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BRIEF DESCRIPTION OF THE DRAWINGS
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acid. Fheanrrant GG OFcQNER. ALY giicl gl Bhpiore standard codon,
therebggcg%ﬁggg/o Io¥he of miore sBRUArdSRtno 4R irﬂﬁf@reﬁﬁf){ﬁ% ar¥ant %%in as well.

75% 80% 85% 90% 91% 92% 93% 94%
The 0185686 mOG%tand7fd argiepcidrm b6 ciranged to, ancammatirglainiygo acided a natural

Y ST A
nuclei@%ﬁi@;r B pidkess @lﬁlg?iﬁ'eﬁceﬁ j@liie@é(%.eﬂ‘ﬁé B&Eﬁ.e e 6hitbLeer HIBI18HEY between

and are genera ‘available. [191 Othogonal: As used
sequerves diat is tgefultin restablishityemelogy mefies with ghanwal¢ie @gideand protein at

: €. g.p,,.,an rt hogonal. t (O t.R and/ or .
isue, b Alg0RE 2 HROaRT ALy e Teuic By tpgmoiqpy: Higher
levels b$ 86piehtNsinBRHEE @. 0630956, 3396,Y409%¥, 45%.y50%6,839%6, 60%,6536170%, 75%,
éﬁe.g., a translational system e.qg., a cel I%)/.
80%, 3%n N6 Yor B%: B%oI4%eST oM §10095% oo 2984 or more, can also be
ef £ i : Yoref dob iR 0 Kimi
o G, AR AP BOCANHE LR 685 e e
BLASHPasmndl B ST iveitig, deghulapatanictagonel ddsRifed Aerdinoand are generally
.. orthogonal RS to function in the translation system of
availablgt er est . For exanmple, an orthogonal tRNA in a
transl ati on system of interest is am noacyl ated by any
[19] endofethagenaksAsgtsed heteln sheaterma norheganal gplanioet mwlecule (e.g., an

Wi t F fici n .
g L e B S
used With rddacanetibhcekpapygeman intefesh@gnwtradfitional system, e.g., a cell).

am noacyl at es anﬁ& endogenous. t RNA in the trans| ation

Orthoganed eafeisto theripatakity apirediced gHirdaWY of- Selfsh thrp 270 efficient, less than

0 il G e datdon of
104 LA SOE g SORER L A0 T08 WU rtozonal
and/o0bithegoaah RSl émekien danthberdnsiatiod usystdm of antetest. d&ir| example, an
that __functions with the %irst art ho onall | ecul e.
orthogegal AR & raaratHm FSITHAF INHRRR IRETFAF lajef Ay gieTidogenous RS
] [
o  AUERR RS MBI 14 REROE LS s G Ay opr
aminoa&latedif of iasnendogaivost tROVYobef ik cndogspousBSutIn7gmather example, an

ortho gZ)F]H l§$ gtﬁlg ’acglg%g {an% é}?}jﬁ’@?{a&}‘sﬁ% Yd @%g{#glétgg}g/gystem of interest with
reduc&f &1 &leBNEN cfBBRHEY, a8 Eg/ﬁl?ﬁlfeﬂ% ahtNoacPlatied 0FtheFB¥o &nous tRNA by
nore efficiency) to that of a correspon t RNA/ R

din S
an endogtogundfs Pajeeond priheganehwrrlegule @ﬁnﬁvgmm%u@%d' intefthe gell that

.to en C ortho | i 0 ' .
iy, SRS -CEHAOAREr  GuBETPE Bk, SR movArRS pois
includé® @tk QLD ComplbhidntPP 2bihdNdils thad Findgn@ietherThe tHeetald with an

"cognate" refers to conponents that. function_together

. ] get her,
efficicacy (¢-ga abpRNA0‘Arrifigiane aecHY %ot FRpleagihaRetiad®e effglency, about
° . r o .
75% SARRLETBE 0L RAIR, LR 4, SAcRIoRI oy etpaen ou
95% &ffictencyr ef ab@ntds loy raotenefficidnay)ess' that fofr s comesponding tRNA/RS
efficiency, e.g., about 70%efficient, about 75% .
endoggRqsgIan{ I el e 5 Fefaﬁ&fﬂﬁ%&] grthosqnaljty, compared
toastglgégtm Qro{ﬁl%frfa:(nﬂug%i oRRRIH: RRARLEREI cient, or about
0

or nore e nt, at “which



an O-RS am noacylates an OGtRNA with a selected am no
acid, e.g., an unnatural amno acid, conpared to the
w@RFozaizpnoacyl ati ng a natural ly occurring t RNECDUSE05/044041

starting material used to generate the OtRNA The
unnatural anjno acjd is n i ncorporate

[20]  gr owicpgnats; ol e s |&ég%9rﬁ%u Ii??%? e GFES&E"F[ choé‘ tgecther, e.g., a

0 f rred to

RN A G N G Ph S BRts Ol ety fered (o as being

complémentar}gl ven sel ector codon, at greater than about 80%
efficiency for a given selector codon, at greater than

[21] abouPref&thtefllyi ehigomyldet Thate@hV‘@fbeIeh‘&ﬂl}Oatmmoﬁlmyhatesi‘trefers to an
greater than about 90% effici eng%/#for ven e ect

efficiepgiiong., abewatler ctfipisntathalit 79koskicindi %}9&8 8 e cgﬁn%, out 85%

efﬁcmfh‘.a laﬁSﬁt@O‘VC Qffent Mbollf §96LLsr E{égg ?%9?4.& 9%%r ﬁgfé gfﬁ%ﬁﬁy at which
given selector codon. ? ector co

an O-R® amnc&eylamt an GRISA witled sglecté¢dbammoaioi], eecegninnedird) ymino acid,

compqrgg the &g %@%Q&%@ml ﬁm&%%%fé sl?é?@m&ost[amng material used
to ger@f‘e{té (ﬂ‘i’éj gﬁtﬁl@gp TRE QERIARS ahlifo S61dCEI BEn (iﬂéiﬁ’ﬁblﬁﬁdt B8 a growing

I ncorporates its am no aci d
polypepdalde cnhem with ﬂrmgtaﬁdd}ty,sugh ahgreater aha:raahmmWO&(crﬁﬁ'mlmy dor a given

at this site | Sel ect or
seletqiy s fbeogEaat BoreR! Ay Lol ib5ne ) 2 ESRSERER cpighet soster
than aﬁéiﬁrgo%efﬁﬁeﬁ@y f6rQ080H seldeedredddy ab g'ﬂeaﬁé@fhahlaﬁbﬁt@jj% @fﬁmency for
nber, ochre,” and opal codons; four or nore base

a glve@othkwécr eatloa, ebgrater thauebet %% \ﬁé‘@plemyﬁqua& givan sshector codon,

greateg;lgat ﬁ?roué 9%%5 efficl ncg/o%p q/ % genﬁ g%g%tb%( ‘rt::% u dle oﬁeg,‘&%’ ﬁ‘{gﬁ about 99%

efﬁcwﬁ@ﬂﬁr&dgﬂréﬂ@@ed&a&ed@mdons wherei n t he endogenous
system does not use (or rarely uses) said natural

[22] thregelbase cERAOMhe tHPK “RXRMRIcBdor eferé RLEIIBBS reRoSHMEEER the O-
that"Ts Tacking a tRNA that recognizes the natural

tRNA tih tleetrafsdationgudenss angh upblrec@g@gﬁslt@nammd@enow@%t dhglO-tRNA
antlcoa ! eop%%éf%}%%ggg of‘eﬁ?m%ﬁgn égwat aI r es s its amino acid,

e.g., arﬁ%étddga;r@lfnoaimd@ﬁé}ﬁé@@ﬁ uﬂ%&l‘fﬁhlﬁs)o adid, aat ghl‘é Gsite in the polypeptide.
transl ati on SYSt em ' provi ding a nmechani smfor

Selectph eodqisr eani glusle bﬂh%ﬁ@ n@& |hanrq4tt@ & onYisepte srdogpasych as, stop

n. r t 0 E

codon!s 1ncﬁ1%1? g%&t E&Aﬁrgz‘tﬁh fté agrgl?%f g’%& gﬂ%o &%iri @?%’(%:n[% éﬁur or, more base

codonﬁl;Cﬁard ¢dﬂoh§d:oﬁons deried front aston)] oaufmwiturabbsse paisl and/or)themke For
rare codon. WD 2007/021297 PCT/ U82005/ 044041 1%241})9

a given, Byt st SRICHIOE icprley camibor bl gt Rfurgk lirgs pgse codons,

r | €s): saftl AMERA EReOH d
el 1 8 s e 5 e L ) AR 856 coon
For exaenpde phizsinelddesas systqne ﬂmm hgkingfa RNA that yewvlgpey 8t mdural three

toacotrol ... backin cognat e
base oG oML ABLE By S pBgihora At iafirat hES RS ef a0 f Birk codon.
transl ation systen! refers to_the co onenaj
[23] necemﬂiﬁéﬁ PoFEPEESEOTRNIA df pyIROYE (bt Atfraferigading of a
t a )
messe%érd%lﬁgn(?nsﬁl\]o%'j Zﬂ\"ta%gv&lloég%{?gaﬁtﬂsl sg%tglﬁ] % ‘tﬂyﬁﬁrg{/ irfg a mechamsm for
1ncor]_:forabmgoafn=_‘5rmriom@d $nto aspuiypeptids ehamrIRI‘xlésm)nsb tche sb]lekter codon. For
examlgigea (s:l(l)pprgsrggrn%Rs_[\IXfcah hrga ‘Eh?guegrl]lt a ccr>] o%nllnlcﬁllamgalgut t%lml?e% to, a stop

codon, a four base codon, or a rare codon.




an in vitro or in vivo translation system Exanples of
transl ation systens include but are not |imted to, a

wmeovseeiear yotic cell, e.g., a bacterium (such BSI/ES2005/044041
coli), a eukaryotic cell, e.g., a yeast cell, a

rrarrrrallancell I tcel an cell,.a fungus...
241 Ll | Su iviiu] | Thestcge SR Beion ST afofoalo 1 abiity of a
tRNA S gt Q'Eh?;])rgssor MQJ Ito &e)éa%l%ugﬁﬁ%/eﬁﬁto} B8ddd. kestivitg@hn be expressed
hsl ati on systefms may be CGellular or cell-fréee, and
as a pmgent%epmbk‘ar\ytyt doseoved sukampateil cto Telohtiblafe.g., lacking a cognate
nsl ati on systens include, but are not limted to,
Synthe\r/ﬂ‘?a'e cell preparations such as perneabilized cells

or cell cultures wherein a deS|red nuclejc acid
[25] sequissaslaion, sygem; 4 Ade rtppe d tepslaRuas it Feferrigathe Components

S I
e
(protei®y.st Eompanentsvedf] a kinamstation Exyateol esn oinclidb) efg.eebesmnanmgRNA’S,

i ncl u but not_limted to, .prokaryotic lysate
syntheiieh, TEANA $ e ikeh  DecoPIPORGUa PELe PrReend kit g be added to
an in \llbfé at ﬁ?vﬁfH GAnRts @ﬁ?erﬂeE%ﬁfﬂeE 6Pﬁ§nsldtﬂﬁ%§rﬁteﬁﬁllhclude but are not

| ysates, rabbit reticulocyte |ysates it oocyte
limited o5 atrem- ankdrmumnll,c@gl, alb,zstanem (S\Eduk@rl? otolig, a eudtammcscell e.g.,a

s 20, RIS BT B Rl R B ot

transla%ﬁa@@teﬁwg gyeahyamdi didratth@nige.ar e only possible in
eukaryotic systerrs Sonme of these extracts and |ysates

[26] ar € BMALLAS %y&%gerﬁ&l' el dellubr Qﬁe&@l'-ﬁeé\/bﬁidsﬁﬁy W $rokaryotic or
Stratagene; La Jolla,” Calif.; Amersham Arlington
eukarydgic g HEedluldr| Itransliﬁmﬂbms mclml@ Itsit azrd, 0 Minpited to, whole cell

nbranous extracts, h as anin ancr
prepurdipTALaRD. B REEHPHEE DT Ecindl CHERDY ARG dy Geed geleic acid
sequerft¥éabdrABL erbGhbda s nvRRAULnd Qhe RIS @&hhdfled. e OB translation
proteins. [27] Reconstituted translation systens may
systenzs| avo commueseidlly v xilable end appi different typesaprd aystems are well-known.
Examf act Cﬁ]ll grae\éresgf girsn:\% 1§(§hel%ee,l S%darfsz l’rll%g % |Si{ne§|td|0 }o(f(a%};q%lgslg?attgs such as-

EscheREhih Y& BBatesipide HﬁﬂirﬁﬁlcV\d}IsEte@ leld:H Iaﬁdvﬁeﬁﬁlgshﬁltdxﬁﬁcts insect cell
factors such as initiation factor-1 (IF-1), IF-2

lysates, |;ralgjo1‘( @t]@ploggt)e lysatesn @%’M@PWC gqlesral(dah:um@) celb |1ysafes Eukaryotic
xS RO 8 | 2R SNl B 05 By,

phosph@rylaltﬁd @dﬁh&dflia)mbﬂnﬁeé)b@tm nfangadt nbdificatidws arRNAlyapEssible in

t he rrRNAtransIfted as (ﬂné“bed in. EJ rent ) )

cukaryoigisyeiems. SHM/BT We ayirapis g dysates arqpvangigisapmagreigfly (Promega;

MadlsSH'WSStra\{\!léeﬁ)f La }/(\(ﬁa-z@Qﬂf O&%@%ﬁarﬁ%lyé?&pﬁé@ﬂﬁoﬂﬂ GIBCO/BRL;
tersci ence, which 1s hereby speC|f|ca y

Grandl Iekand J8rvaj. é\dembranermmms siRNAstthacaning pandreakin extracts containing

eukaryotic trans iLqn s em e form of .
croro Rt PR, SRR (AU VB ae DY Toh bl spppory proteins.

guangsi nez and 3' -end poly A tailed maturg nMRNA, which |
[27] can Becamstituigsy dnslgieon ITYRERE APAY (150 OF a8l JetwRg of purified

transle@?ﬁnl BABRGe a8 %@@rgu@g@ﬁ? il [@QQ{S%@MA hntog}r&gm as well as

ciency In the reticulocytée’ ['ysate system
combibeti @st @llyanien or dgsatks §ﬂp@ldrrmnmd wﬁhqmrxﬁd:dadmmtatlanl detors such as

s GaRe AP0 EE (L) MRS D ARS8 riion

factors. UORRFUE & gs’ceﬁﬁ1 gy A1 be Q{ouplée rhﬁl@&?tfﬂnyﬁ/arﬁﬁﬁgﬂ edstems wherein
am no acl refers to any am no aci d, fied am no

DNA is introduced to the system, transcribed into mRNA and the mRNA translated as

described in Current Protocols in Molecular Biology (F. M. Ausubel et al. editors, Wiley

8



acid, and/or am no acid anal ogue that is not one of

the 20 common naturally occurring am no acids or
wa@edognoryst ei ne or pyrrolysine. QG her terns thetT/DE3000@44041

used synonynously with the term"non-naturally

Intersongig. F4B O G0 BIeGiEcalnHorRRE P PY 42 GieCtr Ng ranseribed
in eukﬁgbﬁﬁt écﬁ tiok té&ﬁ"rﬁ%ﬁlﬁé ¥ Y PRRDSE BderdRbblear RNA (hnRNA) or 5

ted ver sl thereof. The term
end catpe c(ﬁ—methsalr gdldnpsmn)catdba’ atd polyaditeiledatgbire meRiNde syhighucan be an

d h
vl b Lo S SSE M P e i

high eﬁfcéﬁcyﬂ%ﬂéﬁ@ﬂlhﬁo%’f@%&gs o acid (including but not
[Tmtéd to, the conmon am no acids or pyrrolysine

and | ¢ ”n |
28] 2N SALAHPGYLE! R ngéo s Eég%ﬁtécf‘p ggl%ll@% R Ak il 4!y desired
naturally analrahg amimoagd ex unﬁtmbhmmooiclck uskused herein, the term “unnatural

. _hon-naturall ccurring i ncl ude,
amino RgR 67 BB P e R i AL aiieacigymatified amino
acid, & 8)%% Yhidhd 548 Qﬁﬂl@gﬂe thatt 8 'h@?@ﬁé‘@f th@ 20 cSnRlvASRRRLYY QeQduﬁ‘i‘ng amino
Derived from used herein, the term"derived

acids cﬁrraﬂblﬁ\hocyslt@ns ot pyraolymn@ bt terhathat isyibsaisad epndnyoensly with the

term RGBT st S Rl e R PRl iR AR R Thafhatyral amino

acid,” AfoMB8frIBL &icﬁmﬂg@nﬁn@ raeid,pasd thfz’(ﬁlslysﬁhﬂféhat@@ afd non-hyphenated
screeni ng marker™ refers fo a marker that when

versiopy gwse, Eh@ terme Jsnenptenally £oppdedt @dinoggcid halse jipgdudes, but is not
I
limited gqs élg}tlls Olﬁaﬁ% EIE.P B&%J# gir{xcﬁ(ﬁogge[tlo% (%%bh?ﬁfwtt%.gs%%cg}a? I(I-?r\f;dedﬁﬁéﬁﬁons) of a

naturaB¢le@6ddednaniiBG eid (lﬁﬁﬂdlng\@ﬁhbt\lﬁ‘mﬁed &g ttho© o @bnﬁﬁb’rﬁ&mnbgacids or
mar ker; As used herein, the term"negative selection
pyrrolying ardesienogyFaipRihut A el IGeMEETHes A IBHY FIQEDORHER o 2 growing
[ e
pdype%ﬁﬁ%\%@%%% %1 ca?'frltgozls o«‘#ngl@ I]F}@a at gf)gﬁé&ngéﬂ g%s‘?éaéé’ occutring
aminot heidiesintiade, priaperaty fet glimited tgonpacadgtuwosantialyl-L-serine, N-
t hat does pqssess the desired opert y) [32] Report
acetylglpcosagngydderthieqrang, an& erlecgpﬁ? yfoéﬁ’(?r ter" refers to a
conponent that can be used to sel ect target

[29] conpResrediom: As yget karpins thederar ederivedfome iatep to 2 gpmponent that -

is 1s01£t§<§) bt Iﬁ?t[&bdsﬂﬁ M?oqmaﬁm? 'E%hﬁ.eé %Jecﬁieg m?lgall? leyféﬁmslrnh at

ers an C resistance senS|

30] I(: nmc udi.ng, put not WO 2007/021 Hse /hgrsegoogl/ O44O4;Lp0SItlve

selecti®f @k )é&r%érﬁﬂé ﬁﬁﬂ@‘é’erdf&ﬁ_a 2 naRertthe \i/helﬁ@reseﬁt felduaxpae el activated
screeni ng marker. (includin but not limted to, green

or theflikgo resstie in Iqun@ﬁ@atwn(@f g cel vg[:‘tpshe p,qs]:bwe %@pon erafrom those
WlthOl%tl{Hé E?s%ffngelegg&lfg{aﬂgelrnc' Ud' ng but not limted to, a

uciterase protein), an affinity based
[31] ?r;: Eﬁg 8aSE k%r & CQOSI tiye o n at IEX e%’eelrlle {eat%}’r% “negative
selectioh 3r gél‘e@tﬁhg ﬁiaﬁébi’e}eferé\%'a Gl@drﬁé}hﬁit v@&ﬁ’a}ﬁi‘és@ﬁﬁ RaS Exprddbei3 activated
ura3 % or the like. [33] Eukaryote: As
or the dlsk@dalﬂfewexdﬁntl ¢nsion eff m cel fkair dass @ot pessessghe desredanprerty (.., as

o] P PRI g, e s o
[32] I( Pﬁgg@éﬁ@ée% lll%eﬁathe?@inﬁnqﬁgae S C“I)e}?,qg%(gc{)%lgrsstgla cglng)onent that can be

used to select target components of a system of interest. For example, a reporter can include

a protein, e.g., an enzyme, that confers antibiotic resistance or sensitivity (including, but not



al gae, etc.), fungi, yeasts, flagellates,
m crosporidia, protists, etc. [34] Non-eukaryote: As
wais@d/obesei n, the term "non-eukaryote" refers POI/NBIVO5/044041
eukaryotic organisns For exanple, a non- eukaryotic
gani sm can belong to the Eubacterla ncludlq{ ﬁ
11m1teq1]gﬁ B ]iapﬁa{ngée,tcglorgg 50 ﬁqeéy gépq eraqq]g}f};ﬁ)s and the like), a fluorescent
el r
SCI'GGD%%‘E{HC, Idngﬁlp b?{é Slllde{ﬁléml% RS U OEE% rg;@p%g%ﬂjgnotem (e.g.,, GFP), YFP,
EGFPPRER(a tanimssceptinatker (iatladingHuy Ino’ghmﬁéd to, dofimeily, lu@ferasb @rotein),
Met hanococcus j annaschi i

an af %Wﬂ&ﬁ?fbé@?@?% H%aﬂf?éf PRoRRMISYE Fphicaling sele¢tals cpaker ganes such as

iz, RUGDE LSRR o0 ol LORoBLer v SpREIS. e, o

the likByr ococcus hori koshii, Aeur opyr um perni x, etc.)
phyl ogenetic domain. [35] Conservative variant: The
33] ter nEuIézﬁ?ét@r VAd 11968 Neddih 2Rk terie F@ikarylote Bretidr @ RS badahRfs belongin
133] conponent, e.g., a conservative vari ant C>tRNA%%r a Sme
to the @b}v&l@smﬁéwmglayraEu@mya RIS anieals (inghudingdwanptlipied ty, sgammals,
onent. fro [ the r v ri .
1nsecté 5 Jeptl t11es 3) itdd thcg mmtfeé}ﬁ% (ﬁﬁlu&*}ﬁs&&”&ﬁ lngéédv{:%l nocg(ﬂté, dicots,
algae, left. ), hm;.ﬁ %uﬁﬁl@gelﬂ:&és X aappRidig PprédistSetnl | |
am noacyl ate a conplenentary O-tRNA or a conservative
[34] vari 8oh-kADR: W AH 1Red he@shethe 36N OmdGidtdkaSo@”, refdls to non-
unnatural am no aci d, although the OG- tRNA and the
eukarmﬁlﬁs&gmmms/ eFarzaxampie, a@ﬂﬂf@lﬂk@lﬁ@% @tgahﬁvecanteelmfe the Eubacterla

Sim lar | m.noac
(1nclu(§1ng uecfle " f;]nr%]lt%% gdc %‘scllz:e rzchza colzun n]Zz T ézreﬁ’nrz]%v hi us, d,

szeammer;aopﬁzml EPRII @ Ynds ﬂ&wsceas PoaaRinbatl Veeri@ibsit Pseudomonas
O RS, although the O RS and the conservatlve vari ant

putidagy. #S) dBhylegenstic edompa, s%rnéhes Afigberde (¢ BheMediiverusts iennaschii,

Methax ﬁgézc%yﬁm? ay %\él%totl%' ZC‘um %53‘5&(%%9 %}pﬁ% )ilgfoﬁé%wc BFcanii and

variat ions, Variations

Halobwaterinii spesies INBEQY efn@lﬁaeogbbh@ fygabis] Rerocoans efiviakusy @yrococcus
variant is conplenent ar to the correspondi ng Ot RNA

horikaghii A qreopyy we et ¢84-1 BW pFensti¢ g%‘ﬁiﬂﬁ‘g agent: As used
herein, the term "sel ection or screening agent”

[35] ref eCens%Vaﬁweavaﬂaﬂt t Hae, teme,q:omeé\ga@wp vaglapweeferg o 4 translation

r 9
compEhESKE ST 3RASENRE BN R BRUPENE fiap, 085,

ﬁmcn@i@allyqjeefonﬁs sk e;awmﬁpdmemsmsmemmlg thRgemberv adteUet@Rint iBLHased e.g.,
not limt , anutrient, an antibiotic,
an OM& gh§- RSoﬁouF |h@ﬁtvana%or§nm Hsaseaughtee x fioe <xapple, an’ ORS wil

amino %Lléft@ Uacl:cg‘ﬂ}glblql%mtafy OLRNA I0f & comgrvﬁﬂ'ae%ﬁé?l@ @g@l(ﬂék AR a selected

by concentration, 1ntensity,
amino[ 31, efheant mmatdfadcﬂmmé feid] atttdugh nmﬁgﬁm dtid thefensertaiive variant
ess less th

ef fi abo 10%
0-tRoff g nas e 1 e e oI ol EHl beaaripgagaated with a

select@N @nRh&aARIE M c2MNQREMLAY eﬁnl@bt M biPEd AldeBementary O-RS or a
DESCRI PTI ON | %8 Transl ati on systens that are suitfable

conselfvahvm’aauamg OpRS,t aéihnsgh thatO-Ri¥cinddbe oorseativevaians - E&tdedlot have
the sagjrgs%ﬁ}l%g& Sﬂxeux%sérb/gtﬂ unn%ﬁg%%lé g%r,n %gg agnedVanatlon two variations,

three variations, four variations, or five or more variations in sequence, as long as the

conservative variant is complementary to the corresponding O-tRNA or O-RS.

[36] Selection or screening agent: As used herein, the term “selection or screening

agent” refers to an agent that, when present, allows for a selection/screening of certain
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10/ 126,931, entitled "METHODS AND COMPOSI TI ON FOR THE
PRODUCTI ON OF ORTHOGONAL t RNA- AM NOACYL t RNA

WEYNTHERASE PAI RS' and 10/ 126,927, entitled "PpOI/UBMa5/044041
| NCORPCRATI ON OF UNNATURAL AM NO ACIDS." In addition,

U 67 i tled "EXPANDI NG THE EUKARYOTI C .
comp Sffer e rpeiitos B T SISO aprayeg shont ncludes, bt i

not limfted i) @At LaltHente b afiibibed, @rveReRnigth bt BglMd ARiBody,SHC&kpressed
trans| ation systens generally conprise cells that )
polynpeleptifge ofintherlikgogdhsl selqiian (ageniRr@) beavarind; fogoMal concentration,
intensﬂgi %Qacyl t RNA synthetase (O RS), and a sel ected am no
acid, e.g., an unnatural anmno acid, where the O RS
am nQacylates. the. O.t RNA with,the sel ected am no aci d.
BT A onbhsgBhaR pHtitymeonaliasutalis 5 oY GHiie: £2. 65 than about
10%, desEpaas tabbit 3%, ot NG, thén Gbout® 194)PAT RERAN a IV o one organism
_ frameshift tRNA or the like, and an ORS. The O tRNA
aminoagdaigh Oz&NA. first sel ector codon and has suppression
activity in presence of a cognate synthetase in
response to a selector codon. The cell uses the
conponents to i nc HPBbAHLEDINESCBIREI@N anmino acid into
[38] a gr dwinshytipokygpeps thdearechaiabie fdfanakéxgpioteins thaninclude one or more
aci d. that, conpri ses a pol ynucl.eotide that  encodes a .
selectgpina i feC.8h PBRUE AP idoinh dosribeq it U Simsre! pdications
10/12698 ¥ neigitRat B TEOIS | 95 @OMPESHAON FEHOTHBAROBUCTION OF
recogni zed by the O-tRNA. The transl ati on system can
- ORTHPGO ARNArANINQACSIs tBMNA tSRRATHEIASH PAIRSt frel 10/126,927,

e 3ROV O IER AR TN R A S AVANEL ABTBS 7, g acivn
see USSAN$0/305,867 ehB83d TRXPANIDINGITHR BYRNWRYORYC abBREPRC T ODE.”
n-vitro) translational system In these

cell-free (in-\ ! L el . .
Each %%@S@rﬁ@phwfﬁnoaﬁ isdapprparetaddierain by seferpripinids entiretyp|Sack translation

| D= Vi€ O | ad i - £ a i ne
sserd B A8 LKL 0002 B SR G AR hosona
aminoayylttREA synitfetade (ORI andy sdlbRed 4BROHUIRE . gGamSirdefuad lathino acid,
has been applied to the devel opnent of

ff
wheredlg P-It$ ainqge Jpiss R RAWS h das selastadt arsige acid. gin oniagonal pair
R . i | .
of theggrenfitetiohis YBipha B 5 FRAT P homgrsr B2 grmestin

tRNA Soa thezlikBi antl emh@eR 9.9 yTHeeOHBING, r&dgnized\® 200 #¢1623280don and has
PCT/ US2Q05/ 044041 537- 1542, (2008_2 ;. Kkm D.M, and
suppregsign agpEty 1 Prefegeeehh PBgle PREiase & repponsgde aggigetor codon. The
11 uded WOLomirhtsRo Yh telthE sclURd bifyind i
“TUE oengci’rﬁlgéeri ng. 6%@61}%0- 188, (19%%’)11;“%223&%2? %giﬁﬁ?g ABiypeptide
chain. gnfor) eRemBlgara zuclBicoweidhHiatuesises 86 oBEBele(t®D8Nat encodes a
U..S. Ratent No. .6,337,191; U.S., Patent Publication
polyp e S50k LB BSOS G5 SBILEIE s BpOuT BRIy oes dgselector
codonltﬁﬁtofs%&?%ﬂfﬂd% tRf OrRNE  MBicCirdhslaABAHSemARR 8186 be an in vitro
that may be applied includes the nRNA-peptide fusion
systent.e dRMiAg tnwlecgles, ofethg presrnt Rylgeiiens argnuseful Bzt tkpslionel system,

: t b 94: 12297-12302 (1997); A

md"d—%aéﬁ’ E@%ﬁq}&tﬁg}l?‘? “&%@% 1y ‘E%OBI ogy 10: 1043- 1050

[39] (200Bhe trahstatiohi systeppimanalio tarn ceiNAed @rwfited)etrdrsiesalts9stem. In
puronycin is translated into peptide on the ribosone.

these gyptegriewhich ean énclyriqeiihsT BN A 8s piereppledin-wibgi translgtion) or DNA as

A e T TR T

by ther eiadsomes. Considerable effort has been applied to the development of cell-free

protein expression systems. See, e.g., Kim, D.M. and J.R. Swartz, Biotechnology and
Bioengineering, 74 :309-316 (2001); Kim, D.M. and J.R. Swartz, Biotechnology Letters, 22,
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puromycin captures the C-termnus of the peptide. If
the resulting nRNA- peptide conjugate is found to have
WO paogoeRbT Nng properties in an in vitro assay, PCEHUS2005/044041
identity can be easily revealed fromthe nRNA
sequence. |In this way, e y _screen libraries of
1537‘%%&%&5@91&%‘% pf ﬁnﬁgfﬂosg%ﬁz’ ‘P’ég}ﬁlﬂﬂgi’fa tearey 16, 385-390,
(2000% ggag ARG R v Biat&%%zogy af?@;hﬂ&ﬁgﬁz!eg%%, mthg}%& (1999);

ifed “properties. Mre recéntly, in vitro riboso
and Patrails| Bt iands).Ri Stwaptay iBiéotechniprep o2ve n3@2-8G8 (1988 U.S. Patent No.

g N e e S A
are in%gora?ecﬂby ré¥erdn6é HbRin. etAmther aPpRach Mk ImACBE apSidd includes the

(USA) 100 6353 (20_02}. [40%\ In certain enbodi nents, an _
mRNApepiidd fusionl tedongire sfaqge.gh&. Rekertond heSzestekeRtoc. Natl Acad. Sci.

s ERRRTRATIE el SRRl B BRI ol Rlato50 oo
In thid BSprUs@s aamRNANegaNak HokB 1§ GuidiidIn isveaistatéd ent&pepiie on the

) conprises suppression activity in presence of a )

ribosogsy nl4oae oy AoketRNA melepwepiaysdeen medifiade Berhatupd gming acids can
. or n i - s ) o

ve i@ QA08T A, ATHERREYbs LI SYRTEL B8, HRED) o s boen rea

puron@eiPEdpaess the[®termiraisedtthelpertidal I&the acadting PRINAPpptidieconjugate
. of interest, where the polynucleotide _.conpri se% a .
is fourd fRRavsInKEEEHRAS PFRPLTHES 1 @R 3f NI RSBy fisridensty pnbe Eastly revealed

from (A3 QKb Ace T iy B2 St Sk PG O P PaEy éomprising
one ooneorseh@chavraliyi enoodmi dmiron acids ttaiiderdify qubilypeptides himang desired

cell _can further.inc)Jude an additional different
propeids RN ORI bLiLE VLSS SUPSCT AP s CofEpehents have been
report¥d) 18 pbRRit Gid BN dRCAGERSs MbSRRRAGRE nBRnAfurfBH&Rkoded amino
and the O RS preferentially am noacyl ates the t RNA

acids. wheehe.ghé\. ferstarar gkl Brorelathrtced Sat (USAFHI0:6368n(30e3). a

cell _can_  further conprise, e.g., an anber_s es
401 { Rual, R SIORRRGATSY i et e “LePrgBrg dfS RRUaE e present
inventioH @&Wldel Bi¥¢h 8 \tRhbRtias 8y@ém Ve diaiasRes Ybe [FRRPASERII df. the present
_ [42] The O-tRNA and/or the O-RS can be naturally )
inventéreiehidaganertlagendld RO (VEBNGY, Wheredlrg GriROFA gomprises suppression

. .nat ural | rri I ) [ i
s etc BPAEEh 2 RO RenliBe 15 53essllon: an orvozon
aminoB&AHRS20 0yh 4 1(O-RSY ar sdleddedrantifio odcidSand,f bonudeic acid that
vari et;i of _or gani sns. For exanpl.e, one strategy

comprites dLiRg WCI%_ @,tl?qﬁ &8eRees anleatils shujerestryghere thgfpolynucleotide
compxﬁ%ﬁk/ré@fe@t%g cf 8 thaily Péc}ﬂglgiﬁ%:d@?gkid‘-ﬂu%@et er ol ogous

synthetase pair a source other than
t he t_cel.l [ | tiple,: j . .
nt 0, 1085l B Bl PR LBESp B0 ub i DR i v
incorpodatibndedt Roidblhbl d@e selefied dnfifd abid. BoastaiDtmbbaingBisahe cell can
host cell tRNA, and the erties of the heterol ogous

furthey pagudeprgaddiiamal differend Q-PP;I_S%/(S-WH and a seqopgl selected amino acid,
am 1 t ._any. c . R :

oS OSSRUR P, MOShCPL sV TNS  o0s grrnialy

aminoaoglates ¢hd OstRNA etids t. sebdi] selecselamihosdcidt eByr éxample, a cell can

generating an orthogonal pajit._jnvolves ratin ) X
furtheR GPRATISS 5 by &t PRLCT RS IRNAEEINBER TN sy ibeRes pair derived

from B¢ P%@ﬁw sydiRBise DRGABL AL B0 FRakp. al SO be

[42] The O-tRNA and/or the O-RS can be naturally occurring or can be derived by

mutation of a naturally occurring tRNA and/or RS, e.g., which generates libraries of tRNA’s
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[44] In various enbodi nents, the O-tRNA and O-RS are
derived fromat |east one organism |n another
weednoderzent, the O-tRNA is derived from a nat upel/Ug2005/044041
occurring or mnutated naturally occurring tRNA froma
first organi smand the RS js derived from naturall .
and/oriRugiies; g e TR AV HIFURAE QFERRISTSo ek FRATRIC AR FgiREY Of Ploducing
riA6EARY (RNGEAABac/IARNIE r&m@e@é #tinvbNEs filb&ting@N&l heterol
o ofgétond or ga%ilﬂsrrsc}gre di fferent. liglg:orm‘éxan%lle? alrﬁlg slerotogons
tRNA/yntheigenpdir fiain, c.grpy sourct wther thanRNA hoyintehle oa sanldgleispurges, into

fro hanobact er i um.t hernoaut ot r,ophi cum,. ,and t RNA .
the hog ool ohe BRReReSg T et pRR Rty G g B nduas. iy that it
does 1P chA¥ECuny hodt! defMRAA, Vel fthe pfo?%rtfeis r&&h@ﬂ&e&ﬁi}%@ﬁﬁ* tRNA candidate

organisns” are the sane. See the section entitled

include,Se.gr, cibst #nid mgsaminOagydaipd " arte hestnedilopyrdlerdasei ofmladdition, the

i nf or ion, J45] 1.n rtai n enbodi nents of the
hetoroltRoBE YA S0 arthotha & stiob Bt SHBBRA C o cnt
i nvention conprises or i s encoded by.a pal ynucl eoti de
3] goubricaont STReET fSopiingn pRiReptal palt ibYolges Shefing mutant
librari6OFBMERRIh 36 %ceBh ¥AWE! 898t 38 GERINANGEOIRE §8Ese Watcddies can also
conservative variation thereof. See also the section
be conglrined.| ed "Nucl ei ¢ Acid and Pol ypepti de Sequence and
Variants" herein. Othogonal tRNA (O-tRNA) [46] An
[44] or t hhgomédust o diRentRNAE OeRNaA exsd (O3RSrgyerdatived fiom at least one

selected amno acid  int rotejn that is encoded by .
organigfanofs, ARG PRBRLISD BobiR e HEaPLdup 2 BUORIY Reeting or
mutatdd® naﬁ?ﬁ%ﬂ@écﬁ%@mﬂﬁeﬁ%f BNAvst @rdhnisnd And1thO® RS & derived from

vitro. O tRNA of the present Tnvention may be
naturalyri avoucinigace thuated natuddlyi pecirang RS &oind absecamd/ ongsinisod  In one

r technpgue, .incluyding.but not.. limted to, .chem cal .
embodnen SREERY B, e PSS IR EGlcs Rl 16 qrAggonal pair
may ifflude et RN £ §fithetadd Wepivell Bon B AR o B AB bkl kT eRRbhiModrOpificum, and a
transl ation" system An O tRNA of the present invention

tRNA rdgyivid fram aashielitBRN vie.an RS Hiplohagiesinewt AR Gah ndlternatively, .
acid.in viitro or in vivo, |n addition,. «
the Filog¥) PO P BRbTER 50 a1 51 i RSiamy ot Sy and Host
Organf¥sOneNf@fadlifiengliasematibdlvent i on can be provided to
the translation system(e.g., in vitro translation
[45] CONMPANeBkSn QhbdiMehts)ofdineesbidnt iRFenB¥nPrRMDARNGA Bf the present.
_ pol ynucl eotide that encodes an O-tRNA or a portion
inventidregosaifrises-or isesnangddeyy apolgnudp¢tideseqeence s sétdprth in SEQ ID NO.:
thereof, 15 encoded.b I I i d .
L2, QP ot SRR Rl ot YU GO S B yg vrsin
thereoPOKYNMGH G debifors @EHRACBICIRY 861, an@IPodyepiseB¥@ich¥eand Variants”
~variation thereof. [47] An O-tRNA of the present
hereinj nvent i on conpri ses suppression activity in the
presence of a cognate synthetase in response to a
sel ect activity can be
det er, S URber oW, | e . :
[46] art.p$%9 ,Aé , g.|d%?%%%§§§§%§F§géﬁ?ﬁ#m§§%é?ﬂnoamd
into aC@BtcRe this 66l endddde riyvatpoleuolkottdedihas bbEpiihata expitessadon that is
|'acZ gene under the control of pronoter is used, . .
recogizesl by thiedd-ERNAe c18e 0 IHOGT 1R HErop &t P HRINARICRRPyERRtgRVention may
be amk%lh%?c&lﬁgggfgﬁgﬁcp%rpﬂlge%iﬁ B% g Y %%%?d;isoiteghmqﬂ-é?‘%cﬂ(ﬁﬁ‘g but not
limited to, chemical or enzymatic aminoacylation. The aminoacylated O-tRNA of the present

invention may be added directly to a translation system. An O-tRNA of the present invention

may be aminoacylated by an RS with a selected amino acid in vitro or in vivo. In addition,
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control) for tyrosine, serine, leucine, etc. The
derivatived lacZ plasmd is introduced into cells

wo e@mozanoappr opri ate organi sm(e.g., an or gani BOT/BEB0®044041
t he orthogonal conponents can be used) along with

lasm d conpri sing an t of the.present inventiopn.
the RAGGhae OBt ot SSESAro IS PERent 1<GU08 G (1 PIRYIEd o the
translafion @yﬁéﬂl X@g?%ﬂ GRrokarR1aB8h ¥oHpbEGHd, &8 aldaB) dREEBIBEby bRRiding a
cognat e synt hetase when expressed). The cells are
polynugtcovide firat emabides tw CatReAior epottémsihereof. Boyexampe,am O-tRNA, or a
porinpRerar o g o9 ey et BRI Rl SRS B0 12,5

or a cop1GRbREL IV HRERoASS ?éq[ulﬁilde th&leyRe£8 tonsepra€i®8 variation thereof.
suppressionis cal cul ated as the percentage of
acti ity S l-at.] t > kg tivity in th
(7 35r Kol R SRR LBy QD gRkBon sty in e
presendeof ¥ ad gnaetsyntieise msdspast o akeleetot bmlonorisippressiomaghivaty can be
corresponding sense_codon at desired position ra h%r .
determipgghby ame pEe NBMDbELALASAYFIOWM I the aftRNT FERRIPI: @ /-galactosidase
YN8 1 ybcit T &P i idl LR @izt dBB under th
1repom%al;d&dé' ?%})iq‘g%na@ H% I f %c%?ﬁ%ﬁgwtog qtﬁéﬁﬁgstgé%}gﬁ bg pr esgent .un . _e
controlbEpromweditis asedat.s9 wiherd thd &su-26 mf sley peptide & WaQRRIOWEY of lacZ is
of O tRNA, For, exanpl.e, .C ervative variations of
replacgs| BRSSO Dsd ol ECar ACEAREST PRGSOl Frioh cpigs (s 2
controg fo?l}@oﬁﬂg, SRinB! RluBinkN&ct RYR derBRAP&r 1:R1r pladideis inRéduced into
0 not have the same sequence (and are other than wild
cells ftoppen pRMNAPTIEE @cganis) (c.Seen grganism Whersdbe ophogaag pemponents can

v s i e S5, BRI FRRHERS B A com

the®RB0 chialddede infolittd @Ah&T dshopeIRpéptidairnopslyhudlédiie that encodes
b syntchet ase (O-RS), v&?er et heEC}@%%) preferentially

the cogndtn epirtatcasherhexpgessedNAT g qels aTes gogey iBdmedin o a4lepiged density,

e.g an_unnat ural Lho,acid). In certajn .
o2 taBoaPrerieibon! UoonBoPrebRer R araS 2l b aggeto g usine the
BetaFqufW—@aH@ﬁJsRﬂ@e Asdha08 (96V28n)S Y HeBdBnf QupfpressidA ié Balculated as the
vitro or an In vivo translati'on system). A nucleic
perceragdecbfertipity Sirngsampie slatine teat ¢apepagaide domigolae.g., WB value observed

2007/.0212 PCT/ US2005/ 044041 | tid f .
from (iR QEF B0y GPRCT o W IETS/ P RBL P CbF 3o Rt gegp codon at

desireﬁgﬁﬁtiéﬁ{ﬁ%%m@%r do86®ani zed by the O-tRNA, or a
C I nati on of one or nore of these, can al so be

pres i ; : i 1. S .
B
additidml nmadificatidRNAtSytht hiedsas emn( B RSesent[ 500heManveotien oflso includes

produci ng an ort onal tRNA (O-tRNA)., e.d., an .
conscla EARIAPES B QoG Lo APl SRR AP e SHTEop RO ERVA include
those ‘ﬁfotl%s tﬁatgfunct%h fikd FNAO-tRINO HEE ehadtatohBe TRINROU -dhdped structure,

also a feature of the present invention. [51] Methods
but deofiot iaveitheisage anquenth tegdreag othRNhan waldusiee RN Athelgculerd. See also

anti.codon J.oop...of .each, of 00l. RINA' Y
e st R Pl P8R e 360 Sl By S B Ty pobp
an opal codon,. a four .hase cad etc.), .thereb
491 pr oA rgPIPOpIiGRaPSIFIBHS 8 Crh 67 RgeE. oy an orthogonal
aminogpﬂ%tgg\fﬁ YyReand @)R%tz Mietd iR OfRG premRetialy ahfifoacylates the O-

Ity potentral tRNA to identify non-canonical
tRNAbaisle a peliectsd aminchecid é¢ gndanynatral eminoescidn dneptthivrembogdiments, a
nutatjn%.the BN . . o
composition inctiding an O-tRNA can further include a translation system (e.g., an in vitro or

an in vivo translation system). A nucleic acid comprising a polynucleotide encoding a
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canoni cal base pairs (e.g., the non-canonical base
pairs are nutated to canonical base pairs). The
wmeowso2anoni cal base pairs can be | ocated i n t heRCHUSINNS/044041
region of the secondary structure An Ot RNA may
ossess an i nmprovenp nt f one.. nore characteri st i
polyPEHida A, P{eFssbe NS HEHIS PODTHEFE %pl?ﬁf?smwadawa jelegtor codons
recogihi®éd By q{%sﬂ)ftRFII AQTd %moﬁml&%ﬁ Hrede ()9 nfo?€ of Hkd,IcAA also be present in
materla S?ﬂ the plurality of tRNA sequences
the cathiok eotheretranskitiog systenaf  av uipor dwasehsion bwsinr eafitkg, “Orthogonal

Aminggt 5 N SRR 0o modul At e 1S i nt er act on

o 1 L L B R (O R e
a featirb %@%ﬂegggrle t (IR Jhe r)( CR o€ QRRARRAS gfcﬂﬁll:éﬁjﬁy ﬂﬁ%ethod is also

are Iimte el ongat?i’on fact of Bact er 1 al
afeahﬁbmﬁgmtprmnfmem[onEF Tu plays a key role in the
el ongation step in protein synthesis. Follow ng
[51] am ndeshddetdf@rodiciighen bithioayl RRMA indydy hretase, thé-ntidodon loop
bi nds the am noacyl ated t RNA and brj ntgs it to the A

of eacgijqfer pgrol Oh éRN#\b%g%#@w TePRENIELR Of 215516a70H £PYRIL(F-§ han amber codon,
t f g >

o on 800 81 Dt ) b DA\ A S 1Rl -

and arlalFyZing savdndary lstmctyteadf@dmbm of3he Ipﬂurh]etvqmt@mahD-tRNA to 1dent1fy
I nvest i ated.nutats of 0 ipitiati

non-c S vt Msoprentisetafire: i etivael suggng the non-

canonita6&elgalrs (HBS e céﬁ%ﬁwﬁ%@ tptaﬁ‘s be AudReBdAhYnical base pairs).
negati ve deteérm nant bl ock i ng tRNA's activity in

The neh-sagei¢ad basppasuenbbe lagaied tin the vienkeogmm ¢hthersgeeridery structure.

An OJENASRubSRo S spirr el of R PPl dptiris, such as
1mprodéiﬁ§1{t|1ﬁ QthbfordGite i @ &Rdd S¥hnRim2OiRedDio the Qtﬁtlﬁé"ﬁla’;]enal e.g.,

t her no amc contributions of the amno acid and
the plyRigx Qfé%lﬂ& wpqupRecs kil iressiYing ig 2Bimiipwords @ desired RS,

They indicated that the contributions of the t RNA
[52] bodyAzlmmatihdyarﬁ -tRINAG dchayr be idedelppertt dyt mufatisgeh kmpivver tRNA to

d.t 0 ate th wh
moduffe it Wrrachelt Falt Py DRRPI P APraath BRES FBTRHLS (pjgnfiuence
transla&ﬂ)@ﬁéroé}é%gﬁlpBEE{tQS?%ﬁélM&chlh er Qichi hpRkN@anclude, but are
F-Tu. GTP and the t RNA ami noacylated with the

not hruﬁedatq,u eingaidt fﬁcmrss d Bagtgyjalaglongation facteir EF&Uem;y/s okey pele in the
elongzl}»_gload%ttgﬁ ?f pIIO e ¢ R%eglg %hﬁoxﬁin% %1%1 o% eygl%;'tg%r% 'é)?otﬁg TRNA by tRNA

atlon SlteS may

synthédfe| FEITigbiady Slealmifddcylied RN O tnd biipgLi &S theeh wite of tHabosome.
and ot her conponents of transl ational nachi nera such

The egfer mdetwesgythe gharged ampgosasichand th §[ERN Anis\psotesigil dioprspontaneous
hydrob}gﬁt L%ﬁ:g-l{g? gg‘Ein?érP%ar ; emﬁ ¥nd %ﬁ@ao%ﬂaﬁ%& Stortchevoi et al.

1nvesuyaeaa1>mﬂaaus;dfmeranm‘zamtﬁum ([Bamﬂ‘f FINAQ) Q68oivettiebdehir in the TYC
270(5@?§r 1 1464- 147 %5 ] The net hods %el onal |
stem, [SECP | QP§Y RS hid i | oBOBTETY Al LB R lacking the

t -
oAty a5 AP 18 ey LG, e, e

Tu.GTh emdearhmoatbdatedlmﬁﬁm (JBE M3 80U AITal2-13679. shlec,i KaRaviere et al.

descrife@ B SRon DG et SPRE B ERo T BT ictuidPy it cfringtigns of te
amincP2dRAEthe (RNADOBE® tAOLOSII %hndi’ﬁ% BORYab BECBRS TALY Aldddated that

conponents for use in a ro aryotic organlsn1 a
the cosmhens@fehet&mérbogymmlﬂm aniph esidrire mslepensient ofeach other and that

they compens e 01 Ghd aéll:no hef lholg)(he RPAS karc){)rrecﬁy acylated. Alterations to the
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organi sms. [54] A pool of tRNA's can al so be produced
by a consensus strategy. For exanple, the pool of

wo RNA0s1205 produced by aligning a plurality of PCRN#2005/044041
sequences; determning a consensus sequence and

intera@RIMSS A EAOER TH. @TP la¥d Ye RN aﬁnﬂg’dcgfﬁte%t witf &R ulﬁlatural amino acid

port i on, nost of or the entire consensus sequen
may affeet thx af(im@,cya)f ctbfnk)edusgsaf sl ¢o danA Bite 0O tipi ﬂlbiﬁoisﬂet Potential

t he GCG I
B RO B 80 B o B 2 e s
and otﬁ&o@ﬁﬁﬁﬂr@h@ dfhangifod? itRRineBStuch 8 :lfﬁ’@ﬁ %ﬁ :ﬁ%pl& NQfiSen et al.

positions. A library is synt heS| zec
have idhestad ihat el @I Pundrditdedly do tlme;ﬁ&slshzﬁ@lqzwkbome oﬂ:ﬁhe TY¥C stem of

veast AR Byt AT SOV BRED R Cithe=J30 BaB2y i fhosrva.
0 5o e S SRR B8 o
and/orp.ﬁﬁﬁb&eﬂ HRRAl dJpfREAe 2@6@%6 nd e&%%ﬁﬂcﬁ@gfﬁg%ﬁ% $RNA, O-RS

m xturés can al
and/orcprnme trsueofs dlopi eappeara bal b2 561tz gonadt lﬁjrea afpetilfie @fghgitm. 3 Computer
e and 20% a m xture of

800/ h
o e B S o Kl htedbon,
to cho@sd'@dt&ﬂtfa‘? ofthogdial BhikedtiodaP@Gsonefits Gor li7th at;érgf{%bﬁcc‘ offanism, a

mutant t RNA's can be generated using vario
synthefpse agdae 8i tRNA écelivisgu 8‘@1‘ Kaeswaoti displine uansual Fomolegg ip pegkaryotic
organi&ﬁ? mut ant t RNA's can be generated by site- specific
ations, random point mutations, honol ogous

reco t lin ot her recursive
541 1o R BonE bk B AR e ale be pPnSi hS b prssrghs Bratesy For example
the pOQDHPtI&ﬂAPSOﬁ pro@iRa by d1RRlingd Pidrh f M&tsb&%c&a'&e{%%mmng a
i ntroduced at a specific position(s),
CONSENSBNERTHIBAS ged gorsratingrg hbrar)oof RNA’ scmatvlaast \aqaortlon most of, or

the enBETbhedRbS Yoo EAGSBRFo Foncin FRabisy PRl with a
compuger Apigkad, leQOP tIy GEGI Pidghim apHdaPA, @pﬁbnall?n d@%éﬂeﬁ@g Ofbsitions

loop, the acceptor stem D armor |oop, varia
deteﬂnuraffépby thecrepepas rare sbgngedttpdhe meast dreguertt hase at Fiose positions. A

f ti
R L T
exampley pverddpl gxterasibnCdft Gigdniicleqtiieaiin ehidly eHi© GfitNIRIQA gene can be
opul ation of cells of a firs

tive selection a
Synthe%eé‘g?seg dopeib R0 E 89 Toslhe GABTENSY seqpersseandof0% memixture of the
th prz!rkr lchh
o PS8t vl S B e TSR s o
mixtureshen gidaubaiisedy e.gf, 7pt thatcbadenhst sﬁt}l@er&e tahd5%sa mlxture of the other

v 0 am nepE) e Sinihease (0
consenfis selfhce ahd 3, f‘ﬁl%itﬁllretdf@&o&ﬁer 3 Baskdl S:tcc eI | of the

first species. n certain enbddi ments of the
55] Nnegaty, i ntroduc
531 into po ynﬁ(%:fﬁg%{t@getﬁéﬁ g:%lgggdeeséé qg%egatulsﬁ/lé BYeE Y agen651s
techmqnias ksown enqhe; agtn Bowzgwmenpilé)ahe nowrniiteRNARL dddi 8 k€nerated by site-

i esi s[t ance, (3-] act amase1 an enzyne that confers
speci canaléa( g)@ﬁ,a@pgo%rwcmutatlons homologous recombination, DNA shuffling or

other recursive mutagenesis methods, chimeric construction or any combination thereof.

[56] Additional mutations can be introduced at a specific position(s), e.g., at a non-

conservative position(s), or at a conservative position(s), -at a randomized position(s), or a
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e.g., (3-gal actosidase, chloranphenico
acetyltransferase (CAT), e.g., a toxic product, such
WwW@sg007l0arease, at a non-essential position, etcPCT/US2005/044041
Screeni ng/ sel ecti on can be done by grow ng the
popul ation of cells in the presence_of a sel ecti.on
combig ey ﬁv@ée.oé in a; desiyed; lepatqrcteg@acﬁn %Rﬁépi &1 PR fApticoda loop, the
acoep®P StefIT1 AR oo, h%:éi.?ﬁ’l@qs&g, MRy E OPmOdr 10Bp, SBbLFLIRS of the t(RNA
agent ‘is varited.” [5 For “exanpl e, to neasure the
molecale} bva tymbinasiop phiessio MuRNbhsmay isdhdrmiatrhed Pateapaiisdn the stem
. used that is based on the in vivo suppression of
I€gl0Ns | ect or codon, e.g., nonsense or franmeshift
mut ati ons i ntroduced into a pol ynucl eotide that . .
[57] encodiEricallnednt PBN| @chféWeﬁagK efubjestige | tog negfs pelection a
- | . i .
populiihy ETEAERTE bl HericEUn XD Rt FGRECof (e plurtity of
potentéd O-THA’at The aedativa salectiort eliminptesiceilothat asmprise a member of the

pluraly prPaAL (I hrcheis Aisiaoach Ated b Ao sGuingacs FRVA sYihetase (RS)
that isgeg}ﬁéé%gﬂ@{o ﬂlglé'éﬁs. CT(’)}T]% SRVERBAPooPsr ®INA GitRA Ll oeRbaf o the cell

genous synt hetases, antibiotic
of thelfiegispecagsce, e.g., anpicillin resistance, should be
about or less than that for a bacteria transforned
[58] W t hImaertpinasmbddinhdntd hef tHNAegaiveoseloctidng g relectoor codon(s) is
a het erol ogous synt hetase capabl e o{ char

: ; n t he
introdpgadantospolyluelqorids s epepden a nsgaltvrTelegion BHeT) ot ghzyme that
-0 .Gy R | , i
coneIbREEL g g Bl an LS BISEAR ROt poduc
e.g., pUEAkdt6sidRe WHIWamphéBeslgREtyltRhafette (CAT) a0 hit@tit product, such as
concentrations about equal to cells transfornmed with
barnasep ap b Amraseentipb ppsition.t e  Sseenbr/sglecon capbgdipee by growing the

e. q. i ho r . .of g
poufee| POPUSHSERS ST BI o8 2, JEIR ] it
In oncSdhal@ignentsthe@shcentration ofibe BelEctioh sxenvisivarisd/nt het ases

(i.e., it is not orthogonal to the host, e.g.,
59] Eschegi &hindh16,abimSwiteBd aaRsty oftsh VORQATY, Q26 R8H, tem i
591 PCT/ US2005/ 044041 sel ect.oﬁﬁ%lgdgnﬁ?rgsssuppr essed and em.ls
used thhteis tbesddcorp Bleyinudtespipassipr od gelector eedrie ¢-2. cmasense or frameshift

cel | ath, .Cells harbari | & .
s S AR5 PRSP e PR s <. o
gene fRP-RERIMRE (ABNATRr leRahpR! BolghtdlestRRayariaftsa e @6 ShIk 8driants, with,
organism are then subjected to a positive selection
e.g., TAGWAGHAa asé | Tehonrt pesifgm psephiaceebition, arpeensiugied. Cells, e.g.,
sel ecti on. nmar ker. 0., € Yr.a.dr resi s
bacterbae (e ttrga%angecf gz_qh . e% ngglgﬂgcg%ogtgieghlen thg;o(garlg? io\‘?ean &%{b%%nal tRINA,
whichS&h 86t Beostficnfte chats®ty efAdshbuBNgT Sinfigtaes, antibiotic resistance,
pol ynucl eoti de encodi ng or co rising a  nenber o
efi

f the
e.g., apwisillipfresipapees shouldh Be ghaye Pelsss than dha dor hbpcergdsanstopmed with no
| . . . _
pefEL A3 OUTE 81 oo, o Y RUEAROLLAS,B0EOH Bt g carin
the tRIAl isabe-ekpressedein thes sgtamnai lighdrelgvek o€ nmebofica e.g., ampicillin,
. selection agent, e.qg.,, ampjcillin. tRNA' s are then
resistagisp éscheaRbservse. Clellpre- abactanp 115 %@S%fﬁﬁpaé% weﬁ%@ BY™i el B agar
plates%ﬁ%ﬂtﬁ?&ﬁ%oﬁ@&ﬁﬁ'ﬁ@nsc’%}%hh@%ﬁ?ﬁ) &4 tlaBstbRR&S WithRo Ip%hﬂ&
acid IS s [Ty,

n response to t [ ector codon. Typica

[60] t hesirf @1%' clage 8PQ %x‘%‘p ﬁnart?%g?@tgp aeas%%agg)sbvﬂ a men?ber of the

ef fi cy ctonpared*to ce ori ng non-functiona
pluralitRNA psotertial tIRNA”S id hatnoacdmpdtbyedfdogemuis| hoshes.g., Escherichia coli
recogni zed_ by the synthetase of interest. The cel
synthefagep d-Fndt iheoherboguakiq Sitahostr cERNACEeHiFle qlicsmietases), the
efficiently recogni zed by the synthetase of interest
are
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sensitive to the antibiotic. Therefore, tRNA s that:

(i) are not substrates for endogenous host, e.g.,
waEsoheeizehi a coli, synthetases; (ii) can be  PCT/US2005/044041

am noacyl ated by the synthetase of interest; and

selectbt tbdorPlsCsippREEILHH 3150%' furvive both
% sel ecot [ osnss .p%[ 62% etﬁse?tr"ut"aﬁgn y (g?&%%ef’; Ps()gﬁ(g[c?rlo%c,ed leads to cell
death e Cglls harherigpeiithageaaldRINC bi 0oh-funbgontt RINAVEsIselvect i on
or both the positive and negative selection, in the

[61] abovén desembhtifhei® tttostvl o PEHNANGhhYar8BYthoRhaV &) 4 8&ired organism
For e,xarrgl e, because barnase is an extrenel y toxic
are thep splipeied the RosHiviegslesiiomin wiéch negaetoy eodmi isaplacad ipampositive

olle iRt roduci ng. di fferent nunber,s of
sclecttf SAREE UL el Ty PRNE Biifrnce SoeRenhdy Brougere srge. The
positivseletiug iDpef@ieavheel chipAiak Yol R%RBtife eddding or comprising a
concentration of’ the selection or 'screening ager%t S
membgg pf thg noel gt t(RNAsi & ipplyinngleotide encediag pawisitivetshlection marker, and a

' ¥ ' b use,the desired activity_ can
bR B S ORI IS A 5%
cell isggowntin die resenes bha aelecti@pPidens) ei.%?,i ggﬁi'cﬂlilﬁ.o HOGA PR then selected

h m)re,_striﬁr;gent criteria are app in later rounds
or thegy alilifsa o poAmmoacHaled divribe apodremser sognatresymépase\aad to insert an

aminoSRIERlreQonsd BShisRARLL: \égﬁ]cﬁfl 'F}%)tié:a hﬂ%ﬁe Pe(ifshsh%)\gf%n enhancement in

negative and positive selection ¢ e’ repea
supprassibt igbfi@endynesnpardduta cqilsehatbdrirgy eni-fimegatidl \RNIES et fROMA s that

{r%?er ositive selection markers or both negative
camnof ClepRly e seosnized it e YRMEEPS Of dwterse. | Sbecelf Rarboring the non-
functiGl oI tRNTD QRAtNRB ¢ eff@ﬁelﬁgisféchgﬁzfdégfr}gg %@tﬁ?’cﬂ%% gf (i)li_lterest are

_selection marker can be the sa
sensiti¥e fetheiaphbioter dbercfoge,dRNAje thase(@ dre nbhaibstatenfor @ndéganous host,

e.g., Egc:{z%%l_é!{%zlﬂn ,lz', & tt}%?%%s? %Ié}]%ﬁ.rl ns?%?'%lml on&ial(tj(é%'n‘gginsgfr_rl]t gﬁaéq,e 619 interest; and
(iii) are X@fepbeal if Bendadatduravs BdBGLIeOof¥Rr Ker, the positive

sel ection narker or both the positive WO 2007/021297
[62] PCTIHRIAHREGRI U tne RBRIAL | HE RSHTE ts%lgp@dzlggﬁegﬁesgaﬁ%‘se1ecﬁon

i ncl ude a marker that or ca
or both thei prsgiiverindrregetiveoseléationhim the ebevic desofibal-suttiodb) @tionally may
be varle aé:t arelt. I.n @not her enbodi nment, gr Qduct . of the
r BSF SFAmpfg, Recpusy PP Lo SHEARLY 53¢ prteln, the|sfringency of the

negativeOdeldcfitn Chf\6StoffollRY byUlrORR &R GifrerenPRinBER o ¥ell%£tglecodons into
mar ker includes an affinity based screening marker.

the bampase gengnend/en, by) using, artindudible 0@ 83r. Pr bd wadthen exanhple, the
-activated cell sarting,of Escherichi
i T IR OO T —

the strimgeoynialvasied becrse Meatesied hetheBtoantie IdwSakingd&irkOAtflds. Thus,
8. [64]. Additional methods for producing a recorbi nant

less stlapgq%églﬁg[pont FIarie ffe BRPYcdumdearlyerqynds jand Wn@e giamgent criteria are
; h | 3 j t et hods and .. .
opiEOPIAEER B0 oF k0,7 S LERRGNEACHR R s,
positivt BbléetAim, npbetilthe RiWALBY ahdpbdtiee faédtidn can Be FHehRA, hdfiple times.
0

.entitled "I.n vivo Incorporation of Unnatural n
Multipfgifferont neggieaqehion S5k e miietsFlegtion EAPANDMNGUT pEgative and
ositi 4 T I i { e i
s BUENSTGCIER  CEDE o S5 B AL We fy  e

selectianrmakiencamhe thenane.c codes desi gned de novo. PNAS
100(11):6353-6357; and, Feng et al., (2003), Expanding
[63] t RNOthectged bf selecifons/sérBbilig can be used in the invention for producing

orthogonal translational components, e.g., an O-tRNA, an O-RS, and an O-tRNA/O-RS pair.

For example, the negative selection marker, the positive selection marker or both the positive
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synt hetase by a single am no acid change, PNAS
100(10): 5676-5681. [65] A tRNA of the present

WO pwefori2zon nay be am noacyl ated with a desir edP@URIN0S/044041
acid by any nethod or technique, including but not

limted to, chemn cal or,egﬁénatic am%go | ation.
and neggye AvRlerdiany Matlesh Gy SIS 8 ofarles nbg! %ﬁlyoé‘?‘?F% QEyfatalyzes a
i b r&REAIRE SofR: @RMBbERrent, a product
lumlne%%%l\éﬂgﬁg{ﬁé getsgllqcie&}ftaesgﬁt?% , rr I bozynmes. The term o 'a procue
of the hmailw iy detéctied byifhtoessctrargetivited vell !aox‘tingl(EASZSI) or RixAurhinescence.
Optiongg i ReebRENGrS of S b SRS G B PRoico, 1. A, o
al., (1998) PPdnictith NG TRBRAEM LG cEiDRDLED $55fg OF EsOkihil éo¥i expressing
occurring RNAs"that can act as catal ysts (ri bozynes).
o funchiipumbantibotd frignehon Hessternalsur ke Bu Natl lod Sei WA, 90:10444-
g only been shown to act on ribonucleic acid substrates
: for cleavage and splicing, the recent devel opnent of

artificial .evoJution of ribozynes .has Xpan t he
[641 epeé@%rlp%alalﬁétﬁ%ésafﬁpgmuwag@ g RS RFA S¢S Gdbe ound
e.g., g gac?teﬂtaé(rfpﬁcgﬁ&?s' féb/?%ﬁﬂ%nﬁ@lle@ Soi&Rodshald E8Mhpositions for the

cat'al yze am noacyl - RNA Bonds on their own _
Productin)o Orthegoial itRNA-Alnsingpei BN A Soynthetase Paigd5mgdiOéi?6el 27, entitled

T 8 Kt & TR e SEre bT JISLIBRRE R emined
“EXPANDING THEIEUKNAt vOFIGIENAZ2IG4ODE. " 6tk dkoSForadeatal., (2003)

Application Publication 2003/0228593, which is
Programwiwgprepdidenimstic putleiewss dynepesiatingdggeric modesrdetigigs de novo.

t ; Jbhaz S d Nr-use i i NO At |
exasPoARLEN ol AR e OIS (AR ARGR AROTPRH G e o
synthef2R€ Bl @Gl BRindGiciBchandb INAS ¢ 00(100 5806-868R21297

PCT/ US2005/ 044041 i mmobi | ized forms of enzymatic
[65] 0! eKWRASA tdTahe pRReRNMNPORIN AbP beRMIBoadylEédI diith0a Mdired amino

not limted to, ribozymes, may enable efficient )
acid baf &iynimeghgstior fteahmiquen influding tairinedduoyited éal chsimienl cers enzymatic

. Ex a;%))l es of suitable substrates include agarose,
Ao ose, and magnetic beads. The production and use

of a substrate-inmmobilized form.of riboz r
(661 arm mdREYRSYRG 1G5 HecterBRIETE Ohemenry DA HBItsges or by
other %anﬁiaticl Qiol&ﬁ?éslfﬁgﬁdﬁ%g)dtj-n& 1iffRic8 18, RISt TRAterm "ribozyme" is

Publ'i cat1 on 2003/ 0228593, which is incorporated by
interchasgeabémwih featalytic RNGS]” CirdrAndalowanianoéinghat38InSeiendrod36:1532-

55 AR O B8 L B0 By 0550 AU, Bl o
naturalé‘?%cu@ﬁg RNAs theckdnehiot asTeatdbysts RABSSRIes). Jowevier Xelthough these

.; Chang, P.; Hecht, S. M Biochem stry 1988, 27,
naturaly REMA qqégmt,s hgve aquly bapm shgwnpgo gct: oikgibggucleiy acid substrates for

B L e T—

expandéd Wk; replridfd of Ehtaly§e holviasioud chémicAingavtionsClemmies! Intve identified
Ed. Engl. 1995, 34, 621;  Robert sgn S, A ; Ellnmn, J. .
RNA molecsip(that, o cefalyze aminoagdiNAshends) 991 theyry gwno 53 termini

o b el ; BAY icHcan transf
nnBBER, o o5 IR Y ERA4 0, Sy 0B e ifioan st
an amisbab#l, fré&n ofie RNDA xpoldculefto; anGthanfienhise e, al A19%6, Nhturdi3i81:442-444).

Chem Soc. 1989, 111, 8013; Bain, J. D. et al. Nature

[67] 19920 S35Ratefft3Xpplizatibh VRDlicdtionP2003/6818503, which is incorporated by

reference herein, describes methods to construct ribozymes and their use in aminoacylation of

tRNAs with naturally encoded and non-naturally encoded amino acids. Substrate-
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H. A ; Dougherty, D. A Chem Biol. 1997, 4, 740,
Turcatti, et al. J. Biol. Chem 1996, 271, 19991;
wolowal212bt W et al. Science, 1995, 268, 439; BakuS2085/044041
E et al. J. Bi oI Chem 1996, 271, 23169; Hohsaka,
et al Chem Soc 1999, 121 4) o avoid
1mm°b(1wdlf§§n%f-)f ewmqﬁl@tra%lé%u ?ﬁqthéhf%%}ewaﬂl%tﬁ RS etuding but not

h ot I t
i3 A5 081 AUPE, RGN ATAE) | BIRBOT 008wyl

producitslv Erériples of 68itatibs sd;sﬁhtwehndudﬂeagm smcmn;p&rmymagneuc beads.
em cal ly i fi damnoa

The prpa%%wm@e Vet RFTHF ﬁ%egg&me ottaesaion is

descnb%\ﬁniﬂ"@ieﬁﬁgr}} Bny| Efo@ogySQ@% the16P-Losd ned DU*S | BAEAtOAPplication
and references cited Wthin: Brunner, J.

Publicigt 20031022B HP, axriuich is immsparatedl by rmtdng@lberemwnu Rev
Bi ochem 62:483-514 (1993); and, Krieg, U C , Wilter,
[68] P.., GladatissinamidacylBliai (methsdssl iindidey bt tiee net divaited to, those

introd gl ytaband Fow RBCS GIRah SoRhoics ORI RRET 152 Zheadss Heckler,
T. G-E%Eéser ACR 3 . 28) tREMs. ﬁﬁ%&é&%@y 1988037, 7254; Hecht, .

revi 6usly, it ’has been shown that unnatural am’no
M.; AH@nddB danKbeds) Ye Iﬁlnmwl, Si d.aBio}. Cheme.ok3y8r A8BHS1) end by Schultz,

Chom 504 SRR BB RN S BICF Bble.  5. Ange.

Chem. BAHd. A1, prs@gr@mmti H dbBrtsbrd SN CEMngh,Nj. NG ; Sckldsd, Ped:. J. Am.
anber nonsense nutafion. Usj ng these a proach

es, one
Chem.cSgs. sma.lsumzaNmm& JotAnthanycewhibnS. kyienifithad o Schultz, P.

o Sl PR L S ) PRESE A et 1. A

Chem. 88660119893i1(11f$0“13§1B9ﬁf i Db, NaTureol 980] 856,388; Galligan, 7. P Lester,
Nor en WO 2007/ 021297 PCT/ US2005/ Q44041
H. A. Mﬂugbﬁvy,@hm Chergy Bioli 1997, fa @0; Tgeqstih-te3 2l. . BlolaChem. 1996, 271,

19991988 FI%'M”%*E‘?% fQfen gétl%ﬁpfé‘é f15§. SdiACHF ROLAL] Pg%gf Chem. 1996,

Unna Ural am no acl r ot €l ns, Ci ence,
271, 2B889;188h{ak989) et M. W. AJhiO\@iiem éiocaI1999 St2ler®, to avoid the use of

synth eé%gség %[niéllrrfpa(c}];]%g%l Sgcgrgeﬂllgg)ssor Bﬂ%g ;h?rﬁ'gg} ém%o)él’cyl-gﬁéi methods
may be 'uge? tﬁerﬁﬁcta!c?la{enthQ cﬁéc‘uﬁ@ o@th&n@&ﬁmﬁat ural am no

pol ypept i Chem Soc,

[69] 1%1 . Poégntﬁ%ﬁcgg%#%%%@%%ﬁgf &fi:@rm'vél r@(’;}qqd@éﬁéﬁin%acymmm have

been 1384 Ii® Mcofpltate |sevepal, bibpliwital Grobes irfo ipubteins sEntGesmed in vitro. See
Bi osyntheti¢c method for introducin unna{rh& ﬁl? ?o )
the folewg rubligatigns Andj retarenres fite Pridiei tolabeling and

crossz%gﬁﬁ m?\:ﬂ%C{/ ééﬁﬁ% %MBﬁ{éﬁe& 82433 5?&‘@199@’?%@' Kri€e, U.C., Walter, P.,

Di r'ect
Hohnsblf Aden®@gitscrossiinkiag cE)t@ramgeail ﬁqnetcecof@ad«ee,nt praproletin of the 54-

kilodaglgigﬁgz/geptg) ﬁ?) St r r’efﬁé?%aé%g 191%5 . La7d:.|']801j,: <§5(22):8604~

8608 (rlgg(?gnl zed the stop codon UAG and was chemi cally
oacyl ated with an unnatural am no aci d.
[70] ConvBrevicuskyl itdias deerdslrayot bt wurteagelnasing aguls ags dg site-specifically

1ncorpp]:?t%dg gllfg %F%?@F ﬁltl ggtﬁcg %9 %Eeé adghan of §gy18}c§ 1? f%&néacyﬁlte%sguppressor

tRNASEN Ptditin SPhthe6ik SERHBns brogeammied BNANY Gep@S68taining a desired amber
phosphor ot hi oat e- based ol | gnoucl eoti de-directe

nonsemﬁgtlag‘@hgn s, Using these apptiogehemeane By g}bst;a‘glie a number of the common

twenty amino acids with close structural homologues, e.g., fluorophenylalanine for

phenylalanine, using strains auxotropic for a particular amino acid. See, e.g., Noren, C.J.,
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802 (1988). When the acyl ated suppressor tRNA and the
mut ant gene were conbined in an in vitro

WO e@n®erdpti on/transl ati on system the unnat ur BCT/E8I008044041
acid mas incorporated in response to the UAG codon

gave a proteln containing that anino ac
Antho@p@éliﬂ’fli dnffigbsiMiGon. SEler it s Aﬂsge(f@m[/ 3 F’ﬂealﬁﬁld fgrn o ’te'Sp ecific
mcorp&?&P‘g{z qz‘%ﬂh It dhifto W Ot dz@%ke‘?rﬁf dermas tuat egh- 139@1989) M.W.
only the desired amno acid I's | hcorporated at the
Nowalkp@$ial.j me@aﬁzam@mayw@ﬁ)a RiG EDddmlabgr{d G hRix, tThAs Chamberlin,

am no not . i ncorporated at any other sizte in ...
AR, ]}t)ﬁ]él &%t%pﬂmt zgge szt% széecz q\éficgiﬁyomtéqn a ng@—sgtgm amino acid into a
polype%}g’ca)fam CEm3Hoc; 1(129@1’33) 80?4 elr9%9)'5tN LB“ﬁdﬁ@ét ﬁl ®ATBB J. 13:41-51

475-4377 and
(1999)5Ehmlanzl ApMgndsi, Do, Apﬁlonﬁ-iC@hﬂh(Ser]@IﬁmQ énSghulwoPéir Biosynthetic

one, structures, i nto
methodggcg( %rfflycz?@ﬂ;@@@trfllggﬁo a%) §I§]szt %fg‘s Zl?') zp?d iﬁoez‘?zg.tv . Methods in
Enz., &t abyt BG1-RO¥ (1900)i AM@] NRndenas. atcdaﬁsﬁevawat& swalis PIG. Site-

random zed ri bozyme se uences, perforni ng directed
Directed) dfumgepesiowith e @mﬂﬂded Senetén ﬁgée tAvenu Reys Bioghys. Biomol Struct.

e am noacyl ation activity, and sel ect i ng
24, 43%’@2&@}%3 of those ribozynmes exhibiting desired

[71] am muﬁ%zdam})lepra apbleésdrytRNA IyasRiroparydrelsat caco gniveprths etop codon
notifs and/or regions that facil |tatia acyl at.i o

UAG aqsk wos Plyemw%lbbﬁnﬁ]@a%}’l@@vﬁﬁt At ugpR{ug emerfocwﬂsie&oeﬁenﬁonal site-

dlrectelc:lorrrlutgg s Srasl ke S mBE Rl HE ?foﬁ%d&tﬂ CUNGE 'tl?é]sner SGhRRSt in the
CITTtate recognition o n am no aci d substrate,

proteir2R@n® 34 nat.j Sagas, TR mSohmalt, Yai Esksteinh R he-33' Exonucleases in

t f a tRNA. In t t d. ot i f
phosplm?ré%%m btied ceBttcIoigE FBT g 298y N Fig B 163791

¢heth@cBiBMhed i
G b i A S P

in Vltmntrlammptlam/tramslaﬁom bgst@h, tler minatgrabfamine adkNAvasg 'mpprporated in

Ri bozy ca nerated Vi tr electio
rsporge bR o S e 4128 g b 4 ecirid
R L
eSS 8 S B
that on?ly e]m)ﬂca;[rytd ninhoy yoie ivhiceiposdedyt thhipesitien lspetified by greni84G codon
ribozyme" and is d ribe
and thoifly 28 699,15 PRECORPEILA 19 YR SC 1y HeaaieBbr-dgeogs Noren,

4,8 &Jal 5&‘1"1? DA €0003) A tSreFInRUMEN BRI 6} 445/5832;fa08, Eliman,
ot al, }24%;» synt esi g of€€ var)l ous am noacyl -t F%I\ylilsmcyhar ed with

J.A., Megiehtl?., SomizaP . afiteaweeific dredodgoralign pf nmébaclfbpae Sitctures into
on_a. sub to enable efficient
proteing éﬂ@?—?%i@bg )n@\ﬁf%ﬁ) H%? the am' noacyl at ed t RNAs.

es of suitable su i nclude, but are n
(721 17 i Visthods for §isiebng cobbpirr Scmeh iy e prd i st pools of
82338 SmE RBqREA é “BQI%IIn'uﬁ Q'hl‘é!':‘te& §bRBoR Yt tBK ipdels, screening the
randOIBldzkéant agy::mof&% °¢C hemi cal gtructure of RNA, sgch as
pools tfte dadirables ammmlacxlmthrh @cthIE)@sﬁéldo$elﬂt1Ag cegauenses o lpseetibozymes
er.i odat e the correspondi ng di al dehyde
eXhlblfIng?a% efllafné?@cpdnt‘?ﬁﬁ%la‘fe[ P9t i on of the RNA on the resin.
Vari ous types of resins used i

G cl ydi. . ..
(73] 1 nexBUNSIES cHy EREBRYOTALE HA GHEE R (it NiForevation activiy.
such :%nl R QR RLRE a TEich %ﬁBﬁCFJ)IOQxd%?ﬁHVei@ hak MRek @§joftedBat U-rich

rrbozyme an irreversible |inkage. Synthesis of
regiond ehin davilthtetrEdpitoanbe apiignadid sabgttaje, and a GGU-motif can form base

pairs with the 3' termini of a tRNA. In combination, the GGU and motif and U-rich region
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facilitated by this on-colum am noacyl ati on
techni que. Kourouklis et al. Methods 2005; 36:239-4
waleman2i2e7 a col uim- based am noacyl ati on syst enPCT/¥83005/044041
I sol ati on of the am noacyl ated t RNAs can be
C r b

fecili AT IR ROFE rhPa Ut hoMh M WEHE, e T RGHOYR Hifytancousty, and
therebgrdhmhtate/\amhloac}mﬁdnejf th@'herrﬁiﬁusaoiStﬁél tRINMacet at e

solution with 10 nM EDTA, a buffer contai ning 50 mV
[74] N- ( 2ZRibogihiexs val fbﬁ'g)eﬁéﬂéﬁﬂ Oy Bﬁ‘vzﬂo s(e'fedﬁbﬁ RARRSH bh@AIIG randomized

acid), 12.5 nM KCL, , or sinply an
r24mipryoniBgated el tRAYAT " o(:ch fpllg\)ved Pymswmtlamngma@ymméa consensus

f. t S | nyent can..be add
Seque]{“%\@figtl}l 3ﬁg a?%‘glec ?%enss i'n O %‘ aty STHOREEF pg’?%?eed py dhis method is
termed (fFX® ribozyinett drfdl jekiesdiibict én TURBIAPWIR SA FITING @@EB/@QEQSQW th contents

sition of choice in a polypeptide nade b
of Wh’c"%dﬁ mcorpQiated ydefeasnce hergin) asts a2 verspile g abﬁt f@;ﬁb@ syghesis of

vaiod RS, HE S PBSEI L0 AR Bl BEALTRT

cel | a ovi .
75! necegﬂﬁ%?"ﬁ?%?‘m.cﬁ% LRGN g BB P ARG ication
of thefahﬁﬁa)zﬁslylaltémﬂHNA@?Mamﬁmrdﬂsﬁﬁalﬂé stttk 8aclhde) But are not limited to,

conponents include but are not limted to ribosomal

agarosgy gpbRese, anfpesnghis henpdsciRdkozynrRiasn beipmohitized on resins by taking
t |

kSR LA AN, SO 2005 B o e

be oxidchdi twithnadriodatetto yiedd dtei comresiysidanpdiarghfd Ibaﬂl@htate immobilization

t | ati.ons or artnmentalized transl ation. WO
of the,BOVA ¥ Sig7rosia 5/ yR%02] fe%% Gﬁn theapsraineliding inexpensive
hydraAYSERIR vifph Pé?iuﬁﬁ’@@ﬁrhﬁﬁtl&&ﬁﬁﬁ ﬁcﬁot? F&We@n the resin and the
conpar t ment whi | conpartnent a | trans ati on

nbozys;pstaenm@fexsdﬂatlmhag@ Syathsdiat ofommmcyﬁ-wmmmnnbmtsigniﬁcanﬂy

o T eact i roduct s, t.hat n i nhipit t
facilitgtf By G 5B R PGP e el attoHoUg St Methods 2005;
36:23RY Aescribed AMEDEAnodcyRlior Wddigr . a coupl ed
transcription/translation system my be used. Coupl ed

[76] trangeiakiBhioP et Iﬁlﬂ%@tldt&[] t%g Cop b@lalzc%%él%ﬁecp at Qvanety of ways.

transcription o rrespondi
One swifalilg mathodhs tqselute: thel lamlmcrzayht@dttﬁmmyﬁbﬂmea cﬁtmhl Wilth a buffer such

o5 8 OG0B cRFlare TaLHPD VR Kf 204G EETIoh ool sangiaing 50 mM N-(-
hydroxhfe o ¥ NS B3eRPop AriREEforRO ﬁ&%} |1'2°S Pnl\&[ﬂ@l Eﬂsf &0 mM EDTA,

Pncludes a m xture contai ni ng coli [ysat
OISan]lycﬁmlElD’ﬁgbutfﬂemdsW@@n(pHa’! Okzonmponent s such as ri bosones

and translation factors. Additionally, an RNA
[77] pol yr’ﬂaﬂlasﬂna)aiylamdl Al HHthet resent am&ﬁfwmbmo be fidéd® translation

reaction 2108t ACOrRAIE iR U B8 paT Rk M BAA o sminaseviated n a
pos1t10‘he(ﬁ‘2:‘hb9:€ 16 APRRRRPE RYINBY t}féC trﬁlsla[ﬁ% Eﬁﬁgn' BE £LROS 6 ransiation

tween reaction conpartnents, | ncl u
systemg an mlyclh/@s tamlmmzia‘(ed BNAs cfitlde present 1nvent10n may be used include, but

R P i e U —
translaﬁ@? )13 pcbl?ﬁép‘ﬁﬁé Febnblh i@t mRNA. tBGnifles bf mfl%ﬁéﬁﬁsoomponents

ymerases, catalytic antibodies, multi-functional
1nclud@ put aierot Ismigedt t9eribasomal proteins, rtRNA, amino acids, tRNAs, GTP, ATP,

translation initiation and elongation factors and additional factors associated with translation.

Additionally, translation systems may be batch translations or compartmentalized translation.
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Ot hogonal Am noacyl -t RNA Synt hetases (O-RS) [80] An
O RS preferentially am noacyl ates an O tRNA of the
w@e@sent29T nvention with a selected am no aci dPCTIUSI005/@44041
or in vivo. An ORS of the present invention can be
provjded to thetranslatlons stem

Batch (iaRslaiaR [SyRcws nfoRRiRE Jeackipn ‘Infmﬁymag p%lil%lﬁ ecmpéament while
I [

compaﬁilinlrgctlgt éfg@% %ﬁ%@lﬁ%@ﬁ‘ s%tag(s) ?s??ﬁrgﬂ'et tﬁg rtgagﬁféltl)gﬁ %5&%551’ &grrlﬁdgﬁhts from

reactiomopiilocts tthetreof inhikst thectoatekitiby effipetoynuSidotiandation systems are
Sl guence .gﬁ a conplenentary pol ynucl eoti de sequence

a"aﬂa]i’ REPEBITTCI3Y-a conservative variation thereof. An

O tRNA of the present invention may be am noac%ll atg

Coupled

[78] py aF'wiheben @pulalpqlf*éﬁr@ﬁﬂp@rﬁémmheeuﬁbé%emu mey uh
t se.d I [
tansoliorhlbifh; SR b fn Cho BESKIPELE, dﬁos‘iﬁﬁ’“ RAA into- 2
correspotai et BNA,(VhiBIb)s ingun. transkated®yRB¢ rédaption sempmndntsaAn example of
tRNA, .are also a fe

o compeigaht Vil IR FOICERMT NG B R L ReeKy egsation System

t el aakiu céntRiaRiY Bt bOM 1Rate f idi
RTS, %{Iﬁh@% ygnébf)?%?égﬁgéglﬁ%% wher e ?he cg% S each ﬁae or provicing

translationglr ¢asmpongtsssunke msgibosdmes pihd, trahglatjorpfactors. Additionally, an RNA

polymglgaps%*%gﬁ%lgﬁ%ﬁ%lg @%%get S f(tésg&hggﬁ%e 1 egw ?lnllﬁlxw for use

in trarsR@i6h ERTS! HArusedim aﬁﬁmﬁta’lﬁi’uo’ilp@@tk@&e@dtlohoédﬂnﬂwkﬁt@fby way of a
RSs and RSs derived froma WO 2007/021297

membREF MISPOSS] Btween reagtinscqaapagnieats, gkidinge sygplyvaste compartment
and aé&%gﬁét‘?dn/l%gnsgﬁ%%oﬁ% %RI tRNA (O-tRNA) froma second

ynucl eoti de that encodes a

posi tive se rker and nprls
[ sel ePBRO a&XJd‘g‘ 0%3 & b§eﬁ’eég %t@f’re%%%% Iub(’?udeng but not
hmlte(q lﬂcpst?antsﬁﬁse§ hRY A& aeR h@eﬂﬂ?ﬁ@ Rhtibddiess Hﬁ@tﬁ—@‘l&ﬁitl@ﬁal proteins, and the
ficiency conpared to cells lacking or with a reduced
like. anDunt of the nenber of the plurality of RSs. Cells
having an enhancement in suppression efficiency

CO:Tng ?th onaf%‘rljll}{g C ?Iﬁﬁgts me %QSC S f/lh\elogo-t RINA.
301 the ABG- %% Buaian .Eaﬂgleoag s o T bt feon with o

select@PARING ScldSInGARP 3F Bflvie. WHEOIREY 6f thefpresahl inO@fivthatah ®8 prov1ded to
(in vitro or in vivo) by the active RS of a second

the traplatinayster (o8, tih @itre Beeghdiogpresinegentyher 3 e¢lb|byot polypeptlde that
ncB 40 PERXLAEE, AR iR 8 el iy Sl op rreot an

O-RS,a8i #@oatiindiherebiieisagicodel RS atfudynueisoddefséquznenbt y complementary
am noacyl ates the second set of tRNA's conpar eg&tﬁ It{N
polynyqleagide sequagee hageets of & copparatng, vanpher digresr ovdi GgRNA of the

S Tt e e -
but notfitiited té,sha@deskisciosté aeneine of t he present invention.
[82] Any of a nunber of assays can be used to

[81] det enwtiRls 30t Heat fiey amBﬂthbﬁsleam@SWSRNansﬁﬁqetase (O—RS) e.g.,
rforrredln vitro or in vivo. For ex in

an O-R% odgt aviioAn LLRYE., G e 2BdRNe I naISOe agfeafu%eéﬁhe present

i, OB AT BEE TR 30 o
cells Manfige ypadieynwhaa tht sxellbeeaclde;bmpmsetedi) laymesibeg of a plurality of

t I th |t I t
ammoé%dgcrggfé é?r;tﬁgtgsevsm (E{%s)o rwhe(r)e:g Sc)]rﬂaaplurarh%1 %f i§soc%n$p% ?&%QntSRSs RSs

derived from a species other than the first species or both mutant RSs and RSs derived from a
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the reporter in a cell expressing a polynucl eotide
conprising at |east one selector codon that encodes a

WER@IA21297 See al so, U S. patent application 10PARESHBTP44041
ent [ tI ed "IN VIVO | NCORPORATI ON OF UNNATURAL AM NO

specw ; andE USSFI ]egO/ 825 867 enltA#NL %gﬂttmg%\%lgg%ﬂg‘ﬁ species;
and 3)2&2@%1?{1&@%@% t E@&e%da{a 11?&14 &lectiB ndaat a[n@tceo apnses at least one

icity o e syn etase so that only a desired
selectaunevatbnr aCeldsriareo sdemteld doudcrevoed oy thyfsetthet sloowom @thancement in

am no cids, are char ta the tRNA t hod
SUPDrGRHR PN CORPRISH G G T B ) P A S PO L b he member of
the plﬂﬁ‘aﬁ% & ﬁgpstreﬂﬁ @ aSRGCAd bﬁiab&’exﬁ&ft 1B Supprie st bk @fﬁ&éﬂcﬂ%omprise an

Include mutating the synthetase, e.g., at t
active RSt thetearnginpacylates the Cb—j&Nﬁetﬁa%’ el aff ammeaed@ttqm(gl vitro or in vivo) by

mgsite.i nt het at . dlfferent S|t
e scfFSURDLPTN Sl G SHONBL R ofiell BERGHoqtlol i teve of
ammo!1(!)‘fﬁlor13(‘i‘1‘ii vitAPBE Wl BEof byethe Gl @NREI STLSEcond s8t bATRIK’S Fom the
used that is based on the conbination of a positive

seconds eppagissi obhef lswlawe@nmya@lﬁe@a@qw@ defprrinEd Ry 3 dete¢table substance
(e.g., %’ﬁafdreg' Vggiglg'at%i:&a&ggfr@g@léaﬁﬁ Qcﬁgff Thé %fufeekﬁ%g{ BP9 8fficiently

aminoR§8attd W SBBOKE Ketadd MSACsebérﬁpztred s lﬂ]iel fivet 9en@ENRNA’s 1s selected,
ositive selection pressure In the

p presence 0
thoreby grQFiGing APRIOTPREARAL FPOARTIHBNA PHhetaSs T Yok gvﬂﬁlﬁﬁs O-fRNA. An

oxs T WAL IR EAlE Sty
[82] neg afsﬁlxtel%ggplgrgper Sf g!zsa ik Bgtulégdﬂlrto %@eﬂ% n%cérg?mll{}réitfe% These

I on, pression o

.':1ssaysI d&hr&q&é@ﬁﬁn&l 1rﬁvi‘ﬂﬁfble§18\&ﬁdi i al F@Clﬁdafmpw (ilS yitaf ar@inoacylation assays
ative nmarker renoves &t het ases wi.th nat ur al

are de d ince 8- $fbens Peiand Sl 819879 Metbeds kazymlad i §a5-59 and in
U:S. ?:pcgntp%%%/)fl a;ﬁ n §ﬁlgl?c%tu f 8 negg /O§2’§5‘9Pet %ﬁﬁm‘é&ﬁﬁtmn can also be
a arge orthogonal " suppressor t RNA

determihédby mngtauIrepbrtamlmg muhdmmgblyal tfﬂne]saaom ynﬂnpemmmezmd detecting
can then be subjected to further nmuta

the repoxysr $hafcel iengreeing & RAPYHEIEAN S SRR agst $heratlpgiboodon that
encodéss‘é] BrUt‘éin' | BE&rYsd foﬁJt}]?dﬂént%ep?ﬁéa@&P 16828208/ %hﬁﬁed “IN VIVO

vari ous mut agenes ues known in
H\ICORPORAFHOMWM\JATHRA@M&H\I@SSCHH};” led gERENat @&2&;&67 entitled

e R EOEL 0B OB ERRY o bt
recursive nut 2{c_jene5| s net hods, uq%tfngrl Cc._construction

[83] or ay ideisicd A-RSrFaphefugier magip fppiter the pybsiratp gpesificity of
the sygﬁltgeﬁage gé)r_\r)aﬁﬁt g?ﬂ]y P%eﬁ?&ﬁﬂﬁ%%&f %nto"\é?:ld) AROE 2R B? fhe common 20

ess diverse "sub-libBraries." Chineric
aminol adidsarareshafeREs tlar O-HRNA. | Methodedo igenerae imvshoganal aminoacyl

RS ¥ S e R QR
the syRtHRASE, & ¢ 2at0the %Eﬁ"lf@ﬁ@fht ﬁ%'s%th@t‘éﬁ‘é" a@$he| é(ﬁﬁlg hRShdohah site in the

conpri se nat ur al di ver si t(g see, Pat ent
synthdtime, &, cﬁﬁ&eaesutdsdaysmmnbmelg feret; ®mana§ efisymtoetases, or the like, and

o SR oo AR Pl i
selectfoﬁ fEﬁlQW@&‘U}l’ Etnegﬁtiveus&ctﬁﬁt ent tH¥O0poddi @b Ssléctidn] Quipiession of the

, aré optronally constructed and screened for
select@rr Qchbgonﬂa(pdup g gt a non-essential position(s) of a positive marker allows cells to

survive under positive selection pressure. In the presence of both natural and unnatural

amino acids, survivors thus encode active synthetases charging the orthogonal suppressor
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[85] Once the synthetases are subject to the positive
and negative selection/screening strategy, these
wa@pwieases can then be subjected to further PCT/US2005/044041

mut agenesi s. For exanple a nucleic acid t hat encodes
tRNAixﬁhlzlfl) %]?%gggga?ur eqrgﬁlgllat%t ﬁggn? gc1é ?n ng&elrﬁ% echon suppression of
a seld¥ttrag@RIBA Shiodded &t SPa6h-Lhsentialt ﬁ&@t’i&f{é}sof b es@avd Eﬁaﬂ&ﬁ‘ Jemoves

or any conblnatlon t hereof) can be generated fromth
syntheigges evich aetugrl awao atcnbgleecaﬁmtlw d@arwmrépﬁ the megative and positive

selectlo%n%%g%t s&%&é | %sI 1@%15 ining 0&?&% ?c%arrﬁe% % :ef Oé'a} % ?eﬁ %ﬂ)ﬂregsor tRNA with

unnatédl aeaeydcaisemly. hEhésetsiiihettbdscahiRern/batbjéciéd @MuftBer mutagenesis,
acid. In one aspect of the present invention, the

e.g., DNAshuifling oreqthesaesive mutigeacyis methods. g, at | east two
times. [86] Additional |evels of selecti on/ scr eeni ng
[84] st ri Agenldhratyanf angianb ©-RSedcdm behgeneratech aggofatidns mutagenesis

techn @ ESRby PGP b hor eRimBler g hilnCRS SRR e 2eratfl  sie-specitfic

mutatioa, RRJ¥Ar p&idt Qﬁlt:ﬁ:ﬂﬁls Ohoﬁa@Idgoﬁé egonHindtion, M AOGuEling or other
produce an O RS. This coul

include, e.g., varyin
recursiyee NEMATAESIO MMeilads c chigagricc ?@EHPW@OIBQE rAnyt mbm@lonugrmof For
exam@g,l ae lé@.q néf @g% 0t §§‘ Q%Pbé)% O?g(?ér(rl:e %Xrﬁ t%'g {101‘9 %%‘i" Vg smaller, less
diverssCfsabitibragies.&n G%Hlﬁl@rlc dﬂmrmeofORSs Qre mban@lﬂﬂed Im/ ﬁleoi’nventlon It
negati ve s | ection or screenlnﬁ that i ncludes, e.qg..
should, Rhainied! | thataiibrstesic Pl eV Aeaifistasps foenafigeus rerganisms (e.g.
t A 4
mlcroBI:g%ﬁ%ng nS'(l:lap as, eﬁ?@gﬁﬁg #%@%%%Fegg? %10 l%%ﬁgs that compnse natural
diversﬁyp(s&alelg/,, UtSwé’atanEI\bJr 6rA33eB 8ahtarigemri et datksl PammN(a 5 ,756,316 to

tatio n i n_an or n' i 0 whi h
sehallzb g gt Praet TR 595t HoPaCETpa fl (LS HEmSp. 5,524,485
to Th(ﬁflﬁgiﬂcfﬁ aPokePhend 1&3] 5,9581672 1o/ BESt ©f 58k %ﬁ&%lg%ﬁstﬁf‘cted and

used in the present invention for, e. g., RS, O0-
screeneRNy; ordhrogomItpRi® O- RS pair. The positive sel ection
mar ker can be any of a variety of nolecules
[85] i nCI Qdice the sbmthemsés hrersubjedt foothe dogitioe und nefrive RelevtidéSreening
a nutriti pl.ement for ro and the selection
strategly (heserp @S%CQ P heg trratieged &‘Hﬁﬁ AR otz example, a
nucleis URR] BB RheodeEXRIMI-RS O HOLMIHEL: eepgfgcdﬁs 512@101&%&199 ®hat encode
positive selection nmarkers include ut %
mutatd:d f-R8sl (¢.g, be. gtndora meipgclteeIS, gitsrepasesethutagenesis, recombination or

any ccH‘]a Lttg(g}]e te%eg ngpn %{eﬁeﬁwggxgltéﬁ%%%gg%gg tg%lelihdiv?dual steps
or a ¢dmhlaZRInCoH ltlYéé@ rs&!ps phaskh @éﬂ:ﬁaﬁéﬁh&‘tﬁﬂ% a8 fated ASIRSC i€ bdthed that

providing 3-am notriazole (3-AT)), ura3 gene, |eu2
prefergtipdly anyioacylates, the ERNyS vath thy ghnaurad ; aminccacideln one, agpect of the

presenf?m\l\élnu{)%scﬁg gtgps a(%’ﬁ E%rf%e%r}ﬁ%’tlﬁfésgtgrggs) & &A”‘% %%St%f’qﬁé??i eW

es! S S as I'Cr nua
[86] 8]; og’ggiﬁﬂlgﬁalisir% Egélgctg%}%scréerﬁlr?gn %tnellrggr?gyl réglg] talso lbe used in the
methoﬁE tMQ'ﬁrEé&ﬁh @I'i\béhtlér'i} @r%b@&‘(ﬁ O-BUQAI @chaalrs Athereof The

ol ysis. e.g. erebriiskii,
select@;loe IFerSeNning S@m)gencw@s b@fvanad: Zn poe ot beth stppaef fhﬁ:nneth@chto produce

o 0 BEE YA O e 4 ST RSP RS gt v

used, 885 IdiftionAUEHuhi® BAboROSd thd/6r HafiGé kEBCtTRK ledh S1so be performed.
include, e.g., luciferase, green fluorescent protein

Selectingrpy screppng E@Imlsqapwnpnﬁfe OB® GH BT POV Rt ingBdivecselection or
screen'il?gS 'tlﬁl} A @,ng.g.(, % é}ha’nge in amino acid permeability, a change in translation
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chl oranpheni col acetyltransferase (CAT)), a
transcriptional nodul ator protein (e.g., GAL4), etc.
w@pdo7onebt y, a pol ynucl eoti de that encodes a pPGT/UB2005/044041
sel ection marker conprises a selector codon. [88] A
: Y. - s.th kb ive select]o .
cffci g R Bl RAARE G 1y B0I, o TEU bl Bpee is basea
upon Ammefigert imnad opoloyegedeemt ardergahidin #nehithsandorthogonal tRNA-tRNA
transcr.iptional _nodul ator protein that nodul ates
synthqtasgpagis BsddA Prodis PFCResponse el ement, and conpri ses
at | east one sel ector codon, can also be present. The
[87] i ncoPesrdypesriseleetiens san de wsed inathe poesaet mventipndor, leeg., O-RS, O-

t e N d " Lh by tthe O t,.RNA .
RNA, BRI RN QT PR THE bEALE ShSyonatheliG coh 0o By 96  variety of
molecitles tindndiag, pttinon liafitet he, Pplotuctcth@OprotiRles @ iitritidAP QigpBiment for

en&) encodi ng, the_ positive selection marker.
growt%ﬂl dhaseigctiomis resfosmed onpasAluN thaydagksdthe mugitional supplement.

' : t 1 0R. of : DO 0.1 de
s S0 IO 0 PO SRR SALE . e e
limited t(’fa rﬂ:%:,ril ;Hpb;tgtageng fraghd cata;nnp:lﬂﬁér&irfg. the _8ﬁﬂind5«aciid auxotrophy of a cell,
. .pol ynucl eot i t encodes the negative selection

a his3 (dnk B €. et G id SPBAAIIGS o0 THICEAo @R spaRgle dehydratase,
detect€d BYHRSviflingm-Mirdli CATH! 428 d '

ol A3 LSBT S 3580 1 . e,
adh geneMstsgiSse, ee.,d5. M. (Rsigny, &The M.eSisth, {p988); Ains dcid biosynthesis

inbibi @O b Hbrbicidl AFRIURNR of Hieshemstey 331637663 s pac gmbodiment

lacZ pRStRictiby & &RE%¢d By SRh&GHtioPRedy2/B-DAL34 , :
ppr ot éi n-protein §|[nt er actoi%o%sy? BI dgént i#&gg%}?)ghdeo@%%gydmlym'

See, ergut Taﬁ- dyesehrhsktii, g Ev dntGolesiso (10890), ddsesi dfa¢h e study gene function:
evaluaégr? %%gé%gg%%@%?daﬁpgsos%}%%%?llo ?(ﬁlg}at%:e yggsl‘;gg;)ﬁhyggﬁgwtgm, Analytical
Bioch&higtra Oi8s11L ZAtA Qiitiéial goﬁﬁ@?él&ﬁiﬂn%ﬂ(@ﬂs']ﬁ&ﬁ@é, & J) luciferase, green

Interaction donain usi ng a yeast reverse
fluoresogpt Mgtein (GER)s &R, EGFGc RFR@athe prosbwt| of 8t ntitibticSresistant gene (e.g.,

: - ~an Vidal , .et al. 96 .
. TN It T D e
etc. Ogtissdl), al ipdlnatleplidd eian-dAcedeR A RBHivVONKIRBh CInBrker comprises a
Interactions (Proc. Natl. Acad. Sci. U S. A
selectoygodiB15- 10320) . The i ncorporation of a natural ami no
acid into the transcriptional nodulator protein by
[88] the & pRivnueladtidsathyt anendesithchpasitiee gelattianmimdkenciad be operably

. results in transcriptien of the negative sel ection ..

inked 5 b ERSSE! BT B RSPALIR ARhREL Pcripioa

modul@onprotsiasha BedRaboOfraetpiion Fbm MEeSeigonse SRhRAL a8 comprises at
e

mar ker and/or negative selection marker of th _ _
least opg, §elRtPHAOdoRn Ciblse Ps eresent Ehe incoveeratidreef die uwoeturs amino acid

) ' . i St t .

o 4 SA690a Pk R APSL S50 bRl B pye gt

amino seldestults ottemsripi@0bf THeepdlyardatidpt(egnatpsesd Weak)Péncoding the
..Vprotei.n is a nolecule that binds (directly or )

positive sgheptioi %kq.009t1%gy€m@ sglestar eednmels d@ca(t@f/ 1. or sybstantially near a
rtior] 68 RRNS61AHE | 15¢ bRl B g ipti

poi SEUS0 381 FLSFB0L) 4B Ca RV H8R S1RBALLALLNE 8 ucriion

modulgbepretein. A transcriptional nodul ator protein can be a

transcriptional activator protein (e.g., GAL4, nuclear
[89] hor nepelymecieptidy that enbbles thédnkatikERéb&on @Atk cABNREESoperably

i SMADs, VP 16, SP1, etc.,), a transcriptional repressor
linked to a response element from which transcription is mediated by the transcriptional

modulator protein. See, e.g., A. J. DeMaggio, et al., (2000), The yeast split-hybrid system,
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protein (e.g., nuclear hornone receptors, Goucho/tle
famly, Engrailed famly, etc), or a protein that can
whawe/obabh activities dependi ng on the envi r onPENUS2005/044041
(e.g., LEF/tcf, honDbox protelns etc.). A response
quence that

MethoddEBgIOk SR 176 H o By 5t FonidPOPbdy PatiBre arigticisslection for
dlsmpﬁfégd?}ggéﬁlﬁirg?fdté}ﬂa nt&gﬁwnt s ri@éntﬁi%&t?oﬂ Q)[fc@if@ﬁf tmﬁ\ﬂaﬁgnst h€at prevent

I onal or protein.
associgtkanpitk thé ceadtivatos C¥BRytRronaNatirodlcAdatSor. Ibr&t:ﬁl % 13896hE3901; M.

Vidal fa\ertaaLadg% %g:petéq aﬁatxre%cgrtg%nogrcgleﬁﬁm aﬁnbnﬁ)gqelh-t;\?\ggfn' interaction
domaiRb9tuSin %% yeaaqeée%*e 1*% ﬁ%a&%@@h@@%&/ oR8. A@idi‘\S'cﬁ r@@ ®\b4:10321-
gene, I"ecul'ar & Cel ['ul ar "Bi ol'ogy 4:268- 275

10326Lamy HdnVidalRet 4., (&%)eRawdse ti@8ghrid pad na¢~§ay13md ly:ﬁtt@nsa to detect

d1ssocgtleglq? Qrii%%%%éﬁ%{% er e n ntera%A reonce{Na Ace(fdJ lSam U. S. A,
93:1041598820). T8 &h%?@ﬁtl@ﬁ BN% BiafghIn ﬁmﬁﬁd) Moid@nto the transcriptional
transcription-activating function of a eukaryotic

modulaisg rateit pypibst OHRN AScatameesyited Guith PonatEhimgp acid results in
oo ST R RPN b TOSA DRl pion mrr

compristd a 3€ledtor esdod ST pbsitive seBBlion maricer aad/dr pegttiet selé@iommarker of
DNA bi ndi ng dormain (DBD) that bjnds DNA sequence
the inegpEiep Cag gq)mpnseggelea tyo selmtoch@ys whic |each ?rl‘@gb)can Apmprise at

least t%glfiﬂ%g%lgt SE} 8%5 8&?[(91% gﬁ%{ laeggt g‘gg\llorfrteﬂry SQ{}% sele?ﬁ@r g@cg)ys.o 21297

209: 3n§;§’n§ r&kq‘ﬂoéﬂlgﬂopg{ ?tel%t 1saI ie%aés hat %?r?cf’s' Ednfcectly or

901 pna Vet &gUatory "B ot el

indiredtBAsb 2 rfﬁ%ldlc 484 é6cfrendd (c. gr he r@&s,éelbmerh@e dnd rrhyiuaiﬂes transcription
i nterveni ng protein sequence, to a GCtermnal 113

of a segrenee Hat & aparpkitlinkRd de fBs FespesF cletgr! Aafanseripenag modulator

proteu%{/l glgt%%r Prtahé%?lgﬁg%i Qﬁ%@?e%}%t% ése%&%gfoguggé (g@}onﬁ‘ ergceptors

AP1, CREBt LER4cS fapiilyomambas] SMathe) ¢/ ey Sﬁht&tc ),Getranscriptional repressor

ot s sy R csmine Cibrele G Mg pgia Hiy, o), or s
proteif %‘gﬁ’ Qo ek péc(fh%gﬁes @@é}éﬂdﬁ% &gﬁle%%uoﬁiﬂelﬁl @(‘g' rﬂil@f@ €homobox
ons towar t erm nal a Si ng e

protemm Ieyp)e rAt fedportsh alenmmn issfyppallpmucless d¢id etqneneﬂ thBBId refognized by

e o RN i ST, A0, oBTRSH SHBLESE A Mt wits e

transcﬁﬁﬁéﬁé@}ﬂogﬁlamf- p%gﬂl GAL4 activated reporter genes can
be used to perform both positive and negative
[91] S€l eGLLARS ¢ Qlet BE 2 98DRcriftimbl Mu%@ ?f@téﬁﬁ &€ thO@Mranscriptional
negative Sélection can comprise a sel ec
activaie (peeainn g}AIafg @eb ¢.patA. iIswuglony et ted1084)a Ictbatlﬁcataml &f two proteins

e BT R Blae SRS R0 o A, LB BTG
275; KOl GoRHDS&BRCE. AR UTDEH! 'Pﬁiﬁna{rp adtrucRinE Wehe 8Saccharomyces

negatrve’sel ection markeér can g(é an ura3 gene.
cereviFige @Ma‘irgb@,, MébleculRAg Cﬂé{b@‘rBl@ﬂO&Ya‘#ﬂ 26T;de ddleaganert al., (1986),

Separét?cxt%te rg? | D]&ﬁeﬁ r@h&nﬁ}eoe ) t‘[?‘l tragagglgl%taolng X thAfrlrkge ?I\rlllAcglon of "9 eukaryotic

regula®r9dBEREn, Science DY31:6991904t 1288, WM. PRAMYNYCIFD)] iMew eukaryotic
encoding the GAL4 with sel ector codons, GAL4 act i vat es

transctipaersd petpiatan werk, Uredgre 3@56683 -689. The N-terminal 147 amino acids of this
881 amino acid protein form a DNA binding domain (DBD) that binds DNA sequence

specifically. See, e.g., M. Carey, et al., (1989), An amino-terminal fragment of GAL4 binds
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negative selection is acconplished on a nmedi um t hat
conprises 5-flubroorotic acid (5-FOA), which is
wae@oeowee2ed i nto a detectabl e substance (e.g., BCT/US1005/044041
substance which kills the ceII) by t he gene product
of the ura3 gene. See Boeke \ .
DNA as) g glamer, 4. Mﬁg B’r(\]/ez@e‘ﬂ%z’cf"& nandf Er Gﬁ‘ﬂ}g%Fans a%%)g Specific DNA
RBPSRMALS (66 Soyeskaesl ae%wm Tl‘ile DBD is linked,
bnuhngO?thgbgggﬁﬁbﬁoorot|cﬁngﬁﬂ{re5|sfance Mol ecul ar & 15 e
by an (‘n-rememhg Beoteihi sequel9d, t846€ 3dm)inalM 13\amdiab ,acist acsivation domain (AD)

, . Genetic character,i Lop of a Ian
b S R BT SAC e A T e, 1957),
Delet151?¥1§‘arl§s‘?s bre A vtidiges Wed %ﬂhscil/?ﬁ&?al aN@H’cmgé@?ﬂent@%‘ell 45:847-853:

93:10321-10326; and
and, JRéxiar &eM.vRiashyior (108NdThe@atbpsyitermyalt Hrentien @exdem GALA are

recogr}q.;ﬁsd: I(I(?A&.tg(g 8flb§83%9,\]a’1112r yAggamgg%rgberdod%n ievlvzrllrds e.g., the N-

terxmn%ﬁbiﬁﬁ &P a 32:320pollSethidAIha dohtaldtebdilp She NMEmSGAIEDBDOS GAL4 and
mar ker, the negative selection marker can al so be an

Yy
its C-tdrmanalaADet ymber gepRsessions byTHe SOHNAR-Rse(nsgt cah be linked to
nd/. gatiiV t
anse 35 L M50 1 EAPRSPAE SRS, 0 TREF T80 6 pertorm
both pb§iieé himdgativdiselediions aitheh®fer. Sul tabl e reactant. For
exanpl e, negative sel ection markers include, but are

[92] Not ThethéBEmt @ed Fodne ahU@'sfel@ét@&ﬁcarQ&ﬁ?j;ﬁhJe'@Qél&ﬁfﬂgrﬁr screening
protein (G-P), YFP, EC§:P RFP, the product of _an

agent &t iip p@mvea:ted deiasdetpatahje mabgtencg. by Hisl racatymhasiecion marker. In one

oo RS SE2ABSERD bl B bl ARt

encodés @nREativ sddévtionMagieRtat bpS Olggi dh weB Cgen&'hEomeﬁatﬁplv ethe URA3
sel ection marker and/or the negative selection mar

reporteragante pleesundr 5ontrel pfraRoate- “het fopimRTCAdH DNGy Pﬁnégig sites.
When ntg? %%atgs[ égér(ctlrcl)ﬂ% ?&\%/Ig %;g dgtli&ig neo%a 'b& é[}r’a(flrsr%ﬁbﬁ el P ?olgnucleotlde
encodig thef G4y wiihs ﬁlecfmf eedunsg Crelk ectivaléee traasveiption of URA3. The

pol ynucl eoti de can encode poth the posi |ve sel ecti
negatifig FHE R g afq?@m%lég%(% PRy & TR thaf copmpriges,>-1l WO@E}&?&& FOA),

Whlchtsl%1 E%R%?&% g%fﬁ c%ﬁelcﬁﬂé s‘ﬁ'Bst%ﬁ@eo(’e & NeroRRAAbEM S SFiBE kilRMhe cell) by -

e positive and negative selection steps
the geaa@rodnanof the lunafegersi Ege,ae g ,ebd]’ tEcve,ke;/\tteﬂ e(1v8dher pos1t1ve selection

e i s det.ecte ceatlvatedc .
for R HgkipE AESFE LD P SR PRRR] 084 Betrah EgRoroomtc
acid Ileastqg&e Nibleghla& fG&e@aJSG%hétﬁ;ssﬂms b); MR KBedal, €t @l., (1996),

orarrphenl col acetyltransferase (CAT) gene, wher e

Genettchéla@Aﬂ'erlg@m mmrm@eé,lan@r@@nemmn u@@@@tlonedognam By using a yeast

reversg %gthlysgg @gsg?rg Cﬁ"ré)ﬁnN :i' é%??ﬁT %erﬂ)e,s \Aag g - ?%féd agéf M. Vidal,

et al.,i(N9YH)) RE‘Yerﬁé)t\ﬁdJﬂWrﬁﬁﬁlcﬁoﬁ@hﬁﬁid)ﬁyst‘dhﬁmt@((ﬁe}ect ﬁlﬂoclaﬁ(m)of protein-
or nore, at positions W thin ane%tlve nar Ke

proteift RN AnproffiEnaotctiotio Brom Nt Aol oi B . do oS3 Sazo.

and the negative sel ection marker can be found on the
[93] saneAsexitlothe msgive sebb’a@nn@rk@x@p agittie sefectipre marker can also be

any oge ane'\éfre%gﬁlo e?:}rl{?gitl\é% iﬂ?ﬁ( g? SEI8 #tﬁo%(lgﬁ tep g ID g{et r?elzrgggxe selection
marl<e@fm£}h BDeSE Ip@%bgtﬂieaﬂﬁt FRioe&BesC 8N chRlyvad |aelfdm1ﬁeslent teb&ion in the
intensity of 't light need to fluorescence the

presence mérat semtablarreavéam drarexampley asgative selsatiarmagigreagludgebut are not

11m1teaﬁ? S ]t%lh rraseeé eg%%uo?%@t%?éﬁeﬁo@ﬁ?{égﬁ taﬁﬁgla ggﬂ‘ Ghe product of

an antB1bES tdsRfn® gERL®. g. | diddrainphbrdesichcorylitdmefcrasalfCAITY )y thoproduct of a
suppress a sel ector codon(s),
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e.g., two or nore, at positions within a negative
mar ker, e.g., barnase gene. [94] Optionally, the
wo eantep7i s di splayed on a cell surface, e.g.PCDOSHE05/044041
phage dlsplay or the like. Cell-surface display,
e, cell-surfa dis | ay ;syste
lacZ geg% ter%ﬁsgﬁp d?ﬁg% Prgﬁena,f etg. Eg? Iploig ¥elg%t C}nolgﬁgrker and/or the
negati®e GelectiorP@hikey h{aly%ec&tm&i byl €lubtes@shct-Actrht@Uée! sorting (FACS) or
menbr ane Tporln OmA, on the surface of the
by lumingsesricen éilecmSiltn@ewlectrpWen@ﬂfqro@@/@rs negagiyp ajplagtion mpdker may
el c
compﬁsee ;!fn a%ﬁ&é}%ﬁed)%% ﬁg@{sege d%ar%:iené& el qQId%I 4n encaﬂ,? both the

pos1t1‘d§ seleatyed npelpdri gl tlteenegamma adefeztibh emaren OF@Cexhmple, the positive
recogni zed by one of the nutant am noacyl-tRNA
Select@yﬁmefhésr@gatﬂw selestion e Py bothibe positiveeand negp i seleson steps and

can mt:ﬁﬁﬁ S8 tge%peg,%ﬂw gvhe%ig&ﬁhe}@%ﬁepgn&et&géas Con§1%k@a&1€9 activated cell

I'es’rai sed agar nst ai ni
sorting (@A CS). dFor eraapley alpositive selec:tlocmScalﬂH’ebedc@'ﬁ'ﬂxstbaﬁled positive selection

cel | rface display.s el oped and
markeg, g P eriRhensel el f‘aﬂsev@xﬂrﬂealm whersthe EAfggene comprises
a sele@bASSIA &%l - anﬁfé? stoB [®A6H, SR ne éATA%ene @ﬁmﬂg&% 1bwedby a negative

| ver son, Georgoi u, G Production an
selectiph soresncthat & based vattbel n@éuhlhty teauppmss afsclestoheodaifs)ac.g., two or

o S P VLA LA S LA 2 1
select18ﬁ &4 ar fh%%%g)ltlve m&%ﬁh@&@? %n BETLHRROP UOEA M Fector, e.g.,

cﬁ] O her enb ments of the present invention
plasrmdn xperssioar ¢lyiha regpiéveomaglgr edrifes terxeressem od tthomepariepse.g., green

I h .
tore o P LSRR PR R B, . 0
intensitp of the light vieatOtoi iwedspecatthe fbp@f‘teﬁéhrt%mairiéﬂah ti‘lf@ selectlon can

acid. [96] Additional details for producing and
be dong Witk pAEPQrIFE 28 A PERiFNE seleqion; mamker, yvhwh 1Stsﬁ@e§%bﬂﬁ5ﬁ5§e followed

t l;
oy SRR URE ok e PSP A0 0, S spont
e.g., tvod ofmbkeg gopesitidnRMAhA: ne@armle nteﬁdwk Sgr,]bblﬁlh@é;@n@al rs;
and, USSN 10/ 825, 867 entitled " EXPANDI NG THE
[94] EUKABiﬁﬁHﬁa(nyGEMEab&tmsplaywbﬁ B call Suifhsed & BQIAl £phaB¥ display or
reference herein. Additional details for producing

the like,. Gell-gamiadselispla A@-ithe Ramirbasdkestluscadisplay mm ralies on the

B Y T T p—

porin GffplAg Ioﬁrthé yurtfdvarof Tye Bsdhesichid @ulirall. Diie egdiopk @le@ﬂbyed on the cell
Che{n' sérr)é, 275(51) ; 0324 40328; Kiga et al. (2002), An
surfacg RRIHBAFIEA SESERE PP 1B the BretelymewsHee wpawwm@éranslatwn

The dfis?[aa/%:ﬂt gﬁ@@ Ghid CohfafRr RN AhiddN 8k Al HM U% aéneagf @I‘Pe mutant
acidin

proteins I n eukaryotic translation and
aminoaptRD&Y ispnthetases me}m lljpmrm cell| ther edl systhmmg lﬂﬁ@\Sorrespondmg

5-.9723,; a nckl n.et al . 002 "o .
syntho Qwﬁ RIS Tl bl IWﬁég@.aﬁ@mw@&&%c tHaipjpg specific
unnatlﬁ'ﬁlaﬂﬁiﬂa)ga&@seaﬂ%r ogfpA-paal G’é‘ll‘-é%ﬂfacg%pla%ﬁ R0 Ldkldeveloped and

each of whi are | ncor porated by reférence hereln.
OptlmlsﬁliJmEGﬁéNlqumT ahR@AM SNBHP’QVG] taThphage amplayt iSepalFrancisco, J. A.,

nts of,t sent I AV are .typi
Camp g o SO ERRE St 1 & P anand e epghrsgtivated ol
sorting HEERhEREEH Bl e@r&ﬁh&% £AMchEn A AhINRE h4gMBn@ of Bk external surface.
Proc. Natl. Acad. Sci. U S A 90:10444-8 (1993).
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eukaryotic organism e.g., an archaebacterium such as
Met hanococcus jannaschii, Methanobacterium

wo b@vopeeat ot r ophi cum Hal obact eri um such as Hab©f/@sBm5/044041
vol cani i and HaI obacteri um speci es NRC- 1

Ar chaeogl o rococcus fu
o510 CPBRA SINE SLBHR: BULPRSESNS, LUOSU e coe o more of th
selectiohk€eps Gh vatr® Uif}féCée@é’dtéﬂT&orﬁptﬁﬁnﬁ% gES%ﬁ{elta%B'aﬁd/%P KRNA, can then be
Thernus thernophil us, Bacillus stearothernphilus, or
introdpepd ipfoieecelbdr nse intie vorotiheyperationo R urnsinrblaniop iavidd
froma non-eukaryotic organism e.g., Methanobacterium
[96] t her Additioogl dgghilc fom protuaaim OrRS; amd almrmgaﬁle Habgfate apecificity of

the s;ﬁ&{?&gg&ép Sgol_u?la ﬁga@:}}e E)Ia%?f Rl ﬁén flblﬁggi‘i&% entitled “Methods and
CompbB¥itiOsOfes Yhe PRIJUEASH OF Orﬁ@galmxm ARSRSAY] TONAL §hthetase Pairs;”
|i ke, or a eubacterium such as Escherichia coli’

and, ’u‘m r‘h@éS%I;%ﬂnprhkﬂ (FXP BIDINGUEHE BHKAREOTHE HFENETIGICODE,”

e.enbodi nent , ources .ca
which 1€ hgbForssed S AR, rebibuiA R R el P SFRafE DS can be
foundalll %ﬁlanﬁﬂtékhl&l &t alf, YP@I0) A/ BRSnS Esa{yn‘@ﬁiascoﬂlerﬁosyl tRNA thetase
, Insects, arthropods, etc.), or the

UtﬂlZ%o@v/mmavl @@ﬂ@éﬁﬁbéﬂ@mm@ Mpgfs fﬁn@tlynthmw Tormne Journal of
|
Blolo%qgm%ﬂgt (575 ﬁ“@b% s e{) arﬂ; ﬁ%}gﬁ eng%eeretﬁ YR herichia
coli ty@aﬁ;@tﬁNAﬂiyaﬁHdtﬁe Cfblt RW;@CRS 1n6d>rpo1ta&oﬁ ro@ h dnh@tufeamﬁnno acid into
or gani sm Alternatlve , the OtRNA and the O-RS o
roteifh B GOlHTRRYY sepgdation andaitsappliediandings wheatgenn galhfr@ﬁﬁystem PNAS

| t f
o903 A A3 ke Lan Rl YL 00D, SBPUEOIIREN sfuflere®: Versaile
playerf riomtheechpnging  Wettea nob ratdatiomn RWNAe r§rbas: t 39f2hi eaclim of which are
: E%%chhe OtRNA, .ORS or OtRNA/ O RS pair can be
incorpopated hyutpfepncedisttifled in vivo or in vitro and/or used

inacell, e.g., anon-eukaryotic cells (such as E.

I Qr a eukaryotic cell, to produce a
QROANISNMD ot ed ani no acid (e.g., an

[97] unnagyg ShndH A1 5ihibrentd of 1RO l%gé&ﬁﬁmnhen%ﬁé! fafly B8rived from
froma variety of sources, such as the gg

non-eykayyotig emganiss. déeredxampien &QMh@gOMtOM Al aamlxeehbmved from a non-
t hanococcus annasc

Vet h bact
cukary R ARG Sl o HEPERALPLr RO o G BLTEqasFE: dgrmaschis

Methav@bdgcddriim aRE)ndapph R\ W EPBS S Bum NB@I bs Haloferax volcanii and
Ar chaeogl obus ful gi dus, rococcus furiosus,

Halobpgtg;@@;@ Csmqgleﬁ AR Gds pﬂrphae,qg Dapylgits, pé’yimcg(ccu@ furipgis, Pyrococcus
hor: z/coahzz eAezB P«uggiln%p gour: ﬁlr?t {111? %{.E’ngt eg&#&nﬁﬂ o(fglregsi%:lsghei ichia coli,

Ther. nm@Wzarm?BbkﬂmsBatcﬂkfrs b dhbisnpEas, &1l the like, while the orthogonal O-RS
st ear.ot heri nophil us, Pseudonpnas fl uorescens,

can  pgeydefiiidas @R ugh n0B-CBLEYRIS D RESANEI| (§:.8-et Meyhangpacterium
I i
thermfgcgt‘éotléé ?cum %{cﬁ%ﬁg‘éf’g&% Q%c%teﬁis fllcfr:lnaftgi ngle{cﬂz? égzld g’%‘%w%%?[eg’%{m species
NRC-K Octmh@ogﬁ:lbamfu@uﬁh Agravorws Gl osuay Poirawot&l, haaikoshif)ateuropyrum
pernis} o e 0 O SERE G B SXBe o AP R} 6o ahstabes thermophius,
Bacillkd B&b‘égie%pﬁlms BPihel 18 t]%dorfe%mlﬁ)d rH@I‘If'T@l!lkar il §6§ch§ can also be
an arthropod, etc.), or the |ike. Corrp03|t|onso
used, ctsﬂlllcbngm‘ttuh ot akiited i ton plants; crlgren goiestyf finlgs  peasseanimals (e.g.,

glergs%étonﬂ%mpoﬁs e?c)alor%lﬂﬂ{re of the present invention.
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USSN 10/ 825, 867 entitled "Expandi ng the Eukaryotic
Cenetic Code" for screening OtRNA and/or ORS in one
wa@p@aioe9f or use in another species. [100] To PXPUSHSS/G44041

pol ypeptide of interest with a selected amno acid in

a ho cel.l... one nma ubcl one | eati de .
(o8] encojﬁﬁdn Vf%%&%%ﬂgﬂﬁgédﬂs?h?%ﬂggéxfﬁ§%p%ﬁ°@&%Fé§§WgﬁﬁDnlﬂm
same ¥RGHRM ot differehOBiahlignsa TAr@RRInModiBet] HRAD-tRNA/O-RS pair is from
transcription, a transcription/translation terninator,

the saggcprgnisni.orAleragiévedy, dha b eodithgORp pbthei G-tRBIA/O-RS pair are

rd: iLndi.ng sit Qr,.trans janal _ipitiation
rom (BRGTE A0 L 2yl B0! ST U0 g BB ER o .
Halobab@rigdessy INREH ], end)the OARSagsr o Wedbedatrom, @0, AugeWghobacterium

et al. [101] Bacterial expression systens for
thermegrap&iGitiy a pol ypeptide of interest are avail able

in, including but not limted to, E. coli, Bacillus

[99] sp., The&l Aty aoPeEdeE-REqmirdanbeaslectad ougemesd, in vivo or

... Pse a ui,i da, and | monel | Pal va, et al_., Cen .
in viug 3RYSEUATR oR8he5 8-  RRLSHERVRRC s (i Sats 3o g S araryoti
cell, 6 ALY a pKlypSpiidy wiH GlseRERAHEhO AcidY(E o€ M Whstural Wino acid). A
2007/ 021297 PCT/ US2005/ 044041 commerci ally avail abl e.
non-egkaryaticosqlc cak Be YN o vaiely epfssquseesmawibabs die dethasa phylogenetic
yve : i cells ar I wn in the.art and .
domaf 3y B0 ABETFS L O S0 B i M
thermtafi-opftiemp iFes ebictérivie iidhoas Fald/epdix Polediy SR aid0adkrium species

| nt er est y e utilized and/or expressed in_any_
NRC-}y hishicogfores W@W@ Exrcesass JHrigsst é’owsquﬁ@fSuleﬁrH@;szf,o/aeuropymm
pernixSbRMR Bice, YEREA beloﬂg &5 Qll&ﬁ#lﬁ&terw ABHE BbinSin ding but not

o bacteria. A description of exe eXpressi o
limited y $¢,e nfschierighiovicdBd Bhérows [thOFopHdast Bwillisedidveomienyophilus,

the term "yeast includes any of fhe various yeast )
Peudgg Gt 0 6o el 15 Y 58 P HIROT Rk s oy e ke,
A euk¥§86¢ Sell B&1 BBomPHrarith$ oPSurédsMrdefillidbut not limited to, a plant (e.g.,

ascosporogenous yeasts (Endonycetal es),
complirg plagt sborsagenats, pe disots),aandalgea st obis| arfigigug, 4 geast iacluding -

Fungi, fecti (Bl astonycetes) group. .The ..
but ncf 8o B clorli oy & QPG G st acteiRs st figited to, o
mamnP e, er ateasodret. )Sof eRAYCehPSER6hs o1l Mithekanslational -
is conprised of four subfamlies,
componehs A5 She PrrarEnpreitivasae @lsog feajjsped the present invention.  See also
' ar . i i . Li~ponycoi deae
R I e S G I
and/ork)-RBviaropagpetesabtluseSacabidenspecies) . The
basi di ospor ogenous yeasts include the genera
[100] Leucos p@resh 445alypdpiae 0F RAbrest with a SR06tbd LRARR) 4%d in a host cell, one
Fil obasi dium and Fil obasidiella. Yeasts belonging to
may sphrdonerpripuciepbides eeqadingsh aebpapicde efinteyessiptoaaneexpression vector

I, ' : 1] . Spor obol oycet aceae e.q,, .
et ol el B A Bl P SRR AT B 5505, e il i
for a figclgc acfieausdbangdipa@tin, b1@¥dsoftde WadikCiileafor itiheh86ial initiation.
or use wth the present invention are species wthin

L f : .
SuitabjepRactegighpiomotsre areay elkkpgwe ibHieyand dosetdtedy o8y deSambrook ef al.

d A Ly icchar oi nyces, Hansenula, Torulopsis, and
an %ﬁﬁgﬁﬁg? including, but not limted to, P. pastoris,

P. [lLleripondii. S cerevisiae, S. carlsbergensis, .
[101] S gl;idaécst;%rbatl F)é]?jrg.?sugi. syatoe&bﬁ fgg pfpre 1ngk’3[ w%erpitl,de i InDerest 'are available
in, inchAtdpedIs in8t lirdited to, E. coli, Bacillus sp., Pseudomonas fluorescens, Pseudomonas
aeruginosa, Pseudomonas putida, and Salmonella (Palva et al., Gene 22:229-235 (1983);

Mosbach et al., Nature 302:543-545 (1983)). Kits for such expression systems are
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oviforms, K lactis, K fragilis, C albicans, C
mal t osa, and H. pol yi norpha. Yeast are generally

wa@r@ioai2be from a variety of sources includi ngpChus2009044041
limted to, the Yeast Cenetic Stock Center

Depart ment. of Biophysics and Medi cal Si CsS,
commeyeFaly ayailpbles Ealmry%tr% FPEPTESERTY RYTIRIYS ‘EfA ampdliap cells, yeast, and

insectc W ér g]-liéﬁg%n% ltﬁéﬁ’rﬁar@irle %ﬁB 'ceﬂm{erﬁlﬁpd‘)alfa%n assas,

he term "yeast host™ or "yeast host ceII

[102] | ncl é ﬁ\lﬁ( %ﬁ& T kﬁa&f tﬁé‘gre?&t I entﬁgﬁ aﬁ Fﬁ gr E?)%gtl@esoiamterest may

reci or reconbin ors or o

be utiPMA addier tesreisbd¢h udesuiniter ot ogebly efprdskien aystginsahcluding, for
yeast host cell that has rece| ved the re

examplecYessls 1Byecheellss mammplians pelisnan |t1acqe§1au e‘i%‘t’%ﬂ’nt ik, pxemplary
expreslsﬂ)% %Et% n%’/pﬂgld@dﬁélﬁw e parent al cell may not

sari| be conpletely identical in norphol ogy or

[103] :ogr gwd%%%egth%%e?n &ngon?asgd n% hgf 8 (Iﬁl%lﬂ:%leasts capable

of exple®@@n¥ pblybéridease itékstcel lSuElh%Ieas’tﬁ anlﬁdkf fbml z&ﬁtlhqt limited to,
simlar to the parent to be characterized by

ascospospgenant YesEndsmyceigdes), ak@swporquwpﬁ%ﬁm:?eam belonging to
the Fd;ﬁ?/ gr?&:%/ gﬁ?gé%ycepeggﬁgc%ﬁﬁs n?fxe as&)g}%rggéﬂoqg y\%%g% %Cawded into

ng a er est I nclu
two fdnfiies, [Bpegesphihdrtead edd Syciiaremoetadent.i The 14tH0 6 comprlsed of four

ExpreSS| on and trans or tion ve cl udin
subfargilicp. oS HltighBedAEice 718> genu ?ﬁ@@?sgff%%% rNadsonioideae,
szonﬁ%ge&ee!:h&j eggécﬂgieo%)fcgzrde&é ag@é or gRLdr@N BibiQ 'Tﬁﬂlyzvéf%ﬁﬁ%es and

For exanp e, expres on vectors have beén
Sacchdenslceped Tlor b&ldmepcarvg@]oae Y@sﬂsom;ﬂmdeethaaIgener@EL@Tb@@rzdzum

Rhodoggasdign. Spprglahos. Hiobisidiels uobonaiye  2eqs bilgpeing to the
Fungi (%gécty g?l&ﬁgi%)/@eté;; gﬁ]u@' zﬁ'é‘ﬂﬁu&é&lﬁﬁ@t\;@d fedhilies, 'Bper ob@@#lzycez‘aceae

mal t osa (Kunze et al.
(e.g., maﬁm@lﬂw@_es a@d@a@razmdlﬂ?m)ptoqqccmny frog peaus Candlda)
(d eeson et al. J. GEN. M CROBIOL. (1986) 132:3459;
[104] Rogg &xfkmingcuddr 1atere;st K& useGENE ThECProdbid BEMNDMNCSe s(pﬁ@'%)within the

genert sighgh) KIRVIADERS (HEChQBIENE onibetacaperomiyeds. ~ Hinsenda,
Tor ul%ﬁgr%ﬁh%anc&&? Qﬁ%lua-l%% B§t7notvﬁﬂ11‘t@§ WO,E?* DaSori®l P; guillerimondii, S.

© P. gui |l erinondii
cerevifidande aavisbdrgensis, SA@la@‘aM:@R(BI @ugl«QﬂQSS) kipgveriy 13,; n@rbensis, S.

oS it BTt i bieqes C oo, gpuch pRGRErE Yeast ar

gener%&g%@ible% é%ﬁ@?ﬁ%@fﬂ@@ﬁm[ﬁmﬁﬁgﬂ b(lBﬁ@Clhnﬂéd R, the Yeast Genetic
TURE (1982) 300: and Y. |1 poI yti ca;

Stockr g ibareRaElcrin drionhsics. BB Sbsiindl Bhcimy SiveEsty of Califomia

(Berk%f%\g%‘) f&& %&513‘125%3’&% ’[ﬁ%%ﬁ%{uo Td)?wtflgn?t‘ég&?’) @Eassas VA).

1052405 5819801 B RET0L04 e PP o e

used &4 red3ftent B Qechﬂbﬁ{Eﬁﬂtls%ﬂ&sfd#rlﬂher&k’diﬁfe@@Nﬁ JThe term includes the
Neur ospora, Penicillium Tol ypoc|adi um (WO 91/ 00357),

progeenof theotgiel seastihpst qellf thrichaseraseived ihe Fepompim@shvpgprs or other

v SIS LR b R4 ORIy PO sy
be colipltél§dideticapli® rfﬁél@holb gg 0PN fdromigenedta L]DNAaSOmplement to the
al cohol dehydrogenase (ADH) (EP 0 284 044): eno

ol a
origing] prseiki feeste;acejilerialsw-delipgiategnutation. s Sregeny o1 the parental cell that are

sufficiently similar to the parent to be characterized by the relevant property, such as the
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gl ycer al dehyde- 3- phosphat e- dehydr ogenase (GAP or
GAPDH) ; hexoki nase; phosphof ruct oki nase;

w@2phospbogl ycerat e nut ase; and pyruvat e ki naseCc(/Bgips/044041
(EP 0 329 203). The yeast PHOb gene encodi ng aci d

al so may VI de_usef ter
prescil 200 ADSSi ARl BB pRes o ixhppredapluded in the
progeﬁ,j&%te(lﬁ%Bjrt}ﬁﬁ)d&ﬁmtlﬁhher sui tabl e pronot er sequences
for use wth yeast hosts may include the pronoters for

106] 3- PR
1061, (hPRPRE38) UEELRATARORY ctioks RETRIIng bx Sfehromlosofibeplicons or

integrafingy mwectorss have hselp;iﬁvﬁlmed e deanbloxmphere ;lnto many yeast hosts. For

exampléée%éfegglgﬁ ?P%h‘es‘ﬁ?%g ena eVelogpgﬁ_qu{Ao%ﬁ)eW g@%%rskl et al., GENETICS
(19891 1224 09) 0o beglS EBadTERIOD.: (1980V1 5 ENBYNVENRECet 411988k, NATL. AcaD.

| nduci bl e yeast pronoters having the

SCL U§@d(1t9)78h§$ 1192 it @lgisans (Kmémtah,;MOanmmBi@L |@28MY6:142); C.

ol 50 SRR K05 L) RS0 BT oA o o .

J. GEpIMiERbatAS €1986)t 18t 3utshj Rﬁg%dhkampv@ aZOQ/T(/)IQZJ}%\&hcs AND GENOMICS
PCT/ US2005/ Q44041 ¢l ycer dehyde- 3- phosphat e
(1986hé%39@gdﬁaééglllae<é}aaoeét4 ve- %@Laﬁk%ﬁés a1t5§dl IGSEhK. lactis (De

Louveﬂ&cflﬁ'PQPQl f‘%;g(?%k% 19983‘[5’ 18028HES, f éfeﬂ :%J'gbét &1 YoTrenNoLOGY

tose dnd g I'i"zaft’i bn. e Vettors
(NY) (E999) BriiptR rgsuﬁmmm (Kunyzeas bl ok BasssMocrasIeL. (198 exs:141); P.

de i hed 6 108] .Yeast enhancers al so
pastoriiell e BetcatNar hglit BIShoTe e S Al (5 et als MoL. CaL.
BioL. EM85NSBB%6),; I%fc%}a%r:ﬁar%ycé éfogpstt@%héw& AS NERRE (1982) 300:706);

pr onoters.” For exanp eam acti’'vat i I Ng
and YsGppipiae sd. (nMes)rzno(Bdlapeast aby BrostHEM. (BIQPHDES. JRnsné‘Jd)MMum (1983)

el RIS RPEASTEAREF LA, ) st B e
Scl. UEAa(rrpr)ssphwm hy bficel- (REIBMRHEHSndsNEMHSIS Jt bﬁ)s/s\Plz;' 475-479); T.

ul atory sequence |1 nked to the” GAP transcription
reesza | PaBtbr234)e ghdfilagerions Sungbasusht asNosg., NeB8®pd84 Berdcillium,

/ ' d
Tolypﬂ‘%éa?%?% G AL S AR RO b %@%ﬁﬁﬁ? FE ol ude

01 B e S e T L AR e
and iddh&iel rRRASafd Ribt ol'ﬁﬁited 36! 'p‘f@ihb@f‘ Jegfth nﬁ‘% %elgésy gﬁ’éhyt Calcohol
enzyne ‘gﬁne such as GAP or PyK. Sée EP 0 1

deh}’dl}@gm«?ﬁé( o (EB Oy%?dsQMﬂLrﬁnnhS@rngmaﬂ@Igllwes@rétplnbsphaye isomerase;

s B Al Y55k 0 AL ERBEEY® e

phospdeﬁlldﬁ:@cﬁﬂa@&l 8iphofpteBlyctlatte nuRB! had pFremRN kfhatd by )(EP 0 329
nprise part of the east expreSS| on vectors inc

203). tTélﬁ yeraetQS seen: e@k%dmg acidfphesphameeHalesr may eremnds a@eﬁﬂ promoter

S TN R M 1 N T —

promotehesaienqdsagon diser ingihn yieast $iobts ablag ﬁl&ﬂudéeaﬁé pr%moters for 3-
sui tabl e_sel ectl on gene for use in yeast is the tr

Phosp@éwée f‘eé%wtse. (Ritgeraan peaks J pB@m(H{ENSe@93@CEM%Q73S{ and other
ehycolflc, gyl FRAY s cRirnids, FBER IO Raf o Riosph e Hplptge, and

phosphogtumnte ﬂorrwrasedﬂ-lo}lead;tet lahg lBlIa)’cg{Hl\hSTRyab]lSJWB} Y71400Qr Hess &t al., J.

0 eficient yeast strains
avv. BBl OREE, 6 i o)BdibiE o meosEmbpakAB e additiona
advant@éea@ﬂ'&ﬂﬁcﬁ’[ﬁﬁfﬂ trblI6d b YrovtBRBnditions may include the promoter regions

for alcohol dehydrogenase 2; isocytochrome C; acid phosphatase; metallothionein;
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[110] Methods of introducing exogenous DNA i nto yeast
hosts are known to those of ordinary skill in the

wa@edo7/0an2e7 t ypi cal Iy include, but are not |im tedI/U82005/044041
either the transformati on of spheroplasts or of

inta st . hos s treated wth al kali cations
elycorlg he PR P I AeHEOE RS o RIS SPEYE Besogile Rifh nitrogen
[ et
metab%&aﬁﬁoé'nghﬂgs fe%p&ﬁ?olg?%g%ﬂ c%g%gﬂ g?%g’[gg@ uHZina@l%n Sufthble vectors
and prBolotengyfom ue¢ inayeast exprdBAGH arg ﬂl@t?ié'l) desglﬂ&dgn@P 0—0%6@7
ot her nmethods for introducing DNA into cells such as
[108] by nWehse@nharicejsetio @Ay belised athoyeatt romotdrs. priat aiditRst synthetic

fusi on nay al so be used as described generally in
promoty/BRAORISETUAgtIon m&mrmmm NST EapREe, HANDAream actlvatmg

eano RPN Y BSklab L S fon eon

of andtlfert yeastapromofA, MﬂtﬁngZ kOh e hﬂiﬁﬂ' piSﬁﬁﬂ)Er/ OBxddgles pfl fudh hybrid

O her t hods re33| n 0Qo rotein
prom%aéﬁclﬁ%kh%@ﬁsf °EEY1 Seare P%?Pﬁ?ﬁg @P |W£‘F‘§FP§19PI"}°UV3“°“

n a | I
regio 20%453% §5 Il)%tgnﬁq& gﬁi@;ﬁéﬂ%ﬁd&) §7 6 P@'ﬁgéﬂﬁ%ﬁggﬁ 1hEﬁ?bfé¥bdN§& reference

hereing, QB8; G8HPl&, CIFHTId ProwoBIsingBule PRBTtdrsTOE:; consist of the regulatory

oGS SRRt B0 0308 o SR hcrption

lai 1 2O eBiBHkh WGAY &7 SRAEMD 164 556.
actlvaPél‘j@ 6%%6péu§g%degnw%¥9ént éAppl i cations EP S818946 736;

Furtheamom 732ast pRMEter may derludsonatyglly gmum;_vgpmn@er@ of pgn-yeast origin

56. S
o B 5 B e o5
11091 5 ) O cauo! el5Bae et CBiSPFRF BAE AU orieas! Fygfsion vectors
includé gé'nﬁﬁa%@rseﬂﬁ Rxhh ?l@r BQﬁﬂGA@m{/ or fhefcRbRBS gerfég (gbNand k2] J. BioL.

The yeast host strains nay grown in rment ors
CHEMd(198hy2 1t 83 & additien,che Qtlalgleof replicatjos fignuthed i plesmid origin is
suitab e o(I‘E Bfe:iflsﬁ {Xﬁ %m%He sel tgﬂ?g%ﬁ?rg?{? L\gs/{g 1%3/6%‘%{]?%%1 %g%g%eggr%%nt in the
yeast PRASRIEA SES Taaket of ar, Gk §18809E9:157; Kin@hlanCetl Ar GENE (1979)

yeast host's carbon utilization pat hvva or node o
7: 14lex]Eheet§Bl SPnecPiovidsh a setaction mk@r for @rmﬁt@pbﬁtmﬁ of dreasat lacking the
as i [
ablht}? eeg%{: gfﬁg%/}gygépm T O%lélﬂ?.az o ol %ﬁ&eﬁte y@as‘?’ s{llglhg (%".[‘6(9%% 622 or
38,626)y4¢ conipleinesied batdownlplasplids beatriagitite Mrgeaere nt ati on.
In contrast, the nethylotrophic yeast P. pastoris nmay

[110]F eqUMe@thisXﬁ"Qﬁt%ducﬁ‘%t HpehousaAN AL inef Peddt Astahrel 18RS to those of
but only sinple ammoni um (nit rogen% salts for optinal

ordinagy ekitlin Hirark epd &picadly ingdade, bat gre noy! imited pyteather qhg transformation

of spléergp?lastg 303 ?:’[E érlst%:ci(gt oeagt: g%t. ?eltlB %@@%%&fa&%ﬁ 8 or example,

transf@iatibd Bf yesit 0apbe ahmeidd oyt a@;foedlﬁgctmﬁmﬁaimd dpstiBkd BuEIblao et al.,
fernentati on net hods, however have certain co

PROC.f ATIr 8GAD;| %eﬁle%dé}ﬂ79a>f76t%$89yeé@s AR Slinget &f AL J. BACT. (1977)
130: 9%“" ﬁéf\??ver F8{ ?W&Fs Ex%ﬂ%an% IﬂHk’ ?@0 g 1SGRY vas bnyg nuclear

cta r rmentor duri
1nJect1bh,Ge]aCtbdpofratma¢ Ioo Iprcp:t_blalasat fueloal eyvalsoebe neeld ayr dssthbed generally in
SAMB?SSI#@%{{?AEM ]{ﬁ)ig(%}k%t I?gNHr\TI%t QPEAB gI\/IgIe\I{Jng(%O(?HPl S?gas? host cells may
then be cultured using standard techniques known to those of ordinary skill in the art.
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medi um desi gned to contain adequate anmounts of carbon,

ni trogen, basal salts, phosphorus, and other m nor
waondoziognds (vitamns, trace mnerals and sal t SPCEUS2005/044041

Exanpl es of fernmentation nedia suitable for use vvith

ia are _described i.n U S. Patent Nos.
[111] 5 ahemmeinogn s wxalieésm&la%tm&%&ué@r B i Bt Sells e known

to thostg gmkcﬁparg/%i’c‘ﬂ i8¢ BRC W O\Sbé génér&‘zf heote %&éﬂ% PﬁlShc,(&ﬁbh ol DE020055169,

nsect” host cel refers to a
U.S. PaescNashai,3@lsd6%eo, 3b2 JI9B3s 691&3;985;;3@@831323; &7 Bént 5,674,706,

529368 SSRRTDIIN LOELRGE, s HRbbh SRR, R, TR0 e

RE35 @ﬁj I p&t aﬁuﬂi@ﬁed@ Safnt tA@ﬁéﬁtﬁﬁfsewO |99/d)’ﬁ86gn deosbYatdhaind WO
progeny of a si ng parenta cel

98/2608@;:E9mpemi Patioet ApplinatienselEDd O 9ém7B&aEP |0n7£;lb4%<ﬁ1’o@y188r480 WO

ooy BEQET 355 A R G g B Fo 8 98t Gt

et al., 26GIABN AN DEEURINHIRKA 99 PUEZ L)179-9%; Caighosfet tae YEAST (1992)
parental cell that are_ suffici entl%})& mlar to the

8(6): 42&514&% Gogldsh MEHIQRS BY ENeuMByOehd 199 elfart-7ppishefcgrporated by
ofere 21 as the presence of a nucl eotide sequence
g r@ﬁ 8%?[“?19 a pol ypeptide of interest, are included in

t he e t ended thlsdflnltlo.. 5] T .
[112) g; B GAsoesk FBEmaY PhStey Hblraor sl e abepup Byarign stage
using R2hI4PE _@ée‘d%t&if fekRE@hRst ndethodk KAWRN1E thdreF ordinerydikiliiy the art.
skill in the art. Several insect species are well

The fetmentative tetlkpds h@asab@ ad@mgd 40 ecemirdvicdiserspoes by ¢ gprtular yeast

ot LS R 12, GRS PR ORBR b fopenion

of a Shdchakdinyees §edst ﬁ@stlrﬂﬁ}equuhesﬁ sngle rglucﬁXep fezds cmmplex mtrogen source
suitabl e hosts_may include those shown to have, |nte

(e.g., &pyein @%@Y&%@Sﬁetaﬁé nudEpa c vy SWRlFBeaigR-i ¢ I contrast,  the
t I

et L 97 U Tt SO, OO et o

only sﬁﬂplelahmldirﬁdmt @itrdger) d;zr]’fsefot o&lmet grDv@l ané eCpretaon. See, e.g., U.S.

e RO LB £3, 800 AL ENLEE s o o
BIOTE@ﬁ%IbF\@(? T@@ fou 1t1 g r ﬁc&ﬁ&a@&f B}Qféféreﬁ-gqgram (Manassas,

ner al e conponents of
bacu ir t e Ys& B

001 2 4 A5 8 s, i
indepem@aitadMthebydakt Bost rs&@liﬁiE%pl@@led heFor kexamptey iar gmwgle ﬂmmang nutrient,

~and a convenjient restri gt“ on site for_ i nse{{.l on of h% 1
typicaligrcariono giysbyaddedi s thefernpres dugng the,pnglitigalion phase fo allow

inRRCHLRM. T U W AUEREET R ONBISEO UtntAlly Nenploy a fermentati
maxt %JP%}} r ugl \3%&8@?’?. géﬂ?r{ér ag?rent Int @nt r a%sf eI? O%’/e% gl}rnen anon
medlu(ﬂ Bessgret | towsntanr adeeath anwiuotpoefScarzan mitragseni asabsaltshphosphorus,

et er ol ogous enelntothebculov one
and ot IRIGF PUENIsARLER R ECe SRR Sl STk Taitles §lgmentation
medla@ﬁftﬁflé ruse WBL s, aRdidseGhua HUES. Pest Ndy. §8D56BYI6kd RA31,178,
vectors, transfecting cells, picking plaques, grow ng

whicheaed insorpnmtdb)ureéqremdlerm@ like are known in the art
and manual s are avail abl e descri bing these techni ques.

[114] [ 117Badfloerusiinfeetedi Ingedt Heellse thedteny Slirsegelmest’ ot Sinsénd host cell”
transfer_ vect the_ vector, and the

|d type vira
rofers i RaRECIdE CAP BRATAE BEST 0! S Teiact rageort BRptedioms or other
transfdr ISNUEC 1 18R inéiidb the progeny of the original insect host cell that has been

transfected. It is understood that the progeny of a single parental cell may not necessarily be

completely identical in morphology or in genomic or total DNA complement to the original
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genone reconbi ne. The packaged reconbi nant virus is

expressed and reconbi nant plaques are identified and
w@ozfzedr Materials and nmet hods for bacul ovi r BGT/UARE®044041

cell expression systens are commercially available in

it formfro f or, .exanpl e., l.nvi trogen rp.
parent| dye) B BFOQ S BRI Rt B He R B myrapt et that are
sufficte@tly RasRa0fo QEdanait to Vel dHardcierizBe &t‘he SR arftUbr LEeArty, such as the
described in SUMVERS AND SMTH, T S AGRI CUL L

presereRPER MERPOIBIATIqORNCEBUICPENEN: RolypaBBE ¢fi 0varpst, Awrisrchided in the
i of erence. See al so, Rl CHARDSON, 39

nge@iﬁ%a ?@%ﬁ@é@ﬁﬁﬂ Bl OLOGY: BACULOVI RUS EXPRESSI ON

1150 T R A SRS T N L S i

knows %ﬂo@@éﬁ&&in@@y—r SPZO0R/ 04 Aaddral ANt F@E@gg %E‘ﬁ described in the art

BACULOVI RUS SYSTEM A LABORATORY GU . and
and qoe REvmmercifly AlvailablaGoeiodinRBUYE eBXPRESHNON BYEETORBpriA Drosophila

melangéc%\?e}f‘ ;Egégoqyépgﬁl‘ z%ég gé)alﬁc} E}%é?%@llu%gsﬁg’ ﬁqhs?ele%ﬁg ulﬁsteicto Rosts for

expredyisii| QUABIY SHIsRS Bl in6RIUE tBRS SoPRo HSE.LBer 8LiKNBYSH secretion
to those of ordinary skill in the art. See, e.g., US.
capacitptlawprotrplytic getdaty, gpbovesalbrmbustngss. sIngest agngenerally available from

y - B, .528, .6 . 060: .6, 3 : .
a vars? i YfBcese iphRiing Jbute s Il 1§ S EGr Gengiie Sqack Center,
Deparﬁngﬂgfﬂg?hﬁicg add Egegicaﬁl’ﬁ%s;csgggiverﬂyag Ezaéig(ﬁiﬁa (ggrkeISezy, CA); and
5, 858, X , 843, (33, 5,7 § . 5,75 ;. 5,605, 827;
the Amgericey ;CLgEuS? Ohsdion (FABGE p@anassasg¥Agss: WO
02/ 06305; WO 01/90390; WD 01/27301; WO 01/ 05956; WO
[116] oo/ 55zagallpchgororapasnts\4h D draigrims-infsctd/ insa@ osxpyassion system

o B2 L ST e R R AR e o

baculB3/ud $drcne, Ao 20 oSt radki@ioh QR 28; inRi &2 60th8 BidterdléFous gene to
90/ 14428; WD 90/10078; WD 90/02566; WD 90/02186; WD .
be expeysedigseild (wpedyrelonises WilbseproandPmolgzes to fisgpculovirus-specific
[ ' r t f ' -
fragmi¥fl 08 FrahHEL VRAGE (Bl WohE_RE MR h 0Bk fobbibination of the
heterotogone eene rin stpsthe nimcatosirks @anome); dokeapmprdpréael ingeet hog, cells and
or exanple, insect expression and transfer vectors
srowanpdad e Spé&ifﬁ%& e t&a%%‘lleépﬁ%"@am fo9PFTYchng vectors,
transfEUERL R8s, PRINKEHL GRS bWt célﬁqwgyﬁure%\?cﬁﬁe'lﬁeaargﬁlll&ﬁ{ in the art
|ndependent, viral expression vector. Viral expression
and meepioars adaiabledestnlong thesstesksiieen. usual |y use the
strong viral polyhedrin gene pronoter to drive
[117] expr Afist oreningltht detotddaus gegeirs theSeasanecwlr| the vector and the

., ORell]l ET AL., BACULOVI RUS EXPRESSI ON VECTORS: A .
wild tm%whé@?mwmmsgg@%}m ﬁmrct&% el gvhsie dhe Vergor and viral
genonld@cé bRk 'Thgg%gk%ggﬁ%éoﬁ?oif?ﬁﬁ whAY id é&ﬁ)rg g@gi?%rr%?glpinant plaques

~above- descri nponents, conprisin
are idérgHobdr andi purdesli r edpierielsdindgmsthqde faebaziilovims/ésesit gellagxpression

el ECELRLLCRS SLIARL! o0 SepuEnGey, ot LYBLSE! L open o

(CarlsBRNBAM CThésktadkml fles \éﬁ';cgéife}allyl o RINBES of ordinary skill in the art
transpl acenent construcis aré often nmaintained in a

and fllypdasebed BUBBMEER HANRIMIEH.CHPOTE04 GRISULEURAE RXPHRIMENT STATION
BULLEqJH\??\fB.q%)SS C(m,l Eerglfn incorporated by reference. See also, RICHARDSON, 39
METHODS IN MOLECULAR BIOLOGY: BACULOVIRUS EXPRESSION PROTOCOLS (1995);

AUSUBEL ET AL., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY 16.9-16.11 (1994); KING
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stabl e mai ntenance in a host, such as bacteria. The

replicon will have a replication system thus
w@bdogmen2g7 it to be maintained in a suitabl e hoBtT/82005/044041

cloning and anplification. Mdre specifically, the

| asm contai n.the pol yhedrin polyade tion -,
a0 BsGE TreA p G ks el A ¥Peieniod GHRGERY 0 3h a0 9 RewLy e
AL., BABHL GvIRUSKRbYkic RERTGHSH AILrABb@ﬁlréﬁxamdA@q@mz)gene
and origin of replication for selection and
[118] P OP Eﬂ Ocﬁe cﬁfeuSﬁ’ o valhat%lﬂetépﬁgg QIRMiYs 4 baculov1rus/1nsect
trans er vec or introducing relgn genes
cell exyorbidion systemms Kaowhknthasehdrordiaatyosksl] irk thevant. tﬂeet IzugseU S. Patent

Nos. Sod 01 o GBI A0 0 Siel oIt 221 6,183.957;

6 168}@y§9§5126‘9ﬁ1136 o@lstsﬁﬁs 61018,489! ¥lednos: S@@thsso%mfm@ms 871, 986;
whi ch i ntroduces a BanH cl oni ng

S} 861329,‘05,%8;368; S, Séaﬂﬂéi bahBPDMHOBL2ATT,005887; 5;&88&2/3516;571 709;

5 516232“;%?%\6%@&% 0}70%36%0' %ﬁf@ /9g§éﬂ§ r\g‘bo(ﬁ‘f}‘?‘/'ﬁha' 'Wo 01/05956;

WO 08B5ug8amé 6d/5603d: swpsdyeBac W@Zwmwgb BWO 9@/@@9&% 99/10515;
I'nvi trogen Corp., Carlsbad, . [122] A

Afte
WO 9949893;i 1/26 H@De%ﬂ%@@ug\/@ 86@54%@7\’0 %@{961@61 WO 95/20672;
0

wo 9§50 05 BRE 61, 18 oP IO WO SpARBEIR Chaadns: o 0710078
WO %fﬂZSG@UWOTQO/OBE&? WUE;N@BSSBNW(D 130@ 108, Wes89/0U0%7; tWOI §8/07082,

t he bacul ovirus virus are known in t he art. See
whichgur/cReporaies bxreferenqehestNAGRI CULTURAL EXPERI MENT

STATI ON BULLETI N No. 1555 (1987); Smith et al. MOL.
[119] CELL Vepiod thaf arg ggqﬁBrnjzasglova@wt &eld e@umrgsystems are known in

the a%/ g}%ﬁ}lﬁ (f})g%gé 170 &1%]%%0 )?Qr%s 1on }gﬁtrgﬁ;s e | & o:rrst egved from the

baculchﬂfﬂé'@g&yﬁpk’@ézb}’&n%mwéﬁ bo]fyﬁédlﬂﬁb Raxinh QACNPRY§ ewhicBfs a helper- .
can also be into a restriction enzyne site engi neered

independent, tial gEpiesEn YREIQr-ovY HilsexpipRsionseectqyp |degivedtfrogy this system

o] GRS sy B 0 S SE tos

genesB Fed/Editdidlsy, IORRMIYEGULIAR BIDI0VR0Y B85 SIONBETTORSt A<LHEORATORY
GEN.. VIROL. (1989) 70:3501. Alternatively,
MANWﬁ%%%?r}es may be used to transfect the insect cells
with the reconbinant expression vector and the
[120] bacuPeor @ gnsesdeg tee goreign ggieainte thebaculoBraTEapMMQUES above-

descné%(? é%ﬁ@%g%%m?fgh%%ﬁ% : p?(gm@tgtl‘, df?&e% e?{@,&:&g %Q) sequence of

interedt/ PR IristIHTSY tehainatioh sejuente, ardUROIEEIINaSSKPBEIShfINuANR rmediate
PURI FI CATI ON (1998) 12;323; Siffert et al., NATURE
transp@ﬁmwfc@netm@aa%ﬂ4‘5%t0ﬂ L piREn eiata,fransplegemenpystsis are often

main g R RO B R RPN b 5% Bl capadte of

stableDodiptehincetin al host, NATHUREb (eEMNET | TBe (49 oh will:hh9d a riasdatien system,

thus a@qmge%?(g 9Q%1 o %algezg gé ggs%g\lﬁg gxtc))gtf R)g | c?omng\l ancé Ia@PEﬁ@JiEWI More

sp emf%%gg 6‘ahe %;1%411:1;’1? m 2% %é@tm%\ée%c?%l}]eﬁgn eﬁolyadényl@ﬂl&l— si gﬁMEMﬂler

REv. MHADBI()EQQS?SS?#@ IZIZIZElmdSI pﬂokatyoat ampjclllmmtanéel(}@@) gene and
originGO%(rgglicZ’gc?ﬂ fo%gglection and propagation in E. coli.

[121] One commonly used transfer vector for introducing foreign genes into AcNPV is

pAc373. Many other vectors, known to those of skill in the art, have also been designed
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Peng et al., BIOTECHNI QUES (1993) 14(2):274.
Commercially avail able |iposones include, for

wex@mpbes7 Cel | fectin(r) and Lipofectin(r) (InvPCT/OSEN5/044041
Corp., Carlsbad, CA). In addition, calcium phosphat e

includk)gr f o nﬁ@é’éﬁu_ﬂ d Se (pRgég %Nﬁtcg OINEIQm ATG to ATT,

and v&(hicgﬁﬂiro&&(el Q) B&HAT cl WSE Bad Jird Qi:owﬁstr%ﬁ\'fromVﬂBQtTT See
(1989) 70:3501. [124] Bacul ovirus expression vectors

LuCkQ)ﬁs @afl | Sungwers a VARGLASAC LT &9 1L rd88Pr o Mshasrcompmnerpially| ayailahls vectors

et O SR REI0RE, SO Sl B, potonics

(Invitfgky Tef@sCaribad,i@AY.i ati ng the downstream (3')
transcription of a coding sequence (e.g., structural
[122]genehﬂeﬂtlﬁsmofﬂhﬁr%ﬁf oWt |éen9aih% Bakdr@NS&dibPh 11(9%11d type
initiation region which usual I'y pl aced proxi ma
baculeiral Fenemnel o cpﬁ@n@fi@dﬁedgn@eqm ansset cdlhibost r drtloodsplor dntroducing

neterol o Ei8 ] B8 Gt Bl B pPPINERS RS B v i gt See

SUMl\/fERE eND AMPag UIEAisT ASRIUOIDE ST PRRYRIMEN® NaYfHNBILESAN No. 1555
mai n caIIed an enhancer, which, if Eresent is

(1987hs$ra1ﬂ|1 ¥t @l sMAL. (FLEnBIOL: (12830 r3:2 159 Aarckows rand\Ssrmmers, VIROLOGY
s t UtV
(989PRESE SO R O ESOAL o LGRS Yt M e, o
homoloigo®sdaubld hessavélerebomblmnoﬂl emserﬁdjlovardels@ B tint6 W r@ﬁthytlon enzyme

usef ul pro ter sequences. Exanples include se
site epgpesyed Hipg Qqsgefg&%@u lgrigeiears- t mee Wiler $aily aE%ﬁMs (1989)
11(4):p1otein (FRIESEN ET AL., The Regul ation of

Bacul ovi rus Gene Expr eSSI on in THE MOLECULAR BI OLOGY

23] F BAGHLE X Gy bg Jag§o§%1]?]hs%€c_ll By er}%g o rgt(lc?ﬂ” gie% fxz%gnélz ?%m Woo,

39 MmDsVERMOLEc(JmB&)IoﬁSG?G@%)E Mﬁin ihe Wiayl v. Gexn®gror. (1989) :

bacul ovi rus exgre55|on vector is packaged into an
70:350ht editrryalvely.c Hpomommeantial deculiesd o sramsect s defgeineels with the

recomgjose egc#)?égkigﬁ PB¥ o0 urthé ?%up%nlhg(:hm g’%ﬁe Nz g; &%g{l&&l, et al.,

rdi nary sk art.” See
BIOTEBHIESSA (9] 260)):3b1 (Gk)lvﬁlat al SHERS 1ANLY SMIBH3 7 '555’@33\Iomura et

| CUL TURA TATI BULLET]I N_No. 15
i T N
PURIFI‘(:%%IdN(fi@ Qe: ﬁ’f:ﬁrslﬁﬁ’( el P eN‘Aftﬂ{E Gﬁﬁ@ﬁéé ﬂg?%ﬁ'% - TILKINS ET AL.,

several insect Cells. For ‘exanple, reco
CELL BKE@B@VArM@@BAﬂT@R@HA@@BOdE\AéEdﬁéc{I PM); Ca1| ahtaby PROTERy EXPRESSION

AND Hg%?(%fgﬁo%g}%gy) g@ %%S]Iéblﬁ 1}nae rﬂi ‘ Bor %‘I&%é@%q—;%l Kost et

al., G}é‘}\%@))W)a@@dl@Qt ﬁféfl@bﬁsfoﬁgs!t REY ﬁqalo@r@HEM i @b@@lmlmog Rowles et al.,
See W 8996() NATURE §1986 321:718; Carbonell et al

J. Bioy. Cng 2936Y7) 88316 Reveravtdi abt J.BI0L. Civpt.. (10%9)1271(39):23607-

10, Stal%a&é%?)b&;ﬁg?&@i%ﬁggg aiégé’%grf‘ﬁﬁ{z% t184) 53¢)V766; and

Peng &P iBIOTRCHNIQUENE 998) 4(2):085. Cptinéelallasullsbié Nigdsomes include,
expreSS|on vect or ¥stens comonly include, but are

for exaryple, Geilfestin®oandstipofastip@offnuitage: -Crybp&ragishyd, (Mpccin addition,

calc1u1|}pphosphate transfection may be used. See TROTTER AND WOOD, 39 METHODS IN
MOLECULAR BIOLOGY (1995); Kitts, NAR (1990) 18(19):5667; and Mann and King, J. GEN.
VIROL. (1989) 70:3501.

[124] Baculovirus expression vectors usually contain a baculovirus promoter. A

baculovirus promoter is any DNA sequence capable of binding a baculovirus RNA
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CRL-1711), Sf21 (Spodopterafrugiperda) (Invitrogen
Corp., Cat. No. 11497-013 (Carlsbad, CA)), Tri-368
w@ Toorobpul sia ni), and Hi gh-Fi veTM BTI - TN- 5B1PdT1/US2005/044041

(Trichopulsia ni). [128] Cells and culture nedia are

commercially avail able for th direct adfug.ion
polymgsase dud BHIANE HBE <ROIBHERT (B0) YBRiSTPHER drp 5O0INE Sequence (e.g.

C r I ioh 3

et PR f’%déﬂ%tﬁ%?fél BRI HRcHpfon HRFARRPEn which is
usuallgplaced mxzm@woongm@f /ﬂlldSQ@ﬁﬁg Sefpedde. [HQ@]rarEcnpj@dm jnitiation

Pseu and ot . Prokaryotes Ba ter
regiongyBIcR0: M es GBHNG do LT 8 HBeL g Qe T O i aitpion site.
A bao%ﬂ%vlnlus ';ﬁoﬁﬁ?er%ﬁ afsoMh8lR ¥ Aeb&id/ dBate eAIRdS arRleBhancer, which, if

avai | for use in bacterial hosts. The vectors may
presenihgs gsu@ﬂydmdpy o stmg‘Wr@lrgehﬁg Moaredver caxpyessipn gnayrhe, either regulated

Vetglébors may serve for cloning and/or expression. In
or con§iitiliVet the anple literature concerning vectors,

rC|aI avai l a [ of man ectors, and even
[125] rra T@CH’@éc&ePEﬁ’r?g’ @aé%]tyo'irénsﬁ % ‘i/ﬁéll'flterté‘"s"?sr it b?)ﬁnfﬁ‘étﬁf? cycle,
S f Ofqlinces d d fr
Pm“d%’e“a?‘%m%ﬂpe e g R e SRS gl ces defiyed fom
the géney ehaelimgrthe rdradl ]bQinlﬂngIf qrots ERIESEN Eahiseh T /rmdieguétwn of

Bl S SIS FTRB O PR arygpsgioson oo

127 8PREKED S 554780 @ﬁ&'ﬂia% | BBodh@ V10 protéth (Veikesttal., J. GEN. VIROL.
characteristics 0] A bacterial pronoter is any DNA

(1988keRjd@ice capabl e of bi ndi ng bacterial RNA pol ynerase
and initiating the downstream (3') transcription of a .
[126] codi fibe seglefomed éagulovisusr @mrmsmm ‘gaetce)ls ipatkagediito ap infectious

ronoter w.l | atra SCI i initiation.re
rocorsfaEh bl ety TR SRS R e 60 (Y B RSO0 [pghmiques
knowﬁ?&d't}{b@e DEUHENGES skl ii® thd MRS ek NIHIRR et Bi.! BRIFOAYs (1€80PN1(4):91;
typically includes an RNA pol ynerase bi ndi ng site and
SUMMERS rAais SMITht, | THXASNAGRIEUL BURASI EEPERIMENE YTOAION ByEbrfsy é¥o. 1555
(1987ﬂ§y al so have a second domain called an operator that
y overlap an adjacent RNA pol yner ase bi ndi ng site

at whi ch RNA esi s be ins. The
(1271 e gaRe GRn BT BV BHEPEIE Vo<t BrF BErbAL e Tor infection
into s&feﬁﬁ ih &Rl EIROTTR RhBbE, FRYBIE bAGiIGRRKE Rive ¥RA developed for,
hereby inhibi't transcription of a specific gene.

inter a}zxnsﬂedeutaegypteX{ArTé‘ééﬁ\fm Cfaly-138)k ulu?ombyxt meri Gbeqcl¥o.ofRL-8910),

s SRR R PNTE, ShC IR S R B AR AL b

See WIHRIAE m&fma(tw%)mqtﬁlsncbfmdelmgt 516 JUSMES,. (IMB59|36 1i5B; Smith et al.,
present is usually proxinal (5 ) to the RNA

MoOL. E@Wrﬁﬁ%séﬂ%hémé%e&@%é’ a AnFé%‘éafn?ﬂ d.,dV VATRpeRELL. DEV. BIOL.

(1989?%%\;:’;;%t o rﬁ%g?e h@al t{l {algalir?egﬁlssgzrl Iefo cf)tabﬁ/le\% 9{ hg;gq%s%icﬂl vector

systerﬁw&frﬂﬂﬁohlly 1ESIQB@rbu¢ fareﬁncctdimlte(cEto S& (Spoh’@ebaﬂdgzptrdab (ATCC No.
NET. (1984) 18:173] Regul at ed

CRL- b&lﬂae%@ﬂdﬁvmf%éwgfp@f ) KEVaregeBr CgBs i(taf-JNo- gl 497-013 (Carlsbad,

CA)), AeQ84d ch{z};g%%@z‘{)g %1& g?% PROADRITNEN 651! f4%fz§[)§%zsga ).

transc uences encodi ng
th d f - .
121 D2 e SAE TP, 3 BESLSUARY 38T o8BI i

expredsidiMo$ Ugérolizbad gldlgieptdese IitZ yireficulsuzts/@dprgsioac taddecell culture

| actose (lac) [Chang et al., NATURE %1977) 198: 1056],
technelpgy is generally known to those of ordmary skill in t
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mal t ose. Additional exanples include pronoter
sequences derived from biosynthetic enzynes such as
wo eqopoopban (trp) [ Goeddel et al., Nuc. ACI DS REBUS2005/044041
(1980) 8:4057; Yelverton et al., NuCL. AC DS RES
(1981) 9; 731 U S. Pat. No. , b%
[129] 036 Er7G0L ‘ W SDECES od tena] expression

techmcgu)%é te.igée (6\@5‘ &5 Shdik-o (f Jg}gm)gryg aﬁﬁoﬁlo[ﬁé ‘Qﬁs eA(R|dR) vR{eBBE Qkctors are

I ssmann e cloning of interféron
availati@ fbraksé ar baviestahkests." Thervéantre nfayrbersidgle coiy Q00w @Zigomulticopy

PCT/ US2005/ 04404 & esser.) bact eri.ophage, ;.
vectory, 5 \SERISPIAY SHVRIP Qe or %R%?%EL( P84T 95356 3gple lterature
concerfifi@ vetrd, Lc!o§1me? gl aNQIabﬂ:t@%@ 108, vedrs, andr &en manuals describing

I'nCor porated by reference herein] pronDter dﬁstems
vectorsbhgd ﬂ[[ﬂ‘IDWSﬁ‘Bth(DBelﬁlaIbS pincb vharectegipaene extensive ghgpussion is required

h T7
here. RAdRvE IR Aol peper ey ML Pl g gy ffecton, which

marke@iﬁ@)bl%%d%ffoﬁ é'ﬁbto\kﬂﬁég%hﬁre@fsﬁnké‘ PrBotrbphyt BOEEmOehity. Frequently, a
ordi'nary skill in the art and include the PET29 series
plurahtyrannwbmag@nresmdwhlhlepw@n foy diffesery chergelerigicd: i n
W99/ 05297, which is incorporated by reference herein.
[130] SuchA mwnelsprommtsryst a1ysDpido deqpents gztcpabm/ef binding bacterial RNA
tlde 0S ron1 host
polymfiard BGP ABIFAEG e UORER Do B SPEBEae o CRAVAgisAyence (e
structu!rﬁ RO AR mRSEA OA iﬁ"(‘)ﬁ%er' WALl e @ thansciigtod] indtihtion region which is
Iti'on, synthetic pronoters which do not occur .in
usuall)n atalcha pmxsmalf tontbeiSoend of themeeding sequsremotlBisstransgiption initiation

reglong'g]%lfn@hy iéllc ug?sn esug gg{oé :p?[érnﬁ%éequﬁéhg ts§§ 4§ gqga%s&{&ntﬁ)ﬂgnltlatlon site.

A bactétiblprbhetep wwﬂs&ﬁm%g@smﬁommt datled bﬂ@bafatoalthai rmay overlap an
bacteri ophage Eronnter creating a synthetic hybrid
adj acepﬁv]&}{ﬁt}mlyrpgasa ipding sig at whish RMAsynthGfs begips The operator permits
negat1¥enr(%3%uﬂ% in%glc:ll%}l/e) tl%h&{)ﬁﬁgﬁ 416r é‘e’n@ Leprg%prlb ?éﬂg%rﬁ rbltugtg%le operator
and th@Lfeb? Qﬂ'ﬁblt frAnsoriptidH 6f a amhﬂca@nep ﬂonmlmémla{mﬁlmhaay ocur in the
ulated by the |ac repressar [ Anann et(fL., GENE .
absem@ ggyatprs: rggﬂatoa@elg@gptse%uc]é s theﬁmtorl\gg—gd 1ti@sh osifiyp regulation
§€preSéH i 1l
may blg %%ﬁl%)é%én %g#enf: lak{!ﬁ%ﬁé@t :Eeﬁlé bg}cﬁ%gﬁkﬁée R 5 £ preSéi is usually
proxmm r(sb actthe iRa{A qxoil;gnerrasehbmdimgvsuneabM |etxympb &f mgene activator

eria nerlse |t| cr| tlon
proteim S 6 PP GERUAA PO (bt br i RO ERBR TR T ogiaf the la
operor?"ﬁ{‘ RLReichE GALPE. eéjoll)vﬂﬁatbaﬁdce@rﬁﬂ)am}m{ﬁ VA C%NEM”?I%&? 18:173].
to produce high'level's of expression of sone genes in
Regulqda«b kesprysi@s may Heerbfre be ebpdrawpsitive oragative, thereby either enhancing
d %%gerase ronoter systemis an exanple of a coupled
orre ‘g‘il ‘'em [Studier et al., J. MOL. BIOL. (1986)
1511537 5 e i 5, i PRy et
promo(fé}rggg hehelk. Bafipled Eiﬁél@dé ﬂBﬁﬁ‘)@& s@{}ﬁﬂ%seﬂer%ﬂ fﬁ'ﬁ‘n Bugaé @hdtabolizing
oper at or regloﬁ 851 [133] In
enzynmel,dsuohoas galacto§ay ria@tpsm (lﬁ@ Eﬁhﬁlﬁﬁt drals e]liﬂélrﬁ@e (1%907) 198:1056], and
ent ribos is also useful
maltog AYFPEIC OO rBFBrGgmE R asbBled g posymihetic

enzynﬁ:@ lsheh ésh?yﬁtbﬂlfaﬁq [Ggadéing ab) N@Clﬁcmmd(mbe) 8:4057; Yelverton
hi ne- Dal'garno ( sequence and i ncl udes

et al., .Nuctu ammR@s;daa%I)@AW@ hdPa. Neqfhéﬁﬁé%ﬁl) ﬁ@b{ Npt.i 165776 and

121 7:7ﬂi ‘{Vﬁlg Itag?]lngc%g}%oergtleérﬁyﬁree?éef‘%ﬁc%oﬁé’rglm{%@b (g%%gfdfg%?%}ﬁ)] promoter

systen] [[WeiRbnS A6 (EI81§ "The Cclopiighdf interferon and other mistakes." In Interferon 3
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pronote binding of NMRNA to the ribosone by the pairing

of bases between the SD sequence and the 3' and of E
w@eio7/018% rRNA [Steitz et al. "Genetic signal SPEnUsS2005/044041

nucl eoti de sequences in msssenger RNA I n Bi ol ogi cal

Regul ati on and Deve rxT%pms\nt Gene, Ex ion

(Bd. 1. Gomansolgectenonhar, lampaa Bpibausiekicar § @%55@8%95%92 128] and
PR B R B o
also profadpresti prom]ﬁercxleqtmnteg efleng prolﬁmté:re,rsuch iag theol 7 ‘promoter may be

used to'\églggé:egtlﬁﬁ E)@léfgg@tgienog“ 1nt€16:|§"? at(}ggan 10‘38%1&1 ?Q#rﬁ ol’eﬁ ég ?@%&eké%?é Are known
to thos[e %ff Sﬁﬁne&? s@lltiﬁ@ﬁeez[rt #ld fabRle SR P29 sefibs Ram N@\ﬁ@en Usddhe pPOP

rec ient for reconbi nant vectors or other
vectom rdasmfbed m\lANO?W@Sﬁ%? nwhichc isu desomndrated rlug gplgragce t ggein.  Such
i nal ter

expresppg %¥$%§ uﬁ:r;‘t hla‘LJ levﬁf'?o%fc pgh)@:)ggb ?%‘é&h‘ﬁ? H%set gflgmgogt corggrogusmg host

cell visHig! o RAN qia?dm&ﬁkl BRY9 (IQbvApeR)is aﬁéthblyvel@a)rckeewheﬁ elleyart.
I dentical in norphol ogy or in genomc or total DNA

[132] Con‘gﬂne Mor, %yﬁtﬂ@tl@?fcﬂﬁ&@ﬂs WREE o nd WRcurd B ﬁé%ﬁfedﬁﬁﬁ %lmctlon as
I eraf e” nut at Progeny of the parental cel
bacteriah atonasterss ufHaroaxenmﬂey tenseripdion activathen peguentestaf Gre bactenal or

bacten(églgrggﬁ}argr eram é)|te ggﬁreg ew}(g 2%5 l’el ;stﬁ%%e (S:%s; Qg%ﬁother bacterial or

bactenBBﬁé’ééeﬁfohﬂﬁerOfcréaﬁh r£8{nthéfic hiyb&d Eﬁ‘@ﬂoteﬁ [US PaOQ€dY4,551,433,
i nt ended his definition. [13 The sel ection of

which mmpmpbmt retﬁmmeerheapmb r Femra@slﬁe,dhe @F PRONYiseistd pdsid trp-lac

[ S known se of
promolet Bt Beeb IR PP QP e bz b BEURl I oored by e
lac reﬂ?@s%bls [AfiRdn ienel, UGent D383) I5oMIT; e Buay et al. nProc.alABL. ACAD. ScL
od I ncl usi on body formati on capacit | ow

(1983)p5052 Hol Sirihermeiei @ Pagerialiomeir &b uhilaaly occurring promoters
I e ge I

of nonBt?act[e all %nfglhsglt&? ggxge ‘fh%ce{ﬂ)?lgt tb%l% %bﬁ%{?&lﬁlﬁnﬁﬁg@&%erase and initiate

transcrﬁﬂﬁiner Aahatﬁﬁ%ﬂ§tdoeuﬁnquoﬁ§fetﬁreff nonmmhenglméan also be coupled

Bi ophysi cs._and Medi cal Physic Uni ve of, .
with acgmiTUbla BNAGRSRBIEYS (oRsodiss digh Kuclagk e %@Fﬁ% g some genes in
prokar?&dgg.ur’?héa:?%%ﬁgéﬂr}#%geut ﬁglgg ﬁol&%ﬂ@é’ RenotdfAystem is an example of a

ndustri fernmentation génerally use
coupleﬁqnlbﬂibkalsydlem' Stadiér etnalk Js tMaii. BIOLe(1§36)\BAX 0] 3;0Fabor ginal., Proc

ST EE N
bacterﬁgg%?ﬁrgﬁl%te? bRd 8 BY &51Bbperi¥Bt tegkd? QWP I&fB)dNBOMﬁBS pin

these strains are non- pathogenic, which is
co f érﬁ@lﬁ%@&ﬁéb ding sit
153 £ OTTBL Rt EEI A AL AR i s
is also meelfuldier tltwetxpaersemnoif foraigt gehdson psolraayaiss. ofInELZCD,h the ribosome
DH10B, or, .deriyatives the f. In another. enbodinent
bindingrstieris FUEhHS SHRCTHREBREISRY SFAVFERE (B, S HGEa HiBfon codon

(ATGT' a5 a 'sﬁq@erﬂé%t @fi‘ﬁ@le%([b‘ésln%zﬁ hNoédisd QQ'lnlﬂJcléwﬁieQ @pstream of the

host cell strain may
initiatios @dspdﬁhale efalpslﬁumﬁhﬁﬂﬂ |2rSé|3&ai| anoSD prejuenderrst @@ught to

ol 3G AT bt HBESRSER g AR S AT s

and the! '30é’rﬁf oflE. Qasiegnaned [SititAbtinl MeIdittic bi Isgniﬂﬂ aidnhcledtfle sequences in
useful for reconb|nant producti on_an avai |l abl e

messengﬂr RNéf’ab?eBml@glpﬂrld%@ulﬂtwﬂ@@dd?@‘@lpp@ii@é eGerss Expression €8d- R. F.
Goldberger, 19%6)%' d’? 0 express eukaryotic genes and prokaryotic genes with weak ribosome-
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expression systeminclude the system avail able from
The Dow Chem cal Conpany as a host strain (Mdl and,
wavkooawzizbabl e on the Wrld Wde Web at dow. compCT/USE05/044041
Pat ent Nos. 4, 755,465 and 4, 859, 600, which are
. .. incorporated by reference herein, descri t he. use.,o
bindinggtia dSNDRONS ok TEPHSO IO $nED o BB o olecular
: ImBEROYHR005/ 044041 [136] Once a
Ckmn%%%b ?%gn osf"cel strain has been established
(i. he £x i QOB G : » '
0341 {1 T BEREETHORE, i BRALTH Hos! A RERR {ord BRILHERthat can be,
or has@¢pi,a88i QB a 1eeipint fatreasmbina! vy or bther trensfabDiet The term
) host cell strain is cul]tured under_conditions .
includesy recpfogeie of &e prEAAC Pacisriabhopheclh dha) hap e tigpsfected. It is
hdUe by lofBe sAPRAp £Bltal LelPBEuyChotSiddebsarily bk RBmpletel
unders G the DRy of o8 SBRTE SN al PP P Sho e tsepibL pb Rempletely
identicakid metptaiopyver ih gerordiEperidtah DNk comuplenmat o eheodrigited parent, due

o scol e ek DR S P o7 LR eSS ok sl By st
to the %éijeﬁtutﬁ & HSHaP@rit®l hPER r1BRdnt @fcﬁ)e}“kﬁl duck ROV Fresenb&oPd hucleotide
econbi nant host cells are typically cultured in )
sequerice qericddimgda urnlymeptidé rifnigteassi aid atchbled insther prageny intended by
. arbon, nitrogen, and inorganic salts and, optionally,
this de fning vitam ns, amno acids, growh factors, and

ot her protej naceous. culture | ement.s kno t Q. 1 hose
1381 08 SR SR S 3 PR SR St B o
those Sfjl)ltdgﬁa?%’ QkilNRASthe R | B £ERHAR1HaORALI Nos&ORr@dxBression, suitable hosts
antibrotics or anti-fungals'to prevent the growth of
may inohekesthosd skeown ¢o beveyanres néa.agabdomclusionpmdydiormation capacity, low
| ncludi ng, but n lLimted to, antibiotics to.select
proteo] e 451 SrEahrRRG « et et By faviible from a
variety Jo3 7 LouREE0 RN, BAShoCeinlifed ™Y e BubtbHileGehetid@iedk Center,

or continuous formats, with either cell harvestin

Departent bR Biapdsicne Metlivel Boisiipcgniveeiiy ol GeliGreisBerkeley, CA); and

accu at intracel | ul > hn -
the AGEERFARR (Y GPIRaP™ et L oh CasiRiauoty bl bldthiceuical
fermeft@fio rg@ﬂ#ﬁ?lg* Q& bartaidkiriyed ifonhBsktraad (sg. W3l th) or from bacteria

~culture and cel] harvest are preferred. SELECTCR .

deriveddoNS strpas](c 8eBE&bor ThesrisFanpare pREICHFslydiseiul Roeanss it growth

expand. t et i r k.of t ef .
parnERE08, EREBERAR RGP o AURAE 1P oo B s, v oon
pathogendd, ich icdmmeridllyi ignpriahr e safeay end edanonneentadnsasose Other

codon, .such as_a stop_codon, including but not _.linit

examples, oleivitahlgdr coli Ggh HEUKE DULH® BErHIBHEd fostaigs OghiMﬂIOB, or

derivaﬁggso@eﬁew)m AAShENAAD i Ren COLRR mAndRUST BB SReseRN invention, the E.
nore) codon, a rare coéon, or the I'ike. A nunber of

coli hestlieg porteasoaanss steain belidng, ddtiveidinitedtoa OMBs ineHOYendhe host
or, pol%gucl eot i de, one or

cell s@pip qa pe g Lelaapor SuBHEou g fmigRaS: Pseudomonas

FluoreSEnB OB O A ud-DiSn e afd PlersBhBRELPuRRAOPsulidhonds fuorescens
stop codon for the incorporation of° a selected an no

biovamt,i dtsigeatgd strain MBAAt.us dhownitebe asefyl foryeeanyynant pspduction and is

M R N L
expreiﬁ?clrﬁé%;s@@h e tRE byitend BV Slablel A The D@y CtRengNiChethahy as a host

he natural ly .
strain (Midland, MI available on the World Wide Web at dow.com). U.S. Patent Nos.

4,755,465 and 4,859,600, which are incorporated by reference herein, describe the use of

Pseudomonas strains as a host cell for hGH production.
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occurring host's am noacyl -t RNA synt het ases.

Conventional site-directed nutagenesis can be used to
WO pdoroeh2ee t he stop codon at the site of i nterBSI/USTNOR044041

pol ypeptide of interest. See, e.g., Sayers, J.R, et

al . (1988), 5'-3" Exonucleases in

[136] pho r%tr?ﬁwlﬁarﬁahé)éﬂ cell \sFrisighes; bpspoestablished (i.e., the expression
constrl,'L:> Way%ggp i{t%%gé(?l 1nt8|th8 ﬂﬂé’ccéeﬁoiﬂdjﬁos@“céﬂ§ bt the proper expression
nmut agenesi s el c Acids Res, 16:791-802. Wen the
constr@t Rée Belatdd)A tlen de¢dusbinaig| bost il dtrainais enbwgdsueder conditions

pol y tide. of nter st ar e i ned in_VviVvo,
appropfigie Be Peacictat s Babman e o Ebmpor et he PRstHS opg of skil
in the hi&hS M&P@'P&hlwe efﬁfé BeMiMAR molstd&u G M bBdepdi@ent on the
sel ected amno acid, e.g., an unnatural ami no acid, at
nature tofehe prressie ccmssnuch wiilizel rand ghe idamtitpfrihet hast celhe Recombinant
resent inve cod as_a_s

host. i A "R GBI e AE oD B 3R REbRBto the ar

Recomi#mt okt Sé‘l?s”'@;leet ffly FoRuidd MOliquid mediugh cexaimpe assithilatable
an Ot RNA t hat recognl zes an anber codon, and_see SEQ

sources pf N@bon,mltrggerarﬂnéﬂa@ﬁgﬁ@c seltsand, optirmellyt Kertaiirgyiapids, amino

d
it By GeSAog RIS EEES, LD DA SR @ o o

ordinaR€ klelfl whihkearfr esafuid mgedih ﬁorooﬂme I@ﬁ I’]]S)@tnseils maylaptiohidly, contain
which is the npst abundant ter 140

nal

antibiofigs qrnaR-HEIealsi th PETVeRkIs: R 9logn %saraé% %ﬂ@oérgam ms and/or
compo%ﬂ@?hlfﬁ@cil rﬁmu@ Qo Gindfed foMa tﬁl}i icsCRNseRRt @L&nﬁochEHQ ¥bntaining the

significart perturbation’ 5 e host cell. For exanple
expressionivectoeukar yoti c cel | s, such as Escherl chia coli,

because the suppression efficiency for the UAG codon
[137] depeRemiesmt tHet ey theotulaesdvebatch er Qonfhlfousefogmats, with

t he anber supBr essor tRNA, and the rel gase factor 1
either ( cqthl yharvetsties Gnnée t9s¢ h\éh@AGﬂLeod’é’ﬂVPSHH § rph iBfersst accumulates
. I
i 8555 ek 191 BEBLLR, Lt AL B SOl ot
For prédickief in prokugasdt hosttchls, dxphesiimernnt (ee'ldz haryst@rd ﬁifelﬁ&;rred

e.g., the suppressor tRNA or using an RF1 deficient

strain. In eukaryotic cells, because the suppression
SELE@TCE@C@DEXNSOY the UAG codon depends upon the

conpetition betw?en the O-t RNA e.

[138] 5uppPeedier cqdorp of HifprgsenbiveRyt ?’%P%F‘% Iﬂéea%eéleggﬁ?%‘?n framework of
proten{ 9 ogynth@&': ﬂ'laﬁl)ﬁﬁérgh P RESmPIR, #sQEQBr ERMANN@NEks! Blol, iadlfigue three

ease row ng peptide fromthe rlbosone)
base cbﬂmm saupmsexssloodomfs‘uch ag acsjopcmulon,emnbldmgahlélebidml‘@dgo an amber

asi n t he .expressi
codon( P 80 BFhrereRAS 37 45, OPOh Dl LIC A5 AL i ity base or
more) REAG) 0QHR LA, NortRE Bk&: Ofl GRiSabel6F setetiditolonddi@rbe fhfi8duced into a
argi Ri ne concentration in an in vitro protel n

desired genchargiodymusleotiflere- g sonea meae, twohs mRege dhregoginparp.estc.
codon, AGG has proven to be efficient for insertion

[139] of Ahﬁorteyembcsljmbimetheonttm inaclyt tteathe wif tiselabtancodon that is a stop
See, e.g., Ma et al. i.ochem str 32:7939 1993

codong gt thedagisborafign of WFP?@F fic?‘nil’?é?\lﬂ\mgo%'ﬁeta&émﬂftfl 8 acitin vivo.

For ¢ W ah loLOGAUE bdRicE N YeBogitts Ghe %D %b&orﬁ@dﬁs Ainiacylated by
speci’es 1 n Escherichia coli. Sone organisns do not use

an O- RISI withi plselected doniso atid. uTdss QYA @dmmemzed by the naturally

occus Iu has .been u I|z
occurréq,ﬁ B%s% Scaoacy g]ﬁﬁ S tl}e& €s. ‘T acl) 10 ?lf)%ltne/ {1‘ ?%ﬁ%c# Rjtﬂtaggnesm can
be use%xttorlﬁﬁbduo%ecﬁe s®pleodoQyvatic ﬁtédofcihte‘l/@f. in Ngpolypepiidedof interest. See,

Res., 25:
eg., Sayers J. R et al. (1988), 5-3' Exonucleases in phosphorothioate-based
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(1997). Components of the present invention can be
generated to use these rare codons in vivo. WO

WQe7/0229297 PCT/ US2005/ 044041 [ 142] Sel ect or PCDUSIIBS/044041
al so conpri se extended codons, e.g., four or nore base

ohgon%?%?&%@r%%%%ﬁgﬁ%gér@a&é@ﬁﬁé&?I%Zélgaﬁ’%sﬁﬂ%?dtﬁ”%-m o-
tRNA %(&q}feq{ilgfe?c adhPrtht efd eSS éf!r%ns (Pepldddt inféht hREconibiBed, e.g., in vivo,

I ve base co i ncl ude but are not

the selb¢tad tamdhd agid ASBAGrpoCESTin r@@@UC €, to Cnstop codacty giva@a®lypeptide
i ke.

contaiggg g el dTiR® P dyeEn bt PEUR! sEERA. AE X ETAE pesition. 1n

one enRRREN&GAIP e ﬁ&ﬁbﬂt nﬁ@hﬁon ea Sop cOih ©ed M latseRbRr 2BHGF st amber
am no acids, includin not limted to, unnatural

codon,dii Bo andprisy opaltcaderh @MO@@M@FW, sqEGYEQXRAYPe 6 fon an example

f I
o an DAL GRERS e A Tt B s sl St ot n

O- tRN% that rec\zﬁfgﬁlﬁeﬁarpb{éaﬁ)oodoﬁ(xzﬁﬁéermq oHe én wmmrEAnataﬂd Ul(hae are both
four or nore base codon is read as single am no acid.

used apgr sedscigrptadongan epEQlq 22 Iqoyne agids y@uk:rlgﬁﬁ;ervmg the ochre nonsense

U cogni ze a four
COdon’Igl'é é%ﬁ;ﬂ%ng ab&i&aﬁ\l%g.iarrents gbﬁé anti codon | oops
ecode ast.a fo

b
[140] F:gsfheampp(pgraég)g ngbegﬁe% Tping, acfdejsag lgages::é‘zlr Py néoﬁlds in vivo

can bleon@Wlﬁlouﬁél@ﬁﬂicaﬁtI}ﬁ[ﬁﬂﬁlh@n 2% 6h IS béll. eFbrosxandps B1 non-eukaryotic
codons, nultiple unnatural am no acids_can be encoded
cells, puch ehdselmriche coliubeoaysa the swprapssiesr effisiegey drdhe UAG codon

depem%ge Jon g%ro%l%?tlﬁén Bla 1(%1960@-] (R 1o g 1 d&giﬁegl slgggifetss?)er{NA, and

codon em'str

the rel&isé $act@4d(RING Qﬂ;vhﬁ:h)bmc(s&@ﬁﬂé UABx@saiodiand ititiste Geheaise of the growing
Code: Selection of Efficient Suppr essors of Four-bas
peptidedtnemshe aposqraein thy sepressionosth w@ﬁw Wn beRIPAYaEE b, ez, cither

o5 A Ay BLI IR | FRRARLLER ! bd n
deficienodipfia. ITa\cakigetic uslil bEmusmdmrmp%aom nffamncalfoatheanAG codon
s b SaB L te B8 LTS OB e o,
eukaryéglg ?91@%6 800 (%&@‘) @J‘hléﬂ bind§ 499 gi)opl:od&h Bnd (H@dtes release of the

21: 34. were used t
growiisd pegtidarfemnghey ribnmnqjo_tmt @pﬁmaplhtefﬁdlaicamané)eamddldﬁted by, e.g.,

NBD deri vat.ive o e stretav invitro
increagipg Hlet%reéﬂgﬂfecvgi @bé S\Wé%‘%s?rt kﬁfgpr essor
o g T i ot g o B
the ar%ga})e\: ¥3Residd & 3R fnl %(roo{s)rott o ’theﬁ@ rﬂeé(c@fohvﬁsre\&h&é?l the rare

anticodons to suppres codons (N can be U
arginin cd@onpAGEY,, hangtovautndbe kfficiert doninseitiopl dt AlaAgra sarthpiéc tRNA

oLl Lk ot B ED SESORST, B e, e

synthe‘ﬁ% tRi\Ui rc@ﬂi%ete§%ﬁth Méoﬁaﬁuﬁﬂy Aceurring ARKA Alrg, Malich Bkiels-as a minor

In one enbodi nent, extended co ons based on
spe01es am Ededwhgz orli. nSewe wsganiwafofs nebwsenall fripdel odons. An uHaSSIgned

ot RSO BB S RS B A M i

transcription/translation extract. See, e.g., Kowal and Oliver, Nucl. Acid. Res., 25:4685

(1997). Components of the present invention can be generated to use these rare codons in

Vivo.
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[144] For a given system a selector codon can al so
i ncl ude one of the natural three base codons, where
WO b@7endoyenous syst em does not use (or rarel yPOBEESI005/044041
the natural base WD 2007/021297 PCT/ US2005/ 044041
don. For exanple, this includes a systemthat is

[142] | ack3ShRFIH CORRRS PR COTBH B AR SRAEC, FEORS (e alom Phmese Baceeodons,
such a§ %91“ fivang Q{r fﬁoré%%geemd@{ﬂgr §ix gﬂlﬁlésqu@mb@&%g c@@&f&ﬁnélﬁd@bu‘c are

re’codon. 45] Sel ector co s optionally include
not hnumﬂatbuAa}Gm,a@HAp}alUAGATm;mrdatﬁm ike. Bxewmplesaififive base codons

include 4 BCBIEN 1> G BGe CCUE (b CRCR /8Os UAGGC and

the 111{@0 nl%atfllfepﬂi ﬂnélﬁdé%Qngpé)@&ﬁ%H'&ﬁoﬂ bhsel rdh RamesHf sufpression.
ude stabl'e and sel ective base pairing, efficient

Four oe nmm’aaseccodvmaponm o8.,ione or DIAINE stletted Am{riogRsids; {nohding but
cl ent ont i

not hnessﬁﬁﬂiv%%ﬁsﬁ PG AL s s PP e A0 CUEEy g presence of

mutatddAS SRNAE, - ¢. ?é cidd @RS il supphasbet’ tRN/U@SﬁltI@&nﬁéodMillﬁdips e.g.,
can be adap or nmet hods and conpositions include

with aéll@(X) MXXAA @gu@nce (wheopyl).Ahe fovrar mrate bpwsodpnisTepdps single

amino ﬁglt o&p?%g%%l@gh%g}s%ﬁﬂz\g) %Q?gg)lﬁ?g Hﬁ%é@wﬂr O-tRNA’s that
recogrtie @four basébdbn. Jn ot efabedimebes thelﬁﬁmd&ﬁﬁlﬁoﬂsﬂféﬁiﬂdecode e.g., at

QO her relevant publjcations_are listed bel ow [146
least afow-base vp«m a&lggsé fveebagh oy ar atrigrsf 8 55 g pedon ormore. Since

there 418336 ?& n < t 03 ghcggg%éé?neulﬂﬁlgsﬁlggﬁlﬂl ahafo beidf RaAbE rE:%coded in

corre tion, the increased
the sagerell iusingi anfour A tniare base sddelnl eSean Andesomet alr, d2e0R)oixploring the

e 2SS, 1T ST B BT A0 o
Expang\el th@r(?engh{(t%ﬁgm&afe%ﬁmz bﬁ@?ﬁ:zélﬂ S@PRBYGRlof Four-base Codons and

son pairs, the nost noteworthy exanpl e of
Identifidaitioh of $'Stifig’ |Fsmr@asa56’9@rpawﬂz a $elyane Agproaclsin Escherighia coli, J.

9 Am Chem Soc., 111:8322; and
-J’?&%EP% ]79%% ")Ge‘)t al ., (1990) Nature, 343:33: Kool,
000) Cu Ch Bj o Th b .
[143] Gonchon exﬁrr@%.%f basg poniyBitesbech L S p—
acids %93@% TS %91 nﬁt LR bb¥o 5§ﬁﬂﬂlaﬂ1(9 gh&foddONecanRd; Ma et al., (1993)

ers rmnst rated t hat hydrophobi ¢ packi ng
Biochérnisay 8279315 dndtHwhsakdetsds (t%?) rle AnacGhdmy.d¥argel?1:34. CGGG and

AGG gvggé us%égg égﬁlg‘}ﬁ?éur%&jpﬁ&%aé% lg)t]lb‘lalsel?angj%e)aé]g gﬁ%D derivative of
lysine %l%'t@gta@ﬁﬁjn KpGkro WilP8R) cl?aﬁi%\ﬂl ebaited iineskig: suﬁgﬂ%sor tRNA’s.

In an effort to dev 8 an unnatural base
See, eggailiohsaltd etfati, GPIR) I._Ame Chigay Sog.ed2l A 2H4nt ki angehiye study, Moore

et al. ?3%5%}%@ 1%8 oabg]htacé)f[ ﬁg\ﬁég &%V%éiego\é'%mggg !al%ftlcodons to suppress

UAGNYdaehabien hasesy, @ & C3 MCoeel fhapéier qmeﬁlrlipletnUAK}A can be
be more stable than natural base pairs,. and can

decoded by eitRAtALeU Vil ﬂﬂé@Hﬁe@ucﬁ@@l PR ByefRpienons }%gh%% with little
f Escheyichi
sl FEUS] e Bl oo ABALITEES oo SN B 0 o e

embodR@nO3R e ded c@ﬂ@ns bdsE&)Qiﬁ) rafe cAdonsChie monsBose. codbR:c3R bk, used in

A 3MWN: 3MWN sel f-pair, can be synthesized by KF with .
inventigry, j Whigh c§AnaFrguee MEssenss tr?dél?ff”f‘g]?:laé‘at gp@@hﬁaug@;eégpn at other
on. See, e.g., Ogawa et al., (2000) J. Am
umm&ﬁd]&{elsSoc 122: 8803. However, both bases act as a

[144] Sa chai Egﬁ ﬁ[\gg eglgéfs{?gfg A sgl&%#&fd rc%Bl dlg gﬂlt hcﬁiter%ft a8 tnat’tu:ral three

e Yecent evo can
base ddﬁ@ﬁ’s twhere the endogenous system does not use (or rarely uses) the natural base
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replicate the PICS self pair. In addition, a 7Al self
pair can be replicated. See, e.g., Tae et al., (2001)

wd 20040212€hem Soc., 123:7439. A novel netal | obBEBURENF/)44041
Di pi c: Py, has al so been WO 2007/ 021297

P 2 44041 I ich f
- - R, SR
three b‘&se E88on, SHER a s?@%m whéd et ba@@&ﬁi&% §XdreRggsh.codons

nd unnat ur al ons are intrinsicall orthogonal to

[145] nat e%%:( tgro (ﬂ)% éﬁgnepﬁ; E}gﬂl‘ﬁe %ngtn?e}l %ra?ec‘ ﬁgltrs ' ﬁ‘fl@&t {if¥fhtural base

proper o*generate
pairs fﬁfthétm ﬁhﬁﬂ tHeRNMmfg @endthediphdbid 7(])né\e1ttraah®eqtalmnaieases the number

bypaSS| ng system can al sg be used to inco ate
of triplgscedqns @rm%to ‘et cFropergjes obhidrhase prias nghidectahly gnd selective
t
base plu?mg &ﬁ%ie‘h %1231’3% eatllésrp}nﬁosmert e'wlt;ﬁn}?gﬁ‘ ghalztér%%?%&%nerase
and thé sffiwdnt t:dslanﬁlledpﬁfher attengiomafedrisynthbss ofthgmestent wrortwmalimse pair.

Descripliiss SR aHD Bttt RBich S8 M EePler Jecihads and compositions

sl | id
1nc1ud%j|\I T&%&{@%&%@QW&% %n&zﬁﬁal o158 dezrgr%érl ﬁgba Sgtll;}tegs\tb@mo aci
analo@m iygo peoin; _Ms 2@ 3d7-182ulat, 231800 ¥ur Yi, wgal., (2002)

oo e U s8R iR el el

genet| cally encoded al pha-am no, acids: a

| a
[146] ar gi Femner Vé‘éopélﬁ%gﬁr e ugagiury jrucleggidy 1s spem E?aﬂg permeable and is
phospl%rg fua f%efon%] ik %}&sﬁ)‘hﬁgrg tgllp}igépﬁﬁte hinSidHidtE the increased genetic

eucCl ne eucCl ne, ySI ne, hi oni ne,
infornptienyd sthidmiané ,nopdecstmyl@i bs eerllulw entztmei; ninlous ieffprte i ddenner and

R MG SN T 8 T e —

Watsoﬁ-r@‘ldk ﬂﬁutshtherih&lﬂ nbict@kthy ¥xarlpld of Whﬁcfﬂ%@l@é i%b -G phiPUSee, e.g.,
% efficiency for givenh selector codon, greater

Sw1tzetrhfana12 H9989)f I.cAwn dshefmrSag.,gl 1\,1e8132§e|a1@@ tPoqacn@BJd éfn al..a€1990) Nature,

343> TR . SRR TLLL R A0 o B o g s

degred QMithenAiMebass! At &mn60Ye %nzﬁhatlcg[l? atepmcaltdrdan Ko uind Hd%vorkers
efficiency for a given selectaor codon, at greater _than
demorsstmt@ﬂ ay/hydpphehie pegking rintraghoen beess thapesc e Feplage hydrogen
rLeat t r ff f
bondlrb% t) Sel%léec %c%ﬁﬂgglg g)g .ba?eg ﬁ%)]? A%gugggl %@e(ﬁnr@l}(rr 6bir? Chem. Biol.,
4:602 Udiid&ﬁ&bk@dn &l Kl@ola(:li998) Aﬁeafvs_(tm:narim & Engla(3|6d2825 In an effort to

modi fied amino acid no aci d anal ogu
dovel s ey e oF Toyoas popREPa e Homesborgan
co-wog%lr%g_m/éq s&é@ﬁﬁk\éﬂ? %Pﬁtlﬁibﬁf’édl hERGORED &rRbaralnafiral Igldrophoblc

am ne asparagi ne, aspartic aci
bases.C ASPIEISTRICSybelf-pait rsaiougnﬂ tt bevinorastable tlgarynatmel base pairs, and can be

hi st.i di ne, i sol ine, euc:| e,
effici B Ao éntoﬁf?'lﬁﬁ-'ﬁ% oG remep FE BT ApBEBER qgymerase
I (KF)t yS‘eQSé geMéM ﬂnrb@ al., (1089)IE EH | Chedh. 3L, UDE: Pf586f6 and Ogawa et al.,
mno acid is ill'ustrated by Forrmlal: R N
(2000) .‘l' A1@o€hbm Soc., 122:3274. A 3MN:3MN self-pair can be synthes1zed by KF with

efficiency and selectivity sufficient for biological function. See, e.g., Ogawa et al., (2000) J.
Am. Chem. Soc., 122:8803. However, both bases act as a chain terminator for further

replication. A mutant DNA polymerase has been recently evolved that can be used to
replicate the PICS self pair. In addition, a 7AI self pair can be replicated. See, e.g., Tae et
al., (2001) J. Am. Chem. Soc., 123:7439. A novel metallobase pair, Dipic:Py, has also been
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WD 2007/ 021297 PCT/ US2005/ 044041 [150] An unnatural

amno acid is typically any structure having Fornmul a |
wok@re2nIt he R group is any substituent otherPtiraszoosnei4041

used in the tmenty natural am no acids. See, e.g.,

Blochen1stry b . Stryer 1 88, Free

developeshpetigh fogeR2 ¥ P%lb\lp%kt?lﬂg'fla Gl e %egg%ég?gl 38600) £ Am.
r 0 t Batdl rc%h

L

orthogomal 46 natnepl codgoutitsnethbdy oftthaprasérs inveatioy can takaadmnﬁ@ge of this

aci ds above, [15 cause the unnatural am no acids
ProPerBftOtg?EerﬁYe aﬂ‘}%ﬁ% 3%%’25’1 cally differ from the
am no_acids only in the %%ru ure of the side
[147] ¢ hal 73 traflﬂéu@mh hmﬁsaling ANFPH e plse todR¢QIROMlsRyselected amino
I;d I n
acid, ¢ turgbﬁor unna % d ﬁ%ﬁ tﬁﬁ&?g&ﬁgaﬁgﬁng$1%Eﬂhlﬁﬂﬁh?bymmmng
systent, helargy eeduenee ik lm;exmai utel 4 gewe butr isi ngf @mmmmto protein. The

However, the  unnatural am no acids, have sjde c
sequengh Pt RS BB\PSHES Hofmers Gh R HEE 13 HPSForith Jop over the
sequen%? 'aH? resﬁﬁ’lr tﬁﬁﬁ%&ﬁdo%éﬁéaﬁ%ﬂ% fsértiBRY conprise an
ary acyl -, keto-, azido-, hydroxyl -
hydr azi ne, cyano-, halo-, hydrazi de, al kenyl , al kynl,
SELE@TEB%%@E@I:AQ% gﬂ g;ﬂﬁwlggﬂyg . borate, boronate,
Pt

pnosphine, heterocyclic, enone,
[148] i mi nas uaédibérgmie a sclestedr aminhi asst fafers Ky anpxigkized paturally occurring

i A 50 O S PR i U G0 o o
the twdffy bédBibat, tRcoddf diphALhES £AARId]&IINY a’-il%mme asparagine, aspartic

phot oact i vat abl e cross-1inker, spin-|abeled am no
acid, gyatqjse g]utmlgg,c ahttaraiei ﬁ@da(glmne n]@{stgime b}Sﬁly,uﬁ]Qe,aﬁq:qﬁ:@ie lysine,

methloéléqed é):helgﬁf\ COE%) 1n{3” Q%W%%lgg ung{plt(%%g#, g&%%ﬂeg \%’ﬁh@o In one

embo @0 tiacédistddnahinoqica] Bnintorporatddontoy gfc@ﬂhg yolypeptidecthain with
with other nolecules, photocaged and/o
high fislebitve |G§onf§rgriiﬁﬁl anghae Ui ElCIERAYNIOT 5&:‘168356]636??6 [Pt greater
b | y
than 7@ /o %ﬁg&%en%su 18 ?\géalgss?er&?dut X 81% eegl %9&9& ﬂhﬁﬁ SHoRR0WR 2Ediliey for a
given @&é&@hyﬁdcﬂ(ﬁt, @.t rppetitéri thein aibbwo8306i efficichet forco gh@nmeiﬂ};tor codon, at

anmi no aci ds, no acjids conprisin ly e 0
greatep RABROF 90 9@“% flﬁéé‘v%‘v SHEBD o T g gian about 95%
efﬁmeﬁ% B gﬂgﬁnsg ety c&dcﬁla\bf"gjc Ereat%f‘ %a‘ﬁrabghp§@%|c§%ﬂ&*él é¥ficiency for a

a am no acl ds th an el ongated side chains
glvenacsecrt«mmﬂbnd to natural am no acids, including but not
limted to, polyethers or |ong chain hydrocarbons,
[149] i ncl udiugd Meteimoan hinfrathend dntino grehteferstthamyabmirto 5cidy modified

greater than about, 10 carbonps, carbon-. Ilng/ed .
ammoSancarorcaﬁtnal #idh Gnalpewe ofter daan selenpeysieip AR opiAyErolysine and the
followagg qé/en 8%‘51%%%}9 ahbshiero Qli)ﬁh R RNAUAGISrg@RE, asparagine,

no aci ds conprising one or nore toxic nmety See
aspart®l add, UyﬁemE’,aghmlmlnAp phitaatci amdPlgtycnrmathlsjrdsne isoleucine, leucine,

2003/.0082575 a 2003/ 0108885, ich.ar at ed
lysiney nethighiae. ARV LATERG  ProfRa: TP WRFRS Ryt Orhal hiodty vatine.

The gf}{&ﬁ'ﬁ%ﬁﬁ&mﬁ/@éfa&w Botl 8550 labiAKE (11dshaed b§ FoseEdL: €. 9., to

protein to a solid support. Unnatural am no
aci ds maﬁ have a saccharide noiety attached to the
am no acitd side chain. W) 2007/021297
PCT/ US2005/ 04404 1R

BN

HoN CoH
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[152] In addition to unnatural am no acids that
contain novel side chains, unnatural am no acids also
wopiwonebt y conprise nodi fi ed backbone struct uPE€FUS2005/044041

e.g., as iIIustrated by the structures of Formula I

and |11: C-1H. [ 11 R. N H .
[150] V\heréphmzattl% |aE%H“? Fid dniypicelly aé}qs”?‘\ﬁll‘z‘re%@—ﬂ gl\ﬁzrﬁ‘“ﬁ g??"%efem the
R gro@ o) ang%uﬁ&ﬂu@ﬁt oy ?ﬁhncﬁ{é l%%dtnli‘ %he @\%'ﬁ?y ﬁ’dftul‘il Elfnﬁ{oeiﬂids See, e.g.,

ypically conmprise S or O, , Which are
Bzocha‘ﬁpttirjbb’gilﬂ Ptitybe 38 ade 1998, qu:dnﬁm mdt Corapzmyt Nch‘éOﬂky for Structures of

s oo L BN SRS B GBASNETAE L e
can beAkirNgy SQUA PcompimiebihePthah YEH (AGRH alFIRL arf%8 Rl above.

unnat ural amno acids may conprise substitutions in

t he :
151) L1, BRI e AT s 240 ¢ b gt Pbpcalyaifer o
the natuygeniine heideonlipun therstrunture of theisidecdthtin, the-uinypabnot ymino acids form

.. acids, . a-thioacids,.  a-an not |ocarbo | at es
amice fopg it othap s 2igs ﬂ%“'s% P HpRRtd ! &m%wff’%é?ﬂayﬂal i the
same H% taln AW HRG A8 Hmednat Mtﬂall?' ?r%tellllsn However, the
tion, substitutions at the a-carbon oOpti onal

unnaturalcinigde alc;dsmavo sidg-chah gu@bps thauﬂwngmln dlerra&pugth@umhlral amino

D- al.ani ne
scids. JFORGRUTHE & HLFOPRURG TR PR " Ay i e flav ket avido-
hydroi1, %&&@%in\éeéyahﬁﬂ hude, }Bildffizh@e ameﬁﬂ al&i/AlS ethsy €kloB Seleno-, sulfonyl-
proline analogues as well as 3," 4, 6, 7, 8, and 9

, boraiee poeanett, mbagpher phpspboanaplgnbise, h@tatiﬁ?eyghcmnﬁ@ deiigg; aldehyde,
ester, tz% agl(fl ?ﬂi@%jqﬁsg}u% %g‘lln %Pgltﬁlg \iRE oqul% oﬁ’ﬂrﬁ% as e%éétc Other non-

am no ac s are

naturaltodt@kring Ndnfi@o aﬁi(ﬁsmclﬁd@,fblﬂSaré yooified toghmiridids comprising a
phenyl al ani ne, and the |ike. Ty r05|ne anal ogs i ncl ude

photoqgama@ebgnowrh@l@a spindabiled, i Hads BTFERiogmino acids, metal
bmdlngue[)ng ?ﬁ)na% ds al%hﬁlrﬁﬂgsa}ﬂlﬁ&ta@ﬂst a{glfbsabp@es ammeﬁﬁﬂgl 480 acids

tuted tyrosine I ses a :
with nbvéldhnudiong] grcmpsn athirol mdsetﬁaﬁcxovalantMcneﬁqdcogﬂemm intemact with other
molecgl%] 2 o%g}cgééguf@/qﬂpg&%qpée%% %%ha}%‘g??) Q; /a#}?%g ggéig égt%gr]ismg biotin
or a ‘t%t‘?ry Qnal@g&car Q?@@é&ﬁf&uﬂnnﬁn adiGORLAPYS a Qfggf‘ RubsfitiBd R¥ine, other

strai ght chain or branched
carboﬁyﬁnht@ marchﬁmi, amlrmamdatledo-oontamn@ammt auddy \adrine acids reomprising

rrs1e BBV 5B B BB S P s iy v

and/or ﬂh%&%lé&rv@ol@ bSPh PN Hﬁhﬁi zﬁﬁ’ds At b @loﬁgatécﬂ i@ gBains as compared to
i'nclude, but are not linmted to, a-hydroxy

natural emine eidasincindingolti nast liiterk €9, \Afe@tlye\ﬂeegs oc;l@mg ghain hydrocarbons,

1nclud9negrll)1¥ta1}0|t 1m1teda[o greater than about 5 or greater than about 10 carbons, carbon-

linked sugar-containing amino acids, redox-active amino acids, amino thioacid containing
amino acids, and amino acids comprising one or more toxic moiety. See, also, U.S. Patent
Application Publications 2003/0082575 and 2003/0108885, which are incorporated by
reference herein. Unnatural amino acids may have a photoactivatable cross-linker that is
used, e.g., to link a protein to a solid support. Unnatural amino acids may have a saccharide

moiety attached to the amino acid side chain.
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am de substituted glutam ne derivatives. Exanple
phenyl al ani ne anal ogs include, but are not Ilimted
WO 0007p2ar2a7 substi t ut ed phenyl al ani nes, ort ho- subST/US200®044041
phenyal ani nes, and neta- substituted phenyl al ani nes,
wherei n_t he substituent conprises a hydrox roup,. a
11521 ot hghc3ci o i SMBRHS PG, AR, ok By MOSIoTe Chpin unnatural
inoAcHE ARG ptiBRaIRFE i @MbRHC bAKBHAIBruAuKE el I4OUBstrated by the
amlnoz(iilcncl usgi r?g1 Eﬁ?}zn(g?prfi mted to, an acetyl gregglfg), or Y
structitrbseofl HokmulaSpend 1ilc exanpl es of unnatural am no acids
i nclude, but are not limted to, a p-acetyl-L-

phenyl al ani ne, a p-propargyl - phenyl al ani ne,
O- net hyl -L-tyrosine, an L-3-(2-naphthyl)alanine, a
3- net hyl qghenyl al ani ne, an 0-4-allyl-L-tyrosine, a

4- propyl tyrosine, a tri-O acetyl - GLcNAc(3-seri ne,
an L-Dopa, a fluoRinated phenyl al ani ne, an
i sopropyl - L- phenyl al ani ne, a p-azi do-L-phenyl al ani ne,

ap-acyl - L-phenyl ni ne, a p-benzoyl -L-phenyl al ani ne,
an L-phosphoserz’he, acphegphonoserine, a
phosphonot yrosi ne, a Q-i odo-phenyl al ani ne, a

p- br onophenyl al ani ne, xa p-am no-L- phenyl al ani ne, an
I sopropyl - L-phenyl al ani ne, and a

p- pr opar gyl oxy- phenyl al ani ne, and the I|ike. Exanples
of structures of a variety of unnatural am no acids
are provifﬁd in, for exanple, W 2002/ 085923 entitled
“I'n vivo corporation of unnatural am no acids,"
which is incorporated by reference herein. See al so
Kiick et al., (RO0R) Incorporation of azides into
reconbi nant protef/ns for chenosel ective nodification
by the Staudhn r '%gtion, PNAS 99:19-24, which is
i ncor por ated Dy reference herein, for additiona

nmet hi oni ne anal ogs._ [ 154] A non-natural am no_acid

wherejmZ dypiselhy semprises @GHpdiHp 8 NHERar o Bk ank #Yl Yerthigiycan be the

a 0 $1S '
same GEORRE AUPEREP, ol SO KN 0y AR SUBSHLLIE By o o
differediCara tybicallyesktdctedefromathip satné fier ehtorstitments Hfer R grappdescribed
normal |y present in, a-amng acid

[ see. Fo la 1), A
abovedpFiliea¥ AHA BRI AC SR P HA aéveﬁh e%Lg%P&%dFale example,
| | [2a6L | 4Gin " QUBarboxyl
unnat&(}? 1fefa gl?%(g% : |rS o{nn%’ hl’@(%.ﬂ%\%: %}dpgﬁ%aﬁ%sr rlral 'y ppesentari %Xy sroup a8
illustrated iy ormniad 1 (aaé d1IFotnuataral pmirfol 8Gds Thehiutypetinelafle, but are not
. . amno acjds of the jnvention may be sel ected or ih side chai
limitefidg; grivdrey agifly #dRIOARAR t -SHUPORINGREY ptes: &g With side chains
corresg&?(ﬁﬁ% lighle dombie th¥RDIAnREL Hhdlo 3PS QrafidfralFQke chains. In
xanpf e, unnatural anino acid nmay be optionally
additicle Supsidti@rs sehe ot-edbdooptiatiafly ihtleddiloDygiraslo-disubstituted amino
. properties of a protein, e.qg., intag which they arg )
acids pushs gonehitenateBralainemdt-e1eithOFBPHBH HYRORBpe Atifend the like.
onal | e . . _ |
O Tl IR TR bl UL, Lol s o vel o
3, 4, PCT8 UpA0DHEB4Rd kingt jaxlins dnalodueqd sid y hmirocreids such as substituted
solubility, stability, e.g., thermal, hydrolytic,
B-alanding atwlty-smeinorbadyrt asitbe to  enzymati c degradati on, and
the like, facility of purification and processing, .
[153] st r udamyainnajurad perito esids speledsed ©o ophralpmeipe racidsssuch as tyrosine,
chem cal . and/ or otachem cal praoperties, catalVi.] .
siuteria; Rhepyla o2 Gk o] roRaP PERPE el AR e prosines
ortho-WBsBnRE D Bfro TR GHA Bifota SultitutéP¥Ab&MdS, WiRfein the substituted tyrosine
noncoval ently, and the |iKke.
comprises a keto group (including but not limited to, an acetyl group), a benzoyl group, an
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[156] The structures of a variety of unnatural am no
acids are provided in, for exanple, Figures 16, 17,

wa 20070212926, and 29 of WD 2002/ 085923 enti t| edPCT/NS2003/044041
i ncorporation of wunnatural ami no acids,” which is

. incorpo]g,a ed by reference herei.n. The exanpl es are nat 1

amino g, & BBETT. 1% FHEOTHIARG Aol Ol 6 REFEEE a2 150propy
L i BthydréBaeBE, QN

group, ﬁﬁ#@%&%\fg% R R haihhG RERSRAthydidBABSY, ANsaturated or

ntage of an unnatural amno acid is that
unsaturdtedolngiecarisona duliQ-instinll gudwend palyethabgienp esnitiegroemor e like. In

T XTI TR
but ard&t imifd tb rbc-‘l’lbf&foglP/ dERYStives Y- Gktimtdd &ﬁb@@%&?ﬁ%}ﬁc deRatives, and

post-transl ational nodification is t hr oug .
amide wubsssitutedplutamine derdvativefAnExample phenylamiine andpgs inchidg, but are not

oS PEPLLSETRY B A0SS.1 SLER SORLTET IR SEHE. 18
substitggrgeé/hen aﬁﬁﬁres,%ﬁ%mnﬁ%asuBsthg*lﬁrﬁrGo;ﬁﬂHg@ £ hYatokYeEroup, a methoxy

i'vative of 'pol yethyl ene ycol , )
group,phueihy} goubj akalyl geoupadh ehlebydelen 2aideyaroioggi & bromo, a keto group

: onmpound, .. a. d ,..an finity |abel toaf fini

(lncmcﬁ%ng}lt, n% 1#85%‘{ #8 @nca&ﬁ%'i Fh P @S ﬁl e. ?pg: gl lgn%_%lﬁirp éet‘se(‘il’P/nunnamra1

amino CdcidOin¢RRIR! bEe af notPUhiee bl dep-abalion, pAehyddlhniaedy Spropargyl-
anti bodg frag?rrent, a netal chelator, a cofactor, a

phenylalaning, Gretethyld-weasinghyidr kB 2-naphiby)dlauneot i raethyl-phgpylalanine,

an.antisense | ynucl N i.de,
an 0 LalfP BfulF SERRRHTOI R, SO0 R GRAGKIPIAE, ppgpove. o
ﬂuoﬂﬂatéﬁ%ﬁ%l@laﬁin’é%ﬁisoﬁrop?l-@@ﬁ&@ﬂﬁl&hine,d& pandpargtiealyRlanne, a p-acyl-
spin | abel, a fluorophore, a netal-containing noiety,
L-phenylalaning, oagt-bengool-ehsnylalanipgepn fluphosplnsgringy s uplosphonoserine, a

ro t.nat coval en cqva ' ts W :
preFolEL £ Aty BiRC V) S chRBAREL S o -
phenyla8hird ia@nisepepylabplenybil@tive, ud Ppairopasgyiexy-phbiydalanine, and the
_ noi ety, biotin, a derivative of biotin, a biotin . )
like. Jampiseof siruediret pT 4 Hestp ol aturakal HeiRgyacidsopre grovided in, for

' ‘ A0, : acl AP s

e TEA PSSR SN oo BUBRLA TP v
is incoipstated dgtrefeeenag datein. abecaaliKiith btosc (20023 Maoxparation of azides into

nmoi ety, an isotogpically |abel ed noigty, bi ophysi cal
recomfBinghie Profeif ek ﬁ%f:@g@éﬁg{lV@ PAgicagon cllle%’e%el S’%uﬁ'g%@)é 2Ilgatzon, PNAS
99:19-8% O Rich 8 inBbHEEAHA b PRASEn @ 1RYEN, Br ARGRG Al eliOiRe afdlogs.
intercalating groug, a chronmophore, an energy

[154] BL? 2%{ lgigﬂ-@%gg?,ﬁmb&% .oﬂ%#g?d At ig\%éﬁ%gﬂae afathg amino terminus

a S ecu ) antumdot, a
can bélam@podssn dot Brgroayp tlean)is @aapiziibsitiamn otfer tthan ebowsedoin the twenty

N her , .

natura? a%/]gg;)qxpgdsr ggisqs !Qlff:rgéq?ti(yé gg%)l&qpu g&fe?eré]éz{%%‘g ﬁg%ﬁg\é%o%%pﬁérﬁ{aﬁg present

in a-afiid h04d ﬁs%z P%?I;E{lﬁﬁg.o%/s,%fag%n-ﬂéﬂﬂﬁt éf{liﬁb.a@f@ 9%1 BCidorporated at
conprising a first’reactive group utilizing chem st rl)?

the cafRixpDEOmog) Whata 27 sedotiowrgrowp differaft fomditia CYOQMI drbup normally
the art to be suitable for the particular reactive

preseny ib@irpsnino paigg(serdprawdadbl e, the post-transl ati onal
nodi ficati on can be through a nucl eophilic-

[155] el ecThepimnhtucal rargiodi awnds MOghe iremotioromsayc be rselected ofs designed to

.for, the | ective nmodificatio f rot ei.ns .i nvol,v
LN A AT A T N N I —
unnat@hB GiiRP bl fak €8 bABnalBAHEREHed, of BElbeted R BUlifRGhe biological

limted to the reaction of a-hal oketones with )
propeties tof di protedn, Gg.siwdp ryghich they are incorporated. For example, the following

properties may be optionally modified by inclusion of an unnatural amino acid into a protein:
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side chains. Selectivity in these cases is determ ned
by the nunber and accessibility of the nucleophilic

wWo emy@ue97 i n the protein. In proteins of the | PUENS2005044041
other nore selective reactions can be used such as

oo, B RSO . S P AO  SIER, rcianc

v ! S &9&;) dd Gagm 1
enzyméic Qieg@?%tloé d8 1}%2 fiiRtk E%clﬂ@tty t@f pun&i@ a) 4 eer;s.ceg structura
properﬁ’e'éﬁ sja&(ﬁﬁ)sdd;ﬁs progeartjes, e¢healical z@rﬁﬁ@lphot@chegn@:d propertles catalytic

activity, ng(g%ggtgg‘gﬁ7méﬁ1f% atbé]?tyép rgac(g? Q hef_,lnbo&gu%at £ g ovalently or

noncoxéféndly,ﬁgitﬁégﬁg 11024; Wang, et al., (2003) Proc. Natl.
., 100:56-61; Zhang, et al., (2003)

[156] SIC ?gf;}h%ggtﬁ%ﬁe é?f‘ \%Zégr ?F lfrﬁra&ﬁl : #H s &fe fRbvided ?rp@&) example,

are incorporated by
Figure$ @bl BNCS 1I9e 26j and THhicf WO 2062/635923 saaahﬁed i“Imvivababcprpgratlon of

of virtual | protein w
unnatofad FHED GO SREBROTEOTPOrE G Qa1 ﬁeﬁwwg Efi oLhe Sxamples are not
df\éﬁﬁ @Q&id%tapﬁﬁ b€ ﬁmh%&% SIRNSEH th t
meant ﬁf@e‘;ﬁ‘ﬁ[}r%qwiﬁ? n Sagitabn 3ef bE At e presen
mventiofd ycoprotein synthe3|s " mhlch IS incorporated by
reference herein. Post-translational nodifications,
[157] i nclogd adyahtage o6 tn inmathed atnino adid gitpiat Etrpresz:ntdcaddition@l chemical

SN e Y TN T R
vivo 1rf ncor%gléﬁc oﬁﬁgn-eﬁkﬂyotl&élf: korh v@e. Tha®AR)certain embodiments, the

ation of azides into reconbi nant proteins for
post-traistatiosel modufmmquslthnough rtlmnurmptmi@nsna @dudné@runnatural amino acid
i gat.ion, PNAS . 99: Snth
map ptide may iﬁ.pﬁ%d F&Cart’égh lall%tgﬁ:r r% 01?1&11 Z}fp Hg?eh 6ncé%c}18% but not

CReTES Qiyal 4 | 2b)afor-sBluble pdly@et, S @FBratift AF p6lyethylene
llmlted(a%e.al Loui s, y 160% I\Io\?aglsocheen?(gﬂldl Vi Si on 1of pefyethy

EMD
glycol Bi phcntoefn&émkelDarrﬁ@Da@ﬁhde Teytetaryg corspoumdpt deyg, an affinity label, a

R

polypdpBA&ianaleg, b hmtthodlatdatiode fagaenkaonetal chdlitoge edfactor, a faity
ordinary skill in the art. For organi ¢ synthesis
acid, a serhohydrets, aspelynecleotideqragBiy Gl%ﬂﬁstaﬂyafﬁgﬁen%ﬂeg%l&%‘&éwﬁde a

e R PSS S, g e i -

biomaf¥ibl; ha (nBRAbpAtiEle] tai epin 1H8B, a \ﬂdoetyp}mm:j Sanstal-dtai¥mgk Jpoiety, a
~and Advanced Ori;anl C Chem stry Care Sundber g
radioagtiyg pe1gthi £ RAYel PERGHODAl SFRYPR % g@@oﬂla‘é% ?H"g gE Joticovalently

I
mterac'tieW%tEg)g}F% mcﬁggﬂéé Qgﬁﬁloto‘?:%lg%_dzlg@fe't CT%? Lz}%gléig SI?%{EQ%*Z %ﬂﬁtable moiety, a

phot01stﬁﬁaﬁmbm nmntyp baatingsa i deciveties of. piotin\W\@ B0OR/ @8EGRE®, a moiety

mcorpg&r;'ttléél & %}2 &%g | %g{lga? agllggxga)b?e\] gqu\le)S%t %ﬁ% Ié‘ertn\?gf)e group, an
elonga%&if’gdé" 668n, 4EH80n-Hinked su%a adl‘édoﬂaﬁlv’é age 4R amfindNeMbacid, a toxic

Synt hesis of @ utam ne and of Di peptides of Gutamc
mmetyAcaml 1solt0m¢a119h1ahylleétmdlet}nt%l’omi@b'alt?@lspmbe @t@%plsa@scent group, a

33 & Ch
e G52 ) ST e fo G TR (25 8hnin g o

chrom bl e@ﬁ%@fan@ﬁr lapdiDbioRgedilly actlve aghit, aldeetabiolabel, a small
8 3750-3752; Craig, J.C. et a (1988) Absol ute
molectﬂ@nmqggmam dot, afmanpigansmitter, or any comb1nat10n of the above or any other

desirable compound or substance, comprising a second reactive group to at least one
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Enantioners of 7-Chloro-4

[[4-(diethylam no)-1-net hyl butyl Jam noJqui nol i ne
w@ agwoengui ne). J. Og. Chem 53, 1167-1170; ArOLIUS3005/044041
M, Vilnmont, M & Frappier, F. (1991) G ut am' ne
anal o%ues as Potenti ari al

unnatygpl-ap g@mdzmn@'lsmg@ Zjlﬁtﬁg%;ltwg S RUD tgiz% %eélglﬁtry Igfuathodology that
is knoévilﬁ@ Se @%Eﬁ?j{ &ifhn deIWs tb'efsh'ftzﬁﬁe Rirahd pRGCAST reactive groups.

n ormatio y Constrained Am no Aci d Anal ogues.

(158] & Ho( 1@'5%%@?% rt]%eg @ﬁ%ﬁtmn@ﬁoﬁ‘fgﬁpgﬁc% ‘gg‘gﬁ@ 95P%Ireﬁ)philic-

electrdphllﬁs periceoh.neModp péaouahs eorrtatlyt lweedd doalthSyalebtts momﬁﬁcation of
proteu&sn awéﬁ.i%\rlﬁlqu}%?qwb %% ; Ef{)% S chné\ﬂgt\?vgenA %.1 eoﬁ]g%ragg néfe':c?rtolpﬁil?ic reaction
partneﬁ% Jz%@cﬁ?%ﬁé‘t% rl%l @ﬁﬁ%ﬁeﬁ&oﬁfle ?e'ac’m &11& %Ztiok%tz?%h%nﬁ{ ine ?r cysteine

and Derivatives Usi ng i ca
side chdigdn SeleptivityShnthbesdasesols determirebdbyathehandrer mod Adctqsslblhty of the

Aci ds, L-al pha-am nopinelic Acid d . r.opri te .
nucleqphiliey (reited! Todhs APl s 10 REpiEMTcR i K@D w5 o ggmore selective
reactlcﬁﬂ%lan B hasi fgh %ﬁ e @lact%on %ﬁ)latg'ﬁl Ttgtl(')aellhﬁo %@iddwnh hydrazides or

anal o bet a- he

gues: synthesis o terocyclic
ammoaxymimnppnmipajmwtroamddn vihex: | Seat egeﬁqmldh,t tteils @ABP6O)MI. tAm. Chem.

soe. s Suo0F) bt PP hb A kSl S B, coon

Scnenc%oﬁ)fﬁ @189%)’37&?1@ kit ileCtZO(ﬂ)qt . EhédY Sec. m%% 9027; Chin, et al.,

= Incorporatéd by reference. Cellular uptake of

(2002)Brmt Datll Agad. rfivi.a89:d$020:60024UNVengu chpl. RPPD RrerNatl. Acad. Sci.,

oos§RAEY5aRY. A GELohE, B S A By . oo

Sciend@1300:98a17ds%ll 6f SvhicH @fe iHt6RoRRE@byOR{drBiice BerpinOt @hid. allows the
or exarrpl e, the high charge density of a-am no_acids

selectiyadgesding afhwirtualiesay daclswﬁ@uwﬁh ag pest qfnl{eag@tgf incidigg Elgprophores,
crosshgjz( r}%ee\t?g%n 5, sa ?1#1[1&} d(%maﬁg 8‘{& Flouleh. '.S"ye lyq% S. Patent

a a CO Ion EIn ase trans ort

No. 6@23 apentifed aBlydopotede BylﬁHémd;‘feWﬂmhels \mctcﬁjiora&ﬂdg/smference herein.
which r unpatural amino acids are_taken, up

Post-tpppslatipnal magificationg, includime byt gt glgn‘rggggygmpqgl an @mdo amino acid,
can a,ll"stgr &fa%t %\r}%s E\Agt%{éﬁiﬁ‘gés}b llgli{‘?brg%ﬁ oot e?tt ifhi®d to, with

elrn I'ncor porate erence
triarylpRosphine soagerts)u, Soe,Re.g& Kitlulet z]., R2G)2)( 29QYorPr@yfsgides into

toward the evolution of an ani s ex
reconbBigat Peoledador PRGOS 1sg o ddioncti P Sieraeer MRaRS, PAS
99:1984t hough upt ake is easily analyzed w th various

assays, an alternative to designing unnatural WO

2007/ 0%}1 1eal STAHR2OOP A4 LA R@gaci ds that are
anena bfﬁﬂ%‘ﬂ%ﬂﬂ%%l s to provide

[159] bi oS WMnyetuaturphtamisy aicids are eatnementiably avdikiblej re.gj ¥iom Sigma-

Aldrigh 3y hpo VD: 348 e HiorRERy® Siigen o TP BpgPnsepeDarmstads
Geert{}gd&cf’ ﬁ%gﬂﬁggﬂnqﬂeég& VAl 6%5.9Nnd 19{oBE that QPPN Tm i ]I$ available

i osyrit hdd for a particul ar unnatural amno
are olﬂmndllymynt}n@uzed)assirovldem hengimeor wseg atdnd;gdbmtth@dst known to those of
ordmary r3{1111 n tthe art. Foraor%grlnlc Syltlt gmé toe 1Iq|ugsr3 B oevflg d %gamc Chemistry by
Fessendon and Fessendon, (1982, Second Edition, Willard Grant Press, Boston Mass.);
Advanced Organic Chemistry by March (Third Edition, 1985, Wiley and Sons, New York);

and Advanced Organic Chemistry by Carey and Sundberg (Third Edition, Parts A and B,

1990, Plenum Press, New York). Additional publications describing the synthesis of
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such met hods. For exanpl e, biosynthetic pathways for
unnatural am no acids are optionally generated in

whoemw/oeebt by addi ng new enzynmes or nodi fyi ng BKI/S52008/044041
host cell pathways. Additional new enzynes are

QT Ll AR, Y CGEASR SR TR AL Sbbikion o

REax 1”%%5&& casL RIS Bddi Chéi., 38XAIBRLAEDKing, F.E.
Unnat@%a‘g 02/ 085923 ent i t Ised Iangag\/%?vo I ncor por ati on of 5

& Kiddbat. Ar gl o4amidn¥eraSytsesis of Glitesineant g rddigentides ofGlutamic Acid

o SRR L 0. el (1B NS T,
(1959)%71%9:‘3 SOZ %ewhv'aﬂv % @lﬁwmzyz\é B adel mrgtes 29}“]4%1-31%%;* Agents. J.

when expressed int ce
Am. CﬂfemuSi& an, éﬁi&-ﬁﬁﬂ chg hl/\ﬁy et ab (i?&ﬁ)hé&ﬂoﬁée tGrnfiguration of the

B R

hlorpYRANe Qe K3, t1l1@17al17@nz\28iﬁ§ SPOUSMERMt,AVE & Frappier, F.
(© m?% J or exanpl e, in Genbank Artllelfll Ci aIIy evol vedpp

(1991)eGiv5tummeawmla$1w wpPotentinl ynamdisdialsn tiuraJcMdd. [Ghen. 26, 201-5;
KOSklIéEi]ild ?’2@ Urer Si{n thl > eﬁ? gl?rg% L,gznﬂc %%sl yl dclt.Sg%gzl; zjgp?lr YProlines as

Confor¥pdndlIR| Caibtineac| A@lﬁno [A&&]A;&zl&@relg ety @, r@ltdmzds4 anes9-1866;
avai |l abl e for produci ng novel enzynes for_use

Christigj di:,?nt&qéf\ap@ppgt aa 98 Syrghesésy af lﬂgt@ﬁllbfl’zgg,gzp}eqzﬂjates from L-

Aspar atd %ﬁg%gt? n, & %g% Og%lnS }zjersﬁl 3((/e</+£rzﬁfbgpgb%%{ét ﬁz%zﬁl 19;&11;10 Acid

Decar Wﬁj&lzﬂéﬁbarﬂi Inlaﬁiﬁmy den @Om(;zzzonshm 2 . YOuLBH-12d46; Barton et al.,
evel op nove en and pat ee, €.0.,. .. .
(198T)spetmesrs plobag. lﬁéﬁﬁgméecﬁc 81 ée”é{%‘fest@lﬁgﬂf“(ml remistry:
sh [ 4 9- _
S, 07 UL SRS A 82 Ml o o

Appropridter Gasseninddy Delimativest Teotraledomb#hdLdBA3Orandp| Sabasinghe et al,

(1 992)3\/9%:%;& n 1‘16172% fnalogfla%.ﬁl IS&’?t??’ﬁjgg %éwdgthq?ﬂch& e% grnérboep&v]%zgpozc acid

derivaSOL ek BEBUHAR & nobl tqtl%qm&}ecke)lyzﬁfed\%i@ Jt Med. Chem. 35:4602-
genencor.con) i's optional % used for netabolic pathway

7. Seeeulgo,nTé@r iPapnt Bulglication Nen §ln2@4/Gl 98631 mm;edt‘a?r@ﬁe@aﬁgays which
5%' - L- t%go& ne in a cell. This technol ogy
is mc%@@*ﬁ VEElEtns%i sting pathways in host organi sns

usi ng a conbi n t| 0 of new genes i ncl udi ng but not
limteH PLRERQL yngaty : R %Dugh functi onal

[160] genofﬁ‘nﬁﬁura@% 1H6) |a§iﬁ%;ﬁ£kee%oh%llqg oﬁ@ ‘i'ssqgf’chéirls tﬁh&aﬁfysé’onmdered
Corporation (availabl'e on the W
when demgmng a0d repleatis® upnaiyial emlltoe@m%m&yfofr dflcorpwlon into a protein.

2007/ 021297 PCT/ US2005/ 044041 rapi dl
LT G ST R p—
unhke%{o id {%llt fele! NaGirgPdrRino REMs R RW&Y §p irltd @1} cell via a collection

the unnatural anmino acid produced with an
of prateigitneat adnipoosyyﬂtmet i cA rppidhseagenofan he doneswhich assesses which
i nvention, roduce%kl n a coréﬁent ation uffl cl ent

unnatyrg], A idn il BPOPE OB IS tHEsi 6o 6%, B8 oHEApys in. e

U.S. 86t BibIRERMN No PUS NRY04/®LoBEEN @nﬂl@qr eBroQéint araffeckhich is
the concentration of the other am no aci ds or exhaust

1ncorp©e¢te¢|bﬁ referepoeihereis, afy pits & Rc &n%fémlt%a? CohE99P Fagieasitoward the
evolutm dqcoggg\nzélglv?ztlin%;]gx(?prangeae gene oc;'e PRIMSt ﬂnﬁ‘é’&’ 8t 9E21780-4785.

Although uptake is easily analyzed with various assays, an alternative to designing unnatural
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transformed with a plasm d conprising the genes used

to produce enzynes desired for a specific pathway and
wanoodozedur al amino acid is generated, in ViVvOPCT/US2005/044041

sel ections are optionally wused to further optim ze

R A TR TR G e —
pathwﬁgtpct%%@ d?P n JBERT DRy SEQUENCE AND VARI ANTS [ 164] As

scri be ove and below, the invention provides for

nucl ei gl fles POl LGP, gguences and pol ypepti de
am no ) - g., s and RSs, and,
[161] €. 0. Magip rb]ilf@hﬂlb@(}il@ﬁhﬁ?yﬂﬁlrﬁﬂﬂ&e}dsmmm% rfgr g=i groduction of amino
seguences. Ex S 0 ai d_sequences e. ., .t RNA )
acids agPtRESCOmROTIN o VBRI e et GRRSkAS for Graatigulargnmabip] amino
acid xrfap%o%regis‘fviiljl Inﬁt"i’lpéf riﬁcﬁﬁ(ﬁhg but Rat lifnri‘t%ditavﬁnz{ tQN ths iMRhtion provides
mted to thosé sequefices di scl osed her ei n, e.g., the
such nistiodsl &or eQmaplepbiosyithdticvpdthwayspioe oiugdterat frainot deals are optionally
i nvention ﬂ' SO &)({iovi des nany rel at && .and unrel.ate

lat ed
generaiedoiiefiet Lol it AIYIAG TENNERAVEIRS WeLeriyay FHABE oSk oyl pathways.
Additi6Ha AN Bn A 9 & EDP Mal B h A RPy o[c&ﬁ%’hﬁ TEagyrhey enhiti@Rially evolved
provi des pol ypeptides (O RSs)” and polynucl eoti des, _
enzymes.g. ForOexahiple, thsobjaspinthesis i afep-antimaphenyleldaing @sspresented in an

B ASBSD DTRG0 ST SRR P SRl gy i

relies & tHeNRIARIDSEY ciniBifftionCsY kndeinudeymeh ase sthat orgatieds. The genes
proteins or polypeptides of interests of the present .
for thesavesayingh oo ts iBedused inter @ ool e transfermeipa the gell with a plasmid
comrfil 38 o NUSLE SRR IS BE B8 Mol Y BNt ptia
to synthésizedtid dairse gumpoendas Esanplesiof the typanyf emenek tBEQré Dptionally
NO.: 1, 2,. 3; a pol ynhl;’i]l‘ eotl'ﬁcjlﬁ 'trgait i s conpl enent ar¥
added tage PEPVidedcignidiersxatplie RAIW-atddsHitionad eaprmessiqqpnges yre Topmd, for
cxamglh gL AR R LT 0P SR B ARK) e o o cll
the sabwemanubstlanthialhannt) ethe n¢dliutar| wagitihergf attdcheesousegiad a cell are
.acid is a polynucleotjde of the present invention.
mamp[ﬂf@é]toﬂ’FPdé‘é?Pé‘?aﬁ“réﬁﬂB’&’ior?ﬁ s, a vector (e.g., a
plasm d, a cosmd, a phage, a bhacterium a virus, a )
[162] naked paisineé| methpdie are, ava by SreBrogBips oveb prganes for use in
. . ) | Ses u e prese :
sl p QTR 52 RTINS Gt PIRE Bl s
recomBXPli@§Sd. @Nas dWRIARA W ORLER9ZerPThe¢. S24 D10 Bkl Workictade Web at
I n anot her enbodi merdt t.he expressi on vectar itgcl udes

maxygensPBhotie PPEPRALNLYSFI| 1onHeYFlen NogHe S Wdopaififays:  See eg.
Stemngé?nggm}S@iﬂ%‘?&uB{m b}gg PPERSEMilrD G NP V1A NBRRE B70(4):389-

a cel nprises a vector that includes a
391; gud] Bremorherpi(1904),0DMdnhshufilieg et randewnftragment @i indnensedmbly:  In

viro bt G ancll SR R AR S0l 4710751
SimildrQf DRXSAPIE™, CRRERBPYE YV Getdcoi(haiabRfl of ge dV&Gd OFRIE Web at
séquences that yield a functionally identical

genenswqpeuricie eptionplic usefefori metaheli¢ pagtayoengingsringne g gp engineer a

pon o AEFA O RS SPHHES OB S5 hActs csing

pathwBRHHEEE orgahidme ARfgdes@abihatidieof Nsd geied, inoludig but not limited to,
invention. Uni que subsequences of ) ) .
those identified through functional genomics, and molecular evolution and design. Diversa

Corporation (available on the World Wide Web at diversa.com) also provides technology for
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t he sequences discl osed herein, as determ ned by,
e.g., standard sequence conparison techniques, are
wa@baa/oernet uded in the invention. Conservative PCT/US2005/044041
variations [168] Onm ng to the degeneracy of the
...genetjic code, "silent substitutions" (i.e. o
rapidlySigRenIg TGS GfEeRcT R &6 P W&Y%é&ﬂ&ﬁl@&e%fl%ﬂﬂa%e%t& to create
neWpd’d?\ﬁé:S’st in an alteration in an encoded polypeptide)
are an inplied feature of every nucleic acid sequence
whi d ATl GiChéld prbdickd ity af EXAtHiYSmtheti
[163] am ﬁ@*’z%?‘& ??fbgl{;}f u Pgrrﬁ%& h‘ﬁ% p(?lr)](gﬂégg \gﬁ‘l} g{/lv a ﬁ%o acild§’n eHe
pathwdyrofahe pesimidnwenition Sgsrudued ian eoseensbiiomsietcinnt for efficient protein
) different amno acids with highly simlar réperties, h
biosynfiiegisarge # MRl colida pmPwR- HUt ot g HegH e i 45af0 gect the
concerfiatlbs %E ﬂ%egthff‘lozﬂﬁ bUids oPekRsPBRNIMAEL M cesY AfypRlal BMRcentrations
of eac I scl osed sequence are a feature of the _
produded egento iinvthist mamner [ 46 HboliChdH seM/ & iabeuty 8.05 anMonsOnagf a cell is

a rticular nucleic.acid sequence, refers to those, .
st B eSS SR B ek SR e for o

specifib %%gMagaindaJH fthafifr b3 URRCR SsenifatedMIET®0 sblBELidHY Gr€bftionally
aci d does not encode an am no acid sequence,

to .
used tesfogthen aeptimizedibatirodiction fetheesnnatiutple aminooaeil HaF poth ribosomal
¢ .Skil.l in the_ art ; i1l recognize that individual
proteingyniests apfl SR 8% et i ons or  additions which alter,

add or delete a single amno acid or a snal

2136ESEolRNEE: SREPYRkiRRAYeNCe are

S, vVt ety o0 eVl 1 UTTS Ul
[164] " CONAET yabiiv&l Yabobeli dride belowgr t@ntisveniber profviies for nucleic acid
alterations result in the deletion of an am no_acid,
polynugtpatiele erruencesiNdFORMEP AL FMINgrackl JeguencEs,icof, BYNAF and RSs, and,

am no.-aci ' o Lcall v sim am i :
e BIRRBUATLE D SRATEAL HiS N LRL LA b T Smuences,
e.g., IRNAUEAGERSS atdéisgloasleirein N\Eowever, dnecdflstkdl in the art will appreciate
substitutions of a small percentage, ,typically. |ess
that the fsiention ismy ém%l?eﬁi te 5111959 SF%§°§SAW%W9%2%&H’ (?rg-’lt%3 %F‘mples- One
. . . . Ty
or s U0 3, 28,5 A0 ALY BRI RS M scqences
with tleofnaetionatdeseibed hsteirt, etg.,ancoding pn OFRNAddan RS of
sequences which do not alter the encoded activity of
[165] @ NUTh&inve@idrtprovides pbigperpided (@R Ishand goliyhidevtiles,&.g., O-tRNA,
non-functi onal = sequence, is a conservativ varlatlgn ,
polynusfeotiles il eucade I&RSs a0 Rortiond theseak (Piigonycleotides used fo isolate
. )/ 0 4 1 i i ' ion includ
aminof TR0 03R40 oL ), SRRSSEUBNI oMbt ion
those thadeticode préeas afpodypedbtidesyofsikidrests of theeprasent irMiertion with one or
foll owi ng ei ght groups,each contain amno . aci ds that
more sleeterotRSBRy o ST PPPIRFFRHES <) the RessE i gp ion pcfide, e, a
i isinSatk 6t GRequleeAR RaN bith iRGhFodd s SEQ ID NO.: 1, 2,
pdyn@%’?lgﬁ?%%?flgg( B 3) Asparagine (N}, G%?_am’ e (Q);
3; a pelynudigitide teat (R)omplermentery(ti) or Bjonsgyhavrcyat@tipn )hereof. Similarly,
Leuci.ne \ t hi.oni ne Val I ne . B) : :
o mclefrorg AP LS 5Ty PRYRHHe R inifoptah ey s highly singent

conditions over substantially the entire length of the nucleic acid is a polynucleotide of the

present invention.

[166] In certain embodiments, a vector (e.g., a plasmid, a cosmid, a phage, a bacterium,
a virus, a naked polynucleotide, a conjugated polynucleotide, etc.) comprises a

polynucleotide of the present invention. In one embodiment, the vector is an expression
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7) Serine (S), Threonine (T); and 8) Cysteine (O,

Met hi onine (M (see, e.g., Creighton, Proteins:
wekeaoe1zees and Mol ecul ar Properties (W H Fr eeP@rnU82005/044041

Co.; 2nd edition (Decenber 1993) Nucleic Acid

bridjzation [171 aratlv riidi zati on ca
vector. &b apqther, eaémr%mn [CEPIESARY ¥ %fl}{‘gﬁéespar Rogper SPerady inked to
one or e HritRD olZH&ﬁeﬁﬁle§g@tﬂe i 1nJeent%n ' 'h?'aﬂ&h&gembodlment a cell
conservat? vari ations of nucleic acids of
comprigees eettor thateneludes, a prignuchioside oﬁﬁarpmsenfemhgmmndl zation
nmethod is a preferred nethod of distinguishing
[167] nucl @h€opekilllsvildhisb AppRtatahit hmpeviriants.ofltie dnddosedmequences are
target nucleic acids which hybridize to th g
11101Ud%£1:1113|§13r1§]6"?“é1§§nt@ 659%!9@09@6&@“3 Varigligys Pfﬁﬁﬁ elost sequences
that yig ldt & ?ltu{b'tlgﬁalga al slé 1dle ;éké L RfHedNnShe | Hﬁ\%ﬁﬂ@ﬂ Variants of the
conditions are re o e present invention.
nucleidaaid |p6!iynuf:leo’6dﬁl heqlwnbm, cw]ameldsthen&hmams thybsdizei toh abrieast one

] or a few silent serv ucl ei ¢c. aci.d.
R R TN AT T
the segfréiiéE Qﬁsc[lcfsla Zerbin! 88t aditialifdc bgc et | §taﬁ§ér§ §é§1uence comparison

pecifica ybrldlzetoaproenuc eic acid when it

techm@ds,rardlahsesndudddeaﬁe ivgerpnwel | to the probe as to the
perfectly matched conplenentary target, i.e., wth a
si gnal Coisenatise virgdtionsat | east 1/2 as high as

hybridi zati on of the pro to th tar
[168] cgnd@i"’il%@l We\/\ﬁ?%ﬂﬁ‘e‘iagié ‘béﬁ%(ﬁ@%lcw&? %ede&Pgbsélbgfthd%nS (e,
substlt{lﬁoﬁsh Paniieet dovd Qa{u%ﬂ@éjwhﬁsﬁm BOEREAS ¥ i bl6ttivh i ad encoded

to noise ratfto that is at | east about 5x-10x as
polypdptlgb‘l) @s antiatplied fsxtureed ey twglsid aliid acqusnce Whmhyer@pdqsr@l amino

hed target nucleic.a 17 Nucl ei cid
wia. RGeS Bl FHER hE B GPundd 3h al Ry  f Bh0 acis in an
amino %@id%h@éhce BEC BBt teAGHHS difpehink Binff AUE Wih Bighy sifilildr fioperties,
characterized physico-chenical forces, such as

are alsbydadmlgadermfwdu asdpeingdligldpitsinaitasite sidiselospd sensiugk kKPYEy comeprvative

hrase "str n ent
Vanatl%snﬁé etafg ﬂ?ﬁfg’ls%(?%elqg’ech LD dit's ﬁgthlc%%‘()?‘%sgl\?vﬂ lﬁg%#tfg)ﬂst rengt h
and high t erat.ur.e 2007/ 0212
[169] pCry LS9y BsoRT iRHad 1 narél\é@awclewﬁcf fpqugnes, g to those
nucle1§ LEHOYRI GRPEE fdeRfS] Br E§s@§tﬁ3alw idbntftuPahHoZRid SequbiSees, or, where
target subsequence in a conplex mxture of nucleic

the nuakmodao@d doésumtit nagccbliﬂ amaiinioi asid saguense, tooessentipdlylidentical gaquences.

RNA) but does_ngt . h t r
One of e‘lfﬂ’é’ﬁ}clyeg(l\lﬁ o g %% ﬁeg? PRt ﬁéat n\{%ni g%bss ﬁ\t}gltogg dletions or
addltlérfé Wwiieh BM&Y bl gRddian astlngléJ eh@ioCachE bels sﬂnsll fp@t&dtagﬂ of amino acids
Tijssen (1993) Laboratory Techniques in Biochenis

In an mquqdﬁeggmcgrarqg. @pg@yauwbmpgqﬁfgtvpgw%st RT N*tmsg*lvgtwel})r/ modified
Varlan@fg IVF] %?I aﬁt %mns res gllﬂaiﬁttﬁé gle?orpt{? 51¥ 'm?l\%o {101@%&?1% &Ban amino

lon an nucl ei’c ac
acid, Bf QshEstﬂﬁﬁ(ﬁy $),f ‘ar( Bhegyiseid vhﬂﬂvaYdtiﬁmallgs smﬂdr anmnon acid. Thus,
Ausubel et al., Current Protocols in | ec

“cons@y i usgyariations) of pdisied RokPeRHdy P?Pélel(mﬁg o Rt IpipsBton include
s 8 A, DAL om0 s o 2

or 1%( 428k )anGad acils obae IyiRbtiRe wsemxte ®ithor ebnkrvetevedy sglected amino
P Oxf

acid of rt}?es game cor(l)sregvatngg %1|1basrt11(tjut10|r_1lagroup [ﬁjle addition of sequences which do not

alter the encoded activity of a nucleic acid molecule, such as the addition of a non-functional

sequence, is a conservative variation of the basic nucleic acid.
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Hi ggins 2) provide details on the synthesis, |abeling,
detection and quantification of DNA and RNA,

wo p@ocizog ol i gonucl eoti des. CGeneral |y, stri ngR@T/US2005/044041
conditions are selected to be about 5-10 C | ower than

the thermal, nmelting. poj T, ,.,.) for the specific . .
[170] 5 oqueFRSENa1iYS SHetiHiE tabls, 6°\§f12nsr§vﬁm§lﬁ!1y il aminogacids are

{ &IPS AL sinnd e sef M8dollORinG eSitt PRASIPY caBhlcotath ami
knownnﬂé?}lélc conce}ﬁ?rati_on% at vvhigh 561/00 %e IJgrobes o
acids thatrapé eorsatvatiye substitubionsafogene hydthérdi ze to the target

sequence at equilibrium (as the target sequences are

1)  presenAlaninedd)eSlycinat(GJm 50% of the probes are
occupi ed at ilibrium,. Stringent conditions may be

eq .
2)  those {RPARHG %%3{1% (dyfapiic gdh &kt ration is | ess than
about iSONU L2 Rine dBi cal |y about 0.01 to 1.0 M
3) sodi um%sﬁgéuzo ent r at fnc?nd?’or other salts) at pH 7.0
4) to 8. 3AsginintiR), leomperB);ure is at | east about 30C for

hort be, ' | udi t t lim ta,. 10 to 50
5) f]Uglr eogfg](gi’ggl)%e &ﬁgfeé‘lléniegg%t Stﬂ}gl%’lm%@@’ #J%Eme Mg pr gbes
6) (i ncl upih Qg1 Hind\@, Tﬁ%ih@@Y%@ryﬁBﬁ%QWﬁ han 50

nucl eotidés). Stringent conditions may al so be
7)  achi eveeing (B Thneonark(T)i vl of dest abil i zi ng agents
such a

f i de.. F |l ecti i fi
9 hyori derorO. MoeRbe 8L Gnal “ray be at | east o

ti mes . hackground, . optional 0 fines back n )
(see, AT ESAEES: SHUPAFS @it Vsl R ar s Y ot reeman & Cos
7nd e&@g}gmécgﬂgﬁ ganybe as fol lowing: 50% formam de, 5X

SSC, " and 1% SDS, i ncubating at 42C, or 5X SSC, 1%

SDS, i t : - with wash in 0.2X SSC, and

0.1% S%&%% y i gtlolWhes can be performed for 5,
[171] 15, GOmpai@tivd APbridivativor eannberusesisto {demully rAwlex anps edfahe present
ventet RS L O e Ot B S B0 s orthe
presen%'qu%ﬁ'Eﬁ! %HEr{fﬂ%r YorhSat hitHE ByBidigatidnl hRfhod I3 & REREREI Rethod of

or rthern blo f h

t 1s 50%fornmalin wth 1 ng of heparin _
distingafishdZOauoléit lacidh ef theyjresent raviehioon. bl avgliticay, target mowgieic acids which

.overnjght. An exanple of stri / condi.tions |sS
hybridfpegodhd udeie etk Tarogsted it ST ol 35 piGE Mt Wik, andvor
ultra-Bfra Algh stﬁﬁgﬁﬁ‘yl @hdfdoffiafga LathRPEN fleQir¥senMaiiéation. 3MBkamples of

ed. 2%01) or “a description of SSC buffer). Oten the )
such micgic sicidsnigehidy thasshwiith onanor 206w GHeEogr conservative nucleic acid
w stringency wash

PCT/ US2005/ 044041 . ded .
SUbStﬂiug'r?se?‘Fo‘i?glp%e g Fo%‘ﬁeglrlg@g%gg%?é% uleL(g)eAn exanpl e 1 ow

stringency wash.js 2x SSC a ar,, 15 mnytes. . lLn . .
(1721 geneharst thoiiigiti] Bisgitages FotbguBrdisk 1 BProty Hiskg acid when i
hybridiZa"t 148t 1,0RSeLY ROhE ProttasUidrigé Ei@sktR ARBhddIcdhflementary target,

particul ar hybridization aslsl%g] i ndi cates detection of

as

i.e., wathsipegid ite nbygb ratii Atdeisdie ag ‘hsbriflizaiéer: of the probe to the target

hybr.i di zati op. h copditions' in_ the .con 0
under RoBRE 3y SRR DS ORERussh Prabp BB hy Fortecty matched
complSRehiALY frgheifNos §iBedlNo MBRE irsliz &ht BNS 1QAKLaRRAYBLIIOR as high as that
dependent, and are different under different

observed\for laybrishizasion parmnel the snmpichebiarasbgudeic asidshybri di ze
specifically at higher tenperatures. An extensive _
[173] gui d¥utleict Aedhiytirdizeétwiom ey asseelatd, dypicallis i solfidemd Nucleic

. n Tijssen (1993)., supra nd in.Hai nes. and H.ggins, 1
acids ijeriates S5 S alippngbaCih ST e B SRa R BRes such as
hydroSQN 8bAdiRE SsdtAdht @&8hikionb Bastetiasiihd @fd appilikecairhy phédse “stringent

any test o _ _
hybridization conditions” refers to conditions of low ionic strength and high temperature as is
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nucl eic acid. For exanple, in determ ning highly
stringent hybridization and wash conditions, the

whgdwiogizeaat i on and wash conditions are gradual PET/US2005/044041
increased (e.g., by increasing tenperature,

decreasin sal concent.ration, ..j.ncreasi.n rgent . .
knowndigrfBe Aty a maaliyn dPder Singe SiiORhe Pz‘:(zh’?g‘aﬂfflgttrﬂﬁ%? gy 1ts target

subseqaé&%% G 3%9{ \1&9&&@&0& AR 1 ORI InBlulith gt tie nBY hitdd Z& ttbt@Ncellular
or until a selected set of criteria are met .

or 11brﬁgrDI§AmrdRH A) tblue dbssondt diyksdize o athdr segsiances on dhe ¢anplex mixture.

rad ed unt i.l robe bLn S t0.a
An el S BRTEre R e s owda it e (1999)
Labor&t@ﬁq?éc%ﬁzqru@.l; 'erBU%Emis%@ﬁzd'M@l@Eulé%Bﬂﬁ -Gy vagliddiieh with Nucleic
observed for bridization of the e to an

Acid Puobest vl chartgez, “C[)\aem]ew Qfeplynoml¢$ af &reridigaiesi andothe strategy of

e .sel ected r A pQai nt
muleid Wit FoPe it QS p e O Mo B A Pl Corvent
ProtocolNH MoldeflizBiogoNii 995t TRmeshna Migghh (1995) @bn@hrob@% ORL Press

the test sequence ggbrldlzes to a erfectlg mat ched

at Oxf@qdd@@vemﬁy Prase Qfopbdaglands (Hames gpd SHaging hak ilgnes and Higgins
(1995)9§Qneﬁr ﬁlolb)és 2 IﬁLgﬁée\é gté {)k%ﬁ’? 'ﬂrgvéi%@{) Pfjéséa(t)if 0 vvé;%}%ilw ames and

Higginkm)fgovidb elesailg cirf the gﬁth&as Chbdin@ ddetiiore dnd qnamilﬁcatlon of DNA
strength, and. pH [177] [ tr h-stri ngency"

and RRhrndidine; SEoaeiequdh o bt ordage! RBGEOTS, apgnselppted to be

about 5-16° C 34w EMNERD G tﬁérfrm E{e il 1'.1t Q. PRE. tﬂ@sﬁﬁcﬁﬁ%@q&én@@ ft a defined

are 1 ncreased unti tO nolse rati o
ionic striengthpdl.oThe A, ip tiebtentperative (pndeﬁ‘ defihgd wmocstmngth pH and nucleic

conpl enent nucl ei c ,ac
concerfAT L WG SOHaHERPtr S RER L P o e YL ot tarec
sequeﬂée MRlGheHriua GRlthS l%&ﬂg@t! &qgeﬁc,% are Présaitdat extbss] at ¢,260% of the
whi ch "hybridi zes to a probe under such condi ti ons,

probeswire mcaulstc@; rélequiibrinm) s Stringend conditions magtbeyghosthin which the salt

coscEgRELI St BT SOTRRERTLA AR B Fbsocium o

concertfioR 46N 6thef SN hi FHSL.O td"@a’?éiﬁ%h@i’ékﬁ&?ature is at least about 30°C for
PCT/ US2005/ 044041 [1781 Simlarly, even higher |

short pﬁ)b@t (pmqigbng putaet laiterd Cérlﬁ] taeof Wie@ﬂg@ﬁ) gﬂn;iyit least abvoult 60°C for
long p{(h &5 é]lciul?ign Qlﬁt {P{q%ﬁlgé te?rﬁ%no NRSEhR I_r&d'sttljn?%ﬁt inditions

SVat ssay of exa

may alsd M‘é’llaél’ﬁeifédevﬁﬁlrﬂhﬁ %ﬁﬁy)n%f bgdabiltiiagtagants anch washrmamide. For
conditions are increased. . until_ the si to noi se

selectiyar 6PHGR BYWHIRGIASH acELigE GHESot BAHRS §URFseeypyimes background,

optlong%gﬁb glgys %%8%(8%9@5%(1#2@% 8)e(tEé{r%H%Dar%é th@%bﬁ R}%ﬂﬁfza{l&‘? Sbnditions

can bealsSellvwenhgf 5®%rfxbhna1d1d:ca5XtﬁSG andhY SPSt lhleubathat A2, or 5X SSC,

0 e b S o S 55 6y SR St vt

canbeatl gj;aﬂhe&%r@o'ﬁ%d @blpzooﬁrmalseﬁlﬁﬁ%és Vz that of the
erfectly matched conplenentary target nucleic acid is

[174] sai dpLo ¢ Qbﬂg ftlt%ﬁ%é%tj 1 lﬁfﬂ%ﬁ%oﬂ! %Bﬂdlﬂgﬁsr V\% %E}%ndlzatlon of

stringency ei ¢ aci
compla@tntasbiicléiz ecide wadhhatehaoreuhaied 08 tomplperentarp neidues s a filter

in 2 Savihern PRAPTENBO BT GOKBSTRNEI Iyl TdePt PERFIN S G with the
hybndl(j Zsal?lﬁ{gl %lb]ﬁlg cgmedvmﬁ %Vélal (ﬁ%?'y A?)fexamgﬂzcéfeétﬁng%ﬁ{ ki cHIRHR s 2 0.2x

Maxi mum co
SSC wash at 65°C for 15 minutes (see, Sambrook et al., Molecular Cloning, A Laboratory

Manual (3rd ed. 2001) for a description of SSC buffer). Often the high stringency wash is
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degeneracy permtted by the genetic code. Unique
subsequences [180] In one aspect, the invention
w@e@viogees7 a nucl ei ¢ acid that conprises a uni QRET/US2005/044041
subsequence in a nucleic acid selected fromthe
se uen?es of OtRNA's and C>3§§ di scl osed .hereip. The
precedgfl; byu I QVsEEgERRE B2t to FeraRNe DACKEIOHPA PERPS HEaaln o gxgmple low
string AL R 1 B0 GRC A A (.0 17RO e SinaPlHbiep ratio of sx or
higherdisthitg thae . gbserveBLAS Tars @hrdlaedl pichdl in plaer paeicelas . hybinyization assay
. .. unique subsequence is useful, e.g., as a probe to
indicafeg dgtertiqn Qfiresnseibicdybridiiplidt of t he present invention.
[181] Simlarly, the invention_ includes a polypeptide )
[175] whi cKSebwgprt debridization eashs gprdidgensnic® ithe acopéy pelpmugligic acid
.sel.ected f.romthe,s 0 i ed-herejn
nyoridf GBS Sl S B SRt olnds NShet, BGOSR B pquence
dependerOdndoapt didfercad ih&sPdin@ieng ehdir@myer®dl pakarosdrs. Longer sequences
_pol ypepti de sequence. [182] The invention_al so e
hybridigeosnegdisaliy @t thighse tCHPIPEIS. aAnFXIHSIVENSHY® 1¢ dhe Bybridization of
. . o . . |
muctel§ 008 fo PR IO QTSP OR0L) St S i Bt 60 3100ne L and 2 supra
Stringentigbyifeptiordendsehshcdonditione war besily b detecmmed fen®iiRSdly for any test

wher.ei n_t he uni gque. supsequence .i uni gue as, c ar ed
nucleig oacé(?'poleb ePERIHES: c Bt geﬁlgn"ﬂi?fﬁ ghlg]glya Ryngenty ﬁ@br&‘g%}o& and wash
conditggiﬁ tﬁg{ﬁgbg&ﬁﬁticﬁr £hd wadddloRRiiRhs SRIHENGES ilflcfrgﬁe&’@é gb by increasing

ses of the present invention were derive _
tempeeatgre, dpgreasing asalbnjonceitiagios, siecugasieg sdefergenfetconerntietion and/or

. as ted above. 2007/ 021297 PCT/ US2005/ 04404 e

inereagig 1B GanEBRBaTT S5 P ERRAEP LGS AL HOrBIB): (1a Bipidization or

wash)! @htiBa ‘sbideiRliisetbf chterRemreembt. " FoeBkdrhple, tHeMhyHiRlization and wash
context of two or nore nucleic acid or polypeptide

conditéang e gradualyeinereasas wnid aqrrobrobiads gy perdestlyghatched complementary
supsequences that.a h . [ i e

e SHBEEAUES8 B b0 I B e a0 Y B cBRFELL A gprivaon

of the pkcdelth an saiBichedbggetconpar ed and al i gned for maxi mum
correspondence over a conpari son w ndow, or

[176] desi GRRLLErinedit® Bondfioneas YElBsed & HY ed{gﬁx‘? t®thetth@mal melting point
sequence conpari son al gorithns described below (or

(Tw) fot heertizhigo piabienthe Taiik dlis emperapse {ondsr defiapddionter sfrength and pH)

o w105 5 Sl AR ol SRR S PP ppose
of thelpi€ehi B@kntion, Bedd?gll g ORI steihgéntd hpbiddigdtionodidd®ashr conditions are
ol ypeptides (e.g., DNAs encoding an O tRNA or O RS, o
selectat ta he abnind°Gdovers dyuethe eloforathespeREy seapencs atx dofpned ionic
I npre sequences or subsequences that have at | east
strenglp kP 5006 about . 80% about 90-95% about 98% about

99% nmor e nucl eotide or.am no acid resjdue . .
771} dent UGS PR RGHEY T BETHIaN FB S0k BIER ffbose in which the

stringg&g_rcﬁqggﬂgf%ﬁﬁ& NE vadh SONRABSASAR indMdIdPWntiPthe signal to noise ratio
edignated region, as measured using a sequence

for bimdbingaf ths proteltgdird perfactly mabehisd comaplegeaniari bas getwaicleaiicad is at least
10x aéﬁig@%ﬁﬁzﬁscgﬁ%rv% gcll)f a};b\{id?zkaitilorll t(i) Qn}tf QF thaerl.{n).ma%hela%arréaep Hl?(!leic acids.
A target nucleic acid which hybridizes to a probe under such conditions, with a signal to
noise ratio of at least % that of the perfectly matched complementary target nucleic acid is

said to bind to the probe under ultra-high stringency conditions.
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i nspection. Such "substantially identical" sequences
are typically considered to be "honol ogous,” w thout

w0 edogene® to actual ancestry. "Substantial | deet/us3005/044041
may exist over a region of the sequences that is at

| eas out 50 residuyes.in |l a region of .at
[178] | e actiniigebic Vapa! é’@% RS Ofo§“ 08y B § sttty by gradually
increa %H{e %@idfz%ﬁbﬁj H&For @Es}PcY(ﬁfdﬁd?ﬁ drithd rél@vﬁﬁi hyafdizdt@ntaé@y. For
seguences to be conpared. [185] For sequence
exampdfo rthesei is ovhicn dlehxinngfmgy Od dtybridizaten and Wtaylp icerditignsopre increased
until géﬁgﬁ do gﬁ%gec (a;ﬁtégr nc © ﬁﬁenc et % V\ﬁl;' C!Bertfecﬁy matched

sequence

compl&ﬁ@lﬁﬁ&ry' 1830t ALYAE héiAm .':11t 1@§§t IQKd ZOXf 076 NODXS 06 YO0IK @8 nir€ as high
I nput '1nto a Conputer SUbsequence Coordlnates are

as thatdelsseyredt fod hybmdlﬁ@tms@amw ohfht wapuiehrdetasgeawriekmpcids. A target

nucleng 6%3 g\a\m?glwbgll : ghs %ﬁh ﬁl%s cﬁlt ?dltl {%ﬁvﬁﬁg&rjggﬁf} ¥ to noise ratio of

at least e0hanN6Lthe RAfLEH Yy malched t:bxﬁpleﬁﬁeht@ﬁ wrgé’tQﬁ(cE)c aeitias saié to bind to
to the reference seguence, based on the designated

the prqbeaygderylirpaitearaigh ﬁ@mg[sn%jon%t%ds of alignnent of
sequences for conparison are known to those of
[179] or di Naelyicskidswhich dnsotarybridgsttp wa¢h ethpiisienstriggent conditions are

T S R -
This cféEﬁhls eMat Wher? a4 of lgﬁilclelc ba)éld e charsal agye ahd @xdAtm codon
gorlthn1of Needl eman & Winsch, J. Ml . Biol. 48:443

degenqrawmmlmgdhm@egeaﬁt@mfler simlarity method of Pearson
& Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988),
by conJuiqee sehsdquempesenent at i ons of these al gorithmns
GAP. WO 2007 021297 PCT/ US2005/ 0 4041 ESTEI T
[180] FAsﬁE% o (SEEE LA TTTPIHRB RAPLET &1 ot dpid, BB Spingises o unique

subse(%lgﬁcl,‘ealﬂ% nueRAEhdig SeleétodBohtihe @@iéﬂcesmm An€ endd0-RSs disclosed
di son, W), or by manual alignnment and vi sua

herein;j an:‘e@I‘[lq@m sq@g@egcg is unigeg perompargd to amuckeihpcid corresponding to

r ot r_.Bi (
any AN W) B P (BB MR STB et o
BLASTeded fttNidefang ﬁ)ﬁﬁlﬁ&@fs sagyamigie subesjuehse Bnakefidu@NCcB a probe to
simlarity is the BLAST algorithmand BLAST 2.0
identify|thepraleipacidapf e Projert IgEERIONhed in Al tschul et al.
(1997) Nuc. Acids Res. 25:3389-3402, and Altschul et
[181] al . , SOuilarlyblthe Bnwéntion1 Sichpies 4a Polyatie mphmmrfssﬁ a unique

RGP T AT AL e RN BB i s,

the uﬂl(ﬁlfeoélfﬁééq&ﬁc@‘l/ﬁhﬂuqtié Qs abnipafedVior & (i)ol})ﬂéﬁ’@dé/‘é&'rﬁpondmg to any of
nchi.nlmni h.gov. This algorithminvolves first

known prlipeptiie SefUSNefh scoring sequence pairs (HSPs) by
i dentifying short words of length Win the query
[182] sequ&he épventipe ralsce pravedesnior cargst ngaltelcs fgidg oych “hybridizes under
ve-val ued threshol.d scor n
sins S FAAG5¢  Sa ERCh EEh JAED AR s
in a pb @ﬁt[cﬁ:dse'lééte‘dsﬁélﬁeché] %é(ﬂféﬁ@éshﬂUO W@h&&ﬁf the udiqiesfidkeuence is
tschul et a supra). These initial_ neighborhood
uniquevet eothpared e pab/pg@eg’scmwpondma foayref the &P%qﬁ@mbaﬁephdes (e.8-

parentﬂq %ergueﬁ) 9 ﬁf]r&)ml_ﬁvlﬁc}? Qﬁ{tﬁ‘étgseg %fttﬁg 'ﬂi}esyﬂt Qb bE R &rfed, e.g., by

mutation). Unique sequences are determined as noted above.
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both directions al ong each sequence for as far as the
cunul ative alignnent score can be increased.
w@mmloatbve scores are cal cul ated using, for neCt/@stosiei4041

sequences, the paraneters M (reward score for a pair

of natchlng resi dyes; ,-Ima s > 0) and N (penalty score

for mcgneicesomparison, ifentty. apdpgraologyy  For anino acid

S eq S onfékkt 68 HAS Br H@?e nucleic
183] 2o ARR s Jq8RRGr E‘Etr’e@ﬁ‘ensfﬂoéd%‘?“? oA okt SERRS Bk
acid oxopcﬂgmpntlda sequeenbes, tefdr tohtave: or hee sagences oy eulmeq@ﬁnmthat are the

ore fall ff by th uantity X from.i X um
same Oég‘HY%% seeciBedperceniige O RING AFgetiee fd’&&% ofiges, fiitirg fhe same,
when ed Guie ah ddRr eiﬁ&)&iﬂiﬁhﬁ&ét@é&p@ﬁdeﬁ@@ oQér ﬂ‘ébﬁlpanson window, or

ative- sc r|ng resi due alignnments; or the end
des1gnae<ﬂ negiors exgueerseredsisingaerteeef. thﬂseq@lnmstrompgmontal@ﬁmhms described

vto B3L 38 e RSB L 4 90 308 manua

ahgmn%thﬁQﬁgﬂfnﬁﬁg%@ﬁceS) uses as defaults a mordlength
of 11, an expectation (E) of 10, a cutoff of 100,

[184] M:5dT}{é!:8ﬁras§ n@uﬁstﬁﬁgﬁgrlﬂéﬁféaﬁ iRAHE kxR T: tweP udllcNQcids or
guences, the BLASTP program uses as defaults a
polypeptided| (e;gg DN AV\Enexfding ara(a-tBR@eglt @tRan)r (1) amigp agigl segwrnce of an O-

RS) re efgé%)tw%lgawggorsﬁgs(%h{lgrgggg% rsuk§8 Teng Fﬁggﬁ%%gi@egﬁnﬁbout EO%, about
80%, éﬂdug @W% 6BBut098%R0 abdit PBIVA airi @Bred EhcledtideOor Wibuo acid residue
4, onpar i son of both strands. The BLAST
identitg) gfbpmtdmmpasect yﬂgﬁﬁ) cdighed der IRAKiFEEMWEeIFespprRdenceyQver a comparison
exi t filte X | Lt .
windo§ SRS Lol MRS O o LBl Bt Bk or o

algoritBing @vilbre t@' pesonp of betimBy éklﬂtlﬁltheSdrt)CbaIbyad‘imiuyﬂsalfgim‘ient hed visual
simlarity between tw seqguences (see, e. Kar |

&
inspectpgn. 20 Py 2 ispbstanicatlyUsdetisplo 4 aesuences| pisc mwalbr gensidered to e
“ 78
nomofputy” (AL effiencr {hla Bty " DubiAREN Magp R may eyt overo
reglonlo‘f tlﬁeh ?Bﬁdels elsdt is uimepst @abaunti 300 teyid(&Y M) [engthha cdgiq oﬂittde&t about
cation of the rob ility by \/\hlc[}%@&?{ h
100 repidpeiedh % VIR o] BoETIEDBRL il Troidiet @t Gk Rty of the two
r e. For exanple, a nucleic acid may be

Sequen%gér:]{sélbcfke)%ngﬁg%n lar to a reference sequence if the

smal Lest sum.p f e
s 1) Lo BHT-PE AR b ML AR, oSS s
acts ad dsferdheiieqlerte thagsich feanscgbenties Breddompmred. eB&ieh hiaing a sequence

about 0.001. Mutagenesis and O her, Mol.ecul ar Bi ol o%
compayiseh Alegridyn | tfstgﬂndﬁ@feyr?ﬂ%wéwna%s AR Pi9eh CryBYCfubsequence

e d d BoritHhy U pimet

cort 16, B CSERLAGY TSR ORCR0CF St RorlH PRLEOR e
designatedu mhe @eqmbﬁcs equpasen alygayithne tmnmb:nla@ﬂ?‘ptthaypm@ntfsgaanyldentlty

site-directed nuta enesi s in accordance w
for (e tsvieH PR TCRETRGaDe THREPR ST PRTS Peredetm e deslepaied progtam
paramSgAUENCcE may be prepared by chem cal synthesis,

Including but not limted to, by using an

olig 0 h 1 BRhi #eth f
I e
ordinaée sitilleid tho by p&pitinge aligamentprietguabssy fos ebeprrismg ¢'c’lmd83econducted

eg., b%/o%%nl%)cztﬂhﬁct)mglggyfa?go%{tﬁrgl c|>fn S;nl?tﬁ Eowaté:ne}llaln A%VMAXD%IP M?lﬁl 2:482c¢
(1981), by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443
(1970), by the search for similarity method of Pearson & Lipman, Proc. Nat’l. Acad. Sci.
USA  85:2444 (1988), by computerized implementations of these algorithms (GAP,
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reconbi nant pol ypeptide will be produced. For exanple,
several small oligonucleotides coding for portions of

wo b@7deedT ed pol ypepti de may be synt hesi zed anBICT/US2005/044041
assenbled by PCR, ligation or ligation chain

eSS AR 597 a5 a5 Wi e oo Cenetics

Comp@ef Grﬂﬁ;?r B alfdDYDS hBlIRREE VV‘Er &k by Erila%gld Iﬁ‘grﬁnent e]ttnd visual

invention utillzes routine tech nlques in the fiel
inspectie ofyld reagt Ayemubtl @8 . al.,Baient Frv®cdiss & dgoleguluheBlolOgy (1995
eneral nethods of use in this invention include
ﬂwpkgﬁﬁgiook et al. Mol ecul ar Cloning, A Laboratory

Manual (3rd ed. 2001) Kri egler, g%g Transfer and
[187] Expr@8g euampla afaorigpBibm ki pul gar CLFRIIEE PaFeent sequence

I
55 R g 4P AR 5181, i
are dektirﬂbledgﬂl Adisclind cdn . ql]|997)|Mm:i uldals Beayg@s: 3318%34% ramé |[Altschul et al., J.

ol Eily 71 G381 (8 530Nk eopats BRI Gghes is pubiicy

avallaﬁ'e %ﬁ%uglgﬁ}eg I?%t?t%ﬁ'&/?ﬁﬂ?? @&;ﬁ%@gﬁm@%mﬂﬁhm Waﬂ@)l@ ik B World

Wide Sﬁeb ray riehi.blor.nibagoor atT(hnsy algouifhdn Spr’olﬁgs IfmtbbientlfymNhlgh scoring

sequerw&p@ga @égﬁl ﬁgﬂ fif3 ho%\g §I0f ? gtl%l lsqsuelryrc]ile pence, which

either Iﬁ{a@ékp&oslaﬁsf an® ﬁﬁsﬁ‘ﬁ%mfdlhﬁdﬂ BRINEIANsC R ﬂsﬂleﬁ’lamghéd‘lbvﬁﬁ a word of
Associ at es, Inc and John Wley & Sons, Inc

the Sa(n@dpmibrmrﬂ dulabase seqiengo9d) IS(reﬁqmib@ as) the npighberhogd tvword score
o R TRRSFRTE, S SpS SR S0 BIPAELS et o

initiatihgkesrakdsad fifd Eﬁ@ﬁ‘SHS)IPs ¢oaktaining lteahi dds wdrdthits raﬁd thee extended in
sel ector codons for praoduction of proteins

both Gigizpis2alp0y cPElr SIS [O4a0R T astfigic %tw&ealg%lr@éﬁ &gpre can be

neres ORI (5o SR B B AALA o0

M (refvhfR hcovarfoouspdiy pé€ snaighing) trejdrss al‘ways@ (3eddiN (pbmalty score for
~ invention for, a varjety of urposes i ncl udi.ng but. .

mismaghing FeRties 1BEYE 6 Br RRTCEIRBPEN SEHEINGD o HOTEE TPigads used to

calculﬁt%&&ﬁﬁﬁaﬁ%orémﬁﬁ@hu 165 of the WIr@ BHS ¢n bAdRr @febfSn S halted when:
to nutate ecules, to produce libraries of

the cusynirtive aligmsenttscorer folsioff bszeh@qmaamtsci?idm itstoaximyer Etchleved value;

sel ect or codon%1that ﬁ%COd$ qﬁ%E ected, .am no_aci coative-

the cugulafiye SPoFeEPeH B AFER B uq TRty AP TURG 9t eeF Ghihoipes

sconn%rrgsu'ﬂ%t allgnfeh@d of the ldtdT-eittler RGhsthe i§ aadRe. FJIJII@BLAST algorithm
mut agenesi s, honnlogous reconbi'nati on, DNA shuf

paramterso% g, and cdateinviae thetsapBinedy andhincrd egthecahngn@ﬁmc The BLASTN
t ru

progrqné tgcl)tl%el’ ?egugt aq ?)n esfe!s ée Hgt:aﬁg% rv%)(fh eflgge@s&‘sﬂg an expectation

(E) oﬂf’t@SdOELQBﬂtcffl U0 S M@Qﬂﬂ@dn@u%onmma@eﬂEbb&l strands. For amino acid
nut agenesi s usi ng gapped duplex or the Iike

sequenarg. BorRbiMSER BFparHB MBS oS ol wpiiensth (Whpb3 it Figtation (B)
of 10I ncd lt)hdeeBg,gﬁUg\/[emssgﬁﬁ@ n{a@l%?'(gee ﬁé‘ﬁlﬁgﬁnﬁsﬂémﬂo?‘f’fr{%%) Proc. Natl.

stralns restriction-selectron
Acad. aml USA!89:C0916h ahgmnémts 4B) oﬁso d@iptetﬂa'om (m)t agemeMF:g N=-4, and a

nutagene3|s by tot esi.s, "
compiseBKOLrhedls Fran%ﬁdaﬁﬁ@gir Xk alaggid éﬁé&ﬁlsa y Pﬁngan‘ﬁﬂh the "low
Cmnpg#ﬁ%ngﬁmwﬁ%k%gﬁ;t |nvoIV|ng chimeric constructs, is

a

I ncl n the pr esent
[188] In addition to calculating percent sequence identity, the BLAST algorithm also

performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin &
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i nvention. In one enbodi ment, nutagenesis can be
gui ded by known information of the naturally

wo@e@aneizoyg nol ecul e or altered or nutated nat upal/Ug2005/044041
occurring mol ecul e, including but not Iinited t o,

Altscnge Bseanie L ebady Sei, UER Yo SeA247a2 MBh 5 R BEHTE gimilarity
provid?& Eﬂg{e%EAgﬁ“ agéelg'ltﬁxhk@ the sk lestdien pR®EBIlAN Wmlﬁﬁprowdes an

herei n cri be these procedures. i onal
indicationf of riied Ipmbabﬂltf’ dynwvhich ahmatcbl bﬁﬁwm twa mucte@tlder@ ammo acid

N EE T AT R -
a referg&% sl:ﬁ']@en(:é 919@: siafb® suft pr@babm@ inGOguiEp 2BbH A€ 11l ﬂe@tCﬁL&Iblc acid

random nut agenesi s using the phosphorot hi oate met ho

to the Mferencisniviéic agidols less thasaba 4., lesahan apgut{).01, r?r\JP&Srtban about
nmut agenesi s, Ann. Rev. Cenet. 19:423-462 (1985);

0.001.g5t stein & Shortle Strategi es and applications of in

vitro nutaoene3| 2 9:119 - 201_ 1985) ;

Car t erMuige o Y RPOEHERE 5. 237:1-7

[189] (19%1md6%hﬁé , an-ﬁh%oﬁifpfaﬂ)ti‘deﬁ nGiy e Xgédeﬁpﬁﬂﬁdnﬁ@hl &R used in the

directed nutagenesis, in Nucleic ds & Molecular
1nvent1|Bn@Ian by nfdBikdated nsing mqlmula_n bl@]@glcabemlyqqudgﬁ nucleotide sequence

Spri n Ver er.l i
may b FeRve H{l-‘/m@g%"p& Fifg- gl)r?éfﬁ aﬁlgﬁa@g}l}es#g\?mﬁt HEU pdnenof? gonventlonal
metho§se| ?\%ahﬁﬁvvel I @ nudiedtide $dgashce Shy bU?pi’ep&lZeddrBﬁ-oﬂi%lcal synthes1s
(1985); Kunkel et al., Rapid and efficjent
includigigt dué pae fllmlte%€%g e stssngni thopkispmeleatide; eynthesizer, wherein
ohgongglg(gtccfel ?a{]ea?%glﬁ%%se%@q.\?gﬁr e{eﬂn?llésag%d? ieqwé‘ﬁ:% o?f%l%e ﬁgﬁl%a)polypeptlde
and %&ynﬁlﬂlmngp&@sé icotibnse shat Sa:re efagered 4 ﬂiEO-hBSI‘,Scell in which the
(1988); Zol|ler &Smth ai nucleotlde dlli d
recombﬂﬂﬂ@g@?i@hﬁpél dg sWilg bepsodnsedl.y efory eargyle. seypral s V%ﬁ oligonucleotides
2 9
LA Ay i e
llgatloﬂlblﬂhfgdit&gmhmn readtﬁnml ke, dizj BaraRp st alDPMSNa@Sﬂ@ld( §68%8:; -189-193
ler & Snmit ?h? nucl eot | de %f%t ed rrut agenesi s
(1991)@U Prigtet §oreaed Y g lﬁlﬁ?{l??rﬂlﬁé B DB Phods i n

[190] Enzyyh -4 dpver JPoft %ﬂégso rou(tﬂi% 88dhniqRk |18 the fiord I)f‘recomblnant genetics.

d i gonuc tide-directed nutagenesis: a sinple nethod
Basic texisndjstlosing (el gemerad nesthadgenfpise i tlyis dmvgntion include Sambrook ef al.,

Molec%}gﬁgélggnggg%%?zgggﬂiy Wﬁtcgt &Q Ngr 5%817.% égry rE?ene Transfer and

Expref0s PHOTabbY s, evmmisilf (1990)DNAd | Qurir&at PiotddoBnire Mojédalar Biology
reactions to@grepare ni cked DNA, Nucl. Acids Res. 13:

(Ausubdi4paB 764, 12 Taylor et al., The rapid generation
of ollgonucleotlde directed nutations at high
[191] f r eqGenayl tasis rwjuc}p&mph@ nmﬂftﬂubafoeolmdalftﬁfémnwmmmﬂ Berger and

cthods Xn E%yvmgi%gv JiUme 152

a I~ LT ©dav

Acadelﬂiic QJ?Qs%PM OSXH Qﬁég% ngQgB%rge@nCSah’Ibiocﬂ@Qﬂ hIC aliotatutad Clomng - A
ol i gonucl eoti de-ditected nutagenesis, Nucl. Acids Res.

Laborgtéry M@ﬁm&lmm_ %ﬁ@m Hagbor Lgbargtory, Cold Spring Harbor,

New ‘Exgg%eqaggqﬁp@g é@gg@% Brﬁ%‘éo?s &m%c%lar Plolg% g .M. Ausubel et

al., edRe Currbfi PRodN, a(ﬂ)ﬁﬁ Sritufayeivsed Gradne, Publisking Am@e@mfas dnc. and
cl eavage of phosphor ot hi pat e-cont ai ni n

son Vil S, (wmpiericdr g OB B athha i hese texts describe
mutag% Ic'sggqsc use ff v rtgfhsﬂét)ﬂ)ﬁ%cﬁér? Thé ﬁhaggléogr%g)é%l%lt togfgs ABitddaS; e.g., the

generation of genes or polynucleotides that 1nclude selector codons for production of proteins
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DNA approach to oligonucl eotide-directed nutation
construction, Nucl. Acids Res. 12: 9441-9456 (1984);
we@m®e1287 Fritz A igonucl eoti de-directed constPOTUSZNG/044041
of nmutations via gapped dupl ex DNA, Met hods in
Enz Mol 350-367 (1 Kra r et al oved o
that 1Wﬁ?lP%teénaW}nPr SCIPé (gtgl "0 Hgn?tﬁr HEER  AlS )d E%ﬁéoﬁothNA
h @&@5 ol 8ld-g9nucdsatide-directed construction of
ort OB ?ﬁong ’Nucllgl Aci ds Res. 16 7207 (1988); Fritz et

%c;u%q G o%ﬁtggeéleg LRCIRE iff SR idnOBr vaanety of purposes,

[192] mJt aY Ions: gappe up ex procedure w t hout
includiap ZyrehdtClimitedad] enproducwitavel skhthbtasedcom RIS, td Gnutate tRNA

6987- 6999 (1988); r ner et al fferent se
molecgi e honk S ANELR b ot RS e REEHARS Forrcs o
{ C I r $h&s8e0
ot 1F EAH el L B, Ahgimlor Gty agy el st
amino Iam]drm\éeptotdlm gopolybewidedd istetest. Theyemchde rut a@eméshrmted to, site-

ML3 vectors, Nuc 1ds Res.. 13:. 4431-4
directely P pafE QRUE-EIRHBBOBER Go e mEORHAE. Vs SORine or other
recur&%ﬁﬁ&%%@éb i3 HShots, Mlidheyie ddoRbtuctiMat Hﬁl@%ghéblﬁﬁﬁﬁgﬁdracﬂ containing

403 (1987); Eght edar zadeh ni kof f, Use of
templatdsj gomi;gdnggheou@%dmt@enen@wgeneasge pmep@otbmte-m@ﬁed DNA

e e PopRL AU PR T RSB ncor

Additibfa@ngiifabRN nStidde RhRlYbpdihi Fhismatkehi i'epai’f,r amﬂangGmSOlﬁsmg repair-
Lond. A 317: 415-423 (1986); Nanbiar et al., Tatal
deficiesy hotieiiaimsarastristiomisplgctesm andjtenisictigpiphgTiegion; Heletion mutagenesis,

mutage%{egfs[g) C o‘teagsggﬂ gr[tﬁésﬁ,rg?u g'sﬁ ()?Réeélﬁ Tepdn d%gé('gl?eégé%gﬁft)t?genems

includidgdfii ot Mimitddetoqlimplodving Iahimdncocforisﬁmtsgels rabsb mehueled in the present
segnent guani ne nucl eoti de-bi ndin tejin

inventiop als guR FAPOdIRRSE. MAGEERSSRaEN e SUigs PIekpyy infagyation of the

198 c&irfihg H#dlEcule, includi

namral\ﬁ ﬁéudﬁ %‘%r%oglg%uel?gt? ?g%&gf%ﬁgﬁae%k%ﬁlt gt |C ons %t decul er}1e1é1I10 Hans

but noW2i30 %6 O&ﬁﬁ%eFﬁﬁhﬂﬁEOﬁﬁp@ﬁMlphmqaé prop@dies, secondary, tertiary,
34:315-323 (1985); G unds‘t]ﬁﬁg et al.,

or qua@“iaﬁiﬁﬁ%‘?t%‘& Frystalstricae gr ‘?ﬁenesn s by microscale

gene synthesis, Nucl. Acids Res

[193] 3305T13<3 1@% POdSpamples ey here dgsriihe thoes pEiise ofydditiona!
mformqai'jllp L& fcﬁ{nd ?gﬂolg f?@c&rﬂmﬁg&ﬁbflcd’tﬁ |88 TeflfenRls G @fithfDi13ng et al.,

e- speci |c mut agenesi s, Proc.
Appro&ﬁiels to BD&dmu&g&nesUSAn 08&'\)'176112 ]l.Biogh&JﬁSBﬁéKZ) Asfrel78 (1997); Dale
Prot ein eng i neeng unusual enviro nts, Cua'.ent hod,
et al., Rliganlaoh dergeeehon m%a&%ﬂﬁs@"(gl%’sy osghetigllpoatgmetho
e - 6piA80mi; sis, WniP- Ré¢. Genet.
Methogls i heii! sﬁ?gé ggig r(@g%y §‘fﬁ@113§4) and?ag@aa
19:423-462 (rl%ﬁ) | BotPaat &nShawlic | Siategbes ais! @ezdzcazens 0f3®6\7ﬁr8 mutagenesis,

t tail th b
Science AL LA P R ARSI, i e oSS 23717
(1986)1 %nk\ehlz%b Gy %7%{;&%1@&@2 Wlre6RA iRk Senbss, in Nuclelc Acids &
| e-shooti ng problens w th various nutagenesi

Moleopfar Haidioz| (FOkg1eid) Foomdighieos 16T g Springer sdagnBertin) (1987);

Kunqufugggz%n%iéc% 2 cgﬁ;z%ps%g?éeecs cntmultgg\éﬁn é“? ?vl}lho?h%ﬁgnoly;mé %Efegﬁon Proc.

Natl. A¥#. C3dil WSy 8D 1agsisped108®ikumkbly et alc CB&;ﬁdrtgzdt gffithent szte—speczfc
solid phase phosphoram dite triester nmethod described

mutagwessew@@ge?hamrypled?@fw Methredsy inpingvaoly kyk $67-382 (1987); Bass

et al.,i))%n% r?)Ser;gsggrs {v}tg ile\w D1d4- bznlﬂi%gn Ipétifi c?zlz‘éso @?:ﬁe‘;ﬁ% 242:240-245

(1988); Zoller & Smith, Oligonucleotide-directed mutagenesis using M13-derived vectors: an
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as described i n Needham VanDevanter et al., Nucleic

Acids Res., 12:6159-6168 (1984). [195] In addition,
wes®eneizat |y any nucleic acid can be custom or PeT/aszias/a44041

ordered from any of a variety of conmercial sources,

such as The Ian rtified ent Conpan)
ff czer(rrﬂzadcg@emzaéoqe 2 fon e iR AL e SCB g R Fragment,
Nucleit VAN EC RS 9437k %S@beg;@ﬁl AoMer & Smith, Oligonucleotide-directed
(WWW. eXpr essgen. com) eron Technol ogi es Inc.

mumgénexlsza@dﬂ\m Ragirenls chnadriaioyM3 heaters, Meliggls imiazymol. 100:468-500

953 AT B Dl ek A MGtk FBhe it i o
ozzgonb{&zy&zde%%&@ LAY QM 8- n JHATBIVA ke pl@se] MR tHRYEE 6h Eh@mol 154:329-
orthogonal tRNA/RS ™ pairs. Host cells are ]%enetl cally

350 (1887); degloe gt @1 nEheidienef phesphsothiadierinodtfied JPNA in restrzctzon enzyme
reactio%zg ?@?{{F%r‘lg%fi cé%cébz?f C?d 055 sarig{/gnéf%e %?164\&15@@% }/lor et al., The

rapid Bé#RatiiC| HdeoRekkplbe-ERtdiElE Diutdthes Plaes dngh frequency using
i nvention, includi ng but not limted to, a vect

phOSpkqiretkmaéegewdlf fedv P, diucl K, 87688782 aﬂﬁﬁ@ %akamaye &
i U BT RREEE 0 B gl LI o

and ztﬁ&ﬁﬁl@@@&)ﬁb &l@&ﬁuszymdaeﬂmd mamge;td:m' Diuok eﬂcntrlstR)est 9679-9698

vati zed are operably |inked t pressi
(1956) SO A GRS POy P b R eaBeauige-directed
mutaggfe%{s %3 Acﬂc;eRé[se qBOfglC@Q (@9883f Sﬁye@é( 8Bl &l spB&fiE @leVage of
cosm d bact’erium a
phosph/amﬂzsqatacwakzenhg:xBer\lmzreedmmgth oestractqundgmczéedlses in the presence

o ey B 35 VRS ASTLRES RSP SHRL] 1P e

DNA & %EEPPF?Qr(ﬂ oﬁﬂclécﬁfdéme%ﬁeaahtutat%%()@onsbﬁ&ﬂzon AN&Q A%ds. Res. 12:
2, 582 , infection by viral vectors

9441- %5@r(19&4)od<mmeb§¢ [Fm Oéigpewrdeatisdeidsiectsy conelructioarofi ewiggons via

sopel b, M5 TSR RO RS TAOSH 440 i BEPLEAE v

enzym@ﬁ& i 5ib8Sea@lon9tn ¥edpbd agflet KNI &pprﬁ&chaﬂo olighdisledtide-directed
327, 70-73 (1987)), and/ or the |lik 971 Several

construgfidn- kfnmmtlnm, bepd. Agids RasodidicTHY &188 tFrlr% &t al-cO4gqryigleotide-
N e S R P R e S e
reacti&® h Sitvh, Nuddastias Ras. 16r 69376200t @ 989 Karmeng al.hOiffeys base/base

electroporatlon projectile bonb d nt nd .
mismalgliea ety GAraFted Wit AIEE SBFETC 2k des BavhfrRed DNA mismaich-

b | S d -
B e e
directédnsitdgenesis uong M2 vberotse Nl Aclds dreowh3 t 43 1e4f43nE985); Carter,

g e BBt el e PG4 AL v
154: 3"8@54()3%98’{)5@%9{69%)@&' & H&ﬂk&ﬂf OUse U diszoRtiBleotides to generate large
rcia aval | abl e for the purification of

deletchisachUsAélddeaad#eﬁlb5 (1986, V\@llg et Akadypersgmag| of hydrogen-bond
Fl ex ot h from Phar.ma

ormal S RO R S L TP P £V Sogpens. A 17

415 4% q964Y); Nahiifai 80hB! gerangnibueh fdiidcphagnots gae &Jwﬁg for the

urt her” mani pul at ed to produce ot her plasm ds,

ed
ribonadease ah iretain, C§P_L§19._€‘o r225nd89%d|38¥ e(d93496 oSkanagt el Khorana, Total
Synthetsp gze%)%?.fzg;ﬁo 7? ﬁ ff b%’l;g)n?t 14 ap\/zﬁg o4 §thP§Hg‘;Heﬂt guanine

erm

nucle&tfcléflﬁﬁd’zhﬁbi’&&nEmdnjduaﬂﬁj I&IﬁleAmdB Rick.i 1ait 861 -6FPUENBE) Wells et al.,

and pronoters useful for regulation of thle Xpressi on
Cassetit muHegqyaris @y |eflfcient method for generation of multiple mutaz‘zons at defined
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target nucleic acid. The vectors optionally conprise
generi c expression cassettes containing at |east one
wo pelependent terni nator sequence, sequences PePOT/UBI00§044041
replication of the cassette in eukaryotes, or
rokaréotes but not. |

| udi
P38 s etpimatisha of b Opgreli gy miagenesis by
micro.sg%%(g% t—?«/pogéﬁk:j SMHRTS %"Nﬂc@ AYit G0R. 1¥Ye8809-33 B €1985); Mandecki,

Ication and/or integration in
Oligorpicidoddydirected eigvhzé}eymtcmd bienk bepdir Beplasids| af dseherichia coli: a

methogg‘]gr 7@@3](@%‘5:7?@1%%8%197 ; c a’&.rt 24 .e§ci.a = nHE&FﬂlSl (1986);

Arnolcf> Ubjiokein eﬁéﬂi)zéi@ﬁglfor(ﬂiﬁ%@[ eM%HFz@hts @aﬂEﬁtOOKmuﬁﬁ i1 Biotechnology

supra). A catal ogue of bacteria a

4450—b&ﬁt(é993))pr{r“ag@§ G ol itore Bidamelics. IPHAHE (0, W. P. C.

Sl W8 B aMEAICE £ 88 p Sl BAELEL Ao

3067- é @AY Chdditibailidetaile ah nRas/ of i sond midtisodsaan be q‘ulﬁntmngthods in
oni ng and ot her aspects of nol ecular biolo

_mmwkun@ Db 0 e ares AP B FHI 1 RBlS- 1 bidee problems
992) Reconbi nant DNA Second
WlthVEa??s %t% cnl%élﬁ?éléftl(gd]sm)rl can Books, NY. In addition,

c aci.d ndv

1901 5Bl AR 4B R ! BB invenin, .

mutatlﬁg NitHPRder ShntlEciibel)CorC Hisdry WMNAS A0 dgpidalty dﬁitﬁéklidd%&:mlcaﬂy
any of a variety of commercial sources, such as th

accordungj |t<arﬁ1@p enlid phase horehegamiditedriswes meliod) desariberiby Beaucage and

com TP 18 BT PR i g

as des&ﬁ'&d\&ﬁNdédMNa\ﬁBévaitem at pNacleike, A cidxRee SISO 6I6S (1984).
(Chicago, IL available on the Wrld Wde Wb at

[195] €XPr &5 8difiiort @8entisBEEBPnuclEs bl QaitrScusioen of Maadedardered from
CA) and nany others. WO 2007/ 021297 PCT/ US2005/ 044041

any of a%}nefyh@f emyhersi soutises tsueleps Ihedvfidbndctipitificd Reagent Company

n

(mcrc 1gg%€?ploga]tf}e 5{?"% er1ca?10§erée§§p aﬁ}q émg%@p@g@ %xpressGen

Inc. (V& ék@%dsﬁ‘%n .cRI)Op& A Tethrifd e Bnﬂg{ﬁﬂdirﬁék&f Olafifintusd many others.
These cells can optionally be cultured into transgenic

[196] OF 988 Wrenfib&lo Y8k ko EdaPFoRIRARSH cefls Onorl-ikaRitic host cells, and
i solation and culture (e.g., for subsequent nucleic

organiamiscfor thelintvienincomotatigs ofes sinalyral 20Wa) agy viapihegonal tRNA/RS

pairs. oHET g1 9 85 L Couronr ol it TP bl fo. wanstormed,

transdtbdE6r tREEILEd) Wak NBe olyaucleotiddd o) thel Iﬁﬁﬁenﬁelhﬁenaﬁﬁl or constructs
Tissue Culture in Liquid Systens John WI ey

which) ingludgye wolysnedeotidgyol t@p@é@rﬁ l]é\ﬁ@tl?ihl}lqﬂ}l@élg (ogagot) 111(111@59 a vector
Plant. Cel |, T I

oy 6 ARA5 8, S0 L G BT S v

For exdhglel the rcgd1hl§\tve Siotidkor ahel or%hd) ghiaBIRNA Pée ks thpgoisal )tRNbPe synthetase,
Handbook of M crobi ol og |c %&dla 1993 CRC Pre s h

and tBABaeRGOY, depvatizef Poo PP Ry Abed 13,2415 SheGr o FapiEPY clements that

are ﬁﬂ?ﬁgﬁ ﬁ'lth@ggﬁl%daﬁdsg%eﬂ' ‘Tﬁ@tvle&’tof REQ eI @red gl Mi the form of a

rsaw variety of a dvant ages i ncl udi ng but not
plasmiid,d t&thit0a phagde, i ectisivod, aviranta nqkledtmilmmclepgddnmrdaponJugated

ease, the potential to study the roteins in
polyngelpgtideo, T}a%svg?terSyarmntrP@?%g infg Gl P AR g’ by standard

meth&éi'a%ﬁlum H28kctRY) g)%}ﬁioﬁS(Ferhh Qf AREPHIC NAEAABRNISTIAUSA 82, 5824
I'agnostic use bility to 1nclude unnatura

(198531);nmfectam| ks vival tvectpss, ihighs velpaibsshalligicdrenei@ation by small particles with
nucl eophilicities,

sites,
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hydr ophobi citi es, and other properties into proteins

can greatly expand our ability to rationally and
wayswemedi cal | y mani pul ate the structures of prPOI/ESIIS5/044041

both to probe protein function and create new

proteins or organisnms Wwth novel pro erties. Rth l%I}IS
the nUGlRID 3P FHIP T BESTEPRIFEHESL b OPhAtF s git o B Fpriace (Klein
etal, R tu%ﬁﬁébﬁr(%%'@}“agﬁ/of‘ﬁt%&a” be done for a variety

rposes, ut not limted to, tailoring

[197] gﬂg;%ﬁe%{fll sW@%&OZI‘%IP a:%tté ud:sncl)ujf:: %é opﬁélﬁé tgrggtcﬁ%cqgc amds into cells are

availatleNehynef, whivkl cePp Bekked irythed6vsion. bl’ﬂhbﬁeymofudepﬁ@ioﬁaﬁ‘&he recipient
target sites, targeting to a_ noi et%/ (i ncludi ng but not
cells wlih;hap@@al motqpl#stsacqﬂt@p@g theaPNAY felec rg%pﬁc@n Frojectile bombardment,
0 hi:pg
and infRp R R laY y BTN RLEP e, BEIAONLEI BACRAL (TR can be used to
amplifiraBe! hﬂﬁlbélgoﬁ plashids pentaitiag DNA cengructswithis)invention. The bacteria

nodul ating active transport, nodulating tiss cell
are groyn & ipgnphase and iths plpsmaids gyighip ithy bacsete A fantf‘gi by a variety of

methoWs th%'e&y (5O ke, SH:889€ nSRidRiAD T(ﬁs afd ommercially

ncl'ude an unnat ur a am no acid can
availatilafer the lparifieaticor ofeplesmiels tfrome byctcrea/;/ (sxmt aIgytEasyEnepTM FlexiPrep™,

both frs'pﬁﬁé’%%' 6 Bl tetleny o ST aHEGy A QIR o Qiagen).

The 1sHﬁJﬂé’ﬂt saeburFEdNSasAek Grd Bled iﬁrtﬁérorhﬁmﬁulaie@‘tb Grbduce other plasmids,
biodi stribution, structural properties, spectroscopic

used tprtopmsfact eslls ot linerirperiated ot relpth@t\@émﬂrﬁq: anfegl eygantsimes, Typical

catal ytic abi.li.t alf-l.ife |ncI d|n
vectorf (oA FARCSRR R Pepire GRHE el g ranslation
initiatigh hs@?udi‘i@ése GHd %_ii_ombtﬁﬁsl Wi o tgul@ibn | df thé eﬁpfemon ofMBe particular
2007/ 021297 PCT/ US2005/ 044041 _ coval ently
target n@ﬂ@lﬁ\ﬁﬁlfb nTlllnyeCé‘?fé optienallykeomprise g@mfﬁb@ipmsgw cassettes containing
at least ﬁlfl:]e {Lrll %dgr%ﬁot%%mg%tloé it 1&(: ls«#iﬂllgncfe@&)e | fﬁ%r{l%%pﬁcatbon of the cassette
in euklatyBtdsedr t}ﬁokdﬂw&i ort heh a(iﬁctltldhﬁg ,budin@g Niasitedcts, shuttle vectors) and
cat al &tl C eM i ndustrjal enzynes, bindi ng}é
SeleCUBF JPEKaS ]ioif rycﬁlﬁ"t arﬁjoFuqurYﬁt’(ceWSteéns atse %ilag'sfultable for
t u
B SR b e Pt 9*11%8%%
8:81 (mmtmwrtspmamomassza%mr(mm Sxfhn@ldet &. et aBt Prodeio FEapr. Purif.

o1 TS R S oo TR LR st e

bacteﬂoﬁﬁﬁ%&'lﬁgﬁlF Wr MSHing !is%ﬂo@ﬁlle& s aBy hragtctweg., @thebﬁm@ Catalogue

east fOUF | eas f ve, at feast Si X,
of Badceesist aaaévbartemaphlagas(ﬂ%z)g thermt ef edst(eds) reublishedatby the ATCC.

I en r unnat ur al .ani no
Additgfihps et B SRS BnE Gnf PURE porerfe e piotoey
and urpiéifl tthdrBidat BortserdtiiRk Qreasd Rnd in Hatsdn o4 al. §19982) Recombinant
or 10 or nore different sites in the protein o
DNA Sdarg{zd EdmmSgeenggf ic Amegican Bogks, §Y. In agdltlgn Qﬁfi@l’li]@llﬁ anyppgeic acid
(and le%hflarl ge@t lsli)]egnci] c%ig ea\ﬁeﬁ{r;n \{}%5}%? lalﬂfldal’é‘ o?rn%{’l-eslt%ﬁdgﬁ? HRYE custom or
standa@dofiRr &CH6m Rihg SE At varidtyt fecopiraéreiah siicsy ku‘:dhl dsuhe Mlﬂlahﬂl Certified
the unnatural am no acid. For a_gi ven@ehgv%t ein wth

Reagertbemphasn (\ishangdn A2k avealpblgenribe JqrikWi rf 82i¢-g¢); The Great
s R BTN Gl on S SPEFDEAYS B,
Expresgtie Idc f(ﬁh[cﬁgb llyepzaﬂableﬁ)n ilmen Btourkd 2V i denWieb aae}miessgm cama)) Operon

i ncl.ude two of %sams unnatural am no acid). For a
Technglagigs Inc. (Alameda CA) and many others.
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protein wth nore than two unnatural am no acids, the

unnatural am no acids can be the same, different or a
wa@eondionezd on of a rultiple unnatural am no aciBCDUS100®044041

same kind with at |east one different unnatural am no

acid, [202] By _producing pr te| 0 tld s of. .

[198] j nt e?]é‘ls e“ﬁ}nﬁﬁ‘ygt ﬁ?séa‘?tus ﬁgl E’ﬁn%ﬁ lﬁa?ﬁlrﬁ@gé%}a r?‘ﬁ“ent media

odlf RHKA ¥ rbﬁna&@l 1*0? subh %ﬁ’vﬁ§s ofs, B8} ¥R&RpIcdQEreMhihl steps, activating
typically include eukaryotic " post- transl ati onal

promomml bf sdedtingrisansfonmentst dihasceediisdianeptignally by eitlaired into transgenic
t one mnoaC|dad

organipRgs B N5 o HERtaReT 18 dRa P Sin A e e oFor aysequent

nucleié Q01W1¥(9a1"i)6h) QHclﬁ&é(Pfe){E{dyC(wﬂJl)' CultdiiBlof Arfigal Cells, a Manual of Basic

ost-translational nodification is not nade by

Technpguekihird editionc Bliley- LissrNew sk end theaefssmnces méﬁﬁlsthmemo Rayne et al.
(1992 B 0GP b HissREOURES i LRARLY UGB Bl Rircy! €6 thE-New York,

I UIT, T pPTrU=1rou

NY; G@tﬁﬂf&% ayd Bhill‘iiﬂ; (e88) (1998} Bladtidel ’Dl!sue A A I(}dhﬁfd (Flilndamental
pi d-1i nka?e nmodi fi cation, glycosyl ation

Metho%h épnn&eé LapMymsel, SpeingesrV erlagiEerlin Hridelses N@Wé@@kﬁ%ﬂ%ﬂas and
Parks {;5;&92 t[‘hg %_ahg@Q&M Mi%?&l&%gfcgﬂ{@é&fa‘il Wﬁ?@% ipRgs cﬁoca Raton FL.

ecarsors Unuualn bttt not cdl citoni

prec ton| ene-r I ated r.e .
091 b ¢ e 80§ G st saacil b AR 48P RRLH ﬁ%‘t’elﬂs in vivo
offers FH Wiiﬂ@ VaREYNB! ademeicts ﬁnclﬂdhﬁg R mﬂhrﬁﬂé&% thigh giwldd b€ mutant

ijassenbl y into a multisubunit protein or
protemmtqc rleagess dhe ptewiakin sfudy themaytartinspteins ia Aelisrapossiply in living

orgamsﬁ%s aﬁg t elLse o(f tﬁ‘e%% %’t 1 g% ﬂe& eh&g trgagm fnﬁ and dha§nostlc uses.
gane I e en c reticu
The alﬁnbgto ﬁﬂnﬂéainmsturdl Immu akids smtﬂ ymrm&,s padioes, sokephilicities,
WO 2007/ 021297 PCT/ US2005/ 044041 m tochondri a,
hydrophbistitigsh A0s Othgh qipRales it Profing [vAR GRHHSXBEK Qi APility to
ratlonzﬁgﬁ QH@%&S’[G&IQ&&% tahg ulg{g)ﬁl hites b ‘f)rcREfﬁE €h&th to rlprobe protein
S a secC etlo ocal 1 zat1 on“sequence,
flmctmpaﬁcbcpreate agw paoteink AGotgagisna with ydvesprogertest ag, a GST
fusion, or the like. [203] Methods of producing a
protein in a cell with a selected amino acid at a
PROTWSIANBCPOIDY)BEETE)ES&OE INTEREST eat ure of the present
i nventiqn. For exa hod i ncl udes W n
[200] 4, aaé? JRFrBRTatiSR At | Lﬁﬂ ; U TR ARG, ik ot b e e a Viiety of
purpoéé@ MRCIuGS Bt HE liglid 36 tglléﬂﬂfgt cHaABBY inSR8teft strdcBBs an@BE function,
el ector ‘codon and encodes a protein; and, providing
changlﬂgesm@I a@uh@d naclieophibicityd: hydkegen bandinge dlyiirobbelipiéy, accessibility of

t hat .f
proteaf, s S0eh (RGeS SECLHBR Q0! B Y by B iy in ey,

addin@h Hid1bgeanalacan nasiemlie! Rishsyttah@bpgeer( @tt@mg @ﬁ"adlonucllde
referentially am noacyl ‘ates the O-tRNA with the

modulstihg @@@m halif-hide, aopditlatingy tissie | Benetrgonole. § pNaoEyMpefldlakng active
transpgéippr e r?g af §s|u\e/I tééll' rbrproggﬁnc 68 lcﬁy ngnaltsﬁikutlon emodula’ung

ase n"response to or” codon

immuRs RALSSH niyduldiing gretcaed rdsistalcsOeta. fPﬁitﬂh@ thdt ﬂhblade an unnatural
present invention. [204] The conpositions of the
aminoycid 63t haveERERGH CarfcR Gﬁ‘bfébi R§V Aatalyiig @ (pyoRtygical properties. For

O3 PRGEGE AR 501l 15y i amine

acid info 4 Ipeotpine sexidityl, huatidtiibiticastrhtteral peopesieeh, ispecdrobanpic properties,
systems translation machinery,. whi.ch resul.ts .
chemigg) aed Bk Pi%?ﬁoﬁ]ée“é]&?]d Propegies, &ﬁﬁ%ﬁé@l&%lﬁ% l??iHJé%i GP&B@iPﬁgbut pot

limited to, serum half-life), ability to react with other molecules, including but not limited to,
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incorporated into a protein. Patent applications USSN

10/ 825,867, entitled "Expanding the Eukaryotic
w@eoeerICode; " and 10/ 126,927, entitled "IN VPEODUS2005/044041

| NCORPORATI ON OF UNNATURAL AM NO ACI DS*, descri be

th i. h . :
covalepidy gF BV A B GRATEF BRCiTOR AP PR E R ppofepsghat inolude
at leadt n&ﬁe"ﬂﬁﬁ%@raﬁ %ﬁn@ NS tare QisBfl foES GlRAIdIEH bt Gt | im#t&E to, novel
air s to the in vivo |ncorporat|on of sel ected
therapamcm,odlaglostlcas getalydic enmymesy nadustrzd] earymes, diiding grogems gncluding

nt o.acid ch.a riva 0
ot nof STt e S Car D bR Sl Pt
and fuEEM. D seEdl gmpdy %@h}a (QOOU)eUﬁnatufhl I &aPPN3EdE s Probes of Protein
sel ect or ‘codon. tionally, the conp03|t|ons of the
Structypeewd uniinre Guiment OpimicniGhegrical Biglogy.H643-0%5| at i on
system or in an in vivo systen(s). [205] Any protein
[201] (or @@lrmtemrmaylhm&oaft)leashate imehidiniebutanos dindtedda, %Maﬁb‘fwo at least

e, 5t P HRTEI b A0, By BAGRRY a rewt ine, o

least tERGk WSS RRASturA aniib SickR! CTAL inkAGAD SMikA RS cBh ddubedame or
usi ng the conpositions and net hods herein. Any

dlfferqnt;llyqziethngdmt inst &giitedisbethersr cannlerd pdr 2t 4:0h Bf7 &né? F 10 or more

{ d t { {
it e PR SRR B B EASTE: 7,8, 9B b o it

unnati@lYario Midgh & Protbid ﬁ@ﬁhﬁv&aﬁ lehdd onBChutdewen 61anrall,‘nofe particular
unnatural am no acid, by tallorlng any_ avail abl e

aminoragicapriessnt iphehpR@Ecin és subittivied Wit th upgAtgrab oGt Bor a given
l.ect d t
oSBT G P AT, e o i

or diffeRno @ih&lﬁﬂllngfbuf a6t kmied to tled griotesn carcinetiele Gan BamkorEBYsrent types
DDBJ and the NCBI. O her refpﬁsuori es cag easi | b% ;
of untiahs#tantine gceg @é&}a dnlwly ocol the spe prngteigsFmipeAcidl; Fpr a given

0 7
o MPHBLENRS O i i S, 80 el g b

same, @lifféiéntlcea&tonﬂﬁﬁétmn aforeuitigknirinatiralt apnian ycivefi the bdree kind with at
otein (e.g., atherglpeutlc protein, a diagnostic
1eaSt°§P§if§?r?Pt“élﬁaﬁuF?é@r§]tlﬁ“? #'%enzyme, or portion thereof, and

the AR hdieds R SDHAEE 0P intBREE WSB! £Cle@ one unnatural
[202] am n%&;&%)glu %gnp eg o?in{ z;peutol c][1 di agnostic, and

ammooadlde rin mumreyohs celgtproteinsber p@dpemt@es mellcopiseils dnddude ekaryotic

e R ESELSEVEE B i, SR PP o on
unnat&igf %@o %@1?1 a%%tdt 1dasConetporamshsigioh llembdiKiastys that 1§5ﬁ’ﬁﬁb i€ vivo by a

e; S. Patent Application  Serial Nunbe
eukarmucl@@ smre baost-stnstatinnal Wetifirgomperet padedy 2 prokaryotic cell.

L t t
For XA NAIS l?f\%lg]osmrarb% ypgﬁ%od d1£1 ;Jll 1r|r1‘?1e“?§£§t %?bqlt o%@ [mited to,

acetylbfi®, €0fgcylatibn,t heliptinodisicativa, or pamnm&attdmns pafmﬂtehle addition,
resent |nvent|on is encoded by a

I
phospﬁylmlaé@p; glycqlp@dﬂ@gp%q J@log@caﬁ% rgbyqoggéu%l%,c naa{b‘t” llgﬁeln yet another
aspecf’ f){?{] 112388800 ai%xoéhﬁ@ﬁ{ ot W‘i‘?clﬁ@c'se fo@éol?t‘?éj ﬁﬂ@eesmﬁ of precursors

ree se or codons, ast sel ec
(1ncluﬂﬁx@qm$ no@limliitedsd, dalortrenme;bremrsm caidldmsn gane-rdlgead pepnd;e precursor,
sel ector. codons, at | east_ .seven. se].ector codons

Dreprongirgt Bl O { BEPRBRIG, BIPTROLG DRPERE ettt pro-
OPIOH&?QI%GS’ITIH‘: Sl Bl [RE)S 25hAEH @ﬁtoc@%ﬁﬁsubumt protein or macromolecular

assembly, translation to another site in the cell (including but not limited to, to organelles,

such as the endoplasmic reticulum, the Golgi apparatus, the nucleus, lysosomes, peroxisomes,
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[208] Cenes coding for proteins or pol ypeptides of
i nterest can be nutageni zed using nethods wel |l -known
Wmmwmmzef skill in the art and descri bed her eP@T/URZIOF/ 044041
"Miut agenesis and O her Mol ecul ar Bi ol ogy Techni ques”
to_include e or nore se or codon f.or th .
mitochppgris ﬁbﬁ?}?laﬂsao‘racao & gee &g L t§‘8|58°fe 1. Pa"%‘%"‘-‘/s “In certain
embodHﬁ@]ﬁ’st Yh& hrcﬁ'&hrb% js€s a%@&re@é&?ﬁpl&allﬁatﬁﬂcﬂequﬁlce agh epit@e tag, a
proétei interest is nutagenized to include one or

FLAGtagc epebfhsuﬂmetag;a&ﬁsTﬁlsmn di #g likbor the insertion of
the one or nore selected am no acids, e.g., unnatural
[203] ani nMetaedsof pibéucingy rdtéinrin a el wdthsa mhqctaimhnmacldeatta specified
mut.ant, versions of an ot ei n

13051t109t3i(‘f:’e e feaiiie of hegwesent WP dio eX%Pmer %\?ffeitlh()dp ‘éluges glowing,
in an abﬂ%ﬁﬂﬁfe%ed%ﬁothe% 1%5&&9{15&}8&%&%&9 atelefd Scid Ak d6mprises at

., any nucl ei c acl one or nore selector codon
least ofid@lecenraodeas amhencodenppmteisaindcproviding the salorigd apgmggmd where

e o B B S PR WA TS A LR et an

recognIz%E éﬁé“?eléc@oﬁ/édﬂan' a&&re&%rﬂ{ Ig@ﬁaloimﬁlbﬁcﬁﬁkﬂ@l @gahtmsreqo-RS) that

via orthogonal airs. Host cells are

preferegeali!y lanmﬂldayyletvgltheé} étN(\eWgh the seleeiedemiep acidy ahwuerilye the O-
r tr.ansfecte

0 ne or nore I?lﬁll
tRINA tcﬂlgplaf‘e[sh%lagrﬁg?l?ne ﬁmm}{ Jn presence é) ona§gtn[%ﬁl\&;ns L ﬁg)ﬁpa@s}ﬁ)nse to a
selectoﬁl R6dch. VR pFAkintphcduced B9 ﬁﬁ§nieﬂﬁ>dﬁ£ @I&@Bﬁedtﬁrebﬁthe present invention.
derivati zed. Each of WO 2007/ 021297

[204] PCT/HR2Q0mpH04A0! of LS SScSAMMARGMLA SRD OBﬁlp@Ehtlbﬁﬁ 15a0¥Eby the

vector, or each can be on a separate vector
methodso P e prasentainvbetion optienally care rinah ¢ellh eThﬁlQ-GRNA/O—RS pairs or -

111d1v1(ﬁl)§g‘$ﬁ§p]gor}1tepo rc])lfﬁl‘éesﬁg?en%g 81}\//%1%&08{ cgg}lﬂ%i B/ee&stggérrln § ggst asggtﬁrggsg&anslatwn
machiferPAGHEIH ¥Bultd Mi & UtlecidN @kt apidl yWxic heabtutie, ardinoaacid, being
conj ugat ed pol ynucl eoti de. ALTERNATE SYSTEMS 1[5‘819‘1 )
incorpS@tedriato spr%tcl@glléeéeﬂﬁ appligibiens Uﬁé%w/&% 80T rantiglgd cExpanding the
i ie
Bukargiit o bgidic BLDO 26 f&/l%@?éﬁ Q{t‘ﬂtgﬁeﬁz VIVO INCORPORATION OF
UNNATURRL AMB®O sasnasrg desbibd Vet lpzatds@randf amnnmmpamte:ﬂs hereln by
with reactive side-chains_such ES Lys, %s an Y
references ufFioe FXepple, Heheto AP ePSROHYOFRP g ds igtroduced info a host, e.g.,
Eschenfhzg%gltf{tk FXl?'l Cﬁ ) GRb 1ﬁéé&é$}§ﬁ6r§ oSt é}ﬂin@ea%ldasuch as an

to in porate unnatural am no
unnatiagll aﬁlﬁalno Weidhe Ehe syﬁkhetm aldﬂmeicmbﬂmit as defivetive/efd legcine amino acid,

ligation and natl ch mcal i tlon fp
Whlchfqaﬁgbﬁeﬁygcgenq)qs y ad eegrpg 1um, Jrng%la E}giﬁlrél 1p Fesponse to a

Ball tth%M\ﬁi BsiBh oF: thB prédent®REntioNEdh bdRVan in vitro
Selec“@i och pélo 52\5 200 ¥ Chem cal rpept| de ligation and

translamhisyﬁemhmrmcaalm va@as{yst@m(sire described in U.S. Patent
No. 6,184,344, U.S. Patent Publication No.

[205] 2004AR% 3536k (d2. I&thlﬁ’ﬂtthﬁ’eoﬂ?uhdttl maluldem aNtElected amino acid, e.g., an
2003/ 0208046, WO 02/ 09890 (P 013/ 042 \M'k]x ?1 lud
unnatygpleaning kb (3 #Rb§OTFESP I, 12 BT HC %&1 &rfer Yiohjncludes one

or mo}/e{jgerlc%t :cl%ﬁgﬁ]sg I?)g{l g‘?&f ﬁuélﬂg\f\ﬁg SdinfosHitRr88 s thdBMWRrein. Any

t he desired unnatural am no
polypéidd is sulaaﬁtbeﬁbr nrmoqmratmwmﬁcm @xnoracelecigdabliro e¢ids. No attempt is

made iqul%gg‘éfrylégg p‘?%cﬁp%ﬁ tﬁl os%&,&ﬁéog@&rca)%ggegﬁ]y §F WHJCB can be modified

to include one or more unnatural amino acid, e.g., by tailoring any available mutation

methods to include one or more appropriate selector codon in a relevant translation system.
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unnatural amno acids into a variety of proteins of

virtually any size. See, e.g., V. W Cornish, D
wokodebkizand P. G Schultz, Angew. Chem I nt. ERPCT/ERD0S5/044041

1995, 34:621 (1995) C. J. I\Ior en, Ant hony- Cahi I |,

oGS s BEP 5cy B BRAD B gy

NCBI.' Olh%r PJ@%%A&% 'ca§€és$§% 13&&11‘1%8%%%8&161 ng?aﬁenaégds J.D.

[206] - D‘ a' lcangfsﬁ{% r#}Siein% a%ét €3 S&%élsft 6% af‘fé%tpﬁf/@‘t dt%hsp*?s% at least
P no acl %to a pol ypeptid
80%, a@h@m o8 at 1ehdt ¥4 3er &01&&’[ (9298 6) moke hi'enadal rtaragg atvﬁllable protein
functi onal %rou ps has been . .intr.o uceq into prot hereof, and
(e.g-, athprapeyticraSit P PHBOSihPOeh; 4% GUSIH YR Y] Fﬁ‘ﬁ“ ereot, an
the 111(\3/1q %Hﬁh‘gﬁ ‘c‘%ﬁﬁﬁmn@&d tO8atctdd RBHAdAON- Edaddplids AN tHefapeutic,
erned se ectlve pressure Incorporation,
dlagnow@ adweharpedteins thﬁ)qahchetmbdlﬁeqb t® mompmet gneotr mtegselgprsl amino
synthetases See, di sa, M .nk . .
. Siber Horp Ayt jeanyhe oGt g BB Tathese in USSN

10/ SZWntltIE&‘SE%ahdmglﬁe k988 ben@t'ib Cé&’é"o QAN S P%Edhﬂ!Aﬁbphcatmn
e rel evant netabolic yin
Serial Aélrhberi 16/126,993r titélddai’Th QI ﬁéﬂigﬁj\% gWNé\JURAL
ff. LS§-grown in mniml nedia contal ning limted
AM]Ng)OﬁGthT ations of the nat ur al amno acid, while
transcription of the ar ene . is repressed, . At the
207 ongeln dstioi SRatiigreylhg PRIER (BRAEEP TR AR TP (or iR therco)
in the g%&f%saﬂ%ﬂl sARMs o8 Fﬂ'l@ﬁl%gent ﬁf@n@i@gﬁé @AdotRd by a nucleic acid.

2005/ 044041 wth the unnatural am no aci
Typicaé}yatm@uclendamd cmnpmes @k kvaetsme@nle@wr todon; alclonsbitwa felector codons,

rotei results i acc | ati.on of
o esf S e o L T PSR e, 2 1RSPEOL S codons,
least sfﬂefec?&r%%ﬁ&&y at Rast |sé‘vshrk‘éle|@tofr |cti&kfrfépﬁlqea/§t @igﬁﬂﬁeﬂ@ﬁoﬂtﬁb‘d@ns at least
been incorporated into proteins, and exhibit two
nine selbetoedens, dei or mprsReleios cpdemshe LV spect rum whi ch can
be easily identified, see, e.g., C Mnks, R Huber,
[208] L. Moensecodarpifo. prcﬁﬂmlssm,pokrpaptldﬂl Qfohwmst casle pgutagenized using

trifluoro ni ne ha used t
ol S0 e o] B R i AR el s and
Other '1\@(51@!315’}&1t BRiloY TQctﬁﬁkEIueﬁ’okd ﬁﬁhﬁﬁféCB%r 3R dr Bardseldtyorlédon for the
MR, see, e.g., H E. Daub, V. Robinson and
1ncorp0rat1l§n olﬂ@rselcptealaunme Adids ¢.g., aBBRBAwAl ¢mgAcid. drer example, a nucleic

oro ne ha bee e
B o
for thé 'in’seftiolntd(f 18 ond or ehere NEleZicR@iind aoide] flg., Sakatul gmlnd( acid. The

Tang, G Ghirlanda, W A Petka, T. I\Iaka I ma F.
1nvent[gegngh1degn@y E}lchAvarrpm reed-| mum@e\(ﬁrﬂ@;se(pﬁ aqynﬁrojcega e.g., including at

0 S
least qng%ebe’rc%eée I%llﬁg ;}j‘ic%% glgﬂélarl tﬁﬁ%ﬁféﬁue elﬁér]ofgﬁ\l;{gﬁe@ ggxgéﬁlgné'ﬁﬂg nucleic
acids, [&£,08iB} RaclbicPacdd evitls ont @rfrﬁcnel sdat@ tddensihhutnadenfone or more
phases in X-ray crystall ography. See, e.g., W A

Seleﬂ%ﬁéWP@l@% J. R Hort on and D. M Lemaster, EMBO

J., 9:1665 (1990) . O Boles, K Lew nski, M
1209] Kuni o me Aprotdbihat imohenh spoctes ALK t1% Qgase host cells and

orgamgmsgi?%t; 5 c}gp?egreﬁgtthe %1 élv%cé o%@ii‘gé%}? %?)th?(e Fﬂlece:tjréﬂa dzlrx]‘%ﬁo acid via

orthogoRdl RRNAURET paifsir . Hdst cBisoahe PenetRaly 7&&11(@9@15x¢ gantansformed,
Budi sa, W Kanbrock, S. Steinbacher, A
transdpeegtier trnsfogied ritthgne pr mgs? yaEPTSatat RprRisHbe Orng]og%i {RNA, the

orthog%'ng RNA §9niBe8sd 309 HvectE il @MUJAEs the protein to be derivatized. Each of
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anal ogs with al kene or al kyne functionalities have
al so been incorporated efficiently, allowng for
wadavereal nodi fication of proteins by chem cRCT/BENS 044041
See, e.g., J. C van Hest and D. A Tirrell, FEBS
L ., 428: 1 . J. C. K. L. Kii
these ‘E?%Et&?ﬁeﬁsr‘?aé‘l(sge, (Oﬁgt?‘g)ﬂ’ e Cfﬂr’ \éggagf%‘% b Sfbé‘%re; \6}encqor, two
compoﬂ% cKa bl on Bhé G&ct@nNBidibhe Mird obdp@hént ohed de8bE &for. The vector can
569487 - (2000): U.S. Patent No. 6,586,207; U S.
be, forRataeyile, Rulthé fatn oha pBSRID@4RE8IT], axphagh, abacterium, a virus, a naked
i ncar,por at ed. by, r.ef erence.herein. [212] The success of
pOIYHUF%OE‘dEré%"ﬁ&&nﬂ’@%ﬁﬂ@gfygﬂafﬁté&r ecogni tion of the
unnat ural am no acid anal ogs by am noacyl -t RNA
A_LE—]M%i ch, in general, require high
selectivity to insure the fidelity of protein . L
[210] t r anS¢veral sirategirs hasy been exployad ip antsedise vgpatupl @mino acids into
.method is tq. rel t cl fiiCi LV, Of 11
proteifin Acecibipnf i s iRk RBSCLlsr ok i iclifice systems.
Derivaizatiéd1of @dinowhirwidi reaaidessidd-cliaiexahl e, LyseOyassh®nt resulted in
of Ala294 by Gy in,Escherichia cgli . ) )
the comverjoml efnyysinRNa N racall-hsme ph @%@qua}] chathesis glse provides a

s ARG B i B, St e
of enzf@etic Mpatidnizmd ntivéetsmicadigatibn eEpaptidk dragBicots)ié i pqssijole to make
g iphSL AO94) 20 R N ol B PSR, e
(2000)8 h%}e}'aﬂqu A dla8 HeBorP indPndveRMEMYdaR iRl dteare T chérfRd in @f.S. Patent

I'ne. See, e.g., M Ibba and H Hennecke, = |
No. 6ARBS4tell.S, Pa@yt Prbliationslyo. 20#/0N3412)\0.2.087tcn2 Ppigication No.

200y GRRSSART AR, SIS B o SEFlp o B rtcc

hereinPOANEenaidit @At 180 thibendEermadad ih Rehighianuppedsdob RIIA Nghemically
site of Escherichia coli tyrosyl-tRNA synthetase was
acylaterhoiidh the desiredvunpatinpt egtine 2¢igd B eadded & gBriat wiforgxitact capable of

fficientl,y than tyrosin T .
s, o7 Ko PR 98 0 8P -RRTHRRD TR over 10
unnatthll @Rcakdds Bito Sehtietqnst froteiss bf wittally JanyBiiad.. Sebeayg,, V. W.
275: 40324 (2000) . [213] Another strat e%y to

Cornishp & ijendsl endiRn &t Gehpltamneswabibam. i EdpEagle; 1795; #0621 (1995);
CJ. N 8.3 hﬂthoﬂg-‘ﬁaﬁﬁh %M’t%hghﬁﬁﬁ? PF@.aSckﬁﬁtg?Apgé){%%ﬁmgtha Jor site-
mec t

ani sns. ese synt hetases’ cannot I SCTimnate an
specifichat@por@ioacdfimmatmranimioo acidd Snivhyavianse Sstenoe 24d:482-§88 (1939);

w13 RO S SORELE ) RNl A0S BRI TH e e spcit
] ' i | SEPALEEG A POl p&Iel 1.t OBerh R, 191:8013-
lncorﬁr%g%%ﬁa?tn@tﬁ%ﬁenﬁuaelai%?leggf p’rI%{He?ny‘?%gné at 1 on. ?T. the

8014 (r986).r edirogl aanigewft funotiontah@raypstestese ingodicsdbintedproteins for

. structural . anal ogs. that are m sactivated .nmay escape..
studief HEDRIALE FHRRRTF Brio G BE TP S pdn Tt 88 cion
[211] @PPT A&CH V38 REBAd,deAROBEdIaied préReRMnbyrpotdildn Ras developed to
val yl -t RNA synt hetase (ValRS). See, V. Doring, H

D.
exploiktbe zpromiscaity Mamgldeyper synthetagasdr iSeks 618;, M- isa, C. Minks, S.

atcrelges o eR8GoF, V1 (R R At R ShOPEFRSERAVET ) (1 39). An

auxotiOphic Jthdin, & vAiR @ kMERIe métdbulic; pitheas swppbodgnalie cell with a
~amno acids are subsequent|y hydrolyzed by the editing . .
particelenaatiral aine poid AnawHelpdtaffdh @Even 8F MUNEAERAE FonAng limited

conceﬁt%t.ion% thCEHPﬁ&HFzﬂ aﬁ'xiﬂ@&&ﬁ‘} wiité H%écﬁﬁﬁ@n 6PHle target gene is repressed.

At the onset of a stationary growth phase, the natural amino acid is depleted and replaced
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strain was selected that has a mutation in the editing
site of ValRS. This edit-defective ValRS incorrectly
waebargerst RNAVal with Cys. Because Abu steri caPCpuUS2005/044041
resibnbl es Cys (- SH group of Cys is replaced with -CH3
n u),. the rrut ValRS al so |ncor ar at
with thy BrstHal FRER % §nﬂﬂ$ arpﬁid‘Eé‘eH &fi eém 8B ﬁ%‘? F%?Oﬂl%ﬂ‘?m protein
1ts3h BrdulRioR' FSER6R i EorHing YRS SnnSRECATASE! FéiCexampl
resuits Q%%dlcsms ol\f\)rs thgé} allaou? 2410r/lgof v?;lllll nes are repl gcege neing
this stmjeggdow anh amecprfinatdphenylplosined bave heerh enqqatqrwted pn@t plotgins, and
214]. Sol i d-phase s and sem t he
exhibih Gy oA S SRRE e UG SRCRAG, TP 36 s sga Gtiifed: see
eg., (prﬁﬁ&an{ CHHB&I i, NoRRAeE | and " N Budish d Snak OBiceN&AD | 284:29 (2000)
see the follow ng publications and references cjted
trifluowinethinninetias foean aised td otnlangsmetliiangie, mFbaqt@w,pha%Ifl dygozyme to

sty B RS AR TGO VLSR8 Mo, 5

Daub, @Mnsoh%ﬂqnff , H6nek, Bibéhentik Q§BGQGI468 (I@D?pomdf@ﬂlubdﬂ&lcme has
. The effect of pyrazol e-i m dazol e repl acene
been 1morp¢réte$ in plage of teuging; xeaelfipg ipcrsassd thermg] and Cb%fﬁtc?]d%ablhty of

aleuc?:qe'ﬁgp #t‘(ﬁéllfl | ?Sm p‘? C)achesg 4(% é%}ﬂ@?ﬂ&?ﬁ%@@%éﬁfﬁhl&%na W F.

DeGrdde pzlﬂdd Bs An m‘lrmlptzenmv i OedndImgEdn E\nn‘b,s 40 A494 (EB@(Bﬁ])Re doreover,
22:47-54 1989); Nakatsuka, T., saki, T., ]?
selenomefhionigp p iclbbneiNorten o lﬁgoregﬁaaq S viggorirpgoombinant proteins

to fac@gag% @%ggh@fg%gﬁ ?)?éé’eg‘?n t)@fa Zéel ro'g?dlglﬂy %’eé‘r@ é:/hWnAQ'Q‘Iendnckson T.

R. HoGonsdnkubt iMigL@maxter M Q 0961665 (L 9P)u ﬁp Dot&s?dcsed( Lewmskl

Kunklaghr LG o A, TerlGOIMaRBH My P A A rUek gl 11283 (1994);

N. Bu%l%‘é( %0%4%158211 Pemahdd9%2) Ec@?ﬁ&dﬁ@m KelMrmagi MR helubér, Eur. J.

proteins, CRC Crit ‘Rev Bi ochem
B1och (, 33302755 @095, agd1N. Bltd‘lsm &V. RambreukeiSeiSieinbacher, A. Humm, L.

Prade,l'Pgl)\In éh@%g%%%” 88 %, iar 1, NSl Bid). 5816 (1997). Methionine

analodU@fith, afkkene FraflkONe fivhetioh@Mlies) havééldoSbesh Ancofporated efficiently,
signed Peptide Ligase for Total Synt hesi s of

allowiRg forddittmsbmadificaionnharotaing bycehearigaliraeangs Sag¢sg- J- C. van Hest

and Dn%‘d?nc &?ﬁm’s‘%@ ?eén%3 13 e%)?? 'f)é'l' n{‘ ro g:lutclghg"i&g?i% %nd Doé Tirrell, J.

GﬂbﬁﬁtSébathﬂQ& (Z00@i);nmd, KoLl Kéitkhgnd DX, ActTirrsl], ’Eqmrahedron 56:9487
el s and ollgonucleotldes into_proteins

(2000“,5ebT s, ePgent Noor@980.80R U-ScRifeptz Pu Hl‘@tlo@e%@éélé‘lgﬁg%f which are

cesspeci fi C si ngl e- stranded
inco %(d?}lﬁg%{g elgesr,e Sci ence, 238(4832):1401-1403

[212]( 198The sadeseof ths ﬁqthdchmndeomﬂ& recoRukipn ®f t18: Ennafmel amino
h
scid oRGlpEEbg Ry Sosl IBSA Sl ooy ct gy gl gequie high Wieetivity t

1nsureLﬁWfﬁf3ﬁ{g Q%r&el%ﬂél&%n n@h@Wa? Ro @kpSIAZHNBBCESS bVBis method is to
ci e 556(4674) 1505 511 (1984): Neet, K. E.

relax fdersmbstfute Bimtﬂcaﬁycpf mlﬁoac@i-dﬁﬁmsye@e@sesg mh(mh has been achieved in a

11m1te§3}buérg1l,elr8| nca%ets %r %rreplég’%g%?t 023ﬁ§§2ﬁ%0 al m%%)'](’:hel ichia coli

pheny?é‘lﬂ{(%malswhétﬁ’sfe cRSJ inteeaBés e siAd of sﬁ&ﬁhﬂemlﬁcﬂlﬁg pdcket, and
em Soc 88: 3153- 3154 (1966 and, Pol | ack,

S. J.
resultiNakthy andati@ oSRNAPEe bpp€l-nhgayl g}@p,(@-,ﬁjltﬁhe) 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.
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nucl eophi | es and spectroscopi c probes into anti body

conbi ning sites, Science, 242(4881):1038-1040 (1988).
wdedo7neg7 Pol ypepti des by | nmunoreactivity [ 21B¢T/US2005/044041

Because the pol ypepti des of the present invention

provide a variety of new polypeptide s es (e g., .
Sharm b g Bt a8 st SEHR AL SFo ARG S5 poin
mutati@? 'ﬁ%}zu%s%r dee tl{%aﬁﬁlixlﬂlg ABIChBURE SYOoPESLESELAD cbhSyrosyl-tRNA

ranslfation systens herein, or, e.g., in the case of _
synthetade wanelv@im sy sitdve hagposinnov bk ineopreated nasé efficedlyrtian tyrosine.

See, F gt Aok A Sh - Cai0- e Tehe g Jagnded B Kitapatake, D.
Soll aﬂ&@%%iﬂﬂﬂréiﬁ! BRESE., FIR401ANE060)I on of antisera,

I'ch specificalTy bind the pol ypéptides of the
[213] pr esAndthemstetrgiydn inegporats innatiral-amipo | agisls prtiodwetewsiigyivo s to

ot oot W e e s ey U T1Ele Wfntases canno

discrinih@l fhd fhBekdte @StivA¥ tandifo A6Hds lthdtl dre @trbetudlPodivfleptd dR cognate
substantially encoded by an i munogl obul i n gene or

natural rmmimogicisisul iTiisgerres is morfeeted nang ssepetgter gide. WhicBhdeacylates the

. ,specifically_.bin recoani. z t] :
s GRS B e LB B FERBIAR 0 SPARL M AL lin. 1
proofrédtiing hBhi§ shidknyakiabOd aBabladdstivteurhl kmlogsrtagn@ntmisactivated

of 1 mmunogl obul I ns, including Fab fragnents and
may e$qepg ithenediting Bagheny argﬂ,bgppcgmgr@tgg.i dius Fnpr ’has been demonstrated
includi di SOgi N | neyt
e ARG SR, PRI 20510 ol s 8 i .
Nangl&CT/ USHBA€4604Y. deadiecyHuagaaiyehtSchirhmelinod dyyMardiete, Science,
Ed., 1999, Raven Press, w Yar Kk, for.ﬁn ibgﬂ% inob ;
292:5Q): (A0 ¥alRriy cak IS HBING Y TatE Wi a‘ﬁ%ﬁ» ry g, aminobutyrate
j . DGl ude o<t i o8 ; domain.
A, YA HIED IS gL L3 S doma
After bindomt mutagendsist ofathe Bspkeiidiic abli wchiameseoreeacnitant Esdhetichia col
. an antibody or antisera generat.ed agai [ nogen . )
B R L A e O T R
ValR eSS edtBadht otk MYNWVAD vaHNESs. NBERISE UBs., stdritallpRéseRBtY Cys (—SH

or antiserais subtracted with available protein, .
group fidlysas refiaedivith +GH8 ipoAiypephei mutane VGRS glhe incogmerates Abu into

.pol ypept.i des. ere .t.he w.ld-type prot.ei I
prote BB 8 Bans P55 T B L B . s
spectrBMerRI fhaB&istkho®s IRASIbBLEIURNT witiaes hrerreplaced by Abu at each valine
_antibody/antisera subtraction purposes. [218] In one
positieryi thanatfvgrmaetein. t he i nmunoassay uses a pol ycl ona
ant i . [ s i i
161 30 SO SNSRI ABRI0 e, Ay RLE alowed for e
synthdsis 6f a Rimbe ast prosddew toBaingf noved dminb dcsdsgt Fos egareplee see the
provi ded). The set of potenti.al. po epti de .y
followingnpyblestions apd vtpraicsmatrd v %Wb?_@r oo fadlopsy &ripls FH.C.
Barret%,ei.e B {,%.bwlaﬂw."[%ﬁir;' REGLABFHNAGER Of ROLYRBR A8 Sor proteins.
he resul'ting antisera’i's optionally seledted to have
Naturé, 0920122951232 D6 1) tHofmagai KstBoline HoStuliss owypihyeptides. XXXVI.

e R RS ey, SR et R LY S LU o an s
peptia%ﬁ‘?c%grn@nr honpl eYUBS88(RA): 9914-59195@ 966); Kiagser, WTYSh@NRL approaches

serumin the | nmunoassay.
to biologically active peptides and proteins including enyzmes, Acc Chem Res, 22:47-54

(1989); Nakatsuka, T., Sasaki, T., Kaiser, E.T. Peptide segment coupling catalyzed by the
semisynthetic enzyme thiosubtilisin, J Am Chem Soc, 109:3808-3810 (1987); Schnolzer, M.,

Kent, S B H. Constructing proteins by dovetailing unprotected synthetic peptides: backbone-
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[219] In order to produce antisera for use in an
I mmunoassay, one or nore of the inmunogenic

w@edoypendi des is produced and purified as descpChbed2005/044041
herein. For exanple, reconbinant protein can be

enginehed 1 oty SUFRS. AMAR)oeaeR (BIR) Rpaliep ™| § Semisyniicic

peptldéf'sﬁcfeydc}%ﬁgél}%l SRSt RdvBio¥hdih uﬂ|(3}3@5533010 (lodentofyrdOR.E. Protein

IS immuni zed W th the i nmunogenic
engine@ing &y rt(im)madﬂ mmb? ri_’apj_um H(é) bilahﬂa%t%%dm gaekson, D.Y.,

ch Ereun dj d.a s dar d
Burmer,zlmg d o‘ﬁ F&t CJ Ql‘e,ewa@ d A /El lszigg oq B2 n%ﬁcfeaangase for Total
Synzheéz}f’dzﬁmbAﬂ&émQ%%ﬂA Mb%@ﬁ LM YR Rakicud301S8icBpe, | T65(5183):243

or Publications New York, for a standard
(1994)descr i ptl on of anti body generation, inmunoassay

formats d|t| nsthat ] -
[215) spec ‘?n%“’? ariieation pyen Sf%aﬁ" %ﬁf&ﬁ?‘reeoﬁgvl% g@GE 6t Uhlifural side
chains aiﬁ@luﬁi@%b?&!t&@ &in ?db%lsbﬁdlcﬁi%ohﬁclaitﬁﬁs iraopebtbigk & mitandSee, e.g.,
can pplled here to defining pol ypeptides

y
Corey,i Mnoﬁ@@d‘tzb BBy ) Germreiéam i 4 e ”Zdor?é‘liéﬁnc?fﬁﬁ’%l]p ¢ single-stranded
nthetic c \ | MR8 PEiodey.d r o 8ce D.S.,
ccorBYFRRHIE SiakECOTRUREDL) A MREDLIn, SR O
RokitaP8 ®. ghB chédiciBEmedifisateon cbfi'aﬁkmmge:r)spe{:gﬁaﬁ}} ARolunyRdvoBimchem, 54:565-
sera are coll ected and titered agal nO t he i mmuno

595 (1p%1y Bapser.dels AAWEFNCE A gzéc)gz Nt Rgpe %{3@’8% tgsi %cience

6 ST R e aan L%%ﬁ%agﬂgﬂ.e%EpY%%’f’n"s“ o dhiok

subtilisinrd dBiol.z€Heron 243(24): 63928@%}:10(1968POP9]ghlo dal etaM.Ls&eader. 4 new
wWth atiter o

reat er .are oql e
ermeGSES 4o ity fue iy iy et aouion. 12Rnf them Soc
S 1RQUGET S WpikhRh£d P oSdHRz! PL@! Elroduction o
88: 31%0% fgé&?aﬁ{ufpsg?{;\ [ 222] The subt r act ed f)ool ed o 4
nucleophﬂ@f edncbolsy«zizmmaipuanpr@@sa"aipe addhody fecombiting s sites,  Science,

nst the control honol ogues in a

242(4{83%@#%9{)X%(]1%n0a35ay In this corrpa?at i ve assay,

di scri m nat or bi ndl ng ond| t| ons ?re det erm ned for

t he sublgHBiBgd ) Anti sera whi ch

result in at I east about a 5- 10 fold higher sjgnal to
[216] noi sBeCFa@lW dhe @leieﬂéﬂeﬁg‘?fdhe P%é@%.lﬂ@%@npmoyﬁe #ajariety of new

ant.i serha e t
polyp il SRhRRER " oIS ST i) Rils (T FLRRg) Bhino acids) in
the caseﬁof ﬁﬂ@%lﬁd $ynigsirey iwthet ﬁ‘nﬁlslmtmdlsygeme heteilm ror;j @gad} ﬂEtC@de of the

by the addition of non-specjfic co tor
novel §yEheFAIPSOROYEH SEGULRCT §f Sﬁ"?r}dﬁr‘{ %\THHPO?C hﬁtﬂo ﬁgﬂ sajfcl provide
new %ﬁ@gﬂdl' ke d% RG] 3Ly rRBEHi%Ed, té‘gs 1hk§mnﬂftﬁ§§cal assays. The

ng conditions are used In equent assays for
generzdfbh&)’fmmtlsﬁg, wheshhspecificalbsbing dhy pekypqmtgie@ of Fﬂ@ﬁ pmeptt jig¢ention, as

well qsﬁ@gg ?i{igsgwbchpilreglé%}l ogleglc Flinfl) qy % alr% %(fl tBE present

inventidif ’Pﬁ’é){eﬁﬁ %@EJ@M £ 00 el iad ludds! bﬁtﬁé @aot [1121&3(]1 td B polypeptide
anot her exar‘r‘p €, | munoassays in the conpetitive

substantialdl egcdded et ammemuseglofwin ganst@cinirawnagilobalinggenes, or fragments

LT N AEE N A CNE S S e

polyclBhl WidhoBMnAlTEHRARRRS @ADEingle WMalih abtiodanandkhe like. Fragments of
pol ypepti des. The i mTunogenl c pol ypeptl de(s) are th

immunegtolbiliviszadludingFabofi g estier ragmarehp ﬁ0§u@>@&a's3ébex&°568§lﬁe library,

including phage display, are also included in the term “antibody” as used herein. See, e.g.,
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subtracted pool ed antisera. Test proteins are added to

the assay to conpete for binding to the pooled
waemmrnaebed anti sera. The ability of the test PCT/US2005/044041

protein(s) to conpete for binding to the pool ed

bracted anti ser d,to t bi .
paul, Bkt on e A% LIRS gt B BRL Y SHE for anibody
structlﬂér:m&“t@ﬂﬁ bfb gol ypepti de(s) added to the assay to

npet e I nding (the imrunogenic pol ypepti des

co e 8e I
217] poF&Soep %gs iy Sienttb Tnchifes IGIRIS nERE whPEHE REMKAs andlor
RSs offt@E peREntChogsoheahstspedifiyalfyobing he ot &t aremp@tlﬁcaiky irmnunoreactive
cal cul at ed, using staﬁﬁard cal cul ati ons. 6%224 d
with apgngippdy ongafgera {geergisd| 38{Ish AN HENORER SPIBFISIG; Wsa%m act
sequen%g n?@%ﬁnflﬁz{t? Qir%g-'r&@t&ﬂy Bﬂﬁm ofheP h@ﬁoﬁ)‘éﬁ&i 3Rt ﬁﬂtﬂ%&y‘ &earflisera is
I'S optionally determ ned as conpared to the abil of
subtradtéte w1thnwmmbm1 ipeotpia) ppetptas db¢ syild-typeopgigpetider elg; ntdjﬁ: nigontrol”
nt| Aga t.he percent cross-.reactivit
polypepes, SRR DE oY gHo Bl B ceotieas i o &ibigleiE aFy & bdiypeptide
t ! 8t d\éﬁ&ﬁ@edtfaﬁ tRRAGRRE btracti
oS £ BB et s
test I
(2181 o TR Rk Rl U SRR AL Lo R p AR aptserum which was

raised mghmste@ﬁe dﬁmdrs pampepbxdam elsgabstanttath subsegngeedherehe (i.c., at least
i ndi n

T N —
1mmurﬁ)%g1%i aGhved fh H&eﬂr@teln M@cg@&z{v@%’]@ﬁﬁeﬁ @-béﬁ&%5 Hidiiddnogenic

I'n general, the inmunoabsorbed and Eoo ed
polyp@nﬂméﬂélecmulbag meeemnlsaowmnpéywle@@d 19i helendpw cross-reactivity

agamsf)gim"' ‘%Pf ?j%/lﬂ%e asp %{c;lc?ﬁ%dﬁﬁ gﬁi ﬁ{?}p Sltécgl(ﬁrgﬁ,s rg%cn*v?tg% !i'eqﬁsved e.g., by
immuitAb¥eRdd, 0R{tR) end Br GhERS of AhdTRAtrbNhemoyBNaY, | Biidt, td e of the
I mmunogeni c, test and control polypeptides are each
polyclasd ayagtram nathmu?émrn@ﬁ@@ym concentrations and the
amount of each pol ypeptide required to inhibit 50% of
[219] t he hi odiengo qiroducheamlatrarhctue@l llaralnl m@nanqassa}’e 0ge ,or gnore of the

I nopi | i.zed control ej.n i
P PGS BB S L o P OORCLBILELD o e
recomBﬁ%ntgﬁ'éfelrp&Jnyﬂéeﬁbﬂlﬂ,%d ril@ﬁlr'é(foﬁﬂ)lﬁﬁﬁ celbi Adiiftged Brdih©f mice (used in

conpetitive assay is less than twi ce the anmount of the
this ajsaynbreageniresultpary peype irerrodiralle| duer toctlie rvégual tgsaptiq Hientity of the

mice) dﬁf o X‘g’gﬁ’&éh’at Idsl Sat&ng%en??nﬁ% néér?cﬁl chmtlBirﬂqoﬁ Ol a standard

adjuvddf, Os\{llcﬁI af FtiRdemajiivant, Sndk skdﬁdsﬂd r&bwtmﬁmirﬁmtloaq:)rbﬂogdﬂ (see, e.g.,

as for the control polypeptide. [226] As an ad
Harlowand Ao ms&mu%aﬁ@M&@g e Sarhor ablications,

al | i i, C ts and
New SBi 06 anded s BRIRFOARERAP el .| SHARASR Cormats an
condltkb’ﬂslthat lchi bé @sedrio retehmnindi spgmﬁé 11tﬂmnme8¢tivﬁﬁyn g
i mmunogeni ¢ pol ypepti de subtracted pooled antisera to

[220] t he AumHRegeRiGeRRE WA Ridcdis ofia@tbodiestif@lso found herein and can
i mmunosorbtion is detectable. This fully immnosorbed
be applivdi lsae 40 |d9ﬁnmgrpqlmpédesr@f lm@é}éPlieWtWtYW Memhfévechésqne or more
e t [
synth%c éP Ieﬁogn ant PR ghé}% éemgal(a ttgé/ nggl}ﬁ%éerﬁzﬁg RE&INEE herein is
conJuQﬁéﬁﬂoVﬁﬁrﬁ@fproﬂéiMJwe@ﬁs iuhﬁnrﬁmhdgenl nmunosor bed
antisera to the i mMmunogeni c pol ypeptide), then the

[221] t @St polyclonal sera are collected and titered against the immunogenic polypeptide in

an immunoassay, for example, a solid phase immunoassay with one or more of the
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pol ypeptide is specifically bound by the antisera
elicited by the i munogenic protein. [227] Additional

waledodiok29on protei ns, anti bodi es, ant i sera, etEBCT/USIV0D@I4041
found in USSN 10/825,867 entitled "Expanding the

E
immunoERYPRFRGORPLIKT Ot Z e IONNPRORAL R B g tier of 10°
or grefidf & seﬁ’&‘ted gyog?ea Q2o habicl Sfith G/ Q&Rfcﬁts%/hﬂletase polypeptides to

synt hesi s’ Pat ent Publication NO.
produ&&ﬁmrm%lﬁﬁ)‘te(hmrekilwdiydlcﬁrabwlsar%r rays, " whi ch is
i ncorporated by reference. KITS [228] Kits are also a
[222] f eat T sulftratted pooksletiferddnpapélonal. anfisera exargtee, foa dkods reactivity
for producing a protein that conprises a%ﬁleast one.
against feceqndig] AAMAlP e | a cogparatiye PSSRY ol e Supppratiye assay,
dlscnnqma@g/ lhihdin®' DhfRds HCEGetR ci('ﬁ)r 'tﬁ§|§ﬁ9§§ct§d titered polyclonal
con ner contalning a polynuc feott de sequence
antiseraneigidh neuktrin @ tRMgboand/5er0 fold GigheNAignalnid/ mmisearatio for binding of

pol ynucl eoti de se uence encodi ng an .0- R
the tiE5eREO CIoTIh AMEBOH Hi FIEHREIERE PRUF S LHOT g G baing to the

controL?ﬁ'ﬁ et§s%| ol oPCkRE THt &S 'tﬁ’e stnh@erﬁ?&f e bRARRAARYN is bhRisted by
i ncl'udes an am noacyl at ed the invention.
the additicanof hex-spesifizo dompetitorst $vuehkdst albulmh er noorfplr femilk, and/or by
instructional materjals r h rot el
adjustsg ol GoASE T peT LR A0 RSB n Y Pl ofused in
subse¥AMRESsi fBr Betbintinfn@wiRtRGUC &S A€ (dpdl tlde belng compared
conprises at |east one selected am no aci
to the immanogeitic anlyneptides dndios the eentralfpodepepgess |1$a§m9#ﬁcally bound by

er ncl udes a contai ner containin
thepog%gg]%%a(ﬂé\q@oﬁ%&a%?g%teena{ce encodi ng an Ot RNA, and/ or )
31 2 i T T PR H A b SRS AR R e s o

detecti‘oﬂrc;fréecést'ﬂ(‘)@ﬁé Ge. Fob Bk AR }I‘ﬂ@ JasaiBtés) cassk deactifg an@bdiés are removed
nbodi ment , e kit includes an anmi noacyl at ed t RNA of

from tthh @oolvdeemtwa mijiire ot lh‘énu@@bwm@mwlthtﬂié orpirok pelyprptides. The

1mmu12)qgrs}gr | ol ;@ﬁﬁﬁﬁrﬁ)%%% Itl?%mn%ﬁ o%a‘flrc]l sﬂéﬁ Wlhﬂgl i I%onsed to the

subtra®bfl o6Rd taftiddrd. Uﬁefstf Pofindatt adddd ﬂo(lhé lagBay té b@npétalfm’dﬂndmg to the
i nvention. One of skill will recognize a vari et

poolech swbteacted andiserpal horebity of fhg teﬁhyr @nds) e cemPe R gmdmg to the
t

o TG KSR P B, e o

abilityPaf ﬁreAﬁﬁﬁMiogE’ﬁhe rpdlﬁde@ﬁddf(e) Eldkﬁ:iﬂ] toTthve aB¥dé foi demapreitee Sorvisinding (the

screened for .am noacyl -t .synt het a s a -
s oo | R SR, B eh Tl fmunogenic
polyp%%fdg% f&hﬁﬁ]ﬁlﬂtg' R He y;ﬁo%%éei? Qﬁt’ls%}agd"[ﬁg p%h?&nt RrsakdRA%ity Tor the test

ros ase géne from Met hanococcous
protemsajsmahmlamd i1sing btenzBi calptilatonsd. [ 232] The sel ecti on
procedure was preforned which consisted of five
[224] al t ern@parabel dseynthe abilitg ef drtdoatrol privtedres tpmsnmewefpr binding to the

negative. The librarjes were conbined in a
pooled s%btracted antisera is optionally determ?ned as compared to tﬁe albchty 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
control polypeptides and or where the binding of the test polypeptides is approximately in the
range of the binding of the immunogenic polypeptides, the test polypeptides are said to

specifically bind the pooled subtracted antisera.
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and el ectroporated into the positive selection cell

line (GeneHog with positive selection plasmd, pREP)
wae@7pbaved on mninmal nmedia plates (GYM) W t PCT/US2005/044041

appropriate antibiotics and the non-naturally encoded

i d - | ph | anj ne. ( pAF) .. The, pl .
sy 10 2 BB B e PP SR 15 R e i B P Sperive
bindingghﬂﬁluh&%saﬁyss duRfised A Ent 88 QymSHE aiyndest ilibl@pamg to the

S extracted using a Qagen Mni-Prep procedure, and
immurtogemic wasd/agarongrel gellypeptidé(s). elh tadérs 3¢ ameke Hauy jchmppasison, the

i | asm d DNA. . [23 Thi.s DNA was then el ectyopora
1mmurfo,glegc{ Hestnatdt ‘f(@g‘l’% JIUAEPafes. I ?afcﬁe afs&%cg'_%ga Wi ?eh range of
concer}2@8ht ¥R &R! AP Bf @icﬁ%ﬁe@@&@rdﬁ@frb& & inhéhit SOPResehe binding of

transformants were plated on LB plates with ) ..
the subpprteprantisasa 4ot £igi,oan émmiobHigad aomerohdastnett YPEUpggeniC protem 1s

encoded am no acid .(pAF). After about .
acternSif S5 ARG uSPET e o e S e 88 PN R o
bindinged Y ichipetitives asigyt Relesd agan tMidd iR amopni of diie einamthogenic

agarose gel purification. [234] The subsequent. ro n%s
polypepfide dhaictsi wauinest: dhemile dest [nokypegtids s §%M4et°n§%eﬁ6{fa y bind to an

. | ectr [ at.j ol j - r . i
aivofly SEAEARR 1 e B A Bl 544D AR et st 5-10
as higl2 Q0 QR TroPEIlyhpAA05/ 044041 sel ection, seri al
di lutions were made of the transformed positive
[226] S€l eatinadapidnsl WbleARinkes:Ee of Bp&iRelty)nhépBoled|antiveth ds optionally
pl ates. |ndividual colonies were then picked and grown
fully jimmamgeprived | with| thek IByBMAZYHE . pqiﬁp@txslpgé k (TkRer t the control

replica. pl.ate 1:0i J, B o ' j
e
pooled&ltR6tal t@ﬂ%@ﬁﬁﬁlﬁlﬁd@fehﬁ)po\l\jﬁebtiéﬂd) wdet] o the inumnaisorbéion is detectable.

_amno aci AF. After about 40 hours. of growh at 37C, .
This fullg 1@@@1@3},@&@; ANHSCER 15| q.hﬁn t%séqﬁipg}réfaaqtlgltae ]élil %en@smglé(ﬂepnde. If
little o‘f‘?llo%ﬁﬁﬁlit?.ri? Bh& ehr(? ehighest e o %@Qﬁ[‘ kFRdise ratio observed for
concentration but did not grow or grew poorly in the
bindinghsfethe duldy immenosorbadadniisedal ty the codwmdogeninpolypeptiqsARrthen the test

The col onj es ich nmet these cri.tecia were grown .
polypep{ide &t SHEIECHRG beeA Blbe FuGEiA Sie e B R B pilee R aue i
M ni - Prep and agarose gel purification and vverg .
[227] sequdddiwnal dtafs e prAtEIRF.AndiPAics, Bikisera, clgapan by found in USSN
Mg e t | M2 28658E8LBS entitled
10325387 SRy HEL P Rg e TRKERHEL GRALIRTITG 2R6HEFRR8S entie
“IN 8t rINCERPORATION OF (AMNATRRABSAMING AEID$HR U.S. Patent No.
PAF-t RNA synt hetase. [236] .To char erjze the :
6,927,804t reftide s Clysaprotedc ép’@%&ﬁﬁer %&p@fé‘ssﬁ& 3125‘?% %@Eﬁcatlo.n No. US
2004/@1@8%@*7 TRGHOTSHEN ARas 't HRicAN mAsk¥FAld by RAGesRd ani no
aci d pAF was incorporated into a pol ypeptide, and the
results were visualized by SDS- PAGE. A single col ony
KITS s pi cked and grown overnight in LB broth, which was
— then used to inoculate 50 nL of LB. The cells were .
[228] gr owKitsaraalsOB fedtu@.of 1l dresent invreintibn.pGonexampge,ra kit for producing
al iquots were taken as pre-inducti.gn points _and the ...
o protgi i ormpises ) s on st R iy By aEna BT alpifyecia. in o
cell id grd%tfe_d? Ritete B1R0KIPPAIMNBT £ cotthideh ch@bindy Hipdli@sleotide sequence
Following the 30 mnute growmh, both cultures (+/ -

encodingin QetRNA; andimed QitRNAQ 2apdér amodniuglsetide praugresgncading an O-
RS, arﬁﬁ (l)Jrr asn S%t ﬂleonQ%qu)%d}’\r’falesnt,r & %{tqﬁlqher]ingluﬁgs at least selected amino acid.

In another embodiment, the kit includes an aminoacylated tRNA of the invention. In another

embodiment, the kit further comprises instructional materials for producing the protein.
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aliquots were then taken of the +/- pAF flasks for
SDS- PAGE anal ysis. [237] The 1.5 nL aliquots
wQ@ Brogiomdart i on, + pAF, -pAF) were centrifuged BCT/LS2009044041
xg for 10 mnutes to pellet the cells. The ceIIs wer e
t hen suspended in pr. rtional, Bacteri al
2291 Ext ARAIHOTRL SRR (PR T BRYGRE ARBUIRPSIFSPIIeS fideast one

selectec% Ql‘ﬁ 1{1 %@%g% ‘Fﬂﬁhfrhlr@mﬁf) amtlafn%ﬁ@e'll«fr@ﬁ&%ldﬂoﬂ@?st@iﬂdﬁ'ﬁere the

s and i ncubated at 4C for 20 m nutes.
kit incliities a samtpines cmﬁtalmﬁghe polyondpefisty seiquénca eneetliog Ay QrifRNe, and/or

di ng nd.run on a 4-12% Bi e
an 008, B4 PEA TSSO %&?ﬂé‘&ncer%wé@ﬁ QBRI RS, 1n one
embodﬂ?egt tﬂgda &% ﬁﬁheﬁﬁciﬁﬂ@é—'ﬁ g8lectdd dmsicRhdied Iﬂ\ﬂah&héloﬁﬂ B@cﬁﬁlleﬁt the kit
]b The +/- pAF bands were conpared for

1ncludd'5|ameamhyoa@5ﬂated HBNSRE tiRNKVRgia, Ipagiher |embod1ment the kit further
i ncor ratl on .of. band was conpared
compripes 10§ “BP%‘\HT‘HB%?@ ‘gé’lr%‘g*ccwqﬁiﬁr@%ﬁm [238] To

check for the processivity of t he RSs the same
rocedure was perforned with a plasmd containing

301 o e o et R o T B gt e caimed

e S IR gL aS e g s

withouRGspaitiiegnfrohi thel sdopo i thei daimefl éatention. one synt het ase
(E9) was found to incorporate pAF efficiently, with

Examgle@at er than 95% efficiency of incorporation of pAF
Into S4am Myo. The incorporation was determ ned by

Amln(ﬁ@&pﬁlﬁﬁ' Sifn%ﬁ&ﬂml&ﬁlo\ﬁmgaﬁlst Para-plcetyt S'hbﬂylhlan‘ims
shown by conparing protein bands on a SDS-PAGE gel

[231] The e iD3%A lidearies avaie ﬁ@éerfeérfoeemr@a@ﬂﬁmﬁ W@H‘fﬁeﬁaa&@m para-
t.he am ng f
ot Py TS TR, APQHSTERRIHET, " BoRENA R of i
mutati@s invthé Yyrb&yl ERNwasyritlike e dehe drona Mt cddeeus mmmhnmn the pBK
sequence shown in SEQ ID NO 17. Exanple 2: tRNA
plasmifut agenesi s [241] Three nutants were generated of tRNA
J17. T 7 0 S alternati
o2 316 T SRR R Ml Srhisyydh Lo Busioun e atomaing
rounds2&X0s3 21108 8B e easosBREQ, tvid né@tw&, 'Ehﬂjllbﬁn%%imﬁﬁi asa 1:1 ratio

and elgqfo_gggat% IHén@el]gSgsithg:t %EéptAﬁ h)le ggpﬁfogogftﬁo %(?Slthe selection
plasmlﬁggﬁﬁl)zggd gﬁ@d’ Bg MatnGHaMedig fRsten g_@MM‘Ef Q4ith. appopria@Néntibiotics

ble pair in'the C stemas shown in
and thElngumamlall){ mpedrmmm i panatagatys plgnytalarine (p Ak Thm}af—es were

5L SRS 0655500 B0 B s DR DB s

The IWAf\Qz{s"%gr&Yed Qéi 8¢ l220RicEY mrﬁﬁrdcb@rél mad then was agarose gel
constructs were cloned into Ec and Ndel sites in a

puriﬁquGi@alatpﬂmshhr@IdedﬁfﬁmlﬁQ% t he pol ynucl eoti de sequence
[233] i;] Cgﬂ mﬂs%e‘? U%F ggttropé)% iR ttﬂ%eﬁ ﬁt‘?ve fe?ecglﬁggelll @ne\@}eneHo g

e Sequence ncod
with i858 WMelseltRtio® P&ismid pBAD derivative). These transformants were plated on LB

plates with appropriate antibiotic without the non-naturally encoded amino acid (pAF). After

about 17 hours these cells were harvested by scraping and the plasmid DNA was purified
using the Qiagen Mini-Prep procedure and agarose gel purification.
[234] The subsequent rounds of selection were done utilizing the same method of

electroporation, plating, harvesting, and DNA purification. In the last (fifth) round of
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(hG&H) with an anber codon substitution (SEQ ID NO
16). The expression of hGH was under the control of
WO b@7/0712pT onot er. [ 243] Two fragments were genBCRUSINOS/044041
for overlapping PCR The first fragnment was obtained
prinmer extension. The se%%g]ce of the f

by . rwar d :
selectiqyy (S| 680Y HHHBHS 06 e ERSHIIeg (ROSYHE Seleftip ks Which were
plted { e e R A PR S A RS A BR AR ™!

block Wbﬂ&k&nﬁs then SEfdidalpldel o@)minfradinedio njeipewathevarying
t F12 : i L) Ari .
concen\;@gio% gfj-c to%rr];tlm }153}11%0 3(%6’ pE)sr,ll 1v£ osleiegt%ﬂ] %n{lgl\é)?lg)s Sviftl A& "without

s
o P B CHA oo il

compagpeinerdetemiteewhitB aolanaes greglan $8ANgheshehlpwlampliemigol concentration

but di ever se Eri ner @S tﬁeg: Gﬁgﬂg&%&% ]] 4 I z '}}\?;,?\‘édPAF-

The coloni&EFEEChECHSe EftaRbhdre SbWRn! dvetiikht] The INA6GYasTisvlated from the
generate the F 14 nutant (51A:63U), the foll ow ng

cultures dyévime-Ppapi andragarpse gelaurificatign awhwengsequppced.

PCT/ LUS2005/ 044041 . . .
12351 GaTCEEARC U LBCBEAA AR MR (RS BEYSRT R ¢
sequenbes QRBGRERE TEab¥etdd- T rfldtherSEArhdieriation Ap. d¢teeifhe Tihe fidelity and

generate the second fragnent, plasm d pET19 J17 E9 hCH
procesgigip of e -HRNA 53naEEs-eot | de sequence for J17 tRNA

SE D j '
B i
perforied Yo sledve didt diec semuatacdlyeencodéchgminouarih p4Fomeshinormpomtel into a
polypepédes 84 (o e ed B PPRCAThr phacalony & picked and

f X f oo :
, LB o wiidhB4sSthen used to inoculate 50 mL of LB. The cells were
gmwné’%@%&%cm@o GATCCT TAGOGAAAGCT AAGGAT TTTTTTTAAGC

grown(t an Ui df 0.8¢0. et whichepdist 1. SBEQ. AIBUNG wag)taleamds pre-induction points

TTCGI TA 1.1 T 16,  SEQ.1D NOQ 14).
and thfc’gﬁﬁéﬁed” Bripe it %@J@glgt( En@ﬁlp&ﬁ% ER& ee‘ﬁ?e%ees %8%&-%&}1 were
grown! ﬁ)‘? 3 nBRdeOf FollBWhd ehd Be MEtd gfdvitR, Bbtht hEnREASHE GAF) were
The resulting product was gel purified. [248] The

inducedi with 0s2% p.-Afabinase |aag grown SRS ind dbie K8 onalvas pacprdsd. 1.5 mL

liquoS PSR TG (S0 BA5 REL ST TRAH PP agrent. and

[237] t he $BE q).rsqntraﬁgﬂ@t@t(PreTﬁmcas@empAﬁg-ppmdme seiveifiezed at 10,000 xg
digested with EcoR | and Nde | andligat%g,intothe :
for 10phzsiesdopeltaiothy prilso Theigels giese Ewn suprended RPToPRHIpIRpBacterial
| ..The.se a ' i
erovi T RUSRE B PR BT EhHEL QAT ke g e o
harvedtUt4sect IRNAS added tohtheniysed SHQah®d inbated (fE42¢, for E@inDies. The

NGO 2 (F13), and SEQ ID NO 3 (F14). The t RNAsS were .
samplpayverg then edmbingd WltE@dFE‘é%% ﬁ%‘?ﬂﬁ g0d @?Q%éiyﬁ Apfigpg 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
the pAF-tRNA RS to result in incorporation of pAF, and the + pAF band was compared to
the previously selected pAF-tRNA RS.

[238] To check for the processivity of the RSs the same procedure was performed with
a plasmid containing C-H6 S4am myoglobin (S4am-Myo). The S4am Myo was then purified

by IMAC and sent for protein sequencing to determine the amount of pAF incorporation.
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Protein expression [249] Plasm ds encodi ng the t RNAs

(J17, F12, F13 or F14) were each transforned into E
wa@oedo7/0st2omi N 1 and strain 2 bacterial host cel PET/DF2005/044041

chem cal nmeans and plated onto LB agar plates with 50

ug/m carbenicillin. . The plates were ipcubated at 37
[239] over®f 15t PAFRNSaRRS Jfﬁﬂfl,ed gi%l ﬁb]'sesekegﬁ%w%g\yna}e a@gﬁ?ﬁ) was
0i | t 459, BffleidHcy0f Thcopbiati
round LAy ERRIA, Gyt entd U5 aufiaeyn Fotbbhion o
PAF initdS4arh- M go.t Toe ibOonpbraiol T asidetarmirsditiyt amiBo acidgiegiiencing while the

carbenicillin at 37C. One 10 m. cult .
procesgigE NG GHYh B CRPATHERAPD. Ve D)1 Ry B, Tig nucleotide
sequenlgg?%\q:;& is/shotviden KD 8% AESHi A0 MR amiddtiesESeqiehde F D fE\hown in

After culturing the cells at 37C for 4 hours
SEQ IMNM:350 rpm the cells were harvested by

ooy oAb R S S B DL S R g v e
aminol%é'ﬂa%&lf%eé%wﬂﬁﬂsmmzﬂ%se |. The total cell

ysaté was anal yzed by 4- 12% SDS PAGE. [250] Figure 2
Exampdédws an analysis of E. coli strain 1 total cell

sates by SDS PAGE. Supression of a selector codon
tRNAM“%ﬁﬁ‘&W’%rovwh hor none was performed using J17 or J17

[241] VO )Zﬁ&zé %ﬁ&gg w%ﬁérh g&ﬁiﬁ@&loFWNJlmTﬁBDNﬁl@quﬁma,of wild-type
- F14) tRNA and _the am noac t RNA synt het as . S

117 is Bagvons YR IR ANOnS paghinsU gy Paes! P@hﬁ%%ﬁ&@@%&ﬂ% §SEQ ID
. har bGrd I .h 0 " .

No: 13RS TedbAsadNE WIISEQ SPENDIERRS ORucht Miplication Serial Nos.

10/12695enae 10f12%,92V] pespaetivadgl \ohh exfywhichndra eincomoratesl by reference

N s e L e
[242] YEMORGEE @f‘r ?gnééq F(}lbthiS?, FnRWA 4 Wt berRitdPro [%v_sigﬁAo& Whon-Crick

or t hogona machi nery. Based on S

base padie stupgeitssedl hGH §3 eifdthe 0T YChetetn 7 Mutagenesiswags performed by
appr x| mat el .5-2 fold higher thanth Q 170 :E.

overtaghpe P g e il s8agefie o Snstanp L s A5 M el 8y pETIO

plasmfge idifhy fre SoMuckiotiab Requdnds eféddalg 4Rl dminbAe] HRNA synthetase

er suppression as shown in Figure 3. In_E. coli
E9 (SEQ BdNQ; 4) hed shpmebgiugleotide wequenge; eagasing hymaprgeyflp formone

ields were reduced . rel atj t ty A . e '
oy, G SR ST L 1B MR )1 i ks B v
under{tﬁé' donkBNéktthe TBHrgheEICt Was observed by SDS-PAGE. In

he presence mM par a- acet yl phenyl al ani ne fL%J I
[243] | engfohfgments stsseeorasated foh oY #lapRINEs P CREa Ll Tt fragment was

o33 APPSR 1l pES s B o o
the thlfe_emmtg_wmn run comparing J1i7 and F13 was perforned
oAb bRl PR B R chadbRaseppanT
coockoHhen I ImRmoa el Lot £ ool s

[244] g weToqehératelthe Mm@t (51163 Glathedblowmigreverse prymeygwas used:
ATt AT dBEE IR cERT T GAAELS GCCATGCGGATTTAGAG
TCCGCCGTTCTGC (FTam12; SEQ ID NO: 10).

[245] To generate the F13 mutant (51U:63A), the following reverse primer was used:
GATCTGCAGTGGTCCGGCGGGCTGGATTTGAACCAGCGCCATGCGGATTTAGAGT
CCGCCGTTCTGC (FTam13; SEQ ID NO: 11).

[246] To generate the F14 mutant (51A:63U), the following reverse primer was used:

81



[253] While the foregoing invention has been descri bed

in some detail for purposes of, clarity and
wae@enst2andi ng, it will be clear to one skill eBCT/NS100®044041

art froma reading of'this disclosure that various

oAt G A SRR LD e PRE e conT TAGAGE

CCGCU@/PFETG@ F*f%l@xmim,N@l 12)t he techni ques and

appar at us descrl above can be used in various
[247] contlmatiaats. thﬂsbcq@db&agnmnt,opi@smplapﬁm% J1p&EOeH comprising the

pom GRS G0, oA T 35 KRR bl Bt seqvnce

encodlﬁg ttlﬁer RIVA sfnﬁﬁetﬁéel EP M NO:)tang tﬁ@ﬁfﬁyﬂiﬁﬂﬁmﬁe 8&quichce encoding
i ndi vi dual publication, patent, Eatent

humanagth\Mth: amrmne witli/2n ranghen epdatoetbsamtiond SEQ HYNG:diga wap used as a

templ s S Sl b i IR OB B e PR GE, 0a 4001 TABLE 1
cGcC@EQAGMT@@%N@:TT@GU@AAAG&EAAGGATTTTTTTTAAGC (forward

COGGOGGTAGT TCAGCAGGGCAGAACCOOOGACTCTAMTOCCCA | DINA
AAGHCGTECATATGOGATTICC (FTam 16;

s R SR ASRHRR Y RE e  o

RN A GECORETARE FEAGGARBRIAGAACEEHEGATICIANAT GEIGIDAIficBNA
GGOGCAGGT TCAAATCCT 9 RS
(2481 AT CORBCAATT CARAT AT RARISERPAREACKFBT GARKGFAG . forward  primer

A e T CACHETIT N/ MG AT 50

ID NGATWWWﬁmma@a&mﬁAW@@wmled products were

s A A LT L AMERIRAY e o

with %@IT%ETWMTWWM Grhé bOAfdatvd by sequencing, and
GIGAACATGGTCTTGATAAGGATTATACACT GAATGTCTATAGATT

the DNSGEIARAAATTACTTT AxANAGACEANEINASAGT ARe@ACIEQ ID NO: 1 (F12),

se0 S AR HAACCHCRTEIGGRICIA: vt

cones@g% T{eEACCAGAGAAAAATACACATGT TAGCAAG
TTTA GGTTGTTTGTATTCACAACCCTGICTTA
ProteiaG3PBRFIBGAT GGAGAAGGAAAGAT GAGT TCT TCAAAAGGGAAT

[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/m! 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 ODgo=0.7, the hGH expression was induced with 0.4 mM IPTG.
After culturing the cells at 37°C for 4 hours with 250 rpm, the cells were harvested by
centrifugation at 5000 x g for 5 minutes. The cells were lysed with B-PER Reagent (Pierce,
Rockford, IL) supplemented with 5 ug/ml DNAse I. The total cell lysate was analyzed by 4-
12% SDS PAGE.

[250] Figure 2 shows an analysis of E. coli strain 1 total cell lysates by SDS PAGE.

Supression of a selector codon in human growth hormone was performed using J17 or J17

82



TTTATAGCTGI TGATGACT CTCCAGAAGAGAT TAGGGCTAAGATAA
AGAAAGCATACT GCCCAGCT GGAGT TGTTGAAGGAAATCCAATAA

wa GBAGNRRCCT AAATACT TCCTTGAATATCCTTTAACCATAAAAABET/US2005/044041
GCCAGAAAAATTTGGTGGAGATTTGACAGT T/—\ATAGCT ATGAGGA

GI TAGAGAGT TTATT (E(:‘AA

tantd 11' ﬁ?@%hbnn J717. No full 1 thH duct
e ﬁ/%% %"%& SEI SEE'LI%EVLKaKrD%K Vi G_FEPOSGKI Hﬁréﬁfw lqg g Proer s
observédri by SNBRABBGED |the/meAc|A1¢LultmtxsanD@qwbme FEANDL para-

scety G PV B PRGN TR RIS VRV G oneth product

was proRiicéd HshPEAEHIYRRSHENE [ AVRRSRIR dRéitdiiils HAiGRAMIBE mutant-RS E9
NPI VEl AKYFLEYPLTI KRPEKFGGDL TVNSYEEL ESL FKNKEL HPVDL

pairs ak\aiidEenR KloLERdRAKRactgnedy ( m@on SDS-PAGE the suppressed hGH yield
0 ‘

B&%stram 1.
RNA GTCCCGTAGGGGT T CCGGGGT TCAAAT
amber sumsmmmm@wwwﬂ as amber

suppreﬁlw %@WTW&&%&WM the absence of para-

acetylSEEANRRETGAABT GICIEGASTHAG TGAGRACRECABSACRELEGSDS-PAGE. In the

ACTCTAAATCCGCAT WO 2007/ 02129
presenge) 4pmNfpera-acetylphenylalanine, fuﬂ lengtﬁ %1G7H Ervca-g/ 0 SS%PV%E/ f%?' %gélltRNAs

Based @%W@g %ﬁg‘m-{ﬁ@@f&ﬁ'}ﬁ@{er than that

of J17GATCTGCAGT GGT CCGGCCGEECTGGATTTGAACCAGCCCCATGCG  pri mer
GATT GTCCGCCGTTCTGC 12 _FETa

252 Gar 7 PRAABCIE ARt g polume of
appro%Z%TfmC%g—Mcodmg 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
application, and/or other document were individually indicated to be incorporated by

reference for all purposes.
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TABLIGE T

13 FTam 5
CGCCGGACCACTGCAGATCCTTAGCGAAAGCTAAGGATTTTTTTTA  pri mer

wo\Bo704126Tam 6 CAAATTCGTCCATATGGGATTCC
GIAACGCTGAATTCCCGEECG

ri mer BSI/BI2nd/044041

rinmer 16 hGH

ATGGGCCACCACCACCACCACCACTTCCCAACCATTCCCTTATCCA  ( DNA)

TTTGACAACGCTATGCTCCGCGECCCATCGT CTGCACCAGCT
TTGACACCTACCAGGAGT TTGAAGAAGCCTAGATCCCAAA

GGAACAGAAGTATTCATTCCT GCAGAACCCCCAGACCTCCCTCTGT

SEQ
1D
NO:

LabbCT CACAEIUTENTCECGACACCCT CCAACAGGGAGGAAACACAA
CAGAAATCCAACCTAGAGCTGCTCCGECATCTCCCTGCTGCTCATCC
AGT CGTGGECT GGAGCCCGT GCAGT TCCT C‘AGGAGT GICTTCGCCAA

1

FIGAGCCI

DEGEAEGACTTRAAATCCGCA

PRACCACH TAGACEAAGOTAT EEACETI GATEOOGABCCAGCA

2

FACAT AL EECCGRACTOC AT GT TABAGONBNIET ACACTAAATCCGCA
DRAAGT TCGASACACP GETACABAACCATRACIACTOATCAAGAA

TACEX]
DIRACATTC

EEACGEC AT TEANENACEOALE NAGHAPGCEA CEBTAAATCCGCA
@WX@@E@@@W

ITCl

EORY
nde GFERSGKC

@@@‘G@@G@AGCT GT
AT G A BSAAT TYIGRAZAT Y ALACAT YEREAR
GMG&@TTNK@M%@@WM@?@M&A@AMC

achlY LNOKGEEE-FOTEA RKEGPYANTG A K ANE AT AN X EREAGTTAGGGCAT

DKDYTLN

MYRr o EAEKA At KRA ABRGVERG AREG RENPKVAEM ATGCTGGATTTG

YPI MVNG Th T EEYRYAYEPTVEQRF AN A ARRIARIKIMIT TAAACCAGAA

I HNPVLT

QLo A SRR HKES AEAAYROARE AA FAKGKSAY TATAACAAAA

CPAGWEQNRG TV AKX G MR TG ERPEKA BGEAAANBNTGTTTATGGAA
EEL ESL RkiiKG A EERR MRV GAAEEA GHA T EA PABKBr GAMI GTCTATAGATT

2007/ 02128¢T

IS 1.

nucl ei ¢
consi st
pol ynuc
vari ati

QO QA A SEAGHA A KRGS TATRAAERCT
Ar SPRBEAAG AU GOARGIAR AT A BNAGTRGTTGAWTEITATCTA
BEE AL RATENAGSE LT @GGATTORTT AEGABBGCGTTGATGTT
| BOABTTEERANE AFBGAECAGAGA ARABIARIAZTETG BT AGCAAG

| 61 CHE TS ALCNE AL REGEPETTROUARTCATRANOGUITECTTA
ONCERBTEIGEGATGGAGAAGGAAAGATGAGTTCTTCAAAAGGGAAT
TTTATAGCTGTTGATGACTCTCCAGAAGAGATTAGGGCTAAGATAA
AGAAAGCATACTGCCCAGCTGGAGTTGTTGAAGGAAATCCAATAA
TGGAGATAGCTAAATACTTCCTTGAATATCCTTTAACCATAAAAAG
GCCAGAAAAATTTGGTGGAGATTTGACAGTTAATAGCTATGAGGA
GTTAGAGAGTTTATTTAAAAATAAGGAATTGCATCCAATGGATTTA
AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCCAATT
AGAAAGAGATTATAA

E9 RS
Amino
Acid

MDEFEMIKRNTSEIISEEELREVLKKDEKSAVIGFEPSGKIHLGHYLQIK
KMIDLQNAGFDITYLADLHAYLNQKGELDEIRKIGDYNKKVFEAMGL
KAKYVYGSEHGLDKDYTLNVYRLALKTTLKRARRSMELIAREDENP
KVAEVIYPIMQVNGIHYEGVDVAVGGMEQRKIHMLARELLPKKVVCI
HNPVLTGLDGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEG
NPIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKELHPMDL
KNAVAEELIKILEPIRKRL

HI(TAG)3
{RNA
DNA

CCCAGGGTAGCCAAGCTCGGCCAACGGCGACGGACTCTAAATCCG
TTCTCGTAGGAGTTCGAGGGTTCGAATCCCTTCCCTGGGACCA

HL(TGA)1
tRNA
DNA

GCGGGGGTTGCCGAGCCTGGCCAAAGGCGCCGGACTTCAAATCCG
GTCCCGTAGGGGTTCCGGGGTTCAAATCCCCGCCCCCGCACCA

J17
M.
Jjannaschii

mtRNAZ,,
DNA

CCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAATCCGCA
TGGCGCTGGTTCAAATCCGGCCCGCCGGACCA

FTamll
primer

GTAACGCTGAATTCCCGGCGGTAGTTCAGCAGGGCAGAACGGCGG
ACTCTAAATCCGCATGGCGC
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2. The conposition of claim1, wherein said tRNAis

am noacyl ated. 3. The conposition of claim2, wherein
wa2a00d/0e WA is ami noacyl ated with a non- nat ur abCHUS2005/044041

encoded am no acid. 4. The conp05|t| on of cl a| m 3,

wh

d non-n

+||rn||\1

10 pﬁg&hac TRy eARE G@Q?E"A ' é%’MOC%GG(?@%?éF%CG
11 FTPFT&%on%ﬁ%ﬁgggﬁggTﬁ%C?ngrgpﬁTg "MW(@CCAWG
N I e T (Ve e e CAS AT CATAGH TOCOCCATGEG

PrﬁmrnoacﬁéTmﬁﬁGEQQGC%TTﬂ&Qn osition of claim

Flmdbei | SOCAGEARRAT GHGARESERAGLCAMGIYPAtLdT bl WETA

pritpdyozynepAGG. The conposition of claim1_further

Flonpr | S|%AAT'R@GT%&TATQQ%TT¢@\IA is an noacy! at ed

priwndrh an amino_acid. 10. The conposition of claimQ,

Fldne7ei | GBAACERITHAAGTIGEGGGEG non- nat ural |y encoded
pramérno alci d. 11. The conposition of claim 10, wherein

hGHEi d NOPAHAGGEEAICE ASHAIIRACEATRACIECECAALCATTCCCTTATCCA

(k)a- aclebGCHRERIGACAACHS TATGC TS CORPoATEFBRTGEACCAGRT
1, wher|[eGGCCHETGRNAGCT AJSIAGRAGT I B AR ANYGIERACGATRNBAAA
13. The| GOAPCACGAAGTATTCARTGCTIGCMIAAEIGEGUNGARNECECSTCTGT
deri ved TTCIHCABAGRARATTRCGACALCC SAGHAADEACAA
cl aim 1,

CAGAAREIC

The co
system
conposi
system

T&GA@CEGQT%ﬁCéﬂiCJﬁ?%TQCéEﬁCMTCC
STECBAGET G AGCLARTCENEAECRTS AGEAGEFETERGGRCAA
| GAGCEEGRIOTAE GACAASTET G ARA: TCRATGHECTCCTA
t AOGGACEIAGAGGAACRA K GAAACACTEATSIGHG ARGCTGGA
| AGATEEI0AGGRRECGGATTCGRGA GARFBETAAGRAGACITAGAG

14, wher @AAGSACHACALHAACTOACSEANEIFAKGACGCACTACTCAAGAA
r econst j €lAed CTA GOUIGAS3G289GGACATGGACAAGGTCGA
PCT/ US2008C84404TGCEEATIHEI GoMGBeCEGERCHETEAGIFAYAGCTGT
wher ei n| G&CATCTAAS| ati on _systemis a cellul ar

Dbsarns| af MDEFEYEKBM TSEISEEEL REVIFIPEKS ANGGEEPSGK
mbtaans] af IFIGIEYSQERKMIBEQNAGTIPEYLAIHS] AVLORKSETEm
Egonpr i seBIRKRIEDYRKAK §FEAMGIK A KY20! GSEIGIe PRKID YAILNV AR m
19, wher BADKTHEKRAIRRIMEARFKAENI V AEYEYPIMQYNGTH e
cel | of | EEa@vibv20] GMEQRIIENERA REKAPKENVE BRNHVLIEID
yeast cpGEGKMSSSKG NFIAVDDSPE EIRAKIKKAY CPAGVVEGNP
IMEIAKYFLE YPLTIKRPEK FGGDLTVNSY EELESLFKNK
ELHPMRLKNA VAEELIKILE PIRKRL
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22. The cell of claim 20, wherein the eukaryotic cell

is a fungal cell. 23. The cell of claim 20, wherein

wo b@7eukear yotic cell is a manmalian cell. 24. pdhesmes/ih44041
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. cell of claim19,
wherein the cell is a ncz)ﬁLé%ryotic cell. 27. The
cel | gf claim 26, wherein the non-eukaryotic cell is
W—}—Iﬂaﬁﬁi&%ﬁﬁé@ 28. The cell of claim 19, further
Qonprisktagp @sﬂﬁ’(ﬁi Ud?hﬁﬁﬁﬁ@g 4 N &N ofliche Aucl¢o hyidepduetes sdlected
i nterest, mhereln nucl eoti de conpri ses ?
from ﬂr@@reun omsisting af SEQ(D NOs; Pogdnt suBpIsyichigEy pipuclengide sequence
of ..c ein said pol ypeptide of
thereofy ?ﬁ%?‘ ‘é%r{s‘q@tlﬂ%mau&%%\ﬁwgﬁr horrmone. 30. An E. coli cell
Q0PI i'Fiet@ndpositioRfcRimdl #hoteln saiBRNA iy aﬂﬂtoaqéhtbd
conprising the tRNA of claim 1. .__A _fungal
Gonpr | Bierrgmpositini of plagm 25 Whereimg %W}@ﬁ%@@?@ with a non-
Iy of claiml1l. 34. An insect cell
naturalic:y E%Old% rc"'% a:c@ﬁ of claiml1l. 35. A plant cell
apnpr Immnq)otslﬁuﬁ ofclaih &, wmhreirBid ﬁonfea:ulmllymnqzxtquamgo acid is

pol ynucl eoti de encoding a tRNA having the nucleic
Para'a@ﬁlﬂheé‘é(kﬁh%ﬁ% sel ected fromthe group consisting of

SEQ | Ea“ﬂgqohrép 1%1%011%1"0 iR OTRIWERERNEAY RN AQS Y fI8E drfiRoacylated.

sequence t a conser vative variation
tcher edFhe @MpoFttienwdctain 2 fhetein sai@BRNMie pedymatially

faﬁgc{ conprises a plasmd, a cosmd, a phage, or a
ammo‘\‘ﬂy - 38. The vector of claim36, wherein the vector

I8 an FRIYRSIsRdn\WTelh- 6, whlreifs€ tRNAARBRiyBhAtgallh e
vector of claim36. 40. A nethod of producing a

aminom'lla}eplblpstaﬂé inacell with a selected anino acid at a

s eci f osi t.ion i in
app tbepoip 5t¥?§djfﬁalmdr:§&hlgpq?gﬁ% g %e ceéj{q\elm%g
ammo&c%z'm&d BesriBosysd.ei ¢ acid that conprlses at | east one
sél ector codon and encodes a pol ypepti de;

and
2007/ OQHWMW@WMMF CPRBUFIBE AR H@le?é!l thetBYA is
the cell further conprises: an
ammo%ﬁ%%%%’ﬁ Iah aﬁiﬁ& %‘lf)&t RNA) that functions in the cell
ary r eTRginesitidneofotdiacd, swherdosid atvind agd isrencmmaterally

acid sequence sel ected fromthe group consisting of
encodgEmninpasid: 1, 2, 3, a conpl enentary pol ynucl eoti de

fﬁfg lr":g?;ﬁ"e 53}1%5(%?[{011 Shidh L0 KeFREdid BoN-Ahiuddllydhcoded amino acid

is para-acetylphenylalanine.

12.  The composition of claim 1, wherein the tRNA is derived from an archael

tRNA.
13.  The composition of claim 1, wherein the tRNA is derived from M. janneschii.
14.  The composition of claim 1, further comprising a translation system.
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.
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and, an orthogonal am noacyl -tRNA synthetase (O RS),
wherein said O RS am noacylates the OtRNA with the
w@edogored? am no acid. 41. The nethod of cl ai m BOT/US2005/044041

V\ﬂere: nI said selected amno acid is para acetyl

pheny ani ne. ol ypepti de

it hodﬁwcompgmoa@ B ey BL R o s agelivar
translai’i’ﬁﬁ said selected amno acid is para-acetyl

enyI ‘ani ne. 44. The nmethod of claim40 wherein said
pldl y pedvtelti eomprisingaragslatirhsyistsnmiherein 48 translation system

o BRI 08,1 S5 PR otnee sl

21.  The cell of claim 20, wherein the eukaryotlc 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 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 tRNA of claim 1.

31. A yeast cell comprising the tRNA of claim 1.

32. A fungal cell comprising a tRNA of claim 1.

33. A mammalian cell comprising a tRNA of claim 1.

34.  Aninsect cell comprising a tRNA of claim 1.

35. A plant cell comprising a tRNA of claim 1.

36. A vector comprising a polynucleotide encoding a tRNA having the nucleic
acid sequence selected from the group consisting of SEQ ID NO: 1, 2, 3, a complementary
polynucleotide sequence thereof, and a conservative variation thereof.

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,
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providing the selected amino acid;

wherein the cell further comprises:

an orthogonal tRNA (O-tRNA) that functions in the cell and recognizes the selector
codon having the amino acid sequence selected from the group consisting of SEQ ID NO: 1,
2, 3, a complementary polynucleotide sequence thereof, and a conservative variation thereof;
and,

an orthogonal aminoacyl-tRNA synthetase (O-RS), 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 Nos. 1, 2, 3, a complementary polynucleotide sequence thereof, and a

conservative variation thereof.
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