX0B 255 QBid/codon pair: i)
the percent frequency of the codon in MB214, ii) the percent frequency of the codon in the
analyzed gene, and iii) the percent difference between the usage in the analyzed gene versus
MB214. Highlighting indicates codon usage in MB214 of less than 10%. Highlighting of
“0.00” values in the Gene Usage column indicates a rare codon that is not used in the
analyzed sequence.
[0057] Figures 2 and 3 illustrate results of rare codon usage profiles showing the
location and distribution of rare codons along a translated protein sequence. Highlighted

codons are represented with less than 5% and 10% frequency in P. fluorescens strain
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commonly used as cutoff values for the determ nation
of rare codons. For exanple, the codons listed in
woabi7a4d9shave a cal cul ated occurrence of | ess PoaWSBHT/012719

in the MB214 genone, and woul d be preferentially

avoi ded in an optim zed gene to be expressed in that

host. To ascertain whether a gene of interest m ght be

expressed heterol ogously w thout optim zation, one nay

determ ne what percentage of rare codons exist in that
MBgébhdn iighromatand 3. reppctively. d&he wveisReresnige and abselpte number of

codgﬁs\/%}]lgxgd&h&@ St QUndb LE£Els Mo SRS NBwiig the tﬂtﬁﬁ.ﬁﬁte& B&uence in

of the gene or concentrated togethér into
Figaies 2 tand 8) respe®0i®8y. To address these issues, the tool of

t he ent~ i.nvent i ' ' . .
RS TP ol BRI o R 5RO v,
Ond¢eeP @ehe hiebéancaialyzed ahd tahéeterminatemdmade &lapsgnthesis of an optimized

t.rans| ated DNA sequence. Additiognally,.a cplaor-code .
veryia LU S5 RN B PrmpRErY N sioBu B R g ve designed.
Thd RBufiBNgdnkedbspanemaidatest daat edeh BehandWéd dpricef ©r gmdesis to ensure

codon preference. In order to allow por [

( . . tability, .
comlg}wg% “ﬂ@p@hé%cﬁe{n&n}n rgéqlqrite .l}qeg@ t3ek 8? F%rﬂ@é{id genes, associated
des%noéﬂgﬂﬁ,mﬁ\td' e r SyRAicPELMIER 6a8iBnPTo BE AnallyA&Y, a relational

ew tool  can be witien as a Cd programentirely in
databimee Barrbvidedtp sorniting infarmalisge, and be accessible as a

f . . . - . .
or 0\§? a ﬂ!{e&d&l’ t8%§£tro%q’91%‘§gx+tﬂ%é;§%h g@c%é"igrh Lﬁgﬁh%ﬁgmem, ina

nucl e de sequence IS paste orm an .
pargoldan ¢rtlewtiimantcbfitior mentéeh, PoptgraSQlawes sdeaiechasithe Selatonal database.

esul.ts are.sh ' ' , T s
Dabya ity SR LRSAR R e Bl calihel IR £ xample, Pt
DBIi mbilulg. f The aachasmischenacicald beddesigymidrto allow hgexplityeint selecting

clereBonts it en S5 belic e ey ! eRe. PRl fognoe, leader

seqhbﬁtlep &xlichmR’Ql fHxprepion vearbiwemid Hoee daa de@efined foeensure compatibility
anal yze ene versus MB214. Hi ghlighti i ndi cat e .
of D auHibad Bers Witk pectar BIGbls o s oo 1&% AP YR f?@e%?& Motifs

that Shd b¥avBRRAIIA (K BnkERGuHRIR/NGNBE defitbids ahé Saddidate synthetic
rare codon that is not used in the anal yzed se

C ence.
velP'@gs i;'c}r qap]@ gerescan beorad A reereseRtatl yeepqdimgnt quﬁ% database schema

forcﬂgoéb HSERHRE & ihREraRR0W PGt DewiACHIh Mn@Rdin the actual database
di st |nbut| on of rare codons along a translated protein

repsesquied drelowdr gilei ght ed codons are represented with |ess
t ha oo and 0 ' o . ..
E?(ﬁi@ h%ﬁl()‘;gf t& %@ﬁ%ﬁé & of HhidOhS &%P@atabrahsg without requiring

str 214 ] I gures and "3 respectively.
exmevasealnl SEHLcimntagmticular sinbotliment afnther inyfntion, a user interface was

developed consisting of CGI generated HTML forms. The user interface can also provide a
layer of error checking to make sure all entered values are valid. -

[0061] Entering a new gene requires completed CGI-generated HTML form and
pressing a SUBMIT button. Values may either be entered into the form freely in text boxes
or selected from pre-defined -pull-down and check box menus. These menus can be built
automatically from values currently available in the database. New values can be added for '
each menu by clicking a respective “Add” hyperlink, which spawns a new HTML form
specific to that data entry. If errors are detected upon submission, the user can be returned to
the form and presented with messages describing the necessary corrections that must be
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codons falling below 5% or 10% usage is al so indicated

followi ng the translated sequence in Figures 2 and 3,
woesaadsvel y. [ 0058] Dat abase and tools for aparyse®7/012719

of optimzed genes are also provided. Once a gene has

been anal yzed and a determ nati on made that synthesis

of an optim zed version of the gene is warranted, one

nore synthetic versions of the gene can be

deS| ed. ' The resulting gene design candi dates can
magled 1R reian Bk wiasasy e pressecd on iesiorm so that only the error-

relﬁ@ﬂnlallfégeﬁ,w&ﬁ{adﬁ{eh&g@hlqgregr|terl a. In order to keep
track of submtted genes, associated design criteria,

and [0R&2])r es d\fisr reptesingt hetwegaandi glete carebsireqeested fibmn an outside

Bt s L AR LA b BRI s TR Soens cunbe

mmxueéthyr@td?ﬁrgl infarchation oatol.lhe wenédtty websige Page. Mn drder to fac11itate this
di ment of the inventlon Post gr eSQL wa

B iy Has PP ep BT pBi o fal SHRpOBEA sk 9w preparation of the

needsbaryatitd directhflomxhe deiaBabel i@MheNeqer@PfoRMat! aﬁ"ﬁ@%@ﬁ can allow a
for exanple, Perl's DBl nodule. The database

us%‘ctﬁ’egﬂ‘e&"é‘ﬁ thpf IREPY ARTREon fasve ARetRiky selecfingrp gene name from an
aufoRh Rehily erRir R88 PhR-dowrPSeh 6f YA %@né@aJahﬁbl%MHttH@gétﬁbase at the time

transcription unit (e.g., protein sequence,
thepaggemeseloadgdy Qg & ¥eneE§< p?le@tsd shickiagtzo3 BMHT thwtoh genermtes a form

wite adel IfRed #9: 45 er %&iﬁ) ke tﬁ% v%Hc?ori&yﬁﬁg tre uest. form. A

gene with vector ng sites an
hyperénhﬁ@wgemnarsgbemmvmdoul d be avoided in the

fin e?ﬂque%% 2 HLd ﬁ A beﬂ%f L?Qe%g%‘h cpde, Lﬁgrlgle%fe nymerous different

synt I'c VEersions
c0diagr®$13m<a$ ithat mmbbdlgeamtedffotrvesﬁﬁhabﬁgales €diRlidatd. Or'Vendors will
ataglé’?els |lustrated in FILG 4, wth filed

typlc mg'gpﬁop{l Eru %8‘}” et}cebqrggg.hf(gdeqch gegedp order to allow a

reseaivher toQEROY the ﬂe@fcﬁx&haﬁrﬂo&ﬁ: alstliytnRiteheBthd deqhfredlddston Mtfria. These
e W thout requiring expertise in SQ, in a

BT TR TR S i e

usingttBé ame ndl §MRcORAINEP BE isslekRE ffgm% au%ﬁ%fcﬁﬁ? %enerated pull-
HTML fornms. The user interface can al so provi

dog\Fagnty AnG  ¥EiSIQRHERY SRpeauEneRIaadTy desriptian comennts can be entered.
on¢al su8midd® tH@lahfbmdrP gl:‘kh @I\/E%éhﬂg c?m WA FERE dLEHEHE S¥hich of the

corrpl eted CG - generat ed orm an preSS| ng a
Tersians o thedarabese ismyoseoptiteal foesyathesised i nto t he

f or rn)ﬁééﬂel ynA dﬁ}cglggl}((eg% z?lser? rso z{fﬁ)céa%doefnrlc umdgc{ %agl (Imate ale process

pul I'-down a ese nenus ca
of gvalpating each candidate synthetlc version to ensure compliance with design criteria as

submitted to the database. Each synthetic gene version can be extracted from the database,

along 'with the relevant design specifications, and run through a series of analyses. These

analysis can include one or more of the following:

1) GCG (available from Accelrys Software, Inc., San Diego, CA) CODONFREQUENCY can
be run to determine the codon usage of the synthetic version. Output files are parsed and
the presence of any rare codons, defined by a percent cutoff value stored in the database
for each gene, can be detected;

2) GCG MAPSORT can be run to determine the presence of any unwanted restriction
enzymes that may interfere with future subcloning. The list of evaluated restriction
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automatically fromvalues currently available in the

dat abase. New val ues can be added for each nenu by
wolwaki4zg4a respective "Add" hyperlink which spanwus2@7/012719

new HTML form specific to that data entry. If errors

are detected upon subm ssion, the user can be returned

to the formand presented with nessages descri bing the

necessary corrections that nust bemade. All previously

entered val ues can be preserved on the form so that

erAyynasHandre extrastas; Eamy e dasabass thyeugho erlationghigs between enzymes,

- t [
EErERIG Kot I en el Rl o8 pa EE 0 senEsBape of any
sostridienisite frbut the listarf@indyrnes; gene/ t ranscri ption unit.

» GRREPTERRR R b0k B Bl o SR of B horpl mosits ha

sidudd pe aesigad anthetsgnthesy earsiodatEack pattgrnasan beslefiaed dothe database

Ao 8P Y2 B Blerdon PHSHICRS TCPAbEBie ARty Dutout files can

68 Phiisb @b dedciBle prddehe 0Aly cTahe adfirRWdBlewiRus b&yuence motifs;
g:nerate the required information fqor a quote

PEREAR ] e e RET RAREEAPY idPahe Bt Bhﬂ?tFE‘aﬂ‘P)ﬁtrﬁéﬁ%r%ft Wy stemloop
Q&ﬁétﬁx@gp&s NUr RS o, 8blan BERES @M REal1 8RR GG BREMESHARAERA locations
at the tine the page was | oaded. ce a gene is
of Ipetatizd steoflpens inghe s@uBM S estractche gegrdinates Pf4hessrlapps, and then

. ‘ i o c e i
Sl 136 EerkEhleS B P RERAS L S S Lo e Loop
sauctates Olputpresiiscad be[s0A68 by Dwe energy edd nkaday fonthe hwe strongest
geneti c code tth re (g({.e nilgerou§ di fnfrere&t
WG eTilele FRipctedin Additionally, fheq TPe SrEres B
eepuitied dbeconyenstbrepurpdsks; taypi cal |y provide nultiple
C i.date synthetic versions for..each .gene i.n order t .

5 SRR PR SoLamEdre petiict BhaSRoTS sy e and syntheric
P0Aedequbmles R6enbite A auithtrshs dRfk Prefi lihiréducad byheser. Translated
sequences can be added to the database and as§ociated
REQUENEFRCane Ry, geraraiad HIECE BRANSEATE L STRpt R iiRedsn bg parsed and
¢ dqame can then be selected froman automatically
generated pull down nenu, and a versjon nunber,

seqlR068e, afrdepgrycardwgenpratesddn dEbdoanatdar pewag wmsyting ina

welPBfSyset! gMEr@»goft (Iigﬁ'hg %ﬁntbﬁcqcaﬁ ri‘ngllXcﬁ:' s £ilyirBSorESthP fesults of

run to determ ne e submtted verSions in
thetanelyskest inbatsdarifermoEer expiriptm s flustrasge inEahile 3. ¢rg0@imipcan be

£oqgr ) Per: ' uded to
Rl B ntof SRy AUy AT BBl G e o

synthetic version to ensur€AB&HE3i ance with design

4)

codi n
N ?téonggsﬁ:eloop can be

[ Criteia_ ] o d
(>SGsorCs | |

sequernce
Strongest gene-
internal steploop
structure

sites

Synthetic gene
cncoded protein is
identical to the
original protein
sequence
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along with the rel evant design specifications, and run

through a series of anal yses. These anal ysis can
woneiudmsene or nore of the follow ng: 1) GCG PCT/US2007/012719

(avail able from Accel rys Software, Inc., San Diego,

CA) CODONFREQUENCY can be run to determ ne the codon

usage of the synthetic version. Qutput files are

parsed and the presence of any rare codons, defined by

a percent cutoff value stored in the database for each

gene, can be detected; 2) GCG MAPSORT can be run to

det @‘bﬁkﬁe R RIRERBE S 1Bloaithlr UMY IRSEAIE KOS version and

enzynmes that may interfere wth future subcl oning. The
seldct 8te mbsteuthlaverdiondor synthdsisndf agatesis tnalicates thatmone pbhe versions
from,the databass. 0 el.ati o ] t :
el SO SASARIB AU, £La RIS HELIESSp o en
a s@igbldoeergion S dbthinede The trefidtecyy Aseinchideftharaw data from each analysis
restricti.on site frqg1th list of enzynes, %} G@?td 1ysi
for FORBIRTPHRRS KRN he PHA 105 BER 2P (YEIPH 8B 1 Ry analysis
perf @ RAAG rdlBdnt Partd GFHithe H@phickidpecamvse iHgilidhted fo€ ease of reading.

syntheti c version. Each pattern can be defined.in the
dat HWSTE ol BhgyPiesent inveatign ibemlaned gﬁ%ﬁ%@etﬂﬂ? ihechazples tha
foll];ogf. e@&ct exdRfftds A€ iRetdedr 43 ifAaRVE of tHeSRvERdnRAARAE 86cko be taken

tect the presence of any of the defined
aredwhiting thesepd. sequence notifs; 4) A program (e.g., a
Perl progran) can be run g ghEeE the strength of any
stem oop structures present. e program can
sequentially run GCG STENEXOSMHEIE Li nd | ocati ons of
putative stenl Qops i S he .
coor di nat es ofﬁ?ﬁ%%%P§%g%§Fq%#%qfq%ﬁgﬁ%éé@%ggIoop
coof@basit esAt DN gdriGCConkiding tuo opéitval Bhive-Dilgamhpeequence and a

ener, of the | oop structur Qut put_r lts.can_ be
anigy SBH B3irieheR CBAGIGIeNES prdsd by Of i i Sediénce. A DNA
regfdn E6ISiGIng! BEIRSst6R Bodims extirachigee XAdDidstrixtiah leyizyrhé eite was added
free enen%y of the stroggest | ogp can be neﬁﬁgéfd fﬁﬁF .
dowaiisaruef the cplipp sepence il gare epiSTBRSTRTIaE if MF BEne {RFome with

lest PhdrOBRALSAI Bsdpe Pvérd enbdiied 18t dvoRs ri8bsdhd sﬁ‘ﬁﬁﬁ% EARNEne-internal
synthetic DNA sequences to ensure no nutations have

ribpsome binding ey iicke masehedT gn patiare RegaggiBrodis Wilh By or fewer
mi&ﬁ&@ﬁ%t\gﬁa o d#5a %@%&ateﬁﬂr&gﬁq B3, SSEARVF five or more C,

par se reporte 65| report can be generated
or five BT Moré 6 nudledtisies weeanglirgingtedpe ameid RNArpdymetgse slippage. Strong

g | . . i- % . .
gexgeL 1?%%1?{/1 S?JeITFlJ X rogf %ﬁ\%{lj%%sy\?%ﬂgmayg %gése&gfehng aft 1‘1615‘5'0% nﬂ:hng site, were
modified. The synthetic gene was synthesized by DNA2.0, Inc. (Menlo Park, CA).

EXAMPLE 2
Design of Synthetic Gene from P. fluorescens

[0069] The amino acids from methionine 21 to glutamine 520 were included in the

final expressed protein product. All rare codons occurring in the Pfenex ORFome with less than

5% codon usage were modified to avoid ribosomal stalling. All gene-internal ribosome binding

sites which matched the pattern aggaggtns. odtg with two or fewer mismatches were modified to

avoid truncated protein products. Stretches of five or more C or five or more G nucleotides were

eliminated to avoid RNA polymerase slippage. Strong gene-internal stem-loop structures,
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the anal yses in tabular form For exanple, as
illustrated in Table 3, one colum can be provided for
weaeatr/1igyastheti ¢ version and one row for each ararysSe®7/012719

TABLE 3[0066] In this manner, a researcher can conpare

the results for each version and sel ect the nost

sui tabl e version for synthesis. If analysis indicates

that none of the versions neet the design criteria,

addi ti onal versions can be requested and anal ysis can
espec1abse oney eavering ithe rbesomedrnding site weve inrodifiedyiA BANA peuence encoding

ort e

e 24 SR o Hpp b A dIE, PN Al Akl STUEASTend of e opimise
sequen@fme DMAsrlegmncmntdixang mhlcqmadil k&}mmﬂ]ahlgsmg segudénoerand aaweique Spel

el evant parts he outp data can b
restrictpf e sBf WeR AP DGO A trhEoipe SEERe v LN SN containing
three sBPpPEIONS Gnll M GhiQAE STholl @bsttidtidnNerzymeRsianmas addéthtiownstream of the
foll ow. These exanpl es are |nteql§§ %aéillustratlve of
coding seuencr, dibe SErheirrear &V assynthesisnd ByRRY, &% i ti ng
;{ 69703 0f ThESA h@rk%%e@{&ws%tiowﬁmﬁedﬁfs@aw&w spe&ibe@mbodiments
rom P. quorescens [0068] . A DNA region conﬂgfnln% %
those described

describge herein. afsede vmigusanadilisainge of dhsy Hiyentiomin
herein Wgtﬂeb&ké Eg&r@ﬁty {Beth%ké Skile@ 1@@@?%%&@@%&&0&@ Qescription. Such

i ng sequence DNA regi on contalining three Stop
modifictidonareangnded toifail mt)(htilhe seaperof die apperdehdEMS| t ¢ was
added downstream of the codi ng sequence. Al rare
codons occurring in the P/enex ORFone with | ess than
5% codon usage were nodified to avoid ri bosonal
stalling. Al gene-internal ribosone binding sites
whi ch matched the pattern aggaggtn 5-iodtg with two or
fewer m smatches were nodified to avoid truncated
protein products. Stretches of five or nore C, or five
or nore G nucl eotides were elinmnated to avoid RNA
pol ynmerase slippage. Strong gene-internal steml oop
structures, especially ones covering the ribosone
bi nding site, were nodified. The synthetic gene was
synt hesi zed by DNA2.0, Inc. (Menlo Park, CA). EXAMPLE
2 Design of Synthetic Gene from P.fl uorescens [0069]
The am no acids from nethionine 21 to gl utam ne 520
were included in the
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final expressed protein product. Al rare codons
occurring in the P/enex ORFone with | ess than 5% codon
wozaga4ywsue nodified to avoid ribosomal stalli rgT/UARM07/012719

gene-internal ribosone binding sites which matched the

pattern aggaggtn5-10dtg with two or fewer m smatches

were nodified to avoid truncated protein products.

Stretches of five or nore Cor.five or nore G

nucl eoti des were elimnated to avoid RNA pol ynerase

sl i ppage. Strong gene-int ELAIMStem | oop

structures, especially ones covering the ribosone

bi nding site, were nodified. A DNA sequence encodi ng
What it blrirdéd tri no aci d pbp periplasm c secretion | eader was

fused to the 5 end of the optim zed sequence. A DNA

region containing an optimal Shine-Dal garno sequence

and a AnEmed SPfrodiuEiik hiréddnMinse f)ydf&n%bﬁlﬁn!\ﬁﬁ added
upstream of the codi ng sequence. %lon

C%tn@izmgn:g Sypipetic g@]dgu@gamsseg\q@lcg fgﬁ ,hql@ rologayls expression in a host
restri ebhRimSnaY MBusrelenyPBaad e d wigs t fea fhedd gp%?jlnucleotlde

codi ng sequence. "The synthetic gene was synthesize
DNA2. Ocompxises [a0ozptidhseqperssencoding @ pratein; i s not to be

A AR 050 R A, ETRBHLTRDNS S P

[ (narmﬂnﬁlﬁlilg)theﬂ]osttﬂ’wséom flubedcda rbactlarwvwhth thxﬁeq:ﬁasmn vector;

a rent t |II n the art from

FOPRLERy® SeblpRBed Bet Bbutomiis o iokesehmubieraia in & suile culture

to fal ine‘d/[atzfppfbﬂri&&e BE teexpiesiibe obRnsier; eddi ns. CLAI M5
is.clained is: 1. A nethod of producing a

%ﬁ%ﬁﬁﬁﬂ%ﬁ?o Yot ei n conprising: optinizing a synthetic

polynucleotlde sequence for heterol ogous expression in

a_host Pseudononas fl uorescens bacteria, wherein the
synt hetihe PRac, Of eelaimyd.. cBhrrins @ptimizing | the syathetic polynucleotide

sequene (fee %ﬁér&ﬁg&ﬁ' ShrassRINCICIHE: hdsk IRLLAInSAS ARETLALHacteria further
synthetic p Xnucleotlde sequence i nto an”“expression

compr\?@i:tctwtlfm&ﬁ@, gradifying ree Bodans Hsero dbersyribétiapelyseadentide sequence
that arP ARG 1 D nbRDPEXR RSN AloAESHObacGHLt Uri N the

t ransf ost Pseudononas uorescens bacteria in a
suitable culture nedia approprlate for the expression

of t heTH% ﬁa?fhﬂd (?Pdc Vénl%o Izat\kfl'i]eq? Sgtprﬁﬁ)z'i e' & d eS ysﬁ/f%gf ¢ Cpolynucleoude

net hod eréin op |ng
sequerpol fpnleteeabpoles squesivnein§ tie lst dseldypaits hpiréstsisObadtéyia further

compe AR RPN b S S S P A s om e
synthetib poRyidlastideseq@ngsuc! eot i de sequence

4. The method of claim 2, wherein optimizing the synthetic polynucleotide
sequence for heterologous expression in the host Pseudomonas fluorescens bacteria further
comprises identifying and modifying extended repeats of G or C nucleotides from the synthetic

polynucleotide sequence.

5. The method of claim 2, wherein optimizing the synthetic polynucleotide

sequence for heterologous expression in the host Pseudomonas fluorescens bacteria further
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that are rarely used in the host
Pseudononasf| uorescens bacteria. 3. The nethod of
wohei7muds4wherei n optim zing the synthetic PCT/US2007/012719
pol ynucl eoti de sequence for heterol ogous expression in
t he host Pseudononas fl uorescens bacteria further
conprises identifying and nodi fying putative internal
ri bosomal binding site sequences fromthe synthetic
pol ynucl eoti de sequence. 4. The nethod of claim 2,
comprighe pdentifying hed miimigizing neRNArseromlapo btyusire do thiedBBS and gene coding
. A0QUS ression in the host
reg]ongggﬁlggmgtg ?@%‘?%%E@%gg%uaeg?%ri a further conprises
identifying and nodi fyi ng extended repeats of Gor C

nucl eot des fram the.synthetic. polynucl eotide . .
CBuendb® “Selioflof sTiay o rharin ooty dhn Sptier pofypucleotide

sequericBefos {etdi6TogSusP exptBidfne @f tHEChSR PsRNESbIs MilrscehP BOSia further
expression I n the_haost Pseudononas fl uorescens

comprisgy idantidyipg randenedifing dwdesighler eraymegrestrigtion sitefi fpmgthe synthetic

polymFH¥Yfids 8&pRdad y structure in the RBS and gene coding
regions of the synthetic pol ynucl eoti de sequence. 6.

The method of claim2, wherein optimzing the

synt het’i‘lﬁ: %Atyﬁ %feazlxltrrq% S%g&%ﬂxc %dér?{f ingt S ln?&ﬁﬂ/‘?ng rare codons
expression i n e hos gelidononas T1Uoresceins
comprisgs tidentiflyihg rand emodifyipg icodens biering fapi srguaectenafdlely ithem 10% in the

i le enz -restriction sites fromthe
Pseudéreg)?%gzﬁ%?:esgg?s %ugﬁ?légg‘?nggleSequence. 7. The met hod of

claim2, wherein identifying and nodifying rare codons

c ri ses identifying and di fyi.ng cqdons having.an

og‘(r:rﬁr r Eenﬁg‘ofiegg ﬁl‘ﬂﬁhr}lo%‘?rﬁ"{ I’]@ﬁ%“%ymg and ' modifjing ' rare codons
comprRes akantgyias f dndorRaERnaScIaBES Bhliab HLBEHRren8e of NBss than 5% in the

nmet hod_of claim 2, wherein identifying and nodifying

PseudpmonasfUpsescershasicriabeenogent i f yi ng and nodi fyi ng codons
havi ng. an occurrence of less than 5%in the
Pseudononasf| uorescens bacterial genone. 9. The nethod
o?- cl ailhe 1mefiodr ef rrlaipy il whergint leptimyjang ¢h¢ csynthetic  polynucleotide

RRIeY ' |

scaueREIHOHELEN P RGeS AL 55810 codons om

the syrfthetin pdipnulactide s¢quene tprinbase ckpess@yuence to i ncrease
expression. 10. The nethod of claim2, wherein the

nodi fyi ng rare codons conprises replacing the rare
c tions The mhethodglieaim ¢, wheeir thagnatifjdnpsrare codons comprises replacing

the rare codons with frequently occurring codons.

11. A method of producing a recombinant protein comprising:

identifying and modifying rare codons from the synthetic polynucleotide sequence that
are rarely used in the host Pseudomonas bacteria;

identifying and modifying putative internal ribosomal binding site sequences from the
synthetic polynucleotide sequence;

identifying and modifying extended repeats of G or C nucleotides from the synthetic
polynucleotide sequence; -

identifying and minimizing mRNA secondary structure in the RBS and gene coding
regions of the synthetic polynucleotide sequence;

24



11. A nmethod of producing a reconbi nant protein

conprising: identifying and nodifying rare codons from
woheo7siyedshet i ¢ pol ynucl eoti de sequence that ar ecrasedoy/012719

used in the host Pseudononas bacteria; identifying and

nodi fying putative internal ribosomal binding site

sequences fromthe synthetic pol ynucl eoti de sequence;

identifying and nodi fyi ng extended repeats of Gor C

nucl eoti des fromthe synthetic pol ynucl eoti de

sidentifying andemodifyingg uadedirablai enzyimegrestiikidors asites dfeory the  synthetic

structure | 1e. RBS and geng codi ng r.eqi ons of, t.he .
synt heﬁ P@“Bo -{)/Jr?fgecl oL ge goeqf? cé™ %é’ﬁlfrﬁf r%n&’ﬁéc polynucleotide
nodi f yisequerdaglesi rabl e enzynme-restriction sites from

the synt hetic. pol ynuc| eoti de, sequence tq forman |

o TR b SRR s b BB e G eatsapiogn P EasioR gector:

t EensBritifik ARChoRY PSNBbMEnRUBarRHE MaRT the BxHEGUERtdrNt O

an expression vector; transform ng the host

PS¥iBigo s UBRPERED hast IWsenromongs disicoin eet sritable culture media
cul tur iagﬁobﬂgtetfglamgg%lgg%rhgfs&le Eﬁﬁéig, nas bacteria in

a suitable culture nedi a appropriate for the

eisplagisg theprefeinhe protein; and isolating the protein.

12. The nmethod of claim 11, wherein the host

Pseudononas bacteria i s Pseudononasfl uorescens. 13.

Th2. netlbed nofthad aofmcldim vHer eihereitetheo diostPsaddommas  bacteria  is
Psend?zﬁt%;zgsr.z%riz% Psseud_om)nasfl uorescens strain MBI O . 14.

e 0667 cl ai m 12, wherein identi fying and
nodi fyi ng rare codons conprises identifying and

i fyi codons having an ocgurrence of less than 10% . .
mgt heﬂgel%ﬁ?fﬁa I‘i!ﬁig’es ng’%ﬁ‘c?&‘f e al?‘oﬁter%‘ﬁié‘?"”i@’.as bacteria is
Pseudbhoni®filindscohs §tadd MBD]. wherein identifying and

nodi fyi ng rare codons conprises identifying and
nodi fyi ng codons havi ng an occurrence of |less than 5%

i A4t he FlaeyaRBnasf ik 99¢ %r&ﬁcf&ﬁﬂigkngg%@%odi%ﬁng Aare codons
met hod of anal yzing optim zed genes, conpri si n%:
comprises identifying and modifying codons having an occurrence of less than 10% in the

Pseudomonas fluorescens bacterial genome.

15. The method of claim 12, wherein identifying and modifying rare codons
comprises identifying and modifying codons having an occurrence of less than 5% in the

Pseudomonas fluorescens bacterial genome.

16. A method of analyzing optimized genes, comprising:

providing a gene optimization database for Pseudomona“s Jfluorescens bacteria;

entering gene data into the database; '

identifying expression vectors or hosts;

submitting synthesis request of a candidate gene or transcription unit;

adding optimized gene sequences into the database;

evaluating one or more synthetic versions of synthesized candidafe gene(s) to ensure
compliance with synthesis request; and

analyzing the one “or‘.'r'nore synthetic versions of candidate gene(s).
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providing a gene optim zation database for

Pseudononasf | uorescens bacteria; entering gene data
wonvw/iubws4 dat abase; identifying expressi on vecParaSe007/012719

hosts; submitting synthesis request of a candidate

gene or transcription unit; adding optimnm zed gene

sequences into the database; evaluating one or nore

synt hetic versions of synthesized candi date gene(s) to

ensure conpliance with synthesis request; and

anal yzing the one or nore synthetic versions of

g%ﬂglr |d'§'|t16fe1 ggg}eﬁlé(?l)aﬁlfi}lﬁb lgrh.ué%e :q%%?ﬂrg{r@scglﬂ%%gfnpg gnr]epor]i oF results from

analysi@BIh% Dhé oPnotd miHeic Yers{Hs ©f sxdidued %&e(/sﬁ_f sions of
candi date gene(s). 18. The nethod of claim 16, wherein

anal yzing the one or nore synthetic versions of
Gqgndi d?{ EnG0E 6B Laftf 'T@r\kfﬁéf'émaaﬁﬁﬂ ¥ grﬂﬂe GGk rgéﬂéesﬁnthetlc versions of
gene(s y I nspection or conp nal ly. 19
candldateghmﬂs)abnmm¢m6/21namnémntea¢a¢(y)zbmrglspmm 08 coRpyatienally.
synthetic versions of candi date gene(s) conprises
anal yzing the | evel of expression provided by
aandi dHiemghoe 08 blaird 06, Wheeinginhlydingfthe dee on héte syhthewd versions of
_anal 2|n t he one, or nt heti c. ver3|
candia gaeis BripSney S e kyEl SheRpyrint FiuE i ndidas sene(o
or lack thereof of high or |ow GC content, a sequence

el enent, or the structure of the candldate genegn&
20. The method of claim 16, wherein analyzing the one or more synthetic versions of

candidate gene(s) comprises analyzing the possession or lack thereof of high or low GC content,

a sequence element, or the structure of the candidate gene(s).
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