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thereh;«s?haﬁg@g&alﬁoordpmoﬁ@wgr&] ﬁ@?@c%ﬂli R ‘E?é‘_X]i“HS retaRteRotem as well.
The oh8®bPmbRestailatd o oDl BBShiMkd té B udidighl AhinBAGRNG! a natural

~ ol ecule. For exanpl e, an orthogonal tRNA/RS pair
amind agd.udesadlegy tlenetlly anfsireddrona sgquensepomelatity bétaeen two or more

function taogether in the celll wth an 7effjciepcy. .
e JO5H o BsAH gy aiePits BREGD: JhearcBgarent-Er Bhaularty between
sequeA&QUhat 49 YadHh I inCdseidlivhind Pekholoe9%asiks Waiheis YiucleR0ddtd 8RPprotein at
ef ficiency, about 85%efficiency, about %

issue,dfut aclitdn ey 25 Grsaeergs sineifarity isgpuinely psesio wstablish nmalege Higher

efficiency) .to.tha BT: B aXel s p [ t
evelsCy psRR Sl C S ac B AR R APl 6. 6p76. 75%

80%, BOYLDOBNOER, 0PI 08U UYL, V5%0 OPHL 8Tt 08%, 6 89%i dtdnore, can also be
material or a naturally occurring tRNA or RS. [20]

used toggirkiieh hamelogyy dvlethedmior detepraimiiigssaqyencs g ey Perqertages (e.8.

i t : d -am -

B AL 90 A9l o8l k0 AC RO R0 Ld B encay

availdd®. ng conpl enentary. [21] Preferentially
am noacyl ates: The term "preferentially am noacyl at es”

[19] ref e'Oi‘tHogo@[]: X hgeli Hefin, tRe fhrm ‘BRAYEONADYpe®éif k€ h @lecule (e.g., an
about /5% efficient, about 80%efficient, about 85% )

orthogdna] BRMGMA(O-tRBVX angigwraafariheperr amitpscy! (BHYA emthetase{ORS)) that is

r.ab % Or re i Cd: t [
e G058y SR L 10 e AR BB 2o
Ortho@ofihl refasd tul ileintbidity aniietioced GifficiergP.ar, ¢eks titant 208, €Fffdfznt, less than
. am noacyl at i ngo a naturally occurri ng/ tRNA or a
10% eifigient, Ajss thtes 108 TIGISBY Of 6-SgdlAtsr tht 1 Phelficlanked anayihogonal tRNA
. i h . ) .
s BT SUAIAELR, | L B RS0 101, o xgorle. an
orthoggmah RN Atihantraktion Qe fof itteesicly ahnoayhtedeyy sl eclbgenous RS
codon, at great.er than_abqut 75% efficiency for a
of a tganglation SYReaY iEissh withy reé‘r“‘é’gtoére"?ﬂ ZETCLgibiengpoyhen compared to
. i.Ci Vooof iwe I r O t
i 5 e sBb 0K B 000y s Bt B,
orthogomehR 8 rantiheavykibesiany 3086 genbic RN yn fhertransigiive sysseh ef tnderest with

codon, greatger.than about 95% ef.fi ci ency f.ar a .given
reduc§g PR DB aIongy: T SRBe A PUGS 9 e EHeys (RNA by
an erfd@berRud RS NASSIBAA Urtho2eRi mbiddllec 2aheld MirdeQN intdNBe cell that
term"sel ector codon" refers to codons recogni zed lbl{l
functiohe wdthRWA first orthogonal molecule. For example, an orthogonal tRNA/RS pair

includes introduced complementary components that function together in the cell with an
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in the translation process and not recogni zed by an
endogenous tRNA. The Ot RNA anti codon | oop recogni zes

W b@emeisert or codon on the nmRNA and i ncor por at BGI/USH05/043603
amno acid, e.g., a selected amno acid, such as an

. a inp agid,at this site in the polypeptide.
otficiiB il anon% Bictonss it gPe sfteich M vk Paioioncy, abou
75% effipiencROBISRN VO efiikdhcy S tsdht B39, SHRRerfe) ML g% LHREy, about

o bg%?not limted to, anber, ochre, and oOpal codons; ’
95% eHifiensy, ppraboWalcordtese cfigiencyddortbat bdansredaumidited tRNA/RS
Lt t | _base irs and/or, the |ike.
endogchOm A vAproSkp IR o BrondPEF BB BT aeallicomparcd
to a santingnhateliel orainabahlly bReiNaENAQERIS, Wwherein the
endogenous system does not use (or rarely uses) said
[20] nat urIgnbtar achase-“cRAaRY B
systemthat i g I ack(ig()(r%gl a tr éF_-gel\lrlﬁs\ tts)ﬁg{ffﬁrbg%nééﬁfla{;gigﬁﬁ#rggoeg%th%r, 8- 2
RNAngd areamineped-tRRiidesyndtitase. dind/companents tanmulehee eiforrédi® as being

t hree base codon is a rare codon. [ 23]
Comp%%%ﬁae 'sor tRNA : A suppressor tRNA is a tRNA that

21 alte sthe .readi ng of a nessenger RNA (nRNA) in a
[21] gi Vem&_@m&_tw pﬁfefﬁnga].lyj alﬁgloacylates” refers to an
efﬁciéglg?,';g@!, SBLHOT0% NGREBRY abdRY RN ALBG ?&&C‘{E 0% %gg:ljﬁnt,':%ti,out 85%

] eptide chain in response to a selector co
efficien.aapone90% effigipntestsmt 96 RNKTicint, oe atlout 904 ghmre eiefent, at which

hacl udi n ut i\mted to, stop c¢codon, a four ) )
an O %ggalémg%a&glr??es&Pr@thﬁew’é%aSﬁl.ectf‘g &T‘IW Esi Brivmaturaliapino acid,
compared RetHe@D-RS' FHRBARSRINRN RhrdaMy b¥curki L} ARGt i
ability of at RI\IA@%.I% , a gu%p?%ugggé ﬁ?gﬁﬂé}at%&rlggammal used
to geneipts thp QrtRYPAe ckher uensbioal amitd wiitlyiscthen in@rgpocped sineda growing
: C f. @ctivity obseryved as ared to a .
polyp@Rice el T 38 Btk o el Ui et 20 Sty ©r a given
selectdir eniohabi grRatsy Sia@mboul 16% effitlenty FSA FiveAseRYRE &8lon, at greater
than e 5% ¢ ictsse, i veamaciestarspaon Al eratepomishgut 5% effciency f
[ ) wiahgut 85% efficiency for
vd0 i chai r.ot el ents of a .
o BB LRI PP Bl FPIRRESEAS, B pen sectr coton,

greatet A shous Yivheffasary foRWAgiaad séib&ot chdon, DRE;r6AEPRAR MoSut 99%
resent invention can b e added to an in vitro

ff..of %he
cLICIeEEY 191 A S1VE gL IC989™Nn syst em  Exanpl es of transl ation

systens include but are not linmted to, a
[22] non- 2elredeyendon: ddklterne‘sglecton chdet arfensio(@dois @msognized by the O-
; kar ' ., e.0g. east, cel |,
RNA SO BRNSLSE by FEShaoRoks N, s O
anticod@l loop aecdgnizes thecldctor@of@l bn tH@RN QRS ﬁ{cb%@?itesgi@ b8fo acid
e.g%, a cell lysate, and/or the |ike, [26] Translation ’
€8, aSGleriganphg apide suchy as anapnnsfuraleaminprasisd, an fhds siy irbthe polypeptide.
Sel ' I e Gellular transl atign
o SUBRX i UEHOLLE A L P EREIT BBy e o,
codongpriepladiagi wrisn Uirhitadb tqy exmispbtlirg eehd epaiscafonsefdur or more base

cultures wherein a desired nucleic acid sequence can b
codong; e ¢T30S Fee Sorivadaremap Y QrRRtIF hateqiei and/or the like. For

a giveBlykteh! 8CsdIEARRS b&HohOnS iall.y,
5 éavg%lablesand many d??#%@%ggﬁ?éiggggggﬁéég g%tmg?éxmecmdong
whereinght erdnpgnousbatepl dsesafot wst (or hrap usasP ksitmaturgll tUER, base codon.

but . ar,e no imted to, prokaryotic |ysates such as
For expliplge His H}CL“‘%% PisYF§R0dss I%ﬁlifép%il &%N@o%%reps}gmeééhg getral three
base c@RNWARPSr DREBHEWhERR tBe nhtISE BlreCBide *H&?ﬁ%%ré@%ﬁﬁt

reticul ocyte |ysates, rabbit oocyte |ysates an uman
cell lysates. Eukaryotic



extracts or |ysates may be preferred when the

resulting protein is glycosyl ated, phosphoryl ated or
worhenedsse nodi fi ed because many such nodi fi capCDOS2085/@43603

only possible in eukaryotic systens. Sone of these

0 S5 AR G5 QAL O gy s or
messeNFer RN TmRANA )@ 081y Ee trgid fionlshdtein, € gBCKy ﬁBkIldl@g’ amgkchanism for

Island, N .Y.). Menbranous extracts, such as th
mconzcamrrgearp ameneagif dntexa p@ezp@t@é rﬁhainninn@SI?ﬁné? & @rmlector codon. For

oIRGB PO O SN OILE ST ARSI i o,

codmiﬁ&h@ﬂﬁkéomkﬁysteﬂﬁeamymalso be used. M xtures of
purified translation factors have al so been used

[24] SucC&wuphiékdivn ta@tnhfﬁ”?h@‘t&xﬂ@ﬂﬁpﬂe)@h@n RERHB Trefsgs Y e aﬂﬁhty of a
conbi nat 1 ons of Ksat es or lysates supplenented with

tRNAp Grg-f4 @H’PF‘?S&WSM an Tﬁiﬁb’thm@h%%qiecﬁ@r ¢qq1pn4 Agliyty can be expressed
as a Pg Jrgt Qel_ %‘IE'EU%L t¥ olbg?r%%; Eic%g{paae%r % élt 80 l%l | og?lggg a cognate

synthétdsd)ens may al so be coupl ed transcripti on/transl ation
systens wherein DNA is introduced to the system

[25] transGEdPabn §sRnrRNA AR AfnEIRNGn tdyaieal ate8Fs @S the components
described 1n Current Protocols in Mlecular Biology

neces@:ﬂy th/[lnqlsmlgq;rb‘@l a patuzally osclirtiog 9ming |agryl intet @ gswiiegeelypeptide chain
1 which. is.hereb eC| ficall I o1 at ,

roighy o) GomBoSeiondf Ao e RS Bk g [Pkt (RNA'

synth@t‘d§éseﬁ‘ﬂm aR@ thélikd)eTh® EompdneRt! S 188 pedseat inki¥iondakd) added to
or 5 - end caps (7-nethyl guanosine) and 3'-end poly A

an in wgiq @rdnrmvmtrrénm systpine Fxamplaseofrmalgtiom s sty imclude but are not
Lt ys C
hmlteglfte ?rilgll}fs Pﬁ{}é{)jtﬁ:t ée{i’lﬁ %T l?a!&epugfgugf( %Er%l ??]le), %%ﬁgym&il, e.g.,a
yeast k€l Ia(mhlﬁﬁmh@n tal atptars ysll amalgag&]ell Seﬁmgﬁﬁdallaah neeacel; a cell-free
The term "sel ected am no acid" refers to any desi red
translaenal BYSSM 6 o Gef s atimP R OBibe ik & unnatural "anino
aci d As used herein, the term"unnatural am no acid" _
[26] or " rigenshationr WSFeyHSemwd@dcdlﬁlﬁoma@bl&frepefaecﬁ gnayp bapyokaryotic or
i ed a no .ag d/ or am

et R, RN RS BRG ihde. BOC AR AT BRUPE, fy whole e

prepaftiors lsubly 8per@e@blifts edllsS& e€1DeUBlRE Nehédéin a desired nucle1c acid
pyrrolysine. Qher terns that may be used synonynously

sequefife vap tee tiapspribadio naRdFalang B cHENA drnstatede | @Pll-Beg) translation
system% %ﬁ%ﬁ%@%&&ﬁﬂf%aﬂ%l@ anarrﬁanyn&i@fe%tt %IS gﬂ‘v g%l:le%g 'Sa?eywell-known.

occurr

Exaniplﬁshﬁhﬂleﬂeeiﬁybtmm n’fmwmﬁhaﬁ ﬁfé mﬂrlﬁhﬂéﬂs td ,hevkeaboticThaates such as
term "ngn-naturally encod?d am no. aci d* al so i ncl udes
Eschasigi 60k Jysaloniapd SKgyoRim gl ea gl nubes e wracts Thseot cell

lysatégofgbfjitcr@ttlé aﬁ}/tee e)%atep blf 5@({}@ g’sg@? ahd 'ﬁ‘ﬁﬁiaﬁ'c‘é&ﬁ%&%) Eukaryotic

a natur cod amn i ncl udi
extractts not elysdtes mh}e RO pmfﬂmmd arheno tlaci wsulong pprotteﬂhy&i @ycosylated
nd .sel eno StEI ne t are not the el ves nat ur al ) )
phosn%&%ﬁtﬁ%%f) TVise 51 ﬂ&eﬁa%%%lﬁ 1H$ALORS BF qra%possﬂﬂe in

eukaryb@$sth O @oﬁl‘é'mltl?éée cRXRPh RSy oftesSHe! Iﬁvaulable commer01a11y (Promega;
hon-natural ly-occurring am no aci ds include, but

Madismy, WissiStrethgens; Lia Vol élalif. g Auwodam; dylingtos Efeights, 111 GIBCO/BRL
t th d. . ..
Grang el N o PR o sgiacn SRLE W%ﬁﬁllﬂﬂ?aﬁ@sﬁwh%ﬁtréftﬁ containing

micrdsbal REMbraaes, iavetlsd svmbble $fiediSark Asul HTRANSRAKInd Jé@fetdr? proteins.
i solated fromor made using i nformation from a
specified nolecule or organism [30] Positive
sel ection or screening nmarker : As used herein, the

term"positive
9



sel ection or screening marker" refers to a marker that
when present, e.g., expressed, activated or the |liKke,

WO e®al68802 n i dentification of a cell wi th the pOFUS1008043603
sel ection marker fromthose wt hout the positive

sel ection.marker. 10[ 31 ative ectl n
[27] scr RFHOH ltrﬂrgpkg?mlgtw[s“ ﬁ;é%ednﬁ%é’?aé' Als ot g‘ﬁ)m R%Iétd% 75 9L purified
translafifh EckdrO Raty alS6 bESNISAE sidekcEilly tb&fe@ﬂéﬁtd mRNATﬁﬂxK Qfotélh ak well as
when present, e.g., expressed, activated or the |lik

combimdtionssfi Iyeates bi dysafesrsupplementefl| With @Wﬁé@ﬁ%@kﬁtl%%@% such as

i Sed5E8 (15 BRELAL (6.0, nBBPPEGSy BBRPRl) of Whisin

factors! 9(%11 168 %gﬁemh heay @lsd bé epesitd rtranﬁc&ﬁﬁlbﬁ/ttanslatlcm mpaemsltwherem
that can be used to select_tar et onents of_a
DNA yymtmdil@ﬁd itmtﬂ@er sxttemFEAnsrbeh i gnd ghe ggRNA translated as

cl Lot Sl a . Wil
s R BP0 ADPATT, M8 & 5. o Wi
Intersdiéice] 1993Y,eshith is Rertlee tpoHRally Qimbqroaz[tpdh bpirefetence. RNA transcnbed
acet yI transferase (CAT), and the

%é a _fluar gs ent ,

in cukeypHe HRAFTIREPR éystfmﬁ%%%ﬁ Rghe fermy, qt?rﬁ%"e%art A)or 5~
! n )

TR L 0 D EE B, i cn o

advanfapé & lyrtdincidnslation spstamei For, exampdd, fdappadymitasksl are translated with

screenin r.K ositive or negative sel ectable
high effigigney “@g'f?e@u%‘ﬁ%%’t%\g’ E SP®R- gal /| acZ

(b-gal act osi dase), al cohol dehydrogengs hi s3,
[28] wur aqSelaeﬂa@ anmipe ’)aCqurTheh ety gele({t IR 20t @fers Ao any desired

t r r
o SITHE ind RS0 SRS B BHR i 0 559 Aol bt
aminoaidid’l’&irs‘ném-nﬁﬂubuily@cbdﬂd anaiho latidi’ teferstto anyramicad &id, modified amino
i nsects, reptiles, birds, etcf) %Iiates, "‘Ela@ts : .
acid, a(f’idﬁ’é |a9m1%616 gnalpgye § tnllstnéﬁl"‘%eoo the AB cop@ongiaiyally occurring amino
L 30831 1RSused ly with th
acids & %?eglgg % or Egﬁgl{yislgé( g@t%%xstexﬁl[ o a%ftn Sused rsy/%(%ngn?ouzg with the
term “nsﬁdlalmmlm mcoddstbarhmpmcid’fcmd &utrzatyrel atinoekcal sir¢ Gnon-natural amino
. ,,Qpneukary tic organi sms. . For exanpl a_.non- eukaryoti c
acid,” 5 PgBRARHALEAAC BT IS 3 E’El“g n@pfyah}(gl}?gﬁtgg- ’%H%hyphenated
Versmﬁﬁtthérécm tede tGm Eﬁ&hﬁa&hﬁaﬂ&%n@@dléd’ amhDRY #83§" also includes, but is not
er nophi l us, Bacillus stearothernophil us, Pseudononas
limited ltoyanesc ecids ths eq@m’aynasdlﬁe&twgl (a@s BOStP@@g]@bw@ﬁi @@,odlﬁcatlons) of a
utida, etc. enet

v 351k RO AGRBL G SRR, S0 AR i o

ynoltyﬁﬁé ﬂﬁ@b’él@ﬁdc@’@l@iﬂézﬁht dr@h@b@@ﬁ@éwwm&mhy a@coﬂair@ﬁce& gty a growing
vol canii and Hal obacteri um speci es NRC- I

polypm‘txﬂlqaé@gi biuke ftmmglg@m complegc oesamples of (§§th non-naturally-occurring
amlnop hi\ﬁl ggﬁlgfngo:j ingé‘] ?t@X rym %ragété{ﬁl@ctogaﬁlmylr% serine, N-

-

nservat'i ve ant
acetyltgﬁ{cﬁéanﬁﬁﬂSE-l’cM@bmme aﬂal’(])-pﬂdisphﬁ@fc%[rﬂa to a translation
conponent, e.g., a conservative variant O RNA or a
[29] C ONS §Jeidbd S N ABY h&eRStheltbiat “ddivel ifRhal deferPey £ @iFonent that
i ke The conponent from whi ch the conservative vari ant
is 1sol|a‘$dkfmdr medgusingmfanrrian dionr FScifindimelagulo oF Preenisis
in the sequence. For exanple, an ORS w ||
[30] anmi n@amvlkzaml@uomrml sareertiar ymaakerRMYs arsedy heonis,e theatdnme “positive

select\{p%:flg?sg]?eggntgl% gF%rs tgﬁlrﬁcggrﬁthg%\g o 1%%@% S5 g?)ﬂ)éessed activated
or th GRS GEMAG M QaMAIA@R8n of a cell with the positive selection marker from those

without the positive selection marker.
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Ot RNA do not have the sane sequence. Simlarly, a
tRNA wi Il be am noacylated with a 1lsel ected am no
W@e006/068801. , an unnatural amno acid, by a PCT/US2005/043603
conpl ementary O-RS or a conservative variant O RS,
11 ok SRR CHD Sl BREEY ShL el A0, 0 ) s
selecti6R0r B¥&hinEmbrker’Oftgery & & alarlesd thit Wehevipidsahd, 0135 explsd, activated
variations, four variatjons, or five or nore,
or the Jike; altovsnidentificatign eh ecell 4hat| dogg nakpassess thm desispd tororerty (e.g., as

compaff {5 tpeet o IR R Ao PRI “20ont - As used

[32] ? gr eagg%@, h;[e 4Sﬁl£fg]d h\%e?irﬁ Q[b‘l? g@éln o‘. {re&oﬁ‘{e?’ggébfenrg &? %g:%}npohgﬁtecﬁgi can be
used t& 416Gt @BY Mﬁ@hﬂa B afsysiet fi iftcERIPPRERapld, @Feporter can include
popul ation. For exanplé, a selection or screening

a proteigeng., anehzides thaggonfess arfibiptiqiesistinegor s;qngi_tiyita (including, but not

. .. hutrient, an tibiotic, a, wavel.engt Light,..a
imited e PeBeginadin ERpaRRal SRS T, 4IRS 2 fuorescent
mafdef HubRRIRISR n AAMAKL W2k &4, f1€orbs tein (e.g. GFP), YEP,
Screen?:;%ﬁcenter gtni on,lr?glgnt e%s_i ty, et c.glr[ 37] "I[hgertltgl?&r%q}%(g?_g ) )
EGFPeRFPca bmingscenicogrkier Gdcludimgdus npolimitedd, iadirefly Jycifsrage protein),
0 0
an aftjglgtgfj}atsgcf /gcrgq%aléjﬁt] ; %, é{%?(?ss}t'é)v%a%rn%e%%ﬁ\té%%&f{%cftr?qbrle lrr?asr ert ghe%gs such as
lacZ, @@aﬂﬁ@l@){h%@&tcﬁ&w- TAbbP dRREBEMbENN{s3Bhra3, leu2, lys2, or
ransl ati on systens that are suitable for making
the likpr ot ei ns that include one or nore sel ected am no
acids, e.g., an unnatural anmino acid, are described in
[33] ,LDJ\N[S) EM?(%FT %ﬁé}?gﬁ_ﬁg&g& Qérh? B?Mﬂyg[:eé’ggﬁ_drd; todor g EEDSlonging
to the pRYIREAMINGATHI EREGRySHAPHE PRSEIPAPHISING Y T6) higod oy mammals,
. ' . VO - . ts. dicot
et dbpeS i Dt o e AN HUIB0t . Dy et o1 gy rocots dicot,
algae, "eE)PANRE, NCa SitJH] s kALY i t10s RN, I tREDEIC: Each of t hese
applications is incorporated herein by reference in
[34] its BlhiduRiryoteBUCASs tusafshatinpnhs tsine Mhogenkargblel refers to non-
conprise cells that include_an arthogonal tRNA _
eukaryatiotqREFRISMS nF Qfr B ANCAAUK Y OTRNIATSSAR hrlangste the Eubacteria
) OR ect e i NG aci d. n I ;
(nclulfe Bhs G Fnde °F)CLPRARETLS TP LAPIUGE Bacills
stearothdrinophituss ePseati@dormisi flnomscals, Myenidivago nadrugiabsa, oPseudomonas
_the present invention is conppsed of, an O-tRNA e.g., "
putiddy, 6 ppPERSEIBRNAOTE Gl ATeRAe-Zor TEMpra fgnaschi
Methcﬁng%glg%zm TG P o e M1 BBaderihh SSuck SlsC LR era® AR kanii and
and has suppression activity in presence of a tognate
Halolaymryinet sseiasnVREsh ofrskadoglabus ghbgidusy Peortoecus Thiiosiest |Pyrococcus
y uze,s t he conponent 0, i ncorFor ate. the sel ected am no
horikaghfilqureryr ﬁmg‘?gW’n‘%c'é)B]PVB%e&e 64OV . For exanple, a
nucl eic acid that conprises a pol ynucl eotide that ) .
[35] encolesseavaiiieyWaRa: delhst iR SOBSTVAES VAreBt bisTIP 48 ghfranslation
€ bNe; RALYRG]EOY! HRRIAS iRE GAHRAR ORS, that
Comp%g% F'g"r%%gg% zel(})%bgét éc%q?gl‘émﬁTﬁeC%tﬁ%egﬁ%ﬁgti on > e
functisysllyeperfoauns diks chdeoraporient frotrwhitR shyestaserviR® enodreot isdmsed, e.g.,

an OT%];%I%,I; Sé?(ﬁ%ﬁﬁg%ué;}%:%aggnsagr? tlyes ggql{llenclzer.] TN example, an O-RS will

aminoacylate a complementary O-tRNA or a conservative variant O-tRNA with a selected

amino acid, e.g., an unnatural amino acid, although the O-tRNA and the conservative variant

O-tRNA do not have the same sequence. Similarly, a tRNA will be aminoacylated with a

11



i ncluding systens that utilize ribosones in

translation. [39] The translation systemnay al so be a
w@elob/oésser (in-vitro) translational system | nPCTES®05/043603

systens, which can include either nRNA as a tenpl ate

n-vitro.transl ati on ate conhin
seectqtn R oL dhBer o BHIah ATt Ra &G PEn) PRATTITYL PERS or @
conseﬁXt'i‘\;eh\ea‘Haﬁt OSR Sl A6 AHNHEYD-RR&unk ithO 8BS ati €OV a8 2O o not have
fort has been applied to the devel opment of
the sameISqutﬁqme ﬁlﬂm @insereatpicetsiaoh cay bavens. g..Sute, vasiagon, Ryoyariations,
i ot echnol 0g:

three RGP nRF I AT S0 S B HIBORRRRRyin geqjense, geylopg o the

conser$)i‘ﬁ*xl‘et YariaBt RIBEPNDDEy E@ﬂfe%ﬁesp%%duﬁk@?RNﬂAﬂ' O-RX)00) ;
Kim D.M, and"J.R Swartz, Biotechnol ogy Progress,

[36] 16 §§lgct$ or é&%& agénf 13@ Med 1860 Jthe teBY@EdIdotion or screening
Bi ot echnol ogy an i“oengi neeri ng, 66, 180-188, (1999);
agent”araferRatbnan lageR. thain thbnR)reg‘m,r aliqwsuf@t ed@lﬁctqm@/scremnng of certain

compapEh ot UM POA P TR S SB0%) bORIEES: VP ‘GUPeciaa: intes but s
not 11119@(4&)1%78%' avﬁﬁtﬁéhtaﬁxﬁaﬂti%?&fcpﬁrv@év@@ngﬂl drafgaE, %%tlb@d}elaﬁ expressed
Anot hér “appr oach’ t hat may be applred i ncl'udes t he
polymmlwudp,e ot ithe likesi dhetsslaehipyuagentSean be. YariedRe.gRobg raogcentration,
. Szostak, Proc. Natl Acad. Sd. (USA)
intensgy, ei%297 12302 (1997); A Frankel, et aI Cheni stry

&Bi o] 0, 104 0 (2003) ., this roach, a
BT Al e bRaTne! PRy et oty etsrs s i PERPRY e ffss than about
10%, @@s@t Haut 138 rbIb‘Pe%Qrfﬁan |af301?cn?°/(9ratr@fﬂ%ht RS TR OHle€Srganism
have been m)dl i ed, non-natural am no acids can be
aminoacyd aep O-RDEH. | nt o t he peptide as well. After the | ast
MRNA codon has been read, puronycin captures the
C-termnus of the peptide. If the resulting
MRNA- pept i de conj DIEFAILEDIMSCRIBTHANe i nteresting
[38] Pr Op&EdrsRSioh RyAdms thavaresoit@ds &y, maldisg pmbmmg myt inallmdéene or more
easily revealed fromthe nRNA sequence,

selecteshampgyacidss 6&n AN AT S8R0 Acifly e &F?Ca@édéfb ipéﬁ% applications
0] [1€:c

1285, O REC SIS RAbICONBISHION Roseais sicopricTion or

ORTHOGENAY, tRNAmmn@OAmﬁs R®VA rSYINTHETASE BARSP uaridf 16626927,

enttdh G RLTS DY 8%3346&%%@@%}%@338% g addition,

3¢ C CODE.”
RGBT S b

Each ofthbss appéindtinohis feincerporatedhereinlbly refsrénce omiss exfiraty. tSueh Rgnslation

BN T N e R
amlndaeylecRN& ﬁﬁl‘cﬁ@ché&c{@ﬁRsﬁ afd h ReIgeBdbniiddNRid,@.¢. RNAInnai4lragnino acid,

rrses @RFI‘ essi on acti vi ty in resence
Whereotheé) BSgnmn@aoy stbe QBN A vidhe pelectedarmingeiciss Ay orthogonal pair

of the rg&qn@ &Ieve& 1r815n1§ ggrgﬁlc!)sgg rgf }H{Nt CII% SXQ{%&%&%}?F IQI@AR@frameshlft
tRNAC @K $i88, adPeh YOIRS! eDhé dﬁtﬁmﬁtreﬁg@@z&Sl ﬁrsp@élyaepbbdhh and has

of interest, where the pol ynuc] eoti de conpri ses
Supprgﬁlcélcqctwltﬁ dtipreseneatof pSOZRR sithetepes) respenys to FQNRleCtOT codon. The

cell uéis té%lkf)%?)agmﬂéa/ ?o?fsnc?ﬁ)o?altesﬁ} fs%%de%nﬁgplaﬁcp nfo a growing polypeptide

chainl NGQE padtpl@Na ofuciels eacidrahatoo@mpridesch qn:blmucl"aotlde i tﬁat kncodes a
certain enbodi ments, the cell furthe Hclude 1
polypgifirier ploisresi aperienbe @%P@W@eﬁsq‘ﬁamly% ofjdg gigRises a selector

codor? ﬁla‘?% ?&o@fﬁ'z@c? b?cthg O-tRNA. The translation system can also be an in vitro
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where the O tRNA recogni zes a second sel ector codon

and the O RS preferentially am noacyl ates the Ot RNA
wowRah/0648e2 second sel ected ami no aci d. For exanptBUSH05/043603

ceII can further conprise, e.g., an anber suppressor

e s STORSSEY A S B8, B D O e
1nclud{n%2:lystgﬁ§ 11t L ﬁB‘é’s’oﬁfes th@arfddencan be naturally

carring or can be derived by nutation of a naturally

[39] °¢¢ Ufd Hgnsﬁw&%%q{n%agﬁlso e ellv‘ﬁlé&hn rt?atngﬁttlonal system. In

|ibrari és s ‘and/ or I| rari es of s, froma
these syawenﬁt whizh can geshidensitheFmR N asrp Itmnplatee(lrswtla)tteagxylautm) or DNA as

a temglgie PG B TG IicE P EIBROGBLL RVARS JHEHET idiirected
by thd’ ﬁl'o§ otn[[le%m Coniderable SSHrt ﬁasobgﬁf aﬁﬁlﬁ:‘a fteh@steldpRlent oflcell-free

e sources, into the host cell. The propérties
protelmfexpMSlbmts@rstemsgoSse seigt Heigsie. Marud dt.e Sivadk,u8etechnology and

Bioengingérinogarido6a T PUPRE FiEk & SF GaB < r Rk, i ddiesd Lorers, 22,

1537- Lﬂz‘ L{Qﬁgo eKQm bR ahll IR S%rt@mB'iB}@@szﬂJg? ré’%@y16 385-390,
synthetase. In addition, the h

(2000}; R, Dsl\/IQralnﬂdgbrSaVartZonltetchh@ngy el Bl@?ﬂﬂh@?'& ééz 15{041.§8 (1999);

C fo ratin [
ot E R s Bl AR 2 R TAS POST pten o.
6,337,391,8818. ?%@Pu@ﬁ:‘aﬁ@ﬂ NaN26d2/ (84 660; WORB0/55BESEVO 90/05785, which
'strategi es can al so be combined. [44{ I n various

are mewpol@tqdew seferenee teteinaARatheOapmoaste thie mmaebe ppRlifdaincludes the
i)%ﬁttéc}eoﬁlggm t cefmI cﬁ@n éﬁtere] éagokh T{rongq? Qrgd fmggost {(hﬁrog N%cad Sci.

urafTy occurring or nmu

( USA)FEGII w2shlip3oz (319979 . Rk fet om Ghémzmjz &)B@ajyyslmm 1t0l5e (2003).
ORSis derlvedfromnaturally occurrin éﬁltat
In this aprrpagh, wngeRNY femeplats Inkednio PEOEyISE & étr?ﬂ% myio, pgpfide on the

nbosog\{]bol? LB m@é‘ﬁ{ﬁAG@h@lﬁ% £RE ¥R ﬁfog?ﬂydsfl@n AhfGral am no acids can

Sferent. For exa , an orthogonal pair nmay |nc ude
be inéorpERIdISHNG hied @spudiaeas weedl. f rAofbar Mbk hiasioh@3¥ Ar ¢aglon has been read,

et el S e
is foué% 'rircgfl 1hf69%]s¥in% g)p(splefﬁcrssiﬁ af il vRRFARAY, Qfsgééﬂtﬁ%aﬁbg eis'i'l‘?' revealed

on entitled "Sources and
from 1Be gaRINAn=tuéree eiln tio wagdeictragnsdredmiftoares qumly;[e@sjieSI qpmprising

certain enbodinents of the pr.esent..i ntion
e GBS T o L0 DLCE L 0 0 DR, e
propeRRLY Mk 8Qche iR SAHPABS ofte tBRElafiONnd With Puisd tdnPedentsthave been

or a conpl ementary pol ynucl eoti de sequence thereof, or
reportad dlont permutthe eynﬂanswaqf peptidesesubstitutadiwith mpgingturally encoded amino

i SR80 Q. ETH098 SLATRYPRLD CBRYETeo

entitled Nucl Aci d and, Pol ypepti de Sequ
[40] var i &htcSFtaie P Hgm’(ﬁnfsho"é‘o% [COURRAT (BPPERIE 61 AR P the present
1nven85xlf; RRGARR! suElBMra(ngahgiﬁ\'@}st&ﬁd | PoresSk ahipi€) RO ' tdoA Neelf oiathe present

ected amno acid into a protein that is encoded by
1nven1301p oicludes hie otthagona RN A (ORINYs whersghe O BN 4 cooprisdsspppression

act1v1ty in presence of a cognate synthetase in response to a selector codon; an orthogonal
aminoacyl-tRNA synthetase (O-RS); a selected amino acid; and, a nucleic acid that
comprises a polynucleotide that encodes a polypeptide of interest, where the polynucleotide

comprises a selector codon that is recognized by the O-tRNA.
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recogni zed by the O tRNA e.g., in vivo or in vitro.
An O-tRNA may be am noacylated with a desired am no
w@eood/ossgonny net hod or techni que, including buPCHU$2005/043603
limted to, chem cal or enzynatic am noacyl ati on. The
am ngacyl at ed a d ' tly to a
[41] ¢ ¢ anEheinvept f‘b%atu,&?? ﬁ@’fg@ ’Eﬁﬁ%&d% actegdwwh allows
1ncorp§1rét18§ P mdrBenhi 62€ Mledtdy ﬁﬂﬁﬂcpéblw tth Rrtgial @sb&imanis e cell can
cid in vitro or in vivo hi addition, the RS may be an

furthexﬁnmdeAn aditinhi chﬁ?nrebéoth@{A/éleStnautamé a seaprd aelp@ed amino acid,

It {
Y OO T e
ammoﬁ‘d’i@ﬁgseﬁlea@-t@\]tARNﬁhothe @eé&ﬂtéefb@teﬂf'@ﬁlﬁéfamdlzo IFo Xex@pipts, a cell can

OtRNA, or a portion thereof, is encoded by a
ﬁlrthexpmrymncl, e,i a@earsleew@pp@ssa)s RNA-anoRCyl ﬁ@é@ﬁ@we pafr derived

from (7o RGN SR REER Bl BB s cr - n o s

can bpe ansl.at | stem N ¥ B
[42] it r'gh‘i %aﬁ%jﬂtgt% (o1 dﬁ%f“.r@ hgrﬁag beolga?g ﬁ |0|c7un&-hg ggﬁag) be derived by
mutausﬁ o%a r%éﬁﬁaﬁpomn e RNA ZhdRF RY, 6N SAHIMAEENLat¥AlibatEOSf tRNA’s
er eo or’ by prOV|d|ng a polynucleot| e that encodes
p

and/ordibr@i RS IR Ssa fipor a V@rnety hé prgefismEso For gmmlg ongrstrategs of groducing

an ortgggq]@il émglgrg}%oé}g t enc %gfeg)f)% 1%val¥gsu %rlns&ttmgea heterologous

{RNARQhNBIASS Ak %ﬁl %%UE B@lﬁcé béder gmotie hoatddllp od@udtiple sources, into
sequence SE or a conpl ement a

the hosbrsihudhe @mpﬁét@e@fu@ﬁ é@tqwi@g@tsf syngetage @éﬂ%‘éﬂt@ dnelyde, e.g., that it

e S BT e P R ot cmi

include 8gentet af isandtoghmbecydatsd gt asehodt detls pﬁmlstﬂasteo &n addition, the
sel ector codon. Su pressi on_acti vi ty can be determ ned
heterolsygonn {RISA 18 orbeEsER t@fauéﬁta‘iﬁélﬁyﬁ S¢S the art. For
exanpl e, a /?-gal actosi dase reporter assay can be
[43] usedA secded stmtagwéorcgenarapna@momthpamal PRpridvelEes geperaling mutant

the cont
ibraigy BPpt PRETGos: ar0 B B T SOt RN Thfeersgrtpgiep oan also
be cothBiak@&ced by a sel ector codon, e.g., TAG TGA, AGGA,
etc. codons, or sense codons (as a control) for
[44] 1 yr 0%} ggmoﬁe&h&?dlmkﬁtg CIHRED-RNA ald©-HSI dr¥alelived floAf 4t least one

lasmd is introduced into cells froman appropriate
orgamsmg aii sam)tdaer gmpodimeot, gfhcn& tRMAeisedarived dram sgburally occurring or

s can b a with a L Si
oG TR o0 T MBS Bh s i 80, e SRS G0 ubben o
naturafﬂXrnIa&%hﬂﬁge of RutRLE hahRallPbeOBHEE RY Gonbh@r se@dnd organism. In one
pol ypeptide or a polynucleotide that encodes the

embodivnsittbe ﬁy&’qtanétsgcg@dmgwlg;@ a@s@gfgl)ent THer @)@m]ge,aq,neorthogonal pair

may 1%%{{% tﬁl\j‘g% et@s%&rldv%a éfogrg ééslclt JJ’?’Z ﬂ%ggag%zgz‘oa %hzcum and a

tRNAPRSfved TR af afchacluRINW (¢.8¢ ﬁBﬁi %Vd.b@bz(et (1] 7} sp NRC—J ). Alternatively,
b- Gal act osi dase Assay Kit (Novagen). Perce

the firshppd exseqndnonggnigss id Qteeﬁﬁn%fs Ske ﬂﬁe?f&@ﬁ{l ﬁélﬂﬁfi “Sources and Host
) f ive to a conparable
Organé%ﬁ Vﬂeltré(m f&rad%ltﬁﬁgplln? ue g{gser ved fromthe derivatived
| acZ_construct constr
[45] corr é’%p‘iﬁ%}% m?8ﬁh engod)g thgt lt’rcef%%]iltI &engics% Pt or(1) Ir{§t ﬁf the present
inventi&@ Bord ﬁ@s%@‘i@énc@@&pﬁy a[péBhuExetiqy eguaice @s s&NBIth in SEQ ID NO.:
sui tab P for use in the present invention are_ an
4, or @fconipéen@.n@mompe]@gm@sqgmg%qedb@rgof 9T @ ognsawyatiet Vanatlon thereof.

In cer't%J R Iem %Eﬂn(l)erﬁ S, 1(19/(} %% c?o%‘]pns%g) /arl'%gm?c?Zmd @%ence as set forth in SEQ ID
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10/ 825,867. hi the tRNA nolecule, Thymne (T) is

replaced with Uracil (U). hi addition, additional
worR@c06880L i ons to the bases can be present. ThRCT/US2005/043603

invention also i ncl udes conservative variations of

G vative vari ati of O tRNA . .

No: £2. 5850 R BT Pl SREfEY Arid s Birioncd® Seience A Variants
hereimnd nai nt al n the tRNA L-shaped structure, but do not
have the sane sequence (and are other than wild type

tRNA noy ecules)} See al so the section herein entltled
"Nucl ei&hQeonal{RNAXODURNAY | de Sequence and Vari ants.

[461 [ 49] quh@rthqgemlsﬁRtN@mOdBa%)l mﬁdlgteam@pdﬂmbm@ﬁa faledtbrbamino acid

s CHUNE E TCTNLCE -

recoghined B BNAOMRNA, @.¢5.6h 6tcest ia Mt a6 0-tRRA0ma @Q aminoacylated with
unpat ur al am no acid). In certain enbodi men a
a desi Ot 3¢ith by ey wenthesl emtechnigeen lnﬁdndlﬂg buheot lumrtdette chemical or

@SS, T Sy AT SRS, B i By o

translzpmnwyst(ehe @Iﬂ (deRchmdy bg aﬂm’ﬁfaby’lﬁ%ﬁtﬁy% RH of th %Eé?s%ﬁt' invention with
rei.n th ynucl epti de conprises one or nore

o seledlEf BOYEH SO0 Ho AU BG4 e 1 RIFURY horareO-RS. An O-(RNA
can bé PrRiiaad td)fheotfrarﬂg%]oﬁ rsyEEE{iqhgse"g 1 ﬁpsﬁlﬁa‘rtranasﬂatﬁbz%%gfﬂ%nggé, or a cell)

fesent in the c rans
directly} soby phwidieg ipoiynueieotide that érdodes 4100LIROPDBAL portion thereof. For

Ami RNAS Ih O RS 50] Met hods of
examde,o%ﬁ@Cl%%\T o1 3 p q ﬁ ?rse«g Réele@d%@mga p&ygucletg),qlsé s?aquence as set

forth ?RS@A? 3‘@ al, %0 3a I%f\l%aédslﬁ 3 Ergéﬂﬁgﬁpﬁfc? ]tdﬁ r%&l%ﬂcg r%h%eof or a

consery aﬁﬁé%w@maéw@fthcmef pABQ-IRtS canvienpiowited [t the vkishads Hitem (e.g., in
mut ati ng the

B R Y R
variatibg Cegedf; bOBy flovaliseh clg&fd}%rihit%ngodes an (ﬁﬁ@etg 2GR thereof.

an opal codon, a four base codon, etc.
For exapplg, @inrfo-RS, mr@rmmilqryﬂ)@feo,ﬁ,ds encadetl b@-a ﬁN&quIecﬁrdié sequence as set

oS cture of ~.a menher of the
o OSSN, B P8, FRTREL bt e 0
ID N(hageopaicomplemenbey peigaielastideSsefutct 'ﬂ?e(recﬁ"ngr Q%ﬂsgﬂﬂjﬂlfé/ variation

h tating the noncanoni cal base pairs
thereohon- canoni cal base pairs are nutated to canoni cal base

pai rs). The non-canoni cal base pairs can be |ocated in
[47] the éﬁe@rﬂ@bﬁ Cﬂf e prgeent elumfrdmmyc&npmﬂes Wuppredfidn activity in the

preseng} 5%@}/ S Pmde %? lrg%sﬁl)%f: n%reﬁg ge %Lgr;g%g%@cqv,ﬁty can be
detem@ﬂiddhl%@ amabf h)ﬁufn‘%r &f %ﬂsﬁ@ﬂw&r 98k S Wﬁﬁ]ﬁﬂkt 94 Eﬁaotomdase

starting material, e.g., the plurality of
reportes eagspzneansbe wbgd eApdeafyehw nf aiflssnafifthati dxprdseswaindS g@ne under the

cone b L e e Tt R of

replacdd b haeldc@R cotib) WL’&@'T@AaNG(@At Ycl RIS QY B goc%ons (as a
nol ecul es that i ‘nfTuence transl ation of are conponen

controlyffox fxgpginat sevinenattinnerty. Thecterivetivminin? plisndd Uséntrdatuted into

cells fr%}:nearpg}%prg r[f%t ?%ﬁusgt l on aé{gg&g};ﬁvgéerp glpeeoqt tg%ﬁ[glaéomponents can

be used) @h@ggtwwm pEiseRd kom 1s1h laf GXRNREST the HiRLdr® Wil
am noac Iatl on of t %NA by t RNA syn het ase  EP-Td A cognate

syntheigse g alse bgrinfedresd é‘?lt-',}@r BRRPCAYTIEPHES nys potyroleptide that encodes
the cog?fafe syfﬁfthetta{}@ v&ﬂeﬁc&sﬁgsed). The cells are grown in media to a desired density,
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The ester bond between the charged am no acid and the
tRNA i s protected from spontaneous hydrolysis due to
W b@olosssai ng bet ween EF- Tu and am noacyl at ed t RXEXUS2005/043603
Stortchevoi et al. investigated nutants of the E. coli
initpation. t RNA '_ US0; 64 bbl e base pair i.n the T C .
c:2 1P B Cottion OBkl oy TR ARRITE 51 B i in the
b ' b1 41%n}. NP EMNs SyiREdsi ot 1§ alblated as th
Bt Dt g e e R Eplof s Frlblted as he
perceiiggenafeattivite fiaFd samié Pelatice i oaaparhbit edniréiNa g(, IBCva0O 8bserved
278(20):17672-17679). Also, LaRi viere et al. dgscri bed
from thg dgpyiicd lagFpgonsiipcts Whgre s £6ystrupk Bassa pofzesponding sense codon at

i ~ ' 'P}kfd'dS s of the amno acid and the
desue%i%%%ﬂg%%ﬁépgﬁ%rﬁé;g%%d&a I ﬁi nding affinity to EF-Tu.
[48] Theyphgl%]oggto?(b_ hod E\ﬁta%?n or 'ugéjﬁxi ﬁ{ésprgéen% li]r?\fe Wa&o one of
and € am no acl d are I ndependent "of" each othér and
the OURAIA hivdsculsngisdlssideint 01S. Pagna Agiphiedtiond e/ 1266031 RNAA 26,927, and
are correctli acyl ated. Alterations to the interaction

10/825,86 Ve & ariegHs ThanioR(h) ealssed Mabddragili(y)+ e addition,
N j L d fect f fei - -
addltl% ﬁnﬁgﬁ%}gﬂ%gq? aRﬁk bRy & 6! Pfé%@%}t.e THe ?@\g\%’ﬁg%. 1188 includes

to the A si the r
conseRatiea varidtions bAOHBRIN A Fesexampla consebentive wadatimns of O-tRNA include

anal yzing crystal .structu of _conpl exes en t
e SR L RS e DT O SR B2 RS T B e,
g ' filan il 98Y RNAGhSREALL). See al
o 2 i BTt ol B ERASID) S i
the sebtimkinweie cofitlech'@N@lsit dmidind/Razpepide Spfenaayhd Verags.2r
RNA (Phe-tRNA) (Science 1995 270(5241): 1464- 1472).
[49] [ 53] Theecomyidsntidd omhprisiag |4 OMRNM ecaan Alrjher ngelufie an orthogonal

amnincgg i AL A S83E G EOTE TEh<p i Or &b RSk UA B STt Bacapes the O-
tRNA%ﬁ]E’%%ele%eE?nﬂﬁw LQ& égg% laf uhﬁ@c[neal?famlﬁd"ﬁﬁn%)ﬁ PR&RFtafnCnModiments, a

orthogonal for a sp I c organi sm Conputer programns
compésitiomincudirtpeana®tRAiAdcabefactheecuie s ganslaam dystens@ds. faprin vitro or
. the analysis hi opne exanpl.e, to choose potential . .
an ingYYpJEBHANOR SHHERAL | SrOIRG T5n TR 75y RV icptide cncoding a

polyp@ﬂ%%ﬂiﬂ‘éér&t,%ﬂ&@insﬁb RIyRIB8EA8EmBRALL Unedorl BMR defector codons
chosen that does not display unusual honol ogy to

recogpizek hy yiet QRO anmiasresnbinatjobadf oiepootoroof {IRNA wnedse be present in
b dyced b trat F I
e o 3% SBrPhANER BdooSSE N0 o5 W hR pRORP! Ggtosona

Amin8icyl BRASSAUeNE8S (O-Be)eT M ni ng a consensus sequence;
and generating a library of tRNA's using at |east a

[50] Port il\@&hocfﬁ%‘pr@éuciﬂg art BRGSO RGO TORRIUS), §.%g UEMG-ERNA, are also

For exanple, ‘a consensus sequence can be ‘conpiled wth '
a featarecditipupresenp irognaon. A tBNA, tetg, BCGtRNAg paedugeed by phe method is also

tional ly, degenerate positions determ ned by the
afeat%&é:ﬁhqﬁrﬁ%‘/e@twgﬂ%% to the nost frequent base at those
positions, A library is synthesized by technjques |
[51] knowMsthodsred RipfuciRg Ay Oftﬁgg%h@ﬂgugclgéa%@ t_ﬁ%@nﬂcodon loop
of eac\?\ﬁ%b@ol (ﬁ\fﬁf\llAaQ ttfélilﬁgﬁ‘%c%%gﬂf‘on%f'a%% r%gﬁbﬁjgeg%.' Bn amber codon,

each site o gene can be synt  zed as
an opal cdpada faux basecaaon9€eo)t thercbp psweiding apdaabiyos pnehtibDORNAS;
a mxture Qf the other 3 bases_.can_be used to. prouvi o
and aginE Brapge RSB OL hEvEoRe h o Salane abEhBNA o identity
non-cThaHicH] E5asE kiR /P 1RE stbaryesiBucturd P ¥hd NtoARRERRMEting the non-
sequence a 25% a m xture”of the other
canonical base pairs (e.g., the non-canonical base pairs are mutated to canonical base pairs).

The non-canonical base pairs can be located in the stem region of the secondary structure.
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3 bases, 80%the consensus sequence and 20% a m xture
of the other 3 bases, 95%the consensus sequence and
WG 20s/068882 ur e of the other 3 bases, etc. [55] RCDUSINHSI3603

of nutant tRNA's can be generated using various
For. examp

n the art
An TN HoSoeh e DBt SmENBN b B bngos,§Haict st fpivites, such as
1mprcmsttr&ht mmhdgaﬂﬂﬁwf@% aésiied loagdr@s comPARH @8 AiSstarting material, e. g.,
%&# on, DNA shuffling or other recursive
the Plﬁfﬁ #1 SeAlteAerEs Whide Preservingdtsrastinit tomandsor desitgd RS.
corrbl nation thereof. [56] Additional nutations can be
[52] i nt r SHirsRativaly, anﬂ&Nél $ imaypbsi dévelopsd , bye notatimd aaknown tRNA to

modumg(} ni%?e% c;ﬁ%h \é\?t Of E’Hﬁﬁﬂé ?ﬁlgfgma%peg ﬁg %1%2 3¥0 tgclzlﬁgs that influence
translamﬁ)bﬂ aﬁel @mﬁdﬁ@ﬁt@@ff ﬁaﬂslﬁtl&?ﬁiaﬁﬁﬁ&}p OBud¥ chﬁ}gdrfeﬂtsoxBBﬁde but are

., .an anticodon | oop, thé acceptor” st
not lngl.xtﬁql &9 qlqnggtlmw fctoapl (Bapt@upl elon@tmnrfactor EB6Ry playherkey role in the

elongﬁtﬁcg'lr ? fllll\/ttJ){OQ(fg s:?Nﬁlrmy ?ﬁgpngego rﬁﬁj?rbor%ggﬁb%‘grgté’lfp@?rw"ﬁ by tRNA

synthethR EFen biads . anfibddcyTated GaTA ¥nd %ﬁngk ft %\lﬁlé A sﬁgtoﬂl{eel%osome
cting to negafive selection a popul ation

The e@éﬂ% dlobfeet‘é{effq the chayged prano agid ped ﬂ'ﬁéRb@L Isprotented ifeoe spontaneous
hydro[S%ﬁb(ﬁfe @ thk Iﬁﬁlcﬁﬁ%%@we@{ . ﬁ) 9hg Wi goatcﬂ e@\m Sgo%chevm et al.

negat i1 ve sel ecti eI|mn es ce

1nvestr$1tﬁ9bnutahtstdtﬁ ¢hepE urodl inftiatioh tRNAEYR 1ab: d34t wdis1S bﬁﬂ?au* il the T¥C
cyl -t RNA synt het ase

" am nqﬁg% at ed. %Slp am nz)a

stem, SHSE B B8 opgd e, ec9eF?andarm@gm‘md@te@maalﬁd@bckmg the

{RNAG ad f th first
45208 Ao BORPTRL ) 8 108K by Bloflep 448 ve o

Tu. G a@:ammmacﬁatsé ItléNAC(ﬂBCOZM]S(%DS(I@ 1I76172-Q(2|@I£§d AlB@ ,daRiviere et al.

deserifig] HL GG 2001, ROE R SRR Bf %&f'se%aﬁ?xia%@% centibutions of the

ammoraesd B BIE RR N Ebd t@'th@%‘éré}
fotd BEME RN guct %%ﬁdl@a OSI ggﬁé ?ﬂ@y fHliftated that
the copribyHenrsn{dhe t?dﬂA body ynd ﬂarasmao aeld ateﬁh?ﬁépendelg of eacH &KbrCand that

h bar a non-essential position,
they cg{nggﬁ%cer fé)guc 3 gaﬁ ﬁqectghl%seara&ﬁgeg@r @q,y(],w: gAthegatlons to the
1ntera<nanHeai/¢dﬂfEF1fFu@TP §nd fhettkNéQ ﬁﬁﬁﬁd%ﬁa%ﬁ v%tl?ﬁ e\ﬁgn'aﬁFal amino acid

ggent e.Jg., an anti bioti C, such as anpi Ci
may agge th%ﬁ%”@i@ﬁﬁhpf theHeading) @éﬁxertBNAoto tlne A bige sthectbiossme. Potential

exa t o neasure,t
mutatlaﬂ @ﬁl{,/sl I%lé’ XI?(S g%gdgrnég ] j?y s&rgetg.&elsl gﬁogplfg(gWetg/een tRNA
and oth&embntﬂmaénts of haﬁﬂﬁlc@lﬁl hiaemhéty\/du\ﬂ@ a$ BEpPT @SFbIOékaﬁ{ple Nissen et al.
have i (ﬁ tﬁf&ﬂ@ ﬁodon nonsense or franeshift nutations
PieHeies iR G TR bﬁtsisymeﬂhétﬁ ihg @hesnbetecrckiome of the TYC stem of
yeast ﬂl%ﬂg%ltagﬁla tzeglsfegﬁﬁé\o& (if_!?e[ exa}rﬁcge’nbe ¢ %(é%{]]) al él64 1472)

[53] var ' %ﬁetb‘?d@%@m{%ﬁ@% p;{n% yﬁl tEe pplgglogé(:e? sequences of tRNA’s

and/or(arrnﬁcbercybth s&‘ﬁﬂhbﬁses&o Qieterl’ﬁﬁﬁt}ﬁ)"télﬁlal é‘e[rﬁh&a&é%%f 9h BBERNA, O-RS
W t.h these ol ynucl eoti des hi 'the case of

and/or oﬁ’qlﬁo £, thaNAPPeHi iehbe aithorgond fof f4 @p@nﬁ¢ wrgdmsnye dComputer
prograﬁ’lé %{?Q?g gl’ggl%lﬁﬁ dnd cfegeﬂbea)ﬁ:ef %E@S@ gz' tge gitﬁ%}gqlﬂ Ppepne example,

to chocmeqwtelmal brﬂﬁigohﬂ&mnkhabnél%n@ohﬁﬁi €dri1ie til'i ARSI PR organism, a
or |

If the tRNA is not orthogonal,
synthetgsch @?‘g?rog 6@%&15 ﬂﬂ%%ﬁ%@%éﬁ%@%lwu@ﬁmﬂ@oﬂgﬂogy to prokaryotic

organisms.
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the tRNA is co-expressed in the system a higher |evel

of antibiotic, e.g., anpicillin, resistance is be
wobmensss: Cells, e.g., bacteria, are chosen tP@Er/us2065/043603

unable to grow on LB agar plates with antibiotic

concentrati about equal tp cells transfor W
1541 o pReS a¢ a0] cihaibh e oxefioft b PRy e bk oxample
the pobf 0f RNA P HIpGlIB@AHP Qﬁ%}ﬂﬁl\ﬁh,plﬂ\ﬁﬁfy &f R edeq@énckd)&letermining a
plurality of  potential TRNA's is am noacyl| ated by
conseresus sepIeocs; andgenereting a libreyiof IRNAS vong a Vﬁ%tr?el?ta}é@% most of, or
d.e., 1t is not orthogonal t : :
the enfis i SSRBRT o RETAe) CorbAEuE 3fiep S by comled with o
complﬁé&pgﬁ@g‘r%d and thdeGCoXipgogahy puadlpeot Ogtlomyg uddgenerate positions
produced [eads to cell death. Cells harborln% ..
determinech by dhalpregma ¥ chengstuiectieonast Feanant baser 4fi thase pesitions. A
. hi one enhadi , . Ofp t S ot
iorarsg} RAGRRES y Giglef oA utlnel B Babei e cofichons soqupnse. For
examypie, (0@t ap ERteBsibe OF bliforiuc]cotideshinawhieh eattositecofiihn t(RNA gene can be

placed in a positive sglection mar ker, e.g. Spcoded
synthesized agradonedsmius @b Yendic capsensys sequsaee Aad 40 gen gixture of the
other ;%%51%0 St ‘)é/ 'ﬁﬁ?ﬂoﬂé‘o’vﬂg. the li@?z[rg YabROoR T @Mseﬁs‘ﬁ%%%&én@& Other

a pol'ynucl eoti de encodi ng or Tonprising a nmenber oOf
mixtutddeapatb efust®@NA. s75% titomsaciue stqueeceasb2i% g mixture of the other

positijve sel ection marker, a_pal ynucl eot j de 0
3 basesn G0t Ml ERARGEATS SRAIen9R S8 ?8@? fn@t%ft}%t e %t;h%f 3 bases, 95% the
consefRsERRAE: Iﬂif%%lrﬁﬁ'tdre 3Pthelolger 8&Jaked 8tcgrown in the

presence of a selection agent, e.g., anpicillin.

t RNA e the for thei ol [e ¢ -
53] am n%‘gt?:r?/]ltl §St é’g E‘)lllﬁa?lh g&t%\g[g’fp?ge% s%d g%%%?ﬂgp eh%i%?% et élg emu ABENESIS
technigfiék k@owmse ilie an. aforreample] the nieap dRDEA’s @ah Hiesgenerated by site-

sel ector codon. Typically, ghes cell s show an

speci i A IoRBHENTT PBE TREatieH. bPPPlgsit jeoeBIbiitier, PBiA shuffling or
other féegh%g\{engp?géﬂe&g nlﬁf?ﬂ% sUSEERE %n%ﬁ%{é‘)ﬁm ﬁfg doFNh Fioh Mreof.

ciently be recognize t he Synt het ase of
interest. The cell harbori. nan- CLLOf or
561 | PGt S e "B 9 e hJR000s ARLRCHL ORGP e o o
noncoR¥d AetcAsRitin(d) dreft @ Sbnieitive Pokitio @), tad a trirelomized position(s), or a
antibiotic, Therefore, tRNA's that:R$h% are not
combingtien rthereal fop depRdglavBLY FEXY, Ok adRN/BsE ge P cHitigodon loop, the
' 8 vl ' a i6fi%f the RNA
sccepff e B SRR Lrleble B85, PRCHIDGERSpALAEL REGBYI the
moledulleq s laadontingioh\thereoH oMntsiehe ataydnsind¢ 62}chifidase pairs in the stem
. stringency of the selection, e.g., the positive
ICgl0Le| ecti on, the negative selection or both the positive
and negative selection, in the above . .

[57] descriybialleano@stRNpt isorkianedndy BRIsdigedy megative selection a
exa e,1.b a ' ' :
popul A Seus P HRF RIS Rel R AT ERAIr of the pluralicy of
potenti§l OARN/Ck| qthehggitiviersethutiom glimirfatesraetis thatcbmpsis@h member of the

sel ector codons into the barnase gene and/or usi
pluralziy of patssfip) @-tRNSnbihet 1s armn%awf‘aﬁeérbye%ﬂﬁmeﬁcxlﬂgm Synﬂ%tase RS)
that 1&%2@&3’(\1@% fe 1.t ’bﬁ]s ?)%\@&és' 2bf FAEGthABr88RAbgdndl to the cell
var e.g., anpicilfin). 1Ih one aspect, the
of thesfirki gpgeiesy i s varied because the desired activity can
be | ow during early rounds. Thus, |ess stringent
[58] sel eqhi edttd | dffddamadte &Pphd atbghiivee atleytitrguadselentel codon(s) is
) nore stringent criteria are applied in |ater rounds of
introdyispd it palynpeleetiderthatPnedss @ HAEAEYS SelgeHOR BEKsTy & &> an enzyme that
selection, the pasitjiye cti r
Confeff'eﬁglt 1 Igﬁlagﬁgés?ieta"vﬁe){ascé eCt %ﬂngc n b%l Qt?%dglef%arp gldd ctectable product,
multiple tinmes. Miultiple different negative sel ection
markers, positive selectionldarkers or both negative
and




positive selection markers can be used. In certain

enbodi nents, the positive and negative sel ection
woranokeessean be the sanme. [63] Other types of PCT/US2005/043603

sel ections/screening can be used in the invention for

d th | | at I t
.2 B%Z}?aglzjq%iﬁ% %th]aprgggl%ng%l%ﬁ] r&geg}sﬁl r%qlf%r,%% 6?1%@3 %gge: a fc’q;_(bcr pl%dﬁct such as

X ) e l g ' Vi h
vamasEA 0 LASREPRIANG e SEELARTRNER, b/ 80RO by thonin

popula$16h ect:eltmnm jesance aﬂalsciecttunheagantr(arggan antibiotic) snshes empicillin).
r cataly

a | um nes ction . i.n the presence of
In one &I@Gﬂ{%@é‘ﬁ? eaRaeER#to Q‘ﬁg{ﬁ 1 ARER 4 Wﬁ% a product
of the marker is detected by quorescen activat ed
[59] cel | Fegopempip, (emesyure theAptiv iR sepesree. ¢ %35@ spA&plegHion system is

used thal el?( gﬁe‘c‘lé{e efhg Ffll l{/ﬂz%ssuggregsggﬁ Bg&é{e gﬁo,ﬁ,c%.%ggig Sknse or frameshift

ranci

mutatiBhPBiedhesd iandh Ipumnaeleeﬂmreﬂlamncmdmaj negitivesslectiong nmfker, e.g., a
Escherichia coli expreSS|ng afunctiona

gene fanfilpeiaprscatient Fon cxareplexpalymigloodide fasantspe.ge lgivpriants, with,

eg’T?g?dé?&%Atﬁﬁbegﬂ§ec§%§ﬁ§§h¥Ce&%ﬁ onabt?%ﬂ&hwﬁﬁ&%&dasdh’eg”

bacterfa® ldejtraﬁ?szrmed with. tﬁeseppdl?ﬂﬂlel@@ﬂbs dattihe reasél Of hﬁﬁorﬁﬁ)gonal tRNA,

entitled "NMethods and sitions for é}?e Pr od
wlnch@ﬂn@tth@cﬁéﬁﬁam ¥ AN by, BI%PHQW@ tses payt lgﬁc resistance,

7 1
e.g.,a ﬁ 3’1 é%&%#% sh é ‘letfo‘at 01l 1es</ t'gﬁlﬁtlﬂoygd%gp%g getrfélgﬁn?fogged with no

plasmldEX?ﬂWM'EHEoEMﬂﬁ%‘dﬁml 61“ fﬁ\lETd:rGldgﬁDESS’ntwmeatta@able of charging
Forster et al 2003) 20Pro pe metic N
the TQh: HotorsButsyd (oS! BTl GINERT cloGdaet BUeR e Sacempicilln,
res1sta?gé/ % t{)%eljvgﬁ)( Eeild, e %IA P8, are %Hé’sen'ﬁ%lgir@ﬁm%'le to grow on LB agar
Expandi ng 't

recognition of a tRl
plates switht angibarsie dopcantistiongy @oamqmel f@crietls trh@ﬁfg@nedmmno plasmids.
100(10): 5676-5681. [65] A tRNA may be am noacyl at ed
[60] W t hirathdeasd efla axioprodaitde by riboyudietsh bdrmase); ebema quesgber of the
including but not limted to, chenical or enzy

pluralifyriof gpetential fRINA s[%?mmqﬁqyé%{e% Xt § ngpévs hest, e na}i'sc(}zerlchza coli
synthqus%g g«% $hed @tyo QICVJ tl'fg%t S¥ B! %Icﬂé‘?ﬁzz&’ rcohysyﬁ%ﬂe%ses) the

7¢ folecu , |nclu ing bu ‘not Iimted
selectdsn b@kmrmswpﬁi'eesddeaﬁd threi MEyptdynmcéeqtldtqnoﬂﬂmt g&a@m@dv]padq to cell

e SR eSS, 553 CERRT 301

Concepts Bi ochem 64 221-226) deponstra . .
[61] pres&here gp ‘?fh{n@maffheyp%’é @fjﬁﬁ‘?ﬂgj thagege Pﬁé?go@ﬁﬂtoaac‘ilesggd organism

are th%ﬂ&&%é?ﬁ%ﬁ )’5&5 i QANES ect W?Vﬁﬁ(ﬁ 2kt1bqys Boddﬁeﬁeplﬁ‘@eﬁuiﬁaé positive

ave on een own to act on

selectionb@Biket, ed.€., afitadle8 Wysi rdaigsesfsmnce |gen; ayeh anfl- l&ﬂ:hmaxergne The
the recent devel opnent of artificial evol utio

positiye sedeojinads paforaed andell comerisiap emodyuslegtide gread %r cogiprising a
memb\éﬁlrxf S po%t[' ﬁﬂ}&@h ?13)%1 Ql%o it %b&ﬁﬁ% o%ftix@eéefe'cﬁbl?ﬁlarker and a

l‘ecul’es™t ata yze am cy bonds on
polynhitledtidecsdodii kb3griatd RENThise(ddlymmntrakidésare crpresded in 1@35ll and the

Sci ence 267:643-647), and an RNA nol ecy L} %@o an, lected
cell i $TERB B LA oaHoR O ASFIF RO AR SRR B RER G5 &8 Then selecte
by -RE® LIES cd 144 ankGélinsert
for tnP @Y 16 bE gignﬁ%%ﬁdor?’l 1 orRALHEE ok 528593, o
aminoMdui€ in reSpcbm;edxls ihis edl@dortypdon. Typically, these cells show an enhancement in
suppression efficiency compared to cells harboring non-functional tRNA’s, or tRNA’s that

cannot efficiently be recognized by the synthetase of interest. The cell harboring the non-
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reference herein, describes nethods to construct

ri bozynmes and their use in am noacyl ati on of tRNAs
wowaoh/oessdur al | y encoded and non-natural |y encoRPerusaonsions6o3

aci ds. Substrateinnnbilized forms of enzymatic

I R | udi but
ﬁlnctfgﬁ{aleﬁfjm N e ?%t %?enggt;n at e%gtpé&?fle efﬁchmgse cl>Jf interest are

sen&tﬁfef ﬁoﬁhé mtiistid | DRkdfore, ﬁﬁNNlﬁth@fn ﬁ@%ﬂdt%ﬁ@ﬁra@s%y%&genous host,
npl.es of suitable substrates include agar ose,

€. %Séb%(f’% eoli, gyefheagasetid cap baaminopplaied duyibe syrthetns of $weerest; and
(1i1) af fuﬂct‘?dfﬁfﬁlttﬂngfah Dyt \}ez%o(gh Ee‘iecrpleﬁ% ri bozyme for

am noac escrl mstry and Biol ogy
2003, 10 1077-1 plication
1621 Pyioi RO BRES0) G5 3886800 e Pesififi e ssea: e negative selection

or bothethe [pOkiEiee AR Bbghtivk @8lectihie Th ¢Rd akVeMRAGWeAL HO&'EE %E&&Fally may

i ncl ude, but are not limted to, those intro uced
be varipg; hForgrampisabesaise bamgsthis, an&xtmﬂnelgcbxm@retﬂn Hb&stnngency of the

nogatih® 3eleciol oo X, coiBlieEby intigdieine P Eiry) tiuthsrs o deloepispodons into
the bheabe ,gebe dMd/orAblond t

) Bi oIge Chemor1928 I;_%gan Eféciu?)h%lgg%argf%éch@ FABter exalnp le, the
conce@jggmno@fr e ﬁﬁl@%ﬁ@ﬁ(ﬂ‘?@l‘aﬁgj aganih a§ sar{edolers. ,sampmﬂlml)z In one aspect,

the stﬁ@%égﬂl és Paréeélsl%aéh% Sdg%lgdsact %\%/Iv cgggﬁg]?]w cﬁmng Rarly r01911ds Thus,

less sSuigahtt sze,lecﬁon @ritetia A afptietin Sy r&8%Ek, anklthore éfidpent criteria are
Elo ; Anthopy-Cahill, S J.; Giffith, C,;
applie clﬁuﬂ{ez r(’]mdsz"fl@le@@inen@b oty enbpdimargs, theaiegative selection, the

pos1t1@ selé@tleﬁ? eor ngé@e ne MSE@%@?&&I}D&I ¢ léepeatﬁépﬁlﬁﬁle times.

Mult11119 @ﬁfer&ﬁ&egﬁ&é selaation uenrkers] posillve sdlegio@rmarklersAr both negative and
? {(D E:%g}em Biol. 1997, 4, 740; Turcatti
p031t1\ée( segffc o} ng & ca nisedods. ceg¢1:{1 enl’rggig@entp@oﬁhg;posme\md negative

select1@hn?drke§§h%@ﬁ?esaﬁ1%95 268, 439; Saks, M E. et al. J.
Biol. Chem 1996, 271, 23169; Hohsaka T. et al. J.

[63] é;nnt ?g%?s}é‘%gfg %?ﬁ%ﬁgré%%} %ﬁr%cm’sucﬁsﬁi%%ﬁsmg?n%@ﬂ@F producing

orthogohalntranalatiamndl roapyherits, ag. @t mmxrm OR8I90 sh®©-tRNA/O-RS pair.
F ﬂ’&? | ate t RNA nol ecul es. [69] Bi osynt heti c nmet hods
or exg 3?[%‘?5‘69 {ehsahickian myarkere e nogixiselseitap merkRner both ghe positive
d nBegReUSa oL Al Sncifie,a pRysical  porobes
e %t o pr otgcgogs hgglgétrrﬁeésa?lze in Vi %n ame?sglé]?tfﬁ%r?%ﬁ & fjalyzes a
lumingsaitireatipo nsthamdeseaéeemfemm‘&blewbﬁxﬂanm Ilhht[bth@febt’ﬂﬂﬁfmerd a product

of the V\%Photdol a[b and crossli nkl ng net hods, Annu.
BIEAm 850 Eg reseeregyactiyafd cgll syging (F&CS) paby émlnescence

Optiorflly, HehASRE: influbles HNAFMGHARSLA E@f&%;?n%)&qah{%g §%<9F9alg ciseo, I. A, et

sequence of nascent preprolactin
al., (1988) Viredstciide aaﬂ fhtheessquadctzvcaem gdl’ torang pA Etvdrlwhehzaﬁro@ztexpressmg

83(,22) ;. 8604- 98 70
 funelBl i o & e el ire rimhat tcal Sal oA, 9010444
8.

aci ds can be site-specifically incorporated into
proteins in vitro by the addition of chem cally

[64] am NRAGHbAL %tﬁd&%%?ﬁl%ﬁﬁﬂhgwc&ﬁnﬁ S &?ﬁmlgﬁﬁl cag be found,

reactions progr amed” w t ene con al n|
e.g8., imkh8r paiontsapdicatintsat0/d26, 91]s|emgtlbché‘3/£etlamsram10f16ﬁapo§iﬂ@ns for the

|tu nber o commpn twent
producRf o8 UfpRO A TROACKFtss LIRS Sodgasarais, gt 10/136,127, enited
“In vilvb UB{cORJeMONARNURLath@ Amino Acids,” and USSN 10/825,867 entitled

“EXPANDING THE EUKARYOTIC GENETIC CODE.” See also, Forster et al., (2003)
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phenyl al ani ne, using strains auxotropic for a
particular amno acid. See, e.g., Noren, CJ.,
w@\niokoesgeLahi | |, Giffith, MC., Schultz, P.G P@&I/US2005/043603
general nethod for site-specific incorporation of
n
Progrd Rl i B MR B P A e Ry, gEilied de novo
PNAS (100@3): 633&63157 Jnd. Een@ alad, (2008), Expanding tRNA recognition of a tRNA

Chapber]in, A R, Diala, ' i C
syniheigis B S ueleiring A Cher et &5&%@%%?@%%@ ami no
acid into a pol ypepti de, Am Chem Soc 111:8013-8014
[651 (198%)RNQ mMaydhss am@%oaa}’latedpﬁéﬁm desired 3myno Beid hwggy :method or

techm(@jtl fﬂ@@dhﬂgﬂﬁt no‘gﬁ &JBto s%‘/en ‘ﬁgt | cﬂgn%ﬁﬁod‘#moacypﬁatd‘\)%gﬁgl | ng

1661 ot ratteRre e nGE, 5 sionighEs by’ Eaedl AL Kufeidtes or by
other e@zym@ﬁf mbRbuled/ iludnSathéZimedo, ﬁ'bb@n | ' @6 "ribozyme" is
Mit agenesis with an panded Genetfi c de, Annu Rev

mterchgl legvithg|catabyticRINACT Cechand 4@3\5013@3((@9@15)1 9817 ,i3diencer236:1532-
1539; ﬁfé@gﬁhg et % S9RP! 81’?0% i Olﬁlc\)lélaje S64Q C%g}ﬁnété‘]‘% the presence of

recogni zed’t he s

natural@n‘bétﬁmﬁryg RNk ViAot h:aﬂractl ag @bta[y%ts @fBoRPmai Blowever, although these
Conventional sitedirected nutagenesis was used t

natural; RN¢p gaighystshBavst eplychersnshiona tatact iea ghemuicisic aide sléz@trates for
0 r

clcaolg) g SpR2RE, BORr ey, DU Qoidif of iborymes s

expandeth dh(p Ineyrectbine @ﬁtc'a’eaﬂ))&wtb ghrncgmm]mhﬁ«zm I)rée&:tldhsf eiittlﬁ(és have identified
nut agensi s, Nucleic Acids Re 3):791- 802 (19

RNA Wiﬁ‘?gl% tll%&:fﬁlat RAL¥Efp SIaRsY Bﬂ’&l@a beinds ¢k theit apin g@aé -termind

(TllangN@kErCR IR P& SHeR 267 S EON L & @‘%RM b PRALR R Fransfer
system the unnatural am no was |ncorporate§ in

an aminespo fiver ¢ RINA rupiecwe dtnmomarc(holm\ee ab, 19961 Natore 381:442-444).
containing that amno acid at the specified position.

[67] Expéﬁ Briatest Wpipligat{oaHPublivatian 2063022835030 tvshivh ti§ incorporated by

(ﬁﬂ droxy acids denonstrated that only the desired

referengg ) yginadisaribes mﬁé%ﬁispfercafl‘étal%flbm@w@ﬂtth%u@p@@nﬁm@sylatlon of

tRNAsPYifhh SatdfaC eSAN dnd hﬁén—hﬁhfall?n%{ﬂ d@&' Ql%ﬁn% ngltg Substrate-
I ncorporated at any other site ee

immobdizgd foroy efignzematd mcﬂe,qmas thdﬁataamﬂhoaoglat@tRNAé Zﬁ@lﬁ)img but not

limitedN?o uﬁﬁq&gh{ﬁ:gft e al %&eﬁ entp(a@lmélzggffgﬁaé&?lp gg t}%le Iammoacylated

ductsNCRERYIE b
okt CBLEAIES LR GBS G5 U o v

The prodstchonsnd ase gt aenbstiabeyingaobiliged GorRNS n’quynrwﬁ»lr \afnlnoacylatmn is

dee G A R BB S Rao R REA G 0 MR hgtcion

Pubhcmﬁaeoz/ogzgsbg WRRh $s nebrpdftéd BPlcteraiicRagy.| ation
activity, and’ selectlng sequences of those ribozynes

[68] %xhl binbingdl deshb aﬁ‘i‘iﬁhn%ﬁi/ddét megldectauv'&rx th7§1§1tned to, those

_ bozynmes can conprise notifs and/or regions t
1ntrodu{3abbj/ Healntemdcnplwa)tkam (RedhitV$.tM, Ascicthems. RlesG(BiDZ’;mSL S455;rideck1er

G Roeerif R RO CoTBieE Eon b M o estognt P87 o2 Hecht, S
M.; AIRNL,ND. BE KGrGdH0 St I RitGno,aNd. @ﬁpéheﬂ '1§7€§3%3f 25 g%ﬁ%y Schultz,

palrs with the 3 ternini NA. 1A combi n
Chambeiig, @gugh«rfdy ad jothegn dCannshch ng; Mcnﬂalc iD.j Sehwtz, P. G. Angew.

Chem. Hi¢Hl ﬂf}"?%%%%?}s??i QR RO BRAT "R Aehe 2 6. 7. Am.

Chem. Soc. 1991 113, 2722; Noren, C. J.; Anthony-Cahill, S. J.; Griffith, M. C.; Schultz, P.
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thereby facilitate am noacylation of the 3' term nus
of the tRNA. [74] R bozynes can be generated by in

WO Ra060688et ecti on using a partially random zed PREDEI005/043603
conj ugat ed mﬁth t RNAAsn CccG fol l owed by systematic

o 5o S50 TP BT AR TSR B R 2 1. A
Chem [J@c’cl"qg@ Sflltl eg(ﬁgdBaﬁX? Hi &oF i Rured¥h2l 55618301 Gbﬂld'aﬂl 1. P.; Lester,

No. 200370228593, the contents of which
H. A. |Bough1criy,plarAt €ﬁerhyBroéfé}9§né,e74€ErTenma’ftl,a€lttah JaBiqd. Chem. 1996, 271,

oon B bl WAL b SR BBESHS SRR ot . 1

271, @%dSHtha‘ith P! J. Z&dkl @hed) &)csqbgpr e xf?ytd)@v@iaeme use of
to enable efficient affinity purification o

synthesasies dia eydingasilatiRNAS ucExasthbés on pthenichamical speeacyleien methods
ed to, agarose, sepharose,
maybgﬁﬁecﬁtﬁgfﬂﬂ?‘?a(?ygéetﬁ%ﬁf%%c?;eﬁ’es can be i mobilized on

b Ki f.th h
(691 of * RRsYRiERE Mot (i ROy chPmGATY RaPd Aish SBiFRe i AS have
been 188 t§ ‘?nc%irflﬂdilbt%es@vé’i"alt ﬁo@%‘sﬁéﬁfl Bldbek %%';ﬁbfén{sh@nthesmed in vitro. See

correspondi ng di al dehyde to facilitate i mobilization
the foll@wing prbliedttorsrentirefargwion citehwibirs Bypes, &f New dthowlelaling and

oo R R A M R ERREES HE S AT T AL e .

Hohndo83 AnE aPﬁ’otB%ss’Zz‘nkﬂé)’d}Qh@Bz I £4RbRdedfonds b @g@)rolactm of the 54-
e

Synt hesis of am noacyl -tR can be significantly.
kilodaitae polhpeptéels dfyhe HigualoacegritiampaticieoBrogl MetloAcad. Sci, 83(22):83604-
8608(21§§ ni que. Kourouklis et al. Methods 2005; 36:239-4
ri be a col umm-based am noacyl ati on system [76]

[70] ! sol RtdvidusBf ittiae basi sieaayihat ethdirbembachd can be site-specifically
acconplished in a variety of ways. One suitable nethod
incorpiogated P Prefeing dn Fik g O3 e addigon m/szélewwﬁw@ap%ﬂﬁﬁt% guppressor

tRNA%ﬁﬂ'irétgmb%gﬁgSlg?8%{1?,8% P@r%ﬁﬁ n_ﬁ%vﬁ]‘f g_ééhé g?%%nté QBCQJ'}(M amber

nonsei;ﬂ%g ﬁhﬁ&dgaﬁ“l\/lf U[;:s(lﬁg thie3p aappmufﬁe@n bhe agi dﬁbstlihﬁe 2 mdvhbeEl qf théd common
DTA, or si an EDTA buffered, wat

twenty _ gino] 2y THEbaflo8e aﬁynﬁa{réld horiasien e diRteep 3@8§1aﬂmne for

pheny‘is[lﬁﬁﬁé E{Isir%nstfa%ﬁscéd%(%ﬂ‘éplcr}op% ihfar DEALPRIAL §ed @eg Noren, C.J.,

am no "acl NA was anlnoacylate in a
Anthopgeidhilyn GiffithoM.€.,i rSchulm| Pr@pt i de gamatel byethbd for site-specific

transl atii on re cti.on | es of r.anl ' t
incorpaRakipl ehUpHE S wmcgfflgix B s, 2 2@%3&2?@[1@559’ M.W.
NowaRULt 4" &clidke |26§”4§§‘12t(@99’531 Balny 58 .e&lafee .Gl YR €., Chamberlin,

DFOVIde reaction conponen S necessary fOF |n V|tro
AR., DiglasESt Bomynthetic pe-sppeificilderbortionref aripatnatigAamino acid into a

pobr AP B SIS TRRETS R0, AP 13151

(1999? -Ri¥RSan, F10, MREES], DI, 208h@ty Oshiilng { Natdr0 T Bsthalto et Basynthetic
actors and additional factors associated with

methodr fansntpiienng Adeiturad reming  acidsasita-serigaaldy e i oty ﬁé___ethods in
ba t d
ez, 380 A0 SR [0 I PR B DS LR, SR, 2 e

Directdd BufiigbfidsB WRNRABPBAded\ G etic (o Anie I’I{earl Bioghlys. Biomol Struct.
transl ati on systens separate the translation reaction

24, 43506 d8Ats from reacti on products that can inhibit the
[71] For example, a suppressor tRNA was prepared that recognized the stop codon

UAG and was chemically aminoacylated with an unnatural amino acid. Conventional site-

directed mutagenesis was used to introduce the stop codon TAG, at the site of interest in the
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translation efficiency. Such translation systens are
avai |l able cormmercially. [78] Further, a coupled

W e@6messdPt i on/ transl ati on system may be used. PCDURL08%1043603
transcription/translation systens allow for both

dranscription of an input A corresp [ .
PrOteIfgGRe. WHEGHE-Es %W Torn™ e r%ﬁgg‘fle\gtt e%(? b]?ﬁktsﬁgl’ ré‘agg ?oﬁgonudeases m
phospgQIMB%I@SMO‘BH%%L)ﬁd@flir@ct&l)%ﬁfgﬁhﬁi, H‘Yuc@éﬁ@ 'ch,‘"i’&l Res, 16(3):791-

oupled transcription/transl ation’is the Rapi o
802 (1988 hs Mateinghe SydetedsuMISsoRIINA anddhg muking geys wera combined in an

. .includes a mxtur.e containing E..cqli |lysate for . .

in vite' AR O S RiPR GaETe A aTRREseropoa ol as dnesgporated in

respoiRdo AN ARSI WHiSh @hve a Pedih icOR@IdiNg thaDaldMd acid at the specified
pol ymerase is included for the transcription of the

positiom p Ekp@hiernts using i HRRKe aehptperionehtsy with et-hydroxy acids demonstrated

transl.ation. RTS can.use compartnentalizati.on of th
that oply 3B AETHBHIER SALC LY TR TR 2 HrchRS Lo PerP s PadhUAG codon
and tﬂsaﬁﬁﬁ‘éﬁ%/ﬁiﬂo%ﬂ 1sQibt GEBsHrhte® At ﬁlay bthed $#diiAGh&protein. See, e.g., Noren,

ppl y/ wast e conpartnment and _
et al, supaasKobyyrstoret tf. a(2903) Newre SimpawahBialogy 40(¥}25-432; and, Ellman,

N R Lo N e

protein®| SHBREAIBS(502a):2b Y206 (A9R).bodi es, mul ti-functi onal

proteins, and the |ike. Othogonal Am noacyl-tRNA
721 SYNt RELRGRSof SRRt Calfic RNASHAY ihiive beREM te pools of
1721 [ nve% on ppe%r entl iggl I%/ﬁgbm r]oacype{t esva% Ot F?I%Ase\?martahe p?o 50
randomized| réwizgmhesseineces ipgriormingt ditgcted dvelutioncon the OoRS sakening the

pools 5 BFERFE hriEReRR SNPSull SMhIEL AObls of those sborymes
exhibRPBRIBAEAL SninBicydatiodldctiviy a pol ypeptide that includes
an O RS and/or by a pol ynucl eoti de that encodes an

73] © Rsl@EozsrﬁfeéQ rcta.#l Q:B}r&)ﬁgé ?rgyfélg JoLHRHRs echat%ci@t%éacﬁﬁticﬁ‘l activity,

portion reo enco Sbl Ig({/ a pol ynucl eot
such sequeGUematf and af Grridh fegioBEQot Exaviple, # loas twen reported that U-rich

N TN e UL N

pairs WAL BORARY oRTHRRACY At Sn@inRti &e GG1HLAL 8108ftand U-rich region
O tRNA nol ecules, including but not limted to, those

facilitdiessinuYetbohe re¢agnitjod1¢f Wsh Itbelsnfior atideand IRNAgsimpltaneously, and

ort hagonal . am noacyl = sy.nt het as RS), e.g., an
theretg) SR it RS af theS e LR TR ki 3

al so_a feature Qf the present |nvention. For examle a, .
[74] et hé%bci’%}ea&égc%ugﬁns ARy o vigsselsaign distigc? Paiagy andomized

K . i &sn a i i . .
r24miE BHBRAON il BUA Qo Prolioh Sl LPStaRfatic \MEIRoAEof o consensus
sequeaed frvadyih-th&Mdativy nlohet. adasexcRBdgry ntveymet dhdaipedibylthis ymethod is

f...RSs..conpr,i se. nut ant, RSs, deriv f ci.es
termef) & TOREARE hant 1 SPoLicn o SoPubobRP m D Ieees G 1 contents
of whitpSisdBEI @il M eRersRRCALSIn 04 ks & RBRafildatalyss tfor the synthesis of
species; 2) the orthogonal tRNA (O-tRNA) froma second
variousrainearyl-HR A3 chargpd Wthiso brsde hetenathend ammeoeiads. a
positive selection marker and conprises at |east one
[75] sel edmarobildtion oftelsiibstetemsye be useeldo @nalsle effemed affority purification

t hose that w enhancenent. i n. suppr.essi.o .
of thegrpingpeyiisd El%ﬁéa-?@w@esc%ﬁe %ugtg‘PlaéRP%? ngge byt ars et dinited to,
agaroﬁé;@{eﬁﬂard%fe, A iBERR 'heRds. tRiBo B/ Alah b iRimdBPSzed @ desins by taking

vi'ng an enhancenent 1 n suppression efficiency
advantagepfitsectemical structure of RNA, such as the 3'-cis-diol on the ribose of RNA can

be oxidized with periodate to yield the corresponding dialdehyde to facilitate immobilization
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active RS that am noacylates the OtRNA A |evel of
am noacylation (in vitro or in vivo) by the active RS
wW@R00a/068805t set of tRNA's fromthe first speciBGI/US2005/043603
conpared to the | evel of am noacylation (in vitro or
in vivo) by the actijve RS of _a second, set 81‘. tﬁgﬁ&'s. .
of ther RO 1o theetesi  SYARAUSstYPehaf ey cgt banisT8akiglugingomexpensive
hydrazﬁ@igregﬁla %{e?&ﬁnr%ggpé’ airAGb e H-RE Bie SHPSEARE BethBedthe r8sin and the
abel’'ed amno acid or unnatural am no acid). The
ribozyatst iaueirRSetsitde linkage.e Siyntiesint ¢fy anmoropletRMNAescanhbe significantly
...second set of tRNA's conpared to the first set of
faclit Ry A s B TR HSIERY BT md PRI i oMgfhods 2005

2381 RG34 oA heliase vI®bn 4S8eii th the O-t RNA. An
36 23%%{&%, e. ga('IO an %X%g ildentyiafiréd)?’%?/ the nethod is al so
afe . ' tl
761 e BB A uBERS TR LENAD R Bo s iy o s
One saifab®arodtis o clufh theenaasaymtabiRNoes fronf © comathni withy atbudfer such
or .in vivo. For exar_‘rg! in vitro am nf%ell_cgl at.i on

as a gedigsacstate FOlionHEYN; (f]O My EDYpanbuifer Copiginigg; pO M N-(2-

: 1 ; * [ . t
oS ey A8 el o P kv o
or simpiy aBDYMahiffeneccanten(pdb 702 det er mi ned by using a

reporter along with orthogonal translation conponents
[77] and diiceshindgeiiired RNAS ein b slde@ltd teanpladiesiragetions in order to
) pol ynucl eoti de conprising_at |east one sel ector _c.odort] .
incorporpif therpeiae 4cid vbWBicH thesiRdNA s aminageylgiaddn p position of choice in

o BB oA RISy sy n i
aminohCy1828 ,{RB/Asemty bk aded HIXRANDbMGE Hict HoKXRMOTdel 1@ENEST ICE11 lysates
_CODE." [83] An identified ORS can befL%rth?r . .
providegRpglianacatpopgnts neesssarh dordp e erslalion i RAlyRepfle i an ioput
mRNAY Eggl’ﬁoﬁ§ fSQich H8hctPh! YordpAesk BBt Urho@Hined to ribosomal

aci d, but not any of the ‘conmon 20 ami no acids, are
proteind)aRiyed ating haldORRMNA, GUPL WAds trenslgamenitiadonand elongation factors

..hoganal am noacyl . nt het.ases w t.h ubstrate
and a§0ieR ooy ORI PR O g AR LY HEFRRER R may be
batch tr'ﬂr‘hﬁrﬁIaitiBﬁs thecupiridRaBed Sirfhslativh. BARhAGhhIRIH bfstéfls combine

the synthetase, at the editing nmechanismsite in the
reactigly nompozesits, inat siighe eanapartns¢nt eshilpycamapasintrntedized frapslaiien systems

onpmi ns_of .synt het ases., or t like,. an iNg. a . 1.
separdlg T gt o A5t Fort 8 iigBRL A0 i
transthtits FABRhAAIS 1A tRinsIat PP Systdnyears alARbleudnimércaed by a

negative selection. In the positive selection,
[78] SUPPEERALON AoublR@ ﬁ@h&%;pﬁf)n/%ﬁlé?ﬁidnn_tsﬂ/ﬁ%c &thyabedused. Coupled
non- essenfial position(s) of a positive markér allows
transcciptibg/translationy isysteran ddlowp deil tiothe tesaiptionnofpeesimpre DIRA into a

the pre e _of . hoth nat ur al d,unnatural amn
cortesgopidiBe SR VAL T e N etsTehY irdeaitpRerighdits An example of
a conﬁﬁél’(:ﬁll? Gvhileb19 ChRRIE® BidhscipBBh/Aa684ti SrRNAhW R 4pi® TidiRlatidn System
natural or unnatural am no acid. In the negative L
(RTSsBbést Insn, Thappstemsinghides aamixdyre covaineglsh cPhtlysriu éegproviding
vl SSPRFRERE L PSP AR Py U b ATRASELy, an s
polynsR@eiif inehide® For tHel trhscBipto®bf the enpie PNA Vrito an nRINAI tempkate for use
sel ection encode synt hetases that am noacyl ate

in trapglpfeang TN Ren Bse pogRAEMCdlizateR 96the FRPLaR, EPmROREAS PR vaY of 2
e BB SOR R E SHBILARSR68 KAGPDR comparmens
and a@fansdripeibnit@asi sisorveonpiiraganesi s met hods.
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[84] The library of nutant O-RSs can be generated

usi ng various nutagenesis techni ques known in the art.
wo-00605830p| e, the nutant RSs can be generat ed PYT/US2005/043603

site-specific nutations, randon1point nutations

honol,ogous reconbj fling.or oth
791 | o e ARG IANA SEbHEUBer Sy Beheh ASii dpgleding but not
limite@to 2 sfPadRk rﬁél%xﬂ@raﬁeﬁ? EﬁQl%nc aRfib S AR fﬁndtioﬁﬁlaﬁrﬁte?ﬁs and the
mut’ant RSs ca e produced fromtwo or nore
like. e.g., smaller, less diverse "sub-libraries." Chlnerlc
i braries of RSs are al so i ncI uded in the invention.

|t 268|i1j) ld b L he
synt f c )
80 Y o é%% %@@ﬁ@ﬁn Jave Bhiesietes w1 PARNA with a

select&dGhlirSacid B ﬁ&b%? it &b, %FQER§ %f é&f@@ht Biv¥atcH dat be provided to
see, e.g., U S Patent No. 6, 84 to Short et al;

the transsnoﬁaygﬁm (B, 1B, vil56 hrangatian @ahlameetsbelr gecll)eby alpolypeptlde that

5, 7183, 43 Pet t
inotuds o o Rnaier dy A bebaielsSn st GheadpS o O-53r apiaign thereof. For
exampie; arPOI2, & BpdrBomstiRidof 8l eAtoded fb;/fh SahRnskiay se%uence as set forth

construct’ed and screened for orthogonal pairs
in SEQnB2 NGie 4s9ma hemplsaentare pelyppeleetideosaghenqsdbenepl; et anepnservative
neg

vanatlso)r}n %etog Szgl%étd g%/eff %eeeg%uesj eCl%n Cflt%o%y?mu&tzﬁg goacylate a number of

differttRIENAShSleciiey, ithaiipg But ridt liitledits, tAsdediidchatd BareRdes
the O RS can be isolated; a set of polynucleotides

[81] that M&E&Qﬁoﬂ’de@hﬁ@n@aﬁgﬁh&@n@ amMoabARRNA synthetase (O-RS), e.g.,
mut agenesi s, site-specific hutagenesis, reconbination

an O-RS, doy uso rithn 0 @ftRNaPer@g»t )anc@riR%‘\,g@nealm @dfeptugenof Hbe present

t.he ste

invenfigfh Fof eREnbis < Prtot TEREAL "BoitcE ho 080 Siadtion apopulation of

cells BBtaakied Pebiss,i whekt denalistdaeh dnairBeen)iahlember of a plurality of
am noacylates the OtRNA with the unnat ur al am no

ammcaéyldtRN synibetasgse@Sshiwhdie thy pheaity jof Feyst ¢aspriseyautant RSs, RSs
| t t
a8 SR GE! PROATIAL Boret b B SR g rom

spem@tdﬂhd’ﬁgﬂéiﬁme gast speEes; Dpthesethopondl TRNMEIOV RISAPfrothesecond species;
resent invention, for producing OtRNA, ORS, or,
and 3&&@&%@9@6@ thatgeeoges aPopigNe é?le%t&ne’é‘ﬁﬂﬁ% and FOPEsRS At least one
% d 0 s h
slecf B8 ' B0 B BB RS B R VOF T4 chffpegment in
supprmmrﬁfﬁo&nqetcenpamhfosaeﬂe dauking mg\em atrbhced smumﬁohf th¢ member of

jti of positive and/or negativ
the P@é’ﬂﬁ ?& c§ﬁfq %}S‘%Vdn%énp? PSR! IISBTRPEESSING egf‘c‘ency comprise an
active R § GEf 'aﬂﬂn&@?la?és % OARWA. SR 1878 oPanfiiLyRASH flh\(z%r@ br in vivo) by
negative selection or screening that |ncludes . a
the acthvang® dfra finitrest af itRINAEs rﬁ@ab ithe fiyst saecutsarsg@)mpared to the level of
| ation effi.ciency. ntransl t|o
amninge PR o BB T 551 1y e HEVBES 8F B b b ARN's from the
secon@ape&led!PINe Qexfé‘l'to@tahﬁﬁbdc?laﬁ% cBh bERIcEerRSa B}na @Btectable substance
organi smin which an orthogonal tRNA-tRNA synt hetase
(e.g, @allabelf!@ agdiea a¢id cpruma@eal proneiagid){ 8'71}6 @tive rRS e anase efficiently

amlnoéglc&le {: I(SB%S egoaﬁRﬁi lil;tﬁgl L0 Lhe d%e gl nve t@%s éselected

theretSehRG1diRN tHé&frhﬁ)'go&a@mﬁﬁoa%S}ytmﬁAasyﬂméta@é Yoerse rmthemél@sRNA An
i'ncl udi n&g but not limted to, a product that provides
n

O-RSae.guerQ-RSnidentfigshreie methask is ghsova Tratarecp fithepreegns ipvieahon.
is perforned on a nediumthat |acks the nutritiona
suppl enent .
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Exanpl es of pol ynucl eoti des that encode positive
sel ection markers include, but are not limted to,

W@ 2@6/068802 eport er gene based on conpl enenti ng PEEUS2ODFION3603
aci d auxotrophy of a cell, a his3 gene (e. g wher e

the hi s3 gene encodes an |n1dazole gl ycero hos
182 dehydn¥tofst nUgRERe 88F2YY °Fh §Fi P do 34 ﬁ%ﬂﬁ& iﬂfl ?ﬂa ton.  These
assays g’dnﬁ@ Qer%dfﬁ@& i %ﬂ?o 01l ﬁlugivgeneFoﬂ éé(%?np@@ Ng v1t¥@§1%1rﬁﬁ@ﬁatlon assays

Ki'shor e,

are deSbritied 1@19,@8)}101;@11 BQ aad&blbﬂbs@%ﬁ&fﬁél_éﬂﬂmmﬁr él&éS 59 and in

us. PReRt S Bl S SO * Aol e o bo

: ANpaisREoh d detecti
detenﬁh&ci‘g y‘ﬁglltngoﬁﬂﬁﬁﬁler Brohk g\fﬁha&rtGI?)%éfér | gﬁl IQBB réents and detecting

the reﬂn’t@rm 8 ce(lga@p&)sangquml}afuc]egu@a compriyng aigleas ong rsghectgh codon that

cncodfhd PRUSE 1 Ree ngihi 0y SHE SRUEFO0] Gl B bdnRided y TN VIVO

INCO?@@PJA’F@NWUNNA@UM | ANIMEOSALHDS;” GdTRISKBT $0/825,867 entitled
i ncl ude, 3 | uci ferase, green fluorescent protein

“EXPANINNG YEB, EEKAR Y QER. GENE PE-of an antibiotic
resi stant gene (e.g., chloranphenico
[83] acet YntidemefedrQRS ‘(aﬁ/b“é)ﬁlrtha marapaleteid i¢ alderdhe suhgtrhtgtspecificity of

the syRiiee op dB Tl Frfe i SR g 2P @iog apy gf the common 20

ammd@&&@ Far€ QARcb& 88 tRe TRIFAGAOT MefthdR -to[B8braft an orthogonal aminoacyl
pol ynucl eotide that encodes the positive selection

tRNAngynitetasesawither mbeir@tbls;?eqlﬁﬁfoeﬁ)rta@ wnnaasgomeiso acisinipglude mutating

the S}@ﬁ?&%@%ﬁ %? n@h’g el(;jl{erg e slyg{hg’tel \ ,te%n (E]?dgélg echamsm site in the
synthétés%n sCdifRldn® Bités Wbérﬁ'@l r%&ﬂﬁ@l&ﬁt abmaRe of sﬁﬁﬁet@@@péﬂ thedike, and
[ east one sel ector co can al so be present. The

applﬁnﬁ@cﬁekﬁéﬁm pogesst A Piéat@gmléﬂlﬁ@daﬂhablmbﬁ%ﬁda‘& the Fﬁmbm@ﬁ@n of a positive
el TR CA ARt 3 S a0 SR i of e

selectbr ast@rinfbdwedel atrdva-@ednyiali postddn(sleof € pgsitive ﬁnd{dr aﬂows cells to
gene) encodi ng. the positive_ selection narker
survivgptn haaowwets%ec%m PEEEHTEC oo BRePel (G bt ngfural and wnnatural

amlncf‘ Egglg as‘ﬁ?r\'n@l)ljsythﬂ%%& cgll g%;ﬁké %gntﬂgtagéﬁe?}&? HEYRd SRhb SRl suppressor

’encodes a
tRIN AL waln sithidr it natural on’mnhafuaﬂcamlm atidi fn tl[e&&gawve selection, suppression of
olynucleotlge t hat encodes .t he ne t|v sel ection

a selqekpricadop drirafussdinl & BapgRe)tith AR £ psgefhis, mirker removes
synth&h&IBH f 5&157&1\"51{1&6 a{cﬁ@@ﬁ&ﬁﬁcﬁﬁéﬁn Sh%l%g'cﬁ{tﬁg rf%%\aﬁ\]%eand positive

transcriptional nodul ator protein. See,
selectmell\m)ggda)synehetabs tha{ 20@03¢ylath échaegey thegtpthqgom;l isuppiessor tRNA with

unnat ant emnfg@:eé horﬂy Eg@\g e %thaéﬁ%%%a% é B% Wbéﬁ;]ct?dgtip é}i’ther mutagenesis,

e.g., ]ﬂNArsHﬁfﬂlﬂg oPS1RESIcBuiive itz dnBlie hiReiddens:
identification of CREB nutations that prevent

asso t h [
184] 550 T libRApMog mk%tg?%stgggﬁl%o hﬁtgé/?%glgmgltml mutagenesis

techn{gh®OknqwrGanthtiact. chmrcﬁamptel, fheet inofanbR Sa cambergéneaaied by site-specific
muta’rllqr;\(;te ?Ag@o%to% gpl:ltgtugr{i qu%ggar!ec%ﬂ 1n2llJ[S| ng)ﬁéc%u%tﬁ]ng or other
recurs?ve ‘%mtggoénggg’ %ﬂethé&g %@1méﬁ1§j condtruMiéidlor Ay 8ombinkti3OBereof. For

Reverse two- hybrid and one-hybrid systens to detect
examplies s tibfaay pHmutsint BiSetcen he pr(miluef?dnframotvvlbm mergtodhan, e.g., smaller, less

civersgs b3 04 ierg s B Bopone S1C-nRuE df Gpimgnion. T

acid into the transcriptional
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nodul ator protein by the O tRNA ami noacylated with a
natural amno acid results in transcription of the
woewanesse2 sel ecti on marker. Optionally, the nep@r/Usymos5/043603

sel ection marker 28conprises a selector codon. The

ositive selection marker and/ or negative sel ection
shoulﬁd}ekéno tegs ﬂ@eﬁehbwsﬁt?%ﬁ% VotHsiases Fem yadeus, \ggeanisms (e.g.,
micro?ﬁ‘ggﬁ%g buGOHORDactidih 6b Eébaefengf’hn:h% rhlﬁ‘%rthﬁeco%prlse natural

ast two different se tor codons or at |east two of

diversith€segan®., d6Se Phiont Nod6ﬂ§8 8B90d Shog dtr@,n@cSr |P@tan©ﬁ1{ﬂ 5,756,316 to

seha AL 18 St Sy 701 SRl b 105 CURSELY s 2 s

to Thcﬁ REB4l; ‘?{ganﬁEﬂt 65 0%l 2ELShdrt @t"‘;ﬁﬁ ra!rePB}')tﬁfhaﬂil cBnstructed and
uence 't s operably l'inked to the response

screenedeﬁmrmrthogmaipamscrl pti onal nodul ator protein can be a
transcriptional activator protein (e.g., GAL4, nucl ear
[85] hor nORee theaspthetasss aﬁxE’IsubJ@REB the ﬁEdltmef arﬁchmgaydvmeibﬁfcsl/screening

SMADs, VP16, SPI, etc transcripti onal re
strategys dhesp sypiegses sict %rbeh%@mﬁéln byt 24BUE g or | ample, 2
nuclm& aa!ad gmt BRI e LR da% b iolatedTa §etm cﬁ&ﬁhoﬁé@ﬁiﬁe§ #At encode

oth activities depending ol the envirtonnent
mutatdde OgRSs (Eg/ ﬂ)gfr,an&mrmbm:agmee:s,esmweeﬁ'm nutafenestsp oemebination or

any QTR Lereny) o e SFaTelEt PSP SR BEk OV PO drvighal scps

or a MALidn 8N tles@IRRE Jaﬂaﬁe Wteﬂ%ﬂ%ﬁ{lﬁat&‘d IR S obtained that
transcriptional nodul ator protein. [91] Another

preferextmlﬂpl ammcbacalatasethcs @ruRMA ovith thewdnatarad pmjroorcd. nln @etaspect of the

s R S SnBOA  F F oe: *
[86] 8 ;gteadag}ogg]ﬁ g&o {geﬁl g%%;l}%%%ﬁfgﬁ%(g{ %%%h&ib?used in the

methold$ r&eﬁt ifvenfiES ! fr FRedudiddBHRNKY i 'G[RrSY o‘ftﬂa'ih%t t‘HEl%of The

acc ar onyces cer evl sl ae GAL4 gen ['ecul ar
selectﬁﬁldrlsblaenlﬁg stlrmgslncé/ @6 @e%ﬂﬁd tm oKe egbwth smps af the m&be@yo produce

an O-REandEis R ieIbee; e AT B B! sty srbsepipe csent that i

used, Ef%QUlAﬁfdﬁEdﬁapfdﬁhﬁé Bf p§ﬁ‘u€@ Qﬁ‘d/gl?’ﬂeg@ﬂge £845tio8 Gan Miso be performed.
Ptashne, (1988), How eukaryotic transcriptional

Selecfmg ov stisesingork, alpga cOMPriSBONE 88- BB PIHEVNOL dicaitivgl selection or

amn ds of .this.881.amn [
soreerpgu TN ARG ou i B CHR B R BRaLTL e fepangt T Banslsion
efficihR9CA Enamgh iy rars®Riongl fdelit etéATEYical®y, tid one drllﬁ&%)chaﬂgb is based
am no-term nal fragnment of GAL4 binds DNA as a

upon g MutpeN TBPR O PO ST A3 OpgRFisTELD @whge@roﬂl&goaaﬂ o] TRNA-RNA

198 ding of GAL4, a positive
Synthétase %grtl%%&%%é’ Oduw@f"?élgast Cel | 40: 767- 774. The DBD

is i an i ntervenin ein _se
1 12, e e R TR I B FRBR D e O-RS, O
tRNAC ald 5(@-‘%RNAV® RY phig CTh@bbﬁﬂvW@@l@ctﬂﬁﬂﬁﬁrﬁe@ c@ﬁ%e HBeof a variety of
g. & M Ptashne, 1987@3}) Del eti on_ anal ysi s
molequiescmcuudmg: hrest ﬂlmztedrtan% pradyel Gahproxides g awitifipnal supplement for

oS S L T8 Pyl A BT o

Example8 dfepsignicesidey t@@@odeﬁpbénﬁ@ sdl3atiokd harkBys }ilioalﬁﬂen Gut are not
anber codons towards, e.g., the Nterm nal DBD of

llmlteélt%gq g, pEIPpPEnEIgdasaan cRRIEMSBLNG I apHRe AR aHFtERhy of a cell
a his ente e g%@%hﬂgs%al reﬁgé;ﬁr?@%é @ akzgg‘:b%?gcé&% @ﬁ‘?&'té)&'ehydratase,

detected by providing 3-aminotriazole (3-AT)), ura3 gene, leu2 gene, lys2 gene, lacZ gene,
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29transcriptional activation by GAL4. GAL4 activated
reporter genes can be used to perform both positive

wapwehesgar i ve sel ections with the gene. [92] TReT/mBud03/043603
used for negatlve sel ection can conprise a selecting

s Qi SEESEE 19, 280R) AR5 EPERLSY 4058, SRR Bommiess

inhibifRP 86 hePicilbe Arﬁl\ﬁglnkb\ﬂgw cHhBlo@%Iﬁﬁfrg @7%2@‘-’&@ 3 R | Sntddiment,
t oxi ¢ substance. A polynucleotide that encodes a

lacZ predationds deteeted by mrimmiktesphenayl-HE)- g:ﬂagopyramDSldee(S)I@Hﬂ)shydrolysm
For _exanpl e.. the URA3 reporter

C
See, espnl (@1 Seebiiskibofidt- & FRsMIS é%?%3n98@§41a 0 sﬂﬂala’?@e function:
e i e oo baR SR Bnalytica
BiochGAlistrivE8i1-48] Additiona gabentise s&élbltﬂorambﬂmm ieslude, e.g., 1u01ferase green

T e
chlorﬁgﬂ ifdnicat E@@}ltraﬁ‘ﬁérﬁ& (CAEIY §hhRbpliftd n"i’odﬁ%t&%l%wl@ (e.g., GALA4),

pst ance g., a toxic substance which kil
etc. (hﬁidn)dljo,y atmﬂylg@itt@tlpﬁ dbatc encofles hepomiad geln@wnSata;rk@ epmprises a
1 Boeke, et al., (1984), A positive selection for
S¢ eCt?ﬁﬁo P's 1 acking orotidine-5'-phosphate decarboxyl ase
activi ast: 5-flugrogrotic, aci reS|stla<mce

ty
[38] wol e |1%,q1yr&w¥§eﬂé? dhat gqedsscthe pppitiygsseloplion mgrkey gap be operably
11nkecﬂo erespc(nég WmenteRRdR;toREN ?fﬁﬁdlé&fdeolﬂatofenc%des a transcriptional
'1"an protein-protein in t1ron domai n by using
moduha,tgrqaetem ﬁxaérrmdutaws-ttayxmnmhosy@m rthe rdBpase eandnt, dclacbmprises at

U, S. A 93: 10326, and, M _Vidal, et al . . .
least QUSSP LorRABl-<BH Ty BE R as GHUPHSERA 1 L fgfuralamino acid
into tREEHEScr ?hé&aﬂ’ Gh Gyl A6 }Sifoteﬁﬁ 8y Qhen DL@NEA %nﬁﬁ&ac%dp&rﬁh ghé unnatural

I nteractions Pr oc. Acad. Sci. U.
aminc9acid 08 Bts 1io Ipmscri@h Qisthwpplymlhbom (g eepgetleze generencoding the

t he. negativ ect i rker.can.al so an
posit S g, oG THo BB RS e FBianat IR BF pufeibhy near o
portiolBé K &ie ?él‘ﬂuﬁﬂedtiﬂ@ tAf0&Hcoi& & abINAl bREinFeddfiin NEEYtherdhscriptional
ol ypeptide that fluoresces or catalyzes a | um nescent
modufadIqPign-i n t he presence of a suitable reactant. For
exanpl e, negative selection markers include, but are
[89] not |A polysucleaidedhay encddgs ttfecnegstiye @@@nn@ambﬁvr@@n @lso be operably

ke 1 A e S PR RSPy e o

moduBft protdiRNsdeet. ?S eA.(ICARMaggid) &t RI.OE00OD), Ulfheayéaé‘tcﬁ)lﬂ%'j@md system,

transcrl tlona nmodul at or protein, etc. The pOSItIVG

Meth@bEez,xrn@ln 3adidR&113%nd/ bF Shils eﬁ@éaﬁ%)é) steIpeeitive gengticksalection for
dlsmp?allgﬁ %1}6‘} gtteed t%rac iy e%%}%ﬁf‘fceaugﬁt g %@B CSllukatl%gg ttlhatg prevent

nescence OSI i vé sel éction

associXEbK &¥itlatd/ Wac@m&t CBE, BﬁiceNatIOAcEﬂi rdeer UnBy AC981IRRSE-13901; M.
an affi nit%/ based screening marker. The sane

Vidalpgt phuti996)i Genctiarrharieisaeation Al eraapssiien peotsiarreteim fnteraction
doma@ahgs{i)rg? ?e&sp Fev?x%g %6 ‘1119b1§(? E ?etnlrlf%ogr% £ %cag e(??%'ﬁ/{eﬁ :10321-

ve selection ste € negati ve se

10326 tad, M. Vidtl) et Ak, (996), |Rwelaadwnegzbhd\aﬁdsmleé@bndrsystbm930 detect
and can include usin reporter, wherein the reporter

dissogiafiqrepleRipisin-Bipiein god PEeeRdRerhgRs daps. Negh heAg St U. S. A
93: 10? Eﬁ@m){:ﬁfhe égdg?éq?atlcﬂl %?Sé UhafGraf ea.lnﬁﬁé' 274 A Rfe APRRcriptional

a Ive selection 30nmar e.g.,
modubdtbropeoiginely dhé RN hmmwéydaiadew(tﬁ;ﬂaT)latyBaieamMeacad results in

t he CAT. gene co rises a selec
trenscEIg O 6 RASABTE. oF Re TomaTRREY  ORHoNty dhe PefitiyRatHssgion, marker

negati ve
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sel ection screen, that is based on the inability to

suppress a selector codon(s), e.g., two or nore, at
wW@o®cn68s30s W thin a negative marker, e.g., T7 RNXKUS2005/043603

pol ynmerase gene. The positive selection marker and the

compvgegtaaé:ef/eg@? EL Ct :T g ,‘{fprrgr&%@&g%ggr)e Sorll grlllﬁéaélg(plsg ction marker of

the 1n08{t{6%rcaﬂ oM fpFise épfeﬁﬁsﬁv@r&efé&t& h@dd'rﬁp%fcﬁreacl? ogboth%'aﬁ%ﬁmpnse at
fluorescent "protein (G-P). The stringency of th
least tswel differiennsedantbroodemrorch feakidwoafitlexisanes, sglectar Itvedons
intensity of the light need to fluorescence the
[90] r eporTlﬁr trafseripeonalr inedulatdr pasiel Ve = aloddatiieotha alﬁlnﬂ)se (directly or
one with_a reporter as a positive selection nmark

mdlreﬁ»lay)ctﬁ 3 Buclelf @eideWaBGICRAES, 21ETNoBTR BB aﬁég&@dwes transcription

of a s% e%%& 2R i§ %g'@xeaﬂly fifada ’ﬂost{nt) Zi‘és‘f)gn@eltallﬁ@nt‘ @@Bjaﬁéch}’m&ﬁ)al modulator
press a sel ect’or codon g., two or nore,

protelpastntbeoerawsdr[ptmnal autryatorr \peotﬂmr(e% Ge‘\lgl Jubkean heﬁnone receptors,

s, 850D G SBAATRA . KPR €1k P BNEL B0 oo

prote199(: Ig surC? 4 ogfnsﬁé Foe ﬁyrQ Groh@ﬁo/ﬁ%‘?ﬁnﬁ?sﬁggraﬂed family, etc) or a

pl ay ystem rel 1es on”the expression
proteiofthat qaarhavc: bbthr acélmtte@ plepemsling on theperivironwimenis(eGs, bEB/ttcpfdbomobox
fus to _an out ane.porin A. on the _surface
proteigh v ALGRRTFTATEGr PICRD S HRITERD SBRps g i SSepized by
the trfikchipBorfe lthodultbApeoteinl o MhaddifiosA! HehOthat @ERNin! CorlcB® with the
protein message i s suppressed during translation. The
transcafipt phed yeaiufesgit pratein-hen contai ns the amino acid
recogni zed by one of the nutant am noacyl -t RNA
[91] synt bﬁetoﬂsaesemampﬂdw ef lai hamcylptl@mﬂ rhérbilatet [prateint @i thientganscriptional

st 500 SREIAE 5 L ARG, 95T ORAP SRRl Dot

encodéﬁ' 'B?tth'é Sﬁccﬁﬂ?oﬂ@c@@ b&%wsfgg @A@:fp PeRaRffleculr & TWIHRE Biology 4:268-
di spl ay system'was devel oped and optim zed by Georgiou

275; ét ledughers &nRaI]i‘ eOnsitlandg (1@8‘@}1Mn@t]ys§thmyure sg‘ethe Saccharomyces

cerevigah i, et Mp{Sattet Romeder PRUspeY2ETR87.E: Koeayet ol 1956)

Separ®dd FODNABiftinESBART ihehirdnseApliorXRHvaiSE Min@ion of a eukaryotic
functional antibody fragnent on the external surface.

regulgpyc prodain, . Sigras. 28L1699U0& mndo: MoRaste( 13985), flow) eukaryotic
transcggFPnal nﬁg%éﬁg)pér%bﬁ $§%iﬁé§3§ g@e c hiré\élﬁ rt]érfn%]al 1&9'%%?0 ands of this

881 ahiiifio Seﬁ;icﬁfpfcﬂéincﬁ)moﬁl OWA Binding donmdihqDBIR) ﬂﬁd/bﬁlidstﬁm sequence
can then be introduced into a cell for use in in vi

specifigdlyr §‘éﬁ‘ra &tg9-oM- 6Rreyh chittnl 9741 AarfnHBo-dermdnal fpgpent of GAL4 binds
DNA%?1 aj Wi6E &ibe 2?)9“42@%%“8&4}1% QiRtper, 3% a&fg%%%r@pemﬁc DNA

& Su ztrate specificity of e synthétase’
bindif@oihGALY, p&itipategniatoap pi‘dt@atolf geast, (ﬂe]lzzﬁ) BFL7 BN The [DRD is linked,

by anCP RSB oL RRTSfo 49 - ERE-LY b RGLSE BiF Ption dgmain (AD)
ot S M BB R b k] EXBRDING JHE T FSARY AT e, 1957,

are 1 ncorporated by reference
DeletlvarapilysisAd GALG daﬁn@eth ttagsdrgptiopalosttivating ©gRE8nisatehd8347-853:

and, B o TEBRG. QO Doyl sorty hinEenal BERPIosils phOALS are

reoogme@w EIATAT @:IIA% 32724 YB P S148n é\]ﬂaﬁﬁeﬁ%dcﬁisetawamst B3N the N-

Tyrosi'ne, Journal of Biol ogi cal em str
terminl DIBB A aamggls pOKfpgatuéEt that cor(taans)}zsvth they I\Ietﬁgnn@éDeBﬂD of GAL4 and

its Rl b7 et SPRESEPR oY ond KA RRADT S hairy e B lipled to

into
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proteins in eukaryotic translation and its application

in a wheat germcell-free system PNAS 99(15):
wOZWs/088828; and, Francklyn et al., (2002), PCT/US2005/043603

Anmi noacyl -t RNA synt het ases: Versatile players in the

transcEROTARONIGR b G SEpich APE Y oPB e &SHEe SHePiiied to perform
both peSHREE ML HGB 11 CeANwHHILE Béle. The transl ational

conponents” of the present |nvent|on are typically

[92] Sﬁ;' \gﬁﬁqogo%n‘?%amé%ﬁ%%eg GHOL Ve 4 ?mgl%e ?’éé@@dr& or screening

agent nhateil kanyetedctoar detactabile sabgfanceaby diechepptive selectiom matkeh In one
as_Met.hanococcus Eﬁ?n schii, Methanobacterium

aspect %ﬂlﬁdmﬂa%taﬁ ide FUDBRBECIS) 4 AXiLIPSiaRce 4} Bplypygleotide that
encod%fcha é"1 Qea_?)ul i ? Ichiy BeS R ccus%éﬂe For example, the URA3

roc osus,
reportBy cache plasechmndek @smrol, offe prammtemthapecmnams GdSrLét b&NA bi«mimg sites.

or a eubacterium sych.as cherichiia col
Wheny fhe GRS POSCHOBHERIEL4S SrOBEE0NEEmH FUSIAIGR iy polynucleotide

encodigk Bhe @NL@ wWilhe sQEdH0eeaMs, @R %avaes d@hi¥BHoh FMURA3. The
non- eukaryotic organism e.g., Methanobacterium
negatitvh eelacizan letapwhphshnd omalmerhumdhatmmnsbs Adlubkgovdtar aexd (5-FOA),

whichgg 'gﬁlgxge'jﬁp e Bl gq%gehglrbls SREELE go;g[\c'uRﬁB'B@H%e which kills the cell) by
the gdR¥RERREUSHRATAK B&HY. See Aegl r p Py BHRKREEMHIX (19114 tnq)olsiukze selection
or a eubacterium such as Escheri chi a col i, Thernus

for nmta@tawbqghlngL@ou@a@ﬁr-ph@ph@f@admr’c@mgﬁﬁ pefgvityoin ypast:| p{feoroorotic
acid resg? e el%c))?eg fnﬁ Z%UQS @r ehét ?S%L{) 555 ?E(ﬁn 1@' zﬁcé%g et al., (1996),

Genetid a{ata&it@izaﬁ(bm 6f a maaanilin Iﬁrﬁte[ﬁibﬁ)teﬁﬁ 1rger,acﬁﬁaﬂd€&hﬁn by using a yeast
i nsects, arthropods, etc. the like.

reversertwmybumsy@@npoﬁr@ﬁt %Ta%fA@ml §9t M &-R8: 1. 2} 19%1%6 isad, M. Vidal,

e
o o IODYER L EOTM L SR TP AP O S A0 ST provcin
proteif afé DN Adnotsiminiétdcaomat Proel Yatl. tAvad CSdl RIS and3t 108 16-18S20.
of the OtRNA/O RS pair are fromdifferent organi smns.
[93] For exanmh éhe ﬁd@ﬁw@gel%woﬂ aihrke, dRMeraihd JeiftioR nthrkerdan also be
Hal obacterium sp NRC-1, and the O RS can be derived
any of raoyariety, gf modechies hEho pagitise iselrtioremedenendphithunesafiggselection
The 0 n c
markef Mgl beeh Dbt e A3 B HRlesf A ulifnSELE tgion in e
presei®oe®f, a duitable-reatiait yRdr exafiplld, hegstiteseRstitn nadtdrs frhide, but are not

) or a eukaryotic 32cell, to produce a pol yBe tide w

limited to.of- B¢ MEHVR: GEPRATUPTEECH. protgﬁl G YPR QﬁPnBFBdha)Product of

an anfibiBge r@sﬁl&ﬂﬁ %ﬁﬁ §e %:eéﬂloﬁﬂ' hBGichr réf@fe&fs%gC%T)) the product of a
sour ces, "he Archaea phyl ogenetic i,

lacZ gfmel trdnsmgpbutal moddullatos pﬂﬂem,oetcl\/ﬁ‘hh @nmtmfe: selsction marker and/or the

ann]gschl i, .Metha Ob(ileCt er%gm hs%gqpngghgé‘;ag%ﬂéeﬁluggﬂmg (FACS) or

negathig|ssisaeb Lt SwerPeadetegly
by luERhQRAEe MRS S8t InarkCARPAILODNS e f 48l Bl Smarker may
Pyrococcus furiosus, Pyrococcus horikoshii, Aeuropyrum
comppsaer an xffingty Habad $qrm1;mg)madm Blad srmge p«ziynmée@iqlbmn encale both the
...phyl enetlc do i ncludin ut no ited t oo
positiBE SR Eh ATk, T Thse G Er e Trke!. e Frarbide, the postive

selectRIneRED HeH IR ﬂelb‘étlon step or both the positive and negative selection steps and
can include using a reporter, wherein the reporter is detected by fluorescence-activated cell

sorting (FACS). For example, a positive selection can be done first with a positive selection
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Pseudononas fl uorescens, Pseudononas aerugi nosa,
Pseudononas putida, or the |like. A eukaryotic cell can
wheooboessvn vari ety of sources, including but nPECT/US2005/043603

limted to, a plant (e.g., conplex plant such as

noco or, dicots), . an _.al ga roti
markgfeB s CEHTRRAHGY BRSO IRAS () BertauBitisaRe hybiskere dmprises
a seleBRF 8Y¥icH, YY), arPinmBeH st cddoRCinUfle TA P Bnd) YhidH ﬂsrubev@d 'bg,a negative
a manmal, an insect, an arthropod, étc.), or the

select@mngpoesng il ss basedein @emmmhfyrt@nsipamse naﬂele@tmpod@n(s)s ecdf., two or

resent..i.nventi on ar al so of the
more, B ERE Wighid oot Hafied S8t B B 1BeristSoepp The posicive
selecuo%Xﬁ@ﬂ&t RAd the n%lﬁ@é %6lettforCaRftdr Caf®elouh®bnIhé 8RAE Rector, e.g.,
O RNA and/or O in one species for use in another
plasmé eBxpgssiqm 0D theToegasipe esasker @@veﬁp@m%a@no(ff thetreperdar, e.8., green
wth a am,no acid st ¢ oone
fuorelfinl i (SRR IR RE) S b A1ARSY oBF e B fYaricd, c.g., the
intenditytoTtRS lighttiead aNfl@MBERAS BB r¥RSited baﬁ bavatatAapdrstiv selection can
pronoter to direct transcription,
be done Hitlhcy ﬁepﬂﬁ@rﬁstarmﬁw&tsﬁl@ﬁﬂ%ﬁﬁﬂ?ﬁ’&t‘M]fllCh angpregued iy FACS, followed

by UG, GIRGLS AR AUREL P PR, 1Ly codont,
e.g., tROQIDiceE,Sat POEItiveS \lVltKlﬁ(a\MegaﬂanIhErkaf te.artehnites gendoed,
e.g., in Sanbrook et al. and Ausubel et al. [101]
[94] BaCt tdhaBK RhE fpbRBr 1S WisdpRiTRed fofla @I eHSE, e 2on a phage display or
Ilcyﬁeptl de of interest are available in, includi ng
the lﬂtm surfaperlisplayt g, the QupA;based ¢ell-susfasp displycysismprelies on the

o PSS ST, AR A REHATIP guss

porin (@918/3) on Mesduafabe 6f thalEschdehisr c&)lﬁ@ﬂl %3 -e§14<5pe( it 9%p)gyed on the cell
Kits for such expression systens are commercially

surface\ iy svier a selgeiarycodpe i e etoin message éﬁﬁuﬁpé?ss‘??aﬁwg fanslation.

The (‘f‘lgﬂelhged b a}?t? e }%ﬂd%dél@n?;lrlgér: téllné; Fa]krllﬁ% 3&;&1 \P%{ gm‘inggr] :ogﬁke mutant

amincaiogll- KHNzRSS}olfthdtzh;es [n ethe nlibriaryy eandl tire @old/ @mt#ning the corresponding

pol ypepti de of |nterest y be utilized and/ .. )
synthelassr 8Eedi™ PP A ik i rangbodies rasndeasast it copining specific
I 0 § egi
unnathﬂt aﬁ’ﬁhg %181(1%aC'Tthg)r@rﬂpl 1 A’zoas%d;" g?l:i Bltll:f%% o%plﬁg l%f%tem“%g' Rl @Bped and
optlrrqurbyssﬁammglsysetteafs as snpalevmaded foeploage Gi3plap.3Peeycasicifm, J. A,

d_h he t " t | yd f th :
Camply Buolvpisdte B da BrPrortf o b HoGr i o ypesptePogivated cell
sortink ¥ HsEfrichrUdl 4PAsbifg aTehdidRal Mbody ?ragﬁ?knt' driht @Gtebihl surface.

ascospor ogenous yeastsS (Endomnycet al es)
Proc. il Aicad St a8 obe: 104¢4st §1993) yeasts bel onging to the
Fungi inperfecti (Blastonycetes) group. The
[95] ascospberogebalimeyts af tle @esent invediah imtlwmletoaoryfrgnidei azsmore of the

select}sc§1er g&gﬂq‘t ‘ggé a,ggae%gﬁr%g% g%%ﬁgﬁ 4 F gceg}?n%ﬁea’}gse ang?or tﬁ_{\ltA can then be

intro d%%gd #6266 Br Y ﬁﬁh%ﬂ?m@@rp&atmﬁ ®f4YR unnatural amino acid.
Schi zosacchar onyces), Nadsoni oi deae, Liponycoi deae and

[96] Sacc @tﬁé’&? 'dgﬁﬁg)f&eqﬁdu%ﬂg@i{@ Ghé 'ﬁitén%{sﬁéy éﬁ%‘ét?éﬂ! Gfecificity of

and Saccharonyces i di ospor ogen
the syrhdtidecdnhbe geuner i U qasmo rap]i]muﬁﬂonﬂ%ﬁlﬁsf?ﬂir erttitledh “Methods and

Comr)?@gg];):}lgl grgfblcg%pﬂ@t]{ogbq ﬁéﬂ%@ﬁnd N A@&qsalcygll t%ll\llg ‘Synthetase Pairs”
and, g@bﬁsgoﬁy§ 85 F i OUPKPARTIING ek HUeARYOTIRTGENESIC CODE,”

por obol orfycet aceae
which are incorporated by reference herein. Additional details for producing O-RS can be
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(e.g., genera Sporobol onyces and Bul |l era) and
Crypt ococcaceae (e.g., genus Candida). [104] O
wWeanslesshar interest for use with the present PCWESI00H0M3603
are species within the genera Pichia, Kluyveronyces
Schi zos

T L YT S
Utlhzésot e mﬁﬂﬁﬁlol&hﬁno Rei Hhétgﬁf hﬁ%gfé Efﬁ%lerﬁ@r @ q‘gﬁ%mesJ ournal of

er gensi s, ast ticus, S. douglasii,
Blologqbal)(i‘/lmlstr)s 27!5(&1&)146%24;—4038 d@lgd et ali 2002), Anengimeenkd Escherichia

o e 65 B BT 08 i e

prote1ﬁ§ﬂ1r GfkSryoRE ltﬂéﬂél@tgon it plichtont 1@1@1 Wheat tg@ﬁn ¥6Ftee system PNAS
netic Stock Center, Departnent of Blotg¥f|cs and

99(15N59ﬂ1669729hym d@fﬁndlidyn/ et gl 1 @0@2) @aninogeyl RN Beykibpiases: Versatile

e B ERLEER ABR L8, PlAeEtiAn AT e

1ncorﬂa,9§téd5ﬂéferehggq{éﬂgﬁs yeast that can be, or has been,
used as a recipient for reconbi nant vectors or other

transfer DNA. The termincludes the progeny of the

SOURFE diNIgroepeRdsisMs! | that has received the

reconbi nant vectors or other transfer DNA It is
[97] undefbe tuslaticial eerapprentferfythe presensiinyandiopare ipigally derived from

ot _necessakily be.c C
non- %&?fr%ﬂbcl %régn%rps | ﬁorgée/xr?g}%l ?h@!)ﬁﬁc%a?{alé%zﬁﬁA eﬂﬁ%crlﬁnved from a non-
eukarydiR Qrbgigal @ et , ardhebh@erdan) daohabs OMeﬂﬁinbbﬁfcﬁj &annaschii,

mut ati on. Progeny of the par ental cell that_are
Methapebasienient hgrmaaiatsaphicym, Hdalghederiun sush asnHeloferar volagnii and

Haloba%te?)gto A Iﬁéc \é,a]kaPZr %%%é’d lo%%gz %zc‘ utsh? ?%%58}01?]%%%@14@ Pyrococcus

sequence sncodi
horikashiie Uestopyaine peniikudethd hike, her prfmbactynmm endeds Aschérichia coli,

definition. [106] Expression and transfo
Thermys Hrgmoph FH%Iliﬂ:ﬁl %%rpé(@ﬁ#ﬂﬁ@@o%iﬂher%lﬁ V@gi‘?s&sroﬂhogonal O-RS
can 'lﬂet CQAVEDY ¥&H! OLS, nBALELASER deo\fgélﬁ 88 T8 Methanobacterium

transtormation into many yeast For exan”pl e,
thermeupoesphicnm Ealbbagehian sutteanHdifeiopddaribandSHal obacterium species

NRC- ?{e {g;e'(ézlggl e}obus J/Lu g?%%gfg%t)@%lcus( ﬁ_@GE@glbeSTIIPQC’)SO%%gsg If]%%éﬁz]igt;‘leuropyrum
pemu@l ke, &IAILeubé&@Qum34>§Sﬂ as Lﬁéﬁhéﬁ@i@)cogﬁ 1119);3;7%& thermophilus,

|cans (Kurtz et al. . BlQL
Baczll@s s#eayqth@mpirdig, @3 dhg Klgqnzél ene ainbodiment, RAKIEONE SROBISEN also be

wsed, 3 peC s g3 "RB00TES RETBnd sy mimas (e
mamﬂYEFs m%&ﬂﬂﬂﬂ%p&dﬂ%@%@ﬁk& 1986) 202:302); K
fragilis (Das et al. . BACTERI OL. (1984) 158:1165);

K. J
[98] 198%§1E'11%<}11(I%1%1-9Vaﬁ&%%§ br &4 (ﬁ{RNA)‘b RSB%%; BR Pe- denved from the

den Berg et al
same (oi%)us@ril 80 0)ffeBent 3B3anisens. Tpuorlel enbodpmdit; tl(e@ﬁBéUe(D -R$ pair is from

J . BASIC M 1 st
the s REINDS, AJORSHVRige B DOV ASaR A0S BT QBN AYRS pair are
from €diffetent di/gmsrﬁ;ﬁ'— LFoBl dmplel 488) OFRBBY &Jan be derived from, e.g., a
Schi zosacchar onyces ponbe (Beach et al., NATURE (1982

Halolw@erme)vp eR(@- Iy andl itho|G-RiScean e deivesl Ses, (B kaledasebacterium
4 Bl.OCHEM B OPHYS. RES. COMMUN. (1983) 112:284-89;
w””?f’?%?ﬁ“@’{‘ al ., GENE (1983) 26:205-221; and Yel ton et

[99] pi gerlPhF 1“11“09@;#%1‘@% —tﬁgﬁ%ﬁ%a(ilgs 470 7§%ehe 0 vivo or

in v1t1roe:§§1/(ﬁ' usEPid ddtte %34a)nonaé1ﬂj;a1fyohé‘ FEIN Qs zisUE %olzsdétﬂb1 o2 %.eukaryotic
. Neurospora en| cilli um
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Tol ypocl adi um (WD 91/ 00357), each incorporated by
reference herein. [107] Control sequences for yeast

WO e@bo6880ar e known to those of ordinary skill PEI/Uk®05/043603
art and include, but are not linmted to, pronoter

gi.ons from genes_ such as_al cohol,  dehydrogenas A .
cell, tc)( ]Epdgcezg Bpolyn %deéwg} 5§@1€ct6?1 @glglp(q acid 2&3 gy an u%natura? al(mr%_gcld). A
non-ets er 5 ?e :Iﬁoﬁé’ osp%ﬁ j%ggsources such as the Archaea phylogenetic

yde- -p hydrogenase (GAP o
domalﬁ%l-i’ﬁlﬂi)ldmg ekok inoaskmiteh oep hefetpoaiccwsagennaschii, Methanobacterzum

e RS B S5 s 0B SRS R s

&y @bg?v:b? NBY;d2b@Mis 08-S 8T WhrRbesBt Brikoshii, A
NRC Igégiggnc S M/g) noﬁar%r et asq‘ﬁrl %]lﬁ\lATL ACAE)OSS%:I europyrim

permeSAtl(eﬂﬂ&s Yor &@n ]J?longlt&h dlre Ewbacmnia@mﬂqgmctm demejne(insduging but not

timiteds o BHGUT ofabe RIS P PR o Cagfihl Ntk Epehopitus
Pseud&hl&% ﬁ;&@@en;%emmm RMgiRbINE PsBhARInS | ﬁ@n&&l \ZoH8 like. A
at

such ds pyruvate decarboxyl ase, tri osephosp
eukaryiosioretl ae  beafiiem phvarishn gf sRees, insdiding but l(lfP‘ldllmﬁ?FH toeta plant (e.g.,

complgb\glangﬂ%:\_}ém %%g s(lég780)otf}€%g§iggei ?Sr?tﬁ ﬁ%egél’s d yeast (including

but nRNAAREEES NRYADEIYES @ﬁ@ﬁz&zu@)ﬂ ah @ﬁhdaln(lﬂ@ﬁdlﬂg but not limited to, a
transcrlptlon controll ed row h conditions_may
mamnjahcdEEcatE HHBARG CIG ) §F &?slglfeor Campenonsaultseds dﬂ@%‘é@@laﬁonﬂ
r C 0 in;
compo%e&icseorofgtl%é %ﬁ&af?{@v&t}] glsér{ 42) 2 %a?%r@gbg et}rx]g?{ée?lﬂlgggpglggﬁ fy éS’ee also
USSNerz§1%86 s ted a‘EQﬁanﬂl1tg1tIﬁ|Eukag,©nc Ginatio Codel] foarsdreening O-tRNA
nmes respansj ble for naltose and gal act ose
and/ OrL@TIi/S %&I}eéﬁemﬁof 485 18 apetEepFRECEAd pronoters for use in
yeast expression are further described in EP Q 073
[100] 657. Tp msqes%a@wp@wamfemgreaﬂ with gglepled gaep agid i § bgsitcell, one

may sﬁ%ﬁg%g ﬁé le&gd%F eB(?%d sxr})t tﬂﬁ)’s_ﬂgﬁdfg )r(zg ﬂR%r%gt ﬂ;& sﬁrgssmn vector

that céthiny atprﬁﬁlo%?e@ﬂiteﬁctmséﬁ{ﬁﬁ)n thraﬁsgtgﬁ@h/tﬁh@lﬁﬁble temm;ator and if
be joined with the transcrjption activation regjiaon of
for a an@lfsﬁeam@ @a@qdngﬁ 8rigotein, acFibasongbid W.ﬁl??efqrctfwiﬁﬁlpaal initiation.
s QR pe AR 55 A1 SR AL oY BRBHEE 1 oo
and Atigubend/pt i on activation region. See U S. Patent Nos.
4,880, 734 and 4,876,197, which are incorporated by
[1o1]r ef eB@E‘t‘éﬁalr@(besﬁion fighs Bf WPleeSin@h pblybeptillewrineicsy &e available

i ncl ude pronoters that consist of the regul atory
in, incdeding helerot dimited do.Abxqpli, Bgilfus ALk S@‘d@?‘”}mﬂl&w@@ﬁ%a Pseudomonas
aerugmogg %d?mgﬁasws‘zc}ar %g% ga'ézﬁ% Le adP&%%t VA (%%er?ﬂQ?ng (1983);
Mosbécﬁ14 e55;ﬁ Namtéwan)mme 543 ¢Eas)). priinotier sm?ly dxpodsside systems are
natural | y. occurring gr onot er.s of non-yeast or.igi

hat
commgejallyt pedilaple i ﬁykwo ¢ eeiPipesian SRR dPY mangad ag"ngelfs Yeast, and
insect tcﬁil% LGl L RRRCH RS 5P 9nd %1%%%0 c%ﬁérci%ﬁgta{rﬁ abfd. ement s

My conprise part o e yeast expression vectors

109101 8980 PSSy SR o B SRR st o

be utifi26d hddo) expiRsddht ignnuhbe oF $1glableoéxpr@iomcgtsteﬁfs i‘nbmldlng, for
the 2mplasm d origin is suitable for, yeast.

examplg; veastcinsest eells, grageabian gplly gwd; baclpaigst Aj @eSPJHE“?l} Bf exemplary
ast plasm d. See Tschunper et
expregﬁ?&fssééﬁéq%b&g&eh%g}%ﬁ Ki ngsman et al., GENE (1979)
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7:141. The trpl gene provides a selection marker for a
mut ant strain of yeast lacking the ability to growin

wa eoopesshmn. Simlarly, Leu2-deficient yeast SPCHUSE05/043603
(ATCC 20, 622 or 38,626) are conpl enment ed by known

[103] Pln? ? mm dgsl g.g auréglgonléeég gta}gi'glléeuz g” y&i&t}e}sp} %@g{yfme}sts capable
of ex %s%ﬂ?%sae pB{}IPQISaﬁjden 8f ¥ntefest. | 19uch hfeaﬁ’étmcl@lﬁg b¥Ph&ahéYlimited to,

re not limted to,” either
ascosparagsions measm(rEndbmyq:ﬂnde@pbmdlesmrogmhoumyemsts a;ﬁé gststhipgdonging to
with a i

l.l.s t t
the P SPBHG (A BIDGRSs el DL R PPORE e Qs disgivided into

two fﬁlﬁllf‘eg eSg@%&ﬂgh&%&{é RRASBhdHDhBCeBbeq?! The REe-is Bb¥hprised of four
USA (1979) 76:3829 and Van Solingen et al.,

subfamlhesB,&Cﬁr izospenTymp@Adeas e(e g—;ogmue rSchizpyeecharovivoss, N@dsomozdeae

b
Liponpfioldgs Shid  SaeHaBeyaidess, Weo o Breh ehfos Kprrgyuees and
Sa cch@y&ﬁyc%g._ USERe %si@l@@s?&o@@ﬁblﬁ e g@isfﬂ iclhde Educosporidium,
AL ECULAR CLONING. A LA

. MANUAL .%2001 . Yeast

Rhodm?gtzdwm,I®on'd§pbphféaneb@Ldzmr@mi HdobayidielindAeasts belonging to the
.tchn'u tqQ those o ' i@t

runs AP PP RAPe AR PR s S eeacee

(e g., @éﬁ@S}b}ﬁob&l’oM?a@tanHQBﬂleﬂQ|ah6 @ﬁo&@l@&t&a& Ge.ghesusdandida).
ordinary skill in the art. See generally U S. Patent

[104] Publ i dr@Cu1 NOinte#0A 28P 25 G%th tHe roRRat B VentNRS are f)emes within the

, 361, 969; 6,312,923; 6, 183,985; 6,083, 723; 6,017
gener@ iahin0 6 Klay@pamres: Sac@mrcw@ates anStizoseghgamyces, S, Hansenula,

1%92‘%( aagﬂeg'dlﬁg?t ﬁ]?ltck{g%}% 1 }134%%9@’ gE goéiﬁyorv\DPp guillerimondii, S.

cerevz@ﬁz’e37§0§u [sBB e, 98/ m&ﬂwuﬁuﬁ' opeadlasiat 8NWluyveri, S, norbensis, S.
Appl i cations EP O 946 736; EP 0 732 403; EP 0 480 480;

oviforngs, 389 &ctiop Ky fragrliy Gaelbyges, Epruligsn FU3H. pobmosply. Yeast are

oo R T B0 BP0 BT e Bl Wl Yot o

StockGCeﬁﬂer DfrAéndent 1&93iopﬁ§fﬁ¢s 4238-M88ical PRyhie| Uﬂ‘ﬁéfki@ﬁf | Qdlifornia
NZYMOLOGY (1990). 185: 3- 7, each i ncor por at ed
(Berkploy o Ahod s SmeFicq L 516 Ao CAYETIBUL AT CICe) APEmaESEsH Y A).
grown in ferrrentors during the anplification stage
[105]u5| ngfhstt@md aragstthostl’ gatyesst heﬁrtnoéﬂt clusies freash St caansaer has been,

to thoese .o or di na skil
used #3 ?rrr%cmlg? r?%)trrh 61&.%’[ r[gcto ra%}aertté % (I) ]%-Iggourgl}he ftgrrm includes the

progedly fdfahereigmal Feast Mkt tcﬁlﬂh‘&f hfs(@@é‘dewléﬁsthe $eddaitigmt vectors or other
utilization Eﬁgt hway or node of expression control. For

transfas BAY- eIt is BRdassiped I@ﬁtf@rpragﬂyé(dtfw&%fy@é@n%a@ll MRy gt necessarily
be co et%lg/q%ieflﬁca‘rll il Iﬁg}p%o r oI ongi) g&gogzglc C(gn'g)ltaqX]PN'At L8@bfment to the

, casern
ongnml pasht) dserppdceidentahod dBilLbelhte motativas tProgeny of the parental cell that are

met hyl ot rophi c yeast P. pastoris y.re cer ol
sufficigirasHHIar o the Bael i bePharaqiaizad, DYbile 79 Vﬁmslg r%%v suth as the

a
preseﬁt!);gr;r?f; ég{ﬁ‘gfﬁ&lg& QQCﬁ{é)lceS @ﬁéo%hrfgoﬁ gggﬁ)'ieﬂ{?%e Sfé ﬁiéﬁ@zrgstsg% included in the

progehl lintendedéty this. d,eﬁﬂltlonPROTEI N CHEM (1990) 9:95; and
Fi eschko et al., BIOTECH BICENG (1987) 29:1 113,

[106]i ncorm@ratied aby tfaasfermmim netwes, inclhdihglexeiomosomal replicons or
fernmentati on nmet hods, however, may have certain conmon

integrRBRg (eelers, A dser Mevelpract @ryfé%fss{mﬁ@g?n dhlogmany yeast hosts. For
examﬁfgpleﬁxgsglon':\% to X AR Ren ﬁe%l&}ygd%o} kMg bngad t'glfcérglﬁtet al., GENETICS

(1989) 122:19; Ito et al., J. BACTERIOL. (1983) 153:163; Hinnen et al., PROC. NATL. ACAD.
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typically carbon, may be added to the fernmentor during

the anplification phase to all ow maxi mal growth, hi
w@esnessm fermentati on nmet hods general |y enpl BYT/ES2005/043603

fernentatlon medi um desi gned to contai n adequat e

scr. (R RVRL P55 A0r “rBieans Lt Eoondors e Hishadid 1425
malto?cpfklﬁ-%le e84l Ot Bakic ¥HHBUES (P985) ©5MRAS:AH. 961))5%91})}?61 (Gleeson et al.,

Sui t for use with Pichi'a afe desCri bed
J. GERaVerrOBNYS (1936 21826810 9a RogSerk3mp, &t 78., M. cqiEl‘ﬁTéCS AND GENOMICS

' rnorated by reference ein. [114 ) ) .
onokB3RRE ke et LS e L He P d it s igg € taric o
Louvéh‘é%rt ePhl, ¥, rﬁﬁ&l‘ERi‘&St(l%éﬂ 15488f7e Naant @neBefs&cd]., t8TECHNOLOGY

can be, or been, 'used as a recipient for

(NY) (182D r8bli 39xnk. gzelafaraﬂencbr (Buhwerettat. ahé?fA@C MEROHAE. (188 25:141); P.

pasol 0 TSR RS5RKSR! 54955 88) SR ISl 5o oo

BIOL. mmrsmq& BchizbRhBINEPESorkd (BoABY engll, NEEGESAOBL)Y300:706);
be conpletely i dentical in norphology or in

and % dipalytipiad. cmﬂ‘pla@ﬁéﬁﬂllwetqﬁ@oﬁl%ﬂw %@Pﬁm %&QMMUN (1983)
122385509, L SPLNIS)98 AARAT PYUBRY, B, U am. Acoo

Scr. memw 81087@hay; agt aideZ ¢Kelhy aﬁcthh&l @MBO Dr(0p&s)t4y475-479); T.
such as the presence of a nucleotide sequence encoding

reesian (9| § pépt 230 gndi Rlepreatons fpg iRy adedsh nNW@s;mr@ggﬁyazzmm
T olyp'g%’%z?ﬁ%f@@ﬁl};@?ipg %éhq nbiPBrated syjréé]ren-gg?leﬁa% ection of

I nsect or expressi on of ‘a pol ypeptide

of i t s known ose i.n
0071 5r | BT dnl el R Sepd e p gl ot Bbtyal il o he an
and Rtldan@uiree CRAMRAGIeAl toy @%ﬁidte’ibir@ubﬂécﬂdﬂi ngnéedwsh as alcohol
aegyptl Bonbﬁx nori, Drosophila nel anogaster,

dehyopisass (ALY (R 894 B4); awedacr; Elenipnass: Buppse-g-phosphate isomerase;
h
e SRR SRRBLOMSRREARE 0RO SV ho v

phosphefitétbkiaikes Bpptiispiogl@ratp rmoitas, yztt]lepmt/atVIItlyaseaMK) (EP 0 329
overall robustness. | nsect are g;nera avalli%
203). t Fsmveest BHOt genef ersodingesid pqspbat MHERIOVide; ysgiyl promoter
c C n t1yof
seque Qes (;I}Jﬁ ?%dsflﬁgan%t T%Qﬁ{:daﬁc ]@h@s ?&ggﬁ Enllr \%%?%@2@@.1). Other suitable
prom(ﬁall Isfequncas (Ber ked ewith Cgast almabts heayAniecludan they ggomoters for 3-

PhosRBRRFar e, st UL ARt S-0F 'HObag il bl (1 01 HFr0gs and other

glycoljﬂi%egfx esﬁéh Ofy SHPLRM | dMehdLy1ase r@mé&fos%@@é Qbomerase, and

bacterial "pl asmid, which contains
phospﬂapg]gmmt 1soxhenab‘@ (Haldaridowt alusBJg)@HﬁM@TRar(d%ﬁ)ch%Qﬂ eﬁhftss et al., J.

ric ns n of the heterolo
v oS g o 35D 25D sy et aBi BV AP L L iy e additional
advarSSQRUTHGRAScrHEoR |c©ﬂt%l$edt‘t§y 10610 a6ndi1Rts ISy BBREE ftheCpromoter regions

fragnent in the transfer vector (this allows for the
for #enhol odehydragenasabiZn atsp@:ftoe:kﬂomne Chepeifolpbgenistagesn engtlothionein;

glyceﬁli%qthyg -?1p§u§ﬁ1&l[ g?e‘gh gm eél d%é}%dﬁgn%tr éél{r%&%r\%é séo‘?:?eﬁ&f with nitrogen

metabldmt @ﬁ&&hz@h‘%@ réEpefsiblR foPMRLt6deCondNE At Atifization. Sultable vectors
transfectln el I's, picking plaques, growng cells in
and peaseters gor %ﬁdﬂ W?ét exneessionerg futher described iarP 39&3 ﬁﬁ?ru al s
are avail abl e describing these techni ques. [117] After
[108]i nsequastgermw@awsealew macydm@segev@ yeasbpromeotensanbf addition, synthetic

promoterst mafy atlshoe f&/n%&gr? ralsa}cleast IBromoters For example, the upstream activating
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wild type viral genonme are transfected into an insect
host cell where the vector and viral genone reconbi ne.
wab@epessknged reconbi nant virus is expressed apdI/US2005/043603
reconbi nant plaques are identified and purifi ed.
s .and net hods for bacul ovir nsect.
sequeaﬂ;@ar@f?#)&# AyRepcHETAIE TR RBIOE) 1 308 R erinactivption region
of anétﬁéﬂéa%@ﬁﬂorﬂo@é’r Eo6aiR) & syhiR¥did h9l§l€d'p§9ﬁdﬁer (@ﬁéﬁxﬁf@@@f such hybrid
." These techniques are generally known to those of

promeicm*.u 1neinsle el ADH regulatorsirsequende flinkéd, tad thecABetaniseription activation

TS ¢ T A

hereirPYOUIRE 8% Ss o%@)rﬂ é’fr@mo%rﬂﬂléﬁ@@ m8RrdMadt£dasist OF the regulatory
MOLECULAR ACULOVI RUS PRESSI ON PROTOCOLS

sequepaeggl)the A@SEBEEAH GAL10CURPENT gerest combgied Wil EdunaRiptional

e B Ay 0Ll M A TSR S o 10055

Furth&nided, la yéakt bhréthoter BAGUhENI A RRDES RS YESH 688: of Aon-yeast origin
LABORA ORYE%NUAL (1992). [118] Indeed, ?he producti on 5

that haye he ebiditistorhindyessbRDdsrYymesEse gndjgliltrﬁ@e transcription.
bacul ovirus/insect cell expression systenms is known to
[109]t hos ®thér @mitohaleymesisi that inaytdempaise pagies, the. ypast eypSssion vectors
nt 38 8,.825 16 338, 8
includs Y5 EAtha i 0 sl §OME CARIH) 8 fecinplie Gies (Rolga ggd. 1. BioL.
CHEM6 (19%4) 396"13@)0915 a8@ifion 6th0 bBighdst regh&@@nfiﬂﬁm th %3%].33{3@ origin is
891, 676; 5,871, 986; 5 861, 279; 858, 368; 5, 733;
sultabtlse f62/e080: A Suirble sdeption. 508 fgnyse 19, wey, i9 2l 7B Bpne prysent in the

yeast Q536 IR BB AR GG B o o KPR, dpgme 1979
7:14199T kel #3 1, geMOpAdHs 13651 e ion 30ArBE2 fof ;2 WYX 54 RIR 1T, ye%@ lacking the
99/ 09193; WO 97/ 26332;. WD 96/ 29400; WD 96/ 25496;

ability dp (a1 tpyptomyenoePumnilany, d@ésifﬁswnv\@e@z/sir@wg(Aw 20,622 or

38283 aeR it TPt B P YD Pt Eedie (B 58050, vo

(1101, et o Mt B RSP by RRER PR, hlE SEREBRRER T Rhqpm to those of

ordinBGGI W thé! it | eﬁh&&ﬁilcaﬁlg} incRYPI RS SieOibt INGtRING, diter KiRawsformation
in the art and inclu for exanpl e, insect expression

of spherg@plaptanat ef lm@@t weast desti oalls freaied ohidh sl eationgs For example,
Hans%%%l K :%rg Q:'g drbl‘h? lag édl'ﬁg td Igljgﬁdﬁlg\ﬁ/*xlorﬁ él?ék(frﬁ)%d in Hsiao et al.,

perin

PRocemrresAb@D SectusA (Wml76e3@9emj Van vulinges edeul | VeBACT. (1977)
omthis systemusually use the strong vira

130: 966| yHEWEVH, gEive PriBatt é‘?r pbrodpeipg 1Ay dy; %?HS ofuch as by nuclear

i S PARRSD TP ARLA AT Bl sty

SAMBROORAT. ALl 1 ROILECULAR CLONINGS & LangMARIALoRe0hin *gem hostt eells may

t he bacul oviru e abovedesc ed c nts,
then BT L A BRI eh SRR i3 FOGee: Sramry Suman e art
sequence of interest, and transcription tern1nat|on
[111] s e qu&Nber, metheds fpp PERIPISnScterpingas Piotansin Yeastdionberllapes known

to ’cho%%1 ?g ?ﬁkﬁﬁg?@ﬁ it g}%n(ﬁ’f r§& ﬁ%egz%):cﬁ%ﬁ(g r PXt%ﬁttIQJ‘t)hca (%nelﬁo. 20020055169,

nspl'ace ructs ‘are o
U.S. rHaite‘ﬂt aNbed 61361 @6pe 8,3 1923; s6AR3,885;ar6,@88 723 ; chOdNBIQNE|674,706;
(e.g., plasm ds) capable of

el e
5,629, 203 5602 0347 and 5,089,398; U.S. Reexamined Patent Nos. RE37,343 and
RE35,749; PCT Published Patent Applications WO 99/07862; WO 98/37208; and WO

98/26080; European Patent Applications EP 0 946 736; EP 0 732 403; EP 0 480 480; WO

36



stabl e mai ntenance in a host, such as bacteria. The
replicon will have a replication system thus all ow ng

WO 2006064362 mai ntai ned in a suitable host for clpei/nsRoasne3603
anplification. Mre specifically, the plasm d may

oot o AR b Sy RSl 555 23 ALY YL S 9 1803k (Mt Getisen
et al.ﬁd&@Tdiht N AN £ 88 wERAGEK {BID) 69@0D): A3, 0Rb8hkbsO8t al., YEAST (1992)
replication for selection and propagation in E.coli
8(6):4231-283; GoeddadniviRTHYDS S ENZYMOIOEY (182@)o#8F:317, each incorporated by
P i nt.roduci ng foreign genes into AcNPV is pAc373. Many
refereniefigfeect ors, known to those of skill in the art,
have al so been desi gned including, for exanple, . .
[12] 1 oBBe et Bestaireip e BOVHRR G eEra izl mpligption stage
wing $35358 (T8 M ok Bt SO, 5 G Al 0o
The f&urenmtion rvttRGICEYY beOadapted 16 3@yountifive diftovenves @i al payticular yeast

,avail abl e vectors 39include, for.exanple, :
host’s sghopaMiAatRAtaY ohBoge BLEMresion soairal . Fop prapmls fpmaentation
i fhost # Gk ] ;

o s LD RRE il o e RS, s ihiphod] CBopis inogn s
(e.g., wastinr hpdrdlysetes), t e thdtipleovitamin gupplementation. In contrast, the
-transfected into an insect cell St t.hods .f or
ety R g OSSP Db MG P S CE T fecds, but
only sifiBlePatmbaMbI (iﬁtrlt{%ényl_%al@sr for kopeiwal isfovthendr dxpredsibn. See, e.g., U.S.

S RS AND SM TH, TEXAS AGRI CULTURAL EXPERI MENT _
PatentSINAT 5348301 Eftiolt mOal.1 $5BROTENS THEMS il PP0)eP:941 and pigschko et al.,

monGfichioefly hoss LT AR B AR, RUTET S,
1131 Do SO LSS e, TR Ry B R g featurs
indep&RIEnAbE ﬁleb%d:sf‘hgstastfaﬂf'taﬁlbﬁyie@.n mmﬁé,tﬁﬁga@h N@swiad nutrient,

Into the desired bacul ovirus gene. See MIler et al.
typicaBly QEESMY $n4y1 b8 gylddd (o theo fermEnipgiduting ik epplifinatipayplisse to allow

o5 TS LB S e TR st
medivdn d68iDhedMoR¢Iataih 28&Rhte/Andhiklof Slrbed, atrddedl Yasal salts, phosphorus,

| i posones may b e used to transfect the insect cells .
and othyer mindsauiriREhiyitA@nS, BagsraisabnandeeltsrotahdExayaples of fermentation

. bacul OV i B, 1 €, | t ' '
e SR e kRIS, B TR G215
which®fe G¥ofiorMed by acfetened hereid. . Bl QL. CHEM (1998)
273(22): 13570; Schm dt et al., PROTEIN EXPRESSI ON AND
[114] PUR! Bla6AibL - (nk8A&) 1kdct3Cals FHef Rith ‘@hisedl hostNOT Yect host cell”
GENETTCS (1998) 18:45; TILKINS ET AL., CELL Bl OLOGY: A
refers tABORATORY ¢aaNBROCKesThesn, 15ad 9 oRipiertpr wcomgpinant vectors or other

o PR A e DS o e
transfadted. EENENA&LR6) tHABhL R pendadfabssgla patental cell thay nBt fdcessarily be

CHEM (1996) 271;22203; Rowes et al., J . BIOL. CHEM |
compleedp glenpival (i Tporphalpgy oRiy senenieor ftal DYA cqmpplpmertighe original

pen B4 ST P e LS ot i o

suffic®B(1?)simfs; teathd Reag tetbeatharacBirlZEEGYNhQUESY (it 988perty, such as the

14(2):274. Conmerci al | vai |l abj e |ipos s incl ude, :
presence(o a nucleotide sequence er}/coging a polypept%cﬁe ofo glt%erest, are included in the

progeny intended by this definition.
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for exanple, Cellfectin(r) and Lipofectin(r)
(I'nvitrogen, Corp., Carlsbad, CA). hi addition,

w@ adoeioessnphosphat e transfecti on may be used. SBET/US2005/043603
TROTTER AND WOCD, 39 METHODS | N MOLECULAR BI OLOGY

AL IR e TG NN S R

knowft Wﬁl@?@éi‘&d‘ﬁ%ﬁf QA i A, Y5 ev Rt RlsEbt ApRAGsUr& WellWscribed in the art
pr onot er cul ovirus pronoter is any DNA sequence

and arapaduhmemﬁalbn rarizibaple imahldingv i4edes RMGYRB| Powbss emarid Drosophila

I at t he ovvnst anscri
melariggef g “CaORAEe VPG e 200 JeielP e ey e RATSeR hosts for
expre&'i&f‘%ﬁﬁbl\é" llidstshﬁi\é? ﬁlCIlfd@nt§6§d @ﬁdvﬂ’ﬂ tb MHalvk ke a[z&?gg&m secretion
is 40usual |y pl aced ls)roxwra to the 5 end of

capacttnelowqmomglyge qqte\ntse andpvera rcdws@pﬁssm Irxseptuarﬁ géngrallyravailable from

a vargq%? aﬁ‘aﬁglf ?Il}fh @gg g%udes 'Hflt@é(n) %{e g’t (Jz%'n 9 3¢ Mock Center,

DepardRent! TBibptsysite @ﬁ@wchmyhyﬁl&ouhwem@ cﬁ”@amw yiteley, CA); and
call ed an enhancer, which, Fresent i s usually

the Agtiegeanl Typs Guiare Cpu@@mna(f‘A@@ﬁfe) MesrasenseY Aexpr essi on

may be either regulated or constitutive. (£125]
[116] St r uﬁeumally,gth@emmmntdsamﬁ a;bacmlawsminﬁ@de nskeit @ptf:Sﬁ@g system

. | n the_infection cl d I

inchudsr st ebtrovaty eiaieBCar et St Cealin ndf st of the

baculd‘)\l‘lﬁm éfe @ BB 6hi B reftBctidn e fOOINYIEEH 6NthRMRtc dlBgous gene to
SEN AL., The Regul ation of Bacul ovirus Cene

be exmﬁﬂeésgwdd type breElovEnEBih AR BnCsIEmareBIttD b RubEEuS-specific

1986),; 127 9 d 5 4
fragm Pitc i th I%[aﬁléfe{)lvg:gogo t@llg nalg\\ﬁs or ﬁm P&ﬂg{?tglgl‘éz%g&%? t1on of the
heterd1d&538) g8 ii6&) thel B2hlloviie gepving);f atdrepproptatt dvbdc Sost cells and
expression vector is packaged into an infectious

growthegiseisi nakie pateniadyi Pgdhodh oP@uEf@B’éﬂﬂé‘?ﬁ uyecy ABwEPISIragiings vectors,
transfreragl C%Hg’%liﬁl g 91 ?ﬁﬁf)%%? {ng léglz eﬁm\?}é glelé h‘félsl.ﬁfeo'c{re known in the art

and nﬁhﬁﬁ§%¥§aﬂ§tﬂ88éscﬂﬂ>{n@)th&k tecBUMMERS AND SM TH, TEXAS
AGRI CULTURAL EXPERI MENT STATI ON BULLETI N NO. 1555

[117]( 198 After iAstAing e HkirHidBdusOBs lifksi thel Srafsfr SstSdrPthe vector and the
vectors have been devel oped for infection into several

wild typsedral gendmse arpirarsiegipl éto aadpsist hasit coalawhers\the ygeter and viral

snoflSYERED. SIS BP0 s ARAED Byt pacus

are idohBfePBLd pufiibdnoYbstrtils AT GetiNals 16D 63Juloipadopicerel expression
frugi perda, and Trichopl usi.a n| See Wight, NATURE
systeipg g6 ) coppmerpiedly evailsblteft ldt foym | from, \fPlR@éamp@s@yltrogen Corp.

(Carl%ee,lgg%.eﬁgk%é;’feg'ﬁ_ng es angen rgﬁ}lr htnoﬁh &%@ﬂdlﬁ&%’]&ﬁl in the art

ser et INVIT
and fBllYdesctib®B®) SPAMERS. AI\M)SHI’ISip Texhs (Aa}RIIQUL’HUiReL dEHPERIMENGSSTATION

BULLE GRSt 15 5r 0 Pebie AR e SR, Ség §bo. RICHARDSON, 39
MET}{O?g F’MHL%C AT BRI (ﬁ‘I&ﬁCMRU%XIJﬂE%éle @fR%ElEOCOLS (1995);

optera frugiperda) (lInvitrogen rp.
AUSUBEMzT macvmmsbmirom);)m M@EECIBE8R{EIOL@@YE |c1619316a1h|()994) KING
AND OSSEE ﬁIE EAC OVI USB IYS”}I-EI\I\IJI SE ]LABOi{I’E‘(I)I({:p Ulﬁl)E‘?’ I(1399% and O’REILLY ET

AL., BACULOVIRUS EXPRESSION VECTORS: A LABORATORY MANUAL (1992).

[118] Indeed, the production of various heterologous proteins using baculovirus/insect

cell expression systems is known to those of ordinary skill in the art. See, e.g., U.S. Patent
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[128] Cells and culture nmedia are comercially

avai |l abl e for both direct and fusion expression of
whedoeneisoyous pol ypepti des in a bacul ovi rus/ exptEES10051043603

and cell culture technology is generally known to

Nos. abnaS AL dbs e OB B0 ae oobt 1Aedia) 6183957

6,168 9Eﬁ’r §%§6 9@4t 8@5@56&166 028 83%5N9%85 t393t hose 205. 6130 6%,)/5 871,986;
A Wi de variety of vectors are

5 861,239,&518533681‘ ®,I8431,§’@3,| 5,762,088y 5553126@1 § 60ﬂ8é7,\/ééﬁé,|0§3,n'é§7l 709;

55164325 PRS2 oS A b Bl BEAAR: o oosose

WO 09)5384 8 w6 2000 WU @9/91 mewe@@ﬂrsn BOPQW@99/QI§S7 WO 99/10515;
commer’ci al avai | abi | M\(rggvect ors, and

eve
WO 988190 83;sWEES 263520 GV 069@'25%4603 AROA9G; W 906 kﬁi YEQD5/20672;

wo s HRFLELbE o BRI AT S bgrayepuro0s:

WO 90/028b4: ewr@%/@méalvmvm@l 5561 VE@ 8o/t 098}, W8 /b1 0B WE0588/07082
may provide for cyt ot oxi ¢ agent resi st ance,

whichpre inspropaigd by rdfensnes heyeinFr equent |y, a plurality of
markers is present, which provide for different
[119] char detters thei ars use{fﬂBm]baAu]baEuSémsait cplt onmtasnon @swnys aphknown in

e oSSR Bl DR PR T PELITLEFE o
bacul&\ﬁﬂisn&tﬁéerﬁﬂ%ﬁfdrﬁtcg nudleat pbhadrosie Rlis i AERPVRNAhich is a helper-

pronoter wi Il have a transcription initiation region
indepevdent vigl wsp@sm«yn pleciond Yiralermagssion vesgors' degied dfom [tais system

w5 O SOHE DD OB REN s A8 S ooz
genesa Sek @B;&&&JZJDYO R@lllyrEﬁALathvﬁI&IS Pxirastien I\aleTpRQHﬂDLQBORATORY
may al so have a second domain called an operator that
MANGey(1898r | ap an adj acent RNA pol ynerase binding site at
whi ch RNA synthesis begins. The operator pernits
[120] negatPirive to eigsdrting dhe ifordigni gbree) ntto aths dracploviows gasomae, the above-

repressor protein erato
deserRg oA o EPRING ot PEITOR ol deis PLQI Py Sfine sequence of
intereSi0B8d trﬁﬁ’s‘bhffﬁor?féﬁhﬁfaﬁbﬁ RedRYcd) Ged! yﬁidéllﬂl hssealbsani@er &f intermediate
négative regul atory el ements, such as the operator. In

transmmwnbcpnsmu(tmn@err@mrht |Inﬁ¢nna@1aﬂ9éraaem@mt pgsiructs are often
malntglpgg éa%trl é/l?ctag{lg.f) F‘loatsgalrngg( Hag q]l‘{}g § %?alf ee?e%%n&ﬁﬁk Dg asf'nfldsg c%pable of

stabldoinAigitahan GeEig UEIE . suétl ae kauttlie  afheaeplévon vaitlt haiwataa'ephcatlon system,
protein is the catabol ite activatqr praotein

thus a/uqvang ifetopke Mmsintaiaed iR pagyiiable fiosb fProflonipg ap%&ﬂ&)&@%ﬁlpn More

sgher;i [ 0
e 5 RIS R0 oyl b LR PNl BB e, o
Rev. Nierebore (H83i42kie7) padid puokanotio egatitiie)-rasisemed Yamp) gene and
ei t her enhanc:lQ: or reducin tra]%scrl ption. [131]
originqffaRlMEEEn & Sslertien hd RIBBIFAHOP &1 t enzymss pr ow de
particul arly useful pronoter sequences. anmpl e
[121]i ncl e mmnmlﬁ RserbiRsi S§C9E foniBHOdYCHIE @a@laﬁ genes into AcNPV is

pAc3 Ty A8, SPGB Y5 ThiE (FAALLORR arl 3O AR UBdesigned

1nclu<ﬂ€i§l fot @mhplewrmgg, wihieH aletes Peqrodjtedris eﬂmtewdeﬁ febe ATE#Ito ATT,
from bi osynthetic _enzynes, such as tr%/(&t ophan (trp)

and whteletdarduess aaBamblloringpifss3Rbase paiggipvisingys fiom the ATT.  See

Luck ‘gl é/n%rm%‘g‘gﬂ“%%g‘hﬁ%%{gyﬂ ?@%@ES t érgcgoé‘)xmgrg?a:ﬁ%/ awdil@ble vectors
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121 775, which are incorporated by reference herein].
The / 3-gal actosi dase (bla) pronoter system [ Wi ssmann

W@ 1®810§8802The cl oni ng of interferon and ot her nNPGL/EE®E5/043603
In Interferon 3 (Ed. | . Gesser)], bacterlophage

1ncludg,nd gg-ﬁglilpbﬁ E;g;qelﬁe R@%/\?p" %%ﬁ%}ﬁﬁl e:ll'cz ]pBlueBac4.5

(Inmﬂo?g@cgﬂ;a@ﬁgbgy ¢&f erence herein] pronoter systerrs
so provide useful pronoter sequences. Strong

pro y
[122] i d%éﬂ%% f]irelsegég(ﬁ; Szzthlte g'gete-E lo 19@%12% gﬁ? Egi?sﬁéfsg%é 1Pand wild type
baculdwiaieramefars wohranefetiod Sn‘@r &n Kimswoi c¢ld hbl;tos Matliods for introducing
ordi nar sk|II i the art cl ude the pET29 serjes
heteroﬂqggh}ﬁ g‘@W hg sg@ﬁeﬁ ]glpglra%ggpq opyn in the art. See
9GP 3R frn, WG] ABRICHE B@ﬁIpIﬁNF SRIRAE BURBERN No. 1555
uch expression systens produce hig evel s
(1987pBmijpke t iale MoL. tGBeL hBEIL. \{d 9830 (8:2 Ihdniruoko s i ang SmimtlenseMlROLOGY

viabl]i or owt h. par.aneters. pET19
(1989, kAR bbr FreGianbies SinBtfion R o intd F 5 1o 0l hoigipcrin gene, by
homoﬁﬁéﬂﬁ!‘@&db@e Wo@f&%ﬁfe%ofﬁﬁin%{iOQQanlQ e&/hlsh Be nﬁb W RstkB&h enzyme
function as bacterial pronoters. For exanpl e
site engianwed iiptoi te desired Arrwovisey ger esSeafMales diaalt dPIPESSAYS (1989)
11(4 ?th eri ophage pronoter nmay be joined with the operon
) quences of another bacterial or bacteriophage

1231 by Trestestion fay 38 et oo by SiEGRpReabe By eTaFEARR Woor,
39 MB%&&F@}N M&E&mﬁﬂpﬁ%mébeab@&) VIAPLEA Kihed Thidkd d/IROL (1989)

ac pronoter conprised of both trp pronoter and
70: 350hc Aftemativelgqlipnsasest tmay bes usedydd arandfdey thérandeac cells with the

reonbf P S e A S 3RE)) S8 Tl B an e
BIOTﬁaﬂ[f\ﬁ(ﬁ% NRYeY) Bs(PRsd; Qadds &raﬂmﬁlgl’JHEI@IETRY‘le? 37:6050; Nomura et
natural ly occurring pronoters of non-bacteri al or|g

, Tt BaOL.nEHEMt H&92D)i RTIW2x B Ondbcbaddiect all., RSLTHO W@R%@N AND

o A 5SS A PRIy
CELL Bidridba: a0npssrArory RMADBobxeisas (1999 cdiaal nPRbren EXPRESSION
| evel s of e%g{e33|on of sone genes in prokaréotes

AND BigarieaTION AR 19:20RnDe ikl s Y AT RS PIAYE TRt 8RT ) K- 4&911 Kost et

t, ORECEDD MofsS Bl PLOI SoR L S5yl

J. onﬁca:ﬁEMsg@%x 17915557) 2927&,0Hék]ere}i a eﬂd di Bicen CraMhgl9e6Y71(39):23607-
onoter can al conpr a bacter op

10; SEriggt Br 10401 R TR GOV BAIALcHok Bcflon ERLRIBIDIG)766; and
Peng %@ 4 dz%?el“ Echﬁﬁiﬁs :(2?9;32 iy 2)%2?;%%&%%?%@%&?2&%@%&58 include,
for exmqﬂdul Céltfectin® and fuipHeitm® ()Ihlvftmgen,gﬁogae,n@&rlsbad CA). In addition,

. pro otes. |n E coI th one_bi ndi
caloi, i GRp e a3l Ot P B S AR DA ORD) cdedETHoDs v
MOLE@@JL{AQ BHBS PN 999}3i el ANAR @0sh)a 8?@)%’6‘75‘&11?{1’ ®lann and King, J. GEN.
nucl eotirdes In engt h 1ocated 3-11 'nucl eoti des
VIROL§$98%aM3301t he initiation codon [Shine et al., NATURE
(1975) 254:34]. The SD sequence is thought to pronDte
[124]bi ndiBagulekiraRsApitessidh evetiob siowalyb gonthm pabzrdulnqlmé promoter. A

bases between the SD sequence and_.the 3! d of
baculgyrys PEIIPRNAS [ ek HedHpTCe: GBS ot sxn@ﬁ” h%fulo"lms RNA

gle€ c S 0
g (5SS el O Bl
struct(@al ghe) geto, mMRBA9) A.prdinotex pik dsvea Itlanwlpltlon gmtldmramglon which is

prokaryotic genes with weak ribosome-
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43bi nding site [ Sanbrook et al. "Expression of cloned

genes in Escherichia coli", Mlecular doning: A
W(]Lab)emmsmy Manual , 1989]. [134] The term " bacePer/usi005/043603
host" or "bacterial host cell” refers to a bacterlw

t hat gan he, or ha used as a recinpent
usually gl TRaNITIa) G 16 5. B Qe FoLPEReTisncpnAT i Hehtegpfipn iniiation
regiod fylf)kdéﬁg $ndiEesPIORRAY p Qi mbASe BinlitigNdle R ﬁrﬁﬁs"éhph&? Initiation site.
cell at has been transf ected. I't is understood at
A batilevipsopempotaf maysalsrg Ihgvepar geqord dowlain waedhen enhancer which, if

TN E R AR TN R —

or colRfif®@RE, due to accidental or del i berate nutati on.
Progeny of the parental cell that are sufficiently

(125151 M kot cfufart %‘ie?aﬁﬁﬂﬁi tf lﬁ%n BBEACH elﬁfezﬁﬁilepxnttﬁg infection cycle,
rel evant property, such -as t e presence of

prov1dmpziramla1d3£ usefgl prongotensegdencgs. a Egaiples pheldde eéquences derived from

interest,, are included in the progeny intended his .
the ggat |4nFoding 1501l PASTEUPRCDPI JFRENEN N dipodte Aebulation of

Bacul@ﬁz%.sef?bi?e EreSXF ﬁ%ﬂﬁo@ﬁcﬁ%ﬂ@%d}ﬁ 8f BA%UkaemSﬁso(wss) EP 0
ose ordinary skill 1n the art. In selecting

127 8Ba@né i HIS 4itotandftbe genepensedingrihe plld) puditio (Wdak et akay. GEN. VIROL.
1988. Hg%g&e t hose shown to have, inter alia, good
( 1 on body formation capacity, |ow prot eoI ytic

t t I bust Bact I
(1261 g e 4 iFody dpie) GEcplcG S CHRIFRAZY VOG5 RERed into n infoctious
t I t
reconfifif GaBlovit P ubcbcdR rfvn fIEqREThEY IR\ AL b techniques
knowRly shass, OﬂJD‘IﬂlIBI'§S isltly 10fth€a1’tl fki’neri\/falla{r%ralkelBéQESSm (19890 11(4):91;
t he Anmer,j can [ture Coll |on
SuMMRS AGS Sert i a O, el ot S kbR St R o. 1555

(19873\Zner ally use bact eri al deri ved fromK strains (e.g.

110) or frombacteria derived fromB strains (e.g.

[127] BLZl)Reca-llﬁﬁ Ehh%ntsf)ﬁc%'l%gl g}%@&%ﬁ 99&81%' l¥av@50%gﬂldep<98 r infection
t hei th paraneters are extrenely wel novvn an

into sB@ehal]Sﬂnsecl: reldd dFdr mmmég es@nstinat ﬂnacuioﬁmsem hpat bageteveloped for,

e Sl T ST S AL, g2t (R o coney
Drosn‘éﬁllzl'a ;H%k%isfb?'(m%c lNH [ 1369), {'EzedJ)ﬁtg}at ﬁggﬁgrdas%é'ﬁ%h@ﬁlusza ni.

derivatives r eof anot

See VéngodNWEVRE GIO8EN32 It ditsbasklltch el.pF. 84R0L. (na&@rﬁa h3; Smith et al.,

t he col i sjLlS a rotea nus ra I
MoL. b(?RLLn {OT,. I(tlr?%]sgdi gLS% g%ﬁ%a ek aser-f alhollgzn V)ggq? dﬁgi "Sev. Brov.
(19891753035 MY oResRcHRERY, ehe el PHALIMVEANGRS  baclok#6d REpRKion vector
not linted to, Pseudompnas fl uorescens, Pseudonpnas

systeme cogimeokainchde, weam @ﬁbh@ﬁerm, iSdR (Srrsienteombmaiperda) (ATCC No.
CRL ) SRR oty A ffkip 195 L@nﬂ;@{rggn%&% L AYEE) 11499013 (Carlsba,

CA)) aM@BB&pTi@cﬁc@&lstdﬂﬁD aipe Hiple-Fpredtt @TII-"IFN—(SBJCZI (Dﬂ:'hopulsza nz)
processes. Exanples of a Pseudonpbnas expression system

[128]I ncl yegstha Qyste Yﬁe@iéabﬂe%hﬁnérﬁﬁﬁymﬁllmﬁvf@%ﬂlcﬁfect and fusion
Conpany as a host strain (Mdland, M avail able on the

expreviion cof\heteroledouat pelypeptiday .in Lk S)acp?bxvgns/ exprsssion, and cell culture
444, 755, 46 nd 4,859, 600, whic r.e |ncorporated by
technplog; g%g]é@graﬁlé(ﬁ@]own ta?& gsp o ggrdp}%y %}9@ Fh PLbudononas

strains host ceII for hQ@

; . 6 .
[129]5  edernBek 3 pecies., and, prokarvate ab%%cﬁeg]&f %xpresswn
technfdue§ are fcﬁlﬁvﬁwrﬂﬁﬁ%'o@ brdinary skill in the art. A wide variety of vectors are
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construct has been introduced into the host cell and
host cells with the proper expression construct are
w0 2@ba6ssd) , t he reconbi nant host cell strain i BCT/US2005/043603
cul tured under conditions appropriate for production
.. .of the pol ypeptide of interest. Wl be arent. to._ .
availatg forgrse di ppgteria) hopls dPe veqtps M BotinEk <GBy pLS g Mgk glticopy
eQRIR: Liof Rldnid £iR1/6r WipklssiRB. ARPEEHIH O Arplteliterat
Vec:tor%ature %?ﬁ?ﬁgﬂéfgfesgﬁg% const ué? utilized and tﬁ% lefTHe
concerinitgntdctors,ofontherciad ayaitability dRenamybievhors, dmglsevent mamunds describing
are normally cultured using nmethods that are well. . .
vectorg g heib TEFRCtAR MApE B FTARAET IS PeTSTecdiEGsrion,if yeauired
here. A1t WeBldom!, bK<t di® HoMBIS AR A8 k@S 8l éWindtBPb&ection, which
sources of carbon, nitrogen, and inorganic salts and,
markersphiy pedviide, foc optofuxié agent resistangs,, pratvitiophwnef temugitpwirequently, a

pluraligh G Rakesin g Wi RA PR F tHrerrs] PHECERER qui

[130] o1 B il arompler 15 BgRNGA SESTEY SR BI LS, Deeriel RNA
. Dl f 'd _ . .

polynﬁéﬁggsﬂnﬁaﬂt?ﬁut 8‘&1?8(?(99&%1%%}30@ /trQﬁscﬁgH&? Wyrds doﬁﬁfggtgédﬂgmce (e.g.

pbut  not anti cs to Select for h . o
structurel genermé aiRNAg A penectpr wikhowe a/ratsoriptigrl Bitfation region which is

e SBERBR E5 3 TP B SRS e B o
region! 1BicGfy fhcMRE &n FHIGA RRIIVR&ERSd Eiﬁdi‘ﬁ% sit8 88 QSttarREEptivHl ialtRSion site.

intracellularly) or "harvesting of culture supernatant
A bacteniabprohmterbaay dlso havons¢aond demioy ¢pdled an Pperaprdhaianipaverlap an

T T
negati¢® SN Fatf (ilARiHE)ERBériftIOMEN 4 Sdhea¥Pasdr hRei @NBHiAd the operator

codon framework of ?rotei_n bi osynthetic machi nery. For
and thesehprpnhibit sragsoription ot @ sprsifi¢ serieu deanstitutiye expyessifingay occur in the

eSS SR SRR SO AL o S5BRe rostin
may belddBeve@byQchde Rada0r pteiahindiag sepdoce, (WiGA, if present is usually
~unnatural codon, a four_ base (or nor e%‘acodon arare .

proxigdodn, todhe tNA| pakEmerAsy DiRgEIS H1ugRIcec reXé@alﬁq%f 8 &npgctivator

proteih i {h%q:léﬁa%gli{engcﬁvﬁop ?I%téiﬁ QC@?,GWH{CR @191&% QHi@ilcif%%dnqgription of the lac
€.g., one or nore, two or nore, three or nore, etc.

operonh 13 Hschetichize calirfBdestdnfRaitidud ¢ret] h okbavy. Rt WGENHTe (1@34) 18:173].
of a selector codon that.js a stop codon faor the. .

Regulriod GRBISPEDD BHYGROTS e PB Cltber BRI Hciegaiiys: dhorctypcither enhancing

aHanatur&kingghno acid, in vivo. For exanple, an O tRNA
orre #s %rog%clgg that recogni zes the stop codon and is

[131] m Qg%%/ehﬁéfe Qn&Xii@“ n%té%gliw é%h\g?f t%k&‘%@sd 3?631% pAfiarly useful

I's"not” recogni z €’ nat
promct&0%qtidiices Exaapléssinaui s patydtert feerys tiérdted Semn sugar metabolizing

Conventional site-directed t agenesi s can t
cnzymiaR, FER &% ERHEIOSE ISR oML CRE § to DT THR A1 195 1Ds6), and
maltogei‘?l. X??gi@g?le eggfirpgfég eE{?gﬁngl égugneostgri %eque§9éée ld8rivelt From €biosynthetic
enzynplseaghay oy htbpiete(ppE@ekddEl gahyblueoA s Riisr EOBBYS:4057; Yelverton

mut agenesi s. i c_Aci es,. 16: - 80 ep th
ct L. Qs ACTRNRES OV HeS A o BN (A S2he BB 4Dg tos. 136 776 and
121 792,' %ﬁlﬁ)ﬁt 4d qH&{rﬁ(]!)ﬁfeﬁrl%?kfé{eﬁcé: R8RieBhe B-dhlactdsita¥é (Bla) promoter
the selected ahino acid is incorporated Tn response to
systerh & ed¢sorano (@981 )t"@hgiclenizg pbintedgon ded other mistakes." In Interferon 3

(Ed. 1. Gresser)], bacteriophage lambda PL [Shimatake et al., NATURE (1981) 292:128] and
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contai ning the selected am no acid, e.g., an unnatura
am no acid, at the specified position hi one

weeiodéssent of the present invention, a stop cRCODOS8HEH3603
as a selector codon is an anber codon, UAG and/or an

5 (8 st SO of S50 765 R FHaPOP BB DLEEHTEm RPN GEgoIer systems
also p%\qdéﬁﬁﬁﬁ%ﬂn@te?@queﬁcéso rStRfg S SmBlets, Qﬁchaﬁb t@etﬁ%ofnla?etr may be

recogni zes an opal “codon. A enetlc code in which
used tanmﬂlméacheapcdymmﬂe of iderass aahgélle@ds; rExzonides dasnclen@mm are known

to hoggtatigpsi iy B or ol B AR b BiTf R B RS ERR and the prOP

vectol Qék@hbec[ 140w JdR05 2070 rvRAEIR ik O cStpofu@dde Biye bf@@hitO herein.  Such
acids, e.g., unnatural amno acids, in vivo can be

expremesmem(modtsqegmglf leveln of pelypentisiatin die ltslrst WHBowW gempromising host

F h
it 5 G BB AP OUED FoE el pon.
B, SO RS VRRR. e cPTPELLL 20 DL UEEN.
bacteﬂizﬁ 8RBter@ct @by %xiﬂﬁﬁle) trﬁﬂ@hﬁﬁorp laBEatioR defferdfGof @HO lT)actenal or

initiates rel ease e grow ng peptide fromth
bactemcvphag@ wejmoteh enayupp ncase;i mtheiﬂlel apieenc jequamnces edf rmvﬂleatb@dterlal or

by, e.g., ejther increasi,ng th Xpres
bactergef Drimflet e Bo0aLar RN g g Sar Ao 4551433
whichtig fihdofithted tI:)['y?}éﬂérenl:é‘ h&ethd! Yiriekamplel the t&?ﬁt@ﬁﬁ)@ertlbﬁ hybrid trp-lac

suppressi on eff|C|ency for the UAG codon depends upon
prometiieceupret afibeth Betrweaater lrad dro egEon seqyences Heatdprisegulated by the

ST P S R ——
(1 983D 802a} e Fofthérifore) ra0yichgiap pimdter éaholm:mhe nﬁﬁuMI@QﬁEﬁmn‘gﬁﬁomoters

uppression efficiency can be nodul at edﬁﬁ/
of nonwb@wéa%lu oregin Hhatchaye é%@:c, Pt EaBinddractorighRNA @Oiymer%a%emd initiate

transcglgag on. oﬁg Q%tlfrﬁyﬁocrxg ] e&% B#fﬁqntgttefj E%#‘OIZ%&Q’FQC&%? ?Jos‘tg’e coupled

with @c@ipatitte RNA @olynadragentoi produre gl Iletvrehs g @ctpeesmon of some genes in
synthesi s reaction is reduced the rare arginin

prokagitisn, LAedacieaoPhassveh RN pelydrerise{nsomoten sYSiem é? £ grample of a

| d
couplQ& ﬁllﬁ'{fvgﬁ’ fste%?( T‘Sﬁ%é(r) %ﬁtgﬁh@t%}é Bkﬁ _;‘8%%6'7 (1%ng?n?ﬁb(§e& ral., Proc

Natl. Abad; Sead@933)s2: KAt hdh additith/e hyhmbpremoﬁrtchn tlse be comprised of a

bactega urgglg}qy QS q%ﬁpgoggqa%rr\m' Ch‘@?g Ll\iqn?%agS ?ozse

pl et codons An unassi gned codon AGA in
[133] M cr é%éfé@ugn fu¢ Bmstipning pEBROlE SPSRSE. IbFilicieakmigsgpedynding site

is als@@s&ﬁl izl 1S ek&e?s‘i‘oﬂ G&Ydr&?ﬂ fﬁgEWRé&HeQn/ Hﬂn%lﬁtth@ Bibosome

tract. See, Nucl
bmdn@sﬁe 1525allb68156(SIt9ﬂe?Dalgéhwp€Sﬂa)n$equerﬁcet del mchlslesman ‘initiation codon

nvention can nerated. to u e these rare dons
(AT 8 pepmsnctas D SR Caa B gt Foab i | s BgSe e dsream of the
initia @pe%n ES}Hne ef QU NAFrURB', ?9‘@33@549?4%0nT he SI¥ Re@ncd Wkhought to

Ive, or nore base codons Exanpl es of four base
promate dbamhng oChRINA butheatbosoroe by iti p@dng of basaab@tw@emcne SD sequence

o 2 PR ES , EAPTBLER Ol 18 05 0

messéAdACRN AOUAC o 1R 8RHati dieatd b%velépﬁlgﬁt WeBe 'E%}Sressmn (Ed. R. F.

I ncl ude usi ng extended codons based on franeshif
Goldsugar B¥9)bd’o express eukaryotic genes and prokaryotic genes w1th weak ribosome-

43



Four or nore base codons can insert, e.g., one or
mul tiple selected am no acids, including but not

wo 2096068302 0, unnatural ami no acids, into the SBEEUS2005/043603
protein. For exanple in the presence of nutated

blndlrwa@anWr?q}? Sihi‘lr g}gﬁsql%ﬁg alngte% Ig%ﬁwslkjlﬁlg%ﬁ %}@ cpli", Molecular

ClomWa&?r@Hé?ﬁR@anﬁMW@@]n ), the four or nore base
codon is read as single am no aci d. For exanple, see

[134] SEQ e Mo “ba@temﬁfhgﬁ’og} gpﬂés%%gﬁi’l e{g&g 182 HENAA that can be,
t hat 'recognhi ze a Tour base I'n" ot her

or haebbudiupeinissy rdciygemtnfor m:dﬁrbmano psctedrordehadenster PNAat The term
| east a four- bse codon, at. | east ﬁflve base cod

includgs the prgesy of Hogiaal Bostishdthatshis booprgastegied. I is
r t
BTSSR PO T LA ¢ corpics
identitalun nrphwogy bagegandnn or Seal, DNAdenspiament talth§ ofig@elparent, due
to aCCgFEI:Cﬁ? rg'{ thléﬁqh%efe léi!u{;nfttgq‘sjy %roggrgrggf Sr%are’(yg:(l’g1 p]glgF t axl'(egsgféficiiently similar
to the?ﬁ RaP Y Ekgcﬁa%t%gﬁ%&%%anﬁ?rbﬁ&{ QhciPds tRE Efe%élﬁ:@tof a nucleotide
ppressors of Four-base Codons and | dentification of
sequeh@hieheading-aupolypemideodd matexeist, rare incloded yn Apprivagdnyi mtended by
thi d%][']erl chia coli, J. Mdl. Biol. 307: 755-769. [143]
18 Q% anpl e, four-base codons have been used to

i ncorporate.unnatural anino acids into. rote ns usin
[35]i n vi éa]B Skl bk tgteas fegexpressigh ofpgligeptifes 18 known to
those (01"%95%1&1?' é?{?lﬁ‘ %&éﬁrﬁ ércl)ggle@tﬁ%gbac@é?ﬁl IHkS Ef&ae)%j@\g& (seultable hosts
may mskde tpossishoivhdn draus,l zwamdm; ;goo@urmlmwmbmmidrmmnﬂl aapacity, low

nd an. NBD d a lys t t t .
protedis GO A0 D B SchPIFLY RS ey Svaifible from o
variet UQPVS&%%@{ ihéAMing, bk 6hot ehrﬁlted h@hﬁ%‘ BaRteridl -Gened®%bck Center,
Chem Soc , 121: hi”an in vivo stud

Y,
Depammanteof@wmysw@ xadiMiesiical ﬂ?hymﬂ, Unixersity offhifemia (Berkeley, CA); and

B, e et

fermeRthidh Lgéh%llyj/h@é\bﬁét@nﬂedéiﬁz@@ dn Y sBafnRI@LEe W10 oA from bacteria
UCUA anticodon with an efficiency of 13 to 26% w th

deriv¢qd fremdB steainuiicry BLZ 1) hEhepeshrains prefpaghigilarbegseflbgpanse their growth
paran%lt rs aag‘ Q(?I%m‘%yt s ! gn(ggrg loar‘%lg é%%%tégghﬁ %Hélrltgc{ﬁgot ese. stralns are non-

pathoBénis,ewBkieh 49 dommeed b enpremt ifor éhfetty\maﬂtdnﬁ)ﬁonmﬁitﬁlhreaﬁfms Other
reduce m ssense readthr ou?)h and franeshi ft suppressi

examples g pHtRbIFrineaeridipstsitpeade, Pyhare nep fimitedtQ.eaimy of %ZIaDHloB or
der1v2§[ e§ ‘fﬁegéofcqg ofi@p e%bﬁ&ﬂﬁﬁ bPﬂ dI‘HQﬁO@J of ﬁl% Sﬂ}@steﬂf ﬁlventlon the E.

ree base CO ons, ere the endogenous system do
coli hbsttls Iaqﬁoi(em:‘re mane b1ya1nsmﬂ1)1d1hg1,dam abtilialited axseOM@eland LE)N The host

exa this inc es st em_t hat |S|a
cell SRR PR gh Sbesie%, P Ftdp a1t RRRBs duT B8RSRy Epagomonas
ﬂuore?y%ep}émgﬁzsn&h&;& 1168, RA8 PsEQRMOrS ]pﬁlzﬂc?rps&l?lgf?zﬁnas fluorescens

145]" Sel ector codons optionally incfude unnatur al
biovab éséespgna‘resl straheNB 1k nstkuowin tb deersphil fer recombipanteprpduntion and is

svailiife GBS BRbEn GPOCHIE! BEoCE0tons TPORB4ot d Pssgdomonas
expreEéi@rP @}Fskén? ﬁlcmdettﬁé E?st&ﬁ%@al%'lé FomPAIO6wStIRiMi€al anpany as a host
sel ecti ve base agal rng, ficient enzyrratl C

strainj @disands AT eveilahteoomitiae \W @rlhd Wigle Wielledti dgw.pgmh U.S. Patent Nos.
pol yner ase,
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and the efficient continued primer extension after
synthesis of the nascent unnatural base pair.

w®e®e068302 ons of unnatural base pairs which caPCDES2005/043603
adapted for nethods and conpositions include, e.g.,

4,755,?%.’2[: 21?11’3 & e%@%@’, g«éh%q%g %cﬁﬁgolﬁﬁ%?%ﬁ Eg !geq%as ee a%ﬁri%}‘ (ﬁe’rscribe the use of
Pseud Db EstBiRt8 0! R%or h@GR: pkduckBs. See, also, Wi, Y.,
et al., (2002) J . Am Chem Soc. 124:14626-14630.
[136] Q h ©Dnté !aelye@&{’lbﬁglw %cﬁs@tc'eﬁ NRrafl ﬁilé 'oéc—r:qe gstg’tﬁgsﬂ% (19-,4 Ble expression
For I'n vivo usage, e unnatural nucl eoside is
constro@&nipsaseen patrodrbll éntantle iwsipbalk pind hystatelid with fher propereexpression
correspondi ng tri phosphate t he i ncreased

. In%gdition, .
constryeinats dsqlaedy Hhe i 'SrOMRMattahpe geih Y3 desqutgyRdq upger conditions
A i b I, .
opro i o AU TS, B LALLS, DX IREEpfI o an of il
in the taltatheanethdd bf enlant of themetdrobimantrhastoelhsteaah will be dependent on the

st 8" S B3t LB BELGARL DY R BRRLEL” gecombinn

host @ains (a+98rmrhily ABMInEIE M Gnethddsl ;tﬁzﬁzaﬁe G known tc)> the art.

Bl ccirifll et &l.. (1990) Nature 343:33; Kool, (2000)
Reconthinant 1@st reellChasartypBiadly. cultrgDn lifhisk smediwe sontaingeg @ssimilatable
m spai.r to.sone degree wth natural. bases and.cannot. .
sources PTRAL B Ry A1 S Teaticct !t R SRLioaaIty, oBrAuE Vtains, amino
acids, IQORAS tabARJ dhbasthby fraeinaddots Rkt SuppMiRémRE tindR& to those of
bet ween bases can repl ace hydrogen bonthgoto drive
2

ordinarhekflbimihe amh ofliguid enghia for gelgure kddos DRy @tionally contain

..pin, Ch Biol., 4 , [ K {
antlbl%%?e?\f a&ﬁ?reﬁf’fﬁlg S péeé&{eggﬁ%? %%L%@J Sgé%g?&lqﬁlea%ﬁ!élpfb %ﬁ%ﬁ% and/or
compdéigide lifgluding Ubitatdd Nivhitdinme apebibtisatd sdlydt Mor abdt delle containing the

above requirenments, Schultz, Ronmesberg and co-workers
expregsiapevesipst emat i cal |y synt hesi zed and studied a series

of unnatural hydrophobic bases. A PICS:PICS self-pair .
[137]i s f Beneinbinaigehast cells iyl ke cilanmedan deteh dragmatipapyssformats, with

... .and.can be. efficigntly incorpaqrated int. by Kl enow
it e, B RGBT e BB B s P, ] B
intracifBarl®- & harVbMnproredultdte sudeh B9t id-eithe? bSEMr cd@finuous formats.
121: 11585-6; and Ogawa et al., (2000) J. Am Chem Soc
For produgtipn3p prokapyogivkosivills diatchsaitprecand sl hapiestrae prederrasy
KF with 48efficiency and selectivity sufficient for
bi ol ogi cal function. See, e.g., Ogawa et al., (2000) J
SELECTAR CCH¥MONSSoc, 122: 8803. However, both bases act as
a chai r.m nat : . ' ' A
11381 By el ol PR R e s Hdlion ERtebf e, et ol Bhmevorc of
proteiti biskyhtheti€ plachiatsy. tHe eRhiGbles elsélepat todun iaclddés, erg,, saunique three

7Al self pair can be replicated. See, .e.g., Tae et
base ggdon, g Qg@s%lse jcodag, such @ﬁ]% st codopp glc;@g@ g\}i nob\Jgpited to, an amber

i

codor{81 841 AR, P G Yo a ARG 2 65 B Qo e o

more)Medoersraed calon, or(tROURY. A nundver oChelectorSmelond @ Hedintréduced into a
. Because extended codons and unnatural codons are

desirefl gepe AEPAAPYSIEOGEHoY oA OHBOTaM T Ml YGITHS, OTRYe, ete.

met hods of the present invention can take advantage_ of,
[139]t hi s Ippapenbydimeniydiranathedoinyatyg dhrapsetoRiyaglerior codanthat is a stop

[ ] at | S Ng: . e
codort 4 e BRI ANALRURATEL O XRL U ARl g g, i vivo,
For ex#mi}flé,mad-tRNANG pasduded ihat fecdgsiésattle ptobypént intkis ahtin@acylated by

transl ati onal bypassing syste a |l arge sequence, i s
an O{RSE avitho SeheisdargBRTHt T3S SOIRINAHOTGH BEOFAE by the naturally

protein. The
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sequence contains a structure that serves as a cue to
i nduce the ribosone to hop over the sequence and
WO e®aesstr ansl ati on downstream of the inserti oPCT/US2005/043603

SELECTED AND UNNATURAL AM NO ACI DS [ 148] As used

herein, a select am no acid refers to.an
occurripghpshp m%%uﬁpﬁ% SyRibteseici oBYentiRnal %‘iﬁﬁf@&@ﬁ&u’fagm@“ can
be useﬂ%q ?&‘hﬁ@tth'é 990#)360@&951!'!}1'6 NGe Qﬁ‘u’i‘t‘ére@?indaF HARR SMMterest. See,

e twenty genetically encoded al pha-am no

e.g., Saye:fs, BRaniate,al.ar@P®8)ne S -3's phrangicrases asparhiosplaepiioate-based

ogon e L s N St BRYSLSE, e 085, O

{RNA RRE B AlA8E B&id tﬂa&%&&ﬁes aﬁﬁ,%@gudé bf B@REdIGre EdmBtheRRan, in vivo,

tyrosine, valine. In one'e di ment, the sel ected
the selactied aruno dcudsm iimeopqyaticd e desponss te ﬂge @Wpr@dp@ ity gisist @ pelypeptide

h fidelit rea t han
contaig By el celnp P o i el Biveb PriBtiB RS S e PRifaRMsiton. mn
one edibbdimém’88ht pedseRGivdnfionda Soy %Bd&ﬁh@@tz@ ra $ePededt.codén is an amber

greater than about 80% efficiency for a given selector
codonclddéh andfor gn @aeletodomdAGAb diAr cyampiss ﬁ?ﬁ%‘g&p N@y: 6qfor an example

of an @ﬁéﬁ}r é’lﬁk ?e%]togélzgsogn?z@fé%e?se érgfé]gg lsed %EQ Iﬁblgbt (K t{ an egiﬁmﬁle of an

O-tRNEYD @t r&%%mﬁ%i af lopmlcobdbﬂr 2! gemenerboﬂehﬁ &ihich UM}) and @GAtare both
greater than about 99% or nore efficiency for tg gi ven
used ased selewipr eQfipFncan] quofle A3 AHBY KK SVle BIFSHNIRg: P Hehre nonsense

codonaﬁ'AQ\o v S 865 Joln te?ﬁﬁﬂbﬁoﬂ%%gﬂt%md' fied am no

or am no acl anal ogue ot an sel enocyst ei ne

2198 B B AR 8, O v i, v
can beddHenbifigout 3R paturBipardfitte Best dell.c ¥6i etangple in non-eukaryotic
glutam ne, glutamc acid, glycine, histidine,

cells, isedl esidiaeherichia cofie bewsw heupnessiioRfficiency for the UAG codon
en ani ne thre

depen& ésln ﬁlée &ngnie’tltlgﬁ %?Jjﬁ%%n eﬂﬁé rﬁl {g&‘gt%&,r E%t’ Sfri]ée nglPelt §L%B}£QJ}QQNA and

the rel@hd@fiactaﬂl RF B)ql\xfﬂndlﬁomdld toshe WAkl cdjonFot initiateh reledse biﬁf&] growing
unnatural amino acid is typically any struct

peptidg aﬁy‘PfﬁgthFdeﬁftP@e) th SHRITASSI e G%Cbﬁnéﬁ Fap &eaﬁ‘;?dulate bY= e.g., either

t t d n H{fﬁ! RF1
i U N T T
deficied .str2R88In dukasimin calls) bEcausa iy su‘p@wséﬁon leffifiency for the UAG codon

structures of .the twenty nat I ids. Note
depengpon { ERESmRRLILeR BFVEM 115 GRe- §1E-11HE SPPgsBigprossor (RNA, and a
eukar#ﬁﬁé%fe'a?éqfaﬁw (0§, @f\‘F}J(\%JElY bRAS ¥ hist ©AORAHA Ssitied Rllease of the

he twenty~al pha-am no aci ds above. [151] Because
growihg @epmdeafrumatﬂle athopeme)c wlcbsswprqsmen miégenty ¢amemmiognlated by, e.g.,

ally differ . f nat am no ds onl n
increagig ths Piprpion lerel PROTRNIS Sl S REsAoaTAT o1 %o no
aci ds_ form_am.de honds tth oth no ac ,
[1411 nc| LAl gRipRRC! { el ReoeRSHTah TP SERR: Pnprachple, when

the aloilin® 2BRARAAGH ih nan"‘ﬁi ¢hrd BENeiR! %nft}fé%fleﬁaéﬁbrﬁ?st WaRbéd, the rare

ccurring proteins. However, the unnatural am no acids
arginihavedsi, FeGGharn poven ps be reficietitsfor m@@rtm ethala by ersynthetic tRNA

acylatg@%g{halglémgﬁngpg% g SMé?:,:%)}{ale é&ﬁﬁm StQ/e 2 759%2}%‘%)' I s case, the
thWEHROXX | comfYedI @k BS nBUANG-occh@ing- tRNWAFAZi1H6eh exists as a minor

syB ?ekeny , alﬂka’ynl et helﬁl t h|90I sélI%eno- sgﬁl fonyl -

species in Escherichia coli. Some organisms do not use all tmplet codons. An unassigned

codon AGA in Micrococcus Iuteus has been utilized for insertion of amino acids in an in vitro
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, borate, boronate, phospho, phosphono, phosphi ne,
heterocyclic, enone, imne, aldehyde, ester, thioacid,

whyasossghan ne, am ne, and the |ike, or any copdi/nsi00®oM3603
thereof. Qther nonnaturally occurring am no acids

i.n¢cl ude, . but t,limted tq, ] [ .
ransclf S ahSehoseh, e vl wAlbRRRR A Acia Res. 25:468s
S PCBimb 8R! | RseA¢ iiftentibh U 86 GEMMratd1td Ys@ ®edS rare codons in
(1997)319?21“&’@%&?95@;#}%% acl?ﬁg,l net al - %gntrgi ni ng am no *
vivo. aci ds, radi oactive am no acids, amino acids with novel
functional groups, am no acids that covalently or
[142] nonceyladtentddonk Alseraeiprist teRtentiétecodonk,ecgll &sur or more base codons,

phot ocaged and/ or photoi soneri zaifl e am np aci gs, anl' '210
such agc foys, s @i HErephase icAdds: £ BMRlesPIREY BEgesodons imclude but are
o AN RLCRMAR A LR PR ORI Bt codos
includk dubareat Hiiied go,aAGAGAGAOSCUa O Q,eCUA G ASTH FAGGC and

.pol yethyl ene g|ycol or polyether, heavy .ato . .
the Tl 8¢ feplir datni B Rt CERMRCEAPY BFedyet Pameshifgpuppression.
Four 52 bh&A%B gc%{?gﬁ‘&t, 5 dshe cﬁ%tﬂgpﬁ%bfé&e&”a&@mﬁﬁbids, including but

el ongated si Ins as conpared to natural am no
not limitédd®, uimedlrabiamipobagidsnotto tiersategrotein. pisiryestmples irpthe presence of

I i n_hydrocarbons, .incl udin not .lim.ted to
mutateel BEREIA s 4500 7GR L P HL M Gup PRk Gops. o
with aC@UBON X R0\ satRRhcL@eRd AENIthRMbibrakérdbase codon is read as single

redox-active anino acids, amno thioacid containing

amino5@ahi oy eaeingls, smﬁEQFdﬁoacﬁ,dlé’r oG IEURGABREO lofor b HRINA’s that
.OXI ' L1 S U..S. ' '
s Tl o Sp B3 R BELAT b OB B e ..

least d RELHALRIRBHES bYeakief BFEDER cBasigion at I atsi-Bhse@BUGOor more. Since
aci ds may have a photoactivatable cross-linker that is .

there prsedP6 osgible foyr-bpifkeesdops.craitiple wnatusel graine Aspisrqan be encoded in
Unnat,ur_ al 1.n0 ' ve [ i :

e sslf B0 BTSSR RIS S8, S8EEHGE 115} DUBEY xioring e

LimitR80Cbd N akd Aurieadonr Sike, ditiendstae balh Bidlagy, Co2d Aa244; ridugliery, (2001)
si de chai ns, unpatural am no acids al so optjonall

. X . A y
ExpandingotheseencbaiGaden Yhedkion ik g tupesesses gf Foys-base Codons and
| t t ry € I, fr. . g .
e P AP S A 8918 BRET Yl Rk ol
Mol. Bid.B07: ?85-BR ; X and Y, which can be the sane or
different, typically conprise S or O and R and R,
[143] Whi ClRopEgamifit] fa@ibhye toins diawe beerd uiddetoeintorparage unnatural amino
__typically selected fromthe sane |ist of constituents
acids figro predeifs gisBIgp HS8E? | Bewniists empbpds heSasnrrag-uMip ot al, (1993)
Bioch@ﬂﬁs@%r %E%§9-h§1 'ﬁﬁhdéﬁﬁ LR 419% edih Bfedly 85098334 FGGG and
&, 'unmat ural am no &ci ds”’nay conprise
AGGHEUBSE ubad tochaultanebindy dmdorprate 2eaphibyidlanimeoarml asNBD derivative of
_dillustrated by Formulas Il and I11. Unnatural_ am no ,
ysinesalQ IR Y Y MM CBETERAY 46 UatRR AT 1T hhpgEssor (RNA's.
See, %gﬁgﬁs\%ﬁ%( ﬁf"gl:,, 29909?1{. RinRash&s sR: 3 N9l Hi. OFREPRWVik 8RRy, Moore

ains corresponding to the comon
et al.tevantinedntteuatdlityant nRNAdiedsdapivativesawithaNCEiAd engéradons .o suppress

In additjon, substjtutio at .t he a-carbon optio I
UAGNnpeqdgae (N cas, 1§‘%Eia[-k’a- eli0% @staflfl ijj"élaiag?ﬂ?r’ilbe 83?‘8@1!’@{]%%@ can be
decodg(rin%kﬁ)m_ﬁeu Rifl A0CIRA aﬁid&%k)g}iﬂpaﬁ YIERENBE of 13 to 26% with little

utyric acid, and the |ike. )
decoding in the 0 or —1 frame. See, Moore et al., (2000) J. Mol. Biol., 298:195. In one

embodiment, extended codons based on rare codons or nonsense codons can be used in
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O her structural alternatives include cyclic am no

acids, such as proline analogues as well as 5 13, 4,
W®2008/068802 and 9 nenbered ring proline anal ogueBCT/DSANE043603

g am no acids such as substituted b-al anine and

. -am no butyric acid. [153 ny. unnatur al. .am no aci
inventlors BRCBACHSI e, TR ﬁsld&ﬁ/ﬁ%&é? o ety r%’é’PFFéSlon “at other
unwa&le&lh?é@‘ ne, phenylal anine, and the |ike. Tyrosine

anal ogs include para-substituted tyrosines,

orth ed, t n t
44120 OE0R 4G e, Y DB Sod i BN SRR et pgtural three
base @dbﬁﬁ ,owhre e ehdudleniclisngystei doed nbi ndet @d rtuely aﬁes;icrlﬁ ydttural base

p) a benzoyl group, an am._nq .grou a hydrazin
codon rfqﬁyawawa%wcluée& hnteny ihshs, lagkingp BN tb?th%Pgnéﬁ?s the natural

three B%gQB@&Y @by E}é CF?% %E:ﬁyﬂhe 8L Base@oih is gg&: Rabal ght

in or ranc ocar bon, a saturat
unsa a ed dro
[145] pol ygfe{? é:P% ng op 10HQ]?¥ inC %eu%nnatg%ry[ a{izl‘g al’nglese unnatural base
pairs Aflthet bGfnd e Ediftlng genbtd alplibled. Dn¢lextra m»gge Pdifinte3Bes the number
contenpl at ed. 4 utam ne anal ogs, i ncl ude, but are not

of tnplﬁtrﬁqdeas from Gt ko Mo xPrapertios o ithied basg. mgm ludg sgble and selective

base ﬁ?ﬁl{n%%ﬁ& er | %ticcmg&f)g ‘ﬁ%h\fﬁtﬁ ﬁﬂqxu %ﬁne a;t'? I:>§ Hggﬂmerase

mne Ives anpl'e p enyl a
and themfﬁctldﬁ cohﬁﬁueﬂrmmmtextdnmh@ﬁet gmt}mfsa)f sheasdstdnt uﬁﬁlatural base pair.

Descrﬂqglleoggl lé{?l?llgta{eaia)agqrqtg%% iq%écﬁqt A u% %}Qgc? ﬁoalt %gtlhro]gs ang1 compositions
1nc1uc§>l'”% I HHE8! ¢ 20@ Aﬂ ZM?% pesL (911" Br z{oﬁﬁeﬁ% Jng amzno acid

a et an a group, “an a
analogzzesdnzo mtazmddntma BmwnhnolagkétOol@Fhﬁlp Kden a]lsol,dWrug Yhuet al , (2002)

1. AnigEbheny Soc. B41d28 P@%eﬁh?ﬁﬁrﬂ%%ﬁt}ﬁtﬁhcgﬁa ataRiqd hlow:

but are not. limted to, a j”-acetyl-L- phenyl al ani ne
[146] 5 / >XgF dga\ﬂwu}%&wtlww%al @G@Srﬂﬁl is, mejbEienBermgable and is
phospg %r'lzgt%ﬁl @f‘@wylr% gcllr%gf)&ﬁh pr gigg;lg lafe. @?g@%hgﬁ ik NRereQdd genetic
inforrhation@s atableydnd @ot Néstrolyed byiceBulanendynidep Erev&mfsl elffalrils rgtBehner and

ph . al | - L-ph | al
otherd gg?ﬂ%@ﬁ%@%@ﬁ%&%@ﬁgﬁ% a?ttﬂﬁ%@lf/ arp. FRII fqma fagse in ganonical
Watsd)rﬁggglﬁ ggi}@ RO %{%Los ﬂe de-pies Eﬁﬁé &oLO%s0-@ pair. See, e.g.,

noseri ne, ono yrosi ne,

p
Switzér? ef ebo¢ENY. AbarCine. Sog; E)lbﬁii)"ftﬂ;eemﬂl Bﬂlcemﬂlnet ah, (1990) Nature,

s G50 A RRSYOSh PhE 0 500" SRR AL ATLASs o some

degreEXAMP neSrAfbaSls” b&fd vifDt Me @nz\yﬁfan@atn,y libfeat WKl A &workers
acids are provided in, for exanple 2002/ 085923

demonsirated &t "hydropholic i nrekingomiaraaiions foetweat basas calimrmiace hydrogen

.aci.ds, ich is. In orated b e her
vonai of e ok "G3RBR A58 o ORIG IRt (g mio.
4:602¢ aﬁcD(EhblﬂaﬁlhndJKeble(m%ﬁ %g@he(l'ﬁé@ BEHY EnaD g, 2835.1 BNan effort to

by the Staudi nger |igation, PNAS 99:19-24, which is
develpp é@np@ﬂtwb@swmﬁé wrgelliibe ahave reqrremsats; Sefiz, Romesberg and

co- W&E&Jg h%% @?st%ﬂ (‘%ﬂ? sy&x&.'%é]z £aP@ @tlf(]l?etdt %@Erle%nain&%ﬂ%rgl }&%drophoblc

I ncor pora tl de a am no

basescaﬁnPEles PUOP esiegaibfs ﬂiilnERt@ ﬂ)@ wfort Rebld mamnytuﬁan batd paisntnd can be
er than one used in_the twenty natural, am ng acids

efﬁm%mky IBCcoReratedduio WAglﬂbKéﬁn@“f fragrant of Fseheriqhiangqligpyypolymerase
I (KFZOSQ%ﬁ lgy n@%ﬁ?‘rgﬁét dl], (1999@25 ”Rnﬁgh@ﬁl @g@? }%@%ﬁ#gﬁﬁd{%g d%awa et al,,

(2000521 Aen. CGhehoSyé., 12232 7au sA BIMIN: 3N iselfipeachn be sgnthegized by KF with
different fromthe COOH group normally
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present in a-am no acids (see Formula 1). [155] The
unnatural am no acids of the invention nay be sel ected

w@eoodeeisgned t o provi de additional characteri seCTES2005/043603
unavail able in the twenty natural am no acids. For

. t . 1 no. acid .be qpt
et eSS iy eSS, SR AoE b o, 2000) .
Am. GhGRERbE, e%29f88@3 prI@(S\ﬁé\fér Fotll- baséi‘ta@t # i Chatd @ mior for further
Incorpor at ed. For ‘exanpl’e, the foll ow ng properties
replication. be\ m;mtamnBNw pnblmaratsedhasybeencfegmtbh evflveth that can be used to

o 8 ML GAPPRR, FEhfulh s LA AP ol BB g To

al. (2bap)rpwhl €herﬁXS&at 126€743De3 rﬁiv@nﬁ@tallmb@gézlmablﬁlc Py, has also been
dedradation, and the |ike, faci urlflcatlon

develeped, whisbdosnngstalle n)akrtllpolablqdmgo@u(ﬁ%eﬁsee d\dégger%@t@ép(?&oo) J. Am.
Che DE r§tgo§e|: ;}.??Sl%ggf h%@f:g}? Ie egcgeg{ge% (SI‘B Bot OChde lrlnwgaﬁ: fc? oemrst Iree sfntrmswally

orthogddlal iot datir@l ERBES, tHé MBtHAHE 6f tlﬁ@ir@s’éﬂi ﬁaS'entﬁnQban take advantage of this
covalently or noncoval ent | y, and the like. [156] The

propesy e gengrae oghogongbiRNAS fosthethnat ural ani no acids are
provided in, for exanple, Figures 16, 17, 18, 19, 26,

[147}and Zgﬁartslaiﬁnm&@amemmalwbe llSﬁd\'ﬁ(D morporate a selected amino
i ncorporation of unnat.ural am no,ac

scid, o GPDGFRTEY B9 e BT dN AP PRESs Ml G lfigng] pypassing

systerﬁeﬁﬂhrgkoseaﬁeﬂcb%tlhweﬂ Moy geay tk idmonerafdlhidd ihfdaprotein. The

may be att'ached to a tRNA of the present invention.
sequepqequntme agHiigra gt servam ag ﬁrfatemoamdm e rihoisgme do thegtover the

sents ad |t| ies that can be
Sequeﬂ% 83%%“% ton %St?!lﬁn tgzlse modi fi cati ons

can be nade in VIVO in a eukaryotlc or non-eukaryotic
Sn OL; tain enbodi nents, the
i Lt ot is through the
[148] unnatAgr @ded&i&d’iﬁ’ @@élé@ted%mufm@dldl réfersatdi 41 @eirdd inatudally occurring
pol ypepti de may be used to attach another nolecule to
aming peid 9 UppepEal @Bing aif.udh AYUERlY ereBITingnmigg ackl ingludes any one of
I I
the o eni Q8 B0t MERF anfu BLEE, YR, EreBlhy Rpuafine, aspari
acid, aysteihiep rgmtbmde:, @um_mh@tamd Cglgzanp,o hisddine, dsaleycireen leucme lysine,
affinity | abel phot oaffnmty Jabel, a reactiyve
methiggiwgophiny! a&ﬂ%’sumo me, SEAR dRISPRINE] BYRIPPRAR, Jepneg¥elie. In one
I t
embogfﬁllrrééltﬂgtp Cglgftgttﬁ‘ %%n?&aaégg ﬁg{cggﬁg%e@ gr%tt?g ggggﬂbg SJ1SSHFRAE chain with
high ﬁdxﬂhp,hqgr; at grea@r ;liuinyérhout 20%i efficicacyDA, gmerRSM@ctancodon at greater
sacchari d

than 5 R Rab e e Foteeo S5teProBeREr Fim SRt At Esiegey for o

glvenréemwcéo%'oﬁ é’tcgéateﬁ t}ﬁhoﬂ%ﬁl@ BE® effRidh@P aBAGLdiGdE seléetor codon, at
spi n | abel, | uor ophore, a netal -containing noi et

Y,
greaten thawliabawit 9% afbriensy, fax m@iven selastoriapdan, gr gigpter ghan about 95%

et QB PRl 2 LSRRGt PR Yibhney o
given's8RcRt cdbrexci t abl e noi ety, a photoi soneri zabl e
noi ety, biotin, a derivative of biotin, a biotin

[149]2n&l 9@9 edah e éﬁﬂaﬁ?zﬂr BAEBL AR r@feﬁe?d’ ¥nfRlafftho Acid, modified
chem cal eavabl e group, a photocl eavable group, an

amine lacidg at eurhlsm deidcimiague atioartham sbllendxcmatemmgatd/orapyrrolysme and the

redox-active a n 1 no t hi oaci. t.0Xi C_ DI
Pollowis; BTG AT GTF PSP O FSTGEPIng. b eriol TG, Sgeraeine
asparf® %Rﬂ O REHRN MM, Butamic acid, glycine, histidine, isoleucine, leucine,
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chem | um nescent group, an electron dense group, a

magneti c group, an intercal ating group, a chronophore,
w@nooesessgy transfer agent, a biologically actiRPET/a§mn$/043603

a detectable | abel, a small nolecule, a quantum dot, a

nanqgtransmitte or an .conbLnat on of the above, o

lysine,fipthieTHRS, RReSY LS, dBRHsufa e S9SN élapt‘)@Bﬁ%r%?SHbe valine.
The géﬁeﬁ@ Wufe%@%h'aﬁﬁla%lﬁ%’ aif i#flluk®Asd bPPerrhAaL ur al
amno acid conprising a first reactive group utilizing
chen1strx nmet hodol ogy that is known to one of ordinary
skill in'the art to be suitable for the particul ar
reactive groups. §158] For exanple, the
post-transl ational nodification can be through a
nucl eophi l i cel e hilic reaction. Mst reactions
currently usédNfor t3! sel ective nodification of
proteins involve coval ent bond formation between
[150] nuc! Aopivinkiueal amine hedtis txpmally @ny @ﬁ@‘!tll?iﬂ’lhqyatg Femngila I wherein the

i ncl udi n ut .n mted t e rea t]
R grolf rgcupbentatn tLercosd ibe RS hilelmingagide Seer e
Bzochéﬁz*sﬁj;bym iy FNRS €98R IR Eenhh ﬁﬂt@élﬁp:ﬁ@d Now VB, fiergd@ktures of
and acceSS|b|I|ty of the nucleophilic residues in the
the twpntymeiural aoring poide; Netothat, Hie ynmpeirliagno eeife pf thsmeesent invention

e L

[151] Cor Eggﬁ%s%&npou aglJ(rilgaléxélljl\c(}tc{ %ﬁ? d 10 evngélgven ion ’typlcagly differ from

the naﬁﬂ@ ﬁ%ﬁ@ 2889 dnlyNB AR strRbur@bf the (kRLhhinSeHeaM@Btural amino acids form
1125-1128; "Wang, et al., (2001) Sci ence

amldemndm%thml@er aghhe acids, 1a¢1udmg »obngt lgnitehio, aptaral osyenatural, in the

same é%affmegro %rg gvgni(j?_lb 516(3:72 Iﬁn?z 1n nétﬁr%ﬂﬁ) occ%%ms ACﬁSjWever the

unnati¥al AmindCads 1k 100s1hé @ﬂo.u Zhan disti@guish thenf 26303 }he natural amino
Biochenistr¥{42 6735-6746; and, Chin, et al (2003

acids. SFoe mnpm 6 Fomiulal | ol RTIYiSe ARGk R dtila Ko~ ido-
hydlro{(ﬁ?lt y§ Mo y ha-lrch ﬁ&ﬂl@%‘%ﬂ{gﬁﬁ%é@(&ﬁﬁe{h\é{e tin%?%ueﬁg- sulfony!-

rot Fed

, boratd) Oiohitﬁhalﬁa pHoust) ﬂ:ﬂl@ﬁ;ﬂﬁmo ¢ phasphinek hetgroggelid, none, imine, aldehyde,
sacchari de derivatives and C%kOtOXIC nol_ecul es

ester, figes1d, rydroxylanaine, ainegangthe gk, @Wtqogaﬂméoyébﬁ%f effher non-
o e

naturaflf MO qontl8 S cliAE OB RO ol LMo R oGE Ebhprising o

photokdtivatabté tonsslinkey gipirmlabelzd doniawi andgcfldorescant alnsoo reels, metal

t hrough the St d|n er ligation (| cl udi ng _but n
binding FRIEQES, TFiEReAI ARG a&ﬁa& e 8 hisafids, amino acids

with rfc‘avgl fiméfdraKg@lp @lamm& 2082hal RRaTRAY 8F h&[bo@ﬁleﬁ‘t%j/ f&@8ct with other
Into reconblnant proteins for chenbs el ective
moleautﬁsu phatedaiged atd/ott pi@t@s@mdmgbramxmg apnd@mmmmgqs comprising biotin
or & R ost TR EHL R S 1 A s BT serive, ot
carboE}GHﬂi‘f@ rlﬁbﬁkils& aﬁﬁﬁd) |a813lk Sk et6-cOntainfifigd Bindid) A¥ds, Alrgliihb Cd@lc(ssdompnsmg
Loui s, MO ., Novabi ochem (a di Vi si on of EMD
polycBytrms shvmoést pOBFHGLAvEYY @@m‘(wynut@r arpiagtasids, chemically cleavable

urli.ngton, NA, U A) t
o bR o5 T 5 N BB TSP o
naturd) @gth® RIdsUsicnalisd dudasdlinetdeslspdpaierstar lohghaiaf hydrocarbons,
ordi nary skill in the art. For or gani c _synt hesj s

including R BRidamitesblo, ceeair thay ghavt & erEriist than phowekd garhens, carbon-
hnke(g%a'r:-%tcﬁ%%ﬂa?%%a I‘Eoggtflds,%&&ﬂgctfvg drhid8- achl, LAth Hiakid containing
réss, BOS Ss.);
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Advanced Organic Chem stry by March (Third Edition,

1985, Wl ey and Sons, New York); and Advanced Organic
w@h@aioessny by Carey and Sundberg (Third Editi oPCT/BS2005043603

A and B, 1990, Pl enum Press, New York). Additi onal

. ubllcalons descri bi ng the synt hesi s of I
amind agie, ad20Ung Act GRTPEYRE oGt RIS FORSERICRIoE Bgo- V5. Patent

Apph&’dt%éﬁ’lo PEgl?JagtBﬁﬂltZOQQ/(OQEZ%’U‘ %h&%dg%llo@@ss%wﬁﬁh are incorporated by
soukas )
referenés hemﬁﬁgUm{amga,l dmifo agidgi way h@ve&amho(o_’agﬂga)table Neqss- hnker that is

Synt.hesi s of tam.ne and .o ept.i des ,of d.uta
used, b 4O Al IBRISH ot B SRR oy gt in AP gy v Hsfeoharide
moiet$ 3kachdad 1@ thefailifs B8R side dbink Chatterrji, R (1959)
ynt hesi s of Derivatives of G utam ne as Mde
Subs u t
[152] 3750%%%E51§i§10f§g Iug?{ﬁtaf]u.ré’i. ﬂﬁfno ?cﬁ ﬁ’lat @gﬂtal g Sl gﬁ'i‘é cHihs, unnatural
amincCaonids aso aptlcmnllpfcompasfnwdtﬁedr’rmclsbamb situ@htesy @g4 as illustrated by the

4-(di et )-1-7tiethyl butyl]am no] qui noline
struct Pé?%ﬂﬂ%b?@ndﬁﬁ’ Org. Chem 53, 1167-1170; Azoul ay,
M, Vilmont, M & Frappier, F. (1991) d utam ne
anal ogues as Potential Antinmalarials, Eur. J. Med.
Chem 26, 201-5; Koskinen, A MP. & Rapoport, H
(1989) SyH hesis of 4-Substituted Prolines as
Conformational |y Constrai ned Am no Acid Anal ogues. J.
Org. Chem 54, 1859-1866; Christie, B.D. & Rapoport,
H (1985) Synthesig of Optically Pure Pipecolates from
LAspar agi ne. EI ion to the Total Synthesis of
(+) - Apovi ncami né t hr oyggi—Afti no Aci d Decar bonyl ati on
and Imniumlon Cycligption. J . Og. Chem
50: 1239-1246; Barton et al., (1987) Synthesis of Novel
al pha- Am no- Aci ds and Derivatives Usi ng Radi cal
Chemi stry: Synthesis of L- and D al pha- Am no- Adi pi c
Aci ds, L-al pha-am nopinelic Acid and Appropriate
Unsatur at[§ Derivatives. Tetrahedron 43:4297-4308;
and, SubasSinghe et al., (1992) Quisqualic acid
analogues synt hesi s of beta-heterocyclic

2- am nopr opanoi id derivatives and their activity
at a novel quisqgpél ate-sensitized site. J . Med. Chem
35:4602- 7. al s 02"U' S. Patent Publication No. US

2004/ 0198637 entitled "Protein Arrays," which is

onerdROEERGE S BLEORL PR SRS A48 8 g o b e

same opiEkeediytypicely bomprien® or €5 uad Rhatd R's whikbi 4@ bpdlonally the same or
consi dered_when desi gni ng and. sel ecti.ng unnat ural

differgnt; ais typiceldy sdecged frpmy thefamedist af penstifvents for HreoRegroup described
above % X Mtﬁm ﬁwhbcgas ﬁg‘ﬂﬁ% 30%15‘1%'1%‘5 \9& 11 35 %?hf&%eﬁc'l:%? example,
at I y

suggests t e€se conpou are ‘unl |
unnatpead reashéd eamd’datnayabompmm satsstitisioas antthkeaminp omicarbokg@l group as

lhustigydy g Bor <ol st o il Ei BRSO AT LHe S8Ecsslage, but are o
hmlteYi’h‘ oChy- H%ﬂ@)t{}“ ra@ﬂds a&' lﬂﬁ)a@ﬁi% d &Larﬁlﬁoﬁméarb%g(gla[egk € % u‘&ltgy&de chains

e toxicity assays i
corredﬁah@lng tButhk i db&imﬁm tﬁbntyUEatﬁl&DéhﬁﬂLQ&GﬁZ (ﬁfnﬁmﬂalnﬁdl side chains. In
"Protein Arrays"” which is |ncorporated by reference

additigey gibtitutipep 2 fbe opeqrbor, oghiprallyzincipdgL, (13,9@9; opfisghstidyed amino

acids SR iSR! LG0T D ANRNESN AT B SAPARISHha the ke

Other structural alternatives include cyclic amino acids, such as proline analogues as well as
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Al t hough uptake is easily analyzed with various

assays, an alternative to designing unnatural am no
wa@ceiod®esshat are anmenabl e to cel |l ul ar upt ake paPtIVEFR05/643603

to provide biosynthetic pathways to create am no acids

I n vivo, Biosynthesis of Unnatural Am no. Acids [

161 )
3,4, 0iln > 1D enRstsdd iR iR nAPFUSE 2R Y S AGH q%h @% pubstituted
e t|on of _am no aci ds and ot her conpounds.
Bala% ?&{gg‘gﬂ 6’5%/“5%%%0@1 nmet hod for a parti cul ar unnat ur aI
amn acid not, exi st in nature, Iudln .
(1531 et Bl iap (s et ARG v AR BTGy sy 8 tyrosine,
glutarﬁﬁl'éh yla’l_'eﬁﬁnee HAIRALHKD! PFHRIBEIRI [gﬁ’ IR Sard-Qlibstituted tyrosmes
unnatural amno acids are  optional 'y generated in ho
ortho-sabdtitityd dytdsines, nedmaetz )summ@tcd inrdbifigs, rvghessdn she nlgashbmd tyrosine
cel | thvvas Adltlo ynmes e _optiopal l
compfigieys Eitp RO peiie SR prBEed B aPracePhierg v Pogd! group. an
ammc? BAOGRE 8 - hyddzirRX @Hﬂﬂy@ro?ﬁlﬁlrﬂe‘ Qs eSS a0arboxy group, an isopropyl
/ >- am nophenyl al anine (as presented in an exanple in
group\@ 1poihg! gewe23 Cafnt |C12<b siaighinchily or ibnanshpd hadiogarbof, a saturated or
unn tural nm_no elles the addi t.i on_ of
unsatgrdiednydrbeatbon e ah %’?&‘ S n?%tgﬁ%“l”&ﬁé%% B, Shitpg like. In
additigBN@a1tipdy sitieake®RZY HBSs ﬁﬁhl!ﬁtﬁcdxﬁérh@ﬁtﬁde dGiupdr@ing aﬁﬂb%s include,
by transform ng the cell wth a plasm d conprisin

but arge&néhmlwqh to, gehssox yhesty atixess gssldititad dpdvagives, cypln riyetives, and
amic SPGB U, TR LSy R R ncpte bt e no

limitedPtd, Oﬁﬁlalsﬁb@ﬁﬂ@ﬁi FHRyRIAVE brihd-subgiteea th@ﬁlaﬁﬁin@éiv and meta-
Addi t1onal enzymes sequences are found, for exanple

substnhﬁe@hmadamma; ivftiezin th sehsbiugat campiisas s Aydsosy gepup, a methoxy
aq a C I.n

srousg AR b 5 B BB, A5 48T Ry o sron

(mcluaﬁig bt Iﬁmitddubﬁltue dedtyl gooploe thenhikd. uSpécifitrexranpies d5 unnatural
[162] A variety of nethods are avail abl e for_ producing
aming)ggidp ippipgergutt e nps dimifedytey sy wraretyld-- prlitenikalagings af pipropargyl-

phenﬁ%lg{l)l#%ﬂ le{lgﬁolei& eﬁg#@@ W@ﬁ%ﬁ%{){/?ﬁ?@g{@' 2°3- rﬁ(?ﬁ%i.rpﬂeﬂﬁalamne,

an O-4aalBillLablosinena t4agropVicl.- Ub]ﬂdﬁﬂ@ aﬁ/‘&bOaice’@@(HXNgeﬁwseﬁﬁe, ,aniISDopa, a
optlonally used to devel op novel —enzynmes and pat hways.
fluorigated phenylalargpe mivdsonramdAyphenylsianiney 8 PrazdnL-phenylalanine, a p-acyl-

L- phe@%l% r{é i \Heh Qypg%gkglﬁ%%{\kh Egp%ﬁn%ﬁgéb)%?%gﬁ%% ﬁﬁgnosenne, a

phosﬁhbﬁ@imir&t | an pamdo{paasﬂel?ibiny, hn }Nblbmphﬁqd)a‘mnﬂat ieonp-amlno L-
for nol ecul ar e pzkpl on, Proc. Natl. Aca SCI
phenyjalanigg.q 1@?@91)3/ PRIy e 814 AFRPIIPRTRYIORY mslﬁ@am&y and the
I
ke, EREAPE! LRI & Palp, Y Ll i o e rqifed in for
examplegW@ét)DZY@SSS&Bgmlﬂedn “Bngivo etmorlaorpimmm\b};mlamrdramaine acids,” which

i incPRBGHG] b B RS it iRy SpRERRAck o2 0R G Loy gdes ino

recon?bzﬁ M%tzﬁsgﬂ)roéhe%%lg&%smoéi?@izwi BY z‘t?é'%t&b%méér@éﬁt@n PNAS
those identified through Tunctiohal genomcs,

99: 19@4 edudtais ieopoparated by agfdrenies heain, fnr\aéd@an@an@ibmame@nalogs
(avail able on the Wrld Wde Wb at diversa.com also
[154]pr oviAl @sn-mewhil oy adidrincapomdted iator aapmliypgptidietat dld aaﬂmofterminus

genes an en at h i ncl d|n limte
can bp(pog}p@gfcg 9 % FéroupW%at 1S any su stltu nt Ler t%an one use 1n the twenty

natural amino acids and a 2™ reactive group different from the NH, group normally present

in o-amino acids (see Formula I). A similar non-natural amino acid can be incorporated at
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new pat hways. [163] Typically, the unnatural am no

acid produced with an engi neered bi osynthetic pat hway
wW@Roobloesspz esent invention is produced in a PCT/US2005/043603

concentration sufficient for efficient protein

hi osynt hesi s, .4 & natural IuI
the caphyxyl, BRI AGKIRS Be TESUAF SR Hoehral DR goprormally
r aust ceIIuIar resour ces.
presen%l{]&-mﬁﬁ(&:gﬁggﬁsfgg Ilq%%lg)fpr oduced in vivo in this manner
are apout to a Once a
[155] ¢ anig uW EWHHO rﬁcbcgrr?g t}beo}Pﬁ'F?té?m atyhgg Sgkg%gauor designed to
provideQdBFRANC R RREYIBS RFAIMIL inQhe By ahtuta aﬁﬁlﬁ&m&s #6flexample,
an unnatural amno acid is generated, in_ vivo
umatwrel emiricoasidamey opst ioptienally dﬁsmedoow aelested tepmpeify dhe F@eologlcal

eSS AP LT LSMLORY OB S5 ok i
properiieh BaAe @@eﬂﬁﬁﬂﬁb@ﬁe@@%ﬁlﬁﬁoﬂ&ﬂ&ﬂ%ﬁxﬁmﬁ 4LidAsato a protein:

descri bed above and bel ow, the invention provides for
toxicityubiodistritadion, seowyhive Flability &. <ol iy Pl xjdRtiyes Igeistance to
amn e ST
ey B B, DBy B vt

propeftéaTRpeREosopka pfbp&ﬁtw e mhﬁﬁlcab agd/pr tﬁRNtkichemnﬂl REspeatias, catalytic
di scl osed herel n, one of t he

activity Fedog puovest chali gt SRD) IonFaR Woh qLberaplert b o peyvalently or
nona%£@§§¥§ﬁgﬁﬁpg&§ di scl osed herein, e.g., the Exanpl es.

W || appreciate that the invention also
pr ov n t.
15617, e HERETEs b2y RO B ARRAEBRR A, P Brampic
Figur&' 1&N 7018519 [ZfQFathIDEof W(emoomss@m eldasedpdhme@ﬁnodqmatlon of
(C>RSS) and pol ynucl eoti des,
unnatyygl gRing @fé@ﬁ,déi‘éhl‘thﬂft1116%8@&‘3@3R9%fe@m?)8?1{e%n§ he (ggpraples are not

I /
e IRISLEL 550 L LAY 0 o rsn

inventioenti on i nclude those that encode proteins or
pol ypeptides of interest of the present invention with

[157] one @neMaent d@ SCAPHNGAERNaminG aefiidistth4rit presents additional chemical
nucl eoti des of the present i nvention include

mmet@s ggat can pelupeditd adst ﬂ@fbtl@@hﬁkq ey al ahese p@gfﬁc&gons can be made in
vivo 1}51 oar ce gctsclarse r %ﬁ{a}‘};&tlc rl:e 8{5 rrrleD}’]l{t\}gr yT 4i.los g} c?rlt]aln embodiments, the

post—tﬁiﬁ@ﬂd@ﬁal anqufiodtiea lie ﬂirbui@l tﬁe quﬂa‘tmal himatoeaﬁd /o uAnatural amino acid
conservatlve vari ation thereof nucleotlde of

in a pplypepsidsgenit bs meediie AHChATSHC mﬂlw&to %Bplyﬁ%}d@owla@mg but not
t &y [ n [
il S50, R RER e CLbe (BRGSSCE VAR Ayt
glycopal pmmlrmhmm 4 redii cacBde, aatxqmﬁoxmd:emplwugéh,l wdmgr amgfémty label, a
ﬁn %Pns over substantlally t he entlr% qug of 1 tid
photoR{TEHg| 15081 TSRS MR8 18 ot SPHEpPELgh o polyBebide or
t TP QA ]l PRlakdCh LERBIAR, a fatt
pob®b§¥ﬁgé%?%%§hggﬁgﬁg@g?gggﬁﬁgﬁﬁggﬁ??on and anaex0|p|ent L
acid, (aecagrbohﬁdmité ea, pokatusteotighaa AN Auta BaJA,yam@@eﬁﬁna@Ipelynucleotlde a
sacchﬁlp ges,]tevya{tqué)h,}%l% ﬁielpa%q%g% Ieg Icgc adgx?gxpgﬁ Iﬁgﬁ)stoxal rlﬁaonuclelc acid, a
blom&&‘mr 'aS hBhAAR,NY #Fh das?due AGSropRoreela neRdltoh M moiety, a
DNO: 5; a polypept|de that is conpienentar to or

radload’lnart mpietydes naveofiunstipadl o@omq@ egiew thasr eyrlenly ¢ noncovalently

1ntera%tosnv?c/’1 %te} Molecd els aett i)ﬁ&oct:at]geecrl 01ety, Ql? ac':tﬂl\llc“,e 9&&18&11 excitable moiety, a

photoisomerizable moiety, biotin, a derivative of biotin, a biotin analogue, a moiety
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al so provides an anti body or antisera specifically
i mmunor eactive with a pol ypeptide of the present

WO pwenssson. [ 166] In certain enbodi nents, a veRCDDS2005/043603
(e.g., a plasmd, a cosmd, a phage, a bacterium a

Vi k | | eoti d '
inconforsti, & AP o gty M DRk iiackeayle sow, an

elonghfed spfeed@it, al capntlinked BugQNe re&IRQAGLNE Bfent! ffavBotBloatid, a toxic
. an expression vector. |In another enbodinent, the
molelyy grelsaiopisalle delmled maigies biophysiasl @roksper abpsphireskend group, a
e 0 eof i des. of the present.
e B0 PR 2P A B Po8sMro  BB38ps v, o
chronvétiosy, ah badrgl Rahdfeleszeat, RigloLicAIBOAdtEe agént! HEetBEtaIe Mbel, a small
invention. [167] One of gskill will also appreciate
moleqilg,ta gRANINY shof, shpanofrnspidter o any sombivaiioareiche abave or any other

- hncl ' ' t . e S tiv
des IS RSB S KRR Sy OB BIGLR reat e
unnatiiah @fimnadid yoingesing @afirss equgvecgroap atiliniak wheslistty h&@odology that
) inventigg. Vari a Is_oé the nuclejc acid pol ynucl eqti de
is knoyaytosimedd ordipay sicill iprile ¢t bgwudtablpdpy te particylag reacye groups.
one di scl osed sequence, are considered to be included N
[158]i n t hé&or mxaanirlp.ohe Popiguslationd apediiesdongrantlechemgh @msicophilic-
LS G - herai erm . st andard .. .
clect§ i WEAT il Al RERTLAEY Ry Brpe, RFE G ogitication of
proteinbeéinvolveRbvalent Koams irwatioy detvddeh ahictophillié64ld Eebthgphil reaction
t he degeneracy of the g@nethc code, "silent _
partneggHaeluglingibyh ot Jupited to igpeaction of enkplolretenes dthehistiding ar cysteine

it SESIGRIDAE) U000l AL, B ShAbAR ey or e

nucleopldlie iresi@gds dins 8@ UEidesin WhinC Pro@sied @€ Sh@Rnwmtion, 8thictl more selective
Simlarly, "conservative amno acid substitutions," i

. . . ) n .
reactighgcagrbeaised frchrasiihe Earten oianannaiHldeir prnoensich veth hydwzides or
_ . e el !
annn@#ﬁﬁ%%ﬁﬁgﬁghgé%ﬁ%@%igﬁgﬁgésgg%gﬁ%ﬁ¢§%§ﬁ£%%$fiQ%BEZJ”AELLEE@&
Soc., 14Br8g SH8yH1;yMahal leanl.t 019%@7)iSsiches a¥ocldnstiag; Wdngelst al., (2001)

. Cco ryative variatjons of each disclosed sequence are
Scienge PIZA-S06; Chie chiloo@RP2) TR CBRM. Segg]24:0026-0027; Chin, et al,

(2002) PR NNRUNE_YA 199!11006-1 1034, WBAY 'ch G B00B)'PAR! NaAChad. Sci,
equence refers to those nucl’ei ¢ aci ds I ch—encode
100:5bedntdlpal, of aks§418) dbibyhandetny,i 42676 THH; aamidd Chin, et al., (2003)
. _seque S , ere the nuclei ¢ .aci d does not encode
sciongq Ui Lol oL e et T el Par R TRl The allows the
selecthRUMBAGRS of (RB1aRY MK IrORiY with & hobtNoft REedit iN¥Ihding fluorophores,
recogni ze that individual substitutions, deletionS or

crosslakding pgents, wh¢abiaride derivativdel and cyioledtie mwlenuteyl eSeendlsm U.S. Patent
] r S ercent age of,, ani.no. aci ds | n :
No. oG R eI SR AL WitPorelia Y reference herein.

Post-tyaisiafibh£iNGodiGitaticheNmeniaid melnot ididdi oditaidaM §zido amino acid,
where the alterations result in the deletion of an _
can alef padscitbrouglydibei Studmgan ligation @rdledingr beupst ilimitédorio, with

triary%ﬁﬁa@ir%g%%gg?cg a?is\'/g'g,t \I% ?i g{[ﬁlg%]neg %l%%’@g&)ﬁi léi%ac:%paorinazqgn ao%' adz'ides into
reconBOnpepbicls R QthenReeledtive NRodifieGfil by BHE Stdulingen ids@®n, PNAS
substitutions of a small percentage, typically |ess
99:19¢t%fan 5% nore typically less than 4% 2% or 1% of the
am no acids of the pol ypeptide sequence, with a
conservatively sel ected am no
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acid of the same conservative substitution group. The
addi tion of sequences which do not alter the encoded
wW@eaicwss8y2 of a nucl ei c acid nol ecul e, such as PEEUS2005/043603
addi tion of a non-functional sequence, is a
conser .tlve varlatlo of t e‘ba3| .nucl ei ¢ aci d.
[17 %4 cAHBICA 2yNtesIS il nnalung JBFES providing
[159] f unc aa)ﬁaymymg@lnammo aﬂidﬁ&r%\cqoagn%{@éﬂx AARA Figos%%f Sigma-
AldricB'd}. 1ts, 0! ), N3Gablhent e alvilib® 0 BAMS!EIBLciHoO Sarmstadt,
contarn’am nd" acl Tfat” are conservative
Germahy§) Sri ReptdchnBuildigtemn MAn aIS¥ex : ThgseAhatrdra@of s9mmetotallynavailable

et EEE e B S8 S Sy Boyandhos o
ordin klllq}l (tb?gh ;ig:dﬁrb‘?ﬁa(rle Fyﬁtﬁéﬁ?é fé@hﬂl&ﬁes Mt R ego NOABn{cM hemistry by

ani ne Tyfosin
Fessen'ﬂbypzinnlpﬁane(ldm (19858 ¢cord (lB)ltloﬁl' h%ﬂardn@re(nT)Prean d3c8yon Mass.);

Advargfd Ephte Qb e STt R eGSR 1955, Bttty Mo voro

and AE’(z 2] cn&ﬁégf@;&tﬁ%@@@%ﬂb% 9834 E&ﬂﬁéﬁlft‘arts A and B,

Idi zati on nparative hybrldlzatlon can
1990, tidemmedPﬂess,uNewt Yoik) nudidditponak ipybliestions edemrdswtthe synthes1s of

SR S T G At T 0 yiyg meoporion of

UnnatBfa€ 28Mho ARYERNt MafouRdAtt bhi @ 99DMPMelt Themh B3I 4660246699 King, F.E.
nmethod is a preferred method of dlstlngU|sh|n nucl ei c

& KiddeDoA. Aof(194=£§ 4 Neweivuthiesis efiGlusaminerardothi t Dipaptidesraf étlutamic Acid

fom BN g el R 2SN R A R P G s,

¢ 959?Wtﬁ’ész%ﬁDé}’zwtﬁ/éﬁoﬁGgﬂarﬁﬁzé s QZEUY SEZE’ﬁﬁHt&S' foR ﬂizﬁrﬁmﬁ)r Agents. J.
Teature Of the present invention. npl es of such

Am. Ghenh.eBec. ¥, BI50F52dEraigos €. i tah 6&88}3;419@91%\/\6@1/’ giytion of the

nandip 95 el PP & SERRT L R TR RP T notn
(ChloRSguthe) S]. S@f% Ciens Psi figual 179; Motiag Be, Milndord) Bhe& Frappier, F.

nucl el ¢ aci en it hybrldlzes at |east 1A as well to
(19911 Kéuiororee angloguest %Pp’éqwzeétflln\tm«?éﬁ it Eelodp e fehany, 26, 201-5;

targ . € i t
coschBL S0 %, AR, HLOTEIA PRI 9L o fiE ot o
szfohimdﬁtbncﬂlj&n@ohstmmed Moib Chczh’hﬂn@legitﬁctlll yOrmt Chenl. ;5496659 1866;

Chrisig, thix & BAgaDoro ool SES) Svlettngl Deaib Bk Pisigletes from L
Aspar, égzng’oxAﬁzcgiz&P 189 et ot & p;?tﬁés\/segf Lno)r L4 amzﬁé‘mrgﬁgﬁ Qmino Acid

e unnatc ed target nu
Decaﬂﬂux@blenzm and dairitvyg on dl'yzék‘at!Mne Ohe \Class (f(ﬂ 15&39 1246 Barton et al.,

987y et gpfd? R %é’ﬂg Bl chfdical' Cnemistry:
Sym‘h% § C&S.L-SUH 354 Qﬁhgrfﬂgﬁzg A}ﬁﬁgl D@idsS OL Y83 Wa- B mbpMeBR, Acid and

ase’stacking and the |ike.” The phrase "stringent
Appropriate Unsaturated Derivatives. Tetrahedron 43:4297-4308; and, Subasinghe et al.,

(1992) Quisqualic acid analogues: synthesis of beta-heterocyclic 2-aminopropanoic acid
derivatives and their activity at a novel quisqualate-sensitized site. J. Med. Chem. 35:4602-
7. See also, U.S. Patent Publication No. US 2004/0198637 entitled “Protein Arrays,” which

is incorporated by reference.
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hybri di zati on conditions"” refers to conditions of |ow
ionic strength and high tenperature as is known in the

W@eaos/0d88pi cal | y, under stringent conditions a peDDg82005/043603
wi Il hybridize to its target subsequence in a conplex

m Xt ur Wf] nucé EI C.aci i ncl udi '31 but not limted to,
t ot al . & a“m, %Lﬁ%f_gm) but . does not
[1601y b i{Un2 RT3 cfmélpﬂé’tmds EnbES § Fr@ledéﬂm that 15 typigplly considered

when Af&st fn%na?idvﬁl%ﬁhg QuhSut I enlIN akdE 2851 a5 ﬁlfcoH)BPaltﬁ)hQnto a protein.

aci s I's foun Tijssen (1993) 'LaBoratory Techni ques
For ex:{mlﬁile,oﬂi&dnglsbhgtgalﬂénw eﬁ:u#mm&aoidsg;ygg@stsrﬂhdt ?hatd (*mnpounds are
th Nuc& eic Acid _Probes part. | chapter 2, "
unlikely tcpla? AElt prrEwable. yBRTaHARAC; s 498 ugtmt@ttb@yelbfna a collection
says I !
of prgtgﬂ &{asgd ?f]ah%ﬁsu gﬁeﬁét X rap éj rgérrg%%/ %E&egg%i’r s%nmh afiSsses which
unnativial emincaacid, of ey, z(rel%jl ule@msasllsan Jedli g tie toRRPassays in, e.g.,

us. S 85 B Ml eSS it
1ncorﬂ“d'r&gdi B réfted hgﬁﬂ? aﬁfl Q,I?L?SD R L?BSCIF\I(I&SP @t(l%)g?)’%fﬁeéf aosward the

Uni versity Press, Engl and
evolu@yn gfcm/w@emdwhantk gn axpa.nﬂed senetinesides PNAS Eitad States 96:4780-4785.

sl G R AN s PN B B L ML

amind QLRIG @6 b *aﬁleﬁh’aatto%émﬂé; Lswrs pahidvhyt R fhBfdVBde biosynthetic
mel ting point (T111l) for the specific Sequence at a

pathwigg$ torpserte emino aidsengite- pH. The Tmis the tenperature
(under defined ionic strength, pH, and nucleic

concenialh Boks S ikl hgTadie brobes
11611 g g qb MRS BP -V, BTV otk &b 67 0 B B BN Gy of amino

acids Rh& ¥ cofh tp@iﬁ‘i‘(ﬁs SWhilke aTMbsﬁﬁ%tl@fmétHSd F6:0P Q8rtRORr unnatural amino
occupied at equilibrium. Stringent conditions may be

acid mpy et ex¥istyiRi raurehmchding bwmes dinvitad on in & qels‘lsﬁxetlnmnﬁon provides
cal | 01 to
such 121%@1%§sm chrné\{l(a%%q lfatn'(]) gﬁﬁleué %Qt aﬁ%orr g%#ttuga? ag}mcb %1%5 getogtlonally
generted iAN@st bl beraadirat béwe enSyraés beasddi ExitPChdspreell pathways.
short probes (including but not Iimted to, 10 to_ 50
Additiare] Bet iseEnenAE wntionally naFbly cwEu TS Bzymsh @t pribirdally evolved

oL B B8 b, 7, SR o s i s

example hineWed 2602/085923 autiticdi ‘dn o dﬁ&irpdniahmilom gmag@rd] Samino acids™)

f.ormam de, . FQr s ctive or specific
relies WBQ? atditien gha cqmpgiigfipy 931(%?% Shzyimes fim gther grgapisgo The genes
I [
o OSSR LR 0 RSEAINELN it s i
compugingithe gﬁmss c&he pencaswhert emn:ssgi 1r51(h@’ocﬁb,rpravmdden eﬁ%/n%@,pathway

to syftizs Ahe s gl bl 45186 ks Se ey gy optionlly
addedSQg ;ﬁBVl@&Qﬁq tl@@ﬁrﬂﬁ%"@@loﬁanAQ@itlBﬁ‘ﬂfé?fz?i%@s fs&if eﬁces]a?e found, for

0, or nore mnutes. [1 exanpl e
examslt:r mn@etthanhy Mlﬂpmame@nlvc@ ﬁuzxm@rmefatﬂo dppionalti z@ledonto a cell in
th of co nﬁgtﬁry nucl ei ClL‘ﬁ ﬁ avedm)re 1
© T80 BEHST e e APSr PP ege T2 PER A geismeﬁe? a cell are

maniplatiot fi6duteiin@htutat ah@16 Adsral in with 1 ng of heparin

at 42C, with the hybridization being carried out

over f C
6] O B Iy o ARG 0 S IR b RS g gl For s in
blosyahetah Jpatitwtags udraforCeoaliingn oA dxadjmugapathwaMn uldr (e@mnple,d recursive

recon‘éﬂﬁ Waé%rgy %g\gigﬁglrpég& t)}(l) I?\de(l)){yggr% b.u{afvglli:)b]e en \KtTOhr?d W’igg Web at
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preceded by a | ow stringency wash to renove background
probe signal. An exanple |low stringency wash is 2x SSC
w@ro0d0638HDr 15 m nutes hi general, a signal toPEDUSE05/043603
ratio of 5x (or higher) than that observed for an
unr el ted rob (Q rticul ar,. hybridizatio
maxy i o8 CRUORI B0 HeRHRR HVEL ABrTeh 23 POR T vagee o8-
Stemmeit {199@)8%;;3213@6!191'0% %a?%ﬁ%ﬂh $190%t DRAShufitnd, Mature 370(4) 389-

cont ext” of” nucl ei ¢ aci ybridi zation experi ments such
391; aisd, Soernimer, (199%), KoYA wbu/fflingyby retidoat frogmeninton egdenesembly: In

w0 e BT S AL g 1 710751

slmllwq»e‘sigﬁphthw a&ed@ncgiaarb}t STEeRk UafsilabR ofXheNWora Wide Web at
gui de to the hybridization of nucleic acids is found

genernicor. qqnjl)s§eﬂpt(ong B)used fpr anctahodici pathwte sngiReErHgy Gighsto gngineer a

pathw%gﬁtoé re%erd)ﬁg&g%]f]g—ﬂf%%glrgé qézn%fck:ﬁga?"ﬁ% WIW écoiﬁﬁl%ts existing

pathwhly§ it hést @ﬁ%} i snfsOlisiigX 8 BPiBinalitn G€hew Pefés) fndlidihg Yut not limited to,
stringent hybridization and wash conditions, the

those hmtluﬁ@d arongh fensionglssenewingi endwlegpiar gvalytian japd design. Diversa
e r
ConndREFASRIAFo e o ISR ASRECENYSEo RRRSTRU oy o
rapidigndreatiing Mbr RS ioff geﬁd&&md(g&ﬁ@pﬁthﬁrhys; mn(rblﬁdmg betmat limited to, to create
sol vents such as formalin in the hybridization or
nm”Rﬁ%Wﬁ@ until a selected set of criteria are nmet. For
anpl e, the hybridization and wash conditions are
[163]gr ad daploplly.nibe ammarmral namino zacist prrsdugedh gatht an gngaeered piogynthetic
J
path\&;@to%l?ﬁ' d;r{g rﬁp n%gﬁt?cfnalaé)t‘ré )c(:gcg én #(glﬁef’i'treﬁ %kﬁ (-glet ?@ﬂeegﬁglent protein

blosyhmbils de.ggtd Qﬁltuﬁaﬂ ddllialapr abeurt:, Obﬂlﬂnbﬂn t’fatsﬁcﬂed degrgetas to affect the
[176] "Very stringent” conditions are selected to be
conceggg’g(pn olothe jpgher ﬁg}l%pﬁlﬁ% O¥ p}f{&uﬁtoqell]]p A TEHPUFCSE- dypical concentrations
e
proa§8 ik TPl BC Hannlf Sy bR 1P VIR U T Dnce o cell s
transfoaféd sebue ptamiy tcbmqmzmg the gangsendedctol Modmtech&dnms @hsired for a
For tﬁ$he pur poses of the (gr esent i nvent j on, nerally, .
specitip paIpY il PR JBRENTH PHYN PSS SRIAHEIVIS C dHopops optionally
used 8 GudfirSSiedzE b %rcﬁﬁ@ﬂ&n %@ thOWehatuPA ki abm ff&lf b&:ﬁenbosomal
speci fi1 ¢ sequence at a def |ned ionic strength and pH.
proteinlsyidtheditbhnd eelhgrgivtlst ri ngency” hybri di zati on and vvash
conditions are those in which the stringency of
hybri di zati on and wash conditions are increased until
NUCLBEC siibaANDP @Y BEPTHYE SELRFENCE A RD \(ARIAQNTSr obe to
the perfectl tched 0 Ierreta arget n
641, c; o ferivkd by ad "R, 8e; rben Shl ol gpf mucteic acid
polylﬁ}éf%h&’é Rhées b §ftideenite BEH GBQbnk &Y, 89!, tRMA’€hkd RSs, and,
acids. A'target nucleic acid which hybri di Zes to a
e.g., pemopesitiondemdsmethodvaainpiising said) ftelqu@nq@s griampdesnesi sped sequences,

e.g., ear?*gr@ﬁ'é;g%itcéoé?d&‘uhat O%I | he %gt faﬁll kil %e(:: Q%qYﬂl appreciate

that th@ﬁw@ﬁtﬂﬁﬁs wodRmhited td Brobd %uéﬁdels a@er@@yd h&@8i &igQfife Examples. One
; l{ﬂé Simlarly, even higher |evels of strlngency can
Of SK

p@rqwaﬁ@alabﬂlegna@wnla%ol meyidasmany releted and unrelated sequences

with ﬁ%%ﬁ : ésgﬂbmgérg b, %gs an%%ﬁ% gl @R os e01_I Aol evant

|on assa Whi'ch t he

[165]isf,](r:lr glggn Cx\/en 10n p obvrlI edsI pzo }tlplegﬁd n(‘é) iygs) Hdcféoﬁdeasr g g., O-tRNA,

polynucleotides that encode O-RSs or portions thereof, ol1gonucleot1des used to isolate
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until the signal to noise ratio for binding of the

probe to the perfectly matched conpl enentary target
wo@bmsssoaci d i s at | east 10X, 20X, 50X, 100X, POT/USDNN3043603

or nore as high as that observed for hybridization to

I ST R N -
those ﬂ%@n&é&rﬁfi’otéﬁﬁ br ﬁol%éift‘fﬂles bP nﬁ@ﬂe§teoﬂ’ ﬁfe'ﬁe@ﬁlt Hveh8@8 with one or

he perféctly matched conpl enentary target
more mlectter codumi dln additadng m&yrmphdtldes ofhtbemredsst inveetion include, e.g., a

ul tra-hi gh strj n condi tions
polynygleqiten canPiang h SclFBORD SERSERE s, 8% bR 'ShQePP NO: 4 a
polynﬁk!’l&ﬁ{desthﬁﬂ 2 Q:%prl&l@é’iﬁlérgl't@% tiadt Gén&édés'a %ﬂpﬁici’é’éhki@'sbq/uence thereof,
dentical if the pol ypeptides ich they encode are
ora cemﬂ@staaﬁc ivaitiation; theraef. o&polynnpl@of@tecqfrtbe peesent, invgnsian glso includes a

polym&cgg%t}q% tB%:geglllgjié eglca;/p SCIe?%qul«ta 8@’5%3%?%&9%@%{0&2 e%1 f%lgumluclelc acid
that hiyplidiges f0/RRUHRBIRESdd kid]atddnatvve aslpe bighlyt bt@mgéh)tedaihdﬂimns over
provides a nucleic acid that conprises a_ unig

substantipb theeantice length af ke epdeigarid is é|pebm@alepﬁ1@ﬁﬁfi vhe present invention.
Il‘l Ol’léc' %ﬁl%%ﬁ%?e O:i C ﬁ%ﬂs 1&%69 aﬁgﬁy@é %iﬁg Q)%gﬁi? EFB@S&'[QHVGIR]%D and an

urirque - suisequence 1's "uni g npar e a nucleic
excipiefl de.gQ rlﬁL&‘ﬁe@ON\tilltd’ig mmyumwma@epﬁm oxcifdefRS emcub:l hl addition,
aci d sequence. gnnment can be perforned using
polyperiidsy of dbe peseéflamrttwadpelﬁé% &8 3 Aol TsHiigfy EomPrising admino acid

sequeﬁﬁeb§§ qLeich ﬁlSS%'geJﬁleN eS%ra il %qe%u@é e ik Cboh?y%%ltﬁrftéfy to or that

e nuclel c aci of t I nventi on.
encodSa; mﬂcﬂypepndé hequenseticicof, ome k:omr@sva&ivp ohyigtegt theeeofhllchinvention

oo REEYIBes 8 Y (LR SELLEA0R iEPReRe i LB TRlRpifde of the

presemﬁﬁantﬂoﬁe uni que subsequence is unique as conpared to

a pol ypeptide corresponding to any of known

pol y The S .
166120 YAEBLALE QUG o LASE) I, DNARL OBl R plge, s,
a vitusdes ﬁdl{edng;ebhuclemﬂd;l ansohjogated npalyeudedideg etc.) comprises a

ol i gonucl'eoti de whi ch encaodes a u&afﬂue sy sequence in

poilbey Bl daute e R dhe Fog e Sepression
Vectof’\hﬁlrﬁfo et l@ﬁlbU&‘l £ rd RGRclo? it e G RASmERFB rgﬂy linked to

to a polypepti corre pon ing to any of ‘the control
one opaloy® eﬁthectﬁﬂyx(wlegtldeqcxa’rthmpedsemequ@moes hir aothwinieptbodiment, a cell

nt het ases of .t he pr sent j.nve ion rived,
compgl e T Pofgeo LR iohe BE-EF evrehehm ned as
ed above, Sequence conparison, identi
[167] horle}'{f;Pf[S]E@hﬂVﬂ}m@ aRrerate thpt many yarays oéé]e@ésﬁ?osed sequences are
1nc1u%e'rddiglgtfm'§,/ té%vgtnltlglg FBE L ORIIE; Xéong%rvﬁm QhriBHE 0P UE BLQoR8! Equences

sequences, re two or nore
that yielquefimetiomllysidbstégliseypescd hatineluded e tieameemionhaVeriants of the

speci fied percentage of ami no.acjd residu oJ.
muclofy, aFgoPPRBICIENEE. SHECRAE SHUTEFID (HE Y EBMFaP L diffy 0 2 least one
discldkd Eé}&;@n(ﬁé) ard TEHL 10160 T 88 RRNLERAGE: PRRAtIG. C@Eﬁ?ﬁl@'sﬁ@ﬁéquences of
w ndow, or designated region,, as neasured usihg one

the sequenbes desqlosat depadmpay |dstmnmegob}’,t pigs sletard Isequdned ovmparison
(or ot hﬁr al ﬁgplth@? .avai.l abl e to persons of ordinary
technigiies-jarg #sq HETudet yn B B{FIHEual

Conservative variations
[168] Owing to the degeneracy of the genetic code, “silent substitutions” (i.e.,

substitutions in a nucleic acid sequence which do not result in an alteration in an encoded
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al i gnnment and vi sual inspection. [184] The phrase
"substantially identical,"” in the context of two
WO @bo6880aci ds or pol ypeptides (e.g., DNAs encpdi/ng20851043603
OtRNA or ORS, or the am no acid sequence of an ORS)
refers to twg, qor_ nore sequences or. subsequences that )
polypephige) alie aneizaliedfeftreetfore €1 86 P AUBOR -%@?es an amino
acid. @%ﬂ%r&?%é%n&%fve%\%ﬁﬁ@ beidREBstAMEI RO intfheWr ABWEmBO £bids in an
residug identity, en conpared and aligned for _
aminonid seqnemerare sybstitieeicwith dfferent epripaadidowitivbighbywsinglar properties,
desi gnat.ed.regi on,. . easur.ed usi.ng a.sequyence :
are also i GG PERAPIERD TEHEr oA Yoo  FETST | Shfhecqugervative
variatBFi§ §PORh AscRsdd Qéqj&n%e b ik @ R PrseRt ind¥ntinual
al 1 gnnment ané vi sual 1 nspection. Such "substantially
I dent.d N u 'y ] L der.
11691 .10 o CEeer AR FREERpST 8 AYBHERL b BRI Ehiche Bifers to those
nucleit¢ Quids it adcoidd éduntital or eegengxliysidentienl amincegid seqientédseor, where
sequences that is at |east q?out 50 residuga gg .
the nuclsigyagid dges B sods ampmnoasid seagRoe () ePseRiiatlysgentisal gequences.
' it |1 AHBRAd] sO¥HulddS, deleti
One GEHRPR 1] O e LodBlel SCHERIO USRI, ggions o
additibioy whieh atieg add ondeleiesosingln dmimnadid gy adetallmeraeataige of amino acids

) typi.cally one sequence.acts as ref erence sequence .to ..

in on GePAF toRLENCSAT oFRISE VAT Y BRI D O 8 R vatively modified

variamt@IWERE §hE MR A brARsi BOthE tdBRtioh @% tn 2né i@ &ME€on of an amino
sequences are input into a conputer, subseguence

acid, cocnulistitaties off en casingnesiddyith fa pharically simiard amepuaside Thus,

Ny L e
substiRf10RE BF a%ﬁﬁtﬂte;ﬂs@@énit Nyipiclly Wdss i $9%S fnoﬁ@%ﬁﬁﬂz (1&ss than 4%, 2%
e e

relative to reference sequence, based on t

or 1% e§ thyreaning agids oif 4 pelypaptide seduepasg BYithveeonsaatively selected amino

. gnment. of s en for i.son..are -
acid hthSRF o AR Ry Y AP A "R o Rk fupich do not
alter thé eB@ALE AERHE L OF 2 fiFiaLEE Poledile, Bacle anthe adédion@f g .nonkfiunctional
the | ocal honol ogy al gorithm of Smth & Waternman, Adv.
sequepgsp s 2 qRnsHEVativergatation 98the bagig nuplsiGAsHb| ogy al i gnment
al gorithm of Needl eman & Winsch, J . Ml . Biol. 48:443
[170] ( 197 Gopsdyyativeesubstiiutinn ftatrless providang fyncientibusisfilapegriapgceids are

&, Li.pman,. Pr.oc. ‘1. Aca SE i US X 8 . .
know 5 URRE QT SIS b 15 IS ngeRt SiEH bl htain amino
acids (Haf\ibe dBESEHAtIve substkdtiorTer difcARdthet:n t he W sconsin

Cenetics Software Package, CGenetics Conputer G oup,

1) 575 Spiﬁggﬁge@g),,m?@gg@ﬁ, W), or by manual alignnent
and visual 1 nspection (see e.g., Ausubel et al.,

2)  Curr entAspaicacsl @) Glvwhisagid(E)Bi ol ogy (1995
suppl enent)). [187 e_exanhpl e of an al gorithmthat
3 s sui gfn(?rdﬁ’e(%}]élgrjwlﬂia@)r’rger cent sequence identity
4) and se%gﬁﬁ@e @)ﬂkﬁﬁé {g);i s the BLAST al gorithm and
BLAST 2 al gorithms, which are described in Al tschul

5 et al, Igdegiye (Wudcugis be), Methiopne §¥30VaisAV)and
Al tsch t, al . i ; ; - . (1990).
6 ‘Soft aay&eﬁ%lﬁﬁﬁliélrekgﬁyﬁog@‘ﬁﬁ(k%’rf %?5‘532% ! oubl ' y

7) Serine (S), Threonine (T); and
8) Cysteine (C), Methionine (M)
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avai |l abl e through the National Center for
Bi ot echnol ogy I nformati on avail able at the Wrld Wde
waeweasssnzbi . nhn. ni h. gov. This al gorithm i nvol REFUSI005043603

i dentifying high scoring 64sequence pairs (HSPs) by

dent i f hor t ds of th VV he
e LA Tk Ay B o o
2nde£ﬂ§hhb%% Bt threshold score T when aligned with a

wor d o nhe sa length in a database sequence. T is

referred to as the nei ghborhood word score threshol d

(Al'tschul et al, supr a). These initial neighborhood
vvord hits acg\‘1 Sﬂ,\ﬁmdwa for initiating searches to find

(oo I i B L || V\D | e t
[171] ext t ehQEWaTaVE SHRTIAVAGGR FUh e auS%fﬁ i g%eﬂpysaaﬂ@ﬁ caé“go‘?f the present
]
v, 15, ISCUPEAR] BB LA i s of
preser[tumlvemtdnd end ethise rocmparatlhe hybl‘lélmﬂl(m‘ sndthqd esvar prefrmdemethod of
ar, .a pair, of eS|dues S > 0) and N . .
dlstmgta@tﬁag ayel IgegeidSragin t Ry RGO o5 BitEon éﬁl%ﬁk/guclele)a@ds which
r )
oo AR e 1) SR e .o
ultra-tlirk shighn smagmayl calitions ae e fraluredf Weepresar enmmiunatEXﬁenpleS of
aI s

| f b h X f
such sl S GRS TP R CEumar ey DB Sh6Pa- oty Breleic acid

substifftfofs 8¢ cAIfpRY totgivEOntidlEic acideyheate.on of one or nore
negativescoring residue alignments; or the end of

[172]€! they tem%@%ﬂ s %?@Q(}sg)tgcelrf gﬂﬁéﬁlﬁ%ﬁ]—zﬁb AQrbbd¥cleic acid when it

par anmeters the sensitivity an
hybridipeseat ledst Vhas abll o ttenprobd he taBlbASENeghoatuired fomplementary target,

ncleotlde sequences defaul t.s wor.dl engt h
i, Wilya SEAES SRRedRe kefion % BEoR gniizaBot of fegroRgl the targe
underNEéldlthﬁs 4in FREHAHOPRF L] ?oﬂla&he@ YrbbeS bIRABAS - thEOperfittHOmatched
aci d sequences, the BLASTP program uses as defaults a

complenrediaey tr et (Wih @fslgaal tamadsepetio Atat @mat(lﬁe)st @boul Ox-dickstingh as that
obsery b I piBEoRAT P A SRR RS mheSiE R | gnrent s

(B) of ectat | o, of 10, M5, nd, )
{1731conp&wcf% oL Eovies a i Bevcisheds Té(PPj&ﬁY igpjdon.  Nucleic
acids t%f@hﬁ%le c%ﬁept%r borRe, Wrtwell RBarabiBM GOPRYFot-Enbmikdll foBdes, such as

[188] I'n addition to cal cul ati ng percent
hydrogenbendiag) skﬂmentt gxclusien, BlagSHtagkiggrandhtiedlilso  Jbefpnae %stringent
.statisti ssofthe mlarity bet n t .
hybriGg g oBOTPEE G b SN A N Pt e T e faperature s i
knowﬁ‘(iﬁq}le 24l T}H%ll?ouﬁ¥?sn§?g%ﬁt £IBonk - a H38e Wﬁsﬂybﬁdﬁﬁ: to its target
simlarity provi ded by the BLAST algorithmis

subsegnqﬂcb ash cgmpiegrmmnp |o|f mycl@m(qq;cy (ineipdiag bp‘r et lg@gedatﬁ, total cellular
r o b | I L C
of hbf % lﬁr@% 19 gil\? %ﬁ’ sgy%tgrcsgegu&cgﬁ @18 cu Hf%e%{‘mmture

An KPABGE. gfied tsxmephﬁmcﬁzaﬁd)ﬁl Gf Qlualéiod atidy ieefonfdsind Eﬁje@n (1993)
simlar to a reference sequence if the smallest sum

LabOWWaTﬂchﬁllﬂyeﬁ in Bioehswpsiry suom Mytlequrs Bigkagynifebrdsigangn with Nucleic

Acid éosbsest aﬂelf gl‘[)g)&?% "Sﬁ{e?\ggw laog gmtc léseczl%}gﬁ{l]ﬂgz @g‘? Uhadné strategy of

nucle@Phdil fwﬁﬁe sdsayghdERCEier, Nl éL‘cuk)@rastelll @§in Tewsubtlgwesl., Current

189] Pol ynucl eoti de and_pol ypeptides of th t
Pr otq[C'ﬁlgé%qMoéq%tm(ﬁzg@gﬁ (199. hgpameg inncgJ H1gg1ns (% 995) nperPergggs 1 IRL Press

at Oxford University Press, Oxford, England, (Hames and Higgins 1) and Hames and Higgins
(1995) Gene Probes 2 IRL Press at Oxford University Press, Oxford, England (Hames and
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i nvention can be mani pul ated usi ng nol ecul ar

bi ol ogi cal techni ques. A nucl eoti de sequence nay be
waeorvsoessent | y nodi fied by site-directed nut ageP€BUS2005043603

accordance with conventional nethods. Alternatively,

t he nucleotide se enc na repared b che
Higginsy FINELHS delans| R BT Rter i CRets: 2y G Aln of DNA
and RﬂIA gig&ﬂ& go%ﬁ%ﬁuél)égﬁ&@s' &Rheraltf eé'tﬁhébn@lcbﬁ&lﬂ%lﬁi 8R! kdl€sted to be

esl gfie ased on the amno acid sequence of the
about 51-&9? € éawpathypthetthetenal arttingpefier(dk) for dad mnfmg;eqmﬂmg@ at a defined

o e oy B e U Pt e
concerﬁ'ﬁa\(i%g%t W |dfgﬁ’@ﬂx%b§soéd SmERHNS thotar®® hi/bi@diSe &f the target

esire ypeptlde may be synthesized and
sequemssaerdquéﬂbnnm RGRhe |tanget segmemges |arg ardsent iohexicasss @thtni éﬂ% of the

poveS58 5 o035 R Sl 5 S i e s

conceﬁtfh‘fi%hﬁ@ (3t afnbohef e R6&iuREIa] HpidallP @bouklU.61 to1V.eMMisedium ion
utilizes routine techniques in the field of

concemtatmnt(phaﬁhﬁr @@ﬁétﬁi pH.7.64a 88 andithe tempErtyey isgt denst about 30°C for

short Jgghes @wﬁ@ §Hf°' ]Iugi‘[ac} g 01 éﬁso:nﬁh ?e%ttlﬂgsg alpgfa(l‘g r‘i@a@%bout 60°C for

long pretied (BRIudZAPBIE ndiNikigddeto, gfeane tH';maﬂS hetleatittds). Strmgent conditions
Expression: A Laboratory Mnual (1990); and Current

may aoobe eehievadn withl e ddition; ef desatiliciag Fapntssugh as dggnamide.  For

9 al
w930 2 P SRR KRS AR PeSEH, By RSk
option%]é d%??s%%?ﬁﬁ? Illﬁsﬂérugzan@n'rl;]digdegip@m str}nw%glmpon gondmons
can bag ToHeY 5% §O%RIBIEHR &N oSl atceRE 47 Cfa% SX S8C,

0 I 0 o
4 SASPHEGHOEL TSR PRI A GO ST 00 s v

can be(peSfortned 6dec"S), 1830, 60y 12n br Prood mowdtss. i n Mol ecul ar

Bi ol ogy, F.M Ausubel et al., eds. Current Protocols,
[174]2 | OARt exenl E)LH eoib@tx\m@ﬂt Ghﬁﬁ[tﬁzaﬁ’imhl IcshdmgnsAsﬁrDCIha‘bﬂd;]zatlon of
Inc. and Jo

n Wley & Sons, Inc. &su ppl ement ed

complleme@@@hnqcelgg)aqumgb Bave yorerihar d 0P eomplasaitary pesidues on a filter
ina %‘u uﬁré ene Stthe %rlp%lo% S 5Q)t% 1%1[1 girnswﬁﬂrloﬂ:%t &f fie ﬁ RUMeC, with the

VAt £opi €S rel generation

hybn(ﬁfatﬁﬁ'l%ﬁlg%'arlﬁ)é& yiuskaeglitdes étaaipld ﬂflétﬁd@m; elasle t@iditions is a 0.2x
codons for production of proteins that include

SSC washent t668C 4ot hd miiiias (s(ee Spbrapkad! ¢ -alMokeriits Glentg) 4 Laboratory
G Rl P B B O3S T LA e A Ay v i

precedléi‘l 58 1bW Vit dedBy fwish o tamnbed Madkfgrdimﬂ nesessighsic| Abiergmple low
but not limted to, to produce novel synthetases or
smngemmshn@zmﬁsata@ 49‘Fﬁrxrﬁordé|r@muteés In g@leﬁﬁl@wwl Itcv PBPise Tasie of 5x (or

s R b T ST s 4 RS LY Ao s

in&cé&hﬁﬁ%ﬁBmGPQ%?%ﬂkﬂ%%ﬁﬂ&&ﬁaﬁ a selected am no aC|d in a
protein or polypeptide of interest. They include but

[17512r € naly lllée'ﬁl tlﬁﬂ')rfd%aﬁbﬁ e adb TohGEibRSh if HREOMRSINbI nucleic acid

mut agenes ogous reconbi nation, DNA shuffling
hybridizatiamh experioents isueh st &gehesi snd¥ardes hyhiidelions are sequence

e SERELEEE re  ESh GEB SOBH B e s
hybriiROSpRSH IR Aah@haPdin{jetAue®An extensive guide to the hybridization of

nucleic acids is found in Tijssen (1993), supra. and in Hames and Higgins, 1 and 2. Stringent
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mut agenesi s, nut agenesi s usi ng gapped dupl ex DNA or
the like, or any conbination thereof. Additional

W@ aiobabise2 met hods i ncl ude point m snmatch repai PCT/US2005/043603
nmut agenesi s usi ng repairdeficient host strains,

oo S T U Stk BUEHELERR D et et
acid. S}%Qteli% R, i ‘aHtIQhﬁmﬁ{gr Hi%ﬁlybé'tﬁﬁ%enrt %@%ﬂlzatﬁﬂldaﬂd‘%akh kénditions, the

Mut agenésl s, |nCU|ng but not lifmted i nvol vi ng
hybriditutiverdnd washstanditions afes gratlsallyi incteasesti(e: 31, b}n énqueastgniemperature,

i nventi on ne enbodi nent agene can
decreqgihEq e oPRHITRO R B HLIED A-ISTEh S CRATIPh BRI gne the
conceﬂf%tﬁﬁlubﬁ ofﬁanﬁ:' §cﬂ{}f§1@s Qlichey ﬁrﬁﬁhﬁaﬁl%@myﬁn@i‘zﬁﬁéﬁ lofGvash), until a
nol ecul e, Tncluding but not limted to, sequence,
select@bq@te@&enf@um imatn sor pxpgipda| the ﬂldbﬁdltzwé@ and el épydltlons are

s} b GRS AT S Y G i

signaldB $oisehatié nﬁm ANeeesk hetighAddhdtiobséwved frafybEtization 6f the probe
found in the foll ow ng publ i cations and references

to an wimaeleheg tergich: Ling et al ., Approaches to DNA
mut agenesi S: an overvi ew, Anal Bi ochem 254(2):

[176] 157- 1ABry m@@m” Dancbtlems ak seleed gmh@ ciusdta the-themesd neailtmg point

ando nest s f he hos 0 oat e netho

(To) R RGHL S PO GS Toms SikotedpartRgRusdss aRiBRl Rpff g and pio)

at whi¥H 5898 hetheSest é%el%/ brideses to a%@rfé&ﬁrrﬁﬁtzhédlﬁ%ﬁé For the purposes
Bot stei n & Shor St rategi es and applications of in

of thevprpmt myengeh eggn@alhg mg]iléjesteqtig\xb glgqthnlfgglwash conditions are

selectezccg-;o I b(ollgg6§|1r }%%%S@P%agfg ]fha Sé)r?g O§equeri]ce at a defined ionic

streng®h hgkPpgc! eoti de directed nutagenesis, in Nucleic Acids
& Mol ecul ar Bi ol ogy (Eckstein, F. and Lilley, D. M.
e e Oy tRRfiLih obd 988k ol are BRRL th
t t hich th
[177]and ef ICI e tggl}{%llcg ﬁﬁc mut agenesF% W{‘&Eare WHEh the
stringpignoft yybirelizebe ahd m,sh Eonditiomdadre . indkeasdd uBtl theldFgnal to noise ratio
kel i.d and eff

for bi]é(%lfl% oggygdqrg@l?ectoﬁg% gﬁgﬁgg I@t%@ﬁgﬁplﬁ%ﬁ?gﬂ}gggt nucielc amgi is at least
10x a8 ?ﬁﬁlcﬁé t‘Bﬁt obehRRadsr h@rﬁi‘ﬁﬁ@ﬁlto akydf tl?eﬁlﬁﬁﬁa&&éd]ﬁgga nucleic acids.

Bass et al., Miutant Trp repressors with new
A tar@ttlAntclemj laclg wiiek |hlybnd1tzc$§) a $edlemnuedep 4aclp sonditiens; ¥g88Y ;signal to
onug Cgj_ot de dj rect.ed nut agen

noise Gin§1 A 15 ety o GRBEIED RS FereReb BERT Rict acid i

said 1O bREIaH WiLprbBé uhd¥e uRFOREE tirdBefy de@litongut ati ons in any
DNAf ragment Nucl ei ¢ Acids Res. 10: 6487-6500 (1982);

[178] és)l 1mf}a1${ln Efen ggP&O nelsest is §@hé’}ﬁ Che q)e”Hét@ﬁﬁﬁ@@'b%/ gradually

ragment s oned into M3 veéctors, Methods in
incredsigytive hybd Qi@atd6:8aE0G Wasb8Bhditidos béthe&esmntﬂlybndlzatlon assay. For

examﬁg ﬂr&s{ej g\éﬁv hgglﬁ%trﬁrgg%%lﬁ%gg &l%?fg]z X S:Hld i i 0 increased
until Sth@ 9§1§na°—1t fAnded DYDY termiindigg Metthedsob® fnanderfectly matched
350 (1987),; Taylor et al. he use of

compbmmmm targeti muatoes zeodlistat dersDMNRKi 20 SO iLOOX oor 92 eremore as high
o S5 5 BuBERREE D550 Bl LR ekl e

nucleﬂ:%ﬁi @hicﬁ'hyﬁﬁdi@%é ﬂ)@ﬂ}*}i@b@ ghddleuel craittshs Wit bisiha] Binoise ratio of
requency usi ng phosphorot hi oat e- modi fi e

at leamgnhatm,ﬁ the pgé@tlyggatc@ﬂ@@ng)}ggerqtm@fget m@w@%ald to bind to
Eckst d I Nd |
the pighe By ndiah SPadinebSRAdtEhl oo and Tis o

application to oligonucl eotide-directed nutagenesis,
Nucl . Acids Res. 14: 9679-9698
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(1986); Sayers et al., 5 '-3 ' Exonucleases in

phosphor ot hi oat e- based ol i gonucl eoti de-directed
woraoagessesi s, Nucl. Acids Res. 16:791-802 ( 198B(T/US2005/043603

Sayers et al., Strand specific cleavage of

phosphar.ot hj oat e-c action Wt

[179] 1 estiNiicdeir GRids H@Bﬂbggé‘gtlslgénaﬁett‘i’] Sa%%(gggﬂ?}’éleﬁ?t@f‘ﬁ?rﬁlcﬁmmons are
still suB%tQﬁﬂlaqﬁﬂ 1d(:&t?c8a§lf tIHE‘ %lg Jgﬁgﬁ&% Wiieh thkS: 61189&' &%Asubé%ﬁfﬁfy identical.

The g appr dach
This oaturgoagc| when deeazj]yr ef heahcirit aamdom wa‘@drusmg the, mdprghum codon
Acids Res. 12:. 9441-9456 (1984); Kranmer & Fritz
degenerfGy IR e SRS PEY construction of nutations via

gapped dupl ex DNA, Methods in Enzynol. 154:350-367
(1987) {mniaBlscQlendbs . | Mproved enzymatic in vitro
[180] " €aCk aéé;{élcf Nfe IARREEN ProViB%s PNACRRPLERACHhat Qomprises a unique

ol i gonu de-directed ‘construction of nutations,
subseqiicinde. 1n/hmud:&1cReGld sdlécted B0 the Q&BJ)enCS‘SrqftQt@JAéS and O-RSs disclosed

A_i_gonuycl eot i dedi rect ed constructi n of
hereing ooy PUBECBNCH FoGUBtR & STTRBER (o AZYIRS géid edirefbonding to
any kn?%c(t) HRNG &0M$ ﬁﬂbleﬂ‘d@i’d se(ﬁﬁa’n&?) Resnméstcak 98 pe@8Riked using, e.g.,
1988); Kramer et al ent base/ base m smat ches
BLAS?r st ¢o rd.eﬁmlteparwneuqrsdu Afg nefquecfubseueRRs ssussful; Be., as a probe to

di regq hr epal r syst emof E. coli,
1dent11{é§]it1q X‘%elg‘?@ gth(eﬁ%gﬁ?tl &rﬁ P8 et aI | mpr oved
ol i | eotide sitedirected nut |su
[181] VEC? %x@far]mu he ipuenglonpincludes. a p V(da_]@%Ss%mpnses a unique
qg% R slcb@8 ok BRldel erdls SPD@SM%@B%&%r@in Here,
subse I\/al még){torsse Met hods |annzym)I 154: 382-403
the mﬁ@%@bsecﬁ@ht@a{aunqde fas &okppaiddotof a pgg@eptﬁde corresponding to any of
ol |1 Gl eotides to generate | arge del etions, Nucl.
knownypq §5°q%NB115 (1986); Wells et al., Inportance

of hydraqgen-bond formatiop in stabi lZIn e .
[182] t r an$he i1BYE&I0H 1 @S PTNY qus et plpielc -EH:I qulﬂl hyppidizes under

strlngén(? @g?] difforisith a ﬁ’%ﬁ aé 3@&1ﬂg1§l§gﬁ9nucl|é@ﬁ@ @fucﬁten@édes a-liﬁﬁeiﬂe subsequence

eslis and oning of @ gene coding for the
ina pb]ybepsudel &E@daederpmomlelanueﬁcctsem&@ IQstawhnggﬂmaﬁm(eisJM%uence is

Sakmar _an Khorg\)fpls Tot al 5(%111 s (gfd‘P %ta?énro?ypeptldes ez,

unique a4yeraPFEd t4 APORPGAIdeCATFS
parent?legéﬁﬁl@ﬁceﬁ%r\ﬁhﬂ‘i‘ GYRRkhge-dTi tHé“ F&eﬁtr Riv6htbn were derived, e.g., by
sducin), Nucl. Acids Res. 14: 6361-6372 (1988);
mutatids).| Enigue abquenGassedaterninedaagarnded abovan ef fi ci ent
met hod for generation of nultiple nutations at defined
sites, Genee 34. 31518%31(1& R S&dhg{ﬁﬂ rdm gtr al . aI

(1831 " ot Dl (g Ry nPREF St NGATD - A e cpe! 3D more nuctee

acid o%%gﬁlpéétl& §ck@8Res, MeRAS &b or Qldrl QB4 Eheat d)rd@’o%cfu%ﬁéd@ dhat are the
doubl e-strand break repair in qEJI asm ds of Escherichia

same oohdve asmtﬂeddwf@ntagﬁ 08 a@y@:@cﬂ eesifives geRedpafidepflpg are the same,

SA 83; 7177- 8 8

when e Bl R 5 S AT AR N iedison pyindov, or

des1gr@@édnﬂe%1;bn| rhs@h&lsﬁl‘éh ﬂ@in@%ﬁe%f‘%ﬁ@se‘hﬁ%m(e]&ﬂ@ans&h etgeﬁthnﬁ described
tUre Biotechnology, 19:456-460 (2001) C.

belowa%tqth@fealgomhmwa@@e t@gorsons o guhiyary gkl i ’fheAaft) or by manual

Lori n, Nucleic Acids Res. 23, 3067-8
ahgm{aeféﬁg Vis}-l\%lcfﬁl gﬁé\ det ails on rrany of the above

th f d E I -
s T4, ki i sovausty poilRHEIT T B PRURR PEY Y nie acids or
polypbptRieh g@gsm\%d SEofing hh @TRNALR OLRIS| Btithe fzﬁ:ﬂlﬁkg@di@%cﬁlence of an O-
net ho [194] A igonucl eoti des,

RS) refigtsatfeines ps nfre SpEICpeasSETRUDFIGHERISH dﬁa’f féwg at Toast about 60%, about
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mutating libraries of tRNAsS or synthetases, or
altering tRNAs or RSs, are typically synthesized

W@ b@ioessht y according to the solid phase PCT/US2005/043603
phosphoranidite triester nmethod descri bed by Beaucage

and Car ut hers, rah dro etts 2 859- 1862
O%, LI 1%0 ©%G: abgrétl %A’a t%rdnqu]tré.}zlg?)tzl Or AMINo "acid residue

Stk P h b€ loRd edver AL o
S BT g o i
windo®s e ddasugialtqd @gion asmamrabummg:aneqmenw@trmmon slgaritham dor other

o G S SR oS5 e ST SHES 58 o i

1nspec?1gﬁ r c @)ch 98 Hs@Miallyl NefHd@Pt sOfRhEGARrRPSICABIMAdYIdered to be

genco. co EXpressGen Inc. (ww. expressgen. cony,
“homcﬂpgmsh Wittgd weﬁaganes thpetnal(akcestiyd 4 Substpntial jdentity may exist over a

196],, The inve 0 lso. relates.to _eukar
rogion e SeqeAcea At Ik BoAet HoLEgs PEIRgH,R sFgR P Bl It dbout
100 rdsRfued, g d Reg¥dry B b EAEtPMoat 180 réiduRE, sthdrak Uh@fulRdnRth of the two

acid via orthogonal tRNA/RS pairs. ‘Host cells are
sequenges bt beedhparedgi neered (including but not linmted to,
transforned, transduced or transfected) with the
[185] pol yRoic k@mbﬂcﬂbeeompaﬁsbn qnddwmlog'ynd@minatim tymealtyr e sequence

whi ch i nclude a nﬂﬁ ?Otl de of the
?S

acts aj ASRIEN S RRIUE o B Miepgyeing;  sequence

compa{rﬁ%n RISRRIRh, {8V & réf&end@"'ée@lﬁerﬁéﬁ aﬁempﬁtoﬁltcﬁé BRIpater,Bsubsequence
cloning vector or an expression vector. For exanple,

coordmra‘es camjrdnggnaégd oiff snebensatyh @nd rsequsgon algorifva progrem parameters are

demgralécidi nsg%lbetngé\lg‘oﬁéglﬁsg)glltaygqth nlgent cq?cugar‘ggs t%:( ?Itecgnps%ﬂuence identity
for th€ @43t E&fue@de@@rﬁﬁlaﬁvé b thedreerénd Qs%qlililﬂ@é HaBed O tikeddsighdted program
host cell he vector can be, for exanple, in the form
paramgfers pl asnmi d, a cosnid, a phage, a bacterium a virus,
a naked polynucleotlde or a conjugated
[186]po| yMaﬂhc&tst oﬂeahgmhentveﬁtsoqlsenaerseforncmmgu qrptloopal e those of

ontin Sk S A e it B L TR H o, conducted
eg., ﬁgsﬁl@%caﬁﬁ&ﬁo ?Sﬁ)gr)nthhﬂf)ﬁ@rﬂlﬂﬁ&bWa\téﬁ@Jn VR Quspl. Ma@m 2:482¢

vel ocity ball i c penetration by small particles

(1981, Foe'th@rbbmptpga@ﬂlénmmirﬁégowﬂmmfﬁ\heﬁkmrmt&| asrhokeatol Blol 48:443
(19705)&% g:%rtt?%%}éﬁ%qt%ég%qoé éﬁ%(ﬁr?%ce Lﬁgﬂ}ﬁl ri’r&aﬁilt I: Acad. Sci.

USA Seger4i4 WSS—)kW@omhﬂéﬁd&l Qﬁlplememcaﬂluﬁs nef rma eztlgonthms (GAP,
nucleic acids into cells are avail able, any of whic

BESTF&F, BASTAednt ik AaT Aninethe i Wisconsip Seenpiicsl B alreu%%ﬁgeof(}eneﬁcs
pigat S t | ..ptot t
Comptélge%t g%r{]l 5“37? sé | D\g:, eﬂglf@g(%%?gﬂtlf or Bg rrgjmel%is a?rémnent and visual
inspedifpmb &fedmest,, Aﬁ@lﬂmﬂ embect@inrenti Pbt&ddlﬁlznvbﬂﬂaukzr Biology (1995
(di scussed further bel ow), etc. Bacterial cells can
supplgfgeniffled to anplify the nunber of plasnids containing
DNA constructs of this invention, The bacteria are
[187]gr ow®necexanylpnhgn abgasithmahy s shitee dpn detprmigmg percent sequence

b
cea S Bk 0h BB BN 0 TR PR, which
are ddstiiBedainCA BRATEECHRI(19973Micl aaws R@@ r25t31389m410|2;‘ amlaAltsnhul etal, ].
of plasm ds from bacteria, EasyPrep(tm,
Mol. Bioki BeoorHy). CE9ON f%f?ﬂ"?iﬁafoﬁdlﬁr%’nB BLpSST ahalysds' is publicly
avaﬂ%ﬁea%é%%hetﬁﬁ Na@on%lr ?éﬂéél {2 Qe grﬁﬁ&? Q(Iﬁlfﬁ)o ef ﬁtorﬁé World

€ 1s0 and puri S are t
Widef Webhetr neEmbpulilaged t’ﬁhlpraigmmhrrx)iﬂmivepl fastiidentifying hlgh scoring
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used to transfect cells or incorporated into rel ated
vectors to infect organisns. Typical vectors contain

WO e@a®6ssdpt i on and transl ation term nators, PCT/US2005/043603
transcription and translation initiation sequences,

soan PO pRECTIRNED a5k Shos SHHAPLT B AT EERE §58h B, whicn
eitheraptich ra;alshtysfgz QofpE ipdsitigenalued tiessHods sdove) TeRBSLAIERd with a word of
| east one i ndependent term nator

the séﬁ%ﬁ%s”' Pnggat dgtabarceseapencsi t Filngelewpd i as thenneighhasleood word score
thresl'f(iﬁ(?] %jcl,ehrllﬂ '}6%?k§&dﬁ/r9? €S I{ % @flglkﬂééﬁq?ﬁood%vtopc? Elils act,as seeds for

e vectors) and

initiatsed saatdhen t(nﬁnck torgef HSPbebitajmigkehemot Tie word 16tskas Vitsnl éktended in
b Ilaﬁstems Vectors are sg%table for repllcatlon and/ or
oth ffections 3long ¢ashsegrencs Jopgs ém%uﬂ}ﬁo%gu ajgye phgnmentesgore can be

I 249 |
1ncrea@eét1 u?}glh{gﬁ%%g)e 75%«{6?@%&27 mﬁéte nel g fo’r BEQ’@Stté(fe' sgﬁ?er%re s, tﬂel? parameters
M (refvqud .sceugr fofr a ﬁéli)ofOﬂaith@g%Ea)iuesAmMMI > (Gaaridr Nokpenalty score for

B[e % ra) atal o ue f bacterl a and

mismgh g e s BEEET O o SBRGoH S oeBv deiagrs i wed
lculgde thB@uirhfatve Secdde.

cacuBacterlllophagee % %9§¥E%ﬁégﬁgﬂ§?&ghqgggng%jﬁ@ Eagﬂ%ﬁdedmn

the cuntidatiyeadgnmgdi scoontalls o&diycthp qoewty Sefomats qunmncacﬂgeved value;

d oth ts | bi ol d
By o T
sconrigrteéﬂﬂﬁé @ngﬁﬁen@é or (HOER) oﬁﬁﬁf"@éqﬂ 8fde 1E)|N;Qxc§&9 o BRIAITOAgorithm

Scientific Anmerican Books dition,
paramgtese WY i bl ang Xadstomin Siccseagitigity and smed ohidiel atigament. The BLASTN
T L R LN S —

(E) ofahg, an:utafﬁ/@ﬂ‘l(m‘, wes, Nemnahalaadzoxﬁpuﬂs&e@f bSHCEraA8s NG amino acid
M dl and.Certified Reagent “rjgany (Mdland, TX

sequenges; g leAS P PrREIMBUSes 3y drdaulisin werdength COWipf 3Tareexpectation (E)

of 10%&@%@%%%{7{6 862 many (& (§£an;:fgﬁgxff% ﬁ@k&?ﬁ‘l §98 Proc. Natl.

Acad.(Sghi B84089: ﬂ(DQIé\)ahglahblﬁs ¢B) bﬁeovm;iedtawld(eE)V\&m(a;tM—s N=-4, and a

expressgen. conj, echnologles I.nc,
Compﬁ}:?% a‘ﬁs '%Frﬁﬁifa She?g a*r%?élﬂaﬁglﬁ rieadly %&m@éwﬁh the "low

Compfégﬁybglté‘rqhﬁlg&gﬁ in conventl onal nutrient nedia
ed as appropriate for such act|V|t| es as, for

102285431 S B TR e e

performsl 4 Waﬁﬁtldahhmlysnﬁnﬁ g@mﬁnl@ﬁg;abetmsn t\% Requeds®f (gbe, e.g., Karlin &
for cell isolation and culture (e

f ren . g . 0.
Altsolyl B ; SPFBTESTR (). Adnagrsasuire of Similerity
prov1d:egs%°yll C'tﬁg%?_r e&ﬁ%lg 4 o%ﬂ t‘rﬁg gfen Iﬁtgéitgﬁlln ;&?lllﬁib%htyzi\PQ@')1 u\&élcﬁ provides an
1ndlca1ifon kofatmt pﬂwbablhfyebg rWhiSh(}l tnexdclt hetveden; tWBa)mﬁecﬁtdeabr am1no acid

%v$ﬂant CEh Ti ssue Cult%re in Liquid Syste
seque 8SFuRDYG %“061 OF SX@YPlg0? Ruc N“(aCléam%'PegC%tﬁered similar to
a refelpeﬂbé lséd&%nc(eeﬁ*%e) mﬁél%%@un? E%ﬂabﬂ:ﬁi/ ind 'céﬁgﬁgﬁkl/g)f%g 3t nucleic acid
| ture: Fundanent al ods Spti nger nual ,

to theSpfelrfmge muverd agd (Blesd thangDd‘eo Betegs thaw aoutk().0anok 18td than about
0001and Parks (eds.) The Handbook of M crobi ol ogi cal Mdia
7(1993) CRC Press, Boca Raton, FL. [199] The ability to

i ncorporate unnatural am no acids directly into

proteins in vivo offers a wide variety of advantages
including but not limted to high yields of nutant

proteins, technical ease, the potential to study the

nmut ant proteins in cells or possibly in |living
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organi sms and the use of these nutant proteins in

therapeutic treatnents and di agnostic uses. The
W@bio6068802 0 i ncl ude unnatural amino acids w t hPURUSII0S043603

sizes, acidities, nucleophilicities, hydrophobicities,

and ot her propert| e to pro an reatly expand

our abMuiagengsks ang{ytaeis 2y, LeC ¥
[189] nan.mmcéeomﬁ@ Imhiann o) of s enr?%nt Bt Hiopsed in the
imvent i 8 gt B L ORGP P R cauence

may bé Mﬁ%ﬁ&ﬁtl& ZﬁQihﬁaaﬂley ik dir groedmiutagendsisin. agnordanseaithgpuxentional
acid can be done for a variety of oses

methogyt A&’@gnqtlwﬁliyt dhe {ugzleqtlé]m sgﬂpque dRZA 88 I'?}ﬁlr?ﬂ, By %ﬁmmalp %ynthes1s
1ncludi§1§ aﬂ%t@& fgn haPabRghRbEBHdACkHithesizer, wherein

cleop ICI hydr gen ondi ng,  hydrophobicity,
oligonaeleitdes bird désygmﬂ basat eathe atrmmgemdssetqesr;cetcefrtgetiﬁm@dtmlweptlde

noj et |nclud|n but no I|mt dt rot
and pgﬁff,ra?%r sedgcd}nlggthg Icgflgbﬁ |%;e E)flp g Wo?lé ?}Pgt F'il which the
dcaghi PG Sxdn@flb, 0svetal Gehall oligonucleotid
recom&%éﬁfﬁbl?ﬁﬁgg%%ﬁﬁgl fr@dl fe, rroduldg??ng ti sasu att ongomneieotites
codingpforgiartdnsost the dgsueldmmympjudﬁm@byl et byjhesizeil\aad assembled by PCR,
trans ort nmodul at | :&gﬁtlss cel |

hgatlogﬁé(]:llg Q.Hcfh};u aﬁ}ogt H80 afaﬂ%,oelﬁlaét{’ro& N8 Acad. Sci. 88:189-193

(1991}, DY NRGERI60921 Y27 REH At iR@riirafe@dgeclerRBbehadse, etc.
Proteins that include an unnatural anmino acid can have

[190] enhafibisdnupentienariliens rqvémy tﬁ@ww@ dnyhe el ohrespmpaang genetics.
rties, -For ex I
L
MolecBfirdClontie, U Wabbritsyy Mexidl (3¢d ddi @DOSY; rKhiegleonGene Transfer and
structural properties, g@ctroscopl c 4Qr opertie
Expressieni chILabotey Idnered R8s apd frigpert i é’éOCOéYaf’hﬁ}{Ftl?céda’ Biology

ity,..h ife (including but not limted to,
(Ausu§% tﬁ’?h%s %P&Pé abi I|ty to react with other

[191] nonc lg?réh}ef({}d uﬁlag%ﬁlélg ecu&m?mlgg,pélc{e%lﬁl?cﬁ%l %pcthh&/e ]%rger and

KimmlelCGHRIeNS PloRlclaP T1biiak Td%ﬁhidldes ayietheas tin mvmnmumhme 152
amno acid are usef ul including but not limt

ed
Acadengic Rrgsﬁellnq héara&@gq,c(%A (&em?ﬁbsﬂairrggoolg st al- ,yMo,lecular Clonmg - A

Labore'(ljﬁn ZFPz : gi Q}L}%l ]gguﬁc: tErdI !at | l\?”ZXrﬁ?i S(tiolﬁl gﬂ{u{% lgc}sr)etgb%ra ory, Cold Spring

Harbdr "Sletd ok, D989 ((Fanibirsoke e dnd Guriene Pedtoays af MimatddrBiology, F.M.
structure 7 land functi on, See,

Ausulepg0d), edihn@ries IProtaele 240 éJe%%lIEFﬁ’%W %@E@Fe%@? %P%lﬁﬁlilmg Associates,
Inc. agcﬁ rJ#l%{ Wl?eya&g‘%gg 2@% ?fl?g%‘ﬂé'&?pr %g&' %3935 E ﬁbﬁg?@?ea These texts

describ8 mutagmbmj itingudewif vacibrs, prontcels tand neny lodzs telt‘ml,t tegics related to,
| east three, at |east four
o.2. thy goneaicngs cendsy P gEiep Edesithas Bde sgieefarDpons R brogpetion of
proteﬁ’lg tllla‘? AndudeSld) Ried Mifo UBRAZYE §a|unﬁ£ﬂ1fh‘l) aR@hdgoids ?h&thogonal tRNA’s,
tur a‘l1 am no acids can be the sane or different,
orthogcmal syditinegases) tand prird theieoéd to, there can be 1, 2, 3, 4,
5, 6, 7, 8, 9, or 10 or nore different sites in the
[192] PT Ot &V dticub @fpes oNpfutadendsis &e uled # ths inentidy {&; a Yariady of purposes,

or nore different unnat.ural no aci ds. tein
including dustnot dgsited i, toppgod P@/@PV@ thgtyses gr %ﬁ{{g% tﬁocmnga}'{e tRNA
molect%gé % ﬁ%cﬁ!{c@ Flﬁfﬁ%@g off RIS, EH BRIt RS mdidates! it ﬁ@dﬁ\éet braries of

atural amno acid.” For a given protein wth
synthem@fes, ttdn produce salentat Wwodbdnsartd nnseait selsgtort bedams rthetuerdode a selected

aming, a@ggg{aacx;)rg}sﬁlrf %p gpép? o :g(ll:%fb gf&%/f ﬁhﬁlﬂa &)591![ nel ug iited to site-

nore different types

--A-
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of unnatural am no acids, or can include two of the
sane unnatural amno acid). For a given protein with
wo00e/068%6n t wo unnatural am no aci ds, the unnaP@T/EE2005/043603
am no acids can be the sane, different or a
conbi pation of a nulti nnat ural .am no [ f .t.he
direotiorTandiih por e BeTHs s PoBRIbERY PP BHERs LA, Syflifg or other
recursfe! Hlutab&R2ls ﬁXthB&Q@Hﬁhé}Q: PSR, %utﬂ’é@n%ﬁ@ Rikin g%?racﬁf containing
interest wth at least one unnatural am no aci
templaess ar yhgcvmlctﬁehﬂe;-dlrpa’tcd ei mytagengsisl y ppipasplierothigdte-modified  DNA

typical ly include eukaryotic t-t | ati onal
mutagiglis PrdaoBes Hiioe SRl eIt S RS IR 3 R pppmbinaton thereof.
Add1t1'oﬁ§l| YeehAtmétReE! iUMRIcU Poiat UnRinatdh Répadsitlu@Behedls using repair-
| east one post-translational nodification that is nmade
deficigm mrslvsjratmgs aestudtimysstection and resmrémé -puidication, deletion mutagenesis,

sl at ion no i.on nat
mutaggpﬁksapxlg(}q ZE0g|S atlhﬁ%? dé);%gl%pﬁttrgnd bﬁeak rgg%lgﬁaglg B%,( (Jﬂ?l OMutagenesw
includidbihtl fettli@ied B likesISingi oherhéeted B@lshubts Nt alkd Mdieddtia, the present
ace;ﬂatlon acyl ation, |ipid- rmdlflcatlon
mventpm @;ap mhﬂdlmm pUfageReSEdeRn P uids dopkBewyn drfogration of the
Y& i d-1in fic
naturag c? g moie 51%%)& e{rjédaég @%ta?é?l %ﬁb%ﬁgf&é%l?xg{ng ?ﬁglgle, including
but noTihitddcial lsafﬂlencm; b&qiﬁﬁcepcfcﬁﬁmisws @hpsical gBspangesy becondary, tertiary,
precursors (including but not limted to, calcitonin
or quakIBEY SEYFture sTystal é‘ﬁ‘l“%“rﬁéﬁgler teat ed pepti de precursor,
preproparat hyroi d hornone, preproinsulin, proinsulin,

[193] pr epibe opkts radasranes fpunérléﬁf@pl @ﬁ?ﬁﬁlbm dasse toracesiiEest hddditional

iSRRI DL LR e L BB g L .

Approabhdshe el bnu@dg&ﬁkwldlg)vbkihevﬂ%ndl nm(theﬁh D64(2) 0157 178 (1997); Dale
organel | es, such as the endoplasmc retjculum

et al..CONigprusiRosidaiirg cled NENAQE | BWEEeNays v éhe 5@%&110%%@@% method,
Methd&stIQl‘E)ll1 oﬁfgl 7. 385'3951 O@?%t SSmlﬁ?Cf;lzo{zz%% n{)z%‘ enesis, Aﬂﬁ ORQ\h Genet.

the secretory fncertain e ment s,
19:42p462 e{l.l%i)pofst@Ie& ghader &iaregicotnd applidaziats Oﬁzn vztro mutage,zeszs

Sciengeag 354 T6sFIP LU BN} crariehe St K ecod kst lisctam. £ 237:1-7
(1986221@\%%1 hePe 51?7%«:?6 dé ofuEM de"éh;tegteﬁ rﬁz?tb?&{e%g ANRQeic Acids &

at a s sition are also a Teature of the
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effi Cleﬂéﬁtﬂ geey aéﬂﬁ?ﬁ?@é’ sifanhaeredictign phroireseidonsin gny DNA fragment,
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incorporated into a protein. Patent applications USSN
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nore sel ector codon for the incorporation of a
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d n e t
Yl GaBOETI AL 4"y hofBke sERUERLgr SOISE ROty it
synthe®izpd ottenficdllyatacédrdingdes the swelidc pkaie aphospharamiliteo rigestarn method

h [ h
i T D AT B o o s
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(198 5perimrfctensi oy Vlgalaf@a@@, heghavelpeity balkigicepeneationclypsmple paticles with
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eukalrg()ﬁgﬁgJ g&l 8]{.9'1{81[}096]‘8 %I‘r SJO% eﬁtﬁhﬁﬁ’xﬁ# Eblup'trﬁg ﬁéﬁge&‘ g@ aEMtﬁ'é vectors) and
selectionf ﬂn@ﬁk@ﬁpﬂﬁ'ﬁ)ﬁtﬂl;ﬂbﬂtaﬁﬁﬁlohm& ehl%ytotnm Systg0s. at\éﬁﬂttomtaoe suitable for
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Hendri ckson, . R Horton and D M Lenaster,
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Am Chem Soc , 122:1282 (2000); and, K L. Kiick and

D. A Tirrell, Tetrahedron, 56:9487 (2000); U. S.
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protein nyitln eeore tharb we enttueal aniae $oidsy tecinmatayg. amino acids can be the

1(3):151- 157 (.1987) .. and,. . S nay per : -
same, giffreAor o Guifdfi o Ml GERA fbo peff S o king with
least diRRtiffélentimasedlamitokal. Synt hesi s of Ribonucl ease A

wi th Unnatural Catalytic Residues, Science_ , 266(51
[202]83) : Byzpreduaing protems]| orchelpepiidesrodiinictest Moth palsatferitp vnnatural

. u to j . | .al i N A .
anin 50 RFEET ALY pHOR il ikl NS s
post-tratsatiphidtabdisicationd) t Ino cerfige entbodimengre protéinRncludes at least one

Schultz, P.G_  Generation of a hyb{i d .sequence- specj f.i c,
unnatyrahginmosicikided 1epsbass pasbHaelaienel megifigpgen that is made in Vivo by a

T

For examypitemtthe petiahsletidry mdtificatidevinsiudesemcludidg 365 -ndg9bmited to,
(1985); Kaiser, E.T., wr ence, D, S eni cal tation ...
acety iy EOTve GPKEBOTE e PRUBMIRR | SoSIEHRe  ddition
: ipilhs Naekfi A8 R o). Fad tRE ARE! tn th
hosphifon, BEEblpif inkas BRI AiGLIAN 22%(134) G305 Baor T anoer
aspect, 1888 postRoinglation Limodifichion Beeludss. potemdwie mrgeassing of precursors

: ont.ai ni a nt het.j cal ly forne ct.ive site. .
Gnelufiag dob el SR ep et g sgn ¥EnSiaieq papge, precursor
prepréftfath{iold aRérmond; . pRpkANANB, froirsalin t Brepfd-épiomelanocortin, pro-

I'nt roducti on of nucl eophiles and s.ectrpscoPLc pr obes
opionielanscentini wskijhe: Bt rssenbiy tivle, a SpylEshamit protein or macromolecular

2(,4881).: 1038-1040 .(1988) . i i | i
sssenfinfigh BHeR 1 g ey etk o3 ol PR AMALER, Y prgancics
such #4186 efdopldaueatdtiotlugd, @vd delgdaptrritas, yneduche lysdspprpipetiexisomes,

_sequences (e.%., conprising selected am no acids )
mitochendyia, ohivienlasial vasHplss elei dg)thwgh the secretory pathway). In certain

embodiments, the protein comprises a secretion or localization sequence, an epitope tag, a

FLAG tag, a polyhistidine tag, a GST fusion, or the like.
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the case of proteins synthesized in the translation
systens herein, or, e.g., in the case of the novel

W@ ymbloessases, novel sequences of standard am nPCHUBISH/043603
t he pol ypepti des al so provide new structural features

o 200 B SRR 5o i RRSLTSLER) g it

finddAgoRr F&ea; mp Y, @théasd n%ﬁld 3
posii =09, RBUNATLLflesofin 0BT ESCBlniRj el pafuces govin

in an :q:pmmalt@meélum dhd el unrleranifhetChé Cpmege@sta nml@mac@rthat’mmpnses at
ant i " as, used herei

least opg PR torod HIPRUE P AL ELDErARET ATy Tt i gecs where

the ce'll”ﬁh‘@l‘éﬂ le ?hbé’& QR NG HIgohAMIRNDA | @Mﬂ%ﬂ%%ﬂct@hs in the cell and
fragments thereof which sEem fically bind and

recogmizaesdyniszlectan cachm ya(né @i orthggaiipl amxmﬁlp}’le‘@‘ifh shuidetase (O-RS) that
prefergrﬁ{a]){lgoagﬁ%glgé B%ﬁg@" hhﬁﬁéﬁgﬁ fasnlnrﬁ gid h%ypmally, the O-

tRNAI e @&i‘}ﬂrés@ﬁm dofeltydh Peesbade 6 2QOBMIS sﬁﬁﬁetﬁgeaﬁlnﬁ@p@se to a

produced by an expression library, 78including phage
Select@‘i oofpay A mp@lmprgéuqed&ydh@dnqthpd Balsoe feptuzmef the pserd gnvention.
used herein. See, e.g., Paul, Fundamental | nmmunol ogy,
[204] 4t h Eﬂe ,cobg@8itioRa e her ersentNewengntk and o¢ormms1tm®s|ymade by the

ure and.ter noI 217 For .ex
metho AribF GRSt I GFRLORSE NI At 1) RocoHadd Mot PITOVRGRS pairs or
1nd1v1$1ﬁ}16§m§81§’én@§ o8 pRkert iy Rfi6S €4 thef ¥E NEddOR alH¥BL system’s translation

specifically bind to or that are specifically
machinemyurdrielacesuls W rhsdectethtaniorlyacit, aab i worargepwing epid, being

1ncorp§gagﬁcg}s{%%anp#8 et ﬁgtﬁlgkt gg%‘%ozll ﬁg%%ﬂl@ygﬁ%@chﬂlt eﬁ “Expanding the

Eukarleie (Raues Cddeg add i1bady,9ar, antitlaier B iWsIVa tINmRE@RATION OF
With avail abl e pr ot ei n, such as the wld-ty

UNNMUW&ptAM@\IOeA@DSt éesceibathi| proseﬂsw@p@xed gscorn%?% herein by
e p i

refere}lc Vﬁ"or € dQﬁﬂﬁer:ngvggl? agl @Le nuciﬁ L.lg CL@ dﬂ%hﬁégge@gé d, & h8st, e.g.,

Escheﬁz@ﬂza@&dﬂfe@falraédds b@thd ianMivesiacarpstabion at Ed:lecrtecbampmm such as an

[218].1n one typical format, .the | npassay_uses.a . .
unnatyys] yRinerigid: &% iaeniieiaamer Rl sieh ?@e@@a‘fﬁgf fﬁﬁl@lns @mino acid,
e [ b hegr
wic{RGEOPUYBRELAT Sl o OSB3 DRRTR Ao o

select@ﬂ‘ adotie dpptichally sthe cofnppsitient bhthepgubsepe ptviedigon parubo geas in vitro

derived fromthe rotejmng e collectively referred to
translgfiangiysigal, of HeD B GE 65poI ypepti des. " The resul ting

antisera is optionally selected to have | o

[205] ¢ r o5 SAnpyepiOtain Py Pﬁ’é’&pn@?ref’ﬂethé"o ctgles éy?ﬁl?f-'é?daé@mo acid, e.g.,
unnat&%%?r y | ﬁgﬁﬁog@%’oé%&?()ﬁ&lﬁ%%o 1?12%121'0%&& ér(%é: %femﬁc%('tncludes one

or moﬁ:@ @dlécﬂbr dvaions)ogu de, prpdiced usinguhe cahposigorsaindahahads herein. Any
antjserumin_the inmunoas 1 rder to.
polypRRREis e MRS G ReTBIASo) et R AFing A g, No attempt is
made %’fcﬁpﬁfg/ Q%%M@%Bh&n@@bmﬂ AekeihsS aﬁ’}‘ eewaRH BR8e modified
as descri bed herein. For exanpl €, reconbinant
to 1nqjudn ehe ot amotze uprabarak eching agidy ecnby ranoringebhy aailable mutation
et STl SRR P R B P ER St sytem.
ComiH&H %du@nde%ﬁ&éﬁoﬁe@ffortl&%wm $i8eidsSink 1Ay HeABENMEMBIL TBDBY and the

I mmunogeni ¢ protein(s) in conbination with a st andar d
NCBI. Other repositories can easily be identified by searching the internet.
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adj uvant, such as Freund's adjuvant, and a standard

nmouse i mmuni zati on protocol {see, e.g., Harlow and
wQ.2006/0688088) Anti bodi es, A Laboratory Manual CTIUS2005/043603

Spring Har bor Publications NEMIYork, for a standard

desc f ant.i bod , | noassa 0
[2061f or naoBiealls BoRNERBAL, eRartt Aht Do TG d Ol plleats o at least
80%, Sdp %htf (R BMLARIBBE tdr et idhst DR Ur ASE fabﬁmi td 84 PERMEBI protein
di scussi on of anti bodies is also found heré€in and

(e-g., aalnﬁrquuap ptotad hdragnos:olcqmbuem, ag inghisiyiab puzyiess opportion thereof, and
t t Al t t ]
T IR R A STRT IO R T M —

diagnS&RY 8AE Bthefl bﬁﬁélﬁ§ fht BRE Bé Mddsfiddom] deadirRE on@ o ¥k kéledted amino
protein and used as an i mmunogen. 79[221] Pol ycl onal

acid, veg-aamriangorileanvg acid cin oe ua@,abntsnot 1teifintsmdlg@ﬁii w USSN

B R ohe TSR GHRTDLS, 2558l potaion

SerialP NeinfjeP S1 0/ TOEIT 7, ieﬂﬁﬂe@n‘lﬁ yovod IN(ID]MT(DRATIIDNCDFHHNNATURAL
antisera with a titer of 106 or greater are sel ected,

AMINQANe®Snd subtracted with the control synthetase
pol ypeptides to produce subtracted pooled titered
[207]pol y dh gerédin ambodianents, flraapteither palipapiide el interostddr portion thereof)

clonal..anti a are tested for c
in tng 5 B ok G et e BR dr SR bR B bEEreRigT By  mucte acia.
TypiceRYRAE ALd1¥E abilBoRGRESAM: ledshohdéctectidabRl 4t YRsPs®ARElector codons,
discrininatory bi ndi ng conditions are det er m ned for

at 1636111@1@;&?1605&0@60{13, tablesgt Por yeleganrodans steleast ifiecyglector codons, at
least %1% i%é'leétofé od%% a‘ﬁl %Q/Qﬁ'gel?ct? %{)I‘l%) ea? IGG%lstggg{t s e%?l:o&o?ls at least
nine s@[&io%@b@orisptehloemmmag@rmdom otein as conpared to

binding to the control synthetase honpl ogues. That is,

[208]t he stdpkd G&Hfig fof pktb@nsbbxﬁ?dl?ﬂeﬁtﬁ%hf Rftere& @ﬁlﬂ&hﬁl@g@ﬁzed using

he addition non-specific conpetitors such as
methodsbmﬂ knayn tmnmf af sk:iHyn il ziaft aladi dessribby hai@}m@mden Vv genesis and

t t the ik
oot iRfichls? Eaviart o are e dhh Y sbeaht, Shmold §85aor ggaon for the
incorflah@s1d M ffectdiPihRb a3id, et aﬁQinM@l@ﬂil lagind aci@OFyPeRiiplke a nucleic
eing conpared to the innunogenic pol ypepti des and
acid fopa PEXRIROd [intexssl/is aptpgrmiged jte Inghide) quecmpgre [selgpiar Egﬁionhnrowdmg
for th% %e?ﬂor? HP {I{e (ﬁ{ e(glr %%é’n %éé%gid %Iﬁlﬂltol fcﬁ&sa © W u&ﬂ ammo acid. The

1nventibm G orglek Qlint;r&hclalveﬂaiﬁ eﬁigf, tn{uta‘iﬁl eations o6 bny ptc&&h e.g., including at
ypeptide, For _ex as. noted, crqQss-reacting

least am ﬁ%@faicbémgi%acil%né%iiarise &hs tIiYén%b plegy mipdes gpgresponding nucleic

ac1ds,n1.§.g léflg Iﬁﬁldo’%ﬁo@ﬁﬁ QYfat 6roﬂlo¥14 Eaeotgle 08&’ ?}S%lt encodes one or more
pol ypept | The | mMmunogeni ¢ pol ypepti de are

selectednamimd aciéd to a solid support which is exposed to the
subtracted pool ed antisera. Test proteins are added to

[209]t he aSsmykd Ppracpelf ifduddiadleogdtanihbacidpehecin use host cells and
subtracted antisera. The ability of the test

orgarib%i thah @9 adapteddgfethe Mo¥ive| MeprRgratient ¢fethgowsiestpd amino acid via
orthog eﬁ\{@%&@%ﬁ?” glrogg ct%fg ee%ghq?a?@’eo}flg%éd (E.%.C,I transformed,

transduved 06 gansfectpd) Wﬂhﬂinledﬁ(rﬁdre%d&ﬂk that ekeresssthayorthogonal tRNA, the
conpete for binding (the i munogenic pol ypeptides .
orthogo% MAeﬂrYfl@eiaiSwna A aCHPr A CPERASH G BIoEFT iﬁ%ga’evﬁi%ed- Each of

thesepéo Btk 468 dePbn RhOLAAE Veltok hﬁregﬁﬁ’il & B80S LB aratd RRctor, two

ent cross-reactivity for
components can be on one vector and the third component on a second vector. The vector can
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proteins is calcul ated, using standard cal cul ati ons.

[224] In a parallel assay, the ability of the contro
wWQr@bo68882t 0 conpete for binding to the pool edPCT/US2005/043603

subtracted antisera is optionally deternined as

conpared, to the ahility .of the en
be, fopSr g e $910% B EBSELE 3 EFTBRnBPRGER 8 WEFETAR Ao, a naked
polymﬁgf’dtf&e 6@0&?&@%&?0@%&%@9 ivity for the control

ypeptides i s cal cul ated, using standard
__ﬁiﬁggéiﬁgb¥%gig§V%ere the percent cross-reactivity is at
hi gh for the test polypeptides as
red -t troI t| es and o £ 1
12101 0P BT e BB oo SR e Bpyds into

proteihd) 11t1 hRntROGRbiAAntt Rést el AfitaRbnizb® HoBMUBIRIERH & cell-free systems.
pol ypepti des, the test polypeptldes are said to

Derivafiratipti o€ aminp zmldethh eeastbe sideshaing gechess Tays Cysend Tyr resulted in

the ¢ m/err%\g? a° g:leB% ‘E?S Icr?@glf%solﬁ,g :?IC?ll%gn@agd rﬁ%ﬁes‘i?s also provides a

straightfofRRBERE0IAS iAQEpshkethnaRi#l dnihe acidspaVh aly rdceftdevelopment
pol ypeptide to the i munogeni c and/ or control

of enzgvm&;&p digetiereqush native chergiep! HgstipnREpemids fagmsats Ydnpossipde to make
laxger fRY e§ée e. g{M th aﬁgwg&p%r{cp b ROy q@&'& gﬁﬁu %gv. q??il S&Gm, 69:923

Ssayed at”’ a e range o concentrati
(2000aMOhBhical paaikie lpatiypend nditve eguiica dlgtatlom ate ddstrilVndf.S. Patent

e, T LBt PR oEAS, 55, Sl Ficsion o
2003/?%%8%9181 BRY 97093905 MA@ daps ¥ ? uﬁrfﬁcgl dre 1ﬂ&)r?§]§gféﬁtb}p§eference

test polypeptide require ing in
hereirc ofpgendralvm aﬂmablosmth@tmsnmﬂmd m\/\whi@htzheumrwnt tRINAt bleemically

sl TRIEHEDLE PO ESBELGe A1 15 L6 . L e o
suppoititid PRAYINISBSFARAE t1as then | (U NBIGRL HeBIFRARY Ancorporate over 100

provided the anounf s at |east about 5-10«< as high as
unnatfil ativeo @oids rinfo poda;aptepof poteifl 26]vigealynamd dthil obegl eg., V. W.

oS5 ARy SR 1P15 56l fL 8 s s,

C.J. N’&JeMPSHt IAGeH{ oy~ 1A, her. Ct Gaitfifhh @.GO st:mtz DD'gViE@‘BI WRERY for site-
until little or no binding of the resultln

specifiavimgonpgeniion plorygspel @F@l@mcﬁa@ﬂeﬁrofé@m,eﬁm 2461182188 (1989);

and, ]t Qﬁ%ﬁg‘?g r&g%ﬁ abe; |Tg‘/gljﬁe5§‘é%f gﬁﬁaﬁ%ﬁ%ﬁgdﬁ@npﬁﬁs Bzowntlzetzg s ée—speczf c

zncorﬁd)ﬁtz&ﬁbﬁa ndninBRMal @Fin® Gicidmid & pobipypride, 1 Ath. Chemt 88¢. 111:8013-
eptide. If little or no reactivity iIs qbserved
8014 ((ﬂ9ép ALt dangsapf Huactipral STORS haspbegy; mirodygedyinto proteins for
y §
studleg %??go\ér o {aghitff éﬂgf%ﬁr%frc])gcgré% F%Z po% %/1%:@% Qeﬁ‘lﬁ %‘?{% trﬁnsductlon
[211]t est Aol peptmeihod steaped iséleaaiel pretmrm dlcbypolrettmnamals steveloped to
elicited by .the,i eni rotel [ 227 di.ti onal
exploffeths; P@HB?P“HVO?% rrgiu %tﬁyﬁ Gtas i fe%‘ a1N égﬂéls%a péinks, S
/1%% 6 R trh

AlefeEgEar yot i g%né?l 2 M&Mértfggg{/ OSSQI%(ISI]EQié%%‘l 3 41 (1999) An

auxotypiid bmmcm@ﬁemmmhowwpmm @&plymg she ce11 with a

particg&l:I t%a’élgq Saimm%%rsléugé%ltgqueﬂéf elgl%‘f(’%i" ﬁltni% r}ne@éa containing limited

conceA A6 R18ES ﬁaﬁ?&ﬂ 'ah{n“?&i acidl %ﬁé '?raﬂic?@ﬁ%n of WY &lyet Sene is repressed.

i ncorporat ed by reference.
At the onset of a stationary growth phase, the natural amino acid is depleted and replaced

A =
.P X Ved

with the unnatural amino acid analog. Induction of expression of the recombinant protein
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[228] Kits are also a feature of the present
i nvention. For exanple, a kit for producing a protein
WO b@b/06830pr i ses at | east one sel ected am no acPdl/Us2095/043603
an unnatural amno acid, in a ceII is provided, where
the kit includes, a contalner cont ai ni n

results BITyARSPEBIAEE LS QIBRELCTIABREIE RPN ICHge, Falfpmple: using
this sﬁe@ﬁ? I é@o?/fﬁﬁro%h%gléﬂﬂﬁiﬁése ahvd %eeQI? ?ﬂé%ﬂfo?atﬁdﬂ %‘l?' P@teins, and

I'n one enbodi nment
exhibif td bleradtaddticckhsulderslindise Uskbmectrant whichean becasilyhidentified, see,

es. (f”aoflph]%; fﬂ’g{% ‘?"antMBfP er ‘é'& olghgu‘ddes Al ﬁi_g”ﬁ_eta;ﬁyg 'ﬁ&t% (2000);

trifluofofhs %fun‘é e usbd Eéﬁide%@ﬂhld%ﬂieefrﬂ Eéo%eﬁdﬁhage T4 lysozyme to
pro u0|ng e protein. [229] An addifional exanple Is

study s kitéraétion with@hbitoeligosaceharidsi ligandaby ¢ dhdiMR eweae.g) dadduewel, E.

Do SR ISHASSS . PR S BT, o v s

been thaHhHIRA iR pEREbAIIEIeCRAIENS iMBicfabéd HiBied] 288 cBemical stability of
sequence encodl ng an O tRNA, and/or an O tRNA, _and/ or

a leucmefmmm poiteint e eoqVeens.dhcohirlagdaVoARBetkanh) Nakasga, W. F.

DeGraggl @f’]t L)g ‘ggn%%q‘go&% 'fgne%r.]tg;h tg;gh.el Inlf. ‘Edfl %&%E%Q'ﬂ?{ggma Moreover,

selenohf*elibAias aad telliroMathydradice gret ikbérpofatddnigitd Mydmisi reombinant proteins
anot her enbodi nent, the kit further caonprises

to facﬂltm thmohﬁwal ofmaﬁ@rs it XsTay SFySHLINgTRRNN g Sehe-Hr OF- &t -flendrickson, J.
R. Horto [l\gggla I@‘gﬁ?\’\.’l in? 1%?5"'@{9% 3r e, dd&l e £ &vinski, M

rat hed i nventi on.
Kunkl@flE D)fO@dﬁllB Mlhp,rled@gmdzana Maﬁiataday Noft. Stouwt.dBiot.j £:aB3 (1994);

paraneters that may be alter departi m
N. Buda, & opeipss Pt ReTEhge.red B PIFR? Lhﬁéimﬁ’é a'R HuBS, Bur. 1
- FRREsa S her, A. H L.
aiocff SPRESE, ORI CITE 25 A BRR MG Afenm

Prade STr NeuseinflpL.. Mﬂmitt(ta(aydl Rt Rhes \iniMidt Beds 250%16<1997). Methionine

araacetyl phen t ded
analo fop R0 e et A e g b PSR gieny,

allow%g fi p&icﬁtﬂr&?ﬂodﬁf@ﬂﬁbx?%ﬁﬁﬁ%n@ssﬁy &?éﬂﬁc:ﬁlrrﬁéﬁns See, e. J C. van Hest

anococcous | anneschii in tthe pBK pl asm d.

[ 232]
and DTAe Taedlp FEBRSLait. AISE (é 0% J. pﬁef’@n Hest, hLckiigloard Bt AgTirrell, J.

M%{Z%Q%«é%? ”%ﬁﬁqlg? ?s ﬂprrcre‘l‘ieleu;agg op, 56:9487

2000% .9 Palho Nd6,886207,00%.ab@dnt PubliélionPRE02/0042097, which are
Selection cell Iine (éeneHog with positive selection

incorporatedrbyl refpREFY herpig. plated on m nimal nedia plates

[212] g%\&mpé%s 8§ rﬁlglg 8116 gl% tghgéc I8Ig 't%e; Fgggnﬁigﬁ of the unnatural amino
acid apBRBY b3l zﬁiﬁhﬁﬁ:yﬂ-ﬂﬁﬁ)& sﬁiﬁ&te@b@tvﬁﬁch}ﬁh%enmu hradluiﬂa laiigh 3ZREvity to
for about 40 hours at_ which point the [1s we

insurenthe ideliseobrotein éren%tlorrrh@nwy\&%xg%dr SERPEL this method is to

relax p%uer QtragL ?%ec?ﬁ&ﬁa(?‘; PFE%@%%%&%&S%%M%%# @khieved in a

limite@hiugn N Vaasest hBor e;tﬁqﬂe oppluataehti oft Alaf R byn€tyain Escherichia coli

selection cel] lin h nega e sel.ec
phenyalarylitBNSB Awtb%taﬁev@ﬂif?gg) mcmé%seﬁlﬁr ?%FL\PIP&H?@ %fﬁleg pocket, and
result® krﬁh%%c?lﬁtlbl?of tRNAPhe by p-Cl-phenylalanine (p-Cl-Phe). See, M. Ibba, P. Kast

and H. Hennecke, Biochemistry, 33:7107 (1994). An Escherichia coli strain harboring this
mutant PheRS allows the incorporation of p-Cl-phenylalanine or p-Br-phenylalanine in place

of phenylalanine. See, e.g., M. Ibba and H. Hennecke, FEBS Lett., 364:272 (1995); and, N.

76



82pl ates with appropriate antibiotic w thout the
non-natural ly encoded am no acid (pAF). After about 17
whowesesshese cells were harvested by scrapi ng PemUS1965/043603
pl asmi d DNA was purified using the Q agen Mni-Prep
procedure_and agar.os el purificati ] The . .
Sharma, RsBetant- Kastidd B ng’rr’é’@t FERS LSt ‘g@nﬁ Eztﬁ%h'zgwlﬂﬂﬁ'ea pomnt
i ihOReI@binAMhg Bk bf MhcnhNE ShliNGrosyl-tRNA
muta“?nﬁ%@%@?’?%é@% Ain® Reidbindthe MELY Ml round L frosyHR]
synthetst &ab ishown se@nllaw adatiyrdsineris baenm@rpaated afiore lefficiently than tyrosine.

transfo posjtive _sel.ectjon S ' re t
S F R RAFHED) T HS SoGai ARG M1 Al et b KRR ke D
Sollaﬂ§.l§%ghiﬁﬂﬁia,g’f B, Cherd, 995:463J4 (bemk overnight. This
ock was then replica plated on mninmal nedia plates
[213] wi t hAuathyi sitptegyntoeintorporatmennaturalhashioe seplsdnioqubte{tisha vivo 1s to
..positive selection anti.biatic ith and without
moditfpiSteS ool e AgARIiaE | RS a0 stk < ygphetases  cannot

discrirBmaitt dhdtheRfOE: activBte PIndih6 cii8 tBatVirs ahibivirt9NRAMiee td the cognate
determ ne which col onies grew on the hi ghest

naturat liono aasjsisenildus etonde neortseied nath at seppidta site,gbighofeacylates the

. re oorly.i.n the ne fi.: - r .
s 4 EL R ut 1 SRS Sl e OO ppaon. 170
proofre4dih® hétdies £ tHe SikheRi¢e i diFabled, TiieuchiNAl magodssthhtadre dnisactivated

fromthe cultures by Mni-Prep and agarose

I
may epp fthecediting fenvtionspd bs degespriaigd: [TmTPm?%qfaﬁ ibgen demonstrated
recentgre !W?t?lt h3 mcgl@[et%gg@gﬁgé) &‘g?lg\gg J eSgeo ok dDBHng',aM? I?Jé {Mg{*h%, L. A

mno aci ubjetted to Turt
Nangleh@r ac Fgnidzisksonn V. aded Ereeysliagerd, fRe Sdhiteiniel yndit Marliere, Science,

M S T Ry p—
(Abu)> HIERE %?ﬁéo%?{ﬁtev‘ﬁﬁﬁoﬁaggcfsoﬁrg%qb&ﬂuéﬁ%éc{}@fyz&@ ®y the editing domain.

hon- nat ur y enco am no acid pAF was i ncorporate
After ramidomamptdgypesi bfithe Brodetidiga cel whtemosene, vi mutahi Zsdhetighia coli

s 555 s R Sy P R A s i e
ValRS.O PQ%H%@I %Ié@%étﬁtﬁAwaﬂ‘ Ey§ eBkSaude NHuEWALLY PesRbidR Cys (—SH

4, Ich point”1.5 nL aliquots were taken ]
groupad Gyses ireplecsdi with pOIHH i Abw), theemuiaht YaRSalso éprlorportas dbu into

two flasks., 1 AF was added to one split _and b
protei Pl Bt apT SOTRAL AT a1 BP0 Woia oA of Abu. Mass
spectr@fn@iMclanabRissHowst taesbout 24%Pdialines erel replc&IIbMAI £ .ed6h valine
L- Arabi nose and grown 4.5 hours and the OD600 was

positipreinghelaativelprgtem. al i quots were then taken of the +/ -

pAF |l asks for - '
[214] al i q§8ﬁ§"p§?§ree FWE@%SF@% S%H‘g”lﬁ(ﬁﬁ{eﬁ%/ib@@% yﬁg% #tisr%l F%%Vg%l for the
synthédis &0 a0REnkG Oproléngricontaiting aop| dsinot dvddsc elFos exdhple, see the
cells were then suspended in proportional B?‘gf?ﬁ{ i ad .
follovppg trablcations £ Tsierrress <Hed (HBER, Whidy 81) 2% sg Crick, F.H.C.,
el aty Oat Bej t ' f . o
mafEl Yt 2 VLS SHRER OPPal A 1 Y8k DSy v
Natur20199: RR7e5232T{06s gl fasmmeKe, Bolen K oftilive bmpolypeptides. XXXVI.

reduci ng agent_ and | oadi ng dye gnd_ run on a 4-12% Bi s-
The e]ﬁ"mtg)fg@%aqo —nga@gef f‘@?dqe@%ﬂ@%p;ﬁ%us—glgtezs‘m@n&%tfn&%%ency of an §-
; ' Ry iCh! k©2):5914-381 9 19HE LKA 1B aERRLAY ;
pepn%%‘%?gegg’iry' o 9\§?€2$?129+/ gr§)1pA ba)(r?]ds wer e co)?rﬁar eddp‘gmac e
to biélagic&lmaéﬁ@eﬁéprzylewﬁm@@‘Minpﬁﬁeluawg dRezmer, rAsssuCheri Res, 22:47-54
(19895;&%%2&81&(%} JTSnSaggki,p %E’Kgge% }Ehle };-ep?zﬁe': sggggnt%%pﬁggngﬁaﬁged by the

semisynthetic enzyme thiosubtilisin, ] Am Chem Soc, 109:3808-3810 (1987); Schnolzer, M.,
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the previously selected pAF-t RNA RS. [238] To check

for the processivity of the RSs the sane procedure was
w@eoobosssezl with a plasm d containing CH6 S4anPCT/US2005/043603

nmyogl obi n (S4am Myo). The SAan1Nyo was then purified

C and sent for  protei uenC| n det er m ne
Kent, tSﬁ%HN%Wf“Céfﬂgﬁﬁ@eﬁ"ﬁ Eudgsiaing fw%ﬁﬁépm@ P RRAckbonE-

engin&red ?ﬁ?zﬁbzfebfed sk1eR8 t14¥6 (gﬂkzgﬁ Q@f‘ (PSW? S@Ha{ﬂ?&{ aNe. §&ERdynthetic
was T 0ou to | mr at fici ent y, W th greater

peptideh and 9bdteins f CRCeCiglyRov Elcmhgmpdﬂ@t)l%ﬁ -36f (p¥H)} Offord, R.E. Protein

eninSE5 St et PR eSS P S Y B B, D

Burni&O TP @jubR 9C PR ehkly Mamds, 9N V@elﬁDﬁAPﬁqﬁeﬁ e% Pegi‘zﬁlgl,zgfse for Total

nucl eot i de’ sequénce’ for E9 is shown in
Synthewsd of Rebamileaseadi withetwertee! ofatelytic Rastivan SHeRBO266(5183):243
(199420_ . [240] An additional nutant with simlar
ctivity to E9 was identified, and has the am no acid

[215] SequeneRicah ayudifidhtioh Pak Dbl usdd to ExsaHce alvaridtiROA unnatural side
Mut agenesi s [241] Three nutants were generated of tRNA

chaing) inctudimg eofaptarss @pqméhlaeés afd ofiganuelppdeplint proteisin Vago. See, e.g.,

Corey 080688455 SO sEbtisioes o Tt Y35 80g5eRe suste-sranded

deoxy®iBEhldRANE) Sdiehidé, 2334832 4R PLOT 198, KQiiSeﬁl ENos Lawrence D.S.,
10/126 931 and . 10/126 927, respectivel bot h of
Rokitgyj- Bl Tegr ehemiqsd medifieatian ﬁ{/e%mé%meél ﬂéeﬁa&mgmﬂ :565-

s (R 12 ORI 78 R T B3 Bl i
226(46BA)e50geSTar 1984);t Nept, OKLE: ¢ Niiics - Riosltlndya®eE.p&voperties of thiol-
oGS gk, 058 BV T Goat o M 200055 s

enzy;ﬁ@ego%t&gz‘?tge&i sjz;ngtzc%@??o iR oD si®). 1 €I RuBHIBET 49 Am Chem Soc,
pl asm e

onpt1 si ng pol ynucl eoti de sequence

88:31@3143(1)514 nd96d)e aemd] Modeyk, SRI\IANWHBI d3e SEQJI‘(ZSEQEI Onii@duction of
nd t nucleotld uence odi n uman

mclegight n HEr HBRLICHEES PR an i G 6o  GTHELF: (¥ipbn Science

242(4§§§q(j3@ m%dl@g The expression of hGH vvas under the
coritrol of the T7 prompter. [243] Two fragnents were

gener ag% %L&E ﬁ%éhﬁmgﬁﬂnﬁ%f#&ﬁ’“ﬁg' rst fragnment was
obt ai guence of the

[216]f or Wﬁe a itﬁerpo ?p%%t & 4FNRL %%e%eﬁaﬁ@el%or} ??ovtnli'g G¢ variety of new

mut a

polyp AT (B ST AGETCAQCAGEEEABAACERRA AT
%%me 1, SEQ LD NO. 9). 244] To generate

the caspef piotein syithesizsd e thatnslatipn stesieryhr @v esdn the case of the

o A S BB PR e I G i Provice

new AochisCTEGRTCMAGH FFhanbe redigfized Bl@, th0jmmunological assays. The

generation of antisera, which specifically bind the polypeptides of the present invention, as

well as the polypeptides which are bound by such antisera, are a feature of the present
invention. The term “antibody,” as used herein, includes, but is not limited to a polypeptide
substantially encoded by an immunoglobulin gene or immunoglobulin genes, or fragments
thereof which specifically bind and recognize an analyte (antigen). Examples include
polyclonal, monoclonal, chimeric, and single chain antibodies, and the like. Fragments of

immunoglobulins, including Fab fragments and fragments produced by an expression library,
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[245] To generate the FI 3 nmutant (51U:63A), the
follow ng reverse priner was used:

W@2IDDEEBAGT GGT CCGECGGGCT GGAT TTGAACCAGCGCCAT CCOBAT U (3 3603
T CCECCGITCTGC (FTam 3; SEQ ID NO 11). [246] To

he F14 | )
1nclud?&1§l{a§t %bqtpilag@ argal rrut s eSl Ahe teriml “gnlgi%ocflygj :lasol\fgegqlerem See, e.g.,

T 1
e, P B TR I W

structige ard trmidobezysecond fragnent, plasmd pET19 JI 7 E9
hGH conpri sing the pol ynucl eoti de sequence for J | 7
[217] t RNAFGSERQhRle NBe Biventidieinehides lRS@@ﬁd qbeotsmq Uﬁﬁdeeutlhzmg tRNAs
encodi n% the t RNA synt het ase E9 SESBI and t he
and/orp BISpnof [t threrents dgjiraner thifc sRRCHEraHY wdgr%m hihAlo 2 sRecifically
0 (
e MR 558 B W
aminof &id @aquagcesato élfmmaﬂermms-reactlwty w1th other homologues, the antibody or

antiseyaf iy w&tr@c’rﬁgr \%@}A %;%Tgrotgwlg -l-l-gl:r%eTTAﬁypeptlde e.g., the

" T S

o RN S EO 0 134 . i,

polypéphidle3tnceded dfy tiRNAutleict keidNike geneited aid tused dpasalmtlbody/antlsera
The resul ting product was gel purified. [248] The

Subtra?‘il%l’u@?% of overl appi ng PCR i nvoI ved forward priner

AACGCCTGAATTCCCGECG (FTam 7, SEQ I\‘gb’ %1 reverse
218] oy pri mE‘T opT el fapat, i N@num&ssax Heesrd paycion PREiRErUEtyhich was
P
ralsed F %g@ trﬁﬁ%ﬁ%&qep&@@ 0 gal %Lg)g ﬁclpér/:tﬁfg?eof (i.e., at least
about pB@%moﬁ th&ETAd Jngth EeqinGEkce dpl@eﬁleéjd Bhe hseEC@prbteatldl Nabypeptide
| . The .seguence of each cgnstruct was c |rrre
immugesicas 675, R d ¢ He! B AEe SO SO BT gf Flogt 55 e Hpepunogenic

t I ,
polyp%%fd%g (’f';liﬁ%?éuﬁf éﬂﬁ% I\@%aﬁlg i@ctéle_lh ch thl%gl\lislov\?gr@gégeactlvny

agamsm alnee coreifol eynthd:teserhmlogmp @nduang su@venosserq@ctmbfrls removed, e.g., by

tein expr.ession [24 smd codln t he .t RNAs
immapdbsirbphy Wil 0% G BOE hee WA (PAIIGETORPhiD e of the
polycfbﬁ.lﬂ' arﬁ%éxﬁiﬂ’ﬁn%h@ﬁ%nﬁda@éa@ 2 bact erial host cells by
chem cal neans and platéd onto LB agar plates with 50

[219] ug/ mp, G %ﬁé?et'@ o}é}'ohll,lde antl-EQIed R &l SinWal ﬁnhﬂﬁ%@é}ﬁ%n%t or%@fé of the

over ni ght each NA, a single colony was picked
immuhogei@pblypaptidesrisi Ighdiuocdl angr purdfied3 29 @esaribed nher@nYTFor example

wi.th 50 ug/ml carhenicillin 1y ,cul t ure was
recombipaph BRF A8 b aroRae I sreAPrEia cal AR S HCe (used in
this a§ gbﬁah&éel ﬂeéLﬂtsaa{re 31?(9@ reﬁ%ﬁu&glenéluectﬂ tHer |rtWiSgenetic identity of the
mented with mM par aacet yl phenyl al ani ne. At

mlce)d:se ﬁﬁm@nized thigh H®1 mmprr@gsmg npr@gesn (s h diy cesshbapationo with iy standard

adJuV%ltt F]uc§5a(§ rr%qeﬁd sf :}délgvgirg nagd aéldﬁgc{r {Spé)g%e fﬁ%&ﬁza {on4prrc])90% f’(see e.g., -
Harlo®eHd 1 dnd 489889 Ardibo S8 A Katbrhioty BafuflCeRL Sp'i:ﬂ@ K&bbiSPublications,
were | ysed w th B-PER Reagent (Pierce, Rockford, IL)

New Yk fomremn staddawil tdesgriniighndf mpieody| gomprasiopoframupeassay formats and
conleansatﬁqat cansoe%rs]gc{ %Zﬁgeﬂne specific immunoreactivity.

[220] Additional references and discussion of antibodies is also found herein and can
be applied here to defining polypeptides by immunoreactivity). Alternatively, one or more
synthetic or recombinant polypeptide derived from the sequences disclosed herein is

conjugated to a carrier protein and used as an immunogen.
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12% SDS PAGE. [250] Figure 2 shows an analysis of E.

coli strain 1 total cell |ysates by SDS PACE
wEapemession of a sel ector codon in human gr owt PCTYOR2005@43603

vvas performed using J | 7 or J | 7 mutant (F12, F13,

F14) tRNA and the api noac nt het.ase E9.
2211 par WRAIYPIGaF e SAISGT G SieTet R yob R ogAnic dpheptide in
f9 fu I h
o nRRBBEAT0 ) Homi 5 et S o o of e
1mmum:§ﬂmqafomfns4nnmb‘mhuedamet sdlydrssnporal Rodjelenal lantisdne with a titer of 10

o el S i 2ol BTGB PR L SABAT koo o

produdBthBithéted 98@1@&‘%6&&1 I.I‘)d'l lémtanﬁié?ée t RNA nmut ant - RS E9
pairs are orthogona coli machinery. Based on

[222] SDS- %ﬁg‘gﬂbt}ﬂ? dsj#&ﬁ%c? Eﬁagéhf gigg'c%hﬁl shiRt he tﬁs]cgd ?)E#t ﬁ?%ssreactivity

was appr oxi e I'gher than t
against mthcorﬁﬁillhoSﬁdl@gu&s In a] dbddardfive idibTurmoatsagt In HiiS pomparative assay,

further, t stedl . coli, strai cteri al eII
discrimpiatogyplip ’élﬁpﬁ?rég%‘?r@na@s %tﬁ’é\}éﬁe‘i? nt%FltS‘Er%lb§a°tF tl‘_iereéop?lydonal
antlse&t\k@ R résuld Beatgéa%f 5ot AN5-86 (R HigRs sBihrto SURPERDbPBinding of
85 were reduced rel atlveto%hat in E. colil strain
the t1ta:redmolydieneémere tofthp amamioegsHip Ipenyllnaasammmrednbo biriding to the

NI AT e N i
the ad@lﬁ?onogﬁ %BH—%Eedclﬁé c@ﬁﬁn@tltbﬁ'\lﬁ&h 228Bdnen PNy Wik, and/or by

suppr essed of F13 was about three fold
adJustmggﬂa@rcmﬂumns,hfamp@faMV, andg ahe hike.cFmsabindiem C@Iuhtlons are used in

subsew 05 é@%ﬁ%@lgpéﬁ? %%rﬁtfl%r}ﬁe%hﬁ%g% gyéé belng compared
to thetlﬁﬁntﬁibéeﬁlg%lﬁﬁgtlﬂé%earﬂycﬁstﬁb @oﬁﬂﬁ@l%blﬂgepﬁaé’s)t@wedi\ﬁéﬁly bound by
each transfornmed into E. coli strain 1. The final cell
the pogledsibiyadiest pelselanalastisspr oxi matel y 190 g wet cel | s/ 1.
The hGH titer was 347 ng/L for the J | 7 clone and 542
[223] ng/ LIif anothdrexminp®, tmmnmasfazs&} tlwﬂoh@etm@e lbmdmgd‘pmgat are used for

sl S RO S, LR g e rooves
from ﬁﬂeelﬂfolécpalﬁﬁﬁrasﬂﬁﬁithl%day o BESbiib® With fRasnte] pb lyf)é‘ﬂtﬁles. The

di scl osure that various changes in formand detajil can
lmmun%emdleolwqphrdg&s) disphen inmgobitised tohesalidappers yéruds istepposed to the

sl PRl USSR PRGBS ka5 OB RB o

pooled QUkAtedd SitfseralTihe bty GAtthO Bt ppatia(s) o doaiperet for bmdmg to the
applications, and/or other docunents cited in th

pooledh spbtiracied awfiserae as REBPHSH 40 dhe Bpmrabllized atein{s) Wemmpared to the
ablht}? gF H{ frx%mﬁgcgﬁjaﬁ} %ﬁg]{)e%‘ﬁﬁgﬁ) LRadd"® ﬁ"l@r%s%x{oemmﬁée ik binding (the

I'cat pat ent
1mmuﬁ@@:mp:i | ppepitidenebngpetet dff&ctlddyu ettt ther eamnmﬂllmedi uahhynogenic
indjcated. to be |ncorp y ef erence for al

d
polypgiidstes binsmeats, £ pested DA WA P SMECA RSy for the test

proteins is calculated, using standard calculations.

[224] In a parallel assay, the ability of the control proteins to compete for binding to the
pooled subtracted antisera is optionally determined as compared to the ability of the
immunogenic polypeptide(s) to compete for binding to the antisera. Again, the percent cross-
reactivity for the control polypeptides is calculated, using standard calculations. Where the

percent cross-reactivity is at least 5-10x as high for the test polypeptides as compared to the
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1. A conposition conprising an am noacyl tRNA
synthetase (RS) having the nucleic acid sequence

W@ edoeosssd2 f rom t he group consi sting of SEQ | D NOI/U&2008043603
pol ynucl eoti de sequence encodi ng the am no acid

controbygrhiger pe g s winding ol fheiedlipoBRep i senprbmpRimptely in the
range SPTRY %M%‘%Y ROL¥BHmbEQEE %%1}?@&%@0914 8 §Ofyperiids %re said to

conservative variation there The conposition of
specifichldy bind thapmred subsactdd RSigeraf erenti al |y am noacyl at es
a tRNA. 3. The conposition of claim2, wherein said

[225] t RNAIn genaiil,the ainahesbsotbed and posiadbitisatd c}anéfwmdm‘h a competitive
amno acid. 4. The conposition of claim3, where
binding » jirgmiyBeassa Asaldeseriid o AEEIa i nECBRATE ARy test polypeptide to the

oSS PUGR Db AR, 4SOOIt on,

immuedpenice alebty andi oy | pdslgpleptﬂes Aere opquhs iatdaged caimar ivddeigrange  of
coccrpane L 1 LR e L R e i o

the subk@bil Gmfﬁ\é}g ahﬁj fnﬁ%ﬂﬁz%d%%?t fe§iaby Ymmuno%em'c protein is

am noacyl at e he conposn tion of ai m
detemﬁned/vlusmguslmslarcﬁ tetclmi/qucs 1€ rlﬂqu amtountabf ﬁleatvshpab’yemtd@dreqwred for
on .of. clalml ur.t

bindiio e e CHGIPATE ERASUn Y G TRE. ‘PHGGA LR AR by gy Epmunogenic

polypé‘ﬁtfﬁ@ @ ANtdRirdd] ﬁeﬁyth& hest Balypkptidd e sglqnia,%ercﬁwauyfbmd to an
m9, wherein said amno acid is a non-natural |y

ant1b0é]n @omralteért@ thee fmwdnogenic praisin prpodid the ameuntiszt deagbabout 5-10x
ei.n said.non-naturally encoded amno acid is

aShlg]bﬁ?‘grg& ?%“8!18&%9?%9%5% ne. 12. The conposition of claim

22e1 5 "FEe b PR hiot et A e BB otionaty

fully qﬁl&rmﬁ%g*orﬁé@ %Mu N eactidogerdié- P&%e&ﬂ%‘)’s(&th@f‘ @fn the conirol

claim1l1, further conprisi ng a translation system
polyp@itlss) ki licdepose binkingef theapsnlting 1mmen@enlcslm1weptlde subtracted
ee .t.ransl ati on

poole %r?tlsﬁ?e oéﬁ%ﬂ%ﬁl{)&éfnﬂic&oﬁweﬂlﬁ;{ii use\ﬂﬂlé & Jruosor 1on §< letectable.

This ful1#NHnAnoSstbeY Shed¥rd $s thefi@bdted Ysraresotivity. wilil€he test polypeptide. If
conposition of claim 14, wherein said translation

little qrynot tepgtivityds pbsasyest (iueutn@dn@,rygh@,ﬂx the signal to noise ratio observed for

binding of the fully immunosorbed antisera to the immunogenic polypeptide), then the test

polypeptide is specifically bound by the antisera elicited by the immunogenic protein.

[227] Additional details on proteins, antibodies, antisera, etc. can be found in USSN
10/825,867 entitled “Expanding the Eukaryotic Genetic Code;” WO 2002/085923, entitled
“IN VIVO INCORPORATION OF UNNATURAL AMINO ACIDS;” U.S. Patent No.
6,927,042 entitled “Glycoprotein synthesis”; and U.S. Patent Publication No. US
2004/0198637 entitled “Protein Arrays,” which is incorporated by reference.

KITS
[228] Kits are also a feature of the present invention. For example, a kit for producing
a protein that comprises at least one selected amino acid, e.g., an unnatural amino acid, in a

cell is provided, where the kit includes a container containing a polynucleotide sequence
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18. The conposition of claim 14, wherein said
translation systemis a cellular translation system
wa2006/688et | conprising a translation system WPET/852005/043603
the translation system conprises the RS of claim1.
20. Thecellof claim19, erein the cell is a .
oo cuflr RS, BB oAy scanwe heqdiae an O-
m@g&%@‘ﬁsc ]ﬁ%klk ehodin¥&@She Eﬁlﬁllrthe% Tnclydes afRhdt s@I@ctﬁh @in'iﬁo acid.
wher el n eukaryotic cell 1s a fungal cell.
In anofhee enmothncnefnt ahakmlﬁcﬂudemmr zernmoad)@taijt@i&@tf ithoe merbmthrs Iganother
24. . The cell ere
cmbod ey e g R THEBEorB LI s g dagn bgproltin

clai m 20, wherein the eukaryot| c.cell is ah pl ant .cel |
[229] 26. Hmeaddisionalgpcanplg et fogpeeducing harotsan fhat gomprises at least one

select{lﬁ%nﬁlgkaefdy gg r,%n%ﬂl&tureﬁ%m d'&ié E{'lla c@fl ffde aFﬁl% %ﬁéé&'%ere the

on-eakaryot I's an
kit indde@dds Dfortdintraohthinihg at frdynuwdspide Seqnee blRi‘dAutghan O-RNA, and/or

am_noacyl at ed by the RS d I I di
an O-{igy @pf%rd@ Pelfyn%ﬁ@%ttd&s%eq&%?@ reedding aﬁﬁiba%ﬁ Jg5eR (BRS. In one
emboc?%{ It§§ﬁlt$ﬁe Cgcflﬁ’([e]gcao%‘?&tédqﬁhuﬂosacf@ Cﬁlg;{ﬂoﬁfe‘il eiboliftfent, the kit

28, wherein said
includps lay pepnoatylabéd tRNArefStheiinvéntivan Inyenothér ¢robodiment, 3ige kit further

E. coli cell ¢ rising t RS of claim1l. 31. A
Complil/@ééli‘s"%‘éﬁl?miBﬁ‘iﬁrﬂa%irgﬁbp’ioﬂggiﬂg%prﬂeg? m1. 32. A fungal
cell conprising the RS of claim1l. 33. A mammali an
cell conprising the RS of cl ai m 1. 34 An i nsect cell
EXAMELES sing the RS of claim 1.
[230] conpAheifallowme wamplescirgi ¢ifered 3‘6 ﬂlwtr\?@etb&]? n@bFﬁ)lhfrg'i t claimed

1nvent‘rflorp %}{é‘ Hf ék?fleﬁi C%g{ilg g a%n@@ (E%OHQ:\HU@Q Jﬁ%&&g ltl?dt ay be altered

I'’d”sequerice sel fromthe group consisting o
w1thoﬁE@ph15‘ln@Cﬁon4theascmﬁ ofithe blanhedimvsmipmence encodi ng t he
am no acid sequence of SEQID NO 5, a polynucl eotide
Exan%wence encodi ng the am no acid sequence of SEQ ID
, a conplementary pol ynucl eoti de sequence

Amm.ﬁFE&rlqRﬁNA spﬁ?@ 1S BR%f Sél%wé‘ﬁ LY SnVEPAralA &Ryl BRuS Rllanie 137

& vector erein the vector conprises a
[231] pI as M DN Achismariek warerma@agd 6 amindacybiRISS symthetasescigamst para-

oA AL N VAL 0 BRRLIREED oot
mutatftfs 1r9‘tﬁgettym% ﬁiNR%?ﬂt%@iaQ@ géndPROMPEBIhbiR obdbud jatlebchi fnhthe pBK

a selectéd amno acid at a specified position, the
plasmmdt hod conpri si ng:

[232] The selection procedure was preformed which consisted of five alternating
rounds of selection, three positive, two negative. The libraries were combined in a 1:1 ratio
and electroporated into the positive selection cell line (GeneHog with positive selection
plasmid, pREP) and plated on minimal media plates (GMML) with appropriate antibiotics
and the non-naturally encoded amino acid para-acetyl phenylalanine (pAF). The plates were
incubated at 37°C for about 40 hours at which point the cells were harvested by scraping.
The DNA was extracted using a Qiagen Mini-Prep procedure, and then was agarose gel
purified to isolate the library plasmid DNA.

[233] This DNA was then electroporated into the negative selection cell line (GeneHog

with negative selection plasmid pBAD derivative). These transformants were plated on LB
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grow ng, in an appropriate nedium the cell, where the

cell conprises a nucleic acid that conprises at |east
wor@esessert or codon and encodes a pol ypepti de; PEnt$2005/043603

providing the sel ected am no acid; wherein the cell

further conprises; an orthogonal O f. cl
plates i SEPERIE RO ity WA ¢ %%P@Pwﬁg%ﬁnao S g HAT). After
about g?‘ }g)%bsaﬁil%ge I\%&fbg@@%%grés‘éﬁtl?}d sdriPifk 1A tHE PURME® TN A twApurified

_ N 7, a conpl efrentary
using thelQingenl MatiiRiep pmqerhme end hgressfgel pmuficatioonser vati ve

th f h | RNA) ,
(2341 { ot The S8iesed Tohafoer sPuin3atn Sapp b RTbar Brkanethod of
electrc?&d’i%ﬁﬂ%ﬁﬁ%%a’h@@h@ LERNONM plirifibioneliecifd RN GG dound of

of 'Clai m 40" wherein 'said sel ected
selectian] sepiabdilytions \mts analeatfithe piansfprmaedinosiéve ggdection cells which were

plateafRot BERYBRI AT T D e Gre Cast A i in 96 wel

block %%ﬁigh@crﬂud EIOQIQMSM%bh&hﬁﬁwd%@ﬁhﬁﬁlal 4dbdialplates with varying
met hod of claim40 wherein said polypeptide is human

concepfrasiong qforzlmiw@mph@ncai ﬁb«: yngiveotalersionagitiviptic) nidh eand without
ci d seque ol
unna‘a}rﬁj Fpno %1&2\p§%$ %nfﬁegl boy t. 48%051’% ‘8{-_\ gl%gvﬂg %fg%’é I&h 't}{}.g;ﬁgtfes %g v1sua11y

comp@6&d ¢ SeEHeine aviath SitthibOg ob ,thah@hést mhrdr@@ﬁp}ﬁmcol concentratlon
sequence encodlg&%t he am no aci d sequence of SEQ

but difdapt Frpw o ERHPPRIEH BE FOEIEY ﬁﬁ@?é’@ﬂr‘@@“@%ﬁ&ﬁé@i Tamiio acid pAF.

e LT RSB D TP v ol som e

culturesIAOMiicPep and hgarsseqie] puni fiasioy land Ridfe @gneltuedas e and
Uses_Ther eof <130> ANVBX- 0070 00PCT < O> U 60/ 639, 146

[235] <151 Eropp ¢ poleston fs (Al 71 glppes Bste P giiggegunino acid

sequeri%%oﬁdl wefe 53b JE&?&%Zﬁm@E{A cﬁ%%gt%n%ﬁdnf tF '&{eﬁﬁﬁuﬁﬁcﬁdehty and
<220> <223> Artificial Sequence

processivity of the pAF-tRNA synthetase.

[236] To characterize these synthetases, small scale amber suppressions were
performed to show that the non-naturally encoded amino acid pAF was incorpdrated into a
polypeptide, and the results were visualized by SDS-PAGE. A single colony was picked and
grown overnight in LB broth, which was then used to inoculate 50 mL of LB. The cells were
grown to an OD of 0.3-0.4, at which point 1.5 mL aliquots were taken as pre-induction points
and the culture was split into two flasks. 1 mM pAF was added to one split and both were
grown for 30 minutes. Following the 30 minute growth, both cultures (+/- pAF) were
induced with 0.2% L-Arabinose and grown 4.5 hours and the ODgoy was recorded. 1.5 mL
aliquots were then taken of the +/- pAF flasks for SDS-PAGE analysis.

[237] The 1.5 mL aliquots (Preinduction, + pAF, -pAF) were centrifuged at 10,000 xg
for 10 minutes to pellet the cells. The cells were then suspended in proportional Bacterial
Protein Extraction Reagent (BPER, Pierce) arhounts relative to their ODggo at the time of
harvest. DNase I was added to the lysed cells and incubated at 4°C for 20 minutes. The
samples were then combined with a reducing agent and loading dye and run on a 4-12% Bis-
TRIS gel in MES buffer for 30 minutes. The gel was washed in DI H,O twice for 10 minutes

and stained with coommassie blue dye. The +/- pAF bands were compared for the fidelity of
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<400> 1 ccggcggtag ttcagcaggg cagaacggcg gact ct aaat

ccgcat ggcg ccggttcaaa 60 tccggcccgec cggacca 77 <210> 2
WO 2Wem68802 <212> DNA <213> Artificial Sequence RRR0S2005/043603

<223> Artificial Sequence <400> 2 ccggcggtag

the pAJ) IR SR8 R GG JaP Y DI GBAR, st 13 7 PAL paad ggaorpared to
the prévidusty fiddidd gARIRRAqRIgNCe <220> <223> Artifi ci al
%equence <400> 3 ccggcggtag ttcagcaggg cagaacggcg

[238] gact To@hedk foc JraprggesgivesgfthecRSatheGame promdugow agppatoraed with
77<210> 4 21 <212>. if]ci .
o ostiaSa e s e AL e Blo s ten puisa

by IMAOMRCE AR or bl HEaREYRincRABAY BbIRARRe WAREER 3R pAFIhERSSEfon.
ggaagagtta 60 agagaggttt taaaaaaaga tgaaaaa?ct

[239] gct gOf dhapAGH-RN A RS ideayfied froam thip Gelactimmone ggnthetase (E9) was

T A e S e
PAF iReFQAARGE. JTRGhd tigfafadaintinedBy amiP@e@gRuencing while the

ttataacaaa aaagtttttg aagcaatggd% gt t aaaggca 300 ]
processiatyavag shovar g segpyingpratediybands gag §££ GEagele adhgaycleotide

tgtct at.a 0.1 a . . .
seque%% a%ﬁ gg gl? gh(%gng glaégég[g)t ]ggg ga%gg {gg%ﬁo %88%%8@691%9 of E9 is shown in
SEQ ID NO: 5.

[240] An additional mutant with similar activity to E9 was identified, and has the

amino acid sequence shown in SEQ ID NO: 17.

Example 2:

tRINA Mutagenesis

[241} Three mutants were generated of tRNA J17. The DNA sequence of wild-type
J17 is shown as SEQ ID NO: 8 and in U.S. Patent Publication Nos. 2003/0108885 as SEQ ID
NO: 1 and US 2003/0082575 as SEQ ID NO: 1 (U.S. Patent Application Serial Nos.
10/126,931 and 10/126,927, respectively), both of which are incorporated by reference
herein. J17 tRNA has a U51:G63 wobble pair in the T¥C stem as shown in Figure 1.

[242] Three J17 mutants (F12, F13, and F14) were generated to produce Watson-Crick
base pairs at positions 51 and 63 of the T¥C stem. Mutagenesis was performed by
overlapping PCR, and the final constructs were cloned into EcoRI and Ndel sites in a pET19
plasmid comprising the polynucleotide sequence encoding the aminoacyl tRNA synthetase
E9 (SEQ ID NO: 4) and the polynucleotide sequence encoding human growth hormone
(hGH) with an amber codon substitution (SEQ ID NO: 16). The expression of hGH was
under the control of the T7 promoter.

[243] Two fragments were generated for overlapping PCR. The first fragment was
obtained by primer extension. The sequence of the forward primer used to generate each of
the three mutants was:
GTAACGCTGAATTCCCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAAT
CCGCATGGCGC (FTam11; SEQ ID NO: 9).

[244] To generate the F12 mutant (51C:63G), the following reverse primer was used:
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gat gaaaat c caaaggttgc tgaagttatc tatccaataa tgcaggttaa

tgggattcat 480 tatgagggcg ttgatgttgc agttggaggg
war@gagsaya gaaaaat aca catgttagca 540 agggagctPCT/US2005/043603

taccaaaaaa ggttgtttgt attcacaacc ctgtcttaac gggtttggat

oAt geARaReaT Lt bR b AT RO E D Ak oaaTTTAGAG

TCCEBCAITRIRIC HELHFBYSEY AR 9bf.92 aggaaat cca 720

at aat ggaga %agct aaata cttccttgaa tatcctttaa ccat aaaaag
[245] gccaJaamaera®dbe Fi11 gytapg 451 68 Ay deafpllowag myeisaprimer was used:

ontRaP AR R ER T o TRaRT R CEARSRREA Tl omampoacT

ccceB8Treawid @@%@%? PiN®:41921 <210> 5 <211> 306
<212> PRT <213 i cial Se uence <220> <223>

[246] Ar t i fTocgeatraeheEd mumm (51 A:688), thsollowingissersk pritvist wias used:

oat@riad it arttt i A e RrttarGli T thoact

CCGMBGTZCTET @0rdn B, SEY BWNGA19).Pro Ser Gy Lys lie Hs
Leu Ay H's Tyr Leu Gn 35 40 45 lie Lys Lys Met lie

[247] Asp [Teugenerptnthe sRcandiipgmigat, Adgsmid @B J|1‘7eE% bGEE cgmprising the

om0 250 Bl somenc

encodiyy thASRINAYSnili¢tusd/aD (S’BQ ]G NOAUpariethe @51yﬂﬁclg<5t1c@| $¢ql&ide encoding
Lys Ala Lys Tyr Val Ser Ju Hi s Leu Asp
human ggovyihohormeng 1ot améer n@ébsta&%tﬁpm@EQﬁ NPy lektyas used as a

oSSR e g 20 49 42 2
CGCGGGAIKSAGEGGAGAV@CTAIPSGGEIAAAAGCEIA&\G@ATIPFT&" THTE ALGC (forward
primes: Prarals 8§00 NO214} Sad CAAATTCGTCCATATGGGATTCC (FTam 16;
SEQ-ID NO: 14). The forward primer was used to extend the sequence from the 3’ end of
tRNA to the Nde I site of the plasmid. The resulting product was gel purified.

[248] The final step of overlapping PCR involved forward primer
GTAACGCTGAATTCCCGGCG (FTaml17, SEQ ID NO: 15), reverse primer FTam16 (SEQ
ID NO: 14), the first fragment and the second fragment. The assembled products were
digested with EcoR I and Nde I and ligated into the plasmid pET19 J17 E9 hGH digested
with EcoR I and Nde 1. The sequence of each construct was confirmed by sequencing, and
the DNA sequences for each of the J17 mutant tRNAs are shown as SEQ ID NO: 1 (F12),
SEQ ID NO: 2 (F13), and SEQ ID NO: 3 (F14). The tRNAs were named after their
corresponding reverse primers.

Protein expression

[249] Plasmids encoding the tRNAs (J17, F12, F13 or F14) were each transformed into
E. coli strain 1 and strain 2 bacterial host cells by chemical means and plated onto LB agar
plates with 50 ug/ml carbenicillin. The plates were incubated at 37°C overnight. For each
tRNA, a single colony was picked to start an overnight culture at 37°C in 1 ml 2xYT with 50
ug/ml carbenicillin. This 1 ml culture was used to inoculate two 10 ml 2xYT cultures with 50
ug/ml carbenicillin at 37°C. One 10 ml culture was supplemented with 4 mM para-
acetylphenylalanine. At ODg=0.7, the hGH expression was induced with 0.4 mM IPTG.
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145 150 155 160 Tyr Gu Gy Val Asp Val Ala val Gy

Gy Mt Qu Gn Arg Lys He 165 170 175 H s Met Leu
WOL@6h683013 U Leu Leu Pro Lys Lys Val Val Cys HPET/HE®05/043603

180 185 190 Asn Pro Val Leu Thr Ay Leu Asp Gy Qu

Gy Lys Met Ser Ser Ser 195 20 Lys 4 Phe H
Afer guilyrile sellp s Selor i Bows Vidh 0 TBae el Dty Bamested by
ot RERYE 08 Tl D SIS HO A Yok Mo O
Rockfouyls IMysupPreementad vaithu 5 TigrmPPdIAsed. The tathlecll fgatswasmapeed by 4-

129 S%%?Prgs Gu Lys Phe Gy Gy Asp Leu Thr Val Asn Ser
° "G u 260 265 270 Leu Gu Ser Leu Phe Lys Asn

Lys ' ¢
[2s0] LS @ag}iréAlﬁgh%l!vﬁ a% aijal?gts oASD deﬁustﬂa}if'lﬁgt%l é@?l%;%tgs |6§erSDs PAGE.

ulieLys lie Leu u

Supreskiap ¢fyz s@e@oR6&daB0n hamgan gowddBorpag>wes pafdarmegd QisiE1 AT or J17
LR 11 3B 00 S50 s
o ARS8 L 3 LAEMECRE DA Ty s
observadt bfi SDS-PAESFu o ethe4 RNA7 mutants in  the absence of 4 mM para-
acetylphenylalanine. In the presence of 4 mM para-acetylphenylalanine, full length product
was produced with each of the tRNA mutants, demonstrating that these tRNA mutant-RS E9
pairs are orthogonal to E. coli machinery. Based on SDS-PAGE, the suppressed hGH yield
of the J17 mutants was approximately 1.5~2 fold higher than that of J17 in E. coli strain 1.
[251] One J17 mutant, F13, was further tested in E. coli strain 2 bacterial cell line for
amber suppression as shown in Figure 3. In E. coli strain 2, the expression as well as amber
suppression yields were reduced relative to that in E. coli strain 1. In the absence of para-
acetylphenylalanine, no full length hGH product was observed by SDS-PAGE. In the
presence 4 mM para-acetylphenylalanine, full length hGH was observed for both tRNAs.
Based on SDS-PAGE, the suppressed hGH yield of F13 was about three fold higher than that
of J17.

[252] A fermentation run comparing J17 and F13 was performed with a final volume of
approximately 1.5 L. The plasmid encoding the J17 tRNA and the plasmid encoding F13
tRNA were each transformed into E. coli strain 1. The final cell density for each was
approximately 190 g wet cells/l. The hGH titer was 347 mg/L for the J17 clone and 542
mg/L for the F13 clone.

[253] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the present invention. For example, all the techniques and apparatus described
above can be used in various combinations. All publications, patents, patent applications,
and/or other documents cited in this application are incorporated by reference in their entirety

for all purposes to the same extent as if each individual publication, patent, patent
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gcgggggtt g ccgagcct gg ccaaaggcgc cggacttcaa atccggtccc
gt aggggttc 60 cggggttcaa atccccgccc ccgcacca 88 <210>
W@26080488077 <212> DNA <213> Met hanococcus j anneET/B1005/043603

<400> 8 ccggcggtag ttcagcaggg cagaacggcg gactct aaat
.ccgcatggcg ctggttcaaa 60 tccqgceccge cggacca, 77 <210> 9
applicatign S alfior PisT CHgEUEISRE VP { HRVEG Ys@%&@?@e tQ. Pgyicorporated by
rdhmﬁ&?ﬁfaﬁ%ﬁfcﬁ&ial Sequence <400> 9 gtaacgctga
attcccggcg gtagttcagc agggcagaac ggcggactct aaatccgcat
60 ggcgc 65 <210> 10 <211> 67 <212> DNA <213>
Artificial Sequence <220> <223> Artificial Sequence
<400> 10 gatctgcagt ggtccggcgg gccggatttg aaccggcgcc
atgcggattt agagtccgcc 60 gttctgc 67 <210> 11 <211> 67
<212> DNA <213> Artificial Sequence <220> <223>
Artificial Sequence <400> 11 gatctgcagt ggtccggcgg
gctggatttg aaccagcgcc atgcggattt agagtccgcc 60
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gttctgc 67 <210> 12 <211> 67 <212> DNA <213>
Artificial Sequence <220> <223> Artificial Sequence

W 4@0/m68822 gat ct gcagt ggtccggcgg gcaggattt g aacRChUSNO5/043603
atgcggattt agagtccgcc 60 gttctgc 67 <210> 13 <211> 49
<212> DNA<213> Artificial Sequence <220> <223>

TABL?{I““ ci al Sequence <400> 13 cgccggacca ctgcagatcc
‘ agcgaaag ctaaggattt tttttaagc 49 <210> 14 <211> 23

<212> <213> Artificial Sequence <220> <223>

SEQ | Lakelifi giSHQUBNGEnce <400> 14 caaattcgtc catatgggat tec

1D 23 <210> 15 <211> 20 <212> DNA <213> Artifici al

NO: Sequenge <220> <223> Artificial Sequence <400> 15

1 Figt aacgat@RGACEETAGHIIE AT AGRIGCAGAACGGCGGACTCTAAATCCGCA
DNA TGGCGCCGGTTCAAATCCGGCCCGCCGGACCA

2 F13 CCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAATCCGCA
DNA TGGCGCTGGTTCAAATCCAGCCCGCCGGACCA

3 F14 CCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAATCCGCA
DNA TGGCGCAGGTTCAAATCCTGCCCGCCGGACCA

4 E9RS ATGGACGAATTTGAAATGATAAAGAGAAACACATCTGAAATTATC
nucleic AGCGAGGAAGAGTTAAGAGAGGTTTTAAAAAAAGATGAAAAATC
acid TGCTGTTATAGGTTTTGAACCAAGTGGTAAAATACATTTAGGGCAT

TATCTCCAAATAAAAAAGATGATTGATTTACAAAATGCTGGATTTG
ATATAATTATATATTTGGCTGATTTACACGCCTATTTAAACCAGAA
AGGAGAGTTGGATGAGATTAGAAAAATAGGAGATTATAACAAAA
AAGTTTTTGAAGCAATGGGGTTAAAGGCAAAATATGTTTATGGAA
GTGAACATGGTCTTGATAAGGATTATACACTGAATGTCTATAGATT
GGCTTTAAAAACTACCTTAAAAAGAGCAAGAAGGAGTATGGAACT
TATAGCAAGAGAGGATGAAAATCCAAAGGTTGCTGAAGTTATCTA
TCCAATAATGCAGGTTAATGGGATTCATTATGAGGGCGTTGATGIT
GCAGTTGGAGGGATGGAGCAGAGAAAAATACACATGTTAGCAAG
GGAGCTTTTACCAAAAAAGGTTGTTTGTATTCACAACCCTGTCTITA
ACGGGTTTGGATGGAGAAGGAAAGATGAGTTCTTCAAAAGGGAAT
TTTATAGCTGTTGATGACTCTCCAGAAGAGATTAGGGCTAAGATAA
AGAAAGCATACTGCCCAGCTGGAGTTGTTGAAGGAAATCCAATAA
TGGAGATAGCTAAATACTTCCTTGAATATCCTTTAACCATAAAAAG
GCCAGAAAAATTTGGTGGAGATTTGACAGTTAATAGCTATGAGGA
GITAGAGAGTTTATTITAAAAATAAGGAATTGCATCCAATGGATTTA
AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCCAATT

AGAAAGAGATTATAA
5 E9 RS MDEFEMIKRNTSEHNSEEELREVLKKDEKSAVIGFEPSGKIHLGHYLQIK
Amino KMIDLQNAGFDITYLADLHAYLNQKGELDEIRKIGDYNKKVFEAMGL
Acid KAKYVYGSEHGLDKDYTLNVYRLALKTTLKRARRSMELIAREDENP

KVAEVIYPIMQVNGIHYEGVDVAVGGMEQRKIHMLARELLPKKVVCI
HNPVLTGLDGEGKMSSSKGNFIAVDDSPEEIRAKIKK AYCPAGVVEG
NPIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKELHPMDL

KNAVAEELIKILEPIRKRL

6 HIL(TAG)3 | CCCAGGGTAGCCAAGCTCGGCCAACGGCGACGGACTCTAAATCCG
tRNA TTCTCGTAGGAGTTCGAGGGTTCGAATCCCTTCCCTGGGACCA
DNA

7 HIL(TGA)1 | GCGGGGGTTGCCGAGCCTGGCCAAAGGCGCCGGACTTCAAATCCG
tRNA GTCCCGTAGGGGTTCCGGGGTTCAAATCCCCGCCCCCGCACCA
DNA

8 J17 CCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAATCCGCA
M. TGGCGCTGGTTCAAATCCGGCCCGCCGGACCA
Jannaschii

mtRNAZT,
DNA
9 FTaml11 GTAACGCTGAATTCCCGGCGGTAGTTCAGCAGGGCAGAACGGCGG
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<211> 600 <212> DNA <213> Honp sapi ens <400> 16
at gggccacc accaccacca ccacttccca accattccct tatccaggct
WO taobgessenc 60 gctat gctcc gcgcccat cg tct gcaccapCT/US2005/043603

ctggcctt

O-O-a—apranas

tg acacctacca ggagtttgaa 120 gaagcctaga

+ nat +t Annt AN anaaan~n~n~n~nn~nn Nan~nnt A~

EECRTRLLET 97 agaaceoce

10

—
el
N

Sgg }gggg%gj e AT LA (U OCCATGTG

c cotacaatte 2A00

11

12

tEe-—atc tg
ag A G T 131

S AV AV

G eLCHTRAREIC

ATLLIEAMGLAG GCCATGCG

t cgacacaaa ctcacacaac

eI S

13

‘é&?&g@lﬁﬁ€ﬁ§§ﬁ$§§4§Q§ﬁﬂﬁﬁ§%ﬁéﬁgﬁi

WATTTTTTTTA
Gat qaacaaq 540at cgagacat tcct gcgcat

14

1ty

agt

prmez211>

| A AAETCEEEGATATEHEAdALE t ggcttct aa 600 <210>

306 <212> PRT <213> Artificial Sequence <220>

15

E2883% Ar
mster | | e

{GFALCGETCAYIEREECHSD> 17 Met Asp Gu Phe Gu
Lvys Arg Asn Thr Ser Qu lie lie Ser 1 5 10 15

16

GH Qu
BRAAl a
lie H's
Met lie
55 60 Ty
Ay Gu
Asp Tyr
Leu Lys
Asp Lys

ATEGEUCAEGACCACEACTAGCAGETCGEA ASEATIGCGITATCCA
GG C DI DI AC HACOE TAI GCPRE GAGE QAT CEFCTSGACGAGCT
IGECCITTGACATGT ACEAGRAG T GHAGSAGCE TAGATGRCAAA
EGAACAGEAG T QA BT (TR HBA ASECLCAGAGCTGRUBIIGT
TTCIG AGAGTEPATECCEREABCETTPAACAGRGAGGAAAGACAA
IGAGAS ATESAATCTR GRG T GCTERGRAFCTYE CRGE TGGICATCC
AT CTEGEYECTACISTSIAGI ECTETAGEAGT QIS THOECCAA
AACUYECTYETWECCRECTIGT RGAGT AAEGT CEATGASCTCCTA
HOGGAECTAGAGGAAGGCATCCAAACGCTGATGGGGAGGCTGGA
AGATGGCAGCCCCCGGACTGGGCAGATCTTCAAGCAGACCTACAG
CAAGTTCGACACAAACTCACACAACGATGACGCACTACTCAAGAA
CTACGGGCTGCTCTACTGCTTCAGGAAGGACATGGACAAGGTCGA
GACATTCCTGCGCATCGTGCAGTGCCGCTCTGTGGAGGGCAGCTGT

GGCTTCTAA

17

D286R
mutant of
E9

MDEFEMIKRN TSEIISEEEL REVLKKDEKS AVIGFEPSGK
THLGHYLQIK KMIDLQNAGF DITYLADLH AYLNQKGELD
EIRKIGDYNK KVFEAMGLKA KYVYGSEHGL DKDYTLNVYR
LALKTTLKRA RRSMELIARE DENPKVAEVI YPIMQVNGIH
YEGVDVAVGG MEQRKIHMLA RELLPKKVVC IHNPVLTGLD
GEGKMSSSKG NFIAVDDSPE EIRAKIKKAY CPAGVVEGNP
IMEIAKYFLE YPLTIKRPEK FGGDLTVNSY EELESLFKNK
ELHPMRLKNA VAEELIKILE PIRKRL
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Asp Tyr Thr Leu Asn Val Tyr Arg Leu Ala Leu Lys Thr
Thr Leu Lys 115 120 125 Arg Ala Arg Arg Ser Met Qu
WO ewoeloss80Al a Arg G u Asp G u Asn Pro 130 135 1POI/LFH05/043603

Val Ala Gu Val He Tyr Pro He Met G n Val Asn Gy H

e His 145 150 155 160 Tyr Gu Gy Val Asp Val Al a Val

GI% Gy Mt Qu G@n Arg Lys He 165 170 175H s Met Leu
CLAIM Arg Gu Leu Leu Pro Lys Lys Val Val Cys He Hs

180 185 190 Asn Pro Val Leu Thr Ay Leu Asp Gy GQu
WHAGLS ALAIMER IS Ser Ser 195 200 20)5/ Lys Gl)e As% Phe H

AI a
X%on@%ﬁltfséﬁ [&)o/l?f)% 15@%;1 %ﬂinﬁcgrtgl\%r gﬁ%hc%% a(&’ﬂ@h@\;iﬁg the

nucle163hmd@bqueﬁsmsdmomec2ﬁ5mm@ gRBH cazls@stmge)f IBEQ E’ NO—I 4e a pblynucleotide

ol i1 5 S b S OIS R R e

encodr%%rthér Xl‘hlng d&lcﬁseeﬁuﬁlﬁg o% ;@o@%;}?l\ﬁg g 7Lqé ﬁbr@?&m%@%r%y%eohde

sequemsrthékb@f wad a phrweGlativeyariation théreofiys H e Leu Gu Pro H

) Ar g JTXG cc?n%lgos%t?o% 0310 c9a1m 9, vlsfhereln ggd RS preferentially aminoacylates a

tRNA.

3. The composition of claim 2, wherein said tRNA is aminoacylated with a non-
naturally encoded amino acid.

4. The composition of claim 3, wherein said non-naturally encoded amino acid is
para-acetylphenylalanine.

5. A composition comprising the RS of claim 1 and a tRNA, wherein said tRNA
is chemically aminoacylated.

6. A composition comprising the RS of claim 1 and a tRNA, wherein said tRNA
is enzymatically aminoacylated.

7. The composition of claim 6, wherein said tRNA is enzymatically
aminoacylated by the RS.

8. The composition of claim 6, wherein said tRNA is enzymatically
aminoacylated by a ribozyme.

9. The composition of claim 1, further comprising a tRNA, wherein the tRNA is
aminoacylated with an amino acid by the RS.

10.  The composition of claim 9, wherein said amino acid is a non-naturally
encoded amino acid.

11.  The composition of claim 10, wherein said non-naturally encoded amino acid
is para-acetylphenyialanine.

12.  The composition of claim 9, wherein the tRNA is derived from an archael
tRNA.

13.  The composition of claim 9, wherein the tRNA is derived from M. janneschii.

14.  The composition of claim 1, further comprising a translation system.
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15. The composition of claim 14, wherein said translation system is a cell-free
translation system.

16.  The composition of claim 14, wherein said translation system is a cell lysate.

17. The composition of claim 14, wherein said translation system is a
reconstituted system.

18.  The composition of claim 14, wherein said translation system is a cellular
translation system.

19. A cell comprising a translation system, wherein the translation system
comprises the RS of claim 1.

20.  The cell of claim 19, wherein the cell is a eukaryotic cell.

21.  The cell of claim 20, wherein the eukaryotic cell is a yeast cell.

22. The cell of claim 20, wherein the eukaryotic cell is a fungal cell.

23.  The cell of claim 20, wherein the eukaryotic cell is a mammalian cell.

24.  The cell of claim 20, wherein the eukaryotic cell is an insect cell.

25.  The cell of claim 20, wherein the eukaryotic cell is a plant cell.

26.  The cell of claim 19, wherein the cell is a non-eukaryotic cell.

27.  The cell of claim 26, wherein the non-eukaryotic cell is an E. coli cell.

28.  The cell of claim 19, further comprising a tRNA that is aminoacylated by the
RS and polynucleotide encoding a polypeptide of interest, wherein the polynucleotide
comprises a selector codon that is recognized by the tRNA.

29.  The cell of claim 28, wherein said polypeptide of interest is human growth
hormone.

30.  AnE. coli cell comprising the RS of claim 1.

31. A yeast cell comprising the RS of claim 1.

32. A fungal cell comprising the RS of claim 1.

33. A mammalian cell comprising the RS of claim 1.

34.  Aninsect cell comprising the RS of claim 1.

35. A plant cell comprising the RS of claim 1.

36. A vector comprising a polynucleotide encoding an RS having the nucleic acid
sequence selected from the group consisting of SEQ ID NO: 4, a polynucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 5, a polynucleotide sequence encoding the
amino acid sequence of SEQ ID NO: 17, a complementary polynucleotide sequence thereof,

and a conservative variation thereof,
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37.  The vector of claim 36, wherein the vector comprises a plasmid, a cosmid, a
phage, or a virus.

38.  The vector of claim 36, wherein the vector is an expression vector.

39. A cell comprising the vector of claim 36.

40. A method of producing a polypeptide in a cell with a selected amino acid at a
specified position, the method comprising:

growing, in an appropriate medium, the cell, where the cell comprises a nucleic acid
that comprises at least one selector codon and encodes a polypeptide; and,

providing the selected amino acid;

wherein the cell further comprises:

an orthogonal RS (O-RS) of claim 1 that functions in the cell wherein said RS has an
amino acid sequence selected from the group consisting of SEQ ID NO: 5, SEQ ID NO: 17,
a complementary polynucleotide sequence thereof, and a conservative variation thereof; and,

an orthogonal tRNA (O-tRNA), that recognizes the selector codon wherein said O-RS
aminoacylates the O-tRNA with the selected amino acid.

41.  The method of claim 40 wherein said selected amino acid is para-acetyl
phenylalanine.

42. A polypeptide produced by the method of claim 40.

43. The polypeptide of claim 40 wherein said selected amino acid is para-acetyl
phenylalanine.

44.  The method of claim 40 wherein said polypeptide is human growth hormone.

45. A polynucleotide having a nucleic acid sequence selected from a group
consisting of SEQ ID No. 4, a polynucleotide sequence encoding the amino acid sequence of
SEQ ID NO: 5, a polynucleotide sequence encoding the amino acid sequence of SEQ ID NO:

17, a complementary polynucleotide sequence thereof, and a conservative variation thereof.
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